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Serum Level of Apolipoprotein E and its gene
polymorphism in Iraq Alzheimer Patients
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Introduction: Apolipoprotein E (ApoE) is a circulating lipoprotein which governs lipid metabolism in the body. It is considered
a serious genetic determinant of Alzheimer’s disease (AD). Objective: The main goal of this study was to study any association
between ApoE polymorphism with cholesterol and other lipids in Alzheimer patients in Bagdad, Iraq. Methods: In this case-
control study, 75 male patients with average age of 65 years from Baghdad medical city in Iraq and 50 healthy males as controls
were recruited. Serum lipid level was tested enzymatically and DNA from all study participants was extracted to detect ApoE
polymorphism using PCR. Results: The cholesterol level was found significantly increased. Similar results were observed with
the levels of triglycerides in patients i.e. 418.43+11.95mg/dl. Furthermore, data revealed non-significant difference in the genotypic
and allelic frequencies of the ApoE gene/ rs13333144 SNP in patients and controls. Also, both patients and controls showed a
strong correlation between ApoE genotype and cholesterol levels. In addition, there was a lower level of apolipoprotein in the
patient group as compared to the control group. Thus, the ApoE gene might play an important role in the development of AD in
Iraqi patients, hence, studies investigating lipid levels and the risk of Alzheimer’s disease should take ApoE status into account.
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and inflammatory processes are the most common
INTRODUCTION pathological features of this disease.l”? From 2000 to 2008,
fatalities due to AD increased by 66% which made it the
sixth leading cause of death in the United States. According
to estimates, 13% of adults over 65 years of age and 45%
of those over 85 years are expected to suffer from this
disorder. To detect, prevent and control this disease among
vulnerable population, its pathogenesis and etiology must
be understood.'! The human Apolipoprotein E (ApoE)
gene which is found on chromosome 19, has been found
to be associated with the onset of AD in various studies
conducted over the previous half-century.® Since AD
occurs episodically, scientists are investigating molecular
warning elements which could be its contributing factors.
However, further research is required to fully understand
the possible link between ApoE and AD progress.
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Apolipoprotein E, a 299-amino-acid lipoprotein, encodes
the APOE gene (ApoE). The molecular mass of this
lipoprotein is 34 kDa.l! As a major cholesterol transporter
in the brain, it participates in lipid transport and its
metabolism and modulates brain damage recovery. Also, it
migrates across tissues and cells through ApoE receptors
and proteins involved in lipid transport and lipolysis.
231 Tt is known that the ApoE gene has three frequent
polymorphisms i.e. €2, e3 and e4, with three homozygous
(e2/e2, e3/e3, ed/ed) and three heterozygous genotypes
(e3/e2, ed/e2, e4/e3). Each of these genotypes result in a
unique amino acid alteration in the ApoE protein. Amongst
these, the most common allele is €3, followed by e4 and
€2 with rates varying between different populations.™
Alzheimer’s disease (AD) is a fatal neurodegenerative
illness that affects around 26 million people worldwide
and causes memory loss, cognitive decline and dementia
over time.>% Extracellular and intracellular accumulation
of amyloid 8 (AB), neural or synapse loss, brain atrophy
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The current study sought to identify and compare the
serum levels of ApoE gene and lipids between AD
patients and healthy controls. Furthermore, the study
also investigated the possible effect of polymorphisms
in the ApoE gene on Alzheimer’s progression.

Materials and Methods
Subjects

In total, 125 subjects were included in this study comprising
of 75 patients and 50 healthy controls. The patients were
recruited from several hospitals in Baghdad Medical City,
Irag. All the patients were male with an average age of 65
years. Moreover, the healthy individuals included in the study
had no history of systemic disorders. Because all the patients
were male, therefore, the control samples involved in the study
were also male to avoid any ambiguity in the study process. All
the samples were taken between the years of 2021 and 2022.

Lipid analysis

Blood samples were collected from the study participants
while fasting to determine cholesterol and triglycerides
levels using an automated analyzer and an enzyme-based
colorimetric ELISA.

Blood sampling and ApoE genotyping

Blood samples from the study subjects were drawn from their
veins and transferred to the EDTA-containing tubes for DNA
extraction and purification according to the manufacturer’s
instructions (Quick-gDNATM MiniPrep Zymo). For molecular
analysis, the DNA was eluted and kept at -20°C. Genomic DNA
was produced with primers specific to the ApoE gene (Forward
primer: 5’-CTGACGTACTAAGCGTTCAGTC-3’ and Reverse
primer: 5 TAGCTAGCACGTCAGTCAAGCT-3’). Multi
Gene Opti Max gradient thermal cycler (Labnet/USA) was
used for this purpose.

