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Abstract
Background
The disorder of triglyceride (TG) metabolism leading to hypertriglyceridemia is an independent risk factor for coronary artery disease (CAD). Variants in the apolipoprotein C3 (APOC3) gene were found to be associated with elevated TG levels. The purpose of this study was to investigate the effect of two polymorphisms (1100 C/T and 3238 C/G) of APOC3 on plasma lipid and risk of CAD in a Chinese population.

Methods
The study population consisted of 600 patients with CAD and 600 age- and gender-matched controls. The APOC3 gene polymorphism was analyzed using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).

Results
Patients with CAD had a significantly higher frequency of APOC3 3238 GG genotype [odds ratio (OR) =1.64, 95% confidence interval (CI) =1.10, 2.43; P = 0.01] and APOC3 3238 G allele (OR =1.27, 95% CI =1.04, 1.55; P = 0.02) than controls. The findings are still emphatic by the Bonferroni correction. When stratifying by hyperlipidemia, CAD patients with hyperlipidemia had a significantly higher frequency of APOC3 3238 GG genotype (OR =1.73, 95% CI =1.13, 2.64; P = 0.01) than without hyperlipidemia. The APOC3 3238 G allele was significantly associated with increasing plasma TG levels and very-low-density lipoprotein cholesterol (VLDL-C) levels both in cases and controls (P < 0.001).

Conclusions
The APOC3 3238 G allele might contribute to an increased risk of CAD as a result of its effect on TG and VLDL-C metabolism.
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Introduction
Coronary artery disease (CAD), one of the most common cardiovascular diseases, is the leading cause of morbidity and mortality worldwide [1]. It is caused by multiple interacting endogenous and exogenous factors [2]. There are several emerging risk factors for CAD including smoking, obesity, stress, diabetes, lack of exercise, high alcohol consumption, and hyperlipidemia [3]. Genetic risk, estimated to account for 40-60% of susceptibility to CAD, has until recently been unknown [4–7]. Recently, genome-wide association studies (GWAS) identified a series of single-nucleotide polymorphisms (SNPs) associated with CAD [8–10].
Apolipoprotein C3 (APOC3), a component of triglyceride (TG)-rich lipoproteins and high-density lipoprotein (HDL), was mainly synthesized in the liver and to some extent in the intestine [11]. APOC3 gene, mapped to chromosome 11q23, was involved in transport and clearance of chylomicron remnants, and very-low-density lipoprotein (VLDL) and HDL from the bloodstream [12, 13]. Two common SNPs have been identified in the APOC3 gene: 1100 C/T and 3238 C/G [14, 15]. The APOC3 3238 C/G polymorphisms have been found to be associated with altered plasma TG concentrations [16].
Recently, case–control study has suggested that the APOC3 3238G allele was a risk factor for CAD in Indians [17–19]. However, no other studies have confirmed this finding, and no similar studies were represented in Chinese. The purpose of this study was to investigate the effect of two polymorphisms (1100 C/T and 3238 C/G) of APOC3 on plasma lipid and risk of CAD in a Chinese population.

Materials and methods
Study population
A hospital-based case–control study was carried out in 600 patients with CAD and 600 age- and gender-matched controls from January 2012 to January 2014 in the Yantai Yuhuangding Hospital and Clinical College of Yanbian University, China. Based on WHO criteria, CAD cases were defined as those having severe angiostenosis (>50%) in at least one major coronary artery determined by angiography. The control group was composed of age- and gender-matched subjects who had undergone a coronary angiography in the same recruitment period as the CAD patients, without angiographic evidence of CAD. Controls selected also had at least one conventional predisposing factor of CAD. The controls were required to have no history or ECG signs of angina pectoris, myocardial infarction, or other cardiovascular diseases. In addition, similar to the cases the controls were all required to be born in China to native Chinese Han parents. To confirm the diagnosis, two physicians reviewed the hospital records and validated each case. The Institutional Ethical Committee approved this study, and all participants gave written informed consent according to the Declaration of Helsinki.

