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S01 Adult neurogenesis modulates the hippocampus-dependent period of fear
memory

Kaoru Inokuchi

Department of Biochemistry, Faculty of Medicine, Graduate School of Medicine &
Pharmaceutical Sciences, University of Toyama, , Toyama 930-0194, Japan

Japan Science and Technology Agency, CREST, Kawaguchi 332-0012, Japan

Acquired memory initially depends on the hippocampus (HPC) for the process of cortical permanent memory
formation. The mechanisms through which memory becomes progressively independent from the HPC remain
unknown. In the HPC, adult neurogenesis has been described in many mammalian species, even at old ages.
Using two mouse models in which hippocampal neurogenesis is physically, by X ray irradiation, or genetically
suppressed, we show that decreased neurogenesis is accompanied by a prolonged HPC-dependent period of
associative fear memory. Inversely, enhanced neurogenesis by voluntary exercise sped up the decay rate of
HPC-dependency of memory, without loss of memory. Consistently, decreased neurogenesis facilitated the
long-lasting maintenance of rat hippocampal long-term potentiation in vivo. These independent lines of
evidence strongly suggest that the level of hippocampal neurogenesis play a role in determination of the
HPC-dependent period of memory in adult rodents. These observations provide a new framework for

understanding the mechanisms of the hippocampal-cortical complementary learning systems.

Reference
Kitamura, T., Saitoh, Y., Takashima, N., Murayama, A., Niibori, Y., Ageta, H., Sekiguchi, M., Sugiyama, H. &
Inokuchi, K. Adult neurogenesis modulates the hippocampus-dependent period of associative fear memory.

Cell 139, 814-827 (2009).
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S03 Neuromodulation and damage from high dose radiotherapy: experiences of 3400
patients treated with radiosurgery

Hiroshi Inoue
Institute of Neural Organization, Kanto Neurosurgical Hospital

High dose single or multi-session radiotherapy (radiosurgery) has been developed to modulate brain function
(pain and movement disorders) and now is widely used for patients with brain and spinal cord lesions.
Treatment methods, results and adverse effects are presented for joint researches required in the field of
radiation neurobiology.

Methods: Focused beams of gamma-ray (Gamma Knife) or X-ray (CyberKnife) from multiple directions were
used for irradiation to target points or areas (the nerve for trigeminal neuralgia, vascular structures of
arterio-venous malformations or fistulas, and benign or malignant tumors). Maximum doses delivered were
30-40Gy for vascular and tumor lesions, and 80-90Gy for the trigeminal nerve.

Results: Neuromodulation (pain relief) was obtained shortly after nerve irradiation without any sensory
disturbances. Abnormal vascular structures obliterated 1-3 years after irradiation. Malignant tumors decreased
in size 4-6 weeks and benign tumors 1-2 years after treatment. Adverse effects on surrounding brain were
edema and necrosis appeared several months after irradiation. The incidence of brain necrosis increased in
relation with isodose-volumes (V14: 14Gy volume) of surrounding brain included in treatment dose plans.
Conclusions: Pain-related nerve fibers but not others seem to be affected by high dose irradiation. Vascular
endothelial cells, benign and malignant tumor cells have different time courses of damage after high dose
irradiation. Brain necrosis seems to be related with damage of the white matter. It is hopefully expected that

knowledge from radiation neurobiology may suggest understanding and resolving these clinical events.
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S05 Radiosensitivity of newly-generated neurons in the adult brain

Tomoaki Shirao
Department of Neurobiology and Behavior, Gunma University Graduate School of
Medicine

