
Recent development of transgenic techniques has made it possible to directly ana-
lyze the functions of a particular gene in a living animal. These techniques have
also made it possible to produce various animal disease models as well as tools
to analyze them. Immune disorders and infectious diseases are our major con-
cerns, and we are attempting to produce transgenic mouse models for these dis-
eases.

1. Studies on rheumatoid arthritis models

Shinobu Saijo, Soo-Hyun Chung, Aoi Akitsu,
Masanori Murayama, Satoshi Ikeda, Kazuma
Ariyama, Soichiro Shimizu, Kenji Shimizu,
Toshimasa Kusaka, Tetsuo Hirano, Shigeru
Kakuta, and Yoichiro Iwakura

Rheumatoid arthritis (RA) is one of the most
serious medical problems worldwide with ap-
proximately 1％ of the people in the world af-
fected. The disease is autoimmune in nature and
characterized by chronic inflammation of the
synovial tissues in multiple joints that leads to
joint destruction. High levels of inflammatory
cytokine expression in the joints are a character-
istic of the disease, although the pathogenesis
has not been elucidated completely. We have
been studying the pathogenesis of the disease
using two arthritis models that we originally de-
veloped. One is HTLV-I transgenic mice
(Iwakura et al., Science, 1991) and the other is
IL-1 receptor antagonist-deficient mice (Horai et
al., J. Exp. Med ., 2000). Both of these models de-
velop autoimmunity and chronic inflammatory

arthropathy closely resembling RA in humans.
To identify genes involved in the pathogene-

sis of arthritis, we analyzed the gene expression
profiles of these animal models by using high-
density oligonucleotide arrays, and identified
genes in the RA-related gene locus which are
overexpressed in the affected joints (Fujikado et
al., Arthritis Res. Ther ., 2006). Furthermore, we
have also searched for pathogenesis-related
genes by analyzing the effect of genetic back-
grounds on arthritis development. BALB/cA
strain mice were highly susceptible to develop
arthritis in these models, whereas C57BL/6J
strain mice were resistant. Since genetic factors
have been suggested to be involved in the de-
velopment of arthritis, we performed linkage-
analysis using BALB/ c-HTLV-I transgenic
mouse backcross progenies into C57BL/6J, and
identified several RA-related gene loci that af-
fected the strain specificity of arthritis suscepti-
bility. We are now analyzing the roles of these
genes in the pathogenesis of arthritis and auto-
immunity by generating the knockout mice of
these genes.

Among these genes, we are now analyzing
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the functions of two cytokine receptors and four
novel genes, “Tora” and “Kusa”, which encode
cytoplasmic proteins, and “Shimi”, which en-
codes transmenbrane protein, and “Mura1”,
which encodes secreted protein. Because the
physiological roles of these genes have not been
reported, we generated gene-targeted mice for
these genes. Both Tora－/－, Kusa－/－, Shimi－/－ and
Mura1－/－ mice were fertile, were born at the ex-
pected mendelian ratios, and showed no obvi-
ous phenotypic abnormalities. However, we
found that Mura1－/－ mice were highly suscepti-
ble to experimental induction of arthritis by im-
munizing with type 2 collagen. We are now
analyzing the function of these genes.

2. Studies on CXCR4 in the development of
arthritis

Soo-Hyun Chung1, Keisuke Seki1, Byung-Il
Choi1, Keiko B Kimura2, Akihiko Ito2, Noriyuki
Fujikado1, Shinobu Saijo1, and Yoichiro
Iwakura1: 1Laboratory of Molecular Patho-
genesis, Center for Experimental Medicine and
Systems Biology, Institute of Medical Science,
University of Tokyo, 2Division of Molecular Pa-
thology, Institute of Medical Science, Univer-
sity of Tokyo

Chemokines and their receptors are potential
therapeutic targets in RA. Among these, several
studies suggested the involvement of CXC
chemokine 4 (CXCR4) and its ligand CXC ligand
12 (SDF-1) in RA pathogenesis. However, the
role of these molecules in T-cell function is not
known completely because of embryonic lethal-
ity of Cxcr4- and Cxcl12-deficient mice. To in-
vestigate the roles of CXCR4 in the development
of arthritis, we generated T cell-specific Cxcr4-
deficient mice using the Cre-loxP system.

The incidence, but not the severity, of CIA
was significantly reduced in Cxcr4flox/flox/Lck-Cre
mice compared with Cxcr4＋／＋／Lck-Cre mice. We
found that the expression of CXCR4 was en-
hanced in activated T cells, and the migration of
Cxcr4-deficient T cells toward SDF-1 was se-
verely impaired. However, antibody production,
cellular proliferative response, and cytokine pro-
duction on treatment with type II collagen (IIC)
were normal in these knockout mice, suggesting
that CXCR4 is not involved in T-helper func-
tions. Interestingly, the proportion of CXCR4-
expressing T cells was much increased in af-
fected joints compared with that in draining
lymph nodes in CIA-induced mice, and distribu-
tion of Cxcr4flox/flox/Lck-Cre mouse-derived T cells
into affected joints was suppressed compared
with that in Cxcr4＋／＋／Lck-Cre T cells.

These results indicate that CXCR4 expression

in T cells is important for the development of
CIA, by recruiting activated T cells toward in-
flammatory sites, and suggest that CXCR4 is a
good target for the treatment of RA in humans.

