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Assoc. Prof. Nobuko Hosokawa
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N-glycan processing in the mammalian ER

® Glucose
@® Mannose
B NAcGle
Glucosidase II EDEM 1/EDEM3
Glucosidase | Glucosidase II ER Manl in ERQC
ER Manl [G°'9 M)
G3mg G2mg G1Mg
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X1 WIENAKEICETAN-JUAHTARY T
THELFE/ N TEARRSINAEZ L INTEE, SARERBIC14EOELIPS LD N-FUHHHFINESHh 3.
ZOBREBICKBLISTINI—IET/—ZAD NI D ITHPETTS. NEEICHEETRLIFEIARD
DFEEBE#EEMNICRE L TREL, B2 NTED T4+ —ILT 4 L IXHBEEIEL T3,

Figure1l N-glycan processing in the mammalian ER
Glycoproteins synthesized in the mammalian ER co-translationally accept N-linked oligosaccha-
rides consisting of 14 sugars. However, immediately after the addition of N-glycans, glucose and
mannose trimming proceeds within the ER. ER lectins recognize and bind to each N-glycan struc-
ture and regulate the folding and degradation of glycoproteins.

EDEM3 7%, MifBNT~= >/ —2% M) I ¥ 7§ 5MRELZRT I L 2R LD, in vitro TOMEFEME, FFR
PEZOWTEWIS2IZENT VR, in vitro TOFREFGEEZ NS NICTHZ LT, MaKiZBITS~ Y /=X b
VI VT ORBERES Y8 B RRA S Z XA OMINIY AT VS, F72, AMEEZ b LRI X o TERIDH
WENTL BBIEF O AT THBR Y vy ROV ¥ VR EEEL72DT, Z ORI b #ED TV 5.
(LR AUING 7 #E23%)
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V¥~ &1Z Serine Protease Inhibitors DBEFRTH V), ZORAERIIHFIARTEY) LY ¥ TuTr7—€%
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FAIERFICIG RIS W SN D UFHERT S A 5 — ¥ Oz #L 7 v F ) 7o v, MEEEONS v A %125
TYFIAYEYTY. EVEYORBIZZNZTTED ) A, ELOBETED LD LHHD D > 72 h Tk
ZICRETTA, ) v 7ur—EEHETELVCL b ST, Re OEMGHIICIEFICEE2EEE ORI
EUDEZEAAELTET. P Frilliogbiclbsr~ Ay, a5 =707 ¥ 7208 % HSP4T,

MEZRFTLT7 v IFT v v RTF ROFMKT v IF T2 7 =7, e OREFIRPE R WEBEIION
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T (M 24 Loz siH). RKZOLVE yOREICIEY VX7 B LTED L) RRMDSH D720, oh
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% (B4 7 7 2R3 4% 75 heterozygote, 0.1% »% homozygote TEEFF), W BRI 5 E ORI 5 H.A
LRI A = AL OB, WWIREOMBEIHEZNTHET. 75 M) 7Y VBREREEREREICOWT, X RS
W A N — 2 L LR 21T o728 28, TYF M) TV RE—DF YT ETH) 5035, LS T
IR L7z L) B 2THOBEERA D = A LD HETH D I LS LD F L7z (Polymer A @ 5T H IO
WEETF— T DBED S TIHEA, Polymer B: 51 CEDHA). £ TIWRELTHRANVERERT LT EL, ZD5
FREED—H 2 BEDSTFLIAT LI L THANE L WEEFREEZFEH L TEY, THIBEEToOEKRE LY
YRNTHBEOA AT, BIZIE [HRER] EHRE3NDG, LERTORARLLZDBOTLE. SHICHL2IIRST
Hid, B 0BHEAKDS, EBRONMELZTISEZ L2BHOMBNEERICEHRL Wi, ZLTT7YyF M) 7Y
YIBID2DODANZALZFTERL, SORDANZALTEETLZETY. HoNMEE N— 2%
ERIETAEROR ) —= v FRBUE T RoTwET. ZLTC, —F FAoMlIED L HITy s HEE
RESIHERDIALILBTELONEBIFLTHET. OB, & VX0 EDNY VX Brliky b Ln
) EMBEOMBRERZ M ) 7200 T% L, ¥ YT HOBENEA D o 72 HEEW R ER Y AT 2 2 W28 Lk
BANLELHPTELZOPEZM)BOTT. ZLTHONAEHROTRTOE AL DEGBELICBIT 5 L E Ui
DEFMEERELET. (OC3 - g ey FREdEddz (BE) Gt Bt >4 —))

¥ |
Serpin polymerization and diseases )
Untolded / Nae
LN

Folding Intermediates i X X
Lack of secretion of functional serpin

/ \ (weak mutation leads to disfunction)

Polymer A Polymer B

Emphysema (ffiK i)
(au1-antitrysin)
Thrombosis (IMA2%E)
(Antithrombin)

a ST % Cirrhosis (FFREZE)

- (a1-antitrysin)

o', Dementia (%I R%E)
S s “"\,b‘-fa: (Neroserpin)
e Lt P 2

Intracellular aggregates - Cell death

2 +tJVE > (Serine Protease Inhibitors) DEEE & ZhICKUEIZE I Sh KR
NIFVTHS5E bETH 3000 BEHHFERETIA—IN—T7I V-2 NNJBTHIEIES
2, REZESPERT/IMEFRICEWVTEROX DI LTREE®T 3. BEADO—DITMEN
THAKETR L, HEEEPHREL5|IZE£Z T (Gain of function). *HIERAiEE & HEE%
BolttwVELHPFRICRBEhEWT ET, MTEXMEENS|ZE I & h B (Loss of function).

Figure2 Serpin (Serine Protease Inhibitors) polymerizations and related diseases
Serpin superfamily includes ~3000 proteins from bacteria to human. Their familial mutations result
in intracellular aggregation by the multiple mechanisms. One of the aggregates seems to be incor-
porated into cellular inclusions, leading to cirrhosis, dementia, and etc (Gain of function). While, the
intracellular aggregation results in the lack of secretion of functional serpins, leading to emphysema,
thrombosis, and etc (Loss of function).

3. EXEZEH#IBDMBEYT & RNA aptamer DA ICEET 3%
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TOMRATEE LT, BB HBEROT7 793 —%—205 T LTHIESELZEICLD, Pk idRL
A== i ER L. ZOREE, MBNT, KREETL2IENTELVWSTEERICHESIELZ
ENRTEL. ZogTeHeE, ATHZEGRZMBATHERST 22 EbWHEICES. 72, RNAZFHL
T2, ERATE—ZRE TR IS, NSO EAELL, LELRE EZICOAMDL, BEHOL 2w
FHIE LCTIEHTAIEDRWEETH Y, HFETH SN TV APUREIE L %D 2 WIZF N LSS 5.
RNA 774 % —DiFHHEEHEEL TV 5. (LT« PO —1k k)

4. BEELEPSEREY I ABRELVKREShZ2EE L TCREEEGF VD) JMBEBZ, NATUy K- -Ya1>
b, OWE

VD)JHM#EZIE, V., D, JEZ XY MBI 242 2 7 FVESNCE T RAG 7 /87 SHs& LYIKES 5
CLTHIEENS. RAG Y X7 IZX BT, ATYEVHEEZATL2I—T1 Y IR E Y I P VKRS EN
ZN2O0F 04T L. RICIEHMIEN DNA Kk AREIC L), B%, 22003 =74 YRR LEr2RF5n
A—=FA VT - Tal v hehd AR, 22003 7 FVERERLEORIFONY 7F N - TVafrbehb.,
FNCTA—=T4 YT RImE T F VKRB OB oA T)y K- TVaf VPR ENDLZ DD S (K 3).
LA L%A0, EE<Y AMto TCRE $HEET VD) JHIBZ BT ANA Ty F - Yaf y MEKICELT
X, IhFETHE SR TO R, bIUbIUEAFIZET, KWHHEZR %55 PCR T TCRP $4# {51 D-J Ml 2 120k
NATYy R TadybaiEE~y A SR L7z,

JEMEIY DNA Kk SHA CHRE 2% E % J7- L T\ % ATM (ataxia-telangiectasia mutated) ¥ 7327 % /K <
L, DV IUNHEDOFERPLATLIENLILAONTVWE., ZOEE, N TV F-TafrIdBRIhes
BB EIWMBHEEINTVE, SHbIbIIEEF ATM <7 ZMRI2B VT, TCRP #EE T D-J M 2 124k
INAT) Y K- Vad sy VEROEEZHOLNPITLTFETDH . OCH - RAERZR B3

In order to detect hybrid joining we used 3’ D2 primer instead of 5° D2 primer

Germline configuration TCRp gene D2~J2.6
5‘D2_£rimer D2 J2.4
3" D2 primer 3'J2.6 primer
12RSS of J2.4 23RSS of D2

5" D2 primer -—~ x,_
g 7 { ’
i
N ’ iy
v - —» “—

3'D2 pr\\m'ér 3'J2.6 primer

Hybrid joining between D2 and J2.4 — | PCR product |

Coding joining between D2 and J2.4
D2J2.4 (CJ)

5 D2 primer
—

— <3

3'J2.6 primer
X3 TCRp#HE#EEF D-JMBAICESINAITYU YR - Taq > beENAMTYUY R - Y3142 1%
PCR THET 2 5&
BlELT, D2ERADBTELENAT Yy R34 beRd. A—F1 > -Yaq1> b
RHEBAD TS 1 ~— (5 D2primer & 3'J2.6 primer) Tld, N1 Ty K-Taf> balEigds
ENXTERL.

Figure3 Hybrid joint formation during TCRB gene D to J rearrangement and detecting the hybrid
joint by PCR

A hybrid joint between D2 and J2.4 is shown as an example. The primer set (5’ D2 primer and 3’ J

2.6 primer) for detecting coding joints cannot amplify hybrid joints.
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Department of Molecular and Cellular Biology consists of the following four groups.
1. Regulation and function of molecular chaperones/stress proteins and lectins, and the mechanism of protein quality
control.

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

We have recently clarified that an ER lectin named as XTP3-B recognizes M9 glycans in the ER, and protects
glycoproteins bearing M9 glycans from premature degradation. Mammalian EDEMs (ER degradation enhancing o-
mannosidase-like proteins) have three members, and we have reported that EDEM3 has a processing o-
mannosidase activity in the cell. However, enzyme activity of EDEM3 in vitro remained elusive. We are analyzing
the mannose-processing activity of EDEM3 in vitro to clarify the mechanism of ERQC that depends on the mannose
processing of glycoproteins. Also, we are studying the function of genes that are upregulated by ER stress, and

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

2. A challenge for how a protein folds

What is a proper protein folding that can function properly? By just seriously looking for the answer to this
simple question, I believe I will be able to investigate (1) the basis for protein folding (2) the protein quality control
in endoplasmic reticulum (3) the equilibrium of the formation of intracellular protein aggregation, leading to dis-
eases. The present material for my study is called as “Serpin”, which are Serine Protease Inhibitors superfamily
proteins widespread exists in our world from bacteria to human (~3000 species).

The basic function of serpin is to inhibit serine proteases as the name tells. They very well regulate our life ;
for example, au-antitrypsin protects our lung from neutrophil elastase that is produced on inflammatory response,
antithrombin almost dominates our blood clotting reactions. Moreover, serpin has other physiologically important
functions apart from its potent role that can inhibit serine proteases, although the reason is not known well. Maspin
is a key factor for cancer cell proliferation, HSP47 can model collagens, Angiotensinogen contains angiotensin pep-
tide, and ovalbumin is major protein in egg white. A big interest here is all serpin superfamily proteins have same
structure (See the figure). Why is this structure employed so much extent? What is this advantage? I thought a
clue for this question may be to investigate the serpin polymerizations and their related diseases caused by familial
mutations.

The recent project has been on an underlying molecular mechanism for the ou-antitrypsin deficiency that is

very popular as one of the protein aggregation related diseases especially in North Europe (4% is heterozygote and
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0.1% is homozygote in Caucasian) and would be applicable to prevent or treat this deficiency. au-antitrypsin defi-
ciency is typically characterized by the intracellular deposition of the ai-antitrypsin aggregates and inclusion bod-
ies in patient hepatocyte. This seems to be a direct cause for the juvenile cirrhosis and alternatively the emphy-
sema due to the lack of the secreted ou-antitrypsin in plasma that inhibits a neutrophil elastase. It was first exam-
ined how ou-antitrypsin can polymerize in vitro on the basis of X-ray crystallographic techniques. It seemed ou-
antitrypsin can polymerize via two distinct mechanisms depends on conditions, but both occur structurally in a
very similar manner ; polymer A uses the motif in the central B-sheet A for molecular linkage and polymer B uses
in the C-terminal part of the molecule. Moreover, the structure of the polymer very resembles to the native mono-
mer conformation of ou-antitrypsin, which was indeed a surprise for us contrary to the general picture we had
about the way of protein aggregation like “abnormal”. Importantly, it was also confirmed that polymer B was accu-
mulated in the liver inclusions from the Z-ou-antitrypsin patient by using a monoclonal antibody that is also sensi-
tive to distinguish the mechanisms. Now, one of the most interesting approaches is to design and screen drugs for
ol-antitrypsin deficiency on the basis of polymer structures. In addition, I feel very curious how cell can watch the
generation of these toxic proteins and its failure leads to actual diseases. This interest will probe the structural ba-

sis of protein-protein recognitions and the importance of serpin structure in our life. (by M. Yamasaki)

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

GAGA factor (GAF) binds to GAGA element in the promoter and recruits chromatin remodeling factors in
Drosophila. We showed that GAF was involved in the transcription complex, and bound to basal transcription fac-
tors. This result suggests a new function of chromatin remodeling factor associated protein. We used RNA aptam-
ers as analytical tools. We succeeded to establish the multi-recognition molecule that recognizes the different mole-
cule. RNA aptamer is expected as a substituent of antibody therapy. To expand the application of RNA aptamer as
a cure drug or examination reagent, we tried to establish the construct protocol for more effective aptamers. (by K.

Hirayoshi)

4. Detection of aberrant TCRp gene V(D)J recombinational products, hybrid joints, from normal murine thymus.

In V(D)] recombination, the RAG proteins bind at a pair of signal sequences adjacent to the V, D or J coding re-
gions and cleave the DNA, resulting in two signal ends and two hairpinned coding ends. The two coding ends are
joined to form a coding joint, and two signal ends are joined to form a signal joint; this joining is done by the non-
homologous DNA end joining pathway. A recombinational alternative in which a signal end is recombined with a
coding end can also occur in a small percentage of the V(D)] recombination events and these are called hybrid
joints (Figure 3). Hybrid joints involving TCRB gene segments could not be detected in normal thymus. In this
study, we have detected hybrid joint formation during TCRB gene D to J rearrangement in thymocytes from nor-
mal mice.

Lack of ATM (ataxia-telangiectasia mutated), which plays an important role in non-homologous DNA end join-
ing pathway, causes lymphomas at the higher rate and generates more hybrid joints. Thus, we are going to figure
out the percentage of hybrid joints during TCRB gene D to J rearrangement in thymocytes from ATM~- mice. (by

S. Fujimoto)
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Fujimori, T., Kamiya, Y., Nagata, K., Kato, K., Hosokawa, N.: Endoplasmic reticulum lectin XTP3-B inhibits endo-
plasmic reticulum-associated degradation of a misfolded au-antitrypsin vaviant. FEBS J. 280, 1563-1575 (2013)

Hirano, S., Kakinuma, S., Amasaki, Y., Nishimura, M., Imaoka, T., Fujimoto, S., Hino, O., Shimada, T.: Ikaros is a criti-
cal target during simultaneous exposure to X-rays and N-ethyl-N-nitrosourea in mouse T-cell lymphomage-

nesis. Int. J. Cancer (in press)
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Hosokawa, N.: Assay for endoplasmic reticulum-associated degradation (ERAD) in mammalian cells. GlycoPOD

web site : Biosynthesis & Metabolism (Ed. T. Kawasaki) (2012)
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Department of Experimental Pathology
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Visiting Prof. Shimon Sakaguchi
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(1) FRPEFER D IELENHTZE

IEH R, FEHCHEICK L CRIEINE 2R A%, IEH OB LTS Law. 72, 7L
NWFEIZA LN L \BF R RS Z LT 22 AL CT0a, COX) RGEACER, EEEMEROILEE
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B & 2 %, Y T MR G T Foxp3 2 AR IYICHEBT 225, #iE, HBIMOLENEZ RO 7201213 epige-
netic ZEALDUETH S, MEEEICTIEHE, REED, Hl#E THBROIE - 51Li2B1) % epigenetic 21t %
fEdT L7z, oA, SIEE T MR 12 5Bl Likee IS0 B A F (1 212, Foxp3, CTLA4, GITR. Eos,
Helios, CD25) ® CpG it # F VALY 2 il E T Mg o5k, MR ICEETH L2 L, LA b Y OB,
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PEVERIET 2 D A 70 & FIHEVE 22 % HIRFSRE L 72, Z O LW HERIEDS X ORIENNBLA IR T 7V ORI/
BN 2 DTV 5.

This department studies: (i) the cellular and molecular basis of immunologic self-tolerance and the etio-
pathology of autoimmune disease ; (i) 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-
tolerance ; and (iii) the cause and pathogenetic mechanism of rheumatoid arthritis by utilizing an animal model es-
tablished 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 development was achieved by the combination of two independent
processes, i.e., the expression of Foxp3 and the establishment of Treg-type CpG hypomethylation, both induced by
TCR stimulation. The demethylation began in the thymus and continued to proceed in the periphery, and could be
fully established without Foxp3 protein. Further study this year has revealed that either Foxp3 expression or Treg
-type hypomethylation alone is insufficient for establishing full Treg phenotype and function. Thus, those T cells in
which the two events have concurrently occurred as a result of TCR stimulation are developmentally set into the
Treg lineage. These findings can be exploited for constructing functionally stable Treg cells for clinical use.

Adult T-cell leukemia/lymphoma (ATLL) is an intractable hematologic malignancy caused by human T-
lymphotropic virus type 1 (HTLV-1), which infects approximately 20 million people worldwide. Last year, we found
that a high percentage (more than 80%) of ATLL cells expressed Cancer/testis (CT) antigens. This contrasts with
other types of lymphoma or leukemia, which scarcely express these CT antigens. Humoral immune responses, par-
ticularly against NY-ESO-1, were detected in 10% of ATLL patients and NY-ESO-1-specific CD8* T cell responses
were observed in more than half of ATLL patients. NY-ESO-1-specific CD8" T cells recognized autologous ATLL
cells and produced effector cytokines. These results indicate that vaccination with CT antigens can be an effective
immunotherapy of ATLL. Now we plan to start clinical trials of therapeutic vaccination of ATL patients with CT
antigen vaccine.

SKG mice with a ZAP-70 gene mutation spontaneously develop T cell-mediated autoimmune arthritis immuno-
pathologically similar to rheumatoid arthritis (RA) in humans. This year, we have attempted to construct a new ani-
mal model of autoimmune 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 immunopathologi-
cally similar to RA and inflammatory bowel disease in humans. Depletion of Tregs enhanced these diseases and ad-
ditionally produced other autoimmune diseases as well. We are currently conducting further immunological analy-

sis of the model.
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The contribution and cellular source of GM-CSF in a murine model of autoimmunity. Kyoto T Cell Confer-
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KATAYAMA Ichiro, SAKAGUCHI Shimon : Immunosuppression by regulatory T cells in malignant mela-
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Shimon Sakaguchi: Regulatory T Cells for immune regulation. International symposium : Infection, immunity and
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Shimon Sakaguchi: Treg development and function. International Symposium Migration and Regulation : Manag-
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(7B E]

) YONERZE A ST R C oML E ORIERHIIIE, GO RO OE R E I E 222 T H BT R I
fazp 6 —AJEIC D DEFEIICHEE SN S, SRR, Ao EE ShTwb =y ¥ = (niche)
ENMHEN BRI 2 BN R THEFE S, 2 OB - EATHETI ST LN SN TE A 0=y ¥ =0
FERIGRAEAHTD - 72. 2003 4, KE D Li 51, BRBOFFEMBO—FETH Y N & FNY Y 25583 % SNO
MilasEmEMie= v F 2R 5 2 & il LEH 7z (Zhang . et al, Nature 425, 836-841(2003)). —77, K
[#l® Morrison &1, #EIMEFAILOZ X FHENTHOH O X 512043 2 iFEBMINEORBICHFET S L
s L7z (Kiel, MJ. et al, Cell 121, 1109-1121(2005)). LA L, Li 5 OGO E % o 7= 15540 fd o HLkk S
WBIEERE 14 £ 135 29 (Kiel. M. et al, Nature 449;238-242(2007)), WFhoMEIcBwTdZzhtho=y
¥ M ORREATEN SN B IZIEFE - T o7z,

7Bk, TNFETIC, ¥ EAHA ¥ CXCLI2 & ZDEMMZEAR CXCRY A%, A B % @& g o5
Bi~OF— 3 v 7 ARG CRE), &3 52 L), MAAGHComMMmEME & T EMIE (et Uik £
(2R L 72 B Ali) o#ERe = B A (Bufk & A3 2 %2 5030 M) & T2 ROl Ak IRl (pDC) (T8 A >
Y =720 B RITHEET HHY AV AR E B A M) ORI RHTH S E W S L
(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)). & 512, CXCL12 04 2 FEBUMI % v HL3 5 Z &A%
T& % CXCLI2 #fz M GFP Iz F &3 A L7z~ 7 A(CXCL12-GFP / v 7 £ ¥ =37 A) & T, WikE i
ZBWTEHRPENICO E AN L CXCL12 % @583 2 Mifiie (MUT CXCL12-abundant reticular (CAR) #f
BT 52 e 2 WM Lz, $72, IARBMINE O K513 CAR MRS PHENTH Y, il z ik
#i9 2 rN OMINE, FH o> B Ml o §i SR 2 E M, pDC @ K53 H% CAR Mg D RVl 2e# (2545 L
TH ) CAR MEASEMEANL - il = v ¥ = TH AW et 2 /RIE L 72 (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)).

%

wilt, B7ebid, CARMROERZWSAIZL, CARMROAERTO=y ¥ 2 & LTOREZIANT 5720,
v MERWN R Y77 7 EHDOT) 2B REET 2T DT IC L) CAR M OF R % FE S 5 2 &8
T& 5~ X (LE CAR fla R~ 7 ) 2B LAENT L 72 (Omatsu, Y. et al. Immunity 33, 387-399(2010)). Z®
R, CARMURIE, EMEHIEORAE & ROGCEDMEFFICLHTH B 2 &, BAIBETERHNG, A% ER TSR L o
BAC O WA TH D I L, BMISLHDY A A A > Tah b CXCLI2, SCF DFHHTOI72MEMBTH S 2
EEWISMICLA. F72, CARMIRXIE~ Y 2B, REBE N2 THEE SN EFMIR, TR
DOMBSBAZFINZWA L TH Y, il 4 D CAR MNLDKERG735 3L, BRI O 584 (2 LA DR G N D #E iR
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FARMAHEBL, RBENRETE MR X 22 RMRIC b L7z 2 LA 6, CAR MG ML - NI
JLHRTERMIL T 5 2 L AURE 7z (Omatsu, Y. et al. Immunity 33, 387-399(2010)).
%

7z b0 CAR MMLICBI AAFJEIC & - T, &% 3HFd 2 HHO =y ¥ il oW TOMMEIRE CHEAT
(Nagasawa, T. et al. Trends Immunol. 32; 315-320(2011)). W:4E, >KE® Morrison 512 & % SCF #3833 %Mz
e E Y GFP T #{LT& % SCF-GFP / v 7 4 < A (SCF #{z {2 GFP &z 2 A) O <, &
#1213 SCF % =533 A2 Mg 254775 L T CD150" CD41 CD48 & Il ¥ i g 20 W O %9 67% & HA5$ 5 2 &, SCEF &
FEBMNEIE L 7T 2%k (leptin receptor; lepr) #HFRMICHEH T 5 Z s snz. WL, VIF UV 2%H
hCre N7y ATV 2=y <AL Crell& 5T SCF #IZFARIET 5 SCE¥x <5 2 DT & ) SCF =53
ML T SCF & KIS % & kMMl A 5 50 11 A L2 &5 SCF &Sl os ik msiiin= v > =
TH5HZ EWWE SN/ (DingL. et al. Nature 481 ;457-462(2012)). JElZab~<7z X 912 CAR Miflgid, SCF o3/
LM T S 2 LA S SCF MBI IE CAR B L 1ZIZM—Th s L HEZONL. HEEE F7z2BIE, lepr
ZERECB VT CAR B TIFEMICHRBI T 2 2 L 2R L7z, UlEX ), CARMNIEX, CXCLI12 & SCF % A
5 G ML O R & RO OMEFF SO =y v 2 Ml TH B L E 2 5N 5 gL = v > =). L IE
WERBIIBT L EMEIHOEREHS TSI L2 HEIZ, CARMIOFREDOSFHME, CAR Mg o & i s
MR ) > 2 SERATEGHING & MEHFE 3 2 B8AE, CAR MIEOREMMIL O R % P 3 % B8, 005 R0 EGYE C o 7 1
3BT 2 CAR Ml ORHRE & 2 & il 2 75 B, CAR Mz Hifissfiie = » ¥ = & LT okhE % i
W3 %720 OFFZEICI Y A T WD,

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 2010, we generated mice that allow selective ablation 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 the
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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 reduced
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 pro-
genitors is required for production of CXCL12 and SCF, proliferation of HSCs and lymphoid and erythroid progeni-
tors as well as maintenance of HSCs in an undifferentiated state (Omatsu, Y. et al. Immunity 33, 387-399 (2010); Na-
gasawa, T. et al. Trends Immunol. 32 ; 315-320 (2011)). Recently, Ding et al., reported that cells which expressed high
levels of SCF preferentially expressed the receptor for leptin (lepr) and that the numbers of HSCs were reduced by
about 5-fold when SCF was conditionally deleted from leptin-expressing cells (Ding,L., et al. Nature 481 ; 457-462
(2012)). We have confirmed that lepr is preferentially expressed in CAR cells. Thus, the results shown by Ding et al.,

support the idea that CAR cells function as a niche for HSCs.
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AWFZE BT, MR L, )y - B SRR E FOHAEBEHO G TEMORAE 3257 —<E LT, <
YA, =T MY, BTFT T4y vahlo@WE TV, MEEREZHMEL T LIV TOMITEZIToTWwWh.
BfEomsesr —<iE, UTo@E) Thb.

1. Chondromodulin-1 (B89 2 %2
(1) MEFHEMHEF Chondromodulin-1 (ChM-1) DINEA RIS 3 /ERICET %

T, v VIR R A S AP AEEIN T ChM-I 2458 - 7 0 —= 7 L7z, ChM-T & Ik Lol
I 7p & OB ISR 72 2 BRI AE M ISR B, A N MIB WL - Bgl - IR S 2R, &
512, ChMII /v 7 77 b= ZAOMHTTIE, MR ORI R 2 S L ER S b 2 &5, ChMI
DR O MM AEEOMEFFICE R 2B R T I EPW O o7z, L L, MAENBEMIBIZNS 5 ChMI ®
TERBER IC oW T @i Shvtwn ey, 22T, Mtz e + ChMI ¥ > 787 B (thChM-D Z## L, ChM-I

W&o THE SN RS WHOMER LSS T 5 M EOHEER IO W CERMNICHE L7, rhChM-I
¥ Vascular Endothelial Growth Factor-A (VEGF-A) D& 7 53, Fibroblast Growth Factor-2 % Insulin-like
Growth Factor-I 7 &4 O#EERIIA~D & b B EIR I N M (Human Umbilical Vein Endothelial Cells :
HUVECs) 7 €% ¥ ¥ 2% [H#E L7z, rhChM-I 74 F T3 VEGF-A #l#2fE 5 HUVECs © 7 7 F Ve &g B
X OEAEROFESIIZEIICHE SN, Racl BIXUT 7 F Y BESKET cofilin OGN LT 25580 7z,
INOLOMBELFFTHEHIC, ¥4 4T T ALY HUVECs OMINLES) % 81559 5 &, rhChM-I ALAHMINE T i
VEGF-A 12 X o THE I N5 RN 2 EPRME OREAHE 2N, —@MkO R ATEHEICED b T, M
RO EEEE, EHAEABE IR T Lz, BEORKREXY, ChMIIGRIBIRF N2 7 2 5 » Ml & 4% o
W ZHET A2 210X ) FERIKEOMEEREEIL L T, Mo EE)EZIH$T 52 ERHLNE R o7 2D
X9 e EE NG, RAMESFMIAZ S L TRIF E A 3D 5 N3 4 DA BRI 3B CRIRMIC D
N7z L, ChMI ORI ME NN T 2R EEABFE AL Tnb L EZ SN,

(2) ChM-I DEMRN X 1 BEICBEd 2R

ChM-113 120 7 3 VDS LMY » 787 BT, N BBESHA GI 2 28 N R oBUKEE R A L Y (P24 ¥
D&, CRMMIHLBARED I AT A V) v F AL V(FAL X 2) 0K EhTwnd, KridInFTll
CHO iz %> 293-F Mifia 7 & oW FLM e 5 LR & F v CHSHIB M S CTw b & ML 2 ChMII ¥ ¥ 7827 B (G-
hChM-I) 2531 L, #REMiEs X CMENE M35 4EWiEEE S LTE7. —F, KBWE coli &
FwCl Mz ChMI & v 87 B aEFH L5 &, HFEHI % K\ 72 ChMI(NG-hChM-D 245 Z & AT E 5.
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G-hChM-I & [AB1Z, NG-hChM-T IZ§5\ 745 S HEMI o 2 1 = — IS ARENE 5 & ONLAS P H2 M 00 45 T T 1 BHL
FEMERL7:, ol V8 7u 7 7 —BIZ X B REDHIC X - THSHBHITLZ 50 F AL Y 1o—# %K
JeBH72 AN-hChMI IZBWTHIEEALZEDLRVWI RS, FAL Y 2 ChMIDIEE R X 4 ¥ THDH 2 L8
RgEIhie, TROHDY YR ED CD AR MVERIEL, OS2 T L7, X4 2 1 ORI
&5 VT B OEREIIT TR, ChMAI 252 K A 4 ViE 2 T 20ICLERKRE N AL v ThHH &
WS N oz, BUE, BRIAS V7 BB LOEHEARTF FEHOTHEYE F A A VRO 2D T2,
ChM-I 1%, B3iE{s T CTdh B Tenomodulin Z< &, TNETIZASLNT WA IMEHAENHIK L FxET Y —%
RSN ERS, ZOIWEME XA AZMEFAEITNEEZ 6T 287257 F FEE LTOSHABNREINS.