Since adult brain keeps going to generate neurons, newly-generated neurons may be used as a new
strategy for CNS regeneration. It is however unknown whether maturation processes of the
newly-generated neurons in the adult brain is same as those in the developing brain. In this talk T will
introduce our recent findings about changes in the cytoskeletal properties and radiosensitivity of
newly-generated neurons during their migration. It has been reported that drebrin E plays a role in the
migration of melanoma cells. We have immunohistochemically demonstrated that newly-generated
neurons in the adult rat brain express drebrin E during migration and that they switch the expression to a
neuron-specific isoform drebrin A in parallel with cessation of migration. On the other hand, a
microtubule-associated protein doublecortin, which also plays a role in neuronal migration, is observed in
the newly-generated neurons at both of the migrating and post-migrating dendrite-growing stages. We
have previously shown that x-irradiation induces apoptosis of neurons that do not complete the
synaptogenesis, suggesting that radiosensitivity is related with their maturity in the early developmental
stages. However, the radiosensitivity in the later developing stages is not yet known. We have recently
developed the method for identification of the migrating and postmigratory neurons by
immunocytochemsitry using drebrin antibody. By this method, we analyzed the radiosensitivity of
newly-generated neurons at migration and further developed stages. Our data indicate that migrating

neurons are more sensitive to x-irradiation in compared with postmigratory young neurons.
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1) Shirai, K., et al. Differential effects of x-irradiation on immature and mature hippocampal neurons in vitro.
Neurosci. Lett. 399: 57-60, 2006.

2) Kaminuma T, et al. Effectiveness of carbon-ion beams for apoptosis induction in rat primary immature
hippocampal neurons. J Radiat Res (Tokyo). 2010 in press

3) Okamoto M, et al. Effect of irradiation on the Development of immature hippocampal Neurons in vitro.

Radiat. Res. 172: 718-724, 20009.
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S08 X-radiation alters morphology of dendritic spines in cultured hippocampal
neurons

Toshiyuki Mizui' and Katsuyuki Shirai?

1. Health Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST)

2. Department of Radiation Oncology, The Ohio State University Medical School

It has been shown that distinct radiosensitivity for the cell viability between mature and immature
cultured hippocampal neurons (Shirai et al., 2006) and that radiation produces synaptic structural defects
in the irradiated developing cultures (Okamoto et al., 2009). However, the physiological effect of
irradiation on the mature neurons remains unknown. In this study, we investigated the effects of
x-irradiation on dendritic spines of the mature neurons. Primary hippocampal neurons were prepared
from the hippocampi of fetal rats at embryonic day 18 and cultured at low density (5,000 / cm?) for 21
days according to Banker's culture methods. To analyze morphology of the neurons, the cells were
transfected with reporter plasmid for enhanced green fluorescent protein (GFP) at 7 days in vitro (DIV)
using calcium-phosphate methods. At 21 DIV, the cultures were x-irradiated and were immediately fixed.
The morphology of dendritic spines of the GFP expressing neurons were analyzed fluorescence
microscopically. Then, we analyzed accumulation of filamentous actin (F-actin), drebrin and PSD-95 in
the dendritic spines by fluorescent immunocytochemistry. X-irradiation significantly decreased dendritic
spine density (p < 0.05). The irradiation significantly increased the dendritic spine length (p < 0.05) and
decreased the dendritic spine width (p < 0.05). These data suggest that x-irradiation induces
morphological changes of the dendritic spines in the cultured hippocampal neurons. Moreover, the
accumulation of F-actin, drebrin and PSD-95 in the dendritic spines was affected by x-irradition. This
raises the possibility that abnormal morphology of the dendritic spines may contribute to synaptic

dysfunction after irradiation.
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P02  Contribution of Ca*-permeable AMPA receptors to sustained activity in rat
prepositus hypoglossi nucleus neurons.

Yasuhiko Saito and Yuchio Yanagawa
Department of Genetic and Behavioral Neuroscience, Gunma University Graduate
School of Medicine, Maebashi, Japan

The prepositus hypoglossi nucleus (PHN) is a brainstem structure involved in an oculomotor neural
integrator, in which transient signals proportional to eye/head velocity are converted into sustained signals
proportional to eye position. To clarify synaptic mechanisms for sustained activity, we investigated the
excitatory synaptic responses of PHN neurons. Under a blockade of inhibitory synaptic transmissions,
the application of “burst stimulation” (100 Hz, 20 pulses) to a brainstem area projecting to the PHN
induced an increase in the frequency of EPSCs in PHN neurons that lasted for several seconds.
Sustained EPSC responses were observed even when the burst stimulation was applied in the vicinity of a
recorded neuron within the PHN that was isolated from the slices. The sustained EPSC responses were
reduced by 1-naphthyl acetyl spermine (50 pM), a blocker of Ca’’-permeable AMPA (CP-AMPA)
receptors. Analysis of the current-voltage (I-V) relationship of the current responses to iontophoretic
application of kainate revealed that more than half of PHN neurons exhibited an inwardly rectifying I-V
relationship. Furthermore, PHN neurons exhibiting inwardly rectifying current responses showed higher
Ca®" permeability. The sustained EPSC responses were also reduced by flufenamic acid (200 pM), a
blocker of Ca*"-activated nonselective cation (CAN) channels. These results indicate that the sustained
EPSC responses are attributable to the sustained activation of local excitatory networks in the PHN,