3. TNF, but not IL-6 and IL-17, is crucial for
the development of T cell-independent
psoriasis-like dermatitis in Il1rn－/－ Mice

Akiko Nakajima, Taizo Matsuki, Mayumi
Komine3, Akihiko Asahina3, Reiko Horai,
Susumu Nakae, Harumichi Ishigame, Shigeru
Kakuta, Shinobu Saijo, and Yoichiro Iwakura:
3Department of Dermatology, Faculty of Medi-
cine, University of Tokyo

IL-1 is a proinflammatory cytokine, consisting
of two molecular species, IL-1α and IL-1β, and
IL-1 receptor antagonist (IL-1Ra; gene symbol: Il
1rn) is the endogenous suppressor. Il1rn－/－ mice
spontaneously develop autoimmune diseases,
such as arthritis and aortitis, and a dermatitis
that histologically resembles human psoriasis.
The pathogenic mechanisms underlying this
dermatitis, however, remain to be elucidated.
Here, we demonstrated that the production of
inflammatory cytokines and chemokines was en-
hanced at the site of inflammation. The develop-
ment of dermatitis was completely suppressed
in Tnfsf1a－/－, but not in Il6－/－ mice, similarly as
that observed in arthritis and aortitis. However,
IL-17 deficiency did not affect the development
of dermatitis at all, making clear contrast to that
of arthritis and aortitis. Different from arthritis
and aortitis, adoptive transfer of Il1rn－/－ T cells
did not induce dermatitis in the recipient SCID
mice and skin lesions developed in Il1rn－/－

SCID mice, indicating that T cells are not in-
volved in the development of skin lesions. In
support for this, bone marrow cell (BMC) trans-
plantation experiments showed that TNF pro-
duced by skin residential cells, but not BMC-
derived cells, was important for the develop-
ment of dermatitis. Furthermore, we showed
that IL-1 directly enhanced TNF and chemokine
expression in keratinocytes. These observations
suggest that excess IL-1 signaling directly acti-
vates keratinocytes to produce TNF and
chemokines, resulting in the development of
psoriasis-like skin lesions without the involve-
ment of autoimmunity in Il1rn－/－ mice.

4. IL-1 plays an important role in the bone
metabolism under physiological condi-
tions

Young-Mi Lee, Noriyuki Fujikado, Hiroko
Manaka, Hisataka Yasuda, and Yoichiro
Iwakura
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It is well known that IL-1 is involved in bone
resorption under pathological conditions. The
role of this cytokine in bone remodeling under
physiological conditions, however, remains ob-
scure. In this study, we addressed the role of IL-
1 in physiological bone metabolism through
analyses of IL-1α-deficient (KO), IL-1β KO, and
IL-1α/β double KO mice which were housed
under SPF conditions. The femur mineral den-
sity, trabecular bone mass and cortical thickness
significantly increased in all KO mice compared
with wild type (WT) mice. The number of osteo-
clasts in trabecular bones decreased, suggesting
that IL-1 regulates bone metabolism through
regulation of osteoclast formation. When differ-
entiation of bone marrow (BM) cells into osteo-
clasts was induced by parathyroid hormone
(PTH) in cocultures of osteoblasts and BM cells
from WT and IL-1α/β KO mice, IL-1α/β KO
BM cell cocultures failed to undergo efficient
osteoclast-like multinucleated cell (OCL) differ-
entiation, although high levels of receptor acti-
vator of NF-κB ligand (RANKL) was induced. In
contrast, efficient OCL differentiation was ob-
served in IL-1α/β KO osteoblast/WT BM cell
cocultures, in which high levels of IL-1α/β and
low levels of RANKL were produced. Addition
of IL-1α to IL-1α/β KO BM-derived macrophage
cultures markedly enhanced OCL differentiation
induced by soluble RANKL, and the down-
stream molecules of RANK including JNK, ERK
and c-Fos were less activated in the absence of
IL-1 upon treatment with RANKL. Taken to-
gether, these results indicate that IL-1 directly
activates RANK signaling other than inducing
RANKL to promote osteoclastogenesis and plays
an important role in physiological bone metabo-
lism.

5. DCIR as an inhibitory regulator in the im-
mune system and bone metabolism

Tomonori Kaifu, Rikio Yabe, Guangyu Ma,
Takumi Maruhashi, Akimasa Seno, and
Yoiciro Iwakura

Stress responses against environmental stimu-
lations have to eventually fade out. Persistent
immune activation results in undesirable tissue
damage and causes irreversible destruction;
therefore, negative regulatory mechanisms in
the immune system is critically important for
maintaining the homeostasis of a living body.
Dendritic cell immunoreceptor (DCIR) is a mem-
ber of C-type lectin receptors, which is highly
expressed in DCs. Interestingly, DCIR contains
immunoreceptor tyrosine-based inhibitory motif
in the cytoplasmic region, suggesting negative
regulatory roles of this molecule in the immune

system. Indeed, a loss-of-function mutation of
DCIR results in spontaneous development of
autoimmune-like diseases, such as enthesitis and
sialadentis. We also found that DCIR-deficient
mice developed exacerbated experimental aller-
gic encephalomyelitis, a mouse model for multi-
ple sclerosis, due to an increased DC infiltration
in the spinal cord. DCIR-deficient mice also de-
veloped ankylosing spondylitis, a disease associ-
ated with cartilaginous proliferation in joints.
We are now analyzing possible involvement of
immune responses in the pathogenesis. Given
that DCIR deficient mice are prone to autoim-
mune diseases and bone-related disorders, DCIR
may be a potential therapeutic target for these
diseases. We are now trying to develop possible
ways to control DCIR activity.

6. Studies on C-type lectins in the host de-
fense against fungal infection

Shinobu Saijo, Satoshi Ikeda, Keiko Yamabe,
Shigeru Kakuta, Harumichi Ishigame, Aoi
Akitsu, Noriyuki Fujikado, Toshimasa Kusaka,
Sachiko Kubo, Soo-hyun Chung, Ryohei
Komatsu, Noriko Miura4, Yoshiyuki Adachi4,
Naohito Ohno4, Kazutoshi Shibuya5, Natsuo
Yamamoto6 , Kazuyoshi Kawakami7 , Sho
Yamasaki8, Takashi Saito8,9, Shizuo Akira10, and
Yoichiro Iwakura: 4Laboratory for Immuno-
pharmacology of Microbial Products, School of
Pharmacy, Tokyo University of Pharmacy and
Life Science. 5Department of Surgical Pathol-
ogy, School of Medicine, Faculty of Medicine,
Toho University. 6Department of Infection Con-
trol and Laboratory Diagnostics, Internal
Medicine, Tohoku University Graduate School
of Medicine. 7Microbiology and Immunology,
Department of Medical Technology, School of
Health Science, Tohoku University. 8Labora-
tory for Cell Signaling, RIKEN Research Cen-
ter for Allergy and immunology. 9Cell Signal-
ing, WPI Immunology Frontier Research Cen-
ter, Osaka University. 10Host Defense, WPI Im-
munology Frontier Research Center, Osaka
University

The C-type lectin is one of pattern recognition
receptors (PRRs) with a lectin-like carbohydrate
recognition domain in their extracellular car-
boxyterminal domains. They bind sugar chains
in a calcium dependent manner. Some C-type
lectins have endogenous ligands, while other C-
type lectins bind pathogen-associated molecular
patterns. Some of them recognize both as their
lignads. The cytoplasmic tails of the C-type
lectins are diverse and contain several conserved
motifs that are important for antigen uptake or
potential signaling. Although the C-type lectins
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in NK cells are relatively well studied, the roles
of these molecules in DCs or macrophages re-
main to be elucidated. Dectin-1 has an ITAM
which is well known for transducing activation
signals in T cells and B cells, but it is not known
if ITAMs in DCs are also functional. Thus, we
have generated Dectin-1 and Dectin-2 deficient
mice to study the roles of these lectins in DCs.

