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ABSTRACT. The variant of PPAR-g2 has been shown to promote the 
increase of carotid IMT in patients suffering from cerebral infarction 
and the Pro12Ala polymorphism in the peroxisome proliferator-
activated receptorg2 (PPARg2) gene may be associated with cerebral 
infarction. However, due to the different genetic background, race, 
and regional variations of cerebral infarction patient, the results of 
investigations into this subject differ. The aim of this study was to 
investigate this polymorphism in relation to cerebral infarction among 
the Inner Mongolian Han Chinese population. A total of 574 Han 
Chinese individuals from Inner Mongolian were selected randomly, 
including 302 patients with cerebral infarction and 272 healthy controls. 
Polymerase chain reaction-restriction fragment length polymorphism 
was used to determine genotypes of the PPARg2 Pro12Ala variant and 
results were confirmed by direct sequencing. Genotype frequencies were 
found to be 90.7 and 91.9% for P/P, 8.6 and 7.7% for P/A, and 0.7 and 
0.4 for A/A in the cerebral infarction and control groups, respectively. 
No statistically significant differences in genotype distribution were 
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observed between the two groups (P > 0.05). Moreover, PPARg2 
Pro12Ala genotype was not significantly associated with altered fasting 
blood glucose, blood pressure, or serum lipid profiles. After adjustment 
for gender, body mass index, and smoking habit, logistic regression was 
used to analyze the relationship between the Pro12Ala polymorphism 
and cerebral infarction (odds ratio = 0.888, 95% confidence interval 
= 0.106-7.460, P > 0.05), revealing that this variant was not the main 
pathogenic factor involved. Therefore, the Pro12Ala mutation of 
PPARg2 may not be associated with cerebral infarction in the Inner 
Mongolian Han Chinese population.
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INTRODUCTION

Cerebral infarction, also known as cerebral ischemic stroke, is caused by a blood 
circulatory disorder (Arboix and Alió, 2010). Acute cerebral infarction is a severe neurological 
disorder in humans, inducing ischemia, hypoxia, necrosis, and lesions in the brain (Hallenbeck, 
1996; Zhang et al., 2013). Cerebral infarction is the second most common cause of death 
worldwide and its incidence is increasing (Lopez et al., 2006). In addition, it can lead to 
secondary degeneration of the thalamus as well as delay recovery of full functionality (Xing et 
al., 2012). Hypertension has been considered the most important risk factor in the development 
of cerebral infarction, and its control is an important preventive measure (Zhang et al., 2006). 
Some researchers have reported that multiple physiopathological processes could be used to 
assess cerebral infarction pathogenesis (Tang et al., 2010; Jung et al., 2011; Zhang et al., 
2011; Schut et al., 2012), including inflammation, oxidative stress, necrosis, hypercoagulable 
state, apoptosis, and vascular dysfunction. Therefore, anti-inflammation treatments may help 
rehabilitation and functional recovery from ischemic brain damage (Liu et al., 2014).

Peroxisome proliferator-activated receptor γ (PPARγ) is a nuclear hormone receptor 
that exists in four isoforms. The PPARg2 isoform is a ligand-activated transcription factor and 
a member of the steroid receptor family. It is involved in regulating oxide increases, energy 
metabolism, cell differentiation, and the inflammatory response, and its role in resistance 
to atherosclerosis has been affirmed in preliminary work (Spiegelman, 1998). Furthermore, 
PPARg2 is expressed in adipocytes, vascular smooth muscle cells, macrophages, mesangial 
cells, and renal epithelial cells (Issemann and Green, 1990). The PPARg2 gene Pro12Ala 
polymorphism, consisting of a C to G base change, leads to the substitution of proline with 
alanine in codon 12 of exon 2. Proline is able to inhibit the alpha helix formation that alanine 
encourages, thus amino acid changes lead to altered PPARg2 isoform function (Israel et al., 
1992). This Pro12Ala functional variation has been correlated with coronary heart disease 
(CHD), type 2 diabetes, obesity, and lipid disorders, all of which are important risk factors 
for cerebrovascular disease. Some authors consider PPARg2 gene variation to be associated 
with myocardial infarction, type 2 diabetes, and high insulin sensitivity, among other factors, 
while others have expressed contradictory opinions. However, few studies have reported the 
relationship between the PPARg2 Pro12Ala polymorphism and cerebral infarction.
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Recently, the relationship between PPARg2 variation and abdominal obesity has 
been thoroughly demonstrated (Mori et al., 2001; Zietz et al., 2002). Owing to variations 
in the region characteristic of cerebral infarction patients used in previous investigations, 
which with genetic background, race, and regional differences, the pertinence of the Pro12Ala 
polymorphism to cerebral infarction, blood sugar and fat, obesity, and CHD is uncertain. 
The present study therefore aimed to explore the relationship between the PPARg2 Pro12Ala 
polymorphism and cerebral infarction, using data obtained from an Inner Mongolian Han 
Chinese population. Logistic regression analysis was carried out in an effort to further explore 
the potential association between PPARg2 genotype and allele frequency and gender, age, and 
clinical indices.

