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Department of Molecular and Cellular Biology
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Assoc. Prof. Nobuko Hosokawa
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MR REMME AT, UTD 4207 L — 7 THREED TV 5.
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BATHIEILEST, REICHEHETBZENTE S,

Figure1 A large ERAD complex on the mammalian ER membrane
In the mammalian ER, a membrane-embedded ubiquitin ligase HRD1 forms a stoichiometric complex with
SEL1L, and a large complex is formed by the association of various ERAD components. SEL1L is an unstable
protein, which is stabilized by the association with HRD1.

SELIL 86K % s, /NakniETo IR, MBE CoMMICEE 324 2RTF»HEE - T, FEHITK
ERBHAEHREIEHR L CTwa. SELIL & v 87 B, AMRENIEICKRE R F A A4 V&2 FE, BMaky yRar sy
VRZBRVIFVEREL, IAT A=V R LZEEOZITEL 2175 T b, IiFLEMIL T SELIL ¥ /%
ZEIAEET, MINTHERD» 20 EZ T 5, HRDL & Y X7 HERATH I LI X > TREIHET S 2
EWTEDL. ¥R AOAEEREGRORE LR TS5 LI2X - T, Mlaiz kot AD—>TH L LE
ZbNb, RIEERT-BIE, b MEEEMEEZ VW T, HRDISELIL BiEARO L E M & - 0317825 1B b 2
WMOFEEIT- 72, 72, MAEA N LA - TRBDHE SN T L 2 BIET ORI b O TV 5.

(33 M)
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BEDE S LVERSIIF SN T HAERBICBWTEELRY =7 v bO—D2TH2H/5—F vV VHin% <
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wan = Rt
(1) BERNERZE = | (B)CDBED
ZITHEENERIL? = — AR MElE?

VAN 7] = I

AR vs< B ia

7 |

Vs

G 2)GEEREA? IJ =3 B

mQQﬁﬁﬂﬁ%“%“ \ i
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Figure2 Structurally distinct ai-antitrypsin polymers and their intracellular sorting
a1-Antitrypsin forms very regular polymer conformation, which well resembles to the native, by swapping the
structural motifs. Three mechanisms were so far identified and can be distinguished by finding the motifs where
they swap. In cells, they are likely to be recognized and sorted as (a) a pathogenic polymer that stably accumu-
lates and leads to the disease (b) a substrate for degradation (c) a substrate for secretion.
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BE LB T 7y~ —%, W—ORNA 7— v h5@IRTX 2RI EZMT L, BBBICHE L7

MO GETHR LY ayYavnzoruxF YV ETY Y IG5 GAGARTFICNT 27 75 < —
EHOTBATIC X o T, BIMHRECB T 5Ny 7 7 —Ob$ 0 RIEIRIEDOELY, BEEEAKROMEEZHAL S 2
LHEEWPL NI L. oIS, BEHRHEEEE L CEH ST\ b paused  polymerase O R HEREIZ B 1)
% HAREEG N T RO DM H 72 5 B %2 DT 2D ELEZ TWwb (K 3).

EGAEEN D, BT =7 v RTF FICNT 535 RNA 778 —0H 2 A TWD. 27— U iES
KT 2HEMBIMRIIFEEL 2. Zhud, SO, AT IR TE VW L2 EIKL TS, &
DX IZHEMEPUEIER T & 2 VIO LT, 778 <~ —ORUSHTRED, £z, €07 75~ —
FERICH R HEZ RS 02 TP 22 2 L2 B L TR L. BRATE, Ao hTniy
boo, #EffiE LTHEWDS RV E2RTT— 30N, SHOBERICHErsb 5. (33 < PI5)

~ GAF plays important roles in transcription at several steps ~

.‘ GAGA factor

GAGA element Nucleosome

Repressed state by nucleosomes

NURF Transcriptional regulation by GAF (1)
( w Nucleosome remodeling via NURF
—Potentiating the preinitiation complex formation
/&;AGAF] inhibits this process.
Transcriptional regulation by GAF (2) -\ P i

1C formation
/{%\(;Am 4 inhibits this process.

Dependent on the GAGA element at the promoter A
Preinitiation O:O
At the process of the preiniation complex formation complex

Transcriptional regulation by GAF (3) “ Reinitiation or
Independent of the GAGA element at the promoter C !! A Elongatlon
At the process after the initiation, i.e.,reinitiation or elongation Complex

transcnbed
RNA

3 GAGA RFNEEDREFEICH T 51%E
GAF I & 285557 (1)

NURF 25 L7=2A~F > DU ETF ) > 7 preinitiation complex DR % AIEEIC T 5.
GAF (Z & 2555851 (2)

BEEREEIRICTFEET 5 GAGA B5IICKTFRY 4:BF2 | preinitiation complex DR
AGAF1 7727 — 132D Ty T%BEET 3.

GAF (Z & 2 55 3RE (3)

GAGA FR5II3E&TZ/0 40 :BFE © BIIALIBED X 7 v 7T, HEBFE, re-initiation 1872
AGAF14 7723 —3ZDXTy THBET 3.

Figure3 GAF plays important roles in transcription at several steps
Transcriptional regulation by GAF (1)
Nucleosome remodeling via NURF : Potentiating the preinitiation complex formation
Transcriptional regulation by GAF (2)
Dependent on the GAGA element at the promoter
The process of the preiniation complex formation.
AGAF 1 aptamer inhibits the formation of preinitation complex.
Transcriptional regulation by GAF (3)
Independent of the GAGA element at the promoter
The process after the initiation, i.e.,reinitiation or elongation.
AGAF 14 aptamer inhibits these step.

4 BRI ZT BB



Annual Report 2013

D2
5 D2
—

12RSS

t 4
Sequencing D#ER. HITIF%LCI? THo 1=

D2inv N J2.1
*+*23R55 GCCCCCCCAGTCCC TAACTATGC ="
ATMH/+ eeeeeees GCCCCCCCAGTCCC CTATGC =+
ATM=/=  eemeeeres GCCCCCCCAGTCCC AGAGGG GC*=*

D2{IMCEIE, SEQLIICIZRSSEMM TSR THEYHLBR THLVELY.

D2inv. J2.1 J2.2
S —
¥ mJ) . e
$J? cJ? S

4 D2-J21 DEELMIZ TR Sh-EE
A3k 3' D2 23RSS MFAF T RAG ICL WEIMIE N AR X A DI, 5 D2 12RSS DA CHIMI & h T =, Z DIER,
D2 [FWE X (CJ2.1 EDHEH - TV,

Figure4 Aberrantly rearranged D2J2.1 construct
RAG did cut 5 12RSS, although it normally cuts 3’ 23RSS. As a result, inverted D2 was joined to J2.1.

4. EE~ 7 ABEIREVHEEh3RE L TCRB $#Hi#faT V(D)J M 2 BEDHR

HI4EEE £ TIZ, TCRP $# nT D2-]21 & 5\ i3 D2-J22 Ml 2 OMBE TR WHEE LN SE LN, 7)) v K -
VaAdybEeEZONDLHREE, PCR TIEFH Y AMIg2 S LT/, PCR EW ORI & g Lz &
5, D2-]21 oMz TEINA T v K-V af y bTlE%L, 512RSS & D2 o THManizD2a -7+ ~
FIYFPHMEL]2l I—=F 4 YTV REEAE L =TT - Vaf b THLEZEFHAHLZ(K4).
AROMIEZTI21 A—T 1 v 7Ty FERFEAETAHDIE, 3 23RSS & D2 oM TUIMrSn/z-D2a—74 7T
FTHhh»o, 20X %R VD] HHKIIRETHS. D2-122DMBPZTEINATY v F - VaAf v bBFBES
NTWeboD, Y7 F VY FOKGEPREIN TR WER GG TH > 72,

JEAHEIY DNA Kk S48 CHE L% %2 87- L T\ % ATM (ataxia-telangiectasia mutated) ¥ 7327 % /K £
L, VOB ERNEATLEIENICHAMONT VS, o, N TY Y R Vaf VARSI T%
HZEBWEINTVE. LA Lado5mB oS LHEoRIEERR, ATM <7 2R WTEAL
TIEWih o7z D] TG S B RIS, BB AR F USF-1 285 D2 12RSS IZ#5A L D2 i 7'a € —
=G ZIH L TW5B I LD, i SNz, T USF-1 OFEEDS, ARG L RAGIZ X 5 D2-J21
BLUD2J22 BEWBIBAM 50082 RIFL, RELMBIOBERICRo72E2 605, (OUH - HBEAR)

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

One of the research interests in the Department of Molecular and Cellular Biology is the study on the regulation
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and function of molecular chaperones/stress proteins and lectins, and on 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
mechanism (ERQC). Terminally misfolded polypeptides in the ER are degraded by the cytoplasmic proteasomes af-
ter retrotranslocation 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 N-glycans and the recognition of specific
sugar moieties by the lectins.

At the ER membrane, membrane-embedded ubiquitin ligases ubiquitinate proteins that are extracted from
the ER. HRD1, a multi-pass transmemebrane ubiquitin ligase stoichiometrically associates with SEL1L, a single-
pass membrane protein, and further forms a large complex by the association of various components to regulate
the ERAD (Figure 1). SELIL protein has a large domain in the ER lumen, and associates with chaperone proteins
and lectins. In mammalian cells, SEL1L protein is unstable and is rapidly degraded, which is stabilized by the asso-
ciation with HRD1. We have recently identified the SEL1L domain that is responsible for its instability and degra-
dation of ERAD substrates. Also, we are studying on proteins that are upregulated by ER stress, and now focusing

on proteins that have characteristics of possible new chaperones. (by N. Hosokawa)

2. Chasing the pathogenic protein aggregation : their formation and structural equilibrium

One of the most important targets in frontier regeneration therapy will be Parkinson’s disease, which is largely
induced by the protein aggregations and their accumulation. Alzheimer’s disease and Huntington's disease are
other famous examples. Protein aggregation occurs when proteins are unable to fold properly e.g. due to the famil-
ial mutations, and their accumulation occurs when they are not properly degraded.

We have focused on the underlying molecular mechanism for the ou-antitrypsin deficiency. It is very popular
disease in North Europe and America because not a small number of Caucasians have Z-allele genetic defect (4%
for heterozygote and 0.1% for homozygote), while we Mongoloid have almost none of pathogenic mutations. ou-Anti
trypsin deficiency is typically characterized by the intracellular deposition of the ou-antitrypsin aggregates and in-
clusion bodies in patient hepatocyte. This seems to be the direct cause for juvenile cirrhosis, and alternatively em-
physema due to the lack of secreted ou-antitrypsin in plasma that inhibits neutrophil elastase. We first examined
how ou-antitrypsin can polymerize in vitro on the basis of X-ray crystallographic techniques. Interestingly, oi-anti
trypsin can polymerize via at least 3 distinct mechanisms by swapping their structural motifs in different ways.
Each polymer structure seems very similar to the native ou-antitrypsin structure. The lack of structural abnormal-
ity might tell why antitrypsin aggregates are able to escape from degradation and stably accumulate in cells. Im-
portantly, only one of the polymer forms well accumulated in the liver inclusions obtained from the Z-ou-antitrypsin
patient, which was confirmed by a monoclonal antibody sensitive to the polymer forms. Further cellular studies in-

dicated the other polymer forms seemed to be degraded or secreted. These collectively suggested many ou-anti
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trypsin polymer forms may exist in equilibrium but not all are pathogenic. Moreover, it has been recently revealed
that each polymer form can modulate their structure, indicating protein toxicity might also modulate. Now, ques-
tions on the ou-antitrypsin deficiency are as follows (1) how these dynamic polymer formation affects the intracellu-
lar homeostasis (2) where is the most toxic fraction of polymers (3) how cellular systems watch and sort these struc-

turally distinct polymer forms. (by M. Yamasaki)

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

We showed a novel selection procedure for RNA aptamers against a protein that constitutes a single struc-
tural domain, and published the paper entitled “Perturbation of discrete sites on a single protein domain with RNA
aptamers; Targeting of different sides of the TATA-binding protein (TBP)”. We obtained two kinds of aptamer
which bind to GAF with a high affinity using a same procedure. Using these aptamers a little change of buffer con-
dition of the nuclear preparation leads the difference of transcription complex. This result leads to clarify the role of
basic transcription factors in the paused polymerase establishment, which is refocused as an important step of
transcription control.

To figure out the effectiveness of RNA aptamer against proteins with weak antigenecity, we started the selec-
tion of RN A aptamers against collagen peptides. There is no antibody against to functional domains of collagen that
means there domains have weak antigenicity. If we get RNA aptamers against these regions, it could be a direct
evidence of the availability for the molecule with low antigenecity. We have not gotten satisfied aptamer, but a cou-

ple of data suggest our strategy is right way to get molecules. (by K. Hirayoshi)

4. Aberrant TCRp gene V (D) J recombinational products from normal murine thymus.

We had detected very rarely recombined “hybrid joints” between Terb D2 and J2.1 or J2.2 by PCR. Sequencing
has revealed that the “hybrid joint” between D2 and J2.1 is actually an aberrant coding joint between inverted 5 D
2 coding end and J2.1 coding end (Figure 4). For normal D2-]2 rearrangement, the 3’ D2 side is cut. Also sequencing
has confirmed the hybrid joint between D2 signal end and J2.2 coding end. Unexpectedly, however, the signal end
is not intact.

Lack of ATM (ataxia-telangiectasia mutated), which plays an important role in non-homologous DNA end join-
ing pathway, often predisposes mice to lymphomas and contributes to generate hybrid joints. Nevertheless, we
could not detect these aberrant constructs more frequently in ATM”" thymus. It has been reported that a tran-
scription factor USF-1 binds with the 5 D2 12RSS and suppresses the transcription from the D2 upstream pro-
moter when D-J rearrangement occurs. Therefore, it is likely that the USF-1 binding sterically affects D2-J2.1 and

D2-J2.2 complex formation by RAG leading to aberrant joining. (by S. Fujimoto)
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(1) SRR O RBENHTZE

IEHZRERE, IR CHEIE L TRIBISE 2R3 2%, IEHHOHBMSS LTS Lawv. $72, TL
NVE—IZALNDER R EIE LT 2BEA2 AL TwD. o) RIEHCER, REES VRO I
BAH=ALELT, il T (Regulatory T cells, Treg & W) X 2 IHIHIHAEETH S, FOFEHER
WIXHCREWR, TUVLVX—0BEKERS. $7: Treg 2N E LT, ORI, IMHIRRIRGTIC & D #E 02,
ESROER - TTEZIXY, ZOBIEIR, IIHIREIRALIC X O BRI N3 2 RIEEEOFES TR TH 5.

WEAERE, Treg I34RL N T Foxp3 ZHFRMICIEIR T 2%, it RBMOLENZRO7201213 epigenetic %
EPVETHD I L RR LI RIEEE, 7 A& TO CpG B A F VALEBAL &2 MedIP i THiZ L, Treg fFRMY
BEx FMALE 2 L72E 25, §XTORXFIVALEALD 9 B 02% 25 Treg FRMBEA F VL H LT
BelrC, 1RFEM % Treg BB X F VALIHAL % Bisulphite & CREMNICIRAT, AL, TN 5HA° Treg FFRM T Y
FIhAR—H—bL L THE FHTHLILERL. E5I2, Foxp3 #AEhire Treg FFRMNE X F VLI O
BItR, TR TRBUCBIT 2 ZNENORE G L7z, ZOME, Treg FRMPA F LB, FL LT
IUNVHF—ELTHE, —7, foxp3ld) 7Ly —L L THWTWA I ERHLNE 72, ZRH5DHAIL,
FERERVICZE 2 Treg OIERIC L A & MUEIREOHIEICEETH 5.

(2) HORIE, MERE BHGRIEOLFEMIIZ

WHFZEETIE, & b FoxP3'Treg ZHEEMWIC3H 7Ly MIFTH 5T LERL, HEOH Ty b &EY
E35H5Z LT, b ModEN, EHWREISEOREEL B L TWD. ToOE, BEWIZHL, & IMENEED
FWEEYE T MY 7 v b (effector Treg, eTreg & W) ORI %K 57207 T, ORI Z MM - iR
fbcE2WREMEEZ R L7z, 612, TOHREZEEIZEDOER - MILISH XL, eTreg lIZEIRW 2~ — 4 —
BYERELEZA, GHEBEHELTTENIAL LT —CCRADS, eTreglZHEFEHLTHBD, ¥ NAK
R LA & ERE N T CCRA'T Mg 2 Br 37 4uUE, KB eTreg A TE& 2 etk WM L7 FEEB, WA
ARSI T A2 T, BB N T CCRA'T Ml 2 B2 L7z T Mgt 2 B bUE X7 F F TR L 7= &£ 25, &
PSR CD4, CD8T Milld 2 338 T & 7o, FARDIRIEIC X Y, MEEHURRFRM T HIRIE X 7/ — < BB K
U YSER S B FEWRETH o 72 & b CCRA PUkIL, AFRITL VAN T Ml E i/ ) > 73 (adult T cell leuke-
mia/lymphoma, ATLL) DiEHIEE LCHAWT SN TWA. ATLL filigld, Foxp3 3B L THEBY, Treg DEHL
L7220 eEZLNTWA. FEEE, PUCCRA Pifk 2 &5 S N7 BB KM TI&, MO A% 59, eTreg
AR EIITHA L CTB Y, 20 X9 2 EHEHK CCRA T Mla % B E N TH CH MRS X > Tl
% L RS USRI CD4, CD8T MR DAL & A4 M A A VAR SN Z ORI, (IHh 0%, FFICHE
RO WT, HUCCRAVUAIR G AT X % eTreg RE LW T 7 F I X B RIEREDV AR TH 5 W el % BR T 5.
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T OWRABRZ RERIAT A TPETDH 5.

(3) HLVEIWE TV EHWZBE) 7~ F ORI - SR O

WRFFESR THEY. L 72 SKG 7 A1, SRIEMILFMIC e b OBETY v~ F LB 5@V %% HRRIET 5.
ZOHEREETFIE, THBEIEL 7% — (T cell receptor, TCR)IE FIZAES 5 Y 7 F V5T Thb ZAP-70 T
HY, TOSH2 FAL v O—$FIERIZ L > CHBR;FEI NS, BEELD, ZOBRTEROHCRIENR
FHAEIC BT 2 BRE BT XL, ZAP-70 50 FOMkA AT I VAR EZ L, £OSH2 FA 4 » & TCR
SHITAM ML E DREEDR LD /) v 7 4 YT AZAERL, T LTWw5. RIERE, LRE2 ANz ZAP-70 &
FOREEZELE TCR ML OREEEL O, BLOY 7 FUEEOELIZOWTHN Lz, ZORKE, 75N
BREE L, MRICB T 2 IER ORI, Treg DEADEERICOWT, TCR ¥ 7 FVRMEEIZL S TCR LS N 7OHLE
PUBEEN O, R Treg OEARTIC L VIFEOBCHIERZHFLETE 25 LOREG.

This department studies : (i) the cellular and molecular basis of immunologic self-tolerance and the etio-pathol
ogy of autoimmune disease ; (ii) the strategy for eliciting effective immune responses to autologous tumor cells, or
inducing immunologic tolerance to organ transplants, by manipulating the mechanism of immunologic self-toler
ance; and (iii) the cause and pathogenetic mechanism of rheumatoid arthritis by utilizing an animal model estab-
lished 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). We previously showed that the transcription factor
Foxp3 is a master regulator of their development and function. In the previous year, we showed that Treg develop-
ment was achieved by the combination of two independent processes, i.e., the expression of Foxp3 and the estab-
lishment of Treg-type CpG hypomethylation, both induced by TCR stimulation. This year we have analyzed
genome-wide methylation status of Treg cells compared with conventional T cells. By MeDIP sequencing and
more precisely by Bisulfite sequencing, we found that limited regions of the genome (~0.2%) were differentially
methylated between the two populations ; these regions were mainly present in gene bodies and non-CpG islands,
and specifically demethylated in Tregs. Transcription start site analysis by CAGE method has revealed that these
Treg-specific demethylated regions mainly act as enhancers of gene regulation while Foxp3-binndinngs site as
gene repressors upon TCR stimulation. These results indicate that Treg-specific epigenome changes and Foxp3
expression play distinct roles in Treg development and function. These findings are instrumental for constructing
functionally stable Treg cells for clinical use.

This laboratory has been studying Treg cells in humans. We have shown that human FOXP3" T cells can be
dissected into three subpopulations including suppressive and non-suppressive ones. The most differentiated and
suppressive population is FOXP3-high CD25-high CD45RA-low cells, called effector Treg (eTreg) cells. To en-
hance immune responses by specifically depleting eTreg cells, we have been looking for a cell surface molecule
that is selectively expressed by eTreg cells. One of the candidates has turned out to be the chemokine receptor
CCRA4. Indeed in vitro depletion of CCR4" cells from peripheral blood T cells selectively reduced eTreg cells and

evoked immune responses against tumor-associated antigens in healthy individuals and also in cancer patients. In
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vivo administration of anti-CCR4 monoclonal antibody, which is now in use to kill CCR4" leukemic cells in adult T-
cell leukemia/lymphoma patients in Japan, also eliminated eTreg cells and evoked immune responses against leu-
kemic cells by CD4 and CD8 T cells in patients. Based on these findings we plan to embark a new immunotherapy
of cancer this year by depleting eTreg cells and subsequently immunizing with cancer vaccine.

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. This year, we have established another animal model of auto-
immune disease by introducing a variety of mutations in the ZAP-70 gene in mice. One of such ZAP-70 gene
knock-in mice spontaneously developed not only arthritis but also colitis, which are immunopathologically similar
to RA and inflammatory bowel disease in humans. We have investigated how the mutation affects the structure of
ZAP-70 and the binding of ZAP-70 to TCR{ chains, and downstream signal transduction. These spontaneous mod-
els of autoimmune disease due to TCR signal alteration are instrumental in understanding the pathogenetic mecha-

nisms of autoimmune diseases in humans and devising new ways of their prevention and treatment,
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immune responses in humans. Annual Meeting of the Japanese Society for Inmunology, 2013(2013.12.11-13.
i)

Ito Yoshinaga, Hashimoto Motomu, Nomura Takashi , Sakaguchi Noriko, Sakaguchi Shimon: An arthritogenic
TCR obtained from CD4" T cell in spontaneous autoimmune arthritis. Annual Meeting of the Japanese Soci-
ety for Immunology, 2013(2013.12.11-13. %&Rk)

Dennis Adeegbe, Daisuke Sugiyama, Hiroyoshi Nishikawa, Shimon Sakaguchi: Accumulation of CD4"Foxp3" Treg
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Shimon Sakaguchi: The Molecular Basis of Treg-Mediated Suppression. The 2" NIF Winter School 2013 on Ad-
vanced Immunology (2013.1.20-25. Singapore)

Shimon Sakaguchi: Genetic and epigenetic control of regulatory T cell development. JST-CREST International
Symposium Frontiers in Immunology and Inflammation from Molecules to Disease (2013.2.12-13. #5%)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. Tri-Institutional Immunology and Micro-
bial Pathogenesis Program Research Seminar Series (2013.34. New York USA)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. Immunology seminar Series Harvard
Medical School (2013.3.6. Boston USA)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. Inmunology seminar Series Massachu-
setts General Hospital (2013.3.7. Boston USA)

Shimon Sakaguchi: Regulatory T cells for immune tolerance and homeostasis. Karolinska Reseach Lectures at No-
bel Forum (2013.4.4. Stockholm Sweden)

Shimon Sakaguchi: Genetic and epigenetic control of regulatory T cell development. The Eberly Distinguished
Lectureship in Immunology (2013.4.25. Pittsburgh USA)

Shimon Sakaguchi: Epigenetics and plasticity of regulatory T cells. The American Association of Immunologists
Annual Meeting (2013.5.3-7. Hawaii USA)
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Shimon Sakaguchi: Altered T cell signal transduction and autoimmunity. 40th IMSUT (The Institute of Medical
Science, The University of Tokyo) Founding Commemorative Symposium (2013.5.31. #5%)

Shimon Sakaguchi: Genetic and epigenetic control of regulatory T cell development. The 6" International work-
shop of Kyoto T Cell Conference (2013.6.3-7. LL#K)

Shimon Sakaguchi: Genetic and epigenetic control of regulatory T cell development. Immunology Interest Group
Seminar Series in NIH (2013.6.12. Bethesda USA)

Shimon Sakaguchi: Genetic and epigenetic control of regulatory T cell development. Program in Immunology
Seminar Series University of Alabama at Birmingham (2013.6.13. Alabama USA)
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Shimon Sakaguchi: Plenary lecture : Control of immune responses by regulatory T cells. 15" International Con-
gress of Immunology (2013.8.22-27. Milan, Italy)

Shimon Sakaguchi: Treg cell-mediated control of adaptive immune responses. 4® International GK Symposium
Regulators of Adaptive Immunity (2013.9.27-29. Erlangen, Germany)

Shimon Sakaguchi: Keynote lecture Control of immune responses by regulatory T cells. 4" International Work-
shop on Humanized Mice (2013.9.30-10.2. Seoul, Korea)

Shimon Sakaguchi: Keynote lecture Regulatory T cells, Inmune Toleramce and Treg Plasticity. URI/EpiVax
Westin Immunogenicity Seminar (2013.10.8. Osaka)

WIESL : LB AR Treg & MR ETEBUNRE BT 2 SRR IIHIBAE & < OFTHIC X 2 72 2R g in

55 75 ] AR M5 S22 4 22 (2013.10.11-13. ALIE)
PGESC - G S & HlE T A BRI £ X 5 — (2013.11.1. KFR)
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YT - IES SR & filfE T Mle KYOTO MYELOMA FORUM (2013.11.9. (%K)

Shimon Sakaguchi: Keynote lecture : Regulatory T cells. 12" International Xenotransplantation Association Con-
gress 2013(2013.11.10-13. Osaka)

PGESC - EYE T M X 2 SeRIB &M 56 63 M H AR 7 LV ¥ — ARk 24l R4 (2013.11.28-30. H50)

PGESC « Hl#YE T M2 © Update 55 41 Inl H ARRRIR 0%~ 2443 (201311.27-29. T BY)

Shimon Sakaguchi: Genetic and epigenetic basis of regulatory T cell development and function. German-Japan Im-
munology Seminar 2013 in Shizuoka “Challenge in Immunology for Opening the Door to the Understanding
of Human System and Disease” (2013.12. 5-9. )

Shimon Sakaguchi: Distinct roles of epigenetic changes and Foxp3 expression in regulatory T cell development
and function. Annual Meeting of The Japanese Society for Immunology, 2013 (2013.12.11-13. %&R)

WOEX : GHOa—< 400y —0ik va—<vrfa/0y— 713—54 HEAODbz—< A4
/1Y =B HIZI A T (20131214, H50)
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HED AT LHIEZESEF

Department of Inmunobiology and Hematology

PHEE BR KEF EF

Prof. Takashi Nagasawa

(7B E]

) YONERZE A ST R COMBHIELR E ORIERHIE, ORI OE R E B E 222 T H B TR
faz» 6 —AJEIC D DEFEIIEA SN S, B wr iR, Aoz ShTws = v F (niche)
ENMHEN BRI R BN R THEFF S L, 2 ORI - SHEATHETI ST LN SN TE 22D 2 0= v F 0%
KIFRERPTH 72, 2003 4E, KEO Li 51, FHEOFHEMBO—FETH Y N » N ¥ Z2&HFEHT 5 SNO
A SN = v F 2K T 5 Z & 235 LIEH 3172 (Zhang, J. et al, Nature 425, 836-841(2003)). —77,
KE[D Morrison 513, EMFEHIEOZ% IZEHIENTROH O X 9 125403 2 IHEEMINE QR HICHEE T S 2
& & E L7z (Kiel, MJ. et al, Cell 121, 1109-1121(2005)). L#A*L, Li 5 OFE ORI & 7 o 7= 3% 10 #sii g o Ak
FEEEIE T L 135 29 (Kiel, M]. et al., Nature 449 ; 238-242(2007)), N &1 B~ Y /RIE~ 7 2 O il
BUZIEH TH Y, FFMROBMBEME= v 7L L COREITH SN B ITEE > TR,

M7ebid, INF T, BEFREIYAEZHCIEIICE ) 7 EH 4 >~ CXCLI2 & 2 DL 271k CXCR4
A5, BEAMNC BT 2 & M O fi~0 s — 3 ¥ 7 (AW S8, @452 L), AT oM i
N &I RS (B oAb LHUARE A2 12 L L 72 B M) o MR B Mlie (Bufk & A5 2 B84 i Uiiie) &g
AR ARE IR (pDC) (T A ¥ & — 7 =1 v 2L mICHEAT 2P0 4 U AR EE A i UML) o R
WHTH DI EZ SN L7z (Nagasawa, T. et al, Nawure 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)). & 512, CXCL12 AR 7
BN %2 WL S 5 2 & 5T & 5 CXCLI2 i# =1 HEC GFP Iz #1f A L7z~ A (CXCL12GFP / v 7 £ ~
X7 A)EHWT, BAREHEICB W CTEBPENICO E ATEICS M L CXCLI2 % m3 813 % Mgl (ML CXCL12-
abundant reticular (CAR) M) 25FET A2 2 & 2 A L7z, F72, IAREMINAE O Kifs513 CAR MIRICHLY B &
NTHEY, EMEZ s 2 0mP oMK, F5o B Ao BRI E i, pDC © K54 CAR #l
fadFEWHITB 21845 L Tz (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) ).

%

w2, Fh7zbid, CARMBOEATO=y FL LTORREZIMNT 5720, © MERWZRY 77 7#HFE(DT)
ZHRBIZTZHWTDT 2L ) CAR MILOKFRINMINIE 2 FHEY 5 2 L7 T& <7 A (LLk CAR Ml R~
7 A) RAERUMAT L7z, Zofi, CARMIBIE, &l oniiE & RO LHTH S 2 &, Bl
HISRAIE, ARILERET SRR OBFEIC b L TH B 2 &, EMISLHDOF A + A4 ¥ Tdh % CXCLI2, SCF D H i
TOFLHEEMBTHL L EZW LT /2, CARMBKE~Y Y 205 8MlE, REBRE N ERTE
A SN DM, IREMOMBEAFIICHA L TB Y, 4 o CAR Mo KE5 A58 3, BRIi#E D
FEANZ DTG N OB 2 W 5B L, B NRE TE IR X 223 IRIAIC b L7z 2 £ 25, CAR

A HERER R BT — 90—



Institute for Frontier Medical Sciences

AR B SR - BRIl L AT BRI Cd 5 & & 2SR 7z (Omatsuy, Y. et al, Immunity 33, 387-399(2010) ).
%

2012 4¢, >KE @ Morrison 512 & % SCF % 5385 2 #lily % #o6a ' GFP TW#{L T & % SCF-GFP / v 7 A
<7 A (SCF #ZF M GFP @151 % i A) DM T, & #i21% SCF % &8¢ 2 Mille 2542 7E L T CD150°CD
41" CDAS & ML /T Dy 67% L H#ET 5 2 &, SCF w38 L 7 F 524K (leptin receptor ; lepr) & 45
BINCEREIT B 2L sz, HIZ, LS F U ZFRCre FT AV 2=y 7wy AL Crel2& - TSCF
BIZTHRIBT B SCFYx < w7 Z Dff#T & ) SCF w58 BUMIIE € SCF & RIH S & 5 L M IaEas# 5 770 1
WA L7z 2 & 25 SCF &3 BB il = » FCTH 5 Z & Hily 7z (Ding, L. et al, Nature 481 ; 457-
462(2012)). izl <72 X 912 CARMIEIE, SCF o F7-2 mEEMIETH 5 2 & H» 5 SCF @Bz CAR A
ol Iz —ThorEEZ HND. EB, b, lepr 3EHICBWT CAR MM CHEMICHAT L L %
L7z WEEE, RE7 2> b Y R#% (Y P4 A) 0 Link 51, #h7eb & O ILEFSE C 8 B0 M P E ML % B
< FEMERAINE T CXCLI2 2 KHHT %~ ¥ A Tl EMBEMI A K3 % 2 & %7K L7z (Greenbaum, A. et al,, Nature
495 227-230(2013)). VLEX b, CARAMNEIE, CXCL12 & SCF % A9 % i Ml i IE  3 5l & 5k Pk o #E+F
WCHO =y FHINATH 2 L EZ 55 i =y > =), B, = v FICX2IEW ERBICBT 5 EMmE#O
EFEWOL 2T ST L2 HEIZL, CAR MO & #0574 (Omatsy, Y. et al, Nature in press), CAR
Ml o> 3 MM R ) > 7 SERATERHI NG % HEFE 3 % i, CAR MRS O BERMIIL O KR 5 % D 3 5 B, 2008 R0 i
Yedit TOMIMAET I BT 5 CAR ML OBERE & Z A BT 5 5 M, CAR Milao Aiwsfiia= v F& LT
O¥ERE % RIS 2 720 OIFFEICHL) HLA TV 5.

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 hema-
topoietic 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 117, 451-458 (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, suggesting that CAR cells function as
the special microenvironments, termed ‘niches” for HSCs and immune 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 allow selective abla-
tion of CAR cells within bone marrow and determined the nature and in vivo function of CAR cells as a niche for
HSCs and lympho-hematopoietic progenitors (Omatsu, Y. et al., Immunity 33, 387-399 (2010)). Short-term ablation of

CAR cells in vivo did not affect candidate niches, bone-lining osteoblasts or endothelial cells but severely impaired
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the adipogenic and osteogenic differentiation potential of marrow cells and production of SCF and CXCL12, and led
to a marked reduction in cycling lymphoid and erythroid progenitors. HSCs from CAR cell-depleted mice were re-
duced in number and cell size, were more quiescent and had increased expression of early myeloid selector genes,
similar to the phenotype of wild-type HSCs cultured without a niche. Thus, the niche composed of adipo-osteogenic
progenitors is required for production of CXCL12 and SCF, proliferation of HSCs and lymphoid and erythroid pro-
genitors as well as maintenance of HSCs in an undifferentiated state (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 re-
duced 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. We are studying the molecular basis of de-
velopment and maintenance of niches for hematopoietic stem and progenitor cells (HSPCs) (Omatsu, Y. et al., Nature

in press).

[% # B 2]
@ REERKX ©

1) FEERX
(*corresponding author)

Li, W, Kohara, H., Uchida, Y., James, J. M., Soneji, K., Cronshaw, D. G., Zou, Y.R., Nagasawa, T., *“Mukouyama, Y. S.
Peripheral Nerve-Derived CXCL12 and VEGF-A Regulate the Patterning of Arterial Vessel Branching in
Developing Limb Skin. Dev. Cell 24 ; 359-371, 2013.

