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A b s t r a c t   A r t i c l e  I n f o  

The present study was undertaken to detect the possible association of V825I 

polymorphism in the ABCA1 gene and several environmental factors with serum lipid 

levels among 100 T2DM patients  and 50 healthy control subjects. Each patients and 

controls are classified into three groups according to their BMI (18.5-24.9 normal, 25-

29.9 over weight and ≥30 kg/m
2
 obese), and also classified into three groups according to 

their ages (40-49.9 G1, 50-59.9 G2, ≥60 year G3). The genomic DNA extraction to PCR 

and PCR-RFLP assay was detected on gel electrophoresis. PCR was carried out to 

amplify 525bp fragment of ABCA1 gene contained V825I polymorphic position by using 

restriction enzyme Taq1. The presence of the cutting site indicates the A allele, while its 

absence indicates the G allele. Thus, the GG genotype indicates the absence of the site 

(band at 525 bp), GA genotype indicates the absence and presence of the site (bands at 

525, 302 and 223bp) and AA genotype indicates the presence of the site (bands at 302 

and 223 bp). The present study found that the frequency of GG genotype and G allele are 

higher in healthy controls compared to patients, converse to AA genotype which was 

higher in patients compared to healthy controls. The data also shows significant 

relationship between ABCA1 gene polymorphism with each of TG and VLDL 

(p<0.01for each). Our results found that the frequency of GG genotype for overweight 

and obese and frequency of AA for obese are significantly higher (p<0.05) in patients 

compared to healthy controls. The results confirmed that the frequency of GG genotype 

is significantly higher (p<0.01) in healthy compared to patients according to the age of 

more than 50 year only. The results indicate the highly significant (p<0.01) in frequency 

of GG genotype, higher in female patients compared to healthy controls. We have found 

the presence of significant relationship between ABCA1 gene polymorphism and serum 

levels of TG and VLD in patients.  The frequency of A allele is lower than that of G 

allele in each male and female groups. The presence of significant differences of GG 

genotype with the advancement of age in patients group was observed. The results 

confirmed that G allele may be a protective factor against diabetes mellitus. 
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Introduction 

 

Diabetes is an accumulated glucose in blood, it is one of 

the four main non communicable diseases (NCDs) 

identified by the World Health Organization (WHO), 

besides the cardiovascular disease, cancer, and chronic 

respiratory diseases (Unwin et al., 2010), it is a group of 

metabolic disease characterized by hyperglycemia from 

defects in insulin secretion (T1DM) or insulin action 

(T2DM) or both (Gao et al., 2010). World Health 
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Organization reported that there are (2.8%) in the world 

suffering from diabetes (Wild et al., 2004). The 

increasing number of individuals with T2DM indicates a 

global epidemic. Prevalence of the disease was estimated 

to be 2.8% in 2000 and is predicted to increase to 4.4% 

by the year 2030. Although the prevalence of diabetes is 

expected to increase in all age groups, it has been 

estimated that there will be a greater increase in the 

proportion of patients with diabetes who are aged 45–64 

years (Adiseshiah, 2005). The problem of DM in Iraq is 

progressively increasing and every year large number of 

population implicate with this dame disease 

(Abedalrahman and Al-Hadithi, 2013).  T2DM has a 

substantial genetic component and is thought to be 

polygenic in nature  (Porchay et al., 2009; Lango et al., 

2008). Several genes influence the underline level of 

glucose tolerance and thereby contribute to overall 

susceptibility to  T2DM  (Elbein, 2009). Genetic linkage 

analysis and association studies have identified several 

candidate genes contributing to T2DM.  

 

Adenosine triphosphate-binding cassette transporter A1 

(ABCA1) is a 2261-amino acid integral membrane 

protein. This is located on the chromosome 9 in the area 

9q31.1 and encodes ABCA1 protein that is expressed in 

liver tissue, macrophages, intestines, lungs, etc.  It is a 

cell membrane transporter and mediates the efflux of 

cholesterol, phospholipids, and other lipophilic 

molecules from cells;  transfer of these molecules from 

peripheral cells to the liver as lipid-poor Apo lipoprotein 

A1,which is the first step in high-density lipoprotein 

(HDL) particle formation (Oram and Vaughan, 2006; 

Attie et al., 2001). ABCA1 gene has been reported to 

play an important role in cholesterol metabolism 

especially in high-density lipoprotein cholesterol (HDL) 

(Saleheen et al., 2006; Daimon et al., 2005). This gene 

expression is up-regulated by modified LDL (Langmann 

et al., 1999), cAMP (Abe et al., 2000). Animals and 

human studies documented that defects in the ABCA1 

pathway are significant determinants of coronary artery 

disease (CAD) (Vergeer et al., 2010). 

