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Introduction

Akimichi Kaneko, MD, PhD
Chairman of the Board of Trustees

This booklet includes research and meeting reports written by the 2012 grantees. The
Foundation was originally established on September 4, 1987 with basic assets of JPY 1
billion donated by Ciba-Geigy AG, Switzerland for the purpose of contributing to academic
development and thus improving public health and welfare by means of promoting creative
research and international exchange in the field of life science and related chemistry. Since
then, the Foundation has granted nearly JPY 1.8 billion to approximately 1,500 researches and
international exchange activities. The Foundation supports basic researches in the field of life
science and related chemistry. They may not develop directly into applications, but accumulation

of new findings and theories will open a road to application research and business someday.

The tireless effort of researchers including the present grantees is the driving force to
promote and to keep the high standard of the Japanese life science. I strongly believe that the
aim of the Foundation is to help keeping their activity and we will do our best toward this goal.
We are encouraged by warm acknowledgements to the Foundation written in many publications

of grantees.

I sincerely appreciate the assistance and warm encouragement extended by the members
of the Board of Trustees, the auditors, the Board of Councilors and the Selection Committee.
The powerful support by the Novartis Pharma KK enabled us to sustain our activity without

interruption.
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Ageing effects on the neurophysiological parameters of human brain

Yoshikazu Ugawa
Fukushima Medical University, Department of Neurology
ugawa-tky@umin.net

Abstract

To study ageing influence on the corticospinal tract in humans, we measured the corticoconus
motor conduction time (CCCT) in 100 healthy volunteers. Age was significantly correlated with L1-
level latency reflecting total peripheral nerve conduction, but it was not significantly correlated with
CCCT. Central motor conduction was found to be relatively less affected by aging compared with
peripheral motor conduction. This is probably because the peripheral nerves are more often affected
by several accidental influences, such as injury, compression and metabolic disorders effects
(diabetes mellitus and so on) as compared with the central nervous system protected by bones (skull
or spine).

Key words : ageing, corticospinal tract, peripheral nerves, transcranial magnetic stimulation

Introduction

Anti-ageing medication is one big problem, especially in Japan, because of high average life-
time. The central nervous system is usually affected by ageing and its involvement often produces
clinical symptoms, such as memory loss, dementia, difficulty in locomotion and so on. Motor
system involvement may be a serious issue to be assessed. The corticospinal tract, main central
motor pathway, must be affected by ageing. The objective assessment of its function is requisite for
assessing the ageing effect. In the present investigation, therefore, we investigated aging effects on
the corticospinal function by measuring the corticoconus motor conduction time (CCCT) in various

aged normal subjects.

Results

Subjects.

Subjects consisted of 100 healthy volunteers (41 men and 59 women) with age and body height
(mean 6 SD) of 52.9 6 21.6 (range 20—90) years and 160.4 6 10.4 (132—189) cm, respectively. All
subjects were able to engage in normal tasks of daily life without assistance, even the most elderly.
Informed consent to participate in our study was obtained from all subjects. The protocol used
was approved by the ethics committee of the Faculty of Medicine, University of Tokyo, and the

experiments were conducted in accordance with the ethical standards of the Declaration of Helsinki.

Methods.
Motor evoked potentials (MEPs) were recorded from the right tibialis anterior muscle (TA) with

subjects sitting comfortably on a bed.

The Novartis Foundation(Japan)
-9- for the Promotion of Science
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Magnetic stimulation was conducted using a monophasic stimulator (Magstim 200; Magstim
Co., Ltd., Whitland, UK). For cortical stimulation, the edge of a round coil (20-cm diameter,
0.98T; Magstim) was placed over Cz (international 10—20 system), with induced currents flowing
mediolaterally over the contralateral leg motor area.16,17 MEP onset latency was measured in the
active condition (cortical latency).

For the conus medullaris stimulation, the magnetic augmented translumbosacral stimulation
(MATS) coil was always placed from the midline to the contralateral side of the body (the opposite
side from the recorded muscle) to prevent non-target parts of the coil from activating distal
peripheral nerves for the target TA.

The CCCT, conventional CMCT, and cauda equina conduction time (CECT) values were obtained
as follows. The CCCT was obtained by subtracting the L1-level latency from the cortical latency, the
conventional CMCT by subtracting the L5-level latency from the cortical latency, and the CECT by
subtracting the L5-level latency from the L1-level latency.

Results
The correlations between each conduction parameter and age are depicted in Figures land 2. All
measured conduction parameters except CCCT had a significant positive, linear correlation with

age. On the other hand, no significant correlation was found between CCCT and age (P: 0.946).
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Discussion & Conclusion

In this study we obtained the following findings: L5- and Ll-level latencies, cortical latency,
conventional CMCT, and CECT depended on age, whereas CCCT was relatively independent of
these variables. Thus, CCCT, a measure most directly reflecting corticospinal tract conduction, did
not depend on age. In contrast, L1-level latency, reflecting the entirety of peripheral motor nerve
conduction, depended significantly on age. Based on these findings, we conclude that, although
corticospinal tract conduction is affected slightly by aging, peripheral motor conduction is strongly
affected by aging.

One plausible explanation for the lack of ageing effects on the corticospinal tracts is that the brain
and spinal cord are protected by cranial bones and the vertebral column, respectively. Moreover,
the corticospinal tract is surrounded by central nervous system tissue, except for the pyramidal
decussation portion, and bathed in cerebrospinal fluid. The blood—brain barrier may also be involved
in the protection of the corticospinal tract. In contrast, peripheral nerves can be directly affected by
minor trauma or injuries, due to their relative lack of protection. Based on these anatomical features,
we believe that the corticospinal tract is less likely to be damaged by the various events occurring

on a daily basis over the course of a long lifespan.

References
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Synthetic study of non-alkaloidal diterpene
isolated from the genus Aconitum

Takahiro Suzuki

Tokyo University of Science, Faculty of Pharmaceutical Sciences
suzuki-t@rs.noda.tus.ac.jp

Abstract

We have achieved the construction of an unprecedented pentacyclic framework of non-alkaloidal
diterpene, atropurpuran, by an intramolecular reverse electron demand Diels-Alder reaction of
masked o-benzoquinone. We also have achieved the first synthesis of a tetracyclo[5.3.3.0*.0%"]
tridecane skeleton and development of a concise approach to the atropurpuran skeleton.

Key Words : Total synthesis, Diels-Alder reaction, Diterpene

Introduction

Aconitum is a genus of flowering plants that produce a variety of poisons and compounds of
medicinal importance. The fascinating bioactivities of these compounds arise from C19 and
C20 diterpene alkaloids, such as aconitine, hetisine, and atisine. Isolation of non-alkaloidal
diterpenes from the genus Aconitum, however, has rarely been reported. In 2009, Wang and co-
workers reported the isolation of the structurally unique non-alkaloidal diterpene atropurpuran
from Aconitum hemsleyanum var. atropurpureum.' The structure of atropurpuran features
an unprecedented cage-like skeleton, tetracyclo[5.3.3.0*°.0*"*Jtridecane, which includes two

bicyclo[2.2.2]octane units.

Results

Despite the intriguing biosynthetic and structural properties of the tetracyclo[5.3.3.0*.0%"]
tridecane skeleton, there are no previous reports that describe efforts to synthesize this compound.
Consequently, at the outset of our synthetic investigation on atropurpuran, we attempted to establish
a methodology for the construction of the tetracyclic skeleton. Our strategy towards the synthesis
of the tetracyclic skeleton was to utilize a reverse electron demand Diels—Alder (REDDA) reaction
of masked o-benzoquinone (MOB). The REDDA reaction with MOB has recently emerged as a
powerful tool for the construction of highly functionalized complex molecules. We envisaged that

the intramolecular REDDA reaction of MOB 3 would directly provide an anti-Bredt compound 4.

(Fig. 1) OBn on 0 OMe
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Figure 1. Construction of the Atropurpuran Skeleton using REDDA reaction
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The preparation of REDDA precursor was started from o-eugenol (Fig. 1). Easily scalable tetralone
1 was successfully converted to phenol 2 by removal of Benzyl group, reduction with DIBAL,
and silyl etherification. Oxidative dearomatization of phenol 2 with hypervalent iodine reagent,
PhI(OAc), afforded MOB 3. The REDDA reaction of MOB 3 (mesitylene, 180 °C, 1h) afforded
Diels-Alder adduct 4 in high yield almost as a single diastereomer. This result established that we
had achieved the first artificial synthesis of the tetracyclo [5.3.3.0*°.0*"*]tridecane skeleton. Next,
we proceeded to the construction of pentacyclic carbon framework of atropurpuran. Deprotection
of common intermediate 1 with BCl; in CH,Cl, and addition of allylmagnesium bromide gave tri-
allylated compound, of which ring-closing metathesis with Grubbs 2nd generation catalyst and
oxidative dearomatization with PhI(OAc), gave MOB 5. REDDA reaction of the tricyclic MOB
5 was achieved to construct the pentacyclic Diels-Alder adduct 6 in high yield (75%). Finally,
hydrogenation of 6 with Pearlman’s catalyst and subsequent dehydration (Tf,0, pyridine) afforded 7

to complete the construction of the pentacyclic framework of atropurpuran, despite the lack of some

. . 2
functionality.
OBn
Met OMe
OMe a) NaH, CO(OMe), OMe /\/
) [RN(COXICL [Rh (COXICl y,
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Figure 2. Constructlon of Pentacycllc Skeleton of Atropurpuran

Next, we were embarked on the synthetic study toward the total synthesis of atropurpuran (Fig.
2). Carboxylation of common intermediate 1 afforded the corresponding B-keto ester, which was
subjected to Rh-catalyzed reverse prenylation of active methyne position to give ketone 8. Addition
of allylmagnesium bromide to ketone 8 gave anti-adduct 9 in excellent yield (95%). However,
all attempts for further transformation from anti-adduct 9 was failed due to the steric hindrance
of dimethyl group. Despite of our efforts to obtain syn-adduct 10, any condition of allyl group
addition was failed resulting in low yield of 10 (up to 27%). Fortunately, we found that anti-adduct 9
underwent base-promoted isomerization to give syn-adduct 10 by treatment of NaH. We postulated
that the isomerization of syn-adduct 10 was caused by a retro-aldol/aldol reaction. Ring-closing
metathesis of syn-adduct 10, reduction of ester with LiAlH,, and TPAP oxidation of the resulting
alcohol afforded aldehyde 11. Introduction of vinyl group as a dienophile to aldehyde 11 was
successively proceeded by Grignard addition in diastereoselective manner. TES protection of the
secondary alcohol, removal of Bn group with lithium naphthalenide, and oxidative dearomatization
of the resulting phenol provided MOB 12. The REDDA reaction of MOB 12 afforded the Diels-
Alder adduct, which was treated with TBAF to give diol 13 in 49% overall yield. The pentacyclic
structure was determined by NOESY experiment of diol 13. At the same time, the stereochemistry

of secondary alcohol generated by addition of vinylmagnesium bromide was also determined.

The Novartis Foundation(Japan)
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Discussion & Conclusion

In summary, we have achieved the construction of the pentacyclic framework of atropurpuran by
an intramolecular REDDA reaction of MOB. Characteristic features of the present study are: 1)
the first synthesis of a tetracyclo[5.3.3.0*°.0*"*]tridecane skeleton and 2) a concise approach to the
atropurpuran skeleton. These results demonstrate the power of the REDDA reaction by using MOB
for the construction of anti-Bredt and cage-like complex molecules. Use of this methodology in
synthetic efforts toward atropurpuran is currently underway. Further synthetic plan is that oxidation
of methyl group would be achieved by Barton reaction and Wittig reaction of acetal carbonyl group

would give atropurpuran.

References

1) P. Tang; Q.-H. Chen; F.-P. Wang; “Atropurpuran, a novel diterpene with an unprecedented
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Bio-Inspired Total Synthesis of Tryptophan-Based
Dimeric Diketopiperazine Alkaloids

Hayato Ishikawa
Kumamoto University
ishikawa@sci.kumamoto-u.ac.jp

Abstract

Direct bio-inspired dimerization reactions along with an originally proposed biosynthetic pathway
from commercially available amine-free tryptophan derivatives in aqueous acidic media were
developed to provide symmetric and asymmetric dimeric compounds. In addition, concise two-pot
or three-step syntheses of naturally occurring dimeric diketopiperazine alkaloids (+)-WIN 64821
(1), (-)-ditryptophenaline (2) and (+)-naseseazine B (3) were accomplished in total yield of 20%,
13% and 20%, respectively.

Key Words : alkaloids, biomimetic synthesis, ditryptophenaline, naseseazine B, WIN 64821

Introduction

A large number of tryptophan-based dimeric diketopiperazine alkaloids, which show fascinating
biological activities, have been isolated from fungi. For instance, (+)-WIN 64821 (1) and
(-)-ditryptophenaline (2) were isolated from Aspergillus sp. and reported to be a competitive
substance P antagonist with respect to human neurokinin-1 and the cholecystokinin B receptor [1].
-C7

In 2009, (+)-naseseazine B (3) possessing a C3 bridge was isolated from Fijian actinomycete

sp3 sp2
Streptomyces sp [2]. Herein, we describe direct bio-inspired dimerization reactions along with our
proposed biosynthetic pathway from commercially available amine-free tryptophan derivatives in

aqueous acidic media and concise three-step total syntheses of 1, 2 and 3.

Results

(+)-WIN 64821 (1) (-)-ditryptophenaline (2) (+)-naseseazine B (3)

Figure 1. natural tryptophan-based dimeric diketopiperazine alkaloids
To achieve bio-inspired dimerization reaction in aqueous acidic media for synthesis of 1, 2 and 3,

suitable oxidants and acids were screened with commercially available L-tryptophan ethyl ester (4)
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as substrate (Figure 1, Table 1). When the reaction was carried out in aqueous CH,SO,H solution in
the presence of 1.2 equivalent of Mn(OAc), as oxidant, high conversions were observed (entry 1).
Thus, dimeric compounds 5, 6, and 7 were obtained in 19%, 11%, 28% yield, respectively. CH,;SO,H
was also a suitable acid for VOF, as oxidant, providing almost the same result as Mn(OAc), (entry
2). Interestingly, V,O; in aqueous CH;SO,H solution was the most effective combination for forming
C3 symmetric compounds (entry 3). Thus, when 4 was treated with 0.65 equiv of V,0O5 at —15 °C
for 129 h, C3 asymmetric compounds 5 and 6 were obtained, each in 28% yield. The dimerization
reactions described above supplied the desired dimeric compounds in multigram amounts by a one-

step procedure.

H H

CO,Et HNm N )
EtO C'@“@ EtO C'k &
NHz  Oxidant 2 z ’
, :
3M MsOH/ H,0 Q—@‘Cozﬂ .
N —NH
H H

5
Table 1. The screening of oxidants for bio-inspired oxidative dimerization reactions

IZ_

=Y

yields
entry oxidant equiv. temp. time 5 6 7
1 Mn(OAc)3 1.2 0°C 40 min. 19% 11% 28%
2 VOF; 1.1 -10°C 30 min. 19% 11% 28%
3 V505 065 -15°C 129 h 28% 28% 14%

With large amounts of these key dimeric intermediates of proposed biosyntheses in hand, our
focus moved to concise syntheses of (+)-1, (—)-2 and (+)-3. For the dehydration condensation reaction
toward the synthesis of (+)-1, 4-(4, 6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride
(DMT-MM), developed by Kunishima and co-workers [3], was employed because the reagent can
be used in environmentally friendly alcohol as solvent without any additives such as bases. Thus,
treatment of resolved 5 in ethanol with 2.0 equiv of N-Boc-phenylalanine in the presence of 2.0
equiv of DMT-MM (0 °C, 4 h) in an open flask cleanly provided 8 in superb conversion (Scheme 1).
Initial attempts to convert 8 directly to 1, including removing the Boc group and diketopiperazine
formation in a single step provided (+)-1 in 59% yield under an argon atmosphere at 230 °C in

neat conditions. Further improvement of conversion was accomplished under vacuum, because the

Scheme 1. Synthesis of (+)-WIN 64821
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reaction side products such as isobutene, carbon dioxide and ethanol could be removed immediately
from the reaction vessel (0.1 mbar, 30 min, 73%). Furthermore, the dehydration condensation
reaction and Boc deprotection followed by intramolecular amide formation could be conducted in a
one-pot operation (70%).

After completing the synthesis of (+)-1, the same procedure was applied to the synthesis of (+)-3
(Scheme 2). Thus, the dehydration condensation reaction with 7 (1 equiv) and N-Boc-L-proline (2
equiv) in the presence of DMT-MM (2 equiv, EtOH, 0 °C, 4 h) was followed by diketopiperazine
formation (neat, 230 °C, 30 min, 0.1 mbar) to provide (+)-3 in superb yield (70%).

Scheme 2. Synthesis of (+)-naseseazine B

H (0]
C')LNH
N
Boc-L-Pro, DMT-MM, EtOH; (0] =
neat, 230 °C, under vacuum NH

; CO,Et 70% = 0
—NH One-Pot operation W
7 (0]
(+)-naseseazine B (3)

On the other hand, DMT-MM was not an effective coupling reagent for 6 to synthesize (-)-
2. Surprisingly, when the same reaction conditions were applied to 6 with N-Boc-methyl-L-
phenylalanine, the starting material 6 was completely recovered. In addition, N-Boc-methyl-
L-phenylalanine ethyl ester was obtained as the only isolatable product. After several attempts
to convert 6 to 9, we found that O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU) and Et;N in combination gave the desired coupling reaction in
moderate yield (Scheme 3). Thus, treatment of 6 with N-Boc-methyl-L-phenylalanine (2 equiv)
in the presence of HATU (2 equiv, 5 equiv of Et;N, DMF, 0 °C, 72 h) provided 9 in 45% yield.
Deprotection and diketopiperazine formation of 9 (neat, 230 °C, 30 min, 0.1 mbar) then furnished

(-)-2 (quantitative yield).
Scheme 3. Synthesis of (—)-ditryptophenaline
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Discussion & Conclusion

We have developed direct bio-inspired dimerization reactions along with our proposed biosynthetic
pathway from commercially available amine-free tryptophan derivatives in aqueous acidic media

to provide symmetric and asymmetric dimeric compounds. Then, concise two-pot or three-
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step syntheses of naturally occurring dimeric diketopiperazine alkaloids (+)-WIN 64821 (1),
(-)-ditryptophenaline (2) and (+)-naseseazine B (3) were accomplished in total yields of 20%, 13%
and 20%, respectively. The present synthesis has several noteworthy features. 1) Tryptophan-based
symmetric and asymmetric dimeric key intermediates can be prepared on a multigram scale in
one step. 2) The developed oxidation reaction was carried out in acidic aqueous solution without
deactivation of metal oxidants. 3) Protection of the primary amine can be avoided by salt formation
in acidic water in the synthesis scheme. 4) In two-pot operations, the reaction media are only
environmentally friendly water and ethanol for the preparation of (+)-1 and (+)-3. 5) Satisfactory
total yields are obtained compared with previous reported synthesis. 6) No special care is needed
to exclude water or air. 7) Effective one-pot diketopiperazine formation was discovered using the
Kunishima coupling protocol followed by Boc deprotection and intramolecular amide formation

under vacuum.
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Abstract

Adrenomedullin (AM) is a peptide involved in both the pathogenesis of cardiovascular diseases
and circulatory homeostasis. We have shown knockout mice of RAMP2 (RAMP2-/-), one of
the accessory proteins of AM-receptor, are lethal at mid-gestation with the similar vascular
abnormalities of AM-/-.

We generated vascular endothelial cell-specific RAMP2 knockout mice (E-RAMP2-/-). A small
number of E-RAMP2-/- can survive until adulthood. In adult E-RAMP2-/-, spontaneous occurrence
of vasculitis lesions was detected throughout the body. Furthermore, E-RAMP2-/- showed severe
organ fibrosis with enhanced oxidative stress.

We next generated drug-inducible E-RAMP2-/- (DI-E-RAMP2-/-). After the induction of the
gene-deletion in adult, DI-E-RAMP2-/- showed remarkable vascular leakage and malformation of
endothelial cells.

In conclusion, RAMP?2 is the key determinant of the vascular functions of AM; RAMP?2 is
essential for the vaso- and organ-protective effects of AM.

Key Words : Endothelial cell, Adrenomedullin, RAMP2

Introduction

Revealing the mechanisms underlying the functional integrity of the vascular system could make
available novel therapeutic approaches. Adrenomedullin (AM) is a peptide involved in both the
pathogenesis of cardiovascular diseases and circulatory homeostasis. We have shown RAMP2, one

of the accessory proteins of AM-receptor, plays critical roles in AM’s vascular functions.

Results

We previously showed that knocking out the AM or RAMP?2 causes vascular abnormalities and is
embryonically lethal. In this study, to analyze the pathophysiological roles of vascular AM-RAMP2
system directly, we generated vascular endothelial cell (EC)-specific RAMP2 knockout mice
(E-RAMP2-/-).

Most of E-RAMP2-/- were lethal at later-gestation with systemic edema. The surviving E-RAMP2-/-
adults exhibited thinning of the aortic wall and enlarged aortic diameters. Electron microscopic
observation revealed that the aortic smooth muscle layer was in disarray in E-RAMP2-/- mice, and

that the endothelial cells were detached from the basement membrane and severely deformed.
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Vasculitic lesions developed spontaneously in the surviving E-RAMP2-/- adults, and severe
infiltration and accumulation of inflammatory cells was observed in blood vessels within the major
organs, including the live, kidneys, and lungs.

In 6-month-old E-RAMP2-/- mice, we detected elevated levels of oxidative stress in the major
organ. Levels of 4-HNE immunostaining, which reveals the presence of peroxides of unsaturated
fatty acids, were increased in E-RAMP2-/-. More interestingly, organ damage developed
spontaneously in E-RAMP2-/- adults. In particular, the livers of E-RAMP2-/- mice appeared
cirrhotic. Pathological analysis revealed that the cirrhosis-like changes were not caused by damage

to parenchymal hepatocytes, but by severe fibrosis along the vasculature within the liver, most

likely due to dysfunction of the sinusoidal ECs (Fig). Cont E-RAMP2-/-
We next used EAhy926 ECs to generate EC lines stably
overexpressing RAMP2. H,0,-treatment has been shown to

induce EC senescence. We found that after incubation for 24

h in the presence of H,O, plus AM, control cells were strongly
. . Sirius red stain
stained by SA-B-gal, but cells overexpressing RAMP2 were
resistant to staining.

As only a small number of adult E-RAMP2-/- was obtained,
next we generated drug-inducible E-RAMP2-/- (DI-E-

RAMP2-/-). With this model, we are able to selectively delete RAMP2 gene from the ECs of

adult mice through administration of tamoxifen. Interestingly, the tamoxifen-treated mice showed
remarkable body weight gains with systemic edema. The cause of the edema was enhanced vascular
permeability and plasma leakage, as evidenced by the extravascular leakage of Evans Blue dye.

We also confirmed that at the chronic stage after the gene-deletion, DI-E-RAMP2-/- mice
exhibited vascular damage with enhanced perivascular inflammation that was the same as that of
adult E-RAMP2-/-. With DI-E-RAMP2-/-, therefore, we were able to clarify both the acute and
chronic effects of RAMP2 deletion in the adult, and demonstrate that RAMP2 is essential for EC

viability, vascular integrity, and homeostasis.

Discussion & Conclusion

In this study, we were able to clarify both the acute and chronic effects of RAMP2 deletion in the
adult, and to demonstrate that the AM-RAMP2 system is essential for vascular integrity and organ
homeostasis. Early after RAMP2 gene deletion, ECs show morphological changes. The resultant EC
deformation causes detachment, barrier dysfunction, enhanced vascular permeability and edema,
which in turn promote the attachment and infiltration of inflammatory cells. Chronic vascular
inflammation induces vascular damage and accelerated senescence, and enhances oxidative stress
and organ fibrosis. Finally, the accumulated disorders cause chronic organ dysfunction with aging.
The results obtained using these models demonstrate that vascular EC integrity is essential for organ

homeostasis.
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Abstract

The regulation of lipolysis in adipocytes involves coordinated actions of lipid droplet (LD) and
LD-associated proteins such as perilipin. Here, we studied the cellular origin and physiological
significance of micro LDs (mLDs) that emerge in the cytoplasm during active lipolysis in
differentiated 3T3-L1 adipocytes. Multiplex coherent anti-Stokes Raman scattering (CARS)
microscopy demonstrated that mLDs receive the fatty acid (FA) moiety of triglyceride from pre-
existing LDs during lipolysis through vibrational imaging of CD bonds.

Key Words : Lipolysis, lipid droplet, CARS, Raman

Introduction

Coherent anti-Stokes Raman scattering (CARS) microscopy has been applied widely to cell and
tissue imaging ex and in vivo [1]. CARS microscopy, however, provides only a monochromatic
image using a single vibrational frequency such as CH, stretch vibrational mode. In order to
obtain full spectral information on vibrational modes, we used a novel light source, nanosecond
supercontinuum or white-light laser, which facilitated ultra-broadband (>3000cm™) multiplex CARS
microspectroscopy. Owing to the narrow spectral bandwidth of the pump/probe laser in the CARS
process, the vibrationally resonant CARS imaging in the fingerprint region is performed with high

molecular specificity [2].

Results

The light source is a Q-switched microchip Nd:YAG laser. Fundamental output of the 1064- nm
radiation is firstly divided into two. One is used as a pump laser for the CARS process, and the
other is introduced into a photonic crystal fiber to generate white-light supercontinuum, which is
also used as a Stokes laser for the CARS process. Although the spectral profile of the white-light
supercontinuum ranges from visible to near infrared (NIR), only NIR spectral components are
used for the sample excitation. After removing redundant components from excitation pulses, The
two radiations are introduced into a modified inverted microscope. The sample is placed upon a
PZT stage for raster scanning. Forward propagating CARS signal is collected and introduced into a
spectrometer.

Figure shows the results of multi-modal and multiplex CARS and third-order sum-frequency

(TSF) imaging of a living adipose cell, which is cultured with deutrated (D-) palmitate. In the basal
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state, D-palmitate was detected in the
preexisting large LDs. During lipolytic o«
stimulation, mLDs containing both

CH and CD bonds appeared in the

CD str.

T O D T
4

cytoplasm, and increased with time.

This result suggests that mLDs receive ~
TSF }
FAs from preexisting LDs, directly

by fragmentation of large LDs and/or

Figure. Multiplex CARS and TSF imaging of a living adipose cell before (basal) and

indirect]y by re-esterification of FAs. after lipolytical stimulation. The images at the top and middle rows correspond to the

L . . . CARS images at CH and CD stretch vibrational modes, respectively. The image at the
Similar behavior is also found in the

bottom row shows the TSF image. Image acquisition time is about 8 min.
TSF images (bottom). The dynamical
behavior of the lipolytic process is clearly visualized with multi-modal and multiplex CARS and
TSF imaging.

We next examined whether mLDs are formed as a consequence of the fragmentation of large LDs
or formed by FA re-esterification. To address this issue, we inhibited the FA re-esterification and
TAG synthesis by an acyl-CoA synthetase (ACS) inhibitor, triacsin C, and a DAG acyltransferase
(DGAT) inhibitor, 2-bromooctanoate, and visualized the appearance of mLDs. mLDs did not appear
even after 32 min or 64 min of lipolytic stimulation, when re-esterification of FAs was inhibited.
This result indicates that mLDs are formed by re-esterification of FAs derived from central LDs or

somewhatand possibly in part from the media[3].

Discussion & Conclusion

The present study provides important findings in understanding molecular mechanisms of
lipolysis in adipocytes: during lipolysis, significant amount of FAs generated by TAG hydrolysis
are re-esterified, leading to formation of mLDs. Multiplex CARS microspectroscopy elucidated
the origin of the TAG contents in mLDs due to its high sensitivity to lipids abundant in long-chain
hydrocarbons by tuning the laser wavelengths to CH stretch vibrational mode, and has proven to
be an excellent tool for LD tracking. The deuterium in a CD bond is heavier than hydrogen, placing
CD vibrational stretching frequencies into near 2100 cm™, which is an otherwise silent region of the
biological Raman spectra. By incubating differentiated adipocytes with deuterium-labeled palmitate
and replacing some CH bonds with CD bonds, it is possible to selectively image a specific chemical
bond (i.e. CD bond) using CARS contrast. The multiplex CARS microspectroscopy enabled us to
obtain simultaneous imaging of CD and CH stretch vibrational modes, and revealed that newly
appearing mLDs are formed as a consequence of the fragmentation of large LDs and/or the re-

esterification of intracellular FAs.
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Abstract

Epidermal barrier formation requires a coordinated process where keratinocytes undergo drastic
morphological and biochemical changes to form highly keratinized denucleated cell layers. Despite
critical importance of epidermal barrier in maintaining healthy skin, the underlying molecular
mechanisms are poorly understood. Here we found that autophagy is activated in differentiating
epidermal keratinocytes in vivo and this activation is partly mediated by the induced expression of
Nix (Bnip3l), a member of the BH3-only family, which selectively induces mitochondrial autophagy
(mitophagy). Induction of terminal differentiation in cultured keratinocytes results in significant
upregulation of Nix expression and subsequent activation of mitophagy. Conversely, knockdown
of Nix attenuates keratinocyte differentiation and autophagy induction. Taken together, our data
strongly suggest an important role of Nix in promoting keratinocyte terminal differentiation and
subsequent mitochondria clearance by mitophagy. Our data would provide a new insight into
understating molecular basis of skin barrier formation.

Key Words : Epidermis, Autophagy, Skin barrier formation, Atopic dermatitis.

Introduction

The skin epidermis serves as a critical barrier that protects the body from various environmental
insults and dehydration. Defective skin barrier formation represents a common cause of variety of
skin inflammatory diseases including psoriasis and atopic dermatitis, which are affecting about
10-30 percent of the human population. Therefore, understanding molecular details of skin barrier
formation has huge implications for developing effective therapeutic treatments for people suffering
such skin disorders.

