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Abstract

Background Spinal cerebellar ataxia 11 (SCA11) is a rare disease, characterized by progressive cerebellar ataxia, abnormal eye
sign. Four families have been reported in the past. We report on China’s first family with spinocerebellar ataxia 11.

Methods A careful investigation of the clinical manifestations, brain imaging, and exome and Sanger sequencing were utilized to
identify pathogenic genetic variants in a three-generation pedigree that includes 5 affected individuals.

Results The proband and affected members began to develop cerebellar ataxia, dysarthria, nystagmus, and strabismus at approx-
imately age 40 for no apparent reason. The lifespan of patients in the family is shortened. Brain MRIs showed cerebellar atrophy
and slight atrophy of the bulbar medulla. Electromyography showed extensive neurogenic damage. Sensory evoked potentials of
lower limbs showed damage to the spinal-brainstem-cortical conduction pathway. Genetic analysis revealed a novel point
mutation (¢.3290T>C) in the TTBK2 gene encoding tau-microtubule kinase 2, which led to an amino acid exchange
(p.-Vall097Ala). The missense mutation segregated with the phenotype. The mutation has a very low mutation rate in the
population, the variant amino acids are highly conserved among species, and protein function damage prediction at the mutation
site is detrimental and is highly likely to cause protein damage. The pathogenicity prediction of the mutation site shows that it is
likely to cause disease. This variation is consistent with the diagnosis of SCA11.

Conclusion The first SCA11-affected family in China was characterized by gait instability, movement disorders and dysarthria
with obvious cerebellar atrophy. The pathogenic allele was a ¢.3290T>C mutation in the 77TBK2 gene.
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Hereditary ataxia is a group of hereditary diseases character-
ized by the slow development of uncoordinated gait, often
accompanied by poor coordination of hands, language, and
eye movements. The cerebellum often shrinks. Hereditary
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TTBK2 is a multifunctional kinase composed of 1244
amino acids that is involved in important cellular process-
es. Its main function is to modify specific targets to initiate
the formation of cilia [4, 5]. SCA11 is caused by mutations
in the tau-tubulin kinase 2 encoding gene T7BK2 [6].
TTBK2 is highly expressed in Purkinje cells, granule, the
hippocampus, midbrain, and the substantia nigra in the
cerebellum, while its expression is low in the cortex.
Affected brain tissues show substantial cerebellar degener-
ation and tau deposition [6, 7]. TTBK2 phosphorylates tau
protein at sites 208 and 210 [8]. Furthermore, TTBK?2 may
interact with the inositol/IP3 pathway, and stabilize cells
(especially Purkinje) to resist calcium-induced cell death
[7, 9]. The mechanism of tau toxicity is still unclear, and
the interaction between TTBK2 and tau may be related to
the common pathway of TTBK?2, gsk-33 and tau [6].

Spinal cerebellar ataxia type 11 (SCAI11) is exceedingly
rare. Its clinical features include slow progression of aggravat-
ed purely cerebellar disorders with a normal life expectancy,
with symptoms such as ataxia of the gait, ataxia of the trunk,
gallop at full speed, upper extremity ataxia, lower extremity
ataxia, dysarthria, and horizontal nystagmus [10]. Currently,
only 5 affected families have been identified, one each from
Britain, Pakistan, France, Germany, and Denmark, and their
TTKB2 mutations are not completely the same. These include
c.1329 1330insA from Britain, c.1284 1285delAG from
Pakistan, c. 1306 _1307delGA from Germany and France,
and ¢.1205_1207delinsA from Denmark [6, 10, 11]. These
mutations are all code shift mutations, leading to the prema-
ture generation of termination codons in the mRNA and ulti-
mately to protein truncation and/or nonsense-mediated decay
of the mutant transcript, leading to haploinsufficiency of the
TTBK2 protein [7, 11, 12].

Brain MRI scans showed cerebellar atrophy, as well as
moderate atrophy of the pons and medulla. Macroscopic
examination showed retention of the brainstem with

1 [+

obvious cerebellar atrophy. Microscopically, the cerebel-
lum showed severe loss of Purkinje cells and significant
reduction of granule, a large number of empty baskets,
and proliferation of Bergmann glial cells [6].

