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ABSTRACT

Peroxisome proliferator-activated receptor γ (PPARγ) 
is a key regulator of metabolism, adipokines production 
and secretion. The aim of this study was to investigate the 
association between the PPARγ2 gene Pro12Ala polymor-
phism in obesity in terms of body mass index (BMI), lipid 
parameters, homeostasis model assessment of insulin resis-
tance (HOMA-IR), serum lipid, leptin, adiponectin, resistin 
and chemerin levels. The study included 160 obese and 140 
non obese subjects. The Pro12Ala polymorphism was de-
termined by polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP). Serum lipid, leptin, 
adiponectin, resistin and chemerin levels were measured. No 
association was found between the Pro12Ala polymorphism 
and BMI. Strikingly, in the study group, obese subjects with 
the AA genotype had significantly higher triglycerides (p 
= 0.046) and resistin (p <0.001) levels than those with the 
wild-type PP and heterozygous PA genotypes. Serum leptin 
and chemerin levels were significantly associated with Pro-
12Ala poymorphism in the obese and non obese groups (p 
<0.01). In the obese group, subjects with the homozygous 
AA genotype had significantly lower adiponectin (p = 0.010) 
activity than the PP genotype. Our results suggest that the 
PPARγ2 gene Pro12Ala polymorphism has no direct as-
sociation with obesity but does have significant influences 
on lipid profiles and adipokines levels.

Keywords: Adipokines; Obesity; Peroxisome prolif-
erator-activated receptor γ (PPARγ); Polymorphism.

INTRODUCTION

The proxisome proliferator-activated receptor γ 
(PPARγ) is a member of the nuclear hormone receptor 
superfamily and plays an important role in energy storage, 
adipocyte differentiation, insulin sensitization and fatty 
acid metabolism [1]. The PPARγ1, PPARγ2 and PPARγ3 
are generated by separate promoters and 5’ exons. Sepa-
rate promoters and 5’ exons generate three mRNA iso-
forms: PPARγ1, PPARγ2 and PPARγ3. The PPARγ1 and 
PPARγ3 mRNAs encode the same protein products, where-
as PPARγ2 protein contains an additional NH2-terminal 
region composed of 30 amino acids. The PPARγ1 gene is 
expressed in nearly all cells, while PPARγ2 expression is 
limited mainly to adipose tissue [2].

Both PPARγ1 and PPARγ2 isoforms are an impor-
tant adipogenic regulator and essential for the control of 
insulin sensitivity. However, PPARγ2 regulates response 
to nutrient intake and obesity. These characteristic proper-
ties make it a key molecule to be involved in the expres-
sion of adipokines such as leptin, adiponectin, resistin 
and chemerin, which may act as modulators of energy 
metabolism and insulin action [3]. Moreover, PPARγ2 
mediates the expression of specific fat tissue cell genes 
that also participates in lipogenic pathways and adipocyte 
hypertrophy [4].

The PPARγ2 gene is located on chromosome 3p25 
[5]. Several single nucleotide polymorphisms (SNPs) of 
the PPARγ2 gene have been identified and one of these 
poly-morphisms is Pro12Ala (rs1801282). The Pro12Ala 
polymorphism results from a cytosine to guanine substitu-
tion at nucleotide 34 of exon B and leads to a proline to 
alanine at position 12 of the PPARγ2 protein [6]. The ala-
nine allele was shown to have reduced affinity for response 
element and lower capacity for activating target genes [7].
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In recent years, several studies have focused on the 
association between the Pro12Ala polymorphism and 
complex traits such as obesity, type 2 diabetes mellitus 
(T2DM) and insulin sensitivity, have been reported [8,9]. 
Many studies have indicate that the alanine allele decreased 
risk of T2DM and increased insulin sensitivity [10,11]. 
However, studies on an association between the Pro12Ala 
polymorphism and obesity-related metabolic diseases have 
yielded inconsistent results [8,12,13].

