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　Summary of research
　One of the remarkable features of hepatitis 
C virus (HCV) is the persistent infection in 
liver. However, it has long been difficult to 
recapitulate persistent HCV infection in vitro. 
In this project, we established a cell line 
persistently infected with chimeric HCV, which 
supports HCV infection producing infectious 
HCV for more than 2 years for the first time. 
Marked accumulation of lipid droplets co-
localized with HCV proteins was observed in 
HCV-persistently-infected cells. Metabolomics 
analyses of the cell revealed that overall 
metabolisms were facilitated in the HCV-
persistently-infected cells, elucidating the 
accumulation of lipid droplets as storage 
of excess in energy production induced by 
HCV infection. The HCV-persistently-infected 
cells could be a powerful tool for a study of 
persistent infection of HCV such as in vitro 
model of HCV infection.

　Achivement
Establishment of a cell line persistently 
infected with HCV
　Previous ly  we generated a chimer ic 
HCVcomposed of genotype 1b and 2a. 
With this RNA transfected, the cultured 
hepatoma cel l  l ine,  Huh7.5,  produced 
infectious virus undergoing apoptosis. Yet, 
only a small population of the cells survived 
and subsequently we maintained them for 
19 months. During the culture period, we 
isolated a cell clone constantly supporting 
HCV infection. Consequently we established 
a cell line persistently infected with chimeric 
virus. This cell line had been cultured without 
apoptosis more than 2 years vigorously 
producing infectious virus.

Virological analysis of the HCV-persistently-
infected cells
　Dens i ty  grad ient  ana lys is  ind icated 
infectious HCV virion is associated with some 
lipid components. And immunohistochemical 
study revealed that the HCV-persistently-
infected cells were remarkably rich in lipid 
droplets compared with naïve Huh7.5 and that 
HCV core proteins and NS5A proteins were 
co-localized with the lipid droplets (Fig.1), 
indicating involvement of enhanced lipid 
metabolism in the persistency of the HCV 
infection. 

Metabolomics  ana lys is  o f  the  HCV-
persistently-infected cells
　To systematically comprehend metabolic 
changes in the HCV-persistently-infected 
cells, we performed metabolomics analyses 
with CE-TOFMS and LC-TOFMS. In the HCV-
persistently-infected cells, overall metabolisms 
were facilitated through tryptophan pathway, 

pentose phosphate pathway, glycolysis 
pathway and TCA cycle (Fig.2).

Above a l l ,  the t r yptophan-kynurenine-
nicotinamide pathway, in which increase in 
tryptophan followed by the increase in alanine, 
NAD and methylnicotinamide was observed. 
This pathway is generally considered to link 
to lipid metabolism via acetyl-coA possibly 
elucidating the accumulation of lipid. In 
addition, amino acid content and purine 
content were higher in the HCV-infected cell, 
indicating increase in uptake or de novo 
synthesis of the amino acids and purines. 
Together, overall metabolisms facilitattion 
resulted in abnormal accumulation of lipid 
droplets. 

　Future goal
　Now we  a r e  resea rch ing  a  p rec i se 
m e c h a n i s m  u n d e r l y i n g  i n  t h e  l i p i d 
accumulation by the persistent infection of 
HCV and developing an in vitro or ex vivo 
model of HCV persistent infection with the 
HCV-persistently-infected cells.

　Impression
　I was very happy to have learned form the 
distinguished researchers over the world. I 
appreciate all the members of G-COE program 
for giving me such precious opportunities and 
hope I can make use of it for a future study.
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　Elucidation and identification of unknown 
bio-molecular recognition mechanism or 
system is one of most important point for basic 
science development. We have developed 
an application for high performance affinity 
latex beads, which enable rapid and effi cient 
purifi cation of target proteins for a wide range 
of chemical compounds from protein library 
such as cellular extracts. Using the novel 
affi nity screening system, we have succeeded 

to mine several target proteins for small-
molecule compounds, such as therapeutic 
agents, toxins, hormones and heme-related 
porphyrins (Kabe Y., Handa H., et al, [Chemical 
Biology/Chemical Genetics] CMC press). 
Recently, such biological analysis based 
on the information of binding with chemical 
compounds has been proposed a new 
scientifi c fi eld as “Chemical Biology”.

　In this program, using the original screening 
system, I focus on identifying and developing 
unknown metabolomic systems. Heme, an 
endogenous porphyrin derivative that consists 
of a tetrapyrrole ring structure, is a prosthetic 
molecule for heme proteins, which play an 
essential role in oxygen transport, respiration, 

signal transduction and detoxification. I have 
found the novel mitochondrial transporters 
for heme-related porphyrins, and elucidated 
the unknown metabolic pathway for heme 
synthesis (Kabe Y et al . ,  J Biol  Chem. 
281:31729. 2006, Azuma M, Kabe Y et al., 
PLoS ONE. 3:e3070, 2009). 

　Identifi cation of heme target protein is linked 
to several metabolomic diseases due to the 
importance of biological effect of heme. On 
the basis of the information about novel heme-

binding proteins I have now studied about 
physiological effect in response to endogenous 
gas molecules such as CO, H2S, NO, in JST 
ERATO Suematsu Gas Biology Program. 
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　GCOE approach: The approach to my 
research themes was mult factor ial .  My 
research interests lie in understanding complex 
biological systems in health and disease 
states. Complicating or underlying metabolic 
abnormalities can be a maldistribution of 
microvascular blood flow and heterogeneous 
oxygen transport resulting from development 
of microhrombi or vascular fibrin deposition. 
　Using an established animal model of 
systemic heterogeneous capillary oxygen 
t ranspor t ,  known to  a l te r  loca l  t i ssue 
oxygenation in skeletal muscle and the heart, 
a series of experiments were performed 
whereby changes in tissue metabolism were 
investigated while simultaneously evaluating 
organ function. This was a complex procedure 
requiring the use of equipment and facilities 
f rom di fferent groups within the GCOE 
program. An advantage of the GCOE program 
was the interaction with other members of the 
program which helped to broaden the scope 
of the projects.
　Metabolomic analysis of intermediate energy 
metabolites revealed that SIRS (systemic 
inflammatory response syndrome) induced an 
apparent shift in metabolic substrate utilization, 
mani fes ted by increases in  g lyco ly t ic 
intermediates and concurrent decreases in 
Krebʼs cycle intermediates. Administration 
o f  the  in termedia te  energy subst ra te , 
pyruvate, revealed seemingly normal liver 
gluconeogenesis   function, despite known 
liver abnormalities, and an apparent enhanced 
microvascular oxygen delivery capacity due to 
the accumulation of 2,3BPG within circulating 
erythrocytes. These alterations in metabolic 
flux correlated with improved left ventricular 
heart function suggesting that shifts in tissue 
metabolism were an important factor in 

abnormal organ function.
　Bateman RM, Nagahata Y, Ohmura M, 
Hishiki T, Suematsu M. Endotoxemia induces 
a differential metabolic response in the heart 
endotoxemia. Presented at Experimental 
Biology, Anaheim, CA, April 18-22, 2010. 
FASEB J. 2010 24(1):889.1. 29) Presented at 
9th World Congress for Microcirculation, Paris, 
France Sep 26-28, 2010.

　As previously stated, under ly ing the 
observed altered tissue metabolism and organ 
dysfunction may be heterogeneous oxygen 
transport caused by blood clotting within 
the vasculature. To quantify drug induced 
changes in fibrin clot structure, a new image 
processing software program (figure 1 shows 
software program graphical user interface, 
figure 2 shows high resolution multiphoton 
image) has been developed which quantifies 
fibrin fiber parameters at the individual fiber 
(diameter, cross-linking, cross-branching) 
and overall clot structure (fiber density, fractal 
dimension). A series of compounds including 
s-nitrosoglutathione (GSNO), glutathione and 
nitric oxide are under investigation for their 
effects on fibrin clot formation.
　Bateman RM ,  E l l i s  CG,  Wal ley  KW, 
Suematsu M. Human fibrin clot structure 
is altered by s-nitrosoglutathione (GSNO) 
in a dose dependent manner. Presented 
at the joint meeting of European Society of 
Microcirculation and Society of Microcirculation 
and Vascular Biology, Munich, Germany, Oct 
13-16, 2011.

Current Research Activities: Synthetic fatty 
acid conjugated albumin molecules are being 
tested to evaluate energy metabolism and 
organ function.

PROFILE
Pursue academic research in 
University institution.

  1) Investigation and simultaneous quantification of metabolic 
fluxes in multiple organ systems and organ function in 
hypermetabolic disease states.

2a) Development of novel multimodal imaging system for 
metabolic imaging and microvascular hemodynamics and 

2b) development of imaging processing software for analysis of 
complex structures including microvascular networks and 
fibrin clot structures.

Ryon M Bateman, MESc, PhD
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figure 1

figure 2
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　Aim of My Research

　Microglia and astrocytes in the central 
nervous system (CNS) play important roles 
under both physiological and pathological 
condit ions. In injured brain, astrocytes 
and microglia would be activated, such as 
proliferate or migrate toward injured site. To 
know functional relevance of those activated 
glial cells and injured brain, I had been studied 
for function of some molecules in vitro and in 
vivo system. 

