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Cerebellar Ataxia

Yi Dong, Sheng Chen, Zhi-Jun Liu, Cong Lu,
and Shi-Rui Gan

Abstract

Cerebellar ataxia can occur due to many diseases and manifest as diverse
symptoms of failing to coordinate gait, balance, extremity, and eye move-
ments. There are many causes of cerebellar ataxia; among others, genetic
disorders are major causative factors. Hereditary ataxias are progressive,
degenerative, and often fatal. Generally, the affected individuals ignore the
disease status until they have children. In this chapter we introduced a
subgroup of hereditary ataxias due to CAG repeat expansions in encoding
and untranslated regions of the corresponding causative gene, including
spinocerebellar ataxia (SCA) type 1, 2, 3, 6, 7, 12, and 17 and dentatoru-
bral and pallidoluysian atrophy (DRPLA). Additionally, the relatively rare
Gerstmann-Striussler-Scheinker syndrome (GSS) and ataxia with oculo-
motor apraxia type 2 (AOA2) are presented here as well.
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1.1 Spinocerebellar Ataxia

Type 1 (SCA1)

A 36-Year-Old Male Presented
with Gait Disturbance and Urine
Incontinence

Clinical Presentations
A 36-year-old Chinese Han male was first pre-
sented in our Neurology Department with a 2-year
history of slowly progressive gait disturbance and
slurred speech and 1-year history of urine
incontinence and sexual dysfunction. Based on his
description, symptoms originated with awkward-
ness in both upper extremities, followed by gait
disturbance. He felt the severe unsteadiness when
going downstairs. Thereafter, he began to develop
slurred speech with a plosive pitch. Currently, the
main distresses severely affecting quality of life are
urination urgency, hesitation, and erectile failure.
On examination, blood pressure was a little
high, without orthostatic hypotension (supine
blood pressure 125/100 mmHg, orthostatic blood
pressure 120/100 mmHg at 3 min). Cranial nerve
examination showed normal. The tendon reflexes
of extremities were symmetrical increased (+++),
but extensor plantar responses were negative.
Dysarthria, with monotone and plosive articula-
tion, was noted. However, dysphagia, nystagmus,
and imbalance of saccade velocity were not
observed, and his extraocular movements were
normal. In addition, dysmetria were marked as
well. Brain magnetic resonance imaging (MRI)

Y.Dong et al.

indicated the mild atrophy of cerebellum and
brainstem (Fig. 1.1). His brother (Ills), aunt (II,),
uncle (II5), and grandfather (I;) underwent simi-
lar cerebellar deficits without autonomic nervous
system abnormalities (Fig. 1.2).

Primary Diagnosis

The cerebellar deficits, dysautonomic presenta-
tions, and neurological examinations revealed the
involvement of the cerebellum and autonomic ner-
vous system. As for index patient, autonomic dys-

Fig. 1.1 Brain MRI of the index patient. A sagittal image
demonstrates the mild atrophy of cerebellum and brainstem

Fig.1.2 Pedigree of the family. The 1
squares indicate normal males; circles

being normal females; filled squares

being affected males; filled circles being

affected females; diagonal lines across 1l
symbols being deceased individuals;

arrow being the proband
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1 Cerebellar Ataxia

function findings were followed by typical
spinocerebellar ataxia presentations. We have
excluded the secondary causes. The combination of
dysautonomic expressions and cerebellar ataxia
would be more typical of the cerebellar type of mul-
tiple system atrophy (MSA-C). Hence, MSA-C was
impressed initially. However, positive family his-
tory, brain MRI, and neurological exanimation were
suggestive of likely diagnosis of autosomal domi-
nant cerebellar ataxia (ADCA). Based on Harding’s
classification, the proband could be categorized as
ADCA type I, including spinocerebellar ataxia
(SCA) types 1,2, 3,4, 12, 16, and 17 and DRPLA.

Additional Tests or Key Results

Autonomic failure in SCA patients has been
reported successively recently [1-3]. Thus,
according to the relative prevalence of SCA
around the world [4], mutation analyses of
ATXN3 for SCA3, ATXN2 for SCA2, and ATXN1
for SCA1 were performed in the affected indi-
viduals, and the results showed to be negative in
ATXN3 and ATXN2, but positive in ATXNI. It has
been identified that CAG repeat numbers of
ATXNI are 28/47 in the proband (III,) (Fig. 1.3)
and 30/51 in his younger brother (IIls). The find-
ing confirmed SCA1 diagnosis in this family.

Discussion

The onset of SCA1 is due to abnormal CAG
repeat expansions within the causative gene,
ATXNI1 [5]. The clinical picture of SCA1 patients
is highly variable and mainly includes cerebellar
ataxia, dysarthria, and eye movement abnormali-
ties. Later in the disease, the further impairment
of pontine could induce the occurrence of slow
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saccades and ophthalmoparesis. However, the
phenotype barely helped to distinguish SCA1
from other SCA subtypes [6].

As regards the phenotype heterogeneity of
SCA1, our current case manifested as unusual sex-
ual dysfunction and urinary abnormality, which
were uncharacteristic of SCA1 and not seen in the
previous autonomic function investigation of SCA1
patients [2]. Compared to common occurrence of
dysautonomic findings in SCA3 and SCA2 [1, 7],
the autonomic complaints were seldom observed in
patients with SCA1. The neuron degeneration in
SCAL1, despite most readily identified in the cere-
bellum and brainstem, involves widely in the whole
brain and is responsible for the clinical profile. The
previous neuropathology study has shown mild
neuron loss of the cranial nerve nuclei including the
vagi which regulates parasympathetic functions
[8]. Thus, the dysautonomic findings of affected
individual in our study could be connected with the
involvement of autonomic nervous system.

So far, treatment of SCA1 patients is mainly
supportive as no effective therapy to defer the
disease progression. The previous studies have
shown that intensive rehabilitation could improve
motor coordination in a cohort of patients with
cerebellar malfunction [9, 10]. Currently, inten-
sive rehabilitation may be recommended for
SCAL1 patients since symptomatic improvement
could cause the certain side effect.

Above all, this case expands the clinical pro-
file of SCA1 and highlights that its clinical spec-
trum may be broader than previously considered.
Moreover, SCA1 could be as a differential diag-
nosis of cases resembling MSA, especially those
having dominant family history.
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Fig.1.3 Chromatogram of CAG repeats within ATXN1 of the index patient (IIL;). The arrow shows normal allele (28
CAG repeats), and the gray-highlighted sequence being expanded allele (47 CAG repeats)
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1.2  Spinocerebellar Ataxia

Type 2 (SCA2)

A 33-Year-Old Man Presented
with Uncontrolled Movement of Head
and Gait Disturbance

Clinical Presentations
A right-handed 33-year-old man presented to our
Neurology Department with 6-year history of
uncontrolled movement of head, 1-year history
of slurred speech, 6-month history of gait distur-
bance, and occasionally swallowing difficulty
when drinking. The affected individual first noted
mild involuntary movement affecting his head at
27 years of age. Over the next 4-5 years, this dis-
tress worsened progressively. Four years later
speech disorder developed, followed by unsteady
gait, causing to fall down especially when run-
ning, and swallowing difficulty when drinking.
He was not yet treated when consulting us. There
was no disease history of brain trauma, encepha-
litis, and exposure history to dopamine-blocking
agents or alcohol. His father (II;) and grand-
mother (I,) underwent resembling symptoms
without uncontrolled movement of head.
Neurologic examinations revealed dysarthria,
limb, and gait ataxia. Cranial nerve examinations
showed slow saccadic eye movement and oph-
thalmoplegia of abduction. His muscle force, ten-
sion, and sensory reactions were normal. The
decreased or absent tendon reflexes were
observed. The ataxia signs comprising finger-
nose test, rapid alternating movements, and heel-
knee-shin test all indicated the cerebellar
malfunction. Brain magnetic resonance imaging
(MRI) of the index patient demonstrated the mild
atrophy of cerebellum (Fig. 1.4).

Primary Diagnosis
This was an adolescent man with cerebellar
ataxia manifestations and involuntary movement
of head. The phenotype revealed the impairment
of cerebellum and extrapyramidal tract.
Currently, the index case mainly experienced
involuntary movement of head, accompanied by
cerebellar ataxia signs. According to the previous
study [11], Huntington’s disease (HD) was

Fig. 1.4 Brain MRI of the index patient. A sagittal image
demonstrates the mild atrophy of cerebellum

possible, but the typical presentations including
psychiatric and behavior disorders and cognitive
impairment were absent. In order to exclude the
probability, we carried out HTT gene screening
for the affected individuals. However, this
causative gene of HD was negative for the
affected family members.

Additional Tests or Key Results

Hereditary anticipation was noted in this family,
and onset age of the proband’s father began in the
sixth decade with slow disease progression
(Fig. 1.5). Combined with the common ataxia
symptoms among family members, brain MRI,
and neurological examination, autosomal domi-
nant cerebellar ataxia (ADCA) should be highly
suspected. Based on Harding’s classification, the
index patient could be diagnosed as ADCA type
I, including spinocerebellar ataxia (SCA) types 1,
2,3,4,12,16, and 17 and DRPLA.

Furthermore, slow saccadic eye movement and
ophthalmoplegia of abduction, as clinical hall-
marks of SCA2 compared to other SCA subtypes,
were observed as well in the index patient. In order
to confirm diagnosis, we screened ATXN2 muta-
tion for the proband (II;) and demonstrated that he
carried 22/45 CAG repeats within ATXN2
(Fig. 1.6), which confirmed the diagnosis of SCA2.



1 Cerebellar Ataxia

Discussion
SCAZ2 is induced by an abnormal CAG expansion
within ATXN2 and mainly characterized by
slowly progressive ataxia gait, dysphagia, dysar-
thria, ophthalmoplegia, and polyneuropathy [12,
13]. It is the next most common SCA subtype
around the world, only exceeded by SCA3 [4].
Despite SCA2 shares clinical expressions with
other SCA subtypes, a slow saccadic eye move-
ment represents its clinical marker, which is dis-
tinct from other common SCA phenotypes [14].
SCAs could manifest as a large variety of
non-cerebellar symptoms, including various
combinations of hyperkinetic and hypokinetic

. °
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Fig. 1.5 Pedigree chart of the family. The squares dem-
onstrate males; circles being females; filled squares being
affected males; filled circle being affected female; diago-
nal line across symbol being the deceased individual;
arrow being the index patient
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movement defects. During the disease course of
various SCA subtypes, movement disorder could
be the presenting, prominent, or even solitary dis-
ease characteristics [15]. SCA2 is prone to
express typical extrapyramidal signs, including
parkinsonism, dystonia, and myoclonus. Only a
few cases have been reported to present with cho-
reiform movements in SCA2 [16-18]. Our case
firstly reported that SCA2 could present with HD
phenocopy in China.

The related clinical tests of SCA2 are very
finite due to the rare SCA2 patients and
complicated clinical manifestations [19].
However, the clinical improvements in certain
disease presentations have been described. For
instance, the effective subthalamic-thalamic deep
brain stimulation (DBS) could alleviate postural
tremor of SCA2 patients [20], whereas dopami-
nergic and anticholinergics drugs have also been
observed to improve movement disorder in SCA2
patients [21]. Altogether, despite neither medi-
cine nor physical therapy could delay the disease
progression notably, the helpful treatment has
been shown to improve quality of life.

In conclusion, we described a SCA2 patient
overlapping with clinical manifestations of
HD. In the future, when confronted with an
affected individual with involuntary movement,
that is, combined with cerebellar ataxia, we
should screen for SCA2 mutation under the con-
dition of negative results of well-known caus-
ative genes.
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Fig.1.6 Chromatogram of CAG repeats within ATXN2 in the index patient (II1;). The arrow indicates normal allele (22
CAG repeats); the gray-highlighted sequence indicates the expanded allele (45 CAG repeats)



1.3  Spinocerebellar Ataxia

Type 3 (SCA3)

A 57-Year-Old Woman Presented
with Ataxia and Peripheral
Neuropathy

Clinical Presentations

A 57-year-old Chinese woman came to the clinic
with an 8-year history of unstable gait, 2-year
history of slurred speech, and swallowing diffi-
culty. She had no remarkable past medical his-
tory. Her father (I,), brother (Ils), daughter (I11),
and niece (IV,) had the resembling manifesta-
tions as well (Fig. 1.7).

On examination, she had no abnormal cranial
nerves signs other than saccadic eye movement
on pursuit. The muscular force and tension were
intact. There was no sensory deficit except for the
right lower extremities. Its sensory abnormalities
included hypopselaphesia, diminished vibration,
and position sense. The tendon reflexes of upper
limbs were absent, while lower limbs were nor-
mal. Babinski sign was negative. Eye movement
recording showed horizontal nystagmus. Ataxia
signs of limbs and trunk were noted, including
positive finger-nose and heel-knee-shin tests.

Her electromyography (EMG) investigation
disclosed the mild reduction of amplitude of
compound sensory action potential, indicating
axonal neuropathy in her four limbs. The brain
magnetic resonance image (MRI) showed the
cerebellar atrophy (Fig. 1.8).

Primary Diagnosis
The clinical presentations, neurological examina-
tions, brain MRI, and EMG data showed that the
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comprehensive involvement of cerebellum and
peripheral nerve.

During the whole disease course, cerebellar
ataxia was the prominent presentation.
Combined with noted family history, autosomal
dominant cerebellar ataxia (ADCA) was firstly
considered. Specifically, due to the elder age of
onset and slow disease progression, spinocere-
bellar ataxia (SCA) type 6 should be strongly
suspected among the affected family members.
However, genetic screening for CACNAIA,
which is the causative gene of SCA6, was nega-
tive and excluded the initial diagnosis.

Additional Tests or Key Results
Besides typical cerebellar ataxia presentations,
peripheral neuropathy should be noted during

Fig. 1.8 Brain magnetic resonance imaging in the index
patient. A T2-weighted sagittal image demonstrates the
cerebellum atrophy
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Fig. 1.7 Pedigree chart of the
family. The squares demonstrate

males; circles being females; filled
squares being affected males; 1
filled circles being aftected

females; diagonal line across

symbol being the deceased 1
individual; arrow being the index

patient 1




1 Cerebellar Ataxia

TTTCAGA

'%&Mﬂ,ﬁ JL MMA M

A

CAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC

AN

A

AGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGC AGC

A A A A

Fig. 1.9 Chromatogram of CAG repeats within ATXN3 in the index patient. The gray-highlighted sequence indicates

the expanded allele with 79 CAG repeats

disease course. Peripheral neuropathy has long
been recognized in SCA3 patients. Moreover,
due to the highest prevalence of SCA3 in China,
we further screened for this subtype. After carry-
ing out genetic study of CAG repeat within
ATXN?3 gene of the index patient, it was identified
that the CAG repeat copies within abnormal
allele were 79 (Fig. 1.9), confirming SCA3 diag-
nosis in this family.

Discussion

SCA3, also termed as Machado-Joseph disease
(MJD), is the most prevalent subtype of SCA
across the globe [4] and the highest prevalence in
China as well [22]. It is induced by CAG copy
expansions within exon 10 of ATXN3 gene on
chromosome 14q32.1 [23]. The disease onset is
typically in the second and fourth decade, and its
clinical profile mainly includes cerebellar ataxia
and a various combination of pyramidal and
extrapyramidal signs, cognitive impairment, and
neuropathies [24].

SCA3 has the noted clinical phenotype diver-
sity and generally shares clinical manifestations
with other SCA subtypes. Based upon this phe-
notypic variability, Portuguese researchers clas-
sified SCA3 into four types [25]. Type 1 disease
has features of prominent dystonic-rigid syn-
drome and early onset, often with little ataxia;
type 2, marked unsteady posture and gait and
intermediate onset; type 3, cerebellar dysfunction,

peripheral neuropathy, and late onset; and type 4,
obvious presentations of Parkinson’s disease and
variable onset. Besides, SCA3 patients also
presented as spastic paraplegia without ataxia
signs [26-28], it is advised to be the fifth type.
The five clinical subtypes could transform recip-
rocally during disease course, or two or more
clinical subtypes coexist in one patient simulta-
neously [29].

In view of presenting symptoms of the index
patient, including late onset and peripheral
neuropathy, she could be impressed in type 3.
The previous studies demonstrated a different
degree of involvement of peripheral nerve in
SCA3 patients, especially frequent among
patients with late onset [30]. Distal axonal neu-
ropathy has also been observed in a large cohort
of SCA3 patients, either histopathologically or
electrophysiologically [31-33]. Further study
suggested that neuropathy basis is due to loss of
myelinated and unmyelinated fibers [34].

So far, there is no medication to slow disease
course of SCA3. Therefore, the systematic pre-
ventions of secondary complications seem to be
preferable to patients, including vitamin supple-
ments, regular physical activity, weight control,
etc. Altogether, SCA3 should be suspected in
patient presenting with late-onset ataxia and
polyneuropathy of unknown etiology. It should
be considered as a rare differential diagnosis of
polyneuropathy with family history.



1.4  Spinocerebellar Ataxia

Type 6 (SCA6)

A 49-Year-Old Female Presented
with Gait Disturbance and Dysarthria

Clinical Presentations

A 49-year-old woman complained about 2 years
of gait disturbance accompanied by episodic ver-
tigo and dysarthria in our clinic. She also felt
nausea and vomited occasionally during vertigo
attack. She didn’t report any manifestations of
diplopia and muscle weakness. Her neurological
examination revealed mild horizontal gaze-
evoked nystagmus and slurred speech. Cranial
nerve examinations revealed normal visual acu-
ity, visual fields, and extraocular movements.
The examination of muscles was also unremark-
able. Her bilateral knee reflexes were symmetri-
cally increased (+++) and Babinski signs were
negative. She also showed positive heel-knee-
tibia test and Romberg’s sign. Brain MRI
revealed severe cerebellar atrophy (Fig. 1.10).
The patient’s mother suffered with similar symp-
toms in her late 40s and died at age 75 (Fig. 1.11).
Other medical history of the patient was
unremarkable.

Fig.1.10 T1-weighted sagittal MRI image of the patient.
The white arrow points to severe cerebellar atrophy. The
black arrow points to relatively spared pons

Y.Dong et al.
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Fig.1.11 Pedigree chart of the family. The squares show
males; circles being females; filled circles being affected
females; diagonal line across symbol being the deceased
individual; arrow being the index patient

Primary Diagnosis

Based on the pure cerebellar symptoms, neurologi-
cal examinations and brain MRI, the localization
most likely involves the cerebellum. The involve-
ment of the cerebral cortex and spinal cord was
much less likely. The late-onset symptoms and
autosomal dominant inheritance pattern remind a
diagnosis of autosomal dominant cerebellar ataxia
(ADCA). Based upon the Harding’s classification,
this patient should be diagnosed with ADCA type
IIL. Tt comprises several subtypes of spinocerebel-
lar ataxias (SCAs), including SCAS, SCAS6,
SCA1l, SCA26, SCA30, and SCA31. Among
them, SCAG6 is the most common subtype [35].
Therefore, a CACNAIA gene test for SCA6 was
then arranged.

Additional Tests or Key Results

Gene test revealed a prolonged expansion of tri-
nucleotide repeats (25 CAG repeats) in CACNAIA
gene (Fig. 1.12).

Discussion

SCAG is a late-onset neurodegenerative disorder
characterized by relatively pure cerebellar ataxia
accompanied by eye movement disturbances,
such as gaze-evoked nystagmus, abnormal
smooth pursuit, and vestibulo-ocular reflex [36].
It was induced by CAG repeat expansion within
exon 49 of the CACNAIA gene.
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Fig.1.12 Sequencing chromatogram of the expanded CAG copies (25 repeats) of the affected individual

The natural history of SCAG6 can be very long.
Several reports suggested that patient can even
walk without stumbling up to 20 years after dis-
ease onset [37-39]. It has also been demonstrated
that about 60% of patients develop illness after
50 years old. Anticipation was frequently
reported in SCAs. However, it has not been
observed in SCA6, which might be due to a rela-
tively small pathogenic expansion range (usually
19-29) [36, 40-42].

The involvement scope of brain damage in
SCAG6 is basically similar to which in other types
of SCAs. However, it mainly restricts in the
brain regions of the motor cerebellothalamocor-
tical loop, whereas the motor basal ganglia-
thalamo-cortical loop seems to be relatively
intact [43]. It has been previously revealed that
subcortical neurotransmitter systems remain
spared during neurodegenerative process of

SCAG6 except for the midbrain dopaminergic
substantia nigra [44].

To date, there is no cure for SCAs, including
SCA6. However, several clinical trials have
been conducted. One study suggested that acet-
azolamide (250-500 mg/day) can temporally
but significantly improve the postural sway in
SCAG patients [45]. Unfortunately, the improve-
ment became weaker after 1 year [45]. Other
drugs like buspirone and tandospirone have
been proven effective to improve the mean
global ataxia score or International Cooperative
Ataxia Rating Scale (ICARS) in several clinical
trials [46—48]. Besides, latest results of a ran-
domized, double-blind, placebo-controlled trial
supported that riluzole could be a promising
treatment for cerebellar ataxia, whereas its
application in SCA6 and underlying mechanism
remain unknown [49].
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1.5 Spinocerebellar Ataxia

Type 7 (SCA7)

A 22-Year-Old Girl Presented
with Ataxia and Visual Dysfunction

Clinical Presentations
The patient is a 22-year-old Han Chinese girl. At
approximately 17 years of age, she first felt gait
imbalance and lower extremity weakness, espe-
cially when walking. Thereafter, the slurred
speech and visual dysfunction were progressively
noted. Sometimes, she also suffered from swal-
lowing difficulty when eating and drinking. At
that time, she was diagnosed as ataxia disorder.
However, she did not accept any treatment until
now. She had no remarkable past medical history.
The successive pregnancy, birth, and postpartum
were ordinary.

On admission, she was conscious and dysar-
thric. Eye examinations showed the relatively nor-
mal visual acuity and field. The color discrimination

Y.Dong et al.

displayed the mild impairment. The cranial nerve
examinations showed no other abnormalities.
Muscle strength and tendon reflexes were intact,
and bilateral Babinski signs were negative. The
mild muscular hypertonia was observed in her
lower extremities. Sensory system was normal.
Finger-nose and heel-knee-shin tests were remark-
ably abnormal.

Magnetic resonance imaging (MRI) of the
brain showed normal (Fig. 1.13a). However, the
mild atrophy of thoracic spinal cord was observed
(Fig. 1.13b). There were 7 affected family mem-
bers in three consecutive generations. Her mother
(II;) and younger sister (II12) had similar symp-
toms, with the first onset age of 32 and 7 years,
respectively (Fig. 1.14).

Primary Diagnosis

The cerebellar ataxia presentations and thoracic
spinal cord atrophy indicated the involvement of
cerebellum and spinal cord. Combined with auto-
somal dominant inheritance mode and noted

Fig. 1.13 Magnetic resonance imaging scan of brain and spinal cord of the proband. (a) T2-weighted sagittal image
demonstrates the normal brain. (b) The mild atrophy of thoracic spinal cord was observed
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Fig.1.14 Pedigree of the family. The

squares represent males; circles being |
females; filled squares being affected

males; filled circles being affected females;
diagonal lines across symbols being

deceased individuals; arrow being the

proband I
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Fig.1.15 Chromatogram of CAG repeats within ATXN7 of the index patient. The gray-highlighted sequence indicates

the expanded allele with 56 CAG repeats

genetic anticipation, the diagnosis of spinocerebel-
lar ataxia (SCA) could be made. Moreover, the pro-
band and affected family members had progressive
visual dysfunction. Therefore, the diagnosis of
SCAT should be firstly considered.

As for differential diagnosis, other common
subtypes of SCA and mitochondrial encephalop-
athies such as NARP (neurogenic muscle weak-
ness, ataxia, and retinitis pigmentosa) should be
suspected as well. A few cases with SCA1, SCA2,
and SCA3 have been observed to manifest as pro-
gressive visual loss [50-52]. And some individu-
als with NARP can present with ataxia and optic
nerve degeneration [53]. Therefore, gene analysis
of ATXN7, as causative gene of SCA7, needs to
be carried out to confirm the diagnosis.

Additional Tests or Key Results

The CAG repeat copies existing in exon 3 of
ATXN7 were amplified via PCR, and the PCR
product was electrophoresed and sequenced. It

was identified that the CAG repeat copies within
abnormal allele were 56 (Fig. 1.15), confirming
SCAT7 diagnosis in this family.

Discussion

SCAT7 is a relatively common SCA subtype. It is
also known as autosomal dominant cerebellar
ataxia type II (ADCA-II), based upon Harding’s
classification [54]. The prevalence of SCA7 var-
ies among different ethnic groups. It is the most
prevalent subtype in South Africa, Mexico, and
the Scandinavian countries such as Sweden and
Finland. SCA7 is induced by a CAG repeat
expansion existing in exon 3 of the ATXN7 gene
on chromosome 3p14-21.1 [55]. The CAG repeat
copy number is 4-35 in normal individuals while
38-406 in SCA7 patients and inversely corre-
lated with onset age. It will cause very rare
infantile-onset cases (onset age less than 2 years)
when CAG repeat number is beyond 130 [56].
The clinical manifestations of SCA7 include
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progressive cerebellar ataxia, dysarthria, dyspha-
gia, decreased visual acuity, and color blindness
in the blue-yellow axis. For the treatment, there
are no effective drugs for SCA7 patients so far.
SCAT7 has similar clinical manifestations with
other common SCA subtypes. However, it also
has some distinguished clinical features such as
visual symptoms and pronounced genetic antici-
pation. Visual symptoms, including color blind-
ness in the blue-yellow axis, abnormality in
central visual acuity, hemeralopia, and photopho-
bia, are caused by optic nerve atrophy and pig-
mental macular dystrophy. Almost all the SCA7
cases develop visual abnormalities during disease
course. It is important to know that visual symp-
toms may precede, accompany, or follow the onset
of ataxia [57]. Just like the index patient, visual
symptoms could be accompanied by normal or
subtle ophthalmoscopic findings and ataxia.

The marked anticipation due to further expan-
sion of CAG repeats on transmission in succes-
sive generations is another hallmark of SCA7.
The anticipation was more obvious during pater-
nal transmission and could lead to some infantile-
onset cases. There were some characteristic
manifestations of infantile SCA7 cases compar-
ing to the adult-onset patients [58, 59]. Firstly,
infantile cases generally carried larger than 130
CAG repeats. Secondly, most of them had clinical
expressions consisting of hypotonia and multi-
organ damage such as patent ductus arteriosus,
respiratory distress, capillary leak syndrome,
renal dysfunction, and hepatomegaly. Thirdly, the
overall survival was very short and less than
8 months in most cases. In summary, this is a
typical SCA7 pedigree and shares the common
disease presentations with other reported SCA7
cases.
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1.6  Spinocerebellar Ataxia

Type 12 (SCA12)

A 61-Year-Old Woman Presented
with Action Tremor and Ataxia

Clinical Presentations
The proband (Is) is a 61-year-old, right-handed
woman who was otherwise healthy when, at age
51, she developed the involuntary head move-
ment, especially being nervous or fatigue. The
frequency and amplitude of head tremor aggra-
vated progressively. During the next 7 years, she
developed postural and kinetic tremor in her
limbs. Currently, her upright posture became
unstable and manifested as a broad-based and
staggering gait. She sought medical care in a local
hospital and was diagnosed with essential tremor.
Thereafter, the unknown Chinese medicine cure
was started, and symptoms could be approved
moderately according to her statement. The
affected family members, including her father (I;)
and brother (II,), also presented with uncontrolled
movement and gait disturbance (Fig. 1.16).
Symptoms slowly aggravated and she was exam-
ined at age 61. There was no oculomotor abnormal-
ity and nystagmus. The action tremor of head and
limbs were observed. Dysarthria is noted during her
overall disease course. There was no pyramidal
weakness or sensory abnormality. Muscle tone was
increased in all four limbs. The ataxia examinations
including finger-nose test, rapid alternating move-
ments, and heel-to-shin test all showed defective
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condition of the cerebellum. Magnetic resonance
imaging test, which was performed at age 61, dis-
played cerebellum atrophy (Fig. 1.17).

Primary Diagnosis
Gait imbalance and ataxia presentations revealed
the involvement of cerebellum. Cerebellar signs
were obvious in the index patient, further indicat-
ing that the impairment of central nervous system
mainly refers to the cerebellum.

The characteristic clinical symptoms and signs
comprise poorly coordinated gait, dysarthria, and
positive family history of ataxia. Therefore, the

Fig. 1.17 Magnetic resonance imaging scan of brain in
the index patient. A sagittal image demonstrates cerebel-
lum atrophy
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Fig. 1.16 Pedigree chart of the family. The squares represent males; circles being females; filled squares or circles
being affected individuals; diagonal lines across symbols being the deceased individuals; arrows being the index patient
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Fig.1.18 Chromatogram of CAG repeats within PPP2R2B in the index patient. The gray-highlighted sequence indi-

cates the expanded allele with 47 CAG repeats

affected patients could be established as the diag-
nosis of autosomal dominant cerebellar ataxia
(ADCA) type I, including spinocerebellar ataxia
(SCA)types 1,2,3,4,12, 16, and 17 and DRPLA.

Additional Tests or Key Results

According to the prevalence of SCA in China, we
firstly screened for the four common SCA sub-
types, including SCA3, SCA2, SCAI, and SCA6
[60]. The genetic screening results showed to be
negative. In addition, action tremor could serve as
clinical hallmark of SCA12 compared to other
SCA subtypes. Therefore, as the causative gene
of SCA12, PPP2R2B gene test was further per-
formed for the index patient. Genetic result was
abnormal with CAG repeat expansion in one
allele, consistent with a diagnosis of SCAI12.
Specifically, Il harbored 47 CAG copies within
disease allele (Fig. 1.18).

Discussion
SCAI12 is characterized by onset of action tremor
of body part, slowly followed by cerebellar ataxia
and cortical signs [61]. PPP2R2B is the only
causative gene of SCA12, and abnormal
expansions of CAG repeats within PPP2R2B
ultimately induce disease onset [62].

In the current case, we confirmed CAG repeat
expansion within PPP2R2B gene of the proband

and available family members. The prevalence of
SCA12 is quite low across the world. Only a few
SCA12 pedigrees have been reported in the liter-
ature. Besides several Indian cases due to likely
founder effect [61, 63, 64], other SCA12 cases
were detected in the USA, Singapore, Italy, and
China [62, 65-68].

The noted clinical presentation distinct from
other SCA subtypes is action tremor of the head
and/or hands, preceding ataxia presentations.
Although tremors as part of cerebellar syndrome
are common in SCA, this type of tremor is only the
condition of cerebellar malfunction and is closed
to ataxia severity. Contrarily, the proband initially
developed action tremor of the head. With the
progress of the disease, tremor involved her limbs.

In contrast to SCA3, SCA1l, and SCA2,
SCAI12 has the relatively slow progression and
may not have a negative impact on longevity.
Currently, there are few systemic studies on ther-
apy, and only symptomatic treatment is available
for tremor. The use of beta-blockers, clonazepam,
and primidone has been proved to decrease
tremor amplitude to improve life quality [69].

In summary, an affected individual with action
tremor, slow disease progression, and dominant
ataxia family history is strongly indicative of
SCA12 and should be given to PPP2R2B genetic
screening.
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1.7  Spinocerebellar Ataxia

Type 17 (SCA17)

A 45-Year-Old Female Presented
with Gait Disturbance and Mood
Changes

Clinical Presentations

A 45-year-old woman presented to our clinic com-
plaining of 4 years of gait disturbance and difficul-
ties in grasping stuff with her both hands. She
developed slurred speech as well as swallowing
problems 2 years ago. She also claimed to have a
1-year history of memory loss and mood changes.
Besides, the patient denied seizures and hearing
problems during her disease course. And, there was
no history of fever, autoimmune diseases, blood
clots, or miscarriages.

On neurological examinations, her vital signs
were notable for speech and swallowing difficul-
ties, increased muscle tone, tendon hyperreflexia
with positive bilateral Hoffmann signs and
Babinski signs, as well as several beats of bilateral
ankle clonus. Her gait was slightly wide based and
she had difficulties in walking straight.
Additionally, her finger-nose test and heel-knee-
tibia tests were positive, while Romberg sign was
negative. All cranial nerve examinations revealed
normal. The examination of muscle strength and
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sensory system including pinprick, light touch,
temperature, vibration, and proprioception was
also unremarkable. She scored 18 in the Scale for
the Assessment and Rating of Ataxia (SARA) and
25 in Mini-Mental State Examination (MMSE).
Brain MRI showed the obvious atrophy of her cer-
ebellum, pons, and medulla (Fig. 1.19). Her family
history revealed that several family members pre-
sented with similar symptoms as well (Fig. 1.20).

Fig. 1.19 T1-weighted sagittal brain MRI revealed the
obvious atrophy of cerebellum, pons, and medulla
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Fig. 1.20 Pedigree chart of the family. The squares represent males; circles being females; filled squares or circles being
affected individuals; diagonal lines across symbols being the deceased individuals; arrows being the index patient
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Primary Diagnosis

The patient’s difficulties in walking and grasping
stuff as well as positive finger-nose test and heel-
knee-tibia test remind that the localization most
likely involves the cerebellum, brainstem, as well as
spinal cord. The negative findings in sensory sys-
tem examination ruled out the possibility of sensory
ataxia. The complaints of memory loss and mood
changes together with mild abnormality in MMSE
remind that the localization might also involve the
cerebral cortex. Her increased muscle tone and ten-
don hyperreflexia, positive Hoffmann signs, and
Babinski signs as well as bilateral ankle clonus
revealed an involvement of bilateral pyramidal
tracts. Her brain MRI suggested an atrophy of cer-
ebellum, pons, and medulla, which was consistent
with her symptomatologic and neurological exami-
nations’ localization. The patient’s family history
and inheritance pattern hinted a diagnosis of
autosomal dominant cerebellar ataxia (ADCA).
According to Harding’s classification, she was
diagnosed with ADCA type I, which comprises a
series of spinocerebellar ataxias (SCAs) plus other
neurological signs. The most common ADCA type
Iis SCAS3 followed by SCA2 and SCA1, in descend-
ing order. Given a fact that SCA3 merely involves
the cerebral cortex, SCA12 usually presents with
obvious action tremor and dentatorubral-pallido-
luysian atrophy (DRPLA) with progressive myo-
clonic epilepsy. Therefore, gene tests for SCAIL,
SCA2, and SCA17 were arranged.
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Additional Tests or Key Results

Gene tests for SCA1 and SCA?2 were all negative.
Gel electrophoresis of exon 3 of TBP gene sug-
gested a pathogenic expanded allele (Fig. 1.21a).
Sequencing of the PCR fragment revealed a 49
CAG trinucleotide repeat expansion (Fig. 1.21b).

Discussion

SCAI17 is a dominant inherited neurodegenera-
tive disorder characterized by cerebellar ataxia,
neuropsychiatric symptoms, and involuntary
movements, including chorea and dystonia. It is
caused by an expanded CAG trinucleotide repeats
in exon 3 of TATA box-binding protein gene
(TBP) [70, 71]. The TATA-Box-binding protein
(TBP) is the most important component of the
initiation complex of eukaryotic RNA polymer-
ases [72]. A previous study suggested that there
were several CAA interruptions within the CAG
repeats, while CAG repeats with no CAA inter-
ruption showed increased instability [73].

It has been reported that about 1% of likely
Huntington’s disease (HD) cases are actually
HD-like (HDL) [74]. HDL includes HDLI,
HDL2, HDL3, and HDL4, DRPLA, neuroferriti-
nopathy, benign hereditary chorea, and Wilson’s
disease (Table 1.1). SCA17, also termed as
HDL4, can mimic phenotypes of HD, especially
involuntary movements [75]. An integrated data
including 122 patients from 55 pedigrees have
demonstrated that dementia is the second most

CAG repeats
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Fig. 1.21 Mutation analysis of the patient. (a) The agarose gel electrophoresis of the PCR fragment containing
expanded CAG repeats. (b) Sequencing chromatogram of the expanded CAG repeats of the patient
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Table 1.1 Summary of important autosomal dominant disorder cause of chorea syndromes

Condition Inheritance | Gene

Mutation types

Age atonset | Clinical features

HD AD HTT

CAG repeats

<30 Chorea, dementia,
psychiatric

symptom

HDL1 AD PRNP

Point mutation

20-45 Similar to HD with
prominent

personality change

HDL2 AD JPH3

CAG/CTG repeats

25-45 Similar to HD,
most frequent in
black South
Africans of
sub-Saharan

descent

HDL3 AR -

34 Resembling
juvenile HD, only
described in two
Saudi-Arabian

families

HDL4 (SCA17) AD TBP

CAG repeats

3-75 Ataxia and HD

phenocopy

DRPLA AD ATNI

CAG repeats

20-30 Severe progressive
myoclonus epilepsy
and cognitive
decline in juveniles,
while ataxia,
choreoathetosis,
and dementia in
adults

Neuroferritinopathy | AD FTLI

Point mutation

40s Chorea, dystonia,

oromandibular, etc.

