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Summary: The dopamine D2 receptor (DRD2) gene has been
proposed as a candidate gene underlying several psychiatric
and neurologic disorders. The aim of the present study was to
examine if selected polymorphisms in the DRD2 gene are as-
sociated with Parkinson’s disease (PD). We determined the
allelic frequencies for four polymorphisms located in the
DRD2 gene in a sample of 135 patients with PD and 202
normal control subjects. No significant difference was observed
in the allelic frequencies between patients with PD and control
subjects with regard to the -141C Ins/Del and the Ser311/Cys311

variants. On the contrary, the A1 allele of the TaqIA polymor-
phism and the B1 allele of the TaqIB polymorphism were more
frequent in patients with PD than in control subjects (control

subjects: TaqIA A14 14.6%, TaqIB B14 10.6%; patients
with PD: TaqIA A1 4 20.7%, TaqIB B14 17.4%). Patients
carrying the A1 allele or the B1 allele had an increased risk of
developing PD (TaqIA, odds ratio: 1.71, 95% confidence in-
tervals: 1.08–2.73; TaqIB, odds ratio: 1.83, 95% confidence
intervals: 1.12–3.02). The TaqIA and TaqIB polymorphisms
were in strong linkage disequilibrium, suggesting that these two
polymorphisms convey the same information about the risk of
presenting with PD. Genetic variation in the DRD2 gene may
influence the risk of developing PD, thus confirming that the
DRD2 gene is a susceptibility locus for PD.Key Words:
Parkinson’s disease—Dopamine D2 receptor—Polymorphism
association—Genetics.

Parkinson’s disease (PD) is a neurodegenerative dis-
order characterized by bradykinesia, tremor at rest, and
rigidity. PD is the result of the loss of nigrostriatal do-
paminergic neurons resulting in impairment of dopami-
nergic neurotransmission. Because genetic factors may
be involved in the pathogenesis of PD,1 during the last
few years several studies have focused on polymor-
phisms of genes encoding for proteins involved in the
dopaminergic functions.2–5 The human dopamine D2 re-
ceptor (DRD2) gene is of special interest because it is the
major target for the nigrostriatal dopaminergic neurons
controlling motor function.

The human DRD2 gene spans approximately 270 kb
on the chromosome 11q22.3 and is organized into eight
exons.6–8Protein coding regions are absent in exon 1 and
present in exons 2 through 8.9 Several polymorphisms
were identified in the DNA encompassing the coding
sequences of this gene, and the most studied polymor-
phisms have been the following: (1) a cytosine insertion/
deletion variant located in the 58−flanking region of exon
1 (the promoter region of the gene) at position −141
(−141C Ins/Del)10; (2) a restriction fragment length poly-
morphisms (RFLP) flanking the coding region and lo-
cated 0.91 kb upstream from the first codon in exon 2
(TaqIB)11; (3) a short tandem repeat (STR) polymor-
phism in intron 2, a CAn dinucleotide repeat, located
1.25 kb upstream of exon 3 (STR-CAn)

11; (4) a DNA
polymorphism in exon 7 at position 311 (TCC➙TGC),
leading to the amino acid substitution of a cysteine for a
serine in the third intracellular loop of the DRD2
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(Ser311/Cys311)12,13; (5) a RFLP flanking the coding re-
gion just beyond the 38 end of the transcribed region and
thus located downstream from the polyadenylation signal
(TaqIA).6,11

No association has been reported for the TaqIA poly-
morphism,14 or for the Ser311/Cys311 variant and PD,13

whereas a specific allelic state of the STR-CAn intronic
polymorphism has been associated with a higher risk of
developing PD.15 To our knowledge, no study has been
reported on the association between the −141C Ins/Del
or the TaqIB polymorphisms and PD. We report on an
association study with PD of the TaqIA, TaqIB, −141C
Ins/Del, and Ser311/Cys311 polymorphisms located in the
DRD2 gene.

