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Apolipoprotein E key to inflammation and cholesterol

efflux in atherosclerosis

Abstract

Lipid metabolism is an often-underestimated aspect of health and its maintenance.
However, lipids and their derivatives are involved in many key processes in the
human body. ApoE is one of the important participants in lipid homeostasis. One
of its remarkable properties is the ability to resist the development of atherosclerosis.
Recently, data began to appear on various mechanisms that can mediate the anti-
atherosclerotic effects of ApoE, including blocking the formation of foam cells and
inhibiting increased hematopoiesis, among others. This suggests ample opportunities
for the use of ApoE as an anti-atherosclerotic agent. In our review, we focused on the
relationship of ApoE with inflammation and cholesterol in the context of atherogenesis.

We also considered the possibilities of therapeutic application.
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Abbrevations: ApoE: Apolipoprotein E; BBB: Blood-Brain Barrier; LDL: Low-
Density Lipoprotein; AD: Alzheimer’s Disease; CSF: Cerebrospinal Fluid; CNS:
Central Nervous System; ApoA: Apolipoprotein A; ABCA1: Member 1 of human
transporter sub-family ABCA; mRNA: messenger Ribonucleic Acid; HDL: High-
Density Lipoprotein; CETP: Cholesteryl Ester Transfer Protein; AcLDL: Acetylated
Low-Density Lipoprotein; IFNy: Interferon Gamma; AEM-2: Apolipoprotein E
Mimetic Peptide-2; ApoB: Apolipoprotein B; ApoCiii: Apolipoprotein C-1II; LRPI:
Low Density lipoprotein receptor-related Protein 1; CVD: Cardiovascular Disease;
Lp(a): Lipoprotein a; HSPG: Heparan Sulfate ProteoGlycan; SMCs: Smooth Muscle
Cells; ECs: Endothelial Cells; VLDL: Very- Low-Density Lipoprotein; DHA:
Docosahexaenoic acid; EPA: Eicosapentaenoic Acid; EpK: apoE mimetic peptide

Introduction
Cholesterol homeostasis and ApoE

Brain cholesterol homeostasis can be independent of the peripheral one, as it may be
synthesized in the brain. This is supported by the fact that dietary cholesterol levels seem
to have almost no effect on cholesterol synthesis or metabolism in the brain but have a
pronounced effect on the de novo synthesis of peripheral cholesterol [1]. Additionally,
most studies show that plasma lipoproteins cannot go through the Blood-Brain Barrier
(BBB), though there is one study that has demonstrated that LDL can cross the BBB

via receptor-mediated transcytosis [2].

Patients with Alzheimer’s disease have higher brain cholesterol flow even in the early
stages of dementia. Compared to the control group, levels of 24S-hydroxycholesterol,
a more soluble cholesterol form, are elevated in both plasma and CSF of AD patients,

although the reason for it is not known [3]. Patients with AD appear to respond
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positively to cholesterol-lowering treatment, which highlights
the importance of cholesterol metabolism in AD even while

cholesterol-lowering drugs may not affect the brain’s cholesterol

levels [4].

It is known that ApoE’s role in normal cholesterol metabolism is
more important than that of other proteins, e.g., multiple ApoE
isoforms interactions with specific lipoprotein receptors lead to
noticeably diverse effects on cholesterol metabolism. ApoE seems
to be essential for lipid homeostasis and cholesterol mobilization
in the CNS. CNS ApoE levels, distribution, and ApoE allele status
may probably have an influence on AD risk through cholesterol
metabolism fluctuations in CNS [5].

