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Department of Molecular and Cellular Biology
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Prof. Kazuhiro Nagata
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BRI RMWICHspd7 % /) v 2 77 b A2 EIWCHEII L. 2Oy ATRIM IS =7 05T RAIHES R,
WEIEH, BIXOEEEICHEE 2RENBE SN, FMEZTFEEZ AV, Hspd7 @ cKO 12 & 2 #HELREE TV
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5EIARTA—NFY IRIHOGFHTANT 4 FREGEFILT LI LTINS OFBERERZIHIL, Mk
53 (ERAD) % @49 4. ERdj5 A% C KU @ thioredoxin # K * 4 ¥ TEDEM &AL T, I A 74— K
F NI B RZITIY, TNOEO AL Y CHEEERICL, NRWICMETS] AL &4 L THEE BPIC
ZUEL, RAMICBIP 2 LMK E12d 2 ERAD ARSI 22T L 2o Ic Lz Zhic
£ 0 ERdj5 12 & % ERAD RO 56 7 5 TR S 0 & e o 72, E 72, FEBES /87 BB Tl ERdj5 2° BiP
WOIEEZIIMS ZENTELI LYo 72, ERABHIZZIDIHICHEY 7 Vv — MERE 208D Z & TILH
RIEO ERAD 28T 5 e WO ool Tz, MUKICH 20 FEGAET 5L Ky 7 ABEKN T O %
AT —=FEHLPIT 5720, TNENORFIMENEMRST 58— M —2 BRI L DERNICFEEL TE .
ZORERIHEDE, PI/NBRIC B 2B LEEE ErolL & PDI 2 HhA2BKT A2 L TOL Fy 7 AW T%
MRBLBILTELZEZPISNIILTVS. E5I12, ThODEBRIN OB, MNKICBIT 287 7%
PDI B bfEZ & LT3, EHEZHO TS Prxd 2 ERp44 X FPDI LB T 5 2 & T/MakICRIES
BAHZANEWHLHIT L. (33 - )

The major focus in the Department of Molecular and Cellular Biology is to study the stress response and the
regulation and function of molecular chaperone/stress proteins.

We found and cloned the gene of a stress protein HSP47 which resides in the endoplasmic reticulum (ER) act-
ing as a collagen-specific molecular chaperone in the pathway of collagen biosynthesis, processing and secretion.
HSP47 specifically and transiently binds to various types of collagen in the ER. In addition to the binding specificity
to collagen, the expression of HSP47 is always closely correlated with those of collagens during the normal develop-
ment of mouse embryo as well as in the pathophysiological conditions including liver and renal fibrosis.

We already succeeded in making knockout mice lacking ssp47 gene, which resulted in causing the embryonic
lethality at 10.5 dpc in Asp47~" homozygotic mice. In these homozygotic mice, the maturation of type I collagen was
abnormal and the immature form of procollagen accumulated in the tissues. Using hsp47 " ES cells, we found that
type IV collagen secreted from hsp47-null cells could not form correct triple helices and the basement membrane
was not formed in the embryoid bodies from those cells. We also observed the impairment of basement membrane
formation in mouse embryos, thus these findings reveal that the knockout of a chaperone protein HSP47 causes the
abnormality in molecular maturation of its substrate, and HSP47 is essential for mouse normal development. In
those knockout mice, type IV collagen was observed to accumulate in the ER causing an ER stress, and apoptosis
was also observed in those embryos after 10.5 dpc. Those procollagens accumulated in the ER of the Hsp47 knock-
out cells were eliminated by autophagy, not by ER-associated degradation.

We also established conditional knockout mice with LoxP-Hsp47 gene and after crossing the mice with Cre
gene under type II collagen-promoter, we observed the mice with sever cartilage and bone formation with abnor-
mal molecular maturation of type II collagen. Furthermore, we are constructing and analyzing tissue specific Hsp

47 ¢KO mice as fibrosis model mice. (By K. Nagata)
Newly synthesized proteins obtain their native conformations by the assistance of molecular chaperones. How-

ever, the process of protein folding is error-prone, and polypeptides that failed to obtain the native structures enter

the refolding cycle or are subjected to intracellular protein degradation. Many secretory proteins and membrane
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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 retrot-
lanslocation through the ER membrane, a mechanism known as ER-associated degradation (ERAD). Many works
have clarified the importance of ERAD of misfolded proteins and the disruption of ERQC in genetic diseases,
neurodegenerative disorders, and diabetes mellitus. Since most of the proteins synthesized in the ER are N-
glycosylated, ERQC of glycoproteins are regulated by the processing of the N-glycans and the recognition of spe-
cific N-glycans by the lectins. We are analyzing the function of mammalian EDEMs (ER degradation enhancing o-
mannosidase-like proteins), ERAD lectins OS-9 and XTP3-B, and HRD1-SEL1L ubiquitin-ligase complex embedded
in the ER membrane. Recently, we identified the N-glycan structures and lectins that are used as the glycan-tags

for the glycoprotein ERAD. (By N. Hosokawa)

We are working on is the molecular mechanism of protein quality control by oxidoreductases in the ER. We
identified that an ER disulfide reductase, ERdj5 promotes ERAD by cleaving of intermolecular disulfide bonds of
misfolded proteins and preventing their oligomer and aggregate formation. And also ERdj5 interacts with EDEM,
which recognizes misfolded proteins via their N-glycan portions, and a molecular chaperone, BiP for efficient
ERAD. ERdj5 interacts with EDEM via the C-terminal thioredoxin-like domain cluster and recruits misfolded gly-
coproteins to ERdj5 and then the C-terminal cluster of ERdj5 cleaves their intermolecular disulfide bonds. BiP asso-
ciates with ERdj5 through the J-domain in the N-terminus, and captures the reduced misfolded proteins. Recently,
we have found that BiP transfers the substrates to the ERAD complex on the ER membrane. Taken together, we
have identified the precise molecular mechanism of the ERAD promotion mediated by ERdj5. We also found that
ERdj5 promotes degradation of non-glycosylated substrates, which are recruited via BiP. ERdj5 possesses two sub-
strate recruit pathways and promotes ERAD of extensive substrates. Also, we have identified interaction partners
among about 20 ER oxidoreductases by co-immunoprecipitation and followed by LC/MS analysis to elucidate re-
dox cascades in the ER. Based on the analysis, we found that the redox complex composed of an ER oxidase, ErolL
and an ER oxidoreductase, PDI oxidize other ER oxidoreductases efficiently. We have found that an ER oxidore-
ductase, Prx4, which was recently identified as an alternative PDI oxidase, is localized in the ER by interacting

with another ER oxidoreductase, ERp44. (By J. Hoseki)
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N. Hosokawa, LO. Tremblay, B. Sleno, Y. Kamiya, I. Wada, K. Kato, K. Nagata, and A. Herscovics : EDEMI acceler-
ates the trimming of o1, 2-linked mannose on the C branch of N-glycans. Glycobiology : 20, 567-575(2010).

J. Hoseki, H. Sasakawa , Y. Yamaguchi, M. Maeda ,H. Kubota, K. Kato & K. Nagata: Solution structure and dynam-
ics of mouse ARMET. FEBS. Letters. 584 :1536-1542(2010).
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protein TMX4 has reductase activity. J. Biol. Chem. 285(10): 7135-7142(2010).

4 A HEREE I ZT BB



Annual Report 2010

2) EZH LU

N. Hosokawa, K. Kato, Y. Kamiya: Mannose 6-phosphate receptor homology domain-containing lectins in mammal-

ian endoplasmic reticulum-associated degradation. Methods in Enzymology : 480 (Ed. M. Fukuda)Elsevier,

181-197(2010).
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Department of Ultrastructural Research
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Lect. Kazunori Hirayoshi

(57 52 #i E]

Bt RIZHT D 7272 F M7 DNA RICEES S Nz BIZE IR, 510X > TEAEOFEE W 2 %3N TH % mRNA
AR bk, IELVERHEICHRI NS, RO ER, LR E ZIICOHBEFPETEINDE LI
BEE KT OfE A7 5 DNA 2585 L) ICHEEL TwWa. 2% ), RafEs i LM BEEHMcEd @b
TWwb., YavYavNT T, FOEROEREETHL 70~ F VEEICL2BIETORTLERY B, K5
WREZIKEZ O 2BRBRICHSG AR L LTGAGAWF 2 HMONT WA, CORFOFFOEED—27%, G
HIBSEIB IR T B GAGA FHNCERWICHEEL, 7axF Y ) EF) Y ZIChELERFEZY 2 V—FT5H 2L
Thb. T, BEEHEZDODDONDOHY., EEOFEAKEFEFE TH S RNA Polymerasell &, ORI ORT F
THBHZLICL TV LI #HiEibd Y, SORHAERESTEINS. BE, HICMERSEE2 %5 LTbE
ERNTFEEZONL. ZORTFOEENIIBITZ2BEEEZHS2ICT 5720, bivbiid GAGA W FHRRNAZ T
Ty — R, G 2 f T Tv B

LA LIz7 7y ~—1%, MOHRTHEVIEHCOESLICHEES$2 POZ KA A radul b L3Ik
AL, BEEMET L. GAGA T HATIREMEL D 5 L SNTwold, CERIBMICHEET % Qrich Fifk & &
NTHh, x0T 753 —ICX2EEHEFL, BEESGEIO2»OREE RIT L0 EEZOND. WEH
HRE, BEBORTICE>TRLL, WTHoaIa=yr—Ya Vicks TRERTIE EZSATHE. 2F 0,
77y =l X BB MEIX, GAGA WT 20 L THEST 2EHAHRTORFHOMEGEZHEST LI LI12XD,
EL7Zb0Bbns,. $TICHEE L TR EREARRE RN T CTH 5 TBP(TATA binding protein) (239 5 7
TE2—% MM LTI E D, GAGA 125, TBP OEGHEREADY) 7 v — M5 LTW5 2 & Z2FS
2L 7.

TavYaunNIORERA ML AIRER EICHE T 2#EETO% 1, GAGA W RAFN#EET & LTS
N2%5, ZOMREEE, BEHETFSICHEET 2 GAGA BIINORE L I OIS X > THAKR I 7 v —
FERTWBIRENEZ R L7, By — Ve LTOT 7o < — DG, EAREEIZ BT 5 G RO R 2 7
MaAWHEICT 22 LER L.

FAEEH SN T L HREIE L MEFEORBEIIFRFE NS RNA 779 v —ORENZILH FEO—2 L LT, £
RAOMEWREFFOT Ty =22 22D, Yk 3R R%ES, 22— R 2RELILZRL. 2
DFBEL, PREBRLLTEHELRL2DOTH L. ERNTR—ERMTHHEINDL L) Bz ErL, &

Rt 2l2oaH, BWEHOLLRWEAE 2D X9, TORTOAENEHELZAATVS

The binding of the transcription factor is inhibited by the chromosome structure to prevent the improper tran-

scription. To overcome this structure for starting the proper transcription, GAF has a critical role in Drosophila

transcription. GAF (GAGA factor) is well known as a multifunctional factor. It has been reported that this factor in-
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Stage I
ruc] Irec) MErc] ] g0,
GAGA TATA Factor
element element \ “ Stage I
] | [ |
Stage Il Factor X TBP /

\ StageV

BEHAMRICH T 5 GAGA AT DR
Step I : GAGA AT HIEE T 3 LB OESHENERKII 7O F L BETTESh TS,
Step I : GAGAREFOHEEICL Y, 7OYFUBENERL, BEARRLGKE SERFHIEERELIRRE
ChH 3.
Step I : TBP(TATA bionding protein) £ & T EAGERFEDHEEEEH LK T 2RAFIEET 5.
Step IV : GAGA AFDEFEEICELY), BEESARDIEBENEEL, RN LEEZENOREICK 3.
The function of GAGA factor in the transcription complex
Stepl:  Promoter region is packed by nucleosome structure to protect the binding of transcription factors be-
fore GAGA factor binding.
Stepll: Binding of GAGA factor induces remodeling of nucleosome structure and potentiates the transcrip-
tion complex formation.
Steplll : Basic transcription factors including TBP bind to the promoter region.
SteplV : Presence of GAGA factor stabilizes the transcription complex and makes an effective transcription.
volves a nucleosome remodeling at promoter region, a formation of promoter proximal pausing of RNA polymerase
IT, and the transcription elongation. In addition, the characteristic glutamine rich domain of GAF has a potential to
activate the transcription by stabilizing the PIC. GAF is also reported that moves with RNA polymerase II all way
down to the 3" end of the gene. To analyze the role of GAF in the transcription complex precisely, we tried a new
analytical approach with RNA aptamer as a 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, which is important for the protein-
protein interaction, but not to the zinc finger and the glutamine rich domain, although aptamers weakly prevented
the GAF from binding to the GAGA element. Interestingly, these aptamers inhibited the in vitro transcription on
the naked DNA template. One aptamer showed the inhibitory effects on the transcription from the promoters con-
taining GAGA elements when adding the aptamer before the transcription initiation. The other showed the inhibi-
tions after the transcription initiation. The effect of this aptamer was independent of whether the presence or ab-
sence 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. These results suggest the functions
of GAF in initiation, elongation or re-initiation steps via the interaction with other factors in the transcription appa-
ratus, 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
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drug or examination reagent, we tried to establish the construct protocol for more effective aptamers.
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(1) REEREORLBENIITE

EERRIERE, FFHCHEICN L CRIZBIREZRTH, EFHOEBEES I LTS LR, 72, 7L
NWEF—ICRONLBRE 2 EEICEFHIETA2EE2 AL CwA. 20X 2REHCES, SRHEE RO I
A H = XL E LT, HIEYETMIC L 20H0HEIEETH L. TOBEREIIHCRER TLLVEF—0
R E 25, HEYE T MROREAWREEO O E2I%, TR o T MoEIUCEEL, THRIUEL 7
F—(TCR)OLSMTHS, HOGH A AT AL THAS. ZOHCHKIGHEICE D, HI#HME T MR NIC
RIEHCEAZMRT 5. AEE, S THESH KOS ZEET 5 AN = X8OV THENTZ D Z
DORGR, HEPE T MR B RS 2> & CTLA4 512 %3l L, EHI# 5T CD80/CD86 & CD28 451 DA H.
TER%#RET A2 LT, CD28 Y7 Fuaiigfb L, Izt <& 2 BCHESHMMEZ A 5 5 Hl#E%E T Mito
BIREFFT & OfRE /2 FEBS, B T MR CTLA4 RIE~ 7 A TIZH OIS TCR L3 + 7259
BEg, Wi T KSR CTLAA 2 RBERTAH I I VAV 2oy I AR EET L2 LT, IEH T M
WCHCHIBEE TCR LS 7 &2 A5 Cc& 72, Lok, % T Mleo TCR L %+ 7 KIS CTLA4 O3Bl
PEETHL I LEEKRT 5.

(2) BO%RE, MEERE BARIEZEOLBENIIZ

ARAEEE, THIKLY 7 F V5T ZAPT0 IS —3RIEZRER A/ L HCORIER % HRIIET %5 SKG vV A& T,
PIFEVERIAEE T AL, RS T ML TCR LS 738D X IS SN2, IZDWTINT L7z, skg %
BAVKRE (skg/skg), ~NTH (skg/+)DI T A, HDHWIEZAP70 EIE TR~ T A E2H L TIER L 72 skg/null
X7 AD TCR L3 b7 2 L7=#5 28, Ml 58l 2 H SIS BURIE TCR 2 %6815 % T Milei, TCR %
NT BT TFNVICED TR =T AWM "HOBN 22132755 ZAPTORELXAT L THRTEZOLS
7 Tl “BoORIR 2RNLHEER, TCR LI TIZHCKSHEICKS L MR 2472, —7, % T Mk
LS T, skg ZBROMR, oo THMBIZHEL T, EFICACBEICH> Twz. ZofRiE, TCR
LY 7 FVGTFOREICEI) THRSHCKISEZERT L2 AN AL EZWHLNILbDTHS. LD
CTLAA DR L GbE 5 L, MlBNY 7 FNoF Wl 21X ZAP-70), MifaZE 5 F (B 213 CTLA4) AL C,
TCR ¥ 7 V& &€ 5 BIZMETFIE TCR L X M 72 HCRBEICRE S €2 L2 6N, HOREROMIR
OB ICEELEZ b5,

(3) FLVEWET NV E B 7~ F ORI - FERERAE OB

Lo X912, SKG~=2 A, FRERMENICE boBEY v~ F LU T A2 LE BRFEET 5. B
WRDRIEZBNT LD IL-17 Z 435 Th17 ML TH 5. KRIERE, ZAPT0 BETLEROREREAEINI-H
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CUSE T2 o X 912 LT Th17 Mlgic 5 b3 2 2B L Cifge & b7z, ZoEE, MEE T TITHs L
72 TLR & %\ & Dectin-1 Z 3 2HMD A% 63, WEOEEALICL s THESGNS Coa 7 F 7 AV 1’25, w71
Tr=VRECHEBTLChal Ty =% AL TCIL6 OEAZFLEL, T MO Th17 Mils~o5 bz ks %
EDORARZ/. 51, MIREHEALRERIS O W TN & O, MifRIGEMEbo 3 %8 (classical, lectin, and alternative
pathways) WEN ORI TH Th17 Hb2FETE LI L2 L2, Z OB, EYES 212 X 2 b Hitko
WHEALIZBIET ) v~ F O ) F =12 B iM% RS 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 es-
tablished in our laboratory.

One aspect of immunologic self-tolerance(i.e., immunological unresponsiveness of the normal immune system
to normal self-constituents) is actively maintained through a T cell-mediated dominant control of self-reactive T
cells by naturally occurring regulatory CD4" T cells (Tregs). We previously showed that the transcription factor
Foxp3 is a master regulator of their development and function. Another cardinal feature of Tregs is that they have
the TCR repertoire skewed to recognizing self-antigen and therefore good at controlling autoimmune responses.

This year, we have attempted to understand the molecular mechanism by which self-reactive TCR repertoire
of Tregs is established. By transgenic overexpression of CTLA-4 in developing T cells in the thymus, we showed
that TCR repertoire could be skewed to be self-reactive. On the other hand, Treg-specific CTLA-4 deficiency can-
celled self-skewing of TCR repertoire of Tregs. As the mechanism of this CTLA-4-dependent TCR repertoire
skewing, high expression of CTLA-4 outcompeted CD28 for binding to CD80/CD86 expressed in thymic stromal
cells, reducing CD28 signal to developing T cells and thereby allowing the generation of T cells with high enough
self-reactive TCRs to compensate the CD28 signal reduction.

By utilizing SKG mice, which bear a mutation in the gene encoding the C-SH2 domain of the T cell signaling
molecule ZAP-70, we showed another mechanism of TCR self-skewing based on the modulation of TCR signaling.
We prepared +/+, skg/+, skg/skg, and skg/null BALB/c mice and compared the degree of their signaling anom-
aly and skewing of TCR repertoire due to altered T cell selection in the thymus. TCR signaling intensity indeed de-
creased in the order of +/+, skg/+, skg/skg, to skg/null, and accordingly, TCR repertoire was more severely
skewed to self-reactivity in this order. The results indicate that, like CTLA-4 overexpression that leads to the re-
duction of CD28 signaling, attenuation of TCR proximal signaling by a ZAP-70 mutation can skew the TCR reper-
toire to be self-reactive. This explains how natural Tregs acquire self-reactive TCRs competent to control autoim-
munity.

