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Abstract
Abnormal levels of plasma lipid have been linked to atherosclerosis, strokes
and heart conditions. Variations in high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) cholesterol levels are considered as risk factors
for coronary artery disease (CAD). Furthermore, triglycerides are a leading
cause of cardiovascular disease. Therefore, measurement of plasma lipid levels is an important mortality predictor. Several factors were associated with
irregularity in plasma lipids such as genetic alterations. Recent researches
have linked single nucleotides polymorphism (SNP) in ApoA5 gene with
these deviations. In this study, we reported the effects of the genetic variant
c.553G>T in ApoA5 on the levels of plasma lipids. To explore these effects, a
case-control study including 280 male and female subjects (44 of them were
assigned as CAD cases while the remaining subjects were categorized as control) was established. All patients in the study were recruited from the western region in KSA. The results have detected minor variations in LDL, HDL
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and cholesterol levels between CAD patients carrying T allele and CAD patients carrying the WT allele. However, there were no significant effects due
to these variations. TG levels in the wild type carriers reached up to 291
mg/dl while T allele carriers, the cases, presented lower levels of TG (170
mg/dl and 71 mg/dl). Although, T allele showed no effects on plasma lipids
with the exception of TG levels. We suggest by this study that T allele in this
SNP might be considered as a valuable tool in the diagnosis of CAD.
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1. Background
Although blood lipids play significant roles in the body, they have been associated with various diseases and infections. Lipids levels in the blood could indicate the presence of certain viruses. For instance, human immunodeficiency virus (HIV) causes high density lipoprotein Cholesterol (HDL-C) and total cholesterol (total-C) levels to decrease. A study in India showed a correlation between low levels of HDL-C and giardia and entamoebic parasites [1]. In addition, imbalanced levels of plasma lipids such as triglycerides and cholesterol and
lipoproteins including low density lipoprotein (LDL) and high density lipoprotein (HDL) have wildly been associated with numerous diseases. Elevation in
cholesterol levels in bloodstream may form plaques in blood vessels which could
lead to the development of coronary heart disease or stroke eventually [2]. In the
human body, cholesterol is made in the liver and can be good cholesterol or bad
cholesterol. A study that was done on applicants of life insurance in the United
States showed that the reduction of the good cholesterol or HDL is one of the
risk factors that could cause coronary heart disease (CHD). On the other hand,
elevation of LDL or the bad cholesterol causes similar outcomes. Therefore, the
measurement of LDL and HDL levels is considered as a predicative sign of mortality [3]. Not only do these cholesterol molecules could cause cardiac problems,
but also triglycerides which were considered lately as a determinant factor for
cardiovascular disease (CVD). A study has shown that rising of triglycerides levels to 2 - 10 mmol/L increases the possibility of having CVD while elevation of
triglycerides levels to more than 10 mmol/L increases the chances of developing
both of CVD and acute pancreatitis [4]. Coronary artery disease plays a major
role in increasing the mortality rate, and it has undeniable effects on the patients’
life-style.
Variations in plasma lipids and lipoproteins levels have been correlated with
various factors including genetic modifications. Currently, several studies have
shown links between a number of ApoA5 polymorphisms, a gene that is located
on chromosome 11q23, and changes in plasma lipid parameters’ levels [5]. These
single nucleotide polymorphisms (SNPs) include but are not limited to −1131T>C
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for APOA5*2 and c.56C>G (S19W) for APOA5*3 which were proven to alter
triglycerides levels [6]. Recent studies have led to the discovery of another variant, c.553G>T, through the sequencing of ApoA5 coding region [7]. This variant was found to increase plasma TG levels which may lead to metabolic syndrome (MS) [8]. In this study we have investigated the influence of c.553G>T
variant on lipid parameters in normal and CAD patients.

