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Assoc. Prof. Nobuko Hosokawa
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Figure 1 Chaperone proteins in the mammalian ER
BiP is a major chaperone in the mammalian ER, and other chaperone proteins collaborate with BiP. Chaper-
ones assist the folding of nascent polypeptides, but adverse conditions called ER stress evoke protein misfold-
ing. Proteins with non-native conformations are prone to aggregate, and chaperone proteins inhibit aggregation
formation and help the refolding of these aberrant conformers.
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Figure 2 Structural basis for ai-antitrypsin deficiency: the diversity of aggregate structures and their relation to disease
1in 3000 Caucasian has Z/Z type as+-Antitrypsin gene mutation. 80% of ou-antitrypsin translated forms aggregates in hepatocyte,
rarely leading to liver damage and cirrhosis. The rest 20% of ou-antitrypsin can be secreted, and however is not enough to inhibit
neutrophil elasetase, which is expressed extensively on inflammation, leading to lung damage and emphysema. The way of po-
lymerization can be very diverse on mechanism or morphology. Notably, one of them seems to be incorporated well in the intracel-
lular inclusion of aus-antitrypsin deficiency patients.
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Figure 3 Binding activity of RNA aptamer against collagen.
Activity was analyzed by SPR.
Upper figure shows bound profile.
Lower figure shows bound amount.
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TWwh, E512, Blo TCRB #HEfET- £ A ¥~ b & RSSO T “cut-and-shut” 3L U B D H 2D\ T b M
ThHb. (303« A

D2 upstream
priler TagMan probe 22mer
12RSS D2
ctitittgt atcacgatgtaa cattgtg GGGACTGGGGGGGC caca
heptamer

E

D2 downstream
primer

12RSS-D2 junction

4 DRAW ETHEIRS h3MA
g & h/-E51E, TagMan 70— T H/N—F 3 5 12RSS-D2 #8185 (C “cut-and-shut” IC L W ERFEBAIhTWB EEZ SN 3.

Figure 4 A DNA fragment obtained by DRAW method
With our TagMan probe covering 5 12RSS-D2 junction and Archaea polymerase, a DNA fragment probably originated by “cut-
and-shut” is amplifiable.

Department of Molecular and Cellular Biology consists of the following four groups.

1. Protein quality control mechanism : How proteins are folded and degraded in the endoplasmic reticulum?

The major focus in the Department of Molecular and Cellular Biology is to study the regulation and function of
molecular chaperones/stress proteins and lectins, and the mechanism of protein quality control.

Newly synthesized proteins obtain their native conformations by the assistance of molecular chaperones. How-
ever, the process of protein folding is error-prone, and polypeptides that failed to obtain native structures enter the
refolding cycle or are subjected to intracellular protein degradation. Many secretory proteins and membrane pro-
teins are synthesized in the endoplasmic reticulum (ER), and their folding is regulated by the ER quality control
(ERQC). Terminally misfolded polypeptides in the ER are degraded by the cytoplasmic proteasomes after retro-
tlanslocation through the ER membrane, a mechanism known as ER-associated degradation (ERAD). Many works
have clarified the importance of ERAD of misfolded proteins and the disruption of ERQC in genetic diseases,
neurodegenerative disorders, and diabetes mellitus. Since most of the proteins synthesized in the ER are N-
glycosylated, ERQC of glycoproteins are regulated by the processing of the N-glycans and the recognition of spe-
cific N-glycans by the lectins.

Nascent polypeptides synthesized in the ER acquire their native conformations by the assistance of chaperone
proteins and folding enzymes (Fig. 1). However, protein misfolding is evoked under adverse circumstances called
ER stress conditions. These aberrant conformers are prone to aggregate, which impair normal cellular functions.
Chaperone proteins inhibit such an aggregation formation, and furthermore, assist the refolding of the misfolded
proteins. BiP is a major ER chaperone, and we recently have found that ERdj3, a co-chaperone of BiP, forms a com-
plex with SDF2 and SDF2L1. We propose that ERdj3-SDF2/L1 complex functions to inhibit the aggregation forma-
tion of misfolded proteins under ER stress, as well as to transfer the nascent polypeptides to BiP for folding (Fig. 1).

(by N. Hosokawa)
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2. Formation of a:-antitrypsin polymer structures and their toxicity

os-Antitrypsin is one of the typical serine protease inhibitors in human and circulates in blood with a changing
conc. of 1~3.5 g/L on inflammation. It inhibits neutrophil elastase that can attack the invaders as well as our lung
tissue. In Caucasians, not a little people carry a familial mutation in ou-antirypsin gene (1 in 3000 for homozygote Z/
7), and thus the protein forms aggregates in hepatocyte. This leads directly to liver diseases, and indirectly to lung
diseases due to the lack of ou-antitrypsin secretion in blood, referred as to ocu-antitrypsin deficiency. This deficiency
is based on protein misfolding and aggregation, and is in general recognized as one of the protein aggregation re-
lated diseases such as Alzheimer’s, Huntintong’s, and Parkinson’s diseases. My research focuses on the molecular
mechanism of these protein aggregations to prevent or rescue diseases, especially on ou-antitrypsin deficiency.

We first examined how ou-antitrypsin can polymerize in vitro on the basis of X-ray crystallographic techniques.
Interestingly, ou-antitrypsin can polymerize via at least 3 distinct mechanisms. Each polymer completes their struc-
ture by swapping different structural motifs and the structures seem very similar to the native ou-antitrypsin
structure. The lack of structural abnormality may explain why antitrypsin aggregates are able to escape from ER-
associated degradation system and stably accumulate in cells. Importantly, one of the polymers was preferentially
accumulated in the liver inclusions from the Z-ou-antitrypsin patient, which was confirmed by a monoclonal anti-
body sensitive to the polymer form. The Z-ou-antitrypsin polymer can also accumulate in mammalian and yeast
cells, supporting the idea for specific accumulation of polymer. Based on our crystal structure, the drug has been
designed that can reduce the intracellular Z-ou-antitrysin polymer accumulation. It will be interesting to see how it
works in vivo.

My recent interest has been on the growth of aggregates and their change in toxicity. As X-ray crystal-
lographic approach can be conducted for stable protein species, our crystal structure would be the one snapshot for
the diverse au-antitrypsin aggregate structures. Actually, ou-antitrypsin aggregate structures can grow and
change their morphology time-dependently. Further studies are necessary to describe the whole snapshots of ou-
antitrypsin aggregate structures. It is also of great importance to fraction the very toxic aggregates and analyze it

to set up the strategy for prevention and treatment of as-antitrypsin deficiency. (by M. Yamasaki)

3. Study on the basal transcription factors and the application of RNA aptamers

We showed that chromatin remodeling related factor was incorporated into the transcription complex and had
an important role for the regulation of transcription at specific gene by communicated with general transcription
factors. These results were coming from analyses with RNA aptamers. We continue the study to clarify the exact
function of chromatin related factor in the transcription complex.

To figure out the effectiveness of RNA aptamer against proteins with weak antigenecity, we continue the se-
lection of RNA aptamers aginst collagen peptides. Binding avidity was increasing depending on the progress of the
SELEX. Thorough analysis of obtained aptamers will show the potency of aptamer against weak antigenic mole-

cule. (by K. Hirayoshi)

4. New method for selectively amplifying rare and partially modified sequences

Unusual cutting in murine normal thymocytes between 5 12RSS and D2, instead of between D2 and 3’ 23RSS,

4 BRI ZT BB



Annual Report 2014

during Terb D2 and J2.1 recombination process produces infrequent, illegitimate constructs. It is highly expected
that this cutting also generates “cut-and-shut” constructs. In order to detect these seldom occurring events, we es-
tablished DRAW (detection of rare constructs using Archaea polymerase without 5—3' exonuclease activity)
method (Figure). Using Archaea-derived DNA polymerase, which lacks 5—3’ exonuclease activity, in a real time
PCR system enabled us to specifically amplify sequences that the TagMan probe could not anneal.

We are examining the frequency of “cut-and-shut” occurrence between 5 12RSS and D2 in normal thymocytes.

Also search for other “cut-and-shut” constructs between RSS and Terb gene segment is under way. (by S. Fujimoto)

[% # B 2]
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Hosokawa N, Suzuki T : N-glycans and Quality Control of Proteins. Sugar Chains (Eds. Taniguchi T, Suzuki T, Oht-

subo K) Springer, in press (2015)
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Koide T, Ishii A, Hosokawa N, Nishi A VN Wi, fAHFME%T, M7, 78 BI#) © Molecular and genetic analy-
ses of a QTL for increased home-cage activity exclude EdemI from the candidate genes (& HZ8IGE <~ 7 A D
DFBIRAIEATIS XD Edem] \SBEMEEET X VBRSNS B). 5 37 ol H AMHRER A K £ (2014.9.11-13.
BT (KA 7 —583)
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Masayuki Yamasaki, Rina Kodera, Hitomi Shimizu, Nobuyuki Takahashi: Storage of hen-egg induces D-Serine
generations at specific sites in egg-white protein, ovalbumin, modulating its properties for food- processing
and allergy. The 2nd International Conference of D-Amino Acid Research(2014.9.2-5 Utsunomiya)

Il IESE, /NSPHLZE, WK 0 7 2 F MY 7Y Y BER O T & £ 0B ARG 55 87 M H AL LR KRR
(2014.10.15-18.  %T#B)

IRFIESE, /NP, K B & O HOBEE a7 LV X — 5 ARG REAIT 84 (2013.11.23. H)

IRFIESE © 7 2 F 8 ) 72 Y REBREROSHKIE L ZORE~NOHDY & 2y HOREEE L T ORI - B
PR B D B AFFE S (2014.12.11-12. FEHN)

HFIESE @ 7 F M) 7Y v OREE R EENRIE & Z 080 AR AR A 2 (2014.12.22. 5U4K)
HEE— - FI5—1k - RNA aptamer 12 X 2 BB A A KT ORREFNT, (2014.11.25-27. #i%)
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FUJIMOTO Shinji, KAKINUMA Shizuko : Atypical 12/23 cases for Terb D2 to J2 rearrangement. 55 43 [B] H AR
Y RPN (2014.1210-12. HTHR)

KAWATA Takahito, MASUDA Kyoko, FUJIMOTO Shinji, KAWAMOTO Hiroshi: Segregation of y3T cell pro-
genitors prior to TCRP chain gene rearrangement independently of TCR-mediated signal. £ 43 il H A%
TS (2014.1210-12. HUHR)
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Masayuki Yamasaki : Serpin polymerizations - their structural diversity and toxicity. The 3™ International Confer-
ence of Indonesian Chemical Society (ICICS)2014(2014.9.16-17. Ambon, Indonesia)

I IESE © & VN7 BEEIZI$ %2 & Cambridge TOA:E  Shiga Science Project 2014 (2014.11.15. Kit)
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Department of Experimental Pathology

FEHR KO FX
Visiting Prof. Shimon Sakaguchi

(57 5% Bt E]

(1) PR D IELENHTZE

IEH 2R, JEHCHEICH L CRIEISE 2R T4, IEH OB LTS L e, 72, 7L
NFEIZA LN L \BF R RS ZHIET 22 AL T0a, COX) REERACER, REEEMEEROILEE
BAH = AL E LT, #lf# T (Regulatory T cells, Treg & W) X 2 IHIHIHASEHETH S, FOFERER
WIXHCHRER, TUVF—0RRERL. F7z Treg M E LT, ZOHWIA, HIHIREIRIGIC X D @0,
ISR OER - TTEZXY, Z ORI, MIHIREIRALIC X ) BRI N3 2 RIEEEOFES TR TH 5.

ARIEEE, Treg 2 & o TRl Sz ACUSHE T Mildo, MlEdy, etk 2 @i L7z, Treg Ml T T
RERENPUERIM 24T &, THREPUE L 7 % — (TCR) OHUE B IR U<, KEAE CD8" T Mg, 1
MOMBESHEO%, FREEIEL, TCRIEEMEZGZTHIL2%2EDH A4 M h 4 v REALZLSRD, RIS
bME LA EERT. SO7F Y —(anergy) DiFEIX, Treg I & 2 HUEILRMNE L CD80, CD86 D IsHINHIIC
F250THD. PHRFEWILIZ, 20X AT Y — THIlE, F£BAEE LTCCRT 2585544 —7 THl
faTd 0 %035 CTLA4 2 W8 d 288 e b o, FE0, @ A KM o B SRR CD8 T Milldz <7
FF-MHCT7 F7x—2HWCHEET 2L, £1 513 CCRT'CTLAA4T, HREINICT Y —THIRTH - 7.
SNSRI, Treg ICHIfl SNz BB T Millnz 7 > ¥ —IRRBIZT 2 & & TRE & % H LA 255 AME
FahaZd, 612, BEAORERIIE, T0LI%T7F Y- THMRIFAETLZIEEZHPALZLOTHS
(Maeda et al, Science 2014). ZOIIE, EHCESE, HOREROBRICHETH 5.

(2) BO%RIE, FEERE BARIEZEOLEENIIZ

LHFZEE TlX, & b FoxP3'Treg Z BREMNY 7 v M), EoH 71y M efE 352 T, b
O, EMHPREISEOREE HiFL Twb. AREE, BifEe  THIRICISS 2 & SN 54 300 ffOE /
7 0 —F WHARIZDOWT Treg & ORISYEZ MG L7z & 25, CD15s(Sialyl Lewis X) 25, &I bL, b
TN EE D D HIAEYE T Ml 7% v b (effector Treg, eTreg LW IZHFRIZHBIL TWA I L2 RMB L. &
512, CD15s DM REEIC L T, Foxp3'T MBI & F 15 I M T Mila & Foxp3 ¥l ¥ T Mifa % 551
T&5ZL%mL7. BB, CDISsIZ X » THIHIME Treg Z W WEICHMILTE 2 2 & AR L7z EEB, fUH A KM
75 CD15s'CD4" T Mllia % Br 2 L H CHUR CTHIET 2 &, BN To OIS T Mo tkqL - 85 2 75
T&7 MBS, BEEHUS TR ISR DU R Y T Ml o845 % 25 T & 72 (Miyara et al, PNAS, in press).
COFERIE, CDI15s FEBBIHEME T Mfu 2 E LT bORIERE 2 TS 20 itk % kT 5.

(3) FLVEWET NV E B 7~ F ORI - FERERAE OB
W7 THEY. L 72 SKG =7 213, SRmBleiice s oY) v <7 LMY 22 £ 2 BRIEET 5.
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ZOEREETIE, THEPEL £ 7 % — (T cell receptor, TCR) i F I BT 5 ¥ 7 F V5T Thb ZAP70 TH

D, TOSH2 FAA X O—HRERIZ L > THEIRDFHESNL. REE, ZOEBREMNCT, HEREENE
T MO 2 H OHUR 2 f#hT L7z, BIETJESAL & D 3R L 72 T Mifa o TCR #f=T % RAG-/-~ 7 Al
N2 53 X4 retrogenic mice Z/EHE LBIFIRDOFHIEEZ A S Z & T, MERERELX AT S TCR 2 HEEKFZE L 7.
WIZ, retrogenic mouse I B Ml % FHESE L, BIMiZEREN THlROAILVFIZL 0 EEA SN 5 H YIRS RS
LHCWEZFEELEZ A, ZDOUE2IF 60S ribosomal protein L23a(RPL23A) THh o 72, FEBE, i) 2 —<
FEFOMPIZH RPL23A Hifk 2 FEW T &, BHBETE S T g0 —5i3 2 0P 2 38k L CRIEEY 1 b A A

YEREAL. DLEoMROFHME, TMREECRERE HFICEFMECRIERT, SFICRBlL, ¥
RERTIZHCKIGM T ML K3 (negative  selection) (12  HOYUR ORI ZEZRE L2 &1lhHbH. Ihz

F Tl 4 51 B RS B ORI S 2215 72\ (Tto et al, Science, 2014).

This department studies: (i) the cellular and molecular basis of immunologic self-tolerance, in particular the
roles of regulatory T cells; (ii) the strategy for eliciting effective immune responses to autologous tumor cells, or in-
ducing immunologic tolerance to organ transplants, by manipulating the mechanism of immunologic self-tolerance ;
and (iii) the cause and pathogenetic mechanism of systemic autoimmune diseases, such as rheumatoid arthritis, by
utilizing an animal model established in our laboratory.

One aspect of immunologic self-tolerance (i.e., immunological unresponsiveness of the normal immune system
to normal self-constituents) is actively maintained through a T cell-mediated dominant control of self-reactive T
cells by naturally occurring regulatory CD4" T cells (Tregs). Yet how Treg cells effectively control potentially haz-
ardous self-reactive T cells in humans remains an open question. In particular, it is unknown whether Treg-cell-
mediated suppression for a limited period has a critical long-lasting effect on cell fate and antigen reactivity of auto-
immune T cells. This year, by addressing this issue, we have shown that Treg cells can render self-reactive human
CD8" T cells anergic (i.e., hypo-proliferative and cytokine hypo-producing upon antigen re-stimulation) in vitro,
likely by controlling the co-stimulatory function of antigen-presenting cells. Anergic T cells were naive in pheno-
type, lower than activated T cells in T-cell receptor affinity for cognate antigen, and expressed several co-
inhibitory molecules, including cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4). Using these criteria, we de-
tected in healthy individuals anergic T cells reactive with a skin antigen targeted in the autoimmune disease vit-
iligo. Collectively, our results suggest that Treg-cell-mediated induction of anergy in autoimmune T cells is impor-
tant for maintaining self-tolerance, and can be a key target in controlling autoimmunity and tumor immunity.

This laboratory has been studying Treg cells in humans. FOXP3*CD25'CD4"T cells in humans are, however,
heterogeneous in function and differentiation status, including suppressive or non-suppressive cells as well as rest-
ing or activated Treg cells. We have searched for cell surface markers specific for suppression-competent Treg
cells by using a panel of currently available monoclonal antibodies reactive with human T cells. We found that CD
15s (sialyl Lewis x) was highly specific for activated, terminally differentiated and most suppressive FOXP3hsh ef-
fector Treg (eTreg) cells and able to differentiate them in various clinical settings from non-suppressive FOXP3*T
cells secreting inflammatory cytokines. For example, CD15s"FOXP3* eTreg cells were increased in sarcoidosis
while it was non-suppressive CD15s" FOXP3*T cells that were expanded in lupus flares. FOXP3* cells induced from

conventional CD4*T cells by TCR stimulation hardly expressed CD15s. CD15s*CD4"T cell depletion was sufficient
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to evoke and enhance in vitro immune responses against tumor or viral antigens. Collectively, we have identified
CD15s as a biomarker instrumental in both phenotypic and functional analysis of FOXP3*CD4"T cell subpopula-
tions in health and disease. It allows specific targeting of eTreg cells, rather than whole FOXP3*CD4"T cells, in con-

trolling immune responses.

This laboratory previously established an animal mode of autoimmune arthritis, called SKG mice, which pos-
sess a ZAP-70 gene mutation and spontaneously develop T cell-mediated autoimmune arthritis immunopathologi-
cally similar to rheumatoid arthritis (RA) in humans. T cells mediating autoimmune diseases, such as RA, are tech-
nically difficult to characterize because they are likely to be deleted or inactivated in the thymus if the self-antigens
they recognize are ubiquitously expressed. This can be circumvented by altering TCR signaling, which changes
the sensitivity of developing T cells to thymic selection and results in new dominant self-reactive TCR specificities
that are causative of systemic autoimmune diseases. With this strategy, we have isolated arthritogenic TCRs from
SKG mice and characterized the self-antigens they recognized. One of them was the ubiquitously expressed 60S ri-
bosomal protein L23a (RPL23A), with which T cells and autoantibodies from RA patients reacted. Our approach is
instrumental in deciphering how T-cell autoimmunity to a ubiquitous self-antigen should trigger localized tissue
damage in RA and other human autoimmune diseases, and devising effective ways of their systemic or local inter-

vention.
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of Thymus-Derived Foxp3" Regulatory T Cells Is Controlled by Ultraviolet B Exposure in the Skin. J Immu-
nol. 193 : 5488-5497, 2014.

Kitagawa Y, Ohkura N, Sakaguchi S. Epigenetic control of thymic Treg-cell development. Eur. J. Immunol. 2014 Oct
28.

Schubert D, Bode C, Kenefeck R, Hou TZ, Wing JB, Kennedy A, Bulashevska A, Petersen BS, Schiffer AA,
Griining BA, Unger S, Frede N, Baumann U, Witte T, Schmidt RE, Dueckers G, Niehues T, Seneviratne S,
Kanariou M, Speckmann C, Ehl S, Rensing-Ehl A, Warnatz K, Rakhmanov M, Thimme R, Hasselblatt P,
Emmerich F, Cathomen T, Backofen R, Fisch P, Seidl M, May A, Schmitt-Graeff A, Ikemizu S, Salzer U,
Franke A, Sakaguchi S, Walker LS, Sansom DM, Grimbacher B. Autosomal dominant immune dysregulation
syndrome in humans with CTLA4 mutations. Nat Med. 20 : 1410-1416, 2014.

Sakaguchi S, Sallusto F, Gebhardt T, Stingl G, Clark RA, Santamaria-Babi LF, Guttman-Yassky E, Schuler G, Koe-
nen HJ. FRT - Fondation Rene Touraine : Pour La Dermatologie. Exp Dermatol. 23 :772-785, 2014.

Morikawa H, Ohkura N, Vandenbon A, Itoh M, Nago-Sato S, Kawaji H, Lassmann T, Carninci P, Hayashizaki Y,
Forrest A, Standley D, Date D, Sakaguchi S, and the FANTOM consortium. Differential roles of epigenetic
changes and Foxp3 expression in regulatory T cell-specific transcriptional regulation. PNAS. 111 : 5289-5294,
2014.

Pastille E, Bardini K, Fleissner D, Adamczyk A, Frede A, Wadwa M, von Smolinski D, Kasper S, Sparwasser T,
Gruber AD, Schuler M, Sakaguchi S, Roers A, Miller W, Hansen W, Buer J, Westendorf AM. Transient Ab-
lation of Regulatory T cells Improves Antitumor Immunity in Colitis-Associated Colon Cancer. Cancer Res.
74 1 4258-4269, 2014.

Morishima A, Hirano T, Nishikawa H, Nakai K, Sakaguchi S, Kumanogoh A. Comprehensive exploration of autoan-
tibody in Behcet's disease : A novel autoantibody to claudin-1, an essential protein for tight junctions, is iden-
tified. Joint Bone Spine. 81 : 546-548, 2014.

Mikami N, Sakaguchi S. CD28 signals the differential control of regulatory T cells and effector T cells. Eur J Immu-
nol. 44 : 955-957, 2014.

Miyara M, Ito Y, Sakaguchi S. TREG-cell therapies for autoimmune rheumatic diseases. Nat Rev Rheumatol. 10 : 543-
551 2014.

Morikawa H, Sakaguchi S. Genetic and epigenetic basis of Treg cell development and function: From a FoxP3-
centered view to an epigenome-defined view of natural Treg cells. Immunol. Rev. 259 : 192-205, 2014.

Forrest A, .., Morikawa H., .., Hamaguchi M, .., Ohkura N, .., Sakaguchi S., .., Hayashizaki Y, et al., A promoter level
mammalian expression atlas. Nature. 507 : 462-470, 2014.

Wing JB, Sakaguchi S. Foxp3* Treg cells in humoral Immunity. Int Immunol. 26 : 61-69, 2014.

Fujii H, Arakawa A, Utsumi D, Sumiyoshi S, Yamamoto Y, Kitoh A, Ono M, Matsumura Y, Kato M, Konishi K,
Shiga T, Sano S, Sakaguchi S, Miyagawa-Hayashino A, Takahashi K, Uezato H, Miyachi Y, Tanioka M. CD8"
tumor-infiltrating lymphocytes at primary sites as a possible prognostic factor of cutaneous angiosarcoma.
Int J Cancer. 134 : 2393-2402, 2014.

Nishikawa H, Sakaguchi S. Regulatory T cells in cancer immunotherapy. Curr Opin Immunol. 27 : 1-7, 2014.

5 A B TSR 2BP



Annual Report 2014

1) #% - HRSEX

Yoshinaga Ito, Motomu Hashimoto, Takashi Nomura, Noriko Sakaguchi and Shimon Sakaguchi: Cloning of an ar-
thritogenic TCR from CD4*T cells in spontaneous autoimmune arthritis. KEYSTONE SYMPOSIA Inflam-
matory Diseases: Recent Advances in Basic and Translational Research and Therapeutic Treatments
(2014.1.17-22. Vancouver, Canada)

Yohko Kitagawa, Naganari Ohkura, Keiji Hirota, Ichiro Taniuchi, Motonari Kondo, Terumi Kohwi-Shigematsu and
Shimon Sakaguchi: Divergent roles of the genome organizer Satbl in the development of thymic and pe-
ripheral regulatory T cells. KEYSTONE SYMPOSIA Inflammatory Diseases: Recent Advances in Basic
and Translational Research and Therapeutic Treatments (2014.1.17-22. Vancouver, Canada)

Motonao Osaki and Shimon Sakaguchi: The soluble form of CTLA-4 in regulatory T cells-mediated suppression.
KEYSTONE SYMPOSIA Inflammatory Diseases: Recent Advances in Basic and Translational Research
and Therapeutic Treatments(2014.1.17-22. Vancouver, Canada)

¥, Keith, BREER, ZHETF, N8, Ziokt, SRR HIES : Mg & Ko s T
M3 EI2 B0 % SATB1 k#4524 Al Kyoto T Cell Conference (2014.5.16-17. 5U#R)

AKREF Tim-3 FEEECHL, WAL L 72 IL-10 fE4: Treg D~ —H—TdH 5 45 24 5] Kyoto T Cell Conference
(20145.16-17. 5T#B)

Yohko Kitagawa : The genome organizer Satbl differentially controls thymic and peripheral development of regu-
latory T cells. The Fourth International Conference on Regulatory T Cells and T Helper Cell Subsets and
Clinical Application in Human Diseases (2014.11.1-4. Shanghai, China)

James Wing : Regulatory T-cells control antigen-specific Tfh expantion and humoral immune responses via CTIA-
4. The Fourth International Conference on Regulatory T Cells and T Helper Cell Subsets and Clinical Appli-
cation in Human Diseases (2014.11.1-4. Shanghai, China)

Osaki Motonao, Sakaguchi Shimon : The soluble form of CTLA-4 in regulatory T cells-mediated suppression 45 43
Bl H ARSI AR - e (2014.12.10-12. 5THE)

Kitagawa Yohko, Ohkura Naganari, Hirota Keiji, Adeegbe Olakunle, Yasada Keiko, Kondo Motonari, Taniuchi
Ichiro, Kohwi-ShigematuTerumi, Sakaguchi Shimon: The genome organizer Satbl differentially controls
thymic and peripheral development of regulatory T cells. 45 43 [8] H R g2 A4 - Sl 4 (2014.12.10-
12. HUHR)

Wing Jamws Badger, Ise Wataru, Kurosaki Tomohiro, Sakaguchi Shimon: Regulatory T-cells control antigen-
specific Tth expantion and humoral immune responses via CTIA-4. 45 43 [l H AR fpiE a0 E - MRS
(2014.12.10-12. 3T#E)

Yamazaki Sayuri, Nishioka Akiko, Kasuya Saori, Ohkura Naganari, Hemmi Hiroaki, Kaisho Tuneyasu, Taguchi
Osamu, Sakaguchi Shimon, Morita Akimichi: Homeostasis of thymus-derived Foxp3" regulatory T cells is

controlled by ultraviolet B exposure in the skin. %5 43 [0 H ARG FREE - T4 (2014.12.10-12. HHB)
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Shimon Sakaguchi: Roles of Treg Cells in Inflammation. KEYSTONE SYMPOSIA Inflammatory Diseases: Re-
cent Advances in Basic and Translational Research and Therapeutic Treatments(2014.1.17-22. Vancouver,
Canada)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. 2014 Senri Life Science International Sym-
posium “Innate Immunity, Cytokines, and Immune Regulation” (2014.1.31. Osaka)

P« A T M IS & 2 SIS M B O & Mgz o i iz on T BILRE KRR E 3
M A FERHE B A & (2014.2.13. B 1ln)

PCAESC « HEE T MIZIC X 2 RIS 55 13 [ H AT EER 2R (2014.34-6. 50HK)

SUNESC B EE T ML X 2 RIS AR 55 8 MGt N A 4 X 7 1 7 ZFF%E4x (2014.37. KBR)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. 10" Spring School on Immunology (2014.3.9
-14. Ettal, Germany)

Shimon Sakaguchi: Genetic and epigenetic basis of Treg cell development and function. 2014 Beijing-Shanghai Im-
munology Joint Symposium (2014.4.12. Hangzhou, China)

Shimon Sakaguchi: Epigenetic changes and Treg cell development. European Academy of Allergy and Clinical
Immunology Congress 2014 (2014.6.7-11. Copenhagen, Denmark)

Shimon Sakaguchi: Regulatory T cells in autoimmunity and tumor immunity. The 1% joint symposium of Karolin-
ska Institute and Osaka University 2014 Immunology and Infection biology (2014.6.10 Stockholm, Sweden)

PIEST - HIETE T AIBIC & 2 RIS 5 38 M HAY /&R (2014.6.21. HU)

Shimon Sakaguchi: Control of autoimmunity and tumor immunity by regulatory T cells. RJKEN IMS-JSI Interna-
tional Symposium on Immunology 2014 Decoding Immune Complexity —Bench to Bedside — (2014.6.26-27.
Hie)

SUNESC - B EE T AN X 2 RIS AR 55 51 | H AW LR r s (2014.7.10- 11, 5UHR)

PESC - HEYE T M X 2 e B & mil e — I B O & BRGSO WT 5 13 [ACER s Be R~ A 78 i ok
JegE#5x (2014.7.19. KBR)

PESC - Y T WIS X 2 B mle 55 33 10 ¥ Bl i 7 & (2014.7.25-26. K E)

WGESC - e T e o g4 L BkRE &5 16 MIR)EH~— 2 7 —)b 2014 in /NEL S (2014.7.28-31. /NEE)

Shimon Sakaguchi: Control of Tumor Immunity by Regulatory T Cells. IAAO (International Academy for Ad-
vanced Oncology) Convergence for Breakthroughs in Oncology Therapy (2014.8.1-2. ¥ 50)

PESC - HIETE T AIIEIC X 2 RS &M 58 51 ks >~ R T 4 (2014.8.22-23. Hii)

YIRS W T Ao Fs R & iae B2 SBR~NO R ALERFESR  RES - KIEFT PNV A
b 3 —(2014.825. #LIER)

Shimon Sakaguchi: Control of Treg cells for immune tolerance. Novo Nordisk innovation summit Tokyo (2014.10.1
-2. B0

PGS« HEE T MIZIC X 2 RIS M 56 87 [ H A AL A2k 4x (2014.10.15-18. 5THR)

Shimon Sakaguchi: Treg-mediated control of the cell fate of autoimmune T cells The Fourth International Confer-
ence on Regulatory T Cells and T Helper Cell Subsets and Clinical Application in Human Diseases

(2014.11.1-4. Shanghai, China)
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Shimon Sakaguchi: Regulatory T Cells: Development, Maintenance and Function in Normal and Disease States
The 2014 Fall Conference of Korean Association of Immunologists(2014.11.6-7. Seoul, Korea)

Shimon Sakaguchi: Genetic and epigenetic basis of Treg cell development and function. Academy of Immunology
and Microbiology Workshop on Immunology 2014 (2014.11.9-10. Pohan, Korea)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. BK seminar Integrative Biosciences and
Biotechnology (2014.11.10. Pohan, Korea)

PGESC - e T i & HCRE - 8 55 57 [ H AR HURIR = &2l 2 % (2014.11.13-15. KFR)

Shimon Sakaguchi: Keynote Address Immune Regulation for Cancer Immunotherapy The 45" International Sym-
posium of The Princess Takamatsu Cancer Research Fund : Recent Advances in Cancer Immunotherapy
(2014.11.18-20, H{30)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. Distinguished Lecture (2014.12.3, Marburg
Germany)

Shimon Sakaguchi: Regulatory T cells: development, maintenance and function in normal and disease states 22™
FRT - Fondation Rene Touraine Annual Scientific Meeting (2014.12.5. Paris, France)

YT+ Control of autoimmunity and tumor immunity by regulatory T cells. H A2 RH 47445 39 [H4E Kk
AR Z - #2(2014.12.14. KB
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) Y ERE G LT RTOMBHILR Z ORI, & oGO8 BB I £ 172220 T d 2 5 T s i
N & —EJEIT D7z ) HFEICHEE SN S, sl M, S EeE EhTwb = v F (niche)
EIHEN B F R R BN BRI THEFF S L. 2 OB - EATHET ST LN SN TE 2 Z 0= v F D%
KIZRERPHTH - 720 2003 45, KED Li Hid. FLEOFHEMBLO—FETH Y N # YV E2EFEHT 5 SNO
A SN = v F 2K T 5 2 & 2 #5 LiEH S 1172 (Zhang, J. et al, Nature 425, 836-841(2003)) . — 7.
KE D Morrison 5%, #M#EMIEOZ% < ZEFHIPENTHOH O X H 125504 § 2 AR BMIME L AT 5 2 & &2
#5172 (Kiel, MJ. et al, Cell 121, 1109-1121(2005)) L AL, Li & O35 OHHL & 72 - 72 58 MM FE O Mk 8
P34 L 135 2 3 (Kiel, MJ. et al, Nature 449, 238-242(2007)). N % K1) YK~ 7 2 O @5 IE
HWTHY . FEMROEMBEME= v F & L TOREIGEH SN D ITIEE > Tu AR,

M7zbid, INF T, BEFREY7 AEZHWZEIICE Y 7 €4 4~ CXCLI2 & Z 04254k CXCR4
A, BRAMNC BT 2 & ML O & fi~0 ks — 3 ¥ 7 (MR MR S, @435 2 L), BAE T o M
N &I B (B oAb L YUK E A2 (2L L 72 B M) o MERe = B AL (Bufk & A3 2 BB i Uiie) &
AR AR (pDC) I 84 ¥ & — 7 = b v A L AT 5 R L) . NK Mo @Al % Th b 2
&S 22 L7z (Nagasawa, T. et al, Nature 382, 635-638(1996) : Tachibana, K. et al, Nature 393, 591-594
(1998) : Egawa, T. et al., Immunity 15, 323-334(2001) ; Ara, T. et al, Immunity 19, 257-267 (2003) : Sugiyama, T. et
al., Immunity 25, 977-988(2006) ; Kohara, H. et al., Blood 110, 4153-4160(2007) ; Noda, M. et al., Blood 117 ; 451-458
(2011))o & B2, CXCLIZ2 DA B 72 FEBIMIIL %2 W (L T & 5 CXCLI2 15T GFP #in T2 A L7z~
A (CXCLI2-GFP / v 7 4 ¥ =7 A) & T, AR #iIC 38T CXCLI2 % #5839 2 Ml (ML CXCL12-
abundant reticular (CAR) M) 2SfFfE 35 Z & & W L7z 72, RREMINAE O K513 CAR MR IZHLY PH
FNTEBY, MBI RS 25 EN oM. F3 o B Mo #i SRR <2 2L 0 K555 CAR M ol
faZete oA L C\w5b 2 & &7) L7z (Tokoyoda, K. et al., Immunity 20, 707-718(2004) ; Sugiyama, T. et al., Immunity
25,977-988(2006) ; Kohara, H. et al., Blood 110, 4153-4160(2007) ) o

%

KT, 7= Bid, CARMIfEo, MMl - ikl B 2 E 2R T 5720, € MERN AT 777
#HFDT)ZEHBIETZHTDT HE512XL ) CARMBORRIMIE ZFET L2 LA TE LT Z(CAR
MR~ Y 2) 2 ER UIAST L 720 €058, CAR Mg, &M 0B & R OMEFFHLHTH 5 2
& B ET SR & AR M ER T B D3RI b U TH B 2 & MG - wiEHig o M2 22 o CXCLI12,
SCF OB#TOELLEAMBTH S LZ2W LT L. /2. CAR MO KIS V5 MM, TR o %
B HOEG R OBIZ T2 W AFHB L, RBRENEE TF M £ 23R b L7222 &2 5, CAR
MR IRRG - SRR ERIL T 5 2 & %78 L72 (Omatsu, Y. et al, Immunity 33, 387-399(2010) ) o
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%

2012 4F, >KE @ Morrison & 13 SCF % 583 2 il % #ot& 1 GFP TWH L T& 5 SCFGFP / v 7 4 ¥ =
7 A E L, SCF &28BMilid L 77 > 28k (leptin receptor; lepr) Z4EERMICEBEH T 2 RH L7,
Z @ SCF m7HMIgiE CARMR L 1ZIZA—TH 2. HiZ, HHid. VTF U ZHFKCre /v 7 43R L
SCF™vox vy 2 % 72 f#AT & 0 . SCF w56 BUMIIE C SCF % KA S8 5 LG e F i L7 2 & 2 i L
(Ding, L. et al., Nature 431, 457-462(2012)). KE® Link 5. FA7zH & OIFEWIE T, FHOME AL % B
CIFIMERANEL T CXCLI2 Z KIH$ 5~ 7 A TR @M M A FH KT 5 2 & 2R L 72 (Greenbaum, A. et al,
Nature 495, 227-230(2013)). LLEX . CARAMNEIZ. CXCLI2 & SCF % pE/E L. 3EiMsHig - srBkAlle o HERR
WZHD =y F RIS 5 2 LR S N7z,

%

LA L. BRI - 53 RTBHIIE I3 A 2 &0, £ K OMIBRICHIET 2 2 LW S Twad, 22T B
72bid, RO NRIMIE - g2 ET BRI o A 2% Ml - BT = v S 2RI 5 0 TR R B S AT
B7:0, FHFMILE OLBIZE ). CAR M RINICHEB T 2 BIAFEME L. TOHRE, 74—~y F7 7
) =BT B HRE R F T AR MK IEE O R R E (AT & L THIS LT 7z Foxel %5 CAR MR RINICHILT 5 2
ExEM L7z, 22T, CAR MRS RIEIE TR~ 7 2 L R TRIZ T RIAZ FE ST 2~ 7 A, RIHM AT R
MUFLRR % IO 72807 2 470 Foxel (3. CAR AINZIZ 35\ T i s & S0 84H 24 0 . o> iy IR e o> s e e 2 5
T 5=y FOM L MR IRITHIB~O LI & 2 KSR LATH 5 2 L 2B 5 512 L 72 (Omatsu,
Y. et al,, Nature 508, 536-540(2014) ) T DI L - T, HHEB Tl Lo TH MMM - AiERHIIE % M55 5
= F OB & BAKTOHEFED 5 T HREDTH S A7 - 720

Chemokines are a large family of small structurally related chemoattractive cytokines that utilize seven-
transmembrane spanning G-protein-coupled receptors (GPCR). We identified CXC chemokine ligand 12 (CXCL12),
also known as stromal cell-derived factor (SDF)-1 as pre-B-cell growth stimulating factor and found that CXCL12
and its primary receptor CXCR4 were essential for hematopoiesis, including colonization of bone marrow by
hematopoietic stem cells (HSCs) during ontogeny, maintaining a pool of HSCs in adult bone marrow and
development of all immune cells produced in bone marrow, including B cells, plasmacytoid dendritic cells (pDCs)
and NK cells as well as cardiogenesis and organ vasculalization during ontogeny (Nagasawa, T. et al., Nature 382,
635-638 (1996) ; Tachibana, K. et al., Nature 393, 591-594 (1998) ; Egawa, T. et al., Immunity 15, 323-334 (2001) ; Ara,
T. et al,, Immunity 19, 257-267 (2003) ; Sugiyama, T. et al., Immunity 25, 977-988 (2006) ; Kohara, H. et al,, Blood 110,
4153-4160 (2007) ; Noda, M. et al, Blood 117451-458 (2011)).

