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1. The combination of BDNF and GDNF gene transfer
prevents motoneuron loss in the nucleus ambiguus

Kazuhisa Moroa, Akihiro Shiotania, Kazuhiko
Watabeb, Yasuo Takedac, Koichiro Saitoa, Koji Arakia,
Asako Ikedaa and Kaoru Ogawaa
aDepartment of Otolaryngology-Head and Neck
Surgery, Keio University School of Medicine, Shi-
nanomachi, Shinjuku, Tokyo
bDepartment of Molecular Neuropathology, Tokyo
Metropolitan Institute for Neuroscience, Fucyu, Tokyo
cDepartment of Cell Recognition, Tokyo Metropolitan
Institute of Gerontology, Sakaemachi, Itabashi, Tokyo,
Japan 173-0015

Unsuccessful reinnervation after recurrent laryngeal
nerve injury may attribute to the loss of motoneurons in
the nucleus ambiguus. To assess the possibility of gene
therapy for injury of these motoneurons, we examined
the neuroprotective effect of brain-derived neurotrophic
factor (BDNF) encoded by the adenoviral vector (Ax-
CAmBDNF) on the motoneuron loss in the nucleus
ambiguus after adult rat vagal nerve avulsion. We also
investigated the enhancement of neuroprotective effect
by addition of glial cell line-derived neurotrophic fac-
tor (GDNF) encoded by the adenoviral vector AxC-
AhGDNF to AxCAmBDNF. Using microhemostat for-
ceps, the left vagal nerve of 12 weeks old Sprague-
Dawley male rats was avulsed and removed at the level
of jugular foramen. Immediately following avulsion,
an adenoviral vector encoding the BDNF gene was in-
oculated at the avulsed site (BDNF group). In some
animals, an adenoviral vector encoding GDNF was
also inoculated in addition to AxCAmBDNF following
avulsion (BDNF and GDNF group). Transgene expres-
sion in the nucleus ambiguus was examined by RT-PCR

analysis. After Nissl staining, the number of surviving
motoneurons in the nucleus ambiguus was counted 4
weeks postoperation to evaluate the neuroprotective ef-
fect of AxCAmBDNF alone and AxCAmBDNF with
AxCAhGDNF. Four weeks after the left vagus nerve
avulsion, in the BDNF group, a significantly larger
number of surviving motoneurons in the nucleus am-
biguus were observed compared to the control group.
In the BDNF and GDNF group, a significantly larger
number of surviving motoneurons were observed com-
pared to the BDNF and control groups. Adenoviral
BDNF gene transfer after vagal nerve avulsion pre-
vented motoneuron loss in the nucleus ambiguus. The
survival of motoneurons was more improved by the
combination of BDNF and GDNF gene transfer com-
pared to BDNF gene transfer alone. The combina-
tion of adenoviral BDNF and GDNF gene transfer may
strongly prevent the degeneration of motoneurons in
the nucleus ambiguus in adult humans with recurrent
laryngeal nerve injury.

2. Neurofunctional recovery through GDNF gene ther-
apy for recurrent laryngeal nerve palsy

Koji Araki a, Akihiro Shiotania, Kazuhiko Watabeb,
Koitiro Saitoa, Kazuhisa Moroa, Asako Ikedaa and
Kaoru Ogawaa
aDepartment of Otolaryngology-Head and Neck
Surgery, Keio University School of Medicine, Shi-
nanomachi, Shinjuku, Tokyo
bDepartment of Molecular Neuropathology, Tokyo
Metropolitan Institute for Neuroscience, 2–6
Musashidai, Fuchu, Tokyo 1838526, Japan

The quality of life (QOL) of patients with recurrent
laryngeal nerve (RLN) palsy is degraded due to aspi-
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ration pneumonia, or dysphonia. There is, however,
no therapy aimed at reinnervating the RLN. To assess
the possibility of gene therapy for repair of injury of
these motoneurons, we examined the neurofunctional
recovery of glial cell line-derived neurotrophic factor
(GDNF) encoded by an adenoviral vector after crush
injury of the adult rat RLN. The left RLN of 12 weeks
old Sprague-Dawley rats was crushed for 60 seconds
with forceps. Immediately after the crush, an adenovi-
ral vector encodingβ-galactosidase gene (AxCALacZ)
was directly injected at the crushed site of the RLN and
transgene expression in the nucleus ambiguus was ex-
amined by X-gal histochemistry. Some of the remain-
ing animals were injected with an adenoviral vector
encoding GDNF (AxCAhGDNF) right after the crush
injury and the remainder received no injection. The
conduction velocity (CV) of the RLN was measured
and the movement of the left vocal cord was observed
respectively after 2 or 4 weeks postoperation to eval-
uate the neuroprotective effect of AxCAhGDNF. In
the AxCALacZ-treated animals, motoneuronsand their
neurites in the nucleus ambiguus were labeled with X-
gal staining 4 days after AxCALacZ injection, indicat-
ing successful induction of the foreign gene into the nu-
cleus ambiguus by the retrogradely transported aden-
oviral vector. When comparing AxCAhGDNF-treated
animals, AxCALacZ-treated and the untreated controls,
a significantly better CV of the RLN was measured in
the AxCAhGDNF-treated animals 2 to 4 weeks postop-
eration. Compared with the number of rats in whom vo-
cal cord movement was observed in each group, in the
AxCAhGDNF-treated animals, movement was signifi-
cantly larger than in the control animals (AxCALacZ-
treated and the untreated controls) 2 to 4 weeks post-
operation. Adenoviral vectors successfully induced a
foreign gene into lesioned motoneurons in the nucleus
ambiguus after crush injury of the RLN. Adenoviral
GDNF gene transfer after crush injury of the RLN im-
proved the CV of the RLN and the movement rate of
the left vocal cord. Adenoviral GDNF gene therapy
may improve neurofunctional recovery in adult humans
with recurrent laryngeal nerve injury.

