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Abstract. Peroxisome proliferator-activated receptor y
(PPARYy) may play an important role in lipid metabolism
directly or by inducing the transcription of target genes. The
aim of the present study was to investigate the association
between common variants at the PPARy locus (C1431T and
Prol2Ala polymorphisms) and lipid serum levels. The studied
population consisted of 820 subjects randomly selected from
the Prevention of Multiple Metabolic Disorders and Metabolic
Syndrome in Jiangsu Province cohort population. All subjects
were interviewed and blood samples were obtained for
laboratory analysis and DNA extraction. The TagMan single
nucleotide polymorphism genotyping assay was used for
polymorphism genotyping. Individual polymorphisms and
haplotype data were available for analysis. The 12Ala allele
was found to be associated with significantly increased levels
of triglyceride (TG) (P<0.01), whilst the 1431T allele was found
to be associated with significantly increased levels of TG, total
cholesterol (TC) and non-high-density lipoprotein (non-HDL)
(P<0.01). When P-C, the most common haplotype, was used
as the reference group, the P-T, A-C and A-T haplotypes were
found to be associated with significantly increased levels of
TG (P<0.01). In addition, the A-T haplotype was shown to
be associated with significantly increased levels of TC and
non-HDL (P<0.01). In conclusion these results suggest that
PPARY gene variability may increase the risk of dyslipidemia.
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Introduction

Dyslipidemia is considered to be an important healthcare
issue. It is well established that high levels of low-density
lipoprotein (LDL), triglyceride (TG), total cholesterol (TC)
and non-high-density lipoprotein (non-HDL) and low HDL
levels are strong indicators for cardiovascular events (1). The
exact cause of dyslipidemia has yet to be elucidated; however,
it is known that genetics have an important role. Peroxisome
proliferator-activated receptor y (PPARY) is a member of the
nuclear hormone receptor superfamily. PPARY is expressed at
high levels in adipose tissue, where it plays a pivotal role in the
regulation of adipocyte differentiation, glucose metabolism,
lipid storage and the transcriptional regulation of certain genes
associated with these processes. Common variants of the
PPARY gene have been described. The most studied of these
is the substitution in exon B, resulting in an alanine to proline
conversion at codon 12 of PPARy (Prol2Ala) (2). Another silent
mutation in exon 6 of the PPARY gene, C1431T, which has been
studied in several populations, has been found to modulate
the associations observed with the codon 12 substitution (3).
Although it has previously been hypothesized that PPARy may
have either a direct role in lipid metabolism or an indirect role, by
inducing the transcription of target genes (4,5), few studies to
date have investigated the association between PPARY genetic
variants and lipid profiles. Furthermore, the results from the
available studies are inconsistent (1,6-9). Therefore, the aim
of the present study was to investigate the association between
common variants at the PPARy locus (C1431T and Prol2Ala
polymorphisms) and lipid serum levels.

Materials and methods

Study population. Participants were recruited from the
Prevention of Multiple Metabolic Disorders and Metabolic
Syndrome in Jiangsu Province study (10), which ran between
April 1999 and June 2004. Five-year follow-up data for
4,582 subjects were obtained between March 2006 and October
2007. A total of 4,083 participants (89.11%) received a follow-up
examination (the patients who attended the follow-up examina-
tions were similar to those lost from the follow-up cohort in
terms of age, gender, smoking habits, alcohol intake, family
disease history and metabolic variables; P>0.05). Subjects who
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Table I. Description of the Prol12Ala and C161T polymorphisms.
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SNP ID SNP Chromosome Position Exon/intron Amino acid substitution MAF*
rs1805192 Prol2Ala 3 12361238 Exon-B C>G 0.26
rs3856806 C1431T 3 12415557 Exon-6 C>T 0.15

“MAF in the total group of this study. MAF, minor allele frequency; SNP, single nucleotide polymorphism; C, cysteine; G, glycine; T, threonine.

