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Introduction

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

This annual report contains the research reports of the recipients of the 33rd Novartis
Research Grants. (research from April 2020 to March 2021: 37 research grants and 2
research meetings).

The COVID-19, which began in 2019, has been raging around the world, and as of this
writing in early October, a cumulative total of more than 200 million people worldwide have
been infected and nearly 5 million people have died, a situation that has shaken the very
foundations of the world. The cumulative number of infected people in Japan has also
exceeded 1.7 million, and more than 17,000 people have died. During this time, the days
are far from what they were before the COVID-19 outbreak. Universities and research
institutes have also been greatly affected, with campus closures and restrictions on their
use. It has become difficult to hold regular conferences and we have been forced to hold
webinars, cancel or postpone them. In the absence of physical human exchanges with
overseas countries, researchers continue to communicate with each other on PC screens.
In spite of all these difficulties, the spirit of the researchers is again evident in the way they
continue to promote their research.

The NOVARTIS Foundation (Japan) for the Promotion of Science was established
in 1987 with a donation of one billion yen from Ciba-Geigy AG (now Novartis AG) of
Switzerland. The purpose of the Foundation is clearly stated in its Articles of Incorporation:
“To contribute to the improvement of the health and welfare of the people through the
promotion of science by encouraging creative research in the natural sciences. In addition,
a document titled “Prospectus for the Establishment of the Foundation,” written in the year
of the foundation’s establishment, states that the foundation “hopes to contribute to the
welfare of mankind by promoting and subsidizing creative research in the natural sciences,
which will be the axis of science in the coming 21st century. It also states that it will “provide
financial support for research and opportunities for cross-border exchange. Based on
this policy, our Foundation has provided financial assistance to a total of 1,854 projects
over the past 34 years, amounting to approximately 2.14 billion yen. Now, in the midst of
the turmoil caused by the COVID-19 disaster, our Foundation would like to return to this
starting point and continue to support outstanding research.

This annual report summarizes the results of the excellent research supported by our
Foundation. It is an impressive accomplishment that was achieved within the limited time
frame of one year. The list of past recipients of the Foundation’s support includes many
of the leading researchers in their fields, including Professor Tasuku Honjo, who was
awarded the Nobel Prize in Physiology or Medicine. | hope that the recipients of these
grants will use the results of their research as an opportunity to make even greater strides.
| would like to express my deepest gratitude to the members of the selection committee
who selected these outstanding research projects and to Novartis Pharma K.K, the donor
of the donation, as well as all those who support the activities of our Foundation.
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Systematic understanding of oxidative stress responses
in cancer

Nobuaki Takahashi
takahashi@sbchem.kyoto-u.ac.jp
Kyoto University

Summary Abstract

Accumulating evidence has shown that cancer cells exhibit higher levels of toxic H,0, com-
pared with normal cells by through metabolic and signaling aberrations. However, there are
no reports visualizing H,O, levels at a single cell level in in vivo tumor. Here we developed
a H,0, probe that can be specifically accumulated in tumor cells and found that H,O, levels
are very heterogeneous within tumors. Interestingly, tumor cells with high levels of H,O, ex-
hibit some unique characteristics that are not observed in tumor cells with low levels of H,O,.
These findings could provide the basis of oxidative stress beyond the role in the just toxic ef-
fects on cells in tumor biology and could be exploited for targeted cancer therapies.

Key Words : Cancer, Oxidative Stress

Introduction

Cancer cells are exposed to numerous cellular insults during tumorigenesis, leading to
the generation of toxic reactive oxygen species, including H,0,, through metabolic and
signaling aberrations™”. Therefore, oxidative-stress defense programs are critically involved
in tumor progression and therapy resistance and represent an “Achilles heel” or vulnerability
of tumor cells. Despite the tight association between H,0, and cancer cell survival, there
are no reports visualizing H,O, levels at a single cell level in in vivo tumor.

Results

In this study, we developed a H,O, probe that can be specifically accumulated in tumor
cells through the conjugation of a H,O, probe with the antibody that binds to proteins
specifically expressed in tumor cells. One important feature of this probe is that the probe
allows us to know the tumor cells that experienced H,0, exposure because the H,0, probe
irreversibly reacts with H,0,; therefore, this probe enables us to detect the tumor cells that
experienced H,O, exposure even after the isolation of tumor tissues, which is distinct from
the currently used technologies for the detection of oxidative stress.

Using this innovative probe, we injected the probe to stomach cancer-carrying mice
through i.v., and 12-hour after administration of the probe, we dissected the tumor,
prepared tumor sectioning, and assessed fluorescent signals of the probe using confocal
microscopy. Notably, we uncovered that H,O, levels are very heterogeneous within tumors.
Heterogeneity of H,O, levels was also detected in in vivo tumors directly observed using
a two-photon microscopy without the dissection of tumors in live animals. In addition to
stomach cancer, we also assess intratumor H,O, levels in mice carrying breast cancer by
using the H,O, probe and confirmed heterogeneity of H,O, levels within breast tumor cells.

The Novartis Foundation(Japan)
for the Promotion of Science
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While substantial evidence has shown that tumor cells overall exhibit high levels of H,O,
compared with normal tissue cells, our study is the first to demonstrate the heterogeneity of
H,0, levels at a single cell level within tumors.

We next investigated the mechanism by which specific tumor cells exhibit high levels of
H,0,. We examined the correlation between the localization of tumor cells with high H,0,
levels and that of stroma cells as well as immune cells and found that tumor cells exhibit
high levels of H,0, are surrounded by a type of immune cells, suggesting that the enhanced
H,O, levels are at least in part due to the exposure of H,O, or cytokines/chemokines that
are produced from the immune cells. Indeed, depletion of the immune cells suppressed
H,O, levels in tumor cells in mice. While we found that the immune cells are critical for H,O,
generation within tumor, the mechanisms underlying H,O, generation in the immune cells or
the tumor cells are still unknown.

In order to characterize tumor cells with high levels of H,0,, we separated tumor cells
with high levels of H,O, and the cells with low levels of H,O, through cell sorter and
performed RNA-seq analyses. We found that tumor cells with high levels of H,0, exhibit
some unique characteristics, including changes in expression of extracellular matrix
proteins and cytoskeletal proteins as well as signaling proteins. We show that the signaling
protein is activated by H,O, and regulate the expression levels of extracellular matrix
proteins and cytoskeletal proteins. We are currently looking at the phenotypic changes in
tumor cells with high levels of H,O, in terms of tumorigenesis and metastasis.

These findings could provide the basis of oxidative stress beyond the role in the just toxic
effects on cells in tumor biology and could be exploited for targeted cancer therapies.

Discussion & Conclusion

Our study reveals that tumor cells exhibit heterogeneous H,O, levels within in vivo tumor
and that the tumor cells with high levels of H,O, show unique characteristics, which is
distinct from tumor cells with low levels of H,0,.

There is now compelling evidence that oxidative-stress defense programs represent a
vulnerability of tumor cells. Therefore, the development of therapies targeting oxidative-
stress defense represents an attractive strategy to enhance the sensitivity of tumor cells to
existing therapies. Our finding on the unique characteristics of tumor cells with high levels
of H,0, could be exploited for targeted cancer therapies that enhance the sensitivity of
tumor cells to existing therapies.

References

1. Gorrini, C., Harris, I. S. & Mak, T. W. Modulation of oxidative stress as an anticancer
strategy. Nat. Rev. Drug Discov. 12, 931-947 (2013).

2. Takahashi, N. et al. Cancer Cells Co-opt the Neuronal Redox-Sensing Channel TRPA1 to
Promote Oxidative-Stress Tolerance. Cancer Cell 33, 985-1003 (2018).

3. Takahashi, N. et al. 3D Culture Models with CRISPR Screens Reveal Hyperactive NRF2
as a Prerequisite for Spheroid Formation via Regulation of Proliferation and Ferroptosis.
Mol. Cell 80, 828-844 (2020).
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Elucidation of the molecular mechanism of phytochrome-
regulated alternative promoter selection

Tomonao Matsushita
mat@gr.bot.kyoto-u.ac.jp
Kyoto University

Summary Abstract

It is widely believed that the plant photoreceptor phytochrome regulates the transcription
of light-responsive genes by modulating the activity of several transcription factors.
However, we recently found that phytochrome controls not only transcription, but also
alternative promoter selection, to allow plants to adapt to light environment in Arabidopsis.
In order to reveal the molecular mechanism of phytochrome-regulated alternative promoter
selection, we conducted a forward genetic screen and isolated several mutants with
aberrant patterns of light-responsive changes in alternative promoter selection. Moreover,
we also performed cis element analysis and found that some non-G-box motif was enriched
in the promoters of the target genes.

Key Words : phytochrome, alternative promoter, gene expression, light signaling,
Arabidopsis

Introduction

Our group has found that phytochrome controls not only transcription, but also alternative
splicing, at a similar genomic scale to mediate light responses in Arabidopsis (Shikata et
al., PNAS 2014). Recently, we found that phytochromes also directly induce the selection
of alternative promoters in more than 2,000 genes in Arabidopsis, resulting in light-
dependent production of protein isoforms with different subcellular localizations (Ushijima
et al. Cell 2017). Moreover, we physiologically demonstrated that this mechanism indeed
allows plants to respond metabolically to fluctuating light conditions for more efficient
photosynthesis (Ushijima et al. Cell 2017). The purpose of this research is to reveal the
molecular mechanism of how phytochrome regulates alternative promoter selection without
affecting total amount of mMRNA in each target gene.

Results

One of the target genes, GLYCERATE KINASE (GLYK), encodes proteins that show
light-dependent changes in subcellular localization through phytochrome-mediated
alternative promoter selection. The T-DNA insertion null mutant of GLYK was transformed
with the GLYK genomic DNA fragment fused with GFP at its 3’ end. Then, after confirming
that the mutant phenotype was complemented and that the GFP subcellular localization
pattern exhibited light-dependent alterations, this transgenic line was mutated with EMS
and a forward genetic screen was conducted in the M2 population. As a result, we isolated
several mutants with aberrant patterns of light-responsive changes in GFP subcellular
localization. Then, we identified candidate responsible genes for each mutant after high-

The Novartis Foundation(Japan)
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throughput mapping by re-sequencing of genomic DNA using next-generation sequencer.
Further analysis of these candidate responsible genes will lead to the identification of trans-
acting factors required for phytochrome-regulated alternative promoter selection.

Phytochrome is known to regulate transcription by inhibiting basic helix-loop-helix
transcription factors PIFs, which specifically bind to some DNA sequence motif called G-box
both in vitro and in vivo. Consistently, G-box motif is shown to be overrepresented in the
promoters of those genes whose mRNA levels are regulated by phytochrome. Therefore,
cis element analysis was performed to see whether G-box motif is also enriched in the
promoters of the genes under the control of phytochrome-mediated alternative promoter
selection. If the G-box motif is enriched in these target genes, it is most likely that PIFs are
also involved in phytochrome-mediated alternative promoter selection. However, surprisingly,
certain cis element other than G-box motif was identified in the analysis, suggesting that
trans-acting factors other than PIFs are involved in this regulatory mechanism. As some
particular trans-acting factor can be inferred from the nucleotide sequence of the identified
cis element, the following experiments are now being conducted. 1) 5 RACE experiments
will be performed to see if red light-responsive changes in alternative promoter patterns
of some target genes are impaired in the mutants deficient in the trans-acting factor. 2)
Direct interaction between the inferred trans-acting factor and DNA fragments containing
the non-G-box motif will be examined in the AlphaScreen system. 3) ChIP analysis will be
performed to examine whether the trans-acting factor bind to the non-G-box motifs in vivo.
4) the non-G-box element will be mutated in the context of genomic DNA fragments and
these mutated constructs will be introduced into wild-type plants to see if the non-G-box
motif is required for the binding of the trans-acting faoctor and for phytochrome-mediated
alternative promoter control.

Discussion & Conclusion

enerality and biological impact of alternative promoter control has been somewhat
underestimated. However, given that alternative promoter changes of a similar scale
could be potentially induced, not only by phytochrome but also by any kinds of signals,
alternative promoters are likely to represent another universal aspect of gene expression
regulation in eukaryotes. Therefore, the mechanistic elucidation of phytochrome-regulated
alternative promoter selection would not only reveal novel mechanism of light signaling in
plants, but also force us to reconsider the general concept of gene expression regulation in
eukaryotes.

References

Shikata H, Hanada K, Ushijima T, Nakashima M, Suzuki Y, and Matsushita T. Phytochrome
controls alternative splicing to mediate light responses in Arabidopsis.
Proc Natl Acad Sci USA 111: 18781-18786 (2014)

Ushijima T, Hanada K, Gotoh E, Yamori W, Kodama Y, Tanaka H, Kusano M, Fukushima
A, Tokizawa M, Yamamoto YY, Tada Y, SuzukiY, and Matsushita T. Light controls protein
localization through phytochrome-mediated alternative promoter selection.
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Carbon beam induced upregulation of cardiac gap junction proteins
and prevention of sympathetic nerve sprouting in hypercholesterolemic
rabbits, leading to reduction of arrhythmia vulnerability

Mari Amino
mariam@is.icc.u-tokai.ac.jp

Department of Cardiology, Tokai University, Isehara, Japan
National Institute for Quantum and Radiological Science and Technology, Inage, Japan

Summary Abstract

Development of noninvasive cardiac radioablation therapy for ventricular tachycardia
attracts scientific attention as a novel antiarrhythmic method. To examine the effects of
targeted heavy ion irradiation (THIR) in hypercholesterolemia (HC) rabbits with gap junc-
tional remodeling and nerve sprouting. A single 15-Gy THIR was applied to eight rabbits
with high fat/cholesterol chow (HC+THIR group). Another eight rabbits who did not undergo
THIR were used as controls (HC group). THIR reduced the vulnerability to atrial/ventricular
tachyarrhythmias by improving cardiac conductivity. This mechanism may be attributed to
the upregulation of gap junction proteins and, partly, to sympathetic growth suppression.
Key Words : radioablation therapy, late potential, growth-associated protein 43, tyrosine
hydroxylase, sympathetic denervation

Introduction

A single 25-Gy X-ray application for patients with refractory ventricular tachycardia (VT)
using stereotactic body radiation therapy markedly reduced the VT burden."? A recent
review on previous animal experiments reported that the antiarrhythmic effect occurred
with not only depend on the replacement with fibrosis but other radiobiological changes.®
We previously reported that targeted heavy ion irradiation (THIR; 15 Gy) to rabbit or
canine hearts with myocardial infarction (MI) caused connexin 43 (Cx43) upregulation in
the ventricles 2 weeks thereafter.*>® However, changes in atrial vulnerability, Cx40 levels,
or relation with the autonomic nervous system remain unknown. We aimed to examine
the effects of THIR on in-vivo electrophysiology and vulnerability to atrial/ventricular
tachyarrhythmias in aged hypercholesterolemia (HC) rabbits, which were reported as the
model of electrical- and neural-remodeling involved in proarrhythmic propensities,”® with
gap junctional remodeling and nerve sprouting.

Results

Animals and Serum cholesterol levels

Sixteen 3-year-old rabbits were fed with high fat/cholesterol chow for 14 weeks. A single
15-Gy THIR was applied to eight rabbits (HC+THIR group) using a heavy ion medical
accelerator. Eight rabbits who did not undergo THIR were used as controls (HC group). In
the serum cholesterol levels, there was no significant difference in the cholesterol levels
between the two groups.

The Novartis Foundation(Japan)
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Signal averaged ECGs (SAECGSs), UCGs, and 12-lead ECGs

The atrial late potentials (LPs) were characterized by RMS20ms increase in HC+THIR
rabbits compared to HC rabbits (n=4 for both groups, p<0.01). There was no significant
difference in the fPd between the two groups. The ventricular LP in HC+THIR rabbits was
characterized by a decrease in the fQRSd and LAS40uV, and an increase in the RMS40ms,
compared to the HC group (p<0.05). Regarding the hemodynamic status estimated by
UCG, LV systolic and diastolic functions were not different between the two groups. There
were no differences in the ECG parameters, including RR and PQ intervals and QRS
durations. The QT interval was prolonged moderately in the HC+THIR group, but QTc was
unaffected.

In-vivo electrophysiology

Sustained AT (=60 s) was elicited spontaneously in the absence of ACh infusion in 2/4
HC rabbits. In the remaining 2, sustained AT or AF was induced by programmed stimulation
or burst stimulation in the presence of ACh infusion. AT or AF lasting for 260 sec was
terminated by direct current shock application. The incidence rate and average duration of
the HC group were 100% and 62.4 s, respectively, while in the HC+THIR group, the mean
duration was very short (5.1 s). AT was induced only in one rabbit by burst stimulation in
the presence of ACh infusion. Atrial arrhythmia inducibility and durations were higher and
longer in the HC+THIR group than in the HC group (p<0.05).

Non-sustained or sustained VT was elicited spontaneously in two HC rabbits in the
absence of NE infusion. Additionally, VF was induced by programmed LV stimulation or
LSS in the remaining two rabbits. Sustained VT or VF lasting for 230 s was terminated by
direct current shock application. The incidence rate and average duration in the HC group
were 100% and >30 s, respectively, while in the HC+THIR group, the mean duration was
very short (2.2 s). NST was induced in one rabbit by LSS in the presence of NE infusion.
Ventricular arrhythmia inducibility and durations were higher and longer in the HC+THIR
group than in the HC group (p<0.05).

Cardiac gap junction proteins

The cardiac gap junction protein expressions were examined in four rabbits of the HC and
HC+THIR groups, respectively. Cx40 formed clusters of brown punctate immunoreacted
domains at the periphery of atrial myocytes in abutment with neighbor myocytes. The
total cell area proportion occupied by Cx40 signals indicated that THIR resulted in an
increase by 59.7% and 43.6% in the RA and LA, respectively, compared with the HC
group (p<0.01). Cx43 formed clusters of brown punctate immunoreacted domains at the
periphery of ventricular myocytes; some of them were confined to intercalated disks running
perpendicular to the longitudinal axis, and others were on the lateral cell abutment. THIR
resulted in an increase by 48.1% and 40.3% in the RV and LV, respectively, compared with
the HC group (all p<0.01).

Sympathetic nerve sprouting

Immunolabeling of the growth-associated protein 43 and tyrosine hydroxylase (GAP43-
and TH-) positive nerves in four rabbits of the HC and HC+THIR groups, respectively. In the
tissue sections of HC+THIR rabbits, the GAP43 positive nerves were less prominent. The
proportion of total area indicated that the irradiation resulted in a reduction of the GAP43-
immunopositive nerve density by 56.0%, 62.8%, 68.3%, and 70.6% in the RA, LA, RV and
LV, respectively, compared with the HC group (p<0.01). Contrarily, the TH-immunopositive
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domains were less abundant in the HC+THIR rabbits. The irradiation resulted in a reduction
of the TH-immunopositive nerve density by 29.1%, 61.0%, 66.1%, and 64.8% in the RA,
LA, RV and LV, respectively, compared with the HC group (p<0.01).

Discussion & Conclusion

We examined the electrophysiological effects of radiation in terms of gap junction and
neural remodeling using HC rabbits. In hypotheses that the arrhythmogenic substrate of HC
rabbits could be ameliorated by 15-Gy THIR. We found that SAECG showed better atrial/
ventricular LPs, electrophysiological study resulted in lower inducibility of atrial/ventricular
arrhythmias, and immunohistochemistry indicated higher Cx40 and Cx43 expressions and
lower sympathetic nerve densities.

THIR may improve cardiac conductivity in favor of reduction of vulnerability to AT/AF and
VT/VF. Moreover, we showed that this antiarrhythmic effect is attributed to gap junction
protein upregulation and, in part, to sympathetic denervation.

To our knowledge, our work was the first to identify the suppression of atrial/ventricular
arrhythmias with the underlying mechanism of suppression efficacy by using heavy ion
beams. Next steps will be required to investigate these proposed mechanisms in humans,
using LP assessment by SAECGs and functional evaluation for sympathetic/vagus nerves
by nuclear medicine study or heart rate variability analysis.
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Evolution of membrane morphogenesis in Asgard archaea

Yosuke Senju
yosuke.senju@okayama-u.ac.jp
Okayama University

Summary Abstract

Metagenomic analysis of the novel superphylum Asgard archaea, considered phyloge-
netically close to eukaryotes, has revealed genes that encode protein homologs to those
in eukaryotes that regulate morphological changes of cell membrane. We propose solving
this novel protein’s three-dimensional structure and elucidate its function by combining bio-
physical and cell biology methods. We will show that membrane properties such as mem-
brane curvature and tension are essential, evolutionarily conserved features that can trigger
downstream signals and maintain cell morphogenesis and biological functions. Additionally,
we will elucidate further insights into the origin of life in prokaryotes by identifying any con-
served eukaryotic-like cellular functions.

Key Words : membrane, cytoskeleton, evolution, liposome, structural biology

Introduction

Cells are defined as the basic units of life. A key function is to compartment cellular contents
from their surroundings by cell membranes. Besides this, morphological changes in cell mem-
branes are essential for biological functions, including cell motility, cell division, and differentia-
tion, which are pathologically relevant in cancer cell invasion and metastasis (1).

How are signal transduction mechanisms that originate with changes in cell membrane
morphology acquired and selected during evolution? Recently, metagenomic reconstruction
of Asgard archaea superphylum, considered closely related to eukaryotes, revealed several
genes that encode proteins with eukaryotic homologs (2-4). These include proteins that
control changes in cell membrane morphology, actin cytoskeleton, and regulators of actin
polymerization, previously thought to be absent in prokaryotes.

Results

This study elucidates how the ability to facilitate and respond to morphological changes
in the cell membrane of a representative biological system has evolved by solving the crys-
tal structures of novel proteins found in Asgard archaea

Based on metagenomic analysis results, novel proteins with eukaryotic homologs
have been identified in Asgard archaea, suggesting that a mechanism for altering mem-
brane morphogenesis is conserved in both prokaryotes and eukaryotes. Asgard ar-
chaea may have obtained this mechanism by phagocytosis of a bacterium with these novel
proteins and actin polymerization.

We are pursuing the following six lines of research.

Linel
We have identified novel proteins in Asgard archaea using bioinformatics and created a
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molecular evolutionary phylogenetic tree (unpublished). Genes
have been synthesized for these and are for further studies.
Line 2

We have successfully expressed and purified the novel pro-
teins. Crystals were obtained by screening for protein crystal-
lization conditions (Fig.1), and a 2.9-A resolution diffraction
dataset has been collected at Spring-8 (unpublished). We are

now introducing selenomethionine to determine its phase.
Line 3 Fig. 1. Crystals of a novel
protein from Asgard archaea

X-ray crystal structure analysis will be attempted using the
y ey y P 9 (unpublished)

beamlines of the Spring-8 synchrotron radiation facilities. From
the XRD data, we will elucidate the three-dimensional structures of the proteins and com-
pare them with those of known eukaryotic proteins to predict intracellular functions. Addi-
tionally, we will examine the conservation of amino acid residues necessary for phospho-
lipid binding.
Line 4

Purified archaeal proteins will be labeled with fluorescent dyes and applied to giant unila-
mellar vesicles (GUVS) to clarify whether they can deform cell membranes.
Line5

We will express Asgard archaeal proteins fused with green fluorescent protein (GFP) in
cells to determine whether they can deform cell membranes and identify their subcellular
localizations.
Line 6

Correlative light and electron microscopy (CLEM) has allowed us to identify protein func-
tions and elucidate morphology, and high spatial resolution fluorescence and electron mi-
croscopy have revealed structure information (unpublished).

The laboratory in which the applicant is currently working has published remarkable ac-
complishments in protein purification, crystallization, and structural analyses and has ac-
cumulated significant knowledge and resources. Additionally, the applicant has sufficient
experience in biophysics using GUVs, and cell biological experiments, and has already pre-
pared samples and equipment (5-6).

From the above series of studies, we will further elucidate whether the regulation of As-
gard archaeal proteins in cell morphogenesis are essential for maintaining biological sys-
tems preserved throughout evolution.

Discussion & Conclusion

Functional analysis of proteins that regulate cell membrane morphogenesis has been
performed mainly in eukaryotic endocytosis and filopodia formation studies. Recent
metagenomic studies have shown that Asgard archaea contain protein homologs
involved in cell membrane morphogenesis, including cytoskeletal actin and regulators
of actin polymerization. A professor in the applicant's laboratory has succeeded in X-ray
crystallographic analysis of complex actin and Asgard profilin, an actin-binding protein
regulating actin polymerization (7). Interestingly, Asgard profilins bind to actin and regulate
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actin polymerization. Thus, actin polymerization is essential for life and is conserved
throughout the evolutionary process from prokaryotes to eukaryotes. According to this
background, we are convinced that we can find in Asgard archaea how the functions of
proteins in cell morphogenesis have been conserved and developed during evolution.
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Quantum beam analysis on structure formation of
glucuronosyltransferase catalyzing drug metabolism
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Summary Abstract

Glucuronosyltransferase plays a central role in detoxification of toxic insoluble
compounds by promoting their removal from the body. This study elucidated the interaction
of glucuronosyltransferase and GroEL by observing the binary complex structure using
cryo-EM single particle analysis at 3 A resolution.

Key Words : glucuronosyltransferase; cryo-electron microscopy; protein folding

Introduction

Glucuronosyltransferase catalyzes the transfer of UDP-glucuronic acid as a donor
substrate to insoluble compounds such as bilirubin as an acceptor substrate. Determination
of the structure of the enzyme and understanding of its structure-function relationship
are important for future medical applications. However, structural studies of the enzyme
have been difficult because it has never been functionally isolated and purified using
any recombinant protein expression system. | attempted to purify a mutant enzyme
by expressing it in E. coli, and succeeded in isolating a complex of the enzyme and
E. coli GroEL. The aim of this study is to elucidate the mechanism of interaction of
glucuronosyltransferase and GroEL by observing the complex structure using cryo-EM.

Results

1.2 million particle images from 2,951 micrographs were processed using the RELION
software package and successfully classified into 38 reference-free 2-dimensional classes
with multiple particle orientations with flexible substrate densities clearly visible in the
side view in the ring cavity. Scrutiny of these particle images resulted in an asymmetric
reconstruction of two GroEL complexes containing bound glucuronosyltransferase
substrates with a resolution of 3 A, evaluated at the criterion of FSC = 0.143. The modeling
of the individual subunits was done by rigid fitting of the atomic coordinates of the previously
solved structure to the EM density map using COOT and final refinement of the map
model in Phenix. As in previous studies, the density of glucuronosyltransferase is found to
be localized in the hydrophobic substrate-binding helix of the apical domain covering the
folding chamber cavity. It is conspicuously in contact with 2-3 subunits on one side of the
ring.

