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 • Oxidized LDL is the atherogenic form of LDL, directly involved in the initiation and progression of the   
  atherosclerotic disease process.

• Oxidized LDL, measured by the Mercodia oxidized LDL ELISAs, has been found to be a predictive    
  biomarker for the subclinical development of atherosclerosis and subsequent events.

• Monitoring circulating oxidized LDL levels may be important in patients with stable plaques since    
   remaining high levels of oxidized LDL, by a continuous stimulation of the immune system, may     
   contribute to the destabilization of growing plaques.

 • Oxidized LDL is the atherogenic form of LDL, directly involved in the initiation and progression of the   
  atherosclerotic disease process.
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It is today widely believed that the development and progression of 
atherosclerosis is caused by a chronic infl ammation in the vessel wall.  
Due to the high blood pressure, plasma constituents seep continuously 
into the intima and at reasonable blood levels low density lipoprotein 
(LDL) particles can pass in and out of the intima. However, in excess 
LDL tends to get trapped in the matrix and subjected to modifi cations. 
The oxidatively modifi ed LDL particles are considered by the cells as 
foreign and the immune system is activated. In several studies oxidized 
LDL has been found to be a predictive biomarker for the subclinical de-
velopment of atherosclerosis and subsequent events. 

Mercodia has developed oxidized LDL ELISAs, based on the mouse 
monoclonal antibody 4E6, developed by the professors Holvoet and         
Collen at the University of Leuven, Leuven, Belgium. The monoclonal 
antibody 4E6 is directed against a conformational epitope in the Apo 
B100 moiety of LDL that is generated as a consequence of substitution 
of at least 60 lysine residues of Apo B100 with aldehydes (Holvoet 
2004). This number of substituted lysines corresponds to the minimal 
number required for scavenger-mediated uptake of oxidized LDL. Sub-
stituting aldehydes can be produced by peroxidation of lipids of LDL, 
resulting in the generation of oxidized LDL. However, lipid peroxidation 
is not required. Indeed, aldehydes that are released by endothelial cells 
under oxidative stress or by activated platelets may also induce the oxi-
dative modifi cation of Apo B100 in the absence of lipid peroxidation 
of LDL. Thus, the antibody 4E6 is different from the antibody FOH1a/
DLH3 or the antibody E06 that are both directed to epitopes in oxidized 
phospholipids.

In several studies, in which the Mercodia Oxidized LDL ELISAs were 
used, oxidized LDL was shown to be a sensitive and predictive biomar-
ker for the subclinical development of atherosclerosis and subsequent 
event.  By using the 4E6 antibody in a competitive ELISA Professor  
Holvoet et al. (1998) found elevated levels of circulating oxidized LDL et al. (1998) found elevated levels of circulating oxidized LDL et al
in untreated patients with stable coronary artery disease (CAD) as well 
as in patients with acute coronary syndromes (fi g. 3). These fi ndings are 
important and suggest that this increase is independent of plaque in-
stability. By using the E06 antibody in a similar assay (fi g. 4) Tsimikas et 
al. found elevated levels of oxidized LDL only in patients with an acute al. found elevated levels of oxidized LDL only in patients with an acute al
myocardial infarction and were unable to demonstrate any elevated 
circulating levels of oxidized LDL in patients with stable coronary heart 
disease (CHD).

Not only may oxidized LDL measurements be a powerful 
tool in distinguishing patients with a developing cardio-
vascular disease from non-risk patients in a seeming-
ly healthy population. Monitoring circulating oxidized 
LDL levels may also be important in patients with sta-
ble plaques since remaining high levels of oxidized LDL, 
by a continuous stimulation of the immune system, may 
contribute to the destabilization of growing plaques. The 
plaque stabilizing fi brin cap may subsequently be degra-
ded by induced secretion of matrix metalloproteinases. If 
the weakened plaque ruptures, tissue factor, also induced 
during infl ammation, will interact with clot-promoting 
elements in the blood, causing a thrombus to form. 
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ALL OXIDIZED LDL TESTS ARE NOT CREATED
EQUAL IN WHAT THEY MEASURE

Patrik Lindstedt, Harold M. Bates, Elisabeth Hedlöf
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Oxidized LDL: biomarker and
mediator of accelerated
atherogenesis

Oxidized LDL is a unique plaque-specific protein
produced in the arterial wall by the oxidative
modification of the apoB-100 moiety of native LDL.
Oxidized LDL is a powerful atherogenic protein, which
is directly involved in the initiation and progression of
atherosclerosis, the main cause of coronary artery
disease (CAD). It is now widely believed that for native
LDL to be atherogenic, it must be converted to
oxidized LDL.

