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Figure 3. Genetic studies and an ideogram of the aberrant splicing. A: The splice acceptor site mu-
tation located at the second nucleotide before exon 6 (red: ¢.450-2A) of the EMD gene. B: Sequencing
chromatogram of the ¢.450-2A>G mutation in EMD (red arrow) and the amplicon (533 bp) covering
exon 6, which was divided into 385-bp and 148-bp fragments by Aval. C: This aberrant splicing
eliminated 65 nucleotides in the transcript of exon 6. D: The mutation shifted the reading frame (gray
column) and produced a truncated transcript of 187 amino acids without the transmembrane region
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brower.1000genomes.org).

Total RNA was isolated and purified from the biopsied
skeletal muscle specimen using a RecoverAll™ Total Nu-
cleic Acid Isolation Kit (Ambion, Austin, USA). Comple-
mentary DNA (cDNA) was generated by reverse transcrip-
tion PCR (RT-PCR) of the isolated RNA (1 ug) using a
High Capacity ¢cDNA Reverse Transcription Kit (Applied
Biosystems) according to the manufacturer’s instructions.
The cDNA was subsequently amplified with the forward
(5'-ACCAGAGCAAGGGCTACAATGACG-3) and reverse
primers (5'-GGTGGCCTTTGGTTAATCCCCTC-3") using
KOD FX (Toyobo, Osaka, Japan). No band was detected at
the expected position of the full-length emerin transcript,
and a unique shorter band was extracted from the gel
(QIAquick Gel Extraction Kit, Qiagen, Venlo, Netherlands)
and sequenced. The first 65 nucleotides in exon six were
found to be absent, and the reading frame was shifted. The
protein was changed because the frame was shifted from po-
sition 150 to a premature stop codon at 187 (p.Argl50fs),
producing a truncated emerin protein lacking the transmem-
brane region and C-terminal tail (Fig. 3C, D).

Discussion

We studied the clinical, pathological, and genetic features
of a Japanese patient with X-linked EDMD. We observed a
partial deficiency of emerin in the skeletal muscle with se-
vere arthythmia and continuous serum CK elevation, but he
only exhibited slight muscular involvement and mild joint
contracture. A splice acceptor site mutation, ¢.450-2A>G
(p-Arg150fs), was identified in the EMD gene of this pa-
tient.

The EMD gene on chromosome Xq28 contains six exons

and encodes an emerin protein with 254 amino acids.
Emerin consists of a large hydrophilic nucleoplasmic do-
main (residues 1-222), a transmembrane region (residues
223-243), and a short C-terminal tail (residues 244-254) (7).
It is a ubiquitously expressed protein located at the inner
nuclear membrane of most cells in the body with the highest
mRNA expression in skeletal and cardiac muscle, and it has
been proposed to have functions in gene expression, RNA
processing, cell signaling, and chromatin dynamics (2, 8).

The 22-year-old patient in this study suffered a complete
atrioventricular conduction block, and a permanent pace-
maker was implanted to prevent lethal cardiac arrest. His
mother and sisters were also affected with arrhythmia, but
they did not show evidence of skeletal muscle abnormalities.
Previous reports have documented that such symptomatic fe-
male carriers have very low emerin levels (<5% of normal)
due to skewed X-inactivation (9). A pathological study of
cardiac muscle performed by local doctors revealed nonspe-
cific mild interstitial fibrosis. Slight muscular involvement
was observed during both the clinical and imaging examina-
tions. The cause of this proband was unclear until his persis-
tent high CK level was noticed and cardioskeletal myopathy
suspected, at which point a skeletal muscle specimen was
obtained.

The histochemical pathology of the skeletal muscle indi-
cated fiber size variation with scattered internalized nuclei.
An immunohistochemical study with the NCL-Emerin mon-
oclonal antibody targeted to 220 amino acids near the N-
terminus of emerin revealed a significant reduction of nu-
clear emerin, and a diagnosis of X-linked EDMD was made.
After direct sequencing of the EMD gene, an A>G transver-
sion at 1,644 (c.450-2A>G) was observed, which should
climinate the splice acceptor site before exon six. In order to
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identify the candidate acceptor site, we performed RT-PCR
using mRNA extracted from the patient’s frozen skeletal
muscle tissue. A truncated transcript with 187 residues gen-
erated by aberrant splicing was detected. The new AG splice
acceptor site, which occurs 65 bp after the wild-type site in
the EMD, shifted the frame from position 150 to a prema-
ture stop codon at position 187. Most of the truncated
emerin lacked the transmembrane segment and the C-
terminal tail, thus suggesting that it might fail to target the
endoplasmic reticulum and would thus be rapidly de-
graded (10). Interestingly, this c.450-2A>G splice site muta-
tion was reported in another unrelated patient in Japan in
1999 (6). The initial symptom of the first patient was neck
conftracture, but our patient initially experienced cardiac in-
volvement. In fact, immunostaining and immunoblotting
studies performed in the previous patient revealed the ab-
sence of emerin and a premature stop codon generated at
residue 235. The differences between these two patients with
same mutation suggest that there could be other potential
mechanisms involved in protein expression and mRNA
splicing.

In an additional immunohistochemical study, we em-
ployed two additional emerin-targeted antibodies, H-12 (tar-
gets residues 3 to 254) and C-20 (targets a peptide near the
C-terminus). In the present patient, emerin expression was
detected by H-12 staining (but at a much lower level than
normal) but not by C-20 staining. In this case, a skin sample
could have been helpful in further verifying the status of
emerin. We concluded that the truncated emerin in the pre-
sent patient could react with antibodies targeting a peptide
near the N-terminus (NCL-Emerin and H-12) at much lower
levels, but it could not bind the antibody targeted to the C-
terminus (C-20). In addition, the nucleoplasm showed
stronger staining than the cytoplasm, but this was not as
strong as that observed at the nuclear edge, thus indicating
that emerin may have been expressed in the nucleoplasm.
An immunoelectron microscopy study might be more reli-
able for identifying emerin expression. The reason why the
mutated version of emerin without the transmembrane seg-
ment was detectable on the nuclei requires further research.

According to the UMD-EMD mutations database (http://
www.umd.be/EMD/), 94 different mutations of the EMD
gene have been reported in 298 records, and 15 of these are
splice site mutations (15.96%). It is notable that some other
X-linked EDMD patients with truncated emerin longer than
187 amino acids presented with complete absences of
emerin as detected with the NCL-Emerin antibody from the
same company (11-13). To evaluate the emerin protein ex-
pression, it would be more reliable to use various antibodies
targeted to different domains. An antibody targeting the C-
terminus could therefore be useful for detecting truncated
emerin, which accounts for most EMD mutations.