　 Most high rate day of proliferation after 
stab wound to mouse brain

　For the analysis of glial cells in the CNS, 
I use stab wound injury to mouse cerebral 
cortex or basal ganglia of the brain. Before 
sacrifice of injured mice, bromo-deoxy uridine 
(BrdU) was incorporated with drinking water to 
labeling proliferating cells. From kinetics assay 
of immunohistochemistry against anti BrdU-
antibody-positive cells after stab wound, most 
of the BrdU-positive cells can be detected at 3 
days after the injury, and then decreased until 
7 days after.

　 Immunological- and Inflammation-related 
genes were induced by stab wound to 
mouse neocortex

　To know the molecules related to glial 
activation after stab wound to the mouse brain, 
expression profiling analysis was performed 
on mRNA extracted from tissue dissected out 
around stab wound lesion at 1, 3, and 7 days 
after stab wound to mouse cerebral cortex 
and without stab for the control. From the data 
of top 20 for highest upregulated genes at 
day after 3, most of them were concerned in 
inflammation or immunological functions. The 
most prominent expression was detected for 
osteopontin (OPN), which is the inducer of 
pro-inflammatory cytokines. In the stab wound 
brain, OPN expression was gradually up-
regulated at day after 1, peak level at day after 
3, and then attenuated at day 7. Interestingly, 
we have observed AQP4 expression not only 
in astrocytes but also in activate microglia 
around the lesion site. 

　 AQP4 has an important role for microglial 
activation in injured brain

　To confirm functional relationship between 
AQP4 and microglial activation, we examined 
microglial activation comparing wild-type 
(WT) mice and AQP4 knockout (AQP4/
KO) mice. As an in vivo analysis, a stab 
wound model was used for AQP4/KO mice. 
Surprisingly, three days after the stab wound 
to AQP4/KO mice, the number of proliferating 
microglia was decreased to 25% of that in 
WT siblings. A microarray analysis for stab 
wound to AQP4/KO brain revealed that most 
of the genes up-regulated in WT mice were 
significantly attenuated at the lesion site. For 
OPN expression in stab wound to AQP4/KO, 
only one-tenth of WT had been detected. 
Receptor against OPN, integrin α 9 and β
1 was also down-regulated in AQP4/KO mice 
than WT mice. From these results, AQP4 might 
be required for microglial activation in injured 
mouse brain.

　 AQP4 has an important role for activation 
of primary culture of microglia

　By using primary cultured of microglia 
f ro m  p o s t n a t a l  m o u s e  b r a i n s ,  A Q P 4 
expression was ten-fold increased in cells 
treated with lipopolysaccharide (LPS) for 
24 hours. Microglial activation, as assessed 
by observing morphological changes from 
ramified to amoeboid, phagocytic activity, and 
pro-inflammatory cytokine expression, was 
observed in microglia from WT mice after LPS 
treatment, but was significantly attenuated in 
microglia from AQP4/KO mice. Taken together, 
these results suggest that AQP4 plays an 
important role in the activation of microglia 
under pathological conditions in the CNS of 
mice. 
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　My research project in G-COE program 
is production of model animals such as 
transgenic mice by using human artificial 
chromosomes (HAC) vector. 

　HAC vector
　Human artifi cial chromosomes (HACs), that 
replicate and segregate once per cell division 
cycle to be stably maintained in cells, are one 
of alternative platform of gene expression. 
We have developed a HAC system in which 
one copy of the DNA fragment of interest was 
manipulated by Cre/lox insertion in any cell 
lines of interest. The HAC provides advantages 
over viral and integrating vectors in evaluating 
g e n e  e x p re s s i o n  w i t h o u t  i n s e r t i o n a l 
mutagenesis of the genome.

　Creating transgenic mice using HAC
　I planed to create transgenic mice using 
HAC to ident i fy  genes responsible for 
genetically determined diseases and to 
analyze gene-dosage effects at the levels of 
transcriptome, proteome and metabolome. The 
model of disease is Down syndrome (DS) that 
is caused by the inheritance of three instead 
of two copies of human chromosome 21. This 
project is collaboration with members of Dr. 
Kudohʼs group. 
　I established several mouse ES cell lines that 
carry the BAC clone candidate for DS using 

the HAC. Then, we produced mice that carry 
three copies of selected target genes by the 
HAC, and investigated phenotype-genotype 
correlations in DS.

　 Introduction of HAC into marmoset ES cells
　I tried to produce ES cells harboring the HAC 
for creating transgenic marmoset. I applied two 
methods to establish cell lines harboring the 
HAC using microcell-mediated chromosome 
transfer. One is the direct introduction of the 
HAC into marmoset ES cell lines. And another 
is making the primary cell lines harboring the 
HAC and then generating them into iPS cells. I 
overcame the several problems in transferring 
the HAC, however, I have not established 
marmoset ES cells harboring the HAC.

　 New technology to analyze genome function
　I developed a method to analyze the genome 
function using HAC vector. I investigated the 
genomic regulation of gene expression of 
HLA-G, a member of human leukocyte antigen 
complex. With this approach, we identified a 
universal negative regulator of gene expression 
at a sequence upstream of genes.

　Achievement
　In this way, I developed basic technology 
using HAC for making transgenic animals and 
genome analyses.

1995 年 3 月   
名古屋大学理学研究科博士課程修了
1995 年 4 月 ー 1996 年 3 月 
日本学術振興会特別研究員
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NEDO 研究員
1997 年 4 月 ー 2002 年 6 月 
 藤田保健衛生大学 助手  
2002 年 7 月 ー 2008 年 3 月    
藤田保健衛生大学 講師
2008 年 4 月 ー 現在  
 慶應義塾大学医学部特任講師
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　HAC vector 　 

　Achievement

　 　Creating transgenic mice using HAC
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　The purpose of my study in the “cell cycle, 
differentiation and metabolism cluster” of 
the GCOE is to reveal the involvement of 
molecular and cellular metabolisms in cerebral 
cortical development, with particular focus 
on (1) the regulatory mechanisms for terminal 
differentiation process, including neuronal 
migration and dendrite maturation, and (2) 
the roles of cell cycle-related proteins in G0-
arrested neurons.

　(1)  the regulatory mechanisms for terminal    
　differentiation process

　Cellular metabolisms of plasma membrane-
associated proteins, such as cell adhesion 
mo lecu les  and receptors ,  a re  la rge ly 
dependent on the trafficking to a specific 
in t race l lu la r  compar tment .  Membrane 
proteins are frequently internalized from the 
plasma membrane and transported to various 
intracellular compartments, such as lysosomes 
(for degradation) or recycling endosomes (for 
reuse on the plasma membrane). Since it is 
known that these complicated intracellular 
trafficking pathways are regulated by different 
Rab family small GTPases, I tried to interrupt 
each trafficking pathway by the use of in vivo 
electroporation-mediated expression of a 
dominant negative (DN) form or shRNA vectors 
for the specific Rab protein. Suppression 
of Rab5-dependent endocytosis caused 
severe neuronal migration-defects, but hardly 
affected neural progenitor proliferation and 
differentiation. Consistently, the expression of 
a neuron-specific promoter-driven DN-Rab5 
also disturbed neuronal migration. Inhibition 
of Rab11-dependent recycling pathway to 
the plasma membrane also exhibited delayed 
neuronal migration, while suppression of 
Rab7-dependent lysosomal degradation 
pathway affected only the final phase of 
neuronal migration and dendrite morphologies. 
Importantly, Rab5 suppression increased 
the cell surface levels of a cell-cell adhesion 
molecule, N-cadherin, overexpression of which 
disturbed neuronal migration. On the other 
hand, knockdown of N-cadherin disturbed 
the attachment of migrating neurons to the 
radial fibers, scaffolds of migrating neurons, 
as well as neuronal migration. These data 
suggest that N-cadherin is required for the 
proper attachment to radial fibers, but that a 
part of N-cadherin should be internalized by 
Rab5-dependent endocytosis to promote the 
neuronal migration along radial fibers. As to 
downstream of Rab5-dependent endocytosis, 
Rab11 suppression induced abnormal 
intracellular accumulation of N-cadherin, 
suggesting that Rab5 and Rab11 cooperatively 
promote the endocytosis and recycling of 
N-cadherin. In contrast, Rab7 suppression 
i nc reased  N-cadher in  p ro te in  l eve l s . 

Collectively, Rab11-dependent recycling 
and Rab7-dependent lysosomal degradation 
pathways differentially regulate neuronal 
migration probably through the distinct roles 
for N-cadherin metabolism (Neuron 2010; CIB 
2011).

図１（Kawauchi et al. (2010) Neuron より転載・一部改変）
Mouse embryonic cerebral cortices were electroporated 
with the indicated plasmids (control or Rab5-knockdown 
or Rab11-knockdown vectors) at embryonic day 14, and 
fixed at postnatal day 0, 5 days after electroporation. 
While control neurons already reached the superficial 
layer of the cortical plate (the final destination), Rab5 or 
Rab11 knockdown cells showed migration defects.

