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IntrOductIOn
Type 2 Diabetes is a chronic disorder characterized by impaired 
metabolism of glucose and lipids due to defect in insulin action/
secretion from beta cell of pancreas or insulin resistance [1]. 
The chronic hyperglycaemia in diabetes lead to dysfunction and 
microvascular events such as nephropathy, retinopathy and 
neuropathy or macrovascular events like atherosclerosis can 
produce coronary artery disease and stroke [1].

A principal cause of morbidity and mortality in individuals with type 
2 diabetes is Diabetic Nephropathy (DN) that has become a health 
problem of significant magnitude [2]. DN is the leading cause 
of end-stage renal disease, a complication characterized by a 
decreased Glomerular Filtration Rate (GFR), increased proteinuria 
and high levels of creatinine. New strategies are immediately 
required to improve the diagnosis of this destructive complication 
of diabetes [2].

Lipid profile of plasma includes cholesterol (Chl), Low-Density 
Lipoprotein cholesterol (LDL), High-Density Lipoprotein cholesterol 
(HDL) and Triglyceride (TG). Patients with DN are characterized by 
increased plasma fasting TG levels, and it seems that elevated 
TG precedes DN. Blood lipids modify the decline renal function 
[3] or TG rich lipoprotein particles such as VLDL might promote 
progression of DN [4].

Apolipoprotein A5 (APOA5) is located in the apolipoprotein 
APOA1/C3/A4 gene cluster on chromosome 11q23 [5,6]. APOA5 
is primarily expressed in liver cells and secreted into the plasma 
[7,8]. The APOA5 plays an important function in the metabolism 
of TG [9].
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ABStrAct
Introduction: Diabetic Nephropathy (DN), a serious compli­
cation of Type 2 Diabetic Mellitus (T2DM), is progressive and 
susceptibility to DN varies among T2DM patients. ApoA5­
1131T>C polymorphism revealed that is strongly associated 
with triglyceride levels and proposed as a predisposing factor 
for DN.

Aim: The purpose of this study was to investigate the association 
­1131T>C ApoA5 gene polymorphism with serum lipids levels 
in Type 2 diabetic (DM) patients with or without DN in north of 
Iran (Mazandaran province).

Materials and Methods: This study comprised patients with 
established T2DM (n=161) and controls (n=58). Genotyping 
of APOA5 ­1131T>C polymorphisms was performed by PCR–
RFLP. Diabetic patients were divided into two groups: with 

nephropathy (DN+, n = 90) and without nephropathy (DN­, n 
= 71). Lipids and lipoproteins were assessed by enzymatic 
methods.

results: The genotype frequencies were 63.8 % TT, 31 % TC, 
5.2 % CC in controls, 33.8% TT, 52.1 % TC, 14.1 % CC in 
DN­ and 44.4 % TT, 36.7 % TC, 18.9 % CC in DN+ patients. 
The TC genotype and the CC genotype were overexpressed 
among DN+ and DN­population in comparison to the control 
group. The highest and the lowest TG levels in both diabetic 
patients and controls belonged to CC+TC and TT genotypes, 
respectively. Furthermore in both patients TG increased with 
this order: TT< TC<CC

conclusion: These results suggest that APOA5 ­1131T>C 
polymorphisms influence lipid levels in type 2 diabetic 
patients.

Increased level of APOA5 is correlated with decreased TG 
concentration in the plasma [9].

TG interacts with lipoprotein lipase, an enzyme important for the 
central regulation of circulating TG levels [10]. In plasma, apoA5 is 
associated mainly with HDL; however, it could shift to Chylomicron 
(Chy) or very low-density lipoprotein cholesterol (VLDL) in response 
to a high fat in diet [11]. Polymorphisms in the APOA5 gene are 
strongly affected by TG levels [12]. Among the genetic variants 
associated with the expansion of hyperlipidemia there is a natural 
variant (-1131T>C) in the promoter region of APOA5 gene [12].

Therefore, it is important to understand the role of genetic risk 
factor for better preventing the development of DN.

