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Abstract

Aim: Polymorphisms in apolipoprotein A5 gene (APOA5) have been associated with higher tri-
glyceride levels in many populations. The aim of this study was to determine the distribution of
alleles and genotypes of the apoAs5 -1131T>C polymorphism, as well as to show the association of
the genetic variant and the risk for the development of dyslipidemia among Egyptians. Patients
and Methods: One hundred and fifty patients with dyslipidemia were included in this study. Addi-
tional 150 subjects without dyslipidemia served as a control group. ApoAs5 -1131T>C polymorphism
was determined using PCR-RFLP technique. The total cholesterol, triglycerides, and HDL-c were
determined enzymatically. Comparison of means among groups was calculated by ANOVA. Sig-
nificant differences among groups were evaluated by Student-Newman-Keuls test. Results: The
polymorphic allele C was found to be more frequent among subjects with dyslipidemia than con-
trol (p=0.019). It imparts an additional individual risk factor for dyslipidemia (OR=1.7, 95% 1C=1.09—
2.72). The polymorphic allele C was more frequent among dyslipidemic males (OR=2.1, 95%
1C=1.04-4.02, p=0.037). Subjects carried the polymorphic allele C (genotypes TC/ CC) showed
higher cholesterol and triglycerides levels than subjects with genotype TT (p=0.042 and 0.041 re-
spectively). Conclusion: There is a strong association between ApoAs -1131T>C and dyslipidemia.
This association is more obvious among males.
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Introduction

World widely, dyslipidemia is one of the
major health problems due to its high
prevalence. Its association with serious
medical conditions was well established
such as hypertension, coronary artery dis-
eases and stroke'”. Causes and etiology of
dyslipidemia are multiple and complex in-
cluding environmental and genetic factors
as well as their interactions®?, In spite of
the close relationship between dyslipi-
demia and coronary artery diseases, its
underlying mechanisms remain unclear.
Apolipoprotein A5 is identified as the
newest member of apolipoproteins that

participate in the homeostasis of plasma
lipids*%), Using a mouse model with over-
expression of ApoAs, it was observed a
marked reduction of very low-density lip-
oproteins (VLDL), triglycerides (TG) and
40% reduction in plasma total cholesterol
(TC) concentrations. It was suggested that
ApoA;5 is involved in the processes regu-
lating the plasma concentrations of TG
and TC. Further studies showed that the
protein is produced in the liver, but the bi-
ological function of APOA5 is not yet fully
defined. The ApoAswas found predomi-
nantly bound to VLDL and HDL (high den-
sity lipoproteins) in the pIasma(6’ 7). Several
groups have investigated the mechanisms



55

Apolipoprotein A5 polymorphism and dyslipidemia

underlying effects of ApoAs5 on TG metab-
olism®?), The ApoAs can inhibit the hepat-
ic VLDL production, which can secondarily
lower TG plasma concentrations(®. Be-
sides, ApoAs5 can also activate the lipopro-
tein lipase, which enhances the intravascu-
lar TG hydrolysis. Both of these processes
can be involved in the abnormal accumu-
lation of lipids in the endothelial cells un-
der pathologic conditions, ultimately in
the formation of atherogenic plaques that
are elements in obstructive vascular dis-
ease. The presence of naturally existing
polymorphisms can modify the effect of
ApoAs5 on the lipid metabolism, which can
result in increased TG concentrations®™.

Additional studies have confirmed the
association of ApoAs5 -1131T>C polymor-
phism rs 662799) with increased plasma TG
concentrations in different populations, as
in  healthy Caucasians®™™,  African-
Americans and Hispanics™. Studies  have
focused on the understanding of the mo-
lecular basis of atherosclerosis and its as-
sociated clinical manifestations and the
characterization of the role of ApoAs in this
process. It was demonstrated that the pol-
ymorphism -1131T>C is associated with in-
creased risk of CAD for both Korean men
and women, regardless of plasma APOA5
level™. Similarly, this polymorphism was
associated with increased susceptibility for
developing CAD in the Chinese popula-
tion™. Considering the importance of the
polymorphism-1131T>C in ApoA5 gene in
cholesterol and triglycerides metabolism,
this study was conducted aiming to identify
the frequency of this polymorphism and
investigate its association with the lipid pa-
rameters in Egyptian dyslipidemic subjects
and controls.

