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Abstract: Atherosclerosis is a chronic immune inflammatory disease. Atherosclerosis and relevant disease are 
threatening human life and health. Oxygenized low density lipoprotein (oxLDL) is a molecular basis in the patho-
genesis of atherosclerosis and able to induce inflammation, stimulate immune system and interfere with lipid me-
tabolism in the occurrence and development of atherosclerosis. Antibody against oxLDL has been an important 
molecule in the immune related pathogenesis of atherosclerosis. In available studies on atherosclerosis, antibody 
against oxLDL has been a focus, but how oxLDL acts to affect the atherosclerosis and relevant diseases, whether 
oxLDL is protective or detrimental, and whether oxLDL acts in different ways at different stages of atherosclerosis 
are still unclear. This paper focuses on the role of antibody against oxLDL in the atherosclerosis and relevant dis-
eases, and summarizes the advances in this field, aiming to provide new clue and new methods for the therapy of 
atherosclerosis.
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Introduction

Atherosclerosis is a chronic inflammatory auto-
immune disease and has been a leading cause 
of morbidity and mortality [1]. Atherosclerosis 
is characterized by intimal deposition of lipid in 
the arteries and its progression into atheroscle-
rotic plaques. The progression of atherosclero-
sis may cause acute myocardial infarction, 
stroke and peripheral vascular diseases [2, 3]. 
Human lipoprotein B-100 (ApoB-100) refers to 
the low-density lipoprotein in the circulation 
and it is also the carrier of low-density lipopro-
tein and main component involved in the patho-
genesis of atherosclerosis [2-4]. Oxygenized 
low density lipoprotein (oxLDL) is a modified 
product of low-density lipoprotein after oxida-
tion. OxLDL, different from low-density lipopro-
tein, is an exogenous antigen that should be 
recognized and cleared by the immune system. 
OxLDL is involved in some pathological pro-
cesses of atherosclerosis (such as inflamma-
tion, immune reaction and lipid metabolic dis-
order) and has been a molecular basis in the 

formation of fatty streaks and atheromatous 
plaques, and plays important roles in the occur-
rence and development of atherosclerosis [1-5]. 
Macrophages as the first line of defense in the 
immune system are responsible for the phago-
cytosis and clearance of oxLDL [6]. They may 
phagocytize oxLDL unlimitedly and excessively 
via their surface scavenger receptor A and 
CD36, and then they become foamy cells which 
are the cellular basis in the pathogenesis of 
atherosclerosis [7]. However, the immune activ-
ity does not become disappeared, and B cells in 
the immune system may produce antibodies 
against different epitopes of oxLDL (anti-oxLDL). 
Anti-oxLDL has been studied for more than 30 
years, but the roles (protective or detrimental) 
of anti-oxLDL in the occurrence and develop-
ment of atherosclerosis and relevant diseases 
are still poorly understood and controversial 
[8-14]. Undeniably, anti-oxLDL is important in 
the occurrence and development of atheroscle-
rosis and great progress has been achieved in 
the anti-oxLDL in recent years. This paper sum-
marized the recent studies on anti-oxLDL and 

http://www.ijcem.com


Antibody against oxygenized low density lipoprotein

11923 Int J Clin Exp Med 2015;8(8):11922-11929

their conclusions, which may provide evidence 
for further explorations of roles of anti-oxLDL in 
the atherosclerosis and relevant diseases 
(Figure 1).

OxLDL is a molecular basis of atherosclerosis

What is oxLDL?

Parthasarathy et al summarized previous find-
ings [15, 16] and concluded that oxLDL is the 
negatively charged LDL after oxidative modifi-
cation by oxidants (such as aldehydes) which 
results in the changes in the components and 
structure of LDL and makes it easy to be recog-
nized and phagocytized by macrophages. In 
brief, oxLDL refers to the low density lipoprotein 
(LDL) after oxidative modification. The com-
pleteness of oxidation may result in different 

degrees of oxidation of LDL. 
OxLDL is not a single simple 
product, but refers to an entity 
of a group of products [4].

How does oxLDL form?

