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Objective—We aimed to determine whether autoantibodies against apoA-1 (apolipoprotein A-1; anti-apoA-1 IgG) predict
incident coronary artery disease (CAD), defined as adjudicated incident myocardial infarction, angina, percutaneous
coronary revascularization, or bypass grafting, in the general population. We further investigated whether this association
is modulated by a functional CD14 receptor single nucleotide polymorphism.
Approach and Results—In a prospectively studied, population-based cohort of 5220 subjects (mean age 52.6±10.7 years,
47.4% males), followed over a median period of 5.6 years, subjects positive versus negative for anti-apoA-1 IgG presented
a total CAD rate of 3.9% versus 2.8% (P=0.077) and a nonfatal CAD rate of 3.6% versus 2.3% (P=0.018), respectively.
After multivariate adjustment for established cardiovascular risk factors, the hazard ratios of anti-apoA-1 IgG for total
and nonfatal CAD were: hazard ratio=1.36 (95% confidence interval, 0.94–1.97; P=0.105) and hazard ratio=1.53 (95%
confidence interval, 1.03–2.26; P=0.034), respectively. In subjects with available genetic data for the C260T rs2569190
single nucleotide polymorphism in the CD14 receptor gene (n=4247), we observed a significant interaction between antiapoA-1 IgG and rs2569190 allele status with regards to CAD risk, with anti-apoA-1 IgG conferring the highest risk for
total and nonfatal CAD in non-TT carriers, whereas being associated with the lowest risk for total and nonfatal CAD in
TT homozygotes (P for interaction =0.011 and P for interaction =0.033, respectively).
Conclusions—Anti-apoA-1 IgG are independent predictors of nonfatal incident CAD in the general population. The
strength of this association is dependent on a functional polymorphism of the CD14 receptor gene, a finding suggesting
a gene–autoantibody interaction for the development of CAD.
Visual Overview—An online visual overview is available for this article.   (Arterioscler Thromb Vasc Biol. 2017;37:
2342-2349. DOI: 10.1161/ATVBAHA.117.309602.)
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M

Recently, the atherogenic role of autoantibodies against
apoA-1 (apolipoprotein A-1; anti-apoA-1 IgG), the principal
protein component of high-density lipoprotein (HDL), has
been investigated in clinical studies, showing that anti-apoA-1
IgG are associated with prevalent and incident CAD in subjects with autoimmune diseases,5 subjects at high cardiovascular risk6,10 or after myocardial infarction,4,7 independently
of established cardiovascular risk factors. Furthermore, we
recently showed that anti-apoA-1 IgG are present in up to one
fifth of individuals in the general population and independently

ajor discoveries in the pathophysiology of atherosclerosis
have established the fundamental role of a chronic inflammatory state in the initiation, progression, and—finally—rupture
of the atherosclerotic plaque.1 During the last decade, humoral
autoimmunity and autoantibodies have been recognized as
important modulators of vascular inflammation and atherogenesis.2 Autoantibodies can be active mediators in the development
of coronary artery disease (CAD)3,4 and, as such, serve as biomarkers for the prediction of incident CAD5–9 and as potential
biological targets amenable to immunomodulatory therapies.
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associated with prevalent CAD,11 as well as with all-cause
mortality.12 Nevertheless, their predictive value for incident
CAD in the general population has not yet been studied.
From a pathophysiological point of view, in vitro and in vivo
studies have demonstrated that anti-apoA-1 IgG per se behave as
proinflammatory, proarrhythmogenic, and prothrombotic molecules, promoting atherogenesis, myocardial necrosis, and death
in mice.4,13 Based on previous published studies, such events
could be related to a chronic low-grade inflammatory state,3,14,15
associations with elevated high-sensitivity C-reactive protein and
increased uric acid levels,11 impairment of HDL antiatherogenic
properties,16–18 interference with basal heart rate regulation,7,11,15
or breakdown of self-tolerance.12 However, the main pathophysiological mechanism—reported to date—underpinning the
pathogenicity of anti-apoA-1 IgG is their interaction with innate
immune system receptors and the activation of the TLR (Tolllike receptor)2/TLR4/CD14 complex.14,19 In particular, the current paradigm suggests that because of molecular mimicry of the
C-terminal part of ApoA-1 to TLR2, anti-apoA-1 IgG bind to
the TLR2/TLR4 complex and require a functional CD14 receptor for effective intracellular signaling, NF-κB (nuclear factorκB) and MAPK (mitogen-activated protein kinase) downstream
activation, and production of proinflammatory cytokines.13
These findings point to CD14 receptor, the canonical ligand of lipopolysaccharide, as a major effector of the
anti-apoA-1 IgG deleterious properties. A functional single
nucleotide polymorphism at position C260T (rs2569190) of
the CD14 receptor gene has been shown to modulate its transcriptional activity.20,21 Among the 3 groups of CD14 genotypes for rs2569190 (CC, CT, or TT), TT carriers seem to be
protected from CD14 ligand-induced inflammation because
of a better ability to adequately control the lipopolysaccharide-mediated TLR/CD14-dependent immune response.22–24
Indeed, previous studies demonstrated that TT carriers were
less at risk for gram-negative bacterial infection and sepsis
death25,26 for developing heart failure,27 as well as atherosclerosis,28–30 although this latter observation is debated.31 However,
whether TT carriers are also less susceptible to anti-apoA-1
IgG–related atherosclerosis has not been examined.
Thus, our current study had 2 main aims: first, we investigated whether anti-apoA-1 IgG predict incident CAD in the
general population. Second, because of the anti-apoA-1 IgG
role as a danger-associated molecular pattern, specifically
activating CD14-related pathways,4,13 we further examined
whether the functional C260T rs2569190 polymorphism in
the CD14 receptor gene modulates the anti-apoA-1 IgG–
related CAD risk, hypothesizing a protective effect associated
with carriage of the T allele.

Materials and Methods
Materials and Methods, including characterization analyses related
to anti-apoA-1 IgG assay validation, are available in the online-only
Data Supplement.

Results
Association Between Anti-apoA-1
IgG and Incident CAD
Figure 1 demonstrates the flowchart of the study. Of the initial
6733 participants, 5220 had complete clinical and biological
data over a median follow-up (FU) time of 5.6 years and were
included in the final sample. Participants who did not participate in FU (21.6%) were more likely to be smokers, hypertensive, overweight with a less favorable lipid profile, compared
with those included in the analysis. There were no significant
differences in anti-apoA-1 IgG levels or prevalence of antiapoA-1 IgG positivity between the 2 groups (Table I in the
online-only Data Supplement).
Table 1 provides baseline characteristics of the final sample according to anti-apoA-1 IgG status. Overall, cardiovascular risk factors were equally distributed between subjects
with positive versus negative anti-apoA-1 IgG titers. Among
the 157 subjects who developed CAD during FU, 132 had a

Figure 1. Study flowchart. Anti-apoA-1 IgG indicates autoantibodies against apolipoprotein A-1; CAD, coronary artery disease;
and FU, follow-up.
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Table 1. Characteristics of the Sample, According to AntiapoA-1 IgG Status
Anti-apoA-1 IgG
Absence
(n=4180)

Total Sample (n=5220)
Age, y
Male sex, n (%)
History of CAD, n (%)
Current smoking, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Autoimmune disease, n (%)
Body mass index, kg/m

Presence
(n=1040)

P Value

52.7±10.7

52.2±10.7

0.184

1985 (47.5)

488 (46.9)

0.744

146 (3.5)

43 (4.1)

0.321

1086 (26.0)

272 (26.2)

0.909

276 (6.6)

58 (5.6)

0.226

1389 (33.23)

349 (33.6)

0.841

88 (2.1)

32 (3.1)

0.061
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25.6±4.4

25.7±4.6

0.712

Total cholesterol, mmol/L

5.58±1.02

5.50±1.03

0.022

HDL cholesterol, mmol/L

1.64±0.43

1.62±0.46

0.250

LDL cholesterol, mmol/L

3.33±0.90

3.27±0.92

0.068

Triglycerides, mmol/L

1.38±1.12

1.36±1.22

0.663*

 Low risk

2507 (60.1)

643 (62.0)

 Intermediate risk

1160 (27.8)

269 (25.9)

 High risk

311 (7.4)

83 (8.0)

 Very high risk

196 (4.7)

43 (4.1)

0.487

 Aspirin

684 (16.4)

160 (15.4)

0.443

 Statins

446 (10.7)

98 (9.4)

0.239

 Beta blockers

212 (5.1)

70 (6.7)

0.034

 Calcium-channel blockers

120 (2.9)

33 (3.2)

0.605

 ACEi/ARB

511 (12.2)

124 (11.9)

0.354

 Diuretics

80 (1.9)

19 (1.8)

0.854

117 (2.8)

40 (3.9)

0.077

 Nonfatal, n (%)

95 (2.3)

37 (3.6)

0.018

 Fatal, n (%)

22 (0.5)

3 (0.3)

0.320

2

SCORE CV risk categories, n (%)

CV drugs, n (%)

 Incident CAD rates, n (%)

Data are expressed as mean±standard deviation or number of participants
and (percentage). ACEi indicates angiotensin-converting enzyme inhibitor; AntiapoA-1 IgG, anti-apolipoprotein A-1 autoantibodies; ARB, angiotensin receptor
blockers; CAD, coronary artery disease; CV, cardiovascular; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; SCORE, Systematic Coronary Risk
Evaluation.
*Statistical analysis for continuous variables by student’s t test or Mann–
Whitney test depending on the normality assumption. Statistical analysis for
categorical variables by the χ2 test.

nonfatal event and 25 a fatal one. Total incident CAD rate was
3.9% versus 2.8% (P=0.077), while nonfatal incident CAD
rate was 3.6% versus 2.3% (P=0.018) for subjects with positive versus negative anti-apoA-1 IgG titers. No significant differences were observed with regards to fatal incident CAD.
Table 2 summarizes hazard ratios (HR) for the association of anti-apoA-1 IgG with total, nonfatal, and fatal incident
CAD. In unadjusted models, we retrieved a trend between
anti-apoA-1 IgG positivity and total incident CAD (HR, 1.39;

95% confidence intervals (CI), 0.97–1.99; P=0.073) that
remained unchanged after adjusting for sex, age, smoking
status, diabetes mellitus, systolic blood pressure, low-density
lipoprotein and HDL cholesterol, baseline CAD, statin and
β-blocker treatment, and estimated glomerular filtration rate
(HR, 1.36; 95% CI, 0.94–1.97; P=0.105). The HRs of 1 SD
increase in log-transformed anti-apoA-1 IgG values for total
incident CAD were HR, 1.11 (95% CI, 0.96–1.28; P=0.159)
and HR, 1.09 (95% CI, 0.94–1.27; P=0.232) in the unadjusted
and adjusted analyses, respectively. Levels of anti-apoA-1
IgG above optical density >0.98 (third tertile) were significantly associated with total incident CAD in the unadjusted
(HR, 1.79; 95% CI, 1.09–2.95; P=0.021) and the adjusted
analysis (HR, 1.70; 95% CI, 1.03–2.81; P=0.038).
Furthermore, anti-apoA-1 IgG positivity was significantly
associated with nonfatal incident CAD both in the unadjusted
(HR, 1.58; 95% CI, 1.08–2.31; P=0.018) and the adjusted
analysis (HR, 1.53; 95% CI, 1.03–2.26; P=0.034). Similarly
to what was observed for total incident CAD, the HRs of 1
SD increase in log-transformed anti-apoA-1 IgG values for
nonfatal CAD were as follows: HR, 1.15 (95% CI, 0.99–1.34;
P=0.072) and HR, 1.14 (95% CI, 0.97–1.33; P=0.109) in the
unadjusted and adjusted analyses, respectively. Anti-apoA-1
IgG levels above optical density >0.98 (third tertile) were
strongly associated with nonfatal incident CAD both in the
unadjusted (HR, 2.21; 95% CI, 1.34–3.67; P=0.002) and the
adjusted model (HR, 2.14; 95% CI, 1.29–3.56; P=0.003;
Table 2). On the contrary, no associations were observed
between anti-apoA-1 IgG positivity or tertiles with fatal incident CAD. Sensitivity analyses after exclusion of subjects
with baseline CAD or autoimmune disease yielded similar
results for the associations between anti-apoA-1 IgG and
total, nonfatal, and fatal CAD (Table II in the online-only
Data Supplement). Additionally, statistical analyses after
excluding adjustment for statin and β-blocker treatment or
estimated glomerular filtration rate from the fully adjusted
model yielded similar results (Table III in the online-only
Data Supplement).