Benign hereditary AD TITF-1

chorea

Point mutation

Childhood Nonprogressive
chorea with early

onset in childhood

Chorea-
acanthocytosis

AR VPSI3A

Point mutation

20-30 Similar to HD,
while more
orofacial

involvement

Wilson’s disease AR ATP7B

Point mutation/insertion/
deletion

3-80 Most commonly
present with
parkinsonism and
dystonia, only 9%

with chorea

AD autosomal dominant, AR autosomal recessive, DRPLA dentatorubral-pallidoluysian atrophy, HD Huntington’s dis-

ease, HDL Huntington’s disease-like

prevalent neurological symptom after cerebellar
ataxia, followed by psychiatric symptoms, pyra-
midal signs, involuntary movements, parkinson-
ism, and epilepsy [76]. In this case, the patient
was presented with the top four features of
SCA17 (ataxia, dementia, psychiatric symptoms,
and pyramidal signs), while involuntary move-

ments, parkinsonism, and epilepsy were absent.
We speculated that the absence of HDL symp-
toms might be due to the relatively short disease
duration. Thus, the patient should be kept on fol-
lowing up.

Previous  neurohistopathological findings
revealed that neuronal loss of SCA17 might
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involve the cerebral cortex, subthalamic nucleus,
ventral thalamic nuclei, cerebellar Purkinje cell
layer and dentate nucleus, substantia nigra, and
superior and inferior olive [77]. Therefore, brain
MRI findings vary greatly in SCA17. Mild to
moderate atrophy of local or global cerebellum
might be presented in patients with disease dura-
tion no more than 3 years [78, 79]. The atrophy

might spread to the cerebrum and brainstem later
in the disease course.

In brief, SCA17 is a rare neurodegenerative dis-
order and shows a series of nonspecific cerebellar
symptoms. It might be confused with HD when
symptoms mimic which. Therefore, gene screen-
ings of HDLs, especially SCA17, are highly rec-
ommended when the gene test for HD is negative.
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1.8  Dentatorubral-Pallidoluysian

Atrophy (DRPLA)

A 51-Year-Old Male Presented
with an Unsteady Gait and Slurred
Speech

Clinical Presentations

The patient was a 51-year-old male. He mani-
fested as an unsteady gait and slurred speech at
age 43 that gradually progressed. He developed
involuntary twisting movement of four extremi-
ties and psychiatric symptoms such as delusions
and hallucinations and had self-injurious behav-
ior sometimes at age 46. After that, he gradually
suffered memory loss and could not find a way
back home and recognize family members when
he was admitted to our hospital at age 51. There
were four male and female family members in
three consecutive generations that had similar
symptoms (Fig. 1.22). Other medical history was
unremarkable. Neurologic examinations showed
that power of memory, orientation, and calcula-
tion decreased dramatically. Athetoid movements
were found in four extremities. Cranial nerves
were negative except for horizontal nystagmus.
Muscle strength, muscle tone, and deep tendon
reflexes were normal, but bilateral Babinski signs
were positive. Finger-nose and heel-knee-shin
tests were damaged. Sensory system was unim-
paired and meningeal irritation sign was nega-
tive. The blood routine examination was normal.
Brainstem and cerebellum were severe atrophic
in magnetic resonance imaging (MRI) (Fig. 1.23).

The proband’s nephew (I1I;) was 15 years old.
He gradually developed unsteady gait, slurred
speech, and deteriorated cognition when he was
11 years old. He suffered from generalized tonic-
clonic convulsions several times at the beginning
of 12 years old. Neurologic examinations were
not allowed.

Primary Diagnosis

The family presented with progressive cerebellar
ataxia, nystagmus, and positive bilateral Babinski
signs. These symptoms, signs, and atrophic
brainstem and cerebellum in MRI indicated the
involvement of the cerebellum, brainstem, and
pyramidal system. Plus to the autosomal dominant

Fig. 1.23 Brain magnetic resonance imaging (MRI) of
the patient. Sagittal T1-weighted image showed severe
atrophy of the brainstem and cerebellum

Fig.1.22 Pedigree chart of the
family. The squares represent males;
circles being females; filled squares
being affected males; filled circle
being affected female; diagonal lines M
across symbols being the deceased
individuals; arrow being the proband 1
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inheritance, the diagnosis of spinocerebellar
ataxia (SCA) could be made. And since the
symptoms also included dementia, psychiatric
abnormity, epilepsy, and choreoathetosis, the
diagnosis of dentatorubral-pallidoluysian atrophy
(DRPLA) should be considered.

For the differential diagnosis, Huntington’s
disease (HD) was the major disease needed to
excluded, since HD could also present with cho-
reoathetosis, dementia, and psychiatric distur-
bance. Ataxia was the key symptom for
differentiating DRPLA from HD. Some cases of
DRPLA might exhibit pure cerebellar symp-
toms without dementia, choreoathetosis, or
behavior changes. These cases need to be distin-
guished from other common SCA subtypes.
Therefore, gene analysis to ATNI which was the
causing gene of DRPLA should be carried out to
confirm the diagnosis.

Additional Tests or Key Results

The CAG repeat expansion located in exon 5 of
ATNI was amplified via polymerase chain reac-
tion (PCR), and the PCR product was electropho-
resed and sequenced. II; and III; were identified
to have an expanded allele and a normal allele via
agarose gel electrophoresis analysis (Fig. 1.24).

After sequencing, CAG copy numbers of the
expanded allele were 68 in the proband (II,)
(Fig. 1.25). This result further confirmed the
diagnosis of DRPLA.

Discussion
DRPLA was a rare autosomal dominant neuro-
degenerative disease. The name of “DRPLA”
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Fig.1.24 The 2.5% agarose gel electrophoresis analysis
of IT;, I1I; and III,. M, DL2000

Fig.1.25 Chromatogram shown in reverse sequence. II; harbored an expanded allele with 68 CAG repeats
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was first described in a case with severe neuro-
nal loss, particularly involving the dentatorubral
and pallidoluysian systems in 1958 [80].
DRPLA was also named as Naito-Oyanagi dis-
ease in Japan, since Naito and Oyanagi summa-
rized phenotypic characteristics of the disease
in 1982 [81]. A large African-American family
from the Haw River region in North Carolina
presented with syndromes of ataxia, chorea,
dementia, and seizures and was found to harbor
CAG expanded mutation in ATNI. Therefore,
DRPLA in this family was also referred to as
Haw River syndrome [82]. Although DRPLA
has been reported in several regions, including
European and North and South American, most
reported DRPLA cases are mainly from Japan.
The prevalence of DRPLA was estimated at
0.48:100,000 based on the nationwide study in
Japan [83]. DRPLA was caused by a CAG
repeat expansion existing in exon 5 of the ATN/
gene on chromosomel2pl13 [84]. The numbers
of CAG repeats are 6—35 in normal individuals
while 38-93 in DRPLA patients and inversely
correlated with onset age. Since there were
some similarities in clinical manifestations and
hereditary mode between DRPLA and common

subtypes of SCA, DRPLA was regarded widely
as one subtype of SCA.

DPRLA could manifest as various combina-
tions of cerebellar ataxia, choreoathetosis, myoc-
lonus, epilepsy, dementia, and psychiatric
symptoms. The clinical manifestations were dis-
tinct depending on onset age. Cases with onset
before age 20 years (early onset) usually pre-
sented with progressive ataxia, intellectual dete-
rioration, progressive myoclonus epilepsy (PME),
seizures, and myoclonus. Various forms of gener-
alized seizures such as tonic, atonic, clonic, or
tonic-clonic seizures were also observed. And the
core features of cases with onset after age 20 years
(adult onset) were including cerebellar ataxia,
choreoathetosis, dementia, and psychiatric distur-
bance. The frequency of seizures decreased in
patients with onset after the age of 20 and became
very low after the age of 40 [85].

Similar to common SCA subtypes, there is
no specific treatment for DRPLA. The principle
of therapy for DRPLA is mainly symptomatic.
Antiepileptic drugs, dopamine-blocking or
depleting agents, and psychotropic medications
could be chosen for seizures, movement disor-
ders, and psychiatric problems, respectively.
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1.9 Gerstmann-Straussler-

Scheinker (GSS)

A 59-Year-Old Woman
with Progressive Gait Unsteadiness

Clinical Presentations
A 59-year-old woman had a 4-year history of
severe gait unsteadiness. She first noticed that she
had difficulty maintaining balance while walking
at age of 55. Since then, she underwent a gradual
progression of gait difficulties. One year later, she
exhibited a mild dysarthria but still had a rela-
tively unimpaired swallowing ability. Meanwhile,
she also had other problems including urinary
incontinence and decreased libido. Three years
after symptom onset, her medical condition dete-
riorated rapidly. Her personality changed a lot
over the past three years. She became more irri-
table, grumpy, and was prone to tear. Her cogni-
tive ability was impaired as well, which evaluated
by Mini-Mental State Examination (MMSE) with
a decreased score of 21/30. She was soon bedrid-
den and received palliative care at home. She died
at age 59 due to the respiratory and heart failure.
Past medical history was unremarkable. She
had a long-standing history of cigarette habits.
The similar symptoms were also observed in her
other family members (Fig. 1.26). In her family,
there were a total of six affected individuals. Her
older brother (I1I-2) started the disease with mild

gait unsteadiness at the age of 48 and didn’t
exhibit any cognitive problem so far. Her cousin
(ITI-10) exhibited gait difficulty at age of 45 and
developed blurred speech and dysphagia at
50 years old. The other affected members (I-2,
II-2, II-5) in this family experienced the similar
symptoms with a relatively rapid disease progres-
sion. All of them died 3 or 4 years after symptom
onset. No cognitive problem was documented in
their medical records.

Upon neurological examination, one and a
half years after onset, she had mild limited extra-
ocular movements for upward gaze. The muscle
strength was reduced in her four limbs, with
strength 3/5 in lower limbs and 4/5 in upper
limbs. Tendon reflexes were symmetrically
decreased in both arms, but dramatically increased
in both legs. Bilateral pathological signs were
positive. Both finger-to-nose and heel-to-shin
testings were positive. Gait testing revealed dis-
equilibrium on standing and Romberg’s test was
also positive. Her sensory was not impaired.

There were no specific clinical findings on
routine blood tests. Serum vitamin B12 and
folic acid levels were normal. Routine cytologi-
cal and biochemical examination of CSF dis-
closed unremarkable findings. The brain MRI
revealed obvious cerebellar atrophy. MRI of
thoracic and lumbar spinal showed a significant
disc prolapse at T5-L1 level. There were no
abnormal findings on electroencephalography
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Fig.1.26 Pedigree of the patient. The squares represent males; circles being females; black symbols being the affected
individuals; diagonal lines across symbols being the deceased individuals; arrow being the proband
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(EEQG). Electromyography (EMG) revealed mild
chronic neurogenic changes, which predomi-
nantly involved the right upper limb muscles
innervated by cervical nerve roots (C7-C8) and
the right lower limb muscles innervated by L5—
S1 nerve root.

Primary Diagnosis

In this case, progressive gait unsteadiness, char-
acterized later as ataxia, was the main symptom.
The signs of ataxia also indicated dysfunction of
cerebella. The cognitive disturbance developed in
late stage accounts for the deficits of cerebral cor-
tex. The observed pyramid signs suggested the
impairment of the upper motor neuron. In addi-
tion, urinary incontinence and decreased libido
highly suggested the involvement of autonomic
nervous system. Therefore, primary anatomic
locations included cerebella, cerebral, cortex,
pyramidal, and autonomic nervous system. In
present case, a clinical picture of gradual onset
and slowly progressive course was obviously
observed. This disease is obviously clustered
within the family and inherited as an autosomal
dominant pattern.

Ataxia was the most prominent feature of the
patient over the entire course of the disease.
Cognitive deficits developed relatively late when
compared to ataxia. If dementia was the accom-
panied consequence of ataxia, autosomal domi-
nant cerebellar ataxia (ADCA) should be
considered as the most likely diagnosis. It is
because that cognitive impairment can be com-
monly observed in some subtypes of ADCA,
such as SCA2, SCA7, SCAI15, and SCAL7.
Otherwise, if dementia occurred as an indepen-
dent symptom, clinical suspicion of the diseases
that influence both cerebella and cerebral cortex
was needed. Genetic Creutzfeldt-Jakob disease
(CJD) was the one of possible diagnosis that
needs to be considered. Moreover, mitochondrial
disease should also be differentiated because it
often causes the dysfunction of multiple systems.
Firstly, mitochondria disease appears to affect
individuals with a relatively early age. Secondly,
mitochondria disease causes not only the damage
of brain and skeletal muscles but also other sys-
tem of the body including the eye, cardiac, liver,

and endocrine and respiratory systems. Finally,
mitochondria diseases are due to the mutation of
genes encoded by mitochondrial DNA, following
a maternal inheritance. The clinical feature of the
present case didn’t support the above characters
of mitochondria disease, and thus, mitochondria
disease can be excluded. Therefore, the genetic
testing is required to help establish the correct
diagnosis.

Additional Tests or Key Results

Nucleotide repeat expansion responsible for
common subtypes of SCA, including SCAL,
SCA2, SCA3, SCA6, SCA12, and SCA17, was
tested. All repeats were confirmed in normal
range. Through further targeted sequencing by
combining the genes that cause ADCA through
non-repeat mutations and several common
dementia-related genes in a custom panel, the
patient was finally detected with a known muta-
tion (p.P102L) in PRNP gene. The mutation was
further certificated through Sanger sequencing in
his other affected family members (Fig. 1.27).

Discussion

Gerstmann-Striussler-Scheinker (GSS) disease is
an autosomal dominant inherited neurodegenera-
tive disease, characterized by progressive cerebel-
lar ataxia, dementia, parkinsonism, and pyramidal
signs. It is a rare disease with an incidence rate
estimated at 1 and 100 per 100 million [86]. The
typical pathologic feature is an abnormal forma-

¢.305C>T (p.P102L)

AACAAGCICIG AGT AAG
AACAAGECI|TIG AGT AAG

Fig. 1.27 Chromatogram of ¢.305C>T (p.P102L) muta-
tion in PRNP. The upper panel is normal sequence,
whereas the lower panel is heterozygous mutated
sequence of the patient
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tion of multiple amyloid plaques aggregated from
prion protein (PRNP) [87]. The onset of GSS usu-
ally occurs between ages of 40 and 70, and the
disease duration ranges from 1 to 10 years [88].

GSS is caused by the mutation in the prion
protein (PRNP) gene, which is the only causative
gene identified so far and recognized also as the
culprit for the other two familial forms of prion
diseases, including familial fatal insomnia and
genetic Creutzfeldt-Jakob disease (CJD). More
than 40 mutations in PRNP gene have been iden-
tified so far, and 15 of them (P84S, P102L,
P105L, A117V, G131V, Y145X, V176G, H187R,
F198S, D202G, E211D, Q212P, Q217A, Y218N,
and M232T) are documented to be associated
with GSS [89-92]. Of these mutations, P102L is
the most common mutation reported in GSS
cases worldwide.

Previous reports have indicated that a wide
range of phenotype could be led by P102L muta-
tion. The majority of patients carrying this muta-
tion usually have a classic onset of midlife
cerebellar ataxia, but there are still several cases
reported previously with early-onset dementia

[93, 94]. The present case displayed a typical
clinical feature of early-onset ataxia and late
development of dementia. Although many
researchers attempt to establish the correlation
between the phenotypic variation and genetic
polymorphism at codons 129 or 219 of the PRNP
gene, it turns out to be controversial.

Patients with GSS usually have symptoms sim-
ilar to these patients being affected by SCA. It’s
difficult for clinicians to distinguish between GSS
and SCA, especially in the early stage. In addition,
the dominant inheritance pattern could further
consolidate the clinical suspicion of ADCA. Here
we excluded the abnormal repeat expansion of
common subtypes of SCAs using the direct
sequencing, which couldn’t be done by next-gen-
eration sequencing. Through targeted sequencing,
we identified a known mutation in this family.

Since an effective treatment of GSS is unavail-
able so far, early diagnosis and subsequent clinical
cares of the patient are critical. We propose that the
PRNP analysis should be applied to those patients
with cerebellar ataxia in a dominant pattern, no
matter whether they have cognitive problems.
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1.10 Ataxia with Oculomotor
Apraxia Type 2 (AOA2)

A 25-Year-Old Woman with Gait
Unsteadiness and Tremble

Clinical Presentations
A 25-year-old woman with gait instability and
tremble was referred to Neurology Department for
workup. The gait unsteadiness, which had slowly
progressed for 5 years, was observed by the patient
and her families as the primary sign at the age of
20 years. After 1 year, her walk disability got
worse, especially in the darkness. After 2 years of
age at onset, she developed trunk and hand trem-
ble with purposeful movements. Moreover, slurred
speech and diplopia were seen. When she was
assessed in our hospital, she showed conspicuous
gait instability, poetry-like language, and tremble.
It was impossible that she walked independently
without support and stayed standing with feet
together. Sensory symptoms, cognitive changes,
or cardiorespiratory symptoms were absent.
There were normal mental and motor develop-
ment histories for the patient. The family history
disclosed the similar symptoms of gait unsteadi-
ness and tremble in her sister, who had an onset at
16 years old. The parents and brother were away
from the gait instability (Fig. 1.28). No other posi-
tive family history was reported, including hyper-
tension, diabetes mellitus, or cardiomyopathy.
The normal vital signs and mentality status were
revealed on examination. Neurologic examination
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Fig. 1.28 Pedigree of the patient. The squares represent
males; circles being females; black symbols being affected
individuals; diagonal lines across symbols being the
deceased individuals; arrow being the proband

demonstrated continuingly overt horizontal and ver-
tical gaze-evoked nystagmus. Hand deformities, pes
cavus, and moderate amyotrophy in the distal lower
extremities were identified. However, vibratory and
position senses were well preserved and muscle
tone and strength were normal. Deep tendon reflexes
were decreased in the upper limbs and disappeared
in lower limbs. Furthermore, a weak Babinski sign
in the right side was seen. Finger-nose test and heel-
knee tests were performed with dysmetria. The
administration of SARA (Scale for the Assessment
and Rating of Ataxia), ICARS (International
Cooperative Ataxia Rating Scale), and MMSE
(Mini-Mental State Examination) yielded scores of
14.5/40, 38/100, and 28/30, respectively. The labo-
ratory evaluation revealed normal creatine kinase,
ferritin, vitamin B12, ceruloplasmin, IgG, blood
glucose, and thyroid-stimulating hormone. The
low-density lipoprotein of 1.68 nmol/L and albumin
of 32.3 g/LL were slightly decreased (normal LDL
2.1 ~ 3.1 nmol/L, normal albumin 35.0 ~ 52.0 g/L).
Brain MRI at onset was unremarkable. Nevertheless,
3 years after age at onset, brain MRI showed for the
first time the mild cerebellar atrophy. In addition,
the EMG with nerve conduction studies demon-
strated a multiple sensorimotor neuropathy with
decreased amplitude and conduction velocity in
median, tibial, sural, as well as peroneal nerves.
Meanwhile, tibial anterior and femoral medial mus-
cle both had neurogenic injury.

Primary Diagnosis

The patient was characterized by gait ataxia and
tremor. On examination, there were poem-like
language, nystagmus, hand deformities, pes
cavus, amyotrophy in the lower extremities,
absent deep tendon reflexes, positive finger-nose
test and heel-knee test, as well as a weak Babinski
sign in the right side. Additionally, the brain MRI
displayed mild cerebellar atrophy, and the EMG
with nerve conduction studies demonstrated a
multiple sensorimotor neuropathy. Thus, in this
patient, the disease can localize to cerebellum,
peripheral nerves, and suspectable pyramidal
tract. Besides, the 5-year and slowly progressive
course of her symptoms is more suggestive of an
inherited disease than an acquired etiology.
Furthermore, the history of gait ataxia with
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tremor in the sister but absent in parents indicates
that it is a kind of autosomal recessive cerebellar
ataxia (ARCA). Unfortunately, the differential
diagnosis for ARCA with neuropathy is broad.

Additional Tests or Key Results

In this patient, the normal blood glucose and neg-
ative histories of diabetes mellitus as well as car-
diomyopathy essentially point away from
Friedreich’s ataxia [95]. In order to further
exclude Friedreich’s ataxia, the patient was tested
for the GAA dynamic repeat expansion in
frataxin (FXN) gene with negative result.

Up to now, more than 30 causative genes have
been identified in ARCA. Moreover, ARCA is
highly clinically heterogeneous. It is a giant chal-
lenge to decide which gene should be screened
merely depending on the patients’ clinical manifes-
tations. Therefore, targeted next-generation
sequencing (NGS) was applied to screen the patient
for ARCA causative genes. A panel with 39 ARCA
causative genes was designed to identify the poten-
tial mutations (Table 1.2). Consequently, compound
heterozygous mutations ¢.4660T>G (p.C1554G)/
¢.3190G>T (p.E1064X) in exon 10 of SETX were
detected, not previously reported (Fig. 1.29), which
were further confirmed by Sanger sequencing.
Then, both the affected sister and unaffected parents
underwent the sequencing corresponding to the
identified mutations. Of course, sister were the
same compound heterozygous mutations, mother
was heterozygous p.C1554G mutation and the
father p.E1064X mutation, respectively. The p.
C1554G and p.E1064X mutations located in rela-
tively conservative region of senataxin were both
nonsense mutations and produced damaging impact
on senataxin predicted by PolyPhen-2, SIFT, and
MutationTaster. Besides, the novel mutations were
absent in 500 healthy controls of matched ethnic
origin. These evidences supported the pathogenicity
of the novel mutations.

Following the concern for SETX, the caus-
ative gene of ataxia with oculomotor apraxia
type 2 (AOA2), we carried out the evaluation
of serum alpha-fetoprotein (AFP) and brain
MRI in this patient and her affected sister.
Strikingly, the level of serum AFP was both
severely increased (81.8 ng/mL in the patient,

Table 1.2 List of genes responsible for ARCA

Number Disease Gene symbol
1 AOA1 APTX

2 AOA2 SETX

3 AOA3 PIK3R5
4 SCANI1 TDP1

5 SCARS ZNF592
6 SCAR7 TPPI

7 SCARS SYNEI

8 SCAR9 ADCK3

9 SCARI10 ANOI0
10 SCARI11 SYT14

11 SCARI2 WWOX
12 SCARI3 GRM1

13 SCAR14 SPTBN2
14 SCARI5 KIAA0226
15 SCARI16 STUBI
16 AT ATM

17 CTX CYP27A1
18 PACA PTFIA
19 NA AMACR
20 Refsum disease PHYH

21 Refsum disease PEX7

22 BNHS PNPLAG6
23 MSS SILI

24 BVVLSI1 SLC52A3
25 BVVSL2 SLC52A2
26 AXED TTPA

27 WES WFS1

28 PHARC ABHDI2
29 ICRD ACO2

30 ATCAY ATCAY
31 CAMRQI VLDLR
32 CAMRQ2 WDRS81
33 CAMRQ3 CAS8

34 CAMRQ4 ATP8A2
35 LKPAT CLCN2
36 AXPC1 FLVCRI
37 SESAME KCNJ10
38 PTBHS LAMAI
39 SANDO POLG

ARCA autosomal recessive cerebellar ataxias

40.3 ng/mL in the sister, normal range < 20 ng/
mL). Meanwhile, conspicuous cerebellar atro-
phy predominantly in vermis and hemispheres
was seen on the brain MRI of the two individu-
als (Fig. 1.30). In the ARCA, elevated AFP can
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¢.3190G>T (p.E1064X) ¢.4660T>G (p.C1554G)

A G TA A AAGI|GIA A G A AAA C AAA GAT|I|IT|G T C T T G A
A G TA A AAGI|TIA AG A AAA cC A G G| G c T G A

Fig.1.29 Chromatogram of ¢.3190G>T mutation (a) and ¢.4660T>G mutation (b) within SETX. The upper row portrays
the reference sequence. The lower panel depicts heterozygous mutated sequence

-2

-3

Fig. 1.30 Brain magnetic resonance imaging of the pro-  midline sagittal T2-weighted image indicating cerebellar
band III-2 and the patient III-3. Left: axial T1-weighted atrophy, particularly obvious in the vermis and hemi-
image presenting atrophy of the cerebellar vermis. Right:  spheres, with expansion of the fourth ventricle
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appear in ataxia telangiectasia (AT) and AOA2,
not in ataxia-telangiectasia-like disease
(ATLD) or ataxia with oculomotor apraxia
type 1 (AOA1) [96-100]. Unlike AOA2, AT is
related to conjunctival telangiectasias, immu-
nodeficiency, and earlier onset usually before
5 years of age [101, 102]. Accordingly, evi-
dence mentioned above validates the diagnosis
of AOA2.

Discussion

AOA2, one subtype of ARCA, was demonstrated as
the second most frequent ARCA following
Friedreich’s ataxia [103]. The clinical presentation
of AOA?2 is highly heterogeneous, which is mainly
relevant for juvenile-adolescent-onset cerebellar
ataxia usually between 10 and 22 years of age, ocu-
lomotor apraxia, sensorimotor neuropathy, noted
cerebellar atrophy on brain MRI, and increased
serum level of AFP [104—-108]. Oculomotor apraxia
was defined as the inability to develop conative
horizontal saccades with preserved reflex eye move-
ments [109]. Although oculomotor apraxia is
included in the disease acronym and occurred in
51% of the AOA2 cases previously reported, it is
not a consistent characteristic [96, 103, 109-113]
and also absent in this patient. This demonstrated
that oculomotor apraxia might not be the primary
factor for the diagnosis of AOA2. Alternatively, the
case has not developed oculomotor apraxia yet for
the early course of the disease.

It is known that AOA?2 is caused by SETX
mutations. AOA?2 is a kind of rare neurodegener-
ative disease and has much phenotypic overlap
with other ataxias, easily leading the misdiagno-
sis in clinical practice. Although the pathophysi-
ology of elevated AFP level remains undefined, it
seems to be a favorable biomarker in AOA2 diag-
nosis. Therefore, the AFP level should be exam-
ined in individuals with a recessive family history,
onset of cerebellar ataxia in earlier adulthood,
oculomotor impairment and peripheral neuropa-
thy. In case of an elevated AFP level, the diagno-
sis of AOA?2 should be considered systematically
and gene detection is powerful for the final defi-
nite diagnosis.

To this day, no causal therapy of an underly-
ing genetic defect in AOA2 is available. The

treatment therefore remains exclusively symp-
tomatic and focuses on the main symptoms.
Cerebellar ataxia can benefit from buspirone.
The citicoline and Coenzyme Q10 can improve
the metabolism of brain tissue and promote the
recovery of neural function. Furthermore, the
common strategy for treating cerebellar ataxia is
regular physiotherapy.
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Epileptic Attack-Related Disorders
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Abstract

Epileptic attacks can cause symptoms such as limb twitches, muscle
spasms, loss of consciousness, and changes in behavior. There are many
different kinds of epileptic attacks, which are usually described by their
symptoms or by where in the brain they originate. Many causes can lead
to epileptic attacks, including trauma, brain tumors, prenatal injury, medi-
cations, stroke, poisoning, heart attacks, alcoholism, and a variety of
developmental and metabolic disorders. Genetics also play an important
role. In this chapter, we will discuss several genetic epileptic attack-related
disorders including MELAS, MERRF, TSC, and cherry-red spot
myoclonus.
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2.1 Mitochondrial Encephalo-
myopathy with Lactic
Acidosis and Stroke-Like

Episodes (MELAS)

A 20-Year-0Old Girl with Transient Loss
of Consciousness and Seizures

Clinical Presentations

A 20-year-old girl was admitted to our hospital
with a chief complaint of transient loss of con-
sciousness and seizures 1 week ago. The girl’s
father reported that she was on the floor, “froth-
ing at the mouth” and stereotypic movements,
with both arms flexed and both feet extended.
The movements resolved within 60 s followed by
malaise and dizziness for several hours. Past
medical history revealed that she had an episode
of fever and encephalopathy with left temporal
and occipital cortex lobe swelling on brain CT
2 years before this admission. At that time, she
was treated for suspected herpes encephalitis
with acyclovir and corticosteroid. After 2 weeks’
treatment, she made a nearly full recovery at dis-
charge. Six months later, she presented abruptly
headache and ablepsia and also made a full
recovery after symptomatic treatments for
2 weeks. She was born after a full-term gestation
and had normal growth and development. There
was no family history of note (Fig. 2.1).

The neurological examinations showed a nor-
mal mental status and fluent speech. Examinations
of the cranial nerves were unremarkable. Muscle
strength was normal. She had a positive Babinski
sign on the left. Tendon reflexes and sensory
examinations were normal. Her neck was supple
and Kernig’s sign was negative.

The routine blood tests including full blood
count, hematocrit, platelets, liver, kidney, and
thyroid function disclosed unremarkable find-
ings. Electrocardiogram (ECG) and heart, kid-
ney, and abdominal Doppler ultrasound showed
uninformative results. The appearances of abnor-
mal electroencephalogram (EEG) were mainly
slow wave. The brain MRI examination showed
high signals in the right temporal and occipital
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Fig.2.1 Pedigree of the patient’s family. Circles indicate
females; squares indicate males; the black symbols indicate
affected individuals; diagonal lines across symbols indi-
cate deceased individuals; arrows indicate the probands

3 4

Fig. 2.2 Brain MRI showed high signals in the right temporal and occipital cortex as well as left occipital cortex on
FLAIR (a) and T2-weighted images (b)
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cortex as well as left occipital cortex on
T2-weighted and fluid-attenuated inversion
recovery (FLAIR) images (Fig. 2.2).

Primary Diagnosis

The clinical features of the patient including tran-
sient loss of consciousness, seizures, and positive
Babinski sign hinted the involvement of cortex
and pyramidal tract. Relatively young onset age,
recurrent  episodes, and  neuroimaging
manifestations implied that the possible diagno-
ses should include encephalitis, hereditary meta-
bolic disease, and primary central nervous system
(CNS) vasculitis. Additional tests including lum-
bar puncture, lactic acid test, and muscle biopsy
should be performed to enhance the ability to
make a diagnosis.

Additional Tests or Key Results

Intracranial pressure was normal, and routine
cytological and biochemical examination of cere-
brospinal fluid (CSF) disclosed unremarkable
findings, which excluded the diagnosis of
encephalitis. The clinical manifestations of CNS
vasculitis are highly variable. Lack of specific
noninvasive tests and materials for pathophysio-
logic investigation made it to be one of the most
formidable diagnostic and therapeutic challenges
for physicians [1]. The diagnosis of CNS vasculi-
tis is secured by a positive brain biopsy. But as an
invasive test, brain biopsy usually has low prior-
ity to perform. Basic lactic acid level from the
blood was 2.9 mmol/L (reference range 0.7—

2.1 mmol/L), immediate blood lactic acid level
after exercise was 9.6 mmol/L (reference range
0.7-2.1 mmol/L), and blood lactic acid level after
10 min rest was 5.1 mmol/L (reference range
0.7-2.1 mmol/L). The histological staining of the
muscle tissue from the patient showed a baso-
philia ragged red fiber (RRF) by using hematoxy-
lin and eosin (H&E) staining (Fig. 2.3a). RRF is
also positive by modified Gomori trichrome
(MGT) staining (Fig. 2.3b) and succinate
dehydrogenase (SDH) staining (Fig. 2.3c).
Investigations at this time included positive lactic
acid test, and RRF found in muscle biopsy
implied that mitochondrial diseases should be
considered first. In retrospect, the patient’s neu-
roimaging manifestations highly indicated that
the probable diagnosis was mitochondrial myop-
athy, encephalopathy, lactic acidosis, and a
stroke-like episode (MELAS). To confirm our
hypothesis, we examined the most common
mutation of MELAS and found positive mito-
chondrial mtDNA A3243G mutation thereby
confirming the diagnosis (Fig. 2.4).

Discussion
MELAS is one of the most common mitochondrial
disorders. It has variable clinical manifestations
including motor weakness, epilepsy, recurrent
headaches, hearing loss, myopathy, lactic academia,
and short stature. m.3243A>G mutation is the most
frequent mutation associated with MELAS [2].
The mtDNA is strictly inherited from the
mother. The cells can contain varying propor-

e P

Fig. 2.3 Histologic staining of the muscle tissue from the patient shows a basophilia RRF by using hematoxylin and
eosin (H&E) staining (a), MGT staining (b), and SDH staining (c)
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Fig.2.4 Chromatogram
of m.3243A>G mutation
detected in the patient

m.3243A>G
AT 6 GC A GIA|]G C C C G G T
AT GGCAGIGIGC C C G G T

tions of mutated and wild-type mtDNA. They can
usually tolerate a certain percentage of mutated
mtDNA level. In most cases, clinical manifesta-
tion of the genetic defect occurs only when a
threshold level is transcended. This phenomenon
has been called the threshold effect. The abnor-
mal mitochondria cannot generate enough energy
to meet the needs of multiple organs leading to
the multi-organ dysfunction.

In this case, the patient has a history of two
stroke-like episodes. She made a nearly full
recovery in both episodes. Stroke-like episodes
are one of the major features of MELAS that
demonstrate in over 80% of patients. These epi-
sodes demonstrate with partially reversible motor
weakness, recurrent headaches, hearing impair-
ment, cortical vision loss, aphasia, and seizures.
The affected brain areas do not well correspond to
classic vascular distribution, involving predomi-
nantly the temporal, parietal, and occipital lobes,

and also can affect subcortical white matter [3].
Epilepsy is also a common neurological manifes-
tation occurring in over 71% of patients. Seizures
can occur independently or as a result of a stroke-
like episode. Other common manifestations
include recurrent headaches, hearing impairment,
myopathy, and lactic academia. Lactic academia
in MELAS syndrome is due to the inability of
abnormal mitochondria to generate sufficient oxi-
dized glucose, leading to the accumulation of
pyruvate and shunting of pyruvate to lactate.
However, lactic academia can also occur in meta-
bolic diseases and systemic disease.

There is no effective therapy for treating
MELAS so far [4]. Symptomatic and supportive
cares are the mainstay treatment for patients.
Some compounds such as co-enzyme Q10, vita-
min B1, vitamin B2, vitamin C, vitamin E, vita-
min K, and alpha-lipoic acid may ameliorate
symptoms for some patients.
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2.2  Myoclonus Epilepsy
Associated with Ragged Red

Fibers (MERRF)

A 52-Year-Old Female Presented
with Paroxysmal Right Upper
Limb Tics

Clinical Presentations

A 52-year-old woman complained of paroxysmal
right upper limb tics that have been ongoing for
over 20 years came to our Neurology Clinic. The
involuntary limb tics demonstrated a sudden onset
and lasted for about 3 s, but were not accompanied
by consciousness disturbance. The patient had
about 15-20 attacks per day which became aggra-
vated when she felt nervous or anxious. She also
complained of uncoordinated gait and was suscep-
tible to fall. She was diagnosed with epilepsy at a
local hospital and irregularly took sodium valpro-
ate (500 mg twice daily). However, the symptoms
did not relieve significantly. One year ago, she
went to another clinic and the medicine was
adjusted to magnesium valproate (500 mg twice
daily) combined with levetiracetam (500 mg twice
daily), and the limb tics relieved a little. Past medi-
cal history revealed that the patient presented mul-
tiple lipomas and pes cavus. Her older daughter
(IIT;) had a history of similar presentations and
died at 16 years old (Fig. 2.5).

I
1 2

Fig. 2.5 Pedigree of the patient’s family. Squares indi-
cate males; circles indicate females; the black symbols
indicate affected individuals; the diagonal lines across
symbol indicate the deceased individual; the arrow indi-
cates the proband

The neurological examinations showed a nor-
mal mental status and mild dysarthria.
Examinations of the cranial nerves were unre-
markable. Paroxysmal right upper limb tics were
observed. Her muscle strength was graded 4-5
distally and 5 proximally. Muscular tone and sen-
sory were normal. The patient with broad gait
could not walk in a straight line. Romberg sign
was positive. Babinski and Hoffman signs were
absent.

The routine blood tests including white blood
cell count, hematocrit, platelets, sodium, potas-
sium, chloride, carbon dioxide, blood urea nitro-
gen, creatinine, glucose, and prothrombin time
disclosed unremarkable findings. Immunology
and rheumatism  tests  were  negative.
Electroencephalography (EEG) revealed spikes
and slow waves.

Primary Diagnosis

A middle-aged woman was referred for prob-
lems with limb tics, weakness, and cerebellar
ataxia, suggesting the impairment of cortex and
cerebellum. The relatively long course of dis-
ease and positive family history implied the
hereditary diseases should be considered first.
Myoclonus was the most prominent feature of
the patient over the entire course of the disease.
The possible diagnosis consideration should
include mitochondrial diseases, sialic acid stor-
age disease, and neuronal ceroid lipofuscinoses
(NCLs). Sialic acid storage disease is an autoso-
mal recessive inherited disorder thus is excluded.
Mitochondrial diseases involve multiple systems
with variable clinical symptoms and recurrent
episodes which cannot be excluded. NCLs are
characterized with variable symptoms, including
seizures, cerebral atrophy, dementia, and visual
loss. Although most NCLs are autosomal reces-
sive disorders, some autosomal dominant fami-
lies were also reported. Additional tests
including brain MRI, organic acid tests of the
blood and urine, lactic acid test, and muscle
biopsy were needed to further determine the
diagnosis.