2. Methods
Peripheral blood samples were withdrawn from CAD patients and control
groups, DNA were extracted from the samples by using GeneJET Whole Blood
Genomic DNA Purification kit (Thermo Scientific Co. Ltd.). All samples were
stored at −20˚C. Digestion with restriction enzymes and polymerase chain reaction (PCR) were used to determine c.553G>T (rs2075291) genotype of Apoa5
gene. Amplification by PCR was done in Veriti thermal cycler (Life technologies
co.) using forward: 5'-AGA CAC CAA GGC CCA GTT GCT GGG '3, Reverse:
5'-ATG CCG CTC ACC AGG CTC TCG GCG '3 as primers. Amplification of
DNA was performed under specific conditions as follow: denaturation of DNA
at 95˚C for 5 min, amplification of DNA through 37 cycles of 95˚C for 30 s, 58˚C
for 30 s, and 72˚C for 1 min, and a final extension of DNA at 72˚C for 10 min.
The products of the primers were 138 bp of PCR fragments. Then, 20 µl PCR
products were added to 5U of Hae III enzyme (New England BioLabs Inc.) to
bring the volume to 25 µl followed by an incubation over night at 37˚C. Subsequently, the products were separated using a 3% agarose gel after digestion with

Hae III enzyme, and were visualized using UV light and ethidium bromide. The
outcomes were a 138 bp fragment for TT homozygotes, two fragments of 138
and 87 bp for GT heterozygotes and 87 bp fragment for GG homozygotes. See
Figure 1.

3. Results
3.1. Baseline Characteristics
This study included 136 males and 144 females bringing the total number to 280
subjects. Forty-two of the males and 2 of the females are patients with coronary
artery disease (CAD), the cases, while 94 males and 115 females were assigned as
controls. HAD and LDL levels were obtained from both groups of CAD patients,
GG homozygotes CAD patients and CAD patients carrying T allele, and data
analysis were performed (Table 1).

3.2. Association of T Allele Variant of Apoa5 with LDL and HDL
Levels
The results from analysis showed that there was no significant difference in the
good cholesterol or HDL levels between CAD patients carrying the wild type allele and CAD patients with T allele. HDL levels were found to be lower in CAD
patients with T allele than the other CAD patients group (The averages of HDL
DOI: 10.4236/wjcd.2019.92012
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Figure 1. Results from restriction fragment length polymorphism (RFLP) of APOA5
c.553G>T locus. The fragments from samples were stained with ethidium bromide after
their separation on a 3% agarose gel. Lanes 1 and 2 are (GT) heterozygotes and lane 3 is
(TT) homozygote; and lanes: 4, 5, 6, 7 are (GG) homozygotes. bp = base pair(s)—one bp
corresponds to approximately 3.4 Å (340 pm) of length along the strand, and to roughly
618 or 643 daltons for DNA and RNA respectively. DNA Ladder is designed for sizing
and approximate quantification of double-stranded DNA in the range of 100 bp to 2000 bp.
Table 1. Baseline characteristics and clinical properties for the participants in this study.

Age (year)
Under 20 years
21 - 30 years
31 - 40 years
41 - 50 years
51 - 60 years
61 - 70 years
More than 70 years
Gender (Female/Male)

CAD (44)

Control (209)

0 = 0.0%
2 = 0.8%
2 = 0.8%
7 = 2.8%
21 = 8.3%
11 = 4.3%
1 = 0.4%

12 = 4.7%
84 = 33.2%
55 = 21.7%
25 = 9.9%
18 = 7.1%
9 = 3.6%
6 = 2.4%

(2 = 0.8%/42 = 16.6) (115 = 45.5/94 = 37.2)

P-value

0.000

0.000

BMI (kg/m2)
Non-obese, non-overweight
overweight
obese

11 = 4.3%
18 = 7.1%
15 = 5.9%

93 = 36.8%
62 = 24.5%
54 = 21.3%

LDL
High (160 - 189 mg/dl)
Very high (>500 mg/dl)

3 = 6.8%
0 = 0.0%

1 = 0.5%
2 = 1.0%

0.001

Cholesterol
High (>240 mg/dl)

3 = 6.8%

5 = 2.4%

0.350

HDL
High (<40 mg/dl)