Literature Review
Cholesterol efflux and ApoE

The efflux of cholesterol can be carried out in four pathways.
ABCAI1-mediated efflux includes the cell membrane cholesterol
and phospholipid transfer to lipid-poor acceptors. Of those
acceptors, ApoA-Tis the most researched, though otheramphipathic
apoproteins like ApoE can act as acceptors, too [6]. That was
shown with human ApoE isoforms such as ApoE2, ApoE3, and
ApoE4 incubated with HelLa cells expressing ABCA1 and J774
cells. ApoE structure is arranged as a C-terminal (residues 201—
299) domain that comprises several amphipathic a-helices and an
N-terminal (residues 1-191) domain that comprises a four-helical
bundle [7]. The C-terminal domain of ApoE3 doubles the intact
ApoE3 outflow capacity. The C-terminal domain is responsible for
ApoE’s capacity to induce cholesterol efflux was verified with the
use of chimeric molecules, including the interchange of ApoA-I
and ApoE C-terminal and N-terminal domains. The reciprocal
chimera or the intact apoproteins are less efficient as a cholesterol
acceptor from ]774 cells than the chimeric molecule composed
of the ApoE C-terminal domain and the ApoA-I N-terminal
domain (ApoA-1 (1-180)/ApoE (201-299)) [8,9]. Though J774
cells cannot express ApoE, controlled by the cytomegalovirus
promoter, those cells can express human ApoE3. This allows us to
assess possible differences between the action of endogenous and
exogenous ApoE on cellular cholesterol homeostasis and efflux
of cholesterol, while the cholesterol loading of macrophages has
the interfering effect of the sterol-mediated upregulation of ApoE
gene expression [10]. Mazzone, et al., using J774+E cells, pointed
out the endogenous ApoE high efficiency in promoting sterol
efflux compared to that of the exogenous ApoE [11]. The ApoE
endogenous expression leads to the secreted ApoE association
with the plasma membrane and its binding to membrane lipids,
proteoglycans, and the LDL receptor on the cell surface. Decreased
association of ApoE with these molecules on the cell surface results

in the reduction of cholesterol efflux [12,13]. These procedures

do not influence the exogenous ApoE-mediated enhanced sterol
eflux on control J774 cells since this cell surface association is not
identified with exogenous ApoE. It is of interest that ABCAI does
not influence the increase of efflux observed with J774+E cells.
Besides J774 cells, also a murine cell line RAW + E and mouse
peritoneal macrophages from wild-type and Apoe-/- mice have

been noticed not to have such an effect [14].

Cholesterol loading in the human macrophage THP-1 cells leads to
an increase in ApoE mRNA by about 15 times. As was foreseeable,
the LDL receptor and ApoE are mutually regulated by cholesterol
loading. On the contrary, ApoE expression upregulation upon
loading with cholesterol is not demonstrated in human monocyte-
derived macrophages. Although, even with no exogenous sterol
acceptor present, those cells can efflux cholesterol upon loading.
Notwithstanding, this efflux is abolished by antibody-mediated
ApoE removal and thus is ApoE-dependent [15, 16].

There are three main isoforms of human ApoE. Compared to
ApoE3, the most common isoform, ApoE2 and ApoE4, each has
one amino acid substitution at residues 158 and 112, respectively.
The ApoE4 affinity is a little higher than that of ApoE3, and
ApoE2 LDL receptor binding capacity is reduced [17]. ApoE2 was
demonstrated to have the most effect on cholesterol efflux than
ApoE3 and ApoE4, using monocyte-derived cholesterol-loaded
macrophages taken from individuals homozygous for the three
isoforms. Although, the exogenous human ApoE isoforms do not

differ in ability to induce cholesterol efflux from cells [18].

Secreted ApoE interaction with the LDL receptor on the cell
surface is shown using peritoneal macrophages obtained from
ApoE gene replacement mice, which instead of the murine ApoE
gene, express the human ApoE isoforms. Depending on the ApoE
isoform’s ability to interact with the receptor, both sterol efflux and
ApoE secretion into the medium change as a result of the LDL

receptor upregulation by simvastatin therapy [19].

Thereby, sterol eflux and secretion of ApoE2 are unaffected by the
increase of LDL receptor expression, while cholesterol efflux and
secretion of ApoE4 are reduced. The differences in the receptor
binding affinity of isoforms are mirrored by differences in ApoE
isoforms mediated eflux of cholesterol. In accordance with this,
the enhanced LDL receptor expression in mice with ApoE4 gene
replacement lowers the efflux of cholesterol from peritoneal
macrophages [20]. The bone marrow transplantation from those
mice into Ldlr-/- mice results in increased atherosclerosis. These
effects of increased LDL receptor expression iz vitro and in vivo are

not seen in mice with ApoE3 gene replacement [21].

