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Abstract

Background: The peroxisome proliferator-activated receptors (PPARs) -o, -8/ and -y are the ligand-activated tran-
scription factors involved in the regulation of fatty acid and lipoprotein metabolism, energy balance, cell proliferation
and differentiation and atherosclerosis, etc. We investigated the associations of 10 single-nucleotide polymorphisms
(SNPs) in PPARs with apolipoprotein (apo) A-I/ apoB ratio in Chinese Han population.

Methods: Overall, 630 subjects (212 males, 418 females) were randomly selected from the Prevention of Metabolic
Syndrome and Multiple Metabolic Disorders in Jiangsu Province of China Study Cohort. Population analyzed was as
the general population which involved healthy people and individuals with disorders of apoA-I or apoB. 10 SNPs
(rs18002006, rs135539, 154253778, 52016520, 159794, rs10865710, 151805192, rs709158, 153856806 and 1s4684847)
were genotyped. Mean difference (Difference) and 95% confident interval (95%CI) were calculated.

Results: After covariates adjustment, rs1800206-V allele (LV+VYV) and rs3856806-T allele (CT+TT) were significantly
associated with a dectreased apoA-I/ apoB ratio than those wild type cattiers, Difference (95%CI) wete -1.29 (-1.96~-
0.62) and -0.8 (-1.42~-0.17), respectively. Rs4253778-C allele was significantly associated with an increased apoA-I/
apoB ratio compared to the wild type cartiers (GG), Difference (95%CI) was 0.76 (0.04~1.48). Generalized multifactor
dimensionality reduction analysis showed that three-to-cight-locus models were significant with apoA-I/ apoB ratio
(P<0.05). We chose the seven-locus model (P=0.0010) as the best GMDR model (cross-validation consistency was
7/10 and testing accuracy was 62.97%).

Conclusion: Our data provided the evidence that PPARs polymorphisms might be involved in regulation of apoA-1/
apoB ratio in independently and/or in an interactive mannet.

Keywords: Peroxisome proliferator-activated receptors, Apolipoprotein (apo) A-1/ apoB ratio, Polymorphism, Intet-
action

Introduction

Cardiovascular diseases (CVD) are the major
cause of death in adults in several countries (1).
Dyslipidaemia is an important CVD risk factor.
Several studies have reported that apolipoprotein
B (apoB) in atherogenic particles—mainly low-
density lipoprotein cholesterol (LDL-C) (2-4), but
also very low-density lipoprotein (VLDL), inter-
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mediate density lipoprotein, and lipoprotein (a)
(5—and apolipoprotein A-I (apoA-I) in anti-
atherogenic particles, such as high-density lipopro-
tein cholesterol (HDL-C) types, (6, 7) could im-
prove the prediction of risk of CVD. ApoA-1/
apoB ratio reflected comprehensive changes of
apoA-I and apoB, which was superior in predict-
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ing risk of CVD events than conventional lipid
profile and any other cholesterol ratio, including
LDL-C/ HDL-C ratio and non- HDL-C/ HDL-C
ratio (8). Previous studies mainly focused on the
association of apoA-I/apoB ratio level and ather-
osclerosis and CVD as well as its predicting effect
on atherosclerotic CVD and other disorders of
lipid metabolism (6, 7), while the association be-
tween genes and the apoA-1/apoB ratio level had
not been explained. As studies of twins indicated
that genetic factors play a dominant role in deter-
mining apoA-I level and apoB level (9-11), we
speculated that apoA-I/ apoB ratio may be prob-
ably influenced by genetic factors. Either envi-
ronmental or genetic influence can be determinant
on apolipoprotein metabolism, which may affect
the risk of developing CVD. Therefore, key me-
tabolism regulators such as the peroxisome prolif-
erator-activated receptors (PPARs) family are
candidate genes to investigate genetic predisposi-
tion of these complex diseases.

In 1990, the first member of the PPAR isotypes,
PPARa was cloned by Issemann and Green, and
was named based on its ability to be activated by
peroxisome proliferator chemicals (12-14). Soon
afterwards, another two homologues of PPAR«
known as PPARS and PPARy were also identified.
As members of the nuclear receptor superfamily,
PPARs are ligand-activated transcription factors
which regulate the expression of genes involved in
glucose, fatty acid and lipoprotein metabolism,
energy balance, fat cell proliferation and differen-
tiation (15). The hypolipidemic fibrate drugs,
mainly via activated PPARa and less activated
PPARS and PPARy, can lower circulating TG,
LDL-C and apoB levels and raise plasma HDL-C
and apoA-I levels (16, 17). A number of polymor-
phisms have been reported in the association of
the PPARs isoforms with apoA-I and apoB (18,
19). As can be seen, it is highly possible that

PPARo/8 /v is associated with apoA-I/ apoB ratio.

