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Background: Metabolic syndrome (MetS) is a complex and multifactorial disorder characterized by insulin resistance, dyslipi-
daemia, hyperglycemia, abdominal obesity, and elevated blood pressure. The apolipoprotein A5 (APOA5) gene variants have
been reported to correlate with two major components of MetS, including low levels of high density lipoprotein cholesterol
(HDL-C) and high levels of triglyceride. In the present study, we explored the associations between five single nucleotide poly-
morphisms (SNPs) of APOA5 gene and the MetS risk.

Methods: In a case-control design, 120 Iranian children and adolescents with/without MetS were genotyped by polymerase chain
reaction-sequencing for these SNPs. Then, we investigated the association of SNPs, individually or in haplotype constructs, with
MetS risk.

Results: The rs34089864 variant and H1 haplotype (harboring the two major alleles of rs619054 and rs34089864) were associated
with HDL-C levels. However, there was no significant association between different haplotypes/individual SNPs and MetS risk.
Conclusion: These results presented no association of APOA5 3’UTR SNPs with MetS. Further studies, including other polymor-
phisms, are required to investigate the involvement of APOAS5 gene in the genetic susceptibility to MetS in the pediatric age group.
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INTRODUCTION

Metabolic syndrome (MetS) is clustering of several cardiovas-
cular disease risk factors such as dyslipidaemia, hyperglyce-
mia, abdominal obesity and elevated blood pressure [1,2]. Sev-
eral complex etiological mechanisms such as genetics and en-
vironmental factors are considered to be related to MetS [2].
MetS is considerably influenced by genetic factors. Apolipo-
protein A5 (APOAS5) gene is located on chromosome 11q23 in

the APOA1-C3-A4 gene cluster encoding the APOAV protein
with 343 amino acids. APOAS5 plays an important role in lipid
metabolism and homeostasis. Moreover, plasma APOA5 levels
have been considered to reduce plasma triglyceride (TG) and
increase high density lipoprotein cholesterol (HDL-C) concen-
trations. Several single nucleotide polymorphisms (SNPs) in
the APOA5 gene have been shown to be associated with in-
creased TG levels [3-5].

MicroRNAs (miRNAs) are a group of non-protein-coding
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small RNAs regulating gene expression post-transcriptionally
[6,7]. SNPs in miRNA target site (miR-TS-SNP) may affect or
impair binding of miRNAs [8] and considerably affect diverse
biological functions, including disease susceptibilities (cancers,
Parkinson disease, osteoporosis, diabetes, and hypertension
etc.) in humans [7-10].

In the current study, a panel of five SNPs (rs619054, rs
369740771, rs376976905, rs192708363, and rs34089864) with-
in APOAS5 gene was selected to study their association with
MetS. Rs619054 variant is significantly associated with HDL,
low density lipoprotein cholesterol (LDL-C) and TG levels [11-
13]. This polymorphism disrupts hsa-mir-28-5p, hsa-mir-708,
and hsa-mir-3139 binding sites, and creates a new binding site
for hsa-mir-320e. Rs34089864 variant destroys hsa-mir-4511
and hsa-mir-498 binding sites, and creates new binding sites
for hsa-mir-4740-5p, hsa-mir-561-5p, and hsa-mir-3169.

The main aim of our case-control study was to evaluate the
genotype and allele frequencies of two variants in the three
prime untranslated regions (3’UTRs) of APOA5 gene, includ-
ing rs619054 (c¢.*31C>T or 1764C>T) and rs34089864
(c*76C>T or ¢.1177C>T) to find any potential associations
with MetS and multiple features of this syndrome. Further-
more, we determined the haplotype frequencies and the asso-
ciations of the five SNPs at the APOAS5 locus with the risk of
MetS.

METHODS

Study population

This case-control study included 57 patients (24 males and 33
females: mean age, 12.40+0.26 years [range, 9 to 18 years]) and
63 controls (28 males and 35 females: mean age, 13.39£0.38
years [range, 8 to 18 years]) from children and adolescent of
Isfahan (a central city in Iran) [14]. According to the modified
Adult Treatment Panel III (ATP III) criteria [15], the MetS was
defined as clustering of the following three or more factors in
one person (1) fasting TG 2100 mg/dL; (2) HDL-C <50 mg/
dL; (3) waist circumference >75th percentile for age and gen-
der in the studied population; (4) systolic blood pressure/dia-
stolic blood pressure >90th percentile for gender, age, height
[16]; and (5) fasting blood sugar =100 mg/dL. An oral assent
was obtained from participants, and all parents signed a writ-
ten informed consent after explaining the study objectives and
details. Blood samples were collected in two separate tubes for
DNA analysis and biochemical tests.
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DNA genotyping

