Table 1 Disease modeling using disease-specificiPSCs
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Disease (responsiblegene) Inheritance pattern Age of onset

Recapitulated phenotype/proof of drug efficacy

Spinal muscular atrophy*' AR Infancy to adolescence 1. Decreased no. (%) of ChAT*/Tuj1* neurons
(SMN1, SMN2) 2. Decreased SMN protein level (evaluated with WB/IA)
7 R 3. Rescue phenotype 2with 1 mmol/l valproic acid

Familial dysautonomia®? AR Infancy 1. Increased abnormal splicing in differentiated neural crest
(IKBKAP) 2. Decreased no. (%) of ASCL1+, Tuj1+ neurons

3. Migratory dysfunction (scratch assay)

7 4. Partial rescue phenotype 1, 2 with 100 umol/l kinetin ) )
Fanconi anemia® AR/XR First decade ~4/5thdecade 1. Unsuccessful at obtaining iPSCs from patient’s fibroblast
(FANCA~N) — after“in vitro genetic correction” of patient’s fibroblast
Successful in obtaining iPSCs (chromosomal instability)

2. Differentiate into CD34+/hematopoietic progenitors
Dyskeratosis congenita*t XR (AR/AD) Adolescence 1. Elongated telomere iniPSCs (TERT/TERCT)
(XR: DKC1) B » 2. Shortened telomere after differentiation (TERT/TERCY)
LEOPARD syndrome#3 AD Infancy to adolescence 1. Enlarged cell size of differentiated cardiomyocyte
(PTPN11,RAF1,SHOC2) 7 2. Inactivated RAS-MAPK pathway (bFGF induction)
Rett syndrome?* (MeCP2) XR 6-18 Months 1. Reduced no. of glutamatergic synapses and morphological

alterations (synapsin puncta at dendrites), rescued by IGF-1 (ng/ml)
2. Reduced RTT protein level/cell size and rescue by gentamicin

(100 pg/ml) at Q244X clone
3. Reduced activity-dependent calcium transients
4, Reduced spontaneous postsynaptic currents

AD, autosomal dominant; AR, autosomal recessive; 1A, immunological analysis; IGF-1, insulin-like growth factor 1;iPSC, induced pluripotent stem cell; TERC, telomerase RNA
component; TERT, telomerase reverse transcriptase gene; WB, western blot analysis; XR, X-linked recessive.

lines of disease-specific iPSCs are being generated, given
that several studies have actually recapitulated the phenotypes
of diseases in the iPSC-derived targeted cell population and
that this approach now finds a place on the drug development
platform as a useful tool to complement in vivo experiments
(Table 1).41-46

To avoid both inter- and intrapatient clonal variations of
iPSCs, it is necessary to purify targeted cells by fluorescence-
activated cell sorting or magnetic sorting using fluorescent or
magnet-labeled antibodies?” or by high-content analysis.#43
The control of the prominent heterogeneity of iPS-derived dif-
ferentiated cells presents a technological challenge; this contin-
ues to be the major limitation of standardized high-throughput
screening, although further modifications in differentiation
protocols are under way in our laboratory.

iPSC-BASED TOXICITY SCREENING

The progressive attrition of medicinal products in the long
pipeline between “hit” identification and the market has
become one of the concerns of the pharmaceutical industry
in the past decade.® The development cost of a marketable
product is continuing to grow.2’-24% In 2001, development
was abandoned because of lack of efficacy in 30% of the medi-
cines that entered clinical trials and in another 30% because
of safety concerns* such as cardiotoxicity and hepatotoxicity.
The effective development of new drugs therefore requires pre-
dictive toxicity assays of adequate accuracy during preclinical
testing. The use of human iPSCs and robust protocols to dif-
ferentiate them into cardiomyocytes and hepatocytes should
be able to provide straightforward assays for analyzing certain
aspects of drug metabolism and for assessing probable side
effects. However, technological hurdles still exist with respect
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to achieving the desired maturity of differentiated cells®® and
minimizing the substantial heterogeneity of iPS-derived differ-
entiated cells for the assay. Despite these limitations, significant
progress has been made.

The drug-induced blockade of the ether-a-go-go related gene
1 (hERG1) channel is reportedly associated with an increased
duration of ventricular repolarization, causing prolongation of
the QT interval (i.e., long-QT syndrome).’1-5¢ Data related to
the electrophysiological capacity and responsiveness of human
iPSC-derived cardiomyocytes in response to several cardiac
and noncardiac drugs have been reported.>!-> Cardiac toxic-
ity screening tools based on these approaches will soon become
available.

The efficient generation of functional hepatocyte-like cells
from iPSCs has been also reported.2%2! The use of three-
dimensional culture as well as co-culture systems (e.g., associ-
ating Kupffer and/or endothelial cells with hepatocytes in order
to mimic the in vivo hepatic context) are among the strategies
now recognized to enhance the generation of even more mature
cells.®

To establish toxicity screening tools using iPSC technology,
validation is essential. In particular, it is crucial to show high
fidelity of the iPSC-based toxicity screening tools in reproduc-
ing, in vitro, the toxicity profiles of “hit” drugs that had been
eliminated from the development pipeline because of safety
concerns.

CHALLENGES IN iPSC-BASED APPROACHES

Aging process and environmental effects

Several diseases that are characterized by onset in early life have
been successfully modeled using iPSC technology.*!-6 On
the other hand, in some diseases (including neurodegenerative

3



STATE@ART
e

diseases) that are age dependent, patient-specific iPSC-derived
neural cells may not immediately manifest the disease phenotype
as compared with normal control cells, under basal cell culture
conditions. 305556 This may also apply to drug toxicity that shows
age-dependent susceptibility. Identification of disease/toxicity-
related phenotypes in short-term settings in vitro appears particu-
larly challenging, but it may be possible to achieve by mimicking
the aging process with stressors such as oxygen reactive species,
proinflammatory factors, or toxins. 3555 Identification of new and
more effective and relevant stressors that can accelerate the process
of eliciting phenotypes in models of late-onset diseases will there-
fore be an important goal for future disease modeling,30:55:56

Even patients with monogenetic diseases manifest large gen-
otype-phenotype variability. Therefore, it would be more diffi-
cult to establish disease modeling from sporadic-disease iPSCs,
given the complexity of the different genetic backgrounds and
environmental cues involved.?”:3? It will be both challenging
and exciting to examine whether the same phenotype as seen in
monogenic-disease modeling could be recapitulated in sporadic-
disease-iPSC-derived modeling by reproducing environmental
effects in vitro.?730:5556

Definition of “control”

Whether in selecting a therapeutic or in toxicity assays using
patient-specific iPSC-derived cells, the use of well-defined, non-
disease control cells is crucial. Recent genome-wide association
studies®” have demonstrated that every person has disease-
relevant single-nucleotide polymorphisms, and it is therefore
impossible to categorically define iPSCs that represent perfect
non-disease control.

