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Handedness Does Not Predict
Side of Onset of Motor Symptoms
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Abstract: This study focused on the relationship between
the asymmetry of initial motor symptoms of Parkinson’s
disease (PD) and premorbid handedness of patients.
Structural equation modeling has been used for this pur-
pose. The survey consisting of validated items measuring
handedness and questions related to side of occurrence of
initial symptoms was administered to 472 patients with
PD [277 men, 195 women, mean age 66.5 (9.3), mean du-
ration of the disease 10 (6.1) years]. The unidimensional
model of handedness fits the data well (xl = 37.86, df =
20, P = 0.009, Root Mean Square Error of Approxima-
tion = 0.044, Comparative Fit Index = 1.00, Standardized
Root Mean Square Residual = 0.042) and side of initial
motor symptoms is not significantly related to the factor
of handedness (r =0.11, SE = 0.07, P = 0.14). In contrast
to several other studies, the results indicate that the side
of first occurrence of PD signs cannot be predicted from
premorbid handedness of patients. © 2009 Movement
Disorder Society
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INTRODUCTION

The motor symptoms of Parkinson’s disease (PD)
are usually asymmetric,'™ particularly in the beginning
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of the disease. The commonly used Unified Parkin-
son’s Disease Rating Scale (UPDRS)® incorporates
items for evaluation of this asymmetry.

The asymmetry of motor symptoms in PD is said to
remain unchanged overtime,® and patients with unilat-
eral onset of PD manifestations have greater degenera-
tion of contralateral substantia nigra at postmortem ex-
amination’ as well as in early-stage PD.® Right-left
asymmetry has been considered as an important classi-
fication factor used to distinguish between pathologi-
cally demonstrated PD and other movement disorders
with similar characteristics.”'

Relationships between body laterality and asymmetry
of PD symptoms have been reported rather rarely. Later-
ality is based on the brain hemisphere dominance and its
manifestations include performance asymmetry of
hands, legs, eyes, and ears. Anatomic and functional
brain asymmetry has been demonstrated with regard to
handedness.'' In an early clinical survey, no relationship
was found between handedness and side of symptoms
onset in idiopathic PD,'” whereas dominant side was
found to be more frequently involved in another small
study, supposedly because of greater attention the
patient pays to the affliction of the dominant hand."
One study'* aiming to identify predictive factors associ-
ated with asymmetric symptoms of PD found that left-
handed individuals tended to have more severe disease
on the left side of the body. Further, it was shown that
initial PD symptoms start to manifest more frequently
on the right-sided extremities than on the left.'”” This
might account for the potential relationship between
dominance of the extremities and laterality of PD motor
symptoms because there are almost 90% of right-handed
people in the population. A recent study also identified
the trend toward symptom onset on the dominant side.'®
By contrast, another study'’ showed that enhanced phys-
ical activity associated with preferred limb has a neuro-
protective effect in experimental model of PD.

On the basis of the above-mentioned results, it is not
clear whether there is a relationship between side of
appearance of initial motor symptoms of PD and hand-
edness. The aim of this study is to uncover the real
level of association between the premorbid handedness
and side of onset of PD motor symptoms by using
advanced statistical procedures.
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TABLE 1. Table of frequencies of side of onset

Right-handers Left-handers

Right onset  Left onset  Right onset  Left onset

Writing 218 168 2 4
Hair dressing 196 151 13 13
Knocking 185 148 10 9
Unlocking 190 149 7 13
Spoon 211 167 2 4
Teeth 192 151 11 14
Knife 207 157 13 18

Right-handers (left-handers) are considered as those who
responded “always use right (left) hand” or “rather use right (left)
hand” for the corresponding motor activity.

PATIENTS AND METHODS

Sample

The questionnaire was mailed to 683 patients with
PD that were seen at the Prague Movement Disorders
Center between June 2006 and February 2007. All sub-
jects provided informed consent. The study was
approved by the local human studies committees.

Methods

The seven-item handedness questionnaire was part
of a larger (27 items) survey of laterality. The other
items of this survey regarded individual preferences of
legs, eyes, and ears and therefore were not included in
the analyses as this study focuses on handedness only.
Because there is no handedness questionnaire standar-
dized for PD, the items for handedness were taken
from previously standardized tools such as Edinburgh
Handedness Inventory'® or Annet’s laterality question-
naire.'” These items have been assessed and validated
for the use in patients with PD independently by four
neurologists, two kinanthropologists, and a statistician
experienced in questionnaire development. This
resulted in seven-item questionnaire of handedness and
one additional question about side of appearance of
initial motor symptoms. The patients were asked which
hand they used before the signs of PD occurred for
specific motor activities such as handwriting, hairdress-

ing, brushing teeth, holding a spoon, unlocking, knock-
ing, and cutting with knife. Responses have been
recorded on five-point ordinal scale (always used right
hand, rather used right hand, used both hands equally
often, rather used left hand, always used left hand).
Responses for side of onset of initial motor symptoms
were recorded on three-point scale (right side, both
sides, or left side of the body). The Spearman correla-
tions were estimated and structural equation model has
been developed to study how the lateral hand prefer-
ence is related to the side of occurence of first signs of
PD. The LISREL program® has been used for the esti-
mation of model parameters. Regarding the ordinality
of the data, the covariance matrix and corresponding
asymptotic covariance matrix were estimated. Robust
maximum likelihood was used as an estimator of
model parameters.

