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developed in immunology and human genome research and tran-
scends the existing scientific boundaries. IMS will also employ sys-
tems approaches and mathematical modeling expertise to create a 
new research area “integrative medical sciences.”

The goal of IMS is to understand the robust system that main-
tains the homeostatic regulation of our body and to elucidate the 
mechanisms of disease onset as a consequence of malfunction of 
homeostasis. Homeostasis is regulated by robust gene networks that 
orchestrate the functions of cells, tissues and organs and the inter-
play between organs. The regulation of gene networks is modified 
by environmental factors affecting epigenetic modifications. Alter-
ation of gene networks and interplay between cells and organs is 
induced by a combination of genetic factors and environmental fac-
tors and causes diseases if the degree of alteration proceeds beyond 
a certain threshold. We thus focus on the interplay of disease-relat-
ed genes and environment factors, such as commensal microbiota 
affecting epigenetic alterations.

Elucidation of molecular mechanisms of disease onset by focus-
ing on disease-related genes will uncover the target genes or target 
gene networks important for the prevention of diseases. Personal 
genomic information is also pivotal for the prediction of disease on-
set and avoidance of the adverse effect of certain drugs. Thus, IMS 
aims to elucidate how homeostasis is maintained and how its dis-
ruption initiates disease based on our knowledge of human genome 
research, which defines human genetic and epigenetic diversity and 
consequent disease susceptibility. IMS will contribute to the devel-
opment of personalized preventive medicine and therapeutics.

IMS builds three cores and one program, Core for Homeostat-
ic Regulation, Core for Precise Measuring and Modeling, Core for 
Genomic Medicine and Program for Medical Innovations. These 
divisions collaborate with each other and create platforms for 1) hu-
man genome analysis, 2) big data analysis and mathematical mode-
ling, 3) disease models (e.g. humanized mice, human iPS cells), and 
4) functional analysis using immunology and molecular and cellu-
lar biology approaches. These platforms will enable IMS to elucidate 
how the genetic and environmental alterations affect homeostasis. 
By understanding the disease onset mechanisms, IMS will apply 
our discoveries to predictive/preventive medicine and personalized 
medicine, and thus contribute to innovative medical science for the 
next generation.

Shigeo Koyasu
Director (Acting)
RIKEN Center for Integrative Medical Sciences (IMS)

In 2012, RIKEN drafted a complete reorganization plan for the 
RIKEN’s third 5-year term (2013-2018). The aim of the reorgan-

ization was to promote science and technology that leads to inno-
vation, and leads to the discovery of solutions for critical scientific, 
technical and social issues, while still pursuing basic research. 

The RIKEN Center for Integrative Medical Sciences (IMS) was 
newly established in April, 2013 by combining two existing re-
search centers, RIKEN Research Center for Allergy and Immunol-
ogy (RCAI 2001-2013) and RIKEN Center for Genomic Medicine 
(CGM 2008-2013). RCAI was established in 2001 as the first large 
research institute dedicated to allergy and immunology in Japan that 
is fully supported by the Japanese Government. CGM was estab-
lished in 2008 by reorganization of RIKEN SNPs Research Center 
(SRC 2000-2008). SRC was a part of the Millennium Genome Pro-
jects initiated by the former Prime Minister, the late Keizo Obu-
chi. SRC successfully developed an accurate and high-throughput 
system for SNP analysis (genome-wide association study; GWAS). 
To accomplish the mission of discovering genetic elements that me-
diate human diseases and therapeutic effects and adverse reactions 
of various drugs, CGM conducted GWAS studies using more than 
200,000 patients’ samples for 47 diseases that were stocked in the 
BioBank Japan (BBJ). 

Both CGM and RCAI have been recognized worldwide as dis-
tinguished institutes with a large number of influential results in 
each field. CGM’s approaches have uncovered the corelations be-
tween many human genetic polymorphisms and diseases. RCAI’s 
approaches were extremely effective in elucidating molecular mech-
anisms by which certain genes regulate immune reactions using 
various gene-manipulated animal models. To understand the mo-
lecular mechanisms of human disease onset that are caused by gene 
alterations, we believed that amalgamation of these two approaches 
would be quite effective. Based on the history and achievements 
of two research centers, IMS integrates both mechanistic research 

Director’s Report
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T he ultimate goal of the Core for Homeostatic Regulation is to 
elucidate the mechanisms of onset of human diseases and to 

create new scientific paradigms. This Core clarifies the regulation of 
homeostasis in individuals, focusing on the immune, metabolism 
and environmental response systems. In addition, the Core for Ho-
meostatic Regulation will validate the disease models established by 
the Core for Precise Measuring and Modeling in a multi-tier time-
frame from before to after the onset of diseases.

The Core for Homeostatic Regulation is composed of 15 labora-
tories divided into four areas;

[1] Immune homeostasis: Cell signaling, Lymphocyte differentia-
tion, Immune homeostasis and Metabolic homeostasis

[2] Lymphocyte development, Transcriptional regulation and 
Human disease model

[3] Mucosal immunity: Intestinal ecosystem, Mucosal immunity, 
Immune cell systems, Gut homeostasis and Immune crosstalk

[4] Allergy and inflammation: Skin homeostasis, Inflammatory 
regulation and Cytokine regulation

T he ultimate goal of the Core for Precise Measuring and Mod-
eling is to elucidate the mechanisms that govern human dis-

ease onset. This will be accomplished through collection of a wide 
variety of quantitative data to build a computational and predictive 
network of the process. Toward this end, this core must intensively 
collaborate with the Cores of Homeostatic Regulation and Genome 
Medicine as well as the program for Medical Innovations at IMS. 
Precise quantitative measurements are done for profiling of mRNA, 
protein (Laboratory for Integrative Genomics), and metabolites 
(Laboratory for Metabolomics) in a genome-wide manner and also 
for more dynamic properties of the biological systems by in vivo/
in vitro bio-imaging (Laboratories for Tissue Dynamics, Molecular 
Live-Cell Quantification, and Cell Functional Imaging). The pro-
duction of genetically engineered mice is another indispensable re-
search activity in this core (Laboratories for Developmental Genet-
ics and Immunogenetics). After being processed by bioinformatics 
(Laboratory for Integrated Bioinformatics), the datasets are used 
for modeling (Laboratories for Disease Systems Modeling and In-

These areas elucidate the basic mechanism of immune regulation 
at cellular, tissue and systemic levels. We eventually aim to analyze 
the onset of autoimmune diseases, metabolic disorders [1], primary 
immunodeficiency [2], inflammatory bowel disease and colitis [3], 
and atopic dermatitis and allergic diseases [4].

tegrated Cellular Systems). In particular, the Laboratory for Disease 
Systems Modeling plays a main role in systems biological research 
and software platform development at IMS. Because we have to de-
rive a “Data-Model-Simulation-Validation” cycle to reach the ulti-
mate goal, intra-core collaboration is essential. As the first leading 
project, the core is fully involved in the atopic dermatitis project at 
IMS. Needless to say, each laboratory in the core is also doing their 
own cutting-edge research to be prepared to address intriguing but 
unexplored questions in medical sciences.

Figure: Induction of colonic regulatory T cells by fatty acids derived from gut 
microbiota. 
Intestinal homeostasis is regulated by the interaction between gut microbiota and in-
testinal cells. Systemic analysis of the interaction elucidates the intestinal homeostasis 
and onset of mucosal diseases.

Core for Homeostatic Regulation

Core for Precise Measuring and Modeling

Figure: “Data-Model-Simulation-Validation (DMSV)” Cycle
A practical goal of the Core for Precise Measuring and Modeling is to implement the 
“DMSV” cycle in the IMS project in close collaboration with other cores at IMS.

Sections
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T he Core for Genomic Medicine is performing genomic re-
search on human diseases, especially the common diseases. 

The aims of the Core for Genomic Medicine are 1) to identify ge-
netic variations related to disease susceptibility, outcome and drug 
responses (efficacy/adverse reaction), 2) to provide useful informa-
tion about possible molecular targets for drug discovery, 3) to ex-
amine the interactions between genetic and environmental factors 
to understand the pathogenesis and the progression of diseases, 4) 
finally to construct the evidence base for the implementation of per-
sonalized medicine.

To identify genetic variations related to disease susceptibility 
and drug responses, the Core for Genomic Medicine first showed 
the proof of concept of the genome-wide association study (GWAS) 
in 2002. To advance this strategy, the Core for Genomic Medicine 
has organized laboratories to facilitate comprehensive genomic re-
search on common diseases. To produce comprehensive genomic 
information, the Laboratory for Genotyping Development is mainly 
working on large-scale SNP genotyping for GWAS and the Labora-
tory for Genome Sequencing Analysis is mainly working on whole 
genome sequencing of cancer genomes. To analyze large genomic 
variation data from many samples, the Laboratory for Statistical 
Analysis is mainly working on the analysis of GWAS data and the 
Laboratory for Medical Science Mathematics is mainly working on 

Seven original projects for clinical applications have been con-
ducted in 2013: 1) A biochemical drug using a PEGylated Cryj-

1/2 fusion recombinant protein for Cedar Pollinosis has been under 
development by the Torii pharmaceutical company and IMS. 2) A 
chemical compound recently developed by using the α-galactosyl-
ceramide (α-GalCer) analog, RCAI-X, selectively induces apop-
tosis of IgE but not IgG B cells and preferentially suppresses IgE 
production. It therefore potentially could be applied to any type of 
allergic disorder, such as pollenosis, food allergy, as well as aller-
gic asthma. 3) NKT cell-targeted therapy for head and neck tumors 
has been conducted in collaboration with Professor Okamoto in 
Chiba University, and was authorized by the Japanese government 
as Advanced Medical Treatment B in 2013. 4) NKT cell-targeted 
therapy for stage IIA/IIB lung cancers after surgical resection has 
been conducted in collaboration with National Hospital Organiza-
tions. 5) The artificial adjuvant vector cell as an anti-tumor vaccine 
has been developed. This vaccine can be dosed with tumor antigen 

the analysis of cancer genome sequencing data. These laboratories 
are in close communication with each other to provide high quality 
genomic information analysis results to the research group of phar-
macogenomics (Laboratory for Pharmacogenomics and Laboratory 
for International Alliance on Genomic Research), laboratories for 
disease-causing mechanisms (Laboratory for Cardiovascular Dis-
eases, Autoimmune Diseases, Digestive Diseases, Bone and Joint 
Diseases, Endocrinology, Metabolism and Kidney Diseases, and 
Respiratory and Allergic Diseases) and many other collaborators 
worldwide for further analysis.

mRNA together with α-GalCer, activates both innate and acquired 
protective immunity, and induces long-term memory of more than 
one year in mice and dogs following a single administration. 6) The 
human iPS project for clinical use of in vitro generated NKT cells 
was accepted as the Center for Clinical Application Research (Type 
B) in the Research Center Network for Realization of Regenerative 
Medicine, Japan in 2013. 7) By using humanized mice, leukemia 
stem cells have been identified, and a drug candidate for effective 
treatment of leukemia has been developed.

Figure: Human iPS project on cancer
The project is accepted as the Center for Clinical Application Research (Type B) in 
the Research Center Network for Realization of Regenerative Medicine, Japan.

Core for Genomic Medicine

Program for Medical Innovations

Figure: Twelve laboratories tackle the most advanced research
The Core for Genomic Medicine consists of four research groups and eight research 
teams. Each team is linked systematically with the others and works toward the 
implementation of personalized medicine.

Sections
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Recent Major Publications
Yokosuka T, Takamatsu M, Kobayashi-Imanishi W, 
Hashimoto-Tane A, Azuma M, Saito T. Programmed cell 
death-1 forms negative costimulatory microclusters 
that directly inhibit T cell receptor signals by recruit-
ment of phosphatase SHP2. J Exp Med 209, 1201-17 
(2012)

Tsukumo S, Unno M, Muto A, Takeuchi A, Kometani K, 
Kurosaki T, Igarashi K, Saito T. Bach2 maintains T cells 
in naïve state by suppressing effector memory-related 
genes. Proc Natl Acad Sci 110, 10735-40 (2013)

Liang Y, Cucchetti M, Roncagalli R, Yokosuka T, Malzac 
A, Bertosio E, Imbert J, Nijman IJ, Suchanek M, Saito T, 
Wulfing C, Malissen B, Malissen M. Rltpr, a lymphoid 
lineage-specific actin-uncapping protein is essential for 
CD28 co-stimulation and regulatory T cell development. 
Nat Immunol 14, 858-66 (2013)

Invited Presentations
Saito T. Dynamic regulation and modulation of T cell 
activation. Immunology 2013: AAI Annual Meeting, 
Honolulu, USA. May 4th, 2013.

Saito T. Molecular dynamics for T cell activation and 
co-stimulation. Frontiers in Immunology Conference, 
Tokyo, Japan. August 2nd, 2013.

Saito T. Dynamic regulation of T cell activation and 
co-stimulation. 4th International Symposium: Regula-
tors of Adaptive Immunity, Erlangen, Germany. Sep-
tember 28th, 2013.

Saito T. Dynamic regulation of T cell activation and 
co-stimulation. 43rd Annual Scientific Meeting of the 
Australiasian Society for Immunology (ASI ASM 2013), 
Wellington, New Zealand. December 2nd, 2013.

Saito T. Nucleic acids sensing by T cells initiates Th2 cell 
differentiation. Germany-Japan Immunology Seminar 
2013, Shizuoka, Japan. December 7th, 2013.

Figure: Regulation of generation of inflammato-
ry T cells by Bach2.
Bach2 suppresses the expression of genes required 
to differentiate into Th2 and memory T cells, and 
maintains the naïve status of T cells. Bach2-defi-
cient T cells express genes related to inflammatory/
memory T cells, and re-expression of Bach2 result-
ed in a return to the phenotype of naïve T cells.

We have analyzed the mechanism and regulation of T cell activation and 
differentiation by analyzing the function of genes and signaling molecules 

whose expression is up-regulated during, or which regulate T cell activation and 
differentiation.  Analyzing the genes whose expression is altered during T cell de-
velopment, we identified Bach2. Bach-2 is transcriptional repressor and has been 
thought to be specific for B cells, but we found it is expressed equally well in T cells 
and to increase its expression during T cell maturation. Bach-2 deletion in T cells 
reduces naïve T cell numbers and increases memory-type T cells. The Bach2-/- 
naïve T cells highly express genes related to effector memory T cells, and rapidly 
produce Th2 cytokines upon T cell stimulation. These findings indicate that Bach2 
suppresses effector memory-related genes to maintain the naive T-cell state and 
regulates generation of effector-memory T cells (Fig.). 

We have analyzed the functional contribution of innate-related signals for T 
cell activation and function, particularly the function of TLRs expressed on T 
cells. We found that effector Th1 but not Th2 cells were directly activated through 
TLR2 for IFNγ production. Nucleic acids also induce T cell co-stimulation for cy-
tokine production and proliferation, a process that is independent of TLR/RLRs. 
Unlike innate cells, not only CpG but also other forms of DNA could induce T cell 
co-stimulation, particularly when complexed with LL37 or histones. Nucleic ac-
id-mediated T cell co-stimulation is induced by an as yet-unknown unique sensor 
and, physiologically, DNA released from dead cells at inflammation/infection sites 
induces Th2 differentiation by inducing IL-4 in naïve T cells, triggering allergic 
responses.

Laboratory for

Cell Signaling
Group Director: Takashi Saito

Lab activities
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Figure: Bcl6 activation mechanisms in naive ver-
sus memory T cells
During primary immune responses, naïve T cells are 
primed by antigen-presenting dendritic cells and 
differentiate into effector cells. Some of the activated 
T cells up-regulate Bcl6 expression. The Bcl6+ cells 
express the CXCR5 chemokine receptor, which leads 
them to the T-B border where cognate interactions 
between Bcl6+ T cells and antigen-specific B cells occur. 
In contrast to primary responses, memory TFH cells are 
activated directly by antigen-presenting memory B cells 
and quickly gain high levels of Bcl6 expression and re-
differentiate into effector TFH cells, which contribute to 
activation of memory B cells.

Recent Major Publications
Kometani K, Nakagawa R, Shinnakasu R, Kaji T, 
Rybouchkin A, Moriyama S, Furukawa K, Koseki H, 
Takemori T, Kurosaki T. Repression of the Transcription 
Factor Bach2 Contributes to Predisposition of IgG1 
Memory B Cells toward Plasma Cell Differentiation. 
Immunity 39, 136-47 (2013)

Sasaki Y, Sano S, Nakahara M, Murata S, Kometani K, 
Aiba Y, Sakamoto S, Watanabe Y, Tanaka K, Kurosaki 
T, Iwai K. Defective immune responses in mice lacking 
LUBAC-mediated linear ubiquitination in B cells. EMBO 
J 32, 2463-76 (2013)

Capietto AH, Kim S, Sanford DE, Liehan DC, Hikida M, 
Kurosaki T, Novack DV, Faccio R. Downregulation of 
PLCγ2/β-catenin pathway promotes activation and ex-
pansion of myeloid-derived suppressor cells in cancer. J 
Exp Med (in press)

Invited Presentations
Kurosaki T. Calcium Signaling in B Lymphocytes. 5th 
International Conference on B cell and Autoimmunity, 
Como, Italy. August 20th, 2013.

Kurosaki T. Calcium Signaling in B Lymphocytes. Im-
mune-related Pathologies: Understanding Leukocyte 
Signaling and Emerging therapies (IMPULSE 2013), 
Matrahaza, Hungary. September 2nd, 2013.

Kurosaki T. B cell intrinsic and extrinsic mechanisms 
for rapid responsiveness of IgG1 type memory B cells. 
Oversea Scholar Seminar, Tsinghua University, Beijing, 
China. November 14th, 2013.

Kurosaki T, Kometani K, Ise W, Shinnakasu R. B cell 
intrinsic and extrinsic mechanisms for rapid respon-
siveness of IgG1 type memory B cells. The 36th Annual 
Meeting of the Molecular Biology Society of Japan, 
Kobe, Japan. December 5th, 2013.

Kurosaki T. Calcium Signaling in B Lymphocytes. Key-
stone Symposia: Biology of B Cell Responses, Keystone, 
USA. February 11th, 2014.

M emory humoral responses are typically more rapid, have a greater magnitude, and 
consist of antibodies of higher affinity than in the primary response. Our labora-

tory has now focused on clarifying the functional characterization of memory B cells and 
memory T cells and on revealing the mechanisms underlying the robustness of memory 
antibody responses.

Characterization of memory TFH cells
CD4 T cells are critical for memory B cell generation and their subsequent activation. Pre-
viously, we demonstrated that CXCR5+ CD4 T cells reside nearby the IgG1 memory B cells 
in the follicles (Aiba et al, PNAS, 2010) at the memory phase. Based on these results, we hy-
pothesized that a fraction of antigen-specific effector T cells, especially TFH cells, survives 
over the contraction phase and becomes memory CXCR5+ TFH cells, which participate in 
recall antibody responses. Thus, by using the transgenic TCR model, we first verified our 
idea. In addition, our data suggest that memory B cells function as APCs to rapidly induce 
Bcl6 in TFH memory T cells, thereby contributing to robust humoral memory responses.

Regulation of Bach2 during immune responses
We previously proposed that reorganization of transcription factors (for instance, re-
pression of Bach2) takes place during generation of IgG1 type memory B cells after pri-
mary antigen exposure, and is critical for rapid responsiveness of IgG1 memory B cells 
(BCR-extrinsic model) (Kometani et al, Immunity, 2013). To directly test this model, we 
have established mice in which Bach2 could be overexpressed or knocked out in an induc-
ible manner. When Bach2 was overexpressed just before secondary responses, IgG1 type 
memory B cells became skewed toward generation of GC B cells rather than differentiating 
into plasma cells. Conversely, deletion of Bach2 promoted preferential differentiation into 
plasma cells. These results clearly suggest that the expression level of Bach2 is involved in 
the functions of memory B cells.

Laboratory for

Lymphocyte 
Differentiation
Group Director: Tomohiro Kurosaki

Lab activities
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Recent Major Publications
Seo W, Ikawa T, Kawamoto H, Taniuchi I. Runx1/Cbfβ is 
essential for early B lymphocyte development through 
regulation of Ebf1 expression. J Exp Med 209, 1255-62 
(2012)

Tanaka H, Naito T, Muroi S, Seo W, Chihara R, Miyamoto 
C, Kominami R and Taniuchi I. Epigenetic Thpok silenc-
ing limits the time window to choose CD4+ helper-line-
age fate in the thymus. EMBO J 32, 1183-94 (2013)

Mucida D, Husain M.M, Muroi S, van Wijk F, Shinnakasu 
R, Naoe Y, Reis B, Huang Y, Lambolez F, Docherty M, At-
tinger A, Shui J.W, Kim G, Lena C, Sakaguchi S, Miyamo-
to C, Wang P, Atarashi K, Park Y, Nakayama T, Honda K, 
Ellmeier W, Kronenberg M, Taniuchi I* and Cheroutre 
H*. Transcriptional Reprogramming of Mature CD4 T 
helper Cells generates distinct MHC class II restricted Cy-
totoxic T Lymphocytes. Nat Immunol 14, 281-9 (2013) 
*corresponding authors

Invited Presentations
Taniuchi I. Local Chromatin Loop in CD4/CD8 lineage 
Choice. 6th International Workshop of Kyoto T Cell Con-
ference (KTCC2013), Kyoto, Japan. June 5th, 2013.

Taniuchi I. Reconstitution approach to understand 
regulatory mechanisms of the Zbtb7b and Cd8 gene 
expression. 4th Synthetic Immunology Workshop, Kyoto, 
Japan. November 16th, 2013.

Taniuchi I. Runx transcription factors and inflammation. 
The 63rd Annual Meeting of Japanese Society of Aller-
gology, Tokyo, Japan. November 28th, 2013.

Figure: Toward understanding of mechanisms 
that couple TCR signals with cell fate decision
T lymphocytes sense environmental cues via the 
TCR. This information needs to be appropriately 
integrated into developmental programs that 
control cell fate. Studies in my laboratory focus on 
regulatory mechanisms that link environmental 
cues with cell fate determination.

One of major questions in developmental biology is how extracellular infor-
mation is sensed by interface receptors and is integrated into a developmen-

tal program encoded by the genome. Besides such a profound question, current 
advances in our understanding of functional modulation of effector T cell subsets 
in different environments raised the challenging question of how retention and 
loss of developmental plasticity is counterbalanced during the initial commitment 
process. Research in my laboratory has been addressing these important issues 
by studying mechanisms that control helper versus cytotoxic T cell differentia-
tion in the thymus as well as in the periphery. In particularly, we have focused on 
antagonistic interplay between two transcription factors, ThPOK and Runx. Our 
research goal is to advance our understanding of how external information, recog-
nized by TCR in this case, is integrated into transcriptional and epigenetic control 
of these factors’ expression in the initial lineage selection process in the thymus, 
and how peripheral environmental cues modulate their expression.

Our second objective is to unravel functions of Runx transcription factor com-
plexes that act as heterodimers of Runx proteins and the non-DNA binding Cbfb 
protein. Runx complexes are evolutionally conserved and play multiple and cen-
tral roles to control differentiation and function of many types of hematopoiet-
ic cells. Our goal is to reveal regulatory mechanisms that modulate function of 
Runx complexes as well as to provide insights into how Runx complexes regulate 
immune system development and immune responses. We are addressing these 
questions mainly by analyzing a series of mutant mouse strains harboring specific 
mutations in the Runx family genes and by identification and characterization of 
Runx interacting molecules including functional RNAs.

Laboratory for

Transcriptional
Regulation
Group Director: Ichiro Taniuchi
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Recent Major Publications
Koyasu S, Moro K. Th2-type innate immune responses 
mediated by natural helper cells. Ann N Y Acad Sci 
1283, 43-9 (2013)

Furusawa J, Moro K, Motomura Y, Okamoto K, Zhu J, 
Takayanagi H, Kubo M, Koyasu S. Critical role of p38 and 
GATA3 in natural helper cell function. J Immunol 191, 
1818-26 (2013)

Kabata H, Moro K, Fukunaga K, Suzuki Y, Miyata J, 
Masaki K, Betsuyaku T, Koyasu S, Asano K. Thymic 
stromal lymphopoietin induces corticosteroid resistance 
in natural helper cells during airway inflammation. Nat 
Commun 4, 2675 (2013)

Invited Presentations
Koyasu S. Role of natural helper cell, a member for the 
group 2 ILC (ILC2), in steroid resistance of allergic inflam-
mation. Keystone Symposia: Advances in the knowledge 
and treatment of autoimmunity, British Columbia, Cana-
da. April 8th, 2013.

Koyasu S. Natural helper cells and type-2 innate immune 
responses. 5th Symposium & Master Classes on Mucosal 
Immunology: “Cytokines and border patrol”, Rotterdam, 
Kingdom of the Netherlands. May 13th, 2013.

Koyasu S. Thymic stromal lymphopoietin induces 
corticosteroid resistance in natural helper cells in the in-
flamed airways. Aegean Conferences, 6th International 
Conference on Autoimmunity: Mechanism and Novel 
Treatments, Corfu, Greece. October 4th, 2013.

Moro K. Role of natural helper cells, a member of group 
2 innate lymphoid cells. 12th FIMSA Advanced Training 
Course, Chiang Mai, Thailand. October 22nd, 2013.

Moro K. Natural Helper Cell “a new player in innate 
immune system”. Annual Meeting of the Japanese 
Society for Immunology 2013, Chiba, Japan. December 
12th, 2013.

Figure: Pimozide attenuates corticosteroid re-
sistance in a severe asthma model. 
Mice were treated with IL-33 and TSLP for 3 days to 
induce asthmatic airway inflammation (left). Dexa-
methasone, a typical steroid used for treating asthma 
(middle), or a combination of dexamethasone and 
pimozide (right)  were administered at 24 and 1 hr 
before IL-33+TSLP treatments. Shown are sections of 
the airways stained periodic acid–Schiff (PAS)-alcian 
blue to examine mucin secretion. It can be seen that 
dexamethasone alone is insufficient to suppress the 
airway inflammation characterized by thickening of air-
way epithelia and mucin secretion shown in violet (left 
and middle) but a combination of dexamethasone and 
pimozide effectively suppressed such asthmatic airway 
inflammation (right).

We focus on a new lymphoid tissue in mouse, rat and human mesentery, 
fat-associated lymphoid cluster (FALC), and an innate lymphocyte popu-

lation, the Natural Helper (NH) cell, a type of group 2 innate lymphoid cell (ILC2), 
both of which we discovered. NH cells constitutively produce low levels of IL-5, 
IL-6 and IL-13 and support the proliferation of B1 cells in the peritoneal cavity 
and IgA production by B cells expressing surface IgA. NH cells respond to IL-33 
and a combination of IL-2 and IL-25 during helminth infection and produce large 
amounts of IL-5 and IL-13. IL-5 induces eosinophilia and IL-13 induces goblet 
cell hyperplasia during the innate phase of helminth infection (Moro et al., (2010) 
Nature 463: 540-544). In 2013, we demonstrated a critical role of Gata3 in the 
differentiation of NH cells and their expression of IL-5 and IL-13. IL-33 and a 
combination of IL-2 and IL-25 induced IL-5 and IL-13 production through the 
p38-Gata3 pathway. RORα is also expressed at high levels in NH cells. We showed 
that RORα is involved in the differentiation of NH cells but it is dispensable for 
cytokine production by mature NH cells. We also discovered in 2013 that NH 
cells are involved in steroid resistance of asthma. NH cells are as sensitive to cor-
ticosteroids as T cells and eosinophils but thymic stromal lymphopoietin (TSLP) 
synthesized during airway inflammation induced corticosteroid resistance of NH 
cells in vitro and in vivo by controlling phosphorylation of STAT5 and expression 
of Bcl-xL. Blockade of TSLP with a neutralizing antibody or blocking the TSLP/
STAT5 signaling pathway with low molecular weight STAT5 inhibitors such as 
pimozide restored corticosteroid sensitivity of NH cells. Based on these results, 
the TSLP-STAT5 pathway could be a new therapeutic target in severe, corticoster-
oid-resistant asthma.

Laboratory for

Immune Cell System
Group Director: Shigeo Koyasu
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Recent Major Publications
Takagi S, Saito Y, Hijikata A, Tanaka S, Watanabe T, 
Hasegawa T, Mochizuki S, Kunisawa J, Kiyono H, Koseki 
H, Ohara O, Saito T, Taniguchi S, Shultz LD, Ishikawa 
F. Membrane-bound human SCF/KL promotes in vivo 
human hematopoietic engraftment and myeloid differ-
entiation. Blood 119, 2768-2777 (2012)

Valent P, Bonnet D, De Maria R, Lapidot T, Copland M, 
Melo JV, Chomienne C, Ishikawa F, Schuringa JJ, Stassi 
G, Huntly B, Herrmann H, Soulier J, Roesch A, Schuurhu-
is GJ, Wohrer S, Arock M, Zuber J, Cerny-Reiterer S, 
Johnsen HE, Andreeff M, Eaves C. Cancer stem cell defi-
nitions and terminology: the devil is in the details. Nat 
Rev Cancer 12, 767-775 (2012)

Saito Y, Yuki H, Kuratani M, Hashizume Y, Takagi S, Hon-
ma T, Tanaka A, Shirouzu M, Mikuni J, Handa N, Oga-
hara I, Sone A, Najima Y, Tomabechi Y, Wakiyama M, 
Uchida N, Tomizawa-Murasawa M, Kaneko A, Tanaka S, 
Suzuki N, Kajita H, Aoki Y, Ohara O, Shultz LD, Fukami T, 
Gogo T, Taniguchi S, Yokoyama S, Ishikawa F. A pyrro-
lo-pyrimidine derivative targets human primary AML 
stem cells in vivo. Sci Transl Med 5, 181ra52 (2013)

Invited Presentations
Ishikawa F. Chemotherapy-Resistance of Human AML 
Stem Cells. 2013 USA-Japan Science Conference, Hawaii, 
USA. March 26th, 2013.

Ishikawa F. Targeting Chemotherapy-resistant AML 
Stem Cells. 1st Shanghai International Workshop on 
Stem Cells in Cancer, Shanghai, China. April 18th, 2013.

Ishikawa F. Niche for human leukemia stem cells. 54th 
meeting for Japan Society of Histochemistry & Cyto-
chemistry, Tokyo, Japan. September 27th, 2013.

Ishikawa F. Developing Therapeutic Strategies Targeting 
AML Stem Cells. 4th International Workshop on Human-
ized Mice, Seoul, Korea. October 2nd, 2013.

Ishikawa F. Review talk on humanized mouse research. 
Annual Meeting of the Japanese Society for Immunolo-
gy 2013, Chiba, Japan. December 11th, 2013.

Figure: A pyrrolo-pyrimidine compound elimi-
nates human AML stem cells.
Histopathological examination with HE staining and 
immunohistochemical staining demonstrated that in 
vivo administration of RK-20449 resulted in elimination 
of human AML cells in NSG bone marrow over time. 
Normal mouse erythrocytes and myeloid cells recovered 
at day 6 and at day 13 while the number of human AML 
cells in the bone marrow was decreased. Human AML 
cells were stained with an anti-hCD45 antibody (brown). 

Our laboratory has been creating humanized mice, by injecting human cord 
blood HSCs into immune-deficient NOD/SCID/Il2rgKO (NSG) newborns. 

Though the NSG humanized mouse model has enabled us to achieve high levels 
of human hematopoietic chimerism in multiple organs, limitations remain due to 
the species barrier between human immune cells and the mouse microenviron-
ment. To overcome such limitations, in the past few years we have been develop-
ing mice with a more humanized microenvironment. We previously reported that 
human CD8+ T cells developed in HLA class I expressing NSG mice exhibited 
HLA-restricted functions such as cytokine production and cytotoxicity through 
recognition of EBV-infected B cells (Shultz, Saito, et al., PNAS 2010). Currently, 
we have been evaluating whether the HLA-expressing humanized mice could be a 
model to evaluate immune-therapy for malignancies. 

In human leukemia research, to date, we reported that CD34+CD38- AML 
cells are largely cell cycle quiescent and are resistant to chemotherapy (Nature Bi-
otechnology, 2007 & 2010). Furthermore, we found that HCK, a Src family kinase, 
was over-represented in human AML CD34+CD38- cells compared with normal 
CD34+CD38- HSCs (Science Translational Medicine 2010). Through large-scale li-
brary screening and in silico simulation for binding between HCK and small mol-
ecules, we identified a pyrrolo-pyrimidine compound, RK-20449, that can bind 
the ATP binding site of HCK and efficiently inhibit kinase activity of HCK. From 
in vitro experiments using 25 AML patient samples, we found that RK-20449 was 
effective especially against FLT3-ITD mutated AML cells. Finally, by using FLT3-
ITD mutated AML engrafted humanized mice, we confirmed that in vivo admin-
istration of RK-20449 could almost completely eliminate human AML cells in the 
recipient circulation and in the recipient bone marrow (Fig.). We concluded that 
RK-20449 is a promising agent for targeting FLT3-ITD mutated AML stem cells 
(Saito et al. Science Translational Medicine 2013).

Laboratory for

Human Disease Models
Group Director: Fumihiko Ishikawa
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Recent Major Publications
Kanaya T, Hase K, Takahashi D, Fukuda S, Hoshino K, Sasaki 
I, Hemmi H, Knoop KA, Kumar N, Sato M, Katsuno T, Yoko-
suka O, Toyooka K, Nakai K, Sakamoto A, Kitahara Y, Jinno-
hara T, McSorley SJ, Kaisho T, Williams IR, Ohno H. The Ets 
transcription factor Spi-B is essential for the differentiation 
of intestinal M cells. Nat Immunol 13, 729-36 (2012)

Hase K, Nakatsu F, Ohmae M, Sugihara K, Shioda N, 
Takahashi D, Obata Y, Furusawa Y, Fujimura Y, Yamashita 
T, Fukuda S, Okamoto H, Asano M, Yonemura S, Ohno H. 
AP-1B-mediated protein sorting regulates polarity and 
proliferation of intestinal epithelial cells in mice. Gastroen-
terology 145, 625-35 (2013)

Furusawa Y, Obata Y, Fukuda S, Endo TA, Nakato G, Taka-
hashi D, Nakanishi Y, Uetake C, Kato K, Kato T, Takahashi 
M, Fukuda NN, Murakami S, Miyauchi E, Hino S, Atarashi 
K, Onawa S, Fujimura Y, Lockett T, Clarke JM, Topping DL, 
Tomita M, Hori S, Ohara O, Morita T, Koseki H, Kikuchi J, 
Honda K, Hase K, Ohno H. Commensal microbe-derived 
butyrate induces colonic regulatory T cells. Nature 504, 
446-50 (2013)

Invited Presentations
Ohno H. Differentiation and function of M cells, a unique 
subset of intestinal epithelial cells specialized for mucosal 
antigen-uptake. Immunology 2013: AAI Annual Meeting, 
Honolulu, USA. May 6th, 2013.Ohno H. Differentiation and 
function of M cells, a unique subset of intestinal epithelial 
cells specialized for mucosal antigen-uptake. The 16th 
International Congress for Mucosal Immunology: Plenary 
session, Vancouver, Canada. July 19th, 2013.Ohno H. Com-
mensal microbe-derived butyrate epigenetically induces 
colonic regulatory T cell differentiation. 7th International 
Leukocyte Signal Transduction Conference, Kos, Greece. 
September 12th, 2013.

Figure: Schematic representation of the induc-
tion of colonic regulatory T-cell differentiation 
by gut microbial-derived butyrate
Butyrate, a short chain fatty acid produced as a result 
of fermentation by gut commensal microbiota of 
food-derived indigestible dietary carbohydrate fiber, 
induces differentiation of extrathymic regulatory T cells 
from naïve T cells in the colonic lamina propria. This is 
suggested to result mainly from epigenetic changes via 
the histone deacetylase-inhibiting capacity of butyrate 
in both naïve T cells and antigen-presenting dendritic 
cells. The combination of microbial short-chain fatty 
acids is also suggested to promote production of TGFβ, 
which is required for regulatory T-cell differentiation, by 
intestinal epithelial cells.

Gut microbiota play important roles in the normal physiology as well as pa-
thology of the host. However, the gut does not unconditionally accept com-

mensal microbiota. Our intestinal immune system somehow senses the kind and 
amount of bacteria existing in the gut lumen and tries to contain the total number 
and composition of the gut microbiota. The aim of this laboratory is to understand 
the mechanisms by which the host and its gut commensal microbiota interact, 
especially focusing on how gut microbes are delivered across the intestinal epithe-
lial barrier to be recognized by the intestinal immune system, how gut microbiota 
shape host defense and immune systems, and how host-gut microbiota interac-
tions affect host health and disease status.

The delivery of particulate antigens such as bacteria is thought to be mainly 
achieved by a unique epithelial cell subset, M cells, residing in a limited region of 
epithelial layer covering the lymphoid follicles of gut-associated lymphoid tissue 
such as Peyer’s patches. We are studying the function and differentiation of M cells 
at the molecular mechanistic level. We have identified bacterial uptake receptors 
on M cells, such as glycoprotein 2 and cellular prion protein. We also have recently 
discovered that Spi-B, an Ets family transcription factor expressed in immature 
epithelial progenitor cells in the crypt, is essential for these cells to differentiate 
into M cells.

Regarding host-gut microbiota interactions, we employ a comprehensive mul-
tiple omics approach, combining exhaustive metagenomic, (meta)transcriptomic, 
and metabolomic analyses. By applying this approach, we have shown that genes 
encoding ATP-binding-cassette (ABC)-type carbohydrate transporters present in 
certain bifidobacteria contribute to protecting mice against death induced by en-
terohaemorrhagic Escherichia coli O157:H7. We have also found that a short chain 
fatty acid, butyrate, produced by gut microbiota is important for the induction of 
regulatory T cells from naïve T cells in the colonic lamina propria.

Laboratory for

Intestinal Ecosystem
Group Director: Hiroshi Ohno

Lab activities
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Recent Major Publications
Kawamoto S, Tran TH, Maruya M, Suzuki K, Doi Y, 
Tsutsui Y, Kato LM, Fagarasan S. The inhibitory receptor 
PD-1 regulates IgA selection and bacterial composition 
in the gut. Science 336, 485-9 (2012)

Kato LM, Kawamoto S, Maruya M, Fagarasan S. Gut 
TFH and IgA: key players for regulation of bacterial 
communities and immune homeostasis. Immunol Cell 
Biol 92, 49-56 (2014)

Magri G, Miyajima M, Bascones S, Mortha A, Puga I, 
Cassis L, Barra CM, Comerma L, Chudnovskiy A, Gen-
tile M, Llige D, Cols M, Serrano S, Arostegui JI, Juan 
M, Yague J, Merad M, Fagarasan S, Cerutti A. Innate 
immune cells integrate stromal and immune signals to 
enhance antibody production by splenic marginal zone 
B cells. Nat Immunol (in press)

Invited Presentations
Fagarasan S. IgA synthesis: a form of immune adapta-
tion extending beyond gut. Keystone Symposia: B Cell 
Development and Function (X1), Keystone, Colorado, 
USA. February 12th, 2013.

Fagarasan S. IgA synthesis: a form of immune adapta-
tion extending beyond gut. 6th International Singapore 
Symposium of Immunology: From basic Immunology to 
effective immunotherapies, Singapore. June 6th, 2013.

Fagarasan S. TFR/TFH cells in mucosal immunity. 
Gordon Research Conferences: T follicular Helper Cells, 
Hong-Kong, China. July 23rd, 2013.

Fagarasan S. Symbiotic regulatory loop between Foxp3+ 
T cells, IgA and bacteria in the gut. 15th International 
Congress of Immunology, Milan, Italy. August 27th, 
2013.

Fagarasan S. Symbiotic regulatory loop between 
acquired immune system and gut microbiota. The 3rd 
lymphoid tissue meeting: Plenary Lecture, Rotterdam, 
The Netherlands. September 15th, 2013.

Figure: The coating of commensal bacteria with 
IgA facilitates maintenance of diversified bacte-
rial species in the gut
A section of Peyer’s patch Gram stained (left panel) 
showing mostly Gram positive segmented bacteria 
trapped in the mucus layer (yellow). Under normal 
conditions, a large fraction of the commensal bacteria 
are coated with IgAs produced by the plasma cells in 
the lamina propria (shown in the right panel).

Our previous studies demonstrated that the absence of immunoglobulin A 
(IgA), the major effector molecule of the adaptive immunity in the gut, or 

the impaired IgA selection in germinal centers (GC) due to deregulated T cell con-
trol, severely affects the balance of gut bacterial communities, resulting in massive 
activation of the immune system in the entire body. The absence of a subset of 
Foxp3+ T cells induced by bacterial antigens also modifies the composition of the 
gut microbiota by evoking mucosal TH2 inflammation. Interestingly, the Foxp3+ T 
cells induce GC and IgA responses by generating GC T cells (TFH and TFR cells), 
and their depletion causes a rapid loss of specific IgA responses in the intestine. 
Together, all these observations pointed to the existence of a Foxp3-IgA axis in 
maintaining the gut microbiota balance. It remained unclear however, how these 
specific arms of the adaptive immune system mediate host-microbial interactions 
in the gut. We found that Foxp3+ T cells contribute to diversification of the gut mi-
crobiota, particularly of species belonging to Firmicutes. The control of indigenous 
bacteria by Foxp3+ T cells involved their regulatory functions outside and inside 
of the GCs, suppression of inflammation and regulation of IgA selection in Peyer’s 
patches, respectively. The diversified and selected IgA repertoires generated in the 
presence of Foxp3+ T cells in the GCs (TFR cells) associate with specific coating of 
a large diversity of bacterial species and their maintenance rather than exclusion 
from the gut. By contrast, the IgAs generated in the absence of TFR cells associate 
with abundant coating of bacteria with largely non-specific IgAs, reduced diversity 
and skewed gut microbiota. Thus, the adaptive immune system, through its cellu-
lar and molecular components required for immune tolerance, and diversification 
as well as selection of the antibody repertoire, mediates host-microbial symbiosis 
by controlling the richness and balance of bacterial communities required for ho-
meostasis.

Laboratory for

Mucosal Immunity
Team Leader: Sidonia Fagarasan
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T he gut microbiota intimately interacts with the host immune system and in-
fluences pathogenesis of several immune disorders. CD4+Foxp3+ Treg cells 

are the most prominent regulatory cells. They are indispensable for maintaining 
immune tolerance and are also an emerging therapeutic target for inflammatory 
bowel diseases (IBD). Treg cells are most abundant in the intestinal mucosa at 
steady state. In germ-free (GF) or antibiotic-treated mice, the frequency of colonic 
Treg cells is significantly reduced and interleukin (IL)-10, an immune suppressive 
cytokine, expression by Treg cells is markedly decreased. We aimed to identify 
Treg-inducing bacterial strains derived from the human microbiota and test their 
potential to attenuate diseases such as colitis and allergy, thus enabling clinical 
translation of our previous findings. Starting from a complete human fecal sample 
from a healthy Japanese volunteer, which can typically include several hundred 
strains, a sequence of selection steps was applied to isolate Treg inducing strains. 
These steps included chloroform treatment, 20,000-fold dilution, and serial trans-
plantation to GF mice using gnotobiotic techniques. These steps allowed us to nar-
row the number of bacterial strains down to 17 without sacrificing Treg-inducing 
potency. All 17 strains were successfully isolated, cultured, and stored in frozen 
stocks. All strains are members of Clostridia clusters IV, XIVa, and XVIII. When 
these 17 strains were mixed and inoculated into GF mice, they robustly induced 
Tregs in the colonic LP and displayed full Treg-inducing capacity, comparable to 
that of a complete fecal microbiome. The 17 strains act as a community to both 
provide bacterial antigens to T cells and to help polarize the T cells to become 
Tregs by inducing the generation of a TGF-β-rich environment. Furthermore, oral 
administration of the cocktail of 17 strains to adult mice attenuated disease in 
models of colitis and allergic diarrhea.We published these results in Nature.

Laboratory for

Gut Homeostasis
Team Leader: Kenya Honda

Recent Major Publications
Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S, 
Oyadomari S, Iwakura Y, Oshima K, Morita H, Hattori M, 
Honda K, Ishikawa Y, Hara E, Ohtani N. Obesity-induced 
gut microbial metabolite promotes liver cancer through 
senescence secretome. Nature 499, 97-101 (2013)

Atarashi K, Tanoue T, Oshima K, Suda W, Nagano Y, 
Nishikawa H, Fukuda S, Saito T, Narushima S, Hase K, 
Kim S, Fritz JV, Wilmes P, Ueha S, Matsushima K, Ohno 
H, Olle B, Sakaguchi S, Taniguchi T, Morita H, Hattori M, 
Honda K*. Treg induction by a rationally selected mix-
ture of Clostridia strains from the human microbiota. 
Nature 500, 232-6 (2013)*corresponding author

Furusawa Y, Obata Y, Fukuda S, Endo TA, Nakato G, 
Takahashi D, Nakanishi Y, Uetake C, Kato K, Kato T, 
Takahashi M, Fukuda NN, Murakami S, Miyauchi E, 
Hino S, Atarashi K, Onawa S, Fujimura Y, Lockett T, 
Clarke JM, Topping DL, Tomita M, Hori S, Ohara O, 
Morita T, Koseki H, Kikuchi J, Honda K, Hase K, Ohno H. 
Commensal microbe-derived butyrate induces colonic 
regulatory T cells. Nature 504, 446-50 (2013)

Invited Presentations
Honda K. Clostridia strains from human microbiota for 
Treg induction. Cell Symposia Microbiome and Host 
Health, Lisbon, Portugal. May 14th, 2013.

Honda K. Immunomodulation by the gut microbiota. 
Fondation Mérieux Conference: Targeting Commensal 
Flora to Better Shape Protective Immune Responses for 
Better Disease Prevention and Therapy, Veyrier-du-Lac 
France. June 12th, 2013.

Honda K. Regulation of T cells by the gut microbiota. 
FASEB Autoimmunity, Saxtons River, Vermont, USA. July 
10th, 2013.

Honda K. Microbiota Regulation of T Cells in the In-
testine. The 16th International Congress for Mucosal 
Immunology, Vancouver, Canada. July 19th, 2013.

Honda K. Regulation of Th17 and Treg cells by the gut 
microbiota. 15th International Congress of Immunolo-
gy, Milan, Italy. August 27th, 2013.

Figure: Treg-inducing 17 strains of Clostridia
The image is a scanning electron micrograph showing 
the proximal colon of germ-free mice colonized with the 
regulatory T cell-inducing human Clostridia strains that 
we have isolated (magnification ~5,000x). The commu-
nity of Clostridia strains induces regulatory T cells and 
contributes to suppression of unfavorable inflammation 
and allergic responses.

Lab activities
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Recent Major Publications
Miyao T, Floess S, Setoguchi R, Luche H, Fehling HJ, 
Waldmann H, Huehn J, Hori S. Plasticity of Foxp3+ T 
cells reflects promiscuous Foxp3 expression in conven-
tional T cells but not reprogramming of regulatory T 
cells. Immunity 36, 262-75 (2012)

Hori S. The Foxp3 interactome: a network perspective 
of Treg cells. Nat Immunol 13, 943-5 (2012)

Toker A, Engelbert D, Garg G, Polansky JK, Floess S, 
Miyao T, Baron U, Düber S, Geffers R, Giehr P, Schal-
lenberg S, Kretschmer K, Olek S, Walter J, Weiss S, 
Hori S, Hamann A, Huehn J. Active demethylation 
of the Foxp3 locus leads to the generation of stable 
regulatory T cells within the thymus. J Immunol 190, 
3180-8 (2013)

Invited Presentations
Hori S. Genetic control of regulatory T cell fitness in tis-
sues. The 7th International Leukocyte Signal Transduc-
tion Conference, Kos, Greece. September 10th, 2013.

Hori S. Genetic control of regulatory T cell homeostasis 
in non-lymphoid tissues. The 3rd Bizan Immunology 
Symposium at the University of Tokushima “Immune 
System Development, Deviation, and Regulation”, Tok-
ushima, Japan. February 13th, 2014.

Figure: A model of regulatory T cell fate determi-
nation and maintenance
During Treg cell differentiation, uncommitted precursor 
cells adopt either Treg cell or conventional T (Tconv) 
cell fates upon activation, independently of Foxp3 ex-
pression. The commitment to the Treg cell fate is made 
before Foxp3 induction and executed by a transcription 
factor network elicited by extrinsic signals from the ex-
tracellular environment. The same signals also induce 
epigenetic modifications, including DNA demethylation 
of the Foxp3 locus. Foxp3 is incorporated into the 
pre-existing transcription factor network and the result-
ing “Foxp3 interactome” establishes the characteristic 
Treg cell phenotype in cooperation with the epigenetic 
modifications. Although Treg cells may down-regulate 
Foxp3 expression under certain circumstances, these 
“latent” Treg cells retain the epigenetic memory of, and 
thus remain committed to, the Treg cell fate. On the 
other hand, when activated T cells express Foxp3 with-
out engagement of the transcription factor network, 
Foxp3 by itself cannot establish the characteristic Treg 
cell phenotype. As a result, the activated Foxp3+ T cells 
readily lose Foxp3 expression, adopt the alternative 
Tconv cell fate and differentiate into effector Th cells.

Regulatory T (Treg) cells expressing the transcription factor Foxp3 play an indispen-
sable role in the establishment and maintenance of immunological self-tolerance 

and tissue homeostasis, a concept firmly established by the finding that defective gen-
eration of functional Treg cells underlies a fatal autoimmune disease that develops in 
Foxp3-mutant mice and in humans suffering from the IPEX syndrome. Recent findings 
that Foxp3+ Treg cells exert tissue-protective or immune-suppressive functions under di-
verse circumstances have raised the question of what mechanisms ensure the robustness 
of Treg cell functions in the face of various unpredictable perturbations in the extracel-
lular environment. To answer this question, we have focused on the mechanisms that 
control lineage stability and adaptability of Treg cells in changing environments.

We have performed cell fate mapping studies of Foxp3+ T cells to address the lineage 
stability of Treg cells and found that Foxp3 expression per se does not specify the Treg cell 
lineage. Thus, activated conventional T cells can promiscuously and transiently express 
Foxp3 and committed Treg cells can transiently and reversibly down-regulate Foxp3. De-
spite this phenotypic plasticity, Treg cells retain epigenetic memory of, and thus remain 
committed to, Foxp3 expression and suppressive functions. Our findings have established 
that Treg cells constitute a stable cell lineage committed to Foxp3-dependent suppressive 
functions.

We have also analyzed how Foxp3 gene mutations found in human IPEX impinge on 
Treg cells in vivo using knock-in mutagenesis in mice, and found that one mutation pref-
erentially impairs Treg cell homeostasis in non-lymphoid tissues without affecting their 
differentiation and in vitro suppressive functions. Our analyses revealed that this defect is 
due to altered DNA binding specificity of the mutant Foxp3. By taking advantage of this 
unique animal model, we are currently investigating how Treg cells adapt to diverse and 
fluctuating tissue environments.

Laboratory for

Immune Homeostasis
Team Leader: Shohei Hori
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Laboratory for

Skin Homeostasis
Team Leader: Masayuki Amagai

Recent Major Publications
Nagao K, Kobayashi T, Moro K, Ohyama M, Adachi T, 
Kitashima DY, Ueha S, Horiuchi K, Tanizaki H, Kabashi-
ma K, Kubo A, Cho YH, Clausen BE, Matsushima K, 
Suematsu M, Furtado GC, Lira SA, Farber JM, Udey MC, 
Amagai M. Stress-induced production of chemokines by 
hair follicles regulates the trafficking of dendritic cells in 
skin. Nat Immunol 13, 744-52 (2012)

Kubo A, Shiohama A, Sasaki T, Nakabayashi K, Kawasa-
ki H, Atsugi T, Sato S, Shimizu A, Mikami S, Tanizaki H, 
Uchiyama M, Maeda T, Ito T, Sakabe J, Heike T, Okuy-
ama T, Kosaki R, Kosaki K, Kudoh J, Hata K, Umezawa 
A, Tokura Y, Ishiko A, Niizeki H, Kabashima K, Mitsu-
hashi Y, Amagai M. Mutations in SERPINB7, encoding 
a member of the serine protease inhibitor superfamily, 
cause Nagashima-type palmoplantar keratosis. Am J 
Hum Genet 93, 945-56 (2013)

Sasaki T, Shiohama A, Kubo A, Kawasaki H, Ishi-
da-Yamamoto A, Yamada T, Hachiya T, Shimizu A, 
Okano H, Kudoh J, Amagai M. A homozygous nonsense 
mutation in the gene for Tmem79, a component for 
the lamellar granule secretory system, produces spon-
taneous eczema in an experimental model of atopic 
dermatitis. J Allergy Clin Immunol 132, 1111-1120.
e4 (2013)

Invited Presentations
Matsui T. Skin-specific retroviral-like aspartic protease 
SASPase and evolution of mammalian skin. The Ge-
netics Society of Japan, Tokyo, Japan. September 19th, 
2013.

Amagai M. Skin barrier dysfunction and cutaneous sen-
sitization in atopic disease. The 50th Annual Meeting 
of the Japanese Society of Pediatric Allergy and Clinical 
Immunology, Yokohama, Japan. October 19th, 2013.

Amagai M. Stratum corneum barrier dysfunction and 
atopic diseases. Annual Meeting of the Japanese 
Society for Immunology 2013, Chiba, Japan. December 
11th, 2013.

Figure: Three epidermal barrier components in 
the skin

W  hen the immune system meets external antigens in the skin, it tends to 
react to them. By contrast, when the immune system meets antigens in the 

gut, it tends to tolerate them. However, the exact mechanisms for these opposite 
immune reactions are still largely unknown. Our laboratory attempts to dissect 
and understand the skin as an immune organ. Especially we are studying skin bar-
rier formation, function, and its dysfunction in atopic diseases. 

Skin is composed of three components: epidermis, dermis and subcutane-
ous fat tissue. The epidermis is a keratinized stratified squamous epithelium and 
forms an effective barrier essential for preventing the invasion of microorganisms, 
chemical compounds and allergens. The epidermis is composed of four distinct 
layers; stratum basale (SB), stratum spinosum (SS), stratum granulosum (SG) and 
stratum corneum (SC) from bottom to top (Fig.). 

Among many elements of the skin barrier, we are focusing on the SC as an 
air-liquid barrier, tight junctions as a liquid-liquid barrier, and the Langerhans 
cell network as an immunological barrier (Fig.). Tight junctions are formed in the 
second layer of SG or SG2 cells and Langerhans cells extend their dendrites above 
these tight junctions to capture external antigens. Filaggrin deficiency, which is a 
predisposing factor for atopic disease, enhances SC penetration of external anti-
gens.

The SC is 12 to 15 accumulated layers of corneocytes, which are terminally 
differentiated dead keratinocytes. Therefor, all the essential components for SC are 
produced in SG1 cells. We have established a method to isolate SG1 and SG2 cells 
and are characterizing SG1, 2-specific genes and proteins. It will be interesting to 
determine which proteases and/or protease inhibitors are key players in SC home-
ostasis and how their balance is regulated.

Lab activities
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Recent Major Publications
Kadowaki T, Ueki K, Yamauchi T, Kubota N. SnapShot: 
Insulin signaling pathways. Cell 148, 624- 624.e1 
(2012)

Kadowaki T, Kubota N, Ueki K, Yamauchi T. SnapShot: 
physiology of insulin signaling. Cell 148, 834-834.e1 
(2012)

Takamoto I, Kubota N, Nakaya K, Kumagai K, Hashi-
moto S, Kubota T, Inoue M, Kajiwara E, Katsuyama H, 
Obata A, Sakurai Y, Iwamoto M, Kitamura T, Ueki K, 
Kadowaki T. TCF7L2 in mouse pancreatic beta cells 
plays a crucial role in glucose homeostasis by regulat-
ing beta cell mass. Diabetologia (in press)

Invited Presentations
Kubota N. Molecular mechanisms of type 2 diabetes 
and insulin resistance. The 36th Naito Conference on 
Molecular Aspects of Energy Balance and Feeding Be-
havior, Sapporo, Japan. September 12th, 2013.

Figure: TCF7L2 expressed in pancreatic beta 
cells plays a crucial role in glucose metabolism 
through regulation of the beta cell mass.
Blood glucose levels (ratio baseline) during an insulin 
tolerance test (ITT). 
(a) in 10-week-old wild-type (white diamonds) and B 
cell-specific dominant negative TCF7L2 transgenic (DN) 
mice (black squares) from each independent DN mouse 
line (n=12). Blood glucose (b) and serum insulin levels 
(c) during the oral glucose tolerance test (OGTT) in 
11-week-old wild-type (white diamonds) and DN mice 
(black squares) from each line (n=8–12).Whole-pancre-
as insulin content (d–f) of 12-week-old wild-type (Wild) 
and DN mice from each line (n=12). Results for line 390 
(d), 440 (e) and 469 (f). Immunohistochemical anal-
ysis of the pancreas for insulin (red) and BrdU (green) 
incorporation in 12-week-old mice (g). Scale bar, 100 
μm. Beta cell area ratio per whole pancreas (h), area of 
the beta cells in each islet (i), number of BrdU-positive 
cells (j) and number of apoptotic cells (k) per beta cell 
area of 10,000 μm2 in 12-week-old mice (n=8–10). 
Data are shown as mean ± SEM. *p<0.05, DN mice vs 
wild-type mice

I n recent years there has been a rapid increase in the incidence of type 2 diabetes in 
both Western and Asian countries. This high prevalence is most likely the result of a 

complex interplay between genetic, such as reduced insulin secretion, and environmen-
tal factors, such as high-fat diet and decreased physical activity. However, the precise 
molecular mechanisms underlying the development and progression of type 2 diabetes 
remained unclear. The goal of our team is to identify the molecular mechanism of insulin 
secretion and insulin resistance.

A) Molecular mechanism of insulin secretion
Most of the common variant single-nucleotide polymorphisms (SNPs) identified by ge-
nome-wide association study (GWAS) are associated with defective pancreatic islet func-
tion. However, the functional role of genes identified by GWAS remained unclear. We 
discovered that transcription factor 7-like 2 (TCF7L2), which confers the largest effect on 
the risk of type 2 diabetes in Western populations, plays a crucial role in glucose metabo-
lism through regulation of the beta cell mass (Diabetologia in press).

B) Molecular mechanism of insulin resistance
Insulin resistance is defined as a condition in which physiological insulin signals are 
impaired or dysfunctional for some reason, such as ER stress, adipokine abnormality 
or chronic inflammation. Once insulin binds to insulin receptors, insulin receptor sub-
strate (IRS)-1 and IRS-2 are activated and begin transmitting intracellular insulin signals. 
These result in various insulin-mediated activities, including glucose and lipid metabo-
lism, protein synthesis and cell proliferation. Until now, we have been studying the role of 
IRS-1 and IRS-2, which show ubiquitous expression patterns (Diabetes 2000, Circulation 
2003, J Clin Invest 2004, Cell Metab 2008, Cell Metab 2011, Cell 2012). We are currently 
working to elucidate the molecular mechanism of insulin resistance via IRS-1 and IRS-2 
in cells and tissues such as liver, skeletal muscle, macrophages, and the central nervous 
system.

Laboratory for

Metabolic Homeostasis
Team Leader: Naoto Kubota
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Laboratory for

Immune Crosstalk
Team Leader: Hilde Cheroutre

Recent Major Publications
Fu G, Casas J, Rigaud S, Rybakin V, Lambolez F, Brzostek 
J, Hoerter JA, Paster W, Acuto O, Cheroutre H, Sauer 
K, Gascoigne NR. Themis sets the signal threshold for 
positive and negative selection in T-cell development. 
Nature 504, 441-5 (2013)

Mucida D, Husain MM, Muroi S, van Wijk F, Shinnakasu 
R, Naoe Y, Reis BS, Huang Y, Lambolez F, Docherty M, 
Attinger A, Shui JW, Kim G, Lena CJ, Sakaguchi S, Mi-
yamoto C, Wang P, Atarashi K, Park Y, Nakayama T, Hon-
da K, Ellmeier W, Kronenberg M, Taniuchi I, Cheroutre H. 
Transcriptional reprogramming of mature CD4+ helper T 
cells generates distinct MHC class II-restricted cytotoxic 
T lymphocytes. Nat Immunol 14, 281-9 (2013)

Invited Presentations
Cheroutre H. CD4 CTL: a major new player in health and 
disease. Immunology 2013: AAI Annual Meeting, Major 
Symposia A: Tissue-Resident Lymphocytes, Honolulu, 
USA. May 4th, 2013.

Cheroutre H. Mucosal T Cells in Inflammation and Ho-
meostasis. The 16th International Congress for Mucosal 
Immunology: Pioneering Frontiers in Mucosal Regula-
tion, Vancouver, Canada. July 20th, 2013.

Cheroutre H. Unique Adaptive Immune Defense at the 
Mucosal Frontline of the Intestine. 15th International Con-
gress of Immunology, Symposium: Innate lymphocytes and 
mucosal Immunity, Milan, Italy. August 22nd-27th, 2013.

Cheroutre H. 2013 Grand Challenges Meeting: Vaccine 
Discovery and Translational scientific track session, Rio 
de Janeiro, Brazil. October 28th-30th, 2013.

Cheroutre H. 85th Anniversary Research Foundation 
Flanders (FWO): Session on Inflammation and Immunity, 
Ghent, Belgium. December 17th, 2013.

Figure: Intraepithelial T cells protect the mucosal 
barrier of the intestine from pathogen- and in-
flammation-induced pathology.
T cells that reside within the epithelium of the intestine 
are phenotypically heterogeneous but they are all 
specialized to protect the mucosal barrier against path-
ogen- and immune cell-induced pathology.  In contrast 
to the T cells in the periphery, epithelial T lymphocytes 
are all antigen-experienced T cells that encountered 
their antigen initially during selection in the thymus 
(agonist selected CD8αα TCRαβ and TCRγδ precursor 
cells) or as mature cells in the periphery (CD8αβ CTL and 
CD4 CTL).  Although the various epithelial T cell subsets 
display different antigen specificity and MHC restriction 
and although they follow different paths of effector 
differentiation, they all acquire cytolytic and regulatory 
capacity. The functional specialization of intraepithelial 
T lymphocytes adapts them to provide optimal protec-
tion in the face of preserving the integrity of the delicate 
mucosal barrier.

Our research continues to elucidate mechanisms of mucosal immune protec-
tion and regulation. In a recent study, we uncovered an unexpected degree 

of plasticity for CD4 T helper (Th) cells, which upon antigenic stimulation, are 
able to terminate the expression of the Th transcription factor, ThPOK, and dif-
ferentiate into cytotoxic T lymphocytes (CTL).  At steady state, CD4 CTL remain 
quiescent and express a self-regulated phenotype. However under challenging 
conditions, these cells have the potential to transform into potent inflammatory 
killer effector cells (Mucida et al., Nature Immunology 2013).

Overall, based on the insights we are gaining from our research, a clear picture 
has begun to emerge showing that the immune defense of the intestine adapts to 
the local environment and specializes to provide the most efficient and immedi-
ate protection in the face of preserving the integrity of the most critical mucosal 
barrier of the body.

In another study, we are aiming to understand the various mechanisms and 
processes that lead to central tolerance. Our previous research showed that in ad-
dition to conventional selection, a process of so called “agonist” selection operates 
in the thymus, which preserves self-specific thymocytes and functionally differ-
entiates these precursor cells to become beneficial pre-programmed protective or 
regulatory T cells. In an effort to understand what factors control the decisive 
checkpoint during thymic selection, we identified “Themis” as a critical switch 
(Guo et al., Nature 2013). We are now trying to elucidate the molecular and cel-
lular factors and events that connect the Pre-TCR and TCR signal strength with 
thymic selection and the fate decision of the developing T cells.

Lab activities
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Figure: LIM is a new family of negative regula-
tors of NF-κB signaling.
PDLIM2 and PDLIM7 are ubiquitin E3 ligases for 
the p65 subunit of NF-κB, form heterodimers and 
cooperatively promote p65 degradation. By contrast, 
PDLIM1 sequestrates p65 in the cytoplasm and inhibits 
its nuclear translocation, thereby suppressing NF-κB 
signaling.

The inflammatory response is an important host defense mechanism to sense 
and eliminate invading microbial pathogens. Dendritic cells first detect path-

ogens and activate the transcription factor NF-κB, which enters the nucleus and 
induces the expression of a series of inflammation-related genes. These initially 
helpful inflammatory responses must be terminated at the appropriate time point, 
otherwise excessive responses can damage normal tissue and may cause autoim-
mune or allergic diseases. Our research goal is to identify key regulators of inflam-
mation-related signal transduction pathways and to clarify the complete picture 
of the molecular mechanisms for regulating inflammatory responses. We previ-
ously identified PDLIM2 (PDZ and LIM domain protein-2), a nuclear protein 
that belongs to a large family of LIM proteins, as one of the key factors negatively 
regulating inflammatory responses. We found that PDLIM2 is an E3 ubiquitin 
ligase for the STAT4 and STAT3 transcription factors, thereby suppressing Th1 
and Th17 cell differentiation (Tanaka T, Immunity, 2005, Tanaka T, Sci. Signal., 
2011). We have also demonstrated that PDLIM2 negatively regulates NF-κB activ-
ity and subsequent inflammatory responses, acting as a nuclear ubiquitin E3 ligase 
targeting the p65 subunit of NF-κB. (Tanaka T, Nat. Immunol., 2007). We now 
focus on PDLIM2 and other members of the LIM family. Recently we found that 
PDLIM7 and PDLIM1 are also negative regulators of NF-κB-mediated signaling. 
PDLIM7 was found to be an E3 ubiquitin ligase for p65. PDLIM7 and PDLIM2 
form heterodimers and synergistically promote p65 degradation by the proteas-
ome. On the other hand, PDLIM1 sequestrated p65 in the cytoplasm, possibly by 
interaction with actin stress fibers, through binding to α-actinin, an actin binding 
protein, and suppressed nuclear translocation of p65 protein. These studies should 
contribute to our understanding of the pathogenesis of human autoimmune and 
inflammatory diseases and the development of new therapeutic tools.

Laboratory for

Inflammatory Regulation
Team Leader: Takashi Tanaka

Recent Major Publications
Yan P, Fu J, Qu Z, Li S, Tanaka T, Grusby MJ, Xiao G. PD-
LIM2 suppresses HTLV-I Tax-mediated tumorigenesis by 
targeting Tax into the nuclear matrix for proteasomal 
degradation. Blood 113, 4370-80 (2009)

Tanaka T, Yamamoto Y, Muromoto R, Ikeda O, Sekine 
Y, Grusby MJ, Kaisho T, Matsuda T. PDLIM2 inhibits T 
Helper 17 cell development and granulomatous inflam-
mation through degradation of STAT3. Sci Signal 4, 
ra85 (2011)

Sasaki I, Hoshino K, Sugiyama T, Yamazaki C, Yano T, 
Iizuka A, Hemmi H, Tanaka T, Saito M, Sugiyama M, 
Fukuda Y, Ohta T, Sato K, Ainai A, Suzuki T, Hasegawa 
H, Toyama-Sorimachi N, Kohara H, Nagasawa T, Kaisho 
T. Spi-B is critical for plasmacytoid dendritic cell func-
tion and development. Blood 120, 4733-43 (2012)

Invited Presentations
Tanaka T. Negative regulation of T-helper cell differen-
tiation by LIM proteins. The 132th Annual Meeting of 
the Pharmaceutical Society of Japan, Hokkaido, Japan. 
March 30th, 2012.

Tanaka T. Clarifying the molecular mechanisms that 
regulate inflammatory responses. RIKEN - Novo Nordisk 
A/S Scientific Forum, Yokohama, Japan. April 19th, 
2012.

Tanaka T. Negative regulation of inflammatory respons-
es by LIM proteins. The 12th Biennial International 
Endotoxin & Innate Immunity Society Meeting, Tokyo, 
Japan. October 24th, 2012.

Tanaka T. Clarifying the molecular mechanisms that 
regulate inflammatory responses. The Osaka Minami 
Medical Center: Talk with the expert seminar, Osaka, 
Japan. October 11th, 2013.

Tanaka T. Regulation of inflammatory responses by LIM 
proteins. The 5th LJI & IMS-RCAI Workshop, Yokohama, 
Japan. October 31st, 2013.
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Laboratory for

Cytokine Regulation
Team Leader: Masato Kubo

Recent Major Publications
Harada Y, Tanaka S, Motomura Y, Harada Y, Ohno S, 
Ohno S, Yanagi Y, Inoue H, Kubo M. The 3' enhancer 
CNS2 is a critical regulator of interleukin-4-mediated 
humoral immunity in follicular helper T cells. Immunity 
36, 188-200 (2012)

Otsuka A, Nakajima S, Kubo M, Egawa G, Honda T, 
Kitoh A, Nomura T, Hanakawa S, Sagita Moniaga C, Kim 
B, Matsuoka S, Watanabe T, Miyachi Y, Kabashima K. 
Basophils are required for the induction of Th2 immu-
nity to haptens and peptide antigens. Nat Commun 4, 
1739 (2013)

Noti M, Wojno ED, Kim BS, Siracusa MC, Giacomin 
PR, Nair MG, Benitez AJ, Ruymann KR, Muir AB, Hill 
DA, Chikwava KR, Moghaddam AE, Sattentau QJ, 
Alex A, Zhou C, Yearley JH, Menard-Katcher P, Kubo 
M, Obata-Ninomiya K, Karasuyama H, Comeau MR, 
Brown-Whitehorn T, de Waal Malefyt R, Sleiman PM, 
Hakonarson H, Cianferoni A, Falk GW, Wang ML, 
Spergel JM, Artis D. Thymic stromal lymphopoie-
tin-elicited basophil responses promote eosinophilic 
esophagitis. Nat Med 19, 1005-13 (2013)

Invited Presentations
Kubo M. Role of Notch signal in the generation of 
follicular helper T cells (TFH) and memory T cell. The 
1st International Immunological Memory and Vaccine 
Forum, Tokyo, Japan. January 29th, 2013.

Kubo M. Roles of follicular helper T (TFH) cells in an-
tibody based protective immunity against influenza 
virus. Joint Symposium of the 21st International Sym-
posium of Macrophage Molecular and Cellular Biology 
& the 78th Japanese Society for Interferon and Cytokine 
Research, Tokyo, Japan. May 21st, 2013.

Kubo M. Cytokine regulation in T follicular helper (TFH) 
cells. Gordon Research Conferences: T Follicular Helper 
Cells, Hong Kong, China. July 22nd, 2013.

Kubo M. Molecular Mechanism of Immune Responses. 
The 86th Annual Meeting of the Japanese Biochemical 
Society: International session, Yokohama, Japan. Sep-
tember 13th, 2013.

Figure: CNS2 is an essential enhancer element in 
TFH cells but not inTH2 cells.
The CNS active T cells in CNS2-regulated transgenic 
mice expressed several markers of TFH cells, CXCR5, PD-
1, and ICOS, which favored their localization in B cell 
follicles and germinal centers of Peyer’s patches. The 
upper part of the figure depicts the genome structure 
of the Il4 locus. The lower part shows the cell surface 
phenotype and localization of GFP+ TFH cells.

T  he expression profile of a group of genes related to T cell development and 
differentiation is ingeniously controlled by spatiotemporal processes. Epige-

netic changes in cis-acting regions of the Il13/Il4 locus are strongly associated with 
cytokine expression profiles during TH2 differentiation. We generated a series of 
genetically targeted mice disrupting the cis-acting activity of conserved non-cod-
ing sequences (CNS) in the Il4 locus to understand lineage-specific regulation of 
IL-4. The main role for TH2-derived IL-4 has been thought to be in humoral immu-
nity. However, we provided evidence that a recently-discovered subset of follicular 
T (TFH) cells generates the IL-4 that promotes B cell differentiation into antibody 
producing cells. CNS2 is an essential enhancer element for IL-4 expression in TFH 
cells but not in Th2 cells. Mice with a CNS2 deletion had a reduction in IgG1 and 
IgE production and in IL-4 expression by TFH cells. We concluded that TH2 cells are 
dispensable for antibody responses and that CNS2 is a specific enhancer element 
required for IL-4 expression by TFH cells controlling humoral immunity.

We established a diphtheria toxin-based conditional deletion system using an 
Il4 enhancer that we previously found was specific for IL-4 production by mast 
cells or basophils (Mas-TRECK and Bas-TRECK mice). Using the Bas-TRECK 
system, we examined the role of thymic stromal lymphopoietin (TSLP) in baso-
phil development. We further focused on Eosinophilic esophagitis (EoE), a food 
allergy–associated inflammatory disease characterized by esophageal eosinophil-
ia. We established a new mouse model of EoE-like disease that developed inde-
pendently of IgE, but was dependent on TSLP and basophils, as targeting TSLP or 
basophils during the sensitization phase limited disease. Our data suggest that the 
TSLP-basophil axis contributes to the pathogenesis of EoE and could be therapeu-
tically targeted to treat this disease.
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Figure: Zn is a newly identified inflammatory 
mediator.
Zinc is a mediator of the inflammatory response. 
After injury, endogenous inflammatory mediators or 
“danger signals” are released and activate mast cells, 
which then release Zn into the extracellular space. The 
released Zn directly binds to the GPR39 Zn receptor on 
immune-related cells and induces the expression of 
cytokines such as IL-6 and TNFα. These cytokines then 
contribute to inflammatory responses such as wound 
healing.

Zinc signaling is essential for B cell maintenance.
The immune system is influenced by vital zinc (Zn) status and Zn deficiency triggers 
lymphopenia and immunodeficiency, however the mechanisms of Zn-mediated 
lymphocyte maintenance remain elusive. We investigated the role of ZIP10, a Zn 
transporter expressed in B cells, on their development. Genetic ablation of Zip10 
in early B cell stages resulted in reduction of B cells, which showed increased 
caspase activity in parallel with decreases in intracellular Zn levels, indicating that 
ZIP10-mediated Zn signaling is essential for early B cell survival. Moreover, ZIP10 
expression was regulated by JAK-STAT pathways, which was also correlated with 
STAT activation in human B cell lymphoma, implicating ZIP10 as a mediator of 
malignancy. Our results establish a role for ZIP10 in B cell survival during early 
development and underscore the importance of Zn signaling in immune system 
maintenance.

Zinc controls skin wound healing through the GPR39 / IL-6 axis.
Bedsores are painful skin lesions that affect many patients, including the increasing 
populations of elderly individuals and those afflicted with metabolic syndromes. 
The essential trace element Zn has an important role in accelerating skin-wound 
healing, but how it does so is unclear. We reported that Zn released from mast cells 
is required for wound healing. The released Zn binds to its receptor (called GPR39) 
on inflammatory cells, which release the inflammation-promoting molecule, IL-
6. IL-6 in turn controls wound healing (Fig.). These findings explain why Zn is 
beneficial for treating skin disorders including wounds and burns.

Laboratory for

Homeostatic Network
Team Leader: Shigeo Koyasu

Recent Major Publications
Yamasaki S, Hasegawa A, Hojyo S, Ohashi W, Fukada T, 
Nishida K, Hirano T. A Novel Role of the L-Type Calcium 
Channel α(1D) Subunit as a Gatekeeper for Intracellular 
Zinc Signaling: Zinc Wave. PLoS One 7, e39654 (2012)

Fukada T, Hojyo S, Furuichi T. Zinc Signal: Zinc signal: a 
new player in osteobiology. J Bone Miner Metab 31, 
129-35 (2013)

Tamaki M, Fujitani Y, Hara A, Uchida T, Tamura Y, Takeno 
K, Kawaguchi M, Watanabe T, Ogihara T, Fukunaka A, 
Shimizu T, Mita T, Kanazawa A, Imaizumi MO, Abe T, 
Kiyonari H, Hojyo S, Fukada T, Kawauchi T, Nagamatsu 
S, Hirano T, Kawamori R, Watada H. The diabetes sus-
ceptible gene SLC30A8/ZnT8 regulates hepatic insulin 
clearance. J Clin Invest 123, 4513-24 (2013)

Invited Presentations
Fukada T. Physio-pathological roles of zinc signaling. 
The 86th Annual Meeting of the Japanese Pharmaco-
logical Society, Fukuoka, Japan. March 22nd, 2013.

Fukada T. New Horizon of Zinc Biology in Signaling, 
Homeostasis and Diseases. The 86th Annual Meeting 
of the Japanese Biochemical Society: International ses-
sion, Yokohama, Japan. September 11th, 2013.

Nishida K. Role of zinc transporter Slc30a2/ZnT2 in nor-
mal wound healing. The 86th Annual Meeting of the 
Japanese Biochemical Society: International session, 
Yokohama, Japan. September 11th, 2013.

Nishida K. Metallothioneins control FcεRI-mediated IL-4 
production in basophils. The meeting of the Japanese 
Research Group for Studies of Metalbioscience 2013, 
Shizuoka, Japan. September 27th, 2013.

Fukada T. Basic and Clinical aspects in Zinc and Degen-
erative diseases of Aging. 10th International Society 
for Trace Element Research in Humans (ISTERH) 2013, 
Tokyo, Japan. November 19th, 2013.
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Laboratory for

Developmental Genetics
Group Director: Haruhiko Koseki

Recent Major Publications
Endoh M, Endo TA, Endoh T, Isono K, Sharif J, Ohara 
O, Toyoda T, Ito T, Eskeland R, Bickmore WA, Vidal M, 
Bernstein BE, Koseki H. Histone H2A Mono-Ubiquiti-
nation Is a Crucial Step to Mediate PRC1-Dependent 
Repression of Developmental Genes to Maintain ES Cell 
Identity. PLoS Genet 8, e1002774 (2012)

Isono K, Endo TA, Ku M, Yamada D, Suzuki R, Sharif 
J, Ishikura T, Toyoda T, Bernstein BE, Koseki H. SAM 
Domain Polymerization Links Subnuclear Clustering of 
PRC1 to Gene Silencing. Dev Cell 26, 565-77 (2013)

Kondo T, Isono K, Kondo K, Endo TA, Itohara S, Vidal 
M, Koseki H. Polycomb Potentiates Meis2 Activation in 
Midbrain by Mediating Interaction of the Promoter with 
a Tissue-Specific Enhancer. Dev Cell 28, 94-101 (2014)

Invited Presentations
Koseki H. DNA methylation in T cells and gut immune 
homeostasis. 3rd McGill-RIKEN Workshop, Montreal, 
Canada. June 21st, 2013.

Koseki H. Epigetic regulation of spermiogenesis. The 
10th Annual Meeting of Asian Reproductive Biotechnol-
ogy Society, Phan Thiet, Vietnam. August 21st, 2013.

Koseki H. Activation of polycomb-repressed genes. 
Mouse Molecular Genetics Conference , Cambridge, UK. 
September 20th, 2013.

Koseki H. Activation of polycomb-repressed genes. An-
nual Meeting of the Japanese Society for Immunology 
2013, Chiba, Japan. December 11th, 2013.

Figure: The Meis2 promoter/enhancer associ-
ation is preceded by promoter/enhancer/RBS 
tripartite interaction in midbrain.
(Top) The Meis2 gene is schematically depicted and 
positions of FISH probes are shown. (Middle) Tri-color 
FISH images showing topological transition of promoter 
(PRT) (blue), MBE (red) and RBS (green) in 6.5 dpc epi-
blasts and midbrain of 16-20 and 22-26 somite stage 
embryos. Fluorescent signals from each channel in the 
regions indicated by dotted boxes are shown in insets. 
(Bottom) Graphic summary of promoter/enhancer/
RBS DNA topology. Co-localization of RING1B foci with 
promoter (PRT), enhancer (MBE) or RBS at each stage 
is shown. Note that RBS constitutively associates with 
the RING1B foci.

T he Developmental Genetics Research Group is pursuing a research program to elu-
cidate the epigenetic regulation of organ development and stem cell functions by 

Polycomb group (PcG) proteins and DNA methylation mechanisms.

Regulation of large scale chromatin structures by Polycomb
The PcG Repressive Complex-1 (PRC1) forms microscopically visible clusters in nuclei; 
however, the impact of this cluster formation on transcriptional regulation and the un-
derlying mechanisms that regulate this process remain obscure. We found that the sterile 
Alpha Motif (SAM) domain of a PRC1 core component, Phc2, plays an essential role for 
PRC1 clustering through head-to-tail macromolecular polymerization, which is essen-
tial for PRC1 clustering, recruitment of PRC1 to target genes and robust gene silencing 
activity. We propose a novel role for SAM domain polymerization in this repression by 
two distinct mechanisms, firstly, through capture and/or retaining of PRC1 at the PcG 
targets, and, secondly, by strengthening the interactions between PRC1 and PRC2 to sta-
bilize transcriptional repression. Our findings reveal a previously unknown regulatory 
mechanism mediated by SAM domain polymerization for PcG-mediated repression of 
developmental loci that enables a robust yet reversible gene repression program during 
development.

Chromatin dynamics associated with activation of Polycomb-repressed 
genes
PcG proteins mediate repression of developmental regulators in a reversible manner. 
However, it is poorly understood how PcG-repressed genes are activated by develop-
mental cues. We used the Meis2 gene as a model to identify the role of a tissue-specific 
enhancer in removing PcG from its promoter. Meis2 repression in early development de-
pends on binding of RING1B, an essential E3 component of PcG, to its promoter, coupled 
with its association with another RING1B-binding site (RBS) at the 3’ end of the Meis2 
gene. During early midbrain development, a midbrain-specific enhancer (MBE) tran-
siently associates with the promoter/RBS, forming a promoter/MBE/RBS tripartite in-
teraction in a RING1-dependent manner. Subsequently, RING1B-bound RBS dissociates 
from the tripartite, leaving promoter/MBE engagement to activate Meis2 expression. This 
study therefore demonstrates the role of PcG and/or related factors in Meis2 activation by 
regulating the topological transition of cis-regulatory elements. 
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Figure: Real-time imaging of IL-1β secretion
A conceptual diagram of the platform for real-time 
imaging of protein secretion at single-cell resolution. 
Secreted protein was captured on site by antibody 
immobilized on the bottom of a microwell. Captured 
protein was immediately recognized by fluorescent-
ly-labelled detection antibody and visualized by total 
internal reflection illumination.

Laboratory for

Integrative Genomics
Group Director: Osamu Ohara

S ince the preceding research center, Research Center for Allergy and Immunol-
ogy, was launched more than 10 years ago, the very basic mission of the Labo-

ratory for Integrative Genomics has consistently been to function as a “Gateway” 
to genomics for biologists coming from other fields. To achieve this mission, we 
have organized our research activities into three parts as follows: (1) central sup-
port activities; (2) strategic and collaborative research activities; and (3) explorato-
ry research activities aimed at new technology development. Because this system 
has worked very well so far, we have continued to maintain it in the new IMS. As 
for the central support activities (1), we have made every effort to introduce new 
genomic technologies to the center according to the needs and the budget size of 
the center. The most prominent change in these three years is to incorporate mas-
sively parallel DNA sequencing (MPS) technology using a Roche 454 GS Junior, 
Illumina MiSeq and HiSeq1500. As for the strategic research activities (2), our 
group plays the role of “workhorse”, which drives the measurement pipeline of 
center projects such as the Atopic Dermatitis project and the Primary Immunode-
ficiency (PID) project. In particular, we have developed a network of pediatricians 
in Japan and functioned as a hub of the network in the PID project. As for the col-
laborative research activities (3), we have carried out many intramural as well as 
extramural collaboration projects. As exploratory research activities (3), we have 
focused our efforts on development of “single-cell” measurement technologies. 
The most recent study enables us to monitor protein secretion processes from sin-
gle cells in real-time (Fig.), which will be applied for analysis of autoinflammatory 
diseases.

Recent Major Publications
Shirasaki Y, Yamagishi M, Shimura N, Hijikata A, Ohara 
O. Toward an understanding of immune cell sociology: 
real-time monitoring of cytokine secretion at the sin-
gle-cell level. IUBMB Life 65, 28-34 (2013)

Saito Y, Yuki H, Kuratani M, Hashizume Y, Takagi S, 
Honma T, Tanaka A, Shirouzu M, Mikuni J, Handa N, 
Ogahara I, Sone A, Najima Y, Tomabechi Y, Wakiyama 
M, Uchida N, Tomizawa-Murasawa M, Kaneko A, 
Tanaka S, Suzuki N, Kajita H, Aoki Y, Ohara O, Shultz LD, 
Fukami T, Goto T, Taniguchi S, Yokoyama S, Ishikawa F. 
A pyrrolo-pyrimidine derivative targets human primary 
AML stem cells in vivo. Sci Transl Med 5, 181ra52 
(2013)

Kamae C, Nakagawa N, Sato H, Honma K, Mitsuiki N, 
Ohara O, Kanegane H, Pasic S, Pan-Hammarström Q, 
van Zelm MC, Morio T, Imai K, Nonoyama S. Common 
variable immunodeficiency classification by quantifying 
T-cell receptor and immunoglobulinκ-deleting recom-
bination excision circles. J Allergy Clin Immunol 131, 
1437-40.e5 (2013)
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Ohara O. Systems immunology: Tackling the complexity 
of the immune system. 2012 Annual Meeting of the 
Japanese Society for Immunology, Kobe, Japan. Decem-
ber 7th, 2012.

Ohara O. Exploration of disease causative mutations on 
the basis of genomics. Annual Meeting of Japan Pedi-
atric Society, Hiroshima, Japan. April 21st, 2013.

Ohara O. Perspectives of integrative genomics for 
understanding of dynamics of the biological system. 
The 40th Annual Meeting of the Japanese Society of 
Toxicology, Chiba, Japan. June 18th, 2013.

Ohara O. Post-GWAS animal models. 3rd Sardinian 
Summer School, Pula, Italy. September 9th, 2013.

Ohara O. Next-generation DNA sequencing technology 
and genomic analysis. 58th Annual Meeting of the 
Japan Society of Human Genetics, Sendai, Japan. No-
vember 23rd, 2013.
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Laboratory for

Disease Systems Modeling
Group Director: Hiroaki Kitano

Recent Major Publications
Hase T, Ghosh S, Yamanaka R, Kitano H. Harnessing Di-
versity towards the Reconstructing of Large Scale Gene 
Regulatory Networks. PLoS Comput Biol 9, e1003361 
(2013)

Ghosh S, Matsuoka Y, Asai Y, Hsin KY, Kitano H. Toward 
an integrated software platform for systems pharma-
cology. Biopharm Drug Dispos 34, 508-26 (2013)

Hsin KY, Ghosh S, Kitano H. Combining machine learn-
ing systems and multiple docking simulation packages 
to improve docking prediction reliability for network 
pharmacology. PLoS One 8, e83922 (2013)

Invited Presentations
Kitano H. Software platform for systems drug discovery. 
Innovative Medicines Initiative (IMI): Workshop on 
Translational Knowledge Management in Pharmaceuti-
cal R&D, Brussels, Belgium. July 12th, 2013.

Kitano H. Network-oriented drug discovery. Innovative 
Medicines Initiative (IMI): Workshop on Translational 
Knowledge Management in Pharmaceutical R&D, Brus-
sels, Belgium. July 12th, 2013.

Kitano H. Systems Drug Discovery and Integrated Soft-
ware Platform. Talk at ETH Zurich IMSB, Zurich, Switzer-
land. August 30th, 2013.

Kitano H. Mathematics for Planet Earth. Talks at RMIT 
Melbourne and University of New South Wales, Mel-
bourne and Sydney, Australia. October 7th and 10th, 
2013.

Kitano H. Grand Challenges of Systems Biology and Sys-
tems Biomedicine. World Health Summit 2013: Keynote 
Lecture, Berlin, Germany. October 22nd, 2013.

Figure: Partial map of the keratinocyte interac-
tion network relevant to AD

LDSM is responsible for systems modeling, computational infrastructure development 
for IMS-focused projects, and exploratory research converging on the center’s goals.

Understanding atopic dermatitis (AD) using systems biology by combining bottom-up 
(detailed modeling) and top-down (high-throughput data analysis) strategies is one of 
our central activities.

We are developing a detailed molecular interaction map of intra- and intercellu-
lar interactions, focused on keratinocytes and immune cells. So far, a draft map 
for keratinocytes has been created; it continues to be updated based on current 
literature, databases and maps previously developed. The map will serve as the 
backbone for all our modeling and analysis tasks.
We are also developing a range of large-scale analysis tools to integrate various 
high-throughout data generated within IMS.
We are creating a hierarchical dynamical model of skin representing healthy and 
disease states thereby offering computational analysis of disease mechanisms and 
potential therapeutic intervention. Comprehensive model development is under-
way to construct a detailed model incorporating existing hypotheses within the 
current focus of experimental groups at IMS. Modeling will be extended to mul-
ti-scale settings.

A large-scale molecular interaction map of the yeast stress response was created as 
a principal model of robustness inherent in eukaryotic organisms. Systemic network 
analysis of the map to unravel robustness and signal separation machinery of stress 
response pathways are underway.
A new robustness analysis combining a gTOW assay as developed for a novel high-pre-
cision computational modeling for budding yeast, with possible extension to mamma-
lian cells.
In collaboration with RIKEN’s FANTOM5 consortium, we are analyzing the Down 
Syndrome (DS) -iPS to neuron data using systems biology approaches to understand 
the time-dependent changes in the process of differentiation of a DS cell.
Development of a series of computational infrastructures to support model develop-
ment and data analysis at IMS is underway. “Project Rishi” aims to develop highly 
intelligent systems to scan existing literature to extract knowledge of molecular in-
teractions. It is based on novel large-scale text mining combined with multi-strategy 
machine learning.

· 

·

·

·

· 

· 

· 

· 
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Figure: Pre-symptomatic disease development in 
the Spade mutant
Pre-symptomatic events occurring in the Spade mutant 
were detected by histological, cytological and molecu-
lar biological analysis and are summarized in the figure 
as longitudinal steps.
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Immunogenetics
Team Leader: Hisahiro Yoshida

Recent Major Publications
Watarai H, Sekine-Kondo E, Shigeura T, Motomura Y, 
Yasuda T, Satoh R, Yoshida H, Kubo M, Kawamoto H, 
Koseki H, Taniguchi M. Development and function of 
invariant natural killer T cells producing T(h)2- and 
T(h)17-cytokines. PLoS Biol 10, e1001255 (2012)

Sugiyama M, Nakato G, Jinnohara T, Akiba H, Okumura 
K, Ohno H, Yoshida H. Expression pattern changes and 
function of RANKL during mouse lymph node microar-
chitecture development. Int Immunol 24, 369-78 
(2012)

Invited Presentations
Yoshida H. Skin homeostasis and atopic dermatitis 
development. 8th RCAI-JSI International Symposium on 
Immunology, Yokohama, Japan. June 27th, 2013.

Yoshida H. Skin homeostasis and atopic dermatitis 
development. The 5th LJI & IMS-RCAI Workshop, Yoko-
hama, Japan. October 30th, 2013.

U sually disease onset is detected by symptomatic observation, however, be-
fore the onset of the disease, there must be an accumulation of many imper-

ceptible pathogenic events in the human body as part of pre-symptomatic disease 
development. If one could precisely monitor and understand the pre-symptomatic 
longitudinal multiple events proceeding in a healthy individual, it should be possi-
ble to predict the timing of disease onset and to take measures to prevent it. It will 
be beneficial for many of us in the coming era when everyone can know their own 
genome sequence information and genetic risk factors shortly after birth.

In our laboratory, we had been working to identify the genetic factors for al-
lergic and immune disease development by phenotype screening of chemical mu-
tagen, N-ethyl N-nitrosourea (ENU), induced mutant mice on a C57BL/6J back-
ground. We have established an animal model of atopic dermatitis in which the 
disease developed at approximately 8 weeks after birth, as detected by ear skin 
desquamation and scratching of the skin a few days after the first symptoms. This 
phase is followed by a Th2 immune bias detected by serum IgE, IgG1 and his-
tamine level elevation 3 weeks later, and 8 weeks after that, a Th1 immune bias 
was also detected, with serum IgG2b and IgG2c elevation. At this final stage, the 
pathological findings identified a chronic skin inflammatory condition. Therefore 
we have named this mutant Spade (Stepwise progressive atopic dermatitis).

Using this disease model, we are now trying to precisely define the pre-symp-
tomatic events occurring not only in skin lesions but also in systemic immune 
regulation, from birth to the onset of dermatitis. As shown in the figure, we have 
now found that distinct pre-symptomatic events occur independently in epider-
mis, dermis, draining lymph node, and spleen and that the accumulation of all 
these events leads to the onset of dermatitis in the late stage.

Lab activities
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Laboratory for

Integrated 
Bioinformatics
Team Leader: Todd D. Taylor

Recent Major Publications
Sharma VK, Kumar N, Prakash T, Taylor TD. Fast and 
accurate taxonomic assignments of metagenomic se-
quences using MetaBin. PLoS One 7, e34030 (2012)

Fukuda S, Toh H, Taylor TD, Ohno H, Hattori M. Ace-
tate-producing bifidobacteria protect the host from en-
teropathogenic infection via carbohydrate transporters. 
Gut Microbes 3, 449-54 (2012)

Hariharan R, Simon R, Pillai MR, Taylor TD. Compar-
ative analysis of DNA word abundances in four yeast 
genomes using a novel statistical background model. 
PLoS One 8, e58038 (2013)
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Taylor TD. Metagenomics: an introduction and ap-
plications to health and the environment. School of 
Biological Sciences, Universiti Sains Malaysia, Penang, 
Malaysia. April 19th, 2013.

Taylor TD. Metagenomics and approaches to immunol-
ogy. 8th RCAI-JSI International Symposium on Immu-
nology, Yokohama, Japan. June 28th, 2013.

Taylor TD. Metagenomics and barcoding. Poznan Sum-
mer School of Bioinformatics: Molecular Evolution & 
Phylogenomics, Poznan, Poland. August 23rd, 2013.

Taylor TD. Online resources: databases, tools and 
pipelines; Introduction to the human genome project 
and metagenomics. 1st Workshop in Bioinformatics, 
Penang, Malaysia. December 16th, 2013.

Figure: ORF-based approach for the taxonomic 
assignment of reads of different lengths derived 
from different regions of the genomic DNA
Read derived from an intergenic region (A), read con-
taining a small 5’ region of an ORF (B), read containing 
two partial ORFs at the 5’ and 3’ terminals and a 
complete ORF in the middle (C), read containing only a 
single complete ORF (D), read containing a long partial 
ORF at one end (E), read obtained from within an ORF 
(F), read with sequencing error causing a single ORF 
to split into two smaller ORFs (G). X, Y, Z, K, L, and M 
are the genomes to which the ORFs showed matches. 
The taxonomic IDs of the species of these genomes are 
used for making the taxonomic assignments and for 
creating the taxonomic bins.

T he aims of the laboratory are to provide centralized bioinformatics support for the 
other research laboratories in this center, with a special emphasis on metagenomics 

and bacterial genomics related projects. We will develop an infrastructure of pipelines 
and tools for the efficient handling of both small-scale and large-scale datasets and for 
the analysis of various types of data produced from expression profile analysis, transcrip-
tion network analysis, biomarker discovery analysis, and so on, with a special empha-
sis on metagenomic and metatranscriptomic analysis. Until recently, the main area of 
our research has been the analysis of various human health-and environmental- related 
metagenomics systems. We are developing powerful, high-throughput open-source tools 
and databases for the comprehensive analysis of metagenomic and bacterial genomic se-
quence data.

We have participated in various domestic and international metagenome, microbial 
genome, and other genome projects, some of which are still ongoing, including analy-
sis of 1) the human gut microbiome in 13 healthy Japanese individuals, 2) termite gut 
bacteria and microbial fuel cell metagenomes, both which have the potential for waste 
degradation and clean energy production, and 3) several other bacteria from a wide vari-
ety of environments. My team has developed several tools for high-throughput metage-
nomic and bacterial genomic sequence analysis, including 1) iMetaSys, a comprehensive 
high-performance analysis pipeline and knowledgebase, 2) MetaBioME, a comprehen-
sive platform to facilitate homology-based computational identification of novel homolo-
gous commercially useful enzymes (CUEs) from metagenomic datasets, and 3) MetaBin, 
a program for fast, accurate and highly sensitive taxonomic assignments of metagenomic 
sequences.

The ultimate goal of our research is to develop tools capable of efficiently processing 
and analyzing high-throughput datasets leading to the modeling and prediction of be-
haviors and interactions of whole environments of microbes, in association with their 
hosts (if applicable), metabolites, environmental conditions, and other relevant factors.

Lab activities



24

Figure: Intravital two-photon image of T cells 
and dendritic cells in the lymph node
Pink and red cells are antigen-specific CD4+ and CD8+ 
T cells, respectively. Blue and Green cells are different 
subsets of dendritic cells. Image volume: 400 μm x 400 
μm x 50 μm.
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Team Leader: Takaharu Okada

Recent Major Publications
Kitano M, Okada T. Four-dimensional tracking of lym-
phocyte migration and interactions in lymph nodes 
by two-photon microscopy. Methods Enzymol 506, 
437-54 (2012)
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S, Okada T, Sahai E, Matsuda M. In vivo fluorescence 
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Okada T, Moriyama S, Kitano M. Differentiation of 
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nol Rev 247, 120-32 (2012)
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Okada T. Two-photon imaging of cellular dynamics dur-
ing the adaptive immune response. RIKEN RCAI: Univ. 
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MI, USA. January 16th, 2013.

Okada T. 2-Photon imaging of adaptive immune re-
sponses. 2nd New Zealand-Japan Joint Immunology 
Workshop, Auckland, New Zealand. February 27th, 
2013.

Okada T. S1PR2-driven retention of Tfh cells in the ger-
minal center and its contribution to antibody responses. 
Gordon Research Conferences: T Follicular Helper Cells, 
Hong Kong, China. July 22nd, 2013.

Okada T. Imaging of dendritic cells important for 
cytotoxic T cells. The 3rd International Symposium by 
JSPS Core-to-Core Program: Cooperative International 
Framework in TGF-β Family Signaling, Matsuyama, 
Japan. October 29th, 2013.

Okada T. The role for follicular regulatory T cells in 
immune homeostasis. Annual Meeting of the Japanese 
Society for Immunology 2013: International Symposium 
8, Chiba, Japan. December 12th, 2013.

T he goal of the laboratory is to understand the mechanisms regulating cell mi-
gration and interactions in the tissues that shape adaptive immune respons-

es. Currently, we have limited understanding of how generation of immunological 
memory and tolerance, two key features of adaptive immunity, are controlled by 
dynamic interactions among immune cells. For example, it is not understood how 
dynamics of B cells and helper T cells contribute to generation of humoral immune 
memory. As for cellular immunity mediated by cytotoxic T lymphocytes (CTLs), 
little is known about cell-cell interactions that regulate the CTL differentiation bal-
ance between effector and memory cells. Furthermore, cell-cell interactions that 
are required for peripheral tolerance of autoreactive B cells and CD8+ T cells are 
poorly understood.

As a strategy for tackling the above questions, we use real time imaging, in 
particular two-photon microscopy, to analyze cellular migration and interactions 
in the tissues. This microscopy method has been revealing striking dynamics of 
immune cells in various organs, underlining the importance of this approach to 
resolve the complexity of the immune system. By applying the imaging strategy to 
relevant mouse models, we aim to reveal immune cell dynamics that are critical for 
generation of immunological memory and tolerance. For this aim, we have been 
developing and studying mouse strains in which the dynamics of helper T cells spe-
cialized for B cell immune responses are perturbed, the differentiation balance of 
CTLs is disrupted, cross-presenting dendritic cells (DCs) are fluorescently labeled 
for in vivo imaging, or the dynamics and function of regulatory T (Treg) cell subsets 
are perturbed to break peripheral tolerance of autoreactive B cells and CD8+ T cells.
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Figure: Modeling of a signal-transcription net-
work
Measurement, data integration and modeling in a 
theoretical framework for understanding of signal-de-
pendent cell fate control (right). Mathematical model 
and simulation of NF-κB network.
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Acad Sci U S A 110, 12996-3001 (2013)
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Okada M. A switch in NF-κB immune signaling. The First 
Annual Winter q-bio Meeting, Honolulu, USA. February 
21st, 2013.

Okada M. Regulation of cancer signaling network. The 
72nd Annual Meeting of the Japanese Cancer Association, 
Yokohama, Japan. October 3rd, 2013.

Shinohara H. Switch-like activity of NF-κB is generated by 
CARMA1-TAK1-IKKβ positive feedback loop in BCR-signal-
ing. Gradients and Signalling: from chemotaxis to develop-
ment, Okinawa, Japan. November 14th, 2013.

Okada M. Multi-layered regulation of intracellular signaling 
network. The 36th Annual Meeting of the Molecular Biolo-
gy Society of Japan, Kyoto, Japan. December 3rd, 2013.

Okada M. Signaling dynamics and ON/OFF transcriptional 
regulation. The 3rd Open Symposium: Grant-in-Aid for Sci-
entific Research on Innovative Areas- Protein Modifications 
in Pathogenic Dysregulation of Signaling, Tokyo, Japan. 
January 25th, 2014.

T he aims of the laboratory are to define the general regulatory rules in signal 
transduction-transcriptional networks in cell determination processes and 

to apply this knowledge of regulatory principles to the understanding and treat-
ment of human diseases. For this purpose, we perform quantitative measurements 
of the target biological system using various experimental methods and integrate 
these heterogeneous data by means of mathematical modeling. However, it is not 
always the case that preexisting computational methods and theory are satisfac-
tory to analyze the dynamic behavior of a particular biological system. Therefore, 
we also develop computational algorithms that can be applied for the analysis of 
actual biological data. In 2013, we developed several mathematical models of sig-
nal-transcription networks in immune cell development and cancer. In B cell sig-
naling, based on quantitative experiments and mathematical modeling, we identi-
fied a positive feedback loop and a key molecule that induces switch activation of 
the NF-κB transcription factor. We showed that a positive cooperativity in the sig-
naling network plays an important role to determine individual cell fate (Science, 
accepted). We also developed several computational methods. A newly developed 
algorithm LAMP (limitless arity multiple-testing procedure) method enables us to 
identify combinatorial regulation of transcription factors from time-series tran-
scriptome data. In comparison with existing methods that can find only two-motif 
combinations, our testing procedure contributed to finding larger fractions of reg-
ulatory pathways and TF complexes in human breast cancer. The method allows 
us to find hidden modes of transcriptional regulation critical for determination of 
specific cell stages.

Lab activities



26

Laboratory for

Molecular Live-Cell 
Quantification
Team Leader: Makio Tokunaga

Recent Major Publications
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tein. Mol Pharmacol 83, 930-8 (2013)
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pore complex components in fission yeast Schizosac-
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studies. The 69th Annual Meeting of the Japanese So-
ciety of Microscopy: Symposium Session on technology 
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biology, Suita, Japan. May 20th, 2013.

Tokunaga M. Single molecule imaging ― TIRF and 
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Tokunaga M. Seeing the Dynamic Face of Life by view-
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Figure: Actin-related protein (Arp4) is an essen-
tial component of the ATP-dependent chroma-
tin-remodeling complexes (CRC).
(A) Arp4 is thought to be involved in transcription 
control and DNA damage repair. (B) (C) Fluorescence 
images of Arp4-EGFP expressing HeLa cells using HILO 
microscopy. Scale bar: 10 μm Arp4 is localized both in 
the nucleus and cytoplasm (C), while single molecules 
of Arp4 are detected in the nucleus (C).

B ased on emerging techniques in molecular imaging, our long-term goal is the un-
derstanding of transcriptional regulation related to cell signaling. To achieve this 

goal we quantify the interactions of signaling molecules and transcriptional regulators.
 
TCR microcluster formation
T cell receptor (TCR) microclusters are important to initiate and sustain T cell activation. 
Although various signaling molecules were found enriched in microclusters, the mecha-
nism of microcluster formation remains unclear. To visualize the dynamics of membrane 
proteins related to microcluster formation, we performed simultaneous single molecule 
imaging of TCR and the tyrosine phosphatase CD45 with GFP labeled microclusters. 
CD45 is known to function as an initiator of TCR activation and to be excluded from TCR 
microclusters. On the activated T cell surface, TCR molecules showed slower diffusion 
and longer residence time in microclusters than CD45, suggesting dynamic interaction of 
TCR molecules with the microcluster. We are planning to clarify the mechanism of TCR 
microcluster formation.

Transcriptional control by actin-related proteins
Actin-related proteins (Arps) are evolutionarily and structurally similar to actin. In the 
nucleus, Arp4 and actin are critical components of ATP-dependent chromatin-remode-
ling complexes, which regulate the dynamic modification of chromatin architecture. Arp4 
is reported to play a key role as a regulator of chromatin remodeling, possibly through its 
direct binding to histones, however, the detailed mechanisms remain elusive. Aiming to 
clarify the dynamics of Arp4 in transcriptional control, we performed a quantitative im-
aging analysis of Arp4 in the nucleus. Both single molecule imaging by HILO microscopy 
and FRAP analysis revealed dynamic movements of Arp4. After stimulation with PMA, 
an activator of transcription, the residence time of Arp4 became shorter. These results 
suggest dynamic interactions of Arp4 with either chromatin-remodeling complexes or 
chromatin.
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Figure: Illumina Human Genotyping Array sys-
tem (left) and HiSeq 2500 System (right)
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O ur team established a high-throughput SNP genotyping system using a com-
bined method of multiplex-PCR and the Invader assay during the era of 

the SNP Research Center (FY2000-2007). Using this system, our team contrib-
uted to the establishment of the JSNP database (http://snp.ims.u-tokyo.ac.jp/
index_ja.html) and to the success of the International HapMap Project Phase 1 
(http://hapmap.ncbi.nlm.nih.gov/). From FY2003, our team has been working 
as the main facility of genomic research for the BioBank Japan project and has 
generated a large amount of SNP genotyping data for the association studies of 
common diseases. In addition, since 2008 we have been performing genotyping 
of samples collected by NIH for pharmacogenetic study, Pharmacogenomics Re-
search Network (PGRN), under the PGRN-RIKEN CGM Global Alliance (http://
bts.ucsf.edu/pgrn-cgm/). Moreover, we developed a new genotyping method to 
detect copy number variation (RETINA) that was published in Human Mutation 
(29:182-9, 2008). Using RETINA, we developed a new genotyping method for the 
CYP2D6 gene, which has many functional variations combined with copy num-
ber variations. Since CYP2D6 is associated with the metabolism of many drugs, 
CYP2D6 activity estimated by our method will help in establishing personalized 
drug treatment, the right drug and the right dose. We also developed a rapid SNP 
genotyping system for clinical research and are performing several clinical inter-
vention studies based on the genotype information in the Genome-guided drug 
Treatment Optimization Program (G-TOP) funded by MEXT. Our hope is to im-
plement Genomic Medicine that will optimize medical care and health by use of 
genomic information.
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Figure: Whole genome 
structure of one virus-re-
lated liver cancer
Circos plot showing intra- or 
inter-chromosomal rearrange-
ments and copy number alter-
ations in each chromosome 
(1~22, X, and Y).
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W e have been organizing a cancer genome project for liver cancer as a Japanese 
ICGC project by collaborating with the National Cancer Research Center and the 

University of Tokyo. By operating three HiSeq sequencers at full capacity, as of 2013 we 
completed 270 whole genome sequencing (WGS) sets of liver cancers (x35 for cancer 
and x30 for blood). We and the Laboratory for Medical Science Mathematics performed 
mathematical analysis for the WGS dataset and demonstrated a comprehensive landscape 
of diverse phenotypes of liver cancers with multiple etiological backgrounds (virus-relat-
ed and non-viral, hepatocellular carcinoma and biliary phenotype) for point mutations, 
short indels, copy-number alterations, structural variations, and virus integrations. On 
average 9,700 somatic substitutions and indels were called per each tumor, and muta-
tional signatures of liver cancer, especially multi-centric (MC) tumors, indicated an influ-
ence of etiological background on somatic mutation patterns (Fujimoto et al. Nat Genet 
2012) and a strong impact of chronic inflammation on the mutation process in cancer 
development. We systematically performed integrated and comparative analyses of whole 
genomes and transcriptomes (RNA-seq) of HBV-related liver cancers and their matched 
controls, which provided strong evidence that various types of genomic mutations could 
trigger diverse transcriptional changes. Some silent mutations in coding regions, deep 
intronic mutations and structural changes caused splicing aberrations, and HBV integra-
tions generated diverse patterns of virus-human fusion transcripts. These comparative 
and complementary analyses provide a higher-resolution landscape of the cancer genome 
and can improve the interpretation of mutational consequences of genomic alterations. 
As of 2013, we also completed ~600 exome sequencing of several diseases including 
arrhythmia, autoimmune diseases, and rare tumors by collaborating with other teams 
within IMS. We were also involved with GWAS of prostate cancer and establishment of 
a risk estimation model for prostate cancer by using 16 common SNPs (Akamatsu et al. 
PLoS ONE 2012) and participated in global meta-analysis of prostate cancer GWAS.
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Figure: Development and application of our new 
analysis methods

O ur research centers around the development of mathematical methods to enhance 
understanding of genetic variation and its impact on human diseases. To enhance 

ongoing GWAS analyses, we developed parallelized imputation pipelines to infer data for 
ungenotyped SNPs using 1000 Genomes haplotypes. Further, we developed methods to 
extract independent loci from the high-density data and applied these methods to a num-
ber of GWAS, e.g. [3]. We recently published a type 2 diabetes (T2D) study using these 
methods to search for novel variants and to better understand existing T2D association 
signals. That study discovered three novel loci associated with T2D (Human Molecu-
lar Genetics, 23: 239-246, 2014). Recently, massively parallel sequencing technology has 
allowed creation of comprehensive catalogs of genetic variation. However, to overcome 
relatively high sequencing error rates, sophisticated analysis methods are required. Ex-
panding on our analysis of the first report of a Japanese individual’s whole-genome se-
quence (Nature Genetics 42: 931-936, 2010), we developed methods for detecting SNVs 
and short indels in whole genome and exome sequencing data for single sample calling 
[2]. The results showed high concordance with genotyping arrays, and Sanger sequencing 
revealed extremely low false positive and negative rates. As an International Cancer Ge-
nome Consortium (ICGC) member (Nature 464: 993-998, 2010), we constructed an an-
alytical pipeline based on this method to detect somatic alterations and viral-integration 
sites in cancer genomes. We reported our analysis of 27 hepatocellular carcinoma (HCC) 
genomes, 25 of which were associated with hepatitis B or C virus infection, including two 
sets of multicentric tumors, using this pipeline [1]. After adjusting for gene-length and 
background mutation frequency, we compiled a long-tailed list of recurrently mutated 
genes. Through gene set enrichment analysis of deleterious mutated genes, we found a 
significant overrepresentation of chromatin regulators. Furthermore, principal compo-
nent analysis found that the substitution patterns of the 27 HCCs correlate with the etio-
logical backgrounds from which the tumors developed.
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Figure: Representative results of GWAS Analysis
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T he mission of our laboratory is to clarify the mechanisms of human diseases 
and traits from the viewpoint of statistics and informatics. Recent technology 

developments have enabled us to investigate human variations over the entire ge-
nome. Massive amounts of genomic data are available, and we try to identify the 
genes associated with diseases/traits through performing analysis of these data.

Our center searches for genes associated with diseases and drug reactions. Our 
laboratory is in charge of performing GWAS and selecting candidate SNPs asso-
ciated with diseases. We are performing many quality controls on the SNP data 
based on statistical genetics and statistics to obtain interpretable results. Then our 
laboratory is performing case-control association studies or quantitative analyses.

The Biobank Japan project has collected approximately 200,000 patients with 
47 diseases, along with phenotype information. IMS has genotyped a huge num-
ber of the SNPs of individuals in the Biobank Japan. By using these data, we try 
to find new loci associated with diseases by GWAS. We also have constructed and 
developed GWAS systems in IMS to perform the GWAS in a short time. Individ-
ual genotype data have been accumulated, and there are very large amounts of 
genomic data. Therefore, we have constructed a data system to manage all these 
data. We are in charge of GWAS and statistical analysis and collaborate in many 
projects/consortiums to find novel loci associated with diseases, drug reactions 
and traits by GWAS

We are attempting to identify causal loci related to monogenic diseases by us-
ing next generation sequencing. We are in charge of development of new methods 
and systems to perform such analysis from the viewpoint of statistics and infor-
matics.
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Figure: Strategy of a pharma-
cogenomics-guided approach 
to avoid adverse drug reac-
tions: focusing on genomic bio-
markers associated with risk of 
skin rash induced by nevirapine 
(NVP), an anti-HIV therapeutic 
reagent
A prospective clinical trial, GEN-
PART Study was conducted in order 
to validate a prediction method for 
the NVP-induced skin rash using 
genetic testing of HLA-B*35:05 and 
an SNP of CCHCR1, rs1576. Advance 
genetic testing significantly reduced 
the prevalence of NVP-induced skin 
rash from 18% in the control group 
to 13% in the intervention group 
(P = 0.031), indicating the medical 
usefulness of genetic testing using 
the HLA-B*35:05 and CCHCR1 
rs1576 markers.

A dverse drug reactions (ADRs) are often unpredictable, owing to the fact that 
responses to drugs vary among different individuals. However, it is believed 

that applying knowledge of pharmacogenomics (PGx) to clinical treatment can 
help to improve predictions of efficacy and/or toxicity of drugs, leading to appro-
priate therapeutic regimens for individual patients and to contribute to improve-
ment of our medical care. In fact, the U.S. Food and Drug Administration (FDA) 
recommended genotyping of polymorphisms in drug-metabolizing enzymes and 
HLA prior to drug administration for avoidance of severe ADRs for several drugs, 
such as irinotecan, atomoxetine, carbamazepine and abacavir. In attempts to iden-
tify genomic biomarkers that predict efficacy or risk of ADRs for various drugs, 
such as neutropenia and leucopenia induced by cancer chemotherapeutic agents 
and skin rash induced by anti-epileptics, we conduct genome-wide association 
studies (GWAS) using single-nucleotide polymorphisms (SNPs), which are the 
most abundant polymorphisms in the human genome. To date, we have identified 
several “probable valid” genomic biomarkers (HLA-B*35:05/CCHCR1 for nevi-
rapine -induced skin rash, VKORC1/CYP2C9 for warfarin maintenance dosage, 
HLA-A*31:01 for carbamazepine-induced skin rash, and CYP2D6 for tamoxifen 
efficacy) that will be useful for PGx-guided drug therapy. In order to establish 
PGx-based individualization of drug therapy, advantages of the genomic biomark-
ers should be demonstrated. Thus, we have conducted and are conducting pro-
spective clinical trials that can evaluate the medical utility and cost-effectiveness 
of genetic testing. If physicians can predict in advance which patients are more 
susceptible to ADRs, they could use alternative drugs or take particular care dur-
ing the course of treatment to prevent the skin rash at an early stage, leading to safe 
and patient-friendly personalized treatment.
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Figure: A New tool for joint tissue sectioning and 
separation of articular cartilage and subchondral 
bone
Left panel:  Custom tools for joint tissue sectioning that 
can cut any region of interest and a four-region model 
system representing disease progression of OA. Right 
Panel: sectioning and grinding for separating the over-
laying cartilage and underlying subchondral bone.
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T he main aim of our laboratory is to identify genetic associations with diseas-
es; drug induced adverse events or drug efficacy. It is hoped that the discover-

ies from our research will identify useful biomarkers that could be used to predict 
drug-induced adverse events, guide drug use and could also be used in disease 
prediction/diagnosis. Another main focus of this laboratory is to promote col-
laborations both within Japan and internationally. We have set up collaborations/
consortium in Asia (Southeast Asian Pharmacogenetics Consortium, SEAPharm) 
and Europe (Genomic Medicine Alliance) to foster collaboration with RIKEN and 
among the participating research groups. We also actively recruit young scientists 
from overseas to work at RIKEN and carry out research in SNP-based approaches, 
statistical analysis and biological analysis. Our goal is to establish an international 
genetic research network that will make the Center for Integrative Medical Scienc-
es a world leader in personalized medicine. Currently, our group’s main focus is 
on Pharmacogenetics (PGx) and the genetic study of complex diseases. For PGx 
studies, we aim to establish a functional analysis platform that not only allows us 
to study the interactions between HLA and drugs, but can also be used to confirm 
the findings from genetic analysis for severe ADRs, many of which involve the 
HLA molecules. In addition, we will use genome-wide association study to iden-
tify genetic variants associated with 1. Anti-infectious drug-induced liver injuries. 
2. Phenytoin and co-trimoxazole induced Stevens-Johnson Syndrome (SJS) and 
Toxic epidermal necrolysis. 3. Adverse reactions to non-steroidal anti-inflamma-
tory drugs. For complex diseases, we aim to identify genetic variants associated 
with Hippocampal Sclerosis in Thais and are performing an epigenetic and bio-
marker study of osteoarthritis (OA).
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Figure: Manhattan plot of meta-analysis results 
for genome-wide association with atrial fibril-
lation

S ince heart diseases represent more than 15% of the cause of death in the Japa-
nese population and more than 20% of the total medical expenses in Japan, it is 

socially important to discover the mechanisms of these disorders. We have been the 
first to reveal genetic background effects in myocardial infarction (MI), atrial fibril-
lation (AF), and Kawasaki disease (KD) by comprehensive genetic analyses of the 
Japanese population, followed by functional in vitro analyses. We also began studies 
to identify genetic factors for arteriosclerosis obliterans, or peripheral artery dis-
ease (ASO). At present, our laboratory focuses on these four cardiovascular diseas-
es. Our ultimate goal is to provide novel diagnostic/therapeutic approaches to such 
patients. To this end, we are extending our research area from genetics to molecular 
biology, including in vivo analyses of genetically engineered mice. For MI, we are 
searching for novel MI susceptibility genes, followed by functional analyses of these 
genes in vitro and in vivo, including knock-out or transgenic mouse techniques. We 
have just started to develop a screening system to search for novel drugs that might 
prevent coronary restenosis after percutaneous coronary intervention by inhibiting 
cellular BRAP- I kappa B interactions. For AF, we are performing functional anal-
yses of AF susceptible genes in vitro and in vivo. For ASO, we have identified two 
novel loci associated with the disease and are currently performing fine mapping of 
these loci and functional assessment of the associated SNPs. For KD, we are trying 
to identify genetic risk factors of resistance to IVIG therapy and developing coro-
nary artery lesions.
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Figure: Understanding autoimmune diseases through eQTL studies
We focus on the expression of genes as an intermediate trait to understand the mechanism of autoimmune diseases. 
We perform eQTL studies for each immune cell type by using next generation sequencing technologies such as RNA-
seq. By combining the data from GWAS and eQTL studies, we will unravel the mechanism of disease.
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M ost autoimmune diseases, such as rheumatoid arthritis (RA) and system-
ic lupus erythematosus, are multifactorial diseases involving both genetic 

and environmental factors. The aim of our laboratory is to elucidate the etiology 
of these autoimmune diseases by dissecting their genetic aspect. RA is one of the 
most common autoimmune diseases with inflammatory arthritis. While the HLA-
DRB1 gene polymorphism is the major determinant of RA susceptibility, several 
groups worldwide including our own have performed genome-wide association 
studies (GWAS) to find non-HLA risk loci. However, each individual GWAS 
lacked statistical power and a substantial proportion of risk loci remained undis-
covered. In world-wide collaborations, we performed meta-analyses of GWAS and 
found more than 100 risk loci for RA so far. 

As GWAS could only indicate the presence of disease-associated variants in the 
loci, we further investigated these candidate loci to seek disease-causal variants 
and elucidate their biological relevance to RA. Previous expression quantitative 
trait loci (eQTL) studies that examined association between genetic variants and 
gene expression levels have suggested that the majority of autoimmune loci are 
eQTLs, where disease causing variants affect expression of the responsible genes. 
Therefore, we think it is essential to focus on “gene expression” as an intermediate 
trait to dissect the etiology of “disease onset” (Fig.). We are currently undertaking 
genome and transcriptome analysis of each immune cell type from Japanese indi-
viduals to establish eQTL catalogues of human immune cells. Furthermore, as the 
precise function of the responsible genes in vivo has been not yet clarified for most 
of the candidate loci, we are investigating the function of these genes including 
PADI4, CD244 and FCRL3 by using disease-model mice. Our goal is to unravel 
the pathological mechanisms of disease as well as to facilitate the development of 
new therapies.
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Figure: Case-control association plots and 
linkage disequilibrium (LD) map and genomic 
structure of the DEPDC5 region on chromosome 
22q12.2-3
Blue diamonds represent -log10 P obtained from the 
GWAS and fine mapping (upper panel). The LD map 
based on D’ was drawn using the genotype of the cases 
and controls in the GWAS samples (lower panel). The 
candidate region is indicated by two black dashed 
lines. The landmark SNP (rs1012068) is indicated by 
the red dotted line.

T he objectives of our laboratory are: 1. Identification of genes related to the 
effects and side effects of antiviral agents, 2. Identification of genes related to 

HCV-related hepatocellular carcinoma, and 3. Identification of genes related to 
chronic HCV infection.

Hepatitis C virus (HCV) infection is one of the major causes of chronic liver 
diseases, which may lead to liver cirrhosis and hepatocellular carcinoma (HCC). 
Type-I interferons have been used as antiviral agents for HCV infection. Recent 
GWAS, including ours, have shown that variants in the inosine triphosphatase 
(ITPA) gene are associated with ribavirin induced anemia during pegylated inter-
feron plus ribavirin combined therapy for HCV infection, which may lead to dose 
reduction or therapy discontinuation. On the other hand IL28B variants have been 
found to be associated with treatment outcome of the therapy.

We assessed efficacy and predictive factors for sustained virological response 
(SVR) for teraplevir-based triple therapy and published a prediction model for the 
outcome of pegylated interferon plus ribavirin combination therapy (Chayama, J 
Infect Dis 2011; Ochi, J Infec Dis 2012).

To identify risk factors for HCV related HCC, we conducted a genome-wide 
study and identified one intronic SNP in the DEPDC5 locus associated with HCC 
risk (rs1012068, combined P=1.27 ×10−13, odds ratio: 1.75) (Miki, Nat Genet 2011).

To identify genetic risk factors for chronic HCV infection, we performed 
GWAS in Japanese chronic HCV patients and controls. We found one intronic SNP 
in the HLA-DQ locus associated with chronic HCV infection (combined P = 3.59 × 
10−16, odds ratio: 0.79). Subsequent analysis revealed another SNP rs1130380 with a 
stronger association (odds ratio: 0.72). This SNP causes an amino acid substitution 
in the HLA-DQB1 protein specific to the DQB1*03 allele, suggesting that a com-
mon amino acid substitution in HLA-DQB1 affects susceptibility to chronic HCV 
infection in the Japanese population (Miki, PLOS ONE 2013 in press).
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Figure: Phenotypes of a 
zebrafish morphant (MO) 
of gpr126
(a) A lateral view of zebrafish 
with measurements of body 
length and eyeball diameter. 
The eyeball diameter is an 
average of the maximum 
(white arrow) and minimum 
(yellow arrow) diameters. The 
body length (b) and eyeball 
diameter (c) of gpr126 and 
control MOs at 14 dpf. Alizarin 
red staining for the skeleton 
(d) and the number of min-
eralized vertebrae (e) at 14 
dpf. Vertebral development 
is significantly delayed in 
gpr126 MO. *P< 0.01; NS: not 
significant.
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W e are now mainly working on the identification of new susceptibility genes 
for adolescent idiopathic scoliosis (AIS). AIS is a complex three-dimen-

sional spinal deformity that occurs during the pubertal growth spurt. AIS is the 
most common pediatric skeletal disease, affecting > 2% of school-age children. 
The etiology of AIS remains largely unknown; however, many clinical and genetic 
studies suggest a contribution of genetic factors in the development of AIS.

We conducted a GWAS of AIS in Japanese and identified a single locus on 
chromosome 10q24.31 that surpassed a genome-wide significance level of P < 5 
× 10−8 (Takahashi et al. Nat Genet 2011). The association of the locus was subse-
quently replicated in two independent Chinese populations and our own inter-
national meta-analysis (Sharma et al. manuscript under review). The locus has 
provided the most compelling evidence of association with AIS to date.

To identify additional AIS susceptibility loci, we extended our GWAS. Through 
a step-wise association study which included a total of ~1,800 cases and ~26,000 
controls, we identified a new AIS locus on chromosome 6q24.1 in Japanese (P = 
2.25 × 10-10) (Kou et al. Nat Genet 2013). The most significantly associated SNP 
was in GPR126 (G protein-coupled receptor 126) and its association was repli-
cated in Han Chinese and Caucasian populations (combined P = 1.23 × 10-14). 
GPR126 is highly expressed in cartilage and its knockdown in zebrafish caused 
delayed ossification of the developing spine (Fig.). Our results should provide fur-
ther insights into AIS etiology and pathogenesis. 
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Figure: Manhattan plot for the discovery analysis 
of directly genotyped and imputed SNPs in 5,976 
T2D cases and 20,829 controls
Known loci that reached genome-wide significance (P 
< 5 ×10-8) in the discovery analysis (5,976 T2D cases 
and 20,829 controls) are indicated in black font and the 
three loci that reached genome-wide significance in the 
combined analysis of discovery and follow-up analyses 
(19,094 cases and 31,417 controls) are indicated in red.

Research activities for type 2 diabetes (T2D):
We have performed extended analyses of our previous GWAS (Nat Genet, 2010) 
by increasing the number of examined SNPs to 2,229,890 SNPs with genotype im-
putation, and identified the ANK1 locus as a new locus for T2D (Imamura et al. 
Hum Mol Genet, 2012). In an effort of the Asian Genetic Epidemiology Network 
(AGEN), 8 new loci were identified by a meta-analysis of East Asian GWAS (Cho 
et al. Nat Genet, 2012). We further performed a larger scale Japanese GWAS for 
T2D using 6,209,637 SNPs in 26,805 Japanese individuals (5,976 T2D and 20,829 
controls). Combined discovery and follow-up analyses (30,392 cases and 34,814 
controls) identified three new loci, MIR129-LEP, GPSM1 and SLC16A13 (Fig.).

To assess the clinical utility of GWAS-derived T2D susceptibility variants in 
the Japanese population, we constructed a genetic risk scores (GRS) by summing 
the susceptibility alleles of 49 SNP loci for T2D and examined the association of 
the GRS with the disease by receiver operating characteristic (ROC) analyses us-
ing a logistic regression model. The area under the curve (AUC) for GRS alone 
(model-1) and for age, sex, and BMI (model-2) was 0.624 and 0.743, respective-
ly. Addition of the GRS to model-2 resulted in a small but significant increase in 
the AUC (∆AUC = 0.03, p = 7.99 × 10−15). These results indicate that currently 
available genetic information slightly improves disease prediction ability, but is 
not sufficiently robust for translation into clinical practice (Imamura et al. J Clin 
Endocrinol Metab, 2013).

Other research activities:
We have also participated in the identification of susceptibility loci for diabetic 
nephropathy, a biomarker for visceral obesity, and causal mutations for autosomal 
dominant polycystic kidney disease in Japanese populations.
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Figure: Manhattan plot of 
the GWAS for Japanese 
atopic dermatitis
We conducted a GWAS and 
a validation study. A total 
of eight new atopic derma-
titis susceptibility loci were 
identified with genome-wide 
significance: IL1RL1-IL18R1-IL-
18RAP, the MHC region, 
OR10A3-NLRP10, GLB1-CCR4, 
CCDC80, CARD11, ZNF365-EGR2 
and CYP24A1-PFDN4.
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T he aim of our project is to improve our understanding of the pathophysiology 
of human respiratory and allergic diseases, which are caused by a combina-

tion of genetic and environmental factors. To elucidate the genetic components, we 
have conducted genome-wide association studies (GWASs) and identified several 
genetic loci for bronchial asthma and atopic dermatitis (Nat. Genet. 2011 & 2012). 
A recent immunochip analysis for atopic dermatitis using European populations 
revealed four new susceptibility loci, 4q27 (IL2-IL21), 11p13 (PRR5L), 16p13.13 
(CLEC16A-DEXI) and 17q21.32 (ZNF652). We conducted a replication study us-
ing a Japanese population and confirmed the associations at the 11p13, 16p13.13 
and 17q21.32 loci (Nat. Genet. 2013). Candidate genes identified by the GWASs 
and immunochip analysis suggest roles for barrier functions, innate-adaptive im-
munity, IL-1 family signaling, regulatory T cells, and the vitamin D pathway in the 
pathogenesis of allergic diseases. To investigate whether polymorphisms identi-
fied by the genetic studies could affect the susceptibility to and clinical phenotypes 
of diseases, we will conduct functional analyses and serological studies.

The first GWAS of asthma in the European population identified a locus on 
chromosome 17q21.1. Subsequent replication studies have identified genetic var-
iants on the 17q21.1 locus associated with asthma in different ethnic populations. 
We reported that genetic variants in the 17q21.1 locus were associated with aller-
gic rhinitis and were strongly correlated in cis with transcript levels of ORMDL3 
in Epstein-Barr virus (EBV)-transformed lymphoblastoid cell lines in a Japanese 
population (Allergy 2013).We participate in the Global Alliance for Pharmacog-
enomics. We have conducted GWASs and identified several loci that are involved 
in individual asthma treatment response.

We will conduct further cross-disciplinary studies combining genetics, immu-
nology and clinical epidemiology for translation of research into clinical practice.
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Figure: Anti-tumor adjuvant effects mediated by 
semi-allogeneic (129xB6) F1 ES-NKT cells
Semi-allogeneic (129xB6) F1 ES-derived NKT cells were 
transferred into NKT-KO mice followed by stimulation 
with OVA and α-GalCer/DCs. A significant increase 
in the number of OVA-CD8T cells and suppression 
of OVA-bearing tumor growth was observed. Thus, 
semi-allogeneic NKT cells can function in vivo even if 
they are eliminated in a few days by the host immune 
response. 

Identification of NKT cell precursors: Different from the present notion of NKT 
cell development after CD1d-selection at the DP stage, we identified an NKT 
precursor in the DN1e stage (DN1eP) in the adult and fetal thymus of CD1d-/- and 
wild-type mice. The DN1eP have unique gene expression profiles that differ from 
NKT cells. The DN1eP already express key Th1-like signature genes prior to CD1d 
selection and preferentially develop into Th1-type NKT cells in the presence of 
CD1d. The development of DN1eP is dependent on IL-7R, PLZF and SAP, while 
that of DP precursors is not. Our findings reveal a novel NKT cell developmental 
pathway that is different from the DP pathway.

Clinical trials of NKT-targeted therapy on advanced lung cancer (stage IIIB, 
IV and recurrent tumor) after surgery/chemotherapy/radiation therapy,  
and in head and neck tumors: The NKT-targeted cell therapy was approved by 
the Japanese government for advanced lung cancer in 2011 and for head and neck 
tumors in 2013, because the therapy improved their prolonged median survival 
time (29.6Mo vs 4.6Mo for lung cancer and SD or PD in 100% patients treated). 
From 2013, we are collaborating with Chiba University Hospital on head and neck 
tumors and the National Hospital Organization on Stage IIA/IIB lung cancer after 
surgical tumor resection.

iPS-derived NKT cells: For the future clinical application of iPS-derived NKT 
cells, we made the following important observations: a) NKT cells did not induce 
GvHD. b) Semi-allogeneic NKT cells induced a significant increase in the number 
of CD8 T cells and suppression of tumor growth. Thus, semi-allogeneic NKT cells 
can function in vivo even if they are eliminated in a few days by the host immune 
system.
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Figure: Immune response in dogs immunized 
with artificial adjuvant vector cells
Two doses of ova-expressing artificial adjuvant vector 
cells (low dose; 5x106, high dose; 5x107) were adminis-
tered to 3 dogs. The number of iNKT cells was evaluat-
ed by staining with murine CD1d-dimer/Gal and canine 
CD3 Ab (left). The function of CD8+ T cells was assessed 
by IFN-γ ELISPOT after stimulation with autologous 
Ag-loaded DCs (right).
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T he aims of the laboratory are to extend our basic studies for advancing immuno-
therapy and translational research, from basic studies back and forth to the bedside 

in the field of cancer. For this, we have been conducting three NKT cell-related projects. 
In this system, the synthetic glycolipid, α-galactosylceramide (α-GalCer), is presented by 
CD1d molecules to invariant NKT lymphocytes. When NKT cells are activated in this 
manner, they have unique immunostimulatory features that include the rapid produc-
tion of IFN-γ and NK cell activation, followed by innate immunity-mediated antitumor 
effects.

First, we have made attempts to establish a strategy linking innate and adaptive im-
munity. For this purpose, we have been studying processes of activation of adaptive im-
munity through full maturation of DCs soon after the activation of NKT cells in vivo. In 
addition, we are investigating adequate delivery systems that have the potential to en-
hance antitumor immunity. We have developed artificial adjuvant vector cells as new type 
of drug delivery system composed of NKT ligand and tumor associated antigen, linking 
innate and adaptive immunity. Since this project was accepted by the RIKEN translation-
al program, we are making efforts to work toward preclinical studies that will ultimately 
lead to clinical trials (Fig.). As a second project, we have been working in a collaborative 
study with the RIKEN iPS-group to establish iPS-NKT cells. In this project, we focus on 
the preparation of primary NKT cells as the starting material for generating NKT cell-de-
rived iPS and on the analysis of the function of iPS-derived NKT cells. Third, in our previ-
ous collaboration with Chiba University, we obtained successful immunological and clin-
ical results using α-GalCer-loaded dendritic cell (DC/Gal) therapy in advanced lung can-
cer patients. To continue and extend this project, after a framework agreement, we have 
been launching a joint clinical phase I /IIa study of NKT cell therapy with the National 
Hospital Organization (NHO) for early stage lung cancer patients after surgical tumor 
resection. In this study, we play an important role in the analyses of immune responses.
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Figure: Analysis of IgE+ B cells in the germinal 
center 
OVA-sensitized C57BL/6 mice were injected intrave-
nously with rhodamine-liposomal α-GalCer. Spleno-
cytes were prepared 1 h after the injection, stained 
with anti-B220, anti-GL7 and anti-IgE mAbs and ana-
lyzed by flow cytometry.

I nvariant natural killer T (iNKT) cells perform immunoregulatory roles such 
as the suppression of IgE responses as well as having adjuvant roles in host 

defense. Although the mechanism of immune activation by iNKT cells is well un-
derstood, that of immune suppression remains unclear. Here, we show that the 
delivery of α-galactosylceramide (α-GalCer), a representative iNKT cell ligand, 
to splenic B220-positive cell subsets including IgE-expressing B cells leads to IL-
21 expression by iNKT cells and results in the IgE isotype-specific suppression. 
Fluorescent-labeled liposomal α-GalCer was preferentially incorporated into 
B220+CD21highCD23low cell subsets expressing a high level of CD1d rather than 
into CD11b and/or CD11c-positive cells. Splenic iNKT cells migrated and co-lo-
calized with the α-GalCer-presenting B cells in a CXCL16-dependent manner. 
The expression of IL-21 by iNKT cells after the co-localization was remarkably 
diminished by blockade of the CXCR6/CXCL16 interaction with an anti-CXCL16 
neutralizing antibody. Furthermore, the suppression of the IgE responses seen in 
mice administered the liposomal α-GalCer was restored by treatment with the an-
ti-CXCL16 antibody. Unlike off-target cells of the liposomal α-GalCer, the major 
target B cells, expressed IgE, IL-21 receptor and Bmf mRNAs, and were highly sen-
sitive to IL-21-induced apoptosis in vitro. IgE-expressing cell subsets among the 
liposomal α-GalCer-targeted B cells included B220+GL7+ germinal center B cell 
subsets (Fig.). These results collectively suggest that in vivo IgE isotype-specific 
suppression by liposomal α-GalCer administration could be caused by IgE B-spe-
cific apoptosis induced by IL-21 produced by activated iNKT cells.
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Figure: Hypothetical vicious cycle of allergic skin 
inflammation
Allergen-specific TH2 cells stimulate production/secre-
tion of periostin by fibroblasts. Periostin in turn then 
stimulates keratinocytes to produce and secrete TSLP 
and other inflammatory cytokines. In this scheme, TH2 
cells seem to be required for initial epidermal over-
expression of TSLP. Once sustained overexpression of 
TSLP is established, mast cells may play a more impor-
tant role in persistent dermatitis than TH2 cells. PLC-β3 
can regulate activities of the cellular elements of this 
network, such as proliferation of mast cells, periostin 
production/secretion by fibroblasts and TSLP produc-
tion/secretion by keratinocytes. Our data also suggest 
the presence of a feedback loop for inhibition of fibro-
blast periostin production by TSLP, and that PLC-β3 in 
fibroblasts is required for this feedback inhibition. DC, 
dendritic cell; TH0, naïve CD4+ T cells.
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Role of histamine-releasing factor (HRF) in allergic diseases
HRF is a cytokine-like protein that can stimulate histamine release and cytokine 
(IL-4 and IL-13) production/secretion from IgE-sensitized basophils and mast 
cells. HRF-like activities are found in bodily fluids during the late phase of allergic 
reactions. We recently demonstrated that some, but not all, IgE and IgG molecules 
interact with HRF with low affinity. By mapping the binding sites on both HRF 
and IgE/IgG molecules, we developed competitive inhibitors of HRF-IgE (or IgG) 
interactions. Using these inhibitors, we showed that HRF promotes allergic inflam-
mation in mouse models of anaphylaxis and asthma (Kashiwakura et al., 2012). We 
are now investigating the role of HRF in food allergy. Using a standard food allergy 
model, which is mast cell-, IgE-, and FcεRI-dependent, our initial experiments sug-
gest that HRF is involved in the promotion of the allergic reactions (unpublished). 
We have been measuring HRF and HRF-reactive IgGs in sera of food allergy pa-
tients before and after the rapid oral induction of tolerance (ROIT). Another area 
of research is on HRF-related human mRNA sequences (unpublished). We are now 
studying whether the HRF-related proteins encode by these transcripts affect HRF 
functions.

Pathogenic mechanisms of atopic dermatitis (AD)
AD is a chronic pruritic inflammatory skin disease. In the AD project, we have 
been studying the cellular and molecular mechanisms using our previously estab-
lished in vivo AD induction model and the spontaneously occurring AD-like skin 
lesions in phospholipase C (PLC)-β3-deficient mice. As we recently showed the im-
portance of PLC-β3-mediated Stat5 regulation in mast cells in causing AD (Ando 
et al., 2014; Fig.), we are now studying whether Jak family members as upstream 
regulators are involved in the regulation of Stat5 in mouse and human mast cells.
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Figure: Subcutaneous vaccination significantly 
inhibits the increase of Cry j 2-specific IgE after 
Cry j 2 intranasal sensitization.
The recombinant vaccine was administered subcuta-
neously into Cry j 2-sensitized mice three times and 
the mice were again sensitized with Cry j 2 intranasally 
after the vaccination. The increase of Cry j 2-specific IgE 
after the last challenge with Cry j 2 was significantly 
attenuated in the vaccinated mice compared with the 
control mice with no-vaccination (saline). This figure 
shows the mean Cry j 2-specific IgE titer in each group. 
*: p<0.05 by Mann-Whitney U-test.

Japanese cedar pollinosis is a common allergy in Japan. Antigen-specific immu-
notherapy (SIT) is considered to be the only curative treatment for allergy, and 

only a crude extract from Japanese cedar pollen has been approved for clinical use 
by the Ministry of Health, Labour and Welfare in Japan. Vaccines using allergoids 
and modified Cry j 1, a major allergen of Japanese cedar pollen, have been devel-
oped and used in pre-clinical trials; however, none of them has been commercially 
provided for medical use. This situation is due to poor clinical outcomes at later 
stage clinical trials or the inability to find a cooperative pharmaceutical company 
that will introduce them onto the market. To fill the critical gap between basic re-
search and the later stage of drug development, IMS-RCAI established a program 
named ‘exchange zone’, where RIKEN, universities, hospitals, and pharmaceutical 
companies work together for drug development, including allergy vaccines espe-
cially for Japanese cedar pollinosis. Based on this program, RIKEN and TORII 
pharmaceutical Co., Ltd. set up a joint research laboratory in RCAI in May 2010 
and began to develop the SIT vaccine.

For the vaccine, recombinant technology is used to conjugate two major aller-
gens from Japanese cedar pollen, namely Cry j 1 and Cry j 2, and then the protein 
is further modified with polyethylene glycol to prevent binding with immuno-
globulin E (IgE) and to improve its solubility.

Systemic injections of the vaccine into Cry j 1 or Cry j 2-sensitized mice pre-
vented the increase of serum antigen-specific IgE after systematic or local sensiti-
zation with native Cry j 1 or Cry j 2 in a dose dependent manner. To improve the 
therapeutic effects of the vaccine, elucidation of the therapeutic mechanisms and 
identification of biomarkers are important issues. Therefore, we are looking for 
biomarkers to monitor therapeutic responses during or after the vaccination.
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Figure: ADCC activity estimated using the KHYG 
NK cell line
ADCC activity by Rituximab (as a positive control) and 
mouse and chimeric anti-X mAbs against cancer cells 
measured by utilizing NK cells from spleens of SCID 
mice and NK cell lines as effectors.
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The use of monoclonal antibodies (mAbs) for cancer therapy has achieved sig-
nificant success in recent years. Our laboratory, linked to the RIKEN Pro-

gram for Drug Discovery and Medical Technology Platforms (DMP), is preparing 
new mAbs for cancer and other diseases by collaborations within and outside of 
RIKEN. Along with mAb production, we clarify the activity of mAbs obtained in 
our laboratory in terms of whether they could be applicable in medical therapies 
by using several model systems, prior to further analysis on the clinical side.

Tumor cell killing is mediated through direct action of the antibody (through 
receptor blockade or agonist activity), complement-dependent cytotoxicity 
(CDC) and/or antibody-dependent cellular cytotoxicity (ADCC). The antibody 
Fc is essential for mediating tumor cell killing through CDC and ADCC, but the 
antibody V-region is also important for the killing activity with respect to the rec-
ognition sites and affinity for the target molecules.

In 2013, in order to isolate a large number of candidate mAb with ADCC activ-
ity from a hybridoma screening, we prepared a human NK cell line that expresses 
a mouse or human FCγΙΙΙ receptor as the effector cells for the assay (Fig.). This 
strategy is very efficient as it enables us to measure ADCC activity by a minute 
amount of Abs in the culture supernatant at any time point without a complex 
process. Accordingly we are able to preferentially select ADCC-positive clones 
during the initial hybridoma culture, prior to the antibody purification. Further-
more, we established a mouse model to evaluate the anti-cancer activity of mAbs 
selected by in vitro analysis.

The successful development of candidate antibodies for the clinic involves a 
complex process of scientific and preclinical evaluations, with a convergence of 
cancer biology and immunology. We hope to develop antibodies for the clinic, 
particularly leukemic cancers, in collaboration with clinical researchers.

Lab activities



45

Central Facilities in IMS provide all researchers in the Center 
with access to the most advanced equipment and technolo-

gies. Central Facilities consist of four sections; the FACS Laboratory 
managed by Dr. Takashi Saito, the Confocal Laboratory managed 

The Confocal Laboratory provides equipment for cell and tissue 
imaging, and coordinates technical support by Leica Microsystems. 
There are seven laser-scanning fluorescence microscopes available 
to IMS researchers.

1.	 Inverted SP2 system with visible lasers for single-photon excita-
tion and a femtosecond Ti:Sa laser for two-photon excitation.

2.	 Inverted SP2 system with visible lasers for single-photon excita-
tion including a 405 violet laser. This microscope is equipped 
with a chamber system that controls CO2 concentration, tem-
perature and humidity for live cell imaging.

3.	 Inverted SP5 system with visible lasers for single-photon excita-
tion including a 405 violet laser.

4.	 Upright SP2 system with visible and UV lasers for single-photon 
excitation.

5.	 Inverted SP8 system with visible lasers for single-photon excita-
tion. SP8 is Leica’s newest system with improved optics.

6.	 Upright SP5 system with twin femtosecond Ti:Sa lasers for 
two-photon excitation. This system utilizes resonant scanners 

Figure: Left: SP5 confocal microscope (#3). Right: SP5 II two-photon micro-
scope with a femtosecond Ti:Sa laser plus an OPO (#7).

Confocal Laboratory

that enable high-speed acquisition of large z-stacks for live tissue 
imaging.

7.	 Inverted SP5 II system with a femtosecond Ti:Sa laser for 
two-photon excitation. This system utilizes resonant scanners. 
The laser system is equipped with an optical parametric oscilla-
tor (OPO) that enables two-photon imaging by long wavelength 
excitation (1100-1300 nm).

by Dr. Takaharu Okada, the Genomics Laboratory managed by Dr. 
Osamu Ohara, and the Animal Facility managed by Dr. Haruhiko 
Koseki. 

Table: Instruments in the FACS Lab.

Machine types

FACS cell analyzer

FACS cell sorter

Mass-cytometer

Imaging flow cytometer

Machines

Calibur
Cantoll

Aria l/II
Aria III
Vantage (Diva)

CyTOF

ImageStreamX

4
2

3
2
1

1

1

# of machines

T he FACS Lab provides a range of support for flow cytometry 
and cell sorting, procedures that are essential for not only im-

munological experiments but also a wide variety of biological ex-
periments. The FACS Lab has added new FACS Aria and reduced 
the number of FACS Vantages. In addition to FACS, the lab in-
stalled ImageStreamX, a device that combines flow cytometry with 
the visual detail of microscopy in a single platform and CyTOF, a 
mass-spectometry-based cytometer that has potential for analyzing 
more than 30 markers simultaneously with metal-labelled antibod-
ies.

For the users of the FACS machines (cell analyzers and cell sort-
ers), Tomomi Aoyama and Noriko Yoza cover various services: 
(1) Technical support and training: In 2013, the facility offered 16 
technical courses (8 for cell sorting and 8 for cell analysis).  Cours-
es were held at 3 different levels, Calibur basic, Canto II and Aria 
basic.  A total of 66 researchers took the courses in 2013. (2) Cell 
sorting operation service: The FACS Lab provides a cell sorting op-
eration service, in which researchers can ask an experienced opera-
tor to conduct the sorting experiment. In 2013, 293 such operation 
services were provided by the lab. (3) Management/ maintenance of 

FACS Laboratory

FACS machines: FACS machines are available for registered users 
24 hours a day and reservations are accepted up to one month in 
advance through an internal website. In addition to the in-house 
FACS Lab staff, engineers from Becton Dickinson visit once a week 
to provide maintenance and technical support.

Central Facilities
Central facilities
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The Laboratory for Integrative Genomics also serves as a tech-
nical support service lab which provides genome- and pro-

teome-wide analyses for the scientific research community in the 
Center for Integrative Medical Sciences (IMS). We offer a variety 
of services to suit the needs of laboratories in various biological 
fields. These services include DNA sequencing, proteomics anal-
ysis, multiplex suspension array (Luminex technology), DNA 
microarray (Affymetrix /Agilent), cDNA/genomic clone distribu-
tion, and Primer/labeled probe distribution for qRT-PCR analysis 
of immune cells (see Table). As part of our advanced technologies 
on demand, we provide comprehensive interrogation of the nucle-
ic-acid based information in a cell at single-base resolution with 
Illumina HiSeq1500 and proteomic approaches using AB SCIEX 
TripleTOF 5600. With the unbiased approach using this sequencer, 
we have been identifying transcription units, alternative splice sites 
and transcription factor binding sites, as well as performing map-
ping/genome annotation. Our mass spectrometry system will make 
it possible to take quantitative proteomic approaches in various 
immunological studies. These technologies will help to illuminate 
additional hidden features of the dynamic genomic and proteomic 
landscape that are regulated by both genetic and epigenetic path-
ways in all organisms. Together with the Laboratory for Integrat-
ed Bioinformatics, we also carry out primary processing of large 
amounts of data from DNA sequencers and mass spectrometers for 
IMS users.

We have been maintaining over 45,000 mice in the SPF area, 
1,750 mice in an isolated area and several germfree mice. 

We have newly introduced mouse lines into the SPF area by a com-
bination of in vitro fertilization (IVF) and embryo transfer and 
generated cryostocks of genetic resources for 642 lines. We also 
maintain relatively large colonies of several commonly used strains 
such as NOD/SCID/γCKO mice, Rag1KO and cre deleters and 
provided them to users on demand. We have also provided tech-
nical assistance to generate knockouts (126 lines) and transgenic 
mice (6 lines). We have been undergoing renovation of an inter-
nally available database for genetic resources.In addition, we have 
launched a new activity to improve the efficacy of transplantation 
of human hematopoietic stem cells into NOD/SCID/γCKO mice 
by “humanizing” the host strain. For this purpose, we have intro-
duced large genomic fragments containing human genes encoding 
MHC, cytokines, adhesion molecules, virus receptors and others 
into NOD/SCID/γCKO mice. Up to now, we have established 15 
BAC transgenics and confirmed the expression of human genes on 
a C57BL/6 background and begun back-crossing these mice onto 
the NOD/SCID/γCKO mice using the speed-congenic method. To 
adapt to increasing demands for the use of humanized animals, we 
have started a new facility primarily for humanized mice, which is 
fully equipped with autoclaves and cage washing systems on the 1st 
floor of the north building. In this new facility, we can maintain up 
to 900 cages (up to 4,500 mice) in either isolators or bio-bubbles.
More recently, we have added a new activity to create and maintain Photo: New animal facility for humanized mice

Genomics Laboratory

Animal Facility

germ-free and gnotobiote mice in collaboration with Dr. Hiroshi 
Ohno (Laboratory for Intestinal Ecosystem), Dr. Sidonia Fagarasan 
(Laboratory for Mucosal Immunity) and Dr. Kenya Honda (Labora-
tory for Gut Homeostasis). We performed sanitization of standard 
strains and knockout mice at a pace of 1-2 strain(s) per month.

Table: Services provided by the Genomics Lab in 2013

Next-generation DNA sequencing
Illumina HiSeq1500

Proteimics
Two-dimentional electrophoresis
Mass Spectrometry Analysis

Multiplex suspension array

Affymetrix Genechip
(Exon array, Gene array, miRNA array)

Human
Mouse
Total

Sanger DNA sequencing
36cm capillary
50cm capillary
Total

cDNA clone delivery

Primer/labeled probe delivery

# of samples # of teams

731

1
2

2,802

90
153
243

9,068
5,610

14,678

11

58

20

1
2

11

2
11
11

18
15
33

4

2
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The Young Chief Investigator Program aims to provide a career 
path for young investigators who conduct multidisciplinary 

research that will bridge immunology with other research fields. In 
this program, the selected Young Chief Investigator (age below 40) 
will head an independent research laboratory but will have an ac-
cess to mentoring by multiple senior specialists in related research 
fields. Mentors provide guidance for experimental design, prepara-
tion of papers and presentations, promotion of international visi-
bility, and obtaining research funding. The YCI laboratory will also 
share space, equipment and facilities with a host laboratory in IMS 
(Fig.) The YCI Program Committee considers necessary changes in 
the Center’s support for each YCI and discusses the relevance and 
value of each YCI research project as part of the core research pro-
jects at IMS.

There will be an initial 5-year appointment with the possibility of 
extending for an additional 2 years after evaluation by the Director 
and an internal committee. At that point, a Young Chief Investi-
gator can leave IMS to take a position at another institution or be 
promoted to another type of position within IMS.

In our laboratory, we undertake several mathematical works that 
are indispensable for construction of multi-scale mathematical 

models. In this year, we especially focused on a quantitative study 
of T cell population dynamics (Fig.). On the basis of label-based 
measurement data, such as BrdU, to track cell division and death, 
we proposed a general framework that allows incorporating general 
distributions for the timing of cell division and death. Specifically, 
we proposed a mechanistic mathematical model, called a generation 
progression model (GPM), that is described by a system of Volterra 
integral equations. Formulation by ODEs corresponds to a special 
case of GPM with an exponentially distributed kernel. A formula-
tion developed in mathematical demography is employed to track 
the history of cell divisions. We newly defined a quantity called 
generation progression ratio (GPR) which provides a quantitative 
measure for the expected number of daughter cells generated from 
their survived mother cell. As an application of GPM and GPR, a 
time-course measured data for the transient growth of lymphocytes 
at the single cell level was used to quantitatively characterize the 
expansion and contraction phase.

Young Chief 
Investigator Program

YCI Laboratory for

Mathematical Modeling of 
Immune System
Young Chief Investigator: Shinji Nakaoka

Figure: A scheme of a generation progression model and a generation pro-
gression ratio

YCI program
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Adult tissue stem cells (TSCs) are impaired in their functions 
with age. TSC dysfunction and decreased regenerative capac-

ity are involved, at least in part, in disturbances of tissue homeosta-
sis, e.g., inefficient muscle repair, reduced bone mass, neurodegen-
erative diseases, and dysregulation of hematopoiesis. Therefore, the 
restoration of TSC functions is expected to contribute to recovery of 
tissue homeostasis and improvements in our health.

Previously, we identified the “competence change”, which is re-
sponsible for the responsiveness of neural stem/progenitor cells 
(NSPCs) to extrinsic signals (Naka H et. al. Nat Neurosci 2008). 
Moreover, further investigation revealed that the competence regu-
lation enabled us to control neurogenic-to-gliogenic transition and 
restore neurogenic potential in developmentally-progressed glio-
genic NSPCs (Fig.) (Naka-Kaneda H et. al. Proc Natl Acad Sci USA 
2014). Based on these findings, we have been investigating stem cell 
aging. Competence regulation is also involved in the aging of other 
TSCs, such as the decline in lymphopoiesis by hematopoietic stem 
cells and in the osteogenesis ability of mesenchymal stem/stromal 
cells. We aim to elucidate the central molecular machinery of stem 
cell aging and its influence on tissue homeostasis and in turn to 
develop a method for functional recovery of aged stem cells and 
restoration/maintenance of tissue homeostasis.

T, B and NK lymphocytes are generated from pluripotent hemato-
poietic stem cells (HSCs) through a successive series of lineage 

restriction processes. Many regulatory components, such as transcrip-
tion factors, cytokines/cytokine receptors, and signal transduction mol-
ecules orchestrate the cell fate specification and determination. Above 
all, transcription factors play a key role in regulating lineage-associated 
gene programs. Although many essential transcription factors, such as 
PU.1, Ikaros, GATA3, TCF-1, Bcl11b, E2A, EBF1 and Pax5 have been im-
plicated in regulating the cell fate choice of lymphoid lineages, molecu-
lar mechanisms underlying the generation of these patterns during cell 
fate determination remain unexplored because of an absence of suitable 
experimental systems.  We have recently established an ideal system in 
which we can examine gene regulatory networks during lymphoid lineage 
specification from HSCs (Fig.). This novel system enabled the analysis of 
a large set of regulatory molecules that control the generation of T and 
B lymphocytes. It can also be applied for ex vivo expansion of human 
hematopoietic stem/progenitors, which will be required for immune cell 
therapy or transplantation of HSCs. Thus, the aims of our study are 1) 
from a basic science perspective, to elucidate the mechanisms that or-
chestrate cell fate specification, commitment and differentiation during 
lymphocyte development and 2) from a clinical medicine perspective, to 
establish a novel method to expand human hematopoietic stem/progen-
itors for the development of HSC transplantation as a clinical strategy.

YCI Laboratory for

Immune Regeneration
Young Chief Investigator: Tomokatsu Ikawa

YCI Laboratory for

Stem Cell Competency
Young Chief Investigator: Hayato Kaneda

Figure: Restoration of neurogenic potential in development-progressed 
gliogenic NSPCs by overexpression of miR-17.
Embryonic stem cell-derived NSPCs can sequentially generate specific types of neurons 
and glial cells in vitro in their proper in vivo order. Overexpression of miR-17 inhibited 
the acquisition of gliogenic competence and forced stage-progressed NSPCs to regain 
neurogenic competence.

Figure: Induced Leukocyte Stem (iLS) cells
We have established multipotent progenitors that have self-renewal activity and 
multipotency. This was done by overexpressing Id3 in hematopoietic stem/progenitor 
cells and culturing the cells under B cell differentiating conditions. Id3 suppresses 
E2A activity, and the multipotent progenitors acquire self-renewal activity. The cells 
extensively proliferate for at least several months, still maintaining their multipotency.

YCI program
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Quantitative Genomics at the Single Cell & Single Molecule 
Level

In order to investigate at the molecular level how homeostasis 
is destroyed at the beginning of a disease and how compensation 
occurs while responding to an external perturbation before the 
break, we wish to visualize the distribution of cell states by accurate 
system-wide measurements with single molecule and/or single cell 
resolution. To visualize the distribution and its shift, we are working 
on multiple projects with development of highly accurate quantifi-
cation methods. One of them is to digitally count the copy number 
of RNA molecules genome-wide using our technique under devel-
opment and a next generation sequencer. This method provides 
highly reproducible quantification even for low-expressed RNAs 
and the absolute RNA copy number per cell, which should allow 
us to find small differences between samples whose phenotypes are 
only slightly different. In addition, I believe that the absolute count-
ing of cellular molecules or rates of biological events will become 
more important, especially in a coming era, since it makes possible 
the integrative interpretation with other data obtained by different 
measurements. We will work on developing such a technique to 
"see" something unknown, which may contribute to understanding 
biological systems and diseases.

The overarching goal of our laboratory is to understand the role 
of cellular metabolism in the pathogenesis of complex diseas-

es. Research over the past decades has shown that monogenic muta-
tions in metabolic pathways cause a wide variety of human diseases. 
However, more recent studies have highlighted the role of cellular 
metabolism in the development of a wide variety of complex hu-
man diseases. Our laboratory in particular has been studying the 
function of mitochondrial energy metabolism, which is associated 
with neurodegenerative diseases, cardiovascular disease, type 2 di-
abetes, and aging. We hope to identify novel pathways that restore 
or improve mitochondrial function through genetic and chemical 
screens and to examine their potential therapeutic value using ge-
netically engineered mouse models and unique chemical probes.

Our new laboratory, established in FY2013, hopes to take advan-
tage of the immunology expertise of IMS-RCAI and our expertise 
in mitochondrial biology, chemical screening, and genomics to ex-
plore the interface between immunity, mitochondria, and complex 
diseases.

YCI Laboratory for

Cellular Bioenergetic Network
Young Chief Investigator: Toshimori Kitami

YCI Laboratory for

Integrative Genomics
Young Chief Investigator: Katsuyuki Shiroguchi

Figure: Detection of homeostasis destruction by genomics study
The destruction of homeostasis can be detected by accurate counting of RNA molecules 
in single cells. Each symbol corresponds to a single cell.

Figure: Schematic of image-based assay for mitochondria using automated 
microscopy
High-throughput automated microscopy is one of many cutting-edge technologies 
available at IMS-RCAI.

 

YCI program
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The Junior Research Associate Program was launched in 1996 
to encourage young scientists with fresh ideas and youthful 

enthusiasm to collaborate with, and learn from, senior scientists 
with years of experience. This program provides part-time positions 
at RIKEN for young researchers enrolled in university Ph.D. pro-
grams. The JRA program serves the dual purpose of fostering the 
development of these young scientists while also energizing RIKEN 
with their innovative thinking.

This year, 20 JRA students studied in IMS.

Norihiko Inoue (Laboratory for Integrated Cellular Systems)
Chie Kano (Laboratory for Intestinal Ecosystem)
Misao Hanazato (Laboratory for Intestinal Ecosystem)
Masanaka Sugiyama (Laboratory for Inflammatory Regulation)
Hisashi Wada (Laboratory for Transcriptional Regulation)

RIKEN Junior Research Associate (JRA) Program

Takashi Ikeno (Laboratory for Tissue Dynamics)
Satoshi Koga (Laboratory for Immune Cell System)
Ryuichi Murakami (Laboratory for Immune Homeostasis)
Yujiro Yamamoto (Laboratory for Genome Sequencing Analysis)
Yuji Nagano (Laboratory for Gut Homeostasis)
Akihiko Kimura (Laboratory for Immune Homeostasis)
Akemi Fujiwara (Laboratory for Intestinal Ecosystem)
Yuuhou Najima (Laboratory for Human Disease Models)
Rikiya Ishikawa (Laboratory for Intestinal Ecosystem)
Yusuke Sato (Laboratory for Immunotherapy)
Tomohiro Miyai (Laboratory for Immune Cell System)
Rumiko Ono (Laboratory for Inflammatory Regulation)
Takaharu Sasaki (Laboratory for Immune Cell System)
Yuma Sakamoto (Laboratory for Bone and Joint Diseases)
Atsushi Ono (Laboratory for Digestive Diseases)

Yue Ren (Jilin University, China) studied in the Laboratory for Im-
mune Regulation.
Mohamed El Sherif Gadelhaq Gadelhaq Badr (Tokyo Medical 
and Dental University) from Edypt studied in the Laboratory for 
Cell Signaling.
Mei Suen Kong (Universiti Sains Malaysia, Malaysia) studied in the 
Laboratory for Cell Signaling.
Cheng Chung Yong (Universiti Sains Malaysia, Malaysia) studied 
in the Laboratory for Intestinal Ecosystem.

IMS accepted four international students as RIKEN Interna-
tional Program Associates (IPA). Under this IPA program, IMS 

lab heads host international students from collaborating graduate 
schools and supervise their Ph.D. program as Joint Supervisors. The 
students receive a daily living allowance and housing costs for up to 
a maximum of three years.

The IPA students who studied at IMS in 2013 were

RIKEN International Program Associate 
(IPA)

The RIKEN Foreign Postdoctoral Researcher (FPR) program of-
fers aspiring young foreign researchers with creative ideas and 

who show promise of becoming internationally active in the future 
the opportunity to pursue innovative research at RIKEN under the 
direction of a RIKEN laboratory head. The FPR program is one of 

RIKEN Foreign Postdoctoral Researcher (FPR) Program

RIKEN’s initiatives to open up its facilities and resources to the fore-
front of global science and technology.

In 2013, Wooseok Seo studied in the Laboratory for Transcrip-
tional Regulation as a RIKEN FPR.

RIKEN Special Postdoctoral Researcher (SPDR) Program

RIKEN’s Special Postdoctoral Researcher Program was institut-
ed to provide young and creative scientists the opportunity to 

be involved in autonomous and independent research in line with 
RIKEN objectives and research fields. The positions are competi-
tive, but if selected, researchers receive salaries and research budg-
ets (1 million yen) from RIKEN and they are able to conduct their 
research at one of its laboratories.

This year, 4 postdocs conducted their research at IMS through 
the SPDR program.

Shimpei Kawamoto (Laboratory for Mucosal Immunity)
Saya Moriyama (Laboratory for Tissue Dynamics)
Shinsuke Ito (Laboratory for Developmental Genetics)
Hirokazu Tanaka (Laboratory for Transcriptional Regulation)

Other programs
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Award winners 2013
Award winners

Ichiro Taniuchi (photo 1), Group Director of the Laboratory 
for Transcriptional Regulation, received the 16th Japanese 
Society for Immunology (JSI) Award for his study, “Tran-
scriptional control of T cell development”.

Hidewaki Nakagawa (photo 2), Team Leader of the Labo-
ratory for Genome Sequencing Analysis, received the Prin-
cess Takamatsu Cancer Research Fund Award for his study, 
“Whole genome sequencing analysis of intrahepatic cholan-
giocarcinoma”.

Fumihiko Ishikawa (photo 3), Group Director of the Labo-
ratory for Human Disease Models, received the JSPS (Japan 
Society for the Promotion of Science) Prize for his study, 
“Development of Humanized Mouse System Enabling in 
vivo Investigation of Human Leukemia and Therapeutic Ap-
proach”.

Atsushi Takahashi (photo 4), Team Leader of the Laborato-
ry for Statistical Analysis, and Yuta Kochi (photo 5), Senior 
Research Scientist of the Laboratory for Autoimmune Dis-
eases, received the Japan Society of Human Genetics (JSHG) 

Photo 1 Photo 2 Photo 3

Photo 8

Photo 4 Photo 5 Photo 6

Photo 7

Encouragement Award in November 2013.

Sidonia Fagarasan (photo 6), Team Leader of the Labo-
ratory for Mucosal Immunity, and Kenya Honda (photo 
7), Team Leader of the Laboratory for Gut Homeostasis, 
received the NISTEP Award from the National Institute of 
Science and Technology Policy (NISTEP), under the direct 
jurisdiction of the Ministry of Education, Culture, Sports, 
Science and Technology (MEXT). They were selected for 
their outstanding contributions to elucidating the interac-
tions between the immune system and microbes at the mu-
cosal barrier.

Koji Ueda (photo 8), Senior Research Scientist in the Labo-
ratory for Genome Sequencing Analysis, received the Japan 
Human Proteome Organization Young Researcher’s Award 
for his study, “Glycol-proteomics technology and tumor 
marker research by glycol-proteomics”.

Hidewaki Nakagawa, Team Leader of the Laboratory for 
Genome Sequencing Analysis, received the Takeda Science 
Foundation Award for his study, “Identification of prostate 
cancer-susceptibility genes /variants and their association 
with diet”.

Kohei Kometani, Research Scientist in the Laboratory for 
Lymphocyte Differentiation, received the Japanese Society 
for Immunology Young Investigator Award for his study, 
"Unveiling molecular mechanism of B cell activation and 
subsequent plasma cell differentiation".

Takashi Kanaya, Research Scientist in the Laboratory for 
Intestinal Ecosystem, received the Research Encouragement 
Award from the Japan Bifidus Foundation on June 14th, 
2013.

Naoka Ito-Nagato, Research Scientist in the Laboratory for 
Immune Regulation, and Tomomitsu Hirota, Research Sci-
entist in the Laboratory for Respiratory and Allergic Diseas-
es, received the Abstract Award at the European Academy of 
Allergy and Clinical Immunology –World Allergy Organi-
zation (EAACI-WAO) Congress 2013 held in Milan, Italy, 
June-July 2013.

Mari Tenno, Research Scientist in the Laboratory for Tran-
scriptional Regulation, received the poster award for her 
research on “Unique role of Cbfb2 variant in Langerhans 
cell development” at the 13th International Workshop on 
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The IMS Excellent Paper of the Year 2013 award was 
given to the following four papers:

Dr. Yukihiro Furusawa, Mr. Yuuki Obata, Dr. Shinji Fukuda, 
Dr. Koji Hase and Dr. Hiroshi Ohno Laboratory for Intes-
tinal Ecosystem “Commensal microbe-derived butyrate 
induces colonic regulatory T cells.” Nature Vol. 504, pp.446-
450, 2013.

Dr. Yoriko Saito and Dr. Fumihiko Ishikawa Laboratory for 
Human Disease Models “A pyrrolo-pyrimidine derivative 
targets human primary AML stem cells in vivo.” Science 

Langerhans Cells, held on October 10th-13th, 2013, in Am-
sterdam, the Netherlands.

Shintaro Hojyo, Research Scientist in the Laboratory for 
Laboratory for Homeostatic Network, received the Suzuki 
Koichi Memorial Award at the 86th Annual Meeting of the 
Japanese Biochemical Society in October 2013.

Tomohiro Miyai, Junior Research Associate in the Lab-
oratory for Homeostatic Network, received the excellent 
presentation award at the meeting of the Japanese Research 
Group for Studies of Metalbioscience 2013 on September 
27th.

Siew-Kee Low, Postdoctoral Researcher in the Laboratory 
for Statistical Analysis, was selected as a European Society 
of Human Genetics (ESHG) Poster Award Finalist in June 
2013.

Shimpei Kawamoto, Special Postdoctoral Researcher in 
the Laboratory for Mucosal Immunity, Takashi Kanaya, Re-
search Scientist in the Laboratory for Intestinal Ecosystem 
and Raoul Eduardo Vizcardo Sakoda, Research Scientist 

Award winners

Translational Medicine Vol. 5, 181ra52, 2013.

Dr. Koji Atarashi, Dr. Takeshi Tanoue and Dr. Kenya Hon-
da Laboratory for Gut Homeostasis “Treg induction by a 
rationally selected mixture of Clostridia strains from the hu-
man microbiota.” Nature Vol. 500, pp.232-236, 2013.

Dr. Ikuyo Kou, Dr. Yohei Takahashi and Dr. Shiro Ikegawa 
Laboratory for Bone and Joint Diseases “Genetic variants in 
GPR126 are associated with adolescent idiopathic scoliosis.” 
Nature Genetics Vol. 45, pp.676-679, 2013.

in the Laboratory for Developmental Genetics received the 
Tadamitsu Kishimoto International Travel Award for their 
presentations at the 15th International Congress of Immu-
nology held in Milan, Italy.

Koji Atarashi, Senior Research Scientist in the Laboratory 
for Gut Homeostasis, and Tomomitsu Hirota, Research Sci-
entist in the Laboratory for Respiratory and Allergic Diseas-
es, received RIKEN Research Incentive Awards. Tomoyuki 
Ishikura, Technical Staff member in the Laboratory for De-
velopmental Genetics received a RIKEN Technology Incen-
tive Award in March, 2014.

Two graduate students studying at IMS won Best Poster 
Awards at the RIKEN Noyori Summer School held in Kobe 
on September 6th-7th, 2013. Yuho Najima, Junior Research 
Associate in the Laboratory for Human Disease Models, re-
ceived the Medical Science Prize for his presentation “Induc-
tion of human WT1-specific CD8+ T cells in an HLA class I 
TG NSG mice”.  Takaharu Sasaki, Junior Research Associ-
ate in the Laboratory for Immune Cell System, received the 
Biology Prize for his presentation “Role of Natural Helper 
Cells in Obesity.”
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At first, it may sound alarming to learn that a popula-
tion of bacteria in your gut is conspiring to suppress 

your immune system—however, this is actually good news. 
By identifying the strains responsible, a research team led by 
Kenya Honda (Laboratory for Gut Homeostasis) may have 
uncovered a promising avenue of treatment for certain in-
flammatory disorders.

Immune cells known as regulatory T (Treg) cells are in 
part responsible for preventing the immune system from 
overreacting to foreign molecules or attacking healthy tis-
sue. It is well established that immune function is affected by 
the diverse microbial community within the digestive tract, 
and Honda’s team previously discovered that bacteria be-
longing to the genus Clostridium act on this particular im-
mune pathway in mice to exert a strong anti-inflammatory 
effect. 

“We showed that they were responsible for triggering 
production of Treg cells in the colon of mice,” says Honda, 
“and that oral administration of these strains protected mice 
against colitis and systemic allergic responses.”

Honda and his colleagues have now verified the exist-
ence of an equivalent bacterial population in humans. They 
obtained a stool sample from a healthy volunteer and sub-
jected it to the same purification regimen that yielded the 
Clostridia subpopulation identified in mice. When these 

bacteria were transplanted into the colons of ‘germ-free’ 
mice, in which the normal population of gut bacteria is en-
tirely absent, they exerted a potent immunomodulatory ef-
fect. Through systematic analysis of this microbial cohort, 
the researchers zoomed in on a specific subset of 17 distinct 
Clostridia strains. 

These strains collectively secrete a host of signaling mol-
ecules that promote Treg cell activation. “None of the or-
ganisms alone were nearly as potent as when they were in 
consortium,” says Honda. “This suggests that cooperation 
between the strains is essential to their therapeutic effects.” 
The collective benefit also appears to pertain to humans; 
analysis of the gut ‘microbiome’ in healthy patients versus 
individuals with ulcerative colitis revealed that all 17 strains 
were present at significantly lower levels in the latter group.

Accordingly, oral administration of this 17-microbe 
‘cocktail’ greatly mitigated intestinal inflammation in mouse 
models of allergic diarrhea and ulcerative colitis (Fig. 1), 
suggesting the potential for a more ‘natural’ treatment of 
such conditions in humans. “A substantial number of pa-
tients don’t benefit from existing drugs, which also have 
considerable adverse effects,” says Honda. “We want to clini-
cally test our hypothesis that reconstituting these bacteria to 
normal levels in patients may help restore immune tolerance 
and resolve chronic inflammatory processes.”

Intestinal Bacteria Show ‘Community Spirit’
The collaborative effects of multiple bacterial 
strains in the gut may help prevent the onset of 
certain inflammatory diseases

Figure: Inflammatory damage to the intestinal 
epithelium in a mouse model of colitis (left) is 
greatly reduced after oral administration of a 
mixture of 17 Clostridia strains (right). 
Reproduced from Ref. © 2013 K. Atarashi et al.

This article was reproduced from RIKEN Research with 
permission 
http://www.rikenresearch.riken.jp/eng/research/7489

Original paper
Atarashi, K., Tanoue, T., Oshima, K., Suda, W., Nagano, 
Y., Nishikawa, H., Fukuda, S., Saito, T., Narushima, S., 
Hase, K., Kim, S., Fritz, JV., Wilmes, P., Ueha, S., Matsu-
shima, K., Ohno, H., Olle, B., Sakaguchi, S., Taniguchi, 
T., Morita, H., Hattori, M., Honda, K. Treg induction by a 
rationally selected mixture of Clostridia strains from the 
human microbiota. Nature 500, 232–236 (2013).

Research highlights
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The bacterial communities that live in our intestine 
should not be considered freeloaders—they contrib-

ute substantially to our well-being in a number of ways, 
including assisting in the breakdown of otherwise indigest-
ible dietary fiber. Hiroshi Ohno (Laboratory for Intestinal 
Ecosystem) and colleagues have discovered a mechanism by 
which this digestive assistance also helps to prevent gut in-
flammation. 

Bacteria belonging to the order Clostridiales are known to 
metabolize indigestible dietary fiber to produce metabolites, 
such as short-chain fatty acids (SCFAs). Ohno’s team found 
that mice lacking gut commensal bacteria including  Clos-
tridiales exhibit bloating within the cecum—the start of the 
large intestine—after consuming a high-fiber diet. However, 
this problem could be repaired by transplanting a Clostridi-
ales-enriched gut bacterial community (Fig.). 

In other recent work, Honda and his colleagues demon-
strated that these same bacteria promote the differentiation 
of regulatory T (Treg) cells, which specifically prevent the 
immune system from overreacting (detailed in the previous 
page). Ohno suspected that this and his most-recent obser-
vation might be connected. “This led us to hypothesize that 
bacterial metabolism of dietary fiber may be the cause of Treg 
induction,” he says.

After searching for metabolic products that were elevat-
ed following consumption of a high-fiber diet, the research-

ers focused on one SCFA, butyrate, as a likely candidate. 
Butyrate proved capable of converting immature ‘naive’ T 
cells into Treg cells in culture, and a maize starch diet that had 
been chemically enriched with butyrate invoked a similarly 
potent Treg differentiation within the mouse colon. The same 
butyrate-enriched maize starch diet failed to elicit Treg dif-
ferentiation in mice lacking commensal microbes, suggest-
ing that in addition to butyrate, bacterial components are 
required as an antigen to be recognized by naive T cells.

Butyrate modulates the activity of histone deacetylase to 
modify epigenetic status of chromatin via histone acetyla-
tion, which can dramatically affect gene expression, and 
Ohno and his colleagues found the upregulation of gene en-
coding the Foxp3 transcription factor essential for Treg differ-
entiation. “Bacterial butyrate affected the epigenetic status 
of naive T cells to propel their differentiation into Treg cells 
within the colonic tissue,” he says. This resulted in a strong 
protective effect, and the increased numbers of Treg cells that 
developed following consumption of a butyrate-enriched 
diet ameliorated inflammation in a mouse model of colitis.

These findings may thus reveal a critical component of 
the pathology of human inflammatory bowel diseases as well 
as a potential means for treatment. Ohno and his colleagues 
now hope to explore whether the same mechanism is also 
relevant in the inflammatory response to food allergies. 

Figure: Commensal bacteria belonging to the 
Clostridiales order help to control inflammation 
in the mammalian gut. 
Image courtesy of the Centers for Disease Control and 
Prevention

This article was reproduced from RIKEN Research with 
permission
http://www.rikenresearch.riken.jp/eng/research/7607.
html

Original paper
Furusawa, Y., Obata, Y., Fukuda, S., Endo, T. A., Nakato, 
G., Takahashi, D., Nakanishi, Y., Uetake, C., Kato, K., 
Kato, T. Takahashi, M., Fukuda, N., Murakami, S., Mi-
yauchi, E., Hino, S., Atarashi, K., Onawa,	S., Fujimura, Y., 
Lockett, T., Clarke, JM., Topping, DL., Tomita, M., Hori, 
S., Ohara, O., Morita, T., Koseki, H., Kikuchi, J., Honda, 
K., Hase K., Ohno, H. Commensal microbe-derived bu-
tyrate induces the differentiation of colonic regulatory T 

Friends in Low Places Preserve Gut Health
Bacteria living in the mammalian intestine 
help to digest dietary fiber, generating 
metabolites that also control gut 
inflammation

Research highlights

cells. Nature 504, 446–450 (2013)
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This article was reproduced from RIKEN Press Release 
with permission
http://www.riken.jp/en/pr/press/2013/20131226_1/

T he study, conducted by Dr. Robert M. Plenge from the Har-
vard Medical School and the Broad Institute in the USA and 

Dr. Yukinori Okada from the Laboratory for Autoimmune Diseas-
es, collaborating with colleagues from 70 institutions worldwide, 
is published in the journal Nature.

Genome-wide association studies are a method employed by 
scientists to identify the genes contributing to human disease. 
The current Nature study is the first to demonstrate that integrat-
ing the information provided by genome-wide association stud-
ies with existing datasets of genomic and biological information, 
such as drug targets, can assist in the discovery of drugs to cure 
human disease.

Rheumatoid arthritis is an autoimmune disease leading to 
inflammation of the joints and affecting 0.5-1% of adults in the 
developed world. The disease is thought to be caused by a com-
plex combination of genetic and environmental factors and sev-
eral genes have been shown to be associated with the disease. 
However, most of the findings were based on single population 
studies, and no large-scale trans-ethnic study had been carried 
out to date.

The international team performed a genome-wide association 
study meta-analysis on a total of over 100,000 subjects of Europe-
an and Asian descent - 29,880 rheumatoid arthritis patients and 
73,758 controls – by analysing around 10 million genetic variants 
called single nucleotide polymorphism (SNPs). They identified 42 

new regions in the genome (loci) that are associated with rheu-
matoid arthritis, bringing the total number of known rheumatoid 
arthritis loci to 101.

By conducting bioinformatics studies integrating existing da-
tasets with this new information, the researchers were able to pin-
point 98 genes in these 101 loci that could potentially contribute 
to the onset of rheumatoid arthritis. By integrating their findings 
with existing drug databases they demonstrated that these genes 
indeed possess many overlapping regions with the genes target-
ed by approved rheumatoid arthritis drugs – although this wasn’t 
known when the drugs were developed. The team identified exist-
ing drugs used to treat cancer that also target rheumatoid arthri-
tis genes and could potentially be used as therapy for the disease, 
such as CDK4/6 inhibitors.

The bioinformatics study also reveals that there is significant 
overlap between the genes involved in rheumatoid arthritis, hu-
man primary immunodeficiency disorders and blood cancers.

“This study sheds light on the fundamental genes, pathways 
and cell types that contribute to the onset of rheumatoid arthritis 
and provides evidence that the genetics of rheumatoid arthritis 
can provide important information for drug discovery,” conclude 
the authors.“While there are previous anecdotal examples, our 
study provides a systematic approach by which human genetic 
data can be efficiently integrated with other biological informa-
tion to derive biological insights and drug discovery,” they add.

Rheumatoid Arthritis Research Shows the 
Potential of Large-scale Genetic Studies 
for Drug Discovery

Original paper
Okada, Y. Wu, D., Trynka, G., Raj, T., Terao, C., Ikari, K., 
Kochi, Y., Ohmura, K., Suzuki, A., Yoshida, S., Graham, 
RR., Manoharan, A., Ortmann, W., Bhangale, T., Denny, 
JC., Carroll, RJ., Eyler, AE., Greenberg, JD., Kremer, JM., 
Pappas, DA., Jiang, L., Yin, J., Ye, L., Su, DF., Yang, J., 
Xie, G., Keystone, E., Westra, HJ., Esko, T., Metspalu, 
A., Zhou, X., Gupta, N., Mirel, D., Stahl, EA., Diogo, D., 
Cui, J., Liao, K., Guo, MH., Myouzen, K., Kawaguchi, T., 

Coenen, MJ., van Riel, PL., van de Laar, MA., Guchelaar, 
HJ., Huizinga, TW., Dieudé, P., Mariette, X., Bridges SL 
Jr., Zhernakova, A., et al. Genetics of rheumatoid arthri-
tis contributes to biology and drug discovery. Nature 
506, 376-381, 2013 

Research highlights
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The disorder known as spondyloepimetaphyseal dyspla-
sia with joint laxity type 1, or SEMD-JL1, is character-

ized by skeletal abnormalities and loose ligaments that result 
in spinal misalignment and respiratory problems. The genet-
ic basis of SEMD-JL type 2, a related disorder, was recent-
ly determined, but the genetic underpinnings of the type 1 
form of the disease remain unknown. 

By studying the genomes of seven people with SEMD-
JL1, a large international research team led by Shiro Ikegawa 
from the Laboratory for Bone and Joint Diseases has now 
identified a gene that, when mutated, is responsible not only 
for SEMD-JL1 but also a range of other bone and connective 
tissue defects. 

Noriko Miyake, who joined Ikegawa’s team from Yoko-
hama City University, discovered the gene by sequencing the 
entire protein-coding region of the genomes of seven Jap-
anese people with SEMD-JL1 from six unrelated families. 
Using targeted sequencing to confirm initial ‘hits’, Masahi-
ro Nakajima, a member of Ikegawa’s lab, showed that all of 
the subjects, in addition to an eighth Vietnamese individual 
with SEMD-JL1, had mutations in a gene called B3GALT6 
on the short arm of chromosome 1. This gene codes for a 
type of enzyme known as a galactosyltransferase II, which 
is involved in the synthesis of the proteoglycan linker region 
that helps form the structural cement of connective tissue. 

The researchers found that mutations in B3GALT6 caused 
disease in a recessive fashion, meaning that all of the affected 
individuals had inherited two faulty copies of the gene.

The researchers then noticed that some of the individ-
uals with SEMD-JL1 in the study exhibited many of the 
same clinical characteristics as those found in people with 
another connective tissue disorder—the progeroid form of 
Ehlers-Danlos syndrome (EDS), which is characterized by 
a defect in the synthesis of collagen. To investigate this fur-
ther, they sequenced the B3GALT6 gene in four people with 
progeroid-form EDS of unknown genetic cause. All four 
subjects carried mutations in the B3GALT6 gene. 

“B3GALT6 enzyme deficiency results in a wide variety of 
disorders,” says Ikegawa. “These diseases have been consid-
ered to belong to totally different categories of disease, but 
actually are a spectrum of disorders affecting bone, cartilage, 
muscle, tendon, ligament, and skin. Our findings will enable 
genetic diagnosis of these diseases.” The researchers antici-
pate that the findings could open the door to future thera-
pies for disorders related to B3GALT6.

Figure: Spinal x-ray of an SEMD-JL1 patient.
© 2013 Shiro Ikegawa, RIKEN Center for Integrative 
Medical Sciences
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Connecting the Genetic Dots in 
Connective Tissue Disorders
Scientists identify a mutated gene responsible 
for a spectrum of skeletal and connective 
tissue disorders
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Adolescent idiopathic scoliosis (AIS) is the most com-
mon pediatric skeletal disease, causing complex ro-

tational deformity of the spine in approximately 2% of 
school-age children worldwide. Recent studies have implied 
that AIS may, at least in part, be caused by genetics, but the 
pathogenesis of AIS still remains poorly understood. An 
international research team led by Shiro Ikegawa from the 
Laboratory for Bone and Joint Diseases has now identified 
another gene that may contribute to AIS by altering spinal 
development.

Ikegawa’s group previously identified a gene associat-
ed with AIS in Japanese populations. To further reveal the 
genetics underlying the disease, Ikuyo Kou from Ikegawa’s 
lab conducted a genome-wide association study including 
over 27,000 Japanese individuals. In this study, Kou identi-
fied another single nucleotide polymorphism (SNP) that is 
significantly associated with AIS in Japanese subjects. Addi-
tional testing showed that the association was replicated in 
Han Chinese and European populations, marking the first 
time a SNP associated with AIS has been identified in dis-
tinct populations.

Kou also determined that the SNP is located in the 
gene GPR126, which encodes a receptor protein. GPR126 is 
known to be associated with the development of the sheaths 
that insulate nerve fibers, but its other functions are large-

ly unknown. By examining the tissue-specific expression of 
GPR126, the researchers found that it is expressed in spinal 
cartilage, implying a role in the development of the spine.

Using zebrafish, Long Guo and Chisa Shukunami who 
joined Ikegawa’s team from Kyoto University knocked down 
GPR126 expression to investigate the role of the gene in ver-
tebrate development. They found that zebrafish with lower 
levels of the GPR126 protein had shorter bodies and their 
vertebrae showed delayed bone formation, or osteogene-
sis. “Our zebrafish knockdown studies indicate the impor-
tance of GPR126 in bone tissue growth and formation, and 
raise the possibility that abnormal spinal development and 
growth induce AIS,” explains Kou.

GPR126 is also known to be associated with shorter 
trunk length and reduced height in European populations, 
which coincides with the new findings. “Their associations 
are in the same direction; the susceptibility allele is the same 
for both AIS and shortened trunk,” says Kou. 

Although the identification of GPR126 sheds new light 
on the pathogenesis of AIS, the two genes implicated so far 
explain only ~1% of the variation in AIS traits. Further stud-
ies therefore remain necessary to determine precisely how 
mutations of GPR126 lead to AIS in humans. 

Getting Ahead of the Curve
A gene involved in spinal development may 
contribute to a common childhood disease 
responsible for spinal curvature

Figure: Spinal x-ray of a child with AIS. 
© 2013 Shiro Ikegawa, RIKEN Center for Integrative 
Medical Sciences
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T he research group led by Fumihiko Ishikawa (Laboratory for 
Human Disease Models) identified a compound that could 

be used as a new treatment to prevent relapse in acute myeloid 
leukemia patients.

In a study published in Science Translational Medicine, they 
showed that this compound reduces the risk of relapse in a mouse 
model of the human disease. They report that this compound 
could be most active in patients that carry a mutation lowering 
their chances of recovery.

Acute myeloid leukemia (AML) is an acute type of blood 
cancer that starts in the blood-forming cells in the bone marrow. 
AML is the most common type of acute leukemia in adults.

While many patients are able to fight off the disease at first 
with conventional chemotherapy, long-term outcomes in the ma-
jority of patients are poor due to disease relapse.

“To improve patient outcomes, it is crucial to understand the 
mechanisms of AML relapse and to develop effective treatment 
strategies to reduce AML relapse,” explains Ishikawa.

Over the last decade, bone marrow cells called leukemia stem 
cells (LSC) have been recognized as key players in human AML 
pathogenesis as well as in chemotherapy resistance and relapse. 
Previous studies have suggested that LSCs might cause relapse if 
they are not properly eliminated by conventional chemotherapy.

By transplanting LSCs obtained from AML patient samples 
into immune-deficient newborn mice, Ishikawa and his team de-
veloped a mouse model for AML, which they used to study AML 
and LSCs.

Using this model, they were able to identify a protein (HCK) 
present in higher quantities in human AML LSCs than in normal 

blood-forming stem cells, and that could be used as a target for 
therapeutic agents against human AML LSCs.

In the present study, the researchers screened a library of 
tens of thousands of small molecules that could act as therapeu-
tic agents by specifically inhibiting HCK. They isolated one small 
molecule that was highly active against patient-derived AML 
LSCs grown in culture. To assess the potential of this molecule 
for therapeutic development, they administered it to their mouse 
model of AML. They found that administration of this molecule 
resulted in a significant reduction of human AML cells in the 
blood of the mice, as well as a reduction of human AML LSCs in 
the bone marrow of the mice (Fig.).

In particular, in mice engrafted with human AML derived 
from patients with the FLT3-ITD mutation, one of the mutations 
associated with worse clinical outcomes, the administration of the 
small molecule led to nearly complete elimination of both AML 
LSCs and non-stem AML cells in the bone marrow of multiple 
bones (femur, tibia, sternum and spine) as well as the spleen and 
peripheral blood.

“These findings suggest that treatment with this small mol-
ecule may help reduce relapse in AML patients,” conclude the 
authors.

“However, more work is needed before this small molecule 
can be delivered to patients as a therapeutic agent. We now plan 
to proceed with a more in-depth biochemical and pharmacologic 
characterization of this compound in the lab, to find out whether 
it is safe and to determine which subset of AML patients could 
benefit from it. Ultimately, we hope to develop a drug that can be 
used in the clinic,” adds Ishikawa.

Figure: Eradication of 
AML cells from bone 
marrow (in brown) 
following treatment 
with small molecule 
RK-20449 (lower 
panels). 

Compound that Could Prevent Acute 
Blood Cancer Relapse Identified
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Newly discovered genetic variations may help predict 
breast cancer risk in women who receive preventive 

breast cancer therapy with the selective estrogen receptor 
modulator drugs tamoxifen and raloxifene, a Mayo Clin-
ic-led study has found. The study is published in the journal 
Cancer Discovery.

“Our findings are important because we identified genet-
ic factors that could eventually be used to select women who 
should be offered the drugs for prevention,” said James Ingle, 
M.D., an oncologist at Mayo Clinic.

Dr. Ingle and collaborators at the National Surgical Ad-
juvant Breast and Bowel Project (NSABP) and the RIKEN 
Center for Integrative Medical Sciences (IMS) conducted a 
genome-wide association study involving 592 patients who 
developed breast cancer while receiving preventive thera-
py and 1,171 matched controls. Participants were selected 
from 33,000 women enrolled in the NSABP breast cancer 
prevention trials. This research was supported by a Pharma-
cogenomics Research Network grant from the National In-
stitute of General Medical Sciences and the National Cancer 
Institute.

The researchers analyzed participants’ DNA to identify 
variations in their genetic makeup and identified two genet-
ic variations, or single nucleotide polymorphisms (SNPs), 
that were associated with breast cancer risk in or near the 
genes ZNF423 and CTSO.

They discovered that women with favorable variations in 
these genes were more likely to respond to preventive thera-
py with the drugs while women with unfavorable variations 
may not. In addition, women with unfavorable variations 
had a five-fold increased risk of developing breast cancer.

Dr. Ingle says the recent guidelines by the U.S. Preventive 
Services Task Force emphasize that selective estrogen recep-
tor modulators (SERM) therapy with tamoxifen and ralox-
ifene can lower a woman’s risk for developing breast cancer. 

However, there currently is no way to know which women 
will benefit from the therapy.

“This is a major step toward truly individualized preven-
tion of breast cancer,” says Dr. Ingle. “Our findings provide 
clear direction as to which women are likely and which are 
unlikely to benefit from tamoxifen or raloxifene.” Dr. Ingle 
says the findings provide the basis for a reinvigoration of re-
search efforts in breast cancer prevention.

The researchers also studied breast cancer cell lines with 
the most common variation and the less common variation 
of the SNPs. They found that in cells with the most common 
variation of the SNPs, estrogen increased expression of both 
ZNF423 and CTSO and the expression of BRCA1, a gene 
associated with breast cancer risk. Estrogen did not increase 
expression of these genes in cells that had the less common 
form of the SNPs. Importantly, however, when tamoxifen or 
raloxifene were added to estrogen, there was a striking re-
versal in the patterns of expression of ZNF423 and BRCA1. 
In cells with the less common ZNF423 SNP, expression of 
ZNF423 and BRCA1 rose dramatically. This reversal in ex-
pression patterns provides a potential explanation for the 
decreased occurrence of breast cancer in women undergoing 
SERM therapy who carry this SNP.

NIH’s National Institute of General Medical Sciences 
and National Cancer Institute funded this research through 
grants U19GM61388, P50CA116201, U10CA37377, 
U10CA69974, U24CA114732 and U01GM63173.

Genetic Variations May Help Identify Best 
Candidates for Preventive Breast Cancer 
Drugs
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The transplantation of insulin-producing islet cells from 
a donor pancreas could help diabetes sufferers avoid 

the need for daily insulin injections. However, the use of 
this experimental procedure is hampered by an immune 
response in the recipient that often rejects the transplanted 
islet cells. Masaru Taniguchi from Laboratory for Immune 
Regulation and Yohichi Yasunami from Fukuoka University 
have now led research that has improved the efficiency of 
the procedure by pretreating the islet cells with a drug that 
blocks the sodium–calcium exchanger (NCX) protein.

Islet transplantation often involves the use of islet cells 
from two or three different donors in order to achieve suffi-
cient cell engraftment. “This low efficiency has been a major 
obstacle facing clinical islet transplantation,” says Taniguchi. 

Taniguchi, Yasunami and their respective lab groups set 
out to improve the islet transplantation procedure by pre-
treating islet cells prior to transplantation with a drug that 
blocks the NCX protein. This pretreatment protected the 
cells from innate immune responses in the liver, the site of 
islet transplantation, which led to longer-term survival of 
the cells in mouse models of diabetes.

“Pretreatment of donor islets with an NCX inhibitor pri-
or to transplantation prevents early loss of transplanted islets 
and affords a new strategy to improve the efficiency of islet 
transplantation,” says Taniguchi. Notably, the method allows 

for improved engraftment efficiencies without requiring 
transplant recipients to take any additional anti-rejection 
drugs. “Our new strategy to target donor islets does not add 
further risks to recipients,” notes Taniguchi.

The drug pretreatment is thought to work by stopping 
NCX from boosting the intracellular levels of calcium ions. 
Normally, this calcium influx leads to low oxygen conditions, 
which trigger the release of a protein called high-mobility 
group box 1 (HMGB1) from islets soon after their transplan-
tation. HMGB1 in turn activates immune cells, causing the 
early loss of transplanted islets. The NCX-blocking drug, 
called SEA0400, can prevent this cascade of events.

After transplanting pretreated and untreated islets into 
diabetic mice, the research team found that mice receiving 
SEA0400-treated islets displayed normal blood sugar con-
trol. In contrast, the control animals, which received the 
same number of untreated islets, experienced elevated blood 
sugar levels due to a lack of functional insulin-producing 
cells, which presumably had been attacked by the immune 
system. This same effect was seen whether the transplanted 
islets were human or murine in origin.

Drug Treatment Improves Survival of 
Insulin-producing Cells
Pretreatment with a calcium-blocking 
drug improves the effectiveness of islet 
transplantation for diabetes in mice

Figure: The process of clinical islet transplanta-
tion.
Reproduced from PLoS Medicine 1, e58 (2004). Li-
censed under CC by 2.5 at dx.doi.org/10.1371/journal.
pmed.0010058. © 2004 M. A. Naftanel and D. M. 
Harlan
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Current asthma treatments include drugs that open up 
the tubes of the lungs and corticosteroids that fight 

lung inflammation. Some patients, however, are stubbornly 
resistant to corticosteroids, limiting the therapies available 
to them. Shigeo Koyasu and Kazuyo Moro from the Labora-
tory for Immune Cell System, in collaboration with Hiroki 
Kabata of the Keio University School of Medicine and Koi-
chiro Asano of Tokai University and co-workers, have now 
found that the inflammatory protein called thymic stromal 
lymphopoietin (TSLP) and its downstream signaling mole-
cules play key roles in the resistance of natural helper (NH) 
cells, a member of group 2 innate lymphoid cells (ILC2s), 
to the anti-inflammatory effects of corticosteroid treatment.

Asthma is a chronic disease of the airways characterized 
by persistent lung inflammation. The condition is known to 
be driven by the production of type 2 cytokines, such as in-
terleukin (IL)-5 and IL-13, by NH cells.

The researchers developed a mouse model for this condi-
tion by administering an allergen and the pro-inflammatory 
cytokine IL-33 to mice. The treatment caused an increase in 
NH cells and mucus production in the lung, similar to the 
response observed in the lungs of asthmatic patients. Mice 
treated with corticosteroids did not show any improvement, 
indicating that the condition was resistant to the drug. 

Koyasu and his colleagues found that the lungs of the 

mice that received the allergen and IL-33 also had higher 
levels of TSLP. Separately, they found that the addition of 
TSLP to NH cells cultured in the presence of IL-33 induced 
the proliferation of NH cells, even when corticosteroids were 
present. These findings suggest that TSLP causes NH cells to 
become resistant to the anti-inflammatory effects of cortico-
steroid treatment.

In other cell culture experiments the researchers found 
that in the absence of TSLP, NH cells died more readily un-
der corticosteroid treatment, indicating that an antibody 
that blocks TSLP could eliminate corticosteroid resistance.

The team then discovered that in the presence of TSLP, 
NH cells activate the intracellular signaling protein STAT5. 
Pimozide, widely used as an anti-psychotic drug, is known 
to inhibit STAT5. Experiments confirmed that pimozide did 
indeed restore the susceptibility of NH cells to corticoste-
roids in cell culture (Fig.)

The research provides strong evidence that pimozide 
could be used to eliminate resistance to corticosteroids for 
the treatment of asthma. “Because pimozide has already 
been in clinical use for a while, this drug could be applied 
to patients with corticosteroid-resistant severe asthma after 
appropriate clinical studies are conducted,” explains Koyasu.

Fighting Asthma Drug Resistance
The poor efficacy of corticosteroid 
treatments in some patients with severe 
asthma could be overcome by blocking the 
action of an inflammatory protein

Figure: Asthmatic airway inflammation in mice 
induced by IL-33 and TSLP (bright pink, left) 
cannot be reduced by steroid treatment (center) 
but can be reduced when steroid treatment is 
augmented with the STAT5 inhibitor pimozide 
(right).
Reproduced, with permission, from Ref. © 2013 H. 
Kabata et al.

This article was reproduced from RIKEN Research with 
permission 
http://www.riken.jp/en/research/rikenresearch/
highlights/7589/

Original paper
Kabata, H., Moro, K., Fukunaga, K., Suzuki, Y., Miyata, 
J., Masaki, K., Betsuyaku, T., Koyasu, S., & Asano, K. 
Thymic stromal lymphopoietin induces corticosteroid 
resistance in natural helper cells during airway inflam-
mation. Nature Commun. 4, 2675 (2013).

Research highlights



63

The immune system’s first encounter with a potential 
threat is a valuable learning experience. Through a 

process of genetic recombination, our immune B cells can 
produce a wide array of B cell receptor (BCR) molecules, 
each recognizing a distinct molecular target. When a naive 
B cell bumps into its specific target, it initiates an immune 
response that yields antibodies with the same specificity as 
its BCR, but also gives rise to ‘memory cells’ that can quick-
ly recognize the target if it appears in the future. Working 
with genetically modified mice, Tomohiro Kurosaki’s team, 
Laboratory for Lymphocyte Differentiation, has now gained 
insight into how memory cells mobilize.

“Memory B cells achieve rapid and robust antibody pro-
duction during a secondary immune response, but its molec-
ular mechanism was unknown,” explains Kohei Kometani, a 
researcher in Kurosaki’s lab and lead author of the study.

Naive B cells typically produce BCRs and antibodies that 
belong to the immunoglobulin M (IgM) class of proteins. In 
contrast, memory B cells produce an alternative immuno-
globulin G (IgG) subtype of BCRs and antibodies through 
an additional gene recombination process called ‘class 
switching’. Some researchers believe that the IgG form of 
BCR contains structural elements that stimulate the memo-
ry B cell response, while others have favored cellular mecha-
nisms besides IgG-induced signaling. 

In initial experiments, the researchers worked with IgM 
naive and IgG memory cells that specifically recognize a 
known antigen, 4-hydroxy-3-nitrophenylacetyl (NP). As 
expected, the former cells proliferated in response to NP, 
while the latter promptly developed into antibody-secreting 
plasma cells, as occurs in a typical secondary immune re-
sponse. To determine whether IgG is specifically responsi-
ble, Kurosaki’s group generated cloned mice derived from an 
IgG memory cell that recognizes NP. 

The resulting animals produced NP-specific IgG naive B 
cells, which do not normally occur in nature. Remarkably, 
these cells responded to NP by proliferating in essential-
ly the same fashion as IgM naive cells, suggesting that IgG 
alone does not drive the memory response. A comparative 
analysis of gene expression revealed an alternative mecha-
nism, controlled by a protein called Bach2. “We found that 
Bach2 is reduced in memory B cells, and is important for 
their enhanced antibody production,” says Kometani. 

By revealing this IgG-independent mechanism, these 
results should help resolve the long-standing debate over 
memory cell function. However, this finding is just a starting 
point, and Kurosaki’s group is now engaged in exploring the 
upstream factors that switch off Bach2 production in mem-
ory cells.

Figure: Memory B cells quickly recognize threats 
previously encountered by the immune system to 
mount a rapid and robust antibody response. 
© Hemera/Thinkstock

Rapid Recall to Fight Familiar Foes
By tinkering with immune cell development, 
researchers learn how the body mounts an 
accelerated response to recurring threats
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Immune T cells can be broadly categorized into two class-
es: cytotoxic T lymphocytes (CTLs), which directly kill 

infected or cancerous cells, and helper T cells, which coordi-
nate the overall immune response. Immature T cells commit 
to one or the other lineage via a process called positive selec-
tion, and generally remain locked into their developmental 
fate from that point onward. The Laboratory for Transcrip-
tional Regulation led by Ichiro Taniuchi has now gained in-
sight into how these cells remain dedicated to their career 
path.

It is known that the Thpok gene is a critical activator of 
helper T cell development, and gets switched off in develop-
ing CTLs by a regulatory region called the silencer. However, 
Taniuchi’s team determined that the silencer only provides 
the initial deactivation signal, and requires further support 
to make its orders ‘official’.

Many genes undergo what is known as epigenetic regula-
tion through the addition of various chemical modifications 
to the chromosome. For instance, different patterns of ‘his-
tone methylation’ can either activate or repress nearby genes. 
The researchers determined that while the silencer facilitates 
the accumulation of repressive methylation patterns at the 
Thpok gene in CTL precursors, helper T cell precursors ex-
hibit activating methylation patterns. When the researchers 
selectively deleted the silencer in cells that had already com-

mitted to CTL development, Thpok remained repressed, in-
dicating that these marks are critical to long-term inhibition 
of this gene.

Taniuchi and his colleagues found that by engineer-
ing additional copies of the silencer region into the Thpok 
gene, they could induce repression in helper T cells where 
the gene would otherwise be active. If introduced into T cell 
precursors, these additional silencer copies caused the accu-
mulation of repressive histone methylation marks normally 
observed in CTLs, and disrupted normal helper T cell devel-
opment. This demonstrates the critical role of the silencer 
in establishing T cell fate.“Our finding that the epigenetic 
processes that stably silence Thpok can occur independently 
of commitment to the cytotoxic-lineage is striking,” says Hi-
rokazu Tanaka, lead author of the study.

Importantly, their work also suggests how these instruc-
tions might be overridden. Previous studies have suggest-
ed that prolonged signaling via the T cell receptor (TCR) 
specifically promotes helper T cell development, and these 
prolonged signals may work by preventing inhibitory mod-
ifications that would otherwise accumulate through the in-
fluence of the Thpok silencer. “Our findings provide for the 
first time an epigenetic view as to why persistent TCR signals 
are necessary,” says Tanaka.

Helping Cells Make a Commitment
Multiple levels of gene inhibition help 
determine and maintain the developmental 
destiny of immune cells

Figure: Researchers at RIKEN have investigated 
the role of the Thpok gene in the development of 
the two classes of immune T cells. 
© iStockphoto/Thinkstock
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Polycomb-group (PcG) proteins play an important role 
in controlling gene expression. Complexes containing 

PcG proteins are thought to inhibit or ‘silence’ gene activity 
by localizing to specific targets in the genome and remode-
ling how DNA is wound up into chromosomes, but the exact 
mechanism by which these complexes repress gene activity 
remains poorly understood. Kyoichi Isono, Haruhiko Koseki 
and colleagues from the Laboratory for Developmental Ge-
netics have now pinpointed the part of a critical PcG pro-
tein complex that is essential for maintaining a robust yet 
reversible gene repression program during both mammalian 
development and cancer progression.

Isono, Koseki and their colleagues set out to identify the 
formation mechanism of a cluster of PcG proteins known 
as Polycomb-group repressive complex-1 (PRC1). They fo-
cused their attention on a particular domain within one of 
the molecules in the PRC1 complex: the sterile alpha motif 
(SAM) of polyhomeotic-like protein 2 (Phc2). The SAM do-
main helps to keep Phc2 proteins in the same orientation, 
facilitating head-to-tail, building-block-like linking of re-
peated copies of the PRC1 complex (Fig.)

The team created human cells designed to express Phc2 
carrying a mutation in the SAM domain. This mutation pre-
vented PRC1 binding but did not affect the basic assembly 
of each complex. Nonetheless, the researchers observed a 

substantial reduction in PRC1 cluster or ‘body’ formation in 
the cell nucleus, indicating that the construction of linked 
repeats of PRC1, driven by SAM domain polymerization, 
may be necessary for proper functioning of the complex. In 
embryonic mice genetically engineered to possess a mutant 
SAM domain, Isono, Koseki and their team observed defects 
in the developing skeleton, further supporting the notion 
that the aberrant PRC1 bodies were not maintaining proper 
gene regulation in the absence of the SAM domain.

The findings illuminate a key aspect of mammalian em-
bryo formation. According to Isono, however, the results 
could also have implications that go well beyond the under-
standing of basic developmental processes. “The repressive 
function of PRC1 has a strong impact on not only pluripo-
tency and differentiation of stem cells but also tumorigene-
sis,” he says. “The mechanism that underlies SAM polymer-
ization and depolymerization could be useful for regenera-
tive medicine and cancer therapy.”

A particularly exciting potential therapeutic target might 
be compounds that destroy the interactions between SAM 
domains, which could halt tumor growth in cancer patients. 
“I believe we can develop such drugs by conducting micro-
scopic screenings for PcG body morphology,” Isono says.

Figure: A functional SAM domain is needed to fa-
cilitate PRC1 clustering and PcG-mediated gene 
silencing. 
© 2013 Elsevier

Building Blocks Help Silence Genes
Head-to-tail connections in gene-repressing 
complexes maintain proper DNA regulation 
during embryo development and tumor 
formation

This article was reproduced from RIKEN Research with 
permission
http://www.rikenresearch.riken.jp/eng/research/7547.
html

Original paper
Isono, K., Endo, T. A., Ku, M., Yamada, D., Suzuki, R., 
Sharif, J., Ishikura, T., Toyoda, T., Bernstein, B. E. & 
Koseki, H. SAM domain polymerization links subnuclear 
clustering of PRC1 to gene silencing. Dev Cell. 26, 
565–577 (2013).
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iPS Project

tured with OP9/DLL1 cells, the MART-1-iPS cells efficiently gener-
ated CD8+ T cells, and more than 90% of these cells were specific for 
the original MART-1 epitope. Stimulation of these CD8+ T cells with 
HLA-A*02:01-expressing cells pulsed with MART-1-peptide result-
ed in the secretion of IFNγ. The present study thus provides a novel 
method for cloning and expanding functional CD8+ T cells specific 
for a given antigen, which can potentially be applied for immune cell 
therapy against cancer.

Induced pluripotent stem (iPS) cells possess tremendous thera-
peutic potential in the fields of both regenerative medicine and 

immune therapy. We have started an activity to apply iPS technology 
to mouse and human immunology research and therapeutic devel-
opment. On a collaborative basis with individual research activities 
in RCAI, the core facility for iPS research is engaged in developing 
efficient protocols to reprogram various lymphocytes and induce 
differentiation of iPS cells into lymphoid lineage cells. This activity 
is partly supported by JST. 

This year, the facility established iPS cells from mature cytotoxic 
T cells specific for the melanoma epitope MART-1. JKF6 cells are 
long-term cultured tumor infiltrating lymphocytes that were origi-
nally derived from a melanoma patient and have been maintained 
at the Surgery Branch of the National Cancer Institute. JKF6 cells 
are specific for the complex of MART-1-peptide and HLA-A*02:01, 
and can be visualized as MART-1-tetramer+ cells by flow cytometry. 
These MART-1-specific T cells were transduced with Yamanaka fac-
tors, after which they established clones that form colonies with hu-
man ESC-like morphology (Vizcardo R., et al., 2013). When co-cul-

Figure: iPS based approach for regeneration of functional antigen-specific 
CTLs.
MART-1 derived iPSCs were separated into small clumps and plated on OP9 feeder 
cells. On day 13, cells were transferred to co-culture with OP9-DLL1 feeder cells. On 
day 35, cells were stimulated by anti-CD3 mAb for inducing CD8+ cells. After stimu-
lation, CD8+ CD3+ MART-1 tetramer+ cells were sorted for an INFγ production assay. 
They were co-cultured with a human EBV-transformed lymphoblastoid cell line ex-
pressing HLA-A*02:01 with or without MART-1 peptide for 24hr. These cells produced 
a substantial amount of INFγ in the presence of the specific peptide.

Projects

To understand the mechanisms responsible for homeostasis 
in the human immune system, we sought to identify novel 

causative genes for common variable immunodeficiency (CVID), 
through a collaboration with Tokyo Medical and Dental University 
(TDMU). CVID is the most frequent symptomatic primary immu-
nodeficiency encountered in adults.

To this end, we have carried out whole exome analysis (WEA) 
of DNA samples obtained from five patients with CVID and their 
family members. After conventional WEA with HiSeq 2000, variant 
calling, gene annotation, and elimination of single nucleotide vari-
ants at IMS, we identified one to eight potential somatic changes 
for each patient. One of the genes identified as disease-causing was 
a gene that has been reported as responsible for a severe type of 
CVID.

We also identified a few candidate heterologous mutations that 
were each only found in a single patient or in a patient and the 
mother. These mutations have not been reported in the literature, 
and their function in the human immune system is yet to be ex-
plored. TMDU will sequence the identified candidate genes in the 
>200 CVID samples in their cohort, and IMS investigators are in 
the process of determining their functions in the immune system 
by using different models.

Identification of Novel Causative 
Genes for Common Variable Immunodeficiency



67

Projects

T he pathogenesis of human diseases is a highly complex process 
because of the complexity of not only pathogenetic insults and ho-

meostatic responses but also of the structures of organs and tissues that 
include many cells of different origins. To tackle such complexity, we have 
initiated center-wide projects to understand the pathogenesis of atopic 
dermatitis (AD), autoimmune diseases, primary immunodeficiency and 
others, in which multiple research groups work interactively and syner-
gistically to achieve their common objectives. In each project, we first aim 
to understand molecular and cellular networks underlying homeostasis of 
each organ/tissue. We have initiated this project with skin because GWAS 
data for AD and related diseases and several unique dermatitis model an-
imals are already available. Skin is a complex and highly dynamic organ 
where there are continuous processes of proliferation, differentiation, mi-
gration, and death of cells in addition to constant surveillance by immune 
and neural systems. This implies that highly integrative efforts, from basic 
research to clinical applications, are required to model skin homeostasis. 

In order to unify the expertise of the various IMS laboratories in a coordi-
nated manner, it is important to thoroughly considered project planning 
with specific milestones. Our primary goal in the AD project, and hence 
the initial milestone, is to use a combined computational and experimen-
tal approach to investigate the molecular interaction network leading to 
the onset of AD, its underlying dynamics and how they play a role in the 
progression of skin dysfunction in AD.

Figure: Molecular and cellular events preceding atopic dermatitis onset in 
mouse skin tissue
A genetic factor, a point mutation in the Jak1 signal transduction molecule, induces 
protease over-expression in the epidermis and induces sequential events in various 
cells in skin tissue under the influence of environmental factors and ultimately results 
in atopic dermatitis.

Modeling Skin Diseases
Laboratory for Immunogenetics
Laboratory for Integrative Genomics
Laboratory for Disease Systems Modeling
Laboratory for Integrated Bioinformatics
Laboratory for Developmental Genetics

Laboratory for Metabolomics
Laboratory for Immune Homeostasis
Laboratory for Cytokine Regulation
Laboratory for Respiratory and Allergic Diseases

The SardiNIA project was originally launched by the National 
Institute on Aging (NIA) in NIH (US) and Italian investigators 

(https://sardinia.irp.nia.nih.gov/) to unravel the genetic processes 
involved in age-related traits and diseases in people living on the 
Mediterranean island of Sardinia. As an extension of the SardiNIA 
project, they have focused on immune diseases and recently elu-
cidated human genetic variations regulating immune cell levels in 
health and disease (Cell, 2013, 155(1):242-256). However, how var-
iations in immune cell levels eventually result in immune diseases, 
e.g. autoimmunity, still remains unclear. Thus, to bridge the gap 
between immune cell levels and disease etiology, we have begun to 
collaborate with the SardiNIA group through generation of mice 
with genetic variations corresponding to those found in humans: 
Based on the human genetic variations identified by the SardiN-
IA group, genetically engineered mice have been designed and are 
under development at IMS. In addition, we have performed pro-
tein-protein interaction assays to evaluate the impact of the genetic 
variation(s) in the protein-coding region identified by the SardiNIA 
genome cohort at the molecular level. In this regard, the collabora-
tion with the SardiNIA group serves as an extramural version of the 
on-going IMS projects, which aim to fill the gap between research in 

humans and mice. Thus, we have very good reasons to collaborate 
with the SardiNIA group toward our shared goal. We expect this 
tri-lateral collaboration will considerably enhance the international 
visibility of our “integrative medical science (IMS)” approach using 
animal models.

Figure: IMS Approach in a Tri-Lateral Collaboration with the SardiNIA Project

Collaboration with the SardiNIA Project
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IMS aims to contribute to the identification of new treatments for 
cancer and other diseases by promoting collaboration with DMP. 

The DMP was founded in RIKEN in 2010 in order to support all 
phases of development of new therapeutics, from the discovery of 
promising targets to the identification of potential lead compounds 
such as small molecules and antibodies, and the acquisition of in-
tellectual property rights to drugs and technologies that can then 
be brought to the development phase. The implementation of drug 
discovery requires different technology, thus DMP established sev-
eral medical technology platforms that promote research and de-
velopment. IMS contributes to this effort in several ways, including 

by setting up a facility for development of antibody drugs (Drug 
Discovery Antibody Platform Unit lead by Toshitada Takemori).

IMS now has five programs in association with DMP, includ-
ing cancer treatment with NKT cells (Masaru Taniguchi), allergy 
prophylaxis (Masaru Taniguchi), Artificial adjuvant vector cells 
(Shin-ichiro Fujii), Leukemia treatment drugs targeting leukemic 
stem cells (Fumihiko Ishikawa), and a Mucosal Vaccine delivery 
System (Hiroshi Ohno). Some of programs will provide the transfer 
of potential drug candidates to pre-clinical and clinical phases of 
drug development.

Figure: IMS links to the DMP project

Linkage to RIKEN Program for 
Drug Discovery and Medical Technology Platforms 
(DMP)

We have created humanized mice by injecting human cord 
blood hematopoietic stem cells (HSCs) into immune-defi-

cient NOD/SCID/Il2rgKO (NSG) newborns. Though the NSG hu-
manized mouse model has enabled us to achieve high levels of hu-
man leukocyte engraftment in multiple organs, limitations remain 
due to species barriers between human immune cells and the mouse 
microenvironment. In the last few years, in collaboration with Dr. 
Leonard Shultz at the Jackson Laboratory, the IMS Laboratories for 
Human Disease Models, Developmental Genetics, and Integrative 
Genomics have been trying to develop mice with a humanized mi-
croenvironment. By infecting humanized mice with EBV, we have 
shown the development of HLA-restricted human CD8+ T cells in 
HLA class Iexpressing NSG mice (PNAS 2010). We are currently 
evaluating whether a peptide vaccine can elicit an Ag-specific CTL 

response in the HLA class I TG NSG mice.
For humanized BM environment, we have developed NSG 

mice expressing two distinct splice variants of human SCF, the 
membrane-bound (SCF220) and soluble (SCF248) forms. In both 
strains, we found significantly higher engraftment of human CD45+ 
leukocytes in the bone marrow compared with conventional NSG 
mice (Blood 2012). In addition, expression of human SCF in the 
mouse environment has overcome human B cell-dominant engraft-
ment in the recipient mouse BM that has been considered as one 
of the major differences between humanized mouse BM and native 
human BM. We aim to clarify the potentially distinct roles of mem-
brane-bound and soluble forms of SCF in supporting human HSC/
hematopoietic progenitor cell development and in human granulo-
cyte development.

Figure: Development of NSG mice expressing 
human SCF
We have created new strains of NSG mice expressing 
two distinct spice variants of stem cell factor (SCF), 
membrane-bound form and soluble form. One of the 
variants (Variant A: SCF220) lacks the primary cleav-
age site, therefore human SCF is not secreted into the 
BM but remains as a membrane bound form.

Humanized Mouse Research

Projects
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NKT cells are known to enhance immune responses. The med-
ical innovation groups in IMS have launched projects aimed 

at application of NKT cells to cancer and allergic disease as follows.
Based on previous success using NKT ligand, α-galactosylce-

ramide (α-GalCer)-loaded dendritic cells (DCs) against advanced 
lung cancer, we started a new collaboration with the National Hos-
pital Organization of a randomized phase IIa trial in early stage lung 
cancer and also a phase IIa trial for head and neck cancer, in collab-
oration with Chiba University. Second, based on two previous stud-
ies in which we demonstrated the efficacy of human iPS-derived T 
cells (Cell Stem Cell 2013) and mouse iPS-NKT cells (JCI 2010), we 
will establish human iPS-NKT cells. This IMS iPS project on NKT 
cell-targeted therapy has been accepted as a Center for Clinical Ap-
plication Research in the Research Center Network for Realization 
of Regenerative Medicine, Japan in 2013. Third, we previously es-
tablished artificial adjuvant vector cells against cancer that are com-
posed of tumor mRNA and α-GalCer leading to activation of both 

innate and adaptive immunity. We have been working on preclinical 
studies with the human artificial adjuvant vector cells and have be-
gun discussions about preclinical studies with the Pharmaceuticals 
and Medical Devices Agency (PMDA). Forth, we have developed a 
new chemical compound that selectively induces apoptosis of IgE 
B cells, resulting in the preferential suppression of IgE production. 
A contract between a pharmaceutical company and us for a drug 
applicable for asthma, pollinosis or food allergy has been made. 

NKT Project

Figure: NKT projects in IMS as translational research
Four different NKT translational research projects have been launched in IMS. Three 
projects are for cancer treatment and one project is for treatment of allergic diseases.

A chemical compound that selectively induces suppression of 
total IgE production has been developed. This compound car-

ries an α-GalCer analog, RCAI-X, and selectively targets marginal B 
cells (MZB), but not DCs or macrophages. These B cells, after taking 
up the compound, express IgE mRNA, IL-21 receptor, and CXCL16 
to recruit NKT cells. The NKT cells activated by RCAI-X presented 
by the MZB cells produce IL-21. The NKT cell production of IL-21 
in turn acts on these MZB cells to induce phosphorylation of Bmf, 
causing it to detach from the dynein light chain and bind with Bcl-
2, inhibiting its function and inducing apoptosis of the IgE B cells. 

Figure: Development of a compound mediating 
IgE-specific suppression by RCAI-X-liposomes

Allergy Project

Bmf expression in IgG B cells is very low, therefore, the compound 
only affects IgE B cells and not IgG B cells. The RCAI-X compound, 
even at doses in the 1-100 ng/kg ranges, resulted in significant sup-
pression of not only the antigen-specific secondary IgE but also of 
total IgE production (Fig.). A contract with a pharmaceutical com-
pany (Kaken Pharmaceutical Co. Ltd.) was completed in 2013 to 
develop a drug applicable for asthma, pollinosis or food allergy. 
The project is supported by the RIKEN Drug Discovery and Med-
ical Technology Platforms and the Scientific Research Fund from 
Health and Welfare.

Projects
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Influenza is a major life-threatening infectious disease in our so-
ciety. Although the current vaccination method effectively reduces 
the risk of death, the following issues still remain.

1. What are the host factors that contribute to pathogenesis 
during the acute phase of infection? 
Pathogenesis developed during infection varies among individu-
als. Several reports have suggested that dysregulation of immune 
responses might contribute to the pathogenesis. To understand the 
contribution of immune responses to pathogenesis, we have taken a 
systems biological approach. Gene expression profiles of subsets of 
tissue-invaded immune cells over time after infection are generated 
and analyzed.With this large dataset, we expect to identify new bio-
markers, especially to predict the risk of death. The new biomarkers 
should enable us to prevent deaths from influenza by combining 
them with existing drugs.

2. Generating a next-generation vaccine against a broad range 
of influenza viruses. 
Several groups have succeeded in isolating human and rodent anti-
bodies that are broadly reactive with various influenza virus strains 
such as H1N1 and H5N1, findings that point to the feasibility of 
developing a universal vaccine. These antibodies mostly recognize 
the stem region of the Hemagglutinin (HA) protein, a region that 
is well-conserved at the amino acid sequence level. We are design-
ing synthetic peptides to induce B cell antibody responses that can 
broadly neutralize influenza virus infections. Three teams from the 
research fields of immunology/biochemistry, computer science and 
structural biology are running this project, which aims to generate 
a next-generation vaccine for any upcoming pandemics resulting 
from antigenic shift and drift (Figure).

The U.S. NIH Pharmacogenomics Research Network (PGRN) is 
a consortium of research groups funded as individual coopera-

tive agreements by the NIH. PGRN investigators are top researchers 
from U.S. academic institutions and conduct studies of variation in 
human genes relevant to drug metabolism, pharmacokinetics and 
pharmacodynamics, and the relationship of the genetic variation 
to drug responses. Principal investigators of the PGRN and RIKEN 
Center for Genomic Medicine (now RIKEN IMS Core for Genom-
ic Medicine: CGM) held a series of discussions on the need to ac-
celerate discoveries in pharmacogenomics (PGx) and launched the 
Global Alliance of Pharmacogenetics (GAP) in 2008.

In this international collaboration, the PGRN has been success-
fully assembling an abundance of DNA samples from well-phe-
notyped patients receiving specific drugs and drug combina-
tions in clinical trials conducted in the U.S. The CGM focuses on 

high-throughput genome-wide SNP scan with technological and 
methodological expertise to identify genetic factors associated with 
drug responses, risk of severe adverse drug reactions and non-re-
sponse to medications. Together, the PGRN-CGM capitalizes on 
these strengths to advance discoveries in PGx research. More than 
30 collaborative studies for various drug responses are ongoing to 
identify genomic biomarkers, which will develop better and safer 
medications and realize the dream of global personalized medicine.

Figure: Pharmacogenomics Research Network (PGRN) - RIKEN IMS Core for 
Genomic Medicine (CGM) strategic alliance.
Please visit http://bts.ucsf.edu/pgrn-cgm/

Influenza Project

PGRN-CGM International Collaborative Studies

Figure: Crafting a universal vaccine for pandemic 
Influenza
A) Cross-reactivity of a “Universal” antibody. B) Numer-
ous influenza peptides are designed and their affinities 
for “universal” antibody are predicted in silico. C) Se-
lected peptides are subjected to biochemical binding 
analyses using the universal antibody. D) Potential pep-
tides for the vaccine will be evaluated for their ability 
to generate “universal” antibody in vivo and to protect 
animals, and ultimately humans, from infection with 
various influenza virus strains.

Projects
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One of the aims of the Laboratory of International Alliance 
on Genomic Research is to promote research collaborations 

around the globe. We have established connections with the Insti-
tute of Biomedical Sciences at Academia Sinica in Taiwan where we 
will explore several diseases and pharmacogenetic studies (PGx) 
together. In addition, we will also work closely with the Taiwan 
Biobank to study complex diseases and PGx across the two pop-
ulations. It has been noticed that rare adverse skin reactions called 
SJS/TENS occur at a much higher frequency in East Asian and 
Southeast Asian populations and that these drug induced adverse 
reactions have strong genetic associations. To tackle this problem, 
we established the South East Asian Pharmacogenomics Research 
Network (SEAPharm) together with five Asian countries (Korea, 
Indonesia, Malaysia, Taiwan, and Thailand). The aim of the col-
laborative effort is to identify significant PGx events important to 
the region, so that we can identify genetic markers associated with 
these adverse drug reactions, which could then lead to a reduction 
in these events. Our first project will be to study the genetic associ-

ations of phenytoin-induced SJS/TEN. In addition, we also aim to 
understand how the identified genetic markers lead to the adverse 
events. It is hoped that through the discoveries from our collabora-
tive efforts, we will identify useful biomarkers that can be used to 
predict drug-induced adverse events, guide drug use and be useful 
in disease prediction/diagnosis.

ICGC has been organized to launch and coordinate a large num-
ber of research projects that have the common aim of compre-

hensively elucidating the genomic changes present in many types of 
cancers. Its primary goals are to generate comprehensive catalogues 
of genomic abnormalities in different cancer types and to make 
the data available to the entire research community with minimal 
restrictions. At the end of 2013, 71 cancer genome projects across 
16 countries and the EU were ongoing, and the ICGC released the 
genomic data from 8,532 cancer samples as Release 14 (September 
26th, 2013). Our RIKEN group has been involved with the genome 
project of liver cancer, which is one of the most common and deadly 
cancers worldwide, especially in Asia. We performed whole genome 
sequencing (WGS) of 270 liver cancers and called somatic muta-
tions by using our in-house pipeline. We deposited WGS data of 
153 liver cancers so far, and released them as a Japanese ICGC proj-
ect. As an internal working group, we are involved with benchmark 
comparison studies, where eleven genome centers analyze the same 
raw sequence data or the same DNA by each of their pipelines and 

sequencing platforms to compare their results of somatic mutation 
identification. ICGC has launched a “pan-cancer” genome project, 
where 2000~ cancer WGS data will be analyzed in the same pipe-
line by a world-wide collaboration. We are contributing to this am-
bitious project as a member of technical working group and data 
center, as well as by providing 300 WGS data.

Figure: South East Asian Pharmacogenomics Research Network (SEAPharm)

Figure: ICGC Data Release 14 (September 26th, 2013) 

Collaboration with 
Asian Institutes and SEAPharm

International Cancer Genome Consortium (ICGC)
Laboratory for Genome Sequencing Analysis
Laboratory for Medical Science Mathematics

Laboratory for Digestive Diseases
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The Genome-guided drug Therapy Optimization Project was 
started in December, 2011 as a top-down project of MEXT to 

validate the clinical utility, clinical efficacy and cost-effectiveness of 
pharmacogenomic research findings by clinical intervention study 
and to implement pharmacogenomic testing into clinical use [Pro-
ject leader: Michiaki Kubo (FY2011-present)]. Currently, this pro-
ject conducts three clinical interventional studies for the prevention 
of Carbamazepine-induced skin rush (GENCAT), genome-guided 
dose adjustment of Warfarin for safer anticoagulation (GENCAT), 
and genome-guided dose adjustment of tamoxifen for breast cancer 
therapy (TARGET-1). The Core for Genomic Medicine and the Bi-
oBank Japan organize all three projects in collaboration with many 
universities and hospitals in Japan. The Research Group for Phar-
macogenomics (Group Director: Mushiroda) also manages this 
project.

Genome-guided drug Therapy Optimization 
Project (G-TOP)

Website: http://www.biobankjp.org/pgx/index.html

Figure: Website of the Genome-guided drug Therapy Optimization 
Project (G-TOP)

The BioBank Japan project was started as a leading project of the 
Ministry of Education, Culture, Sports, Science and Technol-

ogy (MEXT) in 2003 [Project leader: Yusuke Nakamura (FY2003-
2011), Michiaki Kubo (FY2011-present)]. In the first 5-year period 
(FY2003-2007), this project constructed the BioBank Japan, which 
collected DNA, serum and clinical information from 200,000 pa-
tients who suffered from at least one of the 47 target diseases. In 
the second 5-year period (FY2008-2012), this project performed 
GWAS for various diseases using the samples stored in the BioBank 
Japan and identified many susceptibility genes for various diseas-
es and drug responses. In the third period of 5 years from 2013, 
this project is expanding the BioBank infrastructure to collect DNA 
and clinical information from an independent cohort of 100,000 
patients who suffer from at least one of 38 target diseases, includ-
ing kidney cancer, dementia and depression as new disease targets. 
In collaboration with other national projects, BioBank Japan will 
further promote genomic research and move forward to apply its 
findings to clinical research.

The BioBank Japan Project

Photo: DNA Storage
Photo: Blood Serum Storage

Website: http://www.biobankjp.org/index.html
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IMS was delighted to continue the RISP, now RIKEN IMS 
Summer Program, in 2013 after starting our new institute. 

RISP started in 2006 with the goal of offering training in current 
topics in immunology as well as providing networking opportu-
nities on an international scale for young immunologists. It was 
also geared to encourage future collaboration and postdoctoral 
training experiences in Japan, so that RISP has included an in-
ternship program in which the participants perform research 
in the IMS laboratories. RISP is now co-organized by the Chiba 
University Leading Graduate School Program.

In RISP 2013, forty-seven graduate students/postdoctoral fel-
lows from 18 countries and six students from Chiba University 
gathered at Yokohama from June 21st to 28th. The RISP 2013 
program started with a tour of IMS research facilities, which in-
clude advanced two-photon microscopes, HILO microscope for 
single molecule imaging and conventional cell sorting instru-
ments as well as a new CyTOF mass spec-based sorter. This was 
followed over the next four days by 12 lectures by Japanese and 
foreign distinguished scientists and oral and poster presentations 
by RISP students. The RISP program ended with participation in 
an annual international symposium, co-organized by IMS-RCAI 
and the Japanese Society for Immunology.

RISP 2013 was a success, as all of the students indicated in the 
RISP evaluation survey that they would recommend the program 
to colleagues and would encourage them to apply for a position 
at IMS-RCAI. IMS is planning to continue RISP, updating some 
of the lecture topics as necessary to keep pace with recent devel-
opments in this rapidly moving field of life science.

The 8th IMS-JSI International Symposium on Immunol-
ogy, hosted by the RIKEN Center for Integrative Medical 

Sciences (IMS), in conjunction with the Japanese Society for 
Immunology (JSI), was held on June 27-28 in Yokohama. This 
was the first international event since the launch of IMS in April 
2013, which was in transition from RCAI, Research Center for 
Allergy and Immunology (2001-2013). Eighteen international-
ly-recognized speakers presented their cutting-edged research 
at the symposium entitled “Interface between Immune System 
and Environment”, which attracted more than 350 participants. 
The symposium consisted of five sessions: Interface between gut 
and immune system; Interface between the lung and immune 
system; Interface between the skin and immune system; Molecu-
lar mediator between environment and immune system; Metag-
enomic analysis of the human immune system. Many different 
subpopulations of immune cells are active on the front line at 
the barriers of our body, such as skin, intestinal and bronchial 
mucosa. Microbiota and their metabolites affect these immuno-
logical actions relevant to both innate and acquired immunity, 
and might be linked to human diseases. Structural microenvi-
ronments established at the barriers, such as mucosa-associated 
lymphoid tissues, also appear to play a role in immunological 
memory functions of the acquired immune system. The research 
field of “Interface between Immune System and Environment” 
brings us a novel view to better understand the immune system 
and human diseases. Furthermore, expansion of large datasets 
from metagenomic analysis will be a powerful resource for the 
research community in this field.

RIKEN 
IMS
Summer 
Program (RISP) 
2013

The 8th 
IMS-JSI 
International 
Symposium on 
Immunology 
2013
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The Global Alliance for Pharmacogenomics (GAP), a col-
laborative program between the former RIKEN Center for 

Genomic Medicine (now Core for Genomic Medicine, RIKEN 
IMS) and the US National Institute of Health (NIH) Pharmacog-
enomics Research Network (PGRN), was started in 2008 with the 
objective of identifying the relationship between genetic variants 
and individual responses to drugs, including efficacy/side effects. 
Its strategic alliance meetings, held alternately in Japan and Unit-
ed States, allow for face-to-face discussions about the progress 
of ongoing projects and future directions for the PGRN-RIKEN 
CGM collaboration.

On June 19-20, 2013, CGM hosted the 8th PGRN-RIKEN 
Strategic Alliance Meeting at the Business Support Floor of the 
Landmark Tower Yokohama, in Yokohama, Japan. Some 40 par-
ticipants attended this meeting, and it provided a valuable forum 
for exchanging information on ongoing collaborative activities: 
Aromatase Inhibitors and Bone Fractures, Adverse Cardiovas-
cular Outcomes and New-onset Diabetes after Antihypertensive 
Therapy, Pharmacogenetics of Prostacyclin Dosing in Pulmo-
nary Arterial Hypertension, Colorectal Cancer Pharmacogenet-
ics, and SSTI Pharmacogenomics. Participants from PGRN and 
RIKEN also had in-depth discussions and shared ideas about 
their research projects. In addition, participants explored new 
collaborative research proposals as well as data analysis issues. 
Finally, it was agreed to hold this meeting on a regular basis to 
further enhance collaborations between PGRN and CGM, and 
the meeting successfully concluded.

T he 5th joint workshop between LJI (La Jolla Institute of Al-
lergy and Immunology, formerly abbreviated as LIAI) and 

IMS “New Horizon in Immune Regulation towards Disease In-
tervention” was held on October 30-31 in the RIKEN Yokohama 
campus. The workshop featured 11 speakers from both institutes. 
The acting director of IMS, Dr. Koyasu started by introducing 
the outline of IMS, and this was followed by the introduction of 
LJI by the director Dr. Kronenberg. Both speakers stressed the 
importance of continuation the mutual interactions and collabo-
rations. The workshop had four scientific sessions on the 1st day: 
Development and function of T cells, Allergy and inflammation 
I, Regulation and intervention of diseases, Signal regulation of 
diseases, and three sessions on the 2nd day: Mucosal regulation 
and microbiota, Allergy and inflammation II, Systems and Im-
munology.

The topics covered broad aspects in lymphocyte development, 
signal transduction, mucosal regulation, allergy and inflamma-
tion, and integrative approaches to understand immune respons-
es. One of the most cutting edge topics was the mucosal regu-
lation of immune responses by the microbiota. In addition, the 
speakers from both institutes emphasized the study of diseases, 
particularly allergic skin diseases, inflammation, cancer, and di-
abetes.

Based of the facts that both institutes have similar goals, 
targets, and aspects of research and that two LJI investigators 
(Cheroutre and Kawakami) are now also PIs in IMS beginning 
this year, the two institutes promised to develop further strong 
relationships and collaborations.

The 8th 
PGRN-RIKEN 
Strategic 
Alliance 
Meeting

LJI & 
IMS 
Workshop

Events
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IMS offers a summer internship program for undergraduate 
students from Harvard University. In this program students 

do a research internship in the IMS laboratories and have ba-
sic immunology lectures by IMS PIs and a Japanese language 
course. They also participate in the RIKEN IMS Summer Pro-
gram (RISP) and the International Symposium on Immunology, 
organized by IMS and JSI. The participants receive course cred-
it from Harvard. In 2013, we had three students from Harvard 
University (James Carey, Albert Li and Kathleen Wallace), and 
one from Brown University (Marjorie Palmeri) from June 3 to 
August 12. 
 Carey conducted his research project in the Laboratory for 
Immune Regulation (Dr. Taniguchi), Li in the Laboratory for 
Immunogenetics (Dr. Yoshida), Wallace in the Laboratory for 
Vaccine Design (Dr. Ishii), and Palmeri in the Laboratory for 
Cytokine Regulation (Dr. Kubo). During their internships, the 
students had numerous discussions with IMS researchers and, at 
the end of the program, they gave oral presentations describing 
their scientific results. 

 In addition, they visited the Science Frontier High School 
and met with students who want to be scientists. On this occa-
sion, they experienced Japanese culture and learned Sado (tea 
ceremony) from the local high school students.

IMS collaborates with and accepts graduate students from 11 
domestic university graduate schools. There are now a total 

of 35 adjunct professors/associate professors in IMS (Table), 
and 118 students studied at IMS in 2013. On May 25, IMS held a 
briefing session on adjunct graduate school programs. Thirteen 
students participated from Kyushu, Kyoto, Kanagawa, Tokyo, 
Saitama, and even from Ireland. The session provided an oppor-
tunity for students to visit and talk directly with lab leaders and 
to consider their future directions.

Harvard 
Summer 
School 
2013

Adjunct 
Professorship 
Programs

Graduate Program

Graduate School of Frontier Bioscience, 
Osaka University

Graduate School of Medicine, 
Osaka University 

Department of Immunology,
Graduate School of Medicine,
Chiba University

Graduate School of Pharmaceutical Scienc-
es, Chiba University

School of Biomedical Science,
Tokyo Medical and Dental University

Graduate School of Medicine, Yokohama 
City University

Graduate School of Medical Life Science,  
Yokohama City University

Research Institute of Biological Sciences, 
Tokyo University of Science

Graduate School of Medicine, Kyoto 
University

Graduate School of Medicine, Keio 
University

Affiliated RCAI Investigator

Tomohiro Kurosaki (Professor), Ichiro 
Taniuchi (Visiting Professor), Keigo Nishida 
(Visiting Associate Professor)

Takashi Saito (Visiting Professor), Toshiyuki 
Fukada (Visiting Associate Professor)

Takashi Saito (Visiting Professor), Haruhiko 
Koseki (Visiting Professor), Hiroshi Ohno 
(Visiting Professor), Shinichiro Fujii (Visiting 
Associate Professor), Yasuyuki Ishii (Visiting 
Associate Professor), Fumihiko Ishikawa 
(Visiting Associate Professor)

Osamu Ohara (Visiting Professor)

Takashi Saito (Visiting Professor)

Michiaki Kubo (Visiting Professor), Shiro 
Ikegawa (Visiting Professor), Mayumi Tamari 
(Visiting Professor), Tatsuhiko Tsunoda (Visit-
ing Professor), Hidewaki Nakagawa (Visiting 
Professor), Shiro Maeda (Visiting Professor), 
Taisei Mushiroda (Visiting Professor), Atsushi 
Takahashi (Visiting Professor) 

Hiroshi Ohno (Visiting Professor), Haru-
hiko Koseki (Visiting Professor), Mariko 
Okada (Visiting Professor), Takaharu Okada 
(Visiting Associate Professor), Kazuyo Moro 
(Visiting Associate Professor)

Masato Kubo (Professor), Osamu Ohara
(Visiting Professor), Shohei Hori
(Visiting Associate Professor), Tadashi Yoko-
suka (Visiting Associate Professor)

Fumihiko Ishikawa (Visiting Associate 
Professor)

Masayuki Amagai (Professor), Shigeo Koyasu 
(Visiting Professor), Haruhiko Koseki (Visiting  
Profefssor)

Table: Adjunct professorship programs

Photo: Cultural Exchange at Science Frontier High School

Events
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Patents 2013
There were 19 patents filed from January to December, 
2013.

Personnel FY2013
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Government funding for operations
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External competitive funding

Total

IMS Budget FY2013
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5,801

An additional supplementary budget (4,400 million yen) was provided in 2013 for 
commissioned research “Order-made Medicine Realization Program”.