DNA was extracted from blood leukocytes using the Diatome
kit (Isogen Laboratory, Moscow, Russia) according to the man-
ufacturer’s recommendations. Genotyping for the 5 miR-TS-
SNP at APOA5 gene was carried out by polymerase chain reac-
tion (PCR) and direct sequencing. Primers A5 forward (5'-
CTGCCCAGGCCCATTCCCA-3") and A5 reverse (5-GAC
CTTCCACCCTCCACCCA-3") were used to amplify the tar-
get region of DNA. To amplify the 104 bp fragment of the
APOAS5 gene, the following conditions were used: a 2.5 minutes
initial denaturation at 95°C was followed by 40 cycles of 50 sec-
onds at 95°C; 70 seconds at 68°C; and 70 seconds at 72°C; the fi-
nal extension occurred at 72°C for 15 minutes. The PCR reagent
mix was as follows: Taq plus DNA polymerase, 0.25 uL (5 U/uL)
(KBC, Terhran, Iran); 10x buffer, 2.5 puL; MgCl (50 mM), 0.75
uL; deoxynucleoside triphosphate (40 mM), 0.5 uL; DNA (200
ng/ulL), 2 uL; 0.5 uL of the appropriate specific primer pairs (10
pmol/pL) and water in a final volume of 25 mL.

MiR-TS-SNPs selection

We used two different methods to select SNPs in miRNA seed
regions. One approach was based on identifying the previously
known miR-TS-SNPs. PolymiRTS (http://compbio.uthsc.edu/
miRSNP/) [17], MirSNP (http://202.38.126.151/hmdd/mirsnp/
search/) and miRNASNP (http://www.bioguo.org/miRNAS-
NP/) are three examples of databases using this approach. In
the other approach, we first predicted miRNA target sites
within the 3’UTRs of the APOA5 gene by using the miRanda
(http://www.microrna.org/microrna/getMirnaForm.do) [18]
and TargetScan (http://www.targetscan.org/vert_50/) [19].
Then, a list of all SNPs occurring in the 3’'UTRs of the APOA5
gene was obtained from the National Center for Biotechnology
Information (NCBI) dbSNP database (http://www.ncbi.nlm.
nih.gov/). The overlapping SNPs between these two steps were
selected for final genotyping (Table 1).

Statistical analysis

Agreement of genotype frequencies with Hardy-Weinberg
equilibrium (HWE) was determined using a modified chi-
square test. Allele frequencies were estimated by gene count-
ing, and the differences between case/control statuses were ex-
amined by a chi-square test. Owing to a limited number of in-
dividuals who were homozygous for the minor alleles of
rs619054 and rs34089864, the genotypes for these two poly-
morphisms were grouped as T-carriers (TC+TT) and non-
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Table 1. List of five studied SNPs at the 3’UTR of APOA5 gene

SNPID Nucleotide change miRNA Algorithms
rs619054 C>T Gain
hsa-mir-28-5p miRNASNP, PolymiRTS Database, TargetScan, Miranda, MirSNP
hsa-mir-3139 miRNASNP, PolymiRTS Database, TargetScan, Miranda, MirSNP
hsa-mir-708-5p MirSNP, PolymiRTS Database, TargetScan, Miranda
Loss
hsa-mir-320e PolymiRTS Database, MirSNP
rs369740771 T>G
1376976905 G>T
rs192708363 C>A Gain
hsa-miR-24-3p PolymiRT'S Database, TargetScan, MirSNP
hsa-miR-2467-5p  PolymiRTS Database, TargetScan, MirSNP
Loss
hsa-miR-3934-3p  PolymiRTS Database
1rs34089864 C>T Gain

hsa-mir-3169

hsa-mir-4740-5p

hsa-mir-561-5 p
Loss

hsa-mir-4511

hsa-mir-498

miRNASNP, PolymiRTS Database, TargetScan , Miranda, MirSNP
PolymiRTS Database, TargetScan , MirSNP
PolymiRTS Database, MirSNP

PolymiRTS Database, MirSNP
TargetScan, MirSNP

SNBP, single nucleotide polymorphism; 3’UTR, three prime untranslated region; APOAS5, apolipoprotein A5; miRNA, micro RNA.