Mutations in emerin can cause different phenotypes, even
within the same family. In patients with distal premature
stop codons, which do not evoke a nonsense-mediated decay

mechanism, the phenotypes present as a typical

triad (6, 12-16) or cardiac phenotype (11, 17). Rare cases of
a reduction in emerin due to a missense mutation may have
a milder phenotype (18). The cardiac muscle is supposed to
be less tolerant of emerin deficiency than the skeletal mus-
cle (19). A lack of or decrease in emerin levels in the heart
may alter electrical resistance and cardiomyocyte adhesion,
which could lead to conduction delay or block (17).
Emerinopathy also includes a limb-girdle muscular dystro-
phy phenotype (20, 21). In the present case with partial
emerin deficiency, although a complete atrioventricular con-
duction block was observed, there was only slight muscle
weakness and joint contracture. The truncated protein re-
maining in the nucleoplasm may have contributed to the
relatively benign phenotype, especially in the skeletal mus-
cle.

In conclusion, we identified a splice site mutation before
the last exon of EMD in an X-linked EDMD patient, and he
showed evidence of a truncated protein at both pathological
and genetic levels. We detected partial expression of a trun-
cated emerin protein without the transmembrane region and
C-terminal domain by immunohistochemical staining with
antibodies against different emerin domains. We recommend
the use of multiple antibodies that bind different emerin do-
mains in order to obtain a comprehensive view of the pro-
tein. The anti-emerin antibody C-20 may be useful for de-
tecting the absence of the C-terminus. Our findings also
suggest that all young patients with significant cardiac con-
duction defects of unknown etiology be assessed to exclude
the presence of EDMD, even if they have either no skeletal
muscle or only slight skeletal muscle or joint involvement.
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We describe a boy aged 2 years and 11 months with congenital hypomyelinating neuropathy
attributable to a de novo heterozygous missense mutation of c.181G>A (p.Asp61Asn) in the
myelin protein zero gene. A nerve conduction study indicated markedly reduced motor

conduction velocities in the upper and lower extremities. Stimuli of up to 50-100 mA were
necessary for nerve activation, suggesting diseased nerves with greatly decreased excitability.
A sural nerve biopsy revealed a marked loss of large myelinated fibers, the absence of myelin
breakdown products, occasional basal lamina onion-bulb formations, and tomacula-like
structures. The p.Asp61Asn mutation is novel in congenital hypomyelinating neuropathy, but
was previously reported in a patient with Charcot-Marie-Tooth disease type 1.

© 2013 Elsevier Inc. All rights reserved.

Introduction

Congenital hypomyelinating neuropathy constitutes
a rare congenital neuropathy characterized by onset prena-
. tally, neonatally, or during early infancy, with hypotonia,
nonprogressive weakness, markedly reduced nerve
conduction velocities, and hypomyelination. Molecular
genetic analyses revealed that several mutations in five
genes encoding proteins involved in peripheral nerve
myelination (i.e.,, MPZ, PMP22, ERG2, MTMR2, and SOX10)
can cause congenital hypomyelinating neuropathy [1].

Myelin protein zero is a transmembrane protein of the
immunoglobulin family and an important myelin structural
protein required for normal peripheral nerve myelination.
More than 120 mutations in the MPZ gene have been detected
in patients with various forms of hereditary motor and
sensory neuropathies [1]. Recent clinical and laboratory
investigations provided insights into the pathogenesis of
neuropathies associated with these MPZ mutations. Myelin

* Communications should be addressed to: Dr. Komaki; Department of
Child Neurology; National Center of Neurology and Psychiatry; National
Center Hospital; 4-1-1 Ogawa-Higashicho; Kodaira, Tokyo 187 8551,
Japan.

E-mail address: komakih@ncnp.go.jp

0887-8994/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.pediatrneurol.2012.09.011

protein zero contains a large glycosylated immunoglobulin-
like extracellular domain that endows proteins with adhe-
sion properties, and a smaller basic intracellular domain
that participates in electrostatic interactions [2]. To our
knowledge, eight mutations (i.e., p.Arg98Cys, p.Ser111Phe,
p.Gly123_Cys127del, p.Thr124Lys, p.Asn131Ser, p.Gly167Arg,
p.Leul184fs, and p.GIn215X) in the MPZ gene have been
demonstrated to segregate with congenital hypomyelinating
neuropathy [1,3-5]. Among these, five and two mutations
were identified in the extracellular and intracellular domains,
respectively, of MPZ gene products.

We report on a Japanese boy with congenital hypo-
myelinating neuropathy attributable to a de novo hetero-
zygous mutation of c.181G>A (p.Asp61Asn) in the MPZ
gene. This patient presented with clinical, electrophysio-
logic, and morphologic features consistent with congenital
hypomyelinating neuropathy.

Case Report

A boy aged 2 years and 11 months was evaluated for gross motor
delay and generalized hypotonia. No family history of neuromuscular
disease was reported. The parents were not consanguineous. The
patient’s older brother was healthy and developmentally normal. The
pregnancy was reportedly normal, with no history of decreased fetal
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movements. The patient was delivered uneventfully at 37 weeks of
gestation. His birth weight was 2884 g. He sat independently at age 8
months, but was unable to stand with support at 12 months of age. He
began crawling at age 15 months, and walked independently at age 2
years and 3 months. He was unable to run. His language development
and fine motor development were normal.

He was alert and bright, but his face appeared myopathic. Physical
examination revealed a mildly high-arched palate, but neither thenar
plus hypothenar atrophy nor pes cavus. A cranial nerve examination
revealed normal ocular movements and pupillary responses to light.
Mild facial muscle weakness was evident. Tongue fasciculations were
absent. He was hypotonic, but his muscle strength was only mildly
reduced in the four extremities. Hyperextension was observed in the
finger, wrist, and knee joints. His muscle bulk was normal. Deep tendon
reflexes were absent at the biceps, triceps, patella, and ankles. No
sensory disturbance was evident. The Romberg sign was demonstrated
as negative. Truncal titubation and dysmetria were absent. He was able
to stand up from a supine position using a modified Gowers maneuver.
His gait, with bilateral genu recurvatum, was wide-based and ataxic.