Nonetheless, we think that the following two approaches are
valid for deriving iPSC-positive (disease) and negative (non-dis-
ease) controls: (i) deductive and (ii) inductive. Deductive controls
would include non-disease iPSC/ESClines with modification (e.g.,
disease gene transgenic and disease gene knock-in), disease gene-
corrected iPSC/ESClines generated from disease iPSC/ESCs, and
iPSCs with non-disease alleles from an individual patient in somatic
mosaicism (Table 2). Deductive approaches define negative and

Table2 Proposed definition of“control”ininduced pluripotent
stem cell research

Deductive approach

Embryonic stem cell line with and without disease-introducing genetic
ification

on-disease induced pluripotent stem (iPS) cell line with and without
disease-introducing genetic modification

Disease iPS cell with and without disease-correcting genetic
madification

iPS cell from somatic mosaic with and without disease allele

Inductive approach

iPS cell from a patient and a disease-free family member

Disease geneticrisk-ascertained iPS cell lines (preferably as a risk-absent
non-disease control)

iPS cell lines from disease-phenotyped individuals (healthy or disease
control)

positive controls in similar genetic backgrounds, providing bench-
marks of disease modeling to specify differences between disease
and non-disease control, whereas contributors other than the tar-
geted gene(s) are not considered. On the other hand, inductive
controls may be non-disease iP$ cell lines or iPSCs from healthy
individuals or from other patients (positive control). This approach
could be less complicated than the deductive method, especially if
noise from iPSC variations can be further reduced.

For the deductive control setting of disease modeling, the tools
for achieving expression or knockout of disease genes in hiPSCs/
ESCs by random integration of vectors (including viruses, bac-
terial artificial chromosomes, synthetic gene delivery reagents,
and a transposon/transposase system) are useful.58-60 Also, the
current development of engineered nucleases makes targeted
genome modification an attractive tool with therapeutic potential
that may go beyond the development of drug screening tools.>

iPSC-BASED NOVEL DRUG DEVELOPMENT PLATFORM
iPSC-based invitro phase Il

Diseases can be divided into rare, monocausal genetic diseases
and a large group of sporadic, multifactorial diseases. No large-
scale disease modeling is currently available for the latter group.
Technological advances in rapid and easy iPSC generation on a
large scale will realize the possibility of both in vitro phase Il and
case—control studies by using non-disease and disease controls
derived from age/gender-matched donors or from family members
regardless of age/gender.’ One of the factors facilitating the proc-
ess could be to obtain a blood sample from each patient in order
to generate iPSCs. iPSC generation from peripheral blood drops
from each patient would allow case-control studies to be carried
out, although several issues must still be resolved prior to the use
of iPSCs from peripheral blood cells.5!-%* First, the differentia-
tion potency of these iPSCs must be analyzed further.5! Peripheral
blood-derived iPSCs may preserve epigenetic memories of having
been blood cells and may therefore exhibit preferred differentiation
into hematopoietic lineages rather than into other cell types.5:>

Animal models Humanized resource
ﬁ% Patients’
P IPSCs
(3 .
Patients *s
% Disease cells
Evaluate Innovate
* Time window * Disease pathway
+ Drug delivery » Small compound
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" Drug development |

Figure 2 Combined approach involving animal models and induced
pluripotent stem cell (iPSC) technology. The new iPSC technology is
complemented by a drug development strategy in preclinical settings that
uses animal models and other conventional approaches.
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Another issue is how long and to what extent iPSC clones from ter-
minally differentiated cells can be expanded.51-64 Finally, the effect
of the presence of pre-existing T-cell receptor rearrangements on
the properties of iPSC or differentiated cells needs to be deter-
mined.5:% Besides minimizing the invasive biopsy procedures,
reducing the time required for iPSC differentiation, resulting in
lower costs, would be essential for large cohort studies, potentially
leading to the discovery of novel drug targets.

iPSCs and animal models

Cell lines and animal models contribute to the exploration of
disease mechanisms and drug development for various diseases.
However, the animal models do not always demonstrate the same
phenotypes as those seen in humans.>® For instance, in mice the
type and/or distribution of cardiac ion channels are different
from those in humans, demonstrating a relatively shorter dura-
tion of action potential and higher heart rate (600 bpm).” An
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Figure 3 Personalized medicine based on induced pluripotent stem cell
(iPSC) technology. iPSC technology is highly amenable to individualized
approaches. Person-specific iPSCs can be derived, differentiated into specific
cell types, and used for therapeutic/toxicity response assays.

Person-specific iPSC-derived cells
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in vitro analysis of human cardiomyocyrtes is therefore critical to
an understanding of the mechanism of genetics-related arrhyth-
mias in humans.5’ Also, compounds that demonstrate significant
benefit in animal models may fail to show effectiveness in clini-
cal trials in humans.5568%° The use of transgenic mice of mutant
superoxide dismutase (SOD1), a gene found to be associated with
amyotrophic lateral sclerosis,”? enabled the identification of sev-
eral compounds that relieve the disease phenotype, including vita-
min E and creatine.”1~73 However, when these compounds were
tested in humans, no clinical improvements were observed.”!-73
The toxicity of compounds is sometimes missed in cell lines and
animal models because specific interactions with human biologi-
cal processes cannot be recapitulated in these systems.?’ Also, the
use of animal models for toxicity assays may be ethically prob-
lematic, the animals may be expensive to purchase and main-
tain, and the process may be difficult to automate.?” Clearly, we
require different drug screening models that complement these
systems and represent the human condition with high fidelity.”*
iPSCs are expected to fulfill these requirement and are amenable
to the demands of drug development. There are nonetheless great
advantages associated with cell line-based models (which could
be used for homologous culture, yielding reproducible results)
and for animal models (which provide information regarding
optimal time window; drug delivery, metabolism, etc.) (Figure 2).
Integrated drug screening systems, consisting of disease-specific
iPSC-based models as well as cell lines and animal models, would
greatly enhance the efficiency of translational drug research.

Personalized medicine

The striking advantage of using iPSCs rather than ESC-based
approaches is that iPSCs can be derived from any individual with
relative ease, thereby allowing development of a personalized
study platform on individual genomic information. iPSCs and

Persan-specific iPSCs

Drug toxicity
2

Figure 4 "Pharmaco-iPSCellomics” by person-specific iPSCs. iPSCs derived from individual subjects/patients can be differentiated into multiple cell types,
thereby providing a personalized iPS-cellome platform. This cell-based system can be used for drug discovery and selection of clinical therapeutics with various

biomarker end points.
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differentiated cells from the iPSCs retain their personal identity,
like an alter ego, suggesting that iPSC technology can be applied
to disease-, patient-, and finally person-specific approaches to
examine the individual differences in pharmacokinetic/pharma-
codynamic features (Figure 3). Given that everyone will almost
certainly become a patient at least once in his or her lifetime,
individual iPSC-based predictive therapeutic and toxicity profil-
ing of all drugs available in multiple cell types will be a logical
and attractive approach. This “pharmaco-iPSCellomic” analysis
(Figure 4) could eventually be available in an array-based for-
mat for high-throughput assay before specific drug therapy is
prescribed for a particular disease condition.