 

Materials and methods 

 

Study design and subjects 
 

Fasting Blood samples were collected from two groups. 

First, healthy group includes 50 individuals (median = 49 

years; min-max = 40-65 years; 24females and 26 males). 

Control group was selected from patients without T2DM 

or other metabolic disorders like severe liver or renal 

dysfunction.  Second group includes T2DM group, 

consisted of 100 patients (median = 56 years; min-max = 

45-65 years; 54 females and 46 males). The patients were 

recruited from Department of Internal Medicine, Al-

Hussein Training Hospital, Al-Muthanna province/Iraq, 

between November 2014 to March 2015. Patients were 

diagnosed with diabetes mellitus based on the fasting 

blood glucose concentration (> 7mmol/L) and had 

developed the disease more than 3 years ago. This study 

was approved by the Scientific Committee of Al-

Muthanna University, College of Science, Biology Dept. 

Venous blood samples (8 mL each) were collected from 

each subject: 3 mL of EDTA sample, stored at -20ºC, 

used for genotyping analysis, and 5 mL of serum sample, 

allowed to clot in gel test tube, centrifuged at 4000× g for 

5 min at room temperature, used for biochemical 

analysis.  Body mass index (BMI) values were calculated 

retrospectively and categorized according to WHO 

recommendations (WHO, 1995).  

 

Determination of ABCA1 V825I gene polymorphism 

 

Genomic DNA was prepared from peripheral blood 

leukocytes, it was extracted using automated DNA 

extraction instrument (Magtration Technology, Japan). 

To detect the ABCA1 V825I genotypes, PCR-RFLP 

assay was developed. Each 25μL PCR implication 

mixture contained 5-200ng DNA, 10 × PCR buffer 

(1.8mM MgCl2) 2.5μL, 1 U Taq polymerase, 2.5mmol/L 

of each dNTP (Tiangen, Beijing, People’s Republic of 

China) 2.0μL, 5pmol/L of each primer (0.5μL). The 

paired primer sequences were: forward, 5′-

GGTAGCCCACCACTCCCCTAAAG-3′; reverse, 5′-

ATCAGCTGCCTGTCCTTGGACTA-3′.  

 

PCR amplification reaction was under a cycling protocol 

(Labnet international Inc, Japan), of processing started 

with 95°C for 5 min; and 30 cycles at 94°C  for 30 sec, 

60°C for 45 sec and 72°C for 30 sec and a final extension 

at 72°C for 5 min were followed. RFLP assay was 

performed using 10 U of the appropriate restriction 

enzyme Tag1 per 10μL PCR products and incubated at 

65°C for 1-4 hrs. RFLP products were directly separated 

by electrophoresis on 2% agarose gels and visualized with 

ethidium-bromide staining, ultraviolet illumination. Three 

genotypes could be determined after electrophoresis: 

genotype GG (525bp band), genotype AA (302 and 223bp 

bands) and genotype GA (525, 302 and 223bp bands). 

 

Statistical analysis 

 

Epidemiological data were recorded on a pre-designed 

form and managed with Excel software. All statistical 
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analyses were performed with SPSS for Windows 

standard version 15.0 software. Quantitative variables 

were expressed as mean ± standard deviation. Qualitative 

variables were expressed as percentages. Allele and 

genotype frequencies were determined by direct 

counting. Clinical data were compared between subjects 

with T2DM and normal by the unpaired Student’s t-test.  

The genotype distribution of V825I polymorphism was 

compared between T2DM patients and normal subjects 

by the chi-square test. A p-value of 0.05 (two-sided) was 

accepted as the threshold for defining statistical 

significance. 

