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Abstract Spinocerebellar ataxia (SCA17) is a rare genetic
disorder characterized by a variety of neuropsychiatric
symptoms. Recently, using magnetic resonance imaging
(MRI) voxel-based morphometry (VBM), several specific
functional—structural correlations comprising differential de-
generation related to motor and psychiatric symptoms were
reported in patients with SCA17. To investigate gray matter
volume (GMYV) changes over time and its association to
clinical neuropsychiatric symptomatology, nine SCA17 mu-
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tation carriers and nine matched healthy individuals under-
went a detailed neuropsychiatric clinical examination and a
high-resolution T1-weighted volume MRI scan, both at
baseline and follow-up after 18 months. Follow-up images
revealed a progressive GMV reduction in specific degenera-
tion patterns. In contrast to healthy controls, SCA17 patients
showed a greater atrophy not only in cerebellar regions but
also in cortical structures such as the limbic system (para-
hippocampus, cingulate) and parietal precuneus. Clinically,
progression of motor symptoms was more pronounced than
that of psychiatric symptoms. Correlation with the clinical
motor scores revealed a progressive reduction of GMV in
cerebellar and cerebral motor networks, whereas correlation
with psychiatric scores displayed a more widespread GMV
impairment in frontal, limbic, parietal, and also cerebellar
structures. Interestingly, changes in global functioning were
correlated with bilateral atrophy within the para-/hippocam-
pus. While there was a good temporal association between
worsening of motor symptoms and progression in cerebral
and cortical neurodegeneration, the progression in psychiatric
related neurodegeneration seemed to be more widespread and
complex, showing progressive atrophy that preceded the
further development of clinical psychiatric symptoms.

Keywords Cerebellar atrophy - Longitudinal study -
SCA17 - Voxel-based morphometry - Neuropsychiatric
disorders

Introduction

Spinocerebellar ataxia 17 (SCA17) is a rare, autosomal
dominantly inherited neurodegenerative disorder character-
ized by cerebellar ataxia, epilepsy, extrapyramidal and
pyramidal symptoms, and a wide spectrum of psychiatric
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disorders [1-8]. Examples for cognitive and behavioral
abnormalities in SCA17 patients include cognitive impair-
ment, dementia, adjustment disorder, personality changes,
depression, phobia, and schizophrenia [2, 3, 7]. The disease-
related mutation causes an expanded polyglutamine in the
TATA-binding protein [8, 9]. The mean age of onset is about
30 years for individuals with full-penetrance alleles, but can
range from 3 to 55 years [10]. The pathoanatomical and
pathophysiological basis of the development of neuropsy-
chiatric symptoms have not yet been well understood but the
presence of cognitive and emotional symptoms of this
neurodegenerative disorder has received increasing attention.
Recently, we reported specific functional-structural correla-
tions including differential patterns of degeneration related to
motor and psychiatric signs in SCA17 [2]. The purpose of
the present study was to capture the dynamics of gray matter
volume (GMYV) atrophy changes in the context of the clinical
neuropsychiatric course of deterioration in these patients. We
were interested in the question whether the progress of
neuropsychiatric symptoms can be explained by progression
of gray matter loss and if this was true, which brain
structures would have been mostly affected by this progres-
sion. Structural imaging techniques such as voxel-based
morphometry (VBM) are well suited to assess progression of
GMYV loss. Longitudinal magnetic resonance imaging (MRI)
measurements suit best to assess structural changes over time
against progression of neuropsychiatric signs of neurodegen-
erative disorders. To the best of our knowledge, such
longitudinal structural studies have been lacking for SCA17
so far. Based on our recent systematic cross-sectional study
[2], we had two major aims: Firstly, to compare GMV over
an 18-month period between patients with SCA17 and
healthy controls for the identification of changes specifically
associated with neurodegenerative progression in SCAI17.
Secondly, we aimed at elucidating cerebral structures
significantly involved in the progression of neuropsychiatric
symptoms over time by correlating structural data with
specific clinical neurological motor and psychiatric scales.