3. Generation of motor neurons from mouse embryonic
stem cells

Yohei Okadaa,b,c, Takuya Shimazakia,c, Gen Sobueb

and Hideyuki Okanoa,c

aDepartment of Physiology, Keio University, School of
Medicine, Shinanomachi, Shinjuku-ku, Tokyo

bDepartment of Neurology, Nagoya University, Grad-
uate School of Medicine, Tsurumai-cho, Showa-ku,
Nagoya
cCore Research for Evolutional Science and Tech-
nology, Japan Science and Technology Corporation,
Kawaguchi, Saitama, Japan

Embryonic stem cells (ESCs) are pluripotent stem
cells which are able to differentiate into various cell
types including neural cells. These neural cells are ex-
pected to be applied in regenerative medicine for the
central nervous system. In this study, motor neurons,
which are selectively degenerated in amyotrophic lat-
eral sclerosis (ALS), were derived from mouse ESCs
using retinoic acid (RA). First, ESCs were aggregated
into embryoid bodies (EBs) in the presence of retinoic
acid (RA). Next, the functional properties of these neu-
rons from ESC-derived neurospheres were examined.
In the first case, when treated with high dose RA, dis-
sociates of EBs directly differentiated into neurons, in-
cluding motor neurons expressing Isl-1 and HB9. On
the other hand, when treated with low dose RA, dissoci-
ates of EBs efficiently formed neurospheres in a chem-
ically defined medium with basic fibroblast growth
factor (bFGF). These neurospheres differentiated into
HB9 positive motor neurons at a higher rate. Sub-
sequently, in the electrophysiological analysis, inward
sodium currents and action potentials were recorded
in these neurons. Furthermore, these motor neurons
formed neuro-muscular junctionsin vitro, when co-
cultured with myotubes derived from a myoblast cell
line. This strategy may be applied to the analysis of
motor neuron related diseasesin vitro. In a clinical
situation, it may be applied in the treatment of ALS
patients, provided it is applicable to human ESCs and
if these motor neuron progenitors derived from ESCs
can survive and functionin vivo.

4. The proteolipid protein gene is expressed in tangen-
tially migrating GABAergic neurons and oligodendro-
cytes during development of the cerebral cortex

Yuko Fujitaa,b and Wendy B. Macklina
aDepartment of Neurosciences,Cleveland Clinic Foun-
dation, Cleveland, USA
bDepartment of Physiology, Keio University School of
Medicine, Shinanomachi, Shinjuku-ku, Tokyo, Japan

ThePlp gene encodes two proteins, proteolipid pro-
tein (PLP) and its smaller isoform DM-20, major mem-
brane proteins of myelin in the CNS.Plp gene expres-
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sion is detected during early embryonic development
in the mouse, although it is much higher in mature
oligodendrocytes. In order to characterize the embry-
onic plp-expressing cells, transgenic mice expressing
enhanced green fluorescent protein (EGFP) driven by
the plp promoter have been examined. In this study,
we focused on telencephalic development. In the post-
natal forebrain, PLP-EGFP is expressed throughout the
tissue by premyelinating and myelinating oligodendro-
cytes.

On the other hand, in the embryonic telencephalon,
PLP-EGFP cells initially appeared only in restricted
regions of ventral telencephalon, as well as in the lat-
eral ganglionic eminence, the medial ganglionic emi-
nence (MGE) and the anterior entopeduncular area at
E11-13, where neural precursors are generated. How-
ever, PLP-EGFP cells failed to express nestin and RC2,
which are markers for neural stem cells or radial glia.
Most, but not all, PLP-EGFP cells in the ventricular
zone of the MGE were labeled with Olig2, which has
been reported to be involved in the differentiation of
motor neurons and oligodendrocytes in the spinal cord.
By E16, PLP-EGFP expression expanded into the cor-
tex, suggesting that PLP-EGFP may migrate from the
ventral to the dorsal telencephalon. Interestingly, at
E16.5, PLP-EGFP was expressed not only in oligoden-
droglial progenitor cells but also in progenitor cells of
GABAergic interneurons, which are defined as the ex-
pression of GABA, TuJ1 and MAP2. At later stages,
PLP-EGFP was not detected in neuronal lineage. These
findings suggest that the earliestplp may be expressed
by progenitor cells, which can give rise to GABAergic
interneurons and/or oligodendrocytes in the ventral te-
lencephalon. Furthermore, it is suggested thatplp ex-
pression is maintained in oligodendrocyte progenitors,
while it is down-regulated in neuronal progenitors as
development proceeds.

5. Survival promotion of axotomized cat retinal gan-
glion cells by electrical stimulation

Tomomitsu Miyoshia, Takuji Kurimotoa,b, Masami
Watanabec and Yutaka Fukudaa
aDepartment of Physiology and Biosignaling,Graduate
School of Medicine, Osaka University, Suita, Osaka
bDepartment of Ophthalmology, Hyogo College of
Medicine. Nishinomiya, Hyogo
cDepartment of Perinatology, Institute for Develop-
mental Research, Kasugai, Aichi, Japan

Previously we reported that electrical stimulation
(ES) of the transected optic nerve stump for 2 hours

enhanced the one-week survival of axotomized rat reti-
nal ganglion cells (RGCs) (Morimoto et al., Neurore-
port, 2002). Here we addressed whether ES can also
enhance the survival of axotomized RGCs of adult cats.
The RGCs of both retinas in the cats were retrogradely
labeled with DiI from the bilateral lateral geniculate
nuclei and optic tracts. More than 14 days later, the
left optic nerve was transected completely at a point
4 mm behind the eyeball. Immediately after transec-
tion 20 Hz-monophasic square pulses of 500µA, 1 mA,
3 mA, or 5 mA with duration of 300µsec were ap-
plied for 2 hours via bipolar cuff electrodes attached
to the transected optic nerve stump. At one-week sur-
vival, the numbers of DiI-labeled RGCs on both reti-
nas were counted at the area centralis and other areas
to cover whole retinas. The survival rates at the area
centralis were calculated as the ratio of the number in
optic nerve-transected left retina to that in intact right
retina. The survival rates of total RGCs were estimated
as the ratio of the sum of the numbers of whole retinal
areas in the left retina to that in right retina. ES of
1 mA significantly improved the survival rate of RGCs
at the area centralis, but not the rate of total RGCs. ES
of 3 mA improved the survival rates of total RGCs as
well as the rate at the area centralis. It was concluded
that ES of 3 mA to the sectioned optic nerve via cuff
electrodes can promote the one-week survival of axo-
tomized RGCs of adult cats, to the same extent as the
effect of the ES on axotomized rat RGCs.

6. Axonal regeneration from sciatic nerves removed
from their cell bodies

H. Horiea, T. Kadoyab and T. Yoshiokaa
aAdvanced Research Center for Biological Science,
Waseda University, Tokyo
bR&D Center, Production Department, Pharmaceutical
Division, Maebashi, Japan

Axons, which are long and thin, propagate signals
from their cell soma to target neurons or cells. All sub-
stances in axons are synthesized in the neural cell bod-
ies and supplied from cell soma by axonal transport. It
is therefore commonly believed that nerve fibers can-
not regenerate axons after removal from their cell bod-
ies. However, if a transected nerve site includes essen-
tial components to support neural regeneration, axons
might possibly have the ability to regenerate from the
transected nerve sites of nerve fibers without the help
of their cell bodies. We examined this possibility using
cultured sciatic nerves from adult mice or rats. Sciatic
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nerves cultured in collagen gel showed that processes
grew from the peripheral transected nerve sites, but not
from central ones, after 24 h in culture. All of the
processes were proved to be axons from the immuno-
histochemical staining with anti-beta tubulin class III.
These regenerated axonal tissues were promoted by
cultured conditioned media with oxidized galectin-1-
stimulated macrophages that had been proved to pro-
mote axonal regeneration from transected-nerve sites of
cultured DRG explants. Furthermore, sciatic nerves re-
moved from a rat at 14 days after the nerve crush/freeze
also showed that the operation increased the number
of the regenerating axons from peripheral transected
sites. Cycloheximide inhibited Schwann cell prolifer-
ation and migration but did not block axonal regener-
ation. Most regenerating axons started to degenerate
after 24 h in culture and disappeared by 48 h. It is
concluded from these experiments that sciatic nerves
can regenerate axons from peripheral transected nerve
sites without the help of their cell bodies.