RESULTS

The response rate among the 683 patients was 77%
(523), and 51 were excluded prior to analyses for
incomplete or inconsistent answers. Thus, the data
from 472 PD (69%) patients were analyzed (277 men,
195 women). Mean age of the patients was 66.5 (SD
9.3) years and mean duration of the disease 10 (6.1)
years. Asymmetric onset of PD was reported by 398
patients (221 right side onset, 177 left side onset), and
42 patients reported onset on both sides. Thirty-two
patients did not remember the side of occurrence of
first PD signs. Mean percentage of right-handedness
was 89%, left-handedness 5.4% (Table 1).

The individual relationships between the side of onset
of first PD motor signs and items measuring handedness
is expressed by means of Spearman correlations (Table
2), and the overall relationship is subsequently esti-
mated by a LISREL model shown in Figure 1.

Spearman Correlations

Values of correlations between side of onset and
handedness items were low (ranging from 0.01 to

TABLE 2. Correlation matrix (Spearman)

1.signs Writing Hair dressing Knocking Unlocking Spoon Teeth Knife
1.signs 1.00
Writing 0.04 1.00
Hair dressing 0.07 0.38 1.00
Knocking 0.01 0.29 0.58 1.00
Unlocking 0.06 0.25 0.61 0.71 1.00
Spoon 0.08 0.37 0.52 0.40 0.45 1.00
Teeth 0.05 0.27 0.63 0.54 0.61 0.55 1.00
Knife 0.09 0.31 0.61 0.51 0.52 0.56 0.66 1.00
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FIG. 1. Path diagram and parameter estimates of the model of rela-
tionship between handedness and occurrence of the first signs of PD.

0.09). None of these correlations reached 5% level of
statistical significance (P-values were ranging from
0.06 to 0.89).

LISREL Model

To quantify the overall relationship between side of
onset of PD motor signs and handedness, the model
shown in Figure 1 was empirically tested. Handedness
is expressed as unidimensional latent variable. The in-
ternal consistency of handedness items assessed by
Cronbach’s alpha was satisfactory (0.90). Goodness of
fit statistics suggested this model fits the data very well
[Satorra-Bentler Scaled xz = 37.86, df = 20 (P =
0.009), Root Mean Square Error of Approximation =
0.044; Normed Fit Index = 0.99; Comparative Fit
Index = 1.00; Standardized Root Mean Square Resid-
ual = 0.042; Goodness of Fit Index = 0.86].

The regression equation which predicts the 1.signs
from handedness in the model is l.signs = 0.11 X
Handedness + 0.99. The regression coefficient (0.11)
can be interpreted as overall correlation between pre-
morbid handedness and side of onset of initial motor
symptoms. The value of this correlation equals to 0.11
and it is nonsignificant (SE = 0.07, P = 0.14). In
addition, the percentage of variance of item 1.signs
explained by this model is only 0.01. These values
indicate that the side of the occurence of the first par-
kinsonian signs (right or left side of the body) cannot
be predicted from the premorbid handedness of patients.

DISCUSSION

Unlike previous investigations on the relationship
between handedness and side of onset of PD symp-
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toms, this study does not confirm a relationship
between them.

Previous studies evaluated handedness on binary
scale (right-handed/left-handed) and single activity
(handwriting). Results of this study are based on hand-
edness data from multiple unilateral activities, each on
five-point ordinal scale, which allows studying the rela-
tionship in greater detail. In addition, more advanced
and suitable statistical procedures were used than in pre-
vious studies, which minimize the threat of over/under-
estimation of correlations between studied phenomena.

Proportion of patients experiencing the side of onset
on their dominant hand is comparable with previous
study'® and gives impression of tendency toward domi-
nant side onset. However, the between-items correla-
tions of side of onset of PD symptoms and handedness
items were very low (ranging from 0.02 to 0.09) and
nonsignificant. The overall correlation was subse-
quently estimated using structural equation modeling.
This relationship was also found very low (r = 0.11)
and nonsignificant (P = 0.14).

