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Aim and Mission

Opening a new window on the life science with the
frontier spirit of Hokkaido University

The “DNA” of IGM (Institute for Genetic Medi-
cine) is derived from two historical origins: “Institute
of Immunological Science” with the sixty-year history
and “Cancer Institute affiliated with the School of
Medicine” with the forty-year history. It was estab-
lished by unifying these two mother facilities into a
middle-sized research organization for human life
science. Since its founding in 2000, IGM has been
committed to basic research for medicine by deter-
mining molecular mechanisms of biological processes
in health and disease. In particular, our main focus is
on better understanding about molecular pathogenesis
of infectious diseases, immune disorders and cancers
to provide a novel strategy for disease prevention and
therapy.

The institute consists of eleven key laboratories,
a research section for infection-associated cancer, and
an affiliated animal facility. In 2014, the “Frontier
Research Unit” has newly added as a section for
nurturing of young investigators. IGM is also
engaged in undergraduate and postgraduate education
programs. Nearly forty faculty members are work-
ing with more than 50 domestic and foreign post-docs/
graduate students from Graduate Schools of Medi-
cine, Chemical Sciences and Engineering Science, and
Life Science. IGM is also open to undergraduates
and PhD students from other Schools, such as Gradu-
ate Schools of Dental Medicine, Agriculture, and
Science efc.

The institute, which is one of the largest research
organizations in the Northeastern part of Japan, has a
total of nearly 200 members with such different back-
grounds and adheres to the highest scientific stan-
dards and emphasis on a multidisciplinary, interdisci-
plinary approach. In 2010 IGM got certified by
Ministry of Education, Culture, Sports, Science and
Technology as a research center for infection-
associated cancers, which are caused by persistent
infection with bacteria or viruses. This program
aims to facilitate collaboration and communication
among domestic/overseas researchers, and to develop
relationships with visited researchers and community
in pursuit of new collaborations and initiatives.

Our direction of the road ahead is fundamentally
driven based on the two above-mentioned origins of its
DNA. The mission of our IGM teaching staffs is to
play a key, leading role in continual pursuit of
research excellence from a unique and long-term
view. Hopefully, we will open a new window on the
life science with our frontier spirit of Hokkaido
University. In addition, we believe that education,
which is inseparable from research, is also an essen-
tially important commitment of us. Our IGM staffs
should go on a mission to offer an excellent research
environment for undergraduates, PhD students and
post docs to train themselves and become independent
scientists not only with a worldwide leaderships in
basic research for medicine, but also with high morals
in contributing to the health of our communities.

December 2014

Director, Institute for Genetic Medicine,
Hokkaido University
Akinori TAKAOKA, M.D., Ph.D.
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History

Institute of Immunological Science

1941.

1945.

1950.

1951.

1951.

1953.

1954.

2

8

4

2

1968.11

1969.

1974.

1975.

1976.

1980.

1980.

1990.

1990.

4

Founded, Hoppou Foundation for Tubercu-
losis Research

Founded, Research Institute for Tuberculo-
sis in Hoppou Foundation for Tuberculosis
Reseach

Founded, Research Institute for Tuberculo-
sis, Hokkaido University. Established,
Research Section of Prophylaxis and
Research Section of Bacteriology
Donated, Building of Research Institute for
Tuberculosis (1,935m?) from Hoppou Foun-
dation for Tuberculosis Research
Established, Research Section of Chemistry
and Research Section of Pathology in
Research Institute for Tuberculosis
Established, Clinical Section in Reserach
Institute for Tuberculosis

Started publishing periodically “Tuberculo-
sis Research”

Research Institute for Tuberculosis, Moved
to North Building, Hokkaido University
School of Medicine

Established, Research Section of Biochem-
istry in Research Institute for Tuberculo-
sis, Hokkaido University

Research Institute for Tuberculosis, reor-
ganized and Renamed, Institute of Im-
munological Science, Hokkaido University.
Established, Research Section of Bacterial
Infection, Research Section of Serology,
Research Section of Chemistry, Research
Section of Pathology and Research Section
of Biochemistry in the Institute of Im-
munological Science

Started publishing periodically “Bulletin of
the Institute of Immunological Science,
Hokkaido University”

Established, Laboratory of Animal Experi-
ment in Institute of Immunological Science
Started publishing periodically “Collected
Papers from the Institute of Immunological
Science, Hokkaido University”

Established, Research Section of Cellular
Immunology in Institute of Immunological
Science, Hokkaido University

Discontinued, Research Section of Cellular
Immunology in Institute of Immunological
Science, Hokkaido University

Established, Research Section of Im-
munopathogenesis in the Institute of Im-
munological Science, Hokkaido University

Cancer Institute, School of Medicine

1962.

1967.

1969.

1971.

4

4

4

4

Founded, Cancer Immunopathology Insti-
tute, Hokkaido University School of Medi-
cine, Established, Division of Pathology in
the Cancer Immunopathology Institute
Established, Division of Virology in Cancer
Immunopathology Institute, Hokkaido Uni-
versity School of Medicine

Cancer Immunopathology Institute, Hok-
kaido University School of Medicine was
renamed Cancer Institute, Hokkaido Uni-
versity School of Medicine

Established, Division of Biochemistry in
Cancer Institute, Hokkaido University
School of Medicine
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1979. 4

1986.

w

1986. 4

1992. 4

1996. 3

1996. 5

Established, Division of Genetics in Cancer
Institute, Hokkaido University School of
Medicine

Discontinued, Division of Genetics in Can-
cer Institute, Hokkaido University School
of Medicine

Established, Division of Molecular Genetics
in Cancer Institute, Hokkaido University
School of Medicine

Established, Division of Cell Biology in
Cancer Institute, Hokkaido University
School of Medicine
Discontinued, Division
Genetics in Cancer Institute,
University School of Medicine
Established, Division of Gene Regulation
and Division of Gene Therapy Develop-
ment in Cancer Institute, Hokkaido Univer-
sity School of Medicine

of Molecular
Hokkaido

Institute for Genetic Medicine

2000. 4

2004. 4

2006. 4

2008. 7

2010. 4

2010. 4

2010. 4

2011. 9

2012. 4

2013. 9

2013.10

2014. 2

2014. 3

2014. 4

2014. 5

2014.10

Founded, Institute for Genetic Medicine,
Hokkaido University by integrating the
Institute of Immunological Science, Hok-
kaido University and the Cancer Institute,
Hokkaido University School of Medicine
Established, Department of Matrix Medi-
cine as Endowed Department in Institute
for Genetic Medicine, Hokkaido University
Established, Division of ROYCE’ Health
Bioscience as Endowed Department in
Institute for Genetic Medicine, Hokkaido
University

Laboratory of Animal Experiment for Dis-
ease Model was renamed Laboratory of
Animal Experiments

Discontinued, Center for Virus Vector
Development

Established, Center for Infection-associated
Cancer

Authorized as a joint usage/research cen-
ter for infection-associated cancers caused
by sustained infection with bacteria and
viruses.

Established, Joint Usage/Research Center
Promotion Office in Institute for Genetic
Medicine, Hokkaido University
Established, Joint Office for Promoting
Interdisciplinary Research in Institute for
Genetic Medicine, Hokkaido University
Established, Department of Probiotics Im-
munology as Endowed Department in Insti-
tute for Genetic Medicine, Hokkaido Uni-
versity

Division of Cancer Related Genes was
renamed Division of Stem Cell Biology
Division of Tumor Virology was renamed
Division of RNA Biofunction
Discontinued, Department of ROYCE’
Health Bioscience as Endowed Department
in Institute for Genetic Medicine, Hok-
kaido University

Established, Biomedical Animal Research
Laboratory as Frontier Research Unit in
Institute for Genetic Medicine, Hokkaido
University

Discontinued, Department of Matrix Medi-
cine as Endowed Department in Institute
for Genetic Medicine, Hokkaido University
Established, Vascular Biology as Frontier
Research Unit in Institute for Genetic
Medicine, Hokkaido University

Division of Molecular Immunology was
renamed Division of Molecular Neuroim-
munology

Division of Immunoregulation was
renamed Division of Functional Im-
munology
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Chronological List of Director
and Professor Emeritus

Successive Director of Research Institute for Tuberculosis

Morio YASUDA, M.D.,Ph.D. 1950. 4-1953. 3
Yoshio TAKAHASHI, M.D.,Ph.D.  1953. 4-1968. 3
Shichiro KAKIMOTO, Ph.D. 1968. 4-1971. 3
Yoshio TAKAHASHI, M.D.,Ph.D.  1971. 4-1974. 3

Successive Director of Institute of Immunological Science

Toru OHARA, M.D.,Ph.D. 1974. 4-1979. 4
Kazuo MORIKAWA, M.D.,Ph.D. 1979. 4-1985. 3
Ken-ichi YAMAMOTO, M.D.,Ph.D. 1985. 4-1988. 3
Ichiro AZUMA, Ph.D. 1988. 4-1994. 3
Mitsuaki KAKINUMA, M.D.,Ph.D. 1994. 4-1996. 3
Kazunori ONOE, M.D.,Ph.D. 1996. 4-2000. 3

Successive Director of Cancer Immunopathology Institute, School of Medicine
Katsuo TAKEDA, M.D.,Ph.D. 1962. 4-1965. 3
Sanshi ABE, M.D.,Ph.D. 1965. 4-1967.12
Hiroshi KOBAYASHI, M.D.,Ph.D. 1967.12-1969. 3

Successive Director of Cancer Institute, School of Medicine

Hiroshi KOBAYASHI, M.D.,Ph.D. 1969. 4-1973. 3
Toyoro OSATO, M.D.,Ph.D. 1973. 4-1975. 3
Akira MAKITA, M.D.,Ph.D. 1975. 4-1977. 3
Hiroshi KOBAYASHI, M.D.,Ph.D. 1977. 4-1981. 3
Toyoro OSATO, M.D.,Ph.D. 1981. 4-1985. 3
Akira MAKITA, M.D.,Ph.D. 1985. 4-1989. 3
Toyoro OSATO, M.D.,Ph.D. 1989. 4-1993. 3
Noboru KUZUMAKI, M.D.,Ph.D. 1993. 4-1997. 3
Masaki SAITO, M.D.,Ph.D. 1997. 4-1997.10

w

Masuo HOSOKAWA, M.D.,Ph.D. 1997.11-2000.

