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Gilles de la Tourette syndrome (GTS) is a neurodevelopmental disorder characterized by motor and vocal tics. The etiology
of the disorder is unknown, although the predominant role of genetic factors has been established. Variants of the BTBD9
gene (rs4714156, rs9296249 and rs9357271) have been reported to be associated with GTS in French Canadian and Chinese
Han populations. Therefore, we decided to test the association between GTS and polymorphisms of the BTBD9 gene in
Polish patients. Our cohort of GTS cases comprised 162 patients aged 4-54 years (mean age: 19.948.7 years; 131 males,
80.9%). The control group consisted of 180 healthy persons aged 1455 years (mean age: 23.1+2.1 years; 149 males, 82.8%).
The rs4714156, 1s9296249 and rs9357271 variants of the BTBDY gene were genotyped. No significant differences were
found in minor allele frequencies (MAFs) of the SNPs tested between the two groups. The frequency of MAFs of the
genotyped SNPs was lower in GTS patients with Attention Deficit Hyperactivity Disorder (for rs9357271 and rs9296249,
P=0.039 and rs4714156, P=0.040) and higher in GTS patients without comorbidities (for 19357271 and rs9296249 P=0.021
and rs4714156 P=0.025). There was a trend toward an association between the minor allele of the SNPs and mild tics
(P=0.089 for rs9357271 and rs9296249, P=0.057 for rs4714156). Despite limitations of the study, including the small
number of cases and analyzed SNPs, our results suggest that the examined BTBDY variants are not associated with GTS risk,

but may be associated with comorbidity and tic severity in the Polish population.
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INTRODUCTION

Gilles de la Tourette syndrome (GTS) is a child-
hood-onset neuropsychiatric disorder manifested by
tics — brief, repetitive, stereotyped and intermittent
movements (motor tics) or sounds (vocal tics). For a
GTS diagnosis, both multiple motor and one or more
vocal tics must be present at some time during the ill-
ness. They must be present for at least 12 months with-
out any tic-free period of more than three consecutive
months, the onset of tics must be before the age of 18
years, and other causes of tics, such as substance
intoxication or general medical condition have to be
excluded (American Psychiatric Association 2000).
The anatomical location, number, frequency, complex-
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ity, and severity of tics change over time. Tics typi-
cally begin around the age of 5-6, reach their worst-
ever between ages 10 and 12, and then decline in
severity throughout adolescence (Leckman et al. 1998).
Analysis of adulthood tics has revealed that over one-
third of children with GTS are completely tic free as
adults, slightly less than half have minimal to mild
tics, and less than a quarter have moderate or stronger
tics. These results contrast with their worst-ever period
where all individuals experience at least moderate tics
(Bloch et al. 2006, Spencer et al. 1999).

In addition to tics, many patients with GTS exhibit
a variety of mental disorders and behavioral symptoms
such as attention deficit hyperactivity disorder (ADHD),
obsessive compulsive disorder (OCD), poor impulse
control, conduct disorder, oppositional defiant disor-
der, anxiety, depression, temper outbursts, rage attacks,
self-injuries, and inappropriate sexual behavior (Janik
et al. 2007). Similarly to tics, symptoms of ADHD and
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OCD may fluctuate over time. ADHD usually occurs
before the tic onset. Hyperactivity symptoms generally
improve during adolescence, whereas inattention
symptoms often persist into adulthood (Faraone et al.
2006). OCD has an onset around the time the tics reach
their worst-ever intensity, but symptoms may also
appear de novo during adolescence and early adult-
hood (Bloch et al. 20006).

The worldwide prevalence of GTS has been reported
to be about 1% of all children between the age of 5 and
18 (Robertson 2008) and ten times less in adults due to
the natural course of tics (Burd et al. 1986). Many
patients with GTS do not require treatment for their
tics, since they do not interfere with daily life. Some
patients with very mild tics are not even aware of being
ill. Indeed, only a minority of individuals with tics
seek medical advice (Robertson 2008). Thus, despite
the relatively high prevalence of GTS in the general
population the disorder is considered rare in the clini-
cal setting.