The mechanisms underlying the association of obe-
sity and insulin sensitivity mainly involve altering the 
production of hormones and molecules related to adipose 
tissue and energy metabolism, such as leptin, adiponectin, 
resistin and chemerin. Therefore, the impact of the Pro-
12Ala polymorphism of the PPARγ2 gene on regulating 
adipokines expression will provide a better appreciation 
of the pathogenic mechanisms underlying obesity and 
associated comorbidities. However, the available data are 
still limited and conflicting. Thus, the aim of this study 
was to investigate the associations between the PPARγ2 
gene Pro12Ala polymorphism, body mass index (BMI), 
lipid parameters, homeostasis model assessment of insulin 
resistance (HOMA-IR), serum leptin, adiponectin, resistin 
and chemerin levels in obese subjects versus non obese 
subjects.

MATERIALS AND METHODS

Subjects. This study was performed on two groups. 
One group was composed of 160 obese patients having a 
mean age of 41.4 ± 8.19 years and BMI 34.12 ± 6.84 kg/
m2. The second group was composed of 140 non obese sub-
jects. The mean age of subjects was 39.6 ± 9.63 years and 
their mean BMI was 21.56 ± 4.65 kg/m2. Obese patients 
were recruited from the Endocrinology Department at the 
Famagusta Goverment Hospital, Famagusta, Cyprus, and 
non obese controls from the general population. None of 
the participants had hypertension, liver, kidney, thyroid, 
cardiovascular or any active inflammatory diseases and 
they were also questioned as to whether they were under-
going any medical therapy that might affect the lipid and 
glucose metabolism. The participants neither received any 
medications nor participated in any dietary or exercise 
programs. All subjects provided written informed consent 
before enrollment in the study, and the study was approved 
by the Near East University Research Ethics Committee.

Anthropometric Measurements. All the measure-
ments were performed in the morning with the patients in a 
fasting state and anthropometric measurements, including 
weight (kg), height (m), hip circumference (cm) and waist 

circumference (cm) of each subject were measured bare-
foot and lightly clothed. Hip circumference was measured 
by placing a tape measure around the patient’s hips at the 
level of the prominence over the greater trochanter of both 
femurs. Waist circumference was taken midway between 
the lowest rib (laterally) and the iliocristale landmark by 
flexible tape. The BMI was calculated as body weight 
(kg) divided by the square of height (m2) and obesity was 
defined as BMI ≥30 kg/m2 [14].

Biochemical Parameters. Blood samples were ob-
tained after an overnight fast. The levels of serum glucose, 
triglycerides, total cholesterol, high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein choles-
terol (LDL-C) levels were measured by fully automated 
clinical chemistry analyzer (Abbott Architect C8000; Ab-
bott Laboratories, Abbott Park, IL, USA). Fasting insulin 
concentrations were measured by electro chemilumines-
cence kit (Ref. 12017547) (Elecsys Corporation, Lenexa, 
KS, USA). Insulin resistance index were calculated using 
the HOMA-IR, as the product of fasting insulin (µU/mL) 
and fasting glucose (mmol/L) divided by 22.5 [15].

Serum leptin (ng/mL), resistin (ng/mL), chemerin 
(ng/mL) and adiponectin levels (µg/mL) were measured 
using commercially available enzyme linked immunosor-
bent assay (ELISA) kits (DRG International Inc., Spring-
field Townsip, NJ, USA for leptin and Biovendor Labora-
tory Inc., Brno, Czech Republic for adiponectin, chemerin 
and resistin) according to the manufacturers’ protocols.

The PPARγ2 Gene Pro12Ala Polymorphism. In the 
screening phase, we assayed for the Pro12Ala (rs1801282) 
genomic variation of the PPARγ2 gene that exhibited as-
sociations with obesity, T2DM and insulin sensitivity in 
previous population studies [8-11]. The studies involving 
the PPARγ2 gene Pro12Ala polymorphism on adipokine 
levels such as leptin, adiponectin, resistin and chemerin in 
obese subjects was limited. For this reason, we decided to 
study the PPARγ2 gene Pro12Ala polymorphism.