MATERIAL AND METHODS

Materials and instruments

Blood Genomic Extraction Kits and 2X Taq Master Mix Kits (Taq DNA polymerase, 
deoxynucleotide triphosphates, and buffer solution) were purchased from Sigma-Aldrich 
(MO63103; St. Louis, MO, USA). Polymerase chain reaction (PCR) primers were sourced 
from Dalian Bao Biological Company (Dalian, China), while restriction enzyme (BstUI and 
buffer solution) was obtained from Beijing New England Biotech Corp. (Beijing, China). The 
following instruments were used in our protocols: a Microfuge 22R centrifuge (Beckman 
Coulter, Shanghai, China), a 2720 thermal cycler (Applied Biosystems, Waltham, MA, 
USA), a DU-800ultraviolet (UV)/visible spectrophotometer (Beckman Coulter), and a DYY 
electrophoresis apparatus (Beijing Six One Instrument Factory, Beijing, China).

Study subjects

A total of 302 unrelated hospitalized cerebral infarction patients [171 men and 131 
women, with a mean age of 66 ± 14.0 years (standard deviation), and no significant age difference 
between male and female patients (P > 0.05)] from the Inner Mongolian Han Chinese population 
were recruited between August and December 2014. All patients were diagnosed as having 
acute cerebral infarction using cranial computerized tomography or magnetic resonance imaging 
scans, as per the Fourth National Cerebrovascular Disease Conference. All presented with their 
first episode of cerebral infarction and received treatment within 48 h after hospitalization in the 
Department of Neurology of Affiliated Hospital, Inner Mongolia Medical College. The control 
group consisted of 272 patients [142 men and 130 women, with a mean age of 60.5 ± 28.0 
years (standard deviation), and no significant age difference between male and female patients 
(P > 0.05)] lacking acute cerebral infarction and with no history of stroke, recruited over the 
same period from the same hospital. Patients were excluded if the cause of cerebral infarction 
was not one of the following: transient ischemic attacks, cerebral embolism, hematencephalon, 
subarachnoid hemorrhage, drugs, traumatism, cancer, peripheral vascular disease, blood disease, 
vascular malformation, or aneurism. Patients with liver/kidney dysfunction, blood or thyroid 
diseases, severe malnourishment, asthma, and those having used lipid lowering drugs less than 
one week before the study began were excluded from both groups. All study subjects signed 
informed consent forms. There were no significant differences in gender and age between the 
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two groups, which were comparable. The study was approved by the Research Ethics Committee 
of Affiliated Hospital, Inner Mongolia Medical College.

DNA extraction

Firstly, 2 mL venous blood was collected after subjects had fasted for 8 h, and EDTA 
was added as an anticoagulant. Blood was then centrifuged at 14,000 rpm for 2 min to 
separate the serum, before samples were stored at -86°C. Secondly, DNA was extracted by a 
conventional adsorption column method and diluted. The concentration of DNA was tested 
using a UV/visible spectrophotometer to ensure consistency across samples, and its molecular 
weight was assessed by agarose gel electrophoresis.

PPARg2Pro12Ala polymorphism test

PPARg2Pro12Ala polymorphism was determined by PCR-restriction fragment 
length polymorphism, using previously published methods (Oh et al., 2000; Herrmann 
et al., 2002). The primer sequences used followed the design of Tavares et al. (2005). 
The Pro12Ala polymorphism was genotyped by amplification of genomic DNA using 
the following primers: forward, 5'-CCAATTCAAGCCCAGTCCTTTC-3'; and reverse, 
5'-CAGTGAAGGAATCGCTTTCCG-3'. Each PCR consisted of 25 µL, including 2 µL DNA, 
0.2 µL upstream primer, 0.2 µL downstream primers, 12.5 µL 2X Taq Master Mix, and 10.1 
µL distilled water. The following cycling conditions were used: initial denaturation at 94°C 
for 2 min, followed by 35 cycles of denaturation at 94°C, annealing at 56°C, and elongation 
at 72°C. Each of these steps lasted 30s. This was followed by a final extension at 72°C for 
5min. Enzyme BstUI was then used to digest the amplified DNA and the resulting products 
were resolved by electrophoresis on a 2% agarose gel stained with ethidium bromide, before 
being visualized under UV light. Results were documented with a digital camera and stored as 
computer files using the BioCapt software (Vilbert-Lourmant, Marne LaValle, France).