DNA extraction and genotyping
The commercially available Qiagen kit (QIAGEN Inc., Valencia, CA, USA) was used to extract DNA from peripheral blood leukocytes. Genomic DNA was isolated from 20 g/L ethylenediaminetetraacetic acid (EDTA) or sodium citrate anticoagulated 3–5 ml venous blood and stored at 4°C. Polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) assay was applied to assess the APOC3 gene polymorphisms. Based on the GenBank reference sequence, the PCR primers designed for APOC3 1100 C/T and 3238 C/G were 5′-AGA GGC CGA TCC ACC CCA CTC AGC C-3′ (forward) and 5′-GGC GGT CTT GGT GGC GTG CTT CAG G-3′ (reverse); 5′-CAT GGT TGC CTA CAG AGG AGT-3′ (forward) and 5′-TGA CCT TCC GCA CAA AGC TGT-3′ (reverse), respectively. The amplified PCR products were digested with Sst I (3238 C/G) and Sac I (1100 C/T) (New England BioLabs, Missisauga, ON, Canada). Details of PCR conditions have been described elsewhere [20]. The digested PCR products were resolved on a 3% agarose gel and stained with ethidium bromide for visualization under UV light. For quality control, two independent observers, read all genotypes without knowing about the case or control status. Direct DNA sequencing was performed to confirm the genotyping results.

Statistical analysis
All statistical tests were performed using the program SPSS (SPSS Inc., Chicago, IL). Linkage disequilibrium was calculated by EXCEL and the method of Chakravarti et al. [21]. Hardy–Weinberg equilibrium was assessed by the x2 goodness-of-fit test. Differences between continuous variables were assessed by Student’s t test, while those between categorical variables were evaluated using Pearson x2 test. The existence of differences in genotypic frequencies between groups was assessed by means of Pearson x2 test and calculating the odds ratio (OR) with the 95% confidence intervals (CI). OR adjusted for other covariables (hypertension, diabetes, smoking, age and gender) were determined using logistic regression models. We also use the Bonferroni correction for total number of independent comparisons. A P-value was considered significant at a level of <0.05.


Results
Characteristics of participants
General characteristics of cases and controls were showed in Table 1. No significant differences were found between the CAD cases and controls in age, gender, family history, hypertension, ApoA1 and ApoB (Table 1). Univariate study was performed to identify that smoking status (P < 0.001), diabetes (P < 0.001), obesity (P < 0.001), hyperlipidemia (P < 0.001), TG (P < 0.001), TC (P < 0.001), HDL-C (P = 0.002), LDL-C (P = 0.001) and VLDL-C (P < 0.001) were risk factors of CAD (Table 1). Hardy–Weinberg proportions were observed for all the SNPs. The 1100 C/T and 3238 C/G in the APOC3 gene are in complete linkage disequilibrium in the Chinese population (Table 2).Table 1
                          General characteristics of cases and controls
                        


	 	CAD
	Controls
	
                              P
                            

	Number of subjects
	600
	600
	 
	Age (years), mean(SD)
	57.3 ± 10.8
	56.9 ± 10.1
	0.51

	Gender (Male/Female)
	486/114
	462/138
	0.09

	Smoking status (Ever/Never)
	192/408
	98/502
	<0.001

	Family history (Positive/Negative)
	98/502
	77/523
	0.09

	Hypertension (Positive/Negative)
	305/295
	280/320
	0.15

	Diabetes (Positive/Negative)
	156/444
	78/522
	<0.001

	Obesity (Positive/Negative)
	176/424
	85/515
	<0.001

	Hyperlipidemia (Positive/Negative)
	188/412
	92/508
	<0.001

	TG (mg/dL)
	180.5 ± 92.3
	151.7 ± 79.4
	<0.001

	TC (mg/dL)
	202.1 ± 60.2
	189.6 ± 47.9
	<0.001

	HDL-C (mg/dL)
	37.4 ± 11.3
	39.5 ± 12.4
	0.002

	LDL-C (mg/dL)
	124.8 ± 49.8
	116.7 ± 35.4
	0.001

	VLDL-C (mg/dL)
	39.8 ± 23.7
	32.7 ± 19.5
	<0.001

	ApoA1 (mg/dL)
	127.3 ± 23.7
	126.8 ± 22.9
	0.71

	ApoB (mg/dL)
	90.6 ± 28.7
	89.7 ± 24.5
	0.56


Abbreviations: CAD coronary artery disease, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol VLDL-C very-low-density lipoprotein cholesterol, Apo apolipoprotein.


