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Abstract Apolipoprotein A-I (apo A-I) an indispensable
component and a major structural protein of high-density
lipoprotein (HDL), plays a vital role in reverse cholesterol
transport and cellular cholesterol homeostasis since its
identification. Its multifunctional role in immunity,
inflammation, apoptosis, viral, bacterial infection etc. has
crossed its boundary of its potential of protecting cardio-
vascular system and lowering cardiovascular disease risk,
attributing HDL to be known as a protective fat removal
particle. Its structural homology with prostacyclin stabi-
lization factor has contributed to its anti-clotting and anti-
aggregatory effect on platelet which has potentiated its
cardio-protective role as well as its therapeutic efficacy
against Alzheimer’s disease. The binding affinity and neu-
tralising action against endotoxin lipopolysaccharide,
reduces the toxic manifestations of septic shock. As a
negative acute phase protein, it blocks T-cell signalling of
macrophages. However the recently identified anti-tumor
activity of apo A-I has been highlighted in various models
of melanoma, lung cancer, ovarian cancer, lymphoblastic
leukaemia, gastric as well as pancreatic cancers. These
cancer fighting effects are directed towards regression of
tumor size and distant metastasis by its immuno modulatory
activity as well as its clearing effect on serum lysophos-
pholipids. This lowering effect on lysophospholipid
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concentration is utilized by apo A-I mimetic peptides to be
used in retarding tumor cell proliferation and as a potential
cancer therapeutic agent. Not only that, it inhibits the tumor
associated neo-angiogenesis as well as brings down the
matrix degrading enzymes associated with tumor metasta-
sis. However this efficient therapeutic potential of apo A-I
as an anti tumor agent awaits further future experimental
studies in humans.
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Introduction

Apolipoprotein A-I (apo A-I) is the major structural and
functional protein component of high density lipoprotein
(HDL), or good cholesterol in plasma. It constitutes
approximately 70 % of HDL. Apo A-I content of chy-
lomicrons secreted from the intestinal epithelial cells is
also immediately handed over to HDL while in the
bloodstream [1]. This apo A-I is the primary protein con-
stituent of HDL defining its size and shape, solubilizing its
lipid component and helping in reverse cholesterol trans-
port. Being a cofactor for lecithin cholesterol acyl trans-
ferase (LCAT), for the formation of most plasma
cholesteryl esters, it promotes cholesterol efflux from tis-
sues to the liver for excretion [2].

Apo A-I possesses structural homology with prostacy-
clin (PGI2) stabilizing factor, and thus may have an anti-
clotting effect. Because of its alpha-helix structure it can
bind to PGI2 which is originally an unstable substance and
causes PGI2 stabilization thereby imparting an important
protective anti-aggregatory effect against platelet thrombi
formation at sites of vascular damage. Thus it contributes
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towards its novel anti atherogenic function of prevention of
coronary artery disease [3].

Apo A-l is a key mediator of plasma cholesterol trans-
port and cellular cholesterol homeostasis. During reverse
cholesterol transport by HDL, it interacts with different
receptors and transporters like ABCAI (ATP Binding
Cassette Al), ABCGI (ATP Binding Cassette GI) and
Scavenger Receptor BI with structural changes in HDL,
mostly discoidal HDL (Fig. 1). Because of its content of
amphipathic helices and non helical residues, it possesses
flexibility and plasticity with tendency towards self asso-
ciation with other components of HDL for imparting its
receptor binding ability and catalytic activity [4].

This mechanism of cholesterol efflux from various
cells through discoidal HDL depends upon the reconsti-
tution process, stating that apo A-I structure is vital for
the role of HDL in reverse cholesterol transport. The
same was also seen in macrophage culture [5]. The
specific property of apo A-I to remove cholesterol from
cells, to interact with lipids, to enhance LCAT activity
making HDL responsive to specific receptors and pro-
teins, results in efficient reverse cholesterol transport.
However its tertiary structure contributing towards
specific lipid binding was explained by various models
consisting of phospholipids and apo A-I, like picket fence
model, belt model etc. [6].

Adachi et al., have shown the amyloidogenic tendency
of N-terminal residues of apo A-I, where an extreme N-
terminal small fragment peptide transforms a structure rich
with B sheet, that favours amyloid strand formation [7].

In humans Apo Al gene encodes apo A-I [8]. Systemic
non-neuropathic amyloidosis and Tangier disease, i.e., a
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Fig. 1 Reverse cholesterol transport
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mutations in the ‘ATP-Binding Cassette transporter Al
(ABCA1) gene encoding the membrane transporter
ABCAI1, which blocks the first step of reverse cholesterol
transport, have the manifestations similar to the defects of
this gene [9].