had suffered a stroke or exhibited cardiovascular disease (n=36,
11 of whom succumbed), type 2 diabetes (n=289, 31 of whom
succumbed), or had a body mass index (BMI) <18.5 kg/m? (n=27,
two of whom succumbed) were excluded, as well as those with
missing data (n=133). A total of 820 unrelated individual subjects
(270 males and 550 females) were selected from the remaining
3,731 cases using simple random sampling. Subjects that were
selected were similar to those who were not selected, in terms
of age, gender, smoking habits, alcohol intake, family disease
history and metabolic variables. Blood samples were obtained
from the 820 subjects as a baseline and subjected to genotype
analysis. Lipid levels were measured at follow-up and were used
to examine the association between PPARy polymorphisms and
lipid levels in the study population. All the participants signed
informed consent forms. The study was approved by the Ethics
Committee of Soochow University (Suzhou, China).

Body measurements and laboratory methods. Participants in
the baseline and follow-up study surveys completed a standard
questionnaire and physical measurements were collected, as
well as blood samples after =8 h of fasting (which were used to
detect and establish a cell library). The analysis methods used
in the present study were the same as those in the baseline
study. Cigarette smokers were those who reported smoking
cigarettes at least once a day for =1 year. Total alcohol intake
was expressed as the total alcohol (ml)/week. Anthropometric
measurements taken included body weight and waist circum-
ference (WC), and BMI was calculated according to the
Quetelet equation. Plasma glucose was measured using the
oxidase enzymatic method and serum TC, HDL and TG levels
were measured enzymatically. LDL-cholesterol concentra-
tions were calculated using the Friedewald formula and the
non-HDL level was calculated as the value of TC minus
HDL. The measurements were performed using an automatic
biochemistry analyzer (Hitachi Inc., Tokyo, Japan).

Genotyping. Genomic DNA from participants was extracted
from EDTA-treated blood using the DNA Blood Mini kit
(Qiagen, Hilden, Germany) in accordance with the manu-
facturer's instructions. The quality and quantity of isolated
genomic DNA were verified using agarose gel electrophoresis
and spectrophotometry, respectively. Single nucleotide poly-
morphism (SNP) genotyping was performed using the TagMan
SNP genotyping assay (Applied Biosystems, Shanghai, China).
The primers and probes for the SNPs were obtained from the
ABI Assay-on-Demand™ kit (Applied Biosystems). Reactions
were performed in accordance with the manufacturer's
instructions. The fluorescent probe signal was detected using
the ABI Prism 7000 Real-Time PCR System. Table I provides

Table II. General characteristics of the study population.

Variable Value
Total N (m/f) 820 (270/550)
Age, years 50.05+9 41
Height, cm 158.70+7.78
Weight, kg 57.96+9.71
BMI, kg/m? 22.83+3.12
WC, cm 77.62+9.05
Fasting glucose, mmol/l 5.01+0.75
Triglycerides, mmol/l 1.40+£0.59
Total cholesterol, mmol/l 491+1.11
LDL, mmol/l 1.35+0.41
HDL, mmol/l 1.29+0.30
Non-HDL, mmol/l 2.92+1.00

Results, with the exception of total N, are presented as the mean + stan-
dard deviation. BMI, body mass index; WC, waist circumference;
LDL, low-density lipoprotein; HDL, high-density lipoprotein; m,
male, f, female.

information on the selected SNPs, including their features,
allelic variants and the minor allele frequencies.

Statistical analysis. The mean and standard deviation were
calculated for normally distributed continuous variables.
PPARY genotype distributions for participants were assessed for
adherence to the Hardy-Weinberg equilibrium using the % test.
Mann-Whitney or Student's t-tests were performed to verify
the association between the polymorphisms and the serum
lipid levels or lipid fractions. Line regression analysis was then
performed to verify the association using gender, age, smoking
habits, alcohol consumption, BMI, WC and fasting glucose as
covariates in the model. Differences and 95% confidence inter-
vals (CI) were also calculated. PA and AA genotype carriers for
the Prol2Ala polymorphism and CT and TT genotype carriers
for the C1431T polymorphism were grouped together due to
a low number of AA/TT homozygotes in this sample. Data
analysis of individual polymorphisms was performed using
SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Estimation of linkage
disequilibrium (LD) between polymorphisms was performed
using SHEsis software (http://analysis2.bio-x.cn/SHEsisMain.
htm). LD between Prol2Ala and C1431T polymorphisms was
measured by D' using SHEsis software. Haplotype association
analysis was performed using the SNPStats web tool (http://
bioinfo.iconcologia.net/SNPstats_web).
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Table III. Association between the Prol2Ala polymorphism and lipid values.
Prol12Ala