Since many studies indicate that there is an ethnic difference in 
the APOA5 gene variants and due to little information about the 
APOA5 variants in Iranian population, in the present study, we 
investigated the association of rs662799 variant of the gene with 
lipid profile levels in a case-control study involving Type 2 diabetic 
(DM) patients with or without DN in north of Iran (Mazandaran 
province).

MAterIAlS And MethOdS

Patients Population
This case-control study comprised of 161 patients with established 
diagnosis of type 2 diabetes mellitus: 90 with nephropathy (males/
females: 35/55), 71 without nephropathy (males/females: 29/42) 
and a group of 58 healthy (males/females: 24/34) gender- age 
matched subjects. Patients were recruited from Tooba clinic, 
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[table/Fig-3]: Frequency of allele apoA5 and genotypes in patients and control 
subjects.
C+: CT or CC versus TT genotypes.  CC: CC versus CT or TT genotypes.

Allele genotype

C t n CC tC tt

No DM (Ctrl) 41% 59% 58 3 (5.2%) 18 (31%) 37 
(63.8%)

DN- 40.10% 59.90% 71 10 (14.1%) 37 (52.1%) 24 
(33.8%)

p-value :  Vs. Ctrl CC: 0.09 C+ : 0.001

OR (95% CI) 3 (0.78- 11.4) 3.45(1.6-7.1 )

DN+ 37.20% 62.80% 90 17 (18.9%) 33 (36.7%) 40 
(44.4%)

p-value :  Vs. Ctrl CC: 0.017 C+ : 0.021

OR (95% CI) 4.2 (1.1-15.2) 2.27 (1.2-4.3)

p-value :  Vs. DN- CC: 0.42 C+ : 0.171

OR (95% CI) 1.42 (0.66-
3.3)

0.63 (0.34-
1.21)

[table/Fig-2]: Demographic and biochemical features of patients with diabetic and 
control group.
Values are presented as mean ± SD. a: control vs DN- , b: DN+ vs DN-

Parameters diabetic without 
nephropathy

diabetic 
nephropathy

Control p-value

Number 71 90 58

Gender 29(40.8%) male 35(38.9%) male 24(41.3) male 0.09a

42(59.2%) female 55(61.1%) female 34(58.6) female 0.1 b

Age (years) 59.01±11.94 59.22±9.32 52.90±10.48 0.1a

TG (mg/dl) 169.173±48.508 221.924±77.311 115.71±31.551 0.0001a
0.0001b

Cholesterol 
(mg/dl)

180.276±34.717 190.391±43.790 179.98±32.762 0.99a
0.22 b

HDL (mg/dl) 44.887±14.475 41.455±13.967 73.38±18.396 0.0001a
0.34 b

LDL (mg/dl) 101.554±35.779 104.550±38.747 84.462±28.155 0.02a
0.85 b

StAtIStIcAl AnAlySIS
SPSS 16.0 software was used for statistical analysis. Normal 
distribution of the samples was analysed with the Kolmogorov–
Smirnov test. Comparisons between groups were performed 
using t-test or ANOVA for parametric variables and Mann–Whitney 
U test or Kruskal–Wallis test for nonparametric variables. Chi-
square test was used for comparison of the categorical variables. 
Hardy-Weinberg equilibrium was tested by Chi-square test. Odds 
Ratios (OR) with 95% of Confidence Intervals (CI) were calculated 
to assess strength of association.

Lipid levels were expressed in mg/dl and all values were reported 
as means±SD. Statistical significance was accepted at p value 
less than 0.05.

reSultS
The general characteristics and biochemical parameters of 
the study population, divided into DN-, DN+ and control are 
summarized in [Table/Fig-2]. Demographic data of cases showed 
a mean age of 59.2 years in DN+ and 59.01 in DN− and a gender 
frequency of 38.2% males compared to 66.1% females in DN+ 
group while 40.8% males and 59.2% females in the DN− group. 
As expected, diabetic patients had more conventional risk factors 
than those of controls; both TG and LDL levels were confirmed to 
be higher but HDL was lower significantly in diabetic patients.

The genotype distribution and allele frequencies of APOA5-1131 
T>C genotypes are shown in [Table/Fig-3]. APOA5 -1131 T>C 
genotypes were in Hardy-Weinberg equilibrium in both diabetic 
population and controls. The genotypes frequencies were 63.8 % 
TT, 31 % TC, 5.2% CC in controls, 33.8 % TT, 52.1 % TC, 14.1 % 
CC in DN- and 44.4 % TT, 36.7 % TC, 18.9 % CC in DN+ patients. 

