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　We are interested in molecular basis of hereditary disorders 
including  monogenic disease and multifactorial disease such 
as atopic dermatitis (AD). 
Recent reports indicated that nonsense mutations in fi laggrin 
(FLG) found in ichthyosis vulgaris patients are predisposing 
factors for AD with asthma. FLG is a major epidermal protein 
and expressed as a profi laggrin of >500 kDa in the prominent 
keratohyalin granules of outer epidermis. The profilaggrin is 
processed by protease to FLG of ~35 kDa and the resulting 
FLG are cross-linked by transglutaminase to build skin barrier. 
The skin barrier is indispensable to prevent invasion of micro-
organisms, chemical compounds and allergens, and to 
keep moisture level of the skin, therefore, the reduced FLG 
production would disturb skin barrier formation. The exon 3 of 
FLG contains tandemly-repeated, highly-homologous, 11~13 
sequence units of 972 or 975 bp, each of which corresponds 
to the coding sequence of the processed FLG monomer 
with slight sequence difference. This unique gene structure 

has hampered the precise DNA sequence determination. 
We developed a shotgun DNA sequencing method "FLG-
shotgun" specialized for FLG. As a result of FLG-shotgun of 24 
Japanese AD patients, we isolated three major genotypes (A, 
B, and C) and found two novel nonsense mutations on type 
B allele. These results indicated efficiency of FLG-shotgun 
for DNA sequence of FLG in AD patients. We analyzed FLG 
mutation frequency in Japanese AD patients and non-AD 
controls (T. Sasaki et al). 
　We further examined skin-specific retroviral-like aspartic 
protease (SASPase) gene mutation in AD patients because 
SASPase gene deficiency in hairless mice resulted in dry 
skin and a thicker and less hydrated stratum corneum with 
an accumulation of aberrantly processed profilaggrin and a 
marked decrease of FLG. We demonstrated that recombinant 
SASPase directly cleaved a linker peptide of recombinant 
profi laggrin. Furthermore, missense mutations were detected 
in five of 196 AD patients and two of 28 normal individuals. 

Project 2

　Down syndrome (DS), or tr isomy 21, is caused by 
the inheritance of three instead of two copies of human 
chromosome 21 (HC21) .  Ind iv iduals  wi th  DS show 
characteristic faces, mental retardation, congenital heart 
defect, increasing risk of leukemia in postnatal periods and 
early onset type of Alzheimer disease in adulthood. It is 
diffi cult to identify critical gene(s) for each phenotype because 
the number of partial trisomy 21 is limited and the phenotype 
is highly variable even with full trisomy 21. Therefore mouse 
models have been used to study phenotype-genotype 
correlations in DS. We have produced mice harboring an 
extra copy of gene(s) on a HAC. HAC is a cloning vector 
for mammalian cells and animals developed by M. Ikeno 
et al. As HACs are maintained extrachromosomally, the 
genes carried on HACs are expected to express under the 
authentic regulation without insertional mutagenesis of cellular 
chromosomes. It therefore serves as an excellent vector 
system for analyzing the gene-dosage effect. We developed 
a HAC vector to insert any target genes into the fi xed site of a 
HAC by Cre/lox recombination (Ikeno et al). Bacterial artifi cial 
chromosome (BAC) clones containing the entire target gene(s) 
were selected and inserted into a HAC vector maintained in 
mouse embryonic stem (ES) cells. From ES cells containing 
a HAC, we produced a TransMiniChromosomal (TMC) mouse 
harboring a HAC that carries human chromosome 21 gene(s) 
(Miyamoto and Sakai et al). Subsequent backcrossing with 
C57BL/6 showed that HAC is stably transmitted to progeny 

mice. These novel mouse model will be useful to identify a 
gene(s) responsible for a phenotype(s) of DS and analyze 
gene-dosage effects at the levels of transcriptome, proteome 
and metabolome (Fig. 1).

　We also tried to develop a new basic technology for creating 
non-human primates (e.g., common marmoset) with HAC, in 
collaboration with E. Sasaki and Ikeno.

