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Preface

It is our pleasure to present Annual Report 2022 of the Institute of Medical Science, The
University of Tokyo (IMSUT). The predecessor organization of IMSUT was founded in
1892 as the Institute of Infectious Diseases (IID) by Dr. Shibasaburo Kitasato and incorpo-
rated into the University of Tokyo in 1916. In that era, infectious diseases were the great-
est threat to public health and the IID was the center for research into infectious diseases
in Asia and a top center for the world, as well. As its successor, IMSUT has been contrib-
uting to basic, translational, and clinical research efforts fighting against the present
threat, SARS-CoV-2 and COVID-19, as you will see in the report.

In 1967, this institute received its present name when we reorganized it to encompass
a wider range of medical sciences to meet the demands of modern medical care after
World War II. Now, based on a history and tradition of over 130 years since the IID’s
foundation, IMSUT'’s mission has grown to contribute to the development and welfare of
human society through research in cutting-edge medical science and the implementation
of state-of-the-art medical care. To achieve this mission, IMSUT promotes interdiscipli-
nary research and develops it into a wide range of practical applications, from the estab-
lishment of artificial intelligence (AI) and supporting the most advanced Al medical care,
to the development of drugs, including gene, virus, and vaccine therapies, cell and organ
transplantation using stem cells and iPS cells, and new dimensions of genomic medicine.

For over a century, IMSUT has handed down the three guiding principles established
by Dr. Shibasaburo Kitasato: “practical studies” which benefit society; diverse and inclu-
sive “comprehensive research;” and “disease prevention.” Together, these three principles
form the basis of healthcare, and remain the foundation of our rapidly developing cur-
rent research. IMSUT is pioneering new intellectual horizons by efficiently utilizing an
enormous quantity of information with Al. We are accelerating the efficient utilization of
this new technology, as we promote the establishment of Al for medical science research
with our specialized supercomputer, “SHIROKANE”, which has already led to Al-guided
medical care for hematopoietic and other types of tumors in our in-house hospital.

Importantly, IMSUT was authorized in 2018 as Japan's only International Joint Usage/
Research Center serving the life science field by the Minister of Education, Culture,
Sports, Science and Technology. Based on its highly appreciated activities and achieve-
ments, IMSUT was reapproved last year to continue the center program for the next term
of six years. By utilizing this platform, we are supporting 32 international joint research
projects in fiscal year 2022. As a world-leading medical science institute, we fervently
desire to further contribute to the development of global communities of basic, transla-
tional, and clinical research.

This annual report summarizes our scientific achievements in 2022. I sincerely hope
that these achievements will inspire yet further advances, promote worldwide collabora-
tions with our scientists, and ultimately contribute to improve health care around the
world.

January 2023

Yuji Yamanashi, Ph.D.

Dean

The Institute of Medical Science
The University of Tokyo
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Department of Microbiology and Immunology

Division of Infectious Genetics

RUGER
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Immune cells express multiple Toll-like receptors (TLRs) that are simultaneously
activated by various pathogen-derived products from microorganisms and viruses.
Recent reports have demonstrated that imbalances in TLR responses can result in
the development of autoimmune diseases. Nucleic acid(NA) -sensing TLRs detect
not only bacterial and viral NAs, but also host-derived NAs. To prevent excessive
immune responses to host-derived NA, there may exist requlatory mechanisms that
control TLR expression, localization, and function. Based on this hypothesis, it is
believed that TLRs are involved not only in autoimmune diseases, but also in the
pathogenesis of a variety of other diseases. Our research endeavors to uncover
the regulatory mechanisms that control TLR-mediated recognition of pathogenic
ligands, as well as the identification of endogenous ligands. Our research goal is to
clarify the pathogenic mechanisms of histiocytosis and autoimmune diseases that

are thought to be mediated by TLRs.

1. Endosomal abnormalities in dendritic cells
cause autoimmune liver diseases

Shin-Ichiroh Saitoh!, Kenichi Harada5, Yoshiko
Mori Saitoh', Ge-Hong Sun-Wada®, Tamami Den-
da’, Yasunori Ota’, Hiroshi Sagara®, Yuji Watanabe*,
Yoh Wada’, and Kensuke Miyake'?

Division of Infectious Genetics, Department of Mi-
crobiology and Immunology. *Laboratory of Innate
Immunity, 3Department of Pathology, Research
Hospital, ‘Medical Proteomics Laboratory, The In-
stitute of Medical Science, The University of Tokyo,
4-6-1 Shirokanedai, Minatoku, Tokyo 108-8639, Ja-
pan. Department of Human Pathology, Kanazawa
University School of Medicine, Kanazawa, 920-
8640, Japan. ‘Department of Biochemistry, Faculty
of Pharmaceutical Sciences, Doshisha Women’s Col-
lege, Kohdo, Kyotanabe, Kyoto 610-0395, Japan.
"Division of Biological Science, Institute of Scientific
and Industrial Research, Osaka University, 8-1 Mi-

hogaoka, Ibaraki, Osaka 567-0047, Japan.

Autoimmune hepatitis (AIH) and primary biliary
cholangitis (PBC) are autoimmune liver diseases with
unknown etiologies. Although T cells are thought to
drive these liver diseases, little is known about the un-
derlying mechanism of T cell activation in these liver
diseases. Since antigen presentation is regulated by
endosome maturation which Rab7a controls, we in-
vestigated the changes in the immune response that
occur upon blocking endosome maturation by Rab7a
deficiency in dendritic cells (DCs). As a result,
DC-specific Rab7a-deficient mice developed AIH and
PBC. Failure to suppress Vps34-dependent endosome
fusion due to Rab7a deficiency markedly enhanced
cross-presentation by forming giant endosomes and
altering MHC class I transport. MHC class I was
accumulated in the giant endosomes. Hyperactivated
CD8+ T cells caused fibrosis around portal veins and
central veins, a hallmark of AIH. Female mice had a
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worse condition of PBC. af3 T cell ablation protected
the mice against AIH, but not PBC, where cytotoxic
v0 T cells were localized around the bile duct. af3- and
v0-T cell deficiency in the mice ameliorated both AIH
and PBC. This study revealed that endosomal abnor-
malities in DCs strongly enhanced cross-presentation
and Y0 T cell activation resulting in autoimmune liver
diseases. CD&+ T cells and yd T cells are potential
therapeutic targets for AIH and PBC.

2. Nucleosides drive histiocytosis in SLC29A3
disorders by activating TLR7

Takuma Shibata!, Ryota Sato', Masato Taoka’,
Shin-Ichiroh Saitoh!, Mayumi Komine’, Kiyoshi
Yamaguchi‘, Susumu Goyama’, Yuji Motoi', Jiro
Kitaura®, Kumi Izawa®, Yoshio Yamauchi?, Yumiko
Tsukamoto’, Takeshi Ichinohe?, Etsuko Fujita®, Ryo-
suke Hiranuma', Ryutaro Fukui', Yoichi Furuka-
wa*, Toshio Kitamura®, Toshiyuki Takai'’, Arinobu
Tojo!!, Mamitaro Ohtsuki’, Umeharu Ohto'%, Toshi-
yuki Shimizu'2, Manabu Ozawa'’, Nobuaki Yoshi-
da’®, Toshiaki Isobe?, Eicke Latz', Kojiro Mukai's,
Tomohiko Taguchi'®, Kensuke Miyake'*

Division of Innate Immunity, Department of Micro-
biology and Immunology, The Institute of Medical
Science, The University of Tokyo; Tokyo 108-8639,
Japan. Department of Chemistry, Graduate School
of Science, Tokyo Metropolitan University; Tokyo
192-0397, Japan. *Department of Dermatology, Jichi
Medical University; Tochigi 329-0498, Japan. ‘Divi-
sion of Clinical Genome Research, The Institute of
Medical Science, The University of Tokyo; Tokyo
108-8639, Japan. SDivision of Molecular Oncology,
Department of Computational Biology and Medical
Sciences, Graduate School of Frontier Sciences, The
University of Tokyo; Tokyo 108-8639, Japan. ‘Atopy
Research Center, Juntendo University Graduate
School of Medicine; Tokyo 113-8421, Japan. "De-
partment of Mycobacteriology, Leprosy Research
Center, National Institute of Infectious Diseases; To-
kyo 189-0002, Japan. ®Division of Viral Infection,
Department of Infectious Disease Control, Interna-
tional Research Center for Infectious Diseases, The
Institute of Medical Science, The University of To-
kyo; Tokyo 108-8639, Japan. °Division of Cellular
Therapy, The Institute of Medical Science, The Uni-
versity of Tokyo; Tokyo 108-8639, Japan. "Depart-
ment of Experimental Immunology, Institute of De-
velopment, Aging and Cancer, Tohoku University;
Sendai 980-8575, Japan. "Department of Hematolo-
gy and Oncology, Research Hospital, The Institute
of Medical Science, The University of Tokyo; Tokyo
108-8639, Japan. ?Graduate School of Pharmaceu-
tical Sciences, The University of Tokyo; Tokyo 113-
0033, Japan. *Laboratory of Developmental Genet-
ics, Center for Experimental Medicine and Systems
Biology, The Institute of Medical Science, The Uni-
versity of Tokyo; Tokyo 108-8639, Japan. “Institute

of Innate Immunity, University Hospital Bonn, Uni-
versity of Bonn; 53127 Bonn, Germany. *Laborato-
ry of Organelle Pathophysiology, Department of In-
tegrative Life Sciences, Graduate School of Life
Sciences, Tohoku University; Sendai 980-8577, Ja-
pan.

Loss-of-function mutations in SLC29A3 cause lys-
osomal nucleoside storage and histiocytosis: phago-
cyte accumulation in multiple organs. However, little
is known about the mechanism by which lysosomal
nucleoside storage drives histiocytosis. Herein, histi-
ocytosis in S1c29437 mice was shown to depend on
Toll-like receptor 7 (TLR7), which senses a combina-
tion of nucleosides and oligoribonucleotides (ORNSs).
TLR7 increased phagocyte numbers by driving the
proliferation of Ly6C" immature monocytes and their
maturation into Ly6C* phagocytes in SIc29437~ mice.
Downstream of TLR7, FcRy and DAP10 were re-
quired for monocyte proliferation. Histiocytosis is ac-
companied by inflammation in SLC29A3 disorders.
However, TLR7 in nucleoside-laden splenic mac-
rophages failed to activate inflammatory responses.
Enhanced production of pro-inflammatory cytokines
was observed only after stimulation with ssRNAs,
which would increase lysosomal ORNSs. Patient-de-
rived monocytes harboring the G208R SLC29A3 mu-
tation showed enhanced survival and proliferation in
a TLR8 antagonist-sensitive manner. These results
demonstrated that non-inflammatory TLR7/8 re-
sponses to lysosomal nucleoside stress drive SL-
C29A3 disorders.

3. Anti-TLR7 antibody protects against lupus ne-
phritis in NZBWF1 mice by targeting B cells
and patrolling monocytes

Reika Tanaka', Yusuke Murakami® 2, Ryutaro
Fukui', Kiyoshi Yamaguchi’®, Yoichi Furukawa?’,
Naomi Yamashita?, Kensuke Miyake*

: 'Division of Innate Immunity, Department of Mi-
crobiology and Immunology, The Institute of Medi-
cal Science, The University of Tokyo. Department
of Pharmacotherapy, Research Institute of Pharma-
ceutical Sciences, Musashino University. *Division of
Clinical Genome Research, Advanced Clinical Re-
search Center, The Institute of Medical Science, The
University of Tokyo. * Laboratory of Innate Immu-
nity, Center for Experimental Medicine and Sys-
tems Biology, The Institute of Medical Science, The
University of Tokyo.

Systemic lupus erythematosus (SLE) is an autoim-
mune disease characterized by autoantibody produc-
tion and multiple organ damage. We found that inhi-
bition of Toll-like receptor 7 (TLR7) rescues NZBWF1
mice from lethal nephritis by reducing the activation
of B cells and monocytes. Immunohistochemistry
analysis of the kidneys revealed that Ly6C-negative/
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FcyRIV-positive patrolling monocytes (PatMCs) infil-
trated into glomeruli. To clarify the role for PatMCs in
nephritis, we focused on the molecules expressing in
PatMCs. We performed RNA-sequencing and anti-
body array screening by comparing PatMC and
Ly6C-positive classical monocytes, with or without

TLR? inhibition. In results, expression of several lu-
pus-related molecules, for example, IL-10, PD-L2, and
PECAM-1 were induced by TLR7 signaling. We are
analyzing the mechanisms of these molecules as fur-
ther study.

Publications

Leibler, C., John, S., Elsner, R. A., Thomas, K. B., Smi-
ta, S., Joachim, S., Levack, R. C., Callahan, D. ]J.,
Gordon, R. A, Bastacky, S., Fukui, R., Miyake, K.,
Gingras, S., Nickerson, K. M., and Shlomchik, M. J.
Genetic dissection of TLR9 reveals complex regula-
tory and cryptic proinflammatory roles in mouse
lupus. Nat Immunol 23:1457, 2022.

Liu, X., Sato, N., Yabushita, T., Li, J., Jia, Y., Tamura,
M., Asada, S., Fujino, T., Fukushima, T., Yonezawa,
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normal human hosts.

In our laboratory, we are promoting strategic fundamental research aimed at
developing a novel method of viral infection control by elucidating the mechanism
underlying viral proliferation/pathology. Moreover, using viruses as a biological
probe, we are also challenging next-generation virology to reconsider viruses as a
homeostasis factor and explore their significance, in addition to unraveling cells
and physiological control mechanisms that cannot be elucidated by research on

1. Redundant and specific roles of A-type lamins
and lamin B receptor in herpes simplex virus 1
infection

Kosuke Takeshima, Yuhei Maruzuru, Naoto Koyan-
agi, Akihisa Kato, Yasushi Kawaguchi

We investigated whether A-type lamins (lamin
A/C) and lamin B receptor (LBR) are redundant dur-
ing herpes simplex virus 1 (HSV-1) infection in HeLa
cells expressing lamin A/C and LBR. Lamin A/C and
LBR double knockout (KO) in HSV-1-infected HeLa
cells significantly impaired expressions of HSV-1 ear-
ly and late genes, maturation of replication compart-
ments, marginalization of host chromatin to the nu-
clear periphery, enlargement of host cell nuclei, and
viral DNA replication. Phenotypes of HSV-1-infected
HeLa cells were restored by the ectopic expression of
lamin A/C or LBR in lamin A/C and LBR double KO
cells. Of note, lamin A/C single KO, but not LBR sin-
gle KO, promoted the aberrant accumulation of virus
particles outside the inner nuclear membrane (INM)
and viral replication, as well as decreasing the fre-
quency of virus particles inside the INM without af-
fecting viral gene expression and DNA replication,
time-spatial organization of replication compart-

ments and host chromatin, and nuclear enlargement.
These results indicated that lamin A/C and LBR had
redundant and specific roles during HS5V-1 infection.
Thus, lamin A/C and LBR redundantly regulated the
dynamics of the nuclear architecture, including the
time-spatial organization of replication compart-
ments and host chromatin, as well as promoting nu-
clear enlargement for efficient HSV-1 gene expression
and DNA replication. In contrast, lamin A/C inhibited
HSV-1 nuclear export through the INM during viral
nuclear egress, which is a unique property of lamin
A/C. IMPORTANCE This study demonstrated that
lamin A/C and LBR had redundant functions associ-
ated with HSV-1 gene expression and DNA replica-
tion by regulating the dynamics of the nuclear archi-
tecture during HSV-1 infection. This is the first report
to demonstrate the redundant roles of lamin A/C and
LBR as well as the involvement of LBR in the regula-
tion of these viral and cellular features in HSV-1-in-
fected cells. These findings provide evidence for the
specific property of lamin A/C to inhibit HSV-1 nucle-
ar egress, which has long been considered but with-
out direct proof.
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2. Role of the orphan transporter SLC35E1 in the
nuclear egress of herpes simplex virus 1

Fumio Maeda', Akihisa Kato, Kosuke Takeshima,
Misato Shibazaki, Ryota Sato?, Takuma Shibata?,
Kensuke Miyake?, Hiroko Kozuka-Hata?, Masaaki
Oyama’®, Eigo Shimizu®, Seiya Imoto®, Satoru Mi-
yano*, Shungo Adachi', Tohru Natsume', Koh Take-
uchi', Yuhei Maruzuru, Naoto Koyanagi, Jun Arii®,
Yasushi Kawaguchi: !Cellular and Molecular Bio-
technology Research Institute, National Institute of
Advanced Industrial Science and Technology *Divi-
sion of Innate Immunity, Department of Microbiol-
ogy and Immunology, The Institute of Medical Sci-
ence, The University of Tokyo *Medical Proteomics
Laboratory, The Institute of Medical Science, The
University of Tokyo ‘Laboratory DNA Information
Analysis, Human Genome Center, The Institute of
Medical Science, The University of Tokyo Labora-
tory Health Medical Intelligence, Human Genome
Center, The Institute of Medical Science, The Uni-
versity of Tokyo °Division of Clinical Virology,
Center for Infectious Diseases, Kobe University
Graduate School of Medicine

This study developed a system consisting of two
rounds of screening cellular proteins involved in the
nuclear egress of herpes simplex virus 1 (HSV-1). Us-
ing this system, we first screened cellular proteins
that interacted with the HSV-1 nuclear egress com-
plex (NEC) consisting of UL34 and UL31 in HSV-1-in-
fected cells, which are critical for the nuclear egress of
HSV-1, by tandem affinity purification coupled with
mass spectrometry-based proteomics technology.
Next, we performed CRISPR/Cas9-based screening of
live HSV-1-infected reporter cells under fluorescence
microscopy using single guide RNAs targeting the
cellular proteins identified in the first proteomic
screening to detect the mislocalization of the lamin-as-
sociated protein emerin, which is a phenotype for de-
fects in HSV-1 nuclear egress. This study focused on a
cellular orphan transporter SLC35E1, one of the cellu-
lar proteins identified by the screening system.
Knockout of SLC35E1 reduced HSV-1 replication and
induced membranous invaginations containing peri-
nuclear enveloped virions (PEVs) adjacent to the nu-
clear membrane (NM), aberrant accumulation of
PEVs in the perinuclear space between the inner and
outer NMs and the invagination structures, and mis-
localization of the NEC. These effects were similar to
those of previously reported mutation(s) in HSV-1
proteins and depletion of cellular proteins that are
important for HSV-1 de-envelopment, one of the
steps required for HSV-1 nuclear egress. Our newly
established screening system enabled us to identify a
novel cellular protein required for efficient HSV-1
de-envelopment. IMPORTANCE The identification of
cellular protein(s) that interact with viral effector pro-
teins and function in important viral procedures is

necessary for enhancing our understanding of the
mechanics of various viral processes. In this study, we
established a new system consisting of interactome
screening for the herpes simplex virus 1 (HSV-1) nu-
clear egress complex (NEC), followed by loss-of-func-
tion screening to target the identified putative
NEC-interacting cellular proteins to detect a defect in
HSV-1 nuclear egress. This newly established system
identified SLC35E1, an orphan transporter, as a novel
cellular protein required for efficient HSV-1 de-envel-
opment, providing an insight into the mechanisms
involved in this viral procedure.

3. Role of the arginine cluster in the disordered
domain of Herpes Simplex Virus 1 UL34 for the
recruitment of ESCRT-lIl for viral primary en-
velopment

Jun Arii, Kosuke Takeshima, Yuhei Maruzuru, Nao-
to Koyanagi, Yoshitaka Nakayama, Akihisa Kato,
Yasuko Mori', Yasushi Kawaguchi: 'Division of
Clinical Virology, Center for Infectious Diseases,
Kobe University Graduate School of Medicine

During the nuclear export of nascent nucleocap-
sids of herpesviruses, the nucleocapsids bud through
the inner nuclear membrane (INM) by acquiring the
INM as a primary envelope (primary envelopment).
We recently reported that herpes simplex virus 1
(HSV-1) nuclear egress complex (NEC), which con-
sists of UL34 and UL31, interacts with an endosomal
sorting complex required for transport III (ESCRT-III)
adaptor ALIX and recruits ESCRT-III machinery to
the INM for efficient primary envelopment. In this
study, we identified a cluster of six arginine residues
in the disordered domain of UL34 as a minimal re-
gion required for the interaction with ALIX, as well as
the recruitment of ALIX and an ESCRT-III protein
CHMP4B to the INM in HSV-1-infected cells. Muta-
tions in the arginine cluster exhibited phenotypes
similar to those with ESCRT-III inhibition reported
previously, including the mislocalization of NEC, in-
duction of membranous invagination structures con-
taining enveloped virions, aberrant accumulation of
enveloped virions in the invaginations and perinucle-
ar space, and reduction of viral replication. We also
showed that the effect of the arginine cluster in UL34
on HSV-1 replication was dependent primarily on
ALIX. These results indicated that the arginine cluster
in the disordered domain of UL34 was required for
the interaction with ALIX and the recruitment of ES-
CRT-III machinery to the INM to promote primary
envelopment. IMPORTANCE Herpesvirus UL34 ho-
mologs contain conserved amino-terminal domains
that mediate vesicle formation through interactions
with UL31 homologs during primary envelopment.
UL34 homologs also comprise other domains adja-
cent to their membrane-anchoring regions, which dif-
fer in length, are variable in herpesviruses, and do not
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form distinguished secondary structures. However,
the role of these disordered domains in infected cells
remains to be elucidated. In this study, we present
data suggesting that the arginine cluster in the disor-
dered domain of HSV-1 UL34 mediates the interac-

tion with ALIX, thereby leading to the recruitment of
ESCRT-III machinery to the INM for efficient primary
envelopment. This is the first study to report the role
of the disordered domain of a UL34 homolog in her-
pesvirus infections.

Publications
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Primary goal of our laboratory is to understand the immunological mechanisms of
the intra- and inter-cellular signaling pathways that mediate the immunogenicity of
successful vaccines, as well as biological responses to adjuvants. Such knowledge
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.

1. Making innate sense of mRNA vaccine adju-
vanticity.

Successful vaccines contain two essential immu-
nological components: a protective antigen and an
adjuvant. Adjuvants are essential for optimal anti-
gen-specific immune responses, the so-called ‘immu-
nogenicity’, but are often a cause of reactogenicity
(even toxicity) that results in local and systemic in-
flammation. Therefore, to ensure vaccine efficacy and
safety, it is critical to understand the molecular and
cellular mechanism(s) by which adjuvants provoke
the immune system. By introducing papers, we de-
scribe that there seems to be more room to improve
the immunogenicity and reduce the reactogenicity of
LNP-mRNA vaccine formulations by further study of
immunization methods (including delivery systems
and devices) and their built-in adjuvanticity.

2. Anti-tumor immunity by transcriptional syner-
gy between TLR9 and STING activation

Agonists for TLR9 and stimulator of IFN genes
(STING) offer therapeutic applications as both an-
ti-tumor agents and vaccine adjuvants, though their
clinical applications are limited; the clinically availa-

ble TLRY agonist is a weak IFN inducer and STING
agonists induce undesired type 2 immunity. Yet, com-
bining TLR9 and STING agonists overcame these lim-
itations by synergistically inducing innate and adap-
tive IFNY to become an advantageous type 1 adjuvant,
suppressing type 2 immunity, in addition to exerting
robust anti-tumor activities when used as a mono-
therapeutic agent for cancer immunotherapy. Here,
we sought to decipher the immunological mecha-
nisms behind the synergism mediated by TLR9 and
STING agonists and found that their potent anti-tu-
mor immunity in a Pan02 peritoneal dissemination
model of pancreatic cancer was achieved only when
agonists for TLR9 and STING were administered lo-
cally, and was via mechanisms involving CD4 and
CD8 T cells as well as the co-operative action of IL-12
and type I IFNs. Rechallenge studies of long-term
cancer survivors suggested that the elicitation of
Pan02-specific memory responses provides protec-
tion against the secondary tumor challenge. Mecha-
nistically, we found that TLR9 and STING agonists
synergistically induce IL-12 and type I IFN produc-
tion in murine APCs. The synergistic effect of the
TLR9 and STING agonists on IL-12p40 was at protein,
mRNA and promoter activation levels, and transcrip-
tional regulation was mediated by a 200 bp region sit-
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uated 983 bp upstream of the IL-12p40 transcription
initiation site. Such intracellular transcriptional syn-
ergy may hold a key in successful cancer immuno-
therapy and provide further insights into dual ago-
nism of innate immune sensors during host
homeostasis and diseases.

3. Machine Learning-Assisted Screening of Herb-
al Medicine Extracts as Vaccine Adjuvants

Adjuvants are important vaccine components,
composed of a variety of chemical and biological ma-
terials that enhance the vaccine antigen-specific im-
mune responses by stimulating the innate immune
cells in both direct and indirect manners to produce a
variety cytokines, chemokines, and growth factors. It
has been developed by empirical methods for dec-
ades and considered difficult to choose a single
screening method for an ideal vaccine adjuvant, due
to their diverse biochemical characteristics, complex
mechanisms of, and species specificity for their adju-
vanticity. We therefore established a robust adjuvant
screening strategy by combining multiparametric
analysis of adjuvanticity in vivo and immunological

profiles in vitro (such as cytokines, chemokines, and
growth factor secretion) of various library compounds
derived from hot-water extracts of herbal medicines,
together with their diverse distribution of nano-sized
physical particle properties with a machine learning
algorithm. By combining multiparametric analysis
with a machine learning algorithm such as rCCA,
sparse-PLS, and DIABLO, we identified that human
G-CSF and mouse RANTES, produced upon adjuvant
stimulation in vitro, are the most robust biological pa-
rameters that can predict the adjuvanticity of various
library compounds. Notably, we revealed a certain
nano-sized particle population that functioned as an
independent negative parameter to adjuvanticity. Fi-
nally, we proved that the two-step strategy pairing
the negative and positive parameters significantly im-
proved the efficacy of screening and a screening strat-
egy applying principal component analysis using the
identified parameters. These novel parameters we
identified for adjuvant screening by machine learning
with multiple biological and physical parameters
may provide new insights into the future develop-
ment of effective and safe adjuvants for human use.
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Our lab focuses on the elucidation of host-pathogen interactions. We mainly work
on malaria disease but cover various infectious organisms such as Leishmania
parasites, and respiratory viruses, to be able to understand their way of causing
pathology and eventually create successful vaccines against them. Our recent

topics include how to bolster B cell memory responses against pathogens.

1. Novel adjuvant discovery and development

Adjuvants are known as must-have vaccine com-
ponents for the potentiation of vaccine responses. As
a member of IMSUT International Vaccine Design
Center (https://vdesc.ims.u-tokyo.ac.jp/en/), we have
been involved in the screening of herbal medicine ex-
tracts as safe and ready-to-use adjuvants for current
human vaccines. We have been systematically screen-
ing innate and adaptive immune signaling molecules
taking part in the mode of action (MOA) of adjuvants
and vaccines. One of the recent findings involves un-
derstanding how the combination of TLR9 and STING
agonists synergistically induce innate and adaptive
responses to become an advantageous type 1 adju-
vant while suppressing type 2 immunity which leads
to generation of robust anti-tumor responses.

Our recent projects focus on the investigation of B
cell development and pathways involved in the ger-
minal center (GC) formation for the generation of po-
tent antibody responses against infections and during

vaccinations. We have found that TBK1, the famous
innate immune signaling kinase for controlling an-
ti-viral immune responses and nucleic-acid mediated
type-I interferon responses, is very important for the
generation of GC which confers sterile immunity to
reinfections.

2. Elucidation of malaria-mediated pathologies

Malaria killed 50% more children last year due to
Covid-19-mediated lockdowns and restrictions which
prevented remedies to reach those who needed them.
Our lab has been investigating cerebral malaria im-
munopathology by using imaging techniques such as
CUBIC clearance of the brain. The research has been
ongoing for the investigation of olfactory bulb-medi-
ated pathology in experimental cerebral malaria
models in mice. We have made significant progress in
the understanding of new cell types in the olfactory
bulb and signaling molecules taking part.

Publications

Hioki K, Hayashi T, Natsume-Kitatani Y, Kobiyama
K, Temizoz B, Negishi H, Kawakami H, Fuchino H,
Kuroda E, Coban C, Kawahara N, Ishii KJ. Machine
learning-assisted screening of herbal medicine ex-
tracts as vaccine adjuvants. Frontiers in Immunolo-

gy, 13:847616. doi: 10.3389/fimmu.2022.847616, 2022.
Temizoz B, Hioki K, Kobari S, Jounai N, Kusakabe T,
Lee MS]J, Coban C, Kuroda E, Ishii KJ. Anti-tumor
immunity by the transcriptional synergy between
TLRY and STING activation. Int Immunol., Apr
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14:dxac012. doi: 10.1093/intimm/dxac012, 2022. Coban C. B cell intrinsic TBK1 is essential for ger-
Lee MS], Inoue T, Ise W, Matsuo-Dapaah ], Wing JB, minal center formation during infection and vacci-
Temizoz B, Kobiyama K, Hayashi T, Patil A, Saka- nation in mice. Journal of Experimental Medicine,

guchi S, Simon AK, Bezbradica JS, Nagatoishi S, Feb 7;219(2):e20211336, 2022.
Tsumoto K, Inoue JI, Akira S, Kurosaki T, Ishii KJ,
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infectious diseases.

The aim of our laboratory is to expand the knowledge and methodology on virology,
which were unable to shed light on by conventional experimental approach. To
investigate the co-evolutionary relationship between viruses and hosts, we perform
bioinformatic and molecular phylogenetic analyses as well as experimental virology.
The interdisciplinary investigations based on experimental virology and other
scientific fields/methods will pioneer a new science for deeply understanding

1. Evolution of SARS-CoV-2

Daichi Yamasoba, Izumi Kimura, Hirofumi Aso,
Keiya Uriu, Yusuke Kosugi, Shigeru Fujita, Yuuka
Masuda, Lin Pan, Naoko Misawa, Mai Suganami,
Adam Strange, Naomi Ohsumi, Mika Chiba, Ryo
Yoshimura, Kyoko Yasuda, Keiko lida, Jumpei Ito,
Kei Sato.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a causative agent of coronavirus dis-
ease 2019 (COVID-19). SARS-CoV-2 emerged at the
end of 2019 and has spread all over the world. In the
last two years, more than 660 million people are in-
fected with this virus and more than 6.7 million peo-
ple died of COVID-19, meaning that COVID-19 is on-
going pandemic and a most urgent and crucial
problem in the current human society. To proceed
and accelerate COVID-19-releated researches in Ja-
pan, we launched a consortium, called “The Geno-
type to Phenotype Japan (G2P-Japan) Consortium” in
January 2021. As of January 2022, more than 10 prin-
cipal investigators in Japan join this consortium and
proceed fruitful collaboration. We aim to elucidate
the virological characteristics of the SARS-CoV-2 var-
iants continuously emerging in the world.

2. Evolution of gene regulatory network driven
by hominoid-specific endogenous retrovirus-
es

Jumpei Ito, Kei Sato

Mammalian germ cells stem from primordial
germ cells (PGCs). Although the gene regulatory net-
work controlling the development of germ cells such
as PGCs is critical for ensuring gamete integrity, sub-
stantial differences exist in this network among mam-
malian species, suggesting that this network has been
modified during mammalian evolution. Here, we
show that a hominoid-specific group of endogenous
retroviruses, LTR5_Hs, works as enhancers in human
in vitro-induced PGCs, PGC-like cells (PGCLCs).
LTR5_Hs are preferentially bound by transcription
factors that are highly expressed in PGCLCs (KLF4,
TFAP2C, NANOG, and CBFA2T2), suggesting that
these transcription factors contribute to the epigenetic
activation of LTR5_Hs in PGCLCs. Comparative tran-
scriptome analysis between humans and macaques
suggests that the expression of many genes in PG-
CLCs is upregulated by LTR5_Hs insertions in the
hominoid lineage. Together, this study suggests that
LTR5_Hs insertions may have finetuned the gene reg-
ulatory network in PGCs and coordinately altered the
gene expression in PGCs during hominoid evolution.
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Publications

Akatsuki Saito, Takashi Irie, Rigel Suzuki, Tadashi
Maemura, Hesham Nasser, Keiya Uriu, Yusuke Ko-
sugi, Kotaro Shirakawa, Kenji Sadamasu, Izumi Ki-
mura, Jumpei Ito, Jiaqi Wu, Kiyoko Iwatsuki-Hori-
moto, Mutsumi Ito, Seiya Yamayoshi, Samantha
Loeber, Masumi Tsuda, Lei Wang, Seiya Ozono,
Erika P. Butlertanaka, Yuri L. Tanaka, Ryo Shimizu,
Kenta Shimizu, Kumiko Yoshimatsu, Ryoko Ka-
wabata, Takemasa Sakaguchi, Kenzo Tokunaga,
Isao Yoshida, Hiroyuki Asakura, Mami Nagashi-
ma, Yasuhiro Kazuma, Ryosuke Nomura, Yoshihito
Horisawa, Kazuhisa Yoshimura, Akifumi Takao-
ri-Kondo, Masaki Imai, The Genotype to Pheno-
type Japan (G2P-Japan) Consortium, Shinya Tana-
ka, So Nakagawa, Terumasa lkeda, Takasuke
Fukuhara, Yoshihiro Kawaoka, Kei Sato. Enhanced
fusogenicity and pathogenicity of SARS-CoV-2
Delta P681R mutation. Nature 602(7896):300-306
(2022).

Izumi Kimura, Yusuke Kosugi, Jiaqi Wu, Jiri Zahrad-
nik, Daichi Yamasoba, Erika P. Butlertanaka, Yuri
L. Tanaka, Keiya Uriu, Yafei Liu, Nanami Morizako,
Kotaro Shirakawa, Yasuhiro Kazuma, Ryosuke No-
mura, Yoshihito Horisawa, Kenzo Tokunaga,
Takamasa Ueno, Akifumi Takaori-Kondo, Gideon
Schreiber, Hisashi Arase, The Genotype to Pheno-
type Japan (G2P-Japan) Consortium, Chihiro Moto-
zono, Akatsuki Saito, So Nakagawa, Kei Sato. The
SARS-CoV-2 Lambda variant exhibits enhanced
infectivity and immune resistance. Cell Reports
38(2):110218 (2022).

Bo Meng, Adam Abdullahi, Isabella A. T. M. Ferreira,
Niluka Goonawardane, Akatsuki Saito, Izumi Ki-
mura, Daichi Yamasoba, Pehuén Pereyra Gerber,
Saman Fatihi, Surabhi Rathore, Samantha K. Zepe-
da, Guido Papa, Steven A. Kemp, Terumasa Ikeda,
Mako Toyoda, Toong Seng Tan, Jin Kuramochi,
Shigeki Mitsunaga, Takamasa Ueno, Kotaro Shirak-
awa, Akifumi Takaori-Kondo, Teresa Brevini, Don-
na L. Mallery, Oscar J. Charles, The CITIID-NIHR
BioResource COVID Collaboration, The Genotype
to Phenotype Japan (G2P-Japan) Consortium, Ec-
uador-COVID19 Consortium, John E. Bowen, An-
shu Joshi, Alexandra C. Walls, Laurelle Jackson,
Darren Martin, Kenneth G. C. Smith, John Bradley,
John A. G. Briggs, Jinwook Choi, Elo Madissoon,
Kerstin Meyer, Petra Mlcochova, Lourdes
Ceron-Gutierrez, Rainer Doffinger, Sarah A. Teich-
mann, Andrew J. Fisher, Matteo S. Pizzuto, Anna
de Marco, Davide Corti, Myra Hosmillo, Joo Hyeon
Lee, Leo C. James, Lipi Thukral, David Veesler,
Alex Sigal, Fotios Sampaziotis, lan G. Goodfellow,
Nicholas J. Matheson, Kei Sato, Ravindra K. Gupta.
Altered TMPRSS2 usage by SARS-CoV-2 Omicron
impacts infectivity and fusogenicity. Nature
603(7902):706-714 (2022).

Rigel Suzuki, Daichi Yamasoba, Izumi Kimura, Lei

Wang, Mai Kishimoto, Jumpei Ito, Yuhei Morioka,
Naganori Nao, Hesham Nasser, Keiya Uriu, Yusu-
ke Kosugi, Masumi Tsuda, Yasuko Orba, Michihito
Sasaki, Ryo Shimizu, Ryoko Kawabata, Kumiko
Yoshimatsu, Hiroyuki Asakura, Mami Nagashima,
Kenji Sadamasu, Kazuhisa Yoshimura, The Geno-
type to Phenotype Japan (G2P-Japan) Consortium,
Hirofumi Sawa, Terumasa Ikeda, Takashi Irie, Keita
Matsuno, Shinya Tanaka, Takasuke Fukuhara, Kei
Sato. Attenuated fusogenicity and pathogenicity of
SARS-CoV-2 Omicron variant. Nature 603(7902):
700-705 (2022).

Keiya Uriu, Paul Cardenas, Erika Mufioz, Veronica

Barragan, Yusuke Kosugi, Kotaro Shirakawa, Aki-
fumi Takaori-Kondo, Ecuador-COVID19 Consorti-
um, The Genotype to Phenotype Japan (G2P-Japan)
Consortium, Kei Sato. Characterization of the im-
mune resistance of severe acute respiratory syn-
drome coronavirus 2 Mu variant and the robust
immunity induced by Mu infection. Journal of In-
fectious Diseases 226(7):1200-1203 (2022).
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Yusuke Kakizoe, Naoko Misawa, Shinji Nakaoka,
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fection. PLOS Computational Biology 18(4):
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Hayato Ito, Lei Wang, Yoshitaka Oda, Yasuko Orba,
Michihito Sasaki, Kayoko Nagata, Kumiko Yoshi-
matsu, Hiroyuki Asakura, Mami Nagashima, Kenji
Sadamasu, Kazuhisa Yoshimura, Jin Kuramochi,
Motoaki Seki, Ryoji Fujiki, Atsushi Kaneda, Tadan-
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Jumpei Ito, Yasunari Seita, Shohei Kojima, Nicholas F.

Parrish, Kotaro Sasaki, Kei Sato. A hominoid-spe-
cific endogenous retrovirus may have rewired the
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al germ cells and naive pluripotent cells. PLOS Ge-
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Elucidation of genetic and epigenetic alterations is essential to provide molecular
targets for prevention, diagnosis, and treatment of human cancer. Our current
interest is to understand the roles of cell-cell interaction in invasion, metastasis,
drug resistance and immunological responses of cancer. Genomic abnormalities
involved in human tumors, including lung, breast, thyroid, head and neck cancer,
cholangiocarcinoma, adult T-cell leukemia, as well as genetic susceptibility to
various human diseases are being investigated.

1. The biological functions of cell-cell interaction
in human oncogenesis

Takeshi Ito, Yutaka Kasai, Yumi Tsuboi, Yoshiaki
Kanamoto, Yue Guo, Mai Mizusawa, Mizuki Tomi-
naga, Miko Komiya, Kaito Akiyama , Jialiang Nie,
Tomoko Masuda, Hiromi Ichihara, Motoi Oba,
Daisuke Matsubara' and Yoshinori Murakami; 'De-
partment of Diagnostic Pathology, University of
Tsukuba, Tsukuba.

Disruption of cell adhesion is a critical step to in-
vasion and metastasis of human cancer and their ac-
quired resistance to anti-cancer drugs and molecular
targeting drugs. CADM1/TSLC is an immunoglobu-
lin superfamily cell adhesion molecule (IgCAMs) and
acts as a tumor suppressor in various epithelial can-
cers. By contrast, CADM1 promotes cell invasion and
metastasis in adult T-cell leukemia (ATL) or small cell
lung cancer (SCLC). We are currently investigating
molecular pathways of CADM1 underlying its dual
roles in oncogenesis.