On the other hand, we have identified a small population of non-hematopoietic cells expressing high amounts of
CXCL12, termed CXCL12-abundant reticular (CAR) cells with long processes. We have revealed that CAR cells
were scattered throughout bone marrow and that most HSCs, early B cell precursors, the end-stage B lymphocytes,
plasma cells, pDCs and NK cells were attached to the processes of CAR cells (Tokoyoda, K. et al,, Immunity 20, 707-
718 (2004), Sugiyama, T. et al., Immunity 25, 977-988 (2006)). In addition, we generated mice that allowed selective
ablation of CAR cells within bone marrow. Short-term ablation of CAR cells in vivo severely impaired the
adipogenic and osteogenic differentiation potential of marrow cells and production of SCF and CXCL12, and led to a

marked reduction in cycling HSCs and lymphoid and erythroid progenitors. Thus, the adipo-osteogenic progenitor
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CAR cells is required for production of CXCL12 and SCF, proliferation of HSCs and lymphoid and erythroid
progenitors (Omatsu, Y. et al., Immunity 33, 387-399 (2010) ; Nagasawa, T. et al,, Trends Immunol. 32 ; 315-320 (2011)).
Recently, Ding et al., reported that cells which expressed high levels of SCF preferentially expressed the receptor
for leptin (lepr) and that the numbers of HSCs were reduced by about 5-fold when SCF was conditionally deleted
from leptin-expressing cells (Ding, L. et al., Nature 481, 457-462 (2012)). We have confirmed that lepr is preferentially
expressed in CAR cells. Thus, the results shown by Ding et al., support the idea that CAR cells function as a niche
for HSCs.

Recently, we found that the transcription factor Foxcl was preferentially expressed in CAR cells in the
marrow and was essential for development and maintenance of the HSPC niche, enhancing CXCL12 and SCF

expression, and inhibiting adipogenic processes in CAR progenitors (Omatsu, Y. et al., Nature 508, 536-540 (2014)).

[ # B 2]
@ REERK ©

1) BEE#RX
(*corresponding author)

Omatsu, Y., Seike, M., Sugiyama, T., Kume ,T., *Nagasawa, T.

Foxcl is a critical regulator of haematopoietic stem/progenitor cell niche formation.
Nature 508(7497); 536-540, 2014.

Vogt, D., Hunt, R., Mandal, S., Sandberg, M., Silberberg, S., Nagasawa, T., Yang, Z., Baraban, S., *Rubenstein, J.
Lhx6 directly regulates Arx and CXCR7 to determine cortical interneuron fate and laminar position.
Neuron 82(2); 350-364, 2014.

Ono, N., Ono, W., Mizoguchi, T., Nagasawa, T., Frenette, P., *Kronenberg, H.

Vasculature-associated cells expressing nestin in developing bones encompass early cells in the osteoblast
and endothelial lineage.
Dev. Cell 29(3); 330-339,2014.
Ono, N., Ono, W., Nagasawa, T., *Kronenberg, H.
A subset of chondrogenic cells provides early mesenchymal progenitors in growing bones.

Nat. Cell Biol. 16(12); 1157-1167, 2014.

2) FEICHEE

*Nagasawa, T.
CXC chemokine ligand 12(CXCL12) and its receptor CXCRA4.
J. Mol. Med. 92(5); 433-439, 2014. Review.

3) FXHEH, EE
RELA “elLIF—MeRo9" KHESMEFNELFE  HARERM(2014)
RELA], BRI, MLV “EimEsE 2R 2 580 = v 77 FZERIES: Vol. 32 No 16 ; 2543-2550(2014)
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RERER HREIMREO = v 5 &137 FEERIRS: Vol. 32 No 16 ; 2540-2542(2014)
FEiERT “BHoEnEE=>F" Clinical Calcium Vol. 24 No 4 3£ ¥ — F V4, 1 55-64(2014)
FEEEA S =y 57" KAE & 50 Vol. 22 No 5 B3 Y v — F vtk 5 22-31(2014)

© FREORR @

BERE(BAZ - IEEES
T. Nagasawa #4535 B HARSKIE - FEES% JSIR-JCO Joint Symposium “The microenvironmental niches for
hematopoietic stem and progenitor cells in bone marrow” (2014/07/03  J7 EIFEAE 443 i)

Nagasawa, T., Omatsu,Y., Sugivama,T. Cold Spring Harbor Conferences Asia; Frontiers of Immunology in Health

and Diseases. Invited Speaker. “The microenvironmental niches for hematopoietic stem and progenitor cells
in bone marrow” (September 4, 2014, Cold Spring Harbor Conferences Asia, Suzhou, China)

Nagasawa, T. Stowers Institute for Medical Research, Wednesday Lectures. Invited Wednesday Lecture speaker.
“The microenvironmental niches for hematopoietic stem and progenitor cells in bone marrow” (September
17, 2014, Stowers Institute for Medical Research Kansas, USA)

T. Nagasawa The 24" Hot Spring Harbor International Symposium “The microenvironmental niches for
hematopoietic stem and progenitor cells in bone marrow”(2014/11/07 JuMK% &)

T. Nagasawa & 43 [0l H AR GuE2 A MEA T R Y7 A microenvironments for stem and immune cells. “The
microenvironmental niches for hematopoietic stem and progenitor cells in bone marrow”(2014/12/11  [®7.

HARIEBR XA HUHR)

BiFEEER)
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KRl BUHR)
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(57 % 8t E]

AWFZE T, MR L, )iy - B SRR E FOHABHEO G TEMOMAE 3257 —< LT, <
TR, 2T M), ¥TF5 T4 v ah EOFHMETIN, MRKEEREHRMEL THT LRV TORIT 27> Tn5.
BIEOWse T — <1, UToO#HY Th 5.

1. Chondromodulin-1 (ZR89 2 %2
(1) MEFHEMHEF Chondromodulin-1 (ChM-1) DINEA R MR T 2 /ERICET 2%

Lexix, v VRS RTAEA S mAEHANHIA - ChMI 288 - 2 o —=> 2 L7z, ChM-TIZF Ik 2 0l
Fo7e EOMEIME P72 2 BISSHRICRR I REL, WENEMR OB E - B5E - EERRHENEZ R, 8
512, ChMIL / v 7 7o b= o ZAOMHTTIE, M2 OB IR 2B (LS ERE S D 2 & h 5, ChMI
DR D MM AEEOMEFFICE R 2RI R T WY S o7z, LA L, MENRMIBIZNS 5 ChMI ®
TERBEFR IC oW T I Shvtwn vy, 22T, Mtz e » ChMI 4 > 787 B (thChM-D Z## L, ChM-I
W2 & o TRHE S N5 D A O M Fr RGNS E T 2 ML O HEER IO W TR HE L7z, rhChMAI
¥ Vascular Endothelial Growth Factor-A (VEGF-A) D& 7% 53, Fibroblast Growth Factor-2 % Insulin-like
Growth Factor-I 7 & &+ ORI~ O & b I ERIR L P B2 M2 (Human Umbilical Vein Endothelial Cells:
HUVECs) 7 €% ¥ ¥ 2% [H#E L7z, rhChM-I £ F T3 VEGF-A #l#2tE 5 HUVECs & 7 7 F Vil d & B
X OEEROPESIIZEINCHE SN, Racl BEXUT 7 F Y BEAKEF cofilin DG RN T 258D 7z,
INOLDOMREIRFTH LI, ¥4 477 AIK ) HUVECs ORMMESE) % #5535 &, rhChM-T LB Tl
VEGF-A 12 X o THE I N5 R 2 ERAZ ORATHE 2, — @O RIEEATEHE RO b b &3t
2, MO BEREE, @A CEE KT L w2 D EoE LY, ChMIIZMEEEN %7 7 F »
Ja B OPER Z HET 2 2 212X D ERIEDOMEEZARLELL T, MOEEHEZIPHIT 22 LS L
Loz, TOX) plEEEEERIGHEAEMRZ SIS LRz A LR ONT, fir DMENEMRICBWT
BRYICRO SN2 L5, ChMI OFERNEIME NI 3 2RI R ERBFEZ AL Twb EE 26N
7z.

(2) NERBMERRICHT S ChM-l OEMFIEICEIT 2%

FROKIBIT %2 52 REFIRANCE TREEOFEEL LOBRIS T, FEARICE > THO TREER
1t - AIRACEBICIME MR AT 5. TN & ZRRICHF ITE BRI N L (NIREEEIER) . BRg Al X - T
SN B 43T 20-25 kDa OIS HAEBIHIK 7 ChM-T1E, BB S E3ED 9 B T b ME M4 70 S8 (B 1Lk - Bggl
R - BRI OMifgsb=< M) v 7 ZERRWIRET 525 AL EAMER A 2 383 2 ERAL - AIxAL
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W OMBEIL~ N v 7 ZEAFIE L v, AREFEEE, BB ICH 7210 L L 72 14-kDa © ChM-L i % F
#Hh0 LLT, BENESILERICET S ChMI OG5/ AEHALIZOWTZ0—i 2 B S 2 L7z,

M Z e b ChM-I 2R & LCHi 72128 L7z ChMAI € 7 2 1 — Y Hifk (hCHM-05 $ifk) 2 T = X 7 »
7ay MENZ4TD &, BE I RIS % 521 72 20-25 kDa ChM-T DA 3 & K & 3612 14-kDa O 5
HENY RSN 22T, RERKEICE ) ShZ R - R L, NRBERY % #T L7228 25 ChMI o
Asp®- Asp® AWIWF S NCTH U % N & 37 5% K72 ChM-I 75 2 2 ~ b (14-kDa AN-ChM-D) TH % & & A3
L7z, Zo diacidic #7213 V8 707 7 — ¥ YK TE 52O T, Mz ChMI A5 14-kDa AN-ChM-T % 3% L
VEGF-A 23 5 45 PR M o0 i A0 Pk 2 R 2 o B Wi M2 BoE L7z & 25, S H RGN 213135 -
TOVBRHENEGP-72. S5, NAGRRS % LY b—7 &3 551 ChMI R 7F FHifk(N-ChM-I Ab) & 20-25 kDa
ChM-I & 14-kDa AN-ChM-I Olj J5 % i3 % hCHM-05 & / 7 0 — Y Hifk 2 v CR B2 “mipEgm L
25, RAL - AHIRALERE G121 14-kDa AN-ChM-I D ADAFAET 2 T E AW S & %o 72 (K).  MEH LI ILTE
TEDHR L TWAEZ EDBRIZM SN TV 22 KRAL - AIKfLfk4 Tid, ChM-I 2% Asp¥/Glu®-Asp® @ diacidic &
MTYW SN2 Z & THREBMIFRMICAEI L IN TS 2 EATRE S L7

2. BB ER/FHEOERFDBEICH T 5 Scx*/Sox9 RN R B DT

BHEEN AR Z By A3 720120, FHK - 0 - BEO BB THREEMN 22 DWW 2 8GR K Th 5. BT & 5%
ZHEATHIET, AHZANEFT U AI vy —L LTHEEL, —7, BT e g ey s 2 & CHEORE
L2, W - - B B LK Y R—F Y ML, BIEKROBAEMINCE P LA EIEE LOBK S
N5, ZO%, MBPEOETIHE->THEI v R—%2 Y MR ENDDS, ZOAHZALFHLPICEN TR
W,

SRY-box containing gene 9(Sox9) & Scleraxis (Scx) 1ZZ NLZIIRF K & BIZ KA T R REEE T TH 5 25,

N-ChM-I Ab/: C hChM-05/ N-ChM:-RAb/

E16.5 ¥ AEDER & V) IFRETH #EE L, HBEMEBEREEICH TS 14-kDa $ £ UF 20-25 kDa ChM-| H FIREDBTE & RELE
ICEWBH L (ASEERETIED ML D> TIv—%61& (B, C)SEEEMER (/YR IL A FVER) ODRELER SEEHET
PHFEME~Y—H—TdH 5 CD31(FR) HfEH LU N-ChM-1(;% : B) HifFA £ /-1 hCHM-05(f% ; C)MIA E W T REZELE L 1.
(D) SEEHEFT I F & N-ChM-I (%) L8 &5 £ U hCHM-05 (FR) A s AW TREZSELE L /2. %46 (F)IEDAPIZHVWTT-
Feo INRIBDICHFBZTIXTURY (%)}, BRILEEEERT. X7 —IL/N—13 100 um &7RT.

Differential distribution of 14-kDa AN-ChM-I and 20-25 kDa ChM-l in mouse developing bone at E16.5.

Frozen sections were prepared from legs of an E16.5 mouse embryo. (A) Toluidine blue (TB) staining of the sagittal section of tibia
and fibula. (B, C) Immunofluorescent views of the boxed area in panel A. Double immunofluorescent staining of the sagittal section
of proximal tibia with CD31 (red) and N-ChM-I Ab (green; B) or hCHM-05 ChM-I MoAb (green ; C). (D) Double immunofluores-
cent staining of the sagittal section of proximal tibia with N-ChM-I Ab (green) and hCHM-05 ChM-I MoAb (red). The nuclei were
counterstained with DAPI(blue).Asterisks in the panels B-D indicate hypertrophic cartilage zone. Scale bars, 100 um.
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— TR - B AT BEANE B S AT IS B VT, BB RERIER NG Sox9 & Sex SHICHBL T 5. 22
T, SexCre %7 AL LR—% —< A% L/ L T Scx ML O RS Z T 5 &, Sex Bitk T 2 o i A
Hahsik i & /B0 O FEAE IR T ORI LT 2 S SR L ot

72, Sex DFEBLFITNZ BT Sox9 BrlEMINE 0 RGE 2 AT L 728528, Sex B EMIIZIE Sox9 DFEBUBIEIZ X V), Sex™
/Sox9 " HIBEMING & Sex*/Sox9  HIbEAINE D =D DL /A b T EBWH O M &k o7z, HMNBIE Sex™/Sox9 ™ K U
Sex™/Sox9 FIBRMINLICHR L TE D, BB FIRISED {13 &S { OBEMILAS Sex*/Sox9 ITH K LT 7z,
¥, & HEFAR O R DN IE Sex/Sox9 HINBIZHIE LT/, X512, Sex'/Sox9  MIMLIZ B THEIIZ Sox9 %
RIEED L, BRAG & B/ O MRS AR ORAHER 12 B W TR R KIADSRD Sz, ThOORER D,
Sex*/Sox9 ML REIZMEMING - BYHTAING - BB AN & 22 2 ZRetEA A L, Wil & /B o A oM EICH 53 %
ZEDVHLNE R ST

3. Pax1 (& B2 E&EMIIDMERFADIH

Paxl (Paired box gene 1)i%, MFAEBRICBWTHE CHRILL, PIEEOBRICEE R ZEH %) 5 KT
Td 5. Paxl i Nk3 homeobox 2 (Nkx3.2) D3EB%FE S 22 12X, Mok #ilurbzREs 2 2 &2
HENTWAHY, BHAEMIZICET S Paxl OEHEN ZEFHIIOWTEWLNIZENTWARY. KL, Pax] OB
TSR IO LR E I T 2 2 e 2 R L7, FHOBBGERICB VT, M & MERBUIETC Bk s
BEAFMENT VL. =7 M IRTOMIOREE, WHiTRY SNz Pax] OFBU, Ml OB VS F DT
PE S T TRART L CHeg I & HERIBUC B L7z, B ML~ 2 ¥ —#{ZTCTdb % SRY-box containing gene
9(Sox9) &, BEZT T MMM THHBL, BHEROFHETEIHEBBICB T Paxl & EH L 725888 —
YERRLE =7 MY IROHIRIC Pax] & IEHIFEH S SRR, BB O MILER IR ESRD SN o7
bOo, WEMIOBRHL NS BB ABLE S, g OB R H L CHll S N7z Paxl %558l L 72
BEMIETIE, 7aFF 70 OB L, Aggrecan (Agel) D L WISBUR T 235580 5 iz, K38k il
HIZ BT Paxl % 5RMFEBL L 72/ 20, RN 8 A3k MU L B 72 2 A B 2 © SUHE 3P A A 0 W SR AL~ & 2511
L7z, F72, Paxl OEHIFEIIC LD, EERWEMIICBIT S Sox9, Nkx3.2, Indian hedgehog, type II collagen
Chondromodulin-1, LU Agel &\ 72k~ — 7 —BIZTF OFEBAEHEF KT L7z, Paxl & IFEIZ Sox9 % bt il
FEH L 72E MR T, Paxl ZHMCREIFEH L HE LKL T, E~— 7 —BIZTFORBSDT I 1A
L7275, WEAIORBIIIZE A EHE L 225 7. AW%E2 5, Paxl 2SKEMEOR#GEEZ HEST 5 2 &8
HOEMNTHR o7z, & 51T Sox9 DFEEEITH LT Pax] 2MPHIMICIER 5 2 LAVRIZE N A KRS S 7.

4. €T574 v 1 BOEFERA X —D L TRMERAVENELHREEBIR 701 XOFHRIE
EEHTHREDRVET T T 4 v Y20k BLOMEZHNS V87 HICE )T LT 52 LT, REBR
2B TR SERL R I A R B R DSTTER S B T O A ER NI L CW A, ¥ AT, Col2al #f5T Dk
BRI R 72 5813, SRY-box 9(Sox9) 2MEET B4 14 » b Y ND 48bp 225 7% B T ¥ N H—12 X o THil
HENTVWD, ZOTNYH—0 4 WD R LUEH % Zebrafish enhancer detection (ZED ) vector \Z# & A, Tol2
NS VARV U EBWT, 4T Enhanced green fluorescent protein(EGFP)# 5B 445 S ATV 22w
74 v ¥ 20K (col2al : GFP) & WM. L7z, col2al : GFP TI&, A2 HHD SR ¢ LIS 2 k4l
fa T EGFP OFIA S S, A 21 H BAM ORI B WTH EGFP OFEH sttt Sz, 72, fikl (vegfi
2) BT O M PR AR AF I BRI A SR 2 VW C, A % R SRR A E T % mCherry 12 X » THHALL
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TN F VAT 2=y 7 T4y Y aDR (] - mCherry) ZHE. L7z, T O flkl : mCherry & col2al : GFP % 38§
52T, B M E ERICEGBISETER Y TNV NI YAV 2=y 27 4 v ¥ a(col2al : GFP; flkl :
mCherry) ZAEL T 5 2 EDSUREL Zr o 72, BUE, LFERL — W —BAMEEZ T, col2al : GFP; flkl : mCherry O
e L o#ier TR & R O EAERNZ DWW TN 2 D T 5.

The proper growth and differentiation signaling from the surrounding extracellular environment regulates tis-
sue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling networks
underlying vascularization of mesenchymal tissues and formation of skeletal tissues such as cartilage, bone and

tendon/ligaments. Our current research efforts are focused on the following studies.

1. Functional analysis of Chondromodulin-I (ChM-I)
(1) The inhibitory actions of ChM-I on the motility of vascular endothelial cells

We have previously purified and cloned ChM-I as an angiogenesis inhibitor from fetal bovine cartilage based
on the growth inhibitory activity of vascular endothelial cells (ECs). ChM-I is expressed in the avascular zones of
cartilaginous molds and cardiac valves, and has been shown to inhibit the migration, proliferation, and tube mor-
phogenesis of cultured ECs. The aged mice lacking ChM-I exhibit abnormal angiogenesis in cardiac valves, sug-
gesting the essential role of ChM-I in maintaining the tissue avascularity. Despite these evidences showing the ac-
tivity of ChM-I in vivo and in vitro, the molecular mechanism of the ChM-I actions remains to be elucidated. To ad-
dress this issue, we have prepared recombinant human ChM-I (thChM-I) and examined its effects on migration of
ECs, an early regulatory step in angiogenesis. In a modified Boyden chamber assay, ChM-I inhibited the chemotac-
tic migration of human umbilical vein endothelial cells (HUVECSs) induced by Vascular Endothelial Growth Factor-
A (VEGF-A) as well as by Fibroblast Growth Factor-2 and Insulin-like Growth Factor-I. The inhibitory action in-
volved the disturbed reorganization of actin cytoskeleton and focal adhesions in VEGF-A-stimulated ECs. We
found that rhChM-I suppressed the VEGF-A-induced activation of Racl and the phosphorylation of cofilin, which
leads to the dysregulation of actin polymerization. Consistent with these observations, time-lapse microscopic
analysis revealed that ChM-I inhibited the persistent extensions of lamellipodia and evoked frequent alterations of
moving front in a consistent manner with the reduced motility and directionality of ECs upon VEGF-A stimulation.
These data showed that ChM-I impaired the VEGF-A-stimulated motility of ECs through the destabilization of
lamellipodial extensions. The inhibitory action was selective to the endothelial cell type, but not to other cell types
such as fibroblastic cells, suggesting that ChM-I acts through an endothelial cell-specific signal pathway that regu-
lates the motility of ECs.

(2) The inactivation of ChM-I during endochondral bone formation.

Long bones, the majority of the skeleton, are first formed as cartilaginous molds during embryonic develop-
ment. In the later stages of development, chondrocytes in the cartilaginous molds differentiate into hypertrophic/
calcified cartilage, and allows vascular invasion from the surrounding tissue, which initiates bone formation (endo-
chondral bone formation). ChM-I is a 25-kDa anti-angiogenic glycoprotein that localizes to the avascular region of
cartilaginous molds (resting, proliferating, pre-hypertrophic cartilage). Interestingly, ChM-I deposited in the carti-

laginous matrix clearly disappears in the hypertrophic/calcified zone of cartilage. This year, we addressed how
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ChM-I is degraded and inactivated during endochondral bone formation.

Recently, we successfully obtained ChM-I monoclonal antibody (hCHM-05 antibody) by immunizing recombi-
nant human ChM-I protein. Using this antibody, we detected an immunoreactive 14-kDa band as well as a 20-25
kDa broad band of the intact ChM-I in rib cartilage extracts. The 14-kDa short form of ChM-I was then purified by
immunoprecipitation using hCHM-05 antibody. The N-terminal amino acid sequencing indicated that it was a N-
terminal truncated form of ChM-I generated by the proteolytic cleavage at Asp®-Asp® (14-kDa AN-ChM-I). Since
this diacidic site is susceptible to V8 protease, the 14-kDa AN-ChM-I could be prepared by the limited digestion of
recombinant human ChM-I. Boyden chamber assay showed that the 14-kDa ChM-I have little inhibitory activity on
the VEGF-A-induced migration of vascular endothelial cells in contrast to the intact 20-25 kDa form of ChM-I.
Moreover, immunohistochemistry with N-ChM-I antibody, which reacts with only the intact 20-25 kDa form of
ChM-], revealed that ChM-I was exclusively localized in the avascular zones, i.e. the resting, proliferating, and pre-
hypertrophic zones, of the cartilaginous molds of developing long bone. In contrast, the 14-kDa form of ChM-I,
which is recognized by hCHM-05 antibody, was found in the hypertrophic and calcified zones. Taking together, our
results suggest that intact 20-25 kDa ChM-I is stored as a component of extracellular matrix in the avascular carti-
lage zones, but it is inactivated by a single N-terminal proteolytic cleavage in the hypertrophic zones of growth-

plate cartilage prior to vascular invasion.

2. Analysis of the contribution of Scx*/Sox9* progenitors to the establishment of the junction between cartilage and ten-
don/ligament

In vertebrates, coordinated body movement is ensured by a close functional and physical association of bones,
muscles, tendons and ligaments. Tendons connect muscles to the skeletal components and function as force trans-
mitters, whereas ligaments bind bones together to stabilize joints. During the early stages of musculoskeletal de-
velopment, cartilage, muscle, tendon and ligament primordia initially develop as an individual unit, but subse-
quently they are integrated with each other by an unknown mechanism.

SRY-box containing gene 9 (Sox9) and scleraxis (Scx) regulate cartilage and tendon formation, respectively. At
the early stages of musculoskeletal development, both Sox9 and Scx are detected in the subpopulation of tendon/
ligament progenitors and chondroprogenitors. Lineage analysis crossing ScxCre transgenic mice with reporter
mice revealed that Sex™ chondroprogenitors differentiate into chondrocytes near the chondro-tendinous/ligamen-
tous junction during development.

Sox9 lineage tracing in the Sex® domain revealed that Scx® progenitors can be subdivided into two distinct
populations with regard to their Sox9 expression history : Scx*/Sox9* and Scx*/Sox9~ progenitors. Tenocytes are
derived from Scx*/Sox9* and Scx*/Sox9~ progenitors. The closer the tendon is to the cartilaginous primordium, the
more tenocytes arise from Scx*/Sox9* progenitors. Ligamentocytes as well as the annulus fibrosus cells of the in-
tervertebral discs are descendants of Scx*/Sox9™* progenitors. Conditional inactivation of Sox9 in Scx*/Sox9 " cells
causes defective formation in the attachment sites of tendons/ligaments into the cartilage, and in the annulus fibro-
sus of the intervertebral discs. Thus, the Scx*/Sox9* progenitor pool is a unique multipotent cell population that
gives rise to tenocytes, ligamentocytes and chondrocytes during the establishment of the chondro-tendinous/liga-

mentous junction.
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3. Inhibitory action of Pax1 on chondrocyte maturation.

Paired box gene 1 (Paxl) indirectly promotes the early stages of chondrogenic differentiation through induc-
tion and transactivation of Nk3 homeobox 2 (Nkx3.2), a transcriptional repressor. Later in chondrogenic differentia-
tion, Nkx3.2 blocks chondrocyte hypertrophy by repressing Runt-related transcription factor 2 (Runx2). We demon-
strate that Paxl acts as a negative regulator of chondrocyte maturation, independently of Nkx3.2. Upon cartilage
formation, Pax! expression in the ventral sclerotome was gradually decreased except for the perichondrial region
of the vertebral bodies and the intervertebral region, both of which express SRY-box containing gene 9 (Sox9). Forced
expression of Pax/ in the chick forelimb resulted in the formation of shortened skeletal elements with a significant
reduction of proteoglycan accumulation in cartilage as well as a lack of the cortical bone formation and vascular in-
vasion into primary ossification center. Pax] -misexpressing chondrocytes exhibited aberrant cell morphology with
marked downregulation of Aggrecan (Agcl). Cultured PaxI-misexpressing chondrocytes failed to accumulate carti-
laginous proteoglycans and became fibroblastic, in association with the marked downregulation of the expression
of Sox9, Nkx3.2, Indian hedgehog, type II collagen, Chondromodulin-1 as well as Agcl. In cultured chondrocytes, re-
duced accumulation of cartilaginous proteoglycans induced by the forced expression of Pax! was partially rescued
by Sox9 overexpression, but further promoted by Nkx3.2 overexpression. Thus, the chondrogenic action of Sox9

was antagonized by Pax!, which is downregulated during chondrogenic differentiation.

4. Live imaging of avascular cartilage formation in zebrafish

Zebrafish (Danio rerio) is a powerful tool to analyze vertebrate embryogenesis due to the optical transparency
of the living embryos. We analyze interactions between cartilage and blood vessels during zebrafish embryonic de-
velopment by live imaging of fluorescent transgenic zebrafish lines. Cartilage-specific expression of mouse col2al
gene is regulated by the SRY box-9 (Sox9)-binding 48 bp enhancer element in the first intron of the gene. Taking
advantage of Tol2 transposon and Zebrafish enhancer detection (ZED) vector containing four tandem repeats of the 48
bp col2al enhancer element, we have established a transgenic zebrafish line, col2al : GFP. In col2al : GFP at 2
days post fertilization (dpf), GFP expression was detected in cartilaginous elements such as pharyngeal arch and
pectoral fin. Even at 21 dpf, EGFP was still detected in cartilaginous elements of col2al : GFP larvae. For visualiza-
tion of the vascular network, we have also established a transgenic fish line, flk/ : mCherry that express red fluores-
cent protein, mCherry, under the control of promoter/enhancer elements of zebrafish flkl/vegfi2 gene. We then ob-
tained double transgenic col2al : GFP ; flkl : mCherry by crossing col2al : GFP with flkl : mCherry. These double
transgenic col2al : GFP ; flkl : mCherry enabled us to monitor both cartilage and blood vessel formation simultane-
ously. With confocal laser microscopy, we are currently investigating the formation of avascular cartilage with a fo-

cus on pectoral fin development.
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The main objective of our department is to investigate and develop methods, procedures, and technologies
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which are applicable to basic and clinical medicines as well as basic researches of biology and medicine from the
viewpoint of material sciences. The materials to use in the body and to contact biological substances, like proteins
and cells, are defined as biomedical materials and biomaterials. In our department, various types of biodegradable
and non-biodegradable biomaterials of polymers, metals, ceramics, and their composites, are being designed and
created aiming at their clinical applications as well as the development of experimental tools necessary for basic re-
searches of medicine and biology which scientifically support clinical medicine. We are actively proceeding re-
search and development (R & D) of biomaterials to assist reconstructive surgery and apply to drug delivery sys-
tems (DDS) for improved therapeutic efficacy. However, it is often difficult for patients to improve their Quality of
Life (QOL) only by the therapeutic procedure of reconstructive surgery because the biomaterials applied are of
poor biocompatibility and functional substitutability. For organ transplantation, there are several problems to be
resolved, such as the lack of donor tissue and organ or the adverse effects of immunosuppressive agents. The two
advanced medical therapies currently available are clinically limited in terms of the therapeutic procedure and po-
tential.

In these circumstances, a new therapeutic trial based on the natural healing potential of patients themselves,
has been increasingly expected. This is called as termed the therapy of regenerative medicine. The healing poten-
tial is gowned by the inherent potentials of cells for proliferation and differentiations. The regeneration and repair-
ing of tissues are naturally induced to therapeutically treat diseases by artificially manipulating the cells potential.
The regeneration medicine composed of regeneration therapy and regeneration research which scientifically sup-
ports the regeneration therapy of next generation. The objective of generation therapy is to regenerate injured or
lost tissues and substitute organ functions by making use of the cell-based natural healing potential. The regenera-
tion therapy is quite different from the reconstructive surgery and organ transplantation from the viewpoint that
neither biomaterials and medical devices nor immunosuppressive agents are needed. The basic idea of regenera-
tion therapy is to give cells a local environment which is suitable to promote their proliferation and differentiation,
resulting in the cell-based induction of tissue regeneration and repairing. It is tissue engineering that is a biomedi-
cal technology or methodology to create this environment for the natural induction of tissue regeneration. Gener-
ally, there are three factors necessary to induce tissue regeneration, such as cells, the scaffold for cell proliferation
and differentiation, and biosignaling molecules of growth factors and the related gene, which are fundamentally 3
components constituting the body tissue. For successful regeneration therapy of tissue, it is indispensable to effi-
ciently combine various biomaterials with the body components. Among biomaterials, biodegradable biomaterials
play an important role in this medical applications. Since there are few metals and ceramics with biodegradable na-
ture, polymer materials of biodegradability are generally preferable for this purpose. The combination of polymers
with metals or ceramics is effective in preparing material composites of suitable biodegradability. If a biomaterial is
degraded to disappear in the body, it is not always necessary to retrieve the material from the body after the func-
tion expected is accomplished. In addition, the material should be degraded at the right time profile not to physi-
cally impair the natural process of tissue regeneration by the material remaining. Biodegradable biomaterials well-
designed are indispensable for the research and development (R&D) of medical devices, DDS, and regeneration
therapy or regeneration research of cell research and drug discovery.

Our research goal is to design and create biomaterials from polymers and the composites with metals or ce-

AR TP 7R — 36—



Institute for Frontier Medical Sciences

ramics which are practically applicable for regeneration therapy, stem cell technology, DDS, and medical therapy

of reconstructive surgery and internal medicine. More detailed explanation about every project is described.

1) Biomaterials for Regeneration Therapy

It is well recognized that cells are present in the living tissue interacting with the extracellular matrix (ECM)
of natural scaffold for their proliferation, differentiation, and morphogenesis. When the body tissue is largely lost,
the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always expect the
tissue regeneration at the large defect. One of the possible ways to achieve successful tissue regeneration is to pro-
vide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are designing and creat-
ing 3-dimensional and porous constructs of biodegradability as this temporary cell scaffold which is an artificial
ECM. However, if the number of cells and the amount of biosignaling molecules are not large enough to promote
the cell activities, only the supply of a scaffold to the tissue defect will not induce the tissue regeneration. As one
trials to break through the situation, it practically possible to make use of growth factors for promoted proliferation
and differentiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administra-
tion form because of the in vivo short half-life and instability. One possible answer for that is to use the controlled
release of growth factor or the related gene at the tissue site to be regenerated over an extended time period by in-
corporating the factor or gene into an appropriate carrier. This release technology enables the growth factor to ef-
ficiently enhance the biological activity, resulting in promoted cell-induced tissue regeneration. We are designing
and preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new ther-
apy to naturally induce tissue and organ regeneration by the controlled release of various biologically active
growth factors has been achieved and the therapeutic potentials have been scientifically demonstrated through
animal experiments. Among the tissue regeneration trials, clinical experiments of angiogenic and bone regenera-
tion therapies have been started by the controlled release technology of basic fibroblast growth factor (bFGF), insu
lin-like growth factor (IGF)-1, and platelet-rich plasma (PRP) to demonstrate the good therapeutic efficacy.

Generally, in the chronic fibrotic disease, such as diluted cardiomyopathy, liver cirrhsis, lung fibrosis, and
chronic nephritis, the damaged portion of organ is often occupied with the fibrous tissue, which often causes organ
dysfunction. It is highly possible that if the fibrosis is enzymatically digested by a proper way, the fibrotic site is
naturally regenerated and repaired on the basis of the inherent regenerative potential of the surrounding normal
tissue and consequently the organ function is regenerated and recovered. The systems of drug targeting and the
local release with polymers of an organ affinity are being designed and prepared to achieve the regeneration ther-
apy for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal medi-
cine. This is a therapeutic approach which is different from the conventional regenerative therapy of surgery
where cells, the scaffold, and signal molecules or the combinations are surgically applied to a tissue defect for re-
generation induction thereat. The two surgical and physical regeneration therapies are conceptually identical from
the viewpoint of the positive use of natural healing potential. In addition, the basic idea of regenerative therapy will
be combined with interal medical therapy to open a new therapeutic field in the future. For example, the combina-

tion with aneurysm catheter therapy has been tried, and consequently the aneurysm occlusion by the regenerated
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tissue-based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture
technology is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy

DNA and small interfering RNA (siRNA), with non-viral gene carriers.

2) Biomaterials for Stem Cells Technology and Regeneration Research of Cell Biology and Drug discoverry

There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based thera-
peutic approach described above. The other is the transplantation therapy of cells which have a potential to induce
tissue regeneration. For the latter approach, it is of prime importance to efficiently obtain and prepare cells with a
high potential of proliferation and differentiation, such as stem cells, precursors, and blastic cells. In this depart-
ment, the technology and methodology of cell culture with various biomaterials and bioreactors have been ex-
plored to efficiently isolate, proliferate, and differentiate stem cells, precursors, and blastic cells. A series of this
study not only aims at the preparation of cells suitable for the therapy of regenerative medicine, but also research
and development (R&D) of materials, technologies, and methodologies for basic medicine and biology. They are also
applicable for the research of drugs discovery to evaluate their metabolism and toxicity. In addition, non-viral vec-
tors for plasmid DNA and siRNA have been investigated to design the DDS system for gene transfection which
can biologically analyze the functions of stem cells and genetically engineer cells to activate the biological functions
for cell therapy. For example, a new system for the controlled release of plasmid DNA inside cells has been devel-
oped to succeed in enhancing the level of gene transfection and the consequent gene expression as high as or
higher than that of viral vector system. In addition, a new technology of cell culturing on plasmid DNA-coated sub-
strates has been designed and enhanced the level of gene expression as well as prolonged the expressed period.
This reverse transfection system (SubFection : substrate-mediated transfection) was effective in the gene transfec-
tion for stem and matured cells which have not been readily transfected by the conventional method. This can be
applied for the cell internalization of low-molecular weight compounds, peptides, proteins, and nucleic acids (siRNA
and decoy DNA). We cannot only enhance the biological activities of plasmid DNA and siRNA with the non-viral
vectors for stem cells, but also modify their biological functions and differentiation fate.

The minimum unit of body is cell, but that of biological function is the cell aggregate. The cell culture with cell
aggregates has been noted for the basic biological and medical research of cells and drug discovery (the drug de-
velopment and the toxicity evaluation). However when the size of cell aggregates becomes larger, the cells in the
aggregates tend to die because of the lack of nutrients and oxygen. This cell death often courses the discontinu-
ation of cell researches. To break through the problem, biodegradable hydrogel microspheres were tried to incor-
porate into the cell aggregate. The microspheres incorporation enabled cells to improve their function even in the

cell aggregate. This technology is one of the key methods to generate the cell-based tissue-like structure in vitro.

3) Biomaterials for DDS

Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose
administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the ad-
verse effects of drugs. DDS is a biomaterial-technology which allows a drug to act at the right time the right site of

action at the necessary concentration. The objective of DDS includes the controlled release of drug, the prolonga-
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tion of drug life-time, the acceleration of drug permeation and absorption, and the drug targeting. Various biomate-
rials are inevitably required to achieve every DDS objective. In this department, various research projects of DDS
for drug and gene therapies have been being carried out from the viewpoint of polymer material sciences. Our defi-
nition of “drug” is not limited only to therapeutic substances, but the drug includes every substance which has a
certain biological activity and function, such as diagnostic and preventive drugs, cosmetics, and health care sub-
stances etc. The DDS technology and methodology can be also applied for preventive and diagnostic substances to
enhance the in vivo efficacy of vaccination and diagnosis, such as magnetic resonance imaging (MRI), ultrasound di-
agnosis or molecular imaging. We are developing DDS technology and methodology which are applicable to the re-
search and development of cosmetics and health care sciences. The basic idea of DDS is to efficiently enhance the
biological functions of a certain substance by the combination with biomaterials. DDS is defined as an universal

technology or methodology which can apply to every research field of natural sciences.

4) Biomaterials for Surgical and Physical Therapies

This department is partly originated from the division of Molecular Design and Biomaterials of the former Re-
search Center for Biomedical Engineering where the medical applications of polymer materials have been investi-
gated extensively. Among the research activities, we continue to molecularly design and create biomaterials
mainly from biodegradable polymers aiming at the development of assistant materials in surgical and physical
therapies.