Greenbaum, A., Hsu, Y. M., Day, R. B, Schuettpelz, L. G., Christopher, M. J., Borgerding, J. N,, Nagasawa, T., *Link, D. C.
CXCL12 in early mesenchymal progenitors is required for haematopoietic stem-cell maintenance.

Nature 495 ; 227-230, 2013.

Nakagawa, R., Togawa, A. Nagasawa, T. *Nishikawa, S. Peyer’s patch inducer cells play a leading role in the
formation of B and T cell zone architecture. J. Immunol. 190 ; 3309-3318, 2013.

Casanova-Acebes, M., Pitaval, C., Weiss, L. A, Nombela-Arrieta, C., Chevre, R, A-Gonzéalez, N., Kunisaki, Y., Zhang,
D., van Rooijen, N., Silberstein, L. E., Weber, C., Nagasawa, T., Frenette, P. S., Castrillo, A., *Hidalgo, A.
Rhythmic Modulation of the Hematopoietic Niche through Neutrophil Clearance. Cell 153 ; 1025-1035, 2013.

Matsumura, K., Nakase, H., Kosugi, I, Honzawa, Y., Yoshino, T. Matsuura, M., Kawasaki, H., Arai, Y., Iwashita,
T. Nagasawa, T., *Chiba, T.

Establishment of a novel mouse model of ulcerative colitis with concomitant cytomegalovirus infection : in
vivo identification of cytomegalovirus persistent infected cells.
Inflamm. Bowel Dis. 19; 1951-1963, 2013.

Aronovich, A, Nur, Y., Shezen, E., Rosen, C., Zlotnikov Klionsky, Y., Milman, I, Yarimi, L., Hagin, D., Rechavi, G.,

Martinowitz, U., Nagasawa, T., Frenette, P. S., Tchorsh-Yutsis, D., *Reisner, Y.

A novel role for factor VIII and thrombin/PAR1 in regulating hematopoiesis and its interplay with the bone structure.
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Blood 122 ; 2562-2571, 2013.

Devi, S, Wang, Y., Chew, W. K., Lima, R., A-Gonzalez, N., Mattar, C. N.,, Chong, SZ., Schlitzer, A., Bakocevic, N., Chew,
S., Keeble, JL., Goh, CC,, Li, JL., Evrard, M., Malleret, B., Larbi, A., Renia, L., Haniffa, M., Tan, SM., Chan, JK,,
Balabanian, K., Nagasawa, T., Bachelerie, F., Hidalgo, A., Ginhoux, F., Kubes, P., *Ng, LG.

Neutrophil mobilization via plerixafor-mediated CXCR4 inhibition arises from lung demargination and blockade
of neutrophil homing to the bone marrow. J. Exp. Med. 210 ; 2321-2336, 2013

Bannard, O., Horton, R. M., Allen, C. D., An, J., Nagasawa, T., *Cyster, J. G.

Germinal center centroblasts transition to a centrocyte phenotype according to a timed program and

depend on the dark zone for effective selection. Immunity 39 ; 912-924, 2013.

2) FOHER

RE#RA], “Bii=y ¥z L@ REDHWH [HRiEs] (B, pp.67-73(2013)

RE#BEF, “SRETrEAL VY AT LT M 7T YT 4 7 Vol23, pp. 41-49(2013)

REELE, “giiosnhR~Esngfie=y 72T MLz b" Wed, BARE, KHERZHA 71
AL E a2 —%k, pp.59-67(2013)

RE#ma, “SEimiao =y ¥« L5 Bone Vol. 27, pp. 41-47(2013)

FiERT, RSO stemness & = v ¥ x” B L EN Vol. 75, pp. 807-815(2013)

© FREORRX @

BiF#EE (85

T. Nagasawa, YM-Kyoto Symposia. “Microenvironmental niches for hematopoietic stem and progenitor cells in
bone marrow-The adipo-osteogenic progenitors, CXCL12-abundant reticular (CAR) cells-" (April 5, 2013, Na-
tional Yang-Ming University, Taipei, Taiwan)

T. Nagasawa, International Conference of the Korean Society for Molecular and Cellular Biology, Symposium :
Stem cell niche and cell therapy. “The Adipo-osteogenic progenitor CXCL12-abundant reticular (CAR) cells
function as niches for hematopoietic stem and progenitor cells in bone marrow” (October 9, 2013, COEX,
Seoul, Korea)

T. Nagasawa, Swiss-Kyoto Symposium. “Microenvironmental niches for hematopoietic stem and progenitor cells in

bone marrow” (November 22, 2013, ETH Zurich, Zurich, Switzerland)

BiFEEER)

RERA, SE2NFH 4 DA, CREST 215 kil [0 OB VEALBERE o fig B & i8] #F 78 5 (2013/1/
7 ATFVEVINL FFIRAITKR KK

R RA], #5118 b H AW PSR - KEEMNES Yy RIY A BRiRMle= v 7 Lk - % - Naw s
T2 k=2 “FHioEMEHB=y = &G - SariiiiE CAR Ml (2013/3/28 # > F— R —IVE
- ovbERRE#EY wi)
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T. Nagasawa, The 6" International workshop of Kyoto T cell conference. “The adipo-osteogenic progenitors func-

tion as niches for hematopoietic stem and progenitor cells in the marrow” (2013/6/3-7 HRH KFZHALE
HHR)

EEBEA, H23MHAY A M X ) =224 2EE Y URY T A4 AL RE FLEE EFRoEn
W - RTBRMI = v > =7 (2013/6/22 HARERIKRZAGM A B0)
T. Nagasawa, Omatsu,Y., Sugiyama,T. £ 42 [ H RIQEFLSFMES ¥ VK Y 7 A Osteoimmunology “The mi-

croenvironmental niches for hematopoietic stem and progenitor cells in bone marrow”(2013/12/13 %k
Ayt T#)
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Department of Cellular Differentiation

THEE BR B thE
Prof. Yuji Hiraki

(57 52 #1 &)

AWFZe BT, MR, )iy - B SRR E FOHABEHO G TEMORAE 3257 —<E LT, <
YA, =T, BTFT T4y vahEo@WE TV, MEEREZHMEL T LIV TOMITEZIToTWwW5.
BfEomsesr —<iE, UTo@E) Thb.

1. Chondromodulin-1 (ZR89 2 %2
(1) MEFHEMHEF Chondromodulin-1 (ChM-1) DINEA RIS 2 /ERICET %

Fea i, v VIHHE IR 2 S M BT AERHIR T ChMI K8 - 7 0 —= 27 L7z, ChM-IIEE IR R0
F2e EOMIME RN 2 B SRR R BL, ENEZMRObEE - B - EEREHESEZ R, S
512, ChMIL /v 7 77 b= ZAOMHTTIE, MO I RE 2 S L ER S b 2 L5, ChMI
DRFERO MM EEOMEFFICE R 2B R T WS o7z, LA L, MBENEMIBIZNS 5 ChMI ©
TERBER IC oW T I Shvtwew, 22T, Mtz e  ChMI ¥ > 787 B (thChM-D Z## L, ChM-I
12 & o TR SN2 5 b W)W 0 M BT A B2 C 3> B M3t 5E 0 BB LS D CREMINC Miad L7z rhChMLAI
¥ Vascular Endothelial Growth Factor-A (VEGF-A) @& 7% 53, Fibroblast Growth Factor-2 % Insulin-like
Growth Factor-I 7 &4 O#EERIIA~D & b B EIRILE N AL (Human Umbilical Vein Endothelial Cells :
HUVECs) D7 €% ¥ ¥ X% H#E L7z, rhChM-I 74 F T3 VEGF-A #l#2tE 5 HUVECs & 7 7 F Vil i & B
L OEAEROFESIIZEINICHE SN, Racl BXU'T 7 F Y BEASKE T cofilin DG RN T 25580 b7z,
INOLOMBELFFTH I I, ¥4 4T T ALY HUVECs OMINESE) % 81559 5 &, rhChM-I ALRHMINE Tix
VEGF-A 12 X o THE I N5 R 2 ERAR OEATHE 2, — @k ORI ATEHEICED b b &3t
2, Mo REEEE, £ MEACEE KT LCw D EoEL Y, ChMI MBI %7 7 F » i
Fag O FRR Z HET 2 2 210X ) TIRUEOMEEALEILL T, MO EEYEZ M2 2 WS h L
otz TOXD RlEEERIIEMESEMZ SIS LTIZE A LR ONT, He OMmEPMEAIIZB VT
BRWYICRO SN2 L5, ChMI OFERNEIME MM 3 2RI RERBFEZ AL Twb EEL 6N
7z.

(2) ChM-I DEMERN X 1 BEICBET 2R

ChMITIZ 120 7 X VWA S HHE S » 787 T, N BIESHH G 2 &6 N R OBUKEE X 4 > (Fx A >
D&, CRMMIHLBARED I ATA V) v F AL V(FAL X 2) 0k EhTwnd, KridInFTll
CHO Mifia % 293-F fifia 72 Lo MM EH R Hn THESBH SN Twb b MRz ChMI 2 ¥ 787 B (G-
hChM-D) 2 FB & &, WhirMilies & O M NI 3 2 EWEEE W S M LT &7z, —J, KW E. coli
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VTR Ml Z ChML 7 v 87 B2 BB 5 L, BEgsHi 2 K72 CAMI(NG-hChM-D) #1542 Z L T &
%. G-hChMI & [AEkIZ, NG-hChMI 355\ A3 Sk Mg o o o = — I ARMENE T 35 & ONI A Y B E o0 A& IR
WREERZ R L7z, SOWMIE V8 707 7 —BI2 X 2 BUESIHIC & o THSIBHIRL 2 54 P A4 ¥ 10—
RIS AN-WCAMI IZBWTHIFEAEEDLL LW NS, FAAL V28 ChAMIDOEE R AL Y THBHZ
AR ENT:. T 0¥ 87 B @ CD(Circular Dichroism) A2 MV & HIE L, ki & AT L 724558,
KA A ¥ 1 NORESIEHE Y > 287 HOEEEZT TR, ChMIANEMEZR F A A4 2 55 50105 %
PHE N XA Y THHZEBWULNEBoTz BUE, BRAKY Y7 EBLOGEARTF FEHAWTHEEF X A HE
HEONT 2 O TWAH, ChMI11E, BEE{E T TH 5 Tenomodulin Z < &, IHFETIZMSN TV S MEH L
PR T L ARER V=2 R E VI NS, TOMWMME RN A4 VIZMEHAINEYEZ G T 200 RTF FEE L
TISAPHREENS.

2. B ER/FEOEBELOEBEICE TS Scx'/Sox9* HIEREMM DR EIDFER

THEE MR 2 B A3 7200213, B - 5 - O BE TR OB 2 i AT K CTH 5. BT &5
ZHEMTHIET, AAZANEFT Y AI vy —L LTHAEEL, —, WW3E e gaifis s 2 & CHEORE
L) W - - - B ST Y R—F Y ME, BIEKROBAEMINICE P LIS LOBK S

Sox9¢re*:Aj14;ScxGFP (E14.5)

Sox9/ScxGFP

K1 Scx*/Sox9*#ilEDHT L BOHFEREERADES
(A-D)Scx RIE L TV 3 - P (GFP, #%) & Sox9 % I L =MD ERE (tdTomato, =) % BA4E 14.5 H D Sox9%e/* ; Ai14;
ScxGFP Y ZRIZBEWTHEM L 2. RENERBRZNhZFhRBETHEERL VS, (ABBROIMIGERT. (B-D)EROEKIR
Wrz/R9. BISEAEFEEBEECIEEZRLTWVWS. COBREEBDXKHNIE, ZhZ N THEEOD force-transmitting tendon & an-
choring tendon Z7R L CW 3. D & C DA THEHE W /-BEOEILEKAE. A, 7XLXBEca, EE ;cl, AEHT d4, FM
15 d5, BRI edl, RUBERE ; fe, KBRS :fi, BB . gm, BHESS . me, ESE ; ph, 188 ; sdf, XIEEFR & ta, BIK
B t, BB X4 —JL/N—13 200 um ERT

Fig. 1 Contribution of the Scx*/Sox9* cell lineage to the formation of ligaments and the entheseal side of tendons
(A-D) Distribution of Scx-expressing tendons and ligaments (GFP, green) with a Sox9 expression history (tdTomato, red) were
analyzed in a Sox9¢®* ; Ai14 ; ScxGFP mouse embryo at E14.5. Arrows and arrowheads indicate tendon and ligaments, respec-
tively. (A) Lateral view of the hindlimb. (B-D) Sagittal sections of the hindlimb. The developing digit with the prospective digital
joints is shown in B. White and yellow arrows in C indicate the force-transmitting and the anchoring tendons at the lower leg re-
spectively. The boxed region in C is shown at a higher magnification in D. (At, Achilles tendon ; ca, calcaneus ; cl, collateral liga-
ment ; d4, digit 4 ; d5, digit 5; edl, extensor digitorum longus tendon ; fe, femur; fi, fibula; gm, gastrocnemius muscle ; me,
metacarpal ; ph, phalanx ; sdf, superficial digital flexor tendon ; ta, tibial anterior muscle ; ti, tibia) Scale bars : 200 ym.
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Nb. Ok, MBIEROETIES> TEI Y R—F Y MIHEHINLD, TOAHZZLZWL2IZEN TR
W,

SRY-box containing gene 9(Sox9) & Scleraxis (Scx) (&% N ZNERE T & BITEH A R 285K T-CTH 5 25,
— RN -+ BT A BIGH S Bk BT BRAN S B T, B RSRIE I Sox9 & Sex 2HICHBIL Twb. 22
T, SexCre YT ALLAR—=% =37 A% R L T Sex MO REEL N § 5 &, Sex Bl Td % e i Sl iz
AR & B/ O A ERA L OB E RN b T A 2 e e e o .

72, Sex DFEBLHEITNZ BT Sox9 FlEMINE O RGE 2 AT L 728528, Sex B PEMIIZIE Sox9 DFEBUBIEEIZ X V), Sex”
/Sox9* HiBEMINL & Scx*/Sox9 HIEKMNE D O DRI 5 T E W S E o7z ML Sex*/Sox9 T T
Sex*/Sox9 HIBBMINLICHIR LCTB Y, #FBIEICED I &S { OBEMINLAS Sex/Sox9 Ik L Tz, Bl
il & M BB O RAHEB ORI IE Sext/Sox9 MK HIR LT W7z, & 512, Sex™/Sox9 MBI BV THERIYIZ Sox9 %
REKSEDE, Whm L/ O MRS ME A OMAER 12 B W TIUBER S KRB D Sz, TR OFEED,S
Sex*/Sox9 MNLRE LM - BATAING - BEMINE & 22 2 S R4 A L, Wi & /B o BB oM 53 %
ZEDHLNE RS T

3. Pax1 (& B EEMEDMERFADIH

Mt OB VET L DTN - TR TIRAKT L, R B & HERBUCBRR L7z, Efilao~ 2 ¥ —#fa 7T
& % SRY-box containing gene 9 (Sox9)\, WhkF72Th (MM THEIL, EEHBREOHE TIIHERARIZB VT
Paxl L M L75BIXy — v &R L7z, =7 MY IROFIKIC Pax] % REIFB S &858, WSRO 9 @R
WCIEED RO SN o 72b 00, WAFHNLO BE KL OWIRE SR ATHE S, ki OBEA3E L < #l =
N7z, Paxl Z5RfIZEB L 72#E MR ClX, 70574270 5 v OERIWA L, Agg HiE OB T HIE ORI
o THRETIHET L, BB HERBICIRT L7z, EMLO~ R ¥ —8®IZFTH S SRY-box containing gene 9
(Sox9) 1%, B2 THRHMEBRTORIL, BEGAROBFHE TIIHERMBICB VT Pax] L BB L7258y —
RL7z. =7 FYIROHIRKIC Pax] ZRHEIFEB S S48, B REOMILERICIEESRO SN b oz
O, AR OWRHK N VTR ATLE S, KO ENE L Ml SNz Paxl ZiRHHIZEH L 728k
BHNE T, 7uF74 270Ny OERIWEA L, Aggrecan (Agel) DFH L WIHEBUK T 2580 b7z, B8k filie
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74 v ¥ aDR (col2al : GFP) ZWEN. L7z, col2al : GFP TI, A2 HHD SR ¢ LIS 2 ikl
fa T EGFP OFIA D S, 4 21 H BAA KA B WTH EGFP OFsH sttt Sz, 72, fikl (vegfi
2) AT O M PR AR AF I BRI A SR 2 V€, A % R SRR A E TH % mCherry 12 X » THHALL
T2b I VAT 2= 7T 4 v Y aDRE (k] : mCherry) Z WL L7z, T flkl : mCherry & col2al : GFP % &R
HZ LT, WM E INE R FRICELBIRTRELR Y TV NS Y AV 2=y 27 4 v ¥ a(col2al : GFP; flkl :
mCherry) ZAEBLT 5 2 EDSURE L e o7z, BUE, JLFERL — W —BAMEE 2\ C, col2al : GFP; flkl : mCherry ®
e U o B I & AR 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 analysis of domain structure of ChM-I

ChM-I is a glycoprotein consisting of the N-terminal hydrophilic domain with an N-glycosylation site (domain 1),
and a hydrophobic cysteine-rich domain located at the C-terminus (domain 2). Domain 2 is well conserved across

species and is highly similar to the C-terminal cysteine-rich domain of Tenomodulin (Tnmd), a ChM-I related angio-
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genesis inhibitor. Using a glycosylated form of recombinant human ChM-I (G-hChM-I) expressed in CHO cells or
293-F cells, we have demonstrated the various bioactivities of ChM-I on chondrocytes and vascular endothelial cells.
On the other hand, the non-glycosylated form of human ChM-I expressed in E. coli (NG-hChM-I) exhibited the simi-
lar bioactivity, but the activity was obviously lower than that of G-hChM-I. Truncation of the domain 1 containing
the N-glycosylation site by limited digestion with V8 protease had no apparent effect on the bioactivity of NG-
hChM-], indicating that the domain 2 is an active domain of this protein. Circular dichroism (CD) measurement re-
vealed that N-glycosylation in domain 1 is critical for the structural integrity for biological function as well as the
protein solubility. Current works focus on the analysis of active domain of ChM-I using its mutant proteins and syn-
thetic peptides. So far, no sequence and structural similarity of ChM-I and Tnmd to any known angiogenesis inhibi-
tor has been reported. Thus, the active domain of ChM-I is expected to be a novel anti-angiogenic peptide drug

with promising activity for the angiogenesis-related diseases including solid tumors and rheumatoid arthritis.

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 Sex*/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.

3. Inhibitory action of Pax1 on chondrocyte maturation.
Paired box gene 1 (PaxI) 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-
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strate that Pax/ 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/vegfr2 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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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-
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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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genetic protein-2 in an equine bone defect model. Veterinary Research Communications. In press

Yamamoto, M., Ikada, Y., Tabata, Y.: Ultrastructure of bone tissue ectopically regenerated by biodegradable hy-
drogels incorporating bone morphogenetic protein-2. Inflammation and Regeneration. In press(2013).

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. Journal of Thoracic and Cardiovascular Surgery. In press (2013).

RRAESE T, IIACHESE, HUMZRZ : BRS04 P a vk 12 v 7SR o di . H AR LT 7e
Fr wE4. 70: al6/1-a16/5(2013).

2 &% &

I Bk, HUNZRE B RIBISKS 5 % M/ MUINE 2 o 72 ARG HRE O BSS T ETE - SEEMEE, 4 A BRI 75
P T, s bk tt,  H0T) 56 (5) 635-642(2013)

P, HMZRE 635 MARRICET 2 B8R, THARRE - Mg Zom%s & hidh] (ks —x
& — IR, 55 24-45(2013)

MMERZ © 84354 & - YA~ OIS ) 72 DDS Hiff o B & Lo WaENE. 45 1 §i3#%]45 o DDS
WFFE D BYIA) (5) FFAEEE#IC B1F % DDS B%E. [DDS A 0 F%E - 3l & 52 AL (Bl s 2, Hw) 223
-230(2013)

HNZRE © KRR\ a1 (5 237 8). [HIETEY MOOK it 2 2 £ TILAA KT v FIEREM O fRaifit) (X 74
AV R, KBR)45-51(2013)

Bl —HB, HUNZRE @ RIXES T (4. [EE TR MOOK Bl E 2 F TILA5 BT v Z 4RI o iR | (H
MAER, 274 7V Ko, KB)52-57(2013)

BEEE, HNRE N f Farv, [EIEFES MOOK 32 2 F TILAS5 K v ZFEER O Rui#] (X 7 4
AV Ry, KB 96-101(2013)

ARA Hi, HMZRE R (BT EY MOOK B Z 2 £ TIRAS5 K7 v ZIREM O Hii#i | (X 74 7
VR, KB 148-152(2013)

SEIERER, WA, YRR - RBUE bEGE 2 X 2 I8 W &3 AlG in s . [ 8 s 7% MOOK JiiF = &
TIPS T v FRIEAR ORI (X 71 AV Ko, KB)221-225(2013)

NIk B EHRA, INHEN, BA E HMEEE MBI I PEHE. [# s E 5 MOOK Bt &
TIRD% B 7 v ZIRREM ORFi# ] (X 74 7V K&, K 246-250(2013)

B —RE, HMRE MR - drug A 7Y v B, [EIEFES MOOK B Z 2 £ TR K7 v F IR O &K
HiA | (FZREM, 274 7V Ko, KBR)258-263(2013)

BIE B MEZ  AEEEWE Dual release. [Z 2 F TIAAYS F T v ZIRIREM ORFi#, H<THLV R
7 v 77N = A7 4 (DDS) BT Y MOOK FUH | (AR EME, W athx 74 2V Ko, KK
264-269(2013)

HMZE © drug fRBULIC X 2 SZMBIE b e 7 7 F R o, [ TFES MOOK JIiFZ 2 TEASS F
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T TR ORRAFR] (A7 1 v K, K 283-288(2013)

IAHESE, HMARZ . MIlEZe RSy, MIRMNARR, EEFEA). [EETFES MOOK 2 2 F TEA'%
K v ZHRBEHAN O aisi | (HMAREH, 274 2V Fo, KB 314-320(2013)

TR, HERE L BEW. [EE RS MOOK B E & F TILA% KT v ZHiHEm o feaifi | (226,
A4 AR, KPR)339-344(2013)

AR, HMZEE B [BEFES MOOK JIE 2 TIEAS BT v FiEkh o &uik | (HIMREwRE, £
74 v K, KBRK)345-350(2013)

INANES - DDSEOFIH. [RERBALHEEZBIE LT —ZOBLIHIREZET T J(FHIHEH, TEHEH,
RREIET, PERERE, HABESEE, H50)294-298(2013).

MZZ - 6. FAEEH 6 - 1 FHAEERLALFORHE, 6 2 HAERBICULELR NN, <7 TIVEA, 6-3FE
HET Ta—F. MLE Ry —i#HENA < 7) 7V G H5K) 141-153(2013)

HMZRE 7. ¥ 97 FUN) =325, ([DDS) 7-1DDS &1, 7-2 DDS®OHM, 73 DDS IZLEE %S
MEL 7 -4 DDS OIS, 7 - 5 AMTRIE A IEH L7z DDS. [k~ A ¥ — N4 <79 7v | Guag il
R, H)169-178(2013)

HMRE 8. Mla Ty 8- 1M YoM, 8- 2 iR 452 iGH LMz 1y, 8- 3l st %
WH LA T4, 8 - A MA@ A ) 727 5 —. MbH~ A5 =N A F <70 7V ] LR,
H30) 195-208(2013)

HIMZRZ 2. N4 A= 7)) TVEAN 2 G LT ERE - B3 S RRBah om0, [FHAEREES 2 Mk L]
(WEEE, HT)25-47(2013)

HMZE © M. 5 FEWEOIRENFL L RSO 8. MARZOH. [Xy K44 FbREE
2 (ETAE 4 B0 J (FEYLAE, ) 163-66(2013)

HMARE @ 6 1 i AKRBRBEC 817 5 DDS EHROFMAEGE LSRR 61 BES - el & L7 iE
BE BTEARTF N - & T HEREICEB TS DDS 4. MiFaam K. (e 2596435 DDS — MEBREi 2 5
B¥-RKEFCT-J(ZX - 7T 14— T A, FH)233-244(2013)

HNZRZ © BNV BEM OMFE 5 1 BHREERICBIT 25 <7 U 7V EEEA — bk & BISETZE 110
T —. [Invitro %k - BYREFHG O HTHE] (3 — T 2 2 — KR, H50)88-92(2013)

3) #8
AR, HRE  AEEROBAERER HAERERSS. WMEEE 47:8-13(2013)

MM © MR EREICBIT A5+~ 7 ) 7V HARRK. 71:459-63(2013)

WM © A A= ¥ 7 LASIMBIRY 22 R LA R S B 7E 0 — MR R O EE 2258 — . &0, 62(6):308(2013)
Yamamoto, M., Rafii, S., Rabbany, S. Y.: Scaffold biomaterials for nano-pathophysiology. Advanced Drug Delivery

gl:lg

Reviews. In press(2013).

Yamamoto, M., Tabata Y.: Protein immobilization onto biomaterial surfaces to control cell behaviors for tissue re-
generation. International Journal of Tissue Regeneration. 4 : 36-40(2013).

IAKHE S, - MERRE 2 S840 5 720 O KM LEA. FHERME. 12(3): 243-246(2013).

INAHESE, HMZRE - HARWEICBIT S drug delivery system DIGH. B - $EHER 56(5): 477-86(2013).
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Yamamoto, M., Tabata, Y.: Biomaterials for Regenerative Medicine. International Workshop on Biointerface and
Biomedical Engineering 2013(2013.3.13. [f1l)

Toda, H., Yamamoto, M., Tabata, Y.: Immobilization of ephrinB2 in an orientation-regulated manner on the surface
of hydrogels with different elasticities. Society for Biomaterials (2013. 4.10-13. Boston)

Yamamoto, M., Tabata, Y.: Design of hydrogel-based biomaterials for regenerative medicine. Taipei Med. Univ.-
Inst. for Frontier Med. Sci. Kyoto Univ. Joint Conference (2013.5.13. 5#%)

IAHESE  AERHUS BPE N A B a7 v 2 flldah A 7SI SR OB 55 6 19 NanoBio # T4 v b7 —F ¥ 7
T YRIY A(20136.14-15. EI)

Yamamoto, M., Tabata, Y.: Functional hydrogels as cell scaffolds for tissue regeneration. Interdisciplinary discus-
sion of Bioengineering in Kyoto(2013.7.5. H{#R)

Yamamoto, M., Arimoto, K., Tabata, Y.: Development of sugar-responsive hydrogel rods as a sacrificial template to
create vessel-like structures in collagen gels. BMES 2013 Annual Meeting (2013. 9.25-28. Seattle)

Yamamoto, M., Arimoto, K., Tabata, Y.: Fabrication of sugar-responsive hydrogels as a sacrificial template to cre-
ate vessel-like structures in collagen gels. 3rd TERMIS AP 2013(2013.10.23-26. Wuzhen)

IAHE S, V%3, JerPEH—, Alan W. Flake, HMZZ @ BRAEHERANDIEH O 7230 O AAKPIEE 7 F >
NA Fasv s — b oY, 5535 MIHANA F = 7)) 7IVAEa K4 (201311-25-26. HU50)

Toda, H., Yamamoto, M., Tabata, Y.: Sandwich culture of mesenchymal stem cells with bio-functional hydrogels as
a three-dimensional culture model. The 12th US-Japan Symposium on Drug Delivery System (2013. 12.16-20.
Maui)

Mamun, A., Khan, M., Alles, N., Tamura, Y., Matsui, M., Tabata, Y., Ohya, K., Aoki, K: Bone Regeneration Using Gelatin
Hydrogel as a Novel Scaffold for a RANKL Antagonist Peptide W9. 45 12 [a] H AR A E A4 (2013.3.21
-23. ik

Matsuzaki, T, Matsushita, T, Tabata, Y, Saito, T, Matsumoto, T, Nagai, K, Kurosaka, M, Kuroda, R : Intra-articular
administration of gelatin hydrogels incorporating rapamycin-micelle reduces development of experimental
osteoarthritis in a murine model. Osteoarthritis Research Society International 2013 World Congress on Os-
teoarthritis (2013.4.18-21. Philadelphia, USA)

Jo, J., Aoki, I, Saga, T., and Tabata, Y.: Visualization of therapeutic angiogenesis by a polymer-based magnetic
resonance contrast agent. The International Society for Magnetic Resonance in Medicine 21st Annual Meet-
ing & Exhibition (2013. 4.20-26. Salt Lake City)

mRE S, KR, WRTE, NERIREE, HMRE, S ¥ 5T B AUERIC X DA A O & O3 RS
AR N ¥ (b-FGF) fR it o Mat. 55 12 Bl H AR F R R #es (2013.3.21-23. i)

WK R, HBREL REFER, KEEE, HMZEEZ  RRL bFGF & X OFB-TCP #athkz w727 v MIHZER
BT B EH BB OME. 512 bl H AP A ER AR (2013.3.21-23. Bk

WK R, HBREL REER, KEEE, HMZEEZ 7 v bESEE RS %L bFGF 3 X UF B-TCP #
G W 7zE R BB OME. 45 3 [ DDS R FHEEFRI 72 (2013.11.23. B
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Komura, M., Komura, H., Otani, Y., Tabata, Y.: Optimal mount of basic fibroblast growth factor with gelatin
sponges. 2nd Biotechnology World Congress(2013.2.18-21. Dubai, UAE)

AR, AT 2 M BRE, mE B SGERREIC B 2 IR R & fEAERAE 7L — b o iR
B8 12 I HARTRA PR eE e 2 (2013.3.21-23. AL

Komura, M., Komura, H., Konishi, K., Ishimaru, T., Hoshi, K., Takato, T., Tabata, Y., Iwanaka, T.: Promotion of tra-
cheal cartilage growth by intra-tracheal injection of basic fibroblast growth factor (b-FGF). 60th Annual
Meeting of British Association of Pediatric Surgeons (2013.7.16-19 Bournemouth, England)

Komura, M., Komura, H., Konishi, K. : Promotion of tracheal cartilage growth by intra-tracheal administration of ba-
sic fibroblast growth factor (b-FGF). Tissue Engineering and Regenerative Medicine International Society
(TERMIS)-AM 2013(2013.11.10-13.  Atlanta, USA)

Ohno, K. Tsujii, Y. Tabata, Y.: Physiological properties of polymer brush-afforded nanoparticles prepared by sur
face-initiated living radical polymerization. 87 ACS Colloid and Surface Science Symposium (2013.6.23-26.
Riverside, California)

Yi AR, VEAYZEHL, WEMET, MREERE, AU W, HM#RE, WBXZ, FIJiE, AR ¢ Gelatin BF
ZPFH L7z b iPS #lIE 1 3k H K neurosphere @ in  vitro fEHF. 45 32 [l H ASED) 2% - HAER S ES
(2013.9.28. JtJii)

OB, TURTZR, HEET, MRER, Bog W, HMREZ, BBz, FILDFIE, AR Gelatin micro-
sphere ZJH\W 72t b iPS i HI sk E K neurosphere @ in vitro #HF. 45 28 ] H AITEAV Rl 4 Bl 22l 42
£(2013.10.17-18. T%%)

Ui M TURZEW, HBMET AREER, BOE WL FI05E, YA, HMRE, PR o BRI G
H scaffold & LT Gelatin K04 APERHIG (GF—#). 45 3 |1l DDS #R L EE#IT 784 (2013.11.23. 3
)

GRS, ATHEE, A, W B, RIFRSE, RS, ke, HMREZ, BEEMS BREL <
7 AZETCEBEAE € 7 V2 BT 2 IRIUL rapamycin $¢5- O BIHEAEATINFIZD R, 2 28 [0 0 A IEH B &
HERE A2 (201310.17-18. T-%%)

IR fl, WHIEE, i st KREEZ, kA2, HMREZ, IWAAT A7 —< g Lz HIEL C
~eT7u YRIBHA 5 — 7 zu Yy BIRIAIORSE - %2 - 2 22 [0 0 AT ISR S BB Al 4
2:(2013.11.7-8. #ii8)

TRHEGER, FEAY, KTEE WSS HMZZ, KEEE - IR & i bR e 35 i 14 5
R REBANC X 2 AIGRE K O MAEH AR R, 56 22 [ H AR AL L2l 2 43 (2013.11.7-8. HriK)

AKAT, REGEH, K&, HEBEL, HMRE, KEPEE BRI 3 2 IR B A PERHE S M R 5 il
K- & I 05 L R el N o0 TR B BB AU & & A B 2wl SR sl SR, 56 22 Il H AT IR AR R SRR Al S
(2013.11.7-8. #ri&)

AT, REER, KRS HEREL, HMEZZ, KEHE  bFGF Rt 7 F A Fua s &R
I ORISR X 2 AR O AL, 45 3 18 DDS ZR AL R AR B F 78 2% (2013.11.23. HUHE)

PN, PREEEE, AREEE, N —=, PIMEMSE, WEHSC MRS, (k4 REH v~ o8 i iR 3R
NEDFEFRZ BT 2 M/IMGERRR & 7 2 IR RGO FEE. 55 26 [l H A 7 < Bk 4 (2013.12.2. Hn0)

TREESE, ARSEIE, BARERHE, PR, CRHER, IDH—F, HEE HMRE, ke KB - v oFKIAR
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3 MR EFEREA T -2 5RETF VB VER3 AN YT ARAR Y Y OFEFAERR. 526 bl
HA Y < Bt 2 (2013122, )
AREERE, EOSE, fREESE, PR, WHES, WH—-F WREEL, HMRE, ke RER <O RERE I
BUF 5 RS RIS T 27 7 v 7OMES. 485 26 I HA Y < R84 25 (2013122, H )
NI, HERE =7 u7 7 —VOWNHICG 2 A EEMEMORE. F 12 HAFEERFZRS
(2013.3.21-23. Hi

NIEZRR, HMRE - B 2RK 20080 IMEE~ 207 7=V L OMEIER. 462 NS5 TS &8ERK
£:(20135.29-31. 5U#B)

NI BR, MMRE - RAERELMSORLRLIEM LTo~v a7 77—V OREE. HENA AT Y TV
Fox s 8 MBAVE AT FFE3 %2 (2013.8.31. WKHI)

WIEZ B, MAIRE v 27 07 7=V OEFTH 2 2EMBEROLE. HEBBHARNL AT 7T UVEERE
(2013.11. 25-26.  H{x0)

