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Objective: Recent research suggests that Tourette’s syndrome(TS) may result from a
defect in the dopamine system. The dopamine 1 receptor (DRD1) gene is a candidate
gene in the study of the etiology of neuropsychiatric diseases that may involve
dopaminergic abnormalities. We sought to test the hypothesis that the DRD1 gene
might play a role in TS.

Methods: By performing an association study, we collected an independent sample of
patients from the midland region of Taiwan and investigated whether DRD1 gene
polymorphisms can be used as markers of susceptibility to TS. A total of 148 children
with TS and 83 normal control subjects were included in the study. A polymerase
chain reaction was used to identify the A/G polymorphism of the DRDI1 gene.
Genotypes and allelic frequencies for the DRD1 gene polymorphisms in both groups
were compared.

Results: The results showed that genotypes and allelic frequencies for the DRD1 gene
polymorphisms in both groups were not significantly different.

Conclusion: These data suggest that DRD1 gene may not be a useful marker for
prediction of the susceptibility of TS.
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Introduction

Gilles de la Tourette syndrome (TS) is a neuropsychiatric disorder characterized
by both motor and vocal tics. In addition, affected individuals frequently display
symptoms such as attention deficit hyperactivity disorder and or
obsessive—compulsive disorder. In the 1970s, investigators first demonstrated that TS
shows a familial concentration (Eldridge et al., 1977). To date, the gene search in TS
has been unsuccessful (Heutink et al., 1993) and is illustrative of the many factors that
can complicate genetic analysis of complex human traits (Comings, 1995). Current
evidence suggests that TS may result from a defect in the dopamine system (reviewed
in Leckman et al., 1988). This hypothesis is supported by the successful reduction of
tics in the majority of patients using neuroleptics (dopaminergic blocking agents)
(Shapiro et al., 1989). Tic suppression also has been reported with an agent that
blocks the accumulation of dopamine in presynaptic storage vesicles, tetrabenazine
(Jankovic et al., 1989), and an agent that blocks dopamine synthesis, alpha
methylparatyrosine (Sweet et al., 1974). Many reports have emphasized the
interaction between dopamine 1 and dopamine 2 receptors (DRD1 and DRD2) in
a wide range of behaviors including schizophrenia, cataplexy, substance abuse, and
other behaviors. In contrast to the extensive studies of the DRD2 gene, there have
been few studies of the DRD1 gene in TS (Comings et al., 1997; Thompson et al.,
1998). The dopamine D1 receptor’s role in many brain functions (O’Dowd, 1993) and
its high affinity for dopamine (Sunahara et al., 1990) indicated the importance of
DRDI gene integrity to dopamine pathways. These observations lead us to test the
polygenic hypothesis by examining the potential effect of DRDI in TS. In this study,
we tested the hypothesis that genetic variation in the DRD1 gene confers
susceptibility to TS. Two single nucleotide polymorphism (SNP) markers have been
identified in SNP155417 (Ser421Ser), at nucleotide position 1263, and the G-A
nucleotide exchange in the 50 untranslated region (50-UTR), respectively, allowing
researchers to detect disease causing gene associations (http://www.ncbi.nlm.nih.gov/
SNP).
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Patients and methods

The study included Taiwanese children with Tourette’s syndrome (group 1,
n=148) and normal control subjects (group 2, n=83). This study was approved by the
Ethics Committee of the China Medical University Hospital, Taichung, Taiwan. All
parents signed informed consent before blood tests were performed. Cases were
matched with controls according to age, sex, ethnicity and geographic location of
origin. TS subjects and the controls were both recruited from the midland regions of
Taiwan. Diagnosis of TS followed the criteria of the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSMIV). The criteria for TS are as follows:
the presence of multiple motor tics and at least one vocal tic (not necessarily
concurrently); a waxing and waning course with tics evolving in a progressive manner;
the presence of tic symptoms for at least 1 year; the onset of symptoms before age 18;
the absence of a precipitation illness or medication; and marked distress or significant
impairment in social, occupational, or other important areas of functioning. All cases
were from unrelated kindred. The 83 controls were healthy volunteers with no history
of tics and other psychiatric disorder. All the children accepted the peripheral blood
sampling for genotype analyses. Genomic DNA was isolated from peripheral blood
using the DNA extractor Genomaker DNA extraction kit (Blossom). The primer
sequences for fragment amplification and polymerase chain reaction conditions were
carried out as described elsewhere (Comings et al., 1997). The polymorphisms were
analyzed by polymerase chain reaction amplification followed by restriction analysis:
Pvul for DRD1 (SNP155417), and Ddel for DRD1 (50-UTR). Genotypes and allelic
frequencies for DRD1 (SNP155417) and DRD1 (50-UTR) polymorphisms in both
groups were compared. The SAS system with the chi-squared test was used for

statistical analyses. P<0.05 was considered statistically significant.



Results
No one carries the SNP155417 polymorphism in the DRD1 gene in either group, so

there were no data or statistical analysis. Genotype proportions for DRD1 (50-UTR)

were significantly different, but allele frequencies were not significantly different in

both groups (Table 1).
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Discussion

In the present study, we found that children with TS and normal controls lacked
expression of polymorphisms in DRD1 (SNP155417). This discrepancy with previous
reports from Western countries may have been due to racial variation

(http://www.ncbi.nlm.nih.gov/SNP). Furthermore, we found that TS patients are not

associated with DRD1 (50-UTR) gene polymorphisms. This finding is consistent with
recent studies demonstrated that DRD1 does not contribute to the etiology of TS
(Comings et al., 1997; Thompson et al., 1998). Thus, although sharing important
clinical features with other neuropsychiatric diseases, TS may not share a genetic
etiology of mutations in DRD1 gene.