which arises from the activation of CP-AMPA receptors and CAN channels in PHN neurons.
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P03 Involvement of drebrin, an actin binding protein, in regulation of AMPA receptor
recruitment in cultured hippocampal neurons

Kenichi Kato®®, Kazuyuki Imamura® and Yuko Sekino®

®Department of Systems Life Engineering, Maebashi Institute of Technology, Maebashi,
®Department of Neurobiology and Behavior, Gunma University Graduate School of
Medicine, Maebashi, “Division of Pharmacology, National Institute of Health Sciences,
Tokyo, Japan

AMPA receptor (AMPAR) translocation to post-synaptic density is one of the key roles in synaptic
strengthening observed in synaptic plasticity. Recently, it has been shown that morphological changes in
dendritic spines based on actin remodeling are closely associated with synaptic strengthening. Therefore,
actin cytoskeleton and its binding proteins, including drebrin, in spines are thought to have an important
role in the synaptic plasticity. In this study, we investigated the role of drebrin in synaptic transmission,
using RNA interference and perforated whole-cell patch-clamp techniques in rat cultured hippocampal
neurons during development. Our data show that AMPAR-mediated miniature excitatory postsynaptic
currents (mEPSCs) and its frequency were significantly smaller in drebrin-knockdown (drebrin-KD)
neurons than those of control-GFP neurons. However, there are no significant differences in
electrophysiological characteristics, such as I-V relationship and mEPSCs decay time constant, between
drebrin-KD and control-GFP neurons. Furthermore, initial phase of glutamate-induced increment of
mEPSCs amplitude was attenuated in drebrin-KD neurons. These data suggest that drebrin is involved in

the regulation of AMPAR trafficking in postsynapses.
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P04 Analysis of neuronal activity in the lateral amygdala of mice slice preparation
using voltage-sensitive dye imaging
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The amygdala is a complex mass of functionally and anatomically heterogeneous neurons and comprises
of the lateral nucleus (LA), the basolateral nucleus and the basomedial nucleus. Because neurons in these
nucleus are known to be connected densely to each other, it is unclear whether the anatomical subregions
are consistent to information processing performed in the amygdala. LA receives and integrates cortical
and thalamic inputs to establish fear learning. Although it is well-known that the timing of these two
inputs is critical for formation of the fear conditioning, how this circuitry processes temporal information
is unknown. To understand how the amygdala integrates inputs to LA temporally and spatially,
voltage-sensitive dye imaging of membrane potential changes is a powerful tool that enables monitoring
of electrical activity at multiple sites. Using a voltage-sensitive dye, Di-ANEPPS, we have analyzed
characters of [ISPS-related optical signals in LA in response to stimulation of the external capsule. We
determined regions of interest to analyze optical signals using a clustering method based on K-means
analysis as an image-processing strategy which is developed for this study. Sequence of depolarization
and long-lasting hyperpolarization (LLH) that spread throughout LA was observed. The LLH was
completely mediated by GABAD receptors. The GABADb mediated LLH in LA might be important for

determining the time window for detecting coincidence of thalamic and cortical synaptic inputs.
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P06 Impairment of cognitive function and lithium-sensitive behavior of knockout mice
of neuron-enriched subtype of DG kinase, DGKp .