In this year, we investigated a role of CADM1 in
ATL because CADM1 is overexpressed in ATL and
provides a cell-surface diagnostic marker. CADM1
promotes adhesion of ATL cells to vascular endotheli-

al cells and multiple organ infiltration in mice. We
show that CADM1 enhances liver infiltration of
mouse T-cell lymphoma cells, EL4, after tail vein in-
jection, whereas a CADM1 mutant lacking adhesive
activity did not. Furthermore, CADM1-mediated liv-
er infiltration of EL4 cells was canceled in convention-
al and vascular endothelium-specific Cadm1 knockout
mice, whereas it was not canceled in Cadm4 knockout
mice, which is another candidate of CADM1 interact-
ing protein. These results suggest that CADM1 on
host vascular endothelial cells is required for organ
infiltration of ATL and other T-cell lymphomas ex-
pressing CADMI (1).

We are also investigating possible crosstalk of Ig-
CAMs and its biological and immunological signifi-
cance comprehensively by cloning more than 300 Ig-
CAMs expressed in human cells and analyzing
molecule-molecule interactions using the surface
plasmon resonance imaging (SPRi) and the amplified
luminescence proximity homogenous assay (AL-
PHA). Significant interaction was then evaluated indi-
vidually using biological assays between molecule to
cell, cell to cell and cell to tissue generated in our lab-
oratory. We have identified several candidate IgSFs
involved in cancer metastasis and tumor im-
mune-checkpoint regulation and their significance in
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cancer diagnosis and treatment is being investigated
in collaboration partly with a pharmaceutical compa-

ny.

2. Studies for establishing novel diagnostic and
therapeutic approaches to small cell lung can-
cer and neuroendocrine cancers

Takeshi Ito, Motoi Oba, Tomoko Masuda, Daisuke
Matsubara', Goh Tanaka?, Akihisa Mitani?, Taka-
hide Nagase’ and Yoshinori Murakami; *Depart-
ment of Respiratory Medicine, Graduate School of
Medicine, The University of Tokyo.

CADM1 is overexpressed in adult T-cell leukemia
(ATL) and small cell lung cancer (SCLC), conferring
invasive or metastatic phenotypes characteristic to
ATL or SCLC. Interestingly, SCLC expresses a splic-
ing variant of CADM1v8/9 containing a unique jux-
ta-membrane fragment, which is specific to normal
testis and SCLC. Since CADM1v8/9 fragments are di-
gested by protease and released into blood stream,
this fragment could provide a novel serum marker of
SCLC. Thus, to establish a sensitive and specific se-
rum marker for diagnosis of SCLC, monoclonal anti-
bodies against the fragments of CADM1v8/9 have
been generated and characterized (PCT/JP2019/
011201). Antibodies against the O-glycosylated frag-
ment of CADM1v8/9 were generated and character-
ized using mass spectrometry analysis of CADM1v8/9
fragments expressed in SCLC cells. These detection
systems of SCLC are being validated using the serum
from SCLC patients in collaboration with clinical on-
cologists in the University of Tokyo Hospital and Na-
tional Cancer Center Hospital. Additional antibodies
against CADMI are being tested for their anti-tumor
activity against SCLC by radioisotope- or drug-conju-
gated antibodies, in collaboration partly with a phar-
maceutical company. Together with generation of
novel diagnostic and therapeutic approaches, molec-
ular features of SCLC and its four subgroups express-
ing Ascll, NeuroD1, POU2F3 and YAP1, were investi-
gated with others (2,3).

3. Analyses of genomic and epigenomic altera-
tions of human lung, head and neck and other
cancers.

Ken Akashi, Yoshiaki Kanamoto, Atsushi Takano,
Ayaka Sato, Takeshi Ito and Yoshinori Murakami:

To unveil additional molecular mechanisms un-
derlying multistage carcinogenesis, genomic, epig-
enomic, and transcriptional alterations in key mole-
cules in human tumorigenesis were examined in
various cancers. We examined the clinical significance
of circulating tumor DNA from Human Papilloma Vi-
rus (HPV)-derived sequences in human papillomavi-
rus-related pl6-positive oropharyngeal cancer as a

biomarker. We assessed 25 patients with p16-positive
oropharyngeal cancer. The ctDNA was extracted
from the plasma and analyzed using digital polymer-
ase chain reaction. HPV-derived ctDNA was detected
in 14 (56%) of the 25 patients. In all patients, the sam-
ples were found to be ctDNA-negative after initial
treatment. Cancer recurrence was observed in 2 of the
14 patients, and HPV-derived ctDNA was detected in
their blood at the time of recurrence. Our results indi-
cate that HPV-derived ctDNA is a prospective bio-
marker for predicting the recurrence of pl6-positive
oropharyngeal cancer (4). Possible in involvement of
Vitamin D in colon cancer and additional potential
biomarkers were also investigated in collaboration
with others (5, 16, 17).

4. Genomic-epidemiological studies of human
cancers and various diseases and phenotypes
using the materials and information of Biobank
Japan and a population-based cohort in Ja-
pan.

Takayuki Morisaki, Yoshinori Murakami, Masaru
Koido?, Yoichiro Kamatani® and Koichi Matsuda®;
3Laboratory of Complex Trait Genomics and ‘Labo-
ratory of Clinical Genome Sequencing, Graduate
School of Frontier Sciences, The University of Tokyo

To unveil genomic and environmental factors and
their interaction involved in human cancer, large
numbers of patients suffered from gastric (6), biliary
tract (7), urinary tract urothelial cancer (8), breast and
ovarian cancer (9) or lymphoma (10), as well as can-
cer-free controls within the same cohorts, were ana-
lyzed for DNA sequencing at the specific loci of he-
reditary cancer genes and prevalence and
characterization of germline mutations in cancer pa-
tients and control populations were determined in
collaboration with Dr. Yukihide Momozawa’s group
in Riken, Center for Integrative Medical Sciences. In
gastric cancer, this collaborative study identified that
Helicobacter pylori infection modifies gastric cancer
risk associated with germline pathogenic variants in
homologous recombination pathway genes, provid-
ing a typical example of genomic and environmental
interaction in specific cancer (6).

Furthermore, to understand the mechanisms of
complex diseases and various specific human pheno-
types, we carried out genome-wide association stud-
ies (GWAS) and their downstream analysis for sur-
vival time of individuals (11), retinal and renal
complications of type 2 diabetes (12) and atrial fibril-
lation (13). To promote genetic studies for preventing
and treating cancer and complex diseases in academ-
ia and company worldwide, we released genotyping
data and serum metabolome data of patients from
BioBank Japan.

For single gene disorders, patients and family
members with genetic vascular diseases, including
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Loeys-Dietz syndrome (14) and Ehlers-Danlos syn-
drome (15) were diagnosed by taking their history,
physical examination, imaging including echo-cardi-
ography and genetic examination, though some pa-

tients were not clarified regarding their pathogenic
genes. Study to identify novel pathogenic genes for
genetic vascular diseases was being performed.
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The major interest of this division is in molecular signals that regulate a variety of
cellular activities. Our aim is to address how dysregulated cellular signals give rise
to neoplastic, immune, neural, metabolic, or developmental disorders. Our goal is
to understand the molecular bases of tumorigenesis and the development of other
intractable diseases as a path toward uncovering therapeutic targets. Currently, we
are investigating regulatory mechanisms in protein-tyrosine kinase (PTK)-mediated
signaling pathways, their pathophysiological roles and the potential for therapeutic

1. Activation of the receptor tyrosine kinase
MuSK by the cytoplasmic protein Dok-7 in neu-
romuscular synaptogenesis.

Eguchi, T., Tokuoka, T., Zhong, Z., Yoda, M.,
Hwang, J., Ueta, R., Tezuka, T.', Weatherbee, SD.?,
Watanabe, Y., Sagara, H.3, Nagatoishi, S.}, Tsumo-
to, K., and Yamanashi, Y.: ! Present affiliation:
Center for the Promotion of Interdisciplinary Edu-
cation and Research, Kyoto University. *Depart-
ment of Genetics, Yale University. *Medical Pro-
teomics Laboratory, IMSUT.

Protein-tyrosine kinases (PTKSs) play crucial roles
in a variety of signaling pathways that regulate prolif-
eration, differentiation, motility, and other activities
of cells. Therefore, dysregulated PTK signals give rise
to a wide range of diseases such as neoplastic disor-
ders. To understand the molecular bases of PTK-me-
diated signaling pathways, we identified Dok-1 as a
common substrate of many PTKs in 1997. Since then,
the Dok-family has been expanded to seven mem-
bers, Dok-1 to Dok-7, which share structural similari-
ties characterized by N-terminal pleckstrin homology
(PH) and phosphotyrosine binding (PTB) domains,

followed by Src homology 2 (SH2) target motifs in the
C-terminal moiety, suggesting an adaptor function.
Indeed, as described below, Dok-1 and Dok-2 recruit
p120 rasGAP upon tyrosine phosphorylation to sup-
press Ras-Erk signaling. However, we found that
Dok-7 acts as an essential cytoplasmic activator of the
muscle-specific receptor tyrosine kinase (RTK) MuSK
in the formation and maintenance of the neuromus-
cular junction (NM]J), providing a new insight into
RTK-mediated signaling. It seems possible that local
levels of cytoplasmic activators, like Dok-7, control
the activity of RTKs in concert with their extracellular
ligands.

The NM]J is a synapse between a motor neuron
and skeletal muscle, where the motor nerve terminal
is apposed to the endplate (the region of synaptic spe-
cialization on the muscle). The contraction of skeletal
muscle is controlled by the neurotransmitter acetyl-
choline (ACh), which is released from the presynaptic
motor nerve terminal. To achieve efficient neuromus-
cular transmission, acetylcholine receptors (AChRs)
must be densely clustered on the postsynaptic muscle
membrane of the NM]J. Failure of AChR clustering is
associated with disorders of neuromuscular transmis-
sion such as congenital myasthenic syndromes (CMS)
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and myasthenia gravis (MG), which are characterized
by fatigable muscle weakness. The formation of NMJs
is orchestrated by MuSK and by neural agrin, an ex-
tracellular activator of MuSK. However, experimen-
tally when motor nerves are ablated, AChRs form
clusters in the correct, central region of muscle during
embryogenesis in a MuSK-dependent process known
as prepatterning of the receptors. In addition, in vivo
overexpression of MuSK causes neuromuscular syn-
apse formation in the absence of agrin, suggesting
that muscle-intrinsic, cell-autonomous activation of
MuSK may be adequate to trigger presynaptic and
postsynaptic differentiation in vivo. However, the
mechanisms by which MuSK is activated inde-
pendently of nerve and agrin had long been unclear.
Because both MuSK and the adaptor-like cyto-
plasmic protein Dok-7 are localized to the postsynap-
tic region of NMJs, we examined their interaction and
found that Dok-7 is an essential cytoplasmic activator
of MuSK. In addition, we found that Dok-7 directly
interacts with the cytoplasmic portion of MuSK and
activates the RTK, and that neural agrin requires Dok-
7 in order to activate MuSK. Indeed, in vivo overex-
pression of Dok-7 increased MuSK activation and
promoted NM]J formation. Conversely, mice lacking
Dok-7 formed neither NM]Js nor AChR clusters. In ad-
dition, we found that postnatal knockdown of dok-7
gene expression in mice causes structural defects in
NM]Js and myasthenic pathology, suggesting an es-
sential role for Dok-7 not only in the embryonic for-
mation but also in the postnatal maintenance of NM]Js.
Furthermore, we found that forced expression of
Dok-7 lacking the C-terminal region rescued Dok-7
knockout mice from neonatal lethality caused by the
lack of NMJs, indicating restored MuSK activation
and NM]J formation. However, these mice showed
only marginal activation of MuSK and died by 3
weeks of age apparently due to an abnormally small
number and size of NM]Js. Therefore, Dok-7’s C-ter-
minal region plays a key, but not fully essential, role
in MuSK activation and NMJ formation.
Interestingly, mice lacking Lrp4, which forms a
complex with MuSK and acts as an essential
agrin-binding module, do not show MuSK-depend-
ent AChR prepatterning or NM]J formation. This sug-
gests that Lrp4 is required for MuSK activation under
physiological conditions, in contrast to our observa-
tion that Dok-7 can activate MuSK in the absence of
Lrp4 or its ligand agrin, at least in vitro. Thus, we ex-
amined the effects of forced expression of Dok-7 in
skeletal muscle on NM]J formation in the absence of
Lrp4 and found that it indeed induces MuSK activa-
tion in mice lacking Lrp4. However, the activation
level of MuSK was significantly lower in the absence
than in the presence of Lrp4. Together, these data in-
dicate that Lrp4 is required for efficient activation of
MuSK by Dok-7 in the muscle. Since Lrp4 is also es-
sential for presynaptic differentiation of motor nerve
terminals in the embryonic NMJ formation (Nature

489:438-442, 2012), this apparent cooperation between
Lrp4 and Dok-7 in MuSK activation may be compli-
cated.

The NM]Js are cholinergic synapses characterized
by ultrastructural specializations, including the pre-
synaptic active zones, the acetylcholine (ACh) release
sites of the motor nerve terminal, and the postsynap-
tic junctional folds of muscle membrane, where ACh
receptors (AChRs) cluster in the nearby areas of ac-
tive zones for efficient neuromuscular transmission.
Interestingly, overexpression of Dok-7 in skeletal
muscle abnormally activates MuSK, leading to the
formation of abnormally large NM]Js in mice. Howev-
er, these mice with abnormally large NMJs show no
obvious motor dysfunction. Recently, we have found
that Dok-7 overexpression enhances NMJ transmis-
sion less markedly than NM]J size. Consistent with
this, ultrastructural analyses revealed that the densi-
ties of active zones and synaptic vesicles in the pre-
synaptic motor nerve terminals were reduced. In ad-
dition, the density and size of postsynaptic junctional
folds in the muscle membrane were also reduced.
Moreover, terminal Schwann cells (tSCs) exhibits sig-
nificantly greater penetration of their processes into
the synaptic clefts, which connect the pre- and
post-synaptic specializations. Together, our findings
demonstrate that forced expression of Dok-7 in mus-
cle enhances neuromuscular transmission with signif-
icant enlargement and ultrastructural alterations of
NMJs, providing implications in robustness of neuro-
muscular transmission. We are investigating Dok-7
-mediated signaling, including downstream effectors,
in regulating formation, maintenance and function of
NM]Js to develop mechanism-based therapies for
NM]J disorders.

2. Agrin’s role aside from MuSK activation in the
postnatal maintenance of NMJs.

Eguchi, T., Tezuka, T., Mao, Y., Fan, W., Ochiai, C.,
Burgess, RW.!, Ueta, R., and Yamanashi, Y.: 'The
Jackson Laboratory.

Although NM] formation requires agrin under
physiological conditions, it is dispensable for NMJ
formation experimentally in the absence of the neuro-
transmitter acetylcholine, which inhibits postsynaptic
specialization. Thus, it was hypothesized that MuSK
needs agrin together with Lrp4 and Dok-7 to achieve
sufficient activation to surmount inhibition by acetyl-
choline. To test this hypothesis, we examined the ef-
fects of forced expression of Dok-7 in skeletal muscle
on NMJ formation in the absence of agrin and found
that it indeed restores NM]J formation in agrin-defi-
cient embryos. However, these NMJs rapidly disap-
peared after birth, whereas exogenous Dok-7-mediat-
ed MuSK activation was maintained. These findings
indicate that the MuSK activator agrin plays another
role essential for the postnatal maintenance, but not
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for embryonic formation, of NM]Js. Because patho-
genic mutations of agrin in patients with congenital
myasthenic syndromes (see below) did not show im-
paired ability to activate MuSK at least in vitro (Am. |.
Hum. Genet., 85:155-167, 2009; JCI Insight, 5:€132023,
2020), the novel role of agrin may be relevant to path-
ogenicity of the mutations. We are investigating mo-
lecular mechanisms underlying the agrin-mediated
postnatal maintenance of NM]Js by utilizing mice ex-
pressing various forms of agrin mutants, including
those related to congenital myasthenic syndromes
(see below).

3. Pathophysiological
DOK7 myasthenia.

mechanisms underlying

Eguchi, T., Tezuka, T., Ueta, R., Fukudome, T.!,
Watanabe, Y., Sagara, H., Motomura, M.%, Beeson,
DMW.3, and Yamanashi, Y.: 'Department of Neurol-
ogy, Nagasaki Kawatana Medical Center. *Depart-
ment of Engineering, Faculty of Engineering, Naga-
saki Institute of Applied Science. 3Weatherall
Institute of Molecular Medicine, University of Ox-
ford.

As mentioned above, impaired clustering of
AChRs could underlie NM] disorders, be they auto-
immune (myasthenia gravis) or genetic (congenital
myasthenic syndromes (CMSs)) in origin. Therefore,
our findings that Dok-7 activates MuSK to cluster
AChRs and to form NM]Js suggested DOK7 as a can-
didate gene for mutations associated with CMS. In-
deed, we demonstrated that biallelic mutations in
DOK? underlie a major subgroup of CMS with pre-
dominantly proximal muscle weakness that did not
show tubular aggregates on muscle biopsy but were
found to have normal AChR function despite abnor-
mally small and simplified NMJs. We further demon-
strated that several mutations, including one associat-
ed with the majority of patients with the disease,
impaired Dok-7’s ability to activate MuSK. This new
disease entity is termed “DOK7 myasthenia.”

To investigate pathophysiological mechanisms
underlying DOK7 myasthenia, we established knock-
in mice (Dok-7 KI mice) that have a mutation associat-
ed with the majority of patients with DOK7 myasthe-
nia. As expected, Dok-7 KI mice showed characteristic
features of severe muscle weakness and died between
postnatal day 13 and 20. Furthermore, they showed
abnormally small NM]Js lacking postsynaptic folding,
a pathological feature seen in patients with DOK7
myasthenia. Consistent with this, Dok-7 KI mice ex-
hibited decreased MuSK activity in skeletal muscle,
indicating that the Dok-7 KI mice develop defects
similar to those found in patients with DOK7 myas-
thenia, although the mice exhibit a more severe phe-
notype. In collaboration with Prof. David Beeson’s
group, we examined NM] formation, maintenance
and functions in the Dok-7 KI mice in the absence or

presence of salbutamol, a [2-adrenergic agonist,
which is an effective treatment for DOK7 myasthenia.
This study revealed that salbutamol can increase NMJ
number and enhance its function together with
lifespan in Dok-7 KI mice, suggesting a similar mode
of action in patients. We are investigating molecular
pathways underlying NM]J defects and muscle weak-
ness in Dok-7 KI mice to develop mechanism-based
therapeutic approaches against DOK7 myasthenia.

4. DOKT7 gene therapy that enlarges and regener-
ates NMJs.

Eguchi, T., Ueta, R., Sugita, S.!, Minegishi, Y.!,
Motomura, M., Beeson, DMW., Shimotoyodome, A. !,
Ota, N. !, Ogiso, N. 2, Takeda, S.3, Okada, T.%, and
Yamanashi, Y.: 'Biological Science Research, Kao
Corporation. ’Laboratory of Experimental Animals,
National Center for Geriatrics and Gerontology.
*Department of Molecular Therapy, National Insti-
tute of Neuroscience. ‘Division of Molecular and
Medical Genetics, Center for Gene and Cell Thera-
py, IMSUT

As mentioned above, DOK7 myasthenia is associ-
ated with impaired NM]J formation due to decreased
ability of Dok-7 to activate MuSK in myotubes at least
in part. Interestingly, in vivo overexpression of Dok-7
increased MuSK activation and promoted NM] for-
mation in the correct, central region of the skeletal
muscle. Because these genetically manipulated mice
did not show obvious defects in motor activity, over-
expression of Dok-7 in the skeletal muscle of patients
with DOK7 myasthenia might ameliorate NM]J forma-
tion and muscle weakness. To test this possibility, we
generated an Adeno-associated virus-based vector
(AAV-D7), which strongly expressed human Dok-7 in
myotubes and enhanced MuSK activation and AChR
cluster formation. Indeed, therapeutic administration
of AAV-D7 to Dok-7 KI mice described above resulted
in enlargement of NMJs and substantial increases in
muscle strength and life span. Furthermore, when ap-
plied to model mice of another neuromuscular disor-
der, autosomal dominant Emery-Dreifuss muscular
dystrophy, therapeutic administration of AAV-D7
(DOK? gene therapy) likewise resulted in enlarge-
ment of NMJs as well as positive effects on motor ac-
tivity and life span. Interestingly, DOK7 gene therapy
suppressed denervation (nerve detachment) at NMJs,
and enhanced motor activity and life span in a mouse
model of familial amyotrophic lateral sclerosis (ALS),
a progressive, multifactorial motor neurodegenera-
tive disease with severe muscle atrophy. These results
suggest potential for DOK7 gene therapy in age-relat-
ed decline in motor function, where NM]J denervation
appears to play a crucial role similar to that observed
in ALS model mice. Indeed, we have recently found
that DOK7 gene therapy significantly enhances motor
function and muscle strength together with NM]J rein-
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nervation in aged mice. We are further investigating
the effects, including ultrastructural and electrophys-
iological ones, of AAV-D7 administration in multiple
types of muscle weakness, including age-related one.

5. Potential of CaMKIIB as a novel therapeutic tar-
get for enhancing muscle mass and strength.

Eguchi, T., Fan, W., and Yamanashi, Y.

Ca?/calmodulin-dependent kinase II (CaMKII) is
a family of protein serine/threonine kinases known to
be an effector of Ca* signaling. We recently demon-
strated that forced expression of inactive form (K43M)
or constitutively active form (T287D) of CaMKIIf3, an
isoform of CaMKII, by AAV (adeno-associated virus)
enhanced or reduced muscle mass and strength, re-
spectively, demonstrating the potential of CaMKIIf3
as a novel therapeutic target to counteract skeletal
muscle atrophy. We are currently investigating the ef-
fects of AAV-CaMKIIfB-K43M administration in mul-
tiple types of muscle atrophy.

6. Roles of Dok-1 to Dok-6.

Inoue-Yamauchi, A., Wu, W., Sato, T., Jozawa, H.,
Kanno, T., Arimura, S.!, and Yamanashi, Y.: 'Pres-
ent affiliation: Department of Medicine Section of
Gastroenterology and Hepatology, Baylor College of
Medicine.

Dok-family proteins can be classified into three
subgroups based on their structural similarities and
expression patterns; namely, 1) Dok-1, -2, and -3,
which are preferentially expressed in hematopoietic
cells, 2) Dok-4, -5, and -6, which are preferentially ex-
pressed in non-hematopoietic cells, and 3) Dok-7,
which is preferentially expressed in muscle cells. As
mentioned above, Dok-1 and its closest paralog, Dok-
2, recruit p120 rasGAP upon tyrosine phosphoryla-
tion to suppress Ras-Erk signaling. Although Dok-3
does not bind with p120 rasGAP, it also inhibits Ras-
Erk signaling. Consistently, we demonstrated that
Dok-1, Dok-2 and Dok-3 are key negative regulators
of hematopoietic growth and survival signaling. For
example, Dok-1, Dok-2, and Dok-3 cooperatively in-
hibit macrophage proliferation and Dok-17Dok-2"
Dok-3"- mice develop histiocytic sarcoma, an aggres-
sive malignancy of macrophages. Also, we found that
Dok-1 and Dok-2 negatively regulate intestinal in-
flammation in the dextran sulfate sodium-induced
colitis model, apparently through the induction of IL-
17A and IL-22 expression. However, we found that
Dok-1/-2 and Dok-3 play distinctive roles in cell fu-
sion and proliferation during osteoclastogenesis and
cooperatively protect mice from osteopenia. Addi-
tionally, we recently demonstrated that Dok-1/-2 and
Dok-3 play distinctive roles in intestinal tumor
growth and malignant progression. Interestingly,

Dok-3 deficiency in non-tumor cells induces malig-
nant conversion of benign tumors without intensify-
ing mutagenesis in tumors, providing a new insight
into the regulation of tumor malignant progression.
We are currently investigating molecular mechanisms
underlying the Dok-3-mediated suppression of ma-
lignant progression of intestinal tumors, which may
lead to developing new therapeutic approaches
against non-tumor cell-driven malignant progression.
Also, we are investigating physiological and patho-
logical roles of Dok-1 to Dok-6, including those in,
tumor malignancy, inflammatory disorders and tis-
sue injury.

7. Roles of C/EBPS.

Inoue-Yamauchi, A., Wu, W., Jozawa, H., and
Yamanashi, Y.

The CCAT/enhancer-binding protein delta (C/
EBP9), a basic leucine zipper transcription factor, reg-
ulates many biological processes such as inflamma-
tion, cell proliferation, differentiation and genomic
stability. We previously demonstrated that C/EBPo
plays an essential role in suppressing dextran sulfate
sodium-induced colitis, likely by attenuating intesti-
nal epithelial cell apoptosis. We are further investigat-
ing pathological roles of C/EBPd and its homologue
C/EBPp in inflammatory diseases, including studies
with cell type-specific gene manipulation.

8. Omic analyses.

Eguchi, T., Jozawa, H., Fan, W., Tokuoka, Y., Yoda,
M., Wu, W., Ueta, R., Iemura, S.!,; Natsume, T.%,
Kozuka-Hata, H.3, Oyama, M.}, and Yamanashi, Y.:
'Translational Research Center, Fukushima Medi-
cal University. 2National Institute of Advanced Sci-
ence and Technology, Molecular Profiling Research
Center for Drug Discovery. *Medical Proteomics
Laboratory, IMSUT.

To gain insights into signaling mechanisms under-
lying a variety of physiological and pathophysiological
events, including NM]J formation, muscle atrophy,
neurodegeneration, inflammation, tumorigenesis, and
tumor metastasis, we have performed proteomic and
transcriptomic analyses. We are investigating the
roles of candidate proteins and genes that appear to
be involved in each of these biological events. For in-
stance, we performed transcriptomic analyses related
to mucosal inflammation, which suggested the im-
portance of Th-17-related pathways. Thus, we are in-
vestigating how the pathways play roles in mucosal
inflammation by using a mouse model of human coli-
tis. In addition, we have prepared experimental set-
tings for other omic approaches such as metabolomic
analysis.



40

9. Screening of chemical compound and siRNA
libraries.

Inoue-Yamauchi, A., Hwang, J., Eguchi, T., Tsoum-
pra, M., Ueta, R., Nagatoishi, S., Tsumoto, K., and
Yamanashi, Y.

In addition to the omic analyses described above,
we performed high throughput screenings of chemi-
cal compound and siRNA libraries, aiming to inter-
vene in pathogenic signals or to gain insights into sig-

naling mechanisms underlying NMJ formation. We
are investigating in vivo and in vitro effects, includ-
ing therapeutic ones in mouse models of human dis-
eases, of hit compounds or down- or up-regulation of
candidate genes, and continue the ongoing screen-
ings to further collect appropriate hit compounds and
candidate genes that may be involved in the regula-
tion of NM]J formation. We are also investigating tar-
get proteins for the hit compounds to understand
their modes of actions.

Publication

Arimura S, Inoue-Yamauchi A, Katayama K, Kanno T,
Jozawa H, Imoto S, Yamanashi Y. Loss of Dok-3 in
non-tumor cells induces malignant transformation

of benign epithelial tumor cells of the intestine.
Cancer Research Communications, 2:1590-1600, 2022
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There is some evidence supporting the important role of senescent cells in aging
and healthy life span. However, little is known about the molecular basis underlying
aging-related pathologies. Our research is focused on understanding the common
pathologies underlying a variety of aging-related diseases. We are currently
interested in the role of p16-positive senescent cells in the age-dependent decline
of various organ functions and the mechanism of senescent cell accumulation with
aging. Furthermore, we are focusing on the mechanism underlying accumulation of
abnormal proteins as a cause of aging. By understanding the degradation
mechanisms of misfolded proteins, we are promoting research on abnormal cellular
functions caused by the accumulation of protein aggregates, especially in the
pathogenesis of neurodegenerative diseases. We also study the molecular linkage

between DNA methylation and maintenance of genome stability.

1. Blocking PD-L1/PD-1 improves senescence
surveillance and aging phenotypes

Teh-Wei Wang, Sae Aratani, Yoshimi Imawari,
Chieko Konishi, Sayaka Yamane, Yoshie Chiba, Dan
Li, Satoru Meguro, Leung Wingchi, Miho Ishiura,
Harris Alexander Stephen, Satotaka Omori, Liu
Xiangyang, Koji Nishikawa, Satoshi Kawakami,
Yuki Okamura, Yue Zhang, Jiayi Yao, Xinyi Zeng,
Toshiro Migita, Yoichi Furukawa', Seiya Imoto?,
AKkihiko Yoshimura?, Yoshikazu Johmura?*, and Ma-
koto Nakanishi:

'Division of Health Medical Intelligence, Human
Genome Center, Division of Clinical Genome Re-
search, IMSUT. *Department of Microbiology and
Immunology, Keio University School of Medicine.
‘Division of Cancer and Senescence Biology, Cancer
Research Institute, Kanazawa University.

Several lines of evidence suggest that with aging,
senescent cells accumulate in various tissues, leading
to excessive inflammation and, consequently, an im-
balance in tissue homeostasis. A simple explanation

for this accumulation is the age-dependent increase in
senescence-inducing stimuli such as telomere short-
ening and DNA damage. Immune system disorders
may also be involved, as it has recently been reported
that senescent hepatocytes induced by oncogenes and
senescent stellate cells induced by injury are eliminat-
ed by activated T cells and natural killer cells, respec-
tively. However, little is known about exactly how the
immune system monitors cellular senescence during
natural aging. We have shown that senescent cells
heterogeneously express the immune checkpoint PD-
L1 and that PD-L1* senescent cells accumulate with
age in vivo. PD-L1" cells are sensitive to T cell surveil-
lance, whereas PD-L1" cells are resistant even in the
presence of senescence-associated secretory pheno-
types (SASP). Interestingly, single-cell analysis of
pl6* cells in vivo revealed that PD-L1 expression cor-
related with higher levels of SASP. Consistent with
this, administration of PD-1 antibody to naturally ag-
ing mice or NASH-induced mice reduces not only the
total number of p16* cells in vivo but also the PD-L1*
population in an activated CD8" T cell-dependent
manner, ameliorating various aging-related diseases.
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These results suggest that the heterogeneous expres-
sion of PD-L1 plays an important role in the accumu-
lation of senescent cells and inflammation associated
with aging, and the elimination of PD-L1* senescent
cells by immune checkpoint blockade may be a prom-
ising strategy for anti-aging therapy.

2. Loss of LONRF2, a bona fide protein quality
control ubiquitin-ligase, causes late-onset
neurological deficits

Dan Li, Manabu Ozawa', Keiko Nakanishi?, Chieko
Konishi, Sayaka Yamane, Yoshie Chiba, Yoichi Fu-
rukawa’, Kenta Nakai’, Shoichi Shimada®, Yuji
Yamanashi®, Takashi Okada’, Hideyuki Okano?,
Tatsushi Toda®, Yoshikazu Johmura'’, and Makoto
Nakanishi:

'Laboratory of Reproductive Systems Biology, *Di-
vision of Clinical Genome Research, ‘Laboratory of
Functional Analysis in silicoo Human Genome
Center, *Division of Genetics, 'Division of Molecular
and Medical Genetics, Center for Gene and Cell
Therapy, IMSUT. ?Department of Pediatrics, Cen-
tral Hospital, and Department of Perinatology, In-
stitute for Developmental Research, Aichi Human
Service Center. SDepartment of Neuroscience and
Cell Biology, Osaka University Graduate School of
Medicine. *Department of Physiology, Keio Univer-
sity School of Medicine. *Department of Molecular
Neurology, Graduate School of Medicine, University
of Tokyo. ’Division of Cancer and Senescence Biol-
ogy, Cancer Research Institute, Kanazawa Universi-

ty

Many age-related disorders are causally associat-
ed with protein misfolding and certain environmen-
tal stresses may trigger misfolding of mature proteins.
To avoid this, all cells have evolved Protein Quality
Control (PQC) systems such as translational control,
molecular chaperone activity, and proteolytic de-
struction either by the proteasome or via autophagy.
For example, cleaved protein products generated by
stalled ribosomes on defective mRNAs have been
found to be targeted for degradation by molecular
pathways initiated on the ribosome. If the ribosome
cannot reach the correct termination codon, the pro-
tein will inevitably be cleaved and likely defective.
Thus, it may be advantageous for the cell to degrade
such incomplete nascent chains. Protein misfolding is
a major cause of neurodegenerative diseases. Post-mi-
totic neurons are highly susceptible to protein aggre-
gates that are not diluted by mitosis. Therefore,
post-mitotic cells may have a specific protein quality
control (PQC) system. We analyzed cellular senes-
cence as an excellent post-mitotic model and found
that LONRF2 is a bona fide protein quality control
ubiquitin ligase induced in post-mitotic senescent
cells. Under unperturbed conditions, LONREF?2 is pre-
dominantly expressed in neurons. LONREF2 binds

and ubiquitylates abnormally structured TDP-43 and
hnRNP M1 and artificially misfolded proteins. LON-
RF27 mice exhibit age-dependent TDP-43-mediated
motor neuron degeneration and cerebellar ataxia.
Mouse iPS cell-derived motor neurons lacking LON-
RF2 showed reduced survival, shortening of neurites,
and accumulation of pTDP-43 and G3BP1 after long-
term culture. These phenotypes as well as the short-
ening of neurites in human ALS patients-derived mo-
tor neurons are rescued by ectopic expression of
LONREF2. Our findings reveal that LONRF2 is a PQC
ligase whose loss may contribute to motor neuron de-
generation and motor deficits.

3. The termination of UHRF1-dependent PAF15
ubiquitin signaling is regulated by USP7 and
ATAD5

Ryota Miyashita, Atsuya Nishiyama, Chieko Koni-
shi, Yoshie Chiba, Soichiro Kumamoto, Tomomi Na-
gatani, Hiroko Kozuka-Hata!, Masaaki Oyama!,
and Makoto Nakanishi:

! Medical Proteomics Laboratory, IMSUT

DNA methylation at CpG dinucleotide is an epi-
genetic modification that regulates various biological
processes, including gene silencing, genome stability,
cellular development, and differentiation. DNA
methylation is stably maintained during cell prolifer-
ation. DNA methyltransferase 1 (DNMT1) plays a key
role in the maintenance of DNA methylation by cata-
lyzing the conversion of hemi-methylated DNA to a
fully methylated state. In addition, recent studies
have also suggested the potential de novo function of
DNMT1. UHRFI-dependent ubiquitin signaling
plays an integral role in the regulation of maintenance
DNA methylation. UHRF1 catalyzes transient dual
mono-ubiquitylation of PAF15 (PAF15Ub2), which
regulates the localization and activation of DNMT1 at
DNA methylation sites during DNA replication. Al-
though the initiation of UHRF1-mediated PAF15
ubiquitin signaling has been relatively well character-
ized, mechanisms underlying its termination and
how they are coordinated with the completion of
maintenance DNA methylation have not yet been
clarified. To address this issue, we set out to study the
molecular mechanism of PAF15 chromatin unloading
to understand how the termination of maintenance
DNA methylation is regulated. Using a cell-free sys-
tem derived from Xenopus egg extracts that recapitu-
late the processes of maintenance DNA methylation,
we demonstrated that the unloading of PAF15Ub2 is
regulated by two regulatory mechanisms, namely
USP7-dependent deubiquitylation and unloading of
PAF15 by ATPase family AAA domain-containing
protein 5 (ATADS5). We also found that PAF15 unload-
ing is tightly coordinated with the completion of
maintenance DNA methylation and requires the re-
lease of UHRF1 from chromatin. Finally, co-depletion
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of USP7 and ATADS from egg extracts results in an
elevated global DNA methylation. We propose that

timely inactivation of PAF15 is critical for the faithful
inheritance of DNA methylation patterns.
Publications

1. Wang, T-W.,, Johmura, Y., Suzuki, N., Omori, S., shi, M., Defossez, P-A., and Arita, K. Structural

Migita, T. Yamaguchi, K., Hatakeyama, S.,
Yamazaki, S., Shimizu, E., Imoto, S., Furukawa, Y.,
Yoshimura, A., and Nakanishi, M. Blocking PD-
L1-PD-1 improves senescence surveillance and
ageing phenotypes. Nature. 611: 358-364, 2022.

. Reyes, N.S,, Krasilnikov, M., Allen, N.C,, Lee, ].Y.,
Hyams, B., Zhou, M., Ravishankar, S., Cassandras,
M., Wang, C., Khan, 1., Matatia, P., Johmura, Y.,
Molofsky, A., Matthay, M., Nakanishi, M., Shep-
pard, D., Campisi, J., and Peng, T. Sentinel p16™&4=
cells in the basement membrane form a reparative
niche in the lung. Science. 378: 192-201, 2022.

. Kikuchi, A., Onoda, H., Yamaguchi, K., Kori, S.,
Matsuzawa, S., Chiba, S., Tanimoto, S., Yoshimi,
S., Sato, H., Yamagata, A., Shirouzu, M., Adachi,
N., Sharif, J., Koseki, H., Nishiyama, A., Nakani-

basis for activation of DNMT1. Nature Commun.
13: 7130, 2022.

. Hata, K., Kobayashi, N., Sugimura, K., Qin, W,

Haxholli, D., Chiba, S., Yoshimi, S., Hayashi, G.,
Onoda, H., Ikegami, T., Mulholland, C.B., Nishi-
yama, A., Nakanishi, M., Leonhardt, H., Konuma
T., and Arita, K. Structural basis for the unique
multifaceted interaction of DPPA3 with the
UHRF1 PHD finger. Nucleic Acids Res. 50: 12527-
12542, 2022.

. Baba, Y., Kosaka, T., Kobayashi, H., Nakamura, K.,

Mikami, S., Nishihara, H., Nakanishi, M., and
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32, 2022.
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diseases.

Stem cell systems play fundamental roles in sustaining tissue turnover and
homeostasis. Our goal is to understand the mechanisms of tissue homeostasis in
mammals and to apply that knowledge to better understand the mechanisms
underlying tissue/organ aging, cancer development and other relevant diseases
associated with aging. We further aim to apply this knowledge to drug discovery,
regenerative medicine and the prevention and treatment of age-associated

1. DNA damage that causes hair graying in mice

Mohri Y, Nishimura EK, Hayano M'?, Yang JH',
Oberdoerffer P!, Sinclair DA'.

'Department of Genetics, Blavatnik Institute, Paul
F. Glenn Center for Biology of Aging Research, Har-
vard Medical School, Boston, MA, USA; *Depart-
ment of Neuropsychiatry, Keio University School of
Medicine, Shinjuku-ku, Tokyo, Japan

All living things experience an increase in entro-
py, manifested as a loss of genetic and epigenetic in-
formation. In yeast, epigenetic information is lost
over time due to the relocalization of chromatin-mod-
ifying proteins to DNA breaks, causing cells to lose
their identity, a hallmark of yeast aging. Using a DNA
damage inducing model named “ICE”, we found that
the induction of DNA double strand breaks (DSBs)
with faithful DNA repair advances the expression of
aging phenotypes with epigenetic changes. To study
the fate and dynamics of DNA-damaged stem cells in
tissues and the resultant impact in the expression of
aging phenotypes, we studied the fate of melanocyte
stem cells which acquired DNA DSBs and demon-

strated that those cells disappear from the niche,
causing the loss of mature melanocytes for hair pig-
mentation. This is consistent with our previous report
in which we demonstrated that genotoxic stress abro-
gates renewal of melanocyte stem cells by triggering
their ectopic differentiation (Inomata K et al. Cell,
2009). The aberrant differentiation and the resultant
loss of the cell lineage in tissues may partially explain
the age-associated loss of lineage-specific epigenetic
information in ICE mice. We are currently testing
whether the selective induction of DNA double strand
breaks in melanocyte stem cells similarly causes hair

graying.

2. Fate tracing of DNA-damaged hair follicle stem
cells and their seno-differentiation clearance
out of the niche

Miranda-Salmeron M, Matsumura H, Muroyama
Y, Kato T, Higa M, Tan L, Kawamura Y, Nanba D,
Mohri Y, and Nishimura EK.