The reverse cholesterol transport beyond the surface of macrophage
cells if affected by ApoE, e.g., ApoE that was secreted by
macrophages can bind to human HDL2. The HDL2 can increase
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in size without CETP present, which makes it possible to transfer a
large load of cholesterol to the liver to secrete cholesterol into bile.
The HDL extension can be avoided if the ApoE is removed [22].

The plasma of genetically diverse mouse strains was used to assess
different serum or plasma fractions acceptor quality. To obtain
serum HDL, the ApoB-containing lipoproteins needed to be
removed. The Heinecke laboratory used cAMP-stimulated ]774
cells and BHK cells with inducible ABCAI expression to assess
cholesterol efflux [23]. Macrophage cholesterol efflux capacity is
little in serum HDL from Apoal-/- and Apoe-/- mice. Efflux
capacity in serum HDL from mice deficient in both proteins is
very poor. Still, wild-type HDL serum and serum HDL isolated
from Apoe-/- mice have the analogous capacity, and therefore
ApoA-I mainly determines ABCAI-specific efflux. In addition,
serum HDL from five diverse inbred mouse strains was used in
similar tests. These strains differ in apoprotein content and HDL
size [24]. There was a remarkable discovery that cholesterol efflux
capacity from macrophages and ApoE levels on HDL correlate
inversely. Truly, Apoe-/- serum HDL normalized for HDL
particle concentration makes a better acceptor than serum HDL
of wild type. ApoE on HDL could be a negative cholesterol efflux

regulator, as these studies suggest [25].
Reverse cholesterol transport and ApoE

The above data mostly describes experiments that concentrate
narrowly on ApoE and the efflux of cholesterol from cultured
macrophages. Only a few studies have investigated the
macrophages and systemic ApoE effect on reverse cholesterol
transport iz vivo. One study focused on a comparison between
macrophage-to-feces reverse cholesterol transport in Apoe—/- mice
that received an injection of cholesterol-loaded Apoe-/- peritoneal
macrophages and in wild-type (ApoE-expressing) mice that
received an injection of cholesterol loaded wild-type peritoneal
macrophages. While Apoe-/- mice showed reduced reverse
cholesterol transport, they also had lower HDL levels and higher
plasma lipid levels than the wild-type mice, which is confusing for
interpretation [26]. But then again, with wild-type mice used as
recipients to get similar plasma lipids and lipoproteins levels, mice
that have gotten Apoe-/- macrophages demonstrated a reduction
of reverse cholesterol transport in comparison to mice that have
gotten wild-type macrophage injections. Via injecting the wild-
type cholesterol-loaded macrophages into Apoe-/- and wild-type
recipients, the role of systemic ApoE’s effect on reverse cholesterol
transport was excluded [27]. These studies display the macrophage
ApoE’s ability to facilitate reverse cholesterol transport in vive. It
is not known if it is true for macrophages in the artery wall, as
this conclusion has been reached using injections of peritoneal

macrophages.

Late experiments iz vivo suggest ApoE can interact with other

cellular functions to affect cholesterol macrophage homeostasis
[28, 29]. Becker and colleagues reported a “macrophage sterol
responsive network,” which showed various proteins been
upregulated or downregulated in cholesterol-loaded peritoneal
macrophages derived from Ldlr-/- mice fed a Western-type diet
[30]. Cholesterol and its esters are accumulated in these cells, but
they also show a significant decrease in the expression of the ApoE
protein, despite what has been known of macrophages incubated
with AcLDL in culture. The basis of these different phenotypes in
culture in vitro and in vivo concerning the expression of ApoE is
yet unclear [31]. Reardon, et al. to find mechanisms explaining
the higher risk of atherosclerosis in type 2 diabetes, have expanded
their studies to macrophages in insulin-resistant and obese mice
[32]. Insulin resistance induction in Western-diet-fed Ldlr-/-
mice uncovered the significant role of IFNy in mediating
increased atherosclerosis, a decrease in the secretion of ApoE
from macrophages, and increased accumulation of cholesterol by
peritoneal macrophages. Experiments in hyperlipidemic Ldlr-/-
mice that were fed a high-cholesterol low-fat diet not inducing
insulin resistance did not show such an impact. The IFNy effect on
the macrophage ApoE phenotype applies to other macrophages,
too, such as murine arterial macrophages. In this model, the
reduction of macrophage ApoE secretion effect on reverse