Successive Director of Institute for Genetic Medicine

Kazunori ONOE, M.D.,Ph.D. 2000. 4-2002. 3
Kenzo TAKADA, M.D.,Ph.D. 2002. 4-2006. 3
Toshimitsu UEDE, M.D.,Ph.D. 2006. 4-2010. 3
Kazuma TANAKA, Ph.D. 2010. 4-2012. 3

Akinori TAKAOKA, M.D.,Ph.D. 2012. 4-
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Successive Director of Laboratory of Animal Experiment, Institute of Immunological Science

Kazuo MORIKAWA, M.D..Ph.D.  1976. 5-1979. 3
Jun ARIMA, M.D.,Ph.D. 1979. 4-1981. 3
Ken-ichi YAMAMOTO, M.D.,Ph.D. 1981. 4-1985. 3
Ichiro AZUMA, Ph.D. 1985. 4-1988. 3
Harue OKUYAMA, M.D.,Ph.D. 1988. 4-1991. 2
Kazunori ONOE, M.D.,Ph.D. 1991. 2-1996. 3
Kazuyoshi IKUTA, M.D.,Ph.D. 1996. 4-1998.10
Toshimitsu UEDE, M.D.,Ph.D. 1998.11-2000. 3

Successive Director of Laboratory of Animal Experiments, Institute for Genetic Medicine

Toshimitsu UEDE, M.D.,Ph.D. 2000. 4-2004. 3
Kunimi KIKUCHI, D.Med.Sc 2004. 4-2006. 3
Masanori HATAKEYAMA, M.D.,Ph.D. 2006. 4-2008. 6
Hisatoshi SHIDA, Ph.D. 2008. 7-2012. 3
Masami MORIMATSU, D.V.M.,Ph.D. ~ 2012. 4-2013.10
Ken-ichiro SEINO, M.D.,Ph.D. 2013.11-

Successive Director of Center for Virus Vector Development, Institute for Genetic Medicine
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Division of RNA Biofunction

Research on biological function of noncoding RNA and related diseases

QOutline

In the beginning of 21% century, the production of
large number of long noncoding RNAs (ncRNAs) was
discovered in mammalian genomes. Our research is
aimed to unveil molecular mechanism of actions of
long noncoding RNAs and their physiological func-
tions. We also challenge to establish basic tools
which link our basic research to new medical and
pharmatheutical technologies that target to ncRNAs.
Our group also studied on the molecular mechanism of
oncogenesis induced by EB virus infection.

Contents and Result
(1) Analysis of novel functions of architectural ncRNA
We previously discovered the architectural
NEAT1 ncRNAs that functions as skeleton of
intracellular structure (PNAS 2009). We have been
studying on the mechanism of actions of these archi-
tectural ncRNAs, their physiological events and dis-
eases. In this period, we extensively carried out
functional analysis of >40 proteins localized in par-
aspeckles and revealed that the paraspeckle construc-
tion proceeds in conjunction with the biogenesis of
NEATI ncRNA (EMBO J 2012). The functional
analyses of NEATI1 revealed that the paraspeckle
acts as a molecular sponge that sequestrates various
regulatory proteins and regulates gene expression
(Mol Biol Cell 2014) (Figure 1). As a collaborative
research, we detected the formation of aberrant par-
aspeckles in the spinal motor neuron from the neur-
odegenerative disease patients (Mol Brain 2013).

The paraspeckle sponge model

NEAT1 induction 4 ----- Pathogen
- Stress
Developrnental signals
Oy -5
™ o w
eV ™, 2
' \'\ ¢
“a
80queltratod proteins! Free proteins!
(nonfunctional) (functional)

Fig. 1. The paraspeckle sponge model. The induced NEAT1
expression triggers to construct paraspeckle structure. The
paraspeckle sequestrates nuclear regulatory proteins and regu-
lates expression of the respective target genes.

Research Project:

Professor Tetsuro HIROSE, PhD
Assistant Professor Dai IWAKIRI, PhD
Assistant Professor Tomohiro YAMAZAKI, PhD

(2) Development of new methodologies for identifying
novel genomically encoded functions of ncRNAs

New methodologies to search for functional
architectural ncRNAs were developed. First, the
nuclear bodies were enriched by density gradient
centrifugation and the enriched RN As were extensive-
ly analyzed using the next generation sequencer.
This analysis identified primate-specific ncRNA-like
transcripts that are localized in the novel unidentified
nuclear foci. Second, we established the method of
co-localization screening to identify the proteins that
are co-localized with specific ncRNAs using the full
length (FLJ) cDNA resource (Figure 2). This analy-
sis identified >30 RNA-binding proteins localized in
the paraspeckles in which multiple proteins related to
the specific neurodegenerative disease are contained
(EMBO J 2012). Furthermore, using FLJ resource,
we established another method to identify new RNA
granules.

(3) Molecular mechanism of EBV-mediated on-
cogenesis

We analyzed the effect of EBV infection on epith-
elial cells by using EBV-converted epithelial cells and
revealed that the extracellular signal- regulated
kinase (ERK) is constitutively activated by EBV-
latent membrane 2A (LMP2A). Further study
demonstrated that LMP2A-mediated ERK activation
induces resistance to anoikis, a type of apoptosis
induced by cell detachment, by down-regulating the
pro-anoikis mediator Bim. These findings suggest
that LMP2A-meidated ERK activation contributes to
the generation of EBV-associated epithelial malig-
nancies.

10432 Venus-tagged FLJ cDNA clones

Colocalization with marker
Ende  pAP|
Venus marker

Proteins that localize nuclear bodies

553 clones
Novel nuclear body proteins

Fig. 2. Co-localization screening method to identify novel

nuclear body-localized proteins using human FL] cDNA
resource.
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Fig. 1. A: Therapeutic strategies targeting GIC-specific mem-
brane proteins. B: Identification of GIC-specific miRNAs.



Division of Stem Cell Biology

Characterization of novel genes involved in age-related CNS disorders, such as glioma and
Alzheimer disease, and the development of new therapeutic methods for these diseases.

Associate Professor Jun-ichi HAMADA, Ph.D.

QOutline

Our research objectives are (1) to characterize the
glioma-initiating cells (GIC) induced from neural stem
cells (NSC) and oligodendrocyte precursor cells (OPC),
find GIC-specific factors and develop new therapeutic
strategies and (2) to characterize factors involved in
NSC/OPC senescence and investigate the relationship
between candidate factors and age-related disorders.

Contents and Result
(1) Characterization of glioma-initiating cells (GICs)
and identification of therapeutic targets.

It has been revealed that malignant tumors con-
tain cancer initiating cells (CICs), which express
tissue-specific stem cell markers, form tumors, and
are resistant to irradiation and chemotherapy, sugges-
ting that CICs are the essential therapeutic target.
To characterize CIC, we established mouse GIC lines
from NSCs and OPCs by overexpressing an oncogene
and repressing a tumor suppressor gene: They form
malignant glioma even when ten cells are injected into
brain of immunodeficient mice. We have found
potential candidate genes, which increase and
decrease in GICs and non-GICs respectively, are char-
acterizing them and are developing novel antibody-
based (Fig. 1).

(2) Analysis of Ecrg4 peptide hormone

The esophageal cancer related gene 4(Ecrgd)
encodes a putative peptide hormone, and has been
shown to be a novel senescence factor in OPCs and
NSCs in our laboratory. Recent evidences indicate

: P
marphology S A-figal staining Ecrgd-induced cellular senescence
. 5 (5A-fizal staining)

Locallzation of Ecrgd in aged brain
Corpas collosum ~ Dentale gyrus
(OPC)  CAL3 (¥SChpuriinje
Cortex eells

=g Mitral cell layer o e
LN 7\ /

2. A I OPCId &% FCS 45 T THllL 21t $ 5, SA-Bgal
(senescence-associated beta galctrosidase) #GPEDITHE, HMIH
SiEdndll, B : Ecrgd ol FEBUTMIEE L% FFE L. i NSC.,
OPC i HBIB LN 5,

Fig. 2. A: OPCs become senescent in the presence of high
concentration of FCS with the increased level of SA-B gal
activity and cell-cycle arrest. B: Overexpression of Ecrg4
induces cell senescence in OPCs. It is detected in OPCs and
NSCs in the aged brain.

Research Project:

Professor Toru KONDO, Ph.D.
Assistant Professor Tetsuo MORIGUCHI, Ph.D.

that Ecrg4 also function as a tumor suppressor gene.
Using mouse GICs derived from Ecrg4-knockout
NSCs, we identified that Ecrg4(-/-) GICs generated
tumors more quickly and with higher percentage in
immunocompetent mice. We further identified Ecrg4
receptor and are examining the function of Ecrg4 in
tumorigenesis. We are also studying about the func-
tion of Ecrg4-signaling in variety of biological phe-
nomena including age-related diseases.

(3) Analysis of a master regulator in cancer invasion
and metastasis

Tumor metastasis can be considered as a phenom-
enon resulting from dysregulation of positional infor-
mation of tumor cells. During embryonic mor-
phogenesis, HOX genes are well known to give the
positional information to cells. HOX genes encode
transcription factors which control the expressions of
their target genes and execute the morphogenic pro-
gram. In human, there are 39 HOX genes, and their
expression patterns are called HOX codes. We have
reported that HOX codes are different between tumor
and normal tissues in a variety of solid tumors. We
have also revealed that the dysregulated expression of
particular HOX genes enhances metastatic ability of
tumor cells (Fig.2). We are now analyzing the roles
of microRNA in the disordered HOX codes in tumors,
identification of metastasis-related genes controled by
HOX genes, and availability of HOX proteins as
molecular markers of metastasis.

= A,

3. HOXD3 % FEBL L T v 70 W il Mg i b i ik o I g
(F) #2527 25, HOXD3 % #FIFEBLE ¥ 5 & fHeF a0k
122463 5 (F) i ORI B W TEE L BN L S
5 R —HEERATICELL T 5,

Fig. 3. Overexpression of HOXD3 converts epithelial cell-like
morphology (upper) of human lung cancer cells to fibroblastic
morphology (bottom). This phenomenon resembles the
epithelial-mesenchymal transition, an important step in an
early stage of metastasis
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Division of Signaling in Cancer and Immunology

Research Project:

Sensing mechanisms and signaling pathways for the activaton of innate immunity

QOutline

How does the host cell recognize the invasion of
pathogenic microbes? Part of the sewer lies in the
pattern recognition receptors in the innate immune
system. These receptors, such as Toll-like receptors
(TLRs) and retinoic acid-inducible gene-I (RIG-I), are
innate sensors that mediate signal transductions
inside the cells to activate the induction of cytokines
and chemokines. This leads to the activation of
innate immune responses and the subsequent adaptive
immune responses for the elimination of pathogens.
Furthermore, PRRs can also sensor molecular pat-
terns derived from host cells when the cells undergo
necrosis/apopotosis, which may reflect aberrant
inflammatory responses in autoimmune diseases.

Contents and Result

Research projects currently being conducted
began in relation to the identification of DAI (DNA-
dependent acivator of IRFs), a DNA sensing molecule
that activates innate immune responses. Recently,
our labolatory indentified ZAPS (Zinc finger antiviral
protein 1, shorter isoform) as a stimulator of RIG-I-
mediated signaling during antiviral response.

There is also evidence indicating additional sen-
sors of cytosolic DNA. The team is trying to explore
such a DNA sensor(s) and to elucidate underlying
mechanisms of disease pathogenesis at a molecular
level, in terms of the function of the sensing molecules
in the immune system. In particular, the laboratory
focuses on microbial infections, cancer, and autoim-
mune diseases.