図２（Kawauchi (2011) Small GTPases より転載）

　(2)  the roles of cell cycle-related proteins 
　in G0-arrested neurons

　Previously we have reported that cyclin-
dependent kinase5 (Cdk5) controls the 
molecular metabolism of a CDK inhibitory 
protein, p27(kip1), in G0-arrested neurons, and 
that Cdk5-mediated stabilization of p27(kip1) 
regulates neuronal morphologies through 
promoting actin reorganization, suggesting 
a novel function of cell cycle-related proteins 
in G0-arrested cells (Nature Cell Biol 2006). 
In the GCOE program, we established a 
novel ex vivo chemical inhibitor screening 
method, and found that Cdk5 and Src family 
kinases are involved in the locomotion mode 
of neuronal migration, which covers most of 
neuronal migration path and therefore is a 
main contributor to cortical layer formation 
(J Biol Chem 2010). Now, we continue to 
analyze how Cdk5 regulates the locomotion 
mode of neuronal migration and the possible 
involvement of p27(kip1) in it as a downstream 
of Cdk5.
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京都大学農学部  卒業
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JST さきがけグループメンバー 

（京都大学大学院医学研究科）
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京都大学大学院医学研究科 
博士研究員および COE 助手
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　I. INTRODUCTION

　Many metazoans can reproduce sexually 
as well as asexually. When environmental 
factors are favourable, asexual reproduction 
is employed to exploit suitable conditions 
for survival. In general, they switch from 
asexual to sexual mode of reproduction, 
when individual survival is greatly hampered. 
Variations found in the offspring resulting from 
sexual reproduction allow some individuals 
to be better suited for survival and provide a 
mechanism for selective adaptation. Therefore, 
the reproduct ive st rategy of  swi tching 
between asexual and sexual reproduction may 
contribute to fitness.
　Some freshwater planarians reproduce 
asexually as well as sexually. They have the 
pluripotent stem cells called neoblasts. The 
sexual worms are hermaphrodites, while the 
asexual worms reproduce by fission without 
forming any sexual organs. Certain worms 
develop sexual organs during the colder 
season, while they reproduce asexually with 
much degenerated gonads during the warmer 
season of the year. Asexual worms can switch 
to the sexual mode if they are fed sexual 
worms; this means that the sexual worms 
contain a sex-inducing substance that is not 
species-specific. The putative sex-inducing 
substance is likely to provide clues about the 
mechanisms underlying the differentiation from 
neoblasts to germ cells.

　II. Establishment of a bioassay system for 
isolation of sex-inducing substances in 
the planarian Dugesia ryukyuensis

　I established an experimental system of 
the sexual induction in an asexual clonal 
population of Dugesia ryukyuensis (the OH 
strain) by feeding them with an oviparous 
species, Bdellocephala brunnea (Kobayashi 
et al., Zool Sci, 1999). I aim to identify the 
sexualizing substance(s) contained in B. 
brunnea (Kobayashi and Hoshi, Front Zool, in 
press). 

　III.  D-Trp, one of the sex-inducing substances

The soluble cytosolic fraction of B. brunnea 
was further fractionated by HPLC purification. 
I found that a major component in the active 
fraction was decided as tryptophan (Trp) by 
NMR and ESI-TOF-MS/MS. By the feeding 
experiment with D-Trp or L-Trp, the OH worms 
developed only the ovaries but not other 
reproductive organs such as testes. The 
activity of the ovarian development by D-Trp 
was about 104 times higher than that by L-Trp, 

suggesting that D-Trp was the crucial factor 
in chiral forms. In the ovaries induced by 
D-Trp, a number of oogonium-like cells, which 
expressed maker genes of germ line, Drnos 
and Drpiwi1 (Nakagawa et al., Dev Biol, in 
press), were observed. The results suggested 
that D-Trp is involved in differentiation of 
female germ line from neoblasts in planarians. 
In this project, my goal was to identify the 
expected receptors for D-Trp in the planarian D. 
ryukyuensis.

　IV. Dr-5HTR-1, a candidate of receptor for 
D-Trp

　It was reported that human G protein-
coupled receptor 109b functions as a receptor 
for aromatic D-amino acid (Irukayama-Tomobe 
et al., PNAS, 2009). I isolated 5 homologs 
of human GPR 109b in the planarian D. 
ryukyuensis. Expression analysis by whole-
mount in situ hybridization revealed that Dr-
5HTR-1, one of serotonin receptors type 7, 
was transiently expressed around a pair of 
ovaries (red arrowheads in the figure) during 
the sexual induction. Knock-down analysis by 
ds RNA of Dr-5HTR-1 indicated that Dr-5HTR-1 
is involved in the ovarian development. This 
suggested that Dr-5HTR-1 is a candidate of 
receptor for D-Trp. To demonstrate whether or 
not D-Trp is a ligand of Dr-5HTR-1, I will carry 
out electrophysiological analysis using CHO 
cells.

Assistant Professor
Center for Integrated Medical Research
School of Medicine, Keio University

1999 年  東京工業大学大学院生命
理工学研究科バイオサイ
エンス専攻修了。同年さ
きがけ研究 21「形とはた
らき」領域専任研究員

2002 年  慶應義塾大学理工学部特
別研究助手

2006 年  ドイツ・チュービンゲン
大学ポスドク

2008 年  慶應義塾大学理工学部助
教を経て、2009 年より現
所属。

PROFILE

慶應義塾大学医学部
総合医科学研究センター
特任講師

Molecular mechanisms underlying the sexual induction by 
D-Trp in the planarian
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　There are about  10,500 compounds 
collected to the KEGG (Kyoto Encyclopedia of 
Genes and Genomes), the database offered by 
the Bioinformatics Center of Kyoto University. 
However, in metabolome analysis, we have 
been unable to detect approximately 8,000 
compounds, because they are commercially 
unavai lable; we have only about 2,200 
standard samples for mass spectrometry 
analysis. The majority of elements detected 
during analysis are unknown. We are therefore 
looking to perform synthesis with the new 
standard metabolites, using the latest organic 
synthesis methods.

　 Organic synthesis of bioactive  metabolites:
　We have succeeded in synthesiz ing 
N-Acetyl metaboli tes, which have been 
used as standard samples in the analysis 
of metabol i tes in cr icket brains. These 
metabolites are very useful and important in 
the analysis of a neuromodulation model for 
adaptive behavior selection; it could clarify the 
mechanism of depression and its implications 
for neuroscience.
　Also we have completed the synthesis of 
crab pheromone compounds which have very 
interesting bioactivity. 
Recently we have accomplished the synthesis 
of proline derivatives which have possibility of 
useful bioactivities, anticancer activity.

　 Behaviors of Racemic and Chiral 
Amphiphilic Monomers in Organized 
Bilayer Membranes

　A racemic amphiphilic monomer, n-dodecyl 
glyceryl  i taconate (DGI),  forms bi layer 
membranes in water in the presence of small 
amount of ionic cosurfactant and shows 
iridescent color. Chiral DGI also shows an 
iridescent property, but with a rather red shift 
in the color, which can be ascribed to the 
increased packing density of the monomer 
in the bilayer membranes. Chrial DGI has a 
more compact packing density than racemic 
one owing to closer distance between the 
monomer molecules.

　 Electrophoresis of Proteins in 
Poly(Acrylamide) Gel Containing 
Immobilized Bilayer Membranes
　Electrophoresis of dye stuffs and proteins in 
poly (acrylamide) gel containing immobilized 
bilayer membranes have been studied. Bilayer 
membranes of a polymerizable surfactant, 
dodecylglyceryl itaconate (DGI), can be 
immobilized in poly(acrylamide) gels, and 
the hybrid gels are first applied to a substrate 
of the poly(acrylamide) gel electrophoresis 
(PAGE). The bilayer-membranes-immobilized-
gel (abbreviated as BM-gel) showed different 
separation behaviors from those by the 

conventional PAGE. The separation behavior 
of  dye stuffs suggests that the bi layer 
membranes in the BM-gel work as a separator 
of the test molecules due to their hydrophilic/
hydrophobic nature. Water-soluble proteins 
migrated faster in the BM-gels than in the 
simple poly(acrylamide) gels. Membrane 
proteins, on the other hand, did not move at all 
in the BM-gels probably because the protein 
molecules were entrapped firmly inside the 
bilayer membranes.

　NMR analysis of D-glucose in water:
　D-Glucose is the most significant metabolite 
in the metabolomic system in the l iving 
body. In 1H-NMR measurement of D-glucose 
in heavy water, the chemical shift of β
-proton in the anomeric position of glucose is 
overlapping with the proton of water near the 
body temperature. The temperature was 39 ℃ . 
Furthermore, when measured on the conditions 
put close to living body environment, it was in 
agreement near 37 ℃ .