cholesterol transport has not been displayed yet.
ApoE in inflammation

Inflammation can be affected by ApoE. Sudden suppression
of ApoE in mice rapidly influences B-cell and T-cell activity
and germ centers. B-cell activity suppression improves humoral
responses to oxidatively modified lipoproteins, which are of
importance in atherosclerosis, and other self-antigens. In animal
models, plasma cholesterol was reduced by the ApoE mimetic
peptide AEM-2, which also ameliorated mitochondrial function
in human macrophages studied on a model of stimulation with

lipopolysaccharide [33].

ApoE can be located in atherosclerotic lesions and may suppress
the classical complement cascade activation, while ApoE can
associate only with activated Clq. Factor H inhibits another
pathway of complement activation in plasma, as it may bind
lipoprotein-associated or non-lipid ApoE. Cholesterol efflux is
induced, and proinflammatory cytokine release from macrophage-
foam cells is inhibited by these complexes. ApoE can also stimulate
the polarization of macrophages into the anti-inflammatory M2
phenotype, aside from stimulation of cholesterol efflux from them

[34,35].

Physiologic and pathologic body processes may be affected by
microRNAs. In animals, the effects that lipoprotein-associated
ApoE has on miRNA may affect anti-inflammatory and anti-

atherosclerotic activity. The response in miR146a macrophage is
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different in the transgenic mice nervous system. The action of two
variants of the miR146¢ that is found in atherosclerotic lesions is

increased by ApoE4 [36].

Endocrine or paracrine effects can be caused by exosomes,
membrane-coated physiologically secreted structures that contain
intracellular material, viz their proteins, lipids, and carbohydrates
of microRNA. There was no effect indicated of ApoE4 expressed
in mice at an early stage of their development, but the exosome

production was impaired with age [37].
Apolipoprotein E and clearance of lipoproteins

The clearance of ApoB-containing lipoprotein residues is mediated
by ApoE. Nascent chylomicrons and VDLD are rapidly modified
in the circulation, assimilate, exchange apoproteins, and undergo
lipolysis. They may also change with environmental and genetic
conditions. ApoCiii inhibits lipolysis and lipoprotein clearance,
while ApoE stimulates clearance when not interfered with by
ApoCiii. While small residues of lipoproteins are better excreted by
the liver, they can migrate to other tissues and cause inflammation
with their products of lipid peroxidation. In ApoCiii deficiency,
increased lipolysis is atheroprotective and lowers levels of both
residual lipoproteins and triglyceride-rich lipoproteins. Residual
lipoproteins may represent a substantial part of the remaining risk

after LDL concentration is controlled [38].

ApoE is a ligand for a family of 7 related receptors and associates
with HSPG, and unlike ApoB, which acts as a ligand only on LDL,
ApoE is a functional ligand across the entire range of receptors,
while LDL Receptor-related Protein 1 (LRP1) is particularly
essential in the liver. Insulin phosphorylates the intracellular
C-terminus to release LRP1 from intracellular retention to relocate
to the cell membrane and control LRP1. As a result, the clearance

of residual lipoprotein is increased [39].

One of the key HSPG for clearance of residual lipoprotein is
syndecan 1. Its action may be impaired by different interferences,
such as disruption of glucosamine N- deacetylase-N-
sulfotransferase 1, uronyl 2-O- sulfotransferase, heparan sulfate
copolymerase, glucosaminyl 6-O-sulfotransferase 2, except for
glucosaminyl 6-O-sulfotransferase 1 which does not interfere
with residual absorption. The CD36 scavenger receptor is another
contributor to the clearance of chylomicron residues. Lipoproteins
can also integrate their lipid contents directly into cell membranes

in addition to receptor-mediated uptake [40,41].

