
1. Foxc2CreERT2 knock-in mice mark stage-
specific Foxc2-expressing cells during mouse
organogenesis
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Foxc2 , a member of the winged helix transcrip-
tion factor family, is essential for eye, calvarial
bone, cardiovascular and kidney development in
mice. Nevertheless, how Foxc2-expressing cells and
their descendent cells contribute to the develop-
ment of these tissues and organs has not been eluci-
dated. Here, we generated a Foxc2 knock-in
(Foxc2CreERT2) mouse, in which administration of
estrogen receptor antagonist tamoxifen induces nu-
clear translocation of Cre recombinase in Foxc2-ex-
pressing cells. By crossing with ROSA-LacZ re-
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Gene targeting technologies not only for culturing cells but also for animals them-
selves are very powerful tools for understanding gene functions in vivo. In addition
to the conventional gene targeting, tissue specific gene manipulation using Cre-
loxP system, named conditional knockout, allows us to explore spatiotemporal
gene function in many different tissue at many different developmental stages. We
are also using CRISPR/Cas9 systems, which are very effective and rapid method
for genome editing. Using these technologies, we are trying to investigate funda-
mentals which characterize 'stemness'in embryonic pluripotent stem cells or so-
matic multipotent stem cells. In the somatic stem cells, we are especially inter-
ested in germ cells and neural stem cells. Our research aims are to reveal mo-
lecular mechanisms which orchestrate spermatogenesis, especially focusing on
roles of RNA processing proteins, e.g., PTBP1 or PTBP2, or histone modifiers, e.
g., FBXL10, FBXL11 or RYBP, by using gene knockout technology, and to de-
velop novel therapeutic strategies for infertile patients. We are also studying roles
of Ras signaling in developmental, physiological, and pathological lymphangio-
genesis, and roles of PLC2 signaling in initiating and maintaining the separation
of the blood and lymphatic vasculature.
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porter mice (Foxc2CreERT2; R26R ), the fate of Foxc2
positive (Foxc2＋) cells was analyzed through LacZ
staining at various embryonic stages. We found
Foxc2＋cell descendants in the supraoccipital and
exoccipital bone in E18.5 embryos, when tamoxifen
was administered at embryonic day (E) 8.5. Fur-
thermore, Foxc2＋ descendant cranial neural crest
cells at E8-10 were restricted to the corneal mesen-
chyme, while Foxc2＋ cell derived cardiac neural
crest cells at E6-12 were found in the aorta, pulmo-
nary trunk and valves, and endocardial cushions.
Foxc2＋ cell descendant contributions to the
glomerular podocytes in the kidney were also ob-
served following E6.5 Tamoxifen treatment. Our re-
sults are consistent previous reports of Foxc2 ex-
pression during early embryogenesis and the
Foxc2CreERT2 mouse provides a tool to investigate
spatiotemporal roles of Foxc2 and contributions of
Foxc2＋ expressing cells during mouse embryogene-
sis. This article is protected by copyright. All rights
reserved.

2. Role of transcription factor Tgif2 in photore-
ceptor differentiation in the mouse retina.

Hiroshi Kuribayashi7, Asano Tsuhako7, Mio
Kikuchi, Nobuaki Yoshida, Hideto Koso7, Sumiko
Watanabe8: 7Division of Molecular and Develop-
mental Biology, Institute of Medical Science, Uni-
versity of Tokyo. 8Division of Molecular and De-
velopmental Biology, Institute of Medical Science,
University of Tokyo.