Genomic DNA was extracted from whole blood by 
the salting out procedure [16]. Genotyping of the PPARγ2 
gene Pro12Ala polymorphism (rs1801282) was carried out 
using the polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) assay with previously 
described primer pairs [6]. The PCR reactions were per-
formed on a total volume of 50 µL using 1 µg of genomic 
DNA, 0.4 µM of each primer, 23.5 µL nuclease-free water 
(Fermentas International Inc., Burlington, ON, Canada) 
and 25 µL DreamTaq PCR Master Mix (Fermentas Inter-
national Inc.). The PCR consisted of one cycle of initial 
denaturation for 5 min. at 95 °C, followed by 30 cycles 
denaturation for 1 min. at 95 °C, annealing for 1 min. at 
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56 °C and extension for 1 min. at 72 °C, and a final exten-
sion at 72 °C for 10 min. Electrophoresis was conducted 
to confirm the 270 bp PCR products. The PCR products 
were digested for 2 hours at 37 °C with BstUI restriction 
enzyme (Bsh 12361; Thermo Fisher Scientific, Waltham, 
MA, USA). Digest products were visualized on a 2.5% 
agarose gel stained with ethidium bromide. The expected 
products after digestion with BstUI were 270 bp for normal 
homozygotes, 227 and 43 bp for Pro12Ala homozygotes, 
and 270, 227, and 43 bp for heterozygotes. The quality of 
SNP genotyping was verified by independently replicat-
ing the genotyping using randomly selected samples. The 
results from quality control were 100.0% in agreement 
with the initial genotyping results.

Statistical Analysis. Distribution of continuous 
variables in groups were expressed as mean ± standard 

deviation (SD). Differences in baseline characteristics 
between groups were analyzed by Student’s t-test. The 
χ2 analyses were used to compare the categorical vari-
ables, to compare the association between the genotypes 
and alleles in relation to obese and non obese subjects, 
and to test for deviation of the genotypic distribution 
from Hardy-Weinberg equilibrium (HWE). Analysis of 
variance (ANOVA) was used to compare means of con-
tinuous variables in the three genotype subgroups. The 
differences in the mean values of continuous variables 
in the three genotype subgroups were confirmed by the 
post hoc Tukey test. A p value of less than 0.05 was 
considered statistically significant. All statistical analyses 
were performed with the Statistical Package for the So-
cial Sciences (SPSS) version 15.0 (SPSS Inc., Chicago, 
IL, USA).

Table 1. Baseline characteristics of the studied populations.

Parameters Obese Subjects (n = 160) Non Obese Subjects (n = 140) p Value

Age   41.40 ± 8.19   39.6.0 ± 9.63   0.081
BMI (kg/m2)   34.12 ± 6.84   21.56 ± 4.65 <0.001
Waist circumference (cm) 111.50 ± 14.36   84.73 ± 7.39 <0.001
Hip circumference (cm) 122.10 ± 15.94   97.49 ± 6.72 <0.001
Fasting glucose (mg/dL) 104.22 ± 19.38   88.45 ± 8.39 <0.001
Total cholesterol (mg/dL) 236.35 ± 31.73 207.12 ± 33.50 <0.001
LDL-cholesterol (mg/dL) 138.90 ± 27.36 118.23 ± 25.17 <0.001
HDL-cholesterol (mg/dL)   47.63 ± 8.41  56.82 ± 7.29 <0.001
Triglycerides (mg/dL) 156.30 ± 37.71 105.10 ± 31.90 <0.001
HOMA-IR     4.25 ± 1.78     1.89 ± 0.42 <0.001
Leptin (ng/mL)   21.42 ± 8.65     7.82 ± 2.53 <0.001
Adiponectin (µg/mL)     7.81 ± 2.84   16.32 ± 7.22 <0.001
Resistin (ng/mL)     8.59 ± 2.36     5.28 ± 2.34 <0.001
Chemerin (ng/mL) 186.40 ± 22.17 138.20 ± 25.76 <0.001

BMI: body mass index; LDL-cholesterol: low-density lipoprotein-cholesterol; HDL-cholesterol: high-density lipoprotein-cholesterol; HOMA-IR: 
homeostasis model assessment of insulin resistance.
Data are expressed as means ± SD and were compared by t-test.