7. Genetically modified Schwann cells for tissue-
engineered peripheral nerve

Hirokazu Tochigi, Yasushi Nakao, Hirotaka James
Okano, Hideyuki Okano and Yoshiaki Toyama
Department of Orthopaedic Surgery, School of
Medicine, Keio University, Shinanomachi, Shinjuku-
ku, Tokyo, Japan

Recently we produced a tissue-engineered peripheral
nerve by three-dimensional culturing of Schwann cells
using the centrifugation technique. In anin vivo study,
we reported that this artificial nerve induced an excel-
lent axonal bridge in the rat sciatic nerve gap model. In
order to induce axonal regeneration through the longer
nerve gap, the genetical modification of Schwann cells
(GMSCs) was performed by encoding the neurotrophic
factor gene using an adenoviral vector. The rate of
transfection to Schwann cells using the adenoviral vec-
tor was almost 100%, and GMSCs showed the origi-
nal spindle shape. In the Western blotting, the GM-
SCs encoding BDNF, CNTF or NT3 indicated higher
expression of neurotrophic factors compared with the
non-transferred control. The S100 expression was sim-
ilarly shown on gene-transferred and non-transferred
Schwann cells. In anin vitro axonal outgrowth assay,
the explants (P3 DRG) were covered with 20–3 0µl
of matrigel. The preparationsd with 3-day or 3-week
culture medium, and maintained at 37◦/5% CO2 for 2
days. The axonal lengths of GMSCs (BDNF, CNTF,

NT3) culture medium were longer than those of the con-
trols. All of these results indicate. that GMSCs (BDNF,
CNTF, NT3) have the potential for axonal elongation
without without any alteration of normal Schwann cell
characteristics. We believe that. tissue-engineered
nerves including the GMSCs (BDNF, CNTF, NT3) may
have the ability to induce axonal regeneration across a
longer gap.

8. Regulation of neural stem cell proliferation and
differentiation by melatonin

Takahiro Moriyaa, Nobutaka Horiea, Masato Mitomeb

and Kazuyuki Shinoharaa
aDivision of Neurobiology & Behavioural Science,Na-
gasaki University Graduate School of Biomedical Sci-
ence, Sakamoto-cho, Nagasaki City, Nagasaki
bDepartment of Oral Functional Science, Hokkaido
University Graduate School of Dental Medicine, Sap-
poro, Japan

Melatonin (N-acetyl-5-methoxytryptamine) is one of
the physiologically important hormones mainly pro-
duced in the pineal gland. Recently, it was re-
ported that melatonin showed potential neuroprotec-
tion against ischemia-reperfusion injury, however the
accurate mechanism remained to be clarified. Since
ischemia was shown to elicit the activation of endoge-
nous neural stem cells (NSCs), we examined the ef-
fects of melatonin on the proliferative and differentia-
tive functions of the NSCs using anin vitro culture sys-
tems. The NSCs derived from the lateral ganglionic
eminences of E16 mice were cultured by the “Neuro-
sphere” method using an EGF-containing medium for
7 days and were used in the experiments. The prolif-
erative activity of NSCs was examined by the WST-8
assay, neurospheres counting or the BrdU incorpora-
tion assay in the presence of EGF (20 ng/ml). Differ-
entiation was induced by the incubation in a 1% FBS-
containing medium without EGF and was evaluated
by fluorescence-limmunocytochemistryand ELISA us-
ing anti-TuJ1 or anti-GFAP antibodies. We found that
melatonin suppressed EGF-stimulated increment of vi-
ablel cells, DNA synthesis and neurosphere forma-
tion of NSCs in a concentration-dependent manner (1–
100 µM). Furthermore, the treatment with melatonin
during the proliferating period facilitated the differen-
tiation of NSCs into neurons without affecting the as-
troglial differentiation. However, melatonin exposure
during the differentiation period failed to increase the
differentiation of NSCs into neurons, and at a higher
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concentration decreased both the neuronal and the as-
troglial differentiation. These results suggest that mela-
tonin has the potential to modulate actions of the NSCs
functions; the suppression of the proliferation and the
facilitation of neuronal differentiation.

9. The effect of 2-deoxyglucose on the proliferative
activity of murine neural stem cells in vitro

Nobutaka Horiea,b, Takahiro Moriyaa, Masato
Mitomec, Naoki Kitagawab, Makio Kaminogob, Izumi
Nagatab and Kazuyuki Shinoharaa
aDivision of Neurobiology & Behavioural Science
bDepartment of Neurosurgery, Nagasaki University
Graduate School of Biomedical Science, Sakamoto-
cho, Nagasaki City, Nagasaki
cDepartment of Oral Functional Science, Hokkaido
University Graduate School of Dental Medicine, Sap-
poro, Japan

Recent studies demonstrated that transient focal
cerebral ischemia activates the proliferation and dif-
ferentiation of endogenous neural stem cells (NSCs)
in vivo. Since lowered energy metabolism is known
to mediate the ischemic effect, we examined the ef-
fect of hypoglycemia on the proliferation and the dif-
ferentiation of NSCsin vitro. NSCs derived from
the ganglionic eminence of E16 mice were cultured
by the “Neurosphere” method using EGF containing
medium for 7 days, and treated with a low glucose
medium with or without 2-deoxyglucose (2-DG) after
mechanical dissociation. The proliferative activity of
NCSs was examined by the WST-8 assay and by count-
ing of the number of neurospheres in the presence of
EGF (20 ng/ml). Differentiation was induced by in-
cubation in 1% FBS-containing medium lacking EGF
and was evaluated by fluorescence-based immunocy-
tochemistry and ELISA using anti-Tuj 1 or anti-GFAP
antibodies. We found that transient hypoglycemia for
60 min did not roliferative activity. However, un-
der continuous conditions, the proliferative activity of
NSCs was significantly diminished and more neuro-
spheres with a smaller diameter were observed com-
pared with control medium conditions. Furthermore,
continuous hypoglycemia with 2-DG suppressed the
proliferative activity completely. On the other hand,
hypoglycemia during the differentiation period drasti-
cally increased the differentiation of NSCs into neurons
or astroglial cells. These results suggest that continu-
ous hypoglycemia modulates the self-renewal and the
differentiative activity of NSCsin vitro.