SKG mentioned above spontaneously develop T cell-mediated autoimmune arthritis immunopathologically
similar to rheumatoid arthritis (RA) in humans. The disease is mediated by CD4" T cells secreting IL-17, called Th
17 cells. We showed previously that the differentiation of self-reactive T cells to Th17 autoimmune effector T cells
in SKG mice was dependent on stimulation of antigen-presenting cells via TLRs or Dectin-1 to produce IL-6. This

year, we have shown that Cba, a product of complement activation, can also activate macrophages via Cba receptor
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and trigger their production of a large amount of IL-6. The produced IL-6, together with tissue TGF-B, drives self-
reactive CD4" T cells to Th17 cells. The results indicate that complement activation by microbial infections may
trigger RA in genetically susceptible individuals via the expansion of Th17 arthritogenic T cells. Further, comple-

ment products can be a good target for treating and preventing RA in humans.

[% # B 2]
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Ohkura, N,. and Sakaguchi, S. Deevelopment of regulatory T cells: regulation of Foxp3 expression by pharma-
cological agents. Trends in Pharmacological Sciences. In press.

Miyara, M., and Sakaguchi, S. FoxP3*CD4" regulatory T cells: their knowns and unknowns. Immunol. Cell. Biology.
In press.

Hashimoto, M., Hirota, K., Yoshitomi, H., Maeda, S, Teradaira, S., Akizuki, S, Prieto-Martin, P, Nomura, T., Sak-
aguchi, N, Kohl, J., Heyman, B., Takahashi, M., Fujita, T., Mimori, T., Sakaguchi, S. Complement drives Th-17
cell differentiation and triggers autoimmune disease. J. Exp. Med. 207 : 1135-43, 2010.

Sakaguchi, S. Conditional stability of T cells. Nature. 468 : 41-42, 2010.

Tanaka, S., Maeda, S, Hashimoto. M., Teradaira, S, Hirota,K., Yoshitomi, H., Katakai, T., Shimizu, A., Nomura, T,
Sakaguchi, N.,, and Sakaguchi, S. Graded attenuation of TCR signaling elicits distinct autoimmune diseases
by altering thymic T cell selection and regulatory T cell function. J. Immunol. 185 : 2295-305, 2010.

Wing K, and Sakaguchi S. Regulatory T cells exert checks and balances on self-tolerance and autoimmunity. Nat.
Immunol. 11 :7-13, 2010.

Ohkura N, Sakaguchi S. Foxol and Foxo3 help Foxp3. Immunity. 33 : 835-7, 2010.

Sakaguchi, S. Regulatory T cells: history and perspective. In Regulatory T cells: Methods and Protocols. Methods
in Molecular Biology. 77 : 1-13, 2010.

Nishikawa, H., and Sakaguchi, S. Regulatory T cells in tumor immunity. Int. J. Cancer. 127 : 759-67, 2010.

Ohkura, N.,, and Sakaguchi, S. Regulatory T cells: roles of T cell receptor for their development and function. Semin.
Immunopathol. 32 : 95-106, 2010.

Sakaguchi S, Miyara M, Costantino CM, and Hafler DA. FOXP3+ regulatory T cells in the human system. Nat. Rev.
Immunol. 185 : 2295-305, 2010.

Satou, Y., Yasunaga, J., Zhao, T., Yoshida, M., Miyazato, P., Takai, K., Shimizu, K., Oshima, K., Green, P. L., Ohkura, N,,
Yamaguchi, T., Ono, M., Sakaguchi, S., and Matsuoka, M. Dysregulation of regulatory T cells by HTLV-1
bZIP factor leads to systemic inflammation and lymphomagenesis. PlosPathol. In press.

Peterson, L. K., Shaw, L. A, Joetham, A., Sakaguchi, S, Gelfand, E. W., and Dragone, L. L. SLAP Deficiency En-
hances Number and Function of Tregs Preventing Chronic Autoimmune Arthritis in SKG Mice. J. Immunol.
In press.

Coté AL, Zhang P, O'Sullivan JA, Jacobs VL, Clemis CR, Sakaguchi S, Guevara-Patifio JA, Turk M]J. Stimulation of

the glucocorticoid-induced TNF receptor family-related receptor on CD8 T cells induces protective and high
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-avidity T cell responses to tumor-specific antigens. J. Immunol. 186 : 275-83, 2011.

Snell LM, McPherson AJ, Lin GH, Sakaguchi S, Pandolfi PP, Riccardi C, Watts TH. CD8 T cell-intrinsic GITR is re-
quired for T cell clonal expansion and mouse survival following severe influenza infection. J. Immunol. 185 :
7223-34, 2010.

Fujii H, Arakawa A, Kitoh A, Miyara M, Kato M, Kore-Eda S, Sakaguchi S, Miyachi Y, Tanioka M, Ono M. Pertur-
bations of both non-regulatory and regulatory FOXP3(+ )T cells in patients with malignant melanoma. Br J
Dermatol. In press.

Nafady-Hego, H., Li, Y., Ohe, H., Zhao, X,, Satoda, N., Sakaguchi, S., Wood, K., Uemoto, S., and Koshiba, T. The gen-
eration of donor-specific CD4*CD25*CD45RA " naive regulatory T cells in operationally tolerance patients
after pediatric living-donor liver transplantation. Transplantation. 90 : 1547-55, 2010.

Mitsui J, Nishikawa H, Muraoka D, Wang L, Noguchi T, Sato E, Kondo S, Allison JP, Sakaguchi S, Old L], Kato T,
Shiku H. Two distinct mechanisms of augmented antitumor activity by modulation of immunostimulatory/
inhibitory signals. Clin. Cancer Res. 16 : 2781-91, 2010.

Saini M, Sinclair C, Marshall D, Tolaini M, Sakaguchi S, and Seddon B. Regulation of Zap70 expression during thy-
mic development allows temporal separation of CD4 and CD8 repertoire selection at different signaling
thresholds. Science Signaling. 3(114): ra23.

Teng, M. W, Swann, J. B,, von Scheidt B, Sharkey, J., Zerafa, N., McLaughlin, N., Yamaguchi, T., Sakaguchi, S., Darcy,
P. K., and Smyth, M. J. Multiple antitumor mechanisms downstream of prophylactic regulatory T-cell deple-
tion. Cancer Res. 70 : 2665-2674, 2010.

Haque A, Stanley AC, Amante FH, Rivera FD, Zhou Y, Kuns RD, Yardley V, Sakaguchi S, Hill GR, Engwerda CR.
Therapeutic Glucocorticoid-Induced TNF Receptor-Mediated Amplification of CD4" T Cell Responses En-
hances Antiparasitic Immunity. J Immunol. 184 : 2583-2592, 2010.
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Motomu Hashimoto : Complement drives Th17 cell differentiation and triggers autoimmune arthritis. Kyoto T Cell
Conference % 20 [H%=ffi%E 2y (2010.6.4-5. HTHR)

A - THIRY 7 F VA X A1 T #lEst - $EREREE & 3 C %R O 5E Kyoto T Cell Conference
55 20 MlAAi 2 (2010.6.4-5. 5UHK)

M. Hashimoto, K. Hirota, H. Yoshitomi, S. Maeda, S. Akizuki, P. Prieto-Martin, T. Nomura, N. Sakaguchi, J. Kohl, B.
Heyman, M. Takahashi, T. Fujita T. Mimori, S. Sakaguchi : Complement drives Thl7 cell differentiation and
triggers autoimmune arthritis. 14™ International Congress of Immunology (2010. 8. 22-27. #fii=)

S. Maeda, S. Tanaka, C. Fujimori, T. Nomura, K. Hirota, N. Sakaguchi, S. Sakaguchi: Attenuation of T cell receptor
signaling causes autoimmune disease. 14™ International Congress of Immunology (2010. 8. 22-27. i)

T. Yamaguchi, A. Kishi, M. Osaki, S. Sakaguchi: Construction of regulatory T cells without FoxP3. 14th Interna-
tional Congress of Immunology (2010. 8. 22-27. fli)

N. Ohkura, M. Hamaguchi, K. Sugimura, A. Tanaka, N. Sasaki S. Sakaguchi: Analysis of epigenetic status in regula-
tory T cells. 14" International Congress of Immunology (2010. 8. 22-27. #ii7)

S. Akizuki, N. Sakaguchi, S. Maeda, Y. Ito, M. Hashimoto, T. Nomura, T. Saito, T. Mimori, S. Sakaguchi : Autoim-
mune disease caused by Treg insufficiency due to defective TCR signaling. 14" International Congress of

Immunology (2010. 8. 22-27. $fi7)

2 BE- VORI ILA

IWITFE L : Control of Immune Responses by Regulatory T Cells BHAFMIRELFEE > RV w7 4. il 2 3k
e T 2RO D DORIFEA 7 X—2 = 2 (2010.1.22. HHR)

PGS - HIEE T MIZIC X 2 RIS AR F5eE 7 + — 7 4 (2010.26. H50)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. 8® EAACI-GAZLEN-Immunology Winter
School (2010.2.11-14. Garmish-Partenkirchen, Germany)

PATESC « HIEEE T MRS & 2 RIS AR, 55 6 B SR 7 (20104.8. KK

WKL : SKCG X7 AZBITFHHMRIERED A H =X L. HHABBAAR) 7 FFERE - FATERE (20104.22-25.
)

Shimon Sakaguchi: State-of-the-Art Address. Regulatory T cells for immunological tolerance. American Trans-
plantation Congress 2010(2010. 5.1-5. San Diego, USA)

Shimon Sakaguchi: Control of Immune Responses by Regulatory T Cells. Gladstone Institute of Virology and Im-
munology Seminar Series (2010. 5. 6. San Francisco, USA)

Shimon Sakaguchi: T cell signaling, regulatory T cells, and self-tolerance. 97" Annual Meeting of the American
Association of Immunologist (2010. 5. 7-11. Baltimore, USA)

Motomu Hashimoto : Innate immunity for Thl7-mediated autoimmune disease. The 4™ International Symposium
of WPLIFReC (2010. 6. 1-2. KB)

WITESC : BIEE T Mg 57 L % — Tl BUR%E7 1 —/30 COE 45l 35— (201063, HUi0)
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Shimon Sakaguchi: Regulatory T Cells in Innate and Adaptive Immunity. 2010 Keystone Symposia Innate Immu-
nity : Mechanisms Linking with Adaptive Immunity (2010. 6.7-12. Dublin Ireland)

PGS« HlEYE T MR & 2 S HilE. 55 26 15 H 4 DDS %:4% (2010.6. 17-18. Kk)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. iFReC-New Zealand Immunology Work-
shop (2010.6.17-18. KBx)

Shimon Sakaguchi: Control of immune responses by regulatory T cells. International Conference in Sapporo 2010
(2010.7.2. #LI%)

Shimon Sakaguchi: Treg cells. 14" Congress of Asia Pacific League of Associations for Rheumatology (2010. 7.11-
15. Hong Kong China)

Shimon Sakaguchi: Thl7 and Treg in inflammatory diseases. 14® Congress of Asia Pacific League of Associations
for Rheumatology (2010. 7.11-15. Hong Kong China)

Shimon Sakaguchi: Keynote lecture Construction of regulatory T cells without Foxp3. The second International
Conference on Regulatory T Cells and Th17 Cells and Clinical Application in Human Diseases China Tregs/
Th17(2010 7.17-20 Shanghai China)

Shimon Sakaguchi: T cell signaling, Treg, and autoimmunity. The second International Conference on Regulatory
T Cells and Th17 Cells and Clinical Application in Human Diseases China Tregs 2010(2010 7.17-20 Shanghai
China)

PGESC - Y T M X 2 e B & w58 7 AW 2 my S AaHT 78 4 (2010. 7. 22, M

Shimon Sakaguchi: Regulatory T cells for self-tolerance. 14* International Congress of Immunology (2010. 8. 22-27.
)

Shimon Sakaguchi: Lunchtime Lecture Regulatory T cells for immunological tolerance and immune homeostasis.
14™ International Congress of Immunology (2010. 8. 22-27. i)

Shimon Sakaguchi: Regulatory T cells for immunological tolerance and immune homeostasis. International Sym-
posium for Immunology of Reproduction (ISIR-Osaka 2010) (2010. 8.28-29. KBx)

PTESC « HETE T MR D FE R & HEHHRAN OIS, 55 9 Il H Adm ARE2S A TR FE 4% (2010. 9. 10, KHE)

Shimon Sakaguchi: Altered TCR signaling as a cause of autoimmune disease. FROM THE LABORATORY TO
THE CLINIC : Differences between immunity and inflammation in mice and men : Reasons for translational
failures?(2010.9.20-23. Oxford UK)

Shimon Sakaguchi: T cell signaling, regulatory T cells and self-tolerance. 40* Annual Meeting German Society for
Immunology (2010. 9.22-25. Leipzig Germany)

Shimon Sakaguchi: T-cell signaling, regulatory T cells and self-tolerance 8" German-Japan Symposium (2010. 9.26-
29. Cuxhaven Germany)

PGESC - Y T M X 2 B &mla.  H AR A B L a5 42 R4 (2010.10.7-9. #i)

PAESC « HIETE T MZIC X 2 RIS E RIS, 5 4 mIERERES > 7 7 L > 2(201010.23-24. I 5)

Shimon Sakaguchi: The molecular basis of the development and function of regulatory T cells. Kyoto University
Global COE “Center for Frontier Medicine International Symposium/Retreat 2010(2010. 11. 5-6. #%#&E)

Shimon Sakaguchi: T cell signaling, regulatory T cells and self-tolerance. The 2010 Cold Spring Harbor Asia Con-

ference : Frontier of Immunology in Health & Diseases (2010. 11.7-10. Suzhou China)
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Shimon Sakaguchi: The molecular basis of the development and function of regulatory T cells. The 2010 Fall Con-
ference of The Korean Association of Immunologists (2010. 11. 18-19. Seoul Korea)

Shimon Sakaguchi: The molecular basis of the development and function of regulatory T cells. Joint Symposium of
CRCID & PCBMI Vaccine & Inflammation (2010. 11. 20. Seoul Korea)

Shimon Sakaguchi: Overview and Mechanisms of Treg Suppression. British Society for Immunology Annual Con-

gress (2010. 12. 6-10. Liverpool UK)
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) Y SERE E T RC OB 2 O FIERHIILIE, 5O OEROF R B ICHE F 72220 T D B i Tk il
faz» & —AJEIC D DEFEISEA SN S, IS E R, Aoz ShTws = v F (niche)
EWFEN B FFR 2B/ THERF S N, T OBIH - EATRET ST 2 EHEN SN TE A 2 Dkl = v F D
REREARWTH S, 20034, KREO L 51, FLBHOFHFMPO—FTH Y N & F~NY ¥ & 5FHBL$ 25 SNO
Al ML = v F 2T T 5 2 & il LiEH S 7z (Zhang, ], et al. Nawre 425, 836-841(2003)). —77,
KE D Morrison 51, #EMFEMIEDZ% < ZFHFENTROH O X 5125540 § 2 AR EM I ORI ET 5 2
& &R #E L7z (Kiel, MJ, et al. Cell 121, 1109-1121(2005)). L#A*L, Li 5 OFE ORI L 7 o 73 i i o Mk
FIBIEEEIE 15 £ 13 F 27 (Kiel MJ., et al. Nature 449, 238-242(2007)), WFhoWE B TbZhZho=y
F M DOBEREAFEN] SN B ITIEE - T,

Mzbix, TNFTIC, ¥ EHA ~ CXCLI2 & ZDEMZER CXCRE 2%, A BIT %@ g o&
BIA~OF— 3 v 7 DGR RBE), ©8T 52 8), BAETHETOBMBMBOMERS B Y ¥ /R EROEAIL
JHTHADHZ 2SN L (Nagasawa, T, et al. Nature 382, 635-638(1996) ; Tachibana, K., et al. Nature 393, 591-
594(1998) ; Egawa, T., et al. Immunity 15, 323-334(2001) ; Ara, T, et al. Immunity 19, 257-267(2003) ; Sugiyama, T,
et al. Immunity 25, 977-988(2006)), CXCL12 ®AP 2 5 BIMIM 2 Wb § 5 2 £ A5T& 5 CXCL12 #{5F ML
GFP {1 %3 A L7z~ A (CXCLI2GFP / v 7 £ ¥ =% Z2) &% fIC, BAE B3 CHVE o MfE M (2
b a— <L) O—FBICFRIENICO E AN L CXCLI2 2 B33 % Mifg (BLF CXCL12-abundant reticular
(CAR) M) e 5 2 2 W L7z, £72, IARBMIME O KBS 1E CARMIBICIY I TBY, &k
MilE % A9 2 0 mN oML, FHo B Y v SERETERHINE R i L L7z B AL Td 2 MG (PUfk i 2R 2L
L 7zfe) O KB5S CAR Mt o R WHIla 2462 12375 LT ) CAR Mifass& g - sikfiiio =y 5Tdh 3
T EEMEDRIE S 7z (Tokoyoda, K., et al. Immunity 20, 707-718 (2004); Sugiyama, T., et al. Immunity 25, 977-988(2006) ) .

%

Z 2T, BB CARMBOMR(ED X9 Mg ? ) ZW o212 L, CARMIBOAAKTHO=y FL L TD
WREZ AT 5720, Y7 7)) 7THE(DT) L OFEIC L VMKl FE S NS DT ZAEEET & 72k Rm
HAMARIBY AT 212X ) CAR MIMBSF RN RIBAZFET L LATEL YT AEER L7 (Omatsy, Y, et al. Im-
munity 33, 387-399(2010)). CAR MfaRIAD RIEETHR , BEHEN 2 HE 2 BT 5 720 RIGHSR AN (2
H) #2082 AT L7z (DA CAR Mila ki~ A). DT #45:-% 2 H T CAR MBIZ W L 7225 oo = v 5B fil
HNE T & % & M R IS P BRI 3 3 501 & RARICHAATE L Tz, sl iE oMl BUIBEEE 2 L Tz as,
MIEAVNEL oo THY, MBEMAHILEL A 5 GL HIC A % & 533 2 M E W& (5 T O R E I F IR
TLTWw, BIREWC &SRR DG %2 358§ 2 G K PUL O FB A3 L 45 C B8 L
Tw7z, kXY, CARMIE, EIMEMIEOWEME ROIEEDOHFHILHTH L Z LAVREI Nz, £/, CAR
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MR~ ATld, L T2 B MIERTEEMINGE, ARiuERETSRATIE oM A IS4 LTl ), CAR Ml
FINSHORMEKMBOMIEIC D LWETH AL EARSN/z. T2, CARMBEKE~Y AT, Hiio CXCL1Z,
SCF o0& H®AZFHIZHA L THE D, CARMBIZEMICLHTHLINLDT A b A OB TOEL LML
M THD I EDTREINT.