Variable PP A P-value Difference (95% CI) P-value®
N 459 361
Triglycerides, mmol/l 1.94+1.80 2.95+2.22 <0.01 0.86 (0.59-1.14) <0.01
Total cholesterol, mmol/l 4.10+1.16 421+1.07 0.16 0.09 (-0.07-0.25) 0.27
LDL, mmol/l 1.35+0.43 1.33+£0.39 0.51 -0.01 (-0.07-0.04) 0.61
HDL, mmol/l 1.24+0.37 1.22+0.36 045 -0.02 (-0.07-0.03) 0.40
Non-HDL, mmol/l 2.86+1.03 2.99+0.95 0.07 0.13 (-0.01-0.27) 0.12

*Adjusted for gender, age, smoking habits, alcohol consumption, body mass index, waist circumference and fasting glucose. CI, confidence
interval; LDL, low-density lipoprotein; HDL, high-density lipoprotein; P, proline; A, alanine.

Table I'V. Association between the C1431T polymorphism and lipid values.

Cl1431T

Variable CC T P-value Difference (95% CI) P-value®
N 418 402

Triglycerides, mmol/l 2.03+1.77 2.75+2.27 <0.01 0.58 (0.31-0.85) <0.01
Total cholesterol, mmol/l 4.03+x1.14 4.27+1.09 <0.01 0.24 (0.08-0.39) <0.01
LDL, mmol/l 1.34+0.43 1.35+£0.39 0.14 -0.07 (-0.21-0.07) 0.36
HDL, mmol/l 1.22+0.39 1.24+0.33 0.28 0.04 (-0.01-0.09) 0.10
Non-HDL, mmol/l 2.81+0.98 3.03+1.00 <0.01 0.20 (0.06-0.33) <0.01

*Adjusted for gender, age, smoking, alcohol consumption, body mass index, waist circumference and fasting glucose. CI, confidence interval;
LDL, low-density lipoprotein; HDL, high-density lipoprotein; C, cysteine; T, threonine.

Results

Table II shows the characteristics of the studied population.
A total of 820 individuals were genotyped for Prol2Ala and
C16IT polymorphisms. The allele frequencies of 12Ala and
1431T were 0.26 and 0.15, respectively. The polymorphisms
were in Hardy-Weinberg equilibrium (P=0.06 and P=0.38,
respectively for Prol2Ala and C161T polymorphisms).
Linkage analysis showed modest but significant LD between
these polymorphisms (D'=0.196; r’=0.004; P=0.013).

The single SNP association analysis showed that the 12Ala
allele was associated with significantly increased levels of TG
(P<0.01), even following adjustment for gender, age, smoking,
alcohol consumption, BMI, WC and fasting glucose (difference,
0.86; 95% CI, 0.59-1.14; P<0.01) (Table III). In addition, the
1431T allele was associated with significantly increased levels of
TG, TC and non-HDL (P<0.01), even following adjustment for
the same variables as above [(difference, 0.58; 95% CI,0.31-0.85;
P<0.01); (difference, 0.24, 95% CI, 0.08-0.39; P<0.01); (differ-
ence, 0.20; 95% CI, 0.06-0.33; P<0.01), respectively] (Table IV).
No significant association was found between the Prol2Ala or
C1431T polymorphisms and LDL or HDL levels (P>0.05).