His creatine kinase level was measured at 166 [U/L (normal range, 62-
287 IUJL). Cerebrospinal fluid testing demonstrated mildly elevated
protein content (54 mg/dL; normal range, 10-40 mg/dL) and a few
mononuclear cells. Cranial magnetic resonance imaging indicated no
intracranial abnormalities. A nerve conduction study revealed very
prolonged distal latencies, markedly reduced motor conduction veloci-
ties (3.0-4.0 m/second), and the temporal dispersion of compound
muscle action potentials from his upper and lower extremities (data not
shown). To evoke motor nerve responses, electrical stimuli greater than
50 mA were necessary. Sensory responses were not evoked (data not
shown). Magnetic resonance imaging of the lumbar plexus demon-
strated no enlarged nerve roots. A sural nerve biopsy revealed a severe
foss of large myelinated fibers in all fascicles. Well-organized onion-bulb

formations were not evident (Fig 1a). No inflammatory infiltrates,
edema, or storage materials were observed. Intramuscular nerves rarely
included large myelinated fibers (data not shown). A teased fiber analysis
demonstrated thin, myelinated segments and tomacula-like structures
(Fig 1b). Electron microscopic examination revealed occasional onion-
bulb formations consisting of muiltilayered empty basal lamina (Fig 1c).
Occasional fibers with thin or abnormally compacted myelin (Fig 1d)
were also observed. Unmyelinated fibers were well preserved. A per-
oneus brevis muscle biopsy indicated mild variations in fiber size,
without necrotic or regenerating fibers. We detected no evidence of
group atrophy. Each fiber type was distributed in a mosaic pattern,
without evidence of fiber type grouping. However, type 1 fibers were
mildly atrophic (data not shown). Gene resequencing according to the
DNA chip technique revealed one allele to possess a de novo point
mutation, c.181G>A (p.Asp61Asn), in the extracellular domain of MPZ. A
purpose-built GeneChip CustomSeq Custom Resequencing Array (Affy-
metrix, Santa Clara, CA) was designed to screen for mutations of 28

disease-causing genes in Charcot-Marie-Tooth disease, congenital

hypomyelinating neuropathy, and related diseases such as ataxia with
oculomotor apraxia type 1, ataxia with oculomotor apraxia type 2, spi-
nocerebellar ataxia with axonal neuropathy type 1, and hereditary motor
neuropathies [6]. The p.Asp61Asn mutation was confirmed by the
conventional Sanger DNA sequencing method. The patient’s healthy
parents and brother did not manifest this mutation.

Discussion

Inherited neuropathy with hypomyelination remains
controversial nosologically, and congenital hypomyelinating
neuropathy can be difficult to differentiate from the early-
onset form of hereditary motor and sensory neuropathy

Figure 1. (a) Epoxy-embedded and toluidine blue-stained semithin section of the sural nerve reveals the endoneurium, including nonmyelinated (arrows),
hypomyelinated, and hypermyelinated (double arrows) fibers. Bar, 20 pm. (b) Teased fiber analysis demonstrates thin, myelinated segments and tomacula-
like structures. A lack of myelination is evident in the nerves. (c) Electron microscopy reveals an absence of myelin and onion-bulb formations consisting of
multilayered empty basal lamina. Bar, 2 pm. (d) Electron microscopy indicates abnormally compacted myelin. Bar, 2 pum.
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type 3 (Déjérine-Sottas syndrome) on a clinical basis alone.
These phenotypes, it has been argued, are distinct entities
with unique clinical and morphologic features, e.g.,
congenital hypomyelinating neuropathy is a disorder of
myelin formation, whereas Déjérine-Sottas syndrome is
a demyelinating disorder. On the other hand, they may occur
within a continuum of “myelinopathies,” differing in
severity but with a common underlying defect in myelina-
tion [2]. Because repeated demyelination and remyelination
are known to be responsible for the onion-bulb formation in
Charcot-Marie-Tooth disease or the Déjérine-Sottas
syndrome of hereditary motor and sensory neuropathies,
nerve pathology can assist in differentiating between
congenital hypomyelinating neuropathy and Déjérine-Sot-
tas syndrome in the absence of myelin breakdown, well-
organized onion-bulb formation, and inflammation in
congenital hypomyelinating neuropathy [7].

Our patient was a young boy with sensorimotor
congenital neuropathy presenting as gross motor delay,
nonprogressive weakness, and hypotonia. Histopathologic
images of the sural nerve were compatible with congenital
hypomyelinating neuropathy. According to a nerve
conduction study, stimuli as strong as 50-100 mA were
necessary for nerve activation, indicating diseased nerves
with markedly decreased excitability [8]. No evidence of
myelin breakdown products was detected, indicating that
little, if any, demyelination and remyelination were occur-
ring. According to muscle pathology, group atrophy was
absent, and the mosaic pattern of each fiber type was well-
preserved. These findings suggest that the axons were most
likely intact during muscle fiber growth and fiber type
differentiation. In contrast with patients manifesting
Déjérine-Sottas syndrome, our patient presented no
evidence of repeated demyelination, but did demonstrate
occasional, atypical onion-bulb formations consisting of
multilayered empty basal lamina. Mild type 1 fiber atrophy
was present in our patient.

Interestingly, previous reports demonstrated that muscle
pathology in congenital hypomyelinating neuropathy
included type 2 fiber atrophy with type 1 fiber predomi-
nance and type 1 fiber hypotrophy and predominance [4,7],
although the pathogenesis underlying type 1 fiber atrophy
in our patient remains unknown.

The p.Asp61Asn mutation in the MPZ gene was reported
by Bellone et al. to be a pathogenic mutation in a patient
with Charcot-Marie-Tooth disease type 1 [9,10]. This
mutation is also responsible for congenital hypomyelinating
neuropathy. Similarly, the p.Gly167Arg mutation was re-
ported to contribute to congenital hypomyelinating
neuropathy, Déjérine-Sottas syndrome, and Charcot-Marie-
Tooth disease type 1 [1]. More than 120 mutations in the
MPZ gene (most of which are localized within the extra-
cellular domain of the protein) are known to cause various
hereditary motor and sensory neuropathies [1]. The MPZ
gene encodes a transmembrane protein of 219 amino acids,
and contains a single extracellular domain, a single trans-
membrane domain, and a single cytoplasmic domain [11].
Crystallographic analysis of the MPZ extracellular domain
demonstrates that it forms homotetramers within the plane
of the membrane, and that each of them interacts with
a similar homotetramer on the opposing membrane surface
[12]. Furthermore, the absence of MPZ expression in

animals, such as Mpz knockout mice, causes myelin to lose
its normal compact state [13]. According to these data,
myelin protein zero plays an essential role in the myelina-
tion of the peripheral nervous system, probably by holding
together adjacent wraps of the myelin membrane via
homotypic interactions mediated by myelin protein zero.
Distinct phenotypes associated with different mutations at
the same position may be attributable to a primary role
played by amino acid changes [14]. However, the patho-
genic mechanisms by which a single mutation in the MPZ
gene can cause two hereditary motor and sensory neuro-
pathic phenotypes remain unknown. Molecular modeling
indicates that the substitution of p.Asp61Asn produces
a variation in polarity, consequently affects the network of
hydrogen bonds responsible for the correct folding and
dimerization of the protein, and is associated with severe
early-onset demyelinating neuropathy [10]. The presence of
the p.Asp61Asn heterozygous mutation in our patient
suggests that a mutated allele of the MPZ gene exerts
a dominant-negative effect. Further functional studies are
required to understand the pathogenic impacts of the
p-Asp61Asn mutation on clinical phenotypes.
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Introduction