Mazandaran University of Medical Sciences and Andisheh 
laboratory, Sari, Iran from February 2015 to September 2015. 
Individuals in the control group were selected from a volunteer 
population without the history of diabetes, kidney or heart disease 
History of the disease and other  relevant  data were collected 
from all participants with prior permission of attending physician. 
DN as evidenced by proteinuria >300 mg/l or ACR > 25mg/mmol 
(albumin to creatinine ratio in 24 urine collection and impaired GFR 
(60 ml/min/ 1.73 m2). The study protocol was approved by the local 
ethics committee and all participants signed an informed consent 
form prior to the study. Individuals taking lipid lowering drugs or 
with an evident acute or chronic inflammatory condition, malignant 
disease, type 1 diabetes, obstructive uropathy, haematuria, urinary 
tract infection were excluded from the study. Blood specimens 
were collected from all participants after 12 hour fasting. Samples 
were collected in two different tubes. EDTA tubes were used for 
extraction of DNA. Serum from plain tubes was separated by 
centrifugation and directly stored in freezer (-70° C) until evaluation 
of lipid profiles. Total cholesterol, High Density Lipoprotein (HDL) 
cholesterol and triglycerides were assayed using commercial kits 
by chemistry autoanalyser (Cobas Integra 400, Germany), and then 
Low Density Lipoprotein (LDL) cholesterol was calculated using 
the Friedewald equation excluding those samples with triglyceride 
levels above 400 mg/dl [13].

Genomic DNA was extracted from peripheral blood leukocytes 
using a salting out method. The -1131T>C polymorphism was 
determined by PCR–RFLP analysis. For 1131T>C polymorphism, 
a 187 bp fragment was amplified using the two primers [4,12]: 
Forward: 5′- GAT TGA TTC AAG ATG CAT TTA GGA C-3′ and 
Reverse: 5′ –CCCCAGGAACTGGAGCGAAATT-3′.

Gene of interest was amplified by 200 mM dNTP, 1U SmarTaq 
(Cinagen, Iran), 1× smarTaq buffer, 280 nM each primer 1.5 mM 
MgCl2 and 1 ul (400ng) of DNA were mixed and the volume was 
adjusted to 25 ul with water. The PCR conditions included an initial 
denaturing at 96°C for 4 min, followed by 35 cycles of amplification 
cycles consisting of denaturation at 93°C for 40 s, annealing at 
58°C for 40 s, extension at 72°C for 40 s, and a final extension at 
72°C for 5 min. A 6 μl of the PCR products were digested for 12h at 
37°C with 5 U of restriction enzyme Tru1I (Promega) to check if the 
digestion has occurred. Products were resolved on 2% agarose 
gels post-stained with ethidium bromide and imaged with uvitec 
(UK) Gel Duct system. According to the digestion patterns, three 
genotypes were determined: TT genotype resulted in 20 and 167 
bp fragments, TC genotype created 20, 167 and 187 bp products 
and CC genotype produced 187bp fragment [Table/Fig-1].

[table/Fig-1]: Gel picture of Apo A5 1131T-C PCR-RFLP products resolved on a 
2% agarose gel with ethidium bromide staining,  heterozygote (TC): lanes 1,2 and 5; 
Normal homozygote(TT): lane 3,4 and 7 and minor homozygote (CC): lane 6 . DNA 
molecular weight size ladder is at right end of gel.
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[table/Fig-4]: Lipid levels in CC vs TT and TC of APOA5 polymorphism in diabetic patients and controls.

