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Defective temporal processing of sensory stimuli in
DYT| mutation carriers: a new endophenotype
of dystonia?
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DYTI primary torsion dystonia is an autosomal dominant movement disorder due to a 3-bp GAG deletion
in the TORIA gene, which becomes manifest in only 30-40% of mutation carriers. Investigating the factors
regulating this reduced penetrance might add new insight into the mechanisms underlying the disease. The
pathophysiology of dystonia has been related to basal ganglia dysfunctions that lead to the most prominent
motor symptoms. However, subclinical sensory deficits have also been reported, particularly in adult-onset
focal dystonia. Sensory abnormalities in different forms of sporadic dystonia have been revealed by using a
psychophysical method, namely, the temporal discrimination threshold (TDT), quantified as the shortest
time interval at which the two stimuli are perceived as separate. Little or no information about the presence
of sensory abnormalities in DYTI gene manifesting and non-manifesting carriers is available. With the aim
of disclosing possible associations between sensory deficits and the DYTI mutation, we assessed TDTs of DYTI
manifesting patients (n = 9); DYT| non-manifesting relatives (n = | 1); non-carrier relatives (n = 9); external
control subjects (n = I1). Pairs of tactile, visual or visuo-tactile stimuli were delivered in blocked, counter-
balanced order. Intervals between stimuli increased from 0 to 400 ms (in 10 ms steps). On each trial, subjects
had to report whether stimuli occurred simultaneously or asynchronously. We measured the first out of
three consecutive inter-stimulus intervals at which subjects recognized the two stimuli as temporally separated
(TDT) and the first of three consecutive intervals at which they also reported correctly which stimulus in the
pair preceded (or followed) the other temporal order judgment (TOJ). Results showed higher tactile and visuo-
tactile TDTs and TOJs in DYTI carriers, both manifesting and non-manifesting, compared with non-carrier
relatives and with external control subjects (for all comparisons, P < 0.039). This finding indicates that the
DYTI mutation determines subclinical sensory alterations, which could be disclosed by a psychophysical task.
Moreover, these results have the notable implication that sensory deficits in dystonia are not a mere conse-
quence of abnormal movements, but they may even occur before overt clinical manifestations, representing a
subclinical phenotype in DYTI mutation carriers.
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Introduction

Primary torsion dystonia (PTD) is a movement disorder
characterized by prolonged muscular contractions causing
abnormal torsion movements and sustained postures (Fahn
et al., 1998; Bressman, 1998). The clinical spectrum is wide,
ranging from early-onset dystonia, which usually becomes
generalized, to late-onset, focal forms.

So far, only one PTD gene (TORIA/DYTI) has been
cloned (Ozelius et al., 1997). A unique heterozygous GAG
deletion is responsible for the majority of PTD cases with
early-onset in a limb and rapid generalization (Ozelius et al.,
1997; Valente et al, 1998; Nemeth, 2002). The DYTI
mutation is inherited with autosomal dominant inheritance
and markedly reduced penetrance: in fact, only 30-40% of
mutation carriers develop dystonia during their life (Ozelius
et al., 1997; Saunders-Pullman et al, 2004). Genetic or
environmental factors regulating penetrance are still largely
unknown. Investigating possible subclinical similarities and
differences between manifesting and non-manifesting DYT1
carriers might help characterize the factors influencing
penetrance and perform genotype—phenotype correlates.