Terminal differentiation of keratinocytes within the epidermis involves extensive cellular
remodeling, whereby keratin filaments and lipids are cross-linked to form rigid bundles and
cell organelles including nucleus and mitochondria are eliminated to induce apoptosis-like cell
death, which all together result in formation of an impenetrable barrier in the outermost layer
of the epidermis. Despite extensive studies of this process, the mechanism by which epidermal
keratinocytes are allowed to achieve the dramatic cellular remodeling is largely unclear. One
candidate mechanism that enables such quick remodeling might be autophagy, a process that
promotes cellular self-cannibalization. Autophagy is an intracellular bulk degradation system
that delivers cytoplasmic organelles and proteins to the lysosome, where they are degraded to be

quickly eliminated damaged and unnecessary cell components'. Accumulating evidence indicates
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that autophagy has been implicated in wide range of the cellular remodeling that occurs during
organogenesis’, thereby enabling developing cells to rapidly differentiate or change their fate in
order to acquire new functions. Based on these facts, we hypothesize that the induction of autophagy
may play an important role in promoting epidermal terminal differentiation. Therefore, the focus
of this study is to obtain an experimental proof for the involvement of autophagy in the regulation
of epidermal terminal differentiation and barrier formation. Our study will uncover a novel role of
autophagy in regulating epidermal barrier formation and provide new insights into development of

novel therapeutic strategies for skin disorders.

Results

To test whether autophagy is induced during epidermal development, we performed
immunohitochemical staining of the mouse embryonic skin using a specific antibody against
an autophagosomal protein, LC3. Whereas LC3 positive cells were hardly detectable in E15.5
epidermis, strong LC3-positive cells were readily detected in the granular layer of E17.5 epidermis
and these positive cells showed the accumulation of LC3 in cytoplasmic puncta, which is a typical
sign of autophagy. To further confirm the induction of the autophagy, westernblot analysis was
carried out using the LC3 antibody that distinguishes the cytosolic (LC3-I) and autophagosome
membrane bound forms of LC3 (LC3-II). Consistent with the immunohistochemical analysis, the
accumulation of LC3-II was seen in freshly isolated E17.5 epidermis. Hence these data clearly
indicate that autophagy is induced in the granular layer cells of developing epidermis.

To further gain insights into understanding molecular mechanisms of the autophagy induction,
we explored the upstream molecule responsible for in the induction of the autophagy in the
epidermis. Previously, we performed trasncriptome analysis of developing epidermis to identify
genes whose expression is changed in associated with epidermal differentiation’. Among dozens
of such molecules, Nix (also called as Bnip3l) became focus of our study due to its important
roles in the induction of autophagy and autophagy-mediated mitochondria clearance. In fact,
immunohistochemical staining of embryonic skin revealed that Nix expression was detected in
the granular layers, the region where coincided with autophagy induction. Thus these data suggest
potential correlation between Nix expression and autophagy induction in the epidermis.

Previously, Nix has been implicated in mitochondria clearance in reticulocytes. As elimination
of mitochondria also occurs during epidermal cornification, we hypothesized that Nix-mediated
autophagy might contribute to mitochondria clearance in the epidermis. In support of this
possibility, immunofluorescence confocal microscopic examination revealed colocalization of Nix
protein and mitochondria within LC3-positive autophagosome. While the exact function of Nix is
not clarified, our observation strongly suggests that epidermal autophagy may participate in the
mitochondria clearance in the differentiating epidermal cells.

To address the function of Nix in epidermal keratinocytes, loss-of-function analysis was performed

using cultured keratinocytes. To recapitulate terminal differentiation process of keratinocytes in

The Novartis Foundation(Japan)
- 26 - for the Promotion of Science



The Novartis Foundation(Japan)

I for the Promotion of Science

vitro, we carried out keratinocytes suspension culture. Consistent with the in vivo observation,
the induction of keratinocyte differentiation caused dramatic upregulation of Nix expression and
subsequent activation of autophagosome formation. In contrast, knockdown Nix expression by
specific ShRNAs resulted in attenuation of keratinocyte differentiation and impaired autophagosome
formation. Hence, it has been clearly suggested from these data that Nix plays an important role in

epidermal differentiation and autophagy.

Discussion & Conclusion

Here, we show that autophagy is activated in differentiating epidermal keratinocytes in vivo.
Although physiological function of autophagy is still unclear, our in vitro analyses suggest a
potential link between epidermal development and autophagy formation. In support of this notion,
the importance of autophagy in organogenesis has already been demonstrated in various tissues
development including cardiogenesis, hematopoiesis and osteogenesis, where rapid cell remodeling
is required for executing proper development. As epidermal development involves extensive cell
remodeling, it is conceivable that autophagy may also play a role in this process. However, without
in vivo functional analysis, it could be hard to exclude the possibility that, despite the extensive
autophagy activation, autophagy exhibits limited function in epidermal development. In fact, from
an evolutionary perspective, autophagy is thought to be evolved as a means for surviving against
various stresses, and it has been also demonstrated that autophagy play a crucial role in maintaining
quality control of cells by eliminating damaged organelles and misfolded proteins. These functions
of autophagy are particularly important for post-mitotic or long-lived cells. As in the epidermis,
the cells undergoing autophagy are mostly confined to the granular layer, a layer consisting of
post-mitotic cells, an alternative scenario that may explain the role of autophagy would be that
autophagy plays a role in conferring quality control and stress resistance to granular layer cells. This
possibility is also supposed to be likely because cells within the outermost layer of the epidermis are
continuously exposed to environmental stimuli and stresses such as UV damage, oxidative stress,
toxic chemical exposure and microbe infection. If this is the case, autophagy may be needed for the
epidermal cells to cope effectively with such stresses, and defective autophagy might result in cell
damages and impaired homeostasis, which ultimately causing skin abnormalities such as cancerous
transformation or chromic inflammation.

In either case, further studies are needed to clarify the physiological role of autophagy and
molecular function of Nix in the epidermis. To address these issues, generation of combinational

knockout mice of Nix and its related gene, Bnip3, has been currently underway in our laboratory.
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Introduction

Pertussis (whooping cough) is a highly contagious, acute respiratory disease caused by the
pathogenic bacterium, Bordetella pertussis (1). Clinical manifestations of the disease include
paroxysmal coughing, pneumonia, apnea, and hypoxia. The mechanism by which the bacteria
establish the disease is poorly understood. It is not known either how the organisms cause the
paroxysmal coughing. A major obstacle to analyzing the course of whooping cough is a lack
of suitable animal models. Notably, hardly any models that reproduce the paroxysmal cough in
whooping cough have been described (2). In this study, we tried to establish an animal model that
can be readily utilized and reproduce the coughing in human whooping cough, and by using the

model, we analyzed the course of the disease including the coughing.

Results

In this study, we carried out a series of experiments for animal infections with the combinations
between various experimental animals and species and strains of Bordetella, and eventually, could
establish an appropriate model for whooping cough by using B. bronchiseptica and a commonly-
used small animal (hereinafter referred to as “Ax”). B. bronchiseptica, which is closely related to B.
pertussis, producing nearly identical virulence factors except pertussis toxin, has Ax as its natural
host. Axs infected with 10° cfu of B. bronchiseptica had a persistent cough which was observed
as early as day 5 postinfection and its frequency reached a peak at day 9. The total number of
coughs for 5 days from day 6 to 11 of infection ranged from 56 to 242/30 min (5 min x 6 days). The
frequency of coughing of the animal infected with wild-type B. bronchiseptica was 140 coughs/30
min on average. We considered this coughing to be paroxysmal. Histological screenings revealed no
apparent pathological changes in the trachea of infected animals. In contrast, Axs given SS medium
or the nonpathogenic phase 111 variants of B. bronchiseptica hardly exhibited any coughing. Mutant
strains deficient in genes for known major virulence factors caused the paroxysmal coughing
indistinguishable from that caused by wild type strain, implying that unknown factors might be
involved in the coughing. Similar coughing was also observed in Axs infected with B. pertussis

inoculated at 10° cfu/Ax. During the course of these experiments, we unexpectedly isolated a

The Novartis Foundation(Japan)
-29 - for the Promotion of Science



for the Promotion of Science

I The Novartis Foundation(Japan)

mutant strain of B. bronchiseptica, tentatively named AC, which colonized the trachea but did not
cause coughing paroxysms. To identify the mutated gene in AC, which might be responsible for
the cough in infected Axs, we sequenced the whole genome of the mutant and compared it with
that of the parental strain. The first screening of mutation sites revealed single-base substitutions
at 41 sites and deletion/insertion mutations at 6 sites. These regions of the 4C and parental strain
genomes were directly sequenced and eventually, we found a single-base insertion and a single-
base substitution in geneA and geneB (tentative names) of AC, respectively. It was predicted that the
former mutation should result in a translational frameshift and the latter should cause an amino-
acid substitution. When geneA but not geneB in the wild type strain was disrupted by insertional
mutagenesis, the resultant variant failed to cause coughing paroxysms. On day 15 postinoculation,
the geneA-deficient strain was recovered from the trachea to a similar extent to the wild-type strain,
indicating that the strain colonized the trachea but did not cause coughing. Moreover, when geneA
was complemented, AC regained the ability to cause the paroxysmal coughing. From these results,

we concluded that geneA, directly or indirectly, to be involved in the coughing in infected Axs.

Discussion & Conclusion

We utilized Ax model focusing on coughing paroxysms in this study, by using B. bronchiseptica
instead of B. pertussis as the pathogen. B. bronchiseptica shares with B. pertussis various virulence
factors that are highly homologous in amino-acid sequence. Several animal species including pigs
and dogs exhibit a persistent cough when infected with B. bronchiseptica. This prompted us to use
B. bronchiseptica for the rat model to explore the pathogenesis of B. pertussis.

In addition, Axs were found to respond to B. bronchiseptica infections with a persistent cough.
A large amount of B. pertussis, although the infection did not persist, caused a similar cough,
which assured us that Axs infected with B. bronchiseptica could be a model of human whooping
cough. We also isolated 4C, a spontaneous mutant strain, which did not cause coughing in Axs. A
comparison of the genomes of AC and the parental strain revealed DNA mutations in two distinct
genes, tentatively designated gened and geneB. Notably, the present results imply that gened is
the more probable candidate involved in the coughing of infected Axs. The coughing is a common
manifestation of the diseases caused by Bordetellae including B. pertussis, B. parapertussis, and B.
bronchiseptica. In a future study, we hope to clarify the mechanism responsible for the coughing
paroxysms associated with B. bronchiseptica infections and eventually those seen in human

whooping cough by analyzing the functions of geneA-like genes in B. pertussis.
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Analysis of mice deficient in molecules involved in
intracellular polarized transport
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Abstract

Polarized intracellular transport is required for the establishment and maintenance of cell polarity.
We generated knockout mice of various genes involved in polarized transport to know how they
are involved in this process. Several knockout mice showed unexpected results which are being
summarized for publication.

Key Words : Cell polarity, knockout mice, polarized transport

Introduction

Cell polarity is crucial for the development and function of epithelial cells and neurons. To
maintain cell polarity, polarized intracellular transport is essential, but the research of polarized
transport has been carried out using cell lines, thus, how it relates to the development, function, and
pathogenesis of tissues is largely unknown. To elucidate this, we generated and analyzed knockout

mice of various genes involved in polarized transport.

Results

We have already generated knockout mice of Rab8a, Rab8b, syntaxin3, SNAP23, annexinl3,
MAL2, FAPP1, FAPP2, PKDI, and PKD2. We are now mainly analyzing Rab8a, Rab8b, syntaxin3,
SNAP23, FAPP2, PKDI, and PKD2 knockout mice regarding their function in polarized transport.

Rab8a,b:

We have already analyzed and published about Rab8a single knockout mice in Nature. They
showed abnormalities in apical transport. However, Rab8a has a closely related molecule, Rab8b.
Thus, we generated Rab8b knockout. As Rab8b knockout mice were almost normal, we generated
Rab8a and Rab8b double knockout mice to know their redundancies. As expected, we obtained data

which implied their redundancies and we are currently submitting the manuscript for publication.

Syntaxin3:

Syntaxin3 has been known to be involved in apical and axonal transport in the epithelial cells and
neurons, respectively. When we generated knockout mice which lacked syntaxin3 in the whole body,
we were not able to find adult mice, suggesting syntaxin3 null mice were embryonic lethal. We are
currently analyzing when and how they die during development. On the other hand, we generated
neuron- and small intestine- specific knockout mice and currently analyzing their phenotype.

Some results of knockout mice supported the previous observations, but other results apparently
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contradicted the previous ones. We are currently analyzing why these contradictions occurred.

SNAP23:

SNAP23 has been known to be necessary for membrane fusion and secretion of enzymes and
hormones. When we generated knockout mice of SNAP23, they were embryonic lethal. Thus, we
generated neuron-, endocrine pancreas-, and exocrine pancreas- specific knockout mice. Like in
syntaxin3 knockout mice, some results of knockout mice supported, but others did not support the

previous findings. We are currently submitting the manuscript for publication.

FAPP2:

FAPP2 has been known to be necessary for apical transport. It has also known to be necessary for
transport of glycolipids to the trans-Golgi network. Though FAPP2 knockout mice showed no gross
phenotype, it showed some defects in lipid transport. Analysis of this knockout mice was done with
Dr. DeMatteis (TIGEM, Italy) and the result will be published shortly.

We also generated FAPP1, a closely related molecule to FAPP2. To know the possible functional

redundancies, we are now crossing FAPP1 and FAPP2 knockout mice.

PKD1, 2:

PKDI, 2 have been known to be necessary for basolateral transport and other biological activities.
When we generated knockout for each molecule, we were not able to see gross phenotype. We are
currently generating double knockout mice, but the double knockout mice seemed to be embryonic
lethal. To know their function in vivo, we are now making double floxed mice (PKD1 floxed/
floxed; PKD2 floxed/floxed). After establishment of double floxed mice, we will delete PKD1 and
PKD2 genes altogether by infection of adenovirus which encodes cre recombinase or by crossing
double floxed mice with transgenic mice which express cre in a tissue-specific manner. Since they
are expressed abundantly in the lung, we will introduce lung explant culture for infection of Cre by
adenovirus to see the developmental defects in the lung.

In addition to analyzing knockout mice, we established a gene trap system which could identify
novel genes involved in axonal elongation or distribution of synaptic vesicles. In this system, we
used PC12 cell, which is a cell line derived from rat pheochromocytoma. We infected retrovirus
to PC12 and screened infected cells by puromycin which was expressed only when the inserted
retrovirus was within the transcriptionally active regions.

After infection, drug-resistant colonies were picked up and they were further processed for
morphological abnormalities. By this strategy, we identified several genes whose loss affected the
morphology of PC12 cells or the distribution of synaptic vesicle-like small vesicles. These results

were published in FASEB Journal.

Discussion & Conclusion

We identified essential genes for polarized transport or cell polarity by gene targeting in the mouse
and the gene trap in the cell lines. Using gene targeting, we were able to confirm the previous

results in some cases, but in most cases of gene targeting, our results contradicted the previous
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results. Above all, we were not able to see in many knockout mice. This clearly showed that there is
a functional redundancy between genes, but in some cases such as Rab8a, the previous results were
not correct probably by technical limitations. We will pursue which genes are truly involved in cell
polarity by continuing our efforts. We will, at the same time, search for the novel essential genes in
cell polarity by screening C. elegans. We already identified a number of genes which caused defects
in intestinal cell polarity in their absence. We are currently generating knockout mice for these
genes to confirm their general importance in cell polarity and we hope the results will be published

in a few years.
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Investigation of molecular signal output
from a dividing nucleus to cell cortex

NAKANO KENTARO

Graduate School of Life and Environmental Sciences, University of Tsukuba
knakano@biol.tsukuba.ac.jp

Abstract

The existence of all life is based on cell proliferation, which usually accompanies the process
of cell division. After replicating its genome and enlarging its body, the mother cell divides into
daughter cells without fail. Here we have studied the molecular systems supporting this fundamental
process for life using fission yeasts and ciliate Tetrahymena. We found that two molecular systems
were involved to ensure cytokinesis in fission yeast Schizosaccharomyces pombe. On the other
hand, it was demonstrated that Tetahymena divides into two cells by unexpected and unidentified
molecular mechanism. In future comparative study on cytokinesis using evolutionary divergent
organisms will be indispensable to understand the fundamental cellular phenomenon for life.

Key Words : actin, myosin, cytokinesis, fission yeast, Tetrahymena

Introduction

In the final stage of the cell cycle, cleaving a mother cell into two daughters ensures completion
of both genome segregation and organelle distribution for life. This step called as cytokinesis in
that requires the cell to solve a spatial problem (to divide in the correct place, orthogonally to the
plane of chromosome segregation) and a temporal problem (to coordinate cytokinesis with mitosis).
Defects in the spatiotemporal control of cytokinesis may cause cell death, or increase the risk of
tumor formation. The principal focus of this study will be the molecular mechanisms of cytokinesis

in the mitotic cycle using unicellular model organisms.

Results

To investigate the molecular mechanism of cytokinesis, we mainly used the fission yeast

Schizosaccharomyces pombe. Because, this simple model has Mid1p and associated proteins

SPB
contributed significantly to our understanding of how the cell cycle i

.

is regulated, and serves as an excellent model for studying aspects of

cytokinesis. The position of the division site is set by the location of actin filaments nucleus

the interphase nucleus and depends on a PH-domain protein Midlp and \\0._- <
we® ¢
proteins that confer cell polarity. A contractile ring (CR) is assembled °:-.:..':

at the center of the cell during mitosis at the end of anaphase, the
L. L . . contractile ring
constriction of this ring is thought to guide synthesis of the septum that

.
-~

bisects the cell (see the right cartoon). In this great opportunity given
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by the Novartis found (Japan), I have firstly tried to reveal the molecular mechanism how actin and
myosin II assemble into a ring under the control of Midlp. Previous reports from our lab and others
have mentioned that Rng2p is possible to link myosin Il accumulation to the cortical Midlp in the
prospective division site. A member of my lab and I have investigated a physiological interaction
among those proteins using a pull-down assay of cell extracts and Yeast Two-hybrid system.
However, at this moment, their interaction has not been fully uncovered yet for reporting here. On
the other hand, even in cells lacking Midlp-activity, myosin I can associate with a cable-like actin
filaments (F-actin) elongating from the cell cortex during anaphase, resulting in CR formation
at the significant rate. In the course of study, we have succeeded to characterize the N-terminal
actin-binding domain of Rng2p that can induce myosin II binding to F-actin in vivo and in vitro
(manuscript in preparation). Thus, in S. pombe cell division is accomplished with Midlp-dependent
and —independent systems. This duplicate system for ensuring cell division may be conserved in
another organism. To investigate this possibility, we have isolated genes encoding a counterpart of
those proteins form another species of fission yeast S. japonicas and are now trying to characterize
their cellular function.

In addition, we studied the molecular mechanism of cytokinesis in the ciliate Tetrahymena.
Eukaryote can be broadly classified into opistkont and bikont. Animal cells and fungi including
yeasts are grouped in the former, while plant cells, algae and ciliate belong to the latter.
Interestingly, no gene corresponding to myosin II is conserved in bikont. However, it had well been
known that many ciliate divide like animal cells. To challenge to solve this mystery-shrouded issue,
we have studied function of actin and its binding proteins, and myosins unrelated to myosin II in
Tetrahymena. Actin-depolymerizing factor (ADF) is one of the most important proteins controlling
actin dymamics in eukaryotic cells. Suppressing cellular function of ADF causes severe defect in
cytokinesis in opistkont. We have evaluated ADF-activity in cytokinesis of Tetrahymena cell by
deleting the corresponding gene. As a result, the cells continue to divide by binary fission even in
lacking ADF-activity (Shiozaki et al., in press). Moreover, administration of actin-inhibitory drug
did not affect on cytokinesis of this organism (manuscript under revision). After determination of
cellular localization using green fluorescence protein, all of 13 gene products of myosin were not
found in a cleavage furrow in a dividing cell of Tetrahymena (manuscript in preparation). Taken
together, we concluded that this organism probably accomplishes binary fission independently of the

actomyosin-based system.

Discussion & Conclusion

In this study we arrive at the conclusion that S. pombe adopts two independent mechanisms, but
closely related each other, in CR formation for cytokinesis. Rng2p is involved in both molecular
pathways via its different structural domains. On the other hand, Tetrahymena cell seems to divide
without the actomyosin-based system. At this moment we do not have a clue as to this unexpected

phenomenon. Very recently, a foreign group has reported that the kinase complex called Sid2p-

The Novartis Foundation(Japan)
- 36 - for the Promotion of Science



I The Novartis Foundation(Japan)

for the Promotion of Science

Moblp, a member of the NDR kinase family which is implicated in growth control and cytokinesis
in multicellular eukaryotes as part of the Salvador-Warts-Hippo tumor suppressor network, may be
involved in positional control of division site in Tetrahymena. This kinase family plays important
role for CR maturation following the Midlp-dependent actin and myosin II recruitment in S. pombe.
Therefore, identification of downstream substrate of Sid2p-Moblp may shed light on some of the
mysteries about the conserved molecular mechanism of spatio-temporal control for cytokinesis in

eukaryote.
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The role of transcription factor IkB-C in immune homeostasis
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Abstract

IxB-{ plays an important role in immune homeostasis. This study showed that IkB-( is important
in the immune suppressive function of Tregs. Furthermore, IkB-( is not required for the stability of
forkhead box p3 (Foxp3) gene expression.

Key Words : 1kB-(, Foxp3, Treg

Introduction

Nuclear transcriptional regulator IkB-{—deficient mice develop Sjogren’s syndrome (SS) with age.
Several studies have shown that SS is a T-cell dependent autoimmune disease. An Id3-deficient SS
mouse model exhibits defects in the generations and suppression of the Foxp3" Tregs. This study
focused on the role of [kB-{ in immune homeostasis through the generation, function, and stability

of Tregs.

Results

A previous study (Okuma et al., Immunity. 3: 450-460, 2013) showed that IxB-{—deficient mice
developed SS and exhibited splenomegaly and lymphadenopathy. In addition, these mice showed

absolute numbers of T cells, whereas the number of CD44""

memory/effector-type T cells in the
peripheral lymph nodes significantly increased. These phenotypes can be found in each generation
of the IkB-{—deficient mice. These observations indicate that IkB-{-deficient mice were unable to
maintain immune homeostasis.

The CD4" Tregs express Foxp3 and play an important role in maintaining immune homeostasis.
Scurfy mice deficient in functional Foxp3 undergo massive inflammation of the whole body and die
within 4 weeks.

Unexpectedly, this study showed that the numbers of Foxp3" Tregs and CD4" T cells in the
peripheral lymph nodes were similar to those in the wild type (WT) and IxkB-{—deficient mice. To
check the transcriptional activity of IkB-{ in relation to Foxp3 gene expression, a Foxp3 reporter
assay was performed. The results showed that the overexpression of IkB-{ did not alter the Foxp3
reporter activity in human embryonic kidney (HEK)293 cells.

To analyze the suppression ability of Tregs, naive CD4" T cells were co-cultured with Tregs
for 3 days, which showed that IkB-(—deficient Tregs suppressed the expansion of naive CD4" T
cells, although slightly lower than that in WT Tregs. Then, the immune-suppression associated

with co-stimulatory molecules (cytotoxic T-lymphocyte antigen 4 [CTLA-4] and glucocorticoid-
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Induced tumor necrosis factor receptor [GITR]) on Tregs were examined to address whether the
low suppressive ability of IkB-(—deficient Tregs could be attributed to the expression levels of co-
stimulatory molecules. This experiment showed that the expression levels were similar in the WT
and IkB-(—deficient Tregs. In addition, production of the immune regulatory cytokine, Interleukin
(IL)-10, was similar between WT and [kB-{-deficient Tregs.

Next, the stability of the Foxp3 gene expression in Tregs was examined. This is considered as
one of the mechanisms behind the alteration in immune homeostasis in IkB-{—deficient mice.
Carboxyfluorescein succinimidyl ester (CFSE)-labeled CD4'CD25" Tregs cultured for 3 days under
TCR and a low dose of IL-2 stimulation showed that the Foxp3 expression level was similar in both
WT and IkB-{—deficient Tregs at each cell division. To examine the Foxp3 gene expression stability
in vivo, adoptive WT or IkB-(-deficient Tregs were transplanted into Rag2”” mice. Four weeks later,
the Foxp3 expression levels in CD4" T cells was similar in both the WT and IkB-(-deficient Tregs.
This study also found that natural Tregs express IkB-(, but the expression level was significantly
lower than that in the Th17 cells. The SOCSI1 expression level, which is required for the Foxp3 gene
expression stability, was similar in both the WT and IxkB-{-deficient Tregs. These results indicated

that IkB-( is not required for the Foxp3 gene expression stability.

Discussion & Conclusions

Tregs strongly expressed CD25 (IL-2 receptor a); therefore, these cells can predominantly
proliferate in inflammatory environments (IL-2—rich regions) such as the lymph nodes. The
percentage of Tregs was similar in the WT and [kB-{—deficient mice; however, the role of [kB-{ in
the generation of Tregs from naive CD4" T cells remains unresolved.

IkB-{-deficient Tregs have less suppressive ability; thus, it is necessary to check the suppressive
ability in vivo by using an animal model, such as that showing inflammatory bowel disease.
However, the molecular mechanisms responsible for this low suppressive ability in IkB-(—deficient
Tregs remain unclear.

The stability of Foxp3 gene expression in IkB-{—deficient Tregs is similar between WT and [xkB-{-
deficient mice.

Another interesting results is regarding IkB-{ and Th17. It was previously shown that IxkB-{
interacts with RORyt to promote Thl7 differentiation. Accordingly, in IxB-{-deficient mice, naive
CD4" T cells failed to generate Th17 cells. Thus, IkB-( accelerates the differentiation of both Tregs
and Thl7 cells.
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Study of dense-core vesicle synthesis
on the membrane of Golgi complex
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Abstract

We found that somal Ca*'-dependent activator protein for secretion 2 (CAPS2) is associated with
the Golgi membrane, and mediates binding and recruitment of the GDP-bound form of ARF4 and
ARFS to the Golgi membrane. CAPS2 knockdown and over-expression of CAPS2-binding-deficient
ARF4/5 both induced accumulation of the dense-core vesicle (DCV) resident protein chromogranin
A around the Golgi apparatus. CAPS2 knockout mice have dilated trans-Golgi structures when
viewed by electron microscopy. These results for CAPS2 strongly support our idea that the CAPS
family proteins exert dual roles in DCV trafficking, mediating trafficking at both the secretion site
for exocytosis and at the Golgi complex for biogenesis.

Key Words : CAPS, chromogranin, Golgi complex

Introduction

The CAPS family consists of two members (CAPS1 and CAPS2) and regulates exocytosis of
catecholamine- or neuropeptide-containing DCVs at secretion sites such as nerve terminals. A
large fraction of CAPSI protein, however, is localized in the cell soma, and we have recently
shown the possible involvement of somal CAPS1 in DCV trafficking in the trans-Golgi network
(TGN). CAPSI and CAPS2 are differentially expressed in various regions of the mouse brain but
exhibit similar expression patterns in other tissues such as the spleen. Thus, in the present study we
analyzed whether CAPS2 displays similar subcellular localization and functional roles in the cell

soma as CAPSI.
Results

An exogenously expressed CAPS2 PH domain fused with the fluorescent protein YPet and
syntaxin 6 (Stx6), a TGN membrane trafficking protein were colocalized in oT3-1 pituitary
gonadotrope cells. We found that the CAPS2 constructs containing both C2 and PH domain (full-
length and AC-Terminal) exhibited a diffuse distribution pattern throughout the cytoplasm, but AN-
Terminal and AC2, which contain a PH domain but lacked the C2 domain, accumulated around the
Golgi in a pattern similar to that of the PH domain alone.

To verify whether, like CAPS1, endogenous CAPS2 associates with the Golgi membrane, we
analyzed CAPS2-immunoaffinity-purified microsomal fractions from P21 mouse cerebellum by
western blotting with antibodies for various Golgi membrane-associated proteins. The western

blot results indicated that CAPS2-immunoaffinity purification enriched the Golgi marker proteins
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pl15, GM130, GS28, vtila, vtilb, Stx6, and VAMP4 as well as vesicle-trafficking-related proteins
SNAP25 and ARF.

We next investigated the ability of CAPS2 to bind to the small GTPase ARF family (ARF1-6)
using a co-immunoprecipitation assay. We found that only the class II ARFs (ARF4 and ARFY)
were co-immunoprecipitated with anti-CAPS2 antibody. Interestingly, the binding of CAPS2 to
ARF4 and ARFS was preferentially observed with the GDP-locked form (T31N) but not with the
GTP-locked form (Q71L).

Finally, we analyzed the in vivo effect of CAPS2 knockout on the Golgi appearance by utilizing
CAPS2 knockout mice. Electron microscopic analyses showed that in the CA1 pyramidal cell layer
of the hippocampus, approximately half of the identifiable cisternae of the Golgi stack, which were

predominantly on the trans side, were dilated in CAPS2 knockout, compared with wild-type mice.

Discussion & Conclusion

Our findings indicate that CAPS2 binds to the Golgi membrane and interacts with the class Il ARF
small GTPases ARF4/5 in a GDP/GTP-state dependent manner, demonstrating the involvement
of CAPS2 in the recruitment of ARF4/5 onto the Golgi membrane. Our data demonstrate that the
recruitment of ARF4/5 via CAPS2 is indispensable to DCV trafficking. Firstly, CAPS2 knockdown
resulted in the accumulation of ChgA around the Golgi apparatus. Secondly, overexpression of
CAPS2-binding-deficient ARF5 mutants induced accumulation of ChgA in the Golgi. Thirdly,
CAPS2 knockdown caused abnormal ARFS5 distribution around cell soma, and finally CAPS2
knockout mice had dilated structures in the Golgi cisternae. Collectively, these findings suggest that
CAPS2 is required for DCV trafficking in the Golgi complex by recruiting the class II ARF small

GTPases, in a GDP-bound dependent manner, to the Golgi membrane.
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Abstract

Most hepatocellular carcinomas (HCCs) develop in the context of severe liver fibrosis caused by
chronic liver inflammation, which also results in accumulation of reactive oxygen species (ROS).
We examined whether the stress activated protein kinase p38a and cold-inducible RNA-binding
protein (CIRP) control ROS metabolism and development of fibrosis and cancer in mice given
thioacetamide (TAA). Liver-specific p38a ablation enhanced ROS accumulation, which was exerted
through the reduced expression of anti-oxidant protein heat shock protein (HSP) 27. CIRP-deficiency
decreased ROS accumulation and attenuated TA A-induced hepatocarcinogenesis. Intriguingly, the
risk of human HCC recurrence is positively correlated with ROS accumulation in liver.