The single nucleotide polymorphisms (SNP) in ApoE gene
were identified by SNP genotyping using a Real-Time PCR
System (Real-time thermal cycler Sa Cycler-96, Sacace
Bio technologies, Italy). The reaction mixture for real-
time PCR was prepared according to the manufacturer’s
instructions. This included 10ul of TagMan® master
mix (2x), 0.5ul of SNP genotyping assay working stock
(20x), 10.4ul each of forward and reverse primer, 100ng
of template DNA and nuclease free water to bring the
final volume up to 10ul. The cycling parameters of custom
SNP genotyping assay were adapted according to the
information provided by the manufacturer.

Statistical Analysis

The Statistical Analysis System- SASP! application was
utilized to analyze different research parameters. The
analysis of variance test (ANOVA) and the T-test were
used to compare mean values while the Chi-square test
was used to compare percentages. The p-value less than
0.05 was considered statistically significant.

Results
Basic demographic characteristics of the study

subjects

An overview of the demographic characteristics of the study
subjects is provided in Table 1. In the current study, the
distribution between the patient and control group showed a
significant prevalence based on age and levels of cholesterol
and triglycerides. As it is evident from results, there was
a significant increase in cholesterol levels in patients i.e.
429.73+10.39 as compared to that in the control group i.e.
154.48+4.13 (P=0.001). Likewise, level of triglycerides in
patient group was found to be 418.43+11.95 while it was
144.2843.74 in the healthy group (P<0.001).

Table 1: Results of factors studied in patients and controls

Factors Patients Controls P-value
Numbers (Mean=SE) 75 (60.0%) 50 (40.0%) 1.5 x 10712 #*
Age (years) 29.95+0.89 54.72+0.90 4.07 x 10738 **
Cholesterol level 429.73+10.39 154.48+4.13 2.9 x 10742 **
Triglycerides level 418.43£11.95 144.28+3.74 6.23 x 10737 **

## (P<0.001).

ApoE genotype and allele frequencies
The genotypic distribution of the SNPs in both patients
and controls is summarized in Table 2. The genotypic and

allelic frequencies of the ApoE gene/ rs13333144 SNP in
patients and controls were found to be non-significant.

Table 2: Genotype and Allele frequency of ApoE gene/ rs13333144 SNP in Patients and Control groups

Genotype (rs13333144) Patients No. (%) Control No. (%) P-value Chi-Square (x?)
TT 5(6.67) 4(8.0) 0.778 0.080
TC 26 (34.67) 18 (36.0) 0.878 0.023
cc 44 (58.67) 28 (56.0) 0.768 0.087
Allele (rs13333144) Frequency
T 0.24 0.720 0.129
C 0.76 0.720 0.129

NS: non-significant
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As shown in Table 3, a strong correlation was found
between ApoE genotypes and cholesterol levels in
patients and the control group. In other words, the level
of cholesterol in all ApoE genotypes in the patient’s group
was found to be significantly high as opposed to the control
group. In the TT genotype, the mean cholesterol level
in patient’s group came out to be 402.25+34.4 which is
significantly higher as compared to the cholesterol level
of control group i.e. 165.25+ 14.7 (P<0.001). Similar
significant results were observed for the genotypes TC
and CC also (P<0.001). Likewise, the level of triglycerides
in all ApoE genotypes was significantly higher in the
patient’s group as compared to the control group. Table 3
shows that in the TT genotype, the level of triglycerides in

the patient’s group is 436.75+29.39 which is significantly
higher in comparison to the control group’s triglycerides
level i.e. 142.75+15.77 (P<0.001). Similarly, for TC and CC
genotypes, the mean level of triglycerides in patients was
found to be 406.15+19.31 and 428.03£16.25 respectively
(P<0.001). Interestingly, the Apolipoprotein levels were
found significantly reduced in all genotypes in patients
as compared to controls (P<0.001). As it is evident from
Table 3, the mean level of Apolipoprotein in patients with
genotype TT is 14.75+4.27 while its level in controls with
same genotype is higher i.e. 69.75+16.92. Same pattern
was observed in patients and controls with TC and CC
genotypes.

Table 3: Relationship between Genotype of ApoE gene and Cholesterol, Triglycerides and Apolioprotein levels

of patients and controls.