Hair follicles, mammalian mini-organs that grow
hair, miniaturize during aging, leading to hair thin-
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ning and loss. In the event of severe genotoxicity such
as DNA double-strand breaks (DSBs), stem cells are
largely believed to choose between cell death (apop-
tosis) or irreversible cell cycle arrest (senescence) to
prevent further damage to neighboring healthy cells
and tissues. Accumulation of these senescent cells
across organs has been implicated in disease and ag-
ing-related morbidities such as cancer. However, the
exact fate and dynamics of sublethally damaged cells
in tissues during aging/chemotherapy - and the de-
velopment of alopecia - and where exactly senescent
cells exist in tissues are still largely unknown because
of the lack of any single perfect marker of senescent
cells. Previous work from our group demonstrated
that various stem cells in the skin will aberrantly com-
mit to differentiation in response to DNA damage by
abrogating their self-renewal capabilities to discard
unfit/stressed/aged stem cells. We are testing the
unique hypothesis that the tissue youth is achieved
through rapid, dynamic clearance of DNA-damaged
cells out of the epithelia as a robust genomic quality
control mechanism. We are evaluating a combination
of recently devised mouse lines that can induce DSBs
in a small number of stem cells to visualize and trace
the exact fate, senescent state, and dynamics of those
individual cells in epithelial tissue such as the hair
follicle. Upon hair follicle stem cell (HFSC) activation,
DNA-damaged cells were observed at the epidermal
level, hinting to their transdermal exit out of the niche.
Remarkably, while DNA damaged HFSCs exhibited
gH2AX foci, SAB-galactosidase activity was not sig-
nificantly increased in such cells. We are in the pro-
cess of characterizing the identity of those DNA-dam-
aged HFSCs and their fate switching in the HFSC
niche that leads to hair follicle miniaturization and
hair loss. Taken together, our findings demonstrate a
tissue-autonomous mechanism within the hair follicle
niche that can effectively discard DNA-damaged
cells.

3. Dynamic stem cell selection safeguards the
genomic integrity of the epidermis

Kato T, Liu N, Morinaga H, Asakawa K, Muraguchi
T, Muroyama Y, Shimokawa M, Matsumura H,
Nishimori Y, Tan LJ, Hayano M"*% Sinclair DA'4,
Mohri Y, Nishimura EK. ; 'Department of Genetics,
Blavatnik Institute, Paul F. Glenn Center for Biolo-
gy of Aging Research, Harvard Medical School,
Boston, MA, USA; *Department of Neuropsychia-
try, Keio University School of Medicine, Shinju-
ku-ku, Tokyo, Japan; 3Faculty of Science and Tech-
nology, Keio University, Yokohama, Japan; “Labo-
ratory for Ageing Research, Department of Phar-
macology, School of Medical Sciences, The Universi-
ty of New South Wales, Sydney, New South Wales,
Australia

Maintaining genomic integrity and stability is cru-

cial for life; yet, no tissue-driven mechanism that ro-
bustly safeguards the epithelial genome has been dis-
covered. Epidermal stem cells (EpiSCs) continuously
replenish the stratified layers of keratinocytes that
protect organisms against various environmental
stresses. To study the dynamics of DNA-damaged
cells in tissues, we devised an in vivo fate tracing sys-
tem for EpiSCs with DNA double-strand breaks
(DSBs) and demonstrated that those cells exit from
their niches. Gene expression profiling of EpiSCs with
DSBs reveals that DNA damage response (DDR)-p53-
Notch/p21 axis is specifically induced in EpiSCs with
DSBs. Stem cell fate analysis showed that the clear-
ance of EpiSCs with DSBs is caused by selective dif-
ferentiation and delamination through the DNA
damage response (DDR)-p53-Notch/p21 axis, with
the downregulation of ITGB1. Moreover, concomitant
enhancement of symmetric cell divisions of surround-
ing stem cells indicates that the selective elimination
of cells with DSBs is coupled with the augmented
clonal expansion of intact stem cells. These data col-
lectively demonstrate that tissue autonomy through
the dynamic coupling of cell-autonomous and
non-cell-autonomous  mechanisms  coordinately
maintains the genomic quality of the epidermis.

4. Early differential diagnosis of acral melano-
mas from nevi.

Eshiba S, Namiki T', Mohri Y, Aida T??, Serizawa
N4, Shibata T, Morinaga H, Nanba D, Hiraoka Y3,
Tanaka K2, Miura K¢ Tanaka M’, Uhara H?, Yokoze-
ki H', Saida T°, Nishimura EK; 'Department of Der-
matology, Tokyo Medical and Dental University
Graduate School and Faculty of Medicine,Tokyo,
Japan; ’Department of Molecular Neuroscience,
Medical Research Institute, Tokyo Medical and
Dental University, Tokyo, Japan; *Laboratory of
Genome Editing for Biomedical Research, Medical
Research Institute, Tokyo Medical and Dental Uni-
versity, Tokyo, Japan; ‘Department of Stem Cell Bi-
ology, Medical Research Institute, Tokyo Medical
and Dental University, Tokyo, Japan; *Medical Cor-
poration Shibata Dermatology Clinic, Osaka, Ja-
pan; ‘Department of Pathology, Tokyo Medical and
Dental University Graduate School and Faculty of
Medicine, Tokyo, Japan; "Department of Dermatol-
ogy, Tokyo Women’s Medical University Medical
Center East, Tokyo, Japan; *Department of Derma-
tology, Sapporo Medical University School of Medi-
cine, Hokkaido, Japan; °Shinshu University, Saita-
ma, Japan

Early differential diagnosis between malignant
and benign tumors and their underlying intrinsic dif-
ferences are the most critical issues for life-threaten-
ing cancers. To study whether human acral melano-
mas, deadly cancers that occur on non-hair-bearing
skin, have distinct origins that underlie their invasive



46

capability, we develop fate-tracing technologies of
melanocyte stem cells in sweat glands (glandular
McSCs) and in melanoma models in mice and com-
pare the cellular dynamics with human melanoma.
Herein, we report that glan-dular McSCs self-renew
to expand their migratory progeny in response to
genotoxic stress and trauma to generate invasive mel-
anomas in mice that mimic human acral melanomas.
The analysis of melanocytic lesions in human volar

skin reveals that genetically unstable McSCs expand
in sweat glands and in the surrounding epidermis in
melanomas but not in nevi. The detection of such cell
spreading dynamics provides an innovative method
for an early differential diagnosis of acral melanomas
from nevi. We are currently increasing the number of
cases to further evaluate the accuracy and efficiency
of method.

Publications

1. Yang JH, Hayano M, Griffin PT, Amorim JA, Bon-
kowski MS, Apostolides JK, Salfati EL, Blanchette
M, Munding EM, Bhakta M, Chew YC, Guo W,
Yang X, Maybury-Lewis S, Tian X, Ross JM, Cop-
potelli G, Meer MV, Rogers-Hammond R, Vera
DL, Lu YR, Pippin JW, Creswell ML, Dou Z, Xu C,
Mitchell SJ, Das A, O’Connell BL, Thakur S, Kane
AE, Su Q, Mohri Y, Nishimura EK, Schaevitz L,
Garg N, Balta AM, Rego MA, Gregory-Ksander M,
Jakobs TC, Zhong L, Wakimoto H, El Andari J,
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ning AR, Rajman LA, Sinclair DA. Loss of epige-
netic information as a cause of mammalian aging.
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selection safeguards the genomic integrity of the
epidermis. Dev Cell. 56: 3309-3320, 2021
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ing dynamics intrinsically differentiate acral mela-
nomas from nevi. Cell Rep. 36(5):109492, 2021
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model animals.

Our major research interest is the molecular mechanisms of higher brain functions
in mammals such as emotion and memory. We are especially focusing on the roles
of functional molecules localized in synapses, for instance, neurotransmitter
receptors, signal transduction molecules and adhesion molecules, in neuronal
information processing. We are examining receptor functions, synaptic transmission
and plasticity, and their roles in the whole animal with electrophysiological,
biochemical, molecular genetic and behavioral approaches. We are also trying to
elucidate fundamental aspects of psychiatrical and neurological disorders using

1. Gastrin-releasing peptide regulates fear learn-
ing under stressed conditions via activation of
the amygdalostriatal transition area

Goto, F., Kiyama, Y., Ogawa, 1., Okuno, H.!, Bito,
H.%, Yoshida, N.* and Manabe, T.: 'Department of
Biochemistry and Molecular Biology, Graduate
School of Medical and Dental Sciences, Kagoshima
University, Kagoshima, Japan, Department of Neu-
rochemistry, Graduate School of Medicine, Univer-
sity of Tokyo, Tokyo, Japan, *Laboratory of Devel-
opmental Genetics, Center for Experimental
Medicine and System Biology, Institute of Medical
Science, University of Tokyo, Tokyo, Japan

The amygdala, a critical brain region responsible
for emotional behavior, is crucially involved in the
regulation of the effects of stress on emotional behav-
ior. In the mammalian forebrain, gastrin-releasing
peptide (GRP), a 27-amino-acid mammalian neuro-
peptide, which is a homolog of the 14-amino-acid am-
idated amphibian peptide bombesin, is highly ex-
pressed in the amygdala. The levels of GRP are
markedly increased in the amygdala after acute stress;
therefore, it is known as a stress-activated modulator.

To determine the role of GRP in emotional behavior
under stress, we conducted some behavioral and bio-
chemical experiments with GRP-knockout (KO) mice.
GRP-KO mice exhibited a stronger freezing response
than wild-type (WT) littermates in both contextual
and auditory fear-conditioning tests only when they
were subjected to acute restraint stress 20 min before
the conditioning. To identify the critical neural cir-
cuits associated with the regulation of emotional
memory by GRP, we conducted Arc/Arg3.1-reporter
mapping in the amygdala with an Arc-Venus reporter
transgenic mouse line. In the amygdalostriatal transi-
tion area (AST) and the lateral side of the basolateral
nuclei, fear conditioning after restraint stress in-
creased neuronal activity significantly in WT mice,
and GRP KO was found to negate this potentiation
only in the AST. These results indicate that the
GRP-activated neurons in the AST are likely to sup-
press excessive emotional expression through the reg-
ulation of downstream circuits related to fear learn-
ing following acute stress.
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2. SIPA1L1/SPAR1 interacts with the neurabin
family of proteins and is involved in GPCR sig-
naling

Kobayashi, S., Arima-Yoshida, F., Matsuura, K.%,
Akiyama, T.* and Manabe, T.: ‘Laboratory of Mo-
lecular and Genetic Information, Institute for Quan-
titative Biosciences, University of Tokyo, Tokyo, Ja-
pan

SIPA1L1 (also known as SPAR1) has been pro-
posed to regulate synaptic functions that are impor-
tant in maintaining normal neuronal activities, such
as regulating spine growth and synaptic scaling, as a
component of the PSD-95/NMDA-receptor complex.
However, its physiological role remains poorly un-
derstood. Here, we performed expression analyses
using super-resolution microscopy in the mouse
brain and demonstrated that SIPA1L1 is mainly local-
ized to general submembranous regions in neurons,
but surprisingly, not to the postsynaptic density
(PSD). Our screening for physiological interactors of
SIPA1L1 in the mouse brain identified spinophilin
and neurabin-1, regulators of GPCR signaling, but re-
jected  PSD-95/NMDA-receptor-complex compo-
nents. Furthermore, sipalll (-/-) mice showed normal
spine-size distribution and NMDA receptor-depend-
ent synaptic plasticity. Nevertheless, sipalll (-/-) mice
showed aberrant responses to a2-adrenergic receptor
(a spinophilin target)- or adenosine Al receptor (a
neurabin-1 target)-agonist stimulation, and striking
behavioral anomalies, such as hyperactivity, en-
hanced anxiety, learning impairments, social interac-
tion deficits, and enhanced epileptic-seizure suscepti-
bility. Our findings revealed unexpected properties of
SIPA1L1, suggesting a possible association of SIPA1L1

deficiency with neuropsychiatric disorders related to
dysregulated GPCR signaling, such as epilepsy, at-
tention-deficit hyperactivity disorder (ADHD), au-
tism, or fragile X syndrome.

3. Loss of calsyntenin paralogs disrupts in-
terneuron stability and mouse behavior

Kobayashi, S., Mori, K.5, Tino, Y.5, Aiba, A.>¢ and
Manabe, T.: SDepartment of Biological Sciences,
Graduate School of Science, University of Tokyo,
Tokyo, Japan, °Laboratory of Animal Resources,
Center for Disease Biology and Integrative Medi-
cine, Graduate School of Medicine, University of
Tokyo, Tokyo, Japan.

Calsyntenins (CLSTNs) are important synaptic
molecules whose molecular functions are not fully
understood. Although mutations in calsyntenin genes
have been associated with psychiatric disorders in
humans, their function is still unclear. One of the rea-
sons why the function of CLSTNs in the nervous sys-
tem has not been clarified is the functional redundan-
cy among the three paralogs. Therefore, to investigate
the functions of mammalian CLSTNs, we generated
triple knockout (TKO) mice lacking all CLSTN paral-
ogs and examined their behavior. The mutant mice
tended to freeze in novel environments and exhibited
hypersensitivity to stress. Consistent with this, glu-
cose levels under stress were significantly higher in
the mutant mice than in the wild-type controls. In
particular, phenotypes such as decreased motivation,
which had not been reported in single CLSTN KO
mice, were newly discovered. The TKO mice generat-
ed in this study represent an important mouse model
for clarifying the function of CLSTN in the future.

Publications
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2022.
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and type 2 diabetes.

involved.

The aims of the ongoing research projects in our laboratory are to elucidate the
regulatory mechanisms of intracellular signal transduction systems responsible for
cell-fate decisions, such as MAP kinase cascades and Stress granules.
Perturbation of these signaling systems is involved in a variety of life-threatening
diseases, including cancer, autoimmune diseases, neurodegenerative disorders
Our laboratory also aims to develop new diagnostic or
therapeutic tools for currently intractable disorders in which these pathways are

1. ldentification of novel substrates of human mi-
togen-activated protein kinases and their roles
in human cancer.

Seina Ohe, Yuji Kubota, Kiyoshi Yamaguchi', Yusu-
ke Takagi, Junichiro Nashimoto, Hiroko Kozu-
ka-Hata’?, Masaaki Oyama?, Yoichi Furukawa' and
Mutsuhiro Takekawa: 'Division of Clinical Genome
Research, IMSUT, *Medical Proteomics Laborato-
ry, IMSUT

Sequential activation of protein kinases within
MAPK cascades is an evolutionary-conserved mecha-
nism of intracellular signaling in the eukaryotic
world. In mammals, at least three distinct subfamilies
of MAPKSs are present, namely, ERK, JNK, and p38.
While the classical ERK MAPK is mainly activated by
mitogenic stimuli, two relatively newly identified
MAPKSs, p38 and JNK, are preferentially activated by
various environmental stresses. Therefore, p38 and
JNK MAPKSs are collectively called stress-activated
protein kinases (SAPKs). Each of these MAPK cas-
cades can regulate several different and sometimes

overlapping biological functions. In general, the ERK
pathway mediates growth-promoting and anti-apop-
totic signaling, while the p38 and JNK pathways play
pivotal roles in cellular stress responses such as
growth arrest and apoptosis. In addition, the p38 and
JNK pathways are involved in inflammatory respons-
es. Perturbation of these crucial signal transduction
pathways is involved in the pathophysiology of vari-
ous life-threatening diseases, including cancer, auto-
immune diseases, and neurodegenerative disorders.
Since these MAPKSs exert their biological effects
through the phosphorylation of their specific sub-
strate proteins, identification of which is essential for
understanding of regulatory mechanisms of critical
biological phenomena.

Growth factor-induced, ERK-mediated induction
of immediate-early genes (IEGs) is crucial for cell
growth and tumorigenesis. Although IEG expression
is mainly regulated at the level of transcription elon-
gation by RNA polymerase-II (Pol-II) promoter-prox-
imal pausing and its release, the role of ERK in this
process remains unknown. This year, by developing a
unique screening strategy using yeast cells, we identi-
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fied negative elongation factor (NELF)-A, which is a
core component of the NELF complex and is critical
for the stabilization of Pol-II pausing, as an ERK sub-
strate. Upon growth factor stimulation, ERK phos-
phorylates NELF-A, which dissociates NELF from
paused Pol-II at the promoter-proximal regions of
IEGs, allowing Pol-II to resume elongation and pro-
duce full-length transcripts. Furthermore, we found
that in cancer cells, protein phosphatase 2A (PP2A)
efficiently dephosphorylates NELF-A, thereby pre-
venting aberrant IEG expression induced by ERK-ac-
tivating oncogenes (e.g., EGFR, Ras, and BRAF).
However, when PP2A inhibitor proteins (e.g., SET
and CIP2A) are overexpressed, as is frequently ob-
served in human cancers, decreased PP2A activity
combined with oncogene-mediated ERK activation
conspire to induce NELF-A phosphorylation and IEG
upregulation, resulting in tumor progression. Our
data delineate previously unexplored roles of ERK
and PP2A inhibitor proteins in carcinogenesis.

2. Qualitative differences in disease-associated
MEK mutants reveal molecular signatures and
aberrant signaling-crosstalk in cancer

Yuji Kubota, Yuko Fujioka', Ashwini Patil’, Yusuke
Takagi, Daisuke Matsubara’, Masatomi Iijima*,
Isao Momose*, Ryosuke Naka, Kenta Nakai?, Nobuo
N. Noda', and Mutsuhiro Takekawa: 'Division of Bi-
ological Molecular Mechanisms, Institute for Genet-
ic Medicine, Hokkaido University, Laboratory of
Functional Analysis In Silico, Human Genome
Center, IMSUT, *Molecular Pathology Laboratory,
IMSUT, “Institute of Microbial Chemistry, Microbi-
al Chemistry Research Foundation.

Dysregulation of the ERK pathway is frequently
observed in human cancers. Indeed, many key ERK
pathway molecules are known oncogenes. Gain-of-
function mutations or gene amplification of RTKs
(e.g., EGFR), Ras, and BRaf are common in a variety
of cancers. Furthermore, MEK1 mutations are also ob-
served in many tumors. These oncogenes ultimately
hyperactivate ERK signaling and generate aberrant
gene expression patterns that provoke cell over-
growth and/or a differentiation abnormality, thereby
inducing cancer development and progression. Tar-
geting of these oncogenes for cancer therapy is there-
fore of particular interest, and their specific inhibitors
are currently in clinical use. Although some of these
ERK pathway-targeted drugs are clinically effective,
their efficacy is limited by intrinsic and/or acquired
resistance of cancer cells to these drugs. Furthermore,
MEK mutations promote resistance to allosteric MEK
inhibitors. The precise molecular mechanisms under-
lying such drug resistance, however, remain ill-de-
fined.

Besides their somatic mutations in sporadic can-
cers, recent clinical sequencing studies identified

germline mutations of key components of ERK signa-
ling (e.g., Ras, Raf, and MEK) in a group of congenital
developmental disorders termed RASopathies. RA-
Sopathies, including Noonan, Costello, Leopard, and
cardio-facio-cutaneous (CFC) syndromes, share many
overlapping clinical manifestations such as cranio-fa-
cial dysmorphisms, cardiomyopathies, and neuro-
cognitive impairment. Interestingly, congenital muta-
tions of the MEK1 gene in patients with CFC syndrome
do not necessarily increase the risk of cancer develop-
ment. Therefore, cancer- and RASopathy-associated
MEK mutants may differentially alter ERK signaling
processes and consequent biological outcomes. Al-
though increased catalytic activity of the disease-as-
sociated MEK mutants has been reported, the detailed
biological properties of individual MEK mutants are,
however, still obscure. Moreover, despite the impor-
tance of MEK1 in the etiology of cancer and RASopa-
thies, no protein structure of any disease-associated
MEK mutant is known.

This year, we resolved the crystal structure of a
cancer-derived MEK1 mutant, and revealed the mo-
lecular mechanisms underlying abnormal kinase ac-
tivities of the cancer- and RASopathy-associated
MEK1 mutants. Furthermore, we found that differ-
ences in biochemical properties between cancer- and
RASopathy-associated MEK1 mutants produce quali-
tative changes in ERK signaling dynamics and down-
stream transcriptional programs. Transcriptome anal-
yses revealed that the two MEK1 mutant classes elicit
distinct gene expression patterns that are specifically
related to the pathophysiology of cancer or RASopa-
thies. We identified cancer- and RASopathy-signature
genes that may serve as diagnostic markers or thera-
peutic targets for these diseases. In particular, two
AKT-inhibitor molecules, PHLDA1 and 2, are simul-
taneously upregulated by oncogenic ERK signaling,
and mediate cancer-specific ERK-AKT crosstalk. The
combined expression of PHLDA1/2 is critical to con-
fer resistance to ERK pathway-targeted therapeutics
on cancer cells. Coadministration of bortezomib over-
comes this drug resistance by disrupting
PHLDA1/2-mediated, cancer-specific =~ ERK-AKT
crosstalk. Our data delineate qualitative differences
in biological properties between cancer- and RASopa-
thy-associated MEK1 mutants, and provide vital in-
sights into the etiology, diagnosis, and therapeutic
strategy of cancers and RASopathies.

3. Role of stress granule assembly in regulation
of cellular stress response.

Daisuke Yoshioka, Hisashi Miriizumi, Noriko Nishi-
zumi-Tokai, Takanaori Nakamura, Yuji Kubota,
and Mutsuhiro Takekawa

In dealing with environmental stresses, human
cells either activate defense mechanisms to survive or
initiate apoptosis, depending on the level and type of
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stress. One of the major cellular defense mechanisms
is the assembly of stress granules (5Gs). SGs are cyto-
plasmic ribonucleoprotein foci that appear when eu-
karyotic cells are exposed to specific types of stress
such as ER stress, heat shock, hypoxia or viral infec-
tion. The core components of SGs are large aggregates
of stalled translation pre-initiation complexes that
contain mRNA, 40S ribosomal subunits, translation
initiation factors and several RNA-binding proteins
(RBPs). In general, the assembly of SGs is triggered by
stress-induced phosphorylation of elF2a, and re-
quires self-oligomerization of certain RBPs such as
G3BP. In cells under various stresses, elF2a is phos-
phorylated by several different stress-sensing kinas-
es. Phosphorylation of elF2a suppresses productive
translation initiation by preventing formation of the
elF2-GTP-Met-tRNAi complex. Under the stress con-
ditions, specific RBPs such as G3BP1/2, instead of the
ternary complex, interact with an mRNA in the 43S
complex, leading to the assembly of a translationally
stalled 48S complex. Self-oligomerization of RBPs by
liquid-liquid phase separation (LLPS) promotes the
formation of discrete cytoplasmic foci termed SGs. In
addition to the standard mechanism, SGs can be
formed by other mechanisms. For instance, drugs or
lipid mediators that target elF4F, such as pateamine
A, hippuristanol and 15d-PGJ2, inhibit translation in-
itiation and thereby initiate SG assembly inde-
pendently of elF2a phosphorylation.

We have previously reported that when cells are
exposed to SG-inducing stresses, the signaling adap-
tor protein RACK1 is sequestered into SGs, and this
sequestration inhibits the SAPK pathways and subse-
quent apoptosis. Thus, formation of SGs serves as a
cellular adaptive defense mechanism and protects
cells from apoptosis under adverse conditions, by
regulating mRNA translation as well as by sequester-
ing signaling molecules. This year, we discovered
novel SG-components including nucleotide-binding
proteins, cytoskeletal proteins, and signaling mole-
cules. By analyzing some of these SG-components, we
elucidated the molecular mechanism as to how SG
assembly can broadly suppress stress-induced apop-
tosis, and unraveled a novel role of SG formation in
cellular stress responses and in tumor progression.
Furthermore, we also identified a novel molecular
mechanism that elicits SG assembly under a certain
type of stress conditions.

4. ldentification of novel genes whose expres-
sion is controlled by MAPK signaling path-
ways.

Junichiro Nashimoto, Jue Wang, Mariko Saito,
Yusuke Takagi, Noriko Nishizumi-Tokai, Yuji Kubo-
ta, and Mutsuhiro Takekawa

The initial cellular response to various environ-
mental cues, such as growth factors, environmental

stresses, and cytokines, is the transcriptional regula-
tion of a set of genes that control a wide variety of bi-
ological functions. MAPK signaling pathways are
known to play crucial roles in this process. Previous
studies have shown that MAPKs directly phosphoryl-
ate and activate a bunch of transcription factors and
regulators. For instance, the transcription factor ELK-
1, which is a member of the ternary complex factor
(TCF) subfamily, is a substrate of ERK. TCFs interact
with a second transcription factor, serum response
factor (SRF), and these two transcription factors joint-
ly bind and activate serum response elements (SREs)
in the promoters of immediately early genes (IEGs).
Moreover, upon stress stimulation, p38 and JNK
MAPKSs directly phosphorylate activating transcrip-
tion factor 2 (ATF2). ATF2 binds either to CRE re-
sponse elements as a homodimer, or to both AP-1 and
CRE sequences as a heterodimer, in which ATEF2
forms a complex with other members of the ATF fam-
ily or with Jun/Fos family members, thereby inducing
target gene expression.

We have comprehensively searched for human
genes whose expression is transcriptionally regulated
by the MAPK signaling pathways, and have succeed-
ed in identifying dozens of such genes. Interestingly,
these transcripts include not only protein-coding mR-
NAs but also various non-coding, functional RNAs.
We confirmed that some of these transcripts were in-
deed expressed preferentially in cancer cells with hy-
per-ERK activity or in cells treated with certain types
of stresses. The roles of these MAPK-dependent tran-
scripts in the regulation of cell fate decisions are cur-
rently under investigation in our laboratory.

5. Regulation of the stress-responsive p38 and
JNK MAPKSs under stress conditions

Shunske Fukuta, Natsumi Mikami, Saeko Kawata-
ki, Hisashi Moriizumi, Noriko Nishizumi-Tokai,
Yuji Kubota, Mutsuhiro Takekawa

We have previously identified three GADD45
family proteins as activators of the MTK1 MAPKKK.
Although the optimal stress stimuli for each gene are
different, all GADDA45 family genes are induced by
various stress stimuli such as DNA-damaging rea-
gents and cytokines. Expression of any of these
GADD45 proteins in cells leads to the activation of
MTK1 and its downstream p38 and JNK MAPKs.
GADD45-mediated activation of SAPK pathways is
important particularly in the late phase of cellular
stress responses, because it requires transcriptional
induction and protein synthesis of GADD45 prior to
activation of MTK1. Thus, GADD45-mediated MTK1
activation provokes delayed and prolonged activa-
tion of SAPK signaling, which is particularly impor-
tant for cell fate decisions, such as apoptotic cell death
and inflammation, under stress conditions. This year,
by establishing various cell lines deficient for one of
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SAPK signaling molecules (e.g., GADD45, MTK1, and
others) , we investigated the regulation and function
of these molecules MTK, and uncovered their roles in
DNA-damage response, inflammation, and cell
growth control. Furthermore, using molecular imag-
ing techniques, we elucidated unique spatio-tempo-

ral regulation of SAPK signaling molecules under cer-
tain stress conditions, and identified its role in the
regulation of stress-induced pro-inflammatory cy-
tokine production, apoptotic cell death, and embry-
onic development.
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Translation quality controls eliminate aberrant proteins to maintain protein
homeostasis and normal cell function. Improving the accuracy of translation and
preventing the production of abnormal proteins is a practical approach for
suppressing a series of neurodegenerative diseases such as Alzheimer’s disease
and Parkinson’s disease. We analyze the molecular mechanism of quality control
mechanisms that suppress abnormal proteins and clarify drug discovery’s
molecular basis. We propose that the increase in translation accuracy and the
enhancement of translation quality control mechanisms are possible strategies to
prevent abnormal protein production and prolong healthy life expectancy.

1. Quality control for translation abnormalities
Molecular mechanism of RQC and NGD

Ribosome-associated Quality Control (RQC) mon-
itors aberrant translations and decomposes and re-
moves abnormal proteins during synthesis. RQC
plays an extremely important role as the very early
stage of maintaining protein homeostasis. We have
reported a molecular mechanism that recognizes and
dissociates stagnant ribosomes during translation
elongation, the early stage of RQC. In the last several
years, we have reported that E3 ubiquitin ligase Hel2
and its mammalian homolog ZNF598 are required for
RQC, and the novel RQT complex is involved in the
dissociation of the ubiquitinated ribosomes to subu-
nits. We and Hegde lab have reported that E3 ubiqui-
tin ligase recognizes collided ribosomes (Disome/Tri-
some), and the specific structure of collided ribosomes.
We reported that the ubiquitination of uS10 by Hel2
was reconstituted. Next, we identified an RQT com-
plex that specifically dissociates ubiquitinated ribo-
somes into subunits and reconstituted the reaction in
vitro. We also elucidated the structures of ANKZF1
and 60S ribosomes that cleave peptidyl-tRNA on 60S.
The collision of ribosomes also induces NGD (No-Go

Decay) quality controls in conjugation with RQC and
triggers endonucleolytic cleavage of mRNA in the
collided ribosome. We also reported two pathways of
NGD, mRNA cleavage coupled to the dissociation of
collided ribosome response in RQC and mRNA cleav-
age independent of RQC at the vicinity of the collided
ribosomes.

NEMF (Rqc2 in yeast) interacts with 60S RNCs
and recruits Ltn1/Listerin, which ubiquitinates pepti-
dyl-tRNAs on dissociated 60S subunits. In the 60S
subunit, the Rqc2 protein catalyses the C-terminal ex-
tension of stalled tRNA-bound peptides with alanine
and threonine residues (CAT-tails) in a non-canonical
mRNA-independent elongation reaction. CAT-tailing
enables the degradation of substrates that lack a Lt-
nlp-accessible ubiquitination site by exposing a ly-
sine residue that is normally sequestered in the ribo-
some exit tunnel. In the context of nascent chain
degradation in budding yeast, CAT-tailing is a fail-
safe mechanism that expands the range of RQC-de-
gradable substrates. However, the physiological func-
tion of CAT-tailing remains elusive. We recently
found that Failure to Degrade CAT-Tailed Proteins
Disrupts Neuronal Morphogenesis and Cell Survival.
NEMF, a mammalian RQC2 homolog, modifies trans-
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lation products of nonstop mRNAs, major erroneous
mRNAs in mammals, with a C-terminal tail mainly
composed of alanine with several other amino acids.
Overproduction of nonstop mRNAs induces NC ag-
gregation and caspase-3-dependent apoptosis and
impairs neuronal morphogenesis, which are amelio-
rated by NEMF depletion. Moreover, we found that
homopolymeric alanine tailing at least partially ac-
counts for CAT-tail cytotoxicity. These findings ex-
plain the cytotoxicity of CAT-tailed NCs and demon-
strate physiological significance of RQC on proper
neuronal morphogenesis and cell survival. We also
found that the nascent polypeptide in the 60S subunit
determines the Rqc2-dependency of ribosomal quali-
ty control. We propose that poly-tryptophan sequenc-
es induce Rqc2-independent RQC, suggesting that
CAT-tailing in the 60S subunit could be modulated by
the polypeptide in the ribosome exit tunnel.

1.1. A distinct mammalian disome collision inter-
face harbors K63-linked polyubiquitination of
uS10 to trigger hRQT-mediated subunit disso-
ciation

Momoko Narita?*, Timo Denk®#, Yoshitaka Mat-
suo', Takato Sugiyama?, Chisato Kikuguchi', Sota
Ito', Nichika Sato', Toru Suzuki', Satoshi Hashimo-
to?, Iva Machova*, Petr Tesina®, Roland Beckmann®*
and Toshifumi Inada'**

Division of RNA and gene regulation, Institute of
Medical Science, The University of Tokyo, Mina-
to-Ku 108-8639, Japan, *Graduate School of Phar-
maceutical Sciences, Tohoku University, Sendai 980-
8578, Japan, *Gene Center and Department of
Biochemistry, University of Munich, Feodor-Ly-
nen-Str. 25, 81377 Munich, Germany. ‘Biomedical
Centre, Faculty of Medicine in Pilsen, Charles Uni-
versity in Prague, Alej Svobody 1655/76, 323 00 Pils-
en, Czech Republic.

Translational stalling events that result in ribo-
some collisions induce Ribosome-associated Quality
Control (RQC) in order to degrade potentially toxic
truncated nascent proteins. For RQC induction, the
collided ribosomes are first marked by the Hel2/
ZNF598 E3 ubiquitin ligase to recruit the RQT com-
plex for subunit dissociation. In yeast, uS10 is poly-
ubiquitinated by Hel2, whereas eS10 is preferentially
monoubiquitinated by ZNF598 in human cells for an
unknown reason. Here, we characterize the ubiquiti-
nation activity of ZNF598 and its importance for hu-
man RQT-mediated subunit dissociation using the
endogenous XBP1u and poly(A) translation stallers.
Cryo-EM analysis of a human collided disome reveals
a distinct composite interface, with substantial differ-
ences to yeast collided disomes. Biochemical analysis
of collided ribosomes shows that ZNF598 forms K63-
linked polyubiquitin chains on uS10, which are deci-
sive for mammalian RQC initiation. The human RQT

(hRQT) complex composed only of ASCC3, ASCC2
and TRIP4 dissociates collided ribosomes dependent
on the ATPase activity of ASCC3 and the ubiqui-
tin-binding capacity of ASCC2. The hRQT-mediated
subunit dissociation requires the K63-linked poly-
ubiquitination of uS10, while monoubiquitination of
€510 or uS10 is not sufficient. Therefore, we conclude
that ZNF598 functionally marks collided mammalian
ribosomes by K63-linked polyubiquitination of uS10
for the trimeric hRQT complex-mediated subunit dis-
sociation.

1.2. Two modes of Cue2-mediated mRNA cleav-
age with distinct substrate recognition initiate
No-go decay

Shota Tomomatsu'**# Atsuya Watanabe’#, Petr
Tesina* Satoshi Hashimoto®, Ken Ikeuchi*#, Sihan
Li'3, Yoshitaka Matsuo'?, Roland Beckmann®,
Toshifumi Inada'?"

Division of RNA and gene regulation, Institute of
Medical Science, The University of Tokyo, Mina-
to-Ku 108-8639, Japan,’Graduate School of Phar-
maceutical Sciences, The University of Tokyo, Bun-
kyo-Ku, Tokyo, Japan, 3Graduate School of
Pharmaceutical Sciences, Tohoku University, Sen-
dai 980-8578, Japan, ‘Gene Center and Department
of Biochemistry, Feodor-Lynen-Str. 25, University
of Munich, 81377 Munich, Germany

Ribosome collisions are recognized by E3 ubiqui-
tin ligase Hel2/ZNF598, leading to RQC (Ribo-
some-associated Quality Control) and to endonucleo-
lytic cleavage and degradation of the mRNA termed
NGD (No-Go Decay). NGD in yeast requires the Cue2
endonuclease and occurs in two modes, either cou-
pled to RQC (NGD®**) or RQC-uncoupled (NG-
DRQ%). This is mediated by an unknown mechanism
of substrate recognition by Cue2. Here, we show that
the ubiquitin-binding activity of Cue2 is required for
NGDRRE but not for NGDRQ, and that it involves the
first two N-terminal Cue domains. In contrast, Trp122
of Cue2 is crucial for NGDR®, Moreover, the collid-
ing ribosome association factor Mbfl and its interac-
tion with uS3 is crucial for NGD*?* by the SDD1-stall-
er. We propose that in Cue2-dependent cleavage
upstream of the collided ribosomes (NGDX?“), poly-
ubiquitination of eS7a is recognized by two N-termi-
nal Cue domains of Cue2. In contrast, for the cleavage
within collided ribosomes (NGDRQ®), the UBA do-
main, Trp122 and the interaction between Mbf1l and
uS3 are critical.

1.3. The mechanism of Ufmlyation and its rela-
tion with RQC

Ishimura, R., EI-Gowily, A. H., Noshiro, D., Komat-
su-Hirota, S., Ono, Y., Shindo, M., Hatta, T., Abe,
M., Uemura, T., Lee-Okada, H. C., Mohamed, T. M.,
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Protein modification by ubiquitin-like proteins
(UBLs) amplifies limited genome information and
regulates diverse cellular processes, including trans-
lation, autophagy and antiviral pathways. Ubiqui-
tin-fold modifier 1 (UFM1) is a UBL covalently conju-
gated with intracellular proteins through ufmylation,
a reaction analogous to ubiquitylation. Ufmylation is
involved in processes such as endoplasmic reticulum
(ER)-associated protein degradation, ribosome-asso-
ciated protein quality control at the ER and ER-phagy.
However, it remains unclear how ufmylation regu-
lates such distinct ER-related functions. Here we
identify a UFM1 substrate, NADH-cytochrome b5 re-
ductase 3 (CYB5R3), that localizes on the ER mem-
brane. Ufmylation of CYB5R3 depends on the E3
components UFL1 and UFBP1 on the ER and converts
CYB5R3 into its inactive form. Ufmylated CYB5R3 is
recognized by UFBP1 through the UFM1-interacting
motif, which plays an important role in the further

uyfmylation of CYB5R3. Ufmylated CYB5R3 is de-
graded in lysosomes, which depends on the auto-
phagy-related protein Atg7- and the autophagy-adap-
tor protein CDK5RAP3. Mutations of CYB5R3 and
genes involved in the UFM1 system cause hereditary
developmental disorders, and ufmylation-defective
Cyb513 knock-in mice exhibit microcephaly. Our re-
sults indicate that CYB5R3 ufmylation induces ER-
phagy, which is indispensable for brain development.

2. Molecular mechanism of quality control NRD
for deficient ribosomes

The ribosome is the central machinery for protein
synthesis responsible for accurate codon recognition
and highly efficient peptide bond formation. The ri-
bosome interacts with various factors to perform es-
sential functions for gene expression. Since abnormal
ribosomes generated during the synthesis cause vari-
ous expression abnormalities, cells have a quality
control mechanism Nonfunctional Ribosomal RNA
Decay (NRD) recognizes and eliminates functionally
defective ribosomes. We recently analyzed the quality
control of ribosomes deficient in function due to base
substitution mutations conserved in all species, es-
sential for accurate codon recognition in 18S rRNA,
and ubiquitin at the K212 residue of ribosomal pro-
tein uS3. We identified E3 ubiquitin ligases that are
essential and involved. It was also revealed that the
ubiquitinated stagnant 80S ribosome was dissociated
into each subunit by Slh1, and then the abnormal 40S
was degraded.

2.1. Sensing of individual stalled 80S ribosomes
by Fap1 for non-functional rRNA turnover

Sihan Li't, Ken Ikeuchi'?*t, Misaki Kato'!, Robert
Buschauer?, Takato Sugiyama's, Shungo Adachi’,
Hideo Kusano?®, Tohru Natsume?, Otto Berninghaus-
en?, Yoshitaka Matsuo'#, Thomas Becker?, Roland
Beckmann?*, Toshifumi Inada'**
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Sciences, Tohoku University, Sendai 980-8578, Ja-
pan. ’Gene Center and Department of Biochemistry,
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Munich, Germany. *Cellular and Molecular Bio-
technology Research Institute, AIST, Tokyo 135-
0064, Japan. “‘Division of RNA and gene regulation,
Institute of Medical Science, The University of To-
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Cells can respond to stalled ribosomes by sensing
ribosome collisions and employing quality control
pathways. How ribosome stalling is resolved without
collisions, however, has remained elusive. Here, fo-
cusing on non-colliding stalling exhibited by decod-
ing-defective ribosomes, we identified Fap1 as a stall-
ing sensor triggering 185 non-functional rRNA decay
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via poly-ubiquitination of uS3. Ribosome profiling
revealed enrichment of Fapl at the translation initia-
tion site but also the association with elongating indi-
vidual ribosomes. Cryo-EM structures of Fap1l-bound
ribosomes elucidated Fapl probing the mRNA simul-
taneously at both the entry and exit channels suggest-
ing an mRNA stasis sensing activity, and Fap1 steri-
cally hinders the formation of canonical collided
di-ribosomes. Our findings indicate that individual
stalled ribosomes are the potential signal for ribo-
some dysfunction, leading to accelerated turnover of
the ribosome itself.

3. The function of ribosome dynamic modifica-
tion in stress response

Synthesis and modification of secretory proteins
in the endoplasmic reticulum are essential for cells.