carriers (CC). One-way analysis of variance was used to com-
pare mean values of quantitative traits across TC+TT/CC
groups. The association between APOAS5 polymorphisms and
MetS was assessed by simple and multivariable adjusted odds
ratio (OR) corresponding to a 95% confidence interval accord-
ing to the logistic regression analysis. Multivariate regression
analysis models were adjusted for age and gender. Constructed
haplotypes, haplotype tags, and standardized linkage disequi-
librium (LD), D) and correlation, 7%, and coefficients for all
pairs of polymorphisms were assessed with Haploview soft-
ware version 4.2 (Broad Institute, Cambridge, MA, USA) [20].
Furthermore, we used a four-gamete rule to define the haplo-
type blocks. Haplotype frequencies were inferred using the ex-
pectation-maximization by using HAPSTAT version 3.0 soft-
ware (University of North Carolina, Chapel Hill, NC, USA;
http://www.bios.unc.edu/*lin/hapstat) [21,22]. Using the chi-
square test, the potential difference between haplotype fre-
quencies of case and control subjects was determined. Statisti-
cal analyses were performed using the SPSS version 16.0 statis-
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tical software (SPSS Inc., Chicago, IL, USA). All data were pre-
sented in the format of mean +standard error of the mean, and
P values lower than 0.05 were considered to be statistically sig-
nificant.

RESULTS

Table 2 presents genotyping results and allele frequencies of
the two analyzed APOAS5 variants (rs619054 and rs34089864).
No significant difference was observed between the MetS and
control groups for both genotype and allele frequencies of
rs619054 and rs34089864. Moreover, none of the variants vio-
lated the HWE (data not shown).

Tables 3 and 4 represent stratification of the biochemical
laboratory parameters of the control and MetS subjects ac-
cording to different genotype groups of the analyzed variants.
For rs619054, except for a borderline significant difference ob-
served for insulin levels between genotype groups of control
subjects, there was no statistically significant difference be-
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Table 2. Genotype distributions and allele frequencies of miR-TS-SNPs in controls and patients with metabolic syndrome

Genotype frequency Allele frequency
Group Totalno. TTno. TCno. CCno. X Pvalue Totalno. T,n(%) C,n(%) X Pvalue
rs619054
Case 59 1 30 28 0.51 038 118 32(27) 86(73) 035 0.28
Control 63 1 28 34 126 30 (24) 96 (76)
rs34089864
Case 59 0 4 55 0.69 0.20 118 4(3)  114(97) 066 0.20
Control 63 0 7 56 126 7(6)  119(94)

miR-TS-SNP, miRNA target site in single nucleotide polymorphism; TT, homozygotes harbouring thymine bases; TC, heterozygotes harbour-
ing cytidine and thymine bases; CC, homozygotes harbouring cytidine bases and labeled as non-carriers; T, thymine; C, cytosine.

Table 3. Biochemical characteristics of subjects with metabolic syndrome and controls separated according to APOA5 rs619054

different genotype groups

Characteristic CC TC+TT t value Pvalue
Case group
Triglyceride, mg/dL 115.71+£8.42 106.26£9.87 0.72 0.24
Total cholesterol, mg/dL 168.68+5.89 157.61+5.21 1.41 0.08
HDL-C, mg/dL 43.32+£1.02 43.42+0.90 0.07 0.47
LDL-C, mg/dL 91.96+3.50 89.68+4.30 0.40 0.34
Insulin, mg/dL 22.70+2.08 21.81+2.11 0.30 0.38
Control group
Triglyceride, mg/dL 75.44+4.68 71.07+3.77 0.71 0.24
Total cholesterol, mg/dL 137.59+4.56 145.38+6.84 0.97 0.17
HDL-C, mg/dL 48.35+£2.06 51.66+1.68 1.21 0.11
LDL-C, mg/dL 76.21+2.63 75.97+£2.89 0.06 0.47
Insulin, mg/dL 8.96+0.98 7.11£0.63 1.52 0.06

Values are presented as mean +standard error of the mean.

APOAD5, apolipoprotein A5; CC, homozygotes harbouring cytidine bases and labeled as non-carriers; TC+T'T, T-carriers; HDL-C, high density

lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.

tween other biochemical factors. For rs34089864, the HDL-C
level of the CC group was significantly lower than that in the
heterozygotes harbouring cytidine and thymine bases (CT)
control group. Moreover, a borderline significant difference in
the insulin levels between genotype groups was shown in both
case and control individuals.

The ORs were evaluated for allelic and genotypic models
(Table 5). Variant rs619054 demonstrated inconsequential ele-
vated risks for MetS in both models, but both ORs were not
statistically significant. Having a C allele or CC genotype in the
position of rs34089864 conferred an increased risk for MetS;
however, again the risk was not statistically significant.