Yasuhito Shirai'?, Takeshi Kouzuki', Kenichi Kakefuda®, Atsushi Ohyagi®, Kyoji Horie?,
Shigeki Moriguchi®, Shin-ya Morita®, Masamitsu Shimazawa®, Kohji Fukunaga®, Juniji
Takeda®*, Naoaki Saito', Hideaki Hara®

Lab. Mol. Pharmacol., Biosignal Res. Ctr, and “Applied Chemistry in Bioscience div.,
Agricul. Sci., Kobe Univ., 3Dept. Biofunctional Evaluation, Mol. Pharmacol., Gifu
Pharmaceutical Univ., 4Dept. Social and Environmental Med., Grad. Sch. of Med., Osaka
Univ., 5Dept. Pharmacol., Grad. Sch. of Pharmaceutical Sci, Tohoku Univ., °Lab.
Pharmaceutical Tech., Kobe Pharmaceutical Univ.

Diacylglycerol (DG) kinase (DGK) converts DG to phosphatidic acid (PA). Of ten subtypes of mammalian
DGKs, DGKJ is abundantly expressed in neurons including hippocampus and caudate-putamen. In addition,
the control of splicing of the enzyme, which generates non-membrane bound variants differing at
the C-terminus, is associated with mood disorders. However, its physiological role has not been
elucidated. Therefore, we developed DGKf KO mice and investigated their behavior. The KO mice showed
impairment of LTP and memory, and lithium-sensitive behavioral abnormality. Primary cultured neurons from
both hippocampus and cortex of the KO mice had less branches and spines, but overexpression of DGKf3
rescued the morphological impairment. Consistent with this, Golgi silver staining confirmed lower spine
density of the hippocampal and cortical neurons of the KO mice than WT, with decrease of PA and increase of
DG. These results demonstrate that DGK 3 plays important roles in neuron-specific morphological change by

regulating membrane lipids, contributing to cognitive and emotional process.
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PO7 Inhibitory effect of 5-HT,a receptor activity on drebrin accumulation in dendritic
spines

Reiko T. Roppongi, Kenji Hanamura, Tomoaki Shirao.
Department of Neurobiology and Behavior, Gunma University Graduate School of
Medicine, Maebashi, Japan

Dendritic spines are postsynaptic receptive regions of most excitatory synapses, and the functional and
morphological changes of dendritic spines are characteristic feature associated with the synaptic plasticity.
It has been shown that NMDA-type glutamate receptor activation plays a pivotal role in the
morphological plastic change of dendritic spines. However, the effect of other neuromodulators has not
been elucidated. The 5-HT,4 receptor is involved in several psychiatric disorders, which are associated
with the aberrations in dendritic spine morphogenesis. Since a serotonin signaling was suggested to
modulate spine morphology of cortical synapses, we sought to examine in this study how 5-HT,a receptor
agonist (DOI) regulates the morphological plasticity of dendritic spines. We prepared hippocampal
neuronal culture. In brief, hippocampi were dissected from embryonic 18-days-old Wistar rats. After the
neurons were treated with DOI at the 21 day in vitro (DIV) for 15 min, they were fixed,
double-immunostained with mouse anti-drebrin monoclonal antibody and rabbit anti-Synapsin I antibody,
and visualized with the appropriate secondary antibodies. For some experiments, the neurons were
pre-transfected with a GFP-expression vector at 7 DIV. Morphological analysis using GFP transfectants
showed that DOI treatment did not affect the localization pattern of drebrin clusters in the neurons.
Quantitative analyses showed that the 5-HT,5 receptor activation by DOI resulted in the decrease of
drebrin cluster number. Since drebrin is known to play a pivotal role in morphological change of dendritic
spines, these data suggest that 5-HT,a receptor activity is involved in the regulatory mechanism for

morphological plasticity of dendritic spines.
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P10  Ocular Dominance Plasticity in Abnormally Developed Visual Cortex

Kazuyuki Imamura
Dept. Systems Life Engineering, Maebashi Institute of Technology, Maebashi, Japan

