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Highlights:

The study of the biological significance of the Apo
E polymorphism in patients with diabetes is
important for pathogenesis of hyperlipidemia and
atherosclerosis.

Abstract: Studies conducted so far show
controversial results, which suggests that both low
and high levels of Apo E and its genotypes,
respectively E2, E3 and E4 alleles influence the
progression of renal nephropathy in diabetic
patients but also with interest of the cardiovascular
and nervous system.
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l. INTRODUCTION:

Apolipoprotein E (Apo E) is a
glycoprotein, 34Kda, produced mainly in the liver,
but which can also be produced locally in the brain,
kidneys, spleen and macrophages. It is a component
of all classes of lipoproteins except LDL. Apo E
acts as a ligand for chylomicron receptors and
VLDL remaining in the liver, and is involved in the
transport of cholesterol as a component of HDL (1,
2,3).

The protective role of Apo E in the
development of atherosclerosis has been
demonstrated for the first time in animals. Other
research studies have shown that Apo E is an anti-
atherogenic protein in human studies. It has also
been shown that cholesterol-laden macrophages
show a higher expression of the Apo E gene. Apo E
deficiency in these cells leads to increased
cholesterol  efflux and the formation of
atheromatous plaque (7, 8).

There are 3 common isoforms of Apo E
(Apo E2, Apo E3, Apo E4) encoded by three alleles
(e 2, € 3, € 4) on chromosome 19g13.2. Due to the

differences in the structure of Apo E isoforms, they
have different binding capacity, as well as
lipoprotein binding preferences, which leads to a
varied influence on lipoprotein metabolism. The
Apo E3 and Apo E4 isoforms bind to the LDL
receptor with a similar affinity, while Apo E2’s
interaction with the receptor is only at 2% of
normal activity. The Apo E2 and Apo E3 isoforms
bind preferentially to HDL, while Apo E4 binds to
large triglyceride particles (VLDL). Apo E3 is the
most common isoform (approximately 77% of the
Caucasian population), and does not affect
lipoprotein metabolism. Apo E4 occurs in 15% of
the population, and can lead to an increased
concentration of LDL cholesterol. Apo E2 is the
rarest isoform (8%), and could be correlated with
hypertriglyceridemia. Disorders at this level can
contribute to the acceleration of atherosclerosis.
The genetic polymorphism of Apo E also
influences the concentration of Apo E in serum; the
highest levels were found in ¢ 2 allele carriers, and
the lowest in ¢ 4 allele carriers (9, 10, 11).

Numerous studies have shown that
patients with cardiovascular disease have elevated
concentrations of Apo E, but the researchers
pointed out that the distribution of Apo E in
lipoproteins plays a major role in the overall
plasma concentration of Apo E, and is not an ideal
parameter to assess cardiovascular risk. The genetic
polymorphism of Apo E can influence the
metabolism of lipids and lipoproteins (12, 13,
14,15).

Wang Y. et al. have shown that carriers of
the E4 allele who underwent haemodialysis have
elevated levels of cholesterol, triglycerides and
LDL cholesterol. Chronic kidney disease is one of
the most common diseases worldwide, due to its
increasing frequency, complications and mortality
due to accelerated atherosclerosis. The leading
cause of death in this population is cardiovascular
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disease correlated with dyslipidaemia, which is
observed in the early stages of renal failure
associated with a decrease in glomerular filtration
rate. Hypertriglyceridemia and disorders in
lipoprotein metabolism have been well defined in
cardiovascular disease (4, 5, 6).

Some studies have indicated cholesterol as
a key component of atheromatous plaque in the
arteries, hence the hypothesis of the pathogenesis
of atherosclerosis. Studies in the population have
shown that elevated levels of LDL cholesterol and
apolipoprotein B (Apo B 100), the main protein
structure of LDL, are directly associated with the
risk of atherosclerosis and cardiovascular events.
Acrterial lesions cause endothelial dysfunctions that
modify Apo B containing lipoproteins, and the
infiltration of monocytes into the subendothelial
space. Macrophage inflammation results in
oxidative stress and cytokine/chemokine secretion,
causing LDL oxidation, endothelial cell activation
and atheromatous plaque formation. HDL, Apo A-I
and endogenous Apo E prevent inflammation and
oxidative stress, but also stimulate cholesterol
outflow to reduce the formation of lesions. The
coexistence of diabetes mellitus and other factors,
particularly dyslipidaemia, further increases the
risk of cardiovascular death. A characteristic
pattern, called diabetic dyslipidaemia, consists of
elevated triglyceride levels, low HDL levels and
postprandial lipemia, and is common in patients
with type 2 diabetes mellitus or metabolic
syndrome (16, 17, 18,19,25).

