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1. ABSTRACT

Insights from preclinical and clinical studies
have attempted to highlight the importance of
modified lipoprotein particles in the pathogenesis of
cardiovascular diseases (CVD). However, evidence
is not conclusive. Since there is a relative dearth of
clinical research in collecting useful information from
traditional advanced lipoproteins testing, this present
editorial introduces the aim of a special issue on
modified lipoproteins as potential biomarkers for CVD.
This issue aims at gathering a selection of insightful
articles that address major challenges related to
potential clinical use of modified lipoproteins as new
CVD biomarkers. The editors seek to promote better
mobilization of lipoproteins measurement for the pursuit
of sustainable CVD clinical outcome and development
of potential biomarkers. Knowledge and progress in this
particular field will certainly help answering questions
about clinical relevance of circulating modified
lipoprotein subspecies and their potential use for better
patient care and disease prevention. We hope that,
when taken together, the focus on modified lipoproteins
will stimulate new vision and reveal study key aspects
for better clinical data outcome and more effective
therapeutic strategies.

2. BACKGROUND

CVD is the leading cause of death and a major
financial burden in most developed countries around
the world, resulting in an estimated death toll of 17.5
million people in 2012 (~31% of all global deaths). Of
these deaths, an estimated 7.4 million were due to
coronary heart disease (CHD) and 6.7 million were due
to stroke. The estimated annual cost of CHD and stroke
for 2011-2012 was ~ $316.6 billion; and about 14% of
the US population above 20 years of age has serum
cholesterol higher than 240 mg/dL, a major risk factor
for CVD. According to American Heart Association
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(AHA) policy statement, these costs will rise even more
and will reach ~ $1 trillion annually in the United States
by the year 2030, suggesting great need for powerful
preventative measures (1).

During the past few decades, there have
been significant advances in the treatment of some
forms of CVD. In terms of CHD, remarkable research
efforts have been made in lowering plasma cholesterol
level by the widespread use of statins resulting in
death rate reduction by ~30%-40%. In addition, human
anti-PCSK9 antibodies (Alirocumab and Evolocumab)
have been shown in a wide range of patients, such
as in those with statins intolerance, to significantly
decrease low density lipoprotein cholesterol (LDL) by
~50-70%. Multiple phase Il studies with these new
promising drugs were recently completed and both
primary and secondary cardiovascular end points
were successfully met with no new alarming safety
signals (2). More recently, association studies using
high-throughput genetics and genomics technology
and newer genome-wide study approaches have
sought to account for variation in risk factors hoping
to identify relevant genetic markers for CVD. Despite
all these efforts, CHD continue to be the leading cause
of mortality worldwide. In addition, current approaches
for the prevention and treatment of CVD are not fully
effective in terms of risk reduction due to “residual
risk” even when using a number of statin-combined
therapeutic strategies. Thus, it has become obvious
that validation of new biomarkers that may contribute
to a better assessment of cardiovascular risk and help
in implementing new powerful treatment strategies is
of great importance in the current clinical research. In
this context, the serum modified lipoproteins could be a
good example of emerging paradigm for the discovery
of novel biomarkers to define quite early CVD risk and
pathophysiology.



Modified lipoproteins as potential biomarkers for CVD

Lipids hold a very important place as far
as modifying vascular risk factors is concerned. In
countries where there has been a significant reduction
in CVD over the last four decades, reduction in blood
pressure, lipids and smoking rates were the principal
contributors (3). Total cholesterol and LDL-cholesterol
(LDLc) values are two of the most important
independent predictors of cardiovascular morbidity and
mortality (4). A variety of lipoprotein assays have been
developed that subfractionate different lipoprotein
particles according to properties such as particle
size, density, or charge. Advanced lipoprotein testing
(ALT) have been proposed for improving assessment
of cardiovascular risk and guiding lipid modifying
therapies. These methods have mainly focused on the
phenomenon of “atherogenic” and “ non-atherogenic”
status of lipoproteins (LDL subclass phenotype A and
LDL subclass phenotype B) after it was reported that
~ 80% of patients with an acute coronary syndrome or
myocardial infarction showed normal plasma values of
cholesterol, LDL and high density lipoprotein cholesterol
(HDL). Great improvement have taken place in this
filed and remarkable information was obtained from the
assessment of atherogenic lipoprotein profile in serum
of CVD patients by Lipoprint System Analysis leading
to an important role of atherogenic lipoprotein spectrum
in CVD outcome (5). However, information obtained by
the Lipoprint Analysis and other analytical methods
remained limited due to differences in clinical trial
designs, studied populations, and primary outcomes
rendering data inconsistent and difficult to interpret.
Another important limitation could be related to
differences in the nature and function of those isolated
lipoprotein sub-fractions that are continuously target
to various modifications during disease progression.
Therefore, ALT (particle size, distribution and number)
requires further deep understanding of the quality of
different lipoprotein fractions by assessing their degree
of alteration in order to gain full information for a better
clinical outcome. Finally, promoting a transition toward
more sustainable analysis of lipoprotein modification
along with the existing ALT would be a beneficial task
that may lead to better clinical outcome and patient
management.