2. Sox9 Ik Bk L S BB M DMLz

Sox9 (SRY-related high-mobility group box-containing gene 9) 1%, &ML HMLICKLEOEERT-TH 5. Fi
i, Sox9 DIRHIFEBIC X o THEMIAS G M~ & b 2 2 L 2 A L2 =7 MV IRIZB VT, Sox9
FHRE R THRWEHPRO Sz, 20— T, BRI L OCRB O~ — 7 — 821 TH % Scleraxis
(Sex) Je O Tenomodulin (Tnmd ) H358 815 % AL TIX, Sox9 OFBUIMIN SN o7z, L bay A VA Z T
=7 M) IROHIBAAKIZ Sox9 Z il FEB S &5 &, M- 8905, WE B - BB B REL RONER & v o i
DFEERRIC BV TR ORB IR FE SN2, =7 ) D 5508 L 72BN TiZ, basic helix-loop-helix (b
-HLH) B 5 W F-Tdb % Sex, Paraxis, Twistl, KO Twist2 OIEHIZEBUC XD in vitro T Tnmd OFEBLAHEIZ 1
H L7 LaL, Sox9 ziiiffill 5633 5 &, BHNIE TD Tnmd Fo O Sex DB T L, Type I collagen i O
Chondromodulin-l 7 & DEHAGREMIL < — 7 — 75 FORBIFLE I NIz £72, Sox9 % i ZEH L 2 T,
AT RE ASRRAE S ML AR D RGSESL 20 & W B MIE R D Z I 22 L, & SIZHRETEOMIRAEE O F R b Bl &
iz, LEOKERENS, in vitro B in vivo IZB VT, MM Sox9 12 & ) #kafia~ & o i3 2 Ktk 2 4
LTWwaZ e o7

3. HMEMBFEEOMERAREE BT 3R

WIRE TR T, MR AL ZRIC, ENEOKREH»OF - BH~NOERIHB I NS, ZORKE~OIE
BAE, BEEICH 22RO D TR ICHIE SN TV 225, 05 THEIEICIAH R BAL W, 22T, ki
IZ3EBLL T b VEGF-A isoform Z < W AR ="7 bV RFIHIBREFEB S €5 2 L2k o TEHEZ TLE S,
PR PR TR D IR A S g O LS R AP D2 L 2 T L7z, 2 O5R, Wi ho VEGF-A isoform % i#
BB R T, WhE L REE L EOHRE ARG ELE R Cwiz, Thbb, WikEEE R oI
&, HRE R PR S V) 2 O R o 2 MAERABEENSGAET 5 2 LN o L Ladsh,
B OIEBAIHE T, heparin % neuropilin & #HH HAEH 3 % VEGF-Aws, VEGF-Ag, VEGF-Awo Z BFIFBL L <
WABHI T, REICHRE AL S h e, —H, REESLEL S NS &, B TIE MMPI B o & il
B L, ISR A TIREH RN T MMPY > MMP13 Q@I E2 5T 5 TGO Y 7+ ¥ 7 i5E
AL &N, BE~NDIMERADFESIN. —J7, heparin IZKi4E L % vy VEGF-Au % neuropilin & M EA/EH S 5
A KRR L7z VEGF-AwAE6-Ries % BRI FEB 2 TH, B okgBEnELLkg~oEFRAIBE S
Mol o T, WEANOMAER AL OHAF BINEL T, I O #%kg M2 VEGF-A @ isoform 4¥
RIS ERRE NG L, IWERABIIEEZ L) 70 AT 2 2 e L 2R 57z
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4. €T574 v 1 BROEGFERA XA —D LT REMERAV-ENEAHREEBIR Ot XOFHRIL

EEHTRAEDRNE T T 7 4 v v 20EB L OMFZEES 87 B X YT LT 2 2 LT, S0k
BT RIS P I 2 T R ATE R SN D TR A2 L CTWwb. 7 AT, Col2al BT Dk
BRI R 72 58 3LE, SRY-box 9(Sox9) 2MEAT A1 4 >~ M1 Y ND 48bp 25 7 B T v N H—1Z X o THil
HENTVDE, ZOT U NYF—0 4 [ & UBHI % Zebrafish enhancer detection (ZED ) vector \Z#LA A, Tol2
T VARV Y EMWT, 4T Enhanced green fluorescent protein(EGFP)#% ¥ 345 7 XAV z2=2v 7”7
74 v ¥ 2 DR (col2al - GFP) &M L7z (M 1a-d). col2al : GFP Tl&, A% 2 HH2SEHHRLM L LI
% Wi T EGFP 0 FBIA%8® 5 1L (K 1b), 414 21 H HAAO#KE#ikIC B\ T EGFP 0% Biasit S h
72(K1d). F7z, fikl (vegfr2) Ein T O M5 P E MR R AG F BB FIS 2 W C, M 2 REEEAETH S
mCherry ICX o THHULLZ2 NSV AV 229 7 74 v ¥ 2 DR (k] - mCherry) ML L7z (K 1le-h). 2O flk
1:mCherry & col2al : GFP % XY 5 Z & T, WREMMEKE ME 2 R ICHOBIRTRL Y 7V T VAV 2=y
274 v ¥ a(col2al : GFP; flkl - mCherry) #VES 5 2 L ST REE 72 o 72, BIAE, LFES L —F—SAMEE 2 H v
T, col2al : GFP; flkI : mCherry Dt L OB R IR & MO I IO WTHT 2 #DTw b, (9 1i-
k).

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

f

1 kA AV TS RBSEOMEETIRIEL A NSV AV 12y 96T 5T 19 ¥ a

(a-d)col2at : GFP M*%# 2 HB (b), 3HHE(a, ¢), 21 HE(d)IC$H 75 EGFP OHIE. BEHOHKETXHME L DHKEICHWTH
W EGFP ORBEHIBHS5NS. (e-h)flk1:mCherry D2 HE(f), 3HHB (e, g), 21 HEB (h)(CH ¥ 5 mCherry DFIR. (i-k) #
EEL—Y—FEWMEEIC L VEIE U /- col2at : GFP; flk1:mCherry (10 dpf) DFt L IZ$ 13 3 EGFP (i) $ &£ U mCherry (j) D#IR
(Z-projection). EGFP 38K&®D, mCherry MEDHZFIZZhZhRLTWVW3. F4DEGKEEREHEZ I LT, &KELM

EROEFRAIRIRIEET N B (k).
Fig. 1 Live fluorescence imaging of cartilage and the vascular network in transgenic zebrafish

(a-d) GFP expression in col2a1 : GFP at 2 dpf (b), 3 dpf (a, c), and 21 dpf (d). GFP is detected in cartilage of the head and the pec-
toral fin. (e-h) mCherry expression in flk1 : mCherry at 2 dpf (f), 3 dpf (e, g), and 21 dpf (h). (i-k) Z-projection of GFP (i) and
mCherry (j) of the pectoral fin at 10 dpf. Cartilage and blood vessels are visualized by GFP and mCherry expression, respectively.

A merged image (k) shows avascular cartilage formation in zebrafish.
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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 (HUVECs) 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, coincident 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 ex-
tensions. The inhibitory action was selective to the endothelial cell type, but not to the other cell types such as fi-
broblastic cells, suggesting that ChM-I acts through a endothelial cell-specific signal pathway that regulates the
motility of ECs.
(2) The analysis of domain structure of ChM-I

ChM-I (120 amino acids in human and mouse)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 Teno-
modulin (Tnmd),a ChM-I related angiogenesis 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 chon-
drocytes 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 similar bioactivity, but the activity was distinctly 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 appar-
ent effect on the bioactivity of NG-hChM-], indicating that domain 2 is an active domain of this protein. Circular di-
chroism (CD)measurements revealed that N-glycosylation in domain 1 is critical for the structural integrity for bio-
logical function as well as the protein solubility. Current works focus on the analysis of active domain of ChM-I us-
ing its mutant proteins and synthetic peptides. So far, no sequence and structural similarity of ChM-I and Tnmd to
any known angiogenesis inhibitor 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
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and rheumatoid arthritis.

2. Conversion of tenocytes into chondrocytes by Sox9 overexpression.

Progenitors for the tendons, ligaments, cartilage, and bone are all derived from the same origins including the
sclerotome, lateral plate mesoderm, and neural crest. These progenitor populations migrate and populate their pro-
spective regions to give rise ultimately to each primordium. During limb formation, lateral mesoderm-derived ten-
don and ligament progenitors, as well as chondroprogenitors, express a key transcription factor for chondrogenesis,
Sox9. Upon cell-fate determination, Sox9 expression is markedly upregulated in chondroprogenitors and promotes
the progression of chondrogenic differentiation, whereas in tendon and ligament progenitors this expression dimin-
ishes upon cell differentiation. We demonstrate that Sox9 mediates the direct conversion of tenocytes to chondro-
cytes through an intermediate state in which both differentiation programs are active. Sox9 is abundantly ex-
pressed in cartilage but is undetectable in limb tendons that express Scleraxis (Scx) and Tenomodulin (Tnmd ), tendon-
specific early and late molecular markers, respectively. Upon forced expression of Sox9 in the chick forelimb, ec-
topic cartilage formation is preferentially observed in fibrous tissues including the tendons, ligaments, perichon-
drium/periosteum, dermis, and connective tissues in muscle. Tnmd expression in tenocytes isolated from the limb
tendons was found to be markedly upregulated by forced expression of basic helix-loop-helix activators including
Scx, Paraxis, Twistl and Twist2. In contrast, the overexpression of Sox9 in monolayer tenocytes resulted in the down-
regulation of Tnmd and Scx expression during passaging in culture, and the induction of cartilage molecular mark-
ers such as type II collagen (Col2al) and Chondromodulin-I (ChM-I). This Sox9-driven switching from a tenocytic to a
chondrocytic gene expression profile was found to be associated with a dramatic change from a spindle to a polygo-
nal cellular morphology. The extracellular accumulation of cartilage-characteristic proteoglycans was also ob-
served. These data suggest that tenocytes have a strong potential for conversion into chondrocytes through the ac-

tivities of Sox9 both in vitro and in vivo.

3. Analysis of the anti-angiogenic property of the cartilaginous bone primordia during endochondral bone formation
During endochondral bone formation, vascular invasion initiates the replacement of avascular cartilage by well
-vascularized bone and bone marrow. Vascular invasion into the cartilaginous bone primordium occurs in a strictly
spatio-temporally defined manner, but the molecular mechanism for this process is still poorly understood. By util-
izing a VEGF-A mediated gain-of-function approach in mouse and chick models, we investigated the cellular and
molecular events associated with angiogenic switching during endochondral bone formation. Cartilage-specific
overexpression of VEGF-As in transgenic mice results in the hypervascularization of soft connective tissues away
from cartilage. Unexpectedly, perichondrial tissue remained avascular in addition to cartilage. Hypervasculariza-
tion of soft tissues similarly occurred when various VEGF-A splicing variants (VEGF-Aiz, VEGF-Aws, VEGF-Aig,
VEGF-A o) were overexpressed in the chick forelimb, but perichondrial tissue and cartilage were completely de-
void of blood vessels. However, following formation of the bony collar in the middle of cartilaginous bone primordia,
anti-angiogenic properties in perichondrial tissue were lost and perichondrial angiogenesis was accelerated by
VEGF-As, VEGF-Ass, or VEGF-A19. Once the perichondrium was vascularized, osteoclast precursors were re-

cruited from the circulation to the bony collar to differentiate into MMP9 positive osteoclasts and then the induc-
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tion of MMP9 and MMP13 was observed in association with the activation of TGF-B signaling. Neither perichon-
drial angiogenesis nor the subsequent cartilage vascularization was accelerated by the non-heparin-binding VEGF-
Aiz or by the VEGF-AisAE-Rigs lacking a neuropilin-binding motif. Thus, perichondrial angiogenesis is a pre-
requisite event for the subsequent vascular invasion into cartilage and is differentially regulated by VEGF-A iso-

forms.

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 tissue-tissue interactions between cartilage and blood vessels during zebrafish
embryonic development by live imaging of fluorescent transgenic zebrafish lines. Cartilage-specific expression of
mouse colZ2al 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 re-
peats of 48 bp col2al enhancer element, we have established a transgenic zebrafish line, col2al : GFP (Fig. 1a-d). In
col2al : GFP at 2 days post fertilization (dpf), GFP expression was detected in cartilaginous elements such as pha-
ryngeal arch and pectoral fin (Fig. 1b). Even at 21 dpf, EGFP was still detected in cartilaginous elements of col2al :
GFP larvae (Fig. 1d). For visualization of the vascular network, we have also established a transgenic fish line, fIk/ :
mCherry (Fig. le-h) that express red fluorescent protein, mCherry, under the control of promoter/enhancer ele-
ments of zebrafish flIki/vegfi2 gene. We then obtained 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 simultaneously. With confocal leaser microscopy, we are currently investigat-

ing avascular cartilage formation focusing on pectoral fin formation (Fig. 1i-k).
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The main objective of our department is to investigate and develop methods, procedures, and technologies
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-
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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, in which disease healing can be achieved based on the natu-
ral healing potential of patients themselves, has been increasingly expected. This is termed the therapy of regen-
erative medicine where the regeneration of tissues and organs is naturally induced to therapeutically treat dis-
eases by artificially manipulating the cell potentials of proliferation and differentiation. The objective of regenera-
tive therapy is to regenerate injured or lost tissues and substitute organ functions by making use of the natural self
-healing potential of patients themselves. The therapy of regeneration medicine is quite different from the recon-
structive surgery and organ transplantation from the viewpoint that neither biomaterials and medical devices nor
immunosuppressive agents are needed. The basic idea of regeneration 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 and
organ regeneration. It is tissue engineering that is a biomedical technology or methodology to create this environ-
ment for the natural induction of tissue regeneration. Generally, 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 suc-
cessful regenerative therapy of tissue and organ, it is indispensable to efficiently combine various biomaterials with
the body components. Among biomaterials, biodegradable biomaterials play an important role in this medical appli-
cations. Since there are few metals and ceramics with biodegradable nature, polymer materials of biodegradability
are generally preferable for this purpose. The combination of polymers with metals or ceramics is effective in pre-
paring 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 function expected is accomplished. In addi-
tion, the material should be degraded at the right time profile not to physically impair the natural process of tissue
regeneration by the material remaining. Biodegradable biomaterials well-designed are indispensable for the re-
search and development (R&D) of regeneration therapy, DDS or the basic research of cell biology and medicine (re-
generation research).

Our research goal is to design and create biomaterials from polymers and the composites with metals or ce-
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-
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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),
insulin-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
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 Basic Researches of Cell Medicine and Biology (Regeneration research)
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

a5 AR T2 R P



Annual Report 2012

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 research of cells and drug discovery (the drug development and the toxic-
ity evaluation). However when the size of cell aggregates becomes larger, the cells in the aggregates tend to die be-
cause of the lack of nutrients and oxygen. This cell death often courses the discontinuation of cell researches. To
break through the problem, biodegradable hydrogel microspheres were tried to incorporate 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-
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-
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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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Toda, H., Yamamoto, M., Kohara, H., Tabata, Y.: Orientation-regulated immobilization of Jaggedl on cell substrates
for ex vivo proliferation of a bone marrow cell population containing hematopoietic stem cells. 9th World
Biomaterials Congress (2012.6.1-5. Chengdu)
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PLGA microsphere containing Prostaglandin E2 Receptor Subtype 4 (EP4) agonist. Digestive Disease Week
2012(2012.5.19-22 San Diego (California, USA))

Okamoto, T., Okamoto, S., Tabata, Y., Uemoto, S.: Suppression of allogenic acute rejection by systemic administra-
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Uesugi, Y., Morita, M., Jo, J., Minami, M., Tomita, Y., Yuasa, S., Yano, T., Tabata, Y.: Preparation of molecular probe
for photoacoustic tomography diagnosis. 3rd TERMIS World Congress 2012(2012.9.5-8. Austria)

Uesugi, Y., Minami, M., Tomita, Y., Yuasa, S., Yano, T., Tabata, Y.: Molecular probe with gelatin derivative and in-
docyanine green complexes for photoacoustic tomography imaging. China-Japan Drug Delivery System
Symposium 2012(2012.11.13. Kyoto)
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Tan, G. K, Tabata, Y.: Effect of gelatin microsphere size and cells/microspheres ratio on transforming growth
factor-beta3-induced chondrogenesis of human mesenchymal stem cells. 3rd Tissue Engineering and Re-
generative Medicine International Society (TERMIS) World Congress (2012.95-8. Vienna, Austria)

Tan, G. K., Tabata, Y.: Comparison of the effect of soluble chondroitin-4 and chondroitin-6 sulfate on human mesen-
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Ohno, K., Tsujii, Y., Tabata, Y.: Physiological properties of polymer brush-decorated fine particles prepared by
surface-initiated living radical polymerization. 14th International Association of Colloid and Interface Scien-
tists, Conference (2012.5.13-18. Sendai)
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based magnetic resonance imaging contrast agent. 2010 World Molecular Imaging Congress(2012.9.5-8.
Dublin)
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Sasaki, N., Tsuzuki, N., Nakao, S., Seo, J., Yamada, K., Haneda, S., Furuoka, H., Tabata, Y.: Effect of biodegradable
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morphogenetic protein-2 on an equine second or fourth metacarpal and/or metatarsal bone defect. 2012
American college of veterinary surgeons veterinary symposium (2012.11.1. USA)

Tsuzuki, N., Seo, J., Yamada, K., Haneda, S., Furuoka, H., Tabata, Y., Sasaki, N.: The effect of bone morphogenetic
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mal stem cell and gelatin b-tri calcium phosphate sponge on an equine cartilage defect. 2012 American col-
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Tabata, Y.: Frontier regeneration therapy based on tissue engineering. International Forum of Biomedical Materi-
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Our research group intends to develop engineered materials that contribute practically and efficiently to the

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

Research subjects currently undertaken in our department are listed below.

Surface chemistry of biomedical materials

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

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

Polymeric materials for cell transplantation therapy

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

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

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

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

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

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

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

Cell chips for high-throughput functional screening

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

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

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

screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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Fig. 1 Simultaneous contraction and buckling of SFs. Extracted SFs were pre-illuminated by a mercury lamp and then stimulated
with Mg-ATP. Some SFs responded to Mg-ATP to contract, while other fibers (indicated by arrowheads in the higher-
magnification images of the boxed areas) exhibited buckling as the whole cell shortened.

WALy > 387 % — € (MAPKs) D ENZ DWW TG L7z, FEBRIZHB W T, HEfHE T T XV L7z hMSCs 12
02~10Pa D& AWNS ) % fas L7z, MilioiEid, MBoRIEERT v 24 BICESWTEHMEiL, oMk T1E 3
CCD TV & W AT %3 L7z e BaMEE 2 v CHio L7z, EBRREZR 2 1RT. 02Pa DR ARG T T
B:#8 L 72 hMSCs 3B 38R (2 >+ 0 — V) OB & 1T~ E B EDSEM IS #E A 5 72, SIS L, 058X
K 1Pa DEAWIGHO T TIEI Y b= VICHRTHERZEEALONZdh o7z, 72, 2Pabll Lo ARG
Tlx, hMSCs OlEk1E# L HI] Sz, 02Pa O AWIST) % %1372 hSMCs Tld, MM > 7 F WZEWE T
» % ERK1/2, JNK, p38MAPK ®ifitk LH25%) 60 o M@igt sz, L2 Lad s, 2Pa D& ARG % A
L-MiaTid, Shooiftidd Ukd o7z JNK & p38MAPK OEH CHlla % HEL L 72 & %, hMSCs il
BRI 28 ARG OB HR S 7z, —J7, ERK1L/2 EH TR L7223 > ba— L IREEOMl
EEAWIR AR CIARLENALNIZ. D Eomrs, Rnd ARSI & 57718 #1x hMSCs D ik
ZRRMIRAEL, CARIEIIC L o THESNLHEBRICH LT, INK & p38MAPK I3 ERK1/2 X ) & X D)

e A AR T TP



Annual Report 2012

(A) Control 0.2Pa 0.5Pa

Oh

lh

3h
6h

10 h

(B)
control (n=8)

< =] 0.2Pa (n=6)
g E3 0.5Pa (n=4)
2 [ 1Pa (n=6)
) 2Pa (n=4)
=

Time [h]

2. & MEAEREMIE (WMSCs) DIEEICH T 5 2 AMISHDEE. (ARIGEET vt EICE3 3> FO—ILRKERU 478
HBORL 3 EAMISHTICH T 5 hMSCs OBEEREORRERB. /N—=50um. (B)A> hA—JLRERV4BHENORE
5% EAMICHTICS T 3RISMAOBERENES. 02Pa CERHICEBEN HZS5NBDICXL, 2Pa LI EDE ARG
ATRBREOBEIIH SN TV L 7F— 2 FPHEBLRERETRR. *P<0.05 * *%xP<0.01

Fig. 2 Effects of shear stress on hMSC migration. (A) Fluorescence image of hMSC migration in the scratch wound assay under
different shear stress conditions. Bars = 50 um. (B) Percentages of wound closure under 0.2, 0.5, 1, and 2 Pa shear stress
conditions. Wound closure was promoted under a shear stress of 0.2 Pa, whereas shear stress > 2 Pa inhibited cell migra-
tion. Data are expressed as meanSD, *P< 0.05, **P< 0.01.

BFZEG L TWwWD I e s,

Studies in our laboratory have been carried out to elucidate the mechanosensing mechanisms of morphological
and functional changes of cells exposed to mechanical forces. Vascular endothelial cells located at the innermost
layer of vessel wall are always exposed to shear stress by blood flow, to tensile/compressive stress by vessel defor-
mation and to hydrostatic pressure by blood pressure. Although endothelial cells have been well investigated from
the point of view of mechanobiology by many researchers, the details of the mechanisms are not clear yet. In order
to understand the role of paxillin in the orientation of endothelial cells exposed to cyclic stretching, we examined
the time course of changes in the shape and distribution of focal adhesion proteins of paxillin knockdown endothe-
lial cells. We also investigated nuclear deformation behavior in nesprin-1 knocked-down endothelial cells subjected

to uniaxial stretching by evaluating nuclear strain from lateral cross-sectional images from the point of view of cel-
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lular nuclear importance on mechanical response to external forces. In this report, I mainly introduce our recent re-
sults on contraction and buckling properties of stress fibers, one of the mechanosensing components, and migration
of human mesenchymal stem cells under shear stress.

In addition, we have developed the design theory for intravascular stent, and analyzed the rupture mechanism

of aortic aneurysm and the development of dental-use biomaterials from the point of view of biomechanics.

(1) Contraction and Buckling Properties of Stress Fibers

It has been proposed that buckling of actin stress fibers (SFs) may be associated with their disassembly. How-
ever, much of the detail remains unknown partly because the use of an elastic membrane sheet, conventionally nec-
essary for inducing SF buckling with a mechanical compression to adherent cells, may limit high quality and quick
imaging of the dynamic cellular events. Here, we present an alternate approach to induce buckling behavior of SFs
on a readily observable glass plate. Actin SFs were extracted from cells, and constituent myosin II (MII) molecules
were partially photo-inactivated in contractility. An addition of Mg-ATP allowed actin-myosin cross-bridge cycling
and resultant contraction of only thick SFs that still contained active MII in the large volume (Fig. 1). Meanwhile,
thin SF's with virtually no active motor protein in the small volume had no choice but to buckle with the shortening
movement of nearby thick SFs functioning as a compression inducing element (Fig. 1). This novel technique, thus
allowing for selective inductions of contraction and buckling of SFs and measurements of the cellular prestress,
may be applicable to not only investigations on their disassembly mechanisms but also to measurements of the

relative thickness of individual SF's in each cell.

(2) Migration of Human Mesenchymal Stem Cells under Shear Stress

Human mesenchymal stem cells (hMSCs) are attractive candidates for cell-based tissue repair approaches and
have been used as vectors for delivering therapeutic genes to sites of injury. It is believed that hMSCs are able to
detect and respond to shear stress due to blood and interstitial fluid flow through mechanotransduction pathways
after transplantation. However, information regarding hMSC migration under shear stress and its mechanism is
still limited. We examined the effect of shear stress on hMSC migration and the role of mitogen-activated protein
kinases (MAPKs) in their migration. Shear stress between 0.2 and 10 Pa, which was produced by the flow medium,
was exerted on fluorescently labeled hMSCs. Cell migration was evaluated using the scratch wound assay, and im-
ages were captured using a microscope equipped with a digital 3CCD camera. The results showed that hMSCs
subjected to a shear stress of 0.2 Pa caused notably faster wound closure than statically cultured hMSCs, while mi-
gration in the 0.5- and 1-Pa shear stress group did not differ significantly from that in the control group (Fig. 2).
Shear stress > 2 Pa markedly inhibited hMSC migration. hMSCs subjected to a shear stress of 0.2 Pa displayed an
increase in extracellular signal-regulated kinases 1/2 (ERK1/2), c-Jun Nterminal kinases (JNK), and p38 MAPK acti-
vation for up to 60 min, while a shear stress of 2 Pa abrogated the activation. JNK and p38 MAPK inhibitors com-
pletely abolished the effect of shear stress on hMSC migration, while significant differences were observed be-
tween the ERK1/2 inhibitor-treated static control and shear stress groups. Taken together, these results demon-
strate that low shear stress effectively induces hMSC migration and that JNK and p38 MAPK play more promi-

nent roles in shear stress-induced migration than ERK1/2.
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Prof. Atsuko Sehara (Fujisawa)

(57 % 8t E]

IEU&IC

FABBETIIEAGDIERKRE Lo 2B ET 5. B % CRE Ol ClE, TN»MEEELZIT5 L HE
T5H, HHAIBWTIE, R E I 2 BMIESE LS, s L O L oMl & 2
RO 70t 22X > TR ZIMEVET 2 EBALNS.

x OWZERIE, FICREAEDE - MKAEDZEO 2 S, (DFSL - TR, e, (2) BB
B LMY 7)) v 7 - A OGRS LToTa s 7 —EHI#, % 2AK0HE LTHfEEiToTWwa.
FR T A Z AW FREFNTERRE BRI AH7EL L BIC, 79771 v v azwT, EEETH
WNAFARXA=T VI X o TRRBEBOER 2 ORI EIC L D T L, BAERTHAEOH Luillaz o 2ic L
DO 5.

(1) BMEEBRIRR - BAERE U, BURT AL O MR LB, T R ER AR & o7 LI %
BCHWIE 2 T o T A, M AEBEO R HTERMIL & FARIS, BB R 5 i 225 8 1 Pax3/Pax7 & %
BHLTWEY, SAERBOMBEMEE 2D, BEEEIENCH L. 2 OFHEG ST ERIEIREEZ MR
% 1T Dicer |2 & 2 G HHIHBEEO TN L2 L 2o TETWLA, ED X)) BB TERKTHMIO®H -
WEARBOMERFICBI D 2 DO AW % 5A % . 2 2 CIRISER & 0 BRI 0 TR EMIL & OB S
TL %#fE%, Pax3 LERHNEEMEIGESND LRBT 2B KT MyoD OFBUEH L, #1600
KB~ ABT D BHEEHE BEET 2 F ALz REEBICBT 2~y A gAML L,
miRNA FH 707 7 A VRER L, BELIICHEB L NVA ER$ 2% miRNA B2 L7z, BUE, 2O
W O & MEFFIC BT B 25 O miRNA % & BREZ Mt Tdh 5.

(2) MEERICE T B/ 7Y T - F2O7OF7—EHl# : SHUIBER Y 7PV oTFREERTORE
THEETEIC BT AU (ectodomain shedding) /- L C, M > 70 ¥ FRBEORIEICE ST 5,
ADAM LIFIEN B R 7077 =¥ 7 7 IV —ICEH LA TH L. 7~ (DOHFr SRR SETE
WFETH A%, RIS E & F 57, FADKRERMYZZMHEIE, A 26 s LTEbd TR ZHET
HHIEEYPLNITLTE. BEMREEMIE THRBLT 2 ADAMI9 O.LIEIE R #RSHLERIE R 3B1F 2 %)
LgRER, 707 7 —VEOMBEMIRTHEIT S5 ADAMS O H L BREICBE T 20582 To T b, F7-,
ADAM DR L % 1) 9 2 BRI 75, ARERTEH L2 & O fEHRa 0 B ISR G5-3 5 2 L R R wZ L7
INHOWIEICBVTIE, w7 RE LB, AN THAELENES R B A SE TBIETELE
TT77 4y v aREHWTHIgEZToTwh. Thid, BEBKRICBT ML z2hbo7a7r7—€
BEDIHITHEL T 222 LS 7AEDOHTHRE ZENTEENHTH .
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MEOMBREZDTRTEIZTHMNTLDIZH L WD, FMTIEIOEDDTF =< L TRRHELLM
MFTHIEICLTWS, SEEIL, BAMRBOMIRMEOFAH OB BET L, Zh2BHiiETH
5T R AW L, KB EROIATDNIHEE RN 5.

REBEOHARMIE, REBEHBANOBEICLY) ZOHBEICEELS S
HROE=

YA M7 10—, HHEOLEE - B E WAL L, BRNICIGETHEOB KT 2 L 2B 5MHRETDH
5., BT T2y AWK Y A a7 4 — (Duchenne muscular dystrophy, DMD) &, X #fafk oI At
74 YBIEFIER - RIAD DY, BHEHMBETRET 2V A a7 4 ¥ YR EPRALTWE720IZ, &
KR 53 AT, HiTv A a7 4 —OmTROBEDIE S, TLETETHERZEHRED 2V orBUIRTH
5.

DMD (2/§ 2 ik LT, BUEEH SN TV AIHRREO O L D0 MIRBHRE TH 5. FEHIE, B3R
AHEL, TR HEWICHTREE L CTAT 2825 % 5HMTH 5. ZoMIREOEEZFH L TIEF %Y A
ra 74 EEALD AME DMD SIS UL, Z OMIIZMIEEAIC X 5T DMD Bl AT, IEW
RYAMAT A VERBRTLEMB LAY, HIAPTT 4 —O#ETEREVIED LI ENTEL T THS. Hilb
DEHIZ, b EDH EERTHIIEFEMEE VO ElEAD ), R S h b & Z omileh g - 5L LT
AfizoL b, 1o T, IEHWLHBHMEERR L (LT HErRo»E, ShrBhiiiie s L CidRk@Ez i3
THEW, REGVBOLITEDOE A, ZoMiazmifize LToME2Roo SBMICLHELR E THMI &
52 ENTETVRN.

=7, EARENRSIZE - THEE SN IPSMIRIE, ESHMINE L 1ZIZHSE 0L REMERMIE & L T oMilhE & %51t
Bez b0, iPSHIL HMEEZFETENE, HBHOY - AL LTEbOTHHEEZONL. 128K
RECld, ESMINER iPS Ml &8 S N MniEiMiald, 232 LlErICHMBoOBREBIETZLIETE
2%, DMD fi~OBARZFIIML L, TREHWTY A M7 4 YR 7 ZAOFERISEM SNz, L) ik
HRIZD 23N TR, B, 2525 REEOFHHEEMIEZ Ao DMD 2B L7256, Fhifr R
ERBRICRIR L CFHEBICMY AT NLRNBDH L2000, 3o &) ERENII LN Lo/l b THL.

T THEAIE, IR0, BRREOF RIS (SRR~ O B D 5 DA, T L TZ OMFIIH
i EMICILRT 2 b o L) h, EBRETL .