The first known molecular abnormality of apolipopro-
teins was apo A-I Milano, a naturally occurring mutant of
apo A-l, first identified by Dr. Cesare Sirtori in Milan,
whose presence caused a reduction in HDL cholesterol
content and an increase in triglyceride amount in HDL
[10]. People with a mutation (E164X) were observed to
develop premature coronary artery disease at an early age
[11].

As an important constituent of the high-density
lipoprotein, a protective “fat removal” particle, apo A-I
helps in removal of cholesterol, from white blood cells
within artery walls. Thereby it helps in preventing further
progression of atherosclerosis by inhibiting fat accumula-
tion within white blood cells and retarding their conversion
into foam cells with further degeneration. Recent studies by
Huang et al. [12], have stated that both HDLs and its
structural protein, apo A-I, obtained from human atheroma
are dysfunctional and are grossly oxidized by myeloper-
oxidase (MPO). In vitro oxidized apo A-I as well as HDL
particles, lose their ability of cholesterol acceptance and
are poor in their lipid content. They behave as pro
inflammatory molecules and initiates the process of
atherogenesis increasing the cardiovascular disease risk
[12].

Apo A-I in Myeloproliferative Disorder

Apo A-I has been observed to be a prognostic marker in
myeloproliferative disorder like polycythemia vera (PV),
which is characterized by an acquired gain of function
mutation of the JAK2 protein (JAK2V 617F). The maxi-
mum serum apo A-I expression for these PV patients is
observed in patients with more than 75 % mutated allele.
The immunoassay of this Apo A-I in these patients of
mutated alleles will help to recognize the PV patients with
differentiation of levels of mutated alleles at their diagnosis
[13].

Apo A-I in Alzheimer’s Disease

Apo A-I as a component of good cholesterol HDL, not only
protects against heart disease, but also has profound effect
on CNS with preserving brain health. It defends the brain
against the cognitive deficits of Alzheimer’s disease (AD).
In vitro studies have highlighted that apo A-I prevents the
deposition of AP in cerebral blood vessels, and directly
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inhibits the aggregation of A to lessen plaque formation
[13]. This apo A-I is protective in nature to lessen neu-
roinflammation in brain including less microglial and
astrocyte activation and preserves the memory (Fig. 2).
Though enough apo A-I is not made in brain, yet enough
apo A-I crosses blood brain barrier to give its presence in
brain. Because of its role in reverse cholesterol transport,
alteration of cholesterol homeostasis is associated with AD.
Absence of apo A-I is associated with cerebral amyloid
angiopathy and disturbed brain health. Interventions that
raise apo A-I level may act as potential therapeutics for AD
[14].

Antimicrobial and Antiviral Activity

Apo A1/HDL is situated at the nexus of a number of
physiologically significant immune, anti inflammatory and
anti-apoptotic functions [15]. Antimicrobial activity was
also observed with apo A-I containing lipoprotein particle
like HDL, which directly affects bacterial growth and
promotes the self defence mechanism of normal and
immune compromised individuals [15]. Interestingly, a
vast number of studies of HDL have suggested a list of
expanded activities for the lipoprotein beyond simply
contributing as a cholesterol carrier from tissues to liver.
This includes anti-inflammatory, anti-parasitic, anti-apop-
totic, and innate immune activities [16—-18]. As an anti-
inflammatory molecule it mediates its action with the
vascular endothelium and circulating inflammatory cells
[16-18]. Apo A-I exhibits its anti-parasitic effect function
by forming a complex with apolipoprotein L1, a minor

Fig. 2 Apo Al in brain
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apolipoprotein component of HDL, a parasite-specific
lysosomal pore forming protein, a trypanosome lytic factor
(Fig. 3) [19].

Antibacterial activities of HDL are attributed primarily
to apo A-I, which conjugates with and neutralizes both
bacterial endotoxin and lipoteichoic acid [20, 21]. Apo A-I
of lipoprotein HDL can act to protect against endotoxin
lipopolysachharide (LPS) and this protection is augmented
by lipoprotein free plasma fraction (LFF). In human and
experimental animals LPS produces multiple pathophysi-
ological changes like fever, diarrhea, hypotensive shock,
disseminated intravascular coagulation and multiple organ
failure as lethal effects of LPS. LPS binds to LPS binding
protein (LBP) in plasma to form LPS-LBP complex that
attaches to membrane associated CDI14 receptor on
monocyte/macrophage, activating the process of cytokine
release and pathologic consequences. With the help of two
binding sites, apo A-I binds to lipopolysaccharides both
directly and indirectly and neutralizes its toxicity causing
its inactivation, while LFF only enhances this ability of apo
A-T [22].