As of now, there is no reports regarding the asso-
ciation of PPARs polymorphisms and apoA-I1/
apoB ratio level in Chinese Han population. The
present study may provide a basis for further elu-
cidation of the role PPARs played in regulating
the apoA-1/ apoB ratio level metabolism.
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Therefore, in the present study, we studied a
group of 630 adults randomly selected from the
Prevention of Metabolic Syndrome and Multiple
Metabolic Disorders in Jiangsu Province (PMM]S)
of China Study Cohort (20) to investigate the
main effects of both single-locus and multi-locus
interactions to test the hypothesis that
PPAR«/8/y polymorphisms may contribute to
the apoA-I/ apoB ratio level independently
and/or through complex interactions.

Materials and Methods

Study populations

Participants were recruited within the framework
of the PMM]S cohort population (20), which was
initiated from April 1999 to June 2004. A total of
4582 subjects with 5 years follow-up data were
obtained between March 2006 and October 2007.
4083 participants (89.11%) completed the supple-
mentary follow-up examination (the baseline char-
acteristics of participants who attended the fol-
low-up examinations were similar to those missing
examinations, P>0.05). The exclusion criteria for
the study included the subjects with a history of
stroke/cardiovascular disease (n=36) or diabetes
mellitus (n=289) and those with missing data
(n=133) or body mass index (BMI) less than 18.5
kg/m* (n=27), leaving 3731 eligible participants.
The detailed design of this study has been de-
scribed elsewhere (20). Each subject has an ID. At
the October of 2009, we randomly selected 630
subjects (212 males, 418 females) from the re-
maining 3731 cases by computer-generated ran-
dom numbers and no individual was related. The
subjects who were selected were similar to those
who were not selected in terms of gender, age,
smoking status, alcohol consumption, family dis-
ease history and metabolic variables. Blood sam-
ples were collected at baseline from the 630 sub-
jects and analyzed for genotype. The outcome in-
dex of this study was follow-up apoA-1/ apoB
ratio level. This study was approved by the ethic
committee of Soochow University, and all the par-
ticipants signed an informed consent form at the
interview.
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Anthropometric measurement and laboratory
methods

Data on lifestyle risk factors and demographics of
all participants were obtained by using a standard
questionnaire administered by trained staff. Body
weight, height, and waist circumference (WC)
were measured according to standardized proce-
dures, and BMI was calculated as weight in kilo-
grams divided by the square of the height in me-
ters. Blood samples were collected in the morning
after at least 8 hours of fasting. All plasma and
serum samples were frozen at —80 °C until labora-
tory testing. Concentrations of apoA-I and apoB
were detected by immune turbidimetry and using
follow-up apoA-1/ apoB ratio level as outcome.
Fasting plasma glucose (FPG) was measured using
the oxidase enzymatic method. Concentrations of
HDL-C and serum triglyceride (TG) levels were
assessed enzymatically by an automatic biochemis-
try analyzer (Hitachi Inc, Tokyo, Japan) using
commercial reagents. All laboratory analyses were
performed at the same laboratory. The method of
investigation during follow-up was same as those
at baseline.

SNP selection, genomic DNA extraction, and
genotyping

We selected 10 SNPs within the PPARa/8/y gene
based on 1) previously reported associations with
metabolic abnormalities 2) known heterozygosity
and minor allele frequency (MAF) > 0.05 3) se-
lected SNPs in functional areas of the gene frag-
ments, or in the regional which may change the
function. Table 1 provides detailed information
on the selected SNPs, including their features and
allelic variants and the minor allele frequencies.
Genomic DNA from participants was extracted
from ethylenediaminetetraacetic acid (EDTA)-
treated whole blood, using the DNA Blood Mini
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Two approaches were
used to analyze frequent and minor alleles for the
10 SNPs  (rs4253778, 151800206, 15135539,
rs2016520, 159794, 1510865710, rs1805192,
rs709158, rs3856806 and rs4684847). Rs4253778
was genotyped by polymerase chain reaction-re-
striction fragment length polymorphisms (PCR-
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RFLP). The restriction enzyme Taql (TaKaRa,
Dalian, China) was used to identify and cut spe-
cific sequences, after which PCR was performed
with the following primers: forward 5-ACA ATC
ACT CCT TAA ATA TGG TGG -3' and reverse
5-AAG TAG GGA CAG ACA GGA CCA
GTA-3". A 25-ul PCR mixture included DNA
20ng, 0.5 U DNA polymerase (TaKaRa, Dalian,
China), 10Xbuffer 2.5ul, 10mM dNTP 0.5ul, and
0.5ul forward primer and reverse primer at a con-
centration of 100uM. PCR conditions were as fol-
lows: initial denaturation for 3 minutes at 95°C,
the mixture passed through 40 cycles of denatura-
tion for 10 seconds at 95 °C, annealing for 30 se-
conds at 63 °C, and extension for 30 seconds at
72 °C, and a final extension for 7 minutes at 72 °C.
For the other 9 SNPs, ABI Prism 7000 software
and an allelic discrimination procedure were used
for  genotyping  with TagMan  fluorescence
probe kit (TaKaRa, Dalian, China). The 25-ul re-
action mixture included 1.25ul SNP Genotyping
Assays (20%), 12.5ul Genotyping Master Mix (2X),
and 20ng DNA. The conditions were as follows:
initial denaturation for 10 minutes at 95°C, dena-
turation for 15 seconds at 92°C, and annealing
and extension for 90 seconds at 60 °C, for 50 cy-
cles.