The etiology of GTS remains unknown, although a
significant contribution of genetic factors has been
established. The failure of family and candidate gene
studies to identify a precise linkage with GTS has led
investigators to examine polymorphism associations.
Numerous independent studies in different popula-
tions have sought to identify GTS-associated single
nucleotide polymorphisms (SNPs) in many genes.
Recently, variants of the BTBD9 gene (OMIM 611237)
have been reported to be associated with restless legs
syndrome and GTS (Winkelmann et al. 2007, Riviere
et al. 2009, Guo et al. 2012). The BTBDY gene, coding
for BTB/POZ domain-containing protein, maps on
chromosome 6 at 6p21, and is highly expressed in the
amygdale, cerebellum, hippocampus, and caudate and
subthalamic nuclei, as well as outside the brain, in the
heart, kidneys, pancreas, and liver. Eight alternative
BTBD?Y transcripts have been described, resulting in
seven protein isoforms, 92-612 amino acids long. The
BTB/POZ domain is a known protein—protein interac-
tion motif, but the function of the protein remains
largely unknown. Other proteins containing the BTB/
POZ domain function in transcription repression,
cytoskeleton regulation, tetramerization, gating of ion
channels, and ubiquitin-dependent protein degradation
(Stogios et al. 2005). The molecular nature of the
BTBD?9 protein and the universal occurrence of the
domain in question make the assignment of a specific
function difficult at present. The BTBDY variants may
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also influence the metabolism of iron. Some such vari-
ants may reduce the iron content in the ventral mid-
brain (Jones et al. 2003), which is consistent with lower
ferritin and serum iron levels in patients with GTS
(Gorman et al. 2006).

Riviere and colleagues (2009) have reported three
intronic SNPs (rs4714156, 1s9296249, rs9357271) with-
in the BTBDY gene associated with GTS in the French
Canadian population. Another study that examined the
association between variants of the BTBD9 gene and
GTS has revealed that only the rs9296249 variant, but
not rs4714156 or rs9357271, is associated with GTS in
the Chinese Han population (Guo et al. 2012).

The aim of this study was to further analyze three
SNPs of the BTBD9 gene rs4714156, rs9296249, and
rs9357271, that showed an association with GTS in the
population mentioned, and to determine whether they
could be involved in the etiology of GTS in Polish
patients.

METHODS
Study participants

The cohort of GTS cases comprised 162 patients
aged 4-54 years (mean age: 19.9+8.7 years; 131
males (80.9%), 75 children and 87 adult patients
defined as >18 years, 53.7%). The family history
was positive in 80 (49.7%) patients, and was unknown
for one patient. The mean age of tic onset was
7.5+3.2 years. 125 (77.2%) patients had at least one
of the following comorbidities: ADHD n=63 (38.9%),
OCD/OCB n=70 (43.2%), Learning Disorder n=51
(31.5%), Mood Disorder n=25 (15.4%), Anxiety
Disorder n=34 (21.0%), Conduct Disorder n=12
(7.4%), while 37 (22.8%) had no comorbid mental
disorders. None of the GTS patients included into
the study had symptoms of restless legs syndrome.
As a control group we enrolled 180 unrelated, ethni-
cally and gender matched individuals with no diag-
nosed mental, neurological or general disorder, aged
14-55 years (mean age: 23.1£2.1 years; 149 males,
82.8%). The patients were evaluated for the clinical
diagnosis of GTS and comorbid mental disorders
according to DSM-IV-TR (American Psychiatric
Association 2000). Obsessive Compulsive Behavior
(OCB) was diagnosed when obsessions and compul-
sions were present but did not meet the criteria of
DSM-IV-TR.
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Table I

Frequencies of haplotypes derived from three BTBD9 SNPs

Number Frequency GTS vs. Control
Haplotype*
GTS Control GTS Control Chi? P
TTC 262 282 0.81 0.78 0.671 0.413
CCT 59 74 0.18 0.21 0.599 0.439
ccc 3 4 0.01 0.01 0.058 0.810

(GTS) Gilles de la Tourette syndrome; (SNPs) single nucleotide polymorphisms. *Haplotype includes 3 loci in order:

1$9357271-rs9296249-rs4714156, *chi-square test.