Materials and Methods

This case-control study
dyslipidemic subjects and

included 150
150 normo-

lipidemic (control) healthy volunteers,
aged from 30 to 60 years, recruited at Suez
Canal University hospital. The criteria for
lipid and lipoprotein levels were according
to the National Cholesterol Education Pro-
gram™, Participants were diagnosed with
dyslipidemia if they had one or more of the
following criteria: a plasma concentration
of TC of2240 mg/ dl, plasma concentration
of TG2200 mg/ dl; plasma concentration of
HDLc of <40 mg/ dl for men or <50 mg/ dl
for women; and a plasma concentration of
LDLc2160 mg/ dI.

The exclusion criteria included hypergly-
cemia or diabetes mellitus, hypothyroidism,
renal, hepatic and autoimmune diseases,
subjects treated with lipid-lowering drugs,
oral anticoagulants and/or anti-inflamma-
tory medications. Detailed information on
cardiovascular risk factors, including hyper-
tension, smoking, sedentary lifestyle, met-
abolic syndrome, and use of medicines
were obtained from each individual. Hyper-
tension was defined as blood pressure be-
ing 2140/90 mm Hg, measured at two dif-
ferent occasions and/or use of anti-
hypertensive medication. Those individuals
who did not practice physical exercises
regularly and for at least 40 min, three
times a week were considered seden-
tary"®. NCEP criteria of the metabolic syn-
drome were defined as at least three of the
following criteria: waist circumference >102
c¢m in men or >88 cm in women, plasma tri-
glycerides=150 mg/ dl, HDL cholesterol<40
mg/ dl in men or <50 mg/ dl in women,
blood pressure 2130/85 mm Hg, and fasting
plasma glucosez110 mg/ dI. The study
was approved by the Ethics Committee of
the Suez Canal University, and carried out
in accordance with the Helsinki Declara-
tion. Informed consent was obtained from
all participants after a full explanation of
the study, and a complete clinical history
was collected, including assessment of car-
diovascular risk factors as obesity, smoking
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and hypertension. Venous blood samples
were withdrawn after 12-14 h overnight
fasting. Plasma TC, TG, HDLc and LDLc con-
centrations were measured using fully-

automated auto-analyzer Cobas 6000
(Roche Diagnostics, Boehringer, Mannheim, Ger-

many). Apolipoprotein-A-l (apoA-1), apolipo-
protein-B (apoB) and lipoprotein-a [LP(a)]
were measured by immune-turbidimetric
assays (Human®, Human Diagnostics, Germany).

Genomic DNA was extracted using the
commercially available Spin-column tech-
nique kit for DNA extraction from human
whole blood (QIAamp®DNA Blood Mini Kit,
QIAGEN, Valencia, CA, USA). The extracted DNA
samples were stored at -20°C for future
use. Determination of APOA5 -1131T>C
genotype was done using polymerase
chain reaction (PCR) using primers having
the following sequences: The sense primer:
F-5 GATTGATTCAACATGCATTTAG GAC 3’
The anti-sense: R-5' CCCCAGGA ACTGGAG
CGAAATT 3'. The PCR conditions were ini-
tially denaturing at 96°C for 10 min, fol-
lowed by 30 cycles of 94°C for 30s, 58°C for
30s, 72°C for 30s and a final extension of 7
min at 72°C. The PCR products were digest-
ed for 8 hours at 37°C with the restriction
enzyme Msel. The digested products were
run on agarose gel (2.5%) and stained with
ethidium bromide.