Statistical analysis

The Chi-square test (') was used to examine dif-
ferences in the categorical data distribution. The
clinical characteristics of the continuous variables
were described with mean and standard deviation
(mean * SD) and were tested using a two-sample
ttest or ANOVA. The criterion for statistically
significance was set at <0.05 for all tests. A linear
regression model was used to examine the associa-
tion between PPARw/8/y mutation and apoA-I/
apoB ratio level, mean differences (Difference) and
95% confident interval (95% CI) were calculated.
The mean differences were adjusted for potential
confounding effects including gender, age, smok-
ing status and alcohol consumption. For quality
control purpose, Hardy-Weinberg equilibrium
(HWE) test was used to detect genotype typing
errors by Fisher’s exact test. Linkage disequilibri-
um (LD) between polymorphisms was estimated
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by using  SHEsis online  at
http:/ /analysis.bio-x.cn).

Generalized multifactor dimensionality reduction
(GMDR) (21) analysis was used to analyze interac-
tion among the 10 SNPs on level of apoA-1/ apoB
ratio. To assess each selected interaction, parame-
ters were calculated, including cross-validation con-
sistency, the testing balanced accuracy, and the sign
test, to assess each selected interaction. The cross-
validation consistency score is a measure of the
degree of consistency with which the selected in-
teraction is identified as the best model among all
possibilities considered. The testing balanced accu-

(available

racy is a measure of the degree to which the inter-
action accurately predicts case-control status with
scores between 0.50 (indicating that the model pre-
dicts no better than chance) and 1.00 (indicating
perfect prediction). Finally, the sign test, or permu-
tation test (providing empirical P-values) for pre-
diction accuracy can be used to measure the signifi-
cance of an identified model. In this study, we ana-
lyzed the interaction among 10 SNPs by using a
GMDR model that adjusted for gender, age, smok-
ing status and alcohol consumption.

Table 1: Description for the 10 SNPs of PPARa/3/y

SNP ID SNP Chromosome Position Exon/Intron Nucleotide MAF*
substitution

PPAR«

5135539 1A>C 22 25949836 Intron_1 A>C 0.228
14253778 7G>C 22 26021203 Intron_7 G>C 0.136
51800206 1162V 22 26004843 Exon_5 C>G 0.163
PPARS

152016520 -87T>C 6 35318778 Exon_4 T>C 0.294
1s9794 2806C>G 35335795 Exon_9 C>G 0.216
PPARy

1s709158 Intron A>G 3 12403176 Intron_2 A>G 0.299
1510865710 C681G 3 12293198 Exon_A2 C>G 0.328
151805192 Pro12Ala 3 12361238 Exon_B C>G 0.289
rs4684847 Intron C>T 3 12326337 Intron_3 C>G 0.206
153856806 C161T 3 12415557 Exon_6 c>T 0.313

MAF, minor allele frequency; SNP, single-nucleotide polymorphism/*MAF in the total group of this study

Results

A total of 630 participants were studied, including
212 males and 418 females. Males were signifi-
cantly more to reported being a smoker (P<0.001)
and highly to have alcohol consumption
(P<0.001) than females. The distributions of FPG,
apoA-1, apoB, apoA-1/ apoB ratio and BMI did
not significantly differ between males and females
(P>0.05 for all comparisons). All genotypes were
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distributed according to the Hardy-Weinberg
equilibrium (P>0.05). Pairwise LD analysis be-
tween SNPs was measured, and D' was less than
0.75 in all cases.

The alleles and genotype frequencies of each SNP
are shown in Table 3. There was a significant dif-
ference in rs709158 allele distributions between
males and females (P=0.02) (Table 3). Additional-
ly, the linear regression analysis shows the allelic
distributions of the 10 SNPs in subjects versus the
level of apoA-1/ apoB ratio (Table 4).
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Table 2: General characteristics of the 630 participants separated by gender

Variables Total Male Female P*
(n=630) (n=212) (n=418)

Age(year) 49.781+9.424 50.335+10.064 49.500+9.082  0.294
Smoke n (%) 158(25.1) 130(61.3) 28(6.7) <0.001
Alcohol n (%) 170(27.0) 132(62.3) 38(9.1) <0.001
BMI (mmol/L) 23.258t3.131 23.23712.888  23.268*3.251 0.906
FPG (mmol/L) 4.95810.670 4.98610.718 4.94310.645 0.447
apoA-I (g /L) 1.879+3.686 2.055%+6.305 1.790£0.599 0.394
apoB (g/L) 0.814%0.264 0.808%+0.264 0.817%+0.264 0.699
apoA-1/apoB ratio (g/L) 2.52+3.989 2.64816.658 2.455+1.251 0.565