Oxidized LDL is found in atherosclerotic lesions and
in the circulation, but not in normal arteries.  Oxidized
LDL is both a biomarker and a mediator of the
atherosclerotic cardiovascular disease process.

In 1998, Holvoet et al. (1) demonstrated for the first
time that elevated circulating levels of oxidized LDL
were found in most untreated patients with both stable
CAD and acute coronary syndromes (unstable angina;
acute myocardial infarction). In this landmark study,
oxidized LDL levels were measured  in plasma with an
ELISA procedure using the  oxidized LDL-specific,
murine monoclonal antibody, 4E6.

At the present time, Mercodia is the only company
worldwide that manufactures and distributes oxidized
LDL ELISA kits for the quantitative measurement of
oxidized LDL in serum and plasma.  Mercodia's
commercially available Oxidized LDL ELISA kits use
Holvoet's  monoclonal antibody, 4E6, which is specific
for oxidatively modified LDL (2). The 4E6 antibody is
directed against a conformational epitope in the apoB-
100 moiety of LDL that is generated as a consequence
of aldehyde substitution of the lysine residues of
apoB-100 (3).
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al. (4) showed that there was a very strong correlation
(r = 0.91, p<0.0001) between plasma levels of
oxidized LDL and plasma lipoprotein (a) [Lp(a)]. The
correlation was so strong that one could easily
conclude that the oxidized LDL test of Tsimikas et al.
(4) was, in fact, just another test for Lp(a). Most
important, Tsimikas et al . (4) were unable to
demonstrate elevated plasma oxidized LDL levels with
their immunoassay in patients with stable CHD or in
subjects without CHD.

In the study we present here, we compared the data
published by Tsimikas et al. (4) on oxidized LDL (E06
antibody) versus Lp(a) [Figure 1] with our data on
oxidized LDL  (as measured with Holvoet's 4E6
antibody) versus Lp(a) [Figure 2]. Our results clearly
show that there is no significant correlation (r = 0.010)
between oxidized LDL (as measured with the Mercodia
oxidized LDL ELISA using Holvoet's 4E6 antibody)
and Lp(a).

Specificity of oxidized LDL
monoclonal antibody is
crucial

Several clinical research papers and abstracts have
been published in the past few years on immunoassay
methods for measuring circulating levels of oxidized
LDL. Researchers who did not use Holvoet's oxidized
LDL-specific monoclonal antibody, 4E6, in their
immunoassay procedures, were unable to demonstrate
elevated plasma/serum levels of oxidized LDL in
patients with both stable and unstable CAD.

The twofold purpose of this paper is to [1] alert the
cardiovascular research community that all oxidized
LDL tests are not created equal in what they measure
and [2]  to call attention to the fact that circulating
levels of oxidized LDL, which are measured with
different antibodies, may  produce results that will not
be comparable to the results obtained by other clinical
investigators. The recently published study of Tsimikas
et al. (4) is a good example of such a situation. In the
oxidized LDL assay of Tsimikas et al. (4), oxidized LDL
was measured with a murine monoclonal antibody,
E06, which binds oxidized phospholipids. Tsimikas et

Fig. 2 Correlation between plasma lipoprotein(a) [Lp(a)] and oxidized low-
density lipoprotein measured by Mercodia Oxidized LDL ELISA by monoclonal
antibody 4E6.
Department of Research and Development at Mercodia AB, Uppsala, Sweden.