Depression is a serious mental disorder
that affects human health, characterised by
emotional dysfunction. The World Health
Organization speculates that by 2020, depression
will become the main reason why individuals will
not be able to work. The incidence rate of
depression has increased in recent years. The
current prevalence of depression is 3-5%, which is
the second largest economic burden of the disease.
The relationship between the genetic model and
susceptibility to depression has been investigated
based on family studies. A meta-analysis of seven
studies showed that the impact of hereditary
depression accounted for 37% of cases, while
environmental factors accounted for 63%. New
discoveries in molecular biology and biotechnology
have created new opportunities in detecting alleles
susceptible to increased risk of depression.
Apolipoprotein E with the 3 alleles included, ¢ 2, ¢
3 and ¢ 4, may be genes susceptible to depression.
Some researchers, Wand W. et al., have reported
that the genetic polymorphism of Apo E is a risk

factor for triggering depression. The frequency of
alleles €2, €3 and €4 was 5.3%, 88.4% and 6.3%,
respectively, in humans, and the frequency of &4
was the lowest in all ethnic groups. After
completing the meta-analysis study, the
abovementioned researchers concluded that the
Apo E &4 allele may be associated with depression
and may determine the severity of depression (20,
21, 22).

Apo €4 is associated with familial
Alzheimer’s disease with late onset. There is an
increased affinity and specific binding between the
beta-amyloid peptide and ApoE. One study
suggests that non-lipidic bonds, such as cellular
mechanisms for remodelling in kidneys, may be
involved in the association of ApoE alleles and the
progression of chronic kidney disease. ApoOE
genotypes shape lipoprotein metabolism
differently, are expressed in the kidneys, and differ
in frequency depending on race. Also, ApoE
isoforms may have specific effects on the smooth
muscles of the vessels as well as in the proliferation
of mesangial cells, which may affect the
progression of chronic kidney disease. ApoE
predicts the progression of the chronic kidney
disease, independent of diabetes, race, plasma lipid
values and non-lipid risk factors (20, 21).

The association of Apo E phenotypes with
other forms of hyperlipidaemia is described in a
New Zealand study. The increased frequency of the
€2 allele was associated with hypertriglyceridemia
but also an increased prevalence for the other
alleles, namely €3 and e4. This frequency was
observed both in patients with
hypertriglyceridemia, mixed hyperlipemia
(elevated cholesterol and triglycerides), and in
those with hyperlipidaemia associated with diabetes
mellitus. Several studies have reported a link
between Apo E polymorphism and the occurrence
of cerebral haemorrhage, but the findings remain
controversial. Numerous meta-analyses have
concluded that there is a close link between
ethnicity and Apo E polymorphism. The €3 and &4
alleles were compared, and a significant increase in
the €4 genotype was found in patients with cerebral
haemorrhage. These indicate that the &4 allele is a
risk factor for cerebral haemorrhage, for the white
population, but not for the black population. Apo E
has been reported to be associated with countless
diseases of the nervous system. In addition to
cerebrovascular disease, €4 dosage is a risk factor
for the early onset of Alzheimer’s disease, and in
these families, €4 is sufficient to cause this disease
until the age of 80; it has also been reported that &2

DOI: 10.35629/7781-0705171174

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 172



Volume 7, Issue 5 Sep-Oct 2022, pp: 171-174 www.ijprajournal.com

UPRA Journal

Q’l International Journal of Pharmaceutical Research and Applications

alleles have a protective effect in sporadic
Alzheimer’s disease. Apo E has an impact on
human cognitive function, ¢4 having a significantly
increased frequency in ischemic stroke patients,
and is an independent risk factor for ischemic
stroke and cardiovascular disease (22, 23, 24).