Indeed, these findings do not correspond with major-
ity of previous studies. The large (1,277 individuals)
study'* has identified hand dominance as one of the
predictors of the side of asymmetric disease such that
left-handed individuals tended to have more severe dis-
ease on the left side of the body. However, results of
this study may not be very convincing because of the
following: First, handedness has been assessed just by
clinical rating of handwriting on binary scale (right-
handed or left-handed). Handedness is not a binary
variable, though, its distribution in the population is
rather bimodal. Thus, it should be quantified on a con-
tinnum or at least on an ordinal scale. Second, the
assessment of handedness was based on clinical rating
of single activity (handwriting), which may be biased
by cultural and social factors. Third, their predictive
multiple regression model explained only 16% of var-
iance, which is not satisfactory. It should be noted,
however, that authors of this study were not interested
in predicting the side of symptom onset but rather in
the degree of asymmetry of symptoms. The most
recent study'® reported a tendency toward symptom
onset on dominant hand although statistical signifi-
cance has not been reached. Authors argued that it was
due to small sample size (over 300 patients). Also, in
this study, handedness was defined as the hand used
for the single activity (handwriting) and assessed on a
binary scale, which may bias the inferences about the
level of association.

With regard to the previous studies, it is rather inter-
esting observation that the item Handwriting features
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the lowest factor validity in our model (correlation
with handedness equals to 0.56; see Fig. 1). This sug-
gests that this item reflects handedness less than the
other items and should be used with caution. The simi-
lar holds for the item Holding a spoon (although its
factorial validity is comparable with other items). As
mentioned earlier, responses from these items may be
affected by cultural or social pressures toward using
right hand for these activities.

In conclusion, this study shows that premorbid hand-
edness is not related to the side of the body where the
first signs of PD occur. The limitation of this study is
that it is based on self-reported hand preference of
patients as well as side of onset of PD symptoms.
Other limitation is that only preference is taken into
account and not the real difference in performance of
hands. Hence, further studies are needed using per-
formance-based measures.
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Abstract: Restless legs syndrome is a common disoder that
may interrupt sleep and has been reported to produce
daytime fatigue and/or mood changes. This study assessed
whether patients with RLS have more cognitive dysfunc-
tion and depression than individuals of the same age and
education who do not have RLS. The study showed that
older individuals with mild RLS for at least 1 year do not
have cognitive dysfunction and are not depressed com-
pared with a control group of similar age and educa-
tion. © 2009 Movement Disorder Society

Key words: restless legs syndrome; cognitive dysfunction

Restless legs syndrome (RLS) affects up to 25% of the
adult population." RLS is characterized by uncomfort-
able sensations in the legs, which are relieved by move-
ment but commonly worsen at night. This often inter-
rupts sleep and may cause daytime fatigue. It has been
reported that patients with RLS suffer from increased
rates of irritability, anxiety, and depression.z_5 However,
almost all previous studies (both population-based and
clinic-based) have used varying RLS diagnostic criteria
and various depression scales and have not completely
assessed the associated cognitive function.” This study
assessed whether patients with RLS have more cognitive
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dysfunction and depression than individuals of the same
age and education who do not have RLS.

SUBJECTS AND METHODS

The Sun Health Research Institute Brain and Body
Donation Program (BBDP) database was reviewed for
subjects with and without RLS. All subjects had
received annual movement disorder and neuropsycho-
logical evaluations. Subjects with Parkinson’s disease,
parkinsonism, essential tremor, other tremor disorders,
progressive supranuclear palsy, dystonia, peripheral
neuropathy, fibromyalgia, or dementia were excluded
from this analysis. The diagnosis of RLS was made by
a movement disorder specialist using the IRLSSG cri-
teria.® Neuropsychological testing included Rey-AVLT,
Trails A and B, stroop, controlled oral word associa-
tion, animal fluency, judgment of line orientation, digit
span, Folstein mini-mental status examination
(MMSE), and clock drawing. The 30-item Geriatric
Depression Scale (GDS) was used to assess depression.

Data were compiled from the subject’s most recent
visit that had both movement and cognitive testing. The
mean level of each measure in the RLS group was com-
pared with that of the control group and the statistical sig-
nificance was calculated by using the two-sample ¢ test.

RESULTS

After exclusion criteria were applied there were 26
subjects with RLS, 208 without RLS (control group),
and 79 subjects were excluded. There was no difference
in mean age (RLS, 77 years; control, 78 years) (Table
1). The 95% CI for the difference in mean age (95% CI
= —5.0 to 2.3) indicates that the mean age is equivalent
within 5 years. The mean duration of education was 15
years in both groups. The mean duration of education
was equivalent within 1 year (95% CI = —0.9 to 1.3).

The mean RLS rating scale score for the RLS group
was 11.0 (SD = 7.6, N = 25) and the mean duration
of RLS was 11.0 years (range, 1-51 years). Ten RLS
subjects had a family history of RLS and one had a
family history of Parkinson’s disease.