Albeit still largely unknown, the pathophysiology of PTD
has been related to basal ganglia dysfunctions leading not
only to the most prominent motor symptoms, but also to
subclinical sensory deficits. Sensory feedback is crucial for
driving motor outputs. Thus, although at first counter-
intuitive, the impairment of sensory functions may play a
fundamental role in the pathophysiology of dystonia
(Hallett, 1995; Abbruzzese et al., 2001; Tinazzi et al., 2003).
Indeed, defective sensory functions have been demonstrated
in several forms of dystonia. Temporal discrimination is a
basic aspect of somatosensory processing, essential for a
number of functions including kinaesthesia, graphaesthesia,
vibratory sense and stereognosis. Assessment of this function
has been carried out by using the psychophysical procedure
of computing somatosensory temporal discrimination thres-
hold (TDT), defined as the shortest time interval at which
two stimuli are perceived as separate. Studies converge to
indicate that thresholds were much higher in patients with
generalized, cervical and focal-hand dystonia than in control
subjects (Bara-Jimenez et al., 2000; Sanger et al, 2001;
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Aglioti et al., 2003; Fiorio et al., 2003; Tinazzi et al., 2004).
These deficits have been interpreted in light of the relation-
ship between dystonia and dysfunctions of basal ganglia
that are implicated not only in motor control, but also in
temporal processing (Lacruz et al., 1991; Artieda et al., 1992;
Harrington et al., 1998a). Interestingly, we observed sensory
deficits also in the unaffected hand of patients with unilateral
focal-hand dystonia (Fiorio et al., 2003). This would suggest
that sensory abnormalities occur independently from the
localization of the motor symptoms and may occur before
overt manifestation of dystonia (Meunier ef al., 2001; Fiorio
et al., 2003; Garraux et al., 2004).

The main aim of the present study is to reveal whether
any sensory dysfunctions in DYT1 dystonia may be related
to the abnormal genetic substrate and thus represent a
sensory endophenotypic trait of disease. To this purpose, we
applied the temporal discrimination paradigm (Fiorio et al.,
2003) in manifesting and non-manifesting DYT1 carriers,
and in non-carrier relatives as well as in external control
subjects.

Material and methods

Subjects

We recruited a total of 40 subjects subdivided in the following
groups: (i) DYTI manifesting patients (n = 9); (ii) DYT1 non-
manifesting relatives (n = 11); (iii) non-carrier relatives (n = 9);
(iv) external control subjects (n = 11). Patients affected by DYT1
dystonia and their unaffected relatives, including 6 first-degree
relatives (all DYT1 carriers), 7 second-degree relatives (4 DYT1
carriers, 3 non-carriers), 4 third-degree relatives (1 DYT1 carrier,
3 non-carriers) and 3 fifth-degree relatives (all non-carriers)
belonged to three Italian families. One family originated from a
small countryside area close to Bergamo (Northern Italy). Further
information about DYT1 atypical phenotypes in this family
(Patients 1—4 in Table 1) can be found in our recent description
(Gambarin et al., 2006). The other two families (one of which has
been described in Bentivoglio et al., 2002) originated from Sardinia
(one from the city Cagliari and one from a village nearby,
Villaputzu). Inclusion criteria for all groups were the absence of
other neurological diseases and normal sight, or corrected to
normal.

Patient/gender Age/education Age at onset Site of onset Current distribution Severity score® Therapy®
(years) (years) of dystonia

I/F 25/11 10 L arm Segmental 17 No
2/M 50/5 43 Neck Generalized 22 BTX
3/M 28/8 22 R arm Focal 2 No
4/F 69/8 43 Neck Generalized 385 BTX
5/M 37/8 8 R leg Generalized 65.5¢ DBS
6/F 68/11 8 R leg Segmental 38.5¢ DBS
7/F 28/13 20 L arm Focal 2¢ DBS
8/F 48/13 39 L arm Focal 6 No
9/M 27/13 8 R leg Generalized 124 DBS

*Burke—Fahn—Marsden movement and disability scale; BTX: botulinum toxin; DBS: deep brain stimulator in the globus pallidus pars interna;

“Evaluation with stimulators on.
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DYTI manifesting patients

