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                        ORIGINAL ARTICLE    

 A study of IgG antibodies to the ApoB protein in non-ST segment 
elevation acute coronary syndrome      

    XUEYING     ZHANG  1,2  ,  BO     YU  2 ,       YUANZHE     JIN  1  ,             MINGMING     LEI  1  ,       XIAOHONG     ZHANG  1  , 
      ZHIYING     DUAN  1  ,       YINGZI     LIN  1  ,       IAN L.     MEGSON  3     &         JUN     WEI  3    

  1 Department of Cardiovascular Medicine, the Fourth Affi liated Hospital of China Medical University, Shenyang, China, 
 2 Department of Cardiovascular Medicine, the First Affi liated Hospital of China Medical University, Shenyang, China, 
and  3  Department of Diabetes and Cardiovascular Science, Division of Health Research, University of the Highlands 
and Islands, Centre for Health Science, Inverness, UK                             

  Abstract 
  Objectives . It has long been noted that there is an association of antibodies against oxidized low-density lipoprotein (oxLDL) 
with cardiovascular disease, but the anti-oxLDL antibody has not been confi rmed as a biomarker for prediction of acute 
coronary syndrome (ACS). Apolipoprotein B (ApoB) may carry the epitopes for the immune response to oxLDL. The 
present work was thus undertaken to detect circulating antibodies to ApoB in non-ST segment elevation ACS (NSTE-
ACS).  Design . A total of 130 patients with NSTE-ACS and 201 control subjects were recruited. Six ApoB-derived peptipe 
antigens (Ag1 – Ag6) were used to develop an in-house enzyme-linked immunosorbent assay to examine circulating anti-
ApoB IgG levels.  Results . The anti-Ag1 IgG level was signifi cantly higher in the patient group than the control group 
( P   �  0.001) and the non-ST segment elevation myocardial infarction appeared to be the main form of NSTE-ACS con-
tributing to the increased levels of anti-Ag1 IgG ( P   �  0.001); there was no signifi cant alteration in the levels of IgG to the 
other 5 antigens in NSTE-ACS.  Conclusions . Circulating anti-ApoB IgG test may be useful for prediction of NSTE-ACS 
although further confi rmation is needed in large-scale clinical studies.  

  Key words:    antibody  ,   ApoB  ,   atherosclerosis  ,   Non-ST segment elevation acute coronary syndrome   

  Introduction 

 Acute coronary syndrome (ACS) refers to a spec-
trum of conditions compatible with acute myocardial 
ischemia and/or infarction due to an abrupt reduc-
tion in coronary blood fl ow. The absence of persis-
tent ST elevation is suggestive of non-ST segment 
elevation ACS (NSTE-ACS), which can be further 
subdivided into non-ST segment elevation myocar-
dial infarction (NSTEMI) and unstable angina (UA) 
on the basis of cardiac biomarkers of necrosis 
(e.g. cardiac troponin) (1). Thus, UA and NSTEMI 
are closely related conditions whose pathogenesis 
and clinical presentation are similar but vary in sever-
ity. Current epidemiological data indicate more fre-
quent occurrence of NSTE-ACS than ST segment 
elevation myocardial infarction (STEMI) (2). It is 

estimated that approximately 70% of patients who 
have suffered ACS each year are NSTE-ACS in the 
USA (3). Patients with NSTE-ACS typically have 
more comorbidities, both cardiac and noncardiac, 
than those with STEMI (4). However, there are still 
no effective biomarkers available for prediction of 
unstable coronary plaques. 