METHODS

Patients
Patients were diagnosed as having PD according to the

UK Brain Bank criteria16 and were consecutively se-
lected starting from October 1996 until January 1998
among the outpatients attending the Institute of Neurol-
ogy at the University of Catanzaro. They were part of a
set of patients with PD who are seen on a regular basis at
our Institute, and who were involved in a prospective
pharmacologic study on short- and long-term effects of
levodopa therapy.17 Population control subjects con-
sisted of healthy subjects of a similar age range as the
cases and were drawn randomly during the same time
period among an unselected sample of subjects that were
part of a study on aging done in the region of Calabria,
Italy, and frequency matched to the case patients for age
(±10 yrs). All control subjects received a neurologic ex-
amination to exclude PD as well as a Mini Mental State
Examination18 to exclude demented subjects. The TaqIA
and the TaqIB polymorphisms were determined in 135
patients and in 202 control subjects (patients with PD: 59
men and 76 women, age: 65.8 ± 8.8 yrs; control subjects:
99 men and 103 women, age: 63.1 ± 8.0 yrs). The
Ser311/Cys311 polymorphism was determined in 135 pa-
tients and in 134 control subjects (patients with PD: 59
men and 76 women, age: 65.8 ± 8.8 yrs; control subjects:
65 men and 69 women, age: 63.2 ± 19.1 yrs), and the
−141C Ins/Del polymorphism in 149 patients and in 189
control subjects (patients with PD: 81 men and 68
women, age: 65.9 ± 7.2 yrs; control subjects: 92 men and
97 women, age: 66.3 ± 8.5 yrs). The patients and the
control subjects were from the same geographic area
(Calabrian region, Southern Italy). Each subject recruited
to the study was fully informed and gave his or her consent.

Genotypic Analysis
Venous blood was drawn from each individual and

genomic DNA was prepared from whole blood using a

standard phenol-chloroform method. Polymerase chain
reactions (PCR) were performed according to the meth-
ods described in the original papers10,11,19,20and were
run in a model PTC-100 Thermal Cycler (MJ Research,
Watertown, MA, USA).

TaqIA Polymorphism
The primers, designed to amplify TaqIA RFLP down-

stream from the polyadenylation signal of the DRD2
gene, had the following sequences: TaqAF 58-CCGT-
CGACGGCTGGCCAAGTTGTCTA-38 and TaqAR
58-CCGTCGACCCTTCCTGAGTGTCATCA-38. Am-
plified fragments were digested with the TaqI restriction
enzyme (Boehringer, Mannheim, Germany) for 4 hours
at 65°C. Digested DNA was separated by electrophoresis
through a 2% agarose gel and stained with ethidium
bromide.

TaqIB Polymorphism
The primers 58-GATACCCACTTCAGGAAGTC-38

and 58-GATGTGTAGGAATTAGCCAGG-38 were used
to amplify TaqIB RFLP upstream from the polyadenyl-
ation signal of the DRD2 gene. Amplified fragments
were digested with the TaqI restriction enzyme (Boeh-
ringer). Digested DNA was separated by electrophoresis
through a 2% agarose gel and stained with ethidium
bromide.

−141C Ins/Del polymorphism
The primers had the following sequences: 58-ACTGG-

CGAGCAGACGGTGAGGACCC starting at base −284
and 58-TGCGCGCGTGAGGCTGCCGGTTCGG start-
ing at base −5. Amplified fragments were digested with
MvaI (Boehringer) for 4 hours at 37°C. Digested DNA
was separated by electrophoresis through a 3% agarose
gel and visualized with ethidium bromide.

Ser311/Cys311 Polymorphism
The primers had the following sequences: 58-ACCA-

GCTGACTCTCCCCGACCGGT-38 and 58-GGAAGG-
ATGGCAGGGAATGGGAC-38. Amplified fragments
were digested with Sau 961 (Boehringer) for 4 hours at
37°C. Digested DNA was separated by electrophoresis
through a 2% agarose gel and stained with ethidium
bromide.

Statistical Analysis
The frequencies of the alleles and genotypes between

the patients and the control subjects were compared us-
ing the chi-square test under the assumption of the
Hardy-Weinberg equilibrium. Statistical significance
when multiple comparisons were carried out included the
Bonferroni’s correction that, in our analysis, would yield
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a stricta 4 0.0125 (four independent comparisons were
considered according to the four tested polymorphisms).
The odds ratio and 95% confidence intervals (95% CI)
were calculated according to Cornfield’s approximation.
Linkage disequilibrium between the TaqIA and the Ta-
qIB genotypes was assessed using the test of linear-
by-linear association in a r × c table with 1 degree of
freedom.