5'TG3'-interacting factors (TGIFs) function as
transcriptional repressors. Defects in TGIFs cause
severe abnormalities in the developing brain and
face. We found that Tgif2 was highly expressed in
the mouse retina at early stages of development
and examined its role in retinal development.
Knockdown of Tgif2 in retinal explants at E14 us-
ing shRNA (sh-Tgif2) resulted in a decreased num-
ber of rod photoreceptors, whereas the number of
cone photoreceptors increased without perturbation
of cell proliferation and apoptosis. Concomitantly,
the expression levels of photoreceptor-related genes
were decreased in sh-Tgif2-introduced retinal ex-
plants. To examine the in vivo effects of Tgif2 over-
expression, we generated Tgif2 conditional knock-in
mice (Tgif2cKI). Although retinal cell differentia-
tion, based on the relative proportions of retinal
subtypes in the mature retina, was not affected, we
observed abnormal localization of cone photorecep-
tor cell nuclei in the outer nuclear layer of the
Tgif2cKI retina. However, electrical retinography
suggest that cones in Tgif2cKI were functionally
equivalent to those of wild mice. Our study re-
vealed that Tgif2 participates in photoreceptor cell
differentiation in the early stages of retinal develop-
ment and regulates proper subretinal localization of

the cone photoreceptors.

3. Cell-Type-Specific Alternative Splicing Gov-
erns Cell Fate in the Developing Cerebral Cor-
tex
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11David H. Koch Institute for Integrative Cancer
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and Systems Biology Graduate Program, Massa-
chusetts Institute of Whitehead Institute for Bio-
medical Research. 12Department of Biochemistry
and Biophysics, Cardiovascular Research Institute,
University of California, San Francisco. 13Depart-
ment of Biomedical Informatics, Harvard Medical
School ; Harvard Stem Cell Institute. 14Division of
Genetics and Genomics, Manton Center for Or-
phan Disease Research, Howard Hughes Medical
Institute, Boston Children's Hospital. Departments
of Neurology and Pediatrics, Harvard Medical
School. 15Division of Genetics and Genomics, Man-
ton Center for Orphan Disease Research, Howard
Hughes Medical Institute, Boston Children's Hos-
pital. 16Department of Microbiology, Immunology,
and Molecular Genetics, University of California,
Los Angeles. 17David H. Koch Institute for Integra-
tive Cancer Research, Department of Biology,
Computational and Systems Biology Graduate
Program, Massachusetts Institute of Technology.
18Division of Genetics and Genomics, Manton Cen-
ter for Orphan Disease Research, Howard Hughes
Medical Institute, Boston Children's Hospital ; De-
partments of Neurology and Pediatrics, Harvard
Medical School; Harvard Stem Cell Institute ;
Broad Institute of MIT and Harvard.

Alternative splicing is prevalent in the mammal-
ian brain. To interrogate the functional role of alter-
native splicing in neural development, we analyzed
purified neural progenitor cells (NPCs) and neu-
rons from developing cerebral cortices, revealing
hundreds of differentially spliced exons that prefer-
entially alter key protein domains-especially in cy-
toskeletal proteins-and can harbor disease-causing
mutations. We show that Ptbp1 and Rbfox proteins
antagonistically govern the NPC-to-neuron transi-
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tion by regulating neuron-specific exons. Whereas
Ptbp1 maintains apical progenitors partly through
suppressing a poison exon of Flna in NPCs, Rbfox
proteins promote neuronal differentiation by
switching Ninein from a centrosomal splice form in
NPCs to a non-centrosomal isoform in neurons. We
further uncover an intronic human mutation within
a PTBP1-binding site that disrupts normal skipping
of the FLNA poison exon in NPCs and causes a
brain-specific malformation. Our study indicates
that dynamic control of alternative splicing governs
cell fate in cerebral cortical development.