Haplotype association analysis showed that when the
most common haplotype P-C was treated as the reference
group, the P-T, A-C and A-T haplotypes were associated with

significantly increased levels of TG [(difference, 0.60; 95% CI,
0.32-0.88; P<0.01); (difference, 0.87; 95% CI, 0.58-1.17,
P<0.01); (difference, 0.94; 95% CI, 0.57-1.30; P<0.01), respec-
tively]. In addition, the A-T haplotype was associated with
significantly increased levels of TC and non-HDL [(difference,
0.29; 95% CI, 0.09-0.48; P<0.01); (difference, 0.27; 95% CI,
0.09-0.44; P<0.01), respectively)] (Table V).

Discussion

In the present study, the association between two common
polymorphisms within the PPARy gene and lipid serum levels,
including TG, TC and LDL plasma levels, was investigated. The
single SNP association analysis showed that the 12Ala allele was
associated with significantly increased levels of TG (P<0.01),
whilst the 1431T allele was associated with significantly increased
levels of TG, TC and non-HDL (P<0.01). The most common
haplotype P-C was then treated as the reference group and it was
found that the P-T, A-C and A-T haplotypes were associated with
significantly increased levels of TG (P<0.01). In addition, the
A-T haplotype was associated with significantly increased levels
of TC and non-HDL (P<0.01). These results suggest that PPARy
gene variability may increase the risk of dyslipidemia.

A number of previous studies have found that Prol2Ala and
C1431T polymorphisms are associated with obesity, insulin
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Table V. Haplotypes of peroxisome proliferator-activated receptor y Prol2Ala and C1431T polymorphisms and association with

triglyceride, total cholesterol and non-HDL levels.

Variable Prol2Ala C1431T Frequency Difference (95% CI) P-value®
Triglyceride P C 0.539 0 -
P T 0.196 0.60 (0.32-0.88) <0.01
A C 0.170 0.87 (0.58-1.17) <0.01
A T 0.095 0.94 (0.57-1.30) <0.01
Total cholesterol P C 0.5395 0 -
P T 0.1959 0.15 (0.00-0.30) 0.06
A C 0.1691 0.09 (-0.07-0.25) 0.29
A T 0.0956 0.29 (0.09-0.48) <0.01
Non-HDL P C 0.5395 0 -
P T 0.1959 0.13 (-0.01-0.26) 0.07
A C 0.1691 0.11 (-0.03-0.25) 0.12
A T 0.0956 0.27 (0.09-0.44) <0.01

*Adjusted for gender, age, smoking, alcohol consumption, body mass index, waist circumference and fasting glucose. HDL, high-density lipo-
protein; CI, confidence interval; P, proline; C, cysteine; T, threonine; A, alanine.

sensitivity and type 2 diabetes (11-13). However, few studies
have been conducted on the association between Prol2Ala or
C1431T polymorphisms and lipid serum levels in the general
population (14,15), and the conclusions from these studies
are contradictory (6,8,14-18). Barbieri er al (8) found that in
429 Caucasian subjects, the Alal2 allele was inversely associ-
ated with blood TG concentrations. The Alal2 allele has also
been shown to be associated with lower levels of total HDL
and non-HDL in the serum of a Japanese population (14), lower
LDL in patients with type 2 diabetes (17) and higher levels of
serum HDL-cholesterol in family-based or population-based
studies (16,15). In obese individuals, Swarbrick et al (6) found
that Prol2Ala was associated with increased TG levels and
significantly associated with the presence of combined hyper-
lipidemia. In a group of 57 obese males, Beamer et al (18) found
that Prol2Ala was associated with an increase in TG levels.
It was found in the present study that, following correction
for age, gender, smoking habits, alcohol consumption, BMI,
WC and fasting glucose, there was a significant association
between the 12Ala allele and higher TG levels (P<0.01). The
discrepancies in the available data may be due to differences
in ethnicity and the selection of subjects.

In the present study it was shown that, following correc-
tion for age, gender, smoking habits, alcohol consumption,
BMI, WC and fasting glucose, subjects carrying the 1431T
allele had significantly higher TG, TC and non-HDL levels
(P<0.01). A previous study by Zhou et al (19) found that the
C1431T polymorphism was associated with higher HDL
cholesterol levels and a lower blood glucose level in patients
with coronary artery disease. In patients with coronary heart
disease (CHD) and diabetes, Yilmaz-Aydogan et al (9) found
that CT heterozygotes of the C161T polymorphism exhibited
higher serum TG and very-low-density lipoprotein-choles-
terol concentrations compared with the CC homozygotes.
This may be due to fact that the sample comprised selected
patients as opposed to being a random population-based
sample.