 Oxidized low-density lipoprotein (oxLDL) is piv-
otal in the development of atherosclerosis (5), which 
is the main cause of NSTE-ACS. Normal levels of 
oxLDL are as low as  ∼ 0.1 ng/ μ g LDL protein in 
healthy people (6), making it diffi cult to detect. 
However, the oxidative modifi cation of LDL leads to 
the formation of immunogenic epitopes that can 
induce the secretion of specifi c antibodies against 
oxLDL (7). It is possible that circulating antibodies 
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against oxLDL can serve as a biomarker indicating 
lipid peroxidation (8). The fact that antibodies to 
oxLDL exist in healthy people is well-established, 
but their levels signifi cantly increase in patients who 
have cardiovascular disease (9) and often peak just 
before the onset of clinical disease (10). The increased 
levels of antibodies to oxLDL promote the formation 
of immune complexes with oxLDL, which then bind 
to the intima and cause additional damage to the 
endothelium (11). Several studies have shown that 
elevated levels of circulating antibodies to oxLDL 
may be regarded as predictors of atherosclerosis and 
ACS (9). It has been suggested that the levels of IgG 
antibodies to oxLDL change with the severity of 
coronary artery disease (CAD), and that the highest 
antibody levels are observed in patients with multi-
vessel CAD (12). Increased anti-oxLDL antibody 
levels might be pathological, leading to damage of 
the vessel wall and eventually to atherosclerotic 
changes (12). The association between anti-oxLDL 
IgG and ACS has recently been established and such 
antibodies may be associated with atherosclerotic 
plaque instability (13). The detection of circulating 
anti-oxLDL antibody levels is likely to have diagnostic 
values for prediction of acute coronary event. Unfor-
tunately, the most recent studies have failed to draw 
a fi rm conclusion (14,15). The reasons for inconsis-
tent fi ndings may be because of the diffi culties in 
standardizing the LDL antigens used to measure 
antibodies to oxLDL, which can also be altered on 
account of oxidation ex vivo (16). An approach to 
overcome the problem of standardization is to detect 
antibodies against specifi c native or malondialdehyde-
modifi ed apoB 100  (Apo-B) peptide sequences (17) 
instead of measuring oxLDL itself. 

 Apolipoprotein B (ApoB) is the only component 
permanently associated with formation of LDL in 
the body. Its proteolytic degradation and aldehyde-
modifi cation can generate the major antigens, induc-
ing immune responses to oxLDL. The mature ApoB 
protein is composed of 4563 amino acids in a single 
polypeptide chain that carries many of overlapped 
human leukocyte antigen (HLA)-restricted epitopes. 
The present work was thus undertaken to develop an 
enzyme-linked immunosorbent assay (ELISA) in-
house with ApoB-derived linear peptide antigens to 
detect circulating antibodies against these linear pep-
tides in patients with NSTE-ACS.   

 Materials and methods  

 Subjects 

 This study recruited a total of 130 patients, who were 
diagnosed with NSTE-ACS between January 2012 
and January 2014 at the Department of Cardiovascular 

Medicine, the Fourth Affi liated Hospital of China 
Medical University, Shenyang, China, including 83 
with UA and 47 with NSTE-AMI. Of these 
130 patients aged 60.4    �    9.1 years, 88 were male and 
42 were female. They were all diagnosed as having 
NSTE-ACS based on 2014 AHA/ACC guideline for 
the management of NSTE-ACS for both NSTE-
AMI and UA (4); diagnosis was confi rmed by coro-
nary angiography. In addition, all patients underwent 
assessment for the severity of coronary heart disease 
by calculating the Gensini Score of the coronary 
lesions (18). Blood samples were taken from each 
patient within 24 h after the onset of NSTE-ACS. A 
total of 201 healthy subjects aged 59.4    �    5.4 years 
were also recruited as controls from local communi-
ties, of whom 136 were male and 65 were female. 
Clinical interview and biomarker detection were 
applied to rule out those who had a history of coro-
nary heart disease. The subjects who had malignant 
tumor(s), rheumatic and connective tissue diseases, 
organ transplantation, and those receiving long-term 
immunosuppressive drugs were excluded from this 
study. The clinical characteristics of these subjects 
are given in Table I. All subjects were of Chinese Han 
origin and they all gave written informed consent to 
participate in this study as approved by the Ethics 

  Table I. Clinical characteristics of patients with NSTE-ACS 
and control subjects.  