This group was made up of nine patients (five women and four
men) with clinical diagnosis of definite PTD and presence of the
GAG deletion in the DYTI gene. Demographic and clinical
information about this group is provided in Table 1. Age ranged
from 25 to 69 years (mean: 42.2 = 17.5 years), education level from
5 to 13 years (mean: 10.0 = 2.9 years) and duration of disease from
6 to 59 years (mean: 19.9 = 17.2 years). Severity of motor
impairment was evaluated by using the Burke-Fahn—-Marsden
movement and disability scale (Burke et al., 1985). Three patients
(Patients 1, 3 and 8) were untreated; two patients (Patients 2 and 4)
had received repeated treatments with botulinum toxin until
6 months before the study, without significant improvement of
symptoms, and four patients (Patients 5-7 and 9) had a deep brain
stimulator bilaterally located in the globus pallidus pars interna.
These patients performed the tasks keeping the stimulators on for
two main reasons. First, three of them (Patients 5, 6 and 9) had
high dystonia severity scores even with stimulators on (see Table 1)
and, in principle, turning the stimulator off in these patients would
have been unethical. Second, although mild improvements in
dystonia are observed within a few hours after switching on the
stimulators, it is widely held that it may take months for the full
effect of pallidal stimulation to develop, and therefore we reasoned
that switching off the stimulators a few hours before the test was
unlikely to affect patients’ performance (Kumar et al., 1999; Coubes
et al., 2000; Volkmann and Benecke, 2002).

DYTI non-manifesting relatives

Among relatives of DYT1 dystonic patients, 11 healthy carriers of
the DYTI mutation (6 women and 5 men) without clinical
manifestation of dystonia were recruited. Age ranged from 17 to 79
years (mean: 49.9 £ 21.5 years) and education level ranged from 5
to 13 years (mean: 9.0 £ 3.5 years).

Non-carrier relatives

From the relatives of DYT1 dystonic patients, 9 healthy individuals
(4 women and 5 men) who did not carry the DYTI mutation
were recruited so as to rule out any effect due to non-specific
impairment of sensory skills in those families. Age ranged from
19 to 85 years (mean: 36.1 = 20.8 years) and education level ranged
from 5 to 13 years (mean: 9.9 * 3.1 years).

External control subjects

Also, 11 healthy control subjects (7 women and 4 men) were
recruited. Age ranged from 27 to 61 years (mean: 36.6 £ 10.9 years)
and education level ranged from 5 to 18 years (mean: 12.3 *
5.7 years). These participants did not belong to the DYT1 families
and did not carry the GAG deletion.

Mean ages and education levels of these four groups were
analysed by means of one-way ANOVA. All subjects gave their
written informed consent prior to participation in the study. The
procedure was approved by the Institutional Ethics Committee, and
the study was carried out in accordance with the ethical standards
of the 1964 Declaration of Helsinki.

Stimuli and procedure

Tactile stimuli in a pair consisted of square wave electrical
pulses delivered by means of a constant current stimulator (STM
140, HTL, Udine, Italy) through surface skin electrodes (1 mm
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diameter) applied to the index and middle fingers of the right or
the left hand. The anode was located 1.5 cm distally from the
cathode. For each subject, the intensity of tactile stimulation was
determined by delivering a series of stimuli with increasing
intensity (from 2 mA in steps of 1 mA). The minimal intensity at
which electric stimuli were perceived in 10 out of 10 stimuli was
used in the experimental test. Care was taken that stimuli did not
induce pain or discomfort. Mean intensity of stimulation used in
the four groups was analysed using one-way ANOVA.

Visual stimuli were delivered through light emitting diodes
(LEDs) positioned on a black table (51 X 37 cm?®) at 57 cm from
the subject’s head and 7° left or right from a central fixation point.
The luminance of each LED was 140 cd/m” and the background
luminance was about 15 cd/m? Both visual and tactile stimuli
lasted 5 ms. Subjects’ hands were positioned near the LEDs.
Subjects were asked to look at the fixation point throughout each
trial. The maintenance of fixation was controlled directly by the
experimenter. In patients affected by neck muscle contractions,
their head was kept straight by an examiner during delivery of
stimuli. Trials in which participants did not maintain fixation
(~2%) were discarded. A schematic representation of the different
stimulation conditions is provided in Fig. 1.