—77. fi% @ CAR Mildid, £ ORI HEFMIL, NI DA LD G R F OBIR T 2 W 5B L T
BY, TNENADOGALEFET B 50 THREENREZ1TH & CAR MR K525 F M £ 7213 ME I
SAbL7z. 7, CARMBKHE~ 7 A 08 RiMINIE, RERAE NR IR TRk SN 2830/, TR o #i i 54
DBEWITHA L Tn7z, Shooffi L), CARMRZEFME - IRl EmfEch b 2 Lavrsn/.

Pl &y, CARMME, EimistiaoRgsm & Ko bt oMR:, EimriaoimichEHo =y & LTE <
FIFEMNE - TR BRI EEMETH 2 Z L 2R D, #EillEXFEFT 25O = v FHIEIC O W TOHEFE )
KRECHAZ BUE, CAR M O/E MM & NS MM DR, S0 BAYE TORIMMETIZ 51T %5 CAR
MTEOBERE & = N Z BT 25 THM, CAR Mo HimsMia= v 7 & L CoMES, SEoERRE L 4
CCEAEERMEIMYMA TN S,

Chemokines are a large family of small structurally related cytokines that are thought to regulate cell traffick-
ing 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 lymphocytes and plasmacytoid dendritic cells (pDCs) as well as cardiogenesis and organ vascula-
lization 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)). In recent years, we have identified a small population of non-hematopoietic cells ex-
pressing 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 and pDCs were attached to the processes of CAR cells, suggesting that CAR
cells function as the special microenvironments , termed ‘niches’ for HSCs, B lymphocytes and pDCs (Tokoyoda, K.,
et al. Immunity 20, 707-718 (2004), Sugiyama, T., et al. Immunity 25, 977-988 (2006)). Although it has been 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 CXCL

12, and led to a marked reduction in cycling lymphoid and erythroid progenitors. HSCs from CAR cell-depleted
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mice were reduced in number and cell size, were more quiescent and had increased expression of early myeloid se-
lector 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 en-

vironments.
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1. Chondromodulin-1 (B89 2 W%
(1) M4 $0HI K+ Chondromodulin-I (ChM-I) o M4 PR ML b 2 /R I B 5 fifF g

TaZ, 7 VIR R A S A BT AEHIN T ChM-I 2458 - 7 0 —=> 7 L7, ChM-1Id Ik 0ol
Il E QMM TR/ N S BFARRICHERICHBLL, MENEMOBEE - 85 - SRR EEEE R T, &
512, ChMII /v 7 77 b= ZAOMHTTIE, MR OB IR E 2 S L ER S b 2 &5, ChMI
DR O MM EEOMEFFICER 2B R T MW oL o7z, LA L, MENBRMIBIZNS 5 ChMI O
TERBER IC oW T Il Shvtwew, 22T, Mtz e + ChMI ¥ > 787 B (thChM-D Z## L, ChM-I
I & o T SN2 5 b 4 o 1A 7 A B G 2 C 3 2 Ml 3t & o BB TS D CREMINC MRS L 72 rhChMLI
¥ Vascular Endothelial Growth Factor-A(VEGF-A) D& 7% 53, Fibroblast Growth Factor-2 % Insulin-like
Growth Factor-I % &l 4 O LRI~ D & I I HIR M A (Human  Umbilical Vein Endothelial Cells :
HUVECs) %7 €% ¥ ¥ X% H#E L7z, rhChM-I £ F T3 VEGF-A #l#\2 ¢ 5 HUVECs ® 7 7 F Ve & #& B
L OEAEROFRBIIZEIICHE SN, Racl BIXUT 7 F VBESKETF cofilin OGN EE 258D b7z,
INOLOMREIFFTHEHIC, ¥4 L4F7 ALY HUVECs OMIESE) % 81559 5 &, rhChM-I LA T,
VEGF-A 12 & o THE SN FHRN R ERREOREAHE SN, —BOREBEAEHEICED bR T, M
FaoREYHEE, EHMEAEZE KT LW, DEofREEY, ChMIZHIEIKEN 2T 2 F » Mt o 1
WA ET A2 20X ) BERIKEOMEEREEILL T, MoEEEE2IH$T 252 EXHLNE R 2D
9 il EE NG, BHESEAIIL 2 2120 LTI & A B30 S R 2 O A PR AT 35V TR ZR0D
bh7-Z &5, ChMI ORI N3 2 B R 2 EHBFE 2 AL T b L E X bh.

(2) ChM-I Dt F X £ U RExEICB$ A58

ChM-113 120 7 3 VDS LM S > 787 BT, N BB G 2 50 N K oBUKEF AL V(P24 ¥
D&, CRBMIHZBAED S ZATFA V) v F FAL V(FAL V) PHMBEENRTVE, KridinF Tl
CHO Mifa % 293-Ffifia 2 CoMiA MR HR z H e THSEBH S Twb b MRz ChMI % ¥ 737 B (G-
hChM-D) 2531 L, HREMEE X CMENE M2 AEWEEE AL 2L TE. —F, RKBWE coi &
ATl Mz ChM-1 7 37 B2 R8BS 85 L, B % K\ 72 CAMI(NG-hChM-D) 285 Z & 25T& 5.
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G-hChM-I & [ABEZ, NG-hChM-I 1255w 7 A3 S ik il o0 2 1 = — IR ARHEVE I 45 & OVIILAS P R AN 00 45 T T2 k. BHL
FEMER L7, ol V8 7u 7 7 —BIZ X B REDHIZ X - THSHBHITHLZ 50 F AL Y 1o—# %K
RKEE/AN-MCAMIICBWTHIFEAEEDLL VI END, FAL V2B ChMIDHERE R AL v THDB I LA
REEIhiz, ChoDy 870 CD AN PV EHIEL, TG 2T L7/, N x4 v 1 oS IEH
&5 VT B OEMREIIT TR, ChMAI 252 KA 4 ViG22I T 20ICLELRKEE N AL v ThHH T &
BHSNE e olz, BUE, BRIKS V7 BB LOEHEARTF FEHOTHEE F A A VHEEORIT 2D T2,
ChM-I 1%, BiE{ET CTh B Tenomodulin Z< &, TNETIZASLNTWAIMEHEWHK L FETY —%
RSN ERS, ZOWHEMEFA A MZMEFAEITNEEZ AT 287257 F FEE LTUOSABNREINS.

2. BRERERMERICHT B VY IEE LPA DERICEEY 2 W%

VIRRAT 7 F I VHR(ALPA) ERT 4 T2 2-1-9) YEER(SIP)IE G & v X8 7 IR 2/ K % /v L CThk & 2o Ml
FBRR IV BB V) VIREITH B, T4, B 105 H, 115 HH O~ 7 2R % H\ T in situ hybridi-
zation 17\, LPA ZBAKD—>TH % LPAI PREMEEEEB L 020 OB ERMBIC BV TR IEBIL
TWaZ e/l L7z VYY) VIRE AR, Mlefs), MREEZ SIORHAERE AT 225 KRB
B AFEEZOWTIEHAIHH SR TwRY, 22T, <7 AFBRKEMIEk ATDC5 O in vitro ¥4 € 7V %
HWC, AiEREE A3 % LPA OFEHIZOW TG L7z, ATDCS Mlfigid LPA, /& I Lofit oYy v
D UMRESZAAESEEIL, LPA I X ) MBI - Bk - Wl AR S 7z, 2h T b Ml E IS § % LPA
DEIZEIIT, She—HT2LI T 7F 74522 - MlLEAEBOBALHES X U RhoA Oifitk{LAs
A HNTz. siRNA B L OHER 2 Hv 729280 5, LPA IZ X 282l 1312 LPAGI-PI3 ¥ F—¥ %2 4
L7MERTH L LN 2572, —, SIPix ATDCS Mila I f L CHIfMIc/ER L7z, DLEoigR
225, LPA (EHE I O LI By CRE 255 % 72 3 W Rt AURIE S 7z,

3. MEMEFEEOMERAREEICBT 2R

NIRRT ClE, MR AZZEIC, KIS OKREH» 58 - BR~OERIPHIE SIS, ZokEg~oll
BRAE, BRI 22 A DD TR ICHIB S T w 275, 2O THEICIIAHZ N Sw. 22T, %
HIZFEBLL T 5 VEGF-A isoform 2~ A R U=7 bV RIS ERFEH S &5 2 LI X o TEH A% TS
&, WIKE B OER I kg O MR A0 B2 @ L7z, 2ofi%, wiho VEGF-A isoform
EFEB SR T, WE LB E &L E AR BN Rz Cwz, Thbh, NIkEHEE RO
WL, E L RE AR S V) 2 O R 5 MR ARSI T 5 2 EHL 2B o7, LA LA
5, B OBAHT, heparin % neuropilin & HEAVEA % VEGF-Aus, VEGF-Awg, VEGF-Aw % BWEIFEH L
TWBHEITIE, BEICkg s mE b sz, —H, REREAMEILI D &, FHTIE MMPI B o a M
FaAsHE L, Mm% R AT CldE#E2MIE T MMP9 2 MMP13 O#Z T2 HET 5 TGF-p OV 7 F ) ¥ 78
WAL SN, RE~NOMERAIFEESI N, —J, heparin IZKE L%\ VEGF-Ai % neuropilin & FH AT §
5 IR % KK L7z VEGF-AwAE R Z BEFEB S+ TH, R okFRENELLHKE~NOMERAIBE SN
Lhrodz. o T, RENDIMER AL 2RERIMELTIE, B O kSRS VEGF-A @ isoform
RRMZISERZEG L, MWERARIEZRD 7O APMEET 2 LWL NI R o7
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Contralateral, st 32 VEGF-A122, st 32

P-Smad2 / P-Smad2./

REEHRABANOMERAICED TGF-B 2 JFU > JDiEMEAL

Stage 15-16 D=7 M RDFIRZFIC VEGF-Arz2 X 1& VEGF-A1sRCAS X7 2 —% I L7 NAKRL -2 3 2 ICL > TEA LEF
IR Y, stage B2 DHIFXEMBH L. FEZ7 NJKEOIIEFRICEEZIAL TOEMPEREEL 2%, BREBERRTZOX
B S RETHF 2R L, ML1 Y2 TIL—2E(ADG) KU P-Smad2 DENSRELE (#R) (CFNICL2BTET-7/1-. 8
PEAINEME G, RFHMFOEBICLY, IFEICEVTEVENESE L THRESNB(ABDEGH). /YXJLAD, &
UGOEATHEEN-BHICHY T B8EIHE, ZhZTh/SXILB-C, E-F, RO H-IZRY. P-Smad2 #&H L =811k, /v%
JUB, E, RU'H IZBAREF (BF, bright field) #, /X%JL CF, RUTICEXGERT. REOKBEZOUE #HIZT/RT. Stage
322HWVT, MEBE (A) KU VEGF-Arnz BRIFER (D) Tld, SKEABRMBHBADMERAILRD Shi VD, VEGF-Arss BEIF
B (G) CIRMERAH»RHICFEFEI N TWVWS. P-Smad2 $, XTHEE(C) RV VEGF-Ar: BEIFEBERK(F) TIRBHI hE W,
VEGF-A1ss BRIFIREL (1) T3, BB EFEMEBR CRSEZBOMBICEVWTHREHI NS, BERIZ 100um 2777, y,una(RE) ;
ca, cartilage ; TB, toluidine blue (ML ¥ > FIL—)

Activation of TGF-Bsignaling during vascular invasion into perichondrial tissue.

Semi-serial sections were prepared for toluidine blue staining (A, D, G) and immunostaining with anti-phospho-Smad2 (P-Smad
2)(C,F,1).InA, B, D, E, G, and H, the locations of the vasculature are highlighted by the black dots, which represent colloidal
carbon deposits. At stage 32, perichondrial angiogenesis in the ulna is not observed in the left contralateral (A) and right VEGF-
Aiz22-overexpressing forelimb (D) but seen in the VEGF-A1ss-overexpressing forelimb (G). Magnified images corresponding to the
boxed regions in A, D, and G are shown as bright (B, E, H) or fluorescence images (C, F, I). Many P-Smad2 positive cells are de-
tected in the vascularized perichondrial tissue and cartilage in the VEGF-A1ss-overexpressing forelimb (H, 1), whereas P-Smad2
positive cells are absent in the contralateral (B, C) or VEGF-A122-overexpressing forelimb (E, F). u, ulna; ca, cartilage ; BF,
bright field ; TB, toluidine blue. Scale bars, 100 um.

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

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

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

We have previously purified and cloned ChM-I as an angiogenesis inhibitor from fetal bovine cartilage based
on the growth inhibitory activity of vascular endothelial cells (ECs). ChM-I is expressed in the avascular zones of
cartilaginous molds and cardiac valves, and has been shown to inhibit the migration, proliferation, and tube mor-
phogenesis of cultured ECs. The aged mice lacking ChM-I exhibit abnormal angiogenesis in cardiac valves, sug-
gesting the essential role of ChM-I in maintaining the tissue avascularity. Despite these evidences showing the ac-
tivity of ChM-I in vivo and in vitro, the molecular mechanism of the ChM-I actions remains to be elucidated. To ad-

dress this issue, we have prepared recombinant human ChM-I (thChM-I) and examined its effects on migration of
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ECs, an early regulatory step in angiogenesis. In a modified Boyden chamber assay, ChM-I inhibited the chemotac-
tic migration of human umbilical vein endothelial cells (HUVECS) induced by Vascular Endothelial Growth Factor-
A (VEGF-A) as well as by Fibroblast Growth Factor-2 and Insulin-like Growth Factor-I. The inhibitory action in-
volved the disturbed reorganization of actin cytoskeleton and focal adhesions in VEGF-A-stimulated ECs. We
found that rhChM-I suppressed the VEGF-A-induced activation of Racl and the phosphorylation of cofilin, which
leads to the dysregulation of actin polymerization. Consistent with these observations, time-lapse microscopic
analysis revealed that ChM-I inhibited the persistent extensions of lamellipodia and evoked frequent alterations of
moving front, coincident with the reduced motility and directionality of ECs upon VEGF-A stimulation. These data
showed that ChM-I impaired the VEGF-A-stimulated motility of ECs through the destabilization of lamellipodial ex-
tensions. The inhibitory action was selective to the endothelial cell type, but not to the other cell types such as fi-
broblastic cells, suggesting that ChM-I acts through a endothelial cell-specific signal pathway that regulates the
motility of ECs.
(2) The analysis of domain structure of ChM-I

ChM-I (120 amino acids in human and mouse) is a glycoprotein consisting of the N-terminal hydrophilic domain
with an N-glycosylation site (domain 1), and a hydrophobic cysteine-rich domain located at the C-terminus (domain
2). Domain 2 is well conserved across species and is highly similar to the C-terminal cysteine-rich domain of Teno-
modulin (Tnmd), a ChM-I related angiogenesis inhibitor. Using a glycosylated form of recombinant human ChM-I
(G-hChM-I) expressed in CHO cells or 293-F cells, we have demonstrated the various bioactivities of ChM-I on chon-
drocytes and vascular endothelial cells. On the other hand, the non-glycosylated form of human ChM-I expressed in
E. coli (NG-hChM-I) exhibited the similar bioactivity, but the activity was distinctly lower than that of G-hChM-L
Truncation of the domain 1 containing the N-glycosylation site by limited digestion with V8 protease had no appar-
ent effect on the bioactivity of NG-hChM-], indicating that domain 2 is an active domain of this protein. Circular di-
chroism (CD) measurements revealed that N-glycosylation in domain 1 is critical for the structural integrity for bio-
logical function as well as the protein solubility. Current works focus on the analysis of active domain of ChM-I us-
ing its mutant proteins and synthetic peptides. So far, no sequence and structural similarity of ChM-I and Tnmd to
any known angiogenesis inhibitor has been reported. Thus, the active domain of ChM-I is expected to be a novel
anti-angiogenic peptide drug with promising activity for the angiogenesis-related diseases including solid tumors

and rheumatoid arthritis.

2. Analysis of the actions of lysophospholipid LPA on the chondrogenic cell line ATDCS

Lysophosphatidic acid (LPA) and sphingosine-1-phosphate (S1P) are bioactive lysophospholipids that affect
various cellular processes through G protein-coupled receptors. We found by in situ hybridization that E10.5 and
11.5 mouse embryos strongly expressed the LPA receptor subtype LPA, in cartilaginous bone primordia and the
surrounding mesenchymal cells. However, despite the wide-ranging actions, the roles of lysophospholipids in chon-
drogenesis remains poorly understood. Using the mouse clonal cell line ATDC5 as an in vitro chondrogenesis model
system, we examined the actions of LPA on the chondroprogenitor cells. Undifferentiated and differentiated
ATDCS5 cells expressed LPA; and other lysophospholipid receptors including S1P; and S1P.. LPA stimulated the

migration, proliferation, and chondrogenic differentiation of ATDC5 cells. Stimulatory action of LPA on the migra-
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tion of cells was so potent and accompanied the increase in the number of actin filaments and focal adhesions, con-
current with the activation of RhoA. SiIRNA-mediated knockdown experiments and treatment with chemical in-
hibitors revealed that LPA stimulated the migration of ATDC5 cells via the LPA;-Gi-PI3 kinase. On the other hand,
S1P had inhibitory effect on the migration of ATDCS5 cells. These results indicate that LPA plays an important role

in the activation of chondroprogenitor cells.

3. Analysis of the anti-angiogenic property of the cartilaginous bone primordia during endochondral bone formation
During endochondral bone formation, vascular invasion initiates the replacement of avascular cartilage by well
-vascularized bone and bone marrow. Vascular invasion into the cartilaginous bone primordium occurs in a strictly
spatio-temporally defined manner, but the molecular mechanism for this process is still poorly understood. By util-
izing a VEGF-A mediated gain-of-function approach in mouse and chick models, we investigated the cellular and
molecular events associated with angiogenic switching during endochondral bone formation. Cartilage-specific
overexpression of VEGF-A e in transgenic mice results in the hypervascularization of soft connective tissues away
from cartilage. Unexpectedly, perichondrial tissue remained avascular in addition to cartilage. Hypervasculariza-
tion of soft tissues similarly occurred when various VEGF-A splicing variants (VEGF-A1z, VEGF-Aws, VEGF-Aigg,
VEGF-A o) were overexpressed in the chick forelimb, but perichondrial tissue and cartilage were completely de-
void of blood vessels. However, following formation of the bony collar in the middle of cartilaginous bone primordia,
anti-angiogenic properties in perichondrial tissue were lost and perichondrial angiogenesis was accelerated by
VEGF-Aus, VEGF-Aies, or VEGF-A1e. Once the perichondrium was vascularized, osteoclast precursors were re-
cruited from the circulation to the bony collar to differentiate into MMP9 positive osteoclasts and then the induc-
tion of MMP9 and MMP13 was observed in association with the activation of TGF-B signaling. Neither perichon-
drial angiogenesis nor the subsequent cartilage vascularization was accelerated by the non-heparin-binding VEGF-
Aiz or by the VEGF-Ai4AE6-Rigs lacking a neuropilin-binding motif. Thus, perichondrial angiogenesis is a pre-
requisite event for the subsequent vascular invasion into cartilage and is differentially regulated by VEGF-A iso-

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

tential. In these circumstances, a new therapeutic trial, in which disease healing can be achieved based on the natu-
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ral healing potential of patients themselves, has been increasingly expected. This is termed the therapy of regen-
erative medicine where the regeneration of tissues and organs is naturally induced to therapeutically treat dis-
eases by artificially manipulating the cell potentials of proliferation and differentiation. The objective of regenera-
tive therapy is to regenerate injured or lost tissues and substitute organ functions by making use of the cell poten-
tials. The regenerative medical therapy is quite different from the reconstructive surgery and organ transplanta-
tion from the viewpoint that neither biomaterials and medical devices nor immunosuppressive agents are needed.
The basic idea of regenerative therapy is to give cells a local environment which is suitable to promote their prolif-
eration and differentiation, resulting in the cell-based induction of tissue and organ regeneration. It is tissue engi-
neering that is a biomedical technology or methodology to create this environment for the natural induction of tis-
sue regeneration. Generally, there are three factors necessary to induce tissue regeneration, such as cells, the scaf-
fold 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 bioma-
terials, 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 suit-
able 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 de-
graded 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
regenerative medical therapy, DDS or basic biology and medicine.