We have shown that Dectin-1 is a specific re-
ceptor for β-glucans, one of the fungal cell wall
components, to produce cytokines. On the other
hand, Dectin-2 recognizes α-mannans, another
fungal cell wall component, and Dectin-2-
deficient DCs had virtually no fungal α-
mannan-induced cytokine production. Dectin-2
signaling induced cytokines through a FcRγ and
Syk-CARD9-NF-κB-dependent pathway without
involvement of MAPKs. In vivo, Dectin-1 defi-
cient mice were more susceptible to Pneumocystis
carinii infection, but not Candida albicans infec-
tion, compared to wild-type mice. On the other
hand, Dectin-2 deficient mice were more suscep-
tible to candida infection. Interestingly, we
found that the cytokine production including IL-
1β and IL-23 induced by yeast form C. albicans
was completely abosished by the mutation of
Dectin-2, but that by hyphae depended only
partially. Both yeasts and hyphae preferentially
induced Th17 differentiation, in which Dectin-2,
but not Dectin-1, was mainly involved. Because
IL-17A-, but not IL-17F-, deficient mice were
highly susceptible to systemic candida infection,
it was suggested that Dectin-2 plays an impor-
tant role in host defense against C. albicans by
inducing Th17 differentiation. Thus, Dectin-1
and Dectin-2 play important roles in DCs as a
PRR to activate innate immune responses.

7. Roles of IL-17A and IL-17F in host defense
against bacteria, inflammatory colitis, and
intestinal polyp formation

Ce Tang, Shigeru Kakuta, Motohiko Kadoki,
Tomonori Kamiya, Yamato Sasaki, Liu Yang,
and Yoichiro Iwakura

IL-17A is a cytokine produced by Th17 cells
and plays important roles in the development of
allergic and autoimmune diseases. IL-17A also
plays important roles in host defense against
bacteria and fungi. We showed that IL-17F, the
highest homologous member to IL-17A in the
IL-17 family, plays only marginal roles in the
development of allergic or autoimmune dis-
eases, but is equally important with IL-17A in
the host defense against mucoepithelial bacteria,
such as Staphylococcus and Citrobacter . Although
several lines of evidence suggest that IL-17A is
not involved in the host defense against extra-

celluar bacteria such as Helicobacterium or intra-
cellular bacteria such as Mycobacterium , which
induce robust Th1-, but not Th17-, type immune
response, the roles of IL-17F in the host defense
against these bacteria remain to be elucidated.
Thus, we are now analyzing the roles of IL-17F
in Helicobacterium and Mycobacteium infection
models. We are also analyzing the role of IL-17F
in CD45RBhighCD4 T cell-induced colitis model.

8. Generation of AIDS disease models and
analysis of the pathogenesis using animal
models

Motohiko Kadoki, Byung-Il Choi, Takuya
Tada, and Yoichiro Iwakura

In the course of the development of AIDS,
bacterial infection causes deleterious effects on
the progression of the disease; bacterial
lipopolysaccharides (LPS) in the circulation acti-
vate immune cells, resulting in the acceleration
of HIV replication. However, the precise HIV
activation mechanisms in infected hosts remain
largely unknown. Previously, we generated
transgenic mice carrying the HIV-1 genome and
showed that LPS induces the activation of HIV-1
in splenocytes through the induction of TNF
and IL-1, although similarly induced IFN-γ and
IL-6 are not involved. In this study, we ana-
lyzed the mechanisms of HIV-1 activation in
macrophages using these HIV-1 transgenic mice,
because macrophages are one of the major reser-
voirs of HIV-1. In contrast to splenocytes, direct
TLR4 signaling rather than TLR-induced pro-
inflammatory cytokines was responsible for the
LPS-induced activation of HIV-1 in macro-
phages, because the time course of HIV-1 activa-
tion was earlier than that observed in spleno-
cytes and TNF neutralization did not inhibit the
activation. p38 MAPK and NF-κB activation, but
neither ERK nor JNK activation, were required
for the activation, because only inhibitors for
p38 MAPK and NF-κB suppressed activation of
HIV-1. Furthermore, we showed that MyD88,
rather than TRIF, was required as an adaptor
molecule for this activation using MyD88－/－

mice and Dynasore, a specific inhibitor for TRIF,
and siRNAs specific for MyD88 and Trif . These
observations suggest that suppression of these
molecules, which are involved in the TLR4-MyD
88 pathway and the downstream p38 MAPK
and NF-κB pathways, should be beneficial to
prevent development of AIDS in HIV-1 infected
people.
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Gene targeting technology has revealed many aspects of gene functions in vivo.
Knock out mice offer the opportunities of not only analyzing the complex gene
functions in vivo, but also presenting various human disease models, where new
therapeutic approaches can be explored. To allow more detailed dissection of
gene function, we introduce a point mutation or disrupt genes in certain lineages
(or stages) using Cre-loxP system, a method of conditional gene targeting. In the
process of analyzing knock out mice, we have isolated spontaneous mutant mice
which develop chylous ascites and edematous limbs. In order to understand the
mechanism of lymphatic development and functions in more detail, we are also
generating various knock-out/knock-in mouse lines including a conditional knock
out mouse. In addition, we focus on analysis of neural development, aiming to un-
derstand the molecular mechanism of the maintenance of stemness and neural
differentiation and to advance towards cell therapy of the damaged or degenerat-
ing nervous system. For this purpose, we are generating several conditional knock
out mouse lines.

