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Summary

BACKGROUND AND PURPOSE: Paired-like homeodo-
main transcription factor 3 (PITX3) is an important tran-
scription factor for differentiation and survival of dopam-
inergic neurons. Recent reports have shown a strong as-
sociation of polymorphisms in the PITX3 gene with Par-
kinson’s disease (PD). Our study was designed to verify
whether three previous PITX3 SNPs (rs2281983,
rs4919621 and rs3758549) were associated with PD in the
Chinese population. We also investigate the association of
novel polymorphisms in PITX3 gene with PD.
METHODS: All the polymorphisms of PITX3 we found
in this study were sequenced by PCR products from both
directions with dye terminator methods using an ABI-3100
sequencer. We included 356 sporadic PD patients and 300
healthy elderly people as controls.
RESULTS: We provide evidence for strong association of
a novel polymorphism c.219G>A (p = 0.000307) with PD.
Our data showed that the substitution of c.219G>A in
PITX3 Exon 3 was significantly higher in PD compared
with control. Previous finding suggesting three SNPs
(rs2281983, rs4919621 and rs3758549) in the PITX3 gene
to be associated with PD could not be replicated.
CONCLUSIONS: Our findings indicate that a novel syn-
onymous SNP in PITX3 gene may contribute to PD risk in
the Chinese population.
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Introduction

Parkinson’s disease (PD) is the second most common neuro-
degenerative disease. It is characterised by the selective loss
of dopamine neurons in the substantia nigra compacta. The
relative role of the pathogenic gene contributing to the risk
of PD has been under considerable debate. Paired-like
homeodomain transcription factor 3 (PITX3) is expressed
during development in mesencephalic dopaminergic neur-
ons in both mice and humans [1] and it is maintained only
in those midbrain neurons that contain dopamine [2]. PITX3
has been reported to be involved in the differentiation of
midbrain dopaminergic neurons [3]. When it is disrupted,

the dopaminergic neurons in the substantia nigra are select-
ively lost [4]. Recently SNP (rs3758549) in the putative pro-
moter region of the PITX3 gene was identified as being
strong associated with PD [5]. Two other PITX3 SNPs
(rs2281983 and rs4919621) were reported to be significantly
higher in sporadic PD, which resulted in substitutions of
C>T in rs2281983 and A>T in rs4919621 [6–7].
In this study, we analysed these three previous PITX3 SNPs
(rs2281983, rs4919621 and rs3758549) in 356 PD patients.
We found those SNPs associated with PD could not be rep-
licated in Chinese PD patients. Furthermore, we also invest-
igated the association of novel polymorphisms in PITX3
gene with PD. Our data show a strong association of a novel
polymorphism c.219G>A (p = 0.000307, OR = 4.48) in the
PITX3 Exon 3 with PD in Chinese Han populations.

Materials and methods

Study samples
A total of 656 study subjects were included in this study,
comprising 356 patients with PD (221 males and 135 fe-
males) and 300 control subjects with no evidence of PD
(189 males and 111 females). All patients were recruited
from the Department of Neurology at Sir Run Run Shaw
hospital affiliated with Zhejiang University School of
Medicine and received a standard neurological examina-
tion. The PD cases had a mean age of 68.56 ± 9.74 years
(age at onset 58.74 ± 10.13). The clinical diagnosis of PD
was confirmed by the senior neurologist specialising in
movement disorders according to the Consensus Statement
of the Movement Disorders Society in 1998 [8]. The con-
trol subjects (mean age of 67.79 ± 10.48 years old) were
free of neurological disorders. Gender and age proportion
between cases and controls was statistically matched. All
subjects were of Chinese Han ethnic background. Informed
consent for participation in the study was obtained either
directly or from his or her guardian in all subjects and the
work received approval from the ethics committee of the
institution.

Methods
To find common SNPs, specific primers for the PITX3
sequences (NM_005029) were designed to screen the ex-
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ons and the flanking regions including the promoter region
(1500 bp upstream from start codon) of PITX3. Informa-
tion on the primer sequences is provided in table 1. The
screening panel included 16 affected PD patients and 10
unaffected individuals. PCR conditions were set as follows:
40 cycles of 30 s denaturation at 95℃, 30 s annealing at
55℃, 60 s extension at 72℃. The amplification products
were sequenced using the ABI-3100 platform (Applied
Biosystems, Foster City, USA). The results were analysed
using the ABI Prism GeneScan and Genotyper program.

Statistical analysis
Genetic association and the Hardy-Weinberg equilibrium
for the distribution of genotypes were tested by χ2 analysis
with Yates’ correction. Odds ratios (ORs) were calculated
with 95% confidence intervals (CI). The pairwise linkage
disequilibrium (LD) coefficient r2 was calculated using the
programme Haploview (http://www.broad.mit.edu/mpg/
haploview/index.php). We defined pairs to be in strong LD
if one side upper 95% confidence bound on D’ is >0.98 and
lower bound is >0.7. Fraction of strong LD in informative
comparisons must be at least 0.95.