Methods
Subjects

SCA17 patients were recruited from the outpatient movement
disorders clinics at the Departments of Neurology, Universi-
ties of Rostock and Luebeck, Germany, where the patients
have been diagnosed and followed up on a regular basis. Nine
carriers of a pathological repeat expansion in the SCA17 gene
[7], seven male, two female (mean age: 40.1 (baseline)/41.6
(follow-up) years, standard deviation (SD): (+ 11.1/11.0)),
and nine age- and sex-matched healthy volunteers, seven
male, two female, (mean age: 38.3 (baseline)/39.7 (follow-

up) years, SD: ( 8.9/9.7)) were studied in 2005, and about
1.5 years later in 2007 (SCA17: 1.4+0.1 years (mean + SD),
controls: 1.3+£0.7 years). Age differences between both
groups were not significant (p=0.73). All patients were
interviewed and clinically examined to evaluate the neuro-
logical (C.K., J.H.) and psychiatric status (R.L., S.S.) using a
standardized examination procedure at both times (Interna-
tional Cooperative Ataxia Rating Scale (ICARS), spasticity
rating scale (in accordance with the Ashworth score), motor
part of the Unified Parkinson's Disease Rating Scale
(UPDRS-III), Mini-Mental State Examination (MMSE),
personality change due to an organic brain disorder (F07),
Global Assessment of Functioning (GAF). Details of these
procedures have been described previously [2].

At baseline clinical assessment, seven of nine individuals
with SCA17 mutations were markedly and two mildly
affected. Most of our SCA17 patients clearly displayed
cerebellar, extrapyramidal, and pyramidal signs, and these
motor signs showed progress over time (Table 1).

In more detail, signs of ataxia were observed in eight at
baseline and in nine SCA17 patients at follow-up. The
phenotypic spectrum was wide ranging from mild to severe
cerebellar signs with mean ICARS score of 24.9 (SD=2.7)
at baseline and 38.6 (SD=4.0) at follow-up. Most of our
patients showed mild signs of spasticity (Ashworth score at
baseline: 1.1+0.1 and follow-up: 1.2+0.1). There was
hardly any change in spasticity scores over the follow-up
period. Within 18 months, there was a significant increase
regarding the mean UPDRS-III scores (at baseline: 22.7+
2.5, at follow-up: 27.8+2.5; Table 1). The mean MMSE
percent rank was 76.9%=3.1 at baseline and 72.1%=+3.8 at
follow-up, ranging from 100% to 20%. There were no
significant changes from baseline to follow-up for either
personality change scores according to ICD-10 item FO7
(baseline: 1.77+0.2, follow-up: 2.0£0.2) or GAF scores
(baseline: 71.3+3.4, follow-up: 67.5+3.8).

Normal subjects were not related to the SCA17 subjects.
The following exclusion criteria were used: a history of
neurologic or psychiatric illnesses, prior exposure to
neuroleptic agents or drug abuse, a medical history of
hypertension, cardiovascular disease, or diabetes mellitus,
and an abnormal neurologic examination. The study was
approved by the local ethics committee, and written
informed consent was obtained from all participating
subjects in accordance with the Declaration of Helsinki
[11] (http://www.wma.net/e/policy/b3.htm).

MRI Scanning
Morphometric Analysis

Scanning was performed with a 1.5 T whole-body
scanner (Symphony, Siemens, Erlangen, Germany). All
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Table 1 Demographics and neuropsychiatric findings in SCA17 patients at baseline (T1) and follow-up (T2)

Number  Sex  Age (years) DD (years) Ataxia Spasticity UPDRS-III MMSE GAF FO7
Tl T2 Tl T2 Tl T2 TI T2 Tl T2 Tl T2 T1 T2 Tl T2