Accumulation of abnormal proteins in the endoplas-
mic reticulum is harmful to cells and therefore re-
sponds by inducing the UPR pathway. In Saccharo-
myeces cerevisiae, the membrane protein Irel activated
by endoplasmic reticulum stress splices the precursor
mRNA of the transcription factor Hacl, and Hacl is
synthesized to induce the transcription of chaper-
ones. In higher eukaryotes, PARK phosphorylates
elF2a and suppresses cell-wide translation initiation.
In the process of elucidating the physiological func-
tion of ribosomal ubiquitination, we discovered a
novel translational regulation in the endoplasmic re-
ticulum stress response. We discovered a novel trans-
lational control mechanism during endoplasmic retic-
ulum stress in S. cerevisiae and clarified that
ubiquitination of the ribosomal protein eS7 by E3
ubiquitin ligase Not4 is essential.
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The mission of our laboratory is to conduct computational (“in silico”) studies on the
functional aspects of genome information. At present, we mainly focus on the
analysis of regulatory information of gene expression in the non-coding region,
using a variety of next generation sequencing (NGS) data. In addition, we are
actively collaborating with researchers from various fields.

1. Computational inference of cooperative tran-
scriptional regulators from 3D genomic con-
tacts in germinal center B cells

Sung-Joon Park and Kenta Nakai

During the process of cell differentiation, the high-
er-order chromosomal structure is intricately remod-
eled to ensure lineage-specific transcription. In the
case of peripheral B-cell differentiation, upon activa-
tion by antigen, mature naive B cells (NBs) enter the
germinal center reaction along with complex and
multifaceted genomic/epigenomic modifications in-
cluding drastic changes in the 3D chromatin architec-
ture. To understand the impact of chromatin remod-
eling in germinal center B cells (GCBs) differentiation,
we analyzed muti-omics NGS data including Hi-C,
Histone ChIP-seq, and RNA-seq with human NB,
GCB, and malignant lymphoma cells. We first devel-

oped computational models to infer potential tran-
scription factors that bind the promoter regions and
long-range contact (LRC) regions. Next, we employed
a graph-embedding approach to detect the gene regu-
latory modules by incorporating cofactors that link
promoter-binding TFs and LRC-binding TFs for a cer-
tain gene. The in-silico models revealed the distinct
transcriptional regulatory roles of promoter-binding
and LRC-binding TFs in the context of differentially
expressed genes (DEGs) during GCB differentiation.
Furthermore, the DEG-TF-Cofactor modules we de-
tected exhibited highly correlated expression patterns
in the healthy and malignant B cells. These results
provide further explanation for the importance of
long-range-contact-mediated transcriptional regula-
tion.
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2. Comprehensive Comparison of Gene Expres-
sion Diversity among a Variety of Human Stem
Cells

Yukiyo Yamatani and Kenta Nakai

Several factors, including tissue origins and cul-
ture conditions, affect the gene expression of undif-
ferentiated stem cells. However, understanding the
basic identity across different stem cells has not been
pursued well despite its importance in stem cell biol-
ogy. Thus, we aimed to rank the relative importance
of multiple factors to gene expression profile among
undifferentiated human stem cells by analyzing pub-
licly available RNA-seq datasets. We first conducted
batch effect correction to avoid undefined variance in
the dataset as possible. Next, we clustered stem cell
samples, followed by a dimensionality reduction of
their gene expression profile. Then, we highlighted
the relative impact of biological and technical factors
among undifferentiated stem cell types: a more influ-
ence on tissue origins in induced pluripotent stem
cells (iPSCs) than in other stem cell types; a stronger
impact of culture condition in embryonic stem cells
(ESCs) and somatic stem cell types, including mesen-
chymal stem cells (MSCs) and hematopoietic stem
cells (HSCs). In addition, we found that a characteris-
tic gene module, which was enriched in histones, ex-
hibits higher expression across different stem cell
types that were annotated by the specific stem cell
and growth conditions. This tendency was also ob-
served in mouse undifferentiated stem cell RNA-seq
data. We further detected 16 zinc finger family genes
that exhibit a co-expression pattern with the histone
genes. Altogether, we characterized the major factor,
the relative strength of its impacts in each stem cell
type, and the impact of culture conditions on histones
and zinc finger family genes, which might be highly
involved in stem cell identity. Our findings could al-
low experimental researchers to obtain general in-
sights into stem cell quality, such as the balance of
differentiation potentials that undifferentiated stem
cells possess.

3. Tc1-Mariner Superfamily of DNA Transposons
is Enriched at the Enhancer Boundaries in Cio-
na

Satoshi Otaki and Kenta Nakai

A long-time stratification of experimental studies
on tissue specific enhancers enlisted in the early de-
velopmental stage of Ciona allows us to have clues to
know different stretch of DNA sequences are in-
volved to cause spaciotemporal gene expression pat-
terns. Less likely found than on mammalian genomes,
there are transposable elements interspersed on Cio-
na genome. There are a growing number of evidence
accumulated to suggest some of transposable ele-

ments or its remnants reside in host genome playing
a role of promoters or enhancers for transcriptional
regulation in several model organisms. However,
there are now few studies about cis-regulatory ele-
ments comprised of transposable elements on Ciona
genome. Therefore, we have manually surveyed
cis-regulatory regions from literature published from
1997 to 2020. These experimentally validated cis-reg-
ulatory regions were mapped on the reference ge-
nomes to be modelized as database resources. In our
study, though transposable elements are located rare-
ly in exons, one of transposable elements of DNA/Tc-
Mar-Tcl abundantly overlaps with cis-regulatory re-
gions, and we observed an enrichment peak of DNA/
TcMar-Tcl which is a few kb away from neurogenic
tissue specific enhancers obtained from construct
truncation studies. Furthermore, this transposable el-
ement of DNA/TcMar-Tcl is found to be located just
upstream of functional center unit of enhancers. Some
of truncation study reveal that this transposable ele-
ment does not repress aimed gene expression but
seems more secure to activate it like a co-working en-
hancer. Human genome is known to harbor DNA se-
quence embedded by horizontal transfers of retrovi-
rus genome in ancient time, but many of its sequence
are stabilized in the host genome. These retro-ele-
ments like LTR elements or its remnants derived from
some ERVs work like enhancers in human diseases or
neurological disorders, such as multiple sclerosis,
amyotrophic lateral sclerosis, and schizophrenia.
DNA/TcMar-Tcl closely located to transcription unit
in Ciona has some important role such as demarca-
tion for its boundaries or cis-regulatory elements, but
further investigation is required.

4. A variety of nucleotide/amino acid sequence
analyses based on deep learning and related
methods

Leyi Wei' and Kenta Nakai
'Shandong University

We have collaborated in a variety of nucleotide/
protein sequence analyses. First, we benchmarked 12
available methods for the imputation of scRNA-seq
data, based on six simulated and two real datasets.
We found that deep learning-based approaches gen-
erally exhibit better overall performance than mod-
el-based ones. We built an online platform that inte-
grates all available state-of-the-art imputation
methods for comparison and visualization analysis.
Second, we predicted protein-peptide binding resi-
dues via interpretable deep learning; more specifical-
ly, we used a BERT-based contrastive learning frame-
work. Since we used a well pre-trained protein
language model, we did not need to design effective
features for prediction basically but if we integrate
the traditional features with our learned features, we
could outperform existing methods. Third, we devel-
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oped a multi-scale deep biological language learning
model that enables the interpretable prediction of
DNA methylations bed on genomic sequences only.
Our model not only outperforms existing methods
but also can capture both sequential and functional
semantic information from background genomes.
Since the model can explain what it learnt, its results
will be useful for in-depth analysis of their biological
functions. Fourth, by combining all the above works
and expanding them, we developed an automated
and interpretable platform for biological sequence
prediction, functional annotation, and visualization
analysis. The platform is accessible as a one-stop-shop
web server where researchers are expected to develop
a new deep-learning architecture to answer any bio-
logical question.

5. Housekeeping enhancers in the human ge-
nome

Martin Loza, Alexis Vandenbon? and Kenta Nakai
YInstitute for Life and Medical Sciences, Kyoto Uni-
versity

Enhancers are cis-regulatory elements that regu-
late cell type-specific gene expression patterns. Re-
cent evidence suggests that a large number of enhanc-
ers are active in multiple organs in diverse
developmental contexts. However, due to the speci-
ficity and complexity of the experiments, the valida-
tion of enhancers is not easy to determine in many cell
types. To fill this gap, bioinformatics methods have
been developed to predict enhancer-gene interactions
using various classes of sequencing data, e.g., histone
modification and chromatin conformation. In this
study, we used the interactions predicted by the ABC
method in 50 cell types to characterize the human en-
hancers. We show that even though most of the pre-
dictions are active in only one cell, there are a signifi-
cant number of conserved elements active among all
the 50 cell types. Most of these conserved elements
overlap with promoter regions; however, we found
around 700 housekeeping enhancers with distinctive
characteristics that differentiate them from cell
type-specific enhancers. Housekeeping enhancers are
rich in G/C nucleotides, and they regulate genes in a
longer distance than cell type-specific ones. Besides
their low number, as compared with cell type-specific
enhancers, housekeeping enhancers regulate around
50% of the protein-coding genes and their distribu-
tion correlates across chromosomes. Overall, our
work unveils a new type of enhancers conserved in
multiple cell types, which will broaden our under-
standing of the epigenetics behind gene regulation.

6. Integrative Single-cell Analyses of Human Hae-
matopoietic Progenitors Reveals a Putative
Dendritic Cell Progenitor in Granulocyte-Mono-
cyte-Dendritic Cell Progenitor

Phit Ling Tan, Florent Ginhoux® and Kenta Nakai
3Singapore Immunology Network (SIgN), A*STAR

The human dendritic cells (DC) population com-
prises a heterogeneous family of immune cells, in-
cluding plasmacytoid DC (pDC) and two subsets of
conventional DC (cDC1 and c¢DC2). Despite the well
characterization of mature DC, the origins and differ-
entiation pathways of human DC are still not clearly
elucidated. In this study, eight haematopoietic data-
sets were integrated with Mutual Nearest Neighbors
(Haghverdi et al., 2018). A group of bone marrow-de-
rived cells among granulocyte-monocyte-dendritic
cell progenitors (GMDP) were found to have the abil-
ity to differentiate into ¢DC via in silico trajectory in-
ference. The group of cells have hallmarks of the DC
lineage, including IRF8, CD74, FLT3, and MHC class
II expression. A suggested marker panel CD34*
CD123™CD2™CD127°CD11c" was identified using
Hypergate (Becht et al., 2019). In the future, we intend
to further analyze the group of cells using combina-
tions of flow cytometry, CyTOF and single cell
RNA-sequencing, in order to find out its differentia-
tion ability and functional features.

7. Gene Regulatory Network Comparison of Pho-
tosensitive Related Cells Between Five Spe-
cies by Single Cell RNA-seq data

Xin Zeng, Fuki Gyoja*, Takehiro Kusakabe* and
Kenta Nakai

‘Faculty of Science and Engineering, Konan Univer-
sity

The visual system plays an important role in sup-
porting the vertebrates adapted to various environ-
ment on the earth. Although the single cell expression
profiles of photosensitive related cells from ascidian
and vertebrates have been determined, a systematic
comparison of developmental mechanisms of homol-
ogous cell types between species is needed. Here, we
reconstruct the gene regulatory network (GRN) in the
photosensitive related cells from five representative
species based on gene-gene co-expression correlation
by using single-cell RNA-seq data. We compared the
GRN for each homologous cell type from these spe-
cies to identify conserved genetic network. By com-
bining RNA velocity and GRN analysis, we identified
the key regulators for retinal cell differentiation in
zebrafish and mouse. Altogether, our analysis pro-
vides a new understanding of evolutionary molecular
mechanisms in photosensitive related cells.
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8. Identification of macrophage polarization hys-
teresis genes using multi-omic datasets

Yubo Zhang, Yutaro Kumagai’, Sung-Joon Park,
Wenbo Yang and Kenta Nakai

SCellular and Molecular Biotechnology Research In-
stitute, National Institute of Advanced Industrial
Science and Technology (AIST)

Macrophages are plastic innate immune cells that
can be polarized into classical pro-inflammatory phe-
notype (M1) and alternative anti-inflammatory phe-
notype (M2). Accumulating evidence shows that cur-
rent macrophages state also relies only on its
polarization memory (named as macrophage hystere-
sis). However, the macrophage polarization memory
is still not fully investigated. To contribute to this un-
fulfilled field, we utilized public time-course RNAseq
and single cell RNAseq datasets and selected poten-
tial memory genes of M1 and M2 phenotypes using
traditional machine learning and graph embedding
methods. By checking the expression profile of the
gene list from a separate single cell RNAseq dataset,
we confirmed the functional importance of these
genes for macrophage. To further explain the mac-
rophage memory and hysteresis phenomenon, we ex-
plored the histone modification among M0, M1, and
repolarized M0 macrophages using public ATACseq
datasets. We found several TFBS which highly related
to inflammatory state are significantly enriched in
hysteresis regions. We also applied enhancer predic-
tion using ABC model. These results provided more
explanation from epigenetic perspective. Finally, we
explore memory genes on patient cancer datasets to
further explore the biological meaning of macrophage
hysteresis. Overall, our results might improve the
progress toward the understanding of macrophage
immunity.

9. Spatial Transcriptome Analysis of the Adult
Brain of Ciona intestinalis

Xin Zeng, Fuki Gyoja*, Takehiro Kusakabe*, Yutaka
Suzuki® and Kenta Nakai

‘Department of Computational Biology and Medical
Science, Graduate School of Frontier Sciences, The
University of Tokyo

As one of the closest relatives of vertebrates, the
ascidians is a simply but comparable model system to
provide insights into the evolutionary process of the
chordate nervous system. However, the entire tran-
scriptional profiles of nervous system of adult ascidi-
ans have yet to be determined and functionally inves-
tigated. Here, we performed 10X Visium spatial
transcriptomics system on around 2,000 spots from
the adult brain of Ciona. Using unsupervised cluster-
ing and Gene Ontology (GO) analysis, we identified
four main tissues: body wall muscle, dorsal strand,

neural gland, and ciliated groove. Furthermore, we
characterized micrometer-scale spatial variable genes
and the spatial correlation between genes by a deep
generative model and a multivariate normal likeli-
hood ratio test. Together, our analysis sheds the light
on spatial gene expression patterns that define the or-
ganization of the Ciona adult brain.

10. Constructing a data integration platform for
the development of therapeutic agents of
COVID-19

Sung-Joon Park, Katsunori Fujiki’, Satoshi Otaki,
Yumiko Imai?, Katsuhiko Shirahige’ and Kenta Na-
kai

"Institute for Quantitative Biosciences, The Univer-
sity of Tokyo

8National Institutes of Biomedical Innovation,
Health and Nutrition (NIBIOHN)

In the medical treatment for patients with respira-
tory failure including the new coronavirus infection
COVID-19, there are still many unexplained factors
that influence the effect of therapeutic drugs and vac-
cines. To contribute to the development of therapeu-
tic drugs for COVID-19, we are developing effective
next-generation sequencing (NGS) protocols and a
data analysis platform. By collecting bronchoalveolar
lavage fluid samples of more than 100 patients with
COVID-19 and integrating the information from
medical records, we tuned our pipeline for meta-ge-
nome analysis and quantified the time-course viral
DNA and RNA sequencing data. We found severe
bacterial and viral infections known to the involve-
ment of such as myocarditis, pericarditis, and pneu-
monia. Furthermore, we developed a graph-based
machine learning method to predict severity using
microbial co-occurrence networks that have been pro-
filed from the patient data, which needs further veri-
fication. We believe that the information on bacterial
and viral microorganisms significantly present in pa-
tients with COVID-19 is a useful resource to establish
a therapeutic strategy.

11. Developing an open-access repository for the
multi-dimensional genome structure data

Sung-Joon Park, Katsuhiko Shirahige’, Shoji Taka-
da’ and Tomoko Nishiyama'®

*Department of Biophysics, Graduate School of Sci-
ence, Kyoto University

Division of Biological Sciences, Graduate School of
Science, Nagoya University

The community-wide effort to characterize 3D ge-
nome organization has highlighted the importance of
functional linkages between genetic/epigenetic phe-
nomena and physical properties of DNA (e.g., stiff-
ness, torsion, and supercoiling). However, mecha-
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nisms underlying the establishment of functional
genome structure are still poorly understood, which
needs comprehensive and integrative approaches.
Here, we are developing a data repository system that
facilitates online in-silico analyses, named Genome
Modality Suite as a part of the research project Ge-
nome Modality. The system has been designed to
deal with heterogeneous and multi-dimensional data,
such as RNA-seq and ChIP-seq signal tracks (1D
data), Hi-C contact matrix (2D data), and XYZ-coordi-
nate structures (3D data). Furthermore, by utilizing
PHP, MySQL, and JavaScript libraries, we successful-
ly developed the prototype of a web-based browser to
provide seamless access to the 123D data. Our system
will accelerate progress toward the understanding of
multi-dimensional genome properties.

12. Single-cell transcriptome analysis of ocu-
lar-like cell lineages derived from human
pluripotent stem cells

Sung-Joon Park, Toru Okubo'', Yuki Ishikawa'' and
Ryuhei Hayashi"!

"Department of Stem Cells and Applied Medicine,
Graduate School of Medicine, Osaka University

The recent cell culturing protocol of the so-called
SEAM (self-formed ectodermal autonomous multi-
zone), generating 2D eye-like circular colonies from
induced pluripotent stem cells (iPSCs), demonstrates
that the cells in each zone have different morpholo-
gies, e.g., neuroectoderm, ocular-surface ectoderm,
and neural crest. To understand the underlying mo-
lecular mechanism for the differentiation potency, we
are profiling cell populations and their characteristics
using time-course scRNA-seq data of SEAM. We con-
firmed that the undifferentiated iPSCs undergo spe-
cific ocular-like cell lineages, including lens cells, reti-
nal cells, and ocular-surface ectoderm progenitors,
along with significant marker gene expression. We
believe that this single-cell atlas advances studying
gene regulation for ocular lineage differentiation.

13. Intercellular crosstalk in adult dental pulp is
mediated by heparin-binding growth factors
Pleiotrophin and Midkine

Natnicha Jiravejchakul'>"3; Gabriela Abe!4, Martin
Loza, Soyoung Park's, Ponpan Matangkasombut'3,
Jun-Ichi Sasaki'®, Satoshi Imazato'*'%, Diego Diez'’
and Daron Standley'>"

2Department of Genome Informatics, Research In-
stitute for Microbial Diseases, Osaka University
3Pepartment of Microbiology, Faculty of Science,
Mahidol University

“Department of Advanced Functional Materials
Science, Osaka University

5Department of Systems Immunology, Immunology
Frontier Research Institute (IFReC), Osaka Univer-
sity

1Department of Biomaterials Science, Osaka Uni-
versity

"Quantitative Immunology Research Unit, Immu-
nology Frontier Research Institute (IFReC), Osaka
University

The cell heterogeneity and intercommunication in
dental pulp (DP) are not well understood. To address
this lack of knowledge, we performed an in-silico
analysis of publicly available single-cell RNA-seq
data from DP. We compared the cell composition in
DP against five other reference tissues: blood, bone
marrow, adipose tissue, lung, and skin. We identified
a DP-specific population of fibroblasts expressing
higher levels of heparin-binding growth factors, plei-
otrophin (PTN) and midkine (MDK), as compared
with fibroblasts from other tissues. We performed
cell-cell crosstalk analysis of these DP-specific fibro-
blasts finding extensive communication with other
cell types such as Schwann cells and odontoblasts.
Moreover, the analysis revealed that the communica-
tion was mostly carried through PTN and MDK re-
ceptor binding, which suggests the importance of
these molecules in cell proliferation and differentia-
tion in DP. Together, our analysis extends our under-
standing of cell heterogeneity in DP and their cross-
talk communication, which we expect has a potential
role in designing and developing therapeutic target-
ing molecules in dental treatment.
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Nakai, K. and Wei, L. Recent advances in the predic-
tion of subcellular localization of proteins and re-
lated topics. (review) Front. Bioinformatics, 2, 910531
(2022).

Wang,R,. Jin, J,. Zou, Q,. Nakai, K. and Wei, L. Predict-
ing protein-peptide binding residues via interpret-
able deep learning. Bioinformatics, 38(13), 3351-3360
(2022).

Kubota, Y,. Fujioka, Y,. Patil, A,. Takagi, Y,. Matsub-
ara, D,. lijima, M,. Momose, I,. Naka, R,. Nakai, K,.
Noda, N. and Takekawa, M. Qualitative differences
in disease-associated MEK mutants reveal molecu-
lar signatures and aberrant signaling-crosstalk in
cancer. Nature Comm. 13, 4063 (2022).

Satsu, H,. Gondo, Y,. Shimanaka, H,. Imae, M,. Mu-
rakami, S,. Watari, K,. Wakabayashi, S,. Park, 5],.
Nakai, K. and Makoto Shimizu. Signaling pathway
of taurine-induced up-regulation of TXNIP. Metab-
olites, 12(7), 636 (2022).

Jin, J,. Yu, Y,. Wang, R,. Zeng, X,. Pang, C,. Jiang, Y,. Li,
Z,.Dai, Y,. Su, R,. Zou,Q,. Nakai, K. and Wei, L. iD-
NA-ABF: multi-scale deep biological language
learning model for the interpretable prediction of
DNA methylations. Genome Biology, 23, 219 (2022)..

Yamatani, Y. and Nakai, K. Comprehensive compari-
son of gene expression diversity among a variety of
human stem cells. NAR Genomics and Bioinformatics,
4(4), 1qac087 (2022).



63

Human Genome Center

Laboratory of Molecular Medicine

7 ) KRR

Professor Tatsuhiro Shibata, M.D., Ph.D.
Senior Assistant Professor ~ Atsushi Niida, Ph.D.
Assistant Professor Takahashi Kazuki, Ph.D.

o RS o A
R M CEAE) BHEH R
o % wE(RE) & OB %O

The Laboratory of Molecular Medicine focuses on comprehensive characterization
of currently-untreatable diseases including cancer on the basis of molecular
genomics and aims to make “breakthroughs for human health” by identifying novel
disease-related genes/pathways, including potential therapeutic or preventive
targets and biomarkers, and to understand human diseases as heterogeneous but
intervention-able “biological systems”. This group has also organized the facility for
the analysis of next-generation high-performance sequencers.

1. Single-Cell Analysis Reveals a CD4+ T-cell
Cluster That Correlates with PD-1 Blockade Ef-
ficacy

CD4+ T-cell immunity helps clonal proliferation,
migration, and cancer cell killing activity of CD8+ T
cells and is essential in antitumor immune responses.
To identify CD4+ T-cell clusters responsible for anti-
tumor immunity, we simultaneously analyzed the
naive-effector state, Th polarization, and T-cell recep-
tor clonotype based on single-cell RNA-sequencing
data. Unsupervised clustering analysis uncovered the
presence of a new CD4+ T-cell metacluster in the
CD62Llow CD4+ T-cell subpopulation, which con-
tained multicellular clonotypes associated with effica-
cy of programmed death-ligand 1 (PD-1) blockade
therapy. The frequency of these cells in the peripheral
blood significantly correlated with progression-free
survival and overall survival of patients with lung
cancer after PD-1 blockade therapy. These findings
suggest that CD62Llow CCR4-CCR6+ CD4+ T cells
form a novel metacluster with predictive potential of
the immune status and sensitivity to PD-1 blockade,
which may pave the way for personalized antitumor
immunotherapy strategies for patients.

2. ICGC-ARGO precision medicine: targeted ther-
apy according to longitudinal assessment of
tumour heterogeneity in colorectal cancer.

Colorectal cancer is characterised by high molecu-
lar heterogeneity and genomic alterations in common
cancer drivers, including RAS, BRAF, and mismatch
repair genes, which are routinely assessed to inform
precision treatments. However, constant clonal evo-
lution is common and leads to therapeutic resistance.
Longitudinal molecular analysis of integrated tissue
and liquid biopsies is essential to monitor the molec-
ular evolution of colorectal cancer during the contin-
uum of care and inform sequential adaptive therapies
based on real-time genomic changes. We present two
patients with metastatic colorectal cancer, who after
referral to the Precision Medicine Tumour Board un-
derwent assessment using tumour tissue and circulat-
ing-tumour DNA (ctDNA), and responded to target-
ed therapy based on these molecular profiles.

3. Evolutionary Analysis of Cancer

The process of cancer development by genome
mutation can be regarded as the “evolution” of can-
cer. We have conducted several analyses to elucidate
the evolution of cancer. Population genetics has been
used to elucidate the evolution of various species. Us-
ing the theory of population genetics, we are develop-
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ing a method to detect selection related to intratumor
heterogeneity (ITH) in cancer. In addition, various
genomic mutations occur in cancer, and theoretical
analysis can clarify the timing of their mutations in
the development of cancer. Using these methods, we
have analyzed the evolution of various cancers.

4. Verification of the Effect of Mindfulness Medi-
tation on Heart Rate Variability Using Mobile
Health Technology

Mindfulness meditation (hereafter referred to as
“meditation”) is a modern form of mental training
that has been re-edited from traditional Buddhist reli-

gious practice to remove its religious overtones. We
will examine whether continuous meditation can
change heart rate patterns in daily life, based on heart
rate data obtained from a smartwatch. For this pur-
pose, we will also collect information on sleep and
step counts, collect information on stress and activity
status in real time using a smartphone application,
and collect information on stress, exercise, sleep, etc.
through a post-questionnaire survey, and conduct an
integrated analysis of these data. The results obtained
from this study will make it possible to objectively
measure the effects of meditation on stress reduction
using mobile health technology.
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The major goal of our group is to identify genes of medical importance, and to
develop new diagnostic and therapeutic tools. We have been attempting to isolate
genes involving in carcinogenesis and also those causing or predisposing to
various diseases as well as those related to drug efficacies and adverse reactions.
By means of technologies developed through the genome project including a high-
resolution SNP map, a large-scale DNA sequencing, and the cDNA microarray
method, we have isolated a number of biologically and/or medically important
genes, and are developing novel diagnostic and therapeutic tools.

1. Expansion of Cancer Risk Profile for BRCA1
and BRCA2 Pathogenic Variants.

Importance: The clinical importance of genetic
testing of BRCA1 and BRCA2 in breast, ovarian, pros-
tate, and pancreatic cancers is widely recognized.
However, there is insufficient evidence to include
other cancer types that are potentially associated with
BRCA1 and BRCA2 in clinical management guide-
lines.

Objective: To evaluate the association of BRCA1
and BRCA2 pathogenic variants with additional can-
cer types and their clinical characteristics in 100 914
individuals across 14 cancer types.

Design, setting, and participants: This case-control
analysis to identify cancer types and clinical charac-
teristics associated with pathogenic variants in
BRCA1 and BRCA2 included DNA samples and clin-
ical information from 63 828 patients with 14 common
cancer types and 37 086 controls that were sourced
from a multi-institutional hospital-based registry, Bi-
oBank Japan, between April 2003 and March 2018.
The data were analyzed between August 2019 and
October 2021.

Main outcomes and measures: Germline patho-
genic variants in coding regions and 2 bp flanking in-

tronic sequences in BRCA1 and BRCA2 were identi-
fied by a multiplex polymerase chain reaction-based
target sequence method. Associations of (likely) path-
ogenic variants with each cancer type were assessed
by comparing pathogenic variant carrier frequency
between patients in each cancer type and controls.

Results: A total of 65 108 patients (mean [SD] age
at diagnosis, 64.1 [11.6] years; 27 531 [42.3%] female)
and 38 153 controls (mean [SD] age at registration,
61.8 [14.6] years; 17 911 [46.9%] female) were included
in this study. A total of 315 unique pathogenic vari-
ants were identified. Pathogenic variants were associ-
ated with P <1 x 10-4 with an odds ratio (OR) of great-
er than 4.0 in biliary tract cancer (OR, 17.4; 95% CI,
5.8-51.9) in BRCA1, esophageal cancer (OR, 5.6; 95%
CI, 2.9-11.0) in BRCA2, and gastric cancer (OR, 5.2;
95% (I, 2.6-10.5) in BRCA1, and (OR, 4.7; 95% CI, 3.1-
7.1) in BRCA2 in addition to the 4 established cancer
types. We also observed an association with 2 and 4
other cancer types in BRCA1 and BRCAZ2, respective-
ly. Biliary tract, female breast, ovarian, and prostate
cancers showed enrichment of carrier patients ac-
cording to the increased number of reported cancer
types in relatives.

Conclusions and relevance: The results of this
large-scale registry-based case-control study suggest
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that pathogenic variants in BRCA1 and BRCA2 were
associated with the risk of 7 cancer types. These re-
sults indicate broader clinical relevance of BRCA1
and BRCA2 genetic testing.

Hereditary cancer variants and homologous re-
combination deficiency in biliary tract cancer

Background & aims: The heritability and actiona-
bility of variants in homologous recombination-relat-
ed genes in biliary tract cancers (BTCs) are uncertain.
Although associations between BTC and BRCA
germline variants have been reported, homologous
recombination deficiency has not been investigated in
BTCs.

Methods: We sequenced germline variants in 27
cancer-predisposing genes in 1,292 BTC cases and
37,583 controls without a personal nor family history
of cancer. We compared pathogenic germline variant
frequencies between cases and controls and docu-
mented the demographic and clinical characteristics
of carriers. In addition, whole-genome sequencing of
45 BTC tissues was performed to evaluate homolo-
gous recombination deficiency status.

Results: Targeted sequencing identified 5,018
germline variants, which were classified into 317
pathogenic, 3,611 variants of uncertain significance,
and 1,090 benign variants. Seventy-one BTC cases
(5.5%) had at least one pathogenic variant among 27
cancer-predisposing genes. Pathogenic germline vari-
ants enriched in BTCs were present in BRCAI,
BRCA2, APC, and MSH6 (p <0.00185). PALB2 vari-
ants were marginally associated with BTC (p = 0.01).
APC variants were predominantly found in ampulla
of Vater carcinomas. Whole-genome sequencing
demonstrated that three BTCs with pathogenic
germline variants in BRCA2 and PALB2, accompa-
nied by loss of heterozygosity, displayed homologous
recombination deficiency. Conversely, pathogenic
germline variants in without a second hit or other ho-
mologous recombination-realted genes such as ATM
and BRIP1 showed homologous recombination-profi-
cient phenotypes.

Conclusions: In this study, we describe the herita-

bility and actionability of variants in homologous re-
combination-related genes, which could be used to
guide screening and therapeutic strategies for BTCs.

Impact and implications: We found that 5.5% of
biliary tract cancers (BTCs) in a Japanese population
possessed hereditary cancer-predisposing gene alter-
ations, including in BRCA and genes associated with
colorectal cancer. Two hits in homologous recombina-
tion-related genes were required to confer a homolo-
gous recombination-deficient phenotype. PARP in-
hibitors and DNA-damaging regimens may be
effective strategies against BTCs exhibiting homolo-
gous recombination deficiency. Hence, in this study,
genome-wide sequencing has revealed a potential
new therapeutic strategy that could be applied to a
subset of BTCs.

Deciphering colorectal cancer genetics through
multi-omic analysis of 100,204 cases and 154,587
controls of European and east Asian ancestries

Colorectal cancer (CRC) is a leading cause of mor-
tality worldwide. We conducted a genome-wide asso-
ciation study meta-analysis of 100,204 CRC cases and
154,587 controls of European and east Asian ancestry,
identifying 205 independent risk associations, of
which 50 were unreported. We performed integrative
genomic, transcriptomic and methylomic analyses
across large bowel mucosa and other tissues. Tran-
scriptome- and methylome-wide association studies
revealed an additional 53 risk associations. We identi-
fied 155 high-confidence effector genes functionally
linked to CRC risk, many of which had no previously
established role in CRC. These have multiple differ-
ent functions and specifically indicate that variation
in normal colorectal homeostasis, proliferation, cell
adhesion, migration, immunity and microbial interac-
tions determines CRC risk. Crosstissue analyses indi-
cated that over a third of effector genes most probably
act outside the colonic mucosa. Our findings provide
insights into colorectal oncogenesis and highlight po-
tential targets across tissues for new CRC treatment
and chemoprevention strategies.
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Our mission is to realize genomic medicine based on the integrated data analysis
of whole genomes of human and commensal microbiota by supercomputing.
Development of computational data analysis methods including artificial intelligence
for genomic, health, and medical big data is one of our main focuses. We promote
integrative analysis of human whole genome, RNA and other omics data,
commensal microbiota including bacteriome and virome, and health and medical-
related big data. Furthermore, health medical intelligence aims at using the analysis
results of such big data to create personalized health-medical action plan of

1. Whole Genome Sequencing and Genomic
Medicine

a. Creating New Genomic Medicine by Integrat-
ing Human Whole Genome and Commensal
Microbiota

Katayama K, Shimizu E, Kasajima R, Yamaguchi
K, Yokoyama K, Yadome M, Hyugaji T, Komura M,
Yamamoto M, Saito A, Fujimoto K, Kobayashi M,
Ogawa M, Takei T, Yasui H, Yuji K, Takane K, Ike-
noue T, Robert B, Shibuya T, Hiroshima Y, Hasega-
wa T, Miyagi Y, Muto K, Goyama S, Shida D, Boku
N, Kawabata K, Takahashi S, Nanya Y, Furukawa
Y, Miyano S, Yamaguchi R, Uematsu S, Imoto S

Using state-of-the-art genome analysis and artifi-
cial intelligence, our mission is to implement “new
genomic medicine” by integrating human genome in-
formation and human symbiotic microbial metagen-
ome information.

In Japan, gene panel testing was covered by na-
tional health insurance from Jun 2019, however, it
analyzed several hundreds of genes, which were
known cancer-related genes. Since the gene panel has
trivial limitation due to its focused genes, Japanese
government considered to extend the gene panel to
whole genome. However, it remains a question that
whether the whole genome sequence information is
enough to realize precision medicine.

Although human genome has 20 thousand genes,
intestinal microbiota has 20 million genes, and they
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work together with human genes for keeping homeo-
stasis of our lives. In recent years, with the advance-
ment of sequencing technology, we could have a
whole figure of intestinal microbiota and found its
dysbiosis leads to various diseases. We are proceed-
ing a research for utilizing the information of intesti-
nal microbiota (meta-genome) and human genome to
create new genomic medicine in Society5.0. For this
purpose, we need to establish an artificial intelligence
to translate the information of human genome and
meta-genome to clinical actions of physicians.

b. Establishment of Data Analysis Center in Ac-
tion Plan for Whole Genome Analysis of Minis-
try of Health, Labour and Welfare

Katayama K, Shibuya T, Yamaguchi R, Mano H',
Shiraishi Y!, Sudo T', OQogaito T', Tamai I', Kohno
T!, Kato M!, Oe K2, Kataoka K', Okada Y3, Fujimo-
to A%, Imoto S: 'National Cancer Center, Japan,
2University of Tokyo School of Medicine, Japan,
30saka University, Japan

Based on the Whole Genome Analysis Action Plan
(Version 1) formulated on December 20, 2019 by the
Ministry of Health, Labour and Welfare, the AMED
project was launched in 2021 aiming at returning the
result of WGS analysis to the patients as medical ac-
tions. This national project covers a wide range of in-
tractable cancers, including gastrointestinal, hemato-
logical, pediatric, rare, gynecological, and respiratory
cancers. A total of 9,900 patients will be subjected to
whole genome sequencing analysis with depth of 30x
for normal and 120x for tumor samples, and RNA se-
quencing will also be conducted.

Our team (PI: Prof. Seiya Imoto of IMSUT) is
building the Analysis Data Center to collect and com-
pile a database of genomic data and clinical informa-
tion of these cancer patients. The mission of the Anal-
ysis Data Center is to construct a unified analysis
pipeline for primary analysis of genomic data, to col-
lect clinical information, to build a reporting system
that can be used in expert panels, to build a secure
data sharing system, and to build an analysis envi-
ronment that can perform advanced secondary analy-
sis in a hybrid computational environment of
on-premises and cloud.

2. Metagenome Analysis of Intestinal Microbiota

a. Unveiling viral dark matter by whole metagen-
ome analysis of bacteriome and virome

Fujimoto K, Kimura Y, Shimohigoshi M, Satoh M,
Sato S, Tremmel G, Uematsu M, Kawaguchi Y, Usui
Y, Nakano Y, Hayashi T, Kashima K, Yuki Y, Yama-
guchi K, Furukawa Y, Kakuta M, Akiyama Y,
Yamaguchi R, Crowe SE5, Ernst PB, Miyano S, Ki-
yono H, Imoto S, Uematsu S: ‘Department of Com-

puter Science, Tokyo Institute of Technology, Japan,
SDepartment of Medicine, University of California,
San Diego, USA, ‘CU-UCSD Center for Mucosal
Immunology, Allergy and Vaccines, University of
California San Diego, USA.

The application of bacteriophages (phages) is pro-
posed as a highly specific therapy for intestinal patho-
biont elimination. However, the infectious associa-
tions between phages and bacteria in the human
intestine, which is essential information for the devel-
opment of phage therapies, have yet to be fully eluci-
dated. Here, we report the intestinal viral microbi-
omes (viromes), together with bacterial microbiomes
(bacteriomes), in 101 healthy Japanese individuals.
Based on the genomic sequences of bacteriomes and
viromes from the same fecal samples, the host bacte-
ria-phage associations are illustrated for both temper-
ate and virulent phages. To verify the usefulness of
the comprehensive host bacteria-phage information,
we screened Clostridioides difficile-specific phages
and identified antibacterial enzymes whose activity is
confirmed both in vitro and in vivo. These compre-
hensive metagenome analyses reveal not only host
bacteria-phage associations in the human intestine
but also provide vital information for the develop-
ment of phage therapies against intestinal pathobi-
onts.

b. Functional restoration of bacteriomes and vi-
romes by fecal microbiota transplantation

Fujimoto K, Kimura Y, Allegretti JR’, Yamamoto
M, Zhang Y-Z, Katayama K, Tremmel G, Kawagu-
chi Y?, Shimohigoshi M?, Hayashi T8 Uematsu M?,
Yamaguchi K, Furukawa Y, Akiyama Y’, Yamagu-
chi R, Crowe SE!°, Ernst PB!’, Miyano S, Kiyono H,
Imoto S, Uematsu S: "Brigham and Women’s Hospi-
tal, Boston, Massachusetts, USA. #Osaka City Uni-
versity, Department of Computer Science, Tokyo
Institute of Technology, "University of California,
San Diego.

Fecal microbiota transplantation (FMT) is an effec-
tive therapy for recurrent Clostridioides difficile in-
fection (rCDI). However, the overall mechanisms un-
derlying FMT success await comprehensive
elucidation, and the safety of FMT has recently be-
come a serious concern because of the occurrence of
drug-resistant bacteremia transmitted by FMT. We
investigated whether functional restoration of the
bacteriomes and viromes by FMT could be an indica-
tor of successful FMT. The human intestinal bacteri-
omes and viromes from 9 patients with rCDI who had
undergone successful FMT and their donors were
analyzed. Prophage-based and CRISPR spacer-based
host bacteria—phage associations in samples from re-
cipients before and after FMT and in donor samples
were examined. The gene functions of intestinal mi-
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croorganisms affected by FMT were evaluated.
Metagenomic sequencing of both the viromes and
bacteriomes revealed that FMT does change the char-
acteristics of intestinal bacteriomes and viromes in
recipients after FMT compared with those before
FMT. In particular, many Proteobacteria, the fecal
abundance of which was high before FMT, were elim-
inated, and the proportion of Microviridae increased
in recipients. Most temperate phages also behaved in
parallel with the host bacteria that were altered by
FMT. Furthermore, the identification of bacterial and
viral gene functions before and after FMT revealed
that some distinctive pathways, including fluoroben-
zoate degradation and secondary bile acid biosynthe-
sis, were significantly represented.