An experimental paradigm, utilize the radiation technology is proposed to investigate neuronal plasticity
during development. Monocular deprivation during early postnatal life induces drastic changes in functional
and anatomical structures in the visual cortex (ocular dominance plasticity, OD plasticity). In order to study
the OD plasticity in abnormally developed visual cortex, methylazoxymethanol (MAM) was used for cortical
target ablation. The cerebral cortex is constituted inside-out manner, so it is possible to eliminate a group of
neurons that will be migrate into a particular layer by the timing control injection of MAM. In order to
investigate the OD plasticity, an activity mapping method was developed. By the immunohistochemistry,
using c-fos as an activity maker, the OD plasticity was successfully measured (i.e. decrease and increase in the
number of immunopositive neurons, depending on which eye was stimulated). It was found that effects of
monocular deprivation were most significantly induced in the layer IV of ipsi-lateral visual cortex to the
stimulated eye. In MAM-treated rats (injection at E15 or E18), supra-granular layers were found to be
affected. Intriguingly, monocular deprivation for one week was found to induce the ocular dominance
changes, which are comparable to those found in normal rats. These results indicate that plasticity during
development is high irrespective of cortical cellular and/or laminar structures. It is also suggested that more
fine control of cortical target ablation by use of radiation technology will shed a light on the molecular and

cellular mechanism of cortical plasticity during development.
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P11 CAPS2 protein-mediated regulation of dense-core vesicle secretion pathway and
susceptivility to developmental disorders

Tetsushi Sadakata T, Yo Shinoda, and Teiichi Furuichi
Laboratory for Molecular Neurogenesis, RIKEN Brain Science Institute

The Ca®*-dependent activator protein for secretion (CAPS) family consists of two members, CAPS1 and
CAPS2, which are involved in catecholaminergic and neuropeptidergic dense-core vesicle (DCV)
secretion. We previously reported that CAPS2 is also involved in BDNF release from neurons (Sadakata
et al., J. Neurosci.,, 2004; J. Comp. Neurol, 2006; J. Clin. Invest, 2007; J. Neurosci., 2007). The
CAPS-mediated DCV secretion pathway plays a vital role in the regulation of brain development and
function as suggested by the fact that CAPS2 knockout mice exhibit many impairments in neuronal
development and survival, synapse functions, and behaviors (such as decreased social interactions and
increased anxiety) (Sadakata et al., J. Clin. Invest, 2007; J. Neurosci., 2007). In addition, our previous
studies suggested the existence association between the CAPS2 gene and autism: there were some autistic
patients who showed an aberrant increase in the levels of a rare CAPS2 exon 3-skipped variant defective
in axonal transport and some patients who had missense mutations (Sadakata et al., J. Clin. Invest, 2007;
Cerebellum, 2009; Neurosci Res, 2010). We generated CAPS2 exon 3-skipped mice which showed

autistic-like behavioral and immunohistochemical phenotypes.
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P12  Origin of Inner Ear Hair Cells: Morphological and Functional Differentiation from
Ciliary Cells into Hair Cells in Zebrafish Inner Ear

Masashi Tanimoto, Yukiko Ota, Maya Inoue and Yoichi Oda
Group of Brain Function and Structure, Graduate School of Science, Nagoya University,
Nagoya, Japan

The perception of sound or head acceleration in vertebrates depends on the transduction of sound
vibration or head acceleration into electrical responses in inner ear hair cells. Although hair cell
mechanotransduction has been studied extensively in vitro in tetrapods, it remains to be clarified when
and how hair cells operate in living animals due to the difficulties in obtaining electrophysiological
recordings of hair cell mechanotransduction in intact animals. We have established an in vivo technique
for the recording of mechanotransducer responses in the embryonic zebrafish ear. We investigated the
developmental acquisition of mechanosensitivity in “tether cells”, a small number of specialized ciliary
cells which tether an “ear stone” (or otolith) in the embryonic macular organ. Immunohistochemical
examination of hair bundles revealed that tether cells differentiate into the first hair cells in zebrafish ear.
Live imaging with a marker of mechanotransduction channels and the in vivo electrophysiological
recordings demonstrated that tether cells acquire direction-selective mechanosensitivity with an
adaptation mechanism within an hour after the appearance of sensory hair bundles, suggesting that
mechanotransduction apparatus is rapidly assembled and localized on the sensory hair bundles to operate
as a mechanoelectrical transducer (J. Neuroscience. in press).