Table 2. Genotype and allele frequencies of the PPARγ2 Pro12Ala polymorphism compared between obese  
and non obese subjects. [Results are given as n (%)].

Obese Subjects (n = 160) Non Obese Subjects (n = 140) p Valuea

   Genotype
                  PP (wild-type)
                  PA (heterozygous)
                  AA (homozygous)

  98 (61.25)
  43 (26.875)
  19 (11.875)

  81 (57.86)
  49 (35.00)
  10 (7.14) 0.17

   Allele frequency
                  P
                  A

239 (74.69)
  81 (25.31)

211 (75.36)
  69 (24.64) 0.92

a The p value was analyzed by the χ2 test.
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RESULTS

Descriptive statistics of anthropometric and metabolic 
characteristics of the study population are presented in Table 
1. Obese and non obese subjects did not differ in age, while 
plasma glucose, total cholesterol, triglycerides, LDL-cho-
lesterol, leptin, chemerin and resistin levels (p <0.001) were 
significantly higher, and mean HDL-cholesterol (p <0.001) 
levels were significantly lower in obese than in non obese sub-
jects. Non obese subjects had significantly higher adiponectin 
levels and lower HOMA-IR than obese subjects (p <0.001).

Analysis of the PPARγ2 gene yielded three variants of 
the genotype: PP (wild-type), PA (heterozygous), and AA 
(homozygous). The PPARγ2 genotype frequencies were 
calculated and are presented in Table 2. In obese subjects, 
the genotype frequencies were 61.25% for PP, 26.87% for 
PA, and 11.87% for AA. The frequencies of PP, PA and 
AA genotypes were 57.86, 35.0, and 7.14%, respectively, 
in non obese subjects. There was no significant derivation 
of genotypic distribution from HWE in non obese subjects 
(χ2 = 0.46, p = 0.61). However, The PPARγ2 genotype 

frequencies appear to be in HWE (χ2 = 13.38, p = 0.0051) 
in the obese group. The deficit of the PA genotype frequen-
cies in obese subjects probably accounts for the deviation 
from HWE. 

The PPARγ2 allele frequencies were calculated and 
are presented in Table 2. The proline allele of PPARγ2 
(found in 74.69% of obese subjects and 75.36% of non 
obese subjects) and the alanine allele (found in 24.64% of 
non obese subjects and 25.31% of obese subjects) did not 
differ between obese and non obese subjects (p = 0.92).

There was no difference in age, BMI, HOMA-IR, waist 
or hip circumference, serum glucose, total cholesterol, LDL-
cholesterol, HDL-cholesterol, triglycerides, adiponectin, 
resistin or leptin levels between the three genotypes in 
non obese subjects. The PPARγ2 Pro12Ala polymorphism 
showed significant association with leptin (p <0.001) and 
chemerin (p <0.047) levels in non obese subjects (Table 3). A 
post hoc analysis with Tukey’s test for multiple comparisons 
revealed no significant difference between the leptin level 
mean values of AA and PA genotypes (p >0.05). However, 
a significant difference was found between the mean values 

Table 3. Anthropometric and metabolic characteristics across PPARγ2 Pro12Ala genotypes of obese and non obese subjects. 
(Data are expressed as means ± SD. For comparison of the subgroups, ANOVA was performed.)

