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Introduction

Kuniaki Takata, Ph.D.
Chairman of the Board of Trustees

This annual report includes research reports from the 35th Novartis Research Grant
recipients (research from April 2022 to March 2023: 40 research grants and 5 research
meetings).

The coronavirus (COVID-19) infection that began in 2019 raged around the world. In
2023 the situation has stabilized and society has regained its composure. During the
pandemic period, while human traffic was greatly restricted, remote conferencing and
information exchange using digital technology became commonplace, causing a major
tectonic shift in the traffic of information. Through these experiences, we have learned
that in many cases, things can be done efficiently and effectively through Internet-
based communication. On the other hand, we have also recognized the importance
of direct person-to-person contact. Furthermore, it was a great surprise to see the
practical application of generative Al technology such as ChatGPT, which allows
people to easily communicate with Al through natural languages. Witnessing the rapid
development of Al and other information science technologies, we are reminded once
again what unique creativity of human beings can bring about.

The Novartis Foundation (Japan) for the Promotion of Science was established
in 1987 with a donation of 1 billion yen from Ciba-Geigy AG (now Novartis AG)
of Switzerland. The purpose of the Foundation is clearly stated in its Articles of
Incorporation as "to promote science by encouraging creative research in the natural
sciences, thereby contributing to the improvement of the health and welfare of the
people”. In addition, a document titled "Prospectus for Establishment" written in the
year of the Foundation's establishment states that the Foundation "seeks to promote
and support creative research in the natural sciences, which will be the axis of science
in the coming 21st century, thereby contributing to the welfare of mankind" and that
the Foundation "provides financial support for research and offers opportunities for
cross-border exchange”. The policy of the Foundation is to "promote creative research
in the natural sciences and thereby contribute to the welfare of humanity”. Based
on this policy, the Foundation has provided a total of 1,943 grants over the past 36
years, amounting to approximately 2.22 billion yen. In these times of rapid change,
the Foundation is determined to return to this starting point and support the excellent
research that will open the way to the next era.

This annual report summarizes the results of the excellent research supported by
the Foundation. These are admirable accomplishments achieved in the limited time of
one year. The list of past recipients of the Foundation's grants includes many leading
researchers including two Nobel laureates, Dr. Hideki Shirakawa (Chemistry), and Dr.
Tasuku Honjo (Physiology or Medicine). We hope that the recipients of this grant will
use the results of their research to make even greater strides in their fields. | would
like to express my deepest gratitude again to the selection committee members who
selected these outstanding research projects, and to Novartis Pharma K.K., the donor,
and all those involved in supporting the activities of the Foundation.

The Novartis Foundation(Japan)
for the Promotion of Science
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Molecular mechanism of lysosomal damage repair by TFEB

Shuhei Nakamura
shuhei.nakamura@fbs.osaka-u.ac.jp
Osaka University

Summary Abstract

Damaged lysosomes can be detrimental for cell, but their repair mechanism is largely un-
clear. We have previously found that TFEB, a master transcription factor for autophagy and
lysosome biogenesis, is activated upon lysosomal damage and is essential to repair of dam-
aged lysosomes (Nakamura et al., Nat Cell Biol, 2020). In the current study, to further reveal
the regulatory mechanism of TFEB, we identified key molecules which work both upstream
and downstream of TFEB. On-going functional analysis of these key molecules will contribute
to the understanding of molecular mechanism to repair damaged lysosomes.

Key Words : TFEB, lysosome, autophagy

Introduction

Lysosomes are acidic organelles that contain a variety of digestive enzymes and are re-
sponsible for the degradation of intracellular and extracellular components. Various irritant
particles such as silica, calcium oxalate crystals, and toxins are delivered to lysosomes by en-
docytosis pathway, and these are known to often damage lysosomes. Damaged lysosomes
are extremely harmful to cells because they induce inflammation, oxidative stress, and apop-
tosis by releasing their acidic contents into the cytoplasm, leading to several prominent dis-
ease including neurodegenerative disease and kidney disease. In this study, we aim to reveal
how cells repair damaged lysosomes by focusing on TFEB function.

Results

We have recently found that TFEB, a master regulator of autophagy and lysosomal biogen-
esis, is activated upon lysosomal damage and plays an essential role in the repair of dam-
aged lysosomes (Nakamura et al., Nat Cell Biol, 2020). Autophagy is known as an intracellu-
lar bulk degradation system and is strongly induced by starvation and various stresses. When
autophagy is induced, a double-membrane structure called an autophagosome is formed,
which envelopes various unwanted intracellular materials and then fuses with lysosomes for
degradation. Interestingly, this activation of TFEB requires non-autophagic functions of LC3
protein, which normally plays an essential role in autophagy. We newly found that when lyso-
somes are damaged, LC3 localizes not only to autophagosomes but also to lysosomes and
activates TFEB through the function of calcium channel TRPML1. However, fundamental and
important questions remain unanswered, such as (1) how LC3 localizes to lysosomes, (2)
why LC3 ultimately leads to TFEB activation, and (3) how TFEB repairs damaged lysosomes.
In order to answer these questions, we carried out the research with the following three aims.

The Novartis Foundation(Japan)
for the Promotion of Science
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Aim 1: Molecular mechanism of lysosomal localization of LC3 during lysosomal damage

It has been shown that treatment of cells with LLOMe, a lysosome-specific damaging
agent, causes internal calcium leakage when lysosomes are damaged. Therefore, we in-
vestigated the possibility that this calcium may be involved in the lysosomal localization of
LC3. We found that LC3 localizes to lysosomes when calcium leakage from lysosomes is
artificially induced by administration of ML-SA1, an agonist of TRPML1, a calcium channel in
lysosomes. On the other hand, LLOMe-treated damaged lysosomal localization of LC3 was
inhibited by administration of BAPTA-AM, a calcium chelator. These results indicate that local
calcium efflux from lysosomes is necessary and sufficient for lysosomal localization of LC3.
In addition, analysis of various mutations in ATG16L1, which is responsible for lipid modifi-
cation and membrane localization of LC3, revealed that a specific region is essential for the
lysosomal localization of LC3. We are currently searching for factors that interact with LC3
and ATG16L1 during lysosomal damage and will use this information to elucidate the detailed
localization mechanism.

Aim 2: Elucidation of the mechanism of TFEB activation by lysosomal LC3

The activity of TFEB is known to be regulated by its phosphorylation status. During lyso-
somal damage, lysosomal-localized LC3 interacts with TRPML1, which promotes calcium ef-
flux, resulting in dephosphorylation, nuclear translocation and activation of TFEB. These find-
ings suggest that there is a phosphatase that is activated by LC3 and calcium, but the entity
of this enzyme is unknown. Therefore, we screened 298 phosphatases fusing a RNAi library
and identified a candidate phosphatase responsible for nuclear translocation and activation of
TFEB upon lysosomal damage. Importantly, this phosphatase played a role in lysosome dam-
age-specific manner but not in other TFEB activation conditions such as starvation. Interest-
ingly, this phosphatase was normally located in the nucleus, but only upon lysosomal damage
it localized on damaged lysosomes. Furthermore, we found that this localization is dependent
on the lipidation of LC3. We plan to further characterize the role of this phosphatase to under-
stand how LC3 activates TFEB in our future study.

Aim 3: Elucidation of the mechanism to repair damaged lysosomes by TFEB

Targets of TFEB during lysosomal damage and their function in lysosomal repair are not
well understood. To reveal how TFEB repairs damaged lysosomes, we performed transcrip-
tome analysis using RNAseq to search for novel targets of TFEB during lysosomal damage.
The results revealed that there are many TFEB targets that are completely different from
those induced by starvation. Screening of these factors for their ability to repair damaged
lysosomes, followed by ChIP-gPCR analysis, led to the identification of an enzyme working
in one metabolic pathway as a novel direct TFEB target. Interestingly, this enzyme is mainly
localized to mitochondria and plays an essential role both in mitochondrial and lysosomal
homeostasis independently of its enzymatic activity. We are currently identifying factors that
interact with this metabolic enzyme, and have discovered a new regulatory mechanism of mi-
tochondrial and lysosomal homeostasis through these factors. Although both lysosomes and
mitochondria are known to become dysfunctional in aging and various important diseases,
the mechanism by which homeostasis of these two organelles is simultaneously regulated
is not well understood. We expect that the function of this metabolic enzyme downstream of
TFEB identified in this study will be the key to uncover this mystery.

The Novartis Foundation(Japan)
for the Promotion of Science
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Discussion & Conclusion

Damaged lysosomes have been found in many diseases such as neurodegenerative dis-
eases, crystalline nephropathy, silicosis, and infectious diseases, as well as in individual aging
and cellular aging processes, suggesting that the failure of damaged lysosome repair mecha-
nisms leads to the onset and development of these diseases and aging. We believe that fur-
ther functional analysis of the obtained key factors and TFEB using pathological models and
aging models lead to the establishment of new therapeutic methods for lysosomal damage-
associated diseases and inhibitors of aging itself.

References
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Komatsu M, Nagai T, Takabatake Y, Xu H, Isaka Y, Ballabio A, Yoshimori T. LC3 lipidation
is essential for TFEB activation during the lysosomal damage response to kidney injury.
Nat Cell Biol. 2020 Oct;22(10):1252-1263. doi: 10.1038/s41556-020-00583-9.
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amphisome-lysosome fusion during basal autophagy and subsets of selective autophagy.
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Investigation of cellular dynamics of CD73-expressing
mesenchymal stem cells in the bone marrow microenvironment

Kenichi Kimura
kkimura@tara.tsukuba.ac.jp

University of Tsukuba

Summary Abstract

Mesenchymal stem cells (MSCs) are a multipotent and considered to be of great poten-
tial for regenerative medicine. We have currently identified a cell surface enzyme CD73 as a
novel marker for MSCs. However, since a part of MSCs lost CD73 expression after differen-
tiation into progenitor cells, their final fate remain unclear. In this study, we generated CD73-
Cre driver lineage tracing model and tried to analyze their fate during bone development and
fracture repair.

Key Words : Mesenchymal stem cells, bone, cartilage, CD73

Introduction

MSCs have attracted attention as a tool for regenerative medicine that utilizes their multilin-
eage differentiation and tissue regeneration potential, and clinical trials have begun for many
diseases, including bone disease treatment. However, in vivo cellular dynamics and differen-
tiation potential of MSCs remain unclear, and in many cases, clinical application of MSCs has
been preceded by clinical trials with unclear therapeutic mechanism of action. Therefore, it is
desirable to elucidate the properties of MSCs in vivo in order to establish safe and effective
therapeutic approaches. We have currently identified CD73 which labels MSCs efficiently in
vivo. Therefore, we aim to elucidate the dynamics of CD73-expressing cells in niche forma-
tion and remodeling using cell lineage analysis mouse.

Results

MSCs are maintained in vivo by special microenvironments. The bone marrow niche,
known as one of these niches, is formed by sinusoidal endothelial cells, hematopoietic cells,
and pericytes which tightly regulated by various humoral factors, cytokines, and intercellu-
lar adhesion. To clarify the localization and properties of MSCs, we performed screening of
gene expression profiles and identified CD73 (5'-Nucleotidase Ecto: Nt5e) as a promising
molecule. We generated CD73-EGFP reporter mouse, in which EGFP is expressed under
control of a CD73 bacterial artificial chromosome (BAC) promoter including distal regulatory
elements (Breitbach*, Kimura*, Cell Stem Cell, 2018). CD73-EGFP reporter mouse labeled
a subgroup of MSCs as well as sinusoidal endothelial cells in the bone marrow. CD73-EGFP
positive MSCs displayed in vitro high proliferation potential and differentiated into osteoblast
and chondrocyte compared to EGFP negative MSCs. To investigate whether EGFP positive
MSCs contribute to bone repairing, we generated femoral fracture model. At day 4 post sur-
gery, endogenous CD73-EGFP positive MSCs migrated to bone repair sites and differentiated
into bone and chondrocytes. Furthermore, some CD73-positive MSCs contributed to neovas-
cularization, suggesting that they are involved in niche remodeling.

The Novartis Foundation(Japan)
for the Promotion of Science
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To chase their lineage in detail, we generated tamoxifen
inducible Cre knock-in mouse, CD73-CreERT2 mouse,
by CRISPR/Cas9 system. At first, we confirmed whether
CD73-CreERT2 mouse could label MSCs and sinusoidal
endothelial cells in the bone marrow, we administrated 2 mg
tamoxifen for three consecutive days in the CD73-CreERT2
crossed with tdTomato reporter mouse at 8 weeks of age.
tdTomato positive cells were appeared at the periosteum,
endosteum, articular cartilage and metaphysis, but sinusoi-
dal endothelial cells in the bone marrow were not labeled.
Next, we administrated tamoxifen to pregnant mother to
investigate when CD73 positive MSCs emerge in the bone.
At postnatal day 14 after tamoxifen administrated at em-
bryonic day 14.5, tdTomato positive cells appeared at the
metaphysis and a part of articular cartilage, and the num-
ber of tdTomato positive cells rather increased in the cancellous bone, articular cartilage and
synovium at embryonic day 16.5 tamoxifen administration (Figure 1). The tdTomato positive
cells in articular cartilage expressed Sox9, suggesting that they are chondrogenic progenitors.
The tdTomato positive cells localize perivascular region in the metaphysis, where osteoblastic
progenitors are abundant and undergo active bone differentiation and maturation. These td-
Tomato positive cells expressed osteo progenitor marker Osterix. The tdTomato positive cells
were also observed in the endosteum in the diaphysis, and they differentiated into osteocytes
with aged.

Bone repair is accompanied by disruption of the bone and vascular network, resulting in
massive remodeling of the niche. We examined how MSCs differentiate and migrate during
this process. After labeling CD73 positive cells with tamoxifen administration, we created fe-
mur bone fracture model. At day 14 post surgery, tdTomato positive cells formed cluster within
the callus. These tdTomato positive cells positive for chondrocyte marker, indicating that they
differentiated into chondrocytes and contributed to cartilage formation. tdTomato positive cells
were also found differentiated osteoblast within the hard callus. Thus, these data revealed
that CD73 is suitable marker to enrich for MSCs that give rise to chondrocyte and osteocytes
during fracture repair.

Discussion & Conclusion

These results indicate that CD73 positive MSCs are a population with high proliferative
and osteo-chondrogenic differentiation potential. We found that CD73 positive cells contribute
to the regenerative process of fracture repair by promoting callus formation, suggesting that
CD73 marks osteo-chondroprogenitor cells. Since CD73 serve AMP to adenosine in which
adenosine signal regulate osteo and chondrogenic differentiation, CD73 may play role in not
only as a marker for MSCs and also involving in homeostasis in bone and cartilage. Their final
fate upon bone development and fracture repair and the involved mechanisms of intercellular
signaling need to be addressed in future studies.
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A new challenge to HFpEF focusing on the cardioprotective
effects of a novel IncRNA

Michio Sato, M.D., PhD,.
m_sato@kumamoto-u.ac.jp

Kumamoto University

Summary Abstract

Recently, using a comprehensive Gene Trap approach, the applicants identified a novel
long non-coding RNA Caren (IncRNA cardiomyocyte-enriched non-coding transcript), which
is highly expressed specifically in cardiomyocytes and localized to the cytoplasm. The ap-
plicants have shown that Caren acts on multiple targets, attenuating the "DNA damage re-
sponse" and exerting cardioprotective effects by "enhancing mitochondrial biosynthesis and
function. While ncRNAs are generally not conserved among species, we succeeded in iden-
tifying a human CAREN candidate and confirmed that its Tg mice exhibit cardioprotective ef-
fects.

Key Words : Heart Failure (HF), Mitochondria, Aging, non-coding RNA

Introduction

The number of patients with heart failure (HF) is increasing in world-wide, especially in HF
preserved Ejection Fraction (HFpEF), which accounts for about half of all HF and is associ-
ated with a mortality rate no less than that of HF Ejection Fraction (HFrEF). HFpEF accounts
for about half of all HF, and its mortality rate is no less than that of HFrEF. However, HFpEF,
including its molecular basis, is still largely unknown, and effective treatment has not yet been
established. Moreover, patients with HFpEF are predominantly the elderly. We have reported
that identified IncRNA Caren (cardiomyocyte-enriched non-coding transcript) has cardiopro-
tective effects against pressure-load-induced HF, and we investigated whether this Caren
could ameliorate age-related decline in cardiac function including diastolic dysfunction.

Results

Analysis of a human genomic DNA database revealed that the intergenic region between
human HMGB2 and SAP30 gives rise to 6 lincRNA transcripts (Figurel).

Figurel
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This region is the same where mouse Caren exists. Two of them were expressed in human
inducible pluripotent stem cell-derived cardiomyocytes (Figure2).
Figure2 Next, the expression of lincRNA transcript 1 was inversely
correlated with that of NPPB, a marker of left ventricular
dysfunction (&rho; = &ndash;0.77, p = 0.016), although we
observed no correlation between the expression of lincRNA
transcript 3 and NPPB (Figure3).

Figure3 Moreover, we generated transcriptl or 3 Tg mice and
evaluated these mice by TAC (transverse aortic constriction)
model.

As a result, transcriptl Tg mice showed cardiac protec-
tive effects like mice Caren Tg mice. Based on these re-
sults, we determined that the identified transcript 1 is Caren
human homologue. Finally, we expect that the elucidation of
the mechanism of human CAREN lead to the development
of novel HF therapies in the future.

Discussion & Conclusion

The majority of INcCRNASs reported so far are localized in the nucleus, target a single adja-
cent gene, and exert their biological effects via some form of regulation under "Cis-manner".
Furthermore, among IncRNAs, IncRNAs that have been shown to exert physiological or
pathophysiological effects in vivo. In addition, only a few IncRNAs have been confirmed to
have physiological or pathophysiological5 effects in vivo. On the other hand, the newly identi-
fied "Caren" is characterized by the fact that (1) it is localized in the cytoplasm and (2) multiple
actions have been confirmed in vivo. Therefore, the detailed elucidation of the mechanism of
action of Caren in this study is expected to lead to the development of a new RNA world by
understanding the regulatory mechanism of "multiple” target molecules by IncRNAs localized
in the cytoplasm, which has not been elucidated. Moreover, the mechanism of cardioprotec-
tive action of Caren differs from existing cardiac failure drugs in that it (1) reduces the DNA
damage response and (2) maintains and enhances the energy supply to the heart by main-
taining and improving mitochondrial function.

Our research is expected to elucidate the molecular basis of HF (especially HFpEF) and
lead to the development of innovative novel therapies.
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Revealing the mechanism to inhibit early senescence initiation
in plants by switching transcription start sites.