Apo A-I, when either expressed or injected in vivo,
spontaneously lipidates forming HDL, and demonstrates a
number of innate immune activities including antiviral
effects for both enveloped and non-enveloped DNA and
RNA viruses by causing direct viral inactivation [23].
Anti viral activity of Apo Al against human immuno
deficiency virus (HIV) and Herpes virus has been come
out showing HDL to have broad anti viral activity by
preventing virus penetration into the cell as it prevents
virus induced cell fusion at normal concentration in blood
(Fig. 3) [24, 25].
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Role in Immune System

Apo A-I content of HDL have been suggested to be
important in preventing autoimmunity and loss of self
tolerance. Patients with auto immune diseases like systemic
lupus erythematosus and rheumatoid arthritis have been
found to be associated with decreased level of HDL,
pointing to their relation with regulatory T cells, i.e., by
altering the cholesterol content of lipid rafts in immune
cells. Treatment with apo A-I reduces inflammation by
preventing lymphnode enlargement, cholesterol accumu-
lation in lymphocytes, as well as their activation and pro-
liferation, thereby augmenting the effectiveness of the
lymph node T regulatory response [26, 27].

Anti-inflammatory Role of apo A-I

Like a “negative” acute-phase reactant, apo A-I functions
as an anti-inflammatory molecule and exerts its action by
blocking the interplay between T cells and monocytes. It
interferes with T cell signaling of monocytes and thus
inhibits TNF-a and IL-1b production. It also inhibits LPS
activated monocyte by the transfer of LPS from LPS-
binding protein to HDL, that inactivates it contributing to
the anti inflammatory role of HDL both in acute and
chronic inflammatory diseases. Furthermore, apo A-I
inhibits monocyte inflammatory functions in peripheral
blood mononuclear cells activated by either specific anti-
gens or lectins without affecting cell proliferation. These
results demonstrate a new anti-inflammatory activity of
HDL-associated apo A-I that might have modulating
functions in nonseptic conditions [28]. The inhibition of
TNF-o and IL-1 has proved to be successful in the treat-
ment of human diseases like rheumatoid arthritis, Crohns
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disease and other immunoinflammatory diseases [29-31].
Such inflammatory response is also seen in atherosclerosis,
even in its earliest form—the fatty streak. Therefore, T
lymphocyte-signaling of monocytes may occur in
atherosclerosis. Gene transfer of apo A-I has shown to
reduce the size of previously existing atherosclerotic lesion
consisting of macrophages and foam cells in mouse models
and their susceptibility to atherosclerosis [32, 33].
Expression of apo A-I and/or apo A-IV helps in protecting
against atherosclerosis even in hyperlipidemia cases [34].

Anti Tumor Activity of apo A-I

Recently the anti tumor activity of apo A-I has been
highlighted. It had revealed itself as a therapeutic molecule
against cancer, because of its cancer fighting effects in
mouse models of melanoma and lung cancers. In mice,
injected apo A-I expressed reduction in already developed
palpable tumors and metastases by modulating the immune
system of the host to create an environment not suitable for
the tumor [35]. In another study conducted in mouse
models with ovarian cancer, it was demonstrated that
ovarian cancers are associated with lowered apo A-I con-
centration. Overexpression of human apo A-I in transgenic
mice have shown inhibition of tumour growth and
improved survival rate. Decreased apo A-I levels have been
reported in the serum of patients with pancreatic cancer,
gastric cancer, and ovarian cancer [36-38]. Apo A-I along
with apo A-11, transthyretin are found decreased by more
than two fold in pancreatic cancers [36]. Chong et al. in
their study of gastric cancers got varied expression of apo
A-I in plasma in different size tumors. The expression is
more reduced in large size tumors than the small size
tumors [37]. Amongst others like transthyretin, transferrin,
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Fig. 4 Anti tumor role of apo
A-I
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beta-haemoglobin, Apo A-I is one of the biomarker for
ovarian cancer, as suggested by Kozak et al. [38], these
together with CA-125 may help in detecting early stage
ovarian cancer [38]. A lowered apo A-I, along with low
HDL-C and elevated triglyceride were observed in acute
lymphoblastic leukemia (ALL) [39]. Scribano et al. [40],
showed that patients with ALL who recovered after getting
suitable chemotherapy documented a significant increase in
plasma apo A-I levels along with total cholesterol, HDL2,
HDL3, etc. [40].