Parthasarathy et al [17] sum-
marized that the formation of 
oxLDL from LDL has involve-
ment of 2 steps: (1) mild oxida-
tion: LDL is only oxidized, 
which may not cause change 
in the molecular structure of 
ApoB-100; (2) advanced oxida-
tion: LDL is further oxidized in 
which the amino acids of 
ApoB-100 undergo oxidation, 
pro-teolysis and cross-linking 
[18, 19]. Thus, the LDL can be 
oxidized at different levels. 
LDL with a low oxidation may 
not be recognized by the 
immune system and still acts 
as an endogenous substance 
which can be recognized by 
LDL receptor; LDL with satu-
rated oxidation or peroxidation 
may be recognized as an exog-
enous substance and then 
cleared via the scavenger 
receptors.

OxLDL-molecular basis of 
atherosclerosis

Figure 1. Process of oxygenized low density lipoprotein formation and its role 
in atherosclerosis progress.

OxLDL induces inflammation: OxLDL may in- 
duce inflammation, promote the synthesis and 
release of multiple pro-inflammatory factors by 
endothelial cells and facilitate the phagocyto-
sis by macrophages to form foamy cells, which 
increase the endothelial injury and result in 
subendothelial deposition of oxLDL. Under this 
condition, the deposition of oxLDL granules 
and foamy cells leads to the formation of ath-
erosclerotic plaques [20]. Trpkovic et al [21] 
used oxLDL antibodies from mouse (4E6, DLH3 
and E06) to detect the circulating oxLDL of 
patients with cardiovascular diseases. They 
proposed that oxLDL was a molecular basis of 
atherosclerosis and played important roles in 
the different stages of atherosclerosis. OxLDL 
reduces the stability of atherosclerotic plaques 
and promotes the rupture of atherosclerotic 
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plaques, resulting in cardiovascular events 
(such as thromboembolism); oxLDL is also 
involved in the pathogenesis of atherosclerosis 
related diseases (such as diabetes, obesity 
and metabolic syndrome) [21]. Trpkovic et al 
[21] also summarized that lipoprotein a (LP-a) 
was the most important carrier of oxidized 
phospholipids in human plasma.

OxLDL activates immune reaction: OxLDL is a 
molecular basis of atherosclerosis [13, 22]. 
OxLDL is not only involved in the inflammation 
of atherosclerosis, but plays an important role 
in the immune reaction to promote the develop-
ment of atherosclerosis [20]. OxLDL and its 
residues have a high immunogenicity and may 
stimulate B cells to produce antibodies against 
different epitopes of lipoprotein after oxidative 
modification [23]. Some antibodies against 
oxLDL and antigen-antibody complexes have 
been detected in the serum of atherosclerotic 
animals and patients [23], and these antibod-
ies are found to be associated with diseases. 
However, there is no consensus on the role 
(beneficial or detrimental) of oxLDL in the occur-
rence and development of atherosclerosis 
[8-13, 22].

Anti-oxLDL and its relationship with athero-
sclerosis related diseases

What is antibody against oxLDL?

Investigators [24] have summarized the con-
cept of antibody against oxLDL although this 
concept is not comprehensive and reflects the 
views of some investigators: antibody against 
oxLDL refers to the complete human monoclo-

nal immunoglobulin G1 against oxidized ApoB-
100, which can inhibit the activation of inflam-
matory cells, interfere with the occurrence and 
development of inflammation cascade and 
then stabilize the plaques. The stabilized 
plaques are not easy to rupture, which reduces 
the formation of blood clots and the possibility 
of myocardial infarction due to embolism. In 
vitro and in vivo studies have revealed anti-
oxLDL may inhibit the chemotaxis and pro-
inflammation of macrophages to reduce the 
formation of atherosclerotic plaques [2-4, 25, 
26]. Thus, some clinicians speculate that anti-
oxLDL may be used for the secondary preven-
tion of potential major cardiovascular events 
[24].

History of studies on oxLDL

OxLDL has been studied for a long time, and 
studies on oxLDL are related to atherosclerosis 
and other diseases promoting atherosclerosis. 
Since Boyd et al [8] investigated the relation-
ship between anti-oxLDL and atherosclerosis in 
WHHL rabbits in 1989, numerous studies have 
been conducted to explored the relationship 
between anti-oxLDL and atherosclerosis relat-
ed diseases (some promote atherosclerosis 
development, and specific mechanisms are not 
addressed here) in patients with SLE [27], type 
2 diabetes [28, 29], or end stage renal disease 
[30], and in the elderly [31] and healthy sub-
jects [32]. The roles of anti-oxLDL in the patho-
genesis of some diseases and of the athero-
sclerosis in the presence of some diseases are 
extensively studied at different levels from dis-
tinct views, great progress has been achieved 
from these studies. Of note, the roles of anti-
oxLDL in the atherosclerosis and relevant dis-
eases are still controversial.