From the viewpoint of biomaterial sciences, we are actively proceeding comprehensive biological and medical
researches on the scaffold for the cell proliferation and differentiation, the DDS of growth factors and the related
genes, and the material-based technology or methodology to use stem, precursor, and blast cells or in addition, their
medical applications. Through several R&D collaborations with medical, dental, and veterinary schools as well as
private companies, we are planning to apply our basic research results to realize the regeneration induction ther-
apy of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium, and kidney. DDS technologies are also being investigated for their applications of therapeutic, pro-
phylactic, and diagnostic medicines. Some biomaterials are necessary and applicable to further develop the basic

researches of cell medicine and biology.
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Hussain, A., Takahashi, K., Sonobe, J., Tabata, Y., Bessho, K.: Bone regeneration of rat calvarial defect by magne-
sium calcium phosphate gelatin scaffolds with or without bone morphogenetic protein-2. J] Maxillofac Oral
Surg. 13: 75-77(2014)

BRMAT, HMEE, WEER, AR N5 A 58 - o R AEREA~OR . In @ FFER
AR OB O iEHE — il - RIS AR O A - ©. BFUES 124(1):109-112(2014)

Kawago, M., Yoshimasu, T., Tabata, Y., Yamamoto, M., Hirai, Y., Kinoshita, T., Okamura, Y.: Intrapleural admini-
stration of gelatin-embedded, sustained-release basic fibroblast growth factor for the regeneration of emphy-
sematous lungs in rats. J. Thorac. Cardiovasc. Surg. 147 : 1644-1649(2014)

Yamamoto, M., Ikada, Y., Tabata, Y.: Ultrastructure of bone tissue ectopically regenerated by biodegradable hy-
drogels incorporating bone morphogenetic protein-2. Inflammation and Regeneration. 34 : 56-63 (2014)
IAHERE, HIMZEZ - BEISE D E N A N a7 VR 2 & GRS R AR OB, 0 AL AT ZE I, 71

1-5(2014)
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PR — B RS, € OSCHRTE GRS, BIEEIIZE) ~DISH L3R D721 | (HIMBER, AT 47
VR, KPR)59-63(2014)

ML - 77 €9 —7 L — (3D Ml gedett). [MlEo 3 kocHlikit — T omIGumbi & HEEal PR
W& 2 ORI (MIBFZE, BIZEATTE) ~OIEH & FER D 72012 — J(HMRERSE. X T4 AV Fo, KK
11)106-111(2014)

Yamamoto, M., Tabata, Y.: Protocol of osteoblastic differentiation of BMSC in biodegradable scaffolds composed of
gelatin and B-tricalcium phosphate. [ A Manuals for Differentiation of Bone Marrow Derived Stem Cells to
Specific Cell Types](Khang, G., Shimizu, T., Ng, K. W. Eds., World Scientific Publishing Inc., Singapore) 83-
90(2014)

IAHES B IR FARBUE AN A F a7 Wi & 28 B4 O R — RBIRYE AN A B a7 iz X 25 IEF ORIK
fb—. [NAF =70 7VBIZEDRHTHE OBz, PRl S EEAAARESES%, 1) 163-164
(2014)

WIAHESL, HIZE - 85 %, HA4MEIF e FarveHeemEEmE [FVvr s/ ay—ny ¥7y 7 ](h
BRREANS, T - 74— A, R H1)775-782(2014)

3) #

Bennett, K. M., Jo, J., Cabral, H.,, Bakalova, R., Aoki, I.: MR imaging techniques for nano-pathophysiology and ther-

gl:lg

anostics. Advanced Drug Delivery Reviews. 74 : 75-94 (2014)

BEAILT, ARHITY, WARRET, FHSAN JWRHE, KRBTV, WA, REM—RE, KEWEE, HEZREZ
EHRIEPUE AR B IREEE (PAD) \O0$ 2 A FHETH. HA 7 v b 7aaMak 12:1-7(2014)

HMZE © eI 7254 <7 ) 7OVkE. N A 4= 70 7w — AR 32(1):48-50(2014)

Tabata, Y.: Positioning of tissue engineering in regenerative medicine. Inflammation and Regeneration. 34(1):1-3
(2014)

HMZE © BNGED 2 &0 H M [FAEEN ] — FAmHR L AN - #5057 74(3): 202-208(2014)

HIRE - HAEERE AT 254 =7 ) 7TVEA. RS 69(7): 1417-1426 (2014)

MA@ FAERRICLEAT K7 DDS. K Y v —F . 50(7): 73-76(2014)

HAIARE © 45 2 M5t - Al - ik o8 8 B RO BUIR & 4 1A R O MINIRT 28 5y & BESEBE R, in press

Yamamoto, M., Rafii, S, Rabbany S. Y.: Scaffold biomaterials for nano-pathophysiology. Adv. Drug Deliv. Rev. 74 :
104-114(2014)

© FREORRX @

1) 2% - HREER

AR, AR, WAHESL, HMRE a7 -7 YV hIERL 7z BRERENIZ ST 5 A8 BRI o5
.58 13 I 0 AT EER A 2 & (2014.34-6. 5UHE)

ARG, EREEAL AR, FSRE MBS EVEMEHNC X 0 /R L 22 R N C oI PRI O 5y 38
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& HANA =T TOVERE 9 BV A Tl 7e 585 % (201485, 1UHR)

FARSEM, AR, IIAHER, HMRE © RIBUSEVER R 2 Mo 72 A AR O /F R & A MBI D BhRE. 5
36 M HANA F =70 7 V55 (2014.11.17-18. HTHT)

TEHORIR © LR % 8y — VR L2 R T2 OV T I ROV OERL 559 [ T s &s
(2014.85. %UHK)

THFRERHR © ARG E 2 88 — Y REIEAL L 72R ) 72 ) VT I I FaZr Vililss s iim o . 55 36 1
HANA =7 7R K% (201411.17-18. HED)

PIEKER, LRRR, BHAT, MIERE, REMR, MERKRS, EHEEK, HES, RRIIEE R NE,
HEEN B, HMZRE, JOFEE 0 ET A FHMIREA 7V —12 X 2 AR ORES. 4 114 [1 0 A4t
g a4 & (20144.3-5. 5UHK)

Horie, R. T, Saito, T., Jo, Junichiro., Tabata, Y.: Water-solubilized of Hydrophobic Dexamethasone using L-lactic
acid oligomer. Inner Ear Biology Workshop 2014 (2014.11.1-4. Kyoto)

GEULRLRE,  PIRRRAE -, MSRSERE, CPIR LD - WHIRIC BT B HE N o 5 AR L SRS W R O T S A TR,
55 59 Il H AR IR A 2 & - Al sy (2014.11.27-28. 1L1)

B, BOTEW, RNl SRR, il —, /NP OW, I B HMEEZ, MEE—  BTCP £ 7 T
YA Rasv, ) ared s MEEVESGHESF TSR N - 2 S U7 SRR - ¥ — 2OV REE R
HET IV - 513 I HARFEERA RS (2014.34-6. 5TH)

Shintani, T, Ii, M., Saito, T., Tabata, Y., Asahi, M.: Synergistic effect of local/controlled-release statin and adipose-
derived stem cells in a mouse hind limb ischemia model. 2014 International Society For Stem Cell Research
(2014.6.18-20. Vancouver)

Yokoyama, R., Ii, M, Tabata, Y., Asahi, M.: Unique therapeutic effect of statin nanoparticle-loaded adipose-derived
stem cells on myocardial infarction. 2014 American Heart Association (2014.11.16-19. Chicago)

Bl —HB, HHIZRE - FARERROBSAILIEA A=Y v 72 B LB a g oal . RS T4 7eft
S AEIEZEBE AR AR IR AR SRR TR 25 4R BESR 2 MIBFFE S8 258 2 (2014.3.11. 5UHK)

YR — BB, BRI, EEEK, WAOUNY, HMRE  MEEMRIZHELLY YT YA+ Y NAF KT O
PERL 55 10 M H ARG A X — 2 ¥ 7aiiss - Paithe (20145.22-23. KB

Jo, J., Lin, X,, Aoki, I, Saga, T., Tabata, Y.: Visualization of Therapeutic Effect for Angiogenesis with a Polymer-
Based Magnetic Resonance Imaging Probe. 41st Controlled Release Society Annual Meeting & Exposition
(2014.7.13-16. Chicago)

WA B, EAREE, EEER, MR MIk v a7 7 — Vo LT L e & FERCWEEICT 25 R
FOERE P AGHANORR. 5 30 [ HA DDS #4744 £ (2014.7.30-31. Hx0)

W —BR, B - BB X =Y Y T OO ORKEWSHER L TN T )y AL F T ) T VOR
FE. 55 63 Ml 0T am ey (2014.9.24-26.  KW)

PR —BE, KHRET, ARIE BK IIAHERR, HZZ C oNA A~ 7 ) TV E R L 22 E ORI PBE AR IC X B
ML D =M BRRELZE. HUHRR S A )V ABEZERT - FRAEBE R AW TR & A SA A s it 2 (2014.12.22. HUHR)

FE AT, HAWE, HEIER, RBIIERE, Notodihardjo, P. V., AR, I 5K HMWREZ : Ll
RLEXITF oA Far vz e/ ER AR R OGS 4 23 B 0 AR B2 & a4 2 (2014.10.9-
10. #AA)
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BT, HAmE, HEIER, JR)IERE, Notodihardjo, P. V., AR, I 3k HMEZREZ : £/l
REXITF oA Far e ez ERH AR OMRES. 54 6 2 /MU 4E (PRP) #EAF7E 2 (2014. 11.16.
KBR)

o4, HMZRE © Effect of stromal cell- derived factor-1 and a macrophage recruitment agent release on
wound healing. £ 13 P4 R 2505 (2014.34-6. HUHD)

Kim, Y. H, Tabata, Y.: Synergistic effects of dual release of stromal cell-derived factor-1 and a macrophages re-

w

cruitment agent from gelatin hydrogel on wound healing. Tissue Engineering & Regenerative Medicine In-
ternational Society-Europe (2014.6.10-13. Genova)

4 oAy, HMIZEZ : Effect of macrophages and MSC recruitment by dual release of a macrophage recruitment
agent and stromal cell-derived factor-1 from gelatin hydrogel. #% 35 [0 H AR %HE - FRA: R4 (2014.7.1-4.
)

Kim, Y. H., Furuya, H,, Tabata, Y.: Enhancement of bone regeneration by dual release of a macrophage recruit-
ment agent and platelet-rich plasma from gelatin hydrogels. 43 21 [al BMP fiff524 (2014.7-27. KBR)

4 384y, HMIZEZ : Enhancement of dual release of stromal derived factor-1 and a macrophage recruitment
agent on tissue regeneration. #5 9 [BIBIVE S FIFZE38 5 4% (2014.85. HUHR)

Kim, Y. H, Tabata, Y.: Enhancement of wound healing by dual release of stromal cell-derived factor-1 and a
macrophages recruitment agent from gelatin hydrogel. Tissue Engineering & Regenerative Medicine Inter-
national Society-Asia Pacific (2014.9.24-27. Daegu)

Kim, Y. H,, Tabata, Y.: Enhancing macrophage recruitment by controlling scaffold pore size. BioMedical Engineer-
ing Society Annual Meeting (2014.10.22-25. San Antonio)

4 A4y, HMZEZ : Controlled release of a macrophages recruitment agent and bone morphogenetic protein-2
from gelatin hydrogels. %5 36 [0l HAR/NA F <7 1) 7 L4245 (2014.11.17-18. HLHD)

AR BERFEE, FEE 5, REAR, MOAE, SRS, HMEREZ, HNEE, HFARME KREVE—,
MY Ty MTEAEEERICEBI S bFGE &4 gelatin hydrogel A M. 45 13 [0l H AT EBEARE
43 (2014.34-6. HLHR)

Sugamori, Y., Honma, M., Kato, G, Tamura, Y., Furuya, Y., Yasuda, H., Tabata, Y., Udagawa, N., Ohya, K., Suzuki, H.,
Aoki, K.: RANKL-binding peptides increased bone formation in a murine calvarial defect model. 7 XV 7
FCHE4 ASBMR2014(2014.9.12-15. Houston, Texas)

HROE, AT KA, BN | R WS, A B SEARERUHE S B i - (b-FGF)
DIFBACIZ & ZHE P A BB OME. 45 13 I H AR FA RS2 (2014.34. 5THR)

wR R, ERTSESY, el W NETER, SRS, N ROMEZ, AW, AERE—RE e B

A, w8 HMERE - RERERE N T 2 R B I D 72 0 O B BERKF L 0 & OWF 7

(2014.35. 3T#R)

&

Komura, M., Otani, Y., Komura, H., Tabata, Y.: Optimal amount of Basic Fibroblast Growth Factor (b-FGF)in gela-
tin sponges incorporating B-tricalcium phosphate (B-TCP) with chondrocytes(2014. 12. 14. Washington DC)

B EA, ISR, WMTHEE, MANZ, BRELL, HMEE - ¥7F 0 Fus)v DDS Sl 2 ) Ahz:
B R PR 28 30 I H A DDS 2R &4 & (2014.7.30-31. H5D)

B4 gt fExARse, HMZZ, I Gk, RAEZ, MEER, #IHZ CbFGF FZ v 77U NY = X T 4
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2& %7y FEEMRETE. 513 IR SR % (2014.34-6. 5UHR)

Matsuzaki, T., Matsushita, T., Tabata, Y., Saito, T., Matsumoto, T., Nagai, K., Uefuji, A., Nakano, N., Kurosaka, M.,
Kuroda, R.: Intra-articular administration of gelatin hydrogels incorporating rapamycin-micelle reduces de-
velopment of experimental osteoarthritis in a murine model. The 61th Annual Meeting of the Orthopaedic
Research Society (2014.3.15-18. New Orleans)

AEAF, REGER, M EE HBEL, HMEZ, KU R bDEGE & NG HLE B ok w5l B o A AR
FINC & 2 MAEHEOMGE. 55 13 1 H AR A EH 2 # 42 (2014.34-6. 5LHK)

HANM, Priscilla, V. N, HE@ESHEF, MW EOW, BRI SR, HMZZ, WAEER PRP EETF ¥
= bt OPFIFEEI X B B TR S 09 2 BRREUER. 2 4 [ DDS #7824 (2014.12.6. HURD)

AHME, BIE R, HMZZ MW — 7 7 U —Hlz HIE L2278 4 ¥ CRIBAARIL 5 13 I H A
A EFF A2 (2014.34-6. HUHB)

I Bk, KHBCE, HMERE 7 F oA Farvelwz7 334 ¥ BRI L 24— 7 7 U —3F
335 30 I H A DDS 44 (2014.7.30-31. HI50)

AHME, BRI Bk, HRE R F 2 W e 78 A 2 U E A — b7 7 Vil B
INA =T ) TOVERE 9 M TIFZE5E 2 4 (2014.85. HUHR)

Nagata, J., Matsui, M., Tabata, Y.: Autophagy Modification by Intracellular Controlled Release of Rapamycin. 26"
Annual conference European Society of Biomaterials (2014.8.31-9.3. Liverpool)

AHFE, BIE R, HMZEZ A — b7 7 Uik 2 I S AR - O E R 5 36 M H AN A
T TV RE (2014.11.17-18. HURD)

VEAEEEE, MR, MR 8 FF v V7L LCOANRNV I VEATNVT v OVEE 4513 [0 H A FEA: B

PRk (2014.34-6. LUHR)

B,OWE R, HIARE  SIRNA MRS AF v ) 7 & LTOPEIEAE T F ¥ OfER. HANA <7

U 7OV 9 P TSRS R & (201485, HUHR)

PUARBER, Wl — BB, HMZEZ - siRNA MIIRNEAF v ) 7L LTOPELEAXY T F > O, 5 36 [0l H AN 4
A7) TIVFE RS (2014.11.17-18. H)

PR, HMERE B EEER TR E 7 F v AR Y Yk v iza SRS o8 b, 8 13 HA
FHEERR R (2014.34. 5UHR)

PR, HMRE 7RI AV L GERE Y 3 2 Dy IRIE 3 WOt e X B @M 5 k. HA N A
A7) TOVFERE 9 MV T e R S (201485, HUHR)

B, HERE Bl E AR 734 23y v SRR E 5 3 D ARIE 3 kcHlia e D1
836 WMHAANS AT TV FERE(2014.11.17)

EHIE, BT, maERl, SAKE, HMERE I F NS TIE AR Y — MEERoER. 5 36
BIHANA =7 1) 7IVERRE (2014111718, H5T)

BREOR, @i, A, BUBHTT, AR, HMEE, HIFAIA  USAG-1 & BMP-7 O ki £l
(RIS 2 BRAEMAT. 5 13 10 H AR R R 2 (2014.34-6. 5UHR)

EREOR, B W, FEARE, BUBHTT, BARTS, B % K BEMEE, JFNIA L Y 20
EFHGIE T TIE, USAG-11d BMP-7 IZHHU L. BB 59 5. 45 Mg - 7V o A&
(2014.11.14.  5THE)

VAR BE

e AR T2 TR B



Annual Report 2014

SRIEE, BERER, S TS B BR BHEEESC, HMRE, K 5 BIETIA - £ gE (Platelet Rich
Plasma ; PRP)IRIULE 7 F > A Fa @ Wi X 25 /4. 4 6 ol PRP #EMZE2 (2014.11.16. KBKH)

A, NN, WA R, OB 8 MILEE, PR, pAml, HM#RE, el B b bFGF
FAMWEAN TG N O W E AR S 2 — AR TFEH A 5 OMET —. 55 13 [0 H AT E R 2 2% (2014.34-6.
HHR)

WRM, I B AURAIIE, BERE - s - RSSO F AR B U b R M R B L OE T T v
NA T OV OERVEOMGES. 5 13 M H AR R4 (2014.34-6. 5UH)

BRI, HMZEZ, ek ARRESOBEIAERMZ HivE Lze Fa a5y v &Ff PLGA KO/,
55 140 [l 0 AR FHRAF A X BT TR (2014.6.19-20. #H)

R, HMRE, A S8R - WSROI AEFE LT F ¥ - N A T T 2ABEARY VO
B 5 35 Il H A IR IE A R R & (2014.7.12-13. H1i8)

Washio, A., Tabata, Y., Kitamura, C.: Preparation of gelatin and bioglass sponge composites capable of fibroblast
growth factor 2 release for dentin and pulp regeneration. The 41st International Symposium on Nucleic Ac-
ids Chemistry (2014.11.5-7. Kitakyushu)

BREMTF, ALNHE, HMZEE  O5H - iSRRI E T2 T F Y - N AT T ARG AR Y Y OHE
OMGET. %36 MHANA 370 7 VK& (2014.11.17-18. Hni)

Toda, H., Yamamoto, M., Tabata, Y.: Sandwich culture using bio-functional hydrogels as a three-dimensional cul-
ture model for mesenchymal stem cells. Society for Biomaterials 2014 Annual meeting and Exposition
(2014.4.18. Denver)

Toda, H., Yamamoto, M., Tabata, Y.: Enhanced osteoblastic differentiation of mesenchymal stem cells by sandwich

culture with bio-functional hydrogels. TERMIS-EU2014 (2014.6.11. Geona)

2 BE- VORI ILA

Yl — BB, HARPHS, (EEER, HMZEZ  DDSEU & w7z MRIWC & 2 FAERHEROWHAL. 513 0
AARAERFR Y YR Ty o [HilgEdr L BREO UL - N1+ 4 X —2 ¥ 7 ](2014.34-6. 5THB)

YR — BB 2 AEARARE 2 I 72 SRR E RN\ X B AR RO AR A A — T 2 7 ARG AR XN S -
BEARFA A=V V73— [HFA XV Y ITHRBEOHEC - LGHRZHTHOI 5% 4 22 2A0HY;
5 —1(2014.4.25-26. FEAR)

YA — B8, HIRE S FREANC X 2 AERRROERA A =D 7 [ETHF I N X HEF Ay PT—
FrTY ATy L 1(20146.13-14. )

4 384y, HMIZEZ : Enhancement of bone regeneration by controlled release of bone morphogenetic protein-2
and a macrophage recruitment agent from gelatin hydrogel. [KIPS AT &5+ ¥R 4 1(2014.12.12.
HHR)

BHEA - O A, T U ClimmBEi — BT HAETE 2070 2 —, [4 13 [ H A AR R R AR Al IR 2 B 2
(2014.3.3. THB)

Tabata, Y.: Biomaterials based regenerative medicine. [The 2" International Conference on Medical Materials,
Devices and Regenerative Medicine ] (2014.1.11-13. Kathmandu)

HARE : N A =7 ) 7 VEA DO Al emBERE EWige [ BV R BB Lanita sk ] (2014.1.21. KFR)
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HIMZEE - HAERBOREHEDOBS TLELRL DO, [V 2 VA AEEAMFR L I F—1(2014.1.24. 5#K)

HIMZEE 2 N F <7 ) 7 VA A b A7z o Bt — AR HE & AEMTE—. [ 5 BILHEER 7 + —F 4
(2014.1.25. HH0)

MM © N A A< 7)) 75 W AEEREO M — B4R & AT — . [ B ER R 2% | (2014.1.30.
W)

HZE © €/ O Y Hiffi b A7z FAME & BAEGHE. [ HIZ8EP#RES (2014131, HAZ)

HAIRE © b OED 55 A7z HAGHR & AN, NERER b =27 At s 1 (2014.23. E2R)

HMZE  fAEERANORERA A 77 V=2 a v - AR L R - [ HARBERR AR L T2y — v
Fvk 3 —1(2014.24. Hx0)

HAIRE © MRRAHAN D> & A7z A RS — FHAEIRI & AR ZE — . DA iRl skl &£ 1(2014.217. Biik)

HMREZ - AR R T B 722 H 9 R = —. [PFR 25 4R B2 KIPS w701 2013](2014.2.19.  5UH#R)

HAZE @ 3 RCMIIEE RSB & 2 B34 A~ 7 ) 7OVE. [2013 4F BEAERI A i 2% 1 (2014.2.26.  5UHR)

HIMARZ AR 20 & A 7o TR AR R — FRAETA M & AR ZE —. [P aREE A 131 & H & 2014 4 02 A FZE &
(2014.2.27. 5L#K)

HIARE © BARABR 250 TURREIRT - BEIADOZOOFERKY B L T~ [TRABEEE(2014.33.
HHR)

HZE © FAEBHRMRICE R 2 RIEDHEICOWTE R L. [4 13 b H AFAERH -2 1(2014.34-6. 5UHF)

HIIRE « HEERNORFAHMN A > 7 7V — 2 a v —HAENTE & FHERH - [59 13 B H AR ERB SRS
(2014.3.4-6. HT#K)

HHZE © FAERTZE & GHRICATT R 2 E /0K 0. [5 13 | H AR AEER ALK S 1(2014.3.4-6. 50H)

% © BRGEFEER O 720 OB LS DDS Hali O Bi%E. 45 13 | H AR AERH AR E 1 (2014.34-6. 38
#K)

HIZRZ © BRGER 2 @O TRAEET ~HERFIIZ I ETE TV L~ [P FESRIA L vy Vil
21(2014.312. #R)

HHIZRZ @ MR & AR L T4 794 =7 A, [/MRBSES i 4 ] (2014.324. %K)

HHZE © A &< 7)) TOVEAl 9 b A7 EmER - FERRE L LC—. [HALARE 94 MEFRE R
i) (2014.327. £4i)E)

HHAE @ N A A =T ) T IV S A7 AR — T E# & 4S8 —. Regenerative Medicine from the View-
point of Biomaterials — Regenerative Therapy and Regenerative Research—. [ HARZES24H 134 425 1 (FF
) (2014.3.28. FEAS)

HMARE © PR & FHAERFJEOIg k. CREBIGRIED) [HIeRs S s R i 76 & 1 (2013.3.30. )

HIIRE : N A =70 7V EhimER. [RRLFSRFER ) /2 34 o+ Toraka ] (2014.4.9. 50

HMREZ : BRBEN 2850 TR ZHYT  — FHEGHRE FAEMZE -, [ISPE HAZRE 2014 4 4R & | (FKH
A (2014.4.10. HUHD)

HIRE © &0 TR b A7 & HARR. [R50 TRARMWmEE (2014415, KR

Tabata, Y.: Regenerative Medicine Based on Biofunctional Materials —Regenerative Therapy and Regenerative
Research—. [The 1% East Asian Forum on Biofunctional Materials and Regenerative Medicine | (2014.4.19.

Hangzhou)
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HAIRE © BEZE - BRI CHRERM R - B E A X2 E 2 5. P 26 4FFE KRP [HAERHT R — LY
ARG 2 1(2014.4.23. 5EHR)

HMZRE © FHAERB ORGSR OB, TGS (20145.16 HUHL)

Tabata, Y.: Biomaterials Technology Indispensable for Regenerative Medicine Regeneration Therapy and Regen-
eration Research. [The 3" International Scientific Conference “Regenerative Medicine and Healthy Ag-
ing”](2014.5.22-23. Astana)

HAZREZ @ B & BRAFTRISAT RN A &= 7 ) 7 VAN, [P 26 A 77 L — & —HUR# (2014527, 3R
2y

HMRE 1 N =70 7 V& G FAERRE. RO SAIFFERa#2E | (2014.5.30. KA)

Tabata, Y.: Tissue Engineering-Based Regenerative Medicine. [Bandung Institute of Technology Meeting ]
(2014.6.2-3. Bandung)

HMZEE @ A Ry oNg <7 ) 7V e 73RS, [SCHR A RHAF e B & [ Al s
78 (PR HIAR AL | DIABUNESE A v b 7 — 7 OFEIRTJE ik 26 4EEE5E 1 MIPESEE ] (2014.65. HT)

Tabata, Y.: Frontier of regeneration therapy based on tissue engineering and stem cells. [ TERMIS-EU Meeting
2014](2014.6.10-13. Genova)

HARE - HAEER T R M EECERA. [ TSt ] (2014.6.17. 4R

Tabata, Y.: Biomaterials-Based Tissue Regeneration Therapy. [5" International Conference on Tissue Engineer-
ing1(2014.6.20-25. Kos)

HMZRE © i omHE. [JUNERR RIS ] (2014627, JLJLN)

Tabata, Y.: Biomaterials and Tissue Engineering. [Chulalong korn University Seminar(2014.7.8. Bangkok)

HIMIARE @ PRAERRAE &1 FAsEAR & (2014712 wifs)

Tabata, Y.: Visualization of Therapeutic Effect for Angiogenesis with a Polymer-Based Magnetic Resonance Imag-
ing Probe. [41* Annual Meeting & Exposition of the Controlled Release Society ] (2014.7.13-16. Chicago)

HZEE © BEZE - W0 CREZEERMRL - BRERE DA X2 E 2 5. [FRHEENR S 1(2014.7.28. #055)

HAMZREZ - PR ED = — X & RN~ OMfE. [RIGE A 2 7 B SEHE b et 2 1 (2014.8.11.
KBR)

Tabata, Y.: Drug Delivery Systems for Regenerative Medicine. [Advances in Tissue Engineering 2014 ]
(2014.8.13-16. Houston)

Tabata, Y.: Dual Release Technology of Bioactive Molecules for Regeneration Therapy. [The 3™ International
Symposium of Materials on Regenerative Medicine |(2014.8.27-29. Tao-Yuan) (JBfFi%iH)

Tabata, Y.: Autophagy Modification by Intracellular Controlled Release of Rapamycin. [The 26" Annual Confer-
ence of the European Society for Biomaterials](2014.8.31-9.3. Liverpool)

HMZRZ © WoF R A 5 HAERRO R — HAERRE FAEME-. [14-3R)~x—7a>r 747 21]
(2014.95. HHT)

HAIRE © BB 2 S0 TRREIRT ~THERB O ERE~. [P 26 FFEEH R L v V% 1(2014.9.10.
FiR)

HHIZREZ €/ O D EAMTIC & o THAENTE & HABRIZEIT L. [HMIRLOBERERZWY YRV Y Ain
KRP PartVl |(2014.9.18. 5t#K)
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Tabata, Y.: Biomaterials technology to realize regenerative medicine-regeneration therapy and regeneration re-
search. [MTERMS Meeting 2014 ](2014.9.17-19 Kuala Lumpur) (3B£Fi%H)

Tabata, Y.: Tissue regeneration technology to enhance in vivo cells recruitment. [ TERMIS-AP](2014.9.24-27
Daegu)

HMZZ © AR CREZRS . [THAERREN Y ¥RV 4 (2014928, H0)
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Yamamoto, M., Tabata, Y.: Bone tissue engineering based on functional hydrogels. [University of Colorado, Boul-
der. Prof. Kristi Anseth’s Laboratory Seminar] (2014.4.15. Boulder)

Yamamoto, M., Tabata, Y.: Bone tissue engineering based on controlled release of bioactive growth factors. [ Shri-
ners Hospitals for Children, Research Division Seminar](2014.4.22. Portland)
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Our research group intends to develop engineered materials that contribute practically and efficiently to the

advanced therapeutic interventions for the treatment of diseases and traumatic injuries. These materials are ex-
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pected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to realize
such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art tech-
niques for analyzing and handling biomolecules and cells.

Research subjects currently undertaken in our department are listed below.

Surface chemistry of biomedical materials

Protein adsorption, complement activation, cell adhesion are involved in the initial reactions against man-made
materials with living bodies. It is necessary to elucidate these mechanisms in relation to the surface properties so
as to rationally design biocompatible surfaces of synthetic implants. Most of information on the biological reactions
against artificial polymeric materials has been accumulated from studies with polymeric materials. However, poly-
mer surfaces could not be assumed rigid and immobile at equilibrium. The polymer molecules in the vicinity of the
surface or interface would exhibit motion and relaxation in response to the different interfacial environments. Thus,
it is difficult to prepare model surfaces using polymeric materials for studies of protein adsorption and cell adhesion.
Self-assembled monolayers of alkanethiols formed on a gold thin film provide well-defined model surfaces suitable
for studies on interfacial phenomena and intermolecular interactions. The surface plasmon resonance technique
can be applied to analyze the interfacial phenomena under water. We have been studying protein adsorption, com-
plement activation, and cell adhesion on well-defined surfaces made of self-assembled monolayers using the surface

plasmon resonance technique as well other analysis techniques highly sensitive for interfacial molecular events.

Polymeric materials for cell transplantation therapy

Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic B
cells are known to have a poor growth capacity. Islets containing B cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits permea-
tion of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with compo-
nents of the host immune system. We encapsulated islets into agarose-based microbeads and induced normaliza-
tion of blood glucose levels of diabetic recipient mice by implanting 1000 microencapsulated hamster islets into the
peritoneal cavity.

Several research groups showed that transplantation of neural stem cells (NSCs) or NSC-derived progenitors
to the site of lesions was effective for structural and functional restoration of the central nervous system. However,
clinical applications of NSC further require methodological advances especially for controlling the engraftment,
proliferation, migration, and differentiation of NSCs. Our approach is to construct composite biomaterials that con-
sist of extracellular matrix (ECM) components and signaling molecules such as growth factors and cell adhesion

molecules. We are employing genetic engineering to design rationally such composite biomaterials.

Cell processing technology for regenerative medicine
Cells and ECMs are important components for regenerative medicine. In recent years, many research groups

have devoted enormous efforts to establish in vitro culture conditions in which stem cells, such as ES cells and
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tissue-derived stem cells, differentiate into various functional cells. Those cells are expected to be very useful for
treatment of various diseases. Many kinds of stromal cells have been used to differentiate stem cells to functional
cells. However, most of stromal cells preferentially used are derived from mice. Some authorities who are in charge
of regulatory issue have pointed out the difficulty to rule out the possibility that retrovirus incorporated in mouse
gene will be activated and transferred to stem cells and functional cells derived from stem cells. One of our re-
search activities is focused on the development of stromal cell free culture systems used for the induction of ES
cells to various functional cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from
stromal cells, are immobilized effectively differentiated to dopaminergic neurons.

Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons
differentiated from ES cells in vitro are very difficult to be collected from a cell culture flask without deterioration
of cell functions, because long axons from neurons are easily damaged during detachment of neural cells from the
cell culture substrate. Cell sheets but not single cells are needed in some instance, such as regeneration of a skin
and a mucous membrane. We have been examining a film of cellulose derivatives for a cell culture substrate. Cells

cultured on it are removed by cellulose-degrading enzyme, cellulase, without damaging cells on the substrate.

Cell chips for high-throughput functional screening

Transfectional array : Functional characterization of human genes may be one of the most challengeable tasks
in the post-genome era. Due to a huge number of novel genes discovered in genomics, high-throughput methods
are required to express or silence in parallel thousands of genes in living cells. The objective of our study is to fabri-
cate transfectional arrays through patterning of self-assembled monolayers on a gold substrate and the subsequent
site-specific spotting of different expression vectors or short interfering RNAs.

Antibody array : Recent progress in stem cell research provides us with promising options of cell sources for
use in tissue engineering. However, insufficient knowledge about specific surface antigens expressed on most of
stem cells limits their application in regenerative medicine. To solve this problem, we developed a high-throughput
analytical method for typing multiple membrane proteins. Our method is based on solid-phase cytometry using an
antibody array prepared on a patterned alkanethiol monolayer.

ECM array: Arrays that display a panel of biologically-active substances on a flat plate are promising due to
their potential use in functional screening over multiple samples in a parallel fashion. We developed cell-based ar-
rays that displayed combinatorially various ECM-growth factor composites and used them for parallel and rapid

screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.

[% # B 2]
@ REERK ©
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Toda, M., Arima, Y., Takiguchi, H., Iwata, H.: Surface plasmon field-enhanced fluorescence spectroscopy apparatus
with a convergent optical system for point-of-care testing. Anal. Biochem. 467 : 47-53(2014)

Takemoto, N., Liu, X, Takii, K., Teramura, Y., Iwata, H.: Transplantation of co-aggregates of Sertoli cells and islet
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AN 3 L
and Kit+ (blue) spermatogonia in the “open
Figure 1 The functional hierarchy of spermatogonia. niche” of seminiferous tubules.
Note that the Ngn3+ spermatogonia maintain the potential of Bars, 50pm.
self-renewal, while oriented toward differentiation. (modified from Ikami et al., Development 2015)
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WIRBORTEBIZB W TIE, GFRal +Mifass#iie s Uit L CHOHE S % & & 12 Ngn3 + Ml % A4 A
T L, Negn3+MlBidfa L HOMMT 2 2 L B TF~EMbT 52 L% h -7z (1), L2 L Ngn3+#ifaid,
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RA ¥ 7P VZEOHRBEHIRNTTH LS. KT, GFRol +#MiZIC RARy 2 BBIFET 2~ A &EM L7z,
FENT OAER, RARy 258l L 72 GFRol + Mifdid RA IZBUE L T Kit+fifa~& b L7z, Zokg, #@E TRl <
B 5N 7% GFRol + 222 Kit+ OMIEAZ B R 5 N7-2 &5 5, Ngn3+REZRFICEEKit+~&obL722
& R E N,

DL E s L, RASERURSEMIILAS, RAWCKT % 2 ¥ ¥ F ¥ 2 & #5727 GFRal + (RARy— ) Ml & 2> Ngn3 +
(RARY+) M3 T W B 72, [AERIC RA ISHBRE SN 72K, Ngn3+Mifah51b3 %5 —75 ¢ GFRol + Ml ik
GALICE T 5 2 L 2RIBT 5. RARy IS TSI MLk 2860 %2 52594t Y ARTITH D EFED
MRS, DL Eo 7 a e AAJHIIICH D &S 2 & T, TR OMBREIRIES N Twb L E2 55 (X3).
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(Ikami et al., Development 2015 & V) #5&)

Figure 3 Maintenance and differentiation of undifferentiated spermatogonia in “open” niche of seminiferous tubules.
Before exposure to the periodically occurring RA signal, undifferentiated spermatogonia are already heterogeneous containing
Ngn3+ and GFRa1+ populations, which possess and don’t possess, respectively, the competence to differentiate in response to
RA. Ngn3+ express RARYy which licenses these cells to differentiate to become Kit+. GFRa1+ cells give rise to Ngn3+ cells in an
RA-independent manner, making the population of undifferentiated spermatogonia heterogeneous again.

(Adopted from Ikami et al., Development 2015)
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Research outline

This department aims to reveal the cellular identity and behavior of tissue stem cells, the main players of
regeneration, and to elucidate the mechanism regulating their self-renewal and differentiation. By revealing the
nature of ‘tissue stem cells’, these studies are expected to contribute to the regenerative medicine and propose a

novel strategy of the stem cell control. In particular, this department is focusing on the mouse sperm stem cells.

Background :

Spermatogenesis in the testis is one of the most actively turning-over tissues in mammalians, as well as he-
mopoietic, gastrointestinal, and epithelial cells. A typical stem cell system is believed to support the long-lasting
spermatogenesis that persits during the most of the longevity. In contrast to tissues supported by anatomically de-
fined niches, including mammalian intestinal epithelium and Drosophila gonads, mouse seminiferous tubules (the
long convoluted tubular structure in which spermatogenesis proceeds) do not harbor discrete niche structure. Fur-

ther, stem cells do not cluster to particular regions but scattered over the tubules. Such an tissue environment is
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termed “open, or facultative, niche”, whose cellular and molecular nature and regulation of self-renewal and differ-
entiation remained largely to be elucidated, in contrast to the aforementioned “closed, or definitive, niche”.

We have been investigating the mouse spermatogenic stem cells’ characters and intratubular behavior, by
means of intravital live imaging (Yoshida et al., Science 2007) and pulse-labeling using tamoxifen-dependent Cre
(CreER) system (Nakagawa et al.,, Dev. Cell 2007). From these experiments, it has been revealed that “undifferenti-
ated spermatogonia (Awar)” that act as stem cells can be classified into GFRal+ and Ngn3+ subpopulations. In un-
disturbed, steady-state spermatogenesis, GFRol+ cells act as stem cells to maintain themselves and give rise to
Ngn3+ cells, while most of the Ngn3+ cells differentiate without self-renewal (Figure 1). Interestingly, however,
Ngn3+ cells retain the potential of self-renewal as stem cells that can be embodied during regeneration following
tissue damage or transplantation into host seminiferous tubules (Nakagawa et al., Dev. Cell 2007, Nakagawa et al.,,
Science 2010). What makes it difficult to investigate the stem cell regulation in semniferous tubule is that these two
types of Auwar and Kit+ differentiating spermatogonia are intermingled on its basement membrane (Figure 2).
Furthermore, live imaging revealed that GFRol+ spermatogonia actively migrate over this open niche area (Hara
et al., Cell Stem Cell 2014).

To summarize, actually self-renewing GFRal+ cells, differentiation-primed Ngn3+ cells that retain self-renewing
potential, and irreversibly-committed Kit+ cells appear to locate in the same environment. In such a situation,
nevertheless, stem cells’ fates are nicely balanced, and they never deplete or accumulate abnormally. The

underlying mechanism here is one of the biggest open questions of the stem cell biology.

Activity in 2014 :

In 2014, we challenged the question “Why GFRal+ and Ngn3+ spermatogonia exhibit different properties, al-
though they appear to locate in the same microenvironment (While the former act as self-renewing stem cells, the
latter are primed for differentiation)?” (Ikami et al, Development 2015). Here, we focused on the RA signal. RA
is a bioactive molecule acting on various tissues. In the testis, RA plays crucial roles in the differentiation of Aunair to Kit+
spermatogonia. Several evidence suggests that RA concentration in seminiferous tubules periodically changes, and
that the rise of RA induces the genesis of differentiating spermatogonia. Further, RA, which is a diffusible low-mo
lecular-weight substance, is suggested to spread uniformly in a particular segment of seminiferous tubules. These
together indicate that, albeit that all the undifferentiated spermatogonia appear to be equally exposed to RA signal,
a particular part of them remain undifferentiated.

To understand the mechanism underlying here, we first investigated the response of GFRol+ and Ngn3+
cells to RA, by use of Vitamin A-deficiency model in which the tissue RA signal level can be manipulated artificially.
The results indicated that GFRal+ cells did not show apparent response to RA. Further, the production of Ngn3+
cells from GFRal+ cells did not depend on RA. In contrast, Ngn3+ cells showed a clear and quick response to RA
and differentiated into being Kit+. Such distinct differentiation competence in response to RA explains the
hierarchy between GFRal+ and Ngn3+ spermatogonia in steady-state spermatogenesis (Figure 1).

Then, we aimed to identify the molecular basis of such a heterogeneous differentiation competence. Transcrip-
tome analysis showed that most of the genes involved in the RA reception were expressed at similar levels be-

tween GFRoal+ and Ngn3+ cells. Interestingly, however, rary, encding RARY, one of the three RA receptors,
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showed a highly preferential expression in Ngn3+ cells. Immunostaining demonstrated that Ngn3+ population was
essentially the same with the RARy+ population of Auwar. RARYis a central player of RA reception, which binds RA,
and also binds genomic DNA to regulates the transcription of the RA target genes. We then generated transgenic mice
in which RARy could be expressed ectopically in GFRal+ spermatogonia. When RARy was induced, the GFRol+ cells
become highly responsive to RA and differentiated to Kit+ spermatogonia. In this process, many GFRal/Kit double
positive spermatogonia, which were barely observed in wild-type testes, were freaquently observed, suggesting
that RARy-expressing GFRal+ cells directly differentiate into Kit+ without experiencing the Ngn3+ state.

These results together suggest that the differential RARy expression provides the heterogeneous differentia-
tion competence to RA among the population of Auwar. This is the key why Auwar showed heterogeneous response
to the raise of tissue RA. In other words, RARy can be considered “the license factor” that provides the differentia-
tion competence to the spermatogenic stem cells. As schematically shown in Figure 3, we propose that periodic re-

peat of these events supports the continuity of spermatogenesis.

Perspectives :

The mechanism of stem cell regulation proposed in this study makes a stark contrast to that observed in
“closed niche”, which controls the self-renewal and differentiation on the basis of spatial unevenness. This study
proposes a novel concept that, in an “open niche”, combination of spatially uniform distribution of differentiation-pro
moting signal and the heterogeneous competence of the stem cell population ensures the balanced self-renewal and
differentiation. This strategy may also be used by other “open niche’-supported stem cell systems. This study also

emphasyzes the importance of the regulation of RARy which warrants future investigations.
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Z 2T, MRS TR &5 miRNAIZIER L, Wk~ Y 20amaiiaic msEsl s
%~ A 71 RNA195 &~ 4 7 1 RNA497 (miR-195/497) A%, N & (e %) 12 B 4> % AR F Cend & Cde25 % H)
Hya2eilk ), BRHEMROFIEMAOBITZHET LI L2 /AL 51220 miR-195/497 2 H A
¥ 5 EEEE BT IGBE N T R 2RO, EWw) ZEEZWHRITL2(K2).
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shedding) 24 LC, Ml 7V v 7 REEOREIZE S35, ADAM(A disintegrin and metalloprotease) &
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KV R PBGE SNz, 1225 TORE) R IIHERIZIZHERELTWL (A7), 2o ehb, KEYRVIF
WL B RAAN TR LB L TWD Z e PREN. MEOBISE Xt~ —F — 2 w41 X
D, H®) R TIET T Y5 LML (apoptosis) AEZ 5 TV B Z LA SR 572 (M 8). ZhIFRHAN TR
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(BRI RO FE & V) iida e al,, Sci. Rep., 2014).
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We are interested in molecular and cellular mechanisms of organ development and regeneration, especially
from an aspect of cell-cell interactions required for morphogenesis and their spatial and temporal regulation. Our
research is now focusing on following topics : (1) molecular mechanisms of skeletal myogenesis and muscle regen-
eration, and (2) regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in cell-cell interac-

tions and the ectodomain shedding during development.

