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1. Introduction

Water-insoluble lipids are carried in the blood in the
form of particles known as lipoproteins. Lipoproteins
consist of a hydrophobic triglyceride/cholesterol
ester core surrounded by a single amphiphilic
phospholipid layer with embedded apolipoproteins
(Dai et al., 2023). Lipoproteins consisting of lipids
and proteins are involved in transporting triglycerides
and cholesterol in the blood (Ross & Pawlina, 2011).
It is divided into several main groups, including low
density lipoprotein (LDL), high density lipoprotein
(HDL), very low density lipoprotein (VLDL) and
chylomicrons (Ross & Pawlina, 2011). Classification
is based on the density, size, lipid and apolipoprotein
2020).

Apolipoproteins are synthesised in various organs,

content of lipoproteins (Toth et al,

especially in the liver and intestine (Table 1).
Changes in the expression levels, function and spatial
structure of apolipoproteins have been closely
associated with various diseases (Liu et al., 2021).
Numerous studies have shown that apolipoprotein
phenotype, different allelic polymorphism and
apolipoprotein gene mutation can affect metabolism
and utilisation of blood lipids and consequently
trigger the onset and development of atherosclerosis,
hyperlipidaemia, cerebrovascular and cardiovascular
diseases (Liu et al., 2021; Richardson et al., 2020).
Some apolipoproteins have been reported to be
related to neurodegenerative diseases (Reichert et al.,
2020b) (Table 1). The

neurodegenerative diseases is not clear because there

aetiology of various

are different neurodegenerative diseases and the
central nervous system is made up of different cell
populations with unique functions (Mathieu et al.,
2020; Reichert et al., 2020a; Reichert et al., 2020b).
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Here, we present evidence from some studies linking
apolipoproteins to neurodegenerative diseases with a
high prevalence in the general population. These
studies are predominantly human studies and were
selected by searching PubMed and Google Scholar
databases using various combinations of the name of
the apolipoprotein type and the name of a common

neurodegenerative disease.

2. Apolipoproteins and

neurodegenerative diseases

This Apolipoproteins include subfamilies A, B, C, D,
E, L, F, H, M, N and R, each with different functions
(Liu et al., 2021). Beyond their basic functions such
as regulation of lipid transport and structural
stabilisation of lipoproteins, apolipoproteins play
important roles in lipid metabolism through the
organisation of a number of metabolic enzymes and
molecular interactions with lipoprotein receptors (Liu
et al,, 2021; Ramasamy, 2014; Toéth et al., 2020).
Apolipoproteins are both amphipathic molecules and
regulators of the lipoprotein system and are
metabolised via receptors, enzymes and transporters
(Bahrami et al., 2019). The low-density lipoprotein
receptor (LDLR), a cell surface receptor, mediates
the uptake and catabolism of plasma lipoproteins
containing apolipoprotein B (apoB) or apolipoprotein
E (apoE) (Brown & Goldstein, 1986). The main task
of this receptor

bloodstream (Brown & Goldstein, 1986). The blood-

is to remove LDL from the
brain barrier effectively blocks the uptake of
lipoprotein-bound cholesterol from the bloodstream,
so that cholesterol levels in the brain are independent
of those in peripheral tissues (Bjorkhem & Meaney,

2004). It has been reported that some cholesterol in
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Table 1. Some apolipoproteins related to neurodegenerative diseases
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Apolipoprotein

Synthesis

Lipoprotein

Neurodegenerative Disease

ApoA-1

ApoA-Il

ApoA-1IV

ApoB (ApoB-
48, ApoB-100)

ApoC-|

ApoC-1ll

ApoD

ApoE(ApoE-
V)

ApoH

ApolJ
(Clusterin/CLU)

Intestine, liver
(Dominiczak &
Caslake, 2011)

Intestine, liver
(Dominiczak &
Caslake, 2011)
Intestine, liver
(Dominiczak &
Caslake, 2011)
Intestine (ApoB-48),
liver (ApoB-100)
(Dominiczak &
Caslake, 2011)