　Present works
1. Development of new synthetic methods for 

metabolites.
2. Contribution to metabolome analysis by 

supply of new standard compounds.
3. Structure determination of the bioactive 

compounds that have not been known.
4. Discovery of biomarkers, new metabolic 

pathways and enzymes.
5. Metabolic reactions in biomimic condition (in 

nano space).
6.NMR metabolome analysis.
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1992 年 3 月   
慶應義塾大学理工学部応用化学科
卒業
1997 年 3 月   
 慶應義塾大学大学院理工学研究科
後期博士課程修了博士（工学）取得

（職歴）
1997 年 4 月   
理化学研究所　基礎科学特別研究員
1998 年 10 月  
理化学研究所　研究員
2003 年 7 月   
北海道大学 電子科学研究所　助手
2007 年 4 月   
北海道大学　電子科学研究所　助教
2007 年 10 月  
慶應義塾大学　先端生命科学研究所

（併任）
2005 年  
Guest Assistant Professor, Lund 
University, Sweden  

（文部科学省・海外先進教育研究実
践支援プログラム）
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　Summary of research

　Cytokinins are plant hormones that are 
involved in the regulation of proliferation, 
cell cycle-progression, and development of 
the cell and plastid. Here, we show that an 
apicomplexan parasite Toxoplasma gondii, an 
opportunistic human pathogen, is producing 
this plant hormone. T. gondii has trans-zeatin 
biosynthetic pathway similar to that of plant. 
A natural cytokinin, trans-zeatin, accelerated 
the proliferation of the parasites within the host 
cells. On the other hand, a synthetic cytokinin, 
thidiazuron, inhibited the proliferation, though 
all cytokinins upregulate the plant growth. 
Since cytokinins regulate the cell cycle 
progression by enhancing the expression of 
one of cyclins, CycD3 in plant system, we 
analyzed the expression level of cyclins in T. 
gondii by quantitative PCR (qPCR) analysis. 
We found that trans-zeatin upregulated the 
expression of one cyclin, TgCYC3, while 
thidiazuron downregulated its expression. We 
further found that trans-zeatin hastened the 
cell cycle progression from G1 to S phase as 
well as plant, while thidiazuron caused the halt 
there. It suggests that this cyclin plays a vital 
role in controlling the cell cycle progression 
and concomitantly its proliferation in T. gondii 
as shown in Fig.1.    　

t-zeatin fastens the cell cycle progression from G1 to S 
phase while as thidiazuron halts the progression from G1 
to S phase.（Fig.1）

　It is also known that cytokinins regulate the 
choloroplast development in plants and that T. 
gondii has an organelle, apicoplast, which is a 
remnant derived from an algal endosymbiont. 
Immunofluorescence microscopy revealed 
that trans-zeatin increased the number of 
apicoplast in the parasite but thidiazuron 
caused the disappearance of it. The change of 
the number of apicoplast in cytokinin-treated 
parasite was confirmed by the comparioson of 
the copy number of the apicoplast genome by 
qPCR analysis as shown in Fig.2.

Cytokinins affect the copy number of apicoplast in 
T.gondii  (Fig.2)

The growth inhibition by thidiazuron was also 
observed in laboratory animals. We thus 
believe that synthetic cytokinin, thidiazuron 
can be a potential drug to inhibit T. gondii 
proliferation.

　Achievement

　My study described the role of plant 
hormones cytokinin in the apicomplexan 
parsite Toxoplasma gondii. Cytokinins regulate 
the cell cycle progression and apicoplast 
replication in Toxoplasma gondii.

　Future goal

　I would like to study the detailed mechanism 
how these plant hormone cytokinins effect 
Toxoplasma gondii using transcriptomic 
approach.

　Present Study

　Presently I  am studying the effect of 
anticytokinins, which are considerd structural 
analouges of cytokinins on Toxoplasma gondii.
I am also involved in studying the effect of 
calcium receptor antagonist IP3 and ryanodine 
receptors on T. gondii. Since pharmological 
evidences about these receptors are available 
but no genes related to them are found in 
genome database. My primarly study showd 
that some calcium receptor anatagonist inhibit 
the T.gondii proliferation in dose dependent 
manner.

Dec ー 2007 to present: Instructor 
G C O E  “ C e n t e r  f o r  H u m a n 
Metabolomic System Biology”
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Plant hormone cytokinins control cell cycle and plastid 
replication in Toxoplasma gondii.
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　Background
　Entamoeba histolytica, an enteric protozoan 
parasite, causes amebic colitis and extra 
intestinal abscesses in approximately 50 
millions inhabitants of endemic areas. This 
organism has various features in metabolism. It 
lacks almost all amino acids synthesis pathway 
and incorporates amino acids from host cells; 
however it has two unique pathways regarding 
sulfur-containing amino acids: cysteine de 
novo synthesis pathway and their amino acids 
degradation pathway. To gain further insight 
into the roles and regulatory mechanisms 
of sulfur-containing amino acid metabolism 
and individual metabolites in E. histolytica, 
we utilized capillary electrophoresis time-of-
flight mass spectrometry for the metabolomic 
profiling of this parasite. 
　Encystation is the essential differentiation 
step for the survival and diseases transmission 
of  many paras i t ic  eukaryotes such as 
Entamoeba, Giardia,  Cryptospor idium, 
Acanthamoeba and Balamuthia. As only 
the cyst form can be transmitted, blocking 
encystation would prevent new infections, 
making the encystation program an attractive 
target for the development of new drugs or a 
vaccine. Unfortunately, little is known about 
either the factors that trigger cyst development 
or  the under ly ing cel lu lar  mechanisms 
involved. We have investigated metabolic 
and transcriptomics changes that occur 
during encystation in Entamoeba invadens, 
the reptilian sibling of mammal-infecting E. 
histolytica, using capillary electrophoresis-
tandem mass spectrometry-based metabolites 
p ro f i l i ng  and  DNA m ic roa r ray  based 
expression profiling.

　Results and Conclusion
　We found that L-cysteine depletion had 
profound effects  on g lycolys is ,  amino 
acid, and phospholipid metabolism, and a 
dramatic accumulation of O-acetylserine 
and S-methylcysteine. We demonstrated 
that S-methylcysteine is synthesized from 
methanethiol and O-acetylserine by cysteine 
synthase, which was previously considered to 
be involved in sulfur-assimilatory L-cysteine 
biosynthesis. We have identified a pathway in 
which isopropanolamine is synthesized from 
methylglyoxal via aminoacetone. Beside this 
we have also identified two electron transport 
proteins, discovered by vir tue of t ightly 
regulated gene expression in correlation with 
L-cysteine concentrations. These two proteins 
provide the source of electron for the reductive 
activation of the pro-drug, metronidazole in the 
enteric protozoan parasite E. histolytica and 
these proteins could also play an important 
role in maintaining intracellular redox potential 
inside the cell (Figure 1).

During encystation we found that the levels of 
majority of metabolites involved in glycolysis 
and nucleotides drastical ly decreased, 
indicating energy generation is ceased. In 
contrast, the flux of glycolysis was redirected 
toward chitin wall biosynthesis (Figure 2). 

　We a lso found remarkable  tempora l 
increases in b iogenic  amines such as 
isoamylamine, isobutylamine, and cadaverine, 
during the early period of encystation, when 
the trophozoites form large multicellular 
aggregates (precyst), suggesting that these 
metabolites may play an important role in 
inducing encystation. We have also identified 
a pathway involved in GABA synthesis, which 
was induced remarkably during encystation.

　Current Research and future goal     
　We are now working on the physiological 
role and fate of S-methyl  cysteine and 
phosphatidylisopropanolamine to better 
understand sulfur containing amino acid 
metabolism, which is considered an attractive 
drug target for the development of new 
chemotherapeutics against this pathogen. 
Beside this we are also working on signal 
transduction pathways triggering encystation 
via the formation of GABA and biogenic 
amines which help in better understanding of 
the process in pathogenic eukaryotes, and 
further development of measures controlling 
infections they cause.

Dec 2007 to present  
Research Associate (instructor), 
G loba l  center  o f  exce l lence 
(G-COE) for Human Metabolomic 
Systems Biology, Keio University, 
Tokyo, Japan
Oct 2005 to Nov 2007 
Research Assistant, Department 
of Biochemistry, Aligarh Muslim 
University, Aligarh, India
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　 I  have examined the role of proximal 
tubular Sirt1 in acute kidney injury (AKI) and 
chronic kidney disease (CKD) by creating 
Sirt1 Tg mice with proximal tubular specific 
overexpression of Sirt1 (Tg) and proxima 
tubules-specific conditional Sirt1 knockout 
(CKO) mice. As for AKI, we have already 
published reports on the effect of renal Sirt1 
on attenuation of acute stress (1, 2). However, 
whether renal Sirt1 mitigates chronic stress 
has not been elucidated. Therefore, of various 
chronic stress-related diseases, we select DN 
models to investigate the role of renal Sirt1 on 
DN-induced chronic stress and are currently 
investigating the phenotypes of WT, Tg, and 
CKO with DN (3). 

1.Kazuhiro Hasegawa, Shu Wakino, Koichi 
Hayashi, Hiroshi Itoh. Srt1 protects against 
oxidative stress-induced renal tubular cell 
apoptosis by the bidirectional regulation of 
catalase expression.  Biochem Biophys Res 
Commun. 2008;18;372(1):51-6.
 
2.  Kazuhiro Hasegawa, Shu Wakino, Koichi 

Hayashi, Hiroshi Itoh. Kidney-specif ic 
overexpression of Sirt1 protects against 
acute kidney injury by retaining peroxisome 
function.J Biol Chem. 2010;285,13045-
13056. 

3. Oral presentations at annual scientif ic 
meetings of American Society of Nephrology 
in 2009, 2010, and 2011. 

　We have already published reports on the 
effect of renal Sirt1 on attenuation of acute 
stress (BBRC 2008, JBC 2010) as below. 
However, whether renal Sirt1 mitigates chronic 
kidney disease has not been elucidated. 
Therefore, we are investigating the role of renal 
Sirt1 on DN-induced chronic kidney disease 
(ASN 2009-2011, JSN 2008-2011). 