EEEA, Az, MBS ZEOWBLD 20D Y ) AR T4 A=Y v ZHIOEE, 12 [0 H AR A R
£#84:(2013.321-23. HiiE

EEEA, Al MRS ZEOWHILD DD Y ) HRTA A=Y Y ZHOFHFA . 462 [
SAEUK £ (20135.29-31. HUHR)

EERAE, A, HMERE - FIEOEEA 2 — Y v 7% HIE L 2PuRE R E b > ) Ak o E8. 45 29 [
H A DDS &4k 4 2% (2013.74-5. 5(#K)

FEEWAE, HMEE B LEFEZTILT2E0F I Vo, 8 HANA F <7 ) 7 IV EAWEE TF
Je6# 45 (2013831, KKK)

EEWE, HMRE ¥ F VFEAI v VER A —BRILERA A=Y 7RO, 3B HHANS F =T
1) T OVEAR S (2013.11.25-26. HUE()

iy

BT

Yang-hee, K., Makoto, M., Hirohuki, F., Yasuhiko, T.: Effect of macrophages presence on bone regeneration in-

duced by platelet-rich plasma release. [ 45 12 [BIFF2EFRBEFAIDEE](2013.3.21-23. Mk

Yang-hee, K., Hirohuki, F., Yasuhiko, T.: Enhancement of bone regeneration by dual release of macrophage re-

cruitment agent and platelet-rich plasma. [ 45 34 [8l H A 45 - A KR4 1(2013.7.2-3. HUHR)

Yang-hee, K., Yasuhiko, T.: Enhancement of bone regeneration by dual release of macrophage recruitment agent
and platelet-rich plasma [ 2013 annual meeting of the Asia Pacific Chapter of the Tissue Engineering and Re-
generative Medicine International Society (TERMIS) 1(2013.10.23-26. Shanghai, China)

Zodi, HMIZRZ : Controlled release technology of stromal cell-derived factor-1 and macrophage recruitment
agent [ % 3 [l DDS #RBALTFA EEHEAFZE 2 1 (2013.11.23. H%0)

eqy, HMZEZ © Influence of dual release of macrophages recruitment agent and stromal cell derived factor-

1 from gelatin hydrogels on wound healing. [ 45 35 [0l H AN A F~ 5 1) 7 V4 1(2013.11.25-26.  HLiT)

&

&

Yang-hee, K., Hiroyuki, F., Yasuhiko, T.: Effect of macrophages recruitment on bone regeneration induced by plate
let-rich plasma release [ 45 44 [al5 7 Vv ¥ 7 2 CHTIZE 4 1(2013.11.29. L%K)

Yang-hee, K., Yasuhiko, T.: Enhancement of wound healing by dual release of stromal cell-derived factor-1 and a
macrophages recruitment agent from gelatin hydrogels. The 12th US-Japan symposium on Drug Delivery

Systems ] (2013.12.16-20. Hawaii, USA)
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PR, AR, HMEZZ MRy 7 h vy Yoy e BIREE L7204 Farvic X 2 HBERE ML 05
.55 12 I HARTRA R eE i 2 (2013.3.21-23. L)

P, AR, HERE  BEREHEE 0200y 7y v o8y BRAEELNA a7 v off
85562 Il oy TARROR £ (20135.29-31. 5(HR)

FH#Z, AR, HMRE MY 7 vy 28 BRI EEE N A B rv 2 v 2z R ko
RS, 5 34 M HARIE - PR % (2013.7.2-3. HUHR)

P, AR, HMRE MY 7 vy poN BRI EEE N A Fusovz ez FEEREEo Y 2 R
A v SRR B A2 MEMEST Y YR Y 7 2(20137.29-30. HHD)

PR, IDARRES, HMAREZ  EEREEEN S Fa s v g BuBEREMo T o B4 v 784 462 05
o3 Fatines (20139.11-13. 40

Toda, H., Yamamoto, M., Tabata, Y.: Immobilization of ephrinB2 in an orientation-regulated manner on the surface
of poly (acrylamide) hydrogels with different elasticities. 2013 Annual Meeting of the Biomedical Engineer-
ing Society (2013.9.25-28. Seattle)

Toda, H., Yamamoto, M., Tabata, Y.: Orientation-regulated Immobilization of EphrinB2 on the Surface of Poly
(acrylamide) Hydrogels with Different Elasticities. TERMIS-AP 2013(2013.10.23-26. Shanghai)

P, AR, HMZZ B UEERE L L COMBEREMIBOY > N4 v FEZEE0N. 5 35 | H AN
A =7 T IVFEERE(201311.25-26. BT

PR, AR, HMZZ  EREER R FE N A Fa v o2z MEREIRO T 2 R A v FRE
PR BRI AR FE T 45 5830 & (20131225, 5UHR)

P, AR, HMZZ  Siiasi s L R Z 7 — 7y b & L2z ARBNE RN AR AL bR O Al
B SPR 25 AR BEAE B R EEZE T AT 2 (2013.12.25. HTHK)

H ST, HMRE  ARRINEE 7 F U h 2 &0 Bz - BEMRESROER. 512 0 HAHERRS
(2013.3.21-23. ##i%)

H BT, HIMZRE - AARRIUEY 7 F R 2 &6 B - RS S AROER, 562 MmoFHRERRE
(20135.29-31. %THB)

H R, HMZE © ARRIDUEY 7 F R 2 & & LB - HIEMIIR R SR O/ER. 55 34 [l H A RE - FHERRS
2(2013.7.2-3. H#R)

H R, HIMZE - ABARRIUEY 7 F YR 2 &0 Bz - BEMRESROER. H8MHA N, <7 TV
FRBVEA TS £ & (2013831, KB)

BRIE WK, HH ZREZ A 13 IR AR TAERT7E 4 (20136.21-22. KIR)

Matsui, M., Yamamoto M., Tabata, Y.: Enhanced angiogenesis by multiple release of platelet-rich plasma compo-
nents and basic fibroblast growth factor from gelatin hydrogels. The 4th Asian Biomaterials Congress
(2013.6.26-19. Hong Kong)

IE R, AR, FEEREE ¢ 5 34 B HASYE - FERY R KRS (201372-3. KUK

IR R, IARHERR, FEEREZ ¢ 4 29 I H A DDS &Rk (20137.4-5. 5UHK)

BIE K, IAHERR, HAIZRZ © RURR S TAR7E Rt i SRk 78 B AR B T2 FE iR M OO 2 S Bt il 5 o BE 8 4
vy —EmELAET= v b PR 25 AEEERFFE R A4 (2013.9. 20, 5EHK)

Matsui, M., Yamamoto M., Tabata Y.: Enhanced angiogenesis by multiple release of platelet-rich plasma(PRP)
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components and basic fibroblast growth factor (bFGF)from gelatin hydrogels. Annual meeting of the Asia
Pacific Chapter of the Tissue Engineering and Regenerative Medicine International Society (TERMIS-AP)
(20139.23-26. Shanghai)

B Bk ILARERR, HZRE ¢ 48 3 [l DDS BT A R 5t 43 (2013.11.22-23. H50)

S AHFE, HMZZ 5635 M HANA =71 7 V¥4 K45 (2013.11.25-26. H50)

Matsui, M., Yamamoto M., Tabata Y.: Platelet-rich plasma enhances angiogenesis induced by basic fibroblast

growth factor from release gelatin hydrogels. The 12th US-Japan Symposium on Drug Delivery Systems
Conference (2013.12.16-20. Hawaii)

AKHFE, BRI, HMEREZ @ 783v 4 ¥ ofilNRBLZ BB & U 7 AR + o /5. 25 59 [l & 55
RS2 (2013712, Hi)

AHMCE, IR, BIERE AR T & W72 7 8= A4 2 v MBI 9 8 MBI FAFsE RS
(20138.30. Kb

ARHAE, IR, HMRE 784 2 v OMBPNRBALIZ X 2N A — b7 7 ¥ — . 535 BN S <
7 ) 7V (2013.11.25-26. H30)

Dai, N., Soh, S., Yasuhiko, T.: Periodontal tissue regeneration with gelatin hydrogel sponges incorporating PRP.
The Japanese Society for Regenerative Medicine (2013.3.22. Yokohama)

Dai, N., Soh, S., Yasuhiko T.: Periodontal tissue regeneration with gelatin hydrogel sponges incorporating PRP.
Japanese Society for Biomaterials (2013.11.27. Tokyo)

VUARBEE, RHEE, BREES HHEE  BEFEANY Y- LTOANNV I VATV Y OFR. 4559
Il 25 53 7-BF FE 56 224 (2013.7.21. #)

PUAREE, HMZEZ 77 23 FDNAMBPEARSFELTOANNVI YTV T YO, HANA A< 71
TOVEREHS 8 M BVE A TFZE 585 4 (2013.831. KB

PAAREEE, LHEE, fAlZEs, HMRE  @EZrARNRoR#z HE LT F ¥+ /R oER. 45 35 [
HANA =7 7 V5 K% (201311.25-26. HU50)

P, Juthamas Ratanavaraporn, HAIZZ : €5 F Y AR Y V2 728 B3R X 28 - i
TR MR ORA. 545 12 BT R &% (2103321 #ZI)

e - Juthamas Ratanavaraporn « HAIZAE @ & - MG RAHERO2ODETF Y AF v F—NV FOTHA ».
55 62 [l & 53 -4F kK 2 (20135.29. 5UHR)

A - Juthamas Ratanavaraporn * HMIZEE iGHAIE ¥ I » D3 EHALE S F v ARV U & H W B il i
SIS OF L. 45 35 B HANA 4 <7 7 V¥4 k%4 (20131125, HU5)

WIRISCE, EREEM, A4, HMZE  PPARY 7 T = X MEBULEY 7 F A FuaZ v & Hv 7z 8l e e
R (2013.11.23. H50)

2 BE VORI ILA

Tabata, Y.: Biomaterials — based regenerative medicine. Gadjah Mada University Seminar (2013.1.9-10. Indonesia)

HIRE « AR ES T 2520 R Y ~—. P 24 45 KIPS &5l 2012(2013.1.16.  5THR)

HMREEZ XA AT )T VDo RHERBEOBURE SR OREE, [ 116 M H ALENR AR FMHE L]
(2013.1.19. Hx0)
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HHZREZ - HAERROBURE R, A PRARE#E (2013.1.23. &)

HMZREZ : MBS A7 FAERE - FAGH & FEDIZE - HE L SRpoN S ke (2012.1.24. FIRE)

HHZRE © & 00D DGR T & 2 FHEREDEF. SOOI Y 2V A ZREEAM T I - — (2013125, 5UH)

HNZRE © FAERRLFEB T 254 4~ 7Y 7 VM. nano tech2013 [F4 7 - F /7270y — ~Fkzy)
Y B < APt~ 1(2013.1.30.  HU3E) (FREFa)

HMRE 1 N =7 ) T UD o RHERBOBIRE 5. 7 A 7 7 — <kl & ilaii & (201326, )

HHZEZ : Regeneration therapy from the viewpoint of biomaterials. 4% 4 [l H# M7+ -5 4
(20132.26. HH0)

HNZRZ - MR D 7o DI B L B B854 =7 ) TIOVEHIN. BT T + — 5 A — 2012 4F B2 RS B 240 sl 2% —
(2013.2.27. 5UHK)

Tabata, Y.: Tissue Engineering for angiogenesis Therapy. Bandon University, Medical School Seminar (2013.3.6-7.
Indonesia)

AR © IEERE AR O Needs & Seeds & 1% P 55 77 [0 H ARG BR & #3422 (2013.3.15- 16, Aft)

HMAE « HAERAEE Y — NS 20ETIH Ll ERH W TA L ). B - Hdli7 = 2 (2013317, 5UH#R)

HIZEE - MR 2 5 A 72 G R & RE0F7E. G-COE i 2 (2013.3.27.  5(#K)

% © FAEEROEH EHRENDOICH. 557 MHAY) 7 < F AR - A4 (20134.20. 5UH)

HIRE  BERROBURE 5% - BRBEN 250 THAZIRT —. RIBFREE SR A E# Y % (20134.23.
Felir) (A IR

%« FFAEEROREHE SHROBRE. [FEA KW (20134.26. 5UH)

HAIARE  BAERERE YA RAZBIE - BHFICTTTERTAL ). P25 FFBE KRP HAERBE VA X4 K-}
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Yamamoto, M : Design of hydrogel biomaterials for tissue regeneration. KIPS-ESPCI Workshop on Polymer Sci-
ence 2013 (A FFaE) (2013.11.28-29. Paris)

Yamamoto, M., Tabata, Y.: Functional hydrogels to create cell microenvironments in vitro. The Max Bergmann
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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-

BB TP 7T AR



Annual Report 2013

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 3
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 tis
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sue-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]
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Kitamura, N., Nakai, R., Kohda, H., Furuta-Okamoto, K., Iwata, H.: Labeling of islet cells with iron oxide nanoparti-
cles through DNA hybridization for highly sensitive detection by MRI. Bioorg. Med. Chem. 21: 7175-7181 (2013)

Konagaya, S., Kato, K., Nakaji-Hirabayashi, T., Iwata, H.: Selective and rapid expansion of human neural progenitor
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cells on substrates with terminally anchored growth factors. Biomaterials. 34 : 6008-6014 (2013)

Takemoto, N., Teramura, Y., Iwata, H.: Immobilization of Sertoli cells on islets of Langerhans. Biomater. Sci. 1, 315-
321(2013)

Takemoto, N., Liu, X, Takii, K., Teramura, Y., Iwata, H.: Transplantation of co-aggregates of Sertoli cells and islet
cells into liver without immunosuppression. Transplantation in press

Deno, S, Takemoto, N., Iwata, H.: Introduction of antioxidant-loaded liposomes into endothelial cell surfaces
through DNA hybridization. Bioorg. Med. Chem. in press
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Kodama, T.; Iwata, H.: Comparison of bare metal and statin-coated coils on rates of intra-aneurysmal tissue or-

ganization in a rat model of aneurysm. J. Biomed. Mater. Res. B Appl. Biomater. 101(4), 656-662(2013)
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Teramura, Y., Chen, H., Takemoto, N., Sakurai, K., Iwata, H.: Polymeric materials for surface modification of living
cells. Polymeric Biomaterials, Volume II, Medicinal and Pharmaceutical Applications of Polymers : Third Edition
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Arima, Y., Iwata, H.: Effect of surface functional group on adsorption of cell adhesive proteins and subsequent cell
adhesion using self-assembled monolayers. International Symposium on Nanomedicine Molecular Science
2013(NMMS2013) (2013.10.8-10. Tokyo)
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MRI and DTI and a T1, T2 map. ISMRM 21st Annual Meeting & Exhibition (2013.4.20-26. Salt Lake City)
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Studies in our laboratory have been carried out to elucidate the mechanosensing mechanisms of morphological
and functional changes of cells exposed to mechanical forces. We have studied the mechanisms mainly focusing on
vascular endothelial cells which locate at the innermost layer of vessel wall and are always exposed to shear stress
by blood flow, to tensile/compressive stress by vessel deformation and to hydrostatic pressure by blood pressure.
Although endothelial cells have been well investigated from the point of view of mechanobiology by many re-

searchers, the details of the mechanisms are not clear yet. How do external mechanical forces transmit to the
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Fig. 1 vVWF (a), VE-cadherin (b), and CD31 (c) staining in hMSCs cultured under static conditions (control) or exposed to shear
stress (SS) of 2 Pa for 2 days with subsequent culture for 5 days. Staining of ECs cultured under static conditions is shown

as a positive control (P). DIC, differential interference contrast ; blue, nuclei; red, vWF, VE-cadherin, or CD31. The flow di-
rection is from left to right. Bars = 50 uym.
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mechano-sensors such as focal adhesions and nucleus? We have clarified the state of deformation and strain in an
actin stress fiber using cell imaging technology by confocal laser scanning microscopy. We have examined in detail
mechanical characteristics of actin filaments. Recently we have also considered the effects of shear stress due to
the flow on the function and differentiation of cells of mesenchymal stem cells. In this report, I introduce a part of
this research.

In addition, we have performed the development of the design theory for intravascular stent, elucidation of the
rupture mechanism of aortic aneurysm as well as research on the contractile properties of cultured myotubes from

the point of view of biomechanics.

High-level Shear Stress Stimulates Endothelial Differentiation and VEGF Secretion by Human Mesenchymal Stem
Cells

Growing experimental evidence suggests that mechanical stimulation plays important roles in determining the
proliferation, migration, and apoptosis of human mesenchymal stem cells (1(MSCs). We have studied that shear
stress stimulates hMSCs toward an EC phenotype in the absence of chemical induction. Most importantly, fluores-
cence microscopy clearly demonstrated for the first time that the distributions of endothelial-specific markers, vas-
cular endothelial (VE)-cadherin and CD31, in hMSCs were similar to those of ECs at cell-cell adhesion sites after ex-
posing hMSCs to a shear stress of 2 Pa for 2 days with subsequent static culture for 5 days (Fig.1). Western blot
analysis proved that shear stress of 2 Pa significantly induced protein expression of von Willebrand factor (vWF),
VE-cadherin, and CD31. However, an unclear expression of the endothelial-specific markers was observed in the 0.2
Pa shear stress group. In addition, there was a cumulative production of vascular endothelial growth factor (VEGF),
which is known to induce endothelial differentiation of MSCs. By exerting shear stress of 2 Pa on hMSCs for 2 days
with subsequent culture for 5 days, the production level of approximately 2-fold compared with that of the control
group was achieved. Our findings suggest that high-level shear stress can induce VEGF production and EC differ-

entiation from hMSCs. This may provide a means for addressing the cell sourcing issue for effective tissue engi-

neering.
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sumoto, M. Sato and T. Ogura : Haemodynamically-dependent valvulogenesis of zebrafish heart is mediated
by flow-dependent expression of miR-21. Nature Communications 10 June, 1-11, 2013.
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VEGF secretion by human mesenchymal stem cells. Cellular and Molecular Bioengineering 6 (2), 220-229,
2013.
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Figure1 The “As model”. Asingie (Or As) is the only cell type that acts as stem cells, while interconnected syncytia are thought to be
irreversibly committed for differentiation.
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Figure2 GFRa1+ spermatogonia. Immunofluorescence for GFRa1 in whole-mount seminiferous tubule specimen. Lower, higher
magnification of GFRa1+ As and syncytial (Apr and Aa-4) spermatogonia. Bars, 50um.
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Equipotent stem cell pool

differentitation
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Figure3 A proposed stem cell dynamics. GFRa.1+ spermatogonia comprise a single stem cell pool, in which cells continually and
reversibly interconvert between states of As, Apr and Aal spermatogonia through incomplete cell division (rightward black
arrows) and syncytial fragmentation (leftward blue arrows), while giving rise to differentiating cells (downward dotted ar-
rows).
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Research outline
Prof. Yoshida was appointed as a visiting professor of Institute for Frontier Medical Sciences, Kyoto Univer-

sity in April 2013. The aim of this department is to reveal the cellular identity and behavior of tissue stem cells, a

main player of the regeneration process, and to elucidate the mechanism regulating the self-renewal and differen-
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tiation. By knowing the nature of ‘tissue stem cells’, it is expected to contribute to the regenerative medicine by
proposing 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 hoemopoietic, gastrointestinal, and epithelial cells. A typical stem cell system is believed to support the long-last
ing spermatogenesis spanning the entire longevity. However, like other stem cell-supported systems, little is
known about he cellular nature and the behavior (how to balance the self-renew versus differentiation) of stem cells.

In 1960s to 70s, through the in-depth investigation of fixed specimen, it was discovered that the undifferenti-
ated spermatogonia (spermatogonia are the mitotically dividing cells before entering into meiosis) observed in
mammalian testis constitute both Aguge or As cells that are singly isolated, and syncytia including 2" cells (viz. 2, 4, 8,
16 cells etc.). It was reasonably postulated that such syncytia are formed as a result of incomplete divisions through
which mitotic daughters (then cousins, second-cousins and so on) remain interconnected. In 1971, so called the “As
model” was proposed, which indicate that As spermatogonia equal to the stem cells, while syncytia are believed to
be all irreversibly committed to differentiation. This theory has become prevailing, although it is theoretically im-
possible to know the cellular fate behavior from fixed specimen only.

By developing experimental systems that allow one to analyze cell behavior over time (viz. live-imaging and
pulse-labeling), Yoshida has been investigating the in vivo behavior of undifferentiated spermatogonia under the
context of undisturbed testis tissue. This is on the basis of identification of genes showing specific expression in A
and immature syncytia. As a result, we discovered a number of characteristic features of this population such that
1) syncytial spermatogonia, which have been thought to be irreversibly committed to differentiation, occasionally
fragment and give rise to As cells, that 2) “reversion” of usually differentiating cells becomes frequent under regen-
eration following tissue insult, and that 3) the stem cell populations show preferential localization to vasculature
network, and that 4) stem cells continually replace with each other showing short longevity less than two weeks in
average (Nakagawa et al., Dev. Cell 2007; Yoshida et al., Science 2007; Nakagawa et al., Science 2010 ; Klein et al.,
Cell Stem Cell 2010). These findings have thrown doubt on the “As model”, reviving it as an important question to

ask for the true stem cell dynamics in this system.

Activity in 2013 : We have analyzed the behavior of GFRal+ spermatogonia (which has been postulated to act as
the stem cells) in the undisturbed testis at a single-cell resolution, taking advantages of live-imaging an pulse-label
ing strategies.

From live-imaging study, we discovered that 1) the population of GFRal+ cells continue to produce differenti-
ating cells while maintaining their own population. However, 2) the individual GFRol+ cells’ behavior was revealed
to be highly variable between clones: in some clones all the descendants differentiated and left the stem cell com-
partment, while in others, multiple stem cells were generated. This indicates the dynamics of “stem cell population
asymmetry”, in which the balance of self-renewal and differentiation is achieved at the level of cell population,
rather than at the level of individual cell division.

Then, live-imaging study uncovered that 3) eventually 100% of the A cell divisions were incomplete giving
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rise to two-cell syncytia (A cells). On the other hand, 4) the syncytia were observed to fragment into As and
shorter chains at an unexpectedly high frequency comparable to that of cell division. Therefore, it is suggested that
cells continually interconvert between As and syncytial states, making a stark contrast to the “As model”.

Further, these quantitative data of cell behaviors were analyzed making use of mathematical and statistical
analyses, in collaboration with Prof. Benjamin Simons of Cambridge University, UK. The results raised the novel
paradigm that A, and syncytial GFRol+ spermatogonia constitute a single stem cell pool in which cells continually
and stochastically interconvert these seeming heterogeneous, but equipotent, states (Figure 3; Cell Stem Cell in

press).

Perspectives : These results propose a novel paradigm of mammalian spermatogenic stem cell dynamics, which
challenges the “As model”. Future experimental evaluations of the solidity of these models are very much war-
ranted to get closer to the true nature of the stem cells. Generally in view of the recent stem cell biology, a rapid
progress is emerging from the single-cell level lineage analysis in tissues including mouse intestine, skin, or other
epithelial tissues, and fruitfly gut and gonads. This study on the mouse spermatogenesis, we believe, is one of the

pioneering studies that open the new view in today’s stem cell biology.
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Kitadate, Y., Maruyama, A., Ichikawa, R, Yoshida, S.: 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) (2013.5.28-31. Matsue)

Tkami, K., Sugimoto, R., Yoshida, S.: Differential response to Retinoic acid achieves balances self-renewal and differ-
entiation of the stem cell compartment in mouse spermatogenesis. The 46th annual meeting for the Japa-
nese Society of Developmental Biologists(JSDB)cosponsored by the Asia-Pacific Developmental Biology
Network (APDBN) (20135.28-31. Matsue)

Jedish, LRSS, WIEE, HFHRA PRy FEMEOT A YY) 7 B Esmige [ - ph
FET A X 7B D AMEARAFE O L EERE | 55 4 WIS (2013.8.26-28. KBR)

AR, AR < AR TERMIBOZ ML MIBEG 55 106 H H ARSI A K4 (20139.12-14. BN

Hara, K., Yoshida, S.: Maintenance of spermatogenic stem cells follows from dynamic heterogeneity in mouse tes-
tis. Cold Spring Harbor Laboratory Meeting on Stem Cell Biology (2013.10. 24-28. New York, USA)

Kitadate, Y., Yoshida, S.: Peritubular cells expressing CXCL12/FGF5 sustain spermatogonial stem cells in mice.
Cold Spring Harbor Laboratory Meeting on Stem Cell Biology (2013.10.24-28. New York, USA)

PR, ARSE HHRE LT A YIRISEEOAN — 2B~y AR RS €5 HA
B0 84 MK £ (2013.9.26-28. k1)

L, HHRE =7 2O PR BRI ORI B ARS8 84 MK 4 (2013.9.26-28 i 1l)

JedEsh, AHEERSE, WIEE, HHERA =y FRUNREIC X Ao AT Y AR TS
2013(2013.11.14-15. KBR)

Yoshida, S.: Dynamics of the mouse spermatogenic stem cells in seminiferous tubules. IV Workshop on Male Re-
productive Biology (2013.11.26. Sao Paulo, Brazil)

Yoshida, S.: Towards the understanding of the sperm stem cell niche in the mouse testis. IV Workshop on Male

Reproductive Biology (2013.11.27. Sao Paulo, Brazil)

2 BE-VURIILA

Yoshida, S.: Spermatogenic stem cell functionality in the mouse testis. Gurdon Institute, University of Cambridge
(2013.1.10. Cambridge, UK)

R =y AR FREE LR 2RO HOEE - ML BB T 27T A Y OFS [HAEREY - B
PR 358 O S v A 1 2L IFFE L | SRR 24 4F B2 L AT 7R3k 2% (2013.3.15. 3UHR)

Yoshida, S.: Stem cell dynamics of mouse spermatogenesis at a single-cell resolution based on live-imaging, clonal-
fate, and theoretical analyses. The 10th NIBB-EMBL Symposium 2013 Quantitative Bioimaging EMBL
(2013.3.17-19. Okazaki)

Kitadate, Y., Maruyama, A., Yoshida, S.: Polarized distribution of niche microenvironment in seminiferous tubules.
1st International Meeting for Epithelial Tubulology (2013.6.21-24. Sapporo)

HHARAE =y 2 TSRO ERE 55 v BEERET A VAR 4 )V ZABZEO @i > ) — Xk
(GEEAA - SRR Y I —BAEERPIIZET £ 3+ —) (20136.26.  5UHR)

FHHA - Stem Cell Dynamics in Mouse Spermatogenesis: A combination of live-imaging, pulse-labeling, and in

silico modeling studies F&4E « MBS - Y AT L AEWHE Y a4 v P A=A RICERA A—T v 723k
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DLBIET IV 2 B G Y AT 2 OEFFTEAR O - B (2013628, 5U#)

Yoshida, S.: Toward the fuller understanding of identity and behavior of the mouse spermatogenic stem cells. Sa-
pienza University of Rome (2013.10.23. Rome, Italy)

Yoshida, S.: Spermatogenic stem cell dynamics in the mouse testis. EMBL, Monterotondo (2013.10.25. Montero-
tondo, Italy)

Jedith, SLILMERESE, R, FHERA TR S 2 BUNRRE = v F ORI HARSEE Y ATk EE
¥ RY Y 4 2013(2013.11.18-20. #l)

Yoshida, S.: Dynamics of the mouse sperm stem cells and their competition. Universitiat Basel, Zoologisches Insti-
tut(2013.11.19. Basel, Switzerland)

Yoshida, S.: Investigation of the in vivo dynamics of mouse spermatogenic stem cells. Friedrich Miescher Institute
for Biomedical Research (2013.11.21. Basel, Switzerland)

Yoshida, S.: Useful tools to investigate spermatogonial stem cells. Federal University of Minas Gerais(2013.11.29.
Belo Horizonte, Brazil)

Yoshida, S.: In vivo behavior of mouse spermatogenic stem cells in testicular microenvironment. Federal Univer-
sity of Minas Gerais(2013.11. 29. Belo Horizonte, Brazil)

R = AR E LR 2Bl OIE R E T OBRE SRR RHEERATENT [ FHERES: - BAERRD
JevmiRl B IL R ZEM AR | SR 25 4R BESRAR R 2 (2013.12.25. 5THE)
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BAREZ TR
B4 TEHHE 55

Department of Growth Regulation

PHEE BER HEGRET

Prof. Atsuko Sehara (Fujisawa)

(57 52 #1 &)

IELC&IC

FABBETIIEG DR KE Lo 2B ET 5. B % CRE Ol ClE, TN»MEEEZIT5 L HE
TN, BBV TIE, SR L I B ANE L S, s AR & B L - i L &
IO 70t 22X o> TR ZIMEVET 2 EBALN 5.

Fa OWREIL, FIHEEYY: - MlREYFO Y26, (DL - B KAER, A, (2) TBRRIZK
B BMBEE Y 7D v 7 - ORI E EoTa T 7 — i, 2 AK0E LTHREZT>TWwa. £
27 A% W75 TRIZFNTFERHEERICL 8L LB, €75 74 v vaiklwT, HEZMETHON
AFA A=Y 70X o TRBEBOERZ S EAEIC X D THAEL, BERLHAEOH L HAZHL2IZLD
OHhb.

(1) M EBRIEL - BERE - BIE, BRSBTS E R U T2 fTo T 5.
FEH AL O AT ERA I & FIBRIS, A AE G I LR B - Pax3/Pax7 2B L TV 545, FA B O
RIS L B 0, Sho e, MR mE S 2B h 5. S oFBGRIRS, HEECE b
%) SAEMII ORI & FR S, MR AL, Z LT b L TmiMiEZ1ES & & b Icifiiaz T 2
INDHHAETHL., COFHHEDAAZXLEZWROLNITLUEDELT, INH6OTULRIZHET S
mRNA 2227 ) == 7L, SHICENLORFEZR-TE 2, BEFWLETEICLY, WRRERY X YK
PRI TREAE SN BRI, Pax3/Pax7 3 X UFMyoD 2 %% & L, T/ Zh 6 O#ET 206
ENLAMPLRBICEEIND ZENHALNII R - TE/ 22T, Pax3 HEHMIB%E GFP, MyoD »5iEH b3
7-Mifa% RFP TE=%— L9537 A&/ L, TN50HMEBI~ 7 2755 GFP btk - RFP Bt O fii i
Ml % WEE L, BEICHED mRNA BH 707 7 4 VOZBLE R~ ZRE2HBET LI LICED, REp®%
ML TR L ANV AT 5 miRNA O THARF ML TOM & AURZEAW O miRNA 2 RWw7Z L7,
Aiial, GFP Balk - RFP Wthfiila e L CHEES MBS, ToMBOMWE L, FHEMFORN2 SRR %
BIZONTEALT 5. ZOZALIE, F—ITHiHE TIIMBIETHAEA TH 5 DITx LIEE TIEE L < MifaaEss
KT UEIEIANE BT T 52 L, FICHEETIE MyoD 7 Y 37 HORERB A SN DI LEZTIEZED
BEIPHEND 2L THo72(Z O, EE LX)V T MyoD EETORBBEOSH S Z Lidcre 2L - T
RFP BEICHR LT WA Z LR EINTWS)., 22T, BAKTHEHDOE W Z O miRNA % HiET O i il
FUEAL7-E 25, ZR5OMBBREDIE L HESND 2 Labhrolz. S5/ 212, miRNA
A L72H A e cld, 22 TRIEO RSN MyoD & 327 B A L L Hilil &, 312 Pax7 D%
BOEHAL SN D 2 Edbh o, 2% ) 2O miRNA &, HrAEFH @A o ML & MyoD ¥ ¥ /37 &
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(2)

BLEREFMITERRM

OFEHZIHE L, O RAAEEROIRELZ S 52H 5 VI T 2L F o T/ TH 5. T,
Z® miRNA &, HHEMBOFARICELTED L) ZREFODOES 9 . Ao mEMIa, HEks
CIFHERTOBMERO BB BAT 2 &, L CHAMICNY AT I2WE H L. L Linsdit
HEEL GRS RIS T L, ThoofiieTid, FEHL Tz Pax7 23] S L MyoD ¥ > 737 H OFEH )
LS, HMFMED BT 5. 2L Two7zA MyoD 286 LE 2 &, Zh o oMl BHiREZ %k -
TLEIZEDRGDoTwh, HEE HEHLEOEALRYANa T 4 v/ v 2779 <7 X (Duchenne #fif; ¥
AFBET 4 =DEFEFNIY AT, RBEKFELRMAAE L X 0 5220725 0) 12, FEEomLz B
THE, TROIFREFEMCMY AT N L7z, LA, BARHHMIZICZ O miRNA %8 A L TH%E
%, FAEMICBHT S &, b THF I CHERICNY AFTN2HEI Db oT.

DEo X912, FH—ksr St MEomEm icHamiile s B3 28, 2o miRNA IBAE L I LS
EHHEREE RO b odz, ZOZ LI, 2O miRNA OFHMBBMICE T 2 A2 R & I,
MY GE 3] & 1, MyoD % ¥ X7 M OFEHA M Z 5N 72IRE, S % 0 IR0 aiiE o IREE % i FF 5
BTN, HEBMBOBHEED FRICORBE I EERLEDDTH L. (EEEZEOMELD)
FEREERICE T 2MIRE JFU 2T - BEOT7OF 77—l WY 7 F LV a+REE R T oORE —EE
R BT YW (ectodomain shedding) # 4L C, MM T 7V ¥ 7 REE0HENCES 3%, ADAM &
I B BRI T 077 —€7 7 3 —IZEH LM ZITo T 5. 77— (D) Oh» 53R S+ TE %
THHH, HIZE EE 6T, FEADKEHMYZZ MG, ATHEN2H#Es LTEhbdTRYLHETS S
TERWSMILTE . BUEMBIEMINL TR 2 ADAMI9 OIS ML 12 3317 2 1580 & b
BER, v u7 7y — VML TRET 5 ADAMS Of%# L HEICH T AMER L2 T-oTwh. h
LOMRIZBWTIE, 7R LB, MR THA LEHES AR L AT EHRTCELIET T
74 v Y akEHCTHIZEEZ 7o TWwb. iU, BAEBRICBT2MlBoRHZ2 o707 7 —EhE
DEHITHBEL TV B EAEZLMERDOPTHRLZENTELNLTHS.

tT77 4y atBAVE Adami19 OFREIEHEEICRET 2%

IHET, Adaml9AE T T 7 1 v ¥ aDFERIHBBEICEI L TWwE L2 RWEL, 7yFE¥ R
ENTH) =/ F)TX7 VAT P HOIEEFEBREIC L) 2 okE] - T2 17o T& 72, O
E, MR I ) YIEREMD V2T YR T R N — Y ATLES RO S, HBARICB TS 2T v
MINEOHEFEIC Adaml9 A>TV B I AR E N7z, LaL, THHEDORKHRIENVT 1) — ) W
BAFHRHAREICLIZ2D0TH ), BEFNFENS LI N TRV, 22T, BEFHENTZ1TH 72012
TALEN #:12& % Adam19 / v 2 7 b ET 57 4 v ¥ 2 O % KA 7.