1. MATERIALS AND METHODS:
We searched the Pubmed databased from
March 1% 2015 using the key words “apolipoprotein
E polymorphism”, ‘“atherosclerosis”, “diabetes”,
“lipoprotein metabolism” and “alleles”. Only
articles written in English were evaluated.

1. RESULTS:

Apolipoprotein E has a role beyond
lipoprotein metabolism. Correlation of Apo E4
allele is present in cardiovascular, neurological and
infectious diseases compared to Apo E2 and Apo
E3. Studies of the structure of Apo E2 show that it
has a major deficiency in LDL binding receptors,
due to the structure that alters these receptors
known to be a part of the mechanism in grade IlI
hyperlipoproteinemia.

Apo E4 is the major genetic factor for
Alzheimer’s disease and determines the stage of the
neuropathological disorder due to genetic and
metabolic environmental stressors. Apo E it also
influences susceptibility to parasitic, bacterial and
viral infections. In HIV positive patients, Apo E4
homozygosity shows progression to AIDS and
increasing susceptibility to opportunistic infections.

V. CONCLUSIONS:

Apolipoprotein E is known for its ability
to suppress atherosclerosis. Besides its activity to
remove the remaining lipoproteins from plasma,
Apo E is also known for its direct influence on the
numerous cells of the vascular walls, immune
system and bone marrow. Apolipoprotein (Apo) E
plasma, is a key factor of lipid metabolism. Most of
the circulating ApoE is of hepatic origin, but can
also be synthesized in the spleen, kidneys, lungs,
muscle and central nervous system . The clear,
detailed definition of ApoE function in the 3 target
locations, the hypothalamus, adipose tissue and
plasma, can lead to an effective screening method
based on the determination of the plasma lipid
profile, ApoE becoming a readily detectable marker
of metabolic disorder.

REFERENCES
[1]. Wang WW, Liu XL, Ruan Y, Wang L,
Bao TH. Depression was associated with

(2]

[3].

[4].

[5].

[6].

[71.

[8].

Bl

apolipoprotein E &4 allele polymorphism:
A meta-analysis. Iran J Basic Med Sci
2019; 22:112-117. doi:
10.22038/ijbms.2018.30825.7436

Ferreira CN, Carvalho MG, Fernandes
APSM, Lima LM, Loures-Valle AA,
Dantas J, et al. Comparative study of
apolipoprotein-E ~ polymorphism  and
plasma lipid levels in dyslipidemic and
asymptomatic  subjects, and their
implication in cardio/cerebro-vascular
disorders. Neurochem Int England;
2010;56(1):175-183.

Barbagallo CM, Rizzo M, Noto D,
Frasheri A, Pernice V, Rubino A, et al.
Accumulation of apoE-enriched
triglyceride-rich lipoproteins in patients
with coronary artery disease. Metabolism
United States; 2006;55(5):660-670.

Wang Y, Wang N, Lu Y, Yu Q, Zhou L,
Xu Q. Detection of apolipoprotein E gene
polymorphism and blood lipid level in
hemodialysis patients. J Clin Med Res
Canada; 2017;9(8):690-710.

Dong C-Q, Luo Y-G, Dong K, Chen C,
Liu Q, Yang T-Q. Relationship between
apolipoprotein E gene polymorphism with
triglyceride level in patients with renal
diseases. Ren Fail England;
2013;35(10):1440-1455.

McEneny J, Loughrey CM, McNamee PT,
Trimble ER, Young IS. Susceptibility of
VLDL to oxidation in patients on regular
haemodialysis. Atherosclerosis. Ireland;
1997;129(2):210-225.

Wroblewska M, Kortas-Stempak B,
Szutowicz A, Badzio T. Phospholipids
mediated conversion of HDLs generates
specific  apoA-Il  pre-beta  mobility
particles. J Lipid Res United States;
2009;50(4):660-677.

Kukita H, Hamada M, Hiwada K, Kokubu
T. Clinical significance of measurements
of serum apolipoprotein A-1, A-1l and B in
hypertriglyceridemic male patients with
and without coronary artery disease.
Atherosclerosis Ireland; 1985;55(2):141—
150.

Marz W, Feussner G, Siekmeier R,
Donnerhak B, Schaaf L, Ruzicka V, et al.
Apolipoprotein E to B ratio: a marker for
type 11 hyperlipoproteinaemia. Eur J Clin
Chem Clin Biochem Germany;
1993;31(11):740-750.