Key Words : CIRP, p38, liver fibrosis, ROS, SOX2, Gankyrin

Introduction

HCC is the most common form of liver cancer and the third leading cause of cancer deaths
worldwide and is usually associated with a very poor prognosis (1). The risk of hepatocarcinogenesis
depends on background liver factors, of which chronic inflammation is a major one. Stress activated
protein kinases (MAPK/SAPK) play a pivotal role in modulating numerous cellular responses,
including cell proliferation, and metabolism (2,3). One of the SAPKSs, p38a, the major p38 isoform,
is activated in response to inflammation and oxidative stress (4-7). CIRP is induced by cellular
stresses such as UV irradiation and hypoxia (8-10). In response to the stress, CIRP migrates from

the nucleus to cytoplasm, and affects expression of its target mRNAs posttrascriptionally (11-13).

Results

TAA model may be suitable for studying the relationship between inflammation and cancer.

TAA can induce liver cirrhosis and cancer of the bile ducts when given to rats over a period of
several months (14). However, as described here we found that mice given TAA for 10 months
develop HCC rather than cholangiocellular carcinoma subsequent to appearance of severe liver
fibrosis, thus providing a model that closely mimics the natural history of human HCV-related liver
disease. In addition, the histology of the TAA-exposed rat liver was reported to resemble human
liver cirrhosis (15). Thus, the mouse TAA model may be suitable for studying the relationship
between ROS accumulation, liver fibrogenesis and hepatocarcinogenesis.

Ahep

Enhanced ROS accumulation and fibrogenesis in p38a™"" mice.

Ahep

We used a conditional p38a “floxed” strain to generate p38a”"” mice, lacking p38a in liver
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parenchymal cells. After 8 weeks of TAA treatment, we observed inflammation, HSC activation and

formation of fibrotic septa as assessed histologically or by immunohistochemistry with a specific

Ahep

antibody against a-SMA. p38a™"? mice exhibited more TA A-induced liver damage assessed by ALT

release, and hepatocyte apoptosis measured by a TUNEL assay, relative to controls. In addition,

there were higher numbers of a-SMA-positive cells, higher levels of hydroxyproline and larger

Ahep

fibrotic areas in p38a”~"?% mice compared with control mice. Loss of p38a significantly enhanced

expression of the mRNAs for collal, TIMP1, TGF-B1 and PDGFb. p38a™“ mice were found to
have higher levels of oxidized protein in comparison to controls. To evaluate the contribution of

oxidative stress to TAA-induced liver damage and fibrosis, we placed a group of mice on chow

Ahep

diet supplemented with the antioxidant butylated hydroxyanisole (BHA). p38a”™"“ mice kept on

this diet showed a significant reduction in TA A-induced liver injury and fibrosis. Thus, loss of
p38a enhances TAA-induced cell death and fibrogenesis through mechanisms that may depend on
ROS accumulation. Adenoviral transduction of HSP27 in p38a™ liver prevented TA A-induced
ROS accumulation, liver damage and fibrogenesis. Loss of p38a significantly enhanced expression

Ahep

of stemness factor SOX2 mRNA and protein. p38a™"” mice exhibited a significant increase in

Gankyrin expression.

Enhanced hepatocarcinogenesis in p38a*"®

CIRP-deficient mice.

Tumor size and area were considerably larger in p38a™ mice relative to similarly treated controls.

mice and attenuated hepatocarcinogenesis in

In contrast, TAA-treated CIRP-deficient mice harbored less tumor load than control mice.

Association between risk of HCC recurrence and ROS accumulation in human liver.

Intrahepatic HCC development after hepatectomy is caused by de novo HCC development and/or
metastasis from the resected HCC. The risk of the former depends on background liver factors such
as liver fibrosis, while the risk of the latter mainly depends on characteristics of resected HCC (16).
In mouse models, HSP25-mediated inhibition of ROS accumulation is involved in liver fibrogenesis
and can subsequently affect de novo HCC development. We examined whether this hypothesis is
applicable to humans, focusing on non-cancerous liver tissues rather than cancers to assess the
potential for de novo HCC development or rapid progression of lesions that were undetectable or
pre-neoplastic at the time of resection. In patients exhibiting HCC recurrence after hepatectomy,
ROS levels in the non-tumor tissues, but not in tumors, were significantly higher than in those
without HCC recurrence. In addition, patients with low ROS accumulation in non-cancerous liver

had a prolonged recurrence-free survival. (17-19)

Discussion & Conclusion

p38a plays a critical role in liver fibrogenesis and hepatocarcinogenesis through the control
of HSP27 expression and ROS accumulation in the mouse TAA model which may be suitable
for studying the pathogenesis of inflammation-related HCC development. CIRP also controls
ROS accumulation and hepatocarcinogenesis in mice given TAA. Correspondingly, elevated

ROS accumulation in the liver are associated with increased risk of human HCC development or
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recurrence. Pluripotency-associated transcription factors such as SOX2 and Nanog are known as
regulators of cellular identity in embryonic stem cells (20). Gankyrin, a liver oncoprotein, was
reported to mediate dedifferentiation and facilitate the tumorigenecity of rat hepatocytes (21).
Deletion of p38a upregulates expression of SOX2 and Gankyrin, which may be involved in cancer

stem cell maintenance.
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Abstract

The purpose of this study was to assess whether imatinib mesylate (imatinib), an inhibitor of the
tyrosine kinases of platelet-derived growth factor receptors (PDGFRs), prevents cerebral vasospasm
after subarachnoid hemorrhage (SAH) in rats, and to elucidate if tenascin-C (TNC), a matricellular
protein, is involved in the mechanism. Imatinib significantly prevented post-SAH neurological
impairments and vasospasm. SAH caused PDGFR- upregulation, PDGFR activation, mitogen-
activated protein kinases activation, and TNC upregulation in the spastic cerebral arteries, all of
which were significantly suppressed by imatinib treatment. Recombinant TNC reversed the anti-
vasospastic effects and protein expression changes by imatinib.

Key Words : vasospasm, subarachnoid hemorrhage, platelet-derived growth factor, tenascin-C

Introduction

Cerebral vasospasm remains a major cause of poor outcome after subarachnoid hemorrhage
(SAH). We reported that tenascin-C (TNC) was induced after SAH in a clinical setting, associated
with cerebral vasospasm. TNC is a matricellular protein, and exerts diverse functions through direct
binding to cell surface receptors, other matrix proteins, and soluble extracellular factors such as
growth factors and cytokines. As platelet-derived growth factor (PDGF), which is a potent inducer
of TNC, has been involved in the pathogenesis of vasospasm, we hypothesized that the inhibition
of tyrosine kinases of PDGF receptors (PDGFRs) prevents experimental vasospasm after SAH via

inhibiting TNC induction.

Results

First, imatinib mesylate (imatinib; 10 or 50mg/kg body weight), an inhibitor of the tyrosine
kinases of platelet-derived growth factor receptors (PDGFRs), was administered intraperitoneally
to rats undergoing subarachnoid hemorrhage (SAH) by endovascular perforation, and the effects
were evaluated by neurobehavioral tests and India-ink angiography at 24-72 hours post-SAH.
Western blotting and immunohistochemistry were performed to explore the underlying mechanisms
on cerebral arteries at 24 hours post-SAH. Recombinant tenascin-C (TNC) was administered
intracisternally to imatinib-treated SAH rats, and the effects were evaluated by neurobehavioral
tests, India-ink angiography and immunohistochemistry at 24 hours post-SAH. Both dosages of

imatinib significantly prevented post-SAH neurological impairments and vasospasm at 24-72
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hours. SAH caused PDGFR-B upregulation, PDGFR activation, mitogen-activated protein kinases
activation, and TNC upregulation in the spastic cerebral arteries, all of which were significantly
suppressed by imatinib treatment. Osteopontin (OPN), another matricellular protein, was also
upregulated mildly after SAH, but its levels were not significantly affected by imatinib. In SAH rats,
TNC immunoreactivity was markedly induced in the smooth muscle cell layers of spastic cerebral
arteries at 24 hours post-SAH, but not in control animals. The TNC immunoreactivity decreased at
72 hours, as vasospasm improved: OPN immunoreactivity, on the other hand, was more induced in
the arterial wall at 72 hours after SAH. Recombinant TNC reversed the anti-vasospastic effects and
protein expression changes by imatinib.

Second, two dosages (1 and 10 pg) of TNC were administered intracisternally to healthy rats,
and the effects were evaluated by neurobehavioral tests and India-ink angiography at 24, 48, and
72 hours after the administration. Western blotting and immunohistochemistry were performed to
explore the underlying mechanisms on constricted cerebral arteries after 24 hours. The effects of
toll-like receptor 4 (TLR4) antagonists (LPS-RS), c-Jun N-terminal kinase (JNK), p38 inhibitors
(SP600125 and SB203580) and recombinant OPN on TNC-induced vasoconstriction were evaluated
at 24 hours. Higher dosages of TNC induced more severe cerebral arterial constriction, which
continued for more than 72 hours. TNC administration also upregulated TLR4, and activated JNK
and p38 in the smooth muscle cell layer of the constricted cerebral artery. LPS-RS blocked TNC-
induced TLR4 upregulation, JNK and p38 activation, and vasoconstrictive effects. SP600125 and
SB203580 abolished TNC-induced TLR4 upregulation and vasoconstrictive effects. In addition,
recombinant TNC-induced prolonged contractions of rat basilar arteries were reversed by
recombinant OPN, although recombinant OPN itself had no effect on the vessel diameter.

Third, imatinib (50mg/kg body weight) was administered intraperitoneally to rats undergoing
SAH by endovascular perforation, and the effects were evaluated by neurobehavioral tests, India-
ink angiography, Western blotting, terminal deoxynucleotidyl transferase-mediated uridine
S-triphosphate-biotin nick end-labeling staining and immunohistochemistry. Recombinant TNC
was administered intracisternally to imatinib-treated SAH rats, and the effects were also evaluated.
Imatinib significantly prevented cerebral vasospasm at both 24 and 72 hours post-SAH, but
improved neurobehavioral tests only at 24 hours. SAH caused PDGFR activation, mitogen-activated
protein kinases activation, TNC upregulation and caspase-dependent neuronal apoptosis in the
cerebral cortex, all of which were significantly suppressed by imatinib treatment at 24 hours, but not
at 72 hours post-SAH. Recombinant TNC reversed the anti-apoptotic effects and protein expression

changes in brain by imatinib.
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Discussion & Conclusion

We demonstrated for the first time that treatment by imatinib mesylate, an inhibitor of the tyrosine
kinases of platelet-derived growth factor receptors, prevented cerebral vasospasm after subarachnoid
hemorrhage at least partly via inhibiting the upregulation of TNC. We also demonstrated for the first
time that TNC induced prolonged cerebral arterial constriction via TLR4 and activation of JNK and
p38 in healthy rats. TNC may be involved in the pathogenesis of chronic vasoconstrictive diseases,
such as cerebral vasospasm, and may provide a novel therapeutic approach to treat such diseases.
Further investigations may prove that TNC provides a novel therapeutic approach against cerebral

vasospasm.
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Abstract

Formation of a new centriole next to each existing one is fundamental for centrosome duplication
and thus for genome integrity. Recent studies indeed highlighted that centriole amplification can be
an origin of genome instability in tumor formation. We demonstrated that MCPH7/STIL is essential
for centriole formation and also that increased expression levels of STIL promote formation of
multiple new centrioles per pre-existing one. Therefore, regulated STIL levels and/or function
ensure the “only-one rule” of centriole formation. In order to identify proteins which modulate STIL
function, we employed the combined approach using MS-based proteomic analysis and a functional
RNAI screening in human cells. As a result, we identified a tumor suppressor with a RNA-binding
motif as a STIL-interacting protein that has a role in limiting the number of centrioles.

Key Words : Chromosomal instability, Centrosome, Centriole

Introduction

The mechanisms of centrosome duplication have been a long-standing mystery in biology. Like the
genetic material, centrosome duplication must occur once per cell cycle, such that the two resulting
centrosomes assemble a bipolar spindle during mitosis. Aberration in the number of centrosomes
is implicated in genome instability and tumor formation. The centrosome is composed of a pair of
centrioles surrounded by pericentriolar material (PCM). Centrioles are also essential for generating
cilia and flagella across eukaryotic evolution. Despite being crucial for genome integrity and many
biological processes, the mechanisms controlling centriole copy number remain incompletely

understood.

Results

Centrioles are barrel-shaped microtubule-containing structures characterized by a universal
9-fold radial symmetry that they also impart to cilia and flagella. In most species, the centriole is
organized around a cartwheel that comprises a central hub from which 9 spokes emanate outwards
towards the microtubules. The molecular mechanisms and structural principles governing centriole
assembly remain poorly understood.

To elucidate how the onset of centriole formation takes place in higher eukaryotes with a particular
emphasis on SAS-6, a protein required for centriole formation from worm to human, we used
a combination of multi-disciplinary approaches including cell biology, biochemistry, genetics,

biophysics and structural biology (1-3). Our findings revealed how SAS-6 is targeted to the assembly
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site of centrioles and timely modified (2), and further demonstrated that oligomerization of SAS-
6 homodimers is at the root of the 9-fold symmetry of the cartwheel and thus of centrioles (3).
These works represented the first molecular and structural insights into the mechanisms governing
this fundamental process. Even though we demonstrated that SAS-6 self-assembly is a key step
to initiate centriole formation, we hypothesized that something as upstream should facilitate
this process based on the fact that SAS-6 self-assembly alone does not seem to be sufficient to
spontaneously form central part of cartwheel.

To identify such upstream regulator, we first analyzed the MCPH7 protein STIL, which has been
suggested to be related to the centriole proteins SAS-5 in C. elegans and Ana2 in Drosophila, both
of which are essential for centriole formation. Although whether STIL is required for centriole
formation in human cells has not been addressed, we found that siRNA-mediated depletion of
STIL results in a failure of centriole formation, with mitotic cells harboring usually <2 Centrin-3
(a centriole marker) positive foci instead of the usual four, as is the case for cells depleted of SAS-
6 (1). A similar failure of centriole formation was observed using two distinct siRNAs directed
against STIL. We conclude that STIL is required for centriole formation in human cells. This
also lends support to the notion that SAS-5/Ana2/STIL is an evolutionarily conserved module
critical for centriole formation. Importantly in addition, we found that centriolar localization
of STIL, at least in part, is critical for SAS-6 loading to centrioles, suggesting that STIL could
facilitate self-assembly of SAS-6 at the assembly site of a new centriole. Indeed, overexpression
of STIL led to the simultaneous formation of multiple new centrioles through SAS-6 recruitment
at the assembly site, indicating that STIL is a critical regulator to control the copy number of new
centrioles. Furthermore, we demonstrated that some STIL-depleted cells assemble an asymmetric
bipolar spindle in which less pronounced astral microtubules emanate from one spindle pole (1).
Importantly, we found in addition that whereas spindle position is normal in those STIL-depleted
cells with a symmetric bipolar spindle, spindle position is randomized in the subset of cells with
asymmetric spindles. Therefore, STIL is also critical for proper spindle positioning as well as
centriole formation in human cells.

Next, we set out to decipher the mechanisms limiting the number of newly formed centrioles
and maintaining genome integrity. We reasoned that such suppressors for centriole amplification
would physically interact with and directly control critical centriolar regulators/components such
as SAS-6 and STIL. Accordingly, we employed the combined approach using MS-based proteomic
analysis and a functional RNAIi screening in human cells, which led to the identification of
RBM14, a tumor suppressor, as a STIL-interacting protein that has a role in limiting the number
of centrioles. Depletion of this protein by siRNA in human cells induces dramatic amplification of
centriolar intermediates through STIL function, and also results in multipolar spindle formation as a

consequence. We are currently focusing on the underlying molecular mechanisms in more detail.
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Discussion & Conclusion

Overall, we identified STIL as a novel regulator for centriole formation. STIL seems to have a
critical role in the initiation of centriole formation most likely through the recruitment of SAS-
6 at the assembly site of an emerging centriole. Furthermore, our data suggest that the expression
levels of STIL and its interactor, RBM14, regulate the copy number of centrioles. It will be therefore
tempting to investigate how they interact and mutually modulate their function/expression to
properly coordinate this process.

We expect that our findings will make unique contributions to our understanding of centrosome
duplication. Cancer cells often exhibit aberrations in centrosome number, which could be a
cause of tumorigenesis. Furthermore, dysfunction of centrosomes is associated with human
neurodevelopmental disorder and infertility. Therefore, centrosome duplication offers important

therapeutic and diagnostic opportunities in oncology and stem cell biology.
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The role of specific cell adhesion molecules
in dopaminergic innervation of striatal neurons
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Abstract

The main pathological feature of Parkinson disease is a selective degeneration of the nigrostriatal
dopaminergic pathway. However, the precise mechanisms by which dopaminergic axons innervate
striatal neurons are still unclear. In this study, we demonstrated that integrin a5p1 expressing in
dopaminergic neurons participate in dopaminergic innervation of striatal neurons. This finding
is beneficial for cell transplantation of dopaminergic neurons into the striatum of patients with
Parkinson disease.

Key Words : dopaminergic innervation; integrin; Parkinson disease; embryonic stem cell

Introduction

The main pathological feature of Parkinson disease is a selective degeneration of the nigrostriatal
dopaminergic pathway, and regeneration of the neuroprojection is one of the promising therapeutic
approaches. However, the precise mechanisms by which dopaminergic axons innervate striatal
neurons are still unclear. Integrins, heterodimers of a and § subunits that function as cell adhesion
molecules, play an important role in embryonic development of central nervous system. In this

study, we investigated the involvement of integrins in dopaminergic innervation of striatal neurons.

Results

We established a novel method to evaluate dopaminergic innervation of striatal neurons by using
primary dissociated cells (Wakita et al., 2010). Mecencephalic and striatal cells were dissected from
rat embryos, and then a mecencephalic cell region was formed adjacent to a striatal cell region on
a plastic coverslip. After paired-culturing for 11 days, dopaminergic neurons in the mesencephalic
cell region extended their axons to the striatal cell region. Immunofluorescent microscopy showed
that dopaminergic axons elongated along striatal neurons and formed synapses with striatal neurons.

Integrin B1 subunit plays a central role in the function of integrin. Neutralizing integrin 31
antibody suppressed dopaminergic innervation of the striatal neurons. Next, we examined the role of
RGD-binding integrins in dopaminergic innervation of striatal neurons. Inhibition of RGD-binding
integrins by the small peptide RGDS and an integrin a5p1/avp3-blocking peptide ATN-161 (Ac-
PHSCN-NH2) suppressed dopaminergic neurite outgrowth to the striatal cell region. To identify the
integrin o subunit, we examined the effect of selective integrin-blocking peptides and neutralizing

integrin o antibody. As a result, an integrin a5B1-blocking peptide A5-1 (VILVIF) and neutralizing
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integrin a5 antibody attenuated the dopaminergic innervation of striatal neurons, while an integrin
avp3-blocking peptide cyclo-RGDfV had no effect.

Integrin a5 and B1 subunits were expressed at the axonal growth cones and somas of dopaminergic
neurons. In addition, dopaminergic axonal outgrowth was enhanced by coating with fibronectin, a
ligand of integrin a5P1. To confirm that the integrin a5 subunit expressing in dopaminergic neurons
participate in dopaminergic innervation of striatal neurons, we employed RNAi to knockdown of
integrin a5 in mesencephalic cells. First, we prepared lentiviral vector expressing short hairpin
RNA (shRNA) designed against rat integrin a5. As determined by immunoblot analysis, the sSiRNA
decreased expression of endogenous a5 integrin to almost 40%. By infection of mesecepalic
cells with lentiviral integrin a5 shRNA, the dopaminergic innervation of striatal neurons was
siginificantly suppressed.

To explore a ligand of integrin a5p1, we focused on chondroitin sulfate and L1 cell adhesion
molecule. It has been reported that chondroitin sulfate is expressed in and around the dopaminergic
axons (Charvet et al., 1998). However, treatment with chondroitinase ABC that degrades chondroitin
sulfate did not affect the dopaminergic innervation. The L1 cell adhesion molecule can bind with
integrin a5B1, and promotes axon growth and cell migration (Thelen et al., 2002). Coating with
L1 protein tended to enhance dopaminergic axonal outgrowth. With respect to a ligand of integrin
aSP1, further studies are required.

Last, we produced mouse integrin a.5-overexpressing embryonic stem cells for cell transplantation
in Parkinson disease model mice. Integrin a5 cDNA was prepared from mouse whole brain. Integrin
a5 cDNA was then subcloned into viral vector. Mouse embryonic stem cells infected by retroviral
vector exhibited no fluorecense of marker protein because of gene silencing. Embryonic stem
cells infected by lentiviral vector exhibited faint fluorescence, but the fluorescence intensity was
increased during neural differentiation. At presence, we are examining the effect of overexpression
of integrin a5 on dopaminergic differentiation. In the next experiment, we will transplant embryonic
stem cell-derived integrin a5-overexpressing dopaminergic neuons into Parkinson disease model

mice.

Discussion & Conclusion

In this study, we established an in vitro model for the quantitative analysis of the dopaminergic
innervations of striatal neurons using primary dissociated neruons. Pharmacological analysis
revealed that dopaminergic axons innervate striatal neurons through integrin a5p1. Selective
knockdown of integrin a5 in mesencephalic cells with use of lentiviral vector demonstrated that
integrin a5P1 expressing in dopaminergic neurons participate in dopaminergic innervation of
striatal neurons. This result suggests that integrin a.5-overexpressing dopaminergic neurons promote
the striatal innervation. Furthermore, we produced mouse integrin a5-overexpressing embryonic
stem cells. Transplantion of embryonic stem cell-derived integrin aS-overexpressing dopaminergic
neuons into Parkinson disease model mice is expected to ameliorate motor dysfunction. In
conclusion, our findings are beneficial for cell transplantation of dopaminergic neurons into the

striatum of patients with Parkinson disease.
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In vivo imaging reveals molecular mechanisms of
adult common diseases based on chronic inflammation
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Abstract

To elucidate the underlying mechanisms of adult common diseases based on chronic inflammation
including metabolic and thrombotic disease, it is vital to examine the multi-cellular kinetics in
living animals.

Therefore, we developed in vivo imaging technique based on single- and multi-photon microscopy,
and we assessed dynamic immune and inflammatory cellular interplay in diseased conditions.

Key Words : In vivo imaging, inflammation, adult common diseases, metabolic syndrome

Introduction

Obesity associates with higher risks for various diseases, including atherosclerotic cardiovascular
disease, type 2 diabetes and cancer. Moreover, recent studies have shown that obesity induces
chronic inflammation within visceral adipose tissue, which appears to lead to metabolic
abnormalities and inflammation in distant tissues. Inflammation is considered to play a pivotal role

in the development of metabolic diseases.

Results

CD8+ effector T cells contribute to macrophage recruitment and adipose tissue inflammation
in obesity

Recently, we found that large numbers of CD8+ effector T cells infiltrated epididymal adipose
tissue in obese mice, whereas the numbers of CD4+ helper and regulatory T cells were diminished.
The infiltration of CD8+ T cells preceded the accumulation of macrophages during diet-induced-
obesity. Immunological and genetic depletion of CD8+ T cells reduced inflammatory (M1)
macrophage infiltration and adipose tissue inflammation, and ameliorated systemic insulin
resistance. The transfer of CD8+ T cells to CD8-deficient mice enhanced inflammation in obese
adipose tissue, demonstrating the importance for CD8+ T cells in obese conditions. Coculture and
other in vitro experiments revealed major interactions between CD8+ T cells, macrophages, and
hypertrophied adipocytes. Several in vitro studies have shown that obese adipose tissue directly
activates CD8+ T cells, which subsequently promotes recruitment and activation of macrophages,
thereby initiating and maintaining the inflammatory cascades in obese adipose tissue. Infiltration of

CD8+ T cells is, therefore, essential for the initiation and development of adipose inflammation.
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Platelet Kinetics in Thrombus Formation, and Inflammatory Status

It is well known that platelets play an important role in inflammatory diseases, such as
atherosclerosis. However, the molecular and cellular mechanisms of platelet kinetics in vivo are
unknown, because experimental methodology to analyze kinetics of individual platelets in living
animals is not well established. We have already established an in vivo visualization system, which
enabled us to analyze thrombus formation at the individual platelet level. We can analyze platelet
kinetics in vessels of various sizes, including large-sized arteries, veins, and small capillaries. In un-
stimulated conditions, single platelet moved in a “stop-and-go” manner along the vessel wall and
interacted with endothelial cells. By inducing the production of ROS (reactive oxygen species) by
laser injury, we can trigger thrombus formation in vessels of all sized including small capillaries
and the carotid arteries and observe the kinetics of individual platelets. We could evaluate not
only thrombus formation but also platelet functions at the individual platelet level. After laser
injury, platelets started to adhere to the vascular wall, and aggregated. The thrombus caused
decreased blood flow and the vessel was subsequently completely occluded. Using this technique,
we elucidated that Lnk (adapter protein) regulates integrin signaling leading to stabilization of
developing thrombus in vivo. We established the efficient culture system of human iPS-derived
platelets, and we confirmed the functional role. These artificial platelets can circulate, and
contribute to their thrombus formation in vivo, indicating the clinical usefulness considering the cell
therapy for future.

In addition, we elucidated the contribution of inflammatory cytokines, ROS, and integrin signaling
to our thrombosis models. Therefore, our imaging technique had very broad applications, such as
evaluation of anti-platelet drugs in vivo, stem cell-derived platelet function in vivo, and the effect of

genetic mutations on platelet functions.

Discussion & Conclusion

Cellular interrelationships associated with chronic inflammatory disease

Cellular reactions in inflammation are particularly dynamic and involve multiple cell types.
Consequently, analysis of the multi-cellular dynamic processes involved in inflammation
by in vivo imaging using intact tissues in living animals offers a powerful tool. Our results
demonstrated the advantages and potential of our imaging technique to analyze multi-cellular
interactions in inflammation in vivo. Using our new imaging technique to analyze the complex
cellular interactions within obese adipose tissue, we were able to show that visceral adipose tissue
obesity is an inflammatory disease. Our technique could be used to evaluate potential therapeutic
interventions against inflammation in obesity. Clearly, further studies are needed to identify what
initiates the cascade of inflammatory responses in obesity. To address these important questions, it
will be necessary to combine in vivo visualization technologies with genetic and pharmacological
interventions.

In summary, using our imaging system can be a powerful tool to analyze the inflammatory
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conditions including metabolic syndrome and thrombosis. We clarified the mechanism by which
thrombi are rapidly formed by discoid platelets on undisputed endothelium. The initial platelet
aggregation subsequently leads to irreversible integrin- and actin-dependent thrombus development.
Inflammatory cytokine signaling in endothelial cells (ECs) played pivotal role in discoid platelet
aggregations in vivo. In addition, Our imaging revealed close spatial and temporal interrelationships
between angiogenesis and adipogenesis in obese adipose. In addition, increased inflammatory cell
interactions in obese adipose were visualized and we found that large numbers of CD8+ effector T
cells infiltrated into obese adipose, and these cells were essential for the initiation and development

of adipose inflammation.
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The structural study of the human centromeric chromatin
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Abstract

The centromere functions as a chromosome site for kinetochore assembly. However, architecture of
the centromeric chromatin has not been understood. CENP-B is known to bind to the CENP-B box
DNA sequence, which is located in the centromeric chromatin region containing histone H3 variant
CENP-A. However, how CENP-B efficiently binds to the CENP-A nucleosome is not known. In
the present study, we tested the CENP-B binding to the CENP-A nucleosome, and found that Napl
(nucleosome assembly protein 1) significantly stimulates the CENP-B binding to the CENP-A
nucleosome in vitro.

Key Words : CENP-A, CENP-B, Napl, centromere, nucleosome

Introduction

The centromere is the chromosome region for kinetochore assembly. CENP-A is the centromere-
specific histone H3 variant that is widely conserved among eukaryotes, and is an essential
component for the formation of functional kinetochores (1-6). On the other hand, CENP-B is the
centromeric protein that specifically binds to a 17 base-pair DNA sequence, known as the CENP-B
box (7). The CENP-B binding to the CENP-A nucleosome may be important for formation of the
fundamental architecture of the centromeric chromatin. However, the mechanisms of efficient

CENP-B binding to the CENP-A nucleosome remain unclear.

Results

CENP-B is the only sequence-specific DNA-binding protein found in the centromere-specific
proteins. The CENP-B function in the centromere formation has remain elusive, but the CENP-B
binding mechanism to chromatinized DNA may be important for understanding the centromeric
chromatin architecture. To clarify the CENP-B binding mechanism, we performed the in vitro
CENP-B binding assay with the CENP-A nucleosome. To do so, we purified the human histones
(H2A, H2B, CENP-A, and H4) and the DNA-binding domain of CENP-B (CENP-B DBD), as
recombinant proteins. CENP-B DBD contained the N-terminal amino acid residues 1-129 of
human CENP-B. We first reconstituted CENP-A nucleosome with a 192 base-pair DNA, in which
a CENP-B box sequence was located at the entry/exit regions of the nucleosome. We then tested
CENP-B binding to the CENP-A nucleosome by an electrophoretic mobility shift assay (EMSA),
using a polyacrylamide gel. The CENP-B DBD was incubated with the reconstituted CENP-A

nucleosome under physiological salt conditions. In this assay, we detected only a small amount of
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the specific complex with the CENP-B DBD bound to the CENP-B box sequence of the CENP-A
nucleosome. This result indicated that CENP-B non-specifically interacts with the nucleosomal
DNA, and forms aggregates, which may be inactive for functional centromeric chromatin formation.
However, we found that the CENP-B DBD properly bound to the CENP-A nucleosome, and the
specific complexes were formed in the presence of Napl, an acidic histone chaperone, which
reportedly inhibits non-specific histone binding to DNA. Since another histone chaperone sNASP
did not promote the CENP-B binding, this CENP-B DBD assembly activity may be specific for
Napl. Furthermore, we found that incubation with excess Napl dissociates the CENP-B DBD from
specific complexes with the CENP-A nucleosomes. Eviction of the CENP-B DBD from the specific
complex was not observed in the presence of excess amounts of SNASP. We next tested whether
the Napl-mediated CENP-B assembly may occur on the canonical nucleosome containing histone
H3, instead of CENP-A. We then found specific CENP-B assembly was efficiently observed in the
canonical H3 nucleosome containing the CENP-B box within it. We therefore conclude that Napl,
but not sNASP, promotes the specific binding of CENP-B to the CENP-B box in a nucleosomal
context by suppressing non-specific aggregate formation. We further investigated whether Napl
can regulate the association of CENP-B with chromosomes in vivo. Consistent with in vitro results,
we found that the interaction between Napl and CENP-B was detected by immunoprecipitation. To
test whether Napl evicts CENP-B non-specifically bound to chromatin in vivo, we established the
CENP-B eviction assay using the Napl tethering to a chromosome and CENP-B overexpression. For
this purpose, we construct the mutant CENP-B box that abolishes the specific CENP-B binding. A
chromatin-immunoprecipitation (ChIP) analysis showed that the non-specific binding of CENP-B
to the mutant CENP-B box was increased under conditions where CENP-B was overexpressed. We
then found that co-expressed Napl with CENP-B significantly reduced the non-specific CENP-B
binding to the mutant CENP-B box selectively, whereas no significant reduction of the specific
CENP-B binding to the host centromere with canonical CENP-B boxes was observed under the
same conditions. We therefore conclude that the selective inhibition of non-specific CENP-B-DNA

binding by Napl may regulate proper CENP-B binding to chromosomes in vivo.

