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Abstract
Background: This study aimed to assess the association between PPARγ gene polymorphism and susceptibility to
Parkinson’s disease (PD) in a northern Chinese population. Methods : We conducted a case-control study which
including 391 outpatients with PD and 391 healthy matched individuals. All subject genotypes on PPARγ gene in
rs3856806, rs1801282, -1279G/A were determined by polymerase chain reaction and restriction fragment length
polymorphism (PCR-RFLP) analysis.  Results : Our results showed participants with AG and AG+AA (dorminant
model) genotypes of -1279G/A had a higher genetic risk of PD compared to those with GG ( p = 0.024, OR = 1.781,
95% CI = 1.073-2.956; p = 0.024,OR = 1.768, 95% CI = 1.078-2.898). A allele of the -1279G/A polymorphism was
presumably correlated with increased risk of PD ( p = 0.037,OR = 1.639, 95% CI = 1.027-2.616) and male PD ( p
=0.032, OR = 1.998, 95% CI = 1.051-3.798) as well as early-onset Parkinson’s disease (EOPD)( p =0.019, OR = 2.667,
95% CI = 1.263-5.629). Strati�cation analysis by age for rs1801282 indicated a signi�cant genotype difference
between EOPD and controls( p =0.005) as well as late-onset Parkinson’s disease(LOPD) and controls( p =0.008). G
allele frequency of rs1801282 in EOPD subjects was signi�cantly higher than it in controls( p = 0.006, OR =3.093,
95% CI = 1.446-6.615) and LOPD ( p = 0.009, OR =2.899, 95% CI = 1.344-6.253). Conclusions : The study showed
that in a northern Chinese population, the A allele of -1279G/A might be a risk factor for PD and the G alle of
rs1801282 might increase the susceptibility of  EOPD.

Introduction
Parkinson's disease(PD) is a vestigial illness that mainly occurs in elderly people. Dopamine de�ciency in the
substantia nigra causes a series of classical motor symptoms, such as static tremor, spasticity, bradykinesia,
postural unsteadiness, and gait impairment[1].

Peroxisome proliferator-activated receptor γ (PPARγ) is mainly located in the basal ganglia and other places where
dopamine receptors are expressed, indicating a possible correlation between PD and PPARγ[2, 3]. PPARγ is a
member of the steroid hormone receptor superfamily and a ligand-activated transcriptional factor [4]. In the last few
years, animal model studies have shown an association between PPARγ and PD with a series of experiments
demonstrating that PPARγ agonists could protect neurons from injury[2, 5]. The pathogenesis of PD remains
unclear; however, the interaction between genetics and environment is considered to be involved in PD
development[6]. Further, related studies have indicated an association between the susceptibility genes and PD
development[7–9].

The chromosome site for the PPARγ gene is 3p-25[10] and many genetic variations of this gene have been found.
Three gene loci sited in different functional region of PPARγ, with rs1801282 located in exon B of PPARγ which
related with decreased PPARγ activity[11], and rs3856806 located in exon 6 [11] as well as -1279G/A located in the
promoter area. Among these mutations, previous studies have revealed that the rs1801282 polymorphism might be
related to PD or AD susceptibility[12–15]. One study found that type2 diabetes mellitus was associated with
subsequent PD[16], and rs3856806 polymorphism was probabely related with type2 diabetes in a Chinese Han
population[17]. Moreover, -1279G/A within PPARγ gene as a novel polymorphism that has never been studied in
patients with PD. We aimed to assess association between PPARγ genetic polymorphisms (rs1801282, rs3856806,
and − 1279G/A) and PD in a cohort of northern Chinese subjects. Additionally, we conducted strati�cation analyses
by sex and age as well as haplotype analysis for the �rst time to better understand the association between PPARγ
and PD risk .
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Methods

Study subjects
In this case-control study, we enrolled 391 patients with PD (185 females and 206 males; age 62.42±9.32 years)
who met the criteria of the UK PD Brain Bank and 391 gender, age, and ethnicity matched healthy individuals (178
females and 213 males; age: 61.08±10.16 years) without neurologic or psychiatric disorders, T2DM, or cardiopathy.
All subjects in the PD group were enrolled from the Neurology clinic department of the A�liated Hospital of
Qingdao University while the controls were randomly recruited from the Health Examination center. As shown in
Table 1, there was no signi�cant between-group difference in the age (p = 0.056) and sex (p = 0.616).