£ 9P

(M< IR BEFEE/ R BT 272012, Pax39™ (VS A Y — VAFZERT - < —=HF Ly b - Ny F U A
YA 555 5-), Rosa26“5tsdlomac (5 x 7)) 5K G M) = SHEA, R26R¥F), Tg: MyoD-Cre O 3 it % i
L7z, MilBtiE 25 <7 AL LT, DMD-null (ILB K% - FERMAIEEZ D 5 505) <7 A2 A L7 (2)#ifa
HpE BRFMHSRERIER A (Fetal skeletal muscle progenitors, FMPs) % Hilfi 3~ 2 72, Z OMl THILT % Pax
3BT W T T GFP 25T % Pax39" < A, 7% 5 I EEHNOEGREICLELREGN 23— FT5
MyoD 1z  Ofl# TC Cre Z 5B L, M Hi ML 2 & 5 R FNC A - 72l T RFP 251K AL S B Pax3o;
MyoD-Cre ; R26R™" 3 7 2D 165 HiE2 5, Bid X BRI A FRIL L 72, — 5, S % B #& 5 BLANE (Satellite
cells, SCs) % HlEd 272012, 8-12 WD Pax37™ < 7 A DRI 2 & O JEH; # - L72. FACSAria II Cell
sorter = T, (Pax3)GFP FEtEfiia 2 & 012 (Pax3) GFP Bt : (MyoD) REP Bt & %\ id (Pax3) GFP Bt ;
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(MyoD)RFP kil z His L7-. (3) BB L /- MIfaDIEE  HiBEL 72 FMPs & SCs % 4 H B A& WA 5 b THE
%%, 3 HEBEEH bR TR L7, X2 1-6 HHIZ, MyoD & Myogenin Dyt #4175 /2. (4) Big
UMRDBE BAZ1T) I HIC, BHE 2 5~ 2 (DMD-null, DMD-null ; nude) DI i (tibialis anterior,
TAIZ10um DANTF M F T 25 L, HifE2@#EL, & I~k L 72 FMPs & SCs(2x10* fiil) 2 i A N TE
BHL7:. BH2EMZIC, BRSNAZ TAZEL, YA IO 74 Y ORHZHARZ. 6)BEL ~HBBOXER
BEASCICEGEFRBEHEN Lk X ) ICHEEL 2o REPUR TH 2 CD34 0FH % FACSAria 1T TN L
72. F 7z, Pax3, Pax7, Myf5, MyoD, Myogenin D3 % qPCR 12 X O HLEMmHT L 72,

B 2
T LREZ in vitro THIEKT 572012, FMPs & SCs Z B MpHimEs, S ceyase, %
NEhOMIEEE#E 2 HHIZIE FMPs & SCsl3w3itd 90% UL EoMilass MyoD 233l L, W& O o 1LaEIZ K
EREFALNEP-(1). E2AD, VAT T4 YR TATH S DMD-null %7 AD TA I, FMPs
& SCs A LT FMPs & SCs @, HHH~OBIFHFL LKL 72L& 25, Bhlith28HIZBWT, FMPs, SCs
DELLOBMAEZIF/-TATY, YA M7 4 YOFRBEBENHKRSN/A, FMPs & ) & SCs OB % Z1F 72
TAIZBWT, FEL, XVEHOVA MO T 1 EHERMEIBIS SN (K2), ZofREr S, KRR
MBI E, B O BAGHG R L 736, itk A & bk
A B BRI G5 5 WA D B0, 2 ORF R H 1

MyoD DAPI Myogenin DAPI
Day 3 Day 5 Day 3 Day 5 - <
y y Y . WZ b

.. SCs OB HIE B0, Mo PRALEIAS SCs oA
. .o
c

FMPs

BETITFLLWIHENDH L. £ TRICFMPs IZBWT
b, MyoD ORHSBHMMFIHEL G ZTVE0E )
ERETT B 728, Pax3%"; MyoD-Cre ; R26R*" < 77 X % il
W, MyoD %383 L7 (MyoD)RFP B FMPs &, MyoD

SCs

R s A58 L 72 2 L 437% > (MyoD) RFP K Pk FMPs % Hijk L,
250 S 80
2l t SRS OBHAEE B L7 (MyoD)RFP B ¥ FMPs,
= | 2 40 *k Control FMPs SCs
o o
R g0 ::Z:S °\°o 20 :Z:s A C
\
‘ 1 2 83 4 5 6 1 2 83 4 5 6
Day Day
Phase TnT DAPI
‘ By U A D 120
™ e y & *k _
% \ NI : §§ 100 ,%
! e é’g 80 ©
'8 28
Eo ©
/ £5 w
SR ga é
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8 : © 20 E
w 0l
N - E Qfo (54
, s T °
1 BETICHTS FMPs 1 SCs & RKRDEFH1EEE 2 FIAEDMD FHCBHES /- FMPs WBEHTKRICE
Y3 53237 Z D% I1E SCs & VR
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(MyoD)RFP &t FMPs ® &b 5% BRI L CTd, RFP OHOBRILE, YA a7 4 Y ORBBBEIH SN2,
(MyoD)RFP Btk FMPs @525, BRI E W & 28bh - 72 (1K 3).

T, 0L BBMRHEOEDIAT 2 HFIIM. T ENoOMBEROBRMNFEOEDFREZHERT 5720
KPR, %20 CICEETRIAOAEEZRET L7z ZLAETRTOSCs 13 CD34 #HHLTnHDI12xf L, (MyoD)
RFP K&tk FMPs, (MyoD)RFP Bk FMPs @ CD34 SHMIEiZ 31 H# 60% T, SCs & ) 2R KA o7z, SCs
TREUPMON TV L MG R T CTHh 5 Pax3, Pax7, Myfs, MyoD, Myogenin ®3§3 % qPCR TlbikL7-& &
5, WINOBEERTFOIREHD, SCs Tikd Hh-72. (MyoD)RFP B4 FMPs, (MyoD)RFP B4 FMPs ik
T5E, 13ZM%, HDHVid(MyoD)REP Btk FMPs CTEih o 72 (X 4).

Z =

4 BlOFEERT, FMPs & SCs @ in vitro TOSERIEFRIZIZIZFETH - 7245, in vivo TOBMRF L, SCs D
FEOVEWTEPHB L. Zhid, BEICBIT 0, L 3B EZ FHTE 2RI 2R LTV
(MyoD)RFP K& FMPs, (MyoD)RFP Btk FMPs, SCs % li#k4 % &, —JE MyoD # %88l L 72 (MyoD)RFP
itk FMPs & %\ & SCs DB E 2o 72, F72, BHHMLICEZ LRGN T3S, (MyoD)RFP By
P FMPs & % \Wid SCs I2BWTHE 2> 72, SCs iE, FOREBBIIB VT, —F MyoD 25 L T2 A, ik
WTiZzoREAPALNL Y. ZOZEHL, BERFEITIE, MyoD ONITIE R, ZORIBEEINCEL T
BY, FRTOBEHE IS MIBIE, MyoD & —BERBLL 25 H 0 LOBEAZHMIZE ) S L PEETH S
ZEAUREEI NI ME D, BRBROMEEKHEICIE, RAEESNOBIMESRD L 2 LATRE NI

A
MyoD-negative MyoD-positive SCs
Pax3*;MyoD-Cre;  (MyoD)RFP-  (MyoD)RFP+ FMPS FMiPs
R26RR" - 2%| 64%| 00%
A= - o . . i
45% 55% © ©
100 " o "
50 0wt 10
CD34
0 B
0 10? 10° 10* 10° 5 25 4 25
(MyoD)RFP e c c
o o o
RFPDystrophin ‘@ 4 s 2 ) o 2
Dystrophin DXP| P g -% g 3 g
J E_ 3 9 15 e_ % 15
. 60 ek | & a2 |
o o o 2 wy o o 1
B 4 850 2 2 = 2
5 =] EE % 05 o ! o os
o 824 o 12 2 2
= g"’;" 0 0 0 0
= 28 Pax3 Pax7 Myf5 MyoD
gg 25 7
e :
52 5 2 5 A
=2 ? B 5 B MyoD-negative FMPs
<10 8 15 s ., B MyoD-positive FMPs
o u% . L%‘ 3 B SCs
. X o (]
((Q ((Q 2 & 2
S 5 o : .
o iz
@‘\ @‘\ 0 0
Myogenin Desmin
3 MyoD ORBEE %D FMPs DA, HBERED 4 BiERESBVMREE, BUTHRIGERFOR
W FMPs & V) BHERED L. RLAILH BN

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
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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.

Here we introduce one of our research topics on a regenerative capacity of fetal skeletal muscle progenitors af-
ter intramuscular engraftment in dystrophin deficient mice. Muscle satellite cells (SCs) are stem cells that reside in
skeletal muscles and contribute to regeneration upon muscle injury. SCs arise from skeletal muscle progenitors ex-
pressing transcription factors Pax3 and/or Pax7 during embryogenesis in mice. However, it is unclear whether
these fetal progenitors possess regenerative ability when transplanted in adult muscle. Here we address this ques-
tion by investigating whether fetal skeletal muscle progenitors (FMPs) isolated from Pax3”* embryos have the
capacity to regenerate muscle after engraftment into Dystrophin-deficient mice, a model of Duchenne muscular
dystrophy. The capacity of FMPs to engraft and enter the myogenic program in regenerating muscle was com-
pared with that of SCs derived from adult Pax3“*"* mice. Transplanted FMPs contributed to the reconstitution of
damaged myofibers in Dystrophin-deficient mice. However, despite FMPs and SCs having similar myogenic ability
in culture, the regenerative ability of FMPs was less than that of SCs in vivo. FMPs that had activated 440D en-
grafted more efficiently to regenerate myofibers than MyoD-negative FMPs. Transcriptome and surface marker
analyses of these cells suggest the importance of myogenic priming for the efficient myogenic engraftment. These

results are discussed in the context of cell therapy with the pluripotent stem cells derived myogenic progenitors.

[% # B 2]
@ REERK ©

1) FEERX

Suzuki, K., Hayashi, Y., Nakahara, S., Kumazaki, H., Prox, J., Horiuchi, K., Zeng, M., Tanimura, S., Nishiyama, Y.,
Osawa, S., Sehara-Fujisawa, A., Saftig, P., Yokoshima, S., Fukuyama, T., Matsuki, N., Koyama, R., Tomita, T,
Iwatsubo T.. Activity-dependent Proteolytic Cleavage of Neuroligin 1. Neuron, 2012 : 76 (2): 410-22.

Sakurai, H., Sakaguchi, Y., Shoji, E., Nishino, T., Maki, I, Sakai, H., Hanaoka, K., Kakizuka, A., Sehara-Fujisawa, A.. In
vitro modeling of paraxial mesodermal progenitors derived from induced pluripotent stem cells. PLoS ONE,
2012: 7(10): e47048.

Atsuko Sehara-Fujisawa. Roles and Functions of Meltrin beta / ADAMI19. Handbook of Proteolytic Enzymes, 3

Edition (Editor in Chief : Rawlings & Salvesen), Academic Press

© FEZREOER @

1) #% - IRSHEX

Atsuo Iida, Anna Tomosawa, Kazuya Sakaguchi, Sigenobu Yonemura, Atsuko Sehara-Fujisawa: The onset of
primitive blood circulation regurates the timing of blood vessel. Joint Meeting of the British Societies for Cell
Biology, Developmental Biology and the Japanese Society for Developmental Biology (2012.4.15. Coventry,
UK)
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Atsuo Iida, Anna Tomosawa, Kazuya Sakaguchi, Daigo Nishimura, Atsuko Sehara-Fujisawa: Vascular formation
requires crosstalks between endothelial cells and primitver erythrobrasts at the early stage of their develop-
ment. 55 45 BIFEAEY) A4 - 5 64 10 H AR ALY ¥ & K% (20125.30. JL)

Anna Tomosawa : Roles of a transmembrane metalloprotease ADAMI0 in zebrafish vasculogenesis. % 7 If7E
Fiky b7 — 2 @B YR D 4 (2012614, FIK)

Emi Shoji: Modelling Duchenne muscular dystrophy (DMD)with human induced pluripotent stem cells. %5 7 [d]
WEZeii At v b7 — 7 EBEY R Y 4 (2012614 EHR)

Sakai, Hiroshi, Sato, Takahiko, Sakurai, Hidetoshi, Hanaoka,Kazunori, Montarras, Didier, Buckingham, Margaret,
Sehara-Fujisawa, Atsuko: ENGRAFTMENT OF MOUSE FETAL MYOGENIC PROGENITORS INTO
DYSTROPHIC MUSCLES. International Society for Stem Cell Research 10* Annual Meeting (2012.6.15. #ii
N

Nishimura, Daigo, Sakai, Hiroshi, Sato, Takahiko, Iida, Atsuo, Sato, Fuminori, Bartsch, Jorg W., Sehara-Fujisawa, At-
suko: ROLES OF ADAMS8 FOR SKELETAL MUSCLE REGENERATION. International Society for Stem
Cell Research 10" Annual Meeting (2012.6.15. #iZs/11)

WY, AEREES R AR (2R D\ 72 1PS M © O HT BRI O VR - HUEED: 00 B — i R s T
(ZB5-9 2 IR SRR O] - RS - AR BTSRRI (YA a7 4 IS T A T v AL —
vatv s V) —F ] PR 24 FERFJERE SR (2012126 HUX)

W, IR ¢ WSS AR 12RO\ 72 iPS M 2 & ORI BRI O VE R - Bk 0 B SE — B HR 1PS A
EMCfY A b a7 4 =20y A RIS OFSE —, Kl - AR BITZER R [ 2 hu 71—
S5 F T YAV =gt v - U —F ] PR 24 RIS (2012126 BTN

FEREZ, P, WS 0 RS R ORI B G- 2 G R ETRRERR, 7—2 v a v 7 IWII
B AT 78 O f Rt (Frontiers of muscle stem cell research) (& —#F 4 ' — : /NEFA&A, FEARATL),
55 35 Il H ARGy 7AW ¥ x4 2 (20121211, FRf)

FEToSE, MIRILtE, TMEEME, MvhEL, v vy v s X— b, HEIER, ERES, HESHEET, R - %
REF T2y MG YA a7 0 —BFHR IPS Mlld 2 v CoRBEBL, 5 35 bl H A1 LW
KAE2 (20121212, f@bH)

PEBRRE, SREHESE, WIOMGR, I, KERe, TRy, ZAEE, ~N—y. LW, #EET o
FEHEE W BIT S ADAMB % H, 7—2 2 a v 7 3W6l Mlast 7o 74 ¥ A2 X B HMBZE) o il
(Extracellular proteolysis in cell behavior, and beyond) (4 —#F A ¥ — : $EE T, WHE =), #35EH
RorT- AR AR 2 (20121213, F&E )

e e, (RSB, BRI, AREN, Ry, TR, WERE T RAEROE T 7 14 v ¥ a o
R D REAEC BT % ErbBA ¥ 7 F Vo fedl, 45 35 Il HAG 1AM A 204723 (20121213 &)

D. Nishimura, H. Sakai, T Sato, F. Sato, J.W. Bartsch, A. Sehara-Fujisawa : Roles of ADAMS in skeletal muscle re-
generation. The American Society for Cell Biology 2012 Annual Meeting(2012.12.15 San Francisco. USA)

2) BE-VURIIL
Atsuko Sehara-Fujisawa : Roles of ADAM proteases in development of zebrafish. Seminar in Kennedy Institute of

Rheumatology (2012.4.19. London, UK)
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Atsuko Sehara-Fujisawa : Roles of ADAM family metalloproteases in cardiovascular development. Developmental
Biology Seminar Series Easter 2012(2012.4.20. Cambridge, UK)

W ANCHERILK OV — Y 2855, P24 5 HAEALA RN FI R > > R P 4(20125.26. FR )

HEOR © IR 2 P (2 % 720 D IAE N EHINE — ASFEROMEAEM, % 2 [l Dev. Boil. Just Do It D%
(20125.27. JeJ)

Atsuo Iida: Vascular formation requires crosstalks between endothelial cells and primitive erythroblasts at the
early stage of their development. % 7 BIFFZEFT A v b 7 — 2 EBEY R T 24 (2012614, =%)

WEE T EEET T T4 v 2R WTADAM 707 7 —BoRE EEEICIS, YU RY Y A2 RIS
ZHIIARL 7 2 ~HNBHMBRBEAT | S 2§ GBI & AR O 5% - sGE T, BOEEDY), @ 12mH
RPUIMEHER A R 2 (20126.24. A1)

Atsuko Sehara-Fujisawa : Exploring Roles of ADAM Proteases in Development using Zebrafish. NUS/TLL/NIBB
JOINT PRACTICAL WORKSHOP ON Genetics, Genomics & Imaging in Medaka and Zebrafish (2012.7.26.
Singapore, Singapore)

WEET X7 774 v ¥ 2 OFMFFICBT 28ME T o&E & 2ofl#, ¥ RTT AL FEHAEWF(E =T
FAF - HAEE, RN ), 426 M HAFH AW (20129.28. 1K)
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(57 52 #1 &]

FEIMZ 3B T G MM 2 S R EEEABRAE STV E, WA WA ORYIO HAERT BRI AT 5.
FTAOMBENHEL L TWDE I EIE, ZOHMUEREBRIZEWT, ML 23R D 750 F % 575 % 7
MTHIETHD. A RIIIEDTHEF L WEMET IV E LT 3204 FIEABETFTV] ZHRELTE
7o, —RRCHAT LCE IS E SV L RERY, SOEFLVTIE, ) 204 F, THIE, B~ 5ML
22 ) BEERIZ BT, I u A P~ MLiE 2 REET 2 & LTws, SM#EOSEEMEdLE LTwa
A, BT THMBICE 2 MBICILEL BT ED TS, —7, FELREMIEE H w7z ek
DHFEDBIToTEY, UTIZZDHIAETIT - 72RO BRZ HA§ 5.

- iPSHilREM Z AV THARFEREN TRz BESES
SHOWETIE, PABEICKIST S THllez, PSHlEMZHVCTHETLIZL2HWE LA,
BARFORNIZIE, PAEZRTRIZFHOF 7 - THIRIHFEST L. LrL, THROZ CEPAMIBIZE -
THIALINTWT, BT REO THIZSSAETH L. BUATOPARIERETIE, 2oL EO T Mz fl

MART-1#u R4 R #

E b5 —THER
BYE LI=MART- 1R
HEMT@@
MART-1 -
HiIR B
THELETH2—
_ TERMLEREEZDD
iPS #ifa THELETS2—
00000 = = | 99000%9C0
A A
Ip-Clle MEFEE
I EF A E OP9/DLL1#ffE & D iEE

1 iPS#lfaffi& AW 5— THRROB4E
P ABR MART-1 45 200% 5 — THilg» 5 iPSHIlZZ(ER L. ZDPSHE,» 5> THRREMEFBE TS &, BEL & THAZ
DIFIETNTH MART-1 FUEANDRISHEER U 7=,

Fig. 1 Regeneration of cytotokic T cells using the iPS technology
iPS cells were produced from human CD8* T cells specific for the tumor antigen MART-1, and CD8* T cells with the same antigen
specificity were regenerated in vitro from these iPS cells. The present study thus illustrates an approach for expanding antigen-
specific T cells applicable in cell-based therapy of cancer.
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MLTHEHP»EL L VI EIEER STV, LaL, @32 THRBOKI D) 212, f#ME 2 72%0 T Ml
DFHFHDELEPERE LR WE W) HEDSD ), TSP ADRIERLEONEEZHDTVE. RAFFETIL, iPS
ML E A & T O M EFERM 2 A GHLEL 2 LX), 29 LARREITHL L9 Lk

Frid, v MEEROERCEEEOPAPETH S MART-1 HuE & SUBTE % T MK LR KT 74 &% /A
SETIPSHlEAER L. g MART-1-TiPS Millg & #1117 5.

THIlEIE, SEFSFRPBCH L THFRNICKSTE 225, CoRBICKBT 20 THilRL 75—k
THhED. THRLET Y —O#EETIX, 7/ 2h0Le 7y —#zTORRF2HEBRTs2LICE-oT2 B
72bDTH%. THNEL»S PSHMREZMERT 2L, BETFHHERTO ONTBETOHHRD T EMINLDT
ZD X9 % iPSHINEA, S T MilazMtiFEs 2L, o THlREFAUKSHED THlRL 75 —2%8+5 %9
Wb EEZT

iPSHlEA S THIEZ LFEE L2 2 A, AL THROIZIZETY, TOBATEE KISTE % T Ml
L7y —%58 L7z £z, Ihoo THIBIZITCOFAPRICKIGT 2 2 EMMERTE 2. TORIE, 254
RIEFENHEI T 2 THROBOA %S, THROGFGORS &) MENE, —ZICHRTELREEZRL
TWwW5.

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

proaches.

Regeneration of human tumor antigen-specific T cells from iPS cells derived from mature CD8" T cells
Antigen-specific T cells represent a potential therapeutic avenue for a variety of conditions, but current ap-
proaches for generating such cells for therapeutic purposes are limited. In this study, we established iPS cells from
mature cytotoxic T cells specific for the melanoma epitope MART-1 (Fig 1). When co-cultured with OP9/DLL1
cells, these iPS cells efficiently generated TCRB*CD4"CD8" double positive (DP) cells expressing a T cell receptor
(TCR) specific for the MART-1 epitope. Stimulation of these DP cells with anti-CD3 antibody generated a large
number of CD8" T cells, and more than 90% of the resulting cells were specific for the original MART-1 epitope.
Stimulation of the CD8" T cells with MART1 antigen-presenting cells led to the secretion of IFNy, demonstrating
their specific reactivity. The present study therefore illustrates an approach for cloning and expanding functional

antigen-specific CD8" T cells that might be applicable in cell-based therapy of cancer.
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1 A=A PIVBERICEERL 2 b ES #IFRER F/Y 3 > @igiia
(A, B, C)42 AENERE L /-3 % H = 7 1 IR (IREAF) ICBAEL, 12 P RRICIT - 2 KX gl ~—H—(FO >
DOKBEALEESR 1 TH) (ST B RZESRE. B,CEZhZh A BOBRRADILKAEE. (D, E) LEXI3TAE 12 » BED T2 3858 MRI &
&, FREXIZF-DOPA O PETEIRT, TERIEChoS2EhEHEAHD. D IEEEMOAZFEALAZI MA—ITEIEH
bFE 42 BEOMIZEBHE L 2 YL 129, BAERIC— L TF-DOPA DB AA N LR LT W3, ThHbEHIES hH#lE
PRI HREE L THBEL TWB 2 &R D 3.
Fig.1 The DA differentiation of the human ESC-derived NPCs in the monkey brain

(A) The gross appearance of the d42-graft with DAB staining for TH. Bar = 1mm. (B) The image of the boxed area in A. Bar = 100
um. (C) A magnified image of the boxed area in B. Bar = 50um. (D, E) T2-weighted MR images(upper),DOPA-PET images(middle),
and combined MR and DOPA-PET images(bottom)of the monkeys injected with culture medium only(D, control),or with d42-
spheres (E) at 12 months.
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Fig. 2 The behavioral changes of the monkeys after transplantation of d35-
or d42-spheres

Neurological score 3>

| - Cont
& -=- Day35 (A) The time course of changes in the neurological scores of the monkeys injected
21 -+ Day42 with culture medium only (control, blue, n=4), or implanted with d35- (red, n=2) or
0 — d42-spheres (green, n=4). The data are presented as the means + s.d. A repeated

pe1 23 45678 9101112  ANOVA including group and repeated rating of scores as factors disclosed that
Time after transplantation there was a significant interaction between the group and repeated rating of
(month scores (F (24,84) =4.17, p<0.001), indicating that the time course changes of the
scores were different among the three groups. Furthermore, a repeated ANOVA
for the rated scores in each group revealed that a significant effect of time was
found in the rated scores only in the group implanted with d42-grafts (F (12,36) =
25.8, p<0.001). A post-hoc analysis in this group, by a pair-wise comparison of the
scores between pre- and each time point post-graft, revealed a significant de-
crease in the scores at 3-9, 11 and 12 months post-transplantation (Bonferroni
corrected *p<0.05).

F 7o, Fex IBHMBL OB ZMHT 272012y 22 Ly —PHEH O 2 - A 72 (1K 3,4). Z DFEW Notch
T FNEEET S 2 & THREHTESHIE O B 2 ) 2 ARSI AN O L R RE T 5. v LY —EHEDRDD
5155 AL G (DAPT, Compound E) ZBHHIIC 4 HE/EH €2 2 & THIRORAEAHIH S, BHFOKE
EVNEL BB ZENHLNE o7z S HICBMANOMBEITERHIEANEL Y, BAMBEMEOB Al KE L ko
2. bbb, vk Ly — EHERTRAN OMEETTIRMIE 2 LB 5 2 LIk 5T, BAHIR oL
HE S WEEEIR O W R § 5 2 LIRS .

We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially
embryonic 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
developing a safe and efficient method for clinical application of these cells.

In 2012, we have reported the results of transplantation of human ESC-derived neural progenitor cells (NPCs)
into primate models Parkinson’s disease. We have herein, for the first time, compared the growth and function of
human ESC-derived cells with different stages of neural differentiation implanted in the brains of primate models
of Parkinson’s disease. We herein show that residual undifferentiated cells expressing ESC markers present in the
cell preparation can induce tumor formation in the monkey brain. In contrast, a cell preparation matured by 42-
day-culture with BDNF/GDNF treatment did not form tumors, and survived as primarily dopaminergic neurons.
In addition, the monkeys with such grafts showed behavioral improvement for at least 12 months. These results
support the idea that human ESCs, if appropriately matured, can serve as a source for dopaminergic neurons
without forming any tumors in a primate brain.

We have also attempted to reduce the tumor formation. Immature NPCs in the grafts can proliferate

unpredictably, resulting in neural overgrowth and long-term risks of compressing the surrounding host tissue.

oo B RS AR5



Annual Report 2012

A Control DAPT Comp.E B

wx%
1
AR
1
(52]
E
B I — =
Control DAPT  Comp.E

3 yEIL—FHEEFAVNEOHFEICLZBERT A ADEN
(A) £ I iPS #BRERR DRI MEIE £ RIEA 2~ U AMICHEAE L 8 BRICT - £BEIF DRELRE. HNARE MIHENL
MM TE b iPS MilRmkMiEZRT. (B)BHER Y1 OB, vyt 7L 42— FEEF THRAERTICAE L AR ClRIBER
L ANYIN-JAN

)

m
(=]

HNA/TH
o
o

Graft volume (i

o

Fig. 3 Histologic analyses of human iPSC-derived grafts with or without GSI pretreatment
(A) Representative immunohistologic image of a graft from each group at 8 weeks post-transplantation. The iPSC-derived NPCs
were pretreated with GSls for 4 days, and transplanted into the SCID mice. Control grafts pretreated with DMSO were large with
numerous neural rosettes, whereas GSl-treated grafts did not show overgrowth. Scale bar, 500 um. (B) Graft volume was esti-
mated for each animal. Pretreatment with GSls significantly reduced the graft volume. Control : n=7; DAPT: n=4; compound
E: n=6.
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Fig. 4 Characterization of viable grafts pretreated with GSls

Graft cells positive for Tubf3 and HNA. Grafts pretreated with GSls primarily contained a more homogenous population of mature
TubB3* neurons. Scale bars, 100 um.

Because Notch signaling plays a role in maintaining the multipotency and proliferative capacity of NPCs, we used -
secretase inhibitors (GSIs) to dampen Notch signaling in human iPSC-derived NPCs prior to transplantation and
examined the effects on the growth of proliferative grafts. Histological analyses performed 8 weeks post-
transplantation showed that briefly treating the donor population with GSIs not only reduced the graft volume but
also altered the composition of the graft; control grafts showed neural overgrowth with numerous PAX6" and Ki
67" neural rosettes, whereas GSI-treated samples developed into mature neuronal grafts containing primarily Tubf
3+ cells. These results suggest that pretreating potentially proliferative progenitors with GSIs may improve the

safety of cell replacement therapies using pluripotent stem cells.
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Hayashi H, Shinoyama M, Mohamed R, Suemori H, Miyamoto S, Takahashi J. : Prolonged maturation culture

favors a reduction in the tumorigenicity and the dopaminergic function of human ESC-derived neural cells
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Figure 1 Molecular analyses of iPSC clones derived from different tissues of an identical donor. A. Process of establishment.
Skin and bone marrow were taken from a same donor, and dermal fibroblasts (DF) and bone marrow stromal cells
(BMSC) were established from each tissue. Then, iPSCs were created from each type of cells. B. Cluster analyses of
iPSC clones. Expression profiles of iPSC clones derived from donor 90 (blue box) and 91 (green box) were analyzed at
undifferentiated state. DF-derived clones (yellow letter) and BMSC-derived clones (red letter) were classified based on
the origin of donor, not by the origin of tissue.
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The objectives of our department are to disclose the pathology of disorders in mesenchymal tissues at molecu
lar level and to develop new therapeutic modalities by understanding physiological growth and differentiation of

mesenchymal cells. Following projects are currently undertaken.

1. Regulation of growth and differentiation potential of 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. However, many fundamental features of, are still unknown, which
are crucial for the development of regeneration therapy using MSC as the evidence based medicine. In collabora
tion 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 ar
rest of MSC. We also found that the hypoxic culture condition inhibited the upregulation of the pl6 gene, and re
tained MSCs in the senescence-free state with multidirectional differentiation properties. We also found that hy
poxia down-regulated the activity of ERK, which, at least in part, involved in the down-regulation of the pl6 gene.

We are currently investigating whether hypoxic culture can select particular types of cells.

2. MSC as cell-of-origin and tumor-initiating cells of sarcomas

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-initiating cells of sarcomas, which are highly tumorigenic and resistant to chemotherapeutic drugs. In
other words, markers for sarcoma initiating cells can be used to identify MSC among stromal cells. We are cur
rently focusing of p75NGFR, which is expressed on both MSC and osteosarcoma, a representative sarcoma derived

from bone marrow stromal cells.

3. 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
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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 sub

mit this method as an advanced therapy for MHLW.

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 experi
ments using rabbits. At first, we created the osteochondral defects and investigated the effect of EP2 agonist for tis
sue regeneration. As a result, in combination with appropriate drug carriers, EP2 agonist enhanced the cartilage re
generation in vivo, and contributed to reconstruct the osteo-chondral boundary, which is important factor to main
tain normal structure of articular cartilage. Next, we created traumatic degeneration model by the dissection of an
terior cruciate ligament and partial resection of medial meniscus and found that administration of EP2 agonist pre
vented the degeneration of articular cartilage dose-dependently. Immunohistochemical analyses and in vitro experi
ments 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 system
which allows repetitious administration and now are investigating the effect for traumatic degeneration model. Pre

liminary results suggested that this receptor-specific agonist is a promising molecule for clinical application.

5. Research related to iPS cells

Human iPS cells, which were established by Prof. Shinya Yamanaka on November 2007, are pluripotent stem
cells enabling the regenerative medicine using patients’ own cells. We have been engaging the research related to
iPS cells as members in the Center for iPS Research and Application, Kyoto University, which was established on
April 1, 2010. First project was to find whether the cell-of—origin of iPS cells affects their characteristics using
genetically matched iPS cells established from different tissues of same donors. We found that characteristics of
iPS depend on donors but not on the type of original somatic tissues. Current theme is to investigate the pathology

and to develop new therapeutic drugs for intractable bone and cartilage diseases using patients—derived iPS cells.

[ # B 2]
@ RERK ©

1) BEE#RX
Toguchida J. Regenerative medicine for bone diseases using mesenchymal stem cell. Inflammation and Regenera-
tion, in press.

Nasu A, Ikeya M, Yamamoto T, Watanabe A, Jin Y, Matsumoto Y, Hayakawa K, Amano N, Sato S, Osafune K,

e B RS AR5



Annual Report 2012

Aoyama T, Nakamura T, Kato T, Toguchida J. Genetically matched human iPS cells reveal that propensity
for cartilage and bone differentiation differs with clones, not cell type of origin. PLos One, in press

Hayakawa K, Ikeya M, Fukuta M, Woltjen K, Tamaki S, Takahara N, Kato T Jr, Sato S, Otsuka T, Toguchida J.
Identification of target genes of synovial sarcoma-associated fusion oncoprotein using human pluripotent
stem cells. Biochem Biophys Res Commun, in press.

Yamada K, Ohno T, Aoki H, Semi K, Watanabe A, Moritake H, Shiozawa S, Kunisada T, Kobayashi Y, Toguchida T,
Shimizu K, Hara A, Yamada Y. EWS/ATF1 expression induces sarcomas from neural crest-derived cells in
mice. ] Clin Invest, in press.