Our research goal is to design and create biomaterials from polymers and the composites with metals or ce-
ramics which are practically applicable for regenerative medical therapy, stem cell technology, DDS, and medical
therapy of reconstructive surgery and internal medicine. More detailed explanation about every project is de-

scribed.

1) Biomaterials for the Therapy of Regenerative Medicine

It is well recognized that cells are present in the living tissue interacting with the extracellular matrix (ECM)
of natural scaffold for their proliferation, differentiation, and morphogenesis. When the body tissue is largely lost,
the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always expect the
tissue regeneration at the large defect. One of the possible ways to achieve successful tissue regeneration is to pro-
vide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are designing and creat-
ing 3-dimensional and porous constructs of biodegradability as this temporary cell scaffold which is an artificial
ECM. However, if the number of cells and the amount of biosignaling molecules are not large enough to promote
the cell activities, only the supply of a scaffold to the tissue defect will not induce the tissue regeneration. As one
trials to break through the situation, it practically possible to make use of growth factors for promoted proliferation
and differentiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administra-

tion form because of the in vivo short half-life and instability. One possible answer for that is to use the controlled
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release of growth factor or the related gene at the tissue site to be regenerated over an extended time period by in-
corporating the factor or gene into an appropriate carrier. This release technology enables the growth factor to ef-
ficiently enhance the biological activity, resulting in promoted cell-induced tissue regeneration. We are designing
and preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new ther-
apy to naturally induce tissue and organ regeneration by the controlled release of various biologically active
growth factors has been achieved and the therapeutic potentials have been scientifically demonstrated through
animal experiments. Among the tissue regeneration trials, clinical experiments of angiogenic and bone regenera-
tion therapies have been started by the controlled release technology of basic fibroblast growth factor (bFGF),
insulin-like growth factor (IGF)-1, and platelet-rich plasma (PRP) to demonstrate the good therapeutic efficacy.
Generally, in the chronic fibrotic disease, such as diluted cardiomyopathy, liver cirrhsis, lung fibrosis, and
chronic nephritis, the damaged portion of organ is often occupied with the fibrous tissue, which often causes organ
dysfunction. It is highly possible that if the fibrosis is enzymatically digested by a proper way, the fibrotic site is
naturally regenerated and repaired on the basis of the inherent regenerative potential of the surrounding normal
tissue and consequently the organ function is regenerated and recovered. The systems of drug targeting and the
local release with polymers of an organ affinity are being designed and prepared to achieve the regeneration ther-
apy for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal medi-
cine. This is a therapeutic approach which is different from the conventional regenerative therapy of surgery
where cells, the scaffold, and signal molecules or the combinations are surgically applied to a tissue defect for re-
generation induction thereat. The two surgical and physical regenerative therapies are conceptually identical from
the viewpoint of the positive use of natural healing potential. In addition, the basic idea of regenerative therapy will
be combined with interal medical therapy to open a new therapeutic field in the future. For example, the combina-
tion with aneurysm catheter therapy has been tried, and consequently the aneurysm occlusion by the regenerated
tissue-based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture
technology is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy

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

2) Biomaterials for Stem Cells Technology and Basic Researches of Medicine and Biology

There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based thera-
peutic approach described above. The other is the transplantation therapy of cells which have a potential to induce
tissue regeneration. For the latter approach, it is of prime importance to efficiently obtain and prepare cells with a
high potential of proliferation and differentiation, such as stem cells, precursors, and blastic cells. In this depart-
ment, the technology and methodology of cell culture with various biomaterials and bioreactors have been ex-
plored to efficiently isolate, proliferate, and differentiate stem cells, precursors, and blastic cells. A series of this
study not only aims at the preparation of cells suitable for the therapy of regenerative medicine, but also research
and development (R&D) of materials, technologies, and methodologies for basic medicine and biology. They are also
applicable for the research of drugs discovery to evaluate their metabolism and toxicity. In addition, non-viral vec-

tors for plasmid DNA and siRNA have been investigated to design the DDS system for gene transfection which
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can biologically analyze the functions of stem cells and genetically engineer cells to activate the biological functions
for cell therapy. For example, a new system for the controlled release of plasmid DNA inside cells has been devel-
oped to succeed in enhancing the level of gene transfection and the consequent gene expression as high as or
higher than that of viral vector system. In addition, a new technology of cell culturing on plasmid DNA-coated sub-
strates has been designed and enhanced the level of gene expression as well as prolonged the expressed period.
This reverse transfection system (SubFection : substrate-mediated transfection) was effective in the gene transfec-
tion for stem and matured cells which have not been readily transfected by the conventional method. This can be
applied for the cell internalization of low-molecular weight compounds, peptides, proteins, and nucleic acids (siRNA
and decoy DNA). We cannot only enhance the biological activities of plasmid DNA and siRNA with the non-viral

vectors for stem cells, but also modify their biological functions and differentiation fate.

3) Biomaterials for DDS

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

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

4) Biomaterials for Surgical and Physical Therapies

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

From the viewpoint of biomaterial sciences, we are actively proceeding comprehensive biological and medical
researches on the scaffold for the cell proliferation and differentiation, the DDS of growth factors and the related
genes, and the material-based technology or methodology to use stem, precursor, and blast cells or in addition, their

medical applications. Through several R&D collaborations with medical, dental, and veterinary schools as well as
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private companies, we are planning to apply our basic research results to realize the regeneration induction ther-
apy of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium, and kidney. DDS technologies are also being investigated for their applications of therapeutic, pro-
phylactic, and diagnostic medicines. Some biomaterials are necessary and applicable to further develop the basic

researches of medicine and biology.
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HHAE, 3% —HF, HEMMZEE  Drug Delivery System (DDS) LB E W2 985iEA XA — Y v 7. 8532 AHAAR
INA AT ) T IVFEEKE(2010.11.29-30 TR E)
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AT, NS, I EME, HMRE  FEARML 74 7 7 2 F OMBEE & 8msetk. 55 32 A AN A
<7 T OVEERRE(2010.11.29-30 A R)

N, KB, HMEE  MREEERT T u s F Y F2AH LT 5 > omWMEEom B 532 0
WA =TT IVFERKRE(201011.29-30  JiES)

Inaoka, T, Nakagawa, T., Shintaku, H., Kawano, S., Wada, H., Hamanishi, S., Tabata, Y., Kumakawa, K., Naito, Y., Ito,
J.: A new concept for hair cell regeneration: implantation of an Artificial Sensory Epithelium. 33 ARO
Midwinter Meeting (2010.2.6-10 Anaheim)

Inaoka, T, Nakagawa, T., Shintaku, H., Kawano, S., Wada, H., Hamanishi, S., Tabata, Y., Kumakawa, K., Naito, Y., Ito,
J.: Development of Bionic Cochlear Epithelium. Sixth International Symposium on Meniere’s Disease and
Inner Ear Disorders(2010.11.14-17 Kyoto)

AMIEER, bz, =il i, HMERE W ZOVERYRIEIC L B A8 VRREARHAT OB%S. 4559 [l
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£(20109.15-17 JtifiE)

AFHRER, ez, =i o, HEZREZ  RKEESEH 2 WW L 7RI #AT O BIJE. 5 32 AN F< 71 7
VAFER RS (201011.29-30 TR B)

Kimura, T, Kitagawa, T., Uyama, H., and Tabata, Y.: Development of heparin controlled-releasing non-woven mats
by coaxial electrospinning. 2010 International Chemical Congress of Pacific Basin Societies (2010 .12.15-20
Hawaii)

HLEw, NEFEE, HERE, 8fF & 3—F 0V VRIS T %5 GDNF RBALERBIE N A Fa 7 Ve
BAEDORR. 59 ol H AP B HE S % (2010.3.19 IR KE)
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Yoshikawa, T., Kohara, H., Tabata, Y, and Takahashi, J.: Combined transplantation of fetal dopaminergic grafts
and biodegradable gelatin hydrogel microspheres incorporating glial cell line-derived neurotrophic factor in
Parkinsonian rats. Neuroscience 2010, 40th Annual Meeting of Society for Neuroscience (2010.11.13-17 San
Diego)
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WRPEANA B a7 v & v 7Rk 2 0 = — A - (G-CSF) O R R 512 & 2 4. 38 [y - 7
Wy MACHITZES (201025 5THE)

Fukui T, Ii M, Mifune Y, Shoji T, Matsumoto T, Kawakami Y, Kuroda T, Kawamoto A, Tabata Y, Kurosaka M,
Kuroda R, Asahara T. Therapeutic Effect of Local Administration of Low Dose Simvastatin Conjugated
Gelatin Hydrogel for Fracture Healing. 56th Annual Meeting of the Orthopaedic Research Society (2010. 3.7-
10 New Orleans, USA)

Fukui T, Ii M, Mifune Y, Shoji T, Matsumoto T, Kawakami Y, Kuroda T, Akimaru H, Kawakami H, Jo J, Tabata Y,
Kurosaka M, Kuroda R, Asahara T. Therapeutic Effect of Local Administration of Low Dose Simvastatin-
conjugated Gelatin Hydrogel for Fracture Healing via Angiogenesis and Osteogenesis. 7th Combined Meet-
ing of the Orthopaedic Research Societies (CORS) (2010.10.16-20 Kyoto)

Ishida, K., Matsumoto, T., Sasaki, K., Mifune, Y., Tei, K, Kubo, S., Matsushita, T., Takayama, K., Fujita, N., Sasaki, H.,
Tabata, Y., Kurosaka, M., and Kuroda, R. : Bone regeneration properties of granulocyte colony-stimulating
factor (G-CSF) via neovascularization and osteogenesis. 7th Combined Meeting of the Orthopaedic Research
Societies. (2010.10.16-20 Kyoto)

WEEREE, NIHEZ, HERE MR TI9AI ) —Fr o774 R=F—2NaftL7c4 7)Y =)/ DDS
R L7238 LI d R, 4 26 BIHA DDS 247 — 72 ¥ 3 v 7(20106.17-18  KB)

Kawata H, Soeda T, Takemoto Y, Sung JH, Uesugi Y, Jo J, Tabata Y, Umaki K, Kato K, Somekawa S, Ishigami K,
Horii M, Uemura S, Saito Y.: Development of the new drug delivery system with ultrasound for coronary
thrombolysis. American Heart Association, Scientific Sessions 2010(2010.11.13-17 Chicago)

AIRFRGE, EtGekin, BroRthd, JELBER, WmIEL, CPREZ, HMERE, ARE—  BMP-7 iRtz w7
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f— : BMP-7 &R E 7 F A P VHFIZ & 2 KR BEEIHE € 7V O ERIROME. 4 25 [l
H AT AL B 2 X BB 2 42 2% (2010.10.14-15  HUHE)

Fukata, n., Uchida, K., Kusuda, T., Koyabu, M., Fukui, T., Matsushita, M., Nishio, A., Nakase, H., Chiba, T., Tabata, Y.,
Okazaki, K.: Development of oral drug delivery system with cyclosporine in experimental colitis. Digestive
disease week 2010(20105.3 New Orleans)

B E, mEBA, R KEAE, ARBEE, AN th HMRE  MHEEPMREMET L ETF g
Farvz e KB ABEE. 52 b HARBES - B - AKX — v BEHEAME S (20107.2-4  DPHE)

B F, BB, R KEAE, AEBEE, AN th HMRE  MHEEPMREME T TF g
Far v a7 ZREABIBE. 5 25 B H AR A A 2, (2010.10.14-15  5UHR)
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HARFEERHE AR PR E - 4 (20101030 4ibE)
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HIAEE N4 A7) TV b RICHAERR & AYRANIED = 2 — T 0 27 1 7. BOURFERERER 2R 5E
B> TR HE L X 5 — (201024 330

Tabata, Y.: Biomaterials for regenerative therapy and stem cell biology . Conference of Peach through Mind Brain
Science (2010.2.23-25 Hamamatsu)

HMZRZ © FAEFRGHR (FEER) 072004 +<7 ) 7 VRS 0GB TS 7 + — 7 4 —2009 48 24
BEANT R 2 — (2010224 5UHR)

Tabata, Y.: Frontier of regenerative medicine with biodegradable biomaterials. DSM Biomedical (2010.3.2 Ge-
leen)

HIMZREZ © N A< T U T Ih b A7 AR & BMlaEWaE7e. fla RPeRFERE [EmES MYy 7 A ] Gk
(201034 i)

HZEE « B Pl 2 FIH L2 R RO HEBL WAL KR ARRE L AnRMAE L > ¥ — 2 YR Y7 24(20103.24
i)

HHIZEE © PR O BT & danfl. MRol&tteY) & BEAT (2010326 5THK)

HMZEE © € /7 1F) Bifrh & R AR, H22 SFREHAERRY A — €Y A ABGE& (2010413 5UH)

Tabata, Y.: Tissue engineering for angiogenic therapy of regenerative medicine. The 3 Pan Pacific Symposium
on Stem Cells Research (20104.17 Taichung)

HMZRE © N A <7 ) 7OV EFAEERE. 55 21 55 4 BIRRE 2R B & S RRRE 5 0 FH 2 (20104.26  H50)

HIIRE 1 N4 =7 ) TEAMH O Al emBER & AW AEge. IR R i 2 (20105.10  117E)

HHIZEE @ N A~ 7 ) TOVEA D b A7 HAERRE V4 AL RS 0 SR EIT i & (2010511 k)

HIMZRZ el 2 3R B34 A< 7 ) 7V (AR k) & DDS Ofichiii. WEK¥ 7 v —/3 )V COE 7u s 7
LF /A T TA#R (2010520 HTR)

Tabata, Y.: Nanoparticles technology to genetically manipulate the biological functions of stem cells. Particles 2010
(20105.23 Florida)

HMEEZ kY 7 FVHT L KTy 77N =3 25 A AARRFRE# (201069 H50)

HIAZREZ @ EEMELE BTy 7T UNY) — Y AT A5 A7 PHERESE. 5 3 MG R PR - FAERTE L >

— 2% (20106.11  HUHR)

M2 © MRS - RO 2D OB G FHE 5 45 [0 O 28E &S i (2010618 KBR)

HIIRE : BB 2 S50 TORKREIRS  — HAEEROFER - SR AR E RN A Ly ¥ 1(20106.23
FE)

HMZZ /A3 <7 ) TAEMB ) I HEEBO =2 —7a >y 7 4 7. 9 HEE A+ EXPO&F
BSA 7 4 —F 4201071 )

HIMZEE © N4 AT T Ah 5 A IBEOIDOFERE. TEAIE £ 35— (201071 Hx0)

HHMZRE © DDS %> 5 A 7z FRERBEGH. 45 30 [l H A FHEY#E:4 (2010.7.3 - 350

HAZE © BE L T T2 FERRBROBIRE RE. 5 3 b 2 O lRFH R4 (201078 &R)

Tabata, Y.: Tissue regeneration through cell recruitment enhanced by controlled release of biosignaling molecules.
37" Annual Meeting and Exposition of CRS(2010.7.10-14 Portland)

Tabata, Y.: Promoted adipogenic differentiation of rat mesenchymal stem cells by transfection of small interfering

RNA complexed with a cationized dextran. 37" Annual Meeting and Exposition of CRS(2010.7.10-14 Port-
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HMZE « N4 <7 ) 7z Az BRGET UP & BARKE. 022 MEEBEH 7 + —7 4 (2010724 &)

Tabata, Y.: Clinical experiences with Drug Delivery Systems for regenerative medicine applications. Advances in
Tissue Engineerting 2010(2010.8.11-14 Houston)

HIMZEE MR URE 2 52 54 <7V 7V - HAGHE, AR, AWEENE-. (ba—< A T
¥ AWM EIERS) (2010820  HUHR)

HHAIZRZ © P2 PR PE SR (S e MR — ISR JE,  BISEANTE, FHERIRO72012 - ADEMSE SRR
ThELHE BB 2 (2010824 KBR)

HIMZREZ © AR OREAR S & FAERDE O ERIEE €/ O Y Edlr & OBIFR. FHEREZ LR H5E /DL
DT YARYY L(2010831  HUER)

HARE © imER & EMEFIITEE LR 254 =7 ) Tv. A RPaIEsRH#ESE (201092 )

HMZEE @ N A A< 7 ) Th b A7 Som bRt & YA gE. Pk 22 SEBER AR o0 — ATR TapdiE o — 2 |
i (20109.10 wHE)

Tabata, Y.: Multi-functional biomaterials indispensable for regenerative medicine and stem cell biology. BIN Fu-
sion Symposium on MFMS 2010(2010.9.14 Korea)

Tabata, Y.: Biomaterial technology to manipulate stem cells for regenerative medicine and therapy. TERMIS-AP
2010(20109.15-17 Sydney)

HMRE 1 N =70 TUh 5 RIHERROS &R, 5 29 0l HAEB) SRR - 1524 R 2 0F 78 2 (2010.9.25
HHR)

Tabata, Y.: Biomaterial design for DDS and regenerative medicine. 11" TUMRS International Conference in Asia
(20109.27-28 Qingdao)

Tabata, Y.: Tissue engineering necessary for regenerative therapy and cell research. 16" International Sympo-
sium on Biomedical Science and Technology (2010.9.29-10.2 Istanbul)

Tabata, Y.: Tissue engineering technology for biosignaling molecules in bone regeneration (2010.10.7-10 Hanover)

HMZRE N A7) 7 VEAD 5 A7HARRE. 59 [HLEER 2 N7 ARF%E7 + — 7 4 (20101014 3R

HAZRE © WA GRIBIZE, Al FARR 2 XX 5T/ 0D, HMREOEBERRZRY VRV 7 A~
R E 25 [0 )] ©F~(20101019 5IHR)

Tabata, Y.: Indispensable utilization of biomaterial technology for regeneration therapy and stem cell biology.
World Stem Cells and Regenerative Medicine Congress Asia 2010(2010.10.26-28 Seoul)