10. Three-dimensional culture of rat neural stem cells
in collagen gel

Kota Watanabea, Masaya Nakamuraa, Yuto Ogawaa,
Kazuhiro Chibaa, Hideyuki Okanob and Yoshiaki
Toyamaa
aDepartments of Orthopaedic Surgery, Keio University
School of Medicine, Shinanomachi, Shinjuku, Tokyo,
Japan
bDepartments of Orthopaedic Physiology, Keio Uni-
versity School of Medicine, Shinanomachi, Shinjuku,
Tokyo, Japan

Recently we have reported the usefulness of neural
stem cells (NSCs) transplantation for spinal cord injury
in the adult rat. In this study we focused on type 1 col-
lagen as a scaffold for axonal regeneration to enhance
the effectiveness of transplantation of NSCs. The pur-
pose of the present study was to determine the culture
condition of NSCs in type I collagen gel prior to trans-
plantation. NSCs derived from embryonic day 14 fe-
tal green rat forebrains were cultured using the neuro-
sphere method as reported previously. NSCs were then
seeded in type 1 collagen (cell density:1×103−5×107,
concentration of collagen gel: 0.03–0.5%) and the sur-
vival rate of NSCs was quantified. To analyze the
phenotype of NSCs after culture, immunostaining with
anti-Tuj1, anti-GFAP or anti-CNPase antibodies was
performed and the number of each type of cell was
quantified. To determine the effect of brain-derived-
neurotrophic-factor (BDNF) on the neurite extension
of NSCs cultured in the gel, BDNF was added to the
culture medium at a concentration of 50 ng/ml. The ap-
propriate culture conditions of NSCs in type I collagen
gel were a cell density of3×106−1×107 cells/ml, and
a collagen gel concentration of 0.05%. The immunos-
taining of NSCs after differentiation revealed that the
ratios of GFAP(+)/GFP(+)cells,Tuj1(+)/GFP(+)cells
and CNPase(+)/GFP(+)cells were 62%, 37% and
2% respectively. BDNF increased the number of
Tuj1(+)/GFP (+) cells and the lengths of neuronal den-
drites in collagen gel, comparedwith the NSCs cultured
without BDNF. Our findings suggest that NSCs can
survive and differentiate into neurons, astrocytes and
oligodendrocytes under the appropriated culture condi-
tion with type I collagen gel, and that BDNF promote
the neuronal differentiation and neurite extension. It
is plausible that type 1 collagen may be an appropri-
ate scaffold for NSCs transplantation with neurotrophic
factors.
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11. Isolation of neural stem cells from the ventricle-
lining cells including tanycytes at the 3rd ventricle of
adult rat brain

Yi Xua, Toru Nodaa, Nobuaki Tamamakib, Yutaka
Itokazua and Chizuka Idea
aDepartment of Anatomy and Neurobiology, Kyoto
University Graduate School of Medicine,Yosidakonoe-
cho, Kyoto, Japan
bDepartment of Morphological Brain Science, Kyoto
University Graduate School of Medicine,Yosidakonoe-
cho, Kyoto, Japan

It is known that the principal locations of neural stem
cells (NSCs) in the adult brain are the subventricular
zone of the lateral ventricle and the dentate gyrus of the
hippocampus. In the present study, we showed that the
ventricular wall of the 3rd ventricle is another site of
location of NSCs in the adult rat brain. First we demon-
strated by the standard method that numerous neuro-
spheres could be generated in the culture of the tissue
from the hypothalamic region including the wall of the
3rd ventricle. There are characteristically numerous
tanycytes in the wall of the 3rd ventricle compared to
the other parts of the ventricular axis. Tanycytes, a type
of ependymal cell extending long cellular processes to-
ward the brain surface, can be regarded as remnant em-
bryonic radial glial cells. Next, we showed that ven-
tricular lining cells isolated by FACS after staining with
DiI gave rise to many neurospheres, which differenti-
ated into neurons, astrocytes and oligodendrocytes in
the differentiation medium. Injection of growth factors
such as bFGF into the 3rd ventricle elicited prominent
mitosis of the ventricular lining cells as demonstrated
by BrdU uptake at the 3rd ventricle. Cell-labeling with
a GFP-recombinant adenovirus as well as DiI staining
indicated that cells generated by mitosis including new
neurons at the ventricular surface which had migrated
along the cellular processes of the tanycytes into the
deep region of the hypothalamus. The floor tissue of
the 3rd ventricle continuous with the infundibulum of
the pituitary gland is totally different from other parts
of the 3rd ventricle: this tissue gave rise to an exten-
sive sheet of flat cells, with only a few neurospheres in
the culture. These findings indicate that the ventricle-
lining cells including tanycytes at the 3rd ventricle, ex-
cept for the floor part continuous with the infundibu-
lum, have the capacity to produce NSCs in the adult rat
brain.

12. Roles of Gab1 in the maintenance and differentia-
tion in neural stem cells

Yoshika Hayakawaa,b, Keigo Nishidac, Toshio
Hiranoc, Takuya Shimazakia,b and Hideyuki Okanoa,b

aDepartment of Physiology, Keio University School of
Medicine, Shinanomachi, Shinjuku-ku, Tokyo
bCore Research for Evolutional Science and Tech-
nology, Japan Science and Technology Corporation,
Kawaguchi, Saitama, Japan
cDepartment of Molecular Oncology, Graduate School
of Medicine, Osaka University, Suita, Osaka, Japan

Neural stem cells (NSCs) are defined by their ability
to self-renew and generate a range of different central
nervous system (CNS) cells. NSCs may play a ma-
jor role in mammalian CNS development and continue
to function throughout adulthood. It has been shown
that a number of cytokines and growth factors regu-
late the maintenance, proliferation and differentiation
of NSCs. However, the detailed mechanisms of these
modulatory and regulatory process through complex
signal transduction pathways remain to be elucidated.
Recently, it was reported that gp130-mediated signal-
ing, activated by the IL-6 family cytokines, supports
the maintenance of NSCs and their differentiation into
glial cells. Here, we focused on Grb2 associated binder
1 (Gab1) which is a downstream signaling mediator
in gp130-mediated signaling and in epidermal growth
factor (EGF) receptor-mediated signaling, known as
a mitotic signal for NSCs. To investigate the role
of Gab1 in the maintenance and/or differentiation of
NSCs, we studied CNS development in gab1-deficient
mice. Sincegab1 − /− embryos died at mid-to-late
gestation date, we first analyzed the number of NSCs
in the striatum at embryonic day 14 by neurosphere
formation assay. The lack of Gab1 did not affect the
number of NSCs, but the loss of their responses to EGF
was observed. However, the number of NSCs in the
periventricular area of the lateral ventricle in the adult
gab1 + /− mice increased. On the other hand, in the
embryonic spinal cord, the number of oligodendrocyte
precursor cells, assessed by immunostaining of Olig2,
decreased ingab1−/−embryos. These results suggest
that 1) Gab1 supports the proliferation of NSCs and
is essential for the proliferation or the survival of the
OPC in the developmental stage, 2) Gab1 suppresses
the maintenance of NSCs after birth.