Note: Values are means + SD for age, BMIL, FPG apoA-, apoB, apoA/ apoB; BMI: body mass index; TG: triglyceride; FPG:
fasting plasma glucose; apoA-I  apolipoprotein A-I; apoB  apolipoprotein B. P* Values less than 0.05 were considered statisti-

cally significant

Table 3: Genotype distribution and allele frequencies of the 10 SNPs in PPAR«/8/y

SNPs Genotypes  Total (n=630) Male Female P*
and alleles (n=212) (n=418)

rs135539 AA/AC/CC 384/205/41 128/68/16  256/137/25 0.75
C(%) 22.8 23.6 22.4

1s4253778 GG/GC/CC 474/141/15 161/46/5 313/95/10 0.96
C(%) 13.6 13.2 13.8

rs1800206 LL/LV/VV 435/185/10 141/67/4 294/118/6 0.6
V(%) 16.3 17.7 15.6

1s9794 CC/CG/GG 389/210/31 138/63/11 251/147/20 0.39
G(%o) 21.6 20.0 22.4

rs2016520 TT/TC/CC 305/279/46 103/91/18  202/188/28 0.69
C(%) 29.4 30.0 29.2

rs10865710 CC/CG/GG 289/269/72 83/103/26  206/166/46 0.05
G (%) 32.8 36.6 30.9

rs3856806 CC/CT/TT 302/262/66 92/101/19  210/161/47 0.09
T (%) 31.3 32.8 30.5

rs709158 AA/AG/GG 307/269/54 87/106/19  220/163/35 0.02
G(%o) 29.9 34.0 27.9

rs1085192 PP/PA/AA 328/240/62 111/82/19  217/158/43 0.87
A%) 28.9 28.3 29.2

rs4684847 CC/CT/TT 402/197/31 132/71/9 270/126/22 0.63
T(%) 20.6 21.0 20.3

P* Values less than 0.05 were considered statistically significant

After adjustment for gender, age, smoking status
and alcohol consumption, it was found that both
rs1800206-V allele (LV+VV), and rs3856806-T
allele (CT+TT) were significantly associated with
a decreased apoA-1/ apoB ratio level than did
those wild type carriers, Difference (95%CI) values
were -1.29 (-1.96~-0.62) and -0.8 (-1.42~-0.17),
respectively. Rs4253778-C allele (GC+CC) was
significantly associated with an increased apoA-1/
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apoB ratio level compared to the wild type carriers
(GG), Difference  (95%CI)  values was 0.76
(0.04~1.48). However, other seven SNPs in
PPARs did not exhibit any significant association
with apoA-I/ apoB ratio level after covariate ad-
justment (Table 4).

We employed the GMDR analysis to assess the
impacts of the interaction among 10 SNPs, after
adjustment for covariates including gender, age,
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smoking status and alcohol consumption, three-
to-eight-locus models were significant with apoA-
I/ apoB ratio level (P<0.05). Overall, the seven-
locus model (P=0.0010) had the highest level of
cross-validation consistency (7/10) and showed a

better testing accuracy (62.97%). Therefore, we
chose the seven-locus model as the best GMDR
model, indicating a potential gene-gene interaction
among 1518002006, rs2016520, rs10865710,
rs3856800, rs709158, rs1805192 and rs4684847.

Table 4: The association analysis between SNPs in PPAR«/8/y and apoA-1/ apoB ratio level

SNPs Genotypes  Total Male Female Difterence P
**(95%CI)

AA 384 128 256 0

rs135539 AC+CC 246 84 162 -0.63 (-1.27~0.01> 0.052
GG 474 161 313 0

rs4253778 GC+CC 156 51 105 0.76(0.04~1.48) 0.039
LL 435 141 294 0

rs1800206 LV+VV 195 71 124 -1.29(-1.96~-0.62) 0.0002
CC 389 138 251 0

59794 CG+GG 241 74 167 -0.53(-1.17~0.11) 0.11
TT 305 103 202 0

rs2016520 TC+CC 325 109 216 0.30(-0.33~-0.93) 0.35
CC 289 83 206 0

rs10865710 CG+GG 341 129 212 0.30(-0.33~-0.93) 0.35
CC 302 92 210 0

rs3856806 CT+TT 328 120 208 -0.8(-1.42~-0.17) 0.013
AA 307 87 220 0

rs709158 AG+GG 323 125 198 0.12(-0.52~0.75) 0.72
PP 328 111 217 0

rs1805192 PA+AA 302 101 201 -0.21(-0.84~-0.42) 0.52
CC 402 132 270 0

rs4684847 CT+TT 228 80 148 -0.23(-0.88~0.42) 0.49

**; Adjusted for gender, age, smoking status and alcohol consumption./ P* Values less than 0.05 were considered

statistically significant.