Twelve of the 26 subjects had been or were being
treated for RLS (6-gabapentin, 1-ropinirole, 1-prami-
pexole, 3-narcotics, 1-quinine), 9 had been or were on
antidepressants, and 8 had been or were using benzo-
diazepines. Only 4 patients were using an antidepres-
sant or benzodiazepine at the time of cognitive testing.
There were no significant differences in neuropsycho-
metric testing between these two groups of RLS
patients. Therefore, they were combined into one group
for comparison with controls. Also, no significant
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TABLE 1. Demographic and cognitive measures of subjects with and without restless legs syndrome
With RLS: mean (SD), N Without RLS: mean (SD), N A 95% CI pP*
Age (yr) 76.8 (9.2), 26 78.1 (9.0), 208 -14 —5.0t023 0.46
Duration of education (yr) 15.3 (2.8), 26 15.1 (2.6), 208 0.2 —09t0 1.3 0.71
Folstein MMSE 28.2 (1.7), 25 28.7 (1.6), 204 -0.5 —1.21t00.2 0.15
AVLT total learning 47.7 9.1), 26 44.7 (11.3), 205 3.0 —1.6t07.5 0.19
AVLT Trial 1 5.7 (1.7), 26 5.5 (2.1), 205 0.2 —0.6 to 1.0 0.64
AVLT Trial 2 8.5 (1.9), 26 8.2 (2.6), 205 0.2 —0.8t0 1.3 0.67
AVLT Trial 3 10.0 (2.5), 26 9.6 (2.7), 205 0.4 —0.7t0 1.5 0.49
AVLT Trial 4 11.4 (2.2), 26 10.3 (2.7), 205 1.1 0.01 to 2.2 0.048
AVLT Trial 5 12.1 (2.1), 26 11.0 (2.7), 205 1.1 0.01 to 2.2 0.047
AVLT intrusions (1-5) 0.6 (1.2), 25 1.5 (2.3), 200 -0.9 —1.8t0 0.0 0.06
AVLT STM (A6) 9.6 (3.4), 26 9.0 (3.3), 205 0.5 —0.8to 1.9 0.43
AVLT intrusions (STM) 0.36 (0.70), 25 0.50 (0.96), 200 -0.14 —0.52 to 0.25 0.50
AVLT LTM (A7) 9.0 (3.5), 26 8.9 (3.7), 205 0.1 —141t0 1.6 0.88
AVLT LT % recall 73 (24), 26 79 (26), 205 -6 —17t0 4 0.25
AVLT List B 5.2 (2.0), 26 4.8 (2.0), 204 0.4 —0.4t0 1.2 0.33
AVLT recognition TP 13.5 (1.7), 25 13.2 (2.3), 199 0.3 —0.7to0 1.2 0.56
AVLT recognition FP 0.20 (0.41), 25 0.64 (1.25), 199 —0.44 —0.94 to 0.05 0.08
WALIS digit span - forward 8.6 (1.5), 24 9.6 (2.0), 188 —-1.0 —1.8to —0.2 0.02
WALIS digit span - backward 6.2 (1.8), 24 6.4 (2.0), 187 -0.2 —1.1t0 0.6 0.60
WALIS digit span - total 14.8 (2.6), 24 16.0 (3.3), 187 -1.2 —2.6t0 0.2 0.09
WAIS digit span - backward span 4.6 (1.2), 23 4.7 (1.2), 182 —0.1 —0.6 to 0.4 0.74
WAIS digit span - forward span 5.7 (0.9), 23 6.3 (1.2), 183 —0.6 —1.1to —0.1 0.03
Clock drawing 9.0 (1.6), 25 9.2 (1.1), 204 -0.3 —0.8 to 0.2 0.26
STROOP word (#) 87 (15), 24 89 (16), 199 -2 —8.9105.0 0.58
STROOP color (#) 63 (12), 23 63 (12), 196 0 —5t05 0.98
STROOP word/color (#) 32.6 (7.0), 23 33.0 (10.1), 196 -0.4 —4.6 to 3.9 0.86
STROOP uncorrected W/C errors 0.4 (1.1), 22 0.4 (1.0), 191 0.1 —0.4t0 0.5 0.72
STROOP interference —4.0 (54),23 —4.0 (7.2), 195 0.0 —3.1t03.0 0.99
TRAILS A/B - time (3 min limit) 37 (16), 24 38 (22), 203 -1 —10to 78 0.79
TRAILS A/B - A errors 0.13 (0.34), 24 0.12 (0.42), 203 0.01 —0.17 to 0.18 0.94
TRAILS A/B - B (5 min limit) 101 (43), 24 102 (53), 200 -1 —24 to 21 0.90
TRAILS A/B - B errors 0.46 (0.72), 24 0.57 (1.11), 201 —0.11 —0.57 to 0.35 0.64
COWA (CFL) total 38 (16), 26 38 (12), 205 1 —41t0 6 0.79
COWA (CFL) perseverations 2.8 (2.9), 25 2.8 (2.7), 200 0.0 —12to 1.1 0.97
COWA (CFL) intrusions 0.08 (0.28), 25 0.29 (0.64), 200 —0.21 —0.46 to 0.05 0.12
Animal fluency 16.7 (5.2), 26 16.8 (5.0), 204 —0.1 —2.2102.0 0.91
Animal fluency perseverations 1.0 (1.4), 25 1.0 (1.3), 199 0.0 —0.5t0 0.5 1.00
Judgment of line orientation 23.6 (3.9), 23 23.7 (4.3), 191 —0.1 —2.0to 1.7 0.89
GDS 3.7 (3.2), 26 3.4 (3.7), 206 0.4 —1.1t0 1.8 0.63
*Two sample ¢ test.
difference was found in cognitive testing between the DISCUSSION