Interaction Between C260T
rs2569190 Polymorphism and AntiapoA-1 IgG for Incident CAD
Among genotyped subjects (n=4247; Figure 1), we further
investigated whether the functional C260T rs2569190 polymorphism in the CD14 receptor gene modulates anti-apoA-1
IgG–related CAD risk. Subjects with missing genetic data
tended to have a lower burden of cardiovascular risk factors
and a higher prevalence of anti-apoA-1 IgG positivity (Tables
IV and V in the online-only Data Supplement).
Characteristics of the genotyped sample according to the
C260T rs2569190 polymorphism allele status are illustrated
in Table VI in the online-only Data Supplement. All cardiovascular risk factors were equally distributed among subgroups,
with the exception of an increased prevalence of diabetes mellitus and statin treatment in the TT subgroup. Importantly, the
C260T rs2569190 polymorphism per se was not associated
with total, nonfatal, or fatal incident CAD, all-cause mortality, or anti-apoA-1 IgG positivity (Table VI in the online-only
Data Supplement).
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Table 2. Hazard Ratios of Anti-apoA-1 IgG for Incident Total, Nonfatal, and Fatal CAD in the General Population
Total Incident CAD (n=159)
n=5220
Positive vs negative

Unadjusted
Model

P
Value

Adjusted
Model

Nonfatal Incident CAD (n=134)
P
Value

Unadjusted
Model

P
Value

Adjusted
Model

Fatal Incident CAD (n=25)
P
Value

Unadjusted
Model

P
Value

Adjusted
Model

P
Value

1.39
1.36
1.58
1.53
0.54
0.56
0.073
0.105
0.018
0.034
0.313
0.356
(0.97–1.99)
(0.94–1.97)
(1.08–2.31)
(1.03–2.26)
(0.16–1.80)
(0.17–1.91)

1 SD change in log1.11
1.09
1.15
1.14
0.88
0.87
transformed anti-ApoA-1
0.159
0.232
0.072
0.109
0.520
0.474
(0.96–1.28)
(0.94–1.27)
(0.99–1.34)
(0.97–1.33)
(0.61–1.29)
(0.60–1.27)
IgG levels
Anti-ApoA-1 IgG levels*
 Negative (OD<0.64)

1 (ref.)

1 (ref.)

1 (ref.)

1 (ref.)

1 (ref.)

1 (ref.)
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 First tertile
(0.64<OD≤0.77)

1.18
1.39
1.32
1.50
0.60
0.75
0.597
0.879
0.406
0.227
0.613
0.788
(0.64–2.19)
(0.74–2.59)
(0.69–2.53)
(0.78–2.89)
(0.08–4.43)
(0.96–5.92)

 Second tertile
(0.77<OD≤0.98)

1.16
0.95
1.17
0.89
1.02
1.13
0.633
0.879
0.646
0.767
0.974
0.872
(0.63–2.16)
(0.48–1.88)
(0.59–2.33)
(0.41–1.93)
(0.24–4.37)
(0.26–4.90)

 Third tertile
(OD>0.98)

1.79
1.70
2.21
2.14
0.021
0.038
0.002
0.003
(1.09–2.95)
(1.03–2.81)
(1.34–3.67)
(1.29–3.56)

 P value for linear
trend

0.047

0.160

0.012

No subjects

No subjects

0.021

Results are expressed as adjusted hazard ratios and (95% confidence interval) for subjects positive (OD>0.64) vs negative (OD<0.64) for anti-apoA-1 IgG. Statistical
analysis by Cox proportional hazards regression adjusted for age, sex, systolic blood pressure, diabetes mellitus, smoking, HDL and LDL cholesterol, baseline CAD,
statin, β-blocker treatment, and eGFR. Anti-apoA-1 IgG indicates anti-apolipoprotein A-1 autoantibodies; CAD, coronary artery disease; eGFR, estimated glomerular
filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein; OD, optical density; and SD, standard deviation.
*Subjects with positive Anti-ApoA-1 (n=1040) were divided in tertiles (n=347) of increasing titers: first tertile (0.64<OD<0.77), second tertile (0.77<OD<0.98), and
third tertile (OD>0.98).

To assess differences in anti-apoA-1 IgG–related CAD
risk according to the C260T rs2569190 polymorphism, we
created both an additive (CC versus CT versus TT), as well
as a recessive (CC/CT versus TT) model and performed a statistical test for the interaction32 between anti-apoA-1 IgG and
carriage of the T allele for total and nonfatal incident CAD
risk. As previously, all analyses were adjusted for sex, age,
smoking status, diabetes mellitus, systolic blood pressure,
low-density lipoprotein and HDL cholesterol, baseline CAD,
statin and β-blocker treatment, and estimated glomerular filtration rate.
In the case of the additive model (CC versus CT versus
TT), we observed a gradient of risk for anti-apoA-1 IgG with
regards to CAD across the 3 predefined C260T rs2569190
subgroups (Table 3). Specifically, in the subgroup homozygote
for the major allele (CC, n=1097), the adjusted anti-apoA-1
IgG HR for total CAD was HR, 2.27 (95% CI, 1.04–4.97;
P=0.039), while it was HR, 1.52 (95% CI, 0.86–2.71;
P=0.152) in the heterozygote subgroup (CT, n=2095) and
HR, 0.55 (95% CI, 0.19–1.61; P=0.275) in the minor allele
subgroup (TT, n=1055). Results were similar with regards
to the recessive (CC/CT versus TT) model. Notably, in nonTT carriers—representing 75.1% of the cohort—anti-apoA-1
IgG positivity conferred a 1.8-fold risk for total CAD (HR,
1.77; 95% CI, 1.12–2.80; P=0.014; Table 3), while change
per 1 SD in anti-apoA-1 values yielded a HR of 1.11 (95%
CI, 0.92–1.34; P=0.285) for total CAD in the fully adjusted
model. Results were similar with regards to nonfatal incident
CAD (Table 3).
Testing for the interaction between anti-apoA-1 IgG and
C260T rs2569190 polymorphism with respect to CAD in

the fully adjusted analysis indicated that the observed gradient in anti-apoA-1 IgG–related CAD risk across the different CD14 genotype subgroups in the additive (CC versus CT
versus TT) model was statistically significant for both total
and nonfatal CAD risk (P for interaction =0.011 and P for
interaction =0.033, respectively; Table 3), proving substantial
heterogeneity in anti-apoA-1 IgG–related CAD risk according
to T allele carriage. A forest plot summarizes these findings
(Figure I in the online-only Data Supplement). Furthermore,
statistical analyses after excluding adjustment for statin and
β-blocker treatment or estimated glomerular filtration rate
from the fully adjusted model yielded similar results (Table
VII in the online-only Data Supplement).
Figure 2 describes Kaplan–Meier curves for total and
nonfatal CAD according to anti-apoA-1 IgG positivity and
C260T rs2569190 allele status. Participants positive for antiapoA-1 IgG (Figure 2A and 2B) presented an increased risk
for total and nonfatal CAD compared with those negative
for anti-apoA-1 IgG. After splitting the positive anti-apoA-1
IgG group according to homozygous or not carriage of the
T allele (CC/CT versus TT), a decrease in the proportion
of total and nonfatal CAD was observed in the anti-apoA-1
IgG–positive TT subgroup (Figure 2C and 2D, green line),
falling below the rate of CAD observed in anti-apoA-1 IgG–
negative subjects (Figure 2C and 2D, blue line). Conversely,
higher proportion of total and nonfatal CAD was observed
in anti-apoA-1 IgG–positive non-TT carriers (Figure 2C
and 2D, black line) when compared with anti-apoA-1 IgG–
positive subjects as a whole (Figure 2C and 2D, red line,
log-rank: P=0.023 and P=0.017 for total and nonfatal CAD,
respectively).
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Table 3. Hazard Ratios of Anti-apoA-1 IgG for Incident Total, Nonfatal, and Fatal CAD According to the C260T rs2569190
Polymorphism Allele Status, in the Genotyped Population
Total Incident CAD (n=132)
Anti-apoA-1 IgG, HR (95%
CI), for CAD

Unadjusted
P
Model
Value

Adjusted
Model

Nonfatal Incident CAD (n=109)
P
Unadjusted
P
Value
Model
Value

Adjusted
Model

P
Value

Fatal Incident CAD (n=23)
Unadjusted
Model

P
Value

Adjusted
Model

P
Value

C260T rs2569190 allele status
 CC (n=1097)

2.08
2.27
2.19
2.38
1.39
1.55
0.056
0.039
0.055
0.042
0.773
0.713
(0.98–4.42)
(1.04–4.97)
(0.98–4.87)
(1.03–5.51)
(0.14–13.42)
(0.15–15.81)

 CC/CT (n=3192)

1.67
1.77
1.84
1.95
0.023
0.014
0.012
0.008
(1.07–2.60)
(1.12–2.80)
(1.14–2.95)
(1.19–3.19)

0.91
(0.26–3.17)

0.880

0.90
(0.24–3.32)

0.877

 CT (n=2095)

1.55
1.52
1.75
1.73
0.120
0.152
0.066
0.084
(0.89–2.68)
(0.86–2.71)
(0.96–3.16)
(0.93–3.23)

0.76
(0.17–3.43)

0.718

0.54
(0.10–3.00)

0.486

 TT (n=1055)

0.58
0.55
0.74
0.74
0.306
0.275
0.573
0.592
(0.20–1.65)
(0.19–1.61)
(0.25–2.14)
(0.25–2.22)

No subjects

No subjects
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P value for interaction
between anti-apoA-1 IgG
and rs2569190 (CC vs CT
vs TT)

0.064

0.011

0.135

0.033

NA

NA

P value for interaction
between anti-apoA-1 IgG
and rs2569190 (CC/CT
vs TT)

0.068

0.020

0.126

0.047

NA

NA

Results are expressed as adjusted hazard ratios and (95% confidence interval) for subjects positive (OD>0.64) vs negative (OD<0.64) for anti-apoA-1 IgG. Statistical
analysis by Cox proportional hazards regression adjusted for age, sex, systolic blood pressure, diabetes mellitus, smoking, HDL and LDL cholesterol, baseline CAD,
statin, β-blocker treatment, and eGFR. The P value for interaction represents the likelihood of interaction between the C260T rs2569190 allele status and the relative
anti-apoA-1 IgG effect for coronary artery disease. Anti-apoA-1 IgG indicates anti-apolipoprotein A-1 autoantibodies; CAD, coronary artery disease; CI, confidence
interval; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low density lipoprotein; and OD, optical density.

Discussion
The main finding of the present study is that anti-apoA-1 IgG
are independently associated with nonfatal incident CAD
in the general population, with the anti-apoA-1 IgG–related
CAD risk being strongly modulated by the C260T rs2569190
CD14 gene polymorphism. Indeed, after taking CD14 single
nucleotide polymorphisms into account, we observed a significant anti-apoA-1 IgG–related CAD risk gradient, dependent
on carriage of the C260T rs2569190 T allele, with non-TT
carriers being at significantly increased risk for both total and
nonfatal CAD compared with TT homozygotes. Our results
extend current knowledge not only in the field of anti-apoA-1
IgG but also in the field of personalized CAD prediction in
different ways.
First, similarly to what has been shown in high-risk populations,5–7,33 our current findings argue that anti-apoA-1 IgG
positivity is an independent predictor of poor CV outcome in
the general population, supporting the notion that preclinical
autoimmunity to apoA-1 may identify a substantial proportion
of individuals at increased risk of CAD. In our study, antiapoA-1 IgG–related CAD risk was highest in subjects carrying at least one C allele (CC/CT) in the functional C260T
rs2569190 polymorphism, a group that represents roughly 3
quarters of White populations.31 By virtue of being the first
study on a gene–autoantibody interaction with respect to
CAD, our analysis highlights the importance of incorporating
genetic data on immune-related polymorphisms when evaluating anti-apoA-1 IgG–related risk and provides insight for
future study design on individualized CAD prediction.