Table 2
                          Genotype and allele frequencies of APOC3 gene polymorphisms among coronary artery disease cases and healthy controls
                        


	Genotypes
	Cases (%)
	Controls (%)
	OR (95% CI)
	
                              P
                            

	1100 CC
	224(37.3)
	235(39.2)
	1.00(Reference)
	 
	1100 CT
	202(33.7)
	215(35.8)
	0.99(0.76,1.29)
	0.92

	1100 TT
	174(29.0)
	150(25.0)
	1.22(0.92,1.62)
	0.18

	1100 C allele frequency
	650(54.2)
	685(57.1)
	1.00(Reference)
	 
	1100 T allele frequency
	550(45.8)
	515(42.9)
	1.13(0.96,1.32)
	0.15

	3238 CC
	414(69.0)
	433(72.2)
	1.00(Reference)
	 
	3238 CG
	114(19.0)
	121(20.2)
	0.99(0.74,1.32)
	0.92

	3238 GG
	72(12.0)
	46(7.6)
	1.64(1.10,2.43)
	0.01

	3238 C allele frequency
	942(78.5)
	987(82.3)
	1.00(Reference)
	 
	3238 G allele frequency
	258(21.5)
	213(17.7)
	1.27(1.04,1.55)
	0.02





APOC3 3238 C/G polymorphisms, lipids and CAD
Patients with CAD had a significantly higher frequency of APOC3 3238 GG genotype (OR =1.64, 95% CI =1.10, 2.43; P = 0.01) and APOC3 3238 G allele (OR =1.27, 95% CI =1.04, 1.55; P = 0.02) than controls (Table 2). The findings are still emphatic by the Bonferroni correction. When stratifying by hyperlipidemia, CAD patients with hyperlipidemia had a significantly higher frequency of APOC3 3238 GG genotype (OR =1.73, 95% CI =1.13, 2.64; P = 0.01) than without hyperlipidemia (Table 3). The APOC3 3238 G allele was significantly associated with increasing plasma TG levels and VLDL-C levels both in cases and controls (P < 0.001) (Table 4).Table 3
                          Stratification analysis of APOC3 3238 C/G polymorphisms in coronary artery disease cases
                        


	 	Cases
	CC
	CG
	GG

	n (%)
	OR (95% CI)
	
                              P
                            
	n (%)
	OR (95% CI)
	
                              P
                            
	n (%)
	OR (95% CI)
	
                              P
                            

	Smoking status
	600
	414(69.0)
	1(Reference)
	 	114(19.0)
	1(Reference)
	 	72(12.0)
	1(Reference)
	 
	 Ever
	192
	133(69.3)
	1.00(0.78,1.29)
	0.98
	35(18.2)
	0.96(0.64,1.45)
	0.84
	24(12.5)
	1.04(0.64,1.70)
	0.87

	 Never
	408
	281(68.9)
	0.99(0.82,1.22)
	0.99
	79(19.4)
	1.02(0.75,1.39)
	0.91
	48(11.7)
	0.98(0.67,1.44)
	0.92

	Diabetes
	600
	414(69.0)
	1(Reference)
	 	114(19.0)
	1(Reference)
	 	72(12.0)
	1(Reference)
	 
	 Positive
	156
	107(68.6)
	0.99(0.75,1.31)
	0.97
	30(19.2)
	1.01(0.65,1.57)
	0.96
	19(12.2)
	1.02(0.59,1.73)
	0.96

	 Negative
	444
	307(69.1)
	1.00(0.83,1.21)
	0.98
	84(18.9)
	1.00(0.73,1.35)
	0.98
	53(11.9)
	0.99(0.68,1.45)
	0.98

	Obesity
	600
	414(69.0)
	1(Reference)
	 	114(19.0)
	1(Reference)
	 	72(12.0)
	1(Reference)
	 
	 Positive
	176
	120(68.2)
	0.99(0.76,1.29)
	0.93
	35(19.9)
	1.05(0.69,1.58)
	0.83
	21(11.9)
	0.99(0.60,1.66)
	0.98

	 Negative
	424
	294(69.3)
	1.01(0.83,1.22)
	0.96
	79(18.6)
	0.98(0.72,1.34)
	0.90
	51(12.0)
	1.00(0.69,1.47)
	0.99

	Hyperlipidemia
	600
	414(69.0)
	1(Reference)
	 	114(19.0)
	1(Reference)
	 	72(12.0)
	1(Reference)
	 
	 Positive
	188
	117(62.2)
	0.90(0.69,1.17)
	0.44
	32(17.0)
	0.90(0.59,1.37)
	0.61
	39(20.7)
	1.73(1.13,2.64)
	0.01

	 Negative
	412
	297(72.1)
	1.05(0.86,1.27)
	0.66
	82(19.9)
	1.05(0.77,1.43)
	0.77
	33(8.0)
	0.67(0.43,1.03)
	0.07