NMR spectroscopic analysis of sera
from patients of large community-based study
(Framingham Offspring Study) showed that small
size LDL particles number is more strongly related
to incident of CVD events than LDLc levels (6). In
addition, results of other large-scale studies such
as VA-HIT, MRFIT, HPS, MESA, and JUPITER trials
revealed that elevated number of HDL particles predict
better than HDLc the reduction of CVD risk and CHD
death following multiple adjustments (7). However,
there is as yet inconclusive data as to the extent to
which lipoprotein subfraction measurements improve
clinical assessment of CVD risk beyond standard lipid
risk markers. Part of the solution to this issue may
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come from a more refined analysis of lipoproteins
subspecies by using standardized and uniform
analytical methodologies including NMR, molecular
imaging, and ELISA techniques in well-powered clinical
studies. These approaches may facilitate identification
of a specific lipoprotein signature that is associated
with lipid metabolism disorder and may lead to further
improvements in CVD risk evaluation by discovery of
novel biomarkers.

Atherogenic modification of LDL plays a
crucial role in the pathogenesis of atherosclerosis,
as modified LDL induces significant accumulation
of cholesterol and lipids within the arterial wall (8).
It is now well known that LDL particles undergo
multiple modifications in human plasma including
changes in size and density, acquisition of negative
electric charge, oxidation, glycation, nitration, and
carbamylation. In the past decades, oxidized LDL
(oxLDL) has attracted attention as a blood marker that
is associated with CHD. The oxidative modification of
LDL in the artery wall has been implicated as one of
the major physiologically relevant mechanisms for the
pathogenesis of atherosclerosis (9, 10). In addition,
there is widespread evidence supporting the role
for lipid peroxidation in the molecular mechanism of
the formation of the oxLDL as a pathogenic factor.
Modified LDL are capable of inducing vascular
inflammation through activation of innate immunity;
thus, contributing to the progression of atherogenesis.
In fact, the immunogenicity of modified LDL results in
induction of self-antibodies specific to a certain type
of modified LDL (11). These antibodies react with
modified LDL forming circulating immune complexes
which exhibit prominent immunomodulatory properties
that influence atherosclerotic inflammation.

Since there is convincing evidence for direct
involvement of non-enzymatic glycation of lipoproteins
in the accelerated development of atherosclerosis in
diabetic patients, most attention has been focused on
the pathological properties of glycated lipoproteins.
Glycation of LDL was found significantly increased
in diabetic patients compared with normal subjects,
even in the presence of good glycemic control (12).
Metabolic abnormalities associated with glycation
of LDL include diminished recognition of LDL by the
classical LDL-receptor, and enhancement uptake of
LDL by a low-affinity, high capacity receptor pathway
on macrophages, thus stimulating foam cells formation,
an early feature of atherosclerosis. Moreover, glycated
LDL are more susceptible to oxidative modification
than non-glycated LDL and glycation of LDL may
alter their structure sufficiently to render them more
immunogenic resulting in significant accumulation of
cholesterol ester in macrophages.

Low levels of HDL constitute an independent
biomarker of cardiovascular morbidity and mortality.
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However, recent advances have drastically changed
the classical and limited view of HDL as a carrier of
“‘good cholesterol”, and have revealed unexpected
levels of complexity in the circulating HDL particle
pool. HDL particles are indeed highly heterogeneous
in structure with various biological activities. They are
carriers of several types of lipids, proteins and evens
small RNA such as microRNAs (13), and have been
attributed numerous biological functions. Additionally,
it has been suggested that HDL particles capacity
to promote efflux of cholesterol from cells vary upon
their composition in cholesterol, proteins and certain
pathological conditions (14). Moreover, HDL is
susceptible to structural modifications mediated by
various mechanisms including oxidation, glycation,
homocysteinylation or enzymatic degradation. These
structural alterations may affect HDL functional and
atheroprotective properties. For example, oxidants,
such as hypochlorous acid, peroxynitrite, peroxyl
radicals, metalions, lipoxygenases and smoke extracts,
can alter both surface and core components of HDL.
The formation of lipid peroxidation derivatives, such
as thiobarbituric acid reactive substances, conjugated
dienes, lipid hydroperoxides and aldehydes, is
associated with changes of physical properties and of
apoproteins conformation. Non-enzymatic glycation of
HDL generally associated with lipoxidation results in
formation of irreversible complexes called advanced
glycation end products that affect particles recognition
by cells and induce a diminished efflux of cholesterol
from cell membranes to HDL particles (15). All these
modifications are accompanied with altered biological
activities of HDL-associated enzymes, including
paraoxonase, CETP and LCAT (16). Furthermore,
homocysteine-induced modification of HDL is mediated
by homocysteine-thiolactone, and can be prevented
by a calcium-dependent thiolactonase/paraoxonase.
Tyrosylation of HDL induces the formation of dimers
and trimers of apoA-l, and alters cholesterol efflux
(17). Phospholipases and proteolytic enzymes can
also modify HDL lipids and apoproteins structure. High
levels of nitrated apoA-l containing HDL have been
reported in atherosclerotic plaques and in plasma of
CVD patients (18). Circulating nitrated apoAl-HDL was
markedly higher in CVD patients with low plasma HDL
levels than subjects with high HDL (19). Interestingly,
patients with well-functioning grafts showed significant
reduction in nitrated apoAl-HDL after 12 months
kidney transplantation (20). It has been also reported
that nitrated apoA-l/apoA-l ratio is associated with
diabetes and positively correlated with higher C-
reactive protein (CRP) and TBARS levels (21). In
addition, higher nitrated apoA-l/apoA-l ratio from
subjects with similar apoA-l levels was significantly
associated with reduced cholesterol efflux capacity
from macrophages in vitro (21). Other modification
such as carbamylation of HDL was pronounced in
patients with End Stage Renal Disease (ESRD) and
positively correlated with blood urea concentration.
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Furthermore, the activity of paraoxonase 1 (PON1)-
associated HDL was decreased and negatively
correlated with carbamylated HDL in ESRD patients
(22). Taken together, these findings emphasize the
importance of HDL and the need to identify specific
sub-fractions of HDL that can provide with risk
prediction either alone or in combination with other
CVD biomarkers.