4. Phospholipase C2 Is Required for Luminal
Expansion of the Epididymal Duct during
Postnatal Development in Mice.

Hirotake Ichise, Taeko Ichise, Nobuaki Yoshida

Phospholipase C2 (PLC2)-deficient mice exhibit
misconnections of blood and lymphatic vessels, and
male infertility. However, the cell type responsible
for vascular partitioning and the mechanism for
male infertility remain unknown. Accordingly, we
generated a mouse line that conditionally expresses
endogenous Plcg2 in a Cre/loxP recombination-de-
pendent manner, and found that Tie2-Cre- or Pf4-
Cre-driven reactivation of Plcg2 rescues PLC2-defi-
cient mice from the vascular phenotype. By con-
trast, male mice rescued from the vascular pheno-
type exhibited epididymal sperm granulomas. As
judged from immunostaining, PLC2 was expressed
in clear cells in the epididymis. PLC2 deficiency
did not compromise differentiation of epididymal
epithelial cells, including clear cells, and tube for-
mation at postnatal week 2. However, luminal ex-
pansion of the epididymal duct was impaired dur-
ing the prepubertal period, regardless of epithelial
cell polarity and tube architecture. These results
suggest that PLC2-deficient clear cells cause im-
paired luminal expansion, stenosis of the epididy-
mal duct, attenuation of luminal flow, and subse-
quent sperm granulomas. Clear cell-mediated lumi-
nal expansion is also supported by the observation
that PLC2-deficient males were rescued from infer-
tility by epididymal epithelium-specific reactivation
of Plcg2 , although the edematous and hemorrhagic
phenotype associated with PLC2 deficiency also
caused spontaneous epididymal sperm granulomas
in aging males. Collectively, our findings demon-
strate that PLC2 in clear cells plays an essential
role in luminal expansion of the epididymis during
the prepubertal period in mice, and reveal an unex-
pected link between PLC2, clear cells, and epididy-
mal development.

5. Establishment of a tamoxifen-inducible Cre-
driver mouse strain for widespread and tem-
poral genetic modification in adult mice.

Hirotake Ichise, Akiko Hori, Seiji Shiozawa, Saki
Kondo19, Yumi Kanegae19, Izumu Saito19, Taeko
Ichise and Nobuaki Yoshida: 19Laboratory of Mo-
lecular Genetics, The Institute of Medical Science,
The University of Tokyo.

Temporal genetic modification of mice using the
ligand-inducible Cre/loxP system is an important
technique that allows the bypass of embryonic le-
thal phenotypes and access to adult phenotypes. In
this study, we generated a tamoxifen-inducible Cre-
driver mouse strain for the purpose of widespread
and temporal Cre recombination. The new line,
named CM32, expresses the GFPneo-fusion gene in
a wide variety of tissues before FLP recombination
and tamoxifen-inducible Cre after FLP recombina-
tion. Using FLP-recombined CM32 mice (CM32
mice) and Cre reporter mouse lines, we evaluated
the efficiency of Cre recombination with and with-
out tamoxifen administration to adult mice, and
found tamoxifen-dependent induction of Cre re-
combination in a variety of adult tissues. In addi-
tion, we demonstrated that conditional activation of
an oncogene could be achieved in adults using
CM32 mice. CM32;T26 mice, which harbored a
Cre recombination-driven, SV40 large T antigen-ex-
pressing transgene, were viable and fertile. No
overt phenotype was found in the mice up to 3
months after birth. Although they displayed
pineoblastomas (pinealoblastomas) and/or thymic
enlargement due to background Cre recombination
by 6 months after birth, they developed epidermal
hyperplasia when administered tamoxifen. Collec-
tively, our results suggest that the CM32 trans-
genic mouse line can be applied to the assessment
of adult phenotypes in mice with loxP-flanked
transgenes.

6. Regulation of gene expression in the bovine
blastocyst by colony stimulating factor 2.

Manabu Ozawa, Miki Sakatani20, Kyle B.
Dobbs21,22, Jasmine Kannampuzha-Francis22, Peter
J. Hansen22: 20Kyushu-Okinawa Agricultural Re-
search Center, National Agriculture and Food Re-
search Organization. 21Thermo Fisher Scientific.
22Dept. of Animal Sciences, D.H. Barron Repro-
ductive and Perinatal Biology Research Program
and Genetics Institute, University of Florida.