Table 4
                          Lipid profiles of coronary artery disease cases and controls according to APOC3 3238 C/G polymorphisms
                        


	 	CAD
	P value
	Controls
	P value

	CC
	CG
	GG
	CC
	CG
	GG

	TG (mg/dL)
	162.3 ± 86.5
	197.6 ± 90.4
	253.9 ± 104.7
	<0.001
	138.7 ± 75.8
	170.5 ± 80.6
	224.6 ± 95.7
	<0.001

	TC (mg/dL)
	199.4 ± 58.5
	215.4 ± 62.7
	196.3 ± 58.4
	0.65
	182.3 ± 47.1
	213.8 ± 49.8
	194.4 ± 48.7
	0.74

	HDL-C (mg/dL)
	37.5 ± 11.1
	40.8 ± 10.4
	31.5 ± 9.8
	0.56
	37.4 ± 11.7
	46.2 ± 14.5
	41.7 ± 12.4
	0.52

	LDL-C (mg/dL)
	127.1 ± 49.8
	128.8 ± 49.8
	105.7 ± 42.3
	0.09
	115.3 ± 34.9
	130.6 ± 37.4
	104.5 ± 32.7
	0.34

	VLDL-C (mg/dL)
	34.8 ± 19.8
	45.8 ± 24.1
	59.1 ± 27.4
	<0.001
	29.6 ± 18.7
	37.0 ± 20.1
	48.2 ± 21.3
	<0.001

	ApoA1 (mg/dL)
	124.6 ± 22.9
	138.4 ± 25.6
	125.2 ± 23.4
	0.78
	124.5 ± 22.1
	135.6 ± 24.1
	124.7 ± 21.8
	0.68

	ApoB (mg/dL)
	88.3 ± 28.1
	99.8 ± 30.1
	89.1 ± 27.9
	0.73
	87.3 ± 24.2
	97.7 ± 28.7
	91.4 ± 25.7
	0.82





APOC3 1100 C/T polymorphisms, lipids and CAD
No association was found between APOC3 1100 C/T polymorphisms and CAD (Table 2). When stratifying by smoking status, diabetes, obesity and hyperlipidemia, no significant differences were found in any groups (Table 3).


Discussion
A lot of studies have been conducted to examine the association of genetic polymorphism and risk of CAD. A meta-analysis of 9 studies that included 1,700 CAD patients and 4,081 healthy controls suggested that ALDH2 Glu504Lys polymorphism may be associated with increased risk of CAD and myocardial infarction in East Asians, especially among Chinese and Korean populations [22]. A meta-analyses of 26 studies that included 12,776 cases and 6,371 controls found that -1562C>T polymorphism in the promoter region of matrix metalloproteinase-9 may have association with CAD risk in Asian populations [23]. A meta-analyses of 22 studies including 3,502 CAD patients and 3,071 controls suggested that the angiotensin II receptor, type 1 gene A1166C polymorphism might be a genetic marker for the development of CAD in Chinese populations, especially in the context of studies with northern and older subjects [24, 25]. A meta-analyses of 11 studies involving 22,584 subjects showed that PTGS2 -765G/C was associated with a decreased risk of CAD [26]. A meta-analyses of ten studies with 4,413 patients found that apolipoprotein M T-778C polymorphism was associated with serum lipid levels and the risk of CAD in the Chinese population [27]. A meta-analyses of 11 studies involving 5,535 CAD patients and 5,626 controls indicated that the Connexin37 C1019T polymorphism may be a moderate risk factor for CAD [28]. A meta-analyses of 20 studies comprising 15,591 participants found that apolipoprotein C3 Sst I and T-455C polymorphisms might be associated with CAD risk [14]. A meta-analyses of 9 studies that included 3,439 cases and 14,182 controls suggested that Cyclooxygenase-2 (COX-2) rs20417 polymorphism may contribute to CAD development, especially in Asians [29]. A prospective case–control study found that the rsl2221497 polymorphism in liver X receptor alpha gene was associated with susceptibility of CAD in Han population [30]. A meta-analyses of 40 studies including 4,564 CAD cases and 3,985 controls suggested an association between apolipoprotein E (ApoE) epsilon4 allele and increased risk of CAD in Chinese population [31].
The APOC3 gene polymorphisms were also associated with many other diseases. The polymorphisms -482 C/T and -455 T/C in APOC3 were associated with nonalcoholic fatty liver disease and insulin resistance [32]. A case–control study suggested that APOC3 1100 C/T was associated with increased risk of diabetes probably through mechanisms other than direct effects on TG [33]. A population-based prospective cohort (n =7,983) APOC3 -482T allele had increased type 2 diabetes risk [34]. APOC3 gene polymorphisms contributed to an unfavorable lipid profile in patients with HIV [13]. A case–control study suggested that the minor alleles of APOC3 -455 T/C polymorphisms were closely associated with acute coronary syndrome [35]. A case–control study suggested that APOC3 -482TT genotype was independently associated with elevated fasting triglyceride concentrations in obese men [36]. A case–control study involving 374 Chinese type 2 diabetic patients with and 392 without diabetic nephropathy found that the hepatic lipase -514C/T polymorphism interaction with polymorphisms in APOC3 -482C/>T increased the risk of diabetic nephropathy [37]. A case–control study suggested that APOC3 SstI polymorphism was weakly associated with sporadic Alzheimer's disease in a Chinese population [38]. A case–control study suggested that APOC3 promoter polymorphisms (-482 C/T and -455 T/C) were associated with the metabolic syndrome [39, 40].
Although the exact mechanism by which the APOC3 3238 G allele might contribute to an increased risk of CAD is still unclear, it is widely suspected that as a result of its effect on lipid metabolism. A meta-analyses of 29 Western prospective studies involving 262,525 participants indicated moderate and highly significant associations between triglyceride values and CAD risk [41]. The Bogalusa Heart Study found that APOC3 3238 C/G polymorphisms were associated with higher serum triglyceride levels [42]. Our study also found that the APOC3 3238 G allele was significantly associated with increasing plasma TG levels and VLDL-C levels.
Strength of this study was a relatively large sample size. Several limitations of our study should be addressed. First of all, potential selection bias might have been present, because this is a hospital based case control study and the subjects may not be representative of the general population. Second, this study only considers a Chinese population that may limit the application of these findings to other ethnic populations. Third, CAD is induced by multiple genes and environmental factors, which were not explored in the present study.

