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Proteomics has a wide range of applications, including determination of differences in the pro-
teome in terms of expression and post-translational protein modifications. Redox proteomics
allows the identification of specific targets of protein oxidation in a biological sample. Using
proteomic techniques, apolipoprotein A-I (ApoA-I) has been found at decreased levels in sub-
jects with a variety of neurodegenerative disorders including in the serum and cerebrospinal
fluid (CSF) of Alzheimer disease (AD), Parkinson disease (PD), and Down syndrome (DS)
with gout subjects. ApoA-I plays roles in cholesterol transport and regulation of inflammation.
Redox proteomics further showed ApoA-I to be highly oxidatively modified and particularly
susceptible to modification by 4-hydroxy-2-trans-nonenal (HNE), a lipid peroxidation product.
In the current review, we discuss the consequences of oxidation of ApoA-I in terms of neu-
rodegeneration. ROS-associated chemotherapy related ApoA-I oxidation leads to elevation of
peripheral levels of tumor necrosis factor-� (TNF-�) that can cross the blood-brain barrier (BBB)
causing a signaling cascade that can contribute to neuronal death, likely a contributor to what
patients refer to as “chemobrain.” Current evidence suggests ApoA-I to be a promising diag-
nostic marker as well as a potential target for therapeutic strategies in these neurodegenerative
disorders.
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blood or cerebrospinal fluid (CSF) also could lead to their
use in monitoring disease progression or drug/treatment ef-
ficacy. A few limitations still apply to most proteomics stud-
ies, since differences in subject selection, sample preparation,
and analysis techniques used could lead to conflicting results.
In addition, often proteomics-based biomarker studies use
only a small number of samples, which lead to preliminary
results that need to be verified using different methods and
confirmed with larger sample sets. Still, Taurines et al. boldly
suggested that proteomics could allow personalized therapies
based on each individual’s proteome to be developed [4].

Proteomics allows examination and comparison of all de-
tectable proteins in a sample of interest to determine relative
amounts of proteins present. Proteins regularly undergo a
variety of PTMs for activation, deactivation, and in order to
perform their biological functions. Protein dysfunction can
occur when reactive oxygen and reactive nitrogen species
(ROS, RNS) cause aberrant oxidative and nitrosative changes
to proteins altering their structure and function [5] termed as
oxidative/nitrosative stress. Commonly used indices of oxida-
tive damage to protein include carbonylation, tyrosine nitra-
tion, and binding of reactive alkenals [6]. Redox proteomics
combines expression proteomics techniques with those of
oxidative stress measures to allow determination of specific
oxidative changes to a protein of interest and provide insight
into disease mechanisms [6–10].

Using expression and redox proteomics, a number of pro-
teins has been found to be altered in neurodegenerative dis-
orders. In this review, we focus our discussion on apolipopro-
tein A-I (ApoA-I), as this protein has been found to be altered
in expression or specific oxidation in the neurodegenerative
disorders, Alzheimer disease (AD), Parkinson disease (PD),
Down syndrome (DS), and in cancer patients post chemother-
apy (Table 1) with ROS producing chemotherapeutic agents.
ApoA-I may play a role in other neurodegenerative disorders
as well as Hansson et al. showed an increase in proapolipopro-
tein A-I in frontotemporal dementia [11].

ApoA-I is a multifunctional apolipoprotein that plays
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Figure 1. Oxidatively modified ApoA-I.
The left-hand side of the figure depicts
an HDL particle with bound ApoA-I that
has not undergone oxidative damage, and
as shown, is able to function normally
interacting with LCAT, peripheral ABCA1
and scavenger receptor BI (SRB-1). The
right-hand side of the figure displays an
HDL particle that has undergone exten-
sive oxidative modification on ApoA-I, a
process that has been shown to nega-
tively affect the ability of the HDL parti-
cle to interact peripherally with ABCA-1,
LCAT, and SRB-1. This loss of function of
ApoA-I has many consequences such as
impaired ABCA1 signaling and cholesterol
deposition to HDL, impaired cholesterol to
cholesteryl conversion by LCAT, and the in-
ability to dock with SRB-1. See text.

back to the liver, and because of this role, HDL levels have
been found to have an inverse relationship with cardiovascu-
lar disease [25–27]. The primary apolipoprotein component
of HDL is ApoA-I, responsible for the free cholesterol load-
ing of HDL from cells by binding to ABCA1 as well as the
secretion of apoE, which stimulates lecithin-cholesterol acyl-
transferase (LCAT) activity [22, 28] (Fig. 1). Once loaded, the
cholesterol is esterified by LCAT, producing cholesteryl esters
and transforming HDL to HDL3. HDL3 can then function to
interchange the cholesteryl esters and apolipoproteins A, C,
and E for triglycerides from lipoproteins, in which triglyc-
erides are abundant, forming HDL2 that can subsequently
deposit the cholesteryl esters into the scavenger receptor BI
at the liver [23, 24]. Interestingly, in bovine aortic endothe-
lial cells oxidative modification of HDL, likely on ApoA-I, by
myeloperoxidase was sufficient to decrease HDL interaction
with SR-B1 as well as induce a pro-inflammatory state via

tumor necrosis factor-� (TNF-�) induced expression of the
vascular cell adhesion molecule 1 protein as well as nuclear
factor kappa-B (NF�B) activation [29].