Tabata, Y.: Biomaterials Technology Indispensable for Tissue Regeneration Therapy. 2" International Conference
on Regenerative Surgery (2010.10.27-30 Rome)

Tabata, Y.: Biomaterias Technology for Regenerative Medical Therapy of Next Generation. The Tenth Asian Bio-
Ceramics Symposium 2010(2010.11.3 Yogyakarta)

HMZRE € 7 ED 25 A7 AN - FHEGH, BIEOZE, s —. 4 MHARERB AR LT 27—V 3
F 3 —(2010119  HH)

HIMIARE AR T2 2 N — 2 & U7 PR RRRE. RUARIRF LR RS2 IR 3% (20101110 5THR)
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HHIZEE © X< bR b HAEERE LERD DD, FHRFF Y = VA AFEFEAM TR I — (20101112 5T#K)

HMRE 1 N =7 ) 7 VEA & O HERRORAR. 621 BHARLF /2 4 FHFJE2 (20101113 witi)

Tabata, Y.: Hydrogel Technology of Drug Delivery System for Pharmacological Therapeutics. 6* International
Symposium on Meniere's Disease and Inner Ear Disorders(2010.11.14 Kyoto)

HIMZEEZ N4 A< 7 T Uh b AR T & BN 5 48 [ H AR N T 2 K4 (20101119 Alie)

Tabata, Y.: Regenerative medical therapy based on Drug Delivery Technology of tissue engineering. BIT’s 3rd
Annual World Congress of Regenerative Medicine & Stem Cells (2010.12.7 Shanghai)

HHZE © €/ O Y Hiflie b A7 FHAEH. N4+ ORF - £ I F —~FAERBORKZ 3 < B~ (2010129
INIY

HMRE £/ O ) Bl 5 A7z PHERESE (ARG, EWEETE, 8138, KRP HAERBO kG Rb7:
2 0% ) R3S (2010.1213  5UHR)

Tabata, Y.: Tissue engineering for regenerative medicine and stem cell biology. Mahidol-Kyoto Universities Inter-
national Symposium 2010(2010.12.16-17 Thailand)

WM « NA T ) TN OHRMBAT v TiE#. HORHAARS Y5 —X> v aF V7 V4+ud—(IVR)F
KIUMH T4 (20101218 FRE)

IAHES : ZALENA A< 7Y 7V FAH L 72 3RTCIRE AR E 7V oS [45 1 1 Bio-creation if 78 2%
(2010.1.25 #4111
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PR — b U YA ZABEER (2010219 5UH)

AR AR E IR IR T 2 MLARA ZZRRREE N A A= 7 U 7V & F -G RS R o A, 42
| HARERBES YIA ZHEWR (2010318 IR R)

Yamamoto, M. : Development of functional biomaterials to modulate cell behaviors. The Max Bergmann Center of
Biomaterials Dresden seminar (2010.8.30 Dresden)

Yamamoto, M. and Tabata, Y.: Biomaterial Technology to Manipulate Stem Cells for Regenerative Medicine and
Therapy. TERMIS-AP(2010.9.15 Sydney)

IIACHE S, FHAZR S © PR - MIIREZE - BIEE D720 DN A &= 7 1) 7 )V EAN. [BioJapan 2010 (2010.9.29 At

Yamamoto, M.: Development of functional biomaterials to modulate cell behaviors. The Professor Mikos Labora-
tory Seminar at Department of Bioengineering, Rice University (2010.10.5 Houston)

Yamamoto, M.: Biomolecules-functionalized scaffolds for stem cell growth and differentiation. ISOMRM 2010
(2010115 Zhunan)

IAHERE - FAEEERICBIT 531 A< 7 ) 7 VoORENE. THFRE oo ) ilES (20101126 I

IIAHE S - MR L BREE & L CORREME N A A~ 7 ) 7IVESOR%. [4 32 BIHANA +<71) 7IVEKRE
VIR 22 SEFEHANA F =7 ) TOVESHAIENE 2 HAWRER] (20101129 JAE)
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07 & o 7SV R IR O AL BERERTJE. 58 32 M H A S A A = 7 1) 7 V4R R4 (2010.11.29-30 A F)

Kuroda R, Matsumoto T, Ishida K, Kubo S, Fujita N, Kurosaka M, Tabata Y.: Application for biomaterials-based

regenerative medicine for orthopaedic surgery. Tissue Engineering & Regenerative Medicine Interna-

tional Society Asia-pacific meeting (TERMIS-AP) (2010.9.14-17 Sydney, Australia)
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Department of Reparative Materials

PTHEE BR EH #X

Prof. Hiroo Iwata

(57 5% 8t E]

BHFZESETIE, R BEROBRIBE IO ATHEZAI D IS 72000782170 T E9. ThHOMEHIA
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EBHIS, BOT e § 2 AMER, Ml LA T 2 H8 - 2T 2720 Ok % LB 2 BT 5 2 & 12
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Institute for Frontier Medical Sciences

£l

A) / \ (B)

3. (A IVERMELIVB) AN- KT
~BEMOEXE.

MK HEELEM B S REEZL OB LADXASEOEZR

|’||’||[:;hn,n<>|x?

BHI&ET DRSS TEYAG
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Our research group intends to develop engineered materials that contribute practically and efficiently to the

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

Research subjects currently undertaken in our department are listed below.

Surface chemistry of biomedical materials

Protein adsorption and complement activation 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 ration-
ally design biocompatible surfaces of synthetic implants. Most of information on protein adsorption and comple-
ment activation by 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 envi-
ronments. Thus, it is difficult to prepare model surfaces using polymeric materials for studies of the complement
activation. Self-assembled monolayers of alkanethiols formed on a gold thin film provide well-defined model sur-
faces 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 ad-
sorption, complement activation, and cell adhesion on well-defined surfaces made of self-assembled monolayers us-
ing the surface plasmon resonance technique as well other analysis techniques highly sensitive for interfacial mo-

lecular events.

Polymeric materials for cell transplantation therapy

Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic 3
cells are known to have a poor growth capacity. Islets containing B cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits permea-
tion of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with compo-
nents of the host immune system. We encapsulated islets into agarose-based microbeads and induced normaliza-
tion of blood glucose levels of diabetic recipient mice by implanting 1000 microencapsulated hamster islets into the
peritoneal cavity.

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

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

Cell processing technology for regenerative medicine

Cells and ECMs are important components for regenerative medicine. In recent years, many research groups
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have devoted enormous efforts to establish in 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 re-
search activities is focused on the development of stromal cell free culture systems used for the induction of ES
cells to various functional cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from
stromal cells, are immobilized effectively differentiated to dopaminergic neurons.

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

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

Cell chips for high-throughput functional screening

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

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

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

screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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Our interest is to understand the mechanism of information processing in the brain and to develop devices
that can communicate with the brain using receptor proteins, such as P2X4, NMDA, AMPA and GABA. The key
idea behind this work is based on the relationship between conformational change and function.

Here I describe our study of (1) the conformational analysis of purified/reconstituted receptor protein by high-
speed AFM under physiological conditions, (2) neural activity measurement using MEA and implantable MEA and
(3) model synapse formation using a nano-cavity with a lipid bilayer. Last year (2010) we studied the electrical
analysis of neural stem cells using MEA. Some studies were undertaken collaboratively with foreign universities,

including the University of Oxford and the University of Adelaide.

(1) Conformational analysis of purified/reconstituted receptor protein by high-speed AFM under physiological condi-
tions

Although we know that receptor protein is very important in information processing, only a few technologies,
such as cryogenic transmission electron microscopy and X-ray diffraction, can provide us with images of single re-
ceptors. However, most methods require dry conditions or low temperature.

We have succeeded in visualizing P2X4, NMDA, AMPA and GABA receptors under physiological conditions
in real time by using high-speed atomic force microscopy. As a receptor normally works with a membrane, we
studied them either in purified form or reconstituted with membrane receptors for analysis. We observed changes
in the extracellular domain structure. We collaborated with the University of Oxford on the analysis of AMPA re-

ceptors.
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(2) Neural activity measurement using MEA and implantable MEA

Constructing an interface between neurons and electrical instruments is one of our goals with regard to devel-
oping tools for communicating with the brain. We use conducting polymer hydrogels to achieve better biocompati-
bility and low impedance. Major challenges are to obtain a stable longer connection and to realize wireless capabil-
ity with our miniaturized measurement system. We hope this will enable us to achieve an implantable interface.

As little is known about the role of Mg in neural activity, we studied changes in the intracellular Mg concentra-

tion. We also began neural stem cell experiments with MEA to understand neural differentiation.

(3) Model synapse formation using nanocavity with lipid bilayer
We have considered the formation of a model synapse using a nanocavity with a lipid bilayer. Fluorescence
changes in the nanocavity indicated the ionic flow dynamics through the membrane. We are preparing to under-

take electrical measurements of the ionic dynamics in the cavity.
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formation, Gordon Reserch Conferences, Nanostructure Fabrication, Tilton, USA, 2010.7.18-22 (invite)
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K. Torimitsu, Nanobiodevice architecture using receptor protein, International Conference on Nanoscience and
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The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic informa-
tion to next generations. During the differentiation of germ cells, important biological processes take place, such as
epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our current research
focuses on the molecular characterization of germinal granules/nuage, germline-specific ribonucleoprotein (RNP)
assemblies in the cytoplasm, and the regulation of meiotic entry and chromatin dynamics.

One structural characteristic observed in the germline is a cytoplasmic RNP domain called germinal granules
or nuage. The germinal granule/nuage is evolutionarily conserved in divergent animals, suggesting its essential
and common role in the germline, but the precise molecular and physiological function(s) remains unclear. We are
working on tudor-domain containing (T'drd) genes, mainly Tdrdl, 6, 7 and 9, which encode for specific components
of mammalian germinal granules/nuage. Gene-targeted disruption of Tdrdl, 6, 7 and 9 all led to male-specific steril-
ity due to postnatal defects in spermatogenesis. Among these, TDRDI1 and TDRD9 cooperate with piwi proteins,
MILI and MIWIZ2, respectively, and function non-redundantly in retrotransposon silencing at RNA and epigenetic
levels in spermatogonial stem cells and subsequent spermatogenesis. In contrast, Tdrd6 and 7 function in haploid
spermiogenesis. Tdrd6 and 7 mutants show abnormal spermatid differentiation with aberrant chromatoid body ar-
chitectures. Chromatoid bodies, a specialized form of germinal granules/nuage in spermatids, share some of their
components with somatic processing bodies (p bodies), a form of RNP implicated in degradation or translational
control of mRNA. We are addressing the possible function of TDRD6 and 7 in the regulation/metabolism of RNA.

Molecular mechanisms controlling meiotic entry and chromatin dynamics are important research subjects in
cell and developmental biology. We previously showed that primordial germ cells autonomously enter into meiosis
when cultured in vitro and identified a factor that suppresses this meiotic transition from mitosis. Recently, we es-

tablished another in vitro culture system that induces meiosis initiation of an established germline stem cell line de-
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rived from spermatogonia. By using this culture system, we identified signaling molecules that promote or inhibit
meiosis from mitotic spermatogonial stem cells. We are undertaking biochemical and genetic characterization of

these signaling pathways in vitro and in vivo.
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Sakurai, K., Shimoji, M., Tahimic, C. G. T., Aiba, K., Kawase, E., Hasegawa, K., Amagai, Y., Suemori, H. and Nakatsuji,
N. Efficient integration of transgenes into a defined locus in human embryonic stem cells. Nucleic Acids Res
Apr 38(7) (2010)

Otsuji, T. G, Minami, I, Kurose, Y., Yamauchi, K., Tada, M., and Nakatsuji, N. Progressive maturation in contracting
cardiomyocytes derived from human embryonic stem cells: Qualitative effects on electrophysiological re-
sponses to drugs. Stem Cell Research 4 201-213(2010)

The International Stem Cell Initiative Consortium : Akopian, V. Andrews, P., Beil, S., Benvenisty, N., Brehm, ]J.,
Christie, M., Ford, A., Fox, V., Gokhale, P. J., Healy, L., Holm, F., Hovatta, O., Knowles, B. B, Ludwig, T. E,
McKay, R. D. G., Miyazaki, T., Nakatsuji, N., Oh, S. K. W,, Pera, M. F., Rossant, J., Stacey, G. N. and Suemori, H.
Comparison of defined culture systems for feeder cell free propagation of human embryonic stem cells. In
Vitro Cell. Dev. Biol. Animal 46 247-258 (2010)

Yamauchi, K., Sumi, T., Minami, I, Otsuji, T.G., Kawase, E., Nakatsuji, N. and Suemori, H. Cardiomyocytes develop
from anterior primitive streak cells induced by B-catenin activation and the blockage of BMP signaling in
hESCs. Genes Cells 15 1216-27(2010)

Tatsumi, R., Suzuki, Y., Sumi, T., Sone, M., Suemori, H. and Nakatsuji, N. Simple and highly efficient method for pro-
duction of endothelial cells from human embryonic stem cells. Cell Transplant 2010 Dec 22

Murakami, G., Inoue, H., Tsukita, K., Asai, Y., Amagai, Y., Aiba, K., Shimogawa, H., Uesugi, M., Nakatsuji, N. and
Takahashi, R. Chemical library screening identifies a small molecule that 1 downregulates SOD]1 transcrip-
tion for drugs to treat ALS. J. Biomolecular Screening (2010 in press)

Kuramochi-Miyagawa S, Watanabe T, Gotoh K, Takamatsu K, Chuma S, Kojima-Kita K, Shiromoto Y, Asada N,
Toyoda A, Fujiyvama A, Totoki Y, Shibata T, Kimura T, Nakatsuji N, Noce T, Sasaki H and Nakano T. MVH
in piRNA processing and gene silencing of retrotransposons. Genes Dev 24 887-892(2010)

Toshiaki Watanabe, Shinichiro Chuma, Yasuhiro Yamamoto, Satomi Kuramochi-Miyagawa, Yasushi Totoki, At-
sushi Toyoda, Yuko Hoki, Asao Fujiyama, Tatsuhiro Shibata, Takashi Sado, Toshiaki Noce, Toru Nakano,
Norio Nakatsuji, Haifan Lin and Hiroyuki Sasaki. MitoPLD Is a Mitochondrial Protein Essential for Nuage
Formation and piRNA Biogenesis in the Mouse Germline. Genes Dev (2010 in press)

Yukihiro Yabuta, Hiroshi Ohta, Takaya Abe, Kazuki Kurimoto, Shinichiro Chuma and Mitinori Saitou. TDRD?5 is re-
quired for retrotransposon silencing, chromatoid body assembly and spermiogenesis in mice. J Cell Biol

(2010 in press)
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Nakatsuji, N. Banking Human Pluripotent Stem Cell Lines for Clinical Application? J. Dental Res 89 757-758 (2010)

glal:l

Asai, Y., Tada, M., Otsuji, T. G. and Nakatsuji, N. Combination of functional cardiomyocytes derived from human
stem cells and a highly-efficient microelectrode array system: An ideal hybrid model assay for drug devel-
opment. Current Stem Cell Research & Therapy 5 227-232(2010)

Sengoku, S., Sumikura, K., Oki, T. and Nakatsuji, N. Redefining the concept of standardization for pluripotent stem
cells. Stem Cell Reviews and Reports (2010 in press)

WIHREAT, BE—, bR - ZaethEiie 2 M v 283 HA BIO INDUSTRY 27 30-38(2010)
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Shinichiro Chuma and Norio Nakatsuji. Germline tudor genes, germinal granules and spermatogenesis in mice. 4§
EHEAGE [HEmRVOMAF 4 7V EZEF ) kY v T —27 ] EBEY »RY W A International Sympo-
sium on Epigenome Network, Development and Reprogramming of Germ Cells (2010. 11.22-24. Fukuoka)

MUNSERET, Hrp B Ak BERE, RRESEHR, MRMRER], vk, WhIEH—RE < AL O W 2%
ITEBRIEM O, R FIigE [ARY A 7 VA FiRas 20101 (2010. 7. 21-23. Tsukuba)

2 BE-VURIIL

Nakatsuji, N.: Pluripotent stem cell lines for research and application in drug discovery. Roche 1st Mini-
Symposium on Stem Cell Research (2010.6.15. San Francisco)

Nakatsuji, N.: Human pluripotent stem cell lines as valuable tools for research and application. Jananes-German
Presidents’ Conference “Life Sciences Meet Natural Sciences : Crossing Borders”(2010.7.30. Heidelberg)

Nakatsuji, N.: Human pluripotent stem cell llines for cell biology and drug discovery. 8th iCeMS International Sym-
posium “Meso-Control of Functional Architectures”(2010.11.11. Kyoto)

Nakatsuji, N.: Creation of neurodegenerative disease model cells by genetic modification of human pluripotent
stem cell lines. Stem Cell Research : Opportunities and Risks (2010.11.20. Heidelberg)

Nakatsuji, N.: Multi-disciplinary research and application of pluripotent stem cells for drug discovery and disease
mechanism research. BIT" 3rd Annual World Congress of Regenerative Medicine & Stem Cells 2010
(2010.12.6. Shanghai)

ARAERIEI . FERIEEE (2010115, ¥ERY)
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AR SR AR 2 S U 72 iPS Ml & 72356, RS CREBIE SR SN EHH 1), Z iUt dikAl
JUHAET B e L o7z, 2O ERS, IPSHBOBIZHWZIEOAMBORIRIERLTHL &
EHONE LT

iPS Al 2 A RICER T2 AICIIREE S 2 EE 0 VWEBROMB VI ERTHS. FLrlde MiPSHlL%E
HOMIM 7 4 — 7 —Mifaz FV Oy - MR 2 2 LM ThDL I LER L. SO Lid, HEORMEMHMESF
Mg AS iPSHIEDY — AL LTI TR, 74— 7ML LTOAMATHLILERLTED, EBRSHME
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k& e R iPS MR OB A D TB Y, MFEEANCE L Tid iPS ML O AT LPEIRIEAT % (D T
5. F7z, iPSHIEA S OSBRI ETLTHB Y, BB T EOMIT RO E1T>TWwb

(33 - I

iPS cells are generated by the transduction of four transcription factors, namely Oct3/4, Sox2, Klf4 and Myec.
These iPS cells have been observed to notably contribute to adult chimera mice and also to their offspring through
the germ line. Patient, or disease-specific iPS cells are therefore considered to potentially help elucidate the patho-
geneses of diseases, while also being useful for drug screening, toxicology studies and regenerative medicine. How-
ever, some critical issues, such as their low efficiency and tumorigenicity, still remain to be overcome before the
clinical application of iPS cells can be successfully achieved.

The knockdown of p53 (also known as TP53 in humans and Trp53 in mice) by short-interfering RNA (siRNA)

has been recently shown to promote human iPS cell generation, but the specificity and mechanisms of this phe-
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nomenon remain to be determined. We also previously reported that up to 10% of transduced mouse embryonic fi-
broblasts lacking p53 successfully transformed into iPS cells, even without the use of the Myc retrovirus. Such p53
deletion was also found to promote the induction of mouse iPS cells with plasmid transfection. The suppression of p
53 also increased the efficiency of human iPS cell generation. We also showed that carrying out reprogramming un-
der hypoxic conditions resulted in an improved efficiency for both mouse and human cells.