1. Fbxl10/Kdm2b deficiency accelerates neu-
ral progenitor cell death and leads to ex-
encephaly.

Tsuyoshi Fukuda, Akinori Tokunaga, Reiko
Sakamoto and Nobuaki Yoshida.

Histone methylation is the important tran-
scription regulatory system that affects mam-
malian development and cell differentiation. Al-
terations in epigenetic gene regulation are asso-
ciated with disease. Fbxl10 (F-box and leucine-
rich repeat protein 10) is a JmjC domain-
containing histone demethylase. Although Fbxl
10 has been implicated in cell cycle regulation,
cell death, senescence, and tumorigenesis, these
functions are controversial and its physiological
function is unclear. To determine the in vivo

function of Fbxl10, in this study, we generated a
homozygous mutation in the mouse Fbxl10
gene. About half of Fbxl10-deficient mice exhibit
failure of neural tube closure, resulting in exen-
cephaly and die shortly after birth. Fbxl10 defi-
ciency also causes retinal coloboma and a curled
tail with low penetrances. Fbxl10 mRNA is spe-
cifically expressed in the cranial neural folds at
E8.5 embryos, and apoptosis increased in the
neuroepithelium and mesenchyme of Fbxl10-
deficient E9.5 embryos, consistent with neural
tube defects found in Fbxl10-deficient mice. De-
pletion of Fbxl10 induced the increased expres-
sion of p19ARF, an inducer of apoptosis, in E8.5
embryos and mouse embryonic fibroblast cells.
In addition, the number of mitotic neural pro-
genitor cells is significantly increased in the mu-
tant E14.5 brain. Our findings suggest that the
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Fbxl10 gene makes important contributions to
embryonic neural development by regulating
cell proliferation and cell death in mice.

2. Nucleoredoxin sustains Wnt/β-catenin sig-
naling by retaining a pool of inactive di-
shevelled protein.

Yosuke Funato1, Takeshi Terabayashi1, Reiko
Sakamoto, Daisuke Okuzaki2, Hirotake Ichise,
Hiroshi Nojima2, Nobuaki Yoshida and Hiroaki
Miki1: 1Laboratory of Intracellular Signaling,
Institute for Protein Research, Osaka Univer-
sity. 2Department of Molecular Genetics, Re-
search Institute for Microbial Diseases, Osaka
University.

Overexpression of Dishevelled (Dvl), an es-
sential component of the Wnt signaling path-
way, is frequently associated with tumors, and
thus the Dvl protein level must be tightly con-
trolled to sustain Wnt signaling without causing
tumors. Kelch-like 12 (KLHL12) targets Dvl for
ubiquitination and degradation, suggesting its
potential importance in avoiding aberrant Dvl
overexpression. However, the regulatory mecha-
nism of the KLHL12 activity remained elusive.
We show here that nucleoredoxin (NRX) deter-
mines the Dvl protein level, which is revealed
by analyses on NRX(－/－) mice showing skele-
tal and cardiovascular defects. Consistent with
the previously reported Dvl-inhibiting function
of NRX, Wnt/β-catenin signaling is hyperacti-
vated in NRX(－/－) osteoblasts. However, the
signal activity is suppressed in cardiac cells,
where KLHL12 is highly expressed. Biochemical
analyses reveal that Dvl is rapidly degraded by
accelerated ubiquitination in NRX(－/－) mouse
embryonic fibroblasts, and they fail to activate
Wnt/β-catenin signaling in response to Wnt
ligands. Moreover, experiments utilizing puri-
fied proteins show that NRX expels KLHL12
from Dvl and inhibits ubiquitination. These
findings reveal an unexpected function of NRX,
retaining a pool of inactive Dvl for robust acti-
vation of Wnt/β-catenin signaling upon Wnt
stimulation.

3. Nucleoredoxin Negatively Regulates Toll-
like Receptor 4 Signaling via Recruitment
of Flightless-I to Myeloid Differentiation
Primary Response Gene (88)*

Tatsuya Hayashi3,Yosuke Funato3 ,Takeshi
Terabayashi3 , Akifumi Morinaka3 , Reiko
Sakamoto, Hirotake Ichise, Hiroyuki Fukuda4,
Nobuaki Yoshida and Hiroaki Miki3.: 3Institute
for Protein Research, Osaka University.
4THERAVALUES CORPORATION.

We previously characterized nucleoredoxin
(NRX) as a negative regulator of the Wnt signal-
ing pathway through Dishevelled (Dvl). We per-
form a comprehensive search for other NRX-
interacting proteins and identify Flightless-I (Fli-
I) as a novel NRX-binding partner. Fli-I binds to
NRX and other related proteins, such as Rod-
derived cone viability factor (RdCVF), whereas
Dvl binds only to NRX. Endogenous NRX and
Fli-I in vivo interactions are confirmed. Both
NRX and RdCVF link Fli-I with myeloid differ-
entiation primary response gene (88) (MyD88),
an important adaptor protein for innate immune
response. NRX and RdCVF also potentiate the
negative effect of Fli-I upon lipopolysaccharide-
induced activation of NF-κB through the Toll-
like receptor 4/MyD88 pathway. Embryonic fi-
broblasts derived from NRX gene-targeted mice
show aberrant NF-κB activation upon lipopoly-
saccharide stimulation. These results suggest
that the NRX subfamily of proteins forms a link
between MyD88 and Fli-I to mediate negative
regulation of the Toll-like receptor 4/MyD88
pathway.

4. H-, N- and Kras cooperatively regulate
lymphatic vessel growth by modulating
VEGFR3 expression in lymphatic endothe-
lial cells in mice.

Taeko Ichise, Nobuaki Yoshida and Hirotake
Ichise.