Intestine, liver
(Dominiczak &
Caslake, 2011)
Intestine, liver
(Dominiczak &
Caslake, 2011)

Astrocytes,
oligoastrocytes,
Schwann cells,
pericytes (Rassartetal.,
2000)

Intestine, liver, brain,
spleen, kidney, adrenals
and other (Dominiczak
& Caslake, 2011)

Liver (Leduc etal.,
2008)

Testis, prostate, brain
(Vitali etal., 2014)

HDI, chylomicrons,
VLDL (Dominiczak &
Caslake, 2011)

HDI, chylomicrons,
VLDL (Dominiczak &
Caslake, 2011)

HDI, chylomicrons
(Dominiczak & Caslake,
2011)

Chylomicrons (ApoB-
48), chylomicron
remnants (ApoB-48),
VLDL (ApoB-100), IDL
(ApoB-100), LDL
(ApoB-100)
(Dominiczak & Caslake,
2011)

Chylomicrons, VLDL,
HDL (Dominiczak &
Caslake, 2011)
Chylomicrons, VLDL,
HDL (Dominiczak &
Caslake, 2011)

HDL (Fyfe-Desmarais et
al., 2023)

Chylomicronremnants,
mature VLDL, VLDL
remnants, LDL and HDL
(Dominiczak & Caslake,
2011)

Chylomicron, VLDL
(Nakaya etal., 1980)
HDL (Vitali etal., 2014)

Alzheimer’s disease (Bergt et al., 2006;
Johanssonetal., 2017; Kawano etal., 1995;
Kuriyama etal., 1994; Liu etal., 2006;
Merchedetal., 2000; Saczynski et al., 2007;
Paula-Limaetal., 2009; Wisniewski et al.,
1995)

Multiple sclerosis (Murali et al., 2020;
McCombetal., 2020)

Amyotrophic lateral sclerosis (Thompson et
al., 2022)

Frontotemporal degeneration disease (Kim
etal., 2018)

Alzheimer’s disease (Kuriyamaet al., 1994)
Frontotemporal degeneration disease (Kim
etal., 2018)

Huntington's disease (Huang et al., 2011)

Alzheimer’s disease (Choi etal., 2016;
Namba etal., 1992; Toth et al., 2020)
Parkinson’s disease (Fang et al., 2019;
Lehnertetal., 2012; Wei etal., 2013)
Huntington's disease (Chang etal., 2023)
Amyotrophic lateral sclerosis (Thompson et
al., 2022)

Frontotemporal degeneration disease (Kim
etal., 2018)

Frontotemporal degeneration disease (Kim
etal., 2018)

Alzheimer’s disease (Adunsky etal., 2002;
Muenchhoffetal., 2017; Shih etal., 2014;
Zhang & Alzheimer’s Disease
Neuroimaging Initiative, 2020)
Parkinson’s disease (Waldner et al., 2018)
Multiple sclerosis (Reindl et al., 2001;
Navarro etal., 2018)

Alzheimer’s disease (Farrer etal., 1997;
Hong et al., 2020; Koizumi et al., 2018)
Parkinson’s disease (Matact al., 2014; Real
etal., 2023; Tsuang et al., 2013)

Multiple sclerosis (McComb et al., 2020)
Amyotrophic lateral sclerosis (Leoni et al.,
2019)

Frontotemporal degeneration disease (Su et
al., 2017)

Alzheimer’s disease (Misraetal.,2021;
Ohrfeltetal., 2011)