29 = 65.9%

128 = 61.2%

0.104

TG
High (200 - 499 mg/dl)
Very high (>500 mg/dl)

6 = 13.6%
6 = 13.6%

21 = 10.0%
6 = 2.9%

0.006

0.020

Table 1 shows the sociodemographic and clinical characteristics of the participants. High-density lipoprotein (HDL); low-density lipoprotein (LDL); and (BMI): BODY mass index; is a value derived from the
mass and height of an individual. The BMI is defined as the body mass divided by the square of the body
height.
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in both groups were 39.0 mg/dl and 40.6 mg/dl, respectively). On the other
hand, LDL levels were somewhat greater in CAD patients carrying T allele when
compared to CAD patients who are GG homozygotes (the averages were 93.3
mg/dl and 97.2 mg/dl for both groups, respectively). Although the analysis has
shown near normal HDL levels, 15 CAD patients with GG genotype had borderline high HDL levels while only one CAD patient carrying T allele has showed a
similar value (P-value > 0.00). See Figure 2.
Upon the analysis of the results, most of CAD patients in the study displayed
the WT allele. Only three patients showed the T allele including two patients
who are heterozygous for the T allele and one CAD patients who is a homozygous for the T allele. One of the T allele carriers was assigned as a control while
the remaining two patients were assigned as cases. See Table 2.

3.3. Relationship between T Allele and Cholesterol Levels
Two of the T allele patients were on Atorvastatin, a medication that lower cholesterol levels. These two patients have showed lower cholesterol levels than the
GT carrier who was not on atorvastatin (cholesterol levels in patients with GT
and TT alleles were 111 mg/dl and 134 mg/dl, respectively while the levels in the
third T allele patient was 258 mg/dl). Regarding to CAD patients carrying the
wildtype allele, their cholesterol plasma levels varied from normal to high (67
Table 2. Genotyping and allele frequencies for the participants cases.
GG n (%)

GT n (%)

TT n (%)

CAD

42 (16.6%)

1 (0.4%)

1 (0.4%)

NO CAD

208 (82.2%)

1 (0.4%)

0 (0.0%)

Table 2 patients and non separated by APOA5 genotype. The wildtype represents GG allele while GT and
TT alleles indicate the presence of c.553G>T. coronary artery disease (CAD).

HDL average

LDL average

41.5

99

41

98
97

40.5

96

40

95
wild type
carriers

39.5
39

T allele carriers

38.5

wild type
carriers

94
93

T allele carriers

92
91

38

90

37.5

89
wild type
carriers

T allele
carriers

wild type
carriers

T allele
carriers

Figure 2. Comparison of LDL and HDL plasma levels in CAD patients carrying the wild
type allele and patients with the T allele. Both groups showed similar levels of both LDL
and HDL. However, patients with the wild type allele have shown slightly better results
than the other group of patients.
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mg/dl to 282 mg/dl), and none of them were taking atorvastatin. However, the
comparison between T allele patients and normal patients indicated that CAD
patients carrying T allele had higher cholesterol levels than CAD patients who
do not have the mutation in apoA5. The average of cholesterol levels in both
groups: were 168 mg/dl for the first group and 155 mg/dl for the second). See
Figure 3.

3.4. The Relationship between T Allele Variant and Triglycerides
Levels
CAD patients carrying the T allele and are on atorvastatin had lower TG levels
than GT heterozygotes patient who was not on the same drug. The patient who
has GT allele had higher TG levels than the patient who is homozygotes to the
variant (the TG levels for the three patients were 277 mg/dl, 170 mg/dl and 71
mg/dl). On the other hand, TG levels in CAD patients who are GG homozygotes
varied from 22 mg/dl to 291 mg/dl. The results have shown a strong correlation
between BMI and CAD occurrence in patients involved in this study. CAD patients showed a higher BMI than the control group. According to their BMI results, about [(24.7% n = 91; 10% n = 37); (15.4% n = 57; 6.2% n = 23); (6.2% n =
23; 4.6% n = 17); (2.2% n = 8; 4.9% n = 18)] of CAD cases were characterized as
overweight, obese I, obese II and obese III respectively (P-value = 0.000). Among
CAD patients, T allele carriers have the highest BMI compared to others. They
have, also, showed higher lipid profile results than patients in the control group.
See Figure 4.