Assessment of tic severity

The tic severity was determined retrospectively
based on reports from parents or patients and defined
descriptively as mild, moderate or intensive. Mild tics
were diagnosed if they were not related to physical or
mental discomfort, problems in relations with peers,
lower-than-expected academic achievements or a need
of treatment. Moderate tics generated only minor and
temporary restrictions in a patient’s daily life (e.g.,
few-day absence from school). Intensive tics disrupted
normal daily activities (e.g., repeating grades, job loss),
caused physical discomfort (e.g., neck pain caused by
cervical tics) and significant deterioration of the qual-
ity of life, and required symptomatic treatment with
neuroleptics. The severity of tics, ADHD and OCD
was not measured by quantitative scores.

The study was approved by the local Ethics
Committee. All participants 18 years of age and older
signed informed consent forms, and parents signed it
on behalf of individuals under 18.

Genetic analysis

Genomic DNA was extracted from peripheral blood
leukocytes using standard salting-out method. The
154714156, 1s9296249, rs9357271 polymorphisms were
genotyped using pre-designed TagMan SNP genotyp-
ing assay (Applied Biosystems) with the StepOne Plus
Real-Time PCR system.

Statistical analysis

Chi-square test was used for both allelic and geno-
typic association studies. Association of genotypes

with age of tic onset was analyzed with Kruskal-
Wallis test. Haploview 4.2 program was used for hap-
lotype analysis and Statistica 10 for other calculations.
The significance level was set at P<0.05.

RESULTS
Genotypic and allelic association analysis

The genotype frequencies of the SNPs tested
were in accordance with the Hardy—Weinberg equi-
librium both in the control group and in the patient
group (P>0.7). The SNPs showed a strong linkage
disequilibrium (D=1, r=0.938-1). Allele C of
rs9296249 was in a total linkage disequilibrium
with allele C of rs9357271. Three locus haplotype
analyses showed three different haplotypes (Table
I). Minor allele frequencies (MAFs), genotype fre-
quency, allelic, genotypic or haplotype association
analysis of rs4714156, rs9296249, and rs9357271
variants of the BTBD9 gene revealed no significant
differences between controls and GTS patients
(Tables I, II).

Comorbidities

Significant associations were found between vari-
ants of the BTBD9 gene and the clinical phenotype of
GTS (Table III). The minor alleles of all three SNPs
were found significantly less frequently in patients
with ADHD and more frequently in patients with no
comorbidities. The allele frequencies in GTS patients
with comorbid mental disorders other than ADHD
were similar to those in patients without the disorders
(Table III).
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Table 11

Genotypic association analysis of the 154714156, rs9296249 and 1s9357271 variants of BTBDY gene in Polish
populations of patients with Gilles de la Tourette syndrome and controls