Second, these results represent a human validation of the
key role of CD14 coreceptor in mediating the anti-apoA-1 IgG
proatherogenic properties as demonstrated to date in animal
and in vitro models4,13 and reinforce the relevance of these preclinical results to the anti-apoA-1 IgG–associated CAD risk in
humans. Conversely, in line with a recent meta-analysis,31 our
findings are equivocal and do not provide definite evidence
with regards to the association between TT genotype carriage
and CAD risk.
Third, our data highlight the importance of considering the
individual genetic information on innate immune receptors for
proper assessment of CAD risk associated with biomarkers of
humoral autoimmunity. To the best of our knowledge, none of
the genetic studies published to date took into account biomarkers (including autoantibodies) for CAD risk prediction, and
none of the publications exploring the auto-antibodies–associated CAD risk prediction evaluated the impact of individual
genetic background on such risk. By demonstrating a potentially important gene–environment interaction between antiapoA-1 IgG and the CD14 receptor gene in the pathogenesis of
atherosclerosis, our findings may explain the discordant findings regarding both the role of CD14 polymorphisms in CAD
prediction31 and the contrasting results of humoral auto-autoimmunity in CAD risk assessment.33 Overall, our results provide
a proof-of-concept that combining genetic data together with
serum biomarkers is likely to be required for the implementation of precision medicine in the field of CAD prediction.
In our study, the fact that TT carriers were less at risk
to develop anti-apoA-1 IgG–related CAD compared with

Antiochos et al   Anti-ApoA-1 IgG and Coronary Artery Disease   2347

Downloaded from http://atvb.ahajournals.org/ by guest on June 27, 2018

Figure 2. Kaplan–Meier curves for cumulative incident coronary artery disease. Top, Kaplan–Meier curves for cumulative (A) total and (B)
nonfatal incident CAD according to anti-apoA-1 IgG status (red line, positive for anti-apoA-1 IgG; blue line, negative for anti-apoA-1 IgG).
Bottom, Kaplan–Meier curves for cumulative (C) total and (D) nonfatal incident CAD according to anti-apoA-1 IgG and C260T rs2569190
allele status (black line, positive for anti-apoA-1 IgG and carrying the C allele (CC/CT); green line, positive for anti-apoA-1 IgG and carrying the T allele (TT); blue line, negative for anti-apoA-1 IgG). Data are expressed as the cumulative proportion of the sample presenting
with incident CAD (y axis) during study years (x axis). Statistical analysis by Log rank test, for the comparison between anti-apoA-1 IgG
negative subjects (blue line) vs anti-apoA-1 IgG positive-TT carriers (green line) vs anti-apoA-1 IgG positive-non-TT carriers (black line).
Anti-apoA-1 IgG indicates autoantibodies against apolipoprotein A-1; and CAD, coronary artery disease.

non-TT carriers, despite TT homozygote status being previously associated with a higher systemic inflammatory
profile,20,21 merits mention. To this respect, several lines of
evidence indicate that TT genotype could confer protection
against uncontrolled inflammatory response evoked by longterm danger-associated molecular pattern exposure through
different and mutually nonexclusive mechanisms. First, previous studies indicate that in the context of chronic low-grade
CD14/TLR4 stimulation, the higher levels of sCD14 ascribed
to the TT genotype inhibit systemic lipopolysaccharide-mediated inflammatory responses by downregulating inflammatory
cytokines transcription34,35 and facilitating CD14-related danger-associated molecular pattern clearance,24 thus, protecting
TT carriers against sustained inflammatory responses through
a negative feedback mechanism. Inversely, lower levels of
sCD14 observed in CC carriers have been shown to favor vascular wall inflammation and atherogenesis through impaired

plasma clearance of endotoxin.22,23 C-allele carriers may be
less able to prevent anti-apoA-1 IgG–mediated CD14/TLR4
activation, resulting in maintenance of a proatherogenic state
and a higher risk for developing CAD.28–30 Finally, increased
expression of CD14 on the vascular endothelium of TT homozygotes35 could also play a protective role in atherogenesis,
in response to CD14 ligands such as anti-apoA-1 IgG.22,23,34,35
Several study limitations are noteworthy. First, although
great effort was undertaken to maximize the participation
rate during FU, our results may be subject to attrition bias
as dropout rate after mean duration of 5.6 years was ≈20%.
Nevertheless, similar losses in FU are commonly reported
in prospective cohorts36 and are within the conventional participation rate thresholds for cohort studies.37 Second, we
did not directly measure sCD14 in study subjects to confirm
the presumed higher sCD14 levels in TT homozygote carriers reported previously. Moreover, as our assay assesses
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anti-apoA-1IgG antibodies against native apoA-1,19,38 we
were not able to measure antibodies against modified forms
of apoA-1, such as oxidized apoA-1 (or possibly glycated
and carbamylated apoA-1). Because these modified forms of
apoA-1 were shown to be of relevance for HDL functionality
and the pathology of atherosclerosis,39–41 knowing whether
they would elicit a humoral response clinically relevant to
human physiopathology is still unclear. Third, because of
sample availability, we only measured baseline anti-apoA-1
IgG levels and did not assess the dynamic of anti-apoA-1 IgG
levels over time in relation with incident CAD. Moreover,
we could not test other clinically relevant antibodies, such
as anti-oxidized low-density lipoprotein, anti-phospholipid,
antinuclear or antiheat shock protein antibodies, which
would have been instrumental to better understanding potential associations with innate immune receptor–related genes
of interest. Finally, sample size calculation in our study was
performed with regards to the primary outcome of detecting a difference in incident CAD in subjects positive versus
negative for anti-apoA-1 IgG. Although the fact that previous evidence suggested an interaction between anti-apoA-1
IgG and the CD14 receptor and that we were able to detect
such a—significant—interaction between anti-apoA-1 IgG
and the functional C260T rs2569190 polymorphism in the
CD14 receptor gene, it is possible that the current sample
size provided <80% power for this secondary study outcome. Therefore, this finding requires replication in larger
prospective studies.
In conclusion, anti-apoA-1 IgG levels are independent
predictors of incident nonfatal CAD in the general population. The strength of this association is significantly modulated by the functional C260T rs2569190 single nucleotide
polymorphism in the CD14 receptor gene, being the highest in non-TT carriers and the lowest in TT homozygotes.
These results imply that preclinical autoimmunity to apoA-1
should be evaluated carefully as it may help to improve the
identification of individuals at increased risk of CAD in the
general population, especially in non-TT carriers representing ≈75% of the population. Our findings indicate that gene–
autoantibodies interaction studies are likely to be required to
better assess the CAD risk related to humoral autoimmunity
biomarkers in the general population, a concept that requires
further investigation.

Acknowledgments
We thank Dr Julien Vaucher and Dr François Bastardot for contributing to data acquisition. We express our gratitude to all participants
of the CoLaus study and to the research nurses responsible for the
recruitment of participants, especially Nicole Bonvin.

Sources of Funding
This work was supported by the Leenards Foundation, the Faculty of
Biology and Medicine of Lausanne and the Swiss National Science
Foundation (grant numbers 3200B0–105993, 3200B0-118308,
33CSCO-122661, 33CS30-139468, and 33CS30-148401, 310030163335), and the European Commission (FP7-INNOVATION I
HEALTH-F2-2013–602114; Athero-B-Cell: Targeting and exploiting B cell function for treatment in cardiovascular disease). P.
Vollenweider and G. Waeber received unrestricted research grants
from GlaxoSmithKline to build the CoLaus Study.

Disclosures
Funding sources played no role in the design and conduct of the
study, nor in the collection, analysis, and interpretation of the data,
nor in the preparation, review, approval of the article or decision to
submit for publication. The authors have nothing to disclose.

References
1. Libby P, Tabas I, Fredman G, Fisher EA. Inflammation and its resolution
as determinants of acute coronary syndromes. Circ Res. 2014;114:1867–
1879. doi: 10.1161/CIRCRESAHA.114.302699.
2. Hansson GK. Immune mechanisms in atherosclerosis. Arterioscler
Thromb Vasc Biol. 2001;21:1876–1890.
3. Montecucco F, Braunersreuther V, Burger F, Lenglet S, Pelli G, Carbone F,
Fraga-Silva R, Stergiopulos N, Monaco C, Mueller C, Pagano S, Dallegri
F, Mach F, Vuilleumier N. Anti-apoA-1 auto-antibodies increase mouse
atherosclerotic plaque vulnerability, myocardial necrosis and mortality
triggering TLR2 and TLR4. Thromb Haemost. 2015;114:410–422. doi:
10.1160/TH14-12-1039.
4. Montecucco F, Vuilleumier N, Pagano S, Lenglet S, Bertolotto M,
Braunersreuther V, Pelli G, Kovari E, Pane B, Spinella G, Pende A,
Palombo D, Dallegri F, Mach F, Roux-Lombard P. Anti-apolipoprotein
A-1 auto-antibodies are active mediators of atherosclerotic plaque vulnerability. Eur Heart J. 2011;32:412–421. doi: 10.1093/eurheartj/ehq521.
5. Vuilleumier N, Bas S, Pagano S, Montecucco F, Guerne PA, Finckh A,
Lovis C, Mach F, Hochstrasser D, Roux-Lombard P, Gabay C. Antiapolipoprotein A-1 IgG predicts major cardiovascular events in patients
with rheumatoid arthritis. Arthritis Rheum. 2010;62:2640–2650. doi:
10.1002/art.27546.
6. Vuilleumier N, Montecucco F, Spinella G, Pagano S, Bertolotto M, Pane
B, Pende A, Galan K, Roux-Lombard P, Combescure C, Dallegri F, Mach
F, Palombo D. Serum levels of anti-apolipoprotein A-1 auto-antibodies
and myeloperoxidase as predictors of major adverse cardiovascular events
after carotid endarterectomy. Thromb Haemost. 2013;109:706–715. doi:
10.1160/TH12-10-0714.
7. Vuilleumier N, Rossier MF, Pagano S, Python M, Charbonney E, Nkoulou
R, James R, Reber G, Mach F, Roux-Lombard P. Anti-apolipoprotein A-1
IgG as an independent cardiovascular prognostic marker affecting basal
heart rate in myocardial infarction. Eur Heart J. 2010;31:815–823. doi:
10.1093/eurheartj/ehq055.
8. Vaarala O, Mänttäri M, Manninen V, Tenkanen L, Puurunen M, Aho K,
Palosuo T. Anti-cardiolipin antibodies and risk of myocardial infarction in
a prospective cohort of middle-aged men. Circulation. 1995;91:23–27.
9. Solow EB, Vongpatanasin W, Skaug B, Karp DR, Ayers C, de Lemos
JA. Antinuclear antibodies are associated with all-cause mortality and
cardiovascular outcomes in the general population. J Am Coll Cardiol.
2015;65:2669–2670. doi: 10.1016/j.jacc.2015.03.578.
10. El-Lebedy D, Rasheed E, Kafoury M, Abd-El Haleem D, Awadallah
E, Ashmawy I. Anti-apolipoprotein A-1 autoantibodies as risk
biomarker for cardiovascular diseases in type 2 diabetes mellitus. J Diabetes Complications. 2016;30:580–585. doi: 10.1016/j.
jdiacomp.2016.02.014.
11. Antiochos P, Marques-Vidal P, Virzi J, Pagano S, Satta N, Bastardot F,
Hartley O, Montecucco F, Mach F, Waeber G, Vollenweider P, Vuilleumier
N. Association between anti-apolipoprotein A-1 antibodies and cardiovascular disease in the general population. Results from the CoLaus study.
Thromb Haemost. 2016;116:764–771. doi: 10.1160/TH16-03-0248.
12. Antiochos P, Marques-Vidal P, Virzi J, Pagano S, Satta N, Hartley O,
Montecucco F, Mach F, Kutalik Z, Waeber G, Vollenweider P, Vuilleumier
N. Anti-apolipoprotein A-1 IgG predict all-cause mortality and are associated with Fc receptor-like 3 polymorphisms. Front Immunol. 2017;8:437.
doi: 10.3389/fimmu.2017.00437.
13. Pagano S, Carbone F, Burger F, et al. Anti-apolipoprotein A-1 autoantibodies as active modulators of atherothrombosis. Thromb Haemost.
2016;116:554–564. doi: 10.1160/TH16-03-0229.
14. Pagano S, Satta N, Werling D, Offord V, de Moerloose P, Charbonney
E, Hochstrasser D, Roux-Lombard P, Vuilleumier N. Anti-apolipoprotein
A-1 IgG in patients with myocardial infarction promotes inflammation
through TLR2/CD14 complex. J Intern Med. 2012;272:344–357. doi:
10.1111/j.1365-2796.2012.02530.x.
15. Mannic T, Satta N, Pagano S, Virzi J, Python M, Montecucco F, Frias M,
James R, Rossier MF, Vuilleumier N. CD14 as a potential receptor and key
regulator of anti-apolipoproteina-1 IgG-mediated positive chronotropic
effect on cardiac cells. Atherosclerosis. 2015;241:e6–e7.