RESULTS

The allelic frequencies of the −141C Ins/Del polymor-
phism of the DRD2 gene were similar between patients
with PD (−141C Ins: 97.7%; −141C Del: 2.3%) and con-
trol subjects (−141C Ins: 95.5%; −141C Del: 4.5%), and
no significant differences were found between the groups
(x2 4 2.24; p4 0.13). Also, the allelic frequencies of
the Ser311/Cys311 variant of the DRD2 gene were similar
between patients with PD (Ser311: 97.4%; Cys311: 2.6%)
and control subjects (Ser311: 98.1%; Cys311: 1.9%), and
no significant differences were found between the groups
(x2 4 0.32; p4 0.57).

The A1 allele of the TaqIA polymorphism and the B1
allele of the TaqIB polymorphism were overrepresented
in patients with PD compared with the control subjects
(Tables 1 and 2). However, when appropriate correction
for multiple testing was considered, only the B1 allele of
the TaqIB polymorphism was significantly more fre-
quent in patients with PD than in control subjects (p4
0.011), whereas the difference between the groups for
the TaqIA polymorphism did not reach the level of sta-
tistical significance (p4 0.038). The distribution of
genotypes for both TaqIA and TaqIB polymorphisms did
not significantly differ from that predicted on the basis of
Hardy-Weinberg equilibrium either for patients with PD
(TaqIA: x2 4 0.9, p4 0.34; TaqIB:x2 4 0.003, p4
0.96) or for the normal control patients (TaqIA:x2 4
0.15, p4 0.7; TaqIB:x2 4 0.05, p4 0.83). Moreover,

the difference between the groups for the genotypic dis-
tribution of both TaqIA and TaqIB polymorphisms ap-
proached, but did not reach, the statistical level of sig-
nificance. Because of the low frequencies of the homo-
zygous A1A1 (for the TaqIA polymorphism) and B1B1
(for the TaqIB polymorphism) status, subjects were cat-
egorized as A1+ (that is, subjects carrying at least one A1
allele) and B1+ (that is, subjects carrying at least one B1
allele). When A1+ subjects were compared with A1-
subjects, the risk of presenting with PD was 1.71 (95%
CI 4 1.08-2.73; p4 0.022). When B1+ subjects were
compared with B1- subjects, the risk of presenting with
PD was 1.84 (95% CI4 1.12–3.02; p4 0.015).

TaqIA and TaqIB polymorphisms were in strong link-
age disequilibrium (Table 3).

DISCUSSION

In the present study, we tested the association between
four selected polymorphisms located in the DRD2 gene
and PD. The results do not suggest an association be-
tween the Ser311/Cys311 and the −141 Ins/Del variants
and PD, at least in the population studied. Conversely,
the present study shows an association between the
TaqIA and the TaqIB polymorphisms and PD.

The role of genetic factors in the pathogenesis of PD
has been increasingly recognized during recent years. It
is known that relatives of patients with PD are at a

TABLE 1. Genotypic and allelic frequencies of the TaqIA
polymorphism of DRD2 gene in patients with Parkinson’s

disease and in normal control subjects

PD patients
(n 4 135)

Control subjects
(n 4 202) p value

Alleles—no. of alleles/total no.
A1 56/270 (20.7%) 59/404 (14.6%) 0.038*
A2 214/270 (79.3%) 345/404 (85.4%)

Genotype—no. of subjects/total no.
A1/A1 4/135 (3.0%) 5/202 (2.5%) 0.07
A1/A2 48/135 (35.6%) 49/202 (24.3%)
A2/A2 83/135 (61.5%) 148/202 (73.3%)

PD, Parkinson’s disease.
p values refer tox2 test.
* Odds ratio 1.53 (95% confidence intervals: 1.02–2.28).