CONCLUSION

The potential of iPS cell technology in drug discovery is enor-
mous.”” At the same time, the technology is still in its infancy
with numerous challenges to overcome before its clinical trans-
lation is complete. The long journey has just begun. It may take
years to reach the eventual goals, but the iPSC technology itself,
combined with existing methods and models, will begin to con-
tribute to the development of new cures.
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Article Chronology: Neurodegenerative disease-specific induced pluripotent stem cell (iPSC) research contributes to
Received 6 April 2010 the following 3 areas; “Disease modeling”, “Disease material” and “Disease therapy”.
Accepted 19 April 2010 “Disease modeling”, by recapitulating the disease phenotype in vitro, will reveal the
Available online 24 April 2010 pathomechanisms. Neurodegenerative disease-specific iPSC-derived non-neuronal cells
harboring disease-causative protein(s), which play critical roles in neurodegeneration including
Keywords: motor neuron degeneration in amyotrophic lateral sclerosis, could be “Disease material”, the target
Neurodegenerative disease cell(s) for drug screening, These differentiated cells also could be used for “Disease therapy”, an
Non-neuromnal cells autologous cellular replacement/neuroprotection strategy, for patients with neurodegenerative
Disease modeling disease,
Disease material Further progress in these areas of research can be made for currently incurable neurodegenerative
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Neurodegenerative diseases are caused by the degeneration of amyotrophic lateral sclerosis {ALS). It is widely believed that
selected neurons: cortical neurens in Alzheimers' disease, dementia peurodegenerative diseases generally arise through the same process;
with Lewy bodies, or frontotemporal lobar degeneration, midbrain neuronal dysfunction {1}, the gradual accumulation of misfolded
dopaminergic neurons in Parkinson's disease, cerebellar neurons in protein and the acceleration of aggregate formation {2}, neuronal
spinocerebellar degeneration, and upper and lower motor neurons in death {3}, and disease progression caused by non-neuronat cefls 4,5},
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Neurodegenerative diseases are still intractable, although studies
using molecular biology continue to enhance our understanding of
neurodegeneration,

ALS, one of the neurodegenerative diseases, is characterized by
the degeneration of upper and lower motor neurons, leading to
fatal paralysis. The name “ALS” originated from the pathological
observation that a distinct myelin pallor in the lateral part of the
spinal cord represents degeneration and loss of the axons of upper
motor neurons in the spinal cord [6,7]. This relentless disease is
characterized by the degeneration of somatic motor neurons in the
spinal cord, brain stem, and cortex. Common symptoms are
progressive muscular atrophy, difficulty in swallowing and speech,
and respiratory failure. Generally, the disease has a midlife onset;
it is found in the 45-60 year age group and the typical disease
course is 1 to 5 years. The proportion of affected individuals in the
population is 4 to 6 per 100,000, and the lifetime risk is about 1 in
1000 [3,6-8].

Approximately 10% of patients with ALS are inherited (familial
ALS, FALS), while the remaining have no family history of ALS
(sporadic ALS, SALS) [4-8]. After the missense mutations in the gene
that encodes the antioxidant enzyme Cu/Zn superoxide dismutase 1
(SOD1) was found in 10-20% of patients with FALS in 1993, most
studies in the field have focused on revealing the mechanism of
SOD1-mediated motor neuron degeneration [4-8]. SOD1 changes
superoxide radicals into oxygen and hydrogen peroxide. When
mutated SOD1 are overexpressed in rodents, this causes phenotypes
of an ALS-like motor neuron disease, which is not rescued by
overexpression of wild-type SOD1. These observations suggest thata
toxic gain of function mechanisms, but neither loss of function nor
haploinsufficiency, cause mutant SOD1-mediated FALS. Genetically
engineered mutant SOD1 animal models have provided abundant
information regarding the possible mechanisms of this disease [4-8],

Several therapies with drugs have shown therapeutic effects in
SOD1 transgenic rodents, but clinical trials in humans have not
been successful. This suggests that current ALS rodent models can
provide only limited or extra insight into the pathogenesis of
human ALS. Therefore, for drug screenings, human resources,

which possess human molecular signaling pathways different
from rodents, are supposed to be required. Human resources could
be robustly supplied by differentiating human stem cells, espe-
cially neurodegenerative disease-specific induced pluripotent
stem cells (iPSCs), which are generated by reprogramming adult
fibroblast cells of neurodegenerative disease including ALS [9] by
using forced expression of the transcription factors—KIf-4, Sox-2,
Oct-4, and c-Myc. The iPSCs have the same advantages as
traditional stem cells due to their ability to generate differentiated
cells such as neurons and glia from individuals [10-12].

Disease-specific iPSCs {13~21] research is a new field that could
contribute to the following 3 areas; “Disease modeling”, “Disease
material” and “Disease therapy” (Fig. 1).

Disease modeling

“Disease modeling” by recapitulating the diseases phenotype in vitro
would miake it possible to study how different cell types are involved
in the pathobiology of neurodegenerative diseases, and to unravel
the cellular mechanisms that may trigger familial, as well as
sporadic, forms of the disease. In an ALS study, Dimos et al.
successfully directed the differentiation of iPSCs, generated from
an elderly patient with FALS and a SOD1 mutation, into motor
neurons expressing appropriate motor neuron markers including
Hb9 and ISLET {8]. While both spinal muscular atrophy (SMA} [13]
and ALS [9] are neurodegenerative diseases of motor neurons, only
SMA motor neurons from disease-specific iPSCs show phenotypes.
This may be due to the fact that the onset age of ALS is after middle
age while most SMA cases begin in childhood. Furthermore, the
iPSC-derived neurodegenerative models that have been developed
for SMA and familial dysautonomia (FDA) {17] take the autosomal
recessive inherited form. In neurodegenerative disease modeling
from iPSCs, genetic information, the environment, or senescence all
contribute to neurodegeneration, and therefore it would be critical
to promote these conditions in vitro. These studies have led to new
avenues for drug development for neurodegenerative diseases.

Patienits

Fig. 1 - Neurodegenerative disease-specific iPSC research contributes to the following 3 areas; “Disease modeling”, “Disease

material” and “Disease therapy"”.
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Disease material

Affected cells in neurodegenerative disease(s) as “Disease material”,
which cannot be collected from patients, can be generated from
disease-specific iPSCs, These cells possess the genetic information of
the patient. Non-neuronal cells, including glial cells {4,5], can be a
target of neurodegenerative disease-specific iPSC research based on
non-cell autonomous neurodegeneration hypothesis demonstrated
by following studies.