Discussion & Conclusion

It has been reported that Napl eliminates non-nucleosomal histone-DNA interactions, and
promotes correct nucleosome assembly in vitro (8). In the present study, we found that human Napl
significantly inhibits non-specific CENP-B binding to the CENP-A or canonical H3 nucleosomes
in vitro. In addition, Napl also promotes eviction of the CENP-B improperly bound to chromatin in
vivo. Napl is an acidic histone chaperon that may simply bind electrostatically to the basic CENP-B
DBD, and non-specifically inhibit the CENP-B-DNA interaction. However, we do not think this
is the case, because another acidic histone chaperone, sNASP, affected neither specific nor non-
specific CENP-B binding to nucleosomes in vitro and chromosomes in vivo. These studies have

led us to propose a novel Napl function: the regulation of specific CENP-B loading at centromeric
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chromatin by the inhibition of non-specific CENP-B binding to other chromosome loci. Thus, Napl
may indirectly promote the specific assembly of CENP-A nucleosomes, a key structural element of

active centromeres (9).
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An intrinsic molecular mechanism governing
the development of root nodule primordia
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Abstract

Nodulation is a form of de novo organogenesis that occurs mainly in legumes. In the present study,
we investigated the detailed patterns of auxin response during nodule development in L. japonicus.
In addition, we characterized a novel nodulation-deficient mutant, tricot. Taken together, our
analyses will contribute further to our understanding of the genetic mechanism regulating nodule
development.

Key Words : Auxin, Nodulation, Root nodule symbiosis

Introduction

During the course of plant evolution, mainly leguminous plants have acquired the ability to form
de novo structures called root nodules. Two classic phytohormones, cytokinin and auxin, play
essential roles in diverse aspects of cell proliferation and differentiation. Although recent genetic
studies have established how activation of cytokinin signaling is crucial to the control of cortical cell
differentiation, the physiological pathways through which auxin might act in nodule development are
poorly characterized. Moreover, our understanding of molecular genetic mechanism of nodulation is

still limited by the low number of nodulation-related genes that have been identified.

Results

During early nodule development, the host plant root is infected by soil bacteria collectively called
rhizobia that induce dedifferentiation of some cortical cells; these cortical cells then proliferate to
form the symbiotic root nodule primordium.

In the present study, we investigated the detailed patterns of auxin response during nodule
development in Lotus japonicus. In order to determine the precise distribution of auxin response
during nodule development in L. japonicus, we created stable transgenic plants that expressed a GFP
and nuclear localization signal (NLS) fusion protein (GFP-NLS) under the control of DRS5, which
is a highly active synthetic auxin responsive element. Our analyses showed that auxin response
predominantly occurred in dividing cortical cells and that cytokinin signaling and NODULE
INCEPTION, a key transcription factor in nodule development, positively regulated this response.
Additionally, we found that auxin response was inhibited by a systemic negative regulatory
mechanism called autoregulation of nodulation (AON). The basis of AON is systemic long-distance

signaling between root and shoot. In L. japonicus, HYPERNODULATION ABERRANT ROOT
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FORMATION 1 (HARI), which encodes a leucine-rich repeat receptor-like kinase, is hypothesized
to function in shoots where it recognizes and responds to root-derived signals involved in the
negative regulation of nodulation. Here, we showed that the har/ mutant has increased and more
widespread response of auxin in cortical cells than the WT. This indicates that auxin response prior
to cortical cell division is controlled by the AON mechanism (including HAR1) and it determines
not only the auxin response level but also the site of auxin response. Analysis of the constitutive
activation of LjCLE-RS genes, which encode putative root-derived signals that function in AON, in
combination with determination of auxin response patterns in proliferating cortical cells, indicated
that activation of LjCLE-RS genes blocked the progress of further cortical cell division, probably
through controlling auxin response (Suzaki et al., 2012).

Recent studies using spontaneous nodule formation 2 (snf2) mutant line of L. japonicus have
shown that activation of cytokinin signaling is crucial to the control of nodule organogenesis
(Tirichine et al., 2007). The snf2 phenotype was demonstrated to result from a gain-of-function
mutation of the LOTUS HISTIDINE KINASE 1 (LHKI) gene that encodes a putative cytokinin
receptor. The mutation triggers formation of nodule-like structures (defined as spontaneous nodules)
in the absence of rhizobia, due to the constitutive activation of LHK1. Here we focused on the
downstream part of the cytokinin signaling pathway. We identified a mutant tricot (fco) in a screen
for mutants that could suppress the snf2 phenotype. The tco mutation prevented snf2-dependent
spontaneous nodule formation, suggesting that 7CO positively regulates nodule organogenesis in the
downstream part of the cytokinin signaling pathway. Nodule development and rhizobial infection
process were also impaired in the zco mutant. Additionally, auxin reporter analysis showed there are
some defects relevant to auxin regulation in the co mutant. The shoot phenotype of the tco mutant
also indicated that TCO is involved in the maintenance of the shoot apical meristem (SAM). We
used map-based cloning and found that 7CO encodes a putative glutamate carboxypeptidase with
possible orthology to Arabidopsis ALTERED MERISTEM PROGRAM 1. An expression analysis
showed that TCO is expressed in meristematic regions of nodules and in the SAM (Suzaki et al.,

2013).

Discussion & Conclusion

In comparison with cytokinin, relatively little is known of the role of auxin in nodule
development. In the present study, however, we have uncovered the site of auxin action during
nodule development. In addition, our data provide evidence for the existence of a novel fine-
tuning mechanism that controls nodule development in a cortical cell stage-dependent manner.
Our analyses of tricot mutant have not only identified a novel gene for regulation of nodule
organogenesis but also provided significant additional evidence for a common genetic regulatory
mechanism in nodulation and shoot apical meristem formation. This new data will contribute

further to our understanding of the evolution and genetic basis of nodulation.
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Abstract

It has been proposed that skeletal muscle secretes factors, referred to as “myokines,” that
influence the behavior of remote cells. Based upon microarray analysis, we have identified 5 novel
muscle-secreted factors (MSFs), encoding secreted proteins, that are upregulated during Akt-
mediated muscle growth. The present research performed in vivo and in vitro assays to assess the
angiogenesis regulatory properties of these MSFs. We have shown that MSF1 and 5 play a role in
promoting revascularization under conditions of ischemic stress. MSF1 and 5 expressions in muscle
were up-regulated by Aktl transgene activation during muscle hypertrophy and by ischemic injury.
Administration of MSF1 and 5 improved revascularization in ischemic limbs of wild type mice.

Key Words : angiogenesis, growth factor, skeletal muscle, hypertrophy

Introduction

It has been proposed that skeletal muscle secretes factors, referred to as “myokines,” that influence
the behavior of neighboring or remote cells ”. We have reported several myokines regulated by
Akt signaling. Myogenic Akt signaling controls both fiber hypertrophy and VEGF synthesis *.
In addition to VEGHF, it is likely that other as-yet-unidentified angiogenesis regulators contribute
to the increase in capillary density in response to Aktl induction in skeletal muscle. Based
upon microarray analysis, we have identified 5 novel MSFs, encoding secreted proteins, that are
upregulated during Akt-mediated muscle growth. The present research performed in vivo and in

vitro assays to assess the angiogenesis regulatory properties of these MSFs.

Results

In vivo evaluation of MSF angiogenic properties

Angiogenic properties of MSFs were evaluated. As shown in Figure 1A, ischemic/normal LDBF
ratio was significantly increased 7 days after MSF 5 overexpression and improvement of blood
flow recovery was persisted at each of the subsequent time points (14 and 28 days). As shown in
Figure 1B, adeno-MSF1-treated mice showed a modest but statistically significant increase in flow
recovery at 28 days after hind limb surgery. On the other hand, overexpression of MSF2, 3 or 4 in
skeletal muscle had no effect on blood flow recovery in this model. These results suggest that MSF

1 and 5, but not MSF 2, 3, and 4 functions as an angiogenesis-regulatory protein.
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mouse tissue is under investigation.

Expression profile of MSF 1 and 5 during physiological muscle growth and wasting was also
evaluated. RNA was isolated from gastrocnemius muscle in various rodent models, including forced
treadmill exercise test (Acute Ex), skeletal muscle atrophy model (denervation, starvation, acute
uncontrolled diabetes (DM), chronic renal failure (CRF), tumor-bearing (Tumor)). The levels of
mRNA expression were evaluated by quantitative real-time PCR (Table 1). mRNA expression of
MSF land 5 were 6.8- and 1.9-fold, respectively, up-regulated in gastrocnemius muscle from skeletal
muscle-specific Aktl transgenic Table 1

Summary of mRNA expression of MSFs in gastrocnemius muscle during physiological muscle
mice compared with that from growthand wasting.

Skeletal

. Atrophy model muscle
control mice. MSF 1 mRNA Hindlimb
iseHemiia Denervation Starvation DM CRF Tumor Akt1 TG
expression was modestly up- “wsr1 207 0.88 0.76 0.95 1.07 1.72 6.8
MSF5 269 1.73 0.6 0.68 0.73 0.78 1.9

regulated in tumor-bearing
model, and down regulated in starvation model. Transcript expression of MSF 5 was up-regulated in
denervation model, and decreased in acute exercise and another atrophy model.

Although MSF land 5 are commonly up-regulated by Aktl, their expression profile in various
physiological conditions seems to be different.Gene expression of these MSFs in functional

overloaded skeletal muscle and skeletal muscle from myostatin deficient mouse, that shows
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excessive muscle growth, is under investigation.

For protein detection, I have produced anti-peptide antibody against MSF 5. Peptide sequence
corresponding to immunogenic regions of MSF 5 was determined by the prediction software
(Accelrys Inc.). Adenoviral vector expressing Flag-tagged MSF 5 was transfected into 293T cells.
After 2 days, the cell pellets and media fractions were collected and analyzed by western blot using
anti-SNFL and anti-FLAG antibodies. MSF 5 protein was detected both in the cell lysates and in
the media by anti-FLAG antibody; however, anti-SNFL antibody recognized only MSF 5 protein
form cell lysates, but not culture media. It is possible that peptides sequence recognized by anti-
SNFL antibody is modified during protein secretion. Therefore, I am producing another antibody
that recognizes different peptide sequence from anti-SNFL antibody. Production of anti-peptide

antibodies to MSF 1 is under processing.

Discussion & Conclusion

It has been proposed that skeletal muscle secretes factors, referred to as “myokines,” that influence
the behavior of neighboring or remote cells . The present research shows that MSF1 and 5 play a
role in promoting revascularization under conditions of ischemic stress. MSF1 and 5 expressions in
muscle were up-regulated by Aktl transgene activation during muscle hypertrophy and by ischemic
injury. Administration of MSF1 and 5 improved revascularization in ischemic limbs of wild type
mice.

Using this inducible transgenic system, we recently demonstrated that Aktl-mediated skeletal
muscle growth attenuates cardiac remodeling after M1, and is associated with an increased capillary
density in the heart”. We found that the improvement in left ventricular remodeling resulting from
muscle growth accompanied by an increase in capillary density in the heart. We found that levels
of a number of angiogenic growth factors are increased in serum following transgene activation
including VEGF-A, SDF-1, FGF-1 and FGF2. This increase in angiogenic growth factor production
was associated with an increase in the activating phosphorylation of eNOS at Serl177 in heart.
Because eNOS is pro-angiogenic, these data are consistent with the increase in myocardial capillary
density in response to Aktl induction in skeletal muscle.

In conclusion, the proposed study identified novel angiogenic factor that may have utility for

therapeutic angiogenesis.
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Abstract

Myeloproliferative neoplasms (MPNs) are clonal hematological disorders characterized by
proliferative hematopoiesis. Clonal expansion mechanism has not been fully understood in the
MPNs. Here we study the role of HMGAZ2 on pathogenesis of MPNs. We found that HMGA?2
expression seems like to contribute to proliferative hematopoiesis with conferring clonal growth
advantage in association with some signaling pathways and /er-7 micro RNA that negatively
regulates HMGA2 expression.

Key Words : Hematopoietic stem cell, HMGAZ2, clonal expansion

Introduction

Myeloproliferative neoplasms (MPNs) are clonal hematological disorders characterized by
proliferative hematopoiesis and sometimes develop secondary myelofibrosis (MF) or acute myeloid
leukemia (AML). It remains largely unknown how an abnormal clone acquire a clonal growth
advantage with accumulation of some genetic abnormalities that contributes to disease progression.
In this study we focused on the role of HMGA?2 in the pathogenesis of MPNs with the respect of

clonal growth advantage.

Results

HMGA?2 expression is negatively regulated by let-7-family micro RNAs. Either downregulation of
let-7 or removal of let-7-binding sites from HMGA?2 is thought to cause overexpression of HMGA2.
Since overexpression of HMGA?2 has been reported in hematopoietic cells from patients with MPN,
we generated transgenic mice that overexpress HMGAZ2 without Jet-7-binding sites (AHmgaZ2 mice).
AHmga2 mice showed not only proliferative hematopoiesis but also clonal growth advantage at the
level of a hematopoietic stem cell (Ikeda K et al, 2011). Then we have been investigating molecular
mechanism that causes abnormal hematopoiesis in the presence of HMGA2 overexpression using
the AHmga2 mice. Young adult AHmga2 mice showed deregulated expression let-7 in BM and
spleen cells compared with wild-type (WT) mice. The difference between AHmga2 mice and WT
mice were greater in spleen (Ikeda K et al, 2012). We have also studied the influence of aging in the
background of HMGA2 overexpression, because HMGAZ2 overexpression may be associated with
myelofibrosis, which often occurs after long course of other types of MPN such as polycythemia

vera or essential thrombocytosis. Interestingly, althogh hematopoiesis of old AHmga2 mouse shows
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a distinct feature from that of young AHmga?2 mice, myelofibrosis has not been seen for up to 18
months until now (Ikeda K et al, manuscript in preparation). Moreover, hematopoiesis under Hmga?2
overexpression might contribute to some signaling pathways in the young and old hematopoiesis.
We are currently performing experiments using hematopoietic cells from AHmga2 mice and cell

lines expressing HMGA?2 to confirm such novel findings.

Discussion & Conclusion

In this study, we have found that HMGA2 overexpression alone can cause a proliferative
hematopoiesis mimicking MPN, at least in part caused by activation of some signaling pathways
involving JAK-STAT or PI3K-AKT. Although some mutations including the JAK2V617F, has been
found in patients with MPNs, 30-40% patients do not show any known mutations that activate
signaling pathway. Thus, HMGA?2 overexpression is a candidate abnormality, which possibly causes
proliferative hematopoiesis in MPNs. In the aged mice, Hmga2 overexpression caused abnormal
hematopoiesis without myelofibrosis, suggesting that long-term Hmga?2 overexpression can cause
secondary hematopoietic abnormality in addition to proliferative hematopoiesis. Finally, Hmga2
overexpression may further influence /et-7 expression in a tissue specific manner, which possibly
contributes to such abnormal hematopoiesis. We believe we will clarify a detailed HMGA 2-involved

mechanism in the pathogenesis of MPNs and hematopoiesis in the near future.
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Abstract
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Introduction

Storkhead-box protein 1 (Stox1) was identified using a genome-wide screening methods and single
nucleotide polymorphism (SNPs) analyses, as gene associated with pregnancy disorder (1-4). The
function of Stox! is unknown. The Stox! protein contains a winged helix domain, related to FOX
family, and is speculated to be a transcription factor. There are several transcriptional splice variants
of human Stox] and most of these involve the exon 3. We made stox] deficient mice (stox1”") and
analyzed; preliminary analysis reveals stox] would be key transcriptional factor to modulate renin

expression.

Results

Stox1 has been originally reported as a candidate gene associated with preeclampsia. Preeclampsia
experienced women has been reported to develop metabolic, cardiovascular, and chronic kidney
disease in her later life. Therefore we hypothesized that stox1 deficiency may be shared molecular
mechanisms between preeclampsia and these health problem. To prove this hypothesis we performed
experiment using stox1”” mice, inducing type 1 or type2/metabolic syndrome models mice.

1) Type I diabetic mice (129sv background): we injected streptozotocin (50mg/kgBW) for 5
consequence days and confirmed type 1 diabetes in stox1” and control mice (both 129sv
background). We found after 4 weeks, some of the diabetic stox1” mice (129sv) developed
massive proteinuria and ascites whereas nothing happened in control diabetic mice. Blood
pressure, blood sugar levels were not different between all the groups. Histological analysis
reveals that diabetic stox]1” mice displayed significant interstitial fibrosis when compared to
control diabetic mice. Glomerular hypertrophy was not change in the groups but some mice
exhibited massive mesangiolysis and increased deposition of mesangial matrix in diabetic stox1”
mice. Urine albuminuria was significantly increased in diabetic stox1” mice when compared to
control diabetic mice. Therefore basically we stox1” would be the gene responsible for diabetic
nephropathy deterioration. Kidney renin is higher in diabetic stox1”” mice.

2) Type I diabetic mice (c57Bl6 background): we tried to analyze often used diabetic mice, C57Bl6
background. We backcrossed stox1”” mice (129sv background) with wild type C57bl6 mice for
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8 generation to make stox1” mice (C57BI6 background). We successfully made the mice and
induced same experiment using STZ injection. Again there were no differences in blood pressure
and blood sugar between diabetic stox]” mice or control diabetic mice. However we did find
no difference in albuminuria, glomerulosclerosis, and tubulo-interstitial fibrosis in all groups
analyzed. different from 129sv mice, kidney renin was no changed in C57BI6 stox1” mice.

3) Metabolic syndrome mice: we analyzed metabolic syndrome mice by feeding high fat diet
(30% fat in energy) using C57Bl16 mice (129sv background mice are high fat diet resistant it is
reasonable to use C57BI6 background). We found massive deposition of lipid droplet in control
high fat fed mice but in stox1” high fat fed mice, there is obviously less lipid droplet in the tubule.
Lipid droplet have shown to play protective roles in kidney damage and less drop let in stox1” mice
may be pathological significance, even though we could not find significant histological evidence

of kidney damage in this metabolic syndrome models.

Discussion & Conclusion

Our analysis revealed that stox] could play protective roles in kidneys under diabetic conditions.
Some interesting lines of evidence are upcoming such as strain specific sensitivity of stoxl
deficiency in type 1 diabetic mice. Also in high fat fed mice lipid droplet formations are less in
stox1 deficient mice compared with control mice with high fat diet. When thinking about the shared
molecular mechanisms between preeclampsia and metabolic syndrome and diabetes, some possible
connected mechanisms can be hypothesized from stox1 deficiency mice such as vascular defects,
endothelial dysfunction and biochemical abnormality such as autophagy deficiency. Therefore stox1
deficiency could be involved in the organ dysfunction in diabetes or metabolic syndrome. We are

now analyzing much detailed molecular mechanisms involvement including microRNA profilings.
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Novel role of neuronal Ca”" sensor-1 as a survival factor
activated in cardiomyocytes under stress.
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Abstract

In this study, we assessed the role of neuronal Ca’* sensor-1 (NCS-1) in cardiac survival under
stress. We found that NCS-I"" myocytes were more susceptible to various kinds of stressors, with
having reduced Akt activity. Using RNA interference, we identified phosphatidylinositol 4-kinase
(PI4K) as an NCS-1 target that promotes cell survival. NCS-1 accelerates phosphoinositide turnover
and increases stimulation-elicited Ca>" levels, which in turn activate PI3K/Akt pathway as well as
mitochondrial ATP synthesis. These would promote cardiomyocyte survival under stress.

Key Words : Calcium sensor, heart, survival, stress

Introduction

Dysregulation of Ca’* homeostasis in cardiomyocytes often results in heart failure. Identifying
molecular targets that regulate cardiomyocyte survival is therefore of therapeutic importance.
Neuronal Ca’* sensor-1 (NCS-1) is a small EF-hand Ca’’-binding protein that is important for
neuronal functions. Using NCS-1"" mice, we recently identified a cardiac function for NCS-1 as
a positive regulator of Ca”" signals in immature and diseased hearts'. Since the mortality rate in
neonatal NCS-I" mice was high and we previously reported that NCS-1 is involved in neuronal

survival’, we hypothesized that NCS-1 may be cardioprotective, especially under stress.

Results

Cultured neonatal mouse ventricular myocytes (NMVMs) or whole hearts from the wild-type
(WT) and NCS-I"" groups were subjected to several kinds of stressors (serum/glucose depletion,
oxidative stress, and ischemia-reperfusion injury), and the resistance to stress-induced toxicity was
evaluated by measuring the time to cessation of spontaneous beating, LDH release, live/dead cell
staining and infarct size.

Long-term culture in serum-free media resulted in decrease in the spontaneous beating rate of
NMVMs much faster in NesI” group compared to WT group, and NesI™ myocytes ultimately
ceased their spontaneous beating and morphological change occurred after 1 week of treatment. Cell
viability analysis by counting the condensed chromosome in nuclei using Hoechst 33258-staining
revealed that more apoptosis was induced in NesI”™ myocytes than WT myocytes. Similar
vulnerabilities were also detected in Nes/™ group when we used H,O, and 2-deoxyglucose to deplete

cellular glucose as stressors.
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Such cytotoxicity was largely prevented by WT NCS-1 overexpression but not by the low Ca”'-
binding NCS-1 mutant E120Q, suggesting that NCS-1 protects cardiomyocytes from stress-induced
cytotoxicity in a Ca*'-dependent manner. In NMVMs, a major survival pathway—PI3K/Akt
signaling—was significantly reduced in the NCS-I" group, demonstrating that NCS-1 is important
for cardiomyocyte survival.

To clarify the molecular mechanism of NCS-1-mediated cardiomyocyte survival, we focused
on phosphatidylinositol 4-kinase (PI4K), a molecule located upstream of the PI3K/Akt pathway,
and known to interact with NCS-1 in neurons’. Immunoprecipitation and immunofluorescence
analysis revealed that NCS-1 interacts and co-localized with PI4K in the heart. Furthermore, NCS-
1 increased the amount of the activation product PI4P, suggesting that PI4K is indeed activated
by NCS-1 in the heart. By measuring Kir3.1 K' current, which was used as a PI(4,5)P, sensor, we
found that NCS-1 promotes the production of a downstream signal molecule PI(4,5)P, as well as
PI4P. Furthermore, PI4K RNA silencing decreased cardiomyocyte resistance to stress-induced
cytotoxicity as observed for NCS-17, indicating that PI4K is a target of NCS-1, which promotes
cardiomyocyte survival under stress.

Phosphoinositide turnover affects receptor stimulation-elicited Ca®" signaling, a process involved
in various cellular responses, we next compared the intracellular Ca** levels between WT and
NCS-I"" myocytes before and after receptor stimulation. Receptor-stimulation-elicited intracellular
Ca” increase was significantly diminished in NCS-I"" myocytes under extracellular Ca*"-free
condition. Since increased Ca’" signals are reported to be required for activation of PI3K/Akt
pathway, we analyzed the stimulation-elicited translocation of EGFP-Akt-PH, which was used as an
indicator of PI3K/AKt pathway activation. Compared to WT group, plasma membrane localization
of EGFP-Akt-PH was much less in NCS-I"" group after receptor-stimulation. Furthermore, because
increase in Ca’" signaling also affects mitochondrial ATP syntheses, we measured intracellular ATP
levels. We found that ATP levels were also considerably lower in NCS-I”" myocytes. These results
are consistent with the notion that stress-induced survival signaling is less activated in NCS-1""
myocytes.

We finally compared the susceptibility of whole hearts to ischemia-reperfusion injury using
Langendorff apparatus. The infarct area were significantly larger in NCS-1"" hearts than that of WT
hearts (39% = 3.5% and 22% =+ 4.1% for NCS-I"" and WT mice, respectively; n = 6 for each). As
observed for NMVM, phosphorylation levels of Akt and its downstream molecules GSK3beta and
mTOR were both largely decreased in KO hearts, demonstrating that NCS-1 plays an important role

in stress-tolerance in whole heart.

Discussion & Conclusion

We found that NCS-1 promotes cardiomyocyte survival under stress: in NCS-I"" hearts, Akt -a
major survival factor- was less activated upon stimulation with stressors. The NCS-1 effects are

partially mediated by the activation of PI4K, which accelerates phosphoinositide turnover. Although,
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the level of PI(4,5)P, is reported to decrease in the animal model of heart failure possibly because
of jeopardizing cardiac cell function’, decrease in phosphoinositides does not necessarily lead to
inhibited Akt activation®. We found that NCS-1 modestly increases receptor stimulation-elicited
Ca” levels, which itself can activate PI3K/Akt pathway’. Increase in cytosolic Ca’" level is also
involved in mitochondrial ATP synthesis, and we indeed detected that both activation of PI3K/Akt
pathway and cytosolic ATP levels were decreased in NCS-17 myocytes.

In conclusion, we identified a novel role of NCS-1 as a survival factor activated in cardiomyocytes

under stress.
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DFMEZE, DARKEDLERIE, BlIfE, R TEIEKND Mz b sEE L 2METH 5,
DO IENED XS I CHREI SN HR T 2 EDOARDTHICEETHZH, 7
DEFIIAREHSH TR, AWZE TR, OAMIROEFACED SR 25T 5 &2 HIN
EL. NCS-1 £V XN ENEEREHZHS e AUz, NCS-11&, HilE-omifasta e
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Paternal uniparental disomy 14 and related disorders: placental gene
expression analyses and histological examinations

Masayo Kagami
Department of Molecular Endocrinology,
National Research Institute for Child Health and Development
kagami-ms@ncchd.go.jp

Abstract

Placental study of two cases with UPD(14)pat, and a case with maternal microdeletion involving
DLKI, DMRs and MEG3 showed as follows: 1) In the placentas of UPD(14)pat revealing
placentomegaly, the expression of DLK/ and RTLI increased, even though in the placenta of a case
with maternal microdeletion revealing placentomegaly, only the expression of RTLI increased.
2) Electron microscopic study showed hyperplasia of the endothelial cells and the pericytes in
the placentas of UPD(14)pat. 3) Expression analysis using fresh placental samples of UPD(14)pat
showed excessive RTLI expression because of a synergic effect between the biallelic activation of
RTLI and loss of functional microRNA-containing RTL/las as a repressor for RTLI. These results
indicate that excessive RTLI expression causes placentomegaly and RTLI expression is regulated
through an RNAi mechanism.

Key Words : UPD(14)pat, placenta, RTLI, histology

Introduction

Although recent studies in patients with UPD(14)pat and other conditions affecting the
chromosome 14q32.2 imprinted region have successfully identified underlying (epi)genetic factors
for the development of UPD(14)pat phenotype, several matters including regulatory mechanism(s)
for RTLI expression, imprinting status of D/O3, and placental histological characteristics remain to

be elucidated.

Results

We first performed molecular studies using fresh placental samples from two patients with
UPD(14)pat. After correction for the amount of expression positive cells, RTLI expression level
was assessed to be ~5 times higher in the placental samples of the two patients than in the control
placental samples, whereas DIO3 expression level was evaluated to be similar between the placental
samples of the two patients and the control placental samples. We next carried out histological
studies using the above fresh placental samples and formalin-fixed and paraffin-embedded placental
samples obtained from a patient with a maternally derived microdeletion involving DLK]I, the
IG-DMR, the MEG3-DMR, and MEG3. Terminal villi were associated with swollen vascular
endothelial cells and hypertrophic pericytes, together with narrowed capillary lumens. DLK1, RTLI,
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and DIO3 proteins were specifically identified in vascular endothelial cells and pericytes, and the

degree of protein staining was well correlated with the expression dosage of corresponding genes.

Fig 1. Fig 2.
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Fig 1. Quantitative real-time PCR analysis using placental
samples. For a control, a pooled RNA sample consisting
of an equal amount of total RNA extracted from three
fresh control placentas was utilized.

A. Relative mRNA expression levels for DLK, RTL1, and
DIO3 against GAPDH (mean + SE) and lack of MEGs
expression (indicated by arrows) (mir433 and miR127
are encoded by RTLIas) in the placental samples of
cases 1 and 2.

B. Relative mRNA expression levels for DLKI, RTLI,
and DIO3 against GAPDH (mean + SE), in the equal
amount of expression positive placental cells (vascular
endothelial cells and pericytes) of cases 1 and 2

3 37 wks 30 wks 37 wks
970 g 1,384 g 642 g 4809

(corrected for the difference in the relative proportion (198%)  (262%)  (163%)  (91%)
of expression positive cells between the placental Fig 2. Histological examinations.
samples of cases 1 and 2 and the control placental LM: light microscopic examinations;
samples, on the assumption that the DLK expression EM: electron microscopic

level is "simply doubled" in the expression positive examinations; DLK1, RTL1, and DIO3:
placental cells of case 1 and 2). immunohistochemical examinations for

the corresponding proteins. The arrows
and arrowheads in the EM findings
indicate endothelial cells and pericytes,
respectively.