Project 1

Project 1:  Production of model animals by using the human  
artifi cial chromosome (HAC)

Project 2:  Elucidation of molecular basis of hereditar y 
disorders
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Among these, the V243A mutation induced complete absence 
of protease activity in vitro, while the V187I mutation induced 
a marked decrease in its activity. These findings indicated that 
SASPase activity is indispensable for processing profilaggrin 
and maintaining the texture and hydration of the stratum 
corneum. (Matsui and Miyamoto et al).
　Flaky tail (ft) mice have a dry, flaky skin and annular tail 
and paw constrictions in the neonatal period. Although 
processed FLG in these mice has been shown to be virtually 
absent at the protein level, the underlying genetic mechanism 
remains unknown because of difficulties in determining 
the flg gene sequence. We found a 1-bp deletion by using 
"FLG-shotgun" method and finally determined the complete 
ft sequence for cloned flg exon 3 by random transposon 
insertion methodology. By this means, the mutation could 
be unambiguously designated as 5303delA in FLG repeat 
6, highly analogous to common human FLG mutations. 
Importantly, we demonstrated that topical application of 
allergen to the flaky tail mice results in cutaneous inflammatory 
infiltrates and enhanced cutaneous allergen priming with 
development of allergen-specific antibody responses (Fallon 
and Sasaki et al). The mouse mutant flaky tail (ft) originally 
arose on the background of an existing recessive hair 
phenotype, matted (ma). More surprisingly, we recently found 
that the ma-ft+/ma-ft+ recombinant mouse shows AD-like 
dermatitis suggesting that an unknown gene located around 
ma locus must be responsible for AD-like phenotype of flaky 
tail mice. We analyzed DNA sequence of the ma locus by 
next-generation DNA sequencer and identified a candidate 
gene ma1 (Shiohama and Sasaki et al).
　It is now possible to identify responsible genes for hereditary 
disorders at relatively low cost using exome sequencing. RNA 

coding regions are captured by hybridizing genomic DNA 
to probes (baits) and these enriched exon regions are then 
sequenced using next-generation DNA sequencer. We have 
developed data analysis pipeline to facilitate identification of 
causative mutation (Shimizu). However, the present exome 
sequencing method showed lower coverage in sequencing 
regions with high GC content. We are now trying to develop 
the improved exome sequencing method to achieve true 
whole exome sequencing (Sasaki and Shiohama) (Fig. 2).
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　We performed the research activity on metabolic regulatory 
system governed by cardiovascular endocrine factors in 
various tissues. We reported that angiotensin II inhibits 
mitochondria biogenesis (Diabetes 2008) and that the 
transgenic mice for activating natriuretic peptide system 
suppress diet-induced obesity and expand life spans by 
inducing a silent information regulator (Sirt1) (Diabetes 2009). 
We are investigating the role of Sirt1 in the kidney, especially 
in the renal tubules. We demonstrated the renal protective 
function of Sirt1 by using in-vitro systems (BBRC 2008) and 
by generating gene-engineered mice (JBC 2010). We also 
reported that the role of Rho-Rho-kinase signaling in vicious 
cycle involved in adipocyte hypetrophy and inflammation of 
adipose tissue that contributes to obesity. (Science Signaling 
2011, Figure 1).

Schema depicting the vicious cycle of adipose tissues in obesity. This 
vicious cycle contributes to the initiation and progression of obesity and 
obesity-related systemic diseases.  (Hara Y, Wakino S, Itoh H, Science 
Signaling 2011 ) 

Finally, we investigated the role of (P)RR/ATP6AP2, a 
multifunction molecule that binds to (Pro)renin for local renin-
angiotensin system activation, and is involved in vesicular 
acidification in cells by associating with vacuolar H(+)-ATPase. 
We recently demonstrated its role in murine cardiomyocytes 
(Circulation Research 2010, Figure 2) and podocytes (JASN 
2011) by generating conditional knock-out mice. 

The pathological significance of cardiovascular endocrine factors on 
metabo-aging process inducing insulin resistance, obesity, hypertension 
and cardio-renal-vascular disorders 
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We are aiming at the modulation of intra-cellular organella 
functions by endocrine factors to induce “highly-efficient” 

mitochondria and to improve cell metabolism for cardio-renal-
vascular re-juvenation and longevity.
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(P)RR/ATP6AP2 is indispensable for the assembly of V-ATPase. This picture depicts the structure of the V-ATPase and putative colocalization of ATP6AP2 
and the V-ATPase. (Kinouchi K, Ichihara A, Itoh H, Circulation Research 2010)

Future goal
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Development of humanized liver in NOG mouse and application to 
study of metabolomic system 

　The term “humanized mouse” refers to a mouse in which 
human tissues and cells have been transplanted and show the 
same biological function as they do in the human body.  Animal 
models, particularly mice and rats, have provided important 
fundamental insights into biological and immunological 
processes that are common between species.  However, 
direct translation of these results from rodents to human often 
fails because of species-specifi c differences.  Furthermore, in 
vivo experimentation on humans is constrained by ethical and 
technical concerns.  There is a critical need to develop animal 
models for study of complex human biological processes. 
Based on the discovery of nude mice in 1973, investigators 
have attempted to “humanize” mice to model complex human 
biological processes in small animals.  Recently, the NOD/