Mammalian Ras, which is encoded by three
independent genes, has been thought to be a
versatile component of intracellular signalling.
However, when, where and how Ras signalling
plays essential roles in development and
whether the three Ras genes have overlapping
functions in particular cells remain unclear.
Here, we show that the three Ras proteins dose-
dependently regulate lymphatic vessel growth
in mice. We find that lymphatic vessel hypopla-
sia is a common phenotype in Ras compound
knockout mice and that overexpressed normal
Ras in an endothelial cell lineage selectively
causes lymphatic vessel hyperplasia in vivo.
Overexpression of normal Ras in lymphatic en-
dothelial cells leads to sustained MAPK activa-
tion, cellular viability and enhanced endothelial
network formation under serum-depleted cul-
ture conditions in vitro, and knockdown of en-
dogenous Ras in lymphatic endothelial cells im-
pairs cell proliferation, MAPK activation, cell
migration and endothelial network formation.
Ras overexpression and knockdown result in
up- and downregulation of vascular endothelial
growth factor receptor (VEGFR) 3 expression,
respectively, in lymphatic endothelial cells in vi-
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tro. The close link between Ras and VEGFR3 in
vitro is consistent with the result that Ras
knockout and transgenic alleles are genetic
modifiers in lymphatic vessel hypoplasia caused
by Vegfr3 haploinsufficiency. Our findings dem-
onstrate a cooperative function of the three Ras
proteins in normal development, and also pro-
vide a novel aspect of VEGFR3 signalling modu-
lated by Ras in lymphangiogenesis.

5. An FGF4-FRS2α-Cdx2 Axis in Trophoblast
Stem Cells Induces Bmp4 to Regulate
Proper Growth of Early Mouse Embryos.

Michiko Murohashi5,6, Takahisa Nakamura7,
Satoshi Tanaka8, Taeko Ichise, Nobuaki
Yoshida, Tadashi Yamamoto7, Masabumi
Shibuya5, Joseph Schlessinger8 and Noriko Go-
toh5,6: 5Division of Genetics, University of To-
kyo. 6Division of Systems Biomedical Technol-
ogy, University of Tokyo. 7Division of Oncol-
ogy, University of Tokyo. 8Department of Phar-
macology, Yale University School of Medicine.

A variety of stem cells are controlled by the
actions of multiple growth factors in vitro. How-
ever, it remains largely unclear how growth fac-
tors control the proliferation and differentiation
of stem cells in vivo. Here, we describe a novel
paracrine mechanism for regulating a stem cell
niche in early mammalian embryos, which in-
volves communication between the inner cell
mass (ICM) and the trophectoderm, from which
embryonic stem (ES) cells and trophoblast stem
(TS) cells can be derived, respectively. It is
known that ES cells produce fibroblast growth
factor (FGF) 4 and that TS cells produce bone
morphogenetic protein (Bmp) 4. We provide evi-
dence that FRS2α mediates activation of the ex-
tracellular signal-regulated progein kinase (ERK)
pathway to enhance expression of transcription
factor Cdx2 in TS cells in response to FGF4. Cdx
2 in turn binds to an FGF4-responsive enhancer
element of the promoter region of Bmp4 , leading
to production and secretion of Bmp4. Moreover,
exogenous Bmp4 is able to rescue the defective
growth of Frs2α-null ICM. These findings sug-
gest an important role of Cdx2 for production of
Bmp4 in TS cells to promote the proper growth
of early mouse embryos.

6. Analysis of the role of Polypyrimidine
tract-binding protein, a RNA binging pro-
tein in embryonic ES cells and neural de-
velopment

Akinori Tokunaga, Satona Ohno, Takayuki
Shibasaki, Shinya Masaki, Reiko Sakamoto,
Nobuaki Yoshida

(1) Role of PTB in cell cycle regulation.

Polypyrimidine tract-binding protein (PTB) is
a widely expressed RNA binding protein (RBP)
with multiple roles in RNA processing, includ-
ing the splicing of alternative exons, mRNA sta-
bility, mRNA localization, and internal ribosome
entry site-dependent translation of RNA. Al-
though it has been reported that increased ex-
pression of PTB is correlated with cancer cell
growth, the role of PTB in mammalian develop-
ment is still unclear.

We have shown that a homozygous mutation
in the mouse Ptb gene causes embryonic lethal-
ity shortly after implantation. We also estab-
lished Ptb(－/－) embryonic stem (ES) cell lines
and found that these mutant cells exhibited se-
vere defects in cell proliferation without aber-
rant differentiation in vitro or in vivo. To reveal
a cause of proliferation defect in ptb－/－ ES cells,
we analyzed the cell cycle progression of ptb－/－

ES cells by flow cytometry. Cell cycle analysis
and a cell synchronization assay revealed that
Ptb(－/－) ES cells have a prolonged G (2)/M
phase. Thus, our data indicate that PTB is essen-
tial for early mouse development and ES cell
proliferation.

For more detailed analysis, we focused on the
regulation of IRES-dependent translation, which
is one of the functions of PTB involved in M
phase regulation. We revealed that the IRES ac-
tivity of CDK11p58, which is one of the M phase
regulators, is higher in ptb－/－ ES cell than that
in ptb＋/＋ ES cells. Furthermore, we found that
PTB binds to CDK11p58 IRES directly and re-
presses the IRES-dependent translation of CDK
11p58 in ES cells. These results suggest the impor-
tance of PTB in the progression and termination
of M phase through the regulation of IRES-
dependent translation and the regulation of
IRES-dependent translation in ES cells is differ-
ent from that in differentiated cells. Our finding
would contribute to further understanding of
the cell cycle regulation in ES cells.

(2) Analysis of PTB conditional knockout mouse.

PTB preferentially expressed in neural stem
cells (NSCs) in the central nervous system. Al-
though RBPs are indispensable for the normal
functions and cell migration of neurons, little is
known about the role of RBPs in neural stem
cells (NSCs). In vitro functional analysis of PTB
in vertebrate neural celI have revealed that PTB
has important roles on many alternative splicing
events during neural cell differentiation. But it is
still unknown whether self-renew and/or cell
fate of NSCs are regulated by PTB in vivo. To
explore the role of PTB in the early develop-
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ment of mouse brain, we inactivated the gene
by employing a Nestin promoter-driven Cre-
mediated conditional gene targeting system. We
found that most mutant mice die by 10 weeks
and almost all mutant mice developed a charac-
teristic dome-like appearance of their heads.
Histological analyses of PTB mutant brains re-
vealed that these mice develop severe hydro-
cephalus. The cell polarity and adherens junc-
tion (AJ) of the apical ventricular surface in dor-
sal cortex were lost in a pacthy distribuion at E
15.5. By E16.5, Tbr2-positive neural progenitor
cells and neurons were observed in ventricular
zone (VZ) of all AJ-negative spots, which leads
depletion of VZ by E18.5. Thus postnatal matu-
ration of ependymal cells with ciliary tufts from
radial glia cells (RGCs) was disturbed, which
may compromises cerebrospinal fluid dynamics
and results in hydrocephalus. Our findings sug-
gest that PTB is important for self-renew and/or
cell fate of RGCs, through involving in mainte-
nance of cell polarity and AJ in the dorsal
neuroepithelium of lateral ventricles.