Additional Tests or Key Results
The brain MRI was normal. Basic lactic acid
level from the blood was 4.4 mmol/L (reference
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Fig.2.6 Histologic staining of the muscle tissue from the
patient shows several COX enzyme activity decreased or
absent in muscle fibers using COX staining (a), positive

Fig.2.7 Chromatogram
of m.8344A>G mutation
detected in the patient

MGT-staining RRFs (b), and strong SDH-reactive blood
vessels (¢) were found

m.8344A>G

TA A G AGA C CAACAC
TA A G AGA C CA ACAC

range 0.7-2.1 mmol/L), immediate blood lactic
acid level after exercise was 6.8 mmol/L (refer-
ence range 0.7-2.1 mmol/L), and blood lactic
acid level after 10 min rest was 5.3 mmol/L (ref-
erence range 0.7-2.1 mmol/L). Histologic stain-
ing of the muscle tissue from the patient shows
several cytochrome c¢ oxidase (COX) enzyme
activities decreasing or absent in muscle fibers
using COX staining (Fig. 2.6a). Ragged red fiber
(RRF) was positive by modified Gomori tri-
chrome (MGT) staining (Fig. 2.6b), and strong
succinate dehydrogenase (SDH)-reactive blood
vessels were found in the muscle tissue
(Fig. 2.6c). The elevated lactic acid level and
RRF found in muscle biopsy highly implied that
the probable diagnosis was myoclonic epilepsy
associated with ragged red fibers (MERRF).

Then we examined the most common mutation of
MERRE. The sequencing of mtDNA was positive
for m.8344A>G mutation thereby confirming the
diagnosis of MERRF (Fig. 2.7).

Discussion

Mitochondrial diseases have versatile clinical and
genetic aspects [5]. However, some specific syn-
dromes are well understood like MERRF, which
is a maternally inherited progressive multisystem
syndrome usually beginning in childhood, but
onset may also occur in adulthood. Patients with
MERRF have several typical manifestations
including myoclonus, generalized epilepsy, cere-
bellar ataxia, and RRF on muscle biopsy [6].
MERRF s caused by the mutations in mtDNA. The
pathogenesis of the disease depends upon the pro-
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portion of mtDNA mutation, and the thresholds
for dysfunction are different in various tissues.
This is one of the reasons why mitochondrial dis-
eases have versatile clinical manifestations. The
myoclonus can occur independently or in associa-
tion with generalized seizures in MERRF patient.
MERRF predominantly affects gray matter, red
nucleus, the inferior olivary nucleus, cerebellar
dentate nucleus, and pons of the brainstem.

Here we demonstrated a typical case of
MERREF with classical phenotype and genotype.
The patient was misdiagnosed with epilepsy and
treated with sodium valproate to control seizures
for a long time. Sodium valproate is potentially
mitochondrial poison which will increase the
morbidity and mortality in patients with mito-
chondrial disease [7]. It is of particular impor-
tance to identify mitochondrial disease from
other disease that can cause seizure. Similar with
the patients with mitochondrial myopathy,
encephalopathy, lactic acidosis, and a stroke-like
episode (MELAS), the lactic acid level in the
MERREF patient’s blood and CSF is usually ele-

vated at rest and can increase moderately after
physical activity, but compared with MELAS
patients, these levels are relatively low.

The muscle biopsy is an important diagnostic
tool for MERRF because RRF are found in more
than 90% of patients. Muscle fibers with deficient
activity of COX imply that respiratory chain
complex IV is one of the complexes that are most
frequently impaired in MERRF patients.
Mutation analysis of mtDNA is also important
for MERRF diagnosis, and the most common
mutation in MERRF patients is m.8344A>G [8].

There is no cure or specific treatment for
MERREF. Treatment is limited to symptomatic
and supportive management. The myoclonus
improved markedly in 75% of patients treated
with levetiracetam. Co-enzyme Q10 and
L-carnitine have been used to ameliorate symp-
toms. Supportive management also includes
additional therapy for complications such as car-
diac disease, deafness, and diabetes mellitus.
Genetic counseling and the option of genetic test-
ing should be offered to at-risk relatives.



42

Q.-Q.Taoetal.

2.3  Cherry-Red Spot Myoclonus
A 13-Year-Old Boy Underwent 6 Years
of Hypopsia and 2 Years of Limb Tic

Clinical Presentations

A 13-year-old boy came to our Neurology Clinic,
complaining about progressive hypopsia for
6 years and unstable gait for 2 years. He had an
unremarkable delivery and normal development
milestones. His binocular vision became
decreased when he was 7 years old. With diffi-
culty in walking upstairs, he had to wear myopic
lens for his blurred vision. At the age of 11, he
experienced twitch of his limbs. The episodes
usually lasted 2-3 min each time with loss of
consciousness. Carbamazepine at a dose of
100 mg thrice daily was prescribed for him, but
the events still occurred 3-5 times every year.
Four months later, he exhibited gait difficulty and
fall down to the ground sometimes. He could not
hand the chopsticks steadily when picking up
food. There was no complains of vertigo, dyspha-
gia, or hypoacusis. His intelligence was intact
and recognition was not impaired. He did not
have any history of toxic exposure. His parents
were not consanguineous; neither of them suf-
fered similar symptoms.

Cranial nerve examinations revealed blurred
vision, horizontal nystagmus, and visual field
defect. His left visual acuity was 0.5/1.0, and
right visual acuity was 0.6/1.0. His motor and
sensory examination was normal. However, deep
tendon reflexes were hyperactive throughout,
with +++ at the biceps, triceps, and knees. Both
Hoffmann sign and Babinski sign were bilater-
ally positive. Romberg sign and straight test were
positive.

The blood cell counting, hepatic function, and
thyroid hormones revealed uninformative.
Rheumatism and immunology test demonstrated
negative results. Folic acid and vitamin B12 were
within normal range. Electroencephalogram
(EEG) revealed high amplitude of spike waves
and spike wave complex in both cerebral hemi-
spheres. The brain MRI disclosed unremarkable
findings.

Primary Diagnosis

The young patient presented with progressive
hypoplasia, limb tics, and unstable gait.
Neurological examinations revealed impaired
vision, hyperreflexia, and cerebral ataxia. The
location diagnosis was retina or optic nerve,
pyramidal tract, cerebellum, and cerebral cortex,
respectively. Taken together, these disclosed the
extensive involvement of the nervous system.
The early onset and progressive course of the dis-
ease suggest that heredity, metabolism, and
intoxication may be the etiology of his symp-
toms. No exposure of toxicant substance or heavy
metal excluded the consideration of intoxication.
Therefore, hereditary and metabolic disease was
the first consideration. Ophthalmofundoscope
and visual evoked potential (VEP) test were
needed for his hypopsia. Organic acid test from
the blood or urine was needed to verify some
metabolic disorders. Electromyologram (EMG)
was needed to clarify if the peripheral nerve or
muscle was involved.

Additional Tests or Key Results

Funduscopic examination showed bilateral macu-
lar cherry-red spots and nerve atrophy (Fig. 2.8a,
b). Perimetry of the patient demonstrated visual
defect of oculus dexter and sinister (Fig. 2.8c, d).
VEP revealed that eye waveform was not recorded.
Tandem mass spectrum analysis disclosed unre-
markable findings. All the organic acid was nor-
mal in his urine. EMG test was uninformative. The
decreased visual acuity, myoclonus, and cherry-
red spots suggested that cherry-red spot myoclo-
nus syndrome should be firstly considered.

The sequencing of NEU1 gene was performed,
revealing that the patient harbored compound
heterozygous  ¢.544A>G  (p.S182G) and
c.1021C>T (p.R341X) mutation (Fig. 2.9). The
further sequencing revealed the patient’s father
carried ¢.544A>G mutation, while his mother
carried ¢.1021C>T mutation.

Discussion

Cherry-red spot myoclonus syndrome, also
termed sialidosis type 1, is an autosomal reces-
sive lysosomal storage disorder due to the deficit
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Fig.2.8 Funduscopic examination revealed bilateral macular cherry-red spots and nerve atrophy (a, b). Perimetry of
the patient demonstrated visual defect of oculus dexter (¢) and sinister (d)

.544A>G (p.S182G) ¢.1021C>T (p.R341X)

TTCCTGGGCACACC AGAGTTOC[Cl]eG TG AG TG
TT CCTGG G CACATCSGC AGAGTTOC|T/IG TG AGTG

Fig.2.9 Chromatogram of ¢.544A>G (p.S182G) (a) and ¢.1021C>T (p.R341X) (b) mutations within NEU1 gene. The
upper panel indicates the normal sequence, the lower panel depicts mutated sequence
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of neuraminidase [9]. It is an attenuated type of
sialidosis and is characterized by myoclonus,
visual impairment, and ataxia between the ages
20 and 30, without obvious physical or intelli-
gence defects [10]. In contrast, sialidosis type II
is a severe form of sialidosis, with infantile
onset, coarse facial features, hepatomegaly, dys-
ostosis multiplex, and mental retardation [11].
Although sialidosis type I and type II are both
caused by NEU1 mutation, they are seemingly
distinct diseases clinically. Sialidosis type II
have an early onset, a rapid course, and a dismal
prognosis, while type I present later in life
with a mild disease that is mostly confined
to vision, myoclonus, and minor neurologic
manifestations.

The core symptoms in this case are hypopsia,
myoclonus, and ataxia. Therefore, several dis-
eases should be considered, including myoclo-
nus epilepsy with ragged red fibers (MERRF),
dentatorubral-pallidoluysian atrophy (DRPLA),
Lafora, neuronal ceroid lipofuscinosis (NCL),
sialidosis, and so on. The absence of exercise
intolerance and intelligence deficit implied the
less possibility of MERRF. DRPLA could be
excluded because of the recessive inheritance in
this family. The relatively mild symptoms with-
out recognition impairment and slow course of
disease were not consistent with the clinical

features of Lafora and NCL. The cherry-red
spot sign is a crucial clue for the diagnosis in
this case. However, this sign was not exclusive
in sialidosis type I but was also described in
GM1/GM2 gangliosidosis, Goldberg syndrome,
Niemann-Pick disease, Wolman disease, and so
on [12]. Combining cherry-red spot and myoc-
lonus in this young girl, sialidosis type I should
be considered. With the identification of NEU1
mutation in this case, the diagnosis of sialidosis
type I could be made. If the ophthalmofundo-
scope was not performed or the funduscopic
examination revealed unremarkable findings,
the diagnosis in this case should include several
other diseases.

Currently, there is no available therapy for siali-
dosis. Enzyme replacement therapy (ERT) is the
classical therapeutic method for lysosomal storage
disorders [13]. However, no ERT was successful in
patients with sialidosis type I. A recombinant Neul
enzyme was attempted in Neul—/— mice, but elic-
ited a severe immune response in the mutant mice
[14, 15]. In addition, a pharmacologic chaperone-
mediated therapy was successfully tested in the
mouse model of type I sialidosis recently [16]. It
was hypothesized that this approach may be effec-
tive for the NEU1 mutations found in patients with
sialidosis type I. Levetiracetam is recommended to
control the myoclonus in patients.
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Tuberous Sclerosis
Complex (TSC)

24

A 29-Year-Old Woman with Left Limb
Numbness

Clinical Presentation

A 29-year-old woman presented with left limb
numbness for over 10 days. She reported numb-
ness descending from her left arm to her lower
feet and could not walk steadily 5 days ago. She
denied any eyelid drooping, blurred vision, chew-
ing, or swallowing difficulty. She had a past
medical history of moderate intellectual disabil-
ity and seizures for over 10 years which was
treated with antiepilepsy drug. Seizures were
well controlled and did not recur in recent 5 years
without antiepilepsy drug. There was no family
history of note (Fig. 2.10).

Physical examination revealed multiple seba-
ceous adenomas appearing on her face and
ungual fibroma appearing on her back (Fig. 2.11).
The neurological examinations revealed a

decreased cognitive abilities, which are evalu-
ated by Mini-Mental State Examination (MMSE)
and the score is 9/30. Examinations of the cra-
nial nerves revealed unremarkable finding. Her

muscle strength was graded four on a scale of
five distally of the left upper limb. Muscle tone
was normal. She had a decreased sensation to
pinprick and touch to left limbs. Tendon reflexes
were normal. Babinski and Hoffman sign was
negative. Her neck was supple and Kernig’s sign
was negative.

O

1]
1

Fig. 2.10 The pedigree of the patient. Squares indicate
males; circles indicate females; the black symbols indicate
affected individuals; diagonal lines across symbols indi-
cate deceased individuals; arrows indicate the probands

Fig.2.11 Dermatologic manifestations of the patient. (a) Multiple sebaceous adenomas appearing on the patient’s face

and (b) ungual fibroma appearing on her back
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The blood routine examination including white
blood cell count, hematocrit, platelets, prothrombin
time, blood urea nitrogen, creatinine, glucose, liver,
and thyroid function disclosed unremarkable find-
ings. Rheumatism and immunology test showed
negative results. Erythrocyte sedimentation rate
and C reactive protein were in the normal range.

Primary Diagnosis

The past medical history, symptoms, and signs of this
patient hint the involvement of cognitive impairment,
seizures, left limbs numbness, and mild muscle
weakness as well as skin lesions which mean wide-
spread cortex, suspected pyramidal tract, and the skin
that was affected. Based on the long course of the
disease, the neurologic symptoms, and skin lesions,
neurocutaneous syndrome should be considered first
for this patient. The differential diagnosis should
include neurofibromatosis (NF), tuberous sclerosis
complex (TSC), Sturge-Weber syndrome (SWS),
and cerebral vascular disease. NF influences the
growth and development of nerve cell tissue and is
characterized by multiple cafe au lait spots and neu-
rofibromas on the skin or in the brain. TSC is charac-
terized by the presence of hamartomatous growths in
multiple organs. The hallmark of SWS is a facial
cutaneous venous dilation, typically in the distribu-
tion of the trigeminal nerve. Thus the brain CT should

be examined first. MRI scanning was necessary to
exclude the cerebral vascular disease.

Additional Tests or Key Results
The brain CT revealed multiple intracranial high-
density nodules (Fig. 2.12).

MRI scanning showed multiple nodules on
both sides of the wall of the lateral ventricle with
hypointense on both T1-weighted images and
T2-weighted images (Fig. 2.13).

According to the neuroimaging results, com-
bined with dermatologic manifestations, TSC
should be considered first. Genetic testing was per-
formed to detect the most common TSC-causative
gene TSCI. The sequencing of TSCI revealed that
the patient harbored TSC1 c.1553delAGinsGAACT
(p-K518Rfs*15) mutation thereby confirming the
diagnosis of TSC (Fig. 2.14).

Discussion

TSC, also known as Bourneville disease, is a rare
autosomal dominant neurocutaneous syndrome
characterized by the presence of hamartomatous
growths in multiple organs [17]. Hamartomas are
frequently present in the brain, skin, kidneys,
heart, and lung. Typical central nervous system
(CNS) involvement includes subependymal nod-
ules, cortical tubers, and benign white matter

Fig.2.12 Brain CT of the patient. Brain CT examination (a, b) showed multiple intracranial high-density nodules
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Fig.2.13 Brain MRI of the patient. MRI examination showed multiple nodules on both sides of the wall of the lateral
ventricle with hypointense on both T1-weighted (a) and T2-weighted images (b)

¢.1553delAGinsGAACT (p.K518Rfs*15)
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Fig. 2.14 Mutation analysis of the patient. The sequencing of TSC1 was positive for ¢.1553delAGinsGAACT

(p.K518Rfs*15)

lesions. Tubers are composed of dysmorphic
neurons occupying a cortical or subcortical
location, showing abnormal signal on CT or
MRI. Cortical tubers may calcify and approxi-
mately 50% of patients have calcified cortical
tubers by age 10. Most TSC patients suffer from
epilepsy and cognitive and behavioral problems.

In this case, the patient showed a typical clini-
cal phenotype of TSC with cognitive impairment,
seizures, and skin lesions. TSC most often pres-
ents with neurologic symptoms, with up to 90%
of affected individuals experiencing seizures [18]
and near half of the patients experiencing cogni-
tive impairment [19]. Subependymal nodules are
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found in nearly 95% of patients. Renal and derma-
tologic manifestations are also the common find-
ings associated with TSC. In this case, kidney and
eye examination disclosed no positive finding.

TSC is caused by the mutation in either of the
two genes TSC1 and TSC2. A causative mutation
in TSC1 or TSC2 is identified in about 85% of
TSC patients [20]. Over 60% of cases are sporadic
and are considered to represent new mutations
[21]. TSC1 encodes hamartin, which forms an
intracellular complex inhibiting the target of
rapamycin (mTOR). mTOR is an ubiquitously
expressed protein that modulates cell proliferation
and growth, protein synthesis, and autophagy and
plays as a pivotal regulator of neuronal excitabil-
ity. Genetic defect results in mTOR overactivation
which affects the normal cell growth and prolif-
eration, neuronal excitability, and synaptogenesis
leading to epilepsy and neuropsychiatric disor-
ders. TSC2 encodes a protein called tuberin which
has a GAP domain near the carboxy-terminal.
TSC1 and TSC2 interact physically to form het-
erodimers [22]. However, the clinical relevance of
these interactions is not yet well understood.

Currently there has been no specific therapy
for TSC. Symptomatic and supportive cares
including antiepilepsy, reducing intracranial
pressure, and facial angiofibroma treatment are
the mainstay treatment for patients. In animal
experiments, inhibitors of mTOR treated in the
early postnatal period before the first seizure
have a notable efficacy in preventing epilepsy
onset in rodents, but have no effect on long-term
sequelae including cognitive impairment and
development delay [23, 24]. Genetic counseling
and the option of genetic testing should be offered
to at-risk relatives.
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Abstract

Motor neuron disease (MND) is a group of neurological disorders which is
characterized by selectively progressive degeneration of motor neurons in
the brain and spinal cord. On the basis of the degree of upper or lower neuron
involvement, MND is broadly divided into several subtypes: pure upper
neuron diseases (primary lateral sclerosis), pure lower motor neuron diseases
(progressive spinal muscular atrophy, progressive bulbar palsy, spinal mus-
cular atrophy, X-linked spinal and bulbar muscular atrophy, etc.), and mixed
upper and lower motor neuron diseases (amyotrophic lateral sclerosis).
Generally, MND can be sporadic, or it can occur as an inherited disorder. To
date, a great number of genes have been identified to be responsible for
inherited MND. The distinct causative genes usually result in different clini-
cal phenotypes. Therefore, the genetic testing is crucial for inherited
MND. In this chapter, we mentioned several cases of inherited motor neuron
diseases and described the way how these definitive causative genes were
identified. In addition, to make clear definition for MND, several other
inherited neurologic diseases, such as hereditary spasticity paraplegia and
inherited peripheral neuropathy, were also presented in this chapter.
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3.1 Amyotrophic Lateral

Sclerosis (ALS)

A 49-Year-Old Male with Progressive
Limbs Weakness and Muscle Atrophy

Clinical Presentations

A 49-year-old man came to our department with
a history of over 20 years of progressive limbs
weakness associated with muscle atrophy. He
was first noted mild weakness of his bilateral legs
at the age of 29. He gradually experienced diffi-
culty in walking. Five years later, his arms were
affected as well, with difficulty in lifting a heavy
load over his head. In the next five years, he had
increased difficulty in handgrip and walking.
Obvious muscle atrophy was observed in both
hands and legs. The disease affected his speech
muscles when he was 43 years old. He exhibited
a mild dysarthria but still had a relatively unim-
paired swallowing ability. His cognition and
behavior ability were not impaired during the
entire disease course. The patient first started to
take riluzole at the age of 49, though with a limit
effect. More supportive care was currently home
provided to enhance the quality of life.

Physical examinations on his first visit showed
obvious atrophy of his bilateral intrinsic hand
muscles and diffusely brisk deep tendon reflexes.
Babinski sign was present bilaterally at the
moment. In his recent examinations, positive
signs included mild dysarthria, muscle weakness
of both upper limbs and lower extremities.
Muscle weakness involved all his extremities,

1

with a decreased strength of the upper extremities
(3-4/5) and lower extremities (2-4/5, distal
weaken than proximal). The gag reflex was nor-
mal. Tendon reflexes were disappeared in all four
extremities. Pathogenic signs weren’t observed at
this moment. His sensory and cerebellar function
was normal. His cognition was evaluated normal
as well.

The former medical history was unremark-
able, apart from a record of slightly increased
level of blood sugar. In total, six persons were
affected by this disease in the family. They expe-
rienced the similar problems in their 20s (Fig. 3.1)
and died of respiratory failure within a couple of
years after onset. His younger sister developed
limbs wasting at the age of 32 and underwent
dysarthria at age 45.

There are no specific clinical findings on rou-
tine laboratory examinations. The blood tests
showed unremarkable findings. Serum levels of
T3, T4, and TSH were in normal range. Both folic
acid and vitamin B12 were within normal range.
There were no significant findings on test for rheu-
matoid factor and assessment of immunology sys-
tem. The brain and cervical spinal magnetic
resonance imaging (MRI) examination revealed
unspecific findings. There were no abnormal find-
ingsonelectroencephalography.Electromyography
test showed extensive denervation in limb muscles
and thoracic paraspinal muscles.

Primary Diagnosis
In this case, the patient mainly presented with
slow progressive limbs weakness and severe
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muscle atrophy, which were evidences of lower
motor neuron deficits. EMG results also highly
suggested the involvement of lower motor neu-
ron. The Babinski signs observed in early stage
indicated the entanglement of the upper motor
neuron. Taken together, the clinical picture hinted
the impairment of upper and lower motor neuron.
Owing to the feature of midlife-onset and slowly
progressive course in this patient, the diagnosis
consideration should include the disturbance of
neoplasm, metabolism, chronic inflammation,
degeneration, and hereditary. Neoplasm could be
excluded on the basis of the unspecific MRI find-
ings and blood tests. Normal laboratory testing
results basically ruled out the possibility of
metabolism and chronic inflammation. Both
upper and lower motor neuron were affected in
the present case, indicated the deficits of the
motor neuron processes. Therefore, the diagnosis
of probable amyotrophic lateral sclerosis (ALS)
could be made on the basis of revised El Escorial
criteria [1]. The differential diagnosis also
included lesions of cervical spine, multifocal
motor neuropathy (MMN), and other forms of
motor neuron diseases. Unremarkable MRI
examination in the brain and spinal cord basically
excluded the possibility of structural lesions of
these sites. Multifocal motor neuropathy had typ-
ical electrophysiologic features of conduction
block, which could be detected by nerve conduc-
tion examination. The multiple neurological
examinations could provide more strong evi-
dence of UMN impairment and help distinguish
MND from other LMN disorders. Moreover, a
positive family history was obviously observed in
the disease with an autosomal-dominant pattern.
Therefore, the genetic testing was required to
unearth the genetic cause and help make the cor-
rect diagnosis.

Additional Tests or Key Results

Through targeted sequencing by combining the
genes responsible for ALS in a custom panel, the
patient was detected with a novel ¢.175G>C (p.
G59R) mutation in DCTNI gene. The novel
mutation was further certificated through Sanger
sequencing in his affected younger sister
(Fig. 3.2).

¢.175G>C (p.G59R)

AT G GGTA GC GTG AT
AT G GGTA GC GTG AT

Fig. 3.2 Mutation analysis of the patient. Chromatogram
of ¢.175G>C (p.G59R) mutation in DCTNI. The upper
panel indicates the normal DCTNI sequence, whereas the
lower panel shows the heterozygous mutated sequence

Discussion

ALS is manifested by progressive degeneration
of both upper and lower motor neurons located in
the cerebral cortex, brainstem, and spinal cord.
This disease is first described by Jean-Martin
Charcot in 1874 and become well recognized
because of the two famous persons with ALS,
Lou Gehrig and Stephen William Hawking, and
increasingly common today due to the prevalence
of ice bucket challenge in 2012. The typical
symptoms comprise muscle weakness, muscular
atrophy, pyramidal tract signs, and the absence of
sensory impairment. The average age onset of
ALS is 65 years [2]. Most patients die from fail-
ure of respiration within 3-5 years after the onset,
but about 10% of patients may still survive as
much as 10 years and even longer. Unlike classi-
cal ALS, which tends to affect people with a rap-
idly progression, the clinical feature of the
present patient was atypical. In this case, the
course of the disease was slowly progressive,
with a period of 13 years from limbs onset to bul-
bar symptom. In his family, his affected younger
sister also experienced the similar slow course of
progression. During the early stage of the dis-
ease, upper motor signs were identified in our
case; nevertheless, lower motor signs were the
primarily symptoms in the whole disease course.
This suggests a wide variability of UMN and
LMN involvement in the whole process of
ALS. Given the critical role of involvement of
both UMN and LMN in ALS diagnosis, careful
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neurological examinations should be performed
at different stages of the disease.

About 5-10% of ALS patients show familial
inherited  pattern  (autosomal-dominant  or
autosomal-recessive inheritance). More than 19
disease-causing genes have been described in
familial ALS (FALS) [3]. Among them, SODI,
TDP-43, and FUS make up about 30% in all FALS
cases [4]. Moreover, ALS is also a kind of disease
with highly genetic heterogeneity and clinical vari-
ability. Different causative genes can still result in
similar phenotypes in ALS patients. Therefore, it is
a big challenge to identify underlying mutations
with traditional sequencing method. Targeted
sequencing, a new relatively rapid and economic
molecular diagnosis strategy, makes it possible to
screen culprit genes or mutations in FALS patients.

The patient was finally detected with DCTNI
mutation through targeted sequencing. The first

mutation of DCTNI related to MND was reported
in 2003, and several DCTNI mutations were
described in families affected with ALS or ALS-
FTD. However, there was an obvious variability
with regard to the associated phenotypes of
DCTNI mutations. The severity of disease and
the course of disease are varied largely among the
interfamilial or intrafamilial members with
DCTNI mutations.

The pathogenic mechanism of ALS is believed
to be utmost complicate, which would involve
multiple mechanisms. Although huge improve-
ment has been made to elucidate the mechanisms
of ALS during the past two decades, the specific
mechanism is still unclear. To date, there is no
effective medical treatment for ALS. Many drugs
that have been initially developed and showed a
promise in the field of cure ALS, but the majority
of them failed the final clinical trial.
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3.2  Hereditary Spastic

Paraplegia (HSP)

A 24-Year-Old Male with 10-Years
History of Abnormal Gait

Clinical Presentations

A 24-year-old man came to our neurological
department with a chief complaint of abnormal
gait for over 10 years. He had gait disturbance at
the age of 14. The symptoms progressed slowly
and became evident in the last 3 years. He felt
weak in the lower limbs and had difficulty in
going downstairs because of his stiff legs. The
upper limbs were intact. He denied cognitive
impairment, headaches, eyelid drooping, double
vision, swallowing difficulty, or shortness of
breath. He did not complain urinary bladder
incontinence. He had no other medical problems
and was not taking any medications. The patient

was of Chinese descent, and his mother also
developed gait disturbance at the age of 35
(Fig. 3.3a).

The neurological examination showed higher
muscle tone, increased reflexes in the lower
limbs, positive bilateral Babinski sign, and ankle
clonus. His gait was stiff with scissoring. He had
difficulties with tandem gait. His speech is fluent.
No cognitive impairment, abnormal signs of cra-
nial nerves, or extrapyramidal disturbances were
observed. Strength and sensory examinations in
upper extremities were normal. No muscle weak-
ness, muscle atrophy, or sensory deficits in the
lower limbs was noted. Romberg test and finger-
to-nose test were negative. No scoliosis or kypho-
scoliosis was observed.

The routine laboratorial screening tests, includ-
ing routine blood test, blood biochemical test,
vitamin B12, folate, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and thyroid

¢.1246C>T (p.R416C)

Fig. 3.3 The pedigree, MRI examination and sequencing
chromatograms. (a) The pedigree of the patient. Arrow
indicates the proband. The black box indicates the affected
patient. (b) The brain and spinal cord MRI examination

indicate normal structure. (¢) The sequencing chromato-
grams reveal a heterozygous variant ¢.1246C>T of the
ATLI gene in the patient
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function, were within normal ranges. The exami-
nation of a group of autoantibodies, such as anti-
nuclear antibodies, anti-double-stranded DNA
antibodies, and anti-Smith antibodies, was nega-
tive. Serology for HIV, hepatitis, and syphilis
were negative as well. The X-ray examination for
knee joint and hip joint was normal. No abnor-
malities were found in brain magnetic resonance
imaging (MRI) examination (Fig. 3.3b).

Primary Diagnosis

Lower extremity spasticity, high muscle tone,
hyperreflexia, positive Babinski sign, and absence
of sensory impairment suggested the pyramidal
dysfunction. The normal brain MRI findings and
intact function of upper limbs hinted the involve-
ment of the spinal cord below the cervical enlarge-
ment. As the patient’s mother also had symptom of
gait disturbance indicating a clear family history, an
inherited disease affecting the spinal cord should be
verified. The following diseases should be taking
into account: familial amyotrophic lateral sclerosis,
primary lateral sclerosis, structural abnormalities of
spinal cord, spinocerebellar ataxias (SCA), heredi-
tary spastic paraplegias (HSP), inherited metabolic
diseases (homocysteine remethylation defects, argi-
nase deficiency, etc.), and subacute combined
degeneration of spinal cord.

Additional Tests or Key Results
The examination of thoracic spinal cord MRI,
CSF analysis, and electrophysiological study

were further performed. No abnormalities were
found in spinal cord MRI examination (Fig. 3.3b).
The nerve conduction studies and electromyogra-
phy assessments were normal as well. The lum-
bar puncture with cerebrospinal fluid (CSF)
analysis showed normal protein, glucose, cell
counts, and IgG synthesis rate.

Since the serum vitamin B12 level, CSF analy-
sis, and MRI examination of the spinal cord were
normal, the disease of myelopathy (metabolic,
compression) and structural abnormalities disor-
ders were unlikely. Owing to long-term disease
course, normal neurological examination in the
upper extremities, and normal neurophysiologic
test, amyotrophic lateral sclerosis was excluded.
For inborn disorders of metabolism, the inheri-
tance pattern is often an autosomal-recessive trait,
and the clinical picture is usually not restricted to
pyramidal signs [5]. Moreover, the level of serum
homocysteine was normal. Therefore, inherited
metabolic diseases were not primarily under con-
sideration. The negative result of ATXN3 analysis,
the gene responsible for SCA3, helps us to exclude
the disease of SCA3. As HSP is the most common
disease responsible for hereditary lower limb spas-
ticity [6], we pay our attention to this disease.

Genomic DNA of this patient was extracted
from peripheral EDTA-treated blood. A gene
panel covering the causative gene associated with
HSP was designed (Table 3.1). Targeted next-
generation sequencing was further performed.
After filtering, a heterozygous variant in ATLI

Table 3.1 The genes responsible for HSP were included in the gene panel

Disease Gene Disease | Gene Disease | Gene Disease | Gene
SPG1 LICAM SPG18 ERLIN2 SPG45 NT5C2 SPG59 USPS
SPG2 PLPI SPG20 SPG20 SPG46 GBA2 SPG60 WDR48
SPG3A ATLI SPG21 ACP33 SPG47 AP4BI1 SPG61 ARLG6IP1
SPG4 SPAST SPG22 SLCI6A2 SPG48 AP5Z1 SPG62 ERLINI
SPG5A CYP7B1 SPG26 B4GALNTI1 SPG49 TECPR2 SPG63 AMPD?2
SPG6 NIPAI SPG28 DDHDI1 SPG50 |AP4M1 SPG64 ENTPDI
SPG7 PGN SPG30 KIFIA SPG51 APA4E] SPG65 NT5C2
SPG8 KIAAO0196 SPG31 REEPI SPG52 | AP4S1 SPG66 | ARS
SPGI10 KIF5A SPG33 ZFYVE27 SPG53 VPS37A SPG67 PGAPI
SPGI11 SPGI11 SPG35 FA2H SPG54 DDHD?2 SPG68 FLRTI
SPG12 RTN2 SPG39 PNPLAG6 SPGS55 C12orf65 SPG69 RAB3GAP2
SPG13 HSPDI SPG42 SLC33A1 SPG56 CYP2UI SPG70 MARS
SPG15 ZFYVE26 SPG43 C19orf12 SPG57 TFG SPG71 ZFR
SPG17 BSCL2 SPG44 GJC2 SPG58 KIFIC SPG72 REEP2
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¢.1246C>T was identified which was confirmed
by Sanger sequencing (Fig. 3.3¢). This variant had
been reported previously as pathogenic in HSP
families [7]. Further sequencing demonstrated that
the proband’s mother had the same heterozygous
variant in ATLI. Therefore, the patient was diag-
nosed with HSP.

Discussion

Hereditary spastic paraplegias (HSP), also termed
spastic paraplegias (SPG), is a genetically and clini-
cally heterogeneous group of neurological disorders
which is commonly characteristic with progressive
spasticity, extremities weakness, and some dorsal
column impairment [8]. Postmortem studies of
HSP patients indicated a length-dependent degen-
eration of the longest axons in the corticospinal tract
[9]. HSP is clinically divided into two forms, pure
HSP and complex HSP. Besides the corticospinal
signs, other neurological signs may present in com-
plicated HSP, such as ataxia, cognitive impairment,
epilepsy, peripheral neuropathy, thin corpus callo-
sum, and optic atrophy.

Up to now, at least 55 causative genes have
been found to be associated with HSP [6, 8]. The
transmission modes of HSP include autosomal-
dominant (AD), autosomal-recessive (AR),
X-linked, and maternal trait of inheritance [10].
Due to the genetic heterogeneity of HSP, it is dif-
ficult for the neurologist to detect all of the candidate
genes to make a molecular diagnosis. Targeted

next-generation sequencing, a high-throughput
DNA sequencing technology that performs paral-
lel sequencing of the genomic regions of interest,
makes it possible to sequence thousands of genes
[11]. Using this technology, we quickly detected
the causative gene in this family.

Spastic paraplegia 3 (SPG3) is one of the most
frequent autosomal-dominant type of HSP and is
related to ATLI gene on chromosome 14q12-q2
[12]. The age of onset of SPG3 is around 4 years
old and is rarely later than that age [13, 14]. Most
SPG3 patients have a pure HSP phenotype [15].
Our patient also displayed a pure form HSP but
with a late age of onset. The signs of vibration
sensation deficits at the ankles and urinary
sphincter hyperactivity were less frequently hap-
pened in SPG3. Accordingly, our patient did not
show these two symptoms.

Treatment for HSP is exclusively symptom-
atic. Fortunately, the progression of HSP is slow,
and wheelchair dependency is relatively rare. The
goal of symptomatic treatment is to improve
mobility and relieve the discomfort associated
with spasticity. Medical therapy of spasticity may
begin with oral baclofen. When the oral drugs are
useless, intramuscular injections of botulinum
toxin can be further under consideration.
Moreover, the physical therapy concentrated on
strengthening exercises should be combined with
the pharmacotherapy [16, 17]. Genetic counsel-
ing for patients and their family is considerable.
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3.3  Spinal Muscular

Atrophy (SMA)

A 31-Year-Old Male with Progressive
Muscle Weakness and Atrophy

Clinical Presentations

A 31-year-old man admitted to our hospital pre-
sented with progressive lower and upper limbs’
muscular weakness for 20 years and aggravated
these 5 years. He noted lower limbs’ muscle
weakness 20 years ago, manifested with diffi-
culty in raising the stairs and running. This mani-
festation was progressive gradually, and the
upper limbs also involved. During the last 5 years,
these manifestations significantly aggravated,
and now he is having difficulty in walking and
cannot raise his arms, complicated with muscle
atrophy in his upper and lower limbs. Medical
history was unremarkable.

Neurological examinations revealed that cra-
nial nerves were negative, without tongue muscle
atrophy and fasciculation. Muscle atrophy was
observed in his proximal limbs. Manual muscle
testing (MMT, 0-5 grade) showed weakness of
neck muscle (5- grade), upper proximal muscles
(4 grade), and lower proximal muscles (2 grade),
and the distal limb muscle strength was 5 grade.
His muscular tension was decreased. All his
upper and lower limbs’ deep tendon reflexes were
disappeared. Hoffmann, Babinski, and Romberg
signs were bilaterally negative. His deep and
superficial sensation examinations were symmet-
ric and normal.

The blood routine examination was normal.
Aspartate amino transferase (AST) was 55 U/L
(normal range 0-50 U/L). Serum creatine kinase
(CK) was 1435 U/L (normal range 55-170), and
isoenzymes of creatine kinase (CK-MB) was
78 U/L (normal range <25 U/L). Serum lactate
dehydrogenase (LDH) was 823 U/L (normal
range 313-618 U/L). ECG test was normal with-
out arrhythmia. Lung function test showed that
FVC was 91.8%. The brain MRI disclosed unre-
markable findings.