Subjects were tested in one experimental session lasting
~90-120 min. The experimental test was delivered in six
combinations of stimulation: two visual (left and right), two tactile
(left and right) and two cross-modal (vision—touch left and vision—
touch right) (see Fig. 1). The order of presentation of the six
combinations of stimuli was counterbalanced across subjects. Each
combination of stimuli was performed in four separate blocks. In
the first trial of each block, pairs of simultaneous stimuli [inter-
stimulus interval (ISI) = 0 ms] were delivered. In subsequent trials,
ISIs were progressively increased in steps of 10 ms. We considered
as TDT the first out of three consecutive ISIs at which subjects
recognized the stimuli as asynchronous. Subjects were also asked to
judge which stimulus preceded (or followed) the other. Temporal
order judgement (TOJ) corresponds to the first of three consecutive
ISIs at which subjects not only recognized the stimuli as separated
in time, but also reported correctly which stimulus in the pair
preceded (or followed) the other. While TDT provides a measure of
one’s capability to detect synchrony/asynchrony, TOJ is likely to
tap higher-order abilities such as language and memory.

Statistical analysis

For each performance index (TDT and TOJ), averages of 4 values,
one for each block, were entered in the data analysis. We analysed
TDT and TOJ by means of two different analyses of variance
(ANOVA) with repeated measures. Each ANOVA had one
between-subjects factor, ‘group’ (DYT1 manifesting, DYT1 non-
manifesting, non-carrier relatives, external control subjects), and
two within-subjects factors: ‘combination of stimuli’ (visual, tactile
and visuo-tactile) and ‘side of stimulation’ (right and left). Post hoc
comparisons were carried out by using t-tests with Bonferroni
correction.

The Spearman correlation coefficient was used for assessing the
possible relationships between the dystonia severity score (Burke
et al., 1985) and performances in temporal discrimination (TDT
and TOJ) of visual, tactile and visuo-tactile stimuli in DYT1
manifesting patients.

To further assess the specific role of phenotype (i.e. presence
of motor symptoms) in determining performance deficits, we
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Fig. | Schematic representation of the experimental conditions. In the visual combination two flashes (grey spots in the picture) were
delivered through LEDs positioned to the right or to the left visual field. In the tactile combinations, two electrical stimuli were delivered on
the volar surface of the distal phalanx of the index and middle fingers of both hands. In the visuo-tactile combination, one electric stimulus
and one flash (grey spot) were delivered within the same personal and peripersonal hemispace (either the right or the left).

calculated the mean difference in TDT and TOJ] between
manifesting and non-manifesting DYT] mutation carriers. Since
these two groups have the same genotype, but they differ in the
presence of the phenotypic expression, any impairments in the
sensory performance may be linked to the presence of motor
symptoms. In a similar vein, to investigate for any specific effects
related to the genotype (presence of the genetic mutation), we
calculated the mean difference between DYT1 non-manifesting
carriers and non-carrier relatives. These groups have in common
the absence of motor symptoms, but they differ for the presence
of the DYT1 mutation, therefore any difference might be
ascribed to the presence of such mutation. Group differences
(‘DYT1 manifesting minus DYT1 non-manifesting’ and ‘DYTI

non-manifesting minus non-carrier relatives’) were first computed
for each stimulus combination and each side of stimulation, for a
total of six values (visual left, visual right, tactile left, tactile right,
visuo-tactile left, visuo-tactile right). The two group differences in
the six cells were then contrasted by means of ttests for
independent samples.

Results

Preliminary #-tests for independent samples showed that
TDT and TOJ values in visual, tactile and visual-tactile
combinations were comparable in patients who had
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Fig. 2 Mean values and standard deviations of TDT and TO)]
in DYT| manifesting patients, DYT| non-manifesting relatives,
non-carrier relatives and external control subjects, by plotting all
combinations of stimuli together (visual, tactile and visuo-tactile).

implantation for deep brain stimulation (n = 4) and patients
without implantation (n = 5; for all comparisons: P > 0.408).

Mean age and education levels of the four groups were not
significantly different (ANOVA, age: P = 0.278; education:
P = 0.292). Mean intensity of stimulation used in DYTI
manifesting patients (10 mA, SD 8.0), in DYT1 non-
manifesting relatives (9 mA, SD 14.0), in non-carrier
relatives (7 mA, SD 4.0) and in control subjects (6 mA, SD
7.0) was also comparable (ANOVA, P = 0.785).