SCA3 is the most common autosomally inherited cer-
ebellar ataxia in China, while SCA11 is very rare [1, 13].
Here, we report the first family with spinocerebellar
ataxia 11 in China and a new 77TBK2 mutation. In this
study, we carefully collected and analyzed the clinical
data of the proband and her family members, including
clinical manifestations, imaging results, electrophysiolog-
ical examinations, and next generation sequencing
(NGS), which detected a new pathogenic 77BK2 muta-
tion and helped us diagnose the first case of familial
SCAI1 in China.

Materials and methods
Family pedigree and patient evaluation

All the examined persons were from the same Chinese
SCA11-affected family. At the time of writing, there were 26
persons from 3 generations, including 10 patients with ataxia
and/or maldevelopment, as shown in Fig. 1. All investigations
were conducted with informed consent as part of the clinical
diagnostic assessment.

Clinical data collection

After signing the informed consent form, the proband
underwent a test for serum creatine kinase, electromyography
(EMG; Keypoint electromyography/evoked potential instru-
ment, Denmark), and brain magnetic resonance imaging
(MRI) (SingaHDxt 3.0T magnetic resonance scanner; GE,
USA). Two family members (I116 and I118) completed the
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Fig. 1 Pedigree of the first Chinese SCA1l-affected family. The arrow
indicates the patient; circles indicate female and squares indicate male
family members; solid symbols indicate affected family members; +
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and — signs indicate individuals with and without the TTBK2 mutation,
respectively; the / symbols indicate deceased family members
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testing for serum creatinine kinase (CK) and electromyography
after signing the informed consent forms. 116 also completed
the brain magnetic resonance imaging (MRI) examination.

Next-generation sequencing

The whole-exome sequencing of the proband revealed three
suspicious variants: ¢.1541A>G in ATXN7 exon 9, ¢.580G>A
in DARS2 exon 6, and ¢.3290T>C in TTBK?2 exon 15. Then,
next-generation sequencing was used to assess the corre-
sponding genes in family members who volunteered to par-
ticipate in the examination, and it was found that all the mem-
bers with similar clinical manifestations to those of the pro-
band had a heterozygous 77BK2 ¢.3290T>C mutation, while
no ATXN7 or DARS2 mutations were found.

Results
Clinical description

The proband was a Chinese woman born in 1969. She was
transferred to our department in 2018 and diagnosed with
hereditary ataxia due to progressive dysarthria and walking
instability in the past 5 years. Her father, uncle, aunt, grand-
mother, brothers, and sisters also had similar ataxia symptoms,
so she was suspected of having heritable ataxia. Her mother
was healthy and had no neurological symptoms. From the age
of 44, the proband gradually developed slurred speech and
unsteady walking without an obvious proximal trigger.
Physical examination findings include the following: dysar-
thria, liquid dysphagia, nystagmus, gait indicative of cerebel-
lar ataxia, both open and closed eyes positive for Romberg’s
sign, limb muscle strength level 5, muscle atrophy, active
tendon reflex in the limbs, negative pathological signs.

Some of her siblings were also showing similar symptoms.
The main symptoms were as follows: The younger sister (I116)
of the proband had disease onset at the age of 38, presenting
with dysarthria, gait indicative of cerebellar ataxia, and

Fig. 2 The proband’s brain MRI
showed the sulcus and cistern
were widened and deepened,
especially in the cerebellum (a)
and the medulla oblongata was
slightly atrophied (b)

weakness of both lower limbs after activity. Physical exami-
nation for nystagmus and dysdiadokokinesia was positive. At
the age of 37, III15 had already suffered from articulation
disorder, cerebellar ataxia gait; physical examination findings
include the following: nystagmus, finger nose test (+), right
lower limb muscle strength 57, active tendon reflex of both
lower limbs. At the age of 43, III8 developed progressive
dysarthria, liquid dysphagia, cerebellar ataxia, gait, limb
weakness, and movement disorder. The brother (I119) of the
proband developed dysarthria and cerebellar ataxia gait at the
age of 42. The father (I12), uncles (113, 117), aunt (II5), and
grandmother (I12) of the proband also developed the disease
around the age of 40, with progressive dysarthria, unstable
walking, choking and liquid dysphagia, limb weakness, limb
muscle atrophy, and finally complete immobility. The uncles,
aunts, and grandmothers (I3, 117, 115, 12) all died around the
age of 50, whereby II5 and I2 died by suicide. The specific
causes of death were unknown, although the affected persons
seemed to have shorter than normal life expectancy for the
years in question. However, it could not be ruled out whether
they also suffered from some other diseases, including mental
illness.