Table 5: Best gene-gene interaction models, as identified by GMDR

Locus Best combination Cross-validation Testing r*
no. consistency accuracy
3 rs135539 rs1800206 rs1805192 5/10 0.6680 0.0107
4 rs135539 51800206 rs3856806 rs1805192 2/10 0.6908 0.0010
5 rs1800206 rs9794 1s10865710 rs3856806 rs1805192 6/10 0.6831 0.0107
6 1rs135539 51800206 rs2016520 rs10865710 15709158 rs1805192 4/10 0.5921 0.0107
7 rs1800206 52016520 110865710 rs3856806 rs709158 1s1805192 rs4684847 7/10 0.6297 0.0010
8 54253778 1£s1800206 159794 152016520 rs10865710 rs3856806 rs709158 rs1805192 4/10 0.5713 0.01719
9 1rs135539 £s4253778 151800206 rs2016520 rs10865710 rs3856806 rs709158 rs1805192 5/10 0.5044 0.9453

154684847

P* Values less than 0.05 were considered statistically significant. Adjusted for gender, age, smoking status and alco-

hol consumption.
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Discussion

No gene-gene interaction among these 10
PPARw/8/y polymorphisms for apoA-I/ apoB
ratio level in Chinese Han population was re-
ported before. After adjusting for gender, age,
smoking status and alcohol consumption, our re-
sults show important associations of PPARa
rs18002006, rs4253778 and PPARYy rs3856806 with
apoA-1/ apoB ratio level, and a gene-gene interac-
tion on the level of apoA-1/ apoB ratio level was
identified  among  rs1800206,  rs2016520,
rs10865710, rs3856806, rs709158, rs1805192 and
rs4684847 (P<0.05). These findings support the
hypothesis that minor gene in single-locus analysis
can also contribute to the etiology of apoA-1/
apoB ratio level on account of the existence of
gene-gene interaction.

Single-locus analyses showed that after covariate
adjustment, the 1rs1800206 and rs4253778 of
PPAR«, rs3856806 of PPARy were significantly
associated with apoA-I/ apoB ratio level
Rs1800206 polymorphism in PPAR« has been
investigated intensively. The frequency of
rs1800206-V allele was 16. 0% in the present
population, which is similar to the frequency of
14.0% in European population (22) and 10.6% in
Canadians (23), lower than the reported frequency
of 37.4% in Italian population (24). Current evi-
dence suggests an association between the
rs1800206 polymorphism and traits of lipid me-
tabolism, such as apoA-I, apoB, total cholesterol
(TC), LDL-C and HDL-C (18, 19). A study con-
ducted by Flavell et al. (25) showed that
rs1800206 was involved in regulation of apoA-I
and TC. This is in part in agreement with the re-
sults obtained by Lacquemant et al. (26), who
showed that in Caucasians, TC and apoB concen-
trations were higher in rs1800206-V allele carriers
than that in wild type gene carriers. In our study,
rs1800206 was associated with a decreased level of
apoA-1/ apoB for the rare V allele. The frequency
of rs4253778-C allele in the European population
(27) was 18.7%, while 14.0% in the present study
which was slightly higher than the Stockholm
population (12.4%) (28). Previous studies indicat-
ed that rs4253778-C allele of PPAR« was signifi-
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cantly associated with lower VLDL and higher
HDL-C levels (29). Balcerzyk et al. (30) showed
that LDL-C and TG were lower in C-allele carri-
ers of rs42537787 polymorphism compared with
non-carriers, suggesting the possibility of a protec-
tive effect of this polymorphism on the regulation
of lipid metabolism. These findings in part cor-
roborated our finding. In our study, apoA-I/
apoB ratio level existing in 1rs4253778-C allele car-
riers was lower than that in wild type gene carriers.
In this study slightly higher frequencies of
rs38568006-T allele were observed (for T 31.0%) in
contrast with Wan et al. (31) study which reports
the frequencies as 21.3%. Until now, little is
known about the association of the rs3856806
polymorphism with dyslipidaemia. Rhee et al.(32)
suggested that subjects with rs3856806-T allele
had significantly lower levels of HDL-C and TC
than those without T allele. Similar to the previous
studies, subjects in the present study showed that
higher apoA-I/ apoB ratio level in rs3856806-T
allele carriers than that in wild type gene carriers.
And all these findings suggest that PPARa/8/y
polymorphisms might play a central role in regu-
lating the level of apoA-I/ apoB ratio.