The present work presents sound evidence that ciliary cells morphologically and functionary
differentiate into inner ear hair cells during early development, providing an evolutionary perspective on
the origin of inner ear hair cell in vertebrates. Based on the present study, together with the amenability of
embryonic zebrafish to genetic manipulation, we expect to further clarify how the auditory and vestibular

systems work in living animals.
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P14  Deficiency of lysosomal cathepsin D and autophagy

Masato Koike, Uchiyama Yasuo
Dept. Cell Biol. & Neurosci., Juntendo Univ. Sch. of Med.

Neurons of cathepsin D-deficient (CD-/-) mice, a murine model for neuronal ceroid lipofuscinoses (NCLs),
possess abundant autophagosomes and granular osmiophilic deposits (GRODs), the morphological hallmark of
NCLs. Moreover, GRODs are often found in nascent autophagosomes, indicating that the GROD is a potent
inducer of autophagy in neuronal cells. In fact, using immunohistochemistry for LC3, ubiquitin, and p62 that
can interact with both ubiquitin and LC3, we further confirmed that ubiquitin and p62 are co-localized on the
membrane of GRODs, while these three molecules are present in the same granules of the neurons. In the
double knockout mice lacking cathepsin D and Atg7 specifically in CNS tissue, although GRODs still existed
in the neuronal perikarya, suggesting that GRODs are generated via unknown intracellular routes to lysosomes
other than autophagy. Moreover, instead of being enwrapped by smooth double membranes, GRODs were
frequently surrounded by accumulated profiles of rough ER, while such structures gathered in certain
perikaryal areas, forming cytosolic aggregates. On the other hand, no clear-cut difference was detected in the
neuropathological phenotypes between CD-/- mice and double knockout mice lacking cathepsin D and p62. In
fact we found that Nbr1, which has been shown to interact both ubiquitin and p62, also localize on the surface

of GRODs together with p62 in CD-/- mice. These data
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P17  Acute effect of X-irradiation on conditioned fear memory
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P18 Developmental change in the radiosensitivity of newly-generated neurons in
adult brain

Kenji Hanamura®, Yoshihisa Mizukami", Yousuke Kamata", Nobuhiko Kojima", Yukari
Yoshida®?, Yoshiyuki Suzuki?, Takashi Nakano?, Tomoaki Shirao”
"Department of Neurobiology and Behavior, 2’Department of Radiation Oncology,
Gunma University Graduate School of Medicine, Maebashi, Japan

Newly-generated neurons in adult brain have pivotal roles in higher brain function. It has been reported
that generation of these neurons is sensitive to low dose of x-irradiation. Even in the newly-generated
neurons, the radiosensitivity might decrease after cessation of neuronal migration. In the present study, we
examined the radiosensitivity of newly-generated neurons in the state of migration and maturation in the
pathway from the subventricular zone (SVZ) to the olfactory bulb (OB), which permits us to analyze
migrating neurons and postmigratory neurons separately. A single 10 Gy of x-irradiation was delivered to
the right side of Wistar rat brain with shielding body and left side of the brain. Two days after
x-irradiation, the rats were perfused transcardially. Localizations of drebrin E (DE) and doublecortin
(DCX) were analyzed immunohistochemically. In the SVZ, disappearance of DE-positive DCX-positive
cells in the irradiated side confirmed high radiosensitivity of migrating newly-generated neurons. In the
core of the OB, in which neurons are still migrating, DCX-positive, DE-positive migrating neurons were
greatly reduced in irradiated side. In contrast, in the granule cell layer of the OB, in which large part of
newly-generated neurons stop migrating, DCX-positive cells were greatly preserved in irradiated side.
Because DE-positive cell bodies and processes were greatly reduced, the ablated cells in irradiated side
could be migrating neurons which have DE in their cell bodies. Therefore, the migrating neurons are more

sensitive to x-irradiation in compared with maturating postmigratory neurons.
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P19  The RBE of carbon beams on growing neurons; Approach using growth cone
collapse assay

Wael S. Al-Jahdari ', #iK%F1T'. SHABAZTE'. EAET "L BXABE'. FHEX .
FHUZIKR 2, IRTFE& L IRRE "2, hFER
BEXE - -EERIE'. BEFH#E sFE—L:

Purpose: Recently carbon-ion beams have been reported to be a remarkably effective for controlling
various cancers with less toxicity and thought to be a promising modality for cancer treatment. However,
the biological effect of carbon-ion beams arising on normal neuron remains unknown. Therefore, this
study was undertaken to investigate the effect of carbon-ion beams on neurons by using both
morphological and functional assays.