Haplotypes were inferred using all five studied variants of the
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APOAS5 gene (rs619054, rs369740771, rs376976905, rs1927
08363, and rs34089864). Rs619054 and rs34089864 were in LD
with each other (D’=1, =0.02, LOD [logarithm of the odds
to the base 10]=0.37). Three haplotypes were identified: H1,
H2, and H3. These haplotypes are tagged by the genotypes of
rs619054 and rs34089864 variants. Fig. 1 presents haplotype
frequencies. Further analyses showed no significant difference
between haplotype frequencies according to the disease status.

Based on stratification for different haplotypes (Table 6),
MetS individuals with H3 showed significant higher levels of
TG compared to other haplotypes (P=0.04). A significant in-
crease in the HDL-C levels was also observed in controls with
H3 compared to the other haplotypes (P=0.01).
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Table 4. Biochemical characteristics of subjects with metabolic syndrome and controls separated according to APOA5
rs34089864 different genotype groups

Characteristic CC CT tvalue Pvalue
Case group
Triglyceride, mg/dL 108.44+5.96 142.50+£54.55 1.32 0.09
Total cholesterol, mg/dL 162.20+4.21 172.00+5.58 0.62 0.27
HDL-C, mg/dL 43.24+0.69 45.25+3.25 0.75 0.23
LDL-C, mg/dL 90.25+£2.96 97.75+£5.36 0.67 0.25
Insulin, mg/dL 21.63+£1.49 30.50+7.01 1.53 0.06
Control group
Triglyceride, mg/dL 73.61+3.22 72.00+£10.26 0.164 0.43
Total cholesterol, mg/dL 140.77 +4.38 144.43+8.84 0.29 0.39
HDL-C, mg/dL 48.82+£1.29 58.29+6.19 2.25 0.01°
LDL-C, mg/dL 75.46+2.08 81.14+5.07 0.92 0.18
Insulin, mg/dL 7.77+0.50 10.77+3.82 1.56 0.06

Values are presented as mean +standard error of the mean.

APOA?5, apolipoprotein A5; CC, homozygotes harbouring cytidine bases and labeled as non-carriers; CT, heterozygotes harbouring cytidine
and thymine bases; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.

*Statistically significant.

Table 5. Logistic regression models for the association between APOA5 rs619054, rs34089864 and metabolic syndrome risk

Crude Adjusted®
Allele/Genotype
OR (95% CI) Pvalue OR (95% CI) Pvalue

rs619054

Tvs.C 1.19 (0.679-2.12) 0.553 1.314 (0.694-2.487) 0.402

CT+TTvs.CC 1.14 (0.798-1.63) 0.473 1.196 (0.805-1.788) 0.376
rs34089864

Cvs. T 1.68 (0.48-5.88) 0.42 2.29 (0.56-9.30) 0.25

CCvs.CT 1.71 (0.48-6.20) 0.40 2.46 (0.57-10.72) 023

APOAG5, apolipoprotein A5; OR, odds ratio; CI, confidence interval; T, thymine; C, cytosine; CT+TT, T-carriers; CC, homozygotes harbouring
cytidine bases and labeled as non-carriers; CT, heterozygotes harbouring cytidine and thymine bases.
*Adjusted for age and sex.

: Table 7 shows the association between different constructed

||
/ \ haplotypes and risk of MetS. Although not statistically signifi-
s 8 8 [ cant, individuals with H3 had the most increased risk for MetS
§ % é § % compared to those harboring H2 before and after adjustment
2 2 9 g % for age and gender.
Haplotype H1 c C G T C 692%
POvPe DISCUSSION
HaplotypeH2 C C T T 25.8%
HaplotypeH3 T C G T C 5% Elevated TG and lowered HDL-C levels are the major factors

among patients with MetS in Iranian children and adolescents

Fig. 1. Haplotype characterization and frequencies of apolipo- [15]. Genetic variants of APOAS gene have been associated

protein A5 (APOAS5) polymorphisms in pooled metabolic syn- with the levels of TG and HDL-C in various ethnicities [23-
drome and control groups constructed by Haploview software. ~ 26]. In the current study, we have sequenced the 3'UTR of
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Table 6. APOAS5 haplotypes identified in the case and control groups and their correlation with anthropometric and biochemical

parameters

Variable Haplotype 1 Haplotype 2 Haplotype 3 Pvalue

Case
BMI, kg/m* 26.22+0.43 25.91+0.69 22.00+1.00 0.09
Triglyceride, mg/dL 110.89+4.85 108.03+10.03 172.33+64.59 0.04°
Total cholesterol, mg/dL 164.39+3.42 157.07+5.35 171.33+7.83 0.23
HDL-C, mg/dL 43.27+0.57 43.33+£0.92 45.00+4.58 0.43
LDL-C, mg/dL 90.83+2.27 89.00+4.39 93.67+4.91 0.44
Insulin, mg/dL 21.99+1.20 20.94+1.99 24.67+5.48 0.40