Interestingly, one of his uncles also presented
with similar manifestations (Fig. 3.4a). He was
59 years old and noted lower limbs’ muscle

weakness at his age of 4. The muscle weakness
progressed gradually as well as the upper limbs. At
age of 30, he was unable to walk without assistant
and needed crutch when walking. He was wheel-
chair dependent when he was 50 years old.
Neurological examinations showed cranial nerves
were negative. Muscle atrophy was observed, espe-
cially in his proximal limbs. MMT showed weak-
ness of neck muscle (4 grade), upper proximal
muscles (0-1 grade), upper distal muscles (3
grade), and lower limbs’ muscles (0 grade). His
muscular tension was decreased. All limbs’ deep
tendon reflexes were disappeared. Hoffmann and
Babinski signs, as well as sensation examinations,
were normal.

Primary Diagnosis

The patient showed muscle weakness and atro-
phy at all of the limbs, especially the proximal
muscles. The muscle tension and deep tendon
reflexes were disappeared, without Hoffmann
and Babinski signs. The CK level was mildly
increased. These symptoms, signs, and investiga-
tions hint the impairment of peripheral nervous
system, and the localization of lesion should be
considered from muscle, neuromuscular joint, to
lower motor neurons.

The muscle weakness and atrophy was child-
hood onset, with a progressive course and posi-
tive family history, all of which implied that
hereditary neurological diseases should be con-
sidered first for this patient, such as progressive
muscular dystrophy (PMD), spinal muscular
atrophy (SMA), and Kenney’s disease (KD).

Additional Tests or Key Results

Electromyography (EMG) test revealed exten-
sive neurogenic lesions, without conduction
block. After informed consent, the proband also
performed a muscle biopsy, the result of which
further confirmed the neurogenic lesions
(Fig. 3.4b). The childhood-onset progressive
muscular weakness and atrophy, decrease muscle
tension, and deep tendon reflexes, combined with
neurogenic lesions from EMG and histopatho-
logical tests, strongly suggested the diagnosis of
SMA. Thus, genetic test of survival of motor neu-
ron 1 gene (SMNI) was carried out by poly-
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Fig. 3.4 (a) The patient’s pedigree chart. Arrow indi-
cates the proband; square, males; circle, females; filled
symbol, affected individual; diagonal lines across sym-
bol, deceased individual. (b) Muscle biopsy pathological
examination showed neurogenic lesions by HE staining.

merase chain reaction-restriction fragment length
polymorphism (PCR-RFLP). Both the proband
and his affected uncle carried the similar homo-
zygous deletion of exon 7 and exon 8 (Fig. 3.4c).

Discussion

Childhood-onset SMA is an autosomal-recessive
neurological disorder in humans with a high fre-
quency of 1.4/10,000 and a carrier frequency of
1/42 in the mainland of China [18]. It is featured
by selective degeneration of motor neurons in the
spinal cord and progressive muscular weakness
and atrophy. Based on onset age and motor func-
tion achieved, childhood-onset SMA can be clas-
sified into three types, SMA I-III [19]. Patients
with SMA 1, the most severe type, usually
develop muscular weakness before 6 months and
die within the first 2 years because of respiratory

exon 7 exon 8

+ - ”4 ”|4

+ - "4 "|4

(¢) Detection of SMNI and SMN2 genes by PCR-
RFLP. Both the proband (III;) and his uncle (Il;) pos-
sessed the homozygous deletion of exons 7 and 8 in
SMNI gene. Plus, positive control. Minus, negative
control

failure. Patients with SMA II, the intermediate
type, usually show onset after 6 months. Patients
can sit but not walk without help, and their life
span is significantly reduced. Patients with SMA
III, the mild type, show onset after 18 months.
They are able to walk but not run, and they
become wheelchair bound during adulthood.
The causative gene, SMNI, was identified in
1995 [20]. Interestingly, survival of motor neuron 2
gene (SMN2), a highly identical homolog to SMN1
in 5q13, modifies the disease severity and repre-
sents a promising therapeutic target for SMA now.
SMN1 and SMN2 are highly identical, and the main
difference is a C to T substitution at the 840 posi-
tion of exon 7, which alters a Dra I enzyme site.
Besides, a G to A substitution at the 236 position of
exon 8 also creates a Dde I enzyme site. The Dra I
and Dde I enzyme sites could be used to distinguish
SMNI and SMN2 by PCR-RFLP technology.
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In this SMA family, the proband and his
affected uncle showed their first symptoms at the
age of 10 and 4, respectively, indicating that they
were type III SMA patients. Besides, both of
them showed typically clinical features for SMA,
including progressive muscle weakness and atro-
phy, especially the proximal limbs, disappeared
deep tendon reflexes, neurogenic lesions in EMG,
and histopathological tests, as well as the dele-
tion of SMNI gene. However, they possessed a
similar disease course. Previously, we reported
two rare families with two SMA patients in two
continuous generations, but their symptoms were
significantly different, which correlated with the
copy number of SMN2 gene [21]. In conclusion,
this is a typical SMA pedigree, and we hope it
will facilitate the understanding and diagnosis of
SMA for clinical neurologists.

To date, no effective treatment is available
for SMA. Recently, a set of drugs rendering the
inclusion of exon 7 in SMN2 gene were under
investigated, including histone deacetylase
inhibitors (HDACI), hydroxyurea, ceftriaxone,
antisense oligo, and new synthetic compounds
[22-24]. Weihl et al. [25] reported seven type
III/TV SMA patients who were treated with val-
proate (VPA) and showed an increase of muscle
strength and subjective function. However, in
the following several large clinical trials, VPA
or VPA plus L-carnitine failed to improve mus-
cle strength or motor abilities in SMA patients
[26-29]. The induced pluripotent stem (iPS)
cell technology and CRISPR/Cas9 technology
may be the new treatments for SMA in the
future to achieve the cell replacement and gene
correction [30-32].
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3.4 Familial Amyloidotic

Polyneuropathy (FAP)

A 45-Year-Old Female
with Progressive Paresthesia
and Limb Muscle Atrophy

Clinical Presentations

The patient was a 45-year-old woman who had pro-
gressive paresthesia for 4 years and weakness for
2 years in her four limbs. She developed stabbing,
burning pain, and numbness at her pelma at age 41.
The symptoms progressed slowly and extended up
to knees in the next two years. Weakness and atro-
phy in her bilateral lower extremities and numbness
in two hands were found afterward. She needed aid
to walk and suffered from orthostatic hypotension,
dry skin, and skin ulcer when she was transferred to
our clinic at age 45. On further questioning, she
reported visual problem since the age of 43. She

was diagnosed with peripheral neuropathy in local
hospital. Methycobal and idebenone were adminis-
trated in the course of disease, but no effect was
found in stopping the progression of the disease.
Her condition continually worsened. Her develop-
mental milestone was unremarkable. The patient
had no past history of chronic diseases, such as dia-
betes and hypertension. She had no history of neu-
rotoxin exposure. The patient’s nephew, sister,
father, uncles, aunts, and grandfather had similar
symptoms (Fig. 3.5).

Physical examinations showed orthostatic
hypotension (blood pressure 120/80 mmHg in
the supine position and 80/60 mmHg upon
standing). Neurological examinations revealed
weakness, atrophy (Fig. 3.6), and generalized
areflexia in the four extremities. Muscle power
examination revealed normal or weakness of the
following muscle group: neck flexion, Medical
Research Council (MRC) grade 5/5; shoulder
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Fig. 3.5 The family pedigree of the patient. Square indi-
cates male; circle, females; empty symbol, unaffected indi-
vidual; filled symbol, affected individual; arrow, proband;

8 9 10

Fig. 3.6 Lower limbs
muscle atrophy of the
patient. The lower part
of legs looks like “stork
legs” or “inverted
champagne bottle”

diagonal line across symbol, deceased individual. I; died at
age 65 with symptoms of FAP since age of 60. II, died at age
54 with symptoms of FAP since age of 45. 111, died at age 52
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abduction, MRC grade 4/5; wrist flexion and
extension, MRC grade 3/5; hip flexion, MRC
grade 3/5; ankle flexion and extension, MRC
grade 2/5. Sensation examination revealed pin-
prick and temperature sensations were absent,
and vibration and proprioception sensations were
decreased. Babinski sign was negative.

The patient had normal laboratory studies,
including full blood count, blood biochemical
tests, vitamin B12 and folate levels, thyroid func-
tion tests, parathyroid and testosterone hormone
levels, and autoantibodies and paraneoplastic
antibodies test. Nerve conduction studies dis-
played normal motor nerve conduction but
reduced sensory nerve action potential (SNAP) in
the upper limbs and absent SNAP and reduced
compound muscle action potentials (CMAP) in
the lower limbs, suggestive of a distal axonal neu-
ropathy or length-dependent, axonal type senso-
rimotor peripheral neuropathy. Ophthalmoscope
after pupil dilation and eye ultrasound revealed
vitreous opacity in bilateral side.

Primary Diagnosis

Progressive paresthesia and weakness in four
extremities as the main features of this patient,
reduced muscle power, decreased superficial and
deep sensation and generalized areflexia in neu-
rological examinations, and abnormal results in
nerve conduction study suggest the impairment
of peripheral nervous system. Orthostatic hypo-
tension, dry skin, and skin ulcer suggest auto-
nomic nervous system involvement. Visual
problem and vitreous opacity in ophthalmoscope
and eye ultrasound examination suggest extra-
nervous system involvement. Level diagnosis
was thus located in peripheral nervous system,
autonomic nervous system, and extra-nervous
system. Based on the autosomal-dominant inher-
itance of her family, hereditary motor and sen-
sory neuropathy should be considered. However,
the rapid progress course did not support this
disease. Combined with obvious autonomic
dysfunction and vitreous opacity, familial amy-
loid polyneuropathy (FAP) should be considered.
In the three main types of FAP, transthyretin-
related FAP (TTR-FAP) and apolipoprotein A-1
FAP could cause a nerve length-dependent

L-X.Lietal.

polyneuropathy. But the length-dependent poly-
neuropathy is not the predominant feature of apo-
lipoprotein A-1 FAP, which induced the major
organ damage preferably. Therefore, TTR-FAP
could be the first diagnosis. To make it clear,
nerve biopsy and genetic screening of 77R gene
should be conducted.

Additional Tests or Key Results

Biopsy of sural nerve showed the presence of
extracellular amyloid deposits in the endoneurial
space, which confirmed our hypothesis (Fig. 3.7).
The entire coding sequence and the exon/intron
boundaries of 7TTR gene were sequencing.
Mutation c.145A>G (p.T49A) were detected in the
patient and his affected relatives, which had been
reported as deleteriously before (Fig. 3.8). This
result further confirmed the diagnosis of FAP.

Discussion

TTR-FAP is an autosomal-dominant inherited
disease related to mutations within the 77R gene.
The mutations in 77R result in misfolding of the
protein and the formation of amyloid fibrils.
Insoluble amyloid fibrils can deposit in multiple
organs and tissues, which leads to sensorimotor
neuropathy, autonomic neuropathy, cardiomyopa-

Fig. 3.7 Sural nerve biopsy from the patient. Congo red
staining verifies the presence of amyloid in the endoneu-
rium and around an endoneurial vessel
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Fig. 3.8 Chromatogram of the heterozygous c.145A>G
(p-T49A) mutation within 7TR gene

thy, nephropathy, leptomeningeal amyloidosis,
and vitreous opacities [33]. A wide clinical spec-
trum and considerable phenotypic heterogeneities
make the diagnosis challenging. Therefore, many
patients lose therapeutic opportunities, and the
median survival time is about 10 years in endemic
areas, even shorter in other places [34]. TTR-FAP
is often fetal, devastating, and irreversible.

As in this patient, length-dependent sensorim-
otor axonal polyneuropathy is the typical periph-
eral nerve deficit trait of FAP. It is firstly involved
in unmyelinated nerve fibers, then small myelin-
ated nerve fibers, and large myelinated nerve
fibers. Clinically, neurological deficits progress
in a direction from feet to ankle, lower leg, thigh,
fingers, fore arm, and anterior trunk. Generally,
symptoms start with impaired pain and thermal
sensation, followed by abnormality of light
touch, deep sensation, and motor fiber deficits.
So numbness and pain of the feet should be the
first sign, which usually is neglected by the
patients and their doctors. Other than that, it can’t
be detected by the routine conduction studies.

TTR-FAP should be considered highly, if a
patient has a positive family history, length-
dependent sensorimotor axonal polyneuropathy,
and symptoms of amyloid deposits in extra-
neurological organs. However, some patients
present as sporadic TTR-FAP because of late
onset and low penetrance. These patients should
differentiate with CIDP because of high CSF
protein level, differentiate with diabetic polyneu-
ropathy because of length-dependent sensorimo-
tor polyneuropathy or early small fiber deficit,
and differentiate with toxic neuropathy because
of axonal neuropathy. In a previous study, 18 in
90 nonfamilial cases were misdiagnosed and
treated as CIDP [35]. For these intractable cases,
nerve biopsy and TTR gene screening is manda-
tory to make a differential diagnosis.

For the patients with TTR-FAP, symptomatic
treatments are necessary and can provide imme-
diate relief, such as treating neuroglia with gaba-
pentin, treating gastroparesis with domperidone,
and treating vitreous opacity with vitrectomy
[36]. However, the key to treatment is to stop the
successive amyloid deposition. In this file, the
liver transplantation is the standardized treatment
strategy, which could eliminate the production of
the mutant TTR and halt the polyneuropathy pro-
gression. But the liver transplantation has no
effect to cardiomyopathy and ocular amyloidosis
and need to be done in the early course of FAP
[37]. Otherwise, TTR stabilizer tafamidis, which
was approved by European medical agency, is
another option for the patients in the early stage
[38]. Gene therapies also show great promise
[36]. But patients in the current study were com-
plicated with severe motor deficits when they
were diagnosed, and all the modifying treatments
were not eligible.
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3.5 Charcot-Marie-Tooth

Disease (CMT)

A 39-Year-Old Male with Leg
Weakness and Kyphoscoliosis

Clinical Presentations

A 39-year-old Chinese man presented with one
year history of bilateral distal leg weakness. Over
the previous year, it was difficult for him to climb
the stairs. He always experienced slippers fall off
when walking over uneven surfaces. He found his
both legs were progressively becoming thinner.
The symptoms did not show a fluctuating course.
There was no history of joint pain, numbness,
headache, cognitive problems, hearing impair-
ment, eyelid drooping, swallowing difficulty, or
shortness of breath. He said he was not a good
runner and was unable to keep up with his peers
during childhood. Since he was 10 years old, his

a b

w0 O

.730C>T (p.Q244X)

TTT
TTT

CCACI|CIAG TG AG T
CCACI|TIAG TG AG T

Fig. 3.9 The pedigree, clinical manifestation, and
sequencing analyses of the patient. (a) Pedigree of the
patient. The index is indicated by the arrow. The black
box indicates the affected patient. (b) Clinical manifesta-
tion of the patient: scoliosis (a), foot deformity (b), and

parents noticed that he had kyphoscoliosis. He
had no other medical problems and was not tak-
ing any medications. No family history of neuro-
logic disease was recorded (Fig. 3.9a).

Neurological examinations showed symmetri-
cal weakness of ankle dorsiflexion (Medical
Research Council [MRC] grade 4/5) in the lower
extremity. He had moderate atrophy of distal
muscle of the lower limbs. Tendon reflex in all
limbs were absent. He also had claw hands, pes
cavus with hammer toes, and kyphoscoliosis
(Fig. 3.9b). The sensation of pinprick and vibra-
tion were reduced below both knees. The hand
and the foot were cold and wet. Cognition, cra-
nial nerves, and cerebellar functions were nor-
mal. No pathological reflexes were found.

The laboratorial studies revealed that the
C-reactive protein, erythrocyte sedimentation
rate, creatine kinase, vitamin B12, folate, thyroid
function, immunoglobulins, and electrolytes

claw hand (¢). (¢) The sequencing chromatograms show-
ing a homozygous variant in SH37TC2. The substitution
(C>T) at base 730 results in a stop signal (TAG) at codon
244 (p.Q244X) in SH3TC2
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were all within normal range. Serology for HIV,
hepatitis, and syphilis were negative. The anti-
neutrophil cytoplasmic and antinuclear antibod-
ies were also negative.

Primary Diagnosis

The signs of symmetrical distal motor weakness,
generalized areflexia, sensation impairment in a
distal stocking pattern, and negative Babinski
sign hint the involvement of peripheral nerves.
Diseases that affect the peripheral nerves should
be differentiated, such as chronic acquired neu-
ropathies and inherited polyneuropathy. Diabetes
is one of the most common causes of neuropathy,
but our patient did not suffer from this problem.
Moreover, no history of toxic contact and nutri-
tional deficiency was reported. Systemic diseases
like POEMS syndrome (polyneuropathy, organo-
megaly, endocrinopathy, monoclonal gammopa-
thy, skin changes) and systemic lupus
erythematosus (SLE) exhibit symptoms of
peripheral nerve involvement. Nevertheless, only
a negligible number of patients display polyneu-
ropathy before advanced stages of the disease. In
our patient, the positive antinuclear antibodies,
hepatomegaly, and skin changes were not
observed. Hence, we did not consider these sys-
temic diseases.

Further electrophysiological studies were nec-
essary to confirm the deficit of peripheral nerves.
Lumbar puncture with cerebrospinal fluid (CSF)
analysis was required to exclude the chronic

Table 3.2 Electrophysiological study of the patient

acquired neuropathies, such as chronic inflam-
matory demyelinating polyneuropathy (CIDP).

Additional Tests or Key Results

CSF analysis showed normal protein and cell
counts. The IgG-oligoclonal bands were present in
both CSF and serum. Electrophysiological exami-
nation revealed decreased motor nerve conduction
velocities (MNCYV) and absent sensory nerve action
potentials (SNAP) in the tested nerves (Table 3.2).

According to the electrophysiological study,
we can verify the impairment of peripheral
nerves. The CSF examination is normal, helping
to differentiate it from CIDP. The following char-
acteristics of this patient may point to genetic
neurological disorders: early age of onset, slowly
progressive disease course, widespread slowing
of conduction velocities, and presence of pes
cavus and scoliosis. The differential diagnosis for
inherited polyneuropathies includes Charcot-
Marie-Tooth (CMT), familial amyloid polyneu-
ropathy (FAP), Refsum’s disease, and porphyric
neuropathy.

FAP is featured by the predominant involve-
ment of small diameter sensory and autonomic
nerves and deposition of amyloid in various
organs. The pattern of inheritance in all types is
autosomal dominant. Sensory loss, pain, and
autonomic changes are prominent in the disease.
Cardiac enlargement and irregularities in cardiac
rhythm have occurred in most patients. The
diagnosis of Refsum’s disease is based on a

Motor nerve conduction study

Median Ulnar Peroneal Tibial
Nerve Right Left Right Left Right Left Right Left
MNCV (m/s) 31 30 29 27 18 13 25 19
CMAP (mV) 4.484 8.323 6.270 6.849 0.336 0.083 0.550 0.771

Sensor nerve conduction study

Median Ulnar Radial Sural
Nerve Right Left Right Left Right Left Right Left
SNCV (m/s) NP NP NP NP NP NP NP NP
SNAP (uV) NP NP NP NP NP NP NP NP

MNCV motor nerve conduction velocity, CMAP compound motor action potential, SNCV sensory nerve conduction
velocity, SNAP sensory nerve action potential, NP not potential
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combination of clinical manifestations including
retinitis pigmentosa, ataxia, and chronic polyneu-
ropathy. Cardiomyopathy and neurogenic deaf-
ness are present in most patients. The most
characteristics of porphyric neuropathy are the
relapsing nature, acute onset, abdominal pain,
psychotic symptoms, and predominant motor
neuropathy. In our patient, normal color Doppler
echocardiography and ECG examination were
reported. Some typical symptoms, such as car-
diac enlargement, ataxia, and abdominal pain,
were not observed. Consequently, we did not pri-
marily consider these inherited diseases.

Since CMT is the most common disease
responsible for the inherited polyneuropathy, we
pay our attention to this disease. The MNCV of
the examined nerve was significantly decreased
indicated the demyelinating type of CMT. As
PMP22 duplication/deletion was the major
genetic cause for demyelinating CMT, we first
carried out multiplex ligation-dependent probe
amplification (MLPA) analysis to detect the
copy number of PMP22. However, the result was
negative. To make sure the causative gene
responsible for this patient, we designed a gene
panel covering 70 genes associated with CMT
(Table 3.3). Then the targeted next-generation

sequencing (NGS) was performed. After filter-
ing, a homozygous variant (c.730C>T) caused a
premature SH3TC2 protein (p.Q244X) was
observed in the SH3TC2 gene. This variant was
verified by Sanger sequencing (Fig. 3.9c) and
was not present in our 500 controls. On the basis
of the American College of Medical Genetic and
Genomics (ACMG) standard and guideline, this
novel variant in SH3TC2 was classified as patho-
genicity [39]. Thus, the patient was finally diag-
nosed with CMT. Pathological examination was
not tested as the patient refused nerve biopsy.

Discussion

CMT, also known as hereditary motor and sen-
sory neuropathy, is the most common hereditary
neuromuscular disorder. It is clinically character-
ized by progressive motor weakness and sensory
abnormalities. The incidence of CMT was evalu-
ated up to 1 in 2500 people. In light of the nerve
conduction studies, CMT could be subdivided
into three main groups: a demyelinating form
(MNCYV <38 m/s; CMT1 if autosomal dominant),
an axonal form, and an intermediate form (MNCV
lies between 25 and 45 m/s). Further subdivision
of these CMT types is based mainly on causative
genes [40]. All Mendelian inheritance modes are

Table 3.3 List of genes responsible for CMT and other hereditary peripheral neuropathy

No. Gene No. Gene No. Gene No. Gene

1 AARS 19 INF2 37 RAB7B 55 DST

2 BSCL2 20 KARS 38 SBF1 56 FAM134B
3 CCT5 21 KIFIB 39 SBF2 57 HSNIB
4 CTDPI 22 LITAF 40 SEPT9 58 IKBKAP
5 DHTKDI 23 LMNA 41 SH3TC2 59 KIFIA
6 DNM?2 24 LRSAM1 42 SOX10 60 NGF

7 DYNCIHI 25 MED?25 43 SURF1 61 NTRK1
8 EGR2 26 MFN2 44 TRPV4 62 SCNIIA
9 FGD4 27 MPZ 45 YARS 63 SPTLCI
10 FIG4 28 MTMR?2 46 DCTNI 64 SPTLC2
11 GARS 29 NDRGI 47 FBX038 65 WNK1
12 GDAPI 30 NEFL 48 HSPB3 66 ALAD
13 GJBI 31 PDK3 49 IGHMBP2 67 CPOX
14 GNB4 32 PLEKHGS 50 REEPI 68 HMBS
15 HK1 33 PMP22 51 SLC5A7 69 PPOX
16 HOXD10 34 PRPS1 52 ATLI 70 TTR

17 HSPBI 35 PRX 53 ATL3

18 HSPBS 36 RAB7A 54 DNMTI
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described for CMT, and over 50 causative genes
have been described to be related with CMT
(http://www.molgen.ua.ac.be/CMTMutations/;
http://neuromuscular.wustl.edu/).

The genetic diagnosis of CMT patient was
performed according to the inheritance pattern,
clinical phenotype, and neurophysiologic results.
Our patient displayed a demyelinating form of
CMT without positive family history. As PMP22
is the most causative gene [41], the PMP22 dupli-
cation/deletion analysis should be investigated
first in patient with autosomal-dominant or spo-
radic demyelinating form of CMT.

Using targeted NGS, we identified a homozy-
gous variant in SH3TC2 in our patient. SH3TC2
is the causative gene responsible for CMT type
4C (CMT4C) [42]. Both missense and nonsense
mutations in the gene have been reported [43].
CMT4C is an autosomal-recessive demyelinating
form of CMT. It is clinically manifested by early-
onset demyelinating peripheral neuropathy fre-
quently associated with spinal deformities and
cranial nerves involvement. In the first decade of
life, the CMT4C patient usually has severe spine
deformities, such as scoliosis or kyphoscoliosis
[44-46]. The progress of spine deformities is

usually faster than motor deficits. Our patient
showed slowly progressive motor impairments
but had early onset of spinal deformities. In addi-
tion, the symptoms of cranial nerves deficits,
such as hearing loss, dysphagia, diplopia, and
vocal cord paresis, are found in most CMT4C
cases [45]. However, our patient did not show
these symptoms. Nerve biopsy is an effective
approach to observe the myelin abnormalities in
CMT4C patients.

Currently, there is no effective pharmaco-
logic therapy for CMT. Fortunately, CMT4C
patient shows a slowly progressive course. The
treatment objectives for CMT are to enhance the
quality of life and reduce deformities. Patients
with CMT should be avoiding taking drugs that
cause peripheral nerve toxicity. A series of trials
using ascorbic acid for CMT1A has been car-
ried out; however, these trails failed to show any
benefit to CMT1A patients [47]. Many different
approaches have been used to treat feet and
spine deformities, including rehabilitative ther-
apy and surgical treatment [40]. Surgery was
required when the scoliosis cause respiratory
difficulties. Genetic counseling for patients and
their families is important.


http://www.molgen.ua.ac.be/CMTMutations/
http://neuromuscular.wustl.edu/
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3.6 Charcot-Marie-Tooth
Disease Plus Acute
Inflammatory Demyelinating
Polyradiculoneuropathy

(CMT + AIDP)

A 29-Year-Old Male with a More
Than 20-Years History

of Unsteadiness and Aggravated
for One Month

Clinical Presentations

Mr. Xu is a 29-year-old shopkeeper who pre-
sented to us with a more than 20-years history of
unsteady on his feet. He had noticed “heaviness”
in his feet since he was a toddler and was easy to
stumble while running. His symptoms pro-
gressed gradually very slow that did not affect
his daily life until last month. His walking has
deteriorated rapidly since last month, and he has
to put a lot of effort to lift his feet, as if he is
“walking with concrete blocks on,” particularly
while walking upstairs.

On examination, Mr. Xu’s general systemic
examinations, including pulse and blood pres-
sure, were unremarkable. The cranial nerves
were normal. Symmetrical distal atrophy was
found in the hands and in the legs to knees level.
Muscle tone was normal. Power examination
revealed symmetrical weakness in the feet (MRC
grade: 3/5) and throughout the hands (MRC

Table 3.4 Nerve conduction study

grade: 4/5). Deep sensation including joint posi-
tion sense and vibration sense were decreased in
the legs to knee level, while light touch sensation
and pain sensation were not impaired. Ankle and
knee reflexes were absent, and other reflexes
were decreased.

Primary Diagnosis

The history and examination findings suggested
that there was a combination of sensory and motor
symptoms, affecting the distal of all four limbs.
Nerve conduction study revealed widespread
slowing of conduction velocity in sensory and
motor nerves, as shown in Table 3.4. This could be
compatible with a length-dependent peripheral
nerve disorder. Because of the early onset and very
long history, hereditary peripheral neuropathy
would be the first consideration, of which Charcot-
Marie-Tooth disease (CMT) is most frequent. On
further query, Mr. Xu reported that his father and
uncle’s legs seem to be thinner than normal, but
there was no muscle weakness. This family history
also argued in favor of the diagnosis of CMT.

Additional Tests or Key Results

However, the CSF analysis indicated an ele-
vated protein level of 1.02 g/L (0.1-0.45 g/L).
This increased protein level would not be
produced by CMT, which always has a normal
or slightly elevated protein level. At this point,
we had to go back to our history collection. Did

Nerve ‘ Stimulate point ‘ Latency (ms) ‘ Amplitude (mV) ‘ Velocity (m/s)
Motor nerve conduction velocity (MNCV)
Ulnar (R) Wrist 9.5 2.4

Elbow 24.1 1.6 14.3
Median (R) Wrist 14.7 3.0

Elbow 29.9 2.0 13.5
Peroneus (R) Ankle 233 0.5

Capitula fibula 41.3 0.5 13.9
Tibial (R) Medial malleolus 21.0 0.4

Popliteal fossa 51.2 0.3 11.6
Sensory nerve conduction velocity (SNCV)
Superficial ulnar (R) Pinkie 3.0 2.7 34.5
Superficial median (R) Middle finger 3.7 1.4 35.1
Sural (R) 14 c¢cm above heel 2.8 0.9 24.7
Superficial peroneus (R) One third of leg 2.8 0.2 35.7
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atrophy of the limbs could not be explained by
PMP22 genotyping was requested and was

a one-month history.
sis of CMT1A. However, did this mean that the

the first order. However, the symmetrical distal
inflammatory demyelinating disorder of CMT could cause an elevated CSF

Fig. 3.10 Multiplex ligation-dependent probe amplification (MLPA) revealed the abnormal duplication of PMP22
of acute

gene
as the family history was our misleading? If positive (Fig. 3.10), which confirmed the diagno-

polyradiculoneuropathy (AIDP) should be in protein level? We revealed the relevant papers

Mr. Xu really have a 20-year disease history?
Was the family history reliable? Was it possible
that his unsteadiness only developed for the lat-

est month and the long disease duration as well
there was only one month’s history, the diagno-

sis
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Fig. 3.11 MRI of the lumbosacral spine, coronal (a) and axial (b). T2-weighted images show thickened nerve roots
that completely fill the dural sac. In (b), the red arrow heads indicate the hypertrophic ganglia

and found a few case reports of this phenomenon
[48-51]. Most of these patients presented with
hypertrophy of spinal roots, which was also seen
in our patient (Fig. 3.11). Some researchers did a
biopsy of the peripheral nerve, and a pathology
that was compatible with AIDP/CIDP was found.
Although we failed to persuade Mr. Xu to receive
a nerve biopsy, his symptoms did alleviate a lot
after the administration of steroids for several
weeks. As a result, we hypothesize that there was
an AIDP/CIDP superimposed on CMTIA, for
the combination of a high CSF protein level with
the recent worsening. However, we were unable
to differentiate AIDP from CIDP because there
was no confirmatory evidence in laboratory or
morphologic findings.

Discussion

This patient showed chronic motor-sensory poly-
neuropathy since childhood and acute symptoms
worsening for one month. His history and labora-

tory findings suggested AIDP/CIDP overlapping
CMTI1A. Both AIDP/CIDP and CMT have the
distal muscle weakness and areflexia. However,
in this case, the patient’s early age of onset, the
presence of muscle atrophy in lower limbs, and
deformities were explained by CMT. Although
the patient’s inheritance mode was not clear, it
suggested an autosomal dominance trait.

The occurrence of CMTI1A overlapping with
AIDP/CIDP has been reported in several cases.
Most of them were genetically confirmed and all had
an increased protein level in CSF. Besides, hypertro-
phy of spinal roots was also an important character.

Although CMT is a neural hereditary disease
that with no effective therapy at present, AIDP/
CIDP is a gained disorder that respond well to
IVIG or glucocorticoid. As a result, we suggest
that the phenomenon seen in our case should be
recognized, and targeted therapy should be
started up as early as possible to prevent the
development of the disease.
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3.7 Kennedy’s Disease
A 51-Year-Old Male with Weakness
of Limbs and Atrophy of Tongue

Clinical Presentations

A 51-year-old man visited our clinic for one-year
difficulty of climbing stairs and weakness of
holding stuffs. He also reported a progressively
developing swallowing problem and a slurred
speech within 3 months. He denied any seizures,
vertigo, blurred vision, memory loss, and sensory
abnormalities. Besides, he reported no recent ill-
ness, sick contacts, or travel abroad and family
history of neuromuscular disorders.

On neurological examinations, his vital signs
were notable for an obvious atrophy of tongue
muscle, weakness of neck muscle, and mild to
moderate atrophy and weakness of limb muscles.
His strength of both proximal upper limbs was 4/5
per Medical Research Council (MRC) scale;
strength of both distal upper limbs was 5—/5 per
MRC scale. His strength of both proximal lower
limbs was 3/5, and strength of distal lower limbs
was 4/5. The patient’s bilateral tendon reflexes
were decreased. Sensation was grossly intact. The
rest neurological examinations were normal apart
from his breast development (gynecomastia).

His cervical MRI revealed slightly bulging of
disk C3/4 and C6/7. Blood tests revealed a sig-
nificantly elevated creatine kinase (CK) up to
672 U/L (reference range 38-174 U/L) and a
slightly elevated lactate dehydrogenase (LDH).
The rest imaging and lab tests including cerebro-
spinal fluid (CSF) tests were all negative.

Primary Diagnosis

The patient’s weakness and atrophy of multiple
muscles might hint the involvement of upper
motor neuron, lower motor neuron, muscles, or
peripheral nerves. The decreased tendon reflex
and absence of pyramidal signs further narrowed
the localization to lower motor neuron, muscles,
and peripheral nerves. The atrophy of tongue
muscle is more likely to be found in motor neuron
disease (MND). However, the patient was a mid-
dle-aged male while displaying unusual breast
development. Thus, a diagnosis of X-linked

recessive spinal and bulbar muscular atrophy
(SBMA) was strongly hinted. Meanwhile, other
pure lower motor neuron disorders like spinal
muscular atrophy (SMA) and peripheral nerve
disorders especially acquired diseases including
diabetic peripheral neuropathy (DPN) and
chronic inflammatory demyelinating polyneu-
ropathies (CIDP) might not be excluded.
Additionally, considering patient’s mild elevated
serum CK, late-onset recessive inherited muscle
disorders including some types of limb girdle
muscular dystrophy (LGMD) might not be
excluded either. Besides, in some stages of amyo-
trophic lateral sclerosis (ALS), patient’s sign of
upper motor neuron involvement might be absent.
More precise diagnosis should rely on neuro-
physiological studies.

Additional Tests or Key Results
Electromyography (EMG) examination and
nerve conduction study (NCS) were then car-
ried out in this patient. The results are listed
below (Table 3.5). The neurophysiological tests
revealed a sporadic anterior spinal cord neuron
involvement. However, the amplitude of sen-
sory nerve action potential (SNAP) in sural
nerve was also obviously decreased, hinted an
involvement of sensory neuron or sensory nerve
axon. The neurophysiological studies ruled out
the possibilities of muscle and peripheral nerve
diseases and narrowed down the diagnosis to
motor neuron diseases. The involvement of sen-
sory nerve is much more common in SBMA
rather than ALS. Additional hormone tests and
gene test for AR gene were further performed.
The hormone tests demonstrated a significantly
elevated serum estradiol (196.9 pmol/L, refer-
ence range in male: 28-156 pmol/L). The
Sanger sequencing of the first exon of AR gene
revealed a prolonged CAG expansion (52
repeats, Fig. 3.12).

Discussion

SBMA, also known as Kennedy’s disease, is an
X-linked recessive neurodegenerative disease. It’s
clinically characterized by slowly progressive
weakness and atrophy of bulbar and proximal
limbs muscles [52]. It is related to a prolonged
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Table 3.5 Electromyography (EMG) and nerve conduction study (NCS) tests
Electromyography (EMG)
Spontaneous potentials
Insertion Fibrillation Positive sharp | Fasciculation Recruitment
Muscles (right) potential wave MUP order
Tibialis anterior N 1+ 1+ N >5mV Simple
Gastrocnemius caput N N 1+ N >5mV Simple
medialis
Vastus medialis N N N N >5mV Simple
Interosseus dorsal I N N 1+ N >5mV Simple
Flexor carpi radialis N N N N >5mV Simple
Biceps N N 1+ N >5mV Simple
Rectus abdominis N N N N >5mV Simple
Trapezius N N 1+ N >5mV Simple
Sternocleidomastoid N N N N >5mV Simple
Glossus N N N N Slightly Simple-mixed
abnormal
Masseter N N N N Slightly Interference
abnormal
Nerve conduction study (NCS)
Motor (right) Latency (ms) | Amplitude Distance Velocity (m/s) F-wave latency (ms)
(mV) (mm)
Median
Wrist-APB 3.0 53 48 25.3
Elbow-wrist 7.1 4.6 235 573
Ulnar
Wrist-ADM 33 8.6 53 279
Below elbow-wrist 6.7 7.8 204 60.0
Above elbow-below 9.0 6.4 100 58.8
elbow
Peroneal
Ankle-EDB 44 0.8 60 NP
Below knee-ankle 10.9 0.7 312 48.0
Above knee-below knee | 13.2 0.6 95 41.3
Sensory (right) Latency (ms) Amplitude Distance (mm) Velocity (m/s)
(mV)
Median Digitus 24 30 128 68.1
II-wrist
Ulnar Digitus 22 13 112 69.1
V-wrist
Sural Middle 2.9 22 120 522
lower
leg- lateral
malleolus

ADM abductor digiti minimi, APB abductor pollicis brevis, EDB extensor digitorum brevis, NP no potential

expansion of CAG repeats within exon 1 of andro-
gen receptor (AR) gene on the X chromosome
[53]. The European Federation of the Neurological
Societies (EFNS) guideline indicated that an
expansion beyond 38 repeats is pathogenic [54].
Even though SBMA is an inherited disorder, the
report of family history remains uncommon in

China [55]. In this case, the patient didn’t recall any
family history as well, which made the diagnosis of
SBMA more difficult. The involvement of anterior
spinal cord is a shared feature both in ALS and
SBMA, which might easily lead to a misdiagnosis.