　Sirt1 protects against oxidative stress-
induced renal tubular cell apoptosis by the 
bidirectional regulation of catalase expression. 
Hasegawa K, Wakino S, Yoshioka K, Tatematsu 
S, Hara Y, Minakuchi H, Washida N, Tokuyama 
H, Hayashi K, Itoh H Biochem Biophys Res 
Commun. 2008 

　We examined the role of Sirt1 in renal 
tubular cell apoptosis by using HK-2 cells, 

proximal tubular cell lines with or without 
reactive oxygen species (ROS).   Endogenous 
Sirt1 maintains cell survival by regulating 
catalase expression and by preventing the 
depletion of ROS required for cell survival. In 
contrast, excess ROS upregulates Sirt1, which 
activates FoxO3a and catalase leading to 
rescuing apoptosis. Thus, Sirt1 constitutes a 
determinant of renal tubular cell apoptosis by 
regulating cellular ROS levels.
　Kidney-specific overexpression of Sirt1 
protects against acute kidney injury by　
retaining peroxisome function. Hasegawa 
K, Wakino S, Yoshioka K, Tatematsu Sv, 
Hara Y, Minakuchi H, Sueyasu K, Washida 
N, Tokuyama H, Tzukerman M, Skorecki K, 
Hayashi K, Itoh H.　J Biol Chem. 2010　
　We created transgenic (TG) mice with 
kidney-specific overexpression of Sirt1 and 
investigated the kidney-specific role of Sirt1 
in the protection against acute kidney injury 
(AKI). We also elucidated the role of number 
or function of peroxisome and mitochondria in 
mediating the mechanisms for renal protective 
effects of Sirt1 in AKI. Cisplatin-induced 
AKI decreased the number and function of 
peroxisomes as well as mitochondria and led 
to increased local levels of ROS production 
and renal tubular apoptotic cells. TG mice 
treated with cisplatin mitigated AKI, local 
ROS, and renal tubular apoptotic tubular 
cells. Consistent with these results, TG mice 
treated with cisplatin also exhibited recovery 
of peroxisome number and function, as well 
as rescued mitochondrial function; however, 
mitochondrial number was not recovered. 
Immunoelect ron  microscopic  f ind ings 
consistently demonstrated that the decrease 
in peroxisome number by cisplatin in wild 
type mice was restored in transgenic mice. 
In HK-2 cells, a cultured proximal tubule cell 
line, overexpression of Sirt1 rescued the 
cisplatin-induced cell apoptosis through the 
restoration of peroxisome number, although the 
mitochondria number was not restored. These 
results indicate that Sirt1 overexpression in 
proximal tubules rescues cisplatin-induced 
AKI by maintaining peroxisomes number 
and function, concomitant up-regulation of 
catalase, and elimination of renal ROS levels. 
Renal Sirt1 can be a potential therapeutic 
target for the treatment of AKI.

Analysis of the relationship between energy metabolic 
abnormalities in proximal tubules and renal diseases. 

Kazuhiro Hasegawa
長谷川　一宏

Instructor
Nephrology, Endocrinology, and Metablism
School of Medicine, Keio University

2006 年   
腎臓内分泌代謝内科学　助教
2007 年 ー 現在  
腎臓内分泌代謝内科学　特任助教
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　Bone homeostasis is  regulated by a 
del icate balance between osteoclasts, 
bone-resorbing cells, and bone-forming 
osteoblasts. Dysregulation of this process 
by increased osteoclast activity or reduced 
osteoblast function results in impaired bone 
status, as seen in osteoporosis. Osteoporosis 
is a multifactorial disease developing from 
interaction between sex, age, lifestyle factors 
and genetic components. The number of 
osteoporosis patients is consistently increasing 
in countries with aging populations and 
prevention of this disorder is becoming a 
pressing global issue. 
　Aldehyde dehydrogenase2 (ALDH2) 
works as a second enzyme in the digestion 
of alcohol. ALDH2 works as a homohexamer 
enzyme, but at least one gene mutation 
expresses a recessive character. About half of 
the Japanese and east asians have a mutant 
ALDH2 gene, resulting to sensitivity to alcohol. 
In other statistical analysis report, a mutation 
of the ALDH2 gene accelerates osteoporosis. 
However, the mechanism on how the mutated 
gene ALDH2 affects bone formation is still 
unknown. In this study, I try to work out the 
relation between the mutation of the ALDH2 
gene and bone homeostasis by util izing 
inactive ALDH2 (ALDH2-DAL) mice.
  
　1. ALDH2 dominant negative transgenic 

mice exihibit osteoporosis. 

　Two-month-old ALDH-DAL and wild-type 
mice were sacrificed and observed complete 
skeleton by soft x-ray, and were measured 
bone mineral  densi ty of  indiv idual  lef t 
femurs by DEXA. ALDH-DAL mice exhibited 
osteoporosis and showed signi f icant ly 
reduced bone density by DEXA analysis. 
In morphometrical analysis, ALDH2-DAL 
trabecular and cortical bone thickness were 
thinner, and bone formation and mineralized 
rates were also decreased compared to that of 
wild type mice.

　2. ALDH2-DAL osteoblast exhibit lower 
differentiation ability than wild type at 
an early phase.

　Osteoblast in mice with mutated ALDH2 gene 
remarkably decreased compared to wild type 
osteoblasts by cell stainig such as alkaline 
phosphatase, Von Kossa and alizarin red. RT-
PCR analysis also showed that the expression 
of marker genes on osteoblast differentiation 
of mice with mutated ALDH2-DAL gene was 
decreased compared to wild type osteoblasts.
 
　3.  ALDH2-DAL osteoblastic cells show 

accumulation of 4-HNE. 

　We comf i rmed that  ALDH-DAL mice 
accumulated acetaldehyde and peroxidated 
lipid protein, 4HNE, in blood plasma and 
osteoblasts, respectively. We demonstrated 
whether acetaldehyde affects osteoblasts or 
not during differentiation using MC 3T3 E1-cell. 
In the presence of acetaldehyde, differentiation 
of E1 cell to osteoblasts through the stimulation 
of BMP-2 was inhibited. 

　4. ALDH2-DAL exhibit increased 
expression of adipogenetic genes

　MC 3T3-E1 osteoblastic cell stimulated by 
BMP2 highly expressed , adipogenetic marker, 
PPARγ2 in the presence of acetaldehyde. But 
these results could be recovered by addition 
of vitamin E analog molecule, Trolox C having 
antioxidant function. The osteoblast cells of 
ALDH2-DAL mice also highly expressed aP2, 
APOE, and PPARγ-2, and appeared lipid 
droplet in bone marrow tissue.
　These results suggested that osteoblasts 
of mice with mutated ALDH2 gene might be 
dysfunctional in differentiation. 

　Feedback about G-COE  

　 In this work, I was able to attend the 
international conference in Australia as a 
JSBMR travel award recipient. I appreciate 
having the opportunity to take parti in this 
program.

Instructor
Orhopedic Surgery
School of Medicine, Keio University
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北海道大学大学院理学研究科 
学位取得（理学博士）
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主任研究員
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博士研究員
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特任助教
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　Adult neurogenesis is a common feature in 
most vertebrates, including humans. Neural 
stem cells (NSCs) in the subventricular zone 
(SVZ) generate neuronal precursor cells 
(NPCs), which migrate through the rostral 
migratory stream (RMS) to the olfactory bulb 
(OB) where they become interneurons. In the 
brain insults, the NPCs migrate to the damaged 
sites, where they differentiate into mature 
neurons. The endogenous NSCs are a potential 
source of neurons for self-repair in adult 
brain. However, the mechanisms of neuronal 

production and migration in the adult brain 
are largely unknown. Comparative studies 
would be a good strategy for understanding 
the function of neurogenesis in the adult brain 
of fish and mammals, because zebrafish has 
been successfully used as a model system 
to study the pathology and treatment of 
various human diseases. Taking advantages 
of zebraish genetic approach and imaging 
techniques, we established a zebrafi sh model 
for studying adult neurogenesis.

2000 年  広島大学大学院  
工学研究科修了 博士（工学）

2001 年  日本学術振興会  
特別研究員   

（国立遺伝学研究所）
2004 年  イェール大学医学部 

遺伝学部門 研究員
2007 年〜 慶應義塾大学  

総合医科学研究センター 
特任助教
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Center for Integrated Medical Research
School of Medicine, Keio University

慶應義塾大学医学部
総合医科学研究センター
特任助教

Neuronal production and migration in the adult zebrafi sh brain

Norihito Kishimoto
岸本　憲人

I. Migration of neuronal precursors from the telencephalic ventricular zone into the 
olfactory bulb in adult zebrafi sh:

II.  Neuronal regeneration in a zebrafi sh model for adult brain injury

III.  Aging of the neurogenic telencephalic ventricular zone in adult zebrafi sh

Feedback about G-COE

　In this G-COE program, I could discuss with 
many members working in life sciences. They 
got myself excited. I am grateful for giving me 
great opportunities to learn different fields of 
basic and medical sciences and technologies, 
and venues for interaction with researchers 
from Karolinska Institute in Sweden.