Association studies with haplotypes comprising the infor-
mation content of multilocus SNPs are considered more robust
and allow the desirable approach of delineating the genetic
basis of complex traits (20). A haplotype analysis investigating
Prol2Ala and C1431T polymorphisms demonstrated a signifi-
cant association between TG, TC and non-HDL levels and the
polymorphisms. Carriers of the P-T, A-C and A-T haplotypes
showed higher TG levels compared with the P-C haplotype
carriers [(difference, 0.60; 95% CI, 0.32-0.88; P<0.01); (differ-
ence, 0.87;95% CI,0.58-1.17; P<0.01); (difference, 0.94; 95% CI,
0.57-1.30; P<0.01), respectively]. In addition, carriers of the A-T
haplotype showed higher TC and non-HDL levels [(difference,
0.29; 95% ClI, 0.09-0.48; P<0.01); (difference, 0.27; 95% CI,
0.09-0.44; P<0.01), respectively]. To date, and to the best of our
knowledge, a haplotype analysis investigating the association
between Prol2Ala and C1431T polymorphisms for dyslipidemia,
has only been reported in our previous study. In our previous
study, the haplotypes (established by Prol2Ala and C1431T) were
shown to be associated with dyslipidemia, and higher TC and
TG levels (21). Yilmaz-Aydogan et al (9) found that serum TG
levels were elevated in P12P-CC/P12P-CT/P12A-CC/P12A-CT
genotype combinations in patients with CHD and diabetes. In
the present study, as well as analyzing the association between
the Prol2Ala and C1431T polymorphisms and lipid levels, the
potential biological mechanism was investigated.

PPARY is expressed at high levels in adipose tissue, where it
plays a pivotal role in the regulation of adipocyte differentiation,
glucose metabolism, lipid storage and the transcriptional regula-
tion of certain genes associated with these processes. The key
target genes of PPARY include the fat-specific ap2 gene, lipopro-
tein lipase (LPL), fatty acid transport, fatty acid binding protein
and ATP-binding cassette A1 (ABC-Al). LPL is an important
enzyme that degrades TG, whilst ABC-A1 effectively regulates
cellular cholesterol metabolism (2,22). In vivo and in vitro
assays have suggested that the PPARYy variants investigated
in the present study have a functional impact. Deeb et al (23)
found that the 12Ala allele showed a decreased binding affinity
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to the cognate promoter element and a reduced ability to trans-
activate responsive promoters. Additionally, a previous study
showed that C1431T modulated the associations observed with
the codon 12 substitution (3). We hypothesized that Prol12Ala
and C1431T polymorphisms also had the potential to affect the
regulation of lipid metabolism. The results from the haplotype
analysis demonstrated that certain haplotypes were significantly
associated with higher TG, TC and non-HDL levels and lipid
metabolism. The specific biological mechanism, however,
requires further investigation.

One limitation of the present study is that the findings
may not be transferable to other populations. Large ethnically
matched studies are necessary to elucidate whether such associ-
ations are found in non-Chinese Han individuals. Furthermore,
information on physical factors, including lifestyle and dietary
habits, that may affect PPARy genotypes or act as potential
confounding factors were not available in the study.

In conclusion, single-locus and haplotype analyses were
used in the present study to investigate the association between
two common variants at the PPARy locus and lipid serum
levels. The presented results may enhance the understanding of
the role of the PPARY gene in lipid and lipoprotein metabolism
and enable the elucidation of its polymorphisms and haplo-
types as genetic risk factors for dyslipidemia. Independent
replications of this study with larger sample sizes are required
in order to confirm the effect of the polymorphisms and haplo-
types identified in this study on lipid metabolism. Physical risk
factors should also be investigated in future studies.
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