Genotype analysis

In order to confirm our results, samples (of P/P, P/A, and A/A genotypes) were re-
amplified and the amplified products were checked and sent to Shanghai Sangon Biotech 
Co., Ltd. (Shanghai, China) for sequencing (using an ABI Prism 3730 Genetic Analyzer and 
BigDye Terminator v3.1 reagents, both Applied Biosystems).

Statistical analysis

All statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, 
IL, USA). Continuous data are reported as means ± standard deviations and the t-test was 
used to determine differences between groups. Using the chi-square test, genotype and allele 
frequencies were compared among the study groups and Hardy-Weinberg equilibrium was 
estimated. Logistic regression analysis was employed to determine the relationship between 
the PPARg2 gene Pro12Ala polymorphism and cerebral infarction. P values < 0.05 were 
considered significant.
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RESULTS

Analysis of PPARg2 Pro12Ala polymorphism

The PPARg2 gene Pro12Ala polymorphism was typed by means of a BstUI enzyme 
digest and electrophoresis of the resulting products on a 2% agarose gel, as shown in Figure 1. 
The total length of the undigested PCR product was 244 bp. Three genotypes were discernible, 
namely the wildtype homozygous Pro/Pro (P/P), heterozygous Pro/Ala (P/A), and homozygous 
Ala/Ala (A/A) variants. The P/P genotype, in which the restriction enzyme cutting site is 
absent, was characterized by presence of the full 244-bp band, while the P/A variant includes 
one DNA strand containing the recognition site, which resulted in digestion products of 244, 
223, and 21 bp. The homozygous A/A genotype was therefore recognizable by the absence 
of the 244-bp DNA fragment, it having being split into pieces of 223 and 21 bp. Randomly 
selected samples of P/P, P/A, and A/A genotypes were sequenced and, as shown in Figure 2, 
the results corresponded to those of the enzyme digest.

Figure 1. PPARg2 gene Pro12Ala polymorphism was genotyped using enzyme BstUI and the digestion products 
were separated by electrophoresis on a 2% agarose gel. The lanes were as follows: lane 1 = P/A genotype; lane 2 = 
A/A genotype; lane 3 = P/A genotype; lane 4 = P/P genotype; lane M = molecular weight marker.

Distribution of Pro12Ala allelic and genotypic frequencies in cerebral infarction 
and control groups

The characteristics of the study population are presented in Table 1. The Pro12Ala 
polymorphism was found to be in Hardy-Weinberg equilibrium in both patient and control 
groups (chi-square, P > 0.05). P/P, P/A, and A/A genotypes were all observed in both groups, 
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with the P/P genotype predominating. The frequency of the Ala allele was 5.44% in our study 
population. The P/A genotype frequency was 7.7 and 8.6%, while the Ala allele frequency 
was 4.2 and 5.0% in the control and case groups, respectively. However, P/A genotype and 
Ala allele frequencies did not significantly differ between groups, as calculated by combined 
statistics (chi-square = 0.252, P = 0.616, P > 0.05 for both groups), the Fisher exact probability 
method (P > 0.05 for both groups), and allele frequency comparison (chi-square = 0.355, P = 
0.551, P> 0.05 for both groups).

Figure 2. Randomly selected samples of P/P, P/A, and A/A genotypes were sequenced.

Table 1. Genotype and allele frequencies of the PPARg2 gene Pro12Ala polymorphism in subjects with or 
without cerebral infarction (CI).

Group N Genotype (%) Allele (%) 
P/P P/A A/A Pro Ala 

CI 302 90.7 8.6 0.7 95.0 5.0 
Control 272 91.9 7.7 0.4 95.8 4.2 
  P = 0.9059 P = 0.551 

 P values were derived from chi-square tests.
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Interactions between age, gender, and genotype in cerebral infarction and control 
groups