Asuka Higo
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Summary Abstract

For plants, controlling the timing and extent of senescence may be important to properly re-
spond to stress, but such molecular mechanisms are unknown. The genes encoding a novel
family of receptor kinases that inhibit the onset of leaf senescence have multiple transcription
start sites and are interestingly characterized by their ability to switch ligand-accepting extra-
cellular domains (ECDs) by changing the transcription start sites. In this study, comprehen-
sive analysis of transcription start sites by CAGE-seq revealed that transcription is initiated
upstream of all ECDs and that the active transcription start sites vary depending on the leaf
age. Detailed expression analysis showed that the spatio-temporal expression patterns varied
among ECDs. Furthermore, this receptor-kinase family is involved in senescence induced by
nitrogen deprivation stress in addition to age-related senescence.

Key Words : Arabidopsis thaliana, senescence, receptor-like-kinase

Introduction

For land plants, it is necessary to sense and respond to changes in the surrounding envi-
ronment and their own growth stage, and to adjust the growth of each organ and the entire or-
ganism. Plants store nutrients obtained through photosynthesis in their leaves and distribute
them to all organs of the body as needed to regulate the growth of the entire organism. When
plants sense stress, they choose whether to initiate senescence in only some organs or in the
entire individual as a survival strategy. On the other hand, early senescence would result in a
lack of leaves for photosynthesis, making it impossible to maintain the individual. Thus, con-
trolling the timing and extent of senescence initiation may be important to properly respond to
stress, but such molecular mechanisms are unknown.

The Novartis Foundation(Japan) 21
for the Promotion of Science



22

The Novartis Foundation(Japan)
for the Promotion of Science

Results

The genes encoding a novel receptor-kinases family that repress the onset of leaf senescence
have multiple transcription start sites and have the interesting feature of switching the Extracellular
domain (ECD), the ligand-receptive part, by changing the transcription start sites. The purpose of
this study is to find clues to elucidate the molecular mechanism that suppresses early senescence
initiation by analyzing the usage of each transcript in detail by exploring the growth conditions and
stress stimuli that change the transcription start sites of thisfamily. To comprehensively identify the
transcription start sites of each of the four genes encoding the novel receptor-kinase family and
to detect changes in transcription start sites, CAGE-seq analysis was performed on young leaves
in the middle of wild-type maturation and old leaves that have started senescence. The results
showed that transcription is initiated upstream of all ECD-encoding exons. Furthermore, we found
that the actively transcribed ECDs were altered between young leaves and those that had initiated
senescence. Next, we compared the changes in transcription of each ECD along developmental
stages under normal growth conditions. Using gRT-PCR with total RNA extracted from the third
and fourth leaves of various day-old plants, we analyzed changes in transcript levels over time in
the entire leaf. The results showed that each ECD showed a different pattern of expression level
changes along the developmental stages. Some ECDs showed a pattern of continually increas-
ing expression levels along their age, while others showed a pattern of increasing up to a certain
days of age and then decreasing. The degree of up-regulation also differed among the ECDs, with
some ECDs showing only a 1.5-fold up-regulation, while others showed up to a 28-fold up-regu-
lation. Furthermore, a reporter line expressing the GUS (B-glucuronidase) gene under the control
of the promoter region of each ECD was created, and a detailed analysis of the spatial expression
pattern of each ECD sequence revealed that the tissues expressing each ECD were different. All
ECD promoters showed strong activity in vascular tissue, but some showed activity throughout
the vascular bundle, while others showed activity only around the xylem. Some promoters were
also active in leaf fleshy tissue. To examine the differences in function of each ECD in senescence
induced in response to stress in addition to aging under normal growing conditions, we first ex-
amined the stresses in which the receptor kinases we were focusing on were involved. Using a
medium deficient in essential nutrients for growth such as sugar, nitrogen, phosphorus, and potas-
sium, we compared the time of senescence induction in the wild type and mutants of the receptor
kinase. The results showed that the focused receptor kinase was involved in senescence induced
by nitrogen in particular.

Discussion&. Conclusion

This study showed that the spatio-temporal expression pattern of ECDs differs among
ECDs during aging under normal growth conditions. We would like to further verify this in
terms of changes in the ratio of ECDs along the growth stages by performing absolute quanti-
fication of ECDs in the future. We are currently preparing mutants in which only a single ECD
is non-functional by introducing mutations in each ECD with CRISPR-Cas9, and are observ-
ing the aging phase. Preliminary experiments suggest that in aging-induced senescence, dif-
ferent ECDs lacking function may have different onset times of senescence, i.e., the contribu-
tion of each ECD in suppressing senescence may be different. In addition, we would like to
examine the use of different ECDs in stress-induced senescence by observing the different
expression patterns of each ECD and the onset time of senescence of mutants of each ECD
in the induction system of senescence by nitrogen deprivation established this time.
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Analysis of cellular self-organizing mechanics
by novel opto-thermo-genetic approach

Fumio Motegi
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Institute for Genetic Medicine, Hokkaido University

Summary Abstract

An embryo undergoes the generation of cells with specific fates, forms, and functions
through collective interactions of biological components, referred to as self-organization. This
project aims to develop new paradigms for morphogenesis by developing novel techniques
for the measurement and manipulation of mechanical forces in the multi-cellular organism, C.
elegans. We employed tools and techniques needed to interrogate the mechanical processes
to analyze how embryonic patterning and oogenesis are regulated through the coupling of
chemical reactions and mechanical forces.

Key Words : Mechanics, Embryogenesis, Force, Cell polarity, C. elegans

Introduction

The establishment of global order within an organism generally emerges from local interac-
tions among molecules and cells. These collective interactions, commonly referred to as self-
organization, give rise to the emergent properties encompassing the fate, form, and function
of cells, ultimately leading to morphogenesis of tissues and organs. Mechanical forces play a
crucial role in driving these transformative changes, and recent investigations have shed light
on their potential to influence cellular fate and function. These findings suggest the existence
of a complex feedback loop between forces and cellular physiology. To elucidate the underly-
ing design principles governing such mechano-chemical feedbacks, it is imperative to develop
advanced technologies capable of quantifying and manipulating forces within biological sys-
tems.

Results

This study aimed to develop analytical techniques to investigate the physiological signifi-
cance of mechanical forces in multi-cellular systems. We attempted to establish a "thermo-
genetics" method by which the functions of target proteins involved in force generation can be
quickly inhibited in multi-cellular stage animal, C. elegans. Using a combination of microfluidic
device and infrared light device, temperature in early embryos and oocytes were globally
maintained at 15°C and locally increased it to 20-25°C. This local increase in cellular tempera-
ture was sensed by genetically modified cytoskeletons, which could be promptly inactivated
when exposed to a restrictive (high) temperature. By utilizing this technology, we were able to
elucidate the effects of force generation attributed to microtubules and the actin cytoskeleton
on the patterning of cells and tissues. Our investigation specifically focused on asymmetric
cell division during the early-stage embryo development and oogenesis in adult hermaphro-
dite animals.
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We first screened temperature-sensitive mutations in various cytoskeleton genes and cell
polarity genes that exhibited a rapid response to a temperature shift from 15°C to 25°C. We
confirmed that missense mutations in the type Il myosin heavy chain NMY-2 (ne3409), the
actin nucleator formin CYK-1 (or596), and tubulin TBA-1 (or594) led to the inhibition of cyto-
skeletal structures within 10 seconds upon the rapid temperature shift. Similarly, temperature-
sensitive mutations of the centriole component SPD-2 (0r293), the midbody protein CYK-4
(or749), the PAR complex proteins PAR-2 (0r539) and PKC-3 (ne4246) caused inhibition of
their respective structures within approximately 30 seconds following the temperature shift.
Based on these observations, we successfully demonstrated that local temperature changes
can effectively manipulate mechanical forces within a confined region of multicellular organ-
isms.

We next employed the thermos-genetics technique to investigate the impact of force gen-
eration derived from the actin skeleton on the patterning of fertilized zygotes. Shortly after fer-
tilization, the zygote initiates polarization along the antero-posterior axis and segregates the
dedicated polarity regulators, PAR proteins, on the cell cortex during mitosis. Previous studies
have established the significance of the actin cytoskeleton in the initiation and establishment
of PAR polarity. By using the thermo-genetics approach, we aimed to examine whether the
actin cytoskeleton also contributes to the maintenance of the established pattern of PAR pro-
teins during late mitosis. We found that inactivation of NMY-2 and CYK-1 during anaphase,
but not from prometaphase to metaphase, led to the mis-segregation of PARs during cytoki-
nesis. This finding confirms the efficacy of the thermo-genetics technique in exerting temporal
and spatial control over actin cytoskeleton-mediated forces. The thermo-genetics technique
offers valuable tool to explore the temporal and spatial control of the actin cytoskeleton-medi-
ated forces.

We are employing this technique to analyze the impact of both microtubule- and actin
skeleton-derived forces on the spatial pattern of multicellular-stage embryos. Previous studies
have highlighted distinct mechanisms in the initiation and pattern formation of PAR proteins
between zygotes and two-cell stage embryos. In the formation of germ cell precursors during
the two-cell-stage, polarity formation relies not only on the actin cytoskeleton but also on mi-
crotubules. To investigate this phenomenon further, we compromised the architecture of mi-
crotubules by inhibiting the function of tubulin and centrosomes. As a result, we observed that
although PAR proteins initially established an asymmetric pattern, they eventually depolarized
during mitosis. This finding a crosstalk between microtubule- and actin-dependent forces in
the maintenance of the polarity pattern during early embryonic development. By combining
our thermo-genetics technique with these mutant strains, we aim to gain a deeper under-
standing of the intricate interplay between mechanics and developmental processes.

Discussion & Conclusion

Through the utilization of a hybrid approach involving a microfluidic device and an infrared
light device, we successfully demonstrated that local manipulation of temperature can be
used for acute inactivation of cellular forces exerted by the cytoskeletons within multi-cellular
stage embryos. By employing this method, we can delve deeper into understanding the intri-
cate interplay between mechanics and tissue patterning during animal development.
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Structural and functional analysis of primary cation transporters
and elucidation of the substrate specificity
by gain-of-function mutant

Kazuhiro Abe
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Nagoya University

Summary Abstract

We study primary-active transporter via P-type ATPases using functional and structural
analyses to demonstrate that four mutations transform the non-gastric proton pump, a strict
H"selective electroneutral ATPase, into a bona fide Na'-dependent electrogenic sodium
pump, providing insight on how Na" binding drives a concerted mechanism leading to Na“/K*
pump phosphorylation.

Key Words : P-type ATPase, proton pump, sodium pump, cryo-EM, membrane proteins

Introduction

Despite high sequence conservation between proton and sodium pump (more than
65%), their transport substrate (H* or Na") and their stoichiometry (1H"/1K" for proton pump,
3Na'/2K" for sodium pump) is strictly discriminated. In order to gain the molecular insight into
their substrate specificity, we attempted to identify Na'-transporting gain-of-function mutant of
proton pump, and determine its structure by cryo-EM.

Results

1. We determined a crystal structure of non-gastric proton pump (ngHKA), and structurally
defines its transport stoichiometry of 1H"/1K" per ATP-
hydrolysis.

2. Staring from WT ngHKA, we design tailored mutants based
on the structural data, previous results and sequence com-
parison. The substrate specificity of these mutants is evalu-
ated utilizing kinetics, electrophysiology, and cryo-EM analy-
ses.

3. Finally, we success to generate quadruple mutant of ngHKA
(SPWC mutant, see figure) that mediate Na'/K'-specific,
electrogenic transport like genuine sodium pump. Cryo-EM
analysis determined three Na" and two K" are bound to the
TM cation site in E1 and E2 state, respectively. We further
identified sequential conformational change induced by the
Na’-binding leading autophosphorylation.
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Discussion & Conclusion

We presented the first structure of the ngHKA, defined its transport stoichiometry and pro-
ton extrusion mechanism, and revealed the requirements to transform this strict electroneutral
1H"/1K" pump into a strict electrogenic 3Na’/2K" pump. This transformation reveals how evo-
lution exploited the same mechanism to build electrochemical gradient of different magnitude
for dissimilar ions.
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Hematopoietic stem cell aging and mitochondria aging
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Summary Abstract

In this study, given the diversity and heterogeneity of aging hematopoietic stem cells
(HSC), comprehensive gene expression analysis and epigenomic analysis at the single cell
level (single-cell RNA sequencing and single-cell ATAC sequencing) were performed. Among
HSCs obtained from aged mice, we found some cell populations with gene expression and
epigenomic changes similar to those of HSCs obtained from young mice. In the future, we
would like to establish a method to select such HSC populations from elderly individuals and
use them in the treatment of various age-related diseases.

Key Words : Hematopoietic stem cells, aging, mitochondria

Introduction

Hematopoietic stem cells (HSCs) reside at the apex of the hierarchy of hematopoietic cells,
uniquely capable of dividing without differentiating (self-renewal) and also differentiating to all
the different cellular components within the blood. Thus the precise regulation of HSC self-re-
newal and differentiation without malignant transformation is critical. However, HSC functions
alter with age: aged HSCs exhibit lower repopulation potential, loss of homing potential, and a
higher risk of malignant transformation. In this project, we have extended our current research
on HSC aging by using single cell RNA-sequencing (scRNA-seq) and single cell assay for
transposase-accessible chromatin using sequencing (ScCATAC-seq).

Results

Dendra2 mice (Gt(ROSA)26Sortm1.1(CAG-COX8A/Dendra2)Dcc/J mice), whose in-
tracellular mitochondria emit green fluorescence, were used in this study. Slam HSCs
(CD150+CD48-Lin-Scal+Kit+) were sorted from bone marrow of young (2-4 months old) and
old (18 months old) Dendra2 mice using FACS, and further sub-divided into Dendra2-high
HSCs (HSCs with high mitochondrial mass) and Dendra2-low HSCs (HSCs with low mito-
chondrial mass). Comprehensive gene expression analysis (SCRNA-seq) and epigenomic
analysis (SscATAC-seq to identify open chromatin regions in the whole genome) were per-
formed for each single cell from 4 groups (young mitochondria-low, young mitochondria-high,
old mitochondria-low, and old mitochondria-high HSCs).

Researchers from all over the world have proposed various methods to analyze scRNA-
seq, and it is not yet clear which one is superior. Furthermore, simultaneous analysis of
scRNA-seq and scATAC-seq is still relatively new, and no established methods are published
or publicly available on how to integrate multiple scRNA-seq and scATAC-seq data consid-
ering their batch effects. Hence we tried and compared several bioinformatic analyses, and
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decided to: 1) merge scRNA-seq data from each sample after individual quality check, 2)
merge SCATAC-seq data from each sample after individual quality check, 3) further merge
two pre-merged data using the weighted neighborhood (WNN) analysis and a feature dimen-
sion reduction method called Uniform Manifold Approximation Projection (UMAP), 4) conduct
clustering using information both from scRNA-seq and scATAC-seq, 5) perform scRNA-seq
analysis both on each cluster and on the whole dataset, and 6) perform scATAC-seq analysis
both on each cluster and on the whole dataset. The know-how established during this project
was applicable also to scRNA-seq data on normal hematopoietic differentiation (reference 1).

HSCs were divided into four groups in order of cell numbers: 1) average HSCs, 2) HSCs
with a high protein synthesis capacity, 3) HSCs with cell cycling, and 4) HSCs with increased
inflammatory signals. The most striking feature of HSCs fromaged mice was that cells with

cell cycling reduced, especially in aged HSCs with high mitochondrial mass. This may reflect
cell cycle arrest or senescence in these cells. Secondly, we noticed that a specific subset
of HSCs increased in HSCs from aged mice, suggesting that this subset represents a cell
population with particularly reduced HSC function. Third, another cell population located on the
opposite side in the UMAP showed a higher protein synthesis capacity than other populations,
and was considered to be a population of cells in which stem cell function was maintained.
This population was well preserved even in aged mice, demonstrating gene expression and
epigenomic changes very similar to HSCs from young mice. This cell population can be a
potential candidate for 'young-like' HSCs in old mice. We are currently investigating which
surface antigens (cell surface proteins that can be used for FACS sorting) are suitable for
sorting this cell population. In addition, by analyzing the above-mentioned HSCs with particularly
reduced function in detail, we identified a surface protein X was specifically expressed on more
aged HSCs among aged mice. We successfully established the method to sort these cells
by FACS using antibodies against protein X. To sort protein X-negative HSCs can be another

strategy to enrich ‘young-like’ HSCs.

Discussion & Conclusion

We have found that a cell population among HSCs obtained from aged mice shows gene
expression and epigenomic changes very similar to HSCs obtained from young mice and that
protein synthesis is enhanced in this cell population compared to other cell populations. In
the future, we would like to establish a method to select such HSC populations from elderly
individuals. When a method to identify and enrich 'young-like' HSCs is established in the near
future, it will be possible to raise the age of bone marrow transplantation donors. In the longer
term, knowledge gained in the process of elucidating HSC aging can be applied to research
on stem cell aging in various tissues other than bone marrow. It could also be applied to per-
sonalized medicine to identify individuals likely to develop abnormalities associated with ag-
ing, not only in blood diseases but also in diseases of various organs.
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Summary Abstract

Enhanced de novo lipogenesis mediated by SREBP is thought to be involved in nonalco-
holic steatohepatitis (NASH) pathogenesis. In this study, we assessed the impact of SREBP
inhibition on NASH and liver cancer development in murine models. Unexpectedly, SREBP
inhibition via deletion of SCAP in the liver exacerbated liver injury, fibrosis, and carcinogen-
esis, despite markedly reduced hepatic steatosis. SCAP-SREBP pathway inhibition altered
the fatty acid (FA) composition of phosphatidylcholines due to both impaired FA synthesis and
disorganized FA incorporation into phosphatidylcholine via LPCAT3 downregulation, which led
to endoplasmic reticulum stress and hepatocyte injury. Thus, excessively strong and broad li-
pogenesis inhibition was counterproductive for NASH therapy, which will have important clini-
cal implications in NASH treatment.

Key Words : Nonalcoholic fatty liver disease, Lysophosphatidylcholine acyltransferase,
hepatocellular carcinoma, autophagy, lipidomics

Introduction

Enhanced de novo lipogenesis mediated by SREBP is thought to be involved in NASH
pathogenesis. At present, several drugs targeting enzymes involved in hepatic de novo li-
pogenesis such as ACC, FASN, and SCD1, which are all regulated by SREBP, are under
development (1). However, to the best of our knowledge, there is no conclusive experimental
evidence demonstrating that SREBP inhibition can prevent NASH or NASH-related hepato-
cellular carcinoma (HCC) development. Thus, we assessed the impact of SREBP inhibition
on NASH and HCC development in murine models.