Control
BML, kg/m* 17.71+0.78 17.75+1.25 17.00+0.00 0.48
Triglyceride, mg/dL 74.02+2.67 72.00+3.75 72.00+£10.26 0.46
Total cholesterol, mg/dL 139.12+3.22 146.5+6.70 144.43+8.83 0.26
HDL-C, mg/dL 48.52+1.11 51.93+1.65 58.29+6.19 0.01°
LDL-C, mg/dL 75.76+1.64 75.90+2.79 81.14+5.07 0.33
Insulin, mg/dL 8.23+£0.49 7.11+0.61 10.77+3.82 0.08

Values are presented as mean + standard error of the mean.

APOAS, apolipoprotein A5; BMI, body mass index; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.

*Statistically significant.

Table 7. Haplotype analysis for metabolic syndrome risk

Crude Adjusted®
Haplotype
OR (95% CI) Pvalue OR (95% CI) Pvalue
H3vs. H2 2.33(0.55-9.89) 025 3.71 (0.69-20.11) 0.13
H3vs. H1 1.03 (0.77-1.39) 0.81 1.08 (0.78-1.50) 0.63
H1vs. H2 2.17 (0.54-8.69) 0.27 2.86 (0.62-13.24) 0.18

OR, odds ratio; CI, confidence interval.
*Adjusted for age and sex.

APOAS5 gene in groups of 63 patients and 59 healthy controls
to find potential associations with ATP III-defined MetS, and
its major components in the Iranian children and adolescent
population. The results showed that the alleles and genotype
frequency of the two common studied SNPs (rs619054 and
1s34089864) were not significantly varied in the two groups.

In one case-control study population in China, Kao et al.
[27] demonstrated that ¢.1177C>T (rs34089864) genotype
and allele frequencies did not differ between the hypertriglyc-
eridemic and control groups. In agreement with results ob-
tained by Kao et al. [27], we also found no significant associa-
tions between serum TG levels and ¢.1177C>T genotypes.

Our results demonstrated that CC genotype of variant
rs34089864 was associated with lower HDL-C levels in MetS
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individuals. Conversely, the data showed no association be-
tween the rs619054 SNP and MetS components. In one case-
control population, Pare et al. [12] showed that the rs619054
was not associated with TG, LDL-C, and HDL-C levels. Using
joint analysis of the family and case-control populations, they
could find a significant association with TG, but neither with
LDL-C nor with HDL-C levels. Therefore, in one large popula-
tion study, Grallert et al. [28] demonstrated that no significant
associations were observed between rs619054, HDL-C, and
LDL-C, or total cholesterol levels. In contrast, Jorgensen et al.
[11] reported that CC genotype of rs619054 SNP was associat-
ed with both HDL-C and TG, but not with LDL-C levels.
Therefore, the observed discrepancies between the studies may
be attributed to the different race/ethnicity and age distribu-
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tions of the studied populations.

Consistent with the results previously reported by Grallert et
al. [28] who showed that rs619054 was not significantly associ-
ated with MetS, we found no significant association between
any of the two studied major variants and MetS risk.

We also performed a haplotype analysis constructed using
five SNPs in the 3’UTR of APOA5 gene. Similar to what found
in Copenhagen populations [11], rs619054 and rs34089864
were in LD in our analysis.

Among the three constructed haplotypes, H1, H2, and H3,
we found a significant association between H3 haplotype, in-
creased HDL-C and TG levels, but not with MetS risk. In the
same vein, H1 haplotype (harboring the two major alleles of
rs619054 and rs34089864) was linked to decreased HDL-C
levels. Our data are in consistent with those obtained by Pull-
inger et al. [29] where they constructed haplotypes with 11
APOAS5 gene SNPs, including rs619054 and rs34089864 in the
carriers of the ¢.553T polymorphism and reported that a hap-
lotype containing the major alleles of variant rs619054 and
rs34089864 was significantly associated with lowered levels of
HDL-C.

In conclusion, our study explored the association between
haplotypes of five SNPs located at APOA5 3’UTR and MetS
entity as well as its major components risk. Our results showed
that the constructed haplotypes might not be a major risk fac-
tor for the MetS entity in Iranian children and adolescents.
However, our results demonstrated that the rs34089864 variant
and H1 haplotype (harboring the two major alleles of rs619054
and rs34089864) were associated with HDL-C levels.
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