1 M 50 51 20 21 4 94 3 3 59 59 26.7 20.0 20 20 4 3
2 w 45 45 20 21 59 78 1 2 48 53 75.0 50.0 50 30 4 5
3 M 22 24 4 6 3 10 0 0 8 100.0  100.0 90 100 0 0
4 M 19 20 2 3 0 2 0 0 3 100.0  96.7 100 100 O 0
5 M 41 42 7 8 9 10 1 1 15 100.0  90.0 90 80 1 3
6 M 46 48 19 21 50 76 2 2 44 53 333 20.0 30 20 5 5
7 M 42 44 2 4 1 4 1 1 0 9 96.7 100.0 100 100 O 0
8 M 44 46 5 6 4 12 1 1 100.0  100.0 90 90 0 0
9 W 53 54 7 8 54 61 1 1 39 46 60.7 n.a. 40 na 2 n.a.

Spasticity score: 0=none, /=mild, 2=moderate, 3=severe

Ataxia International Cooperative Ataxia Rating Scale of the World Federation of Neurology, DD disease duration, UPDRS-1II Unified Parkinson's
Disease Rating Scale, MMSE Mini-Mental State Examination in percent, GAF global assessment of functioning in percent; /07 number of criteria

fulfill for an organic personality change, n.a. not available

subjects underwent structural MRI imaging using a T1-
weighted FLASH 3D MR sequence (echo time=5 ms;
repetition time = 5 ms; flip angle=30°; isotropic voxel
size 1 x 1 x 1 mm?).

Morphometric analysis was performed on a voxel-wise
statistical approach using SPM2 software (Wellcome
Department of Imaging Neuroscience, Institute of Neurol-
ogy, UCL, London, www.fil.ion.ucl.ac.uk/spm) imple-
mented in Matlab version 6.5 (Mathworks, Sherborn, MA,
USA). Each image was normalized using the International
Consortium for Brain Mapping template (Montreal Neuro-
logical Institute, Montreal, Canada), which approximates
Talairach space. We applied a 12-parameter affine transfor-
mation to correct image size and position. Regional
volumes were preserved, while corrections for global
differences in whole brain volume were made. The
normalized images of all subjects and patients were
averaged and smoothed with a Gaussian kernel of 8 mm
full width at half maximum (FWHM). Using the optimized
procedure [12], these normalized images were employed to
create a new template with reduced scanner- and
population-specific bias. Each image was then locally
deformed to the new template using a nonlinear spatial
transformation [13], accounting for the remaining shape
differences between the images and the template, and
improving the overlap of corresponding anatomical struc-
tures. Finally, using a modified mixture model cluster
analysis, normalized images were corrected for nonuni-
formities in signal intensity and partitioned into gray and
white matter, Cerebrospinal fluid (CSF), and background.
To remove unconnected nonbrain voxels, we applied a
series of morphological erosions and dilations to the
segmented images [12]. Gray matter images were smoothed
with a Gaussian kernel of 12 mm FWHM. Using a general
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linear model, a voxel-by-voxel one-way analysis of
variance was computed to detect differences in GMV
between groups. For the avoidance of possible edge effects
around the border between gray and white matter or CSF,
an absolute gray matter threshold of 0.25 was used.

Statistical Design

Firstly, canonical contrasts were calculated between nine
SCA17 patients and their corresponding group of control
subjects for baseline and follow-up. To avoid potential
artifacts due to global changes in brain size over time, the
groups of controls that were also scanned at both time
points were implemented in this study. To investigate
changes over the course of time in two groups of subjects,
a statistical design was performed in SPM2, containing the
images of the two groups (SCA17 patients and controls)
and two conditions per subject (baseline and follow-up).
Secondly, a correlation between morphometric data and the
clinical scores (ataxia, spasticity, UPDRS-III, MMSE, GAF,
F07) was performed. For the comparison between baseline
and follow-up, the respective clinical score was used as a
covariate in the statistical design for the longitudinal data.
Of note, the neuropsychiatric data for patient 9 are lacking
for T2; therefore, the scan was not included in this design.
Based on our previous morphometric results in SCA17
patients, we hypothesized a progressive GMV reduction in
the previously reported regions, such as the cerebellum,
basal ganglia, ventral striatum, limbic system, and parietal
regions such as the precuneus [2]. For the statistical
analysis, an explorative threshold of p<0.01 (uncorrected)
was used. Voxels were thresholded at a Z score >2.5, and
clusters with a cluster extent (ke) >60 are reported. Region
of interest analyses using an anatomical mask were also
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employed when having a strict a priori hypothesis to an
anatomically restricted area of expected changes in GMV
(e.g., regions that were identified in the cross-sectional
analysis at baseline). The WFU PickAtlas [14] and the
Schmahmann MRI Atlas of the Human Cerebellum [15]
were used as an anatomical reference to assess the exact
localization of significantly atrophic gray matter areas.