3. Health Medical Data Science

a. Halcyon: an accurate basecaller exploiting an
encoder-decoder model with monotonic atten-
tion

Konishi H, Yamaguchi R, Yamaguchi K, Furukawa
Y, Imoto S

In recent years, nanopore sequencing technology
has enabled inexpensive long-read sequencing, which
promises reads longer than a few thousand bases.
Such long-read sequences contribute to the precise
detection of structural variations and accurate haplo-
type phasing. However, deciphering precise DNA se-
quences from noisy and complicated nanopore raw
signals remains a crucial demand for downstream
analyses based on higher-quality nanopore sequenc-
ing, although various basecallers have been intro-
duced to date.

To address this need, we developed a novel base-
caller, Halcyon, that incorporates neural-network
techniques frequently used in the field of machine
translation. Our model employs monotonic-attention
mechanisms to learn semantic correspondences be-
tween nucleotides and signal levels without any
pre-segmentation against input signals. We evaluated
performance with a human whole-genome sequenc-
ing dataset and demonstrated that Halcyon outper-
formed existing third-party basecallers and achieved
competitive performance against the latest Oxford
Nanopore Technologies’ basecallers.

b. Immunogenomic pan-cancer landscape re-
veals immune escape mechanisms and immu-
noediting histories

Mizuno S", Yamaguchi R, Hasegawa T, Hayashi S,
Fujita M', Zhang F, Koh Y, Lee S-Y', Yoon
S-S, Shimizu E, Komura M, Fujimoto A2, Nagai
M'¢, Kato M'¢, Liang H"7, Miyano S, Zhang Z"3, Na-
kagawa H'2, Imoto S: "Kyushu University, 2Riken,
BPeking University, “Seoul National University

Hospital, SSamsung SDS, '*National Cancer Center,
Japan, "The University of Texas MD Anderson
Cancer Center, USA.

Immune reactions in the tumor microenvironment
are an important hallmark of cancer, and emerging
immune therapies have been proven effective against
several types of cancers. To investigate cancer ge-
nome-immune interactions and the role of immu-
noediting or immune escape mechanisms in cancer
development, we analyzed 2834 whole genome and
RNA sequencing datasets across 31 distinct tumor
types with respect to key immunogenomic aspects
and provided comprehensive immunogenomic pro-
files of pan-cancers. We found that selective copy
number changes in immune-related genes may con-
tribute to immune escape. Furthermore, we devel-
oped an index of the immunoediting history of each
tumor sample based on the information of mutations
in exonic regions and pseudogenes and evaluated the
immunoediting history of each tumor. Our immu-
no-genomic analyses of pan-cancers have the poten-
tial to identify a subset of tumors with immunogenic-
ity and diverse backgrounds or intrinsic pathways
associated with their immune status and immunoed-
iting history.

c. Enhancing breakpoint resolution with deep
segmentation model: a general refinement
method for read-depth based structural variant
callers

Zhang Y-Z, Imoto S, Miyano S, Yamaguchi R:

Read-depths (RDs) are frequently used in identi-
fying structural variants (SVs) from sequencing data.
For existing RD-based SV callers, it is difficult for
them to determine breakpoints in single-nucleotide
resolution due to the noisiness of RD data and the
bin-based calculation. In this paper, we propose to
use the deep segmentation model UNet to learn base-
wise RD patterns surrounding breakpoints of known
SVs. We integrate model predictions with an RD-
based SV caller to enhance breakpoints in single-nu-
cleotide resolution. We show that UNet can be trained
with a small amount of data and can be applied both
in-sample and cross-sample. An enhancement pipe-
line named RDBKE significantly increases the num-
ber of SVs with more precise breakpoints on simulat-
ed and real data.

4. COVID-19

a. A nation-wide consortium to elucidate host ge-
netics of COVID-19 pandemic in Japan

Japan COVID-19 Task Force

Identifying the host genetic factors underlying se-
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vere COVID-19 is an emerging challenge. Here we
conducted a genome-wide association study (GWAS)
involving 2,393 cases of COVID-19 in a cohort of Jap-
anese individuals collected during the initial waves of
the pandemic, with 3,289 unaffected controls. We
identified a variant on chromosome 5 at 5q35
(rs60200309-A), close to the dedicator of cytokinesis 2
gene (DOCK?2), which was associated with severe
COVID-19 in patients less than 65 years of age. This
risk allele was prevalent in East Asian individuals but
rare in Europeans, highlighting the value of ge-
nome-wide association studies in non-European pop-
ulations. RNA-sequencing analysis of 473 bulk pe-
ripheral blood samples identified decreased
expression of DOCK2 associated with the risk allele
in these younger patients. DOCK2 expression was
suppressed in patients with severe cases of COV-
ID-19. Single-cell RNA-sequencing analysis (n=61
individuals) identified cell-type-specific downregula-
tion of DOCK2 and a COVID-19-specific decreasing
effect of the risk allele on DOCK2 expression in
non-classical monocytes. Immunohistochemistry of
lung specimens from patients with severe COVID-19
pneumonia showed suppressed DOCK2 expression.
Moreover, inhibition of DOCK2 function with CPYPP
increased the severity of pneumonia in a Syrian ham-
ster model of SARS-CoV-2 infection, characterized by
weight loss, lung oedema, enhanced viral loads, im-
paired macrophage recruitment and dysregulated
type I interferon responses. We conclude that DOCK2
has an important role in the host immune response to
SARS-CoV-2 infection and the development of severe
COVID-19, and could be further explored as a poten-
tial biomarker and/or therapeutic target.

b. COVID-19 risk assessment at the Tokyo 2020
Olympic Games

Murakami M", Miura F", Kitajima M, Fujii K,
Yasutaka T2, Iwasaki Y, Ono K?, Shimazu Y%,
Sorano S*, Okuda T%, Ozaki A%, Katayama K, Ni-
shikawa Y?’, Kobashi Y2, Sawano T?, Abe T%, Saito
MM?*, Tsubokura M8, Naito W22, Imoto S: *Fukus-
hima Medical University, ’Ehime University, 2’Hok-
kaido University, 2'Kao, *National Institute of Ad-
vanced Industrial Science and Technology (AIST),
BSouthern TOHOKU General Hospital, *Nagasaki
University, *Keio University, 2Jyoban Hospital of
Tokiwa Foundation, >’Kyoto University, »Seireikai
Group Hirata Central Hospital, >?Sendai Open Hos-
pital, **University of Nagasaki

The 2020 Olympic/Paralympic Games have been
postponed to 2021, due to the COVID-19 pandemic.
We developed a model that integrated source-envi-
ronment-receptor pathways to evaluate how preven-
tive efforts can reduce the infection risk among spec-
tators at the opening ceremony of Tokyo Olympic
Games. We simulated viral loads of severe acute res-

piratory syndrome coronavirus 2 (SARS-CoV-2) emit-
ted from infectors through talking/coughing/sneez-
ing and modeled temporal environmental behaviors,
including virus inactivation and transfer. We per-
formed Monte Carlo simulations to estimate the ex-
pected number of newly infected individuals with
and without preventive measures, yielding the crude
probability of a spectator being an infector among the
60,000 people expected to attend the opening ceremo-
ny. Two indicators, i.e., the expected number of newly
infected individuals and the newly infected individu-
als per infector entry, were proposed to demonstrate
the extent of achievable infection risk reduction levels
by implementing possible preventive measures. A
no-prevention scenario produced 1.5-1.7 newly in-
fected individuals per infector entry, whereas a com-
bination of cooperative preventive measures by or-
ganizers and the spectators achieved a 99% risk
reduction, corresponding to 0.009-0.012 newly infect-
ed individuals per infector entry. The expected num-
ber of newly infected individuals was calculated as
0.005 for the combination of cooperative preventive
scenarios with the crude probability of a spectator be-
ing an infector of 1 x 10-5. Based on our estimates, a
combination of cooperative preventions between or-
ganizers and spectators is required to prevent a viral
spread at the Tokyo Olympic/Paralympic Games.
Further, under the assumption that society accepts <
10 newly infected persons traced to events held dur-
ing the entire Olympic/Paralympic Games, we pro-
pose a crude probability of infectors of <5 x 10-5 as a
benchmark for the suppression of the infection. This
is the first study to develop a model that can assess
the infection risk among spectators due to exposure
pathways at a mass gathering event.

c. COVID-19 wastewater surveillance implement-
ed in the Tokyo 2020 Olympic and Paralympic
Village

Kitajima M3', Murakami M*, Iwamoto R%, Katay-
ama H*, Imoto S: ¥Hokkaido University, **Center
for Infectious Disease Education and Research, Osa-
ka University, Shionogi & Co. Ltd., **Graduate
School of Engineering, The University of Tokyo

Wastewater-based epidemiology (WBE), which
has attracted attention as a COVID-19 surveillance
tool,1 was implemented in the Tokyo 2020 Olympic
and Paralympic Village in order to better understand
COVID-19 incidence in the village.2 Between July 14
and September 8, 2021, 690 wastewater samples—361
and 329 samples collected via passive and grab sam-
pling, respectively —were collected from manholes in
the village. We collected wastewater samples, in addi-
tion to clinical data (i.e., confirmed positive cases),
from seven distinct areas comprising the entire resi-
dential buildings. The wastewater samples were ex-
amined for the presence and concentration of SARS-



73

CoV-2 RNA wusing a highly sensitive reverse
transcription (RT)-qPCR-based detection method. We
tested for SARS-CoV-2 RNA in wastewater and re-
ported data daily to the Tokyo Organising Committee

of the Olympic and Paralympic Games. The reported
data were used as one of the indicators reflecting
COVID-19 incidence to support judgement of the
need for enhanced infection prevention measures.
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The Department of Public Policy contributes to achieving the following major
missions: research ethics consultation for scientists to comply with ethical
guidelines and build public trust; advancing ethical discussions and surveys
surrounding COVID-19 pandemic; public policy science studies of translational
research and its societal impact; and developing “minority-centered” scientific
communication. Through qualitative and quantitative social science studies and
policy analysis, we facilitate discussion of challenges arising from medical science

1. Comparison of the 2021 International Society
for Stem Cell Research (ISSCR) guidelines for
“laboratory-based human stem cell research,
embryo research, and related research activi-
ties” and the corresponding Japanese regula-
tions

This paper presents a comparison of the 2021
guidelines for stem cell research and clinical transla-
tion outlined by the International Society for Stem
Cell Research (ISSCR) with the current regulations in
Japan regarding the performance of such research.
This paper provides a convenient English-language
summary of the Japanese regulations, and illustrates
the difference between the ISSCR guidelines and Jap-
anese regulations regarding the conditions of imple-
mentation of study activities using human embryos
or stem cells, for researchers outside Japan. The regu-
lations governing the performance of research activi-
ties using human embryos or stem cells in Japan are
relatively complex and comprise a range of laws and
guidelines; the specific rules applied depend on the
characteristics of each study. Therefore, even similar
research activities may differ in terms of not only the
guidelines or laws implemented, but also the proce-

dures required. Such situations may confuse research-
ers.

2. Learning to listen: A complementary approach
to informed consent for patients with visual
impairments

This forum describes an exploratory approach for
assisting individuals with visual impairment during
the informed consent (IC) process to participate in a
cutting-edge trial. Our approach has been developed
to focus on potential participants’ preparedness to
give IC, along with the creation of supporting audio
material.

3. Patient and public involvement in mobile
health-based research for hay fever: a qualita-
tive study of patient and public involvement
implementation process

Patient and public involvement (PPI) plays an im-
portant role in promoting effective execution of health
science research, as well as in the establishment of a
social agreement and infrastructure for the care of
various diseases, including cancer, chronic diseases,
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and allergic illnesses. Hay fever is one of the most
common allergic diseases, affecting more than 30 mil-
lion people in Japan. It is known for its myriad factors
and diverse presentations. Previously, we developed
a mobile health (mHealth) smartphone application
(app) for hay fever — AllerSearch —released in Febru-
ary 2018. This app is capable of collecting relevant
digital phenotypes and user-provided information,
which are used in providing tailored, evidence-based
suggestions. To our knowledge, no other studies have
been conducted on the implementation of PPI in
mHealth. Since hay fever presents with a wide variety
of symptoms and risk factors, PPI principles appear
well-suited for eliciting insights from the patient/pub-
lic population and for incorporating new, expert per-
spectives into the research process. In this study, we
included PPI contributors in the research plan, app
development, and evaluation. Most notably, the sur-
vey questionnaire and user interface of the app was
tailored based on PPI feedback. The updated Aller-
Search app was released during this study period.
Since hay fever is a widespread and variable illness,
the multifaceted input from patients and public ex-
perts enabled by PPI implementation holds promise
for improving society-wide healthcare and in em-
powering a culture toward medical involvement.

4. A comparative analysis of attitudes toward
stem cell research and regenerative medicine
between six countries - A pilot study

Breakthroughs in stem cell research (SCR) and re-
generative medicine (RM) have attracted significant
public attention worldwide. Simultaneously, scientif-
ic communities and science policies have tried to es-
tablish appropriate governance of SCR and RM. In
this context, effective communication between scien-
tific communities and the public is regarded as a key
factor. However, the diversity of public attitudes and
interests has not been sufficiently examined, especial-
ly the differences across countries. We conducted an
international comparison of public attitudes toward
SCR and RM. We circulated an internet questionnaire
among people in six countries: Japan, South Korea,
the United States, the UK, Germany, and France. We
collected 100 valid responses from each country, and
a total of 600 responses were obtained. Our key find-
ings are the diversity of interests in RM, which can be
expressed as user pragmatism, governance and han-
dling of RM, risk, and benefit, and scientific interests.
The priority of interests varied across the six coun-
tries, and the variations may be influenced by the po-
litical, social, cultural, and media contexts of SCR and
RM in each country. The implications can contribute
to a deeper understanding of the diversity of public
attitudes, and bring about an appropriate examina-
tion of a wide range of ethical and social concerns of
SCR and RM in global contexts.

5. Public attitudes in the clinical application of
genome editing on human embryos in Japan: a
cross-sectional survey across multiple stake-
holders

Recent advances in genome editing technology
are accompanied by increasing public expectations on
its potential clinical application, but there are still sci-
entific, ethical, and social considerations that require
resolution. In Japan, discussions pertaining to the
clinical use of genome editing in human embryos are
underway. However, understanding of the public’s
sentiment and attitude towards this technology is
limited which is important to help guide the debate
for prioritizing policies and regulatory necessities.
Thus, we conducted a cross-sectional study and ad-
ministered an online questionnaire across three stake-
holder groups: the general public, patients and their
families, and health care providers. We received re-
sponses from a total of 3,511 individuals, and the atti-
tudes were summarized and compared among the
stakeholders. Based on the distribution of responses,
health care providers tended to be cautious and reluc-
tant about the clinical use of genome editing, while
patients and families appeared supportive and posi-
tive. The majority of the participants were against the
use of genome editing for enhancement purposes.
Participants expressed the view that clinical use may
be acceptable when genome editing is the fundamen-
tal treatment, the risks are negligible, and the safety of
the technology is demonstrated in human embryos.
Our findings suggest differences in attitudes toward
the clinical use of genome editing across stakeholder
groups. Taking into account the diversity of the pub-
lic’s awareness and incorporating the opinion of the
population is important. Further information dissem-
ination and educational efforts are needed to support
the formation of the public’s opinion.

6. Relationship Between High Organ Donation
Rates and COVID-19 Vaccination Coverage

Besides attaining the goal of self-protection, the
rollout of vaccination programs also encourages al-
truistic practices. Therefore, the progress in vaccina-
tion against coronavirus disease (COVID-19) in each
country may be related to the prevalence of coopera-
tive and altruistic practices in health care. I hypothe-
sized that in countries where organ donation is popu-
lar, individuals would exhibit a greater tendency to
become vaccinated. I examined the correlation be-
tween the level of progress of COVID-19 vaccination
and the status of organ donation just before the pan-
demic in Organization for Economic Co-operation
and Development (OECD) countries. Publicly availa-
ble statistical information on the progress of immuni-
zation and organ donation was used. Univariate and
multivariate analyses were conducted to examine
common drivers of immunization and organ dona-
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tion. In OECD countries, progress in vaccination was
found to be significantly correlated with the status of
organ donation in each country. This relationship was
stable after the summer (September 1: Pearson’s r =
0.442, October 1: 0.457, November 1: 0.366). The re-
sults of the univariate and multivariate analyses
showed that high trust in medical professionals was
significantly correlated with both the “progress of
vaccinations” and “organ donations.” Progress in
COVID-19 vaccination and organ donation status for
transplantation have similar trends, and both may in-
volve people’s trust in medical personnel and public
health systems. Similar to the efforts to obtain organ
donors, governments around the world need to take
further steps to ensure that vaccination programs are
supported by people’s trust and sense of solidarity.

7. Factors that Lead to Stagnation in Direct Pa-
tient Reporting of Adverse Drug Reactions: An
Opinion Survey of the General Public and Phy-
sicians in Japan

Data collection from patients regarding adverse
drug reactions (ADRs) in Japan have greatly stagnat-
ed. To examine the factors underlying this stagnation,
we investigated the awareness of and opinions about
the direct ADR reporting system among the general
public and physicians. We conducted questionnaire

surveys of general citizens and physicians through-
out Japan and included the following topics: (1)
awareness of the direct patient ADR reporting sys-
tem, (2) attitude toward this system, (3) reasons for
negative opinions of this system, (4) awareness of the
physician ADR reporting system, and (5) respondent
demographics. Responses were received from 845 cit-
izens and 300 physicians. Most citizens (83.7%) were
unaware of the direct patient ADR reporting system.
While many citizens supported the idea of the sys-
tem, 26.7% expressed negative/hesitant opinions.
Prominent reasons for negative/hesitant opinions in-
cluded the patient burden for reporting their own
ADRs and expectations that physicians would make
reports. Among the general public, the physician re-
porting system was better known (43.6%). In contrast,
many physicians were aware of the direct patient
ADR reporting system (65.0%). However, only 46.7%
of physicians had supported this system; prominent
reasons for disapproval included skepticism toward
patients’ judgment and the regulatory authorities’ as-
sessment. Our survey suggests that stagnation in the
reporting system is affected by the attitudes of the
general public and physicians. In addition to govern-
ment measures to improve awareness and eliminate
reporting hurdles, the involvement of medical staff in
patient reporting needs to be improved.
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The objective of Division of Medical Data Informatics is to develop fundamental
data informatics technologies for medical data, including algorithm theory, big data
technologies, artificial intelligence, data mining, and privacy preserving
technologies. Medical data, especially genome data are increasing exponentially
from basics to clinical research in medical science. Our aim is to innovate medical
science with novel data informatics solutions.

1. Development of Privacy Preserving Technolo-
gies for Medical Data

a. Differentially Private SNPs Ranking Publica-
tion of GWAS

i) Discrete Fourier Transform-based Method

Akihito Yamamoto!, Tetsuo Shibuya': 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo

As the amount of data containing human genome
information increases, these data will be further uti-
lized in medicine. If the statistics obtained from large-
scale analyses are released unchanged, there is a risk
of identifying individuals. Although there are several
privacy-preserving techniques to release and utilize
genomic statistics, most have the problem of poor ac-
curacy at high privacy levels and do not provide cor-
rect results especially with an increased number of
outputs. In addition, existing methods with relatively
high accuracy are computationally intensive and
hardly applicable to a large cohort such as those con-
taining 10° SNPs. We propose innovative differential-
ly private methods with both efficiency and high ac-
curacy to release the top K significant SNPs based on
genomic statistics data [4]. First, we enhance the Fou-

rier perturbation algorithm (FPA), which was pro-
posed in the context of histogram publication, for use
with genomic statistics. Then, we propose a new ex-
tended FPA with more accurate privacy guarantees
and provide a proof that this method achieves e-dif-
ferential privacy. Furthermore, we present novel
methods combining DFT with the Laplace and expo-
nential mechanisms. These methods take only O(m
log m) time for a dataset containing m SNPs. We also
theoretically guarantee that the value of sensitivity
for these methods is smaller than that for existing
methods and therefore can provide more accurate
outputs. Our proposed algorithms can be conducted
in less than 20 seconds even for a large cohort, and
our experiments using real data show that our meth-
ods can achieve 1.5 to 8 times higher accuracy than
state-of-the-art methods especially when K is large.
Because retrieving multiple significant SNPs from
large cohorts in genomic analysis is preferred, our
proposed methods are remarkably advisable rather
than existing methods.

ii) Compressive Mechanism with Haar Wavelet
Transform

AKkihito Yamamoto!, Tetsuo Shibuya!: 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo
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To promote the use of personal genome informa-
tion in medicine, it is important to analyze the rela-
tionship between diseases and the human genomes.
Statistical analysis using genomic data is often con-
ducted, but there is a privacy concern with respect to
releasing the statistics as they are. Existing methods
to address this problem using the concept of differen-
tial privacy cannot provide accurate outputs under
strong privacy guarantees, making them less practi-
cal. We investigate the application of a compressive
mechanism to genomic statistical data and propose
two approaches [2]. The first is to apply the normal
compressive mechanism to the statistics vector along
with an algorithm to determine the number of nonze-
ro entries in a sparse representation. The second is to
alter the mechanism based on the data, aiming to re-
lease significant single nucleotide polymorphisms
with a high probability. In this algorithm, we apply
the compressive mechanism with the input as a sparse
vector for significant data and the Laplace mechanism
for nonsignificant data. By using the Haar wavelet
transform for the compressive mechanism, we can de-
termine the number of nonzero elements and the
amount of noise. In addition, we give theoretical
guarantees that our proposed methods achieve e-dif-
ferential privacy. We evaluated our methods in terms
of accuracy and rank error compared with the Lap-
lace and exponential mechanisms. The results show
that our second method in particular can guarantee
high privacy assurance as well as utility.

b. Differentially Private Publication of Transmis-
sion Disequilibrium Test

Akihito Yamamoto!, Tetsuo Shibuya': 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo

To achieve the provision of personalized medi-
cine, it is very important to investigate the relation-
ship between diseases and human genomes. Large-
scale genetic studies such as genome-wide association
studies are often conducted, but there is a risk of iden-
tifying individuals if the statistics are released as they
are. We propose new efficient differentially private
methods for a transmission disequilibrium test, which
is a family-based association test [9]. Existing meth-
ods are computationally intensive and take a long
time even for a small cohort. Moreover, for approxi-
mation methods, sensitivity of the obtained values is
not guaranteed. We present an exact algorithm with a
time complexity of O(nm) for a dataset containing n
families and m single nucleotide polymorphisms
(SNPs). We also propose an approximation algorithm
that is faster than the exact one and prove that the
obtained scores’ sensitivity is 1. From our experimen-
tal results, we demonstrate that our exact algorithm is
10,000 times faster than existing methods for a small
cohort with 5,000 SNPs. The results also indicate that

the proposed method is the first in the world that can
be applied to a large cohort, such as those with 10°
SNPs. In addition, we examine a suitable dataset to
apply our approximation algorithm.

c. Differentially Private Data Sharing with k-Ano-
nymity

Akihito Yamamoto!, Eizen Kimura?, Tetsuo
Shibuya': 'Division of Medical Data Informtatics,
Institute of Medical Science, the University of To-
kyo, *Medical School of Ehime University, Ehime,
Japan

As the amount of biomedical and healthcare data
increases, data mining for medicine becomes more
and more important for health improvement. Privacy
concerns in data utilization have also been growing.
The key concepts for privacy protection are k-ano-
nymity and differential privacy, but k-anonymity
alone cannot protect personal presence information,
and differential privacy alone would leak the identity.
To promote data sharing throughout the world, uni-
versal methods to release the entire data while satis-
fying both concepts are required, but such a method
does not yet exist. Therefore, we propose a novel pri-
vacy-preserving method, (¢, k)-Randomized An-
onymization [1]. We first present two methods that
compose the Randomized Anonymization method.
They perform k-anonymization and randomized re-
sponse in sequence and have adequate randomness
and high privacy guarantees, respectively. Then, we
show the algorithm for (g, k)-Randomized Anonymi-
zation, which can provide highly accurate outputs
with both k-anonymity and differential privacy. In
addition, we describe the analysis procedures for
each method using an inverse matrix and expecta-
tion-maximization (EM) algorithm. In the experi-
ments, we used real data to evaluate our methods’
anonymity, privacy level, and accuracy. Furthermore,
we show several examples of analysis results to
demonstrate high utility of the proposed methods.

2. Development of Biomedical Database Technol-
ogies

a. Optimally Confining Lattice Polymers

Robert Daniel Barish', Tetsuo Shibuya': 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo

We introduce the Lattice Polymer Confinement
Problem (LPCP), where provided a graph G corre-
sponding to a solid or hole-containing finite lattice,
and provided a finite set of lattice polymers modeled
as Self-Avoiding Walks (SAWs), the objective is to de-
lete the fewest possible number of vertices in G to sat-
isfy a bound on a sum over the configuration entro-
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pies of each polymer [7]. We also propose a novel
Self-Avoiding Walk (SAW) centrality measure for a
vertex in a lattice or graph as a variation on the stand-
ard notion of betweenness centrality. We show that
LPCP is NP-hard as well as APX-hard. On the other
hand, we prove the existence of a polynomial time pa-
rameterized approximation algorithm for LPCP
where the treewidth of the graph is assumed as a pa-
rameter. We moreover establish a deterministic algo-
rithm for SAW centrality with multiplicative error
1+e. Finally, we analyze variations on LPCP, includ-
ing a variant where we delete edges in lieu of vertices,
and variant with rigid lattice polymers (e.g., lattice
proteins) where every embedding must satisfy a set
of consecutive dihedral angles for adjacent bonds.

b. String Editing under Pattern Constraints

Robert Daniel Barish', Tetsuo Shibuya’: 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo

We introduce the novel Nearest Pattern Con-
strained String (NPCS) problem of finding a mini-
mum set of character mutation, insertion, and dele-
tion edit operations sufficient to modify a string to
contain all contiguous words in a pattern set and no
contiguous words in a forbidden pattern set. We show
that NPCS is fixed-parameter tractable [3].

c. Graph Database Technologies

i) Hardness of Bounding Influence via Graph
Modification

Robert Daniel Barish!, Tetsuo Shibuya': 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo

We consider the problem of minimally modifying
graphs and digraphs by way of exclusively deleting
vertices, exclusively deleting edges, or exclusively
adding new edges, with or without connectivity con-
straints for the resulting graph or digraph, to ensure
that centrality-based influence scores of all vertices
satisfy either a specified lowerbound or upperbound
[5]. Here, we classify the hardness of exactly or ap-
proximately solving this problem for: (1) all vertex-
and edge-deletion cases for betweenness, harmonic,
degree, and in-degree centralities; (2) all vertex-dele-
tion cases for eigenvector, Katz, and PageRank cen-
tralities; (3) all edge-deletion cases for eigenvector,
Katz, and PageRank centralities under a connectivity
or weak-connectivity constraint; and (4) a set of
edge-addition cases for harmonic, degree, and in-de-
gree centralities. We show that some of our results, in
particular multiple results concerning betweenness,
eigenvector, Katz, and PageRank centralities, hold for
planar graphs and digraphs. Finally, under a variety

of constraints, we establish that no polynomial time
constant factor approximation algorithm can exist for
computing the cardinality of a minimum set of verti-
ces or minimum set of edges whose deletion ensures
a lowerbound betweenness centrality score, or a low-
er- or upperbound eigenvector, Katz, or PageRank
centrality score (unless P = NP).

ii) Proper Colorability of Segment Intersection
Graphs

Robert Daniel Barish!, Tetsuo Shibuya': 'Division of
Medical Data Informtatics, Institute of Medical Sci-
ence, the University of Tokyo

We consider the vertex proper coloring problem
for highly restricted instances of geometric intersec-
tion graphs of line segments embedded in the plane
[6]. We show that, provided a graph in the class
PURE-k-DIR corresponding to intersection graphs of
segments lying in at most k directions with all parallel
segments disjoint, and provided a k-coloring for this
graph, it is NP-complete to decide if the graph admits
a (k—1)-coloring Vk>4. Furthermore, we show that
this result holds under the constraint that all seg-
ments are of unit length in the case where k = 4, and
under the constraint that segments have at most three
distinct lengths Vk>5. More generally, we establish
that the problem of properly 3-coloring an arbitrary
graph can be reduced in linear time to the problem of
properly 3-coloring a PURE-4-DIR graph where all
segments are of unit length, yielding a method for ex-
plicit construction of hard 3-colorability instances for
this graph class.

3. Development of Artificial Intelligence Technol-
ogies for Text Data

a. A Comprehensive Analysis of Subword Con-
textual Embeddings for Languages with Rich
Morphology

Arda Akdemir', Tetsuo Shibuya', Tunga Giingor*:
Division of Medical Data Informtatics, Institute of
Medical Science, the University of Tokyo, *Depart-
ment of Computer Engineering, Bogazici University

Deep language models such as BERT pretrained
on large scale datasets have enabled remarkable pro-
gress in a wide range of NLP tasks and became the
standard approach for many languages. However, an
in-depth understanding of the effect of using these
models is still missing for less spoken languages. This
study gives a comprehensive analysis of using the
BERT model for languages with rich morphology
[10]. We experimented with crosslingual, multilin-
gual, and monolingual BERT models, and three non-
BERT based models on five morphologically rich lan-
guages (Finnish, Czech, Hungarian, Turkish,
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Japanese), and the English language. Evaluated on
Dependency Parsing (DEP) and Named Entity Recog-
nition (NER) tasks, which are shown to benefit highly
from morphological information, BERT based models
consistently outperformed other approaches. Results
revealed that the effects of using BERT based models
significantly differ across languages. Moreover, our
analysis provided various critical findings of mul-
ti-task learning, transfer learning, and external fea-
tures in different settings. We further verified these
findings on noisy datasets for the Sentiment Analysis
task as a case study. Finally, the proposed BERT based
model achieved new state-of-the-art results on both
DEP and NER tasks for the Turkish language.

b. Developing Language Resources and NLP
Tools for the North Korean Language

Arda Akdemir', Yeojoo Jeon?, Tetsuo Shibuya': 'Di-

vision of Medical Data Informtatics, Institute of
Medical Science, the University of Tokyo, 2Graduate
Schools for Law and Politics, The University of To-
kyo

Since the division of Korea, the two Korean lan-
guages have diverged significantly over the last 70
years. However, due to the lack of linguistic source of
the North Korean language, there is no DPRK-based
language model. Consequently, scholars rely on the
Korean language model by utilizing South Korean
linguistic data. We first present a large-scale dataset
for the North Korean language. We use the dataset to
train a BERT-based language model, DPRK-BERT.
Second, we annotate a subset of this dataset for the
sentiment analysis task. Finally, we compare the per-
formance of different language models for masked
language modeling and sentiment analysis tasks [8].
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Abnormal compositions of intestinal microbiota have been reported to be
associated with various diseases. We analyze intestinal bacteriome and virome in
various diseases and search for “pathobiont” that causes the diseases. By making
use of bioinformatics, we are constructing an analysis pipeline for intestinal
microbiome, conducting comprehensive metagenomic analysis, and developing
phage therapy for the specific control of pathobionts.

1. Analysis of intestinal microbiota in diseases.

Kosuke Fujimoto', Seiya Imoto® and Satoshi Uemat-
su'

Division of Metagenome Medicine, Human Ge-
nome Center, The Institute of Medical Science, The
University of Tokyo. 2Division of Health Medical In-
teligence, Human Genome Center, The Institute of
Medical Science, The University of Tokyo. *Division
of Metagenome Medicine, Human Genome Center,
The Institute of Medical Science, The University of
Tokyo.

In recent years, intestinal dysbiosis has been de-
tected in a variety of diseases. It has become clear that
dysbiosis is involved in the pathogenesis of these dis-
eases. We collected fecal samples from 10 Crohn’s dis-
ease patients in remission and performed metagen-
omic analysis. Disease-specific defective bacteria and
gene pathways have been identified. Functional anal-
ysis of the defective bacteria is currently underway.
Graft-versus-host disease is a serious side effect after
bone marrow transplantation in leukemia patients.
We are collecting fecal samples over time and per-
forming metagenomic analysis in patients with bone
marrow transplantation. We have identified bacteria
that increase in the gut after bone marrow transplan-
tation and have obtained data that they increase the

risk of GVHD. Functional analysis of those bacteria is
currently underway.

2. Development of a microbiome digital twin to
predict disease states based on metagenome
analysis of intestinal microflora

Kosuke Fujimoto', Seiya Imoto® and Satoshi Uemat-
su'

Division of Metagenome Medicine, Human Ge-
nome Center, The Institute of Medical Science, The
University of Tokyo. 2Division of Health Medical In-
teligence, Human Genome Center, The Institute of
Medical Science, The University of Tokyo. *Division
of Metagenome Medicine, Human Genome Center,
The Institute of Medical Science, The University of
Tokyo.

We are developing a digital twin that predicts dis-
ease states using metagenomic data of the intestinal
microbiota and gene pathway analysis data as teach-
ing data. For this purpose, we collected fecal samples
from 18 Parkinson’s disease patients and performed
metagenomic analysis. Currently, under collabora-
tion with Fujitsu, we are comparing these data with
metagenomic data of 100 healthy subjects and per-
forming machine learning and deep learning.
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3. Development of phage therapy

Kosuke Fujimoto', Seiya Imoto® and Satoshi Uemat-
su'

Division of Metagenome Medicine, Human Ge-
nome Center, The Institute of Medical Science, The
University of Tokyo. 2Division of Health Medical In-
teligence, Human Genome Center, The Institute of
Medical Science, The University of Tokyo. *Division
of Metagenome Medicine, Human Genome Center,
The Institute of Medical Science, The University of
Tokyo.

Our intestinal tract carries a lot of bacteria in the
lumen as the resident microorganism. In addition to
resident bacteria, viruses are also present in our intes-
tinal tract, most of which are bacteriophages. Howev-
er, it is still unclear what kind of bacteriophage exist
in our intestinal tract, and what kind of bacteria they
infect with. As one of the reasons, isolation of viral
nucleic acids and preparation of libraries have not
been established. Since conserved sequence such as
16s rTRNA gene do not exist in virus, whole genome
analysis is necessary. Even if comprehensive whole
genome analysis of intestinal viruses were performed,
most of the sequence fragments couldn’t be classified
by homology search due to the insufficient public da-
tabases. Thus, virome analysis is relatively difficult
compared with bacteiome analysis and this situation
is expressed by the word “vral dark matter”. We have
developed the isolation method of intestinal viruses.
We also have generated analysis pipeline of metagen-
ome analysis of viral genome and the method to ana-
lyze host-parasite association identified based on the
shotgun sequencing data of the bacterial flora and vi-
ral plexus. We are compiling an comprehensive cata-
log of enzymes derived from phage infecting Acineto-

bacter baumannii for the purpose of developing
next-generation phage therapies against Gram-nega-
tive bacteria. We are also developing a platform for
the creation of artificial phage capable of killing Es-
cherichia coli.

4. Development of next-generation mucosal vac-
cine against infectious diseases

Kosuke Fujimoto', Satoshi Uematsu'

Division of Metagenome Medicine, Human Ge-
nome Center, The Institute of Medical Science, The
University of Tokyo.

A next-generation vaccine strategy capable of in-
ducing both systemic and mucosal immunity is await-
ed. We showed that intramuscular vaccination with a
combination of CpG oligodeoxynucleotides and cur-
dlan as adjuvants systemically induced antigen-spe-
cific IgA and IgG production in mice. After priming,
markedly high titers and long-lasting antigen-specific
IgA and helper T-cell responses including Th1l and
Th17 responses in the mucosa were acquired by anti-
gen boosting of the target organs. This immunization
effectively regulated Streptococcus pneumoniae infec-
tion in mice. The patent of this new vaccine strategy
was granted in 2019 in Japan, in 2020 in US and in
2021 in Europe. We are currently conducting monkey
experiments for formulation in human on the basis of
collaboration with Mitsubishi Tanabe Pharmaceutical
company by using PspA, a universal Ag of S. pneumo-
niae. It has shown strong antibacterial activity against
the bacteria wuth IgA-degrading enzyme.We are also
collaborating with Medicago in Canada and are de-
veloping an IgA-inducing mucosal vaccine with this
system by using SARS-CoV-2 Viral-like particle as an
antigen.
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Epigenetic regulation plays a critical role for the cellular differentiation, the stable
maintenance of cellular identity, and the reprogramming process. Accumulating
evidence suggests that epigenetic abnormalities represented by abnormal DNA
methylation have been involved in various diseases as well. We are interested in
unveiling epigenetic regulation in the cellular differentiation, the maintenance of
cellular identity, and the pathogenesis including age-related diseases such as
cancer. Particularly, taking advantage of reprogramming technology to actively alter
epigenetic regulation, we are investigating the role of epigenetic regulation on
cancer development, maintenance, and progression. Finally, we will try to develop
a novel approach targeting epigenetic requlation to treat cancer patients.

1. The oncogene-dependent resistance to repro-
gramming unveils cancer therapeutic targets

Kenji Ito, Kohei Nagata' Sho Ohta, Yutaka Matsu-
da?, Tomoyo Ukai, Ichiro Yasuda', Akira Ota?, Ry-
ota Kobayashi 4, Mio Kabata ¢, Nao Sankoda, Tat-
suya Maeda’, Knut Woltjen “, Liying Yang®, Reo
Maruyama °, Ryohei Katayama’, Takuya Yamamo-
to38%1° Yasuhiro Yamada'’

IThird Department of Internal Medicine, University
of Toyama. *Research Division, Chugai Pharmaceu-
tical Co., Ltd. *Department of Fundamental Cell
Technology, Center for iPS Cell Research and Appli-
cation (CiRA), Kyoto University * Department of
Life Science Frontiers, Center for iPS Cell Research
and Application (CiRA), Kyoto University. SDepart-
ment of Biology, Hamamatsu University School of
Medicine.

‘Project for Cancer Epigenomics, Cancer Institute,
Japanese Foundation for Cancer Research. ’ Cancer
Chemotherapy Center, Japanese Foundation for
Cancer Research,

8 Institute for the Advanced Study of Human Biolo-
gy (WPI-ASHBi), Kyoto University.” Medical-risk
Avoidance Based on iPS Cells Team, RIKEN Center

for Advanced Intelligence Project (AIP). " AMED-
CREST, AMED.

The resistance to transcription factor-mediated re-
programming into pluripotent stem cells is one of the
distinctive features of cancer cells. Here we dissect the
profiles of reprogramming factor binding and the
subsequent transcriptional response in cancer cells to
reveal its underlying mechanisms. Using clear cell
sarcomas (CCSs), we show that the driver oncogene
EWS/ATF1 misdirects the reprogramming factors to
cancer-specific enhancers and thereby impairs the
transcriptional response toward pluripotency that is
otherwise provoked. Sensitization to the reprogram-
ming cue is observed in other cancer types when the
corresponding oncogenic signals are pharmacologi-
cally inhibited. Exploiting this oncogene dependence
of the transcriptional “stiffness,” we identify mTOR
signaling pathways downstream of EWS/ATF1 and
discover that inhibiting mTOR activity substantially
attenuates the propagation of CCS cells in vitro and in
vivo. Our results demonstrate that the early transcrip-
tional response to cell fate perturbations can be a
faithful readout to identify effective therapeutics tar-
gets in cancer cells.
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2. MYCL-mediated reprogramming expands pan-
creatic insulin-producing cells

Michitada Hirano, Yusei So, Shin Tsunekawa !, Mio
Kabata?, Sho Ohta', Hiroshi Sagara'’, Nao Sankoda,
Jumpei Taguchi, Yosuke Yamada '3, Tomoyo Ukai,
Makoto Kato ', Jiro Nakamura', Manabu Ozawa '%,
Takuya Yamamoto **!°, Yasuhiro Yamada '’
""Division of Diabetes, Department of Internal Med-
icine, Aichi Medical University School of Medicine.
2Medical Proteomics Laboratory, Institute of Medi-
cal Science, University of Tokyo."*Department of Di-
agnostic Pathology, Kyoto University.

“Laboratory of Reproductive Systems Biology,
Center for Experimental Medicine and Systems Bi-
ology, Institute of Medical Science, University of To-
kyo.