(1) miR-195/497 induce postnatal quiescence of skeletal muscle stem cells

Adult skeletal muscle stem cells (MuSCs), the major cellular source for skeletal muscle regeneration, are kept
cell cycle arrested in muscle tissues except when they break the quiescence upon myofiber injury or under patho-
genic condition such as Duchenne Muscular Dystrophy. Evidence suggests that embryonic skeletal muscle pro-
genitor cells proliferate and differentiate to form myofibers and give rise to MuSCs as well, implying that their qui-
escence is acquired during development. Depletion of Dicer in adult MuSCs caused a transient increase in their
proliferation, suggesting involvement of miRNAs in the MuSC quiescence. Screening of miRNAs of which expres-
sion was increased in MuSCs during juvenile to adult phase transition enabled us to identify miRNAs that convert
juvenile proliferating MuSCs into those in quiescent states through targeting cell cycle genes. Quiescence-induced
juvenile MuSCs with those miRNAs exhibited biochemical properties of quiescent adult MuSCs, increased and de-
creased expression of Pax7 and MyoD proteins, respectively. Transplanted MuSCs treated with those miRNAs
contributed more efficiently to regenerating muscles of Dystrophin-deficient mice, suggesting potential utility of

those miRNAs in the maintenance of quiescence and stemness of MuSCs in stem cell therapies of muscle diseases.
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(2) Roles of ADAMS in elimination of injured muscle fibers prior to skeletal muscle regeneration

Skeletal muscle regeneration requires processes different from developmental myogenesis. One important dif-
ference is inflammatory reactions prior to regenerative myogenesis, by which injured muscle fibers are eliminated
to make new myotubes. In this study, we show that efficient elimination of injured muscle fibers during regenera-
tion requires ADAMS, a member of a disintegrin and metalloprotease (ADAM) family. Skeletal muscle of dystro
phin-null mice, an animal model for Duchenne Muscular Dystrophy, deteriorates by the lack of ADAMS, which is
characterized by increased area of muscle degeneration and increased number of necrotic and calcified muscle fi-
bers. Upon cardiotoxin-induced skeletal muscle injury, neutrophils invade into muscle fibers through the basement
membrane and cluster in wild type mice, but not in ADAMS-deficient mice although neutrophils of the latter infil-
trate into interstitial tissues similarly to those of wild type mice. Neutrophils lose their adhesiveness to blood ves-
sels after infiltration, which includes an ectodomain shedding of P-Selectin Glycoprotein Ligand-1 (PSGL-1) on their
surface. Expression of PSGL-1 on the surface of neutrophils remain higher in ADAMS8-deficient than in wild type
mice. These results suggest that ADAMS8 mediates a conversion of migratory behaviors of neutrophils by the re-

moval of their adhesiveness to blood vessels after infiltration into injured muscle.

(3) Prenatal regression of the trophotaenial placenta in a viviparous fish, Xenotoca eiseni

The trophotaenial placenta is a branching, ribbon-like structure that extends from the perianal region of the em-
bryo in viviparous teleost fishes belonging to the family Goodeidae. It is a hindgut-derived pseudoplacenta, which
contributes to absorbing maternal nutrients during the prenatal stage. The trophotaeniae are known to reduce at
birth ; however, no previous study has evaluated the removal mechanisms. We report here the analysis of the tro-
photaeniae using the goodeid fish species Xenotoca eiseni. The X. eiseni trophotaenia consists of an epidermal cell
layer, mesenchyme, vasculature, and circulating erythrocytes. The trophotaeniae had preliminary regressed when
the embryo was born. Immunohistochemistry indicated that caspase3-activated cells with fragmented nuclei are
present in the regressed processes of the fry immediately after birth, but not in the vasculature and blood cells.
This finding suggests that the trophotaenia is rapidly resorbed by apoptosis in the last phase of the pregnancy and
that its circulatory pathway is maintained. Such prenatal regression of pseudoplacentae has not been reported in

other viviparous vertebrates.
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Fig.1 T-iPSC bank strategy

Firstly, we produce iPS cells from CTLs of healthy volunteer that are specific for a certain tumor antigen, and CTLs with the same
antigen specificity can be regenerated in vitro from these iPS cells. These regenerated T cells will be evaluated regarding efficacy
to kill cancer cells, and safety. When the regenerated cells pass these tests, then T-iPS cells are frozen and stored as “T-iPSC
bank”. When HLA-matched patient appears, then regenerated T cell produced from T-iPSC bank cells would be given to the pa-
tient. By taking this strategy, efficacy would be ensured and cost will be reduced. It would also be a merit that patient can immedi-
ately undergo the therapy. Another important merit is that the transferred cells will be eventually rejected by recipient immune sys-
tem base on minor antigens, making patient free from tumorigenicity of transferred cells.

The major aim of our laboratory is to elucidate the molecular mechanisms that regulate cell fate decisions in
the process of lineage restriction from multipotent hematopoietic stem cells to unipotent progenitors. A series of
studies from our laboratory on early hematopoiesis have led to a fundamental redefinition of lymphoid progenitors
as well as the ontogeny and phylogeny of T- and B-cell development. We thus have proposed our original model of
hematopoiesis, namely “myeloid-based model”, in which myeloid potential is retained along with specification path-
way towards erythroid, T, and B cell lineages. Among various events occurring during hematopoiesis, we are
mainly focusing on the process towards the production of T cells. On the other hand, we are also studying on the
regeneration of immune cells that are potentially useful in immune cell therapy. The following is one of such ap-

proaches.

Regeneration of human tumor antigen-specific T cells from iPS cells derived from mature CD8" T cells

Antigen-specific T cells represent a potential therapeutic avenue for a variety of conditions, but current ap-
proaches for generating such cells for therapeutic purposes are limited. We are now developing a new strategy in
which we can clone and expend tumor-antigen specific cytotoxic T cells (CTLs) in the patient. We have already
succeeded in regeneration of CTLs specific for the melanoma epitope MART-1 originally derived from a melanoma
patient by using the iPSC technology, demonstrating that the idea actually works well (Vizcardo et al, Cell Stem
Cell, 2013).

We further thought that this strategy can be applied in the allogeneic settings. In this strategy, CTLs specific

for certain tumor antigen are firstly collected from healthy volunteers (Figure 1). HLA-haplotype-homo donors are
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preferable, since regenerated T cells can be used in not only haplotype-homo but also hetero recipients. Once T-
iPSC are produced, they are stored as “T-iPSC bank”. These will be used when HLA matched patient develop can-

cer expressing the same tumor antigen.
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We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially em-
bryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs). The main target is Parkinson’s disease, and
our research focuses on induction of dopaminergic (DA) neurons from these cells and transplantation of the cells
into the brain to improve neurological symptoms. So far, we have demonstrated that transplantation of monkey
ESC-derived neurons improved the Parkinsonian symptoms of the monkey models. We also generated DA neurons
from human iPSCs, and confirmed that these cells could survive as long as 6 months in the monkey brain. We have
also demonstrated that the autologous transplantation of iPSC-derived neural cells is beneficial for minimizing the
immune response in the brain compared to allogeneic grafts. These results support the idea that human ESCs/
iPSCs can be used as a source for cell replacement therapy of PD. However, ESC/iPSC-derived donor cells may in-
evitably contain tumorigenic or inappropriate cells. Therefore, as a next step for the clinical application of human
iPSCs to treat Parkinson’s disease, we are seeking a protocol to produce appropriate donor cells in terms of both
safety and efficacy of the transplantation.

In 2014, we have reported a protocol for clinical application of human iPSC-derived DA neuron progenitors. We
demonstrated that human iPSC-derived DA progenitor cells can be efficiently isolated by cell sorting using a floor
plate marker, CORIN. We induced DA neurons using scalable culture conditions on human laminin fragment (511-
E8), and the sorted CORIN™ cells expressed the midbrain DA progenitor markers, FOXA2 and LMX1A. When
transplanted into 6-OHD A-lesioned rats, the CORIN™ cells survived and differentiated into midbrain DA neurons in
vivo, resulting in significant improvement of the motor behavior, without tumor formation. In particular, the
CORIN™ cells in a NURR1" cell-dominant stage exhibited the best survival and function as DA neurons. Our
method is a favorable strategy in terms of scalability, safety and efficiency, and may be advantageous for clinical

application.

Attachment culture Cell sorting
onLaminin 511-E8  \oiai  nonnewral CORIN-
stemcells cells ) O.
Differentiation - C{’ (S 2P
. )
. -09 o [CREXY)
Human Mixed O @ ®e
iPSCs population AR Dg?:g’g'n"ifg?s'c

Unsorted CORIN+

Transplantation

PD model rat brain "\

(6-OHDA) Dopaminergic
neuron

Graft

1 ERERICA (ST 7= /Y X P iEniBRiiafeR 70 kO — L.
SIZCTFIACNSM-E8 LTEREEBREE T LILLY), HRFEIPDRLICABIITEZ LI ICh o7 /5
RS RIMAZEEE L CORINICE DIV Y —T 1 T2 AEDE D I EICEY), RN CHRRTERAIZDOME £ 80% LI LIS
=032 ENRRRICE o fz.
Fig.1 Protocol for the clinical application of human iPSCs to treat Parkinson’s disease.
we have developed a method for 1) scalable DA neuron induction on human laminin fragment and 2) sorting DA progenitor cells
using a floor plate marker. The sorting of DA progenitor cells is favorable in terms of both safety and efficacy of the transplantation.
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Cell, MSO)DBHFEHEL TR EESNTWS., L2 L MSC OARREICE L TIERBHZ E2% L, MSC % v /- [H3E
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Figure 1 Schematic presentation of the cell therapy using Figure 2 Radiographic results of cell therapy of the repre-
mesenchymal stem cells for idiopathic osteone- sentative case. X-ray findings of hip joint at each
crosis of femoral head. time point after the cell therapy were shown.
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Figure 3 Clinical results of cell therapy. The hip joint
B RS - BIRICHPRR SN T 0D, A IR scores of five cases were shown at before, 1-year

after, and 2-year after the operation.
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The objectives of our department are to disclose the pathology of disorders in mesenchymal tissues at the mo-
lecular level and to develop new therapeutic modalities by understanding physiological growth and differentiation

of mesenchymal cells. Following projects are currently undertaken.

1. Researches on mesenchymal stem cells
Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to differentiate to

cells of various types in mesenchymal tissues. We have been working on following issues related to MSCs.

1) Regulation of growth and differentiation potential of mesenchymal stem cells

Many fundamental features of MSCs are still unknown, which are crucial for the development of regeneration
therapy using MSC as the evidence based medicine. In collaboration with the Department of Orthopaedic Surgery
in Kyoto University Hospital, we have analyzed the growth and differentiation potential of primary human MSCs.
As for the growth regulation, we found that increased expression of the pl6 gene, which is a key regulator of cell
cycle, was the main cause inducing the senescence and growth arrest of MSC. We also found that the hypoxic cul-
ture condition inhibited the upregulation of the p16 gene, and retained MSCs in the senescence-free state with mul-
tidirectional differentiation properties. We also found that hypoxia down-regulated the activity of ERK, which, at
least in part, involved in the down-regulation of the pl6 gene. We are currently investigating the effects of nutri-

ents in the culture media.

2) Clinical trial of the new treatment for osteonecrosis using MSC

As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for os-
teonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital,
which followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, La-
bour and Welfare (MHLW) (Fig. 1). After the examination of ethical committee of Kyoto University and MHLW, our
protocol was approved on November 25, 2007, and the first case was registered on November 31, 2007. Since then
15 cases have been treated until the end of December 2010. All of 10 cases of femoral head necrosis were followed
at least 24 months, showing satisfactory results (Fig. 2 and Fi. 3). Based on the data of this intermediate evaluation,

we are going to submit this method as an advanced therapy for MHLW.

2. Researches on pluripotent stem cells
Human iPS cells, which were established by Prof. Shinya Yamanaka on November 2007, are pluripotent stem

cells with unlimited growth potential, and promising materials to apply for a variety of medical fields. We have
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been engaging the research related to iPS cells as members in the Center for iPS Research and Application, Kyoto
University. So far we found that the clonal difference of iPS cells were derived from the difference donor using ge-
netically matched iPS cells established from different tissues of same donors. Followings are current on-going pro-

jects.

1) Investigation for the cell-of-origin in sarcomas using pluripotent stem cells

Sarcomas are malignant tumors developed in mesenchymal tissues and highly heterogeneous from the stand-
point of clinical and pathological views. Recent advancement of genetic analyses disclosed tumor-specific driver
mutations in sarcomas, although the cell-of-origin of sarcomas are still unknown in most cases. a of heterogenous
various tumors with a A number of recent reports suggest that cancer cells are derived from stem cells in each tis-
sue. Therefore MSC can be cell-of-origin of sarcomas, which are malignant tumors developing in mesenchymal tis-
sues. Also MSC can be tumor-initiating cells of sarcomas, which are highly tumorigenic and resistant to che-
motherapeutic drugs. In other words, markers for sarcoma initiating cells can be used to identify MSC among stro-
mal cells. We are currently focusing of p7oNGFR, which is expressed on both MSC and osteosarcoma, a representa-

tive sarcoma derived from bone marrow stromal cells.

2) Approaches for intractable musculoskeletal diseases using disease-specific iPS cells

In most of cases, the pathophysiology in hereditary musculoskeletal diseases are still to be investigated and no
effective treatments are available. Using the advantage that iPS cells can be established from particular individuals,
a number of disease-specific iPS cells have been established and used to understand the disease and discover the

drugs. We are also employing this approach for several intractable bone and cartilage diseases.

3) Regenerative medicine using iPS cell-derived mesenchymal cells
Cell therapy using iPS cell-derived differentiated cells is one of the important applications of iPS cells, and we

are aiming to develop cell therapy for cartilage diseases in collaboration with Prof. Tsumaki in CiRA.

3. Application of agonist for the PGE2 receptors for the articular cartilage repair

In addition to the development of cell therapy, it is also important to develop the in situ treatment using drugs
or small molecular materials. We have focused on prostanoids, which belong to physiological active materials, and
applied receptor agonists for the regeneration therapy. First we focused on EP2, which is one of four types of
prostaglandin E2 receptor, and reported that the agonist specific to EP2 stimulated the growth of mouse and hu-
man chondrocytes extracted from articlular cartilage. Based on these results, we have performed the in vivo ex-
periments using rabbits. At first, we created the osteochondral defects and investigated the effect of EP2 agonist
for tissue regeneration. As a result, in combination with appropriate drug carriers, EP2 agonist enhanced the carti-
lage regeneration in vivo, and contributed to reconstruct the osteo-chondral boundary, which is important factor to
maintain normal structure of articular cartilage. Next, we created traumatic degeneration model by the dissection
of anterior cruciate ligament and partial resection of medial meniscus and found that administration of EP2 agonist

prevented the degeneration of articular cartilage dose-dependently. Immunohistochemical analyses and in vitro ex-
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periments suggested that the preventive effect of EP2 agonist is through the inhibition of MMP-13 expression,
which is one of major protease to break cartilage matrix. Based on these results, we created new drug delivery sys-
tem which allows repetitious administration and now are investigating the effect for traumatic degeneration model.

Preliminary results suggested that this receptor-specific agonist is a promising molecule for clinical application.
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Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and effective
therapy available whenever and wherever required for a growing number of diabetes patients world-wide. Major
fields of our research are studies on bioartificial pancreas toward clinical application, search for novel cell sources
applicable to diabetes therapy utilizing wide range of cells including various stem cells, and developmental re-
search upon technologies to accomplish these studies.

In severely diabetic patients, pancreas or islet transplantation is indicated, if good control of blood glucose lev-
els is not available. However, donor shortage and complications due to immunosuppressive therapy are inevitable
problems of allo-transplantation. In addition, although the long-term outcome of islet transplantation is becoming
better due to improved immunosuppression, donor shortage and adverse effects of immunosuppression remain ma-
jor problems. Therefore, current transplantation therapies are still far from our dream. In such circumstances,
much expectations are placed on regenerative medicine for diabetes mellitus.

In order to develop regenerative medicine for diabetes mellitus, there are several different approaches such as
enhancement of patient’s own islet regeneration, auto- or allo-geneic islet-like cells differentiated from somatic, em-
bryonic or induced pluripotent stem cells in vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. However, as long as non-self cells are used and even autologous cells are used to type-1 diabetes that has
autoimmune background, efficient immunosuppression should be required. In order to avoid it, we are diligently
studying bio-artificial pancreas, in which islet cells are encapsulated by several kinds of semi-permeable membrane
or hydrogel and thereby protected from host immune responses. In fact, clinical trial of micro-encapsulated porcine
islets are ongoing in a few foreign countries, showing certain beneficial effects. However, micro-encapsulated islets
do not allow complete retrieval, which may lower the safety level.

We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these is-
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lets, we have successfully shown the efficacy of several macro-devices of bio-artificial pancreas. In contrast to micro
-encapsulation, macro-devices are retrievable and exchangeable, which is important advantage toward clinical ap-
plication. In our past studies, mesh-reinforced polyvinyl alcohol (PVA) tube and bag, rod-shaped device of agarose
containing polystyrene sulfonate, anti-complement substance, and so on were investigated in allo- and xeno-geneic
situations. We have also shown that the subcutaneous site pretreated for angiogenesis can be successfully used for
transplantation site of these devices, leading to long-term normalization of blood glucose levels in diabetic mice. Re-
cently we developed a novel method to make a sheet-shaped PV A-macroencapsulated islets by a combination of
the freezing technique of islets and the phenomenon that PVA solution becomes gel by freezing and thawing.
Briefly, islets are suspended in islet freezing solution containing PVA and this viscous solution is molded into a
mesh-reinforced sheet and then frozen. This method enables us to make a device of any size with any shape that
may be applicable to bigger animals and humans. PV A-macroencapsulated islets are unique cryo-preservable bio-
artificial pancreas that allows easy shipping, accumulation and quality-control of the device, which is suitable for
clinical usage.

In the year 2012, we started a collaborative study with Dr. Rieko Ohki (National Cancer Center Research Insti-
tute) on the effect of knock-down of PHLD A3, a novel tumor-suppressor gene found in endocrine tumors of the pan-
creas and lung, on fragility and transplantation efficacy of islets. We also performed in vitro experiment in mouse
ES cells and studied the roles of activin in early differentiation toward definitive endoderm and a manuscript is
now under preparation. We have already found that formation of cell cluster of MING6 cells enhances islet specific
gene expression, more physiological glucose-insulin response curve and more rapid insulin release in response to
glucose stimulation. In order to investigate the effects of cluster formation in transplantation, we developed a new
device to form cell spheres of uniform size and the results have been applied for a patent. We have established a
method of cell fusion between islet cells and mesenchymal stem cells and obtained results suggesting that such
cells show persistent insulin-release in vitro and more efficient after transplantation in vivo. These cells are further
studied toward macro-encapsulation. We are attempting functional improvement by cell cluster formation of these
in vitro processed cells toward realization of new diabetes therapy in combination with PV A-macro-encapsulation

technique.
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AR, LB O MR S WD A ) O X ) ITHEBITTEE L ZENHRDL E V) A = XL Z S
WCIAT53b0TY. 20k RAENRKNTL “in siu Tissue Engineering” (3R SEERIF TH A DIRB L TE& /2
HETHY, NLRERCALHREZ EETTIREBRIBHSN, TNl oTHDbIIZBEHEIAOKbE X LHZ T
ETVET. ZOHLWEINIE 21 I OEROBLMEICZ2bDEEZTHET.

in situ Tissue Engineering: We have devised a completely new approach to the development of artificial or-
gans. The main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular matrix
(ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted structure is
then employed as scaffolding, which after implantation into the patients is used for the regeneration or re-
differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner not only
possess highly differentiated tissue structures, but also show functional recovery, because all the cells are derived
from the patients themselves. Whether or not our new method is practicable will depend mainly on the intrinsic re-
generation capacity of each tissue. Up to now, in higher mammals including man, it has been believed that highly
differentiated organs lose their ability to regenerate. We consider that mammals do not, in fact, lose this potential,
and that the potential is hidden by excessively rapid wound healing around the failing tissues. In this sense, if we
can provide good conditions using refind ECM, we can induce this hidden potential even in higher mammals. We
have already carried out succeessful trials at regenerating peripheral nerves, the esophagus, the trachea, and blood
vessels with this method. A similar method is also applicable to other soft tissue organs such as the liver, heart, and
lung, as well as the spinal cord. These results will be welcomed by patients who are dependent on palliative life-
support systems, or transplantation candidates who are waiting for suitable donors. An additional benefit is that pa-
tients will be freed from the side effects of immunosuppressive drugs. The judgment of the brain death can then be
discussed separately from the issue of transplantation, and will become a personal problem. Further more, this new
approach help to reduce ever-expanding medical costs, which are in danger of destroying our health insurance sys-
tem in the near future.

No study based on these concepts has ever been done either in Japan or abroad. In this sense, our pioneering

work is expected to be a major area of medical science for the coming generation.

Strategy and targets of our study

The target organs currently being considered for this development project are the heart, heart valves, esopha-
gus, stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea, tendons, liga-
ments, cartilage, bone, fatty tissue, periodontal tissue, and permanent teeth. We plan to employ the two majour

methods as described below.

ECM Method
To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-organs.
The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then applied to facili-

tate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living body as a tem-
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porary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead of
purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should fa-
cilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells

derived from patients.

in situ Tissue Engineering and Field theory
Cells (or living tissues) of patients are complexed(mixed)with purified ECM or bioabsorbable material. Using
this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell (MSC)

obtained from the bone marrow is now applied to this method.

RECIRRRE, EEREF T LOEM (EFRIVEDE G, KU LIBENT FOXF 7881 MOERM) CHEZBEL, O
> hA—VETRIFRNEDE S P WEM(R) T7OEL ) THE. 3DCT £FA L TliRORIMBER 25l § % & (a) D@ V),
KIAME CEEREOTIAOBELZRAE LA, (b) 3> bO—JLBE GERINMEDE 5 » VW ERM THEBE) T3 ZIFHNICREZE
EHAETLAEDICH LT, () DEERETIE, BAETHEIERCLAWVERELY, SYRFLMEEZGOBEZRML TV
EEZONT.

Anterior chest wall was reconstructed with a bioabsorbable and rigid material (poly-L-lactide matrix (60wt%) and uncalcined and
unsintered hydroxyapatite particles (40wt%)) in the experimental group, whereas with a non-rigid and non-absorbable material
(polypropylene mesh) in the control group. Postoperative chest wall deformity was acsessed using three-dimensional computed
tomography with multi-planar reconstruction (a). Representative the mid-sternal sagittal views on the sternal alignment at each
point in the control group (b) and in the experimental group (c). The cephalad end of the lower remnant sternum tended to deviate
dorsally more remarkably in the control group than in the experimental group. C : the control group, E : the experimental group, 0
M : 0 month(immediately after reconstruction),1M-12M : 1 month-12 months postoperatively.
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The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic informa-
tion to next generations. During the differentiation of germ cells, important biological processes take place, such as
epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our current research
focuses on the molecular characterization of germinal granules/nuage, germline-specific ribonucleoprotein (RNP)
assemblies in the cytoplasm, and the regulation of meiotic entry and chromatin dynamics.

One structural characteristic observed in the germline is a cytoplasmic RNP domain called germinal granules
or nuage. The germinal granule/nuage is evolutionarily conserved in divergent animals, suggesting its essential
and common role in the germline, but the precise molecular and physiological function(s) remains unclear. We are
working on tudor-domain containing (T'drd) genes, mainly Tdrdl, 6, 7 and 9, which encode for specific components
of mammalian germinal granules/nuage. Gene-targeted disruption of Tdrdl, 6, 7 and 9 all led to male-specific steril-
ity due to postnatal defects in spermatogenesis. Among these, TDRDI1 and TDRD9 cooperate with piwi proteins,
MILI and MIWI2, respectively, and function non-redundantly in retrotransposon silencing at RNA and epigenetic
levels in spermatogonial stem cells and subsequent spermatogenesis. In contrast, Tdrd6 and 7 function in haploid
spermiogenesis. Tdrd6 and 7 mutants show abnormal spermatid differentiation with aberrant chromatoid body ar-
chitectures. Chromatoid bodies, a specialized form of germinal granules/nuage in spermatids, share some of their
components with somatic processing bodies (p bodies), a form of RNP implicated in degradation or translational
control of mRNA. We are addressing the possible function of TDRD6 and 7 in the regulation/metabolism of RNA.

Molecular mechanisms controlling meiotic entry and chromatin dynamics are important research subjects in
cell and developmental biology. We previously showed that primordial germ cells autonomously enter into meiosis
when cultured in vitro and identified a factor that suppresses this meiotic transition from mitosis. Recently, we es-
tablished another in vitro culture system that induces meiosis initiation of an established germline stem cell line de-
rived from spermatogonia. By using this culture system, we identified signaling molecules that promote or inhibit

meiosis from mitotic spermatogonial stem cells. We are undertaking biochemical and genetic characterization of

SRR 04—



Institute for Frontier Medical Sciences

these signaling pathways in vitro and in vivo.

[ # B 2]
@ REERK ©

1) BEERX

Miyazaki, T., Nakatsuji, N., Suemori, H. Optimization of slow cooling cryopreservation for human pluripotent stem
cells. Genesis 52 : 49-55(2014)

Hirata, N., Nakagawa, M., Fujibayashi, Y., Yamauchi, K., Murata, A., Minami, I, Tomioka, M., Kondo, T., Kuo, T-F.,
Endo, H., Inoue, H,, Sato, S. Ando, S., Kawazoe, Y., Aiba, K., Nagata, K., Kawase, E., Chang, Y.-T., Suemori, Eto,
K., Nakauchi, H,, Yamanaka, S., Nakatsuji, N., H., Ueda, K., Uesugi, M. A chemical probe that labels human
pluripotent stem cells. Cell Rep., 6 : 1165-1174(2014).

Otsuji, T. G, Bin, J. Yoshimura, A., Tomura, M., Tateyama, D., Minami, I, Yoshikawa, Y., Aiba, K., Heuser, J. E.,
Nishino, T., Hasegawa, K. and Nakatsuji, N. A 3D sphere culture system containing functional polymers for
large-scale human pluripotent stem cell production. Stem Cell Rep. 2 : 734-745(2014).

Kuo, T. F., Mao, D., Hirata, N., Khambu, B., Kimura, Y., Kawase, E., Shimogawa, H. Ojika, M., Nakatsuji, N., Ueda, K.
and Uesugi, M. Selective elimination of human pluripotent stem cells by a marine natural product derivative.
J Am Chem Soc. 2136 : 9798-9801(2014).

Liu, L., Yoshioka, M., Nakajima, M., Ogasawara, A., Liu, J., Hasegawa, K., Li, S., Zou, J., Nakatsuji, N., Kamei, K. and
Chen, Y. Nanofibrous gelatin substrates for long-term expansion of human pluripotent stem cells. Biomateri-
als 35: 6259-6267 (2014)

Hatori, M., Shimozawa, N., Yasmin, L., Suemori, H., Nakatsuji, N., Ogura, A., Yagami, K. and Sankai, T. Role of reti-
noic acid and fibroblast growth factor 2 in neural differentiation from cynomolgus monkey (macaca fascicu-
laris) embryonic stem cells. Comp. Med. 64 : 140-147(2014).

Takeuchi, H., Nakatsuji, N. and Suemori, H. Endodermal differentiation of human pluripotent stem cells to insulin-
producing cells in 3D culture. Sci. Rep. 4 : article number 4488 (Mar 27, 2014)

Ichiyanagi, T., Ichiyanagi, K., Ogawa, A., Kuramochi-Miyagawa, S., Nakano, T., Chuma, S., Sasaki, H., Udono, H. HSP
90 plays an important role in piRNA biogenesis and retrotransposon repression in mouse. Nucleic Acids
Res. 2014 42(19): 11903-11.

Chuma, S. LINE-1 of evidence for fetal oocyte attrition by retrotransposon. Dev Cell. 2014 29(5): 501-2.

AR 8 KWL, hIEH—RE, RE, kIR (2014) A F R T — AFITIC X B b NSRBI O SR EE
fili ety o B 58 Bt atam, 70, 123-131.

2) #
HISHT—IE BT ROFEERE & 7 2 EIROMK. FEEREY:, 32, 853-858(2014).

glil:l

s BT 5r



Annual Report 2014

© FREORR @

1) % - HREER

MR b7 Y AR VHERE D] &R TR TR AIE A 61 M HAEREWESY S RY Y A
(2014.5.15-17. #LiE)

RIEH— <~ AR TREGRIED N T 2 AR Y Il & RNP Gl 5K 5% R AT 78 22 (2014.8.26-27.
Kiln)

YHMEY  The role of N16 in the maintenance of genome stability and DNA recombination in mice #raMifH %

[HFERED LY r ) 254 F I 7 R L2 Ofli] #HFMims (2014.7.16-18. k)

2 BE VORI ILA

k&K - v N ZRetEEriiiE (ES/iPS M) D L HALICAN T K 7 KR8 - EEEAN OBI%E, H AR LABRER
55 30 MR & ¥ R Y 406 [HAHRE Update (2014.323. #itE)

Norio Nakatsuji : Human pluripotent stem cell research for regenerative medicine and drug discovery - our multi-
disciplinary academia-industry collaboration project in Japan. World Stem Cells Regenerative Medicine Con-
gress 2014 (invited lecture) (2014.5.21. London)
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TWVERREY YR T b2 [HROMIBIERIESA & R3% 1 (2014.11.18. H50)

Norio Nakatsuji: Overview of Japan Symposium - Mass culture system, QC, 3D construction, freezing system &
delivery system. World Stem Cell Summit 2014 (invited lecture) (2014.124. San Antonio)
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b~ ES #ifatk OB CERRIC A & B8 U B8R

t b ESHINBO E#IGH % Hig L - B2 T-> T b, ThETIK5 o M ESMfakkz 8L ) 5 3 #
1E 2004 4E 3 A0 5, 2 BRI 2009 4E 4 A A S 5B A T > T b, S E TIZ 50 LA EOMFEEHE (0 Ll bk
2R LE K OBIRBRS LTS5 Tw 5.

Hi7Otv> > JHERICKBERKRAE b ES #if/N 2 U DIEE

CHETIIHR SN LAHERO D 5 e b ES#ilatkz 3G GMP LX)V THTE 5 X5 Wik
WA EBRETH [270) =Ty 7] OFMMREE179) &£ BT, HAZEEMG GMP LX)V Tor b ESHlatko
B OMEMHIETLC0A. BRLAXVCHRTA7200 b ESHREROB, i, #0E WEEHE 2atk
MEPRAFIZ D 72 2 MBS HE R 2 3L (T B 5 B 1k 2 PR & R L AT v oD, RO BRM v + ES Ml N> 7 o #fi
ZTTHOTEL. THREBATLT, BRICHICLEZEWHRE S 2 Ve wea i, SidEEIckse b
ES Ml OB #EAM M IE LT o7z, TR O DMRMFEDOE R Z S LIZ LT, WKL b ESHille/ N> 7 2BEE0 ES
MiaD 7)) =7y FICXBFEMMEEZIT-72. TNHITMA, BIRH ESHINE N> 7 o f B & Bl % EIB 1 2 K HE
THJi9 %729, ISCBI(International Stem Cell Banking Initiative) (2 & 5, FBEWFZE i ES M N > 7 12 GV ki
DHGEIHEE, RV NNV TONY F 2 7 BEEEDOREICHFT LT,

b SEEMRER, SO > XY L EEMAREADSE

Tl - e AR T BB IR I 72 & OMERIF DRI ANTH 05, FF—ARPREZHEE o> Tw
5. TOFPLEE LT R (hPSCs) ORI HIREF S T a. hPSCs 225 4 » A Y ¥ Al (IPCs)
NOFEIZET BWEIIL L H DA, FENEIEL, F v a—AEEMEE AT S mature  IPCs DS AWEET
Ho. TIMBHROENIZE ) HEEP T TRV R EDREIMO N TV, T THRRLA ¥ 2 ¥ EAEM
% T & 2 Ma kR CHBIEO B B O 2 HiE L7z, WIRSSRIRIROZ A BB 2 B 2 X 5 104
DRER TG FLEW M A G b TS TEOREIL 1T 2\, 4 v R ViEAMEOR MR TH 5
PDX1 Bl 2 70-80% D &&= CAE T E 2 2 Lz, BRI 2 S L7124 ¥ 2 ) ViAo
B 3D EERBENTHH I EZR RV, WRIIZA V2 VMM Z K 30% ORI TIENTEL L) Ik
7o, FLINLOMBA TNV I—=RIEELTA YA Y EGRTHZ L LRER LA (K1),

INSOMHEIE, MDA VA MBSO X 7 = XL IR B OICERTH Y, BERIEISES A
Na R AR D IR & 72 5 LIRS 5.
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Establishment and analysis of human ES cell lines aiming clinical application

Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of human ES
cell lines were reported, clinical use of functional tissues and cells from human ES cells are expected. In Japan,
there have been many demands for use of human ES cells on basic and pre-clinical researches. We started to estab-
lish human ES cell lines using donated frozen embryos in January 2003 and successfully established 5 human ES

cell lines. We have distributed these cell lines to over 50 researches.

Cell processing facility for banking of clinical grade human ES cell lines.

For clinical application of hES cells, several issues remain to be solved such as development of complete-
defined culture medium and feeder-cell free substrates. To verify these factors we should establish a standardthat
reaches international levels. To achieve that purpose we have been working as a member of working groups of the
International Stem Cell Forum (ISCF) and banking group of ISCBI (International Stem Cell Banking Initiative). Re-
cently the ISCBI established “Consensus Guidance for Banking and Supply of Human Embryonic Stem Cell Lines

for Research Purposes” as a first fruit, and we are working to establish guidelines for clinical use of human ES cells.

Directed differentiation of human pluripotent stem cells to insulin-producing cells in 3D culture

Insulin-producing cells (IPCs) derived from human pluripotent stem cells (hPSCs) may be useful in cell therapy
and drug discovery for diabetes. We developed a robust differentiation method for induction of mature IPCs from
hPSCs. The protocol enables to induced PDX1-positive pancreatic progenitor cells at high efficiency. We also found

that 3D culture of PDX1-positive cells is effective to induced mature IPCs. The mature IPCs secreted insulin in re-
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sponse to glucose stimulation, indicating a functional IPC phenotype. Our method was found to be applicable to a

wide variety of hPSCs.

[ # B 2]
@ REERK ©

1) BEERX

Hirata N, Nakagawa M, Fujibayashi Y, Yamauchi K, Murata A, Minami I, Tomioka M, Kondo T, Kuo TF, Endo H,
Inoue H, Sato SI, Ando S, Kawazoe Y, Aiba K, Nagata K, Kawase E, Chang YT, Suemori H, Eto K, Nakauchi
H, Yamanaka S, Nakatsuji N, Ueda K, Uesugi M. A Chemical Probe that Labels Human Pluripotent Stem
Cells. Cell Rep. Mar 4(2014).

Miyazaki T, Nakatsuji N, Suemori H. Optimization of slow cooling cryopreservation for human pluripotent stem
cells. Genesis 52(1):49-55(2014).

Kazuki Y, Yakura Y, Abe S, Osaki M, Kajitani N, Kazuki K, Takehara S, Honma K, Suemori H, Yamazaki S, Sakuma
T, Toki T, Shimizu R, Nakauchi H, Yamamoto T, Oshimura M. Down syndrome-associated haematopoiesis
abnormalities created by chromosome transfer and genome editing technologies. Sci Rep. 27 ; 4: 6136 (2014).

Igawa K, Kokubu C, Yusa K, Horie K, Yoshimura Y, Yamauchi K, Suemori H, Yokozeki H, Toyoda M, Kiyokawa N,
Okita H, Miyagawa Y, Akutsu H, Umezawa A, Katayama I, Takeda J. Removal of reprogramming trans-
genes improves the tissue reconstitution potential of keratinocytes generated from human induced pluripo-
tent stem cells. Stem Cells Transl Med. 3(9): 992-1001(2014).

Hatori M, Shimozawa N, Yasmin L, Suemori H, Nakatsuji N, Ogura A, Yagami K, Sankai T. Role of retinoic acid and
fibroblast growth factor 2 in neural differentiation from cynomolgus monkey (macaca fascicularis) embry-
onic stem cells. Comp Med. 64 (2): 140-7(2014).

Takeuchi H, Nakatsuji N, Suemori H. Endodermal differentiation of human pluripotent stem cells to insulin-
producing cells in 3D culture. Sci Rep. 27 ; 4 : 4488(2014).

Hirata N, Nakagawa M, Fujibayashi Y, Yamauchi K, Murata A, Minami I, Tomioka M, Kondo T, Kuo TF, Endo H,
Inoue H, Sato S, Ando S, Kawazoe Y, Aiba K, Nagata K, Kawase E, Chang YT, Suemori H, Eto K, Nakauchi H,
Yamanaka S, Nakatsuji N, UedaK, Uesugi M. A chemical probe that labels human pluripotent stem cells. Cell
Rep. 27;6(6): 1165-74(2014).

Kuo T-F, Mao D, Hirata N, Khambu B, Kimura Y, Kawase E, Shimogawa H, Ojika M, Nakatsuji N, Ueda K, Uesugi
M. Selective elimination of human pluripotent stem cells by a marine natural product derivative. Journal of
the American Chemical Society, 136, 9798-801 (2014).

2) #

ES - iPS M DM & BB P, REEIESC ¢ ES - iPSMIIRSEERZ & > 47— (2014, F1:4E)

Miyazaki T, Kawase E : Efficient and scalable culture of single dissociated human pluripotent stem cells using re-

glil:l

combinant E8 fragments of human laminin isoforms. Curr. Protoc. Stem Cell Biol. Wiley, in press
Kawase E.: Efficient Expansion of Dissociated Human Pluripotent Stem Cells using a Synthetic Substrate. Meth-

ods Mol. Biol. Springer (2014)
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Kawase E.: Development of Culture Substrates and Culture Media for Efficient Expansion of Human Pluripotent
Stem Cells. In Lecture Notes on Cell Biology and Materials Sciences pp. 89-97 (Eds. Yuh-Jyh Jong and Norio

Nakatsuji) University System of Taiwan November, (2014)

1) Z% - REER

KRS - TR RS OPHAL LT ES/iPS il & 20 BEREMFL O BB N4+ P 7 A7+ —F LK
11 Wk 4 22 (2014.1.24. )

r R, CPIRHET, JISRARE, SRS, bk, @Sk @ e N ES/IPS M2 B & Ui RAF OfFMT -
U= — OB OMIERIKGETER 5 13 bl H AT ER R 204 (2014.34-6. 50HR)

PIRMES, wHE, EARRE, ORISR, JIESRVRR, RO, rhokiEdk, mAEESR Bk ) -2 T v T
L BEARA e & ES Atk N> F 2 7 O 45 13 B 0 AR AR5 (2014.34-6. 5UH)

EfEiEDE, HHE T, BWEEG, PR, SHE O F NSRS, RS, kSR, JUIIER ¢ e b ES/IPS
MIF BRI BT 57~ A7 4 — & =R OWE OB 54 13 10 H AR R AR (2014.34-6.
LK)

N RR © 2 retk i (ES/iPS Mila) o FEHALIC LB A Bk B % « R-LMIE O KiEss 2 L LGP oL
LMo REEE Y AT 4 $ I3 HAFEERFRRET v F 3 v+ 35— LS21(2014.36. i
#8)

NS NER © 2 RetEeilie o K s 2 O FEBULICINT T~ R H L Bl oM 2 i & LT~ BIUREEFHE
KA BE RS £ > 7 —  HRUREE S © & b ES Ml fi B 2 (2014.328. KF)

JIHESCHE - & MRttt 2 v -8B R O IncuCyte T—W—I—F41 v FA4T7ar57 b
4 A=T ¥ 73 F—(201465. i)

Kaori Yamauchi, Norio Nakatsuji, Hirofumi Suemori.