Results

We used a well-known NASH-HCC mouse model: a liver-specific phosphatase and ten-
sin homolog (PTEN) knockout mouse (PTENAL) generated by crossing a Ptenflox/flox
mouse and an albumin-Cre mouse (Alb-Cre). PTENAL mice show constitutive upregulation
of SREBP due to PI3K—Akt pathway activation, which leads to spontaneous fatty liver and
subsequent HCC development. To examine the effects of SCAP-SREBP pathway inhibition
in PTENAL mice, we generated liver-specific PTEN/SCAP double-knockout mice by cross-
ing PTENAL mice with Scapflox/flox mice (PTEN/SCAPAL). Unexpectedly, SREBP inhibition
via deletion of SCAP in the liver exacerbated liver injury, fibrosis, and carcinogenesis, de-
spite markedly reduced hepatic steatosis. These phenotypes were ameliorated by restoring
SREBP function through the transgenic or AAV-mediated approach. Moreover, enhanced
hepatocarcinogenesis through SCAP deletion was observed in another NASH model, the
choline-deficient, L-amino acid-defined, high-fat-diet model.
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Transcriptome and lipidome analyses revealed that SCAP—SREBP pathway inhibition al-
tered the fatty acid (FA) composition of phosphatidylcholines due to both impaired FA synthe-
sis and disorganized FA incorporation into phosphatidylcholine via lysophosphatidylcholine
acyltransferase 3 (LPCAT3) downregulation, which led to endoplasmic reticulum (ER) stress
and hepatocyte injury. Supplementation of phosphatidylcholines significantly improved liver
injury and ER stress induced by SCAP deletion. Spatial profiling of phospholipids revealed
that zonal distribution of phosphatidylcholines was observed in wild type mice, while it was
markedly disorganized in PTEN/SCAPAL mice.

Hepatic steatosis is a hallmark of NAFLD. However, hepatic fat deposition is often sig-
nificantly decreased in advanced NASH, referred to as “burned-out NASH.” We performed
RNA-seq analysis using liver biopsies obtained from NAFLD patients and found that the
SREBP-mediated lipogenesis pathway was significantly downregulated in burned-out NASH.
Furthermore, the activity of SCAP-SREBP-LPCAT3 axis was found inversely associated with
liver fibrosis severity in human NASH, suggesting that the downregulation of this axis may be
involved in the pathogenesis of advanced burned-out NASH.

Although phospholipid composition was also disturbed in SCAP single knockout mice
(SCAPAL), SCAPAL mice did not exhibit spontaneous liver injury, suggesting that an addi-
tional factor induced by PTEN deletion is required for liver injury. We identified that SREBP
inhibition cooperated with impaired autophagy to trigger liver injury. In fact, additional deletion
of the autophagy-essential gene ATG5 in SCAPAL mice significantly aggravated liver injury
and HCC development accompanied by enhanced ER stress .
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Discussion & Conclusion

We found that the strong inhibition of SCAP/SREBP-mediated lipogenesis unexpectedly
exacerbated liver injury, fibrosis, and carcinogenesis in murine NASH via the disturbance of
phospholipid metabolism. These findings are critical to developing NASH treatment strategies
because they indicate that excessively broad and strong inhibition of the lipogenic pathway
may be counterproductive in NASH therapy. Importantly, the SREBP-mediated lipogenesis
pathway was significantly downregulated in patients with advanced burned-out NASH, which
was consistent with a previous report (2). Although the significance of downregulation of
SREBP pathway in advanced NASH has been unknown, our present study arises the possi-
bility that downregulation of SREBP pathway may be a disease-promoting factor in advanced
stage NASH. In fact, less steatosis in patients with NASH-related cirrhosis is associated with
higher risk for HCC development and mortality, even among patients with the same Child—
Turcotte—Pugh score (3). Thus, both excessive and insufficient SREBP activation may result
in NASH disease progression, and appropriate SREBP activity may be essential for maintain-
ing liver homeostasis. Furthermore, phospholipid supplementation or correction of abnormal
FA incorporation into phospholipids may be treatment options for advanced stage NASH (4).
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Summary Abstract

Lifestyle diseases such as hypertension, diabetes, and dyslipidemia are ultimately 'vascular
diseases' which causes vascular aging. However, no effective way has been developed to ac-
curately predict and treat vascular aging. In this research, 3D blood vessel was created from
patient-derived iPS cells. We are investigating the physical effects of blood flow on vascular
aging using the 3D vasculature.

Key Words : Vascular aging, iPS cells, Vascular smooth muscle cells, Endothelial cells

Introduction

As average life expectancy is increasing and the population aged 100 and over is expected
to reach 300,000 by 2040 in Japan, it is necessary that elderly people can stay healthy and
play an active role in society. Lifestyle diseases such as hypertension, diabetes, and dyslipid-
emia are ultimately 'vascular diseases' which cause vascular aging. Despite significant prog-
ress in the field, curative treatments have yet to be developed directly targeting the vascular

aging.

Results

Since models using mouse vascular tissue is unable to fully recapitulate human pathophys-
iology observed in the clinic, due to the differences in gene expression from that of humans,
human iPSC-derived tissue-engineered blood vessels (TEBV) will serve as a more robust
model to elucidate the mechanisms leading to vascular aging. Although some TEBVs with
vascular smooth muscle cells (VSMCs) and endothelial cells (ECs) have already been es-
tablished in the field, these models have caveats in their ability to mimic the physiology of the
human artery. For example, the contraction of these vessels remains weak due to the lack of
circumferential alignment of VSMCs and the lack of flexibility in the scaffolds. These two char-
acteristics are important to address because it has been well established that contraction and
dilation play a crucial role in vascular diseases.

In this research, we established a novel rolling-up molding method to form a physiologically
deformable TEBV from human iPSCs. First, a VSMC fiber was formed with a 3D-printed mi-
crochannel mold and metallic anchors. The iIPSCs-derived VSMCs suspended in a collagen
hydrogel spontaneously contracted about 95% in volume and aligned axially in 24 hours. This
fiber is rolled up by a 3D-printed inclined mold to spontaneously form a spiral shape. Finally,
rolled-up VSMCs were embedded into collagen hydrogel with perfusion connectors, and ECs
were seeded inside to establish the TEBV. As a proof of concept, our TEBV was also chal-
lenged to undergo other physiologically-relevant conditions including, maintenance under
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pulsatile perfusion, treatment with U46619, a thromboxane A2 agonist, and normalized with
contraction by KCI. The relative contraction ratio was reported to be 78.0 + 5.1%, similar to
previously reported ex vivo experiments.

We prepared TEBV using iPS cells derived from patients with Werner syndrome, a type of
progeria, to create a model of vascular aging, and confirm differences in vascular contractil-
ity and compliance between Werner syndrome and healthy control. The TEBV derived from
a patient with Werner syndrome tended to show increased contraction, similar to the result
observed in previous studies. We are currently performing computational fluid dynamics us-
ing patient clinical data and the TEBV to clarify what types of blood flow affect vascular aging.
Furthermore, RNA-seq, metabolomics, and lipidomics are planned to elucidate the mecha-
nism of vascular aging.

Discussion & Conclusion

Our TEBV can mimic the phenotype of vascular aging, which can be utilized to examine
the effect of blood flow on vascular aging. Once we clarify the type of flow affecting vascular
aging, prediction of the vascular site where aging is likely to occur will be possible. It will also
have the potential to create a method for monitoring vascular aging. This research also has
the potential developing new therapies that can mitigate vascular aging. Taken together, our
model will serve as a more physiologically-relevant model to investigate the mechanisms be-
hind vascular aging and thus will lead to therapeutic discoveries.

Figure 1.
A novel rolling-up molding method to form a physiologically deformable TEBV from human iPSCs. The
TEBYV is contracted with vasoconstrictors such as thromboxane A2 agonist.
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Summary Abstract

CD8" T cells with tissue-resident memory (TRM-like TIL) characteristics are found in the tu-
mor, and their presence is critically associated with preferable clinical outcomes. However, the
mechanisms by which Tgy,-like TIL are generated in the tumor are poorly understood. Through
the analysis of tissue section of human cancer patients, we identified the actual sites where
Trw-like TIL are generated in the tumor, and local antigen signaling are likely to be a factor
that promotes the differentiation of Tgy-like TIL. In the future, we will investigate the possibility
that macrophages located in the differentiation sites provide the necessary signaling for the
differentiation of Tgy,-like TIL.

Key Words : Tumor, CD8 T cell, TRM-like TIL,

Introduction

Tissue-resident memory T cells (Tgy) that permanently reside in epithelial tissues play a
predominant role in protective immunity®. It has recently been shown in human patients that
some tumors harbor CD8" T cells with Ty, characteristics (Tgy-like TIL) and high frequencies
of these are associated with an improved response to tumor immunotherapy’. However, the
mechanisms by which Tgy-like TIL are generated in the tumor are poorly understood. In this
study, by using human tissue samples and the mouse model, we attempt to understand how
Trw-like TIL are generated in the tumor.

Results

Our histological analysis of tumor specimens from patients with head and neck cancer
(squamous cell carcinoma) revealed that the generation of Tgy-like TIL (double-positive for
CD103 and CD8) is unique to some patients and that Tgy,-like TIL, but not CD103" CD8 T
cells predominantly infiltrate the tumor, suggesting that CD8 T cells acquire Tg, characteris-
tics before infiltrating the tumor (in the stroma). We classified patients into three groups based
on the infiltration of CD8 T cells and their differentiation to Ty, -like TIL: 1) differentiation of
Tru-like TILs in the stroma and infiltration of these cells in the tumor, 2) infiltration of CD8"
TILs (CD103") in the stroma without T, differentiation, and 3) poor infiltration of CD8" TILs in
the stroma. In group 1, Try -like TIL have a superior ability to infiltrate deep into the tumor, re-
flecting their reputational advantage for antitumor immunity. Although Tgy,-like TIL in the tumor
highly express checkpoint inhibitory molecules PD-1 and Tim-3, most cells are still positive
for IFNy and perforin, indicating that these cells are not fully exhausted. It is well known that
TCF" progenitor exhausted CD8 T cells, which is capable of effectively responding to check-
point blockade immunotherapy, are preferentially generated in the tertiary lymphoid structures
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(TLS)®. On the other hand, Tg,, -like TIL are rarely found in TLS, indicating that TCF" pro-
genitor exhausted CD8 T cells and Ty, -like TIL are generated by distinct mechanisms. We
identified at least two distinct sites where Tgy-like TIL are generated in the stroma: one is at
the tumor border where anti-tumor immunity is actively induced (differentiation site: DS), and
the other is surrounding the areas where tumor cells undergo necrosis (remodeling site: RS).
Given the morphological differences of these sites, we hypothesize that Tgy,-like TIL in DS and
RS are distinct subsets, effector, and memory, respectively, and that signals necessary for
their differentiation likely differ. In support of this, we found that DS mainly consisted of fibro-
blasts, whereas RS consisted of aSMA expressing myofibroblasts, a cellular hallmark of tis-
sue regeneration. Utilizing a spatial transcriptomic approach (Nanostring, GeoMx), we found
that Tgy-like TIL in both DS and RS highly express genes related to activation as compared
to CD8" CD103™ TILs in the stroma, suggesting that local antigen signaling plays a role in the
differentiation of Tgy-like TIL. However, we did not see large differences between Tg,-like TIL
in DS and RS. In this analysis, we realized that CD8 T cells isolated from DS and RS contain
significant amounts of genes related to plasma cells, indicating that the neighbor cells’ genes
are also involved in. Thus, another spatial transcriptome approach with single-cell resolution,
such as CosMx, would be preferable.

The lack of a mouse model is a major obstacle to the study of Tgy-like TIL as conventional
tumor-cell injection models result in low, if any, generation of Tg,, -like TIL. To address this
problem, we have analyzed a genetically engineered mouse model (Cre-mediated tissue-spe-
cific genetic alteration) that develops ovarian cancer with a typical clinical course, including
progressive accumulation of hemorrhagic ascites and development of peritoneal metastasis”.
We have found that Try-like TIL are effectively generated in tumor tissues that have malig-
nantly developed around the peritoneal surfaces. In order to investigate the gene signatures
of Try-like TIL and their ontogeny in the circulation, we isolate CD8" T cells from the perito-
neal metastasis (tumor sites) and spleen (circulation) and performed single-cell TCR/RNA
sequence. We just received the data and analysis is ongoing.

Discussion & Conclusion

Through the analysis of tissue section of human cancer patients, we identified the actual
sites where Tgy-like TIL are generated in the tumor, and local antigen signaling are likely to be
a factor that promote differentiation of Tg,-like TIL. Our preliminary data showed that, more-
over, a large number of macrophages are found in both DS and RS while dendritic cells are
rarely found in those areas, suggesting that macrophages are the provider of antigen signal-
ing that promote differentiation of Try,-like TIL. It is well known that TGFB is required for up-
regulation of CD103, a key molecule for differentiation of Tg,-like TIL®. Since TGF signaling
suppresses effector functions of CD8" T cells, we expect that Try-like TIL receive additional
signaling that overcome TGFp-mediated suppression. Macrophages in DS and RS could also
be a provider of such signaling. We will investigate the role of these macrophages in the dif-
ferentiation of Tgy,-like TIL.
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Summary Abstract

B-precursor acute lymphoblastic leukemia (B-ALL) is the most common childhood tumor
and the leading cause of cancer-related death in children. TCF-PBX1 fusion protein which is
produced from the t(1;19)(g23;p13) translocation is present in about 6% of childhood B-ALL
cases. Although previous studies have shown the pathogenesis of the patient, the mecha-
nisms of TCF3-PBX1 B-ALL disease onset still remain unclear. We have recently established
a mouse model of TCF3-PBX1 B-ALL. Using this, we dissected the molecular mechanisms
underlying the B-ALL development.

Key Words : B-ALL, leukemia, hematopoietic stem cell, differentiation, B cell

Introduction

TCF3-PBX1 B-ALL has a poor prognosis, especially in children. Although various mouse
models have been developed to elucidate the pathogenesis of B-ALL, the efficient models
were not established yet. We have previously developed a method that allows unlimited
expansion of mouse and human hematopoietic stem / progenitor cells by inhibiting the func-
tion of E2A, a transcription factor essential for B cell differentiation. These cells were named
induced Leukocyte Stem (iLS) cells because they have the ability to differentiate into T, B
lymphocytes and myeloid cells. By transducing the TCF3-PBX1 to the iLS cells, we have es-
tablished TCF3-PBX1-positive iLS cells.

Results

The TCF3-PBX1-positive iLS cells can be maintained in a same culture system and have
similar morphology and proliferation potential to normal iLS cells.

To determine the differentiation potential of the TCF3-PBX1-positve iLS cells to B lineage
cells, the cells were cultured on OP9 stromal cells in the presence of IL-7 and FLT3-ligand. Af-
ter 6 days of the culture, the cells were harvested and analyzed by flow cytometer. The num-
ber of B cells were considerably fewer than control, suggesting that the TCF3-PBX1 inhibited
the B cell differentiation. To examine the potential for B-ALL development, the TCF3-PBX1-
positve iLS cells were transferred to sublethally-irradiated mice. All the mice died at around
3-4months of injection. Pro-B-ALL like cells were expanded and infiltrated in bone marrow,
spleen and lymph nodes. RT-gPCR analysis demonstrated the downregulation of B-lineage
genes, Pax5, Vprebl and lkzfl, while the expression of metabolism-related genes, Glutl and
Insr was upregulated. RNA-seq analysis also demonstrated that the global expression pattern
of the pro-B ALL derived from TCF3-PBX1 iLS cells was quite similar to the one of patient
samples reported before. Moreover, the genomic mutation in the Pax5, Ikzfl, Nras, Kras and
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Cdkn2a loci, which is also frequently observed in the TCF3-PBX1 B-ALL patients was found
in the TCF3-PBX1 pro-B ALL cells, indicating that the mouse model faithfully reflected the
pathogenesis of the ALL patient.

Next, in order to elucidate the onset mechanism, we analyzed the gene expression pattern
using preleukemic cells (TCF3-PBX1-expressing pro-B cells), and found that the expression
of Hoxa9, Lmo2, and Igfl was markedly elevated. All of these genes have been implicated in
association with hematopoietic malignancies such as acute myeloid leukemia and T-cell ALL
(T-ALL). Interestingly, Hoxa9 is a direct target gene of the transcription factor PBX1 (Bijl et al.
2005), and the expression of Lmo2 and Igfl is regulated by HOXA9 (Calero-Nieto et al. 2013;
Steger et al. 2015), suggesting that the cascade of TCF3-PBX1 — HOXA9 — LMO?2, IGF1 is
important in the early stage of B-ALL onset.

To determine the role of HOXAS9 in early stages of B cell differentiation, HOXA9 inhibitor
(DB818) was added to the culture of the TCF3-PBX1-positive iLS cells differentiating into B
cells. The inhibitor did not affect the generation of B cells, suggesting that the HOXA9 is not
essential for B cell differentiation of the TCF3-PBX1-positive iLS cells.

To determine if the HOXA9 is involved in the proliferation of multipotent progenitors,
the Hoxa9 of TCF3-PBX1-positive / negative iLS cells was deleted using CRISPR-Cas9
system. Interestingly, the proliferation potential of both iLS cells was affected, while the
growth of Hoxa9  TCF3-PBX1-positive iLS cells was more severely suppressed than that of
Hoxa9"*TCF3-PBX1-positive iLS cells, indicating that growth of TCF3-PBX1-positive iLS cells
was dependent on the HOXA9 activity.

Discussion & Conclusion

In this study, we succeeded in establishing a mouse model of TCF3-PBX1 B-ALL using iLS
cells. The model faithfully reflected the patient pathogenesis, based on the gene expression
profile or single nucleotide polymorphism (SNP). Using this model, we found that the expres-
sion of Hoxa9, Lmo2, and Igfl was markedly elevated in TCF3-PBX1-positive pro-B cells.
The knockdown of Hoxa9 significantly suppressed the growth of TCF3-PBX1 iLS cells. These
results indicated that the HOXA9 is involved in the early stages of B-ALL development. The
mouse model will be useful for examining the molecular mechanisms of the B-ALL develop-
ment and the screening of novel drugs. This method, which uses B-ALL-inducing system of
iLS cells to study the mechanism of leukemia onset and to develop a new treatment method,
can be applied to the research of not only TCF3-PBX1 but also leukemias caused by other
fusion proteins and genetic mutation. We hope the study will lead to create a new trend in he-
matopoietic malignancy research.
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Exploratory study for the discovery of zinc homeostasis
modulators utilizing a highly sensitive fluorescence
imaging probe
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Summary Abstract

As part of our ongoing research to improve a highly sensitive intracellular zinc fluorescent
probe Dpa-LBC, we have successfully developed a MRI probe candidate Dpa-SoxLdiF. Con-
trary to fluorescence imaging modality with poor permeability, MRI modality is suitable for in
vivo imaging based on its high permeability. We expect that Dpa-SoxLdiF is a lead compound
to image zinc dynamics in vivo.

Key Words : zinc, imaging, probe, fluorescence, MRI

Introduction

Lately, mobile zinc has been proposed to function as a mediator in signal transduc-
tion pathways. It has also become clear that disruption of zinc homeostasis is associ-
ated with various diseases such as Alzheimer's disease, diabetes mellitus, and cancer.
Therefore, targeting zinc metabolism is now attracting attention as a new therapeutic strat-
egy for intractable diseases related to zinc homeostasis disruption. In this context, an assay
system that can efficiently visualize the intracellular status of zinc is needed to accelerate the
discovery of therapeutic agents that can be used to maintain or intervene in the zinc homeo-
stasis of the organism.