(Scheme of RIG-I-mediated signal transduction induced by
ZAPS)

Professor  Akinori TAKAOKA, M.D., Ph.D.
Assistant professor  Seiichi SATO, Ph.D.
Assistant professor Takeshi KAMEYAMA, DDS, Ph.D.
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Gateway Reflex

Inflammation
Amplifier

Pathogenic
Th17 Cells
Q

Gravity Force

1. JSPrRE bz & 2 R A DB

Fig. 1. Gateway Reflex: Regional neural activation defines a
gateway for immune cells, including autoreactive CD4* T cells,
to enter CNS.

The Gateway Reflex is induced by an anti-gravity response in
soleus muscles that stimulates sympathetic nerves, which in
turn stimulates the inflammation amplifier in endothelial cells
at the L5 dorsal vessels. The result is an increased expression of
various chemokines including CCL20, a chemoattractant for
autoreactive CD4* T cells, which leads to inflammation via
activation of the Inflammation Amplifier (see Subtitle @).



Division of Molecular Neuroimmunology

There are two major research projects in our lab: the ‘“Gateway Reflex”, a novel
interaction between the neural and immune systems, and the “Inflammation Amplifier”,
a chemokine inducer in endothelial cells and fibroblasts that is critical for the
development of various helper T cell-mediated diseases.

Professor Masaaki MURAKAMI, D.V.M., PhD

Research Assistant Professor Hideki OGURA, PhD

QOutline

Many human diseases are genetically associated
with MHC class II alleles, suggesting that helper T
cells play important roles in their development. We
uses various animal models to understand the molecu-
lar mechanisms of this development. The lab has
been divided into two research groups. The focus of
the first group is the “Gateway Reflex”, which
describes a novel interaction between the neural and
immune systems. Here, regional neural activations
create gateways for immune cells to enter the CNS.
We hypothesize that the Gate Reflex might provide
novel therapeutic targets against inflammatory dis-
eases, particularly in CNS.

The second group is investigating the Inflamma-
tion Amplifier, which is a local chemokine inducer in
non-immune cells that leads to inflammation. At the
molecular level, the inflammation amplifier can be
viewed as an enhanced NF-xB activation loop after
simultaneous activations of NF-xB and STATS3.
The amplifier is genetically associated with various
human diseases. Thus, we consider the amplifier a
promising target for new drugs against human inflam-
matory diseases.

Contents and Results
(1) Inflammation regulation via the Gateway Reflex
In multiple sclerosis (MS), a CNS autoimmune
disease, autoreactive T cells are found localized
despite the uniform expression of target antigens in
CNS. This fact raises the possibility that there exist
specific signals that direct autoreactive T cells to
enter CNS. Using a MS mouse model, we defined the
inflammation amplifier (see Subtitle @) as a mecha-
nism of the pathogenesis, in which regional neural
stimulations modulate the status of blood vessel en-
dothelium to allow the invasion of autoreactive T
cells into CNS via the fifth lumbar cord. This gate
for autoreactive T cells can be artificially manipulat-
ed by removing gravity force on the hind legs or by
electric pulses to muscles of mice, which results in an
accumulation of autoreactive T cells in the intended
regions. Gating blood vessels by local neural stimula-
tions, a phenomenon we call the Gateway Reflex (or
Gateway Theory), has potential therapeutic value not
only in preventing autoimmunity, but also in augment-
ing cancer immunotherapies via artificial neural stim-
ulations. We have also been investigating the gate-
ways of immune cells in other organs and the regula-
tion of neural activation-mediated inflammation using
other animal models. The results from these animal
models are being compared with patient samples from

Research Project:

Assistant Professor Daisuke KAMIMURA, PhD
Research Assistant Professor  Yasunobu ARIMA, PhD

collaborating clinical departments.

(2) Molecular Basis of the Inflammation Amplifier

The inflammation amplifier, a local chemokine
inducer, was discovered in autoimmune disease
models. Simultaneous activation of NF-»B and
STAT3 in non-immune cells causes hyperactivation of
NF-xB, which induces the overexpression of its target
genes including chemokines and IL-6. This NF-xB
positive feedback-loop plays a pivotal role in the
induction of inflammation by the local accumulation
of various immune cells followed by dysregulation of
local homeostasis, and its chronic activation may
cause chronic inflammation. Indeed, we have demon-
strated that the amplifier is important for the path-
ogenesis seen in many animal disease models. We
are especially focused on the mechanisms responsible
for activating the amplifier and have done several
genome-wide screenings, which identified over 1,000
positive-regulators of the amplifier. We consider
them as promising candidates for novel therapeutic
targets of various human diseases.

Fibroblasts,
Endothelial cells

u:&
%o 9% EGF, Epiregulin, VEGFa, IL-6, etc
s

—. Neurons

~

Noradrenaline, etc

oy

Mo Inflammation

TNFa, IFNy, IL6, etc

g

Accumulation of Various Immune Cells
Dysregulation of Homeostasis

2 . JORE TR O] O RE R

Fig. 2. The inflammation amplifier

The inflammation amplifier is a molecular mechanism where
simultaneous activation of NF-xB and STAT3 in non-immune
cells, such as endothelial cells and fibroblasts, induces the
hyperactivation of NF-xB followed by the hyperexpression of
various chemokines and/or IL-6 cytokine. This mechanism
contributes to development of various disease models and
pathogeneses in patients various diseases.
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PI3K—Akt Signals control wide ==
varieties of cellular function
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Fig. 1. Serine threonine kinase Akt controls wide varieties of
cellular reponses.

Akt is a well-established survival factor exerting anti-apoptotic
activity. Akt also plays a multiple roles in regulating intracel-
lular responses in various tissues.
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Fig. 2. Model of TCL1-dependent Akt kinase activation.
The proto-oncogene TCLI functions as a coactivator for Akt.
TCL1 binds to the Akt PH domain and facilitates the formation
of Akt TCL1 hetero-oligomers at the inner plasma membrane
leaflet through interaction of the PH domain of the kinase with
PIP3.



Division of Cancer Biology

Regulation of the balance between cell death and survival through Akt

QOutline

Our research interest is to clarify how the balance
between cell death and survival regulates in vivo
homeostasis primarily focusing on PI3K-Akt signaling
cascade. Serine threonine kinase Akt, also called
Protein Kinase B, regulates diverse cellular processes,
including cellular survival, proliferation, cell cycle,
cytoskeletal organization, vesicle trafficking, glucose
transport, and platelet function. Therefore, der-
egulation and/or malfunction of Akt underlie a wide
variety of human diseases including cancers, glucose
intolerance, schizophrenia, viral infections, and
autoimmune diseases.

In past several years we have characterized the
binding molecules of AKT that functionally modulate
its kinase activity and its downstream cellular
responses underlies various human neoplastic dis-
eases.

We showed that TCL1/TCL1B, implicated in
human T cell leukemia, physically interacted with
Akt, hence enhanced Akt kinase activity, thus func-
tions as an Akt kinase co-activator. Further, we
demonstrated that TTC3 is a novel E3 ubiquitin ligase
for Akt that preferentially binds to phosphorylated
Akt, hence facilitating ubiquitination and proteasomal
degradation. The observation disclosed a new in-
sight for the molecular mechanisms of Down syn-
drome, the most common genetic disorder in humans.

Autophagy is an evolutionarily conserved mecha-

Plasma membrane
A translocation of Akt

- Inhibition
- s Autophagy

Autophagy /'Acceleration

S
Lysesomal accumulation
Ptdins(3)P of Akt
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Fig. 3. Lysosomal interaction of Akt with Phafin2 is a critical
step to induce autophagy.

Akt-Phafin2 functional interaction in lysosome not only clari-
fies the molecular basis of the PI3K-Akt signaling pathway in
the regulation of autophagy, but also shows how 3-MA (3-
methyladenine), a widely used autophagy inhibitor, inhibits
autophagy in mammalian cells at molecular levels.

Research Project:

signal cascade

Professor Masayuki NOGUCHI (MD, PhD)
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nism for the gross disposal of intracellular proteins.
Akt activation is suggested to prevent induction of
autophagy. However, the precise mechanisms of Akt
in the regulation of autophagy unclear. In our recent
studies we demonstrated a new connection of Akt
with autophagy. We identified lysosomal protein
Phafin2 as a new Akt binding partner. We showed
that lysosomal co-localization of Akt with Phafin?2 is
critical in the regulation of autophagy.

These studies together disclosed a new twist of
biology of Akt, a core intracellular survival regulator,
that spatial control of Akt by its binding partners
underlying various human diseases.

Contents and Result
Protooncogene TCL1b functions as an Akt kinase
co-activator which exhibits oncogenic potency in vivo.

Protooncogene TCLI (T cell leukemia 1), which
translocated in human T cell prolymphocytic leuke-
mia (T-PLL), interacts with Akt, enhances its kinase
activity, and functions as an Akt kinase co-activator.
In human T-PLL, both 7CLI and TCLI1b genes are
activated by juxtaposition onto the T-cell receptor «
or B loci. Therefore, it remains unclear whether
TCL1b itself, independent of TCLI1, bears on-
cogenicity.

We found that, TCL1b interacted with Akt and
enhanced Akt kinase activity. Bioinformatics
approach using DNA Array Analysis demonstrated
that TCL1b showed highly homologous gene induction
pattern as myr-Akt, a constitutive active form of Akt
in cluster analysis, KEGG pathway mapping, and Gene
ontology. These observations together establish that
TCL1b functions as an Akt kinase co-activator, and
possibly plays an active role in oncogenicity in various
human cancer.

Lysosomal Interaction of Akt with Phafin2: A Critical
Step in the Induction of Autophagy

We showed that Phafin2 (EAPF or PLEKHEF2), a
lysosomal protein with a unique structure of N-
terminal PH (pleckstrin homology) domain and C-
terminal FYVE (Fab 1, YOTB, Vac 1, and EEAI)
domain was found to interact with Akt and functionin
subsequent induction of autophagy in lysosomal
PtdlIns (3)P dependent manner. This finding establish
that lysosomal accumulation of Akt and Phafin2 is a
critical step in the induction of autophagy.
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Fig. 1. Anti-ATL therapy using the combination of a vaccinia
virus encoding a single chain trimer of MHC-I with a Tax-
epitope and Tax-specific CTLs
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Division of Molecular Virology

Mechanism and prevention of infection of human retrovruses

QOutline

Research in the laboratory of molecular virology
focuses on development of preventive and therapeutic
methods, based on our own achievements of molecular

biological studies on HIV-1 and HTLV-1.