Parameters Obese Subjects Non Obese Subjects

PP (n = 98) PA (n = 43) AA (n = 19) p Value PP (n = 81) PA (n = 49) AA (n = 10) p Value
Age   40.71 ± 6.53   42.20 ± 8.92   41.50 ± 8.34   0.540   38.90 ± 7.23   40.10 ± 8.72   39.70 ± 8.67   0.690
BMI (kg/m2)   33.46 ± 4.31   34.42 ± 6.94   34.53 ± 5.28   0.500   20.64 ± 3.67   21.37 ± 2.51   22.53 ± 2.84   0.150
Waist circumference (cm) 111.74 ± 11.32 110.62 ± 11.47 111.95 ± 10.94   0.850   83.75 ± 8.59   85.46 ± 8.73   84.92 ± 6.48   0.530
Hip circumference (cm) 118.33 ± 14.20 122.49 ± 15.48 125.35 ± 16.53   0.091   96.33 ± 5.12   98.62 ± 6.93   97.41 ± 6.84   0.106
Fasting glucose (mg/dL) 101.50 ± 18.34 105.31 ± 16.52 107.53 ± 18.78   0.270   89.58 ± 7.49   87.64 ± 8.30   88.23 ± 8.16   0.380
Total cholesterol (mg/dL) 228.70 ± 33.51 235.29 ± 32.38 240.58 ± 33.17   0.260 198.95 ± 30.10 209.32 ± 27.56 212.86 ± 31.68   0.091
LDL-cholesterol (mg/dL) 132.60 ± 35.80 139.91 ± 26.20 141.96 ± 30.74   0.326 116.83 ± 22.30 119.64 ± 25.48 118.82 ± 24.90   0.800
HDL-cholesterol (mg/dL)   49.38 ± 8.87   47.54 ± 8.21   46.63 ± 7.93   0.290   57.84 ± 7.72   56.83 ± 8.29   54.38 ± 8.46   0.150
Triglycerides (mg/dL) 146.12 ± 37.20 158.85 ± 35.52 164.60 ± 36.14a   0.046 100.38 ± 32.00 104.42 ± 30.20 111.17 ± 35.11   0.520
Leptin (ng/mL)   17.47 ± 8.36   20.31 ± 8.62   26.39 ± 9.15b <0.001     6.15 ± 2.64c     7.53 ± 3.18     9.58 ± 2.23 <0.001
Adiponectin (µg/mL)     8.73 ± 2.75     7.81 ± 2.90     6.78 ± 2.28d   0.010   18.58 ± 8.92   15.59 ± 7.34   14.64 ± 7.69   0.086
Resistin (ng/mL)     6.74 ± 2.73e     8.82 ± 2.46     9.89 ± 3.25 <0.001     4.73 ± 2.11     5.42 ± 2.53     5.65 ± 2.77   0.180
Chemerin (ng/mL) 176.52 ± 23.80f 186.79 ± 22.30 194.81 ± 22.74   0.002 130.55 ± 22.40 137.69 ± 21.20 145.83 ± 22.31g   0.047
HOMA-IR     4.05 ± 2.27     4.11 ± 1.92     4.63 ± 1.62   0.290     1.86 ± 0.73     1.84 ± 0.61     1.95 ± 0.52   0.650

SD: standard deviation; ANOVA: analysis of variance; PP: wild-type; PA: heterozygous; AA: homozygous;, BMI: body mass index; LDL-cholesterol: 
low-density lipoprotein-cholesterol; HDL-cholesterol: high-density lipoprotein-cholesterol; HOMA-IR: homeostasis model assessment of insulin 
resistance.
a Significant difference from PP genotype by the post hoc Tukey test.
b Significant difference from PP genotype by the post hoc Tukey test.
c Significant difference between PA genotype and AA genotype by the post hoc Tukey test.
d Significant difference between PA genotype and PP genotype by the post hoc Tukey test.
e Significant difference from PP genotype by the post hoc Tukey test.
f Significant difference between PA genotype and AA genotype by the post hoc Tukey test.
g Significant difference between PA genotype and AA genotype by the post hoc Tukey test.
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of the PP and PA genotypes and the PP and AA genotypes 
(p <0.05). Post hoc analyses of the chemerin level means 
showed significant differences between the PP and AA geno-
types, while the mean values of the AA and PA genotypes 
did not differ significantly in non obese subjects.