Characteristics
NSTE-ACS 
( n    �      130)

Control 
( n    �      201)   P 

Male,  n  (%) 88 (68) 136 (68) 0.873
Age (years) 60.4    �    9.1 59.4    �    5.4 0.208
Smoking * ,  n  (%) 55 (42) 67 (33)  �   0.001
Alcohol * ,  n  (%) 31 (24) 42 (21) 0.512
HTN # , n (%) 87 (67) 46 (23)  �   0.001
DM # ,  n  (%) 42 (32) 30 (15) 0.004
Obesity # ,  n  (%) 25 (19) 38 (19) 0.999
SBP (mmHg) 136.0    �    19.1 130.9    �    18.1 0.020
DBP (mmHg) 80.8    �    11.3 78.4    �    10.8 0.055
Heart rate (ppm) 71.6    �    13.1 76.2    �    11.6 0.001
BMI 25.05    �    3.67 25.27    �    3.11 0.606
Cholesterol (mM) 4.54    �    1.30 5.27    �    0.97  �   0.001
Triglyceride (mM) 2.12    �    2.52 1.91    �    1.92 0.415
HDL (mM) 1.02    �    0.30 1.29    �    0.33  �   0.001
LDL (mM) 2.88    �    0.96 3.13    �    0.81 0.019
ApoA (mM) 0.99    �    0.40 1.34    �    0.22  �   0.001
ApoB (mM) 0.76    �    0.34 0.91    �    0.18  �   0.001
Gensini score 52.4    �    28.9  – 

 SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, 
body – mass index; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; ApoA, apolipoprotein A; ApoB, apolipoprotein 
B; HTN, Hypertension; DM, Diabetes mellitus.   
  * Current or history of smoking or alcohol consumption.   
  # Based on WHO diagnostic criteria, HTN was defi ned as 
SBP    �   140 mmHg or DBP    �    90 mmHg or HTN history, DM as 
fasting blood-glucose    �    7.0 mmol/l or DM history, and obesity as 
BMI    �    30.   
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Committee of the Fourth Affi liated Hospital of China 
Medical University and conformed to the require-
ments of the Declaration of Helsinki.   

 Autoantibody testing 

 Six human ApoB-derived peptide antigens (hAgs) 
were designed based on the computational predic-
tion of HLA-II restricted epitopes (19). These 6 hAgs 
were applied to develop a relative ELISA test for 
detection of circulating IgG antibodies to ApoB. 
Each hAg carried more than 10 overlapping HLA-II 
restricted epitopes that could be recognized by anti-
gen-presenting cells in more than 90% of the Chinese 
Han population. A control antigen (cAg) was also 
designed based on a maize protein (NCBI accession 
1BFA_A). Detailed information of these seven pep-
tide antigens is given in Table II. These peptide anti-
gens were synthesized by solid-phase chemistry with 
a purity of     �    95%; the synthetic peptides were dis-
solved in 67% acetic acid to obtain a concentration 
of 5 mg/ml (stock solution kept at    �   20 ° C), and 
diluted with phosphate-buffered saline (PBS)-based 
coating buffer (P4417, Sigma-Aldrich, Beijing, 
China) to obtain a working solution that was opti-
mized by testing a series of concentrations ranging 
from 0 to 20  μ g/ml. Corning 96-Well Microtiter EIA 
Plates (ImmunoChemistry Technologies, Blooming-
ton, MN, USA) were half-coated in 0.1 ml/well of 
each hAg and half-coated in 0.1 ml/well of the cAg. 
After overnight incubation at 4 ° C, antigen-coated 
plates were washed three times with PBS containing 
0.1% Tween-20 (PBS-T), 100  μ l serum sample 
diluted 1:150 in assay buffer (DS98200, Life Tech-
nologies, Carlsbad, CA, USA) was added to each 
sample well and 100  μ l assay buffer was also added 
to the negative control (NC) wells. Following a 1.5-h 
incubation at room temperature, the plate was washed 
three times and 100  μ l peroxidase conjugated goat 
antibody to human IgG (A8667, Sigma-Aldrich) 
diluted 1:30,000 in PBS-T was added to each well. 
After incubation at room temperature for an hour, 
color development was initiated by adding 100  μ l 
Stabilized Chromogen (SB02, Life Technologies, 

Carlsbad, CA, USA) and terminated 20 min later by 
adding 50  μ l of stop solution (SS04, Life Technolo-
gies, Carlsbad, CA, USA). The measurement of opti-
cal density (OD) was completed on a microplate 
reader within 10 min at 450 nm with a reference 
wavelength of 620 nm. Each sample was tested in 
duplicate. To reduce the interference from a 
nonspecifi c signal produced by passive absorption of 
various IgG antibodies in serum to the surface of 
96-well microplate, a specifi c binding index (SBI) 
was used to express the levels of circulating antibod-
ies to these 6 hAgs. SBI was calculated as follows: 
SBI    �   (OD hAg   –  OD NC )/(OD cAg   –  OD NC ).   