B cells have a limited capacity for regeneration,

which predisposes towards diabetes. Here, we show
that, of the MYC family members, Mycl plays a key
role in proliferation of pancreatic endocrine cells. Ge-
netic ablation of Mycl causes a reduction in the prolif-
eration of pancreatic endocrine cells in neonatal mice.
By contrast, the expression of Mycl in adult mice stim-
ulates the proliferation of 3 and a cells, and the cells
persist after withdrawal of Mycl expression. A subset
of the expanded a cells give rise to insulin-producing
cells after this withdrawal. Transient Mycl expression
in vivo is sufficient to normalize the hyperglycaemia
of diabetic mice. In vitro expression of Mycl similarly
provokes active replication in islet cells, even in those
from aged mice. Finally, we show that MYCL stimu-
lates the division of human adult cadaveric islet cells.
Our results demonstrate that the induction of Mycl
alone expands the functional 3-cell population, which
may provide a regenerative strategy for 3 cells.
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engineered mice.

Pathogen sensors, such as Toll-like receptor (TLR), play sentinel roles in detecting
pathogenic ligands during infection and induce both innate and acquired immune
responses. Meanwhile, excessive TLR responses are strongly associated with fatal
diseases such as septic shock and autoimmune diseases. For this reason, immune
system must strictly control TLR responses to avoid disruption of homeostasis.
However, molecular mechanisms involved in TLR regulation are not fully elucidated.
We have previously shown that TLRs are regulated by various TLR associating
molecules including MD-2, PRAT4A and Unc93B1. Our goal is to uncover molecular
mechanism that is indispensable for appropriate TLR responses using genetically

1. Targeting the nucleic acids-sensing TLRs for
therapeutic intervention in autoimmune dis-
eases

Ryutaro Fukui', Yuji Motoi!, Takuma Shibata!,
Kensuke Miyake'”

'Division of Innate Immunity, Department of Micro-
biology and Immunology, >Laboratory of Innate Im-
munity, Center for Experimental Medicine and Sys-
tems Biology, The Institute of Medical Science, The
University of Tokyo, 4-6-1 Shirokanedai, Minatoku,
TOKYO1208-8639, Japan.

Toll-like receptor 7 (TLR7) is an innate immune
RNA sensor that is expressed in B cells, dendritic
cells, and monocytes/macrophages. This receptor re-
sponds not only to pathogen-derived single-stranded
RNA (ssRNA), but also to self-derived ssRNA, and
drives autoimmune diseases such as SLE and psoria-
sis. A lupus-prone mouse strain, Y-linked autoim-
mune accelerator (Yaa), has a duplicate copy of the
TLR?7 gene that results in TLR7 hyperactivation, lead-
ing to lupus-like states. The TLR7 agonist imiquimod
drives lupus nephritis in mice, whereas lupus nephri-
tis spontaneously developed in the lupus-prone
strain, New Zealand Black/New Zealand White F1

mice (NZBWF1 mice) is ameliorated by a small chem-
ical TLR? inhibitor. TLR7 might play unique patho-
genic roles in patrolling monocytes because they ex-
press abundant TLR7. We previously reported that
the anti-TLR7 mAb inhibits TLR7 responses in B cells,
dendritic cells, and monocyte/macrophages. The an-
ti-TLR7 mADb binds to cell surface TLR7, which is in-
ternalized into the endosomal compartment. Because
TLR7 shuttles between cell surface and the endoso-
mal compartment, endosomal TLR7 comes out of the
cell surface and becomes accessible to the anti-TLR7
mAb. Therefore, the TLR7-mAb immune complex
gradually increases with the mAb treatment. When
endosomal TLR7 is mostly complexed with the an-
ti-TLR7 mAb, endosomal TLR7 responses are inhibit-
ed. The inhibitory effect of the anti-TLR7 was also
observed in vivo, rescuing Unc93b1D34A/D34A mice
from TLR7-dependent autoimmune hepatitis. Here,
we investigated the pathogenic role of TLR7 in NZB-
WF1 mice using an anti-TLR7 inhibitory mAb This
mAb ameliorated lupus nephritis in NZBWF1 mice
by acting on B cells and monocytes/macrophages,
thereby reducing IgG deposition in glomeruli and di-
minishing autoantibody production. These findings
suggested that the activation and differentiation of
autoreactive B cells in NZBWF1 mice is TLR7-de-
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pendent. Furthermore, the numbers of Ly6Clow pa-
trolling monocytes, which are thought to be tissue
macrophages in the circulation, TLR7-dependently
increased in the spleen, circulation, and kidneys.
Transcriptome and FACS analyses revealed increased
expression of lupus-associated molecules such as IL-
10, which promotes nephritis, in monocytes that accu-
mulated in the spleen. These results suggested that
TLR7 is a therapeutic target for SLE and that an-
ti-TLR7 mAb is a promising therapeutic tool targeting
both B cells and monocytes in SLE.

2. Skewed endosomal RNA responses from TLR7
to TLR3 in RNase T2-deficient macrophages

Kaiwen Liu" *, Ryota Sato" ", Takuma Shibata', Ry-
osuke Hiranuma'!, Tatjana Reuter" * 5, Ryutaro
Fukui', Yun Zhang', Takeshi Ichinohe®, Manabu
Ozawa’, Nobuaki Yoshida’, Eicke Latz* %7, Kensuke
Miyake' > **
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tems Biology, *Laboratory of Development Genetics,
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Center for Experimental Medicine and Systems Bi-
ology, ‘Department of Infectious Disease Control,
International Research Center for Infectious Dis-
eases, Institute of Medical Science, The University
of Tokyo, Tokyo, 108-8639, Japan. ‘Institute of In-
nate Immunity, Biomedical Center, Venusberg-Cam-
pus, University of Bonn, Bonn, Germany. German
Center for Neurodegenerative Diseases (DZNE),
Bonn, Germany. 'Department of Infectious Diseases
and Immunology, UMass Medical School, Worces-
ter, MA, USA.

RNase T2, a ubiquitously expressed RNase, de-
grades RNAs in the endosomal compartments. RNA
sensors, double-stranded RNA (dsRNA)-sensing TLR3
and single-stranded RNA (ssRNA)-sensing TLR7, are
localized in the endosomal compartment in mouse
macrophages. We here studied the role of RNase T2 in
TLR3 and TLR7 responses in macrophages. Mac-
rophages expressed RNase T2 and a member of the
RNase A family RNase 4. RNase T2 was also ex-
pressed in plasmacytoid and conventional dendritic
cells. Treatment with dsRNAs or type I interferon
(IFN) upregulated expression of RNase T2 but not
RNase 4. RNase T2-deficiency in macrophages upreg-
ulated TLR3 responses but impaired TLR7 responses.
Mechanistically, RNase T2 degraded both ds- and ss-
RNAs in vitro, and its mutants showed a positive cor-
relation between RNA degradation and the rescue of
altered TLR3 and TLR7 responses. H122A and C188R
RNase T2 mutations, not H69A and E118V mutations,
impaired both RNA degradation and the rescue of al-
tered TLR3 and TLR7 responses. RNase T2 in bone
marrow-derived macrophages was broadly distribut-

ed from early endosomes to lysosomes, and colocal-
ized with the internalized TLR3 ligand poly(I:C).
These results suggest that RNase T2-dependent RNA
degradation in endosomes/lysosomes negatively and
positively regulates TLR3 and TLR7 responses, re-
spectively, in macrophages.

3. TLR7/8 stress response drives histiocytosis in
SLC29A3 disorders

Takuma Shibata!, Ryota Sato!, Masato Taoka?,
Shin-Ichiroh Saitoh!, Mayumi Komine’, Kiyoshi
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Japan. * Division of Clinical Genome Research, In-
stitute of Medical Science, University of Tokyo, To-
kyo, Japan. ’ Division of Molecular Oncology, De-
partment of Computational Biology and Medical
Sciences, Graduate School of Frontier Sciences, The
University of Tokyo, Tokyo, 108-8639, Japan. ¢ Ato-
pY Research Center, Juntendo University Graduate
School of Medicine, Tokyo, 113-8421, Japan.’ De-
partment of Experimental Immunology, Institute of
Development, Aging and Cancer, Tohoku Universi-
ty, Sendai, Japan. & Division of Viral Infection, De-
partment of Infectious Disease Control, Internation-
al Research Center for Infectious Diseases, Institute
of Medical Science, The University of Tokyo, Mina-
to-ku, Tokyo 108-8639, Japan. ° Division of Cellular
Therapy, The Institute of Medical Science, The Uni-
versity of Tokyo, Tokyo, 108-8639, Japan '° Depart-
ment of Experimental Immunology, Institute of De-
velopment, Aging and Cancer, Tohoku University,
Sendai, Japan. " Department of Hematology and
Oncology, Research Hospital, Institute of Medical
Science, University of Tokyo, Tokyo, Japan. > Grad-
uate School of Pharmaceutical Sciences, University
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Japan. " Laboratory of Developmental Genetics,
Center for Experimental Medicine and Systems Bi-
ology, Institute of Medical Science, University of To-
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8639, Japan. '* Department of Pediatrics, Medical
Faculty, Carl Gustav Carus, Dresden, Germany. '*
Institute of Innate Immunity, University Hospital
Bonn, University of Bonn, Bonn, Germany. '* Labo-
ratory of Organelle Pathophysiology, Department of
Integrative Life Sciences, Graduate School of Life
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SLC29A3, also known as ENT3, is a lysosomal
transmembrane protein that transports nucleosides
from the lysosomes to the cytoplasm. Loss-of-func-
tion mutations in SLC29A3 cause lysosomal nucleo-
side storage and histiocytosis: phagocyte accumula-
tion in multiple organs. However, little is known
about the mechanism through which lysosomal nu-
cleoside storage drives histiocytosis. Herein, histiocy-
tosis in Slc29437 mice was demonstrated to depend
on TLR7, which senses a combination of nucleosides
and oligoribonucleotides. TLR7 responded to lysoso-
mal nucleoside storage and enhanced proliferation of
Ly6Ch CX3CR1°" immature monocytes and their
maturation into Ly6C* phagocytes in Slc29437 mice.

Because accumulated nucleosides primarily originat-
ed from cell corpse phagocytosis, TLR7 in immature
monocytes recognized nucleoside storage as lysoso-
mal stress and increased phagocyte numbers. This
non-inflammatory compensatory response is referred
to as the TLR7 stress response where Syk, GSK3p,
[-catenin, and mTORCI serve as downstream signal-
ing molecules. In SLC29A3 disorders, histiocytosis
accompanies inflammation. Nucleoside storage failed
to induce pro-inflammatory cytokine production in
S1c29437 mice, but enhanced ssRNA-dependent
pro-inflammatory cytokine production in Ly6C" clas-
sical monocytes and peripheral macrophages, not
proliferating immature monocytes. Patient-derived
monocytes harbouring G208R SLC29A3 mutation
showed higher survival and proliferation in the pres-
ence of M-CSF and produced larger amounts of IL-6
upon ssRNA stimulation than did those derived from
healthy subjects. A TLR8 antagonist inhibited the sur-
vival/proliferation of patient-derived macrophages.
These results demonstrated that TLR7/8 responses to
lysosomal nucleoside stress drive SLC29A3 disorders.
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In the “post-genome project era,” genetically modified animals play a key role in
basic molecular biological investigations and act as models of human disease. Our
laboratory studies the mechanisms underlying the mammalian reproductive system
in gene-manipulated mice. We are the first group in the world to generate
transgenic mice expressing GFP throughout the body (Green mice). We also
established the ES cells that give green fluorescent spermatozoa to trace their
movement and acrosome reaction during fertilization. Another tool invented in our
laboratory is the placenta-specific gene manipulation system using lentiviral (LV)
vectors. Using these techniques, we are trying to elucidate the mechanism
underlying gametogenesis, fertilization, implantation, and placentation. Our recent
interest is using the CRISPR/Cas9 system as a genome-editing tool. The
combination of GWAS studies with genome editing will pave the way to understand

and control human fertility problems.

1. CRISPR/Cas9-Mediated Highly Efficient Gene
Targeting in Embryonic Stem Cells for Devel-
oping Gene-Manipulated Mouse Models

Manabu Ozawa , Chihiro Emori!, Masahito Ika-
wa!: 'Research Institute for Microbial Diseases,
Osaka University.

The CRISPR/Cas9 system has made it possible to
develop genetically modified mice by direct genome
editing using fertilized zygotes. However, although
the efficiency in developing gene-knockout mice by
inducing small indel mutation would be sufficient
enough, the efficiency of embryo genome editing for
making large-size DNA knock-in (KI) is still low.
Therefore, in contrast to the direct KI method in em-
bryos, gene targeting using embryonic stem cells
(ESCs) followed by embryo injection to develop chi-
mera mice still has several advantages (e.g., high
throughput targeting in vitro, multi-allele manipula-
tion, and Cre and flox gene manipulation can be car-
ried out in a short period). In addition, strains with

difficult-to-handle embryos in vitro, such as BALB/c,
can also be used for ESC targeting. This protocol de-
scribes the optimized method for large-size DNA
(several kb) KI in ESCs by applying CRISPR/Cas9-me-
diated genome editing followed by chimera mice pro-
duction to develop gene-manipulated mouse models.

2. Splice factor polypyrimidine tract-binding pro-
tein 1 (Ptbp1) primes endothelial inflammation
in atherogenic disturbed flow conditions

Jessica A Hensel >, Sarah-Anne E Nicholas, Amy L
Kimble?, Arjun S Nagpal?, Omar M F Omar?, Jor-
dan D Tyburski?, Evan R Jellison 3, Antoine Ménoret?,
Manabu Ozawa, Annabelle Rodriguez-Oquendo 2,
Anthony T Vella 3, Patrick A Murphy 2: Center for
Vascular Biology, UConn Health, University of Con-
necticut, Farmington, CT 06030, Department of
Immunology, UConn Health, University of Connect-
icut, Farmington, CT 06030.

NF-kB-mediated endothelial activation drives leu-
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kocyte recruitment and atherosclerosis, in part
through adhesion molecules Icam1 and Vcaml. The
endothelium is primed for cytokine activation of NF-
kB by exposure to low and disturbed blood flow
(LDF)but the molecular underpinnings are not fully
understood. In an experimental in vivo model of LDF,
platelets were required for the increased expression
of several RNA-binding splice factors, including
polypyrimidine tract binding protein (Ptbpl). This
was coordinated with changes in RNA splicing in the
NF-«B pathway in primed cells, leading us to exam-
ine splice factors as mediators of priming. Using
Icam1 and Vcam1l induction by tumor necrosis factor
(TNF)-a stimulation as a readout, we performed a
CRISPR Cas9 knockout screen and identified a re-
quirement for Ptbpl in priming. Deletion of Ptbpl
had no effect on cell growth or response to apoptotic
stimuli, but reversed LDF splicing patterns and inhib-
ited NF-xB nuclear translocation and transcriptional
activation of downstream targets, including Icaml
and Vcaml. In human coronary arteries, elevated
PTBP1 correlates with expression of TNF pathway
genes and plaque. In vivo, endothelial-specific dele-
tion of Ptbp1 reduced Icam1 expression and myeloid
cell infiltration at regions of LDF in atherosclerotic
mice, limiting atherosclerosis. This may be mediated,
in part, by allowing inclusion of a conserved alterna-
tive exon in Ripkl leading to a reduction in Ripkl
protein. Our data show that Ptbp1, which is induced
in a subset of the endothelium by platelet recruitment
at regions of LDF, is required for priming of the en-
dothelium for subsequent NF-kB activation, myeloid
cell recruitment and atherosclerosis.

3. Genetic loss of function of Ptbp1 does not in-
duce glia-to-neuron conversion in retina

Thanh Hoang 4, Dong Won Kim 4 Haley Appel ¢,
Nicole A Pannullo 4, Patrick Leavey *, Manabu Oza-
wa, Sika Zheng 5, Minzhong Yu®’, Neal S Peachey®’,
Seth Blackshaw 3% 10 11: 4Solomon H. Snyder De-
partment of Neuroscience, Johns Hopkins Universi-
ty. School of Medicine, Baltimore, MD, USA. Divi-
sion of Biomedical Sciences, University of California,
Riverside, CA, USA. ‘Department of Ophthalmic
Research, Cole Eye Institute, Cleveland, OH, USA.
"Department of Ophthalmology, Cleveland Clinic
Lerner College of Medicine of Case Western Re-
serve University, Cleveland, OH, USA. *Department
of Ophthalmology, Johns Hopkins University School
of Medicine, Baltimore, MD, USA. °Department of
Neurology, Johns Hopkins University School of
Medicine, Baltimore, MD, USA. "“Institute for Cell
Engineering, Johns Hopkins University School of
Medicine, Baltimore, MD, USA. "Kavli Neurosci-
ence Discovery Institute, Johns Hopkins University
School of Medicine, Baltimore, MD, USA.

Direct reprogramming of glia into neurons is a po-

tentially promising approach for the replacement of
neurons lost to injury or neurodegenerative disor-
ders. Knockdown of the polypyrimidine tract-bind-
ing protein Ptbpl has been recently reported to in-
duce efficient conversion of retinal Muller glia into
functional neurons. Here, we use a combination of
genetic lineage tracing, single-cell RNA sequencing
(scRNA-seq), and electroretinogram analysis to show
that selective induction of either heterozygous or ho-
mozygous loss-of-function mutants of Ptbp1 in adult
retinal Mvller glia does not lead to any detectable lev-
el of neuronal conversion. Only a few changes in gene
expression are observed in Mbuller glia following
Ptbp1 deletion, and glial identity is maintained. These
findings highlight the importance of using genetic
manipulation and lineage-tracing methods in study-
ing cell-type conversion.

4. MYCL-mediated reprogramming expands pan-
creatic insulin-producing cells

Michitada Hirano '2, Yusei So 1, Shin Tsunekawa 13,
Mio Kabata ¥, Sho Ohta '*, Hiroshi Sagara '5, Nao
Sankoda ', Jumpei Taguchi'?, Yosuke Yamada '%, To-
moyo Ukai 2, Makoto Kato 3, Jiro Nakamura B3,
Manabu Ozawa, Takuya Yamamoto %1718 1 Yasu-
hiro Yamada '%'";: 2Division of Stem Cell Pathology,
Center for Experimental Medicine and Systems Bi-
ology, Institute of Medical Science, University of To-
kyo, Tokyo, Japan. *Division of Diabetes, Depart-
ment of Internal Medicine, Aichi Medical University
School of Medicine, Aichi, Japan. “Department of
Life Science Frontiers, Center for iPS Cell Research
and Application (CiRA), Kyoto University, Kyoto,
Japan. "Medical Proteomics Laboratory, Institute
of Medical Science, University of Tokyo, Tokyo, Ja-
pan. *Department of Diagnostic Pathology, Kyoto
University Hospital, Kyoto, Japan. "AMED-
CREST, AMED, Tokyo, Japan. ®*Institute for the
Advanced Study of Human Biology (WPI-ASHBI),
Kyoto University, Kyoto, Japan. “Medical-risk
Avoidance Based on iPS Cells Team, RIKEN Center
for Advanced Intelligence Project (AIP), Kyoto, Ja-
pan.

[ cells have a limited capacity for regeneration,
which predisposes towards diabetes. Here, we show
that, of the MYC family members, Mycl plays a key
role in proliferation of pancreatic endocrine cells. Ge-
netic ablation of Mycl causes a reduction in the prolif-
eration of pancreatic endocrine cells in neonatal mice.
By contrast, the expression of Mycl in adult mice
stimulates the proliferation of 3 and « cells, and the
cells persist after withdrawal of Mycl expression. A
subset of the expanded « cells give rise to insulin-pro-
ducing cells after this withdrawal. Transient Mycl ex-
pression in vivo is sufficient to normalize the hyperg-
lycaemia of diabetic mice. In vitro expression of Mycl
similarly provokes active replication in islet cells,
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even in those from aged mice. Finally, we show that
MYCL stimulates the division of human adult ca-
daveric islet cells. Our results demonstrate that the
induction of Mycl alone expands the functional (3-cell
population, which may provide a regenerative strate-
gy for 3 cells.

5. Efficient simultaneous double DNA knock-in in
murine embryonic stem cells by CRISPR/Cas9
ribonucleoprotein-mediated circular plasmid
targeting for generating gene-manipulated
mice

Manabu Ozawa, Jumpei Taguchi'>, Kento Katsuma,
Yu Ishikawa-Yamauchi, Mio Kikuchi'?, Reiko Saka-
moto'%, Yasuhiro Yamada'?, Masahito Ikawa'

Gene targeting of embryonic stem (ES) cells fol-
lowed by chimera production has been conventional-
ly used for developing gene-manipulated mice. Al-
though direct knock-in (KI) using murine zygote via
CRISPR/Cas9-mediated genome editing has been re-
ported, ES cell targeting still has merits, e.g., high
throughput work can be performed in vitro. In this
study, we first compared the KI efficiency of mouse
ES cells with CRISPR/Cas9 expression vector and rib-
onucleoprotein (RNP), and confirmed that KI efficien-
cy was significantly increased by using RNP. Using
CRISPR/Cas9 RNP and circular plasmid with homol-
ogous arms as a targeting vector, knock-in within ES
cell clones could be obtained efficiently without drug
selection, thus potentially shortening the vector con-
struction or cell culture period. Moreover, by incorpo-
rating a drug-resistant cassette into the targeting vec-
tors, double DNA KI can be simultaneously achieved
at high efficiency by a single electroporation. This
technique will help to facilitate the production of ge-
netically modified mouse models that are fundamen-
tal for exploring topics related to human and mam-
malian biology.

6. Trim41 is required to regulate chromosome
axis protein dynamics and meiosis in male
mice

Seiya Oura ', Toshiaki Hino 2, Takashi Satoh -2%23,
Taichi Noda?*?", Takayuki Koyano?, Ayako Isotani?,
Makoto Matsuyama %, Shizuo Akira?*%, Kei-Ichiro

Ishiguro 3, Masahito Ikawa !> '*?°; Graduate School
of Pharmaceutical Sciences, Osaka University, Osa-
ka, Japan. 2’Department of Biological Sciences, Asa-
hikawa Medical University, Asahikawa, Japan.
2IDepartment of Host Defense, Research Institute
for Microbial Diseases, Osaka University, Osaka,
Japan. 2Laboratory of Host Defense, WPI Immu-
nology Frontier Research Center, Osaka University,
Osaka, Japan. *Department of Inmune Regulation,
Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University, Tokyo, Ja-
pan. *Priority Organization for Innovation and Ex-
cellence, Kumamoto University, Kumamoto, Japan.
“Division of Reproductive Biology, Institute of Re-
source Development and Analysis, Kumamoto Uni-
versity, Kumamoto, Japan. *Division of Molecular
Genetics, Shigei Medical Research Institute, Okay-
ama, Japan. *’Division of Biological Science, Gradu-
ate School of Science and Technology, Nara Institute
of Science and Technology, Nara, Japan. *Depart-
ment of Chromosome Biology, Institute of Molecu-
lar Embryology and Genetics (IMEG), Kumamoto
University, Kumamoto, Japan. ?Center for Infec-
tious Disease Education and Research (CiDER),
Osaka University, Osaka, Japan.

Meiosis is a hallmark event in germ cell develop-
ment that accompanies sequential events executed by
numerous molecules. Therefore, characterization of
these factors is one of the best strategies to clarify the
mechanism of meiosis. Here, we report tripartite mo-
tif-containing 41 (TRIM41), a ubiquitin ligase E3, as
an essential factor for proper meiotic progression and
fertility in male mice. Trim41 knockout (KO) spermat-
ocytes exhibited synaptonemal complex protein 3
(SYCP3) overloading, especially on the X chromo-
some. Furthermore, mutant mice lacking the RING
domain of TRIM41, required for the ubiquitin ligase
E3 activity, phenocopied Trim41 KO mice. We then
examined the behavior of mutant TRIM41 (ARING-
TRIMA41) and found that ARING-TRIM41 accumulat-
ed on the chromosome axes with overloaded SYCP3.
This result suggested that TRIM41 exerts its function
on the chromosome axes. Our study revealed that
Trim41 is essential for preventing SYCP3 overload-
ing, suggesting a TRIM41-mediated mechanism for
regulating chromosome axis protein dynamics dur-
ing male meiotic progression.
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Genome engineering technologies such as clustered regularly interspaced short
palindromic repeats (CRISPR)-associated (Cas) nucleases (CRISPR-Cas) have
widely used in life science and medical science. We have developed a novel
genome editing tool, CRISPR-Cas3 to overcome technical and patent limitation of
CRISPR-Cas9 system. We are analyzing molecular mechanisms underlying Cas3-
mediated genome editing in human cells and improving this tool for translational
research such as gene therapy and virus diagnostics. We are also developing
some efficient genome editing strategies with these tools in rodents. These
technologies facilitate easy and flexible gene editing in living organisms.

Dynamic mechanisms of CRISPR interference
process by CRISPR-Cas3

Kazuto Yoshimi, Kohei Takeshita', Noriyuki Kode-
ra’, Satomi Shibumura®, Yoko Yamauchi, Hiromi
Taniguchi, Tomoaki Fujii, Mine Omatsu', Yayoi
Kunihiro’, Masaki Yamamoto', Tomoji Mashimo

1, Life Science Research Infrastructure Group,Ad-
vanced Photon Technology Division, RIKEN
SPring-8 Center

2, Nano Life Science Institute (WPI-NanoLSI),
Kanazawa University

3, C4U corp.

Type I CRISPR-Cas3 uses an RNA-guided multi
Cas-protein complex, Cascade, which detects and de-
grades foreign nucleic acids via the helicase-nuclease
Cas3 protein. Despite many studies using cryoEM
and smFRET, the precise mechanism of Cas3-mediat-
ed cleavage and degradation of target DNA remains
elusive. Here we reconstitute the CRISPR-Cas3 sys-
tem in vitro to show how the Escherichia coli Cas3
(EcoCas3) with EcoCascade exhibits collateral
non-specific single-stranded DNA (ssDNA) cleavage
and target specific DNA degradation. Partial binding
of EcoCascade to target DNA with tolerated mis-
matches within the spacer sequence, but not the PAM,
elicits collateral ssDNA cleavage activity of recruited
EcoCas3. Conversely, stable binding with complete

R-loop formation drives EcoCas3 to nick the non-tar-
get strand (NTS) in the bound DNA. Helicase-de-
pendent unwinding then combines with trans ssDNA
cleavage of the target strand and repetitive cis cleav-
age of the NTS to degrade the target double-stranded
DNA (dsDNA) substrate. High-speed atomic force
microscopy demonstrates that EcoCas3 bound to Eco-
Cascade repeatedly reels and releases the target DNA,
followed by target fragmentation. Together, these re-
sults provide a revised model for collateral ssDNA
cleavage and target dsDNA degradation by CRIS-
PR-Cas3, furthering understanding of type I CRISPR
priming and interference and informing future ge-
nome editing tools.

Application for the genetic engineering in mice
and rats with CRISPR-Cas3

Kazuto Yoshimi, Kosuke Hattori, Yoko Yamauchi,
Kohei Takeshita', Hiromi Taniguchi, Tomoji Mashi-
mo

1, Life Science Research Infrastructure Group,Ad-
vanced Photon Technology Division, RIKEN
SPring-8 Center, Hyogo 679-5148 Japan

Genome editing technologies are highly effective
tools for genetic engineering in various organisms in-
cluding experimental animals. Type I-E CRISPR-Cas3
uses an RNA-guided multi Cas-protein complex, Cas-
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cade, which detects and degrades foreign nucleic ac-
ids via the helicase-nuclease Cas3 protein. However,
it is unclear whether the system can be used for ge-
nome editing in fertilized eggs.

We applied the CRISPR-Cas3 system with several
modification to generate genetically modified ani-
mals, and could generated knockout mice and rats in
several genetic loci with optimizing method for the
introduction into embryos. These results provides a
molecular mechanism for collateral ssDNA cleavage
and target dsDNA degradation by CRISPR-Cas3, and
informing future genome editing tools in experimen-
tal animals.

CRISPR-Cas3-based diagnostics for virus detec-
tion and genetic screening

Koji Asano, Kazuto Yoshimi, Kohei Takeshita!,
Yuko Yamauchi, Tomoji Mashimo

1, Life Science Research Infrastructure Group,Ad-
vanced Photon Technology Division, RIKEN
SPring-8 Center, Hyogo 679-5148 Japan

CRISPR-based diagnostics (CRISPR-dx), includ-
ing the Casl2-based DETECTR and Casl3-based
SHERLOCK Class 2 CRISPRs, have been used to de-
tect the presence of DNA or RNA from pathogens,
such as the 2009 pandemic influenza virus A (IVA)
and the 2019 novel coronavirus SARS-CoV-2. Here,
the collateral single-stranded DNA cleavage we ob-
served with Class 1 type I CRISPR-Cas3 highlights its
potential for development as a Cas3-mediated rapid
(within 40 min), low-cost, instrument-free detection
method for SARS-CoV-2. This assay, which we called
Cas3-operated nucleic acid detection (CONAN), not
only detects SARS-CoV-2 in clinical samples, but also
offers the specific detection of single-base-pair muta-
tions in IVA variants. This tool allows rapid and accu-
rate point-of-care testing for patients with suspected
SARS-CoV-2 or drug-resistant IVA infections in hos-
pitals. In addition, we are also optimizing protocols
for the cancer detection through liquid biopsy and
genetic screening for hereditary diseases.
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nostics for SARS-CoV-2 and influenza virus. iSci-
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35128347; PMCID: PM(C8801231.
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Mashimo T, Okuyama H. Study of the CRISPR/
Cas3 System for Xenotransplantation. Transplant
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35031120.

3:. Yoshimi K, Takeshita K, Kodera N, Shibumura S,
Yamauchi Y, Omatsu M, Umeda K, Kunihiro Y,
Yamamoto M, Mashimo T. Dynamic mechanisms
of CRISPR interference by Escherichia coli CRIS-
PR-Cas3. Nat Commun. 2022 Aug 30;13(1):4917.
doi: 10.1038/s41467-022-32618-0. PMID: 36042215;
PMCID: PMC9427990.
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productions.

The ‘Core Laboratory for Developing Advanced Animal Models’ supports basic
sciences in the life science field by producing and providing gene-manipulated mice
or rats such as human disease models or gene KO/KI models. Using cutting-edge
genome editing techniques, we make various types of gene-manipulated animals,
including indel mutation, large fragment deletion, SNPs, conditional Cre/loxP, drug
inducible gene expression/silencing, reporter gene Kl, or gene conversion for
making humanized mice or rat models either by direct gene editing in zygote or
highly efficient ES cell-mediated gene targeting followed by chimera animal

https.//www.ims.u-tokyo.ac.jp/cemsb/public_html/index.html/

Laboratories that consist of the Core

‘Core Laboratory for Developing Advanced Ani-
mal models’ was launched in 2020 to provide
gene-manipulated mice or rats models to domestic or
international academic institutions. Two divisions,
the Division of Stem Cell Pathology and the Division
of Genome engineering, and one laboratory, the Lab-
oratory of Reproductive Systems Biology, all of which
belong to the Center for Experimental Medicine and
Systems Biology, comprise the Core.

Cutting-edge genome editing techniques

For making indel mutants, large deletion, or short
DNA fragment KI such as SNPs, or peptide tags, we
offer direct genome editing using mouse or rat zy-
gotes through NEPA electroporation systems (NEPA
Gene). In mice, embryos from C57BL/6] strain are
routinely served for genome editing, but other strains,
such as C57BL/6N or BDF1, are also applicable if nec-
essary. In the rat, F344/Jcl strain is served for zygote
genome editing. For large-size gene manipulations in
mice, such as Cre/loxP conditional allele, fluorescein

reporters KI, gene conversion from mice to human, or
drug-inducible Tet-on/off system, we offer CRISPR/
Cas9-assisted plasmid KI using ES cells through Neon
Electroporation system (ThermoFisher) followed by
blastocyst injection for developing chimeric mice. ES
cells from C57BL/6]J, C57BL/6N, 129, B6129F1, or
BALB/c strains are available for chimera productions.
For producing large-size gene-manipulated rats, e.g.,
reporter KI or humanized rat models, the direct zy-
gote genome editing technique, termed Combi-CRIS-
PR, is applicable.

Supporting gene-manipulated mouse or rat model
production through the core lab and AdAMS plat-
form

We provide cutting-edge animal production tech-
niques through our core lab and Advanced Animal
Model Support, AAAMS. Our core is a member of Ad-
AMS, which belongs to the Committee on Promoting
Collaboration in Life Science, MEXT, and is an aca-
demic platform for producing gene-manipulated ani-
mals. Therefore, researchers earning KAKENHI,
Grant-in-Aid for Scientific Research, can apply to this
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platform.

Number of mice or rat strains we developed in

2022

In 2022, our core provided 9 or 11 strains of
gene-manipulated mice through the core lab or Ad-
AMS, respectively. In the rat case, 1 or 6 strains of
gene-manipulated rats have also been provided
through the core lab or AAAMS, respectively.
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Our overall goal is medical sciences on infectious diseases in two directions, from
clinic to bench and from bench to clinic. Our main subjects have been
immunopathogenesis of HIV-1 infection in addition to other viruses, especially
hepatitis viruses. Since the emergence of SARS-CoV2, we started the basic and
clinical research using clinical samples obtained from SARS-CoV2-infected patients
admitted to the IMSUT Hospital, in order to settle down COVID-19. (68/70 words)

1. Clinical research of COVID-19

Eisuke Adachi', Amato Ohtani', Kazuhiko Ikeuchi',
Makoto Saito, Michiko Koga, Takeya Tsutsumi, Hi-
roshi Yotsuyanagi

! Department of Infectious Diseases and Applied Im-
munology, IMSUT hospital, IMSUT

Since the emergence and spread of SARS-CoV2 in
Japan in the beginning of 2020, many patients with
COVID-19 were admitted to the IMSUT Hospital.
There have been in total more than 700 COVID-19 pa-
tients admitted to our hospital so far. By the observa-
tion of these patients, we noticed a lot of clinical ques-
tions and investigated various factors such as patients’
backgrounds, clinical findings, and laboratory data.
We have obtained many novel and interesting find-
ings and published them in international journals.
The medical care for COVID-19 patients is ongoing at
the IMSUT Hospital and the number of patients is ac-
cumulating, therefore we continue the investigation
which will contribute to the improvement of patient
care and understanding of COVID-19.

2. Basic research for the control of COVID-19

Michiko Koga, Makoto Saito, Amato Ohtani', Kazu-
hiko Ikeuchi!, Eisuke Adachi!, Shinya Yamamoto,
Takeya Tsutsumi, Aya Ishizaka, Taketoshi Mizu-
tani2, Ai Tachikawa-Kawana3, Ken Ishii‘, Yoshihiro
Kawaoka®, Hiroshi Yotsuyanagi

2 Department of Computational Biology and Medi-
cal Sciences, Graduate School of Frontier Sciences,
The University of Tokyo

3 AIDS Research Center, National Institute of Infec-
tious Diseases

4 Division of Vaccine Science, IMSUT

S Division of Virology, IMSUT

Several laboratories at IMSUT and external insti-
tutes have continued COVID-19-related research dur-
ing 2022, and we have been working in collaboration
with some of these laboratories. Our main mission is
to obtain and share clinical samples from COVID-19
patients, but we are also conducting basic research by
ourselves such as microbiomes in those patients. Ad-
ditionally, we are attempting to perform high-resolu-
tion transcriptomic analysis of blood immune cells
from disease progression to recovery in COVID-19 in
order to enhance a better understanding of the protec-
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tive and pathogenic immune responses of the disease.
Specifically, we are performing gut microbiome anal-
ysis as well as single-cell RNA sequencing (scR-
NA-seq) to obtain a bias-free and comprehensive im-
aging of immune responses in peripheral blood
mononuclear cells (PBMCs) from patients with COV-
ID-19. We also running analysis of change in the nasal
microbiome after COVID-19 vaccination.

3. Analysis of genetic sequence of hepatitis vi-
ruses.

Ayako Sedohara, Kazuaki Takahashi, Kazuhiko
Ikeuchi', Eisuke Adachi', Michiko Koga, Takeya
Tsutsumi, Hiroshi Yotsuyanagi

We sometimes see patients with acute hepatitis at
IMSUT Hospital. Most of the causes are viral hepati-
tis, induced by hepatitis A, B, C, or E virus. Actually,
in 2018, there was the outbreak of hepatitis A in
HIV-infected patients, and until 2021 we sometimes
see some patients with hepatitis A. Concerning hepa-
titis B and C, due to the similar route of infection,
every year we see some patients who are also infected
with HIV. Using sera and/or stools obtained from
these patients, we cloned a total or part of viral ge-
nome and determined the genetic sequence of the vi-
ruses, to identify the transmission route of the viruses
and also the drug-resistant mutations or vaccine es-
cape mutations. Concerning hepatitis B, we have also
been examining the HBV-positive samples derived
from blood donors who were accidentally found to be
HBsAg-positive. As for hepatitis E, we are collaborat-
ing with outside researchers in Tokyo as well as Hok-
kaido where the hepatitis E virus infection is some-
times observed. By cloning the virus from samples
derived from not only the patients but also suspecta-
ble foods or wild animals, we try to investigate the
transmission routes of the virus.

4. Evaluation of the efficacy of HA vaccine for
HIV-MSM and analysis on NAFLD in HIV infect-
ed patients

Michiko Koga, Takeya Tsutsumi, Aya Ishizaka, Ta-
ketoshi Mizutani’?,Kazuhiko Ikeuchi', Tadashi Ki-
kuchi!, Eisuke Adachi', Hiroshi Yotsuyanagi

Due to the outbreak of hepatitis A in Japan around
2018, we started to vaccinate HIV-MSM with HA vac-
cine “Aimmugen®” in IMSUT Hospital. Aimmugen®
is shown to be highly effective and induce IgG-HA
antibodies for almost all of healthy people by twice
vaccination. However, there have been the efficacy for
HIV-infected people, especially in case of twice vacci-
nation. Therefore, we evaluated the efficacy of Aim-
mugen® among HIV-MSM, particularly focused on
twice vaccination. By October 2019, 147 HIV-MSM
were vaccinated at least once with Aimmugen®.

Among them, 134 finished the second vaccination
and 114 were tested for IgG-HA antibodies. Nine-
ty-five HIV-MSM were seropositive for IgG-HA, indi-
cating the seropositive rate after second vaccination is
71.1%, which is lower than healthy adults. In 114 sub-
jects whose anti-HA-IgG titers were tested after the
second dose, factors significantly associated with bet-
ter response were prolonged ART duration and high-
er CD4 count. The titers of anti-HA-IgG after the third
dose were higher in those who became seropositive
after the second dose than those who did not.

Now, we have started to evaluate NAFLD of HIV
infected patients. Of the 102 HIV-infected patients,
the prevalence of NAFLD was estimated to be 53.9%
from the elastography CAP value, and 7.8% were sus-
pected of progressing fibrosis and immediate im-
provement in metabolic risk factors as desired. We are
also conducting research from the perspective of the
microbiome.

5. Characteristics of Transmitted Drug-Resistant
HIV-1 in Recently Infected Treatment-Naive Pa-
tients in Japan.

Michiko Koga, Kazuhiko Ikeuchi', Eisuke Adachi',
Tadashi Kikuchi', Takeya Tsutsumi, Hiroshi Yotsuy-
anagi

Progress in antiretroviral treatment has led to few-
er virological failure cases, but about 10% of treat-
ment-naive HIV/AIDS cases are reported to harbor
drug-resistant strains (RS), suggesting transmission
of drug-resistant HIV. We have determined the trend
in prevalence of transmitted drug-resistant (TDR)
HIV in Japan from 2003.

Drug-resistance test had been performed on na-
tional-wide HIV-1-infected cases newly diagnosed.
The overall prevalence of TDR was about 8.4% in
2021.