Conclusion
In conclusion, our study suggested that the APOC3 3238 G allele might contribute to an increased risk of CAD as a result of its effect on TG and VLDL-C metabolism. Additional studies are needed to confirm this finding.

Acknowledgements
Thanks are expressed to all coinvestigators, local project coordinators, research assistants, laboratory technicians, and secretaries/administrative assistants.

References
1.
Negi S, Anand A: Atherosclerotic coronary heart disease-epidemiology, classification and management. Cardiovasc Hematol Disord Drug Targets. 2010, 10: 257-261. 10.2174/187152910793743832CrossRefPubMed

2.
Bowron A, Scott J, Stansbie D: The influence of genetic and environmental factors on plasma homocysteine concentrations in a population at high risk for coronary artery disease. Ann Clin Biochem. 2005, 42: 459-462. 10.1258/000456305774538256CrossRefPubMed

3.
Hrira MY, Chkioua L, Slimani A, Chahed H, Mosbah H, Khaldoun HB, Ferchichi S, Addad F, Miled A: Hsp70-2 gene polymorphism: susceptibility implication in Tunisian patients with coronary artery disease. Diagn Pathol. 2012, 7: 88- 10.1186/1746-1596-7-88PubMedCentralCrossRefPubMed

4.
Maouche S, Schunkert H: Strategies beyond genome-wide association studies for atherosclerosis. Arterioscler Thromb Vasc Biol. 2012, 32: 170-181. 10.1161/ATVBAHA.111.232652CrossRefPubMed

5.
Roberts R, Stewart AF: Genes and coronary artery disease: where are we?. J Am Coll Cardiol. 2012, 60: 1715-1721. 10.1016/j.jacc.2011.12.062CrossRefPubMed

6.
Adi D, Xie X, Ma YT, Fu ZY, Yang YN, Li XM, Xiang Y, Liu F, Chen BD: Association of COL4A1 genetic polymorphisms with coronary artery disease in Uygur population in Xinjiang. China Lipids Health Dis. 2013, 12: 153-10.1186/1476-511X-12-153.CrossRefPubMed

7.
Roberts R, Stewart AF: The genetics of coronary artery disease. Curr Opin Cardiol. 2012, 27: 221-227. 10.1097/HCO.0b013e3283515b4bCrossRefPubMed