Alzheimer’s disease (Calero et al.,2000;
Fosteretal., 2019; Zlokovic et al., 1996)
Parkinson’s disease (Lenzi et al., 2020; Lin
etal., 2021; Maaroufetal., 2012; Ptikrylova
Vranova etal., 2010; Zhang etal., 2012)
Multiple sclerosis (van Luijn etal., 2016)
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the brain is absorbed by the blood-brain barrier as
lipoprotein-bound cholesterol (Balazs et al., 2004;
Vitali et al., 2014). Atherosclerotic changes can
occur in the entire vascular system, including the
blood vessels associated with the brain (Téth et al.,
2020). The structure of the brain capillaries is
favourable for the maintenance of proper neural
function (T6th et al., 2020). Endothelial cells, which
are the basic cellular components of the blood brain
barrier, are characterised by the lack of fenestrae, low
transcytosis rate, tight junctions and the presence of
selective transporters (Fanning & Anderson, 2009;
Toth et al., 2020). Blood brain barrier dysfunction is
usually accompanied by morphological changes such
as impaired tight junctions, basement membrane
changes and pericyte loss (Toth et al, 2020).
Dyslipidaemia is a known risk factor for intracranial
atherosclerosis (Park et al., 2011; Turan et al., 2010).
Brain endothelial cell function may be affected by
the increased production of arachidonic acid
metabolites that occur under hyperlipidaemia (T6th
et al., 2020). Lipolysis products of triglyceride-rich
lipoproteins can also increase blood brain barrier
permeability through disruption of intercellular
connections, which in turn induces apoptosis and
affects lipid bulk morphology and composition
(Eiselein et al., 2007; Wang et al., 2008). Reactive
oxygen species may also be involved in endothelial
cell damage caused by triglyceride-rich lipoproteins
(Antonios et al., 2008; Wang et al., 2008) Most signs
suggestive of a blood brain barrier with a
deconstructed and altered structure and permeability
diseases,

are observed in neurodegenerative

including Alzheimer's disease (AD), Parkinson's
disease (PD), multiple sclerosis (MS), Huntington's

disease (HD), amyotrophic lateral sclerosis (ALS),
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chronic traumatic encephalopathy and HIV-1-

associated dementia (Sweeney et al., 2018).

Deposits of apolipoprotein A-l (apoA-I) and amyloid
beta (AP) have been found in the human brain and it
has been described that these deposits can be
fluid (CSF) of
2009;
Wisniewski et al., 1995). In a study, it was reported

detected in the cerebrospinal

Alzheimer's patients (Paula-Lima et al,

that CSF apoA-l level decreased in Alzheimer's
patients and this was associated with cognitive
function and AD (Johansson et al., 2017). In another
study, a high level of apoA-l in the serum was
associated with a decreased risk of dementia
(Saczynski et al., 2007). It has been reported that
decreased apoA-I levels are associated with cognitive
1995;
Merched et al., 2000). In a study involving a group of

with

decline in AD patients (Kawano et al,

patients sporadic late-onset  Alzheimer's
dementia, a group of patients with vascular dementia
and a control group, it was reported that HDL-
cholesterol levels were lower in both groups of
patients compared with the control group, and that
apoA-l and apolipoprotein A-1l (apoA-11) levels
decreased in both groups of patients, especially in the
vascular dementia group, and that the apoA-I/A-11
ratio increased in both groups of patients (Kuriyama
et al., 1994). Many studies have reported decreased
serum and plasma apoA-l concentrations in AD
patients, while some have reported unchanged apoA-
I levels (Bergt et al., 2006; Liu et al., 2006; Merched
et al., 2000). Serum apolipoprotein B-100 (apoB-
100) is normally unable to cross the blood-brain
barrier, but the pathological changes in the blood-
brain barrier seen in AD may allow various serum-
derived proteins to enter the brain (To6th et al., 2020).

In a study, it was observed that apoB-100 protein
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accumulated in neurofibrillary tangles and senile
plaques in the brains of Alzheimer's patients (Namba
et al., 1992). In a study of cognitively normal elderly
individuals, it was reported that serum triglycerides
and apoB were associated with cerebral AP
deposition, but total cholesterol, LDL-cholesterol,
HDL-cholesterol and apoA-l levels were not
associated with cerebral AP deposition (Choi et al.,
2016). The role of apolipoprotein C-111 (apoC-I1I1) in
the pathogenesis of AD is not clear, although some
studies suggest that it may play a role (Zhang &
Alzheimer’s Disease Neuroimaging Initiative, 2020).
In a study, it was stated that apoC-1ll may be the
main pathogenic factor of AD after AP and tau
(Zhang & Alzheimer’s