In the present study, we investigated gene-gene
interaction among PPAR«/8/y to test the hy-
pothesis that small single gene effects cannot be
detected by single-locus studies. Because of the
distance among genes, epistasis (33) might exist
between adjacent SNPs, so that effects of some
minor SNPs to apoA-1/ apoB ratio are covered.
For this reason, an interaction analysis of 10 SNPs
was needed. In this paper, GMDR analysis was
used to assess interaction among the 10 SNPs on
apoA-1/ apoB ratio level after covariate adjust-
ment. The results showed that the three-to-eight-
locus models were remarkable (P<0.05). The sev-
en-locus model, including PPARa (rs1800200),
PPARS (rs2016520), and PPARy (rs10865710,
rs38568006, rs709158, 151805192, and rs4684847),
was determined as optimal model (P=0.0010).
Skogsberg et al. (34) reported that a noted interac-
tive effect between the PPARa (rs1800206) and
PPARS (rs2016520) on plasma LDL-C and TG.
Gu et al. (35) demonstrated an independent and
combined association of PPARa (rs1800200),
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PPARS (rs2016520) and PPARy (1s1805192) and
other PPARs polymorphisms with hypertriglycer-
idemia. Unfortunately, those studies did not inves-
tigate a significant interaction between PPARa,
PPARS and PPARy and apoA-1/ apoB ratio, thus
we can not compare our results. The exact biolog-
ical functions and underlying molecular mecha-
nism of these SNPs on apoA-I/ apoB ratio level
need further investigation.

PPARs subtypes are encoded by different genes
with similar amino acid sequences, especially the
DNA-binding domain and ligand (hormone)-
binding domain (LBD). PPARs form heterodi-
mers with the retinoid X receptor and subse-
quently bind to the specific DNA sequence desig-
nated peroxisome proliferator response elements
(PPRE) present in the regulatory region of the
target genes, which in turn affects the transcrip-
tion initiation and mRNA abundance of target
genes (36). There are potential co-regulation
mechanisms of PPAR«, PPARS and PPARy in
effecting lipid metabolism. Activation of PPAR«,
PPARS and PPARy lead to changes in transcrip-
tion of a large number of genes that regulate lipo-
protein metabolism including adenosine triphos-
phate binding transporter-1(ABCA-1) and lipo-
protein lipase (LPL) (15). Changes in transcription
of ABCA-1 are thought to enhance the reverse
TC transport and increase the apoA-I specific re-
gurgitation of cholesterol while Changes in tran-
scription of LPL are thought to enhance lipolysis
of VLDL triglycerides resulting in reducing plas-
ma TG levels and apoB proteasome degradation
(1). So we thought that PPAR «/8/y may impact
apoA-1/ apoB ratio levels by controlling expres-
sion of a variety of related factors in apoA-I and
apoB metabolic pathways, such as ABCA1 and
LPL. However, the exact underlying mechanism
still requires further investigation.

One limitation of this study is that these findings
might not be generalizable to other populations.
Additional, large ethnically matched studies would
be necessary to confirm if such interaction is
found in non-Chinese Han subjects. Second, only
1 to 5 SNPs per candidate gene were chosen. The
selected SNPs might not sufficient to capture
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most of the genetic information of the candidate
gene. Future studies should include more SNPs.

Conclusion

We tested the association between PPARa/8/y
gene polymorphisms and apoA-1/ apoB ratio level
in the Chinese Han population based on single-
locus and multi-locus analyses. Our findings sup-
port the hypothesis that the SNPs from
PPARa/8/y polymorphisms may contribute to
the level of apoA-I/ apoB ratio independently
and/or through complex interactions.
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Abbreviations footnotes

single-nucleotide polymorphisms (SNPs)
peroxisome proliferator-activated
(PPAR)

apolipoprotein (apo)

Cardiovascular diseases (CVD)
apolipoprotein B (apoB)

low-density lipoprotein cholesterol (LDL-C)
very low-density lipoprotein (VLDL)
high-density lipoprotein cholesterol (HDL-C)
apolipoprotein A-I (apoA-I)

receptor
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body mass index (BMI)

waist circumference (WC)

Fasting plasma glucose (FPG)

triglyceride (T'G)

minor allele frequency (MAF)

polymerase chain reaction-restriction fragment
length polymorphisms (PCR-RFLP)

Chi-square test (1)

mean differences (Difference)

95% confident interval (95%CI)

Hardy-Weinberg equilibrium (HWE)

Linkage disequilibrium (LD)

Generalized multifactor dimensionality reduction
(GMDR)

total cholesterol (T'C)

ligand (hormone)-binding domain (LBD)

peroxisome  proliferator  response  elements
(PPRE)

adenosine triphosphate binding  transporter-
1(ABCA-1)

lipoprotein lipase (LPL).
References

1. Shah A, Rader DJ, Millar JS (2010). The effect of
PPAR-alpha agonism on apolipoprotein
metabolism in humans. A#herosclerosis, 210:35-
40.

2. Graziani MS, Zanolla L, Righetti G, Marchetti C,
Mocarelli P,Marcovina SM (1998). Plasma
apolipoproteins A-I and B in sutvivors of
myocardial infarction and in a control group.
Clin Cherm, 44:134-40.

3. Schaefer EJ, Lamon-Fava S, Cohn SD, Schaefer
MM, Ordovas JM, Castelli WP,Wilson PW
(1994). Effects of age, gender, and menopausal
status on plasma low density lipoprotein
cholesterol and apolipoprotein B levels in the
Framingham Offspring Study. | Ispid Res
35:779-92.