Shi-scid IL2rgnull (NOG) mice were developed in the CIEA.  
NOG mice were generated by crossing NOD/Shi-scid mice 
with IL2Rg KO mice. NOG mice defect T and B cell caused 
by scid mutation, and NK cell caused by IL2R common 
gamma chain gene knockout. NOG mice also show reduced 
macrophage, dendritic cell functions and complement activity. 
NOG mice extremely showed higher engraftment ability than 
that of NOD/Shi-scid mice. Initially, the humanized NOG 
mice harboring functional human hematopoietic and immune 
systems have been used for the investigation of complex 
human hematological and immunological processes, including 
infectious disease.  Because HIV, EBV, HCV infect human 
but not mouse cells, no suitable animal models are currently 
available for the study of the pathogenesis of these diseases.  

Humanized Mouse

Humanized Cancer Metastasis Model

　As fi rst, we focused the applications on humanized cancer 
metastases models in the NOG mice.  The NOG mice 
extremely showed higher acceptability of human cancer 
cells than nude mice and SCID mice.  Nude mice need 105 
HeLa cells, and SCID mice need 104 HeLla cells for tumor 
formations. Surprisingly, NOG mice could detect HeLa cell 
tumor formations only with 10 to 100 cell transplantation. 
Then, we could develop new model systems for assaying 
liver metastases using NOG mice. In the humanized cancer 
metastases models, definite and reproducible hepatic 
metastasis lesions were formed by the intrasplenic or 
portal venous inoculation of 102 - 105 human cancerous 
cells. Using the NOG mice model system, we could easily 
isolate and establish highly metastatic cell lines from liver 
metastatic foci formed by the parental cancer cells. The 
genomics analysis of parental and highly metastatic cell lines 
showed 42 up-regulated and 12 down-regulated genes in 
the highly metastatic pancreatic cancer cells. And, 23 up-
regulated and 60 down-regulated genes were identified as 
cancer metastasis related genes in the colonic cancer cell 
lines.  However, we did not fi nd co-up-regulated or co-down-
regulated genes between pancreatic and colonic cancer cells.  
In the proteomics analyses, the pancreatic cancer cell lines 
showed 57 up-regulated and 98 down-regulated proteins, and 
the colonic cancer cell lines showed 86 up-regulated and 55 
down-regulated proteins.  Surprisingly, the proteomes showed 
6 co-up-regulated and 3 co-down-regulated proteins in the 

pancreatic and colonic cancer cell lines.  These 9 co-regulated 
proteins can be candidate molecules for key regulator of 
liver metastases of pancreatic and colonic cancers.  The 
humanized cancer metastases NOG systems give reliable 
biomarkers to identify or focus targets or candidates from 
mass results of omics analyses.   The newly developed in 
vivo research systems can be useful tools to search for and 
develop new anti-cancer therapies, and novel drugs against 
this and other key molecules (Fig1).

Figure-1  
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Humanized Liver Model

Perspectives of Humanized Mouse

　The other theme in this review is the development of 
humanized liver NOG mice.  We have applied intra-splenic 
or portal veinous injection techniques to inoculate human 
liver cells directly to the NOG mouse liver.  NOG mice could 
harbor normal human hematopoietic tissues after lethal 
irradiation, that is, recipient NOG mice need to have adequate 
microenvironment or niche.  Then, we developed NOG mice 
expressing transgenic mouse-albumin-promoter (m-alb) driven 
urokinase-type plasminogen activator (uPA), which induce 
mouse specific liver cell injury.  Human hepatocyte nests or 
colonies (humanized liver) were formed in the livers of the 
uPA-NOG mice transplanted with 105 human hepatocytes.  
The number of humanized liver foci (repopulation index: 20% 
- 80%) correspond to the measured blood levels of human 
albumin (1.8 mg/ml - 6.5 mg/ml).  The human hepatocytes 
(humanized liver cells) were immuno-histochemically detected 
in the NOG mice liver (Fig2).