Contents and Result
(1) Development of a novel anti-HTLV-I therapy using
the combination of a vaccinia virus encoding a single
chain trimer of MHC-I with a Tax-epitope and Tax-
specific CTLs

Adult T-cell leukemia (ATL) is a malignant
lymphoproliferative disease caused by Human T-cell
leukemia virus type I (HTLV-I). To develop an
effective therapy against the disease, we have
examined the oncolytic ability of an attenuated vac-
cinia virus (VV), LC16m8A, and an HTLV-I Tax-
specific cytotoxic T lymphocyte (CTL) line, 401/C8,
against an HTLV-I-infected rat T cell line, FPMI.
LC16m8A develped by ourselves is a genetically stable
variant of LC16m8 strain that has been shot to 100,000
people without any serious adverse effects. Our
results demonstrated that m8A was able to replicate
in and lyse tumorigenic FPM1 cells, but was incompe-
tent to injure 401/CS8 cells, suggesting the preferential
cytolytic activity toward tumor cells. To further
enhance the cytolysis of HTLV-I-infected cells, we
modified m8A and obtained m8A/RT1AISCTax180L,
which can express a single chain trimer (SCT) of rat
MHC- I with a Tax-epitope. Combined treatment
with m8A/RT1AISCTax180L and 401/C8 increased
the cytolysis of FPM1V.EFGFP/8R cells, a CTL-
resistant subclone of FPM1, compared with that using
401/C8 and m8A presenting an unrelated peptide,
suggesting that the activation of 401/C8 by mS8A/
RT1AISCTax180L further enhanced the killing of the
tumorigenic HTLV-I-infected cells. Our results indi-
cate that combined therapy of oncolytic VVs with
SCTs and HTLV-I-specific CTLs may be effective for
eradication of HTLV-I-infected cells, which evade
from CTL lysis and potentially develop ATL.

(2) Development of anti HIV-1 vaccine

We optimized LC16m8A as a vector by comparing
immunogenicities of SIV Gag proteins expressed
under either the pSFJ1-10, a strong promoter devel-
oped by ourselves or the p7.5 promoter, a classical
early-late promoter that has moderate but weaker
activity than pSFJ1-10. Since we preliminarily obser-
ved that too much expression of foreign protein de-
creased the propagation of VV in wvitro, balance
between expression of the foreign antigen and viral

Research Project:
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propagation iz wvivo might be crucial for optimal
immunogenicity. Thus, we compared the im-
munogenicity and virulence of m8A/p7.5/SIVGag and
m8A/pSFJ/SIVGag in the setting of the recombinant
Bacillus Calmette-Guerin (BCG) prime/recombinant
m8A boost vaccination protocol. Vaccination in
mice revealed that m8A/pSFJ/SIVGag was less path-
ogenic and elicited Gag-specific IFN-g*, CD107a*,
CD8* T cells more efficiently than m8A/p7.5/SIVGag
and maintained them as effector memory T cells even
4 month after boost with m8A/pSFJ]/SIVGag.
Therefore, m8A that express SIV Gag under pSFJ1-10
promoter was better than m8A harboring p7.5 pro-
moter.

Although it is commonly agreed that elicitation of
both anti HIV-1 antibody and cytotoxic CD8* T cells
is effective to prevent HIV-1 infection, it is generally
hard to elicit a high titer of anti HIV-1 antibody,
particularly neutralizing antibody. We examined the
effect of m8A expressing HIV-1 Env gene on eliciting
anti HIV-1 antibody and CD8" T cells in the setting
recombinant m8A prime followed by Sendai virus
vector (SeV) boost in mice. Then we found that this
vaccination regimen efficiently produced both Env-
specific CD8* T cells and anti-Env antibodies, includ-
ing neutralizing antibodies.

Monkeys were immunized with rBCG expressing
SIV genes, followed with boost with the SIV gene-
expressing m8A vaccinia virus, and further boosted
with or without env expressing SeV. Eight weeks
after the final boost, monkeys were challenged up to
5 times with a low dose of SIVmac251 by the rectal
route. SIV-specific CD4" and CD8" T cell responses
were elicited and maintained until SIV challenge.
Some vaccinated animals had potent multifunctional
SIV specific CD8" T cells. Plasma viremia was not
detected in these animals throughout the follow-up
period. Another vaccinated monkey became infected
once, but viral load declined to the level under detec-
tion limit. All unvaccinated control monkeys were
infected as expected. Vaccine-induced SIV-specific
T cell responses appear to be effective against SIV
challenge. Importantly, our results suggest that a
vaccine regimen based on an rBCG prime and vaccinia
m8A boost (both licensed vaccine platforms with a
long track record of safety in humans) should be
explored as a safe and valuable means for efficacious
HIV/AIDS vaccine development.
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Fig. 1. Filamin accumulation in the neighboring normal cells
at the interface with Src-transformed cells.
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Division of Molecular Oncology

Research Project:

Interface between normal and transformed epithelial cells

QOutline

Cell transformation arises from the activation of
oncoproteins and/or inactivation of tumour suppres-
sor proteins. The molecular mechanisms whereby
these mutations cause cell transformation have been
intensively studied by many researchers, and a variety
of cell-autonomous signalling pathways have been
revealed. On the other hand, the fact that cancer
cells live in “a society of normal cells” has been
overlooked or neglected in most studies. During the
initial stage of carcinogenesis, transformation occurs
in a single cell within an epithelial monolayer, how-
ever it remains unclear what happens at the interface
between normal and transformed cells during this
process. Do surrounding normal cells, for example,
recognise the transformation that has occurred in
their neighbour? What is the fate of the transformed
cell when surrounded by normal cells? Using newly
established cell culture systems, we have found that
the interaction with surrounding normal epithelial
cells affect signalling pathways and behaviour of
transformed cells.

Contents and Result
Filamin acts as a key regulator in epithelial defence
against transformed cells

Recent studies have shown that certain types of
transformed cells are extruded from an epithelial
monolayer. However, it is not known whether and
how neighbouring normal cells play an active role in
this process. We show that filamin A and vimentin
accumulate in normal cells specifically at the inter-
face with Src- or RasV12-transformed cells (Fig.1).
Knockdown of filamin A or vimentin in normal cells
profoundly suppresses apical extrusion of the neigh-
bouring transformed cells. We also show in zebrafish
embryos that filamin plays a positive role in the
elimination of the transformed cells. Furthermore,
the Rho/Rho kinase pathway regulates filamin accu-
mulation, and filamin acts upstream of vimentin in the
apical extrusion. This is the first report demonstrat-
ing that normal epithelial cells recognize and active-
ly eliminate neighbouring transformed cells. We
name this process as EDAC (Epithelial Defense
Against Cancer). (Fig.2). By further developing this
new research field, we would create a novel type of
cancer treatment: eradication of transformed cells by
enhancing a defensive force of neighbouring normal
epithelial cells.

Professor Yasuyuki FUJITA, M.D., Ph.D.
Assistant Professor  Mihoko KAJITA, Ph.D.
Assistant Professor Shunsuke KON, Ph.D
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Fig. 2. Molecular mechanisms of Epithelial defense against
cancer (EDAC).
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Fig. 1. Induction of immune regulatory macrophages from
pluripotent stem cells and its application
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Division of Immunobiology

Basic medical research for cancer and transplantation/regeneration

Outline

In this laboratory, we are interested in cancer and
transplantation/regeneration, because Prof. Seino
used to be a surgeon and involve in those diseases.
Regarding transplantation, pluripotent stem cells have
been recently established, and it is expected that they
are used for the donor source for transplantation (so
called regenerative medicine). We pursue basic medi-
cal research for cancer and transplantation/regenera-
tion, aiming to discover basic phenomena and princi-
ples which may contribute to establish new diagnoses
and therapeutics. Particularly, we perform im-
munological research which is important for both
cancer and transplantation. Our main research tar-
gets are enhancement of immunity against cancer,
new anti-cancer therapy using iPS cells, relation ship
between cancer stem cells and immunity, immune
regulatory strategy using pluripotent stem cells,
autoimmune diseases, and disease-specific iPS cells.

(1) Development for new immune regulatory therapy
using pluripotent stem cells

Recently, it has been expected that pluripotent
stem cells are used for the donor source for cellular
transplantation. On the other hand, little attention
has been paid to immunological issues including al-
logeneic rejection.  We have tried to establish a novel
immune-regulatory strategy based on the potential of
pluripotent stem cells. So far, we have differentiated
myeloid cells from mouse ES cells and further induced
them to immune-suppressive regulatory macrophages
in the presence of several physiological active sub-
stances. When these regulatory macrophages were
administered to recipient mice which received al-
logeneic cellular transplants originally derived from
the ES cells, significant prolongation of the graft
survival was observed. These results open new in-
sights to develop new strategy for safe and sffective
immune therapy in the allogeneic transplantation
using pluripotent stem cells.

(2) Factors which enhance cancer vaccine effect

It is rare that cancer cell lines themselves induce
efficient anti-cancer immunity. However, we have
found a cell line, which have been maintained in our
laboratory, had a strong potential to induce the immu-
nity. We designated this cell line Sapporo strain, and
compared their gene expressions with standard ATCC
strain which had been obtained from ATCC. The
comparison indicated that the Sapporo strain particu-
larly expressed some interesting genes. It was fur-
ther indicated that, when some of those genes were
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transfected into ATCC strain, similar anti-cancer
immunity was induced. This is a unique, interesting
study, which may leave behind a significant results
such as establishment of a new cancer vaccine.

(3) A mechanism of cytokine production by NKT cells

NKT cells are a one of immune regulatory cells
bridging innate and acquired immunity. We have
previously shown that NKT cells change their cyto-
kine profile upon the situation of stimulation (acute or
chronic, and so on), in turn affect dendritic cell func-
tion, finally regulate the acquired immunity including
Thl/Th2 balance. For the molecular mechanisms,
we have indicated that, in dendritic cells obtained
from animals whose NKT cells had been activated,
phosphorylation of ERK-1/2 and upregulation of
I1xBNS were observed. Furthermore, a chemokine
CXCL16 was also important to regulate NKT cell
trafficking. We have recently found that bLHLe40
deficient mice showed decreased production of IFN-
yNKT cells. As a mechanism, we showed for the
first time that bLHLe40 directly bound to T-bet and
regulate the IFN-y production. This bLHLe40-
mediated regulation of IFN-y production was not
observed in Thl cells, thus suggesting that it is NKT
cell-specific mechanism.
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Fig. 2. Left: The cell lines were administered, challenged with
the cancer cells, and the survival was monitored.

Right: Gene expressions
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Fig. 1. When PB is inserted into the genome, its recognition
site, the tetranucleotide TTAA, simultaneously produces a
duplicate of itself and PB is inserted between these two identi-
cal TTAAs. Only one of these TTAAs is left behind when the
PB is removed, and thus the remaining genome is indistinguish-
able from its pre-PB-insertion sequence.
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b) A scheme for the transduction of preimplantation embryos
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€) Transgene expression before (top) and after (bottom) implantation
Left :untransduced
Middle : transduced at the 2-cell stage
Right : transduced at the blastocyst stage
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Fig. 2. Embryos transduced with lentiviral vector at the two-
cell stage showed transgene incorporation in both the fetus and
placenta. By contrast, lentiviral transduction of blastocysts
resulted in trophectoderm- and placenta-specific gene expres-
sion.