4. Westerveld HT, van Lennep JE, van Lennep HW,
Liem AH, de Boo JA, van der Schouw
YT,Erkelens DW (1998). Apolipoprotein B
and coronary artery disease in women: a cross-
sectional study in women undergoing their first
coronaty angiography. Arterioscler Thromb 1/ ase
Biol, 18:1101-7.

5. Wood D, De Backer G, Faergeman O, Graham 1,
Mancia G,Pyorala K (1998). Prevention of

757

10.

11.

12.

13.

14.

15.

coronary heart disease in clinical practice.
Summary of recommendations of the Second
Joint Task Force of European and other
Societies on Coronary Prevention. Blood Press,
7:262-9.

Francis MC, Frohlich JJ (2001). Coronary artery
disease in patients at low risk--apolipoprotein
Al as an independent risk factor. Atherosclerosis,
155:165-70.

OBtien T, Nguyen TT, Hallaway BJ, Hodge D,
Bailey K, Holmes D,Kottke BA (1995). The
role of lipoprotein A-I and lipoprotein A-I/A-
II in predicting coronary artery disease.
Abrterioscler Thromb 1 asc Biol, 15:228-31.

Baena-Diez JM, Bermudez-Chillida N, Garcia-
Lareo M, Olivia Byram A, Vidal-Solsona M,
Vilato-Garcia M, Gomez-Fernandez
C,Vasquez-Lazo JE (2008). [Role of pulse
pressure, systolic blood pressure, and diastolic
blood pressure in the prediction of
cardiovascular risk. Cohort study|. Med Clin
(Barg), 130:361-5.

Heller DA, de Faite U, Pedersen NI, Dahlen
GMcClearn GE  (1993). Genetic and
environmental influences on serum lipid levels
in twins. N Eng/ | Med, 328:1150-6.

Middelberg RP, Spector TD, Swaminathan
RSnieder H (2002). Genetic and environ-
mental influences on lipids, lipoproteins, and
apolipoproteins:  effects of menopause.
Abrterioscler Thromb 1 asc Biol, 22:1142-7.

Snieder H, van Doornen L],Boomsma DI (1997).
The age dependency of gene expression for
plasma lipids, lipoproteins, and
apolipoproteins. Awz | Hum Genet, 60:638-50.

Gonzalez FJ,Shah YM (2008). PPARalpha:
mechanism of species differences and
hepatocarcinogenesis of peroxisome
proliferators. Toxicology, 246:2-8.

Issemann I,Green S (1990). Activation of a
member of the steroid hormone receptor
superfamily by peroxisome proliferators.
Nature, 347:645-50.

Pyper SR, Viswakarma N, Yu S,Reddy JK (2010).
PPARalpha: energy combustion, hypolipid-
emia, inflammation and cancer. Nud Recept
Signal, 8:002.

Azhar S (2010). Peroxisome proliferator-activated
receptors, metabolic syndrome and cardiova-
scular disease. Future Cardiol, 6:657-91.

Available at:  http://ijph.tums.ac.ir



16.

17.

18.

19.

20.

21.

22.

23.

24.

Available at:

Hai et al.: Gene-Gene Interactions among Ppara ...

Rizos E, Bairaktari FE, Ganotakis E,
Tsimihodimos V, Mikhailidis DP,Elisaf M
(2002). Eftect of ciprofibrate on lipoproteins,
fibrinogen, renal function, and hepatic
enzymes. | Cardiovasc Pharmacol Ther, 7:219-26.

Zimetbaum P, Frishman WH,Kahn S (1991).
Effects of gemfibrozil and other fibric acid
derivatives on blood lipids and lipoproteins. |
Clin Pharmacol, 31:25-37.

Tai ES, Demissie S, Cupples LA, Corella D,
Wilson PW, Schaefer EJ,Ordovas JM (2002).
Association between the PPARA L162V
polymorphism and plasma lipid levels: the
Framingham Offspring Study. _Arserioscler
Thromb V asc Biol, 22:805-10.

Yong EL, Li JLiu MH (2008). Single gene
contributions: genetic variants of peroxisome
proliferator-activated receptor (isoforms alpha,
beta/delta and gamma) and mechanisms of
dyslipidemias. Curr Opin Lipidol, 19:106-12.

Zhou H, Guo ZR, Yu LG, Hu XS, Xu BH, Liu
HB, Wu M,Zhou ZY (2010). Evidence on the
applicability of the ATPII, IDF and CDS
metabolic syndrome diagnostic criteria to
identify CVD and T2DM in the Chinese
population from a 6.3-year cohort study in
mid-eastern China. Diabetes Res Clin Pract,
90:319-25.

Lou XY, Chen GB, Yan L, Ma JZ, Zhu ], Elston
RC,Li MD (2007). A generalized combinatorial
approach for detecting gene-by-gene and gene-
by-environment interactions with application
to nicotine dependence. Am | Hum Gener,
80:1125-37.