Table 1. Recent findings on the roles of anti-OxLDL in atherosclerosis and relevant diseases
Studies Antibodies Objective Conclusion
Beger [5] Anti-oxLDL/β2GPI Arterial & venous disease [H] Pathogenic

Babakr [18] Anti-oxLDL Impaired glucose tolerance and type 2 diabetes mellitus [H] Pathogenic

Nowak [33] Anti-oxLDL & anti-oxLDL/β2GPI (IgG and IgM) Systemic lupus erythematosus [H] Pathogenic

Tsiantoulas [38] Anti-oxLDL (IgM) ST-segment elevation myocardial infarction (STE-MI) [H] Protective

Gironi [34] Anti-oxLDL Multiple sclerosis (MS) [H] Protective

Izar [13] Anti-oxLDL Metabolic syndrome (MetS) with Acute coronary syndrome (ACS) [H] Protective

Hosseini [35] Anti-oxLDL (IgM) Atherosclerosis [M] Protective

Orbom [36] Anti-oxLDL Atherosclerosis [M] Protective

Suthers [37] Anti-oxLDL Pneumococcal vaccination people [H] Protective

Moohehati [39] Anti-oxLDL (IgG) Coronary artery disease (CAD) [H] None

Sevince oK [40] Anti-oxLDL Hemodialysis patients [H] None
Footnotes: [H]: Human; [M]: Mice; None: nether pathogenic nor protective.
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Advances in the roles of oxLDL in atheroscle-
rosis relevant diseases

Current status

In recent years, great progress has been 
achieved in studies on anti-oxLDL. Although the 
controversy in the specific role of anti-oxLDL 
lasts for near 30 years, recent studies still fail 
to resolve this controversy (Table 1). Recent 
findings on the roles of anti-OxLDL in athero-
sclerosis and relevant diseases may be classi-
fied as three categories.

Anti-oxLDL is a pathogenic factor in atheroscle-
rosis and relevant diseases: Beger et al [5] 
employed ELISA to detect anti-oxLDL IgG and 
anti-oxLDL/β-2GPI, aiming to confirm the detri-
mental effects of oxLDL. Babakr et al [18] also 
used ELISA to investigate anti-oxLDL and found 
anti-oxLDL (unspecified type) increased in 
patients with type 2 diabetes or impaired glu-
cose tolerance and was positively related to the 
severity of obesity and BMI. Nowak et al [33] 
investigated the serum contents of anti-oxLDL 
and anti-oxLDL-β2GPI in SLE patients, and 
immunoassay showed serum anti-oxLDL 
increased in SLE patients, anti-oxLDL -β2GPI 
IgG and anti-oxLDL-β2GPI IgM in SLE patients 
were significantly higher than those in controls, 
and anti-oxLDL was positively related to LDL. 
These findings indicate that anti-oxLDL, anti-
oxLDL-β2GPI IgM and anti-oxLDL-β2GPI IgG 
may increase the risk for cardiovascular diseas-
es in SLE patients [33].

Anti-oxLDL is a protective factor of atheroscle-
rosis and relevant diseases: Gironi et al [34] 
investigated serum contents of coenzyme Q10 
(CoQ10) and anti-oxLDL in patients with MS, 
and found natural anti-oxLDL was protective on 
MS and able to maintain the integrity of blood 
brain barrier. Izar et al [13] detected the plas-
ma titer of anti-oxLDL in patients with early 
metabolic syndrome (MetS) secondary to acute 
coronary syndrome (ACS) and found the reduc-
tion in anti-oxLDL was positively associated 
with the severity of MetS. In a recent study, 
Hosseini et al [35] feed ApoE-/- mice with high 
lipid diet which were intraperitoneally injected 
with apoptotic cells or phosphatidylserine (PSL) 
simultaneously. Their results showed the ath-
erosclerotic plaques in mice treated with PSL 
or apoptotic cells were significantly smaller 
than those in controls; B1a cells released IgM 