Genotype (SNP: rs13333144)

1T TC CC Least Significant Difference (LSD value)
Patients 402.25+34.44  433.73£17.91 431.57+13.93 380.18
Cholesterol Controls 165.25+14.70 157.7247.14 150.86+5.46 33.0
Probability 0.0002 ** 6.06 x 103 ** 6,05 x 10713 **
Patients 436.75+29.39 406.15+19.31 428.03£16.25 107.35
Triglycerides Controls 142.75€15.77 138.50+5.40 148.21+5.31 29.78
Probability 0.00002 ** 6.05x 103 %% 6.06x 10713 **
Patients 14.75+4.27 14.50+6.11 15.50+6.05 9.01
Apolioprotein Controls 69.75£16.92 55.0+£7.78 54.75+7.45 9.23
Probability 6.06x 1013 **  6,05x 1013 **  6.06 x 1013 **

*#* (P<0.001)

In addition, Table 4 provides information about the
Apolipoprotein levels in patients and controls and
their correlation. The Apolipoprotein level was found

remarkably high in the control group than in the patient
group with mean level of 56.04+9.26 in former group
and 15.25+6.04 in latter group (P<0.001).

Table 4: Apolioprotein level in patients and control groups

Patients

Control P-value

Apolioprotein level (Mean+SE) 15.25+6.04

56.04+9.26 3.78 x 1058 **

** (P<0.001)

Discussion

The ApoE gene, which regulates and controls cholesterol
and triglycerides metabolism, has been immunochemically
linked to Alzheimer’s disease senile plaques, vascular
amyloid and neurofibrillary tangles.'*!" Besides controlling
blood cholesterol levels, ApoE protein plays a key role in
AB deposition, aggregation and clearance.'” Additionally,
the ApoE e4 allele has been found to be associated with
late-onset familial AD.['¥] In comparison to ApoAl and B
tests, analyses on serum ApoE concentrations are hardly
performed in analytical laboratories. Although genetic
variation at the ApoE locus is a substantial driver of serum
ApoE concentration, a significant amount of variability
remains unexplained, implying that additional genetic
and environmental factors are key determinants of serum
ApoE concentration. In this study, the effects of ApoE and
age on lipid concentrations and the effects of ApoE gene
polymorphism on AD development ApoE concentration

were examined to provide useful information for clinical
trials. Based on the different genotypes of the ApoE
gene, remarkable difference was found in cholesterol
levels between AD patients and normal controls. The
cholesterol level in AD patients was approximately 2.5
times higher than in normal people across all genotypes
studied (TT, TC, CC). Similar results were obtained
with triglycerides levels where they were approximately
three times higher in AD patients than in normal people.
Previously, Schiele et al. conducted a study to demonstrate
similarity between the ApoE and triglycerides levels in
patients and controls but found no significant difference in
ApoE concentration. However, the triglycerides levels were
found significantly higher in patients.'¥ On the contrary,
some studies found no association between triglycerides
levels and Alzheimer’s disease.l'>!®! The precise mechanism
by which ApoE genotypes and lipids contribute to the
progression of Alzheimer’s disease is unknown. Each
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ApoE genotype has been shown to have a distinct affinity
for lipoproteins and also, it has been reported that ApoE
variants affect cholesterol metabolic pathways centrally
and peripherally.'”! A study reported high cholesterol
in late life to be associated with a decreased risk of
dementia.'®! Similar to the results of current research, a
study observed low total serum cholesterol among AD
patients with e2 carriers than those with e4 carriers.!'"”)
Moreover, it appears that ApoE’s affinity for ApoA is
influenced not only by variation type, but also by whether
it is related to lipids or not.%

According to a meta-analysis study, the prevalence of
ApoE genotype differs among Alzheimer’s patients, and
it plays a crucial role in the disease’s occurrence.”" The
ApoE polymorphism can cause a variety of expected and
unexpected health problems, so it should be taken into
account continuously. Furthermore, research investigations
are likely to be more or less biased and artifactual than
observational surveys.

Conclusion

The current study reveals that the ApoE gene may play
a crucial role in the development of AD in Iraqi patients.
In demographic studies, ApoE status must be taken into
consideration when examining the association between
lipid levels and the risk of AD. Even though the ApoE
polymorphism is a well-studied genetic risk factor for
this disease, the majority of people in some areas do
not have this genotype. To establish other genetic and
environmental risk markers, more research involving
larger specimens will be required in the future.
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