Division of Disease Model Innovation

Development of novel gene manipulation methods and
generation of animal models for various diseases.

QOutline

Research in the division of disease model innova-
tion focuses on development of novel gene manipula-
tion methods and generation of animal models for
various diseases. We generate gene-manipulated
mice by using a developmental engineering technique.
Their phenotype is analyzed in detail and their utility
as a novel disease model is evaluated. Our present
research projects are:

Contents and Result
(1) Development of novel techniques for genome
modification

Point mutation mice are key tool in the creation
of human disease models. It is important to generate
precise point mutation mice having only the desired
mutation. However, the methods currently available
leave unwanted extra genome change. By applying
PiggyBac Transposon or CRISPR/Cas9 system, we
are trying to develop novel techniques for site-specific
genome modification.

(2) Development and application of placenta-specific
gene manipulation method
Lentiviral vector transduction of blastocysts after
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Fig. 3. Disruption of gene X caused abnormal enlargement of
the placenta.

Research Project:

Professor Ken-ichiro SEINO, M.D., Ph.D.
Assistant Professor  Yuka MORIOKA, Ph.D.

removal of the zona pellucida results in
trophectoderm- and placenta-specific gene incorpora-
tion. By applying this technique, we are planning to
elucidate the mechanisms of implantation and
placentation that were impossible until now with the
currently available methods.

(3) Animal models for parturition abnormality

The complete mechanism of parturition of the
human remains unclear. Although the fetus and
placenta are thought to play critical roles in induction
of parturition, no evidence in genetic level has been
reported. By disrupting the originally screened gene,
we succeeded in generating mice which show the
abnormality of placental formation and parturition.
These mice are useful for the elucidation of the partu-
rition mechanism and to overcome the abnormal
parturition.
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Regulation of DC function is a promising strategy for activation of
antigen-specific T cells in cancer immunotherapy.
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Division of Functional Immunology

Control of immunological function and its application to
immunotherapy for cancer, allergy, and autoimmune diseases.

QOutline

Immune system, composed of various immune
cells, is essential to maintain our health. Both Type
1 and Type 2 immunity is tightly controlled because
excessive activation may cause a lot of immune dis-
eases such as autoimmune, allergy and tumorigenesis.
Therefore, the proper regulation of the ‘im-
munological function’ is critical for prevention and
therapy of the immune diseases. We have scientifi-
cally clarified the precise mechanisms in the occur-
rence of the diseases using our originally established
animal disease models. In this laboratory, pivotal
roles of regulation for the immunological function by
T cells and dendritic cells have been investigated in
order to apply the findings to development of novel
immunotherapy for cancer, allergy, and autoimmune
diseases. We also aim to contribute to society
through our basic and translational studies in collabo-
ration with Hokkaido University Hospital and
Graduated School of Medicine.

Contents and Result
(1) Research on function of dendritic cells and its
application to immunotherapy for cancer and allergy
Dendritic cells (DCs) are one of the most powerful
antigen-presenting cells to activate T cell-mediated
immune responses. One goal of our research is to
develop a novel immunotherapy through functional
control of antigen-specific helper T and killer T cells
in addition to DCs. The related research subjects are
as follows; (a) Induction of tumor-specific T cells by
regulation of DC function and its application to tumor
immunotherapy; (b) Regulation mechanism of DC
function by neuropeptide signaling in chronic inflam-
mation including infection and allergy; (c) Develop-
ment of novel immunotherapy targeting cancer initiat-
ing cells. In addition, we conduct immune monitoring
for patients and try to identify useful biomarker to
establish novel cancer immunotherapy in collabora-
tion with Hokkaido University Hospital and Graduat-
ed School of Medicine.

(2) Research on analytical characterization of immune
status based on microRNA

Imbalance of T cell- and dendritic cell-mediated
immune status becomes the cause of various immune
diseases. Nowadays, it is essential to identify accu-
rate biomarkers to evaluate immune status of individ-
ual cancer patients. Recent studies have indicated
that microRNA, short non-cording RN As, can become
a promising biomarker for prediction of malignancy
or life expectancy of cancer patients. Therefore, we

Research Project:

Professor Toru KONDO, Ph.D.
Associate Professor Hidemitsu KITAMURA, Ph.D.

investigated the usefulness of serum microRNA as a
novel biomarker for precise evaluation of immune
status in cancer immunotherapy. These findings also
suggest that microRNA will become a useful biomar-
ker for prediction and evaluation of immune
responses in various diseases such as allergy, atopy,
infection in addition to the personalized cancer im-
munotherapy.

(3) Research on the effect of IL-6/STAT3-signaling on
dysfunction of antigen presentation by dendritic cells
Immunosuppression in tumor microenvironments
is one of the critical issues for cancer immunotherapy.
To create more effective treatment, it is essential to
overcome the dysfunction of immunity in cancer
patients. We have demonstrated that IL-6, a
pleiotropic cytokine, significantly inhibited matura-
tion of murine dendritic cells (DCs) via STAT3 activa-
tion both in vitro and in vivo. In this study, we
investigete the effects of IL-6 produced under tumor
microenvironments or chronic inflammation on
antigen-presenting ability of DCs. These findings
suggest that IL-6/STAT3 signaling causes dysfunc-
tion of DCs, which will be a promising target for
improving the effects of cancer immunotherapy.

IL-12 Tolerance

IFN-y L5 Autoimmune
8T cells NKT cells TGF-f ”
e |2 IL-13 T
Te1 Thi Thi7 Th2
Perforin :E"z" IL-4 L5
Granzyme B e IL-13 L6
§ d g 4
Anti-tumor Anti-infection Anti-infection
Anti-infection A e Allergy
Autoimmune Asthma

Fig. 2. Elucidation of mechanism of immunological function
and its application to immunotherapy

Through antigen presentation by dendritic cells, naive CD4* T
cells can differentiate into functionally distinct two subtypes,
Thl cells and Th2 cells, which eliminate the antigen from our
body. However, the excessive activation of Thl- or Th2-type
immunity may cause various immune diseases including inflam-
matory autoimmune diseases, allergy, and tumorigenesis.
Treg and Thl17 are induced by immune suppressive cytokines,
TGF-g or IL-6, which are closely related with various autoim-
mune diseases such as colitis. The control of the im-
munological function is essential for the development of effec-
tive therapy in cancer, allergy, and various immune diseases.
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Fig. 1. Phospholipid asymmetry and phospholipid flippases
and their functions

Asymmetric distribution of phospholipids in the plasma mem-
brane is a general feature in eukaryotic cells. Generally,
phosphatidylcholine and sphingomyelin are primarily present in
the exoplasmic leaflet, and phosphatidylserine and phos-
phatidylethanolamine are in the cytosolic leaflet. Phos-
pholipid flippases that catalyze the transport of lipid molecules
from the exoplasmic to cytosolic leaflet play an important role
in establishing and maintaining the phospholipid asymmetry.
Changes in phospholipid asymmetry by flippases regulate cell
polarity and vesicle trafficking.

Vesicle trafficking
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Division of Molecular Interaction

Physiological significance of phospholipid asymmetry in biological membranes

In most cell membranes, phospholipid composi-
tions are different between two monolayers.
Changes in this “phospholipid asymmetry” is involved
in various cell functions, including cell polarity, mem-
brane trafficking and organelle functions (Fig. 1).
Since phospholipid asymmetry is observed in most cell
membranes, its perturbation seems to be involved in
many pathological states. Phospholipid asymmetry
is generated, maintained, and regulated by lipid trans-
location or flip-flop, but proteins involved in this
flip-flop are largely unknown. Type 4 P-type
ATPases or flippases are one such protein and their
functions should be elucidated to know physiological
significance of phospholipid asymmetry.

Our lab are interested in identification of proteins
that regulate phospholipid asymmetry, focusing on
elucidating the molecular basis underlying the phos-
pholipid asymmetry. We use yeast Saccharomyces
cerevisiae as a model organism, which is amenable to
studies in molecular genetics, cell biology, and bio-
chemistry. We are promoting following projects.

1. Role of membrane phospholipid asymmetry in the
establishment of cell polarity and vesicular trafficking

We have found that phospholipid flipping by
flippases plays an important role in the establishment
of cell polarity and vesicular trafficking, especially in
vesicle formation on the early endosome in the en-
docytic recycling pathway (Fig. 2). We will elucidate
the molecular mechanism in this flippase-mediated
vesicle formation.

Wild type

Flippase mutant

2. 7)) = 2R RN T R S LB SR e IR R (FET- S
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Fig. 2. Abnormal membrane structures found in flippase
mutant cells

Electron microscopic observation demonstrated that abnormal
membrane structures were accumulated in the flippase mutant.
These structures, which are not observed in the wild type,
appear to be accumulated early endosomal membranes due to
defects in vesicle formation from early endosomes.

Research Project:

Professor Kazuma TANAKA, Ph.D.
Assistant Professor Takaharu YAMAMOTO, Ph.D.
Assistant Professor Takamitsu SANO, Ph.D.

2. ldentification of new regulators of phospholipid
asymmetry and elucidation of their functions

We have found that internal cell membranes
exhibit different phospholipid asymmetry. For
example, the cytosolic leaflet of the plasma mem-
brane is rich in phosphatidylserine, but those in endo-
plasmic reticulum and mitochondrion are not. It is
suggested that this different phospholipid asymmetry
is generated by unknown proteins. Our goal is to
identify these proteins to know physiological signifi-
cance of different phospholipid asymmetry in various
organelles.
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Fig. 1. Establishment of research infrastructure of NMR
(A) Naked mole-rat. Body size 8-11 cm. NMRs are the longest
living rodent with a maximum lifespan exceeding 30 years.
(B) Eusociality of NMRs. (C) Cages of NMRs.



Biomedical Animal Research Laboratory

QOutline

The naked mole-rats (NMRs) are small fossorial
rodents without hair (approximately 30-60g, Fig 1A).
NMRs are the longest living rodent with a maximum
lifespan exceeding 30 years. In addition to its longev-
ity, NMRs have an extraordinary resistance to cancer
as tumors have never been observed. Now we are
studying about the anti-cancer and anti-senescence
mechanisms in NMRs with the approaches of molecu-
lar biology, cell biology and developmental engineer-
ing. Ultimately, we will create “senescence- and
cancer-resistant” transgenic mice by introducing
selected naked mole-rat genes. Our study would
contribute to the development of the novel preventive
medicine of cancer and senescence in the future.