Initiative, 2020). Some studies have shown a positive

Disease Neuroimaging
correlation between decreased apoC-Ill levels and
cognitive performance in AD patients (Muenchhoff
et al., 2017; Shih et al., 2014). It has been suggested
that apoC-III can bind circulating Ap and that plasma
apoC-Ill levels are decreased in patients with AD
(Adunsky et al., 2002; Shih et al., 2014). ApoE is an
apolipoprotein expressed in central nervous system
and apolipoprotein E-IV (apoE-1V) protein encoded
by the e4 allele is genetically associated with AD
(Farrer et al., 1997). In a genome-wide association
study of AD, apoE was reported to have profound
effects on Ap42-related phenotypes (Hong et al.,
2020). In one study, it was shown that APOE-¢4 may
negatively affect the microvascular functions in
brain, thus contribute to impairing white matter and
2018).
Apolipoprotein H (apoH, beta-2-glycoprotein 1),

cognitive  function (Koizumi et al.,
which prevents the activation of blood coagulation, is
a lipid-binding protein (Misra et al., 2021). In one

study, it was stated that the amount of apoH was
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significantly increased in CSF samples of those with
moderate to severe AD (Ohrfelt et al, 2011).
However, in a proteomic study using CSF samples
from Alzheimer's patients and controls, it was
reported that a significant decrease in the amount of
apoH was detected in the CSF of Alzheimer's
patients compared to controls (Misra et al., 2021).
Apolipoprotein J (apoJ, clusterin, CLU), a ubiquitous
glycoprotein that can interact with many different
molecules, has been reported to be associated with
amyloid (Calero et al., 2000). Studies have shown
CLU Dbinds
aggregation and provides their clearance by various

means (Foster et al., 2019; Zlokovic et al., 1996).

that AP peptides, prevents their

About 30% of people with PD are reported to
develop PD dementia during the course of the disease
(Lehnert et al., 2012). In a study, it was reported that
apoB-100 was significantly decreased in Parkinson's
patients compared to non-demented controls (Lehnert
et al., 2012). In a retrospective study, serum lipid and
lipoprotein levels of Parkinson's patients were
investigated and it was shown that significantly
lower serum triglyceride, VLDL-cholesterol and
apoB values were found in Parkinson's patients (Wei
et al, 2013). It has also been reported that higher
apoB, total cholesterol, LDL-cholesterol and
triglyceride levels are associated with a lower risk of
PD (Fang et al., 2019). In a study of healthy controls
and PD patients with mild to moderate neurological
impairment, a correlation between apolipoprotein D
(apoD) and PD stage was reported (Waldner et al.,
2018). The link between AD and the APOE-¢4 allele
has led to studies investigating the links between PD
and apoE polymorphisms (Huang et al., 2004). It has
been reported that apoE is not a PD susceptibility

gene, but although PD is clinically defined by motor
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symptoms, many patients develop dementia within
years after diagnosis (Aarsland et al., 2003; Hely et
al. 2008; Hughes et al., 2000; Tsuang et al., 2013).
As a result of a study, it was reported that the APOE-
€4 allele is an important determinant for cognitive
function in PD (Mata et al., 2014). However, it has
been reported that apoE genotype is not correlated
with brain amyloid burden in autopsy patients with
PD (Gomperts et al., 2013). In a recent study, APOE-
€4 allele was identified as an important risk factor in
the development of PD dementia (Real et al., 2023).
PD is a progressive neurodegenerative disorder
characterised by the loss of dopamine-secreting
dopaminergic neurons and the accumulation of a-
synuclein (a-syn) (Lenzi et al.,, 2020). Clusterin
(CLU) is a molecular chaperone and has been
described to prevent AP accumulation in AD, but its
role in the pathogenesis of PD is not yet known
(Lenzi et al., 2020; Zlokovic et al., 1996). The study
of CLU showed that CLU co-localised with a-syn in
biopsies from patients with a-synucleinopathies and
was an o-Syn-related protein (Sasaki et al., 2002).
Studies have shown that CLU expression is
upregulated

Parkinson's patients (Maarouf et al., 2012; Pfikrylova

in CSF and serum samples from

Vranova et al., 2010; Zhang et al., 2012). In a recent

study, it has been reported that CLU gene
polymorphism is associated with PD and high levels
of CLU are expressed in the plasma of PD patients

(Lin et al., 2021).