RLS patients on medications for RLS and those who
were not on treatment medications. Therefore, these
subjects were not separated from the RLS group in the
comparative analysis. Medications for the control sub-
jects were not recorded.

None of the mean cognitive scores differed by more
than half of the standard deviation of the group without
RLS (Table 1). All of the mean cognitive scores were
equivalent within one standard deviation of the group
without RLS. The mean GDS scores differed by less
than 1 point on a 30-point scale. The percentage of
subjects with GDS > 10 was 6% (n = 3/208) among
controls and 4% (n = 1/26) among RLS cases (A =
—0.02, 95% CI = —0.08 to 0.13, P > 0.99). The sam-
ple was too small to assess for a correlation between
the GDS score and severity of RLS.

These findings suggest that older individuals with
mild RLS for at least 1 year do not have cognitive dys-
function and are not depressed compared with a con-
trol group of similar age and education. Previous epi-
demiological studies have reported that patients with
RLS have more anxiety and depression.”” Whether
this is secondary to the actual RLS symptoms, insom-
nia or another sleep disorder, or other factors is
unclear. These prior reports varied significantly in their
methodology, including study design (population to
random sampling), sample size (range, seven subjects
to over 3,000), the RLS diagnostic criteria (the
IRLSSG was not normally used), the exclusion or
inclusion of patients with a known history of depres-
sion, and various assessment scales for evaluation of
depression.”” Furthermore, cognitive dysfunction in
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this population has not been systematically or exten-
sively evaluated. In two previous conflicting reports,
untreated RLS patients showed cognitive deficits simi-
lar to that seen in sleep-deprived patients, yet the fol-
low-up study found untreated RLS patients to perform
better than sleep-deprived controls.”® These studies
were limited by a small sample size (n = 16), the RLS
cases being withdrawn from treatment, and no correla-
tion with RLS severity.” These factors make it difficult
to assess for medication-withdrawal effects and RLS
severity on the cognitive dysfunction found.

The current study used the International RLS Study
Group criteria assessed by a movement disorder spe-
cialist, the RLS rating scale for quantifying the symp-
toms, and prospective neuropsychological testing to
objectively assess cognitive function. Additionally,
patients with depression were not prospectively
excluded. Limitations of this study included the cases
having relatively mild RLS, no treatment withdrawal
for RLS medications (n = 12), no controlling for the
use of antidepressants or benzodiazepines (n = 4), and
no measurement for sleep disturbances in either group.
Further prospectively designed studies of RLS and con-
trol populations are needed to determine if cognitive or
neuropsychiatric symptoms occur in more severe cases
of RLS and what factors may be correlated with these
disorders.
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Abstract: TDP-43 has been identified as the pathological pro-
tein in the majority of cases of frontotemporal lobar degen-
eration and amyotrophic lateral sclerosis (ALS). TARDBP
mutations have so far been uniquely associated with familial
and sporadic ALS. We describe clinicopathological and
genetic findings in a carrier of the novel K263E TARDBP
variation, who developed frontotemporal dementia, supra-
nuclear palsy, and chorea, but no signs of motor neuron dis-
ease. Neuropathologic examination revealed neuronal and
glial TDP-43-immunoreactive deposits, predominantly in
subcortical nuclei and brainstem. This is the first report of a
TARDBP variation associated with a neurodegenerative syn-
drome other than ALS. © 2009 Movement Disorder Society
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ubiquitinated inclusions observed in frontotemporal
lobar degeneration with tau-negative, ubiquitin-positive
inclusions (FTLD-U), in the large majority of cases of
amyotrophic lateral sclerosis (ALS), and FTLD with
motor neuron disease (FTLD—MND).I_3 These disor-
ders are referred to as TDP-43 proteinopathies. Muta-
tions in the TARDBP gene, located on chromosome
1p36 and encoding TDP-43, have been associated with
both sporadic and familial ALS.*® Although previous
studies have failed to show an association between
TARDBP mutations and FTD.,”® two patients with
FTLD-MND, carriers of a TARDBP mutation, have
been recently reported.” We describe clinical, neuropa-
thologic, and genetic findings in a subject, carrier of
the novel K263E TARDBP variation, who developed
FTD, supranuclear palsy and choreiform movements,
but no signs of MND.