Contents and Result
Establishment of the basic infrastructure for the bio-
logical analyses of NMR

Naked mole-rats (NMR) (Fig. 1A) are wild rodent
naturally found in subterranean burrows in the
savanna regions of the horn of Africa (Ethiopia,
Kenya and Somalia). NMR is one of only two
eusocial mammals like ant or bee (Fig. 1B), exhibiting
division of labor such as a single breeding ‘queen’,
one-to-some ‘king’ and many sterile subordinates (‘sol-
ders’ and ‘workers’). Surprisingly, NMR’s maximum
lifespan exceeds 30 years although their body size is
same of mouse. Moreover, these animals have never
been observed any spontaneous tumor formation (N =
800), indicating the existence of the species-specific
cancer- and senescence-resistant mechanisms.
Recently, we have established the facility and the
methods for breeding of NMRs (Fig. 1C). We have
also generated several cell lines including fibroblasts,
immortal cell lines and iPS cells for in vitro analyses.
We have also collected the gene expression data sets
of several NMR organs and constructed genome and
gene expression browser of NMR using next-
generation sequencing technologies (cooperation with
Iwate Tohoku Medical Megabank Organization, un-
published data). Furthermore, 3D brain atlas of
NMR has been constructed using high resolution MRI
(Seki, Miura et al., Frontiers in Neuroanatomy, 2013).
Based on these results, now we are trying to identify
NMR-specific anti-cancer and anti-senescence mecha-
nisms by cell biological approaches and species-
comparison of genes expressions using next-
generation DNA sequencing technologies (Fig. 2).

Research Project:
Identification of the biological mechanisms underlying senescence- and
cancer-resistance in naked mole-rat (Heterocephalus glaber)
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Fig. 1. Tumor endothelial cells are cytogenetically abnormal.
A. Karyotype in cultured endothelial cells. B. FISH analysis
showed ploidy in uncultured endothelial cells and abnormal
centrosome number.



Laboratory of Vascular Biology

Abnormalities of tumor endothelial cells and elucidation of the mecha-
nism—Aiming development of new antiangiogenic therapy—

QOutline

Anti-angiogenic therapy is a new therapeutic
method for cancer that attempts to starve the cancer
by targeting the blood vessels that nourish it. It was
first proposed in 1971 by Dr. Judah Folkman. Since it
was believed that tumor endothelium was made of
normal cells and was genetically stable, it would be
suitable as a target for therapy because it would not
develop drug resistance the way cancer cells did.
Bevacizumab, the best-known of the angiogenesis
inhibitors developed from this concept, is an neutraliz-
ing antibody of the human vascular endothelial cell
growth factor (VEGF), resulting in improved
prognoses for numerous cancer patients. However,
several problems have been identified with these ther-
apeutic methods. One type of such problems is the
reported side-effects of high blood pressure, thrombo-
sis, and gastrointestinal perforations. It is thought
that these side-effects are caused by damage to nor-
mal blood vessels since VEGF signals are necessary
for normal endothelial cell survival.

Contents and Result

Tumor blood vessels differ morphologically and
phenotypically from their normal counterparts.

We have isolated and cultured tumor endothelial
cells (TECs) and reported that they differ from nor-
mal endothelial cells (NECs) in many characteristics
such as gene profile. In addition, we found that some
TECs may be genetically abnormal and might acquire
drug resistance, unlike the traditionally held view.
We have learned a lot from our studies of tumor
endothelial cell abnormalities. Our current research
activities are focused on the following projects:

(1) Research intended to develop specific inhibitors
against tumor endothelial cells

We have reported how TECs involve differences
in gene expression. We intend to develop novel drugs
targeting tumor blood vessels specifically, and have
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Fig. 2. Possible mechanisms of abnormality in TECs.

Research Project:

Associate Professor Kyoko HIDA DDSc, PhD
Assistant Professor Nako MAISHI DDSc, PhD

identified several moleculesm (TEC markers), which
are upregulated in tumor endothelial cells. Among
TEC markers, secreted protein also can be used as
diagnostic agents, and currently we are analyzing
their usefulness using blood from cancer patients.
We are taking part in joint research aimed at practi-
cal application of nucleic acid medicine, using the
drug-delivery system (DDS) developed by Prof. Har-
ashima of the Graduate School of Pharmaceutical
Sciences. We also identified the fact that TECs
express higher level of transporters and develop drug
resistance. Since the inhibition of this transporter by
existing drug abrogated TEC resistance, we are also
trying to find the new candidates for novel antian-
giogenic inhibitor among existing drugs or small
compounds.

(2) Mechanism of abnormality in tumor endothelial
cells

Current thinking holds that the mechanisms of
abnormality in TECs include (1) dedifferentiation of
the tumor cell to the endothelial cells, and cell fusion
with the tumor cell, and (2) abnormality developing
through factors intrinsic to the microenvironment of
cancer (e.g., hypoxia and cytokines ) (Fig.2). While
several findings have been reported concerning the
first of these, many points still remain unclear. We
are studying the second mechanism. Already we
have reported our findings that drug resistance in
TECs induced by tumor-derived factors and that
tumor-exosomes cause proangiogenic phenotype in
TECs. We also have suggested that hypoxia induce
ROS in endothelial cells and serve as a cause of
chromosomal abnormalities in TECs. Our future
goal is to achieve personalized antiangiogenic treat-
ment through ascertaining the degree and status of
angiogenesis and selecting drugs and patients accord-

ingly.

(3) The roles of tumor endothelial cells in tumor inva-
sion, metastasis, and cancer stem cell niche.

Today, the nature of a cancer is thought to be
determined not by abnormalities in the tumor cells
alone but also by the microenvironment. We are
studying tumor microenvironment analyzing the
mechanism by which abnormality develops in TECs.
In particular, we have shown that the nature of TECs
varies with differences in the degree of malignancy of
a cancer and identified the possibility that differences
in tumor microenvironment could cause heterogeneity
in TECs (Fig. 3). We are now investigating the roles
of TECs in tumor invasion and metastasis, and niche
of cancer stem cells to develop the strategy for inhibit-
ing tumor progression via regulating tumor an-
giogenesis.
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Fig. 1. Experimental animal facilities and equipments.

A: Air conditioning systems. B: Double-door barrier autoclaves.

experimentally infected with highly virulent microbes.
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C: SPF animal room. D: Biosafety level P3 room for animals



Laboratory of Animal Experiments

Research Project:

Promotion of humane care and use of experimental animals in
high-quality research

Outline

Director (Professor)

This laboratory was established for the hus-
bandry of laboratory animals and for protection from
biohazard due to the handling of infected animals.
The laboratory consists of 14 SPF animal rooms, one
infected animal room, and 19 attached rooms includ-
ing a room for generation of gene-manipulated mice.
The SPF animal rooms have a capacity for keeping 6,
000 healthy animals. Preventive management of
general husbandry, circumstances predisposing to
disease, and methods of facility sanitation, is provided

continuously.

The infected animal room has equip-

ments to handle hazardous microorganisms of less
than three on the risk classification grade after CDC
(Centers for Disease Control and Prevention) in the

USA.

Fig. 2.

2 R e AR 5 72 DIRERAE

Germ cell manipulation to generate genetically engineered mice.

Assistant Professor

Ken-ichiro SEINO, M.D., Ph.D.

Yuka MORIOKA, Ph.D.
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Research Center for Infection-associated Cancer

Molecular mechanisms of tumor-associated myeloid
cell-mediated tumorigenic activities

Outline

Emerging evidence has unveiled a critical role for
tumor microenvironments and tumor-associated
immune cells in the regulation of tumorprognosis and
clinical responses to anticancer therapeutics. How-
ever, it remains to be determined the molecules and
their associated pathwayswhich are critical to control
tumorigenic activities of tumor-associated immune
cells. Thus, we are focusing to examinemolecular
machineries whereby each anticancer strategy has a
distinct or overlapping role in regulating the dynamis-
m of reciprocal communication between tumor and
immune cells in tumor microenvironments.

Contents and Result

(1) New mechanisms that tumor-associated dendritic
cells regulate innate immune responses (Chiba S et al,
Nature Immunology, 13: 832-842, 2012)

The molecular machineries by which tumor mi-
croenvironments modulate innate immunity remain
unknown. We identified TIM-3 as a key factor in
repressing antitumor innate immune responses.
TIM-3 is highly detected on tumor-associated den-
dritic cells, and dendritic cell-derived TIM-3 suppres-
ses innate immune responses through TLR and
cytosolic sensor recognition of nucleic acids. As a
mechanism of action, TIM-3 interacts with HMGB1
to interfere with the recruitment of nucleic acids into
endosomes of dendritic cells and attenuates the thera-
peutic efficacies of DNA vaccines and chemotherapy
by reducing immunogenicity of nucleic acids released
from dying tumor cells. These findings define a novel
mechanism by which tumor microenvironments sup-
press antitumor immunity mediated by nucleic acids.

(2) New mechanisms that tumor-associated macro-
phages regulate tumor antigen-presentation and
antitumor CTL responses (Baghdadi M, et al. Immu-
nity, 39: 1070-1081, 2013)

We found that TIM-4 repressed tumor-specific
immunity triggered by chemotherapy-induced tumor
cell death. TIM-4 was highly expressed on tumor-
associated myeloid cells such as macrophages
(TAMs), and TIM-4 directly interacted with
AMPKa1 and activated autophagy-mediated degrada-
tion of ingested tumors, leading to reduced antigen
presentation and impaired CTL responses. More-
over, blockade of the TIM-4-AMPKal-autophagy
pathway augmented the antitumor effect of chemoth-
erapeutics by enhancing tumor-specific CTL
responses. Our finding provides insight into the
immune tolerance mediated by phagocytosis of dying

Research Project:

Professor Toru KONDO, M.D., PhD
Associate Professor Masahisa JINUSHI, M.D., PhD

cells, and targeting of the TIM-4-AMPKea1 interac-
tion constitutes as a unique strategy for augmenting
antitumor immunity and improving cancer chemother-
apy.

(3) The critical role of cross-talk between tumor-
associated macrophages and cancer stem cells on
tumorigenicity and resistance to anticancer drugs
(Jinushi M et al, PNAS, 108: 12425-12430; Yama-
shina T et al, Cancer Research, 2014)

In this project, we found that a characteristic of
cancer stem-like cells from chemoresistant tumors
(CSC-R) is the ability to produce a variety of proin-
flammatory cytokines and to generate M2-like macro-
phages from monocytes. Further, we identified the
interferon-regulated transcription factor IRF5 as a
CSC-R-specific factor for promoting M-CSF produc-
tion and generating tumorigenic macrophages.
Importantly, macrophages primed with IRF5+CSC-R
facilitates the tumorigenic and stem cell activities of
bulk tumors.Thus, our findings show how chemoresis-
tance impacts the properties of cancer stem-like cells
in their niche microenvironments.
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Department of Probiotics Immunology

Clarification of mechanism for the regulation of biological function by
probiotics to prevent and treat diseases

Professor Tadaaki MIYAZAKI, PhD

QOutline

Probiotics have been widely known as micro-
organisms that improve the intestinal flora balance,
beneficially affecting the host animal and also as
substances that stimulate the growth of microorgan-
isms. The objective of our proposed study is to
elucidate how probiotics affect living organisms and
prevent illness. infections diseases such as influenza
cancer and inflammatory diseases. We aim to dem-
onstrate how the probiotics, these components or
products to prevent illnesses and diseases (and will
provide therapies for these diseases) by examining the
expressions and changes in apoptosis induction mole-
cules and genes that affect aging and life span. By
elucidating the mechanisms of regulating the induc-
tion of apoptosis, and the functions of molecular inter-
actions and changes in intracellular localization, or
sigmaling pathway we will be able to develop and
translate probiotics into their therapies.