Brain imaging

The brain magnetic resonance imaging of the proband showed
that the sulcus and cistern were widened and deepened, the
cerebellum was moderately atrophied, there was mild atrophy
of the medulla oblongata, and no obvious abnormalities in the
brain MRA. There was no obvious abnormality in brain mag-
netic resonance imaging and MRA of 1116 (Fig. 2a, b).

Laboratory examinations

Laboratory examination showed that the proband had a serum
creatine kinase (CK) concentration of 109.52 U/L (normal
range 38-174 TU/L); 1116 had serum CK of 305.53 U/L, and
M8 had 136.37 U/L. We only tested serum creatine kinase
(CK) once in these patients, so no trend was observed.
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Electrophysiological examination

Electromyography of the proband showed extensive neuro-
genic damage. Sensory evoked potentials of the lower limbs
indicated an impaired spinal cord-brainstem-cortex conduc-
tion pathway. However, repeated nerve stimulation (RNS)
and the electroencephalogram were normal. In II16, the
EMG was indicative of generalized neurogenic damage, while
the RNS showed no characteristic changes. In III8, the EMG
was indicative of generalized neurogenic damage (lower
limbs affected).

Genetic analysis

Genomic DNA was isolated from whole blood samples
using a Flexigene DNA kit. Whole-exome sequencing
was conducted for the proband. At least 0.5 pg of
DNA from each of the subjects was fragmented into
180-280 bp segments using a Covaris sonicator. Qubit
2.0 and Agilent 2100 were used for preliminary quanti-
fication and detection of the library insert size. qPCR
was used for accurate quantification of the effective con-
centration to ensure the library quality, and an Illumina
HiSeq X Ten was utilized for library sequencing. The
Burrows-Wheeler Alignment tool (BWA) was used to
match the clean reads without adapters or debased reads
to the human reference genome (UCSC hgl9). Single
nucleotide variation (SNV) and InDel (small insert-
deletion variation) were identified by GATK (v3.6), and
CODEX, XHMM (v1.0), and KSCNV were used to an-
alyze the possible copy number. The variants were fil-
tered with SNP database (dbSNP), 1000 Genomes
Project, the Exome Aggregation Consortium (Exac),
and Exome Sequencing Project (ESP) 6500. Sorting
Intolerant from Tolerant (SIFT) and Polymorphism
Phenotyping version2 (PolyPhen-2) were employed to
predict protein function. PhyloP, phastCons, and
GERP++ are used for conservative analysis. Annotate
variation (ANNOVAR) software was used to annotate
the locations of variation in genes and transcripts.

AL =

Targeted next-generation sequencing identified a char-
acteristic heterozygous variation in the nucleotide num-
ber 3290 of the TTBK2 gene coding region from T to C
(¢.3290T>C), which resulted in the amino acid, No.1097
being changed from Val to Ala. The same mutation was
present both in the proband (III3) and in the affected
family members 1116, 1118, 1119, and III15, while the un-
affected member III11 did not have the same mutation.
This is a missense mutation, and the mutation and its
pathogenicity have not been reported (refer to the
PubMed and HGMD Prodatabases). The gene sequencing
results of the proband and family members are shown in
Fig. 3. Due to conditional constraints, we were unable to
detect the mutation rate of this site in the normal popu-
lation. The new mutation is not a polymorphism change.
By searching the public database of human genetic var-
iation (reference database 1000Genomes and Exac data-
base), we found that the frequency of new mutation sites
in the general population and East Asian population is
very low. The specific data are shown in Supplementary
Table 1. Using ANNOVAR, we found that the mutation
site is harmful and may lead to protein function damage.
The specific data are shown in Supplemenatry Table 2.
The amino acid of T7BK2 gene protein No.1097 is high-
ly conserved among different species. The database data
are shown in Table 1.

Discussion

SCAL11 presents with progressive cerebellar ataxia and ab-
normal eye sign (jerky pursuit, horizontal, vertical nystag-
mus). Occasionally, a pyramidal tract sign, peripheral neu-
ropathy, and dystonia may be seen. The average age of
onset was from the early teens in patients of Pakistani or-
igin to between 40 and 50 years of age in French and
German families. The age of onset in the family we diag-
nosed was about 40 years old, and the clinical manifesta-
tions were similar to those of the previously found SCA11-
affected families, including ataxia, maldevelopment,
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Fig. 3 First-generation sequencing: 77BK2 sequence, an arrow indicating the mutation (¢.3290T>C)
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Table 1 In different databases, conservative scores for variant amino
acids in different species

Various databases Conservative prediction

scores

GERP++ RS 5.13
phyloP100way_vertebrate rankscore 0.737
phastCons100way vertebrate rankscore 0.715

nystagmus, and strabismus. The diagnosis of SCA11 main-
ly depends on clinical manifestations and the presence of
mutations in 7TBK?2, which is the only known gene whose
mutations lead to SCA11.