Figure 2 shows TDTs and TOJs of DYT1 manifesting
patients, DYT1 non-manifesting relatives, non-carrier
relatives and external control subjects.

The analysis of variance showed a significant effect of
the factor ‘group’ [TDT: F(3,36) = 12.6, P < 0.001; TO]J:
F(3,36) = 11.3, P < 0.001]. This effect was due to a better
performance of non-carrier relatives (TDT: 70.7 ms; TO]J:
76.1 ms) and external control subjects (TDT: 59.0 ms; TO]J:
64.1 ms) compared with DYT1 carriers, both manifesting
(TDT: 109.7 ms; TOJ: 120.2 ms) and non-manifesting
(TDT: 101.9 ms; TOJ: 114.5 ms). No difference was observed
within the first two groups and within the last two groups
(see Fig. 2).

The factor ‘combination of stimuli’ was also significant
[TDT: F(2,72) = 113.1, P < 0.001; TOJ: F(2,76) = 94.2,
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Fig. 3 Mean values and standard deviations of TDT and TOJ in
DYTI| manifesting patients, DYT| non-manifesting relatives, non-
carrier relatives and external control subjects in the three
combinations of stimuli separately.

P < 0.001], insofar as visuo-tactile combinations (TDT:
120.6 ms; TOJ: 129.4 ms) were more difficult than tactile
(TDT: 83.0 ms; TOJ: 96.2 ms) and visual (TDT: 52.2 ms;
TO]J: 55.6 ms) combinations. Moreover, temporal thresholds
in the tactile combinations were significantly higher than in
visual combinations. The interaction ‘group’ X ‘combination
of stimuli’ [TDT: F(6,72) = 7.3, P < 0.001; TOJ: F(6,72) =
6.7, P < 0.001] was also significant (Fig. 3).

Post hoc comparisons showed that both groups of DYT1
carriers (manifesting and non-manifesting) were signifi-
cantly more impaired than non-carrier relatives and control
subjects in visuo-tactile and tactile tasks (for all compar-
isons: TDT: P < 0.039; TOJ: P < 0.032). Moreover,
manifesting DYT1 dystonic patients had abnormal perfor-
mance also in the visual combinations compared to non-
carrier relatives (TDT: P = 0.023; TOJ: P = 0.025) and
external control subjects (TDT: P = 0.047).

Mean values and standard deviations of the TDT and TOJ
measurements in each combination of stimuli are provided
in Supplementary tables in Brain Online.

No other effects or interactions were significant.
In particular, the insignificance of the triple interaction
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‘group’ X ‘combination of stimuli’ X ‘side’ carries the
important implication that performance was comparable on
the left and right side not only in controls but also in DYT1
carriers.

In order to define a threshold value in our task
discriminating between DYTI mutation carriers and control
subjects, we calculated the upper limit of normal TDT. This
value was determined as the mean TDT of the external
control group plus 2.5 SD. Any TDT greater than this value
could be considered abnormal. The upper limit of external
control subjects has been calculated for the tactile and
visuo-tactile combinations of stimuli, since only these
two conditions were significantly different between non-
manifesting DYT1 carriers and controls. These values were
83.3 ms in the tactile condition and 116.7 ms in the visuo-
tactile condition. In the tactile condition, 7 out of 11 non-
manifesting DYT1 carrier relatives had abnormal TDT, while
only 1 of 9 non-carrier relatives was above the limit. In
the visuo-tactile condition, 8 of 11 non-manifesting DYT1
carriers and 2 of 9 non-carrier relatives were outside the
normal limit.

No correlation between severity of disease and perfor-
mance in the temporal discrimination tasks was found
(TDT: P> 0.349; TO]J: P> 0.381).