 

Results and discussion  

 

The general characteristics and serum lipid levels 

between patient and normal groups are summarized in 

Table 1. The levels of serum FBS, TC, TG, LDL, 

VLDL, were higher in patients than in control subjects 

(P < 0.05-0.001). There were no significant differences 

in the levels of BMI and HDL (P > 0.05 for both). The 

results are in agreement with a study regarding the role 

of lipid profiles in DM patients which is well 

established in many recent studies (Samatha et al., 

2012; Hardev et al., 2008). Unbalanced metabolic states 

of diabetic patients that include hyperglycemia and 

insulin resistance might be lead to abnormalities in lipid 

profile (Hoffner, 2005). Patients with T2DM have many 

lipid abnormalities including elevated levels of (LDL), 

(VLDL) and low levels of (HDL) (Kumar and Clark, 

2007), the results of this study are found to be traipses 

with our study. The present study also in a good 

agreement with study of Kappala (2012), which reveal 

high prevalence of hypercholesterolemia, high LDL-C, 

and low HDL-C levels which are well-known risk 

factors for CVD. 

 
Table 1. Demographic characteristics of the study population in normal and patient groups. 

                             Group 

Criteria 

Mean ± SD t-test p-value  

Normal (n=50) Patients (n=100) 

BMI (kg/m
2
) 30.36±6.47 30.99±5.66 0.618 0.537 

FBS (mg/dl) 92.32±17.43 226.67±88.35 10.63 0.000 

TC (mg/dl) 168.98±41.12 193.02±54.19 2.76 0.006 

TG (mg/dl) 164.28±80.51 197.77±102.97 2.01 0.046 

HDL (mg/dl) 26.34±7.89 28.17±8.56 1.26 0.208 

LDL (mg/dl) 109.78±33.54 125.45±51.05 1.96 0.050 

VLDL (mg/dl) 32.86±16.10 39.55±20.59 2.01 0.046 

 

Electrophoresis and genotypes  

 

After the genomic DNA of the samples was amplified by 

PCR and imaged by 2% agarose gel electrophoresis, the 

purpose gene of 525 bp nucleotide sequences could be 

found in all samples, Fig. 1. The genotypes identified 

were named according to the presence or absence of the 

enzyme restriction sites, when a G to A transversion at 

825 locus of the ABCA1 gene. The presence of the 

cutting site indicates the A allele, while its absence 

indicates the G allele (cannot be cut). Thus, the GG 

genotype is homozygote for the absence of the site (band 

at 525 bp), GA genotype is heterozygote for the absence 

and presence of the site (bands at 525, 302 and 223bp), 

and AA genotype is homozygote for the presence of the 

site(bands at 302 and 223bp) (Fig. 2). 

 

The genotypic distribution of ABCA1 V825I 

polymorphism and frequency of G and A alleles in 

patients and controls are given in Table 2. We have 

observed that the frequency of each of GG and GA 

genotypes and G allele are higher in normal control than 

in patients group, converse to AA genotype and A allele 

which were higher in patients group, that made us think 

that G allele may be a protective factor against diabetes 

mellitus in Al-Muthanna population. However, this is a 

preliminary study and the results need to be confirmed in 

a larger studies. Other similar studies of ABCA1 C69T 

polymorphism that found higher frequency of the TT  

genotype and T allele in the controls in comparison with 

T2DM have been reported by Khalid et al. (2013) and 

Ergen et al. (2012). 

 

525bp 

 

Fig. 1: PCR product of ABCA1 gene (525) genotype on 1% agarose gel at 100 voltages for 40 min at 50 voltages 

for 30min. 

 
Fig. 1: PCR product of ABCA1 gene (525) genotype on 1% 

agarose gel at 100 voltages for 40 min at 50 voltages for 30min. 
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Fig. 2: Genotyping of ABCA1 gene in position 825. Lane M (2000-25bp) marker ladder; lanes 1 and 2 (GG 

genotype 525bp); lanes 3 and 4 (GA genotype 525bp and 302bp, 223bp); lanes 5 and 6 (AA genotype 302bp 

and 223bp), on 1% agarose gel at 100 voltages for one hour. 

 
Table 2. Distribution of ABCA1 C69T genotypes and alleles in normal and patient groups. 