Monitoring of the cardiac developmental process using a Nkx2-5¢*/MLV2v™‘™ human embryonic stem
cell line. %% 12 [9] ISSCR (2014.6.18-21. /N> &7 —s3—)

Kei Takada, Masako Hirai, Mari Hamao, Fumi Kashigi, Eihachiro Kawase, Hirofumi Suemori, Norio Nakatsuji,
Tsuneo A. Takahashi, : High frequency of intracellular ice formation during slow cooling in colonies of hu-
man embryonic stem cells and induced pluripotent stem cells : comparison with single dissociated cells. %
12 |7 ISSCR (2014.6.18-21. /N> 7 —/3—)

Masako Hirai, Kei Takada, Mari Hamao, Fumi Kashigi, Eihachiro Kawase, Hirofumi Suemori, Norio Nakatsuji,
Tsuneo A Takahashi.: Validation of clinical grade human embryonic stem cells produced under GMP. %
12 |7 ISSCR (2014.6.18-21. /N> 7 —/3—)

Tsuneo A. Takahashi, Keiji Tanaka, Shinji Okuda, Masako Hirai, Kei Takada, Eihachiro Kawase, Hirofumi Suemori,
Norio Nakatsuji, Masanari Kitagawa.: A new method for the detection of residual mouse feeder cells con-

taminated in the products of human plulipotent stem cells. %5 12 [a] ISSCR (2014.6.18-21. /N> 7 —/3—)
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sl LRI AT 7850 BF T, ZRe ksl (ES #ile (R © embryonic stem cells) & OF iPS #iflfig (N T.%
BelkE st © induced pluripotent stem cells)) 2 T, (OEE R OMMIESE - AT 2052247 - Tn 5.

e, 2 TOMBEOMIIIMET 22 e TEZ bW [JHE] BillfalZEzohTwb, Zok
He: (pluripotency) # in  vitro \IZBWTHIE W L, GALFE L 720 %2 FAEBHRICHW X 9 &3 5 A2~ 2l
fr, Mgz s =7y MATbR T, Feid, gtk e CPIREHERHIR T 2 M B X VDO 55
{LAfFsE 247> T & 72

K4 LES/iPSH o RS/ 1 AT B A MmEE, WHE2—RICBE ) NEME 2h
E-cadherin® Flk1*
SSEA Fresdhern ENSIY F R 2 T oML 5
VEGF OP9 (+CSA)
/ l \’ DTS o Twb, ZOHaih s ekl s & T
FIkI-
©® ~ ® @ oo TR AL T SR L
/ \VEGF(+PKA) l PDGF-BB l OoP9 [ﬂl’%& %ﬂ:ﬁﬁfé VEGF 0)%&@{2&0)—0 "Cﬁ) 2
Juikz 3l A HiRa B DR ERE
@ Flkl® «—— - FIkI® Flki- Flkl Flkl (& ik - 145 2 o &% b 218 o 51k
cnast VE-cadherin T osma-

&=, oMHC*
1

e XY= h—BIUOHKEOT—H—LEZLNT
W5, Az, ESHIZHWTin vitro 1238
- WTHIREE, X 52 ORI T B 2 i

Terl19* PECAMI” PDGF-BR*
CD34"

Desmin*

AM/CAMP
\:\lotch \ . L HRERA po g S Ay % > NS
i, e 0N & A L P38 50 5 X O
BAR MR UE VA ) 2 @IRC LA L, i

HLLTORKMEL in vitro BL W in vivo IZBWTHET 22 &, WHIXMEDFHABREZ B 5 2 LITK
Y L7z (Yamashita, Nature, 2000.). Z® in vitro 73b% Ti&, Flkl YA 2 Ll o Rl & U<, MM,
BEMIL, IMERMINEASMEL, S 512205 OMIMEASIE & L ComKREELZIENT 5. 72, PREAROMIBD
— D TdH A LML S [FARS Flkl BPEfia s 5 0LahEd 2 2 & & 28 L O AT BRI O [ 72 1285 L Tw
% (Yamashita, FASEB J, 2005). BhEflR ) > 7 SEHEARALR LR — A 2 —h —fllld 7 &8 S22 O Mg
KN 54 #%3E % 47 - T 4 (Yamashita, Trends Cardiovase Med, 2007 ; Yanagi, Stem Cells, 2007 ) ([X). &4 i3,
REHH K O 4 7 1 AR A ASFlk] BPEh RSEMIT R RIS L, O BRI & OO e o 51k %
AT 2, &) eEdH LWEMZ R L7z (Yan, Biochem Biophys Res Commun, 2009). ARIF7E% & & 12O
RaDRYI L% FHET 285 TILEMOWRE 1T > T b, DRI LERRGERE 2 6 25, Z OIGfifE % K
R0 TELILEMRAFEL, OHMBIETICES 3 2N > 7 F Vv o—i% B 5 12 L 72 (Uosaki,
Circ Cardiovasc Genet, 2013).

EEl R AL Bl & Ml > — MMEREA RO K FER KSR Z2HllA b, OHBIEREIER I B 5 0
¥ — MR ORISR & VT BME 2 B 5 222 L 72 (Masumoto, Stem Cells, 2012). %7, M4 PRI GL % B2 T2
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BOTHMEIWICHE T2 81250, cAMP ¥ 7 FVoOE#REZRAIZHLNIZ L2, 740D, Protein kinase A
AMEFTERMNL D VEGF 0 &2tk 2 24k & & TR ML 2 2 L T % 2 & (Yamamizu, Blood, 2009), [f]
fEMI2S CREB 12 & 5. H T Etv2 FEBFHEIC L 5 2 & (Yamamizu, Stem Cells, 2012), JHHEICEEG 354 44
KA cAMP ¥ 7 F IV 2 #4522 X ) AL - B BAEIHIAIZ/E L Cwb 2 & (Yamamizu, Blood,
2011 F#E), M O° Notch & B-catenin ZSEAEMHEAEH T 5 Z L2 & D BIRINEANDERGIEEIT > TWDH I L 285
72127R L7z (Yamamizu, J Cell Biol, 2010). F7z PKA ¥ 7 F L o@fila L MIc B 2 B4 M L, PKA #°
v A b H3 AFVALEES Ga DA EE L Z LI12X D, Octd % ERMLBIET~DEAD L X b 56 (1)
VYOV ATME) RRAEL, Mot RO EEIRL, YT FNEIES ) AR OF L VEE & i X
L5AL T 4 3 v 7 ORIEBERE % S A2 L7 (Yamamizu, Cell Stem Cell, 2012).

S 51T, FBOEARFIZERT IR REREEZC & o TBF . S e A T& fetkastiie GPS M) % v CHB O EER Y A 7
LEMREL, Bl O0MEFEMELRGELTWS. ESHBMEICBWTER L v EHnTnE RS
™ Z iPS MG % JH 72 O A SRR O AL & 128k B L 72 (Narazaki, Circulation, 2008). F72H 4 7o AR » A
OEfZIGH L, & biPS#ilig2: & ok O fiie z #5835 2 & 1238 L7z (Fujiwara, PLoS One, 2011). &
DIZERIRZH Lk b iPS Mo O ot & B OFMIE DML O BIZEI & BB L 72 (Uosaki, PLoS One,
2011). F7z, b MIPSHIZIZBWTH OMEMBEEG Y — F2ERL, 7 v MOHBEE T VA~OBEIZ L 5.0
FEREE A A % 7R L 72 (Masumoto, Sci Rep, 2014) .

ZD LX) IHA D ESHllaE w7z in vitro LRI, FE 4 OFEBREROMIAEE 2 KRR HLAES 5 2 &0
TE, LIMEFEORESBE L TR TICEENICEEL 200 LA RFICBIETE 5. toT, ZoMti%
w5 2 &2 XD LIBINE DFEGED X A = AL &/MBL XV, 5FLXVTHEL, /v 2777 M7 A0K
BIRNTIAKAE L T 7ML 5 FRBEORNT % in vitro TITH) L I FH LT 7u—F IR > 72t E 2 Hbh
72, FLINLOMREMRA R THAERER G E LIZISHMRIER T2 28 TE 5.

BUE, 2o ESHIIE in vitro bR 2 VT, UTO L) 70y 27 M2 TLTW5.

1. ES#iNia/iPS #liE in vitro 43b% & v 72O M 53102 RRAL D 53 F- Bk O fif T
1) BERIR - ) > VE PR AR RAY LR & PRI £ BRI L EHE O ST (Yurugi-Kobayashi, Arterioscler Thromb
Vasc Biol, 2006; Kono, Arterioscler Thromb Vasc Biol, 2006; Yamashita, Trends Cardiovasc Med, 2007 ;
Yamamizu, J Cell Biol, 2010)
2) cAMP JOF PKA |2 & %15 R o 3L RE R Si#%A% (Yamamizu, Blood, 2009; Yamamizu, Stem Cells,
2012)
3) M GAL/ M TR CREB TR 51T 5 4+ ¥4 4 F O3 (Yamamizu, Blood, 2011 ##K) (R3ERI K5
& D IR
4) ES/iPS MINd M LBALIT I 5 L ¥ = 4 7 4 7 AHIHIHHE OB & 33% (Yamamizu, Cell Stem Cell, 2012)
(HRURF & D ILFFE)
5) ES/iPS Ml LRIC BT 8 L\ Bn T AT > X 7 2 DB %
1) @M ShRNA % v 7250 (L B RS F 0 85 T2 BUH ) ES Mg > X 7 2 (Hiraoka-Kanie, Biochem Bio-
phys Res Commun, 2006)
ii) CRISPR/Cas9 Z 7= 70 E— % — i A X A 2@z TR/ L AF 22— 25 4 (Matsunaga,

Biochem Biophys Res Commun, 2014)
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2. ES #lilla/iPS Ml A & .U 4 #e 0 43 LaEE & A4 iG#IE 1
1) 2 RITHEFEIT X 238 L\ ES flllie & o L bah B o B 5e & 8 L v Oi iR R o 7] %2 (Yamashita,
FASEB J, 2005).
2) MBI in vitro bR & A 720 L - ZARML O 53 T4 O AT
3) ES Al i Cmiiig B B Re R b O T (Yanagi, Stem Cells, 2007)
4) A7 AR ¥ A ZRHCH LW ESREG OB Ei A - OB s{bisE: (Yan, Biochem Biophys Res
Commun, 2009 ; Fujiwara, PLoS One, 2011) (AR R F O MR - PI- S PER & o LT SE)
5) & b ES#ifas: & o G e 5Lk
b M ES MG [ & ES M2 M v 7220 I U BAs (2 B 5 2 g8 | (DFJE A3 - I0F M,
PR 17 4 3 H 10 HSCERHEREKRR
t  ES#ild & v 720 IiE U7 2 7o T %.
6) iPS#Hllgz A 720 L TR 5 5 AT gE
i) =2 A iPS Mg 5 o0 e 731b % (Narazaki, Circulation, 2008 ; Best Paper Award in Basic Science
category, Circulation 2008)
i) #FrLvEshFe NOHAEFEEORME E VCAMI & KHEPUE & L TH 728 LG ia itk o5
%& (Uosaki, PLoS One, 2011)
i) iPS M H R CBAIIE > — b & F v 7R R Al 594 0 B %6 (Masumoto, Stem Cells, 2012; Masumoto, Sci
Rep, 2014) GRELFEKR - BRSO ESMRE & o JEFAFZE)
v) ¥7F A Farvig ezl s — b o R AL (A ERAOEZERT - HIEZEE & o L FE i
%)
v) b M iPS ARSI BV 5O mi BRI 0 3% 8 & AL
7) iPSHINEGZALY AT 5D I VN4 F 1T — K ORIFISH (Nakao, Bicorg Med Chem Lett, 2008) (%L K
Al & D IEFIRESE)
8) LmMiNasL - Bl RAET B8 L LGOS - FE
1) LB B4 A O AN e B g & 9 % K55 T &% (Uosaki, Cire Cardiovasce Genet, 2013).

=

Main theme of our research : Elucidation of cellular and molecular mechanisms of cardiovascular development and
the application to cardiovascular regeneration using in vitro differentiation system of embryonic stem (ES) cells and

induced pluripotent stem (iPS) cells.

Previously, we established a novel in vitro vascular differentiation system of ES cells (Yamashita, Nature, 2000).
Using ES cell-derived Flk1 (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce all of
the vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and peri-
cytes) and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside
are formed from Flk1l+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early proc-
ess of vascular development. And we also demonstrated that the transplanted vascular cells induced by this sys-
tem could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyocytes

from Flkl+ cells, and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we suc-
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ceeded in inducing arterial, venous, and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007 etc).
All of cardiovascular cellular components, thus, could be induced in our in vitro differentiation system. (Fig. 1). Re-
cently, we found that an immunosuppressant, cyclosporin-A, possesses a novel effect to potently induce cardiomyo-
cytes and cardiac progenitors from Flkl+ mesoderm cells (Yan, Biochem Biophys Res Commun, 2009). Currently,
we are screening to identify small molecules which can induce efficient cardiomyocytes from pluripotent stem cells
and could be effective for cardiac regeneration in vivo. Recently, we found several small molecules and intracellular
signaling involved in cardiomyocyte proliferation (Uosaki, Circ Cardiovasc Genet, 2013).

Combining our technologies in stem cells and a cell sheet method (Tokyo Women’s Medical University), we
generated a cardiovascular cell sheet with defined cardiac cell populations (i.e. cardiomyocytes, endothelial cells,
and vascular mural cells),and succeeded in showing potent restoration effect on infarcted hearts after sheet trans-
plantation (Masumoto, Stem Cells, 2012). Using our constructive induction system for vascular cells, we recently
demonstrated critical roles of cAMP/PKA signaling in endothelial cell differentiation and diversification. That is,
protein kinase A (PKA)enhances vascular progenitor potential to endothelial competent through dual upregulation
of VEGF receptors, Flkl and neuropilinl, in Flk1+ cells (Yamamizu, Blood, 2009). This effect is mediated by CREB-
induced gene expression of an Ets family transcription factor, Etv2 (Yamamizu, Stem Cells, 2012). A neurophysi-
ological modifier, opioid system, is found to regulate endothelial cell differentiation and early vascular formation
through inhibition of cAMP/PKA pathway (Yamamizu, Blood, 2011 ; cover image). We also demonstrated that
Notch and B-catenin directly interact in Flkl+ cells and determine arterial endothelial cell fate (Yamamizu, J Cell
Biol, 2010). We further examined new roles of PKA signaling in the earlier stage of differentiation from pluripotent
stem cells, and demonstrated a novel signal-epigenome linkage that regulated timing of pluripotent stem cell differ-
entiation. That is, activation of PKA induced rapid differentiation of germ layer cells from the pluripotent state by

increasing protein expression of a histone methyltransferase, G9a, which suppressed pluripotent gene expressions

Undifferentiated ES & iPS cells Mesoderm
o) E-cadherin® D 2 Flk1*
@Cg SSEAT* C\(\C E-cadherin

W | ooceen

Cardiac progenitors
Flk1*
@ Flkl* @ Flkl- @ CXCRA*
- VE-cadherin®
/ \VEGF (+PKA) l PDGF-BB l oP9

Blood cells Endthelial cells Mural cells Cardiomyocytes
Flkl° <—— Flk1* Flk1- FIkI-

@ CD45* VE-cadherin® %. aSMA* SSSee=., MHC*
Terl19* PECAMI* PDGF-BR* S ANP*

CD34* Desmin* GATA-4*
Nkx2.5'
Atrial
Ventricular
AM/cAMP 1 Conduction system
\ \ 5 Pacemaker
g_‘z‘acg i Blood vessel Heart

oP9 —
Arterial Venous Lymphatic

‘ Fig. 1: Cardiovascular development in ES and iPS cell in vitro differentiation

SRR i



Institute for Frontier Medical Sciences

though a negative histone modification, H3K9me2 (Yamamizu, Cell Stem Cell, 2012).

Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells, in-
duced pluripotent stem (iPS) cells, and succeeded in systematic cardiovascular cell differentiation of mouse iPS cells
(Narazaki, Circulation, 2008). We recently succeeded in inducing functional cardiomyocytes from human iPS cells
using cyclosporin-A method (Fujiwara, PLoS One, 2011). We further succeeded in efficiently inducing cardiomyo-
cytes from human iPS cells and identifying a cell surface molecule, VCAMI, for purification of cardiomyocytes
(Uosaki, PLoS One, 2011). We recently generated cardiovascular cell sheets from human iPS cells and demonstrated
the functional recovery in rat myocardial infarction model after the sheet transplantation (Masumoto, Sci Rep, 2014).

In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells,
purify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the mecha-

nisms of cardiovascular development from new aspects, and offers novel potentials for cardiovascular regeneration.

Research Projects :
1. Elucidation of cellular and molecular mechanisms of cardiovascular cell differentiation and specification using ES/
iPS cell in vitro differentiation system.

1) Specific induction of various endothelial cells types (ie., arterial, venous, and lymphatic)and investigation of
the mechanisms for endothelial specification (Yurugi-Kobayashi, Arterioscler Thromb Vasc Biol, 2006 ; Kono,
Arterioscler Thromb Vasc Biol, 2006; Yamashita, Trends Cardiovasc Med, 2007 ; Yamamizu, J Cell Biol,
2010).

2) PKA in the regulation of vascular progenitor potential (Yamamizu, Blood, 2009; Yamamizu, Stem Cells,
2012)

3) Significance of opioids in endothelium differentiation, vascular formation, and tumor growth (Yamamizu,
Blood, 2011 ; cover image) (collaboration with Hoshi University)

4) Significance of epigenome regulation in pluripotent stem cell differentiation processes, mainly with global
analyses of epigenetics in ES/iPS cell differentiation (Yamamizu, Cell Stem Cell, 2012) (Collaboration with
University of Tokyo)

5) Gene manipulation systems in ES/iPS differentiation

i) Inducible shRNA expression for differentiation stage-specific gene knockdown (Hiraoka-Kanie, Biochem
Biophys Res Commun, 2006)
ii) Gene knockout/rescue system by promoter insertion with CRISPR/Cas9 (Matsunaga, Biochem Biophys
Res Commun, 2014)
2. Cardiovascular cell induction from ES/iPS cells and application to regeneration

1) Establishment of a novel cardiomyocyte induction system in 2-dimentinal culture (Yamashita, FASEB J,
2005).

2) Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation

3) Ion channels to reconstitute automaticity of ES cell-derived cardiomyocytes (Yanagi, Stem Cells, 2007)

4) Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporin-A (Yan, Bio-

chem Biophys Res Commun, 2009 ; Fujiwara, PLoS One, 2011) (collaboration with Department of Cardiac
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Surgery, and Department of Medicine and Clinical Science, Kyoto University Graduate School of Medicine)
5) Cardiovascular cell differentiation using human ES cells
Our human ES cell research project “Research for differentiation mechanisms of cardiovascular cell differen-
tiation using human ES cells” has been approved by the Science Ministry of Japan (2005.3.10).
6) Cardiovascular regeneration with iPS cell research
iii) Establishment of cardiovascular cell differentiation system of mouse iPS cells (Narazaki, Circulation, 2008 ;
Best Paper Award in Basic Science category, Circulation 2008).
iv) Novel efficient cardiomyocyte induction and purification method with VCAMI (Uosaki, PLoS One, 2011)
v) Cell sheet transplantation strategies with iPS cell-derived cardiac cell population. (Masumoto, Stem Cells,
2012 ; Masumoto, Sci Rep, 2014) (Collaboration with Tokyo Women'’s Medical University)
vi) Efficient stacking of cardiovascular cell sheets with gelatin hydrogel microsphere (collaboration with Prof.
Tabata, Institute for Frontier Medical Sciences)
vii) Induction and purification of cardiac progenitors from human iPS cells
7) Application of iPS cell differentiation system to chemical biology and drug screening (Nakao, Bioorg Med
Chem Lett, 2008) (Collaboration with Waseda University)
8) Screening and identification of small molecules for cardiomyocyte differentiation and proliferation
i) Small molecules controlling developmental stage-specific cardiomyocyte proliferation (Uosaki, Cire Car-

diovasc Genet, 2013)
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Matsunaga T, Yamashita JK.* : Single-step generation of gene knockout-rescue system in pluripotent stem cells by
promoter insertion with CRISPR/Cas9. Biochem Biophys Res Commun, 444 : 158-163, 2014. doi: 10.1016/].
bbrc2014.01.037.

Arita Y, Nakaoka Y, Matsunaga T, Kidoya H, Yamamizu K, Arima Y, Kataoka-Hashimoto T, Ikeoka K, Yasui T,
Masaki T, Yamamoto K, Higuchi K, Park JS, Shirai M, Nishiyama K, Yamagishi H, Otsu K, Kurihara H, Mi-
nami T, Yamauchi-Takihara K, Koh GY, Mochizuki N, Takakura N, Sakata Y, Yamashita JK, Komuro L :
Myocardium-derived angiopoietin-1 is essential for coronary vein formation in the developing heart. Nat
Commun. 5 : 4552, 2014. doi : 10.1038/ncommsb552.

Cho SW, Park JS, Heo HJ, Park SW, Song S, Kim I, Han YM, Yamashita JK, Youm JB, Han ], Koh GY. : Dual modu-
lation of the mitochondrial permeability transition pore and redox signaling synergistically promotes cardio-
myocyte differentiation from pluripotent stem cells. J Am Heart Assoc. 3(2): 000693, 2014. doi: 10.1161/
JAHA.113.000693.

Masumoto H, Ikuno T, Takeda M, Fukushima H, Marui A, Katayama S, Shimizu T, Ikeda T, Okano T, Sakata R,

Yamashita JK.* : Human iPS cell-engineered cardiac tissue sheets with cardiomyocytes and vascular cells
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for cardiac regeneration. Sci Rep. 4 : 6716, 2014. doi : 10.1038/srep06716
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OmHESR, T B TIPS M RO e i ni BRI R O BRI ], 45 13 Il H AP AR B3 2 #2x (2014.35.
LK)

OTakeda T, Yamashita JK.: Identification and application of human iPS derived-cardiac progenitor enriched
population for cardiac regeneration. The 3™ Retreat of Center for iPS Cell Research and Application (CiRA)
(20144.19. Shiga)

ORHESR, IF [k b iPSMlELROmF RO RE] 45 5 Il Molecular Cardiovascular Confer-
ence I (2014.95-6. i)

OFukushima H.: Novel small chemicals potently enhance cardiomyocyte differentiation from pluripotent stem
cells. The 7th Takeda Science Foundation Symposium on PharmaSciences (2014. 1.16-18. Osaka)

Ot ok - [ZRetEifiie ¥ 2 7 & 2 W 728 BLOH LB L G o [ 5E ], 55 13 Il H A AEER P RRE
(2014.34-6. 3L#R)

Ot 5L - Novel Small Compounds Potently Induce Cardiomyocytes from Various Progenitor Populations. & 78
Il H AYE RS 7 R 2% (2014.3.21-23. HU50)

OFukushima H.: Identification of novel chemicals potently inducing cardiomyocyte differentiation from mouse
and human pluripotent stem cells. ISSCR (International Society for Stem Cell Research)12th Annual Meet-
ing(2014. 6.18-21. Vancouver, Canada)

Olkuno T.: Scalable and highly efficient endothelial cell differentiation methods from human induced pluripotent
stem cells based on monolayer and serum-free culture for realization of regenerative medicine. International
Society for Stem Cell Research (ISSCR) 12th Annual Meeting. (2014.6.20. Vancouver, Canada)

Olkuno T.: Scalable and highly efficient endothelial cell differentiation methods from human induced pluripotent
stem cells based on monolayer and serum-free culture. ESC Congress2014.(2014.8.31. Barcelona, Spain)

O % © Scalable and highly efficient endothelial cell differentiation methods from human induced pluripotent
stem cells for realization of regenerative medicine. % 5 M Molecular Cardiovascular Conference II. (2014.9.6.
Kobe)

O#er B 0 [2 BUIM B N B M B B Al K T2 B ARB PE MR O AL B 3812 & % & 1 iPS M2 & o I 8 N Bz il 45
LREEORFAL ], 5 67 I H AR AR/ 4 (2014.10.03. FRE k)
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Yamashita JK. : Differentiation System of Cardiovascular Cells from iPS Cells. 1st Think Tank Meeting on Cardiac
Safety 2014 in Kirishima. (2014. 1. 11-12. Kirishima, Kagoshima)

Yamashita JK.: Combinatorial Approaches with Pluripotent Stem Cells, Small Molecules, and Tissue Engineering
towards Cardiac Regeneration. CiRA International Symposium 2014 (2014. 1.17. Suita, Osaka)
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Yamashita JK.: Blood vessels for cardiac regeneration with stem cells. 2014 International Vascular Biology Meet-
ing (2014. 4.14-17. Kyoto)

N [ 2 RetEEiie 2 o 22 R A OB AR G AR O Bl S8 ), 56 35 I H AR J8E - B HATAERR
BERY a A v MY U RY Y L [l © Bz fE R ] (2014.7.3. )

1M 8 : Multiple Approaches for Cardiac Regeneration with Pluripotent Stem Cells, Small Molecules, and Tis-
sue Engineering. G+t I F— (REARKEY TV ¥ FRIZES) (2014.7.16. FEAR)

W 2 etk ok OIS I O B3R B X OTAEEHRA~DISH ], 45 6 1 X 7 1 3 A o+ JiEf e il
(R E R LZ RN R . - FAEEROFEBULNA 7 = 4 £ 3+ —) (2014.7.24. 1LIT)

Wr [ ZRethEsiiie 2 V722 2 R DI AE L P AR s |, 7 ABU3E - BRI 7 4 — T 488 2 akah &% [ 1R
BERELC 51T 5 BRI | (2014.8.7. BTN

Yamashita JK.: Application for High Throughput Drug Screening with human iPS cell derived cardiomyocyte. iPS
related activities in Japan / application for safety evaluation using human iPS cell-derived cardiomyocyte.
CiRA-Boehringer Ingelheim iPS Symposium (2014.10.9. Kyoto)

Yamashita JK.: Next Generation Strategies for Cardiac Regeneration with Pluripotent Stem Cells, Small Molecules,
and Tissue Engineering. %5 [ 7 ¥ 7 Mg if#E 7% (ACT02014) (2014.11.10. Osaka)

Yamashita, JK.: Multiple Approaches for Cardiac Regeneration Using Pluripotent Stem Cells. American Heart As-
sociation Scientific Meeting 2014, Joint AHA/Japanese Circulation Society Session : Use of ES/iPS Cells for
Cardiovascular Medicine (2014.11.18. Chicago, USA)
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Department of Stem Cell Engineering

S2HEE EHE Z2H 5
Assoc. Prof. Takashi Tada

(57 52 #i &]
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SRED O E BAERIEANL, 720 7oA DM ORI 2 & 2 Bt IR~ ORI & JEI2, TP IHIE S h e
JLick o Th 726 8ha. ZoMBET, 2N, #hE2ko< 54 ToOMBEOMILIZ LT RE % 2 RetEh kb
n, BONBEE R TXFEHRIL L 7Mla~E b2 LTRIEL T . —#IC, MERBRYOTE R WY
Tt 2 Lo FHE SN Twiz, R L, ZRethEiiE (pluripotent stem cell) D —FETH 2 IEPkEs (ES) Mg &
AR % Ml A3 5 &, T ) AT D 2 2T 4 7 ADHEWZ O NARMEHMIARICH 70 7 5 kX
N5 Z L2 MFUEET TR L7z (Tada et al.  (2001) Curr. Biol.). Z O#RIZ, bl & BHHERELM T T
REPEERMIIICHE 70 79 MU RETH B 2 L, F 72 ESHIRICI ML R T 7T 2B BT 5 R W T4 %
TEERL T BUETIE, ESHlleA S [E S /zfF (Octd, Sox2, KIf4 & c-Myc) Dl ZEBLIC & b Al
L e R (N T2 8154 iPS ;. induced pluripotent stem) M) 1270 275 2L ENE 2 LS 7% 5
TW5 (Takahashi & Yamanaka(2006)Cell). &AM % 7LRED R ITIX Octd, Sox2, Nanog 238 & 7 A ¥R
HWFLLTEZONTWED, 77T MU RIS STV RN,

With VE

W/O VE
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Epiblast
VE

YN \6 -

ffeonfls e Nodal __ Total No. GFP(+) (%) 3

) 8 7(87.5%) *

¥ ¥ WIOVE o5 7 1(14.3%) g

O O With VE () 8 7(87.5%) g
With VE W/O VE

1 YIOZPEREIETZ X MIHT S Nodal &7 & Nanog FH
(A)5.5 B# Nanog-GFP b5 > XY 1= ZHFT®D Nanog %38 (B)Nodal # 3R ¢ 2B AKEICKEL =
Nanog 338 (C)Nodal-Smad2 > 7'+ 1) > J#ZI&ICHIH & h 5 Nanog FIR

B#Y)

1) KRB Z Rtk lc 7 a 79 2Mb¥3 N b A =X 4
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3) 7T Y5 Ao RS 0 B3
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EREAEZOBLENS, BT 7 72X A = X518, Bz RERICO% CHMlAZ RSN T20DHE
k. —J, BERHOBEDS, 7077 MU & 2 NI 5 O 2 stk O IE, i s
DL VBHEMIBOBEBRICHOREZH E, BAERBOBIEN 2 HOL RS L—HThH L. EHREHICIANT T,
L 2% 5 VIR ERD, —h—%ks ) 7 =35 2 & THREN RO NOHEMAEHTE %,

ICM:

Naive State I - Posterior:

Oct4, Sox2, Es:w?nlezs;ate " . Nanog, Oct4 A
nterior:

Nanog, Esrrb Al Octd, Sox2, Nanog & o) & Sox2, Esrrb ¥

Esrrb ¥ Nanog, Oct4, EsrrbY|
VE: PVE:
Nodal AVE: Nodal

Cer1, Lefty1

E3.5/ESCs E5.5/EpiSCs E6.5
?
Eso0cEoD [Nang mad20cfod  [Nan: mad2Ocl) o) [Narg
—_—
1st Change 2nd Change

2 Y ZAEFRDEEICH T D Nanog BIEFDHEEE RBERIHO L1 F 3 v 7 E1L

Background)

Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Determination of the cell fate is epigenetically regulated through activation or repression
of specific genes. Nuclear reprogramming is a phenomenon that a specialized somatic cell acquires pluripotential
competence, which is defined by multi-lineage differentiation, due to reset of epigenetic memory of the somatic cell.
We found that embryonic stem (ES) cells, which have the robust capability of self-renewal with pluripotency under
culture conditions, retain the nuclear reprogramming activity as shown by cell fusion with a somatic cell (Tada et al.
(2001) Curr.Biol). These findings have indicated the reality of direct reprogramming of somatic cell under a culture
condition with factors isolated from ES cells. Tremendously, it has been discovered that defined factors Oct4, Sox2,
Klf4 and c-Myc highly expressed in ES cells are sufficient for triggering nuclear reprogramming of somatic cells to
induced pluripotent stem (iPS) cells (Takahashi and Yamanaka (2006) Cell). It has been shown that Oct4, Sox2 and
Nanog cooperatively function as key transcription regulators in the repression of somatic cell genes and the activa-
tion of stem cell genes in pluripotent stem cells.

Reprogrammed somatic genome through cell fusion with ES cells function in cell differentiation similar to the
ES genome. Comparative analyses of epigenetic modifications of the somatic genome before and after cell fusion
with ES cells demonstrated that the nuclear reprogramming is induced at least through two steps; a)erasure of
the somatic cell memory accompanied with global chromatin de-condensation and b)acquirement of the pluripotent

stem cell memory. However, the pathway from somatic cell to pluripotent stem cell is largely unknown.
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Aims)
1) Understanding of molecular mechanisms involved in nuclear reprogramming of somatic cells
2) Understanding of molecular function of stem cell factors in maintaining pluripotency and self-renewal

3) Development of nuclear reprogramming technologies toward clinical applications

Importance)

In the field of basic stem cell biology, understanding of the molecular mechanisms of nuclear reprogramming
of somatic cells to pluripotent stem cells will shed light on the central dogma, the succession of life. In the field of re-
generative medicine, the reality of personal iPS cells from individual somatic cells through nuclear reprogramming
rises the great hopes on regenerative medicine in near future. Toward realizing the regenerative medicine, further

study will be required to overcome several ethical and practical obstacles.
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Pasque, V., Tchieu, J., Karnik, R., Uyeda, M., Sadhu Dimashkie, A., Case, D., Papp, B., Bonora, G., Patel, S., Ho, R,
Schmidt, R., McKee, R, Sado, T., Tada, T.Meissner, A., Plath, K.: X chromosome reactivation dynamics re-
veal stages of reprogramming to pluripotency. Cell, 159, 1681-1697 (2014)

Sun, L. T., Yamaguchi, S., Hirano, K., Ichisaka, T., Kuroda, T., Tada, T.: Nanog co-regulated by Nodal/Smad2 and
Oct4 is required for pluripotency in developing mouse epiblast. Dev Biol, 392, 182-192(2014)

Matsumura, T., Tatsumi, K., Noda, Y., Nakanishi, N., Okonogi, A., Hirano, K., Li, L., Osumi, T., Tada, T., Kotera, H.:
Single-cell cloning and expansion of human induced pluripotent stem cells by a microfluidic culture device.
Biochem Biophys ResCommun, 453, 131-137(2014)

Terao, K., Gel, M., Okonogi, A., Fuke, A., Okitsu, T, Tada, T., Suzuki, T., Nagamatsu, S., Washizu, M., and Kotera,
H.: Subcellular glucose exposure biases the spatial distribution of insulin granules in single pancreatic beta

cells. Sci Rep, 4, 4123(2014)
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Tada, T.: Conversion of intermediately reprogrammed stem cells to human iPS [International Symposium Repro-

grammed Stem Cells (2014, March 20-22, Berlin, GERMANY)
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b IE B A KRBV B
Laboratory of Animal Experiments for Regeneration

Mk - BiIR EE X
Acting Head, Prof. Gen Kondoh

[(BEXRRBYREZDIIRICOWVT]

WS P AR EBRB I R RR &, PHC24 EEEA X 14T, BV 1, UHF 409, T v b 1I9IE, TR
7,135 VEsEEREN Y & L CHilsE Sz G R B R B R & TEW IR § 2 A C R - Tl 35 | Pk 26
FEIHMICES). ThODOERBMOHEN AT - SR LS THIZ 14 - HWRE 34 - FEEME 174 T
T>oTw5.

WBHFZEIT CEMFERRZ AT ) (Zdh Tz o T, L HE - By RALIC T o BR & A L CEBT 5 FSKETR T
Hh. ZOFEAZFEA - BIESE L7000, BWERICIEHT 233, BIWERICHES 25080 - WEL, Bisrs
Wiz d 72> TORMI, BB OB FHHEICOWTOEFHE B L OFN#E 2 Z#T 5 L PR&BEN TSR
T, MEREIIIEIERRR - M EEZ AT 2 #H1E, T2 Z T, SPF(Specific Pathogen Free) ¥ 7 &
O POV TEMFER 2 Z T 2 b, T2, BIWIEEREFERT 2121E, B FERaTmE % e
OB EBRZE IR, WS REEE 2 RELRL I LPLETH .

R G I JE FEERME (2002 4 12 Rk, FRAEBERHERRGERT, & A4 0V ABEZERT, RO 3RS & B LI AT ZE
FEH) ~ 7 AFBRIHRE 2 G L T2 5 12FE5%B L7, B, SPF~w AfE RS 16 Fp, FHAEN 11 %,
A NVARE 4R, ERE 1R, 2HHLTYA. Ay AFEMTIE SPF ¥~ 7 A0 AP EHE S, B
TbhTwb. MATE LYY RE, REERBWIIGES 2 SWEATEEZ SPF <7 2 RO YR I2 5w Tk
Lk - ZRIBAC L 527 ) — v T v TR %I SPFALE N/ 7 ADORICHES TV, 7z, fHEEICH
BIAt A YRR I - 0% &, FANCURERIC X 2 HEE 2T 5 2 EEBEMNIT oM. TROOKELRDE
BT, BEEToL s, BEFRGEORALZEEIIBE iy, 1272, LEEEH~ 7 AfFRICBW T,
SPF =7 ZADWAEMH R 2 ik 57201213, BWEER, AHESAO TG R2EEPLETH LD, ZRON
BAHAD T 5L, WOlRGYHEBD A L D0 LN, REICLT, 800 OB 5t Tty
PR FE L 72 EAME SN TVDE. ENODOFHVEERD S, SPF < v ZAOMAEWH R OFAEN, 754k
KEg, HRERELR EZ2T5IC50, JT—HEMELOZ EQBEL, H% R/NNREICE LA 2 5okt
IOV, REWHEETD FOEMRMN R SR E LT TBL I EPRLETH A ). —F, BB LHED THL 2L 2o
T& 7z, B, B hofe ofEN, bbb, =il B, SRR EOAMEE DR 4 IIERES M
20BN, MIBWHEICR-> TEA T2, MEEEICHL T, 3HREAOEN TH 5720, U4, Ei - P&
DYATICBIT 5 Wl S ARSI N CTE DS, TR EPO b WRE o205 5. 7272, POLik MU OEE s
EOHNRIC LY, RE LcHEEE BRI 2 ) 20H ), I OMAETEWHERGEE 0 720 0 JIF:0 5 HE H5H#
LoNbZ LT 500THS.

WEEEIY MR L, RIGRRICX 2EMO D &, FROEGFICHEE LFBEHRICER L>2od%. T4bh, i
BRRERNC X 2 FIHFBEROEA, FVHBTEOYR, BIETFUEHWHFTIESG L2 TR - Ty P REOWES

WEBLERUNIEE o



Institute for Frontier Medical Sciences

THhb. T/, AXIOWTYH, FHFREMAOKE ZHIERICIY, XL — A%E 5 LTI FRITEG AT RIS
oz, LLAHDS, ik - MaOEHLAHET LooH ), FEFEARIZ, F SICHEERENISHS L TY
LZONBIRTH L. 7, WEETFEMNICHELLTEY), Z0X) BHIEPVOE THRIT SN THAERTDH
5. GiIE, KRB LURE SEHICBWiZEE I 5.

[ % 8 E]

PHEFEBREIIGR L, HAERERAZE O ERERR & LT, WIREEISAT R TH B IERICE S 5 4y 2
SR (AN OB BRGSO FRAIC MY 2388, BWIEBRICHT 28 S0, HAENNIS Y 2 92
B oMy, EHR ) LI, —BIESEE LT OB 2175 T b,

T —=< 1. =7 ZAET OAE AR O fif ]

WHFLEN ORE 713, KSR CTHEAESNERIITZET 200037 <, BRI 2 0B 12 2 % Coe e ke & 8
95, SOTOL AT B 2 LI, AEFEDBE - HHRCFEBREMIE OMFTLIZO 2D 5. THE TOFEA
DELRWARBIZILUTOLEN TH 5.

L ERNTO GPL T ¥ % =1y 3 7 B (GPL-AP) O R 1k % #35E I AT 5 2 720012, GPT 7 ¥ 7 —#I GFP L
R—¥—m'E (EGFP-GPI) %M L7, THEBEALLIN I VAT 2=y /AT, WY 78
ARHIZBWTE L AOVIZHERE L TWwb 2 & & FLw il L 72 (Kondoh G. et al. FEBS lett. 458, 299-303, 1999) .

2. = ARSRANEMIL X ) GPI-AP BN O H - BEWT 21772, TOME, ZORFOrEDLLTT
YEF TV EMER(ACE) R L. 22T, 7, ACE I, RO YXTF 5 —EintE L i35
|2 GPL-AP #EHETEYE (GPlase) 2¥dh 5 & L # BER A RN /R L7z, £72, ACE/ v 7 77 b7 AT,
K7 — B EARIC L 2 BEEAEA SN TS, £2C, AT ADOKT% Y RTF ¥ —+¥ K ACE
T L 72 CAHZHEREMSMBE L 72, T L h 5, ACE & GPlase (fitE I & 0 K T2 A A1 1C B 2 %
# &> Twb Z & %R L7z (Kondoh G. et al. Nat. Med ., 11, 160-166, 2005).