The PPARγ2 Pro12Ala polymorphism showed a sig-
nificant association with triglycerides (p <0.046), leptin (p 
<0.001), chemerin (p = 0.002), adiponectin (p = 0.01) and 
resistin (p <0.001) levels in obese subjects. The homozygous 
AA subjects’ triglyceride values were significantly higher 
than the heterozygote PA and homozygote PP obese sub-
jects. Post hoc comparisons showed that AA homozygotes 
had higher triglyceride mean values than those with the PP 
genotype (p <0.05). Obese homozygous AA subjects showed 
significantly higher levels of leptin (p <0.001) than those 
with the homozygous PP genotype and heterozygous PA 
genotype. Post hoc comparisons in obese subjects showed 
that AA homozygotes had significantly higher mean values 
than PP and PA, while no significant difference was found 
between the mean values of the PP and PA genotypes (p 
>0.05). Additionally, obese subjects carrying an A allele 
showed significantly lower adiponectin levels (p = 0.01) than 
homozygous subjects with the P allele. Post hoc comparisons 
showed that AA homozygotes had lower adiponectin mean 
values than those with the PP genotype. The level of resistin 
was lower in obese subjects carrying a P allele. The post hoc 
analysis with Tukey’s test for multiple comparisons revealed 
significant differences between the resistin mean values of 
PP and PA genotypes and the PP and AA genotypes (p <0.05). 
However, no significant difference was found between the 
mean values of the AA and PA genotypes (p >0.05). The 
wild-type PP subjects’ chemerin values were significantly 
lower than the heterozygous PA and homozygous AA obese 
subjects. Post hoc comparisons in obese subjects showed that 
PP wild-type had significantly lower mean values than PA 
and AA, while no significant difference was found between 
the mean values of the PP and PA genotypes (p >0.05). No 
significant differences in age, BMI, waist or hip circumfer-
ence, HOMA-IR, serum glucose, HDL-cholesterol, LDL-
cholesterol, total cholesterol levels were observed between 
the three genotypes in obese subjects (Table 3).

DISCUSSION

Peroxisome proliferator-activated receptor γ is a 
nuclear receptor that has a key role in energy storage, 
adipocyte differentiation, insulin sensitization and fatty 
acid metabolism [8]. To the best of our knowledge, this is 
the first report of the influence of Pro12Ala PPARγ gene 
polymorphism genotypes on chemerin levels in obese and 

non obese subjects. Our results showed no correlation be-
tween the Pro12Ala PPARγ gene polymorphism and BMI, 
waist-hip circumference, HOMA-IR, total cholesterol, 
LDL-cholesterol, HDL-cholesterol and fasting glucose 
levels in both obese and non obese groups. On the other 
hand, the Pro12Ala polymorphism showed a significant as-
sociation with triglyceride, adiponectin and resistin levels 
particularly in the obese group. Furthermore, we showed 
that the PPARγ gene polymorphism was associated with 
leptin levels in both the obese and non obese groups.

The PPARγ2 gene Pro12Ala polymorphism is the 
most studied genetic variant as potentially linked to the 
development of obesity. However, the results are still 
controversial. A number of studies have reported on the 
association of this variant with BMI and fat mass in dif-
ferent populations [17-19]. Ben Ali et al. [12] showed 
significant association between the PPARγ2 gene Pro-
12Ala polymorphism and obesity in non diabetic men 
of Tunisian origin. Also, Yao et al. [8] and Masud et al. 
[19] performed a meta-analysis to explain the association 
between Pro12Ala polymorphism and obesity. The results 
suggested that Pro12Ala polymorphism is a genetic modi-
fier of obesity [8,19]. Contrary to these results, Gonzalez et 
al. [20] found a strong negative relationship between lower 
BMI. Deeb et al. [7] reported association of the Pro12Ala 
polymorphism in middle-aged non diabetic Finns, suggest-
ing that the carriers of the alanine allele had significantly 
lower BMI.

Buzzetti et al. [3] also reported that this PPARγ2 gene 
was not associated with high BMI in the Italian popula-
tion. Moffett et al. [21] showed no significant association 
between the Pro12Ala polymorphism and BMI in Hispanic 
and non Hispanic subjects. In the German study, the authors 
failed to find an association between this polymorphism 
and obesity [22]. Additionally, in a meta-analysis study 
including six studies from different populations, it was 
shown that there was no association between the Pro12Ala 
PPARγ2 gene polymorphism and obesity [23]. As in other 
studies, our results showed no association between the 
PPARγ2 gene polymorphism and BMI in Turkish Cypriots. 
Thus, our results may suggest that discrepancies in asso-
ciation studies could be related to ethnic differences, life 
style, nutritional factors, effects of gender and pleiotropic 
genotype, may also affect energy homeostasis and BMI.