ABCA1 genotypes 
Normal (n= 50) Patients (n= 100) 

No. Percent No. Percent 

GG 29  58% 56 56% 

GA 12 24% 22 22% 

AA 9 18% 22 22% 

G 70 70% 134 67% 

A 30 30% 66 33% 

   

Relationship between ABC1 gene polymorphism with 

plasma lipid levels, BMI, age and gender 

   

In the present study we have investigated the 

association of ABCA1 V825I polymorphism with 

T2DM in Al-Muthanna population. To the best of our 

knowledge this is the first study investigating the 

association of this polymorphism with T2DM in this 

province. The study showed significant relationship 

between ABCA1 gene polymorphism and lipid 

concentration (TG and VLDL) in patients, (p<0.05). We 

could not find any relationship between genotype 

frequency and other lipid serological markers and other 

parameters as in Table 3. ABCA1 has an important role 

in carrying cholesterol from peripheral tissues to liver 

(Ergen et al., 2012). Vergeer (2010) showed that 

heterozygous carriers of ABCA1 mutations displayed 

mild hyperglycaemia    compared to non-carriers of 

similar age, sex and BMI. Epidemiological studies 

suggest that the risk of developing coronary heart 

disease for patient with T2DM is 2–4 times higher than 

their counterparts without diabetes (Mooradian 2009). 

Earlier studies have investigated the effect of ABCA1 

polymorphism on lipid-related diseases such as CAD 

and T2DM (Sheidina et al., 2004; Stefkova et al., 2004). 

This may increase risk for CHD (Frikke et al., 2008).  

Our results are disagreed with Saudi study which 

couldn’t find any significant association between lipid 

profiles  and ABCA1 gene polymorphism in Saudi 

population (Khalid et al., 2013), or China study which 

found that ABCA1 V825I gene polymorphism is 

associated with male serum HDL in the Han, and serum 

TC levels in the Bai Ku Yao, a population of Chinese 

ethnic groups (Cao et al., 2011). The present study also 

disagreed with the study concluded that an ABCA1 

variant is associated with HDL level and early-onset 

T2DM in a specific Taiwanese population (Chieh et al., 

2014). Our results are similar to Turkish study, where 

no association between this polymorphism and HDL 

concentration was reported (Ergen et al., 2012).  
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Table 3. Distribution of FBS, lipid profile, BMI and age according to ABCA1 genotypes. 

ABCA1  

genotypes 

Normal (n= 50) 
p-value 

Patients (n= 100) 
p-value 

GG (n=29) GA(n=12) AA (n=9) GG (n=56) GA (n=22) AA (n=22) 

FBS (mg/dl) 94.59±17.93 86.00±14.03 93.44±19.63 0.356 224.82±93.27 231.36±78.46 226.68±88.45 0.958 

TC (mg/dl) 169.14±38.62 177.08±54.23 157.67±29.13 0.573 183.69±48.19 200.95±56.82 208.82±63.06 0.135 

TG (mg/dl) 157.14±81.19 175.50±89.15 172.33±72.47 0.766 171.46±88.93 213.18±107.53 249.32±113.27 0.007 

HDL (mg/dl) 26.83±7.66 27.25±9.79 23.56±5.83 0.509 28.14±8.67 27.82±8.03 28.59 ±9.14 0.956 

LDL (mg/dl) 110.88±33.55 114.73±36.08 99.64±31.69 0.582 121.53±46.52 130.50±43.93 130.36 ±67.81 0.692 

VLDL (mg/dl) 31.43±16.24 35.10±17.83 34.47±14.49 0.766 34.29±17.77 42.64±21.51 49.86 ±22.65 0.007 

BMI (kg/m2 30.14±6.29 33.53±7.42 26.84±3.60 0.059 31.42±5.69 30.51±5.61 30.42 ±5.78 0.709 

Age year 48.45±5.97 46.17±3.61 47.00±6.87 0.477 56.00±6.13 54.95±6.72 58.18 ±8.19 0.266 

  

The present study confirmed that the frequency of 

genotypes and alleles are significantly different between 

patients and control groups according to Body mass 

index (BMI). The results observed that the frequency of 

GG genotype is significantly higher in patients compared 

with healthy controls in overweight (p=0.014) and obese 

(p=0.013) and AA in obese only (p=0.012), while there is 

no significant difference in frequency of GA in patients 

compared with normal groups  as shown in Table 4. Our 

results  are in accordance with a previous study which 

found an association of the ABCA1 variant  with BMI 

(Villarreal et al., 2007), or with other results which also 

found the expression of ABCA1 was  reduced in 

overweight and obese patients (Xu et al., 2009). Our 

study is also compatible with the study which concluded 

that an ABCA1 variant is associated with BMI and early-

onset T2DM in a specific Taiwanese population (Chieh 

et al., 2014). 

 

Table 4. Distribution of ABCA1 genotypes and alleles in normal and patient groups according to BMI. 