While lipoprotein residues are degraded in the endosomal system
after internalization, ApoE is excreted from the liver and not
cleaved. The uninjured vascular endothelium cannot be passed
through by large triglyceride-rich lipoproteins, although small
LDL and residues may penetrate the vessel wall. In mouse vessels,

residual LDL and lipoproteins undergo transcytosis and produce

HDL particles containing ApoE and smaller particles containing
ApoB. Endothelial lipase can modify such particles so that they

may influence atherosclerosis [42].
ApoE and cardiovascular risk

ApoE levels are affected by multiple risk factors for cardiovascular
disease. Routine ApoE genotyping or determination of its levels,

while needs further study, could upgrade risk assessment [43].

Isoforms of ApoE affect the risk of cardiovascular disease from the
first days of life, including breastfeeding response. In childhood,
the ApoE2 lipid-lowering effect appears with increased HDL and
decreased LDL levels. The ApoE4 isoform may indicate the risk
of cardiovascular disease in diabetes mellitus. Also, it is associated
with higher thickness of the carotid intima-media complex and
increased levels of ApoB, Lp(a), and LDL cholesterol [44].

Hypertriglyceridemia, abdominal obesity, insulin resistance, and
low HDL cholesterol characterize metabolic syndrome, which is
associated with elevated levels of ApoE. Premature damage to the
coronary arteries is associated with more ApoE-rich lipoproteins,
increased triglyceride levels, decreased HDL-cholesterol levels,
smaller LDL particles, and increased lipoprotein(a) concentrations,

regardless of isoforms of ApoE [45].

In epidemiological studies, the effect of common variants on
CVD risk through minor lipid profile changes is clearly shown.
Although, more serious and pathological effects may also occur.
Dysbetalipoproteinaemia begins in postmenopausal women and
in middle-aged men. However, with more serious metabolic stress,

an earlier onset is possible [46].

With dominantly inherited forms of ApoE2 penetrance
is high and is low with homozygosity. Lp glomerulopathy
is due to thrombi and aggregation of lipoprotein and is
mostly associated with a dysbetalipoproteinemia phenotype.
Pathological change in ApoE bears a resemblance to membranous
nephropathy. Dysbetalipoproteinaemia may be dominated by
hypertriglyceridemia, but there were also reported some other
mutations associated with hypertriglyceridemia, including natural
variants thatdecrease orincrease the concentration of LDL compared
to wild type. One mutation causes LDL hypercholesterolemia by
the dominant hereditary type. Such hypercholesterolemia can be
diagnosed as familial hypercholesterolemia. While some of the
mutations may reduce the AD risk, other mutations could lead to

cognitive deterioration [47,48].
Apolipoprotein E in multifactorial atherosclerosis

ApoE affects cholesterol levels, which take part in the risk of
atherosclerosis in patients without severe lipid disorders along with
other factors, and more information on the specific ApoE variants

effects may ameliorate risk assessment, considering the potential
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for antagonistic pleiotropy. When variants in a gene promote
health and development and maintain reasonable function but
under stress, such as aging, and others, lead to significant favorable
or detrimental differences, antagonistic pleiotropy may be applied
[49]. ApoE4 carriers already show decreased concentrations of
HDL cholesterol in childhood, which indicates risk. ApoE4
in neonates and infants can raise morbidity and mortality from
traumatic brain injury and other stressors. In neonates and infants,
ApoE4 carriers may have increased morbidity and mortality from

stressors such as traumatic brain injury [50].

ApoE is clearly a major risk factor for cognitive disorders and
atherosclerosis, at least partially by increasing the concentration
of LDL, although the composition may also vary. Thereby, the
complications associated with atherosclerosis and cognitive
deterioration are very important for life expectancy. ApoE4
carriers have higher, and ApoE2 carriers have lower levels of the
atherogenic ceramide species, Cer (d18:1/16:0) [51].