The absence of motor neuron degeneration with the synthesis of
mutant SOD1, under the control of neuron-specific promoter,
provided the initial supportive evidence that the disease probably
does not arise from damages caused within motor neurons through
cell-autonomous mechanisms {22]. The onset of the disease was
delayed and the survival period was extended when part of mutant
SOD1 in motor neurons was removed using the Cre-loxP system
{23}, although, after the disease onset, the period of disease
progression was almeost unaffected. Similarly, virus-mediated small
interfering RNA knock-down, within which the CNS selectively
suppressed mutant SOD1 in motor neurons, showed a robust delay
in onset [24~26], On the other hand, based on the results of further
studies on such transgenic animals, disease progression is deter-
mined by the amount of mutant SOD1 in astrocyte/ microglia [23,27].
This suggests that the amount of mutant SCD1 in motor neurons
(cell autonomous) is relevant to disease initiation, while progression
is dependent on non-neuronal cells, including astrocytes and
microglia (non-cell-autonomous),

A chimeric mice study that included a combination of wild-type
cells and cells expressing mutant SOD1 directly showed an evidence
for a non-cell-autonomous disease mechanism [28]. Motor neurons
surrounded by wild-type neighbors survived longer with no
degeneration despite mutant SOD1 expression, while motor neurons
that were genetically normal were damaged by neighboring mutant
SOD1-expressing cells. These results support the idea that non-cell
autonomous mechanisms contribute to neurodegeneration in
mutant SOD1-mediated ALS.

Embryonic stem cell (ESC) research [30-33] also contributes to
our understanding of non-cell-autonomous mechanisms in neu-~
rodegenerative disease, It has been demonstrated that mutant
SOD1-expressing astrocytes diminish the survival of motor
neurons over a 2-week period compared to normal glial cells by
the co-culture of primary, mutant SOD1-expressing astrocytes
with primary motor neurons purified from embryos, or with motor
neurons generated by the differentiation of mouse embryonic
stern cells, Astrocyte-derived toxicity, which is transferred by
astrocyte conditioned media, acts on wild-type as well as mutant-
SOD1 motor neurons, and is specific to motor neurons with no
effect on sensory neurons or interneurons [29,30]. Studies also
showed that human ESC-derived motor neurons are also sensitive
to the toxic effect of glial cells carrying an ALS-causing mutation,
which supports previous suggestions that non-neuronal cells
-contribute to the pathogenesis-of ALS [31,32]: Astrocytes expres-
sing ALS-linked mutated SOD1 release factors that are toxic to
motor neurons, Further studies may show the relevance to these
factors with the reduced expression of GLT-1 that is commonly
seen in human ALS {33]. These experiments have provided an
in vitro paradigm for the use of stem cell-derived co-culture
experiments in exploring cell-cell interactions in ALS or in other
neurodegenerative diseases,

In addition to the SOD1-mediated ALS studies, there are
supporting evidence showing non-cell autonomous neurodegenera-
tion in spinocerebellar ataxias (SCA), which is one of neurodegener-
ative diseases with characteristics of cerebellar neurodegeneration
that lead to progressive motor incoordination [5]. The-most affected
cells are cerebellar Purkinje neurons. Non-neuronal neighbors to
these neurons are Bergmann glia, cerebellar-specific astrocytes, with
long finger-like processes to enwrap the dendritic trees of Purkinje
cells |34]. SCA7 is caused by polyQ expansion in the gene encoding
ataxin-7. Transgenic mice that showed niutant polyQ expression only
in Bergmann glia and other astrocytes by using the GFAP promoter
would be sufficient to cause Purkinje cell degeneration. Moreover, the
Purkinje cell degeneration was remarkably similar to that induced by
polyQ expansion under the control of the Prion promoter, both
neuronal and glial promoters, demonstrating non-cell-autonomous
Purkinje cell degeneration |5,35}.

These findings suggest that disease-causative protein in glial
cells could be target molecule(s) in targets cell(s) in drug
screening by using disease-specific iPSCs. Although it is still
unclear whether glial cells in patients elicit the same toxicity as
ALS model astrocytes, as the latter commonly harbor multiple
copies of mutant SOD1 [36]. An analysis of iPSC-derived glial cells
from patients with mutant SOD1-induced ALS could possibly
reveal whether a single gene copy renders human glial cells as
toxic as those harboring multiple mutant SOD1 copies [36]. As a
consequence, it is critical to analyze the mechanisms for disease
pathways and to perform drug screening by using human
resources derived from neurodegenerative disease-specific iPSCs
followed by evaluating drug delivery, optimal safe dose or time
window in animal model studies.

Disease therapy

There is more than one method for generating iPSCs (i.e.,
retrovirus, lentivirus, adenovirus, plasmid vector, small com-
pounds, protein transduction etc.) |37} from multiple origins.
The iPSCs also could provide an autologous cellular replacement/
neuroprotection strategy for patients with neurodegenerative
diseases [36], “Disease therapy”, In addition to transplantation of
specific neurons from iPSCs for replacement therapy, transplanta-
tion of glial cells from iPSCs can be used for neuroprotection [36].
Before the transplantation approach can be applied clinically,
numerous hurdles must be overcome. For these putative stem cell-
based therapies, we must first identify the optimal cell dose and
source, and/or the route of delivering the cells [36]. Transplanta-
tion therapies would consist of the delivery of a combination of
subtypes of neuronal cells to provide both cellular replacement
and neuroprotection.

Further progress in these areas of research can be developed for
currently incurable neurodegenerative diseases.

Acknowledgments

1 thank all of collaborators and coworkers, Nakamura A., Murai K. for
editing the manuscript, and Kondo T. for drawing a figure. This work
was supported by CREST, JST, the Grant-in aid from the Ministry of
Health and Labour, Grant-in Aid for Scientific Research (21591079)



EXPERIMENTAL CELLRESEARCH 316 {2010) 2560-2564

2563

from JSPS, a research grant from Takeda Science Foundation, a
research grant from Kanae Foundation for the Promotion of medical
science and a research grant from NOVARTIS Foundation for
Gerontological Research,

REFERENCES

[1] JJ. Palop, J. Chin, L. Mucke, A network dysfunction perspective on
neurodegenerative diseases, Nature 443 (2006) 768-773.

[2] P.T. Lansbury, HA. Lashuel, A century-old debate on protein
aggregation and neurcdegeneration enters the clinic, Nature 443
(2006) 774-779.

{3] Dale E. Bredesen, Rammohan V. Rao, Patrick Mehlen, Cell death in
the nervous system, Nature 443 (2006) 796-802,

{4} J.P. Julien, ALS: astrocytes move in as deadly neighbors, Nat,
Neurosdi, 10 {2007) 535-537.

{5] C.S. Lobsiger, D.W. Cleveland, Glial cells as intrinsic components
of non-cell-autonomous neurodegenerative disease, Nat.
Neurosd, 10 {2007) 1355-1360.

[6] S. Boillée, C. Vande Velde, D.W. Cleveland, ALS: a disease of motor
neurons and their nonneuronal neighbors, Neuron 52 (2006) 39-59.

{7] L1 Bruijn, M. Cudkowicz, Therapeutic targets for amyotrophic
lateral sclerosis: current treatments and prospects for more
effective therapies, Expert Rev. Neurother. 6 (2006) 417-428.