The capture of non-native substrates by GroEL is performed by exposed hydrophobic
residues covering the open cavity of the seven-membered ring. Such non-specific binding of
non-native polypeptides is required for the folding protein of GroEL, which requires contact
with the apical domains of the 2-3 contiguous subunits that make up the ring. Previous
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studies of non-native polypeptide binding have revealed several structures detailing the
essential residues of GroEL binding, various low-energy substrate binding conformational
states, hydrophobic and amphiphilic binding motifs, and the initial substrate binding state.
In complete agreement with these studies, the substrate density was formed around two or
three subunits in the ring. Based on previous biochemical and structural studies, this study
developed a new approach to 3-dimensional classification using a signal mask to confirm
this observation. A tailor-made masking strategy was created, combining a cylindrical
volume containing a cavity region and specific residues of the apical domains of the three
subunits (two adjacent and one laterally opposite in the ring).

Focused classification (masked 3D classification) on the refined map allowed to
separate the particle images from the 3 A consensus map based on compositional and
conformational heterogeneities contained only in the masked regions, while maintaining the
orientation of the original particle images.

The analysis resulted in a three-dimensional volume that accounted for 96% of the
total particle image. This volume clearly showed the density formed between the two tip
domains, while very little was present in the tip domain across the cavity.

Unexpectedly, this method resulted in a classified volume (about 2% of the particle
image) where the density in the cavity was not visible. When the mask was removed and
the rings with and without substrate were compared, it was found that the ring cavity had
expanded by about 4 A as the substrate bound to it. Closer examination of the results
revealed that the conformation of the seven-membered ring was different at the domain
level of the subunit.

Discussion & Conclusion

This study demonstrated that there are 2-3 consecutive subunit binding motifs in the
seven-membered ring, which explains the unexpected ring cavity extension in the ring
occupied by glucuronosyltransferase.

Furthermore, the study analyzed the single-ring (sR) and double-ring (dR) complexes
and were able to model the continuous movement of subunits upon substrate binding.

These data provide an in vivo and near-atomic resolution snapshot of the early stages of
the GroEL-glucuronosyltransferase folding reaction cycle.

This allows us to reveal the recognition and occupancy of non-native substrates by
GroEL, as well as to annotate intramolecular changes.
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Novel molecular basis of intracellular cholesterol trafficking in
endothelial cells

Masashi Maekawa
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Proteo-Science Center, Ehime University

Summary Abstract

Endothelial cells lining along inside vessels receive a variety of stimulations leading to
their patho-physiological responses (e.g. angiogenesis). Cholesterol is an essential lipid
for cell survival including endothelial functions. In this study, we identified a ubiquitin ligase
complex, cullin-3 (CUL3)/BTBP/substrates, that requires both localization of cholesterol at
the plasma membrane and angiogenesis.

Key Words : Endothelial cells, Cholesterol, Cullin-3, BTBP

Introduction

Cholesterol is an essential component of cell membranes. Although angiogenesis of
human umbilical endothelial cells (HUVECS) requires plasmalemmal cholesterol (ref 1),
the molecular mechanisms for the determination of proper cholesterol localization at the
plasma membrane remain unclear. Cullin-3 (CUL3) is a scaffold protein for a RING-type
ubiquitin E3 ligase complex. The CUL3-mediated ubiquitination requires recruitment of
target substrates through its recognition by substrate recognition receptors, BTBPs. Human
genome encodes 183 BTBPs and the repertoire of BTBP exerts various cellular functions
of the CUL3 system. We have found that CUL3 knockdown inhibited angiogenesis as well
as dissociation of D4H, a cholesterol biosensor (ref 2), from the plasma membrane. These
data suggest the existence of BTBP/substrates axes that are essential for cholesterol
trafficking to the plasma membrane leading to proper angiogenesis. This study aims
to identify the BTBPs and ubiquitinated substrates in the CUL3 system, which regulate
cholesterol trafficking in endothelial cells.

Results

Identification of a BTBP that is responsible for plasmalemmal localization of
cholesterol in HUVEC

To identify BTBPs that regulate cholesterol localization at the plasma membrane, we
silenced 183 BTBP genes in HUVECs using BTBP siRNA library (ref 3). The mCherry-
tagged D4H cholesterol biosensor was expressed in HUVECs. As a readout, we observed
D4H localization at the plasma membrane by an A1R confocal microscopy. As a result, we
identified one BTBP (BTBP-X), by which knockdown caused the disappearance of D4H
from the plasma membrane (unpublished data). Importantly, knockdown of BTBP-X in
HUVECSs drastically inhibited tube formation that mimics angiogenesis in vitro. These data
suggest that BTBP-X is essential for cholesterol trafficking and angiogenesis.
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A screen of BTBP-interacting proteins by AlphaScreen using human protein arrays

We next sought to identify the ubiquitinated substrate by the CUL3/BTBP-X axis. To this
aim, we made use of AlphaScreen that detects the direct protein-protein interactions in
vitro. The human protein array (approximately 20,000 of FLAG-GST tagged proteins) was
produced by wheat germ extracts. We also prepared biotinylated BTBP-X. As a result, we
identified approximately 100 proteins that interact with BTBP-X (unpublished data).

Discussion & Conclusion

We still need to assess candidate substrates of the CUL3/BTBP-X axis. First, we
will prepare siRNA library for the candidate substrates (~100 genes). Genes by which
knockdown exhibits mislocalization of D4H at the plasma membrane as well as inhibition of
angiogenesis could be target substrates the CUL3/BTBP-X axis. Second, we will validate
the CUL3/BTBP-X-dependent ubiquitination of the substrates by in vitro ubiquitination
assay. We have recently identified novel molecular machineries that regulates endothelial
functions (ref. 4, 5). The crosstalk of the CUL3/BTBP-X/substrate complex with other
pathways should be examined. In future, inhibitors of the formation of CUL3/BTBP-X/
substrate complex would be novel anti-angiogenic drugs. Since the agents do not target
VEGF pathways, the combination with existing anti-VEGF drugs would promise better anti-
angiogenic efficacy.
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Study of the mechanistic dissection of cancer incidence caused by
aging-associated dysfunction of cell competition in intestinal cells
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Summary Abstract

In this study, we exploited the cell competition mouse model and examined how
sequential accumulation of gene mutations which mimic the aging-associated genomic
alteration affects the function of cell competition. The directionality of cellular extrusion
of RasV12-transformed cells in the Wnt-activated background conferred by APC ablation
or B-catenin activation is reversed, and the transformed cells were outcompeted to basal
side through non-cell autonomous MMP21 upregulation. Furthermore, we found that the
increased production of MMP21 was mediated at least, in part, via NF-kB signal, and
hampering NF-kB signal restored apical elimination of transformed cells. Collectively, these
results demonstrate that Wnt activation promotes diffuse invasion of transformed cells
through malfunctional cell competition.

Key Words : Cell competition, multi-sequential carcinogenesis, diffuse invasion,

Introduction

Living organisms implement the self-defense systems to fight against cancer, with
cell competition being one of tumor-surveillance systems to remove the newly emerging
transformed cells. In general, the progressive accumulation of genetic aberrations by aging
is strongly associated with onset of tumorigenesis. This prompted us to investigate whether
the sequential genetic mutations affect the behavior of transformed cells in the competitive
environment. We herein engineer the mice to sustain infrequent somatic activation of Ras in
the background of APC silencing in a manner reminiscent of human familial adenomatous
polyposis and examine the cell fates of transformed cells.

Results

1.Aberrant Wnt-activation disturbs
apical extrusion of RasV12-transformed
cells and induces non-cell autonomous
diffuse invasion.

To examine the effects of APC-defi-
ciency on efficiency of cell competition,
we exploited APCmin mice harboring het-
erozygous loss-of-functional mutation in
APC gene and crossed with the cell com-
petition mouse model where RasV12-

transformed cells are mosaically pro-
Figure 1. Frequency of basal invasion
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duced by administration of the low dose tamoxifen (1). The substantial number of RasV12-
expressing cells surrounded by normal cells were apically eliminated in single RasV12-
mutated mice, while tiny fraction of transformed cells appeared basally extruded. We then
found that number of basally extruded cells in APC/RasV12-mutated mice were significantly
higher than single RasV12-mutated mice. This suggests that Wnt activation leads to mal-
function of cell competition, resulting in promotion of basal extrusion of RasV12-transformed
cells (Figure 1). At 28 days after tamoxifen administration, APC/RasV12-transformed cells
were confined in the stroma of the upper villi. Yet, microscopically detectable deformities to
the tissue architecture in the form of benign tumors were not observed in surrounding tis-
sues, indicating that cancer cells were directly generated from normal mucous membrane
through diffuse invasion of transformants.

2. MMP21 regulates the non-cell autonomous basal invasion of B-cat AN/RasV12 cells
in vitro.

With the aim of understanding molecular mechanism underlying the non-cell autonomous
basal extrusion of transformed cells, we established MDCK or MDCK pTR-RasV12 cells
stably expressing a mcherry-conjugated 3-catenin mutant (B-catAN) to mimic Wnt-induced
basal extrusion of RasV12 cells in vitro. When B-catAN/RasV12-transformed cells were
co-cultured with B-cat AN cells at a ratio of 50:1, a sizeable fraction of B-cat AN/RasV12
cells were basally invaded into the collagen matrix over time, successfully recapitulating
the salient feature of non-cell autonomous basal extrusion of APC/RasV12 cells in vitro. To
reveal the underlying molecular mechanism whereby Wnt activation promotes the diffuse
invasion of RasV12-transformed cells, we conducted a microarray analysis to search for
molecules whose expression is changed in B-cat AN/RasV12 cells co-cultured with p-cat
AN cells. Among the top listed highly expressing genes, we found one member of matrix
metalloproteases (MMPs) superfamily named MMP21 was highly upregulated. Furthermore,
MMP21 knockout prevented the basal extrusion of B-catAN/RasV12 cells, highlighting an
active role for MMP21 in non-cell autonomous basal invasion of transformed cells.

3. NF-kB signal regulates the upregulation of MMP21.

A gene-set enrichment analysis (GSEA) revealed that NF-kB pathway was activated in
B-cat AN/RasV12 cells co-cultured with B-cat AN cells. Accordingly, the reporter assay using
the plasmid in which luciferase expression is under the control of tandem repeats of the NF-
KB transcriptional response element showed the non-cell autonomous activation of NF-kB
signal. To study functional relevance of NF-kB
signal in MMP21-mediated diffuse invasion of
transformed cells, we treated cells with inhibitor
of NF-kB, BAY11-7082. As a result, addition
of BAY 11-7082 substantially diminished the
non-cell autonomous upregulation of MMP21,
suggesting that NF-kB signal functions as an
upstream regulator for enhancing the MMP21
expression. Furthermore, inhibition of NF-
kB signal profoundly suppressed the basal
extrusion of B-cat AN/RasV12 cells co-cultured Figure 2. Summary of this study
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with B-cat AN cells, or even enhanced apical elimination of them. These results suggest
that NF-kB signal plays a central role for redirecting transformed cells to basal invasion via
MMP21 upregulation (Figure 2).

Discussion & Conclusion

In this study, we found the aberrant activation of Wnt signaling altered
the balance in cell competition-induced cellular extrusion, turning RasV12-
transformed cells to invade basally. The basal invasion of RasV12 cells was
induced, at least partly, by MMP21 activity intrinsic to the translocating cells,
and involved NF-kB signal. The diffuse-type cancers generated in the digestive
tract are hardly treatable due to inconspicuous early symptoms, highly invasive
characters of cancer cells. Therefore, it is of clinical significance to delineate
the nature of pathogenesis of diffuse-type cancer, and there is a requirement for
sensitive novel treatments. The present study is indicative of NF-kB-MMP21 axis
as a novel therapeutic target for the treatment of diffuse-type carcinoma. This
study also points to NF-kB signal as one of key determinants of switching the
predominant direction of extrusion from apical to basal. Yet, it remains elusive
which factor(s) determine the divergent fate or APC/RasV12-transfomed mutants.
It needs to be addressed in the future how the molecular landscape is profoundly
remodeled to rewire the direction of extrusion by Wnt activation, which could be
harnessed for therapeutic applications.
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|dentification of premalignant gastric glands in chronic gastritis
mucosa and prophylactics for gastric cancer development.
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Summary Abstract

To explore the susceptibility of pure gastric intestinal metaplasia (IM) to cancer develop-
ment, we investigated the landscape of genetic alterations in gastric single glands. Whole
exome sequencing of gastric single glands revealed significantly high accumulation of so-
matic mutations in various genes within IM glands compared with non-IM glands. Targeted
capture deep sequencing and copy number analyses in gastric clustered glands showed
that IM glands polyclonally expanded to aggregates, which commonly had copy number
aberrations (CNAs) similar to those of intramucosal gastric carcinoma (IGC). These results
suggest that in the gastric mucosa inflamed with Helicobacter pylori (H. pylori) infection, IM
glands expand via acquisition of CNAs comparable to those of gastric cancer, contributing
to field cancerization.

Key Words : gastric cancer, intestinal metaplasia, copy number aberration

Introduction

Gastric IM is considered a risk factor for gastric cancer in gastric mucosa with H. pylori
infection. However, whether IM is a true precursor lesion or just a confounding factor for
gastric cancer remains unknown. To explore the susceptibility of pure gastric IM to cancer
development, we investigated the landscape of genetic alterations in gastric single glands
with IM.

Results

We isolated 42 single glands with or without IM in inflamed gastric mucosa from 11
patients with IGC and in non-inflamed gastric mucosa from 3 people. Then, we performed
whole-exome sequencing (WES) of each single gland after the whole amplification process.
The mean number of mutations in single normal glands was 18.5, whereas those in single
non-IM glands and single IM glands were 32.2 and 81, respectively. Somatic mutations
in single normal glands and single non-IM glands were within the range predicted to be
acquired spontaneously in normal cells of various tissues, whereas single IM glands had
more spontaneous mutations than those predicted in normal cells. In addition, mutation
signature analysis of single glands revealed that C to T substitutions at the CpG site,
or signature 1, was clearly dominant in single IM glands, suggesting that increased cell
turnover could be related to the induction of mutations in IM glands. Intramucosal gastric
carcinoma with microsatellite stability phenotype in the same cases had averages of 89.65
mutations. Limited to cancer-related genes, single IM glands showed 3.8 non-synonymous
mutations on average, whereas single non-IM glands and normal glands showed 1.2 and
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1.0 non-synonymous mutations on average, respectively. However, no mutations were
detected in the driver genes crucial for gastric cancer development, such as TP53, ARID1A,
APC, CDH1 and RHOA. Phylogenetic analyses of IM aggregates showed that IM glands
expand to form clusters sharing some mutations.

Next, we performed targeted-capture deep sequencing in 96 gastric-clustered glands.
The number of somatic mutations in targeted genes was similar between clustered IM
glands and clustered non-IM glands (1.92 vs 1.67 on average, respectively, P = 0.60).
Regarding cancer-related genes, clustered IM glands had more mutations than did
clustered non-IM glands, but the difference was not significant (0.27 vs 0.13 per sample,
respectively, P = 0.39). No mutations were detected in crucial driver genes, including TP53,
ARID1A, APC, CDH1 and RHOA.

Furthermore, we performed autosomal CN analyses in 96 clustered glands of inflamed
gastric mucosa. CNAs were identified in 33 of 72 clustered IM glands, whereas only
2 glands among 24 clustered non-IM glands had CNAs. The CNA score revealed that
clustered IM glands had significantly broader CN gain than did clustered non-IM glands
(BCS 1.62 vs 0.17, P = 0.0121), whereas no difference was observed between clustered
IM and non-IM glands in terms of CN loss (BCS 0.11 vs 0, P = 0.61. FCS 0.51 vs O, P =
0.757) and focal CN gain (FCS 0.56 vs 0, P = 0.535). To compare the CNAs of IM or non-
IM glands with those of gastric cancer, we calculated the autosomal CNA score for 41 IGC
from our previous study, and of 10 submucosal gastric carcinoma at Stage IA and 34 gastric
adenocarcinoma at Stage IB from TCGA database. Broad CNAs showed similar trends
between IM and IGC and were significantly increased in submucosal gastric carcinoma
and stages that are more progressive. On the contrary, focal CNAs were increased in IGC
compared to those in IM glands. CNAs frequently observed in clustered IM glands showed
broad gains of chr 2, 8 and 20. The distribution of CN gain in IM glands was quite similar
to that in IGC and more progressive stages. CN loss was frequently observed in Stage IA
and IB gastric carcinoma, whereas it was rarely observed in gastric IM glands and non-IM
glands. These results suggest that broad CN gains, including gain of chr 8 and 20, were
acquired by IM before malignant transformation, and that focal CNAs and broad CN loss
emerged from the early stage of gastric cancer.

Discussion & Conclusion

We demonstrated that gastric IM is susceptible to somatic mutations and CNAs and
that it expands multi-focally with acquisition of CNAs commonly found in gastric cancer.
This suggests that the chronic inflamed stomach has a number of small fields where IM
glands with CNAs expand, resulting in field cancerization. In addition, the similarity of CNA
patterns and the number of mutations in gastric IM and gastric cancer in the early stage
indicated that most intestinal-type gastric cancers might originate from IM glands. These
findings could be a clear evidence that gastric cancer risk exists, especially, in people with
gastric IM even after eradication of H pylori. Thus, to prevent gastric cancer development,
H pylori eradication should be performed early before the development of IM. For people
with gastric IM, the IM region should be evaluated carefully during short-interval endoscopy
as surveillance for cancer development. To determine approaches for further prevention of
gastric cancer development, it would also be important to unveil the mechanism by which
IM develops during chronic gastric inflammation and to develop therapeutic and preventive
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approaches targeting IM specifically.
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Mechanism of inflammatory memory in hematopoietic stem cells
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Summary Abstract

Inflammation is the cardinal immune response for defense against pathogens and for
facilitating tissue repair. Long-lived hematopoietic stem cells (HSCs) are maintained in
adult bone marrow (BM) with little immune reactions upon immunological challenges, and
produce all blood and immune cells. This project aims at understanding how HSCs can
memorize inflammation, and if it is possible to enhance HSC function by modulating its
inflammatory memory.

Key Words : Hematopoietic stem cells, Inflammatory memory, single cell data

Introduction

Adult bone marrow (BM) had been long thought to be an immune-privileged organ
and thus, to form an advantageous environment to preserve long-lived hematopoietic
and immune cells. However, recent studies indicate that the BM is in fact an active site
of various types of immunological and inflammatory reactions which largely influence
quiescent blood-forming hematopoietic stem cells (HSCs). We have previously shown that
systemic bacterial infection modulates BM-resident HSC identity through innate immune
signal activation in a HSC-intrinsic and -extrinsic (niche-dependent) manner.

Results

Recent works have proposed that innate immunity is sensitized (“trained”) upon infection
and immune cells are epigenetically inscribed with innate immune memory to resist future
infectious insults (Netea MG, Science 2016). Likewise, HSC and their progenitor can also
memorize infection by changing their metabolism and epigenetics (Sezaki M, Front Immunol
2020). Our study has previously shown with bacterial infection models, that gram negative
bacterial infection activates HSCs to proliferation but eventually impairs their hematopoietic
repopulating ability through direct activation of innate immune signaling (Takizawa H, Cell
Stem Cell 2017).

Since microorgansims coexist in our body, we studied how hematopoiesis responds to
microbial signals upon their infiltration to the body, by using inflammatory bowel disease
mouse model. We have found that intestinal tissue damage activates early hematopoiesis in
BM via microbial signals and direct early hematopoietic progenitors to inflamed mesenteric
lymph node to locally produce myeloid cells and promote tissue repair, suggesting cross-
organ communication-driven tissue repair (unpublished data). However, chronic tissue
invasion impinges on lifelong hematopoietic repopulation without disturbance of daily
hematopoiesis, and decreased their responsiveness to immunological challenges.
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To understand the mechanism by which microbial signals regulate HSC function toward
tissue repair, we performed single cell RNA-/ATAC-sequencing with HSCs that had been in
vivo pre-stimulated with lipopolysaccharide (LPS), a gram-negative bacterial component,
and a microbacterial species (Bac). Although the analysis is still ongoing, a preliminary
result showed innate immune signal activation as a control, metabolic regulators, and many
genes involved in immune activation and epigenetics. We also performed a mass cytometer
to analyze a number of epigenetic marks like histon H3 K27 acetylation, and found some
histon marks got activated at 16 hours after the stimulation and stayed active even at 1
month after, indicating that the innate immune signals imprint on HSCs. To confirm this
chromatin change and its impact on locus specific gene regulation, we will do cut-tag
sequencing, an alternative of ChlP-seq for smaller cell number, and see what genes are
regulated by the specific epigenetic marks found here. We are still on the way to develop a
bioinformatics analytic pipeline that unifies all three single cell data set to predict key factors
that control inflammatory memory in HSCs. Given successful selection of those candidate
genes, we will overexpress or knockdown the genes of our interest in HSCs and transplant
the genetically modified HSCs to lethally irradiated mice, to reconstitute hemato-immune
system and test immune activation in response to infection re-challenge.

Discussion & Conclusion

How long-lived tissue stem cells as HSCs respond to hematopoietic challenges, and
how the response relates to the functional alteration of hemato-immune system and
hematopoietic abnormalities (e.g. aplasia/neoplasis) is a focus of ongoing research.
Emerging evidences have demonstrated that in response to tissue invasion such as
infection, inflammation, HSCs and their progenies are activated to migrate, proliferate
and differentiate via immune cell-secreted cytokine- or pathogen-associated molecule
pattern signaling. We have shown that tissue-insulting bacteria or LPS directly cause
functional attenuation, while commensal bacteria, i.e, microbiota instructs hematopoiesis to
promote tissue repair. Thus, Uncovering the molecular mechanism by which hematopoietic
adaptation is formed and maintained in early hematopoietic cells, which reside at the apex
of hemato-immune system, will dissociate beneficial signals from unwanted ones.

The project will converge to the development of a new strategy for vaccination against
existing and emerging infection, or for regenerative medicine, especially for infants or
elderly who have reduced tissue function. Adequate management of the hematopoiesis-
niche cross-talk during tissue invasion is a key to success in treating patients with chronic
inflammatory diseases, autoimmunity, and cancer, which incidence increase with age
(Kovtonyuk LV, Front Immunol 2016).
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Summary Abstract

A mycobacterial virulence factor, Zn** metalloprotease 1 (Zmp1), is known to suppress IL-
1B production by inhibiting caspase-1 resulting in phagosome maturation arrest. However,
the molecular mechanism of caspase-1 inhibition by Zmpl remains obscure. In this study,
we identified GRIM-19 (also known as NDUFA13), an essential subunit of mitochondrial
respiratory chain complex I, as a novel Zmp1l-binding protein. Using CRISPR/Cas9-
mediated gene knockout cells, we found a previously unrecognized role of GRIM-19 as an
essential regulator of NLRP3 inflammasome and a molecular mechanism underlying Zmp1-
mediated suppression of IL-13 production during mycobacterial infection.

Key Words : Tuberculosis, Inflammasome, Mitochondrial respiratory complex |

Introduction

Mycobacterium tuberculosis (Mtb), a causative agent of human tuberculosis, is an
intracellular pathogen that primarily infects macrophages. Macrophages cultured in the
presence of anti-IL-1B neutralizing antibody lose control of intracellular Mtb replication.
Conversely, the addition of recombinant IL-13 in the macrophage culture restricts the
intracellular Mtb replication, indicating the critical role of IL-13 for the bactericidal activity of
macrophages against Mtb*?. It has been shown that the mycobacterial Rv0198c gene that
encodes Zmpl is required for phagosome maturation arrest and intracellular survival of
Mtb in macrophages by inhibiting IL-1B production®’. However, the molecular mechanisms
underlying the inhibition of IL-1f production by Zmp1 are currently unclear.

Results

To investigate the molecular mechanisms of the Zmp1-mediated inhibition of IL-1
production, we performed yeast two-hybrid screening using the full-length Zmp1 as a
bait and isolated a cDNA encoding the C-terminal portion (86-144 amino acids) of murine
GRIM-19. The interaction of Zmpl with GRIM-19 in mammalian cells was confirmed by
immunoprecipitation assay using cell extracts of HEK293T cells transfected with T7-tagged
GRIM-19 and FLAG-tagged Zmp1l. Since GRIM-19 functions as an accessory subunit
of mitochondrial respiratory chain complex 1*7, we examined the subcellular localization
of Zmpl in macrophages. We found that endogenous GRIM-19 is mainly expressed in
mitochondria, and colocalization of Zmpl with GRIM-19 was detected in mouse bone
marrow-derived macrophages infected with BCG. Collectively, these data indicate that
Zmp1 interacts with GRIM-19 in mitochondria during mycobacterial infection.

It is currently unclear whether GRIM-19 is involved in IL-13 production. To understand
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the role of GRIM19 in macrophages, we generated Grim-19-deficient J774.1 mouse
macrophage cells using the CRISPR/Cas9 system. IL-1B production was barely detected
when J774.1 cells were infected with wild-type BCG, but it was significantly increased
when these cells were infected with Azmp1 BCG, confirming that Zmpl suppresses IL-
1B production in BCG-infected J774.1 cells. The IL-1p production induced by Azmp1 BCG
infection was abolished in Grim-19-deficient cells, suggesting that GRIM-19 plays an
essential role in IL-13 production in macrophages upon mycobacterial infection. We also
confirmed that Azmp1 BCG-induced IL-1B production was dependent on NLRP3 since
pretreatment of these cells with MCC950 blunted the production of IL-1 upon Azmp1 BCG
infection.

Next, we analyzed the mechanism of GRIM-19-mediated regulation of the NLRP3
inflammasome. Wild-type and Grim-19-deficient J774.1 cells were primed with LPS to
induce expression of pro-IL-18 and treated with ATP or nigericin to activate the NLRP3
inflammasome. We found that mature IL-1B protein was detected in culture supernatants
of wild-type, but not Grim-19-deficient, cells treated with ATP or nigericin. Pro-IL-1p protein
was detected from the cell lysates of both wild-type and Grim-19-deficient cells stimulated
with LPS. We observed a 10-kDa fragment of caspase-1, which is generated upon
activation of caspase-1, in the culture supernatant of wild-type cells treated with ATP or
nigericin. This fragment was almost completely diminished in Grim-19-deficient cells. Since
the components of the NLRP3 inflammasome, NLRP3, pro-Caspase-1, and ASC were
expressed in Grim-19-deficient cells to a similar extent to wild-type cells, it is suggested that
GRIM-19 is required for activation of the NLRP3 inflammasome.