6. Exploratory research of the malignancy with
HIV infected hemophilia patients

Michiko Koga, Takahiro Tanaka!, Aya Ishizaka,
Akari Fukuda, Takashi Hosaka', Hiroshi Yotsuyan-

agi,

It is speculated that hemophiliacs infected with
HIV due to chemical damage are more likely to get
malignancy due to aging and immune dysfunction.
Since April 2021, we have started this research with
the following four objectives. 1. Construction and op-
eration of a system design for a health examination. 2.
Medical support at the time of diagnosis of malignan-
cy and after diagnosis. 3. Mental care associated with
malignancy. 4. Public relations regarding support
and diseases.

We also reported that HIV-infected patients suf-
fered much stress under the COVID-19 pandemic.
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7. Identification of drugs which reactivate latent
HIV-1 reservoir

Ayako Sedohara, Michiko Koga, Makoto Saito, Ka-
zuhiko Ikeuchi!, Eisuke Adachi', Tomohiko Koibu-
chi', Hiroshi Yotsuyanagi

The eradication of HIV provirus from HIV-infect-
ed patients is a crucial for curing HIV. A population
of HIV-infected CD4 T-cells represents a latent infec-
tion, or reservoir. The latently infected cells can be
reactivated by treatment with an latency reversing
agent (LRA), allowing eradication by the host im-
mune system, also termed the kick-and-kill strategy.
It has been reported that histone acetyltransferase in-
hibitor SAHA strongly reactivates latent HIV reser-
voir. Using CD4 T-cells derived from HIV-infected
individuals, we tried to identify novel chemical com-
pounds that act as an LRA. Consequently, we identi-
fied that valemetostat/DS-3201/(R)-OR-S2, novel en-
hancer of zeste homolog 1/2 (EZH 1/2) dual inhibitor,
acts as an LRA. EZH2 is a component of polycomb
repressive complex 2 (PRC2) and functions as a meth-
yltransferase. EZH2 methylates lysine 27 on histone
H3 protein (H3K27). Tri-methylated H3K27 (H3K27
me3) marks the gene silencing region and is mainly
observed around the 5'LTR, the transcriptional regu-
latory region, in latently infected HIV-1 cells. EZH2 is
involved in the maintenance of HIV-1 latency. Treat-
ment of HIV-1 latently infected cells with valemeto-
stat reversed latency in vitro and ex vivo in a dose- and
duration-dependent manner at levels similar to
SAHA. Furthermore, co-administration of SAHA
with valemetostat showed an additive effect on laten-
cy reversal.

8. Analysis of the HIV-associated gut microbiome

Aya Ishizaka, Michiko Koga, Taketoshi Mizutani,
Kazuhiko Ikeuchi, Eisuke Adachi', Tetsuro Ma-
tano*®, Hiroshi Yotsuyanagi

¢ Department of AIDS Vaccine Development, IM-
SUT Hspital, IMSUT

Loss of gut mucosal barrier function persists dur-
ing HIV infection and allows translocation of gut-de-
rived bacteria as well as microbial products into circu-
lation. We reported the relevance between gut
dysbiosis and chronic inflammation in people living
with HIV infection (PLWH). Currently, we are run-
ning analysis of longitudinal change in the gut micro-
biome and its relationship with clinical condition.

9. Clinical epidemiology of malaria in pregnancy
Makoto Saito

Malaria is the leading cause of mortality in the
tropics. Pregnant women are particularly vulnerable

and malaria in pregnancy causes an adverse impact
on the mother and fetus. In the global collaboration
with the colleagues in sub-Saharan Africa and Asia,
we have conducted a pooled meta-analysis of the clin-
ical data to assess the safety of antimalarials in preg-
nancy to support the revision of the malaria guide-
lines by the World Health Organization. Currently,
we have started another project using the pharmaco-
logical data of a clinical trial conducted in Thailand,
aiming to optimize the antimalarial drug for pregnant
women.

10. Analysis of rifaximin effect on the small intes-
tinal microbiome

Kazuhiko Ikeuchi', Takeya Tsutsumi, Aya Ishizaka,
Taketoshi Mizutani?, Ayako Sedohara, Michiko
Koga, Satoru Tamaoki’, Hiroshi Yotsuyanagi

7 Medical Affairs Department, ASKA Pharmaceuti-
cal Co., Ltd.

Rifaximin is a poorly absorbed broad-spectrum
antibiotic used for hepatic encephalopathy, but rifax-
imin does not alter the stool microbiota. Because the
antimicrobial effect of rifaximin increases by micelli-
zation with bile acids, we hypothesized that rifaximin
alters the microbiota in the duodenum and jejunum,
where bile acids are abundant. Using CCl, -induced
liver fibrosis mice, we showed that rifaximin decrease
Lactobacillaceae in the duodenum and jejunum,
which is known to increase in patients with hepatic
encephalopathy. Rifaximin may exert its effect by al-
tering the duodenal and jejunal microbiota. The
changes in the duodenal and small intestinal microbi-
ota were not associated with that of stool, suggesting
that the analysis of stool microbiota is insufficient to
evaluate upper intestinal microbiota.

11. Analysis of transmission route of HCV among
HIV patients

Kazuhiko Ikeuchi', Kazuya Okushin®, Makoto Sai-
to, Eisuke Adachi', Michiko Koga, Takeya Tsutsumi
Tomoyuki Takura®, Hiroshi Yotsuyanagi

° Department of Healthcare Economics and Health
Policy, Graduate School of Medicine, The Universi-
ty of Tokyo

Hepatitis C virus (HCV) has been mainly trans-
mitted through injection drug use, but recently, sexu-
al transmission among men who have sex with men
(MSM), which is also a major route of HIV transmis-
sion, is increasing. However, the prevalence of HIV
and the incidence of other sexually transmitted infec-
tions (STIs) among HCV patients have been rarely re-
ported. Using a healthcare insurance claim data of
employees and their dependents covering seven-mil-
lion people in Japan, we evaluated HIV prevalence
among HCV patients. HIV prevalence among young
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male HCV patients was very high in Tokyo. HCV/
HIV co-infected patients were more likely to acquire
HIV before HCV, which is a known feature of MSM.
They also had a higher incidence of STIs. These find-
ings suggest that HCV might be prevalent as an STI
among MSM particularly in Tokyo.

We also analyzed the long-term incidence of HCV

among people living with HIV (PLWH) in the IMSUT
hospital. In the multivariable analysis, MSM, IDU,
and syphilis infection during study period were asso-
ciated with HCV incidence, suggesting that HCV
could be transmitted by both injection drug and sexu-
al contact.
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Research Projects

medicine.

The aim of our research is the application of findings in basic cancer research to
clinics. Currently, we are working on the following five projects: 1) understanding of
the role of Wnt/B-catenin signaling pathway in human carcinogenesis, 2) discovery
of Wnt inhibitors through a screening of large-scale chemical libraries, 3)
establishment and investigation of mouse models of human cancer, 4)
understanding the genetic features of rare cancers and the mechanisms of their
development, and 5) clinical sequencing for the implementation of genomic

1. Understanding the role of Wnt/B-catenin signa-
ling pathway in human carcinogenesis

Kiyoshi Yamaguchi, Yoichi Furukawa

Aberrant Wnt/[3-catenin signaling has been found
in the various types of cancer, particularly colon and
liver cancer. This activation leads to the accumulation
of B-catenin in the nucleus, where it functions as a
transcriptional co-activator of the TCF/LEF family.
Therefore, comprehensive understanding of genes di-
rectly transactivated by the heterodimeric [3-catenin/
TCF transcriptional complex will lead to the better
understanding of the role of this pathway in human
carcinogenesis. Previously, our gene expression and
ChIP-seq analyses using colorectal cancer and hepato-
ma cells identified MOSPD1 (motile sperm domain
containing 1) and ODAM (odontogenic, ameloblast
associated) that are downstream in the Wnt/[3-catenin
signaling pathway. We additionally searched for reg-
ulatory regions by the pathway and found potential
Wnt-response elements (WREs) located far from each
TSS. To ensure the involvement of these WREs in the
transcriptional regulation of MOSPD1 and ODAM,
we conducted chromatin immunoprecipitation (ChIP)
and chromatin conformation capture (3C) assays. As

a result, ChIP assay showed an association of TCF7L2
with the WREs and 3C assay corroborated the interac-
tion of the WREs with the promoter regions of each
gene. Furthermore, CRISPR/Cas9-mediated disrup-
tion of these WREs significantly decreased the expres-
sion of MOSPD1 and ODAM in cancer cells with aug-
mented -catenin/TCF transcriptional activity (or
carrying mutant S-catenin). These data suggested that
[-catenin/TCF up-regulates MOSPD1 and ODAM
through the binding to the WREs, and that these dis-
tal regions function as enhancers. Understanding of
the biological role of MOSPD1 and ODAM will un-
cover a new role of the pathway involved in human
carcinogenesis.

2. Discovery of Wnt inhibitors through a screen-
ing of large chemical library

Kiyoshi Yamaguchi, Yoichi Furukawa, Yoshitaka
Ohishi, Satoru Nagatoishi!, Kouhei Tsumoto'?:
'"Project Division of Advanced Biopharmaceutical
Science, 2Medical Proteomics Laboratory, IMSUT,
*Department of Bioengineering, School of Engineer-
ing, The University of Tokyo

A variety of cell-based assays have contributed to
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the discovery of small molecules that modulate Wnt
signaling. Previously, we developed a sensitive and
specific cell-based reporter assay for the detection of
the Wnt/B-catenin signaling activity. By leveraging
this assay, we established a high-throughput screen-
ing system, and performed a screening of small mole-
cule and natural compound libraries. As a result, sev-
eral hit compounds that inhibit Wnt/B-catenin
signaling activity have been identified, and their tar-
get(s) are currently under investigation. To identify
protein(s) that interact with the compounds, we have
pulled down proteins from cell lysates by the com-
pound-immobilized beads and analyzed them using
mass spectrometry.

3. Establishment and investigation of novel
mouse models of human cancer

Tsuneo Ikenoue, Yoichi Furukawa

Genetically engineered mice are useful tools for
studying human diseases including cancer. In this
project, we previously established a novel mouse
model of intrahepatic cholangiocarcinoma (ICC) us-
ing liver-specific expression of oncogenic Kras and
homozygous Pten deletion. We also established an-
other ICC mouse model carrying a cancer-associated
mutant allele of Fbxw?7 in combination with an onco-
genic Kras allele.

In addition, we developed liver-specific knockin
mice carrying cancer associated hotspot mutations of
IDH1 or IDH?2. By crossing these mice with Kras mu-
tant mice, we have investigated roles of the IDH1 and
IDH2 mutations in hepatocarcinogenesis. Although
IDH1 and IDH2 mutations cooperate with oncogenic
Kras mutation to promote ICC and hepatocellular car-
cinoma (HCC), the incidence of ICC and HCC varies
with IDH1 and IDH2 mutations. We are currently in-
vestigating the cellular origin of ICC caused by IDH1
and IDH2 mutations by cell lineage tracing. Intensive
analysis of these mice should provide better under-
standing of mechanisms of carcinogenesis associated
with IDH1/2 mutations and facilitate the develop-
ment of new therapies to tumors carrying these muta-
tions.

4. Elucidation of genetic characteristics of rare
cancers and the mechanisms of their develop-
ment

Kiyoko Takane, Kiyoshi Yamaguchi, Tsuneo Ike-
noue, Yoichi Furukawa, Kotoe Katayama', Seiya
Imoto!, Satoru Miyano?, Hideaki Yano®, Atsushi
Kaneda*: 'Division of Health Medical Intelligence,
Human Genome Center, IMSUT, 2Systems Biology
for Intractable Diseases, Medical Research Insti-
tute, Tokyo Medical and Dental University, *Depart-
ment of Surgery, National Center for Global Health
and Medicine, ‘Department of Molecular Oncology,

Graduate School of Medicine, Chiba University

Pseudomyxoma peritonei (PMP) is a rare disease
with an incidence of 1 — 2 cases per million and char-
acterized by the presence of mucin-producing tumors
in the abdominal cavity. Primary tumors of PMP de-
velop most frequently in the appendix and occasion-
ally in other organs including the ovary, colorectum,
gallbladder, stomach, pancreas, fallopian tube, ura-
chus, lung, and breast. To elucidate the molecular
mechanisms underlying PMP, we previously analyz-
ed 18 appendiceal PMPs by targeted sequencing us-
ing the Cancer Hotspot Panel. Consequently, we
found that KRAS and/or GNAS mutations are com-
mon genetic features of PMP. In addition, we suggest-
ed that mutations in TP53 and/or genes related to the
PI3BK-AKT pathway might render malignant proper-
ties to PMP.

We further performed genome-wide DNA methy-
lome analysis of 15 appendiceal PMP samples using
Infinium 850K BeadChip. As a result, we clarified that
the 15 PMPs are classified into at least two epigeno-
types, unique methylation epigenotype and nor-
mal-like methylation epigenotype. We also identified
a set of hypermethylation marker genes in the 15
PMPs. These findings may help the understanding of
the molecular mechanism(s) of PMP and contribute to
the development of therapeutic strategies for this
life-threatening disease.

5. Clinical sequencing for the implementation of
genomic medicine

Kiyoko Takane, Kiyoshi Yamaguchi, Tsuneo Ike-
noue, Yoichi Furukawa, Eigo Shimizu', Rika Kasaji-
ma!, Kotoe Katayama', Seiya Imoto!, Tetsuo
Shibuya?, Kazuaki Yokoyama3, Yasuhito Nanya’,
Koichiro Yuji*, Rui Yamaguchi®, Satoru Miyano®:
'Division of Health Medical Intelligence, *Division of
Medical Data Informatics, Human Genome Center,
3Department of Hematology/Oncology, ‘Project Di-
vision of International Advanced Medical Research,
Advanced Clinical Research Center, IMSUT, *Divi-
sion of Cancer Systems Biology, Aichi Cancer Center
Research Institute, ‘Systems Biology for Intractable
Diseases, Medical Research Institute, Tokyo Medi-
cal and Dental University

The application of Next-Generation Sequencing
(NGS) technology in clinical medicine has revolution-
ized molecular diagnostics by enabling multiple gene
testing, or analysis of the entire exon or whole ge-
nome with a limited amount of DNA. In collaboration
with Human Genome Center and Advanced Clinical
Research Center, we have been working on two pro-
jects: 1) genetic diagnosis of patients with suspected
hereditary cancer predisposition and 2) implementa-
tion of precision medicine for patients with rare or
intractable cancer.
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In the first project, we applied NGS technology for
molecular diagnostics of hereditary colon cancer syn-
dromes such as familial adenomatous polyposis
(EAP), Lynch syndrome (LS), and polymerase proof-
reading-associated polyposis (PPAP). In addition to a
short-read sequencing, we took advantage of Min-
ION, a long-read sequencer of Oxford nanopore plat-
form, for the detection of pathogenic structural vari-
ants (SVs) because not only single nucleotide
variations (SNVs) and short insertions and deletions
(indels), but also structural variations (SVs) are re-
sponsible for the predisposition of hereditary cancer.
Using MinlON, we have successfully identified the
breakpoints of a pathogenic SVs that are difficult to
identify by short-read sequencing technology.

In the second project, we have been working on
the implementation of genomic data in clinics. An

outpatient clinic service in IMSUT hospital offered
the consultation of patients with rare or intractable
cancer. Patients with colorectal, gastric, cervical can-
cer, and pheochromocytoma gave written informed
consent for genetic analysis and prediction of treat-
ment using artificial intelligence were enrolled in this
study. Genetic alterations in their tumors were deter-
mined by NGS, and the data were subsequently ana-
lyzed by QIAGEN Clinical Insights (QCI). The results
of QCl including predicted driver mutations and sug-
gested actionable drugs were discussed in the IMSUT
Tumor Board (ITB). ITB is composed of members of
various specialties, with physicians, medical oncolo-
gists, genetic counsellors, geneticists, bioinformati-
cians, and experts of ethics, and is held online every
two weeks.
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Our Laboratory is focused on developing oncolytic virus therapies for various
malignant tumors. Oncolytic viruses are engineered to Kkill tumor cells without
affecting normal cells. G47A, a recombinant, triple-mutated oncolytic herpes
simplex virus type 1 (HSV-1), exhibits potent anti-tumor efficacy while maintaining
safety. G47A was approved as the world’s first oncolytic virus product for brain
tumors in June 2021 and is now in clinical use since November 2021.

Development of novel recombinant oncolytic
HSV-1

With a steady increase in cancer mortality, there
has been a strong need for novel therapeutics for can-
cers. Oncolytic virus therapy utilizing genetically en-
gineered virus not only destroys tumor cells by its
lytic activity but also shows robust antitumor effect
by eliciting systemic and specific antitumor immuni-
ty, and is expected as a promising novel therapeutic
for cancer. Various kinds of virus have been modified
and utilized as oncolytic viruses, but genetically engi-
neered HSV-1 is particularly useful because of follow-
ing favorable characteristics: (1) a highly selective
replication in tumor cells while maintaining safety in

normal tissues, (2) a high stability of the viral ge-
nome, (3) a potent oncolytic activity in a wide range
of cancer cells, (4) cell-to-cell spread of the virus min-
imally affected by antiviral antibodies, (5) presence of
antiviral drugs that serve as fail safe, (6) a high capac-
ity for incorporating large or multiple transgenes ow-
ing to its large genome size (<152kb). We developed
G47A, an oncolytic HSV-1 with triple gene mutations
with high efficacy and safety. While conventional ho-
mologous recombination techniques had required

time-consuming processes to create a new recombi-
nant oncolytic HSV-1, our original recombinant HSV-
1 construction system, T-BAC, enables quick and ac-
curate generation of a new recombinant H5V-1 with
desired transgenes inserted into a specific locus by
utilizing two sets of recombinases (Cre/loxP and FLP/
FRT).

Since 2003, translational research of G47A was ini-
tiated totally by this laboratory, including invention,
preclinical tests, clinical lot manufacturing and clini-
cal trials. G47A was approved as the world’s first on-
colytic virus product for malignant brain tumors in
2021. Besides malignant brain tumors, we have metic-
ulously accumulated pre-clinical data with the inten-
tion to expand the application of G47A for other can-
cers, including renal cancer, prostate cancer, bladder
cancer, malignant mesothelioma, tongue cancer, eso-
phageal cancer, gastric cancer, colon cancer, lung can-
cer, breast cancer, nasopharyngeal cancer, cholangio-
carcinoma, hepatic cancer, pancreatic cancer, malignant
melanoma, and malignant lymphoma.

Preclinical research has revealed that G47A is uni-
versally effective for all types of solid tumors, and is
expected a standard treatment option for cancer in
the near future. The clinical trials of G47A for malig-
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nant mesothelioma, olfactory neuroblastoma and
prostate cancer, and that of human IL-12-expressing
G47A (T-hIL12) for melanoma have been proceeding

and will soon advance to the next phases of clinical
trials.
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modifies glioma stemness and tumorigenicity by
regulating TGF-f receptor stability. Commun Biol
5 (1): 22, 2022.
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Our mission is to assist the development of translational research. For this purpose,
it is critical to discover new “seeds” and to eradicate blockades until the clinical
utilization. We also assist the conduct of clinical trials at IMSUT Hospital. At IMSUT
Hospital, we work together with the staffs of Center for Translational Research.
Concurrently, to concur blockades on translational research, we have been
engaging in research on regulatory science and biostatistics.

1. Assistance of Clinical Trials/TRs at Research
Hospital

Masanori Nojima, Fumitaka Nagamura

At IMSUT Hospital, we work together with the
staffs of Center for Translational Research. The assis-
tance of Translational (Clinical) Research Coordina-
tors is indispensable for the conduct of clinical trials,
especially for TR. The activities of Coordinators are
the results of the collaboration between Division of
Advanced Medicine Promotion and Center for Trans-
lational Research. In 2022, we supported 4 sponsor-in-
vestigator clinical trials and 3 non-IND clinical stud-
ies.

2. Approach for epigenome and multi-omics re-
search by methodology of bioinformatics and
biostatistics

Masanori Nojima

Epigenome and multi-omics research using clini-
cal samples in collaborative study or public database
of comprehensive omics-analysis. We are now focus-
ing on the multi-omics approach integrating DNA
methylation, mRNA expression, and miRNA, and

building statistical models to assess functional link-
age.

3. Statistical consulting for basic research
Masanori Nojima

For basic researchers, we suggest exploratory sta-
tistical approach and molecular epidemiological ap-
proach.

4, Statistics and Quality control in Clinical Trials

Masanori Nojima, Motoki Amai, Mitsumi Tokuna-
ga, Fumitaka Nagamura

We have planned and performed data manage-
ment, monitoring, and statistical works in clinical tri-
als.

[Data management]: Planning, EDC and CRF prepa-
ration, registration, allocation, database management,
data cleaning, coding

[Monitoring]: Monitoring for drug management
[Statistics]: Planning and perform for statistical analy-
ses, Sample size calculation.
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5. Areview of criteria strictness in “Toxicity Grad-
ing Scale for Healthy Adult and Adolescent
Volunteers Enrolled in Preventive Vaccine
Clinical Trials”

Masanori Nojima, Motoki Amai, Fumitaka Naga-
mura

To assess safety in vaccine development, stricter
grading scales, such as the “Toxicity Grading Scale
for Healthy Adult and Adolescent Volunteers En-
rolled in Preventive Vaccine Clinical Trials” issued by
the U.S. Food and Drug Administration (FDA grad-
ing scale), are required. However, concern exists that
their strictness may lead to an overestimation of some
adverse events (AEs). We analyzed the details of AEs
in a phase I clinical trial of a preventive vaccine for

infectious diseases. In this trial, we observed the high
occurrence of Grade 1 or greater AEs in hemoglobin
changes from baseline value, and hypernatremia, and
hypokalemia by FDA grading scale. The range con-
sidered as non-AE according to the FDA grading
scale shifted or became narrower when compared to
reference intervals, especially for a Japanese cohort.
Regarding a decrease in hemoglobin from baseline,
the criterion of “any decrease” used for a Grade 1 AE
was too strict and we suggest this be omitted. Upper
and lower limits of AE criteria for sodium and potas-
sium should be equal to, or 10-20% above, the refer-
ence interval consistent with other toxicities deter-
mined by laboratory tests. Consideration should be
given to the issues surrounding the criteria that deter-
mine AEs before conducting clinical trials.

Publications

1. Fujii S, Kawamata T, Shimizu K, Nakabayashi J,
Yamasaki S, Iyoda T, Shinga J, Nakazato H, Sanpei
A, Kawamura M, Ueda S, Dérrie J, Grofs S, Mojsov
S, Nojima M, Nagamura F, Yoshida S, Goto T, Tojo
A. Reinvigoration of innate and adaptive immuni-
ty via therapeutic cellular vaccine for AML pa-
tients. Molecular Therapy — Oncolytics. 2022
https://doi.org/10.1016/j.omt0.2022.09.001

2. Nagamura-Inoue T, Kato S, Najima Y, Isobe M,
Doki N, Yamamoto H, Uchida N, Takahashi A,
Hori A, Nojima M, Ohashi K, Nagamura F, Tojo A.
Immunological influence of serum-free manufac-
tured umbilical cord-derived mesenchymal stro-
mal cells for steroid-resistant acute graft-versus-
host disease. Int ] Hematol. 2022 Jul 30. doi:
10.1007/s12185-022-03408-7.

3. Takeuchi Y, Hamada K, Nakahira H, Shimamoto
Y, Sakurai H, Tani Y, Shichijo S, Maekawa A, Kane-
saka T, Yamamoto S, Higashino K, Fujisawa F,
Ezoe Y, Ishikawa H, Mutoh M, Uedo N, Nojima
M, Ryu L. Efficacy and safety of intensive endo-
scopic intervention for multiple duodenal adeno-
mas in patients with familial adenomatous poly-
posis: A prospective cohort study. Endoscopy.
2022 Nov 21. doi: 10.1055/a-1983-5963. Epub ahead
of print. PMID: 36410678.

4. Yamakawa T, Kitamoto H, Nojima M, Kazama T,
Wagatsuma K, Ishigami K, Yamamoto S, Honza-
wa Y, Matsuura M, Seno H, Nakase H. The associ-
ation between antigenemia, histology with immu-
nohistochemistry, and mucosal PCR in the
diagnosis of ulcerative colitis with concomitant
human cytomegalovirus infection. ] Gastroenter-

ol. 2022 Oct 26. doi: 10.1007/s00535-022-01931-2.
Epub ahead of print. PMID: 36287269.

5. Yumemi T, Yoshii S, Yamakawa T, Hayashi Y, Mi-
yake T, Yokoyama Y, Sudo G, Mitsuhashi K, Noji-
ma M, Yamano HO, Nakase H. Red blood cell dis-
tribution width as a novel marker for predicting
bleeding after endoscopic resection for early gas-
tric cancer. DEN Open. 2022 May 13;3(1):e123. doi:
10.1002/de02.123. PMID: 36247311; PMCID: PMC
9549875.

6. Kasuga A, Nojima M, Okamoto T, Ishitsuka T,
Yamada M, Nakagawa H, Udagawa S, Mori C,
Mie T, Furukawa T, Yamada Y, Takeda T, Matsuy-
ama M, Sasaki T, Ozaka M, Sasahira N. Impact of
the COVID-19 Pandemic on the Management and
End-of-life Care of Unresectable Pancreatic Can-
cer. Intern Med. 2022 Dec 15;61(24):3641-3649. doi:
10.2169/internalmedicine.0492-22. Epub 2022 Oct
5. PMID: 36198597.

7. Nakase H, Wagatsuma K, Nojima M, Matsumoto
T, Matsuura M, lijima H, Matsuoka K, Ohmiya N,
Ishihara S, Hirai F, Takeuchi K, Tamura S, Kinjo F,
Ueno N, Naganuma M, Watanabe K, Moroi R,
Nishimata N, Motoya S, Kurahara K, Takahashi S,
Maemoto A, Sakuraba H, Saruta M, Tominaga K,
Hisabe T, Tanaka H, Terai S, Hiraoka S, Takedomi
H, Narimatsu K, Endo K, Nakamura M, Hisamat-
su T. Anxiety and behavioral changes in Japanese
patients with inflammatory bowel disease due to
COVID-19 pandemic: a national survey. ] Gastro-
enterol. 2023 Jan 6:1-12. doi: 10.1007/s00535-022-
01949-6. Epub ahead of print. PMID: 36607399;
PMCID: PM(C9821342.
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The goals of our researches are to identify the mechanisms and to establish novel
therapies especially for cancers and inflammatory diseases of the digestive system.
One of the research fields is the inflammatory diseases, in which we investigated
the molecular pathogenesis of gastritis, cholangitis and inflammatory bowel
disease. Another research field is the malignancies. We specifically focus on the
topics such as, differentiation of stem cells, proliferation and death of epithelium,
interactions with immune cells or microbes, inter-organ interactions, and
maintenance of tissue homeostasis. Using genetically engineered mice, we try to
unveil the pathogenesis of various digestive diseases.

1. Role of IL-33 in the gastrointestinal homeosta-
sis

Yoshihiro Hirata, Kazuya Koyanagi, Yuka Kuriha-
ra, Aya Yamashita', Nobumi Suzuki® Yoku Hayaka-
wal. 'Department of Gastroenterology, The Univer-
sity of Tokyo

To investigate the role of IL-33 in intestinal tract,
we have established conditional IL-33 expression
mouse (LSL-IL-33 mouse) and crossed with Gl-tract
specific cre expression mice line. Stomach specific IL-
33 expression (TFF1-cre-LSL-IL33, MistlcreERT-LSL-
IL33) induced gastritis characterized by CD11b+ mye-
loid cell infiltration not only in the lamina propria,
but also in the muscular layer and serosa. Gastric epi-
thelium showed loss of parietal cells and chief cells
indicating gastric atrophy with metaplasia. This spe-
cific effect of IL33 on gastric tissue is also confirmed
by IL-33 knock-in mouse line (TFF1pro-IL33). The
mice established in this study will be useful as a re-
search tool of specific gastritis.

2. Role of Sox9 in the gastric carcinogenesis
Kazuya Koyanagi, Aya Yamashita', Nobumi Suzuki"

Yoku Hayakawa!, Yoshihiro Hirata. 'Department of
Gastroenterology, The University of Tokyo

Sox9 is a multifunctional transcriptional factor
which participates in development, stemness, as well
as carcinogenesis of various tissues. To elucidate the
role of Sox9 in gastric diseases, we established stom-
ach specific Sox9 knockout mice (TFF1-cre; Sox9%
mice). We found these mice developed gastritis and
gastric tumor in the antrum suggesting critical role of
S0x9 in the homeostasis of stomach. We are further
characterizing molecular mechanisms using SOX9
deficient organoid and RNAseq.

3. Role of acetylcholine signaling in the inflam-
matory bowel diseases

Aya Yamashita', Yoshihiro Hirata, Sozaburo Ihara',
Yoku Hayakawa', Hayato Nakagawa', Lars Eck-
mann’. 2Department of Gastroenterology, Faculty of
Medicine, University of California, San Diego

We examined the role of acetylcholine signaling in
colitis using murine colitis model. Administration of
nicotine, a ligand of nicotinic acetylcholine receptor,
to IL-10 knockout mice reduced inflammatory cell in-
filtration and retained goblet cells. IL-10 KO mice
with DC-specific alpha7nicotinic acetylcholine recep-
tor deletion exhibited more severe colitis than IL-10
KO mice indicating the importance of acetylcholine
signaling on DCs.
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4. Molecular mechanism of the development and
the progression of sclerosing cholangitis

Hisayoshi Natomi, Hayato Nakagawa®, Yoshihiro
Hirata. *Department of Gastroenterology, Mie Uni-
versity

Primary sclerosing cholangitis is a rare form of bil-
iary inflammation which can progress to cirrhosis
and cancer. We are currently investigating the role of
intestinal microflora, on cholangitis using originally
developed mouse biliary disease models. We found
infiltrated T cells have Th17 signatures, and damaged
epithelium express stem cell markers. Antibiotics
treatment ameliorated immune cell infiltration and
fibrosis of bile duct.

5. The role of fusion HBx from HBYV integrant in
the hepatocarcinogenesis

Ryosuke Muroyama*, Naoya Kato*, Yoshihiro Hira-
ta. ‘Department of Gastroenterology, Chiba Univer-
sity

We identified fusion HBx translated from HBV in-
tegrant in human hepatocellular carcinoma cell line.
In HBx KD cells, cell proliferation, invasion ability as

well as tumor formation in nude mice, were signifi-
cantly reduced. The fusion HBx had anchorage-inde-
pendent growth ability in soft agar although the fu-
sion HBx completely abrogated its transactivation
ability. We also found that the fusion HBx dysregulat-
ed ER stress response via the modification of ATF3,
ATF4, and ATF6 transcription.

6. Analysis of primary biliary cholangitis mouse
model

Jiaqi Zhang*, Ryo Nakagawa‘, Naoya Kato*, Hayato
Nakagawa?, Yoshihiro Hirata

Primary biliary cholangitis is a rare autoimmune
cholestatic liver disease and its cause is not well un-
derstood. UDCA administration is the only estab-
lished therapy, but many advanced cases does not
respond to treatment, and eventually requires liver
transplantation. We have generated transgenic mice
which develop immune cell infiltration, bile duct de-
struction in the liver with elevated serum autoanti-
body, all of which are characteristics of human PBC.
Using this mouse model, we now try to unveil molec-
ular pathogenesis and establish novel treatment strat-

egy.

Publications

1. Kato H, Tateishi K, Iwadate D, Yamamoto K, Fuji-
wara H, Nakatsuka T, Kudo Y, Hayakawa Y, fjichi
H, Otsuka M, Kishikawa T, Takahashi R, Miya-
bayashi K, Nakai Y, Hirata Y, Toyoda A, Morishita
S, Fujishiro M. HNF1B-driven three-dimensional
chromatin structure for molecular classification in
pancreatic cancers. Cancer Sci. 2022 Dec 13. doi:
10.1111/cas.15690. Epub ahead of print. PMID:
36511816.

2. Arai ], Niikura R, Hayakawa Y, Suzuki N, Hirata
Y, Ushiku T, Fujishiro M. Clinicopathological Fea-
tures of Gastric Cancer with Autoimmune Gastri-
tis. Biomedicines. 2022 Apr 12;10(4):884. doi:
10.3390/biomedicines10040884. PMID: 35453635;
PMCID: PMC9031450.

3. Muroyama R, Nakagawa R, Matsubara Y, Hirata Y,
Omata M, Shirasawa H, Kato N. Fusion HBx from
HBV integrant affects hepatocarcinogenesis
through deregulation of ER stress response. Virus
Res. 2022 Jul 2;315:198787. doi: 10.1016/j.virus-
res.2022.198787. Epub 2022 Apr 14. PMID: 35430320.

4. Kawamura S, Matsushita Y, Kurosaki S, Tange M,
Fujiwara N, Hayata Y, Hayakawa Y, Suzuki N,

Hata M, Tsuboi M, Kishikawa T, Kinoshita H, Na-
katsuka T, Sato M, Kudo Y, Hoshida Y, Umemura
A, Eguchi A, Ikenoue T, Hirata Y, Uesugi M, Tatei-
shi R, Tateishi K, Fujishiro M, Koike K, Nakagawa
H. Inhibiting SCAP/SREBP exacerbates liver inju-
ry and carcinogenesis in murine nonalcoholic ste-
atohepatitis. ] Clin Invest. 2022 Jun 1;132(11):
e151895. doi: 10.1172/JCI151895. PMID: 35380992;
PMCID: PMC9151706.

5. Kato H, Tateishi K, Fujiwara H, Nakatsuka T,
Yamamoto K, Kudo Y, Hayakawa Y, Nakagawa H,
Tanaka Y, Ijichi H, Otsuka M, Iwadate D, Oyama
H, Kanai S, Noguchi K, Suzuki T, Sato T, Hakuta
R, Ishigaki K, Saito K, Saito T, Takahara N, Kishi-
kawa T, Hamada T, Takahashi R, Miyabayashi K,
Mizuno S, Kogure H, Nakai Y, Hirata Y, Toyoda
A, Ichikawa K, Qu W, Morishita S, Arita J, Tanaka
M, Ushiku T, Hasegawa K, Fujishiro M, Koike K.
MNX1-HNF1B Axis Is Indispensable for Intra-
ductal Papillary Mucinous Neoplasm Lineages.
Gastroenterology. 2022 Apr;162(4):1272-1287.e16.
doi: 10.1053/j.gastro.2021.12.254. Epub 2021 Dec
22. PMID: 34953915.
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the opinions of the general public.

Medical research has high expectations from society, however, it imposes burdens
and risks on subjects. And also, research using advanced medical technology may
raise new ethical, legal and social issues (ELSI). For these reasons, certain rules
are required for medical research. In our laboratory, we consider what kind of rules
are necessary for protecting subjects and responding to the new ELSI, based on

1. Public survey on industrial use of research
data generated from provided biological sam-
ples

Ayako Kamisato, Kazuyo Arisawa

Registration of clinical research data in a database
and utilization of the data, including industrial use,
are currently promoted as a national policy. Howev-
er, the research participants from whom the data is
derived usually provide biological samples and infor-
mation free of charge. Furthermore, research partici-
pants do not obtain any benefits even if the compa-
nies gain economic benefits from this data. Therefore,
research participants may have a different awareness
of the use of data from conventional non-commercial
academic use. Research participants who provide
samples and information are essential for promoting
the industrial use of research data. Therefore, it is cru-
cial to understand the general public’s perceptions of
who may become research participants in the future.

We conducted an Internet survey of the general
public in Japan, which included 2,202 respondents
with 18.2% response rate. The results showed the fol-
lowing: more than 50% of the respondents were reluc-
tant to provide biological samples for industrial use; a
certain percentage (12.4%-34.0%) of the respondents
believed that samples and data were attributed to do-

nors; more than 50% of the respondents thought com-
panies should divide gained profits to the donors;
50.0% of the respondents believed the companies
should return earnings to the donors by money, and
22.9%-37.0 thought it should return profits to society.
From these results, we found that researchers must
provide clear explanations to the research partici-
pants in the informed consent process. In addition,
the government also needs to develop legislation,
such as clarifying the legal status of samples and data.

2. Public survey on genomic medicine
Ayako Kamisato, Kazuyo Arisawa

Since genomic mutations are involved in many
diseases’ onset, aggravation, and side effects, utiliz-
ing genomic information will enable the provision of
medical care optimized for each individual. In addi-
tion, we can create effective medicines if we can iden-
tify genetic mutations involved in the onset and ag-
gravation of diseases for which there are currently no
therapeutic drugs. Furthermore, with the develop-
ment of genome/omics analysis research and diag-
nostic technology, it is expected that it will become
possible not only to diagnose diseases that have al-
ready developed but also to predict and diagnose dis-
eases at a high probability before the onset. In this
way, utilizing genomic information contributes to the
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prevention, early detection of diseases and improve-
ment of patients’ QOL. Therefore, in December 2019,
the “Whole Genome Analysis Action Plan (1st edi-
tion)” was formulated by the Ministry of Health, La-
bor and Welfare (MHLW) to promote whole genome
analysis in the fields of cancer and intractable diseas-
es. Based on this plan, whole-genome analysis of pa-
tients has been carried out extensively.

However, on the other hand, germline genetic in-
formation is characterized as follows; it does not
change throughout life, is passed on to offspring, and
is shared with blood relatives. Therefore, if genetic in-
formation is handled inappropriately, patients and
their relatives may suffer unfair discrimination and
social disadvantages in various non-medical situa-
tions, such as insurance, employment, marriage, and
education.

For these reasons, we conducted a public survey
with the National Museum of Emerging Science and
Innovation (Miraikan) on the utilization of genome
information. From this survey, we found that 60% of
the respondents were worried about “discrimination
based on genomic information,” 56% about “informa-
tion leakage and misuse,” and 40% about “impact on
relatives.” We reported this survey’s results at the
“Expert Committee on Promotion of Whole Genome
Analysis” meeting established by the MHLW (7th
meeting).

However, in this questionnaire survey, many re-
spondents were visitors to the National Museum of
Emerging Science and Innovation and patients who
belong to a patient group and their families. There-
fore, the results may be different for the general pub-
lic. Consequently, we conducted a questionnaire sur-
vey targeting the general public to ascertain the level
of awareness of genomes, concerns and interests in
the use and application of genome information, and
awareness of genome information database registra-
tion and secondary use. We are currently analyzing
the survey results.

3. Ethical support for “The Center of Well-being
Regional Society Innovation project.”

Ayako Kamisato, Kazuyo Arisawa

“The Center of Well-being Regional Society Inno-
vation project,” promoted by Hirosaki University
(Hirosaki COI-NEXT), is one of the projects of the JST
Program on Open Innovation Platform for Indus-
try-Academia Co-Creation. The goal of this project is
to build and utilize a big data platform on medical

and health. To achieve this goal, one of the wide-rang-
ing efforts of Hirosaki COI-NEXT is the implementa-
tion of a large-scale health survey called the “Iwaki
Health Checkup Project” (hereinafter referred to as
“Iwaki Health Checkup”), targeting residents of the
Iwaki district of Hirosaki City. In this checkup, Hi-
rosaki University collaborates with companies and
research institutes to collect 2,000 to 3,000 items of
health and medical data per person. The aim is to
quickly find preventive and therapeutic methods for
dementia and lifestyle-related diseases by analyzing
such big data from multiple angles. Our laboratory is
in charge of ethical support for the Iwaki health
checkup. In 2022, we received 47 consultations from
researchers at universities and companies.

4. The REC Education program (RECs) for Re-
search Ethics Committees (REC) members
and researchers

Ayako Kamisato, Kazuyo Arisawa, Hong Hyunsoo

We have constructed the REC Education program
for Research Ethics Committees (REC) members with
support from the Japan Agency for Medical Research
and Development (AMED) since FY 2016. So far, we
have produced fifteen video programs and released
them on our website. Two thousand two hundred fif-
ty-two members and 778 institutions have registered
with our program as of 31 May 2022. In 2022, we re-
vised the video programs in accordance with revi-
sions of the “Ethical Guidelines for Medical and Bio-
logical Research Involving Human Subjects” and the
“Act on the Protection of Personal Information.”