Results
Categorical Comparison

At baseline (T1) and follow-up (T2), a general GMV
decrease was found in the cerebellum, the limbic lobe as
well as in frontotemporoparietal structures in SCA17
patients compared to healthy participants. The most
prominent GMV loss in SCA17 patients was indeed found
in the cerebellum at baseline and also at follow-up.
Moreover, large regions with reduced GMV were ob-
served in inferior frontal and limbic structures, basal
ganglia, and temporoparietal structures. Figure 1 and
Table 2 show the longitudinal findings contrasting the
baseline and follow-up assessments (T1>T2) between
SCAL17 patients and controls. One of the most prominent
findings besides cerebellar atrophy was a GMV decrease
in the limbic uncus representing a part of the para-
hippocampal gyrus that was accentuated on the left side.
Similar to previous findings [2], the results showed a
GMYV decrease in the bilateral parietal precuneus and the
cingulate (Table 2).

Clinical Correlations

Ataxia Figure 2a illustrates the longitudinal regression
analysis (T1>T2) with the ataxia ICARS scores, compris-
ing the contrast between baseline and follow-up in SCA17
patients. At this, the right cerebellar posterior lobe (lobule
VIII) was most affected, whereas the left side (lobule VIII)
and the left cerebellar anterior lobe (lobule V) were
impaired to a lesser extent (Table 3).

Fig. 1. Longitudinal findings contrasting the baseline and follow-up
(T1>T2) assessments between SCA17 patients and healthy controls.
Gray matter volume atrophy was found bilaterally in cerebellum,

Spasticity The longitudinal approach (T1>T2) revealed
besides a decrease in GMV in the cerebellum no significant
changes in GMV (Table 3).

UPDRS-III Longitudinally, the contrast between baseline
and follow-up revealed a GMV decrease mainly in the left
putamen (Table 3, Fig. 2b).

MMSE Correlating the morphometric data with the MMSE
scores, the contrast (T1>T2) revealed a decrease in GMV
in ventral striatum. Besides this finding, GMV was
decreased in left parietal precuneus and right cerebellum
posterior lobe (Table 3).

F07 Although there was hardly any change in clinical
signs, the contrast between baseline and follow-up revealed
a bilateral neurodegenerative progression of GMV in left
middle orbitofrontal gyrus, right middle frontal gyrus, and
left anterior cerebellar lobe (Table 3).

GAF The contrast (T1>T2) displayed a GMV in the
hippocampus and parahippocampus region but also a wide-
spread decrease in GMV in the left superior frontal gyrus
(BAG), the bilateral cingulate cortex, in parietal structures
such as the right precuneus and the right superior parietal
lobule, and the bilateral cerebellum (Table 3, Fig. 2c¢).

Discussion

This is the first systematic longitudinal study on individuals
carrying an SCA17 mutation. We used VBM to evaluate
brain tissue changes over an 18-month period in these
individuals and compared their results with those of a
healthy group that was followed up over the same time
interval. Morphometric changes were related to the clinical
progression of neuropsychiatric symptoms.