Although lipid and lipoprotein modification
holds the key to effective secondary prevention of
CVD (23, 24), there is still a controversy on whether
it's all about targeting specific lipoprotein sub-fraction
(s) to a particular level or a direct effect of the agent
(s) used or both. Here, the questions that can be
asked are: i) what is the appropriate timing of testing
for lipid profile after a cardiovascular event? ii) what
is the impact of targeting specific lipoprotein sub-
fractions beside LDLc? iii) what constitutes a long-term
lipoprotein modification strategy in CVD patients? By
addressing all these very important questions, careful
lipoprotein sub-fractions analysis (both quantity and
quality) might prove to be one of the most successful
secondary CVD preventive strategies. Furthermore, a
large debate has taken place on whether a risk marker
must be causally related to disease, or whether clinical
utility can be advocated for a marker that might not be
causal, but could indicate use of a different course of
therapy or management strategy than would otherwise
be considered. While traditional ALT (particles size
and number) could provide some additional insights
and information, it is not yet established whether these
measurements would be necessary for the evaluation
and stratification of the vast majority of CVD patients.
Before any recommendation for routine clinical
use, careful ALT including lipoprotein modification
status in well-designed studies is required in order to
demonstrate if such testing provides sufficient useful
information for clinical trials outcome other than LDLc
and non-HDLc levels.

3. CONCLUSION

We strongly believe that the present special
issue provides with precise and up to date some of
the pertinent information with respect to modified
lipoproteins as promising biomarkers in CVD.
Although assessing lipoprotein modifications along
with size and particles distribution may have some
clinical utility, the evidence would still be based on
research laboratory quality assays, and caution is
advised relative to the accuracy, reproducibility, and
precision of commercially available ELISA-based
assays. In fact, the exact picture of lipoprotein
function is not fully understood despite careful
examination of size and distribution of lipoproteins in
different clinical trials setting. Sometimes it is difficult
to understand the difference between LDLc levels
and LDL particles and how particle size, number and
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modification come into the picture. Nevertheless,
benchmarks are needed against which aspect of
lipoproteins analysis should be evaluated for better
clinical implication in cardiovascular trials. Use of
combinations of biomarkers may add prognostic
value to CVD risk prediction. Exciting results with
PCSK9 inhibitors (FOURIER) demonstrated that the
longer your treat the patient the better the benefit.
Here again, with this new concept, it would be of
great interest to refine assessment of lipoproteins
profile changes, especially in high CVD risk patients,
not only in term of their concentrations but also
gather a clear picture about the quality and function
of lipoproteins that could explain the incremental
benefit with the new anti-atherosclerotic therapy
beyond intensive statin treatment. In evaluating
the clinical potential of lipoproteins modification,
the questions one certainly should ask are: i) can
degree of lipoprotein modification be accurately
and reproducibly measured? ii) does lipoprotein
modification testing provides additional information
to or improve upon existing traditional lipid profile
testing?, and iii) will information on lipoprotein
modification help the clinician’s ability to appropriately
manage the patient’s cardiovascular status?

Finally, because of the current limitations for
traditional ALT in clinical practice, accurate assessment
of modified lipoprotein status is needed to fully gather
missing information that may change our way of
interpreting clinical study outcome for better practical
strategies and successful patient management. Newly
obtained information can be used to assess the
overall risk profile, but more importantly to monitor the
effectiveness of drug treatment, especially when you're
trying to reduce the small dense atherogenic LDL
particles. New recommendations for future research
on modified lipoproteins as biomarkers may lead to a
breakthrough in the diagnosis and prevention of CVD
and their associated pathologies. Although there is
no sufficient evidence to support immediate practical
use, results from well-oriented lipid profiling with new
studies will certainly answer to the question whether
non-enzymatic lipoprotein modification of specific
lipoprotein subspecies stands as promising biomarker
for CVD or the search in this direction will need to come
to an end.
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