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Abstract

SCAA48 is a novel spinocerebellar ataxia (SCA) originally and recently characterized by prominent cerebellar cognitive-affective
syndrome (CCAS) and late-onset ataxia caused by mutations on the STUBI gene. Here, we report the first SCA48 case from
Turkey with novel clinical features and diffusion tensor imaging (DTI) findings, used for the first time to evaluate a SCA48
patient. A 65-year-old female patient with slowly progressive cerebellar ataxia, cognitive impairment, behavioral changes, and a
vertical family history was evaluated. Following the exclusion of repeat expansion ataxias, whole exome sequencing (WES) was
performed. Brain magnetic resonance imaging (MRI), including DTI, and single-photon emission computed tomography (SPECT)
were used to study the primarily affected tracts and regions. WES revealed the previously reported heterozygous truncating mutation in
ubiquitin ligase domain of STUBI (ENST00000219548:¢.823 824delCT, ENSP00000219548:p.L.275Dfs*16) leading to a frameshift.
Patient’s cognitive status was compatible with CCAS. Novel clinical features different from the original report include later onset
chorea, dystonia, general slowness of movements, apraxia, and palilalia, some of which have been recently reported in two families
with different STUBI mutations. CCAS is a prominent and often early feature of SCA48 which may be followed years after the onset of
the disease by other complex neurological signs and symptoms. DTI may be helpful for demonstrating the cerebello-frontal tracts,
involved in CCAS-associated SCA48, the differential diagnosis of which may be challenging especially in its early years.
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Introduction

Spinocerebellar ataxias (SCAs) are a group of neurodegener-
ative disorders with dominant inheritance patterns. To date,
almost 50 different types of SCAs have been described, the
most recent one being SCA48 reported by Genis et al. in a
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Spanish family [1]. In this family with a dominant inheritance
pattern, patients present initially with cognitive and behavioral
symptoms compatible with cerebellar cognitive-affective syn-
drome (CCAS), later followed by cerebellar motor signs. A
more recent paper by De Michele et al. described in two Italian
families, two heterozygous STUBI mutations resulting in an
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expanded phenotype which starts with ataxia and later in-
cludes complex extrapyramidal features [2].

Here, we report a SCA48 family from Turkey, the third
study worldwide and the second with the original Spanish
mutation. The initial clinical feature in our family is CCAS,
which is followed years later by motor cerebellar symptoms
but other than the Spanish family additionally by extrapyra-
midal signs, further expanding the phenotype of the disease.
In addition to conventional MRI, we applied the MRI-based
neuroimaging technique, diffusion tensor imaging (DTI),
which makes it possible to estimate the white matter organi-
zation of the brain [3]. Our study reveals for the first time the
tracts involved in CCAS-associated SCA4S.

Case report
Clinical findings

A 65-year-old female patient was taken to the neurology out-
patient clinic by her family with complaints of gait imbalance,
decreased verbal output, dysarthric speech with redundancy,
forgetfulness, and behavioral changes. She had no systemic
complaints.

At the age of 51, she was initially evaluated at another
center because of complaints of diminished speech fluency,
deficits in attention and judgement, inappropriate answers,
and mild amnesia with slow progression and anxiety. Her
repeated neuropsychiatric evaluations, at the age of 53 and
55, indicated progressive frontal lobe dysexecutive syndrome
with prominent attention deficits. At that time, her cranial
MRI revealed mild cerebral and slightly more prominent cer-
ebellar atrophy (data not shown).

The cognitive and behavioral symptoms of the patient were
followed 3 years later by impaired fine motor skills and 8
years later by imbalance of gait. Her speech became slurred,
and she began to repeat the same words and sentences for
several times. Throughout the last 4 years, she also developed
severe anxiety. One year prior to her admittance at the age of
64, she developed aggressive behavior, delusions, frequent
awakenings during night sleep, mild involuntary movements
on her lower extremities, and urinary incontinence. Loss of
appetite and weight in the last 6 months along with inadequate
self-care and hygiene were reported. The speed of the progres-
sion of the disease accelerated in the last 5 years.

Her examination during admittance showed prominent
cognitive decline with language impairment and amnesia.
She was unable to perform the neuropsychological tests, to
read, and to write. She was anosognostic towards her disease
being unaware of her condition. She had ideomotor apraxia
(video 1), her reaction time to stimuli was also delayed. She
had cerebellar dysarthria and a limited verbal output accom-
panied by palilalia.
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Her gait was ataxic. Sometimes, she needed unilateral sup-
port for walking. She had a slightly bent posture with postural
instability, global slowness of movements, and parkinsonian
type of shuffling gait without accompanying rigidity and rest-
ing tremor (video 2). She had bilateral pyramidal findings with
hyperreflexia and positive Hoffmann and Babinski signs.
Mild facial and cervical dystonia were observed (videos 3
and 4). She also had choreic movements on her extremities,
more prominent on the feet (video 5).