[8] C. Guégan, S. Przedborski, Programmed cell death in amyotrophic
lateral sclerosis, |, Clin, Invest. 111 (2003) 153-161.

[9] J.T. Dimos, K.T. Rodolfa, KK, Niakan, LM, Weisenthal, H.
Mitsumoto, W, Chung, G.F. Croft, G. Saphier, R. Leibel, R. Goland,
H. Wichterle, CE. Henderson, K. Eggan, Induced pluripotent stem
cells generated from patients with ALS can be differentiated into
motor neurons, Science 321 (2008) 1218-1221.

[10] K Takahashi, S. Yamanaka, Induction of pluripotent stem cells
from mouse embryonic and adult fibroblast cuitures by defined
factors, Cell 126 {2006) 663-676.

[11] K Takahashi, K. Tanabe, M. Chnuki, M. Narita, T. Ichisaka, K.
Tomoda, S. Yamanaka, Induction of pluripotent stem cells from
adult human fibroblasts by defined factors, Cell 131 (2007)
861-872.

[12] S.Yamanaka, Strategies and new developments in the generation of
patient-specific pluripotent stem cells, Cell Stem Cell 1 (2007) 39-49.

[13] A.D.Ebert, J. Yu, FF. Rose Jr, V.B, Mattis, CL. Lorson, ].A. Thomson,
C.N. Svendsen, Induced pluripotent stem cells from a spinal
muscular atrophy patient, Nature 457 (2009) 277-280.

[14] LH.Park, N. Arora, H. Huo, N. Maherali, T, Abfeldt, A, Shimamura, M.W.
Lensch, C, Cowan, K. Hochedlinger, G.Q, Daley, Disease-specific
induced pluripotent stem cells, Cell 134 (2008) 877-886.

[15] F. Soldner, D. Hockemeyer, C. Beard, Q, Gao, G.W. Bell, E.C. Cook,
G. Hargus, A. Blak, O. Cooper, M. Mitalipova, O. Isacson, R.
Jaenisch, Parkinson's disease patient-derived induced pluripotent
stem cells free of viral reprogramming factors, Cell 136 (2009)
964-977.

[16] A.Raya,I. Rodriguez-Piz3, G. Guenechea, R, Vassena, S. Navarro, M,].
Barrero, A. Consiglio, M. Castell3, P. Rio, E. Sleep, F. Gonzélez, G,
Tiscornia, E. Garreta, T. Aasen, A. Veiga, LM. Verma, ], Surrallés, J.
Bueren, J.C. Izpisiia Belmonte, Disease-corrected haematopoietic
progenitors from Fanconi anaemia induced pluripotent stem cells,
Nature 460 (2009) 53-59.

[17] G.Lee, E.P. Papapetrou, H. Kim, .M. Chambers; M.J. Tomishima, C:A:
Fasano, Y.M. Ganat, J. Menon, F. Shimizu, A. Viale, V. Tabar, M.
Sadelain, L. Studer, Modelling pathogenesis and treatment of
familial dysautonomia using patient-specific iPSCs, Nature 461
{(2009) 402-406.

[18] L.Ye,].C. Chang, C. Lin, X. Sun, ]. Yu, Y.W. Kan, Induced pluripotent
stem cells offer new approach to therapy in thalassemia and
sickle cell anemia and option in prenatal diagnosis in genetic
diseases, Proc. Natl, Acad. Sci. US.A. 106 (2009) 9826-9830.

{19} R.Maehr, S. Chen, M. Snitow, T. Ludwig, L. Yagasaki, R. Goland, R.L.
Leibel, D.A. Melton, Generation of pluripotent stem cells from
patients with type 1 diabetes, Proc. Natl. Acad. Sci. US.A. 106
(2009) 15768-15773.

{20} Z. Ye, H. Zhan, P. Mali, S, Dowey, D.M. Williams, Y.Y, Jang,

CV. Dang, ].L. Spivak, AR. Moliterno, L. Cheng, Human-induced
pluripotent stem cells from bloed cells of healthy donors and
patients with acquired blood disorders, Blood 114 (2009)
5473-5480.

{21] 5. Agarwal, Y.H. Loh, EM. McLoughlin, |. Huang, I.H. Park, J.D.
Miller, H. Huo, M. Okuka, RM. Dos Reis, S. Loewer, HH. Ng, DL,
Keefe, F.D. Goldman, AJ. Klingelhutz, L, Liu, G.Q, Daley, Telomere
elongation in induced pluripotent stem cells from dyskeratosis
congenita patients, Nature 464 (2010) 292-296.

[22] A.Pramatarova, ]. Laganiére, ]. Roussel, K. Brisebois, G.A. Rouleau,
Neuron-specific expression of mutant superoxide dismutase 1in
transgenic mice does not lead to motor impairment, |. Neurosci,
21 (2001) 3369-3374.

{23] S.Boillée, K. Yarnanaka, C.S. Lobsiger, N.G. Copeland, N.A. Jenkins,

G. Kassiotis, G. Kollias, D.W. Cleveland, Onset and progression in

inherited ALS determined by motor neurons and microglia,

Science 312 (2006) 1389-1392.

C. Raoul, T. Abbas-Terki, J.C. Bensadoun, S. Guillot, G. Haase,

|. Szulc, CE. Henderson, P, Aebischer, Lentiviral-mediated

silencing of SOD1 through RNA interference retards disease onset

and progression in a mouse model of ALS, Nat. Med. 11 (2005)

423-428.

|25] G.S. Ralph, P.A. Raddliffe, D.M. Day, .M. Carthy, M.A. Leroux,
D.C. Lee, LF. Wong, L.G. Bilsland, L. Greensmith, S.M. Kingsman,
KA. Mitrophanous, N.D. Mazarakis, M. Azzouz, Silencing
mutant SOD1 using RNAi protects against neurodegeneration
and extends survival in an ALS model, Nat. Med. 11 (2005)
429-433,

{26] Y. Saito, T. Yokota, T. Mitani, X, Ito, M., Anzai, M. Miyagishi, K. Taira,
H. Mizusawa, Transgenic small interfering RNA halts amyotrophic
lateral sclerosis in a mouse model, |, Biol. Chem, 280 (2005)
42826-42830.

{27] K. Yamanaka, S. Boillee, E.A. Roberts, M.L, Garcia, M.
McAlonis-Downes, O.R. Mikse, D.W. Cleveland, LS. Goldstein,
Mutant SOD1 in cell types other than motor neurons and
oligodendrocytes accelerates onset of disease in ALS mice, Proc.
Natl, Acad. Sci. US.A. 105 (2008) 7594-7599.

{28] AM. Clement, M.D. Nguyen, E.A. Roberts, M.L. Garcia, S, Boillée, M.
Rule, AP. McMahon, W. Doucette, D. Siwek, R)]. Ferrante, R H.
Brown Jr, |.P. Julien, LS. Goldstein, D.W. Cleveland, Wild-type
nonneuronal cells extend survival of SOD1 mutant motor neurons
in ALS mice, Science 302 (2003) 113-117.