HTLV-1-associated myelopathy/tropical spastic paraparesis
(FHAM/TSP) is characterized by slow progressive spastic parapa-
resis and positivity for anti-HTLV-1 antibodies in both serum and
cerebrospinal fluid (CSF) [1,2]. Worldwide, at least 10-20 million
people are infected with HTLV-1 [3]. However, although the
majority of infected individuals remain lifelong asymptomatic
carriers, approximately 2%-5% develop adult T-cell lymphomas
[4,5] and another 0.25%-3.8% develop HAM/TSP [1,2].
Although the mechanisms underlying the development of
HAM/TSP are not fully understood, several risk factors are
closely associated with HAM/TSP. In particular, HTLV-1
proviral loads (PVLs) are significantly higher in HAM/TSP
patients than in asymptomatic carriers and are also higher in
genetic relatives of HAM/TSP patients than in non-HAM-related
asymptomatic carriers [6]. Host genetic factors, including human
leukocyte antigen (HLA) and non-HLA gene polymorphisms affect
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the occurrence of HAM/'TSP [7], indicating that HTLV-1 PVLs
and genetic backgrounds may influence individual susceptibility to
HAM/TSP. Although several reports of familial adult T-cell
lymphoma have been published [8,9], to our knowledge, there is
only one case report of patient with HAM/TSP having family
history (FHAM/TSP) [10]. Hence, little is known about the
prevalence and character of -HAM/TSP cases. In this study, the
characteristic clinical and laboratory features of f~HAM/TSP
cases are defined and compared with those of sporadic cases.

Methods

Ethics Statement

This study was approved by the Institutional Review Boards of
Kagoshima University. All participants provided written informed
consent.
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Design

We used an unmatched case-control design to identify the
phenotypic features of FHAM/TSP. f-HAM/TSP cases were
identified as patients with multiple family members suffering from
HAM/TSP. Controls were defined as HAM/TSP patients who
were not genetically related to other HAM/TSP patients.

Subjects

f-HAM/TSP cases were extracted from our database of
individuals diagnosed with HAM/TSP in Kagoshima University
Hospital and related hospitals from 1987 to 2012. Controls
included consecutive patients with sporadic HAM/TSP who were
evaluated in our department between January 2002 and June
2012. HAM/TSP was diagnosed according to the World Health
Organization diagnostic criteria, and the updated criteria of
Castro-costa Belem [11]. Clinical information was obtained from
the medical records of patient attendance at our hospital. In other
cases, clinical data were obtained from the clinical records of
patients or directly from the referring clinicians. Clinical variables
included sex, age, age of onset, and initial symptoms. Neurological
disabilities were assessed using Motor Disability Grading (MDG),
modified from the Osame Motor Disability Scale of 0 to 10, as
reported previously [12]. Motor disability grades were defined as
follows: 5, needs one-hand support while walking; 6, needs two-
hand support while walking; and 7, unable to walk but can crawl.
We used a different assessment for the subgroup of more than
grade 6 because their disease state significantly interfered with
their lifestyle and necessitated the use of wheelchairs in daily life.
The subgroup of patients with rapid progression was defined by
deterioration of motor disability by more than three grades within
two years. Anti-HTLV-1 antibody titers in serum and GSF were
detected using enzyme-linked immunosorbent assays and particle
agglutination methods (Fjirebio Inc, Tokyo, Japan). HTLV-1
PVLs in peripheral blood mononuclear cells (PBMCs) were
assayed using quantitative PCR with the ABI PRISM 7700TM
sequence detection system as reported previously [6].

Statistical Analysis

Data were analyzed using SPSS-20 (SPSS, Chicago, Illinois).
Statistical analyses were performed using parametric (t-test) and
non-parametric tests (Mann-Whitney test) for continuous vari-
ables and x? (Pearsony’ test/Fisher exact test) for categorical
variables. Significant differences were then adjusted for potential
confounders (age and sex) using multiple linear regression analysis.
Survival was estimated according to the Kaplan-Meier method.
The final endpoint was defined by a MDG score of 6. Patients with
MDG scores of 6 almost wheelchair bound in daily life. The log
rank test was used in Kaplan—Meier analyses. Differences were
considered significant when p<<0.05.

Results

Clinical characteristics of f-HAM/TSP

Of the 784 patients diagnosed with HAM/TSP between
January 1987 and June 2012, 40 (5.1%) were HAM/TSP. The
sex ratio was 33 males : 7 females. Of these 40 cases, 10 had
parents or children (25.0%), 27 had siblings (67.5%), and three
had other relatives (7.5%) diagnosed with HAM/TSP. Three
individuals from one family were diagnosed with HAM/TSP,
whereas only two individuals were diagnosed with HAM/TSP in
all other families. In HAM/TSP cases, the age of onset was
earlier (41.3 vs. 51.6 years, p<<0.001), cases with rapid progression
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were fewer (10.0% vs. 28.2%, p=10.019), motor disability grades
were lower (4.0 vs. 4.9, p = 0.043) despite longer duration of illness
(14.3 vs. 10.2 years, p=0.026), and time elapsed between onset
and wheelchair use in daily life was longer (18.3 vs. 10.0 years,
p =0.025) compared with sporadic cases. Sex and initial symptoms
did not differ significantly between f-HAM/TSP and sporadic
cases (Table 1). Twelve patients of f-HAM/TSP, and 38 of the 128
sporadic cases reached endpoint MDG scores of 6. Significant
differences were then adjusted for potential confounders (age and
sex) using multivariate analysis. Age of onset, duration of illness,
MDG scores, and time elapsed between onset and wheelchair use
in daily life remained significantly different after multivariate
analysis (Table 1). The proportion of patients with rapid
progression did not differ significantly between the groups,
although there was a trend toward a higher proportion in sporadic
cases. Kaplan—Meier analyses revealed that approximately 30% of
both -HAM/TSP and sporadic cases needed a wheelchair in daily
life in 15 years after onset, and approximately 50% of patients
from both groups needed it in 20 years after onset (Figure 1).
Although sporadic patients needed wheelchairs earlier in most
cases, the difference in the ratio of the patients with MDG score
above six was not statistically significant between the groups.
Finally, we compared differences in the age of onset between
parent—child and sibling cases in f-HAM/TSP cases. Age of onset
in parent—child f~HAM/TSP cases was significantly younger than
that in sibling -HAM/TSP cases (29.9%10.0 vs. 45.1+13.0 years,
p=0.002).