Parameters Control dn- dn+

tt tC+CC p tt tC+CC p tt tC+CC p

Number 37 21 24 47 40 50 -

TG(mg/dl) 113±32 119±29 0.52 152±50 176±47 0.06 175±51 258±75 0.0001

CHL(mg/dl) 178±29 183±39 0.57 179±36 176±31 0.71 189±44 191±43 0.81

LDL(mg/dl) 84±26 85±31 0.91 106±42 95±29 0.41 114±41 97±34 0.03

HDL(mg/dl) 71±19 74±16 0.54 42±16 46±14 0.21 39.6±14 42.9±13 0.26

[table/Fig-5]: Lipid values according to APOA5 genotype in diabetic patients.
P1: TT vs TC, P2: TT vs CC,    P3: TC vs CC

Parameters dn- dn+

tt tC CC p tt tC CC p

Number 24 37 10 40 33 17

TG(mg/dl) 152±50 176±48 182±39 p1:0.14 176±51 222±50 330±63 p1:0.01

p2:0.25 p2:0.001

p3:0.95 p3:0.001

CHL(mg/dl) 180±36 177±32 195±41 p1:0.93 189±44 184±39 205±49 p1:0. 1

p2:0.49 p2:0.01

p3:0.31 p3:0.01

LDL(mg/dl) 106±42 95±29 114±39 p1:0.44 114±47 97±34 94±37 p1:0.89

p2:0.83 p2:0.42

p3:0.29 p3:0.25

HDL(mg/dl) 43±17 46±14 44±9 p1:065 40±14 42±13 44±15 p1:0.71

p2:0.96 p2:0.46

p3:0.92 p3:0.85

In DN- group, the prevalence of the CC and TC genotypes were 
found to be higher than control subjects. The TC genotype (OR = 
3.45) and the CC genotype (OR = 3) were overexpressed among 
DN- population in comparison to control group.

Similar results were observed in DN+ group so that the prevalence 
of the CC and TC genotypes was higher than control subjects. 
The TC genotype (OR = 2.27) and the CC genotype (OR = 4.2) 
were overrexpressed among DN+ population in comparison to 
control group. On comparing genotype distribution between DN− 
and DN+ patients, results revealed CC carriers were statistically 
significantly more frequent in the DN+ group with OR=1.42, 95% 
confidence interval of 1.1–15.2, and p<0.017.

Lipids profile in APOA5 -1131T>C genotype groups in diabetic 
patients and controls are shown in [Table/Fig-4]. We considered 
CC and TC genotypes in one group (allele C carriers) and used 
independent t-test to compare the biochemical parameters of 
subjects in this group with those of the volunteers with the TT 
genotype. The highest and the lowest TG levels in both diabetic 

patients and controls belonged to CC+TC and TT genotypes, 
respectively. [Table/Fig-5] showed that with comparison between 
diabetic subjects, TG was higher in DN+ than DN- individuals. So 
that, in both patients TG increased with this order: TT< TC<CC.

When patients and control groups were divided based on 150 mg/
dl as a cut-off value for TG; High TG values were observed in 90% 
of individuals had CC Genotype compared to 55% of that of the 
TT or CT carriers with odd ratio= 7.36, (CI=2.16-25.10), p=0.001 
[Table/Fig-6].

Due to the existence of the rare allele C (TC+CC subgroup), high 
TG values were encountered in 63.7%, 76.5%, and 28.6% % of 
the DN+, DN−, and controls, with an odds ratio of 21,4.87,0.67 
when compared with subjects with TT genotype respectively 
[Table/Fig-7].

Also, we found a higher number of TC heterozygote's in the 
high TG group as compared with the low TG group in diabetic 
patients.

[table/Fig-7]: High TG values for CC/TC versus TT genotype in control, DN- and 
DN+

group    genotype tg<150 
(mg/dl)

tg>150 
  (mg/dl)

Control TT 5(71.4%)     32(62.7%)

TC+CC 2(28.6%)     19(37.3%)

1(CC)+1(TC) 1(CC)+18(TC)

OR=0.67, CI(0.12-3.82) , p=0.44  

DN- TT 12(23.5%)     19(70.4%)

TC+CC 39(76.5%)     8(29.6%)

9(CC)+30(TC) 1(CC)+7(TC)

OR=4.87, CI(1.61-14.70),  p=0.004

DN+ TT 28(36.3%) 12(91.7%)

TC+CC 49(63.7%) 1(8.3%)

17(CC)+32(TC) 1(TC)

OR=21, CI(2.59-17.10), p=0.004

[table/Fig-6]: TG levels in CC vs. TT and CT among three groups.

genotype    number tg<150
(mg/dl)

tg>150
 (mg/dl)

CC 30 3(10%) 27(90%)

CT+TT 189 85(45%) 104(55%)

OR=7.36, CI (2.16-25.10), p-value=0.001

dIScuSSIOn
More studies have demonstrated that for evaluating the 
susceptibility to a disorder, especially a multifactor and complex 
disorders such as diabetes, it is not enough to just determine 
the routine biochemical parameters, but the genotypes of some 
expressing functional protein should be measured for early 
prevention and novel therapeutic intervention.