Because mitochondria-derived reactive oxygen species (mtROS) is known to induce
NLRP3 inflammasome activation®, we next examined whether GRIM-19 is involved in
the production of mtROS. The level of mtROS was significantly increased when LPS-
primed wild-type J774.1 cells were treated with ATP, whereas the level of mtROS was
not increased in Grim-19-deficient cells under the same condition. We also examined the
activity of mitochondrial respiratory complex | in these cells and found that the complex |
activity was markedly reduced in Grim-19-deficient cells compared to wild-type cells. These
results indicate that GRIM-19 is necessary for mtROS production, and the diminished
mtROS production in Grim-19-deficient cells is most likely due to the impaired complex |
activity.

An intact mitochondrial respiratory chain generates mitochondrial membrane potential
(AWYm). Wild-type and Grim-19-deficient J774.1 cells were stained with a cell-permeable
fluorescent probe, JC-1, and analyzed by fluorescence microscopy. We found that the
fluorescence ratio of red/green (JC-1 aggregates/monomer) was significantly lower in the
Grim-19-deficient cells than in wild-type cells, suggesting that GRIM-19 is essential for
maintaining AWm in macrophages. We also found that a transient expression of Zmp1 in
HEK293T cells decreased the AWm to a similar extent as the cells treated with rotenone,
a selective inhibitor of the mitochondrial respiratory chain complex I, implying that Zmp1l
decreases AWm presumably by modulating the complex | activity.

Discussion & Conclusion

In this study, we identified GRIM-19, an essential accessory subunit of mitochondrial
respiratory chain complex I, as a novel Zmpl-interacting host protein. CRISPR/Cas9-
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mediated gene knockout of Grim-19 in a murine macrophage cell line revealed that
GRIM-19 is required for IL-1B production during mycobacterial infection. Further analysis
suggested that GRIM-19 is critically involved in NLRP3 inflammasome activation via
the production of mtROS. Either loss of GRIM-19 or expression of Zmpl resulted in a
significant decrease in mitochondrial membrane potential. Collectively, our results indicate
that Zmp1 inhibits IL-1B production, presumably by targeting GRIM-19 which is necessary
for NLRP3 inflammasome activation. Our work provides new insight into the mechanism
underlying the activation and modulation of the NLRP3 inflammasome during mycobacterial
infection. The development of a drug that blocks the interaction between Zmpl and GRIM-
19 could potentially be a novel host-directed therapeutic option for tuberculosis treatment.
In addition, our study also provides clues to enhance the effect of trained immunity, leading
to the development of novel drugs for infectious diseases.
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Summary Abstract

The ability to recognize familiar individuals is essential for social animals including
humans, and an impairment of this ability is a hallmark of autism spectrum disorders
(ASDs). We previously showed that neurons in the ventral CA1 (vCAL) of the hippocampus
store social memory for familiar individuals. However, how neural activities of vCA1 neurons
are coordinated for social memory formation remained unclear. Here, we found that social
memory in the vCAL is replayed during sleep period, which is disrupted in autism-model
mice.

Key Words : Autism spectrum disorder, social memory, hippocampus, Oxytocin, physiology

Introduction

Autism spectrum disorder (ASD) is a developmental disability that can cause significant
difficulties with social communication and interaction and may also exhibit restricted,
repetitive behaviors and interests. To understand the molecular basis underlying ASD,
large-scale genetic screenings of ASD-related genes have been vigorously conducted [1],
and a large number of genes, including shank3 and neuroligin, were identified. Most of
these genes are involved in forming the dendritic spine and synapse, which function as a
physical scaffold for neurons to process information [2]. However, the essential question of
which brain region(s) and neural circuit(s) were impaired in ASD remains unanswered.

Results

Along with social communication impairment, clinical studies have reported that autistic
patients also exhibit social memory impairment, which is the inability to remember others
accurately [3]. This evidence came up with the idea that the information processing
abnormalities in the neurons involved in social memory itself, or the social neurons located
upstream or downstream of those neurons, may cause autism symptoms.

On the other hand, we previously
showed that ventral CA1 neurons in
the hippocampus store social memory
(Okuyama et al., Science 2016). Using
the microendoscopy to detect the neural
activity of ventral CA1 neurons during
social behavior, we found that a particular population of ventral CA1 neurons is enormously
excited only when recalling a specific memorized individual. However, how neural activities
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of this social memory ensemble are coordinated remained unclear. Here, we found that
social memory in the vCALl is replayed during sleep period, which is disrupted in autism-
model mice.

Our in vivo electrophysiological recordings allow us to compare neural activities during
awake social behavior and during high-frequency oscillations called sharp-wave ripples
(SPW-Rs) observed during sleep periods with high temporal resolution. In this study, we
showed that vCA1 social memory neurons, characterized by enhanced activity in response
to memorized individuals, were preferentially reactivated during sharp-wave ripples. Also,
we revealed that these features are impaired in autism-associated Shank3 mutant mice [4].

Discussion & Conclusion

These results suggest that SPW-R-mediated sequential reactivation of memory
ensembles is a general mechanism for coordinating hippocampus-dependent social
memories and spatial memory. Importantly, we found that its disruption may underlie the
pathophysiology of ASD-related social memory defects. Our findings provide a first-ever
neuroscientific answer to the question of why autistic patients are unable to exhibit social
familiarity, which is expected to provide a breakthrough in the therapeutic development of
ASDs.
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Fasting Specific Metabolic Regulation by the Circadian Clock
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Introduction

Circadian rhythms are organismal innate oscillation to preserve homeostasis in an
anticipation of day-night cycle. The intrinsic rhythms are driven by the circadian clock,
which orchestrates daily rhythms of metabolism, physiology, and behavior. Feeding-fasting
rhythms entrain peripheral circadian clocks, emphasizing the notion that temporal patterns
of nutrient availability impact clock functions. While a number of molecular mechanisms are
responsible for clock integration of metabolic states, it remains to be defined whether clock-
mediated transcriptional regulation is altered by fasting.

Results

To explore whether the circadian clock impinges
on genomic response to fasting, 8-12 weeks-old,
male clock deficient (Bmall™) mice and control
mice were subjected to ad libitum feeding (FED) or
24hr fasting (FAST) under a 12hr/12hr light-dark
condition. Liver, skeletal muscle, and serum were
collected at two different time points (at zeitgeber
time (ZT) 8 and 20, wherein light turns on at ZTO
and off at ZT12). qPCR revealed differentially
expressed transcripts in the liver and skeletal Figure 1
muscle between FED and FAST conditions (Figure
1). Ablation of Bmall has been first validated. We previously demonstrated that genomic
response to fasting is categorized into three groups: Class I, BMALL target and repressed
by fasting; Class Il, BMAL1 target and induced by fasting; Class Ill, non-BMALL1 target and
induced by fasting *. Consistent with the previous study, expression of hepatic Dbp gene
was repressed by fasting and virtually abolished in Bmall”™ mice (Class I). Hepatic Por
expression was induced by fasting and attenuated in Bmall™ mice (Class Il). Hepatic Fgf21
expression was induced by fasting and this induction was comparable between WT and
Bmall” mice (Class Ill). Similarly, expression of skeletal muscle Dbp gene was repressed
by fasting and virtually abolished in Bmall™ mice (Class I). Skeletal muscle Perl expression
was induced by fasting and attenuated in Bmall” mice (Class Il). Thus, distinct classes of
genes display differential genomic response to fasting.

Circadian gene expression is controlled by rhythmic activation of clock and non-clock,
nutrient-sensitive transcription factors (metabolic clock) such as SREBP, PPAR, and
CREB?’. Fasting-specific gene regulation is achieved by cyclic coordination of circadian and
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metabolic clocks. To advance our understanding of underlying transcriptional mechanisms,
high-throughput transcriptomic analysis was performed by RNA sequencing (RNA-
seq). After the process of mapping, alignment, annotation and quantitation, differentially
expressed genes were identified using CyberT analysis®. BMAL1 target genes were defined
by genes whose expression was repressed by BMALL ablation. 816 and 879 genes
were identified as the class | gene in the liver and skeletal muscle, respectively. 269 and
221 genes were found as the class Il gene in the liver and skeletal muscle, respectively.
2293 and 2981 genes in the class Ill were discovered in the liver and skeletal muscle,
respectively. 96 genes in the class |, 20 genes in the class Il, and 879 genes in the class
Il were in common between liver and skeletal muscle, respectively. This observation
likely represents tissue specificity of the clock regulation upon fasting. KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway analysis revealed that pentose and
glucuronate interconversions is enriched in the hepatic class | genes, AMPK signaling,
FoxO signaling pathways in the hepatic class Il genes, and Proteasome, PPAR signaling
pathway in the hepatic class Ill genes. Meanwhile, PI3K-Akt signaling pathway are
overrepresented in the muscle class | genes, circadian rhythm in the muscle class Il genes,
Proteasome in the muscle class Ill genes. Thus fasting seems to induce a transcriptional
switch of the circadian clock, whereby achieving different classes of fasting-specific gene
regulation in the liver and skeletal muscle.

Discussion & Conclusion

Circadian transcription is subject to temporal patterns of nutrient availability. There
are a number of underlying mechanisms which contribute to such receptivity of the clock
machinery to nutritional states. For instance, feeding drives Per2 gene expression through
insulin signaling, while fasting induces Perl gene activation by glucagon and glucocorticoid
via phosphorylated CREB and GR, respectively. Although it becomes more evident that
clock components are subject to regulation or modification by nutrient sensing pathways,
it remains to be clarified whether changes in chromatin landscape by nutritional states
dictate clock-mediated transcription in concert with nutrient sensitive transcription factors.
Preliminary results from our study suggest that fasting imparts a switch to clock-mediated
transcription both in the liver and skeletal muscle. Future experiments will define how clock
transcription factors are conditioned by fasting at the chromatin level.
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Cell senescence effects on transcriptional regulation and
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Summary Abstract

Beige fat was induced by thermal stress adaptation and increase energy expenditure as
heat. Aging, obesity, cell senescence strongly inhibits the induction of beige adipocytes.
Still, how cell senescence regulate differentiation of beige adipocytes remain incompletely
understood. The complicated reasons to study their mechanism, because beige adipocytes
are heterogeneity.

Here, we analyzed single cells with adipose tissue in young and aging mice using single
cell RNA sequencing. We identified new cell populations of subtype of preadipocytes.
These findings provides understanding the beige adipocytes differentiation in aging.

Key Words : Beige adipocytes, Senescence, cell differentiation

Introduction

Beige fat was induced by thermal stress adaptation and increase energy expenditure as
heat. Aging, cell senescence strongly inhibits the induction of beige adipocytes. Still, how cell
senescence regulate differentiation of beige adipocytes remain incompletely understood. The
complicated reasons to study their mechanism, because beige adipocytes are heterogeneity.

Recently our study reveals a hew subtype of beige adipocytes and preadipocytes . This new
subtype is distinct from conventional beige fat in developmental origin and regulation and cell
function.

We analyzed single cell RNA sequencing with adipose tissue in young and aging mice
with cold simulation. We identified new cell populations of subtypes of preadipocytes.

Results

1. Aging mice showed cell senescent in inguinal adipose tissue.

To examine aging effects in inguinal adipose tissue, we analyzed young and old mice
in inguinal adipose tissue. Old mice showed higher mRNA expression of several cell
senescent marker genes, p19 and p16(Figurel).

Figurel. Aging mice showed cell senescent in inguinal adipose tissue.
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2. Aging mice showed impaired beige fat induction.
Next, we investigated the beige fat induction in old mice at cold exposure. Old mice
showed a significantly decrease beige fat induction at cold exposure(Figure2).

Figure2. Aging mice showed impaired beige fat induction.

3. Chronic cold exposure induced beige fat in old mice.
In contrast to this, longer cold stimulation can induce beige fat induction in aging mice.

Figure3. Chronic cold exposure induced beige fat in old mice.

4. Identification and Characterization of inguinal adipose tissue by scRNA-seq.

Given the differences in beige fat induction in inguinal adipose tissue between young
and aged mice.We next explored the inguinal adipose tissue, we run scRNA-seq analysis.
We isolated single cell suspension in inguinal adipose tissue by collagenase digestion
as previously described(1). Next, single cell cDNA libraries were generated using 10X
Genomics platform to run scRNA-seq in inguinal adipose tissue from young mice and
old mice housed room temperature (RT) or Cold. To classify the cell types in the inguinal
adipose tissue, we performed uniform manifold approximation and projection(UMAP)
analysis using Seurat.

We identified 40 cell clusters, which are displayed using UMAP dimension reduction
technique after integration datasets. Clusters were annotated based on canonical genes,
for example adipocytes progeneitor, preadipocytes(Pdgfra) We identify preadipocytes are
multiple cluster and subpopulations (Figure4).

We compared to clusters among datasets, notably we identified cell clusters specifically
in cold exposure (Figure5).

Cluster 23 and 30 are expressed preadipocytes marker Pdgfra and uniquely enriched
in cold exposure condition, it suggest that these cell cluster are associated with beige fat
induction even in aging condition.
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Figured. Single cell RNA sequencing identifies preadipocytes cell cluster
(Pdgfra expressed) in adipose tissue.

Figure5. Single cell RNA sequencing identifies cell clusters in adipose tissue.

Discussion & Conclusion

Cell senescent impairs beige fat induction”. Obese condition cause cell senescence in
adipose tissue. Aging and Obesity storongly inhibit beige induction.

However, our findings suggest that even in aging mice, chronic cold stimulation can
induce beige adipocytes. Aging mice have potential beige fat induction.

Recently our study reveals a new subtype of beige adipocytes and preadipocytes?
. These findigs suggest that subtypes of beige adipocytes are different under aging
conditions. By single-cell analysis in inguinal adipose tissue, we identified new cell
populations in cold stimulation. These new cell populations are likely associated with beige
fat induction in cell senescence. Future work will further elucidate the role of the new cell
population in beige fat induction, even in aging and obesity.
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Identification of molecular network between mitochondria and
nucleus underlying mitochondrial biogenesis
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Summary Abstract

Mitochondrial degradation and biogenesis are coordinately regulated to maintain
mitochondrial homeostasis. Genome-wide CRISPR library screen and subsequent perturb-
sequence identified p53 and RREB1 as novel regulators for mitochondrial biogenesis after
mitophagy.

Key Words : mitochondrial biogenesis, heart failure

Introduction

Mitochondria play a critical role in energy production, redox and calcium metabolism
and apoptosis, all of which are involved in cardiac hypertrophy and fibrotic change during
heart failure progression. Mitochondria are dynamic organelle, repeating fission and
fusion and damaged ones are degraded by autophagy machinery, called “mitophagy”.
Usually, mitophagy are coupled with biogenesis to maintain mitochondrial content. We
and other groups reported that mitophagy was down-regulated by p53 and others and
mitochondrial biogenesis was also impaired subsequently in heart failure. The dysregulated
balance between degradation and biogenesis induced low mitochondrial content, energy
compromise, oxidative stress and impaired homeostasis. In this study, we aim to reveal
mitochondria-nucleus signal network to maintain the balance of mitochondrial degradation
and biogenesis.

Results

We employed the mitochondrial biogenesis in response
to forced mitophagy in cultured C2C12 cells. At first,
we performed CRISPR library screening to identify key
players in mitophagy-mediated mitochondrial biogenesis.
Lentivirus based GeCKO library was transduced to Parkin
expressing cells. Mitophagy was induced by CCCP or
OXPHOS inhibitor cocktail treatment. Mitochondrial
content was analyzed by MitoTracker Green. High or
low MitoTracker signal population was sorted and then
analyzed by deep sequencing. This screening identified TNFa-NFkB pathway including
Traf3, Traf2, Birc2, RBCK1, ubiquitin-related genes and nuclear protein-coding genes
including Rrebl, p53, Bmil, Atxn7I3 as positive regulators for mitochondrial biogenesis after
mitochondrial degradation. Based on these regulators, single cell CRISPR screening was
performed in the Perturb-seq platform. gRNAs targeting 9 genes as well as non-targeting
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control were transduced to Parkin expressing cells. Samples were harvested 4 time points
before and after mitophagy induction with parkin overexpression and CCCP treatment.
Single cell analysis was performed by 10X Genomics platform. After quality control filtering,
we obtained 16,616 cells from 4 time points around mitophagy induction. In the clustering
analysis, there were seven clusters with two fate directions; successful mitochondria
biogenesis (cluster 6) and failure of biogenesis (cluster 7). Cluster 6 was characterized by
gene ontology of mitochondrial respiratory electron transport chain, whereas cluster 7 had
upregulated genes in related with p53-mediated transduction and cell cycle arrest. Among
the perturbed genes, Rrebl knockout shifted the population from cluster 6 to 7, and p53
knockout decreased cluster 6 with increased cluster 4. These results indicated that Rrebl
knockout failed mitochondrial biogenesis, whereas p53 knockout just delayed biogenesis.

ATAC sequence was performed to analyze the epigenetic alteration in mitochondrial
biogenesis after mitophagy induction. High accessibility was associated with regulation of
transcription, cell differentiation, and regulation of ion transmembrane transport. In contrast,
low accessibility was related with DNA methylation, DNA replication, positive regulation
of gene expression, and nucleosome assembly. In the motif analysis, SP1, SP2, Sp3,
Sp8, KLF5, KLF16, RREB1, and ZNF 740 motifs become more accessible in the phase of
mitochondrial biogenesis. These results indicated that RREB1 binding site becomes open
and contributes to mitochondrial biogenesis.

As the downstream of RREB1, RREB1 motif binding peak was analyzed with RNA
sequence data. There were about 50 genes matched with ATAC-seq peaks annotated
as promoter. Among them, several genes including ESR1 ware involved in mitochondrial
biogenesis and functional maturation.

PGCla is well-known master regulator of mitochondrial biogenesis. Its expression level
was elevated and partially involved in biogenesis after mitophagy. To find upstream of PCG-
la expression, we also performed CRISPR library screening using PGC-1a reporter cells.
P2A-mCherry fragment was knocked-in in the front of stop codon. Several COMM (copper
metabolism gene MURR1) domain containing genes were identified to positive regulator for
PGC-1a expression. Together with mitochondrial biogenesis regulators screening, autophagy-
related gene, AMBRA1 and cell cycle-related gene, PPP1R15A were common hit genes in both
PGC-1a expression and biogenesis, indicating that AMBRAL and PPP1R15A were promoted
biogenesis through PGC-1a expression.

Discussion & Conclusion

Our current impressive result is that RREB1 was identified in both CRIPR library
screening and ATAC sequence. RREB1 is responsible for mitochondrial biogenesis and
its binding site becomes more accessible after mitophagy. Single cell RNA sequence
with perturbed genes also suggested RREB1 knockout failed to promote mitochondrial
biogenesis after mitochondrial degradation. One of the candidates of downstream is
estrogen receptor to drive biogenesis. RREB1 seemed to regulate other mitochondrial
genes. To obtain more convincing data, we are now setting to perform Cut&Tag. This
method can provide direct evidence of RREB1 binding sites. And RREB1-flox mouse is
under generation to analyze the physiological and pathological importance of RREB1 in
associated with mitochondrial biogenesis.
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Development of Planar Chiral Cyclic (Amino) (ferrocenyl)
carbene Ligands for Medicinal Chemistry
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Summary Abstract

New cyclic (amino)(ferrocenyl)carbene (CAFeC) ligand containing the Cgs(Ph)s group
has been developed as a modification of their prototype Cp version. The new carbene
was generated from a salt by simple deprotonation with a strong base and identified by a
carbene trapping experiment with sulfur.

Key Words : asymmetric synthesis, chiral N-heterocyclic carbene (NHC), planar chirality

Introduction

Chiral N-heterocyclic carbenes (NHCs) have received much recent attention for their
importance as asymmetric organocatalysts and chiral ligands in transition metal catalysis.
Very recently, we developed a new type of planar chiral cyclic (amino)(ferrocenyl)carbene
(Rp)-1. The purpose of this study was to develop Cp(Ph); version (R,)-2 in order to create a
more attractive chiral environment than 1 as chiral ligands because of the bulkiness of the

Cs(Ph)s group.
Previous Work This Work
O Ph
Ph
(Ry)-1 (Cp) (Rp)-2 (Cs(Ph)s)

With the aim to increase steric hindrance
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Results
Scheme 1.
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The synthetic route to carbene precursor (R,)-[2H]OTf is shown in Scheme 1. Here,
the same strategy as that established by us for prototype ligand (R,)-1 was employed.
First, known chiral formylferrocene 3, which was obtained by a diastereoselective ortho-
functionalization strategy, was subjected to the Wittig reaction with [Ph;PCH,CN]Br to
form 4. Then, resulting 4 was treated with LiAlH, to give primary amine 5. Then, 5 was
treated with hydrochloric acid for acetal hydrolysis, and this was followed by a spontaneous
intramolecular cyclization reaction to yield aldimine 6. Desired iminium salt (R,)-[2H]OTf
was obtained by reacting 6 with isopropyl iodide, followed by an anion exchange with
AgOTf.

Because it was confirmed that CAFeC 1 was not isolable and decomposed into a mixture
even at low temperature, the generation of 1 was indirectly confirmed by carbene trapping
experiments with sulfur in our previous study. The same trapping experiment was also
conducted to confirm the generation of 2. As a result, the addition of LIHMDS as a base to
a mixture of iminium salt (R,)-[2H]OTf and sulfur in THF gave desired sulfur adduct (R,)-7 in
26% yield (Scheme 2).

Scheme 2.
LiHMDS

NS = N
® e (Fe)_rn s pn_(Fg _rn

THF
Ot Ph/L;\CPh Ph/@\Ph

Ph Ph
(R,)-[2HIOTf (R,)-7 (26%)
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Discussion & Conclusion

We have developed novel CAFeC ligand 2 with C4(Ph)s; group by the modification of
its prototype version, 1. The existence of the carbene at low temperature was confirmed
by a carbene trapping experiment with sulfur. Encouraged by these results, we are now
preparing its metal complexes to apply this novel ligand in asymmetric reactions.
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Regulation of gene expression network and cell death by
microRNAs during viral infection
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Summary Abstract

RNA silencing is a posttranscriptional gene silencing mechanism directed by endogenous
small non-coding RNA, microRNAs (miRNASs). By contrast, the type-I interferon (IFN) sys-
tem is an innate immune system activated by exogenous RNA such as viral RNAs. RNA si-
lencing and IFN system are considered as independent pathways previously. We found that
the crosstalk between RNA silencing and IFN system regulates gene expression network
and functions as an antiviral defense system in mammalian cells.

Key Words : microRNA, IFN system, antiviral immunity

Introduction

RNA silencing is a posttranscriptional gene silencing mechanism directed by endogenous
small non-coding RNAs called microRNAs (miRNAs). The human genome encodes > 2,000
mMiRNAs, and the deletion or mutation, as well as upregulation or downregulation, of mMiRNA
causes serious diseases including cancer, neurodegenerative diseases, and diabetes.
By contrast, the type-I interferon (IFN) system is an innate immune system activated by
exogenous RNAs, such as viral RNAs.

Results

During viral infection, viral RNAs are detected by virus sensor proteins, including Toll-
like receptors (TLRs) and retinoic acid-inducible gene | (RIG-I)-like receptors (RLRS) in the
endosome and cytoplasm, respectively. The activated sensor proteins transfer signals to
the downstream molecules to induce IFN production. Secreted IFN induces hundreds of
IFN-stimulated genes (ISGs), which represses viral replications.

Among RLRs, RIG-I recognizes 5'-triphosphate- or 5’-diphosphate RNA and small RNA
duplexes, and MDADS recognizes long RNA duplexes as exogenous RNAs. They transfer sig-
nals to downstream molecules through their caspase recruitment domains (CARDs). LGP2
is a member of the RLRs, but does not have a CARD, rendering it incapable of transferring
signals downstream. We identified that LGP2 modulates RNA silencing by interacting with
the RNA silencing enhancer, TRBP. LGP2 interacts with TRBP via the dsRNA-binding sites
of TRBP through competition with TRBP-bound pre-miRNAs. This competitive binding inhib-
its the binding of 40 types of pre-miRNAs with TRBP in HelLa cells, as well as the maturation
of those miRNAs by Dicer/TRBP, and their subsequent RNA silencing activities.

To identify the spe- cific structural characteristics of TRBP-bound and -non- bound pre-
miRNAs, we calculated the base-pairing prob- ability (BPP), which provides the probability
for each base- pair with respect to an ensemble of RNA secondary struc- tures for predict-
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ing accurate RNA secondary structure. The mean BPP values at stem regions of all pre-
miRNAs, TRBP-bound and non-bound pre-miRNAs were calculated using the max values
of fluctuating BPPs at each nucleotide, calculated by CentroidFold. The results clearly dis-
tinguished be- tween pre-miRNA that preferably bound to TRBP and pre- miRNA not bound
to TRBP in the context of miRNA sec- ondary structures. The stem region of TRBP-bound
pre- miRNA had tight base-pairing, while that of TRBP-non- bound pre-miRNA had weak
base-pairing.

Thus, LGP2 has been demonstrated to inhibit RNA silencing directed by TRBP-bound
miRNAs and upregulate expression of their target genes. However, the biological implica-
tions of this activity remained unclear. We generated TRBP or LGP2 knock-out cell lines
using CRISPR/Cas9 genome engineering. The Gene expression profiling using these cell
lines revealed that apoptosis regulatory genes were upregulated during SeV infection: cas-
pases-2, -8, -3 and -7, four cysteine proteases with key roles in apoptosis, were upregulat-
ed directly or indirectly through the repression of a typical TRBP-bound miRNA, miR-106b.
LGP2 upregulated apoptosis regulatory genes by inhibition of TRBP-bound pre-miRNA
maturation by competitive binding with TRBP, and enhanced apoptosis during Sendai virus
(SeV) infection. SeV is a single-stranded RNA virus recognized by RIG-I, and its infection
induces IFN production, which strongly induces LGP2 expression. Induced LGP2 protein in-
teracted with TRBP and reduced RNA silencing directed by a typical TRBP-bound miRNA,
miR-106b, resulting in upregulation of its target genes, including initiator or executioner cas-
pases, directly or indirectly.