 Data analysis 

 All statistical analyses were performed using IBM 
SPSS Statistics 19.0 software. Antibody testing data 
were expressed as mean  �  standard deviation (SD) 
in SBI. Student ’ s  t -test was initially applied to detect 
the differences in SBI between the patient group and 
the control group; binary logistic regression was used 
to analyze the differences in circulating levels of IgG 
to an antigen of interest between the patient group 
and the control group, with adjustment for multiple 
potential confounders listed in Table I. One-way 
analysis of variance (ANOVA) with Bonferroni post-
hoc test was applied to compare the differences in 
anti-ApoB antibody levels between subgroups of 
NSTE-ACS. Spearman correlation analysis was used 
to test the correlation between the anti-ApoB IgG 
level and clinical characteristics. Because 6 antigens 
were used to develop the in-house antibody testing, 
the signifi cance level was set at  P  	   0.008. The sen-
sitivity of the ELISA antibody test was determined 
against a specifi city of    �    90%. 

 To minimize intra-assay deviation, the ratio of the 
difference between duplicate sample OD values to 
their sum was used to assess the assay precision and 
accuracy. If the ratio was found to be    �    15%, the test 
of this sample was treated as being invalid and this 
sample was repeated. The inter-assay deviation that 
represents the reproducibility of the in-house ELISA 
was estimated using SBI tested with pooled serum 

  Table II. Apo-B derived peptide antigens used.  

Antigen Sequence of antigen Position

Ag1 H-DRFKPIRTGISPLALIKGMTRPLSTLIS-OH 213 – 240
Ag2 H-LQWLKRVHANPLLIDVVTYLVALIPEPS-OH 395 – 422
Ag3 H-TFLDDASPGDKRLAAYLMLMRSPSQA-OH 547 – 572
Ag4 H-TVMDFRKFSRNYQLYKSVSLPSLDP-OH 626 – 650
Ag5 H-SCKLDFREIQIYKKLRTSSFALNLPT-OH 3760 – 3785
Ag6 H-FLIYITELLKKLQSTTVMNPYMKLAPGELT-OH 4531 – 4560
cAg H-HAQLEGRLHDLPGCPREVQRGFAATLVTN-OH  – 

 Ag, antigen; cAg, control antigen derived from maize protein.   
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samples, namely quality control (QC) samples that 
were randomly collected from 100 healthy subjects 
and tested on every 96-well plate. The coeffi cient of 
variation (CV) from the test of QC samples was then 
worked out based on their mean SBI and SD, and the 
CV of    �    20% was considered as being acceptable.    

 Results 

 There was no signifi cant difference in gender, age, 
alcohol consumption, body weight, or triglyceride 
levels between the patient group and the control 
group. However, patients with NSTE-ACS had 
higher rates of smoking, hypertension, and diabetes 
than control subjects, but lower heart rates, serum 
cholesterol, LDL, high-density lipoprotein (HDL), 
ApoA, and ApoB (Table I). 

 Circulating IgG against Ag1 was signifi cantly 
higher in patients with NSTE-ACS than control sub-
jects ( P     �     0.003 adjusted for age, gender, heart rates, 
smoking, hypertension, diabetes, cholesterol, HDL, 
LDL, ApoA, and ApoB). All the other 5 antigens 
failed to detect an increase in corresponding IgG lev-
els in patients with NSTE-ACS (Table III). As shown 
in Table IV, one-way ANOVA showed a signifi cant 
difference in anti-Ag1 IgG levels between patients 
with NSTEMI, those with UA and control subjects 
(F    �    8.89, df    �    2,328,  P   �  0.001), and the Bonfer-
roni post-hoc test revealed that NSTEMI appeared 
to be the main form of NSTE-ACS contributing to 
the increased levels of anti-Ag1 IgG ( P   �  0.001), 
while there was no signifi cant difference in anti-Ag1 
IgG levels between patients with UA and those with 
NSTEMI ( P     �      0.112). 