We evaluated the teratoma-forming propensity of the secondary neurospheres (SNS) generated from several
mouse iPS cell lines. The teratoma-formation of SNS from embryonic fibroblast-derived iPS cells was similar to that
of SNS from embryonic stem (ES) cells. In contrast, SNS from iPS cells derived from different adult tissues varied
substantially in their teratoma-forming propensity, thereby correlating with the persistence of undifferentiated
cells.

In order for iPS cells to be successfully applied for therapeutic usage, the establishment of a xeno-free culture
is critical. We demonstrated that human iPS cells could be established and maintained on isogenic parental feeder
cells. This finding suggests that autologous fibroblasts may therefore be useful, not only a source for iPS cells, but
also as feeder layers. Our results therefore suggest that it may be possible to solve this dilemma by using isogenic
fibroblasts as feeder layers for iPS cells. This is therefore considered to be an important step toward the establish-
ment of clinical grade iPS cells.

We have already established some disease-specific iPS cells and characterized various clones. We have also in-
itiated the preparation of differentiated cells from iPS cells. The next challenge thus remains to establish a new and

effective analysis protocol which will be useful in the pathogenesis of various diseases. L - H)ID
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Okita, K., Hong, H,, Takahashi, K., and Yamanaka, S.: Generation of mouse-induced pluripotent stem cells with plas-
mid vectors. Nat. Protoc. 5(3): 418-428(2010)

Mizuno, Y., Chang, H, Umeda, K., Niwa, A, Iwasa, T., Awaya, T., Fukada, S.I, Yamamoto, H., Yamanaka, S., Naka-
hata, T., and Heike, T.: Generation of skeletal muscle stem/progenitor cells from murine induced pluripo-
tent stem cells. FASEB J. 24(7): 2245-2253(2010)

Kazuki, Y., Hiratsuka, M., Takiguchi, M., Osaki, M., Kajitani, N., Hoshiya, H., Hiramatsu, K., Yoshino, T., Kazuki, K.,
Ishihara, C., Takehara, S, Higaki, K., Nakagawa, M., Takahashi, K., Yamanaka, S., Oshimura M.: Complete

genetic correction of iPS cells from duchenne muscular dystrophy. Mol. Ther. 18(2): 386-393(2010)

2) %
e R« Bhafioph & 6. BT Business EYE. 2010 4475 1(2010)

gt Rk, MPEEAY, EAERIRL iR - iPS Ml L & B S % pb3 Akl SEBREE:. 28(3):378-382(2010)
WA, P hEs - iPS Ml 2 7o R R O B T, FEBREES:. 8(2):159-165(2010)
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Egashira, T, Seki, T., Yuasa, S., Ohno, Y., Tohyamana, S., Hashimoto, H., Kodaira, M., Kusumoto, D., Yae, K., Tanaka,
T., Hattori, F., Aizawa, Y., Murata, M., Kimura, A., Yamanaka, S., Ogawa, S., Fukuda, K.: Generation of In-
duced Pluripotent Stem Cells in Healthy Volunteers and Patients with Hypertrophic Cardiomyopathy. % 74
bl H APEBR G XY - AArSR 2 (201037 5U#R)

Miki, K., Saito, A., Miyagawa, S., Uenaka, H.,, Shimzu, T., Okano, T., Yamanaka, S., Sawa, Y.: The Bioengineered
Myocardium Derived from Induced Pluripotent Stem Cells. 45 74 [0l H A ER B F AR E - FiliE 4 (2010.3.7
HHR) MR A & — 58 F

Seki, T., Egashira, T., Yuasa, S., Ohno, Y., Tohyama, S., Hashimoto, H., Kodaira, M., Kusumoto, D., Yae, K., Tanaka, T,
Hattori, F., Kodou, K., Yamagishi, H, Murata, M., Yamanaka, S., Ogawa, S., Fukuda, K.: Generation of In-
duced Pluripotent Stem (iPS) Cells from Patient with Familial Atrial/ Bentricular Septum Defect. %5 74 [a]
HAMEBR G AR R - R % (201036 HUHR) AR R ¥ —JE R

Ohno, Y., Yuasa, S, Egashira, T., Seki, T., Hashimoto, H., Tohyamana, S., Arai, T., Tanaka, T., Hattori, F., Yae, K., Mu-
rata, M., Ogawa, S, Yamanaka, S, Fukuda, K. : Molecular Characterization of Induced Pluripotent Stem (iPS)
Cell-derived Cardiomyocytes. £ 74 [nl H RPIEBREFFRME - FAMTHE S (201036  HLHR)

Seki, T., Egashira, T. Yuasa, S., Ohno, Y., Tohyama, S., Hashimoto, H., Kodaira, M., Kusumoto, D., Yamanaka, K.,
Tanaka, T., Hattori, F., Aizawa, Y., Murata, M., Satou, T., Kanki, H.,, Yamanaka, S., Ogawa, S., Fukuda, K.:
Generation of Induced Pluripotency Stem (iPS) Cells from Patients with Congenital Long QT Syndrome. 2
74 M H AR BR G # R0 & - P % (201035 HUHR)
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Yamanaka, S. : Induction of pluripotency by defined factors, 14™ International Congress of Endocrinology (2010.3.29
Kyoto)

e« iPS Ml > T REYE & BE, 55 9 bl H ATHER B2 2# 4 1(2010319  JAK)
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IR : Induction of pluripotency by defined factors, [ 45 74 8l H K EER IR FAME - FiES E TR
(2010.36  %THB)

Yamanaka, S.: Induction of pluripotency by defined factors, [2010 Keystone Symposia Stem Cell Differentiation
and Dedifferentiation | (2010.2.16 U.S.)

Hi e - iPS MK o> ] REPE & AU, [k A ik & | (2010.2.13 - Hije)
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B)

R« iPS Ml oW ReE & FVE, [RIGTZEEERE Y 7 —2 YRV A 7—< HE AR RSB D
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IH R Induction of pluripotency by defined factors,[ 2010 4£ 5 4 7% 4 = » ZAFEBE L » KT & [Future Out-
come of Stem Cell Research Today]](2010.1.18 U.S.)

Yamanaka, S.: Induction of pluripotency by defined factors, [Induced Pluripotent Stem Cells and the National In-
stitutes of Health Intramural Research Program at NIH(2010.1.15 U.S.)

Yamanaka, S.: Induction of pluripotency by defined factors, [National Institutes of Health Wednesday Afternoon
Lecture Series|(2010.1.14 U.S)

Yamanaka, S.: Induction of pluripotency by defined Factors, [University of Texas Southwestern Medical Center,

Medical Scientist Training Program Lecture](2010.1.13 U.S.)
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B I AR 3 S AR B BRI B . RIS A B WL TR RTER RIS THBL S 5 BT Pax3, L
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L, ZOHGEHE I EHM~E bR M O %= 2 UE BRI R 25632 2 L 12X Y, iPSHil
HISRE A& W eiie o B CHEBEE - LRk SO 2I0T 2 L L HIS, QBRI CHEILT %2 miRNA ©
MR AL A A — RICBIT B2 H EREBEH S 2127 5.

Pax36+ E9.5 GFP(Pax3) MyoD-N-tdTomato E13.5 tdTomato(MyoD)

1 Pax3-GFP & & U MyoD-RFP %~ 7 & H 5 FACs (- & 2 #ilR BB #E, BREHNDOMLFE

Project 2 : i 8 (CREd 2 A% (GRUSAE)
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SRl - LIRSS 2 & 2B S HIC
L7.

Project 4 : R HEBZRRICH 1T 3 X IV b U > p/ADAM19 DIRE] & HEE (ERESTR)
FAZ, FE - BEOHIZHS T 5 ADAM 7u 77 —ED
BEICHFEHLTWS, ZOVEDANVIY) Y BIF, ErbBL &7
F—DV)H Y FOOED, 7Y 78N T OMBs KX 14 >
OYIEIEEDH Y, EBEANVII B/ v 2T b XD
Biar 6, REHUER O R AT ERE O ¥ 27 & M CRAS e R
FUTIOITY YHEICHE L TWA I dbh stz cor  H4 E‘%%@é;?@”*fgggg"l 7
U754 ) YADQBGERZ 5L, I CEBETSY 2T Y

M2 LIS e WD RERE SR TR L2 N9 VAV 22y 2 T T 7 4 v ¥ alf & v TR K
ZBIZL, ANVNY YBOBRBEMEAEEBARTRT I LRI Lz, ZORISB VT ) 7 85 K O Y)W
W, AV EY Y BICE DR - RHNICEDLHICHIB I N TVWE0d. Zo7Turt) P ADOE#ELE
& 7ok % F TR B (EILB IR FEAT O )1 il — ek & o L FAFZE).

Project 5 : METEIREILEICH T 5 ADAMS DTRE| & #aE (BRAZX)
HFHEBII OFAEIZ B TIRAORIMERIZMES/THREL, ZRFMENNEBEZICMIEERICH LRI NS ET
EHEWERT L. TNLIIHALEBYW TIIRAENTEITTE2AXRXY I THLZ DD, FOEFKIINT THEMS
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NTWhdor. Fr Z I ERITRAET 5/
RO TS 714 v a2z T, MEMHERIC
52 AR X 2RI B D LT L
7-(H5). e ETIo, ARILBRATIAE R A0
BRI & DR %A L TR 5 S & %,
i 7 a5 7 —+¥ ADAMS 12 & ARILER— A
K WL OO A TR B S ML AR BRI 5 | % &> O o
LoThH T kW L7z (Tida et al. 2010). —

5 MAEREBOERE
MENTRE L 2FROBRPREMBEHEEERL AP SRERNICEA
(Transmigration) U, #E&E %N L =& (ding) REZR T, 7O77—
CIRTER) 4 125 BER% (Release) D ICTEIR £ 1A T 5. DA=dorsal aorta,
PCV=posterior cardinal vein, hpf=hours post-fertilization

(English)

We investigate cell-cell interactions during
development and regeneration. We are cur-
rently taking various approaches to investigate cellular differentiation and morphogenesis during development.
Mechanisms of Myogenesis
(1) Mechanisms of skeletal muscle cell specification.

(2) Mechanisms of muscle cell fusion

Regulation of Intercellular Signaling in Development and Regeneration
(3) Roles of ErbB signaling in development and regeneration.

(4) Roles of Meltrin beta/ADAM19 in development and regeneration

(5) Roles of ADAMS in development and regeneration

[% # B 2]
@ REERK ©

1) FEERX

Sunadome, K., Yamamoto, T., Ebisuya, M., Kondoh, K., Sehara-Fujisawa., A., Nishida, E.. ERK5 Regulates Muscle
Cell Fusion through KIf Transcription Factors. Dev. Cell, in Press

Lagha M*, Sato T*, Regnault B, Cumano A, Zuniga A, Licht ], Relaix F, Buckingham M. “Transcriptome analyses
based on genetic screens for Pax3 myogenic targets in the mouse embryo” BMC Genomics 11, 696 (2010) *
equally contributed

Sato T, Didier R, Marques L, Thorsteinsdittir S, Buckingham M. “A Pax3/Dmrt2/Myf5 Regulatory Cascade Func-
tions at the Onset of Myogenesis” PLoS Genetics 6, 1000897 (2010)

ITida, A., Sakaguchi, K., Sato, K., Sakurai, H., Nishimura, D., Iwaki, A., Takeuchi, M., Kobayashi, M., Misaki, K., Yone-
mura, S, Kawahara, A., and Sehara-Fujisawa, A.. Metalloprotease-Dependent Onset of Blood Circulation In

Zebrafish. Current Biol., 22 5 20(12): 1110-6.(2010)

2) #
SHEEL, WUEGET © ADAMS IC X 2 MBI O HIE, 4 THls 7o 74 ¥ AuEofnis ], Efbss,

glﬁlg
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Vol.82 No.10, 921-930.(2010)
BRI R & RS T 2 MERORIF, FEERERS: (CE14E), Vol29,No.1(1 A7), 55-56(2011)

© FREORRX @

1) 2% - RSRR

Atsuo Iida. Intravascular Proteolysis Triggers Synchronous Start of Blood Circulation in Zebrafish (I 564E12 B1F %

WA OMBPITHRIZ G X ¥ 070 T 7 — LI L DHMMBEEOMBEALETH L), CDB Y ¥R Y v A 2010
[Frontiers in Organogenesis | (2010.3.23-25 %))

SRHEEE, WOAR, TR, RISk, PIRE, AR, TNSEK, AMRCA, CRITELRE, IEEHE,
S MEIERORE N E AT 0T a7 7 =B IMAFLTBI S, 7—2 ¥ a3y 7 [#llaha - ECM -
MNP AT E ) Ofsf - AR B, JOAT ), 49 62 Il HAMINa A # 2K & (2010520 KK

Atsuo Iida, Kazuya Sakaguchi, Kiyoaki Sato, Hidetoshi Sakurai, Daigo Nishimura, Aya Iwaki, Makoto Kobayashi,
Shigenobu Yonemura, Atsuo Kawahara, and Atsuko Sehara-Fujisawa. Metalloprotease-Dependent Onset of
Blood Circulation In Zebrafish. 2nd Joint Meeting of the French and Japanese Societies for Developmental
Biology (% 2 8l HAL3s A AE WA AW I —5 1 ~ 27) (20105.16  Paris, France)

Hidetoshi Sakurai, Yasuko Sakaguchi, Emi Shoji, Hiroshi Sakai, Kazunori Hanaoka and Atsuko Sehara-Fujisawa.
Transplantation of mouse iPS cell-derived mesodermal progenitors improves structure and function of
skeletal muscle in Duchenne Muscular Dystrophy model mice. ISSCR 8th Annual Meeting(2010.6.16 San
Francisco, USA)

Atsuo Iida, Kazuya Sakaguchi, Daigo Nishimura, Kiyoaki Sato, Aya Iwaki, Atsuo Kawahara, Atsuko Sehara-
Fujisawa. Metalloprotease-Dependent Onset of Blood Circulation In Zebrafish (EF4:12 B % I #) D ML AG
BIZ707r 7 —BIC X BMREEOMEELEL %), Satellite Workshop 1: Morphogenesis: Growth
and patterning, 43rd nnual Meeting for the Japanese Society of Developmentai Biokigists Jointly Sponsored
by the Asia-Pacific Developmental Biology Network (45 43 [0l H AF& 4 A W22 & 4E4%) (2010620 HUHR)

Kazuya Sakaguchi, Tomomi Sato, Atsuo Iida, Naoki Irie, Akira Kakizuka, Atsuko Sehara. A comprehensive study
on expression patterns of zebrafish ADAM genes(¥ 75 7 4 v ¥ 2 ADAM &{5 1 DA S BURNT), 43
rd anual Meeting for the Japanese Society of Developmentai Biokigists Jointly Sponsored by the Asia-Pacific
Developmental Biology Network (45 43 [a] H ARFEA AW F54E4) (2010621 5UHR)

Tomomi Sato, Kazuya Sakaguchi, Ryoma Tanigome, Fuminori Sato, Tomohiro Kurisaki, Atsuko Sehara. ErbB sig-
naling involved in neurogenesis in the developing tectum in zebrafish (ErbB ¥ 7"} VIR EZE XA BEDOE T
74y v alBIIBTAMEEAICE YS9 5), 43rd nnual Meeting for the Japanese Society of Develop-
mentai Biokigists Jointly Sponsored by the Asia-Pacific Developmental Biology Network (55 43 [l H A8 4
W RAES) (2010621 5EHR)

BTG, WOMyR, WIRE, Ak B, EEE T BB T 5 MBEIEROMBICIE, ADAM 7u7r7 —+€
(2 X BARINER & IMAE RN DB BR AL EETH 5. 5 15 M HARRE 7 0 7 7 — ¥ 44 (2010820 KBR)

PHERRE, SHES, WEET KA T7a 77—+ ADAM8 d~ 7 u 7 v — VHilL o 5k 2 filiH 3 5, 515
Il HANRIE 7' 1 7 7 — £ 4243 (2010820  KBR)
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RS, WITAGR, RN, (EBSOR, SRS, WS BEBREOE T I 7 1 v ¥ aBl#EIZB VTR
ML MEAIZE D HBHEE T 7 ) ~ 7, Oral Sessions 02-4-2[ i BEHIAD (Progenitor Cell) |(chairperson :
feiEE), Neuro 2010 (% 33 |l H AR AR &, 4 53 M HARMRALA R RS, o 20 [ HAMRER &
REFFAKRE) (201093, feH)

SHECR, WITAIDR, VEERRE, AR K, WEGET 1 ADAMSIZ X % I8 N B2 — AR L ER o0 458 55 i B (3 00 S 26 A4
TOMMIMEOMREIZLETH S, 4516 H/NEHIHIT/ES (2010918 HE)

Atsuo Iida. Metalloprotease-Dependent Onset of Blood Circulation in Zebrafish. Kyoto University Global COE “Cen-
tre for Frontier Medicine” International Symposium / Retreat 2010(2010.11.5. JF&Ji)

Hiroshi Sakai. Isolation of skeletal muscle progenitors from mouse embryos and mouse iPS cells. Kyoto University
Global COE “Centre for Frontier Medicine” International Symposium / Retreat 2010(2010.11.5. &)

Daigo Nishimura, Atsuo Iida, Atsuko Sehara-Fujisawa. Role of ADAMS for macrophage differentiation and migra-
tion. Kyoto University Global COE “Centre for Frontier Medicine” International Symposium / Retreat 2010
(2010115, JeJdi)

Fuminori Sato, Tomomi Sato, Kazuya Sakaguchi, Akihiro Urasaki, Hironori Wada, Koichi Kawakami, Atsuko Se-
hara. Roles of Meltrin b/ADAM19 in Schwann Cell Differentiation during Development of Peripheral Nerv-
ous System. Singapore Zebrafish Symposium 2010(2010.11.8. Singapore, Singapore)

TEMSE, WIAGR, RN, (RSO, SIS, WS SEEEOBEICB W T ErbB ¥ 7 W RiE
R RE A % IR E) X & % (An ErbB signaling triggers neurogenesis in the developing tectum. ), BMB2010 (4%
33 W HAGFAEWF RS, 4 83 M HAELFARAETFAE) (2010128, FLkE)

SEHEAT, RSO, HIZW, WEE T MeltrinB (ADAM19) 0GB 4212 5 1F % % %) (Rolesof  Meltrin-beta
(ADAMI19)in heart development), BMB2010 (% 33 [0l H AT EW 2 4E S, 4 83 M H A4 LA KRS
AIRKZ) (2010128, L)

PemisCBL, RS, BTRSR, Gl e, FOENERD, ki —, WEGE T © Zebrafish 2 vV 7-mifEo I 1) A —
¥a YUBULIC L A RN 1 7 7 — ¥ ADAMI9 O#RED I (Functional analyses of ADAM19 in myelina-
tion using zebrafish lateral line. ), BMB2010 (55 33 [0l H &AW 4E4, & 83 M H ARAALFAKRES
[ K2%) (2010.12.8. o))