8.
O'Donnell CJ, Kavousi M, Smith AV, Kardia SL, Feitosa MF, Hwang SJ, Sun YV, Province MA, Aspelund T, Dehghan A, Hoffmann U, Bielak LF, Zhang Q, Eiriksdottir G, van Duijn CM, Fox CS, de Andrade M, Kraja AT, Sigurdsson S, Elias-Smale SE, Murabito JM, Launer LJ, van der Lugt A, Kathiresan S, Consortium CA, Krestin GP, Herrington DM, Howard TD, Liu Y, Post W: Genome-wide association study for coronary artery calcification with follow-up in myocardial infarction. Circulation. 2011, 124: 2855-2864. 10.1161/CIRCULATIONAHA.110.974899PubMedCentralCrossRefPubMed

9.
Mehta NN: Large-scale association analysis identifies 13 new susceptibility loci for coronary artery disease. Circ Cardiovasc Genet. 2011, 4: 327-329. 10.1161/CIRCGENETICS.111.960443PubMedCentralCrossRefPubMed

10.
Schunkert H, Konig IR, Kathiresan S, Reilly MP, Assimes TL, Holm H, Preuss M, Stewart AF, Barbalic M, Gieger C, Absher D, Aherrahrou Z, Allayee H, Altshuler D, Anand SS, Andersen K, Anderson JL, Ardissino D, Ball SG, Balmforth AJ, Barnes TA, Becker DM, Becker LC, Berger K, Bis JC, Boekholdt SM, Boerwinkle E, Braund PS, Brown MJ, Burnett MS: Large-scale association analysis identifies 13 new susceptibility loci for coronary artery disease. Nat Genet. 2011, 43: 333-338. 10.1038/ng.784PubMedCentralCrossRefPubMed

11.
Karathanasis SK: Apolipoprotein multigene family: tandem organization of human apolipoprotein AI, CIII, and AIV genes. Proc Natl Acad Sci U S A. 1985, 82: 6374-6378. 10.1073/pnas.82.19.6374PubMedCentralCrossRefPubMed

12.
Masebe T, Bessong PO, Ndip RN, Meyer D: Genetic variants of APOC3 promoter and HLA-B genes in an HIV infected cohort in northern South Africa: a pilot study. Int J Mol Sci. 2014, 15: 11403-11415. 10.3390/ijms150711403PubMedCentralCrossRefPubMed

13.
Tarr PE, Taffe P, Bleiber G, Furrer H, Rotger M, Martinez R, Hirschel B, Battegay M, Weber R, Vernazza P, Bernasconi E, Darioli R, Rickenbach M, Ledergerber B, Telenti A, : Modeling the influence of APOC3, APOE, and TNF polymorphisms on the risk of antiretroviral therapy-associated lipid disorders. J Infect Dis. 2005, 191: 1419-1426. 10.1086/429295CrossRefPubMed

14.
Lin B, Huang Y, Zhang M, Wang J, Wu Y: Association between apolipoprotein C3 Sst I, T-455C, C-482T and C1100T polymorphisms and risk of coronary heart disease. BMJ Open. 2014, 4: e004156- 10.1136/bmjopen-2013-004156PubMedCentralCrossRefPubMed

15.
Fiegenbaum M, de Andrade FM, Hutz MH: Association between plasma lipid parameters and APOC3 genotypes in Brazilian subjects: effect of gender, smoking and APOE genotypes. Clin Chim Acta. 2007, 380: 175-181. 10.1016/j.cca.2007.02.007CrossRefPubMed

16.
Shoulders CC, Harry PJ, Lagrost L, White SE, Shah NF, North JD, Gilligan M, Gambert P, Ball MJ: Variation at the apo AI/CIII/AIV gene complex is associated with elevated plasma levels of apo CIII. Atherosclerosis. 1991, 87: 239-247. 10.1016/0021-9150(91)90026-YCrossRefPubMed

17.
Bhanushali AA, Das BR: Influence of genetic variants in the apolipoprotein A5 and C3 gene on lipids, lipoproteins, and its association with coronary artery disease in Indians. J Community Genet. 2010, 1: 139-148. 10.1007/s12687-010-0025-xPubMedCentralCrossRefPubMed

18.
AshokKumar M, Subhashini NG, SaiBabu R, Ramesh A, Cherian KM, Emmanuel C: Genetic variants on apolipoprotein gene cluster influence triglycerides with a risk of coronary artery disease among Indians. Mol Biol Rep. 2010, 37: 521-527. 10.1007/s11033-009-9728-7CrossRefPubMed