Figure 4 shows a significantly increased ‘DYT1 non-
manifesting—non-carrier relatives’ difference in respect to
the ‘DYT1 manifesting—-DYT1 non-manifesting’ difference
[TDT: #(10) = 2.5, P = 0.030; TOJ: #10) = 2.9, P = 0.015].
This suggests that the presence of the DYTI mutation is
sufficient to determine temporal discrimination deficits.
Moreover, this finding allows us to rule out any effect
due to a general, unspecific impairment of those families in
performing temporal discrimination tasks.

Discussion

Our study highlights, for the first time, a tight link between
the presence of the DYT1 GAG deletion and the ability to

perceive visual, tactile or visuo-tactile stimuli as temporally
separated. More specifically, higher TDTs of tactile and
visuo-tactile stimuli have been found in DYT1 carriers, both
manifesting and non-manifesting, when compared to non-
carrier relatives and to external control subjects. Additional
visual impairment was found in DYT1 manifesting patients
but not in non-manifesting carriers, suggesting that sensory
deficits are more extended in the former than in the latter
group. The visual temporal discrimination deficits found in
our patients may be related to the fact that most of them had
dystonia extended to more than one body part (two
segmental and four generalized). As previously suggested,
deficits of temporal discrimination seem to vary along both
quantitative (intensive) and qualitative (extensive) dimen-
sions, depending on the distribution of symptoms (Tinazzi
et al., 2004). More specifically, temporal deficits for tactile
and visuo-tactile stimuli have been observed in both focal
(Fiorio et al, 2003; Tinazzi et al, 2004) and generalized
dystonia (Aglioti et al., 2003), while temporal discrimination
of visual stimuli was affected only in the latter form. These
findings have been explained by assuming that while local
somaesthetic factors may be involved in focal dystonia, a
more general basal ganglia-related timing function may be
altered in generalized dystonia (Tinazzi et al., 2004).

Despite the fact that the patients’ group was small and
inhomogeneous, it was statistically more impaired in the
task than non-carrier relatives and external control subjects,
thus suggesting that the number of patients was enough to
reach a significant difference level.

The present results on temporal discrimination seem to
contrast with previous studies on spatial discrimination
(Molloy et al., 2003; O’Dwyer et al., 2005). Deficits of spatial
discrimination of cutaneous stimuli were found in focal
dystonias, including focal-hand dystonia, blepharospasm
and cervical dystonia, but not in DYT1 generalized dystonia
(Molloy et al., 2003). This raises the possibility that sensory
deficits in spatial and temporal discrimination tasks
are differently expressed in different forms of dystonia.
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However, since the number of studies on the sensory
abilities of DYT1 patients is still limited, and the number of
patients studied in spatial and temporal tasks is low, we
cannot exclude that patients might be deficient in both
tasks. To the best of our knowledge, temporal discrimination
of tactile stimuli is a complex task that, as indicated by
functional imaging studies in healthy subjects, as well as by
studies in patients with lesions or chronic neurological
disease, impinges upon several cortical and subcortical areas,
such as pre-supplementary motor area, anterior cingulate
cortex and basal ganglia, in addition to the primary sensory
areas (Lacruz et al., 1991; Artieda et al., 1992; Harrington
et al., 1998b; Pastor et al., 2004, 2006). It is worth noting
that this pattern of activation corresponds roughly to brain
areas where metabolic changes in DYTI gene carriers have
been observed (Eidelberg et al., 1998; Trost et al, 2002).
Spatial discrimination, instead, mainly requires activation in
the frontal eye field, ventral premotor cortex, postcentral
sulcus, anterior intraparietal sulcus, parietooccipital cortex
and angular gyrus (Zhang et al, 2005). It would be
interesting to investigate whether other genetic mutations
related to dystonia might be responsible for subclinical
alterations in these brain areas, thus causing merely spatial
discrimination deficits.