The major findings are: Firstly, in SCA17 patients, we
found a progressive GMV atrophy mainly in the cerebel-
lum, cerebral motor networks, parietal structures, and the
limbic system. Secondly, there was a good temporal

o w o
e
T-value

inferior frontal, and limbic structures such as parahippocampus. The
overlay maps are superimposed and rendered on the SPM standard
T1-weighted template (p<0.05). The color bar represents the T values
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Table 2 Categorical comparison—significant gray matter volume
decrease between baseline and follow-up (T1>T2) in SCA17 patients
in comparison to controls

Region Side Coordinates V4
(mm) score

X y z

Cerebellum anterior lobe (culmen) L -15 =50 —-10 3.72
Cerebellum posterior lobe (lobule R 16 —65 -39 3.29
VIIIA)
Inferior frontal gyrus (BA9, 10, R 53 29 13 382
DLPFC)
Inferior frontal gyrus (BA11l, OFC) L -23 34 22 3.59
Medial globus pallidus R 11 -2 2 253
Parahippocampus (BA36) L -21 -6 —35 4.63
Parahippocampus (BA36) R 25 -6 —34 3.5
Anterior cingulate cortex (BA24) L -5 10 35 328
Middle temporal gyrus (BA21) L -60 50 -4 4.14
Precuneus (BA7) L -13 =70 41 3.62
Precuneus (BA7) R 16 =65 39 3.29

BA Brodmann area, DLPFC dorsolateral prefrontal cortex, OFC
orbitofrontal cortex

association between the deterioration in motor symptoms
and the progression in cerebellar and cortical neurodegen-
eration, whereas progression in GMV loss in frontal,
parietal, limbic, and cerebellar structures seemed to precede
clinical progression of more psychiatric symptoms such as
personality change and global functioning.

SCA17 is a rapidly progressive neurodegenerative
disease when compared to other neurodegenerative disor-
ders such as Parkinson's disease. Thus, we assumed that a
follow-up interval of 18 months would be long enough to
capture the clinical and structural progression in SCA17.
Once the disease has manifested, unremitting progression
of gray matter loss results in deterioration of neuropsychi-
atric impairment with death occurring at a mean age 39+

Fig. 2. a The regression analysis with the ICARS scores over time
(T1>T2) revealed a significant gray matter volume loss in left anterior
cerebellar lobe and bilateral posterior cerebellar lobe. b Within the
UPDRS motor scores the analysis displayed a gray matter volume
decrease mainly in the left putamen. ¢ Longitudinal changes of global
functioning (GAF score) over follow-up were correlated with
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20 years after a mean disease duration of 1949 years [16].
VBM is perfectly suited to visualize brain shape differences
between groups, changes over time related to the effects of
neuropsychiatric symptoms on the brain, and to highlight
patterns of altered brain structure related to these con-
ditions. We confirmed our previous work in the localization
of specific patterns of cerebral degeneration and extended
the longitudinal part in order to capture the dynamics of
GMV atrophy associated with the main neuropsychiatric
features.

Categorical Comparison over Time

In SCA17 patients, VBM revealed a significant GMV loss
over time in contrast to the controls. As we expected,
cerebellar structures, i.e., its left anterior lobe and right
posterior lobe, were most atrophic. Moreover, our data
clearly demonstrate that neurogenerative processes also
affect cerebral structures such as left limbic cingulate,
parahippocampus bilaterally, and parietal precuneus. These
findings comply well with the cross-sectional patterns in
the previously described larger population of SCA17
patients [2] and underline the ongoing progression of
neurodegeneration in the whole brain.