Laboratory parameters and PVLs in f-HAM/TSP cases

Protein levels in CSF were significantly lower in f~HAM/TSP
cases than in sporadic cases (29.9 vs. 42.5 mg/dl, p<<0.001). This
difference in CSF protein level remained significant after
multivariate analysis. Anti-HTLV-1 antibody titers in serum and
CSF, and cell numbers and neopterin levels in GSF were not
significantly different between two groups. Moreover, HTLV-1
PVLs did not differ significantly. (Table 2).

Clinical and laboratory findings in patients with rapid
disease progression

Previous studies suggest that an older age of onset is associated
with rapid disease progression. Similar findings are found in the
present study. The percentage of rapid progression tended to
increase with older age of onset in both ~HAM/T'SP and sporadic
groups (Figure 2). We compared the characteristics of 124 sporadic
HAM/TSP patients with rapid and slow progression who were
admitted to Kagoshima University Hospital in series during the
last 10 years (Table 3). Patients with rapid progression were
significantly older at onset than those with slow progression (62.3
vs. 47.4 years, p<<0.001), although sex and initial symptoms did
not differ significantly between rapid and slow progression groups.
However, the time elapsed between onset and wheelchair use in
daily life was markedly shorter among patients with rapid
progression (1.5 vs. 14.4 years, p<<0.001). Cell numbers, protein
levels, and anti-HTLV-1 antibody titers in GSF were significantly
higher in patients with rapid progression than in those with slow
progression (11.6 vs. 3.2, p<<0.001; 55.3 vs. 36.7 mg/dl, p<<0.001;
1,251 vs. 416, p<<0.014, respectively). Interestingly, HTLV-1
PVLs were significantly lower in patients with rapid progression
than in those with slow progression (370 vs. 1,245 copies, p<
0.001). Furthermore, we compared the differences between
women and men in patients with rapid progression because the
reason remains unknown why HAM/TSP is common in female
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Figure 1. Kaplan-Meier estimates of the time from disease onset to assignment of motor disability scores of 6. In sporadic cases, more
patients reached the score of six at an early stage; however, the difference was not significant. Approximately 30% of both f~HAM/TSP cases and

sporadic cases needed a wheelchair in daily life in 15 years after onset and approximately 50% of patients from both groups needed a wheelchair in
20 years after onset.

doi:10.1371/journal.pone.0086144.g001

than in male. There was no significant difference between women

and men in the age of onset (61.5 y.0.=12.6 vs. 62.7 y.0.£12.5), in .

‘the incidence of rapid progression (26.3% vs. 32.3%) and in MDG We demonstrated that among 784. HAM/ TSR patients, 40

score (5.4 vs. 5.0; mean). (5.1%) had family members with the disease. The lifetime risk of
developing HAM/TSP is 0.25% of HTLV-1 carriers in Japan

Discussion

Table 1. Clinical features of f-HAM/TSP cases or sporadic cases of HAM/TSP.

f-HAM/TSP cases (40 cases)

Sporadic cases (124 cases) p value p value®

61.8+12.5 (15-83

52.4% NS

12.5%

Data are presented as mean values * s.d., (range),
TAdjusted for age and sex.
doi:10.1371/journal.pone.0086144.t001
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Table 2. Laboratory findings of familial clusters or sporadic cases of HAM/TSP.

f-HAM/TSP cases (40cases)

20,787%31,004, N=37

Cerebrospinal fluid

HTLV-1 proviral {oads
(Copies/10* PBMCs)

930781, N=32

Sporadic cases (124 cases)

31,009%36,075, N

p value®

p value

109 NS

968+1,746, N=101 NS

* Particle Aggregation Method.

Data are presented as mean values * s.d., N =sample number,
TAdjusted for age and sex.
doi:10.1371/journal.pone.0086144.t002

[13]. Although clustering of familial adult T-cell lymphomas has
been reported [8,9], to our knowledge the prevalence of familial
clusters of HAM/TSP has not been described. A study in Peru
showed that 30% of HAM/TSP patients have family members
with paralytic neurological disorders, but the cause of paralysis was
not evaluated [14]. In the present study, we included f-HAM/TSP
diagnosed in medical institutions and excluded cases with a family
history of neurological disorders. Thus, the actual incidence rates
of FHAM/TSP may be higher than those reported here.
Interestingly, although HTLV-1 PVL has been associated with
the development and clinical progression of HAM/TSP [15-17],
there was no significant difference between f-HAM/TSP and
sporadic cases in the present study. Because previous studies
reported that HTLV-1 PVLs of asymptomatic carriers in relatives

of HAM/TSP patients were higher than those in non-HAM-
related asymptomatic carriers [6], relatives of HAM/TSP are
believed to be at a higher risk of developing HAM/TSP.
Interestingly, our data suggest that HAM/TSP patients aggregate
in families and factors other than HTLV-1 PVLs may contribute
to HAM/TSP.

Compared with sporadic HAM/TSP, the clinical characteristics
of fHAM/TSP have a younger age of onset and longer time
elapsed between onset and wheelchair use in daily life. Although
we were unable to identify the reason for earlier onset among f-
HAM/TSP cases, one can speculate that mild symptoms, such as
urinary and sensory disturbances, may be identified earlier by
family members who are familiar with HAM/TSP symptoms.
However, the present data show no difference in initial symptoms

Cases
25
Red; case with rapid disease progression
Green; case with slow disease progression
20 :

10-19 20-29 30-39 40-49 50-59 60-69 70-79

Age 10-19 20-29 30-39 40-49 50-59 60-69 70-79
Percentage 0% 25% 9% 10% 33% 40% NA 0%

of Rapid Prog.
f-HAM/TSP cases

0% 12% 11% 55% 50% 68%

Sporadic cases

Figure 2. Age-specific proportions of rapid disease progression. The proportion of cases with rapid disease progression tended to increase

with the older age of onset.
doi:10.1371/journal.pone.0086144.g002
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Table 3. Clinical and laboratory findings of sporadic HAM/TSP with rapid/slow disease progression.