Results

The initial sequence analysis of the promoter region, the in-
trons, and the exons of the PITX3 gene in 16 PD patients
revealed no mutations and all polymorphisms except

Figure 1

c.219G>A were included in the HapMap data base (NCBI
dbSNP build 132) (table 1) (S fig. 1). The finding of a re-
latively large number of subjects carrying the uncommon
variant of the rs2281983 and c.219G>A in PITX3 promp-
ted us to conduct an association study concerning these
SNPs in 356 PD patients and 300 healthy controls.
Moreover, a HapMap tagging SNP rs4919621 in intron 1
of PITX3 and an SNP rs3758549 in the putative promoter
region of the PITX3 gene were also assessed. The genotype
distributions of all three investigated polymorphisms were
in Hardy-Weinberg equilibrium. The allele distribution is
also displayed. When PD patients were compared with con-
trols, no significant differences in genotype or allele fre-
quencies were observed for any of the investigated SNPs
(rs2281983, rs4919621 and rs3758549). However, a novel
SNP G>A of the c.219 in PITX3 Exon 3 was significantly
more common in PD patients than in controls (table 2). In
line with these results, a Kaplan-Meier analysis compris-
ing all PD patients confirmed that the c.219 AA genotype
of PITX3 is associated with PD more than the other geno-
types (p = 0.000307, OR = 4.48). Those patients carrying
c.219G>A are all without a family history of PD and with
a mean onset age at 54.45 ± 5.98 years. Two patients had
tremor as the first symptom and in the other three patients
bradykinesia appeared at onset.

Discussion

Several transcription factors of the homeodomain family
critically contribute to the development and the survival of
mDA neurons [5, 9]. This led researchers to hypothesise
that genetic variants in and around these genes including
Engrailed 1/2 [9], PITX3 [5], LMX1B [10] and OTX2 [11]
might influence the risk to develop PD. Recently, the as-
sociation of PITX3 polymorphisms with PD was described
in a different patient sample. Fuchs et al provided evid-
ence for the strong association of the PITX3 promoter SNP
rs3758549 with PD [5]. Bergman et al. suggested the A-al-
lele of a HapMap tagging SNP rs4919621 was significantly
more common in PD patients with an early age of onset,
whilst the association of rs3758549 with PD could not be

Table 1: Overview of the 13 SNPs of the human PITX3gene that were genotyped in our study by direct sequencing.

SNP Namea Location Polymorphism AA Variation dbSNP IDb

c.286C>T Exon 3 C/T – rs2281983

Intron 1 A/T – rs4919621

promoter C/T – rs3758549

c.219G>A Exon 3 G/A – Novel

Intron 1 A/T – rs733283

Intron 1 C/G – rs3808938

Intron 1 A/G – rs3758553

Intron 1 A/G – rs114952263

c.38G>A Exon 2 G/A Ser/Asn rs104894175

Intron 1 C/G – rs77381320

Intron 1 A/G – rs77276404

Intron 1 C/T – rs75646556

Intron 1 A/G – rs75395522

Intron 1 C/G – rs75337770

Notes. a. Offsets for each SNP were calculated relative to the translation start site of the gene PITX3 mRNA according to GenBank accession number NM_005029.
Mutation nomenclature was verified using the Mutalyzer programme (www.lovd.nl/mutalyzer/1.0.1/). b. The ID was taken directly from the public SNP database
(www.ncbi.nlm.nih.gov/SNP).
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replicated [12]. Haubenberger et al found a strong associ-
ation between the PITX3 promoter rs3758549 polymorph-
ism and PD (p = 0.0001), as well as an association between
EN1 rs1438852 and PD [13]. Le et al showed that PITX3
SNPs rs2281983 and rs4919621 are significantly higher in
PD [6].
Here, in our Chinese population of PD patients, we invest-
igated three previously found PITX3 SNPs (rs2281983,
rs4919621 and rs3758549) in 356 PD patients. No signific-
ant association of these SNPs with PD could be replicated
in Chinese Han PD patients. In addition, we also investig-
ated the association of a novel polymorphism c.219G>A
in the PITX3 gene with PD. Our data showed a strong as-
sociation of this polymorphism c.219G>A (p = 0.000307)
in the PITX3 Exon 3 with PD in Chinese populations. Al-
though the c.219G>A polymorphism could not influence
any amino acids substitution, our case-control association
assay showed it could explain a 4.48 increase in risk sus-
ceptible to PD pathogenesis when people carry an A type
allele. As far as we know, no SNP causing an amino acid
shift has been reported in the PITX3 gene. Since the SNPs
included in this association study do not result in a change
in amino acid sequence, it may be questioned whether they
per se influence the function of the protein. However, syn-
onymous SNPs can have consequences for transcription
factor binding sites and native splicing sites [14]. Also, a
synonymous SNP leading to an infrequent codon in the
mRNA sequence appears to be able to affect translation
kinetics, causing ribosomes to produce a protein with an
altered conformation [15].
Recently, Yu et al. and Liu et al. reported that the PITX3
gene rs3758549 polymorphism may increase the suscept-
ibility of PD in a Chinese population [16, 17]. However,
this relationship was not reproduced by a new published
study [18], similar to our result. One could speculate on
population-specific differences of the general genetic back-
ground or environmental factors. Another explanation for
this discrepancy could derive from a possibility that an
overdominant effect model could explain the results similar
to the recessive risk-allele model [5, 16]. Alternative genet-
ic mechanisms such as overdominance might reconcile the
seemingly contradictory findings of recessive models.

Furthermore, different diet-lifestyle and regional use of in-
toxicant chemicals may also play important roles in the risk
of PD.
To summarise, our study suggests that novel polymorph-
isms in the PITX3 gene may be associated with PD in
Chinese populations. However, in what particular way this
described genetic variants impose their effect in the
presymtomatic and symptomatic phase of PD remains to be
investigated. Nevertheless, PITX3 may be of importance
for PD well in line with recent preclinical and clinical data.
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