Antiochos et al   Anti-ApoA-1 IgG and Coronary Artery Disease   2349

Downloaded from http://atvb.ahajournals.org/ by guest on June 27, 2018

16. Batuca JR, Ames PR, Amaral M, Favas C, Isenberg DA, Delgado Alves J.
Anti-atherogenic and anti-inflammatory properties of high-density lipoprotein are affected by specific antibodies in systemic lupus erythematosus.
Rheumatology (Oxford). 2009;48:26–31. doi: 10.1093/rheumatology/ken397.
17. Ames PR, Matsuura E, Batuca JR, Ciampa A, Lopez LL, Ferrara F, Iannaccone
L, Alves JD. High-density lipoprotein inversely relates to its specific autoantibody favoring oxidation in thrombotic primary antiphospholipid syndrome. Lupus. 2010;19:711–716. doi: 10.1177/0961203309357765.
18. Delgado Alves J, Ames PR, Donohue S, Stanyer L, Nourooz-Zadeh J,
Ravirajan C, Isenberg DA, Noorouz-Zadeh J. Antibodies to high-density
lipoprotein and beta2-glycoprotein I are inversely correlated with paraoxonase activity in systemic lupus erythematosus and primary antiphospholipid syndrome. Arthritis Rheum. 2002;46:2686–2694. doi: 10.1002/
art.10542.
19. Pagano S, Gaertner H, Cerini F, Mannic T, Satta N, Teixeira PC, Cutler
P, Mach F, Vuilleumier N, Hartley O. The human autoantibody response
to apolipoprotein A-I is focused on the C-terminal helix: a new rationale for diagnosis and treatment of cardiovascular disease? PLoS One.
2015;10:e0132780. doi: 10.1371/journal.pone.0132780.
20. Mertens J, Bregadze R, Mansur A, Askar E, Bickeböller H, Ramadori G,
Mihm S. Functional impact of endotoxin receptor CD14 polymorphisms
on transcriptional activity. J Mol Med (Berl). 2009;87:815–824. doi:
10.1007/s00109-009-0479-7.
21. LeVan TD, Bloom JW, Bailey TJ, Karp CL, Halonen M, Martinez FD,
Vercelli D. A common single nucleotide polymorphism in the CD14 promoter decreases the affinity of Sp protein binding and enhances transcriptional activity. J Immunol. 2001;167:5838–5844.
22. Zanoni I, Granucci F. Role of CD14 in host protection against infections
and in metabolism regulation. Front Cell Infect Microbiol. 2013;3:32. doi:
10.3389/fcimb.2013.00032.
23. Lin J, Yao YM, Yu Y, Chai JK, Huang ZH, Dong N, Sheng ZY. Effects
of CD14-159 C/T polymorphism on CD14 expression and the balance
between proinflammatory and anti-inflammatory cytokines in whole blood
culture. Shock. 2007;28:148–153. doi: 10.1097/SHK.0b013e3180341d35.
24. Kitchens RL, Thompson PA, Viriyakosol S, O’Keefe GE, Munford RS.
Plasma CD14 decreases monocyte responses to LPS by transferring cellbound LPS to plasma lipoproteins. J Clin Invest. 2001;108:485–493. doi:
10.1172/JCI13139.
25. Mansur A, Liese B, Steinau M, Ghadimi M, Bergmann I, Tzvetkov M,
Popov AF, Beissbarth T, Bauer M, Hinz J. The CD14 rs2569190 TT genotype is associated with an improved 30-day survival in patients with sepsis:
a Prospective Observational Cohort Study. PLoS One. 2015;10:e0127761.
doi: 10.1371/journal.pone.0127761.
26. D’Avila LC, Albarus MH, Franco CR, Aguiar BB, Oliveira JR, Dias
FS, Alho CS. Effect of CD14 -260C>T polymorphism on the mortality of critically ill patients. Immunol Cell Biol. 2006;84:342–348. doi:
10.1111/j.1440-1711.2006.01432.x.
27. Krüger S, Graf J, Merx MW, Stickel T, Koch KC, Janssens U, Hanrath
P, Kunz D. CD14 gene -260 C/T polymorphism is associated with
chronic heart failure. Eur J Intern Med. 2005;16:345–347. doi: 10.1016/j.
ejim.2005.01.010.
28. Hermann M, Fischer D, Hoffmann MM, Gasser T, Quitzau K, Meinertz
T, Münzel T, Lüscher TF. CRP and CD14 polymorphisms correlate with
coronary plaque volume in patients with coronary artery disease–IVUS

29.

30.

31.

32.
33.

34.
35.
36.
37.

38.

39.

40.

41.

substudy of the ENCORE trials. Atherosclerosis. 2012;220:172–176. doi:
10.1016/j.atherosclerosis.2011.10.019.
Jerrard-Dunne P, Sitzer M, Risley P, Buehler A, von Kegler S, Markus HS.
Inflammatory gene load is associated with enhanced inflammation and
early carotid atherosclerosis in smokers. Stroke. 2004;35:2438–2443. doi:
10.1161/01.STR.0000144681.46696.b3.
Cole JW, Brown DW, Giles WH, Stine OC, O’Connell JR, Mitchell BD,
Sorkin JD, Wozniak MA, Stern BJ, Sparks MJ, Dobbins MT, Shoffner
LT, Zappala NK, Reinhart LJ, Kittner SJ. Ischemic stroke risk, smoking, and the genetics of inflammation in a biracial population: the
stroke prevention in young women study. Thromb J. 2008;6:11. doi:
10.1186/1477-9560-6-11.
Zhang HF, Zhong BL, Zhu WL, Xie SL, Qiu LX, Zhu LG, Wang Y, Lei L.
CD14 C-260T gene polymorphism and ischemic heart disease susceptibility: a HuGE review and meta-analysis. Genet Med. 2009;11:403–408. doi:
10.1097/GIM.0b013e3181a16cb0.
Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in
medicine–reporting of subgroup analyses in clinical trials. N Engl J Med.
2007;357:2189–2194. doi: 10.1056/NEJMsr077003.
Rubini Gimenez M, Pagano S, Virzi J, Montecucco F, Twerenbold
R, Reichlin T, Wildi K, Grueter D, Jaeger C, Haaf P, Vuilleumier N,
Mueller C. Diagnostic and prognostic value of autoantibodies antiapolipoprotein A-1 and anti-phosphorylcholine in acute non-ST elevation myocardial infarction. Eur J Clin Invest. 2015;45:369–379. doi:
10.1111/eci.12411.
Ziegler-Heitbrock HW. Molecular mechanism in tolerance to lipopolysaccharide. J Inflamm. 1995;45:13–26.
Jersmann HP. Time to abandon dogma: CD14 is expressed by nonmyeloid lineage cells. Immunol Cell Biol. 2005;83:462–467. doi:
10.1111/j.1440-1711.2005.01370.x.
Tolonen H. Review of health examination surveys in europe 2008. Feasibility
of a European Health Examination Survey Project. Publications of the
National Public Health Institute, ISBN (print) 978-951-740-848-2; 2008
Gustavson K, von Soest T, Karevold E, Røysamb E. Attrition and generalizability in longitudinal studies: findings from a 15-year populationbased study and a Monte Carlo simulation study. BMC Public Health.
2012;12:918. doi: 10.1186/1471-2458-12-918.
Teixeira PC, Ducret A, Ferber P, Gaertner H, Hartley O, Pagano S,
Butterfield M, Langen H, Vuilleumier N, Cutler P. Definition of human
apolipoprotein A-I epitopes recognized by autoantibodies present in
patients with cardiovascular diseases. J Biol Chem. 2014;289:28249–
28259. doi: 10.1074/jbc.M114.589002.
Rosenson RS, Brewer HB Jr, Ansell BJ, Barter P, Chapman MJ, Heinecke
JW, Kontush A, Tall AR, Webb NR. Dysfunctional HDL and atherosclerotic cardiovascular disease. Nat Rev Cardiol. 2016;13:48–60. doi:
10.1038/nrcardio.2015.124.
DiDonato JA, Huang Y, Aulak KS, Even-Or O, Gerstenecker G, Gogonea
V, Wu Y, Fox PL, Tang WH, Plow EF, Smith JD, Fisher EA, Hazen SL.
Function and distribution of apolipoprotein A1 in the artery wall are markedly distinct from those in plasma. Circulation. 2013;128:1644–1655. doi:
10.1161/CIRCULATIONAHA.113.002624.
Huang Y, DiDonato JA, Levison BS, et al. An abundant dysfunctional
apolipoprotein A1 in human atheroma. Nat Med. 2014;20:193–203. doi:
10.1038/nm.3459.

Highlights

• Anti-apoA-1 (apolipoprotein A-1) IgG are independent predictors of nonfatal incident coronary artery disease in the general population.
• Anti-apoA-1 IgG could represent a potential novel target for immune-modulating preventive strategies for coronary artery disease.
• The strength of the association between anti-apoA-1 IgG and coronary artery disease is dependent on a functional polymorphism of the CD14
receptor gene.
• Our findings suggesting a gene–autoantibody interaction for the development of CAD, an observation that requires further study.

Downloaded from http://atvb.ahajournals.org/ by guest on June 27, 2018

Impact of CD14 Polymorphisms on Anti-Apolipoprotein A-1 IgG-Related Coronary
Artery Disease Prediction in the General Population
Panagiotis Antiochos, Pedro Marques-Vidal, Julien Virzi, Sabrina Pagano, Nathalie Satta,
Oliver Hartley, Fabrizio Montecucco, François Mach, Zoltan Kutalik, Gerard Waeber, Peter
Vollenweider and Nicolas Vuilleumier
Arterioscler Thromb Vasc Biol. 2017;37:2342-2349; originally published online October 26,
2017;
doi: 10.1161/ATVBAHA.117.309602
Arteriosclerosis, Thrombosis, and Vascular Biology is published by the American Heart Association, 7272
Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 1079-5642. Online ISSN: 1524-4636

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://atvb.ahajournals.org/content/37/12/2342

Data Supplement (unedited) at:
http://atvb.ahajournals.org/content/suppl/2017/10/25/ATVBAHA.117.309602.DC1

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Arteriosclerosis, Thrombosis, and Vascular Biology can be obtained via RightsLink, a service of the
Copyright Clearance Center, not the Editorial Office. Once the online version of the published article for
which permission is being requested is located, click Request Permissions in the middle column of the Web
page under Services. Further information about this process is available in the Permissions and Rights
Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Arteriosclerosis, Thrombosis, and Vascular Biology is online
at:
http://atvb.ahajournals.org//subscriptions/

1
2
3
4
5
6
7
8

Impact of CD14 polymorphisms on anti-apolipoprotein A-1 IgG-related coronary artery
disease prediction in the general population
Panagiotis Antiochos, Pedro Marques-Vidal, Julien Virzi, Sabrina Pagano, Nathalie Satta,
Oliver Hartley, Fabrizio Montecucco, François Mach, Zoltan Kutalik, Gerard Waeber, Peter
Vollenweider *, Nicolas Vuilleumier *
* These authors contributed equally

9
10
11

MATERIALS AND METHODS

12
13

1

14
15
16
17
18
19
20
21
22
23
24
25
26
27

Study population and design
We used clinical and biological data from the CoLaus study, a population-based cohort
investigating cardiovascular disease risk in 6733 subjects in the general population aged 35 to
75 and living in the city of Lausanne, Switzerland. The recruitment phase of the study took place
between 2003 and 2006, where all participants attended the outpatient clinic of the University
Hospital of Lausanne. A follow-up visit took place between 2009 and 2012. All study participants
at baseline were invited for a follow-up visit at the outpatient clinic of the University Hospital of
Lausanne, between 2009 and 2012. Subjects unable to attend had home interviews, were
interviewed by phone and/or sent a questionnaire requesting information relevant to study
endpoints. Follow-up data collection started after the baseline visit of each participant. The
study was approved by the Institutional Ethics Committee of the University of Lausanne and
informed consent was obtained from all participants before inclusion in the study, in accordance
with the Declaration of Helsinki. A detailed description of the study design, definition of clinical
variables and sampling procedures have been described elsewhere.1
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Briefly, clinical data, and fasting venous blood samples were collected from each participant by
trained field interviewers during a single visit lasting about 60 minutes. Blood pressure and
heart rate were measured three consecutive times using an automated sphygmomanometer
(Omron® HEM-907, Matsusaka, Japan) and the average of the last two measurements was
used. Body weight and height were measured with participants standing without shoes in light
indoor clothes. Body weight was measured in kilograms to the nearest 100 g using a Seca®
scale, which was calibrated regularly. Height was measured to the nearest 5 mm using a Seca®
height gauge. Body mass index (BMI) was calculated as weight (kg)/height (m2). Hypertension
was defined as a systolic blood pressure (SBP) ≥140 mm Hg and/or a diastolic blood pressure
≥90 mm Hg and/or the presence of anti-hypertensive treatment. Diabetes mellitus was defined
as fasting plasma glucose ≥7.0 mmol/l and/or oral or insulin anti-diabetic treatment. Estimated
glomerular filtration rate (eGFR) was calculated by the simplified “Modification of Diet in Renal
Disease” prediction equation. 2 Autoimmune disease was defined as history of rheumatoid
arthritis or systemic lupus erythematosus, independently of treatment.
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Venous blood samples were drawn after an overnight fast, and assays were performed on fresh
plasma samples within two hours after blood collection for standard lipid profile, and on
unthawed serum aliquots for anti-apoA-1 IgG assessment (see below) that were immediately
adequately processed and stored at -80 °C until analysis. 3 Standard lipid profile was performed
in the CHUV Clinical Laboratory using a Modular P apparatus (Roche Diagnostics, Switzerland).
The following analytical procedures (with maximum inter and intra-batch CVs) were used: total
cholesterol by the “CHOD-PAP” method (1.6% – 1.7%); HDL-cholesterol by the “CHODPAP/PEG/Cyclodextrin” method (3.6% – 0.9%); triglycerides by the “GPO-PAP” method (2.9% –
1.5%); glucose by glucose dehydrogenase (2.1% – 1.0%); and serum creatinine by the Jaffe
kinetic compensated method (2.9% – 0.7%).
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Coronary artery disease and death data collection at baseline and during FU