TABLE 2. Genotypic and allelic frequencies of the TaqIB
polymorphism of DRD2 gene in patients with Parkinson’s

disease and in normal control subjects

PD patients
(n 4 135)

Control subjects
(n 4 202) p value

Alleles—no. of alleles/total no.
B1 47/270 (17.4%) 43/404 (10.6%) 0.011*
B2 223/270 (82.6%) 361/404 (89.4%)

Genotype—no. of subjects/total no.
B1/B1 4/135 (3.0%) 2/202 (1.0%) 0.04
B1/B2 39/135 (28.9%) 39/202 (19.3%)
B2/B2 92/135 (68.1%) 161/202 (79.7%)

PD, Parkinson’s disease.
p values refer tox2 test.
* Odds ratio 1.53 (95% confidence intervals: 1.13–2.75).

TABLE 3. Assessment of linkage disequilibrium between the
TaqIA and the TaqIB polymorphisms of the DRD2 gene

A1A1 A1A2 A2A2

B1B1 3 (0.2) 1 (1.7) 2 (4.1)
B1B2 1 (2.1) 52 (22.5) 25 (53.5)
B2B2 5 (6.8) 44 (72.8) 204 (173.4)

Values in parentheses indicate expected frequencies. p <0.001 us-
ing the linear-by-linear association test (x2 4 63.911, 1 degree of
freedom).
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greater risk of developing the disease and large families
with autosomal dominantly inherited PD have been de-
scribed.21,22Allelic association studies of gene polymor-
phisms in series of sporadic and familial patients with
PD have shown that specific allelic states of several
genes involved into the dopaminergic functions are as-
sociated with a higher risk of developing the disease.2–4

Concerning the DRD2 gene, several polymorphisms
have been investigated in relation to the development
of PD.13–15 Among the polymorphisms that have been
described in the DRD2 gene, we studied two RFLPs
(TaqIA and TaqIB), one amino acid variant
(Ser311/Cys311), and a single cytosine insertion/deletion
(−141C Ins/Del). Regarding the Ser311/Cys311 amino
acid variant, we found no association with PD. Our re-
sults are in agreement with Higuchi and coauthors who
reported no association between the Ser311/Cys311 vari-
ant and PD.13 In the present study, we also found no
association between the −141C Ins/Del polymorphism
and PD. Taking into account the low frequency of the
Del and the Cys variants in our study, a larger sample
size would be needed to detect a possible associa-
tion between the polymorphisms −141C Ins/Del or
Ser311/Cys311 and PD.

More noteworthy, we found that the A1 allele of the
TaqIA polymorphism and the B1 allele of the TaqIB
polymorphism were more frequent in patients with PD
than in control subjects. However, after correction for
multiple comparisons, a statistically significant effect
was detected only for the TaqIB polymorphism, whereas
the TaqIA polymorphism approached the statistical sig-
nificance. Moreover, we found that patients with PD car-
rying at least one A1 allele (A1+) or one B1 allele (B1+)
had an increased risk of developing PD. This is in con-
trast with a previous study by Comings et al.14 who
showed no association of PD with the TaqIA polymor-
phism in a small sample of 17 patients with PD. Clearly,
the small size of the sample studied by Comings et al.14

did not allow any meaningful comparison with our study.
In agreement with Castiglione et al.,11 we found evi-

dence of a strong linkage disequilibrium between the
TaqIA and the TaqIB polymorphisms. Thus, it is likely
that the TaqIA and the TaqIB convey the same informa-
tion about the risk of presenting with PD. Our results
indicate that the TaqIA and TaqIB polymorphisms might
be closely linked to a functional mutation which modi-
fies the expression of the DRD2 gene.

In conclusion, the present study shows that a specific
allelic state of the TaqIA and TaqIB RFLP polymor-
phisms in the DRD2 gene is associated with PD, at least
in a Southern Italian population. Albeit small, this asso-
ciation may account for part of the genetic risk of devel-

oping PD and confirms that the DRD2 gene is a suscep-
tibility locus for PD.15 The biologic relevance of this
association remains unclear, because the role of the
DRD2 in the pathogenesis of PD is likely to be minor
with respect to the major changes in the presynaptic ni-
grostriatal pathway. However, because it has been shown
that individuals carrying the A1 allele of the TaqIA poly-
morphism had decreased DRD2 binding sites in the stria-
tum,23,24 we can hypothesize that a genetic predisposi-
tion to lower DRD2 expression may increase suscepti-
bility to PD. Further studies are needed to clarify these
important issues in PD.
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