However, SBMA displays its identical fea-
tures. Firstly, the progression of SBMA tends to
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be much slower. Patients suffered from SBMA
usually live relatively long life before disabled.
Moreover, it is not rare to identify muscles
involvement in SBMA patients, since the
expanded and misfolded polyglutamines can be
seen everywhere in human body including mus-
cles. Thus, it has been reported frequently that
the serum CK in SBMA patients usually elevated
[55-58]. The most important feature of SBMA is
the reduction of SNAP amplitude in NCS tests.
As was reported before, the reduction of SNAP
amplitude can be recognized in most SBMA
patients, especially in lower limbs [55, 57], which
differ from ALS [59]. In this case, the patient’s
neurophysiological tests revealed a significantly
decreased sural SNAP, which lead to further hor-
mone and gene tests for SBMA.

Although no effective treatments have been
established in SBMA so far, a few clinical trials
have been accomplished. For instance, leuprorelin
is a potent luteinizing hormone-releasing hormone
(LHRH) analog which suppresses the release of
gonadotrophins and reduces the level of testoster-
one generated by the testes. In 2003, Kasuno et al.
[60] reported its improvement of motor function in
SBMA transgenic mice. Later in 2010, a random-
ized and multicenter trial about leuprorelin treat-
ment in SBMA patients was performed. Though
the primary endpoint outcomes of this clinical trial
failed to show efficacy, it did show improved

swallowing function in patients with disease dura-
tion less than 10 years, suggesting that the disease
duration might have influenced the results [61].
Additionally, the dutasteride trial conducted by
Fernandez-Rhodes and colleagues failed to prove
an efficacy in the treatment of SBMA [62]. The
clenbuterol trial found a significant improvement
of mean 6-min walk test and forced vital capacity
values, but the changes of outcome measures were
not significantly different (e.g., ALSFRS-R scale)
[63]. Indisputably, the understanding of the patho-
genesis in SBMA is remarkably strong; the transla-
tion of mechanism into clinical application remains
unsatisfactory. There’s still a long way to go.
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Movement Disorders
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and Hong-Lei Li

Abstract

Movement disorders are a large group of diseases caused by extrapyrami-
dal damage. Generally, movement disorders are classified into two major
categories: hyperkinetic movement disorders referring to excessive, repet-
itive, and involuntary movements and hypokinetic movement disorders
referring to akinesia, hypokinesia, bradykinesia, and rigidity. Actually,
movement disorders were very common in clinical practice, with age at
onset from childhood to old age. Among them, inherited movement disor-
ders accounted for a large proportion, such as early-onset Parkinson’s dis-
ease (PD), Wilson’s disease (WD), Huntington’s disease (HD),
dopa-responsive dystonia (DRD), neuroacanthocytosis (NA), paroxysmal
kinesigenic dyskinesia (PKD), pantothenate kinase-associated neurode-
generation (PKAN), and so on. Some of these disorders (such as WD, HD,
PKD, etc.) have only one causative gene, while some (such as PD, DRD,
NA, etc.) have more than two culprit genes. In the inherited movement
disorders, neuropathology plays a less role in the diagnosis. On the con-
trary, detecting the disease-causing mutation is crucial for diagnosis. For
example, HTT mutation is important to differentiate HD from HD-like
disorders. In this chapter, we presented several movement disorders caused
by genetic mutations. Some of them had typical clinical manifestations,
while some are difficult to diagnose at beginning.
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4.1 Parkinson’s Disease (PD)
A 22-Year-Old Male Complained
About 3 Years of Limb Tremors

Clinical Presentations
The patient was a 22-year-old man who suffered
limb tremors for 3 years. His developmental
milestone was unremarkable until the age of 19,
when he experienced intermittent tremor in left
leg. This condition was aggravated in anxiety or
stress but was disappeared in calmness and sleep.
He did not take any medicine because he was
diagnosed with anxiety neurosis in local hospital.
One year later, he noticed involuntary shaking in
his left hand and the flexibility of left limbs was
decreased. He could not button his coat agilely
when he got dressed. Amantadine was prescribed
for him but was not effective enough in control-
ling his tremor. Oral administration of levodopa
was then conducted, which significantly relieved
his symptoms at low dose. In the following
1 year, he found that it was difficult to turn
around. There was no fluctuation of his symp-
toms in the morning and afternoon. His olfactory
function was not impaired, and he did not com-
plain about unsteady gait, dysarthria, or memory
impairment. The urination and defecation distur-
bance was not present. His younger brother had
similar symptoms to him. His parents were not
internuptial, and neither of them exhibited simi-
lar symptoms (Fig. 4.1).

Examination of cranial nerves revealed a clear
utterance but stiff facial expression. His left hand
and leg exhibited involuntary tremor at a frequency

Q

1 7 2

Fig.4.1 The pedigree chart of this family. Squares repre-
sent males; circles represent females; the black symbols rep-
resent affected individuals; arrows represent the proband

of 3-5 Hz. The muscle strength was essentially
normal. Increased muscle tension was present in
his four limbs. Gear-like rigidity was apparent in
his left extremities. Sensory examination was
unremarkable. Knee reflex was brisk bilaterally.
Babinski sign was negative. Finger—nose and
heel-knee—shin test could not be completed
accurately.

Laboratory examinations revealed normal blood
cell counting, hepatic function, vitamin B12, ceru-
loplasmin, serum ferritin, and thyroid hormones.
Brain MRI scanning and EEG were unremarkable.

Primary Diagnosis

This was a young man with predominant feature
of limb tremor. The involuntary tremor, increased
muscle tension, and gear-like rigidity revealed the
impairment of extrapyramidal tract. Pyramidal
signs and cerebellar signs were inconspicuous in
the neurological examinations. Level diagnosis
was thus located in extrapyramidal tract. The
early onset, progressive course of disease, and
positive family history implied that this patient
may have suffered from hereditary disorder.
Alternatively, metabolic disturbance and intoxi-
cation should be considered too. The differential
diagnosis included Wilson’s disease (WD), juve-
nile Parkinson’s disease (PD), Parkinsonism syn-
drome, and dopa-responsive dystonia (DRD),
neurodegeneration with brain iron accumulation
(NBIA), and so on. Despite autosomal recessive
inheritance, WD could be excluded because of
normal ceruloplasmin, hepatic function, brain
MRI, and absence of Kayser—Fleisher (K-F) ring.
The favorable response to levodopa and normal
MRI implied that Parkinsonism syndrome was
less possible. No fluctuation of his symptoms in
the morning and afternoon hinted that DRD
should not be listed in priority. NBIA is less com-
mon in Chinese population. Therefore, PD was
the paramount consideration. Genetic screenings
of autosomal recessive PD should be conducted.

Additional Tests or Key Results

Targeted next-generation sequencing including
23 PD-related genes was performed in the pro-
band. The detected mutations were further veri-
fied by Sanger sequencing. We found two
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¢.500G>A (p.S167N)

CAGT GCA CACCTGC
CAGT GCA CACCTGC

¢.850G>C (p.G284R)

MMV

T CAACTT G C TACTTC
T CAACTT G C TACTTC

Fig. 4.2 Chromatogram of ¢.500G>A (a) and ¢.850G>C (b) mutation of Parkin gene. The upper panel depicts the
normal sequence, while the lower panel represents heterozygous mutated sequence

compound heterozygous Parkin mutations,
¢.500G>A p.S167N and ¢.850G>C (p.G284R) in
this patient (Fig. 4.2a, b). Further investigations
revealed that his brother carried the same muta-
tions and his father harbored p.S167N mutation
and his mother carried p.G284R mutation.

Discussion

PD is the second commonest neurodegenerative
disease after AD [1]. Most patients begin to exhibit
symptoms after 50 years of age. However, about
10% of patients have young-onset or juvenile-
onset Parkinsonism, which is generally defined as
early-onset PD (EOPD) [2]. The clinical features
of EOPD are not discriminative from classical PD
except for the early onset [3]. Of note, the majority
of EOPD cases had a positive family and harbored
specific genetic mutation or variances.

The patient described here had an affected
brother who had similar symptoms to him. This
clearly indicated that hereditary factor should be
firstly considered when we explore the etiology of
his symptoms. He presented with asymmetric onset
of tremor, slow progression, and favorable response
to levodopa, which highly implied the diagnosis of
PD. Combining the pattern of recessive inheritance,

a cluster of autosomal recessive PD gene should be
screened in this patient. Using targeted NGS fol-
lowed by Sanger sequencing, we detected two het-
erozygous Parkin mutations in this patient. The
co-segregation with the disease in this family fur-
ther verified that this patient was a patient of EOPD.

Parkin-linked PD has variable clinical pheno-
types. Generally, most cases exhibit early-onset
Parkinsonism between 30s and 40s [4]. The dis-
ease usually progresses slowly, with a favorable
response to low dose of levodopa. Nevertheless,
patients carrying Parkin mutation are more com-
mon to develop motor fluctuation and levodopa-
induced dyskinesias during treatment [5, 6].
Cognitive impairment or dementia is rare, but
behavioral problems and psychiatric symptoms
have been reported with variable frequency [7, 8].

Various drugs are effective in ameliorating the
PD symptoms. However, selecting the optimal
treatment for PD is highly individualized.
Recommending drugs for early PD consists of
carbidopa/levodopa, dopamine agonists, and
MAO-B inhibitors [9]. Anticholinergics, such as
benzhexol, are not widely used for EOPD due to
the risk of cognitive damage, confusion, halluci-
nations, and so on.
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4.2 Paroxysmal Kinesigenic

Dyskinesia (PKD)

A 17-Year-Old Male Complained
About Paroxysmal Attacks
of Involuntary Movements for 6 Years

Clinical Presentations

A 17-year-old male complained about repeated
transient attacks of involuntary movements for
6 years. He had an unremarkable birth and devel-
opment milestone, with exception of febrile sei-
zure from 8 months to 2 years old. At the age of 11,
he developed sudden attacks of chorea which was
first evident when he began to run in gym class.
His arms extended and his hands flexed, followed
by athetotic movement of his torso. He was aware
of his attacks but could not control the episodes.
The attacks usually lasted 2040 s. A diagnosis of
epilepsy was rendered in local hospital and valpro-
ate was prescribed for him. However, valproate did
not show remarkable effect on relieving his attacks.
In the following 3 years, he developed many such
attacks which are usually triggered by sudden
movement such as standing up, starting walking or
running, and shifting position. The events usually
lasted less than 1 min and occurred up 3—10 times
daily. Consciousness never altered during or after
attacks. He was then started on carbamazepine at
dose of 100 mg twice daily, which resulted in com-
plete resolution of his signs.

The neurological examination revealed nega-
tive signs of cranial nerves, normal muscle
strength and tension, sensation, and deep tendon
reflexes. The Babinski sign was bilaterally nega-
tive. Blood routine, blood smear, ferritin, and
ceruloplasmin revealed no significant findings.
EEG showed unremarkable findings. The brain
MRI scanning was uninformative.

His father had similar attacks between 15 and
30 years old (Fig. 4.3). The involuntary move-
ments usually occurred when initiating walking,
running, or standing up. These episodes gradu-
ally disappeared after the age of 30. His mother
and brother were asymptomatic. The physical
examination was essentially normal in his father,
mother, and brother.

H.-F.Lietal.
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Fig. 4.3 The pedigree chart of the family. Squares indi-
cate males; circles demonstrate females; the black sym-
bols depict affected individuals; arrows indicate the
proband

't{)
—

Primary Diagnosis

This case mainly presented with repeated and
paroxysmal choreoathetosis. His neurological
examinations, laboratory tests, EEG, and brain
MRI are essentially uninformative. According
to his symptoms, the localization most likely
involves extrapyramidal system or cerebral cor-
tex. A positive history with autosomal dominant
inheritance suggests that heredity may be the
main etiology of his attacks. His periodic, tran-
sitory, and repeated episodes highly resemble
the seizure attacks or transient ischemic attack
(TTA). However, the fully preserved conscious-
ness during the attacks suggests that epilepsy is
less likely. His symmetrical spells and exciting
symptoms imply the little possibility of
TIA. The paroxysmal choreoathetosis with
undisturbed consciousness hints a diagnosis of
paroxysmal dyskinesias (PDs), which include
paroxysmal kinesigenic dyskinesia (PKD), par-
oxysmal non-kinesigenic dyskinesia (PNKD),
and paroxysmal exercise-induced dyskinesia
(PED). The patient described here had a trigger
of sudden movement, consistent with the fea-
tures of PKD. Screening of PRRT2 gene was
necessary.

Additional Tests or Key Results

Sequencing of PRRT2 gene was performed in
this patient. We found heterozygous ¢.649dupC
(p-R217Pfs*8) mutation in PRRT2 (Fig. 4.4).
Further investigations revealed that this mutation
was also identified in his affected father but not in
his asymptomatic mother and brother.
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€.649dupC (p.R217Pfs*8)
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Fig. 4.4 Chromatogram of c¢.649dupC mutation in
PRRT2 gene. The upper panel depicts the normal
sequence, while the lower panel indicates heterozygous
mutated sequence

Discussion

PKD is a movement disorder with autosomal
dominant inheritance and character of episodic
involuntary movements which are usually trig-
gered by sudden movement [10]. PKD attacks
consist of chorea, athetosis, dystonia, and ballism,
which are usually sudden, short, and relatively
stereotyped. Consciousness is not altered during
the attacks [11]. The frequency of episodes is
variable among patients, ranging from 1 per
month to 100 per day [12]. The symptoms usually
commence in childhood or early adolescence and
show a trend of remission with age in most cases.
Stress and anxiety increase frequency of spells. It
usually had favorable respond to antiepileptic
drugs (AEDs), among which carbamazepine and
phenytoin are priority drug. The causative gene of
PKD is PRRT2 which was located in 16p11.2

[13]. To date, more than 50 mutations within
PRRT2 have been reported, among which
¢.649dupC is a mutation hotspot worldwide [14].

This patient suffered from paroxysmal cho-
reoathetosis which was usually triggered by sud-
den movement. The age at onset, precipitating
factor, feature of attacks, and response to carba-
mazepine were all consistent with PKD. With the
identification of PRRT2 mutation, diagnosis of
PKD is assured. PKD is the most common sub-
type of PDs. An important feature of PKD is the
precipitating factor of sudden movement, which
differentiates PKD from PNKD and PED. PNKD
is usually triggered by substance like alcohol or
coffee, menstruation, and strong emotion [15]. In
contrast to PKD, PNKD attacks occur in lower
frequency, last longer (10 min to 1 h), and respond
poorly to AEDs [16]. The culprit gene of PNKD
is MR-1 [17]. PED is usually precipitated by pro-
longed exercise, and its attacks last several min-
utes (2-5 min on average) [18]. AEDs were
usually not helpful for PED [19].

The good response to AEDs suggests that PKD
may be an ion channel disease, although the
underlying mechanisms remain largely unknown.
Genotype—phenotype correlation of PKD revealed
that patients carrying PRRT2 mutations had ear-
lier AAO and longer duration and tended to pres-
ent with phenotype of dystonia and chorea [20, 21].
Among the AEDs, carbamazepine and phenytoin
are the first selected drugs for patients with
PKD. For the cases with PRRT2 mutation, it was
demonstrated that low-dose (50 mg/d) carbam-
azepine can completely resolve the attacks [20].
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4.3 Dopa-Responsive

Dystonia (DRD)

A 15-Year-Old Boy with Diurnal
Fluctuation Abnormal Gait for 2 Years

Clinical Presentations

A 15-year-old boy came to our clinic with com-
plaint of abnormal gait for 2 years. From the age
of 13, he experienced a stiffness of right leg and
gait disturbance. Two years later, he experienced
stiffness and twisting in the trunk, the lower
limbs, and right arm. All of the symptoms were
improved in the morning, but aggravated toward
the afternoon. He found it difficult to write and
walk in the evening. The patient denied head-
aches, eyelid drooping, double vision, swallow-
ing difficulty, or shortness of breath. His
developmental history was unremarkable. He had
no prior history of encephalitis, meningitis,
febrile seizures, or head injury.

Neurologic examinations showed that cranial
nerves were negative. His muscle strength was
normal without muscle atrophy. The lower limbs
muscular tension was increased. His lower limbs’
deep tendon reflexes were exaggerated without
ankle clonus. Hoffmann, Babinski, and Romberg
signs were bilaterally negative. His deep and

superficial sensation examinations were symmet-
ric and normal. There were also no cerebellar
impairment signs. The tiptoe gait was observed
in the afternoon, but disappeared in the morning.
The blood routine examination was normal.
Serum biochemistry analysis was normal (includ-
ing lactic acid, uric acid, ceruloplasmin).
The ophthalmic examinations excluded the pres-
ence of a Kayser—Fleisher (K-F) rings. The brain
MRI disclosed unremarkable findings.
Interestingly, the patient’s father, aged 40 years,
developed similar symptoms at the age of 14
(Fig. 4.5a). The father manifested persistent pos-
ture tremor of upper extremities and torticollis
around 20 years old. Whereas abnormal posture of
his lower legs attenuated from his third decade. All
the symptoms were mild after sleeping in the night,
but aggravated in the afternoon and after exercise.

Primary Diagnosis

The patient showed muscle stiffness and twisting at
the limbs and trunk; lower limbs’ deep tendon
reflexes were exaggerated without muscle weak-
ness and Babinski signs. These symptoms were
typically dystonia in which repetitive or sustained
muscle contractions lead to twisting and repetitive
movements or abnormal fixed postures. This disor-
der was presumed dysfunction of the basal ganglia.

AT 6T T G G|GIT 6T GT TC
AT 6T T G G |TIT G T GTTC

¢.695G>T (p.G232V)

Fig. 4.5 Pedigree and mutation analysis of the patient.
(a) The patient’s pedigree chart. Arrow indicates the pro-
band. (b) Chromatogram of p.G232V mutation within

GCH1 gene. The upper panel represents normal sequence
of the control, whereas the lower panel is heterozygous
mutated sequence of the patient
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The disorder may be hereditary or caused by
other factors such as birth related, infection,
poisoning, or reaction to pharmaceutical drugs.
The symptoms were childhood onset and positive
family history, all of which implied that hereditary
neurological disease should be considered first for
this patient. The differential diagnosis includes
dopa-responsive dystonia (DRD), Wilson’s dis-
ease, juvenile-onset Parkinson’s disease, and tor-
sion dystonia. Wilson’s disease was ruled out as the
patient showed negative K—F ring and normal level
of ceruloplasmin. Torsion dystonia was unlikely
because the symptoms were diurnal fluctuation.

Subsequently, the trial of levodopa was propi-
tious to differentiate dopa-responsive dystonia
from other movement disorder. However, a posi-
tive response to levodopa does not differentiate
DRD from juvenile-onset Parkinson’s disease.
Typically, patients with DRD will have a sus-
tained benefit from low doses of levodopa with-
out developing motor fluctuations and dyskinesia,
in contrast to juvenile Parkinson’s disease, in
which these motor complications are a frequent
occurrence. And most importantly, a gene test is
necessary to confirm the diagnosis.

Additional Tests or Key Results

After treatment of 100 mg/day of levodopa for
3 days, the proband’s symptoms were completely
disappeared. He could walk and write normally in
the evening. However, the father’ posture tremor
and torticollis were improved incompletely after
administration of levodopa/benserazide (200 mg/
day levodopa and 50 mg/day benserazide) for
10 days. The childhood onset of gait disturbance
and dystonia mainly involved in lower limbs,
noticeable diurnal fluctuation of those symptoms,
a positive family history, and good response to
levodopa strongly suggested the diagnosis of
DRD. GCHI gene analysis by direct sequencing
of PCR product amplified was performed. Both of
the proband and his father carried a heterozygous
mutation c.695G>T in exon 6 of the GCHI gene
which would lead to a transition at codon 232
from a glycine to valine (Gly232Val) (Fig. 4.5b).

Discussion

DRD, also known as Segawa’s disease, is a rare
inherited disease with a prevalence of 1 per 2
million. This disorder is characterized by marked

diurnal fluctuation, exquisite responsiveness to
levodopa, and dystonia features. Clinical
manifestations of DRD vary widely; patients with
childhood onset may present with a posture dysto-
nia, which typically starts in one leg. Some patients
may show clubfoot and tiptoe walking due to the
progression of dystonia. The symptoms can spread
to other limbs in the early twenties, after which pro-
gression slows, and all symptoms reach a plateau at
length. While adult-onset form may be action dys-
tonia and parkinsonian feature, such signs may
include torticollis, writing spasm, tremors, slowness
of movement, stiffness, and balance difficulties.
Approximately 25% of patients show abnormally
exaggerated reflex responses in the legs [22, 23].

Both autosomal dominant and autosomal
recessive forms of the DRD have been reported.
The causative gene of autosomal dominant DRD
is the GCH]I gene located on 14q22.1-q22.2 [24].
Mutation in the gene GCHI, which encodes the
enzyme GTP cyclohydrolase I, disrupts the pro-
duction of tetrahydrobiopterin (BH4). BH4 is the
cofactor for dopamine synthesis. About 50-87%
of DRD cases are caused by GCHI mutations
[25]. In the fewer autosomal recessive DRD, the
mutations were reported in the genes for tyrosine
hydroxylase and sepiapterin reductase. Tyrosine
hydroxylase is the rate-limiting enzyme for dopa-
mine synthesis. And sepiapterin reductase is also
the cofactor for BH4 synthesis [26, 27].

In this DRD family, both of the patients have
posture dystonia of lower legs in teens. However,
the father exhibited posture tremor and torticollis
several years later, which reflect that DRD patients
have particular symptom in different age stage. The
age-relative features are decided by dopa-relative
pathway. It is the impairment of direct pathway and
its descending output which mature early that lead
to posture dystonia, while the involvement of sub-
thalamic nucleus—internal segment and the globus
pallidus—thalamus pathway that mature later causes
tremor and torticollis, respectively [28]. However,
these action dystonias were usually disabling and
may be responsive to levodopa incompletely. These
symptoms demanded further therapy, such as local
injection of botulinum [29]. Therefore, early
genetic diagnosis and therapy with small dose of
levodopa for DRD patients in the age of adoles-
cence may avoid developing into action dystonia
later and bring patient long-term benefits.
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4.4 Wilson’s Disease (WD 1)
An 11-Year-Old Girl with Walking
Difficulty and Slurred Speech

Clinical Presentations

An 11-year-old girl presented with walking dif-
ficulty for 10 months and slurred speech for
2 months. The girl was healthy at birth and grew
up with normal developmental milestones. In the
age of 10 years, the girl felt her legs were easier
to get tired than usual after walking a long dis-
tance. At the same time, her parents noticed that
her legs were gradually becoming misshapen
with the emergence of knock-knees. Then the girl
developed a knee pain while walking, which
occurred more and more frequently and severely.
The condition progressed so rapidly that the girl
soon became unable to walk after 3 months.
There were no symptoms of headache, tremors,
or speech problems. Two months later, the girl
underwent the orthopedic surgery for corrective
therapy. However, 3 months after the surgery, she
developed slurred speech, obvious drooling, slow
swallowing, and writer’s cramp. Her parents
were worried about it and brought her to our
clinic. There was no history of fever or loss of
consciousness. She was not on any regular medi-
cations. Her parents and other family members
did not have similar symptoms. Her parents said
she had ever been hospitalized with liver dys-
function 5 years ago but had recovered and never
recurred.

Neurological examinations revealed hypo-
mimia and dysarthria. Her muscle force, tone,
and reflexes were normal except an increased
tone of upper limbs. Babinski sign was bilaterally
negative. There were no signs of ataxia or sen-
sory abnormalities. Routine blood count, liver
and renal function, thyroid function, and serum
electrolyte were normal. Notably, the abdominal
ultrasonography showed a diffuse liver disease
with nodules.

Primary Diagnosis

The history and examination revealed a bone
deformity, liver disease, and neurological prob-
lems in childhood. The drooling, dysphagia,

hypomimia, dysarthria, and increased tone in
upper limbs suggested the impairments of extra-
pyramidal system. The differential diagnosis
included Wilson’s disease (WD), juvenile
Parkinson’s disease, early-onset primary dysto-
nia, dopa-responsive dystonia (DRD), Niemann—
Pick disease type C (NPC), drug effects or
toxicity, central nervous system neoplasia, and
hereditary ataxias. The multiple organ involve-
ment implied the metabolic disorder like WD and
NPC. However, the intact cerebellar function
made the diagnosis of NPC highly unlikely. Brain
imaging and biochemical tests were helpful to
distinguish the WD with other non-metabolic
diseases.

Additional Tests or Key Results

The serum ceruloplasmin was markedly decreased
to level of 40 mg/L (reference, 200400 mg/L),
which highly suggested a diagnosis of WD. The
serum copper was also lower (0.2 pg/mL) than
normal (reference, 0.8—-1.9 pg/mL). Her urinary
copper of 24 h was elevated (484 pg, reference
0-100 pg). The ophthalmic examination con-
firmed the presence of Kayser—Fleisher (K-F)
ring in her corneas (Fig. 4.6), which was sufficient
to establish the diagnosis with the decreased ceru-
loplasmin. Consistently, magnetic resonance
imaging (MRI) of the brain showed symmetrical
T2-weighted hyperintense lesions in bilateral
basal ganglia and thalami (Fig. 4.7). In addition,
the ATP7B mutation analysis found compound
heterozygous mutations, ¢.2621C>T (p.A874V) and
¢.2975C>T (p.P992L), which confirmed the diag-
nosis of WD (Fig. 4.8). The biallelic mutations
were verified by the analysis of family members.

Fig.4.6 The Kayser—Fleisher ring. Notice the green ring
(arrows), which consists of copper deposits where the
cornea meets the sclera
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Fig.4.7 Magnetic resonance imaging (MRI) of the brain
in the patient. Axial MRI exhibits hyperintensity (arrows)

in the bilateral lenticular nuclei and thalami on
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T2-weighted
attenuated inversion recovery) images (right)

images (left) and T2-FLAIR (fluid-

€.2621C>T (p.A874V)

G TA ATTGI|ICIGGGGTTC T
G TAATTGI|TIGGG GTTC T
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Fig.4.8 Chromatogram of the ATP7B ¢.2621C>T (p.A874V) and ¢.2975C>T (p.P992L) mutations. The upper panels
are normal sequences, whereas the lower panels represent mutated ones

Discussion

WD, also known as hepatolenticular degenera-
tion, is an autosomal recessive disease (inci-
dence 1/30,000) characterized by the color
rings of corneas (K—F rings) and multisystem
damage, including liver cirrhosis, extrapyrami-
dal symptoms, psychiatric disorder, and muscu-
loskeletal deformity. The disease is caused by
mutations in ATP7B gene, which encodes a

copper-transporting protein in the liver. A
deficiency in the enzyme activity can lead to a
toxic copper accumulation in multiple organs,
which may be responsible for its wide variety
of symptoms [30].

Despite a wide variety of clinical manifesta-
tions, WD typically presents with liver dysfunc-
tion or neurological disorders. Musculoskeletal
abnormalities, including premature osteoarthri-
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tis, skeletal deformity, and pathological bone
fractures, can be occasionally found in WD
patients with hepatic or neurologic types [31,
32], but very rare as chief complains [33]. These
conditions often lack typical hepatic and neuro-
logical symptoms, and the diagnosis can be chal-
lenging [34]. Most patients are never considered
WD until the neurological impairments emerge,
as in our patient. However, some typical signs of
WD were present in our patient, such as K-F
rings or abnormal abdominal ultrasonography.
In addition, the serum ceruloplasmin is a very
sensitive test in WD patients even without any
apparent hepatic and neurological signs.
Ceruloplasmin below 0.1 g/L is highly suggestive
of WD, but lower levels can also occur with ace-
ruloplasminemia, malabsorption, renal or enteric
protein loss, liver disease, and heterozygotes for
WD [35]. Therefore, if the patient has a low-serum
ceruloplasmin without K-F rings, the diagnosis
should be based on combination of the urinary
copper excretion, liver biopsy, and genetic test.
Urinary copper excretion above 100 pg/24 h is

typical in patients with symptomatic WD, but
less sensitive than ceruloplasmin and can be false
positive with hepatic and renal disease. Liver
biopsy is an invasive procedure and has been
gradually substituted by genetic test. Genetic
testing is confirmatory and convenient for screen-
ing family members.

The main treatment of WD is copper-chelating
agents including D-penicillamine, trientine,
dimercaptopropane sulfonate and dimercapto-
succinic acid, and zinc salts. Our patient took
oral D-penicillamine (62.5 mg t.i.d.) combined
with zinc gluconate (280 mg t.i.d.). After 1 year
of follow-up, her symptoms of drooling, dyspha-
gia, and writer’s cramp relieved much.

In summary, when a child or adolescent pres-
ents with unexplained joint pain or bone dyspla-
sia, the possibility of WD should be considered.
Biochemical tests, abdominal ultrasound, slit-
light examination, and brain MRI can help estab-
lish the diagnosis. Earlier diagnosis can initiate
an earlier treatment and prevent the further
damage.
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4.5 Wilson’s Disease (WD 2)
A 22-Year-Old Male Presented
with Abnormal Behavior

for 10 Months

Clinical Presentations

A Chinese male patient, aged 22, was referred
to the Clinic of Neurology due to abrupt behav-
ior change. According to his comrades, the
affected individual was noted to soliloquize
and have insomnia over the past 10 months.
Sometimes he behaved weirdly in front of his
comrades and became to be easily irritated with
increased hostility toward comrades. There is
no family history of any mental disorders. His
birth, developmental milestones, and early
childhood are normal.

On admission, complete physical examina-
tions revealed practically normal somatic signs,
including afebrile, eupneic breathing, normal
heart rate, and normotensive without the occur-
rence of organomegaly. On mental state
examination, he was easily irritable and provoca-
tive. He has poor control of aggressive personal-
ity, hypersensitivity, and soliloquy. Neurological
examinations, including extrapyramidal system,
all showed normal.

During the primary evaluation, his routine
tests in the form of hemogram, renal function,
and brain magnetic resonance imaging (MRI) did
not display any abnormality. However, liver func-
tion (ALT, 46 U/L; normal range is 840 U/L)
and ultrasound examination of the abdomen
revealed moderate impairment.

Primary Diagnosis

Based on his clinical presentations, diagnosis of
schizophrenia was initially made for him by psy-
chiatrists from two different hospitals. Therefore,
he began to take antipsychotic medications
including risperidone and benzhexol. However,
after receiving regular therapy, his distress did
not improve significantly.

After 10 months, he was presented to a gen-
eral practitioner who subsequently referred him
to genetic clinic. We carefully reviewed his dis-
ease course and the related test results. Moderate

liver function abnormalities were observed dur-
ing the overall disease course, even before receiv-
ing medication treatment.

Additional Tests or Key Results

In addition, when we evaluated Kayser—Fleischer
(K-F) rings using a slit lamp, noted K-F rings
were found in his eyes. Therefore, other labora-
tory tests, including 24-h urinary copper excre-
tion and ceruloplasmin level, were further carried
out in the affected individual. Consequently, the
low-serum ceruloplasmin level (0.03 g/L, refer-
ence value is 0.15-0.31 g/L) was observed,
whereas urinary copper was normal. Therefore,
this case was highly suggestive of Wilson’s dis-
ease (WD) and screened for ATP7B, which is
causative gene of WD patient. Genetic test dem-
onstrated that the patient harbored two heteroge-
neous mutations, including p.R778L and p.
V1106l (Fig. 4.9), thus confirming the diagnosis
of WD.

Discussion

WD is an inherited disorder of copper metabo-
lism due to ATP7B protein dysfunction, which
mainly affects the liver and central nervous sys-
tem. Clinical profile often includes hepatic, neu-
rologic, or psychiatric disturbance or a
combination of these [30]. Liver disease may be
in the form of recurrent jaundice, elevated trans-
aminase level, and chronic liver disease or cir-
rhosis, while neurological manifestations may
include choreiform movements, rigidity, gait dis-
turbance, tremors, dysarthria, etc.

The psychiatric findings are variable and can
span a range of diagnostic entities. Depression,
cognitive impairment, and personality changes
are the most common findings in WD patients
with psychiatric form [36]. Compared to these
presentations, schizophreniform symptoms are
less commonly observed in patients with WD. A
clinical investigation from India revealed that
only three cases presented with schizophreniform
among 350 affected individuals [37]. Grover
et al. reported that the overall prevalence of psy-
chosis in patients with WD varies from 0 to
11.3% [38]. Although psychiatric disturbances
are well known in WD, the exclusive psychiatric
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¢.2333G>T (p.R778L)
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Fig.4.9 Chromatogram of the ATPTB p.R778L and p.V1106I mutations. The upper panel represents normal sequence,

while the lower panel being heterozygous mutated sequence

manifestation mimicking a  schizophrenic
psychosis without noted hepatic or neurological
disorders is relatively rare.

In our case study, the affected individual ini-
tially presented with psychosis disturbances and
was given the wrong treatment as a schizophrenic
patient. Combined with other reports, early rec-
ognitions to WD patients only with psychiatric

abnormalities are critical because timely initia-
tion of chelation therapy can prevent a cata-
strophic outcome. We feel that WD diagnostic
possibility should be suspected in patients expe-
riencing with abrupt neuropsychiatric symptoms,
especially accompanied by unknown liver func-
tion abnormalities and abdominal ultrasound for
architectural alternation in liver.
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4.6 Pantothenate
Kinase-Associated

Neurodegeneration (PKAN)

A 47-Year-Old Man Had Involuntary
Movement for 1 Year

Clinical Presentations

A 47-year-old male came to our Department of
Neurology because of involuntary movement for
1 year. He is a shopkeeper and denied any history
of toxic exposure. Without any precipitating fac-
tor, he suffered from intermittent hypsokinesis of
head last year. The attacks usually last 1-3 s and
occurred 3-5 times per day. It was mainly
involved in his head and occasionally in his neck.
There were no convulsions, tremor of limbs, or
consciousness alteration during the episodes. He
was diagnosed with physiological tremor in local
hospital and was prescribed arotinolol hydro-
chloride at dose of 5 mg thrice daily, which did
not relieve his symptoms at all. Four months
later, he found his symptoms were aggravated, as
the frequency was increased to 5-10 times per
day. When he sought his medical attentions in our
hospital, he presented apparent dystonic postur-
ing of head. His older brother and parents were
all asymptomatic. He denied any family history
of consanguinity or neurological disorders.

Fig. 4.10 Brain MRI of the patient revealed bilateral
hyperintensity within surrounding hypointensity in the
globus pallidus on T2 weighted (a) and T2-FLAIR (b).

Cranial nerves examination revealed negative
signs except for the involuntary movement of
head. The muscle strength was 5/5 in four limbs,
and muscle tension was essentially normal. There
was no abnormality of somatosensory. Deep reflex
was symmetrical and pathological sign was bilat-
erally negative. Ataxia was not observed. His rec-
ognition was not impaired, with MMSE score of
29/30. Complete blood count, T3 T4, ceruloplas-
min, serum ferritin, albumin, and lipoproteins
were in normal range. Brain MRI showed bilateral
hyperintensity within surrounding hypointensity
in the globus pallidus on T2 weighted (Fig. 4.10a)
and T2-FLAIR (Fig. 4.10b). Susceptibility-
weighted image (SWI) revealed low hypointensity
in the globus pallidus (Fig. 4.10c).

Primary Diagnosis

This patient mainly presented repeated and inter-
mittent hypsokinesis of head, which resembles
the feature of dystonia. There was no sign of
pyramidal tracts and cerebellum in physical
examination. The level diagnosis was thus
located in extrapyramidal tract. Adult onset, slow
progression, and no relapsing-remitting episode
excluded the infection, inflammation, vessel, and
trauma as the etiologic diagnosis of disease.
Metabolism, intoxication, degeneration, and
heredity should be considered. Showed as in SWI

low

Susceptibility-weighted image (SWI) revealed
hypointensity in the globus pallidus (c¢)
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Fig. 4.11 Chromatogram of c.1133A>G (p.D378G) and ¢.1502 T>A (p.I50IN) in PANK2 gene. The upper panel
indicates the normal sequence, and the lower panel shows heterozygous mutation

sequence, the low hypointensity in the globus
pallidusimplied thedepositionofiron. Extrapyramidal
symptoms and iron accumulation in globus
pallidus implied that neurodegeneration with
brain iron accumulation (NBIA) was the para-
mount consideration.