DOI: 10.35629/7781-0705171174

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 173



\

Yo
-

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 7, Issue 5 Sep-Oct 2022, pp: 171-174 www.ijprajournal.com

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

Dodder NG, Tai SS-C, Sniegoski LT,
Zhang NF, Welch MJ. Certification of
creatinine in a human serum reference
material by GC-MS and LC-MS. Clin
Chem United States; 2007;53(9):1690-
1698.

Chen C-H. Development of a melting
curve-based allele-specific PCR  of
apolipoprotein E (APOE) genotyping
method for genomic DNA, Guthrie blood
spot, and whole blood. PLoS One United
States; 2016;11(4):e0153593.

Attman PO, Alaupovic P, Tavella M,
Knight-Gibson C. Abnormal lipid and
apolipoprotein  composition of major
lipoprotein density classes in patients with
chronic renal failure. Nephrol Dial
Transplant England; 1996;11(1):60-70.
Han S, Xu Y, Gao M, Wang Y, Wang J,
Liu Y, et al. Serum apolipoprotein E
concentration and polymorphism influence
serum lipid levels in Chinese Shandong
Han population. Medicine (Baltimore).
United States; 2016;95(50): €5639.

Cho D-S, Woo S, Kim S, Byrne CD, Kong
J-H, Sung K-C. Estimation of plasma
apolipoprotein B concentration using
routinely measured lipid biochemical tests
in apparently healthy Asian adults.
Cardiovasc Diabetol. England;
2012;11:55.

Phillips MC. Apolipoprotein E isoforms
and lipoprotein metabolism. IUBMB Life
England; 2014;66(9):610-625.

Rensen PC, van Berkel TJ. Apolipoprotein
E effectively inhibits lipoprotein lipase-
mediated lipolysis of chylomicron-like
triglyceride-rich lipid emulsions in vitro
and in vivo. J Biol Chem United States;
1996 Jun;271(25):14790- 14798.

Wilson HM, Patel JC, Russell D, Skinner
ER. Alterations in the concentration of an
apolipoprotein E-containing subfraction of
plasma  high densitylipoprotein  in
coronary heart disease. Clin Chim Acta
Netherlands; 1993 Nov;220(2):174-188
Krimbou L, Denis M, Haidar B, Carrier
M, Marcil M, Genest JJ. Molecular
interactions between apoE and ABCAL:
impact on apoE lipidation. J Lipid Res.
United States; 2004;45(5):830—-850.
Mendivil CO, Rimm EB, Furtado J, Sacks
FM. Apolipoprotein E in VLDL and LDL
with apolipoprotein C-Ill is associated
with a lower risk of coronary heart

[20].

[21].

[22].

[23].

[24].

[25].

[26].

disease. J Am Heart Assoc England;
2013;2(3):e000130.

Liberopoulos E, Siamopoulos K, Elisaf M.
Apolipoprotein E and renal disease. Am J
Kidney Dis United States;
2004;43(2):220-235.

Xue C, Nie W, Tang D, Yi L, Mei C.
Apolipoprotein E gene variants on the risk
of end stage renal disease. PLoS One.
United States; 2013;8(12):e83367.

Wang Y, Wang N, Lu Y, Yu Q, Zhou L,
Xu Q. Detection of apolipoprotein E gene
polymorphism and blood lipid level in
hemodialysis patients. J Clin Med Res
Canada; 2017;9(8):690-711.

Cho D-S, Woo S, Kim S, Byrne CD, Kong
J-H, Sung K-C. Estimation of plasma
apolipoprotein B concentration using
routinely measured lipid biochemical tests
in apparently healthy Asian adults.
Cardiovasc Diabetol. England;
2012;11:55.

Phillips MC. Apolipoprotein E isoforms
and lipoprotein metabolism. IUBMB Life
England; 2014;66(9):615-624.
Liberopoulos E, Siamopoulos K, Elisaf M.
Apolipoprotein E and renal disease. Am J

Kidney Dis United States;
2004;43(2):222-235.
Jaiswal M, et al, Lipids and lipid

management in diabetes, Best Practice
Research  Clinical Endocrinology &
Metabolism, 2013

DOI: 10.35629/7781-0705171174

| Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 174