19.
Shanker J, Perumal G, Rao VS, Khadrinarasimhiah NB, John S, Hebbagodi S, Mukherjee M, Kakkar VV: Genetic studies on the APOA1-C3-A5 gene cluster in Asian Indians with premature coronary artery disease. Lipids Health Dis. 2008, 7: 33- 10.1186/1476-511X-7-33PubMedCentralCrossRefPubMed

20.
Waterworth DM, Ribalta J, Nicaud V, Dallongeville J, Humphries SE, Talmud P: ApoCIII gene variants modulate postprandial response to both glucose and fat tolerance tests. Circulation. 1999, 99: 1872-1877. 10.1161/01.CIR.99.14.1872CrossRefPubMed

21.
Chakravarti A, Buetow KH, Antonarakis SE, Waber PG, Boehm CD, Kazazian HH: Nonuniform recombination within the human beta-globin gene cluster. Am J Hum Genet. 1984, 36: 1239-1258.PubMedCentralPubMed

22.
Gu JY, Li LW: ALDH2 Glu504Lys polymorphism and susceptibility to coronary artery disease and myocardial infarction in East Asians: a meta-analysis. Arch Med Res. 2014, 45: 76-83. 10.1016/j.arcmed.2013.10.002CrossRefPubMed

23.
Zhang FX, Sun DP, Guan N, Chen JJ, Huo XC, Luo JS: Association between -1562C>T polymorphism in the promoter region of matrix metalloproteinase-9 and coronary artery disease: a meta-analysis. Genet Test Mol Biomarkers. 2014, 18: 98-105. 10.1089/gtmb.2013.0369CrossRefPubMed

24.
Li Y, Li X, Jia N, Guo S, Chu S, Niu W: Meta-analysis of the association between angiotensin II receptor, type 1 gene A1166C polymorphism and coronary artery disease in Chinese populations. J Renin Angiotensin Aldosterone Syst. 2013, 14: 82-90. 10.1177/1470320312450599CrossRefPubMed

25.
Wang Z, Yang Y, He M, Wang R, Ma J, Zhang Y, Zhao L, Yu K: Association between interleukin-6 gene polymorphisms and bone mineral density: a meta-analysis. Genet Test Mol Biomarkers. 2013, 17: 898-909. 10.1089/gtmb.2013.0223PubMedCentralCrossRefPubMed

26.
Xuan CL, Yan W, Xuan L, Xu RH: PTGS2 gene polymorphism -765G>C is associated with coronary artery disease: a meta-analysis. Genet Mol Res. 2014, 13: 1491-1496. 10.4238/2014.January.14.10CrossRefPubMed

27.
Zhang Z, Chu G, Yin RX: Apolipoprotein M T-778C polymorphism is associated with serum lipid levels and the risk of coronary artery disease in the Chinese population: a meta-analysis. Lipids Health Dis. 2013, 12: 135- 10.1186/1476-511X-12-135PubMedCentralCrossRefPubMed

28.
Wu Z, Lou Y, Jin W, Liu Y, Lu L, Chen Q, Zhang R: The Connexin37 gene C1019T polymorphism and risk of coronary artery disease: a meta-analysis. Arch Med Res. 2014, 45: 21-30. 10.1016/j.arcmed.2013.12.001CrossRefPubMed

29.
Wang H, Fu Y, Liu D, Zhang M, Zhang G, Wu W, Yang S, Li C, Zhang H: The COX-2 rs20417 polymorphism and risk of coronary artery disease: evidence from 17, 621 subjects. Heart Lung Circ. 2014, 23: 572-577. 10.1016/j.hlc.2014.01.002CrossRefPubMed

30.
Zhou YF, Zhang J, Li ZX, Miao JL, Yin QX, Li JJ, Zhang XY, Li YY, Luo HL: Association of liver X receptor alpha (LXRalpha) gene polymorphism and coronary heart disease, serum lipids and glucose levels. Lipids Health Dis. 2014, 13: 34- 10.1186/1476-511X-13-34PubMedCentralCrossRefPubMed

31.
Yin YW, Sun QQ, Zhang BB, Hu AM, Liu HL, Wang Q, Hou ZZ: Association between apolipoprotein E gene polymorphism and the risk of coronary artery disease in Chinese population: evidence from a meta-analysis of 40 studies. PLoS One. 2013, 8: e66924- 10.1371/journal.pone.0066924PubMedCentralCrossRefPubMed