DN is a severe complication of T2DM, and the occurrence of 
nephropathy has been increasing worldwide [14]. Therefore, there 
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is a need to recognize the target to treat and prevent DN [15]. We 
showed that the frequencies of variants APOA5-1131T > C between 
patients and control subjects. The frequency of C allele was found 
to be 41%, 40.1% and 37.2% in controls, DN- and DN+ group, 
respectively [Table/Fig-3]. 

These frequencies are similar to the results reported for East Asians 
(27-37%) [16,17] but are different from other populations such as 
the Brazilians 16% [18] Turks (13%) and Hispanics (13-16%) [19].

A high fasting triglyceride (TG) level has been implicated as a 
predictive factor for the development of DN [20,21]. Our results 
showed that plasma samples of DN- and DN+ group have a higher 
mean TG values in compared to control groups. The higher mean 
value of TG was also seen in CC carriers of the DN+ group as well 
as the DN− and even the CC carriers of the control group, which 
confirmed the hypothesis of high TG as a marker of nephropathy 
implicated the 1131T-C polymorphism and its association to 
high levels of triglyceride. The allele frequency of distribution of 
APOA51131T-C polymorphism has been widely studied in many 
studies for evaluating of lipid profile especially triglyceride level 
in plasma such as young and healthy African Americans [22], 
in Chinese obese children and adolescents [23], cardiovascular 
disease [24], metabolic syndrome [25] and diabetic nephropathy 
[26].

Subgroup analysis revealed that patients bearing the rare allele 
of C in APOA5 and the Homozygotes for the common allele 
had a higher risk of hypertriglyceridemia compared to carriers 
of the other genotype (TT). Also a trend towards higher levels of 
triglyceride was seen in results that reported for Egyptian diabetic 
nephropathy [26] and Taiwanese population [27].

Szalai and coworkers believed that the -1131C allele does not yield 
categorical hypertriglyceridemia in most individuals, but rather play 
as a modifier allele for plasma TG concentrations [28]. The effect 
of the -1131C allele on TG concentrations seems to be more 
marked in patients with severe dyslipidemia, as revealed in familial 
combined hyperlipidemia [29], severe hypertriglyceridemia [30,31] 
which proved to be even more definite in CC homozygous subjects 
[32]. In the present study, subjects did not show extremely high TG 
levels, which may explain the lack of association between -1131C 
allele and TG concentrations because in addition to APOA5, 
well-studied modulators of plasma TG homeostasis include LPL, 
APOC2, APOC3, glycosylphosphatidylinositol-anchored-high 
density lipoprotein binding protein 1(GPIHBP1)and others [33].

The effect of the -1131C allele on LDL concentrations seems to 
be more associated with lower LDLc levels in CC or TC subjects 
as compared to the TT homozygous, considering the DN-, DN+ 
and controls. One hypothesis is the -1131T-C polymorphism does 
not affect LDLc levels [32]. Whereas, another idea explained by 
Nilsson et al., suggested that the protein APOA5 can interact with 
the LDL receptor (LRP1 and SrLa), and possible increase in the 
capture chylomicrons and VLDL by the liver [34]. Subsequently, 
due to the presence of the - 1131C allele and decrease of 
APOA5 gene expression significantly decrease the uptake of 
chylomicrons, VLDL and increase the uptake of LDL molecules, in 
turn inducing lower plasma LDLc levels [35]. Our data suggest that 
the functional variant APOA5-1131T>Polymorphism contribute to 
changed fasting TG levels in subjects that suffer from diabetes 
with or without nephropathy. In addition, the presence of other 
gene polymorphism such as APOE, LDL receptor and LPL 
enzyme and relation to variation of lipid profile in plasma due to 
considerable heterogeneity and large differences in the allele must 
be considered in Iranian population.

cOncluSIOn
In conclusion, the association between DN and APOA5 1131T-C 
polymorphism that affects TG levels suggests that TG levels in 
diabetic patients may contribute to development of DN. This 

association requires confirmation in other ethnic populations. 
Furthermore, it could provide an opportunity for the development 
of a novel therapeutic strategy.