MATERIALS AND METHODS

Clinical Assessment

The subject was referred to psychiatric evaluation
due to insidiously progressive personality and behav-
ioral changes. He underwent general, neurological, and
psychiatric evaluations. Neuropsychological assessment
was carried out using the Hungarian version (MAWI)
of Wechsler Adult Intelligence Scale. Neuroimaging
examination included CT and MRI scans of the brain.
Informed consent for this study was obtained from the
subject’s wife.

Neuropathology

Formalin-fixed, paraffin-embedded blocks were
obtained from the following regions: frontal, cingulate,
temporal, parietal, and occipital cortices and subcortical
white matter, basal ganglia, thalamus, hippocampus,
amygdala, cerebellum, and brainstem. Additional samples
of fresh brain were frozen for genetic and biochemical
studies. Sections were stained using hematoxylin and
eosin, luxol fast blue, Bielschowsky, and Gallyas meth-
ods. Immunohistochemistry (IHC) was carried out using
the following monoclonal antibodies (mAb): anti-tau
ATS8 (1:200, Pierce Biotechnology, Rockford, IL, pS202/
pT205), anti-B-amyloid (1:100, Novocastra Lab, Newcas-
tle, UK), anti-phospho-TDP-43 (pS409/410, 1:2,000,
Cosmo Bio, Tokyo, Japan), anti-TDP-43 (1:2,000,
Abnova, Taipei, Taiwan), anti-HLA-DR (1:100, Dako,
Carpinteria, CA), and anti-a-synuclein (1:10,000, clone
4D6, Signet, Dedham, MA). In addition polyclonal anti-
p62 (guinea pig, 1:4,000, Progen Biotechnik GmBh, Hei-
delberg, Germany), anti-glial fibrillary acidic protein
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(GFAP, 1:3,000, Dako), and anti-TDP-43 (1:100, Protein-
Tech Group, Chicago, IL) Ab were used.

Genetics

Genomic DNA was extracted from the subject’s fro-
zen brain samples, as described.'” TARDBP exons 1-6,
Progranulin (PGRN) exons 0-12 and respective flank-
ing intronic regions were amplified as described.'''?
Products were examined by agarose gel electrophore-
sis, treated with ExoSAP-IT (USB, Cleveland, OH),
asymmetrically amplified using the DTCS Quick Start
Kit (Beckman Coulter, Fullerton, CA), and analyzed
on a CEQ 8000 GeXP Genetic Analysis System
(Beckman Coulter). The resulting sequences were com-
pared to published TARDBP and PGRN sequences
(www.ncib.nlm.nih.gov). Huntingtin (HTT) sequencing
was carried out as described."?

The K263E TARDBP variation introduces a restric-
tion site for Bsp12681. Amplification of TARDBP exon
6 followed by enzymatic digestion was carried out on
subject’s DNA as well as on 530 DNA samples from
neurologically healthy control individuals, including
160 Hungarian, from the Biobank of the Clinical and
Research Centre for Molecular. Neurology of the Sem-
melweis University, the National Cell Repository for
Alzheimer’s Disease and the Centre d’Etude du Poly-
morphisme Humain (CEPH) reference panel, after
obtainment of informed consent.

RESULTS

Clinical Data

A 35-year-old Hungarian man, known to be pleasant,
quiet, and cooperative showed marked personality
changes and become less enganged in conversation.
Progressive reduction in attention and critical thinking
was also noted. The onset of symptoms followed an
accidental fall with consequent collarbone fracture, but
no head trauma. Later, he developed anxiety, hyperac-
tivity, psychomotor agitation, reading difficulties, man-
nerisms, severe insomnia, and nocturnal wandering. In
addition, he started complaining of erectile dysfunc-
tion. At age 36, he was initially admitted to the psychi-
atry unit and later on to the neurology unit.