Results

Recently, we have successfully developed a small molecule fluorescent probe, Dpa-LBC,
which greatly exceeds the sensitivity of existing fluorescent probes by incorporating a signal
enhancement system into the probe design with respect to fluorescent imaging of intracellular
zinc.” Therefore, we expected that Dpa-LBC could be applicable to a high-content screen-
ing system (HCS) to explore for compounds that would regulate mobile zinc in living cells.
However, unlike the high-sensitivity system used in the development of Dpa-LBC, which uses
a confocal fluorescence microscope with an objective lens collecting more light and a glass-
bottom dish, the usual HCS system uses a widefield fluorescence microscope with a con-
ventional objective lens and a plastic-bottom well plate from the aspect of cost. Preliminary
results using the HCS system indicate that it is difficult to capture zinc perturbations by Dpa-
LBC. The objectives of this study were 1) to modify this novel highly sensitive zinc fluorescent
probe to be applicable to a HCS system to detect mobile zinc in living cells, and 2) to estab-
lish a high-throughput screening (HTS) system to explore intracellular zinc modulators.
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To improve the sensitivity of Dpa-LBC, accelerating the zinc-catalyzed reaction of the probe
and increasing the catalytic turnover rate are necessary. Dpa-LBC consists of three substruc-
tures: a zinc-recognizing ligand moiety (Dpa: dipicolylamine), a zinc-responsive linker, and a
quenched fluorophore. Of these three elements, the ligand moiety and the fluorophore can
be freely converted. Therefore, we aimed to improve the reactivity of the probe by optimizing
the ligand moiety for zinc responsiveness. In parallel, we also attempted to convert the fluoro-
phore for fluorescence imaging to magnetic resonance responsive moiety for magnetic reso-
nance imaging (MRI).

First, in terms of optimizing the Dpa moiety, it is possible to increase the affinity between
the probe ligand and zinc with lower affinity of the decomposed zinc complex after release
reaction of the fluorophore to quickly dissociate the zinc and increase the catalytic turnover.
In this study, we designed and synthesized Dpaderivatives with 4- and/or 6-substituted
pyridine(s) aiming to accelerate the release of fluorophore by adjusting the affinity to zinc and
improving the nucleophilicity of the coordinating water on the zinc complex to trigger the fluo-
rescent turn on reaction. Then we designed a simplified compounds with a straightforward
linker between the modified Dpa ligands and the fluorophore to achieve a prompt evaluation
of the zinc-catalyzed reaction, but the synthesis was unexpectedly difficult. Further studies
are currently underway to establish an evaluation system.

On the other hand, some plausible results were obtained on efforts to expand the fluores-
cent probe to MRI probe. The details are as follows. As a first-generation zinc MRI probe,
Dpa-SoxLdiF was designed and synthesized by replacing the quenched fluorophore, a sub-
structure of Dpa-LBC described above, with 2,6-difluorophenol as a *F-MRI signal-respon-
sive moiety and converting the sulfide to a sulfoxide and eliminating p-acetoxybenzyl moiety
for synthetic convenience. Dpa-SoxLdiF was expected to release 2,6-difluorophenol by zinc-
catalyzed reaction like Dpa-LBC. First, “’F-NMR characterization was performed on Dpa-
SoxLdiF. Difference in chemical shifts of 2,6-difluorophenol, which is expected to be released
by the reaction of zinc with Dpa-SoxLdiF, and Dpa-SoxLdiF itself measured by “*F-NMR, was
6.8 ppm. This difference was sufficiently distinguishable by F-MRI. The reaction with catalyt-
ic amount of zinc with Dpa-SoxLdiF was subsequently examined by **F-NMR, which revealed
that Dpa-SoxLdiF reacted completely and was quantitatively converted to 2,6-difluorophenol,
indicating that zinc amplified MR signal by catalyzing the release reaction of 2,6-difluorophe-
nol..

Discussion & Conclusion

The results which | have mentioned above indicate that Dpa-SoxLdiF is a promising **F-MRI
probe molecule for amplifying zinc signal in buffer solution. Glutathione, which exists in high con-
centration under intracellular environment, coordinates with zinc and competes with the zinc ligand
moiety of the probe. Therefore, it may inhibit the probe response to zinc. We then evaluated the
response of Dpa-SoxLdiF in the presence of glutathione (10 mM), which mimicked the intracel-
lular environment, and found that the response of Dpa-SoxLdiF to zinc was maintained, although
a slight inhibition was observed. Nevertheless, zinc catalyzed the probe reaction to enhance MR
signal even in the presence of high level glutathione. In conclusion, Dpa-SoxLdiF is useful as a
lead compound for **F-MRI probes that can detect intracellular zinc. Evaluating the sensitivity to
other divalent metals is currently underway to assess zinc selectivity.
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Cryo-electron microscopy studies for disease pathogenesis of
Xeroderma Pigmentosum
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Summary Abstract

Xeroderma pigmentosum (XP) is a genetic disease caused by the defect of nucleotide ex-
cision repair (NER). UV-DDB is a specific recognition protein for NER, and efficiently binds to
UV lesions in chromatin, in which DNA is tightly packed. However, it is unclear how UV-DDB
recognize DNA lesions in chromatin. Our result indicated by cryo-electron microscopy how
UV-DDB binds to DNA lesions in chromatin. This achievement may contribute to the develop-
ment of treatments for XP patients.

Key Words : DNA repair, NER, chromatin, cryo-EM, nucleosome

Introduction

Xeroderma Pigmentosum (XP) is a representative disease caused by the defect of nucleo-
tide excision repair (NER) [Ref. 1]. NER is one of the important pathway to eliminate DNA le-
sions generated by ultraviolet (UV) from genome. In NER, UV-damaged DNA binding protein
(UV-DDB) recognizes DNA lesions on genome, and then, recruits other NER factors to dam-
aged sites, which is important to proceed NER [Ref. 2]. On the other hand, DNA is wrapped
around histone proteins in cells, and forms high order structures, called chromatin. It is still
unclear how NER efficiently works in chromatin, which could be a barrier for UV-DDB to rec-
ognize lesions on DNA.

Results

To understand the detail of NER mechanism in chromatin, we tried to directly observe UV-
DDB bound to DNA lesion in chromatin by cryo-electron microscopy (cryo-EM). We focused
on in vitro reconstitution of UV-DDB bound to nucleosome, a minimum unit of chromatin,
containing UV lesion [Figure]. Nucleosomes consist of four types of histone protein (each two
molecules of H2A, H2B, H3, H4) and about 145 bp DNA. To reconstitute damaged nucleo-
somes in vitro, we purified all histones from E. coli. We chemically synthesized DNA lesion on
145 bp DNA. After mixing purified histones with damaged DNA, we reconstituted damaged
nucleosomes in vitro. We expressed UV-DDB complexes using baculo virus in insect cells,
and purified UV-DDB complex. To assess the binding activity of UV-DDB to damaged nucleo-
somes, we performed gelshift and fluorescent polarization (FP) assay. These results sug-
gested that UV-DDB has the capability to bind to DNA lesion even in nucleosomes. As a next,
to reveal how UV-DDB binds to DNA lesion in nucleosomes, we reconstituted UV-DDB-NCP
complex, and applied for cryo-EM analysis. By cryo-EM analysis, we successfully revealed
the structure of UV-DDB-NCP complex at high resolution. This structure indicated that UV-
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DDB directly binds to UV lesion in nucleosomes
and UV-DDB doesn’t affect the core structure of
NCP by its binding.

In addition to UV-DDB, we also investigated
the downstream factors, Xeroderma pigmento-
sum complementation group C (XPC) and group
A (XPA). We purified XPC and XPA in the same
method as we described above. Gelshift assay
with damaged nucleosomes and these factors
indicated that XPC and XPA potentially binds to
damaged nucleosomes.

Now we are working on revealing UV-DDB-
XPC-XPA assembled on damaged nucleosomes.
We hope further research could investigate how
XPC and XPA are recruited in damaged nucleo-
somes.

Recently, the structure of XPC, XPA and its
downstream factor, transcription factor 1IH (TFIIH),
bound to damaged DNA was solved by cryo-EM
[Ref. 3]. Following these structure, XPC binds to
the DNA lesion from the opposite direction of UV-
DDB. Our result raises the question that how XPC
recognizes DNA lesion after UV-DDB binding in
chromatin because the binding structure of XPC
seems to crash into the histone core in nucleo-
some. This is also interesting mechanism and fur-
ther studies are needed to figure them out.

Discussion & Conclusion

The Novartis Foundation(Japan)
for the Promotion of Science

Our result indicated how UV-DDB recognizes UV lesions in nucleosomes, and it may help
us to understand the basic mechanism of the damage detection in chromatin in NER. Our
cryo-EM structure of UV-DDB-NCP might be also important for screening seeds of potential
drugs affecting the DNA repair mechanism including NER. The defect of DNA repair pathway
is related to various diseases, and XP is one of them, which derived from the defect of NER.
Therefore, in the near future, our achievement of this research could contribute to develop the
treatments for XP patients. Not only these patients, our achievements also might propose the
developments of the methods of UV protection from sunlight, which risks are increasing be-

cause of the global warming and ozone layer depletion in the world.
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Summary Abstract

The linker of nucleoskeleton and cytoskeleton (LINC) complex, a nuclear membrane pro-
tein complex, plays an important role in the regulation of cytoskeletal network. In this study,
we show that the LINC complex is essential for the regulation of neural activity via axon initial
segment (AIS) which is required for the generation of action potential. Furthermore, we found
that the expression levels of the LINC complex components on the nuclear envelope were
markedly reduced with aging, leading to structural abnormality in the AIS of aged neurons.
These findings indicate that the LINC complex-mediated AIS regulation may be involved in
physiological brain aging.

Key Words : Brain aging, Neural activity, Axon initial segment, LINC complex

Introduction

As our country enters the era of super-aging, extending the healthy life span of the brain
has become an extremely important issue. Physiological brain aging is thought to be caused
by a gradual decline in the activity and plasticity of individual neurons, leading to a decrease
in neurological function (Burke and Barnes, Nat Rev Neurosci 2006). However, the mecha-
nism for physiological brain aging is still largely unknown, and effective strategies to prevent it
based on solid molecular mechanisms have yet to be established.

Results

In this study, we analyzed the mechanism of brain aging by focusing on the nucleus-medi-
ated regulation of neural activity. The LINC complex that penetrates the nuclear envelope is a
nuclear membrane complex composed of Sun proteins on the inner membrane and Nesprin
proteins on the outer membrane. By binding of Nesprin to the cytoskeleton, including micro-
tubules and actin fibers, the LINC complex functions as the center of the cytoskeletal network
and is involved in various cellular events such as cell polarity formation and migration (Horn,
Curr Top Dev Biol, 2014). AlS is located at the proximal site of axon in neurons and is a physi-
cal and physiological border between the somatodendritic and axonal domains. AIS contains
specific cytoskeletal structures and voltage-gated sodium and potassium channels, and plays
a pivotal role in regulating neuronal excitability via action potential generation (Leterrier, J
Neurosci 2018). Recent studies demonstrate that AIS alters its length, position and molecular
composition in response to changes in neural activity level, indicating that AIS is one of the
important factors subserving neuronal plasticity.
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To clarify the importance of the LINC complex in AIS regulation, we first inhibited LINC
complex function by forced expression of the dominant negative Nesprinl mutant (Nesprinl
DN) in mouse primary neurons. We found that the AIS length was significantly shortened
in Nesprinl DN-expressing neurons including cortical neurons, hippocampal neurons and
cerebellar Purkinje cells, compared to GFP-expressing control neurons. The expression of
Nesprin1 DN in cortical pyramidal neurons in vivo by in utero electroporation also significantly
shortened their AIS length. We next examined the structural plasticity of AIS

Figure 1. LINC complex-mediated AIS regulation and neuronal aging

Discussion & Conclusion

In this study, we show for the first time that the LINC complex-mediated AIS regulation is
important for the regulation of neuronal excitability. We also show that the disruption of this
system affects brain functions such as locomotion and emotion in mice. Furthermore, we
show that aging causes a reduction in the expression of the LINC complex and the structural
abnormality of AlS, which may lead to the decline of brain functions.

In the future, it will be necessary to elucidate the detailed molecular mechanisms of AIS
regulation via the LINC complex in order to fully understand the system of the nucleus-medi-
ated neural activity control. Furthermore, it is very important to verify whether preventing the
reduction of the LINC complex expression with aging can deter the decline in brain function in
old age. The success of these future studies is expected to lead to the implementation of in-
novative preventive medicine aimed at extending the healthy life span of the brain.

The Novartis Foundation(Japan)
for the Promotion of Science



The Novartis Foundation(Japan)
for the Promotion of Science

References.
Burke SN and Barnes CA. Neural plasticity in the ageing brain. Nat Rev Neurosci 7, 30-40,
(2006)
Horn HF. LINC complex proteins in development and disease. Curr Top Dev Biol 109, 287-
321, (2014)

Leterrier C. The Axon Initial Segment: An Updated Viewpoint. J Neurosci 38, 2135-2145,
(2018)

—HRD B

R OMKIE, FHRIERE O RIEBIZHELRTH, MMEIC > TR 2 ICZEDEEN R X
TWEET, L, FOIDICLTEDOABPEADEZLD0TE Do TELT, A3k
FEiELHVETA, SRIOMETIE, ZRETHLN TN TR OTEEIL ~ L%
HE T 2722 L B ER AL, SBICEICL > TE DMK NIRE T 52 & T RE D =R
IO REMEZ L ELZ, 471X, A RIFEALLE#EL 2 cb IERWICHERE T2 T
R IC KD RE DR T2 ML TEDNEIDNERIEL TWEET, 2L T, FFRMICIE, Zhbd
DH LE R EALD T BHEDOBFIZ D7 T Tk E BV E T,

The Novartis Foundation(Japan)
for the Promotion of Science

51



52

The Novartis Foundation(Japan)
for the Promotion of Science

Establishment of precision medicine for subsequent solid
tumors after hematopoietic cell transplantation based on
comprehensive genomic analyses
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Summary Abstract

Long-term survivors of hematopoietic cell transplantation represent significant risk of di-
agnosis of subsequent malignant neoplasms (SMNs). The genomic features of SMNs are
unknown. The genomic features of SMNs are unknown. Here, we used next-generation se-
quencing of SMNs, to detect distinct mutational signatures (BRCAness and MSI) compared
to primary malignant neoplasms without transplantation, raising a possibility that distinct mo-
lecular pathogenesis caused by a series of therapy of hematopoietic diseases such as che-
motherapy, radiation and graft versus host disease.

Key Words : Hematopoietic cell transplantation, Subsequent malignant neoplasms, Genom-
ic features, Graft versus host disease

Introduction

The population of long-term survivors of hematopoietic cell transplantation (HCT) is grow-
ing because of improvement of HCT-based therapy. Long-term survivors of HCT have an in-
creased risk of diagnosis of subsequent malignant neoplasms (SMNs). Although HCT therapy
is effective to cure primary hematopoietic cancer, it also produces harmful genetic damages
within normal cells. Several factors are thought to be contributed to the development of
SMNs, including irradiation, genotoxic agents, immunosuppressive therapy, and chronic graft-
versus-host disease (GHVD). The genomic features of SMNs are unknown.

Results

To perform comprehensive genomic analyses of SMN, we collected tumor samples from
86 individuals with a mean age of 59 years. In 20 individuals, chronological multi-sampling of
tumor from SMNs were collected. We also collected multi-regional sampling of tumor and ad-
jacent normal tissues from 12 SMN individuals.

High coverage whole exome sequencing (WES) was performed on these FFPE or frozen
samples with a mean coverage of 100-150x in tumor tissues and adjacent normal tissues;
and ~50x in both donor- and recipient-derived germline control samples. Both somatic syn-
onymous and nonsynonymous mutations were called using three publicly available mutation
callers. We developed effective pipelines to eliminate mutations were artificially caused by
FFPE, so called FFPE artefact.

We successfully detected reliable somatic mutations from 86 SMNs and 77 primary ma-
lignant neoplasms (PMNSs) without transplantation (non-SSC). No obvious differences of
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recurrent driver mutations were observed between PMNs and SMNs (eg: APC and TP53 in
colorectal cancer; TP53 in esophagus cancer; TP53 and CDKN2A in oral cancer. However,
tumor mutation burden (TMB) of SMNs is higher than PMNSs in oral and colorectal cancers.
Indeed, we detected genomic alterations of TMB-H-related genes and mutational signatures
in some TMB-H tumors. As TMB-H has been proposed as a potential biomarker for immu-
notherapy such as anti-PD1 Ab, raising a possibility that immunotherapy is more efficacious
than chemotherapy in SMNs of oral and colorectal cancers.

Chronological multi-sample sequencing revealed tumors with same individual are primarily
clonally heterogenous in 75% (15/20) of SMNs, suggesting these tumors developed indepen-
dently rather than relapsed from primary tumors (Figure 1).

Sequencing of non-tumor regions in individuals with SMNs show that marked genomic
alterations are observed compared to individuals with PMNs. Sequencing of multi-regional
sampling of semi-microdissected regions unveiled extremely heterogenous, multiple/wide-
spread expanded clones with pathogenic mutations such as TP53 are developed all over
the normal tissues (oral and esophagus) (Figure 2), suggesting extensive heterogeneity and
distinct mutagenesis across clones in normal epithelial tissues a potential explanation of dif-
ferent clinical and pathological features of SMNs caused by exposure of a series of mutagens
and/or GVHD during the therapy. In contrast, there is no obvious “field cancerization” were
observed in colorectal cancer of SMNs, explaining that lack of recurrent colorectal cancers
developed in SMNSs. Taken together, these insights into the biology of these distinct conditions
may enable future efforts to optimize the treatment and surveillance of individuals with more
of this diagnosis.
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Discussion & Conclusion

Our novel NGS-based study provides fresh insights into the pathogenesis of SMNs. We
have shown that: i) TMB of SMN is higher than that of PMN; ii) SMNs tumors developed in-
dependently rather than relapsed from primary tumors (Figures 1); and iii)) extensive hetero-
geneity and distinct mutagenesis across clones in normal epithelial tissues (Figure 2). Obvi-
ously, further investigations are required to establish the validity of this approach, our findings
urge requirement of genetically-guided therapy and/or relapse risk assessment for SMNSs.
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Introduction

Sulfoximines with a chiral center on the sulfur atom have attracted attention in recent years
as new substructures for pharmaceuticals and agrochemicals. Asymmetric synthesis methods
for such sulfoximines have been established to date."* On the other hand, asymmetric syn-
thesis of nitrogen analogues of sulfoximines, such as sulfonediimines and sulfonimidoamides,
is quite difficult, although they are expected to be new transition state analogs. In this study,
we established a simple asymmetric synthesis method for sulfinamidines which are the pre-
cursors of these compounds.