ABCA1 Genotypes Normal (n= 50) Patients (n= 100) BMI* X
2
 p-value 

GG 4(8%) 2(2%) 1 0.667 0.414 

11(22%) 26(26%) 2 6.081 0.014 

14(28%) 28(28%) 3 4.667 0.031 

GA --- 3(3%) 1 --- --- 

5(10%) 5(5%) 2 0.000 1.000 

7(14%) 14(14%) 3 2.333 0.127 

AA 3(6%) 3(3%) 1 0.000 1.000 

4(8%) 9(9%) 2 1.923 0.166 

2(4%) 10(10%) 3 5.333 0.021 

G 8(11.4%) 7(5.2%) 1 --- --- 

27(38.6%) 57(42.5%) 2 --- --- 

35(50%) 70(52.2%) 3 --- --- 

A 6(20%) 9(13.6%) 1 --- --- 

13(43.3%) 23(34.8%) 2 --- --- 

11(36.7%) 34(51.5%) 3 --- --- 

*1=normal weight (18.5-24.9kg/m
2
), 2= over weight (25-29.9kg/m

2
), 3=obese (≥30kg/m

2
), X

2
= Chi-square test. 

 

The results show that the frequency of GG genotype is 

significantly higher in healthy controls compared to 

patients in the age of 40-49.9 year (p=0.005), and highly 

significant in the age of more than 50 year (p=0.00) in 

patients compared to healthy controls. The results also 

explained the absence of significant differences of GA 

and AA gene polymorphism for all age groups. Our 

study confirmed the presence of significant differences 

of GG genotype with the advancement of age in patients 

group, as shown in Table 5. 

 

Our results explained that the frequency of GG genotype 

is significantly higher in female patients compared to 

healthy controls (p = 0.006), while there is no significant 

difference in frequency of GA and AA in patients 

compared with normal as shown in Table 6. 

 

The results are disagreed with another study with 

reference to the absence of significant difference in the 

genotypic and allelic  frequencies between males and 

females in selected Chinese ethnic  groups (Cao et al., 

2011). The present study also observed that the 

frequency of G allele in female is higher in patient than 

in control groups, conversely the frequency of that allele 

in male is higher in control than in patient groups. The 

results also confirmed the absence of significant 
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differences of A allele frequency in male and female for 

each patient and control groups. Our results are disagreed 

with another study which found a very low frequency of 

A allele in most subjects of European populations 

(Frikke et al., 2008). However, the present study and 

results need to be confirmed in further detailed studies. 

 
Table 5. Distribution of ABCA1 genotypes and alleles in normal and patient groups according to the age. 

ABCA1 

genotypes 
Normal (n= 50) Patients (n=100) Age* X

2
 p-value 

GG 

22(44%) 7(7%) G1 7.759 0.005 

5(10%) 28(28%) G2 16.030 0.000 

2(4%) 21(21%) G3 15.696 0.000 

GA 

9(18%) 5(5%) G1 1.143 0.285 

3(6%) 9(9%) G2 3.000 0.083 

--- 8(8%) G3 --- --- 

AA 

6(12%) 3(3%) G1 1.000 0.317 

3(6%) 8(8%) G2 2.273 0.132 

--- 11(11%) G3 --- --- 

G 

53(75.7) 19(14.4%) G1 --- --- 

13(18.6%) 63(47.7%) G2 --- --- 

4(5.7%) 50(37.9%) G3 --- --- 

A 

21(70%) 11(16.7%) G1 --- --- 

9(30%) 25(37.9%) G2 --- --- 

--- 30(45.4%) G3 --- --- 

* G1=age (40-49.9 year), G2=age (50-59.9 year), G3=age (≥60 year), X
2
= Chi-square test. 

       

Table 6. Distribution of ABCA1 genotypes and alleles in normal and patient groups according to the gender. 

ABCA1 genotypes Normal (n= 50) Patients (n= 100) Gender* X
2
 p- value 

GG 
14(28%) 33(33%) F 7.681 0.006 

15(30%) 23(23%) M 1.684 0.194 

GA 
7(14%) 13(13%) F 1.800 0.180 

5(10%) 9(9%) M 1.143 0.285 

AA 
3(6%) 8(8%) F 2.273 0.132 

6(12%) 14(14%) M 3.200 0.074 

G 
35(50%) 79(59%) F --- --- 

35(50%) 55(41%) M --- --- 

A 
13(43%) 29(44%) F --- --- 

17(57%) 37(56%) M --- --- 

*F= female, M= male, X
2
= chi-square test. 
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