Now, we anticipate that these humanized uPA-NOG mice will 
be useful for studying drug metabolism or pharmacokinetic 
studies, general metabolic effects after hepatic engraftment, 
the differentiation of stem cells for hepatocytes, and hepatitis 
C virus infection. We have planed another mouse liver specifi c 
niche induction system to humanize NOG mouse liver.  In 
this system, a mouse albumin promoter driven thymidine 
kinase (m-alb-TK) transgene was expressed within the liver 
of the NOG mice (TK-NOG). Mouse liver cells expressing this 
transgene were ablated by gancyclovir, and transplanted 
human liver cells were stably maintained within the liver 
(humanized TK-NOG).  Thus we could induce mouse specifi c 
niche for liver cell regeneration according to the experimental 
time schedules.  This targeted expression of the herpes 
simplex virus thymidine kinase (TK) has been used ablate 
specific cell types in transgenic mice.  We apply the TK-
inductions systems to expand the tissue-specific ablation 
or induction system for development of humanized NOG 
mouse.  Furthermore, the Cre / Lox-TK-NOG Mice system will 
be effective to make tissue specifi c niche for regeneration or 
harboring of human cell in NOG mice.  

　The availability of humanized NOG mice harboring functional 
human cells can be used for investigation of various and 
complex human hematological and immunological processes, 
including infectious disease, autoimmunity, cancer biology, 
and regenerative medicine.  The humanized NOG mice 
might be preclinical bridging or translational studies between 
experiments in laboratory animals and clinical research on 
humans.  We hope that humanized NOG mice will contribute 
to the expansion of in vivo systemic biological research (G-COE 
program) (Fig-3).

Figure-2  

Figure-3  
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Recognizable patterns of human malformation and their molecular basis

　The key components of birth defects research include 
animal experiments and detailed case studies. Animal 
studies involve experimental procedures, including prenatal 
exposure to potential teratogens or gene targeting; in human 
studies, on the other hand, experimental approaches are 
not feasible and observational studies must instead be 
undertaken.  Collectively, birth defects are relatively common 
in humans and there are significant numbers of recognizable 
patterns of human malformation.  Nevertheless, individual 
disorders are relatively uncommon, and information obtained 
through detailed analyses of individual cases, including 
genetic analyses, are thus invaluable.  This notion constitutes 
the rationale for studying recognizable patterns of human 
malformations and their molecular basis.
　We have analyzed more than 1000 “rare cases” since the 
start of the GCOE program.  Here we introduce our work on 
CHARGE syndrome to exemplify the role of rare cases in birth 
defects research.  CHARGE syndrome is one of the most 
common multiple malformation syndromes. Its characteristic 
features include C - coloboma, H - heart defects, A - choanal 
atresia/stenosis, R - retardation of growth, G - genital 
hypoplasia, and E - external ear abnormalities.  Vissers et 
al. identified CHD7 at chromosome 8q12.1 as the causative 
gene for CHARGE syndrome in 2004. The causative gene 
was identified through physical mapping; thus, the biological 
function of CHD7 was unknown at the time of its discovery.  
We performed in situ hybridization using chick embryos to 
delineate the expression pattern of Chd7 (Aramaki et al. 
2007).  At Hamburger and Hamilton stage 8, Chd7 expression 
was detected along the entire rostrocaudal axis of the 
neuroectoderm. At stages 12 and 13, Chd7 expression was 
seen in the neural ectoderm and was uniformly expressed 
at high levels. Two paraxial crescent signals representing 
the dorsal halves of the otic placodes were identified at the 
hindbrain level.  At stage 14, chd7 was expressed at the optic 
vesicles.  At stage 20, Chd7 was expressed in the brain and 
the optic placode, including the lens vesicle.  Chd7 expression 
was also observed in the branchial arches and olfactory 
placodes.  The Chd7-positive regions in the chick embryos 
and the anatomical defects commonly seen in patients with 
CHARGE syndrome were well correlated: expression in the 
optic placode corresponded with defects such as coloboma, 
neural tube with mental retardation, and otic placode with 
ear abnormalities. The correlation between expression in the 
branchial arches and nasal placode with the clinical symptoms 
of CHARGE syndrome, however, was not obvious until we 
encountered two unique cases (Ogata et al. 2006; Inoue et al. 
2010).  
　Interestingly, we had the opportunity to analyze a patient 
with CHARGE syndrome and a CHD7 mutation who exhibited a 
DiGeorge syndrome phenotype (Inoue et al. 2010). DiGeorge 
syndrome is characterized by cellular immunodeficiency as 