Additional Tests or Key Results

There are ten subtypes of NBIA and the majority is
autosomal recessive inherited [39]. Among the
NBIA groups, pantothenate kinase-associated neu-
rodegeneration (PKAN) is the most common type,
accounting for 30-50% NBIA cases. Therefore,
genetic screening of PANK?2 gene should be first
conducted. After sequencing of PANK2 gene, we
identified two heterozygous c.1133A>G (p.
D378G) and c.1502 T>A (p.I501N) mutations in
the proband (Fig. 4.11). Further investigation dem-
onstrated that his father carried c.1502 T>A muta-
tion and his mother carried c.1133A>G mutation.

Discussion

PKAN is a rare neurodegenerative disorder with
autosomal recessive inheritance and iron accumu-
lation in the globus pallidus [40]. Previously, this
disorder was well-known as Hallervorden—Spatz
syndrome and renamed in 201 1. Clinically, PKAN
is characterized by early onset of extrapyramidal
symptoms and rapid progression  [41].
Nevertheless, a fraction of cases with atypical
PKAN had relatively late AAO and slower pro-
gression [42, 43]. Due to the recessive inheritance,

family history is usually inconspicuous, resulting
in the missed diagnosis of this disorder. “Eye-of-
the-tiger” sign is a specific imaging feature in
PKAN. It was shown as symmetrical hypointen-
sity with a central region of hyperintensity in glo-
bus pallidus.

This patient presented with neck dystonia at
age of 46. We did not consider hereditary dis-
eases at first because of his onset of adulthood,
1-year disease course, and negative family his-
tory. However, his brain MRI revealed classic
“eye-of-the-tiger” sign, which is a crucial clue
for the diagnosis of PKAN. “Eye-of-the-tiger”
sign is a specific imaging feature. It is mainly
seen in PKAN and occasionally observed in neu-
roacanthocytosis and other conditions. In this
case, we also performed peripheral blood smear
but did not find increased number of acantho-
cytes (>5%). Neuroacanthocytosis was therefore
excluded. He was detected to carry compound
heterozygous PANK2 mutations, which co-
segregated with the disease. He was finally diag-
nosed with PKAN.

Current treatment in PKAN is primarily
symptomatic for relief of spasticity, dystonia, and
other movement disorder. Commonly used drugs
are benzodiazepines, anticholinergic, baclofen,
neuroleptics, and L-dopa. Deep brain stimulation
(DBS) causes mild improvement in dystonia
severity [44], and no definite result has been
achieved by iron-chelating agents (such as deferi-
prone) in clinical trials [45].
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4.7 Neuroacanthocytosis
A 41-Year-Old Man with Unsteadiness
and Memory Impairment

Clinical Presentations

A 41-year-old male presented to us with a 4-year
history of increasing unsteady on his feet. At first,
he noticed “heaviness” in his legs, particularly
while climbing up stairs. Sometimes, he felt his
knees bent forward involuntary while walking.
These symptoms were subtle at the beginning and
progressed gradually. His wife reported that he
had difficulties in concentrating and felt that he
was increasingly forgetful for the latest 2 years,
and he lost his job due to the memory impairment.
He reported no sensory symptoms and no symp-
toms of bladder or bowel dysfunction. He was
admitted to our Neurology Department for further
examinations. He has been systemically well with
no weight loss, change in appetite, or sleep habit.
He takes no alcohol or cigarette or regular medica-
tions. On examinations, the general systemic
examinations including blood pressure was unre-
markable. His Mini-Mental State Examination
(MMSE) score was 29/30 dropping only 1 point
for attention and calculation. His cranial nerves
were entirely normal. The limbs were normal on
inspection, with no wasting or fasciculations. Tone
was normal; power was symmetrically normal
5/5 in all muscle groups in the legs and throughout
the arms. All reflexes were decreased and plantars
were mute. The coordination was generally good
with slight clumsy of hands rotation.

Table 4.1 Nerve conduction study

The blood tests were all grossly normal apart
from a creatine kinase (CK) of 2244 U/L (refer-
ence < 171 U/L) and CK-MB 50 U/L (refer-
ence < 24 U/L). His ECG and echocardiogram
were normal. Electromyography (EMG) showed
widespread slowing of conduction in sensory and
motor nerves (Table 4.1). An MRI scan of the
brain demonstrated slight cortical atrophy.

The electromyography findings showed that
the motor conduction velocities of common pero-
neus were slow, and motor-induced amplitudes
were reduced. The sensory conduction velocities
of sural were slow, and sensory-induced ampli-
tudes were also slightly decreased.

Primary Diagnosis

The history and examination findings suggest
that this patient has a diffuse impairment of the
nervous system including peripheral nerves,
muscles, and possibly cortical function. This is
far more likely to be a certain complex syndrome.
Because the most severe impairment was the ele-
vated CK level, we considered myopathy to be
the first diagnosis, of which mitochondrial
encephlomyopathyis of great possibility. Further
questioning revealed that he was not good at
sports since a child, and his unsteadiness always
developed when he felt tired. Although the
decrease in exercise tolerance may simply repre-
sent fatigue, in this case it may highly signify
neurological muscle weakness affecting the
limbs that argue strongly in favor of a possible
diagnosis of mitochondrial encephalomyopathy.
We tested the serum lactic acid level after

Nerve ‘ Stimulate point

‘ Latency (ms)

‘ Amplitude (mV) ‘ Velocity (m/s)

Motor nerve conduction velocity (MCV)

Peroneus (L) Ankle 6.25 1.51

Capitula fibula 14.1 0.94 34.3
Peroneus (R) Ankle 3.76 4.0

Capitula fibula 10.5 3.5 40.9
Sensory nerve conduction velocity (SCV)
Sural (L) 14 cm above heel 2.18 7.1 39.0
Sural (R) 14 cm above heel 2.07 5.0 36.2
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exercise. The lactic acid levels werel.6 mmol/L
at rest, 5.2 mmol/L. immediately after exercise,
4.6 mmol/L 10 min after exercise, and 2.2 mmol/L
30 min after exercise, while the reference range is
0.7-2.1 mmol/L. Although these results meet the
minimum diagnosis criteria for mitochondria dis-
ease, the lactic level is often much higher. Muscle
biopsy is considered to perform in the patient.

Additional Tests or Key Results

Before muscle biopsy was scheduled, on further
physical examinations, we noticed that there were
some involuntary fidgeting, writhing, and twitch-
ing movements of the distal of limbs. The move-
ments appear semi-purposeful but in a random
pattern. They were very subtle thus could only be
noticed on a long time careful observation. These
involuntary movements were chore form, thus
reminding us the possibility of Huntington’s dis-
ease (HD). However, the increased CK level and
peripheral neuropathy could not be explained by
HD. HD genotyping was requested and negative,
which excluded the diagnosis of HD. The com-
plex presentations that include peripheral neu-
ropathy, cortical function impairment, chore form
involuntary movements, as well as an increased
CK level raise the suspicion of a rare inherited
disorder, neuroacanthocytosis (NA). Peripheral
blood smear was performed, and an increased
number of acanthocytes (>5%) were found
(Fig. 4.12) and supported the diagnosis of NA. A
detailed family history reveals that no one in his
family experienced similar symptoms reminding
us the possibility of an X-linked recessive inheri-
tance. McLeod syndrome (MLS) is one of NA
syndromes and an X-linked recessive disorder
caused by mutations of XK gene located on the
X chromosome [46]. Therefore, mutations of XK
were screened in the patient, and the c.942G>A
(p-W314X) mutation was found (Fig. 4.13),
which further confirmed the diagnosis of MLS.

Discussion

NA is a group of very rare disorders estimated
to have affected 1000 people worldwide. There
are four core NA syndromes including chorea-
acanthocytosis (ChAc), MLS, Huntington’s
disease-like 2 (HDL?2), and pantothenate kinase-

Fig. 4.12 Peripheral blood smear on electron micro-
scope showed an increased number of acanthocytes (>5%)

€.942G>A (p.W314X)

MM

AATAATT G
AATAATTG

[>o]

T ACCAGTC
T ACCAGTC

Fig.4.13 Mutation analysis of the patient. Chromatogram
of ¢.942G>A (p.W314X) mutation in XK gene. The upper
panel is normal sequence of the control, the middle panel
represents the heterozygous ¢.942G>A sequence, whereas
the lower panel represents hemizygous c¢.942G>A
sequence of the patient

associated neurodegeneration (PKAN) [47].
MLS typically presents in men in their midlife
with hyperkinetic involuntary movements,
specifically chorea, peripheral sensorimotor
neuropathy, psychiatric or cognitive issues, and
an elevated CK or liver enzymes. Fifty percent
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of subjects have seizures, which usually respond
well to standard anticonvulsant medications. The
main observation on brain imaging is atrophy of
the caudate nucleus and putamen [48].

Our diagnosis of MLS was first based on clini-
cal features and laboratory findings. Clinically,
the patient had midlife onset illness. Hence, our
diagnosis was restricted to either ChAc or MLS
because HDL2 and PKAN have a childhood or
juvenile onset. However, because the characteris-
tic phenotype of ChAc including a very peculiar
“feeding dystonia” with tongue protrusion, oro-
facial dyskinesias, and involuntary tongue/lip bit-
ing was absent in our patient, our first diagnosis
was MLS. In addition, an important distinction
between MLS and the other NA disorders is the
presence of cardiomyopathy [49], which is seen
in approximately 2/3 of patients. Although the
ECG and echocardiogram of this patient were
normal, he did have an increased CK-MB level
(50 U/L, reference <24 U/L).

The diagnosis of this patient was quite diffi-
cult at beginning because his chore form move-
ment was too subtle to be recognized. However,
on retrospection, the combination of symptoms
should raise our suspicion of NA even without
the hyperkinetic involuntary movements. In con-
clusion, although NA disorders are rare, the clini-
cal presentations are very characteristic that
should be recognized [50].
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lon Channel Disease
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Abstract

Ton channel diseases are diseases caused by dysfunction of ion channel
subunits or the regular proteins. Ion channels are essential in neuronal
signaling and thus channelopathies can be found in skeletal muscle or cen-
tral nervous system diseases, which include hyperkalemic and hypokale-
mic periodic paralysis, episodic ataxia, familial hemiplegic migraine,
generalized epilepsy with febrile seizures plus and so on. These diseases
can be either acquired or inherited. Since 1990, many mutations in genes
encoding ion channel components have been discovered to cause disor-
ders. The findings of genetic causes contribute to explain similarities and
differences in clinical and laboratory manifestations in these disorders. In
this chapter, we presented two commonly encountered ion channel dis-
eases caused by genetic mutations.
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5.1 Hypokalemic Periodic

Paralysis

The 29-Year-Old Woman
with Recurrent Weakness
of the Extremities

Clinical Presentations

The 29-year-old woman admitted to our hospital
complained of recurrent weakness of the extremi-
ties. She had experienced the first attack of paralysis
for several hours in all extremities upon waking
since 4 years old. The symptoms occurred during
awakening or after sleep or rest following strenuous
exercise. The frequency of attacks was less than 20
times per year. The patient denied any weight loss,
anxiety, palpitations, tremors, diarrhea, or increased
perspiration. She was not on any medications and
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denied smoking, alcohol, or illicit drug abuse.
Family history showed that her son also had a his-
tory of periodic paralysis since he was 2 years old,
but the severity and frequency of the attacks relieved
at the age of 4 (Fig. 5.1a).

Neurological examination revealed proximal
limbs weakness with a symmetrical power score
of 1/5 in the lower extremities and 3/5 in the upper
extremities. Sensory and cerebellar were normal.
Deep tendon reflexes were diminished. The rest of
the physical examination was unremarkable.

Laboratory data revealed a low serum potas-
sium level of 1.8 mmol/L (reference range 3.5—
5.4). Routine blood parameters including serum
creatine kinase level were normal. Thyroid func-
tion tests were normal. The ECG examination
revealed sinus rhythm with flattened T waves and
notably U waves.

0 10 20 30 40 50

Time after exercise (minutes)

Fig.5.1 (a) The patient’s pedigree chart. Arrow indicates
the proband. (b) Long exercise test showed amplitudes of
CMAPs denoted as a percentage of its pre-exercise value
are plotted against the time elapsed after 5 min of exer-
cise. The results of CMAP amplitudes are noted as a per-
centage, where the 100% mean CMAP amplitudes

obtained during the pre-excise period. (¢) Sequencing
chromatograms showing the heterozygous p.R1239H
mutant in CACNAIS gene. In the mutant sequence, the
G-to-A transition at CDNA position 3716 results in the
replacement of Arg by His at codon 1239
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Primary Diagnosis

The clinical manifestation is episodic weakness
associated with low serum potassium levels. The
attack was triggered in resting state following
strenuous exercise. Neurological examination
revealed weakness of proximal muscle. Sensory
and cerebellar were normal. Tendon reflexes of
limbs were diminished. These signs hinted that
the paralysis was due to lesions of the lower
motor neurons. Because the sensory disturbance
was absent, the lesion must be situated in a motor
branch of a peripheral nerve, in motor neurons
alone, in the neuromuscular junction, or in the
muscle itself. The differential diagnosis of a
young female with episodes of flaccid weakness
included periodic paralysis, myasthenia gravis,
and Lambert-Eaton syndromes.

Subsequently, EMG test should be performed
to distinguish between neuromuscular junction
disorders, channelopathies, and muscle disor-
ders. If possible, a muscle biopsy is also advised.
Lastly, a gene test is necessary to confirm the
diagnosis.

Additional Tests or Key Results

Electromyography (EMG) test including needle
EMG, routine nerve conduction tests, and repeti-
tive nerve stimulation revealed normal. To con-
firm the diagnosis of muscle channelopathies, we
performed a special EMG testing called the long
exercise test, which measures the amplitude of
compound muscle action potential (CMAP) for
50 min from a hand muscle that has been on a
few minutes of exercise. No change of CMAPs
was observed immediately after exercise.
However, a continued decrease in amplitude
reaches 76% at 50 min (Fig. 5.1b).

Molecular diagnosis revealed that both of the
proband and her son carried a heterozygous
mutation ¢.3716G>A (p.R1239H) in CACNAIS
gene (Fig. 5.1c).

Discussion

Hypokalemic periodic paralysis (hypoKPP) is a
rare channelopathy with a prevalence 1 case per
100,000 population, characterized by episodic

paralysis with a concomitant hypokalemia. The
paralytic attacks are reversible flaccid paralysis
mostly leading to tetraparesis or paraparesis
without respiratory muscles and heart involved.
The weakness attacks were often triggered by
rest following strenuous exercise, carbohydrate-
rich meals, and cold temperatures. Acute para-
lytic crises may persist for a few hours or several
days. The attacks may occur daily, weekly,
monthly, or less often, even some patients have
only one episode in life [1]. The disorder may
be hereditary or caused by other factors includ-
ing hyperthyroidism, Liddle’s syndrome, renal
tubular acidosis, alcoholism, hypothyroidism,
Gitelman syndrome, gastroenteritis, and pri-
mary hyperaldosteronism [2].

Family hypokalemic periodic paralysis might
be attributed to mutations in CACNAIS gene or
SCN4A gene. CACNAIS and SCN4A encode the
human skeletal muscle components of a calcium
channel and the components of a sodium chan-
nel, respectively. The mutant CACNAIS and
SCN4A alter the usual structure and function of
calcium or sodium current density, which induced
membrane depolarization. Membrane depolar-
ization is followed by the inflow of potassium
into skeletal muscle cells, disrupting regulation
of muscle contraction, and thus leading to attacks
of severe muscle paralysis [3-5].

In this family, the proband showed typically
clinical features for hypoKPP, including epi-
sodic weakness trigged by rest following strenu-
ous exercise, hypokalemia, positive exercise test
of electromyography, as well as the mutations of
CACNAIS gene. Treatment on this patient
focused on relieving acute symptoms and pre-
venting further attacks. The oral administration
of potassium chloride is given incrementally to
abort acute attacks. Nonpharmacological inter-
ventions that may be effective for preventing
attacks include a low-carbohydrate diet and
refraining from vigorous exercise. Some medi-
cations may help prevent attacks of weakness,
included symptomatic potassium supplementa-
tion, potassium-sparing diuretics, and carbonic
anhydrase inhibitors [6, 7].
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Normal Potassium Periodic
Paralysis

5.2

A 35-Year-Old Man with Repeated
Spontaneous Paralytic Attacks

in Proximal Muscles of Lower Limbs
for 20 Years

Clinical Presentations

A 35-year-old man visited our hospital complain-
ing of repeated spontaneous paralytic attacks
predominantly proximal muscles of lower limbs
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for 20 years. The symptoms of weakness were
precipitated by strenuous exercise, anxiety, and
fatigue and lasted several days or longer. The fre-
quency of episodes was less than 10 times per
year. The patient was perfectly normal between
the attacks. He had no major illness in the past
and any addictions. His father and brother also
had similar symptoms in their youth, but the
severity and frequency of the attacks of his father
relieved in his forties (Fig. 5.2a).

Neurological examinations revealed that cranial
nerves were negative. The upper proximal muscle
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Fig.5.2 (a) The patient’s pedigree chart. Arrow indicates the
proband. (b) Long exercise test showed amplitudes of
CMAPs denoted as a percentage of its pre-exercise value are
plotted against the time elapsed after hand muscle exercise.
The results of CMAP amplitudes are noted as a percentage,

where the 100% mean the CMAP amplitudes obtained dur-
ing the pre-excise period. (¢) Sequencing chromatograms
showing the heterozygous T704M mutant in SCN4A gene. In
the mutant sequence, the C-to-T transition at CDNA position
2111 results in the replacement of Cys by Met at codon 704
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strength showed four grade in the lower limbs, and
the distal limb muscle strength was normal. The mus-
cular tension was decreased. Deep tendon reflexes
were absent in all limbs. Babinski and Hoffmann
signs were bilaterally absent. Deep and superficial
sensation examinations revealed no deficits.

Laboratory investigations including potas-
sium, calcium, magnesium, blood glucose, thy-
roid function, and creatinine kinase phosphate
levels were within normal limits. ECG test was
normal without arrhythmia.

Primary Diagnosis
The patient showed episodic weakness triggered by
movement, emotional stress, and fatigue and lasted
several days or longer. Neurological examination
revealed flaccid weakness of proximal muscle in the
lower limbs. These symptoms and signs hinted that
the lesion must be situated in the spinal motor neu-
rons, in the anterior roots, in a purely motor branch
of a peripheral nerve, in the neuromuscular junc-
tion, or in the muscle itself. The differential diagno-
sis of a young patient with leg repeated spontaneous
paralytic included spinal disease, Guillain-Barre
syndrome, myasthenia gravis, and periodic paraly-
sis. Spinal cord compression and vascular diseases
were ruled out as there was no history of trauma and
cardiovascular risk factors. Guillain-Barre syn-
drome was unlikely because the patient did not
recount an ascending weakness and did not have a
previous infectious disease. Myasthenia gravis was
ruled out due to lacking of progressive fatigue.
Familial periodic paralysis was suspected as the
patient had remarkable family history.
Subsequently, an electromyography (EMG)
test should be performed to distinguish between
neuromuscular junction diseases and neurologi-
cal muscle disorders. If possible, a muscle biopsy
is also advised. Lastly, a gene test is necessary to
confirm the diagnosis.

Additional Tests or Key Results

EMG tests were normal, including needle EMG,
routine motor and sensory nerve conduction stud-
ies, and repetitive nerve stimulation. To confirm
the diagnosis of muscle channelopathies, a spe-
cialized form of EMG examination called the long
exercise test was performed. This test measures
the amplitude of compound muscle action poten-

tial (CMAP) for 50 min following a few minutes
of hand muscle exercise. After a long exercise test,
no change of CMAPs was observed immediately.
However, a decrease in amplitude appeared 5 min
after exercise cessation, reaching its lowest 45% at
50 min (normal range <30%) (Fig. 5.2b).

Molecular diagnosis revealed the proband car-
ried a heterozygous mutation ¢.2111C>T (p.
T704M) in SCN4A gene (Fig. 5.2¢).

Discussion

Primary periodic paralyses are hereditary disorders
of ion channel dysfunction characterized by epi-
sodic flaccid paralysis. The disorder is classified as
hyperkalemic periodic paralysis (HyperPP) or
hypokalemic periodic paralysis (HypoPP) based
on serum potassium level. Normokalemic periodic
paralysis (normoKPP) is believed as a variant of
hyperkalemic periodic paralysis [8, 9]. The clinical
feather of normoKPP includes episodes of flaccid
paralysis that are triggered by rest after exercise
and usually last a few hours or infrequently days
and attacks that may also be precipitated by anxiety
and fatigue. Rarely respiratory and bulbar muscles
will be involved in severe paralysis. Between
attacks, myotonia can be elicited on examination in
about 20-70% of patients [10].

Loss-of-function mutations in SCN4A are a
well-established cause of disorders collectively
termed sodium channelopathies, including
HyperPP and normoKPP. SCN4A encodes the
component of the skeletal muscle sodium channel
mainly expressed in skeletal muscle. The most
common are the missense mutations T704M and
M1592V accounting for approximately 75% of
affected individuals [10]. Homozygous SCN4A
gene mutant mice showed muscle atrophy, limbs
weakness, and abnormal muscle morphology [11].

In our family, the proband showed typically clin-
ical features for channelopathies. The laboratory
findings including normal serum potassium, posi-
tive exercise test of electromyography, and the
mutations of SCN4A gene confirmed the diagnosis
of normoKPP. The patient could benefit from sus-
tained mild exercise after a period of more vigorous
activity, high salt intake, and prophylactic use of the
carbonic anhydrase inhibitor. It has been reported
that acetazolamide reduced the frequency of attacks
and may provide some relief from myotonia [12].
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Muscle Diseases

Zhi-Qiang Wang and Wan-Jin Chen

Abstract

Myopathy is not one single disease but a general term used to describe a
number of muscular disorders in which the muscle fibers do not function
for many causes, resulting in common symptom of muscular weakness.
Other symptoms, such as malaise, fatigue, atrophy and hyporeflexia, mus-
cle cramps, stiffness, and spasm, can also be associated with myopathy.
Myopathy in systemic disease is complex and has widely varying etiolo-
gies, including congenital or inherited, idiopathic, infectious, metabolic,
inflammatory, endocrine, and drug-induced or toxic. So, muscle diseases
can be subdivided as hereditary and acquired myopathies. The specific
hereditary myopathies include muscular dystrophies, myotonic disorders,
metabolic myopathies, periodic paralyses, and mitochondrial myopathies,
while the acquired myopathies include inflammatory and endocrine myop-
athies. Important information to obtain during the patient’s history includes
family history, personal history, medications, and occupational and travel
history. The following helpful laboratory tests may be used to evaluate
patients with myopathy: creatine kinase (CK) levels with isoenzymes, lev-
els of electrolytes, serum myoglobin levels, serum creatinine and blood
urea nitrogen levels, thyroid function tests, antinuclear antibody levels,
and genetic testing. Other additional studies may include: electromyogra-
phy, electrocardiography, magnetic resonance imaging, and muscle biopsy.
Because different types of myopathies are caused by many different path-
ways and etiology, treatments can range from supportive and symptomatic
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management to therapy for specific conditions. Drug therapy, physical
therapy, bracing for support, surgery, and massage are all current treat-
ments for a variety of myopathies.

Keywords
Muscle diseases ¢ Hereditary myopathies ® Acquired myopathies
Etiology ° Diagnosis ¢ Treatment



6 Muscle Diseases

6.1 Duchenne Muscular

Dystrophy (DMD)

A 7-Year-Old Boy with Progressive
Muscle Weakness and Calf
Hypertrophy

Clinical Presentations

A 7-year-old boy was found to have progressive
proximal muscle weakness of his lower limbs for
2 years. He was noticed to have difficulty in run-
ning or standing up after squatting since at the age
of 5. Half year later, He developed to walk with
waddling gait and was prone to fall down. He
walked independently at the age of 6. Medical his-
tory revealed that he had delayed motor milestones.
Family history (Fig. 6.1) disclosed that his elder
brother developed the same symptoms at the age of
5 and lost the walking ability at the age of 11.

Neurological examinations revealed symmet-
ric proximal weakness, which was more pro-
nounced in lower limb and pelvic girdle muscles.
The patient displayed tongue and calf hypertro-
phy. When he stood up from lying, he had to turn
over to the ground and get up with the help of
upper extremities.

The level of serum creatine kinase (CK) was
found to be elevated to 18,517 U/L (normal range:
26-140 U/L). Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)
increased to 420 U/L (normal range: 0—40 U/L)
and 180 U/L (normal range: 0-50 U/L), respec-
tively. Electromyography (EMG) shows that
weakness is caused by destruction of muscle tissue

O

L

Fig.6.1 Pedigree of the family. Squares indicate males;
circles with a dot indicate female carrier; the black sym-
bols indicate affected individuals; the arrow indicates the
proband
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rather than by damage to nerves. Both electrocar-
diogram and echocardiogram revealed unremark-
able findings. Pulmonary function test showed a
normal forced vital capacity.

Primary Diagnosis

This patient had progressive muscle weakness
affecting predominantly the proximal lower limb
and pelvic girdle muscles, prominent calf muscle
hypertrophy, and significant elevation of serum
CK since early childhood. All these symptoms
and signs of the patient indicated the involvement
of proximal skeletal muscle. EMG also provided
objective evidence of myogenic damage. The
long course of disease and family history implied
that neurogenetic disease should be considered
first for this patient. The extremely elevated CK
level and prominent calf muscle hypertrophy hint
the high possibility of Duchenne/Becker muscu-
lar dystrophy (DMD/BMD). The differential
diagnosis includes polymyositis and other types
of muscular dystrophy. Thus muscle biopsy and
genetic analysis of dystrophin gene were neces-
sary to verify the diagnosis.

Additional Tests or Key Results

A bicipital muscle biopsy revealed evidence of
increased fiber size variation with moderate atrophy
and hypertrophy. Inflammatory infiltrates were also
found. Immunohistochemical studies revealed the
expression of dystrophin was subtly reduced in
most of muscle fibers.

Mutation of dystrophin gene caused by exon
deletions or duplications was excluded by genetic
testing performed by multiplex ligation-dependent
probe amplification (MLPA) screening (Fig. 6.2a).
Subsequently, the sequencing of dystrophin for
point mutations revealed that both the patient and
his affected brother harbored c¢.2852delT (p.
ILE951ThrfsTer53) mutation (Fig. 6.2b). The
further sequencing revealed the patient’s mother
also carried this mutation. Therefore, the patient
was confirmed as DMD and prescribed with glu-
cocorticoid for treatment, which may result in
improvement of muscle strength and extension of
ambulatory time.
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Fig.6.2 Mutation analysis of the patient. (a) No deletion
or duplication was found in 79 exons of dystrophin by
multiplex  ligation-dependent  probe  amplification
(MLPA). (b) Chromatogram of c.2852delT mutation in
dystrophin. The upper panel represents mutated sequence
of the patient, whereas the lower panel is normal sequence
of the control

loss of ambulation over 16 years and has better
prognosis [1, 2].

The extremely high level of serum CK that can
even be increased to 100-fold than normal level is

a hint for DMD diagnosis. Myogenic damage
confirmed by EMG is helpful in the differential
diagnosis. A muscle biopsy can provide informa-
tion on the amount of dystrophin and whether the
protein is present. Differentiating total and partial
absence of dystrophin also can help to distinguish
DMD from BMD.

DMD/BMD is caused by mutations in the
dystrophin gene located on the “X” chromo-
some. Dystrophin gene encodes a protein called
dystrophin, which plays an important role in
muscle contraction. Mutations in the dystrophin
gene result in loss of dystrophin, leading to
degeneration of muscle fibers. There are varied
types of mutations in dystrophin gene, mainly
including exon deletions, exon duplications, and
point mutations. Because nearly 70% of the
patients were found to have exon deletions/
duplications of dystrophin [3], detection of dele-
tions/duplications by MLPA should be firstly
used for genetic test. If deletion/duplication test-
ing is negative, then sequencing of dystrophin
gene should be performed to look for point
mutations.

To date, the main management of DMD includes
pharmaceutical therapy and supportive treatment.
For the ambulant patients, the use of corticosteroids
has been confirmed to prolong ambulation by
6-24 months [4]. Corticosteroids may also help
regarding respiratory function, cardiomyopathy,
and scoliosis. However, corticosteroids use must be
balanced against its side effects. After the patients
lose walking ability, supportive treatment, such as
nutritional support or cardiac and respiratory care,
becomes more important than pharmaceutical ther-
apy. Potential developments in gene therapy, such
as exon skipping [5], bring hopes for future treat-
ment of muscular dystrophy.
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6.2 Lipid Storage

Myopathy (LSM)

A 23-Year-Old Male with Muscle
Weakness and Exercise Intolerance

Clinical Presentations
The patient, a 23-year-old male, was the first
child of healthy non-consanguineous parents. He
complained about progressive aggravated diffi-
culty in walking and climbing since he was
10 years old. He often had premature fatigue and
exercise intolerance, and sometimes accompa-
nied by thigh and lumbar pain. His level of sports
was poor at school. The symptoms could fluctu-
ate or deteriorate under conditions of cold, fast-
ing, infections, or intense activity. Due to the
continuous elevation of serum CK (about
1000 U/L), a working diagnosis of polymyositis
had ever been suspected, and standard predniso-
lone (initial 60 mg/day) therapeutic effect was
transient and had unsustained improvement. Just
a month prior to submission, he relapsed with
increasing muscle weakness and myalgia with
intermittent nausea and recurrent vomiting in the
morning. One week ago, he completely lost the
ability to stand up and had difficulty in raising
his head. He had no deviation food habit. The
perinatal and development history was unevent-
ful. His 16-year-old sister had new-onset symp-
toms recently and began to suffer similar muscle
cramps and poor physical fitness. But she had no
antecedent muscle weakness of note (Fig. 6.3).

Neurological examinations revealed profound
weakness of his neck, axial and proximal limb, and
generalized muscle wasting. He presented a posture
of dropped head when standing up and a waddling
gait. Bilateral paraspinal muscles were mild atrophy
(Fig. 6.4). Muscular tension was normal. Motor
strength was symmetrical (MRCS, grades 0-5); neck
strength was 2/5; deltoid and biceps brachii strength
was 4/5; iliopsoas muscle strength was 3+/5; quadri-
ceps femoris was 5/5; and distal limb muscle strength
was 5/5. Sensory examination including pinprick,
vibration, and position was intact. Tendon reflexes
were reduced symmetrically and plantars down
going. Cerebellar function was intact.

There was an obvious increase of muscle
enzymes (serum CK 1100 U/L, normal <170 U/L;

LT6

1 2

Fig. 6.3 Pedigree of the family with late-onset MADD.
Squares indicate males, circles indicate females, the black
symbols indicate affected individuals, the arrow indicates
the proband

Fig. 6.4 Paraspinal muscles atrophy and neck muscle
weakness (a posture of dropped head) of the patient

AST 78 U/L, normal <35 U/L; LDH 1156 U/L,
normal <246 U/L). Resting blood lactate concen-
tration is raised to 5.6 mmol/L (normal, 0.7-
2.1 mmol/L). Routine blood parameters, renal
profile, glucose, thyroid function, and inflamma-
tory markers were normal. Electromyography
(EMG) showed myopathic changes, while the
nerve conduction and response to repetitive
stimuli were normal. Pulmonary function was
slightly reduced compared with predicted values
(FVC 85% and FEV1 80%). Mild fatty liver
was detected by abdominal ultrasound. Echo-
cardiography  showed no cardiomyopathy.
Magnetic resonance imaging (MRI) of lower limb
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muscle exhibited diffuse atrophy accompanying
fatty infiltration (Fig. 6.5). Brain MRI was normal.

Primary Diagnosis

The main symptoms and signs of the patient were
progressive muscle weakness, exercise fatigue,
and myalgia. The disease had a chronic and
recurrent course from adolescence. Because of
elevated muscle enzymes and myopathic changes
in EMG and muscle MRI, the patient was primar-
ily diagnosed with myopathies, including meta-
bolic muscle diseases, limb-girdle dystrophy, or
polymyositis. After reviewing the autosomal
recessive form of pedigree, hereditary myopa-
thies should be the prime consideration. So, the
next step should be an operation of muscle biopsy
for further differential diagnosis.

Additional Tests or Key Results
Hematoxylin and eosin (HE) staining revealed a
remarkable variation in fiber size with small vac-

uoles accumulating in biceps brachii muscle
fibers (Fig. 6.6a). The oil red O (ORO) staining
showed excessive lipid droplet accumulation in
type 1 muscle fibers (Fig. 6.6b). No ragged red
fiber was detected on MGT staining. A diagnosis
of late-onset lipid storage myopathy (LSM) was
made. Plasma carnitine, acylcarnitines, and uri-
nary organic acid profiles using tandem mass
spectrometry (MS/MS) and gas chromatography-
mass spectrometry (GC/MS) are useful to make a
diagnosis of type in LSMs. Urinary organic acid
analysis demonstrated increased glutarate,
2-hydroxyglutaric acid, 3-hydroxyglutaric acid,
glyceric acid, and 2-hydroxyadipic acid. Multiple
elevation of short- (C6), medium- (C8, C10), and
long- (C14) chain acylcarnitines were revealed
by blood acylcarnitine analysis, which was
consistent with the metabolic disturbance a mul-
tiple acyl-CoA dehydrogenase defect (MADD).
Mutational analysis of the ETF and ETFDH
genes from the patient revealed a compound

Fig.6.5 Magnetic resonance imaging of lower limb mus-
cle showed diffuse atrophy with fatty infiltration.
T1-weighted images (a, d) and T2-weighted images (b, e)
and fat suppression images (c, f) showed diffuse atrophy

and mild fat infiltration of the gluteus muscles (indicated
with dark arrow) and posterior thigh muscle group (indi-
cated with white arrow) on horizontal scanning of pelvic
(a—c) and thigh (d—f) level
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H&E Staining

Fig.6.6 Histological findings of (the left biceps brachii)
muscle biopsy in the patient. (a) HE staining of muscle
biopsy showing a marked variation in fiber size with small
vacuoles accumulating in muscle fibers. Magnification,

%200 (b). The ORO staining showed excessive lipid drop-
let accumulation in type 1 muscle fibers. Magnification,
%200
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Fig. 6.7 Chromatogram of ETFDH mutations in the
index patient. The compound heterozygous mutations
¢.250G>A (p.A84T) and ¢.770A>G (p.T257C) were con-

heterozygous mutations of the ETFDH gene,
¢.250G>A (p.A84T), and c.770A>G (p.T257C)
(Fig. 6.7). The mutations were inherited from
each parent, c.250G>A (p.A84T) from his father
and ¢.770A>G (p.T257C) from his mother. The
gene sequencing for his younger sister showed
the same heterozygous mutations.

firmed by Sanger sequencing. The upper panel of each
chromatogram described the wild-type sequence, and the
lower panels presented the heterozygous mutant sequence

Treatment and Following Up

He was immediately commenced on riboflavin
50 mg thrice daily, coenzyme Q10 10 mg thrice
daily, and a diet of low fat, high-quality protein,
and high carbohydrate. His muscle strength and
exercise fatigue were associated with a steady
improvement. Within 1 month, he was recovering
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with a normal motor strength and returned to nor-
mal daily life. The clinical blood biochemical
indexes were returned to normal level. After
2 years of riboflavin commendation (the dose
was reduced to 10 mg thrice daily), he was quite
healthy with no muscle weakness or exercise
intolerance. He got married and had a healthy
baby.

Discussion

Through the above analysis, we presented a
23-year-old patient presenting with proximal
muscle weakness, dropped head syndrome, pre-
mature fatigue, and increased levels of serum cre-
atinine kinase and lactate initially. Muscle biopsy
indicated LSM. Acylcarnitine profile showed an
elevation of multiple acylcarnitines. Urinary
organic acid analysis showed glutaric aciduria.
Because of genetic findings and the good
response to riboflavin treatment, the final diagno-
sis of riboflavin-responsive (RR-) MADD
(OMIM 231680) can be established [6].

LSM is a general term which describes special
types of metabolic myopathy characterized by
lipid droplet accumulation in myofibers. Based
on biochemical deficiencies and genetic causes,
the syndromes are divided into four disorders:
primary carnitine deficiency (PCD), multiple
acyl-CoA dehydrogenase deficiency (MADD),
neutral lipid storage disease with ichthyosis
(NLSDI), and neutral lipid storage disease with
myopathy (NLSDM) [7]. To make an accurate
diagnosis, by specific laboratory tests including
biochemical study and genetic sequencing, is
very important for LSM as some of the types are
clinically cured, such as this patient with late-
onset MADD. This case also illustrates diagnos-
tic difficulties that may arise and the importance
of positive exclusion of metabolic disorders in
such type of patients. MADD, also known as glu-
taric aciduria type II (GAII, OMIM 231680),
could result in aberrant metabolism of fatty acids,
amino acids, and sarcosine. It is an autosomal
recessive disorder caused by defects in either
electron transfer flavoprotein (ETF, encoded by
ETFA and ETFB) or ETF-ubiquinone oxidore-
ductase (ETFQO, encoded by ETFDH) that
transfer electrons from fatty acids to the respira-

tory chain [8, 9]. The deficiency of ETFDH is a
major cause of RR-MADD, giving rise to reduced
expression of ETFDH in muscle of ETFDH-
deficient patients [6, 10—12]. Previous studies
demonstrated three ETFDH hot spot mutations in
China: ¢c.250G>A (p.A84T) in patients from
South China, and c¢.770A>G (p.T257C) and
c.1227A>C (p.L409F) in those from both South
and North China [6, 11, 12].