Pro-inflammatory and pro-angiogenic lysophospholipids
such as lysophosphatidic acid (LPA) have been repeatedly
shown to be associated with tumor progression and poor
prognosis, and are normally cleared from the serum by apo
A-I, which is downregulated in ovarian, gastric and pan-
creatic cancer patients. Both apo A-I as well as apo A-I
mimetic peptides have the ability to bind pro-inflammatory
phospholipids like LPA [41], but the apo A-I mimetic
peptides bind LPA with a greater affinity than apo A-I,
causing their removal from serum and lowering their serum
levels. Thus apo A-I controls the rate of cell proliferation in
a tumor and the tumor growth [42].

The tumor growth associated with evasion of immune
system of tumor cell, its associated angiogenesis, its
migration, distant metastasis, all are dependent upon
disordered immune system. The efficacy of apo A-I to
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modulate the immunological environment of the tumor, to
retard the tumor growth has been explained by, Zama-
nian-Daryoush et al. [15]. Accordingly the anti cancer
effect of apo A-I is not due to direct inhibition of tumor
cell replication or cell death, rather indirect by affecting
both arms, (innate and adaptive)of immune system, as
well as by inhibiting neo- angiogenesis. Tumor-associated
macrophages, that form a constant part of the tumor
microenvironment in many distinct types of malignancy
polarize towards an anti-inflammatory M2 phenotype with
expressed scavenger receptor A (SR A), hence promoting
tumor progression. However, a change in phenotype
expression takes place by apo A-I in the tumor-associated
macrophages, from a pro-tumor M2 to an anti-tumor M1
phenotype responsible for tumor rejection, thus helping to
establish the therapeutic efficacy of apo A-I against can-
cers [15, 43]. These SR A on macrophages can be ther-
apeutically targeted in vivo with the small peptide
inhibitor 4F, a D- amino acid peptide, an apo A-I mimetic,
by blocking SRA-mediated macrophage adhesion, and
help to prevent tumor progression and distant metastasis.
Both 4F and SRA exhibit their action using the same
signaling pathway. Besides other anti neoplastic effects
like antiangiogenesis, anti-inflammatory, antioxidant
activity with lowering of serum LPA, 4F helps in retar-
dation of tumor growth [44].
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Distant metastasis is associated with degradation of
basement membranes and remodeling of the extracellular
matrix (ECM) by matrix metalloproteinases (MMPs),that
operates with a large number of non-matrix proteins nec-
essary for neo angiogenesis, MMPs concentration are
observed to be low in many invasive, metastatic tumors.
The potent anti tumorigenic activity of apo A-I is attributed
to inhibition of tumor-associated angiogenesis and con-
comitant reduction in MMP-9 protein levels and activity, a
critical matrix degrading enzyme whose action culminates
in the availability of pro-angiogenic factors [45].

Myeloid-derived suppressor cells (MDSCs) behave as
negative immunomodulators and potent stimulators of
tumor growth [46] by aggregating within the tumor and
cause T-cell suppression, thus resulting in tumor induced
immunosuppression. Their number increases both within
and outside the tumor, in response to various molecules
present within the tumor itself. However, apo A-I also
suppresses this increase of MDSCs, both within and outside
the tumor and help in tumor regression [15, 43]. Not only
that, apo A-I also causes decline in survivin, an inhibitor of
apoptosis and cell cycle promoter, responsible for recur-
rence and reduced survival in melanoma, as shown by Piras
et al. [47] (Fig. 4) [15, 43, 47].

Conclusion

The potent immunomodulatory effects with resultant anti-
tumor biological activity of apo A-I suggests that phar-
macological delivery of apo A-I may be exploited for
therapeutic gain as an anticancer agent, for regression of
tumor and its metastasis. Administration of apo A-I or apo
A-I elevating drugs have shown potential therapeutic
benefit, for cardiovascular diseases [48—51]. Recent studies
regarding, this apolipoprotein has revealed to have anti-
tumour activity partly through modulation of immune cell
function via regulation of cholesterol content in critical
subcellular compartments. Its potential therapeutic benefit
in regression of tumor metastases in many animal studies
has already been proved. However sufficient experimental
studies in humans is lacking except for malignant mela-
noma and needs further studies.
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