Contents and Result
(1) Investigation of the host defense mechanisms
against influenza viruses

Apoptosis contributes to the spread of influenza
viruses and to the severity of the conditions of infect-
ed victims. The expression of death receptors (Fig.
2) which induce apoptosis, such as Fas, DR4, and DR5,
in infected cells increases in conjunction with viral
infections.

Here, an explosive multiplication of influenza
virus numbers trigger acute inflammatory reactions,
and the secretion of large amounts of TNF-«, FasL,
TRAIL which induce apoptosis, and inflammatory
cytokines are released into the blood. It was shown

LG2055 LG2055

Dendritic cells BAFF @)

—

Cond !

(‘) IgA* B cells
LG2055 activates DC to produce
TGF-p and BAFF. l

LG2055 activates naive B cell to
secrete IgA by the stimulation of v IgA
el ’ ] X% {

3. LG2055ic & 2 Bl & kMg o i Abic & 5 IgA pEk
FE R

Fig. 3. Mechanism of IgA production by B cell and DC
stimulated by LG2055

Research Project:

Assistant Professor Hisako NAKAGAWA, PhD

FasL expression is critical for the symptoms and
inhibition of this signal increased the survival rate of
mice. Recently, by administering mice with lactic
acid bacteria, we have confirmed that inflammatory
cytokine expressions and virus titer in lung were
dicreased and the survival rate was increased.

(2) Analysis of IgA production by probiotics and the
mechanism in the small intestine

Induction of IgA production by oral administra-
tion of probiotic bacteria in the intestine has been
considered to be one reason for this beneficial effect,
but the mechanisms of the effect are poorly under-
stood. We have found that oral administration of
Lactobacillus gasseri SBT2055 (LG2055) induced IgA
production and increased the rate of IgA™ cell popula-
tion of the mouse small intestine. LG2055 stimulates
BMDC to promote the production of TGF-8 and
BAFF. Furthermore, TGF-8 was important for the
production of BAFF from LG2055-stimulated BMDC.
Produced BAFF is essential for the secretion of IgA
for LG2055 stimulated naive B cells.

(3) Investigation of mechanisms regulating longevity

Dr. Metchnikoff who discovered that the
phagocytosis of leucocytes is important for immunity
and who received the Nobel Prize for Physiology or
Medicine has suggested that yogurt may contribute to
longevity since there are many persons eating yogurt
surviving to very high ages. We analyzed the life-
span of C. elegans (Caenorhabditis elegans) and found
it can be extended by feeding with lactic acid bacteria.

Since C. elegans can be examined under a micro-
scope, has few cells, and its lifecycle is about 21 days,
it has been used as a model animal to elucidate
apoptosis induction mechanisms or life and aging
mechanism. Focusing on how lactic acid bacteria
and the products contribute to life span we will ana-
lyze the relations of molecules that regulate, apoptosis
which are related to cell longevity, and attempt to
determine the molecular mechanisms that determine
the life span and aging process.
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NEA X 8 CT 26 Latheta LCT-200 (HXLT7 w2l X7 4 H)L)
In vivo micro-CT scanner for small lab animals LaTheta LCT-200 (Hitachi Aloka Medical)
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Latheta LCT-200 is an X-ray computed tomography scanner for animal experiments using mice
and rats. It is powerful for morphologically observing inside the body. Standard scanning
time is 10.6 s/rotation (standard tomography mode) and 8.3 s/300 mm (standard X-ray photogra-
phy mode). Maximum scanning length is 300 mm (body axis).

Hef iy —F—EAMNEME: FLUOVIEW FV1000-D (Olympus)
Confocal laser scanning microscope

HEMIADENA A —2 > 7 (405nm~635nm DB IE) Z EhEEE  EREICAT) 20 TEF
3.

FLUOVIEW FV1000-D is capable of fluorescently imaging live cells at high accuracy and
sensitivity. It is operated in the fluorescence wavelength 405~635 mm.
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Joint Usage / Research

Center Promotion Office

Promotion Office of the Joint Usage/Research
Center started its activities in April, 2010 when the
Institute for Genetic Medicine was authorized to be
“an advanced center for research on cancers devel-
oped by persistent infection with bacteria or viruses”
by the Ministry of Education , Culture, Sports, Science
and Technology of Japan. Projects of the Center
consist of Special Joint Research, General Joint
Research, and Symposia. For Special Joint
Research, the institute is presenting the project “Roles
of infection, inflammation and immunity in car-
cinogenesis and malignant progression.” Outside
researchers are invited to apply for collaboration in
the project. In General Joint Research, outside

researchers can individually design research projects
in line with the Joint Research Programs which are
proposed by members of each division of the institute.
In both projects, researches are to be performed in the
institute, using the apparatuses available and the data
thus obtained. Symposia are held for presenting and
discussing results of the researches, which inspire
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Symposium

Associate Professor Jun-ichi HAMADA, Ph.D.
Secretary Ayuko ITOH

Nozomi SAKURAI

Technician

participants to plan their next research steps.

Promotion Office acts for smooth development of
the projects, and supports organizing symposia, assist-
ing participants with their travel from afar.

In addition, as support to generate knockout
mice, we establish gene-targeted ES clones and pro-
duce chimeric mice from ES cells. Please refer to a
website of Laboratory of Animal Experiment for the
details of the support. (http://www.igm.hokudai.ac.jp/
lae/index-j.html)

Y =5 —
Cell sorter

FACS Aria II (Becton, Dickinson and Company)
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FACSAria II is a high speed cell sorter for measuring and sorting
fluorescence-labelled cells. The cell sorter has 4 channels of lasers,
near UV (375 nm), Violet (405 nm), Blue (488 nm), and Red (633 nm).
The sorted cells are collected in a variety of vessels including: FACS
tubes for 4-way sort, and multiwell plate for up to 384-well plate.
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Education Activities

Academic staffs of Institute for Genetic Medicine,
Hokkaido University are in charge of education for
Graduate School of Medicine, Graduate School of
Science, Graduate School of Chemical Sciences and
Engineering or Graduate School of Life Science.
Students can take Master Course and Doctor Course
of Graduate School of Medicine, Doctor Course of

LTw3, Graduate School of Science, Master Course and Doc-
tor Course of Graduate School of Chemical Sciences
and Engineering, and Master Course and Doctor
Course of Graduate School of Life Science.
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ORNA &A% ae9 5

Alternative 3’-end processing of long noncoding RNA
initiates construction of nuclear paraspeckles.
Naganuma T, Nakagawa S, Tanigawa A, Sasaki YF,
Goshima N, Hirose T.

EMBO J. 2012 Oct 17; 31(20): 4020-4034.

NEAT]1 long noncoding RNA regulates transcription
via protein sequestration within subnuclear bodies.
Hirose T, Virnicchi G, Tanigawa A, Naganuma T, Li
R, Kimura H, Yokoi T, Nakagawa S, Bénard M, Fox
AH, Pierron G.

Mol Biol Cell. 2014 Jan; 25(1): 169-183.

Elements and machinery of non-coding RN As: toward
their taxonomy.

Hirose T, Mishima Y, Tomari Y.

EMBO Rep. 2014 May; 15(5): 489-507.

ORREMZE T EF

Isolation and characterization of human breast cancer
cells with SOX2 promoter activity.

Liang S, Furuhashi M, Nakane R, Nakazawa S,
Goudarzi H, Hamada J, Iizasa H.

Biochem Biophys Res Commun. 2013 Jul 26; 437(2):
205-211.

Enhancement of in vitro cell motility and invasiveness
of human malignant pleural mesothelioma cells
through the HIF-1a-MUCI1 pathway.

Goudarzi H, lizasa H, Furuhashi M, Nakazawa S,
Nakane R, Liang S, Hida Y, Yanagihara K, Kubo T,
Nakagawa K, Kobayashi M, Irimura T, Hamada J.
Cancer Lett. 2013 Oct 1; 339(1): 82-92.

A regenerative approach to the treatment of multiple
sclerosis.

Deshmukh VA, Tardif V, Lyssiotis CA, Green CC,
Kerman B, Kim HJ, Padmanabhan K, Swoboda JG,
Ahmad I, Kondo T, Gage FH, Theofilopoulos AN,
Lawson BR, Schultz PG, Lairson LL.

Nature. 2013 Oct 17; 502(7471): 327-332.

OB FERBHHDE

Characterization of innate immune signalings
stimulated by ligands for pattern recognition rece-
ptors.

Kameyama T, Takaoka A.

Methods Mol Biol. 2014; 1142: 19-32.

Targeted induction of interferon-A in humanized
chimeric mouse liver abrogates hepatotropic virus
infection.

Nakagawa S, Hirata Y, Kameyama T, Tokunaga Y,
Nishito Y, Hirabayashi K, Yano J, Ochiya T, Tateno
C, Tanaka Y, Mizokami M, Tsukiyama-Kohara K,
Inoue K, Yoshiba M, Takaoka A, Kohara M.

PLo0S One. 2013; 8(3): e59611.

Integrin «9 on lymphatic endothelial cells regulates

lymphocyte egress.

Ito K, Morimoto J, Kihara A, Matsui Y, Kurotaki D,
Kanayama M, Simmons S, Ishii M, Sheppard D,
Takaoka A, Uede T.

Proc Natl Acad Sci U S A. 2014 Feb 25; 111(8): 3080-
3085.

O FEREE N E

Regional neural activation defines a gateway for
autoreactive T cells to cross the blood-brain barrier.
Arima Y, Harada M, Kamimura D, Park JH, Kawano
F, Yull FE, Kawamoto T, Iwakura Y, Betz UA,
Marquez G, Blackwell TS, Ohira Y, Hirano T, Mura-
kami M.

Cell. 2012 Feb 3; 148(3): 447-457.

Disease-association analysis of an inflammation-
related feedback loop.

Murakami M, Harada M, Kamimura D, Ogura H,
Okuyama Y, Kumai N, Okuyama A, Singh R, Jiang
JJ, Atsumi T, Shiraya S, Nakatsuji Y, Kinoshita M,
Kohsaka H, Nishida M, Sakoda S, Miyasaka N,
Yamauchi-Takihara K, Hirano T.

Cell Rep. 2013 Mar 28; 3(3): 946-959.

Inflammation amplifier, a new paradigm in cancer
biology.