AcknOwledgeMentS
This study was funded with the support of Mazandaran Universityvof 
Medical Sciences (Grant number: 92-750). Dr. Zargari contributed 
to the design and conduct of the study, protocol development, 
interpretation of data, and writing of the manuscript. Dr. Mahrooz 
contributed to study design and clinical interpretation.  Ansari 
was MSc student that  researched literature and performed 
laboratory tests. Dr. Makhlogh Selected and introduced  patients. 
Dr Hashemi contributed to protocol development, analysis, and 
interpretation of data. The authors would like to thank the staff 
in Tooba Clinic and Andisheh laboratory, Sari, Iran, for providing 
technical assistance.

reFerenceS
 Mellitus D. Diagnosis and classification of diabetes mellitus. [1] Diabetes Care. 

2005;28:S37.
 Zelmanovitz T GF, Balthazar AS, Thomazelli FCS, Jorge D, Matos JD, Canani LH. [2]

Diabetic nephropathy. Diabetol Metab Syndr. 2009;1:1-17.
 Mänttäri M, Tiula E, Alikoski T, Manninen V. Effects of hypertension and [3]

dyslipidemia on the decline in renal function. Hypertension. 1995;26(4):670-75.
 Baum L, Ng MC, So W-Y, Poon E, Wang Y, Lam VK, et al. A case-control [4]

study of apoA5− 1131T- C polymorphism that examines the role of triglyceride 
levels in diabetic nephropathy. Journal of Diabetes and its Complications. 
2007;21(3):158-63.

 Hubácek J, Adamkova V, Vrablik M, Kadlecová M, Zicha J, Kuneš J, [5]
et al. Apolipoprotein A5 in health and disease. Physiological Research. 
2009;58:S101.

 Hadarits F, Kisfali P, Mohás M, Maász A, Duga B, Janicsek I, et al. Common [6]
functional variants of APOA5 and GCKR accumulate gradually in association 
with triglyceride increase in metabolic syndrome patients. Molecular biology 
reports. 2012;39(2):1949-55.

 Yang Y, Walijee SM, Jin J, Zhao S-p, Peng D-Q. Serum apolipoprotein AV in [7]
patients with coronary artery disease and its association with triglyceride. Journal 
of Clinical Lipidology. 2012;6(5):462-68.

 Park JY, Paik JK, Kim OY, Chae JS, Jang Y, Lee JH. Interactions between [8]
the APOA5-1131T> C and the FEN1 10154G> T polymorphisms on 6 
polyunsaturated fatty acids in serum phospholipids and coronary artery disease. 
Journal of Lipid Research. 2010;51(11):3281-88.

 De Andrade F, Maluf S, Schuch J, Voigt F, Barros A, Lucatelli J, et al. The [9]
influence of the S19W SNP of the APOA5 gene on triglyceride levels in southern 
Brazil: interactions with the APOE gene, sex and menopause status. Nutrition, 
Metabolism and Cardiovascular Diseases. 2011;21(8):584-90.

 Kisfali P, Mohás M, Maász A, Polgár N, Hadarits F, Markó L, et al. Haplotype [10]
analysis of the apolipoprotein A5 gene in patients with the metabolic syndrome. 
Nutrition, Metabolism and Cardiovascular Diseases. 2010;20(7):505-11.

 Baroukh N, Bauge E, Akiyama J, Chang J, Afzal V, Fruchart J-C, et al. Analysis [11]
of apolipoprotein A5, c3, and plasma triglyceride concentrations in genetically 
engineered mice. Arteriosclerosis, Thrombosis, and Vascular Biology. 
2004;24(7):1297-302.

 Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox DR, Fruchart J-C, et [12]
al. An apolipoprotein influencing triglycerides in humans and mice revealed by 
comparative sequencing. Science. 2001;294(5540):169-73.