Also, we have constructed the REC Education pro-
gram for researchers and produced five video pro-
grams with support from the AMED since FY 2019.
Currently, we have 2,939 members registered with
this program as of 31 May 2022.

5. Production of educational tool for researchers
who use human Embryonic Stem Cells

Ayako Kamisato

Kamisato produced an educational video for re-
searchers on “Guidelines on the Utilization of Human
Embryonic Stem Cells.” This video was adopted by
the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) and is now posted on the
ministry’s website.
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gastrointestinal cancer.

The mission of our division is to create solid evidence of surgical treatment for
colorectal cancer as well as gastric cancer by continuously publishing the papers of
clinical research and basic research. If our research can help rewrite various
clinical guidelines around the world, we as surgeons can not only cure the patients
in front of us but also contribute to the development of surgical treatment for

1. Introduction

This division was newly established in September
2020 by professor Shida and Dr. Ahiko. On November
16", professor Dr. Aiko joined this new division. This
year, on October 1th, Dr. Kojima also joined this divi-
sion. We named our new division as ‘Frontier Sur-
gery’, because we want to greedily open up undevel-
oped areas of surgery and contribute to the
development of surgery.

2. Treatment for diseases of colon, rectum, anus
and stomach in IMSUT hospital

All of us are also members of Department of Sur-
gery, IMSUT hospital. We treat diseases of colon, rec-
tum, anus, and stomach, especially colorectal cancer
and gastric cancer.

See NO16-10 (Department of Surgery, IMSUT
Hospital).

3. Making Evidence for gastrointestinal malig-
nancy

While performing surgery as gastrointestinal sur-
geons, we are planning to conduct translational re-

search as academic surgeons in the near future.
4. Publications

Prognostic differences between oligometastatic
and polymetastatic disease after resection in patients
with colorectal cancer and hepatic or lung metastases:
Retrospective analysis of a large cohort at a single in-
stitution.

Horie T, Kanemitsu Y, Takamizawa Y, Moritani K,
Tsukamoto S, Shida D.

Surgery. 2022 Nov 15:50039-6060(22)00883-2. doi:
10.1016/j.surg.2022.10.014. Online ahead of print.
PMID: 36400583

A delay in the diagnosis of colorectal cancer
screened by fecal immunochemical tests during the
COVID-19 pandemic: a longitudinal cohort study.

Ishibashi F, Shida D, Suzuki S, Nagai M, Mochida
K, Morishita T.

Int J Colorectal Dis. 2022 Dec;37(12):2543-2546.
doi: 10.1007/s00384-022-04270-z. Epub 2022 Nov 16.
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PMID: 36383225

Identification of odontogenic ameloblast associat-
ed as a novel target gene of the Wnt/(3-catenin signal-
ing pathway.

Yamaguchi K, Horie C, Takane K, Ikenoue T, Nak-
agawa S, Isobe Y, Ota Y, Ushiku T, Tanaka M, Fu-
jishiro J, Hoshino N, Arisue A, Nishizuka S, Aikou S,
Shida D, Furukawa Y.

Cancer Sci. 2022 Nov 16. doi: 10.1111/cas.15657.
Online ahead of print.PMID: 36382598

Risk of non-colorectal cancer-related death in el-
derly patients with the disease: A comparison of five
preoperative risk assessment indices.

Yasui K, Shida D, Ahiko Y, Takamizawa Y, Moritani
K, Tsukamoto S, Kanemitsu Y.

Cancer Med. 2022 Jul 24. doi: 10.1002/cam4.5052.
Online ahead of print. PMID: 35871776

Study protocol of a single-arm phase 2 study eval-
uating the preventive effect of topical hydrocortisone
for capecitabine-induced hand-foot syndrome in
colorectal cancer patients receiving adjuvant chemo-
therapy with capecitabine plus oxaliplatin (T-CRACC
study).

Iimura Y, Furukawa N, Ishibashi M, Ahiko Y,
Tanabe T, Aikou S, Shida D, Nojima M, Kuroda S,
Boku N.

BMC Gastroenterol. 2022 Jul 14;22(1):341. doi:
10.1186/s12876-022-02411-w.PMID: 35836104

Motile sperm domain containing 1 is upregulated
by the Wnt/p-catenin signaling pathway in colorectal
cancer.

Horie C, Zhu C, Yamaguchi K, Nakagawa S, Isobe
Y, Takane K, Ikenoue T, Ohta Y, Tanaka Y, Aikou S,
Tsurita G, Ahiko Y, Shida D, Furukawa Y.

Oncol Lett. 2022 Jun 27;24(2):282. doi: 10.3892/
01.2022.13402. eCollection 2022 Aug.PMID: 35814826

Clinicopathological and molecular characteristics
of RSPO fusion-positive colorectal cancer.

Hashimoto T, Takayanagi D, Yonemaru J, Naka T,
Nagashima K, Yatabe Y, Shida D, Hamamoto R, KI-
eeman SO, Leedham SJ, Maughan T, Takashima A,
Shiraishi K, Sekine S.

Br ] Cancer. 2022 Oct;127(6):1043-1050.

Prognostic Role for Primary Tumor Location in
Patients with Colorectal Liver Metastases: A Compar-
ison of Right-Sided Colon, Left-Sided Colon, and Rec-
tum.
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The main purpose of our research is to elucidate the pathogenesis of hematopoietic
diseases and to study the development of therapies for these diseases. For those
studies for which we have already determined the therapeutic targets, we will
steadily advance the development and proceed to the next stage with clinical
application. Specifically, this includes the development of therapies for myeloid
tumors targeting Immunoglobulin Superfamily Member 8 and NK cell therapy using
CD155/CD112, which are immune checkpoint molecules.

Additionally, we are leading a project for whole genome sequencing of more than
1,400 leukemia samples collected from major institutions that treat hematopoietic
diseases in Japan, and the analysis of the genome data of these samples will start
this year. In this study, we will comprehensively search for abnormalities occurring
in non-gene-coding regions of the genome and beyond, with the aim of elucidating
previously undiscovered pathological mechanisms. In addition, we aim to identify
the genetic predisposition to the development of leukemia.

Furthermore, in order to promote the elucidation of novel pathogenesis, we are
developing a platform to advance the subclassification of diseases based on
susceptibility using a drug susceptibility screening system and to elucidate the
mechanisms of susceptibility pathogenesis by multi-omics analysis.

1.

Immunoglobulin superfamily member 8 main-
tains myeloid leukemia stem cells through in-
hibition of beta-catenin degradation
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Ito, Arinobu Tojo?® and Takaaki Konuma'*
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stitute of Medical Science, The University of Tokyo,
Tokyo, Japan.
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The identification of characteristic differences be-
tween cancer stem cells and their normal counterparts
remains a key challenge for cancer treatment. Here,
we investigated the role of immunoglobulin super-
family member 8 (Igsf8, also known as EWI-2, PGRL,
and CD316) on normal and malignant hematopoietic
stem cells, mainly using the conditional knockout
model. Deletion of Igsf8 did not affect steady state he-
matopoiesis, but it led to a significant improvement of
survival in mouse myeloid leukemia models. Dele-
tion of Igsf8 significantly depletes leukemia stem cells
(LSCs) through enhanced apoptosis and beta-catenin
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degradation. At a molecular level, we found that acti-
vation of beta-catenin in LSCs depends on IgsfS,
which promotes the association of FZD4 with its
co-receptor LRP6 in the presence of Igsf8. Similarly,
IGSF8 inhibition blocks the colony-forming ability of
LSCs and improves the survival of recipients in xeno-
graft models of myeloid leukemia. Collectively, these
data indicate strong genetic evidence identifying
Igsf8 as a key regulator of myeloid leukemia and the
possibility that targeting IGSF8 may serve as a new
therapeutic approach against myeloid leukemia.

2. An Immune Checkpoint Molecule DNAM-1/
CD112 Axis Is a Novel Target of NK-Cell Thera-
py in Acute Myeloid Leukemia.

Yuta Kaito!, Emi Sugimoto?, Fumi Nakamura?, Yu-
taka Tsukune®, Makoto Sasaki‘, Shunsuke Yui®,Hi-
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Hospital, The University of Tokyo, Tokyo, Japan.
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Medical University, Tochigi, Japan.
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School of Medicine, Tokyo, Japan.
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School, Tokyo, Japan.

*Division of Molecular Oncology, Graduate School
of Frontier Sciences, The University of Tokyo, To-
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Acute myeloid leukemia (AML) relapse is consid-
ered to occur due to escape of tumor cells from an-
ti-tumor immunity and contribution of immune
checkpoints CD155/CD112 to AML progression is as-
sumed. However, both the activation receptor
DNAM-1 and inhibitory receptor TIGIT present on
natural killer (NK) and T cells bind to CD155/CD112.
It is unclear how changes in the expression of CD155/
CD112 affect tumor immunity. The Raf-MEK-ERK
pathway, related to regulation of CD155/CD112 ex-
pression, is one of the targets of FLT3 inhibitors. We
investigated the effect of FLT3 inhibitors on the ex-
pression of CD155/CD112 and its effects on NK and T
cell cytotoxicity. CD155/CD112 expression in AML
cell lines with or without treatment of the FLT3 inhib-
itor quizartinib was analyzed. The direct cytotoxicity
and antibody-dependent cellular cytotoxicity (ADCC)
of NK cells under FLT3 inhibition were determined
by luciferase reporter assay. The cytotoxicity of yd T
cells was also analyzed. CD155/CD112 expression
was specifically downregulated by the FLT3 inhibitor

in FLT3 mutated cell lines. The direct cytotoxicity and
ADCC of NK cells were enhanced. However, the cy-
totoxicity of Y0 T cells with decreased TIGIT expres-
sion as compared to that of NK cells was not en-
hanced. Analysis of clinical trials from the database
revealed that high CD155/CD112 expression is associ-
ated with poor overall survival. The enhanced cyto-
toxicity of NK cells against the cells that were treated
with FLT3 inhibitors suggests that CD155/CD112 are
possible target of FLT3 inhibitors in AML. In addition,
we tried to generate genetic engineered NK cells with
enhanced anti-tumor cytotoxicity. First, we intro-
duced human IL-15 using lentivirus vector into NK-
92 cells, NK cell lines derived from human NK cell
lymphoma. Although NK-92 cells are cytokine de-
pendent cell lines, the introduction of IL-15 made NK-
92 cells proliferative independent of cytokines. This
genetic engineered NK cells were supposed to be use-
ful for our future analyses especially in in vivo analy-
ses using patient-derived xenografts (PDX) mouse
model. Furthermore, we performed genome editing
in NK-92 cells using CRISPR-Cas9 systems. The cyto-
toxicity of DNAM-1+/TIGIT- NK-92 cells against
AML cells with or without FLT3 mutations was en-
hanced as compared with that of DNAM-1-/TIGIT+
NK-92 cells. These results indicate the usefulness of
genome editing of immune check point-related genes
in NK cells to enhance their anti-tumor cytotoxicity.
We are in the process of genome editing of immune
check point-related genes in induced pluripotent stem
(iPS) cells and differentiation-induction of genome
edited iPS cells into NK cells.

3. Reconstitution of circulating mucosal-associ-
ated invariant T cells after allogeneic stem cell
transplantation; its association with the ribo-
flavin synthetic pathway of gut microbiota in
cord blood transplant recipients.
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Mucosal-associated invariant T (MAIT) cells are a
type of innate lymphocyte and recognize riboflavin
(vitamin B2) synthesis products presented by
MHC-related protein 1. We investigated long-term re-



128

constitution of MAIT cells and its association with
chronic graft-versus-host disease (cGVHD) in a
cross-sectional cohort of 173 adult patients after allo-
geneic hematopoietic cell transplantation. According
to donor source, the number of MAIT cells signifi-
cantly correlated with time after cord blood trans-
plantation (CBT) but not with time after bone marrow
transplantation or peripheral blood stem cell trans-
plantation.

The number of MAIT cells was significantly lower
in patients with cGVHD compared with patients
without cGVHD. We also examined the association
between MAIT cell reconstitution and gut microbiota
as evaluated by 16S ribosomal sequencing of stool
samples 1 mo post-CBT in 27 adult patients undergo-
ing CBT. The diversity of gut microbiota was positive-
ly correlated with better MAIT cell reconstitution af-
ter CBT. Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States analysis indi-
cated that amounts of ibB and ribA genes were signif-
icantly higher in the microbiomes of patients with
subsequent MAIT cell reconstitution after CBT.

In conclusion, long-term MAIT cell reconstitution
is dependent on the type of donor source. Our data
also unveiled an important role for the interaction of
circulating MAIT cells with gut microbiota in hu-
mans.

4. Genetic deletion and pharmacologic inhibition
of E3 ubiquitin ligase HOIP impairs the propa-
gation of myeloid leukemia
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We investigated the role of Hoip, a catalytic subu-
nit of linear ubiquitin chain assembly complex
(LUBAC), in adult hematopoiesis and myeloid leu-
kemia by using both conditional deletion of Hoip and
small-molecule chemical inhibitors of Hoip. Condi-
tional deletion of Hoip led to significantly longer sur-
vival and marked depletion of leukemia burden in
murine myeloid leukemia models. Nevertheless, a
competitive transplantation assay showed the reduc-
tion of donor-derived cells in the bone marrow of re-
cipient mice was relatively mild after conditional de-
letion of Hoip. Although both Hoip-deficient
hematopoietic stem cells (HSCs) and leukemia stem
cells (LSCs) impaired the maintenance of quiescence,
conditional deletion of Hoipinduced apoptosis in
LSCs but not HSCs in vivo. Structure-function analy-
sis revealed that LUBAC ligase activity and the inter-
action of LUBAC subunits were critical for the propa-
gation of leukemia. Hoip regulated oxidative
phosphorylation pathway independently of nuclear
factor kappa B pathway in leukemia, but not in nor-
mal hematopoietic cells. Finally, the administration of
thiolutin, which inhibits the catalytic activity of Hoip,
improved the survival of recipients in murine mye-
loid leukemia and suppressed propagation in the pa-
tient-derived xenograft model of myeloid leukemia.
Collectively, these data indicate that inhibition of
LUBAC activity may be a valid therapeutic target for
myeloid leukemia.
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Currently, organ transplantation is the only effective treatment for patients with end-
stage organ failure. Unfortunately, the limited number of transplantable organs
hinders the extensive application of this treatment. On the other hand, recent
development of regenerative medicine that aims to generate transplantable organs
on a dish has attracted much attention. Regenerative medicine is a challenging
scientific field that attempts to convert knowledge from developmental biology and
stem cell biology into clinical application. Our established novel organoid culture
technologies reconstruct functional human organs derived from stem cells,
including human induced pluripotent stem cells (hiPSCs), and finally aim to develop
a substitute for organ transplantation therapy. Currently, we are trying to conduct
the transplantation of human liver primordia (liver buds [LBs]) generated from
hiPSCs to treat liver diseases, such as metabolic disorders and liver fibrosis.
Moreover, we expand the application of our technologies to reconstruct artificial
cancer tissue (cancer organoid) with a refractory tumor microenvironment for
developing a new drug-screening platform to discover candidate compounds that
could prevent cancer relapse and metastasis.

1. Development of treatment for metabolic liver
disease by transplantation of human iPSCLB

Yasuharu Ueno', Yunzhong Nie', Yoshiki Kuse!,
Takashi Okumura', Toshiharu Kasai', Eriko Ka-
nai', Syusaku Tsuzuki', Shinya Matsumoto', Yumi
Horie!, Erika Jinbo', Kerrigan Kilpatrick', Satoshi
Okamoto?, Tomomi Tadokoro?, Takuji Maeda?, Soi-
chiro Murata® and Hideki Taniguchi':

! Division of Regenerative Medicine, Center for
Stem Cell Biology and Regenerative Medicine, The
Institute of Medical Science, The University of To-
kyo

2 Department of Regenerative Medicine, Graduate
School of Medical Science, Yokohama City Universi-

ty

Hepatocytes play crucial roles in maintaining ho-
meostasis in living organisms by carrying out various
metabolic functions, including ammonia detoxifica-
tion. Urea cycle disorders commonly accompanied by
hyperammonemia, are genetically inherited diseases
after a single gene defect of the urea cycle enzymes or
transporters. Ornithine transcarbamylase (OTC) is a
rate-limiting enzyme in the urea cycle, and OTC defi-
ciency (OTCD) is the most common urea cycle disor-
der in humans. Unlike other liver diseases, most urea
cycle disorder patients show normal liver histology.
Therefore, the transplantation of human induced
pluripotent stem cell derived liver bud (hiPSC-LB)
that possess OTC enzyme activity might serve as a
promising regenerative medicine approach for OTCD
treatment. To this end, we are currently accelerating
the efficacy and safety verification of our hiPSC-LB



132

transplantation for OTCD treatment. As we need to
establish a robust hiPSC-LB production method, we
first improved the ECM coating of culture dishes to
expand human iPSCs (Biology Methods&Protocols,
2022 bpac034). Next, the efficacy of hiPSC-LB trans-
plantation was evaluated in a severe OTCD animal
model with an immunocompromised background.
After the renal capsule transplantation of hiPSC-LBs
in immunodeficient OTCD mice, the hyperammone-
mia condition was significantly improved, suggesting
the efficacy of iPSC-LBs transplantation for OTCD
treatment. Simultaneously, we also optimize hiP-
SC-LBs transplantation end-to-end protocol for clini-
cal trials on OTCD patients.

Since we consider the broad adaptation of hiP-
SCs-LB transplantation for various liver disease ther-
apies, we need to upscale our current hiPSC-LB pro-
duction. To guarantee mass production safety, we
established a highly sensitive method for detecting
undifferentiated cells after differentiation induction
(Stem Cell Rev Rep. 2022 18(8):2995-3007). Concurrent-
ly with this, we also developed a liver surface trans-
plantation method that could reduce the immune re-
sponse after allogeneic transplantation (Int ] Mol Sci,
22(21):11589, 2021, Cells, 10(2):476.). Overall, with our
exceptionally unique technologies, our efforts to es-
tablish a new treatment for liver cirrhosis, one of the
most common liver diseases worldwide, has ad-
vanced to the next level.

2. Liver repopulation with hiPSC derived prolifer-
ative progenitors
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Liver transplantation is a proven therapy for ge-
netic liver disorders. Yet, its clinical application faces
the persistent shortage of transplantable livers. Fortu-
nately, hiPSCs derived hepatic lineages are consid-
ered as promising cellular sources substitute for
transplantation therapy. Although various progresses
have been made in the differentiation of hiPSCs into
hepatic lineages, previously reported methods failed
to achieve long-term survival and engraftment of
functional liver tissue after in vivo transplantation.
We previously developed a two-step protocol for
hepatocyte differentiation and defined a culture con-
dition for inducing proliferative hepatic progenitor
cells (Hepatology, 2022). Based on these results, we fur-

ther generated proliferative hepatoblast, bipotential
liver progenitor cells, derived from hiPSCs. We con-
firmed that this proliferative hepatoblast exhibits dif-
ferentiation capacity into hepatocytes and cholangio-
cytes under in vitro and in vivo condition. Moreover,
under in vivo environment, engrafted hepatoblasts
would differentiate to mature hepatocytes, form func-
tional liver tissue, and survive for more than 40 weeks.
Currently, we are focusing on developing novel ther-
apeutic strategies for liver diseases based on hepato-
blast transplantation.

3. Modeling liver diseases with hiPSC-derived or-
ganoid

Yun-Zhong Nie', Yang Li', Xia Yang!, Richie Plum-
mer!, Xiao-Shan Deng!, Yoshihito Hayashi Qing-
Lin LI!, Toshiharu Kasai', Takashi Okumura', Na-
oki Tanimizu', Yasuharu Ueno', Hideki Taniguchi'?

Liver diseases account for major global health care
and financial burden. Therefore, there is an urgent
need to develop preventive therapy for liver disease.
Lacking in complex cellular properties, the current
human cell-based liver ex vivo models still could not
accurately recapitulate liver physiology and disease
progression. Based on our thorough fetal liver devel-
opment study, we successfully generated several lin-
eages of liver progenitor cells from hiPSCs, including
hepatocytes, kupffer cells, hepatic stellate cells, and
sinusoidal endothelial cells. We then utilized three-di-
mensional (3D) culture technologies to fuse those
aforementioned liver progenitor cell lineages and
were able to generate novel functional liver organoids
with complex cellular properties. Importantly, this
new liver organoid with complex cellular properties
could simulate critical pathological processes during
liver disease progression upon stimulation, such as
the inflammation-mediated liver injury and activa-
tion of hepatic stellate cells. In the future, this recapit-
ulation model would allow a more precise under-
standing of the cell-to-cell interactions during liver
disease progression. It would also give us a novel
platform to explore potential targets for alleviating
liver disease progression.

4. hiPSC-liver bud in vitro growth enhanced by
perfusion culture

Yoshiki Kuse!, Naoki Tanimizu!, Yasuharu Ueno',
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and Hideki Taniguchi'’:
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To overcome the critical shortage of organ donors,
the generation of hiPSC-derived liver organs with
structures and functions is highly anticipated. How-
ever, the current generation method of hiPSC-orga-
noid is still limited in size and therefore remains in-
sufficient as an alternative for organ transplantation.
Blood perfusion is a critical event for organ growth by
supplying nutrients and oxygen. However, tissue
blood perfusion is still lacking in the present organoid
culture system. We are developing perfusion culture
systems using two approaches; hiPSC-liver buds
(LBs) associated with reconstructed blood vessel, and
the decellularized liver tissue infused with hiPSC-LBs.

From our first approach, we generated the hiP-
SC-derived macrovessel using collagen gels, hiP-
SC-derived vascular smooth muscle cells (SMC), and
vascular endothelial cells (EC). Although we clarified
that hiPSC-derived macrovessel is histologically sim-
ilar to the vascular structure of in vivo blood vessels,
EC-seeded macrovessels did not show angiogenesis
after coculturing with hiPSC-LBs. Therefore, we es-
tablished a new induction method to differentiate
hiPSC into specific EC lineages that exist around the
fetal liver. We demonstrated that hiPSC-derived mac-
rovessel containing those specific ECs had higher an-
giogenic potentials. Recently, under an optimized
culture condition, we successfully connected the hiP-
SC-derived macrovessel with the microvessels within
hiPSC-LBs. In order to establish an organoid perfu-
sion system, we are trying to confirm the perfusion
circulation into hiPSC-LBs and ultimately will con-
duct the perfusion culture of LBs.

As the second approach, we utilize decellularized
liver tissue which retains in vivo vascular structures.
The decellularization technique has been established
to prepare the scaffold for organ reconstitution. De-
cellularized organs potentially retain the architecture
of the original tissue, including the extracellular ma-
trix. A recent report shows how the recellularized liv-
er using hepatocytes could exert liver-specific func-
tions after transplantation. However, the vascular
structures within this recellularized liver remain un-
reconstructed, which might explain its reported limit-
ed hepatocyte functions. Our current study attempts
to generate a more functional recellularized liver by
adding oxygen supply into our perfusion culture sys-
tem of the recellularized liver containing hiPSC-LBs.

5. Generation of 3D cancer tissue using pa-
tient-derived pancreatic cancer cells
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Pancreatic ductal adenocarcinoma (PDAC) has a
poor prognosis, with a 5-year survival rate of about
10% due to delayed diagnosis, drug resistance, and
recurrence. Organoid technologies have been applied
to investigate the properties of PDACs; unfortunate-
ly, current organoid technology is still unable to reca-
pitulate tumor microenvironment (TME), which is
thought to be crucial for the poor prognosis of PDAC.
Based on the organ bud technology developed in our
regenerative medicine studies, we generated multi-
cellular spheroids by coculturing primary PDAC cells
isolated from Japanese pancreatic cancer patients
with hiPSC-mesenchymal cells (MCs) and -endotheli-
al cells (ECs). This technology then enabled us to gen-
erate a human primary pancreatic cancer organoid
equipped with its appropriate TME. Our PDAC orga-
noid recapitulates the tissue structure of clinical tis-
sue compared to conventional organoids and, in par-
ticular, possesses various types of cancer-associated
fibroblasts (CAFs). Moreover, the PDAC organoid
showed strong resistance to anti-cancer drugs and
re-proliferative capacity after drug treatment indicat-
ing its close resemblance to frequent relapse in PDAC
patients. Thus, using this novel cancer organoid, we
could investigate the mechanisms of recurrence more
meticulously by understanding the characteristics of
contained CAFs within PDAC organoids. We believe
that applying this new cancer organoid in drug
screening and biological analysis would contribute to
the development of more effective therapies against
PDAC.

6. Space Organogenesis (Development of ad-
vanced 3D organ culture system utilizing mi-
crogravity environment)
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Microgravity in orbit does not cause subsidence or
convection and is considered advantageous in ex-
panding cells in three-dimension. By utilizing this mi-
crogravity environment, we aim to develop a novel
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method for generating hiPSCs-derived liver tissue in
collaboration with Japan Aerospace Exploration
Agency (JAXA). In particular, we attempt to establish
anew technique for generating three-dimensional or-
gans containing large blood vessels. After we pre-
pared hiPSC-LBs and artificial vessels on the earth,
we placed those organoids into the culture container
and launched to the International Space Station
“KIBO”. We confirmed that hiPSC-LBs were success-
fully assembled to the artificial vessel under micro-
gravity, as how in silico simulation suggested. After
culturing hiPSC-LBs for a predetermined period in
the incubator installed in “KIBO”, the sample were
then transported back to the earth. Adherence and fu-
sion of hiPSC-LBs to the artificial vessels were ob-
served in the post-flight samples cultured in orbit.
Moreover, endothelial cells started to extend their fi-
lopodia-like structure. Using qRT-PCR analysis of
ground controls and post-flight samples, comparable
expressions of hepatic, endothelial cell-related, and
mesenchymal cell-related genes were observed in
both samples. In addition, gene ontology analysis of
RNA-seq data revealed that genes related to triglycer-
ide homeostasis, cholesterol biosynthetic process,
MAPK pathway, and angiogenesis were enriched in
the post-flight samples, indicating how the space en-
vironment could provide an optimal condition for tis-
sue reconstruction. These findings will uncover the
effects of gravity on cell growth and differentiation.
We hope these space experiment results will contrib-
ute to the subsequent development and understand-
ing of (1) The development of a new technique in hu-
man three-dimensional tissue preservation and
transportation, which is crucial to the practical use of
regenerative medicine products. (2) The establish-
ment of a novel technique for generating human or-
gans joined with large blood vessels. (3) The develop-
ment of a new three-dimensional culture device
simulating the microgravity environment on earth.

7. Generation of bile duct tubules in hiPSC-liver
buds
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The biliary system consisting of intrahepatic bile
duct tubule (IHBD), extrahepatic bile ducts (EHBDs),
and gallbladder, is a crucial tissue structure for main-
taining liver homeostasis by providing the excretion
route for the bile secreted from hepatocytes. Although
various types of liver organoids have been estab-
lished, the generation of tubular-shaped IHBD within
hiPSC-liver organoids and the induction method of
EHBD organoids from hiPSC cells have not been re-
ported so far.

First, to generate liver organoid containing BD-
like structures, we focus on an environmental cue for
the formation of IHBDs in the fetus, specifically, the
interaction between liver progenitors with the portal
vein (PV). To recapitulate the fetal PV-BD tissue inter-
action, we developed a new co-culture system in
which the hiPSC-liver progenitors are located in next
to the hiPSC-blood vessel (BV). In this condition, hiP-
SC-liver progenitors differentiated into cholangio-
cytes and formed duct structures. Currently, we are
examining their secretory functions in vitro and in
vivo tissue reconstitution after organoid transplanta-
tion to immunodeficient mice.

Second, to generate EHBDs, we induced EHBD
progenitor cells from the endoderm cells derived
from hiPSCs and performed 3D culture to induce the
formation of epithelial tissue structures. By refining
the optimal culture condition, we try to establish tu-
bular organoids that show secretory functions similar
to IHBDs and EHBDs. Our final goal is to eventually
connect these two tubular structures with hiPSC-de-
rived hepatocytes on a dish to generate Hepatobiliary
Tubular Organoids (HBTO) that possess a long-term
hepatic function in vitro as well as in vivo.
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Stem cells have the remarkable capacity to both self-renew and give rise to many
types of more specialized cells in the body, which explains their great therapeutic
potential in regenerative medicine. But that’'s not the only reason stem cells have
become such a hotbed of scientific inquiry. These cellular transformers also offer an
invaluable research tool for probing the disease mechanisms that underpin cancer,
aging and a host of other health problems. Our major interest is to elucidate the
mechanisms of self-renewal and multi-lineage differentiation of hematopoietic stem
cells (HSCs). We are also interested in how the deregulated HSC functions are
associated with aging of our body and the development of age-related
hematological malignancies. We approach these issues mainly from the view point

of epigenetics.

1. Epigenetic traits inscribed in chromatin acces-
sibility in aged hematopoietic stem cells
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Hematopoietic stem cells (HSCs) exhibit consider-
able cell-intrinsic changes with age. Here, we present
an integrated analysis of transcriptome and chroma-
tin accessibility of aged HSCs and downstream pro-
genitors. Alterations in chromatin accessibility prefer-
entially take place in HSCs with aging, which
gradually resolve with differentiation. Differentially
open accessible regions (open DARs) in aged HSCs
are enriched for enhancers and show enrichment of
binding motifs of the STAT, ATF, and CNC family
transcription factors that are activated in response to
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external stresses. Genes linked to open DARs show
significantly higher levels of basal expression and
their expression reaches significantly higher peaks af-
ter cytokine stimulation in aged HSCs than in young
HSCs, suggesting that open DARs contribute to aug-
mented transcriptional responses under stress condi-
tions. However, a short-term stress challenge that
mimics infection is not sufficient to induce persistent
chromatin accessibility changes in young HSCs.
These results indicate that the ongoing and/or history
of exposure to external stresses may be epigenetically
inscribed in HSCs to augment their responses to ex-
ternal stimuli.
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analysis
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POEMS syndrome is a rare monoclonal plasma
cell disorder, with unique symptoms distinct from
those of other plasma cell neoplasms, including high
serum VEGEF levels. Because the prospective isolation
of POEMS clones has not yet been successful, their
real nature remains unclear. Herein, we performed
single-cell RNA-Seq of BM plasma cells from patients
with POEMS syndrome and identified POEMS clones
that had Ig A light chain (IGL) sequences (IGLV1-36,
-40, -44, and -47) with amino acid changes specific to

POEMS syndrome. The proportions of POEMS clones
in plasma cells were markedly smaller than in pa-
tients with multiple myeloma (MM) and patients with
monoclonal gammopathy of undetermined signifi-
cance (MGUS). Single-cell transcriptomes revealed
that POEMS clones were CD19*, CD138*, and MHC
class I, which allowed for their prospective isola-
tion. POEMS clones expressed significantly lower lev-
els of c-MYC and CCND1 than MM clones, account-
ing for their small size. VEGF mRNA was not
upregulated in POEMS clones, directly indicating
that VEGF is not produced by POEMS clones. These
results reveal unique features of POEMS clones and
enhance our understanding of the pathogenesis of
POEMS syndrome.

3. Insufficiency of non-canonical PRC1 synergiz-
es with JAK2V617F in the development of my-
elofibrosis
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Insufficiency of polycomb repressive complex 2
(PRC2), which trimethylates histone H3 at lysine 27,
is frequently found in primary myelofibrosis and pro-
motes the development of JAK2V617F-induced mye-
lofibrosis in mice by enhancing the production of dys-
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plastic megakaryocytes. Polycomb group ring finger
protein 1 (Pcgfl) is a component of PRC1.1, a non-ca-
nonical PRC1 that monoubiquitylates H2A at lysine
119 (H2AK119ub1). We herein investigated the im-
pact of PRC1.1 insufficiency on myelofibrosis. The de-
letion of Pcgf1 in JAK2V617F mice strongly promoted
the development of lethal myelofibrosis accompanied
by a block in erythroid differentiation. Transcriptome
and chromatin immunoprecipitation sequence analy-
ses showed the de-repression of PRC1.1 target genes
in Pcgfl-deficient JAK2V617F hematopoietic progeni-
tors and revealed Hoxa cluster genes as direct targets.
The deletion of Pcgfl in JAK2V617F hematopoietic
stem and progenitor cells (HSPCs), as well as the
overexpression of Hoxa9, restored the attenuated
proliferation of JAK2V617F progenitors. The overex-
pression of Hoxa9 also enhanced JAK2V617F-mediat-
ed myelofibrosis. The expression of PRC2 target genes
identified in PRC2-insufficient JAK2V617F HSPCs
was not largely altered in Pcgfl-deleted JAK2V617F
HSPCs. The present results revealed a tumor sup-
pressor function for PRC1.1 in myelofibrosis and sug-
gest that PRC1.1 insufficiency has a different impact
from that of PRC2 insufficiency on the pathogenesis
of myelofibrosis.

4. YAP1/TAZ activity maintains vascular integrity
and organismal survival
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Radiation therapy is one of the major treatment
modalities for patients with cancers. However, ioniz-
ing radiation (IR) damages not only cancer cells but
also the surrounding vascular endothelial cells (ECs).
Hippo pathway effector genes Yapl and Taz are the
two transcriptional coactivators that have crucial
roles in tissue homeostasis and vascular integrity in
various organs. However, their function in adult ECs
at the steady state and after IR is poorly understood.

Here, we report sex- and context-dependent roles of
endothelial YAP1/TAZ in maintaining vascular integ-
rity and organismal survival. EC-specific Yapl/Taz
deletion compromised systemic vascular integrity,
resulting in lethal circulation failure preferentially in
male mice. Furthermore, EC-specific Yap1/Taz dele-
tion induced acute lethality upon sublethal IR that
was closely associated with exacerbated systemic vas-
cular dysfunction and circulation failure. Consistent
with these findings, RNA-seq analysis revealed
downregulation of tight junction genes in Yapl/Taz
deleted ECs. Collectively, our findings highlight the
importance of endothelial YAP1/TAZ for maintaining
adult vascular function, which may provide clinical
implications for preventing organ injury after radia-
tion therapy.
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progeria with Werner syndrome is associated
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Werner syndrome (WS) is a progeroid syndrome
caused by mutations in the WRN gene, which en-
codes the RecQ type DNA helicase for the unwinding
of unusual DNA structures and is implicated in DNA
replication, DNA repair, and telomere maintenance.
patients with WS are prone to develop malignant ne-
oplasms, including hematological malignancies.
However, the pathogenesis of WS-associated hemato-
logical malignancies remains uncharacterized. Here
we investigated the somatic gene mutations in WS-as-
sociated myelodysplastic syndrome/acute myeloid
leukemia (MDS/AML). Whole-exome sequencing
(WES) of 4 patients with WS with MDS/AML revealed

that all patients had somatic mutations in TP53 but no
other recurrent mutations in MDS/AML. TP53 muta-
tions were identified at low allele frequencies at more
than one year before the MDS/AML stage. All 4 pa-
tients had complex chromosomal abnormalities in-
cluding those that involved TP53. Targeted sequenc-
ing of nine patients with WS without apparent blood
abnormalities did not detect recurrent mutations in
MDS/AML except for a PPM1D mutation. These re-
sults suggest that patients with WS are apt to acquire
TP53 mutations and/or chromosomal abnormalities
involving TP53, rather than other MDS/AML-related
mutations. TP53 mutations are frequently associated
with prior exposure to chemotherapy; however, all
four patients with WS with TP53 mutations/deletions
had not received any prior chemotherapy, suggesting
a pathogenic link between WRN mutations and p53
insufficiency. These results indicate that WS hemato-
poietic stem cells with WRN insufficiency acquire
competitive fitness by inactivating p53, which may
cause complex chromosomal abnormalities and the
subsequent development of myeloid malignancies.
These findings promote our understanding of the
pathogenesis of myeloid malignancies associated
with progeria.
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1. Higher Cryopreserved CD34(+) Cell Dose Is As-
sociated with Decreased Hepatic Veno-Occlu-
sive Disease/Sinusoidal Obstruction Syndrome
after Single-Unit Cord Blood Transplantation in
Adults Given Prophylactic Ursodeoxycholic
Acid and Intravenous Heparin
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Hepatic veno-occlusive disease (VOD), also
known as sinusoidal obstruction syndrome (SOS), is
one of the most serious complications to occur early
after allogeneic hematopoietic cell transplantation
(HCT). However, detailed data on VOD/SOS after
cord blood transplantation (CBT) are not available.
The objective of this retrospective study was to evalu-
ate the incidence, risk factors, and clinical impact of
VOD/SOS after single-unit unrelated CBT for adult
patients at our institution. We retrospectively evaluat-
ed the incidence, risk factors, and outcomes of VOD/
SOS after 390 single-unit unrelated CBTs performed
in 332 adults under a prophylactic strategy of ursode-
oxycholic acid (UDCA) and i.v. heparin at our institu-

tion between 1998 and 2021. VOD/SOS was observed
in 24 of the 390 CBTs. The cumulative incidence of
VOD/SOS was 5.9% at 30 days and 6.2% at 100 days
after CBT. Multivariate analysis showed that cryopre-
served CD34(+) cell dose >/=1.0 x 10(5)/kg was signifi-
cantly associated with a decreased risk of VOD/SOS
after CBT (hazard ratio [HR], 0.33; 95% confidence
interval [CI], 0.12 to 0.91; P = .032). In multivariate
analysis, the development of VOD/SOS was signifi-
cantly associated with higher overall mortality (HR,
6.19; 95% CI, 3.61 to 10.65; P <.001), treatment failure
(HR, 4.79; 95% CI, 2.95 to 7.76; P < .001), and nonre-
lapse mortality (HR, 12.60; 95% CI, 6.90 to 23.00; P <
.001). Our study shows that the incidence of hepatic
VOD/SOS was relatively low after unrelated sin-
gle-unit CBT under a prophylactic strategy of UDCA
and i.v. heparin. A higher cryopreserved cord blood
CD34(+) cell dose was associated with a reduction in
VOD/SOS, suggesting that selection of a higher cord
blood unit CD34(+) cell dose could be efficient in pre-
venting hepatic VOD/SOS in adults undergoing sin-
gle-unit CBT.

2. Optimal time and threshold of absolute lym-
phocyte count recovery as a prognostic factor
after single-unit cord blood transplantation in
adults.
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We retrospectively evaluated the optimal time and
threshold of absolute lymphocyte count (ALC) recov-
ery as a prognostic factor in 174 adult patients who
received single-unit cord blood transplantation (CBT)
at our institute. We analyzed the impact of ALC
>/=300, >/=600, and >/=900/mul by 30 and 60 days on
transplant outcomes. Multivariate analysis showed
that only ALC >/=300/mul at 60 days was significantly
associated with overall mortality (hazard ratio, 0.24; p
=0.001) following CBT. The optimal time point to use
ALC recovery as a prognostic tool following CBT
could be later than those following adult donor trans-
plantation.

3. Total body irradiation-based versus busul-
fan-based myeloablative conditioning for sin-
gle-unit cord blood transplantation in adults.
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Comparative studies between total body irradia-
tion (TBI)-based and busulfan-based myeloablative
conditioning (MAC) regimens for cord blood trans-
plantation (CBT) have been limited. We retrospective-
ly analyzed the results of single-unit CBT in 333 adult
patients who received either TBI-based (n = 258) or
busulfan-based (n = 75) MAC regimens at our insti-
tute. After adjusting for significant variables in the
univariate analysis, there were no significant differ-
ences in neutrophil recovery (hazard ratio (HR), 0.88;
p = .460), grade III-IV acute graft-versus-host disease
(GVHD) (HR: 1.40, p = .410), extensive chronic GVHD
(HR:0.73, p=.380), relapse (HR: 0.61, p =.270), non-re-
lapse mortality (HR: 1.38, p = .420), overall survival
(HR: 1.18, p = .637), or event-free survival (HR: 1.08, p
= .773), although platelet recovery was lower with
marginal significance for the busulfan-based regimen
(HR: 0.67, p = .068). In subgroup analysis, TBI-based
regimens were superior to busulfan-based regimens
in terms of survival for acute lymphoblastic leukemia,
but not for myeloid malignancies. Further investiga-
tion is warranted even for CBT.
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