We showed that caspase-2 is a direct target of miR-106b. Although we could not clarify
whether caspase-8 is a direct or indirect target gene of miR-106b, caspase-2 is reported
to be activated along with caspase-8 in response to multiple triggers including DNA dam-
age, heat shock, endoplasmic reticulum stress, and oxidative stress. The initiator caspases,
caspases-2 and -8, form a complex with Fas-associated protein with death domain (FADD),
and this interaction induces the downstream activation of executioner caspase-3, and finally
induces apoptosis. Thus, LGP2 may efficiently enhance apoptosis by regulating initiator
caspase(s).

Discussion & Conclusion

The function of one of RLRs, LGP2, was controversial. We revealed that LGP2 functions
as a modulator of RNA silencing by interacting with an RNA silencing enhancer, TRBP. The
biological implication of modulation of RNA silencing by LGP2 induction during viral infec-
tion was unclear in previous reports, but we found that LGP2 upregulates apoptosis regula-
tory genes mediated by the repression of TRBP- bound miRNAs and enhances apoptosis
during SeV infection. Our finding showed that the crosstalk between RNA silencing, which
is directed by endogenous miRNAs, and IFN system, which is activated by exogenous viral
RNAs, functions to induce apoptosis as an antiviral defense system in mammalian cells.
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Functional analysis of the paraventricular nucleus of the
thalamus involved in social behavior
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Summary Abstract

Whether oxytocin neurons in posterior paraventricular thalamus (pPVT) are related to
sociability are poorly understand. Chemogenetic suppression of oxytocin neurons in pPVT
activity in adulthood was sufficient to induce sociability deficits without affecting anxiety-
related behaviors. However, optogenetic activation of oxytocin neurons in pPVT activity in
adulthood did not increase sociability. Our study identifies oxytocin neurons in pPVT activity
required for sociability.

Key Words : Posterior paraventricular thalamus, Oxytocin, Sociability

Introduction

My previous study showed 2weeks of social isolation immediately following weaning
leads to a failure to activate medial prefrontal cortex neurons projecting to the posterior
paraventricular thalamus (mPFC—pPVT) during social exposure in adulthood®. However,
whether oxytocin neurons in posterior paraventricular thalamus (pPVT) are related to
sociability are poorly understand. Here, we sought to identify the specific types of neurons
in pPVT that requires sociability.

Results

To examine the extent to which activity of oxytocin neurons in pPVT activity is necessary
for sociability, we chemogenetically suppressed the activity of oxytocin neurons in pPVT
expressing inhibitory DREADD (iDREADD). Cre-dependent iDREADD or mCherry vector
were injected into the pPVT, respectively, to express iDREADD in pPVT neurons in
oxtr mice. Suppression of oxytocin neurons in pPVT activity through clozapine N-oxide
dihydrochloride (CNO) treatment in adult mice reduced sociability in the three-chamber test
((two-way repeated-measures (RM) ANOVA, drug (CNO or SAL) x stimulus (social or object)
interaction F,,,=12.900, *P=0.001; effect of drug F,,,=1.905, P=0.180; effect of stimulus
F.,,=0.419, P=0.524), with no impact on motor activity or measurements of anxiety-related
behavior (Left, two-tailed paired t-test, t;,=0.005, P=0.996, Middle, two-tailed paired t-test,
t,,=0.864, P=0.405, Right, two-tailed paired t-test, t,,=0.368, P=0.719). Moreover, we
found reduced social contact in suppression of oxytocin neurons in pPVT activity through
AR-LABO (Animals Behavior Observing-system). CNO injection in mCherry-expressing
control mice produced no significant differences in behavior compared with saline (SAL)
injection in sociablity(two-way RM ANOVA, drug (CNO or SAL) x stimulus (social or object)
interaction F,.5=0.428, P=0.415; effect of light F,,,=0.204, P=0.657; effect of stimulus
F..s=6.135, P=0.023) and motor activity or anxiety-related behaviors (Left: two-tailed
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paired t-test, t,=0.796, P=0.447, Middle: two-tailed paired t-test, t,=1.267, P=0.237, Right:
two-tailed paired t-test, t,=0.255, P=0.804)..

To examine whether oxytocin neurons in pPVT activity is sufficient to increase sociability
in adult mice, we optogenetically activated oxytocin neurons in pPVT virally expressing
channelrhodopsin (ChR2) under the CaMKIl promotor by wirelessly illuminating a blue
LED implanted over the pPVT while mice performed the three-chamber test. CaMKII-ChR2
AAV1 was injected into the pPVT and a wireless blue LED was inserted above the pPVT in
oxtr mice. However, we did not find that optogenetic activation of oxytocin neurons in pPVT
within the social-interaction chamber led to an increase in sociability (two-way RM ANOVA,
light (ON or OFF) x stimulus (social or object) interaction F,,,=0.428, P=0.415; effect of
light F,,5=0.204, P=0.657; effect of stimulus F,,3=6.135, P=0.023). On the other hand,
optogenetic activation of oxytocin neurons in pPVT in one of two empty corral interaction
zones was sufficient to increase time spent in that zone (ChR2+ mice with optogenetic
stimulation showed real-time preference to the stimulation zone (S) over the nonstimulation
zone (N) as indicated by increased discrimination score (calculated as (S—N)/(S+N), two-
tailed paired t-test, t,=3.197, *P=0.011) as well as investigation time (two-way RM ANOVA,
time (OFF, ON)xzone (stimulation zone or nonstimulation zone) interaction F, ,;3=8.500,
**P =0.009; effect of time F, ;,3=3.185, P=0.091; effect of zone F, ,,=2.879, P=0.107).

Discussion & Conclusion

Overall, our study identifies oxytocin neurons in pPVT activity required for normal adult
sociability. Given that the paraventricular thalamus (PVT) projects to various reward-
associated areas including the nucleus accumbens, the bed nucleus of the stria terminalis
and the central amygdala through collateralized projections®?. In contrast to other mPFC
projections that have been reported to reduce sociability upon activation, such as the
projections to the lateral habenula (located in close proximity to the PVT), activation of
mPFC—PVT projections promotes sociability”®. Future studies are warranted to reveal how
different populations of mPFC projection neurons influence subcortical networks that control
social behavior and are impacted by previous social experience.
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Identification of precursor memory B cells and mechanistic
characterization of memory B cell generation
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Summary Abstract

Memory B cells and long-lived plasma cells are the critical components of humoral im-
mune memory. In this study, we analyzed the memory B cells differentiation mechanisms
during germinal center reaction using single cell RNA-seq techniques. These results may
contribute to the understanding how immunological memory establishes in our body during
infection or vaccination.

Key Words : memory B cell, vaccine, single cell RNA-seq

Introduction

“Immunological memory” is the ability of the immune system of our body to quickly and
specifically recognize the previously encountered antigens, such as viruses and bacteria.
Memory B cells and long-lived plasma cells are the cellular components which have central
roles in humoral immune memory. In this study, we have tried to identify and characterize
precursor memory B cells during germinal center B cell selection using single cell RNA-seq
techniques.

Results

During germinal center (GC) reaction, light zone B cells are selected to differentiate into
memory B cells, plasma cells, or to re-enter into dark zone. We have previously identified
and characterized a small GC population of precursor memory B cells, and found that GC B
cells with lower mTORC1 activity resulted from weak T cell help and higher survival signal
from surface B cell receptors favor a memory B cell fate (Fig. 1) (Inoue et al., J Exp Med,
2021).
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To further clarify the detailed trajectory path of the GC B cell differentiation into memory
B cell, | first performed a high throughput droplet-based single cell RNA-seq (ScCRNA-
seq) analysis on sorted splenic murine B cells after T cell dependent antigen (protein)
immunization using the 10x Genomics Chromium platform. After quality control, 9,972
cells with 2,086 median genes per cell were retained. Unsupervised clustering revealed 14
clusters on t-SNE plot, which were assigned to each B cell subsets (GC light zone, dark
zone, plasma cells, memory B cells, and naive B cells) using known landmark genes (Cd38,
Bcl6, Zeb2, Cd83, Sdcl, and Hmmr) (Fig. 2). Validation of this assignment was achieved by
comparing the results with bulk RNA-seq data we obtained before (Inoue et al., J Exp Med,
2021).

scRNA-seq analysis of samples prepared as above was also performed using micro-well
based BD Rhapsody platform, which provided a comparable or a slightly better throughput
and sensitivity than with 10x Chromium. These results showed that scRNA-seq analysis
of murine activated B cells has been successfully set up with two independent platforms.
Interestingly, these scRNA-seq data identified putative dying GC B cells (not dead cells)
which could not be observed in the conventional flow cytometry analysis, suggesting
the possibility of the existence of GC B cell-specific population which failed to receive
appropriate T cell help and therefore are destined to apoptosis and to be outcompeted
during selection. Differential gene expression analysis to identify the specific genes in this
apoptosis-prone GC population is now under investigation.

Discussion & Conclusion

scRNA-seq analysis of primary immune cells, such as B cells and T cells, is generally
difficult due to their extremely low mRNA abundance, resulted in only few studies
published so far (Laidlaw et al., Nat Immunol, 2020). In this study, | have successfully
obtained scRNA-seq data using ex vivo murine GC B cells and assigned each clusters to
known B cell subsets and also identified uncharacterized dying GC B cells. Clarifying the
heterogeneity in GC B cells will be a key to elucidate the memory B cell generation from the
GC.

Given the importance of memory B cells in protecting us against re-infection,
understanding how memory B cells are produced will provide us the basal information
required for novel vaccine design against Influenza infection or COVID-19. Our studies
may contribute better understanding how immunological memory against these viruses or
vaccines establishes in our body.
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Rhodium(l)-catalyzed enantioselective hydroacylation through
dynamic kinetic resolution
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Summary Abstract

Rhodium(l)-catalyzed enantioselective intermolecular hydroacylation of an alkyne through
a dynamic kinetic resolution was investigated. It was found that the reaction of a racemic
aldehyde having a sulfur atom in the tether with an alkyne gave the a,B-unsaturated ketone
in good yield with moderate ee.
Key Words : rhodium, hydroacylation, enantioselective, alkyne, aldehyde

Introduction

Transition metal-catalyzed hydroacylation is one of the most promising methods for the
synthesis of ketones from an aldehyde and a C-C multiple bond." In particular, rhodium-
catalyzed intermolecular hydroacylation of an alkyne has been received much attention
from chemists because various a,B-unsaturated ketones can be prepared by using it.*
However, there is only one report on the enantioselective variant through a kinetic resolution
so far.? In this context, | investigated rhodium(l)-catalyzed enantioselective intermolecular
hydroacylation of an alkyne through a dynamic kinetic resolution.

Results

Initially, the reaction of racemic aldehyde 1a having a sulfur atom in the tether with alkyne
2a was investigated (Table 1). The reaction was carried out in the presence of 10 mol% of
[Rh(cod),]CIO, and (R,R)-Me-duphos at 0 °C in acetone, and the desired a,3-unsaturated
ketone 3aa showed moderate yield and low ee (entry 1). Next, the effects of the reaction
temperature and additives were examined. As a result, it was found that when the reaction
was carried out at -20°C, the yield of 3aa was improved to 78%, albeit with 10% ee (entry
2). On the other hand, the use of alcohol and phenol derivative as an additive showed the
improvement of the ee of 3aa (entries 3-6). On the basis of these results, the reaction was
carried out using various ligands. When (R,R)-Et-duphos was used as a ligand, the reaction
proceeded to give 3aa in 43% yield with 60% ee (entry 7). On the other hand, when biary-
type ligands were employed in this reaction, both yield and ee of 3aa were decreased
(entries 8,9).
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Table 1. Condition Screening.
10 mol% [Rh(cod),]CIO,4

0 10 mol% ligand 9
Ph/\gjx H o+ — 10 mol% additive Ph/\ﬁk/\ Ph
acetone
SEt temp. 24 h SEt
1a (racemic) 2a 3aa
3aa
entry temp. (°C) ligand additive yield (%) ee (%)

1 0 (R,R)-Me-duphos none 59 8
T 20 (R,A)-Me-duphos ~ none 78 10
T 20 (RA)-Meduphos 1-propanol 61 43

4 -20 (R,R)-Me-duphos phenol 71 40

5 -20 (R,R)-Me-duphos BHT 55 56

6 -20 (R,R)-Me-duphos  (R)-BINOL 53 43
7T 20 (R,R)-Et-duphos  phenol 43 60

8 -20 (R)-binap phenol 18 17

9 -20 (R)-segphos phenol 24 20

Next, the reaction of 1a with various alkyne using (R,R)-Me-duphos as a ligand was
examined (Scheme 1). As a result, it was found that alkyne 2b having an alkyl moiety (R
= n-Bu) at the terminus afforded 3ab in 49% yield with 65% ee. When alkyne 2c having
t-Butyl moiety was used, the yield of 3ac was decreased to 19%. On the other hand, the
use of the internal alkyne 2d gave a,B-unsaturated ketone 3ad in 45% yield with 20% ee.
These results suggest that the steric and electric property of alkyne 2 is influenced on the
reactivity in this hydroacylation.

Scheme 1. Reaction of 1a with various alkynes.
10 mol% [Rh(cod),]CIO,

Q 10 mol% (R, R)-Me-duphos Q
ph/YLH + Ri—=—R? 10 mol% phenol Ph A e
acetone R
SEt -20 °C, 24 h EtS

3ab: 49%, 65% ee
3ac: 19%, N.D.
3ad: 45%, 20% ee

1a (racemic) 2b (R' = H, R = n-Bu)

2¢ (R' = H, R2= -Bu)
2d (R' = R2=Et)

Furthermore, the reaction of aldehyde 1b having an aromatic ring at the a-position with
alkyne 2a was employed in this hydroacylation (Scheme 2). The reaction proceeded to give
a,B-unsaturated ketone 3ba in 79% yield with 26% ee.

Scheme 2. Reaction of 1b with 2a.

10 mol% [Rh(cod),]CIO,

0 10 mol% (R, R)-Me-duphos 0
Ph H o+ — 10 mol% phenol Ph T
acetone
SEt 0°C,24h SEt
1b (racemic) 2a 3ba: 79%, 26% ee
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Discussion & Conclusion

| investigated rhodium(l)-catalyzed enantioselective intermolecular hydroacylation of an
alkyne. As a result, it was found that this hydroacylation proceeded smoothly even at -20
°C, giving the a,B-unsaturated ketone in good yield with moderate ee when phenol was
used as an additive. At this stage, this reaction cannot be expanded to the enantioselective
hydroacylation through a dynamic kinetic resolution. Further investigation of improvement
of the ee is in progress.
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Molecular mechanism underlying development of memory-like
Group 2 innate lymphoid cells
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Summary Abstract

Group 2 innate lymphoid cells (ILC2s) are tissue-resident cells that contribute to the
pathogenesis of allergy by producing innate type 2 cytokines. Allergy-experienced ILC2s
can live long and exhibit memory-like features upon second allergen challenge. However,
it is not clear what activated ILC2s differentiate into memory-like ILC2s or die due to over-
activation. Here, our new fate-mapping mice demonstrated that ILC2s extremely activated
during chronic allergic airway inflammation express Tigit and are destined to die either in
the middle of chronic allergy or in the convalescent phase of allergy. We here show the first
evidence of activation-induced cell death of ILC2s during chronic allergy.

Key Words : memory-like ILC2, trained ILC2, Tigit, activation-induced cell death

Introduction

Group 2 innate lymphoid cells (ILC2s) are responsible for innate allergic inflammation.
ILC2s can proliferate well in vitro for over a year. However, physiological conditions do
not allow ILC2s to grow forever. There should be a machinery of cell death caused by
overactivation. We previously showed that activated ILC2s successively express an
inhibitory receptor PD-1, an inhibitory cytokine IL-10, and an inhibitory receptor Tigit, and
that highly activated ILC2s express all these molecules™®. However, as expression of Tigit
by ILC2s is not so high, it is hard to isolate Tigit+ ILC2s for research. In addition, fate of the
activated Tigit+ ILC2s remains elusive.

Results

Cre-

To clearly identify Tigit+ ILC2s and follow the fate of Tigit+ ILC2s, we generated Tigit
FRT2 mice where IRES-Cre-ERT?2 is inserted into 3’ UTR of Tigit gene and crossed the
Tigit“* =" mice to Rosa26-flox-stop-flox-tdTomato mice. To validate tdTomato expression
in Tigit+ cells, we gave tamoxifen to the Tigit“**"": Rosa26-flox-stop-flox-tdTomato mice
(Tigit™ mice) and confirmed that tdTomato expression correlates Tigit expression in Treg
and NK cells both of which are known to express Tigit. The Lung ILC2s did not express
tdTomato as steady state ILC2s do not express Tigit. Thus, our fate mapping system works
well to label Tigit-expressing cells by tdTomato expression.

To induce tdTomato+ ILC2s in the lung, we intranasally administered papain and gave
tamoxifen twice a week until day 21. One-to-two % of lung ILC2s expressed tdTomato since
day 9. As the tdTomato+ ILC2s produced more IL-5 and IL-10 than tdTomato— ILC2s, they
can be recognized as more activated ILC2s than tdTomato— ILC2s. Although number of lung
ILC2s dramatically increased during repeated papain treatments, frequencies of tdTomato+
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cells among the lung ILC2s were quite stable, suggesting that Tigit+ ILC2s do not have
a tendency to accumulate at the site of chronic inflammation like exhausted-T cells. To
address the question whether Tigit+ ILC2s live long in the convalescent phase of airway
allergy, we examined tdTomato+ lung ILC2s a week or a month after cessation of papain
treatment. Number of tdTomato+ ILC2s reduced by half a week after the last treatment and
completely disappear another three weeks later. Thus, chronic allergy is required for the
emergence of tdTomato+ ILC2s that never differentiate to memory-like ILC2s.

Given chronic allergy constantly gives rise to highly activated tdTomato+Tigit+ ILC2s
that neither die nor leave the lung during inflammation, such tdTomato+ ILC2s would
accumulate in the lung with chronic allergy. However, frequency of tdTomato+ lung ILC2s
did not goes up as allergic inflammation deteriorated. To examine the possibility that
tdTomato+ ILC2s migrate to lymph node or other organ through blood stream, we sought
to identify tdTomato+ ILC2s in the lymph node and peripheral blood. However, tdTomato+
ILC2s did not exist there, suggesting that tdTomato+ ILC2s may not leave the lung. We
then hypothesized that tdTomato+ ILC2s are destined to die due to overactivation. To
explore whether tdTomato+ ILC2s tend to die, we sorted tdTomato- ILC2s and tdTomato+
ILC2s from the lung with chronic allergy and cultured the cells with IL-2/IL-7/IL-33 to keep
activation status. More tdTomato+ ILC2s were dead than tdTomato— ILC2s. These data
suggest that tdTomato+ ILC2s are in a high activation status just before cell death.

To determine physiological roles of activation-induced cell death of Tigit+ ILC2s during
chronic allergy, we injected blocking antibody against Tigit to the Tigit™ mice and induced
chronic allergy as described above. Blockade of Tigit increased tdTomato+ ILC2s that were
associated with increased eosinophil recruitment to the lung. Therefore, activation-induced
cell death through Tigit+ ILC2s is an important regulatory mechanism during chronic airway
allergy.

Discussion & Conclusion

Our new mouse system for fate-mapping of Tigit+ cells revealed that Tigit+ ILC2s
represent a highly activated subpopulation of ILC2s destined to die during chronic allergy
and in recovery period of allergy. Blockade of Tigit during chronic pulmonary allergy
increased Tigit+ ILC2s in the lung. This is striking resemblance to exhausted Tigit+ CD8 T
cells whose apoptosis is reduced by Tigit blockade. To clarify decisive factors of activation-
induced cell death, we are currently investigating transcriptional and epigenetic changes in
tdTomato+ ILC2s.
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Development of urolithiasis therapy by immune response
and repair mechanism
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Summary Abstract

Urolithiasis, a complex multifactorial disease, results from interactions between environ-
mental and genetic factors. Recent literature has shown that oxidative stress and reactive
oxygen species could be one such mechanistic pathway. We attempted to elucidate the
mechanism of urethral stone formation by focusing on the in vivo immune response and re-
pair mechanism. (1) Deregulated MTOR is responsible for autophagy defects exacerbating
kidney stone development. (2) M1/M2-macrophage phenotypes regulate renal calcium oxa-
late crystal development. (3) Fatty acid-binding protein 4 downregulation drives calcification
in the development of kidney stone disease
Key Words : Urolithiasis, macrophage, autophagy, transcriptomics

Introduction

Kidney stone disease has a high prevalence and recurrence rate, so that a number of
patients would suffer from this illness. The recent studies with Randall’'s plaque, urinary
components, as in vivo/vitro experiments, including gene manipulation, tried to unveil its
pathogenesis; however, pieces of evidence were yet complicated to integrate to develop a
novel therapy to cure this disease of its origin. One of the promising findings in renal and
peripheral macrophages' involvement via the inflammatory process, which potentially leads
to the therapeutic target.

Results

(1) Autophagy in renal tubular cells

As cellular damage in renal tubular cells (RTCs) is responsible for the disease, here,
we focused on the role of macroautophagy/autophagy in RTCs. We found that autophagic
activity was significantly decreased in mouse RTCs exposed to calcium oxalate (CaOx)
monohydrate crystals and in the kidneys of GFP-conjugated MAP1LC3B (microtubule-
associated protein 1 light chain 3 beta) transgenic mice with CaOx nephrocalcinosis
induced by glyoxylate. This caused accumulation of damaged intracellular organelles, such
as mitochondria and lysosomes, the normal functioning of which is mediated by functional
autophagy. An impairment of autophagy was also observed in the mucosa with plagues of
CaOx kidney stone formers. We determined that the decrease in autophagy was caused
by an upregulation of MTOR (mechanistic target of rapamycin kinase), which consequently
resulted in the suppression of the upstream autophagy regulator TFEB (transcription
factor EB). Furthermore, we showed that an MTOR inhibitor could recover a decrease in
autophagy and alleviate crystal-cell interactions and the formation of crystals associated
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with increased inflammatory responses.
(2) Macrophage phenotypes for renal calcium oxalate crystal development

We investigated the role of M1/M2s in crystal development by using in vitro and in vivo
approaches. The crystal phagocytic rate of bone marrow-derived M2Mgs was higher than
that of bone marrow-derived Mg@s and M1Me@s and increased on co-culture with renal
tubular cells (RTCs). However, the amount of crystal attachment on RTCs reduced on co-
culture with M2Mes. In six hyperoxaluric C57BL/6J mice, M1Me transfusion and induction
by LPS and IFN-y facilitated renal crystal formation, whereas M2M¢ transfusion and
induction by IL-4 and IL-13 suppressed renal crystal formation compared with the control.

These M2Me treatments reduced the expression of crystal-related genes, such as
osteopontin and CD44, whereas M1M¢ treatment increased the expression of pro-
inflammatory and adhesion-related genes such as IL-6, inducible NOS, TNF-a, C3, and
VCAM-1.
(3) Fatty acid-binding protein 4 (FABP4) for calcification in the development of kidney stone
disease

We aimed to utilize a transcriptomics approach to discover the missing link between
these two epidemic diseases. We investigated gene expression profiling of nephrolithiasis
patients by two RNA-sequencing approaches: comparison between renal papilla tissue with
and without the presence of calcified Randall's plaques (RP), and comparison between the
papilla, medulla, and cortex regions from within a single recurrent stone forming kidney.
Results were overlaid between differentially expressed genes found in the patient cohort
and in the severely lithogenic kidney to identify common genes. Overlay of these two RNA-
sequencing datasets demonstrated there is impairment of lipid metabolism in renal papilla
tissue containing RP linked to downregulation of FABP4. Immunohistochemistry of human
kidney specimens and microarray analysis of renal tissue from a nephrolithiasis mouse
model confirmed that FABP4 downregulation is associated with renal stone formation. In a
FABP4 knockout mouse model, FABP4 deficiency resulted in the development of both renal
and urinary crystals.

Discussion & Conclusion

(1) We conclude that autophagy compromised by MTOR deregulation is a fundamental
feature in the pathology of kidney stone formation, and propose that chemical inhibition
of MTOR could be a prospective strategy for disease suppression.

(2) The expression of M2Me-related genes was lower whereas that of M1Me-related genes
was higher in papillary tissue of CaOx stone formers. Overall, our results suggest that
renal crystal development is facilitated by M1Mes, but suppressed by M2Megs.

(3) Our study revealed that FABP4 plays an important, previously unrecognized role in
kidney stone formation, providing a feasible mechanism to explain the link between
nephrolithiasis and metabolic syndrome.
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The model chicken of cardiac septum defect ; A new tool for
analysis of structural heart disease
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Summary Abstract

The cardiac neural crest cells arise in the caudal hindbrain and then migrate to the heart
through the pharyngeal arches. These cells contribute to heart formation, including the
outflow tract, and are unique to this neural crest population. MafB is a transcription fac-
tor expressed specifically in early migrating cardiac neural crest cells in addition to being
expressed in rhombomeres (r) 5 and 6. We showed that MafB is a novel critical player in
proper cardiac neural crest development, and propose that MafB is part of a gene regula-
tory subcircuit that is unique to the cardiac neural crest.

Key Words : Cardiac neural crest, Heart development, Cardiac defect, Gene regulatory
mechanism

Introduction

The neural crest is an embryonic multipotent cell population characterized by migratory and
differentiation abilities. They differentiate into peripheral neurons, pigment cells, craniofacial
chondrocytes and connective tissue, and so on. Cardiac neural crest is a subpopulation of
the neural crest and is positioned from the post-otic vesicle to the 3rd somite. They migrate
through pharyngeal arches 3, 4 and 6 and contribute to the formation of the heart, including
the septum of the aortic and pulmonary trunks, aortic arches and cardiac ganglions.

Results

To reveal the genome-wide profile in cardiac neural crest cells, we have used a
FoxD3 neural crest enhancer to isolate a pure population of cardiac neural crest cells for
transcriptome analysis. This has led to the identification of transcription factors, signaling
receptors/ligands, and cell adhesion molecules upregulated in the early migrating cardiac
neural crest. The transcription factor MafB, previously best known for its expression and
function in rhombomeres 5 and 6, was isolated as the highest upregulated genes in the
cardiac neural crest by the transcriptome analysis (ref.1).