13. Brain-derived neurotrophic factor alters laminar
fate of early-generated neuronal progenitors by facili-
tating neurogenesis during cortical development

Hidefumi Fukumitsu, Rina Murai and Shoei Furukawa
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Laboratory of Molecular Biology, Gifu Pharmaceutical
University, Mitahora-higashi, Gifu, Japan

During the development of cerebral cortex, neuroep-
ithelial cells proliferate in the ventricular zone and
newly born neuronal progenitors migrate toward their
final destination according to the timing of their birth;
earlier generatedprogenitors occupy the deeper layer of
the cortex. Their laminar fate depends on environmen-
tal cues to which cells respond prior to mitosis. How-
ever, the specific molecules which regulate the laminar
fate of cells have not yet been isolated and the molecular
basis of cortical formation is poorly understood. Brain-
derived neurotrophic factor (BDNF), a member of the
neurotrophin family of neurotrophic factors, regulates
the differentiation, survival, and maintenance of devel-
oping and adult neurons. Recently we observed the ex-
pression of BDNF in ventricular neuroepitheilal cells,
and found that injection of BDNF into the E13 em-
bryonic telencephalonin utero altered the destination
of neuronal progenitors to deeper cortical layers than
expected. To clarify the function of BDNF for motility
of neuronal progenitors,bdnf andgreen fluorescence
protein (GFP) expression vectors were transfected by
electrophoration in utero,and location of the exogenous
gene expressing cells were monitored at several time
points. After co-transfection of GFP and BDNF tagged
with FLAG epitope expression vectors,most of the GFP
expressing cells (GFP+ cells) possessed BDNF anti-
gen assessed by an immunohistochemical assay using
anti-BDNF, and anti-FLAG antibodies (BDNF+/GFP+

cells). As a control, only a GFP expressing vector was
transfected. Many BDNF+/GFP+ cells were localized
in the outer layer of the cortical plate and almost the
same number of the double positive cells was also seen
in the ventricular zone, although GFP+ cells only lo-
cated to the outer layer but not in the ventricular zone 4
days after gene transfer. After 3 weeks, BDNF+/GFP+

cells were distributed to II-VI layers of the cortex, al-
though GFP+ cells were restricted to the deeper layer,
the typical position that E13 born neuronal progeni-
tors occupy. These results suggest that BDNF may fa-
cilitate neurogenesis of ventricular progenitors, which
may alter the laminar fate of neuronal progenitors.

14. Visualization and culture of mouse neural crest
stem cells; a transgenic approach

Yasuko Tanaka and Harumasa Okamoto
National Institute of Advanced Industrial Science and
Technology, AIST Tsukuba Central, Tsukuba, Ibaraki,
Japan

Neural crest stem cells originate from the dorsal re-
gion between the neural tube and the overlying epi-
dermis during early vertebrate development. They ex-
tensively migrate from their birthplace to generate a
number of differentiated cell types including both neu-
ronal and non-neuronal derivatives at various sites in
the embryo. To elucidate how different types of cells
are produced from neural crest stem cells, we need to
develop methods for identifying them prospectivelyin
vivo and culturing themin vitro. For this, we took
a transgenic approach towards marking neural crest
cells with green fluorescent protein (GFP). We gen-
erated transgenic mice carrying the GFP gene under
the transcriptional control of the promoter/enhancer of
the mouse snail gene that is expressed in neural crest
cells. Observation of transgenic embryos under the
confocal microscope revealed that GFP expressing cells
were distributed throughout the regions where neural
crest cells are known to be located. By comparing this
with the immunohistochemical expression pattern of
the platelet-derived growth factor receptorα-subunit
(PDGFRα), a specific marker of the non-neuronal crest
cells, it was indicated that GFP-expressing cells con-
sisted of both the neuronal and non-neuronalcrest cells.
When we cultured cells dissociated from the heads of
the transgenic embryos under sphere-forming condi-
tion, we observed clonal propagation of a GFP expres-
sion cell. Resultant spheres appeared to include both
the neuronal and non-neuronal crest cells, as judged by
expression pattern of GFP and PDGFRα. Our mice
line with neural crest cells marked by GFP will be use-
ful to study neural crest development bothin vivo and
in vitro.

15. Directional control of neuroblast migration in the
adult mouse brain by Slit proteins and ventricular cere-
brospinal fluid flow

Kazunobu Sawamotoa,b, Hynek Wichterlec, Marc
Tessier-Lavigned and Arturo Alvarez-Buyllab
aDepartment of Physiology, Keio University School of
Medicine, Tokyo, Japan
bBrain Tumor Research Center, Department of Neuro-
logical Surgery,University of California San Francisco,
San Francisco
cHoward Hughes Medical Institute,Department of Bio-
chemistry and Molecular Biophysics, Columbia Uni-
versity, New York
dDepartment of Biological Sciences, Stanford Univer-
sity, Stanford, California, USA
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Neuroblasts are continuously born in the subventric-
ular zone (SVZ) of the lateral ventricles of adult mice.
These cells migrate as a network of chains through the
SVZ and the rostral migratory stream (RMS) into the
olfactory bulb (OB). In this study, we showed that neu-
roblast migration in the SVZ parallels cerebrospinal
fluid (CSF) flow in the ventricle. The choroid plexus
(CP), the source of CSF, has a repulsive activity on SVZ
cells, which is in part mediated by Slit proteins. Normal
beating of ependymal cilia on the ventricular surface,
an important propellant of the CSF flow, is required for
control of directional cell migration. Our observations
suggest that CP secretes neuroblast-repulsive factors
that are distributed differentially within the ventricle by
the coordinated beating of ependymal cilia.

