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A. Photograph of the ALS patient with

tongue atrophy

B. Photograph of the ALS patient with
left interossei dorsales muscle atrophy

Figure 1. Muscular atrophy of ALS patients
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PIANTE R T DAY T 2w 7T A ALSER DFEIR
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E TR OB ZAET, K10 H OfE Tl O fiZEfEn
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R EDMEZITO DI /RN, TR
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MEAFE I NS ALS T v MIBEEN N DIREEDEZ S
FEROOCHBEN O E 2 EDWFRITHEHA TN T
W5, HA6REFEAALST v MDIER ST A [k
WEBANAZRED E TROMEZEL, KINHD
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Table 1. Genetics of ALS and ALS-D

Gene Chromosomal Gene Inheritance ~ Dementia
locus locus
ALS1 21q22 Superoxide dismutase 1 (SOD1) AD
ALS2 2q33 Alsin (ALS2) AR
ALS3 18921 Unknown AD
ALS4 9q34 Senataxin (SETX) AD
ALSS 15q15-21 Unknown AR
ALS6 16ql1.2 Fused in sarcoma/translocated in liposarcoma (FUS/TLS) AD
ALS7 20p13 Unknown AD
ALS8 20q13.3 Vesicle associated membrane protein-associated protein B (VAPB) AD
ALS9 14q11.2 Angiogenin (ANG) AD -
ALSI10 1p36.2 TAR DNA binding protein (TARDBP) AD +
ALSI11 6q21 FIG4 AD -
ALSI12 10p13 Optineurin (OPTN) AR/AD
ALS13 12q24.12 Ataxin-2 (ATXN2) AD
ALS14 9pl3 Vasolin-containg protein (VCP) AD +
ALSI15 Xpll.21 Ubiquillin 2 (UBQLN?2) AD +
ALS16 9p13.3 Sigma nonopioid intracellular receptor 1 (SIGMAR1) AR -
ALS17 3pll.2 Chromatin-modifying protein 2B (CHMP2B) AD +
12q24 D-Amino acid oxidaes (DAO) AD
2p13.1 Dynactin 1 (DCTN1) AD
9p21.2 C90RF72 AD +

AD, autosomal dominant; AR, autosomal recessive
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A. Relationship between SOD1 mutation and
clinical course

C. An affected transgenic rat demonstrates
hindlimb weakness and abnormal posturing
with segmental spasticity of the tail.
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b A N LA, EhsREXEEE, oxidative ik o Bl EE 7
PE, MRS F O R4, mutant SOD1 DfHiast 7
EThHs, SHICTFEEH 2 —O 2 FHEDAHNZAX
LADO—DELToa—O EREFOZY 7HIlE DM
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WT, ZJUTZHIROMEND S Z EIFMsNTNWE
B, ALSEFIL TR ZHNWT, FIERTD S EFREH 5
DOEB) = 2 — 0 > REBICZ D) 7L OB AN 5 7
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B. Kaplan-Meier curves illustrating the ages of onset (dashed line
with black squares) and death (solid line with black dots for the
H46R transgenic rat

D. Major histopathological findings in the transgenic rats

a-c, Ventral horns of the lumbar spinal cord from a 6-month-old normal
littermate (a), a G93A transgenic rat at 4.5 months (b) and an H46R
transgenic rat at 6 months (c). Sections were stained with hematoxylin
and eosin. d-f. Lewy body-like cytoplasmic inclusions (arrows) in motor
neurons (d,e) and astrocytes (f). Sections were stained with hematoxylin
and eosin (d), immunostained with anti-ubiquitin antibody (e) and anti-
GFAP antibody (f). Scale bars: a-c, 50 /#m; d-f, 20 1m.

Figure 2. SOD1 gain of toxicity and SOD1 transgenic rat
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A. The decay in numbers of ES cell-derived MN
(ESMN ) plated on G93A-astrocytes (AML) is greater
than that of ESMNss on control-astrocytes (NtgAML).
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B. At 7 days after plating, there are consistently fewer
ESMNSs in G93A, G37R and G85R-astrocytes cocultures
than in NTgAML cocultures.

Figure 3. Marked toxicity of mutated SOD1-expressing astrocytes to motor neurons
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A-C. Motor neurons in ALS spinal cords. A. Lewy-body-like cytoplasmic inclusions (A) and
skein-like inclusion (B) were immunostained using anti-TDP-43 antibody. C. In the spinal
cord from ALS patients, a morbid cell (TDP-43 localized in cytoplasm) was mixed with a cell
normal at a glance (TDP-43 localized in nucleus). D. Control motor neurons. Scale bars: 20 /2m.

Figure 4. Immunohistochemistry of ALS spinal cords
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A, B. Motor neuron specific marker (green) was expressed in embryoid bodies exposed RA and SHH. C. Embryonic stem cell-derived
motor neurons (ESMNs) at 1 day after plated on the astrocytes. D, E. ESMNs (green) at 14 days after plated on the astrocytes extended
long processes and made the synapse formation with other neurons (red). F. ESMNs grafted at lumbar level of the rat's spinal cord
survived and extended processes. Scale bars: A-C, 200 .zm; D-E, 20 1tm, F, 100 1zm.

Figure 5. Embryonic stem cell-derived motor neurons
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The pathogenesis of ALS and stem cell therapy

Makiko Nagai, Kazutoshi Nishiyama

Department of Neurology, Kitasato University School of Medicine

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by upper and lower
motor neuron dysfunction resulting in rapidly progressive paralysis and death from respiratory failure. 5-10%
of cases are familial, and superoxide dismutase 1 (SOD1) was the first identified causative gene of ALS. To
identify the mutant SOD1 gain of function, models have been created in rodents and have led to the identification
of ALS-causing mechanisms, including mitochondrial dysfunction, protein misfolding, oxidative damage,
axonal transport impairment, neurotrophic factor deficiency, and altered glial cell function. The effects of
oxidative stress within non-dividing cells such as neurons may be cumulative, and cellular injury by free
radical species is a potential cause of the age-related deterioration in ALS. Chronic ischemia due to insufficient
vascular endothelial growth factor (VEGF) may put motor neurons at risk of late-onset neurodegeneration.
TAR DNA binding protein of 43kD (TDP-43) was found to be a major component of ubiquitin-positive
inclusions in the neurons in sporadic ALS. TDP-43 is recognized as a key protein to understand the neuronal
death. Effective treatments are urgently needed for ALS. Stem cell technologies represent a promising
approach for treating ALS and the first phase I safety trial of direct intraspinal transplantation of neural stem
cells into ALS patients is currently in progress in USA.
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