Statistical Analysis

All values are expressed as mean * stand-
ard deviation (SD). Comparison of means
among groups was calculated by analysis
of variance (ANOVA). Statistically signifi-
cant differences among groups were eval-
uated by Student-Newman-Keuls (SNK)
test. p Values lower than 0.05 were consid-
ered to carry significant differences. To es-
timate the relative risk of dyslipidemia as-
sociated with the presence of minor allele,
an odds ratio (OR) with a corresponding
95% confidence interval (Cl) was calculated.
Differences in allele and genotype frequen-
cies between groups were compared by

Chi-square. The multivariate logistic regres-
sion was performed to investigate a possi-
ble association among risk factors, APOA5
alleles and dyslipidemia. Statistical analyses
were performed using SPSS/PC Statistical
Package v.16.0 (SPSS, Inc., Chicago, IL).

Results

The demographic characteristics and cardi-
ovascular risk factors of control and
dyslipidemic subjects are shown in Table 1.
There were no significant differences for
age, sedentary lifestyle, and smoking be-
tween dyslipidemic subjects and controls.
These variables were not significantly dif-
ferent between case and control groups
when adjusted according to gender. How-
ever, the dyslipidemic group presented
higher BMI (p=0.004), increased number of
hypertensive subjects (p=0.002) and of
women in menopause (p=0.003). In the
dyslipidemic group, 24 individuals present-
ed metabolic syndrome. The genotypes
found in this group were: 8 participants TT,
10 CT and 6 CC. In each group, four individ-
uals were male. No individual presented
metabolic syndrome in control group (as
individuals with metabolic syndrome were
excluded from the beginning).

Comparing the ApoAs5 -1131T>C poly-
morphism allele frequency between the
groups, it was observed that the polymor-
phic allele C was more frequent in dys-
lipidemic subjects than controls (OR=1.7,
95% 1C=1.09-2.72, p=0.019). The analysis of
the influence of ApoAs5 -1131T>C polymor-
phism between the two groups by gender,
showed that the polymorphic allele C is
more frequent in dyslipidemic male than
control male (OR=2.1, 95% 1C=1.04-4.02,
p=0.037). However, among women no sig-
nificant difference was observed when
compared the two groups (OR=1.5, 95%
1C=0.79-2.94, p=0.202).
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Table 1: Clinical and laboratory characters of study population
Item Control Patients p-value

- Age (years) (meanzSD) 45%5 466 0.081

- Male (N) 65 88

- Female (N) 85 62

- BMI (kg/ m?) 24.6 £5.2 28.4+ 4.9 0.004

- Sedentary life (%) 57% 60% 0.655

- Smoking (%) 18.8% 21.2% 0.721

- Hypertension (%) 1% 35% 0.002

- Menopause (%) 20% 55% 0.003

- Total cholesterol (mg/ dI) 185 + 22 235+ 45 0.001

- HDL-Cholesterol (mg/ dlI) 54 +12 45+ 13 0.001

- LDL- Cholesterol (mg/ dI) 13 +18 176 + 41 0.001

- Triglycerides (mg/ dI) 102 = 41 221 £ 111 0.001

The genotype distribution (Table 2) sis was performed separately in dys-

showed higher frequency of TT in control
group when compared to dyslipidemic
group (p=0.007). The same association was
observed in male group, but not in female
individuals. It is worthy to emphasize that
no homozygous subjects for the allele C
were observed in the male control group.
When the association between ApoAs5
-1131T>C polymorphism and lipid concen-
trations was evaluated, TC and TG concen-
trations were higher in C-carriers than TT
homozygous (p=0.042 and 0.041, respec-
tively) (Table 3). However, when this analy-

lipidemic and controls groups, no signifi-
cant differences for lipid concentrations
was observed in each group, according to
presence of the allele C. The logistic multi-
variate regression, considering the ApoAs
alleles and the risk factors as independent
variables, showed that all of these variables
were not independently associated with
dyslipidemia: hypertension (p=0.979), BMI
(p=0.891), smoking (p=0.981), sedentary
lifestyle (p=0.996), ApoAs5 polymorphism
(p=0.944), menopause (p=0.979).