rs9357271 and rs9296249* rs4714156
MAF Allele MAF Allele
GTS/Control Major/Minor/Risk Cases/Controls Major/Minor/Risk
0.19/0.22 T/C/T 0.18/0.21 C/T/C
Allelic association analysis Allelic association analysis
Compared alleles OR (95% CI) P Compared alleles OR (95%CI) P
Cvs. T 0.86 (0.59-1.24) 0.413 Tvs.C 0.86 (0.59-1.26) 0.439
Genotype frequency Genotype frequency
Genotype GTS (n=162) Control (n=180) Genotype GTS (n=162)  Control (n=180)
T/T 106 (65.4%) 110 (61.1%) C/C 109 (67.3%) 114 (63.3%)
C/T 50 (30.9%) 62 (34.4%) C/T 47 (29.1%) 58 (32.2%)
C/C 6 (3.7%) 8 (4.4%) T/T 6 (3.7%) 8 (4.4%)
Genotypic association analysis Genotypic association analysis
Compared genotypes OR (95%CI) pe Compared genotypes  OR (95%CI) p*
CC+CT vs. TT 0.83 (0.53-1.29) 0.408 TT+CT vs. CC 0.84 (0.54-1.31) 0.444
CC vs. CTHTT 0.83 (0.28-2.44) 0.730 TT vs. CT+CC 0.83 (0.28-2.44) 0.730
CCvs. TT 0.78 (0.26-2.32) 0.652 TT vs. CC 0.78 (0.26-2.33) 0.662
CTvs. TT 0.84 (0.53-1.32) 0.446 CT vs. CC 0.85 (0.53-1.35) 0.486
CCvs. CT 0.93 (0.30-2.86) 0.899 TT vs. CT 0.93 (0.30-2.85) 0.893

(GTS) Gilles de la Tourette syndrome; (MAF) minor allele frequency; (OR) odds ratio; (CI) confidence interval. *Allele
and genotype frequencies of rs9357271 and rs9296249 are identical due to complete linkage disequilibrium. * chi-square

test.

Tic severity

Minor allele frequencies in patient groups with
moderate (n=97) and intensive tics (n=42) were
very similar: 17.5% and 17.9% for rs9296249/
rs9357271, and 16.5% and 16.7% for rs4714156,
respectively. Thus, the two groups were combined
as severe tics (n=139) and then compared with the
patient group with mild tics (n=23). The C allele of

1s9296249 and rs93572714, and allele T of rs4714156
were less frequent in patients with severe tics at
borderline statistical significance (Table III).

No significant differences were found with
regard to the MAFs of the three studied variants of
BTBD9 gene between male and female patients
with GTS (data not shown). None of the three SNPs
was associated with family history or age of tic
onset.
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Table III

Allele frequencies in patients with Gilles de la Tourette syndrome stratified according to comorbid mental disorders and

tic severity

1s 9296249 and rs93572714

Cvs. T
GTS comorbidities

(present vs. absent) OR (95% CI)

Any comorbidity 0.50 (0.27-0.91)
ADHD 0.53 (0.29-0.98)
OCD/OCB 0.67 (0.38-1.19)

Learning Disorders 0.71 (0.38-1.33)
1.07 (0.50-2.27)
0.78 (0.38-1.59)
0.84 (0.28-2.54)

0.54 (0.27-1.11)

Mood Disorders
Anxiety Disorders
Conduct Disorder

Tic severity (severe vs. mild)

rs4714156
Tvs.C
P> OR (95% CI) pP*
0.021 0.50 (0.27-0.92) 0.025
0.039 0.52 (0.28-0.98) 0.040
0.172 0.62 (0.34-1.12) 0.110
0.285 0.63 (0.33-1.20) 0.156
0.866 1.15 (0.54-2.45) 0.721
0.485 0.63 (0.29-1.33) 0.231
0.749 0.62 (0.18-2.16) 0.451
0.089 0.50 (0.25-1.03) 0.056

(ADHD) attention deficit hyperactivity disorder; (OCD/OCB) obsessive-compulsive disorder/behavior. ° chi-square test.