The distribution of Pro12Ala polymorphism genotypes did not significantly differ 
between study groups, neither when all patients were considered, nor when subgroups based on 
gender were analyzed. There were no statistically significant differences in genotype or allele 
frequencies between patients (P = 0.367) and controls (P = 0.263; Figure 3A and B) of different 
gender. In the cerebral infarction group, P/P genotype frequencies were 91.8 and 88.7%, while in 
the control group they were 90.1 and 93.8% among male and female participants, respectively. 
Concerning the frequency of P/A+A/A genotypes, no statistically significant differences were 
observed in patients (8.2 and 11.3% for male and female individuals, respectively) or controls 
(9.9 and 6.2% among male and female participants, respectively). As shown in Figure 3D, no 
significant difference in genotype frequency was found between the various age categories in 
the control group (P > 0.05 for all ages). However, as shown in Figure3C, compared with the 
P/A+A/A variants, P/P genotype frequency did significantly differ with age among cerebral 
infarction patients (P < 0.05). In addition, the clinical characteristics of P/P genotype carriers 
within the cerebral infarction group seemed to increase with age (Figure 3C).

Figure 3. Interactions between age, gender, and PPARg2 Pro12Ala genotype in cerebral infarction and control 
groups. The frequency of P/P and P/A+A/A genotypes among male and female cerebral infarction patients (A) and 
controls (B), and in participants of different ages in the cerebral infarction (C) and control (D) groups. P < 0.05 
represents a statistically significant result.
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Clinical characteristics of P/P and P/A+A/A genotype carriers in the cerebral infarction 
group

The clinical characteristics associated with P/P and P/A+A/A genotypes are shown in 
Table 2. Within the cerebral infarction group, compared to those carrying the P/P genotype, 
subjects with P/A+A/A genotypes demonstrated higher diastolic blood pressure and higher 
fasting triglyceride (TG) levels. In addition, there was a trend for P/P individuals to have 
lower fasting blood sugar, systolic blood pressure, total cholesterol, and low-density 
lipoproteincholesterol. These differences, however, did not reach statistical significance (P > 
0.05). Furthermore, body mass index (BMI lower than 24 kg/m2) and TG levels showed no 
significant differences between genotypes.

TC = total cholesterol; TGs = triglycerides; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density 
lipoprotein cholesterol; BMI = body mass index; FBS = fasting blood sugar; SBP = systolic blood pressure; DBP 
= diastolic blood pressure.

Table 2. Clinical characteristics of cerebral infarction patients carrying P/P and P/A+A/A genotypes.

Variable P/P (N = 274) P/A+A/A (N = 28) P value 
TC (mM) 4.75 ± 1.03 4.79 ± 1.09 0.860 
TGs (mM) 1.76 ± 0.99 1.82 ± 0.70 0.754 
HDL-C (mM) 1.25 ± 0.44 1.14 ± 0.30 0.197 
LDL-C (mM) 2.68 ± 0.78 2.79 ± 0.82 0.504 
BMI (kg/m2) 23.58 ± 2.94 23.44 ± 3.35 0.829 
FBS (mM) 6.20 ± 2.46 6.30 ± 2.48 0.834 
SBP (mmHg) 149.05 ± 18.23 152.54 ± 18.61 0.337 
DBP (mmHg) 89.16 ± 12.62 92.93 ± 11.59 0.131 

 

Assessment of cerebral infarction risk factors by logistic regression analysis

Logistic regression was used to analyze risk factors for cerebral infarction. Seven 
factors, including age, BMI (>24 kg/m2), genotype, drinking history, family history of stroke, 
smoking history, and gender were assessed. Those factors significantly associated with risk of 
cerebral infarction are shown in Table 3. The following associations remained significant in a 
logistic regression model after adjustment for the seven factors above: BMI [odds ratio (OR) 
= 1.467, 95% confidence interval (95%CI) = 1.025-2.100], smoking history (OR = 1.645, 
95%CI = 1.063-2.544), and gender (OR = 1.620, 95%CI = 1.159-2.264).

OR = odds ratio; 95%CI = 95% confidence interval; BMI = body mass index.

Table 3. Cerebral infarction risk factors tested by logistic regression analysis.

Variable Standard error Regression coefficient P value OR (95%CI) 
Gender 0.183 0.383 0.036 1.467 (1.025-2.100) 
Smoking history 0.223 0.498 0.025 1.645 (1.063-2.544) 
BMI 0.171 0.483 0.005 1.620 (1.159-2.264) 

 

DISCUSSION

The present study constitutes the first assessment of the relationship between the 
PPARg2 gene Pro12Ala polymorphism and cerebral infarction among the Inner Mongolian 
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Han Chinese population. We examined genotype distributions and allele frequencies in 
cerebral infarction and control groups using PCR amplification, and DNA sequencing. The 
association between cerebral infarction and this PPARg2 polymorphism was also analyzed 
based on clinical characteristics and risk factors. However, no significant association was 
found between Pro12Ala variants and cerebral infarction.