BRI, BWITHR, PEERRE, aAR, JNEER, #EGES - WA Y a7 7 — £ ADAMS (3RIER — L3 A EZ
DOEEREEZ AN LT, IRED 5 O MM & % #14 L Tv» % (A Membrane-protease ADAMS controls the
extension of inter-segmental vessels due to the blood-vessel adhesion. ), BMB2010 (%% 33 [ H A4 F W%
KAER, W8 M HAAA LA REERAKE) (2010128, SLHE)

R EZ, P, WSS T "Pax3 Z iR L L2 iiilie TR 2 miRNA #R5R" Mt - Ak Bk e
BI%E WHYAMRT74 =85S Ty AL—L = a )b - ) —FREMGEIES (20101213 H50)

2) BE-URIIL

Atsuo Iida, Kazuya Sakaguchi, Kiyoaki Sato, Hidetoshi Sakurai, Yasuko Sakaguchi, Daigo Nishimura, Aya Iwaki,
Atsuo Kawahara, and Atsuko Sehara. A Novel Role of ADAM Protease in Development. North American
Vascular Biology Organization, Developmental Vascular Biology Workshop (2010.2.10-13 Monterey, USA)

Sehara-Fujisawa, A. Metalloprotease-dependent onset of blood circulation. Japan-Israel Workshop on Stem Cells

B E8PY 4
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(2010.2.23 Jerusalem, Israel)

WEET BECBTLT Vo 7usr 7 —YOH LwikdEl % Bolr 5 (Finding Novel Roles of ADAM Proteases in
Development), ¥V RI T AL [HBE¥TT 74 v Y aWDHLFLOERHEIG—FF A4 ¥F— )l Eig—,
RIFRIERE), o 115 [l H AR AR - AR5 (2010330 &F)

WEET - AEE ADAM 7077 —¥, ALAEWIIRE DS 2010 455 50 MIE 028 (2010.9.3. %))

Atsuko Sehara-Fujisawa. Metalloprotease-dependent regulation of nerve regeneration. Society for Developmental
Biology 69th Annual Meeting Jointly with Japanese Society of Developmental Biologists, (201085 Albu-
querque, USA)

Atsuo Iida. Metalloprotease-Dependent Onset of Blood Circulation in Zebrafish. Singapore Zebrafish Symposium
2010(2010.11.8. Singapore, Singapore)

HE T Roles of ADAM proteins in spatial and temporal regulation of ectodomain shedding events. ¥ ¥ KT

2 [Ectodomain shedding biology-functional conversion of plasma membrane proteins-|, BMB2010 (%5 33
[ H ARG TS RES, 83 B HAEMFAREEFAS) (2010129, JLkE)
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BAERZEFETH

Department of Immunology

HEHR BEW RX

Assoc. Prof. Tatsuo Kina

(57 5% 8t E]

AWFEE T, (D=7 2D 2 o8EICB0 2 T ML 7% — B $H (TCRP) MIZF ORI S X U8 (2)CD45
GFITE B SEIGHALIRET R & F ORBERACIC X A REREOREELZELT - E LTHIREZITo T 5.

1. v ZBRRY > /N[ED TCRB BT EDHENHL S, allele BT V-DIBERDE 281 ITHRERZITA
hoNTWEETINERBREDCEERT T —2%RBE

<% 2 THIMLL &7 % — B 84 (TCRB)MIZT- O FHENE 2 BERET, 23 J o allele T D] BHERAB D, &
ZELE L= D allele IZ2BWT V-D] B ZiET 5 & SN TwWab. V-DJ MK T inframe (VD] ") 12 7% 5 H
L 1/3% DT, VD] KL MG L/ZMED 1/325VD] /D] £ 425, Y @ 2/3 O TIZFRER O KR
out-of-frame (VD]") TH 4. d LINSOHMIETRTHDH 9 —FH D allele T V-D] HEEZ 1D 5 7% 51, 2/9 Ol
FaAsVDJ*/VD] £ % %. 2Dk &4 allele 1248 % VD] allele DEIE1E 70% (2% 5. bbhaiZh$ TIZ TCRB
locus % #7233 @ ENU CT#FFs L7z~ Akt ¥ /8 (TL) IS8 % VD] allele D#I&1, 71% THo7z b
bz D] allele 2 MBAEMET LT L2,/ LX), &3 & DI /DI THo7z TLIZHIF S VDJ(D)allele
D#E4, DJAD /DI TdH -7z TL B % VD] (IDallele DEIE % S HH & 12 RD 72, ZORREBVW/-Z LI,
VDJ (D allele D#41% 81%, VD] (IDallele D#I 1L 63% ThHh-72(F). 2oz ki, 1. DJ(D/DJ1) Tdh-7z—
ROMNL T F O allele TRFEIC V-D] FER2SHIG S N7z2 &, 2. DJAD/DJAD) TdH - 7ML THRAI D V-D]
TEHERL A% out-of-frame Db DD —EPIE D 5 —FH D allele T V-D] RSB S THEEBN G 72, T & %2
LTWwa.

2. CD45 2313 PTPase j&M4{ET & BALB/c.CD45.1 ¥ XL T 2 REREREDRRF

CD45 (38 MR R RIS SNBSS VX7 BTH Y, ZOMBEIN AL VIZZERHEEZ O L
MHNTW5S, F7z, MRENICIZTF TS 2 ) Y RIEROBLY) ~ BILEER (PTPase) [GEEZ A5 F AL V3H D,
WEIMLRMIEOFEER L, ) ¥ BRI BT 2 PR BB O L2 HE T 2R & LTEETH L EEZX LT
. LHL%&20, ZOWACHERER) v 28 BRIGEALIC BT 25l 2 %8, 200 Iy FIiZownwTidwE 213k
DR, BALB/c.CD451 ¥ 7 A%, AWREIZBWT, %O BALB/c ¥ A (CD45.2) ® CD45 iz T %
C57BL/6.CD451 @ CD45 #E{E TFEICE X R THT Loy Y o=y 7 - T ATHHA, #@HD BALB/c <™
AL WELT, WHEET, HRPEHPOREL TUVF-UERERRLPEREZBIET S 2 L0 LN, BRI
RIEREEBIE LR T W2 H2 2 L 03500572, BALB/c.CD45.1 ¥ 7 RICBIT 2 TN 5 ORERE IS, £
KL~V TIE Th2 %4 A A4 > DOTTHER IgE BIESRE D, il L v Tid T flig R B Al oLt EL D 5
N, RIEREOFKNDY) BRI LEEORMIRE I L 2 2 E 2 0Nz ) VERIGHLICEE 2 ¥ 7 F V5E
BT DN S, CD451 ¥ A TiE, CD452 <7 AT, V) ¥ /8EkFKH D CD45 41 @ PTPase il A%4E
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D to J rearrangementDiER, 2f&FEDconstructsH 4L 3.
DJ (l) and DJ (II)

ZhiZHKV to DJ rearrangementic V), &Et3F&E BN constructsh* &£ L3.
VDJ (l1), DVJ (I2) and VDJ (Il)

Dto VioDJ 2nd Vo DJ
rearrangement rearrangement rearrangement

—\DiJ—D2R-\0J () -~ ——VDRIR-
—— VD2 \DJ (1)

—D1J1-D2R-oJ() —

DIl2-DJ (I) — VD12— VDI (1)

TCRB locus ® DJ allele & VDJ allele TCRBEZFICHWT, RAD D-J BAER T 27D DJ allele » T& 3.
RO V-DJI BHERT, DJ()allele » 515 2548, DJ()allele » 5 1% 1 FEFENDEET 3FEFED VDJ allele ¥ T& 3.

V to DIBERNI BZ-1EIE 1, X-ray TLT78%, ENU TLTIZ71% THh-7-.
EZAH,DJ (1) 7 DJ (1), DJ (1) / DJ (INZhZhhdV to DIBERD B -/-E&

EEHETBE,
Xray TL  ENUTL B T cell
78% 71% 72%
DJ(I)/DJ()  85% 81% n. d.
DJ()/DJ ()  59% 63% n. d.

& TCRBEGTFHEBRRTRROSEEREANT T AZMIICH S VDJ allele DEIE af T cell IS DWW T DRERD
T—2Tld, VD2J2 & VDIR2 WEFIEhTWaEh ok, ZDEDIC, V-DIBEROS XTI 27ED DI
allele TRG>TWBHEPDHEET B ENTE LD S 1.

e ELICHBIETLTWAZ EAUREN, CD451 7 22 BT B HRERFEORKA, U ¥ /S ERiG AL o
RETHHIEARENT F72, HiCDL5 Pifkz v T T Mila% BMINaE O CD45 53 12 4463 % £, PTP
ESHFEIR T T2 2826, MIRERO CD45 55 F D 5 A4 < — WA CD45 531 % D b ® D PTPase KT
DFHICR > TWDE Z LA RIBEN, CDAL YT ACBIFLRERFEOTZELRFN L 2o TWL I EIER
S5Nb. TNHOMRIE, CD5 5T PRI SE D) ¥ kG L% EFICT 52 OICEEREE 25D, M
GRIERISOFHRZIH LT, TUVF—LHCREDORELZHIH L T2 EELREHEZH-TwLEEZ LN,

Our research aim focuses on two areas. (1) Analysis of T cell receptor B chain (TCRp) gene rearrangement in
murine thymus and (2) Molecular mechanism of the control of lymphocyte function by CD45 in BALB/c.CD45.1

mouse model.

1. We have obtained new data that lead to modification of the long-standing model on TCRp gene V to DJ rearrange-
ment by analyzing TCRp loci of murine thymic lymphomas.

T cell receptor B chain (TCRp) gene rearrangement is ordered ; first, D to J rearrangement occurs on both al-

leles, second, it is assumed that one of the alleles initiates V to D] rearrangement. One third of V-D] rearrange-

ments will be in-frame, giving rise to cells with TCRp loci in the VD] */D]J configuration. In the remaining 2/3 cells,

. BT
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the initial V-D] rearrangements is out-of-frame. If all of these cells can undergo V to DJ rearrangement on the alter-
nate allele, 1/3 of the subsequent rearrangements will be in-frame and therefore 2/9 cells will be with TCR loci in
the VD] */VD]- configuration. Thus, the maximum percentage of VD] alleles in these cells will be 70%. Actually,
the percentage of VD] alleles from 33 ENU-induced thymic lymphomas (TLs) that we examined was 71%. As
shown in Figure, D] alleles are composed of two kinds of constructs: DJ (I) and DJ (II). We have separately calcu-
lated the percentage of VD] (I) and VD] (II) alleles in originally D] (I)/D]J (I) and DJ (II)/DJ (II) TLs, respectively.
Surprisingly, the percentage of VD] (I) alleles was 81% and that of VD] (II) alleles was 63% (Table). These data indi-
cate that a part of D] (I)/D]J (I) cells initiated V to D] rearrangement on both alleles simultaneously, and that a part
of DJ (I)/D]J (II) cells did not undergo V to D] rearrangement on the alternate allele after the first non-productive

rearrangement.

2. Decreased PTPase activity causes immune desease in CD45 in BALB/c.CD45.1 mouse

CD45 is a transmembrane protein that is specifically expressed in hematopoietic cells and is known to carry
the receptor-type structures in the extra-membrane domains as well as the phosphotyrosine -specific phosphatase
(PTPase) activities in its cytoplasmic domain. Although CD45 is considered to be important in the development/dif-
ferentiation of hematopoietic cells and the control of lymphocyte activation after antigen stimulations, the wide va-
riety of its functions as well as its ligand (s) are still unclear. The BALB/c.CD45.1 congenic mice which we estab-
lished in our laboratory spontaneously develop atopic dermatitis in skins as well as allergic inflammatory diseases
in eyes and ears after 6 months of age, and the occurrence of these disorders are depend upon the hyper produc-
tion of Th2 cytokines and IgE in the blood. Biochemical analysis revealed that tyrosine phosphorylation of signaling
molecules such as Jak3/Stat6 in lymphocytes in aged BALB/c.CD45.1 mice was significantly higher than that in
normal BALB/c mice, suggesting that the disfunction of control mechanism of lymphocyte activation causes the
diseases in BALB/c.CD45.1 mice. Because the activation of Jak3/Stat6 is indispensable for lymphocyte activation,
and CD45 is involved in the regulation of Jak3/Stat6, our results suggest that PTPase activity of CD45 in aged
BALB/c.CD45.1 lymph node B-cells is reduced as compared to normal BALB/c B-cells. Using the assay method to
directly quantitate the PTP activity of CD45 molecules, we demonstrated that PTPase activity of CD45 molecules
in aged BALB/c.CD45.1 mice was significantly lower than that in normal mice and the cross-linking of CD45 mole-
cules in lymphocyte membrane caused the decrased PTPase activities of CD45, suggesting that disfunction of the
control mechanism in lymphocyte functions might be involved in the occurrence of immune disorders in BALB/c.

CD45.1 mice.

(% #& B i8]
© FLEORK ©

Fo - RSER

FEATEZ, P Lo&, ik, BH#EW @ Notchl E{5 T 5 deletion 225 W7z~ ZJh ) >~ 23D clonality.
Kyoto T Cell Conference £ 20 ] #4445 (2010.6.4-5. 5HL#4B)

R, WARSENG, AR, WL, RENE, KHARL BHEEDL : Mhl RE< 7 200 Y 8EFREE
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(BT B BE R EMRAEPE. Kyoto T Cell Conference 45 20 [M4:4i 4 2% (2010.64-5. 5U#K)

FUJIMOTO Shinji, KAKINUMA Shizuko, KINA Tatsuo, SHIMADA Yoshiya: TCRp chain loci in thymic lympho-
mas induced by X-ray irradiation have more rearranged VD2]2 constructs than those in ENU-induced thy-
mic lymphomas. 14th International Congress of Immunology (2010.8.22-27. #ji)=)

BAEZE, THLOL Mid&E#ET, SHFEW : Notchl E5F 5 deletion ZRIZLT L~ AWK ¥ 3 ED
FABRTIE 2, 5 33 MIH ARG FAM RS - 0 83 M H AL AR REE K Z(2010.12.7-10. Fi
)

HEAFLE © TCRP S {2 ¥ T 2 MK % D] allele *5 V to D] A E 2 2 R=IEE U Tid v, RUERRSF A
EERF AR FERT P 22 45 BE Al i 2 (20101213, HUHR)
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BAEZ R FERF
£ FEEIC A DB

Department of Biological Repair

PTHEE HEE =% =

Assoc. Prof. Jun Takahashi

(57 % 8t E]

Foid, WrEEMiE (ES M) & A LZ stk el (iPS MifE) 2 v 7o ik a2 Hif L Tw5. %
ATH, BB X - THRBEAERIN TV EN—=F vy ViR EANREBRLE LT, F—ri3 v
PEAE RO TE, MR X 5 MEEIROWE IS T 282 1T > T b, ZoMBBREBEICB L TIE, %
7 MRRRA R, BRSO 720 DML, BRI O B MRS, RIIRNER & Rt oils EHa <&
B aHD, BHEIEIINGZ VLDV EDFRL TS, IERMICIE, MR HMETRMRE R Er G018
A MR ISR T 7o B 2 T B,

2010 X E FAIGENZ L B = 7 A POV OATHEALDERALICOWTHE L2 (H1). Vigie Primate & 29 vV
7 bPEHCTHE EOY 7 vV b2 B2 b & LT R, 20 7Moo BB ES) & %2 AT L7z, MPTP #4512 &
BHXN—=F ) VHETIVTIRIEE A =7 A P ERTHEER) &3 8% A, EF VM THES 2 &, MikiE
RoZx a7 s BEpdEsha & ORICHBB/RIA LNz £72, =83V N VY AR—F — g% )5 % [1'C]
CET-PET Oy Ak & HEE) & 2 WK T 5 &, EBEROD2WETIVTIEHKRIZBIT 20D AR & AH
BIBRAS A DTz, TROHDORRIZE T HIC L 2 HEEHERTOGHMELZRT L &I, BEEDALLTH
2B R—=RNI YV TV AR—F — RO EEELZRRTELDLER LN,

We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially em-

bryonic stem cells (ES cells) and induced pluripotent stem cells (iPS cells). The main target is Parkinson’s disease,

1000
25
- zg £ 160 L] P
£ 2 P
@ o y =-12.206x + 170.16 o 2
3 600 H Fv 15 4
£ 500 £ 1m0 & o
] 8 80 g 1
g Ao S 60 E y=0.01x + 1.21
£ 300 2 S o5 R2=097
8 S 40 Zscore =4 8 .
£ 200 £ \ 196 3
o o 20 #
2 100 - 2 g’ 0

)
°

5 © is 0 50 100 150

- . Maximal Z score = 4.74 Video-based spontaneous
Normal MPTP Clinical rating score Located at the left midbrain behav‘i’or

1 (AEBEETLHILICE T ZEEEHE. B)EFTNFIVICH T3 EBIES & MBERKZ I 7ENEEBE. (C,
D) EFILHILICH T B [11CI-CFT BV A& & HENEEN D FERIRI (R
Fig. 1 (A, B) Correlation between neurological score and spontaneous movement.
(A) Spontaneous movement (pixel changes/66.67 msec) of normal and MPTP-treated monkeys. **p<0.01.
(B) The plot of each sample.
(C, D) Correlation analysis of [''C]-CFT binding potential(BP)with spontaneous movement
(C) Voxel-based statistical results of correlation with spontaneous movement. Significant cluster (Z>2.3, cor
rected p<0.05) was found in the contrast of positive correlation with video-based spontaneous behavior.
The maximal Z score was located in the left midbrain, close to the left substantia nigra (crosshair).
(D) The plot of the normalized BP values at the left midbrain voxel with the maximal Z score in C.
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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 mon-
key ES cell-derived neurons improved the Parkinsonian symptoms of the monkey models. In addition, we have re-
vealed 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 a method for an unbiased evaluation of spontaneous movement of monkeys using a
video-based analysis, in which the sizes of the movements were evaluated by the amount of pixels changes. The
amount of spontaneous movement was significantly less (an 88% reduction) in the MPTP-treated monkeys com-
pared to normal monkeys. Among MPTP-treated monkeys, the spontaneous movement was significantly corre-
lated with the qualitative rating score. An unbiased assessment of DA transporter function by ['C]-CFT PET re-
vealed a significant correlation between CFT binding in the midbrain and the amount of spontaneous movements.
These results indicate that a video-based analysis can be a reliable tool for an objective and quantitative evaluation
of motor dysfunction of MPTP-treated monkeys, and furthermore, that DAT function in the midbrain may also be

important for the evaluation.
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Neuroscience) (2010.11.15. San Diego)
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Takahashi J, Onoe H, Hayashi T, Kawasaki T.:ES cell treatment for Parkinson’s disease The 13th International
Conference : Peace through Mind Brain Science (2010225 iZ42)
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Takahashi J : ES/iPS Cell Treatment for Parkinson’s disease NeuroStemcell Workshop September 2010(2010.10.26

Mallorca, Spain)
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Takahashi, J:ES/iPS Cell Treatment for Parkinson’s disease 10th biennial meeting of APSN symposium
(2010.10.17-19 Phuket, Thai)
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AWZE5 O HEZ G MERMURROWE LR 2 B L, ZoOREICH EOonT, BERABOBRHEICT
LI HEREZRETAIETH S, UTOTF—<IZOWTHENEEZZTLTWA.