Table 1
Characteristics of the Study Participants

Variable Cases(N = 391)
N (%)

Controls(N = 391)
N (%)

P

Gender      

Female 185(47.31) 178(45.52) 0.616

Male 206(52.69) 213(54.48)  

Age(Means±SD) 62.42±9.32 61.08±10.16 0.056

Hoehn and Yahrstagea 2 (1–4)    

DNA extracting and SNPs genotyping
Using a DNA blood kit (Tiangen, Beijing, China), we isolated DNA from lymphocytes derived from the peripheral
blood of each participant. The rs3856806, rs1801282, and − 1279G/A genotypes for the PPARγ gene were detected
through Polymorphism Chain Reaction and Restriction Fragment Length Polymorphism (PCR-RFLP) analysis. We
used three restriction enzymes and three pairs of primers as previously described [18–20]. Table 2 shows the
lengths of the PCR-ampli�ed fragments, restriction fragments, primer sequences, and restriction enzymes. For
accuracy, about 10% of the PCR-ampli�ed DNA samples were selected for DNA sequencing.

The total PCR reaction volume for PPARγ was 25 µl as follows: 2.5 µl about 50–100 ng genomic DNA, 12.5 µl 2 × 
Taq Master Mix, 0.5 µl of each primer(10 pmol/µl), and 9 µl double-distilled H2O. The conditions for rs3856806 were
as follows: original denaturation at 94 °C for 5 min, 30 cycles each for 30 s at 94 °C, annealing at 57.3 °C for 30 s,
and extension at 72 °C for 30 s with that a �nal extension step at 72 °C for 5 min. The PCR reaction conditions for
rs1801282 were as follows: initial denaturation at 94 °C for 5 min, 30 30-s cycles at 94 °C, annealing at 64 °C for
30 s, and extension at 72 °C for 30 s with that a �nal extension step at 72 °C for 5 min. The PCR reaction conditions
for − 1279G/A were as follows: original denaturation at 94 °C for 5 min, 27 30-s cycles at 94 °C, annealing at 55 °C
for 30 s, and extension at 72 °C for 30 s followed by a �nal extension step at 72 °C for 5 min. The obtained PCR
ampli�cation products for rs3856806 were digested by 1 µl restriction enzyme BsaA  (New England BioLabs NEB,
Beijing) overnight at 37 °C. We used 1 µl BstU  (New England BioLabs NEB,Beijing) for rs1801282 PCR products at
60 °C overnight. In addition, PCR products of -1279G/A were digested by 0.5 µl restriction enzyme NIA III at 37 °C
overnight. Finally, all enzymic hydrolysates were detected by gel electrophoresis on 2.5% agarose gel and then
visualized with an imaging analysis system.
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Statistical analysis
SPSS 21.0 was used to perform statistical analyses and statistical signi�cance was set at P < 0.05. The genotype
and allele frequencies were determined by counting. We used the Chi-square test to assess the agreement with
Hardy-Weinberg equilibrium (HWE) for each locus. The Fisher's exact (two-tailed) or Chi-square test was used for
between-group comparisons of categorical variables, while Student's t-test was used for continuous variables. To
assess the strength of polymorphisms and PD susceptibility, the value of odds ratios (OR) and 95% con�dence
intervals (CI) were calculated. The Haploview 4.2 software was used to estimate the haplotype frequencies of three
loci and the linkage disequilibrium (LD).
SNP      Primer sequence Product  