TALEN 2L D, B4 s 4 TORKERES SN, Adaml9 / v 277 VBT T 74 v ¥ 2 &Y
HIENTER VSN Adaml9 2 v 2 77 v ET T 74 v a2 @At LR, EV 740 — ) &2 H
Wz R TRBIBEER E MRS, P27 VIO TR b= ATUENRO SN 2, a2y ST
T LA TR M= ADTLENRD b7z, BIEI NS ORBADS, MERFENZ Adam19 #
FHEBUCE o TV AF 2 — W2 &) eat L, RT3 % ADAMII A5 27 Ml A7 I 55
LHIERFAMLEIIEL TS, F72, MHBAZRETHEILTBY, in vitro DRIZBWT Adaml9 OREE L 7%
BERIEGHIN = 2 — L 7)) ¥ (% 7)) THGERT - NRGL) OIS X 2 i M LI Adaml9 258 b > T3
DTV EE Z, MHAREICEIT 2 NRGL O RIERYIBREE B AR & Adaml9 / v 7 77 M7 4 v ¥ a
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THEME L TWwa. 2512, TALEN B X 0" CRISPR/Cas9 # HHWWCNRGL / v Z 7% b7 4 v ¥ 2, Adam
19 LERRREEA T ENS Adam 77 IV —BETFD /v 7 T 74 v Va2 Bl Th B, (EESCH
OWIEL D)

DAPI ‘ znl2 islet1GFP

"

activeCAS3

+f-

1 ADAM19 (33 17 BN ERFICEET 3
PR (LER) - ADAM19 / v I 7 NET T 714y 22 (TR 36 BB Z, % (DAPI, &), #RIEMEE(zn12, v E > %),
TRNDZMMPEAGEME D ZXIN—HE 3, F), TEBELEDD
(HB220182LiEZh s 2 EREDELETR). ADAM19 Rigld, #MIEFEDNREEGISEI L TWV3.

Q) RE -BELEOMRICERLEERETT7 14 v 1 casper RIEDIER : €757 4 v ¥ 23 EWH R EDMEK
ACHEAL, ZhiR 1~2 HCHEARNRAEOMENER T 2 2 L0 6, BAEFFHCTRRITE R LT IVE)
WThsb, KpETH 2006 HEICETT T4y v aDEBRELL B, BENMHADOI A TA A=V T %A
A VRS L OHIRBIEONE 2172 > T& 72, ThETIETE LM - mEkIC X K S h 158
ORI AN T, BT a7 — ¥ ADAMS K112 X o THIH 2 402 i AT LR A3 0 06 5% B 4k 2 &
TTHAHIE®WS,ITL T3 (Tida et al, Curr. Biol, 2010). 7272, €757 4 v ¥ 2 1 dMREA 2%
% ETHH %Y =V Tlad 2D EW 2 O HHIIR7ZT T, /it 2 H B ICRBRROBEIPBEOREE T2 |

(o 7285 T 2ET 2 7 v 2 79 PFENHEL SR TR W] 28, o T F VIS TENYE 2R T
EBRVROAELTZ. L TADPEEIIRY, INODOAFZID D7k - HifOREPEREE L. £
CTARGHTOLINSOME - Hiffi 2 AL T, #HLVWEBROMBELZED TV,

Y774y Va0fREREAT /747 (H), FHU 2747 @), 4V F7 47 (D) O=FEOMHE
X DARBRRATEIR S B, FRICZRHRK 36 M2 OIMBIT A2 X5 7 74 Tid, @A A=YV 7OKRER
fEsE L 2 5. A5 = A EH] PTU (1-phenyl 2-thiourea) LB AR TH 5 A%, Zhith 3~4 H X b HBl§
SMMOBFOMBUIHHT 2 2 LT TE RV, T TAGTFTIE, HATHHRONITEESBIETREZR ZHE
FUK casper (White et al, Cell Stem Cell, 2008) DIE & MET L7z, casper S HFEEMIL SR D4 T oMl %
RAEFRT, MOPDINCH I - 2RBAZHE SN TR (X 2). F43MEH GFP Trgfk s 7z b
FGUVATV = XTI T4y T2k casper ERMLL, TNFEFCTHETEL»>READOMERDT A 74
A—=T U TIZEF LTS, BEE TIZ, MAECHES L7 flk-1 : Lifeact-GFP Rt W5 2 & T, HEk#kd
ISR T 5 2 LML o572 (M3, M4). ThETET I T4 v vaTE Mo BETFZH
Y2977 FOFESHLENTEST [BL 7+ 24 ) T2E -8B/ v o5y $LLIE
[ENUICL 5T v ¥ AEREA| IS BWEREEBFETH 72, WHEETHPROBZIEHEHNTDH 52,
R B SN 5 KBIBIOMHT I AT, HA GOSN ERIEENTH 5720, FHE0BIEFHHER
PR OB 2 T T VAR EOHIICIEAN S TH - 72, 72H5E4, TALEN % CRSPR/Cas9 7%
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EDOANTX 7 VT =2 HW M RBET /v 77 NEFET T 74 v Y2 lZBWTHHESh, Zhns
THE & 72 o 72 (Bedell et al., Nature, 2012, Hwang et al,, Nat. biotechnol., 2013). #4331, ADAM 7a 57 —
YR 2 BIZWCHELZ ) v 77TV ET T 74 v V2 DEREED TS, Thb2EH T VAV <
v I RMEETEDLEL LT, BEPOEMIIEL T TR EEIRBTHIE - MITT52 &0 kL LR
AATWS, (BHEROMIEL D)

2 E75714 v 1aRADFEDLRE
A B4R B:casper BERE

3 MEFR{E casper ZEMFD BN EATEMIFE G
A (LR » BOSEENG B BEIHOEOEEE C: EHMEOAIEE

4 MEFR{E casper ZEAD 3D imF &
A EFIEMIEIC L AEIAIESE. B. ZHFIEMIEICL S 3D BEF

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.

B E8PY — 76—
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(1) Molecular mechanisms of skeletal myogenesis and muscle regeneration

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.

(2) Regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in cell-cell interactions and the ec-

todomain shedding

We are investigating roles of ADAMI19/Meltrin beta in development and regeneration of the heart and nerv-
ous system and its function as a “sheddase” and a regulator of cell-cell interactions in these developmental proc-
esses now. ADAMI9 participates in the multiple processes including heart development, formation of neuromuscu-
lar junction, and Schwann cell differentiation during regeneration in mice. However, how ADAMI9 regulates
Schwann cell differentiation remains elusive. In order to elucidate roles of ADAM19 in Schwann cell differentiation,
we established ADAMI19-deficient zebrafish using TALEN technology. Live imaging of lateral nerves revealed
that GFP-labeled Schwann cells migrated along axons, and then, myelinated. In the absence of ADAMI19, Schwann
cells migrated but frequently raptured during migration. These raptured cells were caspase-3 positive apoptotic
cells. Dying cells were also observed in lateral nerve ganglia. These results suggest that ADAMI9 is involved in
the survival of Schwann cells during development. Previous studies showed that Schwann cell survival requires
Neuregulinl-ErbB signaling in mice. We confirmed that dying Schwann cells increased prominently in type-1
Neuregulin-knockdown embryos. Taken together with our previous finding that ADAMI19 has an activity of the ec-
todomain shedding of type-1 Neuregulinl, we currently hypothesize that ADAMI19 regulates Schwann cell sur-

vival through the ectodomain shedding of typel Neuregulin.

[% # B 2]
@ RERK ©

1) FEE#HRX
Wakatsuki, S., Araki, T., Sehara-Fujisawa, A.. Neureglin-1/Glial Growth Factor stimulates Schwann Cell Migration
by including the a5B1 integrin-ErbB2-Focal Adhesion Kinase Complex Formation. Genes to Cells, 2013.

Sakai, H., *Sato, T., Sakurai, H., Yamamoto, T., Hanaoka K., Montarras, D., *Sehara-Fujisawa, A.. Fetal Skeletal Mus-
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cle Progenitors Have Regenerative Capacity After Intramuscular Engraftment in Dystrophin Deficient
Mice. PLoS ONE, 2013 : 8(5) : 63016.

Tanaka, A., Woltjen, K., Miyake, K., Hotta, A., Ikeya, M., Yamamoto, T., Nishino, T., Shoji, E., Sehara-Fujisawa, A.,
Manabe, Y., Fujii, N, Hanaoka, K., Era, T., Yamashita, S., Isobe, K., Kimura, E., and *Sakurai, H.. Efficient and
reproducible myogenic differentiation from human iPS cells : prospects for modeling Miyoshi Myopathy in

vitro. PLoS ONE, 2013 : 8(4) : e61540.

© FREORR @

1) 2% - RSER

BHBK T T 74y ¥ 2 OMBEHIEER > A 7 2RI MBS R LA OB, SCRERHEERHEE7E 2 Ml 4
Hermi g ge Ta <A Lo 7 v X b— 212X 2808 O] 4 6 MPEaEk (2013.1.21. JLHilE)

Tomomi Sato: ErbB Signaling Regulates Generation of Neurons during Development of the Optic Tectum in Ze-
brafish. The 23rd CDB Meeting "Building multicellular systems from cellular cross-talk”(2013.1.22. JfthilL)

PHHRKE © Roles of ADAMS for skeletal muscle regeneration. 5 #4153 — 7 1 >~ 77 (201324, fel)

R © BTSRRI OTRICES$ 2 MG R MR, 5 —7 1 > 7 (201324, JLE)

Tomomi Sato: NRGI1-ErbB Signaling Regulates Generation of Neurons in the Optic Tectum of Zebrafish during
Development. CDB Symposium 2013 "The Making of a Vertebrate” (2013.3.5. Jjf )

AT M B — RSP BRI D #875 & 26l & L 72/ AL - B9I oA LRI BEAE, TR 2 A Rk e Bl
W& M sEIAT 2 (B MR & D 7 O A M — 2 X BRI 0L ] 4 2 MFEF 04 (201337, #HEHIE)

R EE, BFET BRI O TR B 53 2 G B P EBRREROK, 6 12 [0 H AT AR R S #8 4% (2013.3.22.
FZEIIIE)

Anna Tomosawa, Atsuo Iida, Atsuko Sehara-Fujisawa: A transmembrane metalloprotease ADAM]I10a regulates
behaviors of primitive erythroblasts and vascular formation in zebrafish development. % 46 Bl H ARF§4: 4
W43 (2013530, EARIR)

Hanako Naito, Yoko Ueda, Takahiko Sato, Atsuko Sehara-Fujisawa, Masasuke Araki: Amphibian retinal regenera-
tion is triggered by matrix metalloproteinases. #3 46 [8] H ARJ& A4 AW # 4 4E 4 (20135.30. BAREL)

Takahiko Sato, Takuya Yamamoto, Atsuko Sehara : The investigation of post-transcriptional process to form adult
skeletal muscle stem cells. %5 46 [ H ARFE A A4 2223425 (20135.31. BARIE)

HHER ¥ T T 74y v aREBHIIBIT 2T a7 7 —¥ ADAMI0 OF%HE], Frsraiimise [ — ik
TA T ¥ 7B B EARLEE I AE ) 5 4 MIPESER (2013.8.27. KBRFT)

T - AR BT B IR 7 1 7 7 — ¥ ADAMI9 OfZE, Fraliilidmrse [ - A4 79 > 7
(BT B M EARAF V7B | 55 4 M JES5E (2013.8.28. KKRAY)

HHER ¥ T T 714y a2zl ADAMIO 70 7 7 — EER T O, HARISEAY 2 2013 FF0H >~
K7 2 (20131118, SLilL)

2) WM - SIATIL

Atsuko Sehara: Exploring roles of ADAM proteases in development using zebrafish. [FIFS &S 22T isE 7" 1 27
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FGUNT ) DT HREARX=V Y TH A Ly KDy AT AFZEOFER ] 2012 4FE25 1 MIF7E &
(2013.2.23. HLHBHF)

RHEE : AT AD T Y ARV Y Tol2 DN OWT, ZREmFFAHAMN KA bR+ I —(20137.12.
ZRIL)

WG - AR O A, 06 MIERERIY Y VR Y A (R - R FIIROMN %555 - B 07
DOH (20131012, FUERIF)

Fuminori Sato, Hiroyuki Kangawa, Hiroyuki Arai, Kazuya Tsumagari, Atsuo Kawahara, Koichi Kawakami, Atsuko
Sehara-Fujisawa : Roles of ADAM Proteases in Development of zebrafish. the 8th General Meeting of the
International Proteolysis Society (2013.10.23. Cape Town, South Africa)

Atsuko Sehara-Fujisawa: exploring Roles of ADAM Proteases Using Zebrafish. Swiss-Kyoto Symposium (2013.11.21.
Zurich, Swiss)

Atsuko Sehara-Fujisawa : exploring Roles of ADAM Proteases Using Zebrafish. FE V. & KRS — RHERF Y VR
Y7 4(20131220. HALTH, AE)
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Department of Immunology

PHEE BR AKX &R

Prof. Hiroshi Kawamoto

(3 % 8 &)

M BV TS REE ML A S MR GALREDSRE SN TR E, WA WS ORY O HRERTEAIE A4 3 5.
A OWRENHEE LTSI EIE, ZOHMERERERICB VT, AT OEa 24 Y 550 % 555k %
MTHIETHDH. HAFZEBRIZIEDTHF L WEMET IV E LT [I 204 FIEAREFTV] ZHRELTE
7o, —RRCHAT LT MAEME SV L RERY, SOEFLVTIE, ) 204 F, THE, B~
A EHICE VT, I xaf FHll~OGMLRRZRFET 5L LTwa. SMEEDOEKEMETRE L TR
25, HTH THICE 2 @IS HEZECCTHZEZHED TV D, 2013 FFIIE LRI A S &R L Ok THD T X
72 MEREIC B S aE ML OB B3 A FZE o B & #Hiis L 72 (Katagiri et al, Stem Cells, 2013). DAIFIZZ
DWFIZOWTRAT 5.

- iPS il E AV THAARBEREN THlREBE L5

EIMEEAL (HSCO) 1, SR LT THOHRE LM CTE M E 22 2 212X ), Sz s
EEZLNTWS. F72, £ O HSCIRIRHT, —# 2P EMICEBKL TV 2HBASN TS, LI Lk
Mo, HEWZENOHT [H4 O HSCIZETORVNOMIEE DL > TWwbH 2] EAHTH 572 F4 13 HSC
Wi Z 5 PIG-A B FRIICHEH L7z, PIG-A BIZFRIEHSC I GPL 7 v —Mo ¥ 737 B (GPL-AP) %
BHTERLLZDT, ZOTFTHMIMIL FACSIZX > THRIITE 5. GPLAP B EE A TR TH 575,
FAAR B (AA) 28 BERITEBE R (MDS) T I BUHEE 2SR V.

7574 A AA &%\ iE MDS O BB OKRIMZ, 6 FEHORY] = [FHER(G), HEROM), HRiEk(E), T Ml
(T), NKAHMI(NK), BMIK(B)] ooV THlR7/2zE 25, 250 AT GPLAP BEYEMIE A & v fz. BBREZE W O
LT, FREDBPITRONIZRINC LR SN o7z S5, 67 A-18 7 AOMEEH T THRELLZ A,
ETOREFNIBVTH CHAELEDORI B S iz, BHMEMLIHRIN TV HNS, T 50 GPLAP B
A X RTBRAIIE CTld % < HSC ICHR T2 L2 6N b, RIIOMAGLEIL16 74 7H Y, REFDOP TG
-M-E, GE, G, GM, GM-ENK, GM-EB % EDBHBWEHEICAL N, BROENIRIZTEAL TV S5 %,
HSC DRI ZFENDEDO ML A D T L b TE DN, FAITRIIE ZFLET L B/NRBEOEY A 7 tho s
EVI)ETFTNTHHPTELLEZTWAS. TNEEWA 7 RINEFEMINRTEE TV LA, ZoETV
WSV TYIab—Ya & MR, BRT— 712X AR LTwA(MD). BETRONAHETED
575, AA X MDS OHTh GPLAP BRHEMINEA A S (F 74 b HRIEIC X 2 HSC DBEDWEK TH %) il <
EHREERIIARAEMICES 2% 2 61, F7-GPLAP B HSC b E&MfEHEKIER EEZ2z b Tnd. &5
12, [RoNRFI0HEI] (X AA OFEFITHEREFTLIRC L HICA LN, F2 267215 Tldd sIMEH AT
bALNIZ o T, IEEEMOBHEDFETHA ) EEXZTVAD.

The major aim of our laboratory is to elucidate the molecular mechanisms that regulate cell fate decisions in
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Fig. 1 Simulation of HSC differentiation in a model assuming a mosaic environment for the commitment of primitive pro-
genitors recapitulates the clinical observation.

A. A model assuming that the bone marrow microenvironment is heterogeneous in supporting the commitment of progeni-
tors. A certain range where the commitment of progenitors mainly occurs is termed the “commitment sphere”. Area col-
ored by beige, pink, light green, or blue represents the environment supporting commitment only towards myeloid (M),
erythroid (E), B or T, respectively. If a HSC happens to reside in a location in which the commitment sphere contains
only M and E regions, then this HSC can eventually produce only M and E cells, even if committed progenitors expand
enormously and become widely scattered.

B. Frequency of clone types bearing GPI-APs™ cells in a total of about 100 patients.

C. One example illustrating the frequency of clone types simulated in a mosaic pattern shown in (A). A total of 100 virtual
HSCs were simulated to form hematopoietic clones, and numbers of the resulting clone types are illustrated. The simu-
lation goes as follows : a virtual HSC undergoes several cell divisions at fixed intervals while randomly migrating. The
uncommitted progenitors then undergo a fate decision based on their ultimate location. Committed progenitors can
also randomly move around. After several additional fixed time cell divisions as committed progenitors, cells become
mature. Note that similar types of clones to clinical samples shown in (B) are recapitulated in the simulation.
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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. In 2013, we have published one paper that has fo-
cused on the dynamics of hematopoietic stem cells in human bone marrow in collaboration with Kanazawa Univer-

sity. Here we introduce this study.

Individual hematopoietic stem cells in human bone marrow of patients with aplastic anemia or myelodysplastic syn-
drome stably give rise to limited cell lineages

Mutation of the PIG-4 gene in hematopoietic stem cells (HSCs) results in the loss of glycosylphosphatidylinosi-
tol-anchored proteins (GPI-APs) on HSCs, but minimally affects their development, and thus can be used as a clonal
maker of HSCs. We analyzed GPI-AP expression on six major lineage cells in a total of 574 patients with bone mar-
row (BM) failure in which microenvironment itself is thought to be unaffected, including aplastic anemia (AA) or
myelodysplastic syndrome (MDS). GPI-AP-deficient (GPI-APs") cells were detected in 250 patients. Whereas the
GPI-APs™ cells were seen in all six lineages in a majority of patients who had higher proportion (>3%) of GPI-APs~
cells, they were detected in only limited lineages in 92.9% of cases in the lower proportion (<3%) group. In all 250
cases, the same lineages of GPI-APs™ cells were detected even after 6-18 month intervals, indicating that the GPI-
APs™ cells reflect hematopioesis maintained by a self-renewing HSC in most of cases. The frequency of clones with
limited lineages seen in mild cases of AA was similar to that in severe cases, and clones with limited lineages were
seen even in two health volunteer cases. These results strongly suggest most individual HSCs produce only re-
stricted lineages even in a steady state. While this restriction could reflect heterogeneity in the developmental po-
tential of HSCs, we propose an alternative model in which the BM microenvironment is mosaic in supporting com-
mitment of progenitors towards distinct lineages. Our computer simulation based on this model successfully reca-

pitulated the observed clinical data (Figure 1).
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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. In addition, we have revealed a

method to prevent tumor formation. Now, we are inducing DA neurons from human ESCs and iPSCs, and develop-
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ing a safe and efficient method for clinical application of these cells.

In 2013, we have reported the results of direct comparison of the autologous and the allogeneic transplantation
in the brains of non-human primates. We demonstrated that the autologous transplantation of iPSC-derived neu-
rons elicited only a minimal immune response in the brain. In contrast, the allografts caused an acquired immune
response with the activation of microglia IBA-1*/MHC-class2%) and the infiltration of leukocytes (CD45"/CD3%).
Consequently, a higher number of dopaminergic neurons survived in the autografts. Our results suggest that the
autologous transplantation of iPSC-derived neural cells is beneficial for minimizing the immune response in the
brain compared to allogeneic grafts.

We have also attempted to modify the host environment and investigated whether the simultaneous admini-

stration of soluble factors can improve the survival and differentiation of murine iPSC-derived DA neurons in host
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Fig.1 Direct comparison of the autologous and the allogeneic transplantation of iPSC-derived neurons in primates.
The autologous transplantation of iPSC-derived neurons elicited only a minimal immune response in the brain. In contrast, the al-
lografts caused an acquired immune response with the activation of microglia (IBA-1+/MHC-class2+) and the infiltration of lym-
phocytes (CD45+/CD3+).
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Fig.2 Analyses of iPSC-derived midbrain DA neurons in animals treated with VPA, ZNS or E2.
Representative immunohistologic images of grafts containing midbrain DA neurons (TH=DA neuron marker, green ; FOXA2=ven
tral-midbrain marker, red). The scale bar applies to all pictures and represents 50 um. A graph shows a comparison between each
group for the number of FOXA2*TH* cells(midbrain DA neurons)per graft. The data are presented as the mean + SD. (*P< 0.05, **
P<0.01; n=8 control, n=6 VPA, ZNS, E2)
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brains. With the goal of applying this technology in clinical settings in the near future, we selected drugs that were
already approved for clinical use. The drugs included two commonly used anticonvulsants, valproic acid (VPA) and
zonisamide (ZNS), and estradiol (E2), also known as biologically active estrogen. Immunofluorescence studies re-
vealed that VPA and ZNS increased the number of TH'FOXAZ2* midbrain DA neurons, suggesting that the sys-
temic administration of VPA and ZNS may improve the efficiency of cell replacement therapy using iPSCs to treat

PD.
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Figure 1 Investigation for cell-of-origin of sarcomas using pluripotent stem cells. Tumor specific oncogenic alterations are intro-
duced into pluripotent stem cells (PSC) after the differentiation into each cell lineage, and the genotype and phenotype of
introduced cells are compared with those of target tumor cells.
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Figure 2 Application for the research of synovial sarcoma (SS). SS-specific fusion oncogene, SS718-SSX, was incorporated into
the drug-inducible expression vector and introduced into PSCs. By the treatment with the drug, SS18-SSX was induced
at mRNA (A) and protein (B) level, and cells expressing SS18-SSX (labeled red by mCherry in C) started to migrate from
colonies. The expression of down-stream genes was also induced (D).
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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-

o B RS ARS8



Annual Report 2013

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). After the examination of ethical committee of Kyoto University and MHLW, our proto-
col 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. 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
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 consisted of tumors with a A number
of recent reports suggest that cancer cells are derived from stem cells in each tissue. Therefore MSC can be cell-of-
origin of sarcomas, which are malignant tumors developing in mesenchymal tissues. Also MSC can be tumor-initiat
ing cells of sarcomas, which are highly tumorigenic and resistant to chemotherapeutic drugs. In other words, mark-
ers for sarcoma initiating cells can be used to identify MSC among stromal cells. We are currently focusing of p75
NGFR, which is expressed on both MSC and osteosarcoma, a representative 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.
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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.

4. 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-
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 auto-
immune background, efficient immunosuppression should be required. In order to avoid it, we are diligently study-
ing 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 is-
lets 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-

lets, we have successfully shown the efficacy of several macro-devices of bio-artificial pancreas. In contrast to micro
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-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 X, a novel tumor-suppressor gene found in endocrine tumors of the pancreas
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 part of this study was pre-
sented in an academic meeting. 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 re-
sponse to glucose stimulation. In order to investigate the effects of cluster formation in transplantation, we started
another study on the novel culture surface to develop high-thoughput methods of cell cluster formation and are
making good results. 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. This study was published in 2013. We are attempting functional improvement by cell cluster for-
mation of these in vitro processed cells toward realization of new diabetes therapy in combination with PV A-macro

encapsulation technique.
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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-differen
tiation 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 regenera-
tion capacity of each tissue. Up to now, in higher mammals including man, it has been believed that highly differen-
tiated 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 pro-
vide good conditions using refind ECM, we can induce this hidden potential even in higher mammals. We have al-
ready carried out succeessful trials at regenerating peripheral nerves, the esophagus, the trachea, and blood ves-
sels 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-sup
port 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 cellMSC)ob-

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

ATREORS RO ACHEBBERDATIRE ERAFEL 2002 FLWBARTE->TVWET. ThIRERIELICERE
WICEZEDS, SOICHLVWEATOAIRET, BMERETVIOFENMEERPLLM LML TV ET. TROCTK
BA13sREDCTFR. BELARENIREEMR L TVWEIDON RS0 3.

Artificial Trachea has been developed in our group more than 30 years. Since 2002 it was clinically applied to the patients. These
figures are new type of our artificial trachea composed of bio-absorbable material and collage. The tracheal wall is designed to be
replaced with host tissue.
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MMC-induced chromosomal breakage
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Chromatid gap ~ Chromatid break Chromatid
interchange

Ko HEKOMMC+ [IWT BWTMMC+

DNA BEHEEFIC/BTET 5 N16 12 DNA 7 O Y > JB1RICHEET 3.
(AIN16 EEEDEEIFERIC L 1) PCNA LB A RADRBENPEES LS, B, ON16 /v 77T hYU2
FE & WAL L 7z ES MBE TIX DNARBEITH B3 1 b7 A 2> CIMMC) ICH T B L BHRARREM I EXRT 3.

N16, a novel component of DNA replication complex, is essential for DNA crosslink repair in mice

(A) The N16 protein overexpressed in HELA cells clearly co-localizes with PCNA in the nucleus, (B, C) embryonic
stem cells established from an N16 gene knockout mouse embryo show increased chromosome instability in re-
sponse to DNA crosslinking reagent mytomycin C (MMC)
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LAV TOIHNCHEEET 5. —7F5, TDRD6, 713K FHINE O LR ARSI E) <. A F B 124 @ processing
body, stress granule % & 3 FREEAFML L TB Y, BIEARMEO RNA HI#, 2 LV ARISFEITDOWTHIT %
HEDTVD, QMBI RERET 28 7PN s u~F B Ml - Ay 4 2 vicBw<Tr /A
RO E AR TR, FOBICEETH L), BB FEBGERE TS RIC L5 15L& A EET
I Z A X o TRIREROZREIE T NS, W RO HIEBER ORF 7813 FICEESS o Bl W % v Tt b
NTHY, ZHRAEDCBC TR LG TRBOMINILEA TV v, TR 4 1R ER M o8 7 Rk (GS M)
TR UG8 2> 5 55 1 IR B RATIH 2 3538 § 2 B ERSRM 2 L7z, ZoRERE VW TRED R E
AL LIRS 2 > 7P Vi e MEL, 7 25Kk L NV ToOREMAEZ ED TS, —75, B2
Dy axF IR Y 7P MEEO G0 HEN E N L BIR TR EEE N A A G, BBy — > LIRS
FILEDTF— I R=APHRAI )=V T L v 7 T b= AMERERIC X 2 RF, LRI 2 0 Tn
2. ()Ml — RO RES 4 2 VB 27 MMERMMERROS T4 v + 7 — 2 ES MBI 7% 525
WSRO ONT 7 2B LD Gl F = v 7 KA MBI Sz, £7: ESHlRo DNA 285513l oo 7
o & T < DSB 51513 HR #£# 75 NHE] #%88 & ) b B S NGBARARZEMED A X7 M vid ES #illig
Lo bRl TR2 5. s ESHINE L LI oMbEIZ S ZAEBIREOHHOENICE DL EZ S
NBEDREDHGTRFIIIAEH L NI R > T v, 41X ESHlERe GSHilO~ Vv F 4 I 7 AT %179 FH T
Ml — AFHMNL Y A 7 V07 AHERRERE, 5FIC DNA BT 28854 F 372 7 uxF VY BEDGT
v b= @R HIEL T2 D T W 5.

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 MIWIZ2, 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-
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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

these signaling pathways in vitro and in vivo.
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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 HRI& 2009 4FE 4 A A S 5B A T > T b, S E TIZ 50 LA EOMFFEEHE (0 LTl 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 & %, FBEWFZ7EH ES Ml N > 7 12 5V ki
DHGEIHEE, RV NNV TONY F 2 7 BEEEDOREICHFT LT,

=ERERLOMEL E M ZREMBBRORBRFEDORRE

t I ES/iPS Mild DS RAFIIER A T ZALEDIL K SN T E 72 7T ZBEIT & 2 UG (X sl o Ml A=
FERPHND OO, BAEEIMETH D 1EEFORME ET 5720, ANER EITX ) LELIEP RO
Baho otz o0 MM HK T H 2 RIBHFNE TOMMRAEOHEN L I Tn &41E, M
N DI BEGAFR R T L 2 B L 5 2 L2k D, MIBAGHTEIC B W TH A7 A Lk & WS OR R TRk O 447
BPELNLEEZMIE L. ZOHFEICE ) BHMIEN> 7 7% 8 TREOMNE % i3 5 T & i D% g 12

TRABHEINTRS.

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
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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-de
fined 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.

Efficient and easy crypreservation of human pluripotent stem cells by slow cooling.

Vitrification freezing has been widely used for cryopreservation of hPSCs. The vitrification method is efficient
but requires intensive training of researchers. Conventional slow cooling method is ideal, but it leads to poor recov-
ery of hPSCs after thawing. We demonstrated a highly efficient recovery method for hPSC cryopreservation by
slow freezing and single-cell dissociation. hPSCs that were freeze-thawed as colonies showed markedly decreased
survival, whereas freeze-thawed single hPSCs retained the majority of their viability, indicationg that hPSCs
should be cryopreserved as single cells. In addition, we found that freeze-thawed single hPSCs efficiently adhered
and survived in the absence of a ROCK inhibitor by optimization of the seeding density.

This simplified but highly efficient cryopreservation method allows easy handling of cells and bulk storage of high-
quality hPSCs.
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R AL S A 28 s i, ES fille (P EEHIIE - embryonic stem cells) J OF iPS #ilig (N T2 st it « in-
duced pluripotent stem cells) = I\ T, DIMEZROMNEGAL - BT 2098247 Tn 5.

ESHilfaid, & COMBEOMILIC/MET 22 LB TED2 VDY L[ IHMLE E 2 5N Twd, 204k (plu-
ripotency) & in vitro IZBWTHIE ML, MLFHE L 72L& FAEBHRICH W X ) &3 2B k4 Zliidy, Wi
5 =7y MATbTwa, ey, ESHINEE W CPIRERRARTH 5 55 B L LK U5 % 17 -
T&7-.

5 lces/psiaa SRR/ B R Mg, WEEZ—RBIZBE ) ML E Zh
R S < BEMII O 2 FE o M 5
= T e hoTWh, 2O MM &b T
® ~ ® @ oo S AR L B EN L L
PN I Ry Jere 1% % Ak 5. VEGF 0Z&MkD—>Th %
I ERHRAE L& T EHfifa D #Ra

© T | . A S me FIKLIR ERAROR S R 05

Terl19° PECAMI” PDGF-BR* am— A

GATA-4" R=—I—=—BIOPKREOT—H—LEZZLNT
v W5, AL, ESHIEEHWTin  vitro 128
e WTHESE, S 5121 ORI T d % I

CD34* Desmin*

AM/CAMP

\ HBEER

Prcatein VA B AL & B RO, Caft 5P A A s e O
oP9 -

Ky By E UHA D) & BRI HEFHEE L, Sy

L LTORKMEE in vitro BL W in vivo IZBWTHET 22 L, WHIXMEDFHABREZ B 5 2 LK
Yy L7z (Yamashita, Nature, 2000.). Z in vitro 7MLRTIE, Flkl BpEiile 2 S@opibimiie & U<, PMEHil,
BEMING, MERMLAMEL, S 512N S OMIEAMNE & L ComKMEEZEET 5. £/, PHREHROMEO
—D T A LHMNE S FEC Flk] e 5 LR 5 2 & & 3028 Ly i SR o 2 12 2h L Tw
% (Yamashita, FASEB J, 2005). B##lRY > 7 SENRMIEGALR O~ — 2 X — A —#lilfd7Ze & & SIS Mk 0 IlE
KN 754 #%E % 47 5 T\ 5 (Yamashita, Trends Cardiovasec Med, 2007 ; Yanagi, Stem Cells, 2007 fih) (). #&%3T
Fax, REPHF O A 702K 2 A D3 Flkl B ISR R PR U, OO i B i B OO it e
O ARMET 5, L) ELH L WEH % B L7 (Yan, Biochem Biophys Res Commun, 2009). A%t % b &
ORI DR b & S 200 FALEW OREZ 175 T b, TR HHEAN &g > — MERE Rtk
FERRF) ZHAEDLE, OHEERIENICBT 2.0BMIE Y — PO R L EHEELZHS 22 L7
(Masumoto, Stem Cells, 2012). £7z, IMENEMIBLEZRERZ TICBWTRHRKWICTEBIT5 2 812X D, cAMP
VT FNVOEHFEER AW SNz, TbE, Protein kinase A A FIERMILO VEGE ~D &% 2L S
TR AMIas b2 e L T 2 & (Yamamizu, Blood, 2009), [FfEMI7AS CREB 2 & 2 #x5.H T Etv2 5Bl
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124 % Z & (Yamamizu, Stem Cells, 2012), G354 EA4 A FAScAMP ¥ 7 F Va2 Hfll§5Z 212X N
Be oAt - M HIHIIC/ER LT 5 2 & (Yamamizu, Blood, 2011 ##%), J% 0" Notch & B-catenin 2SiEHEAH
HAEHT 5 2 LI & D BIIRNEAN O PEE 4T > T b & & #7218 L7z (Yamamizy, J Cell Biol, 2010). %
72 PKA ¥ 7 Vo b NS B 1) 2 A MG L, PKA 258 2 b~ H3 X F )V ALEE#R G9a D F8BL % BN
KEBHIEIZEY, Octd 2 ERDLBIETF~OADE X b Ui (V) 22 9 ¥ A F )AL 2REHE L, Mls{bz 5
DB EERRL, YT FNVELET ) AHIHOF L WEEEZNC X555 4 I v 7 ORlEEEEH S 2T L7
(Yamamizu, Cell Stem Cell, 2012).