The mother (II-4) and maternal aunt (II-2) of our index case
(II-7) were not personally examined by us; however, her
daughter, a physician, provided a very detailed description of
their disease and disease course (Fig. 1). Their disease also began
with cognitive symptoms and much later complemented by cer-
ebellar signs, altogether lasting for over 10 years. The severity of
their symptoms also showed an accelerating course with addi-
tional neurological features like chorea and dystonia towards the
terminal stage of the disease. They both passed away bedridden
and cachectic. Further demographic and clinical features of the
family are listed in (Table 1).

Neuroimaging findings

Brain MRI with DTI and 99mTc-HMPAO Brain perfusion
SPECT imaging were performed. MRI revealed
cerebrocerebellar atrophy, more prominent in the cerebellum
(Fig. 2). Cerebellar atrophy was localized especially to seg-
ments VI-VII of the posterior vermis. Atrophy of the frontal
and occipital lobes was more pronounced compared with oth-
er cerebral regions. DTI showed paucity of the cerebellar con-
nections to the brain stem and cerebrum, especially in the
superior longitudinal fasciculus. Superior and middle cerebel-
lar peduncles were mildly atrophic. Subcortical U-fibers at the
frontal dorsolateral region were not visible bilaterally (Fig. 3).
Brain SPECT showed hypoperfused areas in frontal, parietal,
and temporal lobes. Cerebellar involvement was more prom-
inent on the right side (Fig. 4).

Genetic findings

After testing for Huntington’s disease, DRPLA, C9orf72, and
SCA17, we performed whole exome sequencing analysis.

Methods

Conventional screening for dominant ataxias,
Huntington’s disease and C90rf72

The DNA was isolated from whole blood. PCR amplification
followed by fragment analysis and the Sanger sequencing
were applied for screening for dominant SCA17 and
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Fig. 1 Pedigree. Index patient I
(11I-7) AO = 51; mother (1I-4) AO
=60 AEX = 80; aunt (II-2) AO =

il

60 AEX =77 (AO, age of onset;
AEX, age of exitus) T

11-1

DRPLA and Huntington’s disease (HD). RP-PCR was con-
ducted for C9orf72 analysis.

Next-generation sequencing, bioinformatic
evaluation, and validation by the Sanger analysis

Whole exome sequencing (WES) was performed (Macrogen,
Korea) on index patient (III-7).

Raw data obtained from WES was processed using the
SEQ platform (Genomize, Istanbul, Turkey) and the identified
variant in the STUBI gene confirmed by the Sanger
sequencing.

Results

The sample tested was negative for the most frequent domi-
nant SCAs, C9orf72, and HD. WES revealed an already re-
ported heterozygous CT deletion in exon 7 of STUBI
(c.823 824delCT) leading to a frameshift and to a pre-
mature termination after 16 codons [1]. The deletion was con-
firmed by the Sanger sequencing (Fig. 5).

Discussion

CCAS was first described by Schmahmann and Sherman [4]
with impairment in executive function and visual-spatial
memory, personality changes characterized by blunting of af-
fect or disinhibited, inappropriate behavior, and difficulties
with language production such as mild anomia, agrammatism,
and dysprosodia. CCAS is the result of damage to the cogni-
tive cerebellum in the cerebellar posterior lobe (esp lobulus
VI, VII). CCAS may be seen isolated or with other cerebellar
symptoms [4, 5] and becomes clinically evident after the onset
of cerebellar motor symptoms in most hereditary ataxias [6, 7]

-2 1-3 -4 -5 | 1l-6 -7 m-8 -9 1l-10

The Turkish SCA48 family presented, sharing the same
truncating mutation with the first SCA48 family, confirms
the original description of the disease with the onset of cogni-
tive affected syndrome (CAS), slow progressive course, and
follow-up motor cerebellar signs. Our family expands the clin-
ical spectrum of the original STUBI mutation causing SCA48
beyond cerebellar features, including late-onset chorea, dysto-
nia, and parkinsonism. Further novel clinical findings in our
patient include early-onset progressive ideomotor apraxia and
severe palilalia (Table 1).

Although cerebellar atrophy was an early and prominent
finding in our index patient’s MRIs, cerebellar ataxia followed
years after cognitive and affective symptoms as a late
manifestation of the disease. This clinical presentation
was challenging in the early years of the disease and
thus was interpreted as signs of primary degenerative
dementia.

The SPECT findings of our patient displayed pronounced
dysfunction in the right cerebellar hemisphere, associated with
hypoperfusion of the left fronto-cortical areas. In a right-
handed individual, linguistic region in the left cortical hemi-
sphere is linked to the right posterior lateral cerebellar hemi-
sphere, which may also explain the prominent language diffi-
culties of our patient [8]. All symptomatic Genis and De
Michele cases showed cerebellar atrophy on MRIs.
Moreover, even one asymptomatic case from the Genis family
revealed cerebellar atrophy involving the posterior area of the
vermis and paravermis (lobes VI and VII).