16. Nipradilol promotes axonal regeneration of retinal
ganglion cells in adult cats

Masami Watanabe
Department of Perinatology, Institute for Developmen-
tal Research., Kasugai, Aichi, Japan

Nipradilol (NPL) is a blocker of alpha and beta
adrenoreceptors, an NO-donor, and protects retinal
ganglion cells (RGCs) against death after transec-
tion of the optic nerve (ON). I examined whether
NPL promotes axonal regeneration of cat RGCs into
a transplanted peripheral nerve (PN). A solution of
NPL (1 × 10(−7)M), nipradilol without NO2 (DNNP,
1×10(−7)M), sodium nitroprussid (SNP, 100µM), db-
cGMP (250µM), or MK-801 (10µM) was injected into
the vitreous of anesthetized cats before ON transection.
A PN segment was sutured to the cut end of left ON.
RGCs extending axons to 10 mm (10R-RGC) or those
to 20 mm (20R-RGC) were labeled with different fluo-
rescent dyes injected into the graft at 10 mm or 20 mm.
Numbers of labeled RGCs were estimated by counting
labeled cells in 0.23 mm2 squares separated by 1 mm.
An injection of NPL increased the numbers of regen-
erated RGCs 4 and 6 weeks after the transplantation:
average numbers of 10R-RGCs in NPL injected retinas
were 8,736 (N = 4) at week 4 and 11,278 (N = 4)
at week 6, while those in uninjected retinas were 2,138
(N = 6) at week 4 and 3,678 (N = 7) at 6 week, re-
spectively. The proportions of 20R-RGCs versus 10R-
RGCs were 35% (4 wk) and 80% (6 wk) in the injected
retinas, higher than in the uninjected (control) retinas,
17% (4 wk) and 65% (6 wk). The first axons which
were estimated to reach 20 mm did so in 2.3 wk, one
week earlier than the control. An injection of DNNP

(11,372,N = 3) or SNP (6,585,N = 2) increased the
numbers but db-cGMP and MK-801 did not. NO may
increase regenerating RGCs by surviving RGCs, and
blocking the receptors by NPL may promote regenera-
tion.

17. Transplantation of dopaminergic neurons gener-
ated from ES cells to rat models of Parkinson’s disease

Takahito Yoshizakia,b,f, Motoki Inajic,d, Toshiyuki
Tsujia,b, Takuya Shimazakia,b, Kazunobu
Sawamotoa,b, Kiyoshi Andoc,e, Tetsuya Suharac and
Hideyuki Okanoa,b

aKeio University School of Medicine Department of
Physiology
bCREST
cNational Institute of Radiological Sciences Brain
Imaging Project
dTokyo Medical and Dental University Department of
Neurosurgery
eCentral Institute for Experimental Animals
fDepartment of Cell Biology and Neuroscience Osaka
University Graduate School of medicine

Embryonic stem cells (ESCs) have the multipoten-
tiality to differentiate into three lineages and terminally
to a neural fate. Nowadays there are many methods
reported concerning neural differentiation. The SDIA
(stromal-cell derived inducing activity) method is an
adequate method to induce dopaminergic neurons, but
the culture system includes other types of cells such
as PA6. To eliminate these cells, we used the reporter
systemTH-EGFP. Tyrosine Hydroxylase (TH) is a key
enzyme in dopamine production so that it is a good
marker for dopaminergic neurons. By using enhanced
green fluorescent protein (EGFP) for the reporter gene,
dopaminergic neurons could be visualized. We cul-
tured two ESC lines (TH-EGFP andCAG (chicken actin
gene)-EGFP group) on the PA6 layers. Cultured ES
cells through SDIA produced dopamine. EGFP and
TH production was increased during coculture in the
TH-EGFP group. We transplanted ESC-derived cells
and they survived, integrated and projected axons in
a rat model of Parkinson’s disease. Cells from both
theCAG-EGFP andTH-EGFP groups ameliorated the
symptoms of Parkinson’s disease. Dopaminergic neu-
rons generated through SDIA functionin vivo as well
as in vitro transplantation of whole culture-generated
tumors in the brain. In order to carry out transplan-
tation as a cure for Parkinson’s disease, a purification
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procedure such as the reporter system discussed herein
is required.

18. Regeneration of the pyramidal tract after sharp
severance in young rats

Tsutomu Isedaa,b, Takeshi Nishioa, Saburo Kawagu-
chia and Shinichiro Wakisakab
aDepartment of Integrative Brain Science, Graduate
School of Medicine, Kyoto University, Kyoto
bDepartment of Neurosurgery, Miyazaki Medical Col-
lege, Miyazaki, Japan

In young rats, the pyramidal tract regenerated after
spinal cord severance with a sharp blade, but regener-
ation failed if the severance were blunt. We used ret-
rograde neuronal double labeling to provide convinc-
ing evidence for the occurrence of the axonal regen-
eration after sharp severance. Double labeled neurons
that took up the first tracer from the lesion site and the
second tracer from the injection site caudal to the lesion
site were observed in the sensorimotor cortex. In an-
terograde tract tracing, various patterns of regeneration
were observed. The vast majority of regenerated fibers
descended in the normal tract in the most successful
cases, whereas fibers descended partly normally and
partly aberrantly or totally aberrantly in the less suc-
cessful cases. To investigate the role of astrocytes in
determining the success or failure of regeneration we
compared the expression of GFAP, vimentin, neurofila-
ment (NF) and collagen type IV immunoreactivity (IR)
around the lesion between sharp and blunt severance.
In both lesion types, astrocytes disappeared from the
tract near the lesion within 3 hrs after severance. How-
ever, by 24 hrs after a sharp severance, immature astro-
cytes coexpressing GFAP- and vimentin-IR appeared
in the former astrocyte-free area and regenerating ax-
ons crossed the lesion. By contrast, after a blunt sev-
erance the astrocyte-free area spread and axons never
crossed the lesion. By 7 days sheet-like structures with
collagen type IV-IR appeared in animals with failed
regeneration and they persisted. A glial scar formed
later in the lesioned tract, but not when regeneration
was successful. On the basis of its spatiotemporal ap-
pearance, the glial scar is not the cause but an effect
of the failure of regeneration. It appears likely that the
major sign, and possibly cause of failure of axonal re-
generation is the prolonged disappearance of astrocytes
in the lesioned tract area. Immature astrocytes appear
to guide regenerating axons.