Kajita Y, Kato T Jr, Tamaki S, Furu M, Takahashi R, Nagayama S, Aoyama T, Nishiyama H, Nakamura E, Katagiri
T, Nakamura Y, Ogawa O, Toguchida J. The transcription factor Sp3 regulates the expression of a
metastasis-related marker of sarcoma, actin filament-associated protein 1-like 1(AFAPIL1). PLoS One,
2013; 8(1): e49709.

Kajiwara M, Aoi T, Okita K, Takahashi R, Inoue H, Takayama N, Endo H, Eto K, Toguchida J, Uemoto S,
Yamanaka S. Donor-dependent variations in hepatic differentiation from human-induced pluripotent stem
cells. Proc Natl Acad Sci U S A, 2012 ; 109(31): 12538-43.

Kawaguchi S, Tsukahara T, Ida K, Kimura S, Murase M, Kano M, Emori M, Nagoya S, Kaya M, Torigoe T, Ueda E,
Takahashi A, Ishii T, Tatezaki SI, Toguchida J, Tsuchiya H, Osanai T, Sugita T, Sugiura H, Ieguchi M, Thara
K, Hamada KI, Kakizaki H, Morii T, Yasuda T, Tanizawa T, Ogose A, Yabe H, Yamashita T, Sato N, Wada T.
SYT-SSX breakpoint peptide vaccines in patients with synovial sarcoma: A study from the Japanese Mus-
culoskeletal Oncology Group. Cancer Sci, 2012 ; 103(9): 1625-30.

Masago Y, Hosoya A, Kawasaki K, Kawano S, Nasu A, Toguchida ], Fujita K, Nakamura H, Kondoh G, Nagata K.
Molecular chaperone Hsp47 is essential for cartilage and endochondral bone formation. J Cell Sci, 2012 ; 125
(Pt5): 1118-28.

AN, WE B, FOHES. BEEE S soE s RS 1R iPS MilE 2 V7R BL & R I DA A,
AR TP MOOK22 e 75V LB, RIS HIEZE, M SR Al B 78 o e Hi A 190-194.

2) & &
AR TPES MOOK22 IR BT 7 )V LRI, AR HMFZE, M SRal R Fe o nime. T ITH W, it
& B, ATA4 ANV, W, 2012

© FREORRX @

1) 22 - RESHEX

FITHEW. Identification of AFAPILI as a prognostic marker for spindle cell sarcoma. #%5 38 IRVt & WIERFIE 4
(2012.1.14. 5L#F)

FITHEW, FIe, REEE, will P BB 3EREMIE 2 v 72 RIS BT 03 2 B Blia ik O B 6.
55 3 Il H AR BRI 78 2% (2012.2.24. F& )

BEEFICAMZERM — g8 —



Institute for Frontier Medical Sciences

55 85 Il H ARBILAV L - 2 &% (2012517, 5UHR)

faH B, BN, EESCS, EREE, m EH OREKEE, Va7 r s x— b, FHHER. EHEE
BIBEBINR S ¥ — % 7z SYT-SSX Rl & B nT8 A iPS Mg sz, &5 11 [l H AP A BE #4743 (2012.6.12.
Hiie)

WMARMEA, 4 HE, Edward Hsiao, Christopher Schlieve, HFZH #i, &7 8, KPS, Bruce Conklin,
CIHE. PS#E % 72 BEGTE SR BN ORI M A, 55 11 Bl H AT ER 24 (2012613, Bt

HOlRw], s B, IR OB HhEEz, gk W, MEEEER, VEANVREOR, EER, CPRBRE, FLIHEW.
iPS Mg % 72 CINCA RERBEE D BIEIARZE OFFAT. 25 11 [0l 0 AP B2 (2012.6.13. Al

WRZH B, AN, ARSRH, A, A B, S THRE. W FF -0 R 18k & Y B2 L 72 iPS
fao eickas. &5 11 [l H AT # 7 4 (2012.6.13. B

RIS, gk, B M, s B, JRHBGE, KREFEE, P IHEW. Generation of canine iPS cells and
their characteristics. 45 11 [ H AP A2 BE #4723 (2012.6.13. AfiE)

Hayashi Y, Hsiao E, Sami S, Lancero M, Schlieve C, Yano K, Nagahashi A, Ikeya M, Matsumoto Y, Asaka I,
JToguchida J, Conckin B, Yamanaka SBMP-SMAD-ID axis promotes reprogramming to pluripotency. #% 10
I ISSCR (2012.6.14. ##i%)

Fukuta M, Hayakawa K, Tamaki S, Sato S, Ikeya M, Otsuka Y, Woltjen K, Toguchida ]J. Establishment and func-
tional analysis of iPS cells with drug-inducible SYT-SSX fusion gene. % 10 [n] ISSCR (2012.6.14. #fii
Matsumoto Y, Ikeya M, Hsiao E, Schlieve C, Nasu A, Asaka I, Otsuka T, Conklin B, Toguchida J. Application of iPS

cells to the research of fibrodysplasia ossficance progessiva. %5 10 [#] ISSCR (2012.6.15. #fii

Yokoyama K, Ikeya M, Nasu A, Tanaka T, Saito M, Umeda K, Nishikomori R, Nakahata T, Heike T, Toguchida ]J.
Understanding the pathology of the arthropathy in chronic infantile neurological cutaneous and articular
syndrome by using iPS cells technology. #% 10 6 ISSCR (2012.6.15. ##i%)

Nasu A, Kato T, Yamamoto T, Ikeya M, Toguchida ]J. Genetically matched human iPS cells revealed that the pro-
pensity for iPS cells to differentiate into cartilage lineage cells differs with clones, but not cell type of origin.
45 10 [l ISSCR (2012.6.15. A%

Watanabe M, Nasu A, Kato T, Ikeya M, Toguchida J, Sato T. Proteomic analysis-based identification of proteins re-
lated to differentiation of human iPS cells into cartilage cells. % 10 [8] ISSCR (2012.6.15. # iz

Schlieve C, Matsumoto Y, Hayashi Y, Kim H, Nguyen T, Sami S, Yamanaka S, Ikeya M, Toguchida J, Conklin B,
Hsiao E. Modeling inherited skeletal disease in human iPS cells.10th ISSCR (2012.6.15. A

FESILCS, EKA, RIS, fH 8K mEE, SEHERE, P, SRAEO SIS LT,
55 45 Il H ARBTEA VR 7 2 R IR 55 27 4R 2 (2012.7.14. 350

A e, APEENS, FITHREWM. MRHI B 2 8 WIE O RSG5 45 10 H ARSI HVRE 7 S kR 55 Al
%% (2012715, H50)

BInm%, fwmH o RES S, EREE, b B OREERE, Knut Woltjen, 7 ITHEM. HHFHEME
BN & —% 7z SYT-SSX Rl & 8535 A iPS MINE OB, 55 45 [l H ARTEAV AL 7 2B AR 5% <4l
#:%(2012.7.15. 50

MHSY, AR, AOREIE, PIVERE, MRERT, RA P THREE, AR, PRl ST
Jige 15 0 1 A0 e R D AR AT BRN & TR B AR R o0 BA . 55 45 1] H A HE T AL B o S kR R B A AR

g B RS AR5



Annual Report 2012

(2012.7.15. HH0)

B i, MRS, TITHEW, RBRE R IES (M 5 PR R — BN RS & UIBRER O R, -
45 ] H AEETEAVR 22 B I B Al 42 & (2012.7.15. HURC)

FHHER, RES L, RIS, #E G SEE s 5 KA. WIEORER I~ o w7t
OIS, 5 71 I H AR5 (2012921, ALIBD)

il B, wAE se JOUlES, ATESEEC MERTERR RNECHE, AR, SORRm, T DERE. KREEE
B G-9 2 B BLEA T OBRREMAT. 25 71 Il H A &8 % (2012.9.21. ALIBY)

HRE—R, MRS, M A, S ITHE, FREA, BEF— A FBICZSE L 72 Glomus B O 161, 55 119
| rp R AR RIEAVRL SCE SR 2 (2012105, F8F)

SRS, A, ARZH M, R, SRHRKE, OREREER, FOHE. A XA R T2 ek
ORI 5 27 Il H ARETA B2 2 IR R R 4R 2% (201210.26. 44k &)

HOlRw], Wy B, OIRH OB HEz, Ak o, HEREER, VEANREOR, PEER, CPR®BRE, FLIHEW.
TR H1R iPS MIES 2 H v 72 CINCA FERREE I BT % BN RE O 201 8AE O M. 45 27 Inl H AT H AL
REEMEFAMHE S (20121026, 44t )

AN, b4y H, Edward Hsiao, #FZ2H B, &#&F 8, KEERE, FOHES. ATZMEsEMRE2 v
A VHEARTE R R EAN O A, 55 27 [0l H ARBILIVEL 2 S I A 42 2 (2012.10.26. £4tifR)

Bk SN, EES S, LS, WA H, Kout Woltjen, KBFER, FITHER. PSHlEZ v
72AERTZE A ORI O] 2 60 U T 58 27 [al H AR BT AVR 2 & JE B 274 4R 4% (2012.10.26.
Al R)

ANRISAT, AN, EES <5, ®EET, FIHES. NS EEcs1T 5 IkkB OREEMY. %45 27 [ 1
REFLHVRL 2 2 AR AT SR 2 (20121027, b))

BIAME, APERENS, TlE R, PR, PO, SRR BT 2 R F v V=R — FoBUR. 8
1 BEEE~ A —T 2 2 b3 —(2012.11.10. 5C#R)

Takahashi R, Kajita Y, Kato T, Furu M, Ikegawa M, Nagayama S, Sakai Y, Toguchida J, AFAPIL1 accelerates
growth of sarcoma cells in vivo through the association with protein complex in invadopodia. 5 17 [\l CTOS
(2012.11.15. Prague)

Hayakawa K, Fukuta M, TamaiS, Kato T, Ikeya M, Otsuka T, Woltjen K, Toguchida J. Application of iPS cell tech-
nology for the analysis of origin-unknown sarcoma characterized by a specific fusion gene. %5 17 [\l CTOS
(2012.11.16. Prague)

Tamaki S, Kato T, Hayakawa K, Takahara N, Kajita Y, Toguchida J. Cell context is an important factor for the role
ofSYT-SSX on epigenetic regulation of transcription. %5 17 [\l CTOS(2012.11.16. Prague)

FEILS, KA, BINAME, fRH Gk SEE SEERS, I, AT R S A R 5 A
HHEAHE SYT-SSX LY/ AN BV TEE LK T TH 5. 4 35 |l H ARG FAEWFRFER (20121212
et )

AN, PR E, RN, PO, ERAES RN A AR SYTSSX IZL 2T Y 2 AT 1 v
7 WERFE O 51RO Y], 55 35 Il H A A A 242 (20121212, &)

BRI RH R —g—



Institute for Frontier Medical Sciences

2) HWE-VLRIYL
FLTRA, Sl A JE Vo 7= P D0 — BISE e & iPS M. 45 1 i1 AT AL R IE 7 + — 5 A (2012.1.25,

FR)
FIOHER, K5 FLEWE H W 72kg BRSO VT, ELY 7 + —F A 2011 4F FEI I 24 il i 2% (2012.2.22.
HUHR)

FIHE, BRI 30 2 Bl e o BFH. 5 52 [l BRI S E AR 43 (2012.3.23. HiHE

FHE, kg B~ iPS MBSl oI A, i Gl i BF7e i i (20124.11. BT

FIETHE, M2 72 PR R OBUIR & S 5 38 IIESHESMRL 7 L > b o vk 7 b (2012421, HERD)

FITHE, EEEHRE I 2 FAEERROIGH. 45 85 Il H AR/ A2t 4 (2012518, HLHK)

FTHER, Siia O BBRICH - HRERT - BI2E - MlmHE. 6 3 PRk 24 SEBEFHER B R — F E U8 ARG
2 (2012.7.31. 3THR)

FITHE. PSHMMBRIFEOBIN & S, 45 11 il MU €24 2+ 3 4 —(2012823. KK)

Toguchida J. Prosepects of stem cell therapy in the musculoskeletal filed. Seminar in Musculoskeletal Research
Cluster of the The Catholic Institute of Cell Therapy and Department of Orthopeic Surgery(2012.9.14.
Seoul)

Toguchida J. Application of somatic and pluripotent stem cells for musculoskeletal diseases. %5 9 [nl The Catholic
International Stem Cell Symposium (2012.9.15. Seoul)

FOHES. & - B RENOBMIBAIZEOICH « BI L RS, 5 16 [l Rl 53 3% FHAE BRI 78 2 (2012.9.25.
i)

PTG, R ES O W - % - B RS, & 74 MIEAULMEE A > 7 7 L ¥ 2 (2012.10.18. 5LH#E)

FITHEA. iPSMIHIE OB & L. 45 1417 FIRUHE 7 A 4 > XH123 (20121024, 5THE)

PO, 5 - BKEIESE (B3 2 SLEERTZE D BINL. 45 27 [nl 0 ARBOIEAVRL 7 2 2 Al 42 2% (2012.10.27. 44 E)

Toguchida J. Application of iPS cell technology for bone and cartilage diseases. % 2 [al UK Cartilage Club Meeting
(2012.114. Kent)

FITHEW. PSHRMEOBIR & R, EEE T — & V) — 55 2660 #X 2012-13 4F FEHBIX K 2% (2012.12.8. KBR)

o BRI AR



Annual Report 2012

BTG 25

Department of Organ Reconstruction

HEHR B B

Assistant. Prof. Shoichiro Sumi

(57 52 #i E]

A TIE, BERBOFEREREZ LM AET —<E LTHh, SHRTHML T BHRBICY LT, &
EF Vo TH R 5N R THRIGIN ZGREOMSEE HIF L TR 1T o T b, BRI ZIFENE & LT
&, RAEMZEZHE T 284 F N TR OFELICINT 720858, 8 0855 2 v 7280 U s i AT
FEHOBE, BLY, TS OIERICAT K4 FBEROMERETH 5.

FAEDOFERIE T, 4 ¥ A ViR X A > b o — VN2 A, IR OBMASEIL L 7% 5.
LAL, FF =& AR Z GEEH & v ) BRI ICIGEOMBIET 5hY, WO T R ONIREeRE
PRV HEPLIRERRLV DS, T, KREBOBHERE L TRE 22 TERERANL,
RN A RSB - N5 5 K BRI N REMEIL . 0 X9 RN OH, BERIE O THERR I
ERE LIRS HFE SN TV A,

BRE AR E EBT 2l E LTE, ROEENCACOREHAEZRET S HE:, AC T2 iEiclsky
2 MRk S % v ix ESIRMER) M <> iPS (N L2 fe A ) Milw 2 & B BBl ia & /LR85 5 i, S 518,
v bSO REBY OB E L TR 5 kR EAE SR TwA. LaL, HOlkoMiaTidzl, fit
FR WA OMI % AT 25 MOS0 G &Y, Tz, BHENRE %2 BIERERIE DS  AHTH CRIE
DOLT 25 1BBERIECH L L2 ZET 5 L, BESCEREMLZ B8 ORERMED S RET 20 KPLETH
B, KRGETIE, SUERBEREZ AT 5 KO PER R 7L TR SRR & WA TR RS 2 1f 3 5 2 & T,
RPN 2479 2 & 2 S BEBREAE & M OB RHRE S N D A F NTHOWME A2 1T-> T 5. FEBIZ, EAL
TIEI 7 ah 7L 7 ¥ IRBOIEIENBRNC X 28R IHERORIRIIZEA T TIiTbhTh ), —EDHR %z H
FCTwa, LaLl, 3788 TV UEEIZ—ERBMT 2 LE2ICHRETLIEPRETHY, DR TRENI
FRAEA3d 5.

AGETIE, Ty M7y OBESHLEEHIL, ChoZHWTY s uh 7 MUEE DT 1T > TRz,
%7 uh TR, BRI 2 uh TR ALEEE IR, BRI AT EETTH Y, BRIS AN X
DAERIEEZONS, BFIE, Ay YafERYEZ LTV a— L (PVA) Ny ZFRRY AFL v Ak VB
BETHA=ATNZE BN TEMER E, KO~ 7 0714 AOMERFEEIT) L L bIC, 57 LoMmEHE
R % i L 722 TR S D & ) e 7N A2 BT 5 2 & CRAFBIC L 2 BHOMEEFLIERSh s 2 &
2 ARERIGE TN OEHRERTH S ML TE . BETIE, [ X ERBEMR &N EZHETHL e M
IS RE 2 KB DN A F NTIEERERS 5 2 & 20 S L7238 LWIE O A F N TIVERBAT & LT, BRSO
PAFE L BUHEIC X 2 PVA O X MEER A G DEAEREEZ L C, ToFHEEY 7 ABLVT v b ORERE
ETFNAOBMERTHERL T D, HIL, RESHHE RIS PVA 2R L 7RO B W ISR 2 7 S &
COWRE A v ¥ 2 THIBRL T — MRICBIE L7k, S - B LT VRO S o+ ATHEY — P 2B 5.
COFFEZEIE, T AOMBRESEZAMICI Y b=V $ 52 EXHET, FROKRELICKE EE R

B E IR g



Institute for Frontier Medical Sciences

CHDEERTWS. $72, PVAY 70l 7 LR ISHFERAFDTHET, Z O TIE, Hk - #6 - Wl
HARLICHIETE A E W) BRISHICE L2 KRS 2R ZHA L TVwb.

BRI TG ML G R R O 58 ClE, AEIE, EVAARZEL v ¥ — O RARHETHI5EH S L 0 ILFEFZET,
R DAY A B 955 557 C v BHLBE L AR BRI T A5 T & L 2 BT BLs A B {21 PHLDA3 O B REFIHINIC X 2 B B o e 55 1%
3 - BRI RBROMZEZ MG L, Mi%EIE T O knock-down % knock-out %7 A D5 HEEE 7 & & IV THE
GRiRZGOODH L. T72, w7 A ESHIIEA, S B ML Z BRI LFHET 078 T, MA@ definitive en-
doderm #F3EIZ BT % activin DB ZAIZEL, BRO—MEFRER L. —F, AFTTIE, 7 A BMER
BTH % MING AME T, MILREZEE S22 LX) RERRNY 2 BIZTRASHRL, LA RT FY
Wi — A 2 20 WIS & OA ¥ 2 YW IRO RS EB T 5 2R LTV B, KIEEF, o
REN B AERER) R O] 1A EEDS 2 DB h % MGt $ % ER A 47 9 SN EA & LT, MURSRAE R BrBLES 221 o B 56
WRZEICHI 72T Lz, Fiz, Ferld, My CHIGRED Z LV R ISMING & & HIGE6E 2 4 3 5 B2 R E & % 4
Japla S5 28T, X DHRINHEHICE L7 2 (RS 2 P78 12D LA T & 7275, Bla#iigA% in vitro TR
WNCA A VW R MR T 5 L ICBARIR D BRIFCTH 5 L OFRE/HT, WLICY HLATWS, 5k
ZZD XS BMiEO PVA < 27 0 h 7 LI X 2BREE# % HIE L CTIFSE 2 B2 TETH 5.

CNHOMEEMATL T, N4 F ANLTEOHIETIE, HALKRY: - BRIl ES LI - WHBER T 5 L EFT, e b
BRSO PVA =27 0% 7 IALIZ X A BRIGHR, 75 BRBOPVA <70 7ML X %Xy N B OBER
EHEANOINH 2 BIFICANT, BRI #E U 72EBGE O, RS OIS L2 ED TV 2.

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, islet transplantation that drew attention as a promising curable treat
ment has become less attractive because of rather a short duration of insulin-free period after transplantation.
Therefore, current transplantation therapies are still far from our dream. In such circumstances, much expecta
tions 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 hy
drogel and thereby protected from host immune responses. In fact, clinical trial of micro-encapsulated porcine islets
are ongoing in a few foreign countries, showing certain beneficial effects. However, micro-encapsulated islets do not

allow complete retrieval, which may lower the safety level.
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We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these islets,
we have successfully shown the efficacy of several macro-devices of bio-artificial pancreas. In contrast to micro-
encapsulation, macro-devices are retrievable and exchangeable, which is important advantage toward clinical appli
cation. In our past studies, mesh-reinforced polyvinyl alcohol (PV A) tube and bag, rod-shaped device of agarose con
taining polystyrene sulfonate, anti-complement substance, and so on were investigated in allo- and xeno-geneic situ
ations. 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 PV A 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 PHLDAZ3, a novel tumor-suppressor gene found in endocrine tumors of the pan
creas and lung, on fragility and transplantation efficacy of islets. We also performed in vitro experiment in mouse
ES cells and studied the roles of activin in early differentiation toward definitive endoderm and a part of this study
was presented in an academic meeting. We have already found that formation of cell cluster of MIN6 cells en
hances islet specific gene expression, more physiological glucose-insulin response curve and more rapid insulin re
lease in response 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.
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 is on the way to publication. These in vitro processed cells will be studied for the feasibility to be involved in
PV A-macroencapsulate for diabetes therapy.

In addition, in collaboration with Professor Masashi Goto and Dr. Naoaki Sakata of Tohoku University, we are
developing novel instruments and methods suitable to process PV A-macroencapsulated islets for clinical use with a

view to clinical application of human islets and veterinary use of porcine islets.
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' BifRE, RIBRARAZ X DMLIBTEREZ B DO L SBEEF TER
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ST ERRIL TV ET

'+, The upper panel shows the results of hematoxylin & eosin stain
" ing, middle panel shows the Masson’s trichrome staining, and
4 the lower panel shows the fluorescence. Nuclei were labeled
._ with DAPI, and fluoresced blue. Dil-labeled ASCs (red fluo
resence, indicated by arrows) surrounded the fibrotic tissue, but
barely migrated into the scar, in which interstitium was thick
Ix ened by fibrosis, and the alveolar architecture was distorted.

AR, WFLEDY Ol s R ARk b AR D14 £ ) D
EHICHAEITL IR LI LKL L V) A=A 4
PP T 2D DTT. O X ) BAERNEAL in
situ Tissue Engineering” 135 IGENT T 4 H34%
BLTEHETHY, ALEER AN LR &3
TIHRISH SN, ZRCE > THDIZEHSAD
BAEALHWHATEITHET. ZoHLvidhd 2l
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In situ Tissue Engineering: We have devised a
completely new approach to the development of artifi-
cial organs. The main procedure using tissue engi-
neering 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 recon-
stitutes the solid structure from the extracted colla-
gen. This ECM or reconstituted structure is then em-

ployed as scaffolding, which after implantation into

A0m the patients is used for the regeneration or re-

differentiation of tissue. Organs made of self-cells thus
regenerate. Organs that regenerate in this manner not only possess highly differentiated tissue structures, but also
show functional recovery, because all the cells are derived from the patients themselves. Whether or not our new
method is practicable will depend mainly on the intrinsic regeneration capacity of each tissue. Up to now, in higher
mammals including man, it has been believed that highly differentiated organs lose their ability to regenerate. We
consider that mammals do not, in fact, lose this potential, and that the potential is hidden by excessively rapid
wound healing around the failing tissues. In this sense, if we can provide good conditions using refind ECM, we can
induce this hidden potential even in higher mammals. We have already carried out succeessful trials at regenerat-

ing peripheral nerves, the esophagus, the trachea, and blood vessels with this method. A similar method is also ap-

g B ES SRR



Annual Report 2012

plicable to other soft tissue organs such as the liver, heart, and lung, as well as the spinal cord. These results will be
welcomed by patients who are dependent on palliative life-support systems, or transplantation candidates who are
waiting for suitable donors. An additional benefit is that patients will be freed from the side effects of immunosup-
pressive 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 system 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-
porary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead of
purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should fa-
cilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells

derived from patients.

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

tained from the bone marrow is now applied to this method.
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PAIRING BY USE OF NOVEL COLLAGEN SCAFFOLDS IN RABBIT SKULL DEFECT MODEL. 39th
Annual ESAO Congress (2012.9.26-29. Rostock (Germany))

T BH : 55251 collagen fiber scaffold D& HTEIZOWT., HAFAERESY4(2012.6.12-14. HEug)

RE 5, PH % KHER, SE— W8, PHEE— SRR BT 2 KA L o F 3R T o )
&. O 24 Il H AMRIHAM A8 2 - AN 2 (2012.38-9. 45R)

Ohno, S, Hirano, S., Kanemaru, S., Mizuta, M., Ishikawa, S., Tateya, I, Nakamura, T., Ito, J.: Role of Circulating Mes-
enchymal Stem Cells in Vocal Fold Wound Healing. The 92nd Annual Meeting of The American Broncho-
Esophagological Association. (2012.4.19. San Diego(USA))
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APEER & (20126.12-14. BER)

Mizuta M., Hirano S., Ohno S, Tateya L, Kanemaru S., Ito J.: Investigation of the localization of reactive oxygen spe-
cies during wound healing of vocal folds in a rat model. The 92" Annual Meeting of the American Broncho-
Esophagological Association. (2012.4.18-19. San Diego(USA))

KHEAR, P g K¥ & WG, SE—, PHRE— AiASRERAE I B ) A HRE O RIEICD
WCORET. A5 113 Il AR H SN 2. (2012.5.10- 12, Hiik)

KHEAR, P g, KREFEA, PUESE—. w7 v b A3 2 IR K - o AR R, 5 12 I H At
IR 2 (2012.6.22-24. AL

AR A S - BRI A AR & BRIM AR AR T, £ O3\ 3. PR 23 AR BE R M & > & — $RAf AR (4R)

Rk (201222, W) PAF R
FREATSE - B RO A O, REEREEIL - RIS SEHHME (2012527, 451) A7 EH
FREA L B REO S A 25 — 13 & L TWw 207 7. FLBREM ke 20 & % & L el (2012.7.13. duifiiiE) 4

T
FiR A SR« DB R VP L2 2 AV BRI D 2B, 88 29 NIl E 3 F—F a7 T 4(2012.7.28. & IL)
TR Al I

Omori K, Imaizumi M, Nomoto Y, Otsuki K, Nakamura T : Potential of induced pluripotent stem cells for regenera-
tion of the tracheal wall. COLLEGIUM Oto-Rhino-Laryngologicum Amicitiae Sacrum, 2012. 8. 26-29, Roma,

Italy.
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Proteomic analysis of mouse embryonic stem (ES) cells by MudPIT, SILAC and LC-MS/MS.
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WCF ) MO R E M AKIEE, FORICEETH S0, BTGB TS 2L 5 1L
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The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic informa-
tion to next generations. During the differentiation of germ cells, important biological processes take place, such as
epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our current research
focuses on the molecular characterization of germinal granules/nuage, germline-specific ribonucleoprotein (RNP)
assemblies in the cytoplasm, and the regulation of meiotic entry and chromatin dynamics.

One structural characteristic observed in the germline is a cytoplasmic RNP domain called germinal granules
or nuage. The germinal granule/nuage is evolutionarily conserved in divergent animals, suggesting its essential
and common role in the germline, but the precise molecular and physiological function (s) remains unclear. We are
working on tudor-domain containing (T'drd) genes, mainly Tdrdl, 6, 7 and 9, which encode for specific components
of mammalian germinal granules/nuage. Gene-targeted disruption of Tdrdl, 6, 7 and 9 all led to male-specific steril-
ity due to postnatal defects in spermatogenesis. Among these, TDRDI1 and TDRD9 cooperate with piwi proteins,
MILI and 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-
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
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these signaling pathways in vitro and in vivo.
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Wada, T., Goparaju, S. K., Tooi, N., Inoue, H. Takahashi, R., Nakatsuji, N. and Aiba, K. Amyotrophic lateral sclerosis
model derived from human embryonic stem cells overexpressing mutant superoxide dismutase 1. Stem
Cells Translational Medicine 1: 396-402(2012)

Hasegawa, K., Yasuda, S., Teo, J.-L., Nguyen, C., McMillan, M., Hsieh, C.-L., Suemori, H., Nakatsuji, N., Yamamoto, M.,
Miyabayashi, T., Lutzko, C., Pera, M. F. and Kahn, M. Wnt signaling orchestration with a small molecule
DYRK inhibitor provides long-term xeno-free human pluripotent cell expansion. Stem Cells Translational
Medicine 1: 18-28(2012)

Otsuji, T. G., Kurose, Y., Suemori, H.,, Tada, M. and Nakatsuji, N. Dynamic Link between histone H3 acetylation and
an increase in the functional characteristics of human ESC/iPSC-derived cardiomyocytes. PLoS One 7(9): e
45010(2012)

Minami, I, Yamada, K., Otsuji, T. G., Yamamoto, T., Shen, Y., Otsuka, S., Kadota, S., Morone, N., Barve, M., Asai, Y.,
Tenkova-Heuser, T., Heuser, J. E, Uesugi, M., Aiba, K. and Nakatsuji, N. A Small Molecule that Promotes
Cardiac Differentiation of Human Pluripotent Stem Cells under Defined, Cytokine- and Xeno-free Conditions.
Cell Reports 2(5): 1448-1460(2012)

Tsuneyoshi, N,, Kim Tan, E. K., Sadasivam, A., Poobalan, Y., Sumi, T., Nakatsuji, N., Suemori, H,, and Dunn, N. R..
The SMAD2/3 corepressor SNON maintains pluripotency through selective repression of mesendodermal
genes in human ES cells. Genes Dev. 26 : 2471-2476(2012)

Kadota, S., Minami, I, Morone, N., Heuser, ]J. E., Agladze, K. and Nakatsuji, N. Development of a reentrant arrhyth-
mia model in human pluripotent stem cell-derived cardiac cell sheets. European Heart Journal | Published
online 30 November 2012 | DOI: 10.1093/eurheartj/ehs418

Miyazaki, T., Futaki, S., Suemori, H., Taniguchi, Y., Yamada, M., Kawasaki, M., Hayashi, M., Kumagai, H., Nakatsuji,
N., Sekiguchi, K. and Kawase, E. Laminin E8 fragments support efficient adhesion and expansion of dissoci-
ated human pluripotent stem cells. Nature Communications 3: 1236 (2012)

Chuma S, Nakano T. piRNA and spermatogenesis in mice. Philos Trans R Soc Lond B Biol Sci. 2013 Jan 5; 368
(1609): 20110338.

Xiol J, Cora E, Koglgruber R, Chuma S, Subramanian S, Hosokawa M, Reuter M, Yang Z, Berninger P, Palencia A,
Benes V, Penninger J, Sachidanandam R, Pillai RS. A role for Fkbp6 and the chaperone machinery in piRNA
amplification and transposon silencing. Mol Cell. 2012 Sep 28 ; 47 (6): 970-9.

Pillai RS, Chuma S. piRNAs and their involvement in male germline development in mice. Dev Growth Differ. 2012
Jan 6.