Discussion & Conclusion

These results argue for R7LIas-encoded microRNAs functioning as a repressor for RTLI
expression, and argue against D/O3 being a paternally expressed gene. Furthermore, it is
inferred that DLK1, RTL1, and DIO3 proteins, especially RTLI protein, play a pivotal role in the

development of vascular endothelial cells and pericytes.
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149322 FHIKICIEZA VTV T4 VT BIR T D2 AFAL, B FROERLBHEX AV I—
(UPD(14)pat) (&, FKitZ, ~N)VRO/NEEE, IERERE, IndElze~d, 1TV T1Y
THEIE TG - IROREBEICEEREHZRZL, ITRACBOT, REEORMEFHIE R T
RAI RO E « BREICB 592 2 EMHLMEIZ->TVBM, EFTIEME TN TWaL, K4
l& UPD(14)pat I /R 9 BB DR IENTC. UPD(14)pat fAfE CORIEIX, [ERICHiRL, R
MEFBLE(L T D RTLIE 4-5 £%. DLKI DFB I 2 52" L. RHERBUEE 7 Th 5 MEGS,
MEGS, snoRNAs, microRNAs DFEIRITTHI LT Wz, DLKI Hifk. RTL1 JilkZz W= E e T
(& RTLUICDWTIERBIENE LEMU TV, IR K7z 38 2 1/ NRISER] Tld DLKI
DOFBUIEH LFRRE TH oz, DL EORNSIRIHEERUE RTLI OBRFEBIC KD eMHE
Binkizoiz, THET RTLI OFEFIEIE< VRSB TR SN TED, RIERBLEL 7 TH 5
Rtllas | microRNAs TN MEFEBLE(L T D Rill DFEBIZ trans ICHIHI L TN B T EMNHL MRS
TWIEh, BEFTREMEIENTWED 7, ARIFFE T, upd(14)pat FREEICISUWT, RTL1 FEBHEMNIE
WAV Fa— UL 4-5 (SRS REILTOWA T ERHLhEEoT, ThUd. 14 BROENEE
RIS BT D, RTLIas 10 microRNA DFIHD 5L, RTLI OFEHIHINELED, 13
YE—&H7cD D RTLI OFEBRM 2-2.5 5720, W7 L)VnG 2 A¥—0 RTLI WFEBIL, 4-5 {5D%
BRIkl HEEN S, DL EOFERIGE McEsr% RTLI OFBIRIEA RTLIas 0D microRNA
IZEST RNAI DANZALTITONT VAT EZHEMNCLIZHIDTOIM L IT-Tz
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Mechanism of dNTPs supply at beginning of DNA replication
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Abstract

DNA 7Z2# 59 2B £ 755 dNTPs EHIIAEIO S BlicamEN s Wi m KIREE
5%, Tz S HHFIHNCIE DNA G AURTRE AV ANTPs HFGFRIENFIET 2 2 E 25N,
Z DA TN TR ETTo T2,

Key Words . DNA %4, dNTPs

Introduction

HWNT LD DNA DZEEZMERIT A L3, BRIECHETHEEZCAICEETH S,
DNA 815 DNA FHELBRRICBWTZEFEAE T 572, DNA HMZ ISR 19 5T e
EEMER DR 155, BIEOIZEA S, DNA HEDTONABICE DRI RS T4 F)
RKGE (ANTPs) B MRS NRE DNA ICE SOBEN AL, FBOFREE BT LD
NI (Bester AC et al. Cell. 2011 ),

Results

dNTPs JEREEISHIIEEINRZ L TBEICay ba—LEnTED, s HRIHICBRI R ALK
%o THUT ANTPs FEARBEOHHEEEE, VARX I LA FRL AT Z—+E (RNR) D71
=y MY S HICH B LT BICPO RGN 2 1S, BRI 2ATH AT ENHLMTENTY
%, DNA ERIMNBHMET ZR1EMS, G1 HICIBUT NTPs IEEIHMERWIREE THRINT WS, —.
dNTPs ZHEHE LU DNA RY XS —LIC KO filliEN %, DNA HELHE L S HWIED I
NI TERAMTETHBLEILNT VDS, TOTEHLHFEHIE DNA HAFHHBRICIHNT,
DNA RYU AF—IC ANTPs 28R KMHE T2 MMM FIE TR DL TR LTz, TOMMNIIFE
FETHICB O TEEREZHSTWA N TREIN, EOFIEY R T 2 C 5L DHIEZ 5
ABLEZBND,

W7D /5iEE LTIEE T RNR A DNA EHI ) —IJGfE T 5 T & &R T 128IC PCNA &
RNR OHIFEARIEZ ffE R IR KOMET Uz, HeLa M@z —7 > a—k Uiz s—AZ
A FRICBWTEEZEL, Toriton X ULEEZI O R[IAMEI 2R E LTz, 2O FUasady
7)V7% RNR Offilliitr 7. =y b CdH % RRMI & PCNA IS 3 2 HUA THRIER 2 1o/, T
DGR RRMI & PCNA ORI 2 EF8 5 T M TE e,

JIC RNR DRI o F ) —ICRTE T 20 PR Z BT T 2701, DNA R ELEFHICE
b2 FEOMHBEMERZMET LTz, 293 Ml HA 27 %) 7z RRM1 BRUGEAETY 7212y k
RRM2 73R S 851 HA HifAT RNR EEAEZRERL LO/MS ICXD RNR EMHESFHT S
DT DREZERMAZ. UL LIah D TOMRFTIC X>T RNR EKICE EN % DNA #EHIREH K]
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FAET B MR 5T,

ZD7z¥ RNR EFEE LD B0 FOAZ)—=27 ZREHID DNA #HBIBHEA kD, Fhb
WX BH1A%Z £ BT IP-Western blot 221127z, TOfEHT/NS DNA EEIFHC T A 2> > T
%119 pre-replicative complex D Cdc6 & MCM N\ 7—E DY 71 = s MCM6 7 RNR & #H
HIFFHL 257 T LTHAET 2T EMHEKR T,

RNR 7Y Cde6 BEU MCM6 LM ASEHTZT &AM 5. RNR (3 Cde6 MKAFIIIC DNA #HE R
KU Z)V—hEN, TTTMCM6 LAERT 5T & T DNA ERIBHIARIREICRFTINIC ANTPs ZFE4:
T EHEMMDFIET B ENEALNT, TOFIZGFE T 5728IC RNR OEEEE [N DR {E
% MCM4 origin IC331F% ChIP assay 2175 C &ICKD, RNR O DNA ERGE SADRITEZRET
Lizo TOHEHR RNR A MCM4 origin ICRTELTWA T EAVRENTZ,

Discussion & Conclusion

RNR (& dNTPs de novo & AR I5UTC NDPs A5 ANDPs D ez il 3%, FREgOH
HFETH B, dNTPs [FHIUEIADERICHEA DNA DWERIENZ7DDERITH D, WAL
YA W TIEMBE AR I DB DI I N TV S, HREHIE DNA &
FHUIWHEIERFIC BT ANTPs GBS Tip60 AZINICHRETRALICY) 7))L — R ENTz RNR D715
TWAZeZEHE LTS (Niida et al. Genes & Development 2010), AHFZEICIZUT RNR A
DNA #3LEsUCRTEL., pre-RC complex DRI 1~ CDC6 & G1/S HIRFRINCHE ST BT &M
RENTz, TOTEIEHIHA DNA SRBHIARFIC I T DNA BRI RFTIN S ANTPs fbHG
ZIToTCWAHT ez TREES, DNA G FIBLER S S 71U —h 8 DNA 72 %51 DNA
ZERUIEDSEEIT ZKHCIE MCM6 EDRE 572U RNR EBEI LTI IO E LRV, R
W72 X BICHES B728ICIE RNR £ CDC6 B8XT MCM6 EDFESTEATREL, ZDREE:
B B Rk 5 2 SR 2 BB A LT R OB Z I E T A ENEETH A5 E A BN S,
BEC OOV TG ZHED TV B,
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Characterization of mammalian homologue of Uncl19
as a tumor suppressor

Kentaro Nakagawa
Tokyo Medical and Dental University
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Abstract

Mammalian homolog of Caenorhabditis elegans Uncl19 (Muncl19) functions as a specific
myristoyl receptor. Previous reports suggest its implication in the primary cilia formation. We
identified Muncl19 as a putative binding partner of RASSF6, which is a tumor suppressor and
localized at the primary cilia in epithelial cells. In this study we revealed that Muncl19 interacts
with MDM2 and enhances its auto-ubiquitination and degradation to stabilize p53 and that its
depletion impairs p53-mediated G1/S arrest, delays DNA repair after DNA damage and eventually
results in polyploidy. These findings have revealed a novel function of Muncl19 as a tumor
suppressor.

Key Words : Cell cycle; p53; RASSF; tumor suppressor

Introduction

Uncl19 was discovered in Caenorhabditis elegans (C.elegans) based on the recessive mutation
affecting locomotion. Human homologue Muncl19 was identified as a retina-specific gene 4
(HRG4). Muncl119 expression is reduced in human colon, stomach, and breast cancers. Munc119
interacts with various proteins and plays versatile roles in the primary cilia formation, trafficking of
transducina, regulation of endocytosis, and activation of src family kinases. We identified Muncl19
as a putative interactor with a tumor suppressor RASSF6 and analyzed the tumor suppressive role of

Muncl19 in this study.

Results

Mammalian homolog of Munc119 is a RASSF6 interactor.

RASSF6 expression is suppressed in human cancers and is known as a tumor suppressor.
RASSF6 is closely related with the tumor suppressive Hippo pathway, but our previous findings
suggest that it exerts a tumor suppressive role independently of the Hippo pathway. To clarify the
molecular mechanism behind RASSF6-mediated tumor suppression we performed a yeast two-
hybrid screening using RASSF6 as a bait on human kidney cDNA library and obtained Muncl19 as
a positive clone. We confirmed the co-immunoprecipitation of endogenous RASSF6 and Muncl19
from rat liver and the co-localization of these proteins in rat kidney. As the in silico data support
that Muncl19 expression is reduced in human cancers, we tested the possibility that Muncl19 also

functions as a tumor suppressor.
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Munc119 induces G1/S arrest in HeLa cells.

RASSF6 expression causes apoptosis and G1/S arrest in HeLa cells. In contrast Munc119 did not
induce apoptosis. Munc119 coexpression and depletion did not influence RASSF6-induced apoptosis
in HeLa cells. However Muncl19 depletion enhanced cell proliferation and BrdU incorporation in
HeLa cels. In the cell cycle analysis, Muncl19 expression induced G1/S arrest, while its depletion
promoted the cell cycle progression in HeLa cells.

Munc119 regulates cell cycle via pS3.

We recently revealed that RASSF6-mediated apoptosis and cell cycle regulation depend on p53
(the paper under revision). Therefore we examined whether p53 is involved in Muncl19-mediated
cell cycle regulation. Muncl19 expression did not induce G1/S arrest in p53-negative H1299 cells.
Muncl19 depletion increased BrdU incorporation in p53-positive U20S cells but not in p53-negative
Sa0S2 cells. In Muncl19-depleted HeLa cells, p53 degradation was facilitated. MG132 treatment
recovered p53 protein expression. We confirmed in experiments using heterologous HEK293FT
cells that Muncl19 interacted with MDM2, the most important E3 ligase for p53, and enhanced
auto-ubiquitination.

Munc119 depletion impairs DNA repair and causes polyploidy.

We tested the idea that Muncl19 depletion impairs G1/S checkpoint and leads to the genomic
instability. We treated HeLa cells with VP-16 to induce DNA damage and immunostained y-H2AX
as a marker of DNA damage. y-H2AX was detected immediately after the VP-16 treatment but
remarkably diminished at 24 h after VP-16 removal in the control cells. In contrast, y-H2AX signals
remained in the Muncl19-depleted HeLa cells. Muncl19 depletion induced polyploid cells in VP-16-
treated HeLa cells.

Discussion & Conclusion

In this study we confirmed that Muncl19 is a bona fide interactor of RASSF6. Unlike RASSF6,
Muncl19 does not cause apoptosis, but plays a role in the cell cycle regulation. Our data suggest
that Muncl19 interacts with MDM2 and regulates p53 protein expression. We propose a model that
upon DNA damage Muncl19 facilitates MDM?2 auto-ubiquitination and stabilizes p53 to induce G1/
S arrest. As Muncl19 depletion impairs p53-mediated G1/S arrest and causes polyploidy, Munc119
could function as a tumor suppressor. It is highly important to test Muncl19 expression in human
cancer samples in the near future. We have recently found that RASSF6 exerts its tumor suppressive
roles depending on p53. We used p53-compromized HeLa cells for most experiments of this study
and cannot so far clarify whether and how Munc119 influences RASSF6-induced apoptosis and cell
cycle regulation. However now that p53 is important for the function of Muncl19 as well as that
of RASSF6, we need to test how Muncl19 works in p53-intact cells for further studies. It will be
intriguing to examine whether the cell cycle regulations by Muncl19 and RASSF6 correlate with the

primary cilia formation.
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Epigenetic involvement in a mouse model of E-cadherin-p53-deficient
diffuse-type gastric cancer

Shu Shimada

Division of Molecular Oncology, Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University
shimada.monc@tmd.ac.jp

Abstract

Diffuse-type gastric cancer (DGC) exhibits rapid disease progression and a poor patient prognosis.
However, there is no optimal therapeutic strategy for DGC. We have reported an E-cadherin/p53
double conditional knockout (DCKO) mouse line that recapitulates human DGC histologically and
molecularly (Shimada et al., 2012). Furthermore, we have established DGC cell lines from primary
tumors and lymph node metastases of the DCKO mice. In this study we identified that epigenetic
mechanism can play a significant role in diffuse-type gastric carcinogenesis, and demonstrated that
some epigenetic drugs had tumor suppressor activity in vitro and in vivo using the mouse gastric
cancer cell lines.

Key Words : Diffuse-type gastric cancer

Introduction

Although several types of anti-cancer drugs have been developed, none of them dramatically
improve overall survival of cancer patients. This is because human tumor cell lines commonly
used in laboratories bear little resemblance to primary cancer due to over passage, but xenografts
of human cancer specimens are not appropriate for drug testing because of cost and effort. We
have established a mouse model of DGC and cell lines from mouse DGC. Then, we clarified the
mechanism of DGC and screened anti-cancer molecules using the low-passage mouse cancer cell

lines, and then assessed the effectiveness of these candidates in vivo.

Results

Establishment of cell lines from DGC of the DCKO mice

We have established mouse gastric cancer cell lines (GC) from primary DGC and lymphatic
dissemination of the DCKO mice. We also utilized mouse gastric epithelial cell lines (GE) derived
from gastric mucosae of fetal p53-null mice (Fukamachi et al., 2004) as control. We examined
biological traits of the GC cell lines comparing with those of the GE cell lines: 1) The former had
30-fold more sphere-forming capacity than the latter in serum-free condition using Ultra-Low
Attachment Culture Dishes (Figure 1A). 2) When subcutaneously injected to immunocompromised
mice with Matrigel, only 100 cells of the GC cell lines immediately induced large tumors, while

even 10° cells of the GE cell lines did not (Figure 1B). 3) The GC cell lines were resistant to
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5-Fluorouracil and Paclitaxel, cytotoxic agents generally used in patients with advanced gastric

cancer (Figure 1C).

Epigenetic involvement in DGC formation

To identify what molecular mechanism plays an important role in DGC formation of the DCKO

mice, we performed microarray analysis of normal gastric mucosae and primary gastric cancer,

and compared their gene expression patterns. The results indicated that the expression levels of

frequently-methylated genes in several types of cancer including stomach cancer (Ohm ef al.,

2007) were down-regulated
whereas those of epigenetic
modulators were up-regulated
in mouse DGC. We conducted
reverse-transcription polymerase
chain reaction (RT-PCR) and
methylation-specific PCR (MSP)
of Mgmt and Sfrp5, reported as
frequently-methylated genes,
and validated down-regulated
expression (Figure 2A) and
DNA methylation (Figure 2B)
of these two genes in mouse
cancer lesions. Quantitative RT-
PCR (qRT-PCR) also revealed
overexpression of Dnmt3b (DNA
methyltransferase), Suv39hl
(H3K9 methyltransferase) and
Ezh2 (H3K27 methyltransferase)

Figure 2
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in primary gastric cancers and transplanted tumors (Figure 2C). These data suggest that epigenetic

alteration can be involved in diffuse-type gastric carcinogenesis.

Evaluation of epigenetic drugs in vitro

Next, we assessed tumor suppressor activity of epigenetic drugs, that is, 5-Aza-2’-deoxycytidine
(AZA) as DNA methyltransferase inhibitor, Trichostatin A (TSA) and sodium butyrate (NaB) as
histone deacetylase inhibitors, Tranylcypromine (TCP) as Lsdl (H3K4 demethylase) inhibitor,

Chaetocin as Suv39hl inhibitor,
and 3-Deazaneplanocin A
(DZN) as Ezh2 inhibitor, using
the GC and GE cell lines.

00
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morphological changes of
the mouse cancer cell lines
to epithelial phenotype were
observed by treatment of
TSA, NaB and DZN, implying
differentiation induction
(Figure 3B). We also exposed
the GC cell lines to the six
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Figure 3

GC3

property of cancer cells correlates tumorigenicity in vivo in this experimental system, as often

reported in other studies. Remarkably, TSA, NaB and Chaetocin blocked self-renewal of the GC cell

lines almost completely (Figure 3C).

Evaluation of epigenetic drugs in vivo

Finally, two weeks after we subcutaneously
transplanted 10° cells of GC1 in nude mice, we
intraperitoneally administered vehicle (10%
dimethyl sulfoxide), TSA (10 mg kg"), NaB
(1200 mg kg') and Chaetocin (0.5 mg kg™)
to these DGC-bearing mice every day. The 5T
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those of control mice, and their volumes were strikingly reduced five and six weeks after medical

care started (Figure 4). We also found the same results in GC3 (data not shown).

Discussion & Conclusion

We succeeded in culturing mouse DGC in vitro, and the cell lines exhibited high sphere-forming
and tumorigenic activity. The DCKO mice and their cancer cell lines provide us a relevant approach
to research and development of DGC both in vivo and in vitro, respectively. Using this mouse-
based system, we identified that epigenetics contributed to DGC formation, and demonstrated that
epigenetic agents could be efficient in this preclinical trial.

Certainly, a critical problem still remains that only epigenetic inhibitors can not lead to complete
remission of DGC in this report. We are now investigating gene expression profiles of GC and
GE cell lines, and have detected some oncogenic pathways activated in DGC of the DCKO mice.
Combining epigenetic agents with drugs targeted to such signaling pathways, we will achieve

radical treatment of DGC not only in the DCKO mice but also in human beings.
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Characterization and generation of organ-specific vascular cells from
human iPS cells towards development of novel in vitro models for
intractable vascular diseases
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Abstract

In this study, we aimed to characterize organ-specific vascular cells from cerebral artery, aorta,
pulmonary artery and renal glomeruli in order to develop the directed differentiation methods
from human iPS cells into the organ-specific vascular cell types. These methods could be used to
establish novel in vitro disease models for intractable vascular disorders with patient-derived iPS
cells.

Key Words : iPS cell, organ-specific vascular cell, in vitro model

Introduction

Among the most remarkable advances in iPS cell research is the embodiment of disease modeling
using patient-derived iPS cells. It has been shown that the in vitro iPS model successfully
recapitulates some aspects of intractable disorders, suggesting the feasibility that the iPS model
can provide a platform for studies aiming at both understanding pathological mechanisms and
discovering new drug compounds. To create novel iPS disease models for intractable vascular
disorders, the specificity of vascular cells in each organ or tissue need to be characterized, and the
directed differentiation protocols from human iPS cells into organ-specific vascular cell types are

required.

Results

(1) Characterization of organ-specific vascular cells.

We first tried to isolate vascular endothelial cells from mouse brain, lung, aorta and kidney tissues.
However, the tissue samples were so small and we found it very difficult to obtain enough amount
of mRNA or protein from them. Then, we used the vascular samples removed from adult micro
mini pigs. The vascular tissue samples including both endothelia and smooth muscle cells from
pig aorta, pulmonary artery and renal artery were collected and examined by Mass Spectrometry.
The results showed that these three samples shared the expression of many cytoskeleton proteins,
such as smooth muscle actin, cardiac muscle actin, skeletal muscle actin and actinin, while several
molecules specifically expressed in each of three vascular types were also identified, which could be
used to characterize and distinguish the three vascular types. We are currently examining the detail

of both temporal and spatial expression patters of the candidate molecules using embryonic and
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adult mouse vascular samples. In addition, we are now trying to isolate only vascular endothelial
cell samples from adult micro mini pigs to focus on the endothelial analyses.

(2) Development of directed differentiation methods from human iPS cells into organ-specific
vascular cells.

We performed high-throughput chemical screening to identify potent chemical compounds that
efficiently induce vascular endothelial cells from human iPS cells. To prepare the starting materials
for the screen, we used the previously-reported differentiation protocol into vascular endothelia
using two step treatment, 1% step with BIO (6-bromoindirubin-3’-oxime) and 2™ step with VEGF
(vascular endothelial growth factor; Homma K. et al., 2010). We examined the effects of adding
each of around 6,000 different chemicals into the 2™ step, in order to identify compounds that
synergistically promote the differentiation into vascular endothelia with VEGF. Out of 6,000
chemicals examined, we found one hit compound that could increase the induction rate of vascular
endothelia from human iPS cells from 10% up to 20%. We are optimizing the differentiation
protocols for vascular endothelia using the hit compound, examining the mechanisms of action of
the compound and characterizing the endothelial cells induced by the compound treatment.

(3) Derivation of patient-specific iPS cells from intractable vascular disorders.

We generated iPS cell lines from the patients with three intractable vascular disorders, intracranial
aneurysms associated with autosomal dominant polycystic kidney disease (ADPKD), microscopic
polyangiitis (MPA), and malignant hypertension, by reprogramming dermal fibroblasts or T cells
with retrovirus or episomal vector method. We examined the following tests in each cell line derived
from patients to select suitable iPS cell clones for further investigation, (1) silencing of transgene for
reprogramming (2) pluripotent marker gene expression, such as OCT4, NANOG, SSEA3, SSEA4,
TRA1-60 and TRA1-81 (3) multipotent differentiation potential into three embryonic germ layers
using embryoid body (EB) and teratoma formation (4) karyotype analyses (5) transcriptome (6)
methylation analyses (7) mutational analyses of causative genes. Then, we confirmed that these
patient-derived iPS cell lines can be differentiated into both vascular endothelia and smooth muscle

cells using the previously-reported vascular differentiation protocol (Homma K. et al., 2010).

Discussion & Conclusion

In Mass Spectrometry analyses of adult micro mini pig vascular samples, most of the identified
molecules were cytoskeleton proteins which are normally expressed in muscular cells. We guessed
that the majority of cells included in the vascular samples were smooth muscle cells rather
than endothelia, and then smooth muscle-related genes were mainly identified. These results
indicated that the purification of endothelial cells from the samples was required to characterize
endothelial signatures of organ-specific vasculature. We are now isolating the endothelial cells
by flow cytometry sorting using an endothelial cell surface marker, VE-cadherin. In conclusion,
vascular cells may be different in protein expression patterns among the organs or tissues they

are belonging to. In this study, we also identified the candidate chemical compound that promotes
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the differentiation of human iPS cells into vascular endothelia, and succeeded in deriving patient-

specific iPS cell lines from the three intractable vascular disorders.
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Fine mapping of autophagy-related proteins during autophagosome
formation in Saccharomyces cerevisiae
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Abstract

Autophagy is a bulk degradation system mediated by biogenesis of autophagosomes under
starvation conditions. Here, we visualized forming autophagosomes as cup-shaped structures using
fluorescence microscopy by enlarging a selective cargo of autophagosomes, and finely mapped the
localizations of autophagy-related (Atg) proteins. The results obtained by this observation suggest
that Atg proteins play individual roles at spatially distinct localizations during autophagosome
formation. These findings will facilitate detailed investigations of the function of each Atg protein
during autophagosome formation.

Key Words : autophagy; autophagosome; autophagy-related (47G) genes; endoplasmic reticulum
exit sites (ERES); yeast

Introduction

Autophagy is a bulk degradation system widely conserved among eukaryotes from yeast to
mammals. When eukaryotic cells are faced with nutrient starvation, they degrade cytoplasmic
materials to obtain building blocks that help them adapt to severe environmental conditions.
Currently, over 30 ATG genes have been identified as necessary for various types of autophagy
in yeast. Among them, 18 ATG genes are essential for autophagosome formation upon starvation
(Mizushima et al., 2011; Nakatogawa et al., 2009). These Atg proteins are involved in autophagosome
formation as components of several discrete functional units, but their interrelationships are not yet

well understood.

Results

Among Vps (vacuolar protein sorting) proteins, which are involved in sorting of Prcl
(carboxypeptidase Y; CPY) to the vacuole (Raymond et al., 1992), Vpsl5, Vps30, and Vps34 are
essential for autophagosome formation as components of phosphatidylinositol (PtdIns) 3-kinase
complex I (Kametaka et al., 1998; Kihara et al., 2001; Obara et al., 2008). We investigated the
localizations of representative GFP-fused Atg and Vps proteins in GAC cells expressing 2xmCherry-
Atg8 (Ch-Atgg), and finely mapped the localization of Atg/Vps proteins during autophagosome
formation. Atgl3 and Atgl7, and PtdIns 3-kinase complex I were localized to a dot at the junction
between the forming autophagosome and the vacuolar membrane, which we termed VICS. By

contrast, Atgl, Atg8, and the Atgl6—Atgl2—Atg5 complex labeled the VICS and the forming
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autophagosome. We measured the fluorescence intensity along the forming autophagosome and
found that the profiles of these proteins and Ch-Atg8 overlapped extensively. The Atg2—Atgl8
complex and Atg9 were distributed as two or three dots associated with the forming autophagosome;
some of these dots were apparently distinct from the VICS. Time-lapse microscopy showed that
Atg2-GFP was initially visualized as a dot and subsequently appeared as multiple dots at the edge of
the forming autophagosome.

In mammalian cells, physical connections between forming autophagosomes and the endoplasmic
reticulum (ER) have been observed by electron microscopy (Hayashi-Nishino et al., 2009; Yla-
Anttila et al., 2009). We found that the forming autophagosome was localized in the close proximity
to the ER. When we labeled the ER lumen with GFP-HDEL (Okamoto et al., 2006) and observed
cells with three-dimensional fluorescence microscopy, we found that the forming autophagosome
was associated with the ER at two or three sites. Despite close association of the forming
autophagosome with the ER, neither ER transmembrane nor lumenal proteins were ever detected at
the forming autophagosome.

ER exit sites (ERES), which are subdomains of the ER specifically responsible for the production
of COPII vesicles, can be labeled by fluorescent protein-tagged Secl3 or Secl6 (Connerly et al.,
2005). We visualized the localization of ERES in GAC cells by three-dimensional fluorescence
microscopy, using Secl3-GFP as a marker, and found that the forming autophagosome was localized
in the close proximity to ERES at two or three sites per cell. The same result was obtained when
Secl6-GFP was used. Association of the forming autophagosome with ERES labeled with Secl6-
GFP was clearly detected in 79% of the cells (38 cells were examined three-dimensionally). Secl6,
which is essential for ER-to-Golgi transport, is thought to be involved in organization of ERES as
a scaffold (Connerly et al., 2005). Previously, our group showed that a temperature-sensitive sec/6-
2 mutant is defective in autophagy at the non-permissive temperature (Ishihara et al., 2001). These
data suggest that ERES play important roles in autophagosome formation.

As mentioned above, forming autophagosomes are associated with the ER at two or three sites per
cell. We also show that the Atg2-Atgl8 complex forms two or three dots at the edge of the forming
autophagosome. These observations prompted us to examine the spatial relationship between ERES
and the Atg2-Atgl8 complex. By three-dimensional fluorescence microscopy, we found that dots

labeled with Atgl8 along the GAC were adjacent to ERES.

Discussion & Conclusion

In this study, taking advantage of yeast genetics, we visualized forming autophagosomes by
fluorescence microscopy and finely mapped the localizations of Atg proteins. We found that the
Atgl3, Atgl7, and PtdIns 3-kinase complex I were localized to the VICS. Atgl, Atg8, and the
Atglo—Atgl2—Atg5S complex labeled the VICS and the forming autophagosome. We also found that
the Atg2-Atgl8 complex and Atg9 were localized to the edge of the forming autophagosome but not

to the VICS. Moreover, we showed that the forming autophagosome is associated with the ER via
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ERES. Taken together, our data show that Atg proteins play individual roles at spatially distinct sites
during autophagosome formation. These results will facilitate investigations of each Atg protein’s

function in the near future.

References

1. Connerly, P. L., Esaki, M., Montegna, E. A., Strongin, D. E., Levi, S., Soderholm, J. and Glick,
B. S. (2005). Secl6 is a determinant of transitional ER organization. Curr. Biol. 15, 1439-1447.

2. Hayashi-Nishino, M., Fujita, N., Noda, T., Yamaguchi, A., Yoshimori, T. and Yamamoto, A.
(2009). A subdomain of the endoplasmic reticulum forms a cradle for autophagosome formation.
Nat. Cell Biol. 11, 1433-1437.

3. Ishihara, N., Hamasaki, M., Yokota, S., Suzuki, K., Kamada, Y., Kihara, A., Yoshimori, T., Noda,
T. and Ohsumi, Y. (2001). Autophagosome requires specific early Sec proteins for its formation
and NSF/SNARE for vacuolar fusion. Mol. Biol. Cell 12, 3690-3702.

4. Kametaka, S., Okano, T., Ohsumi, M. and Ohsumi, Y. (1998). Apgl4p and Apg6/Vps30p form a
protein complex essential for autophagy in the yeast, Saccharomyces cerevisiae. J. Biol. Chem.
273, 22284-22291.

5. Kihara, A., Noda, T., Ishihara, N. and Ohsumi, Y. (2001). Two distinct Vps34 phosphatidylinositol
3-kinase complexes function in autophagy and carboxypeptidase Y sorting in Saccharomyces
cerevisiae. J. Cell Biol. 152, 519-530.

6. Mizushima, N., Yoshimori, T. and Ohsumi, Y. (2011). The role of Atg proteins in autophagosome
formation. Annu. Rev. Cell Dev. Biol. 27, 107-132.