3. EGFP-GPI Tg~v A%\, KT8 5 GPL-AP #ehl & SZAE e & OB & FEICAT L7z, 37, 4%
B AR T 2RI, T % FE S % methyl-B-cyclodextrin (M-B-CD) # & L H Bl CHE L2 L 25,
KRR & & D ICHEOMES R SNz, oL EFIFIZT 7 b~ =7 —Tdh 5 GML O JRTE & FOLEEK L 72
IL7bFIU(CTB) TR L2E 2 A, MTHEEIET 7 M ORRN R RIEZILHD R S 7z, MB-CD Hpd
HTRINSDZLIZE SN, b9 D E DO TIRAFERAIE TH 5 BSA M TR AR LB RS
Riprolz. TIZTBSAWMAANY T LAAF 7+ 7B 5 2 & THREIMIZEEIIEZRAEL L 2,
PR TFEZALASE LR Sz, SRS D2 A SHTFIREIZEERIGIIHE - TR 5 2 E2VRB S 7.
Ferix, ERBTIREEALIARREE 2 N2 T3S % K TS (sperm membrane reaction, SMR) & I
FrL, ST COMMI 21T -7, ZO/EE, SMR ZTENE T TRIZEA LR ON L - 275, IENE
T O 40%, I9 AR E AR 08 70%, F72EWHEERK T O TTHEE SN, SMR IZIPEN TR
JEMZ#E 2 % 2 & % L7z (Watanabe H. and G. Kondoh J. Cell Scie., 124, 2573-2581, 2011)..

4. SMR %583 2 BRNRTFZHET 5720, 3500 EERKE, 2. MEMEE~Y 2 LR, 3. 1EH
W= 2 L) OWED S, KT IR T 5 FEIVERITIMEZ RIL, <4 707 L A BT 217 5
7oo SR 2 LM 3 oaEIE, SR 3 TR T X O ARG X 2 HEANb S 2 eIl B, £ T
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INSOROBETHRBETO T 7 A VR KT 5L, 210 HOBETH3>2 OB LA 2R L. KRICZOH
OB S LS IEBERER Y D37 23— F3 5002 ETML, S/ v 7T MY A
T—=F N—=ZADMEEIT, TORNE, MEMHEHNTHETIRAEZFLETLHF L LTY A% » 2(Lipocalin2,
Len2) % R L7z, B4R~ o 2 QPR 1CtEE L7281 Cld, SMRAYEZ 22, Len2 /v 2777 FY 7 AT
EZOZALHBEF WA LTz, Len2 i3I 2 #2220 VIREOV LD THE T+ AT 7 F VI
Iy —N73Iv (PE)EHBEMHETHEIZIZABICS 7 FOFMREZFEL:. $220EE TR 4
¥ % F—¥ APKA) G LT WA A%, PI3-K, RafMAPK, Fu¥ Y YBLIZIEFELTwAnI E
ZRMLZ S50 Len2 32 VAT —VilEREZGISEI LT, BTREWHERLET L. Thb ol
Ehs, ek, WABWIZERLSHMOENTUDZT VT I VENT 2R TRAA D = A LIMAT, b
—DDRETIAREIEDAFAET 5 Z & %78 L7z (Watanabe, H. et al. Development, 141, 2157-2164, 2014) .

WigeTr—=~ 2. #ETHE~ Y AERBAmR O S

BIATFYE< T ZAOMERIE, MERESOTO AL, L ORH - 57)) - B2 LEET L. LT
FICHEIC R 2005, =774 0775 —OEH, ESHBROREZZLTF AT AEHOMERTHS ).
Falx, INHORT Y TIIBTE WHEFTOPP S L WERORBRUR" .08 TE 2 &k, Tol2
I ¥ ARV ¥R CRISPR-Cas9 7/ A #ithih: & 72 5 7 AR e~ 7 AE B 23 % S 7z, BlERk T
b INS AT ANT, FIHZEOFEER SR ICEIK T AEHEZ I DL > TWFIFTH 5.
NS OBMERHO D L1, #BE 9 ER T 10 MOGMLRRICBIZFEE S 7 AERIL L LTl 7.
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Mammalian sperm undergo multiple maturation steps after leaving the testis in order to become competent
for fertilization, although the molecular mechanisms underlying this process remain unclear. In terms of identifying
factors crucial for these processes, we found that lipocalin2 (Lcn2) can trigger sperm maturation. Most sperm that
migrated to the oviduct of wild-type female underwent lipid raft reorganization and glycosylphosphatidylinositol
(GPI)-anchored protein shedding, signatures of sperm maturation, but few did so in Len2 null mice. Furthermore,
we found that LCN2 binds to membrane phosphatidylethanolamine (PE) to reinforce lipid raft reorganization via a
PKA-dependent mechanism and triggers sperm to acquire fertility by facilitating cholesterol efflux. These observa-

tions imply that mammals possess another mode for sperm maturation, other than the albumin-mediated pathway.
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Kim, C-J, Y. Tambe, K-I. Mukaisho, H. Sugihara, T. Isono, H. Sonoda, T. Shimizu, G. Kondoh, and H. Inoue. Female-
specific rectal carcinogenesis in cyclin D1b transgenic mice. Carcinogenesis, 35-1, 227-236(2014).

Watanabe, H., T. Takeo, H. Tojo, K. Sakoh, T. Berger, N. Nakagata, T. W. Mak, and G. Kondoh. Lipocalin2 binds to
membrane phosphatidylethanolamine to induce lipid raft movement in a PKA-dependent manner and modu-

lates sperm maturation. Development, 141, 2157-2164(2014).
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[Summary of Research]

Paradigm shift of the concept of the plasma membrane structure

The plasma membrane has been considered to be a two dimensional liquid, with their constituent molecules,
membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson model widely accepted
for these 30 years. However, we found that the plasma membrane is partitioned into many small compartments,
and both membrane lipids and proteins undergo short-term confined diffusion within a compartment, and long-
term hop diffusion between the compartments. These membrane compartments are delimited by the membrane
skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al, 2005; Morone et al., 2006). This entails a paradigm shift for the concept of the plasma mem-

brane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be found
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because we have developed high time resolution (25 microseconds) single-molecule tracking techniques (Kusumi et
al., 2005). If more than one molecule is observed at the same time, the single hop event would be masked by averag-
ing over all the molecules under observations. Without high-time resolutions, the residency time within a compart-

ment for 1 ms to 1 s could not be detected.

Single-molecule force microscope

An ultra-sensitive, single-molecule optical force scanning probe microscope was developed that uses a single
membrane molecule as a probe. This microscope measures the interaction force between the membrane-molecule
probe with the membrane skeleton mesh in live cells, and, by mapping the force, images of the membrane skeleton
that interact with the membrane molecule were obtained (Ritchie et al., in preparation). A theoretical framework
was developed to understand/predict the behavior of single membrane molecules being dragged by the optical

trap (Ritchie et al. in preparation).

Detection of transient interactions of two species of molecules in living cells
Two species of molecules were laballed in different colors, and a method to detect their colocalization at the

level of single molecules was developed for the first time (Koyama et al., 2005).

Single-molecules FRET imaging of H-Ras activation in living cells

The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation and re-
organization of the cytoskeleton, was visualized at the level of individual molecules using a technique called single-
molecule fluorescence resonance energy transfer (single-molecule FRET ; Murakoshi et al., 2004 ; Kusumi and Mu-
rakoshi, 2005). Activation of H-Ras takes place only temporarily (<2 s), and is accompanied by transient immobiliza-

tion, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding proteins.
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Hiramoto-Yamaki, N., Tanaka, K. A., Suzuki, K. G., Hirosawa, K. M., Miyahara, M. S,, Kalay, Z., Tanaka, K., Kasai, R.
S., Kusumi, A, and Fujiwara, T. K. : Ultrafast diffusion of a fluorescent cholesterol analog in compartmental-
ized plasma membranes. Traffic. 15 : 583-612(2014)

Kalay, Z., Fujiwara, T. K., Otaka, A., and Kusumi, A.: Lateral diffusion in a discrete fluid membrane with immobile
particles. Phys. Rev. E . 89(2): 022724 (2014)

Kasai, R. S. and Kusumi, A.: Single-molecule imaging revealed dynamic GPCR dimerization. Curr Opin Cell Biol.
27C : 78-86(2014)

Kusumi, A. Tsunoyama, T. A., Hirosawa, K. M., Kasai, R. S., and Fujiwara, T. K.: Tracking single molecules at

work in living cells. Nature Chemical Biology. 10 (7): 524-532(2014)
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Kusumi, A.: Hierarchical organization of the plasma membrane for signal transduction as revealed by single-
molecule tracking. Asian Chemical Biology Initiative 2014 Manila Meeting (2014.1.24-27 Manila, Philippines)

Kusumi, A.: Hierarchical and dynamic organization of the plasma member for signal transduction as revealed by
single-molecule tracking. The 14th Hunter Meeting (Keynote Lecture) (2014.3.25-28 Hunter Valley, Austra-
lia)

Kusumi, A.: Membrane mechanisms: Concerted action of membrane domains for signal transduction in the
plasma membrane. 8th IUPAP International Conference on Biological Physics (2014.6.18-22 Beijing, China)

Kusumi, A.: Membrane mechanisms as revealed by single-molecule tracking in living cells. The Biennial British
Biophysical Society Conference (Keynote Lecture) (2014.7.9 -11 Coventry, UK.)

Kusumi, A.: Tracking single molecules at work in the plasma membrane of living cells. First Adriatic Symposium
on Biophysical Approaches in Biomedical Studies (Keynote Closing Lecture) (2014.8.24-29 Split, Croatia)

Kusumi, A.: Unit raft mechanism for signal transduction revealed by single-molecule tracking. Biomembrane Days
2014(2014.9.1-3 Berlin, Germany)

Kasai, R.: Dynamic monomer-dimer equilibrium of G-protein-coupled receptors as detected by single-molecule
tracking. ComBio 2014 (2014.9.28-10.2 Canberra, Australia)

Kusumi, A.: Organizing principles of the plasma membrane for signal transduction as revealed by single-molecule
tracking. ComBio 2014 (Plenary Lecture) (2014.9.28-10.2 Canberra, Australia)
Kusumi, A.: Basic unit rafts for raft formation and function as revealed by single-molecule tracking. Annual meet-
ing of the Korean Society for Molecular and Cell Biology (KSMCB) 2014 (2014.10.21-10.23 Seoul, Korea)
Kusumi, A.: Plasma membrane domain mechanisms for signal transduction as revealed by single-molecule track-
ing. 2014 Symposium in Chemical Biology (2014.11.27 Lausanne, Switzerland)
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Kusumi, A.: Organizing principles of the plasma membrane for signal transduction: Three-tiered hierarchical
meso-scale domain architecture revealed by single-molecule tracking. Single Protein Dynamics in Cellulo

2014 : Spatio-Temporal, Structural and Quantitative Analyses (2014.4.21-25 Okinawa)
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Kusumi, A.: Hierarchical organization of the plasma membrane for signal transduction as revealed by single-
molecule tracking. College of Chemistry and Molecular Science, Wuhan University (2014.3.10 Wuhan,
China)

Kusumi, A.: Unit raft hypothesis : a proposition based on advanced single-molecule imaging results. Wuhan Insti-
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tute of Virology, Chinese Academy of Sciences (2014.3.11 Wuhan, China)

Kusumi, A.: Organizing principles of the plasma membrane that regulate signal transduction as revealed by single-
molecule tracking. Toxicology Unit, Medical Research Council and the University of Leicester (2014.7.8
Leicester, UK.)

Kusumi, A.: Tracking single fluorescent molecules at work in living cells : Revealing organizing principles of the
plasma membrane for signal transduction. 2014 HeKKSaGOn Summer School (2014.9.1-10 Karlsruhe, Ger-

many)
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Restoration and maintenance of oral function (ingestion, mastication, swallowing and phonation) are essential
for ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to estab-
lish the fabrication systems of precision dental prostheses, which have excellent biological-, mechanical- and
morphological-compatibility.

On the other side, there is a big social problem in the manufacturing industry of the dental prostheses in Japan.
The society tends to be composed by elderly dental technicians, and many young people in this field quit work be-

cause they do not feel financially stable. We are also investigating such a sociological problem.
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ZE5 L CNETH—DSBEVEIATNELESEP SHbDHF Y T4+ —LTEHR BEOBERLE L.
A )T —LE B:U7x—Ltk

- MBS BEET¥MR G 5 —



Annual Report 2014

(% # B $7]
CEXFOREK ©

1) % - RSRER

Azuma T, Kuribayashi H., Takizawa O., Nakai R., Mori Y., Yoshioka Y., Togaya T., Liu G.: Development of a tem-
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In functional tissue adaptation, regeneration and stem cell differentiation in morphogenesis, the mechanism by
which local mechanical signals are sensed by cells and tissues remodel/regenerate their structure to meet their
functional demands remains unclear because of the complex hierarchical system in spatiotemporal scales. To bet-
ter understand the mechanoregulation of tissue adaptation by remodeling, morphogenesis, and regeneration, bridg-
ing spatial and temporal scales from microscopic molecular and cellular activities to macroscopic tissue behaviors is
very important. Based on multiscale system biomechanics, our department is involved in integrated biomechanics/
mechanobiology researches of modeling and simulation combined with experiments, focusing on mechano-

biochemical couplings in the dynamics of structure-function relationships in tissues and cells.

(1) Formulation and analysis for an arterial wall with residual and active stresses

In this study, for predicting arterial function and pathogenesis from a mechanical viewpoint, we develop a con-
tinuum mechanical model of an arterial wall that embodies residual and active stresses following a traditional ani-
sotropic passive constitutive law. The residual and active stresses are incorporated into finite element methods
based on a two-field variational principle described in the Lagrangian form. The linearisation of nonlinear weak-
form equations derived from this variational principle is then described for developing an original finite element al-
gorithm. Numerical simulations reveal the following : (i) residual stresses lead to a reduction in stress gradient re-
gardless of the magnitude of external load ; (i) active stresses help homogenise stress distribution under physi-
ological external load, but this homogeneity collapses under pathological external load ; (iii) when residual and ac-
tive stresses act together, the effect of the residual stresses is relatively obscured by that of the active stresses. We
conclude that residual stresses have minor but persistent mechanical effects on the arterial wall under both physi-
ological and pathological external loads ; active stresses play an important role in the physiological functions and
pathogenesis of arteries, and the mechanical effect of residual stresses is dependent on the presence/absence of ac-

tive stresses.

(2) Role of spatial pattern of contracting cells in out-of-plane deformation of epithelial tissue

Out-of-plane deformations are indispensable for generating three-dimensional tissue shapes from a two-
dimensional epithelial sheet. Tissue invagination, a typical out-of-plane deformation, is induced by the contracting
apical side of cell by apical constriction ; however, the contracting cells are not located at random within tissue but
are located in a spatial pattern to generate a certain tissue shape. In this study, by focusing on the invagination, we
show how the spatial patterns of the contracting cells in tissue determine the direction of out-of-plane deformation
of the epithelial sheet. We constructed a mathematical model expressing the multicellular dynamics to analyze
large deformation in epithelial tissue morphogenesis. Using this model, we tested two spatial patterns: contracting
cells located (A) in a circle or (B) along the perimeter of the circle. Both spatial patterns are apparently the same,
but topologically different. Our simulation results showed that spatial pattern A induced invagination, in which the
epithelial sheet pushed toward the basal side while pattern B induced an evagination, the reverse direction of the
invagination. We found that cell shapes at the boundary between the contracting and non-contracting cells are im-
portant in the determination of the direction of the out-of-plane deformation, and these cell shapes are determined

by a force balance among cells in the spatial patterns of contracting cells
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Koichiro Maki, Sung-Woong Han, Taiji Adachi: B-Catenin as a Tension Transmitter Revealed by AFM Nanome-
chanical Testing. Cellular and Molecular Bioengineering, in press.

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Taiji Adachi, Yoshiki Sasai: Vertex Dynamics Simulations of
Viscosity-dependent Deformation during Tissue Morphogenesis. Biomechanics and Modeling in Mechanobi-
ology, in press.

Naoki Kida, Taiji Adachi: Finite Element Formulation and Analysis for an Arterial Wall with Residual and Active
Stresses. Computer Methods in Biomechanics and Biomedical Engineering, in press.

Sung-Woong Han, Takato Tamaki, Taiji Adachi: A Novel Osteblast/Osteocyte Selection Method in Primary Iso-
lated Chick Bone Cells by Atomic Force Microscopy. Journal of Nanoscience and Nanotechnology, in press.

Sung-Woong Han, Kyouhei Morita, Taiji Adachi: A Novel Graphene Oxide-based Protein Interaction Measure-
ment Using Atomic Force Microscopy. Journal of Nanoscience and Nanotechnology, in press.

Hiromi Miyoshi, Taiji Adachi: Topography Design Concept of a Tissue Engineering Scaffold for Controlling Cell
Function and Fate through Actin Cytoskeletal Modulation. Tissue Engineering — Part B, 20-6: 609-627
(2014-12)

Sakae Tanaka, Taiji Adachi, Tatsuhiko Kuroda, Toshitaka Nakamura, Masataka Shiraki, Toshitsugu Sugimito,
Yasuhiro Takeuchi, Mitsuru Saito, John P. Bilezikian : New Simulation Model for Bone Formation Markers
in Osteoporosis Patients Treated with Once-weekly Teriparatide. Bone Research, 2: No.14043(2014-12)

Sung-Woong Han, Kyohei Morita, Taiji Adachi: Evaluation of Actin Curvature Dependent Actin-Arp2/3 Interac-
tion Change Using AFM and Graphene Oxide Sheets. Science of Advanced Materials, 6-11 : 2453-2458 (2014
-11)

Tsuyoshi Hirashima : Pattern Formation of an Epithelial Tubule by Mechanical Instability during Epididymal De-
velopment. Cell Reports, 9-3: 866-873(2014-11)

Yoshitaka Kameo, Taiji Adachi: Modeling Trabecular Bone Adaptation to Local Bending Load Regulated by
Mechanosensing Osteocytes. Acta Mechanica, 225-10: 2833-2840(2014-10)

Yoshitaka Kameo, Taiji Adachi: Interstitial Fluid Flow in Canaliculi as a Mechanical Stimulus for Cancellous Bone
Remodeling : In silico Validation. Biomechanics and Modeling in Mechanobiology, 13-4 : 851-860(2014-8)

Sung-Woong Han, Kyohei Morita, Patriche Simona, Takanori Kihara, Jun Miyake, Mihaela Banu, Taiji Adachi:
Probing Actin Filament and Binding Protein Interaction Using an Atomic Force Microscopy. Journal of
Nanoscience and Nanotechnology, 14-8 : 5654-5657 (2014-8)

Naoki Kida, Taiji Adachi: Numerical Analysis of Arterial Contraction Regulated by Smooth Muscle Stretch and
Intracellular Calcium Ion Concentration. Journal of Biomechanical Science and Engineering, 9-1: JBSE0002
(2014-2)

Sung-Woong Han, Chikashi Nakamura, Jun Miyake, Sang-Mok Chang, Taiji Adachi: Single-Cell Manipulation and

DNA Delivery Technology Using Atomic Force Microscopy and Nanoneedle. Journal of Nanoscience and
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Nanotechnology, (Review Paper), 14-1: 57-70(2014-1)

2 & &

FEHE —, Z2ERR (0 HBEE) 1 9-4 KBIBR 7 U VEREHEEF V2 vz bR R S o ka1 5
Y7 vIalb—ar: Wollf OFEHIOBEIZIANG T, pp. 235-236, In : /N4 47U 7 VFFEO iRt (i
BT L, ThEFEH), HASE Y43 (2014-10)

R, ORI (O HEEE) © 9-7 H/NE - M LEEZ BE LS REKREONMEE, pp. 241-242, In: N1
A=) TMRGEO R AT e M2, ), HASIE % (2014-10)

TR () -8 HHAEY I 2L —Y a VICKBBILEAF ¥ 7 + — )V FOMBUELR#ERE, pp. 248-
249,In : NA F <7 TV O RATI RETHT - KB Mz, PHEH), HARSE%A (2014-10)
LRER () 18, H4EFVET) Y Z ORI, F X =2 X, pp. 100-106, In : FH#2L
WL, BR5-2Z0XN = X5 Ligia# (i 0 Hbs), FEBREFHET), Vol 32,No.7, F111(2014-5)

W B, I EREEE, ZOERE (GHEE) 2o 54 F 3 2 AW 3ROCHEEEK Y S 2L —T 3 v,
pp. 343-347, In : Mild 3 KICHLIKRAL — Z DI ICHHAM & MEHBAT — PR & 2 0308550 R ge, &l
HEFZE) OIS & SR D 72012 GEAETEE2 MOOK B G - FAIZEE), A7 4 7V F v (2014-2)

3) #

I LHEE, ZERNG SR AT ADTAF I T A, KRR EGEIEY AT AR, AROFE, Vol 65, No. 5,
pp. 466-467, [FEF# ke (2014-10)

B —B8, @ OBUHE, ZERG CAFM TRA A o — 15 F %280 FiF 5, Mifa T4, Vol 33, No. 9, pp. 917-921,
Fi 4t (2014-9)

SHFEESE, BRI L WV F AT — VRN T S 5 L2 T O WS RIEE, AR, Vol. 54, No. 4(314 5),
pp. 221-225, H AWy HEs: 45 (2014-8)

PR ES, 224G - B T v S OBIE TV, I - FESEL Vol 57, No. 2, pp. 203-208, 45 iR (2014-
2)

B 5, JELEEE, ERE  SMBORAEY 2T 572000 I ab—a v, EWPEL Vol 54, No.
1(311 %), pp.31-34, HAEWYH4(2014-1)

gl:lg

© FREORX @

1) 2% - MRSER

BRI, JE LHE, ARG CIRIER NICBU 2374 ) Y BHiT 2TV T4 TAYINDATA) Y =T 7T
YT AVF . HARBEMAEASE 26 MNA F20Y =7 v 7S (2014.1.11-12. fLF)

AT, HEMT, LR, ZERE 0 DO mES MRS L2 T3R8 - mRNA B30 < Mt
HABEM 24 26 N4 20 V=7 ¥ 7 s (2014.1.11-12. &)

BI—ER, R, ZOERE RV TICBU S a— 7= v OF 2 JEFEEEERENT. B AR A 26 [N
AF Ty V=T v 7S (2014.111-12. i)

Pro QRS e REREE, ZERG VP IVIRERM L ZR L EE ) BT v v I ab—Yay. HARER
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R 26 MINA F TV V=7 ) v 7S (2014.1.11-12. ALFH)

ShFESE, P, REBRE, ERG, 2 W v A0MROBEEH BT 2 MEE o)A REE. H
ARBEMF 205 26 [WNA F 20 V=7 ) v 7S (2014.1.11-12. filf)

eSS, JE LHER, ZERE CIRDANSEETICBI 2374 VT2 F 074 A Y MO T4 ) Y =T 7 F
YAV AT, B - B LERRS - EEE OWMMIC L B A ) N— 3 YR D720 O FEeE
T A BEFERB T T L) [EMSAF Iy 7 A0 L 20l 1(2014.1.20-22. H50)

SRS, TURPSERL, WS, RERNG, B B RSHR ORI IR RE & AR5 & GTPase ih 1k
SRS RR O M. 45 13 1l H AR E SRS (2014.34-6. 5UHK)

PEAMGE, ZHEAM T, LR, 2206 © DPEEARTIC X 5= 2 ES Mt/ b# o mRNA J3lE21t.
55 13 I8l H AR AR BRI 2x (2014.34-6. 5THR) (Poster)

IARRR, BREMER, KER&IA, AKIEST, Lk % ERG  BMEDOA X —UX=2F 7V 275l
MaZee 2y I a b — a v AW SIS 89 Mg Rt il 23 (2014.3.18-19. KFR)

Yasuhiro Inoue, Tetsuya Fujii, Yoshihiro Nakamura, Taiji Adachi: Energetic Transition Pathway for Cofilin-
mediated Action Filament Severing. International Symposium on Mechanobiology (2014.5.20-23 Okayama)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: o-Catenin Switches Mechanotransduction “On” under Tensile
Force-based on Single-molecule Force Spectroscopy Using AFM. International Symposium on Mechanobiol-
ogy 2014 (2014.5.20-23 Okayama)

Yoshitake Kameo, Yoshihiro Ootao, Masayuki Ishihara, Hiroshi Kamioka, Taiji Adachi: Deformation Simulation of
Osteocyte Process in Canaliculus Using Three-dimensional Image-based Model. International Symposium on
Mechanobiology 2014 (2014.5.20-23 Okayama)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Taiji Adachi, Yoshiki Sasai: Vertex Dynamics Model for Simu-
lating Multicellular Tissue Deformation during Developmental Morphogenesis. International Symposium on
Mechanobiology 2014 (2014.5.20-23 Okayama)

Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi: Tensile Force Increases the cofilin-actin Interaction Energy in a
Cofilactin Filament. International Symposium on Mechanobiology 2014 (2014.5.20-23 Okayama)

Tsuyoshi Hirashima : Pattern Formation of Epithelial Tube by Mechanical Instability in Murine Epididymal Devel-
opment. % 47 Bl H ARG A A 243423 (2014.5.27-30. 441 R)

LRERG, PRORES, AF B JELREREE AR A AT A VBB T Y T ON - AL E T V.
37THHANA F LA 1Y —$R4ER(201465-6. S\W/oF)

Tsuyoshi Hirashima : Pattern Formation of Epithelial Tube by Mechanical Instability in Murine Epididymal Devel-
opment. %66 [l H AL LW E 2 K& (2014.6.11-13. 45K)

AN, WEE R, AMHBEE, ZHEREG, BHEW : 2y ¥ a8 os8ZMNEhEky I 21— a vtz %
WCBOWA. 45 53 I HAEARE T2 K% (2014.6.24-26. 1li?)

Hiromi Miyoshi, Jong Soo Ko, Taiji Adachi, Yutaka Yamagata : Design Concept of Micro-grooved Surfaces for Can-
cer Cell Screening. 7th World Congress of Biomechanics (2014.7.6-11 Boston)

Yasuhiro Inoue and Taiji Adachi: Catch-bond-assisted Dynamic Formation of Actomyosin Functional Structure. 7
th World Congress of Biomechanics (2014.7.6-11 Boston)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: Nanomechanical Behaviors of alpha-Catenin under Tension as a
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Mechanotransduction Switch Revealed by AFM Nanofishing. 7th World Congress of Biomechanics (2014.7.6
-11 Boston)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Taiji Adachi, Yoshiki Sasai: Vertex dynamics simulation of mul-
ticellular morphodynamics with visco-elastic-plastic large deformation. 7th World Congress of Biomechanics
(2014.7.6-11 Boston)

Tsuyoshi Hirashima : Pattern Formation of Epithelial Tubule by Mechanical Instability in Murine Epididymal De-
velopment : Observation, Modeling, and Verification. The Joint Annual Meeting of the Japanese Society for
Mathematical Biology and the Society for Mathematical Biology (JSMB/SMB2014) (2014.7.28-8.1 Osaka)

Yasuhiro Inoue and Taiji Adachi: Modeling and Simulation of Dynamic Tissue Deformation Emerging from an
Autonomous Spatiotemporal Gene Expression Patter. The Fourth Japan-Switzerland Workshop on Biome-
chanics (JSB2014) (2014.9.1-4 Mie)

Taiji Adachi, Koichiro Maki, Sung-Woong Han: AFM Nanofishing of Mechanosensitive Molecules at Adherens
Junction. The Fourth Japan-Switzerland Workshop on Biomechanics (JSB2014) (2014.9.1-4 Mie)

RIFHEF, Jh EHe, Z88%E SMD Y I al—Ya vtk oY v 7 AR 35 5 287 BojlE ) Rk
BROGMMES. AR 2 2014 4F AR RK 2 (2014.9.8-10. 350

PEAMES, IR, ZERNG  SHIF Y I 2L =Y a YRV EEHBA RIS 5 7 ¥ VI &Ml
BIHOF G- OMET.  HARBIR 2 2014 B BEFERK S (2014.9.8-10. Hx0)

HH B, HEMT, Z0EREG  mES MBHSROZ MBI OTEIZINIZ BT 2 MABIG 0Bl%. HAEW &
2014 4R PEAE RN £ (2014.9.8-10. HHD)

EARENA, B OB, ZERN 0 AFM 2 H\wz Wat ¥ 7 F V2R &R OB EE. H AR 2014
AEREARROR 23 (2014.9.8-10. UHT)

Hiromi Miyoshi, Jong Soo Ko, Taiji Adachi, Yutaka Yamagata: Microgrooved Surfaces to Control Cell Migration
for Biotechnological and Medical Applications. The 1st Africa International Biotechnology and Biomedical
Conference and the 8th International Workshop on Approaches to Single-cell Analysis(2014.9.10-12 Nairobi,
Kenya)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: Single-molecule Mechanical Unfolding of o-catenin as an Intercellu-
lar Mechanosensor. The 1st Africa International Biotechnology and Biomedical Conference and the 8th In-
ternational Workshop on Approaches to Single-cell Analysis(2014.9.10-12 Nairobi, Kenya)

I ke, ZERIG - RANK/RANKL/OPG ¥ A 7 AWVEROTEREEAA RT3 E  BRENA A A= A H
R FRNA ALY D=7 ZEME 25 W84 4+ 71 v T 4 T2 (2014.103-4. BH)

BEIE N, HEMT, Z0ERE =7 N REZEICB T 2 FMEOBREEL. HARRES NN A+ I=TY
¥ 7R 25 N A F 70 VT 4 7 4 (2014.10.3-4. B

Fe e, MR, ZERG ¢ LEMRRATEC BT 5 TS 2 RO 22 8y — > O E. HARM S
~Aoa - F 7 LERME6H< Ay - 7 LY VRD Y 5 (2014.1020-22. L)

2) BE-VURIIL
Taiji Adachi: Structural Optimality in Bone : Modeling Osteocyte Network as a Mechanosensory System. H AH§
W RACHFE RN A & A A = 7 AGH S 16 Mg, dLilE KPR P LA ge b N BB > 2 7 4
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HA 2RI P A 4% (2014.2.6. ALIE) (Special Lecture)
H O BELFRICBIL ¥ I 2= ay

F—(2014.2.11. 5i#B) (Seminar)

BUETY ¥ 7 EHA HE R SEARELE [ S T A K
LERIR

w&

, R SRR X MO0 0K BN F A A= A BLFET + — T L EEREH S
2013(2014.2.26. 5i#F) (Forum)
ERWG, BH

W, R SO Y I 2L —v 3 ¥

YA AN 3,0~
wa, YU

. 913 I H AT E R R
RY T4 MR ED ) FNBE: % % 2 5 (2014.34-6.  3T#R) (Symposium)
Taiji Adachi, Satoru Okuda, Tadashi Watanabe, Yasuhiro Inoue : Computational Biomechanics of Tissue Morpho-

genesis. CDB Symposium 2014 : Regeneration of Organs: Programming and Self-Organization (2014.3.10-12
Kobe) (Symposium)

Taiji Adachi: Computer Simulation of Multicellular Dynamics in Tissue Morphogenesis Using a Reversible Net-

work Reconnection Model. International Workshop on Multiscale Mechanobiology (2014.5.15-18 Hong Kong)
(Workshop) (Invited Lecture)

Tsuyoshi Hirashima: On the Pattern Formation of Epithelial Tube Folding in Epididymal Development. Interna-
tional Symposium on Mechanobiology 2014 (2014.5.20-23 Okayama)

LERG, RS, JEEHEE BV T YT OBEBEINA A XA =7 X BRH L E

ZRE.

7 =1=3

ZRE
sium)

%5 34 Bl H A5
REFHEI 4y, B EHE S VR Uy A[HGEA A — T v 7 LB EEERI %5 ] (2014.6.12-14. ALIE) (Sympo-

Taiji Adachi: Multiscale Modeling and Simulation of Bone Functional Adaptation by Remodeling : Based on Uni-

form Stress Hypothesis. 20th CISM-IUTAM International Summer School on Multiscale Mechanobiology of
Bone Remodeling and Adaptation (2014.6.23-27 Udine, Italy) (Lecture)

Taiji Adachi: In vitro Study on Mechanosensing and Communication of Osteocytes: Calcium Response and Nitric

Oxide Production Induced by Local Mechanical Stimulus. 20th CISM-IUTAM International Summer School

on Multiscale Mechanobiology of Bone Remodeling and Adaptation (2014.6.23-27 Udine, Italy) (Lecture)

Taiji Adachi: Modeling Osteocyte Mechanosensing and Communication in Bone Adaptation: Continuum Model-
ing of Matrix Deformation and Lacuno-Canalicular Flow. 20th CISM-IUTAM International Summer School
on Multiscale Mechanobiology of Bone Remodeling and Adaptation (2014.6.23-27 Udine, Italy) (Lecture)

Taiji Adachi: Modeling Spatiotemporal Regulation of Trabecular and Osteonal Remodeling : Microscopic Fluid

Flow in Canalicula and Biochemical Signaling among Bone Cells. 20th CISM-IUTAM International Summer

School on Multiscale Mechanobiology of Bone Remodeling and Adaptation (2014.6.23-27 Udine, Italy) (Lec-
ture)
Taiji Adachi: Computer Simulation of Bone Remodeling and Regeneration for Porous Scaffold Design : Biomedical

Application in Bone Tissue Engineering. 20th CISM-IUTAM International Summer School on Multiscale

Mechanobiology of Bone Remodeling and Adaptation (2014.6.23-27 Udine, Italy) (Lecture)

Taiji Adachi: Multiscale Biomechanics of Structural and Functional Adaptation in Living Systems : &5 16 [l iy
BHARFER Y R P 4 (2014.7.1-2. 5AHF) (Symposium)

Taiji Adachi, Kentaro Takenaka, Yasuhiro Inoue : Modeling Spatio-temporal Regulation of Trabecular and Osteo-

nal Bone Remodeling. Minisymposium : Multiscale Techniques in Biomechanics and Mechanobiology (by

B/ BEEI¥MREL 2 —
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Ralph Muller, Peter Pivonka, Christian Hellmich, and Bert van Rietbergen), 7th World Congress of Biome-
chanics(2014.7.6-11 Boston) (Minisymposium)

Taiji Adachi: Multiscale Modeling of Bone Functional Adaptation by Remodeling. Minisymposium : Multiscale
Techniques in Biomechanics and Mechanobiology (by Marco Viceconti), 7th World Congress of Biomechan-
ics(2014.7.6-11 Boston) (Minisymposium)

Tsuyoshi Hirashima: Towards the Understanding of Tubule Morphogenesis -Imaging, Quantification and Model-
ing. iEH >~ 7 7 L ~ A, “Bioimaging —a paradigm shift for the life sciences” (2014.7.15-18 4t &) (Sympo-
sium)

Taiji Adachi, Kentaro Takenaka, Yasuhiro Inoue : Modeling Mechanochemical Couplings in Trabecular and Osteo-
nal Bone Remodeling. Minisymposium : Computational Bone Biomechanics, 11th World Congress on Com-
putational Mechanics (WCCM-XI)and 5th European Conference on Computational Mechanics (ECCM-V)
(2014.7.20-25 Barcelona, Spain) (Symposium)

Yasuhiro Inoue, Taiji Adachi: Self-organized Actomyosin Structures with the Aid of Catch-bond Behavior. Mini-
symposium : Biophysical modeling for cellular processes, The Joint Annual Meeting of the Japanese Society
for Mathematical Biology and the Society for Mathematical Biology (JSMB/SMB 2014) (2014.7.28-8.1 Osaka)

Taiji Adachi, Koichiro Maki, Sung-Woong Han : Single-molecule Analysis of Adherens Junction-Mediated Mecha-
notransduction Using AFM. The 1st Africa International Biotechnology and Biomedical Conference and the
8th International Workshop on Approaches to Single-cell Analysis(2014.9.10-12 Nairobi, Kenya) (Work-
shop) (Invited Talk)

Taiji Adachi: Computer Simulation of Trabecular and Osteonal Bone Remodeling. 1st Global Conference on Bio-
medical Engineering and 9th Asian Pacific Conference on Medical and Biological Engineering (GCBME2014
& APCMBE2014) (2014.10.9-12 Tainan, Taiwan) (Invited Lecture)

Yasuhiro Inoue, Tadashi Watanabe, Taiji Adachi: Role of spatial pattern of contracting cells in tissue invagination.
The 62nd NIBB Conference Force in Development (2014.11.17-19 Okazaki) (Symposium)

Yasuhiro Inoue, Taiji Adachi: Mechanochemical coupling between tissue deformation and gene expression based
on cell shape. MBI-Japan Joint Symposium on the Mechanobiology of Development and Multicellular Dy-

namics (2014.12.2-4 Singapore) (Symposium)
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Division of Technical Support
[FFRZEBE]

2014 4RI 1 H &0 12 AR ETIZ 6 5% 141 thoRADH D, FRAEEBRGURSE R 2 MR AER 2 &b &0,
fifl % DWFFEE DELITIE R TE 7z,
F7o, B, WA LR, HAL TORMMBIEAIER L EOBAIRE, 7V 4+ 25 v + OREFIHENOR
R TEROIFE 1T o T & 72
cNT 74 YYUIRER, SR ER, 7oy 7 OFFR, BUKFEARO/ER
- — &4t (Hematoxylin-Eosin stain)
- B¥k et (Azan stain, Alcian blue stain, Berlin blue stain, Dahl 's method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson's tricrome stain, Maxwell's stain, Nissl's stain, PTAH, Tolu-
idine blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossas method, Silver-

stain)

2011 4E & ) FEBRBLREEE L & LTS H B ke, RIEHFZESE, £ L ORBBANITE S % & THA iR
iToT& 7.
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REKZED 1 IV AL
[T 1L ZAREIE - EHFIPLimpSrEEFITH S ]
REKEFEER AR
[(BEEYE - BEEEOEHEMASHERRER S
ARFEMEES
BIfEH : 2014 &£ 12 B 22 H (A)
B O EZEAR mEk—
Mo Al Ik GUBKRFEFAEREAET &)

WERE A R UK TR R B AW ZE T #d%)

[Ho 4 v X FEkGE - RIGL & B2 13T 10 4E R R (RS AV ARFSET #d%)
TES) v 5Bk & %69E | N B (B E R A A B R e v vy — kv v —R)
[N F 7 4V AWFIED SIS 7 4 )V A — 17 T LA R %rE RUERREE Y 4 OV ATRSERT #d%)

KAy —tvvav
Ve ORI AP RUOEREE Y A v AWFTERT #d%)

e tZhetkiiie (ES/iPS M) O F A R & AIZEAN O I LT 2 BARBSE © a0 L ALEWI X 5 7Lt
it ® SR GRS A BRI SE T Hd%)

(54 x>y a v (T] - 7EHVBERIC K B AMERRE S 2 7 2 0 & L5
HHEEF OB AR 7 Bk AR BE R 768t/ B2 R ZERE #d2)

[RF 4 ANTINA ZADFFED & A BEFRA AR (R RE PR E AT ST TR - #u%)
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RAZ—tyI a3

[ 4 v 2WFeRT] }
P-1 Rl (BAERTIESE BUBE=sE)
KIGHE OBENYIWT 7" 1 7 7 — ¥ RseP ORI S GEE - YIWTHRHE O T

P-2 &k % (&S ALEREs s RENEs)
v awYawNTIZBIF A RNA polymerase 11 #z5: 4 9 D AL 550 Bkt o fAT
P-3 fife W (MSSEREZEs Y S EiiE) )
< A ES MO IR BRI 202 & 2 IR EE & PR EE~ 5 iy Je g HE o T
P-4  MRAFET  (BREHIEEZES Y 2ILiige=s)
S EIREETHE AR T O FEBITBUL & [HIFE X A1 = 2 2 O
P-5 BT FIR (ERFEEDSAMERANTE T RIERIZE5)
IFNy I & o THEEN D 7 10— ¥ 2 D55 FEHEAT
P-6 Vg n GHIEIEEZE s R HEs)
FREUFRWN THRY 7€y FoFE
P-7  BRFE—M (KRR A=)
Evidence for the thymic origin of vd IEL
P-8 bk M (EREPINIZES % A=)
Critical roles of TANK in the control of Pristane-induced pulmonary hemorrhage
P-9 INHRKEE (O TEARZITE 0 HEHAFZEE)
SFTS v 4 )V AIERETE S ¥ /8 7 BIZ K % B IR IR o i BH
P-10 E®Il M (e b2 AT 4 VARSESE  d )
— A AR & it HCV 7 AU E R #2455
P-11 fGA& B (515500 HIRgEE)
JEAENAENE L b a4 OV AEE O g
P-12 ¥ER #hiv  (CERBEETZ VRS Zges) . -
B SHIV &G MBI B Ege~ 7 1 7 7 — Vid, SIV &SV O ge ) > /SER & AR O 8 2 7”9
P-13 &k ik (LY AV AWIZEsE HEpZEE) .
GBV-B &~ —Ft v M/ ¥~ ZIZBT 5@ RIEISE D IRIED 55 5
P-14 JKEERIE— (7 AV AHIEIRFIE M AR RAfFsEsE)
HTLV-1 bZIP factor (HBZ)RNA @ 7 K b — ¥ Z#il{EH
P-15 &N #F (I AV AWEBOIREI DIFES) .
7 AREFICE A b T Meo HIV A SR T OTBMRRY 2 v 7 7 b & i EREA
|G 20 T | o -
P-16 AUl Wy GHRERREAM SIS~ 00 MUIBEZEE)
IR R A 0 ) ¥ F ) A — B A RO RETE AT
P-17 il aE GRURBRRER IS0 ANIFgE=R)
T YF )T Y Y OARNZEREEAM & € 0k
P18 OFEE& - A5 - A RBUL - ALK - IR - HINERE  CEAM RS HIF7EsE)
e YA (E I ADYAT SYDE i VWA (N By o) %<1
P—19 O 8 - A - I - AKNESL - HSRE  CEAsRSEs8  HMse=s)
INAF =T ) TV ERFI U 72U E OB P ABAN 12 X 5o A P b e
P-20 FEF 3k (FEBEGIEY Y WEIEE)

Developing cellular evaluation system for effective therapeutics against Duchenne muscular dystrophy using patient-
derived induced pluripotent stem cells

P-21 B M (kY 27 ARG RIEBIIEE) )
MR - REHING & Syl 2 HERr 3 % = v F D RRAE & KRR O AT

P-22 i@ B P g (HIRREsEREI O SPEigEs)
RNA aptamer {2 & 2 G KT O BEREfFHT

P-23 A5t (HEBEMEA2E  AHRZEE) ) .
TR HERAEA S MBI DNA - R ) =F L v 77 a— )b - JREIC & 2 Mliluses & 2 o R1eikiE

P-24 /NER T GIURIEEM BF 00 HHEE) -
<A 7 a7 2 VHTO = RKICEEREIEIC L B e b iPS Ml S B EAE~ 0 5Lk S

P-25 KM [EH (A LMD I THgES)
iPS M K BL U A SR R BRI T~ — 7 — Dl

P-26 BB (RMISLEEREST Il RS o
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TRk 26 F£E
RBAFBEEREMAREFRERS

FfER : 2014 F£ 12 A 22 H (B)
5 B EHSRE REA-L

e R Al R

FEDOEY Y3
R PEE AR (HMEE) . BRI (RED)

0-01 7774 v¥yarflvi:chml &= RSO invivo A7) —= 27
1igy B AR e 0 (BRI

0-02 FEREFILCTHUITEONPZBIED OJJFHME  ~KE RIS 05 4E %2 8 LT
RGN F X = 7 ARFFRHEE (2 ET)

i

0-03 BT84 2 O ESE - Lk 4 e AT PR LR B GRS
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0-04 HZGKF Foxcl I3 EMEHML - AEKAIIE = v F OIMK & MEFHILHTH B
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BEOEY YA
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0-05 [fE¥HAFF—550 MART-1 FRE/Y T Ml oA
KB kG FAERIERS T GTART)

O—-06 Dual Release Technology for Tissue Regeneration

Yang-Hee Kim A= f&RH4 #1425 (HHAAF)

0-07 HEMMO L 7 F VT &7 5 =45 LAT SHBLBE T O/ c@ <« 1557881 & 5
B —H N A & 7 e ARFSE I (il WA

0-08 MELTFNT & T —5F SLP-76 DEEEROE L B 1 1 5 FBEFC X 5 A
HHOHK 7 NAF T O AR il ST

0-09 Quantitative control of artificial DN A-lipid-mediated cell-cell cohesion
Tan Torao Hoffecker Hl#kASIEM B2 5515 (7 AT

R a2 -5k

P-01 Exploration of ADAMI12 in zebrafish : expression analysis and generation of knockout mutants.