　We provided the first evidence that NPCs 
migrate from the telencephalic ventricular 
zone (TVZ) into the OB in adult zebrafish. 
We found that blood vessels outlining the 
RMS are utilized as a cellular substrate for 
their migration, suggesting that vasophilic 
migration of NPCs in adult telencepjhalon 
is  an evolut ionar i ly  conserved feature 

(Kishimoto et al., J. Comp. Neurol., 2011). 
Furthermore, we found that Sdf1 and Cxcr4 
are expressed on the blood vessels and in the 
NPCs, respectively and that the Sdf1/Cxcr4 
chemokine signaling plays an important role 
in homing of NPCs to the vascular niche in the 
TVZ.

　We established a novel zebrafish model for 
adult brain injury. Using this model, we found 
that NSCs in the TVZ generate NPCs that 
migrate to the injury sites, where the injury-
induced NPCs differentiate into the neuronal 
subtype lost by the lesion. These results 

indicate that the TVZ contributes to neural tissue 
repair following telencephalic injury in adult 
zebrafi sh and that the adult zebrafi sh is a useful 
model for regenerative medicine (Kishimoto et 
al., Disease Models & Mechanisms, in press).

　We assessed senescence of the neurogenic 
TVZ in zebrafish during aging. We detected 
senescence associated- β -galactosidase 
activity in the TVZ of the mid-aged (1.5 years) 
and elder (over 2 years) fishes, but not in 
young (3-10 months) fish. In the aged TVZ, 

we found decreased numbers of NSCs, in 
which HES1, a Notch effector, was down-
regulated, leading to a significant decrease 
in cell proliferation in the TVZ. It suggests 
that inactivation of Notch is involved in the 
decreased neurogenesis in the aged TVZ.　
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　Osteoclast and bone resorption

　Osteoclasts are responsible for bone 
resorption, and thereby play an essential role 
in maintaining bone volume and homeostasis. 
Dysregulation of osteoclast differentiation 
or function disrupts maintenance of bone 
homeostasis, which in turn leads to pathogenic 
conditions such as osteoporosis, rheumatoid 
arthritis, lytic bone metastases, or Pagetʼ
s bone disease. Thus, osteoclasts could 
potentially be targeted therapeutically to 
treat skeletal disorders. Osteoclasts originate 
from BM-derived monocyte/macrophage 
precursor cells of hematopoietic origin and 
are differentiated by signaling through the 
receptor activator of NF-κ B ligand (RANKL). 
RANKL induces osteoclast differentiation by 
activating the nuclear factor of activated T 
cells 1 (NFATc1), a transcription factor required 
for osteoclastogenesis. Activated NFATc1 
induces expression of “osteoclastic” molecules 
essential for osteoclast differentiation and 
function, such as DC-specifi c transmembrane 
protein (DC-STAMP) to facilitate cell?cell fusion, 
cathepsin K (Ctsk) to promote bone matrix 
proteolysis, and NFATc1 to drive differentiation. 
Thus, signaling pathways mediated by positive 
regulators of NFATc1 in osteoclastogenesis 
have been intensively studied, whereas factors 
negatively modulating osteoclastogenesis are 
largely unknown. 

　 Identifi cation and characterization 
of the novel pathway regulating 
osteoclastogenesis

　Our team worked on the negative regulators 
for osteoclast differentiation and identified 
two transcriptional repressors controlling 
osteoclastogenesis, Bcl6 (B-cell lymphoma 6) 
and Blimp1 (B lymphocyte induced maturation 
protein 1).  We show that Bcl6 negatively 
regulates expression of osteoclastic genes, i.e., 
NFATc1, DC-STAMP, and Ctsk, which are all 
NFATc1 targets. We found that Bcl6 is recruited 
to promoters of these genes, and that Bcl6 

inhibits osteoclastogenesis. We also report 
that Blimp1 binds to the Bcl6 promoter, likely 
suppressing its expression. Bcl6-defi cient mice 
exhibited decreased bone mass with increased 
osteoclastogenesis, whereas osteoclast-
specific Blimp1 conditional KO (cKO) mice 
showed impaired osteoclast differentiation and 
increased bone mass, likely resulting from Bcl6 
dysregulation. Overall, our data demonstrate 
that an axis of transcriptional repressors is 
crucial to regulate osteoclastogenesis and 
bone homeostasis. 

　Future projects

　Our fi ndings strongly suggest the inhibition 
of Blimp1 is effective against bone diseases 
with over-activated osteoclasts. We continue 
the study about Blimp1 by utilizing conditional 
targeting mouse models, and attempt to 
reveal Blimp1 is available as therapeutic 
target for destructive bone diseases such as 
osteoporosis. Although administration of the 
Blimp1 inhibitor can be mimicked by systemic 
targeting of Blimp1, mice homozygous for 
Blimp1 null mutation are not available for our 
analyses because of their embryonic lethality. 
The inducible Blimp1 knockout in adult mice is 
an alternative way to prevent aberrations, and 
can be established by utilizing Mx1-Cre that 
is induced under the stimulation of interferon 
signaling pathway. We confirmed that the 
Blimp1 knockout mice by Mx1-Cre exhibited no 
abnormalities and no lethality, and subjected 
them to establish the model for osteoporosis. 

　The feedback to Global-COE

　Our findings provided the new concept to 
understand osteoclastogenesis in more detail, 
and suggested new clues to control bone 
destructive diseases with overdriving bone 
resorption. The Global-COE supports are 
crucial to advance our works.We express deep 
gratitude to the supports from Grobal-COE 
program.

大阪大学大学院医学系研究科にて
学位取得。   
帝人株式会社、大阪府立母子保健
総合医療センター、ウィスコンシ
ン大学を経て現職。
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Instructor
Orthopedic Surgery
School of Medicine, Keio University

慶應義塾大学医学部
整形外科学　
特任助教

Transcriptional regulation and bone metabolism

Yoshiteru Miyauchi 
宮内　芳輝

Our fi ndings demonstrated that the Blimp1-Bcl6 axis is essential for 
osteoclast diff erentiation as well as the NFATc1 pathway.

　Osteoclast and bone resorption

　 Identifi cation and characterization 

　Future projects

　The feedback to Global-COE
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　I could join this program only partially 
because the all experiments handling the 

pathogen are prohibited due to the limitation of 
the equipment.

Impression

　Sulfur-containing amino acids are essential 
for  a l l  l iv ing organisms. L-cyste ine,  in 
particular, plays indispensable roles in various 
cellular processes including a component of 
proteins, electron transfer, redox regulation, 
and ni trogen f ixat ion. In the protozoan 
parasite Entamoeba histolytica, the causative 
agent of amebiasis, L-cysteine plays an 
essential role in proliferation, adherence, and 
defense against oxidative stress; however, 
i ts  metabol ic pathways and regulat ion 
mechanisms are poorly understood. We 
attempted to quantitate charged metabolites 
modu la ted  in  response  to  L -cys te ine 
deprivation in E. histolytica, as a model for 
examining the biological roles of L-cysteine, 
using the applied capillary electrophoresis 
t ime-o f - f l igh t  mass  spec t romet r y.  We 
found that it affects on glycolysis, amino 
acid, and phospholipid metabolisms. It 
causes sharp decreases of L-cysteine, 
L-cystine, and S-adenosylmethionine, and 
a dramatic accumulation of O-acetylserine 

and S-methylcysteine. We demonstrated 
that S-methylcysteine is synthesized from 
methanethiol and O-acetylserine by cysteine 
synthase and methionine gamma-lyase, 
former of which was previously known to 
be involved in L-cysteine biosynthesis. 
L-cysteine depletion also repressed energy 
generat ion,  as i t  reduced acety- lCoA, 
and ethanol, and led to the accumulation 
of glycolytic intermediates. Interestingly, 
L-cysteine depletion increased the synthesis 
of very unique amines, isopropanolamine and 
phosphatidylisopropanolamine. This induction 
was not a result of oxidative stress, but was 
a specific response to L-cysteine depletion. 
We also identified that isopropanolamine 
is  synthes ized f rom methy lg lyoxa l  v ia 
aminoacetone, which derived from glycolytic 
intermediate. This study represents the 
f irst case where L-cysteine deprivation 
leads to drastic changes in core metabolic 
pathways, including energy, amino acid, and 
phospholipid metabolism.

Achivement

1989 年 4 月ー 1993 年 3 月 
宇都宮大学農学部農学科
1993 年 4 月ー 1999 年 3 月 
北海道大学大学院地球環境科学研
究科修士課程及び博士後期課程
1999 年 5 月ー 2001 年 3 月 
関西学院大学理学部化学科 
博士研究員
2001 年 4 月ー 2004 年 3 月 
大阪大学微生物病研究所博士研究員
2004 年 4 月ー 2004 年 12 月 
国立感染症研究所博士研究員
2005 年 1 月ー 2007 年 9 月 
群馬大学大学院医学研究科 
博士研究員
2007 年 10 月ー 2008 年 3 月 
慶應義塾大学医学部特別研究助教
2008 年 4 月ー 現在  
慶應義塾大学大学院政策メディア
研究科　特任助教

Project Assistant Professor
Institute for Advanced Biosciences, Keio 
University

慶應義塾大学
先端生命科学研究所
特任助教

Energy metabolism in protozoan parasite, Entamoeba histolytica

Dan Sato
佐藤　暖
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　“Evo lu t i on ”  s tudy  sugges ts  tha t  an 
evolutionary change in the migratory ability 
of inhibitory interneurons, which originate 
outside the neocortex, was involved in the 
establishment of the neocortex by supplying 
inhibitory components to the network (Tanaka 
et al., PNAS, 2011).