1. Effects of MafB loss on other cardiac
neural crest genes

To know the role of MafB in cardiac
neural crest gene regulatory network, we
examined the effects of MafB-loss of function
on expression of other neural crest marker
genes, Sox10, Krox20, Etsl as well as MafB
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itself. Expression of Sox10 was reduced in the cardiac neural crest stream on the loss of
function embryos, whereas cranial neural crest cells were unaffected. Expression of Krox20,
Etsl and MafB itself was also reduced. We also analyzed the long-term effects of MafB-
loss of function in later stage embryo. In migrating cardiac neural crest cells of pharyngeal
arches (PA) 3 and 4, which is a known pathway of cardiac neural crest cell migration into
the developing heart, MafB-loss of function embryo shows slightly reduced expression of
Crabpl which is a later neural crest marker gene (Fig. 1).

2. MafB is a critical input for Sox10E2 enhancer activity in the cardiac neural crest

Sox10 is a neural crest marker gene expressed at all axial levels including the cardiac
neural crest. The Sox10E2 enhancer is specifically expressed in the cranial plus post-
otic neural crest, but absent from the trunk neural crest. We found that three previously
unrecognized putative MafB binding sites, MafB (a), MafB (b) and MafB (c), within the
Sox10E2 enhancer. To test the necessity of MafB sites to mediate reporter expression, we
individually mutated each motif within the enhancer. Wild-type or mutant constructs driving
GFP were electroporated onto chicken embryos together with wild-type Sox10E2 driving
mCherry as a control reporter. Mutation of binding motifs MafB(b) and MafB(c) resulted in
reduced GFP expression in cardiac neural crest cells. This result showed that MafB is a
critical input for Sox10E2-driven Sox10 expression in cardiac neural crest (ref. 1).

3. The transcriptional regulation mechanism to express MafB in cardiac neural crest cells

To know the transcriptional mechanism of cardiac neural crest specific expression in
MafB gene, we have determined a cis-regulatory region controlling MafB expression by
an in vivo reporter assay using chicken embryos. A reporter driven by this region can
trace migrating cardiac neural crest cells and the activity is unique to cardiac neural crest
cells among neural crest cell population. Taken this advantage of this reporter, we also
succeeded to trace the migrating cardiac neural crest cells into the pharyngeal arches in
later stages (Tani-Matsuhana and Inoue, under review).

Discussion & Conclusion

These results lead us to conclude that MafB is required for proper cardiac neural crest
development and provided molecular insight into what makes the cardiac neural crest
unique. The reporter gene driven by MafB cis-regulatory region will lead to a molecular
technique tracing cell linage in the cardiac neural crest population of the heart. It can
also be developed for cardiac neural crest-specific gene knockdown or overexpression
experiments, which can be expected as a new tool for analysis of structural heart disease.
Thus, the specificity of the MafB regulatory element in cardiac neural crest has potential for
promoting our understanding of cardiac neural crest and heart development.

References

(1) Tani-Matsuhana, S., Vieceli, F. M., Gandhi, S., Inoue, K., Bronner, M. E.
(2018) Transcriptome profiling of the cardiac neural crest reveals a critical role for MafB.
Dev. Biol. 444, S209-S218.

The Novartis Foundation(Japan)
for the Promotion of Science

73



The Novartis Foundation(Japan)
for the Promotion of Science

— R DERRA~

OB A AR AERF IS A ZH 22 B T (OB B8 I, A1 1T ENIRER & VD) — AR DE TH 23,
REZNEICRBE S CE . REVIRETENIR D 2AIZ /3 BEL £97. 20 R BE 30 g i B2 4 i L2
FoTHRESNTWET, DRSS ML O K] - 584 B IR B IR 23 55 BfE L 722 W e B R
HRIEARIE (PTA) 25| SEILET, DM REMRO EEEIIHONATHLIZLELLT . O
i e % BT A B Ao B W8 A T- RS I > W TIRIFE A E D> TV ERE A, ZHETOD
FLOBFFE T, Ll 1% 521 Bl C s B AYIZFE BT~ MafB B A 1038 O i 5% 2 il i oD 1) 11 38 A8
WA THDHZEEZALIZLELTE, =T RIJRN T MafB OREE R KRS EHI LT, Dt
R BRI R ok O [ BE 2 R o TR B IR B IR AE (PTA) €7 V=URNEIEVHL., ZaFlH
L LR R B E | R3O E BIEL TWET,

The Novartis Foundation(Japan) 74
for the Promotion of Science



The Novartis Foundation(Japan)
for the Promotion of Science

Visualizing aging individuality

Yukinori Hirano
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Kyoto University

Summary Abstract

We aimed to understand the mechanism underlying aging variability as we define, aging
individuality. To this end, we developed the visualizing tools of aging individuality, in which
animals produces light when the aging individuality emerges.

Key Words : Aging, Individuality, Drosophila

Introduction

As our population rapidly ages, the promotion of healthy aging is of critical importance for
modern society. Previous studies have identified conserved aging factors among different
species, including Sirtuin family proteins (ref. 1), the mammalian target of rapamycin
(mTOR) signaling (ref. 2), and the insulin/insulin-like growth factor 1 (IGF-1) signaling (ref.
3). However, age-related dysfunctions vary significantly among individuals. Therefore, in
addition to searching for common factors related to aging, we must try to understand “aging
individuality (the mutable variability in age-related dysfunctions)”.

Results

To investigate the gene expression profile of individual flies, we analyzed the heads
and bodies separately from 36 aged males and 6 young males of Drosophila by RNA-
seq analysis. We combined data analysis from well-known statistical analysis in RNA-seq
(DESec?2) to determine the significantly altered genes, and clustering analysis (WGCNA,
ref. 4) which reveals the genes showing correlated expression pattern, and therefore
indicates the specific pathway acting in the specific individuals. Though data analysis using
our platform, we determined that aged flies display the multiple clusters of gene with altered
expression only in the subset of individuals, which are different in male and females, and
also in heads and bodies, suggesting that these genes could act as the genetic marker
to define aging individuality. To visualize the aging individuality, representative genes
from each cluster were selected, and transcriptional activators, GAL4, LexA, or QF were
knocked into the C-terminus of each gene via CRISPR/Cas9 together with a T2A self-
cleaving peptide, allowing the endogenous gene and activator to be synthesized separately
from the same transcript. The transcriptional activators then induced expression of the
bioluminescent proteins, Nanoluc, Eluc, and Akaluc, which emit light at the wavelengths
of 460, 536, and 650 nm, respectively. Upon feeding a specific substrate for each
bioluminescent protein on 96-well plates, the emitted light wan captured with band-pass
filters in the luminometer. A maximum of three different reporters can be monitored in an
individual at a time, enabling the visualization of the proportion (how many animals in a
given population express the marker genes), the dynamics (when the marker genes are
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expressed), and the complexity (how the marker gene expressions are overlapped) of
aging individuality. To date, a total of 12 transgenic lines were constructed as the candidate
genetic markers for aging individuality in male heads. The additional genes selected from
male body, female head/body will be targeted similarly to below. Representative results
of 4 lines with GAL4 insertion in rdgB (retinal function), CG14419 (unknown function),
SPH93 (immune response), and PEPCK2 (gluconeogenesis) crossed with UAS-Eluc flies
were shown (Fig. 1A-D). Consistent with the RNA-seq data, only a subset of the aged
flies emitted light after substrate feeding (Fig. 1A-D, left panels). An EMCCD camera
demonstrated the stereotyped localization of the signals: eyes in rdgB::GAL4 flies, mouth
and genitalia in CG14419::GALA4 flies, and sparse, unspecified tissues in SPH93::GAL4
and PEPCK2::GAL4 flies (Fig. 1A-D, right panels). It is noteworthy that heterogenous
light emission was observed in the stereotyped organs, indicating stochastic features; in
rdgB::GAL4 flies, light was only emitted from one eye, but not from both eyes (Fig. 1A).
In addition, the SPH93::GAL4 flies died 2-3 days after light emission, suggesting that this
reporter is linked to life expectancy, while no such link was observed in other reporters. We
are now trying to link the marker genes to the aging phenotypes, in addition to longevity,
such as behavioral change (sleep, locomotor, sensation, or feeding), and metabolic change.
We will further try to understand mechanism underlying the aging individuality by forward
genetic screening in fly.

Discussion & Conclusion

Although aging is ubiquitous in all animals, the related dysfunctions differ between
individuals; conditions in humans range from cancers, cardiovascular diseases, cognitive
disorders, and diabetes. The central question here is “why age-related dysfunctions vary
among individuals”. We now obtained a tool to access the aging individuality. After we
conduct a forward genetic screen in Drosophila to identify the genes or pathways that
regulate aging individuality, hopefully we could determine the entry point to tackle the
age-related multiple dysfunctions. The long-term goal of this study is to elucidate the
mechanisms underlying aging individuality, which could contribute to the development of
personalized therapies for age-related dysfunction.
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In vivo imaging the brain defines new mechanisms of leukocytes
migration cascade in Central Nervous System Lupus
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Summary Abstract

How chemoattractants (CAs) control leukocytes entry into central nervous system (CNS)
is largely unknown. We recently established the technique of in vivo imaging the brain to
define new mechanism of leukocyte migratory behavior in CNS lupus.

Key Words : chemoattractant, leukocytes migration, central nervous system lupus

Introduction

Chemoattractant-induced arrest of circulating leukocytes and their subsequent diapedesis
is a fundamental component of inflammation®. Thus, the control of leukocyte entry into the
tissue represents a major point at which new therapeutics could be developed to attenuate
inflammation®. Central nervous system (CNS) lupus is clinically involved in approximately
40% of all systemic lupus erythematosus patients. How leukocytes infiltrate into CNS in
the pathogenesis of CNS lupus is not well understood. Recently, we have developed the
technique of in vivo imaging the brain to elucidate the mechanism how leukocytes entry into
the CNS in the pathogenesis of CNS lupus.

Results

Recent advances in imaging technology have provided unprecedented views into immune
cell function in live animals, providing entirely new paradigms for immune cell function. In
fact, the applicant has developed techniques to apply intravital imaging technology to study
the arthritic joint>. Our new joint imaging technique has discovered new unexpected biology
concerning the specific functions of chemoattractants (CAs) in regulating leukocyte entry in
joints in vivo. For example, we have found that classical complement C5a receptor C5aR1
plays a unique role in capturing neutrophils on the endothelium in the inflamed joints®.
In addition, we have demonstrated that atypical C5a receptor C5aR2 on endothelium
transports C5a to initiate neutrophil adhesion and inflammation in the inflamed joints®.

The aim of our study is that we will apply the technique of in vivo imaging the brain to
take our understanding of CNS lupus to an entirely new level by allowing the real time
visualization of the events that lead to encephalitis in live mice.

It has reported that CAs, such as chemokines, lipid mediators and complement
components in central nervous fluids (CFs) derived from CNS lupus patients are increasing
than those of healthy donors, suggesting that CAs might play important roles of leukocytes
recruitment into CNS in the pathogenesis of CNS lupus. However, the mechanism how
CAs in CFs promote leukocytes entry into CNS in the pathogenesis of CNS lupus remain
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unclear.

Thus, we hypothesized that CAs were transported into CFs from blood and might control
leukocytes recruitment into CNS in the pathogenesis of CNS lupus. Our project consists
of (1) study if CAs can entry into CFs from blood, (2) establish in vivo brain imaging and
(3) define the mechanism how leukocytes can entry into CNS in an animal model of CNS
lupus, and has been conducted since 2020, with a 3 year plan.

In 2020, we have determined whether CAs in blood could entry into CFs. We
intravenously (i.v.) injected with several dose of CAs or sterile PBS as control, into wild-
type (WT) mouse and isolated CFs from WT mice at several time course. The concentration
of CAs in CFs was measured by ELISA. We found that the concentration of CAs in CFs
derived from WT mice injected with CAs i.v. was increased than those of WT mice injected
PBS, and a dose dependent manner. Also, we observed some subsets of leukocyte
infiltration into brain when we intravenously injected with CAs into WT mouse.

To develop the technique of in vivo brain imaging, mice were anesthetized and positioned
on a stereotactic surgical stage, and the skull immobilized. Hair in the frontal and parietal
regions of the skull was cleaned with an electrical hair clippers and chemical depilatory
agent. Skin was excised from top of the skull, and the underlying periosteum scraped off.
Using a high-speed air-turbine drill with a burr tip size of 0.8mm in diameter, a groove was
made to form a circle of approximately 4mm in the parietal bone of the skull. This area was
made thinner by cautious and continuous drilling of the groove until the bone flap became
loose. Using a blunt microblade, the bone flap was separated from dura mater underneath,
leaving the dura intact. After removal of the bone flap, the dura mater was continuously kept
moist with PBS. The window was then sealed by adhering a cover glass to the bone using
a tissue glue. After the cranial window surgery, in vivo brain imaging was performed under a
confocal microscopy. We could observe leukocytes migratory behavior in brain.

Discussion & Conclusion

Our recent work has demonstrated that CAs were generated within the tissue, and then
transported by atypical CA receptors into vessel lumen. Transported CAs bind with CA
receptors on circulating leukocytes and induce to migration into the tissue in inflammation®?.
In contrast, the mechanism how CAs control leukocytes entry into CNS in CNS lupus is
largely unknown.

Our preliminary data has demonstrated that CAs in blood might entry into CFs in WT
mice and then promote leukocytes entry into CNS. However, the mechanism how CAs are
transported into CNS from blood remains unclear. Also, if transported CAs could directly
promote circulating leukocytes entry into CNS is unknown. We will apply the technique of in
vivo imaging the brain to clarify the mechanism of CAs-mediated leukocytes migration in an
animal model of CNS lupus.
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Molecular Pathology of Moyamoya Disease
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Summary Abstract

Mysterin, also known as RNF213 or ALO17, is a large cellular protein that contains lo-
comotive ATPase modules and ubiquitin ligase domain(s). Mutations found in the ubiquitin
ligase domain elevate the risk of cerebrovascular moyamoya disease to a varying degree.
We demonstrated its unexpected role and pathogenic effects of the moyamoya mutations.
Key Words : moyamoya disease, mysterin, RNF213, ubiquitin, AAA+ ATPase

Introduction

Moyamoya disease is a unique cerebrovascular disorder characterized by bilateral
stenosis/occlusion of the terminal region of internal carotid arteries and following brain
infarction and hemorrhage. | performed the molecular cloning of its causal gene and
named it mysterin (also known as RNF213 or ALO17) as a final touch of genetic analysis
of moyamoya disease (#Liu, #Morito et al.,, PLOS ONE, 2011; patent 5854423). | have
demonstrated the ATPase and ubiquitin ligase activities of mysterin protein and its
physiological function in cells (i.e., metabolic regulation of lipid droplets; Sci Rep, 2014,
2015, 2019; J Cell Biol, 2019). Mutations found in the ubiquitin ligase domain of mysterin
elevate the risk of moyamoya disease to a varying degree, while molecular mechanism
underlying moyamoya disease remained elusive.

Results

Precise imaging analysis for the first time revealed that mysterin protein rapidly shuttles
between the cytosol and the lipid droplets (LDs) that are the organelles specialized for
cellular lipid storage and metabolism, suggesting the physiological contribution of mysterin
to the lipid metabolism (Figure). Localization of mysterin to the LDs resulted in specific
elimination of several LD surface proteins including ATGL, the primary lipase that regulates
the stability of the LDs, and led to immobilization (stabilization) of the LDs. Both ATPase
activity and ubiquitin ligase activity of mysterin are indispensable for this process (i.e., LD
localization and immobilization). Ubiquitin ligase activity of mysterin is partly spoiled by
the patient mutations in the ubiquitin ligase domain, resulting in the lack of LD localization
of mysterin. Instead, the mutant mysterin protein forms aggregate-like structure in cells,
suggesting the previously-unexpected link between the LD metabolism and moyamoya
disease.
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Recent structural analysis demonstrated that mysterin’s ATPase domain forms a dynein-
like ATPase core and may have a motor-like (locomotive) activity (Clausen and colleagues,
elLife, 2020). Given the lack of LD localization of ATPase mutant mysterin, the putative
locomotive ATPase activity possibly underlies the dynamic shuttling of mysterin between
the cytosol and the LDs.

In addition, the study suggested that mysterin protein contains two independent ubiquitin
ligase domains. We examined each involvement in mysterin’s intracellular behavior
and found that the two domains have distinct functions, one of which is associated with
mysterin’s intracellular localization.

Furthermore, a study recently reported showed a surprising function of mysterin (Otten,
Randow and colleagues, Nature, 2021). It was observed that mysterin ubiquitylates non-
proteinous substrate LPS decollating the surface of Salmonella that invades the cells. Given
the LD localization and ubiquitylation (unpublished observation) by mysterin, mysterin could
be a ubiquitin ligase which has an affinity to cellular/exogenous membranes and triggers
ubiquitin-related pathways on the membrane (e.g., autophagic defense against Salmonella).

We are now evaluating the mechanism by which mysterin recognizes specific
membranes and mechanistic involvement of dynein-like ATPase and potential two ubiquitin
ligase activities. Also, we are evaluating the potential cytotoxic effect of the aggregation of
mutant mysterin.

Discussion & Conclusion

Mysterin is the 21st largest protein within those encoded in the human genome (Uniprot),
which has a unique combination of enzymatic activities (ATPase and ubiquitin ligase). It is
specifically targeted to the LDs and the invading Salmonella and ubiquitylates their mem-
brane surfaces, which further leads to downstream events (e.g., autophagy). Many of mu-
tations associated with moyamoya disease have been found in mysterin’s ubiquitin ligase
domain and led to the aggregate-like pattern of mysterin in cells. One of the currently most
important question is what is the exact role of each potential ubiquitin ligase activity of mys-
terin. We are promoting functional analyses on mysterin, focusing on several points includ-
ing this question.
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Role of actin cytoskeletal fluctuation in retinal organoid formation

Satoru Okuda
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Summary Abstract

Epithelial cell extrusion is observed in organoid formation. Various molecular factors
have been reported as key drivers of epithelial extrusion; however, little is known about how
these factors are linked to the mechanical process. We developed a simple mathematical
model that explains cell extrusions under a wide range of physiological and pathophysio-
logical conditions. The model shows that cells can be extruded from homogeneous sheets,
owing to the inherent mechanical instability of the 3D foam geometry of the epithelial mono-
layer.

Key Words : Cell extrusion, cytoskeletal contractility, organoid

Introduction

In cell extrusion, a cell embedded in an epithelial monolayer loses its apical or basal
surface and is subsequently squeezed out of the monolayer by neighboring cells. Cell
extrusions occur during apoptosis, epithelial-mesenchymal transition, or precancerous cell
invasion. They play important roles in embryogenesis, homeostasis, carcinogenesis, and
many other biological processes. Although many of the molecular factors involved in cell
extrusion are known, little is known about the mechanical basis of cell extrusion.

Results

We used a three-dimensional (3D) vertex model (Ref. 1) to investigate the mechanical
stability of cells arranged in a monolayer with 3D foam geometry. We created a geometric
model of a cell sheet in which the cells are represented as polyhedrons with average
volume within a planar sheet with homogeneous thickness. Here, we parameterized the
thickness by introducing cell density into the sheet.

Cell extrusions occasionally occur even without the active generation of force by the
extruding cells, suggesting that mechanical instability inherent in the 3D geometry of the
epithelial monolayer might be sufficient to drive cell extrusion. As a result, the energy
landscape led to mechanical instability and subsequent extrusion. For example, the
decrease in ka destabilized the dual-sided state and stabilized the apical extrusion state.

We found that when the cells composing the monolayer have homogeneous mechanical
properties, cells are extruded from the monolayer when the symmetry of the 3D geometry
is broken because of an increase in cell density or a decrease in the number of topological
neighbors around single cells. Those results suggest that mechanical instability inherent in
the 3D foam geometry of epithelial monolayers is sufficient to drive epithelial cell extrusion.

In the situation in which cells in the monolayer actively generate contractile or adhesive
forces under the control of intrinsic genetic programs, the forces act to break the symmetry
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of the monolayer, leading to cell extrusion that is directed to the apical or basal side of the
monolayer by the balance of contractile and adhesive forces on the apical and basal sides.

Discussion & Conclusion

We presented a theoretical model that describes the mechanical stability of cellular
monolayers. The model shows that the cellular monolayer has inherent mechanical
instability that is sufficient to cause cell extrusion without any additional provoking factors,
even when the cells have homogenous mechanical properties. Analytical calculations show
that the instability depends on the cell density, topology, and mechanical properties within
the monolayer. The active generation of forces by an extruding cell can provoke extrusion
and direct the extrusion to the apical or basal side of the monolayer, suggesting that cells
utilize the mechanical instability of the epithelial geometry to regulate extrusion.
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Elucidating the system to generate dormancy that confer
chemotherapy-resistance to cancer cells

Keisuke Nimura
nimura@gts.med.osaka-u.ac.jp
Division of Gene Therapy Science, Graduate School of Medicine, Osaka University

Summary Abstract

Most ovarian cancers respond to initial chemotherapy, but some cancer cells that have
developed resistance to treatment remain and can cause recurrence. In order to overcome
this problem, the underlying causes of cancer cell resistance must be identified and target-
ed for treatment. One of the major mechanisms of resistance to chemotherapy is the entry
of cancer cells into a quiescent state. However, the system by which the quiescent state
of cancer cells is formed and maintained is largely unknown.In this study, we will identify
quiescent cancer cells, which are resistant to chemotherapy, by single cell sequencing and
other methods, and clarify the entire tumor microenvironment including these cells. Based
on these results, we aim to develop cancer therapeutics targeting quiescent cancer cells.
Key Words : ovarian cancer, dormant cancer cell

Introduction

Cancer cells that have acquired resistance to treatment exist in cancers that recur after
anticancer drug treatment, but the full picture of the mechanism is unknown. Previous in
vitro studies using cancer cell lines have shown that some cancer cells remain by entering
a quiescent phase and becoming tolerant to anticancer drugs, and then repopulate by
acquiring resistance. On the other hand, the applicants have clarified the dynamic chromatin
structure conversion mechanism during the transition from quiescent to proliferative phase
using B cells as a model. In the quiescent phase, naive B cells have a highly aggregated
chromatin structure, but upon receiving an activation signal, they quickly convert to a
loose chromatin structure by transcription factor Myc and histone acetylation to enable
repopulation. This suggests that a dynamic chromatin structure conversion mechanism is
required for the repopulation of quiescent cells in cancer, but the molecular mechanism by
which quiescent cancer cells convert to a chromatin structure that allows repopulation has
not yet been clarified.

Results

We analyzed single-cell gene expression of 10,000 cells from three cases, two cases
of primary serous adenocarcinoma and one case of recurrent serous adenocarcinoma,
respectively. 10,116 and 8,968 single-cell gene expression data were obtained from the
library of primary serous adenocarcinoma using cellranger. We obtained single cell gene
expression data for 10,116 cells and 8,968 cells from the library of first-episode serous
adenocarcinoma. We obtained single-cell gene expression data for 10,296 cells from the
library of recurrent serous adenocarcinoma, with an average of 61.7k reads per cell. We were
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able to detect the expression of 2500 genes per cell. The obtained data was analyzed by
t-SNE and visualization was performed. As a result, we were able to identify EPCAM- and
PAX8-positive epithelial cancer cells, CD4- and CD8-positive T cells, macrophages, and
dendritic cells. The immune cells showed relatively similar gene expression patterns among
the cases, whereas the epithelial cancer cells showed slightly different gene expression
patterns among the cases. In addition, 8% of the cells were found to be EPCAM-negative,
oncogene MYC-positive, and mesenchymal marker THY 1-positive mesenchymal carcinoma
cells. Furthermore, these mesenchymal carcinoma cells were negative for MKI67,
suggesting that they are in a quiescent state compared to epithelial carcinoma cells.

High-grade serous adenocarcinoma is the most frequent form of ovarian cancer, and
although it responds well to initial chemotherapy, it recurs in most cases. We performed
flow cytometric analysis of high-grade serous adenocarcinoma tissues from more than 10
cases, including both first-episode and recurrent cases, using three antibodies: CD45, a
marker of blood cell lineage; EpCAM, a marker of epithelial lineage; and THY1, a marker
of mesenchymal lineage. The results showed that high-grade serous adenocarcinomas
contain about 10% cells that express extremely high levels of THY1. Similar analysis of
recurrent high-grade serous adenocarcinoma tissues showed that the number of cells
expressing THY1 was increased in the tumor. Furthermore, gene expression analysis of
seven cell types separated by CD45, EpCAM, and THY1 expression showed that THY1-
expressing cells had higher expression of ABCG2, which is involved in drug efflux, and
NOTCHS3, which is involved in cancer progression, while preliminary results showed
that THY1l-expressing cells had significantly lower expression of the cell proliferation
marker MKI67. The preliminary results showed that the expression of the cell proliferation
marker MKI67 was markedly low while the expression of ABCG2, which is responsible
for cancer efflux, and NOTCH3, which is involved in cancer progression, were high. Next,
we searched for transcription factors that are specifically expressed in THY1-expressing
cells and identified several mesenchymal-related transcription factors. Next, we performed
SNP analysis using genes that were commonly highly expressed in the seven isolated
cells in cases where normal tissue could be recovered. Clustering analysis revealed that
THY1-positive cells, unlike normal tissues, had a SNP pattern similar to that of tumor cells.
These results strongly suggest that THY1 high-expressing cells are not just a population of
mesenchymal cells.