Size(bp)
Restriction
enzyme

Restriction
fragments of
genotype(bp)

rs3856806 F: AGGTTTGCTGAATGTGAAGC 206 BsaA 206 = TT
   

R: GGTGAAGACTCATGTCTGT
    206, 154, 52 =

CT
        154, 52 = CC
rs1801282 F: GCCAATTCAAGCCCAGTC 270  BstU 270=CC
   R:GATATGTTTGCAGACAGTGTATCAGTGAAGGAATCGCTTTCCG     270,227,43= CG

 
        227,43=GG

 
-1279G/A F: TGCCATCGTGTCTGGATTAC 295 NIA 295 =GG

 
  R: CCTGTCAATCATGGTGCAAG     295,238,57= AG

 
        238,57 =AA

Table 2

Primary information on genotyping assays for three SNPs of PPARγ gene

Results
The characteristics of all the study subjects are summarized in Table 1. The Hardy-Weinberg equilibrium analysis of
the three SNPs were > 0.05, which indicated there was no sample bias. Table 3 shows the results of the between-
group analysis of dominant, and recessive genetic models as well as genotype and allele frequency for rs3856806
and − 1279G/A. We just detected two genotypes in all samples for rs1801282, so only genotype and allele
frequency about rs1801282 are presented in the Table 3.
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Table 3
Allelic and gentypic frequency of PPARγ polymorphisms |in PD patient and each healthy-matched

control subgroup

  Cases (N = 391) Controls(N = 391) P OR(95% CI)

rs 3856806        

CC, n (%) 229(58.57) 242(61.89)    

CT, n (%) 145(37.08) 137(35.04) 0.457 1.118(0.833–1.503)

TT, n (%) 17(4.31) 12(3.07) 0.296 1.497(0.700-3.204)

Dominant(CC vs. CT + TT)     0.309 1.161(0.871–1.548)

Recessive(TT vs. CT + CC))     0.350 1.432(0.674–3.046)

C, n(%) 603(77.11) 621(79.41)    

T, n(%) 179(22.89) 161(20.59) 0.270 1.145(0.900-1.456)

-1279G/A        

GG, n (%) 345(88.24) 363(92.84)    

AG, n (%) 44(11.25) 26 (6.65) 0.024 1.781(1.073–2.956)

AA, n (%) 2(0.51) 2(0.51) 0.960 1.052(0.147–7.511)

Dominant(AG + AA vs.GG)     0.024 1.768(1.078–2.898)

Recessive(AG + GG vs.AA)     0.905 0.887(0.123–6.398)

G, n (%) 734(93.86) 752(96.16)    

A, n (%) 48(6.14) 30(3.84) 0.037 1.639(1.027–2.616)

rs1801282        

CC, n (%) 357(91.30) 365(93.35)    

CG, n (%) 34(8.70) 26(6.65) 0.347 1.337(0.786–2.274)

GG, n (%) 0 0    

C, n (%) 748(95.65) 756(96.68)    

G, n (%) 34(4.35) 26(3.32) 0.292 1.322(0.785–2.224)

Regarding rs1801282 polymorphisms, subgroup analysis in terms of age indicated statistical differences between
the early-onset PD (EOPD) (age of diagnosis < 50) and healthy group (p = 0.005). Compared to the healthy group,
the EOPD subgroup had a higher G allele frequency (OR = 3.093, 95% CI = 1.446–6.615, p = 0.006 in Table 4).
Further, signi�cant difference was found between the EOPD and late-onset PD (LOPD) (age of diagnosis > 50) (p = 
0.008). Compared with the LOPD subgroup, the EOPD subgroup had a higher frequency of the G allele of rs1801282
(p = 0.009, OR = 2.899, 95% CI = 1.344–6.253). Furthermore, no signi�cant difference was found among other
subgroups in the allele frequencies and genotype distribution (p > 0.05) in Table 4.
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Table 4
Distribution of PPARγ polymorphisms observed in every PD patient and each healthy-matched control subgroup.