The temporal tactile and visuo-tactile deficits found in
the present study are clearly associated to the presence of
the DYTI gene mutation and not to the phenotypic
expression of dystonia. Indeed, in spite of the high variation
of the dystonic symptoms (generalized, focal and segmen-
tal), all the patients of this study were clearly impaired in
performing temporal discrimination tasks. Moreover, differ-
ence in performance between DYT1 non-manifesting carriers
and non-carrier relatives was higher than the difference
between DYT1 manifesting patients and DYT1 non-
manifesting carriers. This suggests that the temporal
discrimination deficits in tactile and visuo-tactile tasks
reflect a genuine contribution of the genetic mutation. No
difference in performance has been found between family
members who did not carry the genetic mutation and
external control subjects, suggesting that the families we
examined have normal sensory skills, whenever the gene is
not mutated.

Previous studies on temporal processing of tactile and/or
visuo-tactile inputs in PTD highlighted the importance
of the sensory systems in the pathophysiology of dystonia
(Tinazzi et al., 1999, 2002, 2004; Bara-Jimenez et al., 2000;
Sanger et al., 2001; Aglioti et al., 2003; Fiorio et al, 2003).
Most of these studies have emphasized the specific role of
the peripheral inputs involved in the motor control of the
dystonic body part.

However, by applying the temporal discrimination
paradigm to focal-hand dystonia patients, we have reported
that, despite the unilateral clinical manifestation of motor
symptoms (right hand), abnormal thresholds for tactile
and visuo-tactile stimuli were present in the affected as well
as in the unaffected side (Fiorio et al, 2003). Therefore,
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abnormalities in the somatosensory domain may be present
independently from the localization of motor symptoms.
The sensory abnormalities in the unaffected hand parallel
the findings of a magneto-encephalography study in
unilateral task-specific dystonia in which a clear disorgani-
zation of the somatic representation of the dystonic and
non-dystonic hand was found (Meunier et al, 2001). The
two studies (Meunier et al., 2001; Fiorio et al, 2003)
converged to indicate that sensory abnormalities of the
non-dystonic hand can be considered as endophenotypic
traits of dystonia. Similarly, a bilateral increase in grey
matter volume was found in the hand representation area of
primary somatosensory and motor cortices of patients with
unilateral focal-hand dystonia (Garraux et al., 2004).

Thus, some alterations might occur before the appearance
of dystonic signs and might be regarded as a subclinical
phenotype in DYTI mutation carriers independent of the
manifestation of motor symptoms. The factors causing these
subclinical abnormalities are still unknown. However, recent
studies hint at the possible role of the DYTI mutation
in inducing a subclinical ‘susceptibility substrate’ to develop
dystonia (Eidelberg et al, 1998; Edwards et al, 2003).
Indeed, PET studies have revealed that regardless of clinical
manifestation of dystonia, DYTI carriers show abnormal
pattern of glucose utilization, characterized by hypermeta-
bolism of some cortical and subcortical areas, such as the
supplementary motor area, the basal ganglia and the
cerebellum (Eidelberg et al., 1998; Trost et al., 2002). These
findings allowed Eidelberg ef al. (1998) to firstly develop the
concept of DYT1 endophenotype. Evidence for the role of
the DYT1 mutation in determining subclinical alterations
also comes from an electrophysiological study in which
abnormalities of motor cortical inhibition (intracortical
inhibition and silent period) have been found in both
manifesting and non-manifesting DYT1 carriers (Edwards
et al., 2003).

The present study significantly confirms previous knowl-
edge on sensory alterations in dystonia (Meunier at al., 2001;
Fiorio et al., 2003) and expands the DYT1 endophenotype
concept proposed by Eidelberg et al. (1998), by showing
that temporal discrimination deficits are not strictly linked
to the presence of dystonic symptoms. An entirely novel
finding is that abnormal TDTs and TOJs of tactile and
visuo-tactile inputs were found in the family members
carriers of the DYTI mutation, in the complete absence of
motor manifestation of disease.

