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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

I} dg
v B0

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



3 Motor Neuron-Related Disorders

65

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/

68

L-X.Lietal.

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




69

3 Motor Neuron-Related Disorders

-LIEYETEN
£-18ro
L-0IX0D
R E N
Sousiajey
1-01X0D
REIETEIENS
-iam
dn-zzdwid
(BouBIajey
dn-zzdwd
£1-2ov13
q51-49dy
,80UaIBjeYy
p-ZZdid
9-ZdW
SAMET
JCEIEIEIEN
9-8pONN
G- ZdW
Z-Z2did
,80UBIBjeY
R
r-ZdW
owm._omw___co
.m.N N ¥-aro
6-€1M3L )
7|
dn-zzdiNd —
bzNg e
¢-220N —
S £-22did o2
£-18r9o
,80UaIBJaY

(0N SL-ALN YT

{gq) dn-gHdr

(6r) 81 *Taa T TAavo

%0 OnNOD

3:0‘ oNODD

35000 —
30000 -
25000
20000—
15000 —
10000
5000—

ndy

W0ST - ,30uBiejey
WEQY - ,30UBIBjRY
WI6E - BoUsBEY
w09l - Bousiajey
WGpY - ,a0uslejey
WOZZ - ,39uBIBjRY
WOE} - BuBlajEy
WHLE - ,Busiaey
WGEE - ,8ousisiey
WpgE - ,8ousiejey

WBZE - A5 LMY
JZBE - L-1AIN
W8LZ - 9-8rOMT
ZEZ -€-€LM3L
W07 - GELMIL
W pg] -dn-ZZdid
weLe -dn2Zdid
w ggg -dn-ZZdid
wzpl - 1Z2did
WBET - 1 -TZdWd
W96 - Z-ZZdWd
W8kl - E-ZZdNd
W99} - E-TTdNd
WZL) - pZTdNd
WOLE - -ZZdd
WpbZ - S-TZdd
W00y - £-04X0D
WiZY - £-01X0D
JUGPE - E4ZOV

b

santtsts

-

}iiii?
HHe=a--=Hesl]scnge

"0re

- SBIZSE TEOTT
- EF9568'610-v1
- PSIZTY IS0EL
- 98699 9P0-T1
- BLLLOV LZI-0)
- vPOET8 6Z1-90
- LO9LEDTEL-S0
- 9r60L5 BE0ED
- €CT16LL880-20
- EE61TT TEO-ZO
DLEEBOBTI-X
0ZEI9E'0L0X
8E909€ 0L0X
GLT09E0L0°X
LSL6SE0L0X
8E1TSE0LOX
- PPSET08E0-X
- PPSI9L 010X
- ZE0ZEB LIO0-L)
- 99pSLL GL0-L1
- 8T18PL S10°L1
- GB9IZI GI0°LL
[ LELSLVGLO0-LL
- OLGHLVGL0"L)
- LOEBOL SIO0°L)
- 602601 5L0-L1
[ LOLPOL GI0-LL
- PBIEDL GL0-L)
FGLIEDL GLO-L)
- 919€80'G10-L1
- 0ESE80'GL0-L)
- 9E6PLOGIO0-L)
- LLOISO'PIO-L)
- PO80S0 PI0-L)
- LPSOvB TI0-L)
9EPIPS651-10
T9T9r5654-10
CIHLEPS 651710
COTEPS 651-10
SIETPS651-10
LOGTYS 654-10
BZETVS'651-10

25+

1.5
054

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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