 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of [13]
low density lipoprotein cholesterol in plasma, without use of the preparative 
ultracentrifuge. Clinical chemistry. 1972;18(6):499-502.

 Speakman JR. Thrifty genes for obesity and the metabolic syndrome—time to [14]
call off the search? Diabetes and Vascular Disease Research. 2006;3(1):7-11.

 Mukherjee R, Locke KT, Miao B, Meyers D, Monshizadegan H, Zhang R, et al. [15]
Novel peroxisome proliferator-activated receptor agonists lower low-density 
lipoprotein and triglycerides, raise high-density lipoprotein, and synergistically 
increase cholesterol excretion with a liver X receptor agonist. J Pharmacol Exp 
Ther. 2008;327(3):716-26.

 Kim JY, Kim OY, Paik JK, Lee S-H, Lee JH. Association of apolipoprotein AV [16]
concentration with apolipoprotein A5 gene-1131T> C polymorphism and fasting 
triglyceride levels. Journal of Clinical Lipidology. 2013;7(2):94-101.

 Austin MA, Talmud PJ, Farin FM, Nickerson DA, Edwards KL, Leonetti D, et al. [17]
Association of apolipoprotein A5 variants with LDL particle size and triglyceride 
in Japanese Americans. Biochimica et Biophysica Acta (BBA)-Molecular Basis of 
Disease. 2004;1688(1):1-9.

 Furuya T, Chen E, Ota V, Mazzotti D, Ramos L, Cendoroglo M, et al. Association [18]
of APOA1 and APOA5 polymorphisms and haplotypes with lipid parameters in a 
Brazilian elderly cohort. Genet Mol Res. 2013;12:3495-99.

 Hodoglugil U, Tanyolaç S, Williamson DW, Huang Y, Mahley RW. Apolipoprotein [19]
AV: a potential modulator of plasma triglyceride levels in Turks. Journal of Lipid 
Research. 2006;47(1):144-53.

 Iseki K, Tozawa M, Ikemiya Y, Kinjo K, Iseki C, Takishita S. Relationship between [20]



www.jcdr.net Abdolkarim Mahrooz et al., Association of Apo A5 Gene Promoter Region ­1131T>C Polymorphism

Journal of Clinical and Diagnostic Research. 2016 May, Vol-10(5): BC09-BC13 1313

 PArtiCulArS oF ContriButorS:
1. Faculty of Medicine, Department of Biochemistry, Molecular and Cell Biology Research Center, Mazandaran University of Medical Sciences, Sari, Iran.
2. Faculty of Medicine, Department of Biochemistry, Molecular and Cell Biology Research Center, Mazandaran University of Medical Sciences, Sari, Iran.
3. Faculty of Medicine, Department of Biochemistry, Molecular and Cell Biology Research Center, Mazandaran University of Medical Sciences, Sari, Iran.
4. Faculty, Department of Nephrology, Imam Khomeini Hospital, Mazandaran University of Medical Sciences, Sari, IR Iran.
5. Faculty of Medicine, Department of Biochemistry, Molecular and Cell Biology Research Center, Mazandaran University of Medical Sciences, Sari, Iran.

nAme, AddreSS, e-mAil id oF the CorreSPonding Author:
Dr. Mehryar Zargari,
Department of Biochemistry, Cellular and Molecular Research Center, 
Mazandaran University of Medical Sciences, Sari, Iran.
E-mail: zargari.mehryar@gmail.com

FinAnCiAl or other ComPeting intereStS: As declared above.

Date of Submission: Feb 01, 2016
Date of Peer Review: mar 09, 2016
 Date of Acceptance: mar 18, 2016

Date of Publishing: may 01, 2016

dyslipidemia and the risk of developing end-stage renal disease in a screened 
cohort. Clinical and experimental nephrology. 2005;9(1):46-52.

 Giorgino F, Laviola L, Perin PC, Solnica B, Fuller J, Chaturvedi N. Factors [21]
associated with progression to macroalbuminuria in microalbuminuric Type 1 
diabetic patients: the EURODIAB Prospective Complications Study. Diabetologia. 
2004;47(6):1020-28.