BACKGROUND: Colony stimulating factor 2 can
have multiple effects on the function of the preim-
plantation embryo that include increased potential
to develop to the blastocyst stage, reduced apopto-
sis, and enhanced ability of inner cell mass (ICM)
to remain pluripotent after culture. The objective of
the current experiment was to identify genes regu-
lated by CSF2 in the ICM and trophectoderm (TE)
of the bovine blastocyst with the goal of identifying
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possible molecular pathways by which CSF2 in-
creases developmental competence for survival.
Embryos were produced in vitro and cultured from
Day 6 to 8 in serum-free medium containing 10 ng/
ml recombinant bovine CSF2 or vehicle. Blastocysts
were harvested at Day 8 and ICM separated from
TE by magnetic-activated cell sorting. RNA was pu-
rified and used to prepare amplified cDNA, which
was then subjected to high-throughput sequencing
using the SOLiD 4.0 system. Three pools of ampli-
fied cDNA were analyzed per treatment.
RESULTS: The number of genes whose expres-

sion was regulated by CSF2, using P＜0.05 and
＞1.5-fold difference as cut-offs, was 945 in the ICM
(242 upregulated by CSF2 and 703 downregulated)
and 886 in the TE (401 upregulated by CSF2 and
485 downregulated). Only 49 genes were regulated
in a similar manner by CSF2 in both cell types. The
three significant annotation clusters in which genes
regulated by ICM were overrepresented were re-
lated to membrane signaling. Genes downregulated
by CSF2 in ICM were overrepresented in several
pathways including those for ERK and AKT signal-
ing. The only significant annotation cluster contain-
ing an overrepresentation of genes regulated by
CSF2 in TE was for secreted or extracellular pro-
teins. In addition, genes downregulated in TE were
overrepresented in TGF and Nanog pathways.
CONCLUSIONS: Differentiation of the blastocyst

is such that, by Day 8 after fertilization, the ICM
and TE respond differently to CSF2. Analysis of the
genes regulated by CSF2 in ICM and TE are sug-
gestive that CSF2 reinforces developmental fate and
function of both cell lineages.
KEYWORDS: Blastocyst; Bovine; Colony stimulat-

ing factor-2; Inner cell mass; Transcriptome; Tro-
phectoderm

7. The Histone Demethylase FBXL10 Regulates
the Proliferation of Spermatogonia and En-
sures Long-Term Sustainable Spermatogene-
sis in Mice.

Manabu Ozawa, Tsuyoshi Fukuda, Reiko
Sakamoto, Hiroaki Honda23, Nobuaki Yoshida:
23Department of Disease Model, Research Institute
of Radiation Biology and Medicine, Hiroshima
University.

The F-box and leucine-rich repeat protein 10 (Fbxl
10) gene encodes a protein that catalyzes demethyl-
ation of H3K4 and H3K36. In this study, we show
the important roles of FBXL10 as a histone demeth-
ylase in sustainable sperm production using mice in
which the JmjC domain of Fbxl10 was deleted (Fbxl
10DeltaJ/DeltaJ). In histological analysis, testis sections
from 10-wk-old Fbxl10DeltaJ/DeltaJ mice appeared nor-
mal. On the other hand, testes from 7-mo-old Fbxl
10DeltaJ/DeltaJ mice contained a greater ratio of seminif-
erous tubules exhibiting degeneration of spermato-
genesis. Further analysis using an in vitro sperma-
togonia culture system, that is, germline stem cells
(GSCs), revealed that Fbxl10DeltaJ/DeltaJ GSCs expressed
a significantly higher level of P21 and P19 mRNA,
cyclin-dependent kinase inhibitors and also known
as cellular senescence markers, than wild-type (WT)
GSCs. Furthermore, the ratio of Fbxl10DeltaJ/DeltaJ GSCs
in G0/G1 phase was higher and the ratios in S and
G2/M phases were lower than the corresponding
ratios of WT GSCs, and the doubling speed of Fbxl
10DeltaJ/DeltaJ GSCs was significantly slower than that of
WT GSCs. In addition to these in vitro results, an
in vivo study indicated that recovery of spermato-
genesis after a transient reduction in the number of
testicular germ cells by busulfan treatment was sig-
nificantly slower in Fbxl10DeltaJ/DeltaJ mice than in WT
mice. These data suggest that Fbxl10 plays impor-
tant roles in long-term sustainable spermatogenesis
via regulating cell cycle.
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IL-25, IL-33 and TSLP receptor are not critical for
development of experimental murine malaria