a result of thymus hypoplasia, hypocalcemia arising from 
parathyroid hypoplasia, and heart defects.  Similar cases have 
been reported from other groups recently (Hoover-Fong et al. 
2009).  Hence, the association between the CHD7 mutation 
and DiGeorge syndrome is unlikely to have occurred by 
chance.  The developmental abnormality leading to DiGeorge 
syndrome is accounted for by defects in the formation of the 
neural crest that contributes to the third and fourth branchial 
arch derivatives including the thymus, parathyroid, and 
thyroid glands.  The observation that patients with CHARGE 
syndrome phenotype and CHD7 mutation exhibited a 
DiGeorge syndrome phenotype does not prove but strongly 
suggests that CHD7 contributes to either the formation or 
the maintenance of neural crest cells of the third and fourth 
branchial arches.
 We previously encountered a patient with CHARGE 
syndrome who also exhibited a Kallman syndrome phenotype, 
a combination of central hypogonadism accompanied by 
anosmia, or a lack of the sense of smell (Ogata et al. 2006).  
Furthermore, our collaborators have shown that a defect 
in the olfactory bulb is a common finding among patients 
with CHARGE syndrome (Asakura et al. 2008).  This finding 
was subsequently confirmed by other groups as well. The 
formation of these two apparently different defects in a patient 
(CHARGE syndrome and Kallman syndrome) is accounted for 
by a defect in a common developmental pathway: the nasal 
placode contributes to both gonadotropin releasing hormone-
producing cells in the hypothalamus and olfactory nerve cells. 
Defects in the origin of both cell lineages, the nasal placode 
or its upstream structures neural crest cells, may lead to the 
Kallman syndrome phenotype.  The observation that patients 
with the CHARGE syndrome phenotype and CHD7 mutation 
exhibited Kallman syndrome phenotype suggests that CHD7 
contributes to either the formation or maintenance of the neural 
nasal placode.  So, based on observations of rare cases, we 
suggested that expression in the branchial arches (Aramaki 
et al. 2007) may be correlated with the DiGeorge syndrome 
phenotype (Inoue et al. 2010) and that expression in the nasal 
placode (Aramaki et al. 2007) may be correlated with the 
Kallman syndrome phenotype (Ogata et al. 2006).  
 A unifying hypothesis that could explain both the DiGeorge 
syndrome phenotype and the Kallman syndrome phenotype in 
patients with CHARGE syndrome may be that the mutation in 
CHD7 is likely to exert its effect in the common branch of the 
two pathways of neural crest cells (Fig).  Indeed, the notion 
that CHD7 plays a critical role in neural crest formation was 
recently demonstrated by Dr. Wysocka's group. They induced 
neural crest cells from human ES cells and abolished the 
function of the CHD7 gene using SiRNA, documenting the 
subsequent defects in the migration of multipotent neural crest 
cells. In other words, CHD7 plays a critical role in the formation 
of multipotent migratory neural crest cells. Hence, what was 

01_事業推進担当者.indd   47 12/01/26   16:10



Global COE Program

PROFILE

48

In vivo

モ
デ
ル
開
発
ク
ラ
ス
タ
　
活
動
実
績

C
luster for H

um
anized

 anim
al m

od
els

1989 年 慶應義塾大学医学部卒業、同小児科学教室入局
1993 年  米国カリフォルニア大学サンディエゴ校に留学  

（Clinical Fellow）
1997 年 米国ベーラー医科大学に留学（Research Fellow）
1998 年 慶應義塾大学医学部助手（小児科）、1999 年 専任講師
2003 年  助教授、 2007 年 准教授、2011 年 教授（臨床遺伝学センター） 

現在に至る

Professor
Center for Medical Genetics
School of Medicine, Keio University

慶應義塾大学医学部
教授
慶應義塾大学医学部臨床遺伝学センター
センター長

Kenjiro Kosaki
小崎　健次郎

strongly suggested by clinical observation was documented 
using in vitro studies. 
 Overall, animal (i.e. chicken) experiments have provided 
insight that was later proven to be relevant in humans.  More 
specifically, expression in the branchial arch or expressions 
in the nasal placode (Aramaki et al. 2007) may account for 
the DiGeorge syndrome phenotype (Inoue et al. 2010) or the 
Kallman syndrome phenotype (Ogata et al. 2006) that can 
appear in patients with CHARGE syndrome who have a CHD7 
mutation.
With the help of the G-COE program, the Center for Medical 
Genetics was successfully launched this year. With the advent 
of massively parallel sequencing, we expect to see a drastic 

change in the clinical ad basic researches in congenital 
congenital diseases. The Center for Medical Genetics, which 
has been functioning as the national referral laboratory for 
congenital diseases, is now implementing massively parallel 
sequencing. We have developed a mutation analysis panel for 
a simultaneous genetic analysis of more than 150 recognizable 
patterns of human malformation including CHARGE syndrome.  
Such comprehensive approach will be valuable in deciphering 
the mechanisms of human development through detailed 
molecular analysis of rare cases.  Close collaboration among 
animal researchers and clinicians hopefully will enhance and 
maximize the scientifi c value of rare cases.
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　Introduction of transgenic mouse in the biological research 
gives a lot of invaluable information concerning the function 
of gene products and regulatory gene networks. Because of 
differences in physiology, anatomy and metabolic pathway 
between human and mice have prevented extrapolation of the 
results from animal experiments to be directly into the clinic. 
Therefore, use of primates in pre-clinical study or biomedical 
science is one of the approaches to predict efficacy and 
safety of the in newly developing advanced medicine (Fig1).