S 51T, FOEARFIZERT IR HEREEZC & o TR S e AT fetkastiie GPS M) % v CHB O EER Y A 7
NERREL, Bl O0MEFEMELRGELTWD. ESHBMEICBWTER L v EHnTunb iR
7 A iPS MilE % F v 72 O i Rl o 23 L5218 ) L 72 (Narazaki, Circulation, 2008). F 7244 7 0 AR ¥ A
OEfZIGH L, & biPS Mg & ok O fiie 2z 53 5 2 L1238 L7z (Fujiwara, PLoS One, 2011). &
DIZERIER T L e MPSHR OO 3Lk & LI oLk D B8 b 183 L 72 (Uosaki, PLoS One, 2011).

ZD LX) IHKA D ESHlllaE w7z in vitro LRI, FE 4 OFEBREROMIAE 2 KRR A LAES 5 2 &0
TE, LIMFEORESEBE LR E T ICEENICEEL 200 LA RRFICBIETE 5. toT, Zo5ti%
w5 2 &2 XD OIBINE DFEGED X A = AL &/MBL XV, 5FLXVTHEL, /v 2777 M7 ADK
BIRNTIAKAT L TV 7ML 5 FRBEOMNT % in vitro TITH) L I FH LT 7 —F Ik -7t E 2 bh
72. FINOOHEE KA B THARERE PL & LSHRICERT 22 L5 TE 5.

BUE, 2o ESHIIE in vitro bR 2 VT, UTO L) %70y 27 M 2#FTLTW5.

1. ES#iNia/iPS #liE in vitro 43b% & v 72O A M 53102 RRAL D 53 F- Bk O ff T
1) BhER -V 22 VE B R R LA & B T2 B LA RE O T (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 U PKA 12 & % I NI O 7 L BE R i (Yamamizu, Blood, 2009; Yamamizu, Stem Cells,

2012)

3) PR L/ A TR fe OBEBSIE A 381 5 4 ¥+ 4 F O #3% (Yamamizu, Blood, 2011 26#) (2 38EHK %
& DILFERIZE)

4) ES/iPS Mila /LB BT 2 2 Y = £ 7 1 7 AHEBERE OB 5 & 338 (Yamamizu, Cell Stem Cell, 2012)
(iR L o L FSE)

5) ES/IiPS Mg/ bRIC B 28 L V(B FRERE T o A 7 & DB %
i) @55 shRNA 2 H\w 72 0L R4S BB 2728 B ES Ml > X 7 24 (Hiraoka-Kanie, Biochem Bio-
phys Res Commun, 2006)
ii) CRISPR/Cas9 Z /27 aE—% — i A X L 28 fa TR L A F 22— 2 7 2 (Matsunaga,
Biochem Biophys Res Commun, 2014)
2. ES#lila/iPS Milld > & .U & /e 0 43 LaEE & A RIS
1) 2 KICHFFEIC X 238 L\ ES Ml & 0L Miig - L35 E O B 5 & B L v O i BIHINIE o [ % (Yamashita,
FASEB J, 2005).
2) A in vitro 73R & 720 5L - ZRRL O 5B RE O fEpT
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3) ES il Hiske. O Mg B B se b o AT (Yanagi, Stem Cells, 2007)
4) A7 AR ¥ A & 78 LS50 mimi BRI - OS5 Li5352: (Yan, Biochem Biophys Res
Commun, 2009 ; Fujiwara, PLoS One, 2011) (AR R F UMM VR - I CHE PR & o LFAF5E)
5 t b ESHlfan S oLl b
v ESHiBAEEE [ b ES Mila % F v 7z O a4 e b (2 B 3 2 BE e ) (R ge a2 - Iir i,
PR 17 4 3 H 10 B SCERHEREKRR
b ES#ild & v 7 0IiE Ui 7E 2 7o T %.
6) iPS il % v 72 O A AL TR B 2 IF gt
i) =2 A iPS Mg 5 oL 731t % (Narazaki, Circulation, 2008 ; Best Paper Award in Basic Science
category, Circulation 2008)
i) #FrLvEshFe MOHAEFEEORME E VCAMI & KEPUE & L TH 728 LG ia itk o5
%& (Uosaki, PLoS One, 2011)
i) iPS HHHE Hk ORI > — T &2 v 7ML O B %€ (Masumoto, Stem Cells, 2012) GREITKF-EEK -
SRR A D A AR & 0 JE R 7E)
iv) & b iPSHINEEIC BT 2.0 ai BRI O 755 & ik
7) iPSHIEAALY AT 2D I A N4 Fa Y — K ORIFEGH (Nakao, Bioorg Med Chem Lett, 2008) (44 FH K
Pl & D ILFIRESE)
8) LML - B 2 ARAE S B8 L WLEW ORE - FE
1) LB B4R A O RN e B g % 89 % 4K 5T &% (Uosaki, Cire Cardiovase 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 Flkl+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early process
of vascular development. And we also demonstrated that the transplanted vascular cells induced by this system
could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyocytes from
Flk1+ cells, and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we succeeded in
inducing arterial, venous, and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007 etc). All of car-
diovascular cellular components, thus, could be induced in our in vitro differentiation system. (Fig. 1). Recently, we
found that an immunosuppressant, cyclosporin-A, possesses a novel effect to potently induce cardiomyocytes 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. Combining our technologies in stem cells and a cell sheet
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method (Tokyo Women's Medical University), we generated a cardiac cell sheet with defined cardiac cell popula-
tions (i.e. cardiomyocytes, endothelial cells, and vascular mural cells), and succeeded in showing potent restoration
effect on infarcted hearts after sheet transplantation (Masumoto, Stem Cells, 2012). Using our constructive induction
system for vascular cells, we recently demonstrated critical roles of cAMP/PKA signaling in endothelial cell differ-
entiation 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 Flkl+ 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 neurophysiological modifier, opioid system, is found to regulate endothelial cell dif-
ferentiation 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 Flk1+ cells and determine arte-
rial endothelial cell fate (Yamamizu, J Cell Biol, 2010). We further examined new roles of PKA signaling in the ear-
lier stage of differentiation from pluripotent stem cells, and demonstrated a novel signal-epigenome linkage that
regulated timing of pluripotent stem cell differentiation. 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 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).
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Fig. 1: Cardiovascular development in ES and iPS cell in vitro differentiation
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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 (i.e., 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
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

i)  Establishment of cardiovascular cell differentiation system of mouse iPS cells (Narazaki, Circulation, 2008 ;

Best Paper Award in Basic Science category, Circulation 2008).
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ii) Novel efficient cardiomyocyte induction and purification method with VCAMI1 (Uosaki, PLoS One, 2011)
iii) Cell sheet transplantation strategies with iPS cell-derived cardiac cell population. (Masumoto, Stem Cells,
2012) (Collaboration with Tokyo Women's Medical University)
iv) 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)

[% # B 2]
@ REERKX ©
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OMasumoto H. The Transplantation of Human iPS Cell-Derived Cardiac Cell Sheets to Rat Myocardial Infarction
Model Ameliorates Cardiac Dysfunction Through Neovascularization. The 21st Annual Meeting of The
Asian Society for Cardiovascular and Thoracic Surgery (ASCVTS2013). 2013.4.7. Kobe, Japan
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Cardiovascular Cell Populations for Infarcted Rat Hearts. International Society for Stem Cell Research
(ISSCR) 11th Annual Meeting. 2013.6.14. Boston, USA

(OTakeda M, Yamashita JK. hiPS cell-derived cardiac progenitor cells for cardiac regeneration (poster). ISSCR (In-
ternational Society for Stem Cell Research)11th Annual Meeting. 2013.6.14. Boston MA, USA.

(OTakeda M, Yamashita JK. hiPS cell-derived cardiac progenitor cells for cardiac regeneration (poster). The 2" Re-
treat of Center for iPS Cell Research and Application (CiRA). 2013.3.13. Shiga, Japan.

ORKR—. RSK4 12 & %8 L\ IMAE B O /- LHEARHE. 55 12 W H AR %, 2013.3.21. M

OMatsunaga T. RSK4 suppresses endothelial cell fate through direct inhibition of PKA activity (poster). ISSCR (In-
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Ot BuL2Z. Identification of novel chemicals potently inducing cardiomyocytes from various progenitor popula-
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OFukushima H. Novel small molecules promoting cardiomoyocyte differentiation from murine and human cardiac
progenitor populations. ISSCR (International Society for Stem Cell Research)11th Annual Meeting. 2013.6.12
-15. Boston, USA

Offi iz, ZRetEsiNa sty 2 7 & % 728 L WO LEEAL & O 3%, 45 4 8] Molecular Cardiovascu-
lar Conference II. 2013.9.6-8, /)M (Poster Session Award % #)

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, Japan
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Department of Stem Cell Engineering
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HREMEZOBSE IS, B7ur 5 2MbA = X2, Az R IRICo % CHMAZ R E WIS -0o08 L
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LR UE R S R WEEICE R ZRD, —h—kr ) 7 =92 2 L CHRENIROH SO FEITE 5.

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.
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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 pluripo-

tent stem cell memory. However, the pathway from somatic cell to pluripotent stem cell is largely unknown.

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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Whe AR S B W i Cld, P 24 AEEA X S 14280, YoV 1B, vHF 1 45%], F v b 4TI, YR
6,948 VLSS EREN Y & L C il Sz QUi R B R L R TEWIEERICE§ 2 A O R - Bl 35 | Pk 25
FEIHAMICES). ThODOERBMOHEN AT - SR LS THIZ 14 - Bl E 34 - FEEME 54T
T>oTw5.

BT CEMEBRZAT ) [2H 7z o TR, Bl il - BRI T o P# L BLE 2 U CTHERES 5 FASKAEHR T
Hh. ZOFEAZFEA - BIESE L7000, BWERICIEHT 233, BIWERICHES 25080 - WEL, Bisrs
Wiz d 72> CORH, EEEORY BN HEICOWTOLFHER B L OHNEE 2 Zi#d 2 2 LBRFBEHT SN
TV, FERBRAUIZEEEM - B EEZ AT 2HE1E, TN <, SPF(Specific Pathogen Free) ¥ A
DY PO WTEMFER 2 Z T 2 b, T2, BIWIEEREFERT 2121E, By FBratum# 4 e
OB EBRZE IR, MK REEE I RELRL I LPLETH .

BB A T ZE FE BRI (2002 4F 12 A #%il, FFAEBRFH AR, 7 A )V AWE%ER, RS0 3 T & 2 L EAFZE
FEM) ~ 7 AERIIHRE 2 BB L TH 5 124058 L7z, BIfE, SPF v AfEE4 16 =f, WA 11 %,
TANANE 4K, EFRE 1R, ZEHLTWS. Ay ZFEFHTIE SPF v AOANEHE S, Biygss
b Twb, MATE LYY RE, REERBWIGES 2 SWEATEEZ SPF <7 2 RO YRS I2 B v Tk
Lk - ZRIBAC L 527 ) — v T v TR %I SPFALE N/ 7 ADORICHES N TV, F7z, fHEEICH
BaA e YR (I - 5555 b, FRTIC MRS X 22 2 5 2 ERBMNIT SNz, TS ORER 55
HoOT, BEEToL s, BEFRGEORAZEEIBE iy, 1272, LEEEH~ 7 AfFRICBW T,
SPF =7 ZADWAEMH R 2 ik 57201213, BWEER, AHESAO TG R2EEPLETH LD, ZRON
BAHAD T 5L, WO G YHERD A U D0 LN, REICLT, 800 OB I 5tk Tty
PR E L2 EPMESNTVD. ENHOHCKEERD S, SPF <7 A OMAEYE R OF LA, 15 43k
KEER, HHRBREER &2 T0IC%R0, B Lo Z L b BEL, Hir R/NREICE Uik 2 %o xt
IOV, REWHEETD FOEMRN R SR E LT TBL I EPRLETH S ). —h, BB LHED THL 2L 2o
T& 7z, B, B hofe ofEN, Tabb, =il EEHE, SR EOAMEE DR 4 IIERES M
20BN, MIBWHEIC R > TEA T2, MEEICHL T, 3HREAOEN TH 5720, U4, i - P&
DOPATIZ BT 2 WS DRI SN T E 7225, BATEER LS b S hoodh 5. 7272, UL OME T34
DOHRIFIZ LD, ZE L7 EBGEE AW R ) 205 ), 2 OMAEEIEREE 0720 ORI T HEHE A L
bNHZ LT H2bDTHA.
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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.
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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,

Wizer—~ 1. GPI7 v A =M% VX7 O A H = X 1 Lk

HEOMMEEDO AL V7=, BREGS vV EO—FTHH7)IAINT A AT 7 FINA ) ¥ b=
(GPL) 7 v » — % 7% 7 % (GPL-AP) OfR# 2 /1 = X 2 OfFH] & 7 O LM ZH TOEMFNEHREOBERTH
L. Zokw, Y, MK TO GPLAP O R % MRS % 72012, GPI7 ¥/ —RI GFP LR —% — K
FUZ (EGFP-GPD) M4 L7z, ChaMALLN I YAV 2=y 7= 2 Tld, FHELLEIC EGFP-GPI %5, #455i
PRRPIEHIZBWTEREL TW5D Z & % RV L7z (Kondoh G. et al. FEBS lett. 458, 299-303, 1999).

D, COBRICHICERL, v ARBEAFMIE X ) GPLAP K T ORSH - G 217 - 72, ZOM%R
CORFOVEDELTT v ¥4 7T vy VEWRBERACE) ZHBELZ:. Thbb, ToOREICE, 7yFtr7 v
VUIRTITAF U EDORHIERTF RO EHIET 5 DA% 5T, % O GPLAP %Ml X v #dE+ 5
Wl iE R RO Z WS hodz 72, SHHEELLERE, YRTFINVANRFIRTFF—LLL
TINEDOXRTF FEGHT 5720 OWEERGE R OAMISAE L, 7, GPLAP OXTF FiEG T4 <,
GPI7 v h—Z20b0xgli§2 2L d& k. —F, ACE/ v 777 b7 AT, BT - EWEEAEAR
XD HEAREATMOENT VDS, F2 T, TOXTADKTEZIRTFF—ERENR ACE TREL-E 25
ZHREEAEBE L2, SoZ L, ACE i in vivo T GPL-AP ###EGE (GPlase) 23 V), T OiME%E b - TR
EE R REZH S TW5B Z EHURIBE N7 (Kondoh G. et al. Nat. Med., 11, 160-166, 2005). F72, GPI 7 v —D
EEBICE D2 PGAPL #I5T/ v 777 <7 AThH, ACE/ v 777 MY ALEPOBEAREEZRL, [
U KT E o GPLAP 2SI H 5. ZNEHD T L2 BAET I 5 O GPL-AP DK T O Z R e RO &
B RAT v T THDLWRMEIRIZ S L7z,

22T, ZoO#BBEEEY TS GPI 7 v & —1 GFP(EGFP-GPI) Tg ¥ 7 A & v, KT I28B1F % GPL-AP itiff &
SEREREERE & OB & RERICIAT L7z, £97, B LIRS F 2 3RIL, W7 % 35353 % methyl-B-cyclodextrin
(M-B-CD) 2 &8 TR L2 2 25, BRI & & a0 Es SNz, F72, Hyals, Prss2l % &
OWFEYE GPI-AP B ICHEREL 72, oL E[IICS 7 b~—H7—TH5H GMI DJFFE2 B E#RL2aL 5 b
FIU(CTB) TR L7z 2h, MTHEHEIET 7 P ORRN 2 BIEZLAS R Sz, MB-CD HMMLHE Tz I n b
DEALIZASNT=05, &) D EODORTFHAFLEAETH 5 BSA M TIIAREEBIr Ao ko7, 22T
BSAWMAANY I LA F 7 74 TS 5 Z & CTREAIMICEARRISZRELZE 2 S, Rk FRALHHE
R BN, TN D BRETIEMIERIUSIT > TRZ 2 Z EAVRIE SNz, T/, M-B-CD LRI
2 & Izumol DJFFEZALZ BN A EAHE S 5 TV AN TR E T A, FELZEERRSHFBE SR $%
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HH, MB-CD 3k 5EHLN TV capacitation &I A THREIEBRES L Z LavbiroZ. A1,
b RORS A SR RS % N 2 CT— 3 OISR 2 45 TS (sperm membrane reaction, SMR) & FERR L, SFHURS
T COMMEIT-72. ZORE, SMRIFTEMNFTTRIZLALR LN o 7225, IENEERT DR 40%,
9P AR R AR T O 70%, F 7@ gk o ToBlgsh, SMRIZIVENTRBINICKEZ 5 2 L AR
2 X M7z (Watanabe H. and G. Kondoh J. Cell Scie., 124, 2573-2581,2011). &IZ, T & DO L% FHE 4 5 HANK
FRIAES 5720, 35040, HHREE, 2. WEKEKE~Y 2 LR, 3. IEFHE~ Y 2 LZR) OM» ST
PRERATHMME AR, <4 2707 LA BIENT 247572, &efF2 L4 3 o, &3 TR TFB LU
B BRI X BRHAMD B LIHDH. I TINLOMOBEFHRHT T 7 7 A V2T % L, 210
DBIZTFA33>2 OFBLERAZR L7z, S HITHEEMIZHWE DS LCRBREHEGH Y Y87 23— F35b0%#
OH L7z, BlUfE, Zoddh 50 EDDFR Sperm Maturation Factor of Female (SMF-F) it &z 1125 H L T
Mz T2,

Woer—~ 2. @ETHE~ Y AERBH o 51t

BIZTFHE~ T ZOEMICIE, MBSO 7O 2L, £ OB - 57 - B2 LEL TS, HhTH
FICHEIC R 2005, =774 v 725 —OEH, ESHROREZRZLTF AT AEHOMERTHS ).
Faxlx, SNODOAT vy FICBITL WEEFHOLIO L WEMORAPLER" 20T TE 72 &k, Tol2
I ¥ ARV ¥R CRISPR-Cas9 7/ A #ithih: & H\ 7l 5 7 AR e~ 7 AE B 3% S 7z, BlEik <
O INSEMMIYICHY AT, FIHAZFORMEER SR ICED 7 A Z 205 K-> T fFETH 5.
CNHOBMIERH DD LI, B39 EHT 10 MOBLHREIS, BIEFEES 7 AERHL E LTEIL 7.

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 in vivo, we found a putative sperm maturation factor of female (SMF-F). Most
sperm that migrated to the oviduct of wild-type female underwent lipid raft reorganization and glycosylphosphati-
dylinositol (GPI)-anchored protein shedding via SMF-F dependent manner. These observations imply that mam-

mals possess another mode for sperm maturation, different from the conventional albumin-mediated pathway.
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Fujihara, Y., Tokuhiro, K., Muro, Y., Kondoh, G., Araki, Y., Ikawa, M., and Okabe, M. Expression of TEX101, regu-
lated by ACE, is essential for the production of fertile mouse sperm. Proc. Natl. Acad. Sci. USA, 110, 8111-8116
(2013).

Umemura Y, J. Yoshida, M. Wada, Y. Tsuchiya, Y. Minami, H. Watanabe, G. Kondoh, J. Takeda, H. Inokawa, K.
Horie, and K. Yagita. An in vitro ES cell-based clock recapitulation assay model identifies CK2o as an endo-
genous clock regulator. PLoS ONE, 8(6), e67241(2013).

Kim, C-J, Y. Tambe, K-I. Mukaisho, H. Sugihara, T. Isono, H. Sonoda, T. Shimizu, G. Kondoh, and H. Inoue. Female-
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specific rectal carcinogenesis in cyclin D1b transgenic mice. Carcinogenesis, 35-1, 227-236(2014).
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Research Center for Nano Medical Engineering
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Department of Nano Bioprocess
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1. £EF TV 3HaFTO 1 D FRECIFEEORMRE

HFIIZIE, in vitro TO 153 FBISB L BIENTE ZMRARIIW R TE TS, Lo L, REOHEEDRHIL,
1 B L BEE AR TEI ) 2 LT, ZRICE- T, 1 TR FA IS % - 72, BRIk
ETwrMilaho 1 5¥%, <A 270 LNVORRSHRE F/ A— PV L XVOZERBETEFL, 2512,
ZINODGFOWEHHEAL(BUS) FTE2 S 1 0 FHEICHLZHERZRHIEL TS 2 (TAS AT ELDAR). Thid,
FIVALVA/F ) 770 =L O@EHERE LT, 15TF /34 F+uy—, 1 5THBERFRE VI HHLw
FRBORIEII ORI DO 5.

B, UTFOFRRIE, 15 FEeflio THOTHRICE-72bD0TH Y, HkdEMBHTOL A=Y 7%
BT ot CEATETH 72 DIER) TH 5.

2. HMlREOEXNEBESL, BEHICOVT

MBI 2 Koc oMk Glitlefk) &£ 2 S T& 72 LaL, BEE, (DMK a =2y MEshTw
528, (2) THITHMIEICIN Y AFN7=ETORFITH LT 2, 3) 20X, JERNIIEZT 7 F VY
HIZE 20T, BEEHKEZIIHE LEE®I S 0o OB s LTl 2 &, REERLEZ Zhig,
YUHN——Z ANV YETNVICEELREREZALLDOTHY), ROMEEME HIZONWT, BRWLRRFT T LY
7 NERILMETH .

EHICHE, BFHRINES T 74—k AW, MBEOMBENERICAETZT 7T VG OREE, 3
WICHRENEIC X o C, ERMICWHALT 2 2 LI L7z, MifalaE & LT, Mo N R 2 20
TFA—TILyFAEL 7Y ACE L7230 Hviz, 2hick-> T, BEoRNMERHOEGHEOMHOKE 8%
RDIZE A, FND, BWGFOUFICE->THEONIZTI VX=XV MOREZIEEY ) E—FHLZ(X12R).

TR TN T 2%, KELTEHEEILT 200 L 0N (2 7 F v dsk i fil &2 - RS
%), ThiE, SEEIEEKICEILI U =P AL MIHLADONL D, BEEBICHETAZEICE LI LN
bhodz. E6IC, MEOMBBEIZIZEEZ b8 S 2 WIHEERED A U625, Ihd, T/ FVERKLZZ
KA T ABEEER Y X BPRIEATHI LI Lo TR I L RIR L2,

3. YUFIVBEDOEFNBHAEALICONT
VITFMEER, ZLDYE, YTFINVGTOT VY ARIEGER) L EHRIC K o THDbh B L EZ LN TE .
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RROMIBEARAEICFET 377 F VEEROBEE, 3RTBEREICE T, EEMNICFHRLEL, BORARAEDERE
BOMEOAKEZS 2K/ WEORKZEIDRTE, #—T2/N—TRT. FKHP NRKHMIZ, FH, FRSKHMAE. =512, #iz
ERDU > IREOHEEE P SKD /O IN— X MORZEDAHTE, 7O-XARN-TRT. @EIF, FS20OMETLLC
—HYB. ZDLIIC, WMEXADN-—PALMOREEIHREELD2ENOMIET, ThZTh—BPFRohEZ LR, &
BRI X EZTNICHEE LARERRE 4 NN VEOE Ty METIVERSEZIFT 3.

WD, L ORYY Y7 EO5RIL, ThEide#is, kit TROSFIE, B8 o7 BrE5 3 5%
BT LHAEL TR LDTHY, Y7 FUIKEL, BEROBELRBBEDO LI, Y7 FPVEEZLLDTH
LEEZOND Lo, Lo, BiEE 25T LINEE, TNHET LIRS V808, T
MO TR EVBBIET > TEFEHARZER TS, TN60L IR ETIER L 1 BU TR THER
)35, ZexRwZLzRasRaf DR, 77 P0G $LR). $4bb, 1HED Y 7 FVRETE LS
NTBY, ZHOSTOTFHE L THEEINLAIERA A=V v 7L BV 7 FVEER, TRHOETR/NV
AROY T FVOMTHY, TNEH) OBINLDEHFMY 7T VEEERTH L I LAVRS NIz, Thid, ¥ 7
FUVRDYATLELTOBE T2 BHT 57201213, MOTHEELRARLT, EbLOTHNE Y 7 F VT Ok
LICE 2V AT 2 BEO—WRZTE72EFR 5.

[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
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-
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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.

[% # B 2]
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Shibata, A. C. E,, Chen, L. H, Nagai, R., Ishidate, F., Chadda, R., Miwa, Y., Naruse, K., Shirai, Y. M., Fujiwara, T. K.,
and Kusumi, A.: Racl recruitment to the archipelago structure of the focal adhesion through the fluid mem-
brane as revealed by single-molecule analysis. Cytoskeleton 70 : 161-177(2013)

Nagata, K. O., Nakada, C,, Kasai, R. S, Kusumi, A., and Ueda, K.: ABCA1 dimer-monomer interconversion during
HDL generation revealed by single-molecule imaging. Proc. Natl. Acad. Sci. U.S.A. 110 : 5034-5039(2013)

Nishimura, H., Ritchie, K., Kasai, R. S., Morone, N., Sugimura, H., Tanaka, K., Sase, I, Yoshimura, A., Nakano, Y., Fuji-
wara, T. K., and Kusumi, A.: Biocompatible fluorescent silicon nanocrystals for single-molecule tracking and
fluorescence imaging. J. Cell Biol. 202 : 967-983(2013)

Yoshikawa, N., Hirori, H, Watanabe, H., Aoki, T., Ihara, T. Kusuda, R., Wolpert, C., Fujiwara, T. K., Kusumi, A.,
Kanemitsu, Y., and Tanaka, K.: Biexciton state causes photoluminescence fluctuations in CdSe/ZnS core/
shell quantum dots at high photoexcitation densities. Phys. Rev. B 88, 155440, 1-5(2013)

Suzuki, K. G. N, Kasai, R. S, Fujiwara, T. K,, and Kusumi, A.: Single-molecule imaging of receptor-receptor
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interactions. Methods in Cell Biol. 117, 373-390(2013)
Kasai, R. S., and Kusumi, A.: Single-molecule imaging revealed dynamic GPCR dimerization. Curr. Opin. Cell Biol.

27C, 78-86(2013)

2) FOHER

Se IR, A LBIOL ¢ HEBEORERBIE € 7OV LIEAERE ¢ 1 0T A AT Y I X BB R OFE. 64(3): 232-
238(2013)

HRIECE:, S, R RBIEA © R - ERE 1 00T e BURLY:. 508 50-51(2013)

FHME: 1D TAAD V7L VWAL R 57ZGPCROE /) % — - ¥4 32— DB K% %4 Clinical
Neuroscience H ¥ FiRAMAZFS. 31: 1118-1119(2013)

SR —, RRBIEA C BT S 7 MBS 7 M2 X B Y 2 FOVIEERERE. BB 53(6): 295-300(2013)

RRWIEA, ShARME—, BEEECE, G 10T A — A Y U 72 X BN S 7 F IV EBEERE O M. Bk oR
. 64(6):539-544(2013)
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Kasai, R. and Kusumi, A.: Cell’s first steps for raft formation and function as revealed by single-molecule imaging
and tracking. Cold Spring Harbor Symposium Asia “New Advances in Optical Imaging of Live Cells and Or-
ganisms”  (2013.8.20-23. Suzhou, China)

Kusumi, A.: Hypothesis of unit rafts as organizers of the meso-scale domain structure and function in the plasma
membrane. Diffusion Fundamentals V(2013.8.26-28. Leipzig, Germany)

Kusumi, A.: Unit raft hypothesis: a proposition based on advanced single-molecule imaging results. ENGINEER-
ING LIFE 2013 Symposium (2013.9.17-18. Dresden, Germany)

Kusumi, A.: Short-lived homodimer rafts of GPI-anchored proteins and glycolipids as basic units for organization
and operation of raft microcompartments. International Symposium on Microcompartments(2013.9.19-21.
Osnabriick, Germany)

1B) EXE#E

Kasai, R. S.: Dynamic monomer-dimer equilibrium as a general property of the class A GPCR: single-molecule
imaging study. The 14th International Membrane Research Forum (2013.3.15-17 Kyoto)(2013.3.18-19.
Kyoto)

Kusumi, A.: First steps to raft formation as revealed by single-molecule tracking : transient GPI-anchored protein
homodimer rafts are basic units for raft organization and function. RSC Publishing-iCeMS Joint International

Symposium "Cell-Material Integration and Biomaterials Science” (2013.3.18-19. Kyoto)

2) ESOKE - R TORBFEER

Kusumi, A.: Hierarchical and dynamic organization of the plasma membrane for signal transduction revealed by
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single-molecule tracking. Department of Chemistry and Department of Biology, King's College London

(2013.12.10 London, U.K.)

3) ERNTORFHEE

R ABIEA - MINEIE Y 7 P MR AV A =V FX A UHE LA XA =3 Y 7T & BRF%E, KBRS
AW € 3 - — [ ¥ 7 FIVARE L RITHA 0 & 5 72 7815 1 (2013.35. KBR)

MWL © 77 MEBEBERED 720 DML D5 —4, 45 86 Ml H ARIHFRAE R T ¥R U7 4 13 [t E o 55
TIRREANT D720 DEA T A 77 LBl 1(2013.3.21-23. k)

RRWIEL  HEREORES A —HALT 7 b 03T 7 M effo T (10 A4 AT Y 7 X B0, 457 M HA
WS R Y Y RTTA T YRT Y AL DS X AT 1(2013.11.15-16. #lR)

RSB © MBI R 2 AV A — VTR E RO E I - B 1 50T A A Y U I X B, pORRETAERE
FEEARFFERT [ 25 45 BEAAAlT i 2 1(2013.12.25. 5T#K)
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F /)N F A DX LIREEIE
Department of Nano Biomechanism

B #HE/KLE
Assist. Prof. Toshihiro Togaya

(57 52 #i &]

BORIIE, BWRHOPERREORECKTOAL LT, HEUOKRTLH726L, AGOEOIFIZHHU> L.
AR, HELICHEY, RN SHCON TV RRMOFEELMITE TS, 72, REHBIHTOL Y TT>
FOERSZFELNDODH L. ZOMKBRID %D, WFRDOGEITS T 2ERIEIVEE-oTETED, H
A 7T b0 ) B AT E W06, 2o RS GER) 121X, BURESERINS.

AEFFE Tl R I W SN B ME ORI TEIC oW T, L—F—InLiEidi s LTHRETL, &
WA, 1A B X OTEREE G B I B EE SRR O BUE S X T AT WTHIE L T .
T/, IO OWBHIR EIEE YT 2 RAHE ORI A TR L L OBIKEOE S A AMEIC R ) oo
HY, P TLOEMOERE VP B, KIEROBE T LZ ORISR T 24, &) HAFHREIZO W
THMEI LT 5.

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 mor
phological-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.

L—Y—INTICE->TU 74 —LEN/-FHE #HEIIREINALD, COBLLETEREEZFERLEL, [HEEE
ZE5 L CNETH—DSBEVEIATNELESEP SHbDHF Y T4+ —LTEHR BEOBERLE L.
A )T —LE B:U7x—Ltk
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HERARE T TV — v — BN E W A [0 — N Vb 2 SR TR & s E o #R TR o 1777 |
(2013.2.27. HLHLHR)

A AL THIRAH 392 M [ 71— b 2 lFHEC LR & HAROBFHEHE(2013.5.9. KBl

HEARE 6B L — =70ty ¥ v 77+ —F ATRE—ICH - Zocim& HEHE T ~ @R Lo 3
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(2) BEFENBERBEBEERAWVETIVF T4 XA 0 =T F U REEEREMHEERAE

TIFr 747X MR, MEEKICEWT, WMHEBECHEEZ EORROL Y 8T — I iEE e BED,
RO BB CTERIER L2 TWb. TI7F Ay NI—IWiElL, 77TV 74T ANEeT 7 FV#ES Vo8
7B L OMEERIC L DRI, NENRFRELEZNTFOREL 2T, TOMEE 54 F Iy 7128 Ls ¢
TWa., Lo, 77F Mgy 43I 27 2A08RICE, DFNRT, BXO, AMEFHNRT ORI X
D, T20F2 74X eT o FUiEas 32 HOMBSERAPED X )BT 22 @8 MICNEST S5 2 &
NEETHDH. Z I TR TR, FETHJBEMSE (Atomic Force Microscopy : AFM) # w7 7 F > 74 5 A
YT FUREY N AOMTAERNEEORMIME L. AFM © 7 & — A h — 7T X ) AR T AT
EHZMET ST+ —AARZ PO AT —EZHWT, T2F UV T74TFAVNETOF U745 A2 MNUGEERNA
HThodoT77F=rOMEEHNEZIT72 BONZTA—AN—TE2HNCT2F VT4 T2V ~a-T
7 F =V ORE T U EE % T (rupture force) & & A b 7T A0HT LI RO 7HER, IERN LA %
RYTIF V747X b -BSADHEWHEN L) ARIIREIWZ EPMONIThoTz. EHIC, TI/F¥ 74

Yo T2 F O E RO D LU TH T, RFRIE, TIOF Y TIATAYNET TV
HEEHE L OMEEMOWNEIEFEIHEATH Y, BREONFEREZRHBTRTHLZ NS, Tr/F 74
T AL MONFREEANCL T 7 F U REGEOE & OMEERAZLIEISHTE 2 LIS 5.
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Fig. 2 Actin filament/a-actinin interaction measurement using AFM
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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-bio

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

(1) Biomechanics of multi-cellular tissue morphogenesis
In general, a rapidly growing epithelial sheet during tissue morphogenesis shows a smooth and continuous

curvature on both inner cavity (apical) and basement membrane (basal) sides. For instance, epithelia of the neural
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tube and optic vesicle in the early embryo maintain continuous curvatures in their local domains, even during their
rapid growth. However, given that cell divisions, which substantially perturb the local force balance, frequently and
successively occur in an uncoordinated manner, it is not self-evident to explain how the tissue keeps a continuous
curvature at large. In the majority of developing embryonic epithelia with smooth surfaces, their curvatures are
apically concave, because of the presence of strong tangential contractile force on the apical side.

In this numerical study, we demonstrate that tangential contractile forces on the apical surface plays a critical
role in the maintenance of smooth curvatures in the epithelium and reduces irregular undulations caused by unco-
ordinated generation of local pushing force. Using a reversible network reconnection (RNR) model, which we previ-
ously developed to make numerical analyses highly reproducible even under rapid tissue-growth conditions, we
performed simulations for morphodynamics to examine the effect of apical contractile forces on the continuity of
curvatures. Interestingly, the presence of apical contractile forces suppressed irregular undulations not only on the
apical side, but also on the basal surface. These results indicate that cellular contractile forces on the apical surface
control not only the shape at a single cell level, but also at a tissue level as a result of emergent mechanical coordi-

nation.