ApoE4 is invariably associated with manifest and subclinical
atherosclerosis. Consequently, in patients with ApoE4, the risk
increases by 46% compared to individuals with ApoE3, while it
decreases by 26% with ApoE2. In elderly Europeans, ApoE4 is
associated with a higher risk. Oddly enough, this does not happen
in patients of Mongolian origin. Allelic frequencies for €2, €3,
and €4 were 7.9%, 78.6%, and 13.5% respectively. From ApoE2
homozygosity to ApoE4 homozygosity, there was indicated an
increase in LDL and total cholesterol. In the ApoE2 group, HDL
cholesterol and triglyceride levels were higher [52].

Dementia was a considerable contributor to the increase in
mortality in ApoE4 carriers. ApoE4 allele atherogenic nature had a
chances ratio of 1.34 relative to the ApoE3 allele, while the ApoE2
allele atheroprotective nature ratio was 0.82. After the coronary
artery evaluated the risk of cardiovascular disease, the presence of
one ApoE2 allele is beneficial. Variants in ApoB have been reported
to promote atherosclerosis, while variants in ApoCiii have proved
to protect from atherogenesis. In the Amish community, variants
in both ApoB and ApoCiii had founder effects. The intima-media
thickness of the carotid arteries is bigger in ApoE4 carriers and

even larger in concomitant diabetes patients [53].

The interconnection of intima-media thickness of the carotid
arteries and ApoE4 was not affected in Black individuals despite
their higher levels of LDL cholesterol and prevalence of ApoE4.
The ApoE2 gene did not show any CVD protection function in
patients with diabetes, whereas ApoE4 further contributed to the
disease. The development of dysbetalipoproteinemia with loss of

cardiovascular protection is accelerated by diabetes [54] (Figure 1).

" Anti-inflammatory |
properties

' Reverse cholesterol |
transport

" SMCs proliferation | " ECs proliferation |
inhibition inhibition |
' Platelet aggregation LDL oxidation
inhibition inhibition

Figure 1: Effects of ApoE on various aspects of the atherosclerosis process. Note:
LDL: Low-Density Lipoprotein; SMCs: Smooth Muscle Cells; ECs: Endothelial
Cells.

Discussion

Atherosclerosis of major extracranial arteries with hyperlipidemia
may result in cerebrovascular damage, while some conditions
may also damage intracranial arteries. Pathogenesis of Alzheimer’s
dementia involves ApoE4 and is frequently associated with
cerebral amyloid angiopathy. Normally, small arteries are affected
by cerebral amyloid angiopathy, which leads to side deposits,
repeating small hemorrhages, and gradual cognitive decline.
Intracranial hemorrhage is followed by slower recovery in patients

with ApoE4 but not in cases of ischemic stroke [55,56].

The known trends in polymorphisms of ApoE are supported by the
UK Biobank study and other major studies, which can also identify
other associations. Dysbetalipoproteinemia is possibly implicated
in predisposition to ApoE2 homozygous peripheral vascular
disease. Moreover, arterial aneurysm, thromboembolism, hallux
valgus, and peptic ulcer are also associated with this genotype. It is
noteworthy that ApoE4 shows a protection function against such
conditions as gall bladder and liver disease, chronic obstructive

pulmonary disease, diabetes type 2, and obesity [57].

Genotyping might be a more useful method in clinical practice
than the determination of ApoE concentration in plasma.
Plasma ApoE level is typically between 35 and 70 mg/l; in the
cerebrospinal fluid, it is approximately 12 times lower. The
isoform, triglyceride-rich lipoproteins, their HDL subgroups, and
residues affect the concentration of ApoE, which is differently
distributed among lipoproteins and changes with diet. CV risk is
affected by triglyceride-rich lipoproteins and their residues through
augmentation of apoproteins E, Cii, and Ciii [58]. In patients
of middle age, ApoE levels have not been associated with CVD
despite concentration-genotype association. ApoE levels did not

influence cardiovascular risk in the ApoE3/3 group. According to a
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large Danish study spanning 25 years, decreased ApoE levels were
related to death from dementia, and increased levels were related to
death from cancer and cardiovascular disease. The highest septile
compared to the fifth septile gave an odds ratio of 1.28 for CVD,
while comparing the lowest septile with the fifth septile gave an
odds ratio for dementia of 1.44. Polymorphism progression from
ApoE2/2 to ApoE4/4 was related to increased total cholesterol,
LDL cholesterol, and ApoB. Levels of ApoE were reduced in the
same order as well as did ApoAi and HDL cholesterol. Calculated
residual cholesterol and plasma triglyceride association in the ApoE
isoform sequence was U-shaped, whereas Lp (a) was the highest in
ApoE3/3 carriers. There was a large difference in the risk of CV
mortality in ApoE2 homozygotes. The presence of undiagnosed
patients with dysbetalipoproteinemia is a possible reason for the

said difference [59].
Therapeutic applications

ApoE can give opportunities for new types of therapy for
neurological dysfunction and atherosclerosis and offer other new

applications.