The mouse ovarian cancer cell line ID8 forms peritoneal dissemination nests and
produces ascites when administered into the peritoneal cavity of mice. To verify the
presence of slow-growing mesenchymal carcinoma cells in the seeded nests formed by 1D8,
we generated a cell line capable of detecting slow-growing cells. We expressed the BFP
gene fused with histone H2B at the tetracycline promoter, which can transiently express the
gene in a doxycycline-inducible manner. This construct was knocked into the ROSA locus
to avoid the effects of expression of other genes. In addition, this ID8 retains the luciferase
gene, so that the IVIS system can measure tumor growth in the abdominal cavity over
time without killing the mice. Now, by adding doxycycline to these ID8-tet-H2B-BFP cells,
we were able to construct cells expressing H2B-BFP. First, under culture conditions, H2B-
BFP is transiently expressed; since H2B-BFP is incorporated into chromatin, it does not
decrease without division. By collecting cells that retain H2B-BFP after long-term culture, it
is possible to recover slow-growing cells.
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Discussion & Conclusion

In this study, single cell analysis of ovarian cancer clinical specimens and gene
expression analysis of cell populations isolated and collected by flow cytometry
suggested the presence of ~10% mesenchymal carcinoma cells in ovarian cancer.
These mesenchymal carcinoma cells expressed the mesenchymal marker THY1 and
the oncogene MYC, but not the epithelial marker EPCAM or the fibroblast marker
FSP1. Furthermore, although preliminary, THY1-positive cells were found in peritoneal
disseminated nests collected after chemotherapy, suggesting that some of these cells
may persist after chemotherapy and lead to recurrence. To prove that these mesenchymal
carcinoma cells are truly cancer cells, we also transplanted an ovarian cancer cell line
into mice and collected THY1-expressing cells from the tumor. After confirming that this
cell population shows the same gene expression pattern as the clinical samples, we will
implant them into mice to prove their tumorigenic potential. Through these experiments,
we will prove that THY1-expressing cells are mesenchymal carcinoma cells and that they
are likely to persist after chemotherapy. If we can prove the existence of these THY1-
expressing cells, it will provide a basis for the development of new therapies targeting this
cell population.
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Introduction

Gastric cancer is a disease with a high morbidity and mortality rate. Signet ring cell type
gastric cancer, so-called scirrhous gastric cancer, has a particularly poor prognosis among
gastric cancers. In this cancer, signet ring cell carcinoma invades the stomach wall diffusely,
causing early metastasis to the whole body including peritoneal dissemination, and are
resistant to many cancer therapies. Since signet ring cell carcinoma is hereditary in families
with mutations in the CDH1 gene, the importance of the CDH1 gene has been suggested.
In addition, genomic analysis revealed frequent abnormalities in the TGF / SMAD pathway
in this subtype. We attempted to establish a mouse model that mimics scirrhous gastric
cancer by combining a gastric epithelial-specific labeled mouse (TFF1-Cre) with Cre-
dependent genetically modified mice. As a result, we established a mouse model of
scirrhous gastric cancer that causes early mucosal infiltration and leads to cancer death by
combining three gene mutations, CDH1, TGFBR2, and p53. Using these TFF1-PTC mice,
we pursued a new treatment method for scirrhous gastric cancer.

Results

We performed RNAseq analyses using TFF1-
PTC stomach and gastric organoid samples.
Compared to healthy stomach, TFF1-PTC
stomach is enriched with genes associated with
angiogenesis and fibrosis. Among these genes,
we found that both TFF1-PTC stomach and gastric
organoid express markedly higher level of CD38
and LRG1, compared to normal samples. CD38 is
known to bind to CD31, an endothelial cell surface
marker, and regulate immune cell migration.
LRG1 is known to bind to CD105 (also known as endoglin), and regulate angiogenesis
and fibrosis. In vitro experiments suggest that LRG1 and CD38 upregulation is caused
specifically by simultaneous knockout of CDH1 and Tgfbr2, and also modulated by BMP-
dependent signals. By performing scRNAseq, we revealed that CD105 is expressed in a
subset of endothelial cells.

We examined the effects by CD38 and CD105 inhibition by using our TFF1-PTC mouse
model. TFF1-PTC mice were treated with specific antibodies that target CD38 or CD105 for
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2 weeks, and gastric tumor sections were pathologically compared. As a result, both anti-
CD38 and anti-CD105 antibodies significantly decreased tumor invasion in the stomach,
with reduction of fibroblasts and endothelial cells in tumor stroma. Thus, these data suggest
that LRG1 and CD38 are critical factors that regulate robust angiogenesis and fibrosis
in this type of gastric cancer, and can be a therapeutic target by blocking tumor-stromal
interaction.

Discussion & Conclusion

Among all cancers, scirrhous gastric cancer is the most deadly cancer. Furthermore, it
is difficult to identify high-risk groups for this type of gastric cancer, given that this cancer
occurs even in young people who are not infected with H. pylori. Thus, our discovery that
CD38 and LRG1 may be a promising treatment target for scirrhous gastric cancer would
greatly contribute to improving prognosis of patients with advanced gastric cancer. In
addition, since a similar mechanism may exist in other cancer cases with same mutations,
this might contribute to establish precision medicine for cancers with mutations in CDH1
and TGF pathways.
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Mechanisms involved in regulation of osteoclast formation by
glucan recognition via immune receptors
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Summary Abstract

Our previous studies reported that B-glucans suppress osteoclast formation by sup-
pressing NFATc1, an essential transcriptional factor for osteoclastogenesis. In this study,
we focused on the molecular mechanisms by which B-glucans suppress NFATc1 expres-
sion mediated by interaction with dectin-1. B-glucans reduced RANKL-induced Blimp1
expression and upregulated Irf-8 expression, suggesting that suppression of the RANKL-
stimulated Blimp1l expression leading to the upregulation of transcriptional repressors might
be involved in the inhibitory effect of B-glucans on NFATc1 expression. Our findings indicate
that further research on B-glucans may be useful in the treatment of osteoclast-related dis-
eases, such as osteoporosis.

Key Words : B-glucan, dectin-1, osteoclast, blimp-1

Introduction

Various signaling cascades mediated by immunoreceptors have been found to regulate
osteoclast differentiation, suggesting that immune cells interact with osteoclasts through
several signaling factors [1]. Dectin-1 is a type || membrane receptor which recognizes
B-glucans. We have demonstrated the obvious inhibitory effect of curdlan, laminarin,
lichenan, glucan from baker’s yeast, and 3-1,3-glucan from Euglena gracilis on osteoclast
differentiation. However, glucan from black yeast and 3-D-glucan from barley showed a
lesser inhibitory effect on osteoclast differentiation compared with other B-glucans.

To explore these discrepancies, we performed structural analyses of 3-glucans.

Furthermore, we investigated the effects of B-glucans on the expression of negative
regulators of osteoclastogenesis.

Results

It is possible that diverse effect of B-glucans on osteoclast differentiation reflect
differences of purity and three-dimensional structure (e.g., B-(1,6)-linked side chains) of
each of the B-glucans (Table 1, [2]).
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Source and structure of B-glucans [Ref 2]

To prepare the dectin-1 retrovirus vector, cDNA-encoded mouse dectin-1 was cloned
into the pFB-Neo plasmid. GP2-293 packaging cells were transfected by a plasmid mixture
containing dectin-1/pFB-Neo and pVSV-G with Lipofectamine LTX. The culture supernatant
of GP2-293 cells was harvested as a retrovirus fluid for dectin-1 transfection. RAW264.7
cells were cultured with the virus vector in the presence of 8 ug/ml Polybrene for 48 h. Cells
expressing dectin-1 (d-RAW) were maintained in a-MEM containing 10% FBS, penicillin G
(100 units/ml), streptomycin (100 yg/ml) and G418 disulfate aqueous solution (50 mg/ml).
For the negative control of d-RAW cells, a control virus vector without dectin-1 cDNA was
used for infection (c-RAW).

c-RAW cells and d-RAW cells were cultured with 40 ng/ml of osteoclast differentiation
factor (receptor activator of nuclear factor-kappa B ligand; RANKL) for 7 days. On Day
7, cells were subjected to TRAP analysis. Remarkably, $-glucan (25 ug/ml) inhibited the
osteoclast differentiation of d-RAW cells more effectively than c-RAW cells (Figure 1).
These data suggested that B-glucan directly binds to dectin-1 expressed on the surface of
osteoclast progenitors and suppresses their differentiation into osteoclasts.

Figure 1 Effect of B-glucan on osteoclast differentiation [Ref 3]

Previous studies have shown that nuclear factor of activated T cell c1 (NFATc1) is strongly
induced by RANK-RANKL signaling and plays an important role as a key transcriptional
regulator in osteoclast terminal differentiation [4]. Given that NFATc1 has been suggested
to be a target of the essential transcription factor of osteoclast differentiation, we asked the
effect of B-glucans on the induction of NFATc1 expression. We found that although RANKL
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upregulated NFATc1 protein level in d-RAW cells, B-glucan also suppressed this induction
(Figure 2).

Figure 2 Effect of B-glucan on NFATc1 expression [Ref 3]

Recently, various molecules that control osteoclast differentiation have been identified.
Several transcription repressors that suppress osteoclast differentiation, such as v-maf
musculoaponeurotic fibrosarcoma oncogene homolog B (MafB), interferon regulatory
factor-8 (Irf-8), and B cell lymphoma 6 (Bcl6) are rapidly downregulated by RANKL
stimulation [5-7]. Blimp-1 binds to the promoters and suppresses the transcription of these
factors [8]. These previous studies have suggested that the RANK-RANKL interaction
enhances transcription factors that promote osteoclast differentiation, while inhibits the
activity of transcription repressors for osteoclastogenesis. Thus, we investigated the effects
of B-glucans on these negative regulators of osteoclastogenesis.

d-RAW cells were incubated with RANKL and 3-glucan (25 pg/ml) for the indicated times.
The mRNA level of Blimp1, MafB, Irf-8, and Bcl6 were assessed using real-time RT-gPCR.
Protein level of Blimpl1 in whole-cell lysates were detected by western blot analyses. 3-actin
served as loading control.

Glucan from baker’s yeast significantly downregulated Blimpl and showed a slight
increase in the expression of Irf-8 gene. The RANKL-induced upregulation of Blimpl protein
was also suppressed by glucan from baker’s yeast (Figure 3).

Effect of B-glucan on Blimp1-mediated negative regulators of osteoclastogenesis [Ref 3]
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Discussion & Conclusion

As for the structure of B-glucans, it is known that a certain amount of molecular weight
is required for the biological activity of B-glucans. A recent study reported that a split-
luciferase complementation assay is useful strategy to characterize the side chain structure
of B-glucans [9]. Structural analyses of B-glucans are also currently under investigation in
our laboratory.

Next, we focused on the inhibitory factors of osteoclast differentiation as the candidates
involved in the downregulation of NFATc1 by the interaction of B-glucans and dectin-1.
B-glucans significantly reduced RANKL-induced Blimp1 expression and upregulated Irf-8
expression. Although additional research is needed to elucidate the molecular mechanisms
by which B-glucans regulate Blimp1 expression, our data suggest that the suppression
of the RANKL-stimulated Blimpl expression leading to the upregulation of transcriptional
repressors might be involved in the inhibitory effect of B-glucans on NFATc1 expression.

We demonstrated that B-glucans attenuate RANKL-induced osteoclast differentiation by
downregulating NFATc1 activation. Our findings indicate that further research on B-glucans
may be useful in the treatment of osteoclast-related diseases, such as osteoporosis.
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Weighted gene co-expression network analysis in Drosophila
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Summary Abstract

The fruit fly Drosophila melanogaster has been used as an efficient genetic model in
basic biology research. Recently, various human pathological conditions including neurode-
generative diseases have been modeled in Drosophila. These fly models are widely used
to investigate disease mechanism and for drug discovery. In this study, we aimed to unravel
the similarities and differences between human and Drosophila at a gene regulatory net-
work level using weighted gene co-expression network analysis.

Key Words : Weighted gene co-expression network, Drosophila

Introduction

The fruit fly Drosophila melanogaster has been used to model various human
pathological conditions including neurodegenerative diseases. These Drosophila models
are widely used to investigate disease mechanisms and to perform drug screen. Recently,
an integrative network analysis that use multi-omics data sets are used to identify the
disease mechanisms and novel therapeutic targets (Wang M. Li, A., Sekiya, M. et al.
Neuron, 2021). To further utilize and integrate Drosophila models into a drug discovery
pipeline, it is important to understand the similarities and differences between human and
Drosophila at a gene regulatory network level.

Results

To construct the weighted gene co-expression networks in Drosophila, we extracted
the RNA from the heads of flies and performed the RNA sequencing (RNA-seq). The
expression data was obtained by the mapping of the sequences.

Drosophila

Wild type Canton-S line was used in this study. Flies were maintained in standard
cornmeal media at 25°C, 40-50% humidity with 12 hr light/dark cycle. More than 2000 flies
were collected for and flash-frozen in liquid nitrogen at the age of 7 days.

RNA extraction

Eighteen group were prepared with more than 100 flies as one group. Heads of flies were
mechanically isolated, and total RNA was extracted using TRIzol Reagent (Thermo Fisher
Scientific) according to the manufacturer’s protocol with an additional centrifugation step
(16,000 x g for 10 min) to remove cuticle membranes prior to the addition of chloroform.
The quality of RNAs were evaluated by Bioanalyzer (Agilent Technologies) and the RNAs
with RNA integrity number (RIN) more than 8 were used for construction of RNA library. We
prepared 18 RNAs and the RIN ranged 8.2~9.1.

Library preparation
Preparation of samples for RNA-seq analysis was performed using the TruSeq
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Stranded mRNA Library Prep kit (lllumina). Briefly, polyA containing mRNAs were isolated,
fragmented and used for cDNA synthesis. Synthesized double strand cDNAs were ligated
with appropriate adaptors for sequencing and amplified. The size and concentration of the
RNA-seq libraries were measured by Bioanalyzer. All 16 samples met the quality required
for sequence analysis.
RNA sequence and data analysis

Paired-end sequencing reads (150bp) were generated on a NovaSeq 6000 platform.
Average read number was 68 million reads/sample and the average percentage of bases
with a quality Score greater than 30 was 90.2%. The raw sequencing reads were aligned
to fly genome BDGP6 using HISAT2 aligner (v2.1.0) and gene-level expression were
quantified by StringTie (v2.1.2) based on Ensembl BDGP6.22.98 annotation model.
Visualization of weighted gene co-expression network

Using iDEP (integrated Differential Expression and Pathway) analysis application,
weighted gene co-expression networks in Drosophila were visualized (Figure 1).

We found that a gene network can be constructed by 16 sets of transcriptome data from
Drosophila. Depending on the setting, the number and size of networks required to build
a gene network were changed significantly. As the next step, we will perform the network
analysis using the WGCNA package (R package), which is capable of extracting gene
members in the network and detailed information. After that analysis, we will compare the
genes from human gene co-expression networks and conduct verification experiments
using Drosophila.
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Discussion & Conclusion

In this study, we obtained gene expression data of the 32870 gene from the head of wild-
type Drosophila by RNA sequencing. Based on the variations of gene expressions, we are
currently constructing co-expression networks. If necessary, we will integrateadditional
RNA sequencing data to build a more reliable network. In the future, we will compare these
Drosophila networks with the gene networks constructed from human gene expression
data. Such information will be helpful to appropriately integrate genetic or pharmacologic
screening data from Drosophila into drug discovery in human diseases. We expect that
comparing gene regulatory networks are important to further understand the similarities
and differences between Drosophila and humans and to best utilize fly models of human
diseases. Disease models have different phenotypes for each model organism, which may
also be explained by the differences in the genetic network of each organism.
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Summary Abstract

The environmental stimuli influence plant regeneration, but the molecular mechanism
has not been elucidated. Our in vitro shoot regeneration via dedifferentiation of roots
demonstrates that shoot regeneration occurs a few weeks later after the callus formation
from roots. Using this system, we elucidated the mechanism of shoot regeneration by
the gamma-ray irradiation as an environmental stimulation. We successfully developed
the method to promote shoot regeneration by irradiation and identified the stress genes
involved in shoot regeneration.

Key Words : shoot regeneration, gamma-ray, environmental stimuli, stress response

Introduction

Our de novo shoot regeneration is based on callus formation from roots (1, 2). Callus
is a pluripotent cell mass derived from an explant placed in an auxin-rich callus inducing
medium (CIM). Subsequently, de novo shoots are regenerated from callus cultured on
cytokinin-rich shoot inducing medium (SIM). It is known that cell fate changes during this
regeneration processes. It is unknown whether the accumulation of DNA damage impacts
on shoot regeneration.

Results

We found that y-ray irradiation before CIM transfer enhanced shoot regeneration. First,
we irradiated A. thaliana with gamma-ray at several irradiation doses. We successfully
determined an irradiation dose of gamma-ray, which most efficiently enhanced shoot
regeneration. Second, we investigated whether the period before irradiation impacts
shoot regeneration efficiency. The gamma-ray irradiation enhanced shoot regeneration
irrespective of the developmental stage of seedlings. Third, we investigated whether the
period after irradiation affects shoot regeneration efficiency. Callus at a particular time
for incubation after irradiation enhanced shoot regeneration. Fourth, we investigated
whether the CIM period affects shoot regeneration efficiency. Callus for a particular time of
incubation also enhanced shoot regeneration.

Based on the above condition, we investigated whether DNA repair impacts shoot
regeneration efficiency. In A. thaliana, two kinases, Ataxia Telangiectasia and Rad3 Related
Protein (ATR) and Ataxia Telangiectasia Mutated (ATM), are involved in DNA damage
response. However, atr and atm mutants irradiated with gamma-ray exhibited enhancement
of shoot regeneration compared with the control. Thus, the DNA repair pathway involved in
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ATM and ATR did not regulate the enhancement of shoot regeneration by gamma-ray.

Thus, to find the novel regulators for the enhancement of shoot regeneration, we
performed the transcriptome analysis by RNA-seq at the onset of callus induction gamma-
ray irradiation 6 days prior to callus induction alters the gene expression pattern at both
callus periods, contributing to the enhancement of the shoot regenerative competency.

We performed Gene Ontology (GO) enrichment analysis among up-regulated genes
in the CIM 0 and 6 days. GO analysis demonstrated that at the 6 days after irradiation,
the expression of genes associated with stress response was upregulated. We identified
the stress response genes, which are probably responsible for the enhancement of shoot
regeneration.

We also performed ChlP-seq analyses of H3K4me2. We got consistent data with the
above RNA-seq data. Our integrated studies revealed the molecular and 1 day before shoot
induction. In CIM Odays and CIM 6days, 409 and 415 genes, were up-regulated, and 512
and 777 genes were down-regulated as shown in graphs below. The result indicated that
the mechanism by regulators of the stress response.

Furthermore, we examined the enhancement in shoot regeneration by other DNA
damage stress except for the irradiation. We tried to add heavy metal, including excess
copper, to the medium. We found a mutant responsible for shoot formation under the
excess copper (3). We also developed a novel live-imaging technique to analyze the shoot
regeneration via the environmental stimuli (4). Based on the research, we will do our best
to publish the primary data about the relationship between shoot regeneration and gamma
irradiation as an academic paper in the future.

Discussion & Conclusion

We revealed that several stress response genes regulated the enhancement in shoot
regeneration by environmental stimuli. We used gamma-ray irradiation as environmental
stimuli, which induce DNA damage. Our data showed that the initiation kinases of DNA
repair, ATR and ATM were not involved in the enhancement of shoot regeneration,
suggesting that the enhancement is not related to DNA repair pathway. Our seg-analyses
demonstrated that some stress response genes regulate the mechanism. The molecular
genetic analyses of these genes will contribute to developing new breeding techniques for
enhancement in shoot regeneration or shoot formation in plants.
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Analyses of pain regulation mechanisms by IL-27
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Summary Abstract

IL-27 is an anti-inflammatory cytokine. Recently we reported that IL-27 has a pain
regulatory role. To address IL-27-producing cells and/or cells responsible for IL-27-
mediated pain regulation, we generated IL-27-reporter mice. By taking advantage of this
reporter mouse, we tried to identify IL-27-producing cells in the pain sense transmission.
Unfortunately, we were unable to detect IL-27-producing cells in the skin, neuron fibers, and
brain. However, by electrophysiological study, three types of neuronal fibers were shown to
be possibly responsible for pain regulation.

Key Words : IL-27, pain, neuralgia

Introduction

Interleukin 27 (IL-27) is a member of IL-12 cytokine family and is composed of p28
subunit and EBI-3 subunit. IL-27 has immunosuppressive effects on various immune cells
although it was originally reported as a Thl-inducing cytokine. Lack of IL-27 signaling (p28-
deficient mice and IL-27 receptor (WSX-1)-deficient mice), surprisingly demonstrated lower
threshold to various pain and neuralgia symptom while administration of IL-27 in p28-
deficient mice restored the susceptibility to normal levels. These data indicate that IL-27 has
a novel function to regulate pain sensitivity. Precise mechanisms by which IL-27 regulates
pain is unknown.

Results

IL-27 is reportedly produced by macrophages and dendritic cells stimulated by microbial
products, such as LPS. However, both p28-deficient and WSX-1-deficient mice showed
spontaneous neuralgia and lower threshold to pain without any additional stimulation or
priming to pain. This indicates that IL-27 is constitutively produced and exerts its pain-
regulation effects. To address the question where and in which type of cells IL-27 is
produced in the pathway of pain sense transmission, we have developed an IL-27-reporter
mouse in which Venus (a fluorescent protein) is produced under p28 promoter regulation.
The reporter mice work well in that macrophages/dendritic cells from LPS-administrated
mice emit sufficient fluorescent signal by flow cytometric detection. We assume that either
keratinocytes and/or Langerhans cells in the skin, neurons to sense various types of pain,
or brain cells including glia cells, are the producer of IL-27 in terms of pain regulation.
However, we have been unable to detect p28-Venus signal in any of above-mentioned cells
by fluorescence microscopic examination. These results indicate that constitutive production
of IL-27 p28 is very weak for detection by this method. Interestingly, although dendritic cells
isolated from LPS-administrated mice expressed p28/Venus ex vivo, dendritic cells from
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untreated mice failed to respond to in vitro LPS stimulation by p28/Venus production. This
suggests that IL-27 production by dendritic cells and/or cells involved in pain regulation may
require additional stimulation.

Besides the detection of p28-Venus signal, we performed a functional assay where
p28-deficient or WSX-1-deficient neurons were isolated and tested for (hyper-) sensitivity
to stimulation. In our previous report, live mice were tested for their sensitivity against
mechanical stimulation, heat/cold stimulation, and chemical stimulations. In the current
study, hindlimb skin-saphenous nerve preparations were isolated ex vivo and used for
electrophysiological analysis of nociceptors. C-fibers from WSX-1-deficient and p28-
deficient mice showed hyper discharge rate over wild-type neurons against mechanical
stimulation with lower threshold for excitation. Repeated experiments for confirmation and
for statistical analysis, however, is required. In the isolated nerve specimen, we were unable
to detect p28 nor WSX-1 gene expression by RT-PCR method.

We have not examined the direct pain-regulatory effects of IL-27 in the brain in the
current study. Lack of IL-27 signaling does not affect brain development or behavior in the
mice. IL-27 is known to be abundantly expressed in the brain (and in the central nervous
system) of mice. Recently, IL-27 is reported to be expressed by astrocytes and microglia
cells in inflammatory settings. The precise role of IL-27 in the brain has yet to be clarified,
although some reports showed that IL-27 is pro-inflammatory rather than anti-inflammatory
in this context. We have confirmed the expression of IL-27 in astrocytes and microglia. The
pain regulatory role of IL-27 in these cells is completely unknown.

To address the above-mentioned, unsolved questions of IL-27-producing cells in the
pain sensation, we started conditional p28 knockout mice in which cell (such as neurons,
Langerhans cells, and astrocyte)-specific gene destruction is possible. With this strain
of mice, further clarification of responsible cells and responsible mechanisms of IL-27-
mediated pain regulation will be possible.

Discussion & Conclusion

We have successfully generated IL-27 (p28)-Venus reporter mice, which is one of the
aims of this study. Unfortunately, we were unable to detect IL-27 production in the assumed
cells assumed to be responsible in pain regulation in unstimulated mice. This suggests
that the constitutive expression of IL-27 is too low to be detected by this method and/or IL-
27 expression required additional stimulation in this pathway. Electrophysiological study
indicates neurons (C fibers) may be responsible, but further examination is necessary.

For the further analyses, we started generating p28 conditional mice. By taking
advantage of this strain of mice, identification of responsible cells and mechanisms in IL-27-
mediated pain regulation will be possible.
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Molecular and neural mechanism associated with social
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Summary Abstract

Autism spectrum disorder (ASD) affects approximately 1 in 40 children and is highly in-
heritable. As there is no cure for ASD, understanding its pathophysiology is an important
health issue. In this study, we performed a comprehensive brain transcriptome and behav-
ioral analyses of BTBRTF/ArtRbrc (BTBR/R) mice. Our data identified potentially important
genes, non-coding RNAs, and RNA interactions which are probably critical to brain develop-
ment and/or function. Collectively, we showed that BTBR/R have mild but significant deficits
in social behavior and is an excellent animal model that can contribute to the understanding
of the genetic underpinnings of autism susceptibility.

Key Words : autism spectrum disorder; ASD; transcriptome; social behavior; mouse model

Introduction

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder
characterized by social and communication deficits, and stereotyped repetitive behaviors
with restricted interests. ASD is highly heritable and is also affected by environmental
factors. Gene transcriptional profiling in ASD has been performed by utilizing post-mortem
brain samples. The restricted availability of brain tissue from humans with ASD represents a
significant challenge. From this point of view, animal models are valuable for analyzing the
molecular and pathological mechanisms of ASD at the gene and protein expression level.
In this study, we performed a comprehensive brain transcriptome analysis in the cerebral
cortex and striatum, in which altered cortico-striatal connectivity has been suggested to be
present in patients with ASD, between BTBR/R mice and C57BL/6J (B6) mice with high
sociality. Our results revealed the differential transcription profiles in microarray expression
levels as well as cellular-regional levels in the cerebral cortex and striatum of BTBR/R mice
and B6 mice, and suggested that BTBR/R mice have a slight autistic-like tendency in terms
of social novelty recognition and stereotypic behavior.

Results

To compare the transcriptome features in the cerebral cortex and striatum between
BTBR/R and B6 mice, we performed DNA microarray analysis. The data indicated that
BTBR/R mice exhibited the differential expression of 1,280 transcripts (974 downregulated,
306 upregulated) in the cerebral cortex and striatum compared to B6 mice (Fig. 1A). Using
the bioinformatics databases, we classified types of the differentially expressed genes
(DEGSs) identified, as shown in Fig. 1B. Downregulated and upregulated transcript groups
consisted of 524 and 184 protein-coding transcripts, 387 and 111 non-coding transcripts,
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33 and 6 pseudogenes, and 30 and 5 other transcripts, respectively. Using RNA-RNA
interaction network analysis tool, we further suggested the differential regulation of
transcription and translation in the cerebral cortex and striatum between two strains via
RNA-RNA interactions. To gain an insight into the biological significance in altered gene
expression between BTBR/R and B6 mice, we performed the functional gene classification
of DEGs by the gene ontology (GO) enrichment, the KEGG pathway and weighted
correlation WGCNA analyses. Overall, our comprehensive bioinformatics analyses of
gene expression highlighted functional alterations in the cerebral cortex and striatum
of BTBR/R mice. We next explored whether BTBR/R mice DEGs were the known ASD
candidate genes by utilizing the autism gene database AutDB, and identified 53 genes (40
downregulated and 13 upregulated) out of 1,280 DEGs to be ASD candidate genes. We
comprehensively analyzed the spatial cellular expression of DEGs in the BTBR/R and B6
mice brains in a qualitative manner using the in situ hybridization (ISH) method (Fig. 2A, B).
Finally, we analyzed ASD-related social behavior of BTBR/R and showed that, compared to
B6 mice, BTBR/R mice have a mild impairment in social recognition (Fig. 3A-C) as well as
increased stereotypic behavior (Fig. 3D).