Materials and Methods: Dorsal root ganglia (DRG) and sympathetic ganglion chains (SYMP) were
isolated from day-8 and day-16 chick embryos and cultured for 20 hours. Cultured neurons were exposed
to carbon-ion beams and X-rays. Morphological changes, apoptosis and cell viability were evaluated with
the Growth Cone Collapse (GCC), Terminal deoxynucleotidyl Transferase (TdT)-mediated deoxyUridine
TriPhosphate (dUTP) nick End Labeling [TUNEL] assay and
4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzenedisulfonate [ WST-1]assays,
respectively.

Results: Trradiation caused GCC and neurite destruction on a time- and irradiation dose- dependent
manner. Changes in morphological characteristics were similar following either irradiation.
Morphological and functional assays showed that day-8 neurons were more radio-sensitive than day-16
neurons, whereas, radio-sensitivity of DRG was comparable to that of SYMP. The dose-response fitting
curve utilizing both GCC and TUNEL labeling index showed higher relative biological effectiveness
(RBE) values were associated with lower lethal dose (LD) values, while lower RBE was associated with
higher LD values.

Conclusion: Exposure to high- linear energy transfer (LET) irradiation is up to 3.2 more efficient to
induce GCC and apoptosis, in early developed neuronal cells, than low- LET irradiation. GCC is a

reliable method to assess the radiobiological response of neurons
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P24 RNA microarray analysis of genes expressed in the olfactory bulb and
cerebellum of the Pax6 >**" mice

Yumiko NITTA", Yasufumi SHIGEYOSHI", Toshihide HARADA?, Fumiko
ISHIZAKI®, Kohsaku NITTA*" Naomi NAKAGATA®)

R Department of Anatomy and Neuroscience, Kinki University, Faculty of
Medicine, Osaka-Sayama, 2)Department of Health Services Management,
Hiroshima International  Univ., Higashi-Hiroshima, 3)Department of
Communication Sciences and Disorders, Faculty of Health and Welfare,
Prefectural University of Hiroshima, Mihara, 4) Azami Clinic, Hiroshima, ®Center
of Animal Resources and Development, Kumamoto University, Kumamoto,
Japan

OBJECTIVE: High-dose radiation exposure induces acute myeloid leukemia followed by sold tumors in C3H mice,
most of which have a frequent hemizygous deletion around the D2Mitl5 marker on chromosome 2. This region
includes the Pax6 gene, a critical gene for the development of olfactory bulb, eyes and Harderian glands. To identify
novel cooperative genes with Pax6, relevant to embryogenesis as well as radiation-induced tumorigenesis, we
analyzed the expression of whole genes in olfactory bulb and cerebellum.

MATERIALS AND METHODS: A mutant strain of mice, Pax6*¥ ", which deleted the Pax6 hemizygously, was

used. (1) For the induction of tumors, Pax6>®>"

mice were exposed to 3 Gy of gamma-rays. Harderian gland
tumorigenesis was observed during their lifelong periods. (2) For the analysis of the phenotype of the Pax6®®3H,
behavior and histopathology of the brain were examined. (3) For the analysis of the genotype of the Pax6®® 3",
microarrays (Agilent Expression Array for mice) were used to measure expression levels of whole genes in

olfactory bulb compared with those of cerebellum.

RESULTS: Pax6*®*" mice did not develop Harderian gland tumors by the gamma-irradiation. They showed severe
malformation of olfactory bulb and eyes. Expression of several genes adjacent to the Pax6 were suppressed in RNA
levels.