Table 2: Distribution of ApoAs5 -1131T>C genotypes among study populations according to gender

Genotype (Total) Control (n=150)  Patients (n=150) OR 95%Cl p-value
T 100 (66.7%) 73 (48.7%) 0.52 0.32-0.832 0.007
TC 45 (30%) 71(47.3%) 2.16 1.21-3. 271 0.008
cC 5(3.3%) 6 (4%) Reference -

Genotype (Male) n=65 n=88
T 44 (67.7%) 41(36%) 0.44 0.211-0.945 0.024
TC 21(32.3%) 44 (50%) 2.21 0.877 - 4.567 0.061
cC 0 3 (4%) Reference -

Genotype (Female) | n=85 n=62
T 54 (63.5%) 31(50%) 0.524 0.252 - 1.231 0.151
TC 27 (31.8%) 28 (45.2%) 2.0M 0.907 - 4.321 0.158
cC 4 (4.7%) 3 (4.8%) Reference - -

Cl=confidence interval; OR=0dds ratio, Significant level if p-value <0.05 using Student t-test

Discussion

This study was done aiming to determine
frequency of the polymorphism -1131T>Cin
ApoAs5 gene as well as evaluate its associa-
tion with the lipid parameters in
dyslipidemic Egyptian subjects. Among the

risk factors for cardiovascular diseases, an
association between higher BMI and higher
number of hypertensive and metabolic
syndrome subjects was observed in the
group of dyslipidemic individuals, as com-
pared to controls. It is well known that
overweight and hypertension are risk fac-
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tors frequently associated to dyslipidemia,
further contributing for the increased inci-
dence of CAD"2%, Also, it is important to
highlight that menopause; a factor associ-

ated to development of dyslipidemia®"

was more frequent among the dyslipidemic
women included in this study.

Table 3: Lipid profile among different ApoAs -1131T>C genotypes

Parameter T TC+CC p-value@
- Total cholesterol (mg/ dl) 200 £38 213+ 46 0.042
- HDL-Cholesterol (mg/ dl) 52 +14 49t 15 0.521
- LDL- Cholesterol (mg/ dI) 134 + 37 149 + 46 0.219
- Triglycerides (mg/ dI) 132+ 112 188 £126 0.041
- Apolipoprotein A1 (gm/ L) 1.66 + 0.34 1.58 £ 0.47 0.657
- Apolipoprotein B (gm/ L) 0.78 £ 0.22 0.79 £ 0.32 0.291
- Lipoprotein (a) (umol/ L) 0.79 * 0.51 0.82 + 0.62 0.791

= Student t-test

The observed frequency for the ApoAs5
-1131C allele among both dyslipidemic sub-
jects and controls were comparable to that
described in African-American and Hispan-
ic'®, and French populations®?, but lower
than that in Chinese®®® and Japanese popu-
lations®#. The high C allele frequency ob-
served in dyslipidemic subjects compared
to controls, has been previously described
in other dyslipidemic groups®?®. In addi-
tion, Evans et al (2003) showed that C allele
frequency is significantly higher in patients
with hypertrigliceridemia than those with
hypercholesterolemia®®. Altogether, these
findings support the hypothesis that the C
allele of the ApoAs -1131T>C polymorphism
affects the lipoprotein  profile in
dyslipidemic subjects.

In the present study, the presence of C
allele conferred about two folds increased
individual risk for dyslipidemia when com-
pared to T allele. This is in agreement with
findings reported by Wang and co-
workers®), According to these authors, the
ApoAs5 -1131T>C polymorphism is a marker
for classic hyperlipoproteinemia pheno-
types. In addition, the -1131C allele was also
associated with four folds increased indi-
vidual risk for severe hypertriglyceridem-
ia®), and 2.38 fold increased risk for
dyslipidemia in children and adolescents®.
However, analyzing data by gender, this
association was only observed among