rs3856806 Genotype         Allele    

  N CC (%) CT (%) TT (%) P C (%) T (%) P

Male PD 206 123(59.71) 74 (35.92) 9 (4.37) 0.880 320(77.67) 92(22.33) 0.694

FemalePD 185 106(57.30) 71(38.38) 8(4.32)   283(76.49) 87 (23.51)  

FemalePD 185 106(57.30) 71(38.38) 8(4.32) 0.476 283(76.49) 87 (23.51) 0.244

Female
health

178 113(63.48) 59 (33.15) 6(3.37)   285(80.06) 71(19.94)  

Male PD 206 123(59.71) 74(35.92) 9(4.37) 0.694 320(77.67) 92(22.33) 0.673

Male
health

213 129(60.56) 78(36.62) 6(2.82)   336(78.87) 90(21.13)  

EOPD 52 31 (59.62) 18 (34.62) 3 (5.77) 0.598 80 (76.92) 24 (23.08) 0.557

Health 391 242(61.89) 137(35.04) 12(3.07)   621(79.41) 161(20.59)  

LOPD 339 198(58.41) 127(37.46) 14(4.13) 0.539 523(77.14) 155(22.86) 0.293

Health 391 242(61.89) 137(35.04) 12(3.07)   621(79.41) 161(20.59)  

EOPD 52 31(59.62) 18(34.62) 3(5.77) 0.823 80 (76.92) 24(23.08) 0.961

LOPD 339 198(58.39) 127(37.46) 14(4.13)   523(77.14) 155(22.86)  

-1279G/A N GG (%) AG (%) AA (%) P G (%) A (%) P

Male PD 206 179
(86.89)

26 (12.62) 1(0.49) 0.712 384(93.20) 28(6.80) 0.419

FemalePD 185 166(89.73) 18(9.73) 1(0.54)   350(94.59) 20(5.41)  

FemalePD 185 166
(89.73)

18(9.73) 1(0.54) 0.434 350
(94.59)

20(5.41) 0.454

Female
health

178 165
(92.70)

11(6.18) 2(1.12)   341
(95.79)

15(4.21)  

Male PD 206 179
(86.89)

26(12.62) 1(0.49) 0.059 384
(93.20)

28(6.80) 0.032

Male
health

213 198(92.96) 15(7.04) 0(0)   411
(96.48)

15(3.52)  

EOPD 52 42 (80.77) 10(19.23) 0(0) 0.020 94(90.38) 10(9.62) 0.019

Health 391 363(92.84) 26(6.65) 2(0.51)   752(96.16) 30(3.84)  

LOPD 339 303
(89.38)

34(10.03) 2(0.59) 0.244 640(94.40) 38(5.60) 0.110

Health 391 363
(92.84)

26(6.65) 2(0.51)   752(96.16) 30(3.84)  

EOPD 52 42(80.77) 10(19.23) 0(0) 0.119 94 (90.38) 10(9.62) 0.113
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rs3856806 Genotype         Allele    

LOPD 339 303(89.38) 34(10.03) 2(0.51)   640(94.40) 38 (5.60)  

rs1801282 N CG (%) CC (%) GG (%) P G (%) C (%) P

Male PD 206 22 (10.68) 184
(89.32)

- 0.154 22(5.34) 390(94.66) 0.151

FemalePD 185 12(6.49) 173(93.51) -   12 (3.24) 358(96.76)  

FemalePD 185 12(6.49) 173(93.51) - 0.686 12(3.24) 358(96.76) 0.617

Female
health

178 14(7.87) 164
(92.13)

-   14(3.93) 342(96.07)  

Male PD 206 22 (10.68) 184(89.32) - 0.073 22 (5.34) 390(94.66) 0.064

Male
health

213 12 (5.63) 201(94.37) -   12(2.82) 414(97.18)  