Morozumi Y, Ino R, Takaku M, Hosokawa M, Chuma S, Kurumizaka H. Human PSF concentrates DNA and stimu-
lates duplex capture in DMCl-mediated homologous pairing. Nucleic Acids Res. 2012 Apr ;40(7): 3031-41.
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Tahimic, C. G. T., Sakurai, K., Aiba, K. and Nakatsuji, N. Cre/loxP, Flp/FRT Systems and Pluripotent Stem Cell
Lines. In: S. Renault and P. Duchateau (eds.), Site-directed Insertion of Transgenes. Topics in Current Ge-

netics vol. 23 chapter 7 (Springer), 189-209(2012)
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Norio Nakatsuji “Chemical control of human pluripotent stem cell differentiation and creation of neurodegenerative
disease model cells” British Society for Developmental Biology, British Society for Cell Biology and Japanese
Society of Developmental Biologists Joint Spring Meeting 2012 4£ 4 H 17 H  Warwick (UK)

bR (e b ES/IPS Milld oAl iai & BISIS NI 720FJE b ALEWIC X 2 Sl & ResigEs 2 7
L OPABAZE ] 8 11 M H ARFAERB A REE 2012486 J 13 H B
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Norio Nakatsuji Plenary Discussion “Leading Institutions and their strategies for advancing regenerative medi-
cine” World Stem Cell Summit 2012 2012 4% 12 J 5 H  West Palm Beach (Florida)
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Shinichiro Chuma. Germline piwi pathway genes and genome protection in spermatogenesis. Kyoto university
GCOE retreat 2012(2012.105, Awaji)

rh 3 —HE. Transcriptional and epigenetic profiling of germline stem cells and meiotic transition. ¥ & #HEHF5E
HEFERGN A 7 Ve 5 M BESak (2012.11.22, 5UHE)

MUNERET, TIAAESE, M BEM, AR, SREEMC, HHEBGG, PEREIW, Hb S BESEER, AR IERET,
ks, PEH . < BRSO ) A — T ¥ ) MEN. HAEIE A 84 1K 4 (2012.9.26,
i)

Mihoko Hosokawa, Ami Katanaya, Koji Numata, Eri Hayashi, Ayako Mochizuki, Takashi Tanaka, Hirofumi
Suemori, Kuniya Abe, Norio Nakatsuji, Shinichiro Chuma. Transcriptional and epigenetic landscape of
mouse germline stem cells. CSHL Meeting Germ Cells (2012.10.3, USA)

Ayako L. Mochizuki, Eri Hayashi, Ami Katanaya, Mihoko Hosokawa, Gen Kondoh, Norio Nakatsuji, Shinichiro
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Chuma. The role of N16 in maintenance of DNA stability in mouse embryonic stem cells. 25 45 [u] H A&
HAMer s - 5 64 Il HAHIIE A7 & A iR 2 (2012513, i)

Ayako L. Mochizuki, Eri Hayashi, Ami Katanaya, Mihoko Hosokawa, Gen Kondoh, Kento Minamino, Kayo Inaba,
Norio Nakatsuji, Shinichiro Chuma. The role of N16 in maintenance of DNA stability and recombination in
mice. Kyoto university GCOE retreat 2012(2012.10.5, Awaji)
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Norio Nakatsuji “Introduction and cell-Material Integration Research at iCeMS” The 2nd German-Japanese Univer-
sity Presidents’ Conference 2012 4F 3 H 30 H  3t#b
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O¥iE % HigE ) WF2e - Blatmi#aE 27 My Y R Yy A 201247 H6 H Bt
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DI/ Y7714 75me 20124E8 30 H  3iHp

Norio Nakatsuji “Cell-material integration for stem cell research at iCeMS, and how I began to enjoy multidiscipli-

nary research in 1980s” HeKKSaGOn Summer School 2012 in Heidelberg 2012 49 H 18 H Heidelberg
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Department of Embryonic Stem Cell Research
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Assoc. Prof. Hirofumi Suemori
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Establishment and analysis of human ES cell lines aiming clinical application

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

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

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

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

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

Improved survival and proliferation of human pluripotent stem cells by using recombinant laminin functional frag-
ments.

Human ES/IPS cells have the potential to provide infinite sources of tissues for regenerative medicine. How-
ever, lack of reliable methods for large-scale expansion of stem cells with defined and/or xeno-free media hinder
the realization of such potential. We showed that recombinant E8 fragments of laminin isoforms (LM-E8s) can sus-
tain undifferentiated proliferation of singly dissociated hES/iPS cells in various defined, xeno-free media. LM-E8s
enable higher adhesion of hES/IiPS cells than intact laminin isoforms. We could maintain several hES/iPS cell lines
after complete dissociation on LM-E8s, while sustaining a high level of expression of pluripotency markers and a
normal karyotype for more than 30 passaged. This culture system allows bulk proliferation of hES/iPS cells under

defined, xeno-free conditions, and will be valuable for therapeutic application of hES/iPS cells.
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Laminin E8 fragments support efficient adhesion and expansion of dissociated human pluripotent stem cells.

Miyazaki T, Futaki S, Suemori H, Taniguchi Y, Yamada M, Kawasaki M, Hayashi M, Kumagai H, Nakatsuji N,
Sekiguchi K, Kawase E. Nat Commun. 2012 Dec 4 ; 3 : 1236.

Wnt signaling orchestration with a small molecule DYRK inhibitor provides long-term xeno-free human pluripo-
tent cell expansion.

Hasegawa K, Yasuda SY, Teo JL, Nguyen C, McMillan M, Hsieh CL, Suemori H, Nakatsuji N, Yamamoto M, Miy-
abayashi T, Lutzko C, Pera MF, Kahn M. Stem Cells Transl Med. 2012 Jan ; 1(1): 18-28.
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The SMAD2/3 corepressor SNON maintains pluripotency through selective repression of mesendodermal genes in
human ES cells.

Tsuneyoshi N, Tan EK, Sadasivam A, Poobalan Y, Sumi T, Nakatsuji N, Suemori H, Dunn NR. Genes Dev. 2012 Nov
15;26(22): 2471-6.

Dynamic link between histone H3 acetylation and an increase in the functional characteristics of human ESC/iPSC-
derived cardiomyocytes.

Otsuji TG, Kurose Y, Suemori H, Tada M, Nakatsuji N. PLoS One. 2012;7(9): e45010. doi: 10.1371/journal.
pone.0045010. Epub 2012 Sep 12.

Comparative study of transplantation of hepatocytes at various differentiation stages into mice with lethal liver
damage.

Kamimura R, Ishii T, Sasaki N, Kajiwara M, Machimoto T, Saito M, Kohno K, Suemori H, Nakatsuji N, Ikai I,
Yasuchika K, Uemoto S. Cell Transplant. 2012 Apr 2. [Epub ahead of print]

Prolonged maturation culture favors a reduction in the tumorigenicity and the dopaminergic function of human
ESC-derived neural cells in a primate model of Parkinson’s disease.

Doi D, Morizane A, Kikuchi T, Onoe H, Hayashi T, Kawasaki T, Motono M, Sasai Y, Saiki H, Gomi M, Yoshikawa T,
Hayashi H, Shinoyama M, Refaat MM, Suemori H, Miyamoto S, Takahashi J. Stem Cells. 2012 May ; 30(5):
935-45.

Efficient and accurate homologous recombination in hESCs and hiPSCs using helper-dependent adenoviral vectors.

Aizawa E, Hirabayashi Y, Iwanaga Y, Suzuki K, Sakurai K, Shimoji M, Aiba K, Wada T, Tooi N, Kawase E, Suemori
H, Nakatsuji N, Mitani K. Mol Ther. 2012 Feb ; 20(2): 424-31.
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Recombinant E8 fragments of human laminin isoforms support the efficient adhesion and expansion of dissociated
human pluripotent stem cells under defined and xeno-free condition.

Takamichi Miyazaki, Sugiko Futaki, Hirofumi Suemori, Yukimasa, Taniguchi, Masashi Yamada, Miwa Kawasaki,
Maria Hayashi, Hideaki Kumagai, Norio Nakatsuji, Kiyotoshi Sekiguchi, Eihachiro Kawase

ISSCR2012 (w2 45 10 MI4ERK %), 20124E 6 H 13 H~16 H 783 7 4 2Rk

MANUFACTURING AND BANKING OF CLINICAL-GRADE HUMAN EMBRYONIC STEM CELL LINES IN A
GMP FACILITY
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Takada Kei, Hirai Masako, Kawase Eihachiro, Hamao Mari, Kashigi Fumi, Suemori Hirofumi, Nakatsuji
Norio, Takahashi Tsuneo A.

ISSCR2012 (HEBsHMiaA 2 45 10 M4AERRS), 20124E 6 H 13 H~16 H 233 7 1 T

RECOMBINANT HUMAN LAMININ E8 FRAGMENTS(LM-E8s)SUPPORT THE EFFICIENT ADHESION
AND EXPANSION OF DISSOCIATED HUMAN PLURIPOTENT STEM CELLS UNDER DEFINED AND
XENO-FREE CONDITION.
Miyazaki, Takamichi, Futaki, Sugiko, Suemori, Hirofumi, Taniguchi, Yukimasa, Yamada, Masashi, Kawasaki,
Miwa, Hayashi, Maria, Kumagai, Hideaki, Nakatsuji, Norio, Sekiguchi, Kiyotoshi, Kawase, Eihachiro
World Stem Cell Summit 2012, 2012 4% 12 § 3 H~5 H, Florida, USA
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TEHEE B LT A

Prof. Jun K. Yamashita

(57 52 81 E]

A e LA ZE 2 B C U, ES Ml (W11 © embryonic stem cells) & O iPS #ifa (A TZ REMEESEHINL ¢ in-
duced pluripotent stem cells) & FI\>C, DMILE R OMINE ML - BB 20582 1T> T\ 5.

ES ifaix, & COMEOMILIZMET 22 L TED2 VDLW L[ TRE#HMLE E 2 5 Twd, o4k (plu-
ripotency) # in vitro \IZBWTHIEH L, GbiFE L -l %2 FABRICHW X D &3 5 A4 lidzs, Mg
5 =7y MATbh T, eid, ESHINEE W CPIRER KA TH 5 55 B L LD MU %E % 17 -
T&7-.

ML, WEEZ—TBIcBEB D Nz =
AMEES/iPSHlifa o IR ZE /i M & wi BR AR

vl W NEND S F BT 2 IO
VEGF OP9 (+CSA) Lo TWh, ZOH %NS IMERMILZ &
— \’:maﬁmmm - I b -
, - DT ITNS MAEREBGHINEIE TN I E
@ FIkI* @ FIkI- o CXCR4" ”
VE-cadherin® o 2 = 53 .
/ \VEGF (+PKA) l PDGF-BB l oP9 L B'?) v il B % ﬂ:,ﬁi %. VEGF @ il‘ﬁﬁ(@
— T . - DTH % Flkl 313k - M FAllg o b 7
® o7 A e R i o e HOSMEY—H —BLUOHKEOY—H -
Terl19* PECAMI* PDGF-BR* = ANP*

CD34"

GRS 2 ENTWA. KAk, ESHilE T
in vitro IZBWTHIREE, 2 5123 ME O
JSHHE C 2 % I PN B2 T & i (ifi A8 1
oro —_ WA L O A ) & IR 5L
B R U2 FEL, RAEWICmE L L CORKEEZ in
vitro B L Win vivo IZBWTHEET 5 2 L, wWhIXIE ORE B L T % 2 L1 L7z (Yamashita, Nature,
2000.). Z o invitro LR TIE, Flkl BYEiE % @ oniiie & LT, MM, BEfifE, mEkiessaieL,
EHIZENSOMIEAIME & L ToORKREEZBET 5. 72, PIRELROMBO—>TdHh 5.LHMINE b kS
Flk1 BtEilan & bk 2 2 & & 328 L Oi BRI o [ 12835 L T % (Yamashita, FASEB J, 2005).
BEIRY >~ VEN M ER DR — A X = — Mg & & SIS MR LMEMBO MEFEEZ 7> T 5
(Yamashita, Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells, 2007 ft) (). R¥EFK 4 1&, S0BEHHHI oY 4 7 0
AR ¥ A7 Flk] B RSEMI R RS E L, O B & oo iiiie o b 2 RS 5, L) 4]
BrLWIER % R L7z (Yan, Biochem Biophys Res Commun, 2009). AWZE% & & OB ORI 5L % 755
T LG TALEWORFEZIT> T b, TR OHHAM LN Y — MEREA R FERKRY) 2 HlAGbE, OF
MEZEML SVEIIC 31T 2 D > — bR AE DR R & AR %2 B 5 %212 L 72 (Masumoto, Stem Cells, 2012). 7z,
M5 NI b &2 B T ICB W THRICHERT 22 812X D, cAMP ¥ 7 F LV OEHRZ R4 ICH ST L.
T 7bbH, Protein kinase A HIMEFIEFMILO VEGF ~D =M% 2L S ¢ THEMIMEz REL Twb 2 &

AM/cAMP

\
Notch
B-catenin

' D
\'s HAEER
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(Yamamizu, Blood, 2009), [FI{Ef A% CREB 12 & 225K ¥ Etv2 FHFFEIC XL 5 Z & (Yamamizuy, Stem Cells, 2012),
TG 2FEF A FACAMP ¥ 7 F V&2 Wl 5 2 L2 & ) WL - R ACHHII R LTw 5
Z & (Yamamizu, Blood, 2011 F%#%), M O¥ Notch & B-catenin 2SEIH AN T 5 2 L 12 X ) BIRIE A~ O EdAr e
EERAToTW5D 2 & &Hi 721278 L7z (Yamamizu, J Cell Biol, 2010). 72 PKA ¥ 7 v o@ifia /LRI 513 %
HHREME L, PKA AR b ¥ H3 XA F WALREFE GIa ORBIAHIIME ¢ Z L12X ), Octd 7 ERLBIZ T~
DADEA LI () T2 9 T AF ML) ZRAEL, MRSLERDLZLEIRL, Y7 FVEDET ) AHEHO
FLVEEE TN X 250ML s 4 X > 7 OfilEEEHE 2 B 5 222 L 72 (Yamamizu, Cell Stem Cell, 2012).

S 51T, FOEARFIZERT LRI & o TBF . S e AT stk astiie GPS M) 2 v CHB O EER Y A 7
LERREL, Bl O0MEFEMNELRELTwa. ESHBMEICBWTER L v EHvTunE RS
7 A iPS MilE % v 72 O i Rl o 2L %) L 72 (Narazaki, Circulation, 2008). F 72494 7 0 AR » A
OEZIGH L, & biPS#Millg: & ok O fiie 2z 53 5 2 L1238 L7z (Fujiwara, PLoS One, 2011). &
SIZERNER LR Lk b iPS M o/ L bk & 338 Ol oAb o B S & i) L 72 (Uosaki, PLoS One,
2011).

ZD LX) IHA D ESHlaE w7z in vitro bR, FE 4 OFEBREROMIEE 2 KRR HLAES 2 2 &0
TE, LMEFEORESMEBBR LT E T ICEENICEEL 200 LA RRFICBIETE 5. toT, Zo5tik%
w5 2 &2 XD OIBINE DFEGED X A = AL &/MBL XV, 5FLXVTHEL, /v 2777 M7 ADK
BIRNTIAKAE L TV 7ML D5 TRBEORNT % in vitro TIT) L I FH LT 7 —F 00k > 72t E2 bh
7o. FRINOOHEE KA B THARERE PUL & LSHMRICERT 22 L5 TE 5.

BAE, T ESMINE in vitro HMERZHWT, WTO LI 270y 22 F2FTLTW5.

1. ES#Hlg/iPS #ilid in vitro 73LR & v 72 D #IE 7316 2 AL D 731 B D 14T
1) DNA F v 7% il 7285 1904 3L B ML R 1 O [ 3
1) BhER - 0 2 VE B R R A G LA & B T2 B LA RE O AT (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 KU PKA 12 & % I8 B2 ML > 3L e sl BT A4 (Yamamizu, Blood, 2009: Yamamizu, Stem Cells,
2012)
3) I MBS b/ MAE TR OES TR 381 % 4+ €+ £ F O 7E3 (Yamamizu, Blood, 2011 Z#€) (R IEFK
& D IR
4) ES/iPS MINdLBALIC I 5 L ¥V = A 7 4 7 AHIHHE OB & 3% (Yamamizu, Cell Stem Cell, 2012)
(R KRS & oL [FHTE)
2. ES #lila/iPS Ml A & o L4 /e 0 43 LaEE & A G#Is 1
1) 2 KICHFIZ X 28 L\ ES Mgz S O LiiMiig o L8 E o Bl g & Fr L v O ar s o [ % (Yamashita,
FASEB J, 2005).
2) M in vitro ZMbER & FH 720 L - 2L 53T O AT
3) ES Hi sk Lo 1 B se T A o AT (Yanagi, Stem Cells, 2007)
DY A 7aAR) ¥ A Z AT L E RS0 nibRE - Ogiiie s Li & (Yan, Biochem Biophys Res
Commun, 2009 ; Fujiwara, PLoS One, 2011) (5B R FUBEIMAEIVEE - IS PR & o LFAF5E)
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5 t b ES#ian S oMl 5L
b~ ESHlaMEHE [ & ES MR Z M v 72 0 e oA B 3 2 b7 ] (DF e - e i,
PR 17 4R 3 H 10 HSCERRHAREKRE)
b ES#ildz H v 7z 0 2L 7e 2 17> T %.
6) iPS Miilld 2 Fv 72 G oL A B 5 2 W2
i) <2 A iPS HlEA 5 oL ImAE 51k % (Narazaki, Circulation, 2008 ; Best Paper Award in Basic Science
category, Circulation 2008)
i) FLemEMEL bOHSMEFEE O E VCAMI 2 FKEHiE & L TR 228 L O b o B
% (Uosaki, PLoS One, 2011)
i) iPS MlE R ORI > — b 2 F 72 i A2 Al 3G 5 0 B 58 (Masumoto, Stem Cells, 2012) CGRETCF-EEK -
SRR AL ORI SR & o SLFIBFZE)
iv) & I iPS RSB 31T 2 O fi ai B G 00 3535 & Hlif b
7) iPSHIRLALY AT A D7 I AN A F 1Y — R OEIEE H (Nakao, Bioorg Med Chem Lett, 2008) (F-fif K
At & o L EIESE)
8) LvMNE L - A RS B8 L LB OHER - W

|

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 Flk1+ 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
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-
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entiation and diversification. That is, protein kinase A (PKA) enhances vascular progenitor potential to endothelial
competent through dual upregulation of VEGF receptors, Flk1 and neuropilinl, in Flkl1+ 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).

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.

Undifferentiated ES & iPS cells Mesoderm
E-cadherin® T Flk1*
(o% SSEAT* %O E-cadherin

VEGF OP9 (+CSA)
— | T

Cardiac progenitors

, FlkI*
(O) Flk1* @ FlkI- (a CXCR4*
VE-cadherin®
/ \VEGF (+PKA) l PDGF-BB l oP9

Blood cells Endthelial cells Mural cells Cardiomyocytes
Flkl© «<—— FIk1* FIk1- Flk1-
@ CD45* VE-cadherin® " ‘ oaSMA* SSSe—. oMHC*
Ter119* PECAMI* PDGF-BR* e  ANP*

CD34* GATA-4*

Nkx2.5*

Desmin*

Atrial
Ventricular
AM/cAMP ! Conduction system
\ \ & Pacemaker
Notch

B-catenin

Blood vessel Heart

OP9 —
Arterial Venous Lymphatic

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

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).

ii) Novel efficient cardiomyocyte induction and purification method with VCAM1 (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
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(*corresponding author)

Yamamizu K, Matsunaga T, Katayama S, Kataoka H, Takayama N, Eto K, Nishikawa SI, Yamamizu K, Fujihara M,
Tachibana M, Katayama S, Takahashi A, Hara E, Imai H, Shinkai Y, Yamashita JK*. Protein kinase A deter-
mines timing of early differentiation through epigenetic regulation with G9a. Cell Stem Cell, 10: 759-770,
2012

Masumoto H, Matsuo T, Yamamizu K, Uosaki H, Narazaki G, Katayama S, Marui A, Shimizu T, Tkeda T, Okano T,
Sakata R, Yamashita JK* Pluripotent stem cell-engineered cell sheets re-assembled with defined cardiovas-
cular populations ameliorate reduction in infarct heart function with cardiomyocyte-mediated neovasculari-
zation. Stem Cells, 30 : 1196-1205, 2012

Yamamizu K, Matsunaga T, Katayama S, Kataoka H, Takayama N, Eto K, Nishikawa SI, Yamashita JK*. PKA/
CREB signaling triggers initiation of endothelial and hematopoietic cell differentiation via Etv2 induction.
Stem Cells, 30 : 687-696, 2012

Matsuura K, Wada M, Konishi K, Sato M, Iwamoto U, Sato Y, Tachibana A, Kikuchi T, Iwamiya T, Shimizu T,
Yamashita JK* Yamato M, Hagiwara N, Okano T. Fabrication of mouse embryonic stem cell-derived layered
cardiac cell sheets using a bioreactor culture system. PLoS One, 7 : €52176, 2012

Kuzumaki N, Suzuki A, Narita M, Hosoya T, Nagasawa A, Imai S, Yamamizu K, Morita H, Suzuki T, Okada Y,
Okano HJ, Yamashita JK, Okano H, Narita M. Multiple analyses of G-protein coupled receptor (GPCR)ex-
pression in the development of gefitinib-resistance in transforming non-small-cell lung cancer. PLoS One, 7 :
€44368, 2012

Kuzumaki N, Suzuki A, Narita M, Hosoya T, Nagasawa A, Imai S, Yamamizu K, Morita H, Nagase H, Okada Y,
Okano HJ, Yamashita JK* Okano H, Suzuki T, Narita M. Effect of k-opioid receptor agonist on the growth of
non-small cell lung cancer (NSCLC) cells. Br J Cancer, 106 : 1148-1152, 2012

T HEEH
Masumoto H, Sakata R. Cardiovascular surgery for realization of regenerative medicine. Gen Thorac Cardiovasc
Surg, 60 : 744-755, 2012

Masumoto H, Yamashita JK*. Strategies in cell therapy for cardiac regeneration. Inflammation Regenerat, in press.
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FEARZER, IF . TR OISR O PRSI & 2 2 seth el ia Mg 3 — M OmiMilig 2 43 % 455

AL D HZELORREZ IE S €5 ], Volll/Nod: p56-62,2012. HATRAER X

© FREORK @

1) 22 - REHEX

OYamamizu K, Fujihara M, Tachibana M, Katayama S, Imai H, Shinkai Y, Yamashita JK. Differentiation velocity is
determined by protein kinase A through epigenetic regulation with G9a. 2012 Keystone Symposia; Epi-
genomics / Chromatin Dynamics. 2012.1.17-22. Colorado, USA.

OFFARFH]. Therapeutic potential and mechanisms of tissue sheets re-assembled with defined cardiovascular
populations from pluripotent stem cells. %5 9 [l #HINMIZES. 2012113, HE

OYamamizu K, Fujihara M, Tachibana M, Katayama S, Takahashi A, Hara E, Imai H, Shinkai Y, Yamashita JK.
Protein kinase A determines early differentiation timing through epigenetic regulation with G9a. The 1** Re-
treat of Center for iPS Cell Research and Application (CiRA). 2012.2.24. Otsu, Japan. 'Best Poster Award’

OFFARHH]. Generation of Cardiac Tissue Sheets Fully Engineered with Human Induced Pluripotent Stem Cell-
derived Cardiovascular Cell Populations. 45 76 o] H A5 IR 2 F 2444, 2012.3.16. f&

Ok K—. cAMP/PKA signaling % 4~ L 7z RSK4 12 X % PRz L I AIASAE. 4 49 ol 0 ARER 5 TR 424
itesx. 20124.13. HUHR

OMAKKR—. RSK41Z &% cAMP/PKA ¥ 7 F V& A L7238 L WNBSHINE L HI A EERE. 25 85 Il H RN 425
FRR . 20124.20. 4R

OMatsunaga T. RSK4 regulates endothelial differentiation through suppression of cAMP/PKA-mediated Flk1 in-

ke

duction (poster). 17th International Vascular Biology Meeting. 2012.64. Wiesbaden, Germany. ‘Travel
Award’

OFFARHF. Mouse and human pluripotent stem cell-engineered cell sheets re-assembled with defined cardiovascu-
lar populations ameliorate reduction in infarct heart function through cardiomyocyte-mediated neovasculari-
zation. £ 11 [0l H ARFAERHR A4y, 2012612, B YIA SE&EGE - BEHHH GEEUFRLM)

O l5hz. ZRevEmile % H w72 8 BLO W 0 LE SRS FAL W O ¥R - [, 5 11 ol H AR P AR 2.
20126.12-14. Ak

OARIF]. 7 v MOFHIEETIVAO e b iPS I H R CIBALRE > — DRI X 5 OBl R, 5 11 1 H
AR 2. 2012614, A

OMasumoto H. Human Induced Pluripotent Stem Cell-engineered Tissue Sheets with Defined Cardiovascular Cell
Populations Ameliorate Function after Myocardial Infarction (poster). ISSCR (International Society for Stem
Cell Research) 10th Annual Meeting. 2012.6.15. Yokohama, Japan.

(OFukushima H. Novel chemicals potently inducing cardiomyocytes from various progenitor populations (poster).
ISSCR (International Society for Stem Cell Research) 10th Annual Meeting. 2012.6.14-16. Yokohama, Japan.

OFARZEF]. & b iPS Ml R ORI > — N RIS X 2 WSV 6 i D IR O W BB 2D W T D JEBE Y I
SRR Y =), %33 M HARKE - HAEESS. 201275, fill REFRAS —HZH

Ok K—. RSK4 regulates endothelial differentiation via inhibition of cAMP/PKA-mediated Flkl induction. %
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33 I H AR ZLE - FHERE 4. 201275, f& M

Ok K—. RSK4 is a novel negative regulator of endothelial differentiation via direct suppression of cAMP/PKA
signaling. 510 A¥KY v r ¥y Fa—Ah v 77 Ly A, 2012714, 5B FHeaeh &

OMatsunaga T. RSK4 Is a Novel Negative Regulator of Endothelial Differentiation via Direct Suppression of Pro-
tein Kinase A Activity (poster). BCVS(Basic Cardiovascular Sciences)2012 Scientific Sessions, AHA
(American Heart Association). 2012.7.23. New Orleans, USA.

OMasumoto H. Transplantation of Cardiac Tissue Sheets Including Defined Cardiovascular Cell Populations Dif-
ferentiated from Human Induced Pluripotent Stem Cells Ameliorates Cardiac Dysfunction after Subacute
Myocardial Infarction (poster). BCVS(Basic Cardiovascular Sciences) 2012 Scientific Sessions, AHA (Ameri-
can Heart Association). 2012.7.25. New Orleans, USA.

OMasumoto H. Transplantation of cardiac tissue sheets including human induced pluripotent stem cell-derived de-
fined cardiovascular cell populations ameliorates cardiac function after myocardial infarction (poster). ESC
(European Society of Cardiology) Congress. 2012.8.27. Munich, Germany.

OfRAR—. MENEFLIZBT % RSK4 O ft#]. 4 3 [7 Molecular Cardiovascular Conference II 2012.9.8. /M

KA —EHH

OfEBuLZ. Novel chemicals potently induce cardiomyocyte differentiation from various progenitor populations.
£ 3 [A1 Molecular Cardiovascular Conference I1. 2012.9.7-9. /)M

OAARIF]. & b iPS Ml S ALFHE L 72 Ot e & & &g o — MRS X 2 MECPE IR M P O e 5
2OV T OERERIRRES. & 65 [0l H AR #RY R~ 4. 20121019 46

OMasumoto H. A basic study of cell sheet transplantation for infarcted hearts using human iPS cell-derived cardio-
myocytes and vascular cells. International Society for Heart Research, 29th Annual Meeting Symposium.
2012.10.27. Fukuoka, Japan.

OMasumoto H. Transplantation of Cell Sheets with Human iPS Cell-derived Cardiomyocytes and Vascular Cells
for Infarcted Hearts: A Basic Study (poster). AHA (American Heart Association) Scientific Sessions 2012.
2012.11.5. Los Angeles. USA.

OfEEAZ. KD AL &Y 2 728 LoD A G AR o Bl 3. 55 16 Inl H 4G N 0 AU 2.
2012.11.23-24. Wi YIA ZH

Ok K—. RSK4 is a novel regulator of endothelial cells differentiation through direct inhibition of Protein kinase

A activity. % 20 [l H AR MAE W R FE XM R . 2012126, fiE

2) BE-VURIIL
OII'F {#. ES/iPS#illez w720 E HANDO LI 7 710 —F. The 4th Meeting of Molecular Cardiology

Seminar 23(MCS23). 2012.2.28. T-%
OIWT . ESHIN - iPS M2 v 72 0l B A~ 0Pk, 45 24 B F 424 (PR HERMS). 2012.3.3.

HUHR
OWTFT #. ES-iPSHIEE AV OMESMETE -7 IANANL AT =7 7 a—F 2l -, HAZERY:

&Y URY YA, 2012315, HEB
OIWT {#. iPSHiNEE HV0mEFAEFREORA, F49 M HREIRS TESES - ¥ 2RI A [EHEE
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PEBHRANDISH L. 2012413, HLH

OIUF  {#¥. Diverse roles of protein kinase A signaling in early stage endothelial cell differentiation (Oral presenta-
tion). 17th International Vascular Biology Meeting. 2012.6. 4. Wiesbaden, Germany. ‘The highest scored ab-
stract’

OINF 4. Mg & asEME LR 2 a2 mn OB LEORA. 5§ 2 OB EHRIT7ES. 201268 K
173

OFAZER]. iPSHNLIC & 2 LM~V X OBAFHEICTE 22 e~ FLR2REBILIT -2 v a v 7.
2012.69. HUHR. LI - BRI SZ L EBERTZERRFT)”

OWF H. #Hr Ly PR BRI IS I 2 200 7 70 —F. 8 11 B HARAERRAZ /SR VT 4 A
hv ey, 2012612, Bk

OfEBuL2Z. Novel small molecules potently induce cardiomyocytes from various progenitor populations %5 33 [H]
HALRAE - FHEREY S, 201275-6. AR —REE» O 2 VR IT AAFR

OWT . ES/iPS B LILEFFENDISH. 5 48 B HA/NBIEREG AR Y YR U7 A0 201276, 5B

OINF . ES/iPS Mild & > 722 1 590 ML 5 PR TR 0. RO R A R 23R g i Bt -+ 1PS il 5 21 PR~ hiF 7
4. 2012.7.20. AR

OWTF M. ZretEwiiez w20 HENOLEWT 70 —F. 5549 BAWE Lo > 2012723, 5
K

OWT . ZretEdliez e/ 0MEBENOLHN T 7a—F. WRERY 7 +—7 4. 20129.15. 5H

TR R T R 2 R ) B R

OWT #. Zretksfilez v 7z00E B E~NOLEY 7 7' 2 —F. CiRA mini Symposium. 2012.10.10.  5#F

OYamashita JK. Differentiation Stage-specific Roles of Protein Kinase A Signaling in Endothelial Cell Lineages.
2012 KAIST Mini-symposium. Stem cells and Vascular Biology. 2012.10.22. Daejeon. Korea.

OYamashita JK. Multiple and integrative approaches to cardiac regeneration with pluripotent stem cell research.
International Society for Heart Research, 29th Annual Meeting Symposium. 2012.10.27. Fukuoka, Japan.

OII'F  {H. A novel signaling-epigenetic linkage regulating stem cell “differentiation timing” from pluripotent state
to ectoderm, endoderm, and mesoderm lineages. #HrZ&i4HI% Neuro-Vascular Wiring Symposium 2012.
2012.11.12. &R

OYamashita JK. Fate determination processes of endothelial lineages regulated by protein kinase A signaling in
Pluripotent stem cell differentiation. Japan-Korea Joint Symposium of Vascular Biology. 2012.12.6.
Tokushima, Japan.