Deeb et al. [7] first reported that the influence of 
the Pro12Ala polymorphism on lipoprotein lipase (LPL) 
gene expression is most likely due to an effect on a func-
tional PPAR response element in the LPL promoter and the 
PPARγ2 isoform had lower transactivation capacity on the 
LPL gene in vitro [7]. In keeping with this result, Schneider 
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et al. [24] demonstrated that the Pro12Ala substitution in 
PPARγ2 was associated with lower LPL activity in vivo. 
Moreover, Beamer et al. [18] showed that subjects with the 
alanine allele had higher triglyceride levels compared with 
PP wild-type genotype subjects, and Swarbrick et al. [22] 
observed higher levels of triglycerides in obese subjects 
with the alanine allele. In accordance with these previous 
findings, our results showed an association between the 
Pro12Ala polymorphism and triglyceride levels in obese 
subjects. The higher level of triglycerides seen only in the 
obese subjects with the Pro12Ala polymorphism may be 
due to larger adipose tissue mass, and therefore, relative 
intrinsic reduction of PPARγ2 activity.

Leptin and PPARγ2 are two important adipose tissue 
factors involved in energy metabolism regulation. It has 
been shown that activation of PPARγ inhibit leptin gene 
expression in adipocytes [25]. Moreover, heterozygous 
PPARγ-deficient mice exhibit higher leptin levels than 
wildtype littermates [26]. Ben Ali et al. [12] also found an 
association between the Ala12 allele and higher levels of 
leptin in obese male subjects. Simón et al. [27] observed 
a increased serum leptin level in women with T2DM. In 
agreement with these studies, our results showed that 
subjects with the AA genotype for Pro12Ala in both the 
obese and non obese groups had significantly higher leptin 
levels than those with the PA and PP genotypes. It can be 
concluded that the Pro12Ala substitution on the structure 
of PPARγ2 may decrease functional antagonism effect of 
liganded PPARγ on the CCAAT/enhancer binding protein 
α (C/EBPα) transactivation of the leptin promoter.

Peroxisome proliferator-activated receptor γ is a modu-
lator of numerous genes in the mature adipocyte, including 
those encoding adipokines which have a variety of functions 
to regulate physiological processes [28]. In mammalian cells, 
the PPARγ and C/EBPα are the main regulators of adipo-
cyte specific expression of adiponectin [29]. Adi-ponectin 
is known to be potential sensitizer of insulin for liver and 
muscle. Levels of this adipokine are negatively correlated 
with a measure of adiposity and decreased with obesity and 
insulin resistance [30]. The PPARγ is a positive regulator of 
adiponectin expression and enhance adi-ponectin synthesis 
from adipocytes. The association of the PPARγ2 gene Pro-
12Ala polymorphism with adiponectin level has been widely 
examined in various studies, yet the results are still contro-
versial. Mousavinasab et al. [31] found that AA genotype 
was associated with elevated adi-ponectin levels in young 
Finnish men. Ben Ali et al. [12] and Bhatt et al. [32] showed 
no significant association between the Pro12Ala and adipo-
nectin levels. Contrary to this result, Takata et al. [33] and 
Yamamoto et al. [34] reported significant association between 

the PPARγ2 Ala12 allele and low adiponectin levels in young 
and healthy Japanese, respectively. Additionally, Vázquez-
Del Mercado et al. [35], found that carriers of the alanine 
allele were observed to have decreased adiponectin levels 
in obese group. Considering our results, which showed that 
subjects with the AA genotype for PPARγ2 in the obese group 
have significantly higher adiponectin levels than those with 
the PA and PP genotypes, one could then speculate that the 
Pro12Ala substitution could be related to decreased binding 
affinity to the cognate promoter element in adiponectin gene.