Neurological examination revealed reduced vertical
gaze (upward > downward), hyperkinetic (choreiform)
involuntary movements of the upper extremities, blephar-
ospasms, motor stereotypies, and primitive reflexes. No
rigidity, paresis, motor neuron disease signs, cerebellar
ataxia, Kayser-Fleischer ring, or sensory deficits were
noted. Routine laboratory parameters of blood and urine
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were in the normal range. Neuropsychological testing
revealed prominent emotional blunting and lability, child-
ish behavior, disinhibition, and loss of insight. He
obtained a score of 100 on the IQ test. He underwent a
CT scan of the head and an EEG that were reported as
normal. An MRI of the brain revealed prominent atrophy
of the mesencephalic tectum and, to a lesser extent, cau-
date nuclei (Fig. 1 A-C). He was diagnosed with FTD
according to published criteria.'* The disease rapidly pro-
gressed, and he eventually died at age 37 for pulmonary
edema secondary to cardiac failure.

Family History

The proband’s father died at age 52 secondarily to
lung cancer. The proband’s mother, aged 60, is alive
and healthy. She has two brothers and three sisters,
aged 50 to 63, who were reported free from neuro-
psychiatric disorders 7 years prior to this report. The
proband’s brother died at the age of 18 in a traffic
accident; another brother, diagnosed with mental retar-
dation, and a healthy sister are alive and in their late
30’s, early 40’s. The proband had two healthy off-
spring, a 16-year-old daughter and a 13-year-old son.

Neuropathology

The weight of the fixed brain was 1,130 g. Moderate
atrophy of the frontal lobes and caudate nuclei, severe
atrophy of tectum and tegmentum as well as severe
depigmentation of the substantia nigra were observed.
Microscopically, mild microvacuolar changes were
observed in the superficial cortical layers of the frontal
and cingulate gyri (Fig. 1D). Neuronal loss and astroglio-
sis were prominent in the subcortical gray matter (Table 1
and Fig. 1E,F). Phospho-TDP-43 THC revealed a larger
number of deposits as compared to what observed using
anti-TDP-43  Abs.  Phospho-TDP-43-immunoreactive
deposits were observed (Table 1) as either thin and long
inclusions in either morphologically normal or enlarged
dystrophic neurites (Fig. 1G,H). Spherical or skein-like
neuronal cytoplasmic inclusions (NCI) (Fig. 1L1J), as well
as lentiform or rounded neuronal nuclear inclusions (Fig.
1K,L) were also seen. Phospho-TDP-43 immunoreactiv-
ity in neurites was mild to moderate in the upper and low-
est neocortical layers, including the primary visual cortex
(Fig. 1M), while only sparse NCI were seen (Table 1).
The precentral gyrus was mildly affected (Fig. 1N). Phos-
pho-TDP-43 pathology was not seen in the dentate gyrus
(Fig. 10). In contrast, abundant NCI were seen in sub-
cortical and brainstem nuclei. Neuronal intranuclear
inclusions (moderate) were seen in the striatum (Fig.



TARDBP VARIATION AND FRONTOTEMPORAL DEMENTIA 1845

- 2 2 - i
T § TN . “5 " an
Lo ' 3 .
PR A * 5 >
Fe - T = &
= - Sy ] F E:
.o B aEa gy . r‘- " 1L 7 i :
® . s e a
3o e A % i
. . " LK ey
& o wila
=y ' il : Yo L i .
s B - -
JARE R i g -
. . S -
a o
M L - — N — O —
. .
L
e S H ! - = -
B -
i e FRCA | -l b S -
- LAY
il S R A T -
o R Lol
W ¥ ¢ - .3
. - =
g ™ . ¥ ’
g per X B & = - .
o e + e 5 » L] o
v - S Pl W
P o L F ook Ly
P : : R iy i <
-, 5y H x Q = _“

FIG. 1. T1 MRI sequences, 1 year prior to death, revealed mild atrophy of the caudate nucleus (A) and prominent tectal and tegmental atrophy
in the mesencephalon (B, C). Mild spongiosis in the superficial layers of the frontal cortex (D, Hematoxylin-eosin). Severe loss of neurons in the
substantia nigra (E; Hematoxylin-eosin). Severe reactive gliosis in the caudate nucleus demonstrated by anti-GFAP immunostaining (F). Immuno-
histochemistry for phospho-TDP-43 revealed: thin and long (G) as well as globular neurites (H); spherical (I; caudate nucleus) and skein-like (J;
inferior olives) neuronal cytoplasmic inclusions; neuronal intranuclear inclusions (K; inferior olive and L; caudate nucleus). Moderate neuritic
phospho-TDP-43-immunoreactivity in the primary visual cortex (M). Mild phospho-TDP-43-pathology in the precentral gyrus (N). Absence of
phospho-TDP-43 pathology in the dentate gyrus (O). Phospho-TDP-43-immunoreactive neurites and neuronal inclusions in the caudate nucleus
(P) and inferior olive (Q). Thread-like pathology and sparse glial cytoplasmic inclusions in the internal capsule (R). Scale bars = Bar graphs:
150 um (D, E), 20 um (G-L), 100 um (F, M-R).
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TABLE 1. Anatomical distribution of neuronal loss, gliosis, and phospho-TDP-43
immunoreactivity