EOPD 52 10(19.23) 42(80.77) - 0.005 10(9.62) 94(90.38) 0.006

Health 391 26(6.65) 365(93.35) -   26(3.32) 756(96.68)  

LOPD 339 24 (7.08) 315
(92.92)

- 0.884 24(3.54) 654(96.46) 0.822

Health 391 26 (6.65) 365(93.35) -   26(3.32) 756(96.68)  

EOPD 52 10(19.23) 42(80.77) - 0.008 10(9.62) 94(90.38) 0.009

LOPD 339 24(7.08) 315
(92.92)

-   24(3.54) 654(96.46)  

Regarding − 1279G/A polymorphisms, the PD group had a higher A allele frequency than the controls (p = 0.037, OR 
= 1.639, 95% CI = 1.027–2.616), which indicated that the allele A of -1279G/A was probably a risk factor for PD.
Strati�ed analysis according to age indicated a signi�cant discrepancy between the EOPD and healthy group (p = 
0.020). The patients with EOPD had a higher A allele frequency than the healthy group (p = 0.019, OR = 2.667, 95%
CI = 1.263–5.629) (Table 4). Strati�ed analysis according to gender revealed the frequency of A allele for − 1279G/A
was signi�cantly higher in male PD than it in male heath controls (p = 0.032, OR = 1.998, 95% CI = 1.051–3.798). A
signi�cantly higher PD risk was also found in allele A carriers in the dominant genotype model (AG + AA vs GG: OR 
= 1.768, 95% CI = 1.078–2.898, p = 0.024). However, no signi�cant between-group difference was found in the
distribution of rs3856806 in the subgroup and genetic model analysis (Table 3 and Table 4).

According to Table 5, haplotype and LD analysis indicated a weak LD with PPARγ polymorphisms (-1279G/A and
rs1801282: D’ = 0.749, r2 = 0.427; -1279G/A and rs3856806: D’ = 0.678, r2 = 0.087; rs1801282 and rs3856806, D’ =
0.595, r2 = 0.051) and there was no signi�cant between-group difference in the haplotype analysis.
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Table 5
Frequency distribution of the PPARγ -1279G/A, rs1801282 and rs3856806

haplotype alleles between cases and controls

Genotype Cases (frequency) Controls (frequency) Chi-square P

GCC 586.8(0.750) 608.8(0.778) 1.717 0.1901

GCT 143.0(0.183) 133.1(0.170) 0.431 0.5115

AGT 21.1 (0.027) 13.6 (0.017) 1.643 0.1999

ACT 13.8 (0.018) 9.8 (0.013) 0.676 0.4108

Discussion
We found that the allele A of -1279G/A was signi�cantly associated with PD risk in a northern Chinese population.
Subgroup analysis showed that both − 1279G/A and rs1801282 were associated with EOPD and both A allele of
-1279G/A polymorphism and G allele of rs1801282 polymorphism within PPARγ gene might be a risk factor for
EOPD in a northern Chinese population. In addition, our �nding showed that A allele of -1279G/A may increase the
risk of male PD and AG + AA genotype may increase the susceptibility of PD in the dominant model. However, there
was no mutual effect between the rs3856806 polymorphism and PD in the dominant and recessive model.

PPARγ has been reported to be associated with the development of numerous degenerative diseases. Additionally,
an association of the rs1801282 genotype with early-onset AD has been reported in the Finnish population [13]. In
the absence of the APOEε4 subgroup with PPARγ Pro12Ala polymorphism (rs1801282), the onset age of AD
patients with the Pro/Ala genotype was found 4.6 years earlier than Pro/Pro genotype carriers in northeast
China[15]. Another study on Italians reported that the risk of developing AD in Ala carriers was twice as high as that
of octogenarian controls[21]. Interestingly, analysis after gender strati�cation showed that the G allele of rs1801282
played a protective role in females but had an opposite effect in male Caucasians from the UK[22]. Tanner CM et al
demonstrated the effect of genetic factors was more obvious in the EOPD subgroup than it in the LOPD subgroup
[23]. In a certain sense, above studies seems to tell us rs1801282 is more likely a age-related mutation after so
many different racial analysis.