males, suggesting that the effect of the C
allele on development of dyslipidemia is
gender-dependent. Olano-Martin et al®?
observed that the impact of the -1131C al-
lele on fasting and postprandial triglyceride
metabolism was only evident in the male
participants®. Contrary, Komurcu-Bayrak
et al demonstrated a gender-genotype as-
sociation of -1131C allele with dyslipidemia
in Turkish women®®). One possible expla-
nation for these discrepancies is that sex
steroid hormones act on several molecular
loci that regulate lipoprotein metabolism,
modulating the penetrance of individual
gene variants®?. Indeed, the impact of
gender on genotype-lipoprotein associa-
tions has been reported previously as de-
pendent of the number of genes and spe-
cific lipid cardiovascular disease risk factors
(233) " Moreover, the menopausal status,
with its known to impact on lipoprotein
metabolism, may in part mask the effect of
the ApoAs5 genotype on lipid metabolism
and explain the results observed in the pre-
sent work, since menopause was more fre-
quent among the dyslipidemic women.

The present study also showed an asso-
ciation between the ApoAs5 -1131T>C poly-
morphism and increased plasma TG con-
centrations. This association has been in-
vestigated in different populations, but the
results are inconsistent. No influence of C
allele on TG concentrations was observed
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in Brazilian children and adolescents®, as
well as in different Chinese ethnic groups
54, However, Pennacchio et al reported an
increased frequency of the rare C allele in
men with TG concentrations above the
goth percentile, compared to the frequen-
cy in men with TG concentrations below
the 1oth percentile™. Guardiola and
coworkers described that Caucasian boys
carrying the -1131C allele have a 12% in-
crease in circulating TG concentrations and
7% decrease in HDLc concentrations®. It is
remarkable in the literature that C allele
influences TG concentrations in groups of
patients with severe hyperlipoproteinemia
phenotypes, as shown in familial combined
hyperlipemia®, type 11l hyperlipemia®® and
severe hypertriglyceridemia®3®), Accord-
ing to Szalai et al®”, the -1131C allele does
not produce categorical hypertriglycer-
idemia in most individuals, but acts as a
modifier allele for plasma TG concentra-
tions.

Despite the high consistency of the gen-
otype-phenotype association observed by
many studies, controversy remains regard-
ing the association between -1131T>C pol-
ymorphism and lipid metabolism. Possible
explanations for these contradictory re-
sults include the finding that the frequen-
cies of the minor allele differ among differ-
ent ethnic populations. Moreover, envi-
ronmental factors, i.e. diet, may vary
among populations, playing a major role in
the development of dyslipidemic diseas-
s, Data of a collaborative analysis of 101
studies showed that -1131T>C polymor-
phism is associated with higher VLDL con-
centrations and smaller HDL particle size,
factors that could mediate the effects of
TG in CAD®Y which is consistent with a
causal association between triglyceride-
mediated pathways and coronary heart
disease. Concerning to TC, HDLc and LDLc
fractions, the present study detected the
association of C allele only with higher TC

concentrations, in agreement to other re-
ports in different populations®®**39, In
contrast, in Japanese(ze), and in German
hyperlipidemic subjects®¥, the C allele did
not influence TC concentrations.

Previous studies have shown the influ-
ence of -1131T>C polymorphism on HDLc
concentrations(%29353839) A meta-analysis
on this issue showed strong association of
the C allele with higher and lower concen-
trations of HDLc, respectively®®. Moreo-
ver, in other studies, the C allele did not af-
fect HDLc concentrations, as shown in Cau-
casian population(S), in Spanish patients
with hyperlipidemia® and in North Ameri-
can population. According to Jang et alt"?,
this controversy in the literature may be
related to the gender differences among
studies. In a logistic regression analysis, the
classic risks factors, hypertension, BMI,
smoking, sedentary lifestyle and meno-
pause were not independently associated
to dyslipidemia. In addition, a lack of asso-
ciation between -1131T>C polymorphism
and dyslipidemia was seen in these anal-
yses, suggesting that the polymorphism
are not independently associated to
dyslipidemia.

In conclusion, the present study showed
that the allele C confers higher TC and TG
concentrations in dyslipidemic subjects.
Furthermore, the ApoA5-1131T>C polymor-
phism is associated with increased risk for
dyslipidemia in male subjects. These find-
ings may be useful to a better characteriza-
tion of the genetic risk factors for
dyslipidemia and atherosclerotic diseases.
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