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Abstract
Rationale: Spinocerebellar ataxia (SCA) is a common neurogenetic disease that mainly manifests as ataxia of posture, gait, and
limbs, cerebellar dysarthria, and cerebellar and supranuclear eye movement disorders. SCA has been found to include many
subtypes, which are mainly mapped to 2 genetic patterns: autosomal dominant cerebellar ataxia and autosomal recessive cerebellar
ataxia. Molecular genetic diagnosis functions as a necessity in its clinical diagnosis and treatment. In preliminary clinical work, we
identified a family of SCA28 with rare gene mutation.

Patient concerns: There are 5 patients in this family. The proband is a 32 year-old male, he mainly manifest unsteady steps for
more than 7months. The daughter of his younger maternal uncle gradually had unsteady steps and unclear speech for 5years. The
proband’s mother, uncle and grandfather had similar symptoms, but they all died.

Diagnosis: After Brain magnetic resonance imaging, whole exome sequencing and Sanger validation, the patients presented a
c.1852A > G missense mutation in the exon region of AFG3L2 gene. The other family members revealed no AFG3L2 mutations.
SCA28 is the one uniquely caused by a pathogenic variation in the mitochondrial protein AFG3L2. Combined with the clinical
manifestations, auxiliary examinations and sequencing results of the patients (III-3 and III-5), the diagnosis of SCA28 was suspected.

Interventions: The patients did not receive any drug treatment and the proband receive rehabilitation treatment.

Outcomes: The symptoms of ataxia were still progressively aggravated.

Lessons: Molecular genetic diagnosis is necessary for ataxia. We here report the case and review the literature.

Abbreviations: MRI = magnetic resonance imaging, SCA = spinocerebellar ataxia.
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1. Introduction

Spinocerebellar ataxia (SCA) is a common neurogenetic disease
that mainly manifests as ataxia of posture, gait, and limbs,
cerebellar dysarthria, and cerebellar and supranuclear eye
movement disorders, and is a highly genetically and clinically
heterogeneous disease that accounts for approximately 10% to
15% of nervous system genetic disorders. SCA is a progressive
neurodegenerative disease that includes many subtypes, which
are mainly mapped to 2 genetic patterns: autosomal dominant
cerebellar ataxia and autosomal recessive cerebellar ataxia.
Molecular genetic diagnosis is necessary for clinical diagnosis and
treatment. The clinical manifestations of the different HA
subtypes are similar, making a simple diagnosis difficult. Thus,
genetic testing has proven to be very valuable for patients with
HA. Genetic testing techniques are currently the most efficient
tools for HA diagnosis and classification, and in our previous
clinical work, we found a family with ataxia who presented a
c.1852A > G missense mutation in the exon region of the
AFG3L2 gene bywhole exome sequencing and Sanger validation.
SCA28 was suspected, which has not been reported in previous
literature. Here, we report a case and review the literature.
2. Case presentation

The proband (III-3) (32 year-old, male) visited the Department of
Neurology of our hospital for “unsteady steps for more than 7
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Figure 1. Head MRI of the proband (III-3) showed cerebellar atrophy with no obvious abnormal signals in the rest. Cervical MRI showed no atrophy or thinning in
cervical cord, and no obvious abnormal signal was found. MRI = magnetic resonance imaging.
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months” More than 7months prior to admission, the patient
gradually had unsteady steps with no obvious predisposing
causes, manifested as walking with a rolling gait. The patient’s
condition gradually worsened andmanifested with increased step
distance and drunk walking from side to side at admission. The
patient complained of recent difficulties in eye opening,
involuntary tremor of both upper limbs, and catatonia, which
were aggravated after activities.
Neurological examination: Conscious mind, dysarthria, nor-

mal memory, calculation and orientation power, normal visual
acuity and field of both eyes, free movement of both eyes in all
directions, horizontal nystagmus when both eyes look to the left,
ptosis of both eyes, unstable and inaccurate bilateral finger-nose
test, clumsy bilateral alternating bilateral movements, bilateral
heel-knee-shin test, and no bilateral pathological reflex.
Auxiliary examinations: Head magnetic resonance imaging