(3) Analysis of nPTB conditional knockout mouse.

Neural polypyrimidine-tract-binding protein

(nPTB), which is identified as a homologue of
PTB, is one of RNA binding protein involved in
the heterogeneous nuclear ribonucleoprotein
(hnRNP) family. It is common knowledge that
many genes are regulated by alternative splicing
during neural development, and previous stud-
ies suggested that alternative splicing could con-
tribute to the gene expression and functional di-
versity of isoforms. nPTB is expressed predomi-
nantly in the nervous system, muscle and testis.
During neural development, expression of PTB
is decreased along with differentiation of neural
stem cells into neurons. In contrast, expression
level of nPTB that was repressed by PTB is ac-
cordingly increased. Thus, tissue-specific RNA
binding protein, nPTB may play an important
role in neural development. But, functional dif-
ferences between PTB/nPTB and meaning of de-
velopmental stage associated expression change
from PTB to nPTB remain to be elucidated. In
our study, we are generating nPTB conditional
knockout mice to shed light on a role of nPTB in
vivo. And now we are also analyzing the func-
tion of PTB/nPTB in vitro by using knockdown
experiment via a formation of embryoid body
(EB) from ES cells.

Publications

1. Fukuda, T., Tokunaga, A., Sakamoto, R. and
Yoshida, N.: Fbxl10/Kdm2b deficiency accel-
erates neural progenitor cell death and leads
to exencephaly. Mol. Cell. Neurosci., in press

2. Funato, Y., Terabayashi, T., Sakamoto, R.,
Okuzaki, D., Ichise, H., Hiroshi Nojima, H.,
Yoshida, N. and Miki, H.: Nucleoredoxin sus-
tains Wnt/β-catenin signaling by retaining a
pool of inactive Dishevelled protein. Curr.
Biol., in press

3. Hayashi, T., Funato, Y., Tearabayashi, T.,
Morinaka, A., Sakamoto, R., Ichise, H.,
Fukuda, H., Yoshida, N. and Miki, H.: Nu-
cleoredoxin negatively regulates toll-like re-
ceptor 4 signaling via recruitment of
flightless-I to myeloid differentiation primary
response gene (88). J. Biol. Chem., 285: 18586,
2010

4. Ichise, T., Yoshida, N. and Ichise, H.: H-, N-
and Kras cooperatively regulate lymphatic
vessel growth by modulating VEGFR3 ex-
pression in lymphatic endothelial cells in
mice. Development, 137: 1003-1013, 2010

5. Murohashi, M., Nakamura, T., Tanaka, S.,
Ichise, T., Yoshida, N., Yamamoto, T.,
Shibuya, M., Schlessinger, J., Gotoh, N.: An
FGF4-FRS2αlpha-Cdx2 axis in trophoblast
stem cells induces BMP4 to regulate proper
growth of early mouseembryos. Stem Cells,
28: 113-121. 2010

6. Kohyama J, Sanosaka T, Tokunaga A, Takat-
suka E, Tsujimura K, Okano H, Nakashima
K. BMP-induced REST regulates the establish-
ment and maintenance of astrocytic identity. J
Cell Biol. 189 (1): 159-70, 2010

142



Immunocompetent cells express multiple Toll-like receptors (TLRs) which play sen-
tinel roles in detecting microbial products during infection. As one microbe loads
multiple TLR ligands, orchestrated TLR activations are indispensable for inducing
appropriate innate/adaptive immune responses. Meanwhile, molecular mechanisms
balancing those responses remain unclear. Recent reports have suggested that
TLR associating molecules or post-translational TLR protein modification were in-
volved in controlling TLR responses. To correctly understand coordinated TLR re-
sponses, we search for novel TLR accessory molecules controlling multiple TLRs
and post-translational modification in TLRs affecting TLR responses. Our goal is to
elucidate molecular regulatory mechanism in TLR responses through genetically
engineered mice.

1. Roles of PRAT4A (PRotein Associated
with Toll-like receptor 4) in immune modu-
lation.

Takuma Shibata1,2, Nobuaki Yoshida2 and Ken-
suke Miyake1,2: 1Division of Infectious Genetics,
2Center for Experimental Medicine and Sys-
tems Biology, The Institute of Medical Science,
The University of Tokyo, 4-6-1 Shirokanedai,
Minatoku, TOKYO1208-8639, Japan.

TLRs induce complex inflammatory responses
that functions to protect the host from infection.
But in an excessive or persistent inflammatory
responses, hosts suffer the disadvantage of sep-
tic shock, delayed tissue repair and autoimmune
diseases. To control the extent and duration of
inflammation by TLRs, hosts evolved the multi-
ple regulatory mechanisms, called tolerance.

We have previously reported that a novel
TLR associating protein ‘PRotein Associated
with TLR4 (PRAT4A)’. Endoplasmic reticulum
PRAT4A controls maturation and intracellular
trafficking of multiple TLRs with another TLR
specific co-chaperone gp96. PRAT4A deficient

Macrophages/Dendritic cells (DCs), with abnor-
mal TLR distribution, showed impaired immune
responses to TLR2/4/7/9 ligands, except to TLR
3 ligand. Interestingly, PRAT4A deficient im-
mune cells remained specific immune responses
induced by TLR2/4 ligands which were distinct
from typical inflammatory responses. As mRNA
level of PRAT4A significantly decreased after
stimulation by various TLR ligands in physi-
ological state, PRAT4A deficiency presumably
mimicked the tolerant state. These facts raised
the possibility that PRAT4A play a central role
in tolerance mechanism suppressing excessive
inflammation by TLRs. Overexpression studies
may be helpful in evaluating the tolerant effect
of PRAT4A.