 Analysis of QC samples showed an inter-assay 
deviation of    � 20% for all 6 individual antibody tests 
(Table V). Spearman correlation analysis showed no 
correlation between IgG antibody to Ag1 and clinical 
characteristics (Table VI). The sensitivity of IgG 
antibody to Ag1 was 21.2% against a specifi city 
of 90.5%.   

 Discussion 

 In the present study, we detected anti-ApoB IgG 
antibodies in plasma taken from patients who had 
onset of NSTE-ACS within 24 h. Because total IgG 
antibodies have a half-life of 4 – 5 weeks in humans, 
circulating IgG levels should refl ect the status before 
the MI event. Our work revealed that circulating IgG 
for Ag1 derived from the ApoB protein was signifi -
cantly higher in patients with NSTE-ACS than in 
control subjects (Table III). The results suggest that 
the anti-ApoB IgG antibody might be a useful bio-
marker for prediction of ACS. To our knowledge, this 
is the fi rst report of a signifi cant increase in anti-
ApoB IgG antibodies in NSTE-ACS. Our study is 
novel. 

 The mechanism behind that underpins ACS is 
the erosion and/or rupture of atherosclerotic plaques, 
which results in myocardial hypoperfusion (20). The 
oxLDL particles can activate endothelial cells by 
inducing the expression of several cell surface 
adhesion molecules; after adhesion to the endothe-
lium, leukocytes migrate into the intima in response 
to chemokines. Monocytes then differentiate into 
macrophages and upregulate expression of scaven-
ger receptors that engulf oxLDL, resulting in lipid 
accumulation and foam cell formation (21). 
Macrophage activation leads to the release of pro-

  Table IV. The levels of anti-Apo-B IgG antibodies in subgroups of NSTE-ACS.  

Antigen
UA 

( n    �      83) (SBI)
NSTE-AMI 

( n    �      47) (SBI)
Control 

( n    �      201) (SBI) F (df)   P 

Ag1 0.793    �    0.152 a,b 0.836    �    0.156 c 0.744    �    0.139 8.89 (2,328)  �   0.001
Ag2 2.293    �    0.701 2.212    �    0.754 2.087    �    0.691 2.60 (2,328) 0.076
Ag3 0.985    �    0.375 0.952    �    0.137 0.958    �    0.218 0.37 (2,328) 0.688
Ag4 0.933    �    0.300 0.932    �    0.119 0.889    �    0.133 2.10 (2,328) 0.124
Ag5 0.921    �    0.137 0.921    �    0.132 0.921    �    0.174  �   0.001 (2,328) 1.000
Ag6 0.663    �    0.128 0.678    �    0.068 0.696    �    0.124 1.01 (2,328) 0.367

 Values are presented as mean  �  SD in SBI.   
  a  P     �     0.011, compared with the control group;  b  P     �     0.112, compared with the NSTE-AMI group; 
 c  P   �  0.001, compared with the control group.   

  Table III. The levels of circulating anti-Apo-B IgG antibodies in 
NSTE-ACS circulation.  

Antigen Patients (SBI) Control (SBI)   P 

Ag1 0.810    �    0.155 0.744    �    0.140  �   0.001 a 
Ag2 2.259    �    0.721 2.087    �    0.691 0.034
Ag3 0.974  �  0.314 0.958    �    0.218 0.575
Ag4 0.933    �    0.253 0.889    �    0.133 0.041
Ag5 0.919    �    0.133 0.921    �    0.174 0.928
Ag6 0.669    �    0.110 0.696    �    0.124 0.189