{29] F.P. Di Giorgio, M.A. Carrasco, M.C. Siao, T. Maniatis, K. Eggan,
Non-cell autonomous effect of glia on motor neurons in an
embryonic stem cell-based ALS model, Nat, Neurosci, 10 (2007)
608-614.

{30} M., Nagai, D.B. Re, T, Nagata, A. Chalazonitis, T.M. Jessell, H,
Wichterle, S. Przedborski, Astrocytes expressing ALS-linked
mutated SOD1 release factors selectively toxic to motor neurons,
Nat, Neurosci. 10 (2007) 615-622.

[31] F.P. Di Giorgio, G.L Boulting, S. Bobrowicz, K.C. Eggan, Human
embryonic stem cell-derived motor neurons are sensitive to the
toxic effect of glial cells carrying an ALS-causing mutation, Cell
Stem Cell 3 (2008) 637-648,

{32] M.C. Marchetto, A.R. Muotri, Y. Mu, AM. Smith, G.G. Cezar, FH.
Gage, Non-cell-autonomous effect of human SOD1 G37R astrocytes
on motor neurons derived from huwman embryonic stem cells, Cell
Stem Cell 3 (2008) 649-657.

133] A.C. Lepore, B, Rauck, C.Dejea, A.C. Pardo, M.S, Rao, |.D, Rothstein, N.J,
Maragakis, Focal transplantation-based astrocyte replacement is
neuroprotective in a model of motor neuron disease, Nat. Neurosci,
11 (2008) 1294-1301.

{34] T.C. Bellamy. Interactions between Purkinje neurones and
Bergmann glia, Cerebellum 5 (2006) 116-126.

[24



2564 EXPERIMENTAL CELLRESEARCH 316 (2010) 2560-2564

[35] SK. Custer, G.A. Garden, N. Gill, U. Rueb, RT. Libby, C, [36] E. Hedlund, 0. Isacson, ALS model glia can mediate toxicity to
Schultz, S.J. Guyenet, T. Deller, LE. Westrum, B.L. Sopher, motor neurons derived from human embryonic stem cells, Cell
AR. La Spada, Bergmann glia expression of Stem Cell 3 (2008) 575-576.
polyglutamine-expanded ataxin-7 produces [37] K. Saha, R. Jaenisch, Technical challenges in using human induced
neurodegeneration by impairing glutamate transport, Nat. pluripotent stem cells to model disease, Cell Stem Cell 5 (2009)

Neurosci, 9 (2006) 1302-1311. 584-595.




197146 317 H H ZRRMEWRT (FRANESOH - 00 BRIT)
20LLIE1 H3R%64T  SSK ¥4 E3745%

 BEALSHS |
JAPAN A.L.S. ASSOCIATION

F102-0073 FHGBT-REE ABL1-15-15 WAL VF TEL.03-3234-9155
1-15-15 ZUICHO B|dg. KUDANKITA CHIYODA-KU TOKYO 102-00?:3_




iPS MUFBB % > 2 ALS e

REAR IPS BAtRFAR (CIRA)
HHIR HEBA

1, BU&IT

EEE ML (ALS) KB R LT, RED
B, o a—nyviobhs, GoOBERED
Zzaviue—-LTaEEiEcd b 3, EE)
Za2—uvid, BEFOTHEE CH S PifsE
FRIMET 2720, HEICHEBEZ BT 32103 BR
WY E L, 2070 EERNER, REER.
BETFREEHY/ BT T V% & D - B
SR % Plic N E ORI D ST E L
oo Thbb, BEIADKER NI Uy
TEILUPHEEEATLE,

2006 4F iz A T2 g6t Eipa (induced Pluripotent
Stem cells: iPSHRNE DO ERIE MBI I L E Lz,
ZOZ LW ENBEIATEED XM OMED S, .
BEIATHEOREEHREE T 288 =20V

EEO T PRMEROMIEE AFT B 2 LATHEEIC
BhELE, ZOZERE0T, ThETHLONT
Wiglpo 7 ALS &\ Y RIEDHi T BRE I & 5
Wi BAREMEENE L, F, BESATH
HOMIBEESLEEATTZILNTESRI LD
5, BEMOHTALS & I REOWEBHPHERT
& 2 AHBEOE E ., RARAREE - BIBEBAR ST T
EDPHRBINTLE T (F),

AR, BE ¥ 00 IPSHIBTTA @ SRR,
B~ DG, iPS/ESHlE % A vs 72 ALSTIZE,

2. iPSHIRTRE OERNRIE
Bl e ailla%, SaidiimEs v
VET, SEElEeHiRc I, R (Embryonic

Stem cells: ES#ifa) R iPSHREZ: EH3d h 27,

t b ESHIRGIX, 1998FIcHId TR INE L,
L# L, t FESHifE, ZRROFKETHOED
—#HE2ASTHINE =D, L DEE» BT
T5Z ik, HRACTRESECY, 2 L CESHE
RIS HE B L T % 0ct3/4 - Sox2 - Kif4 -
c-Mye & w9 BET O REHRHES A~ DB A X
b, 20064z = A ¢, 200742k &  CTESH#
HEML OB BRI N 087 X, IPSHERL & &7
HENFE LI,

BWETIK, BEMMe, K, B%., NORKkL
BB S, F e, T4 NVRER WD FEMNIZ,
DNA, RNA, I TF&t e v 3 HikS, e
RAETORERSHREINTHET, S8, BE
BTEBIEGAARC, BB L RIS 2 8H
DO HECOBNIAERREINED LB SN E T,

3. REBHRNDIEHA

iPSHEBERE A DIEE, WV 2 DRET, BEIA
HFE O IPSHlEE AviEBeT ) » /& h
TWET, BRETY V7 &, IPSHEHED & 1L

FE L My, BROOPCREBEORA L FRO
FERICRBZETT,

IhE T, BEIXADIPSHlEEFWT, ERE
FU v F IR U e R k. TR S,
RIFESBRERATE, Ly MERESESEH D £7,
2 NZEBICEET 2 iR oM BRI S,
PEERAL U 2RI FCEHRL, 5 IEH
FEH X 2RERBERORBERT 2 LI
LTWET, ZOTZLid, ZOEEBINOPDET N
B, FirREREAI) -2 v S (@BRILTwLZ
E)TBIEICHWAI ENTELIHBERZRL T

| PSHIM R AU =ALSRREISE |

- |
‘ \E’E‘E/\:

Ep=a-ay |

BRALSHERE 825
¥



WET,

4, iPS/ES#ifg%ZE AL e ALSHAS
19934, FHRMALSO—ZFDHEB T, SODI &

WHIBGTFRERVD B LI £ L1k,

19944, & FOERSODIEEF2E TSV X
(ZRSOD1 <7 R) &, t FALS & H#R
DERERETHILBHSLICRD Lz, £DOB
i, OEEBERS RN T 5 & LIS AT
LS, BB IR TCEYE >3k A XD
o3, BEIACRENTCRIY EXATLR, #
D—oDFEEE LT, t b E< AR, B
BoTWw3 I & (MRS DORBEEEDEIC X

ZUHESEBHYET)BEIONT L, &0 T,

k., LobBEEXATEEOMAZ v 78135

BUROENTOE L, Z2D &) RRWOH, &
L iPSHHAEAREE L £ Lk, .