Furthermore, using established anti-PRAT4A
monoclonal antibodies, we found secreted endo-
genous PRAT4A which was detected in the nor-
mal mice serum and the culture supernatant of
Bone Marrow (BM) derived Macrophages by im-
munoprecipitation assay. Since PRAT4A defi-
cient mice showed high neonatal lethality and
severe dwarfism, there is another possibility that
PRAT4A is not only a TLR associating chaper-
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one molecule but also a modulator of homeosta-
sis.

To further address PRAT4A function, we have
tried to construct Cre/loxP conditional trans-
genic mice by targeting ROSA26 locus which en-
ables us to analyze cell type-specific overexpres-
sion studies in vitro and in vivo. Now we con-
firm germline transmission of the targeted allele
and start mating with various types of Cre mice,
including CAG-Cre, Tie-2 Cre and LysM-Cre
mice, to establish conventional or conditional
PRAT4A transgenic lines.

2. Finding a novel tetraspanin protein in-
volved in the negative regulation of multi-
ple TLR responses.

Takuma Shibata1,2, Xiaobing Li1, Nobuaki
Yoshida2 and Kensuke Miyake1,2

Multiple TLRs work in concert to sense a
pathogen and mount defense responses. Little is
known, however, about a mechanism coordinat-
ing multiple TLRs responses.

Under the screening of TLR2 regulating mole-
cules, we found a novel tetraspanin protein
which co-precipitated with TLR2 in immunopre-
cipitation assay. Knock down of this gene in
murine macrophage cell line RAW264.7 resulted
in enhanced cytokine production by various
TLR ligands, including TLR2 ligand. This find-
ing suggested the negative regulatory function
of this novel tetraspanin protein in multiple TLR
responses.

Conditional knock out and Conditional trans-
genic mice using ROSA26 locus of this novel tet-
raspanin protein have been generated to allow
rigorous assessment of its function. Further
study is under way to reveal a role of this gene
in immune responses.

3. Characterization of cleaved form in TLR7
and TLR9

Atsuo Kanno1, Masahiro Onji1, Takuma Shi-
bata1,2, Yuji Motoi1, Ryutaro Fukui1, Shin-
Ichiroh Saitoh1, Nobuaki Yoshida2 and Ken-
suke Miyake1,2

Vertebrates have TLR3, 7, 8 and 9 as sensors
of microbial nucleic acids, however it is sug-
gested that TLR7/9 responses strongly associate
with autoimmune diseases owing to inappropri-
ate recognition of self nucleic acid. In endoly-
sosome, TLR7 and TLR9 recognize a single-
stranded RNA and an unmethylated CpG motif
in microbial DNA, respectively. TLR7/9 ordi-
narily reside in Endoplasmic Reticulum, and
ligand stimulation enhance the trafficking of

TLR7/9 to endolysosome. Such strict regulation
of TLR7/9 subcellular localization seems to have
a role for blocking self nucleic acid recognition.
Previous reports indicated novel posttranscrip-
tional modification in TLR7/9 that ectodomain
of TLR7/9 was cleaved in endolysosome. It
seemed that ectodomain cleavage in TLR7/9
represents another strategy to restrict receptor
activation in endolysosome.

Recently, we originally identified cleavage
sites in TLR7 and TLR9. To clarify the meaning
of ectodomain cleavage in TLR7/9, we are try-
ing to construct knock-in mice which load TLR
7/9 without cleavage site. So far, germline
transmission was confirmed.

4. Roles for Unc93 homolog B1-dependent
TLR7/9 balance in vivo

Atsuo Kanno1, Ryutaro Fukui1, Shin-Ichiroh
Saitoh1, Takuma Shibata1,2, Yuji Motoi1,
Nobuaki Yoshida2 and Kensuke Miyake1,2

Nucleic acid sensing Toll-like receptor 7 (TLR
7) and TLR9 recognize microbial RNA and
DNA, respectively. These TLRs potentially rec-
ognize self-derived nucleic acid and have been
shown to have a role in autoimmune diseases. It
is important to keep the responsiveness of the
nucleic acid-sensing TLRs under the tight con-
trol.

Unc93 homolog B1 (Unc93B1) is reported to
be indispensable for TLR7/9 responses. We
found that the alanine substitution for the 34th

aspartic acid (D34A) of Unc93B1 enhanced TLR7
response but downregulated TLR9 response.
These results suggest that TLR7 and TLR9 are
reciprocally linked by Unc93B1, and the TLR7/
TLR9 balance is biased towards TLR9 in the
steady state.

To clarify a role for Unc93B1-dependent TLR
7/TLR9 balance in vivo, we started to generat
knock-in mice harboring the mutations around
D34 in the Unc93B1 gene which showed acceler-
ated phenotypes of D34A mutant. So far, we
have got Homologous Recombinants for this
knock in mice.

5. Identification of regulatory molecules for
innate immune responses and construct-
ing genetically altered mice.

Takuma Shibata1,2, Yuji Motoi1, Natsuko
Yamakawa1, Xiaobing Li1, Yusuke Murakami1,
Shin-ichiroh Saitoh1, Mabel Chan1, He Zhao1,
Masahiro Onji1, Atsuo Kanno1, Ryutaroh
Fukui1, Nobuaki Yoshida2 and Kensuke Mi-
yake1,2
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Except above projects, we tried functional
clonings and co-immunoprecipitation studies to
comprehensively identify regulatory molecules
associated with innate immune responses. And
after simple screenings in cell lines, we con-
structed conditional knock out mice to reveal
the physiological function in vivo.

So far, we found more than 20 candidate

genes, and started to construct conditional
knock out mice. We finished constructing target-
ing vector in 13 genes and getting homologous
recombinants, using B6 background JM8.A3 ES
cell line, in 11/13 genes. Now we have got chi-
meric mice in 8/13 genes. Germline transmis-
sion was confirmed in 5/13 genes.

Publications
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Protein-tyrosine kinases are important not only for the development of malignant
tumors but also for the regulation of growth and function of normal cells. We are
interested in characterizing signal transduction downstream of protein-tyrosine
kinases that are relevant to cancer development and to neuronal function.