3 HNE modification of ApoA-I

ApoA-I is particularly susceptible to modification by lipid per-
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domain is responsible for binding and silencing the DD of
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processing of the amyloid precursor protein (APP) [76], a
protein encoded by a single gene on chromosome 21 [77,78].
Oxidative stress and inflammatory responses are also thought
to play major roles in the pathogenesis of AD, and a number
of oxidized proteins as well as activated microglia have been
found in brain regions affected by AD [79–81] which lead to
new insights into AD as a multifactorial disease.

Less than 5% of AD cases are associated with specific
mutations, with most of these occurring within the genes en-
coding APP or the presenilin proteins. However, the majority
of AD cases are sporadic, although allele 4 of the apoE protein,
which plays a role in cholesterol metabolism and has been
shown to bind to A�, has been identified as a strong risk fac-
tor [82, 83]. Increasing evidence supports an important role
of lipids in neurodegeneration. A number of studies have fo-
cused on the link between cholesterol and AD, for example,
showing that high serum cholesterol levels are associated with
the disease [84,85]. Amyloidogenic APP processing has been
shown to take place in lipid rafts, cholesterol-rich regions of
the membrane [86], and the binding of cholesterol to APP
affects its proteolytic cleavage. The various APP degradation
products like A� in turn affect the interaction of cholesterol
with LDL or apoE, respectively [87] leading to the conclu-
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the major HDL lipoprotein, oxidative modifications of ApoA-
I would also affect functions of HDL.

8 ApoA-I and PD

Parkinson disease, like AD, is an age-related neurodegener-
ative disease and its pathological hallmarks include progres-
sive loss of dopaminergic neurons in the substantia nigra,
pars compacta, and formation of Lewy body inclusions in the
cytoplasm of neurons [125]. Additionally, oxidative stress has
been implicated in the disease, and increased levels of DNA,
lipid, and protein oxidation markers were found in brain of
PD subjects [126–131].

In a recent proteomics study of CSF samples from PD
patients and healthy controls, ApoA-I was shown to be differ-
entially expressed. Using 2D-DIGE an ApoA-I isoform was
shown to be downregulated while a different ApoA-I isoform
was upregulated in PD [2]. In addition, Wang et al. 2010 found
pro-apolipoprotein, the immature precursor of ApoA-I, was
upregulated in PD as well. Western blot analysis performed to
confirm these results showed significantly upregulated ApoA-
I levels in CSF [2].

These conflicting results point out one of the strengths of
2D approaches versus Western blotting: A protein could show
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Figure 2. Proposed TNF-� model in this proposed model, periph-
eral doxorubicin redox cycling between the quinone and semi-
quinone states within the circulatory system produces the reac-
tive oxygen species superoxide (O2

.−) in abundance (Box 1) that
oxidatively modifies ApoA-I on HDL particles (Box 2). This modi-
fied ApoAI is no longer able to inhibit the monocyte/macrophage
interaction (Box 3) and because of this, TNF-� is produced. TNF-�
is subsequently able to cross the BBB (Box 4) and activate mi-
croglia initiating the production of a host of pro-inflammatory
mediators ultimately leading to central TNF-� production as well
as increased ROS/RNS (Box 5), which damage neurons and ulti-
mately lead to neuronal death (Box 6). See text.

10 Conclusions and discussion

Redox proteomics identified ApoA-I as a key protein involved
in DS and in potential mechanisms of “chemobrain.” This,
in turn, led to more biochemical studies to interrogate the
role of ApoA-I in TNF signaling. This article reviews the key
roles played by ApoA-I in cholesterol metabolism, efflux, and
transport, inflammation, and neurodegeneration. Oxidative
PTM of ApoA-I results in dysfunctional cholesterol process-
ing, dysregulation of inflammatory processes, and neurode-
generation, ultimately, learning and cognitive decline. ApoA-I
has been found at altered levels and oxidatively damaged in
such neurodegenerative disorders as AD, PD, frontotemporal
dementia, and DS as well as in the plasma of cancer patients
post chemotherapy.

DOX-related ApoA-I inhibition results in the elevation of
peripheral TNF-� levels. Unlike DOX, peripherally generated
TNF-� can cross the BBB via TNFR1 and TNFR2 endocyto-
sis and activate distant receptors located in the CNS. Within
the CNS, both TNF-� receptors, TNFR1, and TNFR2, are
located in the membranes of neuronal and glial cell pop-
ulations [147, 148], and can contribute to neuronal death.
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