DISCUSSION

Multiple independent studies in different popula-
tions have investigated putative GTS-associated SNPs
within various genes, mainly those associated with the
metabolism of dopamine and serotonin based on the
fact that dopamine antagonists and selective serotonin
reuptake inhibitors are the most effective medications
for tic suppression and obsessive-compulsive symptom
reduction, respectively. Association between genetic
polymorphisms and GTS were found for genes encod-
ing the following proteins: dopamine receptor D2
(Devor 1992, Comings et al. 1996, Noble 2000, Lee et
al. 2005), dopamine receptor D3 (Comings et al. 1993,
Hebebrand et al. 1993), dopamine receptor D4 (Cruz et
al. 1997, Diaz-Anzaldua et al. 2004), dopamine active
transporter (Rowe et al. 1998, Tarnok et al. 2007, Yoon
et al. 2007), monoamine oxidase A (Gade et al. 1998),
5- Hydroxytryptamine 2a receptor (Huang et al. 2001,
Dickel et al. 2007), 5- Hydroxytryptamine 3a receptor
(Niesler et al. 2005) and tryptophan 2, 3- dioxygenase
(Comings et al. 1996). However, those positive results
remain unreplicated in most cases. A variety of other
genes, coding for dopamine receptor D1 (Chou et al.
2004), dopamine receptor D5 (Brett et al. 1995, Barr et
al. 1997), tyrosine hydroxylase (Brett et al. 1995, Barr
et al. 1996), dopamine B-hydroxylase (Brett et al. 1995,

Ozbay et al. 2006), cathechol-O-methyltransferase
(Tarnok et al. 2007), 5- hydroxytryptamine la receptor
(Brett et al. 1995, Erdmann et al. 1995), 5-
hydroxytryptamine 3b receptor (Niesler et al. 2005),
5-hydroxytryptamine 7 receptor (Gelernter et al. 1995),
serotonin transporter (Cavallini et al. 2000), cannabi-
noid receptor 1 (Gadzicki et al. 2004), histidine decar-
boxylase (Lei et al. 2012), interleukin 1 receptor
antagonist (Chou et al. 2010), major histocompatibility
complex class II DR beta 1 (Schoenian et al. 2003),
myelin oligodendrocyte glycoprotein (Huang et al.
2004) and epsilon-sarcoglycan (de Carvalho et al.
2004) have been screened for significant SNPs, but no
association with GTS has been found.

The 1s9296249 SNP polymorphism in the BTBD9
gene has been shown to confer a risk of GTS in two
distant ethnic groups: the French Canadian population
(Riviere et al. 2009) and in the Chinese Han popula-
tion (Guo et al. 2012), suggesting that it could be an
universal GTS risk factor. However, the rs9357271and
rs4714156 variants have been found to be associated
with GTS only in the French Canadian patients but not
in the Chinese Han population. We decided to investi-
gate the association of those three SNPs (rs4714156,
1$9296249, and 1s9357271) in a group of Polish patients
with GTS, compared to healthy controls. Both the
Canadian and the Chinese study compared only the
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Table IV

Allele distribution of the BTBDY variants in different populations

Polish population French Canadian population Chinese Han population
dbSNP D Contr, o150 Contol 290 Contol, 440
present study) Riviere et al. 2009) Guo et al. 2012)
Minor allele frequencies, GTS / Control
rs4714156 0.18/0.21 0.17/0.23 0.17/0.19
1s9296249 0.19/0.22 0.16/0.22 0.54/0.44
rs9357271 0.19/0.22 0.17/0.23 0.11/0.11
Alleles, major/minor
rs4714156 C/T C/T T/C
rs$9296249 T/C T/C C/T
rs9357271 T/C T/C C/T

(GTY) Gilles de la Tourette syndrome; (dbSNP) single nucleotide polymorphism database — http://www.ncbi.nlm.nih.

gov/SNP/; (n) number of persons included into the study

allele frequencies between groups without performing
a genotypic or haplotype association analysis. In order
to study the polymorphisms of the BTBD9Y gene in
more detail, we additionally performed a genotypic
and haplotype analysis.

No significant differences were found for allele,
haplotype or genotype frequencies between the GTS
and control groups (Tables I, II), therefore our results
do not confirm the significant associations between
GTS and variants of the BTBDY gene reported in the
two previous papers (Riviere et al. 2009, Guo et al.
2012). However, it should be noted that the odds ratios
for the association of allele T of rs9357271 and allele C
of rs4714156 with GTS in French Canadian patients
calculated from the data presented in the report
(Riviere et al. 2009) was 0.686 for both polymorphisms
and it was within the 95% confidence intervals calcu-
lated for the Polish population (Table II). Thus, the
results obtained for these two Caucasian populations
are actually not inconsistent, since the difference in the
odds ratio values could have occurred by chance. An
alternative explanation of the differences reported
would be ethnic differences between the two popula-
tions. This, however, seems unlikely since the Polish
population of GTS patients had a similar linkage dis-
equilibrium structure and MAFs of all three studied