 Values are presented as mean  �  SD in SBI.   
  a  P    �      0.003 after adjustment for age, gender, smoking, hypertension, 
diabetes, cholesterol, HDL, LDL, ApoA, and ApoB.   
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infl ammatory cytokines, reactive oxygen species, 
proteolytic enzymes involved in matrix degradation 
and then in atherosclerotic plaque destabilization. 
An association of circulating antibodies to oxLDL 
and ApoB with ACS or other atherosclerotic diseases 
has been suggested, but the fi ndings reported to date 
have been inconsistent across studies (22 – 24). Most 
of these studies have used antibodies raised against 
whole oxLDL particles; the difference in HLA back-
ground between ethnic groups may be responsible 
for variability amongst results. Recently, some stud-
ies have primarily used the p45 (amino acids 661 –
 680) and p210 (amino acids 3136 – 3155) ApoB 100  
peptides to investigate the mechanism of immune 
response (22,24) and to develop immune-modula-
tory therapies. An inverse association was found 
between the levels of antibodies against these 
ApoB 100  peptides and the severity of atherosclerosis; 
patients with AMI were found to have lower anti-
ApoB antibody levels than control subjects matched 
for age and sex (25), but these studies were all 
designed for immune-modulatory therapies rather 
than diagnosis. 

 While there are differences in some clinical char-
acteristics between NSTE-ACS patients and control 
subjects, a correlation between anti-ApoB IgG levels 
and clinical characteristics was not found in this 
study (Table VI). Instead, we found that there was a 

signifi cantly increased level of IgG antibody to the 
Ag1 sequence in NSTE-ACS (Table III). Failure to 
show an increase in the levels of IgG antibody 
to other ApoB-derived antigens suggests that 
HLA-restriction may be involved in infl uencing the 
humoral immune response in NSTE-ACS. Interest-
ingly, the increased levels of anti-Ag1 IgG observed 
in patients with NSTE-ACS were not correlated with 
their clinical characteristics and the severity of coro-
nary plaques characterized by the Gensini Score 
(Table VI). It is possible that linear peptide Ag1 is 
more suitable than the whole molecule antigen for 
the development of a diagnostic tool for ACS, 
although further screening is needed to identify a 
panel of such peptide antigens for the development 
of a highly sensitive test that can be used for predic-
tion and prognosis of NSTE-ACS. 

 There is a limitation of this study. Patients with 
ACS often receive medication at presentation. This 
may be a possible confounder for analysis of circulat-
ing antibody levels. Although there is no theoretical 
reason to suspect that the drugs used (e.g. antiplate-
let agents, nitrates, anticoagulants, analgesics, and 
 β -blockers) would affect circulating levels of IgG 
antibodies to the ApoB protein, it remains a possibil-
ity. Drug treatment was not recorded in the present 
study, but such data would be useful in future research 
in order to exclude the confounding effect of drug 
treatment. 

 In conclusion, the present study suggests that 
circulating anti-ApoB IgG may be a useful bio-
marker for prediction of NSTE-ACS, although fur-
ther confi rmation is needed in large-scale clinical 
studies.              

 Acknowledgements 

 We would like to thank all the patients and healthy 
subjects for their support and participation. This 
study was supported by Presidential Foundation for 
Translational Medicine of the Fourth Affi liated 
Hospital of China Medical University.   

   Declaration of interest:    The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 

 References 

    Newby   LK ,  Jesse   RL ,  Babb   JD ,  Christenson   RH ,  De Fer   TM , 1. 
 Diamond   GA ,  et   al  .  ACCF 2012 expert consensus document 
on practical clinical considerations in the interpretation of 
troponin elevations: a report of the American College of 
Cardiology Foundation task force on Clinical Expert Con-
sensus Documents .  J Am Coll Cardiol .  2012 ; 60 : 2427 – 63 .  

  Table V. Inter-assay deviation between plates tested.  

Antigen Number of plates Mean  �  SD CV (%)

Ag1 30 0.729    �    0.084 11.52
Ag2 28 2.055    �    0.298 14.50
Ag3 26 0.900    �    0.066 7.33
Ag4 27 0.876    �    0.065 7.42
Ag5 28 0.929    �    0.168 18.08
Ag6 30 0.709    �    0.043 7.52

  Table VI. Spearman correlation between anti-Ag1 IgG levels and 
clinical characteristics.  