Regression Analysis between GMV Degeneration
and Motor Scales over Time

The main finding was indeed the progression in atrophy in
the cerebellum. It is well known that the cerebellum is the
main target of neurodegeneration in SCA. On the
structural level, a cerebellar atrophy was demonstrated in
conventional structural neuroimaging in SCA17 [7, 17]
and also in other SCA genotypes, such as SCAL, 2, and 3
[18]. On the metabolic level, in SCAIl, 2, 3, and 6
cerebellar glucose metabolic deficits were reported using
fluorodeoxyglucose positron emission tomography (FDG
PET) [19, 20].

o
T-value

R

reductions of gray matter in hippo- and parahippocampus bilaterally,
but also with widespread atrophy in frontoparietal structures including
precuneus, cingulate, and cerebellum. The overlay maps are super-
imposed and rendered on the SPM standard T1-weighted template (p<
0.05). The color bar represents the T values
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Table 3 Clinical correlations—significant gray matter volume de-
crease between baseline and follow-up (T1>T2) in SCA17 patients in
comparison to controls

Region Side Coordinates V4
(mm) score

Ataxia
Cerebellum anterior lobe (lobule V) L 26 —47 -29 3.73

Cerebellum posterior lobe (lobule R 17 =56 —60 4.64
VIII)

Cerebellum posterior lobe (crus II) R 44 —=75 -39 3.27
Cerebellum posterior lobe (lobule L 27 56 -57 3.51
VIII)
Spasticity
Cerebellum anterior lobe (lobule V) L 27 =56 29 3.82
Cerebellum posterior lobe (lobule L -2 —68 —35 4.94
VIID)
UPDRS-III
Putamen L -18 19 -6 3.67
MMSE

Ventral striatum R 23 9 -9 251
Ventral striatum L —26 9 —-13 2.59
Precuneus (BA7) L -4 36 45 393
Cerebellum posterior lobe (crus I) R 41 -82 35 4.01

F07
Middle orbitofrontal gyrus (BA10) L -38 52 12 277
Middle frontal gyrus R 25 32 31 263
Cerebellum anterior lobe (lobule V) L -25 =51 =30 2.50

GAF

Superior frontal gyrus (BA6) -13 =10 73 3.20
14 47 0 344
-5 =36 52 3.80
11 =55 74 3.36
20 —69 65 3.40

L
Anterior cingulate cortex (BA32) R
L
R
R
R 34 —-14 21 3.53
L
R
R
L

Middle cingulate cortex

Precuneus

Superior parietal lobule (BA7)

Hippocampus

-22 —40 2 298
7 =50 —-10 4.16
41 -84 35 457

—22 —66 —54 3.66

Hippocampus
Cerebellum anterior lobe (lobule IV)
Cerebellum posterior lobe (crus I)

Cerebellum posterior lobe (lobule
VII)

Ataxia International Cooperative Ataxia Rating Scale of the World
Federation of Neurology, B4 Brodmann area, /07 personality change,
GAF Global Assessment of Functioning, MMSE Mini-Mental State
Examination, Spasticity spasticity score, UPDRS-III Unified Parkin-
son's Disease Rating Scale

The basal ganglia, playing a fundamental role in the
extrapyramidal motor system, seem to be involved in the
pathological process in SCA17. Striatal dysfunction in
SCA17 has been demonstrated in several ways: T2-
weighted MRI displayed putaminal rim hyperintensity
[21]. FDG PET revealed a reduced striatal glucose
metabolism [22-24], and single photon emission tomogra-

phy (SPECT) scans demonstrated a progressive marked
reduction of striatal dopamine transporter availability over a
2-year follow-up period [23, 24]. Using FP-CIT SPECT, it
was demonstrated that nigrostriatal dysfunction does not
occur in the earliest disease stages and correlates with the
clinical severity of ataxia in manifesting patients with a
fully developed phenotype [25]. The progressive decrease
in the basal ganglia over time and in relation to extrapy-
ramidal signs may therefore provide the pathological
substrate to these metabolic observations.