The general meaning of the sensory abnormality
associated to the DYTI mutation is, however, unclear. On
the one hand, temporal discrimination deficits may be a
mere epiphenomenon of the primary disorder underlying
DYT1 dystonia that can be explained by dysfunctions of a
neural network involving basal ganglia. This set of structures
is implicated not only in sensory-motor control but also in
higher-order functions (Bares and Rektor, 2001; Jahanshahi
et al., 2002; Koechlin et al., 2002), such as motor and
perceptual timing operations (Ivry, 1996; Harrington et al.,
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1998a; Rao et al., 2001), and integration of sensory signals
coming from different modalities (Graziano and Gross,
1993; Graziano et al., 1994). Interestingly, functional studies
have shown that the protein product of the TORIA/DYT1
gene, TorsinA, is highly expressed in specific sets of neurons
such as dopaminergic neurons of the striatum (Konakova
et al., 2001), and, when mutated, tends to form perinuclear
membrane whorls which can disrupt or divert trafficking
of membrane-bound proteins, such as the dopamine
transporters. This process interferes with generation and
maintenance of synaptic connections making neurons
more susceptible to stress (Shashidharan et al, 2000;
Breakefield et al., 2001; Torres et al., 2004; Naismith et al.,
2004). Moreover, the disruptive effect of mutant TorsinA
appears to be restricted to neuronal cells, suggesting
that selected groups of neurons may have a unique
requirement for TorsinA normal function (Goodchild et al.,
2005). However, it must be noted that these experi-
ments have been performed in cellular models and thus
their relevance to function and disease remains to be
determined.

On the other hand, temporal discrimination deficits may
arise from disorders affecting sensory systems primarily
involved in the pathophysiology of DYTI dystonia. Given
the crucial role of sensation for action, disordered sensations
can lead to disordered movements. A pre-existing sensory
alteration in DYT1I carriers may allow other factors to trigger
the motor symptoms. In principle, factors overloading a
vulnerable sensory system might enhance the risk of
developing dystonia in predisposed subjects. Although
peripheral injury seems to play an important role in
triggering topographically related dystonic symptoms in
late-onset dystonia, there is no proven evidence that the
same is happening in DYT1 dystonia.

The detection of raised TDT in late-onset dystonia is
intriguing. The suggestion that sensory deficits can be useful
biological markers of a genetic status in adult-onset focal
dystonia is supported by the finding of somatosensory
spatial discrimination abnormalities not only in adult-onset
focal dystonia patients but also in some of their relatives
without dystonia (O’Dwyer et al., 2005), who could be non-
penetrant carriers of a mutation in a still unknown gene.

In the present study, not all relatives carrying the DYT]
mutation had abnormal TDT values. Four of eleven non-
manifesting DYT1 carriers fell within the normal range in
the tactile condition and three of them had normal TDT in
the visuo-tactile condition. The proportion of false-negatives
was ~36.4% for the tactile condition and 27.3% for the
visuo-tactile condition. Vice versa, eight of nine non-carrier
relatives were in the normal limit range in the tactile
condition and seven of them were below the limit also in the
visuo-tactile condition. The proportion of false positives was
therefore 11.1% in the tactile condition and 22.2% in the
visuo-tactile condition. It should be noticed, however, that
the number of subjects in our study is low and does not
allow us to consider these thresholds as absolute and

M. Fiorio et al.

generalized values. Future studies on larger samples of
control subjects and DYT1 carriers and non-carriers are
needed to better define a precise TDT value discriminating
between groups.

In conclusion, by using a simple psychophysical task we
have been able to highlight a clear association between the
DYTI genetic mutation and sensory deficits. Therefore,
dystonic motor symptoms might not be the exclusive
phenotypic expression of the DYTI mutation, being sensory
deficits expressed as well. Even more, an important
implication of the present study is that, while the mutated
DYTI gene has a 30-40% penetrance in inducing the
‘dystonic phenotype’, it seems to have a higher penetrance in
determining sensory deficits. Although, at present the
sensitivity and specificity of our test are still quite low, we
reason that, in the future, a screening based on our
psychophysical paradigm might help to disclose the ‘sensory
phenotype’ in family members of dystonic patients and
might also be considered as a possible marker of mutation
carriage, easing the identification of novel dystonia genes
through familial genetic studies.

Supplementary material
Supplementary data are available at Brain Online.
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