Patients Control

N r  P N r  P 

Age 130 0.100 0.261 189 0.141 0.053
SBP 127  �    0.043 0.629 171  �    0.104 0.177
DBP 127 0.025 0.780 171  �    0.058 0.450
Heart rate 127 0.083 0.356 171 0.061 0.431
BMI 127  �    0.069 0.492 171  �    0.068 0.377
CHOL 130  �    0.029 0.752 171  �    0.064 0.409
TG 130  �    0.179 0.050 171  �    0.048 0.530
HDL 130 0.033 0.723 171  �    0.007 0.930
LDL 130 0.079 0.389 170  �    0.096 0.212
Apo-A 130  �    0.019 0.842 171 0.016 0.837
Apo-B 130  �    0.068 0.466 170  �    0.107 0.165
Gensini score 130 0.098 0.289



  Anti-ApoB IgG and acute coronary syndrome   141

    Yeh   RW ,  Sidney   S ,  Chandra   M ,  Sorel   M ,  Selby   JV ,  Go   AS  . 2. 
 Population trends in the incidence and outcomes of 
acute myocardial infarction .  N Engl J Med .  2010 ; 362 :
 2155 – 65 .  
    Go   AS ,  Mozaffarian   D ,  Roger   VL ,  Benjamin   EJ ,  Berry   JD , 3. 
 Borden   WB ,  et   al  .  Heart disease and stroke statistics–2013 
update: a report from the American Heart Association . 
 Circulation .  2013 ; 127 : e6 – e245 .  
    Amsterdam   EA ,  Wenger   NK ,  Brindis   RG ,  Casey   DE   Jr , 4. 
 Ganiats   TG ,  Holmes   DR   Jr ,  et   al  .  2014 AHA/ACC Guideline 
for the management of patients with Non-ST-elevation acute 
coronary syndromes: A report of the American College of 
Cardiology/American Heart Association Task Force on Prac-
tice Guidelines .  J Am Coll Cardiol .  2014 ; 64 : e139 – 228 .  
    Matsuura   E ,  Atzeni   F ,  Sarzi-Puttini   P ,  Turiel   M ,  Lopez   LR , 5. 
 Nurmohamed   MT  .  Is atherosclerosis an autoimmune 
disease?   BMC Med .  2014 ; 12 : 47 .  
    Itabe   H ,  Yamamoto   H ,  Imanaka   T ,  Shimamura   K ,  Uchiyama  6. 
 H ,  Kimura   J ,  et   al  .  Sensitive detection of oxidatively modifi ed 
low density lipoprotein using a monoclonal antibody .  J Lipid 
Res .  1996 ; 37 : 45 – 53 .  
    Andican   G ,  Seven   A ,  Uncu   M ,  Cantasdemir   M ,  Numan   F , 7. 
 Burcak   G  .  Oxidized LDL and anti-oxLDL antibody levels in 
peripheral atherosclerotic disease .  Scand J Clin Lab Invest . 
 2008 ; 68 : 473 – 8 .  
    Oranje   WA ,  Wolffenbuttel   BH  .  Lipid peroxidation and 8. 
atherosclerosis in type II diabetes .  J Lab Clin Med .  1999 ; 
134 : 19 – 32 .  
    Naruko   T ,  Ueda   M ,  Ehara   S ,  Itoh   A ,  Haze   K ,  Shirai   N ,  et   al  . 9. 
 Persistent high levels of plasma oxidized low-density lipo-
protein after acute myocardial infarction predict stent rest-
enosis .  Arterioscler Thromb Vasc Biol .  2006 ; 26 : 877 – 83 .  
    Tinahones   FJ ,  Gomez-Zumaquero   JM ,  Garrido-Sanchez   L , 10. 
 Garcia-Fuentes   E ,  Rojo-Martinez   G ,  Esteva   I ,  et   al  .  Infl u-
ence of age and sex on levels of anti-oxidized LDL antibod-
ies and anti-LDL immune complexes in the general 
population .  J Lipid Res .  2005 ; 46 : 452 – 7 .  
    Virella   G ,  Lopes-Virella   MF  .  Lipoprotein autoantibodies: 11. 
measurement and signifi cance .  Clin Diagn Lab Immunol . 
 2003 ; 10 : 499 – 505 .  
    Gruzdeva   O ,  Uchasova   E ,  Dyleva   Y ,  Belik   E ,  Karetnikova   V , 12. 
 Shilov   A ,  et   al  .  Multivessel coronary artery disease, free fatty 
acids, oxidized LDL and its antibody in myocardial infarc-
tion .  Lipids Health Dis .  2014 ; 13 : 111 .  
    Medeiros   AM ,  von Muhlen   CA ,  Gidlund   MA ,  Bodanese   R , 13. 
 Gottlieb   MG ,  Bodanese   LC  .  Antibodies against oxLDL 
and acute coronary syndrome .  Arq Bras Cardiol .  2010 ; 95 :
 47 – 54 .  