CONCLUSION: The new finding on down-regulation of Pkr2 and Neurodl in Pax6°¥ " mice detected by the RNA
microarray analysis suggests that any molecular mechanism to influence on the expression of adjacent genes on the

same chromosome should be coordinated for development of olfactory bulb, eye and Harderian glands.
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P25 Gene expression profiles induced by high LET carbon ion beams in human
brain tumors with different p53 status

Masatoshi Hasegawa', Isao Asakawa', Emiko Katayama', Kazuya Inoue', Tetsuro
Tamamoto', Shogo Ishiuchi?, Shingo Kato®, Takeshi Murakami®, Tatsuya Ohno*, Takashi
Nakano*

'Department of Radiation Oncology, Nara Medical University, Kashihara, Japan
University of the Rhyukyus, *National Institute of Radiological Sciences

*Gunma University Graduate School of Medicine

Purpose: To investigate high LET beam-induced gene expression profiles in human brain
tumors with different p53 status.

Materials & Methods: An ependymoblastoma with wild-type (wt) p53, a primitive
neuroectodermal tumor with wt p53, and a glioblastoma (GB) with mutant-type (mt) p53, were
transplanted into nude mice subcutaneously, and irradiated with carbon ion beams (290MeV/u, 6
cm spread-out Bragg peak, NIRS) or 200kV X-rays. These tumors were excised 4, 6, or 24 hours
(h) after 2Gy irradiation. GB was also examined 6 h after 2, 8, or 16Gy irradiation. Total RNA
was extracted for GeneChip expression microarray analysis. Hierarchical clustering, gene
ontology analysis, and pathway analysis were also performed.

Results: Tumors with wt p53 showed significant changes in gene expression following 2Gy
irradiation and most profiles by carbon ion and X-rays were similar. GB with mt p53 showed
little change after 2Gy; however, significant changes in gene expression were induced by 8Gy or
16Gy, and the profiles by carbon ion were significantly different from those by X-ray.
Conclusion: High-dose carbon ion beams and X-rays induced different gene expression profiles

in human glioblstoma with mt p53.
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P28  Radiation-induced HIF-1a prevents apoptosis through reduction of ROS
productions after irradiation in glioblastoma

Katsuyuki Shirai, Kamalakannan Palanichamy, Krishnan Thirumoorthy, Disha Patel,
Nicolaus Gordon, Arnab Chakravarti

Department of Radiation Oncology, The Ohio State University Medical School,
Columbus, OH 43210, USA

katsuyuki.shirai@osumc.edu

Purpose/Objective(s): Hypoxia inducible factor-1a, (HIF-1a), a transcriptional factor, is strongly
expressed in glioblastoma and associated with poor survival. Recent studies have shown that HIF-1a is
induced by irradiation under normoxic conditions, although the mechanism still remains unclear. In this
study, we investigated the association radiation-induced HIF-1a with radioresistance in glioblastoma

cells.

Materials/Methods: Clonogenic survival assay was performed to investigate the effect of radiation on
colony-forming ability in established cell lines (U87, LN18, and LN229) and primary cell lines (VC3 and
MGHS). HIF-1a and PDK1 expressions were analyzed by using Western blotting after irradiation. We
used two HIF-1a blockade strategies: stable knockdown cell lines of HIF-1a using lentivirus-based
sh-RNA and YC-1, a novel HIF-1a inhibitor. These blockade treatments were evaluated by clonogenic
survival assay, MTS assay, and apoptotic proteins, such as cleaved caspase-3 and cleaved PARP.
CM-H,DCFDA was used to measure ROS levels.

Results: Clonogenic survival assay showed that U87 and LN18 were more radioresistant than VC3,
MGHS, and LN229. Radiation-induced HIF-10 was detected in radioresistant cells, but not in
radiosensitive cells. Knockdown of HIF-1a decreased cell proliferation in clonogenic survival assay.
YC-1 decreased the radiation-induced HIF-1a and decreased cell viability in MTS assay. These HIF-1a
blockades treatments increased cleaved caspase-3 and cleaved PARP expression after irradiation. PDK1
was increased only in radioresistant cells that have radiation-induced HIF-1a. Knockdown of HIF-1a

decreased PDK1 expressions and increased ROS levels after irradiation.

Conclusions: We demonstrated that radiation-induced HIF-1a increases PDK 1 expression and decreases

ROS productions, resulting in prevention of apoptosis after irradiation.
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