A previous association study on PPARγ gene polymorphism in Japanese patients with Parkinson’s disease with
dementia (PDD) (n = 171) and controls (n = 136) reported no signi�cant between-group differences in the genotypic
frequencies of the SNPs (rs3856806 and rs1801282) or the haplotype analysis for the 2 PPARγ- SNPs[24]. Yang
investigated the PPARγ gene polymorphism (rs3856806 and rs1801282) in a Southern Chinese cohort comprising
patients with PD (n = 206) and controls (n = 210) and reported no signi�cant between-group difference in the
genotype distribution [12]. Our results are clearly consistent with those of the aforementioned studies; however, we
performed further subgroup analysis based on age and sex using a larger sample size from a different
geographical area. This is the �rst study to provide evidence that the A allele of -1279G/A SNP may contribute to
increasing PD risk in northern Chinese population. Our �ndings might contribute toward developing a novel therapy
and a feasible means of predicting the risk for PD.

To date, the pathophysiology of PD remains elusive. A review reported that the most probable nosogenesis involves
lesions of the ubiquitin-proteasome system (UPS), oxidative stress anomaly, and mitochondrial de�ciency[25]. UPS
dysfunction might result in excess or misfolded proteins in the brain, in turn resulting in PD development.
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Rosiglitazone, a PPARγ agonist, not only reduces mHtt aggregates containing ubiquitin and heat shock factor1
(HSF1) but also enhance the function of the UPS, HSF1, and heat shock protein27/70 (HSP27/70) in N2A cells [26].
Moreover, in human neuroblastoma SH-SY5Y cells, rosiglitazone improves the expression of SOD, catalase, Bcl-2,
and Bax, which might attribute to the prevention of mitochondrial impairment induced by the 1-methyl-4-
phenylpyridinium ion (MPP+)[27]. In addition, ciglitazone, a PPARγ agonist, plays a role in protecting neurons from
oxidative stress by regulating mitochondrial fusion and �ssion in hippocampal neurons [28]. Overall, PPARγ play a
protective role in the development of PD.

To our knowledge, the rs1801282 G allele variation shows decreased transcriptional activity of PPARγ in vitro[29],
suggesting potential association with PD. -1279G/A is located in the promoter region of PPARγ and the
polymorphism of the promoter region tends to affect gene expression and contribute to the occurrence of
disease[30]. The ENCODE project and bioinfomatics approaches identi�ed the − 1279G/A(rs7647481) as the cis-
regulatory vabriant which exerts the effect of regulating transranscriptional activity, and ultimately contributes to
different sensitivity of insulin in primary adipose cells[31]. In addition, Yin Yang 1(YY1) has been con�rmed as an
allele-speci�c transcription factor for − 1279G/A (rs7647481) A allele, which may affects the level of PPARγ[31].
Taken together, the − 1279G/A polymorphism is a cis-regulatory vabrian[31], which may play a role in decreasing
transcriptional activity of PPARγ, leading to the low expression level of PPARγ which confers to susceptibility for the
development of PD. In fact, the precise molecular mechanism is more complicated than we expect, and hence,
further research is required to elucidate the underlying mechanism between variants and disease risk.

Our study had several limitations, such as limited sample size, race, and mutational sites. Therefore, there is a need
for more studies with more ethnicities and larger cohorts to assess the association of PPARγ polymorphism with
PD susceptibility.

Conclusion
This is the �rst study to demonstrate that the A allele of -1279G/A and the G allele of rs1801282 might be a risk
factor for EOPD in the Han population of northern China. Moreover, carriers with A allele of -1279G/A have a higher
risk for PD and male PD. Further, genetic polymorphism of PPARγ may be a promising biomarker for PD
susceptibility.
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