T HER PRSI0 B GRS

P-02 [Role of NK cells in immune reaction against allografts |

—# OKE FRAERES S QA

P-03 AR FHHE A PR X0 B ISR L 2 SR A AL~ O B B A AT
S RS R B Ca D)

P-04 T[fEE¥ A FF—250 MART-1 45849 T Mo FA: ]
KB kG TR GTAR)

P—-05 Development of a feeder- and xeno-free system for the differentiation of iPS cells towards T-lineage cells
KOLLER Nicole 2k 62255 B Gif AHF)

P-06 & b iPSHMNA & PIRIEHIIEIE 2 A L 72 IR IR 3 ok i 3R A i o 7535
Mok —1 HKEE A 2 B 07 AT

P-07 Segregation of y¥dT cell progenitors prior to TCRp chain gene rearrangement independently of TCR-mediated signal
WH A AR5 GARRT)
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2014. 1.10  ®H 4@@% [MRTE & R — X 7 A A RAKZ H PRI X B AR 20 i
(HRE) W7 JEAT F—

2014. 122 iw)Il GERE O BERAO S AN - BURE B BOMRSA AR R S AR TG R B
SATEGEN  BYbZAer & WFFERT R X F—
AR ER A TEE v 5 —

B BT BT T — &)

2014. 124 AR R TRV BRERC B 24— 7 7 HIERRERE Y2 3 MRk diiao
ER B RFRFMREE (R V—0EEE-F— 77 V=% — F—

FENEL) 7y b & L7z iEHEE RS & s —

2014. 2. 4 kP4 pE3E  RKEDMT ) LoOMGENORA TS MRS 3 Mk B
(MSTATEBOE NSRRI b0 ~RERET LI~ +—

WEGEAT  mSEEWIER T/ A
WMot v ¥ — KE7 I L0
1=y & I W EEE
7w§ﬁ) B AR B TET 78
v

2014. 2. 7 EiE i g~ M)y 7 ARG OTaT I 7 A FRRARARERR Y kg TGS B
(FH 8 = 28 BRI 78 A7 WFFERT R X —

FHFZEAT)

2014. 210 /5P %Y . Runx2 #1251 O =Gl ARG TSR A AR AR Tikat o i
(R IRy K 2 R 27 i 6 1 35 2 WFFERT R X F—

G ﬂ')

2014. 3.3 B g N B IRE OMLRE T TSR AR RS AR R
(B RUR R F e L5 R0 e R WRgErr Rl 3 - —

NAF Ty V=T v TEK)

2014. 313  Kenneth D. Poss [Mechanisms of heart regeneration F/EMGHGIASY Y I FAMMHEZESE
(Duke University Medical in zebrafish | +—

Center)

2014. 417 & BT (7T 74y yaMEREICBY FARMEGIEY Y I FARM#HES 5
(741'-7-1 R S NS “CVegf/7‘}”}l/1Z€ﬁE’JERK VI I
=AY =) IV DIEHEAL DS R 4k B 7 & %5 8)

g 5 |

2014. 421 M [BRIED L RO T -  FARGEGI#EY 2 I FARMRRES
(Harvard University) =% 3 VIR o0 aE -1 > —

2014. 422 Tsuyoshi Hirashima Pattern Formation of Epithelial Tube #516H/54 F XA & NAF XA H =7 A
(RUHE RS AE R 22F2ET) by Mechanical Instability during =27 A& 3 F— P8 BH I

Epididymal Development

2014. 725 %A ikEA [Neuromuscular Synapse Forma- FHERGaGIEIZYE I FARGMGIHZS 5
(NYU Langone Medical Cen- tion:Responding to Muscle-derived F—
ter) Retrograde Signals Regulating Pre-

synaptic Differentiation |

2014. 8. 8  Dar-Bin Shieh Translational Nanomedicine for Ad- %5 14 5] NMMS t  #kkGHEME5 %
(National Cheng Kung Uni- vanced Disease Management. N
versity College of Medicine
and Hospital)

2014. 9.19  Carl Peter Blobel [iRhomsl and 2 are essential up- FHEMGEGIEIY Y I FARMMHEZASE
(Weill Medical College of stream regulators of ADAMI17- J—

Cornell University) dependent EGFR signaling |

2014.1024  Jorg W. Bartsch [ADAMS8 as a promising therapy FHEMHIMY I ARG 5 T
(University of Marburg, Ger- target in neoplasias and inflammatory 7 —
many) diseases |

20141114  Ryo Sudo Multiscale Liver and Vascular Tissue &5 17 NA F XA NAF A H =7 X
(BRI S Engineering -Tissue engineering us- =27 At I JF— TIFE AR

ing conventional and microfluidic cul-
ture models

2014.11.18  wJIl JH— ZHARIC BT BNk v Xu flﬂﬁﬁﬁ%ﬁﬁ‘ﬁﬁk =R N 1o i
(FrERKFERFEARRER ORI > af XFXFE2Hw
BAAER) 2T 7u—F
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5. HEHRE

2013 FEHFMEHE FA7HAM 2013 F 4 B~2014F 3 A)

(¥ X577 X&AWEBIE Y X LRI OBSEREETHIARR)
OWFZeftaEs « AORIMAGL B (ot LR 2R - 7E R

FHEBER AR L AN RS D X B (e L EBRE) W it ik
O e st o O FE IR -

ik, BHEEOREX A = X002 Hine LTARILFABIZEZRE L. 250, [BIEY X ARIEE] &#la—H
B—EFEOERELZEVRENBRFETHZBEL L TOWC I EEZAMELTWS. BHKGT DY X 2581 ZAFIN L M
WA ST, HARIIZIZIZFETORN THARFEIORIRF RO NS 2 L6, WFUEMEHRRHIZEA - JRAEISER S
5T EDRBENTVS. LaL, BRESOLEORBLNZED L) % A H = XA THARGHRBIAIIER SN, BEREZ X L0
2O EBUEE THho T, EDED, KLlE, VI T717—HERELFA—2—ELTAY, RERVEERREICSHT
BBE Y ALDRIRREFZEIUCYTIVEAL - A XA =D TTEBREBEL TV S.

FHEME TR, FICRETFHFEEREL T AV ALEEZ 4 —TEBRXEL KR -4 -2 F L -2 BEEFREES
Mk Z AVWTEATYIREFHL, TOREHROFER IS M- EB—BROZLANNVICHTH2RABY 7L 81
L AX=D TR EIT I

ZOFRER, REXTIS, 1) ¥ 7R embryo Z AWV EFEAEICS T 3B HRFOMBEARNREIC OVWTXASYIIEZH
WTHEH, 2V AKRBEZETIVELARESNHEEZEL ABRBBEEBICLIBMAMRR A X -2 2 JEOHL, &EDK
ReLF. &5, HRMEERICSZBABRIIBBOWRA HZ X Lk EOBALZED THY, BENESFHERFICO
WTHHSDPICBE>TETWVS.

E 51T, REFEFIFEDOMAADHT, #i7zZer ) AiESMI CTH % CRISPR/Cas9 ¥ A7 & & vy, BEH KFEHEA R & 5
LD RAEINIFNTT 2 ET NI AOERREZME L7, ThICXD, 4%, S ORI EHEIC X 5 L EATEN &

e LT SR iEATIE 5 7z
ORFFER A D ARFE
G 30
1. Umemura Y, Yoshida J, Wada M, Tsuchiya Y, Minami Y, Watanabe H, Kondoh G, Takeda J, Inokawa H, Horie K, Yagita K*.

An in vitro ES cell-based clock recapitulation assay model identifies CK2a as an endogenous clock regulator. PLoS One, 8, e
67241, 2013 (*Corresponding author)
2. Tsuchiya Y, Minami Y, Umemura Y, Takahashi T, Watanabe H, Kondoh G, Matsuishi T, Yagita K. Involvement of MeCP2 in

the molecular and behavioral circadian rhythms in mice. (#%%F5E)

3. Inaday, Uchida H, Umemura Y, Nakamura W, Sakai T, Koike N, Yagita K*. Cell and Tissue-autonomous development of the
circadian clock in mouse embryos. FEBS Lett., 588. 459-465, 2014. (*Corresponding author)

4. Okubo N, Minami Y, Fujiwara H, Umemura Y, Tsuchiya Y, Shirai Y, Oda R, Inokawa H, Kubo T, Yagita K*. Prolonged Biolu-
minescence Monitoring in Mouse ex vivo Bone Culture Revealed Persistent Circadian Rhythms in Articular Cartilages and
Growth Plates., PLoS One, 8, €78306, 2013 ("Corresponding author)

5. Koinuma S, Asakawa T, Nagano M, Furukawa K, Sujino M, Masumoto KH, Nakajima Y, Hashimoto S, Yagita K, Shigeyoshi
Y. Regional circadian period difference in the suprachiasmatic nucleus of the mammalian circadian center., Eur J Neurosci..38,
2832-41, 2013

6. Engelen E, Janssens RC, Yagita K, Smits VA, van der Horst GT, Tamanini F. Mammalian TIMELESS is involved in period
determination and DNA damage-dependent phase advancing of the circadian clock. PLoS One, 8, €56623, 2013

(CFRTELR)

1. Yagita K, Circadian Clock: A cell-autonomous time-keeping system in our body. 6” Asia Oceania Conference of Photobiology,

Sydney, 2013 (Invited speaker)
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2. JORHAIGL, : [4 A= v 78 w7286 Cutting Edge ], BIWEBREIMMZES 30 F4ERSKSE, 5HF, Dec.
6.2013(¥ YRV A B)

3. JURHAIEA, : TES fid 2 - 72BE HREF o in vitro FFBL & - (LHIBIRERE & OB ], 28 36 Il H A F-AEW4, MH, Dec.
5.2013(7—2 ¥ a v Tl - A—HFAH—)

4. JOKHAIEL, : TMYC induced disruption of circadian clock development, %5 86 [0l H A4:{b4:4%, g, Sep. 11.2013(3 ~
RIADS - F—=FFAH—)

5. AKRHAIGA, @ [MEAKEHI VOB & M5 ], 45 14 | HASUMEE Y2, B, June. 30. 2013(Y YK YA b - A —=HF A4
)

6. JUKHAEL, : [ES cell-based in vitro evaluation system of circadian clock phenotypes in mammals |, %5 90 [0l H AxA: #2242
Kz, Wl Mar.27.2013(3 Y RY A b - d—FF 4 =)

[PERAB=RT= v FHRKICED < IR MR OMEERIENCEIT 21 5%]
OWFZEaEF « HABORES  HEEEE CREURF 2B & ST FER)

FHEERADRIEI L FBZER - IR MR Bz CEAMR2 5 5)
O Fe it ) U TR -

ZWTCH AR ADSC O LIC G- 2 WA T2 LR HME L, A 708 YV Z00ci R TRk Eh
% ADSC Ml (X 7 = v A F) OJRIMIE~D b8 2 & Lz, o, HMEFEEZT-o72RICBVWT, A7 204 F
ONRWIATEANL S & OBENAE ~ — 7 — W A T OZIRIE, BE L) RATH 0O —RET TRWZ EAWSpL o7
72, EHER ORISR~ — 7 — 8 EF R R 0T, —T, BF RSty — A -3 A7 2 v 4 FOTidtE <
BHT LIS e o7z, D EORRE Oil Red Il L 2R EEZ DR TERETLL, A 70y URFRETRA
SN D ZROCHFEHL, ADSC OB FMIRaMb 2 fedE L, BRI ALISIIAF R BB TH 5 2 E RN S e o7z
ORISR DA

B, RRHCRZ Lm0 m e EfTTH 5.

[RNA fR&£E S ADART (C & 2 &M MRS - SMEHIEMEES ORF8A]
OWfFeES - B A BB CILHEE R =T i A 72 )

PRI SE AT SR AR ge % RERER] 8% (k¥ A 7 A2 55F)
O 7% B O e

A-to-I RNA fidEl##% ADARL X, ZABRNA DT 7/ ¥ v &4 ) ¥ v ~NEERT H#TH %, ADARL KiE~ W AT,
IFN ¥ 7 F v OiEHAL L & MEHMR O T2 HmE ShTnd. LA L2 ADARL K, 77 I —#IzTTH% ADAR
2 O RNA Mttt LA 862 2255, ADARI] OEMEMILIC BT 2 I 21555 .

AWFZE T, EM#EMIIC B 5 A-to-l RNA fiffE#%E ADAR] O & % W 55 & 3572912, Long-term hematopoietic stem
cell(LT-HSC) }.T¥, Short-term hematopoietic stem cell (ST-HSC) \Z81} %5 ADAR] OHE CTd % microRNA (miRNA) gi Rk D
RNA #i# % 0¥, ADARI isoform OFEH % MM L7z, 8 4o C57BL6 ~ 7 A & ) LT-HSC M4 (CD34", Flk2-, c-kit*, Scal®,
Linage ™) 0¥, ST-HSC Wi%r(CD34", Flk2-, c-kit*, Scal*, Linage ) %tV —% — 4L, 72 ADARL O&EETH Y i
FTHEBAWE ST B miRNA Fil{F (Let-7g, miR-27a, miR-99a, miR-99b, miR-151, miR-203, miR-376a, miR-376b, miR-
379, miR-411, miR-423) . U*, mRNA (CYFIP2, BLCAP, FLNA) % RT-PCR CTH#iL, PCR EMZEH Y —r v 2§52 LT,
RNA ffEZ M L7z, Btka v ba—id, 7 AKREE %2 7z, £72, ADARIL isoform(pl10, pl50), ADAR2 D%l
I EN RT-PCR % M CllsE L7z, PIEBIEHE L B-actin % v 7.

Z O, miRNA FiBEEIE miR-99a, miR-151 A5 ST-HSC (2D AF B L, RNA fREHIEIERD SNk o7z, £72, mRNA
13 FLNA 7%, LT-HSC, ST-HSC IZFHH L TV 722 W4 > 7 )b & b 12 RNA ffiEPhd i e h - 7. RNA LG, B
Pray ra—nThaHY 7V TERO N T2, BMEKKLAZE ZA%0 ADARL RIF~ 7 ZITB T % &ML O
e Ry, LT-HSC 2@V ADARIp110 %3 (o> 50 £) 2530 1, ST-HSC 128\ T IFN F# M0 ADARIpI50 O
P (Mo 15 ) 25785 H 17z, ADARL A miRNA A # Dicer L BARE M T % & RNA MHEEIME T35 2 &2 0 (BF
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TEWATRIL L), ThoORRIIN % EOMIEE By, BEEHIRIZ35 T ADARL 2% Dicer & AR Z M L T % 1 aEE
ZREL TS, BUERM I 2175 > T 5.

F7:, ADARL W&~ AHGEAINICEE R S LATRBEINTWE 25, EEMEICB N THEETH L HENEZ % 2,
FIBE AT 2 & MRGHIBAR IS O W T AT R o7z, TR, b MEET B TCC-Meso-1 Tld, siRNA 12X % ADARL
FEBLIIH] (sIADARLD) (S AN BE 58 & PP U 72 20 o 728, sIADAR2 I ZAHNBREGH, Hezh, =iz um <P L7z, WA, RNA
RAREAS BV IFT Y PATTA THROFEHTHRD SiL7eh5, RNA MR OB TR0 bk h o [k
AR, € MRS HeLla ICB W T RO SNz, 28BNk T3, ADAR2 O TId s /87 Bk 2B b
% COPA BEET LAHEHR L T4 o 7245, COPA OMR BN U RNA #i 5 COPA O ZEdid, #% AL O
B A RAro7z. ZTRHORRE, ADAR2 IE RNA M IRRAF ISR 2 FI L T b 2 & 2RI L TWwb. ADAR2 K
HY Yy 2T, MO RTEIRO SN LV b, ZOHBIEMILIZHA T 7213 e MR 23R & Bbhi.
BUE, miRNA (ZX§ 2558 2 AT Ca 5 (BARiEfiT).

ADAR] OZER I FOREHKORNE 5525, YT ATIEIO L) ZERAMERD SN2V (REET— ). ThoofR
(&, RS RNA Hi4i% ADAR SRR EIEAE 2 E - 2 47 L, £ 72 2 OEHIIIBEADSFAET 5 2 & &R L T 5. ADAR
FEARSRNA K ET A2 &, miRNA RO A Z 597 MMERIHEE D & LAY (Alw) OOV TH#ITP Th 2.
ORISR D AR

1. OtaH, Sakurai M, Gupta, R, Valente L, Wulff B-E, Ariyoshi K, lizasa H, Davuluri RV, Nishikura K. ADAR] Forms a Complex
with Dicer to Promote MicroRNA Processing and RN A-Induced Gene Silencing. Cell 153(3): 578-589(2013).

SRNA Hi#B% ADAR] ° miRNA FEAEREHR Dicer LT H 54 v =% L, RNA itk IEKRAE 1 Dicer & iGMHEAL S

52T, mRNADEAZHEMLTVWLZEEZWLE LT

2. Liang S, Furuhashi M, Nakane R, Nakazawa S, Goudarzi H, Hamada J, lizasa H. Isolation and characterization of human
breast cancer cells with SOX2 promoter activity. Biochem. Biophys. Res. Commun. 437(2):205-211(2013).

3. Goudarzi H, lizasa H, Furuhashi M, Nakazawa S, Nakane R, Liang S, Hida Y, Yanagihara K, Kubo T, Nakagawa K, Kobayashi,
M, Irimura T, Hamada J. Enhancement of in vitro cell motility and invasiveness of human malignant pleural mesothelioma
cells through the HIF-1alpha-MUC1 pathway. Cancer Letr. 339(1): 82-92(2013).

4. A-to-I RNA editing in mouse long-term and short-term hematopoietic stem cells. Liang S, Kawano M, Nishikura K, Sugiyama

T, Nagasawa T, lizasa H ($Fi 7 &)

5. p54™/NonO directly represses SOX2 expression by the regulation of SOX2 promoter activity in breast carcinoma cell lines.
Liang S, Takahashi H, Hirose T, Kuramitsu Y, Nakamura K, Hatakeyama S, Hamada J, Tizasa H ($%Fi ¥ €)
6. RNA editing enzyme ADAR2 regulates cell motility and proliferation in malignant pleural mesothelioma cell. Sakata K,

Maeda K, Sakurai N, Nakazawa S, Liang S, Yanagihara K, Kubo T, Nishikura K, Hamada J, lizasa H. (3%%5%5€)

[#052 - JUTHIADT A T A 4= 2 JIC & B MBEBTK & 7 OHESEEORER]
Offgeaes - I ik —  #dZ (@RI

FHEERARI 7T L MATFE S © WG T B (R BB 27205 )
O e B ORI A

fiREAR v b7 — 7 OREEERHERFICIE, FRSHIIRZZ TR, ) THIRRIME - 3707 ) TR ENEE TS LALENES,
ZNS ORBLOFE - BRERLH AN OS5 F ML, RERBHZZ L AL 0. KRBV THEAZEYT I 71 v vk
HOTBEF Ty T - 2o =Ty FERICK Y, #x 288 — 2 THOLEH Y GFP 5\ 13 Gald 2583 5 €7 7
T4y aFRLTEL ZOR TR CIIMER ZMET 2 SR MILER 2 THAL L, FBloMRER RO W -
LI O 2 BIR L C & 72, R 2AT ) WUH 7V — 71, FEM oY 2 iK1 7 a5 7 — B0l X L o
THLMCT AL &L, HANMEE FHEL 72

INFETIR2RMICHLTE 7 Y ARY VAT OBIEFZEEL, TAOHNFFELE7 7 3V —IZRT 2B R T, Mk
O 72T T L MBI LHOH B Z R 72T 2 F RV L, HEREAT, 205D 1#ETO// v 2T <y
A& L, ZOME, BEBHEZ 0T e0bh2), BIHEOZORBAMOMIT 2 #EDTVD. CRIEFK). 72, o1k
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#EiE, ErbB2 BZTO N7 v 774 T, MR ) THBZERNICE=Y—T& 5. THICHL TS, fitmks s
D 7 HNB OB 2282 MD T 5 (R%ER). 2T, MO RNFIRT Gald #5842 2 LI X 0 FEsE R
\ZHOGS YN B R FEBLITE 558 & T, BRI 2 T L 2 OBEBE NS 2 LIl d 5T, K= 2 —
LY o, BRI BIT 23 54 5#E RV L2200 T, ZOMZRIZOW T2 G HH I T5E).

FHEB B\ C 3 RITOMREDTER S B BE, A2 S MRS RTERAIE 24 U, S S5 2 i 254 3
L, DREEZTMEROREL - FHT A AAOIEE, BAMILER TV S, MeHKEOMbYIZENTH, 20
A A O BRI TEETH 4%, FFIHITABREE - MR BAT AR OB 520w Tld, Al 2~ o wike i BRI P A= 12
Wnt, FGF, Notch ¥ 7 F VDB GASMLN TV AL, Z0dH & ORI oR# Mo s Mic Lo X 9 2451
B0 D 2 0, FREMPF SN TR VODPBURTH - 7. Z OB S WiBHIIRE 1%  OEAEE -
TV I LT TRL, IYART v M EOWMIEET VT, BN %4 & 72 IRETTHILT 2 0FHEETH S 2 L8
FIFOND. MNUAFEZHCROTHA S - mAiE, WEkomEfz & 7-FFA 2 -V T&hH2E, ZLTEh%
HOTH 72 RIERILIE R Z M TEX 5 L 2 A 12 5. ARICBW TR AL, FHEEIMORMBIEEM 2L 720, 7574 >
Y a B A IR TH 2 HBEORRE TV E LT, COMBEIZIY HAZ

AR A A R 2 7 0 E— % — T T GadVPI6 2 BT 2 + T v AV 2= v 7 54 ¥ Tg(-8.4neurog : GalAVP16) D % #
PIIC 79 A X F UAS: membGFP/H2A-RFP 24 v ¥ =7 M9 4L, Zhid Gald ¥ I GFP &% RFP 2 W #l{LT& %
DT, TDTTAIFHPPLREHEOMNIEN T stochastic \2FEBF 2K, O & D i wi BRI B ok o M 4 [ % 5 GFP/#%
RFP TINNVT LI ENTEL., ZORRLEMLREH VD 2 EI2X - T, HREIERMIIZIE, ZoDB8Ny —U3H Db T
Edbhr ol O EDIE, IMEN® interkinetic migration P& &, W=D apical lITH T A3 =V (M1 /4), BIOWE
O subbasal - FIHTHHT 255 =V (K1 H)TH 5. ZTNOOHZUTAHEADH b, M, #Hosdskch s
LT ENULNE RS
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TgBAC(neurod EGFP) TgBAC(neurod:EGFP)
1
Fxix, INSOHED, BHKT=2—1L 7Y Y 1OT7AV T+ —2IMAETAILERVWE L, ZO=a2a—L 7YY YD
TAVTH =T AT v FyAENT 4 — ) THEWIHS S L, apical HIOGZUIAREEITHIE] X, subbasal #] D45

LT AIIH Sz (X 2).

nrg1llE1

nrg1llE15m

M OnrgIIIE 1 MO 1IE15m
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e

GFP/DAPI
Reltaive GFP intensit
in the OT (A.U.)

pH3/EGFP/DAPI

Tg(pou4f1-hsp70l:GFP)

© @00‘ TgBAC(neurod:EGFP)

2 (AN : SR ERELNFIORBAFEER @RS 7> F L XEILTF U=/ nrgllE1 057 = 0.1, n = 94; mis-
sense % 1) I nrgllE15m 0.02 £ 0.023, n =36 ; BIND7>F+t>X0.79 + 0.036, n = 104, I Xt&>XA1)T0.05 =
0.047. ARIF, VU BEEEX M ICHT AHBIC LB LEREERT.)

M, #10 subbasal #HILCTOGHPIHENTWL DI, ZOFRIIHTLENT 4 ) — ) OBEBENRHR RO, £
& Lo apical I TOHRVWH S NAER2RIVISEZ 2D 0%00h, EFHTLTHL. ZOMEEFRTL, K
% —IZ ErbB £ Y e ¥ ¥ — AGI478 1232 L, apical HlITOHZINITRE W EZ 5 2 I W2 L7z, $7%b 5, apical
M DGENNIHE L5 2 T2 subbasal MO RE2WH T2 2 EA5TE, ZOWMPS, AGI478 2R k< &, O apical fll®

HE RS
s 5. #FEME
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SENEET D, LI EMETHAH(M3). K3 T, ZHk 26 25 AGL4T8 1R L7z IR % 45 B IR o BERE Tk v, J8E

&4, apical 1> pH3 B PEAINEEL (K V7Y —) & subbasal fll ® B PERINEEL (G 3 —) % 48 BERTIE (AG1478 % B T o 3 FERY

%) & BA IR (9 e #%) & TH~R72H DT, subbasal Ml TOMNLSZEAT AGIAT8 ZHLY B T2 S BRI IC I35 2 & %

RLTWA, F20L %, apical lITTOMBDZITIIFALHE L 52T RWI bR b, DF D, apical fllOMLGZLIZ

BWT, AGUT8 IZ&ZM % O3B, 26 M (BHEL2VIEETOIA LT THo7L LTHH MM URITtHhs &
BRT %,

g
O
>
)

No. of PH3™ cells
in the OT
o 8 3

® H 0 © O R
IS AN PR
@ 9 & 9 & 9
44 hpf 48 hpf 54 hpf
3

WIZ, DX %5 T CThET % subasal fHl55%42, apical IO GRDEATT 5 D, B 5\ apical IO 52 % #FFI2
subbasal fllOFRAGEZ 2 D)) EMRE L7z, £OHMNT, s CREMIC Gald 25335 7 v 7F 14 ~ SAGFF
(LF)81C & Hv: 7z, & b L 2z i 25 W 4L 2 B Tg(poudfl -hsp70l : GFP) & SAGFF(LF)81C % »F &b ¥72 b7 ¥ R
Vx=v 774y Y a Tg(poudfl -hsp70l : GFP ; SAGFF (LF)81C) D% A5HIZ, 75 A 3 F UAS: membGFP/UAS : mcherry %
AvYxr ML, EIRO L) IC—BIIC AGIATS TRILL, ZLTENEHIF L. HIFHEDOTA TA A=V ¥ 7 OE, apical
HIcoOMNBTRERES Z L% LIC, subbasal llOMNLGRIHT 22 LA 20, TOZEns, MkEEERZTHEANK
MEB ¥ 7+ Y TIRAE L T B 2 EAVRIZ S 7.

UAS:membGFP/UAS:mCherry

14:24:18.905

membGFP/mCherry/BF

Tg(pau4f1-hsp70l:GFP;SAGFF(LF)81C)
4 (FRRIEFARAZ 1, 213, ZhZhHR L THEMizEL3)

NS ORGP S, ML, FRHRERTEAIL A S MR ATE A S B T 212, ErbB Y /) Y I BRETH S

ZEEPILMMILT.

OBFZER A DR

Nakayama Y, Kikuta H, Kanai M, Yoshikawa K, Kawamura A, Kobayashi K, Wang Z, Khan A, Kawakami K, Yamasu K.(2013)
Gbx2 functions as a transcriptional repressor to regulate the specification and morphogenesis of the mid-hindbrain junction
in a dosage- and stage-dependent manner. Mech Dev. 130(11-12),532-52

Sittaramane V, Pan X, Glasco DM, Huang P, Gurung S, Bock A, Li S, Wang H, Kawakami K, Matise MP, Chandrasekhar A. (2013)
The PCP protein Vangl2 regulates migration of hindbrain motor neurons by acting in floor plate cells, and independently of
cilia function. Dev Biol. 382(2), 400-12.

Kwon HB, Fukuhara S, Asakawa K, Ando K, Kashiwada T, Kawakami K, Hibi M, Kwon YG, Kim KW, Alitalo K, Mochizuki N.
(2013) The parallel growth of motoneuron axons with the dorsal aorta depends on Vegfc/Vegfr3 signaling in zebrafish. De-
velopment 140(19), 4081-90.

Satou C, Kimura Y, Hirata H, Suster ML, Kawakami K, Higashijima S.(2013) Transgenic tools to characterize neuronal properties
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of discrete populations of zebrafish neurons. Development 140(18), 3927-31.

Wada H, Ghysen A, Asakawa K, Abe G, Ishitani T, Kawakami K.(2013) Wnt/Dkk negative feedback regulates sensory organ size
in zebrafish. Curr. Biol. 23(16), 1559-65

Kishimoto N, Asakawa K, Madelaine R, Blader P, Kawakami K, Sawamoto K.(2013) Interhemispheric asymmetry of olfactory
input-dependent neuronal specification in the adult brain. Nat Neurosci. 16(7), 884-8.

Wada H, Dambly-Chaudiére C, Kawakami K, Ghysen A.(2013)Innervation is required for sense organ development in the lateral
line system of adult zebrafish. Proc Natl Acad Sci US A. 110(14), 5659-64.

Yamanaka I, Miki M, Asakawa K, Kawakami K, Oda Y, Hirata H.(2013) Glycinergic transmission and postsynaptic activation of
CaMKII are required for glycine receptor clustering in vivo. Genes Cells. 18(3), 211-24.

Muto A, Ohkura M, Abe G, Nakai J, Kawakami K.(2013) Real-time visualization of neuronal activity during perception. Curr Biol.
23(4),307-11.

Muto A, Kawakami K.(2013) Prey capture in zebrafish larvae serves as a model to study cognitive functions. Front Neural Cir-
cuits. 7, 110.

Asakawa K, Abe G, Kawakami K.(2013) Cellular dissection of the spinal cord motor column by BAC transgenesis and gene trap-
ping in zebrafish. Front Neural Circuits. 7, 100.

Banjo T, Grajcarek J, Yoshino D, Osada H, Miyasaka KY, Kida YS, Ueki Y, Nagayama K, Kawakami K, Matsumoto T, Sato M,
Ogura T.(2013) Haemodynamically dependent valvulogenesis of zebrafish heart is mediated by flow-dependent expression
of miR-21. Nat Commun. 4, 1978.

Umeda K, Shoji W, Sakai S, Muto A, Kawakami K, Ishizuka T, Yawo H.(2013) Targeted expression of a chimeric channelrhodop-
sin in zebrafish under regulation of Gal4-UAS system. Neurosci Res. 75(1), 69-75.

[ # > F v RJVEEF (HNCA) 2B & L - REHEAEEE OHOMEBEE]
OWF7efaZ® « IBY ol B2 (AR BEER)
FRAERFAOIZEI L R TE - 0T B 3% R - L ar s 007
ORfF 787 K ORIFZER A -

AR — A X — 7 —JERIYF v AV HONA AR FREEIC 8L 72— 7 & LCh ¥ )V Luciferase & / v 7 4 ¥ L7z A &4k
WL, —HoMkE sURE IR > 7 — 1A L7z ORI At - JRBREENRE, Z R — REARER 35 & OVHE 2 27,
T EIATBIE0) .

6/2-6/4 1 HFAHURICHIR L, WRIWFEH Y > ¥ — O in vivo A A — T ¥ FEZ M L ClEATCR % L1281 %
HCN4 0582V 7 = 7 —EFBIC X DAL, IO Hi 2 ER L7,

10/27-10/30, 11/29-30, 2014 4F 1/14-1/15 : B HKIZBWT ERLD / v 7 4 =7 A0 5 B2 s Ml e 2~ & iPS Ml
EAERR L7z, L LA H5EE L 72 iPSHINE ORI ASE <, T iPSHINE 2 8173 2 L EEh D % & b7z, B7E Nanog-pyromycin
MR T b I YAT 22y 7 AL, HONAVWK 2 B[ L 72 S TN b T Y AV 2 =y 737 A bl ok 217
TWw5.

1/20-22, 1/24-27, 1/30-31 : ARKRRE - DIE OB BHER AR L, ES M2 5 Ll 2 73 (Le% 59 2 Hals o i
BBz, FrlloHZER L7,

(Rt
iPS ML OBNLIC TR 5 72 b 00, BIZEAKIIIERICEST L7z, 4B TEEdZROREL 222, ARRKAIBNT
iPS M OB AL & L E S & E T 5.
OWFRIBRDAFH
1. Kuwabara Y, Kuwahara K, Takano M, Kinoshita H, Arai Y, Yasuno S, Nakagawa Y, Igata S, Usami S, Minami T, Yamada Y,
Nakao K, Yamada C, Shibata ], Nishikimi T, Ueshima K, Nakao K : Increased expression of HCN channels in the ventricular
myocardium contributes to enhanced arrhythmicity in mouse failing hearts. ] Am Heart Assoc, 2(3): 000150, 2013.
2. Oshita K, Itoh M, Hirashima S, Kuwabara Y, Ishihara K, Kuwahara K, Nakao K, Kimura T, Nakamura K, Ushijima K, Takano
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M : Ectopic automaticity induced in ventricular myocytes by transgenic overexpression of HCNZ2. ] Mol Cell Cardiol, 80, 81-
89, 2015.

© TOOWTTR R

LR, R, SRR, ZEUR—E, B 8k, FE—Y%  HON2 @B~ Y ZL0RHo4 v Sa7 L ) — vk
FEHERE. B ARRRL 225 60 M2AAirdi 4y, “Fuk 25 45 5 J 23 A (ALIE)

2. Oshita K, Igata S, Kuwabara Y, Kuwahara K, Ushijima K, Takano M : Induced automaticity in the ventricular myocytes of
transgenic mouse overexpressing HCN2. ITUPS 2013, July 23, 2013 (Birmingham, UK)

3. F=Tun—L )b, BRI, bt BERK—, KRR, EEE, HKE, BEEAL, BE K, #Em
B QT HFMEE G B IS E S N HB K+ 7 v A VER OB AR AR & R, 45 30 M H AR LEAREMER,
TR 25 4 10 A 11 H (%)

4. KT, FlBez, BER, SRl REE—1, FE—%, BY 9 Bom#EEh A 4 v F v 4v (HCN2) o
e 2 HEARENRE. 56 64 [nlV8 H A4 B2y, Pk 25 4F 10 H 18 H (kL)

5. Igata S, Hayashi T, Itoh M, Takano M, Ishimatsu M : Lasting activity of alphal-AR during postnatal development alters

i

[

membrane properties of LC in SHR. Society for Neuroscience, 43rd Annual Meeting (Neuroscience 2013), November 11,
2013(San Diego)

6. KTHEM, PEBLZ, A, seEER, REE— TR—% BB W #omEENR A+ 2 F v 4V (HCN2) O
AER 2 HEASIRIRTE. 49 23 Il A A B Bllag &, P 25 47 12 J 6 H (&)

7. Takano M, Ohshita K, Ito M, Ishihara K, Kuwahara K : Pathophysiological roles of HCN channel family in the heart. The 91st
Annual Meeting of the Physiological Society of Japan, March 16, 2014 (Kagoshima) 3% ¥ %€

8. Ishihara K, Itoh M, Igata S, Takano M : Functional consequences of a gain-of-function mutation in the Kir2.1 inward rectifier
K* channel associated with short QT syndrome. The 91st Annual Meeting of the Physiological Society of Japan, March 16,
2014 (Kagoshima) 7% F %

9. Itoh M, Takano M : Identification of palmitoylation enzymes for the HCN2 channel. The 91st Annual Meeting of the Physi-
ological Society of Japan, March 16, 2014 (Kagoshima) 3% &

10. Oshita K, Itoh M, Yanagi(Ishihara) K, Kuwabara Y, Kuwahara K, Ushijima K, Takano M: Induced automaticity in ventricular
myocytes from transgenic mice overexpressing HCN2. The 91st Annual Meeting of the Physiological Society of Japan,
March 16, 2014 (Kagoshima) 56 % F %

11. Takeya M, Itoh M, Ishihara K, Hayashi T, Nakamura K, Takano M : Epithelium of seminal vesicle modulates neural activity
dependent contraction and originates stretch-sensitive contraction. The 91st Annual Meeting of the Physiological Society of

Japan, March 16, 2014 (Kagoshima) 3§37 %

[PE - S AEE L 5 U 2 OBEEMIS (C B 1 2 MRS EE S F fibulin-4 D% EIfFEA]
FeFER  ia RBETF BB ORG KR TR)
FHERFARIFEAT I MMITE S © B thim]  Bd% (AR FRkaT 450 0F)
OWFgekes e OHFFERe 4
Mgt~ ~Y v 7 25 YT TH S fibulin-4 1%, TORE< T 2 DN 5 FPEHEZ R ICLHTH 5 2 LA HEEINT
W, SORETT AEAES T HHICKEINRE 72 SRR X VBT 225, ZOMICTRTOREY Y A THiEH (12 1)
MEEEN D, RIFFETIR, TOMICHEHAL, fibulin-4 O - WIS A EHOMAE B E L7

+/e
1 KHITRTELIICREATIZATIHIBEI»BHO>N D
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FF, Fhlnd null v 7 AL - BT CGFP 2 5B T2+ VAV 2 =9 7 37 A (SexGFP-Tg) KM L, M- Wif o R %
BHHALTE 2 X512 L7z % dorsal Bl & HORHMEE F TR 5 &, B~ 7 AT, BIROMHMEo b) i Asplg:
EN(2), ZOEMIIMBAL 175 HI2iEE Y (M 3), 185 TR TIIHE~Y Y A L FABICHMBH UK 25380 Shiz. 2o
FE2S, fibulin-4 138 - WA OIEEGARE TR, TNOOBRERIFICHEE CTH S 2 LAVRIE S N7

2 HENTXORIEORE X3 BR&HA17.5 H DRI DR
a. Fbin4 +/— a. Fbin4 +/+. b. Fbin4 —/—
b. Fbin4 —/— FOD &5 THMPERES N B

51T, Bk~ Y AOHINHHEE N 2 FR L GFP 2Bl5 5 L, M4ITRT L HIZ, HEMMCEATHERIATRETH o 72

4 ¥~ ZORIEERE TO GFP O
a. Fbin4 +/+, Db. Fbin4 —/-, K k" dorsal. KZ " anterior.
BAAIE. Extensor Digitorium, Extensor Digiti, 7R3 &, Flexor Digitorium

F7o, WA B M CTBE T LRI ONS X ), Fblnd+/ -3 ZADME KT 2 L BEIBEI N S
512, GFP 2"MH T & e WGBS D W T D BTN L7248, X5 LR U &9 2ABAIZ 3 7 — 7 » il A3 8i%: & iz (data

not shown).
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ok s
) “*ou
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L%, - BIAEARELAYIC fibulin-4 RE~ ARV, S ST RO TV L.
OW e D2
SO D TR, BERKITLTETHS.