　“Disease” study suggests that increasing 
GABAergic interneuron precursors in the 
PFC may contribute to the development of 
a cell-based approach as a novel means of 
modulating the PFC neuronal circuitry and 
preventing schizophreniform cognitive deficits 
(Tanaka et al., J. Neurosci., 2011).

[“Evolution” study]
　The establ ishment of the mammalian 
neocortex is often explained phylogenetically 
by an evolutionary change in the pallial 
neuronal progenitors of excitatory projection 
neurons.  I t  remains unclear,  however, 
whether and how the evolutionary change in 
inhibitory interneurons, which originate outside 
the neocortex, has been involved in the 
establishment of the neocortex. In this study, 
we transplanted chicken, turtle, mouse, and 
marmoset medial ganglionic eminence (MGE) 
cells into the embryonic mouse MGE in utero 
and compared their migratory behaviors. We 
found that the MGE cells from all of the species 
were able to migrate through the mouse 
neocortical subventricular zone and that both 
the mouse and marmoset cells subsequently 
invaded the neocortical cortical plate (CP). 
However, regardless of their birthdates and 
interneuron subtypes, most of the chicken and 
turtle cells ignored the neocortical CP and 
passed beneath it, although they were able 
to invade the archicortex and paleocortex, 
suggesting that the proper responsiveness 
of MGE cells to guidance cues to enter the 
neocortical CP is unique to mammals. When 
chicken MGE cells were transplanted directly 
into the neocortical CP, they were able to 
survive and mature, suggesting that the 
neocortical CP itself is essentially permissive 
for postmigratory development of chicken 
MGE cells. These results suggest that an 
evolutionary change in the migratory ability 
of inhibitory interneurons, which originate 
outside the neocortex, was involved in the 
establishment of the neocortex by supplying 
inhibitory components to the network.

[“Disease” study]
　Phencyclidine (PCP) is a noncompetitive 
NMDA receptor antagonist, and it induces 
schizophreniform cognitive deficits in healthy 
humans and similar cognitive deficits in 
rodents. Although the PCP-induced cognitive 
deficits appear to be accompanied and 
possibly caused by dysfunction of GABAergic 

inhibitory interneurons in the prefrontal 
cortex (PFC), the potential benefit(s) of 
GABAergic interneuron manipulations on 
PCP-induced cognit ive deficits remains 
unexplored. In this study we show that when 
embryonic medial ganglionic eminence 
(MGE) cells, many of which differentiate 
into cortical GABAergic interneurons in situ, 
were grafted into the medial PFC (mPFC) 
of neonatal mice, they differentiated into a 
specific class of GABAergic interneurons 
and became functionally integrated into 
the host neuronal circuitry in adults. Prior 
MGE cell transplantation into the mPFC 
signif icantly prevented the induction of 
cognitive and sensory-motor gating deficits 
by PCP. The preventive effects were not 
reproduced by either transplantation of 
cortical projection neuron precursors into the 
mPFC or transplantation of MGE cells into 
the occipital cortex. The preventive effects 
of MGE cell transplantation into the mPFC 
were accompanied by activation of callosal 
projection neurons in the mPFC. These findings 
suggest that increasing GABAergic interneuron 
precursors in the PFC may contribute to the 
development of a cell-based approach as a 
novel means of modulating the PFC neuronal 
circuitry and preventing schizophreniform 
cognitive deficits.

2006 ー 2007  日本学術振興会 
特別研究員、大阪大学 

2007 ー 2011  慶應義塾大学医学部 
特任助教
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Postdoctoral Fellow
University of Brussels ULB

Evolution and Disease of the Neocortex

慶應義塾大学医学部
解剖学
助教
ブリュッセル自由大学
博士研究員
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　To create transgenic animals for human 
disease, we introduced red fluorescence 
protein (mRFP) gene carrying CMV promoter 
(CMV-mRFP) into pronucleus of marmoset 
embryo using pronuclear injection method. 
the CMV-mRFP gene was introduced in a total 
of 214 embryos at the pronucleus stage and 
23% of embryos (50/214) developed to the 
16-cell stage.  Seventy-two percent (36/50) of 
the 16-cell stage embryos expressed mRFP 
fl uorescence. As a result, three offspring and 
six miscarried fetus were obtained. However, 
the expression of transgene was not confi rmed 
and current research indicates that mRFP 

have harmful effects to embryo development. 
Hence, we constructed the gene of green 
fluorescence protein (GFP) carrying CMV 
promoter named CMV-GFP instead of CMV-
mRFP. A total of 50 embryos expressed GFP 
(Fig. 1) were transferred to 17 surrogate 
mothers. Although six offspring were obtained, 
the insertion of transgene was not confi rmed. 
In summary, production of transgenic animals 
using pronulear injection method is difficult 
in common marmoset. Hence, we tried to 
establish the induced pluripotent stem (iPS) 
cells with germline transmission ability in the 
next experiment. 

　The four transcription factors Oct4, Sox2, 
Klf4, and c-Myc induce pluripotency in somatic 
cells. Although embryonic stem cell (ESC)-
like induced pluripotent stem (iPS) cells are 
desirable for potential therapeutic applications 
in humans, they will also be useful for creating 
genetically-modified human disease models 
in non-human primates. In this study, we 
generated marmoset iPS cells from liver cells 
isolated from a fetal female marmoset via the 
retrovirus-mediated introduction of the six 
human transcription factors Oct4, Sox2, Klf4, 
c-Myc, Nanog and Lin28 (Fig. 2). First, we 
tested the expression of undifferentiated ESC 
marker genes using immunocytochemistry and 

RT-PCR.  We detected alkaline phosphatase 
activity and the expression of ESC-specific 
surface markers, including SSEA-3, SSEA-4, 
TRA-1-60, and TRA-1-81.  RT-PCR revealed 
that these iPS cells expressed endogenous 
Oct4, Sox2, Klf4, c-Myc, Nanog and Lin28 
genes, while the all transgenes were silenced.  
Moreover, karyotype analysis revealed these 
iPS cells retained a normal karyotype (46, XX) 
after a 2-month culture.  Both embryoid body 
and teratoma formation demonstrated that 
marmoset iPS cells had the developmental 
potent ia l  to  g ive r ise to  d i f f erent ia ted 
derivatives of all three primary germ layers.

　In summary, we generated marmoset iPS 
cells via the retrovirus-mediated transduction 
of six transcription factors, Oct4, Sox2, Klf4, 
c-Myc, Nanog, and Lin28 into fetal liver cells.  
Because marmosets have many advantages 
for studying reproductive biology compared 
to other laboratory primates as mentioned 
above, we can conduct many trials to validate 

the germ-line transmission ability of iPS cells.  
Although further studies are required, there 
is a fair possibility of establishing marmoset 
iPS cells that show germ-line transmission.  
Moreover, common marmosets and their 
iPS cells will provide a powerful preclinical 
model for studies in the field of regenerative 
medicine.

2007 年 03 月  
東北大学大学院  
農学研究科　博士課程　修了
2007 年 04 ー11 月  
東北大学大学院  
農学研究科 研究補佐員
2007 年 12 月ー 現在  
慶應義塾大学 特別研究助教 
実験動物中央研究所 兼任研究員 
専門：発生工学、動物生殖学

Instructor
Center for Integrated Medical Research
School of Medicine, Keio University

慶應義塾大学医学部
総合医科学研究センター
特任助教

Optimization of methodology for creation of human disease 
model in common marmoset

Ikuo Tomioka 
富岡　郁夫

I. mRFP and GFP gene microinjection into pronucleus of marmoset embryos.

II. Establishment of marmoset iPS cells.

III. Summary
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　 Autoimmune disease APECED and AIRE 
gene
　A u t o i m m u n e  p o l y e n d o c r i n o p a t h y -
candidiasis-ectodermal dystrophy (APECED: 
O M I M  2 4 0 3 0 0 )  i s  a n  o r g a n - s p e c i f i c 
au to immune d isease  w i th  monogen ic 
autosomal recessive inheritance and is caused 
by mutation in the autoimmune regulator (AIRE) 
gene. Ectopic expression of a broad range 
of peripheral tissue-specific antigen (TSA) 
genes in medullary thymic epithelial cells 
(mTECs) has been implicated in the essential 
process of establishing self-tolerance, and the 
investigations using knockout mice indicated 
that AIRE gene controls this ectopic expression 
of TSAs. The expression of TSAs in mTECs is 
important event for eliminating auto-reactive 
T cells which recognize TSAs presented by 
peripheral tissues and attach them. 