 Klos KL, Hamon S, Clark AG, Boerwinkle E, Liu K, Sing CF. APOA5 polymorphisms [22]
influence plasma triglycerides in young, healthy African Americans and whites of 
the CARDIA Study. J Lipid Res. 2005;46(3):564-71.

 Zhu W-f, Wang C-l, Liang L, Shen Z, Fu J-f, Liu P-n, et al. Triglyceride-raising [23]
APOA5 genetic variants are associated with obesity and non-HDL-C in Chinese 
children and adolescents. Lipids in Health and Disease. 2014;13(1):1-7.

 Shou W, Wang Y, Xie F, Wang B, Yang L, Wu H, et al. A functional polymorphism [24]
affecting the APOA5 gene expression is causally associated with plasma 
triglyceride levels conferring coronary atherosclerosis risk in Han Chinese 
Population. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease. 
2014;1842(11):2147-54.

 Ajjemami M, Ouatou S, Charoute H, Fakiri M, Rhaissi H, Benrahma H, et al. [25]
Haplotype analysis of the Apolipoprotein A5 gene in Moroccan patients with the 
metabolic syndrome. Journal of Diabetes & Metabolic Disorders. 2015;14(1):29.

 Elabd D, Fayad T. ApoA5-1131Tâ†’C polymorphism and its effect on triglyceride [26]
level in type 2 diabetes patients with nephropathy. Comparative Clinical Pathology. 
2014;23(1):145-50.

 Huang M-C, Wang T-N, Wang H-S, Sung Y-C, Ko Y-C, Chiang H-C. The-1131T> [27]
C polymorphism in the apolipoprotein A5 gene is related to hypertriglyceridemia 
in Taiwanese aborigines. The Kaohsiung Journal of Medical Sciences. 
2008;24(4):171-79.

 Szalai C, Keszei M, Duba J, Prohászka Z, Kozma GT, Császár A, et al. [28]
Polymorphism in the promoter region of the apolipoprotein A5 gene is associated 
with an increased susceptibility for coronary artery disease. Atherosclerosis. 
2004;173(1):109-14.

 Ribalta J, Figuera Ld, Fernndez-Ballart J, Vilella E, Cabezas MC, Masana Ls, et al. [29]
Newly identified apolipoprotein AV gene predisposes to high plasma triglycerides 
in familial combined yperlipidemia. Clinical Chemistry. 2002;48(9):1597-600.

 Horı A, Vráblı M, Ceška R, Adamkova V, Poledne R, Hubacek J. T-1131 [30]
C polymorphism within the apolipoprotein AV gene in hypertriglyceridemic 
individuals. Atherosclerosis. 2003;167(2):369-70.

 Charriere S, Bernard S, Aqallal M, Merlin M, Billon S, Perrot L, et al. Association [31]
of APOA5− 1131T> C and S19W gene polymorphisms with both mild 
hypertriglyceridemia and hyperchylomicronemia in type 2 diabetic patients. 
Clinica Chimica Acta. 2008;394(1):99-103.

 Brito DDV, Fernandes AP, Gomes KB, Coelho FF, Cruz NG, Sabino AP, et al. [32]
Apolipoprotein A5-1131T> C polymorphism, but not APOE genotypes, increases 
susceptibility for dyslipidemia in children and adolescents. Molecular Biology 
reports. 2011;38(7):4381-88.

 Forte TM, Sharma V, Ryan RO. Apolipoprotein AV gene therapy for disease [33]
prevention/treatment: a critical analysis. Journal of Biomedical Research. 
2015;30.

 Nilsson SK, Lookene A, Beckstead JA, Gliemann J, Ryan RO, Olivecrona G. [34]
Apolipoprotein AV interaction with members of the low density lipoprotein 
receptor gene family. Biochemistry. 2007;46(12):3896-904.

 Prochaska CL, Picheth G, Anghebem-Oliveira MI, Costantini CO, de Souza EM, [35]
Pedrosa FO, et al. The polymorphisms–1131T> C and the S19W of the APOA5 
gene are not associated with coronary artery disease in a Brazilian population. 
Clinical Chemistry and Laboratory Medicine. 2010;48(3):419-22.