‘}éﬁf

[FEABEERE DHBR L AMGIEETF X OWEEIE Z FIA U 2B ExD =R _ERORET)
OWF7efias - AAMEY  WF7ER (ESZAAME L >~ 7 —#FJE0T)
FREBERARI LT L MANTE S © A IR HEHER (B ER00 458 )
OFFe#e# K ORFFERCR

JENE IS 2 DR 9 FEA RIS TR AS D, £ OHIZNG WA £ D EENED L ) ITFEPATHEIEL TV LMl TH 5.
TR B 2 IE AL S % & BN IIESE & %2 ), — )i CIRE ORREAWGRE L, A > A Y rlAs I 7% 5 L HEIRIN 2 FEHET 5.
HEROREZOWHIEE LT, BEBM L ) BZOERNORR DR ) HTRBEATHONTHD. AARICE W T
WEPL R0, L)ECERBOAEERPEINTEY), KEMBZEHI LS, 2\ WIZREEHILOMILIE 2 30§ 2 Jiik
PHRINT VS,

Fald, TNETRIERMTHD 5 72BIETF X725, pB3ICL o THESNLHBIZFTHLHEEZH WAL, XA p53 12L& % Akt
Pl %) BEA BT CTHLFHREZMF DO TSP L #ET X &, MEBFICHFIET S 2 2 =)L) Y JRE (PIPs)
OB PH F AL Y OHDPLHERENE Y VX7 HZa—FLTWwh. —7J5, Akt b PH FAA Y 2HD 5 Y87 BT
H Y IGECICIZPH R A A4 Y240 L GHIBEICRIAET 2 HUETH 5. XIE, AktOWDIEFHNTEN 23 T % dominant negative
& LCHEEL, Akt & PIPs L OfE G2 EHEMET 2. TOE, Akt OMIBPURTIEIIEE S, FROAELFY 7 FIVidfaiE
SNz,

HANZ BT, FERITRODBALRERZ D Akt DFEEZHIET 2 H L TOREETH 5. FEEIZX OFEHZMH L
7L Tl Akt DR ZIGHEALDSFRO S D & &I, MDA RS IRAAE DGt 2 ) LT3R sh, X
EBAPIREZ A 2 AR EN. 51, & MR CENGBIES IC BV TEAT X O #E 2 REFRDbhz. Zh
5 OMAMBETIRIEF MR L I LT X OFBURT & Akt GO RS 25320 Hi, X AN WMES; O S A BT & LT
HBLTWwLEEZR LN

=T, X DBENGWIEE O A AMHRIBIRFTH L L) S s, X HWENG WAL ORGHE Z H#H§ 2 D Tid v & H 20
FeERMEDT VD, TFE TR B AR OMark RIN A, RSN Z T, BB AIIRIZE VT X 25Hiudm L Akt
WHEEZHH L T2 F2H 52 L7

S5 X KA Y ZACBWCTIREOBIZEA RO SN THE Y, X3RRI OB 2 i3 2 FiavR S hiz.

SN E TITAME—ARAEEER & ORI & o T, GEEREE2 SR BEEMIZ v, X ARSI B TRl Gl o ],
TR M=V AFEIHERET A F Y s L

SRS OISR X 3L D X ) I 5 DN & D 5 T, BERINIZE, BB OWMR 2 #2325 T
HoH. SHIZEXEAREZIH LZ2BEEZMEYML, BLERBOSEFICHILTIZWEZEZ TV,
iBRD

O E ORI ICHE 1 (in press) ASAB S M7z, FSCGEHE - WK I [PHLDAS is a novel tumor suppressor of pancreatic
neuroendocrine tumors], PNAS, 111(23), E2404-E2413,2014 T& 5.
S ER MR A O BRTIRIZ T X & LTSS, FEBRITILEET X (X PHLDA3 T 5.
OBFZERR DR
1. Rieko Ohki(corresponding author), Kozue Saito, Yu Chen, Tatsuya Kawase?, Yukie Aita, Nobuyoshi Hiraoka, Raira Saigawa,
Maiko Minegishi, Goichi Yanai, Hiroko Shimizu, Shinichi Yachida, Naoaki Sakata, Akihiko Yokoyama, Ryuichiro Doi, Tomoo
Kosuge, Kazuaki Shimada, Benjamin Tycko, Toshihiko Tsukada, Yae Kanai, Shoichiro Sumi, Hideo Namiki, Yoichi Taya,
Tatsuhiro Shibata* and Hitoshi Nakagama*.(* These authors equally contributed to the work) X is a novel tumor suppressor
of pancreatic neuroendocrine tumors.
PNAS, in press.
2. Toshitsugu Fujita, Yoshinori Asano, Junko Ohtsuka, Yoko Takada, Kazunobu Saito, Rieko Ohki, Hodaka Fujii. Identification

5. H#FEFE s



Institute for Frontier Medical Sciences

of telomere-associated molecules by engineered DNA-binding molecule-mediated chromatin immunoprecipitation (enChIP).

Scientific Reports, 3, doi : 10.1038/srep03171.

Sakata N, Nicolas S, Yoshimatsu G, Tsuchiya H, Hata T, Katayose Y, Egawa S, Kodama T, Unno M. Enhanced Ultrasopnography

using Nanobubble Contrast Agent for Islet Transplantation. (3¢5 ¥ &)

Development of polyvinyl alcohol bioartificial pancreas with rat islets and mesenchymal stem cells.Yoshimatsu G, Sakata N,
Tsuchiya H, Ishida M, Motoi F, Egawa S, Sumi S, Goto M, Unno M. Transplant Proc. 2013 ; 45(5): 1875-80.doi: 10.1016/j.
transproceed.2013.01.043.

Sakata N, Yoshimatsu G, Tsuchiya H, Aoki T, Mizuma M, Motoi F, Katayose Y, Kodama T, Egawa S, Unno M. Imaging of

transplanted islets by positron emission tomography, magnetic resonance imaging, and ultrasonography. Islets. 2013;5(5).
(Online)

Sakata N, Aoki T, Yoshimatsu G, Tsuchiya H, Hata T, Katayose Y, Egawa S, Unno M. Strategy for clinical setting in
intramuscular and subcutaneous islet transplantation. Diabetes Metab Res Rev. 2014 ; 30(1): 1-10.

Hata T, Sakata N, Aoki T, Yoshimatsu G, Tsuchiya H, Hayashi H, Motoi F, Goto M, Katayose Y, Egawa S, Unno M. Postoperative
cholestasis and cholangitis after total pancreatectomy with biliary reconstruction impair the function of autotransplanted
islets. Transplantation. 2013 Sep 15; 96 (5): e40-3.

Sakata N, Goto M, Motoi F, Hayashi H, Nakagawa K, Mizuma M, Yamaya H, Hasegawa Y, Yamaguchi S, Sawada S, Ottomo S,
Okada T, Fukase K, Yoshida H, Ito T, Hirota M, Ishigaki Y, Sekiguchi S, Rikiyama T, Katayose Y, Fujimori K, Egawa S,
Shimosegawa T, Katagiri H, Satomi S, Unno M. Clinical experiences in the treatment of pancreatic arteriovenous

malformation by total pancreatectomy with islet autotransplantation. Transplantation. 2013 Sep 15; 96 (5): e38-40.
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1.

HOARBRFREE MIRE, T—2 v ay 75E 201349 H

AARBREY TR X3RN W IE S O Bt A MIHLEE T 5

The 6th International p63/p73 Workshop, 2013 49 J

Rieko Ohki ‘X ; a pb3-regulated repressor of Akt and a novel tumor suppressor of endocrine tumors’
KBRS ERT, 72 24 35—, 2013 4F 12 H GE£ T &)

RAHEA DB (R O EIC X BRI A 7 = X 2 Offl] ]

(HE%EF)

5 72 M H AW R R AR S, HIBIER, 201310
AARBERT- [ Akt OFBINHIK 12 2 — N 2857 X SNBIER O 5 APHEEZ T TH 5 |

(RA 7 —564%)

1.

55 35 M A A AW RESR, KA Y =K, 201312
Akt PIHEAR T X 130 B I o B9 2 33 5

FHE W, KORILET

45 35 M A A FAMFERESR, KA Y =K, 201312
MIET X & MENT #5112 & 2 BB o B BERE o 1
Fvo- 3, KARHET

55 35 M A AR FAMFERESR, KA Y =83, 201312
A3 AIHER T X 12 & 2881 Akt J0H] % 77 = X 2 O]
P, RAREE T

55 35 Ml AR FHEW ERFESR, RA Y =38R, 201312
BIETF XX N RAARES OFH S ABHBRIET TH S
ZefR BT, KORBERLY
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(B ThH 7 =L U - ¥ 48 #ERE O 56 A PR Bt Ak 574 ]
OWFeRES © FHIE IR EHESE CRRURFRFB T R0IER)
AR 2T S Te %« AR B IERISHER L5 15)
O 7%} O ZE R
T F—EWLEIC LY, o AEES SR 2 A8 LT, AR L ZBCERCHEMN Lz 91 L4 3 Rk
HTHRI)ZF LY 7Y a— VG IRE Mal-PEG IRE) & 57k % PEG #3844 (4 5% PEG-Mal & 8 43Ik PEG-SH) i\ C,
PR FIE O MBI & ATz, L — P =SS L 2 B80S, BRI A 702 —5 LNVOWIE%E 43 5 PEG
PORLERAERMTETVWL I EEZWLMNIT L7z, ADP 4 REERTH 5 7 ¥ 7 — BIZHOGIEM (Alexadl8) & F 4 — V% &
SAUHBALTEY, #EICEHETE 2. MEEATEOFIICE L TIE, TE¥I—EELA%S0MkiEE AT 2 CD39 OR{sTHl
2 ARZFH L TI79. CD39 OBARFHLIEZARICHOUEGRE M I MREAFHLCFA—VELEA L, MalPEG &I &
D BEERMAOREELZ Al ERL = —BHEIC L 2806, RERONOBEL;ERTE 22, B b
M O 72 OE A YRR D TV D, £/, BEIRBETF LY 7 ANOBIEER D DTV 5.
O ZeR gD AT
(R
Pt
CFRFEF)
L [MklREs] SPR#E, PEG IREFHEMAC X 2 Mg o LifiisH & WEMIBBM~ORM 4 13 bl H KRR ERRS,
5B, 20144E3 H4AH5 6 H
2. [HMakiE] <SpAt#sih, PEG IREIFSEMAIC & 2 Mo K & B MBI~ OB 410 15/ 27 1 ¥ ¥ 51 FH4E
34—, W 20144:3 )73 H
3. [MCHEGEGE] SPRHG, B0 TIC & 2 Mo IR B & BERR R % HIR L MBI~ ORH H2MBERN, <7 T
VAL JLBELFIIESEF S, Wil 2013412 H 16 H
4. [ZHGEE] FN#E, PEG IREFLGARIC X 2 R 0 RIS & BIGEERICOHE 5535 MHANS <7 7T VERK
£, Wt 20134E11 25 H, 26 H

5. [OBEZEF] Yuji Teramura Madoka Takai and Bo Nilsson, “A new approach to microencapsulation of pancreatic islets

within stable ultra-thin membranes for cell transplantation”, 14th World Congress of the International Pancreas and Islet

Transplant Association (IPITA 2013)in Monterey, USA, Sep 24-27, 2013.

[864REEIC $5 7 B Scleraxis DFEIIEHH & HeaE]
OWfFeESR « IR gz GRS R F B 0 7e Rt
TRAEFEFE eI L mITZe s « B Mim) e (RS T-RkEHE S 1)
OWF g% S OBFZE 4.

IHETICHFA DRIV — 713, B - Wi o5 b - @z il LT 2 b-HLH B ORE K §-Td % Scleraxis(Scx) 23
BRI CTO R L CnB I L2 AL CTWwa. F72, Sex ®%3l% Green Fluorescent Protein (GFP) THHULT X % SexGFP Tg
YYRAEBILTWAS, WBEICBIT S AT = AV A ML AL Scx DRRERNTT 5 72012, SexGFP Tg <7 A% LTk
IBIES AL, IAREZ W CIERIRSRE DR 2R LBl Lz, Tofis, HBRBEICBT S Scx o58d, #FillT
AL, FHEMTEKTL W F72, FFMMOWMREE T, Scx DFBL AT - T, HER TGF-B O @I BIASHHE X
N, TGFBZHMDY 7 FVorFTdh b Smad3 D) Y BRALOITLHEDI D b7z, o T Sex TR SN D XA =H v
A M VARCREEEZRTIEER T TH Y, RRICEIT % Scx OFBHIHICIE TGF-B-Smad2/3 ¥ 7+ ¥ FHHEELTnw5bs
EAURIE STz, ARBSHIILIC B B Sex OFIH A 7 = X LD WTIHNTT 572012, 5 v bOREKEF L SDT Y b ra—
AP X o THL N EARBMI 2 5538 L, %80 growth factor (GF) (TGF-p2, BMP4, FGF2 B & O° GDF5) # i+ 5 Z &
W2&D, EOGFIZKIE LT Sex DFEBID AT 2 D92 ME L7z, Sex DFEBLL NV OFNTIZIEY) 7V 5 4 A PCR & Wi
ZOMER, T v MEEEEARBOHIL T TGF-R2 OFMIC L D Sex OFHL NVDIRD LA T LI LBHLNE o7z S5,
~ 7 Z SR H R oMk & LT S Twv 2 PDLL2 128 W T b RO R E SNl
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—77, BRIRBLHIE T O Scx DRREICOWTHRET 2720, Ly Fo A VAZFHAL T v MEERRPHIZICE W T Sex @
BRIFEBLZ ATV, AIKALE R 3 5 BOBTE N AR T3 B2 L 2 AT L 7o, ROKALFEERAE 21 A HIZB W ChEM 2
TUHFY Ly FTHMELZHR, Ser Z@BFIEHL7MBTIE, a3y ba— e HRL CHEF A LsHH Sh w3
(28322 10 H H O siBUIESHIIC 351F % AR T-IEBLZ MM L 72HE R, Sex OBRIFEBUZ XV, Osteocalcin ]t U Osteopontin O 5 BUR
F&, Matrix Gla Protein J%. U Periostin D3 LA H5FE S 7z,

DLEoKEDRS, FEIINISE L TR LAHFES NS Sex 1&, RO AR L CTHIRIMIERT 22 L0k D, B
WEDEFEEDOMFFIZFHFL L Tndb 2 Lavmishe.

ORI &
(@30
% 4 bV () : Tensile force upregulates the expression of Scleraxis that has inhibitory action on mineralization of the periodontal
ligament fibroblasts

% () © Aki Takimoto, Masayoshi Kawatsu, Yuki Sugimoto, Tadafumi Kawamoto, Masahiro Seiryu, Etsuko Ikeda, Teruko

Takano-Ymamoto, Yuji Hiraki, and Chisa Shukunami

Pefa¥ g - Stem Cells

% 4 MV () : Expression of Scleraxis in the periodontal ligament during tooth movement in mice

% () : Masayoshi Kawatsu, Chisa Shukunami, Aki Takimoto, Masanari Iwasaki, Masahiro Seiryu, Etsuko Ikeda, Yuji Hiraki,

and Teruko Takano-Yamamoto

YFi ¥ 22  Journal of Dental Research
- ZORDOTRHRE
€ iy
D) IUARET - EIENROBE T 7V & F v 72 BRI = v F Ot 20120312, 5048, Pk 23 4EEE L MBFsE sy [T 4R
- PHAERFR ORGSR AT TSR
2) WIARRT : FIENROBENE 7L % 72 kiR = v F OMFT. 2013.03.15, HUH, PR 24 AEEEILMATZE S (1A
- FAESE O S A i R eI R ) ISR
(BN D253
D) WA, fEEAME NEEER, EWIESA, AR, B #EE] AR BT 5 Scleraxis DFEBLE £ Ol Regulation
of Scleraxis expression in the periodontal ligament. 2012.07.19-21, # 5T, 4 30 [l H AR B FESC TLHREE
2) JNIEEIERE © HAIRIC B1) % Scleraxis DFEBL & BIEME ORI & 2 2L, 2012.09.14-15, KUK, 55 13 MLEB) 2R
WFgE &I T3
3) NEEIERE, ‘AW, (EURIEsA, MWEBC, WA g, fREAME IRRT IR OREE TV 2 H v 2RI B
% Scleraxis OHEFEMAT  Functional analysis of Scleraxis in the periodontal ligament during experimental tooth movemet.
2012.09.26-28, HERE, 5571 Bl HAMGIEERAR KX TINHER EMARSEFHREATH
4) NEEIERE © HAIRIC 81T 5 Scleraxis OFEBL & BIEM K ORI & 2 2LOMHT. 2012.11.10, 5U#E, 5 9 I Skeletal Research
Meeting (2 T %3
5) JIEEIERE, #iWE i, WEIRiEsh, BB, FEA &, Ak, IIARRT © RTS8 2 MRS % L 72 Scleraxis
FEBLHH A S = X 5 Of#HT Mechanical stretch increases Scleraxis expression in periodontal ligament cells via the TGF-

beta signaling pathway. 2013.10.07-09, A7, & 72 o H ARBIERFFFESREITTRA ¥ =58k

(8240 stemness #iH5 % T 3 FTRP FOHRE]
OWFFeftae - W FE—18  HEe dE sz (U BE 27 0 W I 3 )
AR LM Te s« WA 2 Bk (FEARE 755 1T)
O 7R S O ZE R
FrlE, MI6 773V —DAF Ty FRTF ¥ —¥ nardilysin(NRDc) %, B5HAT- HB-EGF @ %%k & L Tl % L (Nishi
fi2 EMBO.J.2001), NRDc %5 ADAM 71 7 7 — ¥ Oifi b2 /- L T HB-EGF OMIfas K A 4 ¥ o= 74 ¥ 72 ¥ 5 2 &,
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NRDc ® ¥ =74 » ZHi5azh 313 HB-EGF [ZE S §, TNF-alpha % EJAH 2 RKEFTEIC RS Z & 2 W 5512 L 7= (Nishi fiit

JBC, 2006, Hiraoka it J. Neurochem, 2007 72 &). & 512 NRDc RIE~ 7 ZADfFHT LY, NRDc A= —LF2) Oy =74

¥ 7 %A L ORI - BB % W 5 2 & (Ohno i Nat. Neurosci. 2009), TNF-alpha @3 = 74 ¥ 7" & 2O T o IL-6 588

g A A L CH O AMEITICD 5 2 & (kanda fit EMBO Mol Med 2012) ZH{ 542 L, NRDc ® ¥ = 7«4 ¥ i1 & LCHE

FVEZB S A1 LT &7, —J5 NRDe 24N CIEMGERN (Y 2 7L HIK IS A b ¥ H3 IS LEGHEICE b Tw5

& (Linfls JBC 2012), PGC-lalpha &#i&L, Z0G a7 7 FX—5 —FEEEOIME 2 /- LT in vivo TORIEEGEA % HIH L

TWwbZ & axB 52012 L (Nat. Commun. 2014), NRDc ASRERFHEICEEREA AT 2B 0T L7z,

NRDc KiR< 7 2 & W72 P 7 — 21&, Wofrssmipiilia ot cEZ Ch oWtk mR L. $72, #iflo<
TADAETMIZEWTNRDe KIE 7 ZEEW R EFABIEZ E L2 Db b, ABFJETIRES & U A iz
stemness HEFFIZH1T 5 NRDe OFEEZHOMICT LI LA HNE Lz, SEEE, EGRALS X OV SIS E 21912 NRDe %
KIASEH I LT, #EILB L VFEDACBT S NRDe DI i5 SR 2 W 5 70129 % 7200 floxed % A DEERLZINY #LA,
B ORI NRDe KB~ 7 Z OVEHIZ ) L7z,

ORISR D AR

GRisT)

Ohno M, Hiraoka Y, Lichtenthaler S, Nishi K, Saijo S, Matsuoka T, Tomimoto H, Araki W, Takahashi R, Kita T, Kimura T and
Nardilysin prevents amyloid plaque formation by enhancing o-secretase activity in an Alzheimer’s disease mouse model
Neurobiol Aging 35: 213-22, 2014.
doi: 10.1016/j.neurobiolaging.2013.07.014.

Hiraoka Y, Matsuoka T, Ohno M, Nakamura K, Saijo S, Matsumura S, Nishi K, Sakamoto J, Chen Po-Min, Inoue K, Fushiki T, Kita
T, Kimura T and Nishi E*

Critical roles of nardilysin in the maintenance of body temperature homeostasis
Nat. Commun. 5: 3224, 2014.
doi: 10.1038/ncomms4224
(FRTEFR)

Nishi K, Sato Y, Ohno M, Hiraoka Y, Saijyo S, Sakamoto J, Chen P, Kita T, Inagaki N, Kimura T, Nishi E.
Nardilysin is a critical regulator of insulin secretion and glucose metabolism
American Heart Association scientific sessions 2013. Nov 18(15-19), 2013, Dallas, USA.

Hiraoka Y, T. Matsuoka, M. Ohno, K. Nishi, K. Nakamura, K, Kita, T. Kimura and E. Nishi.
Critical roles of a metalloendopeptidase nardilysin in cold-induced adaptive thermogenesis
ASCB (American Society for Cell Biology), Dec 14-18, 2013, New Orleans, USA

Ohno M, Watanabe S, Hiraoka Y, Nishi K, Saijo S, Sakamoto J, Chen PM, Kita T, Nishi E, Kimura T.
Nardilysin, an Activator of Ectodomain Shedding, is a Novel and Potent Biomarker for Acute Coronary Syndrome
(English session f#E75H)
55 115 [l H AR B2 20 s i )7 % (2013 4 6 1 15 0 5UHE)

REPSEAE T, CPISRHE, AN B 0 A PSR, JORTHE BE L dol @ b e RN R PEIE—IR
FUT 4 54 Y K BB R
(PRI EZH)
18 M HARRE 7 1 7 7 — B &P 4 2 (2013 4E 8 H 16-17 H, KBR)

VAR S R0, TSR, MRS, KIS, WRAIBA, A Bl P8 35N, SORTRR, BTG b G AR W) PESE—ER
IR E MRS B2 F V71 T4 7 v 0l
TR 25 4EIE InAAVEIERFE S (2013 42 9 /] 5-6 H,  Fji)

VAR S K07, TR SRHE, MRS, KEFPSSiF, WRAIBA, A B, P8 35N, SORTRS, B TG b G AR W PESE— AR
FNT 4 T4 Y IEPGC-lo & HlfHl§ 5 2 & TRIRIEH PEAER I & B0 L 2 TR 3 5
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&5 36 [0 H A>3 4F 43 (2013 41 12 )1 3-6 H, #liA)
PGS, lEiE—, KEPEAT, TTRZEH, TS h, SORTER, B g, MEEE, db i R, AR W), PE3E—H
FUFA G4 IV RIBEVEA 2 ¥l E lET 2
&5 36 [0 H A>3 4F 43 (2013 41 12 J1 3-6 H, #li)
KREFALS, PR, Lichtenthaler Stefan F, WAFHM, FA &, mAFRE, BORTRS B W@ Jt #L AN W,
PaHE— R
TUINAT=IFCBI LT VT4 T4 Y OEHE
45 36 Il H A 1AM 43 4E 42 (2013 4F 12  3-6 A, A7)
Nishi K, Sato Y, Ohno M, Hiraoka Y, Saijyo S, Sakamoto J, Chen P, Kita T, Inagaki N, Kimura T, Nishi E.
Nardylisin controls glucose metabolism through the regulation of insulin secretion
545 78 Il H A BRas A iR & (2014 4E 3 H 21 H, HUx0)
Saijo S, Hiraoka Y, Matsuoka T, Ohno M, Nakamura K, Matsumura S, Nishi K, Sakamoto J, Chen P, Kita T, Kimura T, Nishi E.
Nardilysin Regulates Adaptive Thermogenesis and Body Temperature Homeostasis through Modulation of PGC-1o.
55 78 Il H A B g2 b 23 (2014 42 3 /1 23 H, Hx0)
Sakamoto J, Chen PM, Saijo S, Nishi K, Ohno M, Kita T, Kimura T, Nishi E.
Nardilysin is Involved in Pressure Overload-induced Dysfunction and Fibrosis of Left Ventricle.

478 Il H AT B 2 XA AR & (2014 42 3 A 21 H, R0

(RBEFIFEED S OE b iPS ElRRMEMFRE~OT7 70— F]
O - ARG el FrEB 3 CREURSE iR A8 e > & —)
FAERBADIZEI L FATTER - T W % (ER L B 2 2057 )
OWrge#E# I OWFFERR

HEA L, MREEREEEZREL T2 YV = AT 4 7 ABMEOHR T, JeOfRiEIcE L, WUy —2 20 —2 T
Yt R & % AT % T4 ChIA-PET (Chromatin Interaction Analysis by Pair-End Tag Sequencing) # T, b bIMEMNE
LD IIZBEIIK I L T 5. SRl T, 1M NEMINE & 36l o precursor & & D IMECRMM K O e iPS #lig
EHWT, SMERICBITDREOAREO YA F I 7 AT 5Z & x HIE L/, ThE CoR@AEMRERIToREIE, #ieb
FOEHOMEENZIRA TRV L, H5 U LHEBOBN TR TE Tnina e, Thol, 22T, 4
mF 4 1%, BEAFO ChIA-PET 7 — & OF 722 700 ) X L 2 L GRSCBEAR T E), 2M base DL EBENZZAIE AR %, 5
72 B Y AR T OMEAEH OB IR L 72.

FRFEEZ VTR MERHIRMEAINE (HUVECs) & & b B bk (K562) 123517 % ChIA-PET 7— & Z T L, $#12H
HEAERAERL TV 2 I L, 20857 % hub gene 2 A4 1J7:. HIZ, RNA-seq DffRE G H I LT, hub gene
&R R AR A BRI S 5 2 &30 dr o 7z

G113, hub &£ o TV BHIRIZERL T B 7727 P —ZEST A &, HIZ, MLz Hl#T 2 X9 2Rk Bp K2
FIET 200, SEMHHEE LTHIRZED L TETH S.

ORISR DA

Gase

1. Yasuharu Kanki, Taichi Matsunaga, Kohei Yamamizu, Hiroyuki Aburatani, Youichiro Wada, Tatsuhiko Kodama, Jun K
Yamashita, Takashi Minamil Gnetic and Epigenetic Landscape of Endothelial Cells Differentiation reveal the Transcriptional
Factors Network ] (3557 &)

(FRFFR)

1. The 12t Intenational Society for Stem Cell Research Annunal Meeting (2014 4, /N> 7 —/N—=)IZTHE(FE)
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(v 2BFHREZ A 2BREROBCHER - MELBBICBT 7 EHM > DFS]
OWFERFEH « MR B CEPELY I 780
FHERFHANIZEFT L FANFZEE © R en] 8% (RS 2 7 A5 5F)
ORfF 78t K ORFZER A -
<7 AR OBMIL & LTS 5 GFRal BRI ORENOZEB 2, 74 T4 A=T Y THEERNV AT NVER v
T, WO TH—HML NV TR L7z, T ORI S 2% - 728l o BhRE L, 40 0L G U S TR @B Tl
HEZ Wb DTH o7z HIET) Y72 HWT, SETHRMBLEEL SN TEMIBE & BT, HMLfhoTwDd L ENT
RIAMICAREN D%, BRELT—20BIl T — L EEI o TuEH LW IHLWEFTVERELZ. T, ZoH
M7 — VDt A X B0 OIEIZ B D 2 MBS oz Wl L, 2hziEEs 2MRof e s b T, BN
B Y 2 T 2SO W TOFBOIAZ I S AT L7z,
ORFFERR DA FE
K. Hara, T. Nakagawa, H. Enomoto, M. Suzuki, M. Yamamoto, *B. D. Simons and *S. Yoshida: Mouse spermatogenic stem cells
continually interconvert between equipotent singly isolated and syncytial states. Cell Stem Cell 14 (5): 658-672(2014)
doi: http://dx.doi.org/10.1016/j.stem.2014.01.019
T. Shirakawa, R. Yaman-Deveci, S. Tomizawa, Y. Kamizato, K. Nakajima, H. Sone, Y. Sato, J. Sharif, A. Yamashita, Y. Takada-Hori
sawa, S. Yoshida, K. Ura, M. Muto, H. Koseki, T. Suda and *K. Ohbo : An epigenetic switch is crucial for spermatogonia to exit the
undifferentiated state toward a Kit-positive identity Development 140, 3565-3576 (2013) September 1
doi: 10.1242/dev.094045
- HRE
CRAFREE)
R4 © Sperm stem cell behavior in mouse testis. Workshop “Animal diversity and Developmental Biology II” International
Mini-Symposium, “Eco-Devo-Evo" 5 #f K2 FERE 2014 45 3 A 22 H
wHBAE - < ARTERZ 2 2 BMIB0 HCBR - 2L EB;ITB T L7 EA A Y OFG [HARES: - FAERROLm S
AL B ZEIL ) ST 25 4R BESL AT 7E 8 & sURROR S PR R AL AR JE T 2014 41 3 ) 12 H
FHRAE vy AR E LR AWM OIER e 2 OBE SRR EERAHET AR - PR O Sehm i It
WIRFSEHLEL ) PR 25 4R BEZPAiraliiii 2 mUif 20134 12 )1 25 H
S. Yoshida : In vivo behavior of mouse spermatogenic stem cells in testicular microenvironment. Institute of Biological Sciences
at Federal University of Minas Gerais, Belo Horizonte, Brazil, Nov. 29, 2013
S. Yoshida : Useful tools to investigate spermatogonial stem cells. Institute of Biological Sciences at Federal University of Minas
Gerais, Belo Horizonte, Brazil, Nov. 29, 2013
S. Yoshida: Towards the understanding of the sperm stem cell niche in the mouse testis. IV Workshop on Male Reproductive Bi-
ology, Sdo Paulo, Brazil, Nov. 27, 2013
S. Yoshida : Dynamics of the mouse spermatogenic stem cells in seminiferous tubules. IV Workshop on Male Reproductive Biol-
ogy, Sao Paulo, Brazil, Nov. 26, 2013
S. Yoshida : Spermatogenic stem cell dynamics in the mouse testis. EMBL Monterotondo, Italy, Oct 25, 2013
S. Yoshida: Toward the fuller understanding of identity and behavior of the mouse spermatogenic stem cells. Sapienza Univer-
sity of Rome, Italy, Oct 23, 2013
i H#AAE © Stem Cell Dynamics in Mouse Spermatogenesis : a combination of live-imaging, pulse-labeling, and in silico modeling
studies &4 - MRAAEWY: - AT 2AWF Y a4 vy A=A ZRITCERA A=V v ZICHEDSHIME TN & V72
WG Y 2T 5 OFFATIEARROMSE - ZEMa 58 201346 J1 28 H
TR IR A OV ABEGEHT 7 A VAR Y ) — A v AFTFREEHEOEAE 55 T v B 2013
6 H 26 HEERAM - LFAFZERSE £ I F—  FEERFENZEITE I - —)
S. Yoshida : Niche microenvironment for the mouse spermatogenic stem cells. The XXII North American Testis workshop “The

Foundations of Male Fertility”, San Antonio, Texas, April 10-13, 2013
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(WFgeses)

e A, LIEERSE, lINELE, HERAE R R B NS = v T O] BRI RRFEY YRy
£ 2013 fF 20134F 11 18 H-20 H

dedf Hh ul#ESE, WNPLRL HHBRA = v FRUNRBNC X 2R TRl o BT Y A TS 2013 K
B 20134-11 H14 H-15H

K. Hara and S. Yoshida: Maintenance of spermatogenic stem cells follows from dynamic heterogeneity in mouse testis. Cold
Spring Harbor Laboratory Meeting on Stem Cell Biology, Cold Spring Harbor, New York, USA, October 24 -28, 2013

Y. Kitadate, S. Yoshida : Peritubular cells expressing CXCL12/FGF5 sustain spermatogonial stem cells in mice. Cold Spring Har-
bor Laboratory Meeting on Stem Cell Biology, Cold Spring Harbor, New York, USA, October 24-28, 2013

BESET, A St HEBRE LT A YRISEEORE— 2 e~ v AR R R S5 HABWARE
84 k% Ml 20134E9 /1 26-28 H

L W, SHBRA <y 2O EE HENRIIRT ofBIEE  HAREYFESE 84 ks Ml 2013429 H 26-28 H

JAELR], EERAE < AR TERIRO SR I A 5 106 [ A ABRIA ks B 20134E9 12 A-14 H

dbdf #h, ALIDTERESE, TNEE, HHEAL  BFERAS Y L MEOT A X)) v ZEA IR [ - kT vy v
TNZBVT B EAAE O BHE | KB 2013 4 8 J1 26 H-28 H

Y. Kitadate and S. Yoshida : Characterization of mammalian spermatogenic stem cell niche. The 46th annual meeting for the

Japanese Society of Developmental Biologists (JSDB)cosponsored by the Asia-Pacific Developmental Biology Network
(APDBN), Kunibiki Messe, Matsue, Shimane, Japan, May 28-31, 2013
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2014 FEHARMERE—E

W R #F A ER AT AL [ A 7E wEoge RO &

B FREE A S W ZE AT RO R | A B e A i < o0 7 . 41 F E P BB L7
é%ﬁ)f;"%t vy — %2& E% W% A~ %i@ﬂ’%*ﬂ”ﬂOD)‘ﬁﬁifﬁ%“'ﬂ%#ﬁé@ﬁ HAHIZ B B
BREL S S s LSO FIsE 2 TCRB Ul T HEM O BT
INEYNEYNES TV T AN S i A S N o S e g 25— 4 VIRRST Y % T v HspA7 O B3 5 R
THH Ak % B #hiE] R FIZBIT H1%H
RIPRER AT ARG BT i M A 25255 F fibulin-4 o -0 47 B REHERE 12 B 1 5 &8
ek BT Bi# B MW Bz i H
B SR S WEZE i AR 20 B o AT - e ” - . ey

B GRE ) FEAL RS 5517 5 WA 0 9 B B  FE 55
syl td osddnl Ll B/ 70— 7 DI
W IR RF BE DS SR AR R TE R | R ARAE R 0 B NAF =T TV E GRS 2z A Y T —
US| €53 A sk AR o D ARSI S
SRR I AL R R e i B MRS FL 270 W HIEPIHF AT TO A4 > A1) V50t o [E AL &
EI EE fF%ER alOEk % Z D HEAERERE O AT
[ AR FE T P2 2 B ) ) 2 0 B Y7774y v ak iz Bk SRR B b B SR
Nk w— 3% LR S €53 el SR D i1
SRR R AR BE B S 7E R FHAE I 07 i iPS Mifa A & F3E L 72 g 1233 2 S FUS IC D v T o
Bl R REEEE A R B WM — B —AEOFA LGS Z B L T-
AR e LA ge FLRR RIS H o B REGHIRaAE A AR 2 B8 L7z, HE AR NS A R Bh R o i
il B iR PO #o% #r
FESLASAMITE Y & —WEeir | SBTS935 B N 53 WA IR 5% D T B 708 A i = 1~ X o B e B0l & 1]
RARBEF WF7ER 5 WH—HR AR L 7= RS R R e 1f) L i 0 fie 3
TR R A BE R A F 78 B JiBk o FEF S 45 R : -
R EE R SEME s ) W14 o B0 2 T A AR 0 B - WA I SR AT
Lo NG U AVRS S T s S N B L R e v ESHINBIC R 2 R8O & A0 o 32 B BRI
M 27 e Kek W MERE DB & Z ORI AT
FALRAERAE B A F 72 R T o3 LR A7 00 B N Ry~ .3 4 2 s
Lk R fillss (LR BRI 01 7RIS TAL S0 6 e
TURBHE LR R R AR e | s PR AR FEBR D) i i CRISPR/Cas9 #: & 4 A — ¥ ¥ FHifli # BRfli L 72~ w7 2 1F
JURHRNEA  #dZ bl S 5 €54 NEERT O FE A X 1 = X LI
WILRFRFBEEE ARG IIZER | /N4 & A J = 7 ZWFSR A OB 3IRITCT A TA A=V v T RO
bR dEBIR THE WE % XN )=, LTCOMBBREBEROEZEHES

5. #*REMA%R
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B &AM W

(EFDFREIZDE
Baz B MW HEEEZ s GEITORREE)) il w8 M, AEESC RIGERS b Sl
e B (WFZELD) GRS G HAEDIEHEE - > 7 —) AR &
Palwlife R - ApIinhse ORFBeE c# B PDIIT %

(EFMHEDE
% HMRE AR AR BhEcc R E—EE REMTCGREEE) NI, PRHEW, SEYR, ALY
FrEbfseH - MIF Ak BFJREE C BUTELRR RN C ERASE mART R
REppetk - BgEwRE, FHZ, BN 58 HEWHT, 4 564, mE B TR

il

HARRM, WA KA, AR B TERKES ZWBL, A M A IOt AR CPIRSEE
Wrgek  piHES  ECHgEH O NEEGE, ZHE 3, BIMEE], BEATER SEER T
RESILFBIZEE © AT RS, HHBIE, JKIEP%:
Z Ol - EARRE, IRSIETE, LRSS
GEBHSEM PS5
A% oEmER B AR WEGEEE) W MRS REEpfR - RERRE, ARG
728 : Ian Torao Hoffecker, WIRREs  FHHiKE : fokET
KRl - Edgar Yuji Egawa, B0 4, AMRIESE, BOIEFIR, WEEMGIS, PREfhse. R
EERAE A Rsedr, WISk, PHILE
RESILEBIZEE © NS, B, RS, RN $h CPEPIRA, RNIAR, BPHAEE, HA-R
(EHFPEZEIE (ERNER))
THHEER  F A

W BAEREHZHEHN i

(BEFEMRIE
(REH)
(BRI EHS 2 5F)
Bl MR B SUHECR, R B (BFFEIR) (R A B IR e v v —) ¢ RSO
AEAD GRS, WHEE BEBMER  CPIESs, BEIMARE BaimicR  BEET HEHEIER - MEeiT

¥
a

REFBEE 4 WP, SORRRTL, IR, HOtRER, MR, £ OR FoIra v, EFRSE AREYD, wIRA
(BEREFDE)

Bz oA & BhBC BINE T BERIEE G GERWED  EMREA FETER R W BT

HBHEE - NFHESE, BIHSEE, WHEASEL  BaEE RN ANEERER, ke

REpbesl - piH s, JTHEA, BERS, KEan, a8, —GE, Nicole Koller

B BEEZFICAMZEHRM B

(EHMEEICADE)
Iz Onfs o MR  ORTRE KRERRER ORI, OTERTEZE, CHATIR, OE W
WHEE - Clidiaie Ballifi e - O BT, OFEEE OREmLT, OANERE ORI, CIREBER, OREXE
HHEMER PRI BOBMMER - OBl B FEA  Oh RS
REFBEE © CRBSCT, CHAMEE, ONE & MM, ORI, ©Grinand Lue, “FE E, i
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(ERBECAYE
Iz P HEES dEEEE A B RRERgER - IR BR%ER & ki, EES (S
FHEMER - ZHWA, FERER RSB IR, B, Bk —1 (RRRIRRZESAD), RS, O
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