(2) Actin filament-actin binding protein interaction measurement using atomic force microscopy

Actin filaments play essential roles in many kinds of biological functions. Especially, mehcnanotransduction is
mediated by the actin filament dynamics based on the interaction between the actin filaments and hundreds of ac-
tin binding proteins. The actin filament/binding protein interaction is influenced by the actin filament mechanical
conditions such as contraction, tension, and bending. We probed the interaction between actin filament and a bind-
ing protein, a-actinin, using an atomic force microscopy (AFM) and single molecular force spectroscopy (SMFS).
The distribution of rupturing events including specific and non-specific interactions of actin filament/«-actinin and
BSA/a-actinin were analyzed.

The rupture force of the actin filament/o-actinin binding was significantly larger than that of the BSA/a-ac
tinin non-specific interaction, and the peaks represent typical multiple parallel bonds. In addition, based on the rup-
ture forces in different loading rate SMFS experiments, the dissociation constant of actin filament/o-actinin bind-
ing was estimated. The value is in good agreement with a previously reported value obtained by optical tweezer
measurement. The present method will be useful for actin filaments/the binding protein interaction measurement

and will be applied for the actin dynamics measurement.

[% # B 2]
@ RERK ©

1) BEERX

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
Nanotechnology, in press

Naoki Kida, Taiji Adachi: Finite Element Formulation and Analysis for an Arterial Wall with Residual and Active
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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

Naoki Kida, Taiji Adachi: Numerical Analysis of Arterial Contraction Regulated by Deformation-dependent Intra-
cellular Calcium Ion Concentration. Journal of Biomechanical Science and Engineering, in press

Yoshitaka Kameo, Taiji Adachi: Modeling Trabecular Bone Adaptation to Local Bending Load Regulated by
Mechanosensing Osteocytes. Acta Mechanica, in press

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

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, in press

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, in press

Mayumi Okamoto, Takashi Namba, Tomoyasu Shinoda, Takefumi Kondo, Tadashi Watanabe, Yasuhiro Inoue,
Kosei Takeuchi, Yukiko Enomoto, Kumiko Ota, Kanako Oda, Yoshino Wada, Ken Sagou, Kanako Saito, Akira
Sakakibara, Ayano Kawaguchi, Kazunori Nakajima, Taiji Adachi, Toshihiko Fujimori, Masahiro Ueda,
Shigeo Hayashi, Kozo Kaibuchi, Takaki Miyata: TAG-1-assisted Progenitor Elongation Streamlines Nu-
clear Migration to Optimize Subapical Crowding. Nature Neuroscience, 16-11: 1556-1566(2013-11)

Ryuji Hiramatsu, Toshiki Matsuoka, Chiharu Kimura-Yoshida, Sung-Woong Han, Kyoko Mochida, Taiji Adachi,
Shunichi Takayama, Isao Matsuo: External Mechanical Cues Trigger the Establishment of the Anterior-
posterior Axis in Early Mouse Embryos. Developmental Cell, 27-2: 131-144(2013-10)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Modeling Cell Proliferation for
Simulating Three-dimensional Tissue Morphogenesis Based on a Reversible Network Reconnection Frame-
work. Biomechanics and Modeling in Mechanobiology, 12-5: 987-996(2013-10)

Hiromi Miyoshi, Ken-ichi Tsubota, Takamasa Hoyano, Taiji Adachi, Hao Liu: Three-dimensional Modulation of
Cortical Plasticity during Pseudopodial Protrusion of Mouse Leukocytes. Biochemical and Biophysical Re-
search Communications, 438-4 : 594-599(2013-9)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Reversible Network Reconnection
Model for Simulating Large Deformation in Dynamic Tissue Morphogenesis. Biomechanics and Modeling in
Mechanobiology, 12-4 : 627-644(2013-8)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Apical Contractility in Growing
Epithelium Supports Robust Maintenance of Smooth Curvatures against Cell-division-induced Mechanical
Disturbance. Journal of Biomechanics, 46-10: 1705-1713(2013-6)

Yasuhiro Inoue, Taiji Adachi: Role of the Actin-myosin Catch Bond on Actomyosin Aggregate Formation. Cellular
and Molecular Bioengineering, 6-1: 3-12(2013-3)

Sung-Woong Han, Patriche Simona, Mihaela Banu, Taiji Adachi: Real-time Monitoring of Changes in Microtubule

Mechanical Properties in Response to Microtubule-destabilizing Drug Treatment. Journal of Nanoscience
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and Nanotechnology, 13-3: 2087-2090(2013-3)
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LERM, Uk H G HBEE) OS2 V72 iEr - AT RBIE 26012, In: ARBATEEZ HIFL T-%
DL S RFRIEE E T — (i - H)IF58, PEFEh, REET, PEREE), pp. 87-90, HAPREZAH (2013
-7)

PeRRIE], MR, g, ALK, RINEZ(HEBEE): 7 7 F VRGO N4 F A =27 A, In: N
A F X =7 ADRHIH, pp.41-83, LI (2013-2)

3) &
TEERNG O - BREEIS YA F I 7 AR  BEANAF A D=7 A, In: FEE TERH R E5F]
ANV S 2 a0k & IR, EBRIESE, Vol 31, No. 6, pp. 870-876(2013-4)
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© FREORRX @

1) = - MRASREX

FRHFEE, @ B, ZERE  AFM 2T 2 F V7452 Ve T 2 F UGS 287 BOME
OB, BB AR 25 B NS F 20 Y =7 ) v 74 (2013.19-11. © <L)

PCHEEEE, JF RHERE, ERR S TFEIERER T 2 F T4 T A Y P ORNEZICED L T I BRIRIERE
DIIFWMEBOME. AARBEMFRH 25 NS A2 V=7 7 (2013.1.9-11. 2 <)

WH R, IR R, KEOTk, EHOS, ERG U N—Y TV - Ay bT—=F - YTk T Y a Y EBTVICHE
DHBIEEIER Y R 2 L —Y 3 YO0 OMIBHMEOBELE 7 VL. HAEMERE 25 MANf 12y
=7 ¥ 7 (20131.9-11. 2 <)

=SS, R IEBH, Lee Sang Min, Ko Jong Soo, ZEZEG, WE & <A 7a/F 2 f&EhoMiBiceirs7
7 F HER. AR 25 NS v V=7 V72 (2013.1.9-11. 2 < d)

SRSy, AKEEITTIR, RN, IO, ZERG RO BT 2 M s SRS O FEBCRAE 5
HARBM AR 25 MIANA A I =7 ) v 74 (20131.9-11. 2 <)

B, R O ERAM  EMENOMIA S Y v 7 AN X B a M ZSREETICKIZEE. A
AR AERHE 25 MINA 20 V=7 v ZiES (20183.1.9-11. ©< i)

IO, JF ERE, R T BRI X IR BT a7 4 ) VBT 2 F T4 T A FOT
FOVF — RN, RIACEGERBEE Y I 2L =23 Y7 by = 7 OWFFEH % (ISLIM) 5 #% 58 s
(2013.1.10-11. fihy)

Shukei Sugita, Taiji Adachi, Yosuke Ueki, Masaaki Sato : Quantification of Tension in Stress Fibers in Semi-Intact
Cells. The 23rd CDB Meeting "Building multicellular systems from cellular cross-talk” (2013.1.22-23. Kobe)

Yasuhiro Inoue, Taiji Adachi: The Actin-Myosin Catch Bond Assists Myosin Aggregation in a Random Acto-
myosin Network. The 23rd CDB Meeting "Building multicellular systems from cellular cross-talk” (2013.1.22-
23. Kobe)
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I 2 b= 3 v CERRH A AR AT TR A B e AN S SR AR B & 0TI VE D 2 R HOBER A A —
v v 7] % 318l Vivid Workshop (2013.2.21-23. 11

B—BR, W O, ZERG AFM & 74 v ¥y S X B EE GRS v M OISR EEAT. G
AR AT 78 H A B S A SR AT 78 R B AR & 0 iR O % WOt HOBAR A X — 2 > 77 45 3 1Al Vivid
Workshop (2013.2.21-23. £JII)

ARHIERS, ZHEREG - B — LB X 2 i mifiia N 7 7 7 > 4 & VIR O BT 7 VL. 45 62 B
i he FH 0 27 R 2% (2013.3.6-8. KR 111)

Hiromi Miyoshi, Takehiko Inaba, Takuma Kishimoto, Jong Soo Ko, Taiji Adachi, Toshihide Kobayashi, Yutaka
Yamagata : Quantitative Image-Based Analysis of Cooperative Dynamics of Actin Cytoskeleton and Cell
Membrane in Cell Shape Determination. The 10® NIBB-EMBL Symposium 2013 : Quantitative Bioimaging
(2013.3.17-19. Okazaki)

Sung-Woong Han, Kyohei Morita, Taiji Adachi: A Novel Graphene Oxide Based Protein Interaction Measurement
Using AFM. The 24" International Conference on Molecular Electronics & Devices(2013.5.15-16. Daejeon,
Korea)

HOME, REISE, ERE CAFM WA T 2 F 74 T A Y N OWMERKLERN 7 ARP2/3 & OMEAEHZEAL
W5E. 5536 M HA A F Lot u Y —304E5(201366-8. 1H2%)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Biomechanical Simulation of Multi-
cellular Tissue Morphogenesis: Effects of Apical Contractility on Epithelial Curvatures. The 8" Interna-
tional Symposium of the Institute Network, and The Symposium of the Research Core for Transdisciplinary
Collaboration on Tissue Engineering and Regenerative Medicine, “Frontiers in Medical Science and Engi-
neering for Regenerative Medicine” (2013.6.27-28. Kyoto)

ERRIEY], Z%n, LR %, il R RIS 5 5 E SRR O TERER I X OBRRE RIS B AT, 45 25
Il H A By 2 At 24 2 (2013.7.6. #l)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: Linear Elastic Behaviors of p-catenin Revealed by AFM-based
SMFS. 35" Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBS)in conjunction with 52" Annual Conference of Japanese Society for Medical and Biological Engi-
neering (JSMBE) (2013.7.3-7. Osaka)

Hiroshi Fujimoto, Junko Sunaga, Taiji Adachi, Yasuhiro Inoue : Mechanical Stimulus Affects mRNA Expression of
Mouse Embryonic Stem Celss during Differentiation Process. 35" Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (EMBS)in conjunction with 52* Annual Conference of
Japanese Society for Medical and Biological Engineering (JSMBE) (2013.7.3-7. Osaka)

Taiji Adachi, Masaaki Murata, Junko Sunaga : Mechanosensing Characteristics of Osteocytic Cell Processes — Ni-
tric Oxide Production Induced by Local Mechanical Stimulus. The 19th Congress of the Europeaan Society
of Biomechanics (ESB2013) (2013.8.25-28. Patras, Greece)

Sung-Woong Han, Kyohei Morita, Taiji Adachi: Measurement of Actin Filament-Arp2/3 Interaction Change by a
Mechanical Factor Using AFM. The 7" Asian Pacific Conference on Biomechanics(2013.8.29-31. Seoul, Ko-
rea)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: Mechanical Properties of B-catenin revealed by SMFS. The 7*
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Asian Pacific Conference on Biomechanics (2013.8.29-31. Seoul, Korea)

Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi: Actin-cofilin Interaction Energetically Relates to Promoting Actin
Filament Disassembly. The 7" Asian Pacific Conference on Biomechanics (2013.8.29-31. Seoul, Korea)
Yasuhiro Inoue, Taiji Adachi: Actin-myosin Catch Bond Promotes Actomyosin Aggregate Formation. The 7%

Asian Pacific Conference on Biomechanics (2013.8.29-31. Seoul, Korea)

Taiji Adachi, Kentaro Takenaka, Yasuhiro Inoue: Modeling Spatiotemporal Regulation of Trabecular Bone Re-
modeling. The 7" Asian Pacific Conference on Biomechanics(2013.8.29-31. Seoul, Korea)

WL H, SR RHEE, KSR, MEHOGE, ZeiEG o ML T T O WG DR § B BGHER O lEIC KT
BYN—Y TN Ry b= YAk rvary - vIalb—va LM HABMAESERAS
(2013.9.10-12. i il)

ER O, B, OERE BHEA A VBTNV O TAENT.  H AR SR K4 (2013.9.10-12.
i 1)

=S, Ko Jong Soo, i, WK & MIES) & BlE§ 2 et~ A 7 o LR O REH FHEORJE.
HABEAR 7 AR K 22 (2013.9.10-12. B 1)

B —HR, O, ZERN RS W o T = Y ORGFIE. H AR AR ERRS
(20139.10-12. i il)

WSS, RHE, ERE a7 4 ) BT 2 F Y 74 I A Y bPOBEEY TSy FHT AV F K. H
A AR RO & (2013.9.10-12. [ 1L1)

Propfd KRB, JF BREM, 208400 0 B - A AT 4 VICBU A2 BMUOEE) : VEFT) Y7y 3alb—avilk
B IEAT.  HAERIRA: AR O£ (2013.9.10-12. i 1l1)

Yoshitaka Kameo, Yamamoto Ryuta, Ootao Yoshihiro, Masayuki Ishihara, Hiroshi Kamioka, Taiji Adachi: Model-
ing Flow-induced Deformation of Osteocyte Process in Canaliculi. V International Conference on Computa-
tional Bioengineering (ICCB2013) (2013.9.11-13. Leuven, Belgium)

AR, ZERE  AREREIC L 2 ERKEHROBEMBE Y I 2L -3 a ¥ DAY S M&M2013 #F:
J%H 7 7 L A(20131012-14. BE)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Taiji Adachi, and Yoshiki Sasai: Three-dimensional Vertex
Model for Biomechanical Simulations of Multicellular Dynamics during Tissue Morphogenesis. Quantitative
Biology of Signaling, Institut des Etudes Scientifiques de Cargese (2013.10.21-26. Corsica, France)

Hiromi Miyoshi, Takuma Kishimoto, Takehiko Inaba, Miki Nishimura, Michiko Sugawara, Jong Soo Ko, Taiji Ada-
chi, Toshihide Kobayashi, Yutaka Yamagata : Actin Dynamics in Cells Cultured on Engineered Micro-to
pographical Substrate. The 51 Annual Meeting of the Biophysical Society of Japan (2013.10.28-30. Kyoto)

IWARKR, BRHER, KZR#&IL, AR, EW %8 252G BMENOBMIMEE 2 Z 8 L 728k s
By Iab—2a v, HABMYRE 24 WS4 4 7027 4 7R (2013.11.1-2. 5UHF)

POUMESE, BLH R, R RHEM, ZERn BRI R 2 B E L EEREBIE RO I L — T
Y. HABMAESS 24 WNA 71 v 7 4 7l 4 (201311.1-2. 5UHR)

0, ZHEM T, ZERN - mESMEA 5 ORI § 2 Ml EE OB, H AR &5 24 WS A
F7uy T4 TS (201311.1-2. 5UH)

EARREAN, O ZERG  AFM 2 W2 a RIS BT B S 28y BRI EA O FSE. H AR &5
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24 W NA F 70 YT 4 TS (201311.1-2. 54K

RS, HEMT, ZEFE, JFEFER - <o 2 ES il b@ o mRNA SEHI 2 T3 528, H
AWM RES <A 70 - 5 L%y VRV Y A (2013115-7. IH)

SPAATET], RARREE, AN - FHTE, BN, BT, ERG, SILF—, B2 B External Mechani-
cal Cues Establish the Anterior-posterior Axis Polarity in Early Mouse Development. 25 36 [0l H A4T-4:4)
PR (201312.3-6. Hl)

Daisuke Tawara, Ken Nagura, Tetsuya Tsujikami, Taiji Adachi: Estimation of Changes in Mechanical Bone Qual-
ity by Multi-scale Analysis with Remodeling Simulation. The 15th International Conference on Biomedical
Engineering ICBME 2013) (2013.12.4-7. Singapore)

Taiji Adachi, Satoru Okuda, Yasuhiro Inoue : Computer Simulation of Tissue Morphogenesis Based on Multicellu-
lar Dynamics. The 15th International Conference on Biomedical Engineering (ICBME 2013) (2013.12.4-7. Sin
gapore)

Yasuhiro Inoue, Tetsuya Fujii, Taiji Adachi: Tensile-force-induced Propeller-twist Change of Actin Subunits in
Actin Filament. 5® Asia Pacific Congress on Computational Mechanics & 4" International Symposium on

Computational Mechanics (APCOM2013/ISCM2013) (2013.12.11-14. Singapore)

2 BE-YUORIIL
LER B O - WEBEISO IV F AT — VA F A= s A B S FRIBET T BRIK Ty
39 —(2013.1.31. #111) (Seminar)

LHERG MR NA & R H = 7 AR 015 - AR X B BEREIAE. ZEWEE T a5 51 44 (2013.2.7.
HU#B) (Seminar)

ERE B ONFHEISE LT ) ETFT) Y X ONALF AN = AL BTHET 5 — 5 5 2012 4 FEFE R 40 3
{#2x(20132.27. %L#K) (Forum)

ERE B OREI S - BREEISOBINS T A D=2 X, FE Car FAY—  FLELD 2D D RFER
LEPERETIRE 3 —(201336. fli)5) (Seminar)

RE

RE

Taiji Adachi: Biomechanical Studies on Actin Filament Dynamics Regulated by Mechano-chemical Couplings. In-
ternational Symposium on Nanomedicine Molecular Science, Insights into Intracellular Molecular Reactions :
Aiming for Innovation of Medical Cares by Integration of Chemistry, Physics, and Biology (2013.3.10. Kobe)
(Symposium)

Taiji Adachi, Satoru Okuda, Yasuhiro Inoue : Biomechanical Simulation of Tissue Morphogenesis Based on Multi-
cellular Interactions. International Symposium on Bio Medical Engineering Interface (2013.3.14-15. Sendai)
(Symposium)

Taiji Adachi: Bone as a Smart Material with Structural Optimality. Egypt-Japan University of Science and Tech-
nology (E-JUST) Seminar (2013.5.14. Alexandria, Egypt) (Lecture)

Taiji Adachi: Cellular and Molecular Biomechanics : Mechano-chemical Couplings. Kickoff Symosium : Research
and Education Platform for Innovative Research on Dynamics LivingSystems Based on Multi-dimensional
Quantitative Imaging and Mathematical Modeling (2013.5.23. Kyoto) (Symposium)

TERG O L BRENEIS ORI N F A h =7 A, 17 BERSRE 7 + — 5 4 (20136.22. H30) (In-
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vited Talk)

LOERM, RS, R, JE LR oG - RIS S A I 7 AOHBANA A X =7 2 A5 Rl
T O EAEH. % 33 P HARFREFTNYES, T—2 Y3y 72 [ETEEEIC X 2 5 01k B 7E
(20137.4-6. #e4x) (Workshop)

LER BN Y AT LA O/ - BRREIS S A T X 2 ADTIEREE. T 1V A - PR 4 (2013.7.25. 5
#) (Seminar)

Taiji Adachi: Bone as a Smart Composite Material with Structural Optimality. The 18" Composites Durability
Workshop (CDW-18) (2013.9.29-10.1. Sendai) (Invited Talk)

TERG MR AT LI BMBO72H DY) ( HIEANAF XS =7 A 204 N, F VAT LS
3 F = AR PR JE O SRl | Ay > 2 7 b DIEBERTE 2 2l & L 7ok 7 7 2 o o —(2013.10.21.
Z4%) (Invited Talk)

Yasuhiro Inoue, Satoru Okuda, Tetsuya Fujii, Kohei Ohto, Taiji Adachi: Computational Biophysics on Epithelial
Tissue Deformation : From Molecular to Tissue Scale. Biophysical Views in Structural Cell Biology, the 51%
Annual Meeting of the Biophysical Society of Japan (2013.10.28-30. Kyoto) (Symposium)

Sung-Woong Han, Koichiro Maki, Yoshinori Hirano, Toshio Hakoshima, Taiji Adachi: Mechanical Evaluation of
Molecules at Adherens Junction using AFM. Biophysical Views in Structural Cell Biology, the 51 Annual
Meeting of the Biophysical Society of Japan (2013.10.28-30. Kyoto) (Symposium)

I EHER 7 7 F UM EAERD VT AT — VEHRANA A =7 X MR OREERH R AR SR 7 Il 15 i R
YRIY L [ORT 4 7 AENA K X =7 AOFHERRHEE R (2013122, #7) (Invited Talk)

Jr L RERE, B R, VEAMESE, ERW BRI BT 205 - AL FRE L 7 3 RTHRR AT O BB
EFV YT - vIab=vay, BMHRGTAEMFRFERT = v ay TTH LW AL/ "M Fa Y —
Z B9 T L AW oRE 1(2013.12.3-6. A7) (Invited)

Taiji Adachi: Mechanoregulation of Actin Cytoskeleton Dynamics in Migrating Cells. 7/ 77 v 7 # — 2 NSF
£ 39 —(20131213. %U#K) (Seminar)
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5 #b
Division of Technical Support
[FFRZEBE]

20134FIX 1 H & D 12 AKRETIC6 0B 86 thFIM A H 0, FHEFBGEARSF DR 5 2 MR A F R 2 &b &0,
il %~ OWFREDOERIE 2 TE. F72, g, Wih o4t A FE TORMMMBEARER L, EoBhRE, -
VA 2%y b OFEFHENOHF I EROFEE ST o TE .

8T 74 YYUIRER, SR ER, Ty 7 OFFR, BUKFEARO/ER

- — &4t (Hematoxylin-Eosin stain)

- }¥5k 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 Kossa’s method, Silver

stain)

7z, FERRBRRERE L & U TR BB e &5 TRt iR R 217 o 72,

i s



Institute for Frontier Medical Sciences
- ?ﬁ%
4. =i =

REBRFBEEFZHTR
[BEEY - BAEEADERM SR A
TR 25 FE FNHEESR
BIfER : 20134 12 A 25 B (%)
15 WA REA—-L
MEDRE FiiE A M GO SR BT

tyai
JERe BRI HEHME CRUES KRS 4 OV AWEGERT i)

[= 7 ZHT- DR MER D THED 57 4 7 I A4 Il X EHERET R AT #d%)

[ 7 AR TR % L2 BB IER & 2 DB)RE |
FH R CRAIERFIRBEE N ELRR AR 7eriiE  ALut - atif st #d%)

KA —kyvav

tyar2
FER I B GRS R AR LR Ze Rt #0%)

[ B O R % F v 72 IR A 0 (ABMI) O BUR &5k IE 2
YOFH 2y (R RSB R IE RN LS e R #d2)

(MR RO Z RD B A 71 = X 5 EMIMEHAL - MR BT 28k B XFGUEBREY A VAR %)

[HINABEZ R 2 X 2 — v 53 HREAL E BREDSEL - /1 7014 X T ¥ 712 X M
RS WIRA RO FE AR R AR JE T 303%)

MEoB¥E IR B HiE (R PR R SERT)

A A
— 157 — 4. q—miﬁ
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[RxE—tva]
KAZ—1
DS D5 28 T BT X /1 = X A
How misfolded proteins are exported from the ER ? AN W5 GRU R B RE R B 45 07

KAY—2
Probing the function of Drosophila GAGA factor in transcription apparatus by RNA aptamers
EHRAKICEEND Y a3 78T GAF ® RNA 7 7% <~ —I2 & 2 KEBefipT
HE e, P ik GHRRRE 45 )

RAY—3
<A THEL 75— B SGEASF D2-J2 SUSIEAR L ITFME LIZCvwoe?
A B GRI bR RE A 22 00 1)

RAY—4
RS X Ok 2 & — 7y b & LB TR e L bR o Bl L
FH e, A Hk B RE CEEMRAES )

KA —5
IO BETUEB X OHEBROAERA 2=V ¥ 7 Oiz0DEAEEYE T / BiE ko g3
W W—HS B B CEEMRAES )

RAY—6

Manipulating cell sorting in MSC/islet multicellular spheroids Ian T. Hoffecker GRLF& IS 1544 FL 42551 )
RAZ—1T

M AERFICHIMER TR BT 2 Adam8 D FEREMFHT P T (P A g B 1 27 45 )
KRA%—8§

CRISPR/Cas9% w7z 7aE— % —HIIF A X AfiifiZe 7 v 7277 b « VLAF 22— AT 2O L F o ilaifsec i
ik K— (st - L H AT 78 255 )

RAY—9
A& LTOEBRGEERT ) RAY » 2 Ve 4736 (Mhs P A S BRI )
RZX%—10

BRLEGEEOVEFTY) V7Y Ialb—Ya v JIEEIR AR & Y 7 VSRR o
P B (N4 & A 7 = 27 ZBFSR48IR)

Bhkeee A
4. —T—{ihir — 158 —
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RAKEBEERZARR [EFREXS]
BEfEH : 2013 E 12 A 25 H (k)
5 P ZHeEE MEKN-—-
Mao®E TE HH 1k GURASE AL ER AT
Ty arl E R MR (EAERRNEESE), ME T FEREEST)

EP2 7 T = A b 2 72 24T FHAE TR OB 58 fRE R GRS 20 BT )
iPS MNP & v 72 LMP2 s AR50 T M o AR R S (P s 20 1)
HLANT B Y 4 THRE FF = 5T ONOBIIZ BT B 035 BUS OWGE & Sk 0 b — K (PRS0
AFNEVERE IR LA F a7y 2 e ERBMEOY >~ F A v S5 FH (bR 5)

tyvar2 WR: i ORE AR, SH Eok (F AR 0T)
150 F %312 X % GPCR DRy 2 SARDOFE I & #EREH ] I M (F N4 kT Ok ARFSEER)

Transient raft-dependent multimolecular complexes including integrin and FAK are the platforms for IP3 signaling of GPI-an
chored receptors Raft-facilitated signal transduction of GPI-anchored receptors mediated by transient recruitment of integrin
and FAK : elucidation by single-molecule imaging (4 ¥ 7271 » & FAK # &L HEGL - THAENRT 7 v B GPL T v h —H
SHEARDIPS Y 7PNV EFRT LTI 74 —2E%Db GPLT ¥ A —RZHKDT 7 MEGEW Y 7 F VEWRZHEI 4 V7

7 vk FAK & OB PERAITLAEN 15 T388RC X 2 %1]) il B\IE(F 2 84 7 a b ARFSEER)
AFM F/ 7 4 v ¥ ¥ 72X BRI A 51 7 & ¥ 3 OSSR ZE B fRAT B W—ERONA F A = 7 AWFSREIR)
MR O SR & Ml & v 28 2 B B L O E:E o B B Hidr GBS 1A R4 8T)

tyalr3 EE B WO A Ah =7 AMEHR), F5 A GRS B0 )

Analysis of biological association of LBX1 with AIS (adolescent idiopathic scoliosis)-like spinal deformity in zebrafish
b it (Guo Long) (A4 Tt 55017)

RN F & LTOHRGIERFYEAY > 2 S A58 (WIS 1 AR S BRmh W it 7
Fay Yy AAH YA a7 4 —BE KPS ML % H T OB B FET- 3 (P A B R4 5 47)
WIET 7 v 777 M X BWRIERAR TR 8 (5 T O AR REFFAT M B (AR UIETE S )
VAR E R 2 IS L P~ —F 7V X7 A OB NS S (e T JE T 45 )
[Bxa4—tv 3]
EAY—1
AFM +/ 7 4 v ¥ v 72X M8 2 51 7 & v O T 2B RAT W T—ERONA A+ A H = 7 ARFFRAIR)
KRAY—2
S UAV Ly ¥ T T T4y Y2 E TS TR S 3T (7 A g i 1 4 27 45 )
KRA%—3

G EIRA 7 4 OV & — 3RS RMB IR AAE S 5 - Bl 1 07BN X 550
B ER(F N F T u ke AR )

KAY — 4
Adaptor transmembrane protein LAT in immune signaling works in vesicles recruited to the plasma membrane : a single-
molecule tracking study
(SRIEMILD > 7 F VT 57 % =51 LAT OWREZeMTIHEEHE © 157880 X % @)
BB — (5 N4 F 70 & ATFSRAIR)

KA —5
WIREANELZ B % ERAREER ISR IC BT 2 2T = 27 1 7 il HARES A0 GRS P A0 23 B
RAY—6

abT MERFI & gdT MlLRFI~OEar e bR - JoEid T M2 AR IISE 2 5 WH 5N (PR )

A A
— 159 — 4. q—miﬁ
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REBRXZBEERZARAMTR 24 FEHFHERES
BifEH : 2013 3 A 15 H (&)

15 o REAEBEERFEHER

HARKE
HH R GO TR)

[ EE MM BRI O /200 3 7 138 — AL M Ok
g Si— Az OR R RAR BE R i FE B 7E )

[ WAeHEE B AN & oo ML 2 7 % LR D R S8 & FRAR SERLIRPY C O BRI o> B RE Tl )
Teffy fe= EHUZ (R R S iPS ARLRFJERT)

[N & F v 72 LBz — BISERS AT HE 0 IS [R5 D g AT ERE F #dR AbiE R AR S B e )
[BIER S OB BT 7V 2 o 7 BRI = » 7 AT | A B #d% ORISR E B A JE )

[REREPE N A 1 7L 2 o 7 ML R BHER BT O 11 BL & AR REZE AL ORES |
AR st Bz (IR AR BE R 38 A S iFFE )

[ k545 5 55F Chondromodulind % I\ 725 2E Rl D e AL | Wi AU FHEBE (R RSV
[ AT <7 2% 7B HBFRTRAL A 7 = X 2 Off] ] SRH Hlsh Hdg GEBHE L E R E R B 2 7E )

[MIhl R~ 7 2O Rl 5 & OWIZTEET 5 2 T O Y > /S EIZ B0 2 KR JRIHIE < g%
fiig EET L) — 7 — (R AR S W IE I BN R R 7E 2 > & —)

[PE SRR =R A L % B R L 72 BRI I 12 350 2 IR P M IR 55 0 L 0% A IR R F- X oo Bkrie o] )
KA BEY WEH (RN AR >~ 5 — %80T

[ AR Z L2 BBMIao ACHE - ML EBMBT 27 EAA ¥ OFG]
FH R B G A ERT)

HsKE
B #iE U RSA TR R AR SE T BT R)

RERZBEERZHTH
[BAEEY - BEEROSRMS RS ]
% 8 O ARRES
BEOEREBEFEOERE

BAfER : 2013% 7 A 20 A (1)
15 B REAFERENEARSE 1 BEAFES k-

HARKE
[ LR T ORI AL FHERERAMIET Bd% Lk X
[PSMEA S A =S T Mg 2 4 | PHERRRAIZERT 8% WA R
4. PMES
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PEHEEDOEIF—
B H HHEE - T b & t3IF—% F A5 B

2013. 125 /5P %i‘ N . BAETERIZ BT 5 Chib o f%H] TURBRAA AR R ATkt o i
(R IRy R 27 R 24 i 5 38 2 WFFERT R X F—

A FgERE)

2013. 1.31 Il GREE EEEIRE DT ) AN — AR TS FORKFHAERERE ARGt s
(FALFWFGET 7 7 NEFHE 5 TIRiEN WRgErrds il 3 - —
et > 4 —)

2013. 2.8 AH K B B~ ARBBEICBT S [N filabsiEiRimist 3 Mlarsediiss
(37 ARG s VIR invivo 4 A= ¥ 7 F—
ﬁﬁ?‘ﬁ%ﬁf‘ﬁ AREFZERFBER
ARSI

2013. 222 g e AT N BTG FEE - BRIR O FIRKAHAEERE ARG
R TR KRR A A SR04 74 2=V 7 WRgErds il 3 - —

TEHFZERE)

2013. 3.8 W HE— HRW Y 7 F VoY & NTw DS SRR HAERSY: A 1iat ot
(KRB T R 0015 el 3 - —

P i R S A N i
V—7)

2013. 319 NIk i#%— B b U ARY UV EWIERFEEY TS AR EES R AR5
(L7 AR WFFERT) T4y aFERAPTHOEFLLE IS —

2013. 412 JEF ER B B AN X BT ENERT - N4 7y MM EY I - ALK B B 25007
CRAb K8 AGBE T 5ERT) A NOIHIZAIEL T

2013. 412 °F T Pk A ZuMTIckOL A4 v HMiMEEEYI - ALRR BB B2 55 07
ORIERF R E TR F v AV F v T ORI

2013. 529  Peter Pivonka A Multiscale Systems Biology Ap- H13MNA F XA NAFAH=F7 R
(University of Melbourne, proach to Bone Mechanobiology 7 Ak3IF— WFZE IR
Melbourne, Australia)

2013. 719 M IEA B CRISPR/Cas9 A THIBREEFR ¥ 2 7 4 T AR S BR B W a7
(R BRI A W 3w i 92 7T ) W= A7 Ltk

2013. 722 AIL mEE MARFEANL RIS EZ R L 2w ? FEAE SR A 0 A S AR A0
(BALZARETE i %6 A - P AR ) I — [HEfLICHE
ERAEIEE Y 7 —) THETODL I

F—

2013. 722 T FREONCARGH - BH) AN, RIS FAERHEEI A B AR 255

(HHRFHEE Y 5 —) B8R OF & DAL 3+ — [HEICE
ThHETZOD L3
F—

2013. 729 @& H HHETRAEO A CEHE O L HERGERIE T A ) B
(Stem Cell Institute, Paul & Iiig= v F 3 —

Sheila Wellstone Muscular
Dystrophy Center, Depart-
ment of Neurology, Univer-
sity of Minnesota Medical
School)

2013. 927 b ¥#E— (ES7EIESF9E0F)  Genetic visualization and control of Cell Biology, Devel- A 55445 B

the neuronal activity in the zebrafish opmental Biology, and
brain Systems Biology
Cource Meeting

2013.10. 1 WO BHZ Jili g B 1R 3 A ARG O BLIR & MikIsE L 3 — ARSI B0 B
(5 3 [ IR LI 91 ZTORYE

2013.10.11  Jons Hilborn Formation of Bone from Injectable ik +Y I > — ALK B 150 B2 5505
(Materials Chemistry, Uppsala Biomaterials
University)

2013.11.13  Yuhang Chen Tissue Mechanics: from Microstruc- &5 14 BINA F XA NAFAH =T R
(Heriot-Watt University, Ed- ture to Function - Our current work =% A+t 3 F— Tof 72 w38
inburgh, UK) on tissue diagnostics using engineer-

ing approaches

20131217  fERE WE One Possible Mechanism of Collective #5 15 /34 %+ X NAF X AH =7 A
(FAb2=0F e 58 4k - B4R Migration of Epithelial Cells — I AkIF— /N ko
FERAER v ¥ —)

4. PifiER
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N2 pde=

FWEES - VORIV L - RS

(P A B B ) A 24 45 B )

German-Japan Colloquium Cellular Biochemistry Shaping Animals, Karlsruhe Institute of Technology
Bl fiE H : 201341 H 28~31 H

BAfES T © Karlsruhe, Germany

519 @/ RSB R S
B fi H :20134E9 7 20~21 H
IR T + AR T - S 7 7 4 (B3Il TH)

HAREEYFR 2013 FEMES PRI I L
Bl fig H :20134F 11 H 18~20 H
BRI @ L &b ) (LRI 1)

Swiss-Kyoto Symposium, Eidgendssische Technische Hochschule
B ft H 11 H21~22 H
BAAESS T ¢ Zurich, Swiss

Aokt A
4. FiMESR — 162 —
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5. HEHRE

2012 FEHRMFHE (HFHE 2012 F£ 4 B~2013 % 3 B)
(184 Ei B RIS E DORBRY AR DREL)
OWieE% R % Bi# (GHBRF R A B R 7ER)

FHEBER AR L AN e © Ay GEME AEEER (s s 20 i)
OMFFe#e 8 B OHFFE LR -

HREEE, BT v MRS 7 5 AR T 2 5 L, DI A B 2 2 MR AR L TWo 205, 4
W OILRMFETIE, A HEEIR LA b, B HRIRG OWRIEREZ HIE LT, T v MO L TR RG 0 — &k
FiaATo 712, #1 » ARIC, FHEGBOWA - BRI 2 EIrwr - SRtk - Bom s L oM G B~ ok
W E N T3 G- 2 M L 72 (n=10). #&R & LCiE, HEHEEX 2MBRHAELZRO Lr o7z BEWIZIE, oz Hs
Wiz — A COR LT, UM ZESICHESG LT, BN ERE R 1 2 %55 2 20 £ & MO RRB T 5
B THozns, FHIIMEMMETH L7012, 2 WTOWEZ PRI L o TRET 2 ZENPARWRTH ), MmEa ot
BH - AU U7 2 &S AR LM ORAROEN L g Sz, ZOMEE PR LR LR, ComMEZ mRT
$, KA DA TIIAREAHET. X T b polyglycolic acid-collagen (PGA-c) tube % #Lik KAREBICH A L CHlZEHAE % H
T HEREHENH LTV 2ATHD.