Tai ES, Collins D, Robins §J, O'Connor JJ, Jt.,
Bloomfield HE, Ordovas JM, Schaefer
EJ,Brousscau ME (2006). The L162V
polymorphism at the peroxisome proliferator
activated receptor alpha locus modulates the
risk of cardiovascular events associated with
insulin resistance and diabetes mellitus: the
Veterans Affairs HDL Intervention Trial (VA-
HIT). Atherosclerosis, 187:153-60.

Robitaille ], Brouillette C, Houde A, Lemieux S,
Perusse L, Tchernof A, Gaudet D,Vohl MC
(2004). Association between the PPARalpha-
L162V polymorphism and components of the
metabolic syndrome. | Hum Genet, 49:482-9.

Dongiovanni P, Rametta R, Fracanzani AL,
Benedan L, Borroni V, Maggioni P, Maggioni
M, Fargion S)Valent L (2010). Lack of

http://ijph.tums.ac.ir

25.

26.

27.

28.

29.

30.

31

association between peroxisome proliferator-
activated receptors alpha and gamma?2
polymorphisms and progressive liver damage
in patients with non-alcoholic fatty liver
disease: a case control study. BMC Gastroenterol,
10:102.

Flavell DM, Pineda Torra I, Jamshidi Y, Evans D,
Diamond JR, Elkeles RS, Bujac SR, Miller G,
Tamud PJ, Stacls B,Humphries SE (2000).
Variation in the PPARalpha gene is associated
with altered function in vitro and plasma lipid
concentrations in Type II diabetic subjects.
Diabetologia, 43:673-80.

Lacquemant C, Lepretre F, Pineda Torra I,
Manraj M, Charpentier G, Ruiz J, Staels
B,Froguel P (2000). Mutation screening of the
PPARalpha gene in type 2 diabetes associated
with coronary heart disease. Diabetes Metab,
26:393-401.

Flavell DM, Ireland H, Stephens JW, Hawe E,
Acharya J, Mather H, Hurel S],Humphries SE
(2005).  Peroxisome  proliferator-activated
receptor alpha gene variation influences age of
onset and progression of type 2 diabetes.
Diabetes, 54:582-6.

Kotronen A, Yki-Jarvinen H, Aminoff A,
Bergholm R, Pietilainen KH, Westerbacka J,
Talmud PJ, Humphries SE, Hamsten A,
Isomaa B, Groop L, Orho-Melander M,
Ehrenborg EJFisher RM (2009). Genetic
variation in the ADIPOR2 gene is associated
with liver fat content and its surrogate markers
in three independent cohorts. Eur | Endocrinol,
160:593-602.

Chen ES, Mazzotti DR, Furuya TK, Cendoroglo
MS, Ramos LR, Araujo LQ, Burbano
RRSmith Mde A (2010). Association of
PPARalpha gene polymorphisms and lipid
serum levels in a Brazilian elderly population.
Exp Mol Pathol, 88:197-201.

Balcerzyk A, Zak IKrauze ] (2007). Synergistic
effects of apolipoprotein E gene epsilon
polymorphism and some conventional risk
factors on premature ischaemic heart disease
development.  Kardio/  Pol,  65:1058-65;
discussion 1066-7.

Wan J, Xiong S, Chao S, Xiao ], Ma Y, Wang
J,Roy S (2010). PPARgamma gene CI161T
substitution alters lipid profile in Chinese
patients with coronary artery disease and type
2 diabetes mellitus. Cardiovasc Diabetol, 9:13.

758



Iranian J Publ Health, Vol. 43, No.6, June 2014, pp. 749-759

32. Rhee EJ, Oh KW, Lee WY, Kim SY, Oh ES,
Back KH, Kang MLKim SW (20006). Effects
of two common polymorphisms of
peroxisome  proliferator-activated — receptor-
gamma gene on metabolic syndrome. Anh
Med Res, 37:86-94.

33. Norton B,Pearson ES (1976). A note on the
background to, and refereeing of, R. A.
Fisher's 1918 paper 'On the correlation
between relatives on the supposition of
Mendelian inheritance'. Notes Rec R Soc Lond,
31:151-62.

759

34. Skogsberg J, Kannisto K, Cassel TN, Hamsten A,
Eriksson P,Ehrenborg E (2003). Evidence that
peroxisome  proliferator-activated — receptor
delta influences cholesterol metabolism in men.
Abrterioscler Thromb 1 asc Biol, 23:637-43.

35. Gu §J, Liu MM, Guo ZR, Wu M, Chen Q, Zhou
ZY, Zhang 1JJJuo WS (2013). Gene-gene
interactions among PPARalpha/delta/gamma
polymorphisms for hypertriglyceridemia in
Chinese Han population. Gerne, 515:272-6.

36. Yu SReddy JK (2007). Transcription coactivators
for peroxisome proliferator-activated receptors.
Biochim Bigphys Acta, 1771:936-51.

Available at:  http://ijph.tums.ac.ir