Roles of Fyn kinase signaling in the brain de-
velopment

Naosuke Hoshina, Toru Suzuki＊, Takanobu
Nakazawa＊, Tadashi Yamamoto (＊Division of
Oncology)

During the course of Fyn substrate screening,
we have identified Protocadherin17 (PCDH17)
as a potential target of the Fyn tyrosine kinase.
Although several protocadherin members are in-
volved in cancer progression, its physiological
roles are largely unknown. To analyze physi-
ological roles of specific protocadherin members
in vivo, we addressed the role of PCDH17.
PCDH17 was specifically expressed in the basal
ganglia including striatum, globus pallidus, and
substantia nigra. Developmentally, PCDH17 was
highly expressed at the stage of synaptogenesis.
Furthermore, PCDH17 and its family member,
PCDH10 exhibited totally complementary ex-
pression patterns in the basal ganglia. At syn-
apses, PCDH17 was localized in perisynaptic re-

gions and showed calcium-dependent homo-
philic binding, but not heterophilic binding to
PCDH10. To elucidate the function of PCDH17
in vivo, we generated PCDH17 knockout mice.
With these mice, we are now studying the roles
of PCDH17 in the basal ganglia circuitry using
morphological, electrophysiological and behav-
ioral approaches.

Expression levels of cadherin family proteins
have been implicated in the progression of vari-
ous cancers. Generally, tumors expressing lower
levels of cadherin tended to exhibit higher inva-
sive potentials. Recent reports suggested that si-
lencing of PCDH17 or its closely related family
member PCDH10 is involved in cancer malig-
nancy. Therefore, we would like to examine
whether mice lacking expression of PCDH17 are
prone to develop tumors and/or whether defi-
ciency of PCDH17 could promote tumor pro-
gression by introducing pcdh17 homo-deficiency
into cancer-prone mice harboring oncogenically
mutated K-ras .
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Gene-modified mice are considered to be powerful tools for understanding of
pathophysiological function of the targeted gene (s) in vivo. Our research focus is
the understanding of pathogenesis of rejection and immune disorders such as al-
lergy and autoimmunity using gene-modified mice.

1. The role of mast cells in cardiac allograft
in mice

Satoshi Itoh1,2, Susumu Nakae3,4, Jeffrey B.
Velotta1, Hisanori Kosuge1,2, Andrew Connolly5,
Mindy Tsai5, Hideo Adachi2, Stephen J. Galli5,
Robert C. Robbins1 and Michael P. Fischbein1:
1Department of Cardiothoracic Surgery and 5

Pathology, Stanford University School of Medi-
cine, USA, 2Department of Cardiovascular Sur-
gery, Saitama Medical Center, Jichi Medical
University, 3Frontier Research Initiative, and
4Laboratory of Systems Biology, Center for Ex-
perimental Medicine and Systems Biology, The
Institute of Medical Science, The University of
Tokyo, Japan

It has been hypothesized that mast cells pro-
mote rejection and adverse remodeling in car-
diac allografts. By contrast, it has been reported
that mast cells can contribute to peripheral toler-
ance to skin allografts in mice and may also en-
hance cardiac allograft survival in rats. We used
mast cell-deficient C57BL/6-KitW-sh/W-sh mice and
the corresponding wild type mice to investigate
the possible contributions of mast cells to acute
or chronic cardiac allograft rejection. In the
acute rejection model, donor heart VCAM-1 ex-
pression was significantly lower in C57BL/6-

KitW-sh/W-sh than in wild type recipients, however,
there were no significant differences in acute re-
jection scores, graft survival, inflammatory cells,
or cytokine expression. In the chronic rejection
model, the number of mast cells per mm2 of al-
lograft tissue was significantly increased 52 days
post-transplantation in allografts transplanted
into C57BL/6-Kit＋/＋ but not C57BL/6-KitW-sh/W-sh

mice; however, there were no substantial differ-
ences in Graft Coronary Artery Disease (GCAD),
graft inflammatory cells, or levels of graft tissue
expression of cytokines or adhesion molecules.
Cardiac allografts undergoing chronic rejection
in wild type C57BL/6-Kit＋/＋ mice exhibit in-
creased numbers of mast cells, but acute or
chronic cardiac allograft rejection can develop in
C57BL/6-KitW-sh/W-sh mice even though these re-
cipients lack mast cells. These findings indicate
that recipient mast cells are not required for
acute or chronic cardiac allograft rejection in the
models examined.

2. The role of IL-17 in cardiac allograft in
mice

Satoshi Itoh1,2, Susumu Nakae3,4, Robert C. Ax-
tell5, Jeffrey B. Velotta1, Naoyuki Kimura1,2,
Naoki Kajiwara6, Yoichiro Iwakura7, Hirohisa
Saito8, Hideo Adachi2, Lawrence Steinman5,
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Robert C. Robbins1 and Michael P. Fischbein1:
1Department of Cardiothoracic Surgery and
4Neurological Sciences, Stanford University
School of Medicine, USA, 2Department of Car-
diovascular Surgery, Saitama Medical Center,
Jichi Medical University, 3Frontier Research
Initiative, and 4Laboratory of Systems Biology
and 7Molecular Pathogenesis, Center for Ex-
perimental Medicine and Systems Biology, The
Institute of Medical Science, The University of
Tokyo, Japan, 6Atopy Research Center, Jun-
tendo University, Japan, 8Department of Al-
lergy and Immunology, National Research In-
stitute for Child Health and Development, Ja-
pan

Although interleukin-17 (IL-17) has been re-
ported to participate in the pathogenesis of in-
fectious, autoimmune and allergic disorders, the
precise role in allograft rejection remains uncer-
tain. This study illustrates that IL-17 contributes
to the pathogenesis of chronic allograft rejection.
Utilizing a murine heterotopic heart transplant
model system, IL-17-deficient recipient mice had
decreased allograft inflammatory cell recruit-
ment, decreased IL-6, MCP-1, and KC produc-
tion, and reduced graft coronary artery disease
(GCAD). Intragraft γδ T cells appear to be the
predominant source of IL-17 production. There-
fore, IL-17 neutralization may provide a poten-
tial target for novel therapeutic treatment for
cardiac allograft rejection.
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