F 7z, RFIHCREYE R F CRIA S FAAITH ) EALEHETH 20T, LRlEBRE BT LT, 2MENRHRT v MR
LI 70 2 T, BRI OIS TR B RN O RS TR P B2 2 BET Lz, SORER, w00 dlin1-o°
FIBORREFEDO T EAVRB S NIzA, FREFRIEHTH 2,

OWFFERR D A3
(Eieffgeid, RZICHRIIH TR WOT, SABE  HXREITETH2.)

[# B 45 R/9%F Chondromodulin-1 % BV = BERHTDIRE]
OWF7eftaEs - wig S KRB (RS R B TE A
R Sy e O A T S vk (= S /55 € P A G X N e ae o 1)
OWFge 8 OWFFERR
ARIEFFETIID T O & 217 - 72, 10 Bl HE C57BL/6 ¥ 7 2 % H W TEHEEE B FEIZ 315 5 Chondromodulin-I(Chm-I) @
BIET3B L BAE AL % in situ hybridization, real-time PCR, fyEgtt % MV Ci~N, i\ T wild type & Chm-1~'~< 7 A
& OB B AR X HYE, HEGIC TILR L7z, Chm-I mRNA EH RO OB HACE 1I2FB L Tz, Chm-1 13 TTH
3T =7 VRIS EBIL T izas, X BT T -7 Btk EREkE M Tk 2 DRI B Sk dh 572 Chm1 &1
P, WETEREEBEOMI A~ U v 2 ZCRELTWZ2, & 512 Chm-1 <7 AT, MRS TR RS X 0 TR
OHMFRITK & HBMEDW 721, HENICEFEAIELE L. 2O X )12, RILFEFEIC K Y Chm-T 235 1 R0 o ik 1k
BT & € DHONHAEFALICLHOBEZ LT WL I ENWHL 2% o 72,
OWFFe R D253
(BUfE, LR E F L o-imoffiz it Th 5.)

(FERE g #ifa & o MR D 5 4 B HEBOBBLE & BEEABA T OB ML OKEETE]
OWFgefaed « By = WE#dZ IR iPS MlRir2emT)

FHERRO 7T LA e - Al Ik B CRIE SR 22000 )
ORFFe#e 8 B OHFFERC R -

iPS M2 5 LREE L7z g AL & o M OFRBCIE 24TV, BRRERY 2 BB ALAR 2 T 5L 52 S L 2 HIISHIZE 2 A L 7.
T3, MO MMEiFE D (Kunisada et al, 2012) B L, & b iPSHIIED S 10% FBEORIZIZTA » A Y ¥ e LM (3 M)
R LCHEFEEREL e olz. Z LT, MAGFAEWOAZ ) —= v 7%, b b iPSHIIEA S pHila~0FEMH% 2

— 163 —
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fEREEE I L S8 bW % A58 L7z (RREih) . w2, & b iPSMIFLHTK p A O L E SR 2 T & ¢ 5 72012 piaz
AfFE S 7% F HEET & 2 INSULIN 85 FF 2k 806 & 1 B (GFP) 2 AL AR 2 IS CRIZFEALZL KR - —k b
iPS Mgtk INSULIN-GFP knockin & I iPS#lllR) #8372 L7z, 4%, oflad~—4 —#{5FTdh % GLUCAGON DL K—% —
t I iPS Mgk (GLUCAGON-tdTomato knockin & b iPS #iffg) o8t b 47w, 2N b0 LAR—4 —v b iPSHfakk%E v T,
FHWFER L LE TR M iPS Mg 5 LFE L7z a fifa E BN O FRLEER 2179 FETH 5.

OWFFe R D 253

<FEFL>

1. Yasushi Kondo, Taro Toyoda, Michinori Funato, Yoshiya Hosokawa, Tomomi Sudo, Nobuya Inagaki and Kenji Osafune.

Establishment of the differentiation method from human iPS cell into pancreatic B cell using low-molecular-weight com-
pounds. (F&FaHEfi o)
2. FEEARL, FREIGH, RAMEZ
[ b ESHIfE, iPSHIlEo heterogeneity & FHAEERICH 2 58 | MW - BRI - ICENEL CBH#aEam ) 36 (3) © 242-
248, 2013.
3. EAfE—
[PS M DERRISH O S8 L | HABEHPH(H AP FHH ) No. 4628 - 46-47, 201315
4. FfiE—
[1PS #MlNE % I 72 R (25 & FRAE PR AR B FE LS ) 72000 il | AR T- B MOOK22 (£ 74 1)V ¥ #1)153-7, 2012.
<EERFER>
AAFEAE, BEEUREE, GDEEASL, MIEYR, ZURASE, WhEdr, RER, BRI, kS, OKEE, (bR, TR g
T,
[ REEAT 2L 72 & b iPS/ES ML A & AL B M~ 0wl = L 3555 o B % |
55 12 Wl HARF A RS &, BE, 201242 3 1 21 H.

[#aEMEN S FOS LV E BV -EBRARREOEE & HBFEELDOBRE]
OWF7efias - AR sl 3% (IR BB 38 AR A bif gE )

FHERERHAIIZEI L RBTZE R« I0A sk dAEEER AR5 )
O e st J TR IR ©

KREWETH DT VX VBF M) 7 DGKICTEETH ), ANY Y AL F 2B E2MHOBA > DL Y FL— MEH
LWL s 5. COWEZFAL, TVXFYRF P T LOREZERDSIET, BEDORELT VI A — MrVEERLZ.
COBEIE1-200kPa TH Y, ZTHHESIZAKNMBOREE, iz SMBEROR S PVl S, B 2 &8 ORIk E Rk
L7AfETH %, TOBRS DR ZEE CHEEIAMKREZEE L7 L 25, BIPRW EIEEREESHHRI SN, Fow ElEN
REFT LIPS E R o7, EHIXEDAS AL TG Lz E T A, MR AT & 2 WERBETIE FGF7, 10 &
Vo ZZHREH TR L CRBIL T 2 e HIn Lt ot

—Ji, T4 TR 7 F G B EHEEE CB 5 5 X LTHIS T B8, IR O S BT
SO R OFAENELE R E L RT I EPWMESNTVE. 22T, 74 70R 7 F VAT 2MllaEGEF—7CTh
% RGD AR E L72RTF FEGH, TVIA— MFVICT I FREGICE Y EEIL L7z, 207X VAR EAAED R < o
THY, RGD OREEALAHER SN, TOTXNVIIBIT BT F FEELSEMN, FICRERTF FIREL A2, MERRALT 2 5
FLAZEZA, XU R RO RERIR ST RE L e o 72, F72, M & LTTER L, M~ RIEMEZ BHIs LT T
FEZELTVE = X2FR LS L7z, £ ORGSR, IR CORER#OWRENE b RS hz.

OBFZERA DR

<FERFL>

Hiroaki Taketa, Yasuhiro Torii, Masaya Yamamoto, Yoshiaki Hirano, Yasuhiko Tabata, Takuya Matsumoto. Peptide-based syn-

thesized platform for modulating in vitro gland tissue morphogenesis. (In preparation)

Hiroaki Taketa, Yasuhiro Torii, Masaya Yamamoto, Yoshiaki Hirano, Yasuhiko Tabata, Takuya Matsumoto. Peptide-immobilized

5. #£FMZ% e
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hydrogel beads for modulating in situ gland tissue morphogenesis. (In preparation)

[##% - 7V 7HEMERICED R & € OHFHEEB O]
OWfgefizes Nk #—  #dz (ELLEEETeT)

TRAEERADI eI L FBTZE S © R W O (PR 00T
OWFge#E# J OWFFERR

MFEA Y PT— 7 ORESIL, ML > TITPNEZDTIE R, AV ITFy Fad s FRT7AMad A F el
THNERME - I 7107 7 % EOMEOTER MR IS5 5. I, HFUCERITET I 71 v v a e vl
BF Ty 7 2N =Ty TEICE MRS ORI, KOOGS 2 BIZTORBEA S ) —=> 7
T AT o C& 72, ABFZEICB VTR, TOREZHHLT, RAFREREO V-7, BN 7a 77 —Eoa %
UGS, BIEEOCB D 2 - IR, STEROMIHEZSO S L, T00EDE LT, KO LD R REZ 2. 2 OF%EH
K&, BHERBHTH 5.

RS ORI, FEAEBARIC B VT, SRR 2 ST 5 L TR RMOERIETH 5. MM, EARWIZ2 o0k
Rz CEE s D EE R OIS, 05 11, MR A O MR ar B AT EE A S B By, 55 212, Ak siie A3 % L C
FERHE ORI % B T B BB TH 5. MR AIC BT, B4 2T 0 5 TR S 20 IS S TW B 75,
F2BRETH D, MREETERMIL A & 5 REOMBMINLZ AT 2 BIICOVTIE, FEACZHLRIZEIR TV R,

ZITHFEEMLT, €77 74 v 2 20BBELFMRBPOMOET NVRE LT, T, MM E O X5 (K2R
L LT 2 a2 MEt Lz, fiERNEER -7 E— Y —OFRICGFP 2 RSN T VAV 2=y 7 ¥ET T
T4 v a, Tg(brn3a-hsp70 : GFP) 3 %\ & Tg (neurod : GFP), Tg (huC : Kaede) % J\ THIFRIS A % BILE L 7245 0L, 1
D5, FERIIIZ S 22 S D TR ICHIA SN2 T 0 A TH B 2 ED%bh o 7z ARERiERAITIE 2 & ksfiia o AR 1,
stchastic IS Z 2D TidZ <, basal I S45F 1, apical HINEHEITT 5. 2D X 9 B HEATOHAE OB % W5 5 F25n
DeLT, Fxix, ErbB ¥ 7+ Y 7IZHFHLZ.

ErbB ¥ 7 )viz, 845, ok, B84 L MBOEHZHMTL2L2ELHHAKNTTHS. ErbB4RZOY H Y FOED
Za—=VL7 ) Y 1iE RAOERKEERORAEETH MG RMEOEZNBEZTFTOH L. AWETIE, DEbB4 B LT
ZFOVHYFDVEDZ2a—L T )Y 1IDTAV 74 —LDOEDH, WEERT neurogeninl % FEEL¥ 5 Hrt wi BEAI L 2> &
neurod % SEBLY B AREMILOBEL - AREMEICS T 628, 2)Z0=a—L 7Y Y1074V 7+ =241, FIZ, radial glial
cell THIHT B, ZOMMBIL N X A O3 A T MM ATELE SN BRI R % &, basal fll % &9, WMNIZIL 54T 5,
% LT 3)subventricular 5T, MEXEEAIIZO ErbBd @) Y E{LZ A LT, MR E AT 2o 2c S a 2 e %
Ruw7ZL 7.

IO EESHIHMENIDLID, ErbBA Y EY —% T, TOMBEAZHEEL, 1 Yy —BREICL ) MiRELEE
HHESEREZDO3WICOMBIEEE, Y4 L0 FTAICXD, BFEEZB> T4RITTTHEN L. TNEAT)H 729012, radial glia
THEMEILSNS Gald HHED + 5 v 754~ SAGFF(LF)81C # 7z, ZhIUZ Tg (brnda-hsp70 : GFP) Z # T &%, £
UAS : membGFP/UAS : cyto RFP: UAS T K4 73N 5 -GFP/MIBE RFP ML T2 79 AI V2L P22 ML, £
NTIXNVENLHEMBOZEE ZBLE L7 TOME, 4 ey —BEITX D, NI SV HEIBICE T 2 Ml a2 AE AL
s, LRSI, L0 R L L 72 REIIE O apical lIZBIME N L 2 EARWEZEIN. ZokHIL, Th
FTHD o TGz, AR 2> S kbl AL S N 7201213, MM 7+ > 7 & LTEbB ¥ 7 F Vi %E
R R T eV, Fl MRS 2 LS TE . (Sato T. et al, #Aw).

72, WO2R/MICH LTI Y ARV VARV OBEFZFAE L. 2ofE, —oHIE, HENToLE7 s —#xT
WIZ Gald 2 A S, ZOREMEKIE, WEHROET NV E SNDMHMMERE D, MRRMEEOREEZRLA. I 0L
DiF, fWEAEDO S =7y P THLATHMILE ZO 7 REZES (HH) THRHEALTWE. ThoIZH L TABAERNTTH .
ORFFER R DR
<FEFRamL>

(1) An mnr2b/hlxb9lb enhancer trap line that labels spinal and abducens motor neurons in zebrafish. Asakawa, K., Higashijima,

S-., and Kawakami, K. Developmental Dynamics 241, 327-332 (2012).
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)

3)

4)

(5)

(6)

(7)

(8

)

(10)

(11

(12)

(13)

Connexin 39.9 protein is necessary for coordinated activation of slow-twitch muscle and normal behavior in zebrafish.
Hirata, H., Wen, H., Kawakami, Y., Naganawa, Y., Ogino, K., Yamada, K., Saint-Amant, L., Low, SE. Cui, W.W., Zhou, W.,
Sprague, S.M., Asakawa, K., Muto, A., Kawakami, K., and Kuwada, ].Y. Journal of Biological Chemistry 287 (2), 1080-1089
(2012).

Neuronal birth order identifies a dimorphic sensorineural map. Pujol-Marti, J., Zecca, A., Baudoin, J.P., Faucherre, A., Asakawa,
K. Kawakami, K., and Lopez-Schier, H. The Journal of Neuroscience 32(9), 2976-2987 (2012).

Transgenic line with gal4 insertion useful to study morphogenesis of craniofacial perichondrium, vascular endothelium-
associated cells, floor plate, and dorsal midline radial glia during zebrafish development. Nakayama, S., Ikenaga, T,
Kawakami, K., Ono, F., and Hatta, K. Development, Growth and Differentiation 54 (2), 202-215 (2012).

The ciliary protein Nek8/Nphp9 acts downstream of Inv/Nphp2 during pronephros morphogenesis and left-right establish-
ment in zebrafish. Fukui, H,, Shiba, D., Asakawa, K., Kawakami, K., and Yokoyama, T. FEBS Letter 586, 2273-2279 (2012).

A zebrafish model of intrahepatic cholangiocarcinoma by dual expression of hepatitis B virus X and hepatitis C virus core
protein in liver. Liu, W., Chen, J.R, Hsu, CH,, Li, Y.H,, Chen, Y.M.,, Lin, C.Y., Huang, S.J., Chang, Z.K., Chen, Y.C, Lin, C.H,,
Gong, H.Y.,, Lin, C.C,, Kawakami, K., and Wu, J.L. Hepatology 56, 2268-2276 (2012).

Mechanism of pectoral fin outgrowth in zebrafish development. Yano, T. Abe, G., Yokoyama, H., Kawakami, K. and
Tamura, K. Development 139, 2916-2925 (2012).

Visualization and exploration of Tcf/Lef function using a highly responsive Wnt/f-catenin signaling-reporter transgenic ze-
brafish. Shimizu, N., Kawakami, K., and Ishitani, T. Developmental Biology 370, 71-85 (2012).

Targeted expression of a chimeric channelrhodopsin in zebrafish under regulation of Gal4-UAS system. Umeda, K., Shoji,

W., Sakai, S., Muto, A., Kawakami, K., Ishizuka, T., and Yawo, H. Neuroscience Research (2012).

Functional assessment of human coding mutations affecting skin pigmentation using zebrafish. Tsetskhladze, Z.R., Canfield,
V.A. Ang, K.C, Wentzel, SM,, Reid, K.P., Berg, A.S. Johnson, SL. Kawakami, K., and Cheng, K.C. PLoS ONE 7, 47398
(2012).

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

Real-time visualization of neuronal activity during perception. Muto, A., Ohkura, M., Abe, G., Nakai, J., and Kawakami, K.
Current Biology 23, 307-311 (2013).

Innervation is required for sense organ development in the lateral line system of adult zebrafish. Wada, H., Dambly-

Chaudiére, C., Kawakami, K., and Ghysen, A. Proc. Natl. Acad. Sci. USA (2013).

<EERUEFR > (ETHEFER)

(1

2

(3

4)

(5)

Kawakami, K., Pradeep, L., and Hiratani, M. Genetic dissection of the adult zebrafish brain by the Gal4-UAS method. “Imag-
ing Structure and Function in the Zebrafish Brain”, UK (2012).

Kawakami, K. The transposon-mediated genetic methods in zebrafish and their application to the study of functional neural
circuits. “Asia-Pacific Developmental Biology Conference 2012”, Taiwan (2012).

Kawakami, K. Tol2-mediated transgenesis, gene trapping, enhancer trapping and Gal4-UAS methods. “Janelia workshop on
zebrafish genetics, transgenesis, and systems biology”, USA (2012).

Muto, A., Ohkura, M., Abe, G., Nakai, J., and Kawakami, K. Real-time visualization of the neuronal activity in the brain dur-
ing visual perception of a natural object. “10th International Conference Zebrafish Development and Genetics”, USA (2012).
Kawakami, K. The transposon-mediated genetic methods in zebrafish and their application to the study of functional neural
circuits : transgenic tools for calcium imaging. “The 2012 Cold Spring Harbor Asia Conference Zebrafish Disease Models”,

China (2012).

[MIh1 RAE~ ) ADMIRE LB ICRET 2 2BEOU D /NEICH T 2RIBHKIE DRE]
OWFgefREEH  iliE EET F— 2 — 7 — (SRR R AW Fe i iU #bi i se -t~ 4 —)
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FRAEERHEDI AT I MBI e AR B DhB (B A AR i 2720 BT )
OFZE#E 1 S OBFZE R

e e - ANRIH OB R < IS X B/NRE MR OBMASHE SN T VD05, TOEWFEHA N = A LIF XG0 o TR,
BeitE, MR E 2RI T2 LI DHBOMELHR S, PATFETLEEZRON TS, BIIHMRICBWTIX, #
BHSAOMMATHE L CTHREL TB Y, TOMEPRMELRIICB T 28325, 20k ) Y8E(T ) Y 8EE B Y »o8
JiE) DRI LR FEIC ED XA ITHEET 200 EH LN T LI L EHE L.

ABFFETIE, DNA I A~y FBEEIET TH B Mihl KIA< 7 A& M7z, DNA I 27 v F 58 (MMR) #1257 0 KR,
BBEICAEL2 IAR Y FICE o THAMIRIEZFIC7 V=AY 7 PRMBREREHMT 5. Mihl ~7 ORI e b o#fx
PEIEIEREE R DR TH D, FAERETIIAEO T F721E BATRAMEZ FIET 5 2 EAHmE SN Tw5E, Frldlh
FTIS, Mihl FERIA~ Y ZZAREFE L 723 E 7RO XMEH TR Y >3z @B T ES 5 2 &, My > /) iE oM
TR AINE OB GE L IC BER RGN T 5 Tkaros DSHBIEIC T L — AT 7 FPERLTWE I EEZHLMIIL TV S
(Kakinuma, Oncogene, 2007).

AILFEBIZETIE, Mihl FERE Y ZORBIBBIRINC X 2 8B ARE 2T L, IR AT Y > Eo S -
RIS TR O SN0y, WY S EOFHER IR %2 2 Ehhotz. 22T, RIS X o THIE S
7B & Mg 2 S AT % 2 BEHEH ) 2 S JEIZ DT TCRo Sl {2 1, TCRP SHIEZT-FE [ OF IgH St {2 T HE DAL 2 12D »
THANT L7z, ZofS58, Mg >z B8 W T VB gene segment DI Y 3% 0, TCRa $HE =T OMILEHZ @M A
HHIEPHLDIT o7z REHBEICE Y Y NEOFREITITFRIFRN A A Z X LADBEET 5 2 EARIB I N
OWFFE R D 2%
<FEFimIL>

1. S. Kakinuma, M. Nishimura, Y. Amasaki, M. Takada, K. Yamauchi, S. Sudou, Y. Shang, K. Doi, S. Yoshinaga, Y. Shimada :
Combined exposure to X-irradiation followed by N-ethyl-N-nitrosourea treatment alters the frequency and spectrum of Ika-
ros point mutations in murine T-cell lymphoma, Fundamental and Molecular Mechanisms of Mutagenesis: A Section of Mu-
tation Research, 737(1-2), 43-50, 2012

2. S. Hirano, S. Kakinuma, Y. Amasaki, M. Nishimura, T. Imaoka, S. Fujimoto, O. Hino, Y. Shimada : Ikaros is a critical target
during simultaneous exposure to X-rays and N-ethyl-N-nitrosourea in mouse T-cell lymphomagenesis, International Journal
of Cancer, 132(2), 259-268, 2013

<EERFEH>

1. M. Sunaoshi, Y. Amasaki, S. Hirano, T. Takabatake, T. Morioka, M. Nishimura, Y. Shimada, A.a Tachibana, S. Kakinuma:
Age dependency of Tkaros and Pten alterations in radiation-induced T-cell lymphoma, Childhood Cancer 2012 —International
scientific conference on early exposure and childhood cancer—, London, 2012.04

2. S. Kakinuma, M. Takimoto, S. Fujimoto, Y. Amasaki, S. Hirano, S. Kito, Y. Oota, M. Fukushi, Y. Shimada : Effects of in utero
radiation exposure on lymphomagenesis in Mlhl-deficient mice, Childhood Cancer 2012 —International scientific conference
on early exposure and childhood cancer—, London, 2012.04

3. AAEET © FLHOBUNMESARZEORIE S, BUMPIETEL Y 5 —2 YRV A, T3, 201203

4. FEEET, HRETF, PR LOSR, @I, WNE0A, BREFZD KRR S ALFEPAWE L OBEBREIC X
BEE AL, O 39 M H ARHEAE R AATAE S, BRIMG T, 2012.07

5. MiHREET - A IRIE K O3, HABEMBER AR T — 2 v a vy 7, RBEENLDL, 201210

6. Y. Shimada, M. Nishimura, K. Daino, T. Imaoka, Y. Yamada, S. Takeda, Y. Amasaki, Y. Shang, T. Sawai, S. Hirano, K. Iwata, T.
Morioka, C. Tsuruoka, B. Blyth, S. Tani, A. Hosoki, K. Ariyoshi, T. Kokubo, Y. Ishida, S. Kakinuma: Age dependent radiation
sensitivity to carcinogenesis of mice and rats, NIRS International Symposium in collaboration with IAEA, Chiba, 2012.12

7. Y. Shimada, M. Nishimura, K. Daino, T. Imaoka, Y. Yamada, S. Takeda, Y. Shang, Y. Amasaki, T. Sawai, K. Iwata, T. Kokubo,
Y. Ishida, S. Kakinuma: Age dependence of radiation carcinogenesis in mouse and rat models, The 25th International Sym-
posium Foundation for Promotion of Cancer Research “Radiation and Cancer”, Tokyo, 2012.12

8. MAHEZ, MiEEET, BIHNFmW  TCRB s T @ asynchronous rearrangement (X127 L T4 2> ? Kyoto T Cell
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Conference, 5 22 "= 2x, HUHK, 2012.07
9. S.Fujimoto, S. Kakinuma : Detecting an aberrant V(D) ] recombination, a hybrid joint, in murine thymic lymphomas, # 41
Ml A A SR S, AT, 201212
10. S. Fujimoto, S. Kakinuma Y. Shimada: Effects of X-ray irradiation on murine TCR? chain gene rearrangement, % 35 il H
RorFAM AR, MRk, 201212

(lzEigtEsER L2 BiE L ZBHEIREICH 1T 2R RIEBOHMR L AMEIEET X OREREIH]

OWFERFH + KA BT BiZEHE (R AR X > & —BF%ET)

FHEEREM eI LR e - /A B—I8  #EE% (BB ROs H 208 )
O Fe#e 8 K ORFFERCR: -

TN S Z DR 9 FEL RIS B, £ OHICNG WA £ 2 BENED L ) ITFEPATHIEL TV LHIRTH 5.
SIS 2 & BN WSS & 2 0, — )i CIRE OB BE L, A ¥ AU YW R % 5 ERIRI R IES 5.
HERARER OB E LT, WL ) EXORANOBEN D20 &0 ) FTHREBMAITDITW S, ARIZE W TS
WHEPDR G20, TVECKRBOEERPEINTEY), KEMBZMMS L, 25\ IEREMIZOMILIE 2 80§ 5 Tk
PHEEINTV L.

Fald, TNFETRIERNTH > BIZTF X2, pd3 Il > THEINIBIETTHLHE R VWAZL, XA p53 12k 5 Akt
P2 ) ERABIZF THL2 R /A THOTHL NI L S5 X &, MBECHFEST S A /2 =LY Y JRE (PIPs)
EORE PH AL Y ORPOHERENL S X HZa—FLTwad. —Ji, Akt b PH FAA Y &2H2 5 Y7 | T
H Y, WEHEICIE PH B A4 Y240 L CHIRBBEICRAAET 2 HEDNETH 5. X 1, Akt DVDIZNEMNIZHIL T % dominant nega-
tive k& LCHEREL, Akt & PIPs & Ofa 2 H#EMET 2. ZoMRE, Akt OMBEBEIZMESh, TROESFEY 7T Vi
REINZ .

BATHNZ BT, FFITROPARERZ RO Akt OTEEZHIHT2H 3L THERETH L. £ X OFEH 2 IH L
7MLk Akt OB RIEHALDFRO S D &L IS, MBS AL RSB ORIGHREZ ) LTwaHIRE R, X
EBAMHREZ AT HFIRENT. 51T, b M RCRNGBIEE BV CEIET X OSHER REFRO M. Th
5O A CIEIEF A L IR LT X OBIULT & Akt {0 LA SN, X ASNGWIEE O 25 Al a7 & LT
HBLTW2 &z bhi

—HT, X BEENGWIEEOSAMHBIET CTH S L) H» S, X ARSI O 2 I3 25 O TldRwvh L # 2 0
JeaED TS, TIE TS B MIH koMM RIN M, EwBEEME FHwC, BB MIIIC B W T X 25t e Akt
WHEERHL T2 HEZH L2 LIz

EHICIE X K7 ABVTHEOBIEEATED SN TE Y, XIS o8 % i 2 FHroR S h.

CNFE TR —HBAEEEE L OLFFIZEIC X - T, GBS S5 72 BRI % v, X 2SRRI B v CRTa s sl o 3,
TRV AFEIEET 2 HEH S I L

LGS SICHERBRIEIC X LD L I WD 2 Ot & D 5T, HERIRIIZE, BEEBAICR OB %15 5 HW T
Hb. SHIEXEELIIHR LBEEEEY ML, BEEROSEHICRTLTIZWEEZ TR,

OBFFERR D AT
<EFRFEE>
- LIBAZER
L 8571 W AR SFMRE, ¥R RIT a5%K, 2012.9
KA T [Xisapb3regulated repressor of Akt |
2. BB MHAGFAWFRESR, T—2 v ay 75K 201212
RARBESF [X 1d Akt OF BN F % 2 — N9 2 NIHRIES ORBA AWK BEFTH 5 ]
C RS g3
1. E2HHPPANGEY Y RT T h5x, KAV =5, 2012.5

Pancreatic islet hyperplasia in mice deficient for X, a candidate tumor suppressor gene of endocrine tumors

5. #£FMZ% 68—
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2. 85 35 M H ARG TAWESIES, RAY =53, 201212
Akt $IHEAR T X ASH PR W ES IR+ CTh 5
~X BETRBY 7 AZBTLBET V7V v 2 B O @K~

(¥ 2577 2% AVBIRBERIL X H = X LOFEH]
OWFZefiEs « AORH Rk CiURRs SRR R A2 B BE AR JE )

FHAEEREDIEIT L RBFZEE « Dk X dEHER (MR TR SR E W i i
ORFFe#E # K ORFFERR

Frlx, MHREIOREX = X 20 A Y & UTRILFBIZE 235 L7z BEHRRFO ) X 2 FIRI 2RI IR
Rond, HAERICRKZIEFETORURTHHREORRSRON S 2 b, RSB HREHIZEE - BAIICER IS 2
EATRIEENT WA, LAL, BENOEORINIED X 9 & A H = XA THEHREHREAEAEE S, BERHZ LD L0
PEBAEL TP o TR,

INFTICHFHAIE, w7 AESHMIREETVARE LTHML, MBS & BAFRIERAN 2 BRAE L 72, WIFLBBEH 1
RHSEMBE DM 21T o 72, =7 A ESMI 2838 T T EZITV, Vo7 27— Y Eiiie LB HREHRE 0 58t 4
A=V ZECE ST, MIELERRICS T 2B H R RHRBI OISR L7z, 512, —Eo b3 E72Miiez, iPSMIla R
Bz AL T 7 0r 93 v 725, BARTHREMEOZLZ T L. ShoofRh» S, SR04, Mo
EDVEDDLNVTHEMIZT O 7 LA ENTWAEZ L ZW 572 L7z (Yagita et al, PNAS, 2010). ZO#REHIR, &5
12, AR LNV T OB R R OFE 2 B 5121, ML XVvoWNERET 7 Z A & [BEEN] OBRL &0 7man
WIS LZHIC 2 5. A1, BEHIRGIORAEX A =X 0%, T AREHCIRAETY LA A=Y Y FEMiZBEL T, HEM
WCHT A2 HWELTWS.

S 24 AEBEDILFIAIGETIE, BEHIRTO RN 2 k3 BAFA R ESHMIBICMA K 2 €= —TEoHL Y 72T —
AWV A= —%BAL, ThaexoARBRICA P23y LT, FATITARERLZ ZoFxTvy
ADE135 k&) MEF Z8RIRL, 25 ES gk MEF 25R§BEH Y X & 2 L7z, £ o8, 45 ES #iligilisko MEF
TIH AR MEF [ZHATHREZ MRS R S N7z, 2 OJHIEEIE in vitro T QLR ES 2L L2 & SITERSh
LEHRETO IR E LHETH 72, TNHOREN S, in vitro TOHMMEFEETD, in vivo OFEABFT BT 2 HIZTFELR
IR Y X2 OFMIRE BT E 5 2 LML T & 72 GRsgix ).

OBFZERAR DR

* B

Kazuhiro Yagita, Yasuhiro Umemura Masashi Wada, Junko Yoshida, Yoshiki Tsuchiya, Yutaka Inada, Hitomi Watanabe, Gen

Kondoh, Junji Takeda, Hiroshi Ito, Hitoshi Inokawa, Kyoji Horie, In vitro circadian clock formation assay with mutant ES
cells. (Submitted)

CFRRR

<A >

1 JUKRHAIEL, ES /iPS ML ORI R FE~ OIS, BESERGHAIIIE £ 3 - —, ks, 201244 A 27 1

2) Kazuhiro Yagita, ES cell-based assay system for analyzing the circadian phenotypes in mammals. UTSouthwestern Medical
Center seminar, Dallas, USA. 2012, May, 17.

3) JUKRHIRIEA, ES /iPS M THE < RARFEET O ZERE, R I RA B2 3 - —, i, 201247 H 19 H

4) JORMFIGL, RNKERT A - 565% - BALB L RBL OME, —a—oF 42235 —, 58 201247 H12 A

5 JUKHARIEA, RNEERFOSEA: - S8, ARRRFANEREE 35—, AR, 2013422 27 H

6) JURHIFIGA, S3EITHE S ML E A 2 HFLBERE B BERT 0 84 & 2 ok, WALKFMFH0E £ >~ & —ild s, s, 2012
F12H10H

<EERFEFR - PRI >

1) Kazuhiro Yagita, Cell-autonomous development of mammalian circadian clock during the differentiation culture of ES cells.