Fig. 1 Correlation between plasma lipoprotein(a) [Lp(a)] and oxidized low-
density lipoprotein measured by antibody E06 (OxLDL-E06) levels.
Adapted from article Tsimikas et al. JACC Vol. 41, No 3, 2003, February 5,
2003:360-70.
Department of Medicine, University of California at San Diego, La Jolla, California.
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4E6 antibody detects both
stable and unstable angina

In conclusion, the Mercodia oxidized LDL ELISA test
(4E6 antibody) is substantially different than the
oxidized LDL (E06 antibody) test of Tsimikas et al. (4).
It is especially noteworthy that the 4E6 antibody of
Holvoet et al. (1) is the only monoclonal antibody, to
date, that is capable of detecting elevated levels of
oxidized LDL  in patients  with chronic, stable CAD
and in patients with acute coronary syndromes.

Some interesting questions could be  raised by our
results and by the results  of Tsimikas et al. (4). It has
been shown that Lp(a) is an acute-phase reactant,
more than doubling in concentration in response to
the proinflammatory cytokine IL-6 (5). Could the
oxidized LDL, which is measured by the E06 antibody,
be an acute-phase reactant, and the oxidized LDL
measured by the 4E6 antibody not be an acute phase
reactant?  Also, Lp(a) concentrations are unaffected
by most available lipid-lowering therapies, including
statin drugs. We know that  elevated oxidized LDL
levels, as measured by the Mercodia oxidized LDL
ELISA method with the 4E6 antibody, are reduced
significantly by statin therapy. What is the effect of
statin therapy on oxidized LDL levels which are
measured with the method of Tsimikas et al. (4)?
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In the oxidized LDL assay of Tsimikas et al. 2003, oxidized LDL was et al. 2003, oxidized LDL was et al
measured with the murine monoclonal antibody E06. Plasma levels of 
oxidized LDL were shown to have a strong correlation with plasma 
lipoprotein(a) using the E06 antibody (fi g. 1).  This correlation was not 
observed when using the Mercodia oxidized LDL assay based on the 
4E6 antibody (fi g. 2).

Introduction

By using the Mercodia Oxidized LDL Sandwich ELISA Johnston et al. 
(2005) showed that increased circulating levels of oxidized LDL identify 
patients with unstable CAD, with an increased risk for future myocar-
dial infarction. Patients with unstable CAD and with oxidized LDL levels 
above median (76 U/L) had an almost twofold increased risk of suffe-
ring from a myocardial infarction compared to those with lower oxidized 

LDL levels.

By using the Mercodia Oxidized LDL Competitive                   
ELISA Meisinger et al. (2005) showed that elevated blood           et al. (2005) showed that elevated blood           et al
levels of oxidized LDL are predictive for future CHD events, 
this in a study including 346 apparently healthy men. 
Compared to controls, baseline mean plasma levels of 
oxidized LDL were signifi cantly higher in subjects who 
subsequently experienced an event. Plasma levels of oxi-
dized LDL were the strongest predictor of future CHD 
events compared to a conventional lipoprotein profi le 
and other traditional risk factors for CHD.

Mercodia Oxidized LDL ELISAs have been used in several additional     
studies to demonstrate the value of oxidized LDL as a predictive marker 
for cardiovascular disease. In a study from 2002 Sigurdardottir et al. 
showed the signifi cant correlation of circulating oxidized LDL levels to 
factors constituting the metabolic syndrome. In addition Wallenfeldt et 
al. (2004) showed that oxidized LDL levels at entry of the study correla-al. (2004) showed that oxidized LDL levels at entry of the study correla-al
ted to the number and size of plaques at follow-up.

Oxidized LDL measurements

Studies of oxidized LDL as a predicitive marker 
for CAD

Clinical value of oxidized LDL                   
measurements
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Summary

Figure 1. Correlation between plasma           
levels of oxidized LDL measured by E06  and 
Lp(a). Published by Tsimikas et al.  2003.et al.  2003.et al

Figure 2. Correlation between plasma           
levels of oxidized LDL measured by 4E6  
and Lp(a). Dept. of research and develop-
ment, Mercodia AB, Uppsala Sweden.

Figure 3. Compared to controls, 
oxidized LDL levels are elevated 
in patients with stable angina,          
unstable angina and acute myo-
cardial infarction (AMI). Published 
data by Holvoet et al. (1998).et al. (1998).et al

Figure 4. Percent change from    
baseline in oxidized LDL measured 
by E06. Published by Tsimikas et 
al. 2003.al. 2003.al