7. Nakatogawa, H., Suzuki, K., Kamada, Y. and Ohsumi, Y. (2009). Dynamics and diversity in
autophagy mechanisms: lessons from yeast. Nat. Rev. Mol. Cell. Biol. 10, 458-467.

8. Obara, K., Noda, T., Niimi, K. and Ohsumi, Y. (2008). Transport of phosphatidylinositol
3-phosphate into the vacuole via autophagic membranes in Saccharomyces cerevisiae. Genes
Cells 13, 537-547.

9. Okamoto, M., Yoko-o, T., Umemura, M., Nakayama, K. and Jigami, Y. (2006).
Glycosylphosphatidylinositol-anchored proteins are required for the transport of detergent-
resistant microdomain-associated membrane proteins Tat2p and Furdp. J. Biol. Chem. 281, 4013-
4023.

10.Raymond, C. K., Howald-Stevenson, 1., Vater, C. A. and Stevens, T. H. (1992). Morphological
classification of the yeast vacuolar protein sorting mutants: evidence for a prevacuolar
compartment in class E vps mutants. Mol. Biol. Cell 3, 1389-1402.

11. Yla-Anttila, P., Vihinen, H., Jokitalo, E. and Eskelinen, E. L. (2009). 3D tomography reveals
connections between the phagophore and endoplasmic reticulum. Autophagy 5, 1180-1185.

— R DERRA
HUMRa A T 2 R OSVEERD B ERAMZLED. EEEIZ 58 DNA DE TR ELE
NICERAEY T EINAEZY T, 2O UIRX N ED K575 77 TR TR SN TV 20
ERENHOTESLT, BAKENMTHEINS A — T 7 TV —LEMIN S BEX E O AE
FRUCHH U T ZED TR T, RN OA— T 7 IV —L ETAH— 7 7 3V —LIEK
1B % 2T ED i 72 FFICBHS M LI s T CH D SRR 2 2 S H O kR
FricaF COREZRFNNDEEZHEDTT,

The Novartis Foundation(Japan)
-94 - for the Promotion of Science



for the Promotion of Science

I The Novartis Foundation(Japan)

Synthesis of fatty acids having various carbon frameworks
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Abstract

New synthetic method of fatty acids using nickel butadiene system catalyzed cross-coupling
reaction between alkyl groups was developed. Unsaturated fatty acid and its regioisomers can be
prepared by iterative coupling using the catalytic system. The Ni catalyst was also effective for the
introduction of secondary alkyl groups into C2 position of benzothiazoles via C-S bond cleavage.

Key Words : fatty acid, cross-coupling, Grignard reagent, alkyl halides, benzothiazole

Introduction

Fatty acids are essential to natural life because they act as key components in our body and have
various carbon chain frameworks, where unsaturated bond(s) as well as branched structure are often
founds. Therefore, development of efficient synthetic method to construct carbon frameworks of

natural and artificial fatty acids or their synthetic equivalents is important task.

Results

Transition metal-catalyzed cross-coupling reactions are one of the most important tools to
construct new carbon skeletons from simple organic molecules in synthetic organic chemistry and
now are widely used in various areas including functional materials, drug synthesis and so on.
However, cross-coupling between two alkyl groups is rarely discussed compared to that of vinyl
and aryl groups partly due to easy B-hydrogen elimination from alkylmetal intermediates.' We have
developed transition metal-catalyzed cross-coupling reaction of alkyl halides with organometallic
reagents in the presence of unsaturated hydrocarbon like 1,3-butadiene as an appropriate additive.”

Because fatty acids consist of long saturated hydrocarbon chain, this C-C bond forming reaction
can be assumed as an appropriate synthetic tool for constructing carbon frameworks of fatty
acids though organometallic reagents as well as transition metal are known to be reactive toward
carboxylic acid moiety in fatty acids, leading unwanted side-reactions. To overcome such drawback,
we initiated our study on the synthesis of fatty acids using cross-coupling reaction by searching
suitable conditions to achieve selective coupling reaction at C-halogen bond over carboxylic acid
moiety and found that pre-treatment of bromoalkanoic acid with 1 equivalent of -BuMgCl was
effective to protect carboxylic acid moiety by forming magnesium carboxylate and cross-coupling
reaction smoothly proceeded by catalytic amount of NiCl, in the presence of 1,3-butadiene as an
additive as shown in eq 1. The present catalyst was effective for various bromoalkanoic acids as well
as alkyl Grignard reagents and fatty acids having various carbon chains were obtained in good to

excellent yields.’

The Novartis Foundation(Japan)
-95 - for the Promotion of Science



The Novartis Foundation(Japan)
for the Promotion of Science

1 mol% NiCl,
O O

leq _AF )
Br +AlkylMgCl + BuMgCl - Alkyl
HO)KO yHe 9 eq NMP, THF HOJ\O y

-78°Cthen0°C, 1h )
1.4 eq 1.0eq thenH* up to >99% yield

By using the Ni-catalyzed cross-coupling reaction, we succeeded to prepare long unsaturated fatty
acid, nervonic acid, from readily available oleic acid by reduction, bromination and cross-coupling
sequence in good yield.

In addition, trans fatty acid, elaidic acid, and its regioisomers could be synthesized by iterative
coupling as shown in scheme 1. It is well known that trans fatty acids increase the risk of coronary
heart disease, however, toxic assessment of their regioisomers is not well explored due to the
synthetic difficulty of such isomers. Therefore, the synthetic method to obtain these regioisomers in
selective manner is highly desirable to evaluate their health risk.

For example, 6-bromohexanoic acid coupled with Grignard reagent having trans olefin and
silyl ether moieties to give corresponding 12-bromo-9-dodecenoic acid in 72% yield after direct
bromination of silyl group by Br,PPh;. Subsequent coupling of the 12-bromo-9-dodecenoic acid
with hexyl Grignard reagent gave elaidic acid in 90% yield. Regioisomers of elaidic acid having
trans olefin moiety at -5 to ®-8 positions were prepared by changing length of starting material,
bromoalkanoic acid and Grignard reagent, in good to excellent yields as sole regioisomers.

1) 1 mol% NiCl,

1eq _ANF
1 eq tBuMgCl, 1 eq NMP
TBSO A" MgBr  THF,—78 °C then o)
* 0°C1h > Br\/\/\m)L
o 2) 3 eq BryPPh,, CH,Cl, ~ m OH
Br\M)k i, 12h m = 5-9: 72->99% yield
" “OH
1 mol% NiCl,
1eq ANF
1.4 eq CH3(CH,),MgCl (0]

1 eq tBuMgCl, 1 eq NMP /W\/\/\MJ\
- = “ > oH

THF, =78 °C then
0°C.1h m = 5-9, n = 5-1: 88->99% yield
Scheme 1 Synthesis of elaidic acid and its regioisomers

The Ni/butadiene system was also good catalyst for the coupling reaction of
methylthiobenzothiazoles with secondary alkyl Grignard reagents through C-S bond cleavage,
providing alkylated benzothiazoles in good yields (eq 2).* Interestingly, the cross-coupling did not
proceed in the absence of 1,3-butadiene additive. Because thiazole derivatives having alkyl groups
on C2 position are synthetic equivalents of fatty acids and often found in natural and synthetic
compounds, the present catalyst provides a simple and efficient method for introducing an alkyl
group in this position.

10 mol% NiCl,

N CiMg_ R, 184 A\F N R
S>—8SMe + > Do (2)
©:s>_ l/ THF, 50 °C ©:s Ry

2
up to 95% yield
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Discussion & Conclusion

The present Ni-catalyzed cross-coupling of bromoalkanoic acids and benzothiazoles with alkyl
Grignard reagents provides useful synthetic tools to synthesize carboxylic acids and their synthetic
equivalents having various carbon frameworks and will open up new fields of fatty acid chemistry
in both biological and materials disciplines. The iterative coupling using Grignard reagents having
siloxy group was found to be useful building block to construct various carbon frameworks.
The alkylation of benzothiazoles using Ni-butadiene catalytic system was also developed, where
congested secondary alkyl groups were efficiently introduced into C2 position of benzothiazoles
through C-S bond cleavage. Further investigations on synthesis of biological active compounds

using transition metal-catalyzed cross-coupling reaction are ongoing in our group.
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Analyses of structural dynamics of a G protein-coupled receptor using
site-directed fluorescent labeling.
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Abstract

The effects of constitutively activating mutation on structural dynamics of opsin, a G protein-
coupled receptor, were analyzed using site-directed fluorescence labeling techniques. Fluorescence
spectroscopic analyses revealed that the mutation makes the receptor protein more flexible and more
easily converted to the active state, which couples and activates G protein.

Key Words : GPCR, fluorescence labeling, membrane protein, protein dynamics

Introduction

Constitutively activating mutations (CAMs) have been found in various G protein-coupled
receptors have been identified in various G protein-coupled receptors (GPCRs). These mutations
elevate G protein activation efficiency of ligand-free GPCRs. Also, some of CAMs are known to be
linked to genetic diseases. It is still unclear how CAMs makes ligand-free GPCRs can couple and
active G protein in ligand-independent manner. In this study, effects of constitutively activating
mutation on structural dynamics of opsin, the ligand-free form of light sensing GPCR rhodopsin,

were analyzed using site-directed fluorescence labeling techniques.

Results

A fluorescence probe bimane was specifically attached on the cytoplasmic end of sixth
transmembrane helix of opsin with or without a CAM. This is because the sixth transmembrane
helix is known to move outward upon signal-induced activation of various GPCRs including
rhodopsin. Respective labeled opsins were successfully purified in a detergent solution. Using these
bimane labeled opsins, the fluorescence emission spectra were compared in the presence or absence
of the CAM. The fluorescence spectrum was changed by the CAM, indicating that the CAM
induces some conformational changes in the sixth transmembrane helix. Next, G protein mimetic
peptide was added to the labeled opsins and the peptide-induced spectral shift was analyzed. In the
case of normal opsin (without the CAM), addition of the peptide caused no changes, but the peptide
significantly shifted the fluorescence spectra of the labeled opsin with the CAM. These results
suggest that conformation of opsin is highly constrained to the inactive conformation, but the CAM
converts the opsin conformation into the active conformation that can interact with G protein. Also,
binding of the G protein mimetic induced additional conformational changes only in opsin with the

CAM. These results indicate that conformational changes in the sixth helix are involved in not only
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signal-induced activation but also mutation-induced activation of GPCRs.

In order to resolve the CAM-induced conformational changes in detail, the fluorescence
quencher tryptophan was introduced on the fifth transmembrane helix of the labeled opsins. The
changes in relative arrangement of the fifth and sixth helices are analyzed base on intra-molecular
fluorescence quenching profiles. The analyses showed that the CAM caused rearrangement of the
sixth transmembrane helix relative to the fifth one. This result confirmed that the CAM induces
rearrangement of the sixth helix like photo-activation of rhodopsin. Next, energetics aspect of the
CAMe-induced conformational changes was analyzed. For this purpose, the dynamic quenching
constant was measured at various temperatures. The dynamic quenching constant is calculated as
[1/tw — 1/t0], in which tw is a fluorescence lifetime in the presence of quencher tryptophan and
to is a fluorescence lifetime without tryptophan. Using the constant values measured at various
temperatures, Arrhenius plot was constructed. The plot clearly showed that introduction of the CAM
decreased the slopes. That means that the activation energy in the formation of dynamic quenching
complex is decreased by the CAM. Since fluorophore and quencher were introduced on the sixth
and fifth helices, respectively, this result strongly suggests that the CAM decreased energy barrier
between inactive and active conformations of opsin. In other words, the CAM makes conformational
changes of the helices in opsin more easily. In that way, the CAM affects structural dynamics of
ligand-free opsin.

Taken together, the CAM in ligand-free opsin caused some conformational changes and affected
the energetic aspect of conformational changes as well. Further analyses using various GPCRs and
the mutants labeled with a fluorescent probe would reveal how CAMs affect molecular properties
and structural features of GPCRs, resulting in signal-independent G protein activation. Furthermore,

such analyses may provide new information to understand how some CAMs cause genetic diseases.

Discussion & Conclusion

This study clearly showed that fluorescence labeling study can assess how a CAM affect
conformation(s) of a GPCR and its conformational dynamics. Also, fluorescence labeling methods
used in this study can be easily applied for not only other GPCRs but also other membrane proteins.
Recently, crystallographic studies of a wide variety of GPCRs have been developed dramatically,
providing valuable many static structures of various GPCR conformations. Thus, dynamic aspect
of the GPCRs should be studied and revealed. Combination of the crystal structures with structural
dynamics analyses like this study will extend our understanding of structure-function relationships
of GPCRs. In other words, in order to understand how GPCRs function, both static structures and

dynamic aspects of the receptors should be analyzed.
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Regulation of the generation and maintenance of memory T cells
in the intestine
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Abstract

We examined how gut-specific homeostatic proliferation of T cells contributes to mucosal memory
T cells. This study revealed that the homeostatic proliferation of CD4 T cells in the mesenteric
lymph nodes (MLNSs) critically contributes to generating gut-tropic Th17 cells. In addition, Th17
generation in MLNs was markedly suppressed by blockade of OX40 signals in T cells. These results
reveal that MLNSs are critical in inducing gut-tropic effector memory Th17 cells through OX40
signaling.

Key Words : Mucosal immunity, homeostatic proliferation, Th17 cell, mesenteric lymph node,

Introduction

Since the systemic homeostatic proliferation of naive T (Ty) cells supplies a memory-phenotype T
cell pool, this system can be used to generate effector memory T (Tyy,) cells, including Th17 cells.
However, it is unclear whether the homeostatic proliferations may also occur in an “organ-specific”
fashion such as in the intestine and MLNs. Therefore, we examined the homeostatic proliferation in
MLNSs and intestinal tissue, and demonstrate that the Tyy,-phenotypic CD4 T cells accumulate in the

host’s small intestine through homeostatic proliferation.

Results

The small intestine harbors numerous CD4" effector memory T (T,,) cells

Naive and central memory T cells are reported to circulate through secondary lymphoid
tissues, while Tgy cells accumulate in extralymphoid organs, including the small intestine (1).
To confirm this, we looked for naive and memory CD4" T cell phenotypes. Of the CD4" T cells
found in secondary lymphoid tissues such as the spleen, inguinal lymph nodes (ILNs), and MLNSs,
approximately 70% had a naive T phenotype and 20-30% had a Ty, phenotype. In the lamina
propria of the small intestine, 80-90% of CD4" T cells had a Ty, phenotype. These data confirm
that T, cells preferentially accumulate in extralymphoid organs, including the small intestine.
Mesenteric lymph nodes (MLNs) but not Peyer’s patches (PPs) are essential for generating
a,B,” gut-homing T cells

We examined o,f, levels on donor cells, derived from naive CD4 T cells, undergoing homeostatic
proliferation. After transfer with naive CD4 donor T cells, some donor T cells acquired higher levels

a,f3, through homeostatic proliferation. In particular, fast-dividing cell populations from the small
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intestine and MLNs contained larger proportions of a,B,” donor cells than did those recovered from
the spleen. On the other hand, slow-dividing population of the donor cells in these organs retained
their initial, intermediate o,f, level. These results indicate that the a,B,” phenotype develops during
fast homeostatic proliferation.

To examine whether PPs and MLNs are required for generating o,B, gut-homing T cells, we
determined the frequencies of a,B,” donor cells in Peyer’s patch-deficient (PPX) and mesenteric
lymphadenectomized (MLX) mice. The a,B,” proportion was unchanged in fast-dividing cells
recovered from the small intestine or spleen of PPX mice but the proportion was significantly
reduced in MLX mice. These findings suggest that MLNs but not PPs are essential for generating
B, cells through fast cell division.
0X40 signaling is critical for fast proliferation in MLNs

The in vivo blockade of T cell costimulatory signals mediated through OX40, which belongs
to the TNF receptor superfamily, improves experimental colitis by suppressing the homeostatic
proliferation of pathogenic CD4" T cells (2). Therefore, we examined OX40 expressed on donor T
cells in MLNs during homeostatic proliferation, and found OX40 on fast- but not slow-proliferating
cells. To clarify the role of OX40 in fast proliferation, we treated recipient mice with an inhibitory
anti-OX40L mAb and monitored donor cell proliferation in MLNs. Treatment with the anti-OX40L
mAb significantly inhibited the generation of fast-proliferating o,B," cells in MLNs, without
affecting slow cell division. Treatment with the anti-OX40L mAb also strongly reduced the total,
fast-proliferating, and o,B," donor T cell populations in the small intestine. This indicates that OX40
costimulation is required for generating gut-tropic, fast-dividing cells in MLNSs.

Gut-tropic Th17 cells arise in MLNs during homeostatic proliferation

The CD4" T cell population in the small intestine includes a significant number of Th17 cells (3).
Therefore, we measured IFN-y and IL-17A cytokine levels in donor cells recovered from the small
intestine, spleen, and MLNs. Neither cytokine was produced by the slow-dividing population, while
the fast-dividing population expressed both. When gating on the fast-dividing population, an IFN-y
profile was dominant in the spleen, but in the intestine IL-17A-producing cells greatly outnumbered
IFN-y-producing ones. In MLNs, IFN-y and IL-17A were detected at equal levels. These results
indicate that Th17 cells are generated through fast proliferation in an organ-specific manner, and
that gut-specific Th17 cells may arise in MLNs or the small intestine. Furthermore, removing MLNs
from recipient mice significantly reduced the IL-17A" but not the IFN-y" population in the small
intestine. Collectively, these results demonstrate that MLNs are essential for the generation of gut-

tropic Th17 cells through fast homeostatic proliferation.

Discussion & Conclusion

Our results clearly demonstrate that gut-specific fast homeostatic proliferation plays a critical
role in inducing gut-homing a,B,” IL-17A" T cells, which is dependent on OX40 signals. Although
the systemic inhibition of OX40 signals, either in OX40L-KO mice or by treatment with an anti-
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OX40L mAb, drastically ameliorates several types of IBDs and GVHD, our study revealed that the
0X40-0OX40L interactions necessary for generating intestinal Th17 cells may occur in the MLNs.
Therefore, it may be possible to develop therapeutic strategies for IBDs and GVHD by controlling
the OX40-OX40L interactions in MLNs. In addition, the finding that the role of MLNSs in developing
gut-homing Ty, cells, including Th17 cells, is distinct from that of the PPs or spleen may contribute

to a deeper understanding of intestinal mucosal immunity.
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Studies on the regulatory mechanisms underlying cell cycle-dependent
centrosome replication
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Abstract

The guanine nucleotide exchange factor ARHGEF10 negatively regulates centrosome duplication
through the activation of the small GTPase RhoA. In this study, we investigated the mechanisms
for this novel signalling pathway. Furthermore, the role of ARHGEF10 in malignant progression of
human cancer was explored.

Key Words : centrosome; GTP-binding protein; guanine nucleotide exchange factor

Introduction

The centrosome serves as the major microtubule-organizing center in mammalian cells.
Aberrations in centrosome numbers, which frequently occur in aggressive human tumors, represent
a crucial cause of missegregation of chromosomes, leading to a phenotype termed genetic instability.
Therefore, the duplication cycle of the centrosome must be rigorously controlled in the cell. In this
study, we attempted to clarify the detailed mechanism through a novel signaling pathway involving

the small GTPase RhoA.

Results

A single centrosome consists of a pair of centrioles surrounded by the amorphous pericentriolar
material. Centrioles are cylindrical structures built of nine sets of triplet microtubules, and lie at
right angles to each other and in close proximity at one end. The pericentriolar material harbors a
number of protein complexes, including the y-tubulin ring complex, which acts as a template for
microtubule nucleation. During M phase of the cell cycle, two centrosomes orchestrate the assembly
of bipolar mitotic spindles, which is prerequisite for accurate chromosome segregation.

The signal transducing small GTPase RhoA has been implicated in a variety of cellular responses
in mammalian cells. Upstream of RhoA, diverse Dbl family guanine nucleotide exchange factors
(GEFs) act as signal-specific regulators of RhoA depending on the cellular context. Tandem
catalytic DH and regulatory PH domains are conserved in all Dbl family members. The Dbl family
GEF ARHGEF10 was originally identified as the product of the gene associated with slowed nerve-
conduction velocities of peripheral nerves. However, underlying molecular mechanisms remain
elusive.

In our effort to clarify the biological function of this poorly characterized GEF, we found a novel

signaling pathway that negatively regulates centrosome duplication during cell cycle progression.
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RhoA, but not other Rho family small GTPases examined, was biochemically identified as a
substrate of ARHGEF10. ARHGEF10 was localized in the centrosome in adenocarcinoma HeLa
cells in both G1/S and M phases. Knockdown of ARHGEF10 expression by RNA interference
resulted in multipolar spindle formation in M phase. An intact centrosome composed of two
centrioles and the pericentriolar material was found in each spindle pole. Partial, but not full,
knockdown of RhoA by RNA interference elicited similar phenotypes. Aberrant mitotic spindle
formation following ARHGEF10 knockdown was rescued by ectopic expression of constitutively
activated RhoA. Thus, it is likely that RhoA is a downstream target of ARHGEF10 in this signaling
pathway.

We further isolated the kinesin-like motor protein KIF3B as a binding partner of ARHGEF10.
Knockdown of KIF3B also caused multipolar spindle phenotypes. The supernumerary centrosome
phenotype was also observed in S phase-arrested osteosarcoma U20S cells when the expression of
ARHGEF10, RhoA or KIF3B was abrogated by RNA interference.

Multinucleated cells were not increased upon ARHGEF10 knockdown. Inhibition of the RhoA
effector kinase ROCK by its specific pharmacological inhibitor Y-27632, in contrast, induced not
only multipolar spindle formation, but also multinucleation. These results suggest that unregulated
centrosome duplication rather than aberration in cytokinesis may be responsible for ARHGEF10
knockdown-dependent multipolar spindle formation.

Given that more than two intact centrosomes appear in G2/M phase, excess duplication may
occur due to aberrant disengagement of the newly synthesized (daughter) centriole in S phase.
To obtain further evidence supporting this possibility, we tried to quantify doublet (engaged) and
singlet (disengaged) centrioles in S phase. Counterstaining of centrioles by anti-centrin and anti-
C-Napl antibodies is expected to give us the engagement status of the centriole (Tsou and Stearns
Nature 442, 947 (2006)). We are already successful in staining centrin in synchronized cells, but
the conditions for the staining of C-Nap remain to be established. We, in fact, tried several different
purchased anti-C-Nap antibodies at various concentrations, and only one antibody is promising.
Currently, we are trying to describe the precise mechanisms for ARHGEF10-RhoA mediated

regulation of centrosome duplication.

Discussion & Conclusion

ARHGEF10 is a RhoA GEF, which is localized in the centrosome in both G1/S and M phases.
ARHGEFI10 regulates mitotic spindle formation through the action of RhoA. ARHGEF10-regulaed
RhoA may be implicated in the control of centrosome duplication rather than cytokinesis. The motor
protein KIF3B is a binding partner of ARHGEF10, a subset of which is co-localized with ARHGEF10
in the centrosome. Thus, KIF3B may regulate ARHGEF10 upstream of RhoA, being involved in
the regulation of centrosome duplication. Recently, mutations in the ARHGEFI10 gene was found in
various types of human cancer cells. Dysregulated centrosome duplication and cell division in cells

lacking ARHGEF10 activity may be a cause of malignant progression of human cancer.
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microRNA-mediated regulation of vasculogenesis
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Abstract

Secreted factors with potent morphogenetic activity are key elements of cellular communication,
and precise regulation of their expression is required to elicit appropriate physiological responses.
MicroRNAs (miRNAs) are versatile post-transcriptional modulators of gene expression. We
found that muscle-specific miRNAs miR-1/206 negatively regulate angiogenesis during zebrafish
development. miR-1/206 directly regulate the levels of Vascular endothelial growth factor A (VegfA)
in muscle, controlling the strength of angiogenic signaling to the endothelium. Our findings uncover
a novel function for miR-1/206 in the control of developmental angiogenesis through the regulation
of VegfA, and identify a key role for miRNAs as regulators of cross-tissue signaling.

Key Words : vasculogenesis, zebrafish, microRNA, VEGF

Introduction

Secreted signaling molecules are powerful regulators of development that are able to elicit
behaviors such as proliferation, migration and differentiation in a concentration-dependent
manner. One developmental context in which these signaling molecules play an important role
is the formation of the vascular network. Secreted growth factors such as vascular endothelial
growth factor (VEGF) function at different levels during the establishment and remodeling of the

vasculature.

Results

miR-1 and miR-206 are evolutionarily conserved, have common expression patterns in the
muscle, and share a large part of their sequence (1). To investigate whether miRNAs regulate the
cross-talk between the muscle and surrounding tissues during developmental angiogenesis, we
analyzed the effect of blocking miR-1 and miR- 206 function on the vasculature during zebrafish
embryogenesis. Embryos in which miR-1/206 was inhibited display larger intersegmental vessels
(ISVs), accompanied by a significant increase in the number of endothelial cells. Consistent with the
expression of miR-1/206 in the muscle, mosaic analysis supports a non-cell-autonomous effect of
miR-1/206 in the vasculature. These results support a role for miR-1/206 in the regulation of a pro-
angiogenic factor that is non-autonomous to endothelial cells.

Next, we analyzed the 3’UTRs of angiogenic genes for putative miR-1/206 target sites. We found
that zebrafish vegfaa contains three miR-1/206 target sites in its 3’UTR. To determine whether

miR-1/206 regulate the 3’UTR of vegfaa, we analyzed the expression of a firefly luciferase reporter
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containing the vegfaa 3’UTR, relative to a Renilla luciferase control, in the presence or absence
of miR-1/206 duplex. The luciferase activity of the wild-type vegfaa reporter was significantly
repressed by miR-1/206, and the regulation of the vegfaa reporter depended on the presence of miR-
1/206 target sites. Furthermore, we directly visualized the levels of endogenous vegfaa mRNA by in
situ hybridization. We found that vegfaa levels in the somites were upregulated in embryos in which
miR-1/206 was inhibited, consistent with the loss of a negative regulatory factor. Together, these
results indicate that miR-1/206 can regulate vegfaa expression during development. We reasoned
that if the increase in angiogenesis observed in miR-1/206 inhibition is due to VegfAa misregulation,
reducing the levels of VegfAa signaling would rescue this phenotype. To test this possibility, we
first employed SU5416, a selective inhibitor of the VEGF receptor Kdrl (also known as VEGFR2,
Flk1), to block Vegf signaling (2). We found that increasing concentrations of SU5416 rescued the
angiogenesis phenotype of miR-1/206 inhibition. Second, reducing the levels of VegfAa with a
translation-blocking antisense oligo nucleotides rescued the miR-1/206 KD vascular phenotype.
Together, these results indicate that the phenotype observed when blocking miR-1/206 function is
dependent on VegfAa activity, consistent with the proposed role of miR-1/206 in the regulation of
vegfaa during angiogenesis.

miRNAs are widespread regulators of gene expression, and it is predicted that each miRNA has
the potential to regulate several hundred target mRNAs (3). To directly address the interaction of
miR-1/206 with vegfaa in vivo, we employed target protectors (TPs), which are antisense oligo
nucleotides complementary to the miRNA target sites in a 3’UTR(4). Indeed, protection of the miR-
1/206 target sites in vegfaa had a pro-angiogenic effect, resulting in ISV with elevated numbers of
endothelial cells compared with controls. These results indicate (1) that despite the large number of
miR-1/206 targets, the miR-1/206 inhibition phenotype is at least in part a result of altered vegfaa
regulation and (2) that miR-1/206 directly regulate the levels of vegfaa to modulate angiogenesis

during development.

Discussion & Conclusion

Our study shows that miR-1/206 negatively regulate angiogenesis during zebrafish development.
Because miRNAs have hundreds of putative targets, it is challenging to determine the physiological
function of individual miRNA-target interactions. Our findings identify a novel regulatory layer
that modulates the cross-talk between muscle and vasculature during developmental angiogenesis.

VegfA plays a central role in the stimulation and control of angiogenesis, requiring it be tightly
regulated during embryonic development and homeostasis. However, less is known about the
regulatory systems that control Vegf production during development. Our findings indicate that
vegfaa is targeted by miR-1/206 in the muscle to modulate the expression of the ligand, allowing the
organism to regulate this signaling pathway.

The identification of miR-1/206-mediated regulation of Vegf might be significant beyond

developmental angiogenesis. As in developmental angiogenesis, VEGF signaling is an essential
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component of the angiogenic response of a wide variety of tumors, making it a prime clinical target
for the development of therapeutic agents. Future studies will be required to understand whether the
regulation of VEGF by miRNAs plays an important role in angiogenesis during human disease and

cancer.
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The role of molecular motor for regulating T cell activation
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Abstract

When T cells are activated, T cell receptors (TCRs) make clusters and move toward center of the
T cell-antigen presenting cell (APC) interface. In this study, I tried to reveal the mechanism of TCR
clustering and movement by protein identification and fluorescence imaging, and found very unique
new structure for T cell receptor clustering. The structure contains general cytoskeletal-regulating
molecules, adhesion molecules and TCR signaling molecules. Analyzing this structure will explain
how the TCR clustering and movement analogously regulate TCR signaling.

Key Words : T cell receptor, cell signaling, dynein, cytoskeleton

Introduction

When T cells recognize a peptide- major histocompatibility complex on APC, dozens of T cell
receptor microclusters (TCR-MCs), which contains several tens of receptors, kinases and adaptors,
are generated and start T cell activation. TCR-MCs move to the center of the T cell-APC interface
to be endocytosed and terminate activation. We have demonstrated that the TCR-MCs movement
depends on dynein motor and microtubules, and the movement negatively regulates T cell activation.

However, we have not revealed molecular mechanism of TCR clustering and movement.

Results

To reveal the molecular mechanism of TCR clustering and movement, I used immuno-precipitaion
and protein identification by mass spectroscopy.

Firstly, to know how TCR are connected to dynein motor, I planned double precipitation of tagged-
TCR and tagged-dynein. Because It has already known that TCR recruit so many molecules, so
I wanted to concentrate the molecules between TCR and dynein by secondary precipitation by
dynein. I used His-tag, FLAG-tag, GFP-tag for TCR component CD3¢ chain, CD3{ chain or dynein
light chain. However unfortunately, I failed in double precipitation because every tag had defects in
expression, adsorption or elution.