Discussion & Conclusion

In conclusion, we characterized the transcriptomic features of the cerebral cortex and
striatum of BTBR/R mice in comparison with B6 mice, using microarray and ISH analyses
together with comprehensive bioinformatics approaches. We identified DEGs (upregulated
and downregulated) and co-expression as well as interaction RNA networks in BTBR/
R mice brains. In addition, the BTBR/R mice data were comprehensively compared to
those reported in the previous studies of subjects with ASD as well as ASD animal models,
including another BTBR subline T+ Iptr3%/J (BTBR/J) mice. Our results allow us to propose
potentially important genes and ncRNAs that may be associated with brain function and
behaviors characteristic to BTBR/R mice that are indicative of an autistic-like phenotype.
Taken together, the results of our study suggest the genetic aspects of BTBR/R mice
brain function, which is informative to the understanding of the genetics of the observed
behavioral defects. To contribute further to the understanding of ASD genetics and biology,
further studies regarding detailed cellular expression patterns as well as functional aspects
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of the DEGs in BTBR/R mice brain are required, considering the differences and/or
similarities with socially impaired BTBR/J mice and highly social B6 mice.

*Remarks: We also studied mouse models for oxytocin release and associated social
behavior as well as brain-derived neurotrophic factor (BDNF) release.
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Development of H,S-Activatable Near-Infrared-dye Probes:
Bioimaging and Therapy
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Summary Abstract

Zigzag bisquinodimethanes (BQDs) with eight aryl groups were designed as redox-
switchable molecules that undergo four-electron oxidation to produce doubly twisted
tetracationic pentacenes. In contrast to one-stage four-electron oxidation of BQDs, stepwise
two-electron reduction of tetracationic pentacenes occurs to give the original BQDs via
dicationic anthracenes. Since both tetracations and dications exhibit near-infrared (NIR)
absorptions (-1400 nm) based on an intramolecular charge-transfer interaction, changes
in not only their structures but also their UV-Vis-NIR spectra can be controlled by redox
stimuli. Such NIR absorbing cationic dyes are potential candidates for H,S-activatable
probes, which will be clarified in due course.

Key Words : Near-Infrared Absorption, Organic Redox Systems, Cationic Dyes

Introduction

Recently, much attention has been focused on developing electrochromic material
(EM), by which the electric potential as an input is transduced into the color change as an
output. With regard to the use in biological systems, NIR absorption properties are of great
importance for bioimaging and phototherapy.”® However, only limited numbers of such NIR
EM have been reported so far. In this study, we designed and synthesized novel NIR EM,
which can be applicable for H,S-activatable probes.

Results

In this study, we proposed a new approach for preparing extended [n]Jacenes by
electrochemical oxidation, and demonstrated unprecedented hysteretic three-state redox
interconversion among neutral bisquinodimethanes (BQDSs), tetracationic pentacenes, and
dicationic anthracenes, in which both cations exhibit significantly red-shifted absorptions in
the near-infrared (NIR) region based on an intramolecular charge-transfer (CT) interaction.

The target BQs were prepared from 5,7,12,14-pentacenetetrone over 4 steps, where
stepwise introduction of aryl groups was conducted by Suzuki-Miyaura cross-coupling
reaction following dibromoolefination. According to X-ray analyses, these BQDs with three
non-fused benzene rings adopt a zigzag conformation. By treatment with four equivalents of
(4-BrC¢H,);N""SbCls~ (Magic Blue), tetracationic (SbCly"), salts were obtained quantitatively.
X-ray analyses revealed that the tetracations have a fully conjugated planar pentacene
core, which is almost orthogonal to the diarylmethylium moieties. The original BQDs were
completely recovered when tetracations were treated with an excess amount of Zn powder,
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which demonstrates that reversible redox interconversion between neutral donors and
tetracations can proceed.

To investigate the redox properties in detail, we conducted cyclic voltammetry in CH,Cl,.
For methoxyphenyl derivative, the voltammogram showed a one-wave four-electron
oxidation peak at +1.12 V (vs. SCE). The one-stage four-electron process for oxidation
was verified by using ferrocene as an external standard and confirmed by differential pulse
voltammetry. As a result of the change in structures, return peaks, where two-stage two-
electron reduction occurs via intermediate dication, appeared in the far cathodic region (E™%/
V: +0.55 for tetracation and +0.27 for dication). Such a cathodic peak shift is a characteristic
feature of dynamic redox (dyrex) systems,”® in which the steady-state concentration of
intermediate radical species is negligible. Similar redox behavior was observed for tert-
butylphenyl derivative (E”/V: +1.26 for neutral donor; E®Y/V: +0.89 for tetracation and +0.76
for dication).

To obtain further information regarding the structure of the intermediary dications as
expected by the voltammetric analyses of BQDs, we performed a titration experiment on the
chemical reduction of tetracations, which was monitored by UV-Vis-NIR spectroscopy. Upon
the addition of aliquots of Bu,NI (TBAI) in CH,CI,, the UV-Vis-NIR spectrum of tetracation
with tert-butylphenyl groups changed to that of neutral species via the intermediate dication
in a stepwise fashion, where several isosbestic points were observed in both stages.
Especially in the first stage, the absorption maxima at 498 and 1094 nm for tetracation
in the visible and NIR region shifted to 509 and 1005 nm for dication (Figure 1). Similar
results were obtained by using methoxyphenyl derivative with decamethylferrocene. The
NIR absorption of dications suggested that localized dication with an anthracene skeleton
fused with an anthraquinodimethane (AQD) unit stabilized by intramolecular CT interaction
would be likely, and this idea is supported by the fact that the DFT method gave no energy-
minimized structure for the quinoidal form.

Figure 1. Change in UV-Vis-NIR spectrum of
tetracationic (SbClg"), salt (6.00 uM) upon the
addition of several aliquots of TBAI in CH,Cl,.

After many trials, dications could be isolated in pure form. Upon two-electron reduction
of tetracationic (SbClg"), salts in CH;CN with two equivalents of reducing reagent,
dicationic (SbCly"), salts were isolated quantitatively. These structures of dications are
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bis(diarylmethylium)-substituted anthracene fused with an AQD unit, as characterized by
'H NMR spectra and finally determined by single-crystal X-ray analyses. Additionally, when
dications were treated with two equivalents of Magic Blue and with an excess amount of
Zn powder, tetracations and original BQDs were isolated quantitatively for both reactions.
Therefore, unprecedented hysteretic three-state redox interconversion among tetracationic
pentacenes, dicationic anthracenes, and neutral BQDs, as shown by cyclic voltammetry,
was demonstrated on a preparative scale (Scheme 1).

Scheme 1

Discussion & Conclusion

In conclusion, we designed and synthesized zigzag-structured BQD derivatives with
non-fused benzene rings, which undergo one-stage four-electron oxidation to produce
tetracationic pentacene derivatives with a doubly twisted conformation. When tetracationic
pentacenes were reduced, two-stage two-electron reduction occurs via dicationic
anthracenes to the original BQDs. Such hysteretic three-state redox interconversion among
them demonstrates perfect control of the number of fused benzene rings ([1] -> [5] -> [3]
-> [1]) in the [n]acene structure by redox conversion. It is noteworthy that cationic species
can be isolated even for pure hydrocarbons. Furthermore, since these cations exhibit
significantly red-shifted NIR absorptions (-1400 nm) based on intramolecular CT interaction,
changes in structure as well as UV-Vis-NIR absorptions can be controlled by redox
switching. These results provide a new tactic for creating [n]Jacene-based redox switches
with fully controlled multiple-electron transfer, and for dynamically interconverting their
structures and properties in a unimolecular fashion. Such NIR absorbing cationic dyes are
potential candidates for H,S-activatable probes, which will be clarified in due course.
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Identification of molecular mechanism underlying drug
resistance by tumor-stroma derived exosome
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Summary Abstract

This study elucidates a novel molecular mechanism through which Annexin A6 in CAF-
EV activates FAK-YAP by stabilizing bl integrin at the cell surface of gastric cancer cells
and subsequently induces drug resistance.

Key Words : tumor microenvironment, cancer-associated fibroblasts (CAFs), gastric can-
cer

Introduction

Cancer-associated fibroblasts (CAF) are found among stromal cells in solid tumors and
play a central role in cancer progression, and the molecular mechanisms of CAFs have
been extensively investigated. Extracellular vesicles (EV) from CAFs are composed of
diverse payloads. Although CAFs impact the aggressive characteristics of gastric cancer
cells, the contribution of CAF-EV to gastric cancer progression has not been elucidated.

Results

To quantify the amount of Cancer associated fibroblasts (CAFs) in gastric cancer (GC)
tissues, resected tissues from 335 GC patients were subjected do immunohistochemical
staining using an antibody specific for alpha-smooth muscle actin. CAF-high GC patients
exhibited significantly shorter overall survival. Moreover, stage IV GC patients with CAF-
high tumors who received chemotherapy had remarkably shorter overall survival. Based on
these results, we first hypothesized that CAFs in the tumor stroma are involved in mediating
the drug resistance of GC cells.

At first, we cultured GC cells with
CAF-conditioned medium (CM) in
extracellular matrix (ECM) exhibited
characteristic network formation and
remarkable drug resistance. Next, we
conducted RNA sequencing to identify
unique molecular patterns in GC cells
in the ECM after CAF-CM treatment.
Based on the results from these
analyses, we presumed that CAF
derived extracellular vesicles (EVs)
might be involved in network formation
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and drug resistance. Thus, we extracted CAF-EVs by ultracentrifugation, and showed that
EVs contained in CAF-CM play a central role in network formation and drug resistance in
GC cells.

We conducted a comprehensive proteomic analysis using GC-EVs or CAF-EVs and fo-
cused on annexinA6 most specifically expressed in CAF-EVs. AnnexinA6-depleted CAF-
EVs diminished both the network formation and drug resistance of GC cells in the ECM
(Figure 1).

According to the results from the network analysis of the RNA sequencing data, we
focused on B1 integrin and showed that the CAF-EV-induced increase in cell surface 31
integrin expression in GC cells is critical for network formation and drug resistance in the
ECM.

Annexin A6 and 31 integrin have been found to be important in GC cell network formation
in the ECM; thus, we predicted that annexin A6 and (31 integrin interact with one another.
We conducted such as protein stability assay, flow cytometry and immunofluorescence
analyses and revealed that B1 integrin expression at the surface of GC cells in the ECM is
enhanced by annexin A6 in CAF-EVs.

Because signaling pathways
downstream of integrin are regulated by
protein-protein interactions, we further
performed a comprehensive proteomic
analysis of GC cells treated with and
without CAF-CM as well as RNA
sequencing. Differentially expressed
genes related to focal adhesion and
the PI3K-AKT and Hippo signaling
pathways were identified in GC cells
treated with CAF-CM according to a
pathway analysis of the comprehensive
transcriptomics and proteomics data.

Further functional analyses indicate

that integrin-FAK signaling and

subsequent YAP activation play a

critical role in network formation in the ECM and drug resistance of GC cells treated with
CAF-EVs.

To verify the significance of CAF-EVs in GC drug resistance in an in vivo model, GC
cells were injected into the peritoneal cavities of nude mice. This model elucidated that
annexinA6 in CAF-EVs play a role in the drug resistance of GC cells in vivo as well as
in vitro. We then examined whether FAK and YAP inhibitors could attenuate the cisplatin
resistance of GC cells mediated by CAF-EVs. The antitumor effect of cisplatin was
recovered by additional treatment with the FAK and YAP inhibitors (Figure 2).

Discussion & Conclusion

Annexin A6 in EVs derived from CAFs stabilizes bl integrin at the plasma membrane of
gastric cancer cells in the ECM. Subsequently, phosphorylated FAK leads to AKT activation
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and YAP accumulation, which results in the network formation of gastric cancer cells in the
ECM and their substantial drug resistance. Moreover, blockade by an FAK or a YAP inhibitor
but not an AKT inhibitor effectively inhibited the drug resistance of gastric cancer cells. The
findings of this study provide evidence demonstrating that FAKYAP signaling activated by
Annexin A6 in CAF-EVs from the tumor stroma is a novel target for combination therapy
with currently available anticancer drugs.
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Stabilization mechanism of amyloid aggregates revealed
by protein engineering techniques
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Summary Abstract

Amyloid is a proteinous aggregate which involves several neurodegenerative diseases
such as Alzheimer’s. Thus, the basic understanding of amyloid biophysical properties is im-
portant for understanding such diseases. Although important, insoluble and heterogeneous
nature of amyloid humpers its characterization. Here, we report the structural analysis of
amyloid edge using a model protein system.

Key Words : Amyloid, beta-sheet, model protein, protein engineering

Introduction

Amyloid is a proteinous aggregate which involves several neurodegenerative diseases
such as Alzheimer’s. Thus, the basic understanding of amyloid biophysical properties
is important for understanding such diseases. Although important, insoluble and
heterogeneous nature of amyloid humpers its characterization. To overcome this limitation,
we have developed a protein model system to capture the amyloid core structure into a
globular protein, termed peptide self-assembly mimic (PSAM). Here, we evaluated the
structural property of the elongation edge of beta-sheet which mimics the edge of amyloid.

Results

To mimic the elongation edge of amyloid, we constructed a PSAM variant whose
C-terminal beta-sheet edge was exposed to the solvent. To do this, the C-terminal domain
of the original PSAM was deleted by gene engineering method. By deleting the C-terminal
domain, the C-terminal beta-strand of the central single layer beta-sheet was no longer
caped by the C-terminal domain. We termed this variant as PSAM-edge. PSAM-edge was
expressed in E.coli and purified by His tag affinity chromatography.

We confirmed that PSAM-edge is monomeric in a solution buffer by size exclusion
chromatography (SEC). Because beta-sheet edge of PSAM-edge is exposed to solvent, it
is surprising that PSAM-edge does not form any aggregate.

Stability of the PSAM-edge was evaluated by urea-induced chemical denaturation
method by monitoring the CD values. The resulting titration denaturation curve of PSAM-
edge showed clear sigmoidal transition with a single transition. We fitted this denaturation
curve with a two-state unfolding model and the experimental data well fitted with the
two-state model suggesting that the beta-sheet region co-operatively unfolded with the
N-terminal domain.

SEC and chemical denaturation experiments clearly demonstrate that PSAM-edge
behaves as a general globular protein. It means the elusive beta-sheet edge properties can
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be observed by using this PSAM variants. Thus, we next tried to determine the molecular
structure of PSAM-edge by x-ray crystal structure analysis. We successfully obtained single
crystals for x-ray diffraction experiments. One of the crystals diffracts to the resolution of
2.2 angstrom. The phase of the diffraction data was determined by molecular replacement
method using a wildtype OspA structure without the C-terminal domain, which was the
original scaffold for PSAM construction. There were four molecules in the asymmetric unit
and these four molecules were almost identical with a root mean square deviation (RMSD)
values below 1.3 angstrom. Thus, we analyzed the one of the four structures (denoted as
molA) for further analysis. The electron density map of PSAM-edge is clear to the final beta-
strand. Only the C-terminal four residues are disordered. This observation indicated that
even the absence of the C-terminal capping domain, the central beta-sheet is stably formed
except for the terminal four residues. We initially expected that terminal few beta-strand
must be disordered because of the flexible nature of the terminal structure. The crystal
structure unexpectedly demonstrated that the initial our expectation was wrong. Thus, in
actual amyloid, the elongation edge of the fibril must be stable to attach and incorporate
the next molecule. At the same time, if the terminal structure is stable, it is also a danger
of intermolecular aggregation. From the PSAM-edge structure, the flexible nature of the
terminal four residues may play a key role to prevent the aggregation. Fluctuating terminal
portion may exclude the attaching molecule and preventing the association.

To observe the dynamic movement of PSAM-edge, we performed the MD simulation.
The MD simulation period was 50 ns and we evaluated the molecular fluctuation of PSAM-
edge. In MD trajectory, we found that the central beta-sheet is stably formed same as the
crystal structure. During the simulation, only the terminal four residues fluctuated which is
also same with the crystal structure observation where these residues are disordered. The
striking consistency between the crystal structure and MD simulation suggests the exposed
beta-sheet stability is general.

Discussion & Conclusion

We successfully modeled beta-sheet edge by deleting the capping C-terminal domain
from original PSAM. In general, natural proteins prevent the exposure of the beta-sheet
edge because of its high tendency for the aggregation. In this viewpoint, it is interesting to
see the structure of the exposed beta-sheet edge of PSAM-edge. Although PSAM-edge
exposes the beta-sheet edge, it is highly soluble and monodisperse. The aggregation
resistant property of PSAM-edge could be attributable to the fluctuation of the C-terminal
residues observed in the crystal structures and MD simulation. The fluctuation should
prevent edge-to-edge interaction. In the future study, it is interesting to compare the edge
property of actual amyloids and PSAM edge. In addition to that, the knowledge about the
edge property of PSAM-edge will expand the designability of beta-sheet rich protein in
protein design field.
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differentiation in Arabidopsis.
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Summary Abstract

The differentiation of distinct cell types in appropriate patterns is a fundamental process
in the development of multicellular organisms. The protodermal cell is an ideal system for
studying position— and lineage—dependent cell differentiation in plants. In this study, | found
that very-long-chain fatty acid-containing ceramides which are predominantly synthesized
in the outermost cells, bind to a lipid-binding domain of ATML1 and stabilize the ATMLL1 pro-
tein only in the outermost cells.

Key Words : Arabidopsis thaliana, epidermis, protoderm, ATML1, VLCFA-ceramide

Introduction

Sessile lifestyle imposes a bewildering array of biotic and abiotic stresses on vascular
land plants. To defend against a hostile environment on land, plants have a specialized
defensive cell layer called the epidermis at the interface between the plant body and
the external environment. In Arabidopsis, ATML1 plays an essential role in protoderm
differentiation and effectively orchestrate a variety of protoderm-specific events (Abe et al.,
2001, 2003). However, little is known about the molecular basis of the positional signal that
confines the expression of this key regulator to the outermost cell layer.

Results

Forming the crucial interface between the plant and the outside world, the outermost
cell layer derives from a meristem called the protoderm. While protoderm differentiation
is known to be driven by the homeodomain-containing transcription factor ARABIDOPSIS
THALIANA MERISTEM LAYER 1 (ATML1), the positional signals that restrict protodermal
differentiation to the outermost position are still poorly understood. | and my colleagues
first found that ATML1 expressed in the outermost cells of the lateral root primordia and
is required for lateral root formation. Interestingly, when ATML1-EGFP is expressed
ubiquitously, it is only retained in the nuclei of outermost layer of lateral root but not in those
of the inner cells. These results indicate the existence of an unidentified signal that relays
the information of cell position and is required to maintain ATML1 expression.

ATML1 protein is characterized by a steroidogenic acute regulatory protein (StAR)-
related lipid-transfer (START) domain. In order to identify the amino acid residue crucial for
the lipid binding, | compared the amino acid sequence of the START domains of ATML1
with the known ligand contact site of mammalian START domains. Based on the sequence
alignments, Tryptophan 471 (W471) residue of ATML1 protein exhibits strong similarity with
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the ligand contact site of mammalian START domains. Thus, we focused on W471 as a
putative lipid contact site in ATML1.

To analyze the function of W471 in the position-dependent modulation of ATML1, |
introduced a W471L point mutation into ATML1 based on the previous study by using
site-directed mutagenesis methods and generated transgenic Arabidopsis ubiquitously
expressing ATML1"Y*"*"-EGFP. Interestingly, when | induced ATML1"*"*"-EGFP in all cells of
root tissue, EGFP fluorescence was not observed even in the nuclei of the outermost cells.
These observations indicate that W471 is crucial for the stability of ATML1 protein in the
outermost cells.

In order to screen for potential lipid species that interact with the ATML1 START domain,
| next performed in vitro protein—lipid binding assays and found that the recombinant GST-
tagged START domain of ATML1 binds to very-long-chain fatty acid (VLCFA)-containing
ceramides (VLCFA-Cers), ceramide-1-phosphates, phosphatidic acids, phosphatidylserines,
and several phosphatidylinositol phosphates. Interestingly, further evaluation of the
effect of the W471L mutation revealed that the W471L mutation specifically attenuates
the interaction between GST-START and VLCFA-Cers. Thus, VLCFA-Cers emerge as a
candidate lipid mediating the positional information and affecting ATML1 function.

To determine whether the post-translational regulation of ATML1 is affected by VLCFA-
Cers, | treated transgenic Arabidopsis seedlings, expressing ATML1"—-EGFP, with an
inhibitor of VLCFA biosynthesis (cafenstrole). The cafenstrole treatment resulted in
disappearance of the fluorescence of ATML1""-EGFP in outermost cells, confirming that
the stability of ATML1 protein is indeed affected by VLCFA-Cers. We also analyzed the
expression pattern of PASTICCINO2 (PAS2), encoding an essential enzyme for VLCFA
biosynthesis. In gPAS2-EGFP containing Arabidopsis, the fluorescence of PAS2—EGFP was
restricted to the outermost cells. Collectively, these findings indicate that VLCFA-Cers in the
outermost cells play a essential role in the position-dependent stability of ATML1 protein.

Discussion & Conclusion

Here, | have provided an initial characterization of VLCFA-Cers-mediated positional
signaling in Arabidopsis. | also found that stabilization of the ATML1 protein is dependent
on the interaction with VLCFA-Cers and that the interaction between ATML1 and VLCFA-
Cers is crucial for the function of ATML1 in the outermost cells. Therefore, VLCFA-Cers are
considered as an essential component of cell position-dependent signaling in Arabidopsis.
The START domain is also conserved in another class of homeodomain proteins, which
are key transcription factors in vascular development and leaf polarity. Given that the
association between the START domain and the homeodomain is confined to the plant
kingdom, such a plant-specific lipid-protein complex that mediates positional signaling might
represent an inevitable evolutionary strategy for sessile plants.
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Report on Research Meeting
Sept. 30, 2021

1. Name of Research Meeting / Conference

The International Centenarian Consortium: ICC 2021

. Representative

Yasumichi Arai, Professor, Faculty of Nursing and Medical Care, Keio University/
Center for Supercentenarian Medical Research, Keio University School of Medicine

35, Shinnaomachi, Shinjuku-ku, Tokyo, Japan
P.O. 160-8582

Tel: +81 3 5269 2468

e-mail: yasumich@keio.jp

. Opening period and Place

Web site conference: June 22, 2021 ~ July 3, 2021
On line session: June 22, 2021 ~ July 3, 2021

. Number of participants / Number of participating countries and areas

Number of participants: 82

Number of participating countries and areas: 12

(Japan, Korea, Switzerland, USA, Spain, Australia, Netherland, UK, Portugal, Italia,
Sweden, Hong Kong.)

. Total cost

740,371Yen

. Main use of subsidy

Outsourcing fee for web site and on-line session.

. Result and Impression

The International Centenarian Consortium (ICC) meeting was originally scheduled
in June 2020; however, it was postponed for one year due to the COVID-19 pandemic.
In this year, ICC2021 was held online from June 22 to July 3, 2021, by the Center for
Supercentenarian Medical Research at the Keio University School of Medicine and the
Osaka University Graduate School of Human Sciences.

In this website conference, about 20 researchers presented their centenarian research
as on-demand presentation with voice.

During this period, the ICC2021 Live Conference was also held on June 29 from
9:00 p.m. to 12:00 a.m. Japan Standard Time, with approximately 80 researchers in the
fields of longevity and centenarians participating from around the world. The number
of participants in ICC2021 was quite larger than usual, as the number of participants
in previous years' ICCs has been around 30-50. At first, Prof. Nobuyoshi Hirose (Keio
Univ.) and Prof. Peter Martin (lowa State University), the leader of the ICC, gave opening
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remarks, including the history of the ICC and the history of the online conference due to
the corona pandemic.

Next was the Biomedical Session chaired by Professor Yasumichi Arai (Keio
University), in which the three prominent researchers gave lectures. Next was the
Psychosocial Session chaired by Prof. Yasuyuki Gondo (Osaka University), which
featured lectures by the three prominent researchers. The next session, chaired by Prof.
Yasumichi Arai (Keio Univ.), was the Presentation Award session, which was attended
by newcomers Prof. Kwangsung Park (Chonnam National University, South Korea) and
student award winners Dr. Giulia Accardi (University of Palermo, Italy) Dr. Giulia Accardi
(University of Palermo, Italy), Dr. Niccolo Tesi (Amsterdam UMC, The Netherlands), and
Dr. Rotem Arieli (lowa State University, United (University of Palermo, Italy), and Dr.
Rotem Arieli (lowa State University, United States) gave 10-minute presentations, which
were followed by a Q&A session.

In the last session, Prof. Ingmar Skoog (University of Gothenburg, Sweden)
announced the next ICC meeting, which will be held on May 25-28 in Marstrand, near
Gothenburg, Sweden. The meeting ended with closing remarks by Prof. Yasuyuki
Gondo.

Although it was only three hours long, it was a dense three hours with six keynote
speakers, four award sessions, and many questions and answers. While online
conferences are a great tool for simultaneous participation and discussion from many
regions, including Europe, the Americas, Oceania, and Asia, | also felt the desire of
many people to have face-to-face meetings after the COVID19 pandemic.

. Additional description

ICC2021 conference site is assessable with this link;

https://activenet-tv.jp/icc2021/

We have acknowledged The NOVARTIS Foundation (Japan) for the Promotion of
Science on the website.