The phenotype of MADD is quite heteroge-
neous and classified as neonatal-onset forms with
or without congenital anomalies, and later-onset
form. In the neonatal-onset forms, patients usu-
ally die of serious metabolic crisis within a few
weeks after birth. While the late-onset form is a
mild form found in young and middle-aged with
progressive or fluctuating proximal muscle weak-
ness, exercise intolerance, and mild metabolic
symptom such as vomit and oil disgusted [7].
This clinical phenotype is divided into pure
myopathy and metabolism dominant. In this
case, the main clinical features were symmetrical
proximal limb and outstanding exercise intoler-
ance. A valuable clinical clue to diagnose this
disease may be the characteristic distribution of
muscle weakness, especially the prominent neck
involvement [10], which can also be called as
dropped head syndrome. Meanwhile, the quadri-
ceps femoris is mildly involved or normal, even
in muscle histology [13]. For a subset of patients,
the metabolism crisis is more prominent than
myopathy, such as glycopenia, ammoniemia,
hypotonia, encephalopathy, and cardiomyopathy
[7]. In addition, most MADD patients have inter-
mittent symptoms during the course, which dete-
riorated under several conditions of cold, fasting,
or infections. However, the other chronic myopa-
thy has no such clinical manifestations.

Routine laboratory tests frequently indicate
mild to moderate elevation of serum muscle
enzymes and lactic acid, except for accompany
with rhabdomyolysis. EMG abnormalities are
nonspecific. The diagnosis was based on elevated
acylcarnitines and urine organic acids profiles
using GS/MS which show corresponding abnor-
malities of fatty acids metabolism. But it often
remains challenging, because the elevation of
acylcarnitine levels may be mild and subtypical
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or detectable during acute metabolic crisis only
[12]. Muscle MRI of lower limbs is a helpful tool
in guiding clinical evaluation, because late-onset
MADD patients show a typical muscle imaging
pattern of fat infiltration and atrophy with poste-
rior thigh muscle group and gluteus muscles
involvement, while the anterior thigh group is
sparing [14]. Therefore, the most effective way
for definitive diagnosis is muscle biopsy and
causing gene analysis. Muscle biopsy ORO stain-
ing could first narrow the differential diagnosis
by revealing storage lipid in muscle fibers. The
ETFDH gene is preferred screening gene for late-
onset LSM. Mutation analysis revealed two
mutations within ETFDH, ¢.250G>A (p.A84T)
and ¢.770A>G (p.T257C). They are two impor-

tant hot spot mutations described previously in
China, which could be employed as a fast and
reliable screening method [6, 12].

Although the molecular mechanism of MADD
is not well revealed, riboflavin (or vitamin B,)
supplementation (100-400 mg/d) has been
known to strikingly reverse the clinical manifes-
tations and metabolic profiles in RR-MADD
patients [7]. While corticosteroids or carnitine
alone did not result in a satisfying curative effect,
riboflavin is a cofactor for ETF, ETFDH, as well
as acyl-CoA dehydrogenases. CoQ10 supple-
mentation has also been reported to improve
muscle weakness and decrease the level of mito-
chondrial reactive oxygen species (ROS) in the
patient cells [15].
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6.3  Facioscapulohumeral

Muscular Dystrophy (FSHD)

A 40-Year-Old Man with Progressive
Weakness of Upper Arms
and Shoulder Girdle

Clinical Presentations

The patient was a 40-year-old right-handed man
who complained of presenting with progressive
weakness and wasting of his shoulders and arms.
His mother pointed out his lack of facial expres-
sion and unnatural smile at the age of 5.
Meanwhile, he was noticed running with frequent
falls compared with his peers. He developed
inability to blow up a balloon and blow into a flute
in his teens. He started to experience difficulties
in lifting his right arm above the shoulder line and
noticed scapular winging at the age of 18. Five

years later, he presented too much weakness and
wasting of right upper arm to lifting heavy things.
He had progressive difficulties in standing up and
climbing up stairs since the age of 30. He denied
diplopia or swallowing problems. His 63-year-old
mother was examined neurologically and showed
mild facial and both shoulder girdle weaknesses.
His father was healthy.

The neurological examinations revealed mod-
erate asymmetric facial weakness, marked shoul-
der girdle weakness and atrophy associated with
bilateral scapular winging, and humeral weak-
ness (Fig. 6.8). Manual muscle testing (MMT,
0-5 grade) showed asymmetric weakness of
scapular and arm muscles (right 2-3 grade, left 4
grade) and proximal lower limb muscles (right 4
grade, left 5 grade); the distal extremities were 5
grade except for the left “drop foot.” In addition,
atrophy of pectoralis major, trapezius, and the

Fig. 6.8 Typical clinical manifestations in the patient
with FSHD. (a) The appearance of asymmetric facial
weakness of orbicularis oculi and oris showed incomplete
eye closure and a fish-shaped upper lip. (b) Weakness and

atrophy of the humeral and pectoralis major muscle and
involvement of the clavicular portion of the sternocleido-
mastoid muscle. (¢) Marked winging of the scapula on
active shoulder flexion or abduction
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In Supine position

on flexion of the neck

Fig. 6.9 Beevor’s sign. A marked upward movement of
the umbilicus when the patient raised his head from a
supine position

unilateral tibialis anterior muscles were noted.
Beevor’s sign (movement of the umbilicus toward
the head with a flexion of the neck due to paraly-
sis of the inferior portion of the rectus abdominis
muscle, and the upper fibers predominate, pulling
the umbilicus upward) was positive (Fig. 6.9).
Arm tendon reflexes were obviously diminished.
Coordination and sensory were normal.

His CK was mildly elevated to 246 U/L (nor-
mal <140 U/L). The nerve conduction studies of
the ulna, peroneal, median, and sural nerves were
normal. Electromyography (EMG) showed
myogenic changes in the trapezius, deltoideus,

biceps brachii, and the unilateral tibialis anterior
muscles. Muscle biopsy of biceps brachii revealed
myopathic changes with the remarkable variation
of fiber size, necrotic and regenerating fibers, and
inflammatory cellular infiltration (Fig. 6.10). MRI
examination assessed the asymmetric pattern and
degree of involvement of the lower leg level
(Fig. 6.11). Electrocardiogram (ECG) showed
normal sinus rhythm. Respiratory function test
showed mild respiratory abnormality.

Primary Diagnosis

The initial symptoms of this patient demonstrated
the involvement of facial, shoulder girdle, and
humeral weakness, with progressive development
of the tibialis anterior muscle weakness. The evi-
dence of myopathic damage from EMG and muscle
biopsy supported the specific involvement of mus-
cular system. Furthermore, the chronic course and
autosomal dominant family history implies the pos-
sible diagnosis of hereditary neuromuscular disease,
including facioscapulohumeral muscular dystrophy
(FSHD), limb-girdle muscular dystrophy (LGMD),
myotonic dystrophy (DM), and distal myopathy.
However, the EMG of patients with DM often
shows electrophysiological myotonic discharges.
No distinctive findings of muscle biopsy could rule
out DM and distal myopathy. The typical form of
facial, shoulder girdle, and humeral weakness sug-
gested the diagnosis of FSHD. It required genetic
testing to distinguish FSHD from LGMD, although
majority of the latter develop symmetrically.

Additional Tests or Key Results

Upon digestion with EcoRI/Hindlll  and
EcoRI/Binl, PEGE-based analysis of DNA dem-
onstrated the presence of a 4q35-derived frag-
ment of 22.0 kb (equate to six D4Z4 repeats) in
the proband and her mother. Additional genetic
testing disclosed a FSHD-sized 4qA-type allele
in the patients, which was performed by using
Hindlll digested DNA hybridization with the
4gA and 4gB probes (Fig. 6.12). The molecular
analysis finally confirmed the diagnosis of FSHD.

Discussion

FSHD (MIM 158900) is an autosomal dominant
progressive neuromuscular disorder, and it is
recognized as an epigenetic disease affecting



112 Z.-Q.Wang and W.-J. Chen

Fig. 6.10 MRI examination identified the asymmetric ~ with arrows) of the left mm. tibialis anterior and extensor
pattern and degree of involvement of the lower leg level.  digitorum longus on horizontal coronal scanning. The
T1-weighted (a) and fat suppression images (b) showed similar feature was showed on coronal scanning (c, d)
distinct atrophy and dispersive fat infiltration (indicated

Fig.6.11 Histological
findings of (the left
biceps brachii) muscle
biopsy in the patient.
There is remarkable
variation of fiber size
(red arrows). Interstitial
areas with inflammatory
cellular infiltration are
visible (black arrow).
Hematoxylin and eosin
staining

approximately 1:15,000 to 1:20,000 individuals. (DMD) and DM [16]. However, up to 30% of
It is the third most common human muscular cases are sporadic, arising from de novo muta-
dystrophy, after Duchenne muscular dystrophy tions. The classical FSHD syndrome, first
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Fig.6.12 Southern bolt

analysis of digested- 1
DNA fragment in the

FSHD family using 1
probes p13E-11 4qA

and 4qB, separated by i
pulsed-field gel

electrophoresis (PFGE).

Genomic DNA was l4 Il

I P T P [

double digested with

EcoRI/HindlIII (E) and EEB
with EcoRI/BInl (E/B),
separated fragments by
PFGE and hybridized
them with pI13E-11 (left
panel). The proband (II,)
carried a 4q-type D4Z4
repeat array of 22.0 kb
(arrow) inheriting from
his mother (I,). Then the
same samples were
digested with HindIIl
(H) and hybridized with
probes 4gA and 4qB
(middle and right). The
corresponding 4q-type
repeat arrays of 22.0 kb
(arrow) were identified
as 4qA variants. The
size marker (M)
indicated on the left is
the MidRange PFG
marker

p13E-11

described by Landouzy and Dejerine in 1884,
included the characteristic involvement of
weaknesses and atrophy in skeletal muscles [17].
The FSHD phenotype usually develops in the
second decade for most affected patients, but has
been found to begin at any age widely ranging
from infancy to late adulthood [16].

In most patients with FSHD, the clinical pheno-
type has been recognized to be distinctive.
Weakness is often asymmetric and usually onset

EEB

EE/B H H H H H H

49B

with asymptomatic facial weakness followed
sequentially by the involvement the muscles of
shoulder girdle and upper limb, finally spreading to
lower extremity weakness with progression of the
disease. The most commonly affected facial mus-
cles are the orbicularis oculi and the orbicularis
oris, which lead to difficulty in closing eyes, purs-
ing lips, and transverse smile. Shoulder girdle and
sternocleidomastoid muscles are also involved
early associated with winging of the scapula when
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patients elevate the arms. The daily activities such
as brushing teeth, washing face, combing hair, and
lifting the arms over the head become difficult. The
disease can gradually spread to abdominal, humeral,
and lower extremity muscles. The weakness is
often asymmetric, and this feature could distinguish
FSHD from LGMD. High incidence of Beevor’s
sign was observed [18], which might especially
help in the diagnosis of atypical cases. Cardiac
evaluation showed abnormalities in approximately
5% of patients and commonly manifests as atrial
arrhythmias, and rarely with conduction deficits
[19]. Restrictive respiratory insufficiency requiring
the use of a ventilator is rare in FSHD, occurring in
about 1% of patients, and is delineated in associa-
tion with severe affected patients, such as wheel-
chair dependence, severe kyphoscoliosis and
lumbar hyperlordosis [20]. Besides the involve-
ment of musculoskeletal system, the atypical extra-
muscular manifestation is referred to mental
retardation, epilepsy, auditory impairment, and reti-
nal vasculopathy that appeared mainly in patients
with early onset [21-23]. The clinical spectrum of
FSHD families exhibited large variation in the dis-
ease severity widely ranging from asymptomatic to
severe disability [16]. However, the life expectancy
appeared to be normal.

Serum CK levels are usually normal or mildly
elevated. EMG shows mild to moderate myogenic
damage pattern of motor unit potentials of involved
muscles (small amplitude, polyphasic, and short
duration). Histopathological analysis of muscle
specimen often shows myogenic damage changes
similar to other muscular dystrophies. DNA is
referred to study for final confirmation if a physi-
cian considers FSHD as a high probability.

The molecular genetic basis of FSHD is com-
plex. In patients with FSHD type 1 (FSHDI),

accounting for 95% of FSHD patients, the
genetic defect is associated with a heterozygous
contraction of the tandem D474 repeat array
located at 4q35 subtelomeric region [24]. In nor-
mal individuals the D4Z4 repeat array is ranging
from 11 units to 150 units, while patients carry
less than 10 units, but at least there is 1 unit left
[25, 26]. The pathogenic contraction requires
occurring on a specific variant of 4qA distal to
D474 [27] (Fig. 6.13). Systematic studies dem-
onstrated that the identification of D474 residual
repeats is helpful for predicting the patient’s
clinical severity, which is suggesting that more
large D474 repeats contraction tend to be associ-
ated with more severe phenotype as evaluated by
the age of diagnosis and wheelchair dependence
[28]. The pathogenic models of FSHD were pro-
posed to relate with chromatin relaxation on
D474 contraction, which results in an epigenetic
derepression of the DUX4 retrogene embedded
within the last D4Z4 repeat, and then participate
in various pathways such as cell apoptosis,
inflammation, and oxidative stress [29-31]. A
small group of patients with FSHD2 have been
identified to have SMCHDI mutations and the
permissive 4 haplotype D4Z4 array together,
which resulted in chromatin relaxation permis-
sive for DUX4 expression [32].

Currently, there is no effective pharmacologic
treatment for FSHD. Available studies demon-
strate that surgical scapular fixation is an alterna-
tive intervention for improving some patients’
life quality. Aerobic exercise appears to be poten-
tially beneficial to patients with FSHD. Therefore,
it is necessary for clinician to encourage patients’
daily engagement of low-intensity aerobic actives
or home-based exercise, without compromising
muscle tissue [28].
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Fig. 6.13 Schematic representation showing the basic
genetic background develop for FSHD. The regions of
chromosome 4q35 and chromosome 10q26 have high
sequence homology, and both contain the D4Z4 repeat
array. Only contractions occurring on the permissive chro-
mosomal background are associated with FSHD. Patients
with FSHD1 have D4Z4 repeat of 1-10 units on chromo-

somes 4qA. Although there are large region of homology
between chromosome 4q35 and chromosome 10q26,
DA4Z4 contractions on 4gB or 10q chromosomes do not
develop FSHD. Approximately 5% FSHD patients
(FSHD2) have SMCHDI mutations and normal-sized
D474 repeats with permissive DUX4-PAS chromosomal
background



116

Z.-Q.Wang and W.-J. Chen

6.4  Myotonic Dystrophy (MD)
A 29-Year-Old Man with Muscle
Weakness and Myotonia

Clinical Presentations

A 29-year-old male complained distal muscle
weakness and rigidity with difficulty in relax-
ation following strenuous muscle contraction
ever since the age of 18. After that, he experi-
enced progressive lower limb weakness, leading
to easily tumble during his runs and climbs. At
the age of 27, he showed symptoms of dysarthria,
abnormal walking with foot drop, inability to lift
heavy things, and deteriorative myalgia. He had
no history of diabetes. He married for over
5 years without children. The family history was
noteworthy that his father had similar symptoms
and died with cardiac arrhythmia at the age of 68.
His elder sister was in health (Fig. 6.14).

Neurological examinations revealed facial
weakness and wasting, ptosis, droopy jaw, and
the typical myopathic appearance (Fig. 6.15a).
Neck extensor strength was 2/5 (MRCS, grades
0-5); iliopsoas muscle strength was 57/5; prox-
imal muscle strength of lower limb was 4/5;
and distal limb muscle strength was 3/5. He
had difficulty in performing dexterity of the
hands and foot drop. Grip and percussion myo-
tonia were obvious (Fig. 6.15b). Palatal and
pharyngeal muscles were also affected, causing
problems of mild dysphagia and dysarthria.
Deep tendon reflexes cannot be elicited.
Impairment of light touch and pain sensation
were not found.

The blood biochemical test revealed the
slightly elevated level of serum creatine kinase
(CK) 300 U/L (normal <140 U/L), and other
indexes were normal. His renal and parathyroid
function was normal. Electromyography (EMG)
revealed myotonic discharge in affected muscles,
which was suspected to be myogenic changes.
The nerve conduction velocity was generally nor-
mal. Electrocardiogram (ECG) appeared conduc-
tion abnormity with right bundle-branch block.
Magnetic resonance imaging (MRI) examination
of the calf muscles showed that the affected mus-
cles exhibited fatty degeneration (Fig. 6.16).

'.7@

1

1 A2

Fig. 6.14 Pedigree chart of the family. The black field
indicates affected individuals, circle female, square male,
diagonal line across symbol deceased, arrow proband

Primary Diagnosis

The major symptoms and signs of the patient
were extensive myotonia and muscle weakness
and wasting. In combination with the CK level
and EMG results, the patient was diagnosed with
myopathies. Furthermore, he showed chronic
course of muscular disorder with family history,
suggesting the tendency to hereditary myopa-
thies. Based on the myotonic discharge in EMG,
the diagnosis of myotonic dystrophy (DM) should
be firstly considered. The differential diagnosis
includes congenital myotonia, oculopharyngeal
muscular  dystrophy, and neuromyotonia.
However, the patient with congenital myotonia
often presents the intermittent muscle weakness
without wasting of the affected muscles. The
myotonic discharge of patient’s EMG excluded
the other diagnosis. Further examinations such as
muscular histopathology, X-ray barium meal, the
brain MRI, and the examination of slit lamp are
necessary for the differential diagnosis.

Additional Tests or Key Results

X-ray barium meal revealed mild swallow restric-
tion. The brain MRI showed mild focal white
matter lesions (WMLs) in anterior temporal lobes
with minor diffuse brain atrophy. Lens opacifica-
tion was not detected by slit lamp. The pathologi-
cal findings include myopathic changes with the
variation in fiber size, numerous internal nuclei,
sarcoplasmic masses, type 1 fiber atrophy, and
type 2 fiber hypertrophy (Fig. 6.17), which
implied the diagnosis of DM. Therefore,
molecular analysis of myotonic dystrophy pro-
tein kinase (DMPK) gene was performed using
the method of tri-primer PCR (TP-PCR). We



6 Muscle Diseases

Fig. 6.15 Main clinical signs of the patient. (a) Facial
weakness and wasting gave rise to the typical myopathic
appearance (or “hatchet” appearance) of hollow cheeks
and droopy jaw. (b) Left: Clasped hands of the patient.

found that the patient carried a pathogenic
cytosine-thymine-guanine (CTG) triplet repeats
expansion in DMPK gene (Fig. 6.18), which
finally confirmed the diagnosis of DM1.

Discussion

DM is the most common muscular dystrophy in
adult, which is divided into two distinct forms of
DM type 1 (DM, Steinert’s disease) and DM
type 2 (DM2) based on the clinical features and
genetic differences. Both of them are autosomal

Right: Unclasping of the hands was delayed, exhibiting
the myotonic phenomenon. (c¢) Patient has difficulty in
relax his hands after making a fist

dominant, multisystemic diseases with a core
pattern of clinical features including prominent
myotonia, progressive wasting and weakness of
skeletal muscle, cardiac conduction defects, cata-
racts, and endocrine disorders [33].

DMI1 has first been described as a “classic”
type of myotonic dystrophy with a prevalence of
about 1/8000 people worldwide. Its onset can be
congenital, juvenile, adult, or late. In this case, our
adult-onset patient was characterized for distal
muscular dystrophy and myotonia, which mani-
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Fig.6.16 MRI examination of the calf muscles showed
fatty degeneration and mild atrophy. T1-weighted (a) and
fat suppression images (b) showed dispersive fat infiltra-
tion (indicated with arrows) of the calf muscles on coro-

fested as a delayed relaxation voluntary contrac-
tion of skeletal muscle. Especially, grip myotonia
is his initial symptom preceding the presentation
of muscle weakness. The myotonia may fre-
quently improve by repeated muscle contraction,
called the “warm-up phenomenon.” Due to facial
weakness and wasting, many patients exhibit atyp-
ical facial appearance, including ptosis of the
upper eyelid, turn V-shaped upper lip (also known
as a tent- or fish-shaped upper lip), or “hatchet”
appearance. It should be carefully differentiated

nal scanning. Fat suppression images showed mild
atrophy of the calf muscles on horizontal (¢) and antero-
posterior axes (d) scanning

from facioscapulohumeral muscular dystrophy
(FSHD) for the similar facial symptoms. Another
common feature is frontal balding. The myotonia
involvements of tongue, pharyngeal, and palatal
muscles weakness often cause indistinct speech
and dysarthria [34]. In this case, the patient showed
hollow cheeks and drooping jaw, which suggest
the weakness and wasting of masticatory and tem-
poral muscles, as well as neck flexors weakness
and early involvement of long finger flexors.
Ankle dorsiflexion weakness can result in frequent
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Transverse section

Fig. 6.17 Histological findings of (the left biceps brachii)
muscle biopsy in the patient. (a) The transverse section of
muscle specimen showed the variation in fiber size, numerous
internal nuclei, and sarcoplasmic masses. (b) The vertical
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section of muscle specimen showed internal nuclei located in
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cation, X200
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Fig.6.18 TP-PCR analysis of DMPK gene in the patient. In normal individuals, the number of CTG repeats in the
DMPK gene is ranging from 5 to 37; the patient was detected to have more than 50 CTG repeats by TP-PCR analysis

falls. Although suffering from distal muscle weak-
ness with slowly progressive, the proximal mus-
cles of DM1 patients are affected later in clinical
course.

The extra-muscular clinical manifestations
mainly including: cardiac abnormality, respira-
tory failure, endocrine problems, cataracts, neuro-
psychological, and cognitive impairments [35].

Cardiac conduction disease is common in DM1
and is the primary cause of disease morbidity and
mortality. Conduction disturbances and tachyar-
rhythmias, such as malignant arrhythmia and
progressive left ventricle dysfunction, may result
in sudden death. Dilated cardiomyopathy is
observed among some patients. Respiratory insuf-
ficiency is caused by the weakness of respiratory
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muscle, especially involvement of diaphragm.
Respiratory failures can easily occur with aspira-
tion pneumonia secondary to swallowing prob-
lems. Neuropsychological deficits and cognitive
impairment have been frequently documented
and significantly impact on life quality for patients
and families [36, 37]. Nocturnal apneic episodes
and excessive daytime sleepiness (EDS) are com-
mon manifestations. Posterior subcapsular cata-
racts develop in most patients, and some of them
present cataract during youth without any other
symptom. Gastrointestinal symptoms are frequent
in DM1 and caused by the involvement of smooth
muscle with dysphagia, emesis, episodic diarrhea,
and more. Finally, endocrine abnormalities cover
disturbances of the thyroid, gonads, as well as
hypothalamus and pancreas, the latter associated
with insulin resistance. Testicular atrophy results
in infertility in some of male patients, while men-
strual irregularities and habitual abortion are com-
mon in female patients.

Laboratory examinations sometimes reveal
mild increased serum CK. EMG evidence of
myotonia was an important marker before the
genetic testing became available. The distal mus-
cles and musculus facialis are often detected with
myotonic discharges and myopathic pattern.
Histological findings of muscle biopsy in symp-
tomatic patients are always abnormal, and suffi-
ciently characteristic that a diagnosis of DM can
be referenced to muscle biopsy. The features of
affected muscles include numerous of internal
nuclei, increased variation in fiber size, fibrosis,
sarcoplasmic masses, ring fibers, early type I
fiber atrophy, and type II fiber hypertrophy. The
brain MRI often shows brain atrophy and increas-
ing white matter signals with T2-weighted
images [38].

DMI is caused by an expansion of unstable
CTG trinucleotide repeat in the 3’-untranslated
region (UTR) of the DMPK gene located on
chromosome 19q13.3, which codes a myosin
kinase expressed in skeletal muscle [39, 40]. In
normal individuals, the number of CTG repeats
ranges from 5 to 37, while the pathogenic expan-
sion of CTG repeats is over 50. The mutation is
associated with mis-splicing of mRNA species
which affect many cellular processes in multiple

organs [41]. The patients with CTG repeats
expansion ranging between 38 and 49 are usu-
ally clinically asymptomatic, but their offspring
are at risk of having larger pathologically
expanded repeats. The symptomatic patient with
DMI1 often carries more than 50 CTG repeats,
ranging from 50 to 4000. There is not a clear cor-
relation between the phenotype and genetic
repeats number. The children with DM1 may
present a larger repeat numbers than the trans-
mitting parents. The phenomenon of CTG repeat
instability in parent-offspring causes anticipa-
tion and increases clinical severity and early-
onset age in successive generations [42]. A child
presents congenital DM1 with increasing CTG
repeats number usually with maternal transmis-
sion, while the paternal inheritance patients are
rarely reported.

DM2 is described as proximal myotonic
myopathy and shares many clinical features of
DMI1. So DM2 is a multisystem disorder and the
leading symptoms are myotonia and muscle
weakness. There are several differences between
DM1 and DM2 [33, 35]. First, the onset age of
DM?2 is much later than DM1, often in the third
decade. Second, DM2 patients have more severe
stiffness, myalgia, and fatigue than those with
DMI. Third, DM2 patients are present with prox-
imal muscles during the early course, while DM 1
patients show mildly affected. The extra-muscular
symptoms are also common in DM2. In DM2,
laboratory examinations usually show the high
level of serum cholesterol. EMG shows myotonic
discharges in proximal limb muscles. Histological
analysis reveals that multiple internal nuclei and
fiber size variation primarily involved type 2 mus-
cle fibers and numerous nuclear clumps as well.

DM2 caused by an unstable tretranucleotide
repeat expansion, CCTG, in intron 1 of the nucleic
acid-binding protein (CNBP) gene (also known as
zinc finger 9 gene, ZNF9) located on chromosome
3q21 [43]. The size of the CCTG repeat is less
than 30 repeats in normal individuals while the
range of the expansion repeats number in DM2 is
huge. The large repeat expansion for DM2 is
ranging from 75 to11000. Unlike DM, there is
no correlation between CCTG repeats expanded
size and onset age or phenotype in DM2.
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In spite of the clinical and genetic similarities,
DMI1 and DM2 are distinct disorders requiring
different diagnostic and management strategies.
DM1 is classified in four different forms: con-
genital, early childhood, adult onset, and late
onset. Congenital form is the most severe one and
characterized by extreme muscle weakness and
mental retardation. While the phenotype in DM2
is hypervariable, there are no distinct clinical
subgroups. In contrast to DM1, myotonic dis-
charges may be absent even on EMG in some
DM2 patients. Consequently, a large proportion
of DM2 patients remain underdiagnosed. The
long delayed diagnosis may cause unnecessary
problems for the patients’ lives management,
uncertain prognosis, and treatment. As a genetic
disease, the DM diagnostic method is mutation
verification by genetic tests. In DM, clinical
manifestations, family history, and the results of
assistant examinations are often provided distinc-
tive proofs for clinical diagnosis, and the muta-
tion can be confirmed by PCR or southern blot
analysis. Furthermore, TP-PCR has come into
routine diagnostic process which represents a
simple and reliable way that can rapidly identify
the presence of expanded alleles for disorders
caused by repeat expansions, although it cannot
provide accurate numbers of repeat sequences
[44]. On the contrary, conventional PCR and
southern blot analysis are not adequate for a
defined molecular diagnosis in DM2 since the
extremely large of the expansion mutation.
Several highly sensitive and specific methods
have been developed for DM2 mutation verifica-
tion including a complex genotyping diagnostic
procedure, long-range PCR, and a tetraplet PCR.

Although there is no curative therapy for DM,
active management includes careful evaluation and
monitoring possible complications [33]. For
patients with cardiorespiratory disorders, active
monitoring, lower threshold for input, and long-
term follow-up are necessary. Early treatment of
sleep-related disordered breathing with nocturnal
noninvasive mechanical ventilation is a preferential
consideration. Insulin resistance becomes a prob-
lem which patients needs more insulin or other
medicines to control glucose level. Antimyotonia
therapy is helpful for the patients associated with

frequent and persistent muscle stiffness and pain.
Some individuals are in response to mexiletine or
carbamazepine. Evidence showed that mexiletine
of 150-200 mg thrice daily is effective and safe for
improving myotonia [45].
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Abstract

Dementia is a broad category of neurodegenerative diseases that cause a
decline in memory, the ability to acquiring knowledge and understanding
that ultimately affect a person’s daily functioning. Other common symptoms
include a decrease in the ability of attention, judgment, problem solving,
comprehension, and production of language. Psychiatric problems are also
very common in patients with dementia. Dementia is often sporadic, and the
prevalence is associated with aging. The most common types of dementia
are Alzheimer’s disease, vascular cognitive impairment, Lewy body demen-
tia, and frontotemporal lobe degeneration. However, some hereditary dis-
ease such as Huntington’s disease (HD), cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL),
Niemann-Pick disease (NPD), fatal familial insomnia (FFI), adrenoleuko-
dystrophy (ALD), etc. can also manifest as cognitive impairment. However,
most of these disorders present with characteristic symptoms other than cog-
nitive decline. In this chapter, we presented several disorders with dementia
or psychiatric problems caused by genetic mutations.
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7.1 Huntington’s Disease (HD)
A 25-Year-Old Woman with 9 Years
of Marked Irritability and Insanity

Clinical Presentations

A 25-year-old woman complained of 9 years of
irritability and insanity. Nine years ago, without
rhyme or reason, the patient was noted of progres-
sive irritability and verbal aggression toward
neighbors and families. Four years later, she pre-
sented with various weird behaviors, including
talking with herself often, running out at night fre-
quently, and sometimes complaining that she
heard others talking about her. So she was hospi-
talized in a native mental hospital. She was diag-
nosed initially with schizophrenia and prescribed
antipsychotic medication alprazolam and olanzap-
ine for 10 days. However, the treatment was inef-
fective, and several new symptoms appeared such
as instable gait, frequent blink, and subtle shake in
the limbs after she was discharged from the hospi-
tal. What’s worse, she could only recognize close
relatives. So she was transferred to our hospital
soon. Her mother and grandma seemed to have a
suspicious similar mental problem, and her mother
had gone away from home and deceased (Fig. 7.1).

Fig. 7.2 Brain MRI (at the age of 25) showed mild atro-
phy signals in cerebral cortex, remarkably enlarged lateral
ventricles, and atrophy signals caudate and putamen

Neurological examinations in bad cooperation
were conducted. The abnormal examinations
included an unbalanced gait, bilateral symmetry
hypermyotonia, hyperreflexia, positive ankle clo-
nus, and pathological Babinski sign.

Her routine tests including liver and renal
function tests, electrolytes, thyroid parameters,
coagulation, and other blood biochemistry dis-
closed no remarkable abnormalities. Brain MRI
revealed mild atrophy of the cerebral cortex,
remarkable atrophy signals in the brainstem and
cerebellum, and mild abnormal signals of the
caudate nucleus and putamen ones (Fig. 7.2).

7

Fig. 7.1 Pedigree of the family. The patient’s mother and
maternal grandma seemed to have similar mental problems

nuclei (arrows) of horizontal section in TI1- (a) and
T2-FLAIR (b)-weighted images
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Primary Diagnosis

The patient’s symptoms and signs indicated sig-
nificant abnormal psychiatric and extrapyramidal
features with rapidly exacerbated cognitive func-
tion deficit, mild ataxia, and atypical hyperki-
netic. The lesions were primarily located at the
cerebral cortex, basal ganglia, and cerebellum.
Equivocal positive family history suggesting
autosomal dominant (AD) inherited disorders
should be considered. Differential diagnosis
included atypical Huntington’s disease (OMIM:
143,100, HD), especially juvenile HD (JHD),
HD-like 4/spinocerebellar ataxia type 17 (OMIM:
607,136, HDL-4/SCA17), early onset of
Parkinson’s disease (OMIM: 168,600, PD)
(EOPD), dentatorubral—pallidoluysian atrophy
(OMIM: 125,370, DRPLA), etc. JHDs have an
early onset before the age of 20 and may display
rigidity, chorea, parkinsonian signs, ataxia, and
schizophrenia. Although uncommon in HDL-4/
SCA17, onset in childhood exists. In addition to
psychiatric disturbances, HDL-4/SCA17 exhibits
cerebellar ataxia, dementia, and chorea [1, 2].
DRPLA has an average age of onset between 20
and 30, and early-onset cases have clinical phe-
notypes of chorea, ataxia, and cognitive decline
[3]. JHD, HDL-4/SCA17, and DRPLA probably
have positive family history. EOPD has genetic
and clinical heterogeneity which could company
psychiatric disturbances and parkinsonism [4]. In
order to confirm the genetic disease, accurate
related gene tests must be conducted.

Additional Tests or Key Results

Since HD is the leading inherited cause of chorea
with ataxia, cognitive, and psychiatric symptoms,
JHD disease should be considered first on this
young patient. HUNTINGTIN (OMIM: 613,004,
HTT) gene (the causative gene for HD) molecular
test was conducted, and abnormal trinucleotide
repeats were found (Fig. 7.3a). Genetic sequenc-
ing subsequently revealed that the aberrant repeat
number was 59 (Fig. 7.3b).

Discussion
HD is a relatively rare hereditary degenerative
disease, especially in Chinese [5], mainly

characterized by involuntary chorea, behav-
ioral or psychiatric disorders, and progressive
dementia clinically [6, 7]. It’s caused by CAG
repeat expansion beyond 40 within HTT gene
[8-10], whose molecular test plays a key role
in quick and specific diagnosis [11]. Most
patients initiate chorea movement insidiously
in 30—40s [12] and usually have positive fam-
ily history.

JHD could be quite different from the typical
adult HD. They present symptoms before the age
of 20 years and the earliest at 18 months old
[13]. Unlike representative HD, JHDs usually
are manifested by the atypical presentations
including behavioral, cognitive, psychiatric, and
emotional symptoms, parkinsonian signs, and
ataxia [14-17]. Although JHD could develop
chorea as one of the first symptoms, chorea is
uncommon particularly in the early stage of chil-
dren with HD.

The marked mental problems in this JHD
case misled relatives and psychiatrists. Delayed
chorea and unremarkable walking instability,
dubious family history, and no remarkable basal
ganglia abnormal in brain MRI in the beginning
also covered up the important hints to the fact.
Above all, lack of experience about this rare
hereditary disease would easily result in misdi-
agnosis. Accordingly, JHD should be consid-
ered in young patients suffering from abrupt
psychiatric problems and neurological disor-
ders, especially those with positive family his-
tory, no matter they had striatal atrophy in image
or not.

HD is a dominantly inherited disorder with
various symptoms. There is no cure so far, and
pharmacological treatment attempted is aimed at
symptomatic and supportive care. Tetrabenazine
(TBZ) remains the only medication approved by
FDA for chorea. The hunt for other effective
symptom relief in HD, such as coenzyme Q10 or
creatine, might have shown effectivity [17]. It’s
necessary to carefully review the pharmaceutical
instructions before prescribing any psychiatric
medication [18], such as antipsychotic risperi-
done and antidepressant sertraline used for
depression or irritability and anxiety.
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A

Fig. 7.3 Mutation analysis of the patient. (a) P patient, repeats. (b) Chromatogram of HTT gene in the patient
two separated bands showed different lengths of CAG  showed normal allele with 17 CAG repeats and expanded
repeats of HTT gene from both alleles; the upper one was  allele with 59 CAG repeats. The blue arrows indicated the
normal and the lower one referred to expanded CAG  abnormal CAG repeats

repeats. M marker of 309 bp corresponding to 35 CAG
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Cerebral Autosomal
Dominant Arteriopathy
with Subcortical Infarcts
and Leukoencephalopathy
(CADASIL)

7.2

A 44-Year-Old Man with Recurrent
Headache and Memory Loss

Clinical Presentations

A 44-year-old man was referred to our neurol-
ogy clinic for half a year of recurrent headache.
The headache was usually located in the occipi-
tal region. When asked to describe his headache
pain, the patient reported dull pain. He also
reported that he experienced at least one episode
per month and each headache episode usually
lasted for a few hours. In addition, the patient
admitted that he was becoming impatient and
irritated and frequently forgot his keys. No his-
tory of hypertension, no fever, no seizures, and
no limb weakness were reported. Brain MRI
scanning at a local hospital revealed small isch-
emic foci scattering in frontal-parietal lobes
and white matter hyperintensities (WMH)
mainly involving bilateral periventricular areas
and anterior temporal lobes (Fig. 7.4a—d). He
also claimed that his father (/) died of stroke at
62 (Fig. 7.5a).