Resistin is a potential link between obesity and insulin 
resistance or T2DM. To date, with respect to the resistin 
levels, one unique study demonstrated that the Pro12Ala 
polymorphism in Mexican-Mestizo population was not 
associated with resistin levels in both obese and non obese 
subjects [35]. In contrast, our results also showed that 
subjects with the AA genotype had significantly higher 
plasma resistin levels than the heterozygous PA and wild-
type PP genotypes in obese subjects. In humans, resistin is 
expressed primarily by macrophages and PPARγ2 inhib-
its resistin synthesis [36]. The alanine allele was shown 
to have reduced efficiency in transactivating responsive 
promoter [7]. Thus, our results indicate that the alanine 
allele may decrease inhibition of resistin expression by 
PPARγ2 in obesity. All of the above suggests that high 
resistin and low adiponectin may cause insulin resistance 
and increase HOMA-IR levels in obese subjects who are 
carriers of the alanine allele.

Peroxisome proliferator-activated receptor γ is re-
garded as the master regulator of adipocyte differantiation 
and it has close temporal relationship between chemerin 
during adipogenesis [37]. It has been demonstrated previ-
ously that knockdown of PPARγ expression abrogated both 
adipocyte differentiation and the induction of chemerin 
gene expression. Muruganandan et al. [38] demonstrated 
a direct role for PPARγ in regulating the expression of 
chemerin at the level of gene transcription. It has been 
reported that chemerin gene expression was decreased 
by PPARγ activation in mature bone marrow mesenchy-
mal stem cell derivated adipocytes. Additionally, in vivo 
studies showed that PPARγ activation increased chemerin 
expression in white adipose tissue but not liver. Unfortu-
nately, we found no published study of the association 
between Ala16Val PPARγ2 polymorphism genotypes and 
chemerin levels. Thus, this is the first study of the potential 
effect that substitution may cause impairment in PPARγ2 
function by disturbing regulation of the Pro12Ala gene 
polymorphism on chemerin levels in obesity. Our results 
suggest that subjects with the AA genotype for Pro12Ala 
in both the obese and non obese groups had significantly 
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higher plasma chemerin levels than those with the PA and 
PP genotypes. This shows that PPARγ2 carries the alanine 
allele at position 12, it seems less active than the proline 
counterpart. These data suggest that the alanine variant 
of PPARγ2 may lead to an adverse effect on inhibition of 
chemerin expression in mature adipocytes and it could also 
increase plasma chemerin levels. Further studies are also 
necessary to better understand this relationship.

In the present study, the genotype and allele frequen-
cies of obese and non obese groups were compared by 
the χ2 test, but no statistically significant differences were 
observed. There was no significant derivation of genotypic 
distribution from HWE in non obese subjects (p = 0.61). 
Whereas, the PPARγ2 genotype frequencies were shown to 
deviate from HWE (p = 0.0051) in the obese group. This 
showed that genetic diversity was deficient in this group 
because of the small number of sample size.

The main limitation of this study was the lifestyle 
characteristics, which have an influence on the relationship 
between gene variants and phenotypes. Another weak-
ness was the relatively limited sample size, lack of body 
fat mass % measurement and PPARγ2 expression levels.

In conclusion, our results suggest that the PPARγ2 
gene Pro12Ala polymorphism has no direct association 
with obesity but it does have significant influences on lipid 
profiles and adipokine expression. Based on the literature 
and our findings, the Pro12Ala polymorphism alone is not 
enough to be obese. Perhaps there is a cumulative effect 
in combining different factors like ethnicity, pleiotropic 
genotype effects and mitochondrial dysfunction, which 
altogether may regulate substrate metabolism, energy ex-
penditure in the pathophysiology of obesity as well as roles 
in the mechanisms that affect adipogenesis and mature 
adipocyte function. In order to resolve this contradiction, 
further assessment of this with a larger cohort that includes 
all possible polymorphisms and environmental variables 
that might affect BMI, lipid metabolism and adipokine 
levels, is necessary.
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