(MRI) of the proband (III-3) showed cerebellar atrophy with no
clear abnormal signals. Cervical MRI suggested no atrophy or
thinning of the cervical cord (Fig. 1).
Family surveys: Figure 2 shows the family history of the

proband (III-3). The mother (II-3) developed similar symptoms in
Figure 2. Ped
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her 30s, was paralyzed in bed in the following days and died in
her 40s. The elderly maternal uncle (II-2) and his children (III-1,
III-2) have no clear clinical manifestations. The younger maternal
uncle (II-5) began to suffer from illness in his 20s and died from
disease in his 30s.
The daughter of the younger maternal uncle (III-5) (25-year-

old now) gradually had unsteady steps and unclear speech with
no obvious incentive at around 20years old, manifested as a
slightly wide step base, unstraight walking, influent speech, and
appearance of choking cough in drinking water in the past year
(Table 1). Neurological examination: conscious mind, dysar-
thria, horizontal nystagmus when both eyes look to the left and
right, active tendon reflex of limbs, unstable and inaccurate
bilateral finger-nose test, clumsy bilateral alternating movements,
and bilateral heel-knee-shin test. Auxiliary examination: Head
magnetic resonance imaging suggested cerebellar atrophy
(Fig. 3).
After obtaining informed consent from patients and their

families, serum samples of the proband (III-3) and his cousin (III-
5) were collected to identify genes involved in the pathogenesis of
SCA. The blood samples were sent to the Beijing High Trust
igree Map.



Table 1

Clinical manifestations of 2 patients in a SCA28 family.

No. Onset age Ataxia Dysarthria Nystagmus
Choking and cough
in drinking water

Pyramidal
tract signs

Tendon
reflex

Muscle
atrophy Ptosis Tremor

III-3 32-yr-old + + Horizontal nystagmus + – Normal – + +
III-5 25-yr-old + + Horizontal nystagmus + – Active _ _ _

Figure 3. Head MRI of the patient III-5 showed cerebellar atrophy with no obvious abnormal signals in the rest. Cervical MRI showed no atrophy or thinning in
cervical cord, and no obvious abnormal signal was presented. MRI = magnetic resonance imaging.
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Diagnostic for Whole Exome Sequencing. Sanger sequencing of
the patients (III-3 and III-5) revealed a c.1852A > G missense
mutation in the exon region of the AFG3L2 gene, resulting in a
lysine-glutamate amino acid substitution (p.K618E) (Figs. 4 and
5). Sanger sequencing of the other family members (II-1, III-1)
revealed no AFG3L2 mutations. We checked the human gene
mutation database and found that the gene mutations reported
here had not been reported before. According to ACGS
recommended guidelines, we thought this mutation considered
pathogenic. SCA28 is the one uniquely caused by a pathogenic
variation in the mitochondrial protein AFG3L2. Combined with
the clinical manifestations, auxiliary examinations and sequenc-
ing results of the patients (III-3 and III-5), the diagnosis of SCA28
was suspected. The patients did not receive any drug treatment
and the proband receive rehabilitation treatment. The symptoms
of ataxia were still progressively aggravated.
3. Discussion

SCA accounts for 10% to 15% of the neurogenetic diseases with
a prevalence rate of (1-4) /100,000 across all ethnic groups,
Figure 4. Proband (III-3
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whereas the prevalence rate varies significantly in different
geographical regions and ethnic groups.[1] Based on the order of
discovered pathogenic genes, more than 40 types of SCA can be
divided, including 46 loci/genes discovered and 35 causal genes
identified.[2] The genetic diversity of SCA falls in trinucleotide
repeat expansions (SCA1, 2, 3, 6, 7, 8, 12, 17, dentatorubral-
pallidoluysian atrophy), pentanucleotide repeat expansions
(SCA10 and 31), hexanucleotide repeat expansions (SCA36),
conventional mutations (SCA5, 11, 13, 14, 15/16, 18, 19/22, 21,
23, 26, 27, 28, 29, 34, 35, 38, and 40), and types of unidentified
responsible genes (SCA4, 20, 25, 30, 32, and 37).[3] Of the
current autosomal dominant SCA subtypes, only a small number
of pathogenic genes have been identified. As reported, 20% to
40% of SCA families have no gene mutations.[4] Varying
functions of disease-associated genes cause complex heterogene-
ity in the pathogenesis of cerebellar degeneration and ataxia.
AFG3L2 (ATPase family gene 3-like 2) belongs to the AAA

protease subfamily (ATPase associated with various cellular
activities) and is involved in the assembly of m-AAA proteases in
the inner mitochondrial membrane (IMM), which is a hetero-
oligomers.[5] m-AAA proteases are key components of the quality
) gene sequencing.
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Figure 5. Patient III-5 gene sequencing.
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control system of IMM that canmediate the selective degradation
of unassembled and damaged proteins.[6] In addition, m-AAA
proteases are equipped with other functions, such as promoting
mitochondrial protein synthesis,[7] respiratory chain complex
assembly,[8] mitochondrial dynamics, and mitochondrial calcium
dynamic balance.[9]