Results

First, we began our investigation on an O-selective alkylation of N-pivaloyl-protected sulfin-
amide la (Fig. 1). The reaction using methyl iodide as an alkylating agent and Cs,CO; as a
base in DMF at 50 °C gave a low yield of the desired product, sulfinimidate ester 2 (R = Me)
along with a substantial amount of S-alkylation product 3 and N-alkylation product 4. Use of
ethylating agent led to suppression of the N-alkylation while providing a significant amount of
the undesired S-alkylation product 3 (R = Et). The bulky tert-butyl group of the pivaloyl group
may shield the nitrogen atom and prevent the approach of the ethylating agent. Use of steri-
cally more hindered isopropyl iodide dramatically improved the oxygen-selectivity, giving 69%
yield of 2a (R = i-Pr). We then investigated the influence of base and solvent on the product
ratio in the reaction of 1a with isopropyl iodide at 70 °C. The choice of base also significantly
affected the reaction, and the less expensive K,CO, outperformed the other bases tested.
Among the solvents screened, DMPU (N,N'-dimethylpropyleneurea) afforded optimal yield.
With the optimized conditions in hand, we examined the substrate scope in the O-selective
alkylation of sulfinamides, and various aryl and alkyl sulfinamides were found to be applicable
to the present method. Chiral HPLC analysis confirmed that most of the sulfinimidate esters
were obtained without racemization.

Fig. 1 Cs,CO3 R )
O . o~ (@]
g + R (1.2 equiv) O\ /NPIV Piv
— SNID: . WO
p-tol™ ~NHPiv DMF (0.1 M)  p-tol™ SNPiv  p-tol™ R p-tol*" N
la i 3 4
(s)-L (2.0 equiv) 2
Piv = COt-Bu R =Me 18% 36% 47%
R =Et 38% 46% <5%
R =i-Pr 69% 12% not detected
R =i-Pr 86% AL not det
and DMPU instead of Cs an Sﬁ%
(Use of K2CO3 2CO3
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Next, we tested chiral sulfinamidine synthesis by the reaction of sulfinimidate ester 2a with
a magnesium amide (Fig. 2). The reaction of sulfinimidate ester 2a with magnesium amide
that was generated from pyrrolidine (1.5 equiv) and ethylmagnesium bromide (1.2 equiv) gave
sulfinamidine 5a in good yield without racemization. In this reaction, the reduction product 6
was not observed, while a substantial amount of 6 was formed as byproduct in the reaction
using excess amounts of ethylmagnesium bromide (2 equiv).

: i- idi EtMgBr i Piv
Fig. 2 O/I Pr pyrrolldnje g : N/PIV HN-
& (1.5 equiv) (1.2 equiv) ‘ g é
p-tol™ "SNPiv ~ p-tol”™>N p-tol~
2a 5a 6
91% not observed

We then investigated the substrate scope of magnesium amides in the sulfinamidine syn-
thesis. The reactions of sulfinimidate ester 2a with various magnesium amides were per-
formed under the optimized reaction conditions. In the case of the magnesium N,N-diethylam-
ide that was generated from ethylmagnesium bromine and diethylamine, the corresponding
sulfinamidine was obtained in good yield (86%) without racemization (99% ee). These results
suggested that both cyclic and acyclic aliphatic amides can be introduced stereospecifically.
On the other hand, when N-ethylaniline was used as an amide source, the reaction gave
the corresponding sulfinamidine in moderate yield (54%) with decreased optical purity (60%
ee). In this reaction, a less nucleophilic magnesium amide was generated from the aromatic
amine, which may decrease the reaction rate of the desired reaction and increase the unde-
sired racemization. Additionally, the reaction using a primary amine (e.g. cyclopropylmethyl-
amine) afforded the desired sulfinamidine in good yield (70%). However, the optical purity of
the obtained sulfinamidine was found to be drastically decreased (3% ee). We are currently
investigating the appropriate conditions to suppress optical purity degradation of sulfinami-
dines when using aromatic amines and primary amines. In addition, since the stereochemistry
of the obtained sulfinamidine is not clear, we are investigating a method for determining the
stereochemistry.

Discussion & Conclusion

In summary, we have developed an efficient method for the synthesis of chiral sulfinami-
dines from easily available chiral sulfinamides. The key step of this method is stereospecific
O-selective alkylation of chiral sulfinamides, which is accomplished by using the appropriate
base, solvent, and sterically hindered isopropyl iodide as the alkylating agent. Various chiral
sulfinamidines are obtained in high yield without racemization by the nucleophilic addition of
the magnesium amides derived from secondary amines to chiral sulfinimidate esters. Howev-
er, the reaction of magnesium amides derived from aromatic amines and primary amines was
found to give the racemized sulfinamidines, and it is necessary to find the optimum conditions
to suppress the racemization. The further transformation of the obtained chiral sulfinamidines
to other compounds containing an S=N bond is underway in our laboratory.
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Summary Abstract

Type 1 diabetes (T1D) is caused by insulin-producing pancreatic 3-cell destruction, usually
leading to absolute insulin deficiency. Genetic and environmental factors have been widely
reported as risk or protection factors for T1D. We have reported that Tyrosine kinase 2 (Tyk2)
is a susceptibility gene for virus-induced T1D in mice and humans. Tyk2, a member of Janus
kinase (Jak) family, is involved in cytokine signaling. Since the association between Tyk2 and
autoimmune T1D has not been reported, we examined the role of Tyk2 in autoimmune T1D
to understand the pathogenesis of T1D from various viewpoints. In this study, we found that
Tyk2 plays an important role in the development of autoimmune T1D.

Key Words : Type 1 diabetes, NOD mouse, Autoimmunity

Introduction

Type 1 diabetes (T1D) is caused by destruction of insulin producing pancreatic B-cells. The
pathogenesis of T1D is related to genetic and environmental factors. Viruses are one of the
important environmental factors in T1D (1). We have reported that Tyrosine kinase 2 (Tyk2) is
a susceptibility gene for virus-induced diabetes in mice and humans (2, 3). Tyk2, a member of
Janus kinase (Jak) family (Jakl, Jak2, Jak3, and Tyk2), is involved in cytokine signalings in-
cluding type 1 interferons (IFNs), interleukin (IL)-6, and IL-10. After binding of the cytokine(s)
to the cell surface receptor(s), Tyk2 gets activated, phosphorylate intracellular tail of the
receptor(s), and recruits Signal transducers and activators of transcriptions (Stats). Recruited
Stats become phosphorylated themselves, dimerize, and translocate to the nucleus to regu-
late gene expression by direct binding to DNA regulatory elements (4). The Tyk2 mediated
signaling plays a role in anti-microorganism responses; however, aberrant activation of the
signaling has been implicated in the pathogenesis of inflammatory diseases such as psoriasis
(5, 6). Since the association between Tyk2 and autoimmune T1D has not been reported, we
examined the role of Tyk2 in autoimmune T1D to understand the pathogenesis of T1D from
various viewpoints and develop the safety prevention measures for T1D.

The Novartis Foundation(Japan)
for the Promotion of Science



The Novartis Foundation(Japan)
for the Promotion of Science

Results

Tyk2 knockout NOD mice showed reduced
incidence of autoimmune T1D compared with
Tyk2 sufficient NOD mice (Figure 1, p<0.001).

The transfer experiments of naive NY8.3
CD8 T cells into NOD mice suggested that Tyk2
expression in antigen-presenting cells (APCs)
is important for the proliferation of CD8 T cells
in pancreatic lymph node. We found that MHC
class 1 expression in CD8-positive tissue-resi-
dent dendritic cells (CD8+ rDC) was reduced by
Tyk2 deficiency. To test the T cell priming capac-
ity of CD8+ rDC, sorted CD8+ rDC was cultured with naive NY8.3 CD8 T cells and IGRP pep-
tide. The proliferation of NY8.3 CD8 T cell was reduced when it cultured with Tyk2 KO CD8+
rDC compared with Tyk2 WT CD8+ rDC, indicating that Tyk2 KO CD8+ rDC has a reduced
ability to proliferate of islet autoreactive CD8 T cells.

RNA-sequencing analysis revealed that Tyk2 KO CD8 T cells in the pancreas showed de-
creased gene expression of interferon (IFN)- ¥ and granzyme.

These results suggest that Tyk2 is a potential target for the prevention of T1D onset. Four
weeks of Tyk2 inhibitor treatment starting at 6 weeks of age prevented the onset of diabetes;
this inhibition was not observed when treatment was started at 12 weeks of age.

Discussion & Conclusion

Our results indicate that Tyk2 plays an important role in the development of autoimmune
T1D. Reduced expression of Tyk2 in CD8+ rDC and CD8 T cells suppresses its function in
the acquired immune response. Although the risk of infection must be considered, Tyk2 inhibi-
tion is a potential methods to prevent the onset of autoimmune T1D.
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Synthesis of amino acid derivatives and its application for the
inhibitors against SARS-CoV2 protease
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Summary Abstract

Synthesis of amino acid derivatives using chiral Ni(ll) Schiff base are described. For the
first time, dynamic kinetic resolution of unprotected amino acids with active side chains was
attempted to afford chiral Ni(ll) Schiff base derivatives in good yield and diastereoselectivity.
After the conversion of free side chain, protected amino acids were isolated by removal of chi-
ral ligand.

Key Words : Chiral Ni(ll) Schiff base, dynamic kinetic resolution, tailor-made amino acids,
SARS-CoV2 protease inhibitor

Introduction

Tailor-made amino acids are important structural units in the development of modern phar-
maceuticals, biomaterials, and so on. Synthesis of tailor-made amino acids via Ni(ll) complex
intermediates is one of the effective preparation method. We have reported that synthesis of
unusual amino acids for the total synthesis of peptidyl natural products using chiral Ni(ll) gly-
cine Schiff base [1].

On the other hand, SARS-CoV2 protease is responsible for the processing of two virus
precursors polypeptides produced during virus replication. Therefore, SARS-CoV2 protease
is essential for life cycle and reasonable target protein for the drug discovery [2][3].

Results

In the present study, we attempted dynamic kinetic resolutions or (S)/(R) interconversions
of unprotected amino acids with active side chains. The amino acids derivatives we synthe-
sized are used for the creation of SARS-CoV2 protease inhibitors.

All dynamic kinetic resolutions of amino acids were conducted under the following condi-
tions as a synthetic protocol. The (R)-chiral ligands (0.1 mmol) with (rac or L)-amino acids (0.11
mmol) and Ni(OAc),.4H,0 (0.11 mmol) in the presence of K,CO; (0.6 mmol) in MeOH (1.6
mL) were treated at 50 °C in N, atmosphere. Each reaction was monitored by TLC, NMR and/
or HPLC. After the completion of the reactions, the mixtures were quenched by 10% AcOH (3.2
mL) and concentration in vacuo. Crude compounds were protected with active side chains
and purified by column chromatography over silica gel (CHCI,-MeOH) to afford the Ni(ll) com-
plexs (R,R)-form. Each diastereomeric excess of the Ni(ll) complexs was determined by 'H-
NMR analysis. Using above a synthetic protocol, dynamic kinetic resolution of various (rac or
L)-amino acids with active functional groups on the side chains was performed using (R)-chiral
ligand and Ni(OAc),. Resultantly, dynamic kinetic resolutions of amino acids with active side
chains (GIn, Orn, Lys, Glu, Tyr) without protecting groups even for linear (Nle, Met), branched
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chain (Val, lle, Leu) proceeded to give (R,R)-forms in 68-99% vyields and high diastereoselec-
tivity (>93%de). Surprisingly, Orn and Lys with two free amino groups and Glu with two free
carboxylic acids constructed with chiral ligand to afford selectively the Ni(ll) complexs (R,R)-
forms in excellent yield. However, the dynamic kinetic resolution of Asp and Cys did not work
and those of Asn showed low stereoselectivity (~10%de). The use of Ser and Thr gave un-
desired diastereoisomer (R,S)-forms in high yield compared with the desired isomers (R,R)-
forms. On the other hand, homoCys, homoSer, Asp(OtBu), His(Trt), Ser(tBu), and Thr(tBu)
were successful to obtain the corresponding products in good yields. It is noted that amino
acids with hetero atoms on p-carbon were unsuccessful. It guess that the formation of amino
acids and Ni(ll) directly proceeded and functionalities of side chains of amino acids react to
Ni(Il) complex (R,R)-forms. Cheap (rac or L)-amino acids are converted easily to expensive
(D)-amino acids by the methodology. Additionally, cheap (rac)-amino acids can be converted
to (L)-amino acids. Moreover, the synthesized Ni(ll) complex Lys type (R,R)-form was at-
tempted to modify the side chain by Cbz, Ac, Boc, Fmoc, Alloc, phthalimide, and urea deriva-
tives in satisfactory chemical yields. The homoSer derivative was converted to TBS and Ac
forms in good yields. By these reactions, the side chains were protected and the correspond-
ing compounds can be used as protected amino acids for the peptide synthesis. The synthe-
sized Ni(ll) complexs could be disassembled with HCI to give amino acids and chiral ligand in
moderate yields [4][5][6].

Next, we attempted the preparation of o,a-disubstituted amino acids using the method-
ology. As use of Ni(ll) complex Phe type (R,R)-form, a-substituted reaction was smoothly
proceeded to give Ni(ll) complex Phe type (R,R)-form with methyl group in the o position in
moderate yield. However, benzyl group was not introduced in the o position to give dibenzyl
derivatives. DOPA and its derivatives did not react with chiral ligand with Ni(OAc),.4H,O. To
produce SARS-CoV2 3CL protease inhibitors from the docking simulation, preparation of sev-
eral amino acid derivatives was also hard work.

Discussion & Conclusion

By the use of Ni(ll) chiral Schiff base, dynamic kinetic resolution and (S)/(R) interconver-
sions of amino acids and alkylation with Gly Schiff base can be performed to give tailor made
amino acids. In this study, we found the reaction using unprotected amino acids with active
side chains proceeds to afford desired Ni(ll) complexs. These results mean that this chemis-
try has great potential for the amino acids synthesis and creates new chemical space for the
drug discovery and material science. There are several tasks to be solved, molecular design,
optimized conditions. For the production of new SARS-CoV2 3CL protease inhibitors, we will
attempt new amino acids synthesis and evaluate the inhibitory activities.
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protease NRDC as a new therapeutic target for
cardiovascular disease
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Summary Abstract

Nardilysin, a multifunctional protease abbreviated as NRDC, is a potential therapeutic tar-
get for cardiovascular diseases. We analyzed mutant NRDC mice lacking enzyme activity to
clarify the pathophysiological significance of enzyme activity.

Key Words : metalloprotease, enzymatic activity

Introduction

We reported that nardilysin (NRDC), an M16 family metalloprotease, is a multifunctional
protein dependent on the cellular localization. NRDC acts as an enhancer of ectodomain
shedding making a complex with ADAM17 and enhances ectodomain shedding of membrane
anchored proteins on the cell surface (ref.1-4), and acts as a transcriptional co-regulator mak-
ing complexes with other transcriptional factors such as PGC1aq, Islt1, p53, and HDACs in the
nucleus (ref. 5-9, 14-15). Systemic NRDC knockout mice (Nrdc-/-) show the cardiovascular
phenotypes such as bradycardia and hypotension despite increased sympathetic nerve activ-
ity (ref. 10). These findings suggest that NRDC may be a key player of the regulation of vas-
cular tone. We also reported that serum NRDC concentration was elevated in ACS patients
compared with healthy volunteer and that NRDC is a novel biomarker for the early detec-
tion of ACS (ref.11-13). However, the pathophysiological significance of enzymatic activity of
NRDC in cardiovascular disease is still unclear. In this study, we generated Nrdc E>A knock-
in mice (Nrdc E>A KI/KI) lacking enzymatic activity of NRDC by changing the glutamic acid in
the center of enzyme activity to alanine and analyzed.

Results

This research explored the following major themes.

1) Cardiac phenotypic analysis of adult Nrdc E>A KI/KI.
To clarify the effect of enzymatic activity of NRDC regulating heart rate, Nrdc E>A KI/KI
were analyzed using an electrocardiographic telemetry system. The average heart rate
after the stimulation of atropine and metoprolol to remove the autonomic nerve effect was
significantly lower in Nrdc E>A KI/KI compared with control mice littermates indicating
that heart rate is regulated by NRDC enzymatic activity.
Furthermore, we confirmed decreased mRNA expression of ion channels essential for
sinus node automaticity formation in Nrdc E>A KI/KI hearts using RT-PCR. In addition,
we performed RNA-seq using Nrdc E>A KI/KI hearts and found that several novel mMRNA
expressions essential for the cardiac conduction system were altered compared to
control mice.
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Significance of NRDC in a model of cardiac disease (takotsubo cardiomyopathy model)
We have previously shown that serum NRDC levels were significantly elevated in human
acute coronary syndrome (ACS) and takotsubo cardiomyopathy (TSS) compared to
healthy controls and patients with stable angina pectoris (ref. 8 and unpublished). We
generated a model of takotsubo cardiomyopathy (isoproterenol overdose injection) in
wild-type and cardiovascular-specific Nrdc-deficient mice (Sm22a-Nrdc-KO) as well as
in Nrdc E>A KI/KI, which is a model of stress-induced cardiomyopathy believed to be
caused by overexcitation of the sympathetic nervous system. We focused on how the
enzymatic activity of NRDC is involved in catecholamine-induced myocardial damage,
focusing on changes in downstream signaling of B-receptors and reactive oxygen
species.

Screening of compounds which reduce the enzymatic activity of NRDC

MEF cells derived from wild-type, Nrdc E>A KI/KI, and Nrdc-KO mice were treated with
small molecule compounds from a library that have been previously shown to inhibit
the enzymatic activity of NRDC, and we examined how the expression of the target
molecules is altered in these cells.

Discussion & Conclusion

Cardiac phenotyping of mutant NRDC knock-in mice lacking enzyme activity revealed that

these mice, like Nrdc-KO mice, exhibit bradycardia and reduced expression of ion channels
responsible for sinus node automaticity. Previously, we reported that NRDC forms complexes
with other transcription factors, suggesting that the enzymatic activity of NRDC may regulate
ion channel expression in coordination with other transcription factors. However, the detailed
mechanism by which transcription factors NRDC forms complexes in the heart and how
NRDC modulates these transcription factors enzymatically remain to be elucidated and re-
quire further investigation.
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Elucidating the mechanism of skin stem cell aging
by targeting anti-aging matrix Fibulin-7
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Summary Abstract

Tissue stem cells divide infrequently as a protective mechanism against internal and ex-
ternal stresses associated with aging. Here, we demonstrated that mice lacking fibulin-7, an
extracellular matrix (ECM), show early impairments resembling epidermal stem cell aging,
such as the loss of fast-cycling clones, delayed wound healing, and increased expression of
inflammation- and differentiation-related genes. Fibulin-7 interacts with ECM proteins, and the
overexpression of fibulin-7 in primary keratinocytes results in slower proliferation. Our results
suggest that fibulin-7 maintains epidermal stem cell heterogeneity, thereby protecting skin
from the detrimental effects of aging and maintaining long-term tissue resilience.