Type of disease progression Rapid progression

Slow progression

Duration between onset and inability
to walk alone (years)

Anti-H

Titer in Serum

30,608+35,965, N=75

553%24.3, N=34

pt ol
HTLV-1 proviral loads (Copies/10* PBMCs)

370£327, N=32

36.7+13.0, N=75 <0.001

1,245+2,046, N=69 <0.001

* Particle Aggregation Method.
Data are presented as mean values * s.d., N=sample number.
doi:10.1371/journal.pone.0086144.t003

between FHAM/TSP and sporadic cases. In all cases, the age of
onset and initial symptoms of HAM/TSP were evaluated by the
neurologists during hospitalization. Because inflammatory pro-
cesses are less marked in ~HAM/TSP cases, as indicated by
significantly lower protein levels in CSF, FHAM/TSP cases may
show slow progression of disease.

We need to discuss the possibility that the two groups compared
represent different mode of HTLV transmission, i.e. vertical vs.
sexual transmission. To clarify genetic backgrounds, sporadic
HAM/TSP with seropositive carrier family members may be a
more appropriate control, but are not available at present. The
incidence of female cases showing no significant differences
between f-HAM/TSP and sporadic cases, and between rapid
and slow disease progression, might suggest less possibility of
sporadic cases due to sexual transmission.

Although the subgroup of patients with rapid progression has
not been clearly defined, previous studies suggest that rapid
progression occurs in 10%-30% of all patients with HAM/TSP
[12,14,16], and is associated with an older age of onset [14-16]. In
the present study, the age of onset in patients with rapid
progression was significantly older than that in patients with slow
progression between FHAM/TSP and sporadic cases, and the
proportion of patients with rapid progression increased with the
older age of onset (Figure 2). Among sporadic cases, cell numbers
and protein levels in CSF were significantly higher in patients with
rapid progression, suggesting that inflammation is more active in
the spinal cords of patients with rapid progression and that
cytotoxic T-lymphocyte (CTL) immune responses may be more
intensive. Therefore, lower PVLs in PBMGs of patients with rapid
disease progression may be attributed to the strong killing ability of
the CTL. However, PVLs were higher in PBMCs of patients with
HAM/TSP than in asymptomatic carriers [6]. In addition, the
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Article history: We report a patient with Japanese minor B thalassemia and HIV-1 infection.
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infection. Twelve years later, the patient presented with exacerbation of microcytic anemia following
cessation of anti-retroviral therapy; the exacerbation resolved when anti-retroviral therapy was
resumed. Sequencing of the B globin gene revealed heterozygosity for a four-nucleotides deletion at
codon 41/42 and minor B thalassemia was confirmed.
- ] Because HIV-1-infected patients frequently show anemia due to nutritional deficiencies, opportunistic
HIV infection . . . . R .
Exacerbation of anemia infections, AIDS-related malignancies, drug treatment and a direct effect of HIV-1 on the bone marrow, it
Cessation of ART is likely to overlook other causes of anemia.
Beta thalassemia Thalassemia should be considered in the differential diagnosis of anemia even in HIV-1 infected pa-
tients, when microcytic anemia without iron deficiency is observed.
Our case suggested that active HIV infection may have worsened § thalassemia, and early introduction
of anti-retroviral therapy is beneficial for the recovery of anemia.
© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

Keywords:

1. Introduction differential diagnosis of anemia even in HIV-1 infected patient,
especially where there is microcytic anemia without iron defi-

HIV-1 infected patient frequently manifest anemia |{1]. Anemia ciency. Early re-introduction of anti-retroviral therapy is beneficial
prior to anti-retroviral therapy (ART) is often caused by amebic or for the recovery of anemia in B-thalassemia patient with HIV
cytomegalovirus colitis, parvovirus B19 infection, and HIV-1 infection.
infection itself [2]. After anti-retroviral therapy, anemia is mainly
due to ART therapy itself, especially using Zidovudine (ZDV or AZT),
which resulting in macrocytic changes.

In this paper, we present an HIV-1-infected B-thalassemia pa-
tient who showed exacerbation of microcytic anemia along with
the cessation of ART, and the anemia resolved when ART was
resumed. Hemoglobinopathy should be considered in the

2. Case report

In March 2000, the patient, in his early forties, was admitted to
the Kyushu Medical Center with Pneumocystis pneumonia. Since
two months before the admission, severe anemia had continued.
The HIV-1 RNA copy number in the plasma was 90,000 copies/ml
(Fig. 1) and CD4 positive T cell count was 70/ul. Acquired immune

* Corresponding author. Tel.: +81 99 275 5635; fax: +81 99 275 5641. d.eﬁciency syndrome (AIDS) was _diagnosed. A.t the time of admis-

E-mail addresses: furukawy@mz.kufm.kagoshima-wacip, furukawy@aolcom sion (March 2000), the hemoglobin concentration [Hb] was 5.8 g/dI

(Y. Furukawa). and mean corpuscular volume (MCV) was 724 fl. On April 7,
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Fig. 1. Clinical course of Hemoglobin (Hb) and HIV RNA copy number along with the
cessation of anti-retrovirus therapy (ART) and re-administration of ART. Correlation
between HIV-1 viremia and exacerbation of anemia was observed. d4T sanilvudine,
3TC lamivudine, IDV indinavir, RTV ritonavir, EFV efavirenz, ABC abacavir, DRV
darunavir.

following the administration of antibiotics, [Hb] declined to 4.7 g/dl
without any hemorrhagic lesion, and the white blood cell (WBC)
count declined to 900/ul. On April 13, bone marrow aspiration
showed hypoplasia, and antiretroviral therapy [Sanilvudine (d4T),
Lamivudine (3TC), Indinavir (IDV), and Ritonavir (RTV); later
switched to d4T, 3TC, and Efavirenz (EFV)] was started on the same
day. PCR of the bone marrow fluid revealed parvovirus B19 infec-
tion which suggested that the pancytopenia was caused by the
bone marrow suppression due to antibiotics administration, or by
HIV-1 infection itself, and parvovirus B19 infection-accelerated
severe anemia. On April 21, HIV RNA was reduced to 1000 copies/
ml and [Hb] was 7.6 g/dl. He discharged on May 2000 and his [Hb]
continued to recover. On July 2000, his [Hb] was 12.5 g/dl: however,
MCV was 82.7 fl and remained microcytic. The cause of continued
anemia of the patient was attributed to chronic parvovirus B19
infection at that time and was reported elsewhere [3].