Retinoic acid stimulates an increase in the expression of ApoE in

activated macrophages, which leads to a neuroprotective effect

[60].

ApoE expression increase may also be caused by Probucol, an
antioxidant with a moderate lipid-modifying effect in plasma,
which has a beneficial effect on AD manifestation. The ApoE
expression in macrophages is increased by glucocorticoid hormones
[61]. “Structural correctors,” or high-affinity small molecule

compounds, may beneficially alter the maturation of ApoE4 [62].
Changing ApoE isoforms

ApoE mutations may not interfere with health for many
years. Lifestyle, fibrates, and statins may treat attributable
dyslipidemia effectively. However, this new kind of therapy can
be helpful for individuals with lipoprotein glomerulopathy or
dysbetalipoproteinemia, provided that gene editing becomes a safe
clinical practice. If the BBB cannot be crossed, AD prevention
through gene editing will be quite a difficult task. Transition to
the ApoE2 state might lead to a highly atherogenic state unless
the dysbetalipoproteinemia pathogenesis is completely clear and

predictable [63,64].

In theory, dysbetalipoproteinemia might respond to continual
(recombinant) ApoE3 infusions. The administration of plasma
from ApoE3 donors leading to pancreatitis in acute severe
dyslipidemia has not been described. Cysteamine and other
aminothiols were used to alter ApoE and transform ApoE2 to
make it more functional. Some ApoE4 has been formed after

cysteamine therapy in patients with ApoE3 homozygosity [65,66].

Specific applications of ApoE

Anantharamaiah and colleagues and White and colleagues reported
ApoE-like proteins ability to alter atherosclerosis, inflammation,
and lipoprotein profile and affect cell metabolism, which eventually

impacts neurological function [67,68].

Cholesterol efflux from cells is enhanced by the ApoE mimetic
peptide EpK, which demonstrated a favorable effect on
atherosclerosis in animal models. Lipoprotein clearance via HSPG
is improved by peptide Ac-hE18-NH 2, which comprises most of
the ApoE from the LDL receptor binding domain to the carboxy
terminus. Protection against atherosclerosis may be reached with
a decrease in the concentration of lipoprotein by hEp, a peptide
expressed in the liver. Inter alia, hEp also prevents the binding of

the hepatitis C virus [69].

The blood-brain barrier may be protected in case of a trauma
or subarachnoid hemorrhage as well as the metabolic activity in
the nervous system may be retained by ApoE-mimetic peptides,
which also could find use in mitochondrial diseases. Solid lipid
nanoparticles could be coated with ApoE at about 120-160
nm size, similar to residual lipoproteins. That would enable the
transcellular transport by clathrin-mediated endocytosis through
the BBB and help deliver medicaments to the brain. Incidentally,
infused into the lungs covalently linked ApoE peptides on solid

lipid nanoparticles were delivered to the brain successfully [70].
ApoE in personalized medicine

Treatment in precision or personalized medicine is individualized
based on the information about genetic variants and their impact
on risk and response to intervention or sequelac. Even though
ApoE is not the main cardiovascular disease, dyslipidemia, and
neurodegenerative state risk factor, information about the ApoE

status can be useful in clinical practice in such cases [71].

High-fat diets increase plasma cholesterol, and that effect was used
successfully in ApoE4 patients to choose healthier diets. Usually,
ApoE2-carrying individuals have moderately raised concentrations
of triglyceride, and switching to low-fat diets had a significant
decrease in plasma cholesterol and triglyceride. Individuals
with ApoE4 homozygosity experienced a decrease in LDL
concentration, and those with ApoE2 alleles had both triglyceride
and LDL reduced. Progress in the plasma lipid profile after exercise
was also better in ApoE2 patients. In ApoE3/3 individuals, exercise
did not affect the lipid profile, VLDL particles were diminished,
and small LDL levels were improved [72].