Next I performed simple dynein light chain (LC-8) -precipitation. GFP-tagged dynein light chain
expressed in T cell hybridoma. The cells were activated by antigen presenting cells or kept resting
on ice and lysed with 1% triton-100 solutions and precipitated by GFP antibody labeled with magnet.
The precipitants were examined on two-dimensional protein gel electrophoresis. Comparing the
silver protein staining patterns with or without T cell activation, I fortunately found several spots

that were detected only on T cell activated sample. Next I identified the spots by mass spectroscopy
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of out-sourcing service.

The identified molecules were very exciting. Although I cannot declare the molecular names at this
moment, I will report them shortly in my next paper. I confirmed that some of the molecules were
also co-precipitated with TCR component CD3¢ chain. I further confirmed the localization of the
molecules by using lipid bilayer system. Fortunately, the molecules formed clusters at TCR-MCs and
moved together toward center.

On the other hand, I analyzed TCR and dynein at lower antigen doses. Because, when the
stimulation was weak, not only the size and number but also the movement of TCR-MC were
different, so I thought the mechanism of TCR-MCs movement is different. I checked the association
and co-localization of TCR-MCs and dynein complexes. T cells were activated by antigen presenting
cells loaded 10nM or 1uM antigen peptide and lysed for anti-CD3¢ precipitation. I confirmed
co-precipitation of dynein complex proteins in each dose of stimulation. On the planer bilayer,
co-localization of TCR-MCs and dynein complexes were observed. Therefore even with weak
stimulation, dynein was recruited to TCR-MCs. I also checked the association under microtubule-
inhibitors, which inhibit tubulin polymerization and disappears tubular structures. The co-
precipitation and co-localization still observed under treatment of microtubule-inhibitors. These
results suggested the association of the dynein complex and the TCR complex is independent of
microtubules.

I examined some molecules important for TCR signaling under weak stimulation. I wanted
to know the behavior of signaling molecules. Famous essential kinase ZAP70, which binds to
TCR component CD3( chain, makes co-localizing clusters at TCR-MCs, and the number and
movement of ZAP70 clusters were quite similar to TCR-MC. The recruitment and clustering of
ZAP70 will be totally depends on TCR-mediated signals and the movement will depend on dynein.
On the other hand, the adaptor protein SLP76, which is essential for T cell activation, induces
clusters independently of TCR-MCs, particularly by weak stimulation. Further, they seemed to be
dissociated from TCR-MCs on the way to leach to cSMAC. Therefore, the regulation of SLP76
clustering and movement appears to be different from TCR-MCs and ZAP70.

Interestingly, I recently found that the SLP76 clusters at lower dose accompany the molecules

identified as T cell activation-dependently dynein-precipitated protein.

Discussion & Conclusion

The molecules identified as T cell activation-dependently dynein binding protein in T cell were
very famous proteins. I think that because they have so well known functions nobody have analyzed
their functions on TCR-MC:s. In addition, I found they were recruited at SL.P76 clusters under weak
stimulation. The SLP76 cluster seems to be independent from TCR clusters. I am thinking about the
possibility that it is a structure to evoke antigen-independent or self-recognizing T cell activation.
Hereafter, I will show the composition of the SLP76 and identified proteins clusters and relationship

between dynein complex. [ will finally clarify the biological significance of the clusters.
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Generation of Batf reporter/conditional knock-out mice for
elucidation of Batf function during in vivo immune responses
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Abstract

We have newly generated Batf conditional knock out mice which allow us to analyze cell-type
specific role of Batf. The mice have GFP reporter which is inserted into floxed allele such that we
were able to look at expression of BATF-GFP fusion protein in activated T cells and B cells. By
using this new mouse strain, we are going to investigate the function of Batf in memory T or B cells.

Key Words : T-cell, B-cell, transcription factor, BATF

Introduction

We have previously discovered the transcription factor BATF as a crucial factor for in vivo
antibody response. BATF is essential for not only B cell class-switching but also development of
follicular helper T cells which are the helper T cell subsets required for germinal center formation.
Given the multi-function of BATF in lymphocytes, BATF conditional knock-out mice were required

to elucidate cell-type specific function of BATF in vivo.

Results

We generated Batf floxed/GFP Knock-In mice. In these mice, exon 3 of Batf gene is flanked by
loxp sequences. Also, GFP is inserted into the stop codon in exon3, so that BATF-GFP fusion
protein should be expressed from the mutated allele. First, we looked at GFP expression in activated
T cells or B cells in vitro. Naive T cells or B cells did not express GFP. However, upon stimulation
with anti-CD3, purified CD4 or CD8 T cells expressed GFP. Similarly, purified B cells became
GFP positive after culture with LPS or anti-IgM. GFP expression was nicely correlated with Batf
mRNA expression, suggesting that GFP knock-In strategy worked well. Next we looked at GFP
expression in T or B cells in vivo after immunization with soluble protein antigens. At 7 days after
immunization, robust BATF-GFP expression was observed in follicular helper T cells, which are
CXCRS5"PDI" cells. CXCR5™ T cells showed modest levels of BATE-GFP. After 1 month, survived
memory T cells expressed BATF-GFP at low level. By contrast, BATF-GFP expression in B cells at
any time points was quite low. At day7, where most of the antigen-specific B cells showed germinal
center B cell phenotype, BATF-GFP expression was neglectable. Memory B cells did not express
BATF-GFP either. It might be possible that pattern of BATF expression was different between T cell
and B cells. In T cells, it appeared that BATF was kept expressed from effector to memory response.

In contrast, BATF expression might be very transient in B cells, which made detection of BATF-
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GFP in B cells difficult.

We have crossed Batf floxed/reporter mice with several Cre-expressing strains, such as CD4-cre,
Mbl-cre, or ERT2-cre. We are now able to analyze T- or B cell specific function of BATF in vivo.
Also, we are going to delete BATF in inducible manner at given time point to look at the function of

BATF in memory T cell survival or maintenance.

Discussion & Conclusion

Having established Batf reporter/conditional knock-out mice, we are now able to track BATF-
GFP expression in T-cell or B cells in vivo during immune responses. Notably, analysis of BATF-
GFP expression in vivo suggested the difference in regulation of BATF expression between T cells
and B cells. BATF was thought to function in effector T cells. However, our analysis clearly showed
that memory T cells also expressed BATF, suggesting the possibility that BATF regulates survival
or function of memory T cells. We are going to examine the role of BATF in memory T cells using

Batf f1/f1 x ERT2-cre mice.
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A study on the molecular mechanisms of mitochondrial regulation
by the genes responsible
for early-onset familial forms of Parkinson’s disease

Yuzuru Imai
Department of Neuroscience for Neurodegenerative Disorders,
Juntendo University Graduate School of Medicine
yzimai@juntendo.ac.jp

Abstract

Mitochondrial quality control is an important issue in higher animals that depend on aerobic
respiration. A series of elegant studies has demonstrated that two Parkinson’s disease (PD)-
associated genes, PINK! and parkin, are involved in the maintenance of healthy mitochondria.
Parkin, in cooperation with PINKI1, specifically recognizes damaged mitochondria with
reduced mitochondrial membrane potential (Aym), rapidly isolates these mitochondria from the
mitochondrial network and eliminates these organelles through the ubiquitin-proteasome and
autophagy pathways. Our studies, combined with Drosophila genetics and cell biology, contribute
to an understanding of the molecular mechanisms of PINK1- and Parkin-mediated mitochondrial
regulation and the pathological mechanisms explaining how defects in the PINK1-Parkin pathway
lead to neurodegeneration in PD.

Key Words : Parkinson’s disease, ubiquitin ligase, kinase

Introduction

Mitochondrial dysregulation is now implicated in various human diseases, including cancer,
diabetes, myopathy and neurodegeneration. The pathological hallmark of the second most
common neurodegenerative disorder, Parkinson’s disease (PD), is the progressive degeneration of
dopaminergic neurons in the midbrain. Although mitochondrial dysfunction has long been believed
to be closely associated with the etiology of PD, there was no direct evidence for the association.
A series of studies on two PD-associated genes, PINKI and parkin, has now shown that these two
genes work in a coordinated manner in mitochondrial maintenance, including the mitophagy of
damaged mitochondria. This finding strongly implies that the dysregulation of mitochondria is one

of the major causative or contributing factors in the etiology of PD.

Results

The loss of PINK1 or Parkin in Drosophila causes mitochondrial degeneration in the thorax
muscles, which results in abnormal wing posture. Using this wing phenotype, we screened modifier
genes for the PINK1/Parkin phenotype, which revealed two pathways involved in PINK1-Parkin

signaling: namely, a pathway for mitochondrial motility and the target of rapamycin complex 2
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(TORC2)- nuclear Dbf2-related (NDR1) pathway.

Miro is an outer mitochondrial protein that binds to microtubule-associated transport complexes,
such as the kinesin motor in conjunction with Milton. Knockdown of Miro alleviated the
mitochondrial degeneration caused by a loss of PINK1. We found that Miro is one of the substrates
of the Parkin ubiquitin ligase in mitophagy and that Miro’s ubiquitination and subsequent
degradation by Parkin in damaged mitochondria is an important process that prevents damaged
mitochondria from moving to the axonal terminus (ref. 3). Nearly simultaneously, Wang et al.
reported that Miro directly phosphorylated at Ser156 by PINK1 upon mitophagy is recognized
by Parkin as a degradation substrate (Wang et al., Cell 2011). However, we disproved this idea,
reporting that Miro is not directly phosphorylated by PINK1 in vitro and that the Miro Serl56Ala
phospho-mutant is equally degraded by Parkin in vivo.

TORC?2, which is a highly conserved kinase complex, is known to regulate actin cytoskeleton
signaling. We found that the genes that encode TORC2 components, such as rictor and sinl, improve
the PINK1 wing phenotype. Further genetic interaction studies revealed that Tricornered/NDR, a
kinase downstream of TORC2, behaves as a regulator of the downstream PINK1 pathway, likely
independently of Parkin (ref. 1).

Parkin translocates to the mitochondria upon the loss of mitochondrial membrane potential
(A¥m) in a PINK1 kinase activity-dependent manner. However, little is known about how PINKI1
activation recruits Parkin to damaged mitochondria. We attempted to monitor and compare the
phosphorylation status of Parkin in wild-type and PINKI-deficient cells, thereby excluding the
possibility of phosphorylation by kinases other than PINK 1. We found that Parkin is phosphorylated
at Ser65 of its ubiquitin-like (Ubl) domain in a PINK1-dependent manner. Furthermore, we showed
that this phosphorylation event is implicated in the regulation of the mitochondrial translocation of
Parkin and the subsequent degradation of mitochondrial surface proteins during mitophagy (ref. 2).
However, Parkin mutants lacking mitochondrial translocation activity N
were also phosphorylated upon PINKI activation, suggesting that Ser65 -
phosphorylation is not sufficient for the mitochondrial translocation of
Parkin and raising the possibility that the presence of another cytosolic

kinase(s) regulated by PINK1 (Fig 1).

Discussion & Conclusions @

Two gene products implicated in early-onset PD, PINK1 and Parkin,

have recently been implicated in mitochondrial quality control. PINK1-
Fig. 1 Model for Parkin

and Parkin-mediated mitophagy includes two major components: ranslocation and activation. The
Parkin  Ubl domain masks

. N . . C-terminal  RING-IBR-RING
commitment to elimination by PINKI and Parkin and the execution of  2gr) domains for E3 activity. A
.. . . Parkin phosphorylation event at
elimination by autophagy. Although canonical autophagy components sers5 (P), combined with
. . . unknown factor(s) (?), stimulates

appear to be involved in the autophagy stage, at least under experimental the mitochondrial translocation
of Parkin, releasing the RBR

conditions, the molecular mechanisms by which PINK1 and Parkin signal ?hoemSti)Tsdc;f;?;?n autoinhibition by
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the commitment to elimination remain largely unclear. This concept is an important issue, and our
future studies may lead to the identification of new molecules associated with neurodegenerative

disorders and an understanding of the etiology of idiopathic PD and PINK - and parkin-linked PD.
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Fundamental study for long intergenic RNA (linc RNA)
and epigenetic regulation by tumor suppressor p53
using ES/iPS cells to control cancer stem cells
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Chiba University Graduate School of Medicine
tomoaki@restaff.chiba-u.jp

Abstract

The tumor suppressor p53 has been shown to control energy balance and metabolic homeostasis,
concerning its role in Warburg effect and cancer stemness. In this context, we have attempted to
isolate and characterize pS3 chromatin complexes, and to perform genome-wide screening of RNA-
seq and ChIP-seq using tumor and ES/iPS cells. We found that p53 exerts multiple functions with a
complexity of crosstalk to intra-nuclear structure and transcriptional regulation for a wide variety of
transcripts including linc RNAs in senescent and ES/iPS cells, linking to the molecular mechanism
of cancer stemm cells.

Key Words : Tumor suppressor p53, non-coding RNA, epigenetics, stem cell

Introduction

Recent several lines of evidences have indicated that aging process is subjected to regulatory
network and the nuclear reprogramming to generate induced pluripotent stemm cells can be
achieved by introducing certain transcriptional factors, OCT3/4, SOX2, KLF4 and Myc so-called
“Yamanaka f factors”. It is now well appreciated that these include the nutrient-sencing pathways
(such as insulin and AKT/mTOR signals), and transcriptional and chromatin regulations (Sirtuins
etc) with profound consequences. Importantly as well, it is also evident that key molecules including
tumor suppressor p53 that regulate cellular senescence and reprogramming process are critically
involved in the pathogenesis of cancer, cardiovascular disease and metabolic disorders, a testament
to importance and crosstalk of transcriptional and epigenetic regulators in the four inevitables in our
life. Here, to approach this molecular mechanism, we have performed to isolate and characterize the
p53 chromatin complexes using multifaceted biochemical methodologies coupling the ChIP assay,
size-fractionation by sucrose gradient ultracentrifugation and LC-MS/MS analysis and to clarify
the gene expression profile including long intergenic RNA (linc RNA) and epigenetic status using

RNA-sequence and ChIP-sequence in cancer cells and ES/iPS cells.

Results

Tumor suppressor p53 receives multiple forms and diverse range of stress signals such as DNA
damage, oxidative or metabolic stress, and then initiates different cellular outcomes including

cell-cycle arrest, apoptosis, and/or cellular senescence. Recent several lines of evidence have
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suggested that p53 pathway is linked to reprogramming process by pluripotent factors and
oncogenic signals and p53 systematically regulates intracellular metabolic pathways to preserve
anti-oxidant and bioenergetic function. To elucidate the p53 mechanisms, we have attempted to
isolate and characterize p53 chromatin complexes in vivo by manipulating biochemical techniques
and mass-spectrometry, and to perform genome-wide screening of RNA-seq and ChIP-seq using
tumor and non-tumor cells including senescent cells and ES/iPS cells. We found several chromatin
regulators and transcriptional coactivators such as CAS/CSE1 (chromosome segregation factor),
Sp110 (component of PML nuclear body protein forming a multi-protein complex) and zinc
finger proteins in association with p53 chromatin complexes. Given that they are components
of intra-nuclear structures and have functional domain such as bromodomain and PHD zinc
finger motif that potentially function as “reader” for histone codes in epigenetic and chromatin-
mediated transcriptional regulation, p53 is bona-fide a epigenetic regulators to be “the guardian
of the genome” and “the cellular gatekeeper”. Further, genome-wide analyses revealed that p53
can actively and/or repressively control cell cycle regulators, metabolic regulators, senescence
associated secretary proteins (SASP) and linc RNAs in cancer, senescent and ES/iPS cells. Indeed,
ChIP-sequence and RNA-sequencing revealed that pS3 controls glutamine metabolism through
GLS2, a key enzyme to produce glutamate, and thereby a regulator of glutathione synthesis and
energy production via o—ketoglutarate in cancer and iPS/ES cells. The expression of GLS2, mainly
localized in mitochondria, was induced in response to DNA damage in tumor and non-tumor cells.
Biochemical and metabolomics analysis revealed that p53-GLS2 regulates intracellular metabolic
pathways to control ROS and energy supply through glutamine metabolism. Consistently, in vitro
and vivo study including mouse xenograft model displayed that GLS2 overexpression inhibited the
tumor formation as well as cancer cell invasion via glutamate-dependent GSH synthetic pathway.
Further, immunohistological analysis displayed that the GLS2 expression significantly increased
in the liver of obesity or NASH patients, whereas it decreased in HCC. Importantly as well, GEO
database analysis showed that GLS2 expression is correlated to the prognosis of breast cancer and
HCC patients, indicating its potential role for tumor suppression. When we examined what kind
of intracellular signaling or upstream pathway are significantly regulated in ES/iPS cells using
KEGG pathway analysis, we found that pluripotent markers such as OCT4, NANOG, KLF2 and
SOX2, oncogenic genes such as c-Myc and n-Myc, cell proliferation related genes such as E2F1 are
significantly upregulated as expectedly. Interestingly as well, master regulators such as SREBP1
and 2 or repressor for cellular senescence are elevated. In addition, we found that mitochondria of
ES/iPS cells are immature and TCA cycles are suppressed strongly, suggesting that ES/iPS cells
are like as cancer cells in terms of the aberrant glucose metabolism known as “Warburg effect”.
However, ES/iPS cells are quite different from cancer cells in ROS regulation, in which ES/iPS
cells control the low levels of ROS to maintain the pluripotency and stemmness through p53-GLS2
system. Further, we found the ES/iPS or senescence cell specific linc RNAs are regulated in both

p53-dependent and —independent manner, possibly linking to the epigenetic gene profile.

The Novartis Foundation(Japan)
- 119 - for the Promotion of Science



I The Novartis Foundation(Japan)

for the Promotion of Science

Discussion & Conclusion

Thus, our study suggests that p53 exerts multiple functions with a complexity of crosstalk to intra-
nuclear structure and transcriptional regulation for a wide variety of transcripts including linc
RNAs in senescent and ES/iPS cells, linking to not only the molecular mechanism of cancer stemm
cells, but also life-style related disease and age-related disease such as diabetes and cardiovascular

disorders.
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Abstract

The promoter region of SLCO4C1 gene has several GATA motifs, and indoxyl sulfate up-
regulated GATA3 mRNA and subsequently down-regulated SLCO4C1 mRNA. Overexpression of
GATA3 significantly reduced SLCO4C1 expression, and silencing of GATA3 increased SLCO4Cl1
expression vice versa. Administration of indoxyl sulfate in rats reduced renal expression of slco4cl
and under this condition, plasma level of guanidinosuccinate, one of the preferable substrates of
slco4cl, was significantly increased without changing plasma creatinine. Furthermore, in 5/6
nephrectomized rats, treatment with oral adsorbent AST-120 significantly decreased plasma indoxyl
sulfate level and conversely increased the expression of slco4cl, following the reduction of plasma
level of guanidinosuccinate. These data suggest that the removal of indoxyl sulfate and blocking
its signal pathway may help to restore the SLCO4Cl-mediated renal excretion of uremic toxins in
CKD.

Key Words : SLCOACI, transporter, GATA, indoxyl sulfate

Introduction

Chronic kidney disease (CKD) is a global health problem that carries a substantial risk for
cardiovascular morbidity and death. With the progression of CKD, various uremic toxins
accumulate, subsequently causing renal damage and hypertension. Recently, we have revealed that
human kidney-specific organic anion transporter SLCO4C1 excretes uremic toxins, and the up-
regulation of SLCO4C1 resulted in the reduction of blood pressure and renal inflammation in a
CKD model. However, the expression levels of SLCO4C1 is down-regulated in the renal failure.

The down-regulation mechanism of SLCO4C1 in the renal failure has not been well elucidated.

Results

The accumulated uremic toxins inhibit the expression of various renal transporters and this
inhibition further reduces renal function and subsequently causes the accumulation of uremic
toxins. However, the precise mechanism has been poorly understood. Here we report that indoxyl
sulfate, a uremic toxin, directly suppresses the renal-specific organic anion transporter SLCO4C1
expression through GATA transcription factor. The GATA3 mRNA was increased by indoxyl
sulfate in contrast to SLCO4C1 mRNA. A specific GATA-inhibitor K-7174 completely canceled the
inhibitory effects of indoxyl sulfate. In addition, over-expression of GATA3 significantly inhibited
SLCO4C1 and knockdown of GATA3 increased SLCO4C1 conversely. In indoxyl sulfate-treated
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rats, renal expression of slco4cl was decreased. Under this condition, plasma guanidinosuccinate,
which is a favorable substrate for slco4cl, was significantly increased without changing plasma
creatinine. In 5/6 nephrectomized rats, treatment with oral absorbent AST-120 significantly
decreased the plasma indoxyl sulfate level and conversely increased the renal expression of slco4cl,
resulting the reduction of plasma guanidinosuccinate concentration.

Furthermore, indoxyl sulfate also suppressed erythropoietin production in erythropoietin
producing cells through induction of GATA2 and GATA3.

These data suggest that indoxyl sulfate enhances the expression of GATA factors and causes the
accumulation of uremic toxins and anemia in CKD status. Therefore, the removal of indoxyl sulfate

may help to restore the SLCO4C1-mediated renal excretion of uremic toxins and anemia.

Discussion & Conclusion

It is suggested that IS plays a key role of the formation of the “vicious cycle” between the
accumulation of uremic toxins and renal damage in CKD. Therefore, the removal of IS and
blocking its signaling pathway should be an effective strategy to restore the SLCO4Cl-mediated

renal excretion of uremic toxins.
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Molecular mechanism of semaphorin receptor activation
implicated in axon-pathfinding
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Abstract

Plexin is the cell-surface receptor on neuron and binds with the axon guidance cue semaphorin to
induce axon repulsion. We here established the overproduction system of the extracellular domain of
plexin to analyze its three-dimensional structure.

Key Words : Axon Guidance, Cell-surface receptor, Structural Biology, X-ray Crystallography

Introduction

During development of the central nervous system, neurons extend elongated fibers, called axons,
to form precise connections with their target neurons. Plexin is the cell-surface receptor on neuron
and binds with the axon guidance cue termed as semaphorin to mediate the signal transduction
inducing axon repulsion. To analyze the molecular mechanism by which plexin is activated by
semaphorin, we here attempted to overproduce the extracellular domain of plexin for structure

determination through X-ray crystallography.

Results

Most of the plexin family members contain ten modules, a sema domain, three Plexin-Semaphorin-
Integrin (PSI) domains and six immunoglobulin-like domains, in the extracellular region. In this
study, we first attempted to produce the extracellular domain of plexin as a soluble protein towards
the structure determination at an atomic level. For that purpose, we designed several kinds of
constructs of the extracellular domain.

Many of extracellular proteins and extracellular domains of membrane proteins are, in general,
glycosylated and possess disulfide-bonds. Such proteins are difficult to produce in conventional
overproduction systems using E. coli. In this study, we therefore utilized a mammalian expression
system to produce recombinant protein of high quality. Specifically, we used HEK293S GnT1(-), a
mutant cell line of HEK293 that is defective in glycosylation processing, as the expression host to
reduce the glycosylation heterogeneity. It has been established that proteins produced from this cell
line possess high-mannose-type N-glycosylations and are suitable for crystallization. In fact, we
succeeded in determining several crystal structures of the extracellular proteins or the extracellular
domains of cell-surface receptors that are associated with development of the central nervous
system.

For stable expression, we transfected the HEK293S GnT1(-) cell with the plasmids encoding several
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kinds of the partial fragments of the plexin extracellular domain. The transfectants were plated on
96-well plates and selected for resistance to antibiotics. The clone showing the highest secretion
level was cultured in the high-density cell-culture system BelloCell® (CESCO). With this system,
we obtained about 2L culture supernatant containing the protein of interest within two weeks.

Since we produced the proteins with a polyhistidine tag, we first apply the culture supernatant to
the ion-chelated chromatography resin for purification. Subsequently, we treated the eluted protein
with protease to cleave off the tag sequence. Furthermore, we purified the protein by using size-

exclusion chromatography.

Results

Finally, we concentrated the eluate by ultrafiltration and used it for crystallization. With this
procedure, we successfully purified milligram quantity of the target protein from about 1 L of the
culture supernatant.

The initial crystallization screens were conducted using commercial screening kits. 0.1 pL of the
protein solution and the reagents, respectively, were dispensed into 96-well plates using the robotic
crystallization system HYDRA II Plus One (Matrix Technologies Corporation) and equilibrated
against 80 pL of the reservoir at 20°C by the sitting-drop vapor-diffusion method. Optimization of
the crystallization conditions was performed by the hanging-drop vapor-diffusion method using
24-well plate where 0.5 pL of the protein solutions and the reagents, respectively, were mixed
and equilibrated against 500 pL of the reservoir. After we obtained crystals, we performed X-ray
diffraction analysis at the synchrotron radiation facility Photon Factory (KEK, Tsukuba, Japan).
For data collection, crystals were quickly soaked in the cryoprotectant and flash-frozen in liquid
nitrogen. Data were collected with the CCD detector and processed with the program HKL.2000.
Since the resolution of X-ray diffraction was very low, we were not able to solve the crystal
structure. We, however, could determine the crystallographic parameters such as the space group
and cell constants. The crystallographic analysis suggested that the protein crystallized in this study

is relatively flexible.

Discussion & Conclusion

We here established the overproduction systems for the extracellular domain of plexin. In
addition, we succeeded in purifying and crystallizing one of the overproduced proteins. However,
diffraction quality of the crystal was not sufficient and the structure determination has not been
completed so far. Since the protein that was crystallized is heavily glycosylated, we will probably
have to eliminate the glycosylations by treating with glycosidase or introducing point mutations
to the consensus sequences, which will reduce the flexibility and surface entropy of the protein.
Information about the entire structure of plexin and its mobility will contribute to understanding of

the structural change of plexin during the activation process.
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Promoter-based super improvement of gene expression
in an antibody production

Masakiyo Sakaguchi
Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences
masa-s@md.okayama-u.ac.jp

Abstract

Recombinant antibodies have become fundamental in biomedical research where they are used in
numerous therapeutic and diagnostic applications. For this reason there is an increasing demand for
an economical production system for antibodies in mammalian cells. In this study, we performed
to enhance expression of a cargo antibody gene by modifying promoter. A newly designed-plasmid
vector showed 10 to 100 fold higher expression than that attained by commercially available vectors.
This vector certainly improved the antibody production in HEK293 cells. This innovative vector
shows a great promise for productive application of recombinant antibodies.

Key Words : Plasmid, Gene expression, Antibody

Introduction

The production of recombinant antibodies for use in therapeutic and diagnostic applications,
attracts growing interest in the development of techniques that allows ever increasing large-scale
production of the antibodies. For an exploitation of the recombinant antibodies, the main problem is
low level of expression in animal cell culture leading to high cost of antibody production. Of course,
during the last decade several approaches have been attempted to optimize these in vitro processes
with the aim of improving production yield. One of the main factors that limit the efficiency of
recombinant antibody production is insufficient activity of promoters loaded on plasmid vectors.
Therefore, in this study, we attempted to improve vector promoter with structural modification of
the plasmid vector. The exploited vector brought significantly higher expression of the antibody

used in this study than that attained by commercially available vectors.

Results

1. Design of vector: We developed a novel promoter system, designed CMViR-C. The CMViR is
composed of the human cytomegarovirus early promoter (CMV), the same virus-derived intron A
(1), and the R segmemnt with part of the U5 sequence of the long terminal repeat of human T-cell
leukemia virus type 1 (R), and the connected promoter CM ViR is inserted at 5° head of the inserted
cDNA. On the other hand, C from the CMViR-C shows CMV enhancer (C), which is located to 3’
end of the inserted cDNA-polyA sequence. The designed vector, named pCMViR-C, causes very
strong expression for various kinds of cargo cDNAs in many different mammalian cell types. In

this study, the designed plasmid was employed and tried to express recombinant antibody. Human
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IgG antibody gene is composed of two subunits, Heavy chain (HC) and Light chain (LC). To force
an expression simultaneously HC and LC genes, we used BiP IRES (internal ribosomal entry site)
sequence as the best one among the examined IRES sequences. As an objective IgG antibody of
this study, we used the HC and LC genes derived from the anti-myc tag IgG antibody (clone 9E10,
ATCC) and inserted them to the designed vector under the BiP IRES-mediated connection.

2. Evaluation of the pCMViR-C vector for antibody expression in transient transfection:
The vector was assessed for the expression of cargo antibody genes, HC and LC, in transient
transfections using HEK293 cells. The vector brought around 10 fold higher expression than that
attained by commercially available vectors loaded CMV and CAG promoter, respectively.

3. Evaluation of the pCMViR-C vector for antibody expression in stable transfection: The
designed vector with antibody genes was then employed for stable transfection. In antibiotics-
selected pools, the stable transformants in mixed culture unexpectedly gave lower expression for
the antibody production than that induced by the transient transfection. Even after the single cell
cloning, however, clonal productivities of the antibody in positive clones searched did not show any
appreciable enhancing-improvement of the expression. These results suggest that the vector favors
as circular structure for the high expression rather than the linear structure of the plasmid after the
incorporation into chromosome.

4. Functional improvement of the pCMViR-C vector to stable expression: To make it better
the plasmid for stable expression, EBNA1-OriP system derived from EBV-based episomal vector
was further employed. The system induces sustained localization of the vector in the nucleus and
replicates it with keeping circular structure in human cells. The newly designed vector, pPCM ViR-C-
EBO, was assessed for the antibody expression in HEK293 cells, resulting in similar high expression
in transient transfection as compared with the former pCMViR-C vector. In addition, the expression
was kept even after the establishment of stable clones.

5. Function of the produced antibody: Finally, to determine whether the expressed anti-myc tag
IgG retains the same binding ability as compared with a commercially available one (clone 9E10), a
Western blot of serially diluted purified IgG expressed from HEK?293 cell cultures was carried out
against a reference protein, GFP fused with myc-epitope tag. We confirmed that a similar detection
was possible for the antibody preparation, HEK293 expressed IgG, in comparison to the company-

derived one.