Atsumi T, Singh R, Sabharwal L, Bando H, Meng ],
Arima Y, Yamada M, Harada M, Jiang JJ, Kamimura
D, Ogura H, Hirano T, Murakami M.

Cancer Res. 2014 Jan 1; 74(1): 8-14.

OEEVMDE

Protooncogene TCL1b functions as an Akt kinase
co-activator that exhibits oncogenic potency in vivo.
Hashimoto M, Suizu F, Tokuyama W, Noguchi H,
Hirata N, Matsuda-Lennikov M, Edamura T, Masuz-
awa M, Gotoh N, Tanaka S, Noguchi M.
Oncogenesis. 2013 Sep 16; 2: €70.

Lysosomal interaction of Akt with Phafin2: a critical
step in the induction of autophagy.
Matsuda-Lennikov M, Suizu F, Hirata N, Hashimoto
M, Kimura K, Nagamine T, Fujioka Y, Ohba Y,
Iwanaga T, Noguchi M.

PLoS One. 2014 Jan 8; 9(1): €79795.

ORRRENE

Combined cytolytic effects of a vaccinia virus encod-
ing a single chain trimer of MHC-I with a Tax-epitope
and Tax-specific CTLs on HTLV-I-infected cells in a
rat model.

Ohashi T, Nakamura T, Kidokoro M, Zhang X, Shida
H.

Biomed Res Int. 2014; 2014: 902478.

Immunogenicity and safety of the vaccinia virus
LC16m8A vector expressing SIV Gag under a strong
or moderate promoter in a recombinant BCG prime-
recombinant vaccinia virus boost protocol.
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Sato H, Jing C, Isshiki M, Matsuo K, Kidokoro M,
Takamura S, Zhang X, Ohashi T, Shida H.
Vaccine. 2013 Aug 2; 31(35): 3549-3557.

Elicitation of both anti HIV-1 Env humoral and cellu-
lar immunities by replicating vaccinia prime Sendai
virus boost regimen and boosting by CD40Lm.
Zhang X, Sobue T, Isshiki M, Makino S, Inoue M,
Kato K, Shioda T, Ohashi T, Sato H, Komano J,
Hanabusa H, Shida H.

PLoS One. 2012; 7(12): e51633.

ONFESDEH

Filamin acts as a key regulator in epithelial defence
against transformed cells.

Kajita M, Sugimura K, Ohoka A, Burden J, Suganuma
H, Ikegawa M, Shimada T, Kitamura T, Shindoh M,
Ishikawa S, Yamamoto S, Saitoh S, Yako Y, Takaha-
shi R, Okajima T, Kikuta J, Maijima Y, Ishii M, Tada
M, Fujita Y.

Nat Commun. 2014 Jul 31; 5: 4428.

PKA-regulated VASP phosphorylation promotes
extrusion of transformed cells from the epithelium.
Anton KA, Sinclair J, Ohoka A, Kajita M, Ishikawa S,
Benz PM, Renne T, Balda M, Jorgensen C, Matter K,
Fujita Y.

J Cell Sci. 2014 Aug 15; 127(Pt 16): 3425-3433.

Epithelial homeostasis: elimination by live cell extru-
sion.

Katoh H, Fujita Y.

Curr Biol. 2012 Jun 5; 22(11): R453-455.

OREEMNEH

Treg-enriched CD4+ T cells attenuate collagen syn-
thesis in keloid fibroblasts.

Murao N, Seino K, Hayashi T, Ikeda M, Funayama E,
Furukawa H, Yamamoto Y, Oyama A.

Exp Dermatol. 2014 Apr; 23(4): 266-271.

Mouse models of human INAD by Pla2g6 deficiency.
Wada H, Kojo S, Seino K.
Histol Histopathol. 2013 Aug; 28(8): 965-969.

Successful differentiation to T cells, but unsuccessful
B-cell generation, from B-cell-derived induced plur-
ipotent stem cells.

Wada H, Kojo S, Kusama C, Okamoto N, Sato Y,
Ishizuka B, Seino K.

Int Immunol. 2011 Jan; 23(1): 65-74.

OFRBETIVEIRSE (MEEMIRERMEER)
Generation of precise point mutation mice by foot-
printless genome modification.

Morioka Y, Fujihara Y, Okabe M.

Genesis. 2014 Jan; 52(1): 68-77.

Abnormal spermatogenesis and reduced fertility in
transgenic mice expressing the immediate-early pro-
tein IE180 of pseudorabies virus.

Tomioka Y, Morimatsu M, Taharaguchi §,
Yamamoto S, Suyama H, Ozaki K, Iwamori N, Ono E.
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Biochem Biophys Res Commun. 2013 Nov 1; 440(4):
683-688.

Effects of the missense mutations in canine BRCA2 on
BRC repeat 3 functions and comparative analyses
between canine and human BRC repeat 3.
Yoshikawa Y, Ochiai K, Morimatsu M, Suzuki Y,
Wada S, Taoda T, Iwai S, Chikazawa S, Orino K,
Watanabe K.

PLo0S One. 2012; 7(10): e45833.

OmBEHKEER

Identification of novel helper epitope peptides of
Survivin cancer-associated antigen applicable to
developing helper/killer-hybrid epitope long peptide
cancer vaccine.

Ohtake J, Ohkuri T, Togashi Y, Kitamura H, Okuno
K, Nishimura T.

Immunol Lett. 2014 Sep; 161(1): 20-30.

The key role of IL-6-arginase cascade for inducing
dendritic cell-dependent CD4(+) T cell dysfunction in
tumor-bearing mice.

Narita Y, Kitamura H, Wakita D, Sumida K, Masuko
K, Terada S, Nakano K, Nishimura T.

J Immunol. 2013 Jan 15; 190(2): 812-820.

Anti-IL-6 receptor mAb eliminates myeloid-derived
suppressor cells and inhibits tumor growth by enhanc-
ing T-cell responses.

Sumida K, Wakita D, Narita Y, Masuko K, Terada S,
Watanabe K, Satoh T, Kitamura H, Nishimura T.
Eur J Immunol. 2012 Aug; 42(8): 2060-2072.

OSFRAIBHIE

Role of phosphatidylserine in phospholipid flippase-
mediated vesicle transport in Saccharomyces cer-
evisiae.

Takeda M, Yamagami K, Tanaka K.

Eukaryot Cell. 2014 Mar; 13(3): 363-375.

Interaction of the phospholipid flippase Drs2p with the
F-box protein Reylp plays an important role in early
endosome to trans-Golgi network vesicle transport in
yeast.

Hanamatsu H, Fujimura-Kamada K, Yamamoto T,
Furuta N, Tanaka K.

J Biochem. 2014 Jan; 155(1): 51-62.

Phospholipid flippases Lem3p-Dnflp and Lem3p-
Dnf2p are involved in the sorting of the tryptophan
permease Tat2p in yeast.

Hachiro T, Yamamoto T, Nakano K, Tanaka K.

J Biol Chem. 2013 Feb 1; 288(5): 3594-3608.

OB REEERIZHRE

Multidimensional MRI-CT atlas of the naked mole-rat
brain (Heterocephalus glaber).

Seki F, Hikishima K, Nambu S, Okanoya K, Okano
HJ, Sasaki E, Miura K, Okano H.

Front Neuroanat. 2013 Dec 20; 7: 45.
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Steps toward safe cell therapy using induced plur-
ipotent stem cells.

Okano H, Nakamura M, Yoshida K, Okada Y, Tsuji
O, Nori S, Ikeda E, Yamanaka S, Miura K.

Circ Res. 2013 Feb 1; 112(3): 523-533.

OMEEMEARE

Hypoxia-induced reactive oxygen species cause
chromosomal abnormalities in endothelial cells in the
tumor microenvironment.

Kondoh M, Ohga N, Akiyama K, Hida Y, Maishi N,
Towfik AM, Inoue N, Shindoh M, Hida K.

PLoS One. 2013 Nov 15; 8(11): e80349.

RNAi-mediated gene knockdown and anti-angiogenic
therapy of RCCs using a cyclic RGD-modified
liposomal-siRNA system.

Sakurai Y, Hatakeyama H, Sato Y, Hyodo M, Akita
H, Ohga N, Hida K, Harashima H.

J Control Release. 2014 Jan 10; 173: 110-118.

Lysyl oxidase secreted by tumour endothelial cells
promotes angiogenesis and metastasis.

Osawa T, Ohga N, Akiyama K, Hida Y, Kitayama K,
Kawamoto T, Yamamoto K, Maishi N, Kondoh M,
Onodera Y, Fujie M, Shinohara N, Nonomura K,
Shindoh M, Hida K.

Br J Cancer. 2013 Oct 15; 109(8): 2237-47.

OBPEMfRE>Y 5 —

Tumor-infiltrating DCs suppress nucleic acid-
mediated innate immune responses through interac-
tions between the receptor TIM-3 and the alarmin
HMGBI.

Chiba S, Baghdadi M, Akiba H, Yoshiyama H, Kino-
shita I, Dosaka-Akita H, Fujioka Y, Ohba Y, Gorman
JV, Colgan ]JD, Hirashima M, Uede T, Takaoka A,
Yagita H, Jinushi M.

Nat Immunol. 2012 Sep; 13(9): 832-842.

TIM-4 glycoprotein-mediated degradation of dying
tumor cells by autophagy leads to reduced antigen
presentation and increased immune tolerance.
Baghdadi M, Yoneda A, Yamashina T, Nagao H,
Komohara Y, Nagai S, Akiba H, Foretz M, Yo-
shiyvama H, Kinoshita I, Dosaka-Akita H, Takeya M,
Viollet B, Yagita H, Jinushi M.

Immunity. 2013 Dec 12; 39(6): 1070-1081.

Cancer stem-like cells derived from chemoresistant
tumors have a unique capacity to prime tumorigenic
myeloid cells.

Yamashina T, Baghdadi M, Yoneda A, Kinoshita I,
Suzu S, Dosaka-Akita H, Jinushi M.

Cancer Res. 2014 May 15; 74(10): 2698-2709.

O7ZaANA AT« VX - 4 5/ OI—FREERPT
Oral administration of Lactobacillus gasseri SBT2055
is effective for preventing influenza in mice.

Nakayama Y, Moriya T, Sakai F, Ikeda N, Shiozaki
T, Hosoya T, Nakagawa H, Miyazaki T.
Sci Rep. 2014 Apr 10; 4: 4638.

A Ca(2+)-dependent signalling circuit regulates influ-
enza A virus internalization and infection.

Fujioka Y, Tsuda M, Nanbo A, Hattori T, Sasaki ],
Sasaki T, Miyazaki T, Ohba Y.

Nat Commun. 2013; 4: 2763.

Type-l interferon is critical for FasL expression on
lung cells to determine the severity of influenza.
Fujikura D, Chiba S, Muramatsu D, Kazumata M,
Nakayama Y, Kawai T, Akira S, Kida H, Miyazaki
T.

PLoS One. 2013; 8(2): e55321.
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