　Among various primates, a common marmoset is known 
as a new world primate. It is about 300-400 g body weight. It 
can deliver two pups at the same time and it takes two years 
to become mature adult. Reproduction ability is high and it 
is possible to pregnant twice a year. Thus among primates, 
marmoset is the most suitable to have large number of animals 
within a limited period.
　While the G-COE research period, we have established 
genetically modified common marmosets with germline 
transmission of the transgene. We have obtained 5 live 
animals and these animals express the transgene in their 
somatic tissues or placenta (Fig2). Then 4 out 5 animals 
showed germline transmission of the transgene. This result 
was published on Nature. Currently we have obtained 9 F1 
transgenic animals and an F2 animal. The successful creation 
of transgenic marmosets provides a new animal model for 
human disease that has the great advantage of a close genetic 
relationship with humans. This model will be valuable to many 
fi elds of biomedical research. In this technique we used a lenti 
viral vector to introduce the transgene. The lenti viral vector 

limits the size of introduce transgene up to 8.0 kb. Therefore, 
after this work, we were trying to establish intracytoplasmic 
sperm injection (ICSI) method using marmoset oocytes for 
introducing exogenous DNA longer than 8.0 kb and HAC vector.
　Fertilized rates of ICSI were signifi cantly higher than that of 
in vitro fertilization (96.9% vs. 82.4%, p < 0.05). The rates of 
embryo development to blastocysts were similar. Results of 
the embryo transfer of 36 ICSI-blastocyst, four of 19 recipients 
were pregnant and one normal and healthy offspring were 
delivered. This is the fi rst common marmoset offspring by ICSI. 
These results indicate that ICSI is effi cient fertilization method 
for common marmoset and it could be an alternative method 
to transfer exogenous DNA into marmoset oocytes by non-viral 
DNA injection.
　Most of ES cells except mice ES cells are not able to 
generate chimeric pups from blastocyst injection. Therefore, 
from the current techniques, only nuclear transfer is the way 
to generate knock-out marmoset. Our research team also 
attempt to produce somatic nuclear transferred embryos or 
animals. For this aim, we developed optimum procedures 
for somatic cell using common marmosets. We confirmed 
that parthenogenetic activation of in vitro matured oocytes 
was successfully induced by electrical stimulation, and this 
condition was applied to the oocyte activation procedure in 
the subsequent experiments. Nuclear transfer to recipient 
enucleated oocytes. However, none of the cloned embryos 
developed beyond the eight-cell stage. In this study, only 
tetraploid cloned embryos produced by transferring a donor 
cell into a recipient bearing the MII chromosome developed 
into blastocysts (Fig3). 

Development of Non-human primate as a novel experimental animals for 
preclinical study in Biomedical Science

Summary of the activities as a member of the G-COE program

Fig.1 

Fig.2 
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These results suggest that MII chromosome, or cytoplasm 
proximal to the MII chromosome, plays a major role in the 
development of cloned embryos in common marmosets.
　We also have established marmoset induced pluripotent 
Stem (iPS) cell lines. These cell lines showed multipotent 
differentiation abilities, which accelerated the development of 
regenerative therapies using human pluripotent stem cells.
　Further, to enable further advanced magnetic resonance 
(MR) neuroimaging analysis techniques, we have reported a 
tissue-segmented, population-averaged standard template of 
the common marmoset brain, using 22 adult marmosets with a 
high-resolution isotropic voxel size (0.2 mm) of at 7-Tesla and 
DARTEL algorithm in SPM8. 
　These marmoset transgenic technologies, the pluripotent 
stem cells and population-averaged standard template of the 
common marmoset brain will provide an excellent model to 
study in the fi eld of biomedical science.

　In this program, I encouraged the program Research 
Assistant (RA) and Postdoctoral fellow to give presentations at 
the international conference as much as possible. Further, our 
laboratory accepted several trainees, students and scientists 
from Germany to train in techniques for marmoset ES cell 
establishment and culture through the holding of practical 

course. This training course was very good opportunities 
for us to international cultural exchanges and start new 
corroborative work. Through these experiences, our research 
member became to feel much comfortable to use and speak 
English for their research presentation.