L Ldis, BRSODI w7 22 H R
kD, ZLDALSOWEDHEE R E>TwET,
ZOHTHEEMRREE LT, FHEE =11y
B2z, 20fE0EESODI 2FT 5
7V FHlkEs, EEES = 2 — v {8,
ML THws 2 EHESMICRD L, 20074
NesS— RREEEMD Y - Ty FVBESD
=T, auvE7KED SN Th, BE
SOD1 = A & BB L 7 7' 7HEIEH, =9 2 H
fES— 2 —nrofifgie Al LeRELE
L7z 2008FICIE, Ty A vt L — 7 f
DY V=7, & ESHIEY S LY L TR
EE)= 2 — 0 v 2ARESODL 2H T3 7Y FHlfa L

—ERIBEET S &, TRMEE D & - ESHHEHR
HhEES = 2 — v ThHoTH, MEFLIcESL L
RWELE LKL, 20OZLiE, ZRSODIZH T3
7)) PRI FIOEE — 2 — Ve KT AR E
LTWEZEBRLTWET, Z2OREOPRT, 7
RAY TG vPvEwhb s EEEEEER Y 7
DEECEEL Y, AROENERDIBIL
BRINTOET, REE, ERESRHEERICSy
T, zyArEti3, € FESHIIEY» o H{FEE L
7 EHES =2 —n Y% GFP LW 2 5 FEED
Y v RZE TS, BRIOPTERSOD]
RET27)7HIEL —HICHEL, YA L7 TR
A A =P 7)) Bl CEE= o -1 v O
BSOS - 5 IR OBMERZ | HATHOTHRE L X
L (AR TVEECHRBINE L),
20084, =y Av@ELSD V-7, WD
ALS M3E X A 0 B R HE S AT > 5 (PSHEHE % 1R
L. E5iPSHilEr o BHEH =2 — 0 I TH
(CAEBTECHE ERMELE L, LDL,
Z 0%, HRIKBWT, RE, ALSEZEZIADIPS
Mgk AnEBEFY v BT A WERH D E

A, IPSHIIEZ HWTERRBET ) v/ IC B Lk
SROEHB EALS E OFE T ik, DALSBSEEBAY
B R oTLOBET SERTH S 2 L (KL
1t). @MFHEALS DA ILEEHE RS OR
BOPBRERICHEL T3 THRESS S &
(BEER), @ALSTHE S 7Hlli% 0B ES
= 2 —u ¥ A OREIEER = x — v Vil
~OWOEEEET 5SS 5 Z & (UM
DEM), D3IEMBBEToNE T, RBOTRED
B, TN DEDDEFEGAICED Adi-iE
ModToRBEFY v 7 oikaz, HREROHE
FEPTHOTWET, .

IHET, BBOHREECE, EREFY VIO
RAMAT, % DKRE, HBRLHE L HF T,
HHEEE) = 2 — v 27 7HlE & Offas T E
BREGEREL RV IIMLL, REIKAFET ST
ERHFBL VI T, BE. BEIAEROEIE
Bi= o —0 ) 7THIEO MBIt 2T, B
AR OEREREL 2250 £F, 2OHTH,
ZHESOD1IZ & 5 ALSICH L TIERDRERERE
WEBET 2 LA, BT PV ER BRI



SIYEBBDTOET,

5. &bHi
iPSHRAE/ERIERAMT & v ) I E COMESE LiciEE
Llsdr o R ERIENIZ VS I LickoT, BB
MoFTHOALS DEBETY v 7, RIEBMNA, Al
FEFAVIEL THWET, HOWHHHRIE A5
A BTRTCOFE, FHF2BATHALI TR
TOFRE L ORRAME X T, HRIOWEE
LEGED, £EAT, ALS v 3 EROMES B

LTVRET, ’

BRI E L7ehs, ARFRK ZHA»REnT
8D X THREIA CRROBKE. £ L THEOL4
L, DEDEREL RITET., ¥ FSBE AR
AL BECEL EFET,

P | St
. iPSHIBMERT  WRMEIRRR L D
: ~ JALSASEAOD

Ayb-VEWEEERLE, |

,%_

| CoRiviiiled 5 PSR EL, Th

RHARPSHBBIAN (CRA) Ti, # L
AR R LI ALS D B K A REEL

&5 AL SR OER RIS £ A T
BEREROBEMWEED T T, MOFSE
DI L B L ks FREERA I HE
L. HILORBEOBEBCERL 2V EENE
S .

ALSIGEEIE L LTI 2o T B A 235 3
VT, =P HRRESH L D YT o

Aax7 2y OALSIEET 158, 20064
X OEE L., B BEROLMRIL20104E8H
RKEBOHUWORXTENTBIET, Z20%H,
201048 10 AR FHIOB R K N R2e i B
T3 REARATH. T —V A LT L RRR
SUTMEER L Lo THRESNE L, 20

AR W TR b, BERGR
ST B P EEII B L o el ),

HER S AERXEWTYBBROM

WA IIAREL LD TR 0 SoBEERR
St LE L, YMEESCE TS, KRR
REISGEERICTEC S EARERLEL
T, DERERL EFET, 7B, MEPHE
FRAT I M & 13 SR T L 2 RS h T
B0 EFH0, BTSRRI OWT
e INTEY A, CORIOEEL
TETERTEVET LS AREL  BEVHL

L&,

AXALSHIRER 825






~ Session €) ALSHI% Update

SRS

0-4
iPSHIREBR B 2 - R RO BZE

REAT  IPSHIROMZRT BRERISFIIZEERRS AT
LA

Lk PS A LE 2007 £ 1B L, v R i B SH I
ESHlfle (BMBMR) CREN2EERTFE3~4M
BATHILICEST, LIORBHITLATES MlaftOMa
RS BT A S RE R,

COEMRIS AL CHEEEE BRI BV Td, BED
FAHS IPSARRIZAR ST L. HAEAR RS 2 2 7 R R 4
ERBET BIEIEoT, RIS LB E R~ .
HBVHREED T AL TR, HRBRICOR
BEIEPHFIN TS, S, PSHIE B
REMRBICHALT, BAKLPTEDTOIHFRLED
TR 5o

1. REOBR, FYR7UV—=T

IN=S—FREDTFFEHE I 2008 4212, - SODL BRD
BAHREY ALS B 2RI 7= B R R SE MR A5 iPS

LizVe SRR, D4RV REDY I—T 13 SMN]

BEFOERIIIVATIAVVIDREELEL, EB)

HHED IR RIICRA T 5F B RARE B E oMY
ML 6 iPSMRLAVE L, SEF YL BB E

ESMBnRBAAFELTHAEI L, EEARIC SR
B FETEBIERHERLUTOSEBIR I,

2. Cloning variation & cloning selection

iPSHERLIZ DAL B BRI, R EIR LB L
5y clonal variety b A&\ bbb, Zdclonal varisty

DRELL T, FALBADPEZLN TS, Hrid

WCHREOB A Z BB, FREHGER STV EA)

2EASErl, BHESMNLEZMNT A2 HE
L7 %72, 1-x-B ldnase complex associated protein
(1kB AP) BIETERICLoTRIET HE I HEM
FEREE SO RS BEREORTERMAL (e
M) TR BEBRECRATRETRANEIR L

TR, SODIER ALS BEDRBMPE D0
DiPS MREW LT AHNC, eMPSHMMEES =21
AR ELIBPEHERL. SODIZRALS &%
OFBEAS PSHIAL Y o — 2% 10~ 30EHr L. BES 4
DT—H—FFHLTHAEIL, SHITEARETH10%
BTFRR2IICH ALy v rahTng
BT T— 2D THEEMETL:. AHICALSA
EVHLTW=S0D]1 BIZFEEAFZE SN TWAEIL
EHRBLEH, REFSYIADPTIERIIF LTS

- 13 -

ZeRlEIL, W

AR ETIMEIF A EVERTOED (B Yy
7) BHRIEZTUNA PR TOO—VHRIRL 7,

ZERSODL &4+ 52 RBHIRO B A LTI
IZEPESHI D LB SN /2EH) = 20 TF Tl
FER SN Cwb, A3 ERSODI2ATHEIRBM
Ha LT, SOD1ZER ALS BEOEBME, HLAILR
BH SR MBI AR B LSRR T o7 FESEICH
M DEL DR TELIEI A TADRAVRE T 1
DUEDRTEBIATERT. bW OB LT
WADPERIEMHTL Tk,

e, WA DOFEHREMHREECHELRLEREH
JAOBHITOWTIZ, SODIZRALS BB, TR
R aBE (W) B ToroBRBMRESEL,
FEED1DOTHETL INTIALHNTCRIZFERD
BODHERETFRAEL:,

4. BAGERHELLERYAI)-200

—7. SOD1:F#k. EELBET ChHSTDP-438
EFERIZOVTIE. TDP-43Z R ALSBE»SEHEL
7= N EFE DT AT 0 TV id,

EhOYY—~AELC PSHAFATHILICL), 4
REBTHT L IERS RO LA 2 5hA,

SE T

1) Diinos JT, et al. Science 321 : 1218-1221, 2008
2) Ebert AD, et al. Nature 457 : 277-280, 2009
3) Lee G, et al Nature 461 : 402-406, 2009



1) TDP-43

L

N TDP A ERBT ANV AY 2 E Iy TIAET
IVORRMCEELT, Y AREMOMIaR

1 LR EHREADBYEL 2 ?

| BEERR R 0L BRBBWIW DT, 62

1 ECOwoLE—E, WEBRLA0TT, BE
| B TASRA LS %) VL TDP-43 Fii B %
1 BRI CHBHTLRLALHFEL CVERA
| TLizo BHADVLOPDT h—THRBMOFRT
| Lize 48@, <4207 LA RETRHTLTHT

i; BEIDPEEZTOEEIBETT

BB R ) IR R R T BEBIOTTA,

| #her B a0 TOP-43% BRI RTL
T AEINBAOPEIPI OV TTEIR IS
3‘7330

| TDP-43 B0, 37, Y R7 VA VOBRIETEI

B P LBFFRL TV ADTE A, TDP-43 ki K
b hid, BELEST CREEITELTA

R YR IUA VIZBI AR LT TR Rk
CCERER Ao YRAIVAVERBLILISRI VDR

ek AN THREL NI D, VRZVA VEE
ZyELEVIHAEDEAHBHEI T TDP-43
CELTOERC AT =Rl olce ) 7 =5
HHTOET,

2) FUS/TLS

39 | A B AR %bsbﬂfwéiﬁl&‘l&&fl_
B I BN B E A, ZERF VAL

RS 5 TIAREVAL 4 CHEt U E SR

| LU FACHLTRERLR TS, RIEEDLO
U IR OET S, TRUSCRE P
PR OEIHTOEE Ao FIIEEMH AT
Yetnt BH, WEEARVIEIBRE I

DO HZL0D, FHRBIISEHIEZEELNET.

| 8%56¢, FUS/TLS RETFRENHAES
VAR St B AR 2 g R Todf A
LI, RtaoELALAICT
{420 BB aTRES-

HIBZ T 778k
F AR A LE ALS %
BLIZT 705
:L’E(i *m%i;ér

T iAEIC BTl B S s REEEN

W CHEo TIRIEN EABLEVI BRI HIT

1 WELE, UL, B IS optineurin A3 S

| s easininic i, BE, BEKXFETHS
| VAV zzwrw o 2R SN LI AN= A
L DB IL T, Rab8 £ DAFE/EH D E o

T, EREN R TR T SLvvbit

HrnEd, ALSICBT AL AL T, Rabl

DHEAMIEATOFEAM, NE-kBIAH %

| HEDRELOT, BIFHICEIHOLER T
RS |

181 Optineurin CHdTHLE, SODL LI ALS

BEIDETL. FHEVREObOIRA SR

BrnIole, HBOEBIC optineurin AH 5L
| oL T A BEEEOPRYT T optineurin 4F
1 BRLTCWALWAZEF VY AESH LD TL A

\E L ERITH A% $10RSODLOfA, ERKHE
1 1ASODL BR CHBI LSRRIz, FeiliA
A= XA TRBHZLOD, LHRWOLIHTLT =
N2y — bl T VAT RN ELSNE T, H91D

W RO R

ATWBID, HA
CEBLTWATT R

241, iPSHllu%
VT, eI B
g huE, FD
LOERCTRD /%#ﬁ:x.



Session @) ALS#% Update

EBEFREALTVIOLNERE A, 22750, &
B = a—ad b0, FRxBRINCHML
BRSPS AD R PEESSIVTTHORIEY
CHEBETT, Lil, SMEFEORELIMEL L
B, FRODMBEE YT T AL, MRS
P, MERRECEAOTIIEE L TWET,

PSHL COIEEE, SODIDOMVAYzoyy

YORADIHERE T, - BARERIC RS
ERWETAL oV —MF over expression T AT
LCRBPBEET2NMANT b E L,
| & single copy CERBHTWAPSHilE . [
BROBRBPAMEBHTEZNEIMCOWT, &4
DBERRBEPELITE,

...15_

SN

ERBMBLLCERCEAODOIIERBETFH
HTHEYIR, FEBWYIR, EBRRETHAE
TAHLN BEBVLMRNLBYDEREH IS

| EDTEETT . Thbb, aV—KoOBEEED,

RADAEDPSTRBIENTRTY, LI
HNF =) EVIDIE, FIIEAEDEIRTE

1 BRDFIRIRYE S,

=



P A 0

Sy

s