53
54
55
56
57
58
59

Trained medical doctors actively searched and collected all medical records related to the
coronary artery disease (CAD, defined as myocardial infarction, stable or unstable angina,
percutaneous coronary revascularization or bypass grafting) in all participants who declared,
during the baseline and/or follow-up interviews, to have presented any cardiac event or
procedure during their lifetime. CAD that occurred during follow-up was classified as incident.
CAD collection in study participants followed a stepwise procedure: 1. The medical record of
each participant was checked by hand with the general practitioner and/or the private
2
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cardiologist, by both mail surveys and phone interviews. All CAD-related GPs’ reports, reports
on outpatient contacts with medical specialists and hospital discharge reports were copied and
classified. Collected documents further included related laboratory data, electrocardiograms,
cardiac imaging data (echocardiography reports, cardiac radionuclide imaging, magnetic
resonance imaging, cardiac CT, stress tests) and coronary angiograms. 2. To further search for
presence of CAD that may not have been mentioned by the participant during the follow-up visit,
the medical databases of: a. the University Hospital of Lausanne, b. regional hospitals (within a
radius of 100 kilometers), and c. the pre-hospital emergency care unit of the City of Lausanne,
were checked electronically and then also by hand for CAD-related diagnoses, for all study
participants.
Data on deceased study participants were likewise collected in a stepwise procedure, by
checking electronically and then also by hand the electronic databases of: a. the University
Hospital of Lausanne, b. regional hospitals (within a radius of 100 kilometers), c. population
registers of the cities where the participants were living in case of returned mail and/or multiple
unsuccessful phone contacts, d. the pre-hospital emergency care unit of the City of Lausanne,
e. the forensic medicine department of the University Hospital of Lausanne, and f. the “Office
Fédérale de la Statistique”, the Swiss governmental agency providing death statistics. If a death
was confirmed, physicians of the dead participants were asked to send any medical record
related to the death. If all previous steps failed to retrieve the cause of death, the physician in
charge when the death occurred and/or a family member of the dead participant were contacted
to provide information on the cause of death (verbal autopsy).
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Study Endpoints
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The primary endpoint was total incident CAD as defined by a composite of first-time, fatal or
non-fatal myocardial infarction, stable or unstable angina, percutaneous coronary
revascularization or bypass grafting for CAD. Separate outcomes of interest included non-fatal
as well fatal CAD (definite or probable, in-hospital or out-of-hospital). 4 All CAD events were
adjudicated separately by two cardiologists, blinded to all study variables, according to a
consensus document edited on behalf of the Joint ESC/ACCF/AHA/WHF Task Force for the
“Universal Definition of Myocardial Infarction”. 5 All deaths were adjudicated, by 2 internal
medicine specialists.
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In subjects with available genetic data for the functional C260T rs2569190 polymorphism in the
CD14 receptor gene, the secondary study outcome was to test the interaction between antiapoA-1 IgG and carriage of the T allele, with regards to incident CAD.
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Assessment of anti-apoA-1 IgG levels
Anti-apoA-1 IgG were measured as previously described, 6-8 using the CoLaus study (20032006) frozen serum aliquots, stored at -80 °C. Maxisorp plates (NuncTM, Denmark) were coated
with purified, human-derived delipidated apolipoprotein A-1 (20 µg/ml; 50 µl/well) for 1h at 37°C.
After being washed, all wells were blocked for 1h with 2% bovine serum albumin (BSA) in a
phosphate buffer solution (PBS) at 37°C. Participants’ samples were also added to a noncoated well to assess individual non-specific binding. After six washing cycles, a 50 µl/well of
signal antibody (alkaline phosphatase-conjugated anti-human IgG; Sigma-Aldrich, St Louis,
MO), diluted 1:1000 in a PBS/BSA 2% solution, was added and incubated for 1h at 37°C. After
washing six more times, phosphatase substrate p-nitrophanylphosphate disodium (SigmaAldrich) dissolved in a diethanolamine buffer (pH 9.8) was added and incubated for 20 min at
3
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37°C (Molecular DevicesTM Versa Max). As previously published, this assay detects anti-apoA-1
antibodies directed against the native lipid-free apoA-1. 9, 10 Optical density (OD) was
determined at 405 nm, and each sample was tested in duplicate. Corresponding non-specific
binding was subtracted from mean OD for each sample. The specificity of detection was
assessed using conventional saturation tests by Western blot (WB) analysis.
As previously described, elevated levels of anti-apoA-1 IgG were set at an OD cut-off of
OD>0.64, corresponding to the 97.5th percentile of a reference population. 6-8 In order to limit the
impact of inter-assay variation, we further calculated an index consisting in the ratio between
sample net absorbance and the positive control net absorbance × 100. The index value
corresponding to the 97.5th percentile of the normal distribution was 37. Accordingly, to be
considered as positive (presenting elevated anti-apoA-1 IgG levels), samples had to display
both an absorbance value >0.64 OD and an index value ≥37%.
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As described before, 9, 10 our ELISA principally detects immunoreactivity (anti-apoA-1 IgG)
against unmodified form of apoA-1. In order to further determine whether our assay is
specifically dedicated to detect antibodies against native apoA-1 devoid of post-translational
modifications (PTM) and does not cross-react with other forms of modified apoA-1, we used our
human purified apoA-1 to generate carbamylated apoA-1, glycated apoA-1, and oxidized apoA1 to be tested as coating antigen in our ELISA, comparing the respective signals produced by
Passing-Bablock analyses.
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ApoA-1 carbamylation was performed according to the protocol by Holzer et al. 11 Briefly, native
human purified ApoA-1 was carbamylated with potassium cyanate (50 mmol/L) in phosphate
buffered saline (pH 7.4) containing 100 µmol/L diethylenetriaminepentaacetic acid (DTPA) for 4
hours at 37°C. As a control, the same protocol was applied in the absence of potassium
cyanate. All preparations were passed through a column (MWCO 10,000 Da) to remove excess
reagents and used immediately for experiments. The apoA-1 carbamylation state was then
verified using commercial ELISA (OxiSelect Protein Carbamylation Sandwich Elisa kit from Cell
Biolabs; ref. STA-877). The quantity of carbamylated apoA-1 generated by this protocol was
33.8 ng/ml against 2.9 ng/ml with the control procedure.
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ApoA-1 oxidation was performed according to the protocol by DiDonato et al. 13 Briefly, native
human purified apoA-1 was oxidized in 60 mmol/l Na[PO4] buffer (pH 7.4) using CuSO4
(10µmol/l) with 40 µmol/l of H2O2 for 24 hours at 37°C. As a control, the same protocol was
applied in the absence of CuSO4 and H2O2. All preparations were passed through a column
(MWCO 10,000 Da) to remove excess reagents and used immediately for experiments. The
amount of apoA-1 oxidation state was first verified by the mobility shift on SDS-PAGE gels, and
visualized by WB. As shown in Figure 1, the expected higher MW apoA-1 bands induced by

ApoA-1 glycation was performed according to the protocol by Nobécourt et al. 12 Briefly, native
human purified apoA-1 was exposed to methylglyoxal (MG) (6mmol/l) in phosphate buffered
saline containing 100 µmol/L etilendiaminotetracetic acid (EDTA) for 24 hours at 37°C under 5%
CO2. As a control, the same protocol was applied in the absence of MG. All preparations were
passed through a column (MWCO 10,000 Da) to remove excess reagents and used
immediately for experiments. The apoA-1 glycation state was then verified using commercial
ELISA (OxiSelect Methylglyoxal Competitive Elisa kit; Cell Biolabs ref. STA-811). The quantity
of MG glycated apoA-1 generated with this protocol was 138.9µg/ml against 0.07 µg/ml with the
control procedure.

4
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oxidation-mediated apoA-1 dimers formation were achieved by combining H202 and CuS04,
allowing to use this procedure to generate oxidized apoA-1 for further experiments.
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These results indicate that i) our in vitro procedure generated the expected PTM, and that ii) the
native apoA-1 used in the present study does not contain substantial amount of carbamylation,
glycation or oxidation.
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In order to further explore a theoretical potential influence of carbamylation, glycation or
oxidation of apoA-1 in our study, we further performed Passing-Bablock analyses using
carbamylated, glycated, oxidized apoA-1. Using these modified forms of apoA-1 in our in house
ELISA assay, we compared the immunoreactivity signals obtained, with those derived using
native apoA-1 on a subset of n=63 randomly selected Colaus subjects and displaying a antiapoA-1 IgG positivity rate of 17% (11/63), closely corresponding to the anti-apoA-1 IgG positivity
rate retrieved on the whole CoLaus cohort (19%).
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As shown in Figure 2, using carbamylated apoA-1 as coating antigen in our ELISA induced a
significant proportional bias of + 22% (slope: 1.22; 95%CI: 1.13-1.33), but no systematic bias
(intercept:-0.004; 95%CI:-0.04-0.04). Indeed, taking the same anti-apoA-1 IgG positivity
definition, using carbamylated apoA-1 induced a positivity rate of 27% with n=7 discordant
cases. Six were false positives ((FP): samples that were negative when using native apoA-1)
and one was false negative ((FN): sample that was tested positive using native apoA-1),
translating into a significant anti-apoA-1 IgG positivity rate discordance of 64% (0/11 vs. 7/11;
p=0.003). These results indicate that using carbamylated apoA-1 provides a significant different
signal than using native apoA-1 in our ELISA.
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As shown in the Figure 3, using glycated apoA-1 as coating antigen in our ELISA, induced a
non-significant proportional positive bias of + 8% (slope: 1.08,95%CI:0.97-1.24), and a small
statistically significant, but minor bias of 0.07 arbitrary units (Intercept: -0.07; 95%CI:-13 to 0.02). These results indicate that our ELISA is insensitive to apoA-1 MG-induced glycation
status.
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Lastly, as depicted in Figure 4, using oxidized apoA-1 as coating antigen in our ELISA showed
that the two methods provide identical results with a no proportional bias (slope: 1.003;
95%CI:0.82-1.34) and no systematic bias (intercept :-0.0006; 95%CI:-0.09-0.09) when
compared to using human purified native apoA-1. These results indicate that our ELISA is
insensitive to apoA-1 oxidation status.
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Lastly, in order to further eliminate the possibility of anti-apoA-1 IgG being directed against
glycated, carbamylated, oxidized apoA-1 or PTM-induced cross-linked multimers of apoA-1, we
adapted our ELISA protocol, performing additional WB and Liquid Chromatography (LC) – Mass
Spectrometry (MS)/MS analyses on pooled serum derived from n=3 study patients tested
positive and n=3 tested negative for anti-apoA-1 IgG.
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For the WB analysis, one microgram of purified delipidated apoA-1 devoid of PTM was resolved
by 10% polyacrylamide gel electrophoresis under reducing conditions and transferred to a
polyvinylidene difluoride (PVDF) membrane (Immobilon, Millipore IPVH 00010), which was then
blocked for 1 hour at RT with non-fat dry milk 5% in tris-buffered saline with tween 20 (T-TBS).
Membranes were incubated with pooled sera derived from three anti-apoA-1 IgG positive
5
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(OD405nm value: 1.7 AU) patients and three anti-apoA-1 IgG negative patients (OD405nm value: 0.2
AU) diluted (1:50) in non-fat dry milk 5% in T-TBS 2 hours at room temperature. A goat antihuman IgG or rabbit anti-goat horseradish peroxidase conjugated (Dako, Agilent) was used as
secondary antibody, diluted 1:7000 in non-fat dry milk 5% in T-TBS for 1 hour at room
temperature. The detection was performed using the BM Chemiluminescence Blotting Substrate
(POD from Roche). The blot was exposed to horseradish peroxidase-conjugated anti-human Fc
IgG to reveal the anti-apoA-1 IgG binding and with horseradish peroxidase-conjugated anti-goat
Fc IgG for the commercially available goat anti-human apoA-1 IgG used as positive control.