Key Words : skin aging, epidermal stem cells, extracellular matrix, microenvironment, Fibu-
lin-7

Introduction

The extracellular matrix (ECM) provides an essential microenvironment for the tissue stem
cells, and its alterations can induce aging-associated skin dysfunction during aging. Among
the genes upregulated in epidermal stem cells in aged skin with the unknown function was
fibulin-7, a secreted glycoprotein belonging to the short fibulin family of ECM proteins®. Fibu-
lin-7 regulates cell differentiation and migration through interaction with other ECM proteins,
heparin, and cell surface receptors such as B1 integrins to mediate binding to odontoblasts,
monocytes, and endothelial cells***. However, the role of fibulin-7 in the skin remains largely
unknown.

Results

1. Loss of fibulin-7 leads to age-dependent depletion of fast-cycling stem cell clones

and increased inflammatory response

The fibulin-7 protein was localized to the basement membrane, and the expression was
significantly lower in the aged skin. Mice lacking fibulin-7 showed an aging skin-like pheno-
type, with an accelerated decrease in the number of fast-cycling epidermal stem cell clones
and a delay in wound healing. To understand how fibulin-7 maintains epidermal stem cells
at the molecular level, we performed RNA sequencing using epidermal stem cells isolated
from the skin of fibulin-7-deficient mice. The results showed that the expression of a group
of inflammation-related genes, including antigen presentation and cytokine production, was
elevated in fibulin-7-deficient mice. In a previous report, abnormal expression of a group of
genes that define the properties of epidermal stem cells was reported as part of the inflam-
matory response of the skin. Analysis of these marker genes revealed that the characteristic
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molecular changes seen in aged mice, such as enhanced epidermal differentiation markers,
were already present in fibulin-7-deficient mice at the age of 1 year. This suggests that the
aging phenotype of epidermal stem cells may be accelerated in fibulin-7 deficient mice.

2. Fibulin-7 binds to extracellular matrix proteins and regulates the microenvironment

of epidermal stem cells

To address the biochemical function of Fibulin-7, proteins that bind to fibulin-7 were identi-
fied by affinity chromatography and mass spectrometry, and included basement membrane
structural proteins, growth regulators, matricellular proteins, and matrix proteases. Fibulin-7
interacted with basement membrane structural proteins such as Collagen 1V, and fibulin-7-de-
ficient mice showed irregular basement membrane thickening patterns and abnormal expres-
sion. This aligns with a previous report describing the upregulation of col IV in thickened BM,
which led to niche stiffness in aged skin®. Moreover, collagen XVII proteolysis promotes skin
aging®, and we confirmed that collagen XVII staining was significantly decreased in the aged
WT mice as well as in the 1-y-old fibulin-7 KO mice. These results indicate that fibulin-7 main-
tains the microenvironment of epidermal stem cells through physical interaction with extracel-
lular matrix proteins.

3. Fibulin-7 regulates the undifferentiated state and proliferative response to growth
factors in epidermal stem cells

Finally, we investigated the possibility that overexpression of fibulin-7 could exert a protec-
tive effect on epidermal stem cells using cultured epidermal stem cells. Epidermal stem cells
overexpressing fibulin-7 are maintained in an undifferentiated and slow-cycling state. The
regulation of proliferation and differentiation was shown to be dependent on different domains
of the fibulin-7 protein.

Fibulin-7 overexpression was able to inhibit differentiation markers not only in the basal
state but also during calcium induction in the presence or absence of col IV coating, albeit a
more significant suppression was observed with col IV coating. Binding with col IV may en-
hance fibulin 7 function through their protein—protein interactions.

To mimic the microenvironment of aging skin, we examined the effects of low serum or
inflammation-like stress conditions and found that fibulin-7 maintains low proliferation of epi-
dermal stem cells under both conditions. These results suggest that fibulin-7 may act as an
"anti-aging matrix" that maintains epidermal stem cell capacity over the long-term.

Discussion & Conclusion

Young skin is supported by heterogeneous stem cell populations having the high capacity
for injury recovery and resilience to stress. We demonstrated that the deletion of fibulin-7
accelerated the age-dependent loss of fast-cycling stem cell clones, accompanied by
defective skin regeneration after tissue damage’. Fibulin-7 maintains epidermal stem cells in
part by regulating inflammatory stress responses and the fate balance of stem cells through
direct binding to ECM proteins. Our results suggest that regulation of the extracellular
environment by fibulin-7 maintains heterogeneous epidermal stem cell populations over the
long-term, which may be an essential mechanism in controlling skin aging.
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The slower cycling rate induced by fibulin-7 overexpression was only partially enhanced
by IL-6, a positive regulator of keratinocyte proliferation®. This indicates that fibulin-7 may
dampen keratinocyte response to excess inflammatory cytokine signaling. Fibulin-7 could
represent a potential molecule for protecting epidermal stem cells against the detrimental
effects of aging-associated inflammation, lineage misspecifications, and a premature
differentiation-like state. Taken together, fibulin-7 could be a valuable candidate for the
intervention of chronic wounds observed more frequently in older patients.
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Studies of genetic basis of early onset cardiac
conduction system disease and disease mechanism-based
personalized medicine
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Summary Abstract

High-throughput sequencing targeting 180 arrhythmia and cardiomyopathy-related genes
with functional studies identified 21 pathogenic or likely pathogenic variants in 20 of 51 early-
onset (<65 years) cardiac conduction system disease (CCSD) probands (39%), who showed
an AV block and/or a sick sinus syndrome (SSS) with pacemaker implantation (PMI) or a
family history of PMI. Functional analyses of a cellular electrophysiological study and in vivo
zebrafish cardiac assay might be useful for determining the pathogenicity of rare variants in
patients with CCSD. LMNA and SCN10A may be the major development factors in CCSD.
Key Words : Cardiac conduction system disease, 2015 ACMG standards and guidelines,
CRISPR/Cas9-mediated gene knock-out in zebrafish, Cellular electrophysiological study

Introduction

The genetic cause of cardiac conduction system disease (CCSD) has not been fully eluci-
dated. One of the main challenges facing genetic testing is that interpretation of the testing
is complicated by the high prevalence variants of uncertain significance (VUS), which cannot
be applied in clinical practice. We aimed to identify pathogenic or likely pathogenic variants
in CCSD patients by using the targeted next-generation sequencing of candidate genes and
2015 American College of Medical Genetics and Genomics (ACMG) standards and guide-
lines as well as evaluating the usefulness of functional studies for determining them.

Results

We performed the targeted next-generation sequencing of 180 candidate genes linked to
arrhythmogenic diseases or cardiomyopathies of 51 probands diagnosed with early-onset
(<65 years) CCSD, who showed an AV block and/or a sick sinus syndrome (SSS) with
pacemaker implantation (PMI) or a family history of PMI.

The mean age of the study participants was 45+19 years at

the diagnosis of CCSD. Of 51 subjects, 27 (53%) were women, 28 (55%) had SSS, 30
(59%) had AV block, and 39 (76%) underwent PMI. Seventeen (33%) had a first-degree fam-
ily history of PMI. Echocardiographic data revealed a normal mean ejection fraction. Atrial
fibrillation (AF) and muscular disease were complicated in 17 (33%) and 2 (4%) subjects, re-
spectively.

Gene analysis showed that 15 variants with pathogenic or likely pathogenic were identi-
fied in LMNA (n=5), EMD (n=2), MYH7 (n=2), SCN5A (n=1), SCN10A (n=1), KCNA5 (n=1),
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TNNT2 (n=1), OBSCN (n=1) and LAMP2 (n=1) in 15 probands (29%). In addition to these 15
variants, 25 variants with VUS were identified in 21 genes in 15 probands (29%).

To evaluate the functional changes brought about by these variants, we generated a knock-
out zebrafish with CRISPR-mediated insertions or deletions of the EMD or LMNA homologs
in zebrafish. At 48 hpf after the microinjection of sgRNA and Cas9 protein, the mean heart
rate and conduction velocities in the CRISPR/Cas9-injected embryos were significantly de-
creased. We also evaluated F2 zebrafish embryos. The mean heart rate and conduction
velocities of Imna®'* embryos were significantly decreased. We next conducted functional
study of one MYH®6 variant using zebrafish. We performed targeted myh6 knockdown with
ATG-blocking morpholino antisense oligonucleotide (ATG-MO). Myh6 morphants showed
a significantly slower HR and conduction velocities of ventricle compared with non-injected
embryos. Co-injection of MYH6 WT cRNA partially rescued the reduced mean conduction
velocities, while co-injection of MYHG6 variant cRNA did not.

We also conducted cellular electrophysiological study to evaluate 2 variants in KCNH2
and SCN5A, 3 variants in SCN10A. Electrophysiological study demonstrated that 4 variants
in KCNH2, SCN5A, SCN10A showed loss-of-function effect, and one variant in SCN10A
showed gain-of-function effect.

Six variants in MYH6, KCNH2, SCN5A and SCN10A changed their clinical significance
from ‘uncertain significance’ to ‘likely pathogenic’ when added the functional study results.

Discussion & Conclusion

High-throughput sequencing targeting 180 arrhythmia and cardiomyopathy-related genes
with functional studies identified 21 pathogenic or likely pathogenic variants in 20 of 51 CCSD
probands (39%). Functional analyses of a cellular electrophysiological study and in vivo ze-
brafish cardiac assay might be useful for determining the pathogenicity of rare variants in pa-
tients with CCSD. LMNA and SCN10A may be the major development factors in CCSD.
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Summary Abstract

Cell-to-cell propagation of tau pathology is thought to cause spread of neuronal degenera-
tion in Alzheimer’s disease. Extracellular release of tau proteins is a key step for this propaga-
tion. However, the mechanism underlying extracellular release of tau is not fully understood.
In this study, we found that treatment with autophagy inducer rapamycin facilitated physiologi-
cal release of tau in mouse primary cortical neurons. Additionally, treatment with lysosomal
inhibitor cocktail facilitated release of tau. These findings suggest that tau was physiologically
released via an autophagy-based mechanism, and this release is facilitated during inhibition
of lysosome function as a compensatory phenomenon.

Key Words : Alzheimer’s disease, tau, secretion, autophagy

Introduction

Cell-to-cell propagation of tau pathology is thought to cause spread of neuronal degenera-
tion in Alzheimer’s disease. Extracellular release of tau proteins is a key step for this propaga-
tion. However, the mechanism underlying extracellular release of tau is not fully understood.
To elucidate the pathway that regulates release of tau, we tested whether tau was physiologi-
cally released via an autophagy-based mechanism in mouse primary cortical neurons.

Results

In this study, to obtain cell lysates, mouse primary cortical neurons were suspended in ice
cold lysis buffer, sonicated at 30W for 3 sec 5 times, and kept on ice for 30 min. Samples
were centrifugated at 12,000xg for 30 min at 4°C. The resultant supernatants were collected
as cell lysates and stored at —80°C until use. Protein concentration was measured by BCA
Protein Assay Kit. To assess extracellular tau, collected conditioned media (CM) were cen-
trifuged at 6,000%g for 5 min at 4°C to remove cells and cell debris, and then 1/4 volume of
100% trichloroacetic acid was added to CM. CM were kept on ice for 30 min and centrifuged
at 20,000xg for 30 min at 4°C. The resultant pellets were washed 3 times with 1 ml of cold
acetone, air dried, and dissolved in 100 pl of Laemmli’s sample buffer containing 2.5% 2-mer-
captoethanol with brief sonication. For assessment of intracellular levels and extracellular
release of target proteins, we performed SDS-PAGE and western blotting. For quantitative
analysis, the signals of b-actin were used as a loading control. To obtain detergent-insoluble
tau, neurons were sonicated on ice in buffer containing 1% Triton X-100 and centrifuged at
100,000 x g for 30 min at 4°C. The supernatant was collected as 1% Triton X-100 soluble
fraction. After washing pellets with buffer, resultant pellets were dissolved in the equal aliquot
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of the solution containing 8 M urea and 2% SDS and centrifuged at 100,000 x g for 30 min.
The supernatant was collected as 1% Triton X-100 insoluble fraction.

To explore a mechanism underlying extracellular release of tau, we investigated the effects
of autophagy on release of tau in mouse primary cortical neurons. Treatment with autophagy
inducer rapamycin facilitated release of tau and decreased intracellular levels of soluble tau.
Treatment with rapamycin increased intracellular generation of LC3-Il with reducing intracellu-
lar levels of p62, indicating that rapamycin stimulated autophagy flux under the present condi-
tion. Also, treatment with rapamycin did not increase LDH release, showing that the elevation
of tau release was not caused by drug-induced cell death. These findings suggested that tau
was physiologically released via an autophagy-based mechanism.

Then, we investigated whether degradative function of autophagy affected release of tau.
To address this issue, we treated primary neurons with cocktail of protease inhibitors, E-64
and leupeptin, which inhibit lysosomal degradation. Degradative function of autophagy is
exerted by fusion of lysosomes with autophagic vacuoles. Treatment with these inhibitors
facilitated extracellular release of tau without altering LDH release, whereas it increased in-
tracellular levels of soluble and detergent-insoluble tau. Protease inhibitor cocktail increased
intracellular levels of LC3-Il and p62, showing that it blocked autophagy flux. These findings
suggested that autophagic release of tau was facilitated in a fashion compensatory to dys-
function of autophagic degradation.

To see the relationship between extracellular release and degradation in autophagy, we in-
vestigated the effects of rapamycin on tau metabolism under inhibition of lysosomal degrada-
tion. When we co-treated primary neurons with rapamycin and cocktail of proteasome inhibi-
tors E-64 and leupeptin, extracellular release of tau was increased more significantly than that
in treatment with either rapamycin or cocktail of proteasome inhibitors. However, proteasome
inhibitor-induced accumulation of soluble and insoluble tau was not reduced by addition of ra-
pamycin. Increased levels of LC3-Il and p62 were also sustained. These findings suggested
that rapamycin further facilitated extracellular release of tau under inhibition of autophagic
degradation, but this effect did not lead to reduction in intracellular accumulation of soluble
and insoluble tau.
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Discussion & Conclusion

Autophagy plays a pivotal role in maintenance of proteostasis by remove unnecessary or-
ganelles and misfolded proteins under basal and stress conditions. In addition to this degra-
dative function, accumulating lines of evidence have indicated the role of extracellular release
of “leaderless proteins”, which lack an endoplasmic reticulum-translating sequence. We found
that treatment with autophagy inducer rapamycin facilitated physiological release of tau in
mouse primary cortical neurons. This finding suggests that tau was physiologically released
via an autophagy-based mechanism as one of leaderless proteins. Additionally, treatment
with lysosome inhibitor cocktail facilitated release of tau. Co-treatment with rapamycin and
lysosome inhibitor cocktail further increased extracellular release of tau, whereas rapamycin
failed to reduce lysosome inhibitor-induced accumulation of soluble and insoluble tau. These
findings suggest that autophagic release of tau is facilitated during inhibition of autophagic
degradation as a compensatory phenomenon, but this effect was insufficient to normalize
intracellular accumulation of soluble and insoluble tau. Proteostasis of tau protein may be
maintained by cooperation of degradative and releasing functions of autophagy. Dysregula-
tion of autophagic functions may lead to cause the formation of tau aggregates and cell-to-cell
propagation of tau pathology in Alzheimer’s disease.
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Summary Abstract

Knock-in mice whose exon 2 was replaced with human exon 2 with Alzheimer’s disease
risk allele R47H (hE2R47H), were generated and its mRNA levels were determined to be at
similar levels as knock-in mice with wild-type human exon 2 (hE2WT) or wild-type mouse,
suggesting the successful generation without unwanted splicing as described before. The
Trem2"2"T"E2YT and Trem2"R4ME2R™ homo knock-in mice were crossed with App™™™F Al-
zheimer’s disease model mice and are being aged and analyzed. In phagocytosis assay us-
ing primary macrophages, the phagocytic activities were not different between wild-type and
Trem2 knock-out mice. However, phagocytic activities of wild-type macrophages stimulated
by lipopolysaccharide (LPS) were higher than those of Trem2 knock-out. Finally, phagocytic
activities of Trem2"™"""*"T and Trem2"=*"""&2R4™ homo knock-in mice were compared but
no difference was observed even when stimulated by LPS.

Key Words : Alzheimer’s disease, microglia, TREM2

Introduction

Genetic studies identified triggering receptor expressed on myeloid cells 2 (TREM2) as an
Alzheimer’s disease (AD)-associated risk factor and so far researchers have tried to estab-
lish knocked-in mouse models with TREMZ2 risk allele (R47H). However, the knock-in mice
showed unwanted splicing and did not express Trem2 mRNA or proteins. Our research group
have succeeded in generation of the Trem2 knock-in mice model by exchanging mouse
exon2 with human exon2 including R47H mutation. In this study we characterize the expres-
sion of Trem2 mRNA in the mouse brain and investigated the function of Trem2 R47H allele
hE2R47H compared with Trem2 wild type hE2WT.

Results

Trem2 mRNA levels of the generated homozygous knock-in mice whose exon2 were re-
placed with human exon2 wild-type (hE2WT) or human exon2 R47H risk allele (hE2R47H)
were quantified by gPCR in adult mouse cerebral cortex. | have found that Trem2 mRNA
levels of both knocked-in mice were expressed at similar levels as wild-type mice, suggesting
the successful generation of the knock-in mice without unwanted splicing.

The Trem2" V" E2YT and Trem2"S2RYMME2RM homo knock-in mice were crossed with Ap-
pMNFNF Alzheimer’s disease model mice and about thirty mice of Trem2"s2WT"E2VT AppNtFNE
and Trem2"=2RHMERTHA N ONFINE male or female were obtained. Amyloid accumulation was
investigated in cerebral cortex and hippocampus of App™"™-" mice and | have found that few
amyloid plaques were observed in 12 months old mice. Therefore chronology of amyloid ac-
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cumulation study was determined as 12, 18, 24 months. Currently Trem2"="/""=2"T/App"-FN-F

and Trem2"=2R7HNERATH AQGNEINEE mice are being aged, and their brains are removed and ana-
lyzed at these time points.

Phagocytosis assay, which measures the microglial important function for onset and pro-
gression of Alzheimer’s disease, was established. In brief, pHrodo-labelled E.coli, which is
non-fluorescent outside the cell at neutral pH but fluorescent in intracellular acidic pH envi-
ronments, were incubated with primary microglia prepared from wild-type mice. However,
because microglial cell numbers obtained from these mice were not enough, primary bone
marrow-derived macrophages (BMDM) which are naive immune cells as microglia and have
overlapped functions, were used. First, to
demonstrate that Trem2 is involved in the
phagocytosis, phagocytic activities of wild-
type and Trem2 knock-out (KO) BMDM
were compared. Unexpectedly, phagocytic
activities were not different between those
BMDM. However, phagocytic activities of
wild-type BMDM stimulated by lipopoly-
saccharide (LPS) were higher than those
of Trem2 knock-out BMDM (Figure). Fi-
nally, phagocytic activities of hE2WT and
hE2R47H BMDM homo knock-in mice
(TremzhEZWT/hEZWT and Trem2hE2R47H/hE2R47H)
were compared but no difference was ob-
served.