to reduce pro-inflammatory cytokines in the 
plaques (anti-oxLDL reduces ox-LDL and anti-
leukocyte, anti-CD3 and anti-CD4 reduce T 
cells), exerting protective effect on atheroscle-
rosis; after splenectomy, B1a cells were not 
produced and the protective effect was absent. 
Örbom1 et al [36] employed multi-radionuclide 
autoradiography and immunohistochemistry to 
detect anti-ox-LDL conjugated with 2-deoxy-2-
[18F]fluoro-D-glucose (18F-FDG) or 131I/125I and 
un-conjugated antibodies in the aorta of mice. 
In different groups, the distribution of anti-ox-
LDL was comparable. However, injection of 
antibody 73 h before treatment displayed a 
better protective effect on plaques as com-
pared to that 18 h before treatment, implying 
that anti-oxLDL may exert anti-atherosclerotic 
effect. On the basis of the hypothesis that 
23-valent pneumococcal vaccine may induce 
the production of protective factors such as 
anti-oxLDL’ Suthers et al [37] inoculated 116 
old subjects with pneumococcal vaccine and 
preliminarily confirmed that anti-oxLDL pos-
sessed cardiovascular protective activities. 
Tsiantoulas et al [38] extracted circulating mic-
roparticles (MPs) from healthy subjects and 
patients with ST-segment elevation myocardial 
infarction (STE-MI), and the surface oxidation 
specific epitopes (OSE) on MPs were detected 
by flow cytometry. They found that OSE could 
specifically bind to anti-oxLDL IgM to reduce 
the incidence of cardiovascular events. This 
uncovers a new mechanism underlying the pro-
tective effect of anti-oxLDL IgM on the cardio-
vascular diseases (CVD).

Anti-oxLDL is not associated with atherosclero-
sis and relevant diseases: Moohebati et al [39] 
found that serum anti-oxLDL IgG was not asso-
ciated with CAD and its severity as well as risk 
factors of cardiovascular diseases. Sevince et 
al [40] conducted a prospective study to inves-
tigate the relationship of oxLDL and anti-oxLDL 
with atherosclerosis in patients receiving dialy-
sis, and their results confirmed only oxLDL was 
related to pre-existing atherosclerosis, anti-
oxLDL was not associated with the occurrence 
of atherosclerosis, and both oxLDL and anti-
oxLDL were not related to the development of 
atherosclerosis and mortality. 

Reasons for discrepancies among studies

We speculate that following reasons may 
explain the discrepancies among available 



Antibody against oxygenized low density lipoprotein

11926 Int J Clin Exp Med 2015;8(8):11922-11929

studies: (1) There is no consensus on the con-
cept of oxLDL. To date, the chemical structure, 
molecular formula, binding part and reaction 
pattern of oxLDL have not been elucidated; (2) 
the classification is unclear. As shown in Table 
1, distinct investigators employed antibodies of 
different types in studies. In several studies, 
authors addressed anti-oxLDL [13, 33, 34, 
36-40], but the types of these antibodies (IgG/
IgM) were not described. This may cause 3 con-
sequences or even more consequence if IgG is 
divided into IgG1 and IgG2. (3) The investiga-
tions are not comprehensive. As shown in Table 
1, some investigators used IgG [39], and IgM 
was used in other studies [35, 38]. These stud-
ies only explained the activities of antibodies of 
a specific type, and could not elucidate the 
actions of all the antibodies. (4) The investiga-
tions are not precise. We speculate that investi-
gation with an antibody targeting a specific epi-
tope (such as a peptide segment or a specific 
conformation) is easy to differentiate antibod-
ies against different epitopes and different 
types of antibodies, which is also helpful for the 
detailed classification and accurate conclu-
sion. (5) The differences in the sample selec-
tion as well as methods and time points of 
detection may also cause discrepancies among 
studies. We should learn lessons from avail-
able studies to smoothly achieve more achieve-
ments from our studies.