ICC2021 WEB conference is supported by Keio Global Research Institute (KGRI),
Osaka University Graduate School of Human Sciences Center for collaborative future
creation project aging and death study Lab (CCFC), and The NOVARTIS Foundation
(Japan) for the Promotion of Science.
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Report on Research Meeting

1. Name of Research Meeting / Conference
3rd Mini-symposium on the blood-brain barrier: from basic to clinical research

2. Representative
President: Kentaro Hayashi (Shimane University)
Vice President Yoichi Morofuji (National Nagasaki Medical Center)
Advisers: Masami Niwa (PharmaCo-Cell Company Ltd.)
Yasufumi Kataoka (Fukuoka University)
Takayuki Matsuo (Nagasaki University)
William A. Banks (University of Washington)
Maria A. Deli (Biological Research Centre)

3. Opening period and Place
International lounge, Faculty of Medicine, Shimane University, Izumo, Shimane, Japan
March 26" (Fri) & 27" (Sat), 2021

4. Number of participants / Number of participating countries and areas
Total number of participants: 109
Web 50, Shimane University 22, Nagasaki Satellite 25, Fukuoka Satellite 11
Number of participating countries and areas: Japan, USA, Hungary, Slovakia, Korea,
China, Bangladesh

5. Total cost
JPY 1,400,000

6. Main use of subsidy
Printing cost and travel expenses for inviting presenters

7. Result and Impression

Mini-symposium on the blood-brain barrier: from basic to clinical research is a
conference designed for both scientists and physicians with common interests with
blood-brain barrier and drug development for central nervous system. It was founded
by three research groups: Nagasaki University (Japan), Biological Research Centre
(Hungary), and University of Washington (USA) in 2019. Facing the COVID-19 pandemic
and its various effects, cities around the world had to take actions towards the safety
and health of their habitants. Responding to the pandemic, we made a decision that our
symposium should be held on a reduced scale and apply web conference style. 3" Mini-
symposium on the blood-brain barrier: from basic to clinical research was successfully
held at International lounge, Faculty of Medicine, Shimane University, Izumo, Shimane,
Japan from March 26th to 27th, 2021 (Conference Chair: Professor Kentaro Hayashi,
Shimane University, Japan). In total 108 participants from 7 countries joined this event
on site or on line.

The symposium covered a wide range of topics in blood-brain barrier, from
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fundamental researches, such as in vitro modeling, HIV infection, tryptophan kynurenine
pathway, to translational researches including SARS-CoV-2, stroke, and epilepsy. All
participants were satisfied with a friendly conference and enjoyed fruitful discussion in all
presentations.

8. Additional description
We are grateful to the NOVARTIS Foundation (Japan) for its generous financial support.
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34" Grant Report (FY2020)

The foundation has been conducting public interest activities such as research grant,
meeting grant and international exchange programs since its establishment on Sep. 4,
1987 in Japan under authorization of the Ministry of Education, Science, Sports and
Culture, followed by a transition to a public interest incorporated foundation on Apr. 1,
2012. The grants conducted in FY 2020 are as follows.

34" Novartis Research Grant; 39 Researchers (JPY 1 mil.), Subtotal JPY 39.0mil.
Research Meeting Grant: 7 Meetings (JPY 0.4 mil.), Subtotal JPY 3.6mil.
Total  JPY 42.6mil.

The Grant is to aim supporting creative research in Japan in the field of Bio, life science
and relevant chemistry.

# Name Institution Title Research Project

Department of Immunology,

1 | Koji Tokoyoda Tottori University

Professor | Roles of memory helper T cells in vivo

Cancer RNA Research
2 | Akihide Yoshimi Unit, National Cancer
Center Research Institute

Section | Targeting Spliceosomal Mutant
Head |Leukemias by a Novel ASO Therapy

Division of Allergy and
Immunology, Medical Associate
Institute of Bioregulation, Professor
Kyushu University

Significance of acquired immune cells
during embryonic and developmental
stages in brain formation

3 | Minako Ito

Developmental
Neuroscience Project, Project
Tokyo Metropolitan Institute | leader
of Medical Scienece

Functional analysis of subplate
layer in neocortical formation of the
developing mouse cortex

4 | Chiaki Maruyama

g;iﬂg?tflgrﬁ/:e%?s;amh :‘f&;ﬁ"e% Molecular basis for early dendritic cell
5 | Daisuke Kurotaki Science, Associate :mziggnspemﬂcatlon during pathogen
Kumamoto University Professor

Elucidation of the mechanisms

of new tubulointerstitial nephritis
with IgM-positive plasma cells and
comprehensive analysis of IgM-type
autoantibodies in the serum

Department of Nephrology, | Associate

6 | Naoki Takahashi University of Fukui professor

Department of Chemistry, Synthesis and development of flavan-

7 | Ken Ohmori School of Science, Associate | derived polyphenol with protective
Tokyo Institute of Professor | effect against amyloid-beta-induced
Technology toxicity
Faculty of Advanced Project . .

8 | Yuki Yoshida Science and Technology, Assistant gﬂu%?sizlﬁw;?;ncﬁgrﬁl?g)giggplna:gtnt
Kumamoto University Professor P
School of pharmaceutical
sciences, Pharmaceutical . - .

. e . Highly Efficient Synthesis of Rare

9 |Jun Ishihara organic chemistry Professor . o .
department, Nagasaki Macrolides, Directing Drug Discovery
University

The Novartis Foundation(Japan)
for the Promotion of Science

132



The Novartis Foundation(Japan)
for the Promotion of Science

# Name Institution Title Research Project
Graduate School of g—?jgll)gl%E:t?c?rtllgiigclwerazoles
10| Kazuaki Ishihara Engineering, Professor | . 9 YIPYre .
? . Directed towards Synthesis of Chiral
Nagoya University D
rugs
Chemical Biology Lab.,
Department of Bioscience . . .
11 | Midori Arai & Informatics Faculty of Professor It)nz;I(iZIr\ilg ;:]/glgtlor;igf pe?]tgce)\%?i?/;ion
Science and Technology, ypicg
Keio University
Graduate school of Arts .
12 | Fuun Kawano and Sciencgs, Lgboratory Assistant c?p?t\cl)(;lgregiingt;:r?ed :;/[?rllejggigr? fsi/lgtem
of Prof. Moritoshi Sato, Professor with red-liaht
The University of Tokyo gnt.
Institute of Molecular ]
13| Keiichiro Ishiguro Embryology and Genetics, PESEEED Research on infertility
. ; Professor
Kumamoto University
Developmental Genetics Senior Multidimensional regulation of DNA
Laboratory, Center for replication by a genome-epigenome-
14/ Jafar SHARIF Integrative Medical Rsi?;}r?tri(s:? transcriptome (GET) network during
Sciences (IMS), RIKEN cellular senescence
Graduate school of A chemical genetics approach
15| Kanae Ando science, Department of Associate | to identify direct substrates of
Biological Sciences, Tokyo | professor | Alzheimer’s disease-associated
Metropolitan University kinase MARK4 in neurons
. [S)?\zgi(())lnotf)fMgedl:ﬁllgf’and Associate !Estaplishment of in vivo CE.12+ . .
16 | Kazunori Kanemaru Molecular Pharmacology, Professor pggmi?ethod for analysis of insulin
Nihon University y
Graduate School of Life
. Sciences, Super-network Glial control of behavioral disorders
S KD ML Brain Physiology, szl induced by social distancing
Tohoku University
Division of Molecular Assistant Genome wide analysis of DNA
18| William Addison Signaling and Biochemistry, Professor methylation and transcription
Kyushu Dental University dynamics in ICF syndrome
Institute for Genetic Elucidating the 3D genome structure
19 | Kenichi Noma Medicine, Professor | and its related protein composition in
Hokkaido University human senescent cells
Elucidation of the hyper-adaptation
Department of Medical mechanism by reconstruction o_f
. . . synapse-formations and Al motion
20| Kosei Takeuchi Biology, Professor capture svstems - Challenaing for
Aichi Medical University P y S ging
the hyper-amelioration from spinal
cord injury-
. Cn Exploration of pharmaceutical
The Institute of Scientific . X .
21| Shinobu Takizawa and Industrial Research, Associate resources_based on rapid syr_ltheSIS
Osaka University Professor anq machlng learning analysis of
optically active compounds
Graduate School of Life and
Environmental Sciences, . - .
22| Nobutaka Fujieda Biophysical Chemistry, gfgfoe izéer E)?Vsetlgr%rggi?/te?f :r:?tsel?]thlgggd Library
Osaka Prefecture 9 y
University
Department of Virology . . . .
23| Yuki Takamatsu I, National Institute of Reigglr?:Ler cl?fe%/ie&lg?ctgszmtra-celIular dynamics
Infectious Diseases '
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Kanazawa University

# Name Institution Title Research Project
- - Molecular and cell biological approach
DMS.IO” of Cell Medlcme, to understanding the mechanisms
. Medical Research Institute, h .
24| Takao Iwawaki . Professor | of fatigue by studying the cellular
Kanazawa Medical f
Uni . stress response and the inflammatory
niversity
response
Department of Sirt1-NAD+ pathway represses
25 | Hisavuki Amano Biochemistry, Assistant | fibrosis in inflammatory bowel disease
y Kindai University, Faculty of | Professor | and colitis-associated colorectal
Medicine cancer
. Targeting the host factors essential
26| Ken Takai g;?g ?;z?g;?:SSE/’Center hczilgfzan for breast cancer metastasis in PDX
phy mouse models
RNA molecular medicine, that regulate mRNA processhng
27| Katsutomo Okamura | Nara Institute of Science Professor by integrated computational and
and Technology : h )
biochemical analysis
Department of Hematology Development of novel GVHD
. N and Oncology, Assistant | mechanism and therapy targeting
28 | Hideaki Fujiwara Okayama University Professor | metabolic disturbance of intestinal
Hospital epithelial cells that leads to dysbiosis.
DEE I Development of supramolecular
29| Shinya Kimura pha_r_maceutlcal chemlstry, PEEIBE hydrogel that enable drug delivery into
Meiji Pharmaceutical Professor central nervous svstem
University Y
Faculty of Core Research, Development of potent non-
30| Aya Tanatani Natural Science Division, Professor | secosteroidal vitamin D derivatives
Ochanomizu University based on the structure of bile acid
Unraveling the pathophysiology of AKI
. Blood Purification Center, Clinical |to CKD transition by integrating single
S VELREE TR Osaka University Hospital Fellow |cell RNA sequencing and lipidomic
analyses
Department of Biochemistry Deciphering hepatic feeding-state-
33| Mashito Sakai and Molecular Biology, Professor | dependent metabolic gene regulation
Nippon Medical School coordinated by intercellular crosstalk
Biomedical Program,
Graduate School of Systems approaches towards the
34| Takuya Imamura Integrated Sciences for Professor | non-coding RNA-based production of
Life, humanized mice
Hiroshima University
Department of Novel mechanism of energy
35| Tomoe Nishitani Pharmacology, Wakayama | Professor | metabolism by Ca2+ regulatory
Medical University proteins
Life Science Center for Assistant The Role of fibulin-4 in endothelial
36| Yoshito Yamashiro | Survival Dynamics, TARA, Professor functions and application for clinical
University of Tsukuba study
Graduate School of Frontier | Specially | Identification of the molecular
37| Ritsuko Suyama Biosciences, Osaka "j&psg?s'?;ﬁ? mechanisms in the microbes
university Professor |enhanced oogenesis
Department of Orthodontics
and Dentofacial Associate Investigating novel
38| Hiroshi Kurosaka Orthopedics, Osaka Professor treatment strategies for
University Graduate School Pseudohypoparathyroidism
of Dentistry
. - Investigation of hepatic metabolic
'\Rﬂgézz?gﬁ%;?dlr’ﬁsltlitttttlg?or homeostasis and its deterioration
39 Hiroshi Inoue Frontier Science Initiative, Professor | by physiological and bioinformatic

analyses of vagus nerve-mediated
organ-crosstalk
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FY2020 Research Meeting Grant

(JPY 400 thousand x 9 = 3.6 million)

; Place / T .
Meeting Date Institution / Title Name
2021 Asia Pacific Drosophila Saitama / klae?fr)cr)acliti?/reyr;ﬁ; RIKEN Adrian
Neuroscience Conference 2023.3 Center for Brain Science W Moore
Center for
) . Tokyo / Supercentenarian Medical
'égﬁslgtrt;:lnrﬁtlonal Centenarian 2021.6.22— | Research, Yasumichi Arai
7.03 Keio University School of
Medicine
: : Graduate School of
:git)esrnr?ttllq?ens?é i?r’{}g& Sr':{gg:jggs 2022 Pharmaceutical Sciences, |lkuro Abe
Y The University of Tokyo
Minisymposium on the blood- Nagasaki / Department of
brain barrier: from basic to clinical 9 Neurosurgery, Nagasaki Yoichi Morofuji
2021.3.26-27 . -
research University
. Division of Carcinogenesis,
'I(;r;ig;tgS;pggirgnlqnternatlonal ZSOazplp(?)rso_é Japanese Foundation for | Takuro Nakamura
ymp o Cancer Research
The 2nd International Symposium Aichi/ :;.St"t\bljt? e 'll'ransformatlve Takashi Ooi
on Hybrid Catalysis 2022.7 lo-Iolecules, akashi Lol
’ Nagoya University
Laboratory of Synthetic
13th AFMC International Medicinal Tokyo/ Organic Chemistry,
Chemistry Symposium (AIMECS 2021.11.29- | Graduate School of Motomu Kanai
2021) 12.2 Pharmaceutical Sciences,
The University of Tokyo
64th Annual Meeting of Japanese Zogfrg ég Bepartm_e i 0 A EEIT 0T Akio Wanak
Neurochemistry Society .9.29- euroscience, _ io Wanaka
10.1 Nara Medical University
Department of Molecular
39th JES Summer on Chiba / Diagnosis, Graduate .
Endocrinology & Metabolism 2021.7.8-10 | School of Medicine, Chiba Tomoaki Tanaka

University
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Promotion Results according to the PROGRAM

(Unit : 10k yen)

Research Grants Meeting Grants Reg:gitiig%ige Oversea Reseach Trip
vear # of # of # of # of
Sk Amount st Amount el Amount Sl Amount

1987 18 1,800 8 400 0 0 0 0
1988 39 3,900 8 400 7 1,740 0 0
1989 42 4,200 8 400 9 2,260 0 0
1990 51 7,650 10 500 8 2,440 0 0
1991 55 11,000 11 550 9 2,710 9 250
1992 50 10,000 10 500 10 3,315 8 265
1993 50 10,000 10 500 11 3,511 9 300
1994 50 10,000 10 500 8 2,530 6 155
1995 50 6,500 10 500 7 2,020 6 170
1996 45 5,850 10 500 6 1,600 4 120
1997 41 4,920 10 500 6 1,610 2 55
1998 41 4,920 10 500 4 1,070 8 160
1999 41 4,920 10 500 4 710 8 160
2000 41 4,100 8 400 3 660 0 0
2001 41 4,100 7 350 2 440 0 0
2002 40 4,000 8 400 0 0 0 0
2003 40 4,000 4 200 0 0 0 0
2004 45 4,500 5 200 0 0 0 0
2005 45 4,500 5 200 0 0 0 0
2006 46 4,600 6 240 0 0 0 0
2007 50 5,000 6 240 0 0 0 0
2008 45 4,500 7 280 0 0 0 0
2009 30 3,000 6 240 0 0 0 0
2010 38 3,800 5 200 0 0 0 0
2011 41 4,100 6 240 0 0 0 0
2012 40 4,000 6 240 0 0 0 0
2013 42 4,200 5 200 0 0 0 0
2014 42 4,200 6 240 0 0 0 0
2015 35 3,500 6 240 0 0 0 0
2016 35 3,500 5 200 0 0 0 0
2017 41 4,100 5 200 0 0 0 0
2018 37 3,700 5 200 0 0 0 0
2019 37 3,700 5 200 0 0 0 0
2020 39 3,900 9 360 0 0 0 0
Total 1,347 | 163,060 236 10,760 94 26,616 60 1,635
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Promotion Results according to the PROGRAM

Travel Expense to .
Special Grant
Year Japan Total # of |  Total
# of # of people Amount
St Amount e Amount
1987 0 0 0 0 26 2,200
1988 0 0 0 0 54 6,040
1989 0 0 0 0 59 6,860
1990 0 0 0 0 69 10,590
1991 0 0 0 0 84 14,510
1992 0 0 0 0 78 14,080
1993 0 0 0 0 80 14,311
1994 0 0 2 110 76 13,295
1995 0 0 1 50 74 9,240
1996 0 0 0 0 65 8,070
1997 0 0 1 30 60 7,115
1998 0 0 0 0 63 6,650
1999 0 0 4 130 67 6,420
2000 0 0 3 142 55 5,302
2001 0 0 3 120 53 5,010
2002 0 0 0 0 48 4,400
2003 0 0 0 0 44 4,200
2004 0 0 0 0 50 4,700
2005 0 0 0 0 50 4,700
2006 0 0 0 0 52 4,840
2007 5 1,000 0 0 61 6,240
2008 5 1,000 0 0 57 5,780
2009 3 600 0 0 39 3,840
2010 0 0 0 0 43 4,000
2011 0 0 0 0 47 4,340
2012 0 0 0 0 46 4,240
2013 0 0 0 0 47 4,400
2014 0 0 0 0 48 4,440
2015 0 0 0 0 41 3,740
2016 0 0 0 0 40 3,700
2017 0 0 0 0 46 4,300
2018 0 0 0 0 42 3,900
2019 0 0 0 0 42 3,900
2020 0 0 0 0 48 4,260
Total 13 2,600 14 582 1,854| 213,613

(Unit : 10k yen)
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1987 18 1,800 8 400 0 0 0 0
1988 39 3,900 400 7 1,740 0 0
1989 42 4,200 400 9 2,260 0 0
1990 51 7,650 10 500 8 2,440 0 0
1991 55 11,000 11 550 9 2,710 9 250
1992 50 10,000 10 500 10 3,315 8 265
1993 50 10,000 10 500 11 3,511 9 300
1994 50 10,000 10 500 8 2,530 6 155
1995 50 6,500 10 500 7 2,020 6 170
1996 45 5,850 10 500 6 1,600 4 120
1997 41 4,920 10 500 6 1,610 2 55
1998 41 4,920 10 500 4 1,070 8 160
1999 41 4,920 10 500 4 710 8 160
2000 41 4,100 8 400 3 660 0 0
2001 41 4,100 7 350 2 440 0 0
2002 40 4,000 8 400 0 0 0 0
2003 40 4,000 4 200 0 0 0 0
2004 45 4,500 5 200 0 0 0 0
2005 45 4,500 5 200 0 0 0 0
2006 46 4,600 6 240 0 0 0 0
2007 50 5,000 6 240 0 0 0 0
2008 45 4,500 7 280 0 0 0 0
2009 30 3,000 6 240 0 0 0 0
2010 38 3,800 5 200 0 0 0 0
2011 41 4,100 6 240 0 0 0 0
2012 40 4,000 6 240 0 0 0 0
2013 42 4,200 5 200 0 0 0 0
2014 42 4,200 6 240 0 0 0 0
2015 35 3,500 6 240 0 0 0 0
2016 35 3,500 5 200 0 0 0 0
2017 41 4,100 5 200 0 0 0 0
2018 37 3,700 5 200 0 0 0 0
2019 37 3,700 5 200 0 0 0 0
2020 39 3,900 9 360 0 0 0 0
Total 1,347 | 163,060 236 10,760 94 26,616 60 1,635
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1987 0 0 0 0 26 2,200
1988 0 0 0 0 54 6,040
1989 0 0 0 0 59 6,860
1990 0 0 0 0 69 10,590
1991 0 0 0 0 84 14,510
1992 0 0 0 0 78 14,080
1993 0 0 0 0 80 14,311
1994 0 0 2 110 76 13,295
1995 0 0 1 50 74 9,240
1996 0 0 0 0 65 8,070
1997 0 0 1 30 60 7,115
1998 0 0 0 0 63 6,650
1999 0 0 4 130 67 6,420
2000 0 0 3 142 55 5,302
2001 0 0 3 120 53 5,010
2002 0 0 0 0 48 4,400
2003 0 0 0 0 44 4,200
2004 0 0 0 0 50 4,700
2005 0 0 0 0 50 4,700
2006 0 0 0 0 52 4,840
2007 5 1,000 0 0 61 6,240
2008 5 1,000 0 0 57 5,780
2009 3 600 0 0 39 3,840
2010 0 0 0 0 43 4,000
2011 0 0 0 0 47 4,340
2012 0 0 0 0 46 4,240
2013 0 0 0 0 47 4,400
2014 0 0 0 0 48 4,440
2015 0 0 0 0 41 3,740
2016 0 0 0 0 40 3,700
2017 0 0 0 0 16 4,300
2018 0 0 0 0 42 3,900
2019 0 0 0 0 42 3,900
2020 0 0 0 0 48 4,260
Total 13 2,600 14 582 1,854| 213,613
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34" Financial Report

Balance Sheet
As of March 31, 2021

(Unit : JP Yen)

Statement of Net Assets
From April 1 st, 2020 to March 31, 2021

(Unit : JP Yen)

Account Amount Account Amount
I Assets I General Net Assets Changes
1. Current Assets 1. Ordinary income & Expenditure
Current Assets Total 21,599,548 (1) Ordinary income
2. Fixed Assets Interest from basic fund 15,088,926
(1) Basic Fund Donation 40,330,000
Basic Fund Total 1,100,000,000 Other Income 560,827
(2) Specific Assets Ordinary Income Total 55,979,753
Specific Assets Total 120,594 (2) Ordinaty Expenditure
(3) Other Long - term Assets Project Expense 50,367,712
Other Long - term Assets Total 80,035,442 Grant Expense 42,600,000
Fixed Assets Total 1,180,156,036 Novartis Research Grant 39,000,000
Assets Total 1,201,755,584 Research Meeting Grant 3,600,000
I Liabilities Administrative Expense 3,592,833
1. Current Liabilities Ordinary Expenditure Total 53,960,545
Current Liabilities Total 41,354,175 Ordinary Balance without Appraisal Profit or Loss 2,019,208
Liabilities Total 41,354,175 2. Nonrecurring Profit & Loss
Il Equity (Net Assets) Nonrecurring Balance of Current Period 0
1. Designated Net Assets General Net Assets Ending Balance 160,280,815
Designated Net Assets Total 1,000,120,594 II Designated Net Assets Changes
(Amount Appropriating to basic Fund) (1,000,000,000) Designated Net Assets Change (330,000)
(Amount Appropriating to specific assets) (120,494) Designated Net Assets Ending Balance 1,000,120,594
2.General Net Assets 160,280,815 II Net Assets Balance Ending Balance 1,160,401,409
(Amount Appropriating to) (100,000,000)
Equity Total (Net Assets) 1,160,401,409
Liabilities & Equity Total 1,201,755,584
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List of Trustees, Auditors, Councilors and Grant Selection Committee Members

[Board of Trustees] 5 trustees, 2 auditors

As of July 1, 2021

Post Name Title
Chairman | Kuniaki Takata, Ph.D. |President, Gunma Prefectural Public University Corporation
Sadayoshi Ito, M.D., |Special Administrator, Katta General Hospital
Ph.D. Professor Emeritus, Tohoku University
Trustee Akimichi Kaneko, . . . .
M.D.. Ph.D. Professor Emeritus, Keio University
Fujio Murakami, Ph.D. | Professor Emeritus, Osaka University
Leo Lee President, Novartis Pharma K.K.
Tokuzo Nakajima, CPA | Representative, Tokuzo Nakajima CPA Firm
Auditor
Masanori Fuse Financial Advisor, Novartis Pharma K.K.

[Board of Councilors] 10 councilors As of July 1, 2021
Post Name Title
Chairman Takao Shimizu, M.D., |Project Head, National Center for Global Health and Medicine
Ph.D. Professor Emeritus, University of Tokyo
. . Senior Professor, International Research Center for
Masamitsu lino, M.D., . . . )
Ph.D Neurointelligence, University of Tokyo
o Professor Emeritus, University of Tokyo
leoyuklpli]a\lljvashlma, Former Professor, Niigata University
Tsuneyoshi Kuroiwa, |Member of the Japan Academy;
Ph.D. Professor Emeritus, University of Tokyo
Masakatsu Shibasaki, |President, Microbial Chemistry Research Foundation
Ph.D. Professor Emeritus, University of Tokyo
Councilor | Akiniko Nakano, Ph.D. Deputy Director, RIKEN Center for Advanced Photonics

Professor Emeritus, University of Tokyo

Yoichi Nabeshima,
M.D., Ph.D.

Trustee, Foundation for Biomedical Research and Innovation at
Kobe

Director, Institute of Biomedical Research and Innovation
Professor Emeritus, Kyoto University

Toyoshi Fujimoto,
M.D., Ph.D.

Specially Appointed Professor, Juntendo University
Professor Emeritus, Nagoya University

Miwako Mori, Ph.D.

Professor Emeritus, Hokkaido University

Tohru Hirose, Ph.D.

Head, Global Drug Development, Novartis Pharma K.K.
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[Grantee Selection Committee] 20 members

As of July. 1, 2021

Post Name Title
Chairman | Hiroshi Ito, M.D., Ph.D. | Professor, Keio University School of Medicine,
Takashi Ohshima, |Professor, Kyushu University Graduate School of Pharmaceutical
Ph.D. Sciences
Toshiaki Ohteki, Professor, Medical Research Institute, Tokyo Medical and Dental
D.D.S., Ph.D. University
Yasuylgﬁhlljsakal, Professor, Kyoto University Graduate School of Agriculture
Taisuke Tomita, Ph.D. Prc_)fessor, University of Tokyo Graduate School of Pharmaceutical
Sciences
Fumiko Toyoshima, |Professor, Institute for Frontier Life and Medical Sciences, Kyoto
Ph.D. University
Tohru er;?]leno, M.D., Professor, Juntendo University Graduate School of Medicine
Yasuhiro Yamada, Professor, The Institute of Medical Science, University of Tokyo
M.D., Ph.D.
Masak:alﬁ %a’ M.D., Professor, University of Tsukuba Faculty of Medicine
Yasuteru Urano, Ph.D. Prgfessor, University of Tokyo Graduate School of Pharmaceutical
Sciences
Member | Erina Kuranaga, Ph.D. | Professor, Tohoku University Graduate School of Life Sciences

Mitinori Saito, M.D.,
Ph.D.

Professor, Kyoto University Institute for Advanced Study

Fumitoshi Kakiuchi,
Ph.D.

Professor, Keio University School of Fundamental Science and
Technology

Hiroshi Kawasaki,
M.D., Ph.D.

Professor, Kanazawa University Faculty of Medicine

Shoen Kume, Ph.D.

Professor, Tokyo Institute of Technology School of Life Science and
Technology

Kiyoshi Takeda, M.D.,
Ph.D.

Professor, Osaka University Graduate School of Medicine

Kazuhiro Nakamura,
Ph.D.

Professor, Nagoya University Graduate School of Medicine

Tetsuya Higashiyama,
Ph.D.

Professor, Nagoya University Institute of Transformative Bio-
Molecules

Sachiko Miyake, M.D.,
Ph.D.

Professor, Juntendo University Graduate School of Medicine

Hozumi Motohashi,
M.D., Ph.D.

Professor, Tohoku University Institute of Development, Aging and
Cancer
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