The role of dopaminergic system in the pathogenesis of TS is still unknown.
Preliminary studies have suggested that the pathogenesis of tics involves neuronal
activity within subcortical neuronal circuits (Peterson et al., 1998). Therefore, the
classic neurotransmitters, dopamine and serotonin, raised the possibility that they may
be involved in the pathobiology of TS. However, other investigators have emphasized
that abnormalities of dopamine fail to explain many clinical and laboratory
observations, including the description of unchanged tics in four adults who
developed parkinsonism and received treatment with L-dopamine (Kumar and Lang,
1997). Besides, limited studies of D1 and D2 receptor binding in postmortem striatal
tissue show trends but no significant differences between TS and control members
(Singer et al., 1991).

TS of children may involve a complex interaction between the environmental
influences, especially infection, autoimmune contributions, epigenetic factors and
genetic factors. Our study suggests that the DRD1 gene may not contribute to the
etiology of TS. Further studies could be focused on the analysis of other dopaminergic
genes in TS patients. Our results could provide the database for further survey of the

DRDI polymorphisms.

vl



References

1.

10.

1.

12.

13.

14.

15.

16.

Comings DE (1995). Tourette’s syndrome and psychiatric disorders. Br J
Psychiatry 166:399.

Comings DE, Gade R,Wu S, Chiu C, Dietz G, Muhleman D, et al. (1997).
Studies of the potential role of the dopamine D1 receptor gene in addictive
behaviors. Mol Psychiatry 2:44-56.

Eldridge R, Sweet R, Lake R, Ziegler M, Shapiro AK (1977). Gilles de la
Tourette’s syndrome: clinical, genetic, psychologic, and biochemical aspects in
21 selected families. Neurology 27:115-124.

Heutink P, Breedveld GJ, Niermeijer MF, van de Wetering BJM, Oeostra BA
(1933). Progress in gene localization. In: Kurlan R (editor): Handbook of
Psychiatric Genetics 2004, Vol 14 No 3

Tourette’s Syndrome and Related Tic and Behavioral Disorders. New York:
Marcel Dekker; pp. 317-335.

Jankovic J, Glaze DG, Frost JD (1984). Effect of tetrabenazine on tics and sleep
of Gilles de la Tourette’s syndrome. Neurology 34:688—692.

Kumar R, Lang AE (1997). Coexistence of tics and parkinsonism: evidence for
non-dopaminergic mechanisms in tic pathogenesis. Neurology 49:1699—

1701.

Leckman JF, Riddle MA, Cohen DJ (1988). Pathobiology of Tourette’s
syndrome. In: Cohen DJ, Bruun RD, Leckman JF (editors): Tourette’s Syndrome
and Tic Disorder: Clinical Understanding and Treatment. New York: Wiley &
Sons; pp. 103—116.

O’Dowd BF (1993). Structures of dopamine receptors. J Neurochem
60:804-816.

Peterson BS, Skudlarski P, Anderson AW, Zhang H, Gatenby JC, Lacadie CM,
et al. (1998). A functional magnetic resonance imaging study of tic suppression
in Tourette syndrome. Arch Gen Psychiatry 55:326-333.

Shapiro E, Shapiro AK, Fulop G, Hubbard M, Mandeli J, Nordlie J, et al. (1989).
Controlled study of haloperidol, pimozide and placebo for the treatment of
Gilles de la Tourette’s syndrome. Arch Gen Psychiatry 46:722—730.

Singer HS, Hahn IH, Moran TH (1991). Abnormal dopamine uptake sites in
postmortem striatum from patients with Tourette’s syndrome. Ann Neurol
30:558-562.

Sunahara RK, Niznik HB,Weiner DM, Stormann TM, Brann MR, Kennedy JL,
et al. (1990). Human dopamine D1 receptor encoded by an intronless gene on
chromosome 5. Nature 347:80-83.

Sweet RD, Bruun R, Shapiro E, Shapiro AK (1974). Presynaptic catecholamine

VI



17.

antagonists as treatment for Tourette syndrome: effects of alpha methyl para
tyrosine and tetrabenazine. Arch Gen Psychiatry 31:857-861.

Thompson M, Comings DE, Feder L, George SR, O’Dowd BF (1998). Mutation
screening of the dopamine D1 receptor gene in Tourette’s syndrome and alcohol
dependent patients. Am J Med Genet 81:241-244.

IX



Table 1. Genotypes for DRD1 (5’-UTR) polymorphisms in

children with Tourette’s syndrome and normal controls

Tourette’s Normal controls  P-value*

No.(%) No.(%)
(n=148) (n=83)
Genotype
AA 119(80.4) 60(72.3) 0.016
AG 23(15.5) 23(27.7)
GG 6(4.1) 0
Allelic frequency
A 261(88.2) 143(86.1) 0.627
G 35(11.8) 23(13.9)

* p-value were calculated by X test
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