19. Attempt to regenerate oligodendrocytes by genetic
manipulation of endogenous progenitors in the injured
spinal cord

Yasuo Oohoria,b, Shin-ichi Yamamotoa,b, Atushi
Seichia, Kozo Nakamuraa and Masato Nakafukub
aDepartments of Orthopaedic Surgery, The University
of Tokyo Graduate School of Medicine,Hongo, Bukyo-
ku, Toky, Japan
bDepartments of Orthopaedic Neurobiology, The Uni-
versity of Tokyo Graduate School of Medicine, Hongo,
Bukyo-ku, Toky, Japan

We have been exploring the possibility of repairing
the damaged adult spinal cord using the latent regener-
ative capacity of endogenous neural progenitors. Our
previous studies have demonstrated that a significant
number of neural progenitors in the spinal cord prolif-
erate in response to injury. Certain environmental cues,
however, appear to inhibit their differentiation into neu-
rons and oligodendrocytes, thus hampering regenera-
tion of damaged tissue. In this study, we attempted to
regenerate new oligodendrocytes in the spinal cord by
genetic manipulation of endogenous progenitors. Tran-
section injury was made in adult SD rats (7–8 weeks of
age) at the T10 level. Subsequently, high titer recom-
binant retroviruses that express the oligodendrogenic
bHLH factor Mash1 (pMXIG-Mash1:2 − 6 × 108

CFU/ml× 30 µl) was administered into the damaged
spinal cord together with FGF-2 and EGF, mitogens
for progenitors. Under these conditions, virus infec-
tion was observed in2 − 4 × 104 cells per animal.
We found that a much higher percentage (about 50%)
of Mash1 virus-infected cells became NG2+ oligoden-
drocyte precursor cells (OPCs) compared with the con-
trol virus-infected cells (10%), which resulted in a sub-
stantial increase in the total number of OPCs within
injured tissue 1 and 2 weeks after transection. A minor
population (4%) of these Mash1+ cells further differ-
entiated into PLP+ oligodendrocytes 4 weeks after in-
jury, which was not seen in control virus-infected cells.
These results suggest that genetic manipulation of en-
dogenous progenitors may be a promising strategy to
regenerate oligodendrocytes in the injured spinal cord.

20. Axonal regeneration after administration of
semaphorin3A inhibitor into the injured spinal cord

Shinjiro Kanekoa,b, Akio Iwanamia,b, Masaya
Nakamuraa, Sachiyo Miyaoa,b, Akiyoshi Kishinoc,
Kaoru Kikuchic, Toru Kimurac, Kazuo Kumagaic,
Yoshiaki Toyamaa and Hideyuki Okanob
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aDepartments of Orthopaedic Surgery, Keio University
School of Medicine, 35 Shinanomachi, Shinjyuku-ku,
Tokyo
bDepartments of Orthopaedic Physiology, Keio Uni-
versity School of Medicine, 35 Shinanomachi,
Shinjyuku-ku, Tokyo
cResearch Division, Sumitomo Pharmaceuticals, Japan

Axons of the adult mammalian central nervous sys-
tem (CNS) exhibit little regeneration after injury. It has
been suggested that several axonal growth inhibitors
prevent axonal regeneration in CNS. Recent research
has demonstrated that semaphorin 3A (Sema3A) is one
of the inhibitors of axonal regeneration that plays cen-
tral roles after CNS injury. We extracted a substance
from a fungus that inhibits the functions of Sema3Ain
vitro such as the chemorepulsive effect to neurite exten-
sion and growth cone collapse. To examine the effect
of the Sema3A inhibitorin vivo, we a made spinal cord
transection model using adult rats, and administered
Sema3A inhibitor into the lesion site for 4 weeks using
an osmotic mini pump (treatment group). In the con-
trol animals, phosphate buffer saline was administered
into the lesion site (control group). In both groups,
open-field walking was assessed using the BBB scale
up to 14 weeks after the injury. Immunostaining for
neurofilaments, GAP43 and CGRP were performed af-
ter perfusion with 4% paraformaldehyde at 14 weeks
after the injury. The immunohistochemical analysis re-
vealed that more extensive axonal regeneration was ob-
served in the treatment group compared with the con-
trol group. Furthermore, significantly better functional
recovery was observed in the treatment group than in
the control group. These findings suggest that Sema3A
plays a central role in the inhibition of axonal regener-
ation after CNS injury, and the Sema3A inhibitor is a
possible therapeutic reagent for the treatment of spinal
cord injury in human subjects.

21. Promotion of functional recovery by grafted human
neural stem cells after spinal cord injury in primates

Akio Iwanamia,b, Shinjiro Kanekoa,b, Masaya
Nakamurab, Yonehiro Kanemurac,d, Hideki Moric,
Satoshi Kobayashic, Mami Yamasakid,e, Suketaka
Momoshimaf, Hajime Ishiig, Kiyoshi Andog, Yoshik-
uni Taniokag, Norikazu Tamaokig, Tatsuji Nomurag,
Yoshiaki Toyamab and Hideyuki Okanoa
aDepartments of Physiology, Keio University School
of Medicine, Shinanomachi, Shinjuku-ku, Tokyo

bDepartments of Orthopaedic Surgery, Keio Univer-
sity School of Medicine, Shinanomachi, Shinjuku-ku,
Tokyo
cRadiology, Keio University School of Medicine, Shi-
nanomachi, Shinjuku-ku, Tokyo
dTissue Engineering Research Center, National Insti-
tute of Advanced Industrial Science and Technology,
Hyogo, Japan
eInstitute for Clinical Research and Osaka National
Hospital, Osaka
fDepartment of Neurosurgery, Osaka National Hospi-
tal, Osaka
gDepartments of Orthopaedic Surgery, Keio Univer-
sity School of Medicine, Shinanomachi, Shinjuku-
ku, Tokyo Central Institute for Experimental Animals
Kawasaki, Japan

Recent studies have shown that delayed transplanta-
tion of neural stem/progenitor cells (NSPCs) into the
injured spinal cord can promote functional recovery in
adult rats. However, a pre-clinical study using non-
human primates is necessary before NSPCs can be used
in clinical trials to treat human patients with spinal cord
injury (SCI). We induced cervical contusion SCI in 10
adult common marmosets using a stereotaxic device.
Nine days after injury, we performedin vitro expanded
human NSPC transplantation in 5 randomly selected
animals, and the remaining sham-operated control an-
imals received culture medium alone. All of these an-
imals survived for 8 weeks, during which we evalu-
ated the recovery of motor function by measuring bar
grip power and spontaneous motor activity, and mon-
itored the magnitude of the SCI by the change in the
intramedullary signals from magnetic resonance imag-
ing. After 8 weeks survival, we sacrificed all the an-
imals and performed a histological analysis, wevealed
that the intramedullary high signal of MRI matched the
formation of a neural cavity at the site of the injury. In
the transplanted groups, the grafted NSPCs survived,
differentiated into neurons, astrocytes, and oligoden-
drocytes, which made the neural cavities smaller than
those in the control groups. There were significant im-
provements in the bar grip power as well as sponta-
neous motor activity of the transplanted animals com-
pared with the control group subjects. Human neural
stem/progenitor cells transplantation could be a feasi-
ble treatment for human SCI.

