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Department of Molecular and Cellular Biology
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Assoc. Prof. Nobuko Hosokawa
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bo E7o, MRKTESGREIND & 87 H D% X NGRS Z b o 785 Y HTH )| it o TN
BERIIBWTE, WO M) Iy 7L, FEORMEL D o7 MM ARKTLHL I F 025 F U7 BHDT +—
TA VTR EHIE ST S ENMONT WA,

B2 bld, WA INUEICEET 25Ty Ray vy Sy BRe Ly F o, BE, MMUEE FICEET 518 F
F VA —EEEGHRBEED Y 37 B HERIZHD 550 F 2 O D TV 2o /N ARB 55 2 25
% EDEM % > 7374 (endoplasmic reticulum degradation enhancing a-mannosidase-like protein) %, ## ERAD
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The major focus in the Department of Molecular and Cellular Biology is to study the regulation and function
of molecular chaperones/stress proteins and lectins, and the mechanism of protein quality control.

Newly synthesized proteins obtain their native conformations by the assistance of molecular chaperones.
However, 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 proteins are synthesized in the endoplasmic reticulum (ER), and their folding is regulated by the
ER quality control (ERQC). Terminally misfolded polypeptides in the ER are degraded by the cytoplasmic
proteasomes after 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 specific N-glycans by the lectins.

We are analyzing the function of mammalian EDEMs (ER degradation enhancing a-mannosidase-like
proteins), ERAD lectins 0S-9 and XTP3-B, and HRD1-SEL1L ubiquitin-ligase complex embedded in the ER
membrane. Recently, we clarified the N-glycan structures that are used as the glycan-tags for the glycoprotein
ERAD, as well as lectins that recognize the ERAD signals. We also analyzed the ERAD complex containing HRD1-

SELIL in the ER membrane, and found that the formation of ERAD complex is dynamically regulated. Analyses
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CBN  SRTANELEEHEE SRS VO E

IEERE EICTFTET 5 ERAD BEH
MNEAFEICIEIEFFL Y-+ (E3) #PEEL. MNEBHRTIZX T+ —ILRULAEZNIEEIEXF ALL, 7ATT VLA
ICEBPMAEEL, UL RAA%5EBEDIEXF U H—+t HRDT I3 SELIL &4 L. HRD1-SEL1L 25 & LTKARE L
ERAD #4&1 /KR & h 5, ERAD EAHOTK. H#EEE. #1F3Iv 7 adlER TV,

ERAD complex on the ER membrane
Ubiquitin ligases (E3 enzymes) embedded in the ER membrane ubiquitinate misfolded ER proteins for proteasomal
degradation. HRD1 is a ubiquitin ligase containing a ring-domain, and makes a stoichiometric compelx with SEL1L. ERAD
complexes are dynamically formed in the ER membrane nucleated on the HED1-SEL1L complex to regulate the protein
degradation.
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on proteins that are upregulated by ER stress are also underway.

e M W)

NN THAET 25 Y87 BBEEA N = X LOMRICHERL TV o, BUEDO L ZAMERNLLET LT v F
YT Y RBIEE, B R BEEREO—D L L TRICKCRTRENZC (F4 % 25 4% »°
heterozygote. 0.1% %% homozygote THFE) . F-EIHE A 7 = X 2 O, EFEOBRBEN RN Tw5E, AR
ZEHEONMNE, FINEENICT v F M) TV HAROERBALNDL T E R E T 5, TORRTISES
SNAHMEIZHRAE L U THIFEREOAEDZBT O N, AP ~NOT v F M) T Va5 2 &
A5, TIRAY—¥HERFICLIDMEAELEI SR TIEPHMON TS, £T. RBENTHFETELT ~
F MU T VBRSO W T, X ARSI 2 X2 L LR R T o2l A TYF MY T T
GEHE—DF YT BHTH ) H S, FFICE o THIIR L2 L) & 2FEOBRER A = XL WETH S Z LW
Lhthol: (A 3 THREOFEET — 7 DBOSTIHA, B: 457 CEDPHTAN) e 5T 13FLTHANESE
g AHZTEL, FOGFED oS FLIAT 52 & THANE LWEEMRIERZEIILTBY,. s
ETOEKRE L2y YR HBBEDOA X =D BIZ T [RHE%] EHEND, LRTOVRARLRLLDOTHo 72,
WIS, NS 2HDOBEA D Z AL DFEZ X TE S SSHAELREKI AT AEMEL. 7 F M) 7T Y RIBIE
T D\ ZESED, BERE FAFMIICB W TED X ) ICHELIT R ) P EMRET Lz R BOBEHEL A )

Monomer Polymer A Polymer B

FoFRMITIOOREKEEE 2TBEOR) v —iEE
ToFRN) TR FRROFTCRENIZ—— bR TOFTT7—EI 2 EEZ—E L TOMEEICEELERBTREN
FERIGHF DIV -T2 ET S (Monomer), 7= UEBEMGT TR 7oF M) T L3 ZORICHDIN-TEB =MD
—EHBEDDFICHAL. PFE T+ —IWT 1> T &R LI, R)Y—1EE%25TK TS (Polymer A), — AT, BEMET T,
KETRINEDFDCKREBALEHEDDFOERDL > — MIFEAL, RUT—BEETRT 2, &b, 7>F )T URiE
EDEEICIE Polymer BOA AW ZXLICEWBRERIEBETEI LD TH %,

Figure the native and two different polymer structures of a,-antitrypsin

a,-antitrypsin has very characteristic structural components such as the central B-sheet A shown in red and the reactive center
loop shown in yellow, both of which are of great importance in its potent function that can inhibit serine proteases (Monomer) .
Under a denaturant condition like in the presence of Guanidine Hydrochloride, a,-antitrypsin can complete molecular linkage
by inserting the reactive center loop and the part of b-strand into the central B-sheet A (polymer A). We call this as an
intermolecular folding. On the other hand, under a heat condition, a,-antitrypsin can finish polymerization via a linkage of
C-terminal part of the molecule shown in cyan (polymer B). In this case, the reactive center loop is incorporated into the original
molecule yet still gain an energetic advantage as a protomer conformation. As a molecular basis of a,-antitrypsin deficiency,
polymer B is very likely a toxic aggregation on diseases.

AR R 5P e
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SALEMH L7, WEEMIZIE, 2HOBEX = AL 2K TELIEE AT L, ERICFHEEZLZ B o724 4 H
ROBFERICIOVTOME 2T 7225 FREFE L TH o720 BERS, 7V F M) 7Y Y RIED 5 TR, Z
BRPT VF N T Y ORBEENORBR T + = VT4 VTR, 570 CKRy 2B LT+ — VT4
> IR EEROERAVMNARN TR o 7268, 2 THT7 4 — V71 ¥ 78l L CRERERICEL 2 LI2H 5
EFME NI, FMERNICE. BECELSTHRED V- N EEET AT Y FOBPRAREECBIT 5
S5AMD 6 ANIIRL TWD I Lk, BEREESBIFNIIFEND 2L 2R LTE Y, KRBT ZERMEN
MBI SR R B SE, BRI 2BA L LTRYTH L, —h T EFBT VY F I Ty DT 5= VT 4 V7
CBWTIE, SOXIICHNFIAE L & Bb N2 BEROIEZ . AR 5V B 222 L C
L7 ¥ F M) Ty v 2 RBMENEBOT WL OPDPEIRENE A5 TH D, LLEORFZEHCRIE, #2011 454 A
FOHEE LZEES 7)) v VKO James Huntington 225 & O LFRIAFZEIC X 5 BEEHH L 72w,

I am studying a mechanism for protein aggregation in ER. The current interest has been an underlying
molecular mechanism for the a -antitrypsin deficiency that is very popular as one of the protein aggregation
related diseases especially in North Europe (4% is heterozygote and 0.1% is homozygote in Caucasian) and
would be applicable to prevent or treat this deficiency. a -antitrypsin deficiency is typically characterized by
the intracellular deposition of the a-antitrypsin aggregates and inclusion bodies in patient hepatocyte. This
seems to be a direct cause for the juvenile cirrhosis and alternatively the emphysema due to the lack of the
secreted e -antitrypsin in plasma that inhibits a neutrophil elastase. With a great help by James Huntington's
laboratory where I had belonged to until the April 2011, we first examined how a,-antitrypsin can polymerize in
vitro on the basis of X-ray crystallographic techniques. We found a-antitrypsin can polymerize via two distinct
mechanisms depends on conditions, but both occur structurally in a very similar manner. It seems like a protein
puzzle that each protein shares structural components to form a protomer unit; polymer A uses the motif in the
central g-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 monomer a-antitrypsin, which was indeed a surprise for
us contrary to the general assumption we had for the way of protein aggregation like “abnormal”. Secondary,
we developed the method to distinguish these aggregation mechanisms by introducing SS trapping techniques
and evaluated how the most abundant mutant Z o,-antitrypsin behaves on aggregation in yeast and mammalian
cell systems. The result clearly showed polymer B was dominant in both systems. Finally we also confirmed
that polymer B was accumulated in the liver inclusions from the Z-a -antitrypsin patient by using a monoclonal
antibody that is also sensitive to distinguish the mechanisms. Collectively, it was concluded that the formation of
polymer B would be a major cause for a -antitrypsin deficiency. We also deduced that Z mutation disturbs the
correct folding of a,-antitrypsin in the ER and accumulates the folding intermediate, where C-terminal part of the
molecule may be exposed, and thereby a,-antitrypsin had to complete its folding by sharing structural components
between molecules. From the structural point of view, it is interesting to mention a-antitrypsin does b-expansion
in the central -sheet A from 5 to 6 strands on aggregation. This indicates the formation of aggregates would be
energetically preferred and it is thus consistent with iz vivo observation that Z-mutant aggregate and further
accumulate irreversibly. Now, it is also curious how the ER quality control bypass this energetically favorable

event on the normal folding of a -antitrypsin. I really acknowledge Dr. Jams Huntington and his colleagues to
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accomplish the above studies.
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Department of Ultrastructural Research
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Lect. Kazunori Hirayoshi
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BMERIG2Z 25 LTHERERNTEEZ2 N5, ZORTOAELKNIZBIT BHEZ ST 5720, GAGA
WFHESR 7% RNA 777 = — 2 B L. GEMI 2 3T 2 fel ) T %

Foex 2SR - WA L72 RNA 7 7%~ — (RABEICHRGIHEET 2 M RNA) & BoRTH 25V IidHCO
FELICBS 35 POZ F XA Y&l LSRG L, 52 HET 2. BEEAHRE, BERORTICL T
WAL WFHOII 2= —Ya YIZEo THRERTESZENTVwE, 2F ), 7785 v =2 & 25 HE X
WGHEAERT O GAGA WF %2 A LA RO RN FHOBGREZEEIC T2 L&), ELzbotBbhs,
FTTIZHE L TV BB IEREE RS TH S TBP (TATA binding protein) ZX4 57 7 ¥ <—% 0 L7-f#
M2k V. GAGA 1A%, TBP OEGHAEREADY 7 b — MG LTwE I E2H LI LT

WE4E, GAGA MR ZHA L. GAGA 775 DNA ICH R A TE 2V GAGA W KM 2 &ETTH
GAGA T2 2 DREEARPICE TN D WREM 2 Wil Lo REE, BEEAERE L L 725, REFN LTk
TEBIZEIN TS Z L ZFW L. GAGA WA 2 BI5 12 B 5. GAGA T OIEHEEDH L\ i %
ST L7z,

RNA 7793 —Z0b0ODIEHEE LT, REDHEHBEROT T~ —%—205TL LTHESES
ZEIEY, PikEZR R A= RIHHERR L. ZOHEZ. MIBNT, ARESTHI LR TE 2V
ST REBIHEEELILNTEL, oG2S, AT ZBEAHRZ BN CHEST S 2 L b RkIC A
%o F720 RNA ZFH L7200 Figic, RN TIE—ERHTHEs s, SO0 EEEr L, BWERLEEZIIO
A, BERO R WEEHIE LCTEAT 22 L B TH Y, EEEH SN TOLHEREE L F%ED 5 v idzh
D EotiEr SN b, RNA 778 v — DM HE L T,

Many genes respond to development or stress response in Drosophila is known as GAGA factor (GAF)
dependent gene. GAF binds to GAGA element in the promoter and recruits chromatin remodeling factors. It
has been reported that this factor involves a nucleosome remodeling at promoter region, a formation of promoter
proximal pausing of RNA polymerase II, and the transcription elongation. To analyze the role of GAF in the
transcription complex precisely, we use RNA aptamers as molecular forceps. We obtained two kinds of aptamer

which bind to GAF with a high affinity. These aptamers bound to the POZ domain of GAF, where is critical
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for the protein-protein interaction, but not to the zinc finger and the glutamine rich domain. These aptamers
inhibited the iz vitro transcription with the naked DNA as a template. One aptamer showed the inhibitory
effects on the transcription from the promoters containing GAGA elements when adding the aptamer before
the transcription initiation. The other showed the inhibitions after the transcription initiation. The effect of this
aptamer was independent of whether the presence or absence of the GAGA element at the promoter region.
However this effect was observed only on the transcription from the GAF-dependent promoter, not from the
GAF-independent promoter.

We showed the direct evidence to suggest the presence of GAF in the transcription complex of GAF
dependent gene by the isolation of transcription complex.

These results suggest the functions of GAF in initiation, elongation or re-initiation steps via the interaction

The presence of GAF on the GAF-dependent promoter

-~ l—’

J

Magnetic-Dends § MixFEE or His-GAF

2 3

1
] O FEE < = | —_—
’ A 1 5 4

His-GAF e o —

C 2 . l_? 1: hsp70 promter

2: Copia promoter
l 3: hep70 mmGAGA promoter

SDS-PAGE, Western blotting,
Antibody detection

GAGA EF&FMHEEHIEREICH T 5 GAGA RFDEE

AEBRANES DR GAF 2 GAF KkF S FOHERAEKIC B LT, GAGA BRFIFFERFNICHFEET S eV REEI N0,
Z OF]REM % EIHH DNA EREER S AV TEIT L 7

EFF b 7z DNA (GAF &7, FFEFHEGESHIEER) 2HRE - XITHEE L7z ZODNA &2 a7 Y3 J/NIIRMER
HB5WIIEA A His 1538 GAF 2IRE. %% £BETO Y T 1 > JIETHEN U 2. Hsp70 BEHIMHMEE T3, Fimtig, f4
#7 GAF #£(C GAF OFFENPHER S N izo GAF FEKTFMED Copia TIIEMER, HABA GAFHICNY 7T 5T 2 FIEED Y
THIVUHPEESI T, A B SN, Hsp70 &EFIEIERD GAGA f& &% & K18 U 7= mmGAGA EI=F T I fR L&
Tld. Hsp70 DFHIEED GAF DFFENEIES Nz, L L, HHABA GAF TRy 7T FRREDY TV L HEIES
he, FmERBOSKED 570 Zhid. GAF I mmGAGA BIEF Tld. GAGAEFICEEREE TN TR AL, BERICEE
M7= T, GAF KFHERTFOEEHIEERICRVIAEATVWEZEERTHNDTH 3,

The presence of GAF on the GAF-dependent promoter
The results of the in vitro transcription suggest the presence of GAF on the GAF-dependent promoter with the DNA independent
manner. To check this possibility, we tried to the solid-phase DNA-protein complex assay.
Biotynilated DNA (GAf dependent, independent promoter) was attached on the magnetic beads. This template was incubated
with the Fly embryo extract (FEE) or recombinant His-tagged GAF. After washing the beads, proteins on the DNA were analyzed
by the western blotting.
As shown above, GAF in FEE was on the hsp70 promoter, and a little amount of GAF, as the same level as the background,
was on the Copia promoter. Hsp70 mmGAGA gene involved the GAF in the protein complex. The intensity of the signal on the
mmGAGA was as about half as that on hsp70 gene, but clearly stronger than that on Copia gene. On the other hand, His-GAF
did not bind to mmGAGA promoter. This result suggests that GAF is on the mmGAGA DNA. These result suggests that GAF is
present only on the GAF dependent genes by not only binding to the GAGA element but also interacting with other factor (s)
in the transcription apparatus.
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with other factors in the transcription apparatus, which imply the importance of GAF as a regulator throughout
the whole process of transcription

RNA aptamer is expected as a substituent of antibody therapy. We succeeded to establish the multi-
recognition molecule that recognizes the different molecule. 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.

(% # B 7]
® FLEORK @

e B PR i PICEBGBHEIC BT 5 TBP/GAF MAHEAEH O#%E 54 34 0 H A5 WP XM 524
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(1) REETOERIVFR

IR 2 0 R0E, JEE ORI U CORIEISE 2R3 A% 1IEH B OO0 LTS L. £72, 7LV
FICRONL B RGBS EZ LT A2 AL TWE, 2OX) RREHCER. RES MR O LY
AJ = A HE LT, S T M X 2 HH0HIESEETH L, TORBREIZIHCRER. 7L V¥ —oER
& bo HIEIME T Ml i35 K Foxp3 2R RMI25H§ 2 0%, #ae, FAOZEN %2 R2 7201213 epigenetic
BEACRVETH b AERE, HIEME T MROFE - 516281 % epigenetic Z1L % fi#HT L 72o Methylated DNA
immunoprecipitation sequencing (MeDIP-Seq) B & OF Bisulfite sequencing (2 & ) DNA X FIU{LiREEZ 7 0 —
INWAZ E T HFE DBAZFAZDOWTINT L 720 Z fi e, S T M AE B 12 5B LSRR IS O AR T (B2
i&. Foxp3, CTLA-4, GITR, Eos, Helios, CD25) @ CpG It * F VALY 2 Bk T Ml 764, BEAgHERF 2 %
ThbHZ L, M T HRBOMREOIEICIE, NS OBIET DB RA F VEAS, Foxp3 #inf DIl ML
TLETHHZEZAM L. T/, W ToREE T Milao/E 121, BHORORERIZ X 2 T MlahiE L £ 7
& — %4 L72HHAY, Foxp3 Bl OFEH & il #rE T Mg ie B & R OB X F VLD ST ICATRTH B Z &
ZRM L7 SThODRR, BRBMICZE 2B T MBOMERIC L 2 e MEEIREORIEICEETH S,

(2) BCRE. EERE. BiEREOERNAR

v MRBIZB T B HEE T MlORENIC O W TR 2 Mkt L7z AFBICEZ WA T A G- V) > 230 (adult
T cell leukemia/lymphoma) ®% < & Foxp3 3B L. #I#HM4E T Mil2NESAL L 72 d O TH 5 W HEEIC DO W TR
Madorz, 512, ATLL MM FRILT 2 IEEHR 2 %3 5 X<, BEIMTE %2 AT, Seromics 12 & % i
WMERAT LA 24707225, 2L OBFEIMBERIZ, 2A—FHPUE (Cancer-testis (CT) antigen) ZxF3 53t
HAWILTnDE 2 2RI L7z NY-ESO-1 & &0 CT Hulitid, 1IAh 0k MEHHKIC S FBIL Tw52380% DL
® ATLL M b FEH L Tw7zo CT PR, Mo A3 L T 59, Md T ATLL IZHHITH
bo Tz BBV VSERICIE, CTHEICRIS L. 34 MA A4 v &2EATS THIRDBIETE 2, ZhdofRIE,
ATLLZH LT, CTHRT 7 F L2 X 2 0EFEDVHITH 5 WHEN: 2 BIRT %,

Q) HLWEMETIIVEAWVWESHY 7Y FORER - RERBOWR

SKG ¥ A&, SERmBAIIC e OB v~ F LS 2 BB HRTIE T 50 € DEKEIE T,
T Ml L £ 7% — (T cell receptor, TCR) . FIZH#ES % ¥ 7 F V5T T b ZAP70 ThH H £ SH2 F X
AV O—WHERI L > THEEIFLEINL, RIEFE, ZAPT0 BT OEROAL LT, TCRETOLED L
¥ T FNGFTHo T, TCR ¥ 7 v E —@REFHL T T H CE MBI £A5FE T & 2RI O W TR
T L720 Teton Y AT AWK D IEE R ZAPT0 M TFA2 VT VATV 2=y /o A& LTCHRIIL. WHEM ZAP-70

5 tEERHE AL R ZE 5P



Annual Report 2011

ERIETAHYT A/ER L7z, fHI2& T 5 Doxyceycline (Dox) %22 5% 2 & T ZAP-70 537 OFH 2 FHi L
720 ZORER. AR Dox O THEFE L 72~ 7 2 X EERICBIEI R 2 J80E L7225, B O TIITIE L =2 o 720
BRI gD A7 53, mEICHE M %S, £ 72— ISR O FRED T S ize FhE L7202 TMlIC X 5T
o< ZIZBAWNRER Z A5, TRHORLIFACKIGE THKIZ X 2 HORERTH 5 Z LA Sz,
COFERIE, TCRIEBEDORR A %o 7 F Vo3 T ORREERIZ X o THUREMROFES TR TH L I L ZEKRT 5,
EEL v oy AHBEANT (genome-wide association study, GWAS) T, ZAP-70 LM EAEHT 5 ¥ 7 F Vi
DERIHFESINTEY, T rOFEFHLIL, v POHCRIEREBOMRICEELEZ 5,

This department studies: (i) the cellular and molecular basis of immunologic self-tolerance and the etio-
pathology of autoimmune disease; (ii) the strategy for eliciting effective immune responses to autologous tumor
cells, or inducing immunologic tolerance to organ transplants, by manipulating the mechanism of immunologic
self-tolerance; and (iii) the cause and pathogenetic mechanism of rheumatoid arthritis by utilizing an animal model
established in our laboratory.

One aspect of immunologic self-tolerance (i.e, immunological unresponsiveness of the normal immune system
to normal self-constituents) is actively maintained through a T cell-mediated dominant control of self-reactive T
cells by naturally occurring regulatory CD4* T cells(Tregs). We previously showed that the transcription factor
Foxp3 is a master regulator of their development and function.

This year, we have attempted to understand the molecular mechanism by which the cell fate of Tregs
is determined. We have shown that Treg development is 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. Either Foxp3 expression or Treg-type hypomethylation alone
was 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. This year, we
have explored the possible expression of cancer/testis (CT) antigens by ATLL cells, as CT antigens are widely
recognized as ideal targets of cancer immunotherapy against solid tumors. We found that a high percentage (more
than 80%) of ATLL cases expressed CT antigens at the mRNA level. CT antigen expression was confirmed
by immunohistochemistry. This contrasts with other types of lymphoma or leukemia, which scarcely express
these CT antigens. Humoral immune responses, particularly 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. Thus, ATLL
cells characteristically express CT antigens and therefore vaccination with CT antigens can be an effective
immunotherapy of ATLL.

SKG mentioned spontaneously develop T cell-mediated autoimmune arthritis immunopathologically similar to

rheumatoid arthritis (RA) in humans. This year, we have attempted to determine how T cell receptor (TCR)
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signaling controls immunological self-tolerance and homeostasis. We gradationally expressed zeta-associated
protein-70 (ZAP-70), a TCR-proximal signaling molecule, in developing T cells by tetracycline-inducible gene
expression. As a result of the experiments, T cells produced in a low range of ZAP-70 expression were highly self-
reactive and contained few natural regulatory T (Treg) cells, leading to spontaneous development of a variety
of autoimmune and immunopathological diseases including autoimmune arthritis and inflammatory bowel disease.
Increase in ZAP-70 expression inhibited disease development by facilitating negative selection of pathogenic
self-reactive T cells, positive selection of less self-reactive ones, and the generation of natural Treg cells. Thus,
reduction of TCR-proximal signaling in developing T cells evokes autoimmune/inflammatory diseases and
normalization of the signaling prevents them. This finding will help our understanding how genetic variations in

TCR signaling molecules contribute to the development of autoimmune disease such as rheumatoid arthritis.

(% # B 7]
@ BERR @
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Y Y ERE E DT RTOMBHITELR € ORIERMILIE, & O P o5 BB E W7z 22 T 5 58T MR
Na s & —HAJEIT D72 D HEICHEA SN D, MM H R, Ao g ShTwb = v ¥ = (niche)
NI B FFRI 2 BN BRI THEFRE S L, T OB 3 LASHET ST 2 L SN TE 232 0l =y ¥ = D3
RIFRERPTH - 720 2003 4E. KEO Li 513, FLEOFHMPLO—FETH Y N # YV E2FHFEHT 5 SNO
M E ML=y F 2T 5 Z &2 HE Lk H &7z (Zhang, . et al, Nature 425, 836-841 (2003))o —75.
K @ Morrison & &, & MFEHIIE D% < 35 REMENTHRO H O X 91255043 2 AAREMIE O FHICHEET 5 2 &
et L7z (Kiel, M. et al, Cell 121, 1109-1121 (2005)) L7*L. Li & O OMRP L 7 - 72 3% ML5EHI L O ALRE:
MBIZEIE T2 1S 23 (Kiel, M]. et al, Nature 449, 238-242 (2007)) . W3 hoOMBE BT ENEFhO= v
¥ = MR DBEREATHE SN B IZIEE > T o 2o

B7zbid, SRETIE, 7T A ¥ CXCLI2 & T OEMPZAAR CXCRA A% BRI 31T 5 & il o 15
~NDF =3 V7 (MRAMECEE, & 2 2 &), A CoBMmEHE & R EMIE (Rt LHUEAC
FALL7- BMi) o#EFe= Bl (Hifkz e 3 2 ER 0 YM) &R EMBMeE ke (pDC) T A A
YE =720 R ERITEET DHT A OV ARIEICE I R QIR M) OREAICLHTHL I L EW ST
(Nagasawa, T. et al. Nature 382, 635-638 (1996); Tachibana, K. et al. Nature 393, 591-594 (1998); Egawa, T. et al.

Immaunity 15, 323-334 (2001); Ara, T. et al. Immunity 19, 257-267 (2003); Sugivama, T. et al. Immunity 25, 977-988
(2006); Kohara, H. et al. Blood 110, 4153-4160 (2007)). & 512, CXCL12 04 2RI 2 v b2 2 L &%
T&2% CXCLI2 #{&THEIC GFP Bz T2 A L7z~ X (CXCLI2-GFP / v 7 4 ¥ =9 Z) T, kil
BV THRIENICOE AR L CXCL12 % @588l d 2 Mi#gMiia (BLF CXCL12-abundant reticular (CAR)
ML) EAET DT E2M U, F 72, ARBMME o KHB551d CAR MBI Y A E N CTB Y | S MmN % i
9 2o mN O, FH o B Mo w SR L EMIE. pDC O K H% CAR Mild o R Wllfa 28212875 L <
B CAR HNa A& M - sk o = v ¥ = THh W HEM: 2 7R 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)),
%

i, FA7zH 13, CAR MR FEARZH S22 Ly CARMIBOEARTO =y ¥ 2 & LTOMRELZIENT 2720, ¢
MERI R Y77 THF (DT) ZHREETFEHWTDT 2L ) CAR MIOFE RV % FE 5 2 L5 T
EbH~<v A (LIk CARMIRIE~ Y ) ZAVER LM L7> (Omatsu, Y. et al. Immunity 33, 387-399 (2010))., %
OFEA, CAR Mifd, & Ml O3 sE & R IEDOHEFHZ LA TH 5 Z & B Ml ATERM, AR ekt Sk o
BREICH LI TH D T & EIMILHDT A b A > Tdhb CXCLI2, SCF OFHTHOI72 2 EEMBTHS 2 &
WSz F720 CAR MR~ 7 A D05 HEMIIaIE, MRERENRT 28R CHEA SN2 83, TR oM
HEASZHINZ A L TH 0 il % D CAR MBI O KERIT A3 ML BRAIIL DT I DIRE N D fnf %
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mAFEEL L, REBE N T 72 IR b L7222 & A CAR MU 3B 370 - g A e 3 5 iy
BRI Cdh B 2 AR &7 (Omatsu, Y. et al. Immunity 33, 387-399 (2010)) o
%

ARAEREE, A7z H1E, CXCL12-CXCR4 ¥ 7 F v O i Ul oE A2 12 351F 2 8 L W EERE IS D W TGS L 720 Bl
THEAE SN D FEZBEH ML E LTiE, B, pDC oAbz NK Ml S5 CTwv 2, NK MR iZES > 4
VARG T B RPN B AR EH 2 ) FEAGEHLMLO O LD TH ), ZOHEILHDT A M H A
v & LCTFI3L & IL15 2 s Tz, Fh7zbid, Bk T CXCRA OXIHZFE L 72~ v A % f##T L. NK Mifa%k
BEBLTVD I L, FTH IFNy ZEAT 2 NK MIEOE &AL Tnbd 2 L% i L, CXCL12-CXCR4 ¥ 7
F VA NK MK ORI DS 2 B2 2 E R WS L. & 512, BHlCBIT 5 CAR M2 IL-15mRNA
ZEFEHL L. NK a0 80% LA L TWwab I L2 LI L, CAR s NK MleD L2 LT =y ¥ =
M TdH 2 2 & 2R L7 (Noda, M. et al. Blood 117, 451-458 (2011)) LA E X 1. CXCLI2-CXCR4 ¥ 7' F L 37k
MM OMEREOM, B Y ¥ 738k, pDC. NK Ml 7% & FHETHLT 57X CTOREH LML O RE R IV TH S
YA MDAV THEIEPPSLNIC R 572, FIFIC, CAR ML, FHiEfilaof, F#Toibd 5 T XTO%E
LMD =y F 2T M TH S 2 LAURES Nz,

%k

M7= b OW%EIC & o T CARMINIE, & Mg O a0 & KLt O MERE, 3 M ET BRI O BHHZ D = »
Yook LT B3I - BRI SGEAT AL T A 2 EAW ST A0, EilE LT A2 EHO= v ¥ =M
ZOWTORFENKE L H#AT (Nagasawa, T. et al. Trends Immunol. 32; 315-320 (2011))., BIfE, 1EH & B
B EMBHOEREWS2IIT ST EE2RELHEICL T, CAR MIIA DG TFHRE. CAR M O/EH A
&R O Re RVE T E BN, JORE R IR YE COEMRETIC 3B51F 2 CAR MlE o Fne & & 2 fil4H 3 % 51k,
CAR Mg FIMHE M = v ¥ = & LT ORRES O RmE 2 MEICHY) ATV S,

Chemokines are a large family of small structurally related cytokines that are thought to regulate cell
trafficking and 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 are essential for hematopoiesis,
including colonization of bone marrow by hematopoietic stem cells (HSCs) during ontogeny, maintaining a pool
of HSCs in adult bone marrow and development of 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, B cells, pDCs and NK cells (Tokoyoda,

K. et al. Immunity 20, 707-718 (2004), Sugiyama, T. et al. Immunity 25, 977-988 (2006)). Although it has been
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reported that a population of osteoblasts, termed spindle-shaped N-cadherin-positive osteoblastic (SNO) cells
(endosteal niches) or endothelial cells (vascular niches) function as niches for HSCs , we hypothesize that CAR
cells are a key component of HSC niches, including both endosteal and vascular niches in adult bone marrow
(Sugiyama, T. et al. Immunity 25, 977-988 (2006) ). These results raise a question what is the nature and in vivo
function of CAR cells.

To address this issue, 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 CXC chemokine ligand
(CXCL) 12-abundant reticular (CAR) cells in vivo did not affect candidate niches, bone-lining osteoblasts or
endothelial cells but severely impaired the adipogenic and osteogenic differentiation potential of marrow cells and
production of SCF and CXCL12, and led to a marked reduction in cycling 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 progenitors is required for proliferation of HSCs and lymphoid and
erythroid progenitors as well as maintenance of HSCs in an undifferentiated state, although HSC quiescence can
be maintained by non-niche environments (Omatsu, Y. et al. Immunity 33, 387-399 (2010); Nagasawa, T. et al.
Trends Immunol. 32, 315-320 (2011)).
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(57 % 8t E]

AW B ik, MRk L, w®E - B WRER E FoFAEBEO S TR £ 57 —< LT, <
TN, 7T T4 v ahEOBYETIV, MRREEREZREL THOT LNV TORNT 217> T 5.
BEEOWRT—<1%, UToO#H) Thb.

1. Chondromodulin-l (ZF89 232
(1) M4 MFHEF Chondromodulin-l (ChM-I) DO IER &E#IAICK T 2/ERICRET 3%

Fxix, v Y IBAE R S M AEIHIN T ChMI 288 - 2o —=> 7 L7z ChMI I E ISk 2 L
I 7 E QMM IR/ 5 I EARRIC AR RIS BL L, AN MR OB - 85 - SRR BLEEE 2 RS, &
512, ChMI /v 7 77 b7 ADMEHT T, MRV ORI R R MBS ER SN S 2 L b, ChMI A
AR MM EEOMEFFICHE L BB A R72TEBWALL L o7z Lo L, MENEMICHS % ChMI O
AP ICOW T S Tniwv, 22T, Mtz e b ChMI % ¥ /87 % (thChM-D) %## L, ChM-I
& o THEE SN LS A o M H A BG4 C & 2 Ml it o BLECE NS D W CREMNIMET L7, rthChMAT
Vascular Endothelial Growth Factor-A (VEGF-A) ® %7 573, Fibroblast Growth Factor-2 % Insulin-like Growth
Factor-I 7 &l 2 @il R~ & b IR N AIE (Human Umbilical Vein Endothelial Cells: HUVECs)
DrESF T AEMELR. thChMI 4 T Tld VEGF-A fll#IC S HUVECs O 7 7 F VAl g B & O3
DOFREUTEINCHE SN, Racl BEOT 7 F Y FEARK T cofilin OIF RN R E RO bz, Thbofk
REIRTHEHIE, #4477 AI2X ) HUVECs OMINES) % 81533 % &, rhChM-TLBALTIX, VEGF-A
2 & o THHE SN L FEN 2 RLRBE DT ASHE Sh, —@BEOBRIERASEHEICED 5T, MldoBEh®E
B, SEH TSI T LT/, DLEofR LY, ChM-TIZRIBARLER 72 7 7 F > Ml 4% O A % FE 5
52 LX) ERKEOMEEZARREL T, MOEEEZIHT S EBHUSNL ko, TO X)) RilEE
EVERNE, MAEFMILZ SI08 LTI L A RO SN T4 O MENEMICE W GERMICED Sh 72 L
5, ChM-I ORI AN 3 2 R R A2 L Tn 2 L Ex b,

(2) ChM-| D3EMRN X 1 #8&EI(CBT 2R

ChM-T1Z120 7 X/ BRA S B 48 5 > 78 7 T, N BUBESHAG 502 &2 & & N R O BUKE R A4 > (KA A > 1)
&, CRMMIZDZBKED Y AT A ) v F FXAL Y (FAL 2 2) OB ENTWES., FA I FE TIZCHO
HMifa <> 293-F Al 7 & O WFLAITEFEBLR & v ORBIIBATI S Cw 2 & Ml 2 ChM-L & > 782 (G-hChM-D) %
L, WEilas X OMmE NI 2 EMEREEZE ST LC& 7. —F, KIBWE. coli 2 llv:Te Ml
#z ChM-1 & v 87 Ba st Bl a5 &, BEgHEHI %2 /K72 ChM-1 (NG-hChM-D) %45 Z L ACT&%. G-hChM-I
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EFEIZ, NG-hChM-T 355\ 28 SIE o 2 0 = —JE B ARAECE 35 & ONIAE N B2 il e 0 B R G BS54 ) & 7R
L7z, 2o V8 7u T 7 — B2 X B IREGRIC & o THBBHITNZ ST F AL V1 O—#% RIS 872 AN-
hChMIIZBWTHIFEAEEDLLRWI ERD, FAAL Y20 ChMIDIEE R AL ¥ THH I EAUREB SN
INBEDF NI HDOCD AR MVERNEL, ZIREEZFIT LR, FAA4 2 1 NORSIEHIE s v 87 ]
DIEFMEIZT T <, CAMIANEMEZ P X A R ST 2 DICLELGEEE N XA Y THLZ VWO L ko
7o BUE, EFRY DX EBLOEERANTF P HOTEE F A A AREEONT 2 D Twb. ChMI 1, B
HT-TdH 5 Tenomodulin Zk< &, TNFTIZHASN TV AIMEHAEMHHNT- L RET V-2 R_RE LW Lp
5, TOWEMEFAA Y MEFEWHEEE AT 207257 F FEE LTSRS NS,

2. Sox9 (SRY-related high-mobility group box-containing gene 9) & 3 Eiilah 5 &EHE D Lisia
Sox9 1, WM LIS LHADEER T TH 5. Fxld, Sox9 OMEHIFEBU X o THMI A M & EHIZ
SRS L 2 LR L. =7 PURIZBWT, Sox9 ZHREHIE THWEISRD S, 20—7T, i
Na s AL RN R OB D~ — 5 —8IZT-Td % Scleraxis (Scx) KU Tenomodulin (Tnmd) 358 % ALK T
(&, Sox9 OFBUIMIE SN o720 LT AVAEZHWT=T M) IRORIE AR Sox9 Z il gBl 3¢5 &,
B - BT, WA - B B R R OVELEE & v o ZoHETE O RS S ALER IS B W TRIMEORE IR ASFE S h .
=7 NUEH 558 L 7RIS TlE, basic helix-loop-helix Bz B KT CTdH % Scx, Paraxis, Twistl, N Twist2
DOBFIFEBIC LY in vitro T Tumd OFHDWEEI LH L7z, LA L, Soxd 5T 2 &, BHIIE T Tumd
KO Sex DIBHMET L, Tvpe I collagen T 0¥ Chondromodulin-I 7z & O BEGKE M~ —  — 50 F O FBLAFHE
SNz, F7z, Sox9 ZiREIFEBLL 72 BEMIIE 1, M REASRRAE S M AR O #G SR 2> & ik Mk D % iy BRI~ & 248

Sox9 (2 & 2Rl DEES M D3 bEni

ZU NI D S HEEL =BEREE 2 X 105 cells/well DBRET 6-well 7L — MIIEEL, 10% DY VRBRIEME4*EE a
MEM R THEZE L /2. 70% > TIVI 2 MOEL ABAICHEWT, RCAS-EGFP, RCAS-Scx, %713 RCAS-Sox9 ML ~O
JANWINGTZ—FYRT 73 EIENEBALE 2HOMRKEFT->TILTILI S MOELERE, 0.5% D7 VRRIZME
&8 aMEM R T 48 BEfE1EE L /=. (A-C) RCAS-EGFP (A, B) %7:13 RCAS-Sox9 (C) #EA L =RMmEONEE %R
. aALTILIL hH S 24 BFRHICIE, 85% LIEDBEMELICH VT EGFP OB, BE S (B). (D) EGFP, Scx, %7=
I& Sox9 #BREIFIR L -EERMIEEZ, I 7T PELER OBER, 24 BERIKR UV 48 BEEICEWVWT T T TIL—TEEL
7=. BERIE 100 um 2/~7.

Accumulation of cartilage matrix in passaged tenocyte cultures overexpressing Sox9.
Tenocytes were seeded at a density of 2 x 10° cells/well in a 6-well plate with a MEM medium containing 10% FBS. Upon
reaching 70% confluence, the tenocytes were transfected with RCAS-EGFP, RCAS-Scx, or RCAS-Sox9 retroviral vectors. After
two passages, the cultures that reached confluence were switched to a MEM medium containing 0.5% FBS and maintained for
48 hours. (A-C) Cell morphologies of the tenocytes infected with RCAS-EGFP (A, B) or RCAS-Sox9 (C) at 24 hours after
reaching confluence. EGFP expression was detectable in more than 85% of the cells transfected with RCAS-EGFP (B). (D)
Alcian blue staining of cultures overexpressing EGFP, Scx or Sox9 from O to 48 hours after confluence. Scale bars, 100 um.
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L, E5IZHEHEOHBMLEOER M SN, DLEORENS, in vitro B in vivo \2BWT, BANIX
Sox9 12 X ) B HIREA & LRI T AR T L TR 2 e L nE R o T

3. BMEMEBREOCMERAEEICET HMR

W EEEIER TIE, MERAZ RIS, BEOWE D55 - BHMANOBERIHIB I NS, ZORE~DIME
B, RERIAGIC D BRI D WD TREBICHIB SN TV 525, ZO5TRIBICIIARHZ M %\, 22T, g
WZFEB L T b VEGF-A isoform #~7 A K=" M) IRFIEIGEFFEH SIS 2 L1 X o TMAFHE % JTilE S
&, WIRE S E TR ORI ) iKg o MERABIEOZL 2 T L7z, TR, Wi Nho VEGF-A isoform
RBMESEHEETYH, Bl L WL &R R I ST vz, Thbb, NIKEREIER DY)
BN, g & ks B PR & v ) 2 O R o 7 MR ABREDSEAE S 5 2 LW STk o7z. L LS
5, BHORHIZHE T, heparin % neuropilin & HAEM$ % VEGF-A,, VEGF-A ( VEGF-A o Z # R 5E8 L T
WAEIR T, FICEREESmME L S vz, —H, SERESMEL S h D &, BT MMPI btk OB a Mg A3
WL, MR AN TIEHKRMIL T MMP9 2 MMP13 O&Z T3 %EFHES 5 TCFL DY 7 F ) v 7 sk
fesh, RE~OMBEBRADEE SN/, —7, heparin I L7\ VEGF-A,,, % neuropilin & HHAEH $ 2 #
W% KK L7 VEGF-A (AE R . Z#@FAEBLEETH, BYO#HEEINELLKE~OMERA BRI N2 ho
72, o T, WBA~OMERANDWE BRI L T, MM OB BHALREAY VEGE-A @ isoform 45197
IBEREZMES L, MERABIUNEEZ LD 7O ANEET 5 2 LW SHI ko 72,

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

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

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

We have previously purified and cloned ChM-I as an angiogenesis inhibitor from fetal bovine cartilage
based on the growth inhibitory activity of vascular endothelial cells (ECs). ChM-I is expressed in the avascular
zones of cartilaginous molds and cardiac valves, and has been shown to inhibit the migration, proliferation, and
tube morphogenesis of cultured ECs. The aged mice lacking ChM-I exhibit abnormal angiogenesis in cardiac
valves, suggesting the essential role of ChM-I in maintaining the tissue avascularity. Despite these evidences
showing the activity of ChM-I iz vivo and in vitro, the molecular mechanism of the ChM-I actions remains to
be elucidated. To address 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 chemotactic 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 involved 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
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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 extensions. The inhibitory action was selective to the
endothelial cell type, but not to other cell types such as fibroblastic cells, suggesting that ChM-I acts through an
endothelial cell-specific signal pathway that 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 Tenomodulin (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 chondrocytes and vascular endothelial cells. On the other hand, the non-glycosylated form of human
ChM-I expressed in E. coli (NG-hChM-I) exhibited the 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 apparent effect on the bioactivity of NG-hChM-I, indicating that domain 2 is an active domain
of this protein. Circular dichroism (CD) measurements revealed that N-glycosylation in domain 1 is critical for the
structural integrity for biological function as well as the protein solubility. Current works focus on the analysis
of active domain of ChM-I using its mutant proteins and 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 and rheumatoid arthritis.

2. Conversion of tenocytes into chondrocytes by SR Y-related high-mobility group box-containing gene 9 (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 prospective regions to give rise ultimately to each primordium. During limb formation, lateral mesoderm-
derived tendon and ligament progenitors as well as chondroprogenitors express Sox9, a key transcription factor
for chondrogenesis. 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 diminishes upon cell differentiation. We demonstrate that Sox9 mediates the direct conversion
of tenocytes to chondrocytes through an intermediate state in which both differentiation programs are active.
Sox9 is abundantly expressed 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, ectopic cartilage formation is preferentially observed in fibrous tissues including
the tendons, ligaments, perichondrium/periosteum, dermis, and connective tissues in muscle. 7nmd expression

in tenocytes isolated from the limb tendons was markedly upregulated by forced expression of basic helix-loop-
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helix activators including Scx, Paraxis, Twistl, and Twist2. In contrast, the overexpression of Sox9 in monolayer
tenocytes resulted in the downregulation of Tnmd and Scx expression during passaging in culture, and the
induction of cartilage molecular markers such as type II collagen and Chondromodulin-I. This Sox9-driven
switching from a tenocytic to a chondrocytic gene expression profile was associated with a dramatic change
from a spindle to a polygonal cellular morphology. The extracellular accumulation of cartilage-characteristic
proteoglycans was also observed. These data suggest that tenocytes have a strong potential for conversion into

chondrocytes through the activities of Sox9 both iz 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 utilizing 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-A , in transgenic mice results in the hypervascularization of soft connective
tissues away from cartilage. Unexpectedly, perichondrial tissue remained avascular in addition to cartilage.
Hypervascularization of soft tissues similarly occurred when various VEGF-A splicing variants (VEGF-A ,,,

VEGF-A ,, VEGF-A, ., VEGF-A

" 166 100 Were overexpressed in the chick forelimb, but perichondrial tissue and

cartilage were completely devoid 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
VEGF-A, or VEGF-A

angiogenesis was accelerated by VEGF-A Once the perichondrium was vascularized,

146’ 190

osteoclast precursors were recruited from the circulation to the bony collar to differentiate into MMP9 positive
osteoclasts and then the induction of MMP9 and MMP13 was observed in association with the activation of
TGF-p signaling. Neither perichondrial angiogenesis nor the subsequent cartilage vascularization was accelerated
or by the VEGF-A

by the non-heparin-binding VEGF-A AE R

166 lacking a neuropilin-binding motif. Thus,

122 166

perichondrial angiogenesis is a prerequisite event for the subsequent vascular invasion into cartilage and is

differentially regulated by VEGF-A isoforms.
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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 researches of medicine and biology which scientifically support clinical medicine. We are
actively proceeding research and development (R & D) of biomaterials to assist reconstructive surgery and
apply to drug delivery systems (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,
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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 potential. In these circumstances, a new therapeutic trial, in which disease
healing can be achieved based on the natural healing potential of patients themselves, has been increasingly
expected. This is termed the therapy of regenerative medicine where the regeneration of tissues and organs is
naturally induced to therapeutically treat diseases by artificially manipulating the cell potentials of proliferation
and differentiation. The objective of regenerative 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 reconstructive 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 environment 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 successful 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 applications. 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 preparing material composites
of suitable biodegradability. If a biomaterial is degraded to disappear in the body, it is not always necessary to
retrieve the material from the body after the function expected is accomplished. In addition, 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 research and development
(R&D) of regeneration therapy, DDS or the basic research of cell biology and medicine (regeneration research).

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

Tt 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 provide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are designing
and creating 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
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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
administration 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 incorporating the factor or gene into an appropriate carrier. This release technology enables the growth
factor to efficiently 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 therapy 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
regeneration 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
therapy 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 medicine. 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 regeneration 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 combination 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
therapeutic approach described above. The other is the transplantation therapy of cells which have a potential to
induce tissue regeneration. For the latter approach, it is of prime importance to efficiently obtain and prepare cells

with a high potential of proliferation and differentiation, such as stem cells, precursors, and blastic cells. In this
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department, the technology and methodology of cell culture with various biomaterials and bioreactors have been
explored 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 vectors 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 developed 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 substrates 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 transfection 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.

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
adverse 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
prolongation of drug life-time, the acceleration of drug permeation and absorption, and the drug targeting. Various
biomaterials 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 definition 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 substances 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 diagnosis or molecular imaging. We are developing DDS technology and methodology which
are applicable to the research 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 Research Center for Biomedical Engineering where the medical applications of polymer materials have

been investigated extensively. Among the research activities, we continue to molecularly design and create
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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 therapy 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, prophylactic, and diagnostic medicines. Some biomaterials are necessary and applicable to further

develop the basic researches of cell medicine and biology.
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FEBEfRES (2011.31-2 Hx0)

G HAMERE © ARRINEY 5 F o Ad Far vk T2 & AZMBRESEKROER, 5§60 bl &5 T-%5
(20115.25-27 KBx)

HSE T HIHZE M RE A & H i L 72 AR 5 F b % & OISR A RO MER, 45 32 [al H AR 48

_ 5 ARG T S 8P
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PHERR 2 (2011.6.2-3 5UHK)

H IS HMZRE © ARRIEY 7 5 RF 2 P L7200 BRI oRs 2 L B AR, 86 MHANA +<
7 7OV BT TAFZE S (2011.8.12 KB)

H R HZE AR 7 F 2R & & AR BRI SRR, 58 33 M H AN A F <71 7L
2 (2011.11.21-22 5U4R)

FHZ, AR, HMERE  7VvA)KRAT7 77— BRSNS LT 2 OZ(LT 504 Falr vofEf, &5
10 [l A AP RS (2011.3.1-2 350

FH#Z, WARES:, HMRZE T VA YRR 7 78 —BIUNE LS OZALS 24 Fu s Vo 560 bl
SFAERKRE (2011.5.25-27 KK

FH#%Z. IDAHESE, ANEEE, HMEE AR 7 vy o2 e RnEEL L 2R R 5503200,
Farvolef, 4527 I HARSGE - FERSS (2011.6.2-3 5U#)

FH#%Z. IWARHESE, HAMZRE ephrinB2-Fc ZEIMEZILL72AR) 727 VIV T I N, Fa 7 )uRsaedht opH,
HANA F=7) 7TIvEE 56 MBI A TR s (2011812 1K R)

FHAZ, IARER, HMRZ T VAN RAT 75 —EHEICE DS OZALT 54 Fo s VBt oERL,
85 60 Il 5 F-aims (2011.9.28-30 f1li)

P, AR, HEREE  MS0R5214 a7 )b EAo Eph ¥ 75 vy ¥ 87 EoBLmE g b, 54 32
W HANA F <7 ) 7VFEEKRE (2011.11.21-22 504#)

Toda, H., Yamamoto, M., Tabata, Y.. Fabrication of phosphatase-responsive hydrogels from a phosphate group-
containing methacrylate. KIPS-ESPCI Workshop on Polymer Science 2011 (2011.11.28-29 Kyoto)

FH#Z, AR, HMZE s 22 b OMERBHIE RO 720OM S DRL 1A Fu s O,
AR FE B AR AR S AP SRR - SENG IR LEFgE = v b - G-COE bR K L¥MZEaci s (2011126 3
#8)

P AR, MR Mg 7 s 2o 7 B E @ bR 550 BT oG mEsiiiE 3 X O SR
faoRiag, 2011 4EEFAENE T RS (20111226 5TH)

YEITBLRE, AR, R, PSS HMERE  BUKMERFTRREEE O KWL &g B arvh b OfRIK.
H 32 WM HANA A= 7)) TVFEKRE (2011.11.21-22 5UH#)

BIATEIR, AlkEE. HMEE, AWM 0 a3 VR AMENITRE < 7 2103 % PGE2 o R HHI %) 54
& ¥ Drug Delivery System Do . 48 10 [ H AP E#2AA# S (2011.3.1 H i)

FEIAE A, HMERE, AR < ZEER K 2212003 % Prostaglandin E2 receptor subtype 4 (EP4) agonist-
PLGA microsphere DR EIIHINR, 55 32 [0 H AR SE - #ERE Y2 (2011.6.3 5L#K)

Okamoto, T., Saito, T., Tabata, Y., Uemoto, S.: 16,16 dimethyl PGE2 and PGE2-containing nano-sized hydrogel
administration induces tolerance in a mouse model of immune-mediated liver injury. The Transplantation
Society (TTS) Basic Science Symposium (BSS) 2011 (2011.6.12 Cape cod, USA)

Okamoto, T., Saito, T., Tabata, Y., Uemoto, S.: Prevention of TNBS-induced experimental colitis by oral
administration of PLGA microsphere containing Prostaglandin E2 receptor subtype 4 (EP4) agonist.
Congress of the Asian Society of Transplantation (CAST) 2011 (2011.9.27 Seoul)

FAAER, EAM T, HMZEE  Prostaglandin E2 receptor subtype 4 (EP4) agonist-PLGA microsphere {2 & %
<7 AFEERR I S OEHIRI A, 5 33 MHANA =7V TIFERRE (2011.11.22 5UH)
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SEHRERER, YWHFEE. HMERE  FHUEL bFGE €5 F ¥ A Fu s — b & w72z B8 W & 5 A B it et
5510 Il H AR PR A At & (2011.31-2 HRD)

Hirai, K., Tabata, Y., Sakai, Y.: Promotion of wound healing in intestinal anastomosis with gelatin hydrogel
incorporating basic fibroblast growth factor. 46th Annual Congress of the European Society for Surgical
Research (2011.5.25-28 Aachen)

SEIHRRER. HMAZ, WHEHE R bFGE €5 F v N4 Fa s — b & v 2B A58 B i e %)
ROWEE 5 66 bl H AWML &S A (201171315 2 2)

SEHRERER, YW HMERE B bFGE A Fua s v — b & Fw 72 B5E W& SAS R AL, 4 33
HANA F71) 7 VFEERE (201111.21-22 5TH#K)

BRI RER. HMRZ, WHER: I F T2 HVamlE Y 279 F U BIBALEANC X 2 5@ S b,
5 66 Il H A L &s B A& s (20117.13-15 24 2)

FRRIEARHS, HMARE, JORRR : e 7V a YR - F 4 LE T F ¥ F 2 RFI2 X B CD44 B 26 2
FTw 779N —, E33EHANA =7 7T (2011.11.21-22 HE#)

A B B PR SR I B D 72 O bEGF & A b 1 < Mg HR K DAL A & DRI L, H AR BEHR 2 (2011.3.1-
2 %00)

HA B F - bFGF & 2 b u < MilgH R K- DM A G DRI & 2 M4 & BRAER HATR IR0k
B RS (2011.10.6-7 H50)

HA B F - bFGF & Z b 1 < Mg HsR K- DAL A G D EIRIALIC X 2 M H A & ERAEEROBE . HANA =
7 ) 7IVEES (2011.11.21-22 5UHR)

HARZ, TR, HMEE IR~ Y 212813 % bEGF RIALE 7 F 2 A 7V r Wiz X %5 iR BE,
5510 Il HARFFAEBEAR Y& (2011.3.1-2 1UHEK)

WREZ, ETHER, HMEE - BHAIC5 2% bFGF OB o EE., #E3B3MHANA I T T IV¥ER
(2011.11.21-22 %UHR)

ANZER, W A8, FMAEZ : A0V I VBATNT & Hv 7R i RS X 2 AL sid], 4 10
] H AR RS (2011.3.1-2 550

AR, W —HR, HMZE A L OMIBRRIRIR D72 DD AV I VIBATIV T » OFER, 5 60 bl 5F
ERKE (201152527 KBR)

ANFER, S —HE, HMRE - a7 e v_— a3 VL% siRNA &HF /R OER, 427 M HA DDS %%
Aty (2011.6.9-10 )

AR, HIHZRZ sIRNA OB HIEO 720 DX 7 F > F 2 KA OVER, HANA F <71 7IVF5 46 [l
BVE A ThFZEE % & (2011.8.12 KER)

ANFER, HMAEE © siRNA OMIBHNIRBULZD DX T F > F 7 BT OER, 5533 MIHANA + <70 7T IVFEE
K& (2011.11.21-22 5UHR)

SR, A BT AR, HIREZ M ORR 2555 F A4 Fur v ETozU B o Bz 3,
5510 Il H AR PR A A8 & (2011.31-2 HR0)

SRETER, AR, HNZREZ BEICRE L TR LN SOELT 2 Fur VEofEE, 460 blEsg %48
ks (20115.25-27 KBR)

SR, IIAHER, HZEE AR M B - 2 R EAL L 72 7V F VR A R ¥ D ofERL HAN

s ARG T S 8P
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AF=7 U TVFEE F6BTE TAfsE RS (2011.812 KFK)

SRR, INAHESR, HMZRE - R 2REAE 2 b DML 8 KR E L7 v F S BRA R Y YN TORMEER
Al OB, 8533 MBANA A7) TV FRRE (2011.11.21-22 5HK)

RRAESE T IIAHESR, HIZEE BB E L TR LS 2 €7 F 24 Fa s vk ofER, 55 60 e i1-4¢
Wk (20115.25-27 KBR)

RRAEAESE T IUAHESR, HNZE © 3 RTINS G IRIEIR D 720 OREIRENE N A Fa 7V L5 B oE5L, 55 6 [0
HANA F =70 7VvEs A FOEs RS (2011812 KBk)

FRAEESE T IIAHERR, HIMZRE @ MBS AR SR O 72D ORI X D KL T2 X T F 2 A Far vl
OYERL, 5 60 Il sF-aames (2011.9.28-30 i 1l)

RRAESE T IUAHESR, FNZRE MRS #2366 & L CoRREMARE LA Fa Lo, 55 33 [ H AN A
F =7 ) TV (201111.21-22 5UHR)

FHEE, HEEE HINERE 827 2350 ETOMBNOELETEN, HANL 3 <71 7V 5 6 MBI ES
TR %% (2011812 KHR)

FHEE, HEEE HRE: ZRoE 7 F v B2 O MBEANOBETFEA, E3B3HHAN, F<T) TV
F2x (2011.11.21-22 HUHR)

e, B SR, HMRE KBRS TR E A 7)) 5V Y ORI A Fa v olEi, 557 s+
Wiyese e (2011.7.15 JLRE)

ek, HkmE, HMZRE SRR FEWE L 70 7V OB A Fa s v o R, 5 Bl H AN
A F =7 TVEEKBEVEE TS (2011.812 KB

Bt RS, HMAREZ © AERBRDEN A Fa sy 2 FH L 728K RS- F3=m Y r 70 7 v ORI,
%5 33 HANA A= 7Y 7 V% (2011.11.21-22 5T4E)

FEBIR, Bl HMBEE - 274022y =1 =) VBT T2 MRBALE T F >0 A Far VofE#, &
6 mIBIPE A T e 2 (2011.8.12 5UHR)

M EBUR, RS, HARE SIP 7 I= A MEIILE T F oA Farvezfiviezyrsary r— Ve, 432
W HANA F <70 7 VFEEKRE (2011.11.21-22 504#)

A B, HEZREZ ALPBMIC X5 T at s F v F OMlaEELEOZE(L, # 33 HAN, F <79 T VFEEK
2 (2011.11.21-22 5U4R)

EEH, B RERE, HIEE, RIS T B RRIEED 2D DE T F g Fa v
DY YNAYF ARG 10 M HAFERREA SRS (2011.3.1-2 550

R R RERE, BB, EEHET B F NS Fa v h b0y YNAY F RIS K B
RF BB, 45 33 M HANA F~71) 7T VHEKE (2011.11.21-22 5U4K)

Kuroda, R, Ishida, K., Fukui, T., Matsumoto, T., Matsushita, T. Tei, T, Sasaki, K., Kubo, S., Asahara, T., Kurosaka,
M., Tabata, Y.: Regenerative Medicine Using Biodegradable Gelatin Hydrogel in Orthopaedic Surgery. 32nd
Annual Meeting of the Japanese Society of Inflammation and Regeneration: JSIR2011, 1st Meeting of Asian-
Pacific Federation of Inflammation and Regeneration : APFIR 2011 (2011.6.2 5{#R)

W B, BEEN,. HHREE &0 TE7F oA Farivie e 728 Rl o A EFRDFSE. 45 1 18l DDS
B FHEERRIFZE & (2011.12.03 H50)

Fukui, T, Ii, M., Shoji, T., Matsumoto, T., Mifune, Y., Kawakami, Y., Kuroda, T., Akimaru, H., Kawamoto, A., Saito,
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T, Jo, J., Tabata, Y., Kurosaka, M., Kuroda, R., Asahara, T.. Therapeutic Effect of Low Dose Simvastatin-
conjugated Gelatin Hydrogel for Fracture Healing via Activating Endothelial Progenitor Cells and
Osteoblasts. 2011 Orthopaedic Research Society Annual Meeting (2011.1.13-16 Long Beach CA)

Fukui, T, I, M., Shoji, T., Matsumoto, T., Mifune, Y., Kawakami, Y., Kuroda, T., Akimaru, H., Kawamoto, A,
Jo, J., Tabata, Y., Kurosaka, M., Kuroda, R., Asahara, T.. Local Administration of Low Dose Simvastatin-
conjugated Gelatin Hydrogel contributes to Fracture Repair via Angiogenesis Concerning EPC and
Osteogenesis. Tissue Engineering and Regenerative Medicine International Society 2011 Asia Pacific
Meeting (2011.8.3-5 Singapore)

mfGses. EH . OB 6. HMAE. AHWAT - €T —MEEEY - PEHWREER 7 ) —= v 7
IR 7 =0 4 FREEE, 45 168 MM ERFRFE A% (2011115 Hu0)

Hussain, A., Bessho, K., Takahashi, K., Tabata, Y.. A new gelatin scaffold of three layers for the regeneration of
oseochondral defect. £5 10 [0l H AP A RFEE S #2 (2011.3.1-2 )

Hussain, A., Bessho, K., Takahashi, K., Tabata, Y.: Osteogenic differentiation of mesenchymal stem cells in novel
gelatin magnesium calcium phosphate scaffold. 4 33 Bl H AN A F = 7 1) TIVEEE KRS (2011.11.21-22 5U4E)

HAS A, B, SUOBHR T, HMSRE. BIFTRIA C FGE RBALAARIIIEE 5 F > A B vic X 5 sifla
DFERR, B33 WMHAANA F <7 7%EKE (2011.11.21-22 5U6)

Takagi, G., Miyamoto, M., Takagi, I, Tara, S. Ichikawa-Kirinoki, S, Tabata, Y., Mizuno, K.: The Mechanism of
Local Therapeutic Angiogenesis to the Systemic Vascular Function for Limb Ischemia. 3rd International
conference on drug discovery & therapy (2011.2.10 Dubai, UAE)

SHWIC. EARIERE, H MM, HMERZ, FR—1: DDS b2 /MR ILLE o ok B AR AR R~ o6 FH L T
V722 /MRS FHE B 0 7 SEREE B, 45 1 Il DDS #R b F A EE#EFsEs  (2011.12.3 30)

Inoue, A., Arai, Y. Takahashi, KA. Honjo, K., Terauchi, R, Tonomura, H., Tabata, Y., Kubo, T.. The protective
effect of gelatin hydrogel-bone morphogenetic protein-7 system on experimental osteoarthritis in the rabbit

knee. 2011 World Congress on Osteoarthritis (2011.9.15-18 San Diego)

2) BE- VORI LAL

FHMIZEE © AA R & B AE, a TIEAR A2 (2011.1.13 BER)

HIMZRE « ARERESS T - 252 2R TR v~ — - AEWEZIZED) 5 iR £ T2 L2 5 Mo FHa,. °F
1 22 45 KIPS #5453l 2010 (2011.1.19 5UH#K)

Tabata, Y.: Regeneration therapy based on biomaterials. Institute of Pharmaceutics, Zhejiang University
(2011.1.25-27 Hangzhou)

HIZE © b OIEY H 5 AP ERER — FHERH EMAsE -, $ oMbl 7 7 4 =485 (2011.1.28 KB)

HMZEE 134 = 7)) 7 h b A7 PRGN S MIRATTE. 5 29 Il HABGE i SA k& (Rl (201125
R 1lr)

HIMZEE © N A= 7 U 7V &R L7z iEm i R nm e SR o, 9 19 B H ARGl & (RrhleHE
i) (2011.2.19 KFR)

HMZRE - M D720 DN A F =<7 ) 7TVEd, BRI 7 + —F & — 2010 4 BRI Al 2 - (2011.2.23
LUHR)

g ARG T S 8P
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MM - FAERBORETH - BT - LI Ea @R - 1 €7 sl attiaiigE s (2011.3.3 KiH)

HHZRE © PR & B T2, ILS MR asthaliii 2 (201134 5F4%)

HMZRE © HAEBRORIFANOIGH, BER PO 80%E (2011.3.8 H50)

HIMZEZ © &/ AE D $iffr 5 A7 BB~ R THEEO IO~ [ LR LHEEL OO Y 7 725 — ] —HulfiA
IRN=2ayy IR =Tur I A (Fu—rOV ) SR 22 AEERFFERCR G & (IR (2011318 K
)

Tabata, Y.. Hydrogel technology necessary for tissue regeneration therapy and stem cell biology. International
Symposium Polymer Gel Research Cluster (#f¥i#is) (2011.4.1 Daegu)

HHZRE © FAEERICBIT 254 A= 7 ) 7T VOEENE, =7 abksthilis (20114.14 B

HMZE - N4 A= T7 ) 7V CEEHED 26 SRR, BIORF R BENFAR R (2011419 &
10

HIZRE b OFE ) Bt & A7 PRS- MRWEE, AISERFZE, FHAEGH - RENFHIES ot I )F—
(2011.4.23 KB

HIMBEZ A =7 ) 70 (KR 205 714G & AW EANZE, AW Rrt 3 - — (20114.26 5UH8)

HMZEE : N7y 7 7TUN) =Y X7 4 (DDS) HAMih S A7zl de & AW AWFFE, Pk 23 4 EE [ 1524 R %
HAR— PV AZBRER] (2011428 5UHK)

Tabata, Y.. New generation of biomaterials. The 1st QU Tissue Engineering Symposium @BfFa#) (2011.5.10
Qassim)

Tabata, Y. Dental and medical applications of biomaterials. The 1st QU Tissue Engineering Symposium ({5
{i) (2011.5.10 Qassim)

Tabata, Y. Tissue engineering technology indispensable for regeneration therapy. 4th International Conference
on Tissue Engineering (2011.6.2 Chania)

Tabata, Y. Biomaterials indispensable for tissue regenerative therapy and stem cell biology. 2011 International
Forum on Biomedical Textile Materials (#fF##%i) (2011.6.8 Shanghai)

FHHIZEZ - DDS il 2 FIUH U 72 AR AE 10 48 27 Inl H K DDS &4 & (2011.6.10 Hx50)

HMZRE © N =T ) T h b A7z DDS Bl & 2 O FEGHE - EWEFFZE~ OIS, 4 27 il H A DDS 745
FaidES (2011.6.10 HE)

HIMZRE - FERROS LR, WIRESFHF R AEN7ES (2011.6.11 HHK)

HMZRE  HAARIE ) & MO ORRE R ~PHEEROEE~, AR ARME®E [HREIA Ly ¥ (2011615
FiE)

HIMZRE « 2 LR 354 A< 7)) 7V CEMFEME) & DDS OiRHi#, HEKY: GCOE F / /3 A F T3
F& (2011.6.16 HH)

HIMZE  FRIRISH STV B854 F =7 TIOVEA [ A3 ABNREE |PES3k- 55— AT — 27 2 3 v 7 (2011617
H50)

HIMZRE - AWEY: - EHRO OO RSN 5 46 Bl OHERE LS (2011.6.17 KBR)

HIMZRE © N =7 U 7 V2RI L7 PR & S ORI, 5 54 BT AR AR s (Rl
i) (2011.6.30 FtL)

Tabata, Y.: Bed-to-bench translational research for biomaterial-based regeneration therapy. 20th Anniversary of

(B T S FE 8P s
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Seoul National University Hospital Biomedical Research Institute ($Af5#kiE) (2011.7.1 Seoul)

HIZRE © AR S W7 PR RO RHT#, BIRERY I+ — (2011711 BERE)

HIHZRE © ARG 2 R L7 AR O J20%, 46 82 Inli HLERAE - AR NG Il e 3 - — - (2011.7.14 KBR)

HMRE : N4 A< 7 TV AR OF R, 5 9 MEal BHaEmses (2011.7.21 5UHR)

MR - FAERBORTME SRORYE, FEARAAGER#E (2011.7.22 HUHL)

HZRZ R LA > © A 7o P AR R & sl 78 O s AL P 23 4R EE 45 2 IR anRl S A A i X - —
552 IR TR I — (i) (2011.7.25 &1L

Tabata, Y.: Liver anti-fibrosis therapy with mesenchymal stem cells secreting hepatocyte growth factor. 38th
Annual Meeting & Exposition of the Controlled Release Society (2011.8.2 USA)

Tabata, Y. Preparation of cells aggregate containing gelatin hydrogel microspheres to enhance their biological
activity. TERMIS 2011 Asia Pacific Meeting (2011.8.4 Singapore)

HMZEE © b OED 20 5 A7 FAERS T, JSR Mol tlaiim s [RmBEM R & g D#ED T ] (2011.89 Ha)

Tabata, Y.: Clinical experiences with Drug Delivery Systems for regenerative medicine applications. Advances in
Tissue Engineering (2011.8.12 Houston)

M2 © PR B2 5 DDS #bh,. Hlibka NStk (2011.8.25 HUs()

Tabata, Y.: Overview of tissue engineering researches. Gao ff& -+t 3 — (2011.8.29-30 Hangzhou)

HMZREZ  AEERERD 72D DN F 370 7 VM, IROFRREtEA 2 X—2 3 UHZEi#iES (2011.9.1 3
H)

Tabata, Y.: Controlled release of neuropeptide substance P to induce angiogenesis. 24th European Conference on
Biomaterials (2011.9.6 Dublin)

Tabata, Y. Regenerative medicine from the viewpoint of biomaterials. The 3rd Asian Biomaterials Congress (##
f§aliE) (2011.9.15-17 Busan)

HMZRE  FAERB O 70 > 7 4 7 LK, 58 75 Il H AR =SSR R ey (RelaiE)  (2011.9.18 HifR)

HIZRE 1 €/ O WHEMA IR 2 HEEROFHL —MIBHI7E, BIEEFZE, B -, SMRE oERERAGR Y
¥HY 7 4 in KRP Part N (2011.9.21 5(#5)

HIMZREZ A A< 7)) T Ivap b W7 feiinE e & IR MR A ZE, > 2 7 1 A vkt s (2011.9.27 o
i)

Tabata, Y.: Tissue engineering indispensable for regenerative therapy and stem cell research. International
Conference on Tissue Engineering & Regenerative (3Af#aki) (2011.9.30 Rourkela)

HHZRE © N4 A7) 7OV & FAERRE KBORE2 R (2011105 KKK)

MA@ ot & ARSI L2 554 F~ 7Y TIb, fRFERFERE#FE (2011106 f))

Tabata, Y. Bone regeneration by cell scaffold combined with growth factor release. bone-tec 2011 (2011.10.14

Hanover)
A E N4 F =7 ) 7 VEMTH O A7 e R & Y R S0E5E, BITETE ) At HE i 76 2 & (Fei)akE) (2011.10.18
KBx)

HAZE - MRS 20 & A J- B AR R R & MIRRATZE ., Fr bRt o & s & (2011.10.19 R0
Tabata, Y.: What is Biomaterial? Silpakorn University (2011.10.28 Bangkok)
HMZRE @ N4 A= T 7o A7 FARRORAH. 4 23 BlbiEE MMC iges G (2011.10.29 4L

_ a9 ARG T S 8P
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)

HAMZRE © HEERBY NOW ~ 2 £ 9 | it OB A wise8is T~ 5 —F3—27 /5 ) DYH
EEZDLY YR A GEREHE) (20111031 5UHF)

MR - et & U CoORERERE, aFERRF#RE (2011.11.4 i)

MR HAERRORITM, a7 7 —~ 7 — a2 (2011.11.7 5T#F)

HMZRE € 7 O )i & A7 ERSE (ARG, EWESNIZE, B350 . 50k —F8—2  BAERE
WOLRGE Wb72E %5070 ) 29 WIRFEEE (2011.11.8 5UH)

FHMIZEEE © ke & PR, RURRIF LR R R AEa s (2011.11.9 HUAR)

IR E  ARIEN A Fa vk 2 e el SR o8, 55 69 10 B AL A e fe et s (2011.11.9
LUHR)

Tabata, Y. Better biomaterials for engineering tissue. Days of Molecular Medicine 2011 (I#f¥akis) (2011.11.11
Hong Kong)

Tabata, Y.. Applications of Biomaterials Technology to Bio-Imaging and Intervention Fields. CMC International
Radiology Symposium 2011 (#f#i) (2011.11.12 Seoul)

HMARE : Signal HF& N7 v 77 )N —, HAMR KSR (20111115 H50)

HMRE £/ O DEMPLZ D HAEERE, [LAEA] T3 VIR RT7+—F 42011 84 145 57—k
(2011.11.19 i)

HHZEZ : DDS Bt & A7 FHERHRO 70 7 4 7 BIEABEBIZEBN Y VKT 4 (2011122 H)

HMRE : N4 A7) 7 VEM 2 A L7-FEESE, % 1 0 DDS fRELrH RS 7e s CRERl )  (2011.12.3
HH0)

HIHIZRE : 45§70 —7® DDS Hifli. CK 7m ¥ =7 METARSH (2011.12.28 5U4#6)

Yamamoto, M., Tabata, Y.: Development of functional biomaterials to modulate cell behaviors. Gao fiff (H{L k&%
Figebt) A+ 39— (2011.1.26 Hangzhou)

IIAKES, HMZE N F~T7 Y 7V - DDS ZHub & L7-FAERRICLERE D). (B B4R
SFUFE O Yy RY Y A (2011.210 KA

INAHESE, HIZRE - A AT U TNVEEMEE L2 NT y 77U N) =3 A7 A - FAERERE . M ATEGE AU
MEFE AR A X =Y ¥ 7iifet ¥ ¥ —& 3 — (201168 T#)

Yamamoto, M., Toda, H., Itooka, T., Tabata, Y.: Design of hydrogels with different stiffness as a culture substrate
to control cell behaviors. (FBfFi#i#) 14th Asian Chemical Congress (2011. 9.5-8 Bangkok)

Yamamoto, M., Tabata, Y.: Biomaterial technologies for regeneration therapy, cell research, and drug discovery.
Damrongsakkul (Chulalongkorn University £ I +—) (2011.9.7 Bangkok)

IWAHES : N A =7 ) TV O A7 HAEEBOBUR. (BREEER) 508 b —F3—2  FEREOSKEE
Rb728 25 ) 29 IS (2011118 5U#)

WIAHES : A THIAERS L LConNg d=7 ) 7)v. (fFaE) KBCRFEB RS 2+ — il 2 fl 6
T B BN T 05 7R (2011.11.30-12.1 KB

IAHESL - FFAEER D7D DONA =7 7ov. GRFF#E) HAME S 48 34 MRS & (2011.12.2 5U4R)

P S, A © JJPT hypoxia FEIC X 2 MEHED-ODFT 7 2 uFH IV EFETT A Far Lol
81,05 32 M HARSLE - FAERE S (2011.6.3 LUHR)
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Takagi, G., Miyamoto, M., Tara, S., Takagi, I, Takano, H., Yasutake, M., Tabata, Y., Mizuno, K.: Total Management
of Ischemic Wound in an Era of Therapeutic Angiogenesis. The 75th Annual Science Session of Japan
Circulation Society. Symposium. (2011.3.18 Yokohama)

AR JC. EAIERE, HMAZ, KBA— @ H5E BRI 3 2 E£2WEFEOMA. % 2 bl East Downtown
Conference (HLHREMIXEERMIZ) (2011.7.8 H50)

B JC. EARIER, HIMAREZ, K& — FEBREEIC X 2 BRI HR,. 2 SV T 1 AR St s (2011.7.27
HH0)

EAR 0, EAIEE, HMEE, KBS —  HERRHOHWA, 59 RRHLHEEREI7ES (2011.9.10 1)

AR Jo. EARIEEE, HMZZ. KEFA— PAD up to date @IGMEFLEOMA, Sk H Wb X & am s (B E
WLERETR M%) (2011.9.15 #ihE)
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HBEEMHED

Department of Reparative Materials

AEHEE BIR AH fEk
Prof. Hiroo Iwata

(57 % 8t E]

BFZETE T, IR BER DRI IO ANTHEAZE ) 720027 T §. ZNHOMEHIA
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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 expected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to
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realize such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art
techniques 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, polymer 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, complement 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 g
cells are known to have a poor growth capacity. Islets containing  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
permeation of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with
components of the host immune system. We encapsulated islets into agarose-based microbeads and induced
normalization 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 consist 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
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have devoted enormous efforts to establish iz vitro culture conditions in which stem cells, such as ES cells and
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 research 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 fabricate 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
arrays 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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Murakami T. Arima Y. Toda M., Takiguchi H., Iwata H.: Effect of dielectric spacer thickness on signal intensity
of surface plasmon field-enhanced fluorescence spectroscopy. Anal. Biochem., 421, 632-639 (2012).

Egawa E. Y., Kato K., Hiraoka H., Nakaji-Hirabayashi T., Iwata H.. Enhanced proliferation of neural stem cells in
a collagen hydrogel incorporating engineered epidermal growth factor. Biomaterials, 32, 4737-4743 (2011).

Konagaya S, Kato K, Nakaji-Hirabayashi T, Iwata H. Design of culture substrates for large-scale expansion of
neural stem cells. Biomaterials, 32, 992-1001 (2011)

Konagaya S, Kato K, Nakaji-Hirabayashi T, Arima Y, Iwata H. Array-based functional screening of growth factors
toward optimizing neural stem cell microenvironments. Biomaterials, 32, 5015-5022 (2011)

Takemoto, N,, Teramura, Y., and Iwata, H.: Islet surface modification with urokinase through DNA hybridization.
Bioconjugate Chem., 22, 673-678 (2011)
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32 (14), 3596-3602 (2011)
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(ethylene glycol) -conjugated phospholipid. J. Control. Release. 150, 229-34 (2011)

Chen H, Teramura Y, Iwata H: Immobilization of anticoagulant-loaded liposomes on cell surfaces by DNA
hybridization. Biomaterials. 32, 7971-7 (2011)

Luan N. M., Teramura Y. Iwata H. Layer-by-layer co-immobilization of soluble complement receptor 1 and
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K. Kato, H. Iwata; High-throughput analyses of gene functions on a cell chip by electroporation, "Methods in
Molecular Biology; Cell-Based Microarrays: Methods and Protocols” (Ella Palmer, ed., Springer, Heidelberg,
Germany) Vol. 706, pp.181-190 (2011).
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Arima Y., Toda M., Iwata H.: Surface plasmon resonance in monitoring of complement activation on biomaterials.

Adv. Drug. Deliv. Rev. 63, 988-999 (2011).
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Kato K., Konagaya S., Nakaji-Hirabayashi T., Iwata H.. Growth factor-immobilized culture substrates for the
selective expansion of human neural progenitor cells. The 2" Taiwan-Japan Symposium on Nanomedicine
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Our interest is to understand the information processing mechanism in the brain, and to develop devices
that can communicate with the brain using receptor proteins. The key idea behind this research is the fusion of a
receptor conformation/function and a synaptic connection/function. We are studying the conformational changes

induced by neurotransmitter reception to enable us to understand the relationship between conformational
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change and function.

Here I describe our study of (1) the conformational analysis of purified/reconstituted receptor protein by
AFM, (2) the in vivo measurement of neural activity using a PEDOT-PSS modified electrode, (3) a bio-mimetic
synapse using a lipid bilayer with a nano-cavity, and (4) the differentiation and electro-activity of neurostem cells.
Some studies were carried out in collaboration with foreign universities, such as the University of Oxford and the
University of Adelaide
(1) Conformational analysis of purified/reconstituted receptor protein using AFM

Although we know that receptor protein is very important as regards information processing, it is extremely
difficult to visualize the conformational changes in a receptor under physiological conditions. We have succeeded
in visualizing those of NMDA and AMPA receptors under physiological conditions in real time by using high-
speed atomic force microscopy. The mechanism of the receptor responses to ligands was investigated

As a dimer-dimer like interaction was observed in the extracellular domain, further studies will be required
if we are to understand the mechanism of the ligand binding response. We collaborated with Oxford Univ. on the
analysis of AMPA receptors and determined the domain effect on receptor localization.

(2) In vivo measurement of neural activity using PEDOT-PSS modified electrode

Constructing an interface between neurons and electrical instruments is one of our goals as regards
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developing tools for communicating with the brain. We used conducting polymer hydrogels PEDOT-PSS to
modify the electrode in order to achieve better biocompatibility and low impedance. The major challenges are to
obtain a longer connection under in vivo conditions and to realize wireless capability with a miniaturized device
for an implantable interface. Preliminary results have indicated successful recordings in the rat nervous system.
(3) Bio-mimetic synapse using lipid bilayer with nano-cavity

A nano-cavity accommodating an electrode was coated with a lipid bilayer containing protein. The structure
is very close to that of postsynaptic cells (a biomimetic post-synapse) . At this stage we could only introduce a
model protein such as gramicidin into the lipid bilayer and observe a fluorescence change. We are planning to use
a neurotransmitter receptor to measure the electrical responses.
(4) Differentiation and electro-activity of neurostem cells

We tried to monitor the neurostem cell differentiation by using MEA. A preliminary measurement comparing
the neurostem cell development with and without EGF showed that electro-evaluation is effective in relation to

neurostem development.
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C. S. Ramanujan, N. Kasai, J. Baranovic, K. Torimitsu and J. F. Ryan, High speed AFM imaging of glutamate
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receptor activation, Biophysical Society 55" Annual Meeting, Baltimore, USA, 2011.3.5-3.9
J. Baranovic, C.S. Ramanujan, N. Kasai, D. R. Madden, K. Torimitsu and J. F. Ryan, Structural and functional

characterization of reconstituted GluA2 tetramers, Biophysical Society 55" Annual Meeting, Baltimore,

USA, 2011.35-39
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K. Torimitsu, Fast scanning AFM of ionotropic receptors, Biophysical Society 55" Annual Meeting, Baltimore,
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1 KRW%A FRET Ef%, (A-F) Raichu-Rac1. (G-L) Raichu-RhoA. (A-C, G-I) N ICFTEE. (D-F, J-L) MNhICER
BB, BEIEESVEMRIREERT,

Fig. 1 Representative time-lapse images of FRET observation for (A-F) Raichu-Rac1 and (G-L) Raichu-RhoA. (A-C, G-I)
"parallel" and (D-F, J-L) "perpendicular" cells. Warmer color indicates higher activity of Rac1 or RhoA.
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AR, F2BIRICHREND ZEDMONT VDD, ZOBBEIZOWTIEIAHTH S, bivbitid MgATP
LD IF Y VDORET A Z VRO A ML AT 7 A N—D5RICEG LT 2% T3, B fER
D MgATP Ol (LUF [MgATP] & L) 18BWT, A ML AT 7 A N3 E#FEENL, LA LEDDS,
B2 IR T L) ICEDAEBENRBEL Y A LEW [MgATP] Tldy A MLV AT 7 A N—=HDT 7 F v ORI

E )

2 ZRLATF7AN—AOHILOXT7iEE, (A B)#MEROINLIT 74 N— BRET7IFL FiEa—-T7F=>, (C,
D): ZhZh (B) ® (). (i) DIHLARERT, (C) TRFIFLEa—TI7FZLHHAIBICETIL TWBDICH
L. (D) THEABAILRETHEZZ D DN B, TRNEFTNADA ML AT 7AN—Da—TIFZ DRERE® T T 71t
LD (E) THd, FFD/N—1E, (A,B) Tld20um,. (C-E) TlE4 umzRd,

Fig. 2 Characterization of sarcomere-like structures in SFs. (A, B): SFs in cells (A) and de-roofed cells (B) were dual-labeled
with actin-binding phalloidin (green) and anti- a -actinin (red). (C, D): Some SFs displayed relatively regular striations
along the long axis (C, magnified view of (i) in B containing apparently thin fibers), while in the others patches assessed
by anti- a -actinin were non-uniform across their width (D, (ii) in B containing relatively thick fibers). (E) Intensity
profiles of anti- a -actinin staining along the lengths of two representative SFs indicate that peak-to-peak distance was
on the order of 1 um in (i) of B, whereas irregular distances were observed even along the long axis in (ii). Bars, A and
B, 20 um; C-E, 4 u m.

(B T S FE 8P e



Institute for Frontier Medical Sciences

o8y — A > THNZ 25, B USRS ¥ ¥ 2258 Lz 205Uy — v ORSE
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Studies in our laboratory have been carried out to elucidate the mechanosensing mechanisms of
morphological and functional changes of cells exposed to mechanical forces. 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 deformation 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. We are focusing on the roles of cell-cell junction, focal adhesion and stress fiber as the candidates of
mechanosensor in views of signal transduction and force transmission through stress fiber. In this report, I mainly
introduce the results of these research areas. I have had important collaborations with Professor T. Adachi in this
mechanosensing field.

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

mechanism of aortic aneurysm and the deformation of spinal cord from the point of view of biomechanics.

(1) Inmitial Orientation of Endothelial Cell and the Response to Fluid Shear Stress

Vascular endothelial cells (ECs) exposed to fluid shear stress (FSS) become elongated and aligned to
the direction of flow. However, the process of morphological change in individual cells is different depending
of their initial shape. Racl and RhoA, members of the family of Rho GTPases, play important roles in cellular
morphological changes but are thought to be activated differently in the process. Here, we measured changes in
Racl and RhoA activities with a focus on the effect of cell orientation when exposed to FSS as shown in Fig.l. In
ECs initially oriented parallel to the direction of flow, RhoA and Racl were activated primarily in the upstream
and the downstream regions of cells, respectively, accompanied by the formation of lamellipodia in the direction
of flow. On the other hand, in cells oriented perpendicular to the direction of flow, FSS caused RhoA activation in
the upstream region but did not change Racl activity. Furthermore, treatment with cytochalasin D inhibited the
localization of Racl activation and suppressed RhoA activation by FSS. These results indicate that cell orientation
affects the local activation of Racl and RhoA when induced by forces transmitted through the actin cytoskeleton

under a FSS condition.
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(2) Disassembly Mechanism of Actin Stress Fiber Induced in Different Way from Myosin Light Chain

Dephosphorylation

Dynamic remodelling of actin stress fibers (SFs) allows non-muscle cells to adapt to applied forces such as
uniaxial cell shortening. However, the mechanism underlying rapid and selective disassembly of SFs oriented
in the direction of shortening remains to be elucidated. Here, we investigated how myosin crossbridge cycling
induced by MgATP is associated with SF disassembly. Moderate concentrations of MgATP, or [MgATP], induced
SF contraction. Meanwhile, at [MgATP] slightly higher than the physiological level, periodic actin patterns
emerged along the length of SFs and dispersed within seconds as shown in Fig2. The actin fragments were
diverse in length, but comparable to those in characteristic sarcomeric units of SFs. These results suggest that
MgATP-bound non-muscle myosin II dissociates from the individual actin filaments that constitute the sarcomeric
units, resulting in unbundling-induced disassembly rather than end-to-end actin depolymerization. This rapid
SE disassembly occurred independent of dephosphorylation of myosin light chain. In terms of effects on actin-
myosin interactions, a rise in [MgATP] is functionally equivalent to a temporal decrease in the total number of
actin-myosin crossbridges. Actin-myosin crossbridges are known to be reduced by an assisting load on myosin.
Thus, the present study suggests that reducing the number of actin-myosin crossbridges promotes rapid and

orientation-dependent disassembly of SFs after cell shortening.

(% # B 7]
@ BLERR &

1) FEH

Nishio, K., Ueki, Y., Sakamoto, N., Sato, M.: Effect of initial orientation of vascular endothelial cells on activation of
RhoGTPases induced by fluid shear stress. Cell. Molec. Bioeng. 4:160-168 (2011)

Sugita, S., Adachi, T., Ueki, Y. Sato, M.: A novel method for measuring tension generated in stress fibers by
applying external forces. Biophys. J. 101:53-60 (2011)

Ozawa, H., Matsumoto, T., Ohashi, T., Sato, M., Itoi, E.: Stretch along the craniocaudal axis improves shape
recoverability of the spinal cord. J. Biomech. 44:2313-2315 (2011)

Matsui, T. S., Kaunas, R.,, Kanzaki, M., Sato, M., Deguchi, S..: Nonmuscle myosin II induces disassembly of actin
stress fibers independently of myosin light chain dephosphorylation. Interface Focus 1:754-766 (2011)

Matsumoto, T., Yamamoto, M., Seo, S., Sato, ]J., Kato, Y., Sato, M.: Effects of hypertension on morphological,
contractile and mechanical properties of rat aortic smooth muscle cells. Cell. Molec. Bioeng. 4:340-347 (2011)

Huang, W-]J., Sakamoto, N., Hanamura, K., Miyazawa, R., Sato, M.: Role of intercellular junctions in the
redistribution of focal adhesions and orientation of vascular endothelial cells exposed to cyclic stretch. Cell.
Molec. Bioeng. 4:368-378 (2011)

Oya, K., Sakamoto, N., Ohashi, T., Sato, M.: Combined stimulation with cyclic stretching and hypoxia increases
production of matrix metalloproteinase-9 and cytokines by macrophages. Biochem. Biophys. Res. Comm.
412:678-682 (2011)

Uda, Y., Poh, Y-C., Chowdhury, F., Wu, D.C,, Tanaka, T.S. Sato, M., Wang, N.: Force via integrins but not cadherins

(B T S FE 8P e —



Institute for Frontier Medical Sciences

decreases Oct3/4 expression in embryonic stem cells. Biochem. Biophys. Res. Comm. 415:396-400 (2011)

Sakamoto, N., Kiuchi, T., Sato, M.: Development of an endothelial-smooth muscle cell coculture model using
phenotype-controlled smooth muscle cells. Ann. Biomed. Eng. 39:2750-2758 (2011)

Yoshino, D., Sato, M.: Design method of self-expanding stent suitable for diverse clinical manifestation based on
mechanical properties. Cardiovasc. Eng. Tech. (in press)

Yoshino, D., Sato, M., Inoue, K.: Estimation of force on vascular wall caused by insertion of self-expanding stents.
Proc. Inst. Mech. Eng., Part H, J. Eng. Med. (in press).

Ohashi, K., Fujiwara, S., Watanabe, T., Kiuchi, T, Sato, M., Mizuno, K.: LIM-kinase-mediated cofilin phosphorylation
decelerates actin retrograde flow in lamellipodia. J. Biol. Chem. (in press)

Deguchi, S., Matsui, T. S., Sato, M.: Simultaneous contraction and buckling of stress fibers in individual cells. J. Cell.
Biochem. (in press)

Sugita, S., Matsumoto, T., Ohashi, T., Kumagai, K., Akimoto, H., Tabayashi, K., Sato, M.: Evaluation of rupture
properties of thoracic aortic aneurysms in a pressure-imposed test for rupture risk estimation. Cardiovasc.
Eng. Tech. (in press).

2) #Ei-EE

Long, M., Sato, M., Lim, C.T., Wu, J., Adachi, T, Inoue, Y..: Advances in experiments and modeling in micro- and
nano-biomechanics - A mini review. Cell. Molec. Bioeng. 4:327-339 (2011)

Ohashi, T., Sato, M.: Chapter 23: Endothelial cell responses to fluid shear stress: From Methodology to
Applications, in "Single and two-Phase Flows on Chemical and Biomedical Engineering", Bentham e Books
(in press)

Yoshino, D., Sato, M.: Design and evaluation of self-expanding stents suitable for diverse clinical manifestation

based on mechanical engineering. InTech (in press)

@ FREORR @®

1) 2% - RSRE

Ohashi, K., Abiko, H., Tsuji, T., Naotsuka, M., Hiatari, R., Sakamoto, N., Sato, M., Mizuno, K.: Identification of
Rho-GEFs that are involved in mechanotransduction of vascular endothelial cells. The 6th International
Symposium on Biomechanics in Vascular Biology and Cardiovascular Disease (2011.4.14-15 Rotterdam)

ANEEEE], SO sk, SR HEE , REEED], A SR, BT IRRE AR R A T SEBEE IS B A BENIS T A 5 A
TFEMET 4 A ¥ b EBRIERDR ORISR, 5 40 o H ARFHER BRI 72 (2011.4.21-23 H50)

KAGHREY, Hh#E—, £ IED: Simultaneous measurement of morphology and traction forces of sheared
endothelial cells. % 50 [l H A4 MREE T2k 4y (2011.4.29-5.1 HT)

WICw ek, BN, e 22 B2 ARG A IR X 2 WA BHEE o a2 > YRk, 4550 lnlH
AERE TR KRS (2011.4.295.1 H50)

FIEARER,  Boowsk, R IERT: PISK 1 B & A B M o0& AW IE ) BREE T I 81T 2 LT O & S fF#FT. 45 50
] A AR TR RS (2011.4.29-5.1 350)

VARRHIEL, RORVFERS, JOTrsk, EIED] @ & ARSI AR X 2 WEHIEAN RhoGTPase & PEZEALIZ 0 LTI

7 - ARG T S 8P



Annual Report 2011

TEREDS AT T 528, 45 50 Il H AEMREE T2 K& (2011.4.29-5.1 HUHT)

BT, ERIEY], BHEE: 25 —7 Y - PYXRTF FOLRBEREERE (0A) B X OHkEMigicx3 2%
B %65 M HARNAE - YA RkE (201151315 Hn0)

RAGHRM, Hb#E—, BTHZERER, EREM: <A 7 0¥ g —734 212 X 2 i A e Nl o5 M.
834 M HANA F Lo a Y- (2011634 KBR)

OB, IR, RBEIER  MBRI R A+ X5 Y ADGT- A 7 = X LZHT 5078 2011 EAW a4 - 3K
e 2 (2011.6.17 AlH)

Sakamoto, N., Han, X-B., Sato, M.: Response of vascular endothelial cells to spatial gradient of fluid shear stress, 1st
Annual World Congress of Molecular & Cell Biology (2011.8.6-8 Beijin)

Deguchi, S., Matsui, T.S., Kaunas, R., Sato, M.: Nonmuscle myosin II-based regulation of cellular tensional
homeostasis. 55 49 ol H AW o242y (2011.9.16-18 M)

Matsui, T.S., Sato, M., Deguchi, S.: Nonmuscle myosin II induces rapid disassembly of stress fibers independently
of myosin regulatory light chain dephosphorylation. 45 49 [al H AR A=W W#i 24 (2011.9.16-18 #HiE)

PERFIE , SOoThik , MIOER, g IEBT: A S VAT 7 £ 85— OYU#ETGE 2 RhoGTPase i HEZAUIC KT 7%
22 NS k7 a T4 TS (2011.10.7-8 @)

Sato, M., Ueki, Y., Uda, Y., Sakamoto, N.: Strain measurement in stress fiber of living endothelial cell subjected to
shear stress. 2011 Biomedical Engineering Society Annual Meeting (2011.10.12-15 Hartford)

Nishio, K., Ueki, Y., Sakamoto, N., Sato, M.: The initial orientation of endothelial cells affects RhoGTPases activation
induced by fluid shear stress. 2011 Biomedical Engineering Society Annual Meeting (2011.10.12-15
Hartford)

Chubachi, S, Sato, M., Sakamoto, N.: Role of microtubules in focal adhesion turnover in vascular endothelial
cells exposed to shear stress. 2011 Biomedical Engineering Society Annual Meeting (2011.10.12-15
Hartford)

Furusawa, T., Sato, M., Unuma, H.: Non-absorbable GBR membrane based on PET sheet coated with readily
soluble calcium phosphate. The 11th Asian BioCeramics Symposium in conjunction with the 22nd
Symposium on Apatite (2011.11.30-12.2 2 < %)

Deguchi, S., Matsui, T.S., Sato, M.: Adaptation of nonmuscle cells to mechanical environment. International
Symposium on Mechanobiology (2011.11.4-8 Shanghai)

Deguchi, S., Matsui, T.S., Kaunas, R., Sato, M.: Cellular tensional homeostasis regulated by nonmuscle myosin-II.
International Symposium on Mechanobiology (2011.11.4-8 Shanghai)

Yuan, L., Sakamoto, N., Song, G.B., Sato, M.: Low shear stress enhances human mesenchymal stem cell migration
through MAPK activity. Stem Cell Programming & Reprogramming (2011.12.8-10 Lisbon)

2 BE-VRYIL

Sato, M.: Mechanical property of stress fiber and its role on mechanotransduction in cell response to mechanical
stimulation. The 6th International Symposium on Biomechanics in Vascular Biology and Cardiovascular
Disease (ifFifiE) (20114.14-15, Rotterdam)

TEREIER @ NEEMIIL O NZINE ST 2 A h 2 x4 Fud—. [AaficB b7 -7k vy b
J—2r a7 (Rt (2011928 H)

(B T S FE 8P e —



Institute for Frontier Medical Sciences

PEHRIED] : PEERERIREANOAEK TN SO T 7 u—F. 5 28 MfEEREGEG S (FREEE) (20111111 A2))
PERRIED] © R oG & BUR. RIRIRAS 2 MR THEE AMEF L 3 - — (GRFFRE) (2011125 1R5)
PERIED] - EFRR S E S AT . MRS ILES 2 Ml T AME L X - — (RfFEE) (20111219 @ 5)

e ARG T S 8P



Annual Report 2011

BAREHFZHZEERN
FEMEHAR D F

Department of Development and Differentiation

PEFERE BE bk BX
Prof. Norio Nakatsuji

(57 % 8t E]

i % A3 2 MR A Z 2 CT— D ORI 2 © L REVERHINE,  HLARES RIS & T BME 2 4T 9 o BHEO MK
MINBIEZ N Z IR B R B2 AT VAR RO EE M2 MR 2 — 4 AR Z R A0 & Re ksl a2 & 14
M &3 REEA I, BT 7 0t 2 23 UCr 7 A EMOMES & B, =87 MMEHi O PRS2 170,
ROMBFED L DBIZT O T T K2 fMEKT Ho TN O®MN - ARMIEY A 2 VIZB 27 7 A X7 8T
07T MMIERRE O A3 2 e UCRBEICHI S e —J, Ok iRz B, Bl 2 (33 ERT. #
fEHR. HE. AIEHEOREORNE 25, MFIE 7 )V — 73l - A o3sEaib e 77 & - €7 7 Lk
PR DRFEMRIT, F 722 0BRSS L - 7 20 NABIEOHMILEOANIN 2 HIE L. 5T A4S, b4
IR & I 7 AN, B EBCROIE Z I T2 DTV 5,

(1) AR FICE 2L 20 MT VAR VHIE 7 2R AR B (B S B R IR
(ZAEFHAEE, RNP BEEAHT S5, A 3~ AR ORI M 7% 2 — B9 5 tudor B Tdrd &=
TR Z DT b, Tdrdls 6. 7.9/ v 779 b7 AZAER L2 26 EIE O R EREMEAKIL
WD AR O IR E AR T RS S 0 L 572, 2D 9 B TDRDLL9 IE~< 7 A piwi 7 7 3 Y — MILL
MIWI2 &AHEAER L. MR B WV C piRNA fF#% %/~ LCL b b5 Y ARV ¥ LINE-1 ® RNA, ZE¥5
J B LNV T OMHNIEERET 5o AHEMIL O LINE-1 $l# Ofe %02 M TRL ba +F ¥ ARV v 0 #E
B EME, 7/ 5 DNA BHEIC X 2 IKH 2 MIsE % Fi 3 2. —J7. TDRD6. 7 (&K T-#a o PFEARm @) < o
Tdrd6. 7 /7 v 7 77 b= A TGN 2 A2 R ©d 5 chromatoid body DIEWA DB S5
A5 Tdrdl, 9 38 AY L b b T 2R YOS ) AfEOBEEIEH & iz v, Chromatoid body 135
a® processing body. stress granule & 7T AEM L CH Y. A TDRD6, 7 & AAIE o RNA #f#, 2 b
L ABOGFEIZOWTIT 2 DTV 5, (2) WEGREZHMT 206 7 F Ve 7 a<F B il - A5
a4 72 MIZBWTH 7 DIERORE R BARIMEAR, FBEORICEETH L —F. BT IRGERE ClEmEs e
X% 1R b & AR R TFHIR 22 & o TRIZEMOSRRESE TN L. WG R OHIEEREOWIFEIL F ICEERSE
OHMRLAY % HWTIThbTB Y., LA B W TR 5 T- R ORI A TV RV B4 3R FEEH
Ha Hiske R AR A& RS BB BE 70 © 55 1 3B S ) 2 R 3 2 R A 2 MR L 72 C ORERERGR
ERCCTRBGREREL XIS 2 2 7 F VREEFE L7720 T, 552 5ME L XV TOFM =05t % #D
TWwd, —h, zu~xF gL OGN SN L8R TFHEZETE N A A JHE, BIONY — v, LIRS
FIEDT ) AT = R=ADHAZ ) —= v 7 L, BIZFH, BACFRENT 2 HED T0D, TRHDIFZIZED
IHFLE O R B AR T-HR 2 R LB & S 2 0 T2 2 I S IS LT 7e % 7 ) 2 BEBN~ OIS % Hi8 3,
(3) HHIfar  2EEEOG T4y T —27 tESHIRO 7 MEFEEIZIIEO 2 ORI B 5. ES Alfiw

B E TR _0-



Institute for Frontier Medical Sciences

315640000 35642000 35644000 35646000 315648000 35650000 35652000 BT920000 ETa24000 B7928000 B7932000 7936000
L 1 L L L L 1 i 1 i 1 i 1 L 1 i 1 i 1 i 1 i 1 i 1 i 1

]
= 54 5 5 5
=| Gscell |
£z b |
o 04 o il l.‘ v ! n e i i , | . { B
‘E' i
=<
2| escen ' = s
- - ce

i aniid M o0 e
ML ' Fo o i [ I | l'lll'l d 3 i ul s 9

5 &
= 24 ]
5] od ik [ 1) Eo 0y dqol 1,4 ale ¥ . " ! 0
H GS cell a1 s 1 Tl (S N vy y ES 2 [ L1} L] ] [} ey £
o
E
~ 2 L2 0 i |a] e & . 0
S| EScell o | L | N . afo Ei - ' ST ! ! 'kz
o Sy vy ey ety gy g
pr =4

G Poust! st bl M T 9w il

conservation Iy | N |

T T T T T T T XY T TR R AR S YT L .U [N T B G TR Y S
35640000 35642000 35644000 35646000 35648000 35650000 33652000 BTO20000 87924000 87928000 87932000 BTI36000

v AEME (ES) MR & £5EE (GS) MM E X b 886D ChiP-seq fE4f

ChlP-seq analysis of mouse embryonic stem (ES) cells and germline stem (GS) cells for histone H3 modifications
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The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic
information 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 (Tdrd) 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 sterility due to postnatal defects in spermatogenesis. Among these, TDRD1 and TDRD9 cooperate
with piwi proteins, MILI and MIWI2, respectively, and function non-redundantly in retrotransposon silencing
at RNA and epigenetic levels in spermatogonial stem cells and subsequent spermatogenesis. In contrast, Tdrd6
and 7 function in haploid spermiogenesis. Tdrd6 and 7 mutants show abnormal spermatid differentiation with
aberrant chromatoid body architectures. 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
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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 established another in vitro culture system that induces meiosis initiation of an established germline
stem cell line derived from spermatogonia. By using this culture system, we identified signaling molecules that
promote or inhibit meiosis from mitotic spermatogonial stem cells. We are undertaking biochemical and genetic

characterization of these signaling pathways in vitro and in vivo.

(% # B 7]
@ BERR @

(1) FE&EH

Fujiwara, M., Yan, P., Otsuji, T. G., Narazaki, G., Uosaki, H., Fukushima, H., Kuwahara, K., Harada, M., Matsuda, H.,
Matsuoka, S., Okita, K., Takahashi, K., Nakagawa, M., Ikeda, T., Sakata, R.,, Mummery, C. L., Nakatsuji, N.,
Yamanaka, S. Nakao, K. and Yamashita, J. K. Induction and enhancement of cardiac cell differentiation from
mouse and human induced pluripotent stem cells with cyclosporin-A. PLoS One 6, e16734 (2011)
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hiPSCs using helper-dependent adenoviral vectors. Molecular Therapy, In press (2011)

Pillai RS, Chuma S. piRNAs and their involvement in male germline development in mice. Dev Growth Differ. 2012
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(3) #e8t
MIHE, ZE—i, oLk  ESHE (ErEsdiie) #F%E HARRGK 2569 % % 125 (P 23 4E 12 A7) Bkl
Frgk i iR

® FREORKX ©

(1) 2% - AREEX

HEB— B0 . WL AR AR O B AR L v B RE O S | R BIGE AR E H 4 4 Il S Ak
(6.12-14, 2011, dkifgE)

Shinichiro Chuma. Mammalian tudor related genes in the male germline. 44th Meeting of SSR (7.31-84, 2011,
Portland)

TS — BB AR OB AE A S IR BT RBAT R BT B T TP OMRE S u A b — 2 R s B S 5 5
Ml (9.7-9, 2011, KF)

Shinichiro Chuma. Germline tudor genes, germinal granules and spermatogenesis in mice. CSHA conference
(10.11-15, 2011, Suzhou, China)

i #—HE . The germline stem cell cycle in mammalian developmen. 4% 7€ #3838 (215 #5452 o] S0 B b &
workshop (11.29, 2011, KB

Shinichiro Chuma. Germline tudor family genes, retrotransposon silencing and spermatogenesis in mice. H A<%3¥
AW A 34 4R S (1216, 2011, K

W ffi— e B, WA BRI B —EB. #ABkIK 17 . PSF stimulates the recombination reactions mediated
by DMCL1 in vitro. HAZFEW 448 34 4% (1215, 2011, it

B — B . Mammalian tudor family genes in the male germline. ¥#f BRC (12.19, 2011, $ii%)

MUNSERES-. HIrpi, ARBERL, FRESEHR, MEMRER], rpolfsk, thISH—RR . ~ o X AR N bk o> (Al i 2 e
B 5 BN RETANORAT R SRR A 7 VA TS 2011 (7.13-15, 2011, KFR)

MRS, HIrPil, ARBERL, FRRSEHR, MEIRER], rpolfsk, mhISH—RE . ~ o X AR O PRI 2 0 e 2
5B —IRBT R~ ORAT . R SR ZE L A 7 VA A MIABH S  R D A (1117-18, 2011, KBR)

MRS TDAAESE. HE, AMRBERE, MRECES. BT, thabfde, WIEH—ar. < v 2 AmeEiiigtko 4
MR & 55— B RATHI A~ ORAT . AN T3 & (1226, 2011, 5U#)

(2) BE- 2RI IL

b R TIR £ o 72 ES/IPS Ml D FE L ~MliG E HEER 7 ) —= > 7~ 45 10 MIEEE N 1 + EXPO.
FEEEE (2011.7.1. B0

Nakatsuji, N.: Chemical biology and model cell production using pluripotent stem cells. Heidelberg-Kyoto Joint
Symposium “Crossing Boundaries: Stem Cells, Materials, and Mesoscopic Sciences” (2011.7.23. Heidelberg)

Nakatsuji, N.: Multi-disciplinary research and application of pluripotent stem cells for disease mechanism research
and drug discovery. iCeMS and MRC-CRM Joint Symposium “Next Generation Stem Cells: Tools and
Technologies” (2011.7.25. Edinburgh)

bk © ESHIl & iPS MR OBUE & Rk « WREE - MR A0 E L EAREAOIGH. He3manf N
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X ORELF e, BAME (201198, 3AK)

Nakatsuji, N.: Leading International Institutions and Their Strategies for Advancing Regenerative Medicine. 2011
World Stem Cell Summit. Plenary Discussion (2011.10.5. Pasadena)

kR o ZaetEeiiie (ES/IPSHNE) ORE L EMY Zvulgett. 5% ~y T LNV ERE 70 7 T A
(WPD) 6 L84 2 v R Y 4. (2011.11.12. 46

Nakatsuji, N.: Stem cells, cell-material integration, and mesoscopic sciences. German-Japan Round Table 2011
“From the Early Universe to the Evolution of Life” Keynote Lecture (2011.12.1. Heidelberg)

kR o BRI EERTERE O S LA 5 F 2 R AR O R EE. RHARAE &R A 10 AR RIS
K&, Al (2011124, 3HK)

Nakatsuji, N.: Chemical Control of Human Pluripotent Stem Cell Differentiation and Creation of
Neurodegenerative Disease Model Cells. 11" iCeMS International Symposium “Chemical Control of Cells”

(2011.12.6. Kyoto)
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BAER HZE2 5
Department of Growth Regulation

PHEE BIR BE @R =T

Prof. Atsuko Sehara (Fujisawa)

(57 % 8t E]

FC&®IC

FEAEMBETIIMA DR KE S 2R o 2P T 50 B2 EREORHE T, 2N EL 2T 5 & HA
A0 BBV T, BRI L I B ANE L S . Zps s A & B L 2o/ L &
IO 702 228 o THRBGEEDEST Z EAHLN 5,

Tx OMFZEEIE. EICREADYE - MBAEDZEO 2 S, (1) Fiob - fiITERR. fFEmE,. (2 BER
BACBUT MBS 73 v 7 - BEOHEEMEE LToTar 7 —EiHl#l, OfEziToCwb, EIITT A%
72 FREEFTERCREERICE DML L B2, BFERET I 71y vaz T, REBETONA A
ARX=T U7X o TR Z HOCEAEIC L D b L, BAESCHEOH LWHMAZH SN LDDH
%o

(1) BmMEEBTIRK - BAESE © HEliE, PIREAROL ML S HFMIAET, ZRATHWIZEE L
THHEZ I L S S ITHRFRESIAC & 52 0 5 DU &2 4k 0 aX 37 TR L CTRERE = W & 72 o T o HREL K - Pax3/
Pax7 %3889 2 Hni B2 5. Myf5/MyoD % JE8L9 % i 3 Ml 234 £ M 2 AL A i3 AS W IZREG LT
HEIHE 2T B HRGADHHLA, % EORMAMEICY ATV S, —J, HifAE. BT
Wahi- & 2 I2fiieCch 2t M NG EiL S, ZhazBETEECH 5. HmEiMilio, ACHEE LS
b (3o REE) &) il & UCoRE O, € L CZoiilio i 4 L iGTELo Mg o R I
DHA TS,

(2) MEEERICET2HBR[ES 7Y T - BEO7OF7—EH# : IR Y 7 F VT REERT O
B EREEEEIC BT AU (ectodomain shedding) /L C. MM Y 75 ¥ ZF ORI LA I BES 3 5.,
ADAM EIHENZ R 7077 =€ 7 7 IV —IZEH L2 TH 2. 77—~ (1) OFHLRESETELH%
THY, HEKIZE EE 53, FEAEORMYZEHBHIE, Al afEe LTEhOTRYZHHTHLIZ L%
HEMILTEZ, XAV EY ¥ a (ADAMI2), g (ADAMI19)., ADAMS, ADAMIO 7% EI22 W T, WL 29D
TERBTEAZ FE M 2 4 T 2 1T - T 5o

MIAOMBRLEZDTRTEIZTRATHOIREEL W20, FERTIOEDDF—<ICH L TRRHEL AT
5T EIZLTWwD, AR, BEMITE % T 7 TR BOBRE SR I O 3 A 12D T BB O RIGRIE AL & 7 5 TB
Sl o 72 ERANT B0
B R AEE DR

AL, EEERE Th L L FRICIEEAB 2 H) BEGBETHHY, 7I VBRIV I—T Y OWEETH
D BHEPLEEGMBTH 5. & M TR OFEHIIEA 25 E M S oA E L2l B4 2 5
ZEIZEVELENDD, FOGTHEEZI S Do TuhRv, Fxid, ZoOMMBELE ZHIE L CTw 55T 5k
DN EZ HIEL TV 5,
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INFETITY A IV AEGIZ BT % Fusion peptide. ZAFI2BF 5 Izumo. BFHIIETEEICBIF 5 DC-STAMP &
Vo MRS IS B 5 R S T AR E SN TE TV L5 HMREEICELTREDL I 25 TIER2h - T
Wi ho 7ze WFFHIIIEEE &) R R VIR & 20 CIEF R I — S O MR 72 V) ASRl G e & S 1S LRl &
BRI T, KA RGOS THEIESI S Ik > TO R WO —27%, COJEFMETH L LHE X, Tz
BREZ IS L2272 2 U3 2 HEN W EIZEH L. COMBEE RIS 52 ICREHEE b DMl % ¥
RIS 2Pk E HIE L. (K1),

AN 41X, BHTEERDY MyoD 7 7 3 V) — 1283 A5 KT myogenin (K75 5 2 12 H L. myogenin i#
ZTF O FRBEIRIC GFP 22 % W/Ea vy A 57 M~ A3tk C2 18 A L, MLIRfEE GFP Trl#ifLT
& 2 3 Mk mgddEGFP-C2 #E . L 72, Z oM, Ml bz 383 2 LA 2sA ¥ — M 512 F 3 B

1 BHoMEHRERIEH—TlE&w
ERERORMEEFEFMILEEEIC L) —SOMAL 7 T AR
BASMEL.EIZZDOFhDO—EDHMIEH Prefusion myoblast &
KV)RET %, 2 h % T Prefusion myoblast DAF~—H— &
REINTVWE D5 70 mg- KAMEFHFMET. mg+: Frilfa.
F:Prefusion myoblast,

3 Yaksa fi{FISBARIIZ AL TE S
#RRE % GFP (#). ®% Hoechs (&) THIE{LL £21MLE 2 YaksafiifFldm&EHEF T 2R EBRENICRIET 3
MiEOMEEE, AR S SHEDEBEBMAH Yaksait  Yaksa ARSI 8 BFELIAICRE T % 7' IHE SRR
& (FF) THBEEh 3, MELEV,
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B OB RS T GFP 2T b S h7ze oo GFP (+) MilaZHiEE L, Shz e L Cobimieo &K@t
B 5E, 70—FAHURT A 75 ) —%AER L, A7) —= 2 7128 ) EA TS 2 R ML (Prefusion
Myoblast) &4EEIGISHEAT 2P0k Z2 IS, B L Yaksa itk B 72 (M2). 2@ Yaksa Hifkz HvC. il
AU E FEOMIRZZ T 2 RS 2 Z LD RBIC R 0 72721 T L BESREDDH LM 2 WHALT 5 2 & il
K7z (M3)o TOHEKOFMIZE Y HHEEFHGE RN REBL T 5 BI5F O, BETIERT S5 287 HO
AT, AR BREDA A=Y Y TR EDNWRIC R L EER D,

A2 cDNA array % fl\»C Prefusion Myoblast THEEICFEILT 58 500 MO BEET2IFE L. S HICFDER
% Gene Ontology database % FIH L 7z annotation f##T #1757z Z DT 2 b & 12, F 72 Yaksa HtfkzFIH L.
GBS 2 0 FRER DT L 720

(English)

We are interested in molecular and cellular mechanisms of organ development and regeneration, especially
from an aspect of cell-cell interactions required for morphogenesis and their spatial and temporal regulation.
Our research is now focusing on following topics: (1) molecular mechanisms of skeletal myogenesis and muscle
regeneration, and (2) regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in cell-
cell interactions and the ectodomain shedding during development. Although the third topic is originally studied
in the first topic, we and others revealed that

Myoblast fusion is essential to form the multi-nucleated muscle fibers that provide the contractile strength
of skeletal muscle. In an attempt to know molecular mechanisms of myogenic fusion, we established a novel
monoclonal antibody, Yaksa that is specific to a subpopulation of myogenic cells. The Yaksa antigen is not
expressed on the surface of growing myoblasts but only on a subpopulation of myogenin-positive myocytes. When
Yaksa antigen-positive mononucleated cells were freshly prepared from a murine myogenic cell by a cell sorter,
they fused with each other and formed multinucleated myotubes shortly after replating while Yaksa antigen-
negative cells scarcely generated myotubes. These results suggest that Yaksa could segregate fusion-competent,
mononucleated cells from fusion-incompetent cells during muscle differentiation. The Yaksa antigen was also
expressed in developing muscle and regenerating muscle in vivo and it was localized at sites of cell-cell contact
between mono-nucleated muscle cells and between mono-nucleated muscle cells and myotubes. Thus, Yaksa that
marks prefusion myocytes before myotube formation can be a useful tool to elucidate the cellular and molecular

mechanisms of myogenic cell fusion.

(% # B 7]
@ BERR @

(1) FE&EH

Frohlich, C., Nehammar, C., Albrechtsen, R., Kribqvist, P., Kveiborg, M., Sehara-Fujisawa, A., Mercurio, AM.,
Wewer, UM..ADAMI12 produces by tumor cells rather than stromal cells accelerates breast tumor
progression. Mol. Cancer Res. 9 (11):1449-61 (2011)

Kurisaki, T., Masuda, A. Nakagiri, S., Hayata, Y., Kuhara, M., Kishi, Y., Sehara-Fujisawa, A.. Generation of a
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monoclonal antibody reactive to prefusion myocytes. J. Muscle Res, Cell Motil. 32: 31-38 (2011)

Sunadome, K., Yamamoto, T., Ebisuya, M., Kondoh, K., Sehara-Fujisawa., A., Nishida, E.. ERK5 Regulates Muscle
Cell Fusion through KIf Transcription Factors. Dev. Cell 20 (2): 192-205 (2011)

(3) %85t

SHER, WEE T ADAMS 717 7 — X2 X 2 MG O Hl#, ILEMEROERE ERERROABY, H
AWk (HAERRAL) . 69 % W% 7. P37-41 (2011)

B R & 7R TBIS T 2 MEkoRIR, J2brES (E14k). Vol.29, No.l (1 %), 5556 (2011)

® FEFEOER ©

1) #% - IRSER

Tida A, Sakaguchi K, Nishimura D, Iwaki A, Yonemura S, Kawahara A, Sehara A.. Release of blood-vessel adhesion
regulates both blood circulation start and angiogenesis in zebrafish. Joint Meeting ob the German and
Japanese Scoeties of Developmental Biologists (2011.3.23 Dresden, Germany)

Atsuo Iida. Release of blood-vessel adhesion regulates both blood circulation start and angiogenesis in zebrafish.
55 44 MIEAEY AR S (2011518 D)

Takahiko Sato, Didier Rocancourt, Solveig Thorsteinsdottir, Margaret Buckingham. A Pax3/Dmrt2/Myfb
regulatory cascade functions at the onset of myogenesis. & 44 [BIZ84 =W #A4ES (2011518 iR)
Yosuke Hiramuki, Takahiko Sato, Margaret Buckingham, Atsuko Sehara. Identification of miRNA players in
muscle stem cells based on Pax3 expression. (Pax3 #3883 % S MHiilgilc 817 5 miRNA OflE) &4 44

BIFEAE Y F RS (2011518 )

Yoshitaka Kimura, Takahiko Sato, Tomohiro Kurisaki, and Atuko Sehara-Fujisawa. A novel cell population,
myogenin-negative cells, required for myogenesis. & 44 R34 W44 4 (2011518 #HE)

Iida A, Kawahara A, Sehara A.. Live imaging of cytoskeletal behaviors at the onset of blood circulation in
zebrafish. % 63 ol H A A= Y774 (2011627  ALifgiE)

SEHZAT L CH, WEET : ADAM 707 7 — X ORED 5 AL .LEO TR ORI, 4 16 MIHAT 0
77 —EERmigEs (2011826 KB

R 2SR =, IR Zode , R #F © Roles of ADAM10/Kuzbanian in vasculogenesis of zebrafish, 17th
Japanese Medaka and Zebrafish Meeting (2011.9.8  ##i])

SR ke, W Fs, B A4S R B0, #i5 #7- © A novel erythroblast-mediated angiogenic regulation in
zebrafish, 17th Japanese Medaka and Zebrafish Meeting (2011.9.9 ##J)

Atsuo lida, Kazuya Sakaguchi, Daigo Nishimura, Anna Tomosawa, Atsuo Kawahara, Atsuko Sehara-Fujisawa. 4
72X T 74y varHOTMEEROHTHT L XA H =X L1285 (Live zebrafishu sheds light on novel
mechanisms on blood vessel formation). % 84 [nl H A4 fbp& k4 (2011921 HUHR)

WIS M, MR | HE 75235 | Didier Montarras, #fiJF %1 : the engraftment of fetal skeletal muscle
progenitors into muscular dystropy models. The 21th CDB Meeting, The 1st CDB-Regeneration Biology
Study Group meeting (2011.11.24 JGJi)

Hiroshi Sakai, Takahiko Sato, Hidetoshi Sakurai, Didier Montarras, Margaret Buckingham, Atsuko Sehara-
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Fujisawa. Engraftment of embryonic and fetal myoblasts into dystrophic mice. & 34 [a] H AR5 T- A=W S 4 4E
£ (20111213 HRZ)

R Bk, A2, WO ARk, @B %7 ; Primitive erythroblasts control a timing for blood vessel sprouting
in zebrafish development, %5 34 [nl H &% 7AW 4E4 (20111213 #H53)10)

BRI ANE, hHREEG, WRE T AATEYE~ — 2 — 2 O 7R E S S (R T O3 5 34 Il H ARG T4
KR (20111213 FZ)10)

Tomosawa Anna, Atsuo lida, Akira Kakizuka, Atsuko Sehara. Roles of ADAMI10/kuzbanian in vasculogenesis of

zebrafish. £ 34 Bl H A2 4 & (20111213 #h 431

2) BE-RIIL

Atsuko Sehara-Fujisawa. "The Role of ADAM and RIP Proteases in Development and Beyond" (Discussion
Leader) Gordon Research Conferences "Regulated Proteolysis of Cell Surface Proteins" (2011.7.10
Davidson, USA)

Atsuko Sehara-Fujisawa. A roles of ADAMS in the onset of blood circulation. The 7 Aso International Meeting
(2011.7.30  fiEA)

Atsuko Sehara-fujisawa. Roles of ADAMI19 in nervous system development in zebrafish. Gordon Research
Conference “Metalloproteinase Research at the intersection of Basic Science and Applied Medicine”
(2011.8.7 Smitnfield, USA)

Atsuko Sehara-Fujisawa. Roles of Meltrin beta (ADAM19) in development of peripheral nervous system. The 5%
Asia-Oseania Zebrafish Meeting (2011.827 JdtEmi, W)

Atsuo Iida, Kazuya Sakaguchi, Anna Tomozawa, Daigo Nishimura, Atsuo Kawahara, Atsuko Sehara-Fujisawa. A
Role of ADAMS in the Onset of Blood Circulation. KEY Forum in Developmental Biology and Regenerative
Medicine-Supported by Global COE and IMEG, KumamotoUniversity (2011.99 REA)

Tomohiro Kurisaki, Yuji Nakai, Atsuko Sehara. A digestive enzyme to function in myoblast fusion. 4z {b2= B
YURY YL (20111028 HED)

Daigo Nishimura, Hiroshi Sakai, Takahiko Sato, Atsuo Iida, Fuminori Sato, and Atsuko Sehara-Fujisawa. Roles of

ADAMS for skeletal muscle regeneration. The Second Pacific Symposium on Vascular Biology (2011.10.30
L )
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Assis. Prof. Shinji Fujimoto

(57 % 8t E]

¥ ARRY 2 NIE TCRB #HERFEDEN LS. 2184HSH % DJ allele TIEV to DI BERDE Y P RL
TREHEWVWIEZASPICL

<~ ATHIRRL YT % — T (Terd) OWZEMHEIX, V. Dy J. 3207 AV FHFHEF - TS
5. JBRHIIZIC BT B Terd OFHERIL 2 BRFE T, MWD allele TD to J FHENRABZ 5. RIZELHHh—T)
® DJ allele {2B W T V to D] FEEABHIE S5 (mono-allelic initiation). M D V to DJ FAREIZ T3 iU,
b H TCREMAFEMBERIEBT5Z 3 TEE, b9 — 4D DJ allele TIEH 1E%° V to DJ HAEHATE
5%, wADOV to D] FERIZETIUE, b9 —J® DJ allele TV to DJ A B 2 0 (automatic 2nd
allele initiation) . #A&HIIZ TCRB $/F 2 MIIBERINZHEBL S 5 2 L AT & 72MIRZZ T AR DI LERENT T & 2 &
ATES. Vto D] FERICEDI LT VD] 124 5= % 1/3 £ L. mono-allelic initiation & automatic 2nd allele
initiation % Fij$¢ & 34UV to DJ PR % 4G L 72 iMie e 1/3 23 VD]*/D] &% 5. §%1 2/3 Ml <l
PRI L T VDI 1242 5% ) —Ji @ allele (2317 % V to D] #HER DK R, 19O 2/9 ORalileAs VDI*/
VDJ &% ) IROGALEREICT 8. TDL &V to D] A Z 572 D] allele DEEIE 70% 1272 5. FEEE, of
T HIRL 212 ICDWTIHF Sz 7 — 7 4 allele 1I85® % VDJ allele D#[&GE2HHMT 5 &, 72% THho7z. L7z
235 T,V to D] B IZdH 72 - T mono-allelic initiation & automatic 2nd allele initiation {Z1IE LW & # 2 5N TE
7.

bbb N7z ENU THEFE L7z~ 7 Al > 73f 33 1281 % VD] allele DG 71% T of T MICE
FaftE L —HL T ThE TiZbivbiud DJ allele 25 2 BT 52 L &2/R L (M), D to ] O
W D] (1) allele £ D] (II) allele ®ItAY62~65: 35~38 12 b Z L2 W/ L7z, 22T, #NFho D] allele
IZB1F % V to D] FHERLIZ DWW T3 mono-allelic initiation & automatic 2nd allele initiation 23V, L TWwW5b Z & %
MERL LD &L L2APEWAZ &2, D] (D allele & D] (II) allele & TiZ V to D] kOB Z o -8 &
WELZSTEY, BT 76~77%. %ETIE 61~64% TH - 7.

PboZ e kv, Mgy ¥ 8 Eo b &127% - 22 falidiieic 3w 1. D] (D / D] (D & 0°DJ (D / DJ (ID)
Th o7 —ETIE, V to D] FHEK A/ @ allele THIE S /22 & (bi-allelic initiation) (i A). 2. DJ
(ID /DJ (I BXU'D] () /D] (I) THo7MBTHRAD V to D] HERIZEBRL7zd DD—EiE, b9 —
FH o D] (D) allele TV to D] %A BZ 55 (VD]J/D] (II)) &M% 2-722 & (no 2nd allele initiation)
(#lit B), 2550 <RI S N7z, TN FE T ENULHIE Tord HEBISEE L 2V LML TR 50T, IEH %
T M5t #EF T3 bi-allelic initiation & no 2nd allele initiation 25821 9 % EHEETE 5.

P B AR 2P



Annual Report 2011

We have revealed that two types of TCR f gene DJ
alleles are not equivalent for V to D] rearrangement
by analyzing TCR f loci of murine thymic
lymphomas.

T cell receptor f chain (TCRp) variable genes
are assembled from V, D and ] gene segments
through a somatic recombination process. TCRA gene
(Terb) assembly in thymocytes is ordered; first, D
to ] rearrangement occurs on both alleles, second, it
is assumed that one of the alleles initiates V to DJ
rearrangement (mono-allelic initiation) . If the first V
to DJ rearrangement is successful to encode a suitable
TCRA chain molecule, V to D] rearrangement on the
other allele is inhibited. If not, the second V to D]
rearrangement occurs (automatic 2nd allele initiation)
and cells that can express TCRA chain molecules
on the surface are allowed to further develop. The
frequency of successful V to D] recombination is one
third. Thus, with mono-allelic initiation and automatic
2nd allele initiation, one third of the thymocytes
are with VDJ*/D]J configuration. If the remaining
two thirds of the cells with VDJ/D]J configuration
undergo V to DJ rearrangement on the alternate
allele, two ninths of the cells will be with VDJ*/VD]J-
configuration. Therefore, 70% of D] alleles undergo
V to DJ rearrangement. Actually, the percentage of
VD] alleles from 212 af T cells was 72%. Hence mono-
allelic initiation and automatic 2nd allele initiation for
Terb V to D] rearrangement has been assumed to be
correct.

Analyzing Terb loci of 33 ENU-induced thymic

D to J rearrangement®#5 8 . 28 Dconstructs At LS.
DJ (1) and DJ (II)

FhIZ#iE<V to DJ rearrangement =&Y . &Ft3FEFDconstructshiE LS.
VDJ (1), DVJ (1) and VDJ (1)

Dhod VioDJ VoD
reamangement reamangement reamangement

=D -0- VDU (1) -+ —VDRl-
~Di-D2R-DIf) —
—VBaR- Vi i)

—DW@-0i() = ——VDIlR-Voi()

TCRB locus @ DJ allele & VDJ allele
TCRBEIZFICHEWT. BAID D-J BIER T 2 784E D DJ allele
PTES. RO V-DIBIEKT.DJ (1) allele » 513 2 #&58.DJ
() allele »*5 1% 1 FEFEDEET 3FEFED VDJ allele ' TE 3.

FHIE A, Vto DJEHRA . — 50 MiR4EM Tldmono-allelic
Tld7icbi-allelic/ZBitash. ZDEIEHM"s" (0 = s <1)THD
LEETA.

mono-alleliclZV to DJFE R #BE L= iaiRaia
VDJ*/DJ (1-s)x1/3
VDJ*/VDJ  (1-s)x2/9
bi-allelic/=V to DJE# ARt L - @R ERa
VDJ*/VDJ*  sx1/9 (LmLESEALLY)
VDJ*/VDJ  sx2x2/9
VDJ/VDJ sx4/9 (L LEETERELY
Lo TIDIFE. V to DIBHEESTLEo12DJ allele®
BIBEKTRT &,
| K = (7+5)/(10-25) ©70sk<1)|

#8E B. BUOV to DB CTCRPEEEFERBTE
o zfaiRMRRIE T R TES5— A DalleleTV to DIBIERL
EMIAT S, LEZONTES. LA L— S0 KR TIZE
BEhT . ZOEEN (0 =t<1) THHEEETS.

VDJ*/ DJ 1/3
VDJ /DJ 213 x 1 (LhLEEEALLY)
VDJ*/VDS 2/3x(1-t)x 1/3

LA TIDHBE. Vto DIBHRESR ZH21-DJ allele®
BIEZEKTRT L.

|K = (7-4t)/(10-4t) (0702 K>050)]

lymphomas uncovered that V to DJ assembly occurred on 71% of D]J alleles, consistent with that from normal a8

T cells. As shown in Figure, D] alleles are composed of two kinds of constructs: D] (I) and DJ (II) . In order to

verify mono-allelic initiation and automatic 2nd allele initiation for both types D] alleles, we calculated the portion

of VDJ (I) and VD] (II) alleles separately. Surprisingly, the percentage of VD] (I) alleles was 76~77% and that

of VD] (II) alleles was 61~64%.

These data strongly suggest that a part of D] (I) / DJ (I) and DJ (I) / DJ (II) cells initiated V to DJ

rearrangement on both alleles simultaneously (bi-allelic initiation) (Supplement A) , and that a part of DJ (II)
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/D] (II) and DJ (I) / DJ (II) cells did not undergo V to DJ rearrangement on the DJ (II) allele after the first
non-productive rearrangement (no 2nd allele initiation) (Supplement B) and could not survive. Because ENU
treatment does not affect on 7T¢rb rearrangement, it is probable that bi-allelic initiation and no 2nd allele initiation

occur in a part of normal thymocytes.

(% # B 7]
® FLEORK @

(1) 2% - AREEX

PEAERR, MiEH . BHFEW « TCRA$HEIET D to J B X o TH L % 2 HHID DJ allele D3, Kyoto
T Cell Conference % 21 [nl“##f4 4% (2011.6.10-11. 1T#R)

FUJIMOTO Shinji, KAKINUMA Shizuko: Ratio of two types of murine TCRpA D] alleles after D to |
rearrangement. 55 40 [0l H AR F R4S (2011.11.27-29. %)

FUJIMOTO Shinji, KAKINUMA Shizuko, SHIMADA Yoshiya: TCRS gene D to J rearrangement in thymic
lymphomas induced by X-ray irradiation is indistinguishable from that by ENU, but V to D] rearrangement
is not. % 34 [l H A A MaE 44 (2011.12.13-16. A i

EARELZEL © TCRp $E AT FHEICE T 5/89 4 &3 7 b BURRFFAERFHEDIZEA T 23 4F Bl sl i 2
(2011.12.26. 5T#E)
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Foid, WSS (ESHIR) & ATZatwiiia (PSHME) % Hw-midsmnmkiit s HIEL Tw 5,
2 Th. BRBEMREIIC X - THKRBBRAEMIN TV EN—F 0y VRE ERNGREL LT, F—=233
ARG O FEE, MRS X 2 MEEROUEIZH T 278 21T o T bo 2 OMBBRREICB W TIE, %)
M e RERE R, MR O 720 ORISR, AL O AR RUIRIR & ZeM oML ERE TR &
MD% 250, BEEINSGZDEDDEDMIL TS, FFRMICIE, MRl R ok & & &7
AT 2 MEER BRI 2w e E 2 Tw b,

2011 fE XK T AW 2 W T BMP ¥ 7 )V & TGFB/Activin/Nodal ¥ 7 F VO & HET L2 L2k,
ES, iPSAHife (v b ESHIN 3 #k& v b iPSHINL 4 k) 25 oMM LR L322 L 2/ LA (K1),
CDJjBE PA6 7 4 — ¥ —fllla & H\72 77 (SDIA ) &7 4 — % —fildz v WigiiERs 2, W7 ofigss
LB B W IR O A L bR 2 M L3872, F/2, MIRBHICBWTIE A MikBEix 2z 52 &
BEETH L, v 7 A ESHINEA SHFFE L 72k ai Bz ~ 7 ARICBRM LY A M h A Y oRILTRI2L A,
IL-18, IL4, IL-6 OFEBP LHT LI LWL L oizs TNHDH B, IL-6 A5HREHT AL o fifkE b 2 $ii] L

)T AR RE L7z, 2 2T MR ICHT IL-6 A MIUAE FIREICZ 72 & & A, BAl T~ S Mo 2 7%
Az SN 6 BEEOBAT NI F =83 Y ARMIBOEGAINT 5 2 LS otz (K2),
L2 d S ORREHEIEIHIHF] (F 4 702K V) OLHgHG5E2T o Lt BhE L RRETH - 72 MiaBhi
PF BB & 2 S L) O T MBI B 250 IL6 ZEAIAOHEIIANTH L EEZOND,

We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially
embryonic stem cells (ES cells) and induced pluripotent stem cells (iPS cells). 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 ES cell-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 ES and iPS
cells, and developing a safe and efficient method for clinical application of these cells.

In 2010, we have reported that a combination of small-molecule inhibitors of BMP (Dorsomorphin) and TGFp/
activin/nodal (SB431542) signals promotes highly efficient neural induction from both human ESCs and induced
pluripotent stem cells (iPSCs). The combination of small molecules had effects on both cell survival and purity of

neural differentiation, under conditions of stromal (PA6)cell coculture and feeder-free floating aggregation culture,
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Fig. 1 Efficient neural induction by dual inhibition in a feeder-free culture
(A) Phase contrast images of representative aggregates by 253G4 cells (upper), and histograms of flow cytometry with PSA-
NCAM antibody (blue line; lower) after 14 days of differentiation. Red line: negative control stained with secondary antibodies
only. (B) Phase contrast image of an aggregate at day 28. (C, D) Immunofluorescence images of a sliced aggregate at day
35, showing TuJ1+ (green) and TH+ (red) cells in the outer layer. Scale bars= 500 u m (A, B), 100 u m (C), and 50 u

m (D).
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Fig. 7. Effects of MR16-1 and CsA on the neural/glial cell fate of NPCs in vivo
(A) Triple-labeled immunofluorescence images of GFP* (green), NeuN* (blue), and GFAP* (red) cells treated with or without
MR16-1 or CsA at 8 weeks. Scale bar = 50 u m. (D) Double-labeled immunofluorescence images of GFP* (green) and TH*
(red) cells treated with or without MR16-1 or CsA at 8 weeks. Scale bar = 50 u m. The percentages of NeuN*/GFP* (B),
GFAP*/GFP* (C), and TH*/GFP* (E) cells among the total GFP* cell population are presented as means + SEM. n = 5 for
each group. Values were compared at each time point (*P < 0.05, **P < 0.01 compared with control samples, ANOVA).
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for all seven pluripotent stem cell lines that we studied, including three ESC and four iPSC lines. Small molecule
compounds are stable and cost effective, so our findings provide a promising strategy for controlled production of
neurons in regenerative medicine.

We also investigated the cytokines that affect graft cell survival and differentiation, by using stromal cell-
derived inducing activity to induce the differentiation of neural progenitor cells (NPCs) from mouse ES cells
and by transplanting the NPCs into mouse brain. Examination of surrounding brain tissue revealed elevated
expression levels of interleukin (IL) -18, IL-4, and IL-6 in response to NPC transplantation. Among these,
only IL-6 reduced neuronal differentiation and promoted glial differentiation in vitro. When we added anti-IL-6
receptor antibodies to NPCs during transplantation, this single and local blockade of IL-6 signaling reduced
the accumulation of host-derived leukocytes, including microglia. Furthermore, it also promoted neuronal
differentiation and reduced glial differentiation from the grafted NPCs to an extent similar to that with systemic
and continuous administration of cyclosporine A. These results suggest that local administration of anti-IL-6
receptor antibodies with NPCs may promote neuronal differentiation during the treatment of neurological

diseases with cell replacement therapy.
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J.. One —year observation of dopaminergic neurons derived from human embryonic stem cells in primate
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Research) 2011 (2011.6.14-18 Tronto, Canada)
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WL, ZRICEDSOCHHOEREZHET 2L TH L. UTOT =IOV THAEMNIEZ ETL TV,

1. FZEREMADD1E5E K UMb S48 D #ZER

T RERECI A AR L& I ZE AR O A% 4 I T e 2 RLRR AN © B 4 R 3R AL (Mesenchymal Stem
Cell, MSC) 23FELTWA L EINTWA, L2 L MSC OARBEIZE L CTIIRMIAZ 55% <. MSC % H\v7- 12
AR O TR 2 BFARILC D W R E T 5 7201213, ZOFRAUIETH 5. T4 IIHHEERFE F %
AV E e L o ERIFZE L LT MSC O#IMREEEZ 17\, BiGl R O LREIC B § 2 AT 247 > C & 7z, Bl i
FEREICBI L it MR RN 7 Cd % pl6 s T oS BUTE M LA FHE L, MmELE 7253 EWT
HBHIEWE L. BV TRERZRRE TOREIZL D, pl6 BEFORBUUTENHETE, MRELIZELZZ L
s POMURERMERFL L2 F $ RN A MG CE 2 2 &, HICEMEIC L ) ERK O HES R, 2
NAS pl6 BE T ORBUTHIED —~NTH 5 2 L 2 WM L7z, BUE, KEERRBIC X 2 @ INGHIR 5 o w v
BLCTHGRI LT a,

2. MERSERONELEERRVAERERE L TOEEICOVT

P DAL AN A AR AFAE T B AR TH 5 2 & 2R T HEDHKVTH Y . MSC OHfr. M3 RHMLELH
RoES Th% ) WEOREMIZICZD 9 5. R MSC 1E. L aED R < AL LTIyt T
BRI ORFEMIE 20 9 5. Fifziud, RS CRENICEBIL Cwb~—7—13, MSC %H
ETDHI—N—LBDWREND L, €I TERLAIBE, AEOREN LD OTHLHRIEEL MSC O THBL
LTWAEIETTHh5 p7l5NGFRIZIEH L. TH &L LT MSC & & W o B dEk % i LT %

3. MSC %z A\ /- BIESEIREEIC K T 2 A ADERKIC A

MSC % F\ 7z FAERRROERK & LT, BEIERA I3 S M HEREOHBICI ) MIAT WS, 4 &
TeHEEBRO T — 5 I HD &, FARREE B REEN O 5 FAllaE# v & — 23 2 RERE [ b
Ml 2 72 BRIRAFZE I B3 2 $R 8t | (DWW BRI & U TRl R BE -0 EE O B 25 B & R O AR 57 8) KL
AEMZESICHE L P19 11 A 25 HEINHI O KR Z 20 7. Pk 20 4 2 A 5 HIZH—BIOHRZ Fia L.
SR 21 4 12 AR F T2 15 BIOEH & fifT L7z, KBRS SRS 10 B2 B8 L Cld 2Bl 2 4FRGE I N o -
DT L, BUREESHONTED, TORRIZEITCT, BEER~NOHGEZFH LTV,

4. BREBEICMTZ7O0X2/ 1 NSREBESHMDEDISH

HRL A2 7o A B & [FIRF LS 3EARISRIC X 5 i situ TORGEFAEOBR D EELFETH 5. A ITAEMEN
WETHLTUAY 74 FIEH L, ZOZHRERNEHEOISHERGT L&, TURS 7 I 574~ E2
ZEAROHO EP2 ZEMIHFRIGAEMT 27 T2 A M XD, SEHROMEAMEE SN L Z L2 MEL, 20
MRS TREE 72 in vivo BREREIT> 72, TFEREKEEMER L. BEBRICNT2 EP2 7 0=
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REL THEMIN MR TH S, a1 224 4 A 1 HIZERL S N7z Rtk iPS fliafsemro— B & LT, iPS
HIIICBET 2T 2 75> T b, BIEEDT —< . F— FF—D 875 M5 5857 L7z iPS Ml oMk kA %o
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The objectives of our department are to disclose the pathology of disorders in mesenchymal tissues
at molecular 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,

1. EP2 732X FOEBEMBEENR. A RRIMEERBEHEEET V. A+FEGT LR L. BICRRAIFARE B IR
T2 EICEN, BREHRZELIAREE LY, ZORR. 4 BEERICEELVVCEAREOEEIEETS. B.EP27I=X b
IZ& 2BERR. HEFEUE (FA) ShA-EP2 73X bOBEICLY ., BEKREEHICKEEEI/IERI N

Figure 1. Therapeutic effect of EP2 agonist for cartilage degeneration. A. Traumatic degeneration model in rabbit knee joints.
The joint instability due to the transaction of anterior cruciate ligament and partial resection of medical meniscus induces
severe degeneration of articular cartilage after 4 weeks. B. Therapeutic effect of EP2 agonist. EP2 agonist was administrated
in sustained release tablets (blue dots), and cartilage degeneration was rescued dose-dependently.
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which are crucial for the development of regeneration therapy using MSC as the evidence based medicine. In
collaboration with the Department of Orthopaedic Surgery in Kyoto University Hospital, we have analyzed
the growth and differentiation potential of primary human MSCs. As for the growth regulation, we found
that increased expression of the pl6 gene, which is a key regulator of cell cycle, was the main cause inducing
the senescence and growth arrest of MSC. We also found that the hypoxic culture condition inhibited the
upregulation of the pl16 gene, and retained MSCs in the senescence-free state with multidirectional differentiation
properties. We also found that hypoxia down-regulated the activity of ERK, which, at least in part, involved in
the down-regulation of the pl6 gene. We are currently investigating 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
currently 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
osteonecrosis. 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,
Labour and Welfare (MHLW). After the examination of ethical committee of Kyoto University and MHLW, our
protocol was approved on November 25, 2007, and the first case was registered on November 31, 2007. Since then
15 cases have been treated until the end of December 2010. All of 10 cases of femoral head necrosis were followed
at least 24 months, showing satisfactory results. Based on the data of this intermediate evaluation, we are going
to submit 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 iz 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
human chondrocytes extracted from articlular cartilage. Based on these results, we have performed the iz vivo
experiments using rabbits. At first, we created the osteochondral defects and investigated the effect of EP2
agonist for tissue regeneration. As a result, in combination with appropriate drug carriers, EP2 agonist enhanced
the cartilage regeneration in vivo, and contributed to reconstruct the osteo-chondral boundary, which is important
factor to maintain normal structure of articular cartilage. Next, we created traumatic degeneration model by the
dissection of anterior cruciate ligament and partial resection of medial meniscus and investigated the preventive

effect of EP2 agonist (Fig. 1A). We found that administration of EP2 agonist prevented the degeneration of

_g1— B E SRR



Annual Report 2011

articular cartilage dose-dependently. Immunohistochemical analyses and in vitro experiments 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. These data suggest 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. Current theme are to find cell-of origin-dependent characteristics of iPS cells using genetically
matched iPS cells established from different tissues of same donors and to investigate the pathology and to

develop new therapeutic drugs for intractable bone and cartilage diseases using patients-derived iPS cells.
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Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and
effective therapy available whenever and wherever required for a growing number of diabetes patients world-
wide. In severely diabetic patients, pancreas or islet transplantation is indicated, if good control of blood glucose
levels 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 treatment 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 expectations are placed on regenerative medicine for diabetes mellitus.

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

We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these
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 application. In our past studies, mesh-reinforced polyvinyl alcohol (PVA) tube and bag, rod-shaped
device of agarose containing polystyrene sulfonate, anti-complement substance, and so on were investigated in
allo- and xeno-geneic situations. We have also shown that the subcutaneous site pretreated for angiogenesis can
be successfully used for transplantation site of these devices, leading to long-term normalization of blood glucose
levels in diabetic mice. Recently we developed a novel method to make a sheet-shaped PV A-macroencapsulated

islets by a combination of the freezing technique of islets and the phenomenon that PVA solution becomes gel
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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. PVA-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 2011, we studied the merit of cell cluster formation for procession of islet-like cells with more
physiological function. We found that formation of cell cluster of MIN6 cells enhances islet specific gene
expression, more physiological glucose-inslin response curve and more rapid insulin release in response to
glucose stimulation. We will PVA-macroencapsulate these in vitro processed cells and study the feasibility of
them for diabetes therapy. In addition, we are studying PV A-macroencapsulation of porcine islets that is shipped
from Sendai in collaboration with Professor Masashi Goto and Dr. Naoaki Sakata of Tohoku University for the
realization of diabetes therapy in pet animals.

Other related researches are as follows. 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 iz vitro
and more efficient after transplantation. Furthermore, we are studying beta-cell and hepatocyte differentiation

from mouse ES cells through definitive endoderm to establish the stable and efficient differentiation method.
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In situ Tissue Engineering: We have devised a completely new approach to the development of artificial
organs. The main procedure using tissue engineering for tissues and internal organs involves the removal of the
cell component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular
matrix (ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted
structure is then employed as scaffolding, which after implantation into the patients is used for the regeneration
or re-differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner
not only possess highly differentiated tissue structures, but also show functional recovery, because all the cells
are derived from the patients themselves. Whether or not our new method is practicable will depend mainly
on the intrinsic 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 regenerating peripheral nerves, the
esophagus, the trachea, and blood vessels with this method. A similar method is also applicable to other soft tissue
organs such as the liver, heart, and lung, as well as the spinal cord. These results will be welcomed by patients
who are dependent on palliative life-support systems, or transplantation candidates who are waiting for suitable
donors. An additional benefit is that patients will be freed from the side effects of immunosuppressive drugs. The
judgment of the brain death can then be discussed separately from the issue of transplantation, and will become
a personal problem. Further more, this new approach help to reduce ever-expanding medical costs, which are in
danger of destroying our health insurance 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,
esophagus, stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea,
tendons, ligaments, 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 facilitate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the
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living body as a temporary 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 facilitate cell proliferation and cell redifferentiation, leading to regeneration of organs

completely composed of cells derived from patients.

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

(MSC) obtained from the bone marrow is now applied to this method.
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Induced pluripotent stem (iPS)cells are generated from somatic cells by the forced expression of a defined set
of pluripotency-associated transcription factors. Human iPS cells can be propagated indefinitely, while maintaining
the capacity to differentiate into all cell types in the body except for extra-embryonic tissues. This technology
not only represents a new way to use individual-specific stem cells for regenerative medicine but also constitutes
a novel method to obtain large amounts of disease-specific cells for biomedical research. Despite their great
potential, the long reprogramming process (up to 1 month) remains one of the most significant challenges facing
standard virus-mediated methodology. This year, we reported the accelerated generation of human iPS cells from
adipose-derived stem (ADS) cells, using a new combination of chemical inhibitors (GSK3beta inhibitor CHIR99021,
MAPK/ERK inhibitor PD0325901, TGF-beta inhibitor A83-01,HDAC inhibitor sodium butyrate. ROCK ihbitor
Y-27632) under a setting of physiological hypoxia (5% O2) in conjunction with retroviral transduction of Oct4,
Sox2, Klf4, and L-Myc. Under optimized conditions, we observed human embryonic stem (ES) -like cells as early
as 6 days after the initial retroviral transduction. This was followed by the emergence of fully reprogrammed cells
bearing Tra-1-81-positive and DsRed transgene-silencing properties on day 10. The resulting cell lines resembled
human ES cells in many respects including proliferation rate, morphology, pluripotency-associated markers, global
gene expression patterns, genome-wide DNA methylation states, and the ability to differentiate into all three of
the germ layers, both in vitro and in vivo. Our method offers a powerful tool for rapidly generating bona fide

human iPS cells.
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TOHEROUN ML EFR—a Y L ZOFEBE. F¥ ¥ Vg P— 2 31768774 (2011)

EEHIIE, &T-HEF, KIFEOR Moz w | REEFAICBIIA2DH Y7 -2 &7 7=y 7 (3) HEGHEL D SE
HF¥FalLy bT7—2 [MEZ5 IR [HEPDL ] ~RWIZH72 ) WEMRZ SRS 5. 7Y yung v—
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Ohno, S., Hirano, S., Kanemaru, S. Kitani, Y., Kojima, T. Tateya, I, Nakamura, T., Ito, J.. Implantation of an
Atelocollagen Sponge with Bone Marrow-Derived Stromal Cells for the Treatment of Vocal Fold Scarring.
The 91st Annual Meeting of The American Broncho-Esophagological Association. (2011.4.28 Chicago)

KI5, PR 8, SURE— WE—H8 deNsFIE, AR5 RIS WL ORI, pIER]. PHkSE— 1 7
TRAT =Y AR T REE U7z B R B R R AL & 2 BR A R, 4 112 M HAH
SAMAMERL A 2 - AR S (2011520 HUHK)

Ohno, S, Hirano, S, Kanemaru, S., Tateya, I, Kada, S, Ito, ] Transforming Growth Factor beta3 for the prevention
of vocal fold scarring. The Voice Foundation's 40th Annual Symposium: Care of the Professional Voice
(2011.6.2 Philadelphia)

BENISEGA, PP ESE, HOREME N T Y ) —WEAIC L B T MIFZEE 7OV O/ERL © JHE P SHAE DR LS
DT 27 538 M HANESHERN 782 (20111210 #ili)E)

KRG WF 1 NA G A AR =) N 722 - RN & ANT/NGOER. %7 B HAHELE SRS (20112

HUHR)
W PRI RER RS X % £ ESD #®AkZE 0 Fh. 45 10 [l H AR AR R A e (20113 HO)
WFE AN TN OVER & LTS RE OFFAT. 55 66 ol H ATHALE /MR & (20117 #4bE)

LRSS PR 56P o4 —



Institute for Frontier Medical Sciences

RL I NHEIRREOHLE S 03 2 T ER OIS . 4 41 bl H AR R RS S HS (201112 AdR)

R AT SR« AR A (O3 2 i ek, ) ) A FEsERL &Rk (2011129 K

R EE AT B2 - BRI P A R S5 R D3I 22 A5 70> 2 — HRHRIIL S C O RS AMREL OMEGEE — . P 22 4R REsT
WAkt v & — WIRNBGES B AR A MBS (2011.2.17-18  filiTR) HE5l R

FREA S, GEIFBE-LRE : ZHCHEss 5 13m0 A 110 Bt A7 SO BLR. 28 24 [0l %8 B T O 44 R R GEE &
(2011219 %K)

RREAT R - AR I O AR, A7 > 7 4 THEERSE (TLA Y ATF4 AV —F ks —) &7
e (2011324 5¢0)

i FE AT B2 R 2T P A RS 3 GRS 22 57 P — HARBRIIL 3 T ORRIRAMREL O MGIE — . P 23 45 BE5R
1 M2 E s (2011526 #lT) HEBIG#H

FRHA S - CRPS W AMRHGHE. 56 9 MRS A 258 5 & (2011.6.25-26  FAIL) R BI R

RREAT R« ARG~ O M. 5 3 ol H AR UBAME £ X - — (2011.7.16-17  ALIE) 45505

FRHEA S, RERE, GEIFBEERR, R AR - BRIR R R AR R L AR AR P — S H AR
WKL T ORAIANRGLOMGEE — . 45 33 [ A ARG (2011.7.22-23 211

FRHEA S, RERE, GEIFBEERR, AT AR ¢ BRIREERI AR L, SRR R A 2 P — HoRHRI RS
TORMBHRFOMGE —. 4 54 M H AR PHBERAMEXIY T4 b R T4 (2011819 FHH)

il FH A S 22 15 D AR AR I T L2 D W T — BRI AR A AR I T 1 L S 8 LR 7 5 20 2 — . (2011915 KBR) Il aiig

RREAT SR, AR s, SEHRBE LR, ARAK - SMBTE AR AR i - m A R IBTE IS A S 7z PGA-Collagen tube
PITARY IZMFIZTHE L7200 ? — 25RO 84 follow-up 205, 38 MHAYA 70t — 3 v 1) —44%
Mitks (2011111012 #ii)

FRHEA S, RERE, GEIFBEERR, BRAOK © BRI AERE L, SRR 2 T2 ? — B— W H AR SE TOR
RERARBL OMGE — . 45 35 [l AR MG ¥ & & (2011102022 37 F)

T ANEHEE ., MR — AhofE—. FRHEA R - BIR=MA8 ARSI 3 5 8 M TR &2 v 72803 5
HEA. 45 54 MIBATFHRHERPMBERT 774 b R T T4 (2011819 FHK)

AT BB INEEASE, AHESE. WA, AR RREA R 2 2 MRS - AR E
DEENTHibE 2 2 Lot v & — 10 S OGS 55 35 Il H AR MLy ak s (2011102022 ¥ E)

FENE S EEAINT- INPEEASE, AHESE, A TES PIHT. AR B, RERE, RREAE
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bt B EBREN i E%
Laboratory of Animal Experiments for Regeneration

BEER - B REZE KW
Acting Head, Prof. Takashi Nagasawa
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Tohbdo 2. A XZOVWTH, WHREBADEE LRSI Y. AL — X788k LR TPTEH AT HELS
molze LBLADS, ik - DO EFALSEIT Lo2dH 0 BIEFRAERIC, T SICHBIRENISHIS L T
LONBRTH L. Tz, WEEFRERWICHEBLTEY, ZO LX) LIS wo I Thild 51 2 2 FHIARETH
bo FRIE. KBBLUR 2 SHIZBWHRGEE PRI N D,

(57 % 8t E]

PHEEBRB IR E. FHEERAIFET O BRI & LT, FEEIEICATRTD 2 B HEEBRICHE S 2 ki %
AR (AN OB ERETEE OFA B/ 2565, BIWERICHE T 2MESOMME. FENNIS T 5528
BV OMERE, HMe L) LI —WESE L L TUUT OB 24T > T b,

MRT—~ 1. GPIT7>A—BELNJEOREEA DXL EZFE

HIEDOUFRED AL V7 —<d, BRGSO N0 O~ THET7VIAINT AT 7 FINA ) ¥ b=V
(GPI) 7 ¥ H—H1% 2328 (GPI-AP) OACH X /1 = X 2 ORI & Z O AFEAINL RS T O AW FENEHROHEIET
bbo ZDH, £, KN TO GPI-AP DAL % MM T 572012, GPI 7 ¥ 7 —RI GFP LR —% — &
FI'E (EGFP-GPI) #HisEL 7z CHEHEALLINF YAV 22y 7 <Y A TR, FHU LI EGFP-GPI 2%, 444
WHRRHHIC BV THER LTSI L2 R L7 (Kondoh G. et al. FEBS lett. 458, 299-303, 1999) o

D, COBRIRCEH L, ~ 7 AR EAGMIE X D GPLAP B T O RSEL - BEERNT 217 > 720 € ORER,
CORTFOOLDLLTT vFA7 vy vENRESR (ACE) ZHEELZ, $4bb, COMRIE, TrFr7v
YUIRT ITAF Y R EOFAERTF FOEEEZHIET 5 DA% 53, % < O GPI-AP Z Ml X U i3 2 8
AR LD SN E ol T FRIEE LG, YRTFINVANRF I RTF & —EL LT
INSDRTF Rl 5720 DAL L IR OFBALIAE L, £72. GPLAP O T F Fif5 Tk <, GPI
TyH—FDb0RYWTHILDEEIED, —H, ACE / v 7 77 by AT, MT—ERBREEAEIC X
SHHAENH SN TV D, Z22T, ZOXYADIETZ I RTF 5 —EANHEER ACE TREL 72 & 2 52 HfiE
MEEL72e T a5, ACE i in vivo T GPLAP ###EE T (GPlase) 5% ). oM ZE b - TZRICHEE
BB EHS TV D Z EAURE S 7 (Kondoh G. et al. Nat. Med., 11, 160-166, 2005) . % 72, GP1 7 ¥ /1 — D44
BB % PGAPL #ifzT-/ v 2 77 b~V ATh, ACE /v 7 7Y b Y ALEUOMEMEALZ R L, /LA
TWE LD GPLAP S RRMEINICH 50 T HD T &0 HAET D S D GPLAP EHEANE T O i e R O HH % 2
T v T ThDLWHMEATRIE E N7z,

FI T, ZOMBER BT 5 GPI 7 ¥ & — GFP (EGFP-GPI) Tg ¥ A% fl\w, FiT1CBI+ % GPL-AP ik &
SRSREAERE & ORHIBI & FERINCARAT L7z F 37, M3 DO 72 SR L . K% 3353 % methyl-p-cyclodextrin
(M-CD) Z&ORAR TR LZLEZAH, kEE & HIHLOMEL L SNz 72, Hyal5Prss2l % &0
WAEYE GPL-AP BHF ICEREL 720 SO L &[T 7 bY =7 —TH 5 GMl ORFEXFBE#R L2 F b+
v (CTB) TR L2EZAH, WTHHIKET 7 + ORRMZRRAEZLD W S 7ze M-CD BB Tiz I n b
OEALIZR S N2A5, b9 VL OO TIREFHERIE TH 5 BSA B TIIAELR BSOSO NG o7, €T
BSAWZMA AN T B AF 77 TS 5 2 & THRHIIIEARIS ZREE L7z L 2 A, EiCH A L8HZ 12
Hohiz, S0 LD SR TFRZLIEARISII - TR 5 2 AR SN/, T2, MACD RBHIZD
& Tzumol ORAEZAL Z I HRARTUEATHE Z 5 TV AP E AR L TAH, ARGERSSBLE SN, Thb
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FHAT: DFERERT putative SMF-F Progesterone ZP3
(GM17?) ZP3-like factor (?)

TR IS T DRBTFERIC E PTEEEES, ChETOMET. Helk, BFRAEEEL T 1. BFEDOT 7 NEHEZEIL. 2.
SRS, 3. GPI 7> h—Bg BRI EHENICEI 52 #RHE L. CO—EDORISEEFERIS (sperm membrane
reaction) EMFATWS, ZORISIE. FERTIRIFEAE SIS LW, IIEREERFOL 40%. JREMBEEBRABTFON
70%. Z L UEHEHEBRTOIRNTTHEI->TVWBRZEEBE L, TahbRBTERICIE. MAEBKROZH CREMICES
V. BFOSHREEESICUATH D Z ENTREE N, BE. Bald. CORISHPRENICHESNZIMERNREICEAL., 2
h#5|ZRBIITIEANRT (RFF SMF-F) ODRIEZHA TV,

5, M-A-CD 135k 5 F b T 5 capacitation FHE N2 TRARIS S IRHET 5 2 &b h o7z, FTxld, L
G TIEZEAIC AR RO 2 N 2. 72— OB S % K F G (sperm membrane reaction, SMR) & FFFR L. 45 A+
TOM &AT 5720 ZORR, SMRIGTHEMNHETFTIRRIZE A LR S NAh o 725, INEWNEEER T O 40%. Ji
MR ARE T DR 70%, F 7B AR FO4 TTBIE S M, SMRIZIVEN TRIEIISEZ 2 2 LAVRIR S
72 (Watanabe H. and G. Kondoh J. Cell Sci., 124, 2573-2581, 2011) . RIZ. T & DAL % FHE§ 5 AN NT-%
FET 720, 3504 (1. FEMAKE, 2. WMERMEHE~Y X LR, 3. IEFHE~Y X LE0) OS5 EInE
BATHABRZ IR . <4 707 LA BRI 2175 720 SefF 2 E5&F 3 0@vid, &3 TR FB I ORE L
PRI X BRI B L ZH B T TINLDOMOBETHB 707 7 4 V&2 BT 5 L. 210 Dk
BFA3>20FBEAZR LI, EOITHEMICTWIES LIZBEHGE Y 287 23— P32 b0 %M
L7zo BUE., Fodd 5 Sperm Maturation Factor of Female (SMF-F) (2% H L CTHEF 2D T 5,

HRT—7 2. BEFREYT AEHEROERE

BIAFYE~ Y ZADMERIZIE, MERES DT AL, £ O - 557) - B2 LEET D, BT
TSRS 2005, =774 v 7 X7 5 —OfFE, ESHIBOREZ L TF A I3y AEHOHEETH S ).
BAZINODORT v 71285 “KHEFT O LR B ORHPLER " 2 0N C& 720 =774 7
N7 7 —OFEEIZBWTIE, BAC 70— VIZHRDS S RBRNMARZ A7 45 (Vare=—Y v7) Z2HAHL,
PERIZHAR TGO —DREIEMEICR I Lz 720 FA T T AOMERICBV T, BEEAFSER L. mBiliz A
YTy a VR OBAREM G AL VT F Y ADWS W ERTEEIZ L7 (Kondoh G. et al. J. Biochem.
Biophy. Methods., 39, 137-142,1999) . TN & OHEMERK DB L 12, #8837 4FE M T 20 hoBIETFHE~ 7 AEHIC
ZL 720
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Mammalian sperm undergo multiple maturation steps after leaving testis to be competent for fertilization.
Serial important changes occur in the female reproductive tract on sperm, although the molecular mechanisms
underlying these processes remain unclear. To investigate the sperm membrane remodeling upon sperm
maturation, we developed transgenic mouse lines carrying glycosylphosphatidylinositol (GPI) -anchored
enhanced green fluorescent protein (EGFP-GPI) and traced the fate of this fluorescent protein during the fertility
acquiring sperm process iz 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 results suggested that sperm undergoing GPI-AP release associated with

reorganization of lipid raft and acrosome reaction acquire fertilization potential.

(% # B 7]
@ BLERR &

(1) FEE:H

1. Watanabe, H., and G. Kondoh: Mouse sperm undergo GPI-anchored protein release associated with lipid raft

reorganization and acrosome reaction to acquire fertility. J. Cell Sci., 124-15, 2573-2581 (2011).

2. Tanaka, T., M. Hosokawa, V-V. Vagin, M. Reuter, E. Hayashi, A-L. Mochizuki, K. Kitamura, H. Yamanaka, G.
Kondoh, K. Okawa, S. Kuramochi-Miyagawa, T. Nakano, R. Sachidanandam, G-]J. Hannon, R-S. Pillai, N.
Nakatsuji, and S. Chuma: Tdrd7 is essential for dynamic RNP remodeling of chromatid bodies, during
spermatogenesis. Proc. Natl. Acad. Sci. USA, 108-26, 10579-10584 (2011).

3. Kadonosono, T., T. Kuchimaru, S. Yamada, Y. Takahashi, A. Murakami, H. Watanabe, T. Tani, M. Inoue, T.

Tsukamoto, T. Toyoda, T. Tanaka, K. Hirota, K. Urano, K. Machida, T. Eto, T. Ogura, H. Tsutsumi, M. Ito,

M. Hiraoka, G. Kondoh, and S. Kizaka-Kondoh. Detection of the onset of ischemia and carcinogenesis by

hypoxia-inducible transcription factor-based in vivo bioluminescence imaging. PLoS ONE, 6 (11), 26640
(2011).
4. 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., in press.

5. Ishimura, A., K-I. Minehata, M. Terashima, G. Kondoh, T. Hara, and T. Suzuki. Jmjd5, an H3K36me2 histone

demethylase, modulates embryonic cell proliferation through the regulation of Cdknla expression.
Development, in press.

6. 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., in press.
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Stem Cell Research Center

EREE R TR

Laboratory of Embryonic Stem Cell Research Center

PEHERE EHER KRB EX

Assoc. Prof. Hirofumi Suemori

(57 % 8t E]

b ES Hifatk DL & FFERET

TERBIEVES LA ZE SR Tk e b ES fIE O BEISH 2 Hi5 L 723680782 7> Twbe TNE TS5 Hok
M ES gtk 282 L 9 B 381 2004 4 3 A5, 2 kI3 2009 4F 4 H 250 B2 17> TWwbe THE TIZ 50 -2
L oWFFEEHENIR U CHllliatk 2 0 L% < OWFEECR DS ELIF b T b,

b b ESHEORBEEICLZS / LAOZLICET 3 KIRELEH T

A ¥ X Sheffield K& 7% & OB % d.is & L 72 International Stem Cell Initiative 28T, & b ES fifg o FE#
ISHICER U TR L 7% 2 FEPEMRAT ORERAL A D S NTB Y, 2 ZOHEFAMEICSIML TWb, ZOHEHD
—IRE L TR EOZ D e + ESMIBIZ O W TRRAHEFFHARIC BT 2 7 7 5 OZABIZ D THREFER) 2 AT 53T
bz TOHE, WL ODPORELERL D 5\ IE T NS B YAARFIRIC O W T RICHEIESEHETH O 2 E
ASH S 2 &7z, (Nature Biotechnology 2011 29:1132-1144.) . 2 < oflifatkicib@m L TR oW B 2L E LT, B
k1, 12, 17 FOHEL. 20 FHROAO —HMDFIROMIEDH 5 2 LAVRENTZ, TOBRIZ b ES/IPS Al
N DFEFPAMBATER, BEMED RV ERICHICA 2 EHIC R 5 L IfF S b,

HK b

TERIEI I (O T
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HENEhEHTH BN 14FLEBHFP UV I-EB 2TV,
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Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center.

Establishment and analysis of human ES cell lines.

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
establish 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.

Comparative analysis of genetic stability of human ES cell lines

As a part of ISCI activities, we have participated in a international comparative study on genetic stability of
human ES cell lines during prolonged maintenance in culture. The study revealed that most cell lines remained
karyotypically normal, but changes in karyotype during prolonged culture, especially in chromosomes 1, 12, 17
and 20. Copy number analysis using SNP arrays also showed that amplification of a small genomic region on
chromosome 20 was found in over 20% of cell lines. These findings will contribute to safer clinical application of

pluripotent stem cells.

(% # B 7]
@ BLERER &

FE

1. Tissue-specific demethylation in CpG-poor promoters during cellular differentiation. Nagae G, Isagawa T,
Shiraki N, Fujita T, Yamamoto S, Tsutsumi S, Nonaka A, Yoshiba S, Matsusaka K, Midorikawa Y, Ishikawa
S, Soejima H, Fukayama M, Suemori H, Nakatsuji N, Kume S, Aburatani H. Hum Mol Genet. 2011 Jul 15;20
(14):2710-21.

2. Simple and highly efficient method for production of endothelial cells from human embryonic stem cells.
Tatsumi R, Suzuki Y, Sumi T, Sone M, Suemori H, Nakatsuji N. Cell Transplant. 2011;20 (9):1423-30.

3. Screening ethnically diverse human embryonic stem cells identifies a chromosome 20 minimal amplicon
conferring growth advantage. The International Stem Cell Initiative, Amps K, Andrews PW, Anyfantis
G, Armstrong L, Avery S, Baharvand H, Baker ], Baker D, Munoz MB, Beil S, Benvenisty N, Ben-Yosef D,
Biancotti JC, Bosman A, Brena RM, Brison D, Caisander G, Camarasa MV, Chen J, Chiao E, Choi YM, Choo
AB, Collins D, Colman A, Crook JM, Daley GQ, Dalton A, De Sousa PA, Denning C, Downie J, Dvorak P,
Montgomery KD, Feki A, Ford A, Fox V, Fraga AM, Frumkin T, Ge L, Gokhale P], Golan-Lev T, Gourabi
H, Gropp M, Guangxiu L, Hampl A, Harron K, Healy L, Herath W, Holm F, Hovatta O, Hyllner J, Inamdar
MS, Irwanto AK, Ishii T, Jaconi M, Jin Y, Kimber S, Kiselev S, Knowles BB, Kopper O, Kukharenko V,
Kuliev A, Lagarkova MA, Laird PW, Lako M, Laslett AL, Lavon N, Lee DR, Lee JE, Li C, Lim LS, Ludwig
TE, Ma Y, Maltby E, Mateizel I, Mayshar Y, Mileikovsky M, Minger SL, Miyazaki T, Moon SY, Moore H,
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Mummery C, Nagy A, Nakatsuji N, Narwani K, Oh SK, Oh SK, Olson C, Otonkoski T, Pan F, Park IH, Pells
S, Pera MF, Pereira LV, Qi O, Raj GS, Reubinoff B, Robins A, Robson P, Rossant J, Salekdeh GH, Schulz TC,
Sermon K, Mohamed JS, Shen H, Sherrer E, Sidhu K, Sivarajah S, Skottman H, Spits C, Stacey GN, Strehl R,
Strelchenko N, Suemori H, Sun B, Suuronen R, Takahashi K, Tuuri T, Venu P, Verlinsky Y, Oostwaard DW,
Weisenberger D], Wu Y, Yamanaka S, Young L, Zhou Q. Nat Biotechnol. 2011 Nov 27;29 (12):1132-1144.

4. 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. 2011 Dec 6.

5. Alpha-fetoprotein-producing pancreatic cancer cells possess cancer stem cell characteristics. Sasaki N, Ishii T,
Kamimura R, Kajiwara M, Machimoto T, Nakatsuji N, Suemori H, Ikai I, Yasuchika K, Uemoto S. Cancer
Lett. 2011 Sep 28308 (2):152-61

6. A novel serum-free monolayer culture for orderly hematopoietic differentiation of human pluripotent cells via
mesodermal progenitors. Niwa A, Heike T, Umeda K, Oshima K, Kato I, Sakai H, Suemori H, Nakahata T,
Saito MK. PLoS One. 2011;6 (7):¢22261. Epub 2011 Jul 27.

REEWESC [FFHEIRYS - M RAYE - - - - ESHROWEEME & i FiiE] ¥4 74U 7 Vol7 No3, 22-25
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Dissection of the early cardiac developmental process from human embryonic stem cells using a model system
that recapitulates the embryogenesis Kaori Yamauchi, Norio Nakatsuji and Hirofumi Suemori International
Society for Stem Cell Research 9th Annual Meeting (6/15-18, Toronto)

Fluorescent chemical probes for human stem cells Nao Hirata, Masato Nakagawa,3 Yuto Fujibayashi4 Kaori
Yamauchib Asako Murata,1,6 Eihachiro Kawase,5 Shin-ichi Sato,1,2 Shin Ando,1,2 Young-Tae Chang,7
Hirofumi Suemori,5 Norio Nakatsuji,1,50 Kazumitsu Ueda,l,4 Shinya Yamanaka,1,3 Motonari Uesugi 8th
AFMC International Medicinal Chemistry Symposium (11/29-12/2 Tokyo)

SnoN represses mesendodermal genes in human ES cells Norihiro Tsuneyoshi, Tomoyuki Sumi, Akila Sadasivam,
Jennica Tan Ee Kim, Norio Nakatsuji, Hirofumi Suemori, Norris Ray Dunn Stem Cell Society Singapore
(SCSS) Symposium 2011 (11/17 - 18, Singapore)

SnoN suppresses mesendodermal gene expression in human ES cells. N. Tsuneyoshi, T. Sumi, N. Nakatsuji, H.
Suemori, N.R. Dunn Stem Cell Programming & Reprogramming (12/8-10, Lisbon)

yuxF AN & % e b ES/IPS AR DAL o it R E, BT, REs, bk, £H
By 510 M HAMERER SRS (3/1-2, B

t b ES MO RIACTEMERFR F- DK 2 HiW & L7z high content analysis (HCA) REHIED], KEH L, L&
J8, kR, IR ONRE 5 34 WM H A AW RES (12/13-16, Bt

t b ESHMIlaA o definitive endoderm ~DE 3R FFE LM RN, dokdik, K& $ 34 mHEA
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HE
Hirofumi Suemori Changes Expression Of Chromatin Modification Factors During The Early Embryonic Germ

Layer Determination. International Symposium on the Physicochemical Field for Genetic Activities (1/24-

26, Awaji)
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Epil AR ML wl R FT RIS

Laboratory of Stem Cell Differentiation

SEHEE EBEEE LT A
Assoc. Prof. Jun K. Yamashita

(57 % 8t E]

A LRI eS8 T U, ES Al (M PEERAIL : embryonic stem cells) KOV iPS #ifle (A L% refkwiifi :
induced pluripotent stem cells) Z T, O 2 OMNLGAE - FAECET 5058217 > T\ b,

ES i, & ToOMBOMIIZHMMET 22 TEL20HY L [Hikl Blilal EZ 5N Twd, 204k
(pluripotency) % in vitro IZBWTHI & L, 7MLiFE L 7248 %2 ARG W L 9 & T 5 RBP4 Bt
Milaz & —4 v MATbITWwW5b, 41k, ESHIMEZE vV CHIRZEHERALTL T D 2 155 B L OGO 5 Eif7E %
ToT&7

MAEE, WEZ—FFICB5 ) NEMIIRE 2Nz s 5H0) £ B 2 B OMIEA S %o T, 2oz
W5 MERAINE 2 530 T 2 S MAARE B I ISER L& W 2 %o VEGF OZXE/RD—D2TH
% Flkl (ZMER - WA RMROR D FH Oy = —B X OHREOY - — L EZE X 5N TwD, Fx1d, ESH
i FCin vitro (238 CTHIREE, & 51213 O ML C & 2 M B & BEfI I (4 P i b X OF
NRYHA b)) ABRWIHETFE L RIS L L ToRKMER % in vitro B X W in vivo IZBWTHISET 5 2
&L WhIXMEOFABR L HIT S Z L I2HY L7z (Yamashita, Nature, 2000.) o @ in vitro 5MbR Tid. Flkl
eI % Sl o wi BT & LC. NEZAIRE, BEAING, MmERMRAMEL. S 512 oMiEsimE s LTom
KB 2T %0 72, PIREEHIR DML O —> TH 2 LMl FEEIC Flk1 PRI S b+ 5 2 L &

kMEES/iPSHRRE oh AR ZE /0 i 5 HiT B AR
& E-cadherin’ O e PRI
=€ SSEAL* E-cadherin’

VEGF OP9 (+CSA)

C.
p FIKI*
Flk1* @ FlkI: gb pris
VE-cadherin
/ \VEGF (+PKA) l PDGF-BB l OP9

k=30l A B2 e E2{HHa i AR
FIkI" +—— FlkI* FIKI FIkI-
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FAZH LU AT BRI o [ 22 1218 L C v % (Yamashita, FASEB J, 2005) . Bk 1) > 7 $55 R /- bR Lo
N=2ZA X =7 —flilfg 7% &3 SIS M 0IMEMILO LA E % 1T > TWw% (Yamashita, Trends Cardiovasc Med,
2007; Yanagi, Stem Cells, 2007 ftt) (X))o #5rF& 4 1. eEmHF o4 7 0 2R Y ¥ A 23 Flkl Bk IEZE
FESIOER Ly O BRI S SO D 5L 2 REAE S 2, L) & dH LWER 2 W L7z (Yan, Biochem
Biophys Res Commun, 2009). A7E% b & ORI 5L % FE 5 51K 5TALEWOHEE E 1T > Tw
%o Tz, MAENEMITL L2 B2 TICB W THEMICHET 2 2 LI12X D, cAMP ¥ 7 FIVORERE KA IS
M L7z, T 74b b5, Protein kinase A ASMEFTEAMINLD VEGF ~0 &2k % 2L £ & TR ML % i L <
W5 Z & (Yamamizu, Blood, 2009) . [AfEJH 75 CREB 2 & 2 #zE N T Etv2 AL X 5 2 & (Yamamizu, Stem
Cells, in press). IG5 T 54 EF A KA cAMP ¥ 7 F V&I 5 2 &1 X ) NEESME - AT A3 Y
WAEHLTwAZ & (Yamamizu, Blood, 2011 #=#K) . J2 0 Notch & p-catenin 2SEHEAMHEAEH 35 2 L1 X ) Bk
NEANOEATIERIT > T D T & & H721R L7z (Yamamizu, J Cell Biol, 2010).

BB, B ARWEZERT L AP REI% 2 & > TBI. Sz AT REMESMI GPS M) % v TR D FER > A
T N ERRSE L 72 IS AR ZE & BRI L T %o ESMIBAFZEIC BV CER L/ vy 2 HluTwnb R
7 A iPS ML & F 72O i R 0 43 L8 B D) L 72 (Narazaki, Circulation, 2008) . F 7244 7 0 AR ¥
AOERZIRA L. & biPSHIED 5 OB LA 2 FE S 5 2 LI Y L7z (Fujiwara, PLoS One, 2011),
E DIZERNEAH L\ e b iPS M0 bk & R DR OMALZ OB 5812 b M L7z (Uosaki, PLoS One,
2011),

DX H1ZHA D ES ML Hv 7z in vitro 7LRIZ, B4 OB R OMNBEE 2 R LEET 5 2 &3
TE, DIMEOFEMMEBEZ R TICEBEWIIREL 2255 L b RINICBIRTE 2, ito T Z0MLR%E
M2 2 LA &0 DI OFEESTALD A A = XL Z ML NV, GFLNVTRE L. /v 277 Yo 2D
EIRATVARAE L T 72D 53 TR O % in vitro TIT) LW I FH LW T 7 —FHFIC R -2 2 E 2 bh
720 1IN ODOHNE R A BT CTHARERE PO & LSHMIRICERT 2 2L TE %,

BUE. 20 ESHIIE in vitro LR EHCT, UFOXH) 70y =7 P 2BFITRIFEL TS,

1. ES Mg /iPS A in vitro 43bR& & F v 720 A MU 536 B b o 3 F- 56 O SR A
1) DNA F v 7% I\ 72 RERE R O S 53 L B S8 A5 o [+l 5
2) RNA T#% 72 in vitro =T FEREMAT R O 4 (Hiraoka-Kanie, Biochem Biophys Res Commun, 2006)
3) BhFRIR - ) NN R LRSI & NI £ ARAL AR O f# AT (Yurugi-Kobayashi, Arterioscler
Thromb Vasc Biol, 2006; Kono, Arterioscler Thromb Vasc Biol, 2006; Yamashita, Trends Cardiovasc
Med, 2007; Yamamizu, J Cell Biol, 2010)
4) cAMP KU PKA (2 & % 4 BN o 53 L Re S EidEHE  (Yamamizu, Blood, 2009; Yamamizu, Stem Cells,
in press)
5) MAFNEGALRTMERRIZBIT 54 ¥4 A FOEFHK (Yamamizu, Blood, 2011 ##%) (RIERRFE L 0k
[FIWFSE)
6) WHHIEL O M N B b2 I BT 5 H#% (Yamamoto, Am ] Physiol Heart Circ Physiol, 2005) (3R
ROKF & D ILFIgE)
7) ES/iPSMIRLGMLBAIC BT 2 T D 2 27 4 7 AENT (TR L o JLFF%E)
2. WA L 0D XL 45 P A~ o i
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1)
2)

Al N I — L o e 72 /L EX B O PesE (Yurugi-Kobayashi, Blood, 2003) o
NTAEEMEZ w24 7 v FATLMEYE (Huang, J Artif Organ, 2005) .

3. ES #ilig /iPS Mg > & Uil e 0 73 L35 & f AR R Is

1)

2)

3)

4)

5)

6)

7)

8)

9)

2URTTHAR T X B8 L\ ESHIIEA & /i /L35 o Bl 6 & i L v Ui B BRI o ] 5 (Yamashita,
FASEB J, 2005) .

ARG in vitro bR & V72D 5L - 2R 55 F- Ak o AT

ES il ik O i i E By R T B ME O fi# AT (Yanagi, Stem Cells, 2007)

FA 7 ARY) ¥ A =G L@ E g S - O LR S (Yan, Biochem Biophys
Res Commun, 2009) (RUER AR LRIMAE SR & o 3L FIWFSE)

LD AERREAN OB 1) R RN REAL, 1) ES/IPS MR R O A ML & F v 72 O > —
MR R FEER - BUROR DRI SR & o LR AFZE)

v ES Alfg A & o1 5Lk

IV ES Ml A & DI 5 biAE 2K L7z (Sone, Circulation, 2003) (GUEBKZEERRHEER S L DL F
WF%e)

t b ES Mg & o i b 5

TR KRR B ER S HEE O A ¢ b ESHINL % H v 72145 7 LiF 2812 S 1 (Sone, Arterioscler Thromb
Vasc Biol, 2007; Yamahara, PLoS One, 2008) .

b I ES HMild A 5 oLl b5

v~ ES M@ MENE [ b ES Mg % v 70 mAs i o b B3 2098 (Fgeees - Il .
R 17 4 3 H 10 HSCHRHARERRE

v I ES Mg & v 720 5L 7E 2 7o T %,

< 7 A iPS M % F W 720 5E 0E R ORESE (Narazaki, Circulation, 2008; Best Paper Award in Basic

Science category, Circulation 2008)

10) & b iPS B D & oL LS O B 5

YA 70 ARY) v AdoH (Fujiwara, PLoS One, 2011), (FREEFRREE R & 0 L FHFSE)

LV EREROF L EEO RS & VCAML 2 ZHPUE & L TH 728 LG i AL 8 o b 5
(Uosaki,PLoS One, 2011)

t T iPS Ml IS 35 UF B O wir S i o0 3535 & ik

11) iPSHI ALY AT 2D I S o4 1Y — R OAIFIEH (Nakao, Bioorg Med Chem Lett, 2008) (5

RSl & o0 L[] B 72)

12) (ML - B2 G5 % 8 L b E o - e

Main theme of our research: Elucidation of cellular and molecular mechanisms of cardiovascular

development and the application to cardiovascular regeneration using iz vitro differentiation system of embryonic

stem (ES) cells and induced pluripotent stem (iPS) cells.

Previously, we established a novel i vitro vascular differentiation system of ES cells (Yamashita, Nature,

2000). Using ES cell-derived Flkl (VEGF receptor-2) -positive mesodermal cells as starting material, we can
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induce all of the vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle
cells and pericytes) and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment
and blood cell inside are formed from Flkl+ cell aggregates in 3-D culture. Thus, this in vitro system should
reproduce the early process of vascular development. And we also demonstrated that the transplanted vascular
cells induced by this system could contribute to developing vasculature iz vivo. Moreover, we have succeeded
in inducing cardiomyocytes from Flkl+ cells, and identifying a novel cardiac progenitor cells (Yamashita,
FASEB ], 2005). Recently, we succeeded in inducing arterial, venous, and lymphatic endothelial cells (Yamashita,
Trends Cardiovasc Med, 2007 etc). All of cardiovascular cellular components, thus, could be induced in our
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, 2006). Using our constructive induction system for vascular cells, we recently
demonstrated critical roles of cAMP/PKA signaling in endothelial cell differentiation and diversification. That
is, protein kinase A (PKA) enhances vascular progenitor potential to endothelial competent through dual
upregulation of VEGF receptors, Flkl and neuropilinl, in Flkl+ cells (Yamamizu, Blood, 2009). This effect is
mediated by CREB-induced gene expression of an Ets family transcription factor, Etv2 (Yamamizu, Stem Cells, in
press). A neurophysiological modifier, opioid system, is found to regulate endothelial cell differentiation and early
vascular formation through inhibition of cAMP/PKA pathway (Yamamizu, Blood, 2011; cover image). We also
demonstrated that Notch and g-catenin directly interact in Flk1+ cells and determine arterial endothelial cell fate
(Yamamizu, J Cell Biol, 2010).

Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells,

induced pluripotent stem (iPS) cells, and succeeded in systematic cardiovascular cell differentiation of mouse

Undifferentiated ES & iPS cells Mesoderm
©e E-cadherin® ) Flk1
€€ ssear %O E-cadherin
o |~ oot
Cardiac progenitors
Flk1*
@ FlkI' @ FlkI- @ CXCR4"
d VE-cadherin®
/ \VEGF (+PKA) 1 PDGF-BB 1 oP9
Blood cells Endthelial cells Mural cells Cardiomyocytes
FIkl- —— FlkI* FlkI- FIkI*
@ CD4s* VE-cadherin’ ;ﬁ- aSMA* =—r—. MHC"
Terl19* PECAMI* PDGF-BR* S ANP

Desmin® GATA-4*
Nkx2.5*
Atrial
Ventricular
AMIcAMP Conduction system
" Pacemaker
[r;-?:lgtlnin Blood vessel Heart

OoP9
Arterial  Venous  Lymphatic

Fig. 1: Cardiovascular development in ES and iPS cell in vitro differentiation system
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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 cardiomyocytes 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 mechanisms of cardiovascular development from new aspects, and offers novel potentials for cardiovascular

regeneration.

Research Projects:

1. Elucidation of cellular and molecular mechanisms of cardiovascular cell differentiation and specification

using ES cell in vitro differentiation system.

1)

2)

3)

4)

5)

6)

7)

Comprehensive molecular cloning of genes for endothelial cell differentiation by global gene expression
profile with DNA chip

Novel i vitro functional assay system using vector-based siRNA expression (Hiraoka-Kanie, Biochem
Biophys Res Commun, 2006).

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).

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

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

Significance of rheological force on endothelial differentiation and diversification (Yamamoto, Am J
Physiol Heart Circ Physiol, 2005) (Collaboration with University of Tokyo)

Global analysis of epigenetics in ES/iPS cell differentiation (Collaboration with University of Tokyo)

2. Application of induced vascular cells to vascular regeneration

1)

2)

Evaluation of appropriate differentiation stage of donor cells for cell transplantation. (Yurugi-
Kobayashi. Blood, 2003).

Development of novel hybrid vessels with ES cells and artificial scaffolds (Huang, J Artif Organ,
2005).

3. Cardiomyocyte induction from ES/iPS cells and application to regeneration

1)

2)
3)
4)

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

Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation

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

Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporine-A (Yan,
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Biochem Biophys Res Commun, 2009) (collaboration with Department of Cardiac Surgery, Kyoto
University Graduate School of Medicine)

5) Application to cardiac regeneration

i) Cardiac progenitor therapy.
ii) Cardiac tissue sheet transplantation with defined cardiovascular cell population (collaboration with
Tokyo Women’s Medical University; Department of Cardiac Surgery, Kyoto University Graduate
School of Medicine)
6) Vascular cell differentiation from monkey ES cells (Sone, Circulation, 2003) (Collaboration with
Department of Medicine and Clinical Sciences, Kyoto University Graduate School of Medicine).
7) Vascular cell differentiation from human ES cells (Sone, Arterioscler Thromb Vasc Biol, 2007;
Yamahara, PLoS One, 2008) (Collaboration with Department of Medicine and Clinical Sciences)
8) Cardiomyocyte differentiation using human ES cells
Our human ES cell research project “Research for differentiation mechanisms of cardiovascular cell
differentiation using human ES cells” has been approved by the Science Ministry of Japan (2005.3.10).
9) Establishment of cardiovascular cell differentiation system of mouse iPS cells (Narazaki, Circulation,
2008; Best Paper Award in Basic Science category, Circulation 2008).

10) Cardiovascular cell differentiation and regeneration from human iPS cells. Application of
cyclosporin-A method (Fujiwara, PLoS One, 2011) (Collaboration with Department of Medicine and
Clinical Sciences, Kyoto University Graduate School of Medicine)

Novel efficient cardiomyocyte induction and purification method with VCAM1 (Uosaki, PLoS One,
2011)

11) Application of iPS cell differentiation system to chemical biology and drug screening (Nakao, Bioorg

Med Chem Lett, 2008) (Collaboration with Waseda University)

12) Screening and identification of small molecules for cardiomyocyte differentiation and proliferation

(% # B 2]
@ BLERX &

o

FRE R (*corresponding author)

1. 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, in press

2. Uosaki H, Fukushima H, Takeuchi A, Matsuoka S, Nakatsuji N, Yamanaka S, Yamashita JK* Efficient and
scalable purification of cardiomyocytes from human embryonic and induced pluripotent stem cells by
VCAMI surface expression. PLoS One, 6: €23657. 2011

3. Yamamizu K, Furuta S, Katayama S, Narita M, Kuzumaki N, Imai S, Nagase H, Suzuki T, Narita M*, Yamashita
JK*. The kappa opioid system regulates endothelial cell differentiation and pathfinding in vascular

development. Blood, 118: 775-785, 2011 <Cover image>

o — MBS MIES L > & —



Annual Report 2011

4. Fujiwara M, Yan P, Otsuji TG, Narazaki G, Uosaki H, Fukushima H, Kuwahara K, Harada M, Matsuda H,
Matsuoka S, Okita K, Takahashi K, Nakagawa M, Ikeda T, Sakata R, Mummery CL, Nakatsuji N, Yamanaka
S, Nakao K, Yamashita JK* Induction and enhancement of cardiac cell differentiation from mouse and

human induced pluripotent stem cells with cyclosporin-A. PLoS One, 6: €16734, 2011

KB

1. Uosaki H, Yamashita JK*. Chemicals Regulating Cardiomyocyte Differentiation. In Craig Atwood. Embryonic
Stem Cells: The Hormonal Regulation of Pluripotency and Embryogenesis. Chaper 24, p471-p486. InTech,
2011 (Review).

2. Yamamizu K, Yamashita JK*. Roles of cyclic adenosine monophosphate signaling in endothelial cell
differentiation and arterial-venous specification during vascular development. Circ J, 75: 253-260, 2011

(Review)

FOICHEER
LILTF . TEMiase] mesAampEsgm (HARMEEWESS - W) 4 35, pl58-159, 2011. BHAH)E
2. WKFEE I 8. [EhFIRG ] MM AWK (HARMEAEMKESAS - ) %3 %, pl66-167, 2011. §1&

Ik
3. MKEEE T . TMAE T4 5> 2| AW RS (HARMEEWESS - f) % 3%, pl70-171, 2011.
Wa s
4. 11 F . TCXCL12/CXCR4] M54R3 (HARMAF AW RS2 - #) 4 47, p257-258, 2011. WA NS
5. 11F . [iPS MifaA & Ot - A 5] BREFEOSRAGIM TUAIEARiPS Bt ] (MpEEinh - Axim) 239, 1416-

1421, 2011

6. 1T 3. TESHIE & iPS Ml 5 0.0 A | IEEREGHAEAOBUR L B (KESW] - i) Chapter 3, pl15-
124, 2011. A 74 ANV L ¥ 2 —%k

7.00F . TES MR /iPS Ml 2 v 720 A d & 2 F T& 724 ] Heart View $54 T4 - OfHAEII &S
FT&72H] 15: 4045, 2011

8 IIT . [PS ANz 720 frE ] (Ol [1PS AN DR EREREA~ OIS ] (el © I H) 43: 49, 2011

® FREORKX ©

(O: 3E£H)
(1) %= - ARSRER
1.OZk  EE¥. 1T 3. Novel roles of cAMP signaling in endothelial cell differentiation and diversification
from vascular progenitors. & 7 LU M EHIIBATZES . 2010. 1. 16, H 5T
2.0 Uosaki H, Yamashita JK. Expanding embryonic stem cell-derived cardiomyocytes by small molecules. Keystone
symposia (Cardiovascular Development and Repair) (poster). 2010. 3. 3. Keystone, USA.
3.O Uosaki H, Yamashita JK. Small Molecules Regulating Differentiation and Proliferation of Embryonic Stem

Cell-derived Cardiomyocytes. 74th Annual Scientific Meeting of the Japanese Circulation Society. 2010. 3. 7.
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Kyoto

4. Ofalii g, T B KD baWa Hv 7z ES MKt R ORI O /3L - BEREHIE . 55 9 Il H AR AR R A &
#4x . 2010. 3. 18, [A

5. 01k HEF, Ik B il SRk R MR, U E . PKA I HTEGIIEIC 35\ T VEGF &tk
ZICHE L. WEINE L 2 REAE S % . 55 9 Il H AR A R . 2010. 3. 18, JA &S

6. ORI HR . A ibERk. EHBHER. ILF 18 . Adrenomedullin/cAMP/PKA pathway enhances
vascular progenitor potential through dual induction of Flk-1 and Neuropilin-1. Presentation of Young
Investigator Award. 25 14 [0l H A0 A P90 i - S5 iiie 4 . 2010. 3. 31, 23R

7. Uosaki H, Yamashita JK. Chemical biological approach to enhance proliferation of cardiomyocytes derived
from embryonic stem cells. International Society for Stem cell Research 8th Annual meeting (poster). 2010.
6. 18. San Francisco, USA.

8. O Yamamizu K, Furuta S, Kuzumaki N, Natsuaki M, Katayama S, Furuya M, Yajima M, Imai S, Nagase H,
Suzuki T, Narita M, Yamashita JK. Kappa opioid receptor regulates endothelial cell differentiation and
vascular formation via VEGF receptors expression. International Society for Stem cell Research the 8th
Annual Meeting (poster), 2010. 6. 18. San Francisco, USA

9. O Yamamizu K, Furuta S, Kuzumaki N, Katayama S, Suzuki T, Narita M, Yamashita JK. Kappa opioid system
regulates vascular development via VEGE receptors expression. The 16th International Vascular Biology
Meeting. 2010. 6. 22. Los Angels, USA

10. O Kuzumaki N, Suzuki A, Narita M, Yamamizu K, Furuta S, Imai S, Okano H, Yamashita JK, Suzuki T,
Narita M. Opioid system regulates neural and endothelial cell differentiation from ES cells. International
Narcotics Research Conference (INRC) 2010 Meeting (poster). 2010. 7.12. Malmo, Sweden

1LOWZK P IE M. 7 KL 2 2572 ¥ /cAMP ¥ 77 F )V O & N B M 53 Je OV IS 26 AR LA L 2 310 F
D LB ofif] . Presentation of Young Investigator Award. The 8th Metabolic Syndrome Conference.
2010. 7. 17. HUH#R

12.0f%  phz. g 355, IWF . ESHlRZ w2 0ma bz 3 2bEW o | 45 31 il H AR KA -
PSS (KA —). 2010.8. 5. HnC

13. O Uosaki H, Fujiwara M, Yamashita JK. Small molecules inducing robust proliferation of embryonic stem cell
or induced pluripotent stem cell-derived cardiomyocytes. American Heart Association scientific session
(poster). 2010. 11. 17. Chicago, USA

14. Ok P W E o HJilt, il Bk K| B 8% B 49 WAL RO, sk . |
B, IF . AR GE B X O A EAT RIS B 54 ¥ F 4 Kol . Presentation of Young
Investigator Award. %5 18 [0l H R AW E & FMES . 2010. 12. 3. KR

15. Ok P EH e HJilt, il Bk K| B 8% B 49 WAL RO, sk . R
AT L FEAEAE O M BRI LB X MAEEATIC BT B4 ¥t 4 FofeEl . 5 33 1 H A
WeE &2 . 2010. 12, 10. #H

16. Ok He . &H o Hilt, il Bk | B 8% B 49 WAL RO sk . R
Ly ITE B MAETRRICBIT S+ € 4 FOF Lnid] . mARRENERT A 2 2010 (KA & —).
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(2) #EE- 2RI IL

LI . ES R OFIPS Mild 2 v 72 O 7L AR ZE . 2 SRS & . 2011, 2. 7. 5UH§

2. Yamashita JK. Pluripotent stem cell research for cardiovascular cell differentiation and regeneration. The 14th
US-Japan Cellular and Gene Therapy Conference. “Induced Pluripotent Stem (iPS) Cells: Derivation and
Characterization” 2011. 2. 24. Bethesda, USA

3. Yamashita JK. Development of cardiac regeneration strategies with pluripotent stem cells. JST/CIRM
Workshop. “Early Translational Research on Stem Cells” 2011. 5. 16. Kobe, Japan

4. IF . DRI 722 R 7 7' 1 — T~ ES/iPS Al % F v 72/ G & BUSERTgE~ . 565 24 [l db B g E
#rff7e4y . 2011, 5. 24. WK

5. I0F . iPSHIfEORERE L IEH . FEERYRI T2 —Y a0t 3IF— 2011 5. 3L HEL

I . ES/iPSHHNE & 72 P AR BE R — DA P A 2 Do A2 — L 5 SRR 2258 37 I A 1 HB AR . 2011. 6. 5.

i

70 L GGIEE AN 2SR T 78— F ~ ES/iPS flffa & A v 7 BIEERFSE & AT E A ~ . SCHRFEA ALK
FEMEEAEFENA T2 ) —F > ¥ —RfiFHE - AP 2R DT 4 2011 6. 25. HKKR

8. Yamashita JK. Cardiovascular regeneration with ES & iPS cells. The 8th Korea-Japan Joint Symposium of
Vascular Biology. 2011. 8. 25. Busan, Korea

9. 1™ 4. ES - iPS#HiligZ W72 DB EDRA 5 15 B HAROAEFRY Y RT T A [WOAEIZBT 5 AR
# up to date] 2011.10. 14. JEWL S

10. ILF {8, FERMHEE. HASTFHEW¥E 7 — 2 ¥ 3 v 7 [Dynamic linkage of vascular system and organ
functions-novel roles of blood vessels in health and disease| & — " 4 #— . 2011. 12. 13. #i%
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Br il R hn TH 2R

Laboratory of Stem Cell Engineering

BT EHE ZH 5
Associate Prof. Takashi Tada

(57 % 8t E]

'R
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RIS RetEiiie (N T2 A% (iPS; induced pluripotent stem) M) 272275 2{b&h s 2 L0585
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B &)
1) RS Z Bt C 7 a2 5 2L ENDB A =X 4
2) H7usz s 2 LiCBb BN &
3) H7u s 2MLoESS B O B%E

EEM)

HEEAMEZOBLEN S, BT 7 T 2R A = A 50%, A d RIERICO % CHAMLAZ R E AP T720 03 &
ho —J BERHOBIEDS, 17077 2L & 28 MR 5 O % stk itiia o R INd, i sOs
2D WAL OERICH OB 2 H & AEEROBIERZ HD LR E—KTh b, EHRICHICHT T,
DL 20 37 5 2 WIEIE R Z Y . —h—ks ) 7 —F 5 2 & THEBRMAEOINOHMAPEBTE %,

s MBS MIES L > & —



Annual Report 2011

Pluripotency of mouse iPS cells generated with Oct4, KIf4 and low Sox2
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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
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somatic cell under a culture condition with factors isolated from ES cells. Tremendously, it has been discovered
that defined factors Oct4, Sox2, KIf4 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 activation of stem cell genes in pluripotent stem cells.

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

unknown.

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 regenerative 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]
@ BLERX &

(1) FEEH

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 Pkdl-mutated iPS cells. PLoS One: in press (2011)

Hirano, K., Nagata, S., Yamaguchi, S. Nakagawa, M., Okita, K., Kotera, H., Ainscough, J., Tada, T.. Human and
Mouse Induced Pluripotent Stem Cells AreDiferentially Reprogrammed in response to Kinase Inhibitors.
Stem Cells Dev.: in press (2011)

Yamaguchi,S., Hirano,K., Nagata,S. and Tada,T..Sox2 expression effects on direct reprogramming efficiency as

determined by alternative somatic cell fate. Stem Cell Research 6: 177-186 (2011)

(2 &% &

Ainscough, J., Yamanaka, S, Tada, T. “Nuclear reprogramming and stem cells"332 pages (Humana Press, USA)
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(2011)

Tada, T. Ainscough, J., Yamanaka, S.: Epilogue. In “Nuclear reprogramming and stem cells” ed. by Ainscough,].,
Yamanaka, S, Tada, T. (Humana Press, USA): 277-278 (2011)

Kunio, H., Tada,T.: Cell fusion-mediated nuclear reprogramming of somatic cells. In “Nuclear reprogramming and
stem cells” ed. by Ainscough,]., Yamanaka, S, Tada, T. (Humana Press, USA): 59-70 (2011)

Toyoda,M, Nagata,S., Makino H., Akutsu,H., Tada,T., Umezawa,A.: Generation of induced pluripotent stem cell
from human amnion cells. In “Lineage-specific differentiation of human embryonic and induced pluripotent
stem cells methods and protocols” ed. by Ye, K. and Jin, S. (Humana Press, USA): 249-264 (2011)

ZH  wee PSRk 2 g ke b = o X iPS Ml & D) ¥ ERILFHEFI N O FUSE D, [
D& W H — A IPS Bt — | (HEEEWIGA A in press (RFEDHWHA  HARTEFHAF AL H60 2011)

ZH F L REVESAE, TDOJIN BIOSCIENCE ¥V — X [T¥ Y= %7 4 7 A]] (HIBIE" #i%) in press ({b
SR 5 2011)

%W x o gak - fifgdZ, TDOJIN BIOSCIENCE ¥ ) — X [Hefaftkofifatio 514 + 3 7 2] ] CFR
- BIOMET W) in press (LA, HUHR 2011)
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Cheng Li-Tao. RHMM, PEFHA, INOHFE ZH & <7 2 PSHMIICEIT 5 Pkdl BI5 T OBZERFE O
HIFEMIEFAL © [45 44 Il H AR A A A a2 ] (201151821, A8%)

SPEPEAE. REFME, I Il 3k PR, BSEFR, Justin Ainscough, ZH & ) S FRALFHEH)
k2 Py RIPSHMBMTORLZY 707 T 3 v 7y [ 583 nl H &M (R2Ea# 4y ] (2011.9.20-22,
HUHR)

ZH WU ALY T T A MIB S Nanog BnF OFEBL L HERE - Frg sl ARG oA A 7 Ve oy
J hAy b7 =21 (2011.11.17-18, KB

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: [ 58
34 W H AR F A R4S (2011121316, i)

Sun, L.T., Yamaguchi, S, Tada, T.: Function and expression regulation of Nanog in mouse epiblast; [ 25 34 [a] H A<
SFAEw RS ] (2011.12.13-16, AT
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7Ot > JH5RsEsE
Laboratory of Cell Processing

FEHR = EX
Visiting Prof. Tsuneo A Takahashi
FEAHE WH (HI) =R
Visiting Assoc. Prof. Miho Furue Kusuda
YHEREED JIEE  RAER
Lect. Eihachiro Kawase

(57 % 8t E]

M7 vt > v ZigesEs, e b ES RO BIRISH % B L2 OB HM O 7ER 5% 247 ) X il S e
WM TH 5. ESHUSHIBLLIER: (CPC : Cell Processing Center) %#i%E L, ZOFHEITH & & HIT, HES
FITBE 2 RSE S GMP ICHELL 72 N ESHMIL ) v — 2o Z HIF L T\ b. CPC i, i Ess, &
OB A &, FEHS GMP N— FIZHE L 22 Hiifk e LCTwab, F7: CPCICIE, MIF#s, PSRE LTl
UL OGRS - K381 BB 7% Cell-processing Isolator ¥ A 7 4, FINIRFEES 22 TW5,

2011 4ERELE, ChE Tz SNz b ES fillfatkz S S GMP LNV TR T & % &9 ICEMWHIR ) & B 2s
T2 [27) =T v 7] OBEEIT) & &HIT FHAZEENN GMP LX)V To b ES Ml OB 2179 & DR
AERBEL TS, BIRLANVCHEHT 272008 b ESMIKabkoB ., 548, Bl SWERGE, ZeMmEic
72 2 WARILHERINE 2 A I3 Sk 2 IR &R 1T woD, ko e P ESHlL N> 7 0#fliz 3370 T 5.

%72, BRICHN D R B R 2 VR WG, SR RIC X 5 b ESHIEOREEZME L Tw
5. ZNSREE DTN M R R L, EFRICETT A LNV EHIELTW A, 2D 5Tk 4 1%, ISCBI (International
Stem Cell Banking Initiative) (2 & % ES K N> & ¥ Z O ERRFEIER ESHICSH L, 7L X)LV Tor b ESH
HaD/NY %2 7T B E R L7z, BUE, BRRL NV Toe + ESHIR N Y ¥ 7o i B HE I
S LTV 5.

The Laboratory of Cell Processing was established to develop technologies to produce and supply human
embryonic stem cells (hES cells) with clinical grade. The cell processing center (CPC), located in the ES
building in the Institute was built to establish hES cell lines for clinical use satisfying the standards of Good
Manufacturing Practices (GMP) and do research to achieve the goal. The CPC meets the hardware standard of
GMP such as air conditioning, air cleanliness, work management, etc. The CPC is consisted of several rooms; cell
processing room, room for Cell-Processing Isolator in which cells can be processed and cultured in a complete
closed system, cell storage, computer-controlled monitoring room, supply room, etc.

Following the government’s approval as a cell processing facility to establish hES cell lines, we have started

research on the establishment, culture and banking of clinical grade hES.
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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 standard
that 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). Recently 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.

(% # B 7]
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Takayama K, Inamura M, Kawabata K, Tashiro K, Katayama K, Sakurai F, Hayakawa T, Furue MK, Mizuguchi
H, Efficient and directive generation of two distinct endoderm lineages from human ESCs and iPSCs by
differentiation stage-specific SOX17 transduction. PLoS One. 2011;6 (7):e21780.

Takayama K, Inamura M, Kawabata K, Katayama K, Higuchi M, Tashiro K, Nonaka A, Sakurai F, Hayakawa T,
Kusuda Furue M, Mizuguchi H. Efficient Generation of Functional Hepatocytes From Human Embryonic
Stem Cells and Induced Pluripotent Stem Cells by HNF4a Transduction. Mol Ther. 2012 Jan;20 (1):127-37.

WS EE N ARA, REE WO, I S, PR SR T Al SEfR, e M Rtk oo
FEIRSHTE— WDV T FAERERR 2012 Feb; 11 (1):72-77

Aizawa E, Hirabayashi Y, Iwanaga Y, Suzuki K, Sakurai K, Shimoji M, Aiba K, Wada T, Tooi N, Kawase E,
Suemori H, Nakatsuji N, and Mitani K, Efficient and Accurate Homologous Recombination in hESCs and
hiPSCs Using Helper-Dependent Adenoviral Vectors. Molecular Therapy, 2012:20 (2):424-431.

Adachi K, Suemori H, Nakatsuji N, and Kawase E, 1 The role of SOX2 in maintaining pluripotency and
differentiation of human embryonic stem cells. In “Stem Cells in Clinic and Research" pp., 2011:169-184 (Ed.
Ali Gholamrezanezhad) (InTech). ISBN: 978-953-307-797-0.

Z Dt
A, EAREDR, KRB hakESR, AFERUHNE B E Lze MRMEERIIRARD N Y 2 7 L RO 720 DR
st FAERESE 2011 Nov:10 (4):79-96

® FEEFEOER ®

RN, HASEA, S, KAE—k BIRSCE, VAEHEsR, WD OE) Sefr, e =, KOz, 3K
TEIEEAPUC X B v b ES - iPS A H R I ORI 2 0 ALAEIE OB %, HAERE 132 4%, 2012
E3 72831 H (ALIR)

e ILFIEE, A oS i, EEGET, A E K36, BUESCH, ETL - REESER, KI#Z, FOXA2-HNFla
BIZFHEAC X B e b Z etk 5 KA RHRE 2 A L 720 0L, HARSERE 132 485, 2012
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DASEEE, RT A, SEILORHEE, HVLSetr, ARlidit, RISER, #E—5R, HARREAMLICH 7280 %
AR B0 2 A EAESH O, HARSESARE 132 4%, 2012483 A 2831 H (LI

HNF4o B2 H A& 5 e b ES - iPS A & O MBFAIIE~ O Rl =LA, S IAnE, k7, o=,
TR, BRI, VL - MEHSERR, KR Z, 5 18 UM ZEs, 2011 4F 6 H 24-25 H (OR50)

Hirata N, Nakagawa M, Fujibayashi Y, Yamauchi K, Murata A, Kawase E, Sato S, Ando S, Young-Tae Chang,
Suemori H, Nakatsuji N, Ueda K, Yamanaka S, Uesugi M. Fluorescent chemical probes for human stem
cells. AIMECS11 8th AFMC International Medical Chemistry Symposium. (Tokyo, 2011, 11, 29).

Suzuki K, Hirabayashi Y, Aizawa E, Iwanaga Y, Tokumitsu A, Sakurai K, Shimoji M, Aiba K, Wada T, Tooi N,
Kawase E, Suemori H, Nakatsuji N and Mitani K, Homologous Recombination in human pluripotent stem
cells using helper-dependent adenovirua vectors, 9th International Society for Stem Cell Research (Toronto,

2011, 6, 17).
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Research Center for Nano Medical Engineering

F/ N4 F 7O+ AHEEE
Department of Nano Bioprocess

PHEE BR R B

Prof. Akihiro Kusumi

(57 % 8t E]

1. £EZ TV RHEBEHTTO 1 D FERELBEEDORRE

HHRIIZIE, in vitro TO 1 3 FBIE L BMESTEBZMERIMZ TE TV 5, Lo L, BEOIIER ORI,
1 5 TBISEE2 MR TBI 29 2 LT FRICE o> Ty 1 0 TR SATT BRI %2 o 720 BARIIZI3E X
TVrHllatD 1 5F%2, A4 70 LXOVORR I FEE. F/ A — PV LNV OZZRRETERL, 25612, ¢
NS O5FOWEMHAL (FUR) £TE2S 10 FHICHZHEEZHBLTEZ (IhHRIERTOERLOAR), Thid,
FIHALVAR ;77 u0d—LORGHERE LT 19T/ " 4 Fay— 15 FlERFELE NI FHLw
FEAHORIEIOREY)DOH 5,

B, WTORAZ, 15782 THOTTRICR 7200 TH Y, HadEMlhTos A—Y v 7%
BT ORI CEATRETH > 72 b DN TH %,

2. MRBEOEANEBEL, HEXHICOWT

MIBOBE L 2 ot otk GlgiA) L EZ 5N TE, LaL, B, () Mg 8=k 2 v Megsh
Wb, (2) SHUTMIBBICI Y AEFNETOHTICHLTEH 2 &, (3) 2oz, EARMIZIZT 75~
JEAAAEIC L 2D DT, HEKE TS L REER & X7 A IEERERE L LTI 2 8, %Rl &
N, Yo = -2 aVy YETNVICEEGEELZBLLOTH Y, EOMELBHE HIZOWT, ERYR TS
L83 7 MR LEMETH S,

EHICHE, BTFHRNES T 7 4 —ER T MEOMBEMERIATET 2T 7 F VEGROMEE, 31K
TR & o T EAICHAE T 5 2 LIS L7z AR HR & U< MR o NI 210 2 S8t 7 1 —
TIZyvFHEL T HIIELN-72b0% iz, ThICL - T, IKONRRMOESEOMMEOKE S E KD/
LA, FND, BSToORBIC Lo THEONETI V= AV POKREEIEE YY) E—H L (K13,

ZEREY TP N2 T RELTGREBZEILT 25005 0W0S (V7 F sk & B R
%), SHUE, SERPBEFHEICL 2T 8= AV MIHLAD SN2, BEEKICHET A EICL 22 LD
Molze 5T, MR IIRE % bl S R WIRHEEREDAE U525, Thdb, 77 F VEEREZZIC
O HIEEIL Y VR EPEIHREETHI LI I o TR 2 E 2R LT,

8. YUFIBEDEFNEMHAMAICONT
VTP IRER, L OWE YTV FOT YT AR EHEIC L o Tl EEZ LN TE T,
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BTAED, ZL DR Y87 BOSIE, The iz, bite Fmonsid. By o872 BriE53 5
ARETHEHALTRELDTHY, P 7 FU2Ks, MEOBEABBO LI, V7PV ELEZZEDTH
LEZOND LI oz LAL, BEER, HEG5TFINEHLEINLE L, TNICHETIREY V87 -, T
WATHREVPERIET > TREFHEAREBRT LI L, ZRODELRLRETE R 1 BUToOHEGTHHE (R
Wik) 5. &2 AWZ L7 (RasRaf O%. 77 bOML5T5%). $4abb, 1HED Y 7 F I VizEizE T
ENTBY., ZHGTOVHLE LTBEINIAFERA A=V 712X 53 7 FVEIE, SRS D®TIZRS
WARD Y 7 FNVOHTH Y, ZNEI) OBINLOREAGHY 7 FVEGERTH L LhREniz, Thid, ¥
TFINVRDY AT HE LTOBET ZBFET 57201213, BOTEEZANLT, EDOTEHNR Y 7 F Vi1 oMl
WAL DY AT LIMEO—WD A TE LB R b,

[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 membrane, from the continuous 2-dimensional fluid to the compartmentalized,
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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 averaging over all the molecules under observations. Without high-time
resolutions, the residency time within a compartment 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 reorganization 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 Murakoshi, 2005). Activation of H-Ras takes place only temporarily (< 2's), and is accompanied by
transient immobilization, which is likely due to the transient formation of an activated-Ras signaling complex with

scaffolding proteins.

(% # B 7]
@ BERR @

1) FRERX - #5

R. S. Kasai, K. G. N. Suzuki, E. R. Prossnitz, I. Koyama-Honda, C. Nakada, T. K. Fujiwara, and A. Kusumi. Full
characterization of GPCR monomer-dimer dynamic equilibrium by single molecule imaging. J. Cell Biol. 192,
463480 (2011).

X. Li, L. Liu, L. Wang, K. Kamei, Q. Yuan, F. Zhang, J. Shi, A. Kusumi, M. Xie, Z. Zhao, and Y. Chen. Integrated and
diffusion-based micro-injectors for open access cell assays. Lab Chip 11, 2612-2617 (2011).

A. Hagiwara, Y. Tanaka, R. Hikawa, N. Morone, A. Kusumi, H. Kimura, and M. Kinoshita. Submembranous septins
as relatively stable components of actin-based membrane skeleton. Cytoskeleton 68, 512-525 (2011).

7. Kalay, T. K. Fujiwara, and A. Kusumi. Cytoskeleton-induced meso-scale domains. In “Cellular Domains”, Chapter
1, L R. Nabhi Ed., Wiley pp. 3-22 (2011).

A. Kusumi, K. G. N. Suzuki, R. S. Kasai, K. Ritchie, and T. K. Fujiwara. Hierarchical meso-scale domain organization

of the plasma membrane. Trends Biochem. Sci. 36, 604-615 (2011).
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2) FNCHBER
At —, HER, MRVAALEEER TS R BEDFEB T2  AYWEL 5 A5 . 51 (5):226-227 (2011)
Al —. AL SRRt D 720 DML+ DREEE © HURIC X 2 EBERRE O a8k .

Close Up %k 1) — X 215, F2BREE% 6 5. 29 (6): 1441-1446 (2011)
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1) EEEZ: - SEOZER
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R. S. Kasai and A. Kusumi. Full characterization of GPCR monomer-dimer dynamic equilibrium by single molecule
imaging. Liposomes in Jerusalem 2011. Jerusalem, Israel. May, 2011.

A. Kusumi. Organizing principle of the plasma membrane: three-tiered meso-scale domain architecture revealed

by single-molecule tracking. Closing Plenary Lecture. The 8th European Biophysics Congress (held by

European Biophysical Societies’ Association). Budapest, Hungary. August 2011.

A. Kusumi. Signal transduction facilitated by raft-based interactions as revealed by single-molecule imaging. The
1st POSTECH International Symposium on Bio-Imaging. Pohang, Korea. September 2011.

A. Kusumi. Lipid-stabilized dynamic homo-dimers of GPI-anchored receptors convert into oligomeric signaling
clusters. The 51st Annual Meeting of the American Society for Cell Biology. “Clathrin-Independent

Endocytosis” Special Interest Subgroup Meeting. Denver, US.A. December 2011.

1B) EAG#E

A. Kusumi. Raft-facilitated protein interactions for signal transduction as revealed by single-molecule imaging.
The 30™ Naito Conference. “Membrane Dynamics and Lipid Biology [II: Domains, Droplets and Diseases.”
Sapporo Japan. June, 2011.

A. Kusumi. Three-tiered hierarchical meso-scale domain architecture of the plasma membrane: single-molecule
studies. "Murata ERATO Project International Symposium on Lipid Structures in and around Proteins”.
Osaka, Japan. November, 2011.

A. Kusumi. GPI-anchored receptors are poised to form signaling rafts: dynamic homo-dimer rafts in steady-state
cells. The JSPS/iCeMS International Symposium. “ABC2011 in Kyoto — ABC Proteins/Membrane Meso-
domains/ES-iPS cells”. Kyoto, Japan. November 2011.

2) BN TOBFEE

R RBIEA - ML OBy ROREE & BRAE - - 2 ROCOE LA AT, EEEENZE [HEfEoEsiHe LT
DR DI & BEF A~ O | 4 3 MIF7Es (201115 5iHK)

f W B9 5L : Ligand-induced transformation of short-lived GPI-anchored protein homo-dimer rafts into greater
signaling rafts: a single-molecule tracking study. %5 116 [0l H ARfF#H 2544 745 88 nl H AL #4245

SHEWAKE ¥ ARV 24 31 [Dynamics of the localization and function of the lipids and proteins on the
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biomembrane | (2011.3.25 #id%) (RHAKREIK D 72078 L)

T RBABA @ MR D > 7 F VEREREOWIZEICRERT I 2 AN @ 1 #OUH T4 AT U 72X 098, 74 7 — AT
IAAAL A=V Y7 IF— [A A=V Y THLBLEMDT A F 37 2] (201167 5LH#E)

i WL ¢ Single-molecule tracking studies on the mechanisms for generating stabilized signaling rafts: ligand-
induced cooperative action of protein-protein and raft-lipid interactions. 4 63 [al H AHa A= HAakE &
v RY 7 A S2 [Frontier in Imaging Technology for Cell Biology | (2011.6.27 #LIi¢)

fi WAL @ Organizing principles of the plasma membrane: three-tiered meso-scale domain architecture revealed
by single-molecule tracking. &5 84 [l H R4 L& KE ¥ AT A 3S3p [Cholesterol in Brain Diseases |
(2011.9.23 %T#K)

BARME—, ZHEIASR. WA ZEHF. Rahul, Chadda, FFHARE. MHZEM, AHFBR. REE, A #O6E
HyT7)FY FOERE 1 GTFEBINCEE Y 7FVT 7 MERBEREOMIH, 4 84 ol H A brakes v
RIY L ASTa [MIRBEREE 5 4 + I 2 ZADHHI R AL YD) €7 > 7] (2011.9.24 5UHK)

R SLBIEA © D X R X 4 ¥ % 1 3BTRS, 25 v Ialb—va yalmsa (2011127 50)
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AWFFEETIX, AR & A0 I ZBAS B AR R N TSR OB 7E % EAERRREOFEZ HRY & L7235 -
BROIEZAT) 72012, T Y2 =S RERME L EOTEZ VT, BT O X9 23R % 5 S H %
;2'?]1‘9 TV‘Z)O

1. EFHEBOHENECERICET2 IaL—2a>

AARARE D T F ORI 2 A L LT, BICBOET) v 7 550NN EFY ¥ 7 B4 7 L HEKHE O J1%
A OIS ZE B EIC oW TEMY I 2L —Y 3 Y &2 fToTWh, TORE. SIENoAid 5 VIdEEL
POV F =B 7 E ORI BB > T FREEHBOBEIEK SN Tw D 2 EAVRBR S, ZOHHOTIC,
HEARARR & AT 2 N TSSO A © 75 Y FOFHFA Y ORIEEZRA TV S, (BT 3OV ¥ —  JE R
A R FE B B i 4
2. ANIRERICH T 2EiIREOEE

BUED N TS, RIRMR O X 5 ([CHBRIRE &2 F72 97, IEHEFT ICHEE S/ 5 0T, IR OB 194 f 25 S
NTHEEHAT I MED 50 ORI, Wil ISR RIS AFE L THRIASEZ Y W 5 AL S GRS E .
ZIT, FHUBALRRAERY) ~—CHE L, KILHIC X )Mty X2 BThbas—r v &EHEl
L. 851220 RICHRBMIE 258 L, REZ S NCE 2 ¥ MEOFEZK > Tw b, CCERHAE R - 7e E
HiBh4)
3. MR Elastography (MRE) (Z& 3 in vivo B4HRT — 2 METAI. BT s L UIREE

AL IB M A (MRE) (&, MRI 2= 2 L3572 WEHMTH . TS X 2 RNHE- 285 Ok
REVERERGH O T2 M L, BRI OB T — 5 X=X 2 HET 5. &7 4 2% v
72ANTBIFERE (VR) & B VRETF VI AT AZMREL T 5, (BEMRREIERL L oL FE)
4. NTRAETEE - ATHERR G EOEER/NT KOS IL

BBk ASREOBEN 720 R & Bl L 72 A LRI M 2 I35 2 L1C X ). BEOREROAZHEIRL
R RS T HRARTHI L A LBERE OBEEL HIE L T bo SIS TH L < B% LR - Rk
HERYVEZ VTN T = A Fa sy iE N TRk MRS & L CHETH Do (RFWIERHE VRl
L oILFEgE, AT B A FHITE)

5. MHEEH - BB ICBh A ATREEARUIFL >

N T QBRI S MBS ST RAEY 7L v OBEFERIC X 0 3AET 54 BAFHTEA T I 2 Ei
B R FOSAHEE 2> T bo £ T WM RPN X ) R 55 TR & f RN 2 38 A 3 5 2
LICXY, MEREEOW R ZRA B RERPE SN TV RETE 4 & ¥ ZIEKRES A F 4 v b EI Bz
SNERRIGH S M7z,
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6. KU 7 1/ —IViC &k B PR EIESIE & £ ERORPERE

MAER) 72 )= WG THLIERN TR TX AL — b (EGCG) A%l - ko #EN 2 HoZ L 258
U AR O RAF I IB I § B8 2 1T > T b0 AIRIZEI L TId, B O MIERAERUIEH 1 EB ORI TH -
725 EGCG ZiiNg A2 812k ) 2 MM Td B, WL ICTEE, ML HRFTsZ LB TS SR
% BE L7 (RURR I LR R R 2 MR 2 3 L R F 28 o

AR R 4 BRI L, TORBIT 22 & THMEMAF SEL2HPMRTHL I L2 /WML K
PR HVRHE FFZE) o

B IEBRIRRIC X ) ¥ A =T ZF A4 ¥ 2 Y 5ilae s EOMET § 5 72 O BRI 3SR RAF 3R S T
WV, A IHREREEA L L, R - ISR L - F R T A 2 EAMRETHH T L 2R L (R
F AR RIMEHE R E) o

EGCG CTHIfkZ LI 2 Z L I2 X ) BRI O BIHE 23 2 2 RN Z WL L7ze < A ) VS Bk £ HIPUR
DIFEHT 247\ EGCG 23R Ml PR LT — T HET 2 Z LR TH L T L 222 & L, ) VSRR R
TRREMER L7z O Z VS Z L2 & 0 I RMIRBEIHH OF G R 2P €56 2 WIS NS,

EGCG TEMMIME % I 2 2 & TRAHZONBIRE 2 IH Lk2E 2 PHTE5 2 L2 L2, 22D
DA ETGIRD 720 OTEFIRN A XA TR ORI % WD o 2 L DWHETH 5 (BRI ORI AE SR 3 [
Wige) (HARMHAGIREERE 7 L~ o F v — i3, GRS AR 2 LR 72 B)

7. MFICB L VEERKR

BUE, BRCTILR A SN TV AR EBRIRE LT, MAERS A TOR) AF VA7) L—F (PMMA) &, 4
WAL Y £ TDRYFIARY (PS) RKY =K% —F (PC) BHMONTW5, MAESS 1 7D PMMA (&, &
AATRE D DA . RIS O RIS 5 E, BICREE ) v~ —0% wieo, [HHICEEE ) v —
DL I BT VNVF—BAEREINDL ZEPRMENTE Y, BRI T2 REMOMEIK > T b,

ZD720, THITBDLLMEL LT PSR PCAFIMEIIHFEEIR L LTHAIND X ) I2hoTHRA, LIHH
PS IEMEBIEICH D, T2 PCIZOVTH, BEE /I —THLERAT =/ — U, HERERVEY L LTOHE
PARE WY EIFH5NTw2D, & 512 PMMA #liflEH & L TOREEIENL, AMEIZE 5 TEET, Lad
T VS D Ty 2 L, BRI E ) < — A R WHREIR I E ST & 72,

ARWFZETIE, FRAFE / 7 —=2HD TH 7% { IR HEO W AMRIZE L VO Rz 3, TR &R C,
AP EN GRS 1 T OJBKZ BT L. BRROGICIRME T & 720 (I sfe i i 36 5 i i R Hudsili A= o~
V=T LS FE)

8. £NEMEFT 2 2 RRICEOHBREEREER

HEREEHORCTL L OFBTRECHEHINTHZDE 7470 YITHDH, LA L, MgEEREEHZFH L
7oA TH 720, C BT LD BGSERMESIEF IR E R EMBE L 2o Twb, BIRIE, kb 747
Y UMOMHIZEE LT, BB LY CRFRD) A7 D552 L2 HREL TWbBORHELIN 72 LT s T
B, 7147 VRO D EEREOECERN Y —5 Y FOBRBPWLE IR TS, /2. 74 7Y VRIS
DL AIFH A DN T VI &, BEOEFRNTOGENRTEL 2 L QMBI N TS,

BUEE COMZET, HREEMEREICT Y PE—VIRETH LI L, 74 7Y YHIE D RN & Bl
PO THERNZ L, 74 7Y VXV FEEDNPEAZ L. AR ZERE 27200 M chRftcid st i
B H otz BIZ, DIEIMESVEHEE T OME Ik, JiBE AR T oMo Z250R N2, B L O L
FHEIE T O 1k 1 7 EFE 4 O F38 T OB FEERO BAF 2RI W T FrllERHEAER & LTEMMLTE
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BRSO REEE 2 FU U720 (e AoV F — - BESEBUANRR G I NEDO : 4/ N— 3 3 VHEEHIET L 21 4F
~ 23 4EHE)
9. DMSO - MEZ7 U —DRFERUT7I/EBICESE b ES /iPS MO RERE

BN % FUH U228 A R R I BN TR E RV OTH ), KM OMER:, RE T EIHIE
BFELZEZHOARREIC L VITbR T 5, B2 T4 <L SIS 172 & o ARl < MLl i 7
ELHMRAE SN T D0 F 7o FAERFICAH I 2 8M0E S AR ISR R SN 5 LA SND . T DR,
MIBLOBERE R A AF 3 % T & B 72 MERET 5 7200, SRSk T 2 bk 2 e Bed 2 Bk 3 2 B9 CoiE By % a4
BUENRD D, BEHMAL LTIV AFVALEFY F (DMSO) 227 &) & EFFIF SN 5, DMSO Al
FAPNIZEE LK DI & HI 3 5 Z & THAEEOMBADF A =T 2 BF L Twb EFbh, £ 1Y) Vi
M2 B 2 & ISHIPIC B W TROFEMIEZIHI L T b EShbh b, LA L DMSO (3 #EA < IHH
R PICBRET2LEN DY FMIBICE o TIHMUITEEEZ R T 2 EOMBED D 5720, HEMER)
ROFVHEDHAFOMBIZEN TV, BIFEETIE, R THWO TR AL BEOILFE 7Y =Ty Lad
DMSO & [f%:PL E oS EEERED H 2 W FALEWE I Lz CURRFAHARREIt7a Y2 b 5
1% 20 4F~ 24 AERE, SCHSRHA A RHARI FE R A E B PR 22 4F~ 24 4EFE, NEDO b © ES Al g S 00 g AE 2%
BN B FE 3 © P 23 4F~ 27 4R )

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
distribution, it is indicated that the form of the bone has been modeled, and the design of artificial dental roots
which dynamically 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
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
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and mobility 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 excellent 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 promising 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
artificial 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
medicine. (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
polymethylmetahcrylate (PMMA) as a main component for injection molding. Denture base is generally employed
polycarbonate (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 employed 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 denture base which overcomes disadvantages of traditional denture resin.(Supported by Kinki area
economy department of industry)

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 synthetic 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 infection.

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
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was observed 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
glycol 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
efficiency 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 efficiency of 1929 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
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for proliferation and differentiation. Furthermore, many kinds of cells could be cryopreserved with PLL having
the appropriate ratio 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 properties. These results indicate that these polymeric extracellular CPAs may replace current
CPAs and the high viability 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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Hyon, S-H., Matsumura,K., : Novel cryoprotective agent (CPA) of stem cell for regenerative medicine. World
Biobanking Summit (2011.6.30-7.1 Hamburg )

Hyon, S-H., Matsumura,K., : Creation of antifreeze polyaminoacid with cryoprotective function. Ice-Binding
Protein Conference (2011.8.3-6 Ontario)
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Matsumura,K., Hyon, S-H : Effective Cryopreservation of the stem cell for a regeneration medicine. 4th Annual
World Congress of Regenerative Medicine & Stem Cell (2011.11.11-13 Beijing)
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Tanaka, M., Hachiya, Y., Hojo, M., Hyon, S-H., Konda, M., Kimpara, 1. : Influence of structural anisotropy on
compressive fracture properties of hydrostatic-pressure-extrusion-molded HAP/PLLA composite. The 18th
International Conference on Composite Materials (2011.8.21-26 Jeju)

Tanaka, M., Hachiya, Y., Hojo, M., Hyon, S-H., Konda, M., Kimpara, 1. : Effect of hydrolysis on anisotropy in
compressive fracture properties for hydrostatic-pressure-extrusion-molded HAp/PLLA composites. The
International Conference on Advanced Technology in Experimental Mechanics (2011.9.19-21 Kobe)

Tanaka, M., Mizutani, M., Kato, K., Hyon, S-H., Konda,M., Hojo, M., Kimpara, I. : Influences of microstructurral
anisotropy and hydrolysis on compressive fracture behavior of hydrostatic-pressure-extrusion-molded
SCPLA/PLLA composite. Proceedings of the 8% Korea-Japan Joint Symposite Materials 67-68.(2011.11.17
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Han, D-W., Hyon,S-H. : Physicochemical,biomechanical and biological characterizations of EGCG-eluting PLCL for
biodegradable stent application.. The 3¢ Asian Biomaterials Congress (2011.9.16 Busan)
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Suong-Hyu Hyon : Establishment of effective cryopreservation method of a human iPS cell and an embryonic

Kt

stem cell. [The 3 Asian Biomaterials Congress] (3Bffai) (2011.9.16 Busan)

Suong-Hyu Hyon :Antitumor activities of green tea polyphenol fatty acid monoester derivatives in vitro and vivo.
[2011 Chinese Pharmaceutical Conference / Plenary Presentation| (3F###%i#E) (2011.10.13 Shanghai)
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Suong-Hyu Hyon : From the basic research of the biomaterials to clinical applidations. [2011 ITREN &
Symopsium International Workshop] (#f¥a#i#) (2011.10.27 Cheonan)

Suong-Hyu Hyon : Novel medical adhesive “LYDEX” of a Non-hematogenous product. [ The 12 Pacific Polymer
Conference] (#fFilE) (2011.11.16 Jeju)
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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
establish 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 because they do not feel financially stable. We are also investigating such a sociological problem.
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(a) Multiscale modeling and simulation of trabecular bone remodeling.
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Fig: Multiscale biomechanics and mechanobiology studies of bone adaptation and actin cytoskeletal dynamics: Modeling and

simulation from molecular level to functional cellular and tissue level.
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In functional adaptation by tissue remodeling and regeneration, the mechanism by which local mechanical
cue is sensed by cells and tissues remodel their structure to meet their functional demands remains unclear
because of the complex hierarchical system in spatiotemporal scales. To better understand the mechanoregulation
of tissue adaptation by remodeling, morphogenesis, and regeneration, bridging spatial and temporal scales

from microscopic molecular and cellular activities to macroscopic tissue behaviors is very important. Based on
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multiscale system biomechanics, our department is involved in integrated 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 bone adaptation: Effects of loading frequency on the functional adaptation of trabeculae

predicted by bone remodeling simulation

The process of bone remodeling is regulated by metabolic activities of many bone cells. While osteoclasts
and osteoblasts are responsible for bone resorption and formation, respectively, activities of these cells are
believed to be controlled by a mechanosensory system of osteocytes embedded in the extracellular bone matrix.
Several experimental and theoretical studies have suggested that the strain-derived interstitial fluid flow in
lacuno-canalicular porosity serves as the prime mechanical cue for bone remodeling. Previously, we constructed
a mathematical model for trabecular bone remodeling that interconnects the microscopic cellular activities with
the macroscopic morphological changes in trabeculae through the mechanical hierarchy. This model assumes that
fluid-induced shear stress acting on osteocyte processes is a driving force for bone remodeling. To investigate
the effects of loading frequency, which is thought to be a significant mechanical factor in bone remodeling, we
simulated morphological changes of a three-dimensional single trabecula under cyclic uniaxial loading with
various frequencies. The results of the simulation show the trabecula reoriented to the loading direction with
the progress of bone remodeling. Furthermore, as the imposed loading frequency increased, the diameter of the
trabecula in the equilibrium state was enlarged by remodeling. These results indicate that our simulation model

can successfully evaluate the relationship between loading frequency and trabecular bone remodeling.

(2) Biomechanics of myosin-dependent rearrangement and force generation in an actomyosin network
Actomyosin contractility is a major force-generating mechanism that drives rearrangement of actomyosin
networks; it is fundamental to cellular functions such as cellular reshaping and movement. Thus, to clarify the
mechanochemical foundation of the emergence of cellular functions, understanding the relationship between
actomyosin contractility and rearrangement of actomyosin networks is crucial. For this purpose, in this study,
we present a new particulate-based model for simulating the motions of actin, non-muscle myosin II, and
o-actinin. To confirm the model’s validity, we successfully simulated sliding and bending motions of actomyosin
filaments, which are observed as fundamental behaviors in dynamic rearrangement of actomyosin networks in
migrating keratocytes. Next, we simulated the dynamic rearrangement of actomyosin networks. Our simulation
results indicate that an increase in the density fraction of myosin induces a higher-order structural transition
of actomyosin filaments from networks to bundles, in addition to increasing the force generated by actomyosin
filaments in the network. We compare our simulation results with experimental results and confirm that
actomyosin bundles bridging focal adhesions and the characteristics of myosin-dependent rearrangement of

actomyosin networks agree qualitatively with those observed experimentally.
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(% # B 7]
@ BERR @

(1) FE&EH

Hidetaka Yamaoka, Shinji Matsushita, Yoshitaka Shimada, Taiji Adachi: Multiscale Modeling and Mechanics of
Filamentous Actin Cytoskeleton. Biomechanics and Modeling in Mechanobiology, in press.

Satoru Okuda, Takashi Uneyama, Yasuhiro Inoue, Yuichi Masubuchi, Masaki Hojo: Soft-core Interaction between
Entanglement Segments for Primitive Chain Network Simulations. Journal of the Society of Rheology,
Japan, in press.

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

Masaki Hojo, Yukinobu Matsushita, Mototsugu Tanaka and Taiji Adachi: Interfacial Fatigue Crack Propagation
in Microscopic Model Composite Using Bifiber Shear Specimens. Composites Part A, in press.

Mototsugu Eiraku, Taiji Adachi, Yoshiki Sasai: Relaxation-Expansion Model for Self-Driven Optic-Cup
Morphogenesis. BioEssay, 34: 17-25 (2011-11).

Takafumi Miyazato, Masaki Hojo, Michinaka Sugano, Taiji Adachi, Yasuhiro Inoue, Koji Shikimachi, Naoki
Hirano, Shigeo Nagaya: Mode I Type Delamination Fracture Toughness of YBCO Coated Conductor with
Additional Cu Layer. Physica C, 471-21/22: 1071-1074 (2011-11).

Kennedy O. Okeyo, Masuzo Nagasaki, Junko Sunaga, Masaki Hojo, Hidetoshi Kotera, Taiji Adachi: Effect of
Actomyosin Contractility on Lamellipodial Protrusion Dynamics on a Micropatterned Substrate. Cellular
and Molecular Bioengineering, 4-3: 389-398 (2011-9).

Mian Long, Masaaki Sato, Chwee Teck Lim, Jianhua Wu, Taiji Adachi, Yasuhiro Inoue: Advances in Experiments
and Modeling in Micro- and Nano-Biomechanics: A Mini Review. Cellular and Molecular Bioengineering, 4-3:
327-339 (2011-9).

Yoshitaka Kameo, Taiji Adachi, Masaki Hojo: Effects of Loading Frequency on Functional Adaptation of
Trabecula Predicted by Bone Remodeling Simulation. Journal of the Mechanical Behavior of Biomedical
Materials, 4-6: 900-908 (2011-8).

Shukei Sugita, Taiji Adachi, Yosuke Ueki, Masaaki Sato: A Novel Method for Measuring Tension Generated in
Stress Fibers by Applying External Forces. Biophysical Journal, 101-1: 53-60 (2011-7).

Yasuhiro Inoue, Taiji Adachi: Coarse-grained Brownian Ratchet Model of Membrane Protrusion on Cellular Scale.
Biomechanics and Modeling in Mechanobiology, 10-4: 495-503 (2011-7).

Yasuhiro Inoue, Shunsuke Tsuda, Koji Nakagawa, Masaki Hojo, Taiji Adachi: Modeling Myosin-dependent
Rearrangement and Force Generation in an Actomyosin Network, Journal of Theoretical Biology, 281-1:
65-73 (2011-7).

Shinji Matsushita, Yasuhiro Inoue, Masaki Hojo, Masahiro Sokabe, Taiji Adachi : Effect of Tensile Force on the
Mechanical Behaviour of Actin Filaments. Journal of Biomechanics, 44-9: 1776-1781 (2011-6).

Mototsugu Eiraku, Nozomu Takata, Hiroki Ishibashi, Masako Kawada, Eriko Sakakura, Satoru Okuda, Kiyotoshi
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Sekiguchi, Taiji Adachi, Yoshiki Sasai: Self-organizing Optic-cup Morphogenesis in Three-dimensional
Culture. Nature, 472: 51-56 (2011-4).

Shunsuke Baba, Yoshiya Hahimoto, Takeomi Inoue, Daisuke Kimura, Saeko Sumikura, Yomi Sonoda, Yoichi
Yamada, Kenji Ito, Masaki Hojo, Taiji Adachi: Evaluation of a 3-D, Woven-fabric, Composite Scaffold Using
Experimental Canine Models of Bone Defects in Mandibles. Journal of Oral Tissue Engineering, 8-3: 212-221
(2011-3).

® FREORKX ©

(1) %= - ARSRER

PSR, e, )l &, 258 BiG: BHHES I 2L -2 a VICX 2ME OEBELE B L2 1%
PEFFAM . HARBMAERE 23 MINA F 0 V=7 ) v Z s (2011.1.8-9 AEAR).

RbiE=, ZRMT, dUBIER, ANFHR, Z2ERG: 77 F M EEEEE O RIS 2 5 MW R T o
el . HARBEMAFA S 23 MNA v V=7 ) v 7l e (2011.1.8-9 BEA).

ShFRESE R IEW, I # | Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Z23E%ik: ~ 4 7 Qi LI g o Bk
Ba7 4 V) v ZEEREDFHIE . H ARBEME 5 23 N A 20 V=71 ¥ 7l (2011.1.8-9 AEA).
MU, LR, 2 3800 UIRIER : 72 F > 74 I X2 b OB L ELIREM E OB © 755 YE)FY
2 b= a VIZXHHE . HABMAERSE 23 N, F 20 V=7 » Zilie (2011.1.8-9 fEAR).
PRI E | PR — , ZAFPESE, ZOERWE B % 7 A — EENC B B FEREIRO ZRoeaHl . 0 AR E &

B2MNAF Ty V=T v S (2011.1.89 REAR).

Sung-Woong Han, Taiji Adachi: Interaction Measurement of Actin Filament and Actin Binding Protein Using
an AFM. XIII. Annual Linz Winter Workshop Advances in Single-Molecule Research for Biology &
Nanoscience (2011.2.4-7 Linz, Switzerland).

MFET, Jk bR, 2ERG: RIERTICBI LT 2574 A0 FOGTREED S & L1505 . kit
A=nN—ar¥a—y7uvzs b [REREGERGY I2L—Ya >y 7 by = T7OWERE] ¥ 2K
VUL EIRNA F AT =T YT RY T A (2011.221-22 ).

LERG MR EYIab—vay i 77 F VMBBHEHEE S AT LAONAF XN =7 2 B YR T T A
VCAD ¥ A7 A58 2010 (VCAD o#%) (2011.3.34 Fk).

H LR MY I a b= a Y OSKROER . BIFY YR YT A VCAD ¥ A 7 A% 2010 (VCAD D)
(2011.3.3-4 F15%).

IR L2, 2R 4800 « B/IMlEE 2 A3 2tk ) 2 0B & 7 7 7 Y MR E O BEILE 7V ~O@H . BLF s ~
RV L VCAD ¥ A7 L% 2010 (VCAD oA3k) (2011.3.3-4 F156).

WORUME, ERE R TN T 2 F e T 2 F VRS ERAEOM BRI . B SR Y A
VCAD ¥ A7 AH5% 2010 (VCAD o #%) (2011.3.34 Ak).

WS, EOERG L MR EEE ORI A A = XA DEGE ZORTAICH TR . B PRI 4
VCAD ¥ A7 AH5% 2010 (VCAD o#%) (2011.3.34 Fk).

HECRH, ZERG: B €T ¥ 728 5 RBREALZ M Wi a0 AR REZAL . B Y RT o 4
VCAD ¥ A7 AH%% 2010 (VCAD o#%) (2011.3.34 Fk).
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BB, &G, MR, (ERIEV : BUMMENIRITIC X 57 7 F Y 2 ML A7 7 4 7SR ORWE BB .
BURF Y >R Y7 4 VCAD ¥ A7 A% 2010 (VCAD @Fk) (2011.3.34 A).

I B HERE,  HEOCRE, ZEZRE : V-ActinBD 2 W 72 ZE H O 73 F Bk OGRS . BB > AR Y 4 VCAD ¥
A7 L5 2010 (VCAD ®Fk) (2011.3.34 F1J).

Simona Patriche, Shinji Matsushita, Mihaela Banu, Bogdan 1. Epureanu, Taiji Adachi: Atomistic Mechano-Chemical
Modeling of Kinesins. Bioinspiration, Biomimetics, and Bioreplication, SPIE (2011.3.6-10 San Diego, USA).

HUEORHE, 28, )1 R, 28R IS Y X 2 L — 3 3 Y30 MR o 15T . 45 31 Inl H
AR EREEHI 2 (2011.5.20-22 I H).

Eb R B, S, LOERG, I B SROCEESE S M7 E AT TV NS BT IR IUENT O . 5B
31 o H AFERERHI A4 (2011.5.20-22 5.

=SS R IERT, I # ) Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Z5EREG : 7 7 F ¥ MG HEEICE
HUZM - SRR EAEH O . N1 4 LA oy —424 (2011634 KBR).

Hiromi Miyoshi, Jungmyoung Ju, Yutaka Yamagata, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Taiji Adachi:
Quantitative analysis of the responses of migratory cells to microstructured surfaces. &5 63 [8] H Al 4= ¥
%2x (2011.6.27-29 ALIE).

Yoshitaka Kameo, Taiji Adachi: Mathematical Modeling of Trabecular Bone Remodeling Induced by Osteocytic
Response to Interstitial Fluid Flow. 8th European Conference on Mathematical and Theoretical Biology,
and Annual Meeting of the Society for Mathematical Biology (ECMTB2011) (2011.6.28-7.2 Krakow, Poland).

Taiji Adachi, Yoshitaka Kameo, Ken-ichi Tsubota: A Hypothesis of Structural Optimality in Bone: Modeling
Osteocyte Network as a Mechanosensory System. 11 US National Congress on Computational Mechanics
(USNCCM-11) (2011.7.25-29 Minneapolis, USA).

HECRHEE, ZEREG RN 4 A =7 22 X 551G ORBLIL L AR ORHE - VETY ¥ 7
5 R 728 Meg9 Tk & 1% . 28 29 Il H AB AU A 2o & (2011.7.28-30 KER).

Taiji Adachi: Multiscale Biomechanics of Actin Cytoskeleton in Migrating Cells: From Cells to Molecules. KEY
Forum in Developmental Biology and Regenerative Medicine (2011.9.8-9 Kumamoto).

B G, e L, KoUK, EHOME, ERT ¥ — MREMAIRO LRI AT 2 BT 7OV ORGET .
H A2 2 2011 4R B4R R & (2011.9.12-15 HUR0).

BT IF L, BRIBIER, RERG: T2 F 74T A2 OG- R U ) EEEE Ol . H AR 2
2011 S LR RN & (2011.9.12-15 Hx0).

Aol BREER, LERNG: VUTVEERMEEE LRV ET) Y v Iab—vay . HARMES
2011 S EEARRR & (2011.9.12-15 x0).

SR, ZRMT, ERIED], 2GR  RFT2 05 A0S 2 5 Ml 0 —RAL S R e 288 . H AR &
2011 S EEARRR & (2011.9.12-15 x0).

=S R EBT, 1IWJE # ) Sang Min Lee, Dong Jin Cho, Jong Soo Ko, %8G ~ 4 7 i b EmICBIT 5
M O EEREEDOMNT . H A 2% 2011 4FEEAE R (2011.9.12-15 HRD).

FILFE, e LR, A A, ACIERS , HARKE B R EY I & 2 R A FRAEB O~ A 7 0tk BT T VI X
ZRES . HABIRY & 2011 4R AR RR S (2011.9.12-15 HUxRD).

Shinji Matsushita, Yasuhiro Inoue, Masahiro Sokabe, Taiji Adachi: Extension-torsion Coupling Behavior of Single
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Actin Filament. % 49 o] H AR AW Bl 23 4F 25 (2011.9.16-18 BHER).

Hiromi Miyoshi, Jungmyoung Ju, Taiji Adachi, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Yutaka Yamagata:
Analysis of the Contribution of the Actin Cytoskeletal Structure to Cell Migration in Controlled Micro-
environments. &5 49 [0l H AR AWy Bl 23 4R 2 (2011.9.16-18 #ii%).

Hiroshi Kamioka, Yoshitaka Kameo, Yuichi Imai, Astrid D. Bakker, Rommel G Bacabac, Takashi Yamashiro, Taiji
Adachi, Jenneke Klein-Nulend: Microscale Fluid-flow Analysis in Osteocyte Canaliculi Using High-resolution
Image-based Models. American Society of Bone and Mineral Research (2011.9.16-21 San Diego, USA).

Daisuke Tawara, Takeshi Horikawa, Taiji Adachi: Estimation of Changes in Mechanical Properties of Trabecular
Bone by Remodeling. 2011 World Congress on Advances in Structural Engineering and Mechanics (ASEM
11) (2011.9.18-23 Seoul, Korea).

EBE N PR — ) ZAFPESE, MG, B W b MEHERIEIIR 0 ) A IRRBIC G 2 B SRR O HA
MR 4 22 AN ok 71 V7 4 TS (2011.10.7-8 ).

SR, R, LERG < ARG O MR~ O /- LRE R & BB IS . B A 25 22 1]
NAF 7T YT 4 TS (2011.10.7-8 ).

HOIER], M EHER B 4 LR MRS RSB DIGHERIC L AR O Y I 2L —2 3 v HAKEMK
HLE 2 MNA kT a v T 4 TIlES (20111078 H).

BB 3E, S —, RIBEE, R, IR B SREIE N TV B 72U DA 5 70 I8 H ARG
IEHFH RS & 0 4 MERESEHE (2011101720 #4042 ).

Sung-Woong Han, Taiji Adachi: Actin Filament and Various Binding Protein Interaction Measurement Using
an AFM and Its Applications: 11% International Discussion & Conference on Nano Interface Controlled
Electronic Devices (2011.10.19-22 Dazaifu).

Shinji Matsushita, Yasuhiro Inoue, Masahiro Sokabe, Taiji Adachi: Effect of Tension on the Stiffness of Actin
Filaments. International Symposium on Mechanobiology (2011.11.4-8 Shanghai, China).

Sung-Woong Han, Taiji Adachi: Development of an Actin Dynamics Measurement Method Using an Atomic Force
Microscopy. 2011 Joint of Korea/Japan/Taiwan Chemical Engineering Conference (2011.11.10-12 Busan).

RS, ERA, EW OB BB AV R—ZEFVENCBERRN Y I 2 V=23 v E3RHHA
BRIR N A F X =7 %4 (2011.11.18-19 ).

(2) BE- 2RI IL

Taiji Adachi, Yoshitaka Kameo, Jenneke Klein-Nulend, Hiroshi Kamioka: Microscale Flow Analysis in Bone
Canaliculi Using High-resolution Image-based Models. Workshop: Microscale Modeling in Biomechanics and
Mechanobiology (2011.5.30-6.1 Ericeira, Prtugal) (Invited Talk).

Taiji Adachi: Computer Simulation of Bone Remodeling and Regeneration for Porous Scaffold Design.
International Conference on Tissue Engineering (ICTE2011) (2011.6.2-4 Lisbon, Portugal) (Keynote).

Taiji Adachi, Yoshitaka Kameo, Masaki Hojo: Poroelastic Modelling of Trabecular Bone Adaptation Stimulated
by Flow-induced Shear Stress on Osteocytic Process Membrane in Lacuno-canalicular System. IV
International Conference on Computational Methods for Coupled Problems in Science and Engineering

(Coupled Problem 2011) (2011.6.20-22 Kos Island, Greece) (Keynote Lecture).
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LR R AT L OREE  BREEEIG S A F I 7 ADTANER LT 7 F UM ER . S LA Ty —
Framsy (2011.10.6-8 AAE)  (HF Rk .

H bR 72 F OMBERERONA F A D=7 AT I 2 b= a v 4 EE IR B A v & —
% (201192 E¥) (Invited).

Taiji Adachi, Kennedy O. Okeyo, Masuzo Nagasaki, Junko Sunaga, Masaki Hojo, Hidetoshi Kotera: Effect of Cell-
substrate Interactions and Actomyosin Contractility on Lamellipodial Protrusion Dynamics on a Micro-
stamped Surface. International Symposium on Mechanobiology (2011.11.4-8 Shanghai, China) (Invited).

Yasuhiro Inoue, Shunsuke Tsuda, Koji Nakagawa, Masaki Hojo, Taiji Adachi: Particulate-based Simulation of
Myosin-dependent Rearrangement Dynamics of Actomyosin Networks. International Symposium on
Mechanobiology (2011.11.4-8 Shanghai, China) (Invited).

Sung-Woong Han, Kyohei Morita, Taiji Adachi: Detection of Filamentous Actin and the Binding Protein
Interaction Using an Atomic Force Microscopy. International Conference on Advanced Electromaterials
(ICAE2011) (2011.11.7-10 Jeju, Korea) (Invited).

b B 7 S MR OBIEY I a b= ay BRSNS A A Y7 43T 4 7 A% #410 JSBLRH ¥
AT L84 a Y —Hf%E4r (2011117 Kobe) (Invited).

Taiji Adachi, Kennedy O. Okeyo: Biomechanical Regulation of Actin Cytoskeleton Dynamics in Migrating Cells.

Eighth International Conference on Flow Dynamics (8th ICFD) (2011.11.9-11 Sendai) (Invited Speaker).
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Division of Technical Support
(HFe B E]

2011 413 1 H & 0 12 AR TIZ 8 405 240 TR R A3 S 1)« PR FEEREEH S DR AR A E R 2 b &0,
il % OWFFEEHEDOERIIE R TE /e T2, W, G2 HGt, HA T CORIMMMERERPDRERG L & OF
HARE DT> TE 72,

8T 7 4 YORER, SRR ER, 7oy 7 O, BUKEEARO/ER

- —f et (Hematoxylin-Eosin stain)

- J¥5Rgett (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,
Toluidine blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossa’s method,
Silver stain)

- e gets (aSMA, Desmin, vWF VIII, Vimenntin, CD68, CD31, EP2, Collagen type-I, Type-II, MAP2 HBME-1,
GFP, Cytokeratin, Synaptopodin %)

T 72 NI SRR B B LR IR R R EHE X T 5 % EOHOHE Z RA 72,

(% # B 7]
@ BERR @

WTRER. DNEAET MBI B 2 HEMIEICOWT—Fh =) Y REERICE T 2 MEOLTE (B
i - WGE) —. P 22 AR EEREA R R G B e 2 4. 95 (2011)

INRAET TR BUKIC X 25 ko deta o 8 —Safranin O-Fast Green 4¢ffi, Toluidine blue 44t
ZHWTOME—. PR 22 FEEEREA R AR GBI e e %, 95 (2011)

® FREORKX ©

TR DNEAET BB B 2 HEMIEICOWT—FhL =) Y REERICE T 2 MEOLTE (B
i - W) —. PR 22 AR EEREA R ER G Bt isE & (2011317 REA)

INRAET TR BUKIC X 2 3G ko deta o 8 —Safranin O-Fast Green #¢ffi, Toluidine blue 44t
ZHWTOME—. PR 22 FEERRAREREBAiE s (2011317 REA)
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4. FiER

REAFBEEFZMRER
[BEEY - BEEROSR#AS RS ]
TR 23 F£E FNRER

BAfEH : 2011 E£12 A 26 H (A)
% P ZHSE MEA—I

MEoHRE R GH Sk GURASFHEERR e

tyraii
VESE © RRN MEHE CUERRSE Y A OV ABRSERT AT

(Y7574 vyadiins ADAM 7u5 7 — ksl L Bkl
[3D AR 28 C O E IO H O MRk L

GiS;
EAY—kvay

tyoar2
FER bR BEAT GRS RSF R LEmedt #u%)

(AR Y 2T 2 Ofi - #EEEIN Y 1 F 3 7 2O |

BRI T ORI EE R AT TE T %)

Fil (FALmrgeT  Sesk - BARERAIE R L ¥ —
BEREMEI N —F TNV—F - F4 L7 ¥ —)

e

TiE Wi CHRSETERBAOET #d2)

[FLE L OB/ E 2N ) O BHER 77 2 T2 X 2 FHIE RO 55 F i o wise |

[EEIETED S 7 70 —F L7-HREH) 2 25 B TR

BIF 01 CRBORSFIEEBER A RAFTER  FRAT R

ik F GRRHRRER AU 2z MORFBEEE LR #d2)

MaopE kB E UK RRE R AT
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[RRE—tvar]

KRAZ—1

Z VR OHPIEET B0 PRI O B & 7 B SRS gy IEsg
RAY—2

MRS EEEIZB T B L 7 F v XTP3-B Oz etk =
KAH—3

Analyses of communication between GAF and TBP by RNA aptamers HE B P
KAV —4

MR ABREL & L COREREME N A =7 ) 7V R B ORI 5 A Mk, W 2
KAZ—5

SRR ZE 2 Hig L 72 2RI B 5 7 i % & il A R o Ve L HE 15F
KRAY—6

Fii 7 7 X% YRR EEGER: 2 M7 i < — A — O =R
Of M #hdr A b BESR. FH gk, Al ek

KAY—7
Xenotransplantation of SCR1-conjugated agarose microencapsulated islet O Minh Nguyen Luan, Hiroo Iwata
KAy —8
A Novel cell population, myogenin-negative cells, required for myogenesis A W
KAH—9
TCR B #EETFHERICET 585 54 527 b A HEK
KAZ—10
Human and Mouse Induced Pluripotent Stem Cells Are Differentially Reprogrammed in Response to Kinase Inhibitors
SR RA:
KAZ—11
Function and Regulation of Nanog in Mouse Epiblast Sun Liang Tso
KAY—12
MRI % H\ 7= SHICTPE SIS D B ff 15 35 & OV AT T30 o0 Bl 76 I A
KAZ—13
BHEZEHTFNAL AL LTOAT LAy F Ly 7 AR FEEO DS I A
KA — 14
Computational biomechanics for large deformations of multiple-cell aggregates during tissue morphogenesis
WBE
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RBRZHEERZMER [BEFREZ]
BIfZE 12011 £ 12526 B (H)
15 P EWSE MEA-I
MaORE PHE HE HR GURKY: R BRI
Tyl B SE B0 GRERREEE)
AL GRLRRTAIE 57 )
BF B O3 A5 = 2 ABRGER)

BFENFEY I 2L =2 a BT IF Y TATAYIDNAF A =T A
BT = O F A A= 7 AWFIE5ER)

YT F oA Fair e o780 3 ORBUL & & O Rl 7k R R )

Ml 7 v g > o8y MBI EALEE 24 1 T o MmEslie 5 & ORI HRERIL O 522
FH #z (EEMEsE)

A bi-functional recombinant protein for NCAM adhesion on collagen scaffold
Edgar Yuji Egawa GHLERISTEAE 75157 )

Isolation of wild type iPS cells genetically restored from Pkdl heterozygous iPS cells in mouse

A (R CRTZEAR)

Ly iar2 ERCHI KM GEESMUIFFEEIR)
WA R (SRR RS 78 SHs)

< 7 AMEAETRERC BV B A TS % 0% (MR SEREI Y itiRe)
~ 7 Z G R O A B Al 70 S 85— IR KL ZERT I~ O B AT MU SeREF (B LmrZEs BF)

Efficient production and transplantation of mesencephalic dopaminergic neuron from embryonic stem cells

et SCF (EARMBEOE R 55)

i Sl & B 3R I © o0 B SR A T & Bl 7 T BB IR A~ O R R O RS BdE fi— KBTS 5F)
v M EREMEEMIIRD 5 4 2 AU ¥ AN O BRI 4 R O R A K O (S RBURYE ST JE Ss)

v var3 EEcIE A (IR L e )
LTS SN UG c s S o)

M TR % #1455 % BB microRNA o [ 5E B RN R LHI e )
YT T 74 v v alfz 7R RO AT BAY T R R )
A B 5 ADAMS OHEREHT VEAS T (R RERR I 2700 5F)

Isolation of skeletal muscle progenitors from mouse embryos for skeletal muscle regeneration

I SR (PR B 27200 BT )

L BERE >R BY 3 2 FJE P Ml (ST 5
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[RRE—tvar]

RAF—1
Sperm membrane remodeling in the female reproductive tract to acquire fertility

W T3 (M A SR i

KAy —2
Pax3 Z 535 2 B ML 51T 5 mIRNA O [F5E TR A (RS2 505
RAY—3

E¥TT74 v v a2k HOMEREOA A= v 7 LRl 705 7 —+¥ ADAMI10/Kuzbanian O FERET
KK A (PR Ba 75 )

RAY —4
N T B FE ) TR o> T BEFEM: 2% N e (VX 2 b= 3 VR TR )
KAy —5

Urokinase-Immobilization on Islet Surface through DNA Hybridization for Graft Survival

A L RIS 7505

RAY—6

iPS M 2> © 53ALREE L 7= e BRI 2 BOIR 5~ % 72 @ OB 2 M 0 %5 INER R GRS B2 57 )
KRAY—7

Investigation of optimized conditions for RNA-based cellular reprogramming B i (EEREES o)
RAY— 8§

Y¥T7T74 v YakEFIVELLIE - MREEDOT A TA A=V 07 S e (PR AR B Fm i 2% 55 55 )
HKRAF—9

HAFANVEF VT AT T =+ (Ces) E. 77 MRBALKAINCHIER & D GPL 7 v =Wy VX7 Bz iiffEs 5
Vitg AP (K 1A SR B Wy fti i
KAZ—10
RSK4 acts as a novel and negative regulator in endothelial cell differentiation via cAMP/PKA dependent pathway
fagk  R— (B L R EEREZE 58
KAZ—11
G FALA W % F 722 REPE SR F 2R O Al T O R 2R 10 431U 35k O fife 7. i A (W L H AT ZE 5E)
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RBAFZHEEBZMERTR 22 £E HRAMARS

BEfEH : 2011 E£E6 B9 H (K)
15 i BESAZEEERSEHER

sk
AHOEER GORRAEERMAET R)

Fo 1 SN 0 TRVAY N o N = T 2 e S A € 79
EEHLD = v F & LToX v MY #TEO Rz T- 5 AT

Hid S (O BEHREAR AT F—20 =% —)
[ Z Wl ) > IR 50 B ROCIRE DR & 0LICE S 5 = v FORF

P EE ERERFREBER AR Setdtsds)
[Mifgst=< by 7 Z95F 7S=V A v OEfla= v F & L TOEW P EROMY]

W DA CROTERFR R R AR BE R AR S T JE R #d%)
(e, BEOBEZRT D+ 4y b7 —27 OB LIS ]

Mk f— (ESLEREIET 8d%)
[ HEBY ) D EAGAG O - e - MEFFME DR TE

B 0 AHERERT ORBOR AR ABE R R SERE R AERERT)
[ B AR S B 55 5 il BE O R 8) & JRAE

R
Pl GUR iR R AT RIFTER)

REKEBEERZHATR
[BEEY - BAEEOLm SR RH A ]
%6 mAHEES
BhREBE — by TEIDPRNLT Y T Hh—

BER : 2011 E£7H 98 (1)
15 i EHAFERENEATSE 1 BERELS K-

HRKE
[E0 XwAg Y2 ARLF BRI DG T 72 MR A FHEERERTE el Wik #dR
[k HFDTE iG] FHERERERIETT B #hWE Bdg
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DPHEEOEIF—
Bl fi H HHE - TR T & t3Ir—-% F A5
2011. 118  hfe TIOFVTATAY FPOHFEKRET N E3RMNAFAH= NAFAH=ZT R
(B2 ZERT) 7 AE3IF— /N sk
HoOWoHE TOFVETOF ORGS0 ED
(BRALZE0FZERT) MHEALEHNE &I
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R RFRFR LR & EbRie A L 0B % WEgEAr sl 3 - —
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5. HEWR

2010 FEHEFEMREE (FFFHAM 2010 £ 4 A~ 2011 £3 A)

[3RTFH/ 7714 N—BBRICE T 38MlMEICET BH%]

OmF7eEER Ak witk 7 v—70—%— () WHE - SRR FERm AR b2 > 5 —)
THERRHERFZERTILMATZES © I R/ #d% (EARMREESE)

OmF7efetE K OWFZE A

F 7 7 AN—D 3WTHERERIE, BECEIEER L <OV CRUBRFFZE RS & L CTEN-BRE 2 A3 5 T REMEAVR
ENTVDAMIETIZ ;7 7 A N —Hi ik & ARSI & OM AR 2R ICHET T2 8 TH 2 7 7 43—
DARETTERYGE LCORBERIDOA D AL ERFAT 222 HWE LT, 7/ 77 A N=05R 5 K5METIV
FEEARDIER 24TV F 7 7 7 A N —fii k& MSC e & DM BEAEICHE L CREMEBE21T) . TOFMHD L
LTI, R 7)) a— g (PGA) Lag—7vhbhbt/arvRIy b 774 N—ICHLT, 2077
A N—FE L HEEDBRMINL OFEAE & WA E 2 5 BT TR L 72,
B AR M D 1R

1. MH

7 7 A N—[HEENR E LT o 15mm FIEH S—F 5 2 (Matsunami) #H L7z Y5 vh v 7Yy ZHIEL
TF v VBRRERES 4 52— 2 S810 # v /ze Klilc~v LA I FEEZATARYZFL Y ZY)a— Ve LTH
MR SUNBRIGHT ME-050MA % fiv:7zo RV 7Y 2 —)ViEE (PGA) & Sigma-Ardrich #:4 SBEA L 726
IBag—r Y LCHANLHBT S as—r 2l L7z, TV 7 "o A=Y FAGHEEELTL L L 3, 3
3FAFH Tt n 2. 7uss s —) (HFIP, Wako) %7z, KUY » L& v ¥ =& LT 3M 4 # Tegaderm film
Wz,
2. RYVZFL v 7)) a—ibh 5 AEROMER

UV-O, TRIFILBL L 72 A N =T A% 05% ¥ T v 7)) ¥ ZHFIEHET 2 5 ML L 7%, 0005M ¥ L 4 I FK
WA ) TF LY 7)) a— (PEG) IS 30 4 RIE L7z, HEzfs, WK TARIEL., FEIZHEL 72,
3. L7 bhaAr¥=r7
31 iR

PGA/HFIP i (100 mg/ml) & 25 —7% > /HFIP i (100 mg/ml) % ARG 6 & 4 TRA L THiRiB &
L7z

32 # ok
321 ANikAn

V) v YRV T (kd science) #HWT, #ikiEi % 256 A7 ¥ L A= — FuHh SIHE:HEE 0.2ml/h THH L 72,
EETEMERE (HAZZEIAY) 227V AZ— FVICER L, LT VIRV PREaL Y ¥ —L
L7zo VL7 % —EIZPEGALA N =T A% &E L% T 5 & CTARAEZ L 720 FUINEE. 85 M5
L OF55RIERIE 15 kV. 130 mm. 3 B & U CARRAT AR 2 /R L 72,

322 BCIAREA

FIMAEIE. RS, #iREsE, S50 2 22N 15 kV. 02ml/h, 130 mm. 3B & Lze AF YL A= —
FVid 25G M L7z H#z KT 243127 % — (¢100 mm, MECC) (2 PEGAL A/ N—HF A% %E L., bz
3000 rpm & & TR AR B0 2 3L L 72
323 FI/TFAN—FEI) T4 TALE

FUINTERE., MEHGEEE, $RMEE. #5RmR 2 2h2n 15 kV, 02ml/h, 130 mm. 1 Bl E Lze AF Y L A= —
Fwix 25G 2 L7zo M#ET 4 A2 2L 27 %— (¢200 mm. MECC) I PEGAIb A /N—4F X % ikiE L, Aliz®
FE 3000 rpm S & TRCFIASERAT sl 2 /ER L 72,
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324 HT7=A 70T 7AN—FE) T4 T AL ]
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FIVid 22G 2 L7z M K543 27 % — (100 mm. MECC) (2 PEGAL A /N—4F A% ik L. Inllizik
3000 rpm & & THEFIAKEAR R 2 /E 3 L 72
33 T VB I ORY YL ¥ Y — VRS

7 7 AN=Z WL PEGAL A N—HF A% B2+ —7 VIZAN 10T T 24 B0 7 = — VL% L7z, 4Tk
&RV FEZJH T Tegaderm film #FTH &, ¢ 14 mm ORI L ¥ V¥ — Vel L7z ¢2 mm OEMR ML
N EHCTHEY = VNIZSERRBICBISHELZ 7 20E) . 7= — VI L 72 3= 7 22/ ) o F . #iiiess
FEBRPIZ PEGAL Y I AEMASD 7 7 A N —DOF i, BEZBIEL2 (K1),
4. EATE TGS

IL 27 PRAEZ VI & o THlR S N8O ERRITE T-BMEE (SEM) 12X 2888 % X 2a-d IR T, £
72w SEM %% b L ICHEHGIENT Y 7 N & v CRHIl L 72 S5 MkHEE 2 22 1IR3 AHA BHE T3 1 4% 118 nm @
WAHEDST ¥ & DR A o TZIRRETH o 720 BEAHERAT HUBHE P LE 209 nm O#EHEATHLEY — JF TA~EL ) L C
BY. ZOMHERRIE—2 OMBEIEROBMANE > THETE2HREIRVLDTH o720 7/ 77 A N—F)
747 A Y FARRHETER 125 nm OEMIRO BMHESH SN CTnice 734707 7 A N—F /) T4 T A
b EEHE P IE A 324 nm O EMIRO HAHED T STz,

= 1pm

K2 IL7 b POXEZCTEICEUVERES QL PGA- 7 —4 U MOETRENRSEG (a) FEF b) ERARER ) 7/
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®1 EILYMORNCT 74 N—DFEHER

Non-woven  Non-wovenaligned Single nanofiber  Single sub-microfiber

Diameter, nm 118 209 125 324

5. Mg

P X B e v oy 7 I DIEA L2 P ERBMIEK (UBET-6) 2 MM L7z, @Ml oR; #1211
POWEREDBY10 ¥i# (A NI H30) #H\7ze &9 ¥ 7V BASVER L2588 2mm 7 o /NRERISH L,
il 1000 18 % & LA &I &2 - > 7OV BT LZco #RREER 4 RERIRGE L 7282, 3695 L 50 o e BB O M % B
T L7202, BT NERT I EREL, €0k, LETSROFMBNTY > I vE 72K, CO2 1 v Fa
N—F —NTEEELZ, T/ T7AN—E) TATAY MBIV TA 20T 7 A N—FE) T4 T A2 LIZH
# L7oHlIL, B TR Cd 5 72 WElI TR £ ©. MIRaRE 28 7 v » N — 2 AH)E L 7= (AR 22 B S CRRIRERY 22 i o>
BRELBIZE L7z, FAEASRT L7cH 7V PBSICT 3 ML, A/ — VB L 4% XTRVATIVTE R -
V) v AR AR A D CREE L7z

6. Rtz 727 7 A 3N — L TOMIBZEB)IE &

A% )= VHEE LYY i, M2 8259 5 729012, $T Proliferating cell nuclear antigen (PCNA)
RYAE 7 a—F VPR E —REURE L THWRIERE 21T o 720 —RPUKIE 200 FHICABR L. SR T 1 IRERIX
6 &7z, ZRPUERIZIE AlexaFluorb46 goat-anti mouse I1gG % 200 f5ICA R L 72 H O % T 30 40 BUs 872,
4 ¥ ba Yz 1o Prolong gold antifade with DAPI # FivC. Mfao% %M, Eitodt PCNA JukiciE &
L 7R e 2 56t S 7,

IRTIFNVAT VTR R - ) VERRERE W THEZEL
e TIVE7 7 AN ETOMBOT R -V A% o DAP! FONA
AT 720128 ¥ 24L D In situ cell death detection
kit, Fluorescein % W THeth L7z, PCNA Jefty & FRARIC
Prolong gold antifade with DAPI & v THrvy, fligo
BadFt, 7R =Y A&BI LT SMBOZE kI
St s 7z, fER® pa TOamL

LR OG22 v S VOGS 2 VT #
hEhoH > 7 v ETOMBONE: 7K b — 2 2 DIKE
rElg L7,

FI7FAR—E/7 1AV IR L EERORARSER

7. HOGHMEE B
FITTAN=F) T 4T XY b EICES LRI
7 7 AN=Zif o THl B H oM #E 71 v v 2 b
TEADLIEDOTELVIEEEEIIHMEL TV, 72
BHBOMITIEF /7 774 N—F /) 745XV ML
BB LIEEAEOMEIZE VT PCNA Btk 236 72
2. TRM=V A2 AU TV LHIIBIEEED SN o iz,
F 7o, ML X AR TR, MEREIC, 7 7 4 3=
e L7z o0 B S AN T S 72202 OB AL LS 3
LCWLS BB ELTB Y. 72 B T ToORREILS
N CHITE T 2R IERRD S e b o 7,
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FIPPAN=RITAIALE
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NEZ L7z S0k Bl o8RRI E LT ROILIREBOMERE & LI 5§ 2 =y FHO KT %2 Y]

LT BT ERARRENEORN & L7,

AWFFETIE. DNA I A~y FBELEIZF TH B Mihl KE T A&\ 720 MIRI RIE< 7 A3, By > 73
g VOoSER BRER T B, FIT. INHD) YNEICOWT, DNA % HWT TCR & IgH O fzsFHE
DRBEEZFNIT L. T RHDH2VIEBRIOEEETHLHhOHEEZTHLLEBIT, 70—V THE0EP WS
L7z GERBEZE®E) . —77. ) Y23 ®D RNA &2 T T Mildo L oiaE & % % CD4 & CD8 DFEBLL NIV B
O VDR INEE T Tharos DEEFFNT %17 o 72 (WF7AFTKH) o

Mgy > SEIZETra—F vy 4 7O T MY /8T CD4 & CD8 Dl 2 5Bl L7z —7J7, MY >3
JED 9 BHA40E THEY) > 8T CD4 DA ZFEBIL, 50 D553, BMila) > SlETHo7z, EHH S, s
TR D5 4 7137 0 —F NV Tdh o7z Ikaros iF, Notchl & AHEAEH LTWIRN T Mgzt (2 3y x> )
WZBbH 2 EELREEEGNT-TH LA, M) o N ETEHEICER (Kakinuma, Oncogene, 2007) 2580 b N7z, L
L. WY > 8ETIE T, BWIhoy 4 7OMIBICHERITED Shedo iz, M Tidksb (CD4/8DP)
ZeAL A3 L U T3 L7z (CDASP) M3t L C T M) > 78 EIC e o 7z L e S 7ze LR iR
Mo, o0 YSEOREAL, BHE, B (= F) FRUEDSHE T 5 2 EAVRIR S iz,
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1. He D, Uehara Y., Furuya M., Ikehata H., Komura J., Yamauchi K., Kakinuma S., Shang Y., Shimada Y.,
Ootsuyama A., Norimura T. and Ono T. Effects of calorie restriction on the age-dependent accumulation of
mutations in the small intestine of lacZ-transgenic mice, Mech Ageing Dev 132 (2011) 117-122.

2. Kokubo T. Kakinuma S., Kobayashi T. Watanabe F., Iritani R, Tateno K., Nishimura M., Nishikawa T., Hino
0. and Shimada Y. Age dependence of radiation-induced renal cell carcinomas in an Eker rat model, Cancer
Sci 101 (2010) 616-623.

3. Ishida Y. Takabatake T. Kakinuma S. Doi K. Yamauchi K. Kaminishi M, Kito S., Ohta Y. Amasaki Y,
Moritake H., Kokubo T., Nishimura M., Nishikawa T., Hino O. and Shimada Y. Genomic and gene expression
signatures of radiation in medulloblastomas after low-dose irradiation in Ptchl heterozygous mice,
Carcinogenesis 31 (2010) 1694-1701

4. Miyoshi-Imamura T. Kakinuma S., Kaminishi M., Okamoto M., Takabatake T., Nishimura Y., Imaoka T,
Nishimura M., Murakami-Murofushi K. and Shimada Y. Unique characteristics of radiation-induced apoptosis
in the postnatally developing small intestine and colon of mice, Radiat Res 173 (2010) 310-318.

5. Yamaguchi Y. Takabatake T. Kakinuma S. Amasaki Y. Nishimura M., Imaoka T. Yamauchi K. Shang Y.,
Miyoshi-Imamura T. Nogawa H., Kobayashi Y. and Shimada Y. Complicated biallelic inactivation of Pten in
radiation-induced mouse thymic lymphomas, Mutat Res 686 (2010) 30-38.

<FRIER >

LoAlE GREET WA EmE A ERR, WG M. BB dEW. K AR, B #W: Mihl R
ADY) ¥SEFHEIZ BT BT AR EVKAAE. 55 20 ol KTCC frde s, He#kili. 2010.06
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induction by radiation exposure in Mlhl-deficient mice, 21st Meeting of the European Association for Cancer
Research, + 21, 2010.06

5. W IEE, CPEF Los, Hil E7 N Fwa BEOFW, vAE B ORI BT RS N
W) > 2SO < BRI EAFE O (2) Kras & p53 OZFENT. H ARG HOE R0 53 MR &, 5B
i, 2010.10

6. ME AEEETF. EH O MT. HIE BT N Foh BH O OFEW ALFRESAWE RO X B Y >~
SEEDFEENNE R ERESA L 520 7 10 BAERREERE S R T A/ 45 9 lmIFgesit &, RuER. 2010.08

7. MR EESF. BA AR, OKHE O AR I SEEL WA Fwa, BH Rt 1SS oA MR A 5
A L7e~ 7 A% Fl W72 FH RO £V B e 0 2BUZ T T HAFTHAMF7A8 24 W&, G,
2010.09

[BRAEBEECEET 2R MIREDBE L BTE]
Omf7efa - BIRF )1 FHEdEBIR CRBOR A EmAptyA / X—=va vty ¥ —)

PHEERHEIRZEIT LRI ZER © 16w Ak dEBdR (RS FRaT 75 5F)
OWF7e#EE L OWF7ecit

PR 22 AR O IEFATEIRAE T £, BRORAE (GRE M & & 2E0a) O RiEREII A7 AE 5 % i o
YRS —@BIET paxl DX T T T4 v Y a R TORBRIEZEN Lze €7 T 749 v aTREY /2B BRIZE-T
paxla k paxlb O 2 OD paxl BIZT-DHFAET Ho T T 7 4 v ¥ 2 BT whole mount in situ hybridization M
A REEN, MHEHZE, FRFICBWT, TNREWREBINGRIEBINRY — 2R T 2 MW Il ko FIC, ThiE
TET I 74y Y aDWfi~—Hh—I& parl TI37% L twistlb L% 2 5NTE 7205 SRIOKIET pavla . FEPEE
b3 2 ERAOMBHTHRIL TV L LMD TRENTe T2 paxlb 3= 7 A Paxl & F7%: ) FHETH—#k
WCHBLLTWo, FROKEBOD 2B ENOBRTHEHIC L > TRBSINTELEEZIONLD, FHOL W
THET 2 AT 508U BT, BRETHEEY THHEAH ) REO—H %2 5% BHEFEI - T L W ReEAvRKR S
n7z.

KIWVHEHED b5 v AR YHi (= Local Hopping Enhancer Detector (LHED) #) IZX > CHZELZ~< Y A
Paxl 7/ ZBOBEDO TN —2 LAY 2, Tol2 N Y ARVIY « VAT AIHEIS M T VAT 2=y
7-X77 74y aREOTHREEMNT L7z £ ORR, BIRRWZ L12, 7 ADET Y2 H—0 ) HEEHE
MORPRAET L7 Wi 2 €777 4y Y aRISEATLE, T T 74y VaBiliThEwI N —
WMEERT Z LB s N0 ZORBIE, Bl > v — OEEPEFREEY O KD S P~ H#EL 7
Ot ARG L. BRSO R g R B B2 R LR RET550TH S,

U EORRD S Paxl 7 7 A O R £ 727252 WG 2 BEREAAT 2, B2 S0 @fila=y F & LToh
I EHOEBGER Z RS 2 FTENGY Y OE DR 2 EAVRENT, SHDFIESHE. REMO T Ak
ERRE R KT 52— 7 FERT Ta—FI2L D B BRSO LD LR I S 2 L TAT
<o
OMFEMR DA
1. Horie K, Kokubu C. and Takeda J. (2010) Functional genomics in the mouse using the Sleeping Beauty

transposon system. Methods Enzymol; 477:71-89.
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AWFGECIE, IRl D R 3 X OVHBICHE ) &
KA B X OB 2 B IS 2 D 72,
ez a3 512H 720 NTT PkRt 2B mrgepT i
BWTUL A T TIPSR ORI o3 b o 7272 With EGF-PS
O, ZDEENHEREB L OEE % M5 720 5K FAEAE H
L DOWGEE THEL L T\ B A eI e 4 A 15 Hedi %
BHITDEIHPHAY— LIz, Zhid EXEHICS
WCTIE NTT Ytk R 25T SE T IS B VW CERET 5 720, 4DIV (x10) 7DIV (x20)
HNEO ) TN ENTB S BEBDH 572720 Th 5o
L), AR D W T, PRAEES SO % RS L C
AH L2 REEFEBTZEHIC T v MR & ol
BEEBBTHIETEH A P TOMFERD T RE L
otz (1)

4 DIV (x20) 7 DIV (x20)

Without EGF-PS

1 HEEiEkEE

—7Jiv BRI OWTIE, PRI T I X D BB
D ITO & R— A L7 % KNG T L A 2ER L7, REBT LA 13, KE S 2050 um @ 64 OB S 7%
LI (T AFM) THY, Kz CR#EL Th b, KHEMIT, FEEMEDOET 7V TH S PEDOT-PSS
TEMEGLTH), SRICIVEEKQ~HTKQEEL TS Y E—F Y A2 MHI L LR E 25TV b,

AWFZETIE, LA EORRICHER U 72 BARIER 12T v b EL Ik SF% L7z iidiiifa 2 g S8, mEB LU0
L) WAL 2 B~z WECH 720 . MBLONE % EF X LHTH 5o BWHEPILS T TORERT, fike
Ml & o THEKBEETEDE VS OO, fEEEHIL IS U TR 2wzl Fek PDL /7 3 ¥ YLz
o720 $€o T\ EGF Bk & [ UBBEIC %% 5 7200, AR 3 0L R S 72 IRBIZ 2 o TwB b0 EER S
No, BAE, A AF ¥, Fa2—7Y r, GFAP 24525 2 & T, wilie, misiie, e nehosib
WEZHEEL T2,

KO 2 1 ZEAFH ORERZ R,

RHlE, 2TV Y IR —4bOTHLHH, HEMGER4HEETEQGEH BN S UG (M274), 11H
HTHBEGEHA Oy — Bl s h7z, Fyar () FTERXD LSOO, WEORIZA L 2 EA 80 u
VRBED?S 180uVREOR 22HREL LoTWE I EDPWOLNE L o720 T/, BPNI, MEEHEI OB S h
B WA 2 [ L 72700 ZROTGEYIEBIN S 19, BERY 2028 i 5 720 11 HORSRIE, 3l 0 KN Bz H 0 i
ORI D EHiMD 72 ) OMFGE AR THHIETH 50 EGF BRESNIRETH L DT, 5MLHHEAR,
MFEPEHII R 72 LR L TWDADTHH) EEZObNL, —F T, BERHMHETORBMIIBINS g,
R AROEIES £ ) RES N TIEV RV 4%, FHIBZHELTLEEH 200, i (ch) BOIWHEH

ISR ch, 28
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BDIERICE & > TWb I e TFHIN 5,

EBE A4 LT TABIGETHIROB X 2BIHET 2 L. IWRICH S M ARFABIIES ML, OB I D 567
BRZFONDLZ N6, BUE, Bl X 2Mila0 b & AL & OBEPERPI & & b2, GAD6T / v 7 4 =
T AR LTy E & BRI A D 3L FEE O sE > R FEE I 22 S ORI X B iR kIS
PR BIEBISE 21T TV b,
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(1)K. Torimitsu, Functional analysis of receptor protein for biomimetic device formation - structure and function -,

The 4th Mt. Lofty workshop on frontier technologies for nervous system function and repair, Adelaide,
Australia, 2010.12.17 -12.19

N. Nakano, T. Iwata, A. Shimada, N. Kasai and K. Torimitsu, A custom CMOS LSI design of head stage muti-
channel amprifier for brain machine interface, 418 SEN Annual meeting, Neuroscience 2011, 2011.11.12-16 (%
5E)

(Bfifa—= v FEMBEEER & ZDFIEOSF X H = X LOEEEYFHIEH]
Omf7efiaEH - mA  #— Hdx (RECRFEHEEENTET)
FHERRHAIFFERT LMD 7ER © WU 5 Bd% (FHERHIE 0 5)
OWFgE#E 8 K OHFFEHR
Bl = v FO5FHERIIMBENA~ Y v 7 20 =y FHIL LOBES FTHL I LB TRENLD, Thb

O & %551 LSV THEIRS 21213, MO TR % 2 7 FIUREDO R EFENTS 5 72 TR D v AIFFET

& Mille— = FHOMEMEN & ZORENCED 25T EEGTBLYTa T 7 —¥) OREEY I % i@

LT HiigicE =y 7ol 2EFLXVTHBL, 2o NLWHEHOTRREZHRS Z L2 HWE L,

AT )R Ig 77 3 —OHEZHK 25 VIEEMEDO ADAM 707 7 — ¥ 7% L OB&E T O/ IR

M SEBLR TADE - R L, Th 5 2 KBRS TR L S RG34 & & B 12, A S N7zl A R 2 Tk

EHEOMNBIS T 22, FAETEEMEETE 77 74 v Va2 W THRTE 2, Milgst~ ) v 7 A%

R Z AR 2 Y)W S 2 ADAM 70 7 7 — ¥ O I E AR . R A0 2 & O  E LR E R T

HAGHETEEILD L E E DI, BOENTMEWIERITIEDCTERGEE T A Y L, ThafilaMmEIcR L

TLZDOWHDOBGEEZAT) FPETH 5o
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3. Junichi Takagi : Ligand binding mechanism of lipoprotein receptor family proteins revealed by three-
dimensional structure analyses. Gordon Research Conference (Lipoprotein metabolism) (2010 4F 6 H 23 H
Waterville Valley, USA)

4. Junichi Takagi : Tags for easy detection, purification, and soluble expression of mammalian extracellular
proteins. The Bioprocessing Summit, "Affinity Tag Protein Purification" (2010 4= 8 H 24 H Boston, USA)

5. Junichi Takagi : Challenges in structural analysis of extracellular protein complexes: protein production,
crystallography, and EM. Faculty Seminar,Boston University School of Medicine, Department of Physiology
and Biophysics. (2010 48 25 H Boston, USA

6. MARE— RN ¥ AZR LT+ ) V¥ 7P VORENIEE, EA0FE I — - @Ay ST =2 A0
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(AsCA2010), Minisymposium “Combining Methods/New Tools in Structural Biology” (2010 4£ 11 H 2 H
Busan, South Korea)

8. Junichi Takagi : Structural basis for semaphorin signaling through the plexin receptor. International GCOE
Symposium: Morphogenesis and Signaling -From Proteins, Organelles to Organisms- (2010411 H 9 H %
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= b)) v 7 25F0=y F L LTOfEESRER L, Bllliofhb, 2oz Hig L7z, 2S—vh V&
TERRBI T AR, EUIT/S—Vh Y2 RET L~ 7 ZA2H LT RE RS TSR 4 & BB i
WA Z ., SR T EHEmag 2 i L. ZOMRZHRERT 52 8T, lidh 2 WIdEA D= v FHiE
EHOLNIT H720DREMIETH 5. FERERP LD, HRERAMEAFEADSIML, FIRFEITB W THER
AT o720 BWASLIE KE NIH IS THHMAS— VA V3T M) v 7 A%y b T =27 2ELTWE I L %2R
LTH D (Takaku et al Blood 2010), 21 & ¥4 L TRE H1Z CAR #Mla T 8= Vo » OFFRIGFEH % 02 Gu
s RT-PCR THERR L7z CREER T — & M) o HITMIR R FTH RED L6 O B ML T b 78— v 7 > D
WIEHI AR AL A de o TBIGE S, ISR O FSIIE O 238 - [F5E & £ O ALETARE O I PRI S 5 iF 78
bEE L7z (UAFEE R AR PR &7, A £/ BB 2~ 8T VIRIREIO RTE &
MALFIICBIE L 72 2TH 8= Y RIBEFHMTIRZORIEERZ 2R (REERT—%). ThHDHIN
. SROILFEMEHEAEC BRI R E Bbhz, —J RO MEEHIL 5 O EICBIT 55—V v D
BEIZOVTHUTOHEZIY, HLOHMEPE S Gt . ¥4 b A > o=nES (ICV)
BTRHAHELINTEBY, e DR T 2L HOOTINET R ) FKICBDU 2535212k D.
FA MAA CRIBIC X DLz MileE ~— 2 9 5. BrDU BpiEfile % b~ — 7 — CTRIEFMIEWV., T0EG%
FERE, AhEERMIIZ 3B CDI33 HUR T~ — 27 § %, £ OHiGEREIE BrDU  CD133 ~E ML TR 5. 2 Off
Hev 7X—= 71 ¥ RN TIE FGF-2 12 & 2 koAt stilie 20 & O H A ERE S AT LT 2 W REEAVR
BIhize TORFMEIICOWTIE, 3512 0n vitro DRE o 72FEALE L Bibh 7z, AREFFEHIR TS 5]
& & RUEBIIEE & LFBISE 2 Mk L. JRIRIE 7 0 7 4 7)) 1 > ORI B0 2 (5 &V RIHE % 5 il
ERTHLNIZLTITS PETDH 5,
OFFEMR D3R
P
Perlecan participates in maintenance and activation of CD133-positive quiescent neural stem cells in adult brain
Aurelien Kerever, Frederic Mercier, Yuka Oda, Bernard Zalc,Yohei Okada Yoshihiko Yamada and Eri Arikawa-
Hirasawa (G SCHAm Al 1)
R

The Essential Functions of Adipo-osteogenic Progenitors as the Hematopoietic Stem and Progenitor Cell Niche.

=3
|
ree

Omatsu, T, Sugiyama, T., Kohara, H., Kondoh, G., Fujii, N., Kohno, K., "Nagasawa, T.

Immunity (2010) Sep 24. 33; 387-399,

wIWEE mA (%)

Hematopoiesis in 3 dimensions: human and murine bone marrow architecture visualized by confocal microscopy.
Takaku T, Malide D, Chen ], Calado RT, Kajigaya S, Young NS.

Blood (2010) Oct 14;116 (15):e41-55. Epub 2010 Jul 20

[BEMEOBEIET IV E AV ERESRMER = v FDOEF]
Omf7efaEE IR BT B ORALRFRFABE -~ 7eF))

PHEERHEUZEIT LRI 7S © B thv) B3R (CEAS FRat08)
OWFgE#E 8 K OB FER

EH<7 22T BRIEICER Y ZOWOBEET VEM L7z, ZOERET VTR, 68~ 7 A
ZHOTNITI VA Y —ICX DER L7235 % ERROIRICES L. £ 2 T2 3 BB E) X8 7255 BRI,
WAl OUEBIR % 5T - MBI T 5 2 L5k D, BATLTLR—=% =<7 2% v CERB S
T CHERRROMIT 24T 5720 T7bH. ScxGFP Tg # MW T, HEHARICHBIT S Scx & Osteopontine, MMP13
DJFAE % BOGRIEGAOIT X o TINT L 720 S 510, W 2 T, TRAP 3402 X 2 85 fli o JR (e gt & b
WA DY TI—Gett KO HE Bl X MRSt 2 1T o 720 IEBUKSREYI N OB AR, W7 4 v a2 vzl
RFNZ Lo TER L7z, ZOHRR, ScxGFP Tg O s JE 7 O M2 Ml & G T 3B ic BT, % GFP
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SR SN2 T2, GEFFMIIBIZHE T %5 GFP OFEHIE, B CIME <, RE Tid@ W 23380 S5
720 MMP13 ®JETEJ O TRAP BpPEofiaMilid, 362, & s o s O o skl & 2112 % WEI 25320 S, A4
P 2 B OB BRI X 2 RO ZAL AL SN T W B EE 2 bz, 12 #8275 &, Scx OFEIUZ. WL
T OB B3 TR W BIT 253880 BTz fEo Ty BISHIETIO &9 B F a2 N2 72356, EEnIcB0 %
Scx DFEHL VI, BEEMIZO MBI X o THME WA 2 2 8T <L BT 2 % %5 [l TH<
b EBFREINT,

O FERR DT

WAEEEIL, 54 7% Lo (AN BEIEMT &M T TOMMTICHEAZZ R, WmlEREFM L TW5,)

[BEMBEO=yF&ELTOEIL M HROEEFHEER
Omgefize® « Al B #u2 (KB L RFERFBEEERI IR

AR EWIZEAT L MAT e R X HEEdR (R F AR RS Y ik
OWf7efEE 2 OWF7e it

KL AR DR E BB RO ZHEOSHEEL L), SHITRTF~EME, ZEEZRI T, Z0k) R4
SIS O R PR S 2 2V b ) M AR I BN RS 2 5 2 5 =y F L L TEETH b Fx 3B ALK
RIZBT 22V ) MBOBETFRBEZBITT2Z 12X ), 2V P2 SRESNE V7P, HIZ—E
DINERZ RO S DO 5 WIFAFEMIZIIH L THIZZALT 25002 WOPICTH I EPHNTH S,

Faid, BV MM E AR ZORBEPS 5L, ZOEMETRIEOWRE 27, HEHE % Collagenase
WMELL ., Leydig cell 73°M & LZ D%, Hyaluronidase WL X 0 AFEAIIE A B L. Z DFiE % Sertoli cell 451
ELTHD,

—J7 MO X ) LS iz ton b MTEoMBakkE Uiz 817z 28 (Tajima et al. Development,
1991) 122V TR LM EZ LD, TS OMIEA S Total RNA Z iR L, Agilent Gene Chip (I2X 1,
AR TFRBLZ M L. L 72,

ZORER, MELZHSE L THONV P UHIBOBET I L, 22 6B Sh/Mako ) bo 1 oh9k
FIZELPTwB 2 DG oTze D) —FHOMMES Leydig cell X germ cell &1, 7> Tz,

HEINSOBETOREEREAL. v M YMRERNTH S Z & % in situ hybridization RPufk%E Hv 7277
FBCHERET 2 FETH 5,

T/, INHOBETFRILL N YMBICEERNTH L 2 LW SR, BBOBWEE T2 RATH
HREFRL, WMETORBORBIELFITTE 2. MHOHINTH 57 Dmel / v 7 77 b= A% ERT R F
LT 250 T Tolics OBETFRIOZAZE) ZLIZXD, AV MMHEO=y FE LTOREEZMIITE 5L
EZbNb,

OFFEMR D3R
Gene Eexpression of Mouse Sertoli cells (#:fiH)

(BHBYOBRBHORK - K - B OH%E]
OmfgeftEs Il L — g (ERLEEEFERT)

PHEERHEMZERTILMAT e © MR Ho% (PR 5 5T )
O 7efEtE & OFZ7E R

B & OV & O EAERNCBE$ 5 L FFZE %2 D TV 5,

NMEZNV—=TT, T VARV Y Tol2 Z WT GFP BMHASNIZ NG VATV 2 =v 774 v Y akfrl, €
OFCTHEREGRLBETHEHELTCNEIA VRN LTV =T LRIV —T TR L T b, BRHTERT L1 54
VICELT, BERICEDL bzl b, ZTOSTHBEET I 74 v Va2V TiiRG L LD
(2 A AL & TR 2 3R A TR [ DR ASIZFLE T O IR S T b 2 R BEEH T
bo =i BTEHETS1 54 VICHL T, AT OEER T2 L THERSCHIEE~OE G 2H~5 L &
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IS, TOFA VEHCT, A TA A=V 7I2X), BPED L) IHRAELUBBEREZIT) O»ERETTH
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A4 2T, KAMRERIZKICBIT 5 ADAMI9 O % Faffli L. Hi7z 2kl a7,
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miRNA Z [ L. Real Time PCRIZTRHMKIZE MREFMBTREESE W 285 L7z, 2@ miRNA IZRRH
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WNFTHHZEZmL7z (Ito et al, 2010)0 & 52T OEG KT OREFEA - FHAEICB T 2 HHEICOWTIITS 5 72
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