　 Establishment and characterization of 
immortalized thymic Aire-expressing cell 
lines
　AIRE gene is expressed mainly in a small 
number of mTECs and not expressed in 
cognate TEC lines, and hence biochemical 
and molecular analysis of AIRE function in TEC 
has been hampered. To solve this problem, 
we established three Aire-expressing cell 
lines from gigantic thymus developed in the 
transgenic mice expressing SV40 T-antigen 
driven by mouse Aire gene promoter. These 
Aire+ cel l  l ines (Aire+TEC1, TEC2, DC) 
exhibited characteristics of mTEC or thymic 
dendritic cell (DC) (Fig. 1)

expressing Aire, SV40 T-antigen, keratin 5 and 
keratin 8, markers for mTEC. Only Aire+DC line 
expressed CD11c, a marker for DC. None of 
the other tissues examined (brain, heart, lung, 
kidney, spleen, liver, pancreas, ovary and lymph 
node) express SV40 T-antigen gene. Also, genes 
for peripheral tissue-specific antigens (TSA) 
against which auto-antibodies are produced in 
the APECED patients (Fig.2),specific subunit 
genes (Psmb9 etc.) for immunoproteasome that 
is involved in negative selection, some genes 
(CD80 etc.) essential for antigen-presentation, 
and some tumor necrosis factor superfamily 
genes associated wi th apoptosis were 
expressed in these Aire+ cell lines. 

　 Aire+ cell lines reproduce the negative 
selection of T cells in vitro
　When Aire+ cells were co-cultured with 
thymocytes dissociated from fresh normal 
thymus, they adhered to thymocytes and 
induced apoptosis, reproducing the negative 
selection of T cells in thymus (Fig.3). 

Based on the above observation, Aire+ cell 
lines have ability of binding to thymocyte, auto-
antigen processing and induction of apoptosis 
to thymocytes and are shown to be useful for 
the further biochemical and molecular analysis 
of AIRE gene function and establishment of 
immunological tolerance.

　Thanks for G-COE
　 I deeply thank this particular G-COE 
program for providing me with a opportunity 
to perform these studies described above. 
I recently published above study (Exp. Cell 
Res., 317:2019, 2011).  

　I am still studying the mechanism of ectopic 
expression of peripheral t issue-specific 
antigen (TSA) genes controlled by Aire gene 
functions using Aire+ cell lines. APECED is a 
very rare autoimmune disease but it is caused 
by a single gene mutation, therefore study on 
the molecular function of Aire gene will shed 
a light on the pathogenesis of other common 
and more complex autoimmune diseases.

1999 ー 2003   
慶應義塾大学大学院医学研究科 
博士課程
2003 ー 2007   
慶應義塾大学医学部分子生物学 
助教
2007 ー 2010   
慶應義塾大学医学部分子生物学 
G-COE 特任助教
2010 ー現在   
慶應義塾大学先導研究センター 
GSP センター　特任助教
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Instructor
Keio Advanced Research Center for Genome 
Super Power (GSP) 

慶應義塾大学先導研究センター
GSP センター
特任助教

Analysis of ectopic gene expression in thymus using autoimmune 
regulator (AIRE)-expressing thymic epithelial cell lines 

Yoshitaka Yamaguchi 
山口　良考

　 

　 Aire

　 Establishment and characterization of 

　Thanks for G-COE
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　Hepatic parenchymal cells (hepatocytes), 
which occupy a large part of the cellular 
volume in liver, have very extensive and 
complex metabolic pathways including most 
metabolic reactions occurring in the body, 
and play an important role in regulation of vast 
variety of small molecules. Compartmentation 
of metabolism among hepatocytes, in which an 

enzyme expression pattern is different between 
the upstream (portal vein) and downstream 
(central vein) of sinosidal blood flow, is 
considered to be one of the factors that makes 
the functional switching of metabolism in liver 
efficient, however, biological roles of such a 
metabolic zonation remain largely unknown. 

　In this study, a large-scale kinetic model 
of metabolic systems of hepatocyte couplets 
has  been  deve loped  to  enab le  us  to 
reconstitute differences in metabolic kinetics 
of carbohydratesbetween the hepatocytes, 
implement ing int racel lu lar  exchanging 
processes of metabolites through cytoplasmic 
and mitochondrial membrane, and intercellular 
molecular communications through gap 
junct ion. The model whose parameters 

were adjusted to the measured metabolome 
dynamics of short-term ischemia in rats 
undergoing portal ligation was validated by 
the metabolome data of reperfusion after acute 
ischemia. The analyses of alterations in the 
model suggested that zonal heterogeneity of 
metabolism not only contributes to efficiency 
of ammonia detoxification and ATP production 
but also yields robustness of the metabolic 
systems against perturbation of ischemia. 

　Developing of organ simulator based on 
precise cellular model at molecular level is 
one of the big challenges in systems biology. 
We are implementing the hepatocyte model 
to develop liver simulator as a part of RIKEN 
Next-Generation Supercomputer Project.
The organ model contributes not only to 
understanding how hepatic metabolism is 

optimized using heterogeneity, but also to 
understanding of metabolic failure in the 
intercellular material exchange disorder such 
as a case of hepatic cirrhosis. Moreover, 
the in vivo experiments in our laboratory 
have clearly showed that the metabolism 
changed largely not only in metastatic foci 
but also the surrounding hepatocytes due 
to hepatic metastasis of colon cancer. The 
liver simulation model can be applied to 
reproduction and discussion of such a disease 
model, and prediction of resistance to hepatic 
ischemia during surgery and spare ability at 
hepatectomy.

2007 年 3 月   
慶應義塾大学大学院  
政策・メディア研究科 博士課程修了
2007 年 4 月より現職
2009 年 4 月より理化学研究所客員
研究員
2011 年 4 月より客員研究員として
トロント大学に留学中
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Towards development of liver model based on large-scale 
metabolic simulation at individual cellular level

Instructor
Biochemistry
School of Medicine, Keio University

Visiting researcher
Donnelly Center for Cellular and Biomolecular 
Research Toronto University

慶應義塾大学医学部
医化学
特任助教
トロント大学
客員研究員

Ayako Yachie
谷内江　綾子

Large-scale mathematical model of hepatic metabolism revealed efficiency in zonal 
heterogeneity

Metabolic model of hepatocytes is expanded into  organ-level simulator on 
supercomputer
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　I studied on regulation of water permeability 
v ia aquaporin-4 (AQP4) by metal  ions. 
Aquaporins (AQPs) are a family of membrane 
proteins that  funct ion largely as water 
channels. In mammals, 13 members of the 
AQP family (AQP0-12) have been reported. 
Mercurials inhibit AQPs, and most AQPs have 
been shown to be inhibited by mercury. Site-
directed mutagenesis of AQP1 has revealed 
that cysteine (Cys) 189 at the constriction 

region is a binding site for Hg2+. Interestingly, 
AQP4, which is expressed mainly in the brain, 
is considered a mercurial-insensitive water 
channel because it does not have a cysteine at 
the position corresponding to Cys189 of AQP1. 
This conclusion is supported by measurements 
of the osmotic water permeability of AQP4 
expressed in oocytes and various other types 
of cell. 

　I investigated the effects of mercury on 
the water permeabil ity of AQP4 using a 
proteoliposome reconstitution system and the 
oocyte swelling assay. Surprisingly, I have 
determined that AQP4 is inhibited by HgCl2 
in proteoliposomes but not in oocytes. Such a 
discrepancy can be explained by difference 
in the orientation of AQP4 between the two 
systems. Site-directed mutagenesis of six 

cysteine residues of AQP4 demonstrated that 
Cys178, which is located at helix 4 terminus 
facing the intracellular side, is a target 
responding to Hg2+. Our results suggest that 
mercury inhibits the osmotic water permeability 
of AQP4 by mechanisms different from those 
for AQP1 and that AQP4 may be gated by 
modification of a cysteine residue (Cys178) in 
cytoplasmic loop D (figure.1). 

　Although AQP4 plays an important role 
in brain water homeostasis, the molecular 
mechanisms of AQP4 regulation are not 
fully understood. Thus, I investigated the 
effects of bio-trace elements or redox agents 
on intracellular regions of AQP4 using a 
proteoliposome reconstitution system. AQP4 
M23 is inhibited by Zn2+ in proteoliposomes 
with reversibility. Mutagenesis analysis also 

identified Cys178 as a target residue of ZnCl2 
inhibition. Moreover, treatment with diamide 
enhanced the inhibitory effects of ZnCl2. These 
results suggest that the water permeability of 
AQP4 may be regulated by dynamic changes 
in intracellular Zn2+ concentration linked to the 
cellular redox state. Currently, I study on the 
energy metabolism in association with water 
movement in stroke model.

2007 年 5 月〜 2009 年 4 月 
慶應義塾大学　医学部  
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2010 年 4 月〜  
科学技術振興機構  
戦略的創造研究推進事業  
末松ガスバイオロジープロジェクト 
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慶應義塾大学　医学部  
医化学研究室  
特任助教（非常勤）
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Regulation of water permeability via aquaporin-4

Yoshinori Yukutake
行武　良哲

I. Auaporin-4 has been considered a mercurial-insensitive water channel.

II.  Aquaporin-4 was inhibited by mercury via the intracellular cysteine residue using 
proteoliposome assay system.

II.  Aquaporin-4 was inhibited by mercury via the intracellular cysteine residue using 
proteoliposome assay system.
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