New methods for the detection of oxLDL and 
its antibody

There are many methods used for the detection 
of serum anti-oxLDL. Yamaguchi et al [41] sum-
marized these methods which have been used 
since the introduction of ELISA. In recent years, 
some investigators employed positron emis-
sion tomography (PET) for the evaluation of 
pharmacokinetic characteristics of oxLDL and 
its distribution in tissues [24]. PET showed 
oxLDL was mainly distributed in blood pool and 
may be found in the heart, trunk and major ves-
sels of limbs, and scattered signals were also 
observed in the liver, kidney, spleen and bone 
marrow [24]. Örbom et al [36] performed multi-
radionuclide autoradiography to detect anti-
oxLDL conjugated to 2-deoxy-2-[18F]fluoro-D-
glucose (18F-FDG) or 131I/125I, aiming to in- 
vestigate the anti-oxLDL distribution in athero-
sclerotic mice. Montano et al [42] used non-
radionuclide assay to detect oxLDL. They added 
biotinylated oxLDL (Bt-OxLDL) into 96-well 

plates containing macrophages, and solid-
phase chromatographic immunoassay was per-
formed to detect the binding of Bt-OxLDL to 
macrophages after different treatments. This 
method is simple and has no radiation. Above 
explorations in the detection of anti-oxLDL and 
oxLDL are successful, and we believe that more 
simple, convenient and accurate methods will 
be developed with the progression of science 
and technology.

New risk factors of atherosclerosis

The traditional risk factors of atherosclerosis 
include advanced age, hypertension, dyslipid-
emia, diabetes, myocardial ischemia, meno-
pause, obesity, smoking, cerebrovascular dis-
ease and metabolic syndrome [43]. Classic 
immune related diseases (such as rheumatoid 
arthritis [RA], systemic lupus erythematosus 
[SLE], spondyloarthropathy [SpA], systemic 
sclerosis [SSc], mixed connective tissue dis-
ease [MCTD]) are also related to the occurrence 
of atherosclerosis. Investigators have identified 
antiphospholipid antibody in the patients with 
antiphospholipid antibody syndrome (APS), 
SLE, RA and MCTD, which has been regarded 
as a risk factor [44]. Cytokines (such as tumor 
necrosis factor-α [TNF-α] and interleukin-6  
[IL-6]), immune complexes and auto-antibodies 
(such as anti-oxLDL, anti-cardiolipin and anti-
β2GPI) are found to be risk factors of 
atherosclerosis.

In recent years, 2 new findings are identified in 
studies on the risk factors of atherosclerosis: 
1) Hyperhomocysteinemia: In as early as 
1960s, McCully et al [45] for the first time 
reported that atherosclerosis and thromboem-
bolism were related to hyperhomocysteinemia. 
However, until 1991, Clarke et al [46] found 
that hyperhomocysteinemia was an indepen-
dent risk factor of cardiovascular disease and 
thus they proposed the hypothesis of “homo-
cysteine-cardiovascular disease”, which has 
been paid attention to by some clinicians. 
Recently, Joseph and Tsunenobu [47] proposed 
a new hypothesis of “homocysteine-ion iron-
cardiovascular disease”. 2) HIV: Yilmaz et al 
[48] detected the serum titer of anti-oxLDL in 
patients infected by human immunodeficiency 
virus (HIV) and results showed anti-oxLDl IgG 
was higher and anti-oxLDl IgM was lower in HIV 
patients than those in healthy subjects. Thus, 
high serum anti-oxLDl IgG and low serum anti-
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oxLDl IgM may be risk factors of cardiovascular 
diseases in HIV patients.

Prospective

The effect (protective or detrimental) of oxLDL 
on the atherosclerosis is still controversial. 
There is a probability to achieve a consensus 
on the role of oxLDL in the atherosclerosis, but 
more studies are required. New methods intro-
duced in the present study [24, 36, 42] may 
provide evidence for our future investigations. 
Studies on MPs [25] bring us a new field for the 
investigations of oxLDL, and more new fields 
are required to identify in future studies. 
Whether the hypothesis of “homocysteine-ion 
iron-cardiovascular disease” becomes true is 
still needed in-depth studies. With the develop-
ment of science and technology, more informa-
tion on the role of oxLDL in the cardiovascular 
diseases at different stages will be understood. 
Under this condition, clinicians may take indi-
vidualized measures to treat patients accord-
ing to a specific stage of diseases, which may 
significantly improve the therapeutic efficacy.
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