Five years later in June 2005, he attended Kagoshima University
Hospital. At that time, the CD4 positive T cell count was 465/l and
the HIV-1 RNA copy number in the plasma was undetectable
(<50 copies/ml). RBC was 5 million/pl, [Hb] was 13 g/dl, MCV was
79 fl and the reticulocyte count was 15%,. For three years he
continued the same antiretroviral therapy (d4T, 3TC, EFV) during
which the HIV-1 RNA copy number was always undetectable and
the CD4 count ranged between 441 and 790/ul. At that time, his
[Hb] level ranged between 11.4 and 13.9 g/dl and MCV ranged be-
tween 77 and 79 fl.

In Feb 2008, he moved to another prefecture. Four years later, in
March 2012, he again visited Kagoshima University Hospital due to
job re-relocation, and complained of easy fatigue. He had dis-
continued antiretroviral therapy of his own will eight months prior
to this visit. His HIV-1 RNA copy number in the plasma was
920000 copies/ml, CD4 count was 101/pl, [Hb] was 7.9 g/dl, MCV
was 64 fl and reticulocyte count was 19%,. He showed no evident
opportunistic infection at this time. Four days later, antiretroviral
therapy [3TC, Abacavir (ABC), Darunavir (DRV), RTV] was resumed.
Ten days after re-administration of ART, his [Hb] was 7 g/dl, but 24
days after re-administration of ART (April 2012), his [Hb] increased
to 8.4 g/dl and MCV was 68 fl, HIV-1 RNA copy number decreased to
3300 copies/ml and CD4 count recovered to 308/pl. In May 2012 (52
days after re-administration of ART), his [Hb] increased to 11 g/dI,
HIV-1 RNA copy number decreased to 1300 copies/ml and CD4
count recovered to 422/ul. One year later in May 2013, his [Hb]
increased to 13.6 g/dl along with the complete inhibition of HIV
RNA copy number in the plasma (Fig. 1). The serum iron in March
2012 was 37 pg/dl (normal range 44—192) and UIBC was 161 pg/dl

(normal range 111-255). However, 24 days after re-administration
of ART, serum iron was 92 pg/dl and UIBC was 112 pg/dl without
iron administration, which suggested his microcytic anemia was
not from iron deficiency. Because the [Hb] in March 2012 was so
low with microcytic change and there was no hemorrhagic lesion
or opportunistic infection, another reason for the anemia was
suspected.

Target cells were observed in the peripheral blood (Fig. 2). He-
moglobin analysis revealed a HbA2 of 9% and HbF of 4%, which
suggested the existence of a hemoglobinopathy. Further tests for
hemoglobinopathies showed a prolongation of the glycerol lysis
time (107 s, compared to the normal control of 22—55sec) which
implies elevated osmotic resistance. Finally, DNA sequencing
revealed heterozygosity in the B globin gene, with the deletion of 4
nucleotides at codon 41/42 (TTCTTT to TT) in one allele (Fig. 3), and
B-thalassemia minor was diagnosed.

3. Discussion

Anemia is a common clinical finding in HIV-1-infected patients.
Many factors may contribute to the development of anemia in HIV-
1-infected patients including nutritional deficiencies, opportunistic
infections, AIDS-related malignancies, drug treatment and a direct
effect of HIV-1 on the bone marrow {2].

Our case showed severe anemia ([Hb] 5.8 g/dl) when AIDS was
first diagnosed, when he had a high HIV-1 RNA in the plasma. The
patient’s anemia improved after anti-retroviral therapy, but mild
anemia continued. At this time the anemia was attributed to
chronic parvovirus B19 infection [3,4]. However, even after the
recovery of the CD4+ cell count, mild anemia with microcytic
change continued for years. Because his anemia was mild ([Hb]
13 g/dl), it was not investigated further at that time. Twelve years
later, when he ceased ART, he again showed moderate microcytic
anemia (Hb 7.9 g/dl), and this anemia resolved when ART was
resumed. Because there was no hemorrhagic lesion, or opportu-
nistic infection, we sought another cause of anemia. First, the he-
moglobin fraction was measured, and both Hb-A2 and Hb-F were
elevated, suggesting a hemoglobinopathy. Finally, sequencing of
the B globin gene revealed a four-nucleotide deletion at codon 41/
42 in one allele of the B globin gene, leading to the diagnosis of
thalassemia minor.

Even in non-thalassemic HIV-1 carriers, higher values of Hb-A2
have been observed during ART, especially with Zidovudine (ZDV)
[5--7]: that is increased HbA2 alone is not a sufficient reason to
suspect thalassemia in HIV-1 patients receiving ART. However,
treatment with anti-retroviral drugs such as ZDV often results in

Fig. 2. Target cells were observed in the blood film (arrows).
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Fig. 3. DNA sequencing revealed four-nucleotide deletion at codon 41/42 in one allele
of the B-globin gene.

macrocytosis [8]. It has also been reported that mean corpuscular
volume (MCV) of HIV-1 patients with thalassemia after ART
increased from microcytic levels to normocytic levels, and ART did
not worsen anemia in patients with thalassemia {9,10]. Therefore,
HIV-1-infected patients with non-iron-deficient microcytic ane-
mia, in whom a hemoglobinopathy is suspected from abnormal
hemoglobin fractions should be subjected to gene analysis to make
a concrete diagnosis of thalassemia.

Thalassemia is relatively rare in Japan, where malaria is un-
common. The frequency of B-thalassemia in Japan is one in 600 to
1000 of the general population [111].

Most B-thalassemia patients in Japan are heterozygote and
present with thalassemia minor. They are prone to be misdiagnosed
as having iron deficiency anemia.

The four-nucleotide deletion at codon 41/42 in B globin gene
found in this patient is the fourth most frequent mutation found in
Japanese 3 thalassemia patients [ 11]. It is not known whether active
HIV-1-infection (i.e. not controlled by ART) exacerbates all types of
B thalassemia, but in the present case there was a strong temporal
association between exacerbation of microcytic anemia when HIV-
1 infection worsened following cessation of ART, and resolution of
the anemia when ART was resumed (Fig. 1). Although most B-
thalassemia in Japanese is heterozygous and shows no overt he-
molysis but mild anemia with macrocytosis, it is reported that some
of the mutant including four-nucleotide deletion at codon 41/42
observed in our case occasionally do have acute exacerbation by
acquired factors such as pregnancy and infection {11].