200
201
202
203
204

As shown in Figure 5, pooled sera from the anti-apoA-1 IgG positive patients displayed a strong
signal at 61 kD (panel A), whereas sera derived from anti-apoA-1 IgG negative patients hardly
provided a signal on WB (panel B). Polyclonal goat anti-human apoA-1 IgG displayed the
expected 29kD MW band (panel C), as well as the one at 61 KD, in accordance to our previous
experiments. 9
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We then submitted the identified 61kD MW band to LC-MS/MS analyses. According to our in-gel
digestion protocol, gel pieces were dehydrated with 100 µl of 50 mM ammonium bicarbonate
(AB) in 30% acetonitrile (ACN) for 10 min. This solution was removed and gel pieces were then
incubated for 35 minutes at 56°C in 100 µl of 10 mM DTT in 50 mM AB. DTT solution was then
replaced by 100 µl of 55 mM iodoacetamide in 50 mM AB and the gel pieces were incubated for
30 min at room temperature in the dark. Gel pieces were then washed for 30 minutes with 100
µl of 50mM AB and for 30 min with 100 µl of 50 mM AB and 30% ACN. Gel pieces were then
dried for 45 minutes in a Speed-Vac Concentrator. Dried pieces of gel were rehydrated for 45
minutes at 4°C in 50 µl of a solution of 50 mM AB containing trypsin at 6.25 ng/µl. Extraction of
the peptides was performed with 50 µl of 1% trifluoroacetic acid (TFA) for 30 minutes at room
temperature with occasional shaking. The TFA solution containing the proteins was transferred
to a polypropylene tube. A second extraction of the peptides was performed with 70 µl of 0.1%
TFA in 50% ACN for 30 minutes at room temperature with occasional shaking. The second TFA
solution was pooled with the first one. The pooled extracts were completely dried by evaporation
under speed-vacuum. LC-ESI-MS/MS was performed on a Orbitrap XL Mass Spectrometer
(Thermo Fisher Scientific) equipped with a NanoAcquity system from Waters. Peptides were
trapped on a home-made 5 µm 200 Å Magic C18 AQ (Michrom) 0.1 × 20 mm pre-column and
separated on a home-made 5 µm 100 Å Magic C18 AQ (Michrom) 0.75 × 150 mm column with
a gravity-pulled emitter. The analytical separation was run for 40 minutes using a gradient of
H2O/FA 99.9%/0.1% (solvent A) and CH3CN/FA 99.9%/0.1% (solvent B) from 5% to 35% A in
20 minutes at a flow rate of 220 nL/min. For MS survey scans, the OT resolution was set to
60000 and the ion population was set to 5 × 105 with an m/z window from 400 to 2000. Four
precursor ions were selected for collision-induced dissociation (CID) in the LTQ. For this, the ion
population was set to 1 × 104 (isolation width of 2 m/z). The normalized collision energies were
set to 35% for CID. Then, for protein identification, peak lists (MGF file format) were generated
from raw data using the MS Convert conversion tool from ProteoWizard The peaklist files were
searched against the Homo sapiens database (UniProtKB, release 2017-03, 20184 entries)
using Mascot (Matrix Science, London, UK; version 2.5.1). Trypsin was selected as the enzyme,
with two potential missed cleavage sites. Precursor ion tolerance was set to 10 ppm and
fragment ion tolerance to 0.6 Da. Variable amino acid modifications were oxidized methionine,
carbamylated lysine, and glycated lysine, arginine and tryptophan. Fixed amino acid
modification was carbamidomethyl cysteine. The Mascot search was validated using Scaffold
4.7.5 (Proteome Software). Protein identifications were accepted if they could be established at
greater than 95.0 % probability and contained at least two identified peptides.
6
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Results are shown in Figure 6. Analysis of this 61 kD band identified apoA-1 with a total of 29
identified peptides spectrum matched (PSM), corresponding to 12 unique peptide sequences,
representing a protein sequence coverage of 47% (highlighted in yellow). Among these 29
PSM, 3 PSM with the same sequence ((K)WQEE Mox ELYR(Q)) were identified with an oxidized
methionine (Figure 6, red frame). The amount of oxidation could not be quantified exactly using
this LC-MS/MS system, but as only one oxidized methionin was found, the oxidation status of
apoA-1 is likely to be insignificant and most probably generated by the WB and LC-MS/MS
process given apoA-1 susceptibility to oxidation. Moreover, among these 29 PSM, no
carbamylation or glycation were detected. Of interest, 8 of these PSM corresponded to the Cterminal sequence spanning aa 240 to 265 (data not shown). On this C-terminal sequence no
oxidation or other PTM were identified.
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These WB & LC-MS/MS findings indicate that the apoA-1 band at 61 KD recognized on WB by
pool sera derived from patients tested positive for anti-apoA-1 IgG is very unlikely to result from
recognition of glycated, carbamylated, oxidized cross-linked multimers of apoA-1. The most
likely explanation for this phenomenon is that anti-apoA-1 IgG preferentially recognize lipid-low
apoA-1. However, as the lipid content of our apoA-1 preparation is not assessable by LCMS/MS, this hypothesis warrants further study.
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Taken together, these supplementary characterization analyses point to two main conclusions.
The first one is that our native human purified apoA-1 does not contain substantial amount of
carbamylation, glycation or oxidation, confirming previous studies that demonstrate that the
immune response to apoA-1 measured in our assay is well directed against unmodified apoA-1,
devoid of PTM. 9, 10 The second one is that that our assay is not significantly influenced by
glycation or oxidation of apoA-1.
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Genotyping of the C260T rs2569190 polymorphism in the CD14 receptor gene.
After exclusion of non-Caucasian participants (n=395) and those with missing genetic data
(n=578), the final genotyped sample for the C260T rs2569190 polymorphism consisted of 4247
individuals. Genotyping was performed using the Affymetrix GeneChip Human Mapping 500K
array set, excluding SNPs with call rate <70% and individuals with call rate <90%. The
imputation dataset included 390,631 genotyped SNPs with call rate>0.9, Hardy–Weinberg Pvalue>10-7 and minor-allele frequency (MAF)>1%. Imputation was performed using IMPUTE
version 0.2.0 and CEU haplotypes from HapMap release 21. The C260T rs2569190
polymorphism was imputed with an r2-hat=0.994. The minor allele in the CoLaus study was T
(49.3%) and the major allele C (50.7%), which is consistent with previous reports in Caucasian
populations. 14
®

Statistical analyses
Univariate analysis of continuous variables was performed using the student’s t-test or the nonparametric Mann-Whitney test as appropriate, and results were expressed as mean ± standard
deviation (SD). Analysis of discrete variables was performed using chi-square test and results
were expressed as number of participants and (percentage). Survival curves for incident CAD
were produced using the Kaplan-Meier method and compared using the Logrank test. Patients
who had no events were censored at the time of death, loss to follow-up or the end of the study
period. Multivariate analysis of the associations between anti-apoA-1 IgG and incident CAD was
performed using Cox proportional hazards adjusting for sex, age, smoking status, diabetes,
hypertension, low (LDL) and high density lipoprotein cholesterol (HDL), baseline CAD, statin
7
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and beta-blocker treatment and eGFR. Results were expressed as hazards ratio (HR) and 95%
confidence interval (CI). Adjusted HRs for incident CAD were firstly estimated for anti-apoA-1
IgG positivity as well as across tertiles of increasing anti-apoA-1 IgG values, with anti-apoA-1
IgG negative subjects used as the reference group. As anti-apoA-1 IgG concentration
distribution is skewed, values were further natural log transformed and standardized (mean=0
and SD=1) and HR for incident CAD were also assessed per one SD change. The same
analyses were repeated in genotyped subjects according to CD14 SNP subgroups and a
statistical interaction test was performed to assess differences between these genotype
subgroups. 15 Sensitivity analyses were performed after exclusion of subjects with baseline CAD
and autoimmune disease.
In genotyped subjects, we first assumed an additive model (CC vs. CT vs. TT), dividing the
sample into three subgroups according to the C260T rs2569190 allele status. As previously
suggested, 14, 16 we then assumed a recessive model (CC/CT vs. TT), where C-allele carriers
show similar, neutral CD14 gene expression, while homozygotes for the minor allele present
increased CD14 gene expression. 17, 18 In both cases, a statistical interaction test was performed
to assess the heterogeneity of anti-apoA-1 IgG-related CAD risk, according to carriage of the T
allele. 15 Results were expressed as HR (95%CI) within each subgroup and presented as a
forest plot. 15 Taking into account the incident CAD rate in CoLaus (157 events or 3%) and a
two-sided alpha of 5%, we required 35-59 incident CAD events in subjects positive for antiapoA-1 IgG to detect an HR of anti-apoA-1 IgG for CAD of 1.5-1.7 with >80% power. Similarly,
considering the incident nonfatal CAD rate of 2.5% in our study and two-sided alpha of 5%, we
required 32-55 incident non-fatal CAD events in subjects positive for anti-apoA-1 IgG to detect
an HR of 1.5-1.7 with >80% power. All analyses were performed using STATA 13.0 (Stata Corp,
College Station, Texas, USA). A two-tailed test with p<0.05 was considered statistically
significant.
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Figure 1. ApoA-1 oxidation Western Blot. Panel A) one-second exposition, B) two-minutes exposition in
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order to visualize the oxidation-induced apoA-1 dimerization. The expected higher molecular weight
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apoA-1 bands induced by oxidation-mediated apoA-1 dimers formation were achieved by combining
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H202 and CuS04.
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Figure 2. Passing-Bablock analysis comparing the signals obtained using native versus carbamylated
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apoA-1. The grey line indicates the identity line, the red line indicates the correlation obtained. Using
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carbamylated apoA-1 as coating antigen in our ELISA, induced a significant proportional bias of + 22%
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(slope: 1.22; 95%CI: 1.13-1.33), but no systematic bias (intercept: -0.004; 95%CI: -0.04-0.04).
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Figure 3. Passing-Bablock analysis comparing the signals obtained using native versus glycated apoA-1.
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The grey line indicates the identity line, the red line indicates the correlation obtained. Using glycated

330

apoA-1 as coating antigen in our ELISA, induced a non-significant proportional positive bias of + 8%
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(slope: 1.08; 95%CI: 0.97-1.24), and a small statistically significant, but minor bias of 0.07 arbitrary units
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(Intercept: -0.07; 95%CI: -13 to -0.02).
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Figure 4. Passing-Bablock analysis comparing the signals obtained using native versus oxidized apoA-1.

337

The grey line indicates the identity line, the red line indicates the correlation obtained. Using oxidized
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apoA-1 as coating antigen in our ELISA, induced a non significant proportional bias of 0.3% (slope: 1.003;
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95%CI: 0.82-1.34) and no systematic bias (intercept: -0.0006; 95%CI:-0.09-0.09).
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Figure 5. Western blot of anti-apoA-1 IgG. Human apoA-1 was migrated on polyacrylamide gel (10%)

344

and then exposed to pooled sera (dilution 1:50) of patients tested either positive (panel A) or negative

345

for anti-apoA-1 IgG (panel B). The sera from the anti-apoA-1 IgG positive patients displayed a strong

346

signal at 61 kD (panel A), whereas the pooled sera derived from anti-apoA-1 IgG negative patients hardly

347

provided a signal on WB (panel B). Polyclonal goat anti-human apoA-1 IgG displayed the expected 29kD
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molecular weight band (panel C), as well as a band at 61 KD, further submitted to liquid chromatography
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– mass spectrometry analyses.
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Figure 6. Liquid Chromatography – Mass Spectrometry Analyses of the 61kD apoA-1 band. Above :

355

Highlighted in yellow the 12 exclusive amino acid sequences identified in the 61kD apoA-1 band.
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Highlighted in green, the only oxidized methionin found. Below : Among the 29 peptides spectrum
14

357

matched (PSM), 3 PSM with the same sequence ((K)WQEE Mox ELYR(Q)) were identified with an oxidized

358

methionine (sequences in the red frame), but no carbamylation or glycation were detected.

359

15

360

REFERENCES

361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403

1.

2.
3.

4.

5.
6.

7.

8.

9.

10.

11.

12.