    Moohebati   M ,  Kabirirad   V ,  Ghayour-Mobarhan   M ,  Esmaily  14. 
 H ,  Tavallaie   S ,  Akhavan Rezayat   A ,  et   al  .  Investigation of 
serum oxidized low-density lipoprotein IgG levels in patients 
with angiographically defi ned coronary artery disease .  Int J 
Vasc Med .  2014 ; 2014 : 845960 .  
    van Leeuwen   M ,  Kemna   MJ ,  de Winther   MP ,  Boon   L , 15. 
 Duijvestijn   AM ,  Henatsch   D ,  et   al  .  Passive immunization 
with hypochlorite-oxLDL specifi c antibodies reduces plaque 
volume in LDL receptor-defi cient mice .  PLoS One . 
 2013 ; 8 : e68039 .  
    Nilsson   J ,  Kovanen   PT  .  Will autoantibodies help to deter-16. 
mine severity and progression of atherosclerosis?   Curr Opin 
Lipidol .  2004 ; 15 : 499 – 503 .  
    Nilsson   J ,  Bj ö rkbacka   H ,  Fredrikson   GN  .  Apolipoprotein 17. 
B100 autoimmunity and atherosclerosis  –  disease mecha-
nisms and therapeutic potential .  Curr Opin Lipidol .  2012 ; 
23 : 422 – 8 .  
    Gensini   GG  .  A more meaningful scoring system for deter-18. 
mining the severity of coronary heart disease .  Am J Cardiol . 
 1983 ; 51 : 606 .  
    Wang   P ,  Sidney   J ,  Kim   Y ,  Sette   A ,  Lund   O ,  Nielsen   M ,  et   al  . 19. 
 Peptide binding predictions for HLA DR, DP and DQ 
molecules .  BMC Bioinformatics .  2010 ; 11 : 568 .  
    Hamm   CW ,  Bassand   JP ,  Agewall   S ,  Bax   J ,  Boersma   E , 20. 
 Bueno   H ,  et   al  .  ESC Guidelines for the management of 
acute coronary syndromes in patients presenting without 
persistent ST-segment elevation: The Task Force for the 
management of acute coronary syndromes (ACS) in patients 
presenting without persistent ST-segment elevation of the 
European Society of Cardiology (ESC) .  Eur Heart J . 
 2011 ; 32 : 2999 – 3054 .  
    Hansson   GK ,  Robertson   AK ,  Soderberg-Naucler   C  .  Infl am-21. 
mation and atherosclerosis .  Annu Rev Pathol .  2006 ; 1 : 
297 – 329 .  
    Pirillo   A ,  Norata   GD ,  Catapano   AL  .  LOX-1, OxLDL, and 22. 
Atherosclerosis .  Mediators Infl amm .  2013 ; 2013 : 152786 .  
    Lichtman   AH ,  Binder   CJ ,  Tsimikas   S ,  Witztum   JL  .  Adaptive 23. 
immunity in atherogenesis: new insights and therapeutic 
approaches .  J Clin Invest .  2013 ; 123 : 27 – 36 .  
    Gomez   M ,  Molina   L ,  Bruguera   J ,  Sala   J ,  Masia   R ,  Munoz-24. 
Aguayo   D ,  et   al  .  Oxidized low-density lipoprotein antibodies in 
myocardial infarction patients without classical risk factors .  J 
Cardiovasc Med (Hagerstown) .  2014 ; 15 : 417 – 22 .  
    Engelbertsen   D ,  Anand   DV ,  Fredrikson   GN ,  Hopkins   D , 25. 
 Corder   R ,  Shah   PK ,  et   al  .  High levels of IgM against methyl-
glyoxal-modifi ed apolipoprotein B100 are associated with 
less coronary artery calcifi cation in patients with type 2 
diabetes .  J Intern Med .  2012 ; 271 : 82 – 9 .    