Primary Diagnosis

The patient’s headache and memory loss were
closely associated with subcortical white matter
lesions in his brain. Nevertheless, the MRI images
showed more lesions without any clinical presen-
tation. The mild to moderate WMH in MRI and
mood disturbance were strong reminders for cere-
bral small vessel diseases (SVD), such as hyper-
tensive arteriopathy (HA), cerebral autosomal
dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL), cerebral
amyloid angiopathy (CAA), and so on. However,
the HA should be excluded because the patient
reported no history of hypertension. Besides, no
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lobar hemorrhage occurred and a young age can
exclude CAA. Considering his specific WMH in
bilateral anterior temporal lobes as well as external
capsules and his suspected autosomal dominant
family history, the diagnosis of CADASIL was
suspected, and a gene test for CADASIL was
arranged.

Additional Tests or Key Results

He received a Wechsler Adult Intelligence Scale
Revised by China (WAIS-RC), and a Wechsler
Memory Scale Revised by China (WMS-RC) in
our center considered a complain of memory loss.
He scored 88, 104, and 95 in verbal intelligence
quotient (VIQ), performance intelligence quotient
(PIQ), and full intelligence quotient (FIQ), respec-
tively. However, his score in WMS-RC was below
51. The remaining neurological examinations
were unremarkable. A brain MRI scanning with
fluid-attenuated inversion recovery (FLAIR)
sequence was performed in the patient and
revealed similar lesions compared to the former
scanning at the local hospital but with more lacu-
nar foci and severe WMH (Fig. 7.4e-h). Also,
mutation analysis of NOTCH3 revealed a
c.1819C>T (p.R607C) mutation (Fig. 7.5b) in
exon 11 of NOTCH3, which confirmed the
patient’s diagnosis of CADASIL.

Discussion

CADASIL is a dominant inherited cerebral arterio-
lopathy characterized by adult-onset recurrent sub-
cortical infarctions, cognitive decline, episodic
headache, sometimes migraine, and psychiatric
symptoms [19]. It is caused by mutations within
NOTCH3 gene, which encodes a single-pass trans-
membrane Notch3 receptor containing 34 epider-
mal growth factor repeats (EGFR) [20]. Mutations
leading to an odd number of cysteine residues
within each EGFR in extracellular domain of
Notch3 might be pathogenic. To date, over 270
mutations have been reported, and the majority of
them occur in exons 2-24. Though it has not been
well confirmed, there are several “hot regions”
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Fig. 7.4 Brain MRI of the patient. (a) T2-weighted axial
image through the level of subcortical showing scattered
small ischemic foci in frontal and parietal lobes and semi-
oval center. (b) T2-weighted axial image through the level
of lateral ventricles showing severe white matter hyperin-
tensities (WMH) in periventricular areas. (¢) T2-weighted
axial image through the level of pineal region showing
small ischemic foci in basal ganglia and right external
capsule. (d) T2-weighted axial image through the level of
sella turcica showing WMH in the brainstem and bilateral

anterior temporal lobes. (e) Fluid-attenuated inversion
recovery (FLAIR) image through the level of subcortical
showing scattered small ischemic foci in frontal and pari-
etal lobes and semioval center. (f) FLAIR image through
the level of lateral ventricles showing severe WMH in
periventricular areas. (g) FLAIR image through the level
of pineal region showing small ischemic foci in basal gan-
glia and right external capsule. (h) FLAIR image through
the level of sella turcica showing WMH in bilateral ante-
rior temporal lobes
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Fig.7.4 (continued)

which have been identified. For instance, in
Northern China as well as several Western coun-
tries, the exons 3 and 4 were supposed to be “hot
regions” followed by exons 8, 5, 6, and 11 [21-23].
Nevertheless, the spectrum of mutations in Southern
China differed. It seems that mutations located in

exon 11 may be more frequent, and the mutation
¢.1630C>T (p.R544C) has been identified as a “hot
spot” in Han Chinese in Taiwan, where it is located
in Southeastern China [24]. In this case, our patient,
from Shanghai, carried a previously reported muta-
tion located in exon 11 as well.
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Fig. 7.5 Pedigree and mutation analysis of the patient.
(a) The pedigree of the patient. Squares indicate males;
circles indicate females; the black symbols indicate
affected individuals; diagonal lines across symbols indi-
cate deceased individuals; arrow indicates the proband.

Patients who suffered from CADASIL may
present a variety of clinical manifestations.
However, the incidence rate of each symptom
varies among populations. Migraine with aura
has been reported to be presented in 20-40% of
the CADASIL patients in Caucasian popula-
tions [25]. Nevertheless, the occurrence in Han
Chinese in Southeastern China might not be
beyond 1.8% based on a recent research [24],
which means less migraine might be presented
in Southeastern China. In our case, the patient
complained of headache but not migraine as
well.

The MRI features are usually key clues for
diagnosis of CADASIL. Like which in our case,
the MRI changes of CADASIL patients are often
characterized as white matter involvement in
bilateral external capsules and anterior temporal
lobes, as well as lacunar infarcts. Once these
MRI features are identified, mutation analysis of

¢.1819C>T (p.R607C)

CCTCTGCG
c cCTCTGGC]I|T|lG

(b) Chromatogram of c.1819C>T (p.R607C) mutation in
NOTCH3. The upper panel represents heterozygous
mutated sequence of the patient, whereas the lower panel
is normal sequence of the control

NOTCH3 or a skin biopsy should be highly rec-
ommended. It has been reported that the deposits
of granular osmiophilic material (GOM) in the
basal layer of vascular smooth muscle cells
(VSMCs) were considered the most common
pathognomonic feature of CADASIL [26].
However, the sensitivity of skin biopsies varied
from 44% to nearly 100% [26, 27]. It is sup-
posed that the detection of GOM requires more
technically accuracy, whereas the gene test is
showing its convenience in the diagnosis of
CADASIL.

Since the patient was diagnosed as CADASIL,
he was then prescribed with cilostazol. Aspirin
and clopidogrel should be avoided. Once if the
patient presented cardiovascular risk factors,
such as hypertension, diabetes, or hyperlipid-
emia, corresponding treatments should be more
active. The cigarette and alcohol consumptions
should be prevented as well.
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Cerebral Autosomal
Recessive Arteriopathy
with Subcortical Infarcts
and Leukoencephalopathy
(CARASIL)!

7.3

A 28-Year-Old Man with Limb
Weakness and Alopecia

Clinical Presentations

The proband, a 28-year-old male, was admitted
to a local hospital because of sudden lower limb
weakness and thigh numbness for 2 months, the
brain MRI revealed multiple abnormal signals,
and the patient was diagnosed with multiple
sclerosis (MS) and treated with 500 mg methyl-
prednisolone for 5 days. He experienced hair
loss, starting 10 years prior, which developed into
alopecia (Fig. 7.6). The patient experienced low
back pain and was diagnosed with a lumbar her-
niated disc by CT scan. No hypertension, diabe-
tes mellitus, or dyslipidemia was recorded. He
had no history of cigarette smoking or alcohol
use. His parents had a consanguineous marriage

'This section is reprinted with permission from: Cai B,
Zeng JB, Lin Y, et al. (2015) A frameshift mutation
in HTRA1 expands CARASIL syndrome and peripheral
small arterial disease to the Chinese population. NeurolSci
36(8):1387-91.
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(Fig. 7.7), and their neuroimaging examination
was normal.

Neurological examinations on the proband
revealed mood and personality changes, slurred
speech, muscle strength of proximal right lower
limb of 5 level, and left of 3 level, respectively.
Diffuse pyramidal signs, including muscle stift-
ness, increased tendon reflexes, left ankle clonus,
and bilateral Babinski signs. Sensation to pain
and light touch in both lower extremities dimin-
ished. Mini-Mental State Examination (MMSE)
was normal.

A follow-up MRI showed diffuse leukoen-
cephalopathy, subcortical infarcts, and micro-
bleeds (Fig. 7.8). Visual evoked potentials (VEP)

Fig. 7.6 The proband developed alopecia with male pat-
tern baldness
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Fig. 7.7 The pedigree of family with CARASIL. The
proband is indicated by the arrow. The solid symbols
denote the patient with CARASIL, and the symbol with a

slash indicates the deceased individual. Double horizontal
lines: consanguineous marriage; hash, unaffected indi-
viduals with a heterozygous c.161_162insAG mutation
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Fig. 7.8 Brain MRI of the proband. T1 weighted (a, e),
T2 weighted (b, f), and fluid-attenuated inversion recov-
ery (FLAIR). (¢) MRI showed diffuse leukoencephalopa-
thy involving the periventricular and deep white matter,
including the anterior temporal lobes and external cap-
sules, and multiple lacunar infarcts in the brain hemi-
spheres and brainstem. No significant strengthening of

were normal, oligoclonal bands in CSF were
absent, and ultrasonic doppler showed bilateral
vertebral arteries supplying a high-resistance
vascular bed. Transcranial doppler (TCD) indi-
cated increased cerebrovascular resistance.
Single-photon emission computed tomography
(SPECT) revealed reduced perfusion in the left
frontotemporal lobe.

The proband’s older brother was admitted to our
department because of a similar neurological his-
tory (Fig. 7.7) in 2002, when he was 29 years old.
He also developed alopecia and a lumbar herni-
ated disc. The neurological examinations and MRI
results were similar to the proband, and he was
diagnosed with MS and treated with prednisolone.
However, pseudobulbar syndrome and tetraparesis
progressed until he was bedridden at age 30 and
died at age 32.

Primary Diagnosis

The symptoms and signs of this patient hint the
involvement of pyramid sign, sensation disorder,
a slurred speech, respectively, mood and per-

enhanced lesions (g); susceptibility-weighted image
(SWI) (d) of MRI showed multiple cerebral microbleeds
(CMBs) on the pons, basal ganglia, and hemispheric sub-
cortical white matter. A brain magnetic resonance angio-
gram (MRA) showed no significant stenosis of large
cerebral arteries (h)

sonality changes, and worsening problems with
movement. Taken together, these disclose the
extensive impairment of the central nervous sys-
tem (CNS).

The differential diagnosis includes MS and
cerebral small vessel diseases (CSVDs) caused
by cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopa-
thy (CADASIL) or other reasons. VEP and lum-
bar puncture were normal, which disagreed the
diagnosis of MS and immunity diseases.

Diffuse leukoencephalopathy, subcortical
infarcts, and microbleeds in MRI supported
the diagnosis of CSVDs. The hypothesis of
CADASIL was first considered, so the NOTCH3
gene analysis from the blood should be performed
to exclude this diagnosis. Other characteristic fea-
tures of these brothers include premature hair loss
(alopecia) and attacks of low back pain, which are
characteristic extraneurological signs of cerebral
autosomal recessive arteriopathy with subcortical
infarcts and leukoencephalopathy (CARASIL),
suggesting the diagnosis of CARASIL. Thus,
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HTRAI gene analysis from the blood should be
performed to confirm the diagnosis.

Additional Tests or Key Results

No NOTCH3 mutation in the blood and ultra-
structural  granular osmiophilic material
(GOM) on the vascular wall was found, which
excluded the diagnosis of CADASIL. Spine
MRI showed degenerative disc disease
(Fig. 7.9), and a novel homozygous frameshift
mutation (c.161_162insAG) within HTRAI
gene, leading to the formation of a stop codon
159 amino acids downstream of the insertion

(p-Gly56Alafs*160), was detected in the pro-
band (Fig. 7.10), which confirmed the diagno-
sis of CARASIL.

Discussion

CARASIL is a rare single-gene disorder directly
affecting the cerebral small vessels; is charac-
terized by nonhypertensive cerebral small-ves-
sel arteriopathy with subcortical infarcts,
alopecia, and low back pain; and has an onset in
early adulthood [28, 29]. The first CARASIL
patients were most likely described in prelimi-
nary reports in 1965, and approximately 50

Fig.7.9 Cervical and lumbar spine MRI of the proband. T2-weighted images show degenerative disc disease, includ-
ing disc herniations and the degeneration of vertebral bodies
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¢.161_162insAG (p.G56Afs*160)

A CTGCGAGGGCGGT CTC
A CTGTCGA G G GC G G

b
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Fig. 7.10 Mutation analysis of HTRAI in the proband
identified anovelhomozygous mutation(c.161_162insAG)

patients, primarily from Japan, have been
reported; more patients are also being reported
in other populations [30-33]. In 2009, the HtrA
serine protease 1 gene (HTRAI) was identified
by Hara et al. [34] as the causative gene of
CARASIL. HTRAI is located on chromosome
10 and encodes an enzyme that regulates signal-
ing by the TGF-p family of proteins. TGF-p
plays an important role in cellular functions,
specifically angiogenesis.

The proband and his brother were misdiagnosed
and initially treated as MS because of cerebral
white matter lesions on brain MRI. Nonetheless,
the diagnosis of CARASIL was confirmed
by a novel homozygous mutation in exon 1
(c.161_162insAG) of the HTRAI gene detected in
the proband. The deleterious effect of this muta-
tion is supported by the following arguments.

Firstly, the mutation in exon 1
(c.161_162insAG) of the HTRAI gene leads to a
frameshift that results in the formation of a stop
codon 159 amino acids downstream of the inser-
tion (p.Gly56Alafs*160) and produces a trun-
cated protein without the proteolytic (trypsin-like)
and PDZ domains. As the serine protease activity
of HTRAI is required to inhibit TGF-p family

signaling, the loss of HTRAI protein caused by
the mutation will result in the failure to repress
signaling by the TGF-f family, which increases
TGF-B1 expression. TGF-p family signaling is
associated with vascular angiogenesis and remod-
eling; thus, the increased TGF-p1 expression will
result in cerebral small vessel diseases.

Secondly, ultrasonic doppler and TCD showed
increased cerebrovascular resistance, and SPECT
showed reduced cerebral blood flow; all of these
tests suggested the stenosis of cerebral small
arteries. Arteriosclerosis observed in cerebral
small arteries, including the hyaline degeneration
of the media, loss of vascular SMCs, and the
thickening and splitting of the internal elastic
lamina [31], is a characteristic feature of
CARASIL [35]. Arteriosclerosis was also
reported in the peripheral small arteries in other
organs but not in the skin. Peripheral small arte-
rial disease including the loss of vascular SMCs
and thickening and splitting of the internal elastic
lamina was found in the subcutaneous tissue,
which was consistent with the results reported
previously [30, 36].

Thirdly, we detected decreased HTRAI and
increased TGF-p1 protein expression [31] in the
subcutaneous tissue and cultured fibroblasts by
western blot and THC [37], which may be attrib-
utable to the HTRAI mutation. The small arte-
rial disease in the subcutaneous tissue may be
caused by the mutation in HTRA because this
protein is expressed in the skin as well as in the
brain [28].

The diagnosis of CARASIL should be consid-
ered in patients with previously suspected atypi-
cal MS, CADASIL, especially in patients with
the extraneurological signs, including scalp alo-
pecia in the teens and acute mid to lower back
pain. The diagnosis can be confirmed by HTRAI
genetic testing.
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7.4  Adrenoleukodystrophy

(ALD)

A 12-Year-Old Boy with Impairment
of Cognition, Deafness, and Blindness

Clinical Presentations

A 12-year-old boy suffered from rapidly progres-
sive impairment of cognition 1 year ago, unstable
gait, and visual and auditory impairment 3 months
ago. One week ago he exhibited dysphagia and
slurred speech. He presented with a decline of
school performance at the beginning. His cognition
was progressively impaired during the last 1 year,
and he had learning deficits and could not remem-
ber familiar situation. He experienced weakness of
both lower limbs with difficulty climbing stairs.
From 2 months ago, his emotionality changed, he
easily cries or laughs, and he was becoming deaf
and blind. He had swallowing problem and slurred
speech 1 week ago. Medical history revealed unre-
markable birth and growth milestones except for a
history of chicken pox at 9 years old.

Fig. 7.11 Brain MRI of the patient. T2-FLAIR image
through the level of basal ganglia showing confluent and
symmetric white matter hyperintensities in triangular area

137

Neurological examinations revealed slurred
speech and dementia. The patient also exhibited
left ipsilateral visual field defect and left central
facial and lingual paralysis. He presented stagger
gait. His muscle strength was 3-4/5 (MRCS,
grades 0-5). Both lower limbs and left arm were
spastic. His deep tendon reflex was hyperactive
with 3+ at biceps, triceps, and radial periosteal, 4+
at the knees and Achilles. Bilateral ankle clonus
and Babinski sign were positive in this patient.
Left upper and lower extremities were dysmetria.
His sensory examinations were symmetric.

Electrocardiography, chest radiography, and
upper abdominal and kidney ultrasonography dis-
closed unremarkable findings. The blood routine
examinations also disclosed unremarkable findings.
Laboratory data showed the level of blood cortisol,
and adrenocorticotropic hormone was normal.
Generalized cerebral atrophy was seen on magnetic
resonance imaging (MRI) of the brain. Brain MRI
showed confluent and symmetric hyperintensities
involving triangular area of bilateral cerebral ven-
tricle on T2-FLAIR sequences (Fig. 7.11).

of bilateral cerebral ventricle. Focal white matter lesion in
the splenium of the corpus callosum is the symmetric but-
terfly shape
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Primary Diagnosis

The symptoms and signs of this patient including
the involvement of cognition, visual field defect,
unstable gait, trouble in swallowing, and slurred
speech indicating that the lesions were bilaterally
cortex, brainstem, cone bundle, and cerebellum,
respectively. Taken together, these disclose the
extensive impairment of central nervous system.

The long progressive course of disease and
brain MRI implied that hereditary metabolic dis-
eases such as X-linked adrenoleukodystrophy
(ALD) should be considered first for this patient.
The differential diagnosis includes infectious dis-
eases, multiple sclerosis, mitochondrial encepha-
lomyopathy, hereditary spastic paraparesis with
amyotrophy, metachromatic leukodystrophy, and
Krabbe disease.

Lumbar puncture is necessary to exclude the
infection and immunity disease. Organic acid test
from the blood and urine is needed to verify some
metabolic disorders (such as deficiencies of vita-
min B12, folic acid, copper). Also, molecular
analysis of ABCD1 gene is necessary.

Additional Tests or Key Results

Lumbar puncture showed normal results. Plasma
concentration of very-long-chain fatty acids
(VLCFA) was normal. The concentration of
C26:0 and the ratio of C24:0/C22:0 and C26:0/
C22:0 were normal. The sequencing of ABCDI
gene revealed that the patient harbored ABCDI1
¢.1661G>A mutation, which resulted in the pro-
tein substitution of p.R554H (Fig. 7.12). The
further sequencing revealed the patient’s mother
and brother didn’t carry this mutation.

Discussion

From the history, neuroimaging, and molecular
genetic testing, we can diagnose the boy with
X-ALD, which is the most common leukodystro-
phy with an estimated incidence of 1 in 17,000
newborns (males and females combined) [38]. It is
a progressive, neurometabolic disease that affects
the brain, spinal cord, peripheral nerves, adrenal
cortex, and testis. The disease is caused by muta-
tions in the ABCD] gene, located at chromosome
Xq28, which encodes for the peroxisomal mem-
brane protein participating in the transmembrane

¢.1661G>A (p.R554H)

T CCC TG C|GIT G AC CAG
T CCCTGT CI|A|]T G ACCAG

Fig.7.12 Mutation analysis of the patient. Chromatogram
of c.1661G>A (p.R554H) mutation in ABCD1. The upper
panel represents normal sequence of the control, whereas
the lower panel is mutated sequence of the patient

transport of VLCFA (>C22) [39-41]. A defect in
the ABCD1 protein results in elevated concentra-
tions of VLCFA in plasma and tissues.

X-ALD is described as an inherited disease
with wide different phenotypes. The phenotypes
can be subdivided into four main categories: cere-
bral ALD, AMN (adrenomyeloneuropathy),
Addison only, and asymptomatic. Cerebral ALD
is the most rapidly progressive and devastating
phenotype. Cerebral ALD occurs often in child-
hood (childhood cerebral ALD; CCALD) [42].
Usually, affected children initially have attention
deficits or hyperactivity and then followed by pro-
gressive behavioral disturbance, vision loss, wors-
ening handwriting, incoordination, and so on.
Progressive impairment of brain often leads to
total disability within 2 years. Brain MRI often
provides the first lead to the diagnosis of
X-ALD. In approximately 85% of patients with
X-ALD, brain MRI shows a classic pattern of
symmetrical enhanced T-2 signal in the parieto-
occipital region, and the advancing margin is con-
trast enhanced [43]. The plasma level of VLCFA is
abnormal in 99% of affected individuals [39, 44].
ABCDI is the only gene known to be associated
with ALD. Over 700 different mutations have
been identified in ABCDI. All proven pathogenic
mutations identified in the ABCDI gene are cata-
logued on X-ALD database (http://www.x-ald.nl).
Many ALD kindreds have a unique mutation.

Diagnosis of X-ALD is based on the clinical
features, increased concentration of VLCFA, and
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the genetic evidence of the ABCDI mutations.
For this patient, his age of onset is about 10 years
old, and he has a rapidly progressive duration. He
performed deficits in cognitive abilities at the
beginning. This early clinical symptoms are often
misdiagnosed as attention deficit hyperactivity
disorder. As the disease progresses, more obvi-
ous neurologic deficits became apparent, which
include auditory impairment, decreased visual
acuity, spastic tetraparesis, and cerebellar ataxia.
His brain MRI shows a typical symmetrical
enhanced T-2 signal in the parieto-occipital
region. Mutation analysis of ABCD] identified a
proved pathogenic mutation (c.1661G>A).
However, the patient’s mother and brother didn’t

have this mutation. It has been reported that about
93% of index cases have inherited the ABCDI
mutation from the mother, while 7% of cases
have de novo mutations [44].

Treatment for ALD is a major challenge.
When adrenal insufficiency is identified in an
affected patient, corticosteroid replacement ther-
apy is essential and can be lifesaving, but have no
effect on damage inflicted to the nervous system.
A lipid diet with restricted intake of very-long-
chain fatty acids has proved effective in normal-
izing the level of very-long-chain fatty acids in
plasma, but does not appear to alter the course of
neurologic progression in patients who already
have neurologic symptoms [45].
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7.5 Fatal Familial Insomnia (FFI)
A 59-Year-Old Man with Psychiatric
Abnormality and Progressive
Memory Loss

Clinical Presentations
A 59-year-old man was admitted with a complaint
of psychiatric abnormality coupled with progres-
sive memory loss for a period of 4 months. He
developed psychiatric abnormality, character-
ized by visual hallucination and mild paranoia
4 months ago. And he also exhibited obvious
cognitive decline, poor disorientation, as well as
personality change at that time. Soon after these
symptoms, he has trouble falling asleep and even
sometimes experienced insomnia throughout the
whole night. Two months later, he developed
involuntary grasping movements and had too
much nonsense speech while asleep, which would
disappear after being woken up. He also had
severe walking instability, mild dysphagia, and
frequent occurrence of upper and lower extrem-
ity myoclonus. Then he was admitted to a local
psychiatric hospital and diagnosed with organic
mental disorders. He was discharged soon from
the hospital after receiving a few days treatment
with sodium valproate and vitamins, but didn’t
get any significant improvement in his symptoms.
Nothing else of note was found in his past medi-
cal history. He had a history of more than 20 years
of alcohol dependence with approximate 200 mL of
white wine per day. In his family, his father experi-
enced similar symptoms in his 40s (Fig. 7.13) and
passed away 6 months after symptom onset. Since
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Fig. 7.13 The pedigree of the patient. Squares indicate
males; circles indicate females; the black symbols indicate
affected individuals; diagonal lines across symbols indi-
cate deceased individuals; arrow indicates the proband

the beginning of the disease, the patient was in a bad
mental state. He underwent a severe trouble of sleep
disturbance, frequent constipation, and a kilogram
weight loss in the past 4 months.

On neurological examination, he was apathetic.
He had severe impairment in calculating, orienta-
tion, as well as the short-term memory. Examination
of cranial nerves revealed unremarkable signs
except for the reduced gag reflex. Deep tendon
reflexes were hyperactive symmetrically. Muscle
tone was obviously increased. Pathological signs
were bilaterally positive. The spontaneous myoclo-
nus of the upper and lower extremity was also
observed. In terms of coordination ability, finger—
nose testing was positive, but heel-to-shin testing
was normal. Gait testing revealed imbalance on
standing. His sensory examinations were normal.

Laboratory tests revealed the following
abnormalities: ALT of 87U/L, AST of 47U/L,
LDH of 217U/L, pre-meal blood glucose
level of 8.1 mmol/L, serum progesterone
level of <0.64 nmol/L, and vit B12 level of
1116 pmol/L. Routine cytological and biochemi-
cal examination of CSF disclosed unremarkable
findings. The CSF total protein (67.2 mg/dL) was
slightly increased. The brain MRI revealed mild
cortical atrophic changes. EEG revealed intermit-
tent appearance of diffuse a-wave and 6-waves in
bilateral cerebral hemispheres.

During the 14 hospitalization days, he was treated
with Aricept, Sinemet, clozapine, clonazepam, and
other neurotropic drugs to alleviate his symptoms.
His mental state was significantly ameliorated, but
the sleep problem wasn’t improved. Telephone fol-
low-up in the second month after discharge we were
told that the patient’s condition deteriorated rapidly
and had passed away 7 months after symptom onset.

Primary Diagnosis

In general, the patient presented with a midlife onset
and short clinical course. The severe psychiatric
symptoms, obvious cognitive decline, and apathy
could be explained by lesions of cerebral cortex.
The involuntary grasping movements and spontane-
ous myoclonus also suggested the impairment of
cerebral cortex. Neurological examinations revealed
the involvement of the pyramidal system. Level
diagnosis was thus located at the cerebral cortex,
and pyramidal system. In addition, constipation was
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the direct evidence of autonomic disturbances.
Elevated sugar levels and decreased progesterone
levels were manifestations of endocrine disorder.
Taken together, multiple systems of the body were
involved in the disease. Based on the typical feature
of acute midlife onset and rapid progressive demen-
tia in present case, the possible etiologies were
infection and inflammation. The main differential
diagnosis included Creutzfeldt-Jakob disease,
encephalitis, autoimmune encephalopathies, and
dementia with Lewy bodies (DLB). Encephalitis
could be ruled out because that brain magnetic reso-
nance imaging (MRI) scan didn’t show any abnor-
mal signal of inflammation in the brain. In addition,
cerebrospinal fluid (CSF) and electroencephalo-
gram (EEG) findings didn’t support the possibility
of encephalitis as well. In terms of autoimmune
encephalopathies, the clinical suspicion was not
supported by CSF and serological findings.
Moreover, DLB should be differentiated as well.
The main manifestations of visual hallucinations,

Fig. 7.14 Mutation
analysis of the patient.

T 66 T G CAC|GIA C T G €C G T
T G T G CACI|AJ]AC T G C G T

cognitive dysfunction, and Parkinson-like perfor-
mance can be found in DLB patients. Patients with
DLB may also have sleep problem and autonomic
dysfunction. In this case, there were some points
that didn’t support the diagnosis of DLB. Firstly,
there is no report on clustering of DLB in families
so far. Secondly, the symptoms of DLB patients are
usually fluctuating. Finally, deficit of visuospatial
skills is often the prominent feature of cognitive
dysfunction in DLB patients. In light of the feature
of intractable insomnia and positive family history
in this patient, genetic Creutzfeldt-Jakob disease
should be considered as the most likely diagnosis.
Therefore, the genetic testing was performed to test
the preliminary diagnosis.

Additional Tests or Key Results

Genetic testing was performed in the patient dur-
ing the period of hospitalization, and the results
revealed the p.D178N mutation (Fig. 7.14) and
129MM codon (Fig. 7.14) in PRNP gene.

¢.532G>A (p.D178N)

(a) Chromatogram of
¢.532G>A (p.D178N)
mutation in PRNP. The
upper panel is normal
sequence of the control,
whereas the lower panel
represents heterozygous
mutated sequence of the
patient. (b)
Chromatogram of 129
Met homozygous in
PRNP

A

G GC TACAIT|]le ¢c T 6 6 G A

p.M129M
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Discussion

Fatal familial insomnia (FFI) is a rapidly progres-
sive disease characterized by insomnia, auto-
nomic dysfunction, pyramidal and extrapyramidal
signs, and cognitive disturbances. The first
description of this disease is credited to Lugaresi
in 1986 [46]. FFI is caused by the mutations in
the PRNP gene and usually inherited in an auto-
somal dominant pattern. The disease usually
occurs between age 20 and 72 years, with the
average age of onset of 49.5 years [47]. The dura-
tion of the disease is between 5 and 44 months,
with a mean duration of 11 months [47]. As one
of three genetic prion diseases, FFI is also an
extremely rare disease with an incidence esti-
mated at 1/1,000,000. The pathogenesis of FFI is
not well understood, though it is believed to be in
strong relationship with the amount of conver-
sion from PrP to PrPres protein. But the specific
mechanism for the conversion is still unclear.

A wide range of symptoms have been
described in FFI patients, and these symptoms
vary greatly between FFI patients. Phenotypic
variability was believed to relate to the p.M129V
polymorphism. Myoclonus, spatial disorienta-
tion, and hallucinations were more common
symptoms in FFI patients with 129MM geno-
type, which has been verified in the present case.

But for those patients with 129MV genotype, it
is much easier to observe the bulbar disturbances
and vegetative dysfunction [48]. Moreover, a
shorter average survival time and clinical course
were observed in 129MM FFI patients when
compared to 129MV FFI patients [49]. A rapid
progression of disease with a total of 7 months
clinical course was observed in the present case.
The possible explanation for the phenotypic
variation led by p.M129V polymorphism is the
result of different rates of PrPc to PrPSc
conversion.

The diagnosis of FFI is mainly based on the
careful clinical observation and the significant
findings of polysomnography and PET imaging
prior to mutation analysis. The sleep problem is
the earliest and most prominent manifestation.
Polysomnography is critical to the diagnosis of
FFI and could provide the evidence of reduced
appearance of sleep spindles and K complexes.
As another useful diagnostic tool, PET could
display hypometabolism in the thalamus and cin-
gulate cortex, which is considered the hallmark
of FFI. The genetic testing could be the most
effective means to help establish the diagnosis
of FFI. Currently, there is no effective treatment
for FFI, and available drugs are mainly aimed to
alleviate symptoms.
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7.6 Niemann-Pick Disease (NPD)
A 20-Year-Old Male with Behavioral
Abnormalities and Unsteadiness

Clinical Presentations
A 20-year-old male presented with behavioral
abnormalities, blurred speech, and unsteadiness.
The patient was healthy at birth and grew up with
normal developmental milestones. After entering
elementary school at 7 years of age, he had no
obvious problems with his schoolwork. However,
he seemed to show less positive social interaction
with classmates and spend more time on his own
than with peers. The parents noticed his behav-
ioral problems after he entered high school at
16 years old. He began to talk with himself, yell
with meaningless words, and giggle alone. There
were no symptoms of headache, double vision,
swallowing difficulties, fever, or confusion.
There was no history of alcohol excess. He was
not on any regular medications. He was brought
to the clinic and diagnosed with schizophrenia.
After the treatment of antipsychotic drugs, the
symptoms were partially alleviated, but the
patient still dropped out of the school. The patient
had gradually became clumsy in limbs, including
writing or grabbing something, with unsteady
gait from 17 years of age. The family history was
unremarkable and the parents were non-
consanguineous (Fig. 7.15).

The examination of cranial nerves revealed
a slightly blurred speech and vertical gaze
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Fig.7.15 Pedigree of the family. Squares indicate males;
circles indicate females; the filled square indicates the
affected male; the diagonal lines across symbols indicate
the deceased individuals; the arrow indicates the proband

difficulty. The muscle strength was normal
with decreased tone and reflexes. The cerebel-
lar examination revealed bilateral slow alternate
movements and moderate dysmetria in the finger-
to-nose and heel-to-shin tests. The gait examina-
tion revealed a broad-based gait and walking
difficulty in a straight line. Only mild cognitive
impairment was noted, with the Mini-Mental
State Examination (MMSE) score of 26/30 and
the Montreal Cognitive Assessment score of
13/30.

Liver and renal function, blood glucose, serum
electrolyte, ceruloplasmin, vitamin B12, ammo-
nia, and lactate level were normal. Blood amino
acids, acylcarnitine, alpha-fetoprotein, and uri-
nary organic acids were normal. Abdominal ultra-
sound demonstrated splenomegaly (108%46 mm).
Brain MRI showed sporadic focal hyperintensity
on T2-weighted and T2-FLAIR images involving
frontal and parietal lobes. Electroencephalography
was within normal range.

Primary Diagnosis

The history and examinations revealed a cerebel-
lar ataxia with psychiatric symptoms in adoles-
cent or young adult. The differential diagnosis
included secondary ataxias (e.g., hypothyroid-
ism, paraneoplastic ataxia, toxics), Wilson’s
disease (WD), common young—adult-onset
autosomal recessive cerebellar ataxia (ARCA)
including ataxia with oculomotor apraxia (AOA),
Niemann—Pick disease type C (NPC), Refsum
disease, GM2 gangliosidosis, Krabbe dis-
ease, and rarely autosomal dominant cerebellar
ataxia (ADCA) causing by de novo mutations.
According to the history and lab tests, we consid-
ered ARCA first. Among them, AOA and NPC
could affect the movement of eyes, and vertical
gaze palsy strongly points toward the diagnosis
of NPC.

Additional Tests or Key Results

DNA sequencing found two heterozygous muta-
tions within NPCI, c.2366G>A (p.R789H) and
¢.2972_2973delAG (p.Q991Rfs*15) (Fig. 7.16),
with no mutation in NPC2. The NPCI mutations
were confirmed by the analysis of family
members.
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¢.2366G>A (p.R789H)

AT TAAAC T CAAGA G
AT TAAAC T CAAGAG

€.2972_2973delAG (p.Q991Rfs*15)

b3
[7]

G GC CTC G G G GG AG
G GC CTEC G G G AG AC

[7]

G

Fig. 7.16 Chromatogram of the ¢.2366G>A and ¢.2972_2973delAG mutations within NPCI. The upper panels are
normal sequences, whereas the lower panels represent mutated ones

Discussion

Niemann—Pick disease type C (NPC) is an autoso-
mal recessive lysosomal storage disorder caused
by mutations in the NPCI gene on chromosome
18ql1l or NPC2 gene on chromosome 14q24.3
[49]. The mutations cause impaired cholesterol
esterification and lipid trafficking. Unesterified
cholesterol and glycolipids accumulate in the lys-
osome and lead to a vulnerability of the neuronal
cells, especially for cerebellar Purkinje cells [51].
The disease can progress slowly and affect older
patients up to the fifth decade, but the average age
of diagnosis is about 10 years [52].

A variety of phenotypes has been reported
with NPC depending on the age of onset of symp-
toms. The most common neurological manifesta-
tions include cerebellar ataxia, vertical
supranuclear gaze palsy, dysarthria, cognitive
impairment, splenomegaly, and psychiatric disor-
ders, but any of them can be absent [53]. In
addition, vertical supranuclear gaze palsy is a
relative characteristic clinical sign in NPC
patients, as in our patient, but it can also appear in
other conditions such as kernicterus and neurode-
generation with brain iron accumulation (NBIA)
and spinocerebellar ataxia [54].

Cognitive deficits range from a mild impair-
ment to severe dementia with mutism.
Splenomegaly is more common in early-onset
patients, with or without hepatomegaly. In older

patients, abdominal ultrasound may be required
to detect the mild splenomegaly [50]. The sple-
nomegaly is often asymptomatic, as well as in
this patient. Cataplexy is a more specific but less
frequent symptom in NPC patients. Our patient
developed cataplexy in the follow-up.

Juvenile patients with early cognitive decline
and/or psychosis can be very challenging to diag-
nose, because the phenotypes are nonspecific
which can be erroneously attributed to develop-
mental delay or to autism/schizophrenia as seen in
this patient, particularly when treatment of anti-
psychotics has been started, and side effects may
mask disease-related movement disorders [55].

The NPCI/NPC2 gene mutation testing is
confirmatory. About 95% of patients have muta-
tions in the NPCI gene. Skin, liver, and bone
marrow biopsy as well as filipin staining may be
supportive but not specific. Oxysterols (choles-
terol oxidation products) may be excellent mark-
ers for screening of NPC [50].

NPC is not associated with pathognomonic
features on neuroimaging assessment [50]. The
common changes on brain magnetic resonance
imaging (MRI) include mild or considerable gen-
eralized cortical atrophy and multiple non-
enhancing hyperintense areas in the periventricular
white matter on T2-weighted images in a pattern
that resembles multiple sclerosis (MS), which is
consistent with observation in this patient [53, 56].
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The prognosis of NPC is poor, and individual-
ized symptomatic treatments are recommended.
Miglustat, an inhibitor of glucosylceramide syn-
thase, is the only disease-specific drug approved
for the treatment of progressive neurological
manifestations in NPC patients [50].

In summary, the diagnosis of NPC is challeng-
ing due to the heterogeneous nature of the clini-
cal phenotypes. The combinations of the
symptoms/signs (ataxia, psychotic symptoms,
vertical gaze palsy, splenomegaly, cataplexy)
may suggest the diagnosis, and genetic testing is
confirmatory.
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