Diffusion tensor imaging data on ataxias in general is
scarce and this is the first application of DTI to SCA48, as a
complex ataxia, with involvement of cognitive and accompa-
nying cerebellar findings. The application of DTI to SCA48 in
this study, revealing severe disconnection between the cere-
bellum and frontal lobes, together with bilateral involvement
of dentate nuclei, supports CCAS. Our DTI findings indicate
that diffusion tractography imaging may be a promising tech-
nique in the future in demonstrating the cerebello-frontal
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Fig. 2 T2-weighted axial plane and sagittal plane images of the patient
(top panel). Atrophy at frontal and occipital lobes (filled arrows) is
present. Temporal lobes are spared (a, b). Cerebellar atrophy localized

Fig. 3 Diffusion tractography images of the index patient (a—d) and
healthy individual at the same age (e—h). a, e Middle cerebellar
peduncles (green arrows) and cerebellar connections (white arrows) are
severely affected. b, f Superior cerebellar peduncles (blue arrows) and
cerebellar connections (white arrows) are mildly atrophic compared with
healthy individual. ¢, g Superior longitudinal fascicules (red arrows) are

TR:3660.0 [ 10:29:57 AM
TE: 107.0
FA: 1440

to segments VI-VII is shown (plain arrows) (b, ¢). T2-weighted axial
plane and sagittal plane images of the age- and sex-matched control
(bottom panel)

Wi \\‘

\\\

\\\s\B\

severely affected. ¢, g Subcortical U-fibers at frontal dorsolateral regions
(yellow area) are not visible bilaterally. d, h After the capsular structures
in the corticocerebellar tracts were marked with ROI (region of interest)
the images were taken. Fiber tractography images demonstrated that fron-
tal long tracts and subcortical U-fiber tracts seemed to be prominantly
affected (pink arrow)
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Fig. 4 99mTc-HMPAO brain perfusion SPECT images of the index
patient (a and b) and of a healthy control (¢ and d). 99mTc-HMPAO brain
perfusion SPECT shows the hypoperfusion areas in right parietal lobe
supramarginal gyrus, left frontal lobe superior precentral gyrus, right

tracts, involved not only in CCAS-associated SCA48 (the dif-
ferential diagnosis of which may be challenging especially in
its early years) but also in many other spinocerebellar ataxias
[9, 10].

STUBI gene encodes the protein CHIP, which is one of the
main components of the cellular protein quality control system
by its co-chaperone and ubiquitin ligase functions [11, 12].
STUBI is expressed most ubiquitiously in the cerebellum
and frontal lobes in the brain (GTEX database, https://www.
gtexportal.org/home/gene/STUBI) [13]. Recessive mutations
in STUBI were associated with SCAR16 [14-19].
Homozygous deleterious mutations located in the U-box pro-
tein domain of STUBI lead to cognitive impairment [14, 15].
More precisely, a functional analysis revealed that a recessive
mutation in this domain induces a loss of ubiquitin ligase
activity but does not affect the co-chaperone activity [20].
As opposed to SCA48, in which cognitive impairment is an
early and prominent manifestation of the disease, cognitive
impairment is either absent [14] or it is an accompanying mild
or sometimes moderate late symptom of the disease pheno-
type [13, 15, 19].
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frontal lobe middle and inferior gyrus, left temporal lobe superior and
middle gyrus, and right mid-temporal gyrus in cerebrum and decreased
perfusion in both cerebellum, more prominent on the right.

In the study of Genis et al., a heterozygous mutation in the
U-box protein domain leads to a pre-mature stop codon
(p.L275Dfs*16) and is responsible for cognitive and ataxic
neurodegeneration. The same monoallelic deletion is present
in our patient, however, with an expanded phenotype. This
expanded phenotype is also observed in the De Michele study,
but most importantly with a different temporal profile. The
widespread degeneration pattern, including the striatum, is
remarkable.

STUBI has been shown to result in multi-system neurode-
generation coinciding with systemic involvement other than
central nervous system, such as hypogonadism, short stature,
presbyacusis, ulcerative colitis, and type 1 diabetes mellitus in
recessive disease [1, 19]. It is interesting to note that dominant
STUBI mutations can give rise to widespread neurodegener-
ation, however, without systemic involvement. The
heterozygously inherited pathogenic mutations in SCA48
have to be further investigated in order to shed light on their
effects on disease initiation and mechanisms.

With the definition of SCA48, the importance of non-motor
function of the cerebellum is further confirmed. In patients
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Fig. 5 The Sanger chromatogram of patient sample. Highlighted CT corresponds to the position of the deletion and the start of the frameshift

with a dominant family history and adult-onset CCAS without
initial motor cerebellar symptoms, but cerebellar atrophy on
MRI or affected cerebello-frontal tracts on DTI, SCA48
should be considered as a possible diagnosis. Cerebellar motor
symptoms of the disease may develop years after, along with
late-onset chorea, dystonia, apraxia, and general slowness of
movements as revealed by the case presented.
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