Shibui, A.1,2, Takamori, A.2, Tolba, M.E.1,3, Nambu,
A.2, Shimura, E.2,4, Yamaguchi, S.2, Sanjoba, C.4,
Suto, H.5, Sudo, K.6, Okumura, K.5, Sugano, S.1,
Morita, H.7, Saito, H.7, Matsumoto, K.7 Nakae,
S.2,8: 1Department of Medical Genomics, Graduate
School of Frontier Sciences, The University of To-
kyo, Chiba, 2Laboratory of Systems Biology, Cen-
ter for Experimental Medicine and Systems Biol-
ogy, The Institute of Medical Science, The Univer-
sity of Tokyo, Tokyo, 3Department of Parasitology,
Assiut University, Assiut, 4Department of Molecu-
lar Immunology, School of Agricultural and Life
Sciences, The University of Tokyo, Tokyo, 5Atopy
Research Center, Juntendo University, Tokyo,
6Animal Research Center, Tokyo Medical Univer-
sity, Tokyo, 7Department of Allergy and Immunol-
ogy, National Research Institute for Child Health
and Development, Tokyo, 8Precursory Research
for Embryonic Science and Technology
(PRESTO), Japan Science and Technology
Agency, Saitama,

IL-25, IL-33 and TSLP, which are produced pre-
dominantly by epithelial cells, can induce produc-
tion of Th2-type cytokines such as IL-4, IL-5 and/or
IL-13 by various types of cells, suggesting their in-

volvement in induction of Th2-type cytokine-associ-
ated immune responses. It is known that Th2-type
cytokines contribute to host defense against malaria
parasite infection in mice. However, the roles of IL-
25, IL-33 and TSLP in malaria parasite infection re-
main unclear. Thus, to elucidate this, we infected
wild-type, IL-25－/－, IL-33－/－ and TSLP receptor
(TSLPR)－/－ mice with Plasmodium berghei (P. berghei)
ANKA, a murine malaria strain. The expression
levels of IL-25, IL-33 and TSLP mRNA were
changed in the brain, liver, lung and spleen of
wild-type mice after infection, suggesting that these
cytokines are involved in host defense against P.
berghei ANKA. However, the incidence of para-
sitemia and survival in the mutant mice were com-
parable to in the wild-type mice. These findings in-
dicate that IL-25, IL-33 and TSLP are not critical for
host defense against P. berghei ANKA.

TSLP receptor is not essential for house dust
mite-induced allergic rhinitis in mice

Nakanishi, W.1,2, Hiraishi, Y.1,3, Yamaguchi, S.1,
Takamori, A.1, Morita, H.4, Matsumoto, K.4, Saito,
H.4, Sudo, K.5, Yamasoba, T.2, Nakae, S.1,6: 1Labo-
ratory of Systems Biology, Center for Experimen-
tal Medicine and Systems Biology, The Institute of
Medical Science, The University of Tokyo, Tokyo,
2Department of Otolaryngology Head and Neck

Center for Experimental Medicine and Systems Biology

Laboratory of Systems Biology
システムズバイオロジー研究分野

Associate Professor Susumu Nakae, Ph.D. 准教授 農学博士 中 江 進

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.
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Surgery, 3Department of Respiratory Medicine,
Graduate School of Medicine, The University of
Tokyo, Tokyo, 4Department of Allergy and Clini-
cal Immunology, National Research Institute for
Child Health and Development, Tokyo, 5Animal
Research Center, Tokyo Medical University, To-
kyo, 6Precursory Research for Embryonic Science
and Technology, Japan Science and Technology
Agency, Saitama,

TSLP induces Th2 cytokine production by Th2
cells and various other types of cells, thereby con-
tributing to Th2-type immune responses and devel-
opment of allergic disorders. We found that house
dust mite (HDM) extract induced TSLP production
by nasal epithelial cells, suggesting that TSLP may
be involved in development of HDM-induced aller-
gic rhinitis (AR). To investigate that possibility in
greater detail, wild-type and TSLP receptor-defi-
cient (TSLPR－/－) mice on the C57BL/6J background
were repeatedly treated intranasally with HDM ex-
tract. The frequency of sneezing, numbers of
eosinophils and goblet cells, thickness of submu-
cosal layers, serum levels of total IgE and HDM-
specific IgG1, and levels of IL-4, IL-5 and IL-13 in
the culture supernatants of HDM-stimulated LN
cells were comparable in the two mouse strains.
Those findings indicate that, in mice, TSLPR is not
crucial for development of HDM-induced AR.

TIM-3 is not essential for development of airway
inflammation induced by house dust mite anti-
gens

Hiraishi, Y.1,2,3, Nambu, A.1, Shibui, A.1,4, Naka-
nishi, W.1,5, Yamaguchi, S.1, Iikura, M.6 McKenzie,
A,N.7, Matsumoto, K.8, Sudo, K.9, Yamasoba, T.5,
Nagase, T.2, Nakae, S.1,10: 1Laboratory of Systems
Biology, Center for Experimental Medicine and
Systems Biology, The Institute of Medical Science,
The University of Tokyo, Tokyo, 2Department of
Respiratory Medicine, and 5Department of Otolar-
yngology Head and Neck Surgery, Graduate
School of Medicine, The University of Tokyo, To-
kyo, 3Department of Endoscopy, Respiratory En-
doscopy Division, National Cancer Center Hospi-
tal, Tokyo, 4Department of Medical Genomics,
Graduate School of Frontier Sciences, The Univer-
sity of Tokyo, Chiba, 6Department of Respiratory

Medicine, National Center for Global Health and
Medicine, Tokyo, 7Medical Research Council
Laboratory of Molecular Biology, Cambridge, 8De-
partment of Allergy and Immunology, National
Research Institute for Child Health and Develop-
ment, Tokyo, 9Animal Research Center, Tokyo
Medical University, Tokyo, 10Precursory Research
for Embryonic Science and Technology
(PRESTO), Japan Science and Technology
Agency, Saitama,

T cell immunoglobulin domain and mucin do-
main-containing molecule 3 (TIM-3), which is pref-
erentially expressed on Th1 cells rather than Th2
cells, is considered to be a negative regulator of Th
1 cell function. This suggests that TIM-3 indirectly
enhances Th2-type immune responses by suppress-
ing Th1 cell function. To investigate TIM-3's possi-
ble involvement in Th2-type acute and chronic air-
way inflammation, wild-type and TIM-3-deficient
(TIM-3－/－) mice were sensitized and challenged
with a house dust mite (HDM) extract. Airway in-
flammation and the number of inflammatory cells
in bronchoalveolar lavage fluids (BALFs) in the
mice were determined by histological analysis and
with a hemocytometer, respectively. Expression of
mRNA in the lungs was determined by quantitative
PCR, while the levels of cytokines in the BALFs
and IgE in sera were determined by ELISA. Despite
constitutive expression of TIM-3 mRNA in the
lungs, the number of eosinophils in bronchoalveo-
lar lavage fluids (BALFs) and the score of pulmo-
nary inflammation were comparable between wild-
type and TIM-3－/－ mice during both acute and
chronic HDM-induced airway inflammation. On the
other hand, the number of lymphocytes in the
BALFs of TIM-3－/－ mice was significantly increased
compared with wild-type mice during HDM-in-
duced chronic, but not acute, airway inflammation,
while the levels of Th2 cytokines in the BALFs and
HDM-specific IgG1 and IgG2a and total IgE in the
sera were comparable in both groups. Our findings
indicate that, in mice, TIM-3 is not essential for de-
velopment of HDM-induced acute or chronic aller-
gic airway inflammation, although it appears to be
involved in reduced lymphocyte recruitment during
HDM-induced chronic allergic airway inflamma-
tion.

Publications

1. Kudo F, Ikutani M, Seki Y, Otsubo T, Kawa-
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cytokine production of group 2 innate lym-
phoid cells. Immunology. 147(1): 21-9, 2016.
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naga K. Interleukin-33 enhances programmed
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Lee HK Dysbiosis-induced IL-33 contributes to
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cosa. Proc Natl Acad Sci USA. 113(6): E762-71,
2016.
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1. Targeting the nucleic acids-sensing TLRs for
therapeutic intervention in autoimmune dis-
eases

Yuji Motoi1, Yusuke Murakami1, Takuma Shi-
bata1, Kensuke Miyake1,2: 1Division of Infectious
Genetics, Department of Microbiology and Immu-
nology, 2Laboratory of Innate Immunity, Center
for Experimental Medicine and Systems Biology,
The Institute of Medical Science, The University of
Tokyo, 4-6-1 Shirokanedai, Minatoku, TOKYO,
Japan.

TLR7 senses microbial-derived RNA in endoly-
sosome, but can also erroneously respond to self-
derived RNA. In fact, it has been reported that TLR
7-dependent signaling promote autoimmune dis-
eases. Thus, TLR7 can be therapeutic target. Al-
though antibodies (Abs) are powerful tools for
therapeutic intervention, TLR7 has been excluded
from targets for Ab-mediated intervention because
of its lack of cell surface expression. Despite this ex-
pectation, we found an anti-TLR7 Ab dose-de-
pendently inhibits TLR7 responses in dendritic
cells, macrophages and B cells. For this reason, we
evaluated the therapeutic effect of anti-TLR7 Ab in

Unc93b1D34A/D34A mice that cause thrombocytopenia,
splenomegaly and chronic active hepatitis due to
TLR7 hyper-responsiveness, and found that throm-
bocytopenia in Unc93b1D34A/D34A mice was signifi-
cantly improved by the treatment with anti-TLR7
mAb. Furthermore, splenomegaly and hepatitis in
mice treated with the anti-TLR7 mAb were also sig-
nificantly remedy compared with control antibody.
On basis of these results, we established anti-hu-

man TLR7 Ab for blocking human TLR7 responses
in vitro. Moreover, we generated human TLR7
transgenic (huTLR7 Tg) mice. We plan to use
HuTLR7 Tg mice to evaluate the effects of anti-hu-
man TLR7 Ab in vivo.
In addition, TLR8 also recognize mouse TLR7

ligands in human and is involved in exacerbation
of Rheumatoid Arthritis. Thus, in case of human
disease, the anti-human TLR8 Ab that inhibits hu-
man TLR8 responses might work in clinical applica-
tion. For this reason, we also constructed both anti-
human TLR8 Abs and human TLR8 transgenic mice
to verify our hypothesis.

2. Characterization of cleaved forms of TLR7
and TLR9

Center for Experimental Medicine and Systems Biology

Laboratory of Innate Immunity
自然免疫研究分野

Professor Kensuke Miyake, M.D., Ph.D. 教 授 医学博士 三 宅 健 介

Pathogen sensors, such as Toll-like receptor (TLR), play sentinel roles in detect-
ing pathogenic ligands during infection and induce both innate and acquired im-
mune responses. Meanwhile, excessive TLR responses are strongly associated
with fatal diseases such as septic shock and autoimmune diseases. For this rea-
son, immune system must strictly control TLR responses to avoid disruption of ho-
meostasis. However, molecular mechanisms involved in TLR regulation are not
fully elucidated. We have previously shown that TLRs are regulated by various
TLR associating molecules including MD-2, PRAT4A and Unc93B1. Our goal is to
uncover molecular mechanism that is indispensable for appropriate TLR re-
sponses using genetically engineered mice.
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Ryutaro Fukui2, Yusuke Murakami1, Nobuaki
Yoshida3 and Kensuke Miyake1,2: 1Division of In-
fectious Genetics, Department of Microbiology and
Immunology, 2Laboratory of Innate Immunity &
3Laboratory of Developmental Genetics, Center for
Experimental Medicine and Systems Biology, The
Institute of Medical Science, The University of To-
kyo, 4-6-1 Shirokanedai, Minatoku, TOKYO, Ja-
pan.

Vertebrates have TLR3, 7, 8 and 9 as sensors of
microbial nucleic acids, however it is suggested that
TLR7/9 responses strongly associate with autoim-
mune diseases owing to inappropriate recognition
of self nucleic acid. In endolysosome, TLR7 and
TLR9 recognize a single-stranded RNA and an un-
methylated CpG motif in microbial DNA, respec-
tively. TLR7/9 ordinarily reside in Endoplasmic Re-
ticulum, and ligand stimulation enhance the traf-
ficking of TLR7/9 to endolysosome. Such strict
regulation of TLR7/9 subcellular localization seems
to have a role for blocking self nucleic acid recogni-
tion. Previous reports indicated novel posttranscrip-
tional modification in TLR7/9 that ectodomains of
TLR7/9 were cleaved in endolysosome. It seemed
that ectodomain cleavage in TLR7/9 represents an-
other strategy to restrict excessive TLR7/9 activa-
tion. Recently, we established new monoclonal anti-
TLR7 and anti-TLR9 to detect endogenous or non-
tagged TLRs and used these antibodies to clarify
the mechanism of TLRs cleavage.
Our data showed that cleaved TLR7 N-terminal

binds to C-terminal by its disulfide bond and the
cysteines are important for response of TLR7
(Kanno et al., Int. Immunol. 2013). We focused on
four cysteines of TLR7 (C98, C445, C475, and C722)
and made serine mutants of these cysteines for
analysis of cleavage pattern and the effect on re-
sponse. As results, C98 and C475 were required for

binding of TLR7 N-terminal to C-terminal, and pro-
teolytic cleavage of TLR7. These cysteine mutants
did not respond to TLR7 ligands, and also no re-
sponse was observed in deletion mutants of TLR7
cleavage site or truncated form of TLR7 C-terminal
alone. From these data, it is suggested that prote-
olytic cleavage of TLR7 and binding of N-terminal
to C-terminal are essential for TLR7 response, and
dependent on its cysteines.
In the case of TLR9, we found no effect of disul-

fide bond but the binding of N-terminal fragment
to C-terminal fragment is important for TLR9 re-
sponse. In addition, we also confirmed the impor-
tance of proteolytic cleavage of TLR9 in ligand rec-
ognition by analyzing crystal structure of TLR9.

3. Identification of regulatory molecules for TLR
responses and constructing genetically engi-
neered mice.

Takuma Shibata1,2, Ryutaroh Fukui1, Nobuaki
Yoshida2 and Kensuke Miyake1,2: 1Division of In-
fectious Genetics, Department of Microbiology and
Immunology, 2Laboratory of Innate Immunity,
Center for Experimental Medicine and Systems
Biology, The Institute of Medical Science, The
University of Tokyo, 4-6-1 Shirokanedai, Mina-
toku, TOKYO, Japan.

We are trying functional cloning using CRISPR/
CAS9 based lentiviral Knock-Out Library to com-
prehensively identify regulatory molecules associat-
ing with TLR responses. After confirming the func-
tion of candidate genes in vitro using knock-out cell
lines, we construct conventional/conditional knock-
out mice or knock-in transgenic mice using ROSA
26 locus to reveal the physiological function of
novel TLR associating molecules in vivo.
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