Effect of HIV replication on erythropoiesis is not well under-
stood. The pathogenesis of anemia in HIV-positive patients could be

multifactorial {2]. Dysfunction of erythroid differentiation related
to bone marrow (BM) microenvironment damage and stromal cell
impairment by HIV-1 infection is reported [12]. It is also reported
that IL-1B, [FN-y, TGFB1 and TNFa, which are elevated in BM as a
result of chronic inflammation that may be associated with HIV-1
viremia, suppress the growth of progenitor cell in vitro and may
play an important role in the induction -of HIV-associated anemia
{13]. Moreover, unbalanced hemoglobin chain synthesis during
HIV-1 infection has been reported [14]. These multiple factors may
be involved in the temporal correlation between HIV-1 viremia and
exacerbation of microcytic anemia observed in the present case.

In conclusion, thalassemia should be considered in the differ-
ential diagnosis in an HIV-1-infected patient who presents with
microcytic anemia without iron deficiency.

And early introduction of anti-retroviral therapy is beneficial for
the recovery of anemia in § thalassemia.
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Diagnosis and care of Charcot-Marie-Tooth disease

Masanori Nakagawa, M.D.”

"Division of Neurology, North Medical Center, Kyoto Prefectural University of Medicine

Charcot-Marie-Tooth disease (CMT) is the most common form of inherited peripheral neuropathy and the prevalence
rate is about 10/100,000 population in Japan. Next-generation sequencing techniques discovered more than 50 genes for
CMT. Genetic diagnosis of CMT with genetic counseling is critical to speculate the prognosis, complications and
therapeutic research development. Surgical therapy, rehabilitation, casting therapy, and weight control are useful to keep
health-related quality of life for CMT. Although the disease-modifying therapy for CMT is not available now, new clinical
trials to improve QOL are now on going. CMT research groups, which consist of researchers and CMT patient
association, are organized in Japan with support of Grants-in-Aid from the Ministry of Health, Labour and Welfare of
Japan. It is the most important to listen to what afflicted patients may want to share with medical doctors.

(Clin Neurol 2014;54:950-952)
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Spreading of amyotrophic lateral sclerosis
lesions—multifocal hits and local propagation?

Teruhiko Sekiguchi,' Tadashi Kanouchi,? Kazumoto Shibuya,® Yu-ichi Noto,”
Yohsuke Yagi,” Akira Inaba,® Keisuke Abe,” Sonoko Misawa,® Satoshi Orimo,®
Takayoshi Kobayashi,” Tomoyuki Kamata,” Masanori Nakagawa,* Satoshi Kuwabara,’

Hidehiro Mizusawa,' Takanori Yokota'

ABSTRACT

Objective To investigate whether or not the lesions in
sporadic amyotrophic lateral sclerosis (ALS) originate
from a single focal onset site and spread contiguously by
prion-like cell-to-cell propagation in the rostrocaudal
direction along the spinal cord, as has been
hypothesised (the 'single seed and simple propagation’
hypothesis).

Methods Subjects included 36 patients with sporadic
ALS and initial symptoms in the bulbar, respiratory or
upper limb regions. Abnormal spontaneous activities in
needle electromyography (nEMG)—that is, fibrillation
potentials, positive sharp waves (Fib/PSWs) or
fasciculation potentials (FPs)—were compared among
the unilateral muscles innervated by different spinal
segments, especially between the T10 and L5 paraspinal
muscles, and between the vastus medialis and biceps
femoris. Axon length and the proportion of muscle fibre
types, which are both related to motoneuronal
vulnerability in ALS, are similar in the paired muscles.
Results Fourteen of 36 patients showed a
non-contiguous distribution of nEMG abnormalities. from
the onset site, with skipping of intermediate segments.
In eight of them, the non-contiguous pattern was
evident between paired muscles with the same
motoneuronal vulnerability. The non-contiguously
affected lumbosacral lesions involved motoneuron
columns horizontally or radially proximate to one
another, appearing to form a cluster in four of the eight
patients. FPs, known to precede Fib/PSWs, were shown
more frequently than Fib/PSWs in all the lumbosacral
segments but L5, suggesting that 2nd hits occur at L5
and then spread to other lumbosacral segments.
Conclusions [n sporadic ALS, the distribution of lower
motoneuron involvement cannot be explained by the
'single seed and simple propagation” hypothesis alone.
We propose a ‘multifocal hits and local propagation’
hypothesis instead.

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is an incurable
progressive neurodegenerative disease in which
both the upper (UMN) and lower motoneurons
(LMN) are diffusely involved at the end. Recent
biological studies have demonstrated the remark-
able concept of ‘prion-like propagation’ of patho-
genic proteins, such as tau or a-synuclein, in
neurodegenerative diseases." * According to this

hypothesis, the pathogenic proteins are transferred
from diseased cells to neighbouring healthy cells;
this intercellular transfer then leads to spreading of
the lesion. In ALS, in vitro studies have indicated
that newly formed aggregates of SOD1, TDP-43 or
toxic RNA conformation can act as templates for
the subsequent misfolding of the respective native
proteins,®™ and that aggregated SOD1 can be inter-
cellularly transferred in cultured cells.® These
suggest that the mechanism of prion-like cell-to-cell
propagation also underlies the progression of ALS.

The clinical symptoms of most ALS patients start
focally, which had already been confirmed both
electrophysiologically” and pathologically.® ° As we
have reviewed in the previous article,'® recent clin-
ical observations have demonstrated that the clin-
ical symptoms spread contiguously from the onsets
into the following broadly divided body regions:
the bulbar region, upper limbs, trunk and lower
limbs.**"** This has prompted us to suppose that
ALS lesions simply propagate from a single ‘seed’
to adjacent cells in a domino-like manner (ie, the
‘single seed and simple propagation’ hypothesis).
Alternatively, it can rest on anatomical proximity
with the spreading of ALS lesion from the onset
site by diffusion of soluble toxic factors in the
extracellular matrix.'® On the other hand, up to
about 30% of sporadic ALS patients have also been
found to show non-contiguous spread of symptoms
from the bulbar region to the lower limbs or vice
versa, skipping the upper limbs and trunk.'* '6
However, compensatory re-innervation by the
remaining motoneurons can mask the manifestation
of clinical signs until more than one-third of the
LMNs for a given muscle are lost.” Therefore,
whether the lesions actually spread non-
contiguously among the spinal segments remains
unclear.

Needle electromyography (nEMG) can sensi-
tively detect LMN involvement from each segment
separately, even in the presymptomatic stage. For
this reason, it is a powerful method for investigat-
ing whether or not ALS lesions spread contiguously
along the spinal segments. In this study, we used
nEMG in the early stage of ALS to demonstrate
that LMN involvement cannot be necessarily
explained by the ‘single seed and simple propaga-
tion’ hypothesis. We then propose a hypothesis of
‘multifocal hits and local propagation.’
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