Firmann M, Mayor V, Vidal PM et al. The colaus study: A population-based study to investigate
the epidemiology and genetic determinants of cardiovascular risk factors and metabolic
syndrome. BMC cardiovascular disorders. 2008;8:6-17
Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: A new prediction equation. Modification of diet
in renal disease study group. Annals of internal medicine. 1999;130:461-470
Antiochos P, Marques-Vidal P, Virzi J, Pagano S, Satta N, Bastardot F, Hartley O, Montecucco F,
Mach F, Waeber G, Vollenweider P, Vuilleumier N. Association between anti-apolipoprotein a-1
antibodies and cardiovascular disease in the general population. Results from the CoLaus study.
Thrombosis and haemostasis. 2016;116: 764-771
Luepker RV, Apple FS, Christenson RH et al. Case definitions for acute coronary heart disease in
epidemiology and clinical research studies: A statement from the aha council on epidemiology
and prevention; aha statistics committee; world heart federation council on epidemiology and
prevention; the european society of cardiology working group on epidemiology and prevention;
centers for disease control and prevention; and the national heart, lung, and blood institute.
Circulation. 2003;108:2543-2549
Thygesen K, Alpert JS, Jaffe AS et al. Third universal definition of myocardial infarction.
Circulation. 2012;126:2020-2035
Montecucco F, Vuilleumier N, Pagano S, Lenglet S, Bertolotto M, Braunersreuther V, Pelli G,
Kovari E, Pane B, Spinella G, Pende A, Palombo D, Dallegri F, Mach F, Roux-Lombard P. Antiapolipoprotein a-1 auto-antibodies are active mediators of atherosclerotic plaque vulnerability.
European heart journal. 2011;32:412-421
Vuilleumier N, Bas S, Pagano S, Montecucco F, Guerne PA, Finckh A, Lovis C, Mach F,
Hochstrasser D, Roux-Lombard P, Gabay C. Anti-apolipoprotein a-1 igg predicts major
cardiovascular events in patients with rheumatoid arthritis. Arthritis and rheumatism.
2010;62:2640-2650
Vuilleumier N, Rossier MF, Pagano S, Python M, Charbonney E, Nkoulou R, James R, Reber G,
Mach F, Roux-Lombard P. Anti-apolipoprotein a-1 igg as an independent cardiovascular
prognostic marker affecting basal heart rate in myocardial infarction. European heart journal.
2010;31:815-823
Teixeira PC, Ducret A, Ferber P, Gaertner H, Hartley O, Pagano S, Butterfield M, Langen H,
Vuilleumier N, Cutler P. Definition of human apolipoprotein a-i epitopes recognized by
autoantibodies present in patients with cardiovascular diseases. The Journal of biological
chemistry. 2014;289:28249-28259
Pagano S, Gaertner H, Cerini F, Mannic T, Satta N, Teixeira PC, Cutler P, Mach F, Vuilleumier N,
Hartley O. The human autoantibody response to apolipoprotein a-i is focused on the c-terminal
helix: A new rationale for diagnosis and treatment of cardiovascular disease? PloS one.
2015;10:1-18
Holzer M, Gauster M, Pfeifer T, Wadsack C, Fauler G, Stiegler P, Koefeler H, Beubler E, Schuligoi
R, Heinemann A, Marsche G. Protein carbamylation renders high-density lipoprotein
dysfunctional. Antioxid Redox Signal. 2011;14:2337-2346
Nobecourt E, Tabet F, Lambert G, Puranik R, Bao S, Yan L, Davies MJ, Brown BE, Jenkins AJ,
Dusting GJ, Bonnet DJ, Curtiss LK, Barter PJ, Rye KA. Nonenzymatic glycation impairs the
16

404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421

13.

14.

15.
16.
17.

18.

antiinflammatory properties of apolipoprotein a-i. Arteriosclerosis, thrombosis, and vascular
biology. 2010;30:766-772
DiDonato JA, Huang Y, Aulak KS, Even-Or O, Gerstenecker G, Gogonea V, Wu Y, Fox PL, Tang WH,
Plow EF, Smith JD, Fisher EA, Hazen SL. Function and distribution of apolipoprotein a1 in the
artery wall are markedly distinct from those in plasma. Circulation. 2013;128:1644-1655
Zhang H-F, Zhong B-L, Zhu W-L, Xie S-L, Qiu L-X, Zhu L-G, Wang Y, Lei L. Cd14 c-260t gene
polymorphism and ischemic heart disease susceptibility: A huge review and meta-analysis.
Genet Med. 2009;11:403-408
Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in medicine--reporting of
subgroup analyses in clinical trials. The New England journal of medicine. 2007;357:2189-2194
D'Avila LC, Albarus MH, Franco CR, Aguiar BB, Oliveira JR, Dias FS, Alho CS. Effect of cd14 -260c>t
polymorphism on the mortality of critically ill patients. Immunol Cell Biol. 2006;84:342-348
LeVan TD, Bloom JW, Bailey TJ, Karp CL, Halonen M, Martinez FD, Vercelli D. A common single
nucleotide polymorphism in the cd14 promoter decreases the affinity of sp protein binding and
enhances transcriptional activity. The Journal of Immunology. 2001;167:5838-5844
Mertens J, Bregadze R, Mansur A, Askar E, Bickeboller H, Ramadori G, Mihm S. Functional impact
of endotoxin receptor cd14 polymorphisms on transcriptional activity. Journal of molecular
medicine (Berlin, Germany). 2009;87:815-824

422

17

Impact of CD14 polymorphisms on anti-apolipoprotein A-1 IgG-related coronary artery disease
prediction in the general population
Panagiotis Antiochos, Pedro Marques-Vidal, Julien Virzi, Sabrina Pagano, Nathalie Satta, Oliver Hartley,
Fabrizio Montecucco, François Mach, Zoltan Kutalik, Gerard Waeber, Peter Vollenweider, Nicolas
Vuilleumier

SUPPLEMENT MATERIAL

1

Supplemental Table I: Baseline characteristics of subjects included in the analysis vs. subjects missing followup data.
Overall sample

Subjects included in the

Subjects missing follow-

analysis

up data

(n=5220)

(n=1456)

Age, years

52.6 ±10.7

52.6 ± 10.8

0.979

Male sex, n (%)

2496 (47.3)

693 (47.6)

0.841

398 (7.5)

90 (6.2)

0.076

1382 (26.2)

430 (29.5)

0.011

336 (6.4)

100 (6.9)

0.492

1756 (33.3)

579 (39.8)

<0.001

Body mass index (kg/m )

25.65 ± 4.41

26.34 ± 4.85

<0.001

Total cholesterol (mmol/l)

5.56 ± 1.02

5.62 ± 1.10

0.093

HDL cholesterol (mmol/l)

1.64 ± 0.44

1.60 ± 0.43

0.006

LDL cholesterol (mmol/l)

3.32 ± 0.90

3.37 ± 0.95

0.038

Triglycerides (mmol/l)

1.37 ± 1.14

1.46 ± 1.31

0.010*

SCORE CV risk categories, n (%)

2.07 ± 3.56

2.13 ± 3.40

0.145*

Low risk

3150 (60.4)

817 (57.3)

Intermediate risk

1429 (27.4)

421 (29.5)

High risk

394 (7.6)

119 (8.3)

Very high risk

239 (4.6)

70 (4.9)

0.189

Anti-apoA-1 IgG, n (%)

1040 (19.9)

283 (19.8)

0.920

Anti-apoA-1 OD

0.46 ± 0.33

0.45 ± 0.36

0.377*

(n=6676)

History of CVD, n (%)
Current smoking, n (%)
Diabetes, n (%)
Hypertension, n (%)
2

2

p-value

Data are expressed as mean ± standard deviation or number of participants and (percentage). CVD,
cardiovascular disease; SBP, systolic blood pressure; HDL, high density lipoprotein; LDL, low density
lipoprotein; SCORE, Systematic Coronary Risk Evaluation; Anti-apoA-1 IgG, anti-apolipoprotein A-1
autoantibodies; OD, Optical Density. Statistical analysis for continuous variables by student’s t-test or
Mann-Whitney test (*) depending on the normality assumption. Statistical analysis for categorical
variables by the chi-squared test.

3

Supplemental Table II: Hazard Ratios of anti-apoA-1 IgG for incident total, non fatal and fatal coronary
artery disease in the general population, after excluding subjects with a) baseline coronary artery disease,
b) baseline autoimmune disease.
Hazard Ratios (95% CI)

Incident CAD (n=111)

Non Fatal Incident CAD (n=93)

Fatal Incident CAD (n=18)

a) Excluding subjects

Unadjusted

p-

Adjusted

p-

Unadjusted

p-

Adjusted

p-

Unadjusted

p-

Adjusted

p-

with

Model

value

Model

value

Model

value

Model

value

Model

value

Model

value

0.093

1.54

0.050

1.57

0.050

1.69

0.027

0.79

0.717

0.90

baseline

coronary

artery

disease (n=5031)

Positive vs. negative

1.44

anti-ApoA-1 IgG

2.20)

(0.94–

(1.00–

2.38)

Hazard Ratios (95% CI)

(1.00–

2.48)

Incident CAD (n=148)

(1.06–

2.68)

(0.23–

2.75)

(0.26–

0.868

3.15)

Non Fatal Incident CAD (n=124)

Fatal Incident CAD (n=24)

b) Excluding subjects

Unadjusted

p-

Adjusted

p-

Unadjusted

p-

Adjusted

p-

Unadjusted

p-

Adjusted

p-

with

Model

value

Model

value

Model

value

Model

value

Model

value

Model

value

0.095

1.42

0.077

1.62

0.015

1.64

0.017

0.36

0.172

0.43

baseline

autoimmune disease
(n=5100)

Positive vs. negative

1.37

anti-ApoA-1 IgG

1.99)

(0.95–

(0.98–

2.08)

2.40)

(1.10–

2.46)

(1.11–

1.55)

(0.09–

1.86)

Results are expressed as adjusted hazard ratios (95% confidence interval). Statistical analysis by Cox
proportional hazards regression adjusted for age, sex, systolic blood pressure, diabetes, smoking,
HDL cholesterol and LDL cholesterol, statin, beta-blocker treatment and eGFR. CAD, coronary artery
disease; OD, optical density; Anti-apoA-1 IgG, anti-apolipoprotein A-1 autoantibodies; eGFR,
estimated glomerular filtration rate

4

(0.12–

0.256

Supplementary Table III: Hazard Ratios of anti-apoA-1 IgG for incident total, non-fatal and
fatal CAD in the general population.
Final

sample

Total Incident CAD (n=159)

Non Fatal Incident CAD (n=134)

Fatal Incident CAD (n=25)

(n=5220)

Positive vs. negative

Adjusted

p-

Adjusted

p-

Adjusted

p-

Adjusted

p-

Adjusted

p-

Adjusted

p-

Model_1

value

Model_2

value

Model_1

value

Model_2

value

Model_1

value

Model_2

value

1.36 (0.94–

0.099

1.37 (0.94–

0.100

1.53 (1.03–

0.034

1.54 (1.04–

0.031

0.58 (0.17–

0.387

0.56 (0.17–

0.355

1.97)

1 SD change in logtransformed

anti-

1.08 (0.94–

1.98)

0.265

1.09 (0.94–

2.26)

0.251

1.12 (0.96–

2.28)

0.144

1.13 (0.97–

1.98)

0.121

0.89 (0.62–

1.91)

0.541

0.87 (0.60–

1.25)

1.26)

1.30)

1.32)

1.29)

1.28)

1

1

1

1

1

1

(ref.)

(ref.)

(ref.)

(ref.)

(ref.)

(ref.)

0.479

ApoA-1 IgG levels

Anti-ApoA-1

IgG

levels *

Negative
(OD<0.64)

st

1 tertile
(0.64<OD≤0.77)

nd

2 tertile
(0.77<OD≤0.98)

rd

3 tertile
(OD>0.98)

P-value for linear

1.45 (0.78–

0.243

2.69)

1.02 (0.52–

0.237

2.71)

0.958

2.01)

1.58 (0.96–

1.45 (0.78–

0.95 (0.48–

2.60)

1.66 (1.01–

0.882

0.96 (0.44–

0.047

1.95 (1.17–

0.910

0.168

0.89 (0.41–

0.010

2.10 (1.26–

0.75 (0.10–

0.780

5.66)

0.766

1.93)

3.23)

0.167

1.58 (0.82–
3.04)

2.07)

2.75)

0.254

0.177

3.01)

1.88)

0.074

1.57 (0.82–

1.16 (0.27–

no subjects

0.839

1.12 (0.26–

0.880

4.86)

.

no subjects

.

3.49)

0.103

0.022

.

trend

Results are expressed as adjusted hazard ratios and (95% confidence interval) for the positive
(OD>0.64) vs. negative (OD<0.64) anti apoA-1 antibodies. Statistical analysis by Cox proportional
hazards regression adjusted for age, sex, hypertension, diabetes, smoking, HDL cholesterol and LDL
cholesterol, baseline CAD, (Adjusted Model_1) statin, beta-blocker treatment (Adjusted Model_2).
5

0.718

5.30)

5.05)

0.004

0.69 (0.09–

.

CAD, coronary artery disease; Anti-apoA-1 IgG, anti-apolipoprotein A-1 autoantibodies; SD,
standard deviation; OD, optical density; HDL, high density lipoprotein; LDL, low density lipoprotein;
eGFR, estimated Glomerular Filtration Rate.
* Subjects with positive Anti-ApoA-1 (n=1040) were divided in tertiles (n=347) of increasing titers: 1st
tertile (0.64<OD<0.77), 2nd tertile (0.77<OD<0.98) and 3rd tertile (OD>0.98).