OFFARYEH. Efficient differentiation of human iPS cells toward cardiovascular cell populations to generate bioengi-
neered cardiac tissue-like cell sheets: a strategy for cardiac regeneration. #5 35 [0 H AR AEW 2SR 4E A,
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GE))

SRED DI E BAERIEANL, 720 7oA DM ORI 2N & 2 Bt IR~ ORI & 3L, TP IHIE S h 7o
il ko Th 726 8hn. ZoMBET, 2N, #hz2ko< 54 TOMBEOMILIZ LT REZ 2 RetEd kb
n, BONB#E R FHRIL L 72Mla~E b2 LTRIEL Tw . —#IC, MLRBRYOTE R WS
Tt 2 Lo FHE s Twiz. R L, ZRelhEiiE (pluripotent stem cell) D—FETH 2 IRk (ES) Ml &
i % Ml A3 5 &, T ) AT D 2 AT 4 7 ADHEWZ S NAKRMEMIARICH 70 75 b X
N5 T & &M FIZHEERIT TR L 72 (Tada et al. (2001) Curr. Biol.). Z O#E5%, LAl 2 BHRE #4504 T T
LRt e 7 2L iECh B 2 &, T2 ESHIRICI MO T a7 T 2UICLE 5 R F 7255
HZEERLTw BUETIE, ESHINED 5 FE S N7z (Octd, Sox2, KIf4 & c-Myc) D iz & ) Ml
L RetE I (N T2 8eM5% iPS ;. induced pluripotent stem) M) 1270 275 2LENE 2 LS 7% 5
T\ 5 (Takahashi & Yamanaka(2006)Cell). AHIIEDZ 5L D12 1E Octd,Sox2 Nanog A% & 72 % 55K 1
ELTERZLNRTVEY, {70l 7 MUBERIIREH S W2 S hTuiwn.

B&Y)

1) % etk c 7 e 7 5 2L EN B A H = X 4
2) H7ar s 2LICHb A EF O X

3) 7 s AMbDESISHEM OB

Q Q
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EEM)

EEAEZOBLENS, BT T 72X A = X801, Bz RO % CHMlAZ RSN T 200G E
b, =, BESHOBEDS, 7077 240 & 28 NI 5 0% stk o8 IE, M 5Os
DL WBAMIBOBEBRICHOREZH &, BAERBOBIEN 2 HOLREL—FThH L. EHRSHICINT T,
fEIL 2% 5 IR ERD, —h—%s ) 7 =35 2 & THRENROHINOHEMAEHTE 2.

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.

10 12 14
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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 pluripotent

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.

[ # B 2]
@ RERK ©

1) BEERX

Nagata, S., Hirano, K., Sun, L.T., Tada, T.: Self-renewal and pluripotency acquired through somatic reprogramming
to human cancer stem cells. PLoS One 7 : e48699(2012)

Okamura, D., Mochizuki, K., Taniguchi, H., Tokitake, Y., Ikeda, M., Yamada, Y., Tournier, C., Yamaguchi, S., Tada, T.,
Scholer, HR., Matsui, Y.: REST and its downstream molecule Mek5 regulate survival of primordial germ
cells. Developmental Biology 372 : 190-202(2012)

Takehashi, M., Tada, M., Kanatsu-Shinohara, M., Morimoto, H., Kazuki, Y., Oshimura, M., Tada, T., Shinohara, T.:
Hybridization of testis-derived stem cells with somatic and embryonic stem cells. Biology of Reproduction
86: el78,1-9(2012)

Cheng, L.T., Sun, LT, Tada, T.: Genome editing in induced pluripotent stem cells. Genes to Cells 17: 431-438
(2012)

Cheng, L.T., Nagata, S., Hirano, K., Yamaguchi, S., Horie, S., Ainscough, J., Tada, T.: Cure of ADPKD by selection
for spontaneous genetic repair events in Pkd1l-mutated iPS cells. PLoS One 7 : €32018(2012)

Hirano, K., Nagata, S., Yamaguchi, S, Nakagawa, M., Okita, K., Kotera, H., Ainscough, J., Tada, T.: Human and
mouse induced pluripotent stem cells are differentially reprogrammed in response to kinase inhibitors. Stem

Cells Dev. 21: 1287-1298(2012)
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ZH H o E TR —OVHL [2012 48 7 —NOVHEELE 7 4 — 7 4 130 % (19 75): 3081-3083 (F: f4E, Hint 2012)
Tada, T., Surani, M.A.: Epigenetic reprogramming of somatic nuclei via cell fusion.
In “Principle of Cloning, 2™ edition” ed. by Jose Cibelli et al. (Academic Press, USA): in press(2012)
Hirano, K., Sun, L.T.,, Tada, T.: Targeted chromosome elimination from ES-somatic hybrid cells. In “Principle of
Cloning, 2" edition” ed. by Jose Cibelli et al. (Academic Press, USA): in press(2012)
ZH e bExy R PSHlEotE R & T, [FFEEEE EIULT 28O X 71 AV > 2]
(HpsEllnh, MEHO5H, 9 #idR)30 % (10 %5): 36-41 (FF A4k, HUn 2012)
M & ZReSMAL, [DOJIN BIOSCIENCE ¥V — X [Z¥ Y A7 4 7 A J(HIBIEZ #H4)
in press (LM, HHF 2012)
ZH w Mo g ek - #ilak%, [DOJIN BIOSCIENCE ¥V — X [Jetafkofifago 54+ 3 7 2] |
(PR % - Y #i4E) in press (LR, 5L#B 2012)
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Shogo Nagata, Kunio Hirano, Kanemori Michele, Liang-Tso Sun, Takashi Tada: Self-renewal and pluripotency ac-
quired through somatic reprogramming to human cancer stem cell : [ 45 35 |8l H A>T AW A4ES]
(2012.12.11-13, k)

Liang-Tso Sun, Shinpei Yamaguchi, Takashi Tada: Function and expression regulation of Nanog in mouse blast :
[ E BT — AR O 4 7 Ve T ) A4y VT —F ABY Y RIT A
(2012.11.21-22, HUHR)

2) EE-IURIYL
M W~ A PS M o 72 Yt AREEME 2 S MR R 0 iR OV <[4 12 [0l PKD AF 5t & 4 5 il ik
(2012.12.01, #HxH0)

ZH & EMRE) Ta s g3 vy DEERERFER R I - 1(2012.11.14, /M)
ZH &~ X IPS MR E F V7o GG RETES SRR OB 7OV ¢ [5 55 bl H AR A e &

=V 7 F v —1(201206.02, L)

ZH w RIS S Z Rt - 7 AT 0 S T MDA LIS T EERR Y+ X 5 — 1(2012.03.09,
INEE)

ZH & XROEONERLE 7 2T u s Z o b0 [HFLEHO X Q@ ARARGE LT 7E & 1 (2012.02.23-24,
ALIE)
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Laboratory of Animal Experiments for Regeneration

iRk - Bk RE ET
Acting Head, Prof. Takashi Nagasawa
BERE - EBR B X
Laboratory Manager, Assoc. Prof. Gen Kondoh

(BEXRBRBYREZDIIRICOWVT]

B e AR EBRED W ek T, PR 23 4FREA X 5 137 BH, YV A TH, v F 5330, v M 67IE v A ;8712
VCASFEEREY) & U CHZe S N7z (EIR B ERZT B (BB $ 5 A Crik - FPAHE 5 1 Pk 24 45 7
ARICE %), SO OEBRBMOHEN 26 - L2 SLAERIZ 1 4 - BB E 3 4 - FEEEHRE 15 4 T17-
TW5,

BWFZERT CEMERZAT ) (2H 72 o TR, EarfiBl - BRI 0 0% L BLE 2 U CTHERES 5 FATKHEHR T
o, ZOFEAZFEA - BRI E 5700, BWERICEFT 533, BIWERICE S 2085 - WEl, Bisis
Wiz &7z > CTORRI, FEEEWORY H W FHEICOWTOEEHERB L OHNER 2 Z#T 5 2 LARBNTON
TW5h., B zedziail - BimFEFE 2 M3 5H1E, A T, SPF(Specific Pathogen Free)~ ™ A
O POV TEMER 2 Z T 2T S, F72, BIWIEEREFERT 2121%, By IRt # 4 L if7e
OB FEBRBR RN L, S REEE X KRKELZELEPRLETHS.

F RS AT ZE S R (2002 41 12 A i, FRAEERVAREZERT, 7 A OV ABFZERT, BRAEE o 3R X 5 L%
TR ~ 7 AERZIBREE B L TS 7THENB L7z, BfE, SPF~ 7 AfHEE4 16 5, FAR 11 %,
TANAME 4K, ERE 1R, ZEHLTWS. Ay ZFEFHTIE SPF v AOAMEHE S, By,
b Twb. MATE LYY RE, REEREWIIEEE 2 SWEATEZ SPF <7 2 Y I2 B Tk
VR - ZRIRBAC L B2 ) — v T v TR % SPFALE N/ 7 ADORIIHESN TS, Tz, fHEEICH
BIAG AR (I - i35 &, FHANCUMRRIC X 20022215 2 LR BN T oM. TROOKELRLDHE
HoOT, BEETOL IS, BEFRFEORALZMEIBE Cniwy, 272, LEEEH~ 7 AfFRICBW T,
SPF =7 ZADWAEMH R 2 ik 57201213, BWEER, AHESAO TG R2EERPLETH LD, ZROAN
BASHA D T BLE, WOMBHGEHRFHRAE L 20 Lz v, REIZLT, #Oh MBI £ % TMEw5
YA E L2 2 LB ME SN TVD. ENEOTEVEERD S, SPF ~ 7 ADOMAEWMH R OFERIN, 75 Yk
KAk, HHBREER &2 TR0, g U202 L b BEL, Hir R/NREICE Uik 2 %o xt
TIZOWT, REWHEETD FORRN RS EE VLT TBLIEPLETHA ). —h, BB LGED THL 2L 2o
T& 7okt B, B hofe OB, Thabb, =il EEHIE, SRR IO S b IR 4 ITIER S 1
DOH Y, FEHEIC > TE. T, MEEEICHLTD, 3HREAOENTH L0, U4, i - P&
DPATIZ BT 5 WHE S DRI SN T E 7225, BATEER LS b S o2d 5. 7272, MLk MUk 02
EOHNRIZ XY, ZE LGS SR 2 ) 20h ), Z ORRRER IR EE O 720 O RIFE0 TR E 5
LoNbZLaMRETLODTHS.
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S7bOBEZEE
Gl —_> FroN\T—3v
(FRFRBNH)
GPIZ > h—RIB 1\ E Dl
o — SRS
(FRFRREH)
lzumol®D 5 k

H. Watanabe & G. Kondoh J. Cell Scie., 2011k &KZE

BFRRICEDEIORBRTFERS. BFRIBEETEEINAERICIIZHER RV, EXHOLERANEEBT IBEICELLES
FEEERI T, SRELEETS. ChETOMET, H4ld, BFRAELHEBLT, 1. DHBRETHIF vV T -3
SWEBESTS T MNOREZTINI TS, 2. RBRETHIEBRICICELLES>TGPIT7 L H—Ba N7 EE#HE LV
lzumol DEEZINF B3, CELEREL, CO—EDRIC%ETFIERIC (sperm membrane reaction) EMEFA TW5. TR
RISEHZ ULEBFORADPSHETEIIENTES.

WIS, AlRRICL2EHOb L, BROEFIHEEG LFFHERICER L2255, ThbL, 1]
BRARERNC & 2 RN FBERDOEN, FVHTFEOLR, BEAFHLBWHETISEG LYY A - Ty P EOWEF
THhb. T/, AXIOVTYH, FHFHREMAORKE ZLIBRICEY, X L — X055 LTI PRITEG 2RI
oz, LHLAHYSL, K - MaOELAHET LooH ), MESEARIZ, F SICHEEEENISHS L TY
2O0BRTH L. Tz, WEETFREWICHEMALTEY, 0L dehlno % THlF 5 » FHIARETDH
5. SR, KBB LR 2 SHICB W EREEPEIN 5.

(57 52 #1 E]

PAERE IR, FAERRAET ORERR L LT, WIEFEEIAT R TH 2B IR S 5 4y 2
ISR (AN OB BRSO F AR 2388, BERICHT 2B oMM, HAENZS T 2 525
B oMy, EHL ) LI, —BFESEE L CUT OMESEE 217> TV .

W7 —~ 1. GPIT7 > H =R Ry BORHA 5 = X 1k ZH

BAEDBHRED XA ¥ 7 =<, BRES P NVHO—MTHH 7V A NVT AT 7FINA T b=
(GPD) 7 v A —H1 % > 737 B (GPL-AP) ODALH X 1 = X 2 DRI & 2 0 A G R T TOEWF N EROELTH
5. Zoz, Y, KN TO GPLAP OJFFE % HERIIRITT 2 72012, GP1 7 » 4 —HI GFP LR — % — &
F1E (EGFP-GPD) 2463 L7-. THhEEALLFNF YAV 2=y 7<% ATIE, FHEU LI EGFP-GPIL 2%, 4b5i
JRRPREHAZ BV THERE L TW 5 Z & 2 Wi L7z (Kondoh G. et al. FEBS letr. 458, 299-303, 1999).

Dk, COBKZIKFITHERL, ~7 AREAGME X ) GPL-AP #HER O R # - ST 217572, Z O/
CORTFOVEDELTT ¥4 7 vy VERBERACE) ZHEBE L. T4bb, ToOBEICE, 7yFt+7rv

MR BERBRBMIER 18—
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YUIRTITAFZ VR EDFHIERT T OIS 2 0A% 59, %< O GPLAP Ml X v t#iE+ 2
Wik 2O WO otz F7, SNHEELEER, YRTFIVAINVKIFIRTFF—EL L
TINHDOXTF Py 2 720 O L L IR OEAIAEL, £72, GPLAP OXTF NG Td% <,
GPI7 ¥ —ZDbD&YMi§ 22 L db%x1kwrz. —J, ACE/ v 2777 h<v AT, T - EWEREEAR
B X DHEUAREDH SN TS, £22T, ZOXIRAOKTA2 I XTF ¥ —EARENR ACE TRELAL A
ZTHREREAME L 72, o2 Lhs, ACE i in vivo T GPL-AP #EREGE (GPlase) 258 V), Z DiftE% b - TEHEIC
FEELREZHS TW5 2 EAURE &7z (Kondoh G. et al. Nat. Med., 11, 160-166, 2005). F72, GPIT7 v/ —®
EEHICE DS PGAPLMBIET /v 777 b7 ATYH, ACE/ v 2777 b=y XA LBBPOBEAEZRL, [
U KT E o GPLAP SRR H 5. TNHDZ LD O T S O GPLAP A T O 2 K ie s o &
R AT v T ThHWRMEAIRR I N

ZIT, ZoO#REBEHT S GPL T v —% GFP(EGFP-GPI) Tg ¥ 7 A & v, #1128 1F % GPL-AP iz &
SEREREAERT & OB 2 AT L7, £, RS LRRS 2 BRI L, 51 & 338§ 5 methylB-cyclodextrin
(MBCD) Lol CRELALL A, AL & D ICHIEOWENR SN2, 72, Hyald, Prss2l 2 &
OWIEYE GPI-AP b BEE ISR L 72, SO L &FIIICT 7 bY—F7—TH 5 GM1 ORFEZ B L7231 5 b
FUU(CTB) TR L2 2 A, WTHEET 7 b ORRNZR/IEZRLD R Sz, M-B-CD ML TIZ IS
DZALIR S N72A, &) DL DORFRMGHFERIETH % BSA BT AR LREILS RSN ahoiz. 22T
BSA WA AN T WA F )7+ TS 5 2 & THREIMIEROS ZREL72E 22, R L)
WKCHONZ, ThHDZ ED LR TREIERISI > TREZ 2 2 LAVRKE S 7z, £z, M-B-CD AHHEIC
2 & Tzumol DJFEZALZ TR RARIED T 5 TV B 12N/ E 25, ARELGERIS»BE SN T4
HbH, M-B-CD IIHEK 5 F DTV 5 capacitation FHEIM R THRAKUS S RAET 2 Z L b h o7z FKrid,
RSB R BUS & N 2 C— O BIG & K TSR (sperm membrane reaction, SMR) & MFRRL, G HIHE
T COMMEIT>72. ZORE, SMRIZTEHNRHTTIRIZLALA O NG 0o 7275, JIENEEER T O 40%
9P AR R ARG T 0% 70%, F 7@ Waiag ks o ToBlgish, SMRIZIPENTRBINICKEZ 5 2 L A9R
2 X 172 (Watanabe H. and G. Kondoh J. Cell Scie., 124, 2573-2581,2011). &IZ, & DA% FHE 4 5 4 ANK
FRFEETZ720, 345040 BHERLE, 2. WEGEEY 2 LR, 3. EFHE Y A LR OMEd» 515
PUERATHMBE AR, <4 707 LA BB 247572, &efF2 L& 3 o, &3 TRBTFB LU
B ARG L BHMSMb B EiCH b, ZZTINSOBOBETHRBE T 7 74 VvERKT 5L, 210
DRAEFH33>2 DFEHEAZ/R L. S OITHEMIZTWE S LRSS Y7 02 a—- N5 b0z
OH L7z, BlUfE, Zoddh 50 EDDRFR Sperm Maturation Factor of Female (SMF-F) fiffiifz 124 H L Tt
Wiz T2,

Woer—~ 2. @ETHE~ Y AERB o5t

BIZTUE~ T ZAOMERIZIE, MERESDOTO AL, S ORH - 57)) - B2 LEET L. BT
FCHEIC R 2005, =774 v 7R_X7 5 —OEH, ESHROREZZ L TF AT 37 AEHOMERTHS ).
Frld, TNOORAT v FIZBT S W LEHTTOP2 0 R WHEMOWHRLYR" 208 TE s—Fr74 ~
TRy E—OEBEIZBWTIE, BAC 70— YA REBRNMAIRZ Y A7) ayE=—) Y 7)&2RAL,
PEHANILAR TS O — DORERERCR I L7z, 72, F AT AOERICBWTIE, BEEEZERL, #ifizk 4
YV a UEBOBAREMR XA VT F Y ADW S R W EHEIC L7z (Kondoh G. et al. J. Biochem. Bio-
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phy. Methods., Methods., 39, 137-142,1999). TN 5 OEAMERH O D L1, #E 8 EM T 8 W LIHHKIZ, HIAT
WA~y AL E LTS 7.

Mammalian sperm undergo multiple maturation steps after leaving testis to be competent for fertilization. Se-
rial important changes occur in the female reproductive tract on sperm, although the molecular mechanisms un-
derlying these processes remain unclear. To investigate the sperm membrane remodeling upon sperm maturation,
we developed transgenic mouse lines carrying glycosylphosphatidylinositol (GPI)-anchored enhanced green fluo-
rescent protein (EGFP-GPI) and traced the fate of this fluorescent protein during the fertility acquiring sperm proc-
ess in vitro and in vivo. When the green-fluorescent sperm were treated with compounds for promoting acrosome
reaction, EGFP-GPI was released from the sperm surface cross-linked with characteristic relocation of a lipid raft
marker ganglioside GM1. Sperm ejaculated into the uterus strongly expressed EGFP-GPI in the head region, while
a part of the oviductal sperm lost fluorescence in an angiotensin-converting enzyme (ACE)-dependent manner.
Moreover, the sperm on the zona pellucida of eggs in the oviduct were found to be exclusively GFP low. These re-
sults suggested that sperm undergoing GPI-AP release associated with reorganization of lipid raft and acrosome

reaction acquire fertilization potential.

(¥ % B 3]
@ REERR ©

FERX

Masago Y., A. Hosoya, K. Kawasaki, S. Kawano, A. Nasu, J. Toguchida, K. Fujita, H. Nakamura, G. Kondoh, and K.
Nagata. Molucular chaperone Hsp47 is essential for cartilage and endochondral bone formation. J. Cell Sci.,
125(5), 1118-1128(2012).

Ishimura, A., K-I. Minehata, M. Terashima, G. Kondoh, T. Hara, and T. Suzuki. Jmjd5, an H3K36me2 histone de-
methylase, modulates embryonic cell proliferation through the regulation of Cdknla expression. Development,
139, 749-759(2012).

Orihashi, K., H. Tojo, K. Okawa, Y. Tashima, T. Morita, and G. Kondoh. Mammalian carboxylesterase (CES) releases

GPI-anchored proteins from the cell surface upon lipid raft fluidization. Biol. Chem., 393, 169-176, (2012).
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EHE X, WBE R & PBEC v AMEMGNICBT B FIRAL L ZRRRER 58 57 Inl H AR
JEEE AP S - B 2012, R

WBK, R AR, BB T, Tak W. Mak, M X BARGERT Y KRA ) > 2 3MIEEY VR

HIAAT7FINIEY =T I CHEL, MAMBACHE TR ZEET 5 55 116 b BTG EERE Y
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Prof. Akihiro Kusumi
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1. £Z TV SHIPTO 1 B FEE CRIEEDERE

MR, in vitro TO 13 TBIREHENTE 2RI TETWE. Lo L, REOHEEDIRIL,
1 FRSEBIEZ AT TBI ) LT, TNICE-T, 10 FHIRAED S TR &R o 72, BARMIZIEA
ETwalilaho 1 51%, ~4 70 LNVORRSMHEE, +/ A= VLNV OZERKETERL, 2512,
TN DG FOEHAL(BUS) TTZ D 1 0 FHEICRLHELZMEL TS (TR TOERLADA). Zhid,
FIVALVR S 77 /ud—LORGHEBE LT, 15FF /"4 4+ay—, 15 FADFEEwIFHHL
WG DRITEIC D B H) DD H B,

B, UTOFRMRIE, 15T THOTHRICZ72bDTH Y, HRLEMBTTOL A=V 7%
B+ ol CRATRTH o725 DEN) TH 5.

2. MRBEOEFRNLEEEL, BEHICOVT

MRBLIL 2 KOoT oMK Glfefs) L Z 2 b T& 7. LaL, BEi, (DMBZa s s—t 2y MegshTw
52k, (2) TNEMEEICHY AN TORFITH LTEC 2, (3) 2o, EARIZIZT 7 F Y RE
BIZXADH0T, BEHKEZ IS LBEEI S Vo2 HASEHEREE LTl 2k, ZEERLE. 2,
VY= a VY YETIVICHELRERZBLIOTH Y, ROWEEBETIZONWT, EANLRNT T4 LY
T MR LR THS.

SO, BFMRMNES 774 -3 HWT, MREOMBENKEIAAES 27 7 F VG OMEE, 3
KRICHREIE IS K o T, @RISR T 2 2 LRI L7z MIREEUR & LT, Mo I 2T % ok siihs
TA—T Ly FASELV T ALE L7202 vz, Tk oT, BEONMEROBEEHEOMEHOKRE &%
Ko7z TAH, FNH, BGT ORI > THEONZT U= AV POREX LYY L= LN 1 BHE).

RIS T F N2 Ttk RELTEBZFEILT 2 OB LA (Y 7Tk ALE 2 B R RS
%), T, KEERIESKRICEIEI A=A MIHLADONE D, BEEKICHEGTAIILIZLAZ LN
biroiz. 61T, MG OMBEIIIIRE 2 b8 S 2 WINHBEREASE L 2205, Thd, T/ F VL2
AT HBEHER S SR HHPEICEGTH I LI E o Tk Z & 2R L7z

3. YUFIVBEDEFNBHAMEAICOVT
YTFMEER, L OWE, VTPV GTFOT YT AGERGEE EHRICE s THbNAEEZ SN TE .
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[Summary of Research]

Paradigm shift of the concept of the plasma membrane structure

The plasma membrane has been considered to be a two dimensional liquid, with their constituent molecules,
membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson model widely accepted
for these 30 years. However, we found that the plasma membrane is partitioned into many small compartments,
and both membrane lipids and proteins undergo short-term confined diffusion within a compartment, and long-
term hop diffusion between the compartments. These membrane compartments are delimited by the membrane
skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al., 2005; Morone et al.,, 2006). This entails a paradigm shift for the concept of the plasma mem-
brane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be found
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.
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Z. Kalay, T. Fujiwara, and A. Kusumi. Confining domains lead to reaction bursts: reaction kinetics in the plasma
membrane. PLoS One 7, 32948 (2012).

K.-J. Cho, R. S. Kasai, J.-H. Park, S. Chigurupati, S. J. Heidorn, D. van der Hoeven, S. J. Plowman, A. Kusumi, R. Ma-
rais, and J. F. Hancock. Raf inhibitors target Ras spatiotemporal dynamics. Curr. Biol. 22, 945-955(2012).

A. C. E. Shibata, T. K. Fujiwara, L.-M. Chen, K. G. N. Suzuki, Y. Ishikawa, Y. L. Nemoto, Y. Miwa, R. Chadda, K. Na-
ruse, and A. Kusumi. Archipelago architecture of the focal adhesion : Membrane molecules freely enter and
exit from the focal adhesion zone. Cytoskeleton 69, 380-392(2012).

K. G. N. Suzuki, R. S. Kasai, K. M. Hirosawa, Y. L. Nemoto, M. Ishibashi, Y. Miwa, T. K. Fujiwara, and A. Kusumi.
Transient GPI-anchored protein homodimers are units for raft organization and function. Nat. Chem. Biol. 8,
774-783(2012).

R. Sheng, Y. Chen, H. Y. Gee, E. Stec, H. R. Melowic, N. R. Blatner, M. P. Tun, Y. Kim, M. Killberg, T. K. Fujiwara, ]J.
H. Hong, K. P. Kim, H. Lu, A. Kusumi, M. G. Lee, and W. Cho. Cholesterol modulates cell signaling and protein
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networking by specifically interacting with PDZ domain-containing scaffold proteins. Nat. Commun. (2012)

in press.
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A. Kusumi. Signal transduction of GPI-anchored receptors based on dimerization and raft-lipid interaction.
Boehringer Ingelheim Fonds International Titisee Conferences on Lipids As Organizers of Cell Membranes.
Titisee on Schwarzwald, Germany. March 2012.

A. Kusumi. Organizing principles of the plasma membrane : Three-tiered hierarchical meso-scale domain architec
ture revealed by single-molecule tracking. CLS (Peking University)-iCeMS (Kyoto University) Joint Sympo
sium. Peking, China. April 2012.

A. Kusumi. Transient GPI-anchored protein homodimer rafts are basic units for raft organization and function. The
Biophysical Society (U.S.) Thematic Meeting “Lipid-protein Interactions in Membranes: Implications for
Health and Disease”. Hyderabad, India. November 2012.

1B) EAGE

A. Kusumi. Organizing principles of the plasma membrane : Three-tiered hierarchical meso-scale domain architec-
ture revealed by single-molecule tracking. Joint Summer Research School in Nanomedicine (jointly held by
Keio University, RIKEN Brain Institute, Peking University, and Karolinska Institute). Tokyo, Japan, August
2012
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A. Kusumi. National Centre for Biological Science. Bangalore, India. “Transient GPI-anchored protein homodimer
rafts are basic units for raft organization and function : single-molecule imaging study.” November 1, 2012.

A. Kusumi. Department of Physiology, University of Otago, Dunedin, New Zealand. “Dynamic organizing principles

of the plasma membrane that regulate signal transduction : single-molecule tracking studies.” November 26,

2012
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1. Simulation of Biomechanical Adaptation Process of the Living Tissues.

Numerical simulations are carried out especially on the modeling and remodeling phenomena of the bones as
the biomechanical adaptation. With constraint functions such as stress distribution or strain energy density distri-
bution, it is indicated that the form of the bone has been modeled, and the design of artificial dental roots which dy-
namically harmonizes with the living tissue under this constraint has being tried. (Supported by New Energy and

Industrial Technology Development Organization)

2. Regeneration of the periodontal Membrane around Dental Implant Roots.

The present artificial dental root is fixed directly in the alveolar bone without having periodontal ligament like
natural tooth root, the stresses are directly transmitted without any damping effect. The excessive stresses in the
alveolar bone may arise and cause the bone resorption by which the loosening of the implants occurs. Therefore,
we have been attempting that the dental implant made of titanium is covered with a polymer, and the collagen
which is the cell adhesive protein is fixed by some surface treatments, and in addition, the periodontal ligament
cell is cultivated on the surface for regeneration of the periodontal membrane. (Supported by Ministry of Culture,

Science and Education)

3. MR Elastography Measurement, Analysis and Verification.

Magnetic resonance elastic modulus measurement method (MRE) of the elastic modulus is a new measuring
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technique based on the MRI, and it establishes the technique of the noninvasive elastic modulus measurement of
the living tissue and organ in vivo. Database construction for the medical research support, and virtual reality (VR)

system using the haptic device are investigated. (Joint Research with Information Division, Kyoto University)

4. New Artificial Articular Cartilage and Intervertebral Disk.

Development of the artificial cartilage and intervertebral disk is necessary in order to recover support and mo-
bility simultaneously in joints and spine which received the damage. We examined the possibility of the application
of polyvinyl alcohol hydrogel which can control the mechanical strength by the change of water content and is ex-
cellent in the biocompatibility. It replaces only lesion part and leaves the sound subchondral bone. The high
strength and high elastic modulus of the polyvinyl alcohol hydrogel newly developed in this department is promis-
ing as artificial articular cartilage and intervertebral disk material. (Supported by Japan Ministry of Health, Labour

and Welfare)

5. Polyethylene for Artificial Joints with High Wear Resistance.

The wear particles of polyethylene are produced by the friction between the metal and UHMWPE when artifi-
cial joint used for the long term. It is known that the osteolysis occurs by foreign body granulation tissue which the
wear particle induces. The development of new UHMWPE for artificial joint which controlled super structure by

the crystallization under molecular orientation is being tried in order to improve abrasion resistance of UHMWPE.

6. Proliferation Control of Mammalian Cells and Tissue Preservation for Long Term.

EGCG, a green tea polyphenol, not only improves preservation of non-frozen tissues such as cornea, nerves,
and pancreatic but solves some potential problems pertaining to transplantation and cardiovascular medicine.
EGCG with its immuno-suppressive and anti-proliferative effects prevents graft rejections in various tissues and
neo-intimal hyperplasia in vein grafts, respectively. Therefore, the use of EGCG for preserving the living tissues
and controlling their cellular responses will provide us a starting point to advance the future of regenerative medi-

cine. (Supported by Japan science and technology)

7. The gentle denture base in human body

Today, we are researching and developing novel thermoelastic denture base composed of polymethyl-
metahcrylate (PMMA) as a main component for injection molding. Denture base is generally employed polycarbon-
ate (PC) as thermoelastic resin. However, PC is eluted in one’s mouth, bis-phenol A of an environmental pollution,
and furthermore, poor adhered to PMMA resin of repair adhesive. Heat- polymerized type PMMA mainly em-
ployed as denture base, is eluted in one’s mouth a lot of monomer and oligomer, which come from residue product
of polymerization, and is anxious to cause an allergy. We are researching and developing novel thermoelastic den-
ture base which overcomes disadvantages of traditional denture resin. (Supported by Kinki area economy depart-

ment of industry)
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8. Biodegradable Medical Adhesives

The closing, sealing, and bonding of wounds and defects in various types of tissue still remain problem areas in
the field of medicine. To bond a soft tissue interface, numerous studies have been conducted to develop either syn-
thetic or semi synthetic tissue adhesives. Cyanoacrylate, aldehyde-based, and fibrin glue have all been developed
for clinical usage. However, some problems have led to limitations in their application, such as toxicity and virus in-
fection.

We recently developed functional medical adhesive of dextran based reactive glue, consisting of aldehyded
dextran and e-poly (L-lysine), two kinds of medical and food additives, as starting materials. Biocompatibility assay
indicated that the functional medical adhesive showed excellent biocompatibility with in vitro and in vivo and most
of the functional medical adhesive was histologically degraded within 4 weeks. The excellent performance was ob-
served in comparison to the use of conventional fibrin glue. (Supported by New Energy and Industrial Technology

Development Organization)

9. Antifreeze Polyamino Acid with the Cryoprotective Function

Cryoprotective agents (CPAs) such as dimethyl sulfoxide (DMSO), glycerol, ethylene glycol, and propylene gly-
col have been used for the cryopreservation of cells and tissues. DMSO is the most effective CPA but shows high
cytotoxicity and can effect differentiation. e-poly-L-lysine (PLL) derivatives show higher cryopreservation effi-
ciency than the conventional CPAs. Culture medium solutions with 7.5 w/w% of PLL whose amino groups of more
than 50 mol% were converted to carboxyl groups by succinic anhydride showed higher post-thaw survival effi-
ciency of L929 cells than those of current CPAs without the addition of any proteins. In addition, rat mesenchymal
stem cells were cryopreserved more effectively than with DMSO and fully retained the potential for proliferation
and differentiation. Furthermore, many kinds of cells could be cryopreserved with PLL having the appropriate ra-
tio of COOH groups, regardless of the cell types, including adhesive and floating cells, human and mouse derived
cells, primary cells and established cell lines. The properties might be associated with the antifreeze protein prop-
erties. These results indicate that these polymeric extracellular CPAs may replace current CPAs and the high vi-
ability after thawing and non-necessity of serum ensure that these CPAs may be used in various preservation

fields. (Supported by the Ministry of Education, Science, Sports and Culture of Japan)
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Hiroaki Inui, Jinji Mizuno, Suong-Hyu Hyon, Kazuaki Matsumura. : Development of a Low Toxicity and Com-
pletely Serum-Free Vitrification System Combining a Cryo-Nano-Hole Vitrification Container with Anti-
freeze Polyamino-acid (Carboxylated Poly-L-Lysine)for ART. Journal of REPRODUCTION ENGINEERING,
in press(2012)

Katsunori Takagi, Tohoshi Tsuchiya, Nasato Araki, Naoya Yamasaki, Takeshi Nagayasu, Suong-Hyu Hyon, Naoki

Nakajima. : Novel Biodegradable Powder for Preventing Postoperative Pleural Adhesion. Journal of Surgi-
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cal Research (in Press) (2012)

Jun Kanamune, Tatsuo Kina, Yasuhiro Iwanaga, Hirofumi Noguchi, Kazuaki Matsumura, Shinji Uemoto,and Suong-
Hyu Hyon, Attenuation of murine GVHD by a tea polyphenol “Cell Transplantation” in press (2012)

Vrana N. E, Matsumura K., Hyon S. -H., Geever L. M., Kennedy ]. E., Lyons J. G, Higginbotham C. L., Cahill P. A.
and McGuinness G. B. Cell encapsulation and cryostorage in PV A-gelatin cryogel : incorporation of carbox-
ylatede-Poly (L-Lysine) as cryoprotectant. J. Tisssue Eng. Regen. Med., in press(2012)

Katsunori Takagi, Tomoshi Tsuchiya, Masato Araki, Naoya Yamasaki, Takeshi Nagayasu, Suong-Hyu Hyon, Naoki
Nakajima : Novel biodegradable powder for preventing postoperative pleural adhesion. Journal of Surgical
Research 04/2012; OI:10.1016/].jss.2012.01.056

Hiroki Tsujita,Anthony B Brennan, Caryn E Plummer, Naoki Nakajima, Suong-Hyu Hyon, Kathleen P Barrie,
Butch Sapp, Dave Jackson, Dennis E Brooks: An Ex Vivo Model for Suture-Less Amniotic Membrane
Transplantation with a Chemically Defined Bioadhesive. Current eye research 03/2012; DOI:10.3109/
02713683.2012.663853347

Dong-Wook Han, Mi Hee Lee, Bongju Kim, Jun Jae Lee, Suong-Hyu Hyon and Jong-Chul Park : “Preventive Effects
of Epigallocatechin-3-O-Gallate against Replicative Senescence Associated with p53 Acetylation in Human
Dermal Fibroblasts,” Oxidative Medicine and Cellular Longevity, Volume 2012, Article ID 850684, 13 pages
doi : 10.1155/2012/850684 (2012)

2 & &

(4348)

D.-W. Han, M. H. Lee, S. -H. Hyon, ]J. -C. Park. Differential cellular responses to Epigallocatechin-3-gallate of human
dermal fibroblasts vs. human fibrosarcoma cells, In Polyphenols: Chemistry, Dietary Sources and Health
Benefits (Ed. : Sun)in press, 2012
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Restoration and maintenance of oral function (ingestion, mastication, swallowing and phonation) are essential
for ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to estab-
lish the fabrication systems of precision dental prostheses, which have excellent biological-, mechanical- and
morphological-compatibility.

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

cause they do not feel financially stable. We are also investigating such a sociological problem.
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Slide view

(a) Simulation of multi-cellular tissue morphogenesis by the RNR model
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(b) Analysis of extension—-torsion coupling of actin filament by MD simulation.
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Fig : Multiscale biomechanics studies of multi-cellular tissue morphogenesis and actin filament dynamics :
Modeling and simulation from molecular level to functional cellular and tissue level.

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

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

(1) Biomechanics of multi-cellular tissue morphogenesis

Morphogenesis of tissues in organ development is accompanied by large three-dimensional (3D) deformations,
in which mechanical interactions among multiple cells are spatiotemporally regulated. To reveal the deformation
mechanisms, we developed the reversible network reconnection (RNR) model. The model was developed on the ba-
sis of 3D vertex model, which expresses a multicellular aggregate as a network composed of vertices. The conven-

tional 3D vertex models have successfully simulated morphogenetic dynamics by expressing cellular rearrange-
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ments as network reconnections. However, the network reconnections in the 3D vertex models can cause geomet-
rical irreversibility, energetic inconsistency, and topological irreversibility, therefore inducing unphysical results
and failures in simulating large deformations. To resolve these problems, we introduced a new definition of the
shapes of polygonal faces between cellular polyhedrons and improved conditions for network reconnections and for
the shapes of cell-cell boundaries. Mathematical and computational analyses demonstrated that geometrical irre-
versibility, energetic inconsistency, and topological irreversibility were resolved by suppressing the geometrical
gaps in the network and avoiding the generation of irreversible network patterns in reconnections. We success-
fully demonstrated tissue deformation of growing cell sheets and showed that our model can simulate large tissue

deformations, in which large changes occur in the local curvatures and layer formations of tissues.

(2) Biomechanics of extension-torsion coupling of actin filaments

Actin filaments have a double-helix structure consisting of globular actin molecules. In many mechanical cellu-
lar activities, such as cell movement, division, and shape control, modulation of the extensional and torsional dynam-
ics of the filament has been linked to regulatory actin-binding protein functions. Therefore, it is important to quanti-
tatively evaluate extension-torsion coupling of filament to better understand the actin filament dynamics. In the
present study, the extension-torsion coupling was investigated using molecular dynamics simulations. We con-
structed a model for the actin filament consisting of 14 actin subunits in an ionic solvent as a minimal functional
unit, and analyzed longitudinal and twisting Brownian motions of the filament. We then derived the expected value
of energy associated with extension and torsion at equilibrium, and evaluated the extension-torsion stiffness of the
filament from the thermal fluctuations obtained from the MD simulations. The results demonstrated that as the
analyzed sampling-window duration was increased, the extension-torsion coupling stiffness evaluated on a nanosec-
ond scale tended to converge to a certain value. The results obtained from this study will contribute to the under-
standing of biomechanical events, under mechanical tension and torque, involving extension-torsion coupling of fila-

ments.

(% # B ]
@ FLERX @

1) BEERX

Yasuhiro Inoue, Taiji Adachi: Role of the Actin-myosin Catch Bond on Actomyosin Aggregate Formation. Cellular
and Molecular Bioengineering, in press

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, 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

Sung-Woong Han, Patriche Simona, Mihaela Banu, Taiji Adachi: Real-time Monitoring of Changes in Microtubule
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Mechanical Properties in Response to Microtubule-destabilizing Drug Treatment. Journal of Nanoscience
and Nanotechnology, in press

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, in press

Hiroshi Kamioka, Yoshitaka Kameo, Yuichi Imai, Astrid D Bakker, Rommel G Bacabac, Naoko Yamada, Akio
Takaoka, Takashi Yamashiro, Taiji Adachi, Jenneke Klein-Nulend : Microscale Fluid Flow Analysis in a Hu-
man Osteocyte Canaliculus Using a Realistic High-resolution Image-based Three-dimensional Model. Inte-
grative Biology, 4-10: 1198-1206(2012-9)

Hiromi Miyoshi, Taiji Adachi: Spatiotemporal Coordinated Hierarchical Properties of Cellular Protrusion Revealed
by Multiscale Analysis. Integrative Biology, 4-8 : 875-888(2012-7)

Shinji Matsushita, Yasuhiro Inoue, Taiji Adachi: Quantitative Analysis of Extension-torsion Coupling of Actin Fila-
ments. Biochemical and Biophysical Research Communications, 420-4 : 710-713(2012-4)

Satoru Hayano, Hiroshi Kurosaka, Takeshi Yanagita, Ina Kalus, Fabian Milz, Yoshihito Ishihara, Md. Nurul Islam,
Noriaki Kawanabe, Masahiro Saito, Hiroshi Kamioka, Taiji Adachi, Thomas Dierks, Takashi Yamashiro :
Roles of Heparan Sulfate Sulfation in Dentinogenesis. Journal of Biological Chemistry, 287-15: 12217-12229
(2012-4)

Hidetaka Yamaoka, Shinji Matsushita, Yoshitaka Shimada, Taiji Adachi: Multiscale Modeling and Mechanics of
Filamentous Actin Cytoskeleton. Biomechanics and Modeling in Mechanobiology, 11-3/4 : 291-302(2012-3)

Masaki Hojo, Yukinobu Matsushita, Mototsugu Tanaka, Taiji Adachi: Interfacial Fatigue Crack Propagation in Mi-
croscopic Model Composite Using Bifiber Shear Specimens. Composites Part A : Applied Science and Manu-
facturing, 43-2: 239-246(2012-2)

Hiromi Miyoshi, Taiji Adachi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Go Uchida, Yutaka Yama-
gata: Characteristics of Motility-based Filtering of Adherent Cells on Microgrooved Surfaces. Biomaterials,

33-2: 395-401(2012-1)
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Hiromi Miyoshi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Taiji Adachi, Yutaka Yamagata: Role
of Actin Cytoskeletal Structure and Cell-Substrate Adhesion for Cell Migration on Micro-Structured Sur-
faces. Biophysical Society 56" Annual Meeting (2012.2.25-29. San Diego, US.A.)

Shinji Matsushita, Yasuhiro Inoue, Taiji Adachi: Molecular Dynamics Analysis of Coupling Behaviors between Ex-
tension and Torsion of Actin Filaments Micro-Structured Surfaces. Biophysical Society 56" Annual Meeting
(2012.2.25-29. San Diego, US.A.).

Yasuhiro Inoue, Shunsuke Tsuda, Koji Nakagawa, Masaki Hojo, Taiji Adachi: Modeling and Simulation of Myosin-
dependent Rearrangement and Force Generation in an Actomyosin Network. Biophysical Society 56" An-
nual Meeting (2012.2.25-29. San Diego, US.A. )

Sung-Woong Han, Taiji Adachi: Evaluation of Amyloid Precursor Protein and B-Secretase Interactions Using an
AFM. International Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)

Masaaki Murata, Junko Sunaga, Masaaki Sato, Taiji Adachi: Characteristics of Nitric Oxide Production in Me-
chanically Stimulated Osteocytes. International Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)

Kensuke Suzuki, Junko Sunaga, Taiji Adachi: Biomechanical Study on Neuronal Migration using Micropattern.
International Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)

Kyohei Morita, Sung-Woong Han, Taiji Adachi: Development of Actin Dynamics Measurement Method using an
AFM. International Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)

Yoshiaki Kondo, Shinji Matsushita, Yasuhiro Inoue, Taiji Adachi: Molecular Dynamics Simulation Study of Me-
chanical Behavior of Actin Subunits in the Actin Filament. International Symposium on Cellular Mechanobi-
ology (2012.3.16. Kyoto)

Hiroshi Kamioka, Yoshitaka Kameo, Taiji Adachi: Microscale Fluid Flow Analysis in a Human Osteocyte Canalicu-
lus Using a Realistic High-Resolution Image-Based Three-Dimensional Model. International Symposium on
Cellular Mechanobiology (2012.3.16. Kyoto)

Kentaro Takenaka, Hiroki Ishibashi, Yasuhiro Inoue, Taiji Adachi: Trabecular Remodeling Simulation Consider-
ing Bone Remodeling Cycle. International Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: Evaluation for Mechanical Properties of Nanospring Protein using

AFM. International Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)
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Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi: Cofilactin Filament Model for Molecular Dynamics Simulation. Inter-
national Symposium on Cellular Mechanobiology (2012.3.16. Kyoto)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Three-Dimensional Vertex Model
for Simulating Large Deformation of Cell Aggregates during Tissue Morphogenesis. International Sympo-
sium on Cellular Mechanobiology (2012.3.16. Kyoto)

Koji Nakagawa, Yasuhiro Inoue, Satoru Okuda, Taiji Adachi: Mathematical Modeling and Simulation of Mechani-
cal Behavior of Cell during Cytokinesis. International Symposium on Cellular Mechanobiology (2012.3.16.
Kyoto)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Three-dimensional Vertex Model
for Morphogenesis of Multiple-cell Tissue with Physical and Topological Consistency. CDB Symposium
2012 : Quantitative Developmental Biology, RIKEN Center for Developmental Biology (2012.3.26-28. Kobe)

Hiromi Miyoshi, Taiji Adachi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Go Uchida, Yutaka Yama-
gata: Directional Decisions of Migrating Cells on Micro-topographical Surfaces. CDB Symposium 2012 :
Quantitative Developmental Biology, RIKEN Center for Developmental Biology (2012.3.26-28. Kobe)

AR, HEMT, RERG AT ARG LON- FAY VRESHEBEMEMB O RS IZ5 2 %58, 4551
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Hiromi Miyoshi, Taiji Adachi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Yutaka Yamagata: Con-
tributions of Actin Cytoskeleton and Cell-substrate Adhesion in Control of Cell Motile Behavior in Micro-
topographical Environments. Joint Meeting of JSDB 45" & JSCB 64" (2012.5.28-31. Kobe)
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ARHER, IWAEA, J. L Alves, C. Teodosiu, HAERE, ZHE4G  FEH O B AU R OREIS 1 2 ZE L
72 MAERE D = RTTAT BRI, 55 17 IIHE T2 2 (2012.5.29-31. 5U#E)
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Yoshitaka Kameo, Taiji Adachi: Poroelastic Analysis of Interstitial Fluid Flow in Trabecula under Cyclic Loading.
18" Congress of the European Society of Biomechanics (ESB2012) (2012.7.1-4 Lisbon, Portugal)

Taiji Adachi, Kennedy O. Okeyo: Upregulation of Actomyosin Contractility Enhances Mechanical Integrity of Ac-
tin Cytoskeleton in Lamellipodia. 18" Congress of the European Society of Biomechanics (ESB2012) (2012.7.1
-4. Lisbon, Portugal)

Daisuke Tawara, Ken Nagura, Taiji Adachi: Remodeling Simulation Estimates Changes in Mechanical Properties
of Osteoporotic Bone. 18" Congress of the European Society of Biomechanics (ESB2012) (2012.7.1-4. Lisbon,
Portugal)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Mathematical Model for Large De-
formations of Multiple-cell Aggregate during Tissue Morphogenesis. 10® World Congress on Computational

Mechanics (WCCM2012) (2012.7.8-13. Sao Paulo, Brazil)
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Taiji Adachi, Masakazu Hasegawa, Teruko Takano-Yamamoto: Application of a Level-set Method for Simulation
of Orthodontic Tooth Movement Using CT Image-based Voxel FE Models. 10" World Congress on Compu-
tational Mechanics (WCCM2012) (2012.7.8-13.  Sao Paulo, Brazil)

Yasuhiro Inoue and Taiji Adachi: Rearrangement Dynamics of Contractile Actomyosin Network. 10® World Con-
gress on Computational Mechanics (WCCM2012) (2012.7.8-13. Sao Paulo, Brazil)
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Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi: Molecular Dynamics Model of Cofilactin Filament. H A%y #isx
2365 50 [14E4% (20129.22-24. % R)

Koichiro Maki, Sung-Woong Han, Taiji Adachi: Analysis of the Mechanical Behavior of b-catenin Using AFM. H
AR5 50 M4 (2012.9.22-24. A diR)

Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, Taiji Adachi: Simulations of Large Deformation
during Tissue Morphogenesis Using Reversible Network Reconnection Model. H ARAEW #2244 50 [H4E
2(20129.22-24. %ii)E)

Prof RIS, e RREE, ARG  BRVET) Y 7B S Y TP VRERBEOKEE T VL. AR
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Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Yoshiki Sasai, and Taiji Adachi: Large Deformation of Multicel-
lular Tissue during Morphogenesis Using Reversible Network Reconnection Model. Exciting Biologies :
Forces in Biology (2012.10.4-6. Dublin, Ireland)

Hiromi Miyoshi, Jungmyoung Ju, Sang Min Lee, Jong Soo Ko, Taiji Adachi, Yutaka Yamagata: Image-based
Analysis of Spatial Organization of the Cellular Actin Cytoskeleton in Micro-topographical Environments.
Exciting Biologies : Forces in Biology (2012.10.4-6. Dublin, Ireland)

Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi: Energy Analysis of a Cofilin-decoratedactin Filament Using Molecu-
lar Dynamics Simulations. Conference on Computatinal Physics (CCP2012) (2012.10.14-18. Kobe)

HEICE, 8O, OERIA CAFM 2T 2 F Y 74 5 A Y bOGTF 2 FAEDE. DA SE 4
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m~A4 270 -3 L%y RY Y L(20121022-24. dLILH)

Fr DHEHE, R O BBER S A F I 2 ADINVF AT —VEEA N /N4 A u Y~ HAWERE A~ 2
O LY YR Y Y A(20121022-24. dLILH)

WEHEREE, JEEHE, ZOERE RN AT 2 F v 74 5 AV VAT 2 F VB 5 V80l AR D
VRO FE Y I ab—Ya v, HARWARE AR A 70 - F ) TEIYRY T L
(2012.10.22-24. deJu)

Sung-Woong Han, Ko-ichiro Maki, Taiji Adachi: Evaluation for Mechanical Behavior of Nanospring Protein in Ad-
herence Junction Using AFM. The 12" International Discussion & Conference on Nano Interface Controlled
Electronic Devices (IDC-NICE 2012) (2012.10.24-27. Gyeongju, Korea)

HHEORHE, 8 f, b B, 20880 S HERE OB RIPREL O Pl L E SR o2 to v 32— g
V. 8539 M HARERIR N A 4 A H =7 A543 (2012.11.9-10. F-3E)

Yoshitaka Kameo, Taiji Adachi: Modeling Trabecular Bone Adaptation Regulated by Mechanosensing Osteocytes.
3rd Asian Conference on Mechanics of Functional Materials and Structures (ACMFMS2012) (2012.12.5-8.
New Delhi, India)

2) BE-VORIIL

FREFG MDY I 2 V= a vy 0 77 F VRIS OMEISK 5SS T, 5 25 ] CAMM 7 + —F 4 (201232,
#5() (Seminar)

R R AT L O - BRREEIC S A 3 7 A0 FERER, RIMUAEGERRAE Y I 2L — a VIR
VARV Y 4 (2012.36. #)7) (Symposium)

Taiji Adachi: Characteristics of Nitric Oxide Production in Mechanically Stimulated Osteocytes. International
Symposium on Cellular Mechanobiology (2012.3.16. Kyoto) (Symposium)

Taiji Adachi, Shinji Matsushita, Yoshihiro Inoue : Mechanical Behavior of Actin Filaments under Tension: A Mo-
lecular Dynamics Simulation Study. 10" International Symposium on Biomechanics and Biomedical Engi-
neering (20124.11-14. Berlin, Germany) (Plenary Talk)

Taiji Adachi: Mechanical Regulation of Actin Network Dynamics in Migrating Cells (From Cells to Molecules).
Young Scientists’ Colloquium, iCeMS Kyoto University (2012.4.27. Kyoto) (Seminar)

Taiji Adachi: Multiscale Biomechanics of Bone Functional Adaptation by Remodeling. Lecture at the Egypt-Japan
University of Science and Technology.(20125.14. Alexandria, Egypt) (Lecture)

Taiji Adachi: Computer Simulation of Bone Remodeling and Regeneration for Porous Scaffold Design. Symposium
on Frontier in Tissue Engineering, Scaffold, Drug Delivery Systems(2012.5.16. Alexandria, Egypt) (Invited
Lecture)

Taiji Adachi: Mechanical Regulation of Actin Network Dynamnics in Migrating Cells (From Cells to Molecules).
E-JUST Seminar (20125.17. Alexandria, Egypt) (Seminar)

LIERE B O - BEEEIN S A F I 7 AR VAT ANAF AN =S A 22 —¥ T I v 7 ABEER (N
A AW T 3y 7 2R 37 MIFJESY) (2012525, KBR) (Seminar)

LERW RV AT LA OREE  EEBEIC YA F I AONA F A A= AL 1 RESHIREERFEO DO T L
AVAN=3I VT T—=07 v ay 7 [SHIBEED T ANHE &L 20T VL (LSS L oRaEFE%2 B

B/ BEEIF¥MEL % — — 152 —



Institute for Frontier Medical Sciences

7 L C)J(2012.6.26-27. #fiF7) (Workshop)

Taiji Adachi, Masaaki Murata, Junko Sunaga, Masaaki Sato : Nitric Oxide Production Induced by Local Mechanical
Stimulus in Isolated Osteocytes. Symposium on Cell Mechanics and Cytoskeleton. 14" International Con-
gress of Biorheology and 7" International Conference on Clinical Hemoreheology, Biorheology (2012.7.4-7. Is-
tanbul, Turkey) (Symposium)

RERWG B OME - RBEIS Y A F 37 2O BB F A H =2 A 513 [0 E B &5 0F 78 &
(2012.9.14-15. 35THR) (HE )

LIER T AREORSETE & BAERBIS © BELAMART) 7. PR SGE AR RS (20121210, P, HriE) CREIGE
#®)

Yasuhiro Inoue, Shinji Matsushita, Taiji Adachi: Molecular Dynamics Simulation of an Actin Filament. KSME-
JSME Joint Symposium on Computational Mechanics & CAE 2012, Mechanical Engineering Congress,
JSME (2012.9.12. Kanazawa) (Symposium)

LERG M NA A A T =7 ZAWFFROEIN ¢ J5E - AT X B BRI, RIS AR R A R 7E

YE=V Y RYY L HIBNA G A =2 AOFER (2012.12.22. 5{HA) (Symposium)

LR LM ERON T Ar— VY I ab—3 3 ry, HARDH AR EIFEH A5 30 I EME

4 34— (201212.25. #rf1) (Seminar)
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B a8
Division of Technical Support
(AR IEBE]

201243 1 H &0 12 HRE T2 8409 164 HROFIHA D 1), PR FEERGEE O REE 2 MR AE R 2 &b &0,
il % OWFFEFEOFLIINZTE . T/, B, Widoget, HA T TORMMBREARIERSREL M L EOF
WG, 704 Ry P ORFEFHENOHKEY R EROFEL T TE 7.

s NT T4 YYRAER, SRR, Tay Z O, FUREEARO/ER

- — &4t (Hematoxylin-Eosin stain)

- ¥§%k gt (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)

- P YAn (eSMA, Desmin, vWF VIII, Vimenntin, CD4, CD45R, MHC, CD68, CD31, Collagen type-I, Type-II,
MSP2, HBME-1, GFP, Cytokeratin,Synaptopodin, Neurofilament, PECAM1, AQP1)
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4. FNES

A FBEER T
[BLES - BEEROLHRANLFAREH S
TH24FE FRHES
FfER : 2012 % 12 A 19 B (K)
15 P W WEA-L
MEORE Pk Aol W Ul AR R FERT)

Ty a3
JE R RAR HEHE RURR T A OV AWRZERT FTR)

MMM OF LW bE' 7V~ iy s o f KR 70 2o SREpEOBED 5 OB~ |
WAk R ERERAET #d%)

[ 30 2 BRI e T BRSO B F R & &k FLBE— BB QAR A )V AWFZERT  #d%)
RAF—kyvav

tyiar2
JER I B GRS R B LR eRt  #0%)

[ SRS i 3 O B & P A B~ D Jg [ | AHOER GRS EERAITET Bd%)
(MBI AR RIS DN F X Fp =2 A ] ek IEB ORICRZ IR BEE LA sert %)

[BAARERDFEE - HEASHONIZ R MO 5 A F I v 7 IR H ]
B st (BMLeiiseir ek - AR AR AL v & —
gL - FARTEE KRR EEER)

MEoBE @R B HiE (RS F R R AT SERT)

A A
— 155 — 4. q—miﬁ
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[RXE2—tvIar]

RAY—1

Z RN BOREL ZORBIZH L TH L W& E LT 5 g IE 5 GRII A e 3R 6 2703 1)
RAY—2

B 237 MO EER — /M KIS B A1 T ol - F W7 R B A AR £ 2 20 BT )
RZAH—3

EERIGEANER BT s 70<xF ) 257 ¥ T OBY
ES =N = SN o SRS L € O L iR e )

RAY—4

Spontaneous development of autoimmune arthritis and colitis in ZAC mice A 5 (AR RE IR 1425007 )
RAZ—5

Transplantation of Co-aggregates Formed from Cells of Dissociated Islets and Sertoli cells to Treat Type 1 Diabetes in

Mouse Model ONaohiro TAKEMOTO, Xibao LIU, Kento TAKIIL and Hiroo IWATA GHLERIS I KL 5547 )
KAY—6

TSI & 4~ 2 ) ¥ EAME % FHE S 5 )7 g oGt

— JE I 5 55 L T Activin A & Retinoic acid O 5-#:0 1.9k - AR #RE ERETRISH5T)

RAZ—1T

Artificial Trachea and in situ Tissue Engineering At M (B S 48T )
RA%—8§

MANUFACTURING AND BANKING OF CLINICAL-GRADE HUMAN EMBRYONIC STEM CELL LINES IN A GMP FA-

CILITY [ = SN E ) ok )
RAZ—9

Recombinant E8 fragments of human laminin isoforms support the efficient adhesion and expansion of dissociated human

pluripotent stem cells under defined and xeno-free condition i P (TR AT 22 5557
KA%—10

Self-Renewal and Pluripotency Acquired through Somatic Reprogramming to Human Cancer Stem Cells

U SRR (RN TR 7E )

A2y —11
EARSBIER LY BA Y ¥ 213D VIRE 7+ A7 7 FINIY ) — VT I VIHA Ly MR N TR A 2 k4
5 VEEE 4035 (W m P FE BB it
KA —12
J50F- 1 SR8 % FH A 72 AR5 T 00 ) S EHI WO ONA o A H = 7 AWFSEHER)
4, FHES
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RBXZBEEREMRM [EFEEXE]
BAfER : 2012 % 12 A 19 A (K)
% Fi:ZHESEE MEA—I
MEOHE FTE AN W5 GO RS AL BRI 5T
tyyai EECER A (A RGEE )
L BFA A= T ¥ 712 & BHAHIORERE & B O AT SEH IR (F 2 54 F 7 0k ARFFEAEIR)

Computational biomechanics in complicated deformation during dynamic tissue morphogenesis
WH  BEON I A= ARFZRE)

Promotion of bone repairing by use of novel collagen scaffolds in rabbit skull defect model

Pl Rk BT (s P LS 43 97)
The role of N16 in maintenance of DNA stability and recombination in mice 2H BT GSESLZES )

tyvar2 WE:E] BT GRS )

7 MG B FE € 7 VIS 5 EP2 7 = A EBAFTESTH o 45 AR GHAR T A S 2 85)
ADAM19 is required for proper differentiation of the Cardiac Neural Crest b A e s Yace: i [ )
M P9 R R 251L T RSK D% &) Bk K— GEiRa - Ll B r e 5 47)

HARSUERT U RS ) ¥ 20 3HIEEY YIRE 7+ A7 7 F VNI Y 7 — 7 I VISHE Ly MR O T8 2 3§ 5
Ve AT (MR T A S BRE) o i

yd a3 R WE ARG IS )

The function and Expression Regulation of Nanog in Mouse Epiblast Sun Liang Tso (&R N T 28 55-47)
2 M/IMRIUAERIALE 5 F N4 a2 V& Fv -5 iRk I R R 255 )
Studies on polyvinyl alcohol-macro-encapsulated islets for diabetes therapy MidE i— (BRE TR 5 55)
HEARIRERLRR LR 3 5 IERIE AT S SR AT ARH e (s P e F 45 97)
[RRE2—Ey P 3]

KAZ—1

t b iPSHIMEHIR K= X3 YD 7 Au— 2~ 4 7 a7k INER T GRERASEA B 2255 97)
KRAY—2

AR N A R a7 VR 235 L7z 3 BOoTHlasE SR o2 MHE A6 R R0 5F)
HKRAZ—3

Promotion of bone repairing by use of novel collagen scaffolds in rabbit skull defect model

AL AR LT (DR P LIS 200 )

KRAY —4

The role of IKKB in endochondral ossification IR S GRLRE P AR T H 437 )
KRAZ—5

Studies on polyvinyl alcohol-macro—encapsulated islets for diabetes therapy MidE fi— (GRE TR 55 85)
KAY—6

2 M/IMUILER L 5 F g Fa s vz v g iEsL W AR R E)
KRAY—7

I PR 2 b T RSK o f Wk K— GEiRa - Ll B mr oL 5 47)
KRAY—8

15T A A= v 72 & AR O E & B)RE DT SEH IR (3 2 N4 F 7 a ke ARFZE SR
HKAZ—9

Computational biomechanics in complicated deformation during dynamic tissue morphogenesis
WH  BEON I A h =7 ARFZRE)

A A
— 157 — 4. —7—‘1’11%7:
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REAKXEBEEEFZARAER 23 FEHEFHES
BifEHE : 20123 A 12 H(A)
% i RESKEBEAEEREHRR

HRKE
HHOER GRS ERER AT R)

[F XT3 AME B HREIFAERBEO) TV I AL DAL A= V7|
JURH FIBA  #cd% RO SRR R F R F BER S0F 7))

[BEBER RS v b7 — 7 D20 DLW P B L U TR Bt BE— TWFSER (NTT %0k 255t 7emT)
[MBRALGER 2 B8 L 727 FIC X 2 Bl o 753 | R Bl (MW RA LA TAE)

[ HCHMEALE Cys—Pro T2 7 V= s 2 FIH L7z#ilkin 7 > 287 B ORGS0 B3t & fen mi SRR o FE~ ot H |
Nt e dEFdE ORBOR - & EVEURFJERT)

[FEIER PR OB E 7L & H v 7 AR AL = - O ff#T WA BT B2 ORISR 2B AT SE R
[ WA OMAEZRS T4y b7 —27 O LIS ] W shi Bz RO BERF R PR A BE R A8 A 28Rt
[V AV 2= 7 ET7 774y a7l AR EEROWZE] L #— 2% (ELE R

HAsKE
B #hiE U AR R ARSI BT R)

REBRFBEEPRAER
[BEES - BEEAO LS RMTER S
57 OAHRBRESR
DFHSMRBE S ICHEEREAN

FfEHR 1 2012F 7 A 14 B (1)
15 B REAFERENEARSRE 1 BEAFES k-

HeRE
[ES MR # 0 F B Eei) T PHEBERENR IR REE WiSC dEHdE
(150 F WA 3 72 S AL A & 7 < PR ZAARZERT AR 5L R
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PEHEFEOEI S —
BfE H A - i il tIfF—% F A5

2012. 120 WP T FHEB Y O E & W DFEE L FORKSATAERERE A TG a i
(Rt LERPFRF P E Y JFFET R £ 3 - —

TAAREZERE)

2012. 2. 3 /N OEX THNEA Y BT =7 A LRI SURCK PR ARG
(BIG K RFEBEE RIS 3 Pyruvate dehydrogenase 4(Pdk4) #F5EirdER € 3 F—

B WFgeER) (2 & % IR o0 1A

2012. 223 MEH L <7 AEALE Oy LRGN MRS REIRE A 3 MR
(ﬁ#jwl%isé*&l%MJri/\ ¥ 1d2 F—

[ R B2 i i)

2012. 224 {1l AEER B 70 KT A NS OB L S50 SR EREERY: R TR
(M) BALLWEZERT 7 7 AR BB — SRR BYE & #12 MR X - —

BeEiget v 4 —)

2012. 323 W HE— EREEN T 0B TURBRATAEER Y TRkt o i
(BRFREBE LSR8 R JFFERT R & 3 - —

2012. 416  BH ®A In situ capture of endothelial progeni- ##kIEHE LY I F— B 7o g
(GIRLRER2E7 7 ZAEW T tor cells: Surface architecture cellular
EWFIEH responses and tissue formation

2012. 6. 8 I & A2 MY HBAMEE BB LIER EIMNAFADZ NAF XA D=7 R
(KBRS R B mE T4 ol E 7OV 7 At 3IF— i e
JERHHERE AL H B0

2012. 718 kg 1EBH RO NFEREDNAFAh =7 2 — HFI0BNA F A H /\“/fﬂ’A)(fJ:-7X
(RAL KRB R T ER) MBPICBI A2 e 7 FVofrE- =27 Ak 3IF— WFFE %

20121012 R g AT ) NHGEDL BB D54 L FEAE RGBT A B G A0 i
(RRURF RS2 R0 % 1L t3IF—

B A YR E )

20121024  HA ik WA RE DB JIER L & LColiE) MBBHELIF— MERBEMRRSE
(it %‘IUC%IE?" AR SE IR & SER RS~ DR E
e HE)

2012.11. 2 fBLD 3i— T3IUA F=YARMEET L0 2 — % MRS 3 dkseiiss s
(BINKZERERES R V2B 75— VT4 Y 7RokELr F—

Rl A Wy 27 12 ) A=A nk LTOERBL -

20121122 &g A Sonic Hedgehog and its transcrip- FFABEHHEIMI2E5EF AR B #2255
(National Institute for Medi- tional network control neural tube % 3J—
cal Research, London) pattern formation

20121130  Gou-Jen Wang Fabrication of Biodegradable Mi- ##kEH Y I F— HRRIS T R 2250 B
(National Chung-Hsing Uni- crovessel Scaffolds
versity)

201212. 7 T =il FHEBD Y U TS A AR IS BT HHERE E1L AN T X NAFAH=T R
(BALAWF R 38 - TR YA FIZ AOERMBITEONA N 27 A LI F— WFFEH %
ERETEE v 7 —IERT RNy —= v I EEBT L 20D
e =>v b) BHRoOa—F71 ¥ 7 FHFL v

20121214  KIiE B <A 7R — VBB RO EI12HNA F X NAFAHZT R
(el 8 KRB T25E 7200314 F MEMS 535 Z0% =27 A3 F— WFFE IR
Fe NFIBERE > 2 57 274 A >~
)

20121226  #=ik AL xf«%fﬂ Y 2 7 5O 5 TR R ﬁiﬁﬁﬁﬂﬁuﬁ/\ T A BB 0 B
(Max Planck Institute of Im- {2 [A]{F f: FLEYELTHOY TS k3IF—
munobiology and Epigene- 74 v ¥
tics, Freburg)
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(HLRRAB BB L7 20 1)

HEMBEAR T/ AT OHFRE E2RLBRHE - ARV ORI IA
B Mt H 1 20124E 3 7 7 H(OK)

PAfES T - U EIBSS R A A 4 > R —

The 3rd Japan-Taiwan Symposium on Nanomedicine
Bl f H 201243 H8 H(K)~3 HIH (%)
BAMESST © Main hall, Kyoto International Community House

5% 15 M EAREBEN RS
B it H :20124F 12 7 8 H (1)
BT @ SURSA I IR G e 1 8 - FZROFPaAE bRt I —=

ONA F X H =27 ARFFEHHER)

International Symposium on Cellular Mechanobiology
Bl M H - 201243 H 16 H (%)

BT © Kyoto University Clock Tower Centennial Hall

(P A= S 52 5007)

Kyoto T Cell Conference & 22 EI*£#iES
B OfiE H :20124E7 H 6 H(4)~7 H (L)
BAMESAT - FIES AR (5UHR)

(o3RI

5 13 mMEBHRMFEA RS

Bl i H : 201249 H 14 H (%) ~15 H (1)
BHAESAT © 7 ¥V A i

(P A ) 480 27200 0 )

5 18 @/ NEREIR S

B fiE H :2012429 H 22 H(+)~23 H(H)
BRI © T

Bhkee A
4. —T—f'h;ﬂ — 160 —
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5. HEHRE

2011 FEHFEHFEHE FFFRLHAE 2011 &£ 4 B~2012F 3 A)

(XA TSI REEAVEBIESREBEOVTIVEA LI X—=T L T]
OWr7efias - AR Rk #d% O LR R AR BB A iE 728

FHEBER AR SR MAF e DR X dEHR (MHs 2 2R W i
ORfFFe#E 8 K ORIFFERR -

BEHRGETORER A Z XL FHEEL T IOV EDE > TwD. BEHEEO) X 2RISR MBIRICIER S 3, W
AZRIIZTIEETORMBE T HIEFORIRS A OIS Z &5, MM HRFHIFE - JBAEMIOBR S NS 2 EAVRE S
Twa. LaL, BENOEORHICED X ) %X 7 = X L THHREHREMESTE R S, BHREZIE L0207 3B E T
o TV,

CHFETIIHEAIE, vV AESHINRZ ETNVRE LCHM L, MRS & BAR TR Eholy 2 BRAE L 72, WisLAe B iy
RSSO 21T 572, 7 A BSHMIRZ T T EEZT, V7 27— ¥R LB H REHRE) O 5Ot 4
A=Y Y ZECE ST, MIRSLHEEEICE T 28 ARFHRB) OBIT IR L7z, S 512, — LS E72Mlig %, iPS AR
Bz AL T 70r g3 v 728 L, BARFHREMEOZLZ T L2, Shsofiihrs, BHREToRAER, Mo
EDODEDDLRVTHRMIZT B T ASNTWD Z L2 5T L7z (Yagita et al, PNAS, 2010). ZoO#iRE#EE2, 35
2, RV NV TOBH R ORAEZ RS 2121, ML VvoREE 7T 75 4] & [REER] OB &0 720
WFZEA LI 5 5. Foxld, BEHRETORAEA N =X L%, <7 RARERCIFAT LA A=V Y TEAMiZEL T, MEW
WCHRS AL ZHIWE LTV A,

PR 23 AEEQLFNIETIE, MANGEE=F —TE2HNV Y 72T —EEMVAFREL K- -2 HA L ESHMilfut <
TARBNLCA YV e avl, FATITARMERL. ZOF AT AMDA T A AKEEIT, BEH Y XL OHIKT
H BRI IMEIOCNE Lz, £ o5, ESHMIRHROMEMIISIOEABIE S h, LrdYIKLE ) X2 2R3 2 Lt
MEAT& 7. ThIZE o T, ESHIEFIM L CEKNIZHIT 280 KT ROBAE 2 T3 2 2 2 35 2 2 IO L7z
OWFFEme R D23
<ZFEFim L >
1: Chaves [, Nijman RM, Biernat MA, Bajek MI, de Silva AC, Saito S, Yagita K, Eker AP, van der Horst GT, The prtorous

CPD photolyase rescues a cryptochrome-deficient mammalian circadian clock. PLoS One, 6, €23447, 2011
<FERFELR>

1 JOKHAIBA, Milasb & 8 H R o34, 45 64 W H A BLkE A4y, BRH, 2011

2 1 JUKHAIEL, Circadian clock and cellular differentiation: Development, regeneration and cancer., 45 34 8l H A28
BRIERT -2 v a vy 7, K, 2011
3: Yagita K, Chronogenesis and cellular differentiation., Gordon Research Conferences: Chronobiology, Lucca, 2011 (Invited

Speaker)

[BCEMILE! Cys-Pro TXFJba=y b &FIA L -HRKRE 4 > /N7 BOEBZEORR & REFRMBOREN D]
Omfgeft&s - I it dede ORBOR & i ZEiT)

THAEERHEDIEIT L RBIZE « B #him]  Ed% GRS T-ReGHA 0 5)

O ZeReE S O ZE R ©

AT, HOEMEALR Cys-Pro = 2 7V (CPE) % FIH L 7-Mila 2e 0 & 1 B akii & BHZE L, i - Mtk - Wik &
LB 222 HME L), 22T, AWM FMII T 2 fIF RSOV E » ORFRIE#R L € 7 VIR,
R LRI HARIR ARV E ¥ (PTH) Y 7Y FERAEFEE L7z, R T in situ BRI BUGIC & ) PTH 220k % 45 A Rk
T5ZErkAT.

— 161 —



Annual Report 2011

Os_ CPE o) SR O
o A
OxyCFE HN m BRmEEL  HN /)\'\E; HN /5}1
o Lg Lg Lg
=i g
Lg —_— —

X

i HN | BRHE HzN/‘ | wl
Lg Lg
O CPE
- -
Lg e
1. CPE #BTEMLiE%E AV 2 ERE OIS EAZR

AHFEMEICBWTIE, $§, CPE MG 2B DOSICET 2 X ) I27WA ¥ Lz, T/, falb#uh Shz PTH H5~< 7
F I & PTH ZHKIRS <7 F PO IR OMEE (14 2) 2> 52RO Lys3d OHFFIT) 7> o Glul9 2L 25 2 &AL
72T, ZOMCEIC H OB S 28 A L 72 H0OUEGR PTH X 7' F (N RUEBS X7 F F) 2 L% A8 L7z (4 3). Flag ¥
7% E&t PTH 2B RENE 2 KMIBRFEBL S €72 COSTANLICH LTARNTF PR US SE/2 8 25, Mk s doutk
&N, ZME Flag fUk T 8L L7z PTH 2B RO RAL L —H L7z, ZOTE P LANRTF F&H W CHllu o PTH =241k
BRI TE D Z b h otz 485, BMFEBIIHWME S PTH 2 RE 2 M L, A/HEIC L )i
MR TE TV L0 L) DIERT AT ETDH 5.

Lys34

PTH1R(29-174) —3»

<«— PTH(15-34)

Glu19

2. PTH 2&{k N Rintfigi & PTH Bf93 X7 F N OHFERIEE © A A. Pioszak,
H. E. Xu, PNAS 2008, 105, 5034.

DR

Alexa488—SCH2CH2CO—Ser—Val—-Ser—Glu—Ile— Gln-Leu—Met—His— Asn—
Leu—Gly-Lys—His—Leu— Asn—Ser—Met—Glu (CPE) —Arg—
Val-Glu—Trp—Leu—Arg— Lys—Lys—Leu—GIn— Asp—
Val-His—Asn—Phe—NH:

LR A

Ser—Val-Ser—Glu—Ile— GIn—Leu—Met—His— Asn—

Leu—Gly—Lys—His—Leu— Asn—Ser—Met—Dab (Alexa488—CO—-CNGE) —Arg—

Val-Glu—Trp—Leu—Arg— Lys—Lys—Leu—GIn— Asp—

Val-His—Asn—Phe—NHz
3. LEERLHAREEZEALALPTHARTF K
kb, AMEOFERZ HI9E L22AFEREIC BT, Pk 24 SR EMT7EB Ak B JREIFZE (O) ITRIRE e 2
&, THIE EBITEH AL ET
ORISR D AR
ZRUREAEPEAEEICL VERTETVD I MR TE BT, %4, WXSTRET 2.

5. #FEM%R e



Institute for Frontier Medical Sciences

[faiEaEz BIEL N7 F NICK 2 iR ERDFE]
OmFEEH - PP 8] Haz (B R L G o)

FHERREO 7T LA FE S © B 2E 8% AR5 5)
O Fe#e 8} ORFFERCR

Massaid, AN TIRERPEMECHITAT R 2 BIR 2T RRIC S 2 TR e L OIEL T &7 wmd — I eMiasgl;
BRHERETH L5, L LASK, MIBIEFE O =TRSOl d 2720, Mz AR SH) | L CHRRAERIC
Byl TOREPEOREIDLNIZONPEAL I LIINETH S, MBFEEMICBVTI O L) % HEREROMENE
SR L, IR By SR I U, BN 2 RO S0OUR RS H SN Tw . Ml S5 7ML 2 = koe;
#Y 5L, MTAHEAEERN 28 U T X ) gAkomeiielm Lo LIREERE BT 2. SRTESERIER TSI >
Frrray 7 ERREELR E0H 50, AMREEHORE SEL2 T P a— V352 MLV, FFEH 5%, Poly (Lys
Pro)n(n=10~18) & O¥ i 2 Ml BT 2 2 & THUNBEERZ RS 2LAM T EE2 R L. ABFETid, Ml
Wa HiE L 72T T FIC & 2 MIIaEESM O TR S 2 D CREMINSBRET L 7.

HIOR7F FIddiE £ BGE L (Lys-Pro)a(n=10, 12, 14, 16), fHfKIZ TrtA-PEG-Resin & H\», #fiA#l12 DMT-MM % H
W7z Fmoc BRI CHIL L7z, X7 F FEMER, NKinzBARHEL, 95%TFA KGR RN - BRI 2772, 72,
B LA TF NIk, EWIC XD BEEER % 1T - 72112, MALDI-TOF-MS KO HPLC # FlWTARTF FOME, SO
BEATo7. TORR KP20, KP24, KP28, KP32 2 RN & O R & <145 T & Wi L) i T & 7.

KIZEW L 727 F F (Lys-Pro)n(n=10, 12, 14, 16) &~ 7 A MR (L929) DML & DM HAEM OB 217, Ml
AR, MIfaEEE R, X7 F FOREBIEAFEICOWTHRE Lz, Mgz = v 7 L— b RIZREEL, ~7F FEARHE IR
MOHEESZ)T5ZETT7 HIMEOMT 2B L7

<7 ARGHESE AN (L929), KP20, KP24, KP28 % F\VCHIfaStEI A FE L2 L 2 A, KP20, KP24 o Akt #50 % i 72
T&7. T2, 1929 & V72 BE, MIBuSRESE 2 84 5 5 & L CHllEu %L 25 % 107 cells/well (96well plate), M35 6 K
B, X7F F#EKP20(1.0 mg/mL) 2 d RWEHETH B I Lvbho 7.

1929 % 72 R 7 F FoMifad B R L » KP28, KP32 1%, Milluditksid s 2 Lo bhsz. LaL, BEL/HASL
L7205~001 mg/mL TIMIMLEER AR L2Z L ns, RTF FHEEIC K > THIRLEER 2 IR S 2 ILEAS R 2 5 2 LA
bhrorz. F72, MREERFZIZIEIRTF FOT7 I BEVKEEDGSH Y, Zhid, EEET I /B TH S Lys OILERH
WELTWLEEZ LN,

v EAE (HepG2) 2 W 725 TIE, 56 & MRS DR SN BB D o 72, X7 F P2 L 4 B H Tl
BEILOATTRS iz, Lo, 1929 L1372 D538 7 H H TIZIEMBAZ { oz 2 L HMilfElic X - Tl o)
JRAR I R W B SR B B E C ORI ANE D) & & W5 0o 72

$7:, HepG2 OXTF N E COMMBBIEAG L, 6 Rl X D b 24 K )i ASHIB B R IO IR ERIRITE A 5 72 2 & 5,
ML HEAE R S R T S E R 2 T 2 S &b oz, HepG2 Z VT, 7V 7 I viEiEdER L2 2 5h, R
F R RGN AR AR L7257, @EOREZELI DB IEIS5EE kol T L, BRLMBEERIT
SRRELTWD I E2RBTAMETHL. LX), X7FFEACCHIESEIEFELTH, B2 bR VI LA

1929 % HepG2 U#MMZ b, human Mesenchymal stem cells(MSC), b ML, #EMiaTcd, X775 Fa v Cllugise
RAEFET LWL ho7e., Dk XTFFEHCCHITBEEREFS IHFETELILEWL2IIL. SO ORR
(&, MIFRRGEHR AT COFICER L ERY MR TH L L E R 5.

ORFFERR D AR
HiE - BN
1) PN, TARERREEZ S R— M T 57F FHEL 4510 [IEE N A 4+ EXPO 2011/07/01
RA Y —JEmRx 2011/06/29-07/01
FoRR
1) PEPRYI, PHACH, IR W, MUREEILZ FHE S 2 7T N ORI, 55 40 MIEM &S YR Y
N, EHEGT 2 BD 0 A GFEEESE, pp. 97 (2011/08/26).
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2) “FEPSel], OVEEACH, RRIFAZ, R, WIREEEIFEEX T F FORE L BRI, 4 60 ME SRS, RO FES
FHi%E, 60, 2, pp.5010-11(2011/09/28).

3) “FUPERN, OMEAH, HhsE, HMRE, X7F FEHCMBEEROREE, HIBMHOANS 7)) TIVEXRER,
# 33 EHANA A~ 7 U TNFRRETRE,. pp.394(2011/11/22).

FRRRTE

1) Yoshiaki Hirano, Tomoki Ito, Mitsuaki Toda and Yasuhiko Tabata “Functional evaluation of periodic peptide that induces

I
4

formation of spheroid” 9 World Biomaterials Congress, Chengdu, China, 1-5 June.

2) CPEPEY, W%, WEPFZ, BMEE, XTF FEHCMTEEIL O E L BRI, 541 MRS YR Yy
2, (2012/06/26).

3) MBI, HMAE, TIEM, MREAEREETF FoAK L FHE, %58 mlmaFarsesda [(#H](2012/07/13).

4) PERY, HPE, BHEEE, 7T PO SR O S L BRI, 530 H RSk S A4 & (2012/07/
17-19).

5) Yoshiaki Hirano, Megumi Tanaka, Yasuhiko Tabata, Functional Evaluation of Peptide that Induces Formation of Cell Sphe-
roid, 6th International Congress of Asian Society of Toxicology (2012/07/18-20).

BRETE
1) Yoshiaki Hirano, Tomoki Ito, and Tasuhiko Tabata, Detection of Spheroid Induce Periodic Peptide, to be submitted.

[HBERIHER v b7 — VBED-HDENFE S LV TIE]
OWF7eidess - Bt B—  TAERFJER (NTT Wk rk 2720

FHEERHEDIEAT L RBTZER « Al 0 Ha% RIS M K700 8F)
OWFge#E J OCWFFERCR

MFERRHIG O EIRR IR & 7' L F —BUNER 7 L A BEEA 2 Blle L CEBM 2R Z R L7z, $2bb, FEMdmT
Bz BAELCT L —BUNEMT LA ZERL, 207 L4 LCHRRMEEELL:. 2o, Mliostety v 7—2
TR0 L 7B b O KR RY, B XY, FEICIRINT B ol 2 LR F IO W THREN L7z, 29 LT S 7z il
TL7 L AISH L O 4 Ol (AL, BRIZE) 252, ity M7 — 27 ICRIBSRE LN 2 L0kl RS
15 L OAALE AT A, MRSV EM O SRR Z SRA SR, R Y T — 7 Il oW T DM A EEZ R 2 &
ATEL DEOBRE, ity b7 -2 L, HANESICL2HHORZEMRET 2V Y =TV Y - [ V5 —
7 2 — AP ORI L o THERTH S Lk L7,
OBFZERAR DR
FIRUSTES
Sumitomo K, McAllister A, Tamba Y, Kashimura Y, Tanaka A, Shinozaki Y, Torimitsu K. Ca?" ion transport through channels

formed by o-hemolysin analyzed using a microwell array on a Si substrate. Biosens Bioelectron 31 (1) : 445-50(2012).

(v 2BFRREZ 2 2HRMEROBCHESE - MEEEBICET I 7 EHIDOFS]
OWfgefdess - HH B #a% GEREEW0r7err)

PR e S ge s B WA #dE VRS AT AR 5E)
OWFFE#E 8 S OWFZERA

AT, (FIUEURE M AR A3 2 M T B SR T O I IR 7 € 7 A4 2 40 PRI RIS 5 2 L 2R 1
Din situNA TNV FAE=Ya X THALALZEZRERMPME LTREL, CXCLIZ 2 a7 44 ¥ FIRER
Ml - =y F AT MBI HELHNT 22 L2 HE LTHIEE BT LT 5.

ARAEFX, CXCLI2 =T HEIC GFP %/ v 7 4 ¥ L72v Y A& v, CXCLI2 #HME % 3 kochic#ifb L, Wk (2%
JT) ALIREONAEVEEL RIAEEH OIS L. ZofsE, CXCLI2 BBIMINIE, MBI M 2 M P2 EEE b -
TRAEL, K Fesfiia £ C oM B IR - 72 RTEZ /R Lz RIS T, i Fifiig o T2 ozs) 2 i+ 5[ = v
Tl OB N BRI EFET 2 &I, ZOTMHLICK LAz EEZ TV,
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[BEMEOEETT L& AV - EiRE R = v F O]
OWfgeftE® - Ik BT i GRS R Z bk 72 )

R vy R O AT TR vkl I T < € €Y B 1 Rt )
ORfgefsm B ORFFE A

IRETIE, EH~y 22T, EHTHRAMICENRZY Y ZAOWOBETF LV EZHLLTWA. ZOEREFIVIE, 68

i~ A& AT, NiTI 74 Y =2 X DR L% 4 LR L, O E 10g (2 TE—FIloFMWH I~ E) %
779 0T, BB HlEoUEBIR %5+ - AEERAIIT 5 5 2 L5k s, BRI, REFDTO LI,
Scleraxis (Sex) FEBEIRT GFP 2N EN D LR =5 =<7 A TH D SxEGFP Tg % W\ THEIE 7 ML T O %175 /2.
Thbb, SEGFP Tg #HWT, 2, 4, 6, 8 KU 12 Mo hHAMEIC3B1T % Scx & Osteopontin, MMP13 O JH1E % H#OGH
PG X o TN L7z, 7z, R 2T, TRAP Jetil X 2 B MO RAEMHT L MV A ¥ ¥ 7V —Geft L O HE
Yt 12 X DMk Yeta 21T o 72, IS, Sox9Cre D knockin ¥ 7 A L LR —F —< w7 A TH 5 Aild ¥ 7 X % ZH L T Sox9Cre ;
Ail4 AR L, & SRR BT 5 Sox9 B PERTING 0 R EE % T L7z, JEBURSR T, Hiak 7 4 v a2 W IIREIC L -
TUER L7z, fRALHRRH O & P oA, YIF % 025 M EDTA/PBS ISR L, 1 KR OBUIKME % 1T > CTHIl S €72,
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HOGHRIER I L DI OFER, SexGFP Tg DM & £ ORI TIE, SO Td % 2 M2\ T, HABHHES
Ml > —ET GFP ORI M &7z, —TF5, Sox9Cre, Ail4 Ti, 2EENIBWT, SARBUHE M, &350, 073
fa, = AV, KROEHAIIE CHEOLE O SN/ L2 s, Sox9 BN, =AM EZ MR T 2131342 To
MBI EL T WD Z e b L ol SxGFP Tg TIX, OB - T GFP ®3BIA LA L, 4, 6, 8 KU 12 Mii
TIE, KBS O PRAUBRAE A K R A MINIC BT, BB GFP O FBIA M S M7z, A FMINIC BT %5 GFP 058l
1, BT, BRI CIREWEIN AR bz, 4 l#E® ICR ~ 7 A Tin situ hybridization (2 & - T Sex O3B % iR
FrL72ad, FARRORRI ROz A 2 MR OEAEE O EMICE VT, Ky L Nvo GFP o33l it s h
7z =05, BHMIER Tamd R 3BT 5 2 ¥ FFEMILTIE, GFP ORBIXITZ L A S S ko 7z, MMP13 D JRAE KT
TRAP B0z, 362, & s oa.o M o @milg R Wi 25380 S, A2 EOBE PRI IC X 5 R
OB ENT VD EEZ Nz, FE—HEOOHBER T, 20008l E KRNI MMP13 O )76 % O TRAP Btk o
WEMIEDZ 2o 72, SexGFP Tg OWARBLCIE, 4 WIFEN L7242 COBBOFBRIZE VT, MAEHAEICHSI 25 GFP 058 L
NUHPRNMEIR DD SNz F—HEOR ST LLOWROEMRBETIZ, 4, 6, KU 8MEHIZH T, GFP OSBRI
WD SN, 12WEmIZ R b &, WS W LNV T GFP 238l L Tz, Zoffiid, HEORSE LTS 720, &
B LNFEAROPN ) TVRAREETHDL EEZEZONL. FEFEOEMRE T, TRAP B0 BE ML MMP13 ASR4ET
LRI G L723IBIC B W, GFP oW s SN, bbb, ERWRIREBIZE T, S OFEBLIE, W
WL D BB TR EI 2RO Sz, o T, WICHEIEI O X9 BFNam N 72304, IREIZBIT 5 Sex DFBIL X
VA, BE Mo BB X o THRE OWINASE 2 2B TR, BRI 2F5 M TR 25 2 e Pighi.

K12 Nickel Titanium (NiTi) 7 4 ¥ — 2 W 728G IEF 1 G OB B B & elastic T2 % v 7z Waldo #2815, vhEI ALK
TO Scx JATE & HOLRBEREI X > THIT L7z, & DICHBEOE B/ I D &, FIZHEGIM T GFP OFBIP R SNz, §
(2 Waldo %175 T 24h #, ZIRMFOIR 2B W, B—HE QRO THE 22D S N7z, 35 [Tl iR o il A3
W5 GFP DWFEBAS S5 N7 L, 0TI AR O A2 H S h 7z,

BIZA b L AESE (Omin, 15min, 1h, 3h) 25 OMEEM &GN H51T % GFP OFEBL L NV 2 I ILERGET L7z & 25,
BhPBETZDENHOE N E ol Thbh, AHNZHANVATLVATBWTIE, HEZMT TR WA RRBLIEELRD,
FIRMOKZ 25T Scx DFEWEBB RSN, 72 TGF-RIID T 7 F IV 5F Tl % Smad2/3 55F DV ¥ HEALAS Scx
DOFBEFHIE T > TROONTz, 5T, ScxIAHD=Z ANV ML RARZREEOBET T, AN OBIEN 2 EORBEICE
WTHEMEED ) 7)) Y 7ICHE L TWwAE EEZLNS.

BUE, In vitro IZB T, Scx @ TGF-B A% N § 5 72012F v + OIER & 1 538 - B L 72 iARIEAT IR I TGF-B2 %
WML, Scx O%HE % Northern blot 7 & & W TN CTH 5. F72, Sex DAL T BEIZ Cre-recombinase % knock-n L 72
SexCre KI =7 A &AL, SR E AR OTEE, MBI BT 2 Sex BpMEHINL O R % 683 2 B D DT 2.
ORFFER R DA

1) 55 30 Il H A B R a s GER T )
H 2012457 319 H (K)~21 H ()
i AU BT B Scleraxis DIEBL L £ Ol
Regulation of Scleraxis expression in the periodontal ligament
FEEE WA W
2) %5 13 MEB SR A 7E & GERTE)
H B :20124E9 H 14 H (6)~15 H (1)
W8 SRR OREYE 7OV & 2 BRI = T O f#sT (1)
FEFRE E B b

[(BEMEO=y F &L TOHI N YHEOEEFRIRER)
OWFgefREe « M B oz ORBH L RF R EE B R 220F7ERE)
FHAERA eI L MIIe s ik X dEHIR (e A BT it ik
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OWFge#E# I OWFFERR

FEEHNLIA R REBEGT RO TMBOGERIEREE LD, SHITHFAEGML, BBEZREI . 2o &) Ao
WHTET 5BV N YA IZ AR BN 2 52 2 = v F L LTHEETH L. FAIZWAARKRIIIBIT S22V MYl
BIRFRAEMITT A LICED, BV PIMBEASREEEND V7 F D, HIC—EDOMIEEEZ RO L Oh, b2 VIdAdH
AR L CEIMICZEIL T 2500 Z2HONITH I ENFHINTH 5.

R 22 SEFEICBWT, Foxid, FEHE G L TESNZEV P YMIICERS BB L CwAEEFZEELL. FA512E,
Hvenl, Endothelin-1, Connexin 43, Slc27A4, Irx-3, Atm, Desmin, Sox9, Cathepsin L, SCF, c¢Kit7%& &, I % T, &I
PRI TRIAPHERZINTVE30d, SFEhTni.

Frld, TNHOBETITONT, 7 AKEHERNA 75, RTPCRICE->TcDNA#27u—=Y27DNA ¥ =7 v TZEh
FNOBEF DOBEH) 2 MR L 724, insitu hybridization ® 72— 72 EH L 72, =7 AR OYICIh 5D Ta—T %21 ( 7
V¥ A XSE, RNA ORIEZIIE, I Tdhs.

=i, INLDY YRTITHT PR E VT, ¥ Y837 LTONMET L7z, FEEIC RV M UMIRICKRRMICHRIN S h
55 Y7L LTIE, Sox9 BHETH o7, LaL, Sox9d, MEGHEMOARAMBTHLRILTWL I ehbhol. &5
(2, Connexin43 ® % ¥ 327 &, MBHIZHA LTV 2003 @I% S .

P O< 7 ZRHOM, ¥ 7 W THBARZTEIET S Dmel / v 7 77 b7 ADREHEIZOWTS, Sox9 & & TH
HEW® L7 Dmel /v 777 b7 AT, AMMREAT R =2 2282 LTS 2720, Rl Mg
MM CHFHL T d 2 & 28 Sox9 IZ X 2P TH O L ol 5, MO~ OBIZTFRHADOLEN, 370
BIEDOZALZE ) ZEI2E), vV MIMIBO=y FL L TORBEMITTELEE2bN5.

ONFFERR DA
Gene Eexpression of Mouse Sertoli cells (#fiH)

[(BHBMOERBG O - B - HIHRB O]
OWFzeftas < Ik #— Bz (B IRATET)
FHEEREADRZEIT L FBTIE S © WUR W HO% (PR B 00 0T )
OMfF7e#E 8 % O 7B ©
MEZ V=TT, +FYARTY Tol2 e HHWTGFP 2MFASNIZ VT YAV 2= 7 74 v V2l L, TOHRTHERKT
PRTHEHRLTVEI4 2N EZV =T EWRT V=T THIT LTS, BB TRERTZ 174 VIZBLT, BERIZHED
BIEHbhrolllhb, FFHTHLFAMBDOA N ZXLDBHET VDI E) hEfiXb 72012~ 7 AFfRMIE C2C12122
DBAZFITHFT 5 sIRNA ZEA L, BT 28R & #7205, C2C12 DFHBHIIEH L - 7Btz A bz o7z, —
Ji, BTHRHTZ 274 VIZHLTE, MHEOATMERELEZA, ML7 7 I =BT 528G HFO LRFIRTSH 2
ZEML, SNSOWMBERTAY T ATHHUDIHH Y — L 2R T edbhrolz. T D DGR T ORI I,
HEVEINSOMEMEHIZBIT2EEIAHTHLZEHD, TNOORFIMLTHRTVEEIATHSL. SHITIES
V—=TTHWZEN:, BPORBNAY -V ERT I I VATV 2=2v 774y a0, ENHHMAEOMEEZTHRTVS.
Fro, BCAELZBETICEHLTE, BEZV—FT/ v 27y b A%ERL, BIThTh 5.
ONFFERR DR FE
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