SCAT11 patients can show cerebellar atrophy in brain
magnetic resonance imaging (MRI). We found atrophy of
the cerebellum and medulla in the magnetic resonance im-
aging of the proband, but no cerebellar atrophy was seen in
the image of the sister. It is not clear which factors are
related to the severity and development of the disease.
We suspect that the differences in imaging results may be
related to the age of onset, current age, progress, and se-
verity of each case. Our neurophysiological EMG mea-
surements of three members of the family showed exten-
sive neurogenic damage, so EMG testing may provide
some help in the diagnosis of the disease. The previous
SCAIl1-affected families showed that the disease does not
affect life expectancy, whereby many patients had a
lifespan of more than 75 years. However, many members
of the family from this study died at around 50 years old,
which seems to be shorter than the normal life expectancy
at the time in question in China. It should also be noted that
two of them died by suicide. The specific causes of death
of the other members are not clear, and we are not sure
whether these members may have suffered from other dis-
eases, including mental, cognitive, psychological, and
physical diseases. We should strengthen the management
of the comorbidities of the disease and conduct neuropsy-
chological tests to detect the comorbidities of patients early
and begin psychological counseling and other related treat-
ments where necessary.

This is the first SCA11-affected family found in China,
which broadens our knowledge of the phenotypic spec-
trum of this rare disease. The previously discovered
TTKB2 mutations in SCAll-affected families were
c.1329 1330insA in the UK, ¢.1284 1285delAG in
Pakistan, ¢.1306_1307delGA in Germany and France,
and c.1205 1207delinsA in Denmark. These mutations
are frame-shift mutations [6, 10, 11]. By contrast, the
TTBK?2 mutation we found here is a new point mutation
(c.3290T>C) that leads to an amino acid exchange
(p.Vall097Ala). In one study, a patient with ataxia was
found to have a heterozygous 77BK2 c.2525A>G (exon

14) mutation that resulted in the amino acid exchange of
p.E842G [14]. In the SCAI1Il screening studies in
Germany and France, a German-Polish family was found
to have exon 13 point mutation of T77TBK2 (c.1952C>T,
p-T651M). However, none of these mutations are consid-
ered pathogenic due to lack of genetic test results for af-
fected family members or the mutation is not separated
from the phenotype [11].

We found a new heterozygous 77TBK2 mutation,
¢.3290T>C (exon 15), which leads to an amino acid exchange
(p-Vall097Ala). This mutation was found in the similarly
affected III8, III9, 1116, and III15, but not in the disease-
free III11. This missense mutation segregated with the
phenotype. The occurrence frequency of the new mutation
in the general population is very low, and the pathogenic-
ity prediction SIFT scores, PolyPhen scores, and
MutationTaster scores are high, and the mutated amino
acids are highly conserved among different species. We
found through the HOPE web service that the wild-type
and mutated amino acids have different sizes, and the
mutants have smaller residues. The wild-type residue is
predicted (using the Reprof software) to be located in its
preferred secondary structure, a 3-strand. The mutant res-
idue prefers to be in another secondary structure; there-
fore, the local conformation will be slightly destabilized.
Although we did not perform functional tests, we believe
that the mutation is likely to be pathogenic. Unfortunately,
genetic testing was not performed on all members of the
family, especially a sufficient number of clinically nega-
tive members. Continued follow-up of the family will
help us be more specific about the disease-causing muta-
tions. Functional testing should be done in the following
studies, since it will help us further understand and deter-
mine the pathogenic mechanism of the mutation and fur-
ther study the relationship between SCA11 and TTBK2
mutations.

Further identification of 77BK2 mutations, especially trun-
cation and missense mutations, will be of great significance
for the understanding of SCA11. In the future, we can obtain
knowledge about the type of 77BK2 mutations and the clinical
effects of various variants by studying more pedigrees, so as to
provide a solid foundation for genetic diagnosis of SCA11.
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