SNPs as the French Canadian population. These find-
ings suggest that our Polish cohort is genetically com-
parable with regard to BTBD9 gene to French Canadian
population, although we analyzed only three SNPs
compared to fourteen variants tested by Riviere and
coworkers (2009). In turn, the Chinese Han population
seems to be genetically different from either Caucasian
populations regarding the BTBD9 gene because of dif-
ferences in MAFs and the type of minor allele of the
three SNPs studied (Table 1V).

In the French Canadian cohort two subgroups, GTS
without comorbid OCD and GTS with neither OCD
nor ADHD, displayed the most significant allelic asso-
ciation results when compared to controls. The authors
concluded that variants of the BTBDY gene predispose
to GTS without comorbidities. In contrast to the
Canadian study we found significant negative associa-
tions of the minor alleles of genotyped SNPs with
comorbidity. The MAFs correlated inversely with
ADHD and any comorbidity, and in the patient group
with no comorbidities the minor alleles of all three
SNPs tested were found significantly more frequently
than in patients with at least one mental disorder. The
Canadian study did not analyze associations between
variants of the BTBD9 gene and comorbid mental dis-
orders other than OCD and ADHD. We investigated
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the associations of other mental disorders, frequently
seen in GTS, such as learning disorders, mood disor-
ders, anxiety disorders and a conduct disorder with
three SNPs of the BTBD9 gene in the Polish cohort
with a GTS. However, we did not find allelic or geno-
typic associations between studied SNPs and comor-
bid mental disorders except ADHD (Table III).

We also analyzed associations between the SNPs
and tic severity. The minor alleles were less frequent
in the patient group with severe tics compared to those
with mild tics, although the difference did not reach
statistical significance (Table III). It should be stressed
that the assessment of tic severity was retrospective,
based on reports from parents or patients. We decided
not to use the Yale Global Tic Severity Scale, which is
a quantitative scale commonly used to measure tic
severity within the last two weeks, since the tic sever-
ity at the time of evaluation does not necessarily
reflect lifetime tic severity. In our study, 53.7% of
GTS patients were adults of the mean age of almost 20
years at the time of evaluation, and some of them had
mild tics at the time of examination but had had severe
tics in the childhood. Therefore, to avoid the disease
being classified as mild if the patient was evaluated in
a period of remission, we defined tic severity as the
worst-ever tic severity during the patient’s life. The tic
severity was therefore defined descriptively, not quan-
titatively, but an advantage of the indicator of tic
severity used here was the possibility of assessing tic
intensity over a period of time which is particularly
important in the case of adult patients. Nevertheless,
retrospective assessment of tic severity subject to
patients’ recall bias, and not using the Yale Global Tic
Severity Scale should be considered as limitation of
the study.

We are aware that our study has several limits,
including the small number of cases and controls, and
the fact that only a fragment of the BTBDY gene has
been analyzed. Thus, the relationship between variants
of the BTBD9 gene and the risk of developing GTS
cannot be excluded and larger-scale studies are needed.
An another important question is, how representative
for the Polish population is the sample included into
the study. As the group comprised only patients
referred to a specialist (neurologist) it could be specu-
lated that milder cases of GTS were under-represented.
This could cause the observed disproportion between
the number of patients with tics rated mild compared
to severe in our study.

CONCLUSION

In summary, our results indicate that the studied
variants of the BTBDY gene do not significantly
influence the GTS risk in the Polish population. They
may predispose to milder clinical phenotype, as the
minor alleles of all the SNPs examined are associated
with less frequent comorbidity, especially ADHD,
and less frequent severe tics. Further studies are war-
ranted to identify an association between genetic
variants and the risk of developing GTS in the Polish
population.
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