Pathogenic mutations of SCA28 are commonly reported to be
heterozygous missense mutations within the key proteolytic
domain encoded by exons 15 and 16. Other mutations include a
missense mutation in exons 4[10] and 10,[5] a frameshift mutation
in exon 15,[11] and a deletion spanning exons 14 to 16.[12]Table 2
presents a literature review of pathogenic nucleotides. As shown,
the glycine to arginine substitution caused by the c.2011G > C
mutation is seen in the highly conserved peptidase-M41 region of
the AFG3L2 protein.[13] SCA28 was first reported 2 years after
the discovery of mutations on chromosome 18p11.22-q11.2,[14]

showing that the disease-associated variants on chromosome
18p11.22-q11.2 span the genomic DNA region of 7.9 Mb,
manifested as a G to A variant resulting in the substitution of
glutamate and lysine residues.[15] Concurrent heterozygote
missense mutations (c.1847A > G [p.Y616C], c.2167G > A
[p.V723M]) are rare, and decrease the levels of 2 mitochondrial
proteins: TOMM70 (translocase of outer mitochondrial mem-
brane 70) and respiratory chain complex V (ATPase), which
causes mitochondrial structural defects and suppressed func-
tions.[16] However, no dominant ataxia, except SCA28, has been
shown to be associated with mitochondrial dysfunction.
Although AFG3L2 gene variants are similar in variation type

and position, the clinical phenotypes of SCA28 patients can be
Table 2

Literature review for gene pathogenic nucleotides.

Author Publication Country S

Cagnoli C[20] 2010 Italy c.201
Gorman[21] 2015 England c.201
Laszlo[13] 2017 Hungary c.201
Cagnoli[14] 2006 Italy 18p11.2

Ulf Edener[22] 2010 Germany c.209
SinemTunc[16] 2019 Germany c.1847A>G
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further modified by the severity of clinical symptoms and age of
onset, including slow progressive gait abnormalities, ataxia, and
oculomotor nerve abnormalities (such as ophthalmoplegia and
ptosis).[17] A large amount of research has shown that patients
with SCA28 have normal cognitive function, while mild cognitive
impairment or intelligence quotient decline is not common.[18] In
the present report, c.1852A > G in the exon region of the
AFG3L2 gene was found in both the proband (III-3) and his
cousin (III-5), resulting in a lysine-to-glutamate amino acid
substitution (p.K618E). The clinical manifestations of the
patients suggested SCA28, and such heterozygous mutations
are not presented in any case report, which may provide a
reference for future clinical diagnosis. The limitations of this
report cannot be negated, the sick relatives of the last generation
of the proband are not available for gene sequencing due to their
death, and we failed to perform gene sequencing for more
members of the family. To date, the pathogenic mutations
reported here have not been reported. We need to further
genotype non-diseased members of the family and normal
healthy individuals for this mutation, and carry out further
research using cell and animal experiments to determine whether
the missense mutation is responsible for the pathogenesis of
SCA28.
The clinical manifestations of SCA are diverse. Certain features

are present in different SCA types, but the diagnosis of SCA must
be referenced from molecular genetic examinations, rather than
clinical manifestations or MRI presentations. There has been no
specific treatment targeting SCA, while symptomatic treatment,
such as drug treatment and rehabilitation treatment, is the
ite Clinical manifestations

1G>A Not reported
1G>T Progressive external ophthalmoplegia (PEO) and ptosis
1G>C Ataxia, dysarthria and eye movement disorders
2-q11.2 Juvenile-onset and slow progress; nystagmus, dysarthria,

ataxia, tendon hyperreflexia, bilateral ankle clonus and
Babinski sign

8G>A Early-onset slowly progressive cerebellar ataxia
, c.2167G>A Early-onset slowly progressive cerebellar ataxia, bilateral

ptosis and dysarthria
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mainstay but does not prevent disease progression. Gene therapy
is potentially the most ideal treatment option,[19] yet sufficient
clinical evidence is needed to support its feasibility. Clinically,
symptomatic treatment and achievement of symptom relief are
the main strategies combating SCA, and genetic counseling and
prenatal screening are encouraged for SCA patients and healthy
people in their families. Further study of molecular biology and
genetics may extend our understanding of SCA and help find
more reliable methods for effective prevention and treatment.
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