Regression Analysis between GMV Degeneration
and Psychiatric Scales over Time

The degree of the personality change and global function-
ing due to SCA17 mutation related brain dysfunction were
both correlated with brain volume reduction in a wide range
of cortical areas including frontal, parietal (precuneus),
limbic (anterior and posterior cingulate, parahippocampus),
and cerebellar structures. While the correlation with the
degree of personality change after follow-up only revealed
some marginal changes in frontal and cerebellar structures,
this was different for global psychosocial functioning. The
extent of gray matter loss in frontal, limbic, and cerebellar
degeneration that was correlated with GAF scores was
found to increase during follow-up of 18 months. The
frontal and the limbic systems represent the main neuroan-
atomical structures for the emotional system [26], whereas
the precuneus appears to play an important role in
fundamental cognitive functioning in humans. Anatomical
studies of cytoarchitecture and connectivity have partially
exposed the neural system to which the precuneus belongs,
a widespread network of higher association cortical and
subcortical structures, indicating the complexity of its
behavioral specializations [27]. Recent functional imaging
findings in healthy subjects have shown a central role for
the precuneus in a wide spectrum of highly integrated tasks
[27]. Thus, based on the involvement of precuncus and
cingulate in attentional, motivational, and emotional pro-
cessing [28] on the one hand, and the control of emotional
behavior by frontal areas, the dysfunction within this circuit
may explain a reduced ability to persevere with goal-
directed activities and increased emotional irritability as
being observed in most of our patients. Also disinhibited
expression of needs or impulses and apathy may reflect
frontal dysfunctions [2].

The finding of additional involvement of para- and
hippocampal regions underlines its fundamental role in the
neurodegenerative progression in SCA17 patients. Atrophy
of the hippocampus has been described in a variety of
psychiatric disorders [29-31]. There is evidence that
hippocampal atrophy even precedes the development of
psychiatric symptoms although the exact role and basis for
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that are still unknown [32, 33]. Hippocampal degeneration
may reflect the high accumulation of dementia in SCA17
patients as reported previously [2]. Otherwise, the para-
hippocampal region, an important part of the limbic system,
contains various and complex interconnections with regions
that are involved in emotional processing.

The regression analyses with personality change and
global functioning also showed correlations with the
cerebellum, known to be involved in nonmotor functions.
Based on neuroanatomical studies demonstrating a variety
of complex connections between the cerebellum and frontal
and limbic areas [34], basal ganglia and other cortical
structures [35], functional studies [36], and reports of
patients with cerebellar diseases (e.g., [37, 38]), point to
an important modulating role of the cerebellum for
cognition and emotion processing. The disruption of these
cerebrocerebellar circuits may result in the observed
psychiatric symptoms.

Based on the important role of the ventral striatum, in
particular the nucleus accumbens, for the transition from
“emotion and motivation to action,” the high correlation
between the MMSE scores and the bilateral ventral striatal
atrophy may explain reduced capability of emotional and
behavioral control as observed in SCA17 patients suffering
from dementia [2].

The discrepancy between progression over time in
frontal, limbic, parietal, and cerebellar structures but very
mild clinical psychiatric symptom progression is in contrast
to the consistency of motor symptom progression and
increased GMV atrophy in motor system-related areas
during follow-up. The broad phenotypic spectrum in
SCA17 seems to progress in variable stages with motor
symptoms being usually more prominent whereas neuro-
psychiatric abnormalities may harder to define both for
patients and physicians. The progression of structural
alterations related to psychiatric disorders seems to be
more complex and preceded the manifestation of clinical
psychiatric symptom progression. Also, we have to consid-
er that our sample size was small and included patients of
various disease stages such as five patients on a high
function level and four on a low function level. A
deterioration of neuropsychiatric function during follow-
up was only observed in the latter patient group.

Summary

The findings in this first longitudinal VBM study in SCA17
patients confirm previous cross-sectional analyses and
revealed progressive GMV loss in specific degeneration
patterns related to structure and function [2]. The progres-
sion at the structural level seems to mirror the progression
of clinical motor features. The progression of structural
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findings related to psychiatric symptoms seems to be more
distributed and interdependent. The ability to longitudinally
evaluate GMV changes offers new opportunities for a better
understanding of pathophysiological and pathoanatomical
processes in SCA17 and may thus be helpful in monitoring
novel treatment approaches for individuals carrying a
SCA17 mutation.
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