　In this program, we have successfully established the 
methods to produce transgenic common marmoset. However, 
targeted gene knock-out (KO) marmoset can’t be generated 
with this method because marmoset ES cells or iPS cells have 
not shown germline transmission. The KO marmoset technique 

would be useful for production many kinds of genetic disease 
models and contribute for development of new drags and 
therapies. For the next step, we are currently trying to establish 
marmoset iPS cells that can transmit to germ line to produce 
KO marmoset. 

1994 年 ー 1995 年 日本学術振興会特別研究員 （DC2）
1995 年 ー 筑波大学大学院博士課程農学研究科農林学専攻学位取得卒業
1995 年 ー 日本学術振興会特別研究員 （PD）
1995 年 ー 1996 年 新技術事業団特別研究員 （農林水産省 家畜衛生試験場）
1996 年 ー 2000 年 カナダ ゲルフ大学 博士研究員
2001 年 ー 2003 年 東京大学医科学研究所・リサーチアソシエイト
2003 年 ー（財） 実験動物中央研究所 研究員
2007 年 ー 慶應義塾大学ヒト代謝システム生物学研究センター准教授（兼任）
2010 年 ー  （公財） 実験動物中央研究所 応用発生学研究部 部長  

現在に至る

Department Head
Department of Applied Developmental Biology
Central Institute for Experimental Animals

公益財団法人　実験動物中央研究所
応用発生学研究部
部長

Erika Sasaki
佐々木　えりか
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Background
　Lipocalin-type prostaglandin D2 synthase (L-PGDS) is a 
secretary protein of the lipocalin superfamily converting PGH2, 
a common precursor of prostanoids, into PGD2. Recently, 
considerable attention has been paid to a pathophysilogical 
significance of lipocalin-type prostaglandin D synthase 
(L-PGDS) in cardiovascular and renal diseases. 

Heart
　Human L-PGDS mRNA was expressed most intensely in 
the heart among various tissues and the immunoreactivity of 
the enzyme was localized in myocardial cells in the normal 
subjects. Numerous investigations had been attempted to 
clarify the role of cardiac prostanoids, but physiological 
and pathophysiological roles of PGD2 in cardiomyocytes 
remained an enigma. We demonstrated that glucocorticoids 

exceptionally up-regulates the expression of two key enzymes 
in a common pathway of prostaglandin biosynthesis, 
phospholipase A2 group IVA, which belongs to the class 
of cytosolic calcium-dependent phospholipases (cPLA2s) 
that preferentially cleave arachidonic acid from membrane 
phospholipids, and cyclooxygenase-2 (Cox-2), which 
converts arachidonic acid into PGH2 in cardiomyocytes in 
cardiomyocytes (Tokudome et al., 2009). Among the genes 
for PGH2 isomerases glucocorticoids selectively up-regulates 
the expression level of L-PGDS via the GR in cardiomyocytes. 
Consequently, PGD2 was the most prominently induced 
prostaglandin by glucocorticoids stimulation of cultured 
cardiomyocytes and in vivo hearts. In isolated Langendorff-
perfused hearts, in vivo hearts, and cultured cardiomyocytes, 
the activation of L-PGDS-mediated production of PGD2 is 
crucial for the cardioprotection against ischemia-reperfusion 

A role of L-PGDS in cardiovascular and renal disease

Background
　Cardiac hypertrophy, induced by chronic pressure-overload, 
is associated with increased rates of glycolysis and overall 
glucose utilization, but the rates of pyruvate oxidation do 
not rise in accordance with rates of pyruvate generation. 
The pathophysiological significance of this uncoupling of 
glycolysis and pyruvate oxidation under chronic pressure-
overload remains unknown. This study was designed to 
elucidate the role of this uncoupling in pressure overload-
induced cardiac hypertrophy. Methods and Results (1) C57/
B6 mice were subjected to transverse aortic constriction 
(TAC) to induce pressure-overload. The activities of pyruvate 
dehydrogenase (PDH), a gate-keeping enzyme for the entry 
of pyruvate into the mitochondrial tricarboxylic cycle, are 
negatively regulated by phosphorylation. PDH was slightly 
phosphorylated under the unstressed condition, and highly 
phosphorylated in hypertrophied hearts with preserved 
ejection fraction (3 days and 14 days after TAC), but 
completely dephosphorylated in the dilated failing hearts (56 
days after TAC). (2) Dichloroacetate (DCA), an inhibitor of 
PDH kinases, signifi cantly inhibited the phosphorylation levels 
of PDH after TAC and accelerated LV dysfunction. (3) Heart-
specific expression of aldehyde dehydrogenase 2 (Aldh2) 
gene with a single nucleotide polymorphism (Aldh2*2) caused 
impaired mitochondrial ALDH activity against a broad range 
of aldehydes. (4) Mitochondrial function was declined, and 
the redox state in the mitochondrial matrices shifted towards 
oxidative in Aldh2*2-expressing cells. (5) The Aldh2*2-TG 