6

Supplemental Table IV: Baseline characteristics of subjects with vs. without genetic data for the C260T
rs2569190 polymorphism in the CD14 receptor gene.
Final sample

Final genotyped sample

Subjects without genetic

(n=4247)

data (n=973)

Age, years

53.4 ± 10.7

48.9 ± 9.9

<0.001

Male sex, n (%)

2014 (47.0)

482 (48.7)

0.315

342 (8.0)

56 (5.7)

0.013

1106 (25.8)

276 (27.9)

0.173

289 (6.7)

47 (4.8)

0.021

1480 (34.5)

276 (27.9)

<0.001

Body mass index (kg/m )

25.68 ± 4.42

25.51 ± 4.37

0.273

Total cholesterol (mmol/l)

5.59 ± 1.03

5.44 ± 0.99

<0.001

HDL cholesterol (mmol/l)

1.65 ± 0.44

1.60 ± 0.44

0.002

LDL cholesterol (mmol/l)

3.33 ± 0.91

3.25 ± 0.88

0.013

Triglycerides (mmol/l)

1.37 ± 1.12

1.37 ± 1.20

0.162*

Low risk

2437 (57.2)

713 (74.7)

Intermediate risk

1255 (29.5)

174 (18.2)

High risk

358 (8.4)

36 (3.8)

Very high risk

208 (4.9)

31 (3.3)

<0.001

Anti-apoA-1 IgG, n (%)

802 (18.81)

238 (24.87)

<0.001

Anti-apoA-1 OD

0.45 ± 0.32

0.51 ± 0.37

<0.001*

(n=5220)

History of CVD, n (%)
Current smoking, n (%)
Diabetes, n (%)
Hypertension, n (%)
2

p-value

SCORE CV risk categories, n (%)

Data are expressed as mean ± standard deviation or number of participants and (percentage). CVD,
cardiovascular disease; SBP, systolic blood pressure; HDL, high density lipoprotein; LDL, low density
lipoprotein; SCORE, Systematic Coronary Risk Evaluation; Anti-apoA-1 IgG, anti-apolipoprotein A-1
7

autoantibodies; OD, Optical Density. Statistical analysis for continuous variables by student’s t-test or
Mann-Whitney test (*) depending on the normality assumption. Statistical analysis for categorical
variables by the chi-squared test.
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Supplemental Table V: Baseline characteristics of subjects with vs. without genetic data for the C260T
rs2569190 polymorphism in the CD14 receptor gene or unable to participate in follow up.
Baseline sample
(n=6676)

Final genotyped sample

Subjects without genetic

(n=4247)

data/unable to

p-value

participate in follow-up
(n=2429)
Age, years

53.4 ± 10.7

51.1 ± 10.6

<0.001

Male sex, n (%)

2014 (47.0)

1175 (48.1)

0.389

314 (7.3)

144 (5.9)

0.025

1106 (25.8)

706 (28.9)

0.006

289 (6.7)

147 (6.0)

0.243

1480 (34.5)

855 (35.0)

0.706

Body mass index (kg/m )

25.7 ± 4.4

26 ± 4.7

0.005

Total cholesterol (mmol/l)

5.59 ± 1.03

5.55 ± 1.06

0.084

HDL cholesterol (mmol/l)

1.65 ± 0.44

1.60 ± 0.43

<0.001

LDL cholesterol (mmol/l)

3.33 ± 0.91

3.32 ± 0.93

0.756

Triglycerides (mmol/l)

1.37 ± 1.12

1.42 ± 1.27

0.431*

Low risk

2428 (57.2)

1530 (64.3)

Intermediate risk

1249 (29.4)

595 (25)

High risk

357 (8.4)

155 (6.5)

Very high risk

208 (4.9)

101 (4.2)

<0.001

Anti-apoA-1 IgG, n (%)

802 (18.8)

521 (21.8)

0.003

Anti-apoA-1 OD

0.45 ± 0.32

0.48 ± 0.36

<0.001*

History of CVD, n (%)
Current smoking, n (%)
Diabetes, n (%)
Hypertension, n (%)
2

SCORE CV risk categories, n (%)

Data are expressed as mean ± standard deviation or number of participants and (percentage). CVD,
9

cardiovascular disease; SBP, systolic blood pressure; HDL, high density lipoprotein; LDL, low density
lipoprotein; SCORE, Systematic Coronary Risk Evaluation; Anti-apoA-1 IgG, anti-apolipoprotein A-1
autoantibodies; OD, Optical Density. Statistical analysis for continuous variables by student’s t-test or
Mann-Whitney test (*) depending on the normality assumption. Statistical analysis for categorical
variables by the chi-squared test.

10

Supplemental Table VI: Characteristics of the genotyped sample, according to allele status of the
C260T rs2569190 polymorphism in CD14 receptor gene.
C260T rs2569190

Overall (n=4247)

p-value

allele status

Anti-apoA-1 IgG positive

p-value

subjects (n=798)

(CC/CT vs. TT)

CC/CT

TT (n=1055)

CC/CT

(n=3192)

TT (n=213)

(n=585)

Age, years

53.5 ± 10.7

53.5 ± 10.9

0.923

53.2 ± 10.7

53.4 ± 11.3

0.835

Male sex, n (%)

1495 (46.8)

502 (47.6)

0.673

260 (44.4)

108 (50.7)

0.117

History of CAD, n (%)

122 (3.8)

37 (3.5)

0.640

27 (4.6)

8 (3.8)

0.600

Current smoking, n

808 (25.3)

282 (26.7)

0.361

153 (26.2)

51 (23.9)

0.527

199 (6.2)

90 (8.5)

0.010

32 (5.5)

15 (7.0)

0.404

1099 (34.4)

371 (35.2)

0.663

203 (34.7)

86 (40.4)

0.140

80 (2.5)

29 (2.8)

0.666

18 (3.1)

11 (5.2)

0.163

25.67 ±

25.68 ±

0.973

25.72 ±

25.90 ±

0.622

4.46

4.29

4.67

4.16

cholesterol

5.59 ± 1.03

5.60 ± 1.02

0.715

5.51 ± 1.00

5.55 ± 1.06

0.654

cholesterol

1.64 ± 0.44

1.66 ± 0.44

0.501

1.63 ± 0.46

1.65 ± 0.43

0.635

cholesterol

3.33 ± 0.91

3.34 ± 0.92

0.753

3.27 ± 0.92

3.31 ± 0.88

0.621

1.38 ± 1.18

1.36 ± 0.93

0.974*

1.39 ± 1.40

1.27 ± 0.81

0.395*

1826 (57.3)

602 (57.1)

346 (59.3)

116 (54.5)

952 (29.9)

297 (28.2)

157 (26.9)

65 (30.5)

258 (8.1)

99 (9.4)

53 (9.1)

21 (9.9)

(%)
Diabetes, n (%)
Hypertension, n (%)
Autoimmune disease,
n (%)
Body

mass

index

2

(kg/m )
Total
(mmol/l)
HDL
(mmol/l)
LDL
(mmol/l)
Triglycerides
(mmol/l)
SCORE

CV

risk

categories, n (%)
Low risk
Intermediate risk
High risk
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Very high risk

151 (4.7)

57 (5.4)

0.379

28 (4.8)

11 (5.2)

0.682

Aspirin

576 (18.1)

170 (16.1)

0.153

110 (18.8)

29 (13.6)

0.087

Statins

346 (10.8)

143 (13.6)

0.017

60 (10.3)

22 (10.3)

0.976

185 (5.8)

56 (5.3)

0.553

48 (8.2)

13 (6.1)

0.323

97 (3.0)

31 (2.9)

0.869

20 (3.4)

5 (2.4)

0.442

ACEi/ARB

241 (7.6)

83 (7.9)

0.737

43 (7.4)

14 (6.6)

0.706

Diuretics

63 (2.0)

22 (2.1)

0.822

12 (2.1)

5 (2.4)

0.798

585 (18.3)

213 (20.2)

0.179

585

213

.

(100.0)

(100.0)

CV drugs, n (%)

Beta blockers
Calcium

channel

blockers

Anti-apoA-1 IgG, n
(%)
Anti-apoA-1 OD

0.45 ± 0.31

0.45 ± 0.33

0.937*

0.94 ± 0.29

0.93 ± 0.28

0.633*

100 (3.1)

32 (3.0)

0.872

27 (4.6)

4 (1.9)

0.077

Non-fatal, n (%)

83 (2.6)

26 (2.5)

0.809

24 (4.1)

4 (1.9)

0.131

Fatal, n (%)

17 (0.5)

6 (0.6)

0.890

3 (0.5)

0 (0.00)

0.295

125 (3.9)

38 (3.6)

0.653

29 (5.0)

13 (6.1)

0.522

Incident CAD, n (%)

All-cause mortality, n
(%)

Data are expressed as mean ± standard deviation or number of participants and (percentage). AntiapoA-1 IgG, anti-apolipoprotein A-1 autoantibodies; CAD, coronary artery disease; HDL, high density
lipoprotein; LDL, low density lipoprotein; SCORE, Systematic Coronary Risk Evaluation; CV,
cardiovascular; ACEi, Angiotensin Converting Enzyme inhibitor; ARB, Angiotensin Receptor Blockers; OD,
optical density. Statistical analysis for continuous variables by student’s t-test or Mann-Whitney test (*)
depending on the normality assumption. Statistical analysis for continuous variables by the chi-squared
test.
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Supplementary Table VII: Hazard Ratios of anti-apoA-1 IgG for incident total, non-fatal and fatal
CAD according to the C260T rs2569190 polymorphism allele status, in the genotyped population
Anti-apoA-1 IgG

Total Incident CAD (n= 132)

Non Fatal Incident CAD (n= 109)

Fatal Incident CAD (n= 23)

HR (95% CI)
for CAD

C260T rs2569190

Adjusted

p-

Adjusted

p-

Adjusted

p-

Adjusted

p-

Adjusted

p-

Adjusted

p-

allele status

Model_1

value

Model_2

value

Model_1

value

Model_2

value

Model_1

value

Model_2

value

CC (n=1097)

2.09

0.058

2.26 (1.04–

0.040

2.13

0.068

2.36 (1.02–

0.044

1.85

0.602

1.52 (0.15–

0.721

4.92)

(0.97–4.47)

CC/CT (n=3192)

1.73

0.018

1.56

0.128

0.47

0.163

for

0.164

0.54 (0.18–

0.012

1.73

0.262

0.59

1.96 (1.20–

0.081

1.72 (0.92–

0.007

0.71 (0.24–

0.89

0.858

0.90 (0.24–

0.087

0.59

0.528

0.54 (0.10–

0.475

2.93)

(0.11–3.05)

0.536

0.873

3.31)

(0.24–3.25)

3.20)

0.348

15.34)

(0.18–18.6)

3.20)

(0.94–3.20)

1.58)

(0.16–1.36)

P-value

1.50 (0.85–

1.87
(1.15–3.05)

2.67)

(0.88–2.75)

TT (n=1055)

0.014

2.80)

(1.10–2.73)

CT (n=2095)

1.77 (1.12–

5.42)

(0.95–4.80)

no subjects

no subjects

2.12)

(0.20–1.76)

0.015

0.010

0.045

0.029

0.183

n/a

0.022

0.025

0.050

0.053

n/a

n/a

interaction between
anti-apoA-1 IgG &
rs2569190
(CC vs. CT vs. TT)

P-value

for

interaction between
anti-apoA-1 IgG &
rs2569190
(CC/CT vs. TT)

Results are expressed as adjusted hazard ratios and (95% confidence interval) for positive
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(OD>0.64) vs. negative (OD<0.64) anti apoA-1 IgG. Statistical analysis by Cox proportional
hazards regression adjusted for age, sex, hypertension, diabetes, smoking, HDL cholesterol and
LDL cholesterol, baseline CAD (Adjusted Model_1), statin and beta-blocker treatment (Adjusted
Model_2). The P value for interaction represents the likelihood of interaction between the
C260T rs2569190 allele status and the relative anti-apoA-1 IgG effect for coronary artery
disease.
CAD, coronary artery disease; Anti-apoA-1 IgG, anti-apolipoprotein A-1 autoantibodies; HR,
hazard ratio; CI, confidence interval; OD, optical density; HDL, high density lipoprotein; LDL, low
density lipoprotein; eGFR, estimated Glomerular Filtration Rate.
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Supplemental Figure I: Forest plot of subgroup analyses according to the C260T rs2569190 polymorphism allele
status, for incident total and non-fatal coronary artery disease.

Hazard ratios of anti-apoA-1 IgG (and 95% confidence intervals) are shown for the endpoint of incident total and
non fatal coronary artery disease, according to C260T rs2569190 polymorphism allele status. Statistical analysis by
Cox proportional hazards regression adjusted for age, sex, hypertension, diabetes, smoking, HDL and LDL
cholesterol, baseline CAD, statin, beta-blocker treatment and eGFR. The P value for interaction represents the
likelihood of interaction between the C260T rs2569190 polymorphism allele status and the relative anti-apoA-1 IgG
effect for coronary artery disease.
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