32.
Petersen KF, Dufour S, Hariri A, Nelson-Williams C, Foo JN, Zhang XM, Dziura J, Lifton RP, Shulman GI: Apolipoprotein C3 gene variants in nonalcoholic fatty liver disease. N Engl J Med. 2010, 362: 1082-1089. 10.1056/NEJMoa0907295PubMedCentralCrossRefPubMed

33.
Dorfmeister B, Cooper JA, Stephens JW, Ireland H, Hurel SJ, Humphries SE, Talmud PJ: The effect of APOA5 and APOC3 variants on lipid parameters in European Whites, Indian Asians and Afro-Caribbeans with type 2 diabetes. Biochim Biophys Acta. 2007, 1772: 355-363. 10.1016/j.bbadis.2006.11.008CrossRefPubMed

34.
van Hoek M, van Herpt TW, Dehghan A, Hofman A, Lieverse AG, van Duijn CM, Witteman JC, Sijbrands EJ: Association of an APOC3 promoter variant with type 2 diabetes risk and need for insulin treatment in lean persons. Diabetologia. 2011, 54: 1360-1367. 10.1007/s00125-011-2092-xPubMedCentralCrossRefPubMed

35.
Ding Y, Zhu MA, Wang ZX, Zhu J, Feng JB, Li DS: Associations of polymorphisms in the apolipoprotein APOA1-C3-A5 gene cluster with acute coronary syndrome. J Biomed Biotechnol. 2012, 2012: 509420-PubMedCentralCrossRefPubMed

36.
Coban N, Onat A, Guclu-Geyik F, Komurcu-Bayrak E, Sansoy V, Hergenc G, Can G, Erginel-Unaltuna N: Gender- and obesity-specific effect of apolipoprotein C3 gene (APOC3) -482C>T polymorphism on triglyceride concentration in Turkish adults. Clin Chem Lab Med. 2012, 50: 285-292.CrossRef

37.
Baum L, Ng MC, So WY, Lam VK, Wang Y, Poon E, Tomlinson B, Cheng S, Lindpaintner K, Chan JC: Effect of hepatic lipase -514C->T polymorphism and its interactions with apolipoprotein C3–482C->T and apolipoprotein E exon 4 polymorphisms on the risk of nephropathy in chinese type 2 diabetic patients. Diabetes Care. 2005, 28: 1704-1709. 10.2337/diacare.28.7.1704CrossRefPubMed

38.
Sun Y, Shi J, Zhang S, Tang M, Han H, Guo Y, Ma C, Liu X, Li T: The APOC3 SstI polymorphism is weakly associated with sporadic Alzheimer's disease in a Chinese population. Neurosci Lett. 2005, 380: 219-222. 10.1016/j.neulet.2005.01.038CrossRefPubMed

39.
Miller M, Rhyne J, Chen H, Beach V, Ericson R, Luthra K, Dwivedi M, Misra A: APOC3 promoter polymorphisms C-482T and T-455C are associated with the metabolic syndrome. Arch Med Res. 2007, 38: 444-451. 10.1016/j.arcmed.2006.10.013PubMedCentralCrossRefPubMed

40.
Pollex RL, Ban MR, Young TK, Bjerregaard P, Anand SS, Yusuf S, Zinman B, Harris SB, Hanley AJ, Connelly PW, Huff MW, Hegele RA: Association between the -455T>C promoter polymorphism of the APOC3 gene and the metabolic syndrome in a multi-ethnic sample. BMC Med Genet. 2007, 8: 80-PubMedCentralCrossRefPubMed

41.
Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham S, Boekholdt SM, Khaw KT, Gudnason V: Triglycerides and the risk of coronary heart disease: 10, 158 incident cases among 262, 525 participants in 29 Western prospective studies. Circulation. 2007, 115: 450-458. 10.1161/CIRCULATIONAHA.106.637793CrossRefPubMed

42.
Hallman DM, Srinivasan SR, Chen W, Boerwinkle E, Berenson GS: Longitudinal analysis of haplotypes and polymorphisms of the APOA5 and APOC3 genes associated with variation in serum triglyceride levels: the Bogalusa Heart Study. Metabolism. 2006, 55: 1574-1581. 10.1016/j.metabol.2006.07.018CrossRefPubMed



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
FHC and CSA carried out the molecular genetic studies and drafted the manuscript. KZL carried out the genotyping. YFL and XWZ participated in the design of the study and performed the statistical analysis. FHC, KZL, YFL, XWZ and CSA conceived of the study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/contact.gif