Results

This study validated a newly designed vector, pPCMViR-C, that robustly enhances various kinds
of gene expression in mammalian cells. The advanced expression system should be a valuable
tool for recombinant antibody production. We therefore studied whether this system could be
also working on a large scale of antibody production. The antibody IgG gene is composed of two
component genes, HC and LC, so that HC and LC genes were connected by BiP IRES sequence,

which causes simultaneous expression of them in the same vector. The exploited construct actually
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showed dramatically high expression of the individual two genes, finally leading to produce the
matured recombinant IgG protein with high productivity in transiently transfected HEK293 cells.
However, this vector was not suitable for making stable transformants by reason of yet unidentified
mechanism, so that we attempted to improve the vector adapting stable expression. The decreased
expression in stable transformants might be reasoned by vector structure, since the incorporated
vector on chromosome exists as a linear structure. According to the idea, we employed EBV-based
episomal self-replication system. The promoter-EBNA1 and OriP sequence units were inserted
to pCMViR-C, eventually producing the improved vector, pPCMViR-C-EBO. When utilized the
vector for stable expression, the isolated stable clone did not show any appreciable change about
the production as compared with the former vector in transient expression as well as long-term
stable expression. From these results, we strongly indicate that the innovative construct allows
great promise for economical production of the antibodies utilized in therapeutic and diagnostic

applications.
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Analysis of a novel mechanism of tumorigenesis
involving cMyc proto-oncogene product

Yoshihiro Kawasaki
Institute of Molecular and Cellular Biosciences, The University of Tokyo
kawasaki@iam.u-tokyo.ac.jp

Abstract

Aberrant activation of Wnt/B-catenin signaling has been implicated in colon cancer formation
(1). The proto-oncogene cMYC has been identified as a target of the Wnt/B-catenin pathway in
colorectal cancer cells. Here we report the identification of novel Wnt/cMyc target long non-coding
RNA (IncRNA), termed ncRNA-X. We also show that ncRNA-X is required for the tumorigenicity
of colorectal cancer cells. These findings highlight a key role for ncRNA-X in cMyc-driven
transformation.

Key Words : cMyc, Wnt signal, long non-coding RNA (IncRNA)

Introduction

cMyc is among the most commonly over-expressed genes in many types of human cancers. cMYC
encodes a basic helix—loop—helix/leucine zipper (bHLH/LZ) transcription factor that regulates cell
growth, cell proliferation, cell cycle, and apoptosis (2). Although deregulation of cMYC contributes

to tumorigenesis, the mechanism of cMyc-mediated cell transformation remains elusive.

Results

1) Identification of Wnt/cMyc target IncRNA

To obtain new insights into the function of cMyc, we attempted to identify target genes of cMyc
and to analyze the role of target genes in cMyc-driven tumorigenesis. In order to identify novel
cMyc transactivated IncRNAs, high throughput RNA sequencing (RNA-seq) was performed on
RNA from HT29 cells following knockdown of cMyc using a lentivirus expressing an shRNA
against cMyc, and on RNA from cells infected with control lentivirus. We found that 120 IncRNAs
showed a statistically significant down-regulation of their expression levels following knockdown
of cMyc in HT29 cells. qRT-PCR analysis revealed that knockdown of B-catenin led to reduce the
expression of 7 (out of 120) candidate target genes. Moreover, to explore that cMyc transactivates
these genes directly, we performed chromatin immunoprecipitation (ChIP) assays on HT29 cells
using anti-cMyc antibody. We detected cMyc binding to the promoter region of ncRNA-X, which
contains consensus cMyc/MAX binding sites. Taken together, these results suggest that Wnt/cMyc
signaling pathway regulates ncRNA-X expression.
2) Analysis of ncRNA-X expression level in colon cancer tissues

Quantitative analysis of ncRNA-X and cMyc expression in human colon cancerous and
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corresponding non-cancerous tissues by real-time RT-PCR. ncRNA-X was highly expressed in
most of the colorectal tumors examined, whereas it was expressed at low levels in most of the
corresponding non-cancerous tissues. Furthermore, the expression of ncRNA-X is significantly
correlated with the expression of cMyc and Axin2, which is a well-established general target gene of
Wnt signaling. Thus, ncRNA-X expression is aberrantly enhanced in most human colorectal tumors.
3) ncRNA-X is required for the tumorigenesis of colorectal tumor cells

To clarify the importance of ncRNA-X in colorectal tumorigenesis, we infected colon cancer
HT29 cells with a lentivirus expressing an shRNA against ncRNA-X. When the stably expressing
cells were transplanted into nude mice, cell growth was significantly retarded compared to cells
infected with control lentivirus. Furthermore, the suppressive effects of ncRNA-X knockdown on
tumorigenesis were comparable to those of cMyc or B-catenin knockdown. In addition, knockdown
of ncRNA-X in HT29 cells led to significant decrease in cell proliferation under adherent cell
culture conditions. These results indicate that the Wnt/cMyc-ncRNA-X pathway may play an
important role in colorectal tumorigenesis.
4) Identification of proteins that are associated with ncRNA-X

We next wanted to investigate the mechanism by which ncRNA-X facilitates tumor formation.
Thus, we attempted to identify proteins that are associated with ncRNA-X by an RNA-pulldown
experiment. We incubated in vitro-synthesized biotinylated ncRNA-X and antisense ncRNA-X
transcripts (negative control) with whole cell lysates and isolated co-precipitated proteins with
streptavidin beads. We resolved the RNA-associated proteins on a SDS-PAGE gel, cut out two bands

specific to ncRNA-X, and are now subject them to mass spectrometry.

Discussion and Conclusion

It has been shown that cMYC is a target gene of Wnt/B-catenin signaling and plays important
roles in tumor formation and progression. We have demonstrated here that Wnt/cMyc signaling
pathway regulates ncRNA-X expression in colorectal tumor cells. Furthermore, we have shown that
ncRNA-X is required for the tumorigenicity of colorectal cancer cells. In addition, we also found
that ncRNA-X expression is aberrantly enhanced in most human colorectal tumors. Thus, the Wnt/
cMyc-ncRNA-X pathway may be critical for colorectal tumorigenesis. We envision that the cMyc-

ncRNA-X pathway could be a promising target for the therapy of colorectal tumors.
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The 8" Annual Conference of OOTR

. Representative Person

Masakazu Toi

OOTR (Organisation for Oncology and Translational Research), President

. Opening period and Place

20th (Fri.) - 21st (Sat.) April, 2012
The Westin Miyako Hotel, Kyoto

. Number of participants / Number of participating countries and areas

165 people, 22 countries, 5 areas

. Total cost

JPY16,600,000.-

. Main use of subsidy

Programme and Guidance Making expenses

. Result and Impression

OOTR the 8th Annual Conference concluded successfully. Important lectures were given by

world experts in oncology using leading-edge innovative technologies to progress research into

cancer prevention and treatment. Many current topics regarding cancer treatment were discussed

leading to new ideas for future investigation and as targets for possible clinical trials. Attendees

left feeling they had gained valuable insight into new methods of cancer treatment and their

general impression was that the conference achieved and exceeded all their expectations.

7. Additional description

We would like to take this opportunity to thank Novartis Foundation for their most generous

support of OOTR the 8th Annual Conference. Without their generosity it would not have been

possible to achieve such a great success.
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The 22" CDB Meeting “RNA Sciences in Cell and Developmental Biology II”

1. Representative Person
Toshifumi Inada

Professor, Tohoku University, Graduate School of Pharmaceutical Sciences

2. Opening period and Place
Jun 11 (Mon) - 13 (Wed), 2012
RIKEN Center for Developmental Biology, Hyogo, Japan

3. Number of participants / Number of participating countries and areas
Number of participants: 149 (abroad 31 / domestic 118)
Number of participating countries and areas: 12 countries (Japan, Taiwan, USA, Singapore,

Australia, China, Canada, Austria, Spain, UK, France, Germany)

4. Total cost
JPY 5,514,119.-

5. Main use of subsidy
Printing of abstract books (200 copies)

6. Result and Impression
The 22nd CDB Meeting “RNA Sciences in Cell and Developmental Biology II” brought
together nearly 149 scientists in Japan to exchange ideas on how RNAs are transcribed,
processed, localized, exported to cytoplasm, and subjected to quality control, and diseases
caused by defects in mRNA processing. The conference was held in June 2011 in Kobe, and
consisted of 1 keynote, 11 sessions with total of 30 oral presentations, including 18 invited
speakers. In addition, 60 posters were presented and 12 of them were selected for short oral
presentations. The three days conference in which 149 attendants representing 12 countries got
together turned out to be very successful in terms of high quality in science as well as of
deepness of interaction among young scientists and invited speakers. The conference has greatly

contributed to an advance of RNA research both in Japan and the world.

7. Additional description

The organizing committees greatly appreciate The Novartis Foundation for the support.
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20" International Symposium on Molecular Cell Biology of Macrophages

1. Representative Person
Shigeo Koyasu, D.Sc.
Department of Microbiology and Immunology, Keio University School of Medicine

2. Opening period and Place
June 15" and 16", 2012
Sanjo Conference Hall, The University of Tokyo, Tokyo

3. Number of participants / Number of participating countries and areas
130 participants from 9 countries (Austria, Brazil, China, France, Holland, Japan, UK, USA)

4. Total cost
JPY6,040,000.-

5. Main use of subsidy

Invited speaker’s airfare, the venue and a meeting program.

6. Result and Impression
Forty papers (19 oral and 21 poster presentations) were presented and discussion was very active.
In particular, a lot of unpublished data were presented in the session for innate lymphocytes,
inducing very active discussions. Recent studies have revealed multiple innate lymphocyte
subsets, which correspond to helper T cell subsets. Those include Thl cytokine producing NK
and NK-like cells, Th2 cytokine producing natural helper cells and Th17 cytokine producing
lymphoid tissue inducer cells. The interaction between macrophages and these innate

lymphocytes seems to play important roles in controlling macrophage activities.

7. Additional description
Among posters presented by young researchers including graduate students and postdocs, three

posters were chosen for the best poster awards.
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Plant and Microbes Adaptations to the Cold 2012: Toward risk assessment and

management of sustainable agriculture in the cool and cold regions

1. Representative Person
Naoyuki Matsumoto (Hokkaido University)
Ryozo Imai (NARO Hokkaido Agricultural Research Center)
(Co-Chair)

2. Opening period and Place
June 24-28, 2012
Conference Center, Hokkaido University (Sapporo, Japan)

3. Number of participants / Number of participating countries and areas
102/14 (Japan, U.K., Sweden, Italy, Hungary, France, Canada, Iceland, Korea, Germany, U.S.A.,

Finland, Russia, Norway)

4. Total cost
JPY5,370,000.-

5. Main use of subsidy

Travel and accommodation expenses for foreign invited speakers

6. Result and Impression
The conference was started by the Keynote lecture “Global change in winter climate and
agricultural sustainability” followed by 7 scientific sessions of 41 oral presentations and 42
poster presentations, a special session for which a farmer from Canada and a representative of
farmers’ association from Tokachi area in Hokkaido of Japan are invited as panelists to report the
forefront of winter climate change, and finished by the wrap up discussion. Presentations
indicated the rapid progress in researches on plant-microbe interactions under low temperature
and the future direction: the trend of the understanding the cold acclimation of plants and
microbes is moving into the “fine tuning” network of cold response genes from major cold
regulated genes; molecular genetical approaches are becoming a powerful tool to accelerate
breeding cold hardy and/or snow mold resistant crops by creating molecular markers and new
breeding strategy; climate changes caused by global warming are requiring new strategies for
sustainable agricultural production, such as the control of late frost damage induced by loss of
winter hardiness ascribed to early spring. In general, discussions during formal and informal

sessions were quite fruitful and helpful for future collaborative works.

7. Additional description
The proceedings of the conference will appear as “Plant and Microbe Adaptations to Cold in
Changing World” (Publisher: Springer, NY, USA) in June 2013.
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The 18" Young Asian Biochemical Engineers' Community (YABEC)

1. Representative Person
Takeshi Omasa
Chairman, Organizing Committee of YABEC 2012
Professor, The University of Tokushima

Guest Processor, Osaka University

2. Opening period and Place
From 26 th October 2012 to 28th October 2012 at the University of Tokushima, Tokushima,
JAPAN

3. Number of participants / Number of participating countries and areas
173 participants including 80 participants from China, Taiwan, and Korea. The participants’

nationalities are Japanese, Chinese, Taiwanese, Korean, Vietnamese, and Indian.

4. Total cost
JPY5,500,992.-

5. Main use of subsidy

Travel and accommodation costs for participants from abroad

6. Result and Impression
Since the first YABEC symposium was held in Seoul in 1995, this is the 18th symposium and
this symposium series has developed into a key academic event among young Asian
Biochemical Engineers. This symposium is 5th YABEC symposium in Japan and first
symposium in local city. Tokushima city is located on eastside of Shikoku Island and delta area
of Yoshino River. This YABEC 2012 is the second YABEC symposium which is held under the
auspices of AFOB. This meeting was very successful with total 4 plenary lectures, 16 oral
presentations and 135 poster presentations. Total 117 Ph.D scientists and 56 students attended.
Most participants had very nice impression on the organization of the meeting. All participants

also enjoyed food and culture, Awa-odori in Tokushima.

7. Additional description
The particular session, “Biofun” was held at this meeting. The purpose of this session is to enjoy
the biotechnology. The interesting presentation entitled “DNA and music”, “Paintings and

biotechnology” were presented in this section and all participants enjoyed these presentation.
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The 8" 3R Symposium

(International Symposium on DNA Replication, Recombination and Repair)

1. Representative Person
Kaoru Sugasawa
Professor, Biosignal Research Center, Organization of Advanced Science and Technology, Kobe

University

2. Opening period and Place
November 25th (Sun) - 28th (Wed), 2012

Awaji Yumebutai International Conference Center

3. Number of participants / Number of participating countries and areas

184 participants / 16 countries and areas

4. Total cost
JPY12,350,000.-

5. Main use of subsidy
Printing - abstract books

Meeting expenses - the equipment fee

6. Result and Impression

The 3R Symposia have been aimed to discuss and better understand basic molecular
mechanisms and biological relevance of DNA replication, recombination and repair (collectively
called "3R"), which are fundamental functions for organisms to regulate stability and diversity of
the genetic information.In this 8th Symposium, implications of the 3R in human diseases were a
bit more consciously regarded than the previous ones, thereby subtitled: "Molecular mechanism
and pathology of the 3R".

As the leading scientists from the related fields, 19 speakers were invited from abroad and 20
from Japan.In addition, 18 speakers were selected from abstracts submitted to give oral
presentation.In general, scientific quality of their talks was very high, stimulating active
discussion throughout the meeting.In poster sessions, as many as 116 posters were presented,
and it was quite impressive that many participants were absorbed in intense discussion,
forgetting about the time.Overall, this meeting was filled with free and pleasant atmosphere, so

that it was very successful.

7. Additional description
Especially to encourage young postdocs and students, 3 or 4 posters were chosen for each
session and the presenters were invited to short talks.Although this was a new attempt for this
symposium, it was highly evaluated by many participants and thus significant from the

viewpoint of nurturing young scientists.
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26th Grant Report (FY2012)

The foundation has been conducting public interest activities such as research grant, meeting

grant and international exchange program since its establishment on Sep. 4, 1987 in Japan under

authorization of the Ministry of Education, Science, Sports and Culture. The grants conducted in FY

2012 are as follows.

26th Novartis Research Grant: 40 Researchers (JPY 1 mil.),

Research Meeting Grant: 6 Meetings (JPY 0.4 mil.),

Subtotal JPY 40 mil.
Subtotal JPY 2.4 mil.
Total JPY 42.4 mil.

26th Novartis Research Grant (FY2012)

The grant is to aim supporting creative research in Japan in the field of bio, life science and relevant

chemistry. The 40 grantees are as follows.

Center

# Name Institution Title Research Project
a4 Osaka University, Associate |Inflammation caused by secreted lysosomal
1 |Rikinari Hanayama |Immunology Frontier
Professor |enzymes
Research Center
2 |Satoru Yokoyama ?stltute of Natur.al Medicine,| Assistant [RACI inhibitor is an anti-tumor metastasis
oyama University Professor |drug?
University of Miyazaki, Associate Analysis of induction mechanism of
3 |Koichiro Nishino Veterinary Biochemistry and human TERT gene expression in human
. Professor :
Molecular Biology pluripotent stem cells.
4 | Atsushi Kuhara Konan University, Faculty of Aiggé?;te Molecular mechanism of temperature
Science and Engineering response through secretory signaling
Professor
Institute for Molecular and . . .
5 |Kohichi Matsunaga  |Cellular Regulation, Gunma Assistant  [Role of Rab GTPases in the intracellular
Uni . Professor |logistics of insulin granule
niversity
6 |Shuii Yamashita Tohoku University, Graduate | Assistant |Chemical Biology Based on the Unnatural
J School of Science Professor |Steroidal Compounds
Tokyo Women's Medical Associate Molecular mechanisms underlying the
7 |Yuji Hara University, Institute for membrane repair pathway in skeletal
I . . Professor
ntegrated Medical Sciences muscle
Transcriptional quiescence for the
8 |Akira Nakamura WIIEN Cautior itae LLaiborifon; establishment of germ cell fate in
Developmental Biology Head D ]
rosophila
Niieata University. Facul Regulation of plasma membrane receptor-
9 [Shuh-ichi Nishikawa 84 ¥ ty Professor [like kinase functions by endoplasmic
of Science ; ) .
reticulum quality control in plant cells
o Development of a novel therapeutic
10 |Katsuaki Hoshino anulty of Medicine, Kagawa Professor approach for the treatment of autoimmune
niversity diseases by antibodies against plasmacytoid
dendritic cells.
Hokkaido University, . . . .
11 |Kyoko Hida Graduate School of Dental Associate  |Prevention tumor metastasis by targeting
e Professor |tumor endothelial cells
Medicine
National Rehabilitation In vitro derivation from human
] g . _c|somatic cells to finally differentiated
12 |Yuko Seko Center for Persons with Section Chief . 5 g
[ et photoreceptors; generating complete disc
structures of rods and cones
Nacova University. Center Identification of cytidine deaminase activity
13 |Mamoru Sugita £0Y Y Professor |for elucidating the molecular mechanism of]
for Gene Research e
plant organelle RNA editing
14 |Yutaro Obara Yamagata University, School | Associate |Clarification of novel mechanism of
of Medicine Professor [catecholamine biosynthesis by ERKS5
Kanazawa University, Associate Assessing the biological significance and
15 |Shin-ichi Horike Advanced Science Research Professor function of neuron-specific imprinted genes

in brain plasticity
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# Name Institution Title Research Project
: Osaka-City University, Associate |Intracellular logistics regulated by LIS1
10} (M asar i amasi Graduate School of Medicine| Professor |and lissencephaly
Elucidation of molecular functions of
17 | Takatsune Shimizu Faculty of Pharmaceutical Associate |Imp3 in osteosarcoma progression, and
Sciences, Hoshi University Professor |development of novel anti-Imp3 targeted
therapeutic approach
] T ] Development of metal nanoparticles for
18 |Mitsuhiro Arisawa L gidentdly Wiy, Fosu by Aesoesis organic synthesis aiming a substitution and
of Pharmaceutical Sciences Professor ;
reduction of rear metals
. Institute of Science and Epigenetic regulation by nuclear pore
19 |Richard Wong Engineering, Kanazawa Professor P18 c 1eg Y P
University complex in cancer progression.
Frontier Research Core for : 28,8 g ] ]
: 7 At Assistant  |Artificial Regulation of Protein Degradation,
20 |Tomonao Inobe %1fe Sciences, University of Professor |by the Proteasome
oyama
. . Tokyo Medical and Dental Assistant  |Regulatory mechanism of mucosal healing
21 |Hiroyuki Tezuka University Professor |by DNA methylation
Assistant Actin Cytoskeleton Structure Regulation
22 |Shin-ichiro Kitajiri ~ |Kyoto University Hospital by TRIOBP, a novel gene responsible to
Professor
human deafness
Research Institute for Postdoctoral
. Radiation Biology & Study of chromosome instability caused by
23 |'Yuko Ozaki byl . ! Research . . .
Medicine, Hiroshima A . the impairment of centrosome maturation
P ssociate
University
Juntendo Universit Y. Elucidation of the mechanisms by which
24 |Hiroyasu Nakano Graduate School o ty Medicine| Professor impaired clearance of apoptotic cells results
in severe inflammation
Institute for Developmental Molecular mechanisms for the production
25 |Hidenori Tabata Research, Aichi Human Section Head |and maintenance of proliferative cells in
Service Center the subventricular zone
National Institute of : . .
26 [Kazuhide Asakawa  |Genetics, Department of Assistant  [Role of the VIPLa-mediated glycoprotein
: Professor |[trafficking in locomotion in zebrafish
Developmental Genetics
Kyoto Prefectural University . .
27 [Takayoshi Suzuki of Medicine, Department of | Professor Explorative study on lysine demethylase
: inhibitors by rational drug design
Chemistry
. : Faculty of Medicine, Associate  |Molecular mechanism of aging-like effect
24 Al ngme University of Miyazaki Professor |by diabetes
R . Comprehensive proteomicanalysis of
29 |Kiyotsugu Yoshida IJ\}Ikel.U‘mversny, School of Professor |molecules that are targeted for cancer
edicine -
prognosis or therapy
Department of Medical Molecular mechanism of Derlin family-
30 |Hideki Nishitoh Sciences, University of Professor |mediated novel endoplasmic reticulum
Miyazaki quality control system
31 |Ryosuke Matsubara Kobe University, Graduate Associate  [Development of NO donor drug based on
School of Science Professor |furoxan structure
Development of Novel Genetic Screening
- ] q : : Assay using Next-Generation Sequencer
32 |Hiroshi Watanabe g:(ligggnlérluﬁ%r:lg;llw el ?r Zsfl::g; and Clinical Application of Personalized
P Medicine in Inherited Arrhythmia
Syndromes
Keio University. Faculty of Research on a novel neuroprotective/
33 |Hidemi Misawa Ys y Professor |anti-inflammatory prototoxin targeting to
Pharmacy S .
nicotinic acetylcholine receptor
Center for Bioscience Assistant Development of an orange-colored
34 |Yutaka Kodama Research and Education, bimolecular fluorescence complementation
Ut g R Professor :
sunomiya University (BiFC) assay
Regulation of secretion of Wnt proteins
35 |Akira Kikuchi Graduate School of . Professor |by post-translational modifications in
Medicine, Osaka University . o1
polarized epithelial cells
36 |Seiiiro Hosokawa Waseda University, Faculty Associate |Synthetic Studies on the virulent cell wall
) of Science and Engineering Professor |lipid of Mycobacterium tuberculosis
Kyushu Institute of . . . .
37 |Mitsuru Kitamura Technology, Graduate School Associate  |Synthesis of anticancer anthracycline
. . Professor |antibiotics having aza-spiro structure
of Engineering
Research Center for
38 | Yasuharu Kanki Advanced Science and Project  |Determination about the essential factors in
Technology, The University | Researcher [vascular endothelial cell differentiation

of Tokyo
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# Name Institution Title Research Project
39 |Kazuaki Yoshioka Kanazawa University, School| Assistant [Essential roles of class II PI3-kinase C2a in
of Medicine Professor |vascular formation and homeostasis.
40 |Koichi Matsuo IS.Jchool of Medicine, Keio Professor Mechanisms of Eph family receptor-
niversity mediated regulation of bone mineralization

FY 2012 Research Meeting Grant

The grant is to aim supporting international research meetings in Japan in the field of bio, life

science and relevant chemistry. The 6 grantees are as follows.

Meeting

Date
(Place)

8th Annual Conference of OOTR
(Organization for Oncology and
Translational Research )

2012.4.20 ~ 21
(Kyoto)

Representative
Institution / Title Name
(NP .O) OOTR/ Masakazu Toi
President

Biology 2012

RNA Sciences in Cell and Developmental

2012.6.11 ~ 13
(Kobe)

Graduate School of
Pharmaceutical Sciences,
Tohoku University /
Professor

Toshifumi Inada

20th International Symposium on

2012.6.15 ~ 16

Keio University School

3 Molecular Cell Biology of Macrophages (Tokyo) of Medicine / Professor Shigeo Koyasu
. . — Hokkaido Agricultural
4 gléllndt El(r)l(lilecrobe Adaptation to the 201(28.:.24(1)r0) 28 Research Center / Norio Iriki
PP Research Director
Institute of Technology
5 The 18th Symposium of Young Asian 2012.10.26 ~ 28 |and Science, University Takeshi Omasa
Biochemical Engineers’ Community (Tokushima) of Tokushima /
Professor

The 8th 3R Symposium (International
Symposium on DNA Replication,
Recombination and Repair)

2012.11.19 ~ 22
(Awaji)

Biosignal Research
Center, Kobe University
/ Professor

Kaoru Sugasawa
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Balance Sheet

26th Financial Report

Movement of Net Assets

As of March 31, 2013 April 1st, 2012 - March 31, 2013
(Unit: JP Yen) (Unit: JP Yen)
Account Amount Account Amount
I Assets I General Net Assets Changes
1. Current Assets 1. Ordinary Income & Expenditure
Total Current Assets 49,067,338 (1) Ordinary Income
2. Fixed Assets (Long-term) Interest from Basic Fund 20,583,328
(1) Basic Fund Donation 40,050,000
" BasicFundTotal | 1,100,000,000 Other Income 334,524
(2) Other Long-term Assets Ordinary Income Total 60,967,852
~ Other Long-term Assets Total | 59,861,958 (2) Ordinary Expenditure
Long-term Assets Total 1,159,861,958 Project Expenses 52,966,501
Assets Total 1,208,929,296 Grant Expense 42,400,000
II Liabilities Novartis Research Grant 40,000,000
1. Current Liabilities Research Meeting Grant 2,400,000
" Current Liabilities Total | 40,054,374 Administrative Expense 4,351,506
Liabilities Total 40,054,374 Ordinary Expenditure Total 57,318,007
II Equity (Net Assets) Ordinary Balance of Current Period 3,649,845
1. Designated Net Assets 2. Nonrecurring Profit & Loss
o D-es1gnate-:d-N;:t -As-se-ts -T-o-téi -------------- l,be,Ob0,00b Nonrecurring Balance of Current Period 0
(Amount appropriating to Basic Fund) | (1,000,000,000) General Net Assets Balance of Current Period 3,649,845
2. General Net Assets 168,874,922 General Net Assets Ending Balance 168,874,922
(Amount appropriating to Basic Fund) (100,000,000) IT Designated Net Assets Changes
Equity Total (Net Assets) 1,168,874,922 Designated Net Assets Change 0
Liabilities & Equity Total 1,208,929,296 Designated Net Assets Ending Balance| 1,000,000,000
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List of Board Members

[Board of Trustees] As of Sep. 1, 2013
Post Name Title
Chairman | Akimichi KANEKO Dean, Prof., MD, Grgd. School of Health Science, Kio Univ.,
Emer. Prof., Keio Univ.
. Visiting Prof., MD, School of Medicine, Kobe Univ.,

Shigetaka ASANO Emer. Prof., Univ. of Tokyo
Masao ENDOH Emer. Prof., MD, Yamagata Univ.

Trustee P d

. President, Novartis Holding Japan K.K.,

Hiroko ISHIKAWA Vice-president, Novartis Pharma K.K.
Toshio SUDA Prof., MD, Keio Univ., School of Medicine
Tokuzo NAKAJIMA (Certified Public Accountant

Auditor
Masanori FUSE Head, Accounting Dept., Novartis Pharma K.K.

[Board of Councilors]

Post Name Title

Member of the Japan Academy,

Chairman | Tsuneyoshi KUROIWA Emer. Prof., Univ. of Tokyo

Director, Kumamoto Health Science Univ.,

Norio AKAIKE Emer. Prof., Kyushu Univ.

Novartis Science Board

Max M. BURGER Prof., MD, Univ. of Basel

Former Prof., Grad. School of Medical & Dental Sciences,

Hiroyuki KAWASHIMA Niigata Univ.
Shigeo KOYASU Acting Director, RIKEN Center for Integrative Medical Sciences
Tadanori MAYUMI Emer. Prof., Osaka Univ.

Prof., Health Sciences Univ. of Hokkaido,

Councilor Miwako MORI Emer. Prof., Hokkaido Univ.

Prof., Univ. of Tokyo, Science Dept., Team Leader, RIKEN (Inst.

Akihiko NAKANO of Physical & Chemical Research)

Yoshiyasu NINOMIYA  |President, Novartis Pharma K.K.

Director, Microbial Chemistry Research Center, Microbial

Masakatsu SHIBASAKI Chemistry Research Foundation

Director-General, MD, Research Institute, National Center for

Takao SHIMIZU Global Health and Medicine

Toshifumi WATANABE |Corporate Officer, Senior Science Advisor, Novartis Pharma K.K.
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[Grantee Selection Committee]

Post Name Title

Chairman |Hiroaki SASAI Prof., Inst. of Scientific & Industrial Research, Osaka Univ.
Hidenori ICHLIO %rnoli, (I?fe%léiﬁ;OGrad. School of Pharmaceutical Sciences,
Nobuya INAGAKI Prof., MD, Grad. School of Medicine, Kyoto Univ.
Akihiro UMEZAWA Director, MD, National Inst. for Child Health & Development
Shinichi OKA Ei;eliﬁogz 1]\\/[/[]2(,1112]13: Clinical Center, National Center for Global
Shigeyuki KAWANO Prof., Grad. School of Frontier Sciences, Univ. of Tokyo
Takeo KISHIMOTO Visiting Prof., Science & Education Center, Ochanomizu Univ.
Makoto SASAKI Prof., Grad. School of Life Sciences, Tohoku Univ.
Toshiharu SHIKANAI Prof., Grad. School of Science, Kyoto Univ.
Hiroshi TAKAYANAGI [Prof., MD, Grad. School of Medicine, Univ. of Tokyo

Member Hiroyuki TSUTSUI Prof., MD, School of Medicine, Hokkaido Univ.
Hiroyuki NAKAMURA |Prof., Faculty of Science, Gakushuin Univ.
Junichi NABEKURA Prof., MD, National Inst. for Physiological Sciences
Masanori HATAKEYAMA |Prof., MD, Grad. School of Medicine, Univ. of Tokyo
Tomoko BETSUYAKU  |Prof., MD, School of Medicine, Keio Univ.
Tetsuji MIURA Prof., MD, Sapporo Medical Univ.
Masabumi MINAMI Prof., Grad. School of Pharmaceutical Sciences, Hokkaido Univ.
Takashi MINEGISHI Prof., MD, Grad. School of Medicine, Gunma Uniyv.
Toyoaki MUROHARA  [Prof., MD, Grad. School of Medicine, Nagoya Univ.
Masato YASUI Prof., MD, School of Medicine, Keio Univ.
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