Cerebral infarction represents a serious danger to human health. Hypertension, diabetes 
mellitus, and dyslipidemia have been demonstrated by others to be related to cerebral infarction, 
and are recognized as traditional risk factors (Park et al., 2014). Genetics and molecular biology 
studies have revealed the existence of genetic predisposition to cerebral infarction, and have 
identified various polymorphisms associated with this condition (Domingues-Montanari et 
al., 2008; Xu et al., 2008). Atherosclerosis, the inflammatory response, and impaired vascular 
endothelial function play an important role in the development of cerebral infarction (Pucci 
et al., 2011; Soskić et al., 2011). The fact that PPARγ mediates effects on atherosclerosis, 
insulin resistance, inflammation, and lipoprotein metabolism may be relevant to this disease 
(Gallardo-Soler et al., 2008; Dubuisson et al., 2011).

The type II nuclear receptor PPARγ is an important regulator known to be involved 
in glucose metabolism, insulin resistance, atherosclerosis, lipid metabolism, and adipokinesis 
(Spiegelman, 1998; Cock et al., 2004). It has been reported that PPARg2Pro12Ala polymorphism 
allele frequencies differ by country, region, and ethnic group. The minor allele frequency of this 
polymorphism is 12% among Caucasians, 10% in the United States, 3% in African-Americans, 
8% among Samoans, and 4% in the Japanese population. Concerning the country in which this 
study was carried out, the P/P genotype predominates and the Ala allele frequency stands at 
approximately 2-4%, similar to that in the Japanese population (Xiang and Zhu, 2006; Zhao 
et al., 2010). This is also the most prevalent genotype in European and American populations, 
in which the Ala allele is found at a frequency of around 10%, a substantially higher figure 
than that observed in Asian groups. Studies of different nationalities and regions in China 
have shown that the Ala allele frequency among Koreans in the Yanbian area and Ningxia Hui 
Hunan, and in Changsha, Shanghai, and other regions are approximately the same as in the 
general population, i.e., lower than in Caucasian groups and other Europeans. It can be seen 
therefore that the distribution of genotypes and alleles of the PPARg2 Pro12Ala polymorphism 
shows ethnic and regional differences (Dong et al., 2004; Jin et al., 2007; Tianet al., 2010).

Considering the reported beneficial effect on the kidneys of thiazolidinedione 
stimulation of PPARg2, a mutation in this gene would be expected to confer an adverse effect 
and lead to reduced activity. The Pro12Ala polymorphism was originally examined for an 
association with obesity, cardiovascular disease traits, and diabetes, with varying results in 
different populations and subgroups (Lohmueller et al., 2003; Tönjes et al., 2006). To date, 
few studies have focused on cerebral infarction within the Inner Mongolian Han Chinese 
population. Prior studies have revealed that the PPARg2 Pro12Ala polymorphism is associated 
with development of atherosclerosis, but is not linked to the hereditary component of cerebral 
infarction among the Chinese population of Changsha (Hang et al., 2007). Data from these 
(Hang et al., 2007) previous investigations revealed an Ala allele frequency of 5.2% in cerebral 
infarction patients, higher than the 5.0% recorded in our case group.

Studies of associations between Pro12Ala variants and cerebral infarction have 
yielded conflicting results. A Finnish study (Pihlajamäki et al., 2000) reported that carriers 
of the A/A genotype exhibit higher TG levels compared to P/P individuals. However, in the 
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current investigation, BMI (>24kg/m2) and TG levels were not significantly different between 
P/P, P/A, and A/A genotype groups. Moreover, in the adjusted risk factor analysis, BMI (OR 
= 1.467, 95%CI = 1.025-2.100), smoking history (OR = 1.645, 95%CI = 1.063-2.544), and 
gender (OR = 1.620, 95%CI = 1.159-2.264) were identified as the principal factors in cerebral 
infarction development. Our results demonstrate that the PPARg2Pro12Ala polymorphism is 
not associated with cerebral infarction.

The chief objective of this analysis was to investigate the correlation between the 
PPARg2 gene Pro12Ala polymorphism and cerebral infarction by evaluating genotype and 
allele frequencies, risk factors, and clinical characteristics of cerebral infarction patients. 
Overall, our results revealed that allele frequencies and clinical parameters did not significantly 
differ between cerebral infarction patients and the control group. This suggests that the 
Pro12Ala mutation of the PPARg2 gene may not be associated with cerebral infarction among 
the Inner Mongolian Han Chinese population.
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