Discussion & Conclusion

So far Trem2 R47H knock-in mice displayed unexpected splicing and lost Trem2 expres-
sion. In this study the Trem2 hE2R47H knock-in mice generated by our group expressed
Trem2 at similar levels as that in Trem2 hE2WT control mice and wild-type mice. These new
mouse models should help understanding how TREM2 increases the incidence of Alzheim-
er’s disease. At the moment aged model mice are under investigation how Trem2 affects
amyloid accumulation, microglial activation, and tau phosphorylation.

We established phagocytosis assay which are related to Trem2 function because wild-type
macrophages stimulated by LPS enhanced phagocytic activity much more than Trem2 knock-
out macrophages. In this system, however, Trem2"***"" homozygous macrophages showed
similar phagocytic activity as Trem2"™*"" homozygous macrophages even when stimulated by
LPS. This suggests that Trem2 activates phagocytic activity induced by LPS but this function
may not be related to pathology of Alzheimer’s disease. That may suggest that functional defi-
cits of Trem2"**"" should be analyzed in vivo. We are currently investigating the pathological
aspects in aged mice.
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Summary Abstract

The type 2 cytokines IL-4, IL-13 and IL-31 act as itch mediators associated with allergic
dermatitis directly through their receptors expressed on pruritic neurons in dorsal root ganglia.
IL-27 is an immunoregulatory cytokine that signals via its heterodimeric receptor composed of
WSX-1 and gp130. Although IL-27 is known to suppress Th2 and ILC2 responses, the effect
of IL-27 on the neural system is unknown. Here we show that IL-27 acts directly on pruritic
sensory neurons and suppresses itch.

Key Words : itch, cytokine, IL-27

Introduction

Physiological itch is essential for host defense as scratching behavior leads to the removal
of potentially harmful organisms from the skin. However, in chronic diseases such as atopic
dermatitis, itch is associated with unpleasant effects. Recent reports have shown that the type
2 cytokines IL-4, IL-13 and IL-31 control itch in allergic dermatitis by directly activating and/or
sensitizing pruriceptors in the dorsal root ganglion (Ref.1). IL-27 is an immunoregulatory cyto-
kine that signals via its heterodimeric receptor composed of WSX-1 and gp130. Although IL-
27 suppresses Th2 and ILC2 responses, the role of IL-27 in the neural system is unknown.

Results

To investigate whether IL-27 is involved in itch sensation, we intradermally injected several
pruritogens into WSX-1-deficient (WSX-1-/-) and wild-type control mice and monitored itch
behavior. We found that WSX-1-/- mice showed significantly enhanced scratching behavior
to several pruritogens, suggesting that IL-27 controls itch sensation in the physiological state.
Conversely, we found that intradermal administration of recombinant IL-27 could suppress
pruritogen-induced scratching behavior in wild-type mice. Since IL-27 receptor engages
Jak1/2-STAT1/3 pathway as a downstream signaling, we next investigated a contribution of
JAKs in the suppressive effect of IL-27 on itch by using a JAK(1/2) inhibitor, ruxolitinib. Al-
though administration of recombinant IL-27 suppressed histamine-induced scratching behav-
ior, treatment with the JAK inhibitor partially but significantly reduced the suppressive effect
of rlL-27, suggesting that the effect of IL-27 on itch sensation is dependent on JAK activation.
Next, to investigate whether IL-27 acts directly or indirectly on pruriceptive neurons, we gen-
erated conditional knockout mice, Nav1.8-Cre/WSX-1flox/flox, which lack WSX-1 expression
specifically in nociceptive neurons including pruriceptors. We found that the suppressive ef-
fect of IL-27 on itch sensation was abolished in Nav1.8-Cre/WSX-1flox/flox mice, suggesting
that IL-27 acts directly on sensory neurons to suppress itch sensation. To identify a possible
source of IL-27 in normal skin, we used immunohistochemistry of skin from p28-Venus report-
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er mice, which express the fluorescent protein Venus in synchrony with the expression of p28,
a component of IL-27. We found that IL-27 was produced mainly by CD11c+ dermal dendritic
cells (DCs). Flow cytometric analysis of skin DC subsets revealed that CD207-CD11b+ der-
mal DCs most abundantly produced IL-27.

Discussion & Conclusion

Our data suggest that dermal DCs constitutively produce IL-27 in the skin under steady-
state conditions and suppress excessive itch sensation by directly acting on the pruricep-
tive DRG neuron. The significance of IL-27 regulation of itch in pathogenic conditions such
as allergic dermatitis is still unknown and requires further investigation. This study provides
important new insights into the regulation of peripheral sensation by immune and nervous in-
teractions. Further studies would open up the IL-27-Jak pathway as a potential target for the
treatment of pruritus.
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Summary Abstract

In eukaryotic cells, transcription from genomic regions that do not contain protein-coding
information has been found, and such transcripts are called non-coding RNAs. Among them,
long non-coding RNAs that are expressed at promoters and involved in the regulation of
gene expression are called promoter non-coding RNAs, but such RNA’s functions remain un-
known. The non-promoter-coding "mlonRNA" originally discovered by the applicant, which is
expressed on the fission yeast fbpl promoter, is expressed during glucose starvation stress
and contributes to transcriptional activation by promoting the binding of transcription factors
by opening the chromatin structure of the passed region of transcription polymerase. In this
study, we elucidate whether the pioneer polymerase transcribing mlonRNAs and opening
chromatin, is involved in DNA associated reaction other than transcription such as recombina-
tion in fission yeast genome.

Key Words : Chromatin, non-coding RNA, transcription, fbpl, fission yeast

Introduction

Many forms of life, including humans, engage in sexual reproduction, which involves the
exchange of the genome between two individuals, a male and a female. This process pro-
duces offspring with a divergent genotype that differs from that of the parent, which is advan-
tageous in responding to crises such as environmental change. In sexual reproduction, this
genetic diversity is brought about by an exchange reaction between the father and mother
through homologous recombination of the genome between the father and mother, which is
accompanied by the halving of the genome through meiosis. Meiotic homologous recombina-
tion is initiated by the introduction of a DNA double-strand break (DSB) in the genome. DSBs
are not randomly distributed; some regions of the genome frequently introduce DNA dsDNA
breaks while others do not, but the regulatory mechanism of DSB distribution remains unre-
solved. In addition, since many of the meiotic recombination sites in fission yeast localize sim-
ilarly to non-coding RNA transcription sites, the possibility of DSB regulation by non-coding
RNA has been suggested, but its molecular mechanism remains completely unknown.

Results

To investigate the possible roles of ncRNA expression in the determination of meiotic DSB
sites, we compared the frequency and distribution of meiotic DSBs in fbp1 upstream region in
the presence and absence of glucose. In the presence of glucose, we found faint DSB signal
around UAS1 in the fbp1 upstream region at 4 and 6 hours after induction of meiosis (Fig. 1).
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By contrast, we found at least two prominent meiotic DSB signals around UAS1 and UAS2
in fbpl upstream region (Fig. 1). These results indicate redistributions and upregulations of
meiotic DSB sites are induced in fbpl upstream region in response to glucose starvation. To
address the involvement of ncRNA transcriptions in the redistribution of meiotic DSBs, we ex-
amined the expression profile of mlonRNAs and mRNA upon glucose starvation stress in mei-
osis. In contrast to previous study (1) , leaky expressions of mlonRNAs and mRNA was ob-
served before glucose starvation in meiosis. This might be caused by the difference of culture
conditions. To synchronously induce meiosis, we cultured cells in the medium lacking nitrogen
source to arrest cell cycle in G1 phase once and released in meiotic condition at time 0. Thus,
the observed leaky expressions may be caused by nitrogen starvation condition. Neverthe-
less, this slight difference of fbpl induction upon glucose starvation in mitosis and meiosis,
each mlonRNA (a, b, and c) and mRNA of fbp1 were induced in stepwise manner during glu-
cose starvation in meiosis, while such inductions were not seen in glucose-added condition.
We analyzed chromatin configuration in fopl upstream region by investigating the distribution
of micrococcal nuclease (MNase) sensitive sites. The distribution patterns of MNase sensi-
tive sites in mitotic cells, G1-arested cells and meiotic cells in glucose-added condition were
comparable, whereas meiotic cells in glucose starvation condition exhibited drastic changes
of the distribution patterns; A couple of MNase sensitive sites appeared at UAS1 and intense
MNase sensitive bands appeared around UAS2—-TATA box region at 60—180 min after glu-
cose starvation, which were coincident with the robust fopl mRNA transcription. Collectively,
these results indicate that transcriptions of mlonRNA/mMRNA of fbpl in response to glucose
starvation stress are associated with chromatin conversions and this transcription-associated
chromatin changing induces redistribution and upregulation of meiotic DSB sites in fbpl up-
stream region.

We next wish to study which transcription, mlonRNA or mRNA, is involved in the introduc-
tion of meiotic DSBs in fbpl upstream region. To this end, we mutated several critical cis ele-
ments required for these transcriptions. We analyzed mutant cells carrying a point mutation
in UAS1 or UAS2 (33), the critical binding sites for transcription factor Atf1-Pcr1 or Rst2, re-
spectively. Both elements are required for fop1l-mRNA expression, while UAS1 but not UAS2
is required for the inductions of mlonRNA. In addition to these two cis elements, we analyzed
mlonRNA initiation element (mlon-IE), which is involved in the mlonRNA-c transcription. More-
over, we also analyzed fbpl-TATA-box, which is required for fbp1l-mRNA expression but not

Fig. 1 ncRNA initiations induce new meiotic DSBs in fbp1 upstream region

(left) Schematic drawing of fbp1 locus. Arrows represent expressed ncRNA and
mRNA of fbp1. Gray boxes represent cis element required for fbop1 expression. White
circle represents mlonBox required for the initiation of mlonRNA-c. (right) DSBs
introduced in fopl upstream region are induced by glucose starvation stress.
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for the inductions of mlonRNA. The cells carrying a mutation in UAS2 and cells lacking fbp1-
TATA-box showed very similar DSB distribution compared to wild-type cells in glucose star-
vation condition, indicating that expression of fop1-mRNA is not important for the creation of
DSB sites in fbpl upstream region upon glucose starvation stress. The cells with a mutation
in UAS1 showed critical reduction of DSBs around UAS 1 and UAS2 compared to wild-type
cells. Moreover, mutant cells in which mlon-IE is replaced with a part of actl sequence also
showed reduction of DSB around UAS2 compared to wild-type cells. These results indicate
that inductions of mlonRNAs rather than fbpl-mRNA are required for meiotic DSB formation
in fopl in response to glucose starvation stress.

Discussion & Conclusion

Evolution is a continuous process of genetic variation and phenotypic selection (2). At a
molecular level, mutations in genes make diversity of the functionality of genes, and it is be-
lieved that genes possessing advantages to fit environmental condition are selected from
such diverse genes. Meanwhile, a study using bacteria model showed that whole genome-
shuffling via homologous recombination between homologous DNA sequences has great
advantage over the simple mutation-mediated improvement of gene function. In the current
study, we showed that transcription events induced by environmental changes trigger meiotic
recombination events. These events might be induced around gene-promoter region, since
transcription factor binding elements are usually located in gene promoter region, and thus
DNA sequences not only within gene body but also in promoter region should be efficiently
diversified. This view is consistent with the recent study showing a pivotal role of mutations
in non-coding regulatory DNA sequences such as promoter sequences. Moreover, frequent
recombination-mediated genome-shuffling between homologous DNAs at the actively used
genes in response to various stresses might be reasonable for the rapid molecular evolution
upon the environmental clue.
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Introduction

It is now known that not only the characteristics of the tumor cells, but also the surround-
ing microenvironment is important in the malignant transformation of brain tumors. However,
it remains unclear how the interaction between brain tumor cells and the microenvironment
causes brain tumors to become malignant or benign. In this study, we aim to test the hypoth-
esis that "tumor cells form networks with normal cells in the microenvironment and exploit bio-
active substances from normal cells to promote tumor cell growth.

Results

We first investigated the onset of tumor cell growth and glial cell changes in the brains of
glioma model mice. It is known that tumors (gliomas) are generated in the mouse brain by
knocking out or knocking down three tumor suppressor genes, Trp53, Pten, and Nf1, which
have been found mutated in patients with human brain tumors, by the CRISPR/Cas9 system.
Using this model mouse, we analyzed the growing tumor cells and glial cells. The results
showed that glioma increased cell division from around 4 weeks of age, and the number of
neurons and oligodendrocytes decreased markedly from 8 weeks of age due to tumor cell
progression. In contrast, microglia increased within the tumor from 6 weeks of age, and as-
trocytes increased in the peritumoral area. These results indicate that tumor cell-neuron and
tumor cell-glial cell interactions can be analyzed using this model system.

Next, to analyze the mode of interaction of tumor cells with normal cells and tumor progres-
sion, we aimed to develop an in vivo experimental system to detect activity dynamics and
transitions in the neuron-tumor cell network. Calcium imaging has been used in neuroscience
field to measure cell activity and analyze intercellular networks, and the applicant applied
this method to tumor cells. The applicant used adeno-associated virus and electroporation to
express calcium sensor genes (genetically encoded calcium indicator) in neurons and tumor
cells. One week later or late, the craniums of tumor model mice were opened and the tumor
cells and neurons expressing the calcium sensor gene were observed under an objective
lens. We found that brain tumor cells exhibit calcium activity, albeit at low frequency (approxi-
mately once every 3 minutes), and that specific cell populations are synchronously active. In
addition, neurons surrounding tumor cells showed calcium transients. We also screened for
the best calcium-directed genes for detecting calcium activity in tumor cells and found that jG-
CamP8m best detected calcium activity in tumor cells.
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We used the calcium imaging method to analyze the transition of tumor cell activity during
tumor progression, and found that only a few tumor cells showed activity at 4-5 weeks of age,
soon after tumor initiation. However, at 7-8 weeks of age, when tumor progression is more
pronounced, more than half of the tumor cells showed calcium activity. These results suggest
that the number of tumor cells receiving transmission and sensory input from neurons in-
creases with tumor progression, supporting the hypothesis of this study that tumor cells form
networks with neurons and glial cells during tumor progression.

To investigate whether neuronal activity and tumor cell activity affect tumor progression, we
used adeno-associated viruses to express artificial synthetic receptors (DREADD) on neu-
rons and tumor cells, which, when expressed in cells, respond to their ligand CNO and induce
calcium activity in these cells. We analyzed tumor model mice expressing DREADD in neu-
rons and intraperitoneally injected with CNO to increase neuronal activity. Compared to tumor
model mice without elevated neuronal activity, tumor model mice with elevated neuronal ac-
tivity had an increased number of Ki67-positive cells, a marker of mitotic cells, in brain tumor
tissue. Elevated neural activity also increased the number of microglia and oligodendrocytes
in the tumors. Moreover, elevated tumor cell activity resulted in the increased number of Ki67-
positive cells. These results indicate that neuronal activity promotes tumor progression and
recruits peritumoral brain endogenous cells into the tumor.

Discussion & Conclusion

This research has significance in establishing “brain tumor physiology” by combining cut-
ting-edge technologies in neuroscience and basic medical research, ultimately leading to the
cure of brain tumors. By elucidating the contribution of neurotransmission and gliotransmis-
sion to tumor progression, this research will provide a foothold for developing a new therapeu-
tic approach that "targets factors that support tumor progression," rather than the conventional
approach of targeting the tumor cells themselves. If we can identify specific neurotransmis-
sion and gliotransmission, we will be able to predict which neuronal network will become
abnormal at an early stage of development and establish a new diagnostic method for brain
tumors to detect the disease in the preliminary stage when the tumor grows and the patient
recognizes the disease through pain. This could lead to new diagnostic methods for detecting
brain tumors before the tumor has grown and the patient is aware of the disease in pain. The
strategies in this study can be applied to other types of brain tumors and tumors arising in or-
gans where nerves are present (e.g., the intestine where the vagus nerve is located).
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Establishment of tissue maturation induction method to obtain
adult tissues from pluripotent stem cells
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Summary Abstract

In this research, we aimed to develop a new method to induce cellular maturation from
pluripotent stem cells to functional hematopoietic stem cells. We identified fetal-liver derived
niche factors via in silico and in vitro screening using human induced pluripotent stem cells
(hiPSCs) derived pre-hematopoietic stem cells (pre-HSCs). Using these newly identified
niche factors, we successfully established a method to induce maturation of the hiPSCs-de-
rived pre-HSCs into HSCs expressing CD201, an essential marker of transplantable fetal-liver
HSCs.

Key Words : pluripotent stem cells, hematopoietic stem and progenitor cells, fetal liver, mat-
uration,

Introduction

Recently, enormous number of studies have been performed to induce directed differen-
tiation of human pluripotent stem cells (hPSCs) into various cells and tissues, attempting to
apply them to future regenerative medicine and drug development. However, these hPSC-
derived cells and tissues are still immature in terms of gene-expression, epigenetic states,
structures, and functions and are most similar to the counterparts at fetal stages. This 'road-
block to maturation' in hPSC differentiation is thought to be a most serious obstacle to hPSC
application to regenerative medicine and drug development. In this research project, | aim to
(1) understand a common mechanism underlying functional maturation, and (2) remove the
'roadblock to maturation' by manipulating the maturation-machinery and obtain adult-like cells/
tissues from hPSCs in a shorter time.

Results

First step of human hematopoietic stem cell (HSC) development takes place in a specific
region of mesoderm (AGM region). Approximately 1 month after fertilization, epithelial cells
at the AGM region differentiate into primitive blood cells called pre-HSCs Two months after
fertilization, the pre-HSCs translocate to fetal liver and undergo proliferation and maturation
into fetal-liver HSCs. As early as 3 months after fertilization, CD201(+) fetal-liver HSCs obtain
transplantability and bone-marrow reconstitution ability. Among such multistep paths of matu-
ration into functional HSCs, the maturity of human pluripotent stem cell (hPSC) derived hema-
topoietic cells remained at the primitive CD45(-) pre-HSCs (Nat Biotechnol 34 1168).

By using recently-develped monolayer-culture method, we first optimized conditions to
induce differentiation of hPSCs into pre-HSCs and successfully obtained culture containing
>75% CD34(+) CD43(+) CD45(+) pre-HSCs, that have not been obtained with >5% efficiency
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through the previous methods. Flow cytometric and transcriptome analyses revealed that
these triple-positive cells were most similar to pre-HSCs when translocating to fetal-liver 2
months after fertilization in the human development.