1. FZEREHMER O ETE K O MU 448 O AZER

BREFEE A, FEERAARORE 4 I LT HE 2 MR AT © B 5 B 3E R ML (Mesenchymal Stem
Cell, MSO)DBHEHEL TR ESINTWAS. L2 L MSC OARREIZE L TIERBHZ E2%Z {, MSC % Hwv /-3
SO TR 2 BRI DO W R E § 5720121, TOHRINIHTH 5. A IS FHERRF R TR
AR L o ILEFZE L LT, MSC OWMREE & 47\, B R OV ALREIC B § 2 AT 2 47> T & 7=, BiF il
TBERE (CBI LTk, MBI 7T % pl6 BInFORBUTEA MR E LA FLEL, B2 7253 F
KThHsrZerMELA HOTERBERETOREICLY, pl6 HIZTORIBITENHETE, MELICES
Tenl, poMUEERMEREL Lo I RYIMBM AR CE 52 &, HICIMEIC LY ERK OiFEHE S 1,
ZND ple BIZFORBITHMED—HTH B Z L2 B L7 /LI LT, ERRNERTTH S
IV FBEFT2Y Y IBETEMEE U RIS RO BLO T BHE 2 AT L C & 72, ZofER, MEERMLG % #E
B3 M TIEA % & STBORGHMRESFET 22 LMD, §abbEIBEMETSH 2
BREHIL Tl H3KO X7 F ML ENTEY, 7/ AdFEA F VLDOIRRE T p300 KU Sp3 DA LT b, —7,
FEHEEOMBBO R T, BFEMRICBVTIE, YY1 KO HDAC2 DfEEIC L ) H3K9 O 7 v F MLidfE S
fli x FAALSNTEY, 7 ASEFICXAFMELIN TS, LA LI CEBHBEEMTH - TH IR T,
H3K9 I fili 2 F ML E TV B 25, 7/ A AFMEESh Ty, MSC b ZORETH Y, HLBHEIE T
DOFRBBZEREICHBM SN TS Z LB L7z, 2ho ofiRIE, MSC O LiE % Bl 3 % Bk O N % 5-
L, MSC OFBIRHANDRS PN L2 BHDLEEZEZ TS

2. BERHMBEOELEREBORMSRE

S DAL A B AL AEAE T B HRESAIE TH 5 2 & 2R THEIHMAKNTE D, MSC OB, 5 RHMEK
HkDES:, $h4h ) AEORFEMILICRY 55, EBEITAOALLTE P MSCIZBWTH, MR R E 25
YED BT in vitro WHEMRDPSHE L ) 5 2 EAVRENTED, MSC &l 72 MEERAFROHAEERDOFEITIIY 25T
MHTEZVREICZ o TV D, A IEEBAREIZB T 2B ILomHZts LT pl6 #E{5F D X FVLIZHEH
L, FEBEIZpl6 BIZT DX F VLB EBRTHAEL, THICX D MIOBERSTEST 2560 H 5 2 L 23
Bl ZITINLOHRICHESNT, XAV T 74 MLBEIZ X % X F VLR PCR KIS & #in T HIEE
WEEMAGDLET, 1A LED X F VLG ORA ZBiE TE 2 Emil 2 F U LIlEE LB L, MSC
DOREH VD —2 & LT, JISIZTR & LCHIFEL 7.
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/ MSC = ChM-T negative \

(hondrocyte = ChM-T positive) (Osteoblast = ChM-T negative)

y

1. Chondromodulin-| (ChM-1) &1z F DfE#4F R EIFHIEEE. BERMERICSHS TS ChM-LEEFOTOE— 2 —EEO T
JLRUIES / LDOREEFRT. HDAC2, histone deacetylase 2; Di-CH3, dimethylation; Ac, acetylation; CHS3,
methylation ; K9, 9th lysine residue of histone 3.

Figure legend

Figure 1. Regulatory mechanisms for tissue specific expression of the Chondromodulin-1(ChM-I) gene. Genomic and epi-
genomic status of the promoter region of the ChM-I gene in each mesenchymal cell was schematically demonstrated.
HDAC2, histone deacetylase 2 ; Di-CH3, dimethylation; Ac, acetylation; CH3, methylation ; K9, 9th lysine residue
of histone 3.

3. MSC # A\ - BiEILRRE IS § 2 HR A ADBKICH

MSC & V7= FAERERROERK L LT, FHEEHEITT 2 MaBMEHEREORBICNY MATHS, [ X%
W IR O 7 — 5 12HE D & UK E AT MR BN O 2 iR v 8 — 2 T 5 IRIEERE P 18
9 A1 HICH TSNz [e MM Z V72 BRI 7R IC B3 2 488 103D W BRIRITZE & L CRiib R a2 243
EOMIER XK CEAGBREFEMERXICHEL, PR 194 11 H 25 HEWNWOKZEZ 21T 72, Pk 20 45 2
A5 HIZE—BIOESE G L, P 21 4 12 AK T T2 15 Bloik#% fifr L7z, KBRS BUEsERE S 10 BB L
TIXABIE: 1 LR O T L, REFZBEESHONTEY, ZoORKRICEINT, LHEERNOHGE
ZEMH LTV 5.

4. BREBLEICNTSIT7OXE/ 1 FERBEEEDEDKEA

ML 2 W72 AR L MRS, FRIFEIC X 2 in situ TOMBEAEOBERKS EELHETH 5. KA A
MWETHLTOAY )4 FIEHL, 2OZERERWESREOIHERF L&, Yury 7574 YV E
2 %O D EP2 BRI RIMIMERT A7 T2 ML), REMBOMMAMRESN S Z &2 MEL

COMBICHEDSWTRRE 72 in vivo IHREBREIT-> 7. FTEWERKIBEERL, BEARICHT 2 EP2 7
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TR FOEHZRE L7z, oRR, BERkE OBEMEES N, »OIEF 2akgBimEsmEsh, B
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VEAERE, BEHEXY EP2 7 T=A M5 3528 T, TOMBEEMETL72L 5, Mankin score 2 & % Fifli 12
X0, BEUFPUIMEH AT 52 AL 72, SRk AR Tk, MMP-13 EAEZ IR § 5 2 LTI a5 —
7y ogtaE s R ST BRI AEMIE, e XYY A7) CZHERTH B IP ZERREBFEZ
WL TEY, BHBEET VI v MIBLWTERAYET LI L2 ML Twa. o oEBEEYEHZ
R REEERE, BRICHDPRETE 2 THLLEERZ TV,

5. iPS #if2ICEEY 2R

FIK 19 4E 11 H I sz 51 X - T Sz e b iPS MR, ERZ Rtk Eiie 2 v 72 ik B 2 o)
HEL AWM ZMBTHS. AT TP 224FE4 A 1 IRV SRS iPS Milamfseiro—H & LT, iPS
MBLICB S 208217 T 5. BUEO T —<1d, iPSHIlED & O BERMILOFE L OB, F—FFr—nfix
B Rk S U 7z iPS Ml O MR ARAT M D WS B OV i B R PR R 0 S S 7z IPS il & v 7z
B ] & GHE DB TH 5. (33 FImEd)

The major objectives of our department are to understand the basic biology of growth and differentiation of
mesenchymal cells and to develop new therapeutic modalities for pathological conditions in mesenchymal tissues.
Following projects are currently undertaken.

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

Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to differentiate to
cells of various types in mesenchymal tissues. However, many fundamental features of, are still unknown, which
are crucial for the development of regeneration therapy using MSC as the evidence based medicine. In collabora-
tion with the Department of Orthopaedic Surgery in Kyoto University Hospital, we have analyzed the growth and
differentiation potential of primary human MSCs. As for the growth regulation, we found that increased expression
of the pl6 gene, which is a key regulator of cell cycle, was the main cause inducing the senescence and growth ar-
rest of MSC. We also found that the hypoxic culture condition inhibited the upregulation of the pl6 gene, and re-
tained MSCs in the senescence-free state with multidirectional differentiation properties. We also found that hy-
poxia down-regulated the activity of ERK, which, at least in part, involved in the down-regulation of the pl6 gene.
As for the differentiation, we have analyzed the mechanisms to regulate the tissue-specific expression of a cartilage
-specific gene, Chondromodulin-I (ChM-I). At least three different types of genomic and epigenomic statuses were
found in mesenchymal cells (Fig. 1). In chondrocytes, which are positive for ChM-I, H3K9 was acetylated with the
binding of p300, and promoter region was free from methylation allowing the binding of Sp3. Among ChM-I nega-
tive cells, osteoblasts showed the replacement of acetylated H3K9 with dimethylated H3K9 and extensive methyla-
tion in the promoter region. In contrast, the promoter region of the ChM-I gene in adipocytes, which are also ChM-I
negative, was free from methylation, although H3K9 was dimethylated. MSC also showed this genomic and epi-
genomic status, indicating that tissue-specific expression was regulated by two steps, histone modification and
DNA methylation. These results contributed to understand the molecular mechanisms of differentiation of MSC,

which may help to disclose the nature of MSC.

e BRI A8



Annual Report 2010

2. Establishment of surveillance system for transformation of MSC

Cancer cells are now considered to be derived from stem cells resided in each tissue, and therefore MSCs are
potentially progenitors of malignant tumors developed in the mesenchymal tissues, sarcomas. There are a number
of reports showing that not only murine but human MSCs could be transformed in vitro under standard culture
condition. This issue should be seriously considered to promote the regenerative medicine in mesenchymal tissues
using MSC. As one of important initial mutations, we have focused on the methylation of the pl6 gene and found
that the methylation of the p16 gene took place during the in vitro culture of MSC elongating the in vitro life. Based
on these findings, we have established the methods to detect cells with methylated pl6 gene by the combination bi-
sulfite treatment and of methylation-specific quantitative PCR. Using this method we can detect one cell with
methylated pl6 gene among 10,000 normal cells. This method was submitted to JIS as technical report to evaluate

the safety of MSCs.

3. Clinical trial of the new treatment for osteonecrosis using MSC.

As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for os-
teonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital,
which followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, La-
bour and Welfare MHLW) on September 1, 2006. 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 12 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 PGE?2 receptors for the articular cartilage repair

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

ising molecules for clinical application.
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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 ; the induction of mesenchymal cells from iPS cells, the origin-dependent charac-
teristics of iPS cells established from different tissues of identical individuals, and the investigation of pathological

mechanisms and the development of new therapy for intractable bone and cartilage diseases using patients-

derived iPS cells.
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IS RE 2 KB DN A F NTIEERERS 5 2 & 20 S L7283 LWIE O F AN TIEVEREAT & LT, WO
DAL L SAEIC L B PVA O W bE A EDRIAMFREZHE LT, TORRAEE Y AB LTI v b ORI
ETNVANOBMEBRTHRL T 5. ML, BREHKIRIFRIC PVA 280 L7 0 & WIsiic g R 2 3 S ¢
COWRE Ay a2 THIBRL T Y — MRISBIE L7228, ol - L Cr VRO F ATHEY — F &2 ET 5.
COFFEZEE, FAAL AOMBRESZHMICI Y b=V T 5 EXEET, FROKREYLICKE {EER
CHDEEZ TS,

RIEEF, TOPVASZ ) TR EZ VTS v M2 S EERIRK T v b~ FRHE R B X ORI

e BRI A8



Annual Report 2010
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PVA ¥ 27 0 7 VLB E OB TFF 9 HUGIREO R GRH 24 R 2 B30 HEF TR L2 b 0%/
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BB REIR L IFT, TYREEEE D SH% L, ZhE PVA <2 ah 7R AL L THRIg ISR T 258 %
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BEEMINLIE in vitro TIXBEE T REIBEESWNEETH 2 2%, BB Z AT 5 MR & Mums €2
TET, X DBERIETEHRE L 7oA 2 VR S PRI ML A, SIS HIRE A L7 Mg AS in vitro TRENC
A YA VRWREERMERET 2 L EDICBMARD RIFCH L I L 2RI HHRE/TVD. 512, BRKRY -
R ERO 7V —T L RFET, Gt~ —h —RER AT 2 ER L 72 e P ALSffk % ES & % i3 iPS Mg
WAL, IhE BANICAHE S5 2 & CHIRBIHRICIS AT 2 WHEEZ MG L T 5.

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 se-
verely 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, em-
bryonic or induced pluripotent stem cells in vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. However, as long as non-self cells are used and even autologous cells are used to type-1 diabetes that has auto-
immune background, efficient immunosuppression should be required. In order to avoid it, we are diligently study-
ing bio-artificial pancreas, in which islet cells are encapsulated by several kinds of semi-permeable membrane or
hydrogel and thereby protected from host immune responses. In fact, clinical trial of micro-encapsulated porcine is-
lets are ongoing in a few foreign countries, showing certain beneficial effects. However, micro-encapsulated islets
do not allow complete retrieval, which may lower the safety level.

We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these is-
lets, we have successfully shown the efficacy of several macro-devices of bio-artificial pancreas. In contrast to micro
-encapsulation, macro-devices are retrievable and exchangeable, which is important advantage toward clinical ap-
plication. In our past studies, mesh-reinforced polyvinyl alcohol (PVA) tube and bag, rod-shaped device of agarose
containing polystyrene sulfonate, anti-complement substance, and so on were investigated in allo- and xeno-geneic

situations. We have also shown that the subcutaneous site pretreated for angiogenesis can be successfully used for
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transplantation site of these devices, leading to long-term normalization of blood glucose levels in diabetic mice. Re-
cently we developed a novel method to make a sheet-shaped PV A-macroencapsulated islets by a combination of
the freezing technique of islets and the phenomenon that PVA solution becomes gel by freezing and thawing.
Briefly, islets are suspended in islet freezing solution containing PVA and this viscous solution is molded into a
mesh-reinforced sheet and then frozen. This method enables us to make a device of any size with any shape that
may be applicable to bigger animals and humans.

Using this macro-device, we recently examined this device in syn- and allo-geneic situations in rats and found
that hyperglycemia can be improved as long as 24 weeks, although the effect gradually weakened, by PVA-
macroencapsulated allo-geneic islets (Wistar to Lewis), as well as by PV A-macroencapsulated syngeneic islets (Le-
wis to Lewis). In addition, we prolonged the freezing duration in PV A-macroencapsulation processing up to 30days
and showed that these PV A-macroencapsulated islets of 30-day cryo-preservation show good function and signifi-
cant effects after transplantation, although they are slightly less than 1-day or 7-day cryo-preserved ones. These re-
sults indicate that PV A-macroencapsulated islets are cryo-preservable bio-artificial pancreas that is unprecedented
among other devices. This benefit allows easy shipping, accumulation and quality-control of the device, which is
suitable for clinical usage. Recently, we are studying PV A-macroencapsulation of porcine islets that is shipped from
Sendai in collaboration with Professor Masashi Goto of Tohoku University.

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 in vitro and
more efficient after transplantation. Furthermore, in collaboration with Professor Oshimura and his colleagues of
Tottori University, we are studying beta-cell differentiation from ES and iPS cells to human artificial chromosome

carrying several genes of differentiation markers and drug-resistance, toward diabetes therapy.

[ # B 2]
@ REERX ©

1) FEZEHX

Sumi S. Regenerative medicine for insulin deficiency : creation of pancreatic islets and bioartificial pancreas. ] He-
patobiliary Pancreat Sci. 18 : 6-12, 2011. 2010 [Epub ahead of print]

Qi Z, Yamamoto C, Imori N, Kinukawa A, Yang KC, Yanai G, Ikenoue E, Shen Y, Shirouzu Y, Hiura A, Inoue K,
Sumi S. Immunoisolation effect of polyvinyl alcohol (PVA) macro-encapsulated islets in type 1 diabetes ther-
apy. Cell Transplant. (In press)

Yang KC, Wu CC, Qi Z, Chen JC, Sumi S, Lin FH. Comparison of bioartificial pancreas performance in the bone mar-
row cavity and intramuscular space. Archives of Medical Research 41 : 151-153, 2010.

Yang KC, Qi Z, Wu CC, Shirouzu Y, Lin FH, Yanai G, Sumi S. The cytoprotection of chitosan based hydrogels in
xenogeneic islet transplantation: An in vivo study in streptozotocin-induced diabetic mouse. Biochem Bio-
phys Res Commun. 393 : 818-823, 2010.

Qi Z, Shen Y, Yanai G, Yang K, Shirouzu Y, Hiura A, Sumi S. The in vivo performance of polyvinyl alcohol macro-
encapsulated islets. Biomaterials. 31 : 4026-4031, 2010.

e BRI A8



Annual Report 2010

Yang KC, Wu CC, Sumi S, Tseng CL, Wu YH, Kuo TF, Lin FH. Calcium phosphate cement chamber as an immunoi-
solative device for bioartificial pancreas: In vitro and preliminary in vivo study. Pancreas 39 : 444-451, 2010.

Yang KC, Wu CC, Lin SC, Sumi S, Lin FH. The in vivo performance of bioartificial pancreas in bone marrow cavity :
A case report of a spontaneous diabetic feline. Biochem Biophys Res Commun. 393 : 362-364, 2010.

Yang KC, Wu CC, Sumi S, Kuo TF, Lin SC, Lin FH. Intramedullary cavity as an implant site for bioartificial pan-
creas: An in vivo study on diabetic canine. Transplantation. 90 : 604-611, 2010.

Yang KC, Wu CC, Kuo TF, Yang CA, Lin FH. Intramedullary cavity as an implanted site for bioartificial pancreas
transplantation : A preliminary in vivo study. Transplantation Proceedings 42 : 2666-2668, 2010.

Kuo TF, Lin HC, Yang KC, Lin FH, Chen MH, Wu CC, Chang HH. Bone marrow combined with dental bud cells
promotes tooth regeneration in miniature pig model. Artificial Organs. 2010 [Epub ahead of print]

Shirouzu Y, Ryschich E, Salnikova O, Kerkadze V, Schmidt J, Engelmann G. Rapamycin inhibits proliferation and
migration of hepatoma cells in vitro. ] Surg Res 159 : 705-713, 2010.

Shirouzu Y, Sakurai K, Asonuma K, Inomata Y. Gastric volvulus as a complication in the recipients after adult liv-
ing donor liver transplantation. Surgery 147 : 581-585, 2010.

Shirouzu Y, Ohya Y, Suda H, Asonuma K, Inomata Y. Massive ascites after living donor liver transplantation with a
right lobe graft larger than 0.8% of the recipient’s body weight. Clin Transplant. 24 : 520-527, 2010.

Shirouzu Y, Ohya Y, Hayashida S, Yoshii T, Asonuma K, Inomata Y. Reduction of left-lateral segment from living
donors for liver transplantation in infants weighing less than 7 kg : Technical aspects and outcome. Pediatr
Transplant 14 : 709-714, 2010.

Shirouzu Y, Ohya Y, Hayashida S, Asonuma K, Inomata Y. Difficulty in sustaining hepatic outflow in left lobe but

not right lobe living donor liver transplantation. Clin Transplant 2010 (in press).

2) