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Message from the Director

As the Director of the Immunology Frontier Re-
search Center (WPI-IFReC) at Osaka University, |
am very pleased to present the IFReC annual re-
port for fiscal 2014.

Since its inception in 2007, IFReC has estab-
lished itself as a Visible International Research
Center of Immunology with the support of many
people including the WPI Program Director and
the Program Officer.

Although IFReC was created as a part of the WPI
program, a national project led by the Japanese
Ministry of Education, Culture, Sports, Science
and Technology, IFReC’s management will be
completely moved to Osaka University from
FY2017 as a result of the decision in the WPI pro-
gram committee meeting held in fall 2014. Even
though the governing structure will change, our
most important mission “Constructing a world-
top immunology research center” remains the
same. We will make unceasing efforts to develop
immunology research to ensure translation to

medical science.

Shizuo Akira, MD/PhD
Director

WPI Immunology Frontier Research Center

IFReC has been running an original research
grant Research Support Program for Combined
Research Fields in order to promote collaborative
studies between different fields. In 2014, the Im-
muno-Genomics Unit was newly established to
advance this program. The unit comprises a
group of young, talented researchers from differ-
ent fields and we expect that lively debate will
pave the way to new areas of research.

As an approach to nurturing young researchers,
the fourth NIF Winter School co-organized by IFReC
and Singapore Immunology Network was held in
January, 2015. The school prides itself on offering
not only productive educational content but also
an opportunity for the young researchers to form
a global network.

We are committed to continuing contributions
to scientific advances through research and edu-
cation and the evolvement of a world top immu-

nology research center.




Looking back on IFReC’s activities over the years
Jun Sakanoue (Research Planning and Management Office, IFReC)

After the WPI follow up meeting held in November 2014, the
WPI program committee decided that only Kavli IPMU would
be nominated for a five-year extension of the WPI grant among
the five research institutes launched in 2007". This decision
represents the termination of WPI funding for the other four in-
stitutes after 2017.

This was a great disappointment for researchers and office
staff at IFReC after the intensive effort made to secure an exten-
sion for another five years.

The WPI committee did comment that all the five centers had
fully met the goal of the WPI program and achieved a World
Premier Status.

The research at IFReC has been maintained at a very high lev-
el in both quantitative and qualitative aspects ever since its es-
tablishment (Figure 1). The number of papers in each fiscal
year by authors affiliated with IFReC has steadily increased

This World Premier Status should be used in the sense that IFReC
has produced world-class achievements in science. Here, |
would like to assess IFReC's research performance over the past
period subject to evaluation by the WPl committee (2007-
2013). The following data such as citation ranking are based on
objective analysis®’.

The number of science papers in high-impact journals is used
as a measure for high level science research. Since the estab-
lishment of IFReC, around 10% of the total papers have been
published in high-impact journals such as Science, Nature, Cell
and their affiliated journals (Table 1).

from 2008 onward. As the number of papers increased, citation
numbers have also increased. More than 800 papers have been
published so far, and the average number of citations of these
papers was 30.45 and the h-index?' of IFReC as a whole was 66.

Figure 1 | Research Outputs of IFReC in 2008-2013. The number of papers by authors affiliated with IFReC has
steadily increased from 2008 to 2013. More than 800 papers have been published over this time period. There
were fewer papers published in 2007, since IFReC was established at the end of year 2007.

IFReC’s paper productivity was compared with that of the La
Jolla Institute for Allergy & Immunology (LIAl) in the USA (Table
2). The LIAl is one of only a few non-profit biomedical research
institutes in the world focused on understanding the immune
response to infectious agents and cancers and on advancing

progress toward the prevention, treatment and cure of immune
system diseases”. The scale of LIAI and IFReC in terms of re-
searcher number is nearly identical. The achievements of IFReC
in 2008-2013 compare favorably with those of LIAI, the research
institution representing USA.

Table 2 | Performance Comparison between the Two Institutes

The scientific achievements of IFReC have contributed to
Osaka University’s reputation as a research university. We can
separate the papers from Osaka University into two types. One
is those authored by researchers affiliated with IFReC, and the
other by those outside of IFReC. In the field of Immunology,
the number of papers, citation impact, and h-index by IFReC’s

researchers are all significantly higher than those by other re-
searchers in Osaka University (Table 3). This high evaluation of
IFReC leads to recognition of Immunology at Osaka University.
In other research fields such as Molecular Biology, Virology, and
Parasitology, papers from IFReC have also made remarkable
contributions to the status of Osaka University.




Osaka University was ranked first in citation impact among restricted after 2007. However, IFReC undoubtedly contributes

the top institutions in immunology all over the world (Table 4). to the rise in the stature of Osaka University as a research uni-
Of course, the contribution of IFReC to Osaka University was versity, and to Japan’s international status in biosciences.
Organization
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Committee and Advisory Board for IFReC

World Premier International Research Center Initiative (WPI)

I Program Committee Members

As of FY2014

[Chair]
Hiroo Imura

Matthew Mason

President, Foundation for Biomedical Research and Innovation

Representative Director, Executive Vice President & CTO, Canon Inc

President Emeritus, Kanazawa Gakuin University

President, Japan Water Research Center (JWRC)

Chairman, Tokyo Metropolitan Government Board of Education

Academic Fellow, National Graduate Institute for Policy Studies

Director, Research Center for Science Systems, Japan Society for the Promotion of Science (JSPS)
Nobel Laureate in Physics (2008)

President, Jichi Medical University

President, Japan Science and Technology Agency (JST)

President, RIKEN, Nobel Laureate in Chemistry (2001)

Professor, University of Maryland

Professor, Stanford University

Professor Emeritus, University of Edinburgh

Chairman, Agency for Science, Technology and Research

Director, Robotics Institute, Carnegie Mellon University

i Program Director

Toshio Kuroki

Senior Advisor, Research Center for Science Systems, JSPS

i Deputy Program Director

Akira Ukawa

RIKEN Advanced Institute for Computational Science

i Working Group Leader and Assigned Members

As of FY2014

[Chair, Program Officer]
Takehiko Sasazuki

Diane Mathis

Professor, Institute for Advanced Study, Kyushu University

Dean and Professor, Division of Mucosal Immunology, Department of Microbiology and
Immunology, Institute of Medical Science, The University of Tokyo

Professor and Chairman, Department of Allergy and Rheumatology, Graduate school of Medicine,
The University of Tokyo

Professor and Chairman, Division of the Molecular Immunology, German Cancer Research Center
Heidelberg DKFZ, DEU

Associate (chief) scientist, Molecular Imaging Program, National Cancer Institute, National
Institutes of Health, USA

Professor, College de France / Honorary Director-General, The Institute of Pasteur Chairman, The
Singapore Immunology Network, FRA

Morton Grove-Rasmussen Professor of Immunohematology, Division of Immunology,
Department of Microbiology and Immunobiology, Harvard Medical School, Boston, USA

I International Scientific Advisory Board As of FY2014

erfteyIRAvetch Pro.fessc:sr, Laboratory of Molecular Genetics and Immunology, The Rockefeller Immunelogy
University

Chris Goodnow Professor, John Curtin School of Medical Research / Australian Phenomics Immunolo
Facility, The Australian National University i

Richard Locksiey Professc?r, Departme.nt of Medicine (Infections Diseases), University of e
California, San Francisco

, Division Head, Division of Immunoregulation, MRC National Institute for

Anne O'Garra . Immunology

Medical Research
. . American Cancer Society Professor and Chair, Department of Microbiology &
Lewis L. Lanier Immunology

Immunology, University of California, San Francisco

Director of Bioinformatics, Cancer Vaccine Center, Dana-Farber Cancer
Institute, Harvard Medical School

Lutcher Brown Endowed Chair and Professor, Department of Electrical and
Computer Engineering, University of Texas

Chair Professor, Faculty of Science and Technology, University of Macau

Takeshi Yamakawa

Board vice-chairman and Director, Fuzzy Logic Systems Institute

Bioinformatics

IFReC has been the subject of evaluations including site visits and follow-ups by the WPI Program Committee and scientific evaluations

on each Pl by the International Scientific Advisory Board.

In close cooperation with the Program Director, the Program Officer and working group members, the WPl Program Committee conducts

follow-up activities on progress being made by the WPI institutes including IFReC, with an eye to developing them into highly visible re-

search centers. The working group, set up exclusively for IFReC, conducts an annual site visit and compiles evaluation results in the form

of the Site Visit Report. Following the feedback received, IFReC has continued to make various efforts to develop and improve to meet

the requirements of a WPI center.

The International Scientific Advisory Board conducts evaluations on scientific achievements of IFReC Pls by reviewing their reports or

direct interviews.
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Administrative Office of IFReC

General Affairs Section

= Support for international researchers

= Employment /acceptance of researchers and staff procedures
= Social insurance / employment insurance

= Housing arrangements for researchers and staff

= Procedures related to international students

= Management of work hours

= Procedures related to patents

= Issuing various certificates

Accounting Section

= Budget drafting / implementation / management

= Purchasing procedures

m Acceptance and implementation of third-party funding
= Payment of payroll, travel expense and honorarium

m Health insurance procedures

= Management of buildings and assets

= RI (Radio Isotope) procedures

Research Planning & Management Office

= Research promotion & support

(Consultation for grants & patents, Fusion research program, etc.)
= Establishing research environments

(Facility & safety management, research agreement, etc.)
= Fostering young scientists

(Winter School, Dual Mentor Program, etc.)
= Organizing scientific events

(Symposia, colloquia, seminars, etc.)
= Public relations

(Publishing, website, outreach to citizens, etc.)
= WPI evaluation issues

(Progress report, advisory board meeting, etc.)

Laboratories




@ Host Defense

The immune system plays a critical role in host defense against
microbes. Pattern-recognition receptors (PRRs) sense microbes
ranging from bacteria to fungi, protozoa and viruses, and induce
innate immune response, an evolutionally conserved host de-
fense response. After sensing microbial components, PRRs stimu-
late production of inflammatory factors such as cytokines/inter-
ferons by dendritic cells to support induction of acquired immune
response, another immune response mediated by T cells and B
cells, resulting in elimination of invading microbes. However, ab-
errant activation of the immune responses often causes massive
inflammation, leading to the development of autoimmune dis-
eases. Therefore, both activation and inactivation of immune re-
sponses must be strictly controlled. To gain a deeper understanding
of the immune system, we have examined regulatory mechanisms
of innate and acquired immune responses, and novel PRRs capa-
ble of sensing microbial components.

Recently we focused on the role of zinc-finger antiviral protein
(ZAP) against viral infection. We also showed that resveratrol sup-
presses NLRP3-inflammasome formation.

1. Zinc-finger antiviral protein mediates retinoic acid
inducible gene I-like receptor- independent antivi-
ral response to murine leukemia virus

Previously we found that zinc-finger antiviral protein (ZAP) acts
as an RNA sensor and induces the degradation of the MLV tran-
scripts by the exosome, an RNA degradation system, on RNA

Shizuo Akira, MD/PhD
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granules (Lee et al, PNAS, 2013). The loss of ZAP greatly enhances
the replication efficiency of MLV. ZAP localizes to RNA granules,
where the processing-body proteins assemble. ZAP induces the
recruitment of the MLV transcripts and exosome components to
the RNA granules. The CCCH-type zinc-finger domains of ZAP,
which are RNA-binding motifs, mediate its localization to RNA
granules and MLV transcripts degradation by the exosome. Thus,
ZAP is the cytosolic RNA-sensing PRR that induces elimination of
intracellular RNA viruses including MLV.
Next, we will investigate the role of ZAP against Sindbis virus.

2. Role of zinc-finger anti-viral protein in host defense
against Sindbis virus

Accumulating evidence indicates that type | interferon (IFN)
mediates the host protective response to RNA viruses. However,
the anti-viral effector molecules involved in this response have
not been fully identified. Here, we show that zinc-finger anti-viral
protein (ZAP), an IFN-inducible gene, plays a critical role in the
elimination of Sindbis virus (SINV) in vitro and in vivo. The loss of
ZAP greatly enhances the replication of SINV but does not inhibit
type | IFN production in primary mouse embryonic fibroblasts
(MEFs). ZAP binds and destabilizes SINV RNA, thereby suppress-
ing the replication of SINV. Type | IFN fails to suppress SINV repli-
cation in ZAP-deficient MEFs, whereas the ectopic expression of
ZAP is sufficient to suppress the replication of SINV in MEFs lack-
ing the expression of type | IFN and the IFN-inducible genes. ZAP-

deficient mice are highly susceptible to SINV infection, although
they produce sufficient amounts of type | IFN. Therefore, ZAP is
an RNA-sensing anti-viral effector molecule that mediates the
type-I-IFN-dependent host defense against SINV (Kozaki et al, Int
Immunol 2015).

Although we have demonstrated the importance of ZAP in
anti-viral responses, the molecular mechanisms underlying the
elimination of viruses by ZAP are still unclear. ZAP suppresses the
replication of SINV, Ebola virus, Marburg virus, MLV, HIV-1 and
HBV, indicating that ZAP targets positive-sense RNA viruses, neg-
ative-sense RNA viruses, retroviruses and DNA viruses. However,
ZAP does not suppress the replication of VSV, a negative-sense
RNA virus. ZAP inhibits viral protein translation and viral RNA
splicing and destabilizes viral RNA. These findings raise important
questions. How does ZAP sense a wide variety of viruses? How
does ZAP specifically identify its target viruses? How does ZAP
distinguish the different modes of anti-viral actions? In future
studies, we will address these questions to better understand the
anti-viral innate immune response.

3. Suppression of NLRP3-inflammasome formation by
resveratrol (Figure 1)

Previously we have clarified the molecular mechanism of col-
chicine, a drug for gout attack. In response to Nigericin, monoso-
dium urate, or silica particles, NLRP3 forms an inflammasome
with its adaptor protein ASC and mediates innate immune re-
sponses. NLRP3-inflammasome inducers cause aberrant mito-
chondrial homeostasis to reduce the NAD+ level, which in turn
inactivates the NAD+-dependent a-tubulin deacetylase Sirtuin 2
(SIRT2), resulting in accumulation of acetylated a-tubulin. Accu-
mulated acetylated a-tubulin mediates ASC-NLRP3 contact to
promote NLRP3-inflammasome activation. Colchicine blocks the
proximity of ASC and NLRP3 by disrupting tubulin structure. We
recently showed that resveratrol also suppresses NLRP3-inflam-
masome formation by inhibiting acetylation of a-tubulin, and
may be therapeutically useful for treatment of gout (Misawa et al.
Int Immunol 2015 in press).

Figure 1. Effect of Resveratrol on NLRP3-inflammasome activation

Recent Publications
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As many as 150 different proteins with various functions, such
as receptors, adhesion molecules, enzymes, enzyme inhibitors
and complement regulatory proteins, are anchored to the cell
surface via glycosylphosphatidylinositol (GPI) that is covalently
linked to the carboxyl-terminus. Our laboratory has been working
to clarify the mechanism of biogenesis, biological functions and
medical significance of GPI anchors and GPl-anchored proteins
(GPI-APs). In 2014 we made a number of discoveries in studies of
inherited GPI deficiency and regulation of GPI-AP functions.

We reported the first cases of inherited GPI-deficiency caused
by mutations in PGAPT (Post GPI Attachment to Proteins 7) gene
(Murakami Y et al., PLoS Genet, 2014; Bosch DG et al., Eur J Hum
Genet, 2015) in collaboration with research groups in Germany
and Netherlands. We previously showed that PGAP1 encodes a
deacylase that removes a fatty acid from inositol moiety in na-
scent GPI-APs in the endoplasmic reticulum (ER) (Figure 1). The
removal of the inositol-linked fatty acid by PGAP1 is critical for
association of GPI-APs with transport cargo receptors and effi-
cient exit from the ER. A lack of PGAP1 causes delayed transport
of GPI-APs from the ER although the cell surface levels of GPI-APs
are in general not affected. It is also known that the inositol-deac-
ylation is prerequisite for GPI fatty acid remodeling that occurs in
the Golgi. Therefore, structure of lipid moiety of GPI-APs on
PGAP1-defective cells is abnormal (Figure 1). We have now found
that two siblings with homozygous null mutation in PGAP1 had
intellectual disability and seizures, and an individual with com-

@ Immunoglycobiology
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pound heterozygous loss-of-function mutations in PGAPT had
intellectual disability and cerebral visual impairment. It is sug-
gested that structure of lipid moiety in GPI-APs is critical for nor-
mal function of neuronal cells. GPI-deficiency caused by muta-
tions in 12 genes involved in GPI biosynthesis, remodeling and
protein attachment have been found (Figure 2). GPI-deficiency
caused by PGAPT mutations is unique among them in that ex-
pression of GPI-APs with abnormal GPI structure rather than re-
duction of cell-surface levels of GPI-APs is the major abnormality
(Figure 1). Individuals with GPI-deficiency caused by mutations in
genes involved in GPI biosynthesis have been found among chil-
dren with early-onset epileptic encephalopathy. Five individuals
with GPIl-deficiency caused by PIGA mutations have been found
in a cohort of 172 Japanese patients with early-onset epileptic
encephalopathy (Kato M et al., Neurology, 2014).

A unique characteristic of GPI-APs is that intact proteins can be
shed from the cell surface by cleavage of GPl-anchor by specific
GPlases. We identified a novel GPI cleaving enzyme, termed
PGAP6. PGAP6 is a GPI-specific phospholipase A2 mainly local-
ized at the cell surface. PGAP6 sheds some but not all GPI-APs.
CRIPTO, a GPI-AP, has a critical role in early embryonic develop-
ment by acting as a co-receptor of Nodal, a TGF-f family protein.
We found that CRIPTO is a sensitive substrate of PGAP6 and that
PGAP6 initiates non-cell-autonomous action of CRIPTO via shed-
ding while reducing cell-autonomous CRIPTO actions. In mice,
Pgap6 and Cripto are co-expressed in day 6 embryonic epiblasts

and Pgap6-knockout mice were embryonic lethal. These results
suggest that PGAP6 plays an important role in Nodal signaling
regulation through CRIPTO shedding.

Our current studies focus on mechanistic bases of intracellular
trafficking of GPI-APs and of structural heterogeneity of GPl-an-
chors to better understand regulation of GPI-AP functions and
bases of various phenotypes seen in individuals with GPI-defi-
ciency.

Figure 1.

Abnormal lipid structure of GPI-APs expressed on PGAP1 mutant cells.
PGAP1 removes palmitic acid from inositol of GPI in the endoplasmic
reticulum (ER). GPI-APs expressed on the plasma membrane (PM) of PGAP1
mutant cells have palmitic acid linked to inositol and unsaturated fatty acid
at sn2-position of glycerol due to a lack of fatty acid remodeling.
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Figure 2.

Genes involved in GPI biosynthesis, remodeling and protein attachment.
Genes, for which mutations causing GPI-deficiency were identified, are in
red.
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Our research team is involved in two approaches, that is, basic
and clinical immunology. As basic aspects of our projects, our
proposed study is the regulation of immune cell motility and mi-
gratory behavior in vivo by soluble and membrane-bound im-
mune guidance molecules’ such as semaphorins and their recep-
tors. Semaphorins were originally identified as axon-guidance
molecules that function during neuronal development. However,
cumulative evidence indicates that semaphorins also participate
in immune responses, both physiological and pathological, and
they are now considered to be potential diagnostic and/or thera-
peutic targets for a range of diseases. Beyond such basic implica-
tions, we are trying to apply the findings from this proposed
study into the diagnosis/therapy for human immunological dis-
orders, such as autoimmunity, allergy, immune deficiency, can-
cer/metastasis, and neurodegenerative diseases. We here focus
on the pathological implications of Sema4D in rheumatoid arthri-
tis (RA).

*Sema4D and RA

RA is a common autoimmune disease that causes chronic in-
flammation of the synovium. RA synovitis evokes arthritic symp-
toms and leads to destruction of cartilage and bone in joints. Re-
cent advances in pathogenesis of RA have revealed that complex
interplays among genetic and environmental factors evoke auto-
immunity, accompanied by the production of critical autoanti-
gens such as citrullinated proteins. Once RA is developed, auto-
immunity is sustained and leads to persistent synovitis, which in
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turn causes destruction of bone and cartilage. The mechanisms
of sustained synovitis remain unclear. Recently, pro-inflammato-
ry cytokines such as tumor necrosis factor a (TNF-a) and interleu-
kin-6 (IL-6) were shown to play key roles in RA. Biological disease-
modifying anti-inflammatory drugs (0DMARDs), which can block
these cytokines, constitute the current standard of care. Howev-
er, a substantial proportion of RA patients are still unable to
achieve drug-free remission of bDMARDs. In order to achieve true
remission, it will be necessary to identify another key molecular
player that identifies another key molecular player that contrib-
utes to autoimmunity, immune activation, and bone destruction
in RA.

Semaphorin 4D/CD100 was the first semaphorin shown to play
arole in the immune system, and was identified originally as a T-
cell activation marker. Indeed, Sema4D is abundantly expressed
on the cell surface of T cells; however, it is also expressed in a
broad range of hematopoietic cells. Although Sema4D is a mem-
brane-bound protein, it also exists as a functional soluble form
(sSema4D) following proteolytic cleavage upon cellular activa-
tion. Cumulative studies have demonstrated that Sema4D plays
crucial roles in the immune system. In addition, several studies
have shown that Sema4D is relevant to the pathogenesis of auto-
immunity. For instance, Sema4D-deficient mice are resistant to
the development of experimental autoimmune encephalomyeli-
tis, a murine model of MS. Sema4D is expressed on tumor-associ-
ated macrophages (TAMs), and Sema4D produced by TAMs is in-
volved in tumor angiogenesis and vessel maturation. Notably,

Sema4D derived from osteoclasts suppresses bone formation by
osteoblasts, and blocking of Sema4D results in increased bone
mass. Immune abnormality, angiogenesis, and bone destruction
all play critical roles in the progression of RA, suggesting that Se-
ma4D might exacerbate RA. However, the involvement of Se-
ma4D in the pathogenesis of RA has not yet been determined.

In this study, we found that sSema4D levels were elevated in
sera and synovial fluids from RA patients. The increased levels of
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sSema4D were produced by an inflammation-related proteolytic
mechanism, and the resultant sSema4D in turn induced inflam-
mation, suggesting the existence of an inflammatory activation
loop in RA synovium. Inhibition of Sema4D ameliorated the
symptoms of collagen induced arthritis. These results suggest
that Sema4D represents a potential target for treatment of RA.
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We have been working extensively on the interactions be-
tween pathogens and various paired receptors. In addition, we
have found that MHC class Il molecules function as molecular
chaperones to transport cellular misfolded proteins to the cell
surface. Analysis of misfolded proteins transported to the cell sur-
face revealed that these proteins are involved in autoimmune
diseases as a target for autoantibodies.

A) Interaction between PILRa and herpes simplex virus (HSV)

PILR is one of paired receptors that are mainly expressed on
various immune cells. PILR consists of inhibitory PILRa and acti-
vating PILRB. We have previously found that both PILRa and
PILRB recognize CD99 as a host ligand (Shiratori et al. J. Exp. Med.
2004). In addition, we have identified PANP as a new ligand for
PILR (Kogure et al. Biochem. Biophys. Res. Commun. 2011). Inter-
estingly, specific O-glycan structures on CD99 were found to be
required for the association with PILR (Wang et al. J. Immunol.
2008). We found that PILRa associates with glycoprotein B (gB),
an envelope protein of herpes simplex virus-1 (HSV-1), and the
interaction between PILRa and gB is involved in membrane fu-
sion during HSV-1 infection. This suggested that immune inhibi-
tory receptors can be exploited by viruses to invade host cells for
the first time (Satoh et al. Cell 2008; Wang et al. J. Virol. 2009). Fur-
thermore, we found that PILRa is a unique receptor that has bind-
ing sites for both sugar chain and protein structures (Kuroki et al.
PNAS 2014). We further analyzed host cell molecules that associ-
ate with HSV-1 gB and found that non-muscle myosin heavy
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chain (NMHC-IIA) associates with gB and is involved in HSV-1 in-
fection (Arii et al. Nature 2010).

B) Role of Siglec in varicella zoster virus (VZV) infection
VZV belongs to a-herpesvirus similar to HSV, although the cel-
lular receptor that mediates membrane fusion during infection
was unclear. We found that Siglec-4 (MAG, myelin associated gly-
coprotein), one of paired receptors, associates with VZV gB. Fur-
thermore, Siglec-4 mediated VZV infection as well as membrane
fusion. Interestingly, Siglec-4 also associated with HSV gB and
mediated HSV infection. Because Siglec-4 is specifically expressed
in neural tissues, Siglec-4 seemed to be involved in neurotropic
characteristics of HSV and VZV (Suenaga et al. PNAS 2010).

C) PILRa plays an important role in neutrophil infiltration

In order to elucidate the function of PILRa in immune response,
we generated inhibitory PILRa-knockout mice and analyzed the
function of PILRa. PILRa-deficient mice were susceptible to LPS-
induced endotoxin shock. Further analyses revealed that infiltra-
tion of neutrophils in liver and lung was significantly increased in
PILRa-deficient mice. When we analyzed neutrophils from PILRa-
deficient mice, we found that activation of integrin by chemokine
stimulation is augmented in PILRa-deficient neutrophils (Wang
et al. Nat. Immunol. 2012). Furthermore, PILRa-deficient mice
showed severe DSS-induced colitis (Kishida et al. Int. Immunol.
2015). These findings indicated that PILRa plays an important role
in the regulation of inflammation by regulating integrin function.

D) Misfolded proteins complexed with MHC class Il

molecules are targets for autoimmune diseases

MHC class Il allelic polymorphisms are associated with suscep-
tibility to many autoimmune diseases. However, it has remained
unclear how MHC class Il molecules are involved in autoimmune
disease susceptibility. We found that cellular misfolded autoanti-
gens are rescued from protein degradation by MHC class Il mol-
ecules (Jiang et al. Int. Immunol. 2013). Furthermore, we found
that misfolded proteins complexed with MHC class Il molecules
can become targets for autoantibodies in autoimmune disease
patients (Jin et al. Proc. Natl. Acad. Sci. USA. 2014). Autoantibody
binding to misfolded proteins transported to the cell surface by

Figure 1. B2GPI complexed with HLA class Il molecules might play an
important role in the pathogenesis of APS

A concept suggested by our findings. IFN-y produced in inflamed tissues
induces expression of HLA class Il molecules on endothelial cells. When
HLA class Il molecules of the alleles with high affinity for linear or misfolded
B2GPI are expressed on endothelial cells, the B2GPI is transported to the
cell surface. Autoantibodies in APS patients bound to B2GPI complexed
with HLA-DR damage endothelial cells in a complement-dependent manner
(Tanimura et al. Blood 2015).
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MHC class Il molecules was strongly correlated with susceptibility
to autoimmune disease. Furthermore, we found that P2-
glycoprotein | presented on MHC class Il molecules are a major
autoantibody target for antiphospholipid syndrome (Tanimura et
al. Blood. 2015) (Figure 1). This suggested that misfolded proteins
complexed with MHC class |l molecules are natural autoantigens
for autoantibodies. Indeed, most autoimmune-diseased tissues
aberrantly express MHC class Il molecules. Therefore, misfolded
proteins, which normally would not be exposed to the immune
system, can be targets for autoantibodies when they avoid pro-
tein degradation (Figure 2).

Figure 2. Misfolded proteins transported to the cell surface by MHC class
Il molecules are targets for autoantibodies

Cellular misfolded proteins are transported to the cell surface by MHC class
Il molecules without processing to peptides when misfolded proteins are
associated with MHC class Il molecules at ER (Jiang et al. Int. Immunol. 2013).
Furthermore, misfolded proteins complexed with MHC class Il molecules of
disease-susceptible alleles are specifically recognized by autoantibodies.
Of note, autoantibody binding to misfolded proteins transported to the cell
surface by MHC class Il molecules was strongly correlated with susceptibility
to autoimmune disease. This suggested that misfolded proteins complexed
with MHC class Il molecules are natural autoantigens for autoantibodies,
which affects autoimmune disease susceptibility. (Jin et al. Proc. Natl. Acad.
Sci. USA. 2014; Tanimura et al. Blood 2015).
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1. Arid5a controls IL-6 mRNA stability, which contrib-
utes to elevation of IL-6 level in vivo (Kazuya Masu-
da)

Post-transcriptional regulation of IL-6 has been largely unchar-
acterized, with the exception of the RNase Regnase-1, which pre-
vents autoimmunity by destabilizing IL-6 mRNA. Here, we identi-
fied a novel RNA binding protein, AT-rich interactive domain 5a
(Arid5a), which stabilizes IL-6 but not TNF-a mRNA through bind-
ing to the 3" untranslated region (UTR) of IL-6 mRNA. Arid5a was
enhanced in macrophages in response to LPS, IL-13 and IL-6. Ari-
d5a deficiency inhibited elevation of IL-6 serum level in LPS-treat-
ed mice, and suppressed IL-6 levels and the development of Th17
cells in experimental autoimmune encephalomyelitis (EAE). Im-
portantly, Arid5a inhibited the destabilizing effect of Regnase-1
on IL-6 mRNA. These results indicate that Arid5a plays an impor-
tant role in promotion of inflammatory processes and autoim-
mune diseases.

2. Regulation of expression levels of Arid5a in macro-
phages through TLR4 signaling (Kishan Nyati)
Having established a critical role for Arid5a in macrophages in
control of levels of IL-6 in vivo, we wished to explore how TLR4
signaling in macrophages regulates expression levels of Arid5a.
We found that Arid5a protein is rapidly increased and then quick-
ly degraded in LPS-treated macrophages. Interestingly, Arid5a
protein is highly ubiquitinated when its protein levels reach peak
maximal levels in macrophages following LPS stimulation. Our
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goal is to define precisely the regulatory pathways and the key
proteins that control expression levels of Arid5a (and with re-
spect to Regnase-1 expression levels) in macrophages.

3. Arid5a directs the development of inflammatory
CD4* T cells through selective stabilization of STAT3
mRNA (Kazuya Masuda)

Activation of STAT3 in T cells plays an important role in com-
mitment of the differentiation of inflammatory CD4* T cells. Here
we demonstrate that Arid5a in T cells selectively stabilizes Stat3
(but not Stat1 and Stat5) mRNA in an IL-6-dependent manner,
which drives naive T cells to differentiate into inflammatory CD4*
T cells. Arid5a mRNA is specifically enhanced only under Th17-
polarizing conditions but not in other distinct helper T (Th) cell
subsets including Th1, Th2 and regulatory T cells. Loss of Arid5a
in T cells led to diminished STAT3 activity in an IL-6-dependent
manner, which results in the impairment of Th17 cell develop-
ment, and also exhibits reduced pathogenicity for adoptive
transfer EAE induction.

4. Pathogenic role of Arid5a in endotoxin shock (Ma-
habub Zaman)

Endotoxin is recognized as the most potent microbial media-
tor implicated in the pathogenesis of sepsis and septic shock. Our
group has reported that Arid5a is expressed highly in macro-
phage cells in response to LPS. Therefore we used the endotoxin-
induced shock murine model to assess involvement of Arid5a.

Interestingly, Arid5a KO mice are found to be completely resis-
tant to LPS-mediated shock. H&E staining of lung, liver and spleen
tissue suggested that Arid5a KO mice are protected from tissue
injury after LPS induced shock. We are currently studying the
mechanistic role of Arid5a in LPS shock and generating cell-type
specific Arid5a KO mice to identify which immune cells areimpor-
tant for Arid5a to augment endotoxin shock.

5. Arid5a deficiency protects against the development
of bleomycin-induced pulmonary fibrosis (Praveen
Dubey)

More than five million people are afflicted with idiopathic pul-
monary fibrosis (IPF), a progressive and highly devastating inter-
stitial lung disease. During bleomycin-induced lung injury several
immunological cells including alveolar macrophages, neutro-
phils, Th cells are activated which induce lung tissue damage and
fibrosis through the production of several cytokines. We have
observed that Arid5a KO mice are highly resistant to bleomycin-
induced lung injury-mediated mortality. Immunohistological
data of lung tissue suggests that Arid5a deficiency could protect
mice from bleomycin-induced lung fibrosis, which indicates an
important role for Arid5a in lung tissue fibrosis.

6. Type-l interferon controls its own production in im-
mune homeostasis by inducing PPAR-y expression
and an inhibitory PPAR-y/IRF7 complex (Barry Rip-
ley)

Type-l interferon is important for anti-viral immunity, but its
over-production is linked to the development of autoimmunity.
Type-l interferon production requires the transcription factor
IRF7. How type-I interferon signals to attenuate its own produc-
tion in immune homeostasis is not known. Here we show that
type-l interferon induces expression of PPAR-y, which forms an
inhibitory interaction with IRF7, attenuating type-l interferon
production via the virus-activated (MyD88-independent) path-
ways in fibroblasts and TLR-activated (MyD88-dependent) path-
ways in pDCs. We also observed inhibition of type-l IFN-depen-
dent responses in autoimmunity.

7. Aryl Hydrocarbon Receptor (AHR) negatively regu-
lates type 1 interferon production and the develop-
ment of murine lupus (Soyoung Lee)

We found that production of type | interferon and expression
of interferon stimulation genes in AHR knockout mice are higher
than in wild-type mice when we induced lupus-like disease by
pristane treatment. Our results suggest that AHR is a critical nega-
tive regulator of TLR-mediated type | interferon production and
inhibits type | interferon signaling in murine lupus. Now, we are
evaluating protective effects of AHR agonists in murine lupus.
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8. Molecular mechanisms of Thalidomide anti-Inflam-
matory effects (David Millrine)

We investigated the mechanism underlying the anti-inflamma-
tory properties of Thalidomide by studying the recently identi-
fied Thalidomide-binding protein, Cereblon. Thalidomide po-
tently inhibited the TLR4-TRIF pathway (which acts in synergy
with the MyD88-dependent pathway for cytokine production),
involving inhibition of IRF3 transcriptional activity. We found
that under homeostatic conditions cereblon exists in complex
with Rabex-5, an established regulator of endosomal signaling.
Intriguingly, Treatment with Thalidomide derivatives was found
to disrupt this complex. Rabex-5 was also found to be critical for
TLR4-induced signal transduction. Thus, we reason that disrup-
tion of the Cereblon-Rabex-5 complex underlies Thalidomide’s
anti-inflammatory properties.

9. Therapeutic targeting of the interleukin-6 receptor
Our research is engaged in clinical studies on the effectiveness

of anti-IL6R antibody (Tocilizumab) in autoimmune diseases.

(i)Tocilizumab can inhibit bone resorption and joint destruction
in chronic rheumatoid arthritis (RA) patients by a large-scale
randomized control trial. This effect is due to the inhibitory ef-
fect of IL-6 signal blockade on the expression of RANK-Ligand
and differentiation into osteoclasts of mononuclear cells.

(i)A randomized placebo-controlled phase Il trial confirmed that
Tocilizumab is effective and safe in patients with systemic-on-
set juvenile idiopathic arthritis (JIA). The USA and EU approved
the use of Tocilizumab for the treatment of JIA. In December
2012, large-scale clinical trials for JIA in Europe and the USA
confirmed efficacy and safety of Tocilizumab.

Other autoimmune inflammatory diseases have been treated
with Tocilizumab, including refractory relapsing polychondritis,
AA amyloidosis, reactive arthritis, polymyalgia rheumatica, sys-
temic sclerosis, polymyositis and acquired hemophilia A. The re-
sults confirmed efficacy and safety of Tocilizumab in these dis-
eases.

Figure 1.
A balance between Arid5a and Regnase-1 tightly regulates production of
IL-6 level
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We previously demonstrated that extracellular adenosine
5'-triphosphate (ATP) in the intestinal lumen contributes to de-
velopment of intestinal Th17 cells via activation of a unique sub-
set of intestinal dendritic cells. We have also found that the lumi-
nal ATP level is controlled by a member of ATP-hydrolyzing
ecto-enzyme families, ecto-nucleoside triphosphate diphospho-
hydrolase 7 (E-NTPD7). E-NTPD7, which is highly expressed in the
epithelial cells of the small intestine, regulates the luminal ATP
level by hydrolysis, and thereby controls Th17 cell responses in
the small intestine. In addition to E-NTPD7, E-NTPD1, also called
CD39, was shown to regulate immune responses. ATP-hydrolyz-
ing ecto-enzymes include a family of E-NTPDs, which convert ATP
to ADP as well as ADP to AMP, and a family of ecto-nucleotide
pyrophosphatase/phosphodiestrases (E-NPPs), which hydrolyze
ATP to AMP.

E-NPP3 negatively regulates ATP-dependent allergic
inflammation

Among E-NPP family members, E-NPP3, which is also called
CD203c, is well known as an activation marker of human baso-
phils, and thus used as a diagnosis marker for allergic diseases.
FceRl crosslinking by antigen-bound IgE activates basophils and
mast cells to induce immediate and late phases of allergic inflam-
mation. In this context, E-NPP3 is rapidly induced by FceRI cross-
linking in mouse basophils and mast cells. However, its function
has remained unknown. Therefore, we analyzed the physiologi-
cal function of E-NPP3 by generating E-NPP3 knockout mice. Ba-
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sophil and mast cell numbers increased in Enpp3’ mice with ele-
vated serum ATP levels. Enpp3” mice were highly sensitive to
basophil- and mast cell-dependent chronic allergic pathologies,
such as chronic allergic skin inflammation, experimental oral al-
lergen-induced diarrhea, and experimental chronic asthma. ATP
blockade reduced allergic responses in Enpp3’ mice. FceRI cross-
linking induced ATP secretion from basophils and mast cells, and
ATP clearance was impaired by the Enpp3 deficiency. Extracellu-
lar ATP potently activated Enpp3”- basophils and mast cells, which
were blocked by P2X7 antagonists. Non-hydrolyzable ATP acti-
vated basophils and mast cells from wild-type mice to levels sim-
ilar to those observed in Enpp3” cells. Introduction of the P2rx7
deficiency into Enpp3”- mice caused decreased responses of ba-
sophils and mast cells to FceRl crosslinking. Thus, extracellular
ATP released by FceRl crosslinking stimulates basophils and mast
cells via P2X7 in an autocrine manner for further activation caus-
ing allergic inflammation. E-NPP3 induced by FceRI crosslinking
decreases ATP levels and thereby negatively regulates basophil
and mast cell activity (Figure 1).

Regulation of immune responses by ATP-hydrolyzing
ecto-enzymes

A series of studies on ATP-hydrolyzing ecto-enzymes have re-
vealed that E-NTPD1, E-NTPD7, and E-NPP3 play mandatory roles
in the regulation of immune responses. In addition to E-NTPDs
and E-NPPs, ecto-5"-nucleotidases such as CD73, which produce
adenosine from AMP, have also been shown to regulate immune
responses. Thus, nucleotide-converting ecto-enzymes regulate a
variety of aspects of immune responses through regulation of
ATP hydrolysis (Figure 2).

Figure 1. E-NPP3 regulates chronic allergic responses by basophils and
mast cells

(A)Basophils and mast cells secrete ATP upon FceRl crosslinking. E-NPP3
is simultaneously expressed on basophils and mast cells and hydrolyzes
extracellular ATP.

(B)In the absence of E-NPP3, ATP clearance activity is impaired in basophils
and mast cells. Extracellular ATP, which level is increased, activates the cells
in an autocrine manner via P2X7. This leads to development of enhanced
chronic allergic inflammation.
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Figure 2. Regulation of immune responses by nucleotide-converting ecto-
enzymes

Members of the E-NTP family (E-NTPD1, E-NTPD7), the E-NPP family
(E-NPP3), and ecto-5' nucleotidase (CD73) have been shown to modulate
the immune responses through hydrolysis of nucleotides such as ATP.
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1) Molecular mechanisms inimmunopathology caused
by host-pathogen interaction: Epstein-Barr virus
(EBV)-encoded latent membrane proteins (LMP) 1
and 2a affect B cell survival, selection and differen-
tiation

EBV infects memory B cells for persistent infection. Although it
has been shown that EBV-encoded LMP1 and 2a constitutively
activate the CD40 and BCR signals respectively, effects of these
viral proteins on the humoral immune responses remains largely
unclear. In our laboratory, we generated conditional transgenic
mice for EBV LMP1 or 2a to evaluate their function in vivo.

Our conditional LMP2a Tg mice exhibited impaired antigen-
specific antibody production afterimmunization. In the spleen of
LMP2a Tg mice, normal germinal center (GC) formation was ob-
served whereas antigen-specific GC B cells were fewer at two
weeks after immunization (Figure 1). In addition, plasma cell dif-
ferentiation was significantly accelerated in LMP2a Tg mice.
These results indicate that EBV LMP2a reduced the threshold for
selection of high affinity B cells, which may contribute to the la-
tent infection of EBV in memory B cells.
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Unlike LMP2a, expression of LMP1 in B cells strongly inhibited
GCformation. Interestingly, GC formation and antibody response
were also impaired in chimera mice co-transferred with LMP1 Tg
and wild-type-derived bone marrow cells, suggesting that LMP 1+
B cells provide inhibitory effect on neighboring wild type cells.
Thus, LMP1 may contribute to EBV infection by suppressing host
humoral responses.

Figure 1. EBV LMP2A reduces the threshold for selection of high-affinity B cells

(A) The conditional expression of LMP2a by the activation-induced cytidine deaminase (AID) promoter-
driven Cre did not alter GC size and structure in the spleen upon immunization. (B) Generation of antigen-
binding B cells was extremely impaired in the spleen of LMP2a Tg mice after NP-CGG/alum immunization.

2) Generation and selection of autoreactive B cells in
systemic lupus erythematosus (SLE)

SLE is a refractory disease characterized by a high-titer of se-
rum IgG autoantibodies that are reactive to nuclear antigens such
as DNA, histone, RNP and others. Despite extensive studies, the
mechanisms in development of autoreactive B cells remain to be
elucidated.

Anti-nuclear antibodies (ANAs) are one of the diagnostic mark-
ers for SLE and also considered as a pathogenic factor for this dis-
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This laboratory studies: (i) The cellular and molecular basis of im-
munologic self-tolerance, in particular the roles of regulatory T cells;
(i) the strategy for eliciting effective immune responses to autolo-
gous tumor cells, or inducing immunologic tolerance to organ trans-
plants, by manipulating the mechanism of immunologic self-toler-
ance; and (iii) the cause and pathogenetic mechanism of systemic
autoimmune diseases, such as rheumatoid arthritis, by utilizing an
animal model established in our laboratory.

One aspect ofimmunologic self-tolerance (i.e.,immunological un-
responsiveness of the normal immune system to normal self-constit-
uents) is actively maintained through a T-cell-mediated dominant
control of self-reactive T cells by naturally occurring regulatory CD4*
T cells (Treg cells). Yet how Treg cells effectively control potentially
hazardous self-reactive T cells in humans remains an open question.
In particular, it is unknown whether Treg-cell-mediated suppression
for a limited period has a critical long-lasting effect on cell fate and
antigen reactivity of autoimmune T cells. This year, by addressing
this issue, we have shown that Treg cells can render self-reactive hu-
man CD8* T cells anergic (i.e., hypo-proliferative and cytokine hypo-
producing upon antigen re-stimulation) in vitro, likely by controlling
the co-stimulatory function of antigen-presenting cells. Anergic T
cells were naive in phenotype, lower than activated T cells in T-cell
receptor affinity for cognate antigen, and expressed several co-in-
hibitory molecules, including cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4). Using these criteria, we detected in healthy indi-
viduals, anergic T cells reactive with Melan A, a skin antigen targeted
in the autoimmune disease vitiligo. Collectively, our results suggest
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that Treg-cell-mediated induction of anergy in autoimmune T cells is
important for maintaining self-tolerance, and can be a key target in
controlling autoimmunity and tumor immunity (Maeda et al., Sci-
ence, 2014).

We have also attempted this year to determine the roles of Treg
cells and BCL6-expressing T follicular regulatory (Tfr) cells in the con-
trol of humoral immune responses. We found that depletion of Treg
cells, blocking of CTLA-4 or a Treg cell specific reduction in CTLA-4
expression, resulted in an increase in the formation of antigen-spe-
cific Tth cells, germinal center (GC), plasma and memory B-cells fol-
lowing vaccination. In the absence of Treg-expressed CTLA-4, large
proportions of Tfr cells are present but are unable to restrain Tfh and
GC formation. Temporary Treg cell depletion during primary immu-
nization was sufficient to enhance secondary immune responses. In
addition, Tregs directly inhibited, via CTLA-4, B cell expression of
CD80 and CD86, which was essential for Tfh formation. Taken to-
gether, Tregs and Tfr play a key role in the control of Tfh and germi-
nal center development via CTLA-4-dependent control of CD80/
CDB86 expression (Wing et al., Immunity, 2014).

We have previously established an animal model of autoimmune
arthritis, called SKG mice, which possess a ZAP-70 gene mutation
and spontaneously develop T cell-mediated autoimmune arthritis
immunopathologically similar to rheumatoid arthritis (RA) in hu-
mans. T cells mediating autoimmune diseases, such as RA, are tech-
nically difficult to characterize in healthy individuals because they
are likely to be deleted or inactivated in the thymus if the self-anti-
gens they recognize are ubiquitously expressed. This can be circum-

vented by altering TCR signaling intensity (for example, via mutated
ZAP-70), which changes the sensitivity of developing T cells to thy-
mic selection and results in the generation of new dominant self-re-
active TCR specificities that are causative of systemic autoimmune
diseases such as RA. With this strategy, we have isolated arthritogen-
ic TCRs from SKG mice and characterized the self-antigens they rec-
ognized. One of them was the ubiquitously expressed 60S ribosomal
protein L23a (RPL23A), with which T cells and autoantibodies from
RA patients reacted. Our approach is instrumental in deciphering
how T-cell autoimmunity to a ubiquitous self-antigen should trigger
localized tissue damage in RA and other human autoimmune dis-
eases, and devising effective ways of their systemic or local interven-
tion (lto et al., Science, 2014).

Figure 1.

Treg cells, which express the transcription factor FoxP3, down-modulate the expression of CD80/CD86 by antigen-
presenting cells (APCs). Responder T cells that recognize an antigen presented by such an APC are rendered anergic
or apoptotic, or stay un-responsive (dormant or ignorant) depending of their TCR affinity for the antigen (Maeda et

al.,, Science, 2014).
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@ Cell Signaling

T cells play critical roles in initiating and regulating immune
responses. Deregulation of T cell activation and function leads to
various immune diseases. We have analyzed the molecular mech-
anism of T cell activation upon antigen recognition and the sub-
sequent homeostasis and differentiation of effector T cells. After
we found that initial T cell activation is induced in TCR microclus-
ters, which are generated by accumulation of signaling molecules
critical for activation, we analyzed the regulation of and the rela-
tionship with other activation pathways to TCR microclusters,
particularly the relationship with co-stimulation signals and cyto-
skeletal regulation.

Dynamic regulation of NF-kB activation

TCR activation-induced NF-kB activation is mediated through
the activation of the CARMA1-Bcl10-Malt1 (CBM) complex to acti-
vate IkB kinase. NF-kB activation is strongly enhanced by CD28-
mediated co-stimulation signals. We showed that CD28 engage-
ment induces costimulation signals by recruiting CD28-PKCO
-CARMAT1 to signaling competent region of cSMAC of immuno-
logical synapse (Fig.1 top). The accumulation of PKCO and CAR-
MAT1 to this region was inhibited when the CD28-CD80 interac-
tion was blocked by the addition of CTLA4-Ig. It has been shown
that many B cell lymphomas were induced by the mutations of
CARMA1. When we introduced such mutant CARMAT1, CARMA1
made spontaneous aggregation regardless of activation and in-
duced NF-kB activation.

By searching binding molecules to GUK domain of CARMA1 by
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2-hybrid method, we found that GUK domain directly binds to
SH3 region of CARMAT1 itself. Eventually we found that CARMA1
has a kind of closed structure with intra-molecular interaction in
resting status while it has open structure inducing inter-molecu-
lar interaction upon activation, which induces cluster of CARMAT1
(Fig.1 bottom). The SH3 mutant of CARMA1 that cannot bind to
GUK failed to form CARMA1 cluster or NF-kB activation. T cells
from the knock-in mice bearing the SH3 mutation did not re-
spond to antigen in vivo or in vitro. The introduction of the SH3
mutation into the lymphoma-inducing CARMA1 mutant inhibits
spontaneous formation of CARMA1 aggregates and NF-kB activa-
tion. Thus, appropriate cluster formation upon antigen stimula-
tion is critical for correct activation of NF-kB and prevention of
tumorigenesis through excess NF-kB activation.

Cytoskeletal regulation of T cell activation

Spatial regulation of T cell activation is often regulated by cyto-
skeletal signaling. Our previous finding that TCR microclusters
moved from the periphery to the center to form ¢cSMAC through
dynein-mediated translocation along microtubules and the TCR
complex is associated with dynein complex suggested that not
only the movement of TCR-microclusters but also its signaling is
regulated by cytoskeletal dynamics. Accordingly, immunopre-
cipitation and mass-spectrometric analysis revealed that the TCR
complex is associated with F-actin and actin-related molecules
such as Arp2/3. Indeed, imaging analysis showed that F-actin and
Arp2/3 are associated with TCR microclusters. Furthermore, TCR-

microcluster/F-actin-Arp2/3 is surrounded by the ring structure
composed of integrin and focal adhesion molecules. The adhe-
sion ring structure is transiently formed and its formation is to-
tally dependent on integrin and F-actin rearrangement. Since the
central TCR and peripheral integrin is the principal of mature Im-
munological synapse, this structure is similar in micro-scale;
therefore, we started to call it “microsynapse”. Microsynapse
plays critical roles in promoting adhesion and activation particu-
larly upon weak stimulation.

Figure 1. Intra- and inter-molecular regulation of CARMA1 clustering for NF-kB activation

upon T cell activation

A. CARMA1 was accumulated into cSMAC upon stimulation (left), while the mutant CARMA1
without the GUK-SH3 assembly failed to be accumulated (right). B. CARMA1 exhibits intra-
and inter-assembly in resting and activated status, respectively. The inter-assembly induces

CARMAT1 aggregates.
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Introduction

Signals propagated through the pre-B cell receptors (pre-BCR)
and B-cell receptors (BCR) are crucial for the development of B
lymphocytes and their antigen-triggered differentiation into
memory B cells and antibody secreting plasma cells. The out-
comes of the signaling events, for example, proliferation, apopto-
sis, or differentiation, are dependent on the developmental stage
of the cell and quality of the signaling. When B cells recognize the
same antigen for a second time, memory B cells get activated and
subsequent memory antibody responses are induced by T cell
help. These are typically seen in the response to T-cell-dependent
antigens and are characterized by the rapid production of high-
titers of high-affinity antigen-specific antibody. Our laboratory
has focused on understanding the molecular mechanisms under-
lying crucial cell fate decisions during early B cell development as
well as peripheral memory B cell development.

Post-transcriptional regulation on early B cell develop-
ment

The early B cell development steps are harmoniously regulated
by transcriptional networks that integrate environmental cues to
evoke gene expression programs appropriate to a particular de-
velopmental stage. Emerging evidence has demonstrated that
these transcriptional regulatory mechanisms on their own are
not sufficient for proper B cell development and that post-tran-
scriptional mechanisms are also required. In regard to general
post-transcriptional regulators, attention has been recently paid
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to the CCR4-NOT multi-protein complex, which serves as one of
the major deadenylases on poly(A) in eukaryotes. Deadenylation
is the initial and often a rate-limiting step in mRNA decay, result-
ing in repression of translation. Thus, we explored the role of one
component of the CCR4-NOT complex, CNOT3, in B cell develop-
ment and activation, and how, if at all, it participated in these pro-
cesses. B-lineage specific CNOT3 deficiency results in a develop-
mental block at the pro- to pre-B cell transition. This developmental
defect was due primarily to impaired immunoglobulin heavy
chain (Igh) gene rearrangement in pro-B cells and increased
apoptosis in pro-/pre-B cells. Molecularly, CNOT3 turned out to
regulate initiation of germline transcription of the Igh locus and
to deadenylate p53 mRNA (Fig).

Selection mechanisms of germinal center (GC) B cells
into memory compartment

Antibody-mediated immunological memory relies on the de-
velopment of memory B cells. Memory B cells can be generated
through initial T-B interaction in a pre-GC period, at least to some
extent. Nevertheless, the majority of memory B cells in wildtype
setting responding to T-cell-dependent antigens are likely to
arise from GC reaction. With successful selection inside GC, the
GC B cells differentiate into two terminal fates, memory B cells
and plasma cells. But, selection mechanisms into memory com-
partment have been obscure. We show that GC B cells with lower
affinity BCRs express relatively higher Bach2 (a transcription fac-
tor) expression, controlled by strength of T cell help, being prone

to enter memory pool from GC. Conversely, inhibition of Bach2
expression led to block of memory B cell generation. Hence,
Bach2 functions as a rheostat to make a terminal cell fate deci-
sions during GC reaction.

Figure. CNOT3 subunit of the CCR4-NOT deadenylase complex is required for early B cell

development

B cell-specific knockout of Cnot3 results in a developmental block at the pro- to pre-B cell
transition. CNOT3 regulates early B cell development by controlling the immunoglobulin heavy
chain V-DJ earrangement and destabilizing p53 mRNA.
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Our group is interested in how host interacts with pathogens.
We try to understand host response to pathogens during acute
and chronic phase of infection by using malaria infection as a mod-
el. Malaria, caused by Plasmodium parasites, costs millions of lives
every year due to its complications such as cerebral malaria, and
thereis no fully potent drug and/or vaccine against this disease yet.
Death from malaria occurs due to the organ-specific immunopa-
thology caused by parasites; however, detailed understanding of
this immunopathology remains unknown. Therefore, our recent
focus is to understand how immunopathology is caused by these
parasites at the tissue as well as cellular levels and transfer this in-
formation into treatment modalities. For example, we recently de-
lineated the role of Lipocalin-2, a host protein with multiple cellular
functions including controlling iron metabolism, during malaria
infection (Cell Host Microbe, 2012). We concluded that Lipocalin 2 is
one of the key molecules of host secreted against Plasmodium
parasites. Our conclusions, therefore, could be easily transferred to
the manipulation of other infectious diseases.

Immunopathology of brain during malaria

One of the topics we work on is the pathology of cerebral malaria.
Cerebral malaria is one of the deadliest complications of P. falci-
parum infection in humans. Early diagnosis of cerebral malaria is not
easy due to non-specific symptoms, but is very important to initiate
effective adjunct therapies which can save lives. Therefore, early,
quick and cheap diagnosis of cerebral malaria has been the matter of
investigation in patients and in animal models.
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We've recently reported a new understanding of cerebral malaria
pathogenesis by using cutting-edge imaging technologies such as
ultra-high field MRI and multi-photon live imaging microscopy dur-
ing experimental cerebral malaria. Deep investigation of brain by
ultra-high field MRI showed that the olfactory bulb is physically and
functionally damaged by Plasmodium parasites. Live multiphoton
imaging of the olfactory bulb confirmed that the complex trabecular
small capillaries comprising the olfactory bulb show parasite accu-
mulation and cell occlusion followed by microbleeding, events as-
sociated with high fever and cytokine storm. With these findings,
we've provided evidence that olfactory functional impairment (loss
of smell) could be a valuable early diagnosis marker for cerebral ma-
laria.

On the basis of these findings, we may have revealed one of the
underlying mechanisms of CD8 T cell accumulation into brain ves-
sels and tissue. Accordingly, astrocytes around olfactory glomeruli
and vessels were activated during early stages of infection and re-
leased chemokine CCL21 that attracted a subpopulation of CD8 T
cells (Fig. 1). Moreover, CCR7-deficient mice were able to significant-
ly survive from experimental cerebral malaria. Although our studies
have revealed that CCR7 is important for CD8a DC priming of CD8 T
cellsin spleen, however, it had no role for CD8 T cell recruitment into
the brain. Instead, another chemokine receptor CXCR3, which was
previously suspected to be a non-canonical receptor for CCL21 in
the brain, is responsible for the recruitment of CD8 T cells. We have
employed this new finding into a therapeutic application that, when
two chemokine receptors, CCR7 and CXCR3, were targeted with an

antibody even at the late stage of infection, could protect mice from
cerebral malaria even with very low doses (Fig.1, Cell Host Microbe,
2014). These findings have promise as an easy application to be used
in human cerebral malaria cases in the future.

Figure 1. Immunopathology in olfactory bulb during cerebral malaria

This study was performed by multi-disciplinary collaboration with a joint research team
from Osaka University, Dokkyo Medical University, National Institute for Physiological
Sciences, Mie University and lwate Medical University.
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® Vaccine Science

The Primary goal of our laboratory is to understand the immu-
nological mechanisms of the intra- and inter-cellular signaling
pathways that mediate the immunogenicity of successful vac-
cines, as well as biological responses to adjuvants. Such knowl-
edge will enable us to develop novel concepts, modalities and
next generation immuno-preventive and/or therapeutic agents
against infectious diseases, cancer and allergy as well as other
non-communicable diseases.

<Basic and translational vaccine science>

* Nucleic acids as an essential built-in adjuvant for suc-
cessful vaccines: Our group and others have recently clarified
that most successful vaccines, such as FLU and DNA vaccines pos-
sess DNA and/or RNA, which appear to act as essential “built-in”
adjuvants (Ishii KJ et al. Nature 2008, Koyama S et al. Science Trans.
Med. 2010). In FY 2014-2015, we demonstrated that nucleic acids
such as dsDNA or RNA:DNA hybrids can be found in the cytosol of
cancer cells such as B cell ymphoma (Fig. 1, Koo CX et al. J. Biol.
Chem. 2015, Shen YJ et al. Cell Reports 2015), potentially activat-
ing innate immunity.

« Old, but newly evolving adjuvant research: As we pos-
tulated that our immune system is substantially modulated by
metabolic intermediates of nucleic acids (Ishii KJ et al. Curr. Op
Immunol 2008), we went further to identify that the key mecha-
nism of the most commonly used adjuvant, aluminum salt, was
due to nucleic acids as well as PGEz, released as an alarmin (Mar-
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ichal T et al. Nat. Med 2011, Kuroda E et al. Immunity 2011). In FY
2014-2015, we coincidently found that hydroxypropyl-B-
cyclodextrin (HP-B-CD), a common additive for many drugs, acts
as a vaccine adjuvant by inducing host cell death, releasing dsD-
NA, and spiking local inflammation that induces Th2 Cell and T
follicular helper cell responses to the coadministered antigen
(Onishi M et al. J. Immunol. 2015).

Taken together, we believe this is a new area of vaccine science
and propose that nucleic acid-sensing mechanisms (Desmet C
and Ishii KJ Nat Rev Immunol 2012), as well as host derived me-
tabolites (Jounai N et al. Front Cell Infect Microbiol. 2012) and par-
ticulate molecules (Kuroda E et al. Int. Rev. Immunol 2013) have
not only revealed their critical role in driving the responses medi-
ated by many current vaccines, but is also revealing how they
could be harnessed for the design of new vaccines.

<Human immunology, clinical development of novel ad-
juvants and their biomarkers>

« A Ph-I clinical trial for novel-adjuvanted vaccine: We
have been successful in developing a nucleic-acid-based adju-
vant; humanized CpG-ODN for a travelers’ malaria vaccine target-
ing a blood stage parasite antigen and initiated an investigator
driven GCP Phase-| clinical trial during 2013 at Osaka University
Hospital (Fig. 2). It was a big mile stone for myself as discovering
K-type CpG ODN (K3)as a humanized CpG sequence took 15 years
to be developed as GMP lot and finally administered into human.
The results of which appear very promising will be released soon.

« Development of the second-generation adjuvants: As
a second generation of CpG adjuvant, we generated a nano-size
particle CpG ODN (K3) wrapped by a non-agonistic Dectin-1 li-
gand schizophyllan (SPG), namely K3-SPG. K3-SPG is a strong IFN-
inducer as well as CTL inducer for immunotherapeutic applica-
tions (Kobiyama K et al. PNAS 2014). This K3-SPG has been nominated
for a JST-supported grant with a pharmaceutical company in Ja-
pan. In addition, we found and invented a new immunothera-
peutic way of CpG: a potent synergism between TLR9 and STING
agonists. Together, they make an effective type-1 adjuvant and
an anticancer agent. The synergistic effect between CpG ODN
(K3) and STING-ligand cyclic GMP-AMP (cGAMP), culminating in
NK cell IFN-y (type-Il IFN) production, is due to the concurrent ef-
fects of IL-12 and type-I IFNs, which are differentially regulated by
IRF3/7, STING, and MyD88 (Temizoz B et al. Eur. J. Inmunol.2015).

Figure 1. Cytosolic RNA:DNA hybrid found in primary and cultured cancer
cells regulated by RNA polymerase lll (Koo CX et al J.B.C. 2015)
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« Clinical studies on seeking bio-marker(s) for safety as
well as efficacy of adjuvanted vaccines are launched in
2012 (Adjuvant Data Base project supported by Ministry of
Health, Labour and Welfare). Cohort as well as retrospective anal-
ysis of human samples obtained from volunteers of vaccine clini-
cal trials and patients of relevant immunological disorders are
being conducted by four groups including our lab in IFReC and
those in NIBIO. Preliminary results suggest serum miRNA may
provide useful biomarkers to predict safety and immunogenicity
of adjuvanted vaccines.

Figure 2. First GMP lot of humanized CpG ODN “K3” administered in human
clinical trial
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Dendritic cells (DCs) are heterogeneous and consist of various
subsets, such as plasmacytoid DC (pDC) or conventional DC
(cDC), which show subset-specific functions. We aim to clarify the
molecular mechanisms for regulating these DC's functions and to
develop novel immunoregulatory maneuvers based on the clari-
fied mechanisms.

In vivo roles of a DC subset, XCR1-expressing DC

CD8a/103+CD11b- cDCs are characterized by the high ability
to incorporate apoptotic or dead cells and crosspresent antigens
to generate CD8 T cell responses. The cDCs contribute to anti-
microbial or anti-tumor immunity. This was verified by the analy-
sis on the XCR1-DTRvenus mice, in which DCs expressing a che-
mokine receptor, XCR1, i.e. CD103+CD11b- DCs, can be depleted
upon injection of diphtheria toxin (C. Yamazaki et al. 2013, K. Shi-
mizu et al. 2013).

XCR1-expressing DCs are globally detected not only in lym-
phoid tissues such as spleen or lymph nodes but also in periph-
eral tissues such as skin or intestine. However, it remains un-
known whether or how these DCs are involved in maintaining the
immune homeostasis. In order to clarify this issue, we have gen-
erated mutant mice, in which XCR1-expressing DCs are constitu-
tively absent. We first generated the mutant mice, in which the
gene for cre recombinase is knocked into the XCR1 gene locus.
The mutant mice were further crossed with mutant mice, in
which diphtheria toxin A subunit is designed to be expressed
only when loxP-mediated deletion occurred. In the resultant
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mice, CD103+CD11b- DCs were ablated in spleen, lymph nodes
and peripheral tissues such as lamina propria of intestine (Figure
1). The mice should be useful for clarifying the critical roles of
XCR1-expressing DCs in immune homeostasis.

We have also generated XCR1-venus mice in which XCR1-ex-
pressing DCs can be detected as venus-expressing cells (C.
Yamazaki et al. 2013). Analysis on the mice revealed that the T cell
zone in the lymph node is compartmentalized into regions for
CD8 T cell priming by XCR1-expressing DCs and for CD4 T cell
priming. XCR1-expressing DCs in the lymph nodes consist of two
types of DCs, i.e. migratory and resident DCs. In order to distin-
guish these two types of DCs, we have generated the mutant
mice in which the XCR1 coding region was replaced by a gene
encoding a photoconvertible fluorescent protein (Figure 2). lllu-
minating with violet-blue light turns green to red cells in the skin.
The mice should be useful to track migratory and resident XCR1-
expressing DCs.

Critical roles of an Ets family transcription factor, Spi-B

pDCis characterized by the ability to produce large amounts of
type linterferons (IFNs) in response to the signaling through TLR7
or TLR9, which can sense host- or microorganism-derived nucleic
acids. This ability plays important roles in both protective immu-
nity against viral infection and pathogenesis of certain autoim-
mune disorders such as SLE. We have found that an Ets family of
transcription factor, Spi-B, expressed abundantly in pDC, is criti-
cal for pDC function (I. Sasaki et al. 2012).

Spi-B is expressed not only in pDC but also in various types of
immune cells. Spi-B is expressed in a subset of intestinal epithelial
cells, M cells, which function as gate-keeping cells in the intes-
tine. Spi-B is crucial for development of M cells (T. Kanaya et al.
2012). Spi-B expression is induced in the medullary thymic epi-
thelial cell (mTEC) upon stimulation with receptor activator of NF-
kB ligand (RANKL). Spi-B then induced a RANKL signaling inhibi-
tor, osteoprotegerin (OPG). This RANKL-Spi-B-OPG axis regulates
development of mTEC, thereby limiting regulator T cell genera-
tion (N. Akiyama et al. 2014).
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Figure 1. DC population in XCR1-expressing DC-
ablated mice

We generated mutant mice, in which XCR1-
expressing DCs are constitutively ablated. In the
mice, CD103+CD11b- DCs are absent not only in
lymphoid tissues but also in peripheral tissues.

Figure 2. Targeting strategy for generating mutant
mice expressing a photochromic fluorescent
protein in XCR1-expressing DCs
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Exosomes are small membrane vesicles of endosomal origin,
composed of a lipid bilayer with inserted transmembrane pro-
teins, enclosing cytosolic components derived from their produc-
ing cells. Over the past few years, there has been increasing evi-
dence that exosomes play important roles in intercellular
communication networks, enabling the conveyance of informa-
tion and the exchange of proteins and lipids between their pro-
ducing cells and target cells. Exosomes were also shown to carry
mRNAs and microRNAs inside them, raising the possibility that
exosomes transfer genetic information between cells. One of our
current projects aims to characterize the communication net-
works between immune systems and other organs via exosomes.

In the central nervous system, exosomes can be released from
all cell types including microglia, oligodendrocytes and neurons,
and have been proposed to contribute to the physiology of the
nervous system and to the neuron-glia communication. In par-
ticular, the findings that secretion of exosomes from neurons is
promoted by depolarization and also by synaptic glutamatergic
activity led us to hypothesize that neuronal exosomes may acti-
vate microglia to promote activity-dependent synaptic pruning.
The creation of complex patterns of synaptic connectivity often
requires the elimination of only a select subset of the connections
initially established by neurons. The dynamic refinement of syn-
aptic connections is essential not only for the appropriate wiring
of neural circuits, but also for behavioral responses to a changing
environment as well as for learning and memory. In the mamma-
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lian nervous system, synapse pruning events have been reported
in various places such as retinotectal system, cerebellum, para-
sympathetic and sympathetic autonomic ganglia, and neuro-
muscular junctions. Recent studies have shown that glial cells
have a central role in the pruning of synapses by specifically en-
gulfing the degenerating neurites of inappropriate connections,
but its regulatory mechanisms have been largely unknown.

To identify mediators of this process, we established an in vitro
cell culture assay for the synapse elimination. Neuronal differen-
tiation and synapse formation of PC12 cells were induced by cul-
turing the cells with nerve growth factor (NGF) in a serum-free
medium. To trigger synapse elimination, the NGF-containing me-
dium was replaced with DMEM containing 10% FBS, and the neu-
rites of PC12 cells degenerated within two days. Co-culturing
with MG6 cells, a mouse microglial cell line, accelerated the re-
moval of degenerating neurites of PC12 cells by phagocytosis.
When MG6 cells were pre-incubated with exosomes secreted
from the differentiated PC12 cells after depolarization, the re-
moval was further accelerated by increasing the expression levels
of complement component 3 in the MG6 cells. These results de-
fine a role for exosomes as a regulator of synapse elimination and
clarify a novel mechanism whereby active synapses promote the
pruning of inactive ones by stimulating microglial phagocytosis
with exosomes.

Figure 1. Neuronal exosomes promote synaptic pruning by microglia

A model proposed over two decades ago for how activity may drive synapse elimination
suggested that strong synapses (winners), which are effective in driving postsynaptic
responses, actively punish and eliminate nearby weaker synapses (losers). However, the entity
of the “punishment” and the means whereby it promotes the synaptic pruning have not
been identified. From our data, we propose a new model in which exosomes secreted from
activated neurons act as the “punishment” signal for the weaker synapses (but preserving the
stronger ones) by inducing the complement C3 in microglia for phagocytic clearance of the
inappropriate synapses undergoing neurodegeneration.
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Toxoplasma gondii (T. gondii) is the causative agent of toxoplas-
mosis, a condition including life-threatening encephalitis, pneu-
monia and myocarditis in immuno-compromised individuals
such as those suffering from acquired immunodeficiency syn-
drome and those being treated by chemotherapy. Furthermore,
primary infection with this pathogen during pregnancy in hu-
mans and animals also leads to congenital diseases such as hy-
drocephalus and chorioretinitis in newborn children. T. gondii is
an obligatory intracellular protozoan parasite and taxonomically
belongs to the phylum Apicomplexa, which is defined by the
presence of an apical complex including secretory organelles.
Among them, the large bulb-shaped organelles rhoptries possess
a number of proteins called ROPs, in which more than 40 mem-
bers such as ROP5, ROP16, ROP18 and ROP38 harbor protein ki-
nase domains. ROPs are secreted into the host cytoplasm during
parasite invasion and eventually localize at the host nucleus or
parasite-forming non-fusogenic vacuoles called parasitophorous
vacuoles (PVs) to subvert and co-opt host cell functions.

Dense granules are another type of parasite secretory organ-
elle that discharges GRA proteins (GRAs) into PVs that contain a
network of elongated nanotubular structures. The membranes of
nanotubules are connected by PV membranes, resulting in the
formation of a large interface between host cell cytoplasm and
parasite. Some GRAs, such as GRA3, 5, 7, 8, 10 and 14, have been
shown to be located at the PV membranes. Conversely, GRA2, 4,
6,9 and 12 are localized to the membrane of the nanotubule net-
work. Among them, GRA2 and GRAG6 play a central role in the for-
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mation and stabilization of the nanotubule network, respectively.
In addition to being associated with the membranous interface
between PVs and the host cytoplasm, two new GRA family mem-
bers, GRA15 and GRA16, were recently shown to participate in
the modulation of host cell functions. GRA15 is involved in NF-«kB
activation, which promotes the production of proinflammatory
cytokines. The mode of action by which GRA15 activates NF-kB
remains uncertain, however, it is dependent on a strong NF-«kB
activating signal transducer, TRAF6, but independent of the es-
sential adaptors for Toll-like receptors, MyD88 and TRIF. GRA16 is
secreted from dense granules and eventually exported to the
host nucleus, where GRA16 interacts with the host deubiquitin-
ase HAUSP and PP2A phosphatase, which regulate host cell cycle
progression and the p53 tumor suppressor signaling pathway.
Very recently, GRA24 is shown to modulate host immune re-
sponses by promoting p38 MAP kinase activation. Thus, GRAs, as
well as ROPs, modulate host cell signaling pathways.

In this fiscal year, we report that the T. gondii polymorphic
dense granule protein GRA6 regulates activation of the host tran-
scription factor nuclear factor of activated T cells 4 (NFAT4). GRA6
overexpression robustly and selectively activated NFAT4 via cal-
cium modulating ligand (CAMLG). Infection with wild-type, but
not GRA6-deficient, parasites induced NFAT4 activation. More-
over, GRA6-deficient parasites failed to exhibit full virulence in
local infection, and the treatment of wild-type mice with an NFAT
inhibitor mitigated virulence of wild-type parasites. Notably,
NFAT4-deficient mice displayed prolonged survival, decreased

recruitment of CD11b* Ly6G* cells to the site of infection and im-
paired expression of chemokines such as Cxcl2 and Ccl2. In addi-
tion, infection with type | parasites culminated in significantly
higher NFAT4 activation than type Il parasites due to a polymor-
phism in the C-terminus of GRAG6. Collectively, our data suggest
that GRA6-dependent NFAT4 activation is required for T. gondii
manipulation of host immune responses to maximize the para-
site virulence in a strain-dependent manner.

Figure 1. A Toxoplasma virulence factor GRA6 specifically activates NFAT4 to recruit neutrophils

to the infected sites to spread systemically
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Apoptotic cells are swiftly engulfed by macrophages. If this pro-
cess does not occur properly, materials released from dead cells
activate the immune system leading to systemic lupus erythema-
tosus-type autoimmune disease. Phospholipids in plasma mem-
branes are asymmetrically distributed between inner and outer
leaflets, and phosphatidylserine (PtdSer) is exclusively localized in
the inner leaflet. The asymmetrical distribution of phospholipids is
maintained by an ATP-dependent phospholipid translocase or
flippase. When cells undergo apoptosis, the asymmetrical distri-
bution of phospholipids is disrupted by scramblase, leading to
PtdSer-exposure. The PtdSer exposed on dead cell surface is rec-
ognized by macrophages as an “eat me” signal. We are working on
the molecular mechanism how PtdSer is exposed to the cell sur-
face, and how macrophages recognize PtdSer for engulfment of
dead cells. By establishing mice deficient in molecules involved in
the PtdSer-exposure, and engulfment of apoptotic cells, we also
study their physiological and pathological roles.

Exposure of phosphatidylserine in apoptotic cells

We recently identified two membrane proteins (TMEM16F and
Xkr8) as phospholipid scramblases, and a pair of proteins (ATP11C
and CDC50A) as a flippase. TMEM16F, a protein with 8 transmem-
brane regions, requires Ca?* to support phospholipid scrambling,
and plays an essential role in the PtdSer-exposure in activated
platelets. Xkr8 carry 6 transmembrane regions, and caspases
cleave off its C-terminal tail to promote the scramblase activity.
ATP11C is a P4-type ATPase at plasma membrane, and CDC50A
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works as a chaperone to translocate ATP11C from endoplasmic
reticulum to plasma membranes. ATP11C translocates PtdSer
from outer to inner leaflets of plasma membranes in an ATP-de-
pendent manner. When cells undergo apoptosis, ATP11C s inacti-
vated by caspase-mediated cleavage. Thus, in addition to the
caspase-mediated activation of scramblase, inactivation of flip-
pase is required to expose PtdSer during apoptosis (Figure 1).

Phosphatidylserine-dependent engulfment of apop-
totic cells

Macrophages recognize PtdSer exposed on the surface of dead
cells using specific receptors and opsonins. We found that mouse-
resident peritoneal macrophages express a PtdSer receptor of
Tim4, and a Tyrosine-kinase receptor of MerTK. Resident perito-
neal macrophages efficiently engulf apoptotic cells in Tim4 and
MerTK-dependent manner. Tim4-null macrophages exhibited re-
duced binding and engulfment of apoptotic cells, whereas MerTK-
null macrophages efficiently bound apoptotic cells, but failed to
engulf them. The incubation of wild-type peritoneal macrophages
with apoptotic cells induced the rapid tyrosine phosphorylation
of MerTK, which was not observed with Tim4-null macrophages.
When mouse Ba/F3 cells were transformed with Tim4, apoptotic
cells bound to the transformants, but were not engulfed. Transfor-
mation of Ba/F3 cells with MerTK had no effect on the binding or
engulfment of apoptotic cells; however, Tim4/MerTK-transfor-
mants exhibited strong engulfment activity. These results indicate
that the engulfment of apoptotic cells by resident peritoneal mac-

rophages proceeds in two steps: binding to Tim4, a PtdSer-recep-
tor, followed by MerTK-mediated cell engulfment (Figure 2).

Enucleation and engulfment of pyrenocytes

In addition to apoptotic cells, pyrenocytes (nuclei expelled from
erythroblasts) expose PtdSer, and engulfed by central macro-
phages in erythroblastic islands. We reconstituted the enucleation
and engulfment of pyrenocytes with erythroblastic islands from
phenylhydrazine-treated mouse spleens. We could show that as
soon as pyrenocytes were separated from reticulocytes, pyreno-
cytes were engulfed by macrophages in a PtdSer-dependent
manner. This process required MerTK, but not Tim4. We propose

Figure 1. Regulation of PtdSer-exposure by flippase and scramblase

the following model for engulfment of pyrenocytes (Figure 3).
Step 1; binding of erythroblasts to the central macrophages in
erythroblastic islands through the interaction between integrin
0431 on erythroblasts and Vcam1 on macrophages. Step 2; eryth-
roblasts undergo enucleation, in which extracellular matrix pro-
motes the separation of pyrenocytes from reticulocytes by provid-
ing shear stress, while it keeps the pyrenocytes in close proximity
to the macrophage. Step 3; Pyrenocytes expose PtdSer, which is
recognized by Protein S, a ligand for MerTK, in the serum. Apop-
totic cells are then engulfed by macrophages in MerTK-depen-
dent manner.

Figure 2. Two step-engulfment of apoptotic cells

Figure 3. A model for enucleation and PtdSer-dependent engulfment of pyrenocytes
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Counting activated T cells upon engagement with APC

To answer the question; is the activation of T cells deterministic in
that a certain amount of stimuli above a threshold always results in
the activation of T cells, or is the distribution of activation such that
some cells are active while other cells are inactive against the same
amount of stimuli? We counted the number of activated T cells
upon engagement with APC by placing individual T cells on APC us-
ing a glass micropipette (Fig. 1A). Activation of the T cells was moni-
tored by Ca?* indicator Rhod2 (Fig. 1B). When T cells from DO11.10
mouse were engaged with APC, 22% of T cells showed activation
when OVA was present (Fig. 2A). However, 11% of T cells showed
activation even when OVA was absent, indicating that activation of T
cells is not deterministic (Fig. 2A). In addition, we found that the
probability of activation increases when other T cells are attached to
APC (Fig. 2B), indicating that T cell activation is influenced by APC
status. These results indicate that activation of T cells may be more
complex than previously thought where T cells have a broad activa-
tion threshold distribution and the status of APC has an influence on
activation.

Theoretical approach for understanding self/non-self
discrimination by Treg cells

Immune system rapidly reacts against invasive pathogens, while it
does not respond to self antigens. To react with a broad spectrum of
foreign antigens, TCR recombination gives a high variety of specific-

@ Single Molecule Imaging

Toshio Yanagida, PhD

u Professor Toshio Yanagida

Hideaki Fujita
Tomoyuki Yamaguchi

m Associate Professor

Yutaka Komai

m Postdoctoral Fellow 1
m Research Assistant 1
m Visiting Scientist 2
m Support Staff 1

ity to an individual T cell. As consequence of this process, a substan-
tial number of self-reactive T cells develop and a part of them survive
even after depletion in the thymus. Foxp3* CD4* regulatory T cells
(Treg), which consist of around 10% of CD4* T cells, play a crucial role
to inhibit the activation of self-reactive T cells to maintain immuno-
logical tolerance. Although many mechanisms have been suggested
for Treg-mediated suppression, it is still unclear how Treg cells ro-
bustly inhibit the activation of reactive T cells preserving potent reac-
tivity of the T cells against foreign antigens.

With theoretical studies, we show that Treg enhance cell-interac-
tions to stabilize the tolerant state. Theoretical modeling showed
that T cell association to antigen-presenting cells (APC) is crucial to
maintain stable unresponsiveness in addition to inhibition of activa-
tion-signaling when ligands for stimulation are limited and compet-
ed for among T cells. To inhibit T cell proliferation robustly in the
presence of specific Treg even in the case where individual T cells
behave in a stochastic way, Treg were required to inhibit two pro-
cesses; dissociation and activation. Notably, the optimized model to
discriminate reactivity under self and non-self conditions well repro-
duced the proliferation patterns of T cells under various conditions
examined in in vitro experiments. Based on the prediction of the
theoretical model, we found how to manipulate immune response
in vivo. Transient reduction of T cell number enhanced the prolifera-
tion of antigen specific T cells in the draining lymph nodes.

Figure 1. Counting T cell activation upon engagement with APC

(A) Rhod2 stained T cells were held with glass micro-needle and placed
on APC and the fluorescence was monitored. (B) Bright field (left) and
fluorescence (right) image of experimental procedure.

Figure 2. Probability of Ca?* increase upon contact with APC

(A) T cell from DO11.10 mouse was engaged with APC in the absence and
presence of OVA. (B) Probability of Ca?* increase was compared between
APC with or without other T cells.

Figure 3. Schematic illustration of simulation model
Treg inhibit dissociation and activation of T cells on APC.
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Our group has developed highly sensitive and specific in vivo
visualization techniques with magnetic resonance imaging (MRI)
and magnetic resonance spectroscopy (MRS) to non-invasively
visualize the dynamic immune responses. The technique could
be used to obtain images and spectra of the same mouse repeat-
edly over time, and precise information, which is obscured by in-
dividual differences, could be obtained. Technical developments
and refinements are important and necessary to obtain fine im-
ages and spectra (information).

MRIin particular offers a significant advantage in imaging deep
regions with good spatial resolution and tissue contrast. A stron-
ger magnetic field can be applied to increase the signal to noise
ratio (SNR) of in vivo MRI. In addition, super-paramagnetic
nanoparticles of iron oxide (SPIO), a contrast agent for MRI, im-
proves MRI contrast to noise ratio (CNR) and detectability in the
stronger magnetic fields by shortening the T/T>* relaxation
times. Combining high magnetic-field strength with high-sensi-
tivity radio-frequency (RF) coils and optimal contrast agents will
enable the visualization of cell populations and molecular events
in vivo in both animals and humans.

Although immune cells may help to maintain a neural environ-
ment, the non-invasive visualization of immune cell dynamics in
the central nervous system (CNS) at pathological as well as nor-
mal conditions is not easy with in vivo imaging techniques. Our
group has succeeded in non-invasive in vivo visualization of the
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immune cells in the CNS and showed the recruitment of periph-
eral endogenous immune cells into the CNS even at the normal
condition (Mori et al. Sci Rep 2014).

Non-invasive detection of immune cells in live mouse
brain at the single cell level

We used an 11.7 T high-field MRI scanner in combination with
a high-sensitive coil and SPIO to detect and monitor peripheral
immune cell migration into healthy and lipopolysaccharide (LPS)-
treated mouse brains at the single-cell level without surgical in-
vasion (Figure 1). Phagocytes were labeled in vivo by IV injection
of SPIO (in vivo labeling). After administration of SPIO, T>*-weight-
ed MRI showed tiny and non-specific hypo intense spots (at 1 and
2 days) even in control mouse brain tissues. Almost all spots dis-
appeared by 7 days (d, h). Significantly greater spot counts were
found in LPS-treated brains at 1 and 2 days than in controls (i).
These dark spots were endogenously labeled cells by SPIO. The
existence of labeled macrophages in the brain parenchyma was
confirmed histologically with brain tissues fixed just after MRI ex-
periments (I, m, n).

Non-invasive immune cell tracking in live mouse brain
at the single cell level: Time-lapse MRI

Non-invasive real time single cell tracking in animals as well as
in humans has been a challenging theme of in vivo imaging. We
have tried to visualize the immune cell movements at deep re-
gions by MRI. Figure 2 shows the result of our time-lapse MRl in a

mouse brain. We labeled phagocytes (almost macrophages) by
our in vivo labeling method with SPIO. The same mouse brain im-
ages were obtained with time from 12 to 48 h after SPIO adminis-
tration. The time interval in this case was 20 min. The slice thick-
ness is 300 um. Figure 2 shows MR images of the same slice from
30 to 36 h post SPIO administration. Although many spots re-
mained stationary like as in Figure 1 (e.g. blue circle), many small
dark spots, that is macrophages, migrated along the visible sites
of blood vessels (e.g. green arrowhead). Many other cells ap-
peared and migrated to another location (e.g. yellow arrowhead).
We succeeded in the non-invasive in vivo visualization of the im-
mune cell movements in the CNS. Our time-lapse MRI movie is

Figure 1.

(a-h), Representative 300 pm thickness MRI of mouse brain at each time
point: before (a, e), 1 day (b, f), 2 days (c, g), and 7 days (d, h) post SPIO
administration. The upper row (a-d) is the same control mouse brain; the
lower row (e-h) the same lipopolysaccharide (LPS)-treated mouse brain.
The scale bar is 1 mm. (i), Quantification of spots in the whole brain at each
time point. (j), (k), Ex vivo MRI after perfusion fixation. These images show
hypo intense spots of the normal (j) and LPS-treated groups (k). (I), The
histological image shows co-localization of fluorescent dye-cross-linked
SPIO and F4/80* cells in the brain of an LPS-treated mouse. SPIO itself and
SPIO-labelled cells were rarely found in control normal brains (m). (n), SP1O-
labelled cells were separated from blood vessels.
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available at the following site. The moving cells we visualized are
almost macrophages interacting with endothelial cells of blood
vessels. (http://www.nature.com/srep/2014/141111/srep06997/
extref/srep06997-s2.mov).

Diverse information

MRI and MRS are non-invasive and provide diverse information
in vivo. The diverse information obtained by these techniques
will contribute to direct visualization of the immune responses in
order to clarify how the integrated and dynamic immune system
actually works in the body and how immune cells behave under
pathological conditions in vivo.

Figure 2.

Representative 300 um thickness MRI of the same position in the same
mouse brain at different time points. MR images of from 30 to 36 h post
SPIO administration are shown. These images show SPIO-labelled cells as
T2* hypo intense spots. Although many spots remained stationary (blue
circle), many motile cells migrated along the visible sites of blood vessels
(green arrowhead). Another cell appeared and migrated to another location
(yellow arrowhead). Our movie is available at the following site.

(Link to our time-lapse MRI: http://www.nature.com/srep/2014/141111/
srep06997/extref/srep06997-s2.mov).
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The mission of our laboratory is to understand the fundamen-
tal principle controlling cellular dynamics in various kinds of tis-
sues and organs in vivo, by means of our advanced imaging tech-
niques. Recent advances in optical imaging technology have
enabled us to visualize the dynamic nature of different cell types
in a time-dependent manner, in addition to the spatial and struc-
tural information. We are now elucidating the dynamic systems
in bone biology and immunology as well as biological science
such as hematopoiesis and cell lineage commitment and other
‘niches’, cell dynamics during inflammation in adipose tissue,
skin, lung, liver and intestines (see the Figure).

1. Intravital bone imaging revealed osteoclast dynam-
icsin vivo

By using intravital multiphoton microscopy, our lab has origi-
nally elaborated the novel imaging system for visualizing inside
the bones. We have first elucidated the in vivo behaviors of os-
teoclasts, bone-destroying special macrophages resident in
bones, i.e., the migration and positioning of their precursor mac-
rophages, their mode of bone-resorbing function in vivo and the
functional and physical coupling with bone-reforming osteo-
blasts.

By utilizing this methodology, we showed that sphingosine-
1-phosphate (S1P) controls the migratory behavior of osteoclast
precursors in concert with various chemokines (Nature 2009; J
Exp Med 2010). We also showed the substantial contribution of
S1P-mediated migratory control of bone cells by STP, by generat-
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ing knockout mice deficient for endogenous S1P transporter (J
Clin Invest 2012). Moreover, we demonstrated that vitamin D,
which is well-known as a bone-protecting factor, significantly
blocks bone destruction by modulating S1P-mediated migration
control of osteoclast precursor monocytes (Proc Natl Acad Sci
USA 2013). Based on a series of studies, we proposed a new con-
cept in which the migration and positioning of osteoclast precur-
sor monocytes on the sites to be resorbed are critical points of
action in the regulation of bone destruction.

By improving bone imaging system, we succeeded in visualiz-
ing the function of fully differentiated osteoclasts adhering to
bone surfaces in vivo (J Clin Invest 2013). This novel visualization
identified two distinct mature osteoclast functional states; i.e.,
bone-resorbing (R) osteoclasts firmly adhering to bones and de-
vouring the bone matrix by secreting acids, and non-resorbing
(N) osteoclasts relatively loosely attached and wriggling along
the bone surface. Th17 cells, a bone destruction-prone T cell sub-
set, express RANKL on their surface, although its functional role
remains elusive. This novel imaging system showed that RANKL-
bearing Th17 could stimulate osteoclastic bone destruction by
contacting N state osteoclasts directly to convert them to the R
state, a critical mechanism underlying bone erosion in arthritic
joints.

2. DNA methylation regulates osteoclastogenesis
Metabolic reprogramming occurs in response to the cellular
environment to mediate differentiation, but the fundamental

mechanisms linking metabolic processes to differentiation pro-
grams remain to be elucidated. During osteoclast differentiation,
a shift toward more oxidative metabolic processes occurs. We
identified the de novo DNA methyltransferase 3a (Dnmt3a) as a
transcription factor that couples these metabolic changes to os-
teoclast differentiation. We also found that RANKL induces this
metabolic shift towards oxidative metabolism, which is accompa-
nied by an increase in S-adenosylmethionine (SAM) production.
We found that SAM-mediated DNA methylation by Dnmt3a regu-
lates osteoclastogenesis via epigenetic repression of anti-osteo-
clastogenic genes. Dnmt3a-deficient osteoclast precursor cells
do not differentiate efficiently into osteoclasts and that mice with
an osteoclast-specific deficiency in Dnmt3a have elevated bone
mass due to a smaller number of osteoclasts. Furthermore, inhibi-
tion of DNA methylation by theaflavin-3,3’ -digallate abrogated
bone loss in models of osteoporosis. Thus, we revealed the role of
epigenetic processes in the regulation of cellular metabolism and
differentiation, which may provide the molecular basis for a new
therapeutic strategy for a variety of bone disorders (Nat Med
2015).

Figure. Intravital imaging for various immune systems

Immune cells are high dynamic and interconnecting various tissues and
organs, by forming a ‘soft-wired’ network. We are elucidating the basic
principle controlling the dynamic nature of immune cells by visualizing in
vivo behaviors with advanced imaging techniques.
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3. Visualized macrophage dynamics and significance

of S100A8 in obese fat

Chronic low-grade inflammation of adipose tissue plays a cru-
cial role for the pathophysiology of obesity. Infiltration of several
immune cells such as macrophages into adipose tissue was ob-
served in obesity, although the initial factors triggering their mi-
gration have not been elucidated. By using intravital multipho-
ton imaging technique, we analyzed the detailed time-courses of
inflammatory processes in adipose tissues under high-fat and
high-sucrose (HF/HS) diet. Mobility of macrophages was shown
to be activated just 5 days after HF/HS diet, when the distinct hy-
pertrophy of adipocytes and the accumulation of macrophages
have not still become prominent. Significant increase of ST00A8
was detected in mature adipocyte fraction just 5 days after HF/HS
diet. Recombinant S100A8 stimulated chemotactic migration
both in vitro and in vivo, as well as induced pro-inflammatory
molecules both macrophage and adipocytes, such as TNF-a and
CCL2. Finally, a neutralizing antibody targeting S100A8 efficiently
suppressed the HF/HS diet-induced initial inflammatory change,
i.e., increased mobilization of adipose macrophages. In conclu-
sion, time-lapse intravital multiphoton imaging of adipose tis-
sues first identified the very early event exhibiting increased mo-
bility of macrophages, which may be triggered by increased
expression of ST00A8 and resultant to progression of chronic in-
flammation in situ (Proc Natl Acad Sci USA 2015).
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@ Nuclear Medicine

Nuclear medicine is a field of great potential, for evaluating the
in-vivo dynamic imaging of immune cells and molecules from
small animals to humans.

The targets of nuclear medicine imaging are metabolic re-
sponses in inflammation, cancer, and immune related disorders
using specific tracers. To achieve these aims, we are developing
new methodology of in-vivo PET imaging, evaluation of patients
receiving therapy with new metabolic based criteria, and new im-
aging modalities.

Monitoring antiangiogenic therapy using '*0-H20 PET

In addition to these researches, we began the measurement of
blood flow of non-small cell lung cancer (NSCLC) before and after
chemotherapy with antiangiogenic agent bevacizumab (BEV), a
humanized monoclonal antibody targeting circulating vascular
endothelial growth factor, using 'O-H.0 PET. BEV has been re-
ported to affect tumor blood flow. However, the relationship be-
tween tumor blood flow change after BEV and the prognosis is
unclear in patients with lung cancer. We found that mean tumor
blood flow decreased within 1-2 days after administration of BEV.
Individual differences in tumor blood flow change after BEV were
large and large blood flow decrease was associated with rapidly
progressing tumors. The addition of BEV was reported to increase
overall and progression free survival compared with chemother-
apy alone in advanced NSCLC. In the present study, the antian-
geonenic therapy did not have benefit for patients with tumor
blood flow decrease after BEV. In this patient subgroup BEV ther-
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apy should be reconsidered after first administration based on
the PET study.

Evaluation of pharmacokinetics using micro-dose PET

Micro-dose PET is a technique to investigate the whole body
bio-distribution of "'C or ®F labeled drug using PET, which enable
the in-vivo evaluation of the pharmacokinetics of each organ.

Doneperzil is an acetylcholinesterase (AChE) inhibitor, which is
used as a treatment drug for Alzheimer’s disease. However, its
pharmacokinetics in non-target organs other than the brain has
not been clarified yet. We evaluated the time course of whole
body distribution in rats using '"C-labeled donepezil hydrochlo-
ride (DNP) PET. We also evaluated the AchE activity in homoge-
nized tissue solutions of the major organs using a fluorometric
assay. As a result, high uptake in the adrenal gland, a non-target
organ, was observed from an early stage after administration. The
AChE activity was the third highest in the adrenal glands (follow-
ing the small intestine and the stomach), indicating high activity
of AChE in the adrenal glands. High accumulation of ""C-DNP in
the adrenal glands suggested the risk of enhanced cholinergic
synaptic transmission by the use of AChE inhibitors.

Monitoring astrocytic metabolism using ''C-acetate
PET in patients with multiple sclerosis

Activation of glial cells is a cardinal feature in multiple sclerosis
(MS) pathology, and acetate has been reported to be selectively
uptaken by astrocytes in the central nervous system. We investi-

gated the efficacy of PET with ""C-acetate for MS diagnosis. The
uptake of ""C-acetate was increased in both white and gray mat-
ter in MS patients compared to healthy volunteers. The number
of MS lesions detected by MRI significantly correlated with the
uptake of ""C-acetate in white and gray matter, which suggests
that ""C-acetate PET can be a useful clinical examination for MS
patients.

Figure 2.

Whole body images after the administration of "C-DNP: (a) dynamic
maximum intensity projection images of PET, (b) coronal images of PET, CT,
and PET/CT (20-40 min, arrow: left adrenal gland).
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Figure 1.

*0-H20 PET/CT images of 62-year-old male with advanced adenocarcinoma
of lung before/after administration of antiangiogenic agent bevacizumab
(BEV). The tumor blood flow decreased 1 day after administration of BEV.

Figure 3.

(A)Spatially normalized group mean images of ''C-acetate standardized
uptake value relative to that in the bilateral thalami (SUVt) automatically
segmented based on MRI. Volume of interest analysis summarizing the
mean SUVt in white matter (B) and gray matter (C).
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Activatable '°F MRI Nanoparticle Probes for the Detec-
tion of Reducing Environments

Magnetic Resonance Imaging (MRI) has received considerable in-
terest because of its prominent properties such as deep tissue imag-
ing and high spatial resolution. 'F MRI probes can detect biological
phenomena such as cell dynamics, ion concentrations, and enzy-
matic activity without the endogenous background signals. We
have developed a highly sensitive '°F MRI contrast agent comprised
of a perfluoro[15]crown-5-ether (PFCE) core and a silica shell, termed
FLAME (Matsushita, H. et al. Angew. Chem. Int. Ed. 53, 1008-1011,
2014). Although perfluorocarbon (PFC) encapsulated nanoparticles
are of interest in 'F MRl imaging owing to their high sensitivity, acti-
vatable PFC nanoparticles have not been developed.

The facile surface modifications on FLAME enabled the introduc-
tion of the paramagnetic relaxation enhancement (PRE) effect of
Ln** complexes to create an OFF/ON switching ability. The PRE effect
for transverse relaxation (T2) modulation is effective over short dis-
tances because of its r® dependency, where ris the distance between
nuclei observable by NMR spectroscopy and a paramagnetic center.
On the basis of the PRE effect, we developed an activatable PFC-en-
capsulated nanoparticle probe, FLAME-SS-Gd** (FSG) by introducing
areduction-responsive linker between FLAME and the surface-mod-
ified Gd* complexes. When the disulfide of FSG was reduced, the
Gd** complexes were cleaved from the FLAME surface, resulting in
the elongation of T of the encapsulated PFCE and the increase of '°F

® Chemical Imaging Techniques
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NMR/MRI signal intensity.

We prepared three types of FSGs with different amount of surface
Gd** complexes. We found that addition of reducing agents made
the "F NMR peaks of FSGs sharper and taller as compared to those
before the addition. The T2 values of FSGs were also significantly in-
creased upon addition of reducing agents. Calculations revealed
that the ratio of fluorine atoms to Gd** complexes per nanoparticle
was more than approximately 5.0x10? resulting in the high signal
amplification. FSGs are the first example of activatable F MRI
nanoparticle probes and would be promising for further applica-
tions as in vivo imaging probes.

Multifunctional Mesoporous Silica Nanoparticles for
F Magnetic Resonance Imaging, Fluorescence Imag-
ing, and Drug Delivery

Efficient delivery of drugs to diseased tissues is a major goal in the
field of drug delivery in an effort to reduce adverse effects. Mesopo-
rous silica nanoparticles (MSNs) are attractive drug carriers owing to
their favorable properties such as extremely large surface areas, tun-
able pore sizes, and ease of functionalization via various synthetic
approaches. To assess the drug efficacy and toxicity of drug carriers,
it is essential to monitor the localization of the drug carrier. In par-
ticular, multimodal imaging techniques with near infrared (NIR) and
magnetic resonance imaging (MRI) have gained attention because
the combination of NIR and MRI provides detailed information re-
garding deep tissues and cell localization. Therefore, MSNs that can

be traced via multiple imaging techniques are highly desired.

In this study, we developed a novel drug delivery carrier based on
MSNs, mFLAME, which encapsulated highly sensitive '°F MRI con-
trast agents inside MSNs. The nanoparticles were labeled with fluo-
rescent dyes and functionalized with small molecule-based ligands
for active targeting, which enables both dual modal imaging (NIR/
MRI) and drug delivery. By conjugating mFLAME with folate, the up-

Figure 1. Design of activatable '°F MRI probe, FLAME-SS-Gd**
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take of the nanoparticles into folate receptor positive-KB cells was
successfully visualized using confocal laser scanning microscopy
and "°F MR imaging. Furthermore, we demonstrated that drug-load-
ed mFLAMEs show efficient release capacities and cytotoxicity in KB
cells after folate receptor-mediated uptake of the nanoparticles. Our
results suggested that MSNs can serve as promising '°F MRI-trace-
able drug carriers for application in cancer therapy and bioimaging.

(a)

(b)

Figure 2.

(a) Design of mFLAME (b) Concentration-dependent cell viability of folate
receptor positive-KB cells treated with free DOX or DOX-loaded mFLAME for
1day
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® Biophotonics

The biophotonics lab uses label-free imaging tools to study the
dynamics of different cellular responses. We employ Raman spec-
troscopic imaging and analysis to observe these changes. The
results show the chemical distribution inside cells, and can be
used to track the redistribution of molecules in the cells. We are
particularly interested in how label-free tools can provide new
information to study disease progression and the immune re-
sponse. Such new information can manifest as the appearance of
new chemical components groups in the cell, or in how cell mor-
phology changes during the response.

Unlike most types of biological imaging, which use labels, Ra-
man imaging produces contrast based only on the inherent mo-
lecular contrast in the cell, where each vibrational bond in a mol-
ecule adds up to produce a final output signal composed of the
whole ensemble of Raman-active bonds. This makes the method
quite different to most of the tools employed by biologists. Rath-
er than a specific target, we view ensemble changes in the cells,
and these can be used to provide information on the cell type,
activation status, or disease state.

After having built up custom imaging systems and analytic
methods that are optimized for live-cell, high resolution and/or
high-throughput measurements, depending on the application,
we are now employing these techniques in a number of applica-
tions. Our first target was the diagnosis of malarial infection,
where we used the properties of heme aggregation to acquire a
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spectral signature of the presence of malaria (Hobro et al. 2013).
In collaboration with the Coban lab, this led to a method of dis-
ease diagnosis that could, in a mouse model of malaria, detect
the presence of the parasite as early as one day following infec-
tion. For effective treatment, early detection is of paramount im-
portance. We have now extended this analysis to include tracking
of the reorganization of macrophages in response to the uptake
of the malarial byproduct hemozoin. The macrophages were
shown to undergo morphological changes with the formation of
distinct spectral groups, and two types of hemozoin components
were observed to be treated in different spatial locations inside
the cell (Hobro et al. 2015). These results may help understand
some of the adjuvant nature of the hemozoin particles, where
slight differences in the stimulating particle may result in quite
different responses in the immune system.

We created a custom imaging method based on two different
but simultaneous label-free imaging modes that can provide
complementary information on the cell response (Pavillon et al.
2014, Pavillon et al. 2013, Pavillon et al. 2015). This provides rapid
and quantitative phase data, at speeds higher than what is pos-
sible with normal Raman imaging at the same time as the Raman
data is acquired. The phase mode provides rapid quantitative
spatial data, and the Raman mode provides chemical specificity.
The additional mode allows the phase imaging to be used to map
the morphology, while the Raman signature can be acquired
from a single point, if necessary, rather than using a full Raman

imaging mode. This is now allowing much higher throughput
measurements of lymphocytes, and can allow Raman measure-
ment in a cytometry-like mode while retaining the spatial infor-
mation from the phase.

We also continued projects using nanoparticle enhancement
of Raman signals. One typical difficulty in using nanoparticles in
cells is the lack of control over the particle location. Leaving it up

Figure 1. Macrophage uptake of hemozoin crystals
The hemozoin occupies its own Raman spectral group (red channel) but
interestingly, the presence of hemozoin at 3 and 5 hours forces other
spectral components to emerge (green, yellow, blue) compared to the
much more homogenous states in the control cells.
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to chance as to whether a particle is in the region of interest or
not adds significant limits to intracellular Raman imaging by
nanoparticles. A notable finding was the use of laser light to fab-
ricate gold nanostructures directly in the cell, including in loca-
tions where particles do not normally enter, such as nuclear struc-
tures, allowing enhanced molecular measurements from the
fabricated structures (Smith et al. 2015)

Figure 2. Simultaneous quantitative phase and Raman imaging of
macrophages

While based on different optical scattering processes, the phase images (d,g)
look similar to the Raman data (a-c,e,f,h). This allows an increased reliance
on the phase imaging mode, which can be orders of magnitude faster than
the Raman, while chemical selectivity is still provided from the Raman data.
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Our body consists of multiple organ systems which mutually
communicate to coordinate responses to external stimuli and
maintain homeostasis of internal environments. Thus, to under-
stand biological events occurring in complex organ systems in our
body, it is important to reveal the interconnection among multi-
ple organ systems rather than focus on an isolated organ system.
Keeping this notion in mind, we have been investigating the com-
munication between the nervous and immune systems since we
set up the lab in 2011. As the proverb “lliness starts in mind.” says,
it has long been proposed that various aspects of immune re-
sponses are regulated by the nervous system. Indeed, the auto-
nomic nervous system was shown to modulate the pathology of
immune disorders, including rheumatoid arthritis and multiple
sclerosis (Bellinger, et al. Cell. Immunol. 252: 27, 2008). Lymphoid
organs are innervated by adrenergic, cholinergic and other neu-
rons, and immune cells express corresponding neurotransmitter
receptors, of which stimulation affects a broad range of immune
cell activities, including proliferation, cytokine production and mi-
gration (Tracey. Annu. Rev. Immunol. 30: 313, 2012). However, little
is known about how neuronal inputs are converted to the outputs
from the immune system.

Precise trafficking and positioning of immune cells are essential
for homeostasis of the immune system and induction of immune
responses, most of which is orchestrated by a family of G protein-
coupled receptors (GPCRs) that respond to chemoattractive mol-
ecules represented by chemokines. As well as chemokine recep-
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tors, many of the neurotransmitter receptors are also GPCRs. A
recent study showed that different types of GPCRs form hetero-
meric complexes on the cell surface and cross-regulate their sig-
nals (Fribourg, et al. Cell 147: 1011, 2011). This observation prompt-
ed us to investigate the relationship between neurotransmitter
and chemokine receptors. We found that 32-adrenergic receptors,
which are abundantly expressed on lymphocytes compared with
other types of adrenergic receptors, form complexes with chemo-
kine receptors CCR7 and CXCRA4. Stimulation of B2-adrenergic re-
ceptors on lymphocytes selectively enhanced the responsiveness
of these chemokine receptors. Given these observations, we test-
ed the role of B.-adrenergic receptors in controlling lymphocyte
trafficking and found that inputs through B.-adrenergic receptors,
a substantial part of which is provided by adrenergic nerves, in-
hibit lymphocyte egress from lymph nodes by augmenting reten-
tion-promoting signals mediated by CCR7 and CXCR4. Moreover,
in mouse models of inflammatory diseases, including multiple
sclerosis and allergic dermatitis, activation of B.-adrenergic recep-
tors inhibited lymph node egress of pathogenic lymphocytes and
prevented their migration to target organs, leading to attenuated
inflammation in the tissues (Nakai, et al. J. Exp. Med. 211: 2583,
2014).

These findings established the novel cellular and molecular ba-
sis by which adrenergic nerves control the immune system. Our
study implies how stress or emotional changes are reflected on
immune functions through adrenergic nerves and provides a ra-

tionale for developing therapeutic strategies against immune dis-
orders by which control stress responses. At this moment, how-
ever, the mechanism for the crosstalk between B.-adrenergic
receptors and chemokine receptors is unclear. Additionally, the
real picture of the interaction between adrenergic nerves and
lymphocytes remains to be visualized. More important question is
what is physiological significance of the adrenergic control of lym-
phocyte trafficking. We are going to address these questions in
our future studies, and move a step closer to comprehensive un-
derstanding of immune regulation by the nervous system.

Figure 1. Adrenergic control of lymphocyte dynamics
Activation of B2-adrenergic receptors expressed on lymphocytes inhibits their egress from
lymph nodes by enhancing retention-promoting signals mediated by chemokine receptors,

CCR7 and CXCR4.
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We established a new lab at IFReC to study the complex inter-
play between the brain and immune systems. In particular, our
lab aims to understand how peripheral inflammation influences
cognition, how the pain and immune systems interact to mediate
animal defence, and how the immune system might be involved
in pathological states such as chronic pain.

Cognitive Neuroimmunology Program

Peripheral injury and inflammation are known to cause chang-
es in cognitive function, and this is referred to as sickness/illness
behaviour. This is often presumed to be adaptive — stimulating
recuperative behaviours that promote recovery. However, such
behaviours generally reflect a reduction in motivation and action,
so it remains unknown if these behaviours are genuinely and spe-
cifically adaptive (arising from an evolutionary selective pressure
to modulate actions after injury), or instead reflect a non-specific
or toxic effect on brain activity that just appears to be adaptive.
Our research aims to answer this question using two different
models of peripheral injury and inflammation: the lipopolysa-
chharide (LPS) model, and the capsaicin model. We have been
establishing a LPS task designed to look for selective strategic
influence of systemic inflammation on decision-making, and (ii) a
neurogenic inflammation task to identify whether there is an cog-
nitive representation of injury i.e. the brain has an internal model
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of tissue damage which can be used for goal-orientated planning
(and even immune modulation), and not just experience-depen-
dent learning and responding. These experiments help us frame
the new field of ‘Cognitive Neuroimmunology’'.

Brain Networks Program

Together with colleagues at the Center for Information and
Neural Networks (National Institute for Information and Commu-
nications Technology), we are studying the global brain changes
that occur in chronic pain: both in human patients, and in animal
models of pain and inflammation. With colleagues in the UK, we
established an international collaboration to look at chronic back
pain patients in both Cambridge and Osaka. This has allowed us
to make a highly accurate biomarker for chronic pain based on
functional brain network analysis (see figure). We established a
small animal facility in collaboration with Yoshichika Yoshioka to
look at comparable changes of pain in rodent models, and we
aim to see whether we can modulate brain connectivity with
techniques such as optogenetics. We have also established exter-
nal collaborations to study brain network changes in animal
models of inflammation, to get a better understanding of how
peripheral immune mediators might modulate the brain to give
rise to chronic illness behaviour.

Figure 1.

The image shows the difference between brain networks in chronic pain patients and healthy
controls. The orange connections show greater connectivity in pain patients.
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1. Tracking a single macrophage in MRl images

Tracking single macrophage cells in vivo will be a powerful tool
forimmunology studies. State-of-the-art imaging using magnetic
resonance imaging (MRI) enables us to acquire images of 3-D dy-
namic single macrophage cells in vivo. However, due to motion
artifacts and magnetic field fluctuations, post-processing is re-
quired to observe macrophage cells. This research proposes an
image analysis method for 11.7T animal MRI images of macro-
phages in the mouse brain. The method adjusts the motion arti-
facts by a rigid image registration technique, calibrates MR signal
intensity fluctuation by using an optimization technique, and
automatically detects macrophages. The method was applied to
mouse brain MR images, and the results were validated by ob-
servers.

2. Observation results of macrophage in two-photon

microphage

4-D visualizing multiple 2-D observation results of macrophage
cells is an effective tool forimmunology studies. Using two-pho-
ton microscopy and the technique proposed by Prof. Komai, a
large volume of macrophage observation results are available.
Our research develops a 4-D visualizing software for observation
results from two-photon microscopy. We also propose an evolv-
ing cellar automaton based simulator to imitate the actual mac-
rophage cells’ movement.
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3. A new Monte Carlo simulation technology for the

chemotaxis of cells

We have developed a new Monte Carlo simulation technology
for the chemotaxis of cells and applied the method to the travel-
ing population wave of chemotactic bacteria in a micro channel.
We have investigated the microscopic dynamics of cells and ex-
amined the effect of changing the sensitivity and modulation
amplitude in a model response function of cell. The results ob-
tained for this fundamental problem show the validity of the
Monte Carlo method. Figure 1 shows the simulation result of the
traveling population wave of bacterial cells in a micro channel.
There are three main contributions in this study.
(1)The connection between the microscopic dynamics of cells
and macroscopic transports of chemical cues is specifically in-
volved via the response function of cell. This feature is important
to provide a solid mathematical and physical ground for the con-
ventional macroscopic approaches from a microscopic point of
view.
(2)The Monte Carlo method can be easily extended to the gen-
eral multi-dimensional problems with complicated boundaries.
This is useful especially in applying the method to the practical
engineering and biological problems.
(3)The present Monte Carlo method can also directly incorporate
various response functions, which may involve the memory of
the cell. This allows us to clarify the microscopic mechanism for
various complicated phenomena observed in the collective mo-
tions of chemotactic cells.

Figure 1. Automated detected macrophages in the mouse brain Figure 2. 4-D visualization software for macrophage cells’ movement

Figure 3. Traveling population wave of chemotactic bacteria in a micro
channel
(a) snap shots and (b) the super position of the snap shots
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Our laboratory uses structural modeling in order to understand
biological function, with an emphasis on antibody-antigen com-
plexes and post-transcriptional regulation. We collaborate close-
ly with a number of experimental groups and also develop soft-
ware tools for general use. Some of our recent results are
described below.

3D modeling of immune repertoires

Dynamic generation of antibodies and T-cell receptors (TCRs)
is an essential part of the adaptive immune response, which pro-
tects our bodies from a wide range of pathogens as well as en-
dogenous threats such as cancer and protein misfolding. At the
same time, overproduction of these receptors can lead to auto-
immune diseases. In order to understand antibody and TCR func-
tion at a molecular level, we have been developing tools for 3D
modeling of the variable regions of antibodies. In a recent blind
test of antibody structural modeling methods (AMA-II), our joint
team with Astellas Pharma and the Institute for Protein Research
(Shirai, Proteins (2014)) succeeded in submitting models with the
lowest average error, a remarkable achievement considering our
software is not specialized for antibodies but for general protein
structure prediction. To facilitate fully automated 3D modeling of
antibody variable regions, we next developed a pipeline called
Kotai Antibody Builder (http://kotaiab.org/) that fully reproduces
our team'’s performance in the AMA-II contest (Yamashita, et al.
Bioinformatics (2014)). We are now extending Kotai Antibody
Builder to enable high-throughput modeling of immune reper-
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toires from single B-cell sequencing data (figure 1). We are also
collaborating with a number of other groups developing thera-
peutic antibodies against viruses and cancers. Finally, we are us-
ing the same approach to determine the molecular mechanism of
cross-reacting antibodies that cause autoimmunity.

Post-transcriptional regulation of immune responses
Many cellular processes are regulated post-transcriptionally at
the level of messenger RNA (mRNA), either by networks of RNA-
binding proteins (RBPs) or micro-RNAs (miRNAs). One open prob-
lem in this area is to predict RBPs and their associated mRNA tar-
gets. Because of the complexity of the cellular environment, such
work requires integration of in-cell experimental data (CLIP-seq,
mass spectrometry) within a computational framework. In order
to facilitate such studies, we have developed a core technology
for predicting RNA binding sites on proteins (aaRNA: Li et al. NAR
(2014)), which out-performs other established methods in three
published benchmarks. The aaRNA server (http://sysimm.ifrec.
osaka-u.ac.jp/aarna/) first identifies structural domains in the RBP
sequence of interest, and then builds 3D models of each domain;
from the models, sequence and structural features are extracted
and used to score surface residues as potential RNA binding sites
(figure 2). The resulting binding propensities can then be used in
protein-RNA docking calculations or other downstream analyses. We
have a number of ongoing collaborations where we have used such
analysis to understand the molecular function of immune-related
RBPs (Takemura et al Nature Commun. (2014), Mino et al. Cell (2015)).

Mechanism of cooperativity in STIM1-mediated signal
transduction

Intrinsically disordered domains (IDDs) have been reported to
play important roles in signal transduction networks by introduc-
ing cooperativity into protein-protein interactions (PPls). The
Ca*-binding protein STIM1 undergoes an order-to-disorder tran-
sition upon a drop in [Ca%] in the ER, triggering extracellular Ca?*
influx. This influx exhibits cooperativity with respect to the local
ER Ca?* concentration, although the mechanism for the coopera-
tivity is not known. We examined the response of the STIM1 EF-
SAM domain to changes in Ca?* concentration using mathemati-
cal modeling based on in vitro experiments and found that the
unfolding and dimerization are both cooperative with respect to
Ca*" concentration, exhibiting Hill coefficients and half-maximal
activation concentrations very close to the values observed in
vivo for STIM1 redistribution and extracellular Ca?" influx. More-
over, our mathematical model of the dimerization reaction agrees
quantitatively with in vitro measurements as well as previously
published free energies of unfolding. A simple interpretation of
these results is that Ca?* loss effectively acts as a denaturant, en-
abling cooperative dimerization and robust signal transduction
(figure 3) (Furukawa et al. J. Mol Biol (2014)).

Figure 2. Predicting RNA binding sites on a protein surface using aaRNA
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Figure 1. Overall scheme for processing high-throughput, single B-cell
sequencing data using Kotai Antibody Builder

Figure 3. Unfolding facilitates cooperative signal transduction by STIM1
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Mining Biological Networks

The immune system is a complex dynamical network of inter-
connected and hierarchically organized tissues, cells and mole-
cules that prevents infection by pathogens and maintains ho-
meostasis. Understanding the dynamics of the immune system is
critical for the proper development of preventive and curative
therapies against diseases. This requires the integration of infor-
mation at different levels (e.g. tissue, cell and molecule), over
time, in a quantitative fashion, and their abstraction into mathe-
matical models that enables predicting future behavior.

The Quantitative Immunology Research Unit is a team of re-
searchers with expertise in different scientific fields including im-
munology, bioinformatics and theoretical physics. Our aim is to
analyze the immune system through the mining of biological
networks, by using three different but closely interconnected ap-
proaches; (1) quantitative measurement of molecular dynamics,
(2) integration of “big data” from multiple sources into network
models, and (3) development of mathematical frameworks to un-
derstand the immune system’s dynamics through the analysis of
these massive datasets. These approaches are combined in sev-
eral projects that aim to get insight into specific problems related
to the immune system. Some of these projects are described be-
low to highlight specific topics.

Quantitative Approaches
Accurate quantification of biological responses is critical for
understanding the dynamics of complex systems. Previously, we
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have developed a fluorescent protein reporter system for the
quantitative monitoring of IFN-a6 (Kumagai et al. 2007). Now we
are trying to increase the “dimension” of the observation in two
ways: time and perturbation. Time lapse imaging of type | inter-
feron expression under microscope will be combined with mul-
tiple fluorescent protein knock-in cells to monitor genes induced
upon antiviral responses such as IL-6 and IL-10. We are also devel-
oping automated computational algorithms to extract important
quantities to understand interferon regulation from such time
lapse imaging data.

In spite of the importance of receptor molecule dynamics such
as dimerization and clustering with downstream molecules, this
process is still poorly understood. To address this problem, we are
applying, in collaboration with RIKEN QBiC and other laboratories
in IFReC, total internal reflection fluorescent microscopy (TIRFM)
to monitor dynamics of single immune molecules. We have suc-
cessfully monitored TLRs and their adaptors, and developed a
novel algorithm to quantify the diffusion dynamics without bias.
This highly quantitative technique can be used to describe the
dynamics of the immune system’s signaling pathways.

Data Integration

The development of high-throughput (“omics”) technologies
has brought biology into the big data era and the need for ap-
proaches that integrate, summarize and extract relevant informa-
tion that reveals the relation between biological components.
We measure transcriptome and cistrome (transcription factor

binding locations) levels under different experimental conditions
and time, and integrate this information with protein-protein in-
teraction data to obtain insight into signaling and gene regula-
tory immune networks.

We apply these methods to study the mechanisms behind sev-
eral respiratory diseases, including chronic obstructive pulmo-
nary disease (COPD) and silicosis (Diez et al. 2015). A common
feature of these diseases is that inflammation and disease pro-
gression are irreversible even after removing exposure to the
noxious components (tobacco smoke for COPD and silica dust for
silicosis). Using a mouse model of silicosis we aim to uncover the
regulatory pathways associated with irreversible inflammation.

Mathematical Modeling

In many other disciplines in science, theoretical framework,
typically represented in terms of mathematical language, has
played crucial roles. However, advances in theoretical immunol-
ogy have been hampered by the lack of comprehensive accurate
measurements of biological phenomena. The accurate quantifi-
cation of immunological responses and the integration of mas-
sive data open the door to construct such theoretical models in
immunology. For this purpose, we are developing novel mathe-
matical frameworks for the description of the immune system.

In one of our collaborative researches, we obtained quantita-
tive data of the cooperative STIM1 dimerization during signal
transduction upon activation by decrease in Ca?* concentration.
We found that the cooperative behavior cannot be described by
the conventional biochemical equations due to the disordered
nature of the protein, and hence, a suitable theoretical frame-
work was needed for understanding the phenomena. We suc-
cessfully developed a statistical mechanics inspired formulation.
The model quantitatively agreed with experimental data and en-
abled us to narrow down the dimerization site of STIM1, which
was reinforced by our subsequent experiment (Furukawa et al.
2014).
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We have also developed a mathematical framework (Stochas-
tic Binary Modeling, SBM) to circumvent the necessity of bio-
chemical determination of many parameters, which is a common
obstacle for constructing a dynamical model of cellular signaling
(Teraguchi et al. 2011). SBM also allows us to represent the sto-
chastic and heterogeneous nature of cell populations. Currently
we are developing a system to automatically identify the struc-
ture and parameters of the network of regulatory pathways with
the help of data assimilation techniques. We expect that this new
system will become a useful tool for mining the immune system’s
networks.

Figure 1. The Quantitative Immunology Research Unit combines
quantitative, integrative and theoretical approaches
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This unit was started on November 1st in 2013. Our aim is to
understand the complex dynamic mechanisms of cell fusion.

Polyploidy, in which a cell has more than the diploid comple-
ment of chromosomes, is a widespread physiological phenome-
non observed especially in plants, fungi, and insects. Although it
is less common in mammals, polyploidization occurs in selected
tissues including the placenta, liver, heart, skeletal muscle and
bone marrow during normal development and aging. Cell fusion
is one of mechanisms of generation of polyploidy. Myeloid cells
such as macrophages and osteoclasts have a pronounced poten-
tial of cell fusion during development. Especially for osteoclasts,
polyploidization via cell fusion is thought to be necessary to ac-
quire sufficient bone-resorbing activity. However, neither molec-
ular mechanisms underlying cell fusion nor physiological signifi-
cance of polyplodization via cell fusion are fully understood. Our
aim is to try to make advances in understanding the cellular and
molecular mechanisms underlying cell fusion. We are mainly fo-
cusing on cell fusion of myeloid cells.

An approach to find fusion competent cells

Polyploidy is a hallmark of mature osteoclasts. When myeloid
precursors receive signals mediated by the osteoclasts differen-
tiation factor RANKL, which is mainly produced by osteoblasts,
they commit to becoming pre-osteoclasts, and ultimately differ-
entiate into multinucleated osteoclasts via cell fusion. Myeloid
precursors need to pass multiple steps to become mature multi-
nucleated cells and one of the steps is to become “fusion compe-

@ Next Generation Optical Immune-imaging

m Associate Professor Noriko Takegahara

m Assistant Professor Kazuaki Tokunaga

(Visiting academic staff)

tent cells”. However the biology of cells which are committed to
be fusion competent is largely unknown. To address this issue we
focused on relationship between cell proliferation and osteoclast
differentiation. The fluorescent ubiquitylation-based cell cycle
indicator (Fucci) is a powerful tool for studying coordination of
the cell cycle with other developmental processes. In 2014, using
monocytes derived from Fucci transgenic mice, we investigated
whether cell-cycle progression has an impact on cell fusion dur-
ing osteoclastogenesis, and if so, how and to what extent the cell
cycle regulates the cell fusion of osteoclasts. We found that
RANKL stimulation induced a unique cell population of which
ploidy was increased by the mechanism of cell-cycle progression
and had the potential of cell fusion. These observations revealed
an unexpected cell population which obtain a permission of cell
fusion.

Exploration of fusion master molecule(s)

Given that the ploidy-increased cells obtain fusion compe-
tence, they should express molecules required for cell fusion. The
ploidy-increased cells were able to be detected not only in pre-
osteoclast but also in multinucleated giant cells (MGCs). Those
are formed by cell fusion of macrophages in response to foreign
bodies at the site of implantation. By isolating the “ploidy-in-
creased” cell population, we performed gene screening and iden-
tified a transmembrane molecule (molecule-X). In 2014, we ex-
amined the biological function of molecule-X using molecular
and cellular biological methods, genetic methods and optical

methods such as flow cytometry and microscopy. Overexpres-
sion of molecule-X enhanced multinucleation, while knocked
down molecule-X inhibited multinucleation of osteoclasts and
MGCs. By tagging a fluorescent protein at the C-terminal region
of molecule-X, we found that molecule-X localized at the site and
time of cell fusion. In addition, gene knockout mice of this mole-
cule exhibited osteopetrotic phenotype, suggesting the involve-
ment of molecule-X in osteoclast function in vivo. To clarify
mechanisms underlying cell fusion, further analysis of this mole-
cule is currently in progress.

Figure.

Top: Knocked down of molecule-X inhibited formation of multinucleated osteoclasts while
overexpression of molecule-X enhanced formation of multinucleated osteoclasts.
Bottom: Fluorescent protein-tagged molecule-X localized at the site time of cell-fusion.
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The ultimate goal of immunology is health care, elucidation of
causes of diseases, and their treatment in human patients. To
achieve this goal, a complete understanding of the immune net-
work, the interactions and regulatory principles between cells
and between gene products is required. In the Immuno-Genom-
ics Research Unit, our aim is to establish and apply methodolo-
gies for extracting the maximum amount of information possible
from limited experimental data, using integrative bioinformatics
approaches. Here, we briefly introduce some of the research proj-
ects we are involved in.

Identification of key factors for inducing functionally
stable regulatory T cells

Regulatory T cells (Tregs) are essential for immune homeosta-
sis and can suppress excessive immune reactions harmful to the
host. Our analysis of DNA hypomethylation in Tregs revealed that
Treg-specific hypomethylation was closely associated with Treg-
specific gene induction. On the other hand, Foxp3 binding was
clearly associated with repressed genes only in activated Tregs
(Morikawa et al., PNAS, 2014). These and other results support the
concept of Treg-specific transcriptional regulation being con-
trolled by two distinct and complementary mechanisms, involv-
ing Foxp3 activity and Treg-specific DNA methylation. Both
mechanisms remain poorly understood.

In a follow-up study, we aim to identify new regulators that
play a role in defining functionally stable Tregs. In brief, we in-

@ Immuno-Genomics

m Assistant Professor Alexis Vandenbon
m Visiting Academic Staff

m Research Assistant 1

Hiromasa Morikawa

m Visiting Scientist 1

ferred a gene co-expression network based on a large collection
of Treg-derived gene expression data. Network analysis revealed
several candidate genes of importance, which are frequently co-
expressed with a set of Treg-specific genes. For one candidate
gene, additional experimental validation experiments showed
that its expression is associated with hypomethylation of Treg-
defining genomic loci, and that it has elevated expression in acti-
vated Tregs and tumor-associated Tregs. We are further investi-
gating the use of this gene as a surface marker for Tregs, and as a
target for tumor immunity.

Development of a database for gene co-expression in
the immune system

Biological processes within cells - from metabolism to the re-
sponse to a pathogen - are controlled by signal transduction and
other biological networks. Study of gene co-expression can help
us to understand higher-order properties of biological systems
(e.g. co-expression networks), but can also be used for estimating
the functions of genes. We have been developing the immunol-
ogy Gene co-Expression (iGenEx) database of gene co-expression
in various cell types of the immune system. At present, our data-
base (http://sysimm.ifrec.osaka-u.ac.jp/iGenEx/; still under devel-
opment), contains gene expression correlation data for 24 cell
types, based on 3,434 mouse microarray samples. iGenEx can be
used for inspecting cell type-specific gene expression, and corre-
lation of expression between gene pairs, as well as more complex
analyses. One example is the prediction of cell type-specific can-

didate regulator genes, as mentioned above for Tregs. Currently,
we are planning to add human samples to the database, as well
as additional functions.

Analysis of the regulation of gene expression on the
epigenetic, transcriptional, and post-transcriptional
level

In close collaboration with immunology laboratories, we are
using various “omics” approaches for studying regulation of gene
expression in response to various immune stimuli.

Several of our studies revealed links between transcription fac-
tors (TFs) and epigenetic regulation, such as between Irf4 and
Jmjd3 (Satoh et al., Nature Immunology, 2010), and between Jdp2
and inhibition of histone acetylation at the Atf3 promoter
(Maruyama et al., Immunity, 2012). More recently, we used bioin-
formatics analyses to help elucidate the role of Akirin2 in recruit-
ing the SWI/SNF complex to NF-kB target promoters (Tartey et al.,
EMBO J., 2014).

Figure 1. The iGenEx database

In a more large-scale analysis, we are using ChlIP-seq data for
studying the changes in chromatin structure in dendritic cells
upon LPS stimulation on a genome-wide scale. LPS stimulation
induces acetylation and methylation of lysine residues of his-
tones at the promoters of key induced genes. Integration of this
data with TF factor binding data allowed us to generate hypoth-
eses regarding the ordering of epigenetic changes and the regu-
latory mechanism underlying them.

Regarding post-transcriptional regulation of gene expression,
we are collaborating in a genome-wide analysis of RNA degrada-
tion rates and their changes after immune stimulus. Through in-
tegrative analysis of gene expression and RNA sequences, we
also contributed to the identification of the targets of the RNase
Regnase-1 and the 3’ UTR stem-loop structure which it recogniz-
es (Uehata et al., Cell, 2013; Mino et al., Cell, 2015).

(Left) Screenshot of the top page of iGenEx. (Right) Visualization of a co-expression network
for a set of Treg-specific genes. Nodes represent genes, and edges indicate co-expressed genes
in Tregs. Blue nodes: Treg-specific genes. Yellow node: a new candidate gene of importance in

Tregs.
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» The 6" International Symposium of IFReC:

Immunology at the Forefront

This symposium provided a forum for the newest developments in
wide-ranging areas of immunology. Seventeen leading scientists from
institutions around the world presented their recent achievements.

Date: February 23-24, 2015

Venue: KNOWLEDGE THEATER, Grand Front Osaka

I
A\

ALY
Immunology at the F _,_re{m{t‘

The 6t International Symposium of IFReC

KNOWLEDGE THEATER, Grand Front Osaka, Japan

February 23 [mon]-24 [TuE], 2015
Start : 10:00am (Registration starts at 9:30am.)

@ SPERKERS
Hisashi Arase Osaka University
Yeonseok Chung Seoul National University, Korea
Paola Di Meglio MRC National Institute for Medical Research, UK
Markus Feuerer German Cancer Research Center
Daniel Gray Walter and Eliza Hall Institute of Medical Research, Australia
Neil Harrison Brighton and Sussex Medical School, UK
Yumiko Imai Akita University, Japan
Kenji Kabashima Kyoto University, Japan
Hiroyoshi Nishikawa ~ Osaka University
Yukinori Okada Tokyo Medical and Dental University, Japan
Ryu Okumura Osaka University
Magnus Rattray University of Manchester, UK
‘Takashi Satoh Osaka University
Ben Seymour Osaka University
Joseph Sun Sloan Kettering Cancer Institute, USA
Gabriel Victora Whitehead Institute for Biomedical Research, USA
Sho Yamasaki Kyushu University, Japan

@ Httendance Fee FREE @ YvKYoLSNE RE

@ (MRAYANY M FARTET —ICUR YA TV NI TEMELET (FRHERN)
B0 2R248 (1) 19:005Y 1897 : CAFE Lab,/ 75>/ 70> hATR L8

ORGANIZER : Immunology Frontier Research Center (IFReC)
Osaka University (Director : Shizuo Akira)

A KEASRBETOYFAFHRLYI— (BRE BRBSB)
"\ CONTACT: Phone: +81-6-6679-4771 Fax : +81-6-6619-4212

E-mai : ifrec-sympo @ ifrec.osaka-u.ac.jp

REGISTRATION » http:/ /www.ifrec.osaka-u.ac.jp

Feb. 23
Speaker

Yumiko Imai
Akita University, Japan

Yukinori Okada
Tokyo Medical and Dental University, Japan

Magnus Rattray
University of Manchester, UK

Gabriel D. Victora
Whitehead Institute for Biomedical Research, USA

Kenji Kabashima
Kyoto University, Japan

Paola Di Meglio
MRC National Institute for Medical Research, UK

Markus Feuerer
German Cancer Research Center (DKFZ)

Daniel Gray
The Walter and Eliza Hall Institute of Medical Research,
Australia

Hiroyoshi Nishikawa
Osaka University, Japan

‘ Title

Dynamic nuclear interactions between influenza virus and its host

Human genetics contribute to disease biology, clinical medicine, and drug
discovery

Insights into transcription dynamics and gene regulation from non-parametric
modelling

Perivascular leukocyte clusters are essential for efficient effector T cell activation
in the skin

A tale of mice and men: the Aryl hydrocarbon Receptor (AhR) as inflammatory
brake in psoriasis

How apoptosis controls regulatory T cell differentiation and homeostasis in
steady-state and disease

Regulatory T cells in tumor immunity

Feb. 24
Speaker

Ryu Okumura
Osaka University, Japan

‘ Title

Lypd8 maintains gut homeostasis by segregating commensal bacteria and colonic
epithelia

Takashi Satoh
Osaka University, Japan

Sho Yamasaki
Kyushu University, Japan

Joseph C. Sun
Memorial Sloan Kettering Cancer Center, USA

The RAG recombinase dictates functional heterogeneity and cellular fitness in natural
killer cells

Hisashi Arase
Osaka University, Japan

Cellular misfolded proteins rescued from protein degradation by MHC class Il mol-
ecules are targets for autoantibodies in autoimmune diseases

Yeonseok Chung
Seoul National University, Korea

Neil Harrison
Brighton and Sussex Medical School, UK

Sickness behaviors: Imaging the effects of peripheral inflammation on human brain
structure and function

Ben Seymour
Osaka University, Japan

Pain: A behavioral system for human defense

Symposia & Seminars
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» Brain-Immune Interaction Laboratory Kickoff Seminar

The Brain-Immune Interaction Laboratory Kickoff Seminar was held in com-
memoration of the establishment of the new laboratory of IFReC. The partic-
ipants from IFReC, CiNet, and RIMD listened with interest to two researchers’
talk about new research field of IFReC.

Date: May 14, 2014

Venue: Taniguchi Memorial Hall, Osaka University

Speaker Program
Shizuo Akira Opening remarks
CBenseymow The branand immune ystems: Who'sconraling who?
CwaNaae | bridging thespeces:Pain nats andhumans
ToshioVanagida | Cosngremas

May 14, 2014

2:00 pm
2:05 pm
2:45 pm
3:25 pm

iFReC

Opening remarks (Shizuo Akira)

“Osaka Univ.

The Brain and Immune Systems: Who's controlling who? (Ben Seymour

Bridging the Species: Pain in rats and humans (Aya Nakae)

Closing remarks (Toshio Yanagida)

*The seminar is open to IFReC, CiNet and RIMD mermbers only.

"~

Principal Investigator BEN Seymour

Brain-Immune Interaction Laboratory

Kickoff Seminar

» Cancer Immunotherapy Forum

IFReC and Bristol-Myers K.K co-organized Cancer Immunotherapy Forum. All
the sessions were facilitated by Shimon Sakaguchi and Hiroyoshi Nishikawa.

Date: November 21, 2014
Venue: Rihga Royal Hotel Osaka

Speaker

Gerd Ritter
Developmental Research Director, Ludwig Cancer Center, USA

Title

Cancer immunotherapy : Past, present and emerging strategies at Ludwig Cancer Research

Jill O’Donnell-Tormey
Chief Executive Officer and Director of Scientific Affairs, Cancer
Research Institute, USA

Carl H. June
Richard W. Vague Professor in Inmunotherapy, Perelman School
of Medicine University of Pennsylvania, USA

Guido Kroemer
Professor, University of Paris Descartes, France

Glenn Dranoff
Professor, Department of Medicine, Harvard Medical School, USA

Mechanisms of protective tumor immunity

The 1* CiNet Conference

New Direction in Pain Neuroscience

Date: December 2-5,2014

Venue: The Center for Information and Neural Networks (CiNet), Osaka, Japan

This conference chaired by Ben Seymour (Pl, Brain-lmmune Interaction Lab of

IFReC) highlighted some of the most innovative new

space for lively and creative discussion. Topics covered computational theories of
the pain system, network and connectivity models of chronic pain, novel neuro-
imaging methods, the role of the immune system in pain, etc. On December 2, the
audience had a special lecture from Seiji Ogawa, who is the inventor of functional

MRI.

ideas, and created a free

Symposia & Seminars




» IFReC Seminars

IFReC held seminars throughout the year with speakers from a variety of
disciplines including immunology, imaging and informatics with the aim of
promoting collaborative research, as well as to inspire and educate the next
generation of scientists.
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Speaker ‘

Sylviane Muller

Thomas Marichal

Affiliation

CNRS, Institute of Molecular and Cellular
Biology, Immunopathology and Therapeutic
Chemistry, Strasbourg University, France

Macquarie University, Australia
John Curtin School of Medical Research, Australian
National University

Cellular and Molecular Immunology, University of
Liege, Belgium

Title

Chaperone-mediated autophagy as a target of
therapeutic P140 peptide used in lupus

Remodeling of cortical synapses: glia-neuron
interaction

New insights into the control of cytokine
production in vivo.Relevance to autoimmune
disease and therapeutic targets

Predicting protein translocation to the
mitochondria and subsequent protease
processing from sequence

Oncogenic transformations of B-lineage cells

Novel perforin positive regulatory DCs in
metabolic syndrome and autoimmunity

Functional specialization of tissue-resident
macrophages

Host response to malaria, a voyage into the
genetic mechanisms

Recent advances in type 2 immunity:
Damage -associated host DNA and protective
immunoglobulin E
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» IFReC Colloquia

IFReC colloquia are a series of discussion meetings for
IFReC members, held once every other month. At each
colloquium, three speakers from IFReC laboratories
give talks about their latest research progress followed
by intensive discussion. After the colloquium, a small
social gathering is held to further the discussions in an
informal setting. These events serve as a platform to
promote fusion researches among IFReC members.

Date: 15" Colloquium: April 13,2014
16" Colloquium: June 11, 2014
17" Colloquium: August 27, 2014
18" Colloquium: December 17, 2014
19" Colloquium: February 4, 2015

Venue: Taniguchi Memorial Hall, Osaka University

Speaker

Kenta Maruyama (Host Defense)

Title

Identification of the novel therapeutic target for bone destructive diseases; Beyond
RANKL inhibition

1 Sth ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Regulation of gut homeostasis by a molecule selectively expressed in intestinal
Ryu Okumura (Mucosal Inmunology) g X g 4 e
epithelia
Alison Hobro (Biophotonics) Taking Raman microscopy from cells to tissue imaging
16 Kouyuki Hirayasu (Immunochemistry) Immune sensing system for bacterially degraded immunoglobulin via activating
receptor DIR
Akiko Nakai (Immune Response Dynamics) Adrenergic control of lymphocyte trafficking and inflammation
Yoshiko Murakami (Immunoglycobiology) Inherited GPI deficiencies and the overlapping diseases
1 7th ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Manabu Nii (Information Systems) Computer-aided visualization of two-photon microscopy observation
. Intestinal immune homeostasis is regulated by XCR1-expressing dendritic cells
| R |
Tomokazu Ohta (Immune Regulation) through XCL1-XCR1 axis
18" James B. Wing (Experimental Immunology) Regulatory T—cells control antigen-specific Tfh expansion and humoral immune
responses via CTLA-4
Michelle Lee (Malaria Immunology) Molecular mechanisms of tissue-specific immunopathology during malaria
Keiko Matsunaga (Nuclear Medicine) 1I\S/Ionitoring response to antiangiogenic therapy of non-small cell lung cancer using
O-water and PET
19 i g P e e e el Generation and selection of disease-related autoreactive B cells in systemic lupus

Kazuya Masuda (Immune Regulation)

erythematosus patients

Arid5a stabilizes Stat3 mRNA by counteracting Regnase-1 at the post-transcriptional
level to promote Th17 development

Symposia & Seminars
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» The 2™ Immunology Frontier : B to B Seminar

This seminar was organized by Atsushi Kumanogoh Date: July 17,2014
(Osaka University Graduate School of Medicine / IFReC)

Venue: Icho kaikan, Osaka University
and other IFReC Pls.

Speaker: Kenji Kabashima (Kyoto University)

Koji Yasutomo (Tokushima University)

» The 5" Kishimoto Foundation Lecture

Events

Date: September 22,2014
Venue: Taniguchi Memorial Hall, Osaka University

Host: Research Institute for Microbial Diseases & IFReC

Alan F. Cowman

Walter and Eliza Hall institute of Medical Research/University of Melbourne
“Moving in and renovating: Invasion and remodeling of the human erythro-
cyte by the malaria parasite”

David Tarlinton

Walter and Eliza Hall institute of Medical Research/University of Melbourne
“Shaping Immune Memory through B-cell death, division and differentiation”
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» The 4™ NIF Winter School on Advanced Immunology

The fourth Winter School on Advanced Immunology was jointly organized

with Singapore Immunology Network (SIgN). Fifty young researchers, who
were competitively selected from 180 applicants, and 16 world leading
immunologists got together in Singapore on 18-23 January 2015. Three
young IFReC researchers participated in the school. The participants shared
intriguing insights and findings in immunology, discussed new ideas and
forged friendships that will fuel networking and future collaborations.

Date: January 18-23, 2015

Venue: Grand Copthorne Waterfront Hotel, Singapore

Lecturer

Shizuo Akira
IFReC, Japan

Facundo Batista
London Research Institute, UK

Burkhard Becher
University of Zurich, Switzerland

Yasmine Belkaid
National Institute of Allergy and Infectious Diseases, USA

Frank Carbone
The University of Melbourne, Australia

James Di Santo
Institut Pasteur, France

Nicholas Gascoigne
National University of Singapore, Singapore

Tomohiro Kurosaki
IFReC, Japan

Ana-Maria Lennon-Duménil
INSERM / Institut Curie, France

Kenneth Murphy
Howard Hughes Medical Institute, USA

Shalin Naik
Walter and Eliza Hall Institute of Medical Research, Australia

Evan Newell
Singapore Immunology Network, Singapore

Laurent Rénia
Singapore Immunology Network, Singapore

Shimon Sakaguchi
IFReC, Japan

Mark Smyth
QIMR Berghofer Medical Research Institute, Australia

Kiyoshi Takeda
IFReC, Japan

Title

Regnase-1, a ribonuclease involved in the control of immune responses

High dimensional analysis of human T cell phenotype, function and antigen specificity
using mass cytometry

Regulation of gut homeostasis: Implication of the pathogenesis of inflammatory bowel
diseases

Events
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» Immunology Lecture Series

The Immunology Lecture Series was initiated as staff development to provide fundamental knowledge of immunology to IFReC
research support staff such as technicians, secretaries and administrative staff. A young researcher of IFReC is invited as a speaker to
give a talk about the basics of their research up to cutting-edge research in an easy-to-understand manner. The lecture is open to all
Osaka University members and held in the evening so that the participants can attend after work. In the lecture, participants can in-
teract with the speaker, asking questions in an informal setting. Initiated in December 2013, the series was held eight times until the
end of FY2014 and the questionnaire results from the participants show a high level of satisfaction throughout the series. The aver-
age number of participants is 46. These events serve as effective measures to develop IFReC support staff as members of a WPI cen-
ter, to publicize IFReC in Osaka University as well as to give educational value to the young speakers selected from IFReC researchers.

Venue: Biken Hall, Osaka University

Speaker ‘

Tomoyuki Yamaguchi
Associate Professor
Daisuke Sugiyama
Graduate Student
Rikinari Hanayama
Associate Professor
Kazuya Masuda
Assistant Professor

Jun Sakanoue
Associate Professor

Daisuke Sugiyama
Graduate Student
Masanori Matsumoto
Assistant Professor

Self and Nonself

—How the immune system selects the correct response
Young researchers on cancer immunotherapies

—New options in cancer therapies

What is facing the frontier of immunology?

—Bacteria and immunity, fighting viruses, regenerative medicine and immunity
The birth of immunology

—Those who came before

Vaccines and immune memory
—Does the influenza vaccine work or not?

Events
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»~ Seminar on Harassment : Current situation and

prevention of academic and power harassment

In order to understand and avoid harassment at work, Prof.
Zako presented the current situation at Osaka University with
examples actually arising in Osaka University. He suggested
solutions to prevent harassment to an audience of 23 people
from IFReC and other departments of Osaka University.

» Seminaron Public Relations

Date :
Venue:

Lecturer:

July 3,2014
Meeting Room 1, IFReC Research Building

Masaru Zako (Counselor, Harassment Counseling

Offices/ Emeritus Professor of Osaka University)

The PIO (Public Information Officers) in research institutes are responsible
for issuing press releases, answering queries from the media. In this semi-
nar, Dr. Sakanoue (RPMO, IFReC) explained how researchers and staff in

the university should work with PIOs.

Date: October 2, 2014

Venue: Meeting Room 1, IFReC Research building

Reference
Working with Public Information Officers,
Dennis Meredith, North Carolina: Glyphus, 2010

»~ Japanese Lessons

Japanese language classes are held for overseas researchers/
students to alleviate any stress and inconvenience in research
or daily life that may be caused by the language barrier.

We offer two lecture-style classes, Class A: Beginner to El-
ementary and Class B: Pre-intermediate to Intermediate. Class
members are expected to learn hiragana, katakana, some kaniji
and basic phrases necessary for daily conversation.

During the course, special events were arranged to give the
members an experience of Japanese culture.

In FY2014, international staff and Japanese volunteers en-
joyed cooking Onigiri (rice ball), Okonomiyaki (savory pancake),
Gyouza (dumpling) and Chirashi sushi (unrolled sushi). Partici-
pants learnt new vocabulary and practiced speaking Japanese
under the supervision of a professional Japanese teacher. It was
also a good opportunity for participants to communicate with
staff from other laboratories.

At the end of the course, the feedback received from partici-
pants indicated that most of them realized significant improve-
ment in their Japanese proficiency.

Events
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» Science Cafe

The series of Science Cafes is a long lasting IFReC outreach
activity to promote communication among researchers and
the general public. It also enhances people’s understanding of
immunology researches and the researchers involved in them.
About 140 people in total participated in our Science Cafes in
FY2014.

| Science Cafe Event at 2014 Icho Festival
[The Cleaner in Our Body - Various functions of the macrophage]

Date : May 3, 2014
Venue: Biken Hall, Osaka University

Guest:  Rikinari Hanayama (Immune Network, IFReC)

A unique attempt was achieved in the 14th Science Cafe on
the Edge. Guest speakers of the 6th IFReC international sym-
posium kindly joined the cafe as guests. They explained basic
knowledge of their research fields in English with the help of
simultaneous translation.

I Science Cafe on the Edge 14

[ Immune System - Cancer immunity and autoimmune disease]l

Date :
Venue:

Guest :

February 24, 2015
CAFE Lab, Grand Front Osaka
Daniel Gray (The Walter and Eliza Hall Institute of Medical Research, Australia)

Markus Feuerer (German Cancer Research Center)

Outreach Activities
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» Super Science High School Student Fair 2014

Super Science High Schools (SSH) are selected high schools
in Japan, which promote advanced math/science education as
well as collaborative researches with universities and activities
to develop international perspectives.

The 2014 annual SSH symposium was held in Yokohama and
more than 200 schools held booths with posters to present
their researches. WPI institutes held a collaborative booth and
introduced the research activities by each institute using post-

Date: August 6-7, 2014
Venue: PACIFICO Yokohama, Kanagawa
Host : MEXT, JST

Support: Boards of Education (Kanagawa prefecture , Yokohama city)

ers, booklets and demonstrations.

Aya Nakae (Brain-Immune Interaction, IFReC) delivered a
presentation at Researchers’ Mini Live Talk. She introduced her
research interests and her career as a basic researcher with
the work experience of medical doctor. Her talk inspired the
student audience, especially those who wish to enter medical
departments in universities, to understand the difference and
importance of medical treatment and medical science.

» Student Visit - Gunma Prefectural Takasaki High School

IFReC welcomed students from Gunma Prefectural Takasaki
High School. They enjoyed a tour of BIKEN museum and the
IFReC research building as well as talking with researchers, Ma-
sato Okada (Department of Oncogene Research, RIMD; a grad-
uate of the high school)and Yoshichika Yoshioka (Biofunctional
Imaging, IFReC). Yoshioka showed them bioimaging pictures

Date: September4,2014

and movies of immune cells in specific tissues taken by MRI,
and explained how the latest MRI technology can be useful for
revealing immune functions in our body.

One of the students said: “| was excited to know about high
level researches in immunology. “

Outreach Activities
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» The 4" Annual WPI Joint Symposium

An annual WPI joint symposium is held to introduce WPI re-
search achievements to mainly high school students, as well as
to provide them with a good opportunity to know about world
top level science. It aims to encourage the student’s interest in
science.

The 4™ WPI joint symposium entitled “Science: a bridge to your
future” was held in Tokyo. The program included talks by WPI
scientists, presentations by high school students, and booth/

Date: December 13,2014
Venue: Yurakucho Asahi Hall, Tokyo

Host : Kavli Institute for the Physics and Mathematics of the Universe

Cohost: WPI Institutes

Support: MEXT, JSPS, Boards of Education (Tokyo, Kanagawa, Chiba, Saitama, Ibaraki)

Speakers

® Dan Ohtan Wang (Assistant Professor, iCeMS, Kyoto University)
 Aleksandar Tsekov Staykov (Assistant Professor, I°’CNER, Kyushu University)
e Hitoshi Murayama (Director, Kavli IPMU, The University of Tokyo)

Student Presentations

Oral

Hiroo Gakuen Senior High School (Tokyo)

Ichikawa Gakuen Ichikawa Senior High School (Chiba)
Tokyo Metropolitan Toyama High School (Tokyo)

Poster
Seven high schools selected from the Kanto region

poster exhibition.

IFReC opened a booth introducing its research activities to
encourage students to consider entering Osaka University and
immunology research as a career at IFReC. Yuki Mori (Biofunc-
tional Imaging, IFReC) joined the symposium and presented
his research with a poster and an iPad. Booth visitors excitedly
watched high definition movies of immune cells by MRI on the
iPad, and enjoyed communication with Mori.

» AAAS 2015 Annual Meeting

The American Association for the Advancement of Science
(AAAS) is the biggest international non-profit organization ad-
vancing science in the world, and its mission is to “advance sci-
ence and serve society”. The AAAS Annual Meeting assembles
diverse participants, including scientists, families, science
policymakers, and the media etc. The AAAS 2015 Annual Meet-
ing offered more than 160 symposia, lectures, seminars, poster

Date: February 12-26, 2015
Venue: San Jose McEnery Convention Center, USA

presentations and exhibitions, with the theme of Innovations,
Information, and Imaging.

WPI institutes held a collaborative booth to introduce the WPI
program and the institutes’ activities using posters and book-
lets. More than 360 participants visited the booth and gained
interest in WPI program and world leading researches in Japan.

Outreach Activities
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» Support Program for Fusion Researches

One of the goals of World Premier International Research Cen-
ter Initiative (WPI) program is to generate novel research fields
through fusion of existing research fields. IFReC aims to create
innovative immunology fields by combining with imaging and
bioinformatics technologies. In order to promote this chal-
lenge, we launched the following two programs.

Research Support Program for Combined Research Fields
was established in FY2009 to financially support research
projects, whose members consist of researchers from differ-
ent groups/backgrounds. This program effectively encourages
interaction and fusion among different groups. The projects are
selected by screening proposals submitted by applicants. So
far, 25 projects have received financial support from IFReC and

some of them have reached the publication stage.

Dual Mentor Program focuses on graduate students or
young post-doctoral fellows engaging in interdisciplinary proj-
ects under the supervision of two Pls from different disciplines.
Financial support is given to the recipients and their primary
mentor for three years. Financial support and/or other types of
incentives are also given to the secondary mentor if necessary.
This program was introduced as a platform to foster young pio-
neers in the fusion field and to further promote interdisciplin-
ary research at IFReC.

A total of 10 Combined Research Program projects and one
Dual Mentor Program project were in progress in FY2014.

Evaluation Workshop for Research Support Program

All the Combined Research Program and Dual Mentor Program
recipients presented their on-going research in front of IFReC
members. The IFReC Pls served as evaluators in the workshop. Immunology
The result of the evaluation, including scores and comments,
was provided to the recipients.

Date: October 15,2014
Venue: Taniguchi Memorial Hall, Osaka University

Imaging Informatics

Research Projects

Project Leader Collaborators Project Title
2012
Masahiro Yamamoto D. Star?dley Trilatciral analysis of interferon-y-mediated cellular innate immunity against Toxoplasma
E-M Frickel gondii
C. Coban K. Suzuki Role of tissue macrophage in malaria infection, and their developmental control by parasite
Masako Kohyama ; . )
F. Sugihara T. Aoshi metabolite
. D. Standley en ) .
Barry Ripley G. Kurisu Role of Arid5A in the selective control of IL-6 mRNA stability and development of TH17 cells
R.Hanayama K. Kikuchi
Fuminori Sugihara M. Kohyama S. Satoh In vivo imaging of germinal center development in mouse spleen using MRI
S. Akira
H. Fujita S. Sakaguchi
Tomoyuki Yamaguchi T. Watanabe H.Machiyama | Imaging analysis of immune activation and regulation
C.Furusawa S. Esaki
Dual Mentor Program R.Hanayama o ) ) N o
. . Visualizing the dynamics of exosomes during various immune responses in vivo
Takeshi Yoshida K. Suzuki
2013
Diego Diez R. Hanayama The dynamics of novel signaling networks of macrophages exposed to pathogens
. J. Kozuka S.Teraguchi Visualizing information processing of immune cells via combination of fluorescent reporter
Yutaro Kumagai . L
N.Trost and single molecule imaging
Naganari Ohkura 2.'¥:n2(:§2|20n g E:tli;:-lmura Develo!)ment of a.n epigenome-based computational classification system for the treatment
R of autoimmune diseases
M. Hashimoto
Kazuhiro Suzuki Y. Baba Visualizing activation of germinal center B cells using genetically encoded calcium indicators
Alexis Vandenbon 'S\I Sg::sg:;chl H. Morikawa Identification of key factors for inducing functionally stable regulatory T cells

Project leader from the groups of <Immunology>, <Imaging >, <Informatics>
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» Young Scientist Support Program for Research Abroad

To strengthen our international research network and our ba-
sis for international collaborative research, IFReC has provided
financial support to young researchers who wish to participate
in research activities at overseas institutions. The program aims

to develop the practical skills and abilities of young researchers
towards international collaborative research and to develop
their networking skills with researchers overseas. Seven re-
searchers used this support program in FY2014.

Young Scientist Support Program for Research Abroad 2014

Name ‘ Country ‘ Conferences attended
Kazuya Masuda Germany Interleukin 6 Biology-Pathophysiology-Therapy MidTerm Conference of ICIS
ket R ——
Mison ane Hobro | Gemamyipomed | commwisecw
| Seantoisimans | oyl | 44 barMetngfcermen Sty by |
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» Common Facilities

IFReC and its parent institution, the Research Institute for Mi-
crobial Diseases (RIMD) are located on the same site, constitut-
ing a large research complex. It contains the Core Instrumen-
tation Facility, the Animal Resource Center and the Network
Administration Office, all of which are jointly operated by IFReC
and RIMD. The Core Instrumentation Facility is equipped with
various highly advanced instruments and skilled technicians
provide in-house services to IFReC and RIMD researchers. The

Animal Resource Center consists of three buildings for specific
pathogen-free (SPF) animals and the live immuno-imaging
facility. With a large animal-breeding capacity facility in IFReC,
researchers are able to choose animal rooms suitable for their
experiment purpose.

Using these common facilities, IFReC researchers are able to
effectively and smoothly carry out their experiments to pro-
mote their world-leading research at IFReC.

IFReC-RIMD Research Complex at Suita Campus of Osaka University

1. IFReC Research Building
2. Integrated Life Science Building
3. Research Institute for Microbial Diseases, RIMD

4. Genome Information Research Center, RIMD

Photo : S. Higashiyama

5. Cutting-edge Research Building for Infectious Diseases

6. Animal Resource Center for Infectious Diseases

Animal Resource Center for Infectious Diseases

® Specific pathogen-free (SPF) animal facility

® Sperm /embryo freezing and preservation

@ |n vitro fertilization and embryo transplantation
® Intracytoplasmic sperm injection

® Transgenic and knock-out animals

® Genome editing in experimental animals

Live Inmuno-Imaging Facility

® SPF animal facility with high-performance 11.7T MRI & two- photon microscope

Network Administration Office

® Provision and maintenance of network infrastructures:

LAN system and servers (web, mail, mailing lists etc.)

Core Instrumentation Facility

® Basic and advanced instruments

@ In-house service:
DNA sequencing, cell sorting, electron microscopy, mass spectrometry and next
generation DNA sequencing analysis

® Radio isotope facility

® DNA chip center

Members of the Core Instrumentation Facility

Data
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» Kishimoto Foundation Fellowships

IFReC launched the Kishimoto Foundation Fellowship program
for researchers in various fields of immunology in 2010. The
program is supported by the Kishimoto Foundation and de-
signed to support overseas researchers in order to promote and
develop immunological research and international exchanges
at IFReC. The fellowships are open to international postdoctoral
researchers who seek to collaborate with IFReC researchers. The
recipients are provided with a salary and an airfare to Japan.

FY2014 Kishimoto Fellowship Recipients

The Kishimoto Foundation was established in 2008 in honor
of Tadamitsu Kishimoto, who, during the 1980s and 90s, elu-
cidated the function of interleukin-6 (IL-6), a key molecule for
stimulating immune responses. He later developed the anti-IL6
receptor-based therapy, tocilizumab, to treat immune disorders
such as Castleman’s disease or rheumatoid arthritis.

Position of Recipient Name (initials)

Specially Appointed Researcher I.B.
""" B — o
""" Spacially Appointed Researcher w
""" T — "
""" Specialy Appoinied Researcher T
""" T E—— T
""" Researchbeon | oan |
""" ——— T
""" Secally hppointedResearcher | L |

Nationality Host researcher
Tunisia Hanayama Jan. 16,2012 - Mar. 31, 2015
wm T
e salaguchl | Dect, 2013-Now 30,2014
—_— T M ——
s T
e | | T ——
i | Ghimo | 82014 Aug0,2014
[ wa | ET—
| Coban | Dec.16,2014-Dec. 15,2015
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» Members

Number of IFReC Staff
300 1
[ Administrative Staff
250 |—--- [ Research Support Staff - - - - - - --
[ Researchers
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Percentage of International Researchers
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» Major Awards

Data

Shimon Sakaguchi The Gairdner International Award Ken Ishii Osaka Science Prize, Fellow of the International Society for Vaccines

. 2 < -

The Gairdner Foundation announced on March 25 that Shimon
Sakaguchi (Deputy Director of IFReC) had been awarded the Canada
Gairdner International Award.

The Canada Gairdner International Award is one of the most pres-
tigious awards in biomedical sciences. Previous awardees include
Kimishige Ishizaka, Susumu Tonegawa (Immunology), and Shinya
Yamanaka (Regenerative medicine). Shizuo Akira (Director of IFReC)
was also awarded the Gairdner Award for his groundbreaking discov-
eries in the field of innate immunity in 2011.

The Gairdner Foundation commented “Prof. Sakaguchi is awarded for
his discovery of regulatory T cells, characterization of their role in im-
munity and application to the treatment of autoimmune diseases and
cancer.” The foundation provides $100,000 (CDN) to each awardee,
and will hold the Gairdner National Program, a lecture series given by
Gairdner Award winners on October 26-30, 2015 in Canada.

Prof. Sakaguchi stated “... | have recognized that science is an inter-
national endeavor, and | am happy to be able to pursue what | love” Atsushi Kumanogoh Elected Membership,
American Society for Clinical Investigation (ASCI) Masaru Ishii JSPS Award
Shimon Sakaguchi (R) and President Toshio Hirano (L)
at the press conference
Shizuo Akira The Member of the Japan Academy
The Japan Academy (Nippon Gakushi-in) is an organization that accords special recogni-
tion to researchers with the most eminent records of academic and scientific achievement.
The Academy’s primary purpose is to carry out programs that contribute to the advance-
ment of academic pursuit.
(Website of the Japan Academy)
o s . . o . )
H 2"‘ i +: IIJIS Takashi Satoh Young Investigator Award, Kazutaka Katoh Young Scientist Initiative Award,
The Japan Academy Japanese Society for Immunology Society of Evolutionary Studies, Japan

P
<

{

P
<@

]

Toshio Yanagida Honorary Member of the Physical Society of Japan

<> 2

Yanagida was chosen for the JPS Honorary Fellow by his outstanding achievements in the
studies of fundamental structure of biological system through the developments of single
molecular measurements techniques. The previous honorees for JPS Fellow include Hideki
Yukawa, Makoto Kobayashi, Toshihide Masukawa, and Yoichiro Nambu.

In FY 2014, many IFReC researchers were awarded Osaka University Presidential Awards for Achievement
and/or the Presidential Awards for Encouragement, for their recent acquisition of research grants.
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Finance

Break down of total expenditure at IFReC

Individual Research
Project

27.6%

Total Expenditure

3,825,088,465
(JPY)

Project
Activities

18.5%

Travel
0.5% \

Other Sources
Contract
Research  2,515,308,465
18.1% (JPY)

WPI Grant

1,309,780,000
(JPY)

Management
Expenses Grant

18.6%

N / Research Outputs
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s Selected Articles

Selective and strain-specific NFAT4 activation by the Toxoplasma gondii polymorphic dense

granule protein GRA6

JExp Med. 211:2013-32, 2014.

Ji Su Ma, Miwa Sasai, Jun Ohshima, Youngae Lee, Hironori Bando, Kiyoshi Takeda, Masahiro Yamamoto

Toxoplasma gondii infection results in co-option and subver-

sion of host cellular signaling pathways. This process involves
discharge of T. gondii effector molecules from parasite secre-
tory organelles such as rhoptries and dense granules.
Masahiro Yamamoto and his group reported that the T. gondii
polymorphic dense granule protein GRA6 regulates activa-
tion of the host transcription factor nuclear factor of activated
T cells 4 (NFAT4). Their data suggest that GRA6-dependent
NFAT4 activation is required for T. gondii manipulation of host
immune responses to maximize the parasite virulence in a
strain-dependent manner.

Olfactory plays a key role in spatiotemporal pathogenesis of cerebral malaria

Cell Host & Mirobe. 15:551-63, 2014.

Zhao H, Aoshi T, Kawai S, Mori Y, Konishi A, Ozkan M, Fujita Y, Haseda Y, Shimizu M, Kohyama M, Kobiyama K, Eto K, Nabekura J,
Horii T, Ishino T, Yuda M, Hemmi H, Kaisho T, Akira S, Kinoshita M, Tohyama K, Yoshioka Y, Ishii KJ, Coban C

Coban and her group showed by ultra-high-field MRI and mul-
tiphoton microscopy that the olfactory bulb is physically and
functionally damaged (loss of smell) by Plasmodium parasites
during ECM. The trabecular small capillaries comprising the
olfactory bulb show parasite accumulation and cell occlusion
followed by microbleeding, events associated with high fever
and cytokine storm. Specifically, the olfactory upregulates che-
mokine CCL21, and loss or functional blockade of its receptors
CCR7 and CXCR3 results in decreased CD8 T cell activation and
recruitment, respectively, as well as prolonged survival. Thus,
early detection of olfaction loss and blockade of pathological
cell recruitment may offer potential therapeutic strategies for
ECM.

Olfactory bulb is the Achilles’ heel during experimental cerebral
Malaria

Laser-targeted photofabrication of gold nanoparticles inside cells

Nat Commun. 5 :5144,2014.

Nicholas I. Smith, Kentaro Mochizuki, Hirohiko Niioka, Satoshi Ichikawa, Nicolas Pavillon, Alison J. Hobro, Jun Ando,

Katsumasa Fujita, Yutaro Kumagai

Smith and his group showed that by infusing gold ion solu-

tion, focused laser light-induced photoreduction allows in-situ
fabrication of gold nanoparticles at precise locations. The result-
ing particles are pure gold nanocrystals, distributed throughout
the laser focus at sizes ranging from 2 to 20 nm, and remain in
place even after removing the gold solution.
They demonstrate the spatial control by scanning a laser beam
to write characters in gold inside a cell. Plasmonically enhanced
molecular signals are then detected from nanoparticles, allow-
ing their use as nano-chemical probes at targeted locations
inside the cell, with intracellular molecular feedback. Such light-
based control of the intracellular particle generation reaction
also offers avenues for in-situ plasmonic device creation in
organic targets, and may eventually link optical and electron
microscopy.

Microscopic imaging of photofabricated characters of gold par-
ticles inside a cell (Scale bar, 12 micro meters). The red characters
mean “Osaka University” in kanji characters.

Control of lymphocyte egress from lymph nodes through B2-adrenergic receptors

JExp Med. 211 : 2583-98, 2014.

Akiko Nakai, Yuki Hayano, Fumika Furuta, Masaki Noda, Kazuhiro Suzuki

Kazuhiro Suzuki and his group revealed that 32-adrenergic
receptors (B2ARs) expressed on lymphocytes regulate their
egress from lymph nodes by altering the responsiveness of
chemokine receptors CCR7 and CXCR4. In mouse models of
inflammation, signals though $2ARs were shown to inhibit traf-
ficking of pathogenic lymphocytes and reduce their numbers
recruited into inflamed tissues.

A model for adrenergic control
of lymphocyte dynamics
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s Selected Articles

Interleukin-10-producing plasmablasts exert regulatory function in autoimmune inflammation

Immunity 41 : 1040-51, 2014.

Masanori Matsumoto, Akemi Baba, Takafumi Yokota, Hiroyoshi Nishikawa, Yasuyuki Ohkawa, Hisako Kayama, Axel Kallies,

Stephen L. Nutt, Shimon Sakaguchi, Kiyoshi Takeda, Tomohiro Kurosaki, Yoshihiro Baba

Kurosaki, Baba and their group found that plasmablasts in the
draining lymph nodes (dLNs), but not splenic B lineage cells,
predominantly expressed IL-10 during experimental autoim-
mune encephalomyelitis (EAE). These plasmablasts were gener-
ated only during EAE inflammation. Mice lacking plasmablasts
by genetic ablation of the transcription factors Blimp1 or IRF4
in B lineage cells developed an exacerbated EAE.

Detection of self-reactive CD8+ T cells with an anergic phenotype in healthy individuals

Science 346 : 1536-40, 2014.

Yuka Maeda, Hiroyoshi Nishikawa, Daisuke Sugiyama, Danbee Ha, Masahide Hamaguchi, Takuro Saito, Megumi Nishioka,

James B. Wing, Dennis Adeegbe, Ichiro Katayama, Shimon Sakaguchi

Shimon Sakaguchi and his group found Treg can render self-
reactive human CD8+ T cells anergic (i.e., hypoproliferative and
cytokine hypoproducing upon antigen restimulation) in vitro,
likely by controlling the costimulatory function of antigen-
presenting cells. Anergic T cells were naive in phenotype, lower
than activated T cells in T cell receptor affinity for cognate an-
tigen, and expressed several coinhibitory molecules, including
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4).

Tregs render self-reactive human CD8+ T cells anergic

The ectoenzyme E-NPP3 negatively regulates ATP-dependent chronic allergic responses by

basophils and mast cells

Immunity 42 : 279-93, 2015.

Shih Han Tsai, Makoto Kinoshita, Takashi Kusu, Hisako Kayama, Ryu Okumura, Kayo lkeda, Yosuke Shimada, Akira Takeda,
Soichiro Yoshikawa, Kazushige Obata-Ninomiya, Yosuke Kurashima, Shintaro Sato, Eiji Umemoto, Hiroshi Kiyono,

Hajime Karasuyama, Kiyoshi Takeda

Kiyoshi Takeda and his group showed that ecto-
nucleotide pyrophosphatase-phosphodiesterase
3 (E-NPP3), also known as CD203c, rapidly in-
duced by FceRI crosslinking, negatively regulated
chronic allergic inflammation. Basophil and mast
cell numbers increased in Enpp3-/- mice with
augmented serum ATP concentrations. Enpp3-
/- mice were highly sensitive to chronic allergic
pathologies, which was reduced by ATP blockade.
FceRl crosslinking induced ATP secretion from
basophils and mast cells, and ATP activated both

E-NPP3 is rapidly induced
and hydrolyzes ATP

cells. ATP clearance was impaired in Enpp3-/- cells.
Enpp3-/-P2rx7-/- mice showed decreased responses to FceRl
crosslinking. Thus, ATP released by FceRlI crosslinking stimulates

basophils and mast cells for further activation causing allergic
inflammation. E-NPP3 decreases ATP concentration and sup-
presses basophil and mast cell activity.

DNA methyltransferase 3a regulates osteoclast differentiation by coupling to an
S-adenosylmethionine-producing metabolic pathway

Nat Med. 21:281-7, 2015.

Keizo Nishikawa, Yoriko lwamoto, Yasuhiro Kobayashi, Fumiki Katsuoka, Shin-ichi Kawaguchi, Tadayuki Tsujita, Takashi Nakamura,
Shigeaki Kato, Masayuki Yamamoto, Hiroshi Takayanagi, Masaru Ishii

Masaru Ishii and his group identified the de novo DNA meth-
yltransferase Dnmt3a to be a transcription factor that couples
metabolic changes to osteoclast differentiation. Receptor
activator of nuclear factor-kB ligand (RANKL) is an essential
cytokine for osteoclastogenesis that induces a metabolic shift
toward oxidative metabolic processes, accompanied by an in-
crease in S-adenosyl methionine (SAM) production.

They found that SAM-mediated DNA methylation by Dnmt3a
regulates osteoclastogenesis viaepigenetic repression of the
anti-osteoclastogenic gene and that Dnmt3a-deficient osteo-
clastprecursor cells do not undergo osteoclast differentiation
efficiently.

SAM-mediated DNA
methylation by Dnmt3a

Research Outputs

113 —



114

#~ Publications

—

Akira, Shizuo. Regnase-1, a ribonuclease involved in the inflammatory
and immune responses. Cytokine 70:21-21, 2014.

Akiyama, Nobuko; Shinzawa, Miho; Miyauchi, Maki; Yanai, Hiromi; Tatei-
shi, Ryosuke; Shimo, Yusuke; Ohshima, Daisuke; Matsuo, Koichi; Sasaki,
Izumi; Hoshino, Katsuaki; Wu, Guoying; Yagi, Shintaro; Inoue, Jun-ichiro;
Kaisho, Tsuneyasu; Akiyama, Taishin. Limitation of immune tolerance-
inducing thymic epithelial cell development by Spi-B-mediated negative
feedback regulation. Journal of Experimental Medicine 211:2425-2438,
2014.

17

Furukawa, Yukio; Teraguchi, Shunsuke; Ikegami, Takahisa; Dagliyan,
Onur; Jin, Lin; Hall, Damien; Dokholyan, Nikolay V.; Namba, Keiichi; Akira,
Shizuo; Kurosaki, Tomohiro; Baba, Yoshihiro; Standley, Daron M. Intrinsic
Disorder Mediates Cooperative Signal Transduction in STIM1. Journal of
Molecular Biology 426:2082-2097, 2014.

18

Goritzka, M.; Durant, L.; Pereira, C; Makris, S.; Kausar, F.; Kumagai, Y.; Aki-
ra, S.,; Johansson, C. Alveolar macrophage-derived type | IFNs orchestrate
immune responses to RSV through recruitment of antiviral monocytes.
Immunology 143:104-104, 2014.

32

Hirata, Tetsuya; Fujita, Morihisa; Nakamura, Shota; Gotoh, Kazuyoshi;
Motooka, Daisuke; Murakami, Yoshiko; Maeda, Yusuke; Kinoshita, Taroh.
Endosomes-to-TGN retrograde transport mediated by GARP is required
for post-Golgi anterograde transport and glycosylation. Glycobiology
24:1188-1189, 2014.

47

Kang, Sujin; Tanaka, Toshio; Kishimoto, Tadamitsu. Therapeutic uses of
anti-interleukin-6 receptor antibody. International Immunology 27:21-
29,2015.

Atif, Shaikh M.; Lee, Seung-Joo; Li, Lin-Xi; Uematsu, Satoshi; Akira, Shizuo;
Gorjestani, Sara; Lin, Xin; Schweighoffer, Edina; Tybulewicz, Victor L. J.;
McSorley, Stephen J. Rapid CD4(+) T-cell responses to bacterial flagellin
require dendritic cell expression of Syk and CARD9. European Journal of
Immunology 45:513-524, 2015.

Baba, Reisuke; Hori, Yuichiro; Kikuchi, Kazuya. Intramolecular Long-Dis-
tance Nucleophilic Reactions as a Rapid Fluorogenic Switch Applicable
to the Detection of Enzymatic Activity. Chemistry-A European Journal
21:4695-4702, 2015.

19

Goto, Yoshiyuki; Obata, Takashi; Kunisawa, Jun; Sato, Shintaro; Ivanov,
Ivaylo I.; Lamichhane, Aayam; Takeyama, Natsumi; Kamioka, Mariko;
Sakamoto, Mitsuo; Matsuki, Takahiro; Setoyama, Hiromi; Imaoka, Akemi;
Uematsu, Satoshi; Akira, Shizuo; Domino, Steven E.; Kulig, Paulina;
Becher, Burkhard; Renauld, Jean-Christophe; Sasakawa, Chihiro; Ume-
saki, Yoshinori; Benno, Yoshimi; Kiyono, Hiroshi. Innate lymphoid cells
regulate intestinal epithelial cell glycosylation. Science 345:1310-+UNSP
1254009, 2014.

33

Hitomi, Yutaka; Aoki, Kazuki; Miyachi, Ryosuke; Ohyama, Junya; Kodera,
Masahito; Tanaka, Tsunehiro; Sugihara, Fuminori. Gold Nanoparticles
Coated with Manganese-Porphyrin That Effectively Shorten the Longi-
tudinal Relaxation Time of Water Molecules Depending on the Particle
Size. Chemistry Letters 43:1901-1903, 2014.

48

Kataoka, Tatsuki R.; Kumanogoh, Atsushi; Fukuishi, Nobuyuki; Ueshima,
Chiyuki; Hirata, Masahiro; Moriyoshi, Koki; Tsuruyama, Tatsuaki; Haga, Hi-
ronori. CD72 negatively regulates mouse mast cell functions and down-
regulates the expression of KIT and Fc epsilon Rl alpha. International
Immunology 27:95-103, 2015.

34

Hobro, Alison J.; Pavillon, Nicolas; Fujita, Katsumasa; Ozkan, Muge;
Coban, Cevayir; Smith, Nicholas I. Label-free Raman imaging of the mac-
rophage response to the malaria pigment hemozoin. Analyst 140:2350-
2359, 2015.

Baba, Yoshihiro; Matsumoto, Masanori; Kurosaki, Tomohiro. Calcium
signaling in B cells: Regulation of cytosolic Ca2+ increase and its sensor
molecules, STIM1 and STIM2. Molecular Immunology 62:339-343, 2014.

20

Hall, Damien; Li, Songling; Yamashita, Kazuo; Azuma, Ryuzo; Carver, John
A.; Standley, Daron M. A novel protein distance matrix based on the
minimum arc-length between two amino-acid residues on the surface of
a globular protein. Biophysical Chemistry 190:50-55, 2014.

35

Hori, Yuichiro; Baba, Reisuke; Kikuchi, Kazuya. Development of Fluoro-
genic Probes for the Detection of Histone Deacetylase Activity. Yakugaku
Zasshi-Journal of The Pharmaceutical Society Of Japan 135:23-29, 2015.

49

Kato, Mitsuhiro; Saitsu, Hirotomo; Murakami, Yoshiko; Kikuchi, Kenjiro;
Watanabe, Shuei; lai, Mizue; Miya, Kazushi; Matsuura, Ryuki; Takayama,
Rumiko; Ohba, Chihiro; Nakashima, Mitsuko; Tsurusaki, Yoshinori; Mi-
yake, Noriko; Hamano, Shin-ichiro; Osaka, Hitoshi; Hayasaka, Kiyoshi;
Kinoshita, Taroh; Matsumoto, Naomichi. PIGA mutations cause early-
onset epileptic encephalopathies and distinctive features. Neurology
82:1587-1596, 2014.

Bahrini, Insaf; Song, Ji-hoon; Diez, Diego; Hanayama, Rikinari. Neuronal
exosomes facilitate synaptic pruning by up-regulating complement fac-
tors in microglia. Scientific Reports 5:7989, 2015.

21

Hall, Damien; Li, Songling; Yamashita, Kazuo; Azuma, Ryuzo; Carver, John
A,; Standley, Daron M. RNA-LIM: A novel procedure for analyzing protein/
single-stranded RNA propensity data with concomitant estimation of
interface structure. Analytical Biochemistry 472:52-61, 2015.

36

Huang, Kai-Chih; Bando, Kazuki; Ando, Jun; Smith, Nicholas |.; Fujita, Kat-
sumasa; Kawata, Satoshi. 3D SERS (surface enhanced Raman scattering)
imaging of intracellular pathways. Methods 68:348-353, 2014.

50

Kayama, Hisako; Takeda, Kiyoshi. Polysaccharide A of Bacteroides fragilis:
Actions on Dendritic Cells and T Cells. Molecular Cell 54:206-207, 2014.

Bharti, Deepak; Kumar, Ashish; Mahla, Ranjeet Singh; Kumar, Sushil;
Ingle, Harshad; Shankar, Hari; Joshi, Beenu; Raut, Ashwin Ashok; Kumar,
Himanshu. The role of TLR9 polymorphism in susceptibility to pulmonary
tuberculosis. Immunogenetics 66:675-681, 2014.

Borsting, Emily; Patel, Shalin V.; Decleves, Anne-Emilie; Lee, Sarah J.; Rah-
man, Qazi M.; Akira, Shizuo; Satriano, Joe; Sharma, Kumar; Vallon, Volker;
Cunard, Robyn. Tribbles Homo log 3 Attenuates Mammalian Target of
Rapamycin Complex-2 Signaling and Inflammation in the Diabetic Kid-
ney. Journal of The American Society Of Nephrology 25:2067-2078, 2014.

22

Harada, Masaya; Kamimura, Daisuke; Arima, Yasunobu; Kohsaka, Hitoshi;
Nakatsuji, Yuji; Nishida, Makoto; Atsumi, Toru; Meng, Jie; Bando, Hide-
nori; Singh, Rajeev; Sabharwal, Lavannya; Jiang, Jing-Jing; Kumai, Noriko;
Miyasaka, Nobuyuki; Sakoda, Saburo; Yamauchi-Takihara, Keiko; Ogura,
Hideki; Hirano, Toshio; Murakami, Masaaki. Temporal Expression of
Growth Factors Triggered by Epiregulin Regulates Inflammation Devel-
opment. Journal of Immunology 194:1039-1046, 2015.

37

Hutchins, Andrew Paul; Takahashi, Yoshiko; Miranda-Saavedra, Diego.
Genomic analysis of LPS-stimulated myeloid cells identifies a common
pro-inflammatory response but divergent IL-10 anti-inflammatory re-
sponses. Scientific Reports 5:9100, 2015.

51

Kida, Ikuhiro; Enmi, Jun-ichiro; lida, Hidehiro; Yoshioka, Yoshichika. Asym-
metrical intersection between the middle cerebral artery and rhinal vein
suggests asymmetrical gustatory cortex location in rodent hemispheres.
Neuroscience Letters 589:150-152, 2015.

38

Ichimura, Taro; Jin, Takashi; Fujita, Hideaki; Higuchi, Hideo; Watanabe,
Tomonobu M. Nano-scale measurement of biomolecules by optical
microscopy and semiconductor nanoparticles. Frontiers In Physiology
5:273,2014.

52

Kinehara, Yuhei; Minami, Toshiyuki; Kijima, Takashi; Hoshino, Shigenori;
Morimura, Osamu; Otsuka, Tomoyuki; Hayama, Yoshitomo; Fukushima,
Kiyoharu; Takeuchi, Yoshiko; Higashiguchi, Masayoshi; Miyake, Kotaro;
Hirata, Haruhiko; Nagatomo, Izumi; Inoue, Koji; Takeda, Yoshito; Kida,
Hiroshi; Kumanogoh, Atsushi. Favorable response to trastuzumab plus
irinotecan combination therapy in two patients with HER2-positive re-
lapsed small-cell lung cancer. Lung Cancer 87:321-325, 2015.

Briquez, P.; Tortelli, F.; Martino, M.; Pisano, M.; Hubbell, J. Extracellular
matrix molecules regulate growth factor and cytokine delivery through
their heparin-binding domains and promote wound healing. Journal of
Tissue Engineering And Regenerative Medicine 8:189-189, 2014.

23

Hardy, S.; Uetani, N.; Wong, N.; Kostantin, E.; Labbe, D. P.; Begin, L. R.; Mes-
Masson, A.; Miranda-Saavedra, D.; Tremblay, M. L. The protein tyrosine
phosphatase PRL-2 interacts with the magnesium transporter CNNM3 to
promote oncogenesis. Oncogene 34:986-995, 2015.

39

Imanishi, Takayuki; Ishihara, Chitose; Badr, Mohamed El Sherif Gadelhag;
Hashimoto-Tane, Akiko; Kimura, Yayoi; Kawai, Taro; Takeuchi, Osamu;
Ishii, Ken J.; Taniguchi, Shun'ichiro; Noda, Tetsuo; Hirano, Hisashi; Brom-
bacher, Frank; Barber, Glen N.; Akira, Shizuo; Saito, Takashi. Nucleic acid
sensing by T cells initiates Th2 cell differentiation. Nature Communica-
tions 5:3566, 2014.

53

Kinoshita, Makoto; Takeda, Kiyoshi. Microbial and dietary factors modu-
lating intestinal regulatory T cell homeostasis. Febs Letters 588:4182-
4187,2014.

Choi, Jayoung; Park, Sunmin; Biering, Scott B.; Selleck, Elizabeth; Liu,
Catherine Y.; Zhang, Xin; Fujita, Naonobu; Saitoh, Tatsuya; Akira, Shizuo;
Yoshimori, Tamotsu; Sibley, L. David; Hwang, Seungmin; Virgin, Herbert
W. The Parasitophorous Vacuole Membrane of Toxoplasma gondii Is
Targeted for Disruption by Ubiquitin-like Conjugation Systems of Au-
tophagy. Immunity 40:924-935, 2014.

24

Hartmann, Jana; Karl, Rosa M.; Alexander, Ryan P. D.; Adelsberger,
Helmuth; Brill, Monika S.; Ruehlmann, Charlotta; Ansel, Anna; Sakimura,
Kenji; Baba, Yoshihiro; Kurosaki, Tomohiro; Misgeld, Thomas; Konnerth,
Arthur. STIM1 Controls Neuronal Ca2+ Signaling, mGluR1-Dependent
Synaptic Transmission, and Cerebellar Motor Behavior. Neuron 82:635-
644,2014.

25

Haseda, F.; Imagawa, A.; Nishikawa, H.; Mitsui, S.; Tsutsumi, C.; Fujisawa,
R; Sano, H.; Murase-Mishiba, Y.; Terasaki, J.; Sakaguchi, S.; Hanafusa, T. A
novel autoantibody detected in patients with fulminant type 1 diabetes.
Diabetologia 57:5185-5185, 2014.

40

Inokuchi-Shimizu, Sayaka; Park, Eek Joong; Roh, Yoon Seok; Yang, Ling;
Zhang, Bi; Song, Jingyi; Liang, Shuang; Pimienta, Michael; Taniguchi, Koji;
Wu, Xuefeng; Asahina, Kinji; Lagakos, William; Mackey, Mason R.; Akira,
Shizuo; Ellisman, Mark H.; Sears, Dorothy D.; Olefsky, Jerrold M.; Karin,
Michael; Brenner, David A.; Seki, Ekihiro. TAK1-mediated autophagy and
fatty acid oxidation prevent hepatosteatosis and tumorigenesis. Journal
of Clinical Investigation 124:3566-3578, 2014.

54

Kinoshita, Taroh. Biosynthesis and deficiencies of glycosylphosphati-
dylinositol. Proceedings of The Japan Academy Series B-Physical And
Biological Sciences 90:130-143, 2014.

55

Kinoshita, Taroh. Enzymatic mechanism of GPI anchor attachment clari-
fied. Cell Cycle 13:1838-1839, 2014.

56

Kinoshita, Taroh. Structural Changes of GPI Anchor After Its Attachment
to Proteins: Functional Significance. Biochemical Roles Of Eukaryotic Cell
Surface Macromolecules 842:17-25, 2015.

Deng, Mi; Lu, Zhigang; Zheng, Junke; Wan, Xuan; Chen, Xiaoli; Hirayasu,
Kouyuki; Sun, Hanzi; Lam, Yeeling; Chen, Liping; Wang, Qihui; Song,
Chun; Huang, Niu; Gao, George F.; Jiang, Youxing; Arase, Hisashi; Zhang,
Cheng Cheng. A motif in LILRB2 critical for Angptl2 binding and activa-
tion. Blood 124:924-935, 2014.

26

Hashimoto, Motomu; Fujii, Takao; Hamaguchi, Masahide; Furu, Moritoshi;
Ito, Hiromu; Terao, Chikashi; Yamamoto, Keiichi; Yamamoto, Wataru;
Matsuo, Takashi; Mori, Masato; Ohmura, Koichiro; Kawabata, Hiroshi; Mi-
mori, Tsuneyo. Increase of Hemoglobin Levels by Anti-IL-6 Receptor An-
tibody (Tocilizumab) in Rheumatoid Arthritis. Plos One 9:¢98202, 2014.

41

Ise, Wataru; Inoue, Takeshi; McLachlan, James B.; Kometani, Kohei; Kubo,
Masato; Okada, Takaharu; Kurosaki, Tomohiro. Memory B cells contribute
to rapid Bcl6 expression by memory follicular helper T cells. Proceedings
of the National Academy of Sciences, USA 111:11792-11797, 2014.

Diez, Diego; Agusti, Alvar; Wheelock, Craig E. Network Analysis in the
Investigation of Chronic Respiratory Diseases. American Journal of Respi-
ratory And Critical Care Medicine 190:981-988, 2014.

Franchi, Luigi; Eigenbrod, Tatjana; Munoz-Planillo, Raul; Ozkurede, Ulas;
Kim, Yun-Gi; Chakrabarti, Arindam; Gale, Michael, Jr.; Silverman, Robert
H.; Colonna, Marco; Akira, Shizuo; Nunez, Gabriel. Cytosolic Double-
Stranded RNA Activates the NLRP3 Inflammasome via MAVS-Induced
Membrane Permeabilization and K+ Efflux. Journal of Immunology
193:4214-4222,2014.

27

Hashimoto, R,; lkeda, M.; Yamashita, F.; Ohi, K.; Yamamori, H.; Yasuda, Y.;
Fujimoto, M.; Fukunaga, M.; Nemoto, K.; Takahashi, T.; Tochigi, M.; Onit-
suka, T.; Yamasue, H.; Matsuo, K;; lidaka, T.; Iwata, N.; Suzuki, M.; Takeda, M.;
Kasai, K.; Ozaki, N. Common variants at 1p36 are associated with superior
frontal gyrus volume. Translational Psychiatry 4:e472, 2014.

42

Ito, Yoshinaga; Hashimoto, Motomu; Hirota, Keiji; Ohkura, Naganari;
Morikawa, Hiromasa; Nishikawa, Hiroyoshi; Tanaka, Atsushi; Furu, Mori-
toshi; Ito, Hiromu; Fujii, Takao; Nomura, Takashi; Yamazaki, Sayuri; Morita,
Akimichi; Vignali, Dario A. A.; Kappler, John W.; Matsuda, Shuichi; Mimori,
Tsuneyo; Sakaguchi, Noriko; Sakaguchi, Shimon. Detection of T cell re-
sponses to a ubiquitous cellular protein in autoimmune disease. Science
346:363-368, 2014.

57

Kiso, Honoka; Takahashi, Katsu; Saito, Kazuyuki; Togo, Yumiko; Tsuka-
moto, Hiroko; Huang, Boyen; Sugai, Manabu; Shimizu, Akira; Tabata,
Yasuhiko; Economides, Aris N.; Slavkin, Harold C.; Bessho, Kazuhisa. Inter-
actions between BMP-7 and USAG-1 (Uterine Sensitization-Associated
Gene-1) Regulate Supernumerary Organ Formations. Plos One 9:296938,
2014.

58

Kitagawa, Yohko; Ohkura, Naganari. Treating type-1 diabetes with an
epigenetic drug. Elife 3:e05720, 2014.

Fujii, Hiroko; Arakawa, Akiko; Utsumi, Daisuke; Sumiyoshi, Shinji; Yama-
moto, Yosuke; Kitoh, Akihiko; Ono, Masahiro; Matsumura, Yumi; Kato,
Mayumi; Konishi, Keisuke; Shiga, Takeo; Sano, Shigetoshi; Sakaguchi,
Shimon; Miyagawa-Hayashino, Aya; Takahashi, Kenzo; Uezato, Hiroshi;
Miyachi, Yoshiki; Tanioka, Miki. CD81tumor-infiltrating lymphocytes at
primary sites as a possible prognostic factor of cutaneous angiosarcoma.
International Journal of Cancer 134:2393-2402, 2014.

28

Hayasaka, Haruko; Kobayashi, Daichi; Yoshimura, Hiromi; Nakayama, Emi
E.; Shioda, Tatsuo; Miyasaka, Masayuki. The HIV-1 Gp120/CXCR4 Axis Pro-
motes CCR7 Ligand-Dependent CD4 T Cell Migration: CCR7 Homo- and
CCR7/CXCR4 Hetero-Oligomer Formation as a Possible Mechanism for
Up-Regulation of Functional CCR7. Plos One 10:e0117454, 2015.

43

Itoh-Nakadai, Ari; Hikota, Reina; Muto, Akihiko; Kometani, Kohei; Wata-
nabe-Matsui, Miki; Sato, Yuki; Kobayashi, Masahiro; Nakamura, Atsushi;
Miura, Yuichi; Yano, Yoko; Tashiro, Satoshi; Sun, Jiying; Ikawa, Tomokatsu;
Ochiai, Kyoko; Kurosaki, Tomohiro; Igarashi, Kazuhiko. The transcription
repressors Bach2 and Bach1 promote B cell development by repressing
the myeloid program. Nature Immunology 15:1171-1180, 2014.

59

Kitagawa, Yohko; Ohkura, Naganari; Sakaguchi, Shimon. Epigenetic con-
trol of thymic Treg-cell development. European Journal of Immunology
45:11-16, 2015.

29

Hendron, Eunan; Wang, Xizhuo; Zhou, Yandong; Cai, Xiangyu; Goto, Jun-
Ichi; Mikoshiba, Katsuhiko; Baba, Yoshihiro; Kurosaki, Tomohiro; Wang,
Youjun; Gill, Donald L. Potent functional uncoupling between STIM1 and
Orail by dimeric 2-aminodiphenyl borinate analogs. Cell Calcium 56:482-
492,2014.

44

Julier, Ziad; Martino, Mikael M.; de Titta, Alexandre; Jeanbart, Laura; Hub-
bell, Jeffrey A. The TLR4 Agonist Fibronectin Extra Domain A is Cryptic,
Exposed by Elastase-2; use in a fibrin matrix cancer vaccine. Scientific
Reports 5:8569, 2015.

60

Kitai, Yuichi; Takeuchi, Osamu; Kawasaki, Takumi; Ori, Daisuke; Sueyoshi,
Takuya; Murase, Motoya; Akira, Shizuo; Kawai, Taro. Negative Regulation
of Melanoma Differentiation-associated Gene 5 (MDA5)-dependent Anti-
viral Innate Immune Responses by Arf-like Protein 5B. Journal of Biologi-
cal Chemistry 290:1269-1280, 2015.

Fujita, Hideaki; Esaki, Tsuyoshi; Masujima, Tsutomu; Hotta, Akitsu; Kim,
Soo Hyeon; Noji, Hiroyuki; Watanabe, Tomonobu M. Comprehensive
chemical secretory measurement of single cells trapped in a micro-drop-
let array with mass spectrometry. Rsc Advances 5:16968-16971, 2015.

30

Henmi, Masahisa; Tachibana, Masashi; Tsuzuki, Sayaka; Shoji, Masaki;
Sakurai, Fuminori; Kobiyama, Koji; Ishii, Ken J,; Akira, Shizuo; Mizuguchi,
Hiroyuki. Type | IFN Signaling Induced By Systemically Administrated
Adenovirus Vector Promotes the Antigen-Specific Mucosal Immunity.
Molecular Therapy 22:5272-5272, 2014.

45

Kagoya, Yuki; Yoshimi, Akihide; Tsuruta-Kishino, Takako; Arai, Shunya;
Satoh, Takashi; Akira, Shizuo; Kurokawa, Mineo. JAK2V617F(+) myelo-
proliferative neoplasm clones evoke paracrine DNA damage to adjacent
normal cells through secretion of lipocalin-2. Blood 124:2996-3006, 2014.

61

Koo, Christine Xing'er; Kobiyama, Kouji; Shen, Yu J.; LeBert, Nina; Ahmad,
Shandar; Khatoo, Muznah; Aoshi, Taiki; Gasser, Stephan; Ishii, Ken J. RNA
Polymerase Ill Regulates Cytosolic RNA:DNA Hybrids and Intracellular Mi-
croRNA Expression. Journal of Biological Chemistry 290:7463-7473, 2015.

Fujita, Morihisa; Lee, Gun-Hee; Murakami, Yoshiko; Kanzawa, Noriyuki;
Maeda, Yusuke; Kinoshita, Taroh. Shedding of GPl-anchored proteins by
a novel GPI cleaving enzyme. Glycobiology 24:1102-1103, 2014.

31

Higuchi, Sayaka; Watanabe, Tomonobu M.; Kawauchi, Keiko; Ichimura,
Taro; Fujita, Hideaki. Culturing of mouse and human cells on soft sub-
strates promote the expression of stem cell markers. Journal of Biosci-
ence And Bioengineering 117:749-755, 2014.

46

Kajita, Mihoko; Sugimura, Kaoru; Ohoka, Atsuko; Burden, Jemima; Sug-
anuma, Hitomi; lkegawa, Masaya; Shimada, Takashi; Kitamura, Tetsuya;
Shindoh, Masanobu; Ishikawa, Susumu; Yamamoto, Sayaka; Saitoh, Say-
aka; Yako, Yuta; Takahashi, Ryosuke; Okajima, Takaharu; Kikuta, Junichi;
Maijima, Yumiko; Ishii, Masaru; Tada, Masazumi; Fujita, Yasuyuki. Filamin
acts as a key regulator in epithelial defence against transformed cells.
Nature Communications 5:4428, 2014.

62

Kuniyoshi, Kanako; Takeuchi, Osamu; Pandey, Surya; Satoh, Takashi;
Iwasaki, Hidenori; Akira, Shizuo; Kawai, Taro. Pivotal role of RNA-binding
E3 ubiquitin ligase MEX3C in RIG-I-mediated antiviral innate immunity.
Proceedings of the National Academy of Sciences, USA 111:5646-5651,
2014.

63

Kurashima, Yosuke; Amiya, Takeaki; Fujisawa, Kumiko; Shibata, Naoko;
Suzuki, Yuji; Kogure, Yuta; Hashimoto, Eri; Otsuka, Atsushi; Kabashima,
Keniji; Sato, Shintaro; Sato, Takeshi; Kubo, Masato; Akira, Shizuo; Miyake,
Kensuke; Kunisawa, Jun; Kiyono, Hiroshi. The Enzyme Cyp26b1 Mediates
Inhibition of Mast Cell Activation by Fibroblasts to Maintain Skin-Barrier
Homeostasis. Immunity 40:530-541, 2014.

Research Outputs

115 —



. 116

Kuroki, Kimiko; Wang, Jing; Ose, Toyoyuki; Yamaguchi, Munechika;
Tabata, Shigekazu; Maita, Nobuo; Nakamura, Seiko; Kajikawa, Mizuho;
Kogure, Amane; Satoh, Takeshi; Arase, Hisashi; Maenaka, Katsumi. Struc-
tural basis for simultaneous recognition of an O-glycan and its attached
peptide of mucin family by immune receptor PILR alpha. Proceedings of
the National Academy of Sciences, USA 111:8877-8882, 2014.

78

Matsumoto, Masanori; Baba, Akemi; Yokota, Takafumi; Nishikawa, Hi-
royoshi; Ohkawa, Yasuyuki; Kayama, Hisako; Kallies, Axel; Nutt, Stephen
L.; Sakaguchi, Shimon; Takeda, Kiyoshi; Kurosaki, Tomohiro; Baba, Yoshi-
hiro. Interleukin-10-Producing Plasmablasts Exert Regulatory Function in
Autoimmune Inflammation. Immunity 41:1040-1051, 2014.

Kurosaki, Tomohiro; Kometani, Kohei; Ise, Wataru. Memory B cells. Nature
Reviews Immunology 15:149-159, 2015.

Kuwahara, Makoto; Suzuki, Junpei; Tofukuji, Soichi; Yamada, Takeshi;
Kanoh, Makoto; Matsumoto, Akira; Maruyama, Saho; Kometani, Kohei;
Kurosaki, Tomohiro; Ohara, Osamu; Nakayama, Toshinori; Yamashita, Ma-
sakatsu. The Menin-Bach2 axis is critical for regulating CD4 T-cell senes-
cence and cytokine homeostasis. Nature Communications 5:3555, 2014.

79

Matsumoto, Shinobu; Fukui, Michiaki; Hamaguchi, Masahide; Ushigome,
Emi; Matsushita, Kanae; Fukuda, Takuya; Mitsuhashi, Kazuteru; Majima,
Saori; Hasegawa, Goji; Nakamura, Naoto. Is home blood pressure report-
ing in patients with type 2 diabetes reliable?. Hypertension Research
37:741-745,2014.

93

Naito, Atsushi; Yamamoto, Hirofumi; Kagawa, Yoshinori; Naito, Yoko;
Okuzaki, Daisuke; Otani, Keisuke; lwamoto, Yoriko; Maeda, Sakae; Kikuta,
Junichi; Nishikawa, Keizo; Uemura, Mamoru; Nishimura, Junichi; Hata,
Taishi; Takemasa, Ichiro; Mizushima, Tsunekazu; Ishii, Hideshi; Doki,
Yuichiro; Mori, Masaki; Ishii, Masaru. RFPL4A Increases the G(1) Popula-
tion and Decreases Sensitivity to Chemotherapy in Human Colorectal
Cancer Cells. Journal of Biological Chemistry 290:6326-6337, 2015.

107

Ohtsuka, Masato; Miura, Hiromi; Kimura, Minoru; Isotani, Ayako; Ikawa,
Masahito; Sato, Masahiro; Gurumurthy, Channabasavaiah. Concurrent
production of multiple targeted transgenic mouse lines with C57BL/6N
genetic background by improved PITT. Transgenic Research 23:855-856,
2014.

80

Mikami, Norihisa; Sakaguchi, Shimon. CD28 signals the differential con-
trol of regulatory T cells and effector T cells. European Journal of Immu-
nology 44:955-957,2014.

94

Nakai, Akiko; Hayano, Yuki; Furuta, Fumika; Noda, Masaki; Suzuki, Kazuhi-
ro. Control of lymphocyte egress from lymph nodes through beta(2)-
adrenergic receptors. Journal of Experimental Medicine 211:2583-2598,
2014.

108

Okada, Satoshi; Mizukami, Shin; Sakata, Takao; Matsumura, Yutaka; Yo-
shioka, Yoshichika; Kikuchi, Kazuya. Ratiometric MRI Sensors Based on
Core-Shell Nanoparticles for Quantitative pH Imaging. Advanced Materi-
als 26:2989-2992, 2014.

Lam, Adeline R;; Le Bert, Nina; Ho, Samantha S. W.; Shen, Yu J.; Tang, Me-
lissa L. F.; Xiong, Gordon M.; Croxford, J. Ludovic; Koo, Christine X.; Ishii,
Ken J.; Akira, Shizuo; Raulet, David H.; Gasser, Stephan. RAE1 Ligands for
the NKG2D Receptor Are Regulated by STING-Dependent DNA Sensor
Pathways in Lymphoma. Cancer Research 74:2193-2203, 2014.

81

Minoshima, Masafumi; Matsumoto, Tetsuaki; Kikuchi, Kazuya. Develop-
ment of a Fluorogenic Probe Based on a DNA Staining Dye for Continu-
ous Monitoring of the Histone Deacetylase Reaction. Analytical Chemis-
try 86:7925-7930, 2014.

95

Nakamura, Tatsuya; Matsushita, Hisashi; Sugihara, Fuminori; Yoshioka,
Yoshichika; Mizukami, Shin; Kikuchi, Kazuya. Activatable F-19 MRI
Nanoparticle Probes for the Detection of Reducing Environments. Ange-
wandte Chemie-International Edition 54:1007-1010, 2015.

109

Onishi, Motoyasu; Kitano, Mitsutaka; Taniguchi, Keiichi; Homma, To-
moyuki; Kobayashi, Masanori; Sato, Akihiko; Coban, Cevayir; Ishii, Ken J.
Hemozoin is a potent adjuvant for hemagglutinin split vaccine without
pyrogenicity in ferrets. Vaccine 32:3004-3009, 2014.

Lee, Jaeran; Fujii, Fumihiko; Kim, Soo Yong; Pack, Chan-Gi; Kim, Sok Won.
Analysis of Quantum Rod Diffusion by Polarized Fluorescence Correla-
tion Spectroscopy. Journal of Fluorescence 24:1371-1378, 2014.

82

Miyake, Kensuke; Kaisho, Tsuneyasu. Homeostatic inflammation in in-
nate immunity. Current Opinion In Immunology 30:85-90, 2014.

96

Nakamura, Tatsuya; Sugihara, Fuminori; Matsushita, Hisashi; Yoshioka,
Yoshichika; Mizukami, Shin; Kikuchi, Kazuya. Mesoporous silica nanopar-
ticles for F-19 magnetic resonance imaging, fluorescence imaging, and
drug delivery. Chemical Science 6:1986-1990, 2015.

Lee, Soyoung; Ripley, Barry; Chinen, Ichino; Millrine, David; Kishimoto,
Tadamitsu. Aryl hydrocarbon receptor negatively regulates type | inter-
feron production and the development of murine lupus. Cytokine 70:54-
54,2014.

83

Miyara, Makoto; Ito, Yoshinaga; Sakaguchi, Shimon. T-REG-cell therapies
for autoimmune rheumatic diseases. Nature Reviews Rheumatology
10:543-551,2014.

Lensink, Marc F.; Moal, lain H.; Bates, Paul A.; Kastritis, Panagiotis L.;
Melquiond, Adrien S. J,; Karaca, Ezgi; Schmitz, Christophe; van Dijk, Marc;
Bonvin, Alexandre M. J. J.; Eisenstein, Miriam; Jimenez-Garcia, Brian;
Grosdidier, Solene; Solernou, Albert; Perez-Cano, Laura; Pallara, Chiara;
Fernandez-Recio, Juan; Xu, Jianging; Muthu, Pravin; Kilambi, Krishna
Praneeth; Gray, Jeffrey J,; Grudinin, Sergei; Derevyanko, Georgy; Mitchell,
Julie C.; Wieting, John; Kanamori, Eiji; Tsuchiya, Yuko; Murakami, Yoi-
chi; Sarmiento, Joy; Standley, Daron M.; Shirota, Matsuyuki; Kinoshita,
Kengo; Nakamura, Haruki; Chavent, Matthieu; Ritchie, David W.; Park,
Hahnbeom; Ko, Junsu; Lee, Hasup; Seok, Chaok; Shen, Yang; Kozakov,
Dima; Vajda, Sandor; Kundrotas, Petras J.; Vakser, llya A.; Pierce, Brian
G.; Hwang, Howook; Vreven, Thom; Weng, Zhiping; Buch, Idit; Farkash,
Efrat; Wolfson, Haim J.; Zacharias, Martin; Qin, Sanbo; Zhou, Huan-Xiang;
Huang, Shen-You; Zou, Xiaogin; Wojdyla, Justyna A.; Kleanthous, Colin;
Wodak, Shoshana J. Blind prediction of interfacial water positions in CA-
PRI. Proteins-Structure Function And Bioinformatics 82:620-632, 2014.

84

Miyoshi, Yuka; Yoshioka, Yoshichika; Suzuki, Kinuko; Miyazaki, Taisuke;
Koura, Minako; Saigoh, Kazumasa; Kajimura, Naoko; Monobe, Yoko;
Kusunoki, Susumu; Matsuda, Junichiro; Watanabe, Masahiko; Hayasaka,
Naoto. A New Mouse Allele of Glutamate Receptor Delta 2 with Cerebel-
lar Atrophy and Progressive Ataxia. Plos One 9:e107867, 2014.

97

Nakashima, Mitsuko; Kashii, Hirofumi; Murakami, Yoshiko; Kato, Mit-
suhiro; Tsurusaki, Yoshinori; Miyake, Noriko; Kubota, Masaya; Kinoshita,
Taroh; Saitsu, Hirotomo; Matsumoto, Naomichi. Novel compound
heterozygous PIGT mutations caused multiple congenital anomalies-
hypotonia-seizures syndrome 3. Neurogenetics 15:193-200, 2014.

110

Onishi, Motoyasu; Ozasa, Koji; Kobiyama, Kouji; Ohata, Keiichi; Kitano,
Mitsutaka; Taniguchi, Keiichi; Homma, Tomoyuki; Kobayashi, Masanori;
Sato, Akihiko; Katakai, Yuko; Yasutomi, Yasuhiro; Wijaya, Edward; Iga-
rashi, Yoshinobu; Nakatsu, Noriyuki; Ise, Wataru; Inoue, Takeshi; Yamada,
Hiroshi; Vandenbon, Alexis; Standley, Daron M.; Kurosaki, Tomohiro;
Coban, Cevayir; Aoshi, Taiki; Kuroda, Etsushi; Ishii, Ken J. Hydroxypropyl-
beta-Cyclodextrin Spikes Local Inflammation That Induces Th2 Celland T
Follicular Helper Cell Responses to the Coadministered Antigen. Journal
of Immunology 194:2673-2682, 2015.

85

Mizukami, Takuo; Momose, Haruka; Kuramitsu, Madoka; Takizawa,
Kazuya; Araki, Kumiko; Furuhata, Keiko; Ishii, Ken J.; Hamaguchi, Isao;
Yamaguchi, Kazunari. System Vaccinology for the Evaluation of Influenza
Vaccine Safety by Multiplex Gene Detection of Novel Biomarkers in a
Preclinical Study and Batch Release Test. Plos One 9:e101835, 2014.

28

Nakata, J.; Nakano, K.; Okumura, A; Mizutani, Y.; Kinoshita, H.; lwai, M.;
Hasegawa, K.; Morimoto, S.; Fujiki, F.; Tatsumi, N.; Nakajima, H.; Nakae,
Y.; Nishida, S.; Tsuboi, A.; Oji, Y.; Oka, Y.; Sugiyama, H.; Kumanogoh, A.;
Hosen, N. In vivo eradication of MLL/ENL leukemia cells by NK cells in the
absence of adaptive immunity. Leukemia 28:1316-1325, 2014.

111

Ooi, Yasuhiro; Inui-Yamamoto, Chizuko; Suzuki, Takashi; Nakadate, Hi-
romichi; Nagase, Yoshitaka; Seiyama, Akitoshi; Yoshioka, Yoshichika; Seki,
Juniji. In vivo magnetic resonance imaging at 11.7 Tesla visualized the
effects of neonatal transection of infraorbital nerve upon primary and
secondary trigeminal pathways in rats. Brain Research 1579:84-92, 2014.

86

Mori, Yuki; Yoshioka, Yoshichika. Non-invasive single cell-tracking in
mouse brain by using time-lapse MRI. Journal of Neuroimmunology
275:23-23,2014.

29

Natsuaki, Yohei; Egawa, Gyohei; Nakamizo, Satoshi; Ono, Sachiko;
Hanakawa, Sho; Okada, Takaharu; Kusuba, Nobuhiro; Otsuka, Atsushi;
Kitoh, Akihiko; Honda, Tetsuya; Nakajima, Saeko; Tsuchiya, Soken; Sugi-
moto, Yukihiko; Ishii, Ken J,; Tsutsui, Hiroko; Yagita, Hideo; Iwakura, Yoi-
chiro; Kubo, Masato; Ng, Lai Guan; Hashimoto, Takashi; Fuentes, Judilyn;
Guttman-Yassky, Emma; Miyachi, Yoshiki; Kabashima, Keniji. Perivascular
leukocyte clusters are essential for efficient activation of effector T cells
in the skin. Nature Immunology 15:1064-1069, 2014.

112

Pandey, Surya; Kawai, Taro; Akira, Shizuo. Microbial Sensing by Toll-Like
Receptors and Intracellular Nucleic Acid Sensors. Cold Spring Harbor
Perspectives In Biology 7:a016246, 2015.

113

Park, Hyun Sun; Jin, Seon Pil; Lee, Youngae; Oh, In Gyung; Lee, Serah;
Kim, Jung Ho; Cho, Kwang Hyun; Chung, Jin Ho. Toll-like receptor 2 me-
diates a cutaneous reaction induced by repetitive ultraviolet B irradiation
in C57/BL6 mice in vivo. Experimental Dermatology 23:591-595, 2014.

Leung, Y. H. Connie; Nicholls, John M.; Ho, Chuk Kwan; Sia, Sin Fun; Mok,
Chris K. P.; Valkenburg, Sophie A.; Cheung, Peter; Hui, Kenrie P. Y.; Chan,
Renee W.Y.; Guan, Y; Akira, S.; Peiris, J. S. Malik. Highly pathogenic avian
influenza A H5N1 and pandemic H1N1 virus infections have different
phenotypes in Toll-like receptor 3 knockout mice. Journal of General
Virology 95:1870-1879, 2014.

87

Morikawa, Hiromasa; Ohkura, Naganari; Vandenbon, Alexis; [toh, Masayo-
shi; Nagao-Sato, Sayaka; Kawaji, Hideya; Lassmann, Timo; Carninci, Piero;
Hayashizaki, Yoshihide; Forrest, Alistair R. R.; Standley, Daron M.; Date,
Hiroshi; Sakaguchi, Shimon. Differential roles of epigenetic changes and
Foxp3 expression in regulatory T cell-specific transcriptional regulation.
Proceedings of the National Academy of Sciences, USA 111:5289-5294,
2014.

100

Nishikawa, Hiroyoshi; Sakaguchi, Shimon. Regulatory T cells in cancer im-
munotherapy. Current Opinion In Immunology 27:1-7, 2014.

Liu, Ting; Yamaguchi, Yoshifumi; Shirasaki, Yoshitaka; Shikada, Koichi; Ya-
magishi, Mai; Hoshino, Katsuaki; Kaisho, Tsuneyasu; Takemoto, Kiwamu;
Suzuki, Toshihiko; Kuranaga, Erina; Ohara, Osamu; Miura, Masayuki.
Single-Cell Imaging of Caspase-1 Dynamics Reveals an All-or-None In-
flammasome Signaling Response. Cell Reports 8:974-982, 2014.

88

Morikawa, Hiromasa; Sakaguchi, Shimon. Genetic and epigenetic basis of
Treg cell development and function: from a FoxP3-centered view to an
epigenome-defined view of natural Treg cells. Immunological Reviews
259:192-205, 2014.

101

Nishikawa, Keizo; lwamoto, Yoriko; Ishii, Masaru. Development of an in
vitro culture method for stepwise differentiation of mouse embryonic
stem cells and induced pluripotent stem cells into mature osteoclasts.
Journal of Bone And Mineral Metabolism 32:331-336, 2014.

114

Pastille, Eva; Bardini, Katrin; Fleissner, Diana; Adamczyk, Alexandra; Frede,
Annika; Wadwa, Munisch; von Smolinski, Dorthe; Kasper, Stefan; Spar-
wasser, Tim; Gruber, Achim D.; Schuler, Martin; Sakaguchi, Shimon; Roers,
Axel; Mueller, Werner; Hansen, Wiebke; Buer, Jan; Westendorf, Astrid M.
Transient Ablation of Regulatory T cells Improves Antitumor Immunity in
Colitis-Associated Colon Cancer. Cancer Research 74:4258-4269, 2014.

Lopez, Yosvany; Vandenbon, Alexis; Nakai, Kenta. A Set of Structural Fea-
tures Defines the Cis-Regulatory Modules of Antenna-Expressed Genes
in Drosophila melanogaster. Plos One 9:2104342, 2014.

89

Morimoto, Yuji; Ishii, Shoichi; Ishibashi, Jun-ichi; Katoh, Kazutaka; Tsujiu-
chi, Toshifumi; Kagawa, Nao; Fukushima, Nobuyuki. Functional lysophos-
phatidic acid receptors expressed in Oryzias latipes. Gene 551:189-200,
2014.

102

Nishikawa, Keizo; lwamoto, Yoriko; Kobayashi, Yasuhiro; Katsuoka, Fu-
miki; Kawaguchi, Shin-ichi; Tsujita, Tadayuki; Nakamura, Takashi; Kato,
Shigeaki; Yamamoto, Masayuki; Takayanagi, Hiroshi; Ishii, Masaru. DNA
methyltransferase 3a regulates osteoclast differentiation by coupling to
an S-adenosylmethionine-producing metabolic pathway. Nature Medi-
cine 21:281-+, 2015.

115

Pavillon, Nicolas; Fujita, Katsumasa; Smith, Nicholas Isaac. Multimodal
label-free microscopy. Journal of Innovative Optical Health Sciences
7:1330009, 2014.

116

Piao, Zhenyu; Akeda, Yukihiro; Takeuchi, Dan; Ishii, Ken J.; Ubukata, Kim-
iko; Briles, David E.; Tomono, Kazunori; Oishi, Kazunori. Protective prop-
erties of a fusion pneumococcal surface protein A (PspA) vaccine against
pneumococcal challenge by five different PspA clades in mice. Vaccine
32:5607-5613,2014.

Ma, Ji Su; Sasai, Miwa; Ohshima, Jun; Lee, Youngae; Bando, Hironori;
Takeda, Kiyoshi; Yamamoto, Masahiro. Selective and strain-specific
NFAT4 activation by the Toxoplasma gondii polymorphic dense granule
protein GRAG6. Journal of Experimental Medicine 211:2013-2032, 2014.

20

Morishima, Atsuyoshi; Hirano, Toru; Nishikawa, Hiroyoshi; Nakai, Kei;
Sakaguchi, Shimon; Kumanogoh, Atsushi. Comprehensive exploration
of autoantibody in Behcet's disease: A novel autoantibody to claudin-1,
an essential protein for tight junctions, is identified. Joint Bone Spine
81:546-548, 2014.

103

Ohba, Chihiro; Okamoto, Nobuhiko; Murakami, Yoshiko; Suzuki, Yas-
uhiro; Tsurusaki, Yoshinori; Nakashima, Mitsuko; Miyake, Noriko; Tanaka,
Fumiaki; Kinoshita, Taroh; Matsumoto, Naomichi; Saitsu, Hirotomo. PIGN
mutations cause congenital anomalies, developmental delay, hypotonia,
epilepsy, and progressive cerebellar atrophy. Neurogenetics 15:85-92,
2014.

117

Pike, Kelly A.; Hutchins, Andrew P.; Vinette, Valerie; Theberge, Jean-
Francois; Sabbagh, Laurent; Tremblay, Michel L.; Miranda-Saavedra,
Diego. Protein Tyrosine Phosphatase 1B Is a Regulator of the Interleukin-
10-Induced Transcriptional Program in Macrophages. Science Signaling
7:ra43,2014.

Machiyama, Hiroaki; Hirata, Hiroaki; Loh, Xia Kun; Kanchi, Madhu Mathi;
Fujita, Hideaki; Tan, Song Hui; Kawauchi, Keiko; Sawada, Yasuhiro. Dis-
placement of p130Cas from focal adhesions links actomyosin contrac-
tion to cell migration. Journal of Cell Science 127:3440-3450, 2014.

Maeda, Yuka; Nishikawa, Hiroyoshi; Sugiyama, Daisuke; Ha, Danbee;
Hamaguchi, Masahide; Saito, Takuro; Nishioka, Megumi; Wing, James B.;
Adeegbe, Dennis; Katayama, Ichiro; Sakaguchi, Shimon. Detection of self-
reactive CD8(+) T cells with an anergic phenotype in healthy individuals.
Science 346:1536-1540, 2014.

91

Murakami, Yoshiko; Tawamie, Hasan; Maeda, Yusuke; Buettner, Christian;
Buchert, Rebecca; Radwan, Farah; Schaffer, Stefanie; Sticht, Heinrich;
Aigner, Michael; Reis, Andre; Kinoshita, Taroh; Abou Jamra, Rami. Null
Mutation in PGAP1 Impairing Gpi-Anchor Maturation in Patients with
Intellectual Disability and Encephalopathy. Plos Genetics 10:e1004320,
2014.

104

Ohi, Kazutaka; Hashimoto, Ryota; lkeda, Masashi; Yamashita, Fumio;
Fukunaga, Masaki; Nemoto, Kiyotaka; Ohnishi, Takashi; Yamamori, Hide-
naga; Yasuda, Yuka; Fujimoto, Michiko; Umeda-Yano, Satomi; Watanabe,
Yoshiyuki; lwata, Nakao; Weinberger, Daniel R.; Takeda, Masatoshi. Ge-
netic risk variants of schizophrenia associated with left superior temporal
gyrus volume. Cortex 58:23-26, 2014.

118

Reynolds, Lisa A.; Harcus, Yvonne; Smith, Katherine A.; Webb, Lauren M.;
Hewitson, James P.; Ross, Ewan A.; Brown, Sheila; Uematsu, Satoshi; Akira,
Shizuo; Gray, David; Gray, Mohini; MacDonald, Andrew S.; Cunningham,
Adam F.; Maizels, Rick M. MyD88 Signaling Inhibits Protective Immunity
to the Gastrointestinal Helminth Parasite Heligmosomoides polygyrus.
Journal of Immunology 193:2984-2993, 2014.

Masahata, Kazunori; Umemoto, Eiji; Kayama, Hisako; Kotani, Manato;
Nakamura, Shota; Kurakawa, Takashi; Kikuta, Junichi; Gotoh, Kazuyoshi;
Motooka, Daisuke; Sato, Shintaro; Higuchi, Tomonori; Baba, Yoshihiro;
Kurosaki, Tomohiro; Kinoshita, Makoto; Shimada, Yosuke; Kimura, Taishi;
Okumura, Ryu; Takeda, Akira; Tajima, Masaru; Yoshie, Osamu; Fukuzawa,
Masahiro; Kiyono, Hiroshi; Fagarasan, Sidonia; lida, Tetsuya; Ishii, Masaru;
Takeda, Kiyoshi. Generation of colonic IgA-secreting cells in the caecal
patch. Nature Communications 5:3704, 2014.

92

Musso, Giovanni; Gambino, Roberto; Tabibian, James H.; Ekstedt, Mat-
tias; Kechagias, Stergios; Hamaguchi, Masahide; Hultcrantz, Rolf; Hag-
strom, Hannes; Yoon, Seung Kew; Charatcharoenwitthaya, Phunchai;
George, Jacob; Barrera, Francisco; Haflioadottir, Svanhildur; Bjornsson,
Einar Stefan; Armstrong, Matthew J.; Hopkins, Laurence J.; Gao, Xin;
Francque, Sven; Verrijken, An; Yilmaz, Yusuf; Lindor, Keith D.; Charlton,
Michael; Haring, Robin; Lerch, Markus M.; Rettig, Rainer; Voelzke, Henry;
Ryu, Seungho; Li, Guolin; Wong, Linda L.; Machado, Mariana; Cortez-
Pinto, Helena; Yasui, Kohichiroh; Cassader, Maurizio. Association of Non-
alcoholic Fatty Liver Disease with Chronic Kidney Disease: A Systematic
Review and Meta-analysis. Plos Medicine 11:¢1001680, 2014.

105

Ohshima, Jun; Lee, Youngae; Sasai, Miwa; Saitoh, Tatsuya; Ma, Ji Su; Ka-
miyama, Naganori; Matsuura, Yoshiharu; Pann-Ghill, Suh; Hayashi, Mika-
ko; Ebisu, Shigeyuki; Takeda, Kiyoshi; Akira, Shizuo; Yamamoto, Masahiro.
Role of Mouse and Human Autophagy Proteins in IFN-gamma-Induced
Cell-Autonomous Responses against Toxoplasma gondii. Journal of Im-
munology 192:3328-3335, 2014.

119

Sahoo, Bikash Ranjan; Dikhit, Manas Ranjan; Bhoi, Gopal Krushna; Ma-
harana, Jitendra; Lenka, Santosh Kumar; Dubey, Praveen Kumar; Tiwari,
Dharmendra Kumar. Understanding the distinguishable structural and
functional features in zebrafish TLR3 and TLR22, and their binding modes
with fish dsRNA viruses: an exploratory structural model analysis. Amino
Acids 47:381-400, 2015.

106

Ohta, Tomokazu; Koshi, Katsuo; Ushizawa, Koichi; Hosoe, Misa; Takahashi,
Toru; Yamaguchi, Takahiro; Kizaki, Keiichiro; Hashizume, Kazuyoshi.
Expression profiles of perforin, granzyme B and granulysin genes during
the estrous cycle and gestation in the bovine endometrium. Animal Sci-
ence Journal 85:763-769, 2014.

120

Sahoo, Bikash Ranjan; Dubey, Praveen Kumar; Goyal, Shubham; Bhoi,
Gopal Krushna; Lenka, Santosh Kumar; Maharana, Jitendra; Pradhan, Su-
kanta Kumar; Kataria, Ranjit Singh. Exploration of the binding modes of
buffalo PGRP1 receptor complexed with meso-diaminopimelic acid and
lysine-type peptidoglycans by molecular dynamics simulation and free
energy calculation. Chemico-Biological Interactions 220:255-268, 2014.

Research Outputs

117 —



I 118

121

Sahoo, Bikash Ranjan; Maharana, Jitendra; Patra, Mahesh Chandra; Bhoi,
Gopal Krushna; Lenka, Santosh Kumar; Dubey, Praveen Kumar; Goyal,
Shubham; Dehury, Budheswar; Pradhan, Sukanta Kumar. Structural and
dynamic investigation of bovine folate receptor alpha (FOLR1), and role
of ultra-high temperature processing on conformational and thermody-
namic characteristics of FOLR1-folate complex. Colloids And Surfaces B-
Biointerfaces 121:307-318, 2014.

133

Shanmughapriya, Santhanam; Rajan, Sudarsan; Hoffman, Nicholas E.;
Zhang, Xuegian; Guo, Shuchi; Kolesar, Jill E.; Hines, Kevin J.; Ragheb,
Jonathan; Jog, Neelakshi R.; Caricchio, Roberto; Baba, Yoshihiro; Zhou,
Yandong; Kaufman, Brett A,; Cheung, Joseph Y.; Kurosaki, Tomohiro; Gill,
Donald L.; Madesh, Muniswamy. Ca2+ signals regulate mitochondrial
metabolism by stimulating CREB-mediated expression of the mitochon-
drial Ca2+ uniporter gene MCU. Science Signaling 8:ra23, 2015.

148

Tanaka, Toshio; Kishimoto, Tadamitsu. The Biology and Medical Implica-
tions of Interleukin-6. Cancer Immunology Research 2:288-294, 2014.

149

Tanaka, Toshio; Narazaki, Masashi; Kishimoto, Tadamitsu. IL-6 in Inflam-
mation, Immunity, and Disease. Cold Spring Harbor Perspectives In Biol-
ogy 6:a016295, 2014.

122

Saito, Shigeyoshi; Sawada, Kazuhiko; Hirose, Miwa; Mori, Yuki; Yoshioka,
Yoshichika; Murase, Kenya. Diffusion Tensor Imaging of Brain Abnormali-
ties Induced by Prenatal Exposure to Radiation in Rodents. Plos One
9:2107368, 2014.

123

Saito, Takuro; Wada, Hisashi; Yamasaki, Makoto; Miyata, Hiroshi; Ni-
shikawa, Hiroyoshi; Sato, Eiichi; Kageyama, Shinichi; Shiku, Hiroshi; Mori,
Masaki; Doki, Yuichiro. High expression of MAGE-A4 and MHC class | an-
tigens in tumor cells and induction of MAGE-A4 immune responses are
prognostic markers of CHP-MAGE-A4 cancer vaccine. Vaccine 32:5901-
5907,2014.

134

Shi, Xuanming; Zhang, Zilai; Zhan, Xiaoming; Cao, Mou; Satoh, Takashi;
Akira, Shizuo; Shpargel, Karl; Magnuson, Terry; Li, Qingtian; Wang, Rong-
fu; Wang, Chaochen; Ge, Kai; Wu, Jiang. An epigenetic switch induced
by Shh signalling regulates gene activation during development and
medulloblastoma growth. Nature Communications 5:5425, 2014.

150

Tartey, Sarang; Matsushita, Kazufumi; Vandenbon, Alexis; Ori, Daisuke;
Imamura, Tomoko; Mino, Takashi; Standley, Daron M.; Hoffmann, Jules
A.; Reichhart, Jean-Marc; Akira, Shizuo; Takeuchi, Osamu. Akirin2 is criti-
cal for inducing inflammatory genes by bridging | kappa B-zeta and the
SWI/SNF complex. Embo Journal 33:2332-2348, 2014.

135

Shima, Yoshihito; Hosen, Naoki; Hirano, Toru; Arimitsu, Junsuke; Nishida,
Sumiyuki; Hagihara, Keisuke; Narazaki, Masashi; Ogata, Atsushi; Tanaka,
Toshio; Kishimoto, Tadamitsu; Kumanogoh, Atsushi. Expansion of range
of joint motion following treatment of systemic sclerosis with tocilizum-
ab. Modern Rheumatology 25:134-137, 2015.

151

Theiler, Romina; Fujita, Morihisa; Nagae, Masamichi; Yamaguchi, Yoshiki;
Maeda, Yusuke; Kinoshita, Taroh. The alpha-Helical Region in p24 gam-
ma(2) Subunit of p24 Protein Cargo Receptor Is Pivotal for the Recogni-
tion and Transport of Glycosylphosphatidylinositol-anchored Proteins.
Journal of Biological Chemistry 289:16835-16843, 2014.

124

Sakakibara, Shuhei; Tosato, Giovanna. Contribution of Viral Mimics of
Cellular Genes to KSHV Infection and Disease. Viruses-Basel 6:3472-3486,
2014.

125

Sasaki, Akira; Tsukasaki, Yoshikazu; Komatsuzaki, Akihito; Sakata, Takao;
Yasuda, Hidehiro; Jin, Takashi. Recombinant protein (EGFP-Protein G)-
coated PbS quantum dots for in vitro and in vivo dual fluorescence (vis-
ible and second-NIR) imaging of breast tumors. Nanoscale 7:5115-5119,
2015.

136

Shinohara, Hisaaki; Behar, Marcelo; Inoue, Kentaro; Hiroshima, Michio;
Yasuda, Tomoharu; Nagashima, Takeshi; Kimura, Shuhei; Sanjo, Hideki;
Maeda, Shiori; Yumoto, Noriko; Ki, Sewon; Akira, Shizuo; Sako, Yasushi;
Hoffmann, Alexander; Kurosaki, Tomohiro; Okada-Hatakeyama, Mariko.
Positive Feedback Within a Kinase Signaling Complex Functions as a
Switch Mechanism for NF-kappa B Activation. Science 344:760-764, 2014.

152

Tokunaga, Masahiro; Kokubu, Chikara; Maeda, Yusuke; Sese, Jun; Horie,
Kyoji; Sugimoto, Nakaba; Kinoshita, Taroh; Yusa, Kosuke; Takeda, Juniji.
Simulation and estimation of gene number in a biological pathway using
almost complete saturation mutagenesis screening of haploid mouse
cells. Bmc Genomics 15:1016, 2014.

126

Sasaki, Haruka; Kurotaki, Daisuke; Osato, Naoki; Sato, Hideaki; Sasaki,
Izumi; Koizumi, Shin-ichi; Wang, Hongsheng; Kaneda, Chika; Nishiyama,
Akira; Kaisho, Tsuneyasu; Aburatani, Hiroyuki; Morse, Herbert C., ll; Oza-
to, Keiko; Tamura, Tomohiko. Transcription factor IRF8 plays a critical role
in the development of murine basophils and mast cells. Blood 125:358-
369, 2015.

137

Shirai, Hiroki; Ikeda, Kazuyoshi; Yamashita, Kazuo; Tsuchiya, Yuko;
Sarmiento, Jamica; Liang, Shide; Morokata, Tatsuaki; Mizuguchi, Keniji;
Higo, Junichi; Standley, Daron M.; Nakamura, Haruki. High-resolution
modeling of antibody structures by a combination of bioinformatics, ex-
pert knowledge, and molecular simulations. Proteins-Structure Function
And Bioinformatics 82:1624-1635, 2014.

153

Tsai, Shih Han; Kinoshita, Makoto; Kusu, Takashi; Kayama, Hisako; Oku-
mura, Ryu; Ikeda, Kayo; Shimada, Yosuke; Takeda, Akira; Yoshikawa,
Soichiro; Obata-Ninomiya, Kazushige; Kurashima, Yosuke; Sato, Shintaro;
Umemoto, Eiji; Kiyono, Hiroshi; Karasuyama, Hajime; Takeda, Kiyoshi. The
Ectoenzyme E-NPP3 Negatively Regulates ATP-Dependent Chronic Aller-
gic Responses by Basophils and Mast Cells. Immunity 42:279-293, 2015.

138

Simmons, Szandor; Ishii, Masaru. Sphingosine-1-Phosphate: a Master
Regulator of Lymphocyte Egress and Immunity. Archivum Immunolo-
giae Et Therapiae Experimentalis 62:103-115, 2014.

127

Sato, Yayoi; Hara, Hiromitsu; Okuno, Toshiaki; Ozaki, Naoko; Suzuki,
Shinobu; Yokomizo, Takehiko; Kaisho, Tsuneyasu; Yoshida, Hiroki. IL-27
affects helper T cell responses via regulation of PGE(2) production by
macrophages. Biochemical And Biophysical Research Communications
451:215-221,2014.

139

Smith, Nicholas I.; Mochizuki, Kentaro; Niioka, Hirohiko; Ichikawa, Satoshi;
Pavillon, Nicolas; Hobro, Alison J.; Ando, Jun; Fujita, Katsumasa; Kumagai,
Yutaro. Laser-targeted photofabrication of gold nanoparticles inside
cells. Nature Communications 5:5144, 2014.

154

Ueda, Yasutaka; Nishimura, Jun-ichi; Murakami, Yoshiko; Kajigaya, Sa-
chiko; Kinoshita, Taroh; Kanakura, Yuzuru; Young, Neal S. Paroxysmal
nocturnal hemoglobinuria with copy number-neutral 6pLOH in GPI
(4) but not in GPI (-) granulocytes. European Journal of Haematology
92:450-453, 2014.

128

Schimmack, Gisela; Eitelhuber, Andrea C.; Vincendeau, Michelle; Demski,
Katrin; Shinohara, Hisaaki; Kurosaki, Tomohiro; Krappmann, Daniel. AIP
augments CARMA1-BCL10-MALT1 complex formation to facilitate NF-
kappa B signaling upon T cell activation. Cell Communication And Sig-
naling 12:49, 2014.

140

Stokes, Matthew J.; Murakami, Yoshiko; Maeda, Yusuke; Kinoshita,
Taroh; Morita, Yasu S. New insights into the functions of PIG F, a protein
involved in the ethanolamine phosphate transfer steps of glycosylphos-
phatidylinositol biosynthesis. Biochemical Journal 463:249-256, 2014.

155

Umehara, Takashi; Hori, Yuichiro. New Frontiers of Epigenetics Research-
es in Pharmaceutical Sciences Foreword. Yakugaku Zasshi-Journal of The
Pharmaceutical Society Of Japan 135:1-2, 2015.

129

Schubert, Desiree; Bode, Claudia; Kenefeck, Rupert; Hou, Tie Zheng;
Wing, James B.; Kennedy, Alan; Bulashevska, Alla; Petersen, Britt-Sabina;
Schaeffer, Alejandro A.; Gruening, Bjoern A.; Unger, Susanne; Frede,
Natalie; Baumann, Ulrich; Witte, Torsten; Schmidt, Reinhold E.; Dueck-
ers, Gregor; Niehues, Tim; Seneviratne, Suranjith; Kanariou, Maria;
Speckmann, Carsten; Ehl, Stephan; Rensing-Ehl, Anne; Warnatz, Klaus;
Rakhmanov, Mirzokhid; Thimme, Robert; Hasselblatt, Peter; Emmerich,
Florian; Cathomen, Toni; Backofen, Rolf; Fisch, Paul; Seidl, Maximilian;
May, Annette; Schmitt-Graeff, Annette; Ikemizu, Shinji; Salzer, Ulrich;
Franke, Andre; Sakaguchi, Shimon; Walker, Lucy S. K.; Sansom, David M.;
Grimbacher, Bodo. Autosomal dominant immune dysregulation syn-
drome in humans with CTLA4 mutations. Nature Medicine 20:1410-1416,
2014.

141

Suenaga, Tadahiro; Kohyama, Masako; Hirayasu, Kouyuki; Arase, Hisashi.
Engineering large viral DNA genomes using the CRISPR-Cas9 system.
Microbiology And Immunology 58:513-522, 2014.

156

Uraki, Ryuta; Das, Subash C.; Hatta, Masato; Kiso, Maki; lwatsuki-Horimo-
to, Kiyoko; Ozawa, Makoto; Coban, Cevayir; Ishii, Ken J.; Kawaoka, Yoshi-
hiro. Hemozoin as a novel adjuvant for inactivated whole virion influenza
vaccine. Vaccine 32:5295-5300, 2014.

142

Tada, Satoru; Okuno, Tatsusada; Hitoshi, Yasumichi; Yasui, Teruhito; Hon-
orat, Josephe Archie; Takata, Kazushiro; Koda, Toru; Shimagami, Hiroshi;
Choong Chi-Jing; Namba, Akiko; Sugimoto, Tomoyuki; Sakoda, Saburo;
Mochizuki, Hideki; Kikutani, Hitoshi; Nakatsuji, Yuji. Partial suppression of
M1 microglia by Janus kinase 2 inhibitor does not protect against neuro-
degeneration in animal models of amyotrophic lateral sclerosis. Journal
of Neuroinflammation 11:179, 2014.

157

Ushigome, E.; Fukui, M.; Hamaguchi, M.; Tanaka, T.; Atsuta, H.; Mogami,
S-i; Oda, Y.; Yamazaki, M.; Hasegawa, G.; Nakamura, N. Factors affecting
variability in home blood pressure in patients with type 2 diabetes: post
hoc analysis of a cross-sectional multicenter study. Journal of Human
Hypertension 28:594-599, 2014.

143

Takata, Kazushiro; Kato, Hiroki; Shimosegawa, Eku; Okuno, Tatsusada;
Koda, Toru; Sugimoto, Tomoyuki; Mochizuki, Hideki; Hatazawa, Jun; Na-
katsuji, Yuji. C-11-Acetate PET Imaging in Patients with Multiple Sclerosis.
Plos One 9:e111598, 2014.

158

Ushigome, Emi; Fukui, Michiaki; Hamaguchi, Masahide; Tanaka, Toru;
Atsuta, Haruhiko; Mogami, Shin-ichi; Tsunoda, Sei; Yamazaki, Masahiro;
Hasegawa, Goji; Nakamura, Naoto. Maximum home systolic blood pres-
sure is a useful indicator of arterial stiffness in patients with type 2 dia-
betes mellitus: Post hoc analysis of a cross-sectional multicenter study.
Diabetes Research And Clinical Practice 105:344-351, 2014.

130

Schulz, E.; Klampfl, P.; Holzapfel, S.; Janeke, A. R,; Ulz, P.; Renner, W.;
Kashofer, K.; Najima, S.; Leitner, A.; Zebisch, A.; Woelfler, A.; Hofer, S.;
Gerger, A, Lax, S.; Beham-Schmid, C,; Steinke, V; Geigl, J. B.; Hoefler, G;
Speicher, M. R;; Boland, C. R;; Kumanogoh, A; Sill, H. Germline variants in
the semaphorin SEMA4A confer susceptibility to familial colorectal can-
cer type X. Oncology Research And Treatment 37:105-105, 2014.

144

Tamura, Masato; Matsui, Hirofumi; Hirohara, Shiho; Kakiuchi, Kiyomi;
Tanihara, Masao; Takahashi, Naruto; Nakai, Kozi; Kanai, Yasukazu;
Watabe, Hiroshi; Hatazawa, Jun. Rapid Synthesis of Zn-62-Labeled S-
Glycosylated Porphyrin as Positron Emission Tomography Tracers for In
Vivo PET Imaging. Chemistry Letters 43:778-780, 2014.

159

Ushigome, Emi; Fukui, Michiaki; Hamaguchi, Masahide; Tanaka, Toru;
Atsuta, Haruhiko; Ohnishi, Masayoshi; Tsunoda, Sei; Yamazaki, Masahiro;
Hasegawa, Goji; Nakamura, Naoto. Home-measured heart rate is as-
sociated with albuminuria in patients with type 2 diabetes mellitus: a
post-hoc analysis of a cross-sectional multicenter study. Hypertension
Research 37:533-537,2014.

131

Schulz, Eduard; Klampfl, Petra; Holzapfel, Stefanie; Janecke, Andreas
R.; Ulz, Peter; Renner, Wilfried; Kashofer, Karl; Nojima, Satoshi; Leitner,
Anita; Zebisch, Armin; Woelfler, Albert; Hofer, Sybille; Gerger, Armin; Lax,
Sigurd; Beham-Schmid, Christine; Steinke, Verena; Heitzer, Ellen; Geigl,
Jochen B.; Windpassinger, Christian; Hoefler, Gerald; Speicher, Michael R.;
Boland, C. Richard; Kumanogoh, Atsushi; Sill, Heinz. Germline variants in
the SEMA4A gene predispose to familial colorectal cancer type X. Nature
Communications 5:5191, 2014.

145

Tamura, Masato; Matsui, Hirofumi; Hirohara, Shiho; Kakiuchi, Kiyomi;
Tanihara, Masao; Takahashi, Naruto; Nakai, Kozi; Kanai, Yasukazu; Wa-
tabe, Hiroshi; Hatazawa, Jun. Selective accumulation of [Zn-62]-labeled
glycoconjugated porphyrins as multi-functional positron emission
tomography tracers in cancer cells. Bioorganic & Medicinal Chemistry
22:2563-2570,2014.

160

Vahl, J. Christoph; Drees, Christoph; Heger, Klaus; Heink, Sylvia; Fischer,
Julius C.; Nedjic, Jelena; Ohkura, Naganari; Morikawa, Hiromasa; Poeck,
Hendrik; Schallenberg, Sonja; Riess, David; Hein, Marco Y.; Buch, Thor-
sten; Polic, Bojan; Schoenle, Anne; Zeiser, Robert; Schmitt-Graeff, An-
nette; Kretschmer, Karsten; Klein, Ludger; Korn, Thomas; Sakaguchi,
Shimon; Schmidt-Supprian, Marc. Continuous T Cell Receptor Signals
Maintain a Functional Regulatory T Cell Pool. Immunity 41:722-736, 2014.

132

Shan, Yibing; Gnanasambandan, Kavitha; Ungureanu, Daniela; Kim, Eric T.;
Hammaren, Henrik; Yamashita, Kazuo; Silvennoinen, Olli; Shaw, David E.;
Hubbard, Stevan R. Molecular basis for pseudokinase-dependent auto-
inhibition of JAK2 tyrosine kinase. Nature Structural & Molecular Biology
21:579-584, 2014.

146

Tanaka, Shinya; Tanaka, Kentaro; Magnusson, Fay; Chung, Yeonseok;
Martinez, Gustavo J.; Wang, Yi-Hong; Nurieva, Roza |.; Kurosaki, Tomo-
hiro; Dong, Chen. CCAAT/Enhancer-Binding Protein alpha Negatively
Regulates IFN-gamma Expression in T Cells. Journal of Immunology
193:6152-6160, 2014.

161

Vandenbon, Alexis; Teraguchi, Shunsuke; Takeuchi, Osamu; Suzuki,
Yutaka; Standley, Daron M. Dynamics of enhancers in myeloid antigen
presenting cells upon LPS stimulation. Bmc Genomics 15:54, 2014.

147

Tanaka, Takashi; Shibazaki, Azusa; Ono, Rumiko; Kaisho, Tsuneyasu.
HSP70 mediates degradation of the p65 subunit of nuclear factor kappa
B to inhibit inflammatory signaling. Science Signaling 7:119, 2014.

162

Watabe, Tadashi; Naka, Sadahiro; lkeda, Hayato; Horitsugi, Genki; Kanai,
Yasukazu; Isohashi, Kayako; Ishibashi, Mana; Kato, Hiroki; Shimosegawa,
Eku; Watabe, Hiroshi; Hatazawa, Jun. Distribution of Intravenously
Administered Acetylcholinesterase Inhibitor and Acetylcholinesterase
Activity in the Adrenal land: C-11-Donepezil PET Study in the Normal Rat.
Plos One 9:e107427, 2014.

163

Wijaya, Edward; Shimizu, Kana; Asai, Kiyoshi; Hamada, Michiaki. Refer-
ence-free prediction of rearrangement breakpoint reads. Bioinformatics
30:2559-2567, 2014.

164

Wing, James Badger; Ise, Wataru; Kurosaki, Tomohiro; Sakaguchi, Shi-
mon. Regulatory T Cells Control Antigen-Specific Expansion of Tfh Cell
Number and Humoral Immune Responses via the Coreceptor CTLA-4.
Immunity 41:1013-1025, 2014.

165

Yagi, Masanori; Bang, Gilles; Tougan, Takahiro; Palacpac, Nirianne M.
Q.; Arisue, Nobuko; Aoshi, Taiki; Matsumoto, Yoshitsugu; Ishii, Ken J.;
Egwang, Thomas G.; Druilhe, Pierre; Horii, Toshihiro. Protective Epitopes
of the Plasmodium falciparum SERA5 Malaria Vaccine Reside in Intrinsi-
cally Unstructured N-Terminal Repetitive Sequences. Plos One 9:298460,
2014.

166

Yagi, Naomi; Ishikawa, Tomomoto; Hata, Yutaka. Stem Cell Quantity De-
termination in Artificial Culture Bone by Ultrasonic Testing. leice Transac-
tions On Fundamentals Of Electronics Communications And Computer
Sciences E97A:913-922, 2014.

167

Yamanaka, Masahito; Smith, Nicholas |.; Fujita, Katsumasa. Introduction
to super-resolution microscopy. Microscopy 63:177-192, 2014.

168

Yamashita, Kazuo; lkeda, Kazuyoshi; Amada, Karlou; Liang, Shide;
Tsuchiya, Yuko; Nakamura, Haruki; Shirai, Hiroki; Standley, Daron M. Kotai
Antibody Builder: automated high-resolution structural modeling of an-
tibodies. Bioinformatics 30:3279-3280, 2014.

169

Yamazaki, Sayuri; Nishioka, Akiko; Kasuya, Saori; Ohkura, Naganari;
Hemmi, Hiroaki; Kaisho, Tsuneyasu; Taguchi, Osamu; Sakaguchi, Shimon;
Morita, Akimichi. Homeostasis of Thymus-Derived Foxp3(+) Regulatory
T Cells Is Controlled by Ultraviolet B Exposure in the Skin. Journal of Im-
munology 193:5488-5497, 2014.

170

Yasuda, Yuka; Hashimoto, Ryota; Ohi, Kazutaka; Yamamori, Hidenaga;
Fujimoto, Michiko; Umeda-Yano, Satomi; Fujino, Haruo; Fukunaga, Ma-
saki; Horiguchi, Mieko; Takeda, Masatoshi; Ichinose, Hiroshi. A functional
polymorphism of the GTP cyclohydrolase 1 gene predicts attention per-
formance. Neuroscience Letters 566:46-49, 2014.

171

Yasukawa, Shinsuke; Miyazaki, Yoshiyuki; Yoshii, Chika; Nakaya, Mako;
Ozaki, Naoko; Toda, Shuji; Kuroda, Etsushi; Ishibashi, Ken-ichi; Yasuda,
Tomoharu; Natsuaki, Yohei; Mi-ichi, Fumika; lizasa, Ei'ichi; Nakahara,
Takeshi; Yamazaki, Masanori; Kabashima, Kenji; lwakura, Yoichiro; Takai,
Toshiyuki; Saito, Takashi; Kurosaki, Tomohiro; Malissen, Bernard; Ohno,
Naohito; Furue, Masutaka; Yoshida, Hiroki; Hara, Hiromitsu. An ITAM-Syk-
CARDS signalling axis triggers contact hypersensitivity by stimulating
IL-1 production in dendritic cells. Nature Communications 5:3755, 2014.
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shi, Mari; Tomiita, Minako; Nishimoto, Norihiro; Kishimoto, Tadamitsu.
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Zhang, Hong; Clemens, Regina A.; Liu, Fengchun; Hu, Yongmei; Baba,
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sako; Kobiyama, Kouji; Eto, Kei; Nabekura, Junichi; Horii, Toshihiro; Ishino,
Tomoko; Yuda, Masao; Hemmi, Hiroaki; Kaisho, Tsuneyasu; Akira, Shizuo;
Kinoshita, Manabu; Tohyama, Koujiro; Yoshioka, Yoshichika; Ishii, Ken J.;
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*The data were acquired using WEB of SCIENCE™ on April 30.2015, and

sorted by alphabetical order of the first authors.
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»~ Lectures by Pls

Lecturers

Meeting

‘ Country ‘ Date

Lecturers ‘ Meeting ‘ Country ‘ Date
Shigekazu Nagata Henry Kunkel Lecture 2014 USA Apr.3
Masaru Ishii Annual Meeting of Korean Society of Osteoporosis Korea Apr. 4
Shizuo Akira Distinguished Ludwig Lecture Series Switzerland | Apr.24
Ken J. Ishii 2nd International Molecular Immunology & Immunogenetics Congress (MIMIC-11 2014) Turkey Apr. 27
Cevayir Coban 2nd International Molecular Immunology & Immunogenetics Congress (MIMIC-11 2014) Turkey Apr.29
Ken J. Ishii WHO Meetings of Stakeholders for Selected Health R&D Demonstration Project Switzerland May 7
Tadamitsu Kishimoto | Mid-Term Conference of ICIS Germany May 14
Shizuo Akira Lerner Lecture USA May 19
Taroh Kinoshita 36th Congress of the Japanese Society on Thrombosis and Hemostasis Japan May 20
Takashi Saito EMBO Conference Italy May 20
Nicholas Isaac Smith META 14, the 5th International Conference on Metamaterials, Photonic Crystals and Plasmonics Singapore May 22
Shizuo Akira 1st EMBO Conference Series " Cellular Signalling & Cancer Therapy" Croatia May 26
Yoshichika Yoshioka 29th Annual Meeting of the Japan Biomagnetism and Bioelectromagnetics Society Japan May 29
Masaru Ishii 22nd International Symposium on Molecular Cell Biology of Macrophages Japan Jun.3
Hisashi Arase 31th Annual Meeting of the Infectious Diseases Society in Obstetrics and Gynecology Japan Jun. 8
Kiyoshi Takeda 1st KI-OU Joint Symposium on Immunology Sweden Jun. 10
Shizuo Akira 1st KI-OU Joint Symposium on Immunology Sweden Jun. 10
Masaru Ishii 1st KI-OU Joint Symposium on Immunology Sweden Jun. 10
Tadamitsu Kishimoto | Uehara Memorial Foundation Symposium 2014 Japan Jun. 17
Shizuo Akira 5th International Conference on Osteoimmunology:Interactions of the Immune and Skeletal Systems Greece Jun. 18
Tadamitsu Kishimoto | 79th Annual Meeting of the Japanese Society of Interferon & Cytokine Research Japan Jun. 19
Ben Seymour Japan Society for the Study of Pain Japan Jun. 20
Kazuhiro Suzuki 9th IMS-JSI International Symposium on Immunology Japan Jun. 27
Takashi Saito FASEB Science Research Conference USA Jun. 30
Masahiro Yamamoto Institute for Genetic Medicine Research Congress 2014 Japan Jul.3
Cevayir Coban University of Tokyo, Dept. of Animal Resource Sciences Japan Jul.10
Hisashi Arase Annual Meeting of Shizuoka Rheumatism Network Japan Jul.12
Takashi Saito 37th Naito Conference Japan Jul. 17
Kazuhiro Suzuki 37th Naito Conference Japan Jul.17
Ben Seymour Memory and Awareness in Anesthesia 09 Japan Jul. 22
Masahiro Yamamoto 16th Immunology Summer School 2014 Japan Jul. 28
Hisashi Arase 21st Rheumatology Seminar Japan Jul. 31
Tomohiro Kurosaki JSI Summer School Japan Jul. 31
Ken J. Ishii 2nd International Immunological Memory and Vaccine Forum (IIMVF) USA Aug. 8
Hisashi Arase E;Zr::e/:rf:ﬁznmairFF;Lu: on Cancer & Immune Signaling Pathways and First Session Stem Cell Immunology China Aug. 10
Taroh Kinoshita 33rd Japanese Carbohydrate Symposium Japan Aug. 11
Taroh Kinoshita 51st Complement Symposium Japan Aug. 23
Tomohiro Kurosaki 2nd Symposium of International Immunological Memory and Vaccine Forum USA Aug. 26
Jun Hatazawa XI Congress of FWNMB in Cancun Mexico Aug. 28
Takashi Saito Cold Spring Harbor Asia Symposium China Sep. 3
Taroh Kinoshita Invited Seminar at Bioinformatics Institute, A*STAR Singapore Sep.4
Toshio Yanagida 20th International Workshop on "Single Molecule Spectroscopy and Ultra Sensitive Analysis in the Life Sciences" Germany Sep. 4
Nicholas Isaac Smith 23rd Annual Meeting of the Bioimaging Society of Japan Japan Sep.5
Tadamitsu Kishimoto | Society for Regulatory Science of Medical Products Japan Sep. 5
Hisashi Arase Meet the Expert Japan Sep. 9
Tomohiro Kurosaki 5th International Congress on Cell Membranes and Oxidative Stress: Focus on Calcium Signaling and TRP Channels Turkey Sep. 10
Ben Seymour Japan Neuroscience Japan Sep. 11
Hisashi Arase 57th Japanese Society of Laboratory Medicine at Kinki Section Japan Sep. 20
Yutaka Hata 4th International Symposium in Computational Medical and Health Technology Taiwan Sep. 21
Tomohiro Kurosaki France-Japan Immunology Meeting France Sep. 23
Kiyoshi Takeda 13th Awaiji International Forum on Infection and Immunity Japan Sep. 23
Tadamitsu Kishimoto | 13th Awaji International Forum on Infection and Immunity Japan Sep. 25
Tomohiro Kurosaki 42nd Annual Meeting of the Japan Society for Clinical Immunology Japan Sep. 25
Cevayir Coban 13th Awaiji International Forum on Infection and Immunity Japan Sep. 26
Masahiro Yamamoto 13th Awaji International Forum on Infection and Immunity Japan Sep. 26
Daron M. Standley Biophysical Society of Japan Japan Sep. 26
Kazuya Kikuchi Labeling and Nanoscopy Germany Sep. 26
Tadamitsu Kishimoto | Novo Nordisk Innovation Summit 2014 Japan Oct. 1

Kiyoshi Takeda Novo Nordisk Innovation Summit 2014 Japan Oct. 1

Hisashi Arase Novo Nordisk Innovation Summit 2014 Japan Oct. 2

Takashi Saito Novo Nordisk Innovation Summit 2014 Japan Oct. 2

Ken J. Ishii Keystone Symposia on Molecular and Cellular Biology — The Modes of Action of Vaccine Adjuvants USA Oct. 9

Toshio Yanagida 2014 |EEE Photonics Conference USA Oct.13
Masahiro Yamamoto | 87th Annual Meeting of the Japanese Biochemical Society Japan Oct.15
Hisashi Arase 2014 NHRI/IBMS Joint International Conference on Inflammation & Disease Taiwan Oct. 16
Tsuneyasu Kaisho 87th Annual Meeting of the Japanese Biochemical Society Japan Oct.16
Rikinari Hanayama 87th Annual Meeting of the Japanese Biochemical Society Japan Oct. 17
Kiyoshi Takeda 1st International Symposium on Mucosal Immunity and Vaccine Development 2014 Japan Oct. 20
Ken J. Ishii 1st International Symposium on Mucosal Immunity and Vaccine Development 2014 Japan Oct. 20
Hisashi Arase France-Japan Immunology Meeting France Oct. 23
Takashi Saito France-Japan Immunology Meeting France Oct. 23
Kazuhiro Suzuki France-Japan Immunology Meeting France Oct. 23
Ken J. Ishii 8th Vaccine & ISV Congress for International Society of Vaccine USA Oct. 27
Shizuo Akira Cytokines Down Under in 2014: Second Annual Meeting of the International Cytokine and Interferon Society (ISIC) Australia Oct. 29
Tadamitsu Kishimoto | Fourth International Conference on Regulatory T Cells and Th Subsets and Clinical Application in Human Diseases China Nov. 3
Shizuo Akira Fourth International Conference on Regulatory T Cells and Th Subsets and Clinical Application in Human Diseases China Nov. 4
Masaru Ishii 2014 CSHA Conference on Bone and Cartilage: from Development to Human Diseases China Nov. 4
Ken J. Ishii 2014 Fall Conference of the Korean Association of Immunologists Korea Nov. 6
Tadamitsu Kishimoto | 57th Annual Meeting of the Japan Thyroid Association Japan Nov. 13
Hisashi Arase 2014 Forum Global Network for Infectious Disease Research at Chiba University Japan Nov. 15
Masaru Ishii Japan-Germany Cancer Workshop Germany Nov. 15
Toshio Yanagida 58th Symposium of the Japanese Society of Microscopy Japan Nov. 16
Toshio Yanagida NICT Open House 2014 Japan Nov. 27
Tomohiro Kurosaki International Seminar Series. Institute for Basic Science (IBS) Korea Dec. 3
Hisashi Arase 12th Japan Consortium for Glycobiology and Glycotechnology Symposium Japan Dec. 4
Tadamitsu Kishimoto | 27th Annual Meeting of the Japan Society for Biological Therapy Japan Dec. 4
Tsuneyasu Kaisho 50th Annual Meeting of the Society for Hypertension Related Disease Model Research Japan Dec.5

Jun Hatazawa International Workshop on Frontier of Science and Technology 2014 China Dec. 6
Tomohiro Kurosaki 43rd Annual Meeting of Japanese Society for Immunology Japan Dec.10
Nicholas Isaac Smith Japan-Singapore Workshop on Nanophotonics, Plasmonics, and Metamaterials Singapore Dec. 12
Toshio Yanagida Initiative for High-Dimensional Date-Driven Science through Deepening of Sparse Modeling Japan Dec. 16
Jun Hatazawa Lecture in TSNM2014 Thailand Dec. 19
Kiyoshi Takeda 2nd Hengstberger Symposium on “Microbial Sensors in the B lymphocyte Response” Germany Jan.7

Daron M. Standley Antibody Design, Modeling, and Applications Japan Jan. 14
Nicholas Isaac Smith Opto Osaka 2015 Japan Jan. 14
Hisashi Arase 2015 Chiba Allergy Clinical Conference Japan Jan. 21
Ken J. Ishii NIAID 17th International Conference on Emerging Infectious Diseases (EID) Taiwan Jan. 28
Takashi Saito Fourth Bizan Immunology Symposium Japan Jan.29
Hisashi Arase Fourth Bizan Immunology Symposium Japan Jan.30
Tsuneyasu Kaisho 3rd Homeostatic Inflammation International Symposium Japan Jan. 31
Jun Hatazawa Symposium on Integrative Brain Imaging Center, NCNP Japan Feb.5

Hisashi Arase 22th Autoantibody and Autoimmune Symposium Japan Feb.7
Tadamitsu Kishimoto | 150" Anniversary of Okayama University Medical School Japan Feb. 14
Tomohiro Kurosaki 150" Anniversary of Okayama University Medical School Japan Feb. 14
Masahiro Yamamoto International Research Center for Infectious Diseases, Joint Research Symposium for Young Researchers Japan Feb.18
Toshio Yanagida Osaka University Center for Advanced Medical Engineering and Informatics 10th Anniversary Symposium Japan Mar. 2
Ken J. Ishii Lecture of Department of Mol. Biol. and Genetics, Life Sciences and Technologies Research Center Bogazici University Turkey Mar. 2
Taroh Kinoshita Gordon Research Conference on Glycobiology Italy Mar. 4
Daron M. Standley Analysis and Prediction of Protein Assembly Structures by Bioinformatics Japan Mar. 6
Ken J. Ishii Academia Sinica ABRC Lecture Taiwan Mar. 9
Ken J. Ishii Regulatory Affairs Professionals Society (RAPS) Taiwan Chapter, National Tsung Hua University Taiwan Mar. 11
Hisashi Arase 2015 Annual Meeting of Atopy Research Center (ARC) Japan Mar. 12
Masaru Ishii Advances in Targeted Therapies Meeting 2015 France Mar. 18
Jun Hatazawa Lecture in BSNM 2015 Bangladesh | Mar.20
Toshio Yanagida Ien:aFl’/-;;;i\i:\;anced Information Society Infrastructure Linking Quantum Artificial Brains in Quantum Network 1st Gen- Japan Mar. 26
Rikinari Hanayama Invited Lecture at Taipei Medical University Taiwan Mar. 26
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Graduate School of Engineering
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Access from the nearest station

By Hankyu Railway
15 min. walk east from Kita-Senri Station on the
Hankyu Senri Line.

By Osaka Monorail
25 min. walk from Handai Byoin Mae Station on
the Osaka Monorail.

By Hankyu Bus
Route1:
Get on the bus bound for "Handai Honbu Mae" or
"Ibaraki Mihogaoka" from Senri-Chuo Station. Get
off at Handai Honbu Mae, walk 15 min.
Route 2:
Get on the bus bound for "Onohara Higashi, Fuji
Kasai " from Senri-Chuo Station. Get off at Handai-
guchi, walk 5 min.

By Kintetsu Bus
Get on the bus bound for "Handai Honbu Mae"
or "lbaraki Mihogaoka" from Hankyu Ibarakishi
Station (via JR lbaraki Station). Get off at Handai
Honbu Mae, walk 15 min. L
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Main Gate

Graduate School of Medicine

Osaka Monorail
Handai-byoin-mae Station

Graduate School of Frontier Biosciences

ADDRESS

TEL

FAX
E-mail

2F IFReC Research Building, Osaka University

3-1 Yamadaoka, Suita, 565-0871, Osaka, Japan

General Affairs Section : +81-6-6879-4275

Accounting Section : +81-6-6879-4917

Research Planning & Management Office: +81-6-6879-4777
+81-6-6879-4272

ifrec-office@ifrec.osaka-u.ac,jp

Access Map
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