To induce further maturation of the pre-HSCs to fetal-liver harboring transplantibility and
bone-marrow reconstitution ability, we sought a way to find unknown fetal-liver-derived niche
factors that presumably enhance maturation of the pre-HSCs into HSCs. To this end, we per-
formed in silico analysis of single-cell transcriptome data for fetal-liver cells containing both
hematopoietic and non-hematopoietic niche cells (Nature 574 365). Based on the transcrip-
tome data, we predicted fetal-liver niche factors that were supposed to be secreted by fetal
hepatocytes, fibroblasts, epithelial cells, or macrophages and responded by pre-HSCs. Then
we tested >20 predicted niche factors by in-vitro screening system using the hPSC-derived
pre-HSCs. As a result, we could successfully identified several potential niche factors that
enhanced maturation of pre-HSCs into feta-liver-HSC-like cells expressing CD201. Of note,
CD201 was recently identified as a specific marker for transplantable fetal-liver HSCs (Nat
Comms 13 1103).

Our ongoing analyses on the CD201(+) HSC-like cells may allow us to confirm their bone-
marrow reconstitution ability and transcriptional- and epigenetic similarities between the hP-
SC-derived HSCs and bona fide fetal-liver HSCs.

Discussion & Conclusion

Overall, despite a slight change from the approach described in the proposal, we success-
fully established a novel method to induce fetal HSC-like cells from pluripotent stem cells.
Further experiments are ongoing to develop additional method to induce further maturation
from the fetal-liver HSCs to neonatal- (e.g. cord blood) and adult HSCs that takes longer time
in human development. Strategy of our research should be applicable to other studies aiming
to identify unknown maturation factors for other cells and tissues.
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Summary Abstract

Recently, disease susceptibility genes for multiple sclerosis (MS) have been localized to
endothelial cells’, making blood-brain barrier (BBB)-forming endothelial cells as an interest-
ing candidate for novel therapeutic targets. However, research on the BBB has been limited
due to difficulties in accessing patient-derived BBB samples. We generated BBB models from
MS patients-derived induced pluripotent stem cells (iPSCs) to overcome this issue. We have
demonstrated that our in vitro BBB model can replicate BBB abnormalities observed in post-
mortem brains of MS patients. We identified over 400 differentially expressed genes in MS
compare to healthy individual. We further demonstrated that inhibition of candidate gene X in
BBB-forming endothelial cells derived from healthy individuals led to downregulation of clau-
din-5 and increased permeability of small molecules, thus replicating BBB dysfunction similar
to MS patients.

Key Words : Multiple Sclerosis (MS), induced pluripotent stem cells (iPSCs), blood-brain
barrier (BBB)

Introduction

The detailed pathogenesis of MS is not yet fully understood, and there is currently no
cure for the disease. It is widely accepted that the infiltration of immune cells into the central
nervous system and the breakdown of the blood-brain barrier (BBB) are early pathological
hallmarks in MS lesions®. However, due to the limited access to brain samples, how BBB
changes in MS contribute disease development and progress is poorly understood. Here, we
employed induced pluripotent stem cells (iPSCs) to establish BBB model from MS-patient and
explored active contribution of BBB-forming endothelial cells for MS pathogenesis.

Results

1. Transcriptome analysis MS patients-derived BBB-forming endothelial cells contain
more than 400 genes with altered expression compared to healthy controls.

We confirmed that our method (extended endothelial cell culture method-derived brain
microvascular endothelial cell-like cell: EECM-BMEC-like cell) recapitulates tight junction dis-
ruption and enhanced adhesion molecule expression observed in autopsy brain samples of
MS patients as previously published’. To identify candidate genes involved in BBB disruption
in MS patients, transcriptome analysis was conducted on EECM-BMEC-Ilike cells. There are
over 400 differential expression genes (DEGs) in EECM-BMEC-like cells derived from MS
patients compared to healthy individuals. Reactome pathway analysis based on DEGs identi-
fied several pathways. Among these pathways, two pathways have been previously reported
to be associated with BBB development and maintenance. Furthermore, we identified that a
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candidate X, which has been reported as a susceptibility gene for MS (literature omitted), is
significantly decreased in MS patients.

2. Candidate X induced tight junction disruption in healthy individual-derived EECM-

BMEC-like cells as observed in MS patients.

To analyze the function of candidate X in BBB-forming endothelial cells, multiple small mol-
ecules (compound A-D) known to inhibit the function of candidate X were applied to healthy
individual-derived EECM-BMEC-like. None of these compounds altered the expression of VE-
cadherin, which is an adherence junction protein, and cell-cell junctions were maintained (Fig-
ure 1). Interestingly, compound A and B disrupted claudin-5, which is a tight junction protein
in EECM-BMEC-like cells, while Compound C and D, known to inhibit Candidate X, did not
cause claudin-5 disruption (Figure 1).

Figure 1. BBB disruption caused by candidate X in healthy individual-derived EECM-BMEC-
like cells

The healthy individual-derived EECM-BMEC-like cells were cultured on chamber slides and
treated with multiple small molecules (Compound A-D) known to inhibit candidate X, as well
as a control (DMSO). Immunostaining was performed for claudin-5, a tight junction protein,
and VE-cadherin, an adherence junction protein, shown in red. Nuclei were stained with
DAPI (blue). (Scale bar: 50 ym).

Next, we examined whether compound A, which was found to disrupt tight junctions, af-
fected the permeability of small molecules, an important function of BBB. EECM-BMEC-like
cells were cultured on cell culture inserts with 0.4 um pores in the presence of compound A or
DMSO as a control. After 6 days of culture to establish a confluent monolayer, the permeabil-
ity of a small molecule, sodium fluorescein (NaFI; molecular weight 376 Da), was evaluated.
In healthy individual-derived EECM-BMEC-like cells treated with compound A, the permeabil-
ity of the small molecule was significantly increased (Figure 2).

Figure 2. The effect of compound A on small
molecule permeability

Healthy individual-derived EECM-BMEC-like
cells were cultured on cell culture inserts
with 0.4 uym pores and treated with small
molecules (compound A) known to inhibit
candidate X, as well as a control (DMSO).
After 6 days of culture, permeability to
sodium fluorescein (NaFl) was measured as
previously described4, 5. Statistical analysis
using t-test showed a significant change in
permeability (P=<0.0001).
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Discussion & Conclusion

These results indicate that BBB disruption observed in MS patients can be reproduced in
artificially manipulated healthy individual-derived EECM-BMEC-like cells. It is speculated that
candidate X has multiple functions and the mode of inhibition differs for each small molecule,
resulting in differential downstream signaling and varying degrees of claudin-5 disruption.
Further investigation of differences among the compounds will help to identify the detailed
molecular mechanism and downstream signaling of candidate X in BBB function. This leads
to the establishment of 1) strategies to strengthen BBB integrity and 2) potential applications
in drug delivery to the central nervous system by transiently disrupting BBB..

References

1. Lake BB, Chen S, Sos BC, et al. Integrative single-cell analysis of transcriptional and epi-
genetic states in the human adult brain. Nature biotechnology 2018;36:70-80.

2. Nishihara H, Engelhardt B. Brain Barriers and Multiple Sclerosis: Novel Treatment Ap-
proaches from a Brain Barriers Perspective. Handbook of experimental pharmacology
2020.

3. Nishihara H, Perriot S, Gastfriend BD, et al. Intrinsic blood-brain barrier dysfunction contrib-
utes to multiple sclerosis pathogenesis. Brain : a journal of neurology 2022.

4. Nishihara H, Gastfriend BD, Soldati S, et al. Advancing human induced pluripotent stem
cell-derived blood-brain barrier models for studying immune cell interactions. FASEB jour-
nal : official publication of the Federation of American Societies for Experimental Biology
2020;34:16693-16715.

5. Nishihara H, Gastfriend BD, Kasap P, Palecek SP, Shusta EV, Engelhardt B. Differentiation
of human pluripotent stem cells to brain microvascular endothelial cell-like cells suitable to
study immune cell interactions. STAR Protocols 2021;2.

— R DEERRA
MR B P LN I SF D8 7 3 27 BTG B LTE R ML IE O REMR BT . A SEF 8 %
ITWELTZ, KRBT CILEE S A B RO MEIKEE M E 7 V4 iPS Mg o E 4 v TR R E
WHBILELE, Fo, @ ANHROMEMBEMET VA N BRI SRZE T 52 TEL MM
JERFICALNDEALZHETHIENTEELE, INOOFR LK, 4 1% Mk kB P 2 2 &
Uiz, MBI 2 sk BN T 2R A, b ULUIIMNIZEEY % @ 1 2 3 i 5 F 22 IS B R T
HEMIHLTOET,

The Novartis Foundation(Japan)
for the Promotion of Science

91



92

The Novartis Foundation(Japan)
for the Promotion of Science

Identification of PP cells as an origin of pancreatic ductal
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Summary Abstract

Unlike previously known pancreatic adenocarcinomas arising from pancreatic acinar or
ductal cells, we have revealed the existence of a new type of pancreatic adenocarcinoma de-
velopment mechanism that arises from PP cells (Ppy-expressing cells). This study is expect-
ed to provide new insights into the diagnosis and treatment of pancreatic cancer in the future.
Key Words : PP cells, Ppy gene, Pancreatic islet, Pancreatic cancer, PDAC,

Introduction

The applicants focused on PP cells, one of the endocrine cells of the pancreas whose
function has not been well analyzed, and reported the details of their gene profile by single
cell analysis (1). To expand this work, we attempted to generate a cell line of PP cells by
constructing a mouse model in which PP cells express the oncogene SV40 Large T. Initially,
the mice were expected to develop PPoma, an endocrine tumor, but surprisingly, tumors that
appeared to be pancreatic ductal adenocarcinoma (PDAC) developed very early, at 3 to 4
weeks of age, and all died by 7 weeks of age.

Results

By crossing Ppy-Cre mice with Rosa26-Lox-Stop-Lox-Large T (Rosa26*") mice, we gen-
erated a mouse model Ppy-Cre;Rosa26"*" that expresses an oncogene by targeting Ppy-
expressing cells. The mice were expected to develop PPoma, an endocrine tumor, in the pan-
creas, but contrary to expectations, pancreatic adenocarcinoma (PDAC) development was
observed in all cases as early as 3 to 4 weeks of age.

The average survival time of Ppy-Cre;Rosa26"*" mice was 4.7 weeks, and none of the
analyzed mice survived longer than 7 weeks of age. Body weight and blood glucose levels
were significantly lower than those of control mice, and at 4 weeks, most of the pancreas
was occupied by abnormal duct structures, tumors and stromal tissue, and the amount of dif-
ferentiated islets and acinar cells was markedly reduced. The most characteristic feature is
that the abnormal duct-like structures appear to extend directly from the islets from about 2
weeks of age. It is considered that SV40 Large T antigen is expressed in the periphery of the
islets where PP cells are originally located, and these Large T-expressing cells protrude and
extend from the islets while proliferating, forming abnormal pancreatic duct structures. It was
suggested that Ppy-Cre;Rosa26%™™™ mjice develop pancreatic adenocarcinoma (PDAC)
within 3 weeks after birth. As one of the methods to verify that the lesions are cancerous,
transplantation experiments into immunodeficient mice were conducted. Islets were isolated
at 7 days of age and transplanted subcutaneously into athymic mice, and tumors developed
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within one month. Ppy-Cre;Rosa26"%°""™™" moyse islets were shown to develop typical CK-

19 positive PDAC with glandular duct structures. The PDAC was also considered to be de-
rived from Ppy-expressing cells since they were Tomato-positive.

To elucidate what kind of changes in gene expression profiles were induced by the ac-
tivation of Large T in Ppy-expressing cells, we sorted tomato-positive cells from Ppy-
Cre;R0sa26"""™"° mice and Ppy-Cre;Rosa26"**" ™™ mice, respectively, using FACS. Then,
cDNA libraries were prepared from the RNA, and RNA-sequence was performed using a
next-generation sequencer to identify the variable genes. As a result, 1362 genes were ob-
served as variable expression genes. Among them, we observed decreased expression of
pancreatic endocrine cell marker genes such as Ppy, Gcg, Pyy, etc., increased expression
of duct cell markers such as Krt19 (CK-19), increased expression of DNMT1, which is known
to induce hypermethylation of tumor suppressor gene promoters (2), increased expression of
mycL1, a known reprogramming gene. In addition, increased expression of mycL1 and sox2,
which are known as reprogramming genes, were observed. In addition, a number of genes
that have been reported to be associated with PDAC in the literature were listed. Pathway
analysis revealed that pathways related to secretion such as peptide secretion and peptide
transport were down-regulated, while those related to cell proliferation such as DNA replica-
tion and DNA repair were enriched as up-regulated pathways. These results strongly suggest
that the differentiation of pancreatic endocrine cells into cancer cells (PDAC) is induced from
the viewpoint of gene signature.

Discussion & Conclusion

(1) It has been believed that pancreatic acinar cells and duct cells are the cells of origin of
pancreatic adenocarcinoma. One of the reasons for this is that lesions diagnosed as pan-
creatic cancer morphologically show an adenoductal structure. In addition, animal models
have been developed in which pancreatic carcinogenesis occurs when oncogenes such
as KRAS are activated and tumor suppressor genes are inactivated in pancreatic acinar
cells or duct cells, but no animal model has been reported in which carcinogenesis occurs
from endocrine cells (3).

(2) RNA sequencing analysis in this study revealed a number of genes with altered expres-
sion levels associated with the development of pancreatic cancer from Ppy-expressing
cells. By comparing the results of RNA sequencing analysis with those of mouse models
of pancreatic cancer (Ptfla-Cre;LSL-KRAS®"*°;Trp53f/+) and human pancreatic cancer
that have been deposited so far, we plan identify several unique marker gene groups for
pancreatic cancer arising from Ppy-expressing endocrine cells created in this study. We
will also compare the results with those of RNA sequencing of human pancreatic cancers.
Using these marker genes, we plan to test whether similar pathways exist in human pan-
creatic cancer.

This study reveals a previously undescribed pathway for the development of pancreatic ad-
enocarcinoma from Ppy-expressing cells, which are pancreatic endocrine cells.
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Summary Abstract

This study aimed to synthesize and evaluate a probe closododecaborate-(Ga-DOTA)-
c(RGDfK) (1) containing closo-dodecaborate ([B,,H,,]°") as a boron cluster, a [¥Ga]Ga-DOTA
derivative for nuclear medicine imaging, and an RGD peptide for tumor targeting. Moreover,
we prepared a radioiodinated probe [**°I]2 in which I-125 is introduced into a closo-dodecabo-
rate moiety of 1. [*’Ga]1 and ['*l]2 showed high stability and high uptake in cancer cells in vi-
tro. Biodistribution experiments in tumor-bearing mice revealed similar biodistribution patterns
between [¥Ga]l and ['*’l]2. Meanwhile, ["*°I]2 exhibited higher accumulation in most tissues,
including the tumor, than [*’Ga]1, probably because of higher albumin binding.

Key Words : BNCT, a,8; integrin, RGD peptide

Introduction

A boron neutron capture therapy (BNCT) system, using boron-10-introduced agents cou-
pled with companion diagnostics, is anticipated as a promising cancer theranostic. To develop
a novel BNCT system using drugs with the same chemical structure between a compound
containing “°B for BNCT and a PET probe for companion diagnostics, | designed, synthe-
sized, and evaluated a probe closo-dodecaborate-(Ga-DOTA)-c(RGDfK) 1 containing closo-
dodecaborate ([B;,H:,]*) as a boron cluster to introduce multiple *°B molecules into a probe,
a [*Ga]Ga-DOTA derivative as a stable **Ga complex for PET imaging, and an arginine—gly-
cine—aspartic acid (RGD) peptide for tumor-targeting.

Results

®’Ga was used as an alternative radionuclide instead of ®*Ga because of its relatively long
half-life *. [*’Ga]1 was prepared via conjugation of a [’ Ga]Ga-DOTA-c(RGDfK) derivative with
a dodecaborate derivative by alkyne-azide cycloaddition. Radioiodinated compound ['*°[]2
was prepared from 1 using chloramine T as an oxidant. [*’Ga]1 and [**’]2 were synthesized
with a radiochemical purity of over 95%.

The affinity of 1 for a,B; integrin was determined via a competitive binding assay using
U-87 MG human glioblastoma cells with high a,; integrin expression. Figure The half maxi-
mal inhibitory concentration (IC,,) value (nM) for 1 was 10.9 £ 1.4, which was not significantly
different from that of c(RGDfK) (10.9 + 4.2 nM) in our previous study . Therefore, introducing
a relatively large molecule, a Ga-DOTA complex conjugated dodecaborate derivative, into
c(RGDfK) via the e-amino group of the lysine residue did not significantly impede the affin-
ity of c(RGDfK) for a,3; integrin. Cellular uptake experiments with a human glioma cell line,
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U-87 MG, and biodistribution experiments of [’Ga]1 and [*°l]2 were performed. The uptakes
of [’Ga]l and ['*I]2 in U-87 MG cells were similar and increased in a time-dependent man-
ner. These results indicate that the introduction of iodine into a dodecaborate structure hardly
alters their affinity for a,B, integrin. The biodistribution experiments of [*’Ga]l and ['*°l]2 in
tumor-bearing mice were similar, such as high tumor uptake and relatively low uptake in other
non-target tissues, except the kidney, liver, and intestine. Therefore, it indicates that [*'Ga]1
and ['°1]2 could be distributed to these tissues in intact forms. The result of urine analysis re-
confirmed their high metabolic stabilities of [*’Ga]1 and ['*I]2 since most radioactivity, 89.3%
for [¥Ga]l and 84.5% for [*I]2, was observed as intact forms in urine at 1 h postinjection.
Meanwhile, unexpectedly, the radioactivity of ['*°I]2 in most tissues, including the tumor, was
higher than that of [*’Ga]1. We supposed that the higher ['**I]2 radioactivity should be derived
from delayed blood clearance due to its higher protein binding in plasma. Thus, to confirm
the difference in blood clearance and protein binding between [¥'Ga]l and [**°I]2 in detail, we
performed the biodistribution experiments of them in many time points of normal mice and
the in vitro protein binding experiment. As the results the halflives of the distribution phase (a
phase) of [¥'Ga]1 and ['*°l]2 from the blood were calculated as 7.7 and 5.7 min, respectively.
And then, we revealed the percentages of the protein bindings of [’Ga]1 and ['*]2 in murine
plasma as 56.2 + 4.3 and 80.2 + 1.9%, respectively (p < 0.001), and the binding percentages
in the purified human serum albumin (HSA) as 82.1 + 0.8 and 94.9 + 0.3%, respectively (p <
0.001). The results indicate that introducing an iodine atom into closo-dodecaborate signifi-
cantly increased the protein binding ratio in the plasma, supporting the difference in the blood
clearance and biodistribution between [*’Ga]1 and [**°I]2.

The Novartis Foundation(Japan)
for the Promotion of Science



The Novartis Foundation(Japan)
for the Promotion of Science

Discussion & Conclusion

We synthesized a *Ga-labeled compound ([’Ga]l) and a corresponding nonradioactive
compound containing RGD peptide, Ga-DOTA, and closo-dodecaborate for BNCT and its
companion diagnostics. Moreover, we synthesized an I-125-introduced compound (['**1]2) into
a closo-dodecaborate of 1. Biodistribution experiments in tumor-bearing mice revealed that
[