Cholesterol biomarkers have been reported to be
important for monitoring brain damage and disease
progression in MS (Browne et al., 2014; Murali et al.,
2020; Weinstock-Guttman et al., 2011).

prospective longitudinal study of healthy controls,

In a

patients with progressive MS and patients with
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relapsing-remitting MS, increases in apoA-l1 and
HDL-cholesterol were reported to be protective in
MS (Murali et al., 2020). ApoD, which is involved in
the removal of lipids in neurodegeneration, has been
reported to be found at high levels in MS patients
(Reindl et al., 2001). However, in a different study, a
clear decrease in apoD expression was found in
human multiple sclerosis plaques (Navarro et al.,
2018). In a prospective longitudinal study of patients
with relapsing-remitting MS and patients with
progressive multiple sclerosis, it was reported that
apoA-l and apoE may be associated with grey matter
damage in multiple sclerosis (McComb et al., 2020).
It has been reported that chromogranin A (CgA) and
CLU expression is increased in reactive astrocytes in
MS white matter lesions, which indicates that CgA
and CLU, as neuroinflammatory mediators, may be
CSF markers in MS patients (van Luijn et al., 2016).

HD has been reported to be associated with changes

in lipid composition and impaired lipoprotein
metabolism (Chang et al., 2023). In the study in
which control and Huntington's patient groups were
included, it was reported that prothrombin,
apolipoprotein A-1V (apoA-1V), haptoglobin levels
were higher in the CSF of Huntington's patient group
compared to the control group (Huang et al., 2011). It
has been reported that weight loss occurs in both the
early and advanced stages of HD and that high levels
of apoA-1V in the CNS inhibit food intake and
stabilise body weight in the long term (Huang et al.,
2011). In a study, it was reported that plasma levels
of total cholesterol, apoB, apoB-particle number and
LDL components were lower in people with
presymptomatic HD and symptomatic HD (Chang et

al., 2023).
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In a study on ALS, it was reported that changes in
neurofilaments and apoE were observed in bulbar-
onset fast progressing ALS compared to limb-onset
fast progressing ALS (Leoni et al., 2019). In another
study, high HDL and apoA-l levels were associated
with a decreased risk of ALS, whereas high total
cholesterol:HDL ratio, LDL and apoB levels were
associated with an increased risk of ALS (Thompson
et al., 2022).

In a study, it was reported that APOE-e4 was
associated with an increased risk of frontotemporal
lobar degeneration (FTLD) in all genetic models,
whereas there was no significant association between
APQOE-g2 allele and FTLD in most genetic models
and subgroup analyses (Su et al., 2017). At the end of
a study, it was reported that apoA-1 and apoA-ll
levels decreased, apoB levels did not change, but
(apoC-I)

behavioral variant frontotemporal dementia (bvFTD)

apolipoprotein  C-I level decreased in
patients compared to controls. In addition, it was
reported that apoB:apoA-I ratio and standard lipid
ratios were significantly increased in bvFTD patients
compared with AD patients and controls (Kim et al.,

2018.

3. Conclusion

Mothers The functions of apolipoproteins involved in

lipid metabolism have been associated with

neurodegenerative diseases. However, there are

inconsistent  findings in studies and different

apolipoprotein polymorphisms have been evaluated
as risk factors or protective agents in different

neurodegenerative  diseases. This  points to

specificities in the mechanisms that cause

neurodegenerative diseases. Therefore, further and
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comprehensive studies on apolipoproteins are

required both to elucidate the mechanisms of the
development of neurodegenerative diseases that
seriously worsen the quality of life of people and to
slow down and reduce the neurodegeneration
process. Studies in this direction will contribute to
the development of new clinical and pharmacological

treatments.
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