Lowest levels in T allele carriers

Highest levels in T allele carriers

Lowest levels in GG homosyzotes patients

Highest levels in GG homozygotes patients

0

50 100 150 200 250 300 350 400
Cholesterol levels in patient's serum

Figure 3. The range of cholesterol levels in CAD patients who have the wild type allele
and other patients with the T allele. This chart shows the highest cholesterol levels in both
groups of CAD patients. Also, it shows the lowest cholesterol levels in both groups, and
the comparison between them.
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Figure 4. Comparison of BMI between CAD patients and the control group. This graph shows that CAD patients
scored higher BMI measurements than normal subjects.

4. Discussion
Lipids are essential components in living organisms. They are usually soluble in
organic solvents, but not in water. In human body, lipids are found in different
forms such as triglycerides, lipoproteins, include LDL and HDL, and cholesterol
[9]. Abnormal modifications of body lipids could cause mortality through the
development of deadly diseases such as CVD. These alterations might occur due
to genetic or environmental factors. Mutations in APOA5 gene have been associated with changes in the levels of blood lipids [10]; [11]. Recently, a new variant of APOA5, G162C (corresponding to c.553G>T), has been discovered, and
studies are being conducted to better understand the effects of this variant [12].
The purpose of this study is to examine the effects of the variant c.553G>T on
TG, cholesterol, LDL and HDL levels.
Only 3 out of 280 CAD patients had the T allele which indicates a remarkably
lower frequency of this variant in general population. This results was, also, seen
in Chinese and Chinese Taiwanese where the frequency of c.553G>T presence is
less than 8% in each populations. Although there were variations in LDL and
HDL levels between CAD patients carrying the wildtype allele and patients who
have T allele, none of them have any significant impacts. Therefore, it is can be
concluded that T allele have no effects on LDL and HDL levels. This conclusion
is similar to findings from another study. Tang et al. did not detect a relevance
between c.553G>T polymorphism and HDL-C and LDL-C levels [13]. The same
interpretation was observed regarding to cholesterol levels. The results from this
study did not detected any remarkable variations in cholesterol levels in CAD
patients carrying the wildtype allele and other patients who are carrying
c.553G>T polymorphism. This finding is similar to the results from another
DOI: 10.4236/wjcd.2019.92012
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study that has declined any associations between T allele and changes in cholesterol levels [11]. Nevertheless, TG levels were higher in CAD patients with the
wildtype than CAD patients who have the T allele. This result contradicts with
the findings from meta-analysis of case-control studies that were performed on
Asian population. With the comparison between APOA5 c.553T carriers and
normal subjects in the study, GG carriers displayed lower levels of triglycerides
than T allele carriers [14]. Another study that was done on Han population of
Xinjiang in China showed that TG levels were different between CHD patients
and control group depending on the presence or absence of the T allele. Patients
who are APOA5 c.553T carriers presented higher levels of TG in both CHD and
control groups [15]. This conflict between previous studies and the results from
this study could be explained by the fact that CAD patients who are carriers of T
allele were on atorvastatin. As presented by the results of this study, obesity is
associated with CAD occurrence which confirms the outcomes of other studies
that suggest that obesity is one of the major risk factors of CAD [16] [17]. In addition, the presence of T allele is more associated to obesity comparing to wild
type carriers according to their BMI results.

5. Conclusion
In conclusion, the current study showed that the presence of c.553T variant in
APOA5 has no effects on HDL and LDL serum levels. Although two of CAD patients who are APOA5 c.553T carriers were on atorvastatin, cholesterol levels
did not vary between T allele carriers and GG genotype carriers. Interestingly,
TG levels were higher in wildtype CAD patients than CAD patients who carry T
allele and were on atorvastatin.
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