mice had enhanced glucose uptake and increased rates of 
glycolysis under the unstressed condition. (6) Furthermore, 
glucose biotransformation was shifted from glycolysis towards 
the pentose phosphate pathway to generate NADPH, and 
amino acid metabolism that ultimately provides precursor 
amino acids for glutathione biosynthesis. (7) Notably, the 
Aldh2*2-TG mice exhibited enhanced tolerance to pressure 
overload. Conclusion Uncoupling of glycolysis and pyruvate 
oxidation plays a key role in the maintenance of LV function in 
chronic pressure overload, at least partially via the reduction of 
mitochondrial ROS production and activation of the cytosolic 
glutathione redox cycle. 

Cardiac Warburg effect” -a role of glucose metabolism in heart failure-

Analysis of metaboregulatory response by use of metabolome analysis 
and genetically engineered mice
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2000-2006 年 Baylor 医科大学循環器内科 留学 ,2007 年 慶應義塾大
学医学部 再生医学教室講師 , 同年 独立行政法人科学技術振興機構 さ
きがけタイプ兼任を経て ,2009 年より慶應義塾大学医学部循環器内科
講師。 

Lecturer 
Cardiovascular Internal Medicine
School of Medicine, Keio University

慶應義塾大学医学部
循環器内科
講師

Motoaki Sano
佐野　元昭

conferred by glucocorticoid-GR signaling. DNA microarray 
analysis and subsequent real-time PCR analysis revealed 
that DEX stimulated the expression of Nrf2-target antioxidant 
genes in a L-PGDS-dependent manner. Furthermore, we 
found that FP receptor is the predominant PGD2 receptor in 
rodent cardiomyocytes. PGD2 is a cardioprotective prostanoid 
that alleviates ischemia-reperfusion injury by activating Nrf-2-
mediated antioxidant gene expression via the FP receptor.

Kidney
　The urinary excretion of L-PGDS increases from the early 
stage of kidney injuries, however, the pathophysiological 
implication of L-PGDS in chronic tubulointerstitial infl ammation 
and subsequent fi brosis remained unclear. Unilateral ureteral 
obstruction (UUO) was employed to induce primary tubular 
epithelial injury. Protein levels of L-PGDS signifi cantly increase 
in the renal cortex at 3 days after UUO and continue to 
increase thereafter. In situ hybridization of L-PGDS shows 
de novo synthesis of L-PGDS in tubular epithelium. Although 
dilatation of tubular lumens in obstructed kidneys is severe, 
late onset of interstitial collagen deposition and mRNA 
expression levels of collagen-I and PAI-I are counter-intuitively 
less in L-PGDS knock-out (KO) mice compared to WT mice. 
L-PGDS-KO mice have signifi cantly lower expression levels of 
IL-4 and IL-13 in the obstructed kidneys. Intracellular cytokine 
staining reveals that L-PGDS-KO suppresses the number of 

IL-4-producing Th2 lymphocytes in the obstructed kidneys, 
while has no effect on the number of IFN- γ -producing 
Th1 lymphocytes. One of the PGD2 receptors, CRTH2, is 
predominantly expressed on Th2 lymphocytes and mediates 
their Th2 cytokine (IL-4, IL-13) production. Consistent with this, 
CRTH2-KO mice have signifi cantly lower expression levels of 
IL-4 and IL-13 in the obstructed kidneys. Notably, the degree 
of interstitial fi brosis is markedly suppressed in the obstructed 
kidneys of CRTH2-KO mice. Furthermore, early treatment with 
CRTH2 antagonist, CAY10471, following UUO can signifi cantly 
attenuate the interstitial fibrosis of the obstructed kidneys. 
Lastly, IL-4-KO and IL-13-KO mice have significantly milder 
interstitial fi brosis in the obstructed kidneys compared to WT 
mice. In conclusion, L-PGDS is synthesized de novo in tubular 
epithelium of the obstructed kidneys and contributes to the 
progression of tubulointerstitial fi brosis via the activation of Th2 
lymphocytes. Blockade of CRTH2 receptor is a promising tool 
to attenuate the chronic tubulointerstitial fi brosis in the kidney 
via the suppression of Th2 lymphocytes.

Impression
　I and my trainees could make many domestic and foreign 
friends and have a good experience through G-COE program. 
I really appreciate Prof. Makoto Suematsu for giving me a 
chance to participate this program and tremendous 
support.
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