pTDP-43 immunoreactivity

Neuronal

Region loss/Gliosis NCI Skein-like NCI NNI Neurites
Frontal cortex* +/++ + - — ++
Temporal cortex + + - - ++
Insular cortex - + - — ++
Cingulate cortex + + - _ ++
Parietal cortex - + — _ +
Motor cortex - - - _ +
Occipital - + _ — 44
Entorhinal cortex + - - - +
Hippocampus CAl - - _ _ +
Subiculum - - — _ +
Fascia dentata - - — - -
Amygdala +++ ++ — - ++
Caudate nucleus +++ +++ - ++ ++
Putamen +++ +++ — ++ ++
Globus pallidus +++ ++ - - ++
Medial thalamus ++ ++ ++ - +4
Lateral thalamus ++ ++ - - +
Subthalamic nucleus +++ ++ ++ - +
Basal nucleus - - _ _ +
Hypothalamus - - _ _ +
Oculomotor complex +++ ++ - - ++
Substantia nigra +++ ++ ++ — ++
Locus coeruleus + + + — +4
Pontine base + + - _ ++4
Hypoglossal nucleus - + — _ 44
Dorsal vagal nucleus - + - — ++
Medullary raphe - + - - +4
Inferior olive ++ ++ +++ + ++
Dentate nucleus - - — - _
Cerebellar cortex - - — — +

NCI, neuronal cytoplasmic inclusion; NNI, Neuronal nuclear inclusion; —, none; +, occassional/mild; ++,

few/moderate; +++, many/prominent.

*Findings were more severe in the frontobasal region.

1P,Q). Thread-like deposits, as well as occasional cyto-
plasmic glial inclusions were observed in the white matter
from all regions (Fig. 1R). IHC for ubiquitin and p62 dis-
played a smaller amount of deposits, with similar pattern
of distribution, compared to that observed using anti-
phospho-TDP-43 antibodies. IHC for 3-amyloid, a-synu-
clein, and hyperphosphorylated tau protein was negative
in all examined sections.

Genetic Analysis

An adenine to guanine substitution was found at the
first position of codon 263 (exon 6) in one allele of the
proband’s TARDBP gene. The variation, resulting in a
glutamate for lysine (K263E) change, was confirmed in
the proband and excluded in 530 controls individuals by
restriction enzyme digestion. No mutations in PGRN
and HTT genes were found. The number of HTT trinu-
cleotide repeats was in the range of healthy controls.
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DISCUSSION

We report the association of the novel K263E TARDBP
variation with the clinical phenotype of FTD, supranuclear
gaze palsy and chorea in the absence of signs of motor
neuron disease, as well as with neuronal and glial patho-
logic deposition of TDP-43 in the brain. As clinical infor-
mation on the proband’s family is limited and no DNA
from relatives is available, we are not able to prove segre-
gation of this variation with the disease. The variation was
not found in 530 control individuals. Indicative of the path-
ogenic role of the K263E variation are its location in exon
6 of TARDBP, the highly conserved C-terminus of TDP-
43 where virtually all reported pathogenic mutations clus-
ter, and the strong correlation between the proband’s clini-
cal phenotype and predominately subcortical (striatum >
brainstem) distribution of phospho-TDP-43 pathology.'
Clinical presentations of genetic disorders associated with
TDP-43 proteinopathy comprise amyotrophic lateral scle-
rosis (TARDBP mutations), FTD with or without parkin-
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sonism or corticobasal syndrome (CBS) (PGRN muta-
tions),'® or FTD with inclusion body myopathy and
Paget‘s disease of the bone (VCP mutations).'” Atypical
disease presentations, such as the one characterized by
stuttering, oculomotor abnormalities and choreic buccolin-
gual movements, severe striatal degeneration and TDP-43
pathology, associated with the ¢.26C>A PGRN mutation,
have been described.'® On the other hand, the autosomal
dominantly inherited Perry syndrome, characterized by
predominant pallidonigral TDP-43 pathology, has not been
associated with either TARDBP or PGRN mutations. "’

Some of the proband’s clinical (FTD and chorea) and
neuropathologic (severe striatal gliosis and presence of
ubiquitin-immunoreactive intranuclear inclusions) findings
are reminiscent of Huntington‘s disease (HD). Sequencing
of HTT ruled out the presence of typical genetic changes
associated with HD. Interestingly, phospho-TDP-43-im-
munoreactive deposits have been found in colocalization
with neuronal cytoplasmic but no nuclear deposits of hun-
tingtin in genetically proven HD cases.”

Our observation suggests that TARDBP variations
may be associated with a clinicopathologic spectrum of
disorders wider than familial and sporadic ALS, and
supports the utility of TARDBP genetic testing of all
cases of atypical FTD.
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