In the brain, the DHA biosynthesis may not be adequate to
demands. ApoE4 carriers have reduced plasma DHA absorption
into the brain, and thereby, greater nutritional supplements
would be useful, albeit they have similar levels of DHA. For

ApoE4 carriers, it may be necessary to reduce the consumption
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of alcohol. In the case of atherogenic levels of lipoprotein, ApoE4
contributes to the n-3 fatty acids LDL-increasing effects [73].
Response to medication may be affected by ApoE genotype, e.g.,
in patients with the ApoE2 allele Atorvastatin had the best effect
in increasing HDL cholesterol. The most effective in ApoE2
patients and the least effective in ApoE4 patients were fibrates,
which may effectively decrease the triglyceride, ApoE, and ApoB
levels. Triglyceride levels can be lowered by large doses of n-3
polyunsaturated fatty acids. 4.9 g per day for DHA and 4.8 g per
day for EPA lowered the ApoE level by approximately 15%. In
patients with metabolic syndrome, ApoE levels may be reduced by
25% by extended-release niacin [74].

Neoplasms spread and growth can be affected by ApoE, which
is expressed and secreted by liposarcoma. The oral squamous
carcinoma invasion is associated with the expression of ApoE.
Exosomes carrying ApoE are secreted by macrophages in
gastric carcinoma, which can stimulate their spread. ApoE is
an autonomous breast cancer predictive factor with adverse

concentrations of more than 43 mg/L [75].

ApoE in the management of dyslipidaemia and
atherosclerosis

Mild dyslipidemia responds to life patterns and medications.
All the risk factors should be controlled due to atherosclerosis’s
multifactorial nature. In many cases of LDL hypercholesterolemia,
statins, recommended in current guidelines, are sufficient.
But there is a need for further research in the field of
hypertriglyceridemia, inflammation, and immune responses.
Even though dysbetalipoproteinemia is a more serious condition,
it typically may be controlled in the same way. In the case of
dysbetalipoproteinemia, dyslipidemia may be better controlled
by gene editing, ApoE chemical modification, the presence of
ApoE, or peptides stimulating residual clearance [76]. Therapeutic
steps, making more ApoE and its peptides available, may be
applied, even though the neurological disease associated with
ApoE4 pathogenesis may differ from that of atherosclerosis. This
can be used to modulate macrophage response and to raise ApoE
lipidation. A better protection against atherosclerosis may be given
by reconstituted HDL if it contains ApoE and not ApoAi due to

its ability to bind to a wider range of receptors [77].

For dysbetalipoproteinemia to be treated most effectively, more
thorough detection and study of this atherogenic condition
are required, including extra attention to residual lipoproteins
clearance. In patients with dysbetalipoproteinemia, fibrates
ameliorated the excursion of postprandial triglyceride. In the
mouse model, the plasma cholesterol levels were decreased, and
inflammation was reduced by myristyl-hE18A-NH, a peptide
similar to the LDL receptor binding region of ApoE with a lipid

binding domain to bind to lipoproteins. Mutations associated

with the replacement of arginine with cysteine may have a better
function with aminothiols, which provide a charged protein

fragment [78].
Conclusion

Although ApoE is not a major risk factor for cardiovascular disease,
dyslipidemia, and neurodegenerative conditions, information
on ApoE status may be useful in clinical practice in such cases.
ApoE-like proteins are able to alter the profile of atherosclerosis,
inflammation, and lipoproteins, as well as influence cellular
metabolism, which ultimately leads to an effect on neurological
function. Cholesterol efflux from cells is enhanced by the
ApoE mimetic peptide EpK, which has shown positive effects
on atherosclerosis in animal models. Due to the known anti-
atherosclerotic actions of ApoE, this lipoprotein clearly deserves
attention as part of a therapeutic strategy for the treatment of

atherosclerosis.
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