International Conference for Histochemistry and Cytochemistry 2012, Kyoto, 2012, Aug. 29.
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2) JURIAIGA, FEASERZIMIC B B EH ) X 2 ORSERIEN, &5 17 WATE RN W 7es, 58, 2012 4F 8 30 H
3) JURMAIEA, RNIRETOSEA - 563E, 4 1 [ AARSEEMNERAS, WA, 20124E9 H 9 A
4) Kazuhiro Yagita, ES cell-based approach elucidating the integrated physiology of mammalian circadian systems. 4th Inter-
national Symposium on Photic Bioimaging 2012, Sapporo, 2012, Sep. 17.
<ERRF VRV TL>
1) JOURHFGA, WeEBAEY S Wil E MO ReEt R, 55 12 WM HARBUMEE & s, B, 2012486 4 22 0 (F—77
FA )
2) Kazuhiro Yagita, ES cell-based in vitro evaluation system of circadain clock phenotypes in mammals, 45 35 [l H A4
FRT—7 v ay T Ch—=IFA¥—), BiiE 2012412 14 H.
3) JURMANEL, FEEFEENICB T 2B ) X A ORI, 690 MHALEIFEE DY Y RY Y LG —HFAF—), HK,
20134E 3 H 27 H

[ATE=Ml % A 7- LR —HEEBITRNIEER FEH OmREIT]
OWF7eas - ik =% #ds el R i = il 72T

FHEEREIEAT I FBZE I KA RERD GRLERTZEIG A 205F)
OWFgefe & OHFFEICR -

AEFZETIE, WagH AL L2 AT~y 227 & —<ilie (GIO) k& & k7Y A — < i1k GIC il sl 2 v 7 ReRE Y
7 AR T BURHT A S Al L 72 micro RNA 340 (miR340) D HEREMRAT & 47 5 72.

BUEE T2, (1)miR340 oFEBLE, I (EHARESRMR 2 &) THRHAPE (, 7 AB XUk b GIC THIfl S Tw
52k, Qe 7Y A—<HEKICE TS miR3M40OFEBLH S TwaH 2 L, (3)miR340 DHEHIFEH I, GIC OMITH S
JONEEREAIIHIL, M SLEE 2SS 52 &, (4)miR340DHi 72 LM # {5 T- & L Tplasminogen activator, tissue (PLAT)
EYSE L7z, TNSOWZENRE b L ITEHSUE TH S, 72, miR340 AMUEIE D IESTE 2 BHE TE 2589 22OV T
bMHTHFETDH .

OWFZER A DR

<G>

Daisuke Yamashita, Norihiro Ohnishi, Toru Kondo miR340 inhibits tumorigenesis of glioma-initiating cells by targeting plasmino-
gen activator system. In preparation.

(PR KOFAFRSL L LTRITAE)

<HERFER>

IFRA, SIS, SAEEYE R, SEEP, EEIRE, KRR, AMRBL HEEWe, oK kAR (2012) 77
I — <A B D % Hi B microRNA OVEIRFENT.  H ARG IES 7 5%

[EREZEREERBROHO I I O/NE — {LEEEM O%ET]
OWFZefas ik i— B3z OR B R BER h3EAAe A i ge Rt

FHEREREDRIEI L RBTER « ar gk Ha UM L2 0 0F)
O Fe it o UM FR I -
D#=

BRSSO B ORAEMT ZHML, £72, 20L& 2HHE ATWITHET 5121, RRMBEMAEIENIES < WE
FAFEEOMBPEETH L EEZ LML, Ly LANS, LB I CHEO “MEOMILE M —OXM LIS L TiiEd 5
EMFANRAE L7 R38R L 4 0, MERIA L OMEAEH 2 04T 2 DI3AE S TIE v, £ 2 TRIFETIE, BURFATAER
BHEWFZERT - e A Bz L LR LT, Rl & MBI 2 W0 0> 3 27 1 Z A AT 2 0 L 22 5 e85 885 2 TIEORIFEI
WOMATE, $hbb, EEHEOMMIM TS X CHIBLIZBUAED & 2 Ak O I BRI AL X o TRz 2 FR L,
RO 2 WAL T 5 2 & 2 iA e, BEILEASFE LT, MIKR~— 7 — 2RI 20Uk, 25
K2, A 77 vefadafilissb< by 7 ZIEH Lz, 200 23R R lEfL L2 Ri 2 HwT, brgiiieds &
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OHIZEMIIE % 52 70 LIS HEE S/ 2 EDWRETH 2 2OV TRz,

(2) %
M FREMIN S LT A OB MK (GED % F s,

w7z,

MM & LT~ v AR EMtk (C3HI0T1/2 clone 8) % H

Fif~ — J — FEBURAT @ Fe 2 DI EERBANL AT B L CE 729K 7 L A 2T, GE1 Mlieds & 0F C3H10T1/2 clone 8

MM FEBS KM~ — A — 2 94 L7z, f#Fri2id, CD1lb, CD3l,
T LPAEBL Y ba— vk LT IgG ARSI E & & Lz hifk
7V A&ZHw GE1MIfEE £ O°C3HI0T1/2 clone 8 % M) 7~
VIV X o TREEMA S ML 721, 1 mg/mL yZ7u7) 8
L1053 mM EDTA # &ty B &K (PBS) I/ S ¢ 7.
Zh o oMl BEE 7 LA BIZEET L, 37C T L7z, 30 min
&, MRAHREG L7z AKRy M2, K~ — 7 —FEBUB S 20
Wz Rz,

A ¥ 727 Y FEBURH - GE1 Mg X OF C3H10T1/2 clone 8 (25§
52407270 ZIZOWTRTPCRIFICE IR WAALZ
AT 7)) a,
M CTH D, NIBEEIZENY 2AF -V Y F {51 Th D GAPDH
(i LAVAS

PR [ S8 Fe b O E R © A o Hifk (B CD73 $ifkds & UMt CD105
PUR) AR AR T HIETH T AW DR 25T WAE S &7,
ZOHM 112 GE1 Mg £ U8 C3H10T1/2 clone 8 g% 3&fE L C
AR R R R Az 2, ZHEOPURDERAL R RIS
WA SINDHZ Lz~ 5%7-9, Alexa Fluor 488 & % \» i3 phyco-
erythrin(PE) 2 2 ¥ YV 24 — b L2 EF VA E Lt & FER D J5 i
THM LIRS S E 7.

Mgt~ b v 7 AR EEM OER - GEL Ml B & OF C3H10T1/
2 clone 8 NI L CHEEMISH G T 2 MBS~ U v 7 Z0#
AEbEERNT L7280, 73=0-1,
T=ry, ¥IF U EREIEE LK T AEMEZhZn/ERL
7o, oo 112 GEL #Miflas £ 0¥ C3HI0T1/2 clone 8 #ilia%
FAE L, MIfadEE RSO WGl L 72,

EHL, MBoEEZL OV a—rIy—b2FAALT 73=0-1
BLYETF 2k 5B E L5 2R L, 2o bk
12 GE1 #Milfg3s X OF C3H10T1/2 clone 8 Ml 2 #&FE L T 4R
R R ATz,

B FRB L UEE

FI~ — 1 — — B EALHUR B O TAEH 2 FUH L 72 63538 © ik 7
LA Gtk % i<, GELMiN 3 X U° C3H10T1/2 clone 8 i fd (2
HHT RN~ —h— 2T X7z, 2R, B21T73X£912, CD73
X GE1 MiBai238Bl3 % %, C3HI0T1/2 clone 8 Mg I3 FHL L T W
B EPEbh o, ThEiddic, CD105 id GEL Mgz id 58l
L7Z\v25, C3H10T1/2 clone 8 fIlIZHEH 5% Z &b h o7z, UL
FEofEE»S, PLCD73PifkB X UHL CDI0S HifkZ v 2 iz
£oT, ThZhoMiBZHREMIEHRTEIb0LEZ LN

oz, 03, 05 06, 07, Ov, PB1, B3, P1, Ps D 11

J47atrFr, 18a

— 171 =

CD44, CD45, CD51, CD73, CD90, CD105, CD254 1

Glass plate

MNHS-activated
surface

¢ PDMS stamp/microfluidics

Stamp
anti-CD105 antibody

Infuse
anti-CD73 antibody

v

anti-CD105 antibody
A

Micropatterned
surface

T

anti-CDT:" antibody
1. FUAEDEASRAVRE D E.

Epithelial cell

Mesenchymal cell

CD73

CD105

1mm

2 #fE7L1EICLIMBIEREY -7 —RREFO
#ER. CD73 LU CD105 ICDWVWTRT.

50 pm

3. 2IEMEOMKE BFENICRE S € - EMERE
DHEKAIBEWMIESE. #% * Alexa Fluor 488 1Z34i#n
&, 7 1 PEZRHA.

5. HEM%E
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I, B IRT LT 2B OPR % b LR 2 IS S 2 HEICOWTHRE Lz, A% v 7284 2 5tk

Wi, BT, REPICSIEAT D PR OBIES O S h & ol b L 72/ R, RIBISRT L )12, 2 i obifk(Alexa Fluor
488 5 & U PE CHE#M S M7= Pufk) 2k L2 BB L T2 2 NRFE S €5 2 L 3T & 72,

RO & o Tid b S 7 Hukias 4% T, $TCD73
Pitkds X O CD105 Hifh % Hebt FICWAs 872, 2O KIS GEL Mlfi3 & 0 C3HIOT1/2 clone 8 MO RABMEH 2 T L7
P, W% X3 5720, T C3HI0TL/2 clone 8 Ml % ARfadlia 4§ 5 PKH26 THe L7z, #iR2R41I87. 4
ARSbRrsd Lo, MigZE—12o0h L Twiz. —7, 4B Hbh b K912, C3HIOTL/2 clone 8 fifgiZ, HT CD105 $it
R % WG SR 728 (A O SR & ) TH) O AR L, it CD73 Hifk % WA SR 7-8 (R o i & 0 B3 ICiZi s he s
o7z TORBIE, PLCDT3PiikB X OB CDI105 Fifk 2 FRALAF RIS WG S €M 2 WD 2 L2k - T, 25 0fHIc
SIS L7z BBz - BBEMBa IS AT e CH H T L 2R L TWAD, LA LAd s, (HZEBMEHS & SObHMET % 2 g L7254,
Fegetn DML (GEL ML) A3t CD105 Pk WG s b AEAET 2 2 &A% H 5. ZHid GEL M2 CD105 ik sis~ Ik
RIS L2720 THHEEZ ON, XD IREICXE 2 00 TR A7) 121, MROIFRNES 22 2 72008
BLETH 2.
(#_\)_Phase contrast

S o T .r. ~

(B) Fluorescence

= 200 pm

4. L CD73#ifkdH L UH CD105 Mtk & BRI AFRAY ICIRBER & € 2B EA
DL - BEMBROERS.
(A AEEEHIRE R, (B)MEMRE R OEABMIFEFTE. (A) & (B) 3FE—1RE.

A7) -~ ) v 7 AMOMEAEMZFA L7253 o fiEke LT, Ay 77 o8y — v oiEnk

FIHLC, RS W R e lEs 2 L 2Rt E M

$9. GEL M35 X 0° C3HI0T1/2 clone 8 MBS I L T 5 4 tgat [
YF 7)Y OMEE RT-PCRIEIC X o TN B5ICRT LD Itga2 - -
12, LA (GEL M) THE, <16 BEURAYF 7Y v 0 itga3 [
BEAEMIOTH > 72, ChOIBEREREL LT I = -1 1K aintegrin | Itga5 [l
U CHBEAE AT 2 &AM STV S, —T, BISEMIN (C3 itgae [ I
HI0T1/2 clone 8)Cid al 3 XUl A ¥ 7 7Y ¥ DRBA BB itga7 [
HZEThol. INODOLREHRITI TS =57 1T LTHAM ltgav - -
TOEmNZ EPHMLENT NS,

i, SHOMMILT MY v 2 ANk B AN OB A % 7. oot [ I
WM~ ) 9 7 AL LT, 93=v-1, 774 70%sF>, 1 it gbs [N
Mag—ry IHas—rroEUNchsr s F w2 Mivi. ltgb4 - -
20 % Pt M A L CHIOBAT R & 17 - 72, 2 OR igbes [N
RAE6IRT. GELANIES 3 = -1 1By & < s L7z, caron [ R

. CSHIOTL/2 clone 881337 =7 > £ 7 F XL 8 CBA g5 RTpCREAICES 12T T L L RERITHER,
FHIEdbhot CRLORRE Y77 Y ORI — E:GE1 @I(ER), M:C3H10T1/2 clone 8 i ().

5. #£FMZ% e
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Epithelial cells (GE1)

Laminin -1 Fibronectin Collagen| Gelatin

== 100 pm
Mesenchymal cells (C3H10T1/2 clone 8)

Laminin-1 Fibronectin

Collagenl| B

Gelatin
1} =

= 100 pm

X6 HBEOMESNY Y7 IAEELRENESE L LR LURHE 7. F3=2-1&ETF 0 2BMABENIC
R DA AR EBEM SRR, BELAEMRECEE L L EES LU
FEIZEM R DA IR E TR SRR

YL FHENLMIEST M) v s RRERIEE —BT 5.

FREOFEGRRZEE AT, LR B X CHBEMRICH L CRREMISH G A/~ ) v 2 2E LTI I=V-1 8508
FF Y OMAGELEERIR L7z, TN R REERM OB S CRE LM 2 ER L, 1k - MRS 2 86 L 722458 (R
7)., bReB X OHEMRASIGT 2/ < b U v 7 2 BIGERIISES L, 2720, MRS OERMEEHoicidm 2
otz ZHE A VTN Y MRS N v 7 AMMEEH O EORSIGER L TW2 b0 Ll sh 2.

DFEEd

EReB L UHEOMBER 2 2 & ORI LE 2 618 L 2575 365585 51213, MR 2RI~ -7 —Hb0idA ¥ 77
) Y &Y 2R D B WIS MY v 7 AR IR EOREEIBALICECE T 5 HIESAERTH D I LA bho 7.

ML OFRMAFRMEZ S S LS L7200 RELT, ¥4 70a >y 7 MY 274 ¥ 7EO X9 BN THAm 2 v
T, JOMEOGWEMEIHEIT) ZEPHNTHL LHIfFENDE. T2, ARANY =AY YHOFET 1Y) v 7 RMHE
TERO L )12, B R K 0l Rt G NEAHT 2 HED RN TH L L PHEINS.

ORFFERAR DA
<FERmL>
1) Nakaji-Hirabayashi T, Kato K, Iwata H, In vivo study on the survival of neural stem cells transplanted into the rat brain with

a collagen hydrogel that incorporates laminin-derived polypeptides, Bioconjugate Chemistry, submitted.

[(BEMEOBETTILERVAERERER = v 7 O]
OMgeftaE® - A BT e GRALRFRZ bt = 7e A

FRAEEREDIEI L RBTIE S « B Him) B (RS T iGEH A1)
OWFge 8 e OWFFERR

AHFFETIZ Scleraxis (Sex) SEHFHIN T GFP AWM SN DB LR =5 —< 7 A TH 5 ScxGFP Tg % F v TR % th H Rk T o
fRNT 24T > 72 AREJEIE, FEIT Scx & Osterix (Osx) DFBRAEICEH L, INSORBERTIERNLAA=ZHVA L AD
WETTED L) RRBINY — Y 2R FTOPITOCTEHMNSIHN L7z, HIZ, Sox9Cre @ knock-in Y7 A& LAR—F =<7 X
Thb Aild =T A% LT Sox9Cre ; Ail4 ZAER L, ¥ & SRIEALIKIZ BT 2 Sox9 B PEAINL o R0 2 AT L7z FEBLRK S5
Frid, M7 4 VAR IR L o THER L2 fIALHIET o0& A E obuE ML, YR % 025 M EDTA/PBS (28
WL, 1 WM OBUKLILZ T > THIN S 87z,

WHIIE YN L BRI ORER, SexGFPTg OFMh & 2O MM TIE, HOBHETTH % 2 BiIZ BT, S IEHAES
ML —E T GFP OFHIMIM S NIz, —T, Sox9Cre; Ail4 TIE, 2EENB T, SPBMRMESEMIE, 53, S35
Wi, T AVIEMNE, KOHEHIB CHEORE AP S 22 s, Soxo BN, Sl MR EZ KT 212134 TO
AR MEL TV B 2 EDHL L e 572, ScxGFPTg Tld, BWOBEIIHE-> TGFP %I LA L, 4, 6, 8, KU 12 Ml
TIE, KRS O P AUBLRHE S MG M ORI BT, I GFP oS il & M7z, BRI 7 2 T in situ hybridiza-
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tion 12 & o T Sex DFBLE N L72HE b, FBROMESE SNz BFEME, 2 > MR O RS hog i Bwv T,
KW LX)V GFP 03I SN 7z2%, & 2~ PEMIILTIEX, GFP 0RIUIIFIL A LB SN A h 57 SexGFPTg OBl
B2 B35 5 GFP »FEBld, A CTOEEOFHIZHE T, MAREMNETIHMEC, EHEMMAE Cldm w230 5hz. GFP &
Osx DHOIEIMGIERtL DGR, WO~ TI1d, Osx i3 Sex LMWL TEHNY =V ZRTIEDPWOELE L7 Th
b, 2 QWP B VT, BREIETIX GFP MK L Osx 2T W IEBLA R 7255, IS Tlx GFP 29 < Osx MKW 5
BIR & 2o T 7z GEMI L IRAT ORERL, SexGFP Tg OB 35T 5 GFP OFEBL L ~N)vid, M < i L 2B OMI T8
, EMENBEOMB TR EPHLNE R T

KIIEEN LM OBEET IV CTH S Waldo iz flio T, HBBUCHETILIEBOX A= ANVA ML AEMAD I LIZLD,
JAHIAETD Scx DRBEMHNT L7z, SoHETIE, 7 20 LFEMOE—HH & £ HEOMIC elastic band Z A L, il

AT HEEE L O EERE A U7z, 2o/, WIRBEOEEME ) b, FFIMMTEW GFP 0 RHAL S iz, F#IZ Waldo
LR BIA L C A8 el f%, ACERIIRICB VT, PO DM CHE 22 SNz Tl sl B O R AL 5
M, GFP Z @& LV THILT 228N L7202 L, ATl ofEE e & HICRREMBOEME RS, GFP
OFEBUIMT L7z, 55T, Sex 3P, FFINC L 2 MR OMEICZL ) LAT LI WO, Lol F72, #5]

IR CIx, TGF-BRMD Y 7 F V53T TdhbH Smad3 DY Y EALAS Scx DFB LEFITHT. o TRD LNz S 5 ITHRE
A2 T CEHMER A ¥ MEEICBWTD Smad3 DY YLSFBO bNz. 5T, Scx A A=A VA ML
ANISENEDOBETT, B R OBIEN 2 EOBEIC BV CHMBERO ) 7)) Y IS LTWwbEEZ 6N,

BARBEAIIZIC BT 5 Sex DFH L, AA=HVA ML ZAOBEMEZFEL TR 2 720 B B WARBM I 2 > <, T3 M
BRI B 2 Sex DI ATz, AR, R8I e T 2 BARBEMIER D S, 79 P u— 2885 2 & THRIY
LIENTEDL., ZOMBLIIBIT D Sex DFHE ) —F > 70y MEZI VNS 2 &, BHIBE RSO LNV T S # 5B L
TWABIZEDPHLNER ST

E5IT, Scx DFEBLE TGFB ¥ 7Y ¥V ORRE BTS2 72012, B i BUBMIIC TGF-P2 %R L T Sex D3 BL%
WLz, TRETOEBRKEELS, T v FOBEMKLTIZ TCGF-P2 DRI LY Sex DFBML NV ERT L2 ERW S, E ko
TV, BRI IC BV T H TGFB2, BMP4, FGF2 Z#hn LIRGET L4 R, TGF-B2 T d Sex DBILL NV LA
RO HNTz. S 512 Western blot IZX D EHT L72& 25, TGF-B @IV Smad3 DV ¥ AL RD 7z, - T, Bt
HNETIZ TGF-BICHIE LT Sex DFBL ANV AT EXWSNnE o7z,

WIS, APV FFy oN—% ML, BIWEBRETNVIIBITL%EGIE TGFB ¥ 7)) v 7L OBKRRL, AHh=HNVA L
LADRED L HIZL T Sex DFBLL NV E 52 5 OO THNT L7z, BEassi RS o Rl A 52 2L 25 10
T TGFB > 7+ ¥ 75¥ThsbSmad3 V) YLD LADED Lz FMEREES 25 L L1, TGF-B OHEH
& LT TGF-p soluble receptor Z#MIZAMT 5 &, TGF-p ¥ 7 F ) ¥ ZOHHALI IR SN, ZOZEhBbA A= ANVA b
LVAIZL D TGFB ¥ 7 ) ¥ ZOIHHALIZIE L v 7 — % A L72MIEAA O TGF-B 2S5 L Cwab 2 & ht oz, BUE
X, MEHEAMNT 2 2 LT Sex ORIETHILB L W TR 5N 5 Z OO LT (Colla2, Periostin, ALP, Osx, Runx2,
Twist) DFEBLL XV DZEALIZ DT Real time PCR 12 & » TR TH 5.

E 512 in vitro WHIBIILIZ BT 5 Scx & Osx DRHAEMNT L7z, ZORER, in viro IZBWTH, Sex DIHNMKL 7 2 K548
STl Osx DRBIDEL BT EH ) —F 70y MEFICE WS LB oz (o TID 2 OGN T2, BRI
OGALREDTSE G- LTV 2 W ReEA S D, ARSI = v 7 & L CEMMUEORIEIZES L Twb e E 2 6N 5.

ORISR D AR
<FEFimL>
1) #BURIZ 51 % Scleraxis O FEHL & BIEM B OBENIC & 5 ZILOfFHT
JAIEE e
2013 AR ALK i <7 1 LT L
A SO T

Aki Takimoto, Masayoshi Kawatsu, Yuki Sugimoto, Masahiro Seiryu, Etsuko Tkeda, Teruko Takano-Yamamoto, Ung-il Chung,
Yuji Hiraki, and Chisa Shukunami: Expression of Scleraxis in the periodontal ligament is upregulated by tensile mechani-

cal force. (manuscript in preparation)

5. #£FMZ% e
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<EERFHR>
1) % 30 Il HAE s m i s
H R :20124E7 19 H(OKR)~21 H (1)
i BAUREIC 81T S Scleraxis OFEBL & £ Ol
Regulation of Scleraxis expression in the periodontal ligament
FEFRF A
far Ak, NEIERE, WA, IWART- BthnE
2) & 13 [MEB R~ 7E S
H IR :2012429 14 H (%) ~15 H (1)
i AR BT % Scleraxis OFEBL & ML OB X 5 ZLOMNT
FEFE I IEE
3) A5 71 Wl HARMGIE SR &
H B :20124E 9 H 26 H (K)~28 H (%)
WO EIEE OB E TV 2 W72 RIS B B Scleraxis OHEREMNT
Functional analysis of Scleraxis in the periodontal ligament during experimental tooth movement.
ZEFH I IR
R, JEIEA, WEBL, AR, ERAME, AR
FMREEFHREEZH
4) #5 9 [u] Skeletal Research Meeting
H B 2012 411 4 10 H (1)
i AR BT % Scleraxis OFEBL & ML OB X 5 LD
FEFE I IEE

(FEEMEO=y F & LTOI b Y BROBETRIEN]
Omfgeze « M B 2z OBl LR R Be R - iF5e )

PHEBEREDI 7O SR MATTE S D X dEHR (s A 2R E) W i %
O 78 B OHFZE R4

KM EA R DR E BHGRO_FEOGREEE & 0, SOITHTFAEHML, ZBERIT. Zo k) 2o
WAFAET B v b ) MBI ARSI N B 2 52 2 = v F L LTEETH 5. KAZVAARRRICBT 21V M) fifao
BZFIRBEMNT 22 LICED, 2V PYHIESSIREOND ¥ 7 F AN, BIZ—EOWMNESEZ RO D D0, B 254
MBI LCTEMICZL S 2 b 02 WS2 T2 2L HINTH 5.

R 22 AEFEIC BT, Feald, REHASE LTSIz YIS < BB L T 235713, Hvenl, Endothelin-1,
Connexin 43, Slc27A4, Irx-3, Atm, Desmin, Sox9, Cathepsin L, SCF, c-Kit7Z& &, N T, L )M TRBEIFRZ
ENTVERHDIEITA TV

K. Z2RICEBXMLRICELY, BFHEEROET &RV MY MED Gap-junction FEERDEE N A 5N 3. Sox9 % %
& T, GJP1(Gap-junction protein 1) ZF/R& TR L. (x200)Z£IE&R 15 B#, Rz, BEICREL, 13 B,
A, 17 B,

HE RS
s 5. #FEME
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P23 AEEEIC BT, IS0 Y YA ZITHT AR T, ¥ Y8 r L LTOSmERE L FEEIC RV U RIS
FERIITHI S NG & 2287 £ LTIE, Sox9 A TH - 7.

BWAERMOS Yy ZREZEREAICED, Bl BTERzHEL, 2oL &0l MY MI-IZET % Gapjunction
BIZTIREB MR, 2R, TORIIRT L HIC, i, BHEEETETE, £V )Mo Gapjunction DIEHIE T ~ 57
LATHD. LhL, S0, KETHTERZRHSES L, 2V MO R 02, AFEMla2sHm L, bz % L
HOMAEE OREZ MIET 512 L7258 C, Gap-junction DTEEARKIMVED €IV b VMO ELITNCRAET S L) 1hb.
DEHZ, FHIREVI ALV ATH DA, EAROFAEZFILSEL LV PUMBICLRETLEEZ NS, VMU
flznboik, HRICEEAMLAIZED, Sox9 BIZTORBASIH SN TVLLEEZ LN,

ORFFER R DA
<FEFw L >
1. Orihashi K, Tojo H, Okawa K, Tashima Y, Morita T, Kondoh G : Mammalian carboxylesterase (CES) releases GPI-anchored
proteins from the cell surface upon lipid raft fluidization. Biol Chem. 393 : 169-76. 2012
2. The Gene Eexpression of Mouse Sertoli cells (¥ fiiH)
<FERFEE>
Yoshida, K, Yoshida, S, Eguchi-Kasaai, K, Morita T Influence of X-ray to Mouse Early Embryos, %5 35 [al H &A1 WS4 4
20124E 12 H 11 H-14 H, fRkH

(¥ ZRBFHEREZADBRMROBCER - MLEBHICH T BT ENA > DEE]
OWfeize - M A Bz GEREA A0 7EiT)

FHEERARI T LA TE S © R W #dR (RS 27 2545550 5)
ORfF7E#E# K OB ZERA ©

AWf7EIE, (FFLBEFEMINE D R LS 2 A0 SURAE O MM EIRIE 7 T 4 2 0 FRARIICRIT 5 2 L 2897 1
DinsituNA TIVFA ¥ =2 a VIZXoTHMLAZZEZRERBME LTREL, CLCLI2Z 2 &0 7 EH A ¥ R IRE®
Ml - =v F AT LB A EMNT A2 L2 HME LTHIZEZZIT LTV 5.

WEAEEEIX, CXCLI2 #IEFHEIC GFP %/ v 7 4 ¥ Lie= 7 A& AW, CXCLI2 Z8MiiEz 3 kcmicagifbL, Wh (2K
BB EMONRVERERELZH L2 L. ZofR, CXCLI2 ZBIMMIE, M4 S B 2 R 2 TEREE b -
TRAEL, R ENIE 2 OMIEE o 72 REEZR Lz, 44FEEIE, COMBARRNICEIT 250 WNFZFEEL,
ZOZEPBEFRE I L7z L 25, BBl Ew ICHERF SN L 2R 2R E R, HHRMICHD T, HFii
DOERETZOEHZHETZ [=y FMl] 2METLE LB, TTTRETLIHFEHLMILALEEZ TS, 4, L
FROMIK L O AT, S5 OMBTHRIT 27 X4 Y OB 28 LT, ~ 7 2Tz i3 2 s ssio
EFVZHED 72w,

OBFZERAR DR

R

T. Sato, T. Yokonishi, M. Komeya, K. Katagiri, Y. Kubota, S. Matoba, N. Ogonuki, A. Ogura, S. Yoshida and *T. Ogawa
*Testis tissue explantation cures spermatogenic failure in c-Kit ligand mutant mice.
Proc. Natl. Acad. Sci. USA 109 : 16934-16938 (2012)

HoR/ KIE

*S. Yoshida

Elucidating the identity and behavior of spermatogenic stem cells in the mouse testis.

Reproduction 144, 293-302 (2012)

FRRR/EE

Ei R 2l
AR - < A O LRI A 58 L1 118 A AR Ak s - RPMES B 2013423/
28 H-30H

5. #FEHA%E
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TR
S. Yoshida : Stem cell dynamics of mouse spermatogenesis at a single-cell resolution based on live-imaging, clonal-fate, and
theoretical analyses. The 10th NIBB-EMBL Symposium 2013 Quantitative Bioimaging, Okazaki, Japan, March 17-19, 2013
tIS—
S. Yoshida: Spermatogenic stem cell functionality in the mouse testis. Gurdon Institute, University of Cambridge, Cam-
bridge, UK, January 10, 2013
TR/ — A A -
A SRR =y FIk e F MBS N BB MARGTAENFES YURIIA - T—T T

v 7 IWOIl  fi@k 2012412 H 11 H-14 H

R
HHRE -~ 2R PRI O A OB L b RFBIE  ARKRRPD FAEGRAET I — ARK 2012
127100

e

i VR - MR ORI X2 2 flila e lIs 7 0l GREk & MiZEs 28 2012412 A1 H-2H

I —
i AR © B ISR R B B ARREAREFERE A 377 MRk 3 F —  MRBES 2~ AR E 2 B il o FEfk &
BRE  RIL 20124 11 H 29 H

I —
R © =7 2B 2 MRS il o F Ak L B E RO T AN ERERE I —  FHH 2012411 H 13 H

E( kT2l
S. Yoshida: Mouse sperm stem cells: their behavior and functionality. Swiss Japanese Developmental Biology Meeting,
Kyoto, Japan, November 5-8, 2012

iRk 2l
S. Yoshida : Behaviors and dynamics of the male germline stem cells in the mouse testis. Mammalian meiosis network, 2012
meeting, Nice, France, October 11-12, 2012

TR
K. Hara, B. Simons and S. Yoshida: A theory for mouse spermatogenic stem cell maintenance based on single cell fate
analyses and live imaging. Cold Spring Harbor Laboratory Meeting on Germ Cells, Cold Spring Harbor, New York, USA, Oc-
tober 2-6, 2012

TR
mHRAE 7 ARTIERZ R 2 RMIBOREEBHEEIRS XFERY) — 710 Y 7REREY PY— & Wl 2012
FEIH10H

TR — T A —
FHIVE @~ 2R 2 L2 A HMa0dik e TOEE 530 M HAZRAIR SRS - Al YRV Y
A HFELoNA Aoy — e 2ol ] K7 ER&#Y 20124:8 130 H-9/2H

t3i)—
S. Yoshida : Dynamics of spermatogenic stem cell population in the mouse testis. University of Turku, Finland, August 28,
2012

TR
S. Yoshida : Spermatogenic stem cell functionality in the mouse testis. Scandinavian Physiological Society Annual Meeting,
Helsinki, Finland, August 24-26, 2012

gk ==
BHRAE BRI Ao~ o AR FEfiia s A7 & 5 AEMNIEETOSs =i 2012457 7 26 H-28 H

AR — 7 A —
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S. Yoshida: How are the Self-renewal and Differentiation of Mouse Spermatogenic Stem Cells Balanced? The 58/60th
NIBB Conference “Germline” Okazaki, Japan, July 17-21, 2012
E{E R 2
PR TR SEOBUIRE B B3I MHART Y Feay—2a8d Y RY T A1 M 201246 H 29 H
TR A — A A —
S. Yoshida : Spermatogenic Stem cells : their behavior and functionality in the mouse testis. Symposium 3 Intrinsic and ex-
trinsic control of stem cell systems, Joint Meeting of The 45th Annual Meeting of the Japanese Society of Developmental Biologists
& The 64th Annual Meeting of the Japan Society for Cell Biology, Kobe, Japan, May 28-31, 2012
IS —
S. Yoshida : Population asymmetry of the mouse spermatogenic stem cell system. University of Cambridge, Cambridge,
April 18,2012
THAR R

S. Yoshida: In vivo behavior of the mouse spermatogenic stem cells. Joint Meeting of the British societies for Cell Biology

(BSCB ), Developmental Biology (BSDB) and the Japanese Society for Develop tal Biologists (JSDB). Warwich, UK,
April 15-18, 2012
Zoftl, F12 1

JEdE i (F A PVRE) = ARG LR ER AU O] Frearaisnse [ ERCE RO 48 1 mIERR S >R
TUoa deifE 201346 F 22 H-23 H
Yu Kitadate : Characterization of mammalian spermatogenic stem cell niche. The 46th annual meeting for the Japanese Soci-
ety of Developmental Biologists (JSDB) cosponsored by the Asia-Pacific Developmental Biology Network (APDBN ), Kunibiki
Messe, Matsue, Shimane, Japan, May 28-31, 2013

FREFR(RR S —)
Yu Kitadate, A. Maruyama and S. Yoshida: Vasculature-associated cxcll2 positive peritubular cells are important cell
types associated with the distribution of spermatogenic stem cells Cold Spring Harbor Laboratory Meeting on Germ Cells,
Cold Spring Harbor, New York, USA, October 2 -6, 2012

T
s A ulHiESE, hIEE, HEBRA vy BRI E LR =y FHlROEE  OARBIRFERE 8 ks
el 201249 H 23 H-27 H

FREEEAY —)
Yu Kitadate, R. Ichikawa, A. Maruyama and S. Yoshida : Characterization of mouse male germline stem cell niche by gene
expression profiling using laser capture microdissection. 10th Annual Meeting of the International Society for Stem Cell Re-

search, Yokohama, June 13-16, 2012

el M~ AR LR EREALBERE O fRIE BTSN SR 2 [ R A EMIRRE | 53 Im BR Ak - iR B
20124E6 HOH-10 H

RRER
JedEth, WINEE, HHRE : L—F—<A 27084t 73 v iElElbr~xy 2AFEML=y FOEZE 434 BHEAR
SRS NV 7 4 alE 20124812 H 13 H

Zofh, §F2
5. F*EZE
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Ot EE
R L el W % @& m

SR, i R B} T ) A o B

(REVRETEERIA SRR E AR | (W 2 SRy s ) FATTTARRCIBRTY X200 R RAREHT 19 BT

SRS T WA RS, R R UL = » F M IES < TR AIT0 e

(ISR AR A S URFIERY) | (A fbEE ) I 2%

Wi A DK [m® ma am RNA S0 % ADARL 1= & % 36 L@ L A - 551L )

(At K2 2 TR BRFGET) | kS %7 A B 578F) ¥ 0 0]

NE W #w T WeE - 70 THIBOT £ T4 A= 717 £ 2 AREHE

(Fl 7 {222 CF 2k 5 55 W & 2 O HEFFREHE o ]

W @k B T A 2 F % A Vil E T (HNCA) & 3B & L 7= D R i

(OB KSR BE ) (R 53 (LB 2285 e L

i KRBT D% W Hil #uE W - BRI AE 7 © 02 7 0 BEMERFIC 350 2 MITIAMIE
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