22. Fibrotic scar as a potent impediment to the regen-
eration of ascending dopaminergic axons
Hitoshi Kawano, Masao Horie and Koki Kawamura
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Department of Developmental Morphology, Tokyo
Metropolitan Institute for Neuroscience, Musashidai,
Fuchu, Tokyo, Japan

Reactive astrocytes, chondroitin sulfate proteogly-
cans and the fibrotic scar all of which which occur in
and around the lesion after injury in the adult mam-
malian CNS have been considered as obstacles for
axonal regeneration. When ascending dopaminergic
axons were transected in adult mice, reactive astro-
cytes and chondroitin sulfate immunoreactivity were
observed around the lesion. Tyrosine hydroxylase
(TH)-immunoreactive axons were confronted with the
collagen IV-immunoreactive fibrotic scar and did not
extend beyond the lesion. In contrast, reprojection of
TH-immunoreactive axons to the striatum occurred in
newborn mice transected at 7 days of age in which
fibrotic scars were not formed, while reactive astro-
cytes and chondroitin sulfate immunoreactivity were
still present around the lesion. Fibrotic scars containing
dense collagen IV fibrils secreted by fibroblasts were
formed in the lesion core of mice transected after 10
days of age. The temporal coincidence of the occur-
rence of fibrotic scar and unsuccessful regeneration in
the developing brain strongly suggests that the fibrotic
scar is a primary impediment to regeneration following
injury in the adult CNS. To further confirm this hy-
pothesis, 2, 2’dipyridyl, an inhibitor of collagen syn-
thesis, was topically injected into the lesion site of both
young and adult mice. In these animals, the fibrotic scar
was completely eliminated and regenerated dopamin-
ergic axons extended across the lesion to reproject in
the striatum, despite the presence of reactive astrocytes
and chondroitin sulfate immunoreactivity around the
lesion.

23. Derivation and selective amplification of GABAer-
gic neural progenitor cells from embryonic stem cells

Yoshihito Matsumotoa, Atsushi Shindoa, Tokuhisa
Shindo1, Takashi Tmiyaa, Seigo Nagaoa, Toshifumi
Itanob, Takuya Shimazakic and Hideyuki Okanoc
aDepartments of Neurological Surgery, Kagawa Med-
ical University, Kagawa
bDepartments of Neurological Surgery, Neurobiology,
Kagawa Medical University, Kagawa
cDepartment of Physiology, Keio University. School
of Medicine, Shinanomachi, Shinjuku, Tokyo, Japan

Up to 30% of the population of epileptics continue
to have seizures despite treatment with antiepileptic

drugs. Several groups have attempted to develop a
new treatment for epilepsy. One of the trials sup-
ports the hypothesis that embryonic neural tissue im-
planted into previously kindled animals alters subse-
quent seizure susceptibility, and opens the possibil-
ity that neural grafts may be used for the therapy of
medically intractable cases of epilepsy. Recent ad-
vances in the establishment and controlled differentia-
tion of embryonic stem cells (ESCs) have been bring-
ing us new model systems to access the biology of
early mammalian development including human devel-
opment, and new approaches to regenerative medicine.
ESCs differentiate into multiple cell lineages including
neurons and glia. Subsequent to the isolation of NSCs,
they can be expanded, genetically modified and ex-
tensively characterized prior to transplantation. NSCs
represent an ideal cell type for transplantation purpose
in the central nervous system due to their multipo-
tency. In the present study, we optimized the effec-
tive method to induce the deferentiation of GABAergic
neurons from neurosphere that have been derived from
ES cells. In order to induce neural differentiation of
mouse ESCs, we chose clonal embryoid body forma-
tion on non-adhesive bacterial-dishes in the presence of
10% fetal calf serum (FCS) in the presence of Noggin
(inhibitor of bone morphogenic factor). Neural pro-
genitors derived from Noggin-exposed embryoid bod-
ies generate mainly cholinergic and GABAergic neu-
rons, and the ability to generate both types of neurons
decreases over time after an extended period of culture
period. To further characterize the ESC-derived neural
progenitors, we analyzed the primary spheres (P1), the
secondary spheres (P2), and the tertiary spheres (P3),
with immunohistochemical techniques, RT-PCR, and
amino acid analysis. P1 neurospheres generated more
ChAT+neuron than P2 or P3. On the other hand, the
expresion of GABA was more strongly detected in the
P3 neurospheres than the P1 neurospheres. Transplan-
tation of the neural progenitors into the hippocampus
of a mouse model of epilepsy resulted in the functional
recovery of the subjects. ESC-derived neurospheres
after several passage might be useful for standardiza-
tion of a donor cell population for cell transplantation
therapy for clinically intractable epileptics.

24. Differentiation and migration of intrinsic neural
precursor cells following traumatic brain injury

Nobuhiro Moro, Yoshiyuki Takada, Ryutaro Ishi-
hara, Masamichi Fukushima, Morimichi Koshinaga
and Yoichi Katayama
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Department of Neurological Surgery, Nihon University
School of Medicine, Oyaguchikamimachi, Itabashi-ku,
Tokyo, Japan

The response of intrinsic neural precursor cells after
traumatic brain injury (TBI) is not fully understood.
In the present study, we examined the temporal pat-
tern of existence and migration of these immature cells
in a rat cerebral contusion model. Male Wistar rats
were deeply anesthetized and a cortical contusion was
induced to the unilateral sensorimotor cortex with a
controlled cortical impact device. After injury, bro-
modeoxyuridine (BrdU; i.p.) was administered to the
rats to detect the proliferating cells. Rats were sac-
rificed either immediately after injury, or at 1, 3, 7
or 14 days after injection, and immunohistochemically
processed for BrdU, vimentin, nestin, GFAP, NeuN or
doublecortin (DCX) which is known as a cytoskele-
tal protein which exists exclusively in immature mi-
grating neuroblasts. Histological evaluation was fo-
cused on the subventricular zone (SVZ) of the lat-
eral ventricle and the lesion sites including the den-

tate/hippocampal areas. The thickness of the ventric-
ular wall was markedly increased following the injury.
It became maximum at 3 days after injury, and was
approximately 220% compared to the normal control.
This increase of wall thickness appeared to be induced
by the increased number of BrdU-positive proliferating
cells, which also showed positive staining for vimentin
and nestin expression. DCX-positive cells existed in
the SVZ and dentate/hippocampal areas, 1 day after
injury. DCX immunoreactivity was most prominent at
3 days after injury and the neuroblasts appeared to mi-
grate extensively via the corpus callosum. In the contu-
sion area, a few DCX, but no NeuN positive cells could
be seen, however the number of the cells was unlikely
to be sufficient for reconstruction of damaged neural
circuits. After TBI, neural precursor cells respond im-
mediately and initiate proliferation. Some of these cells
show DCX immunoreactivity, suggesting that new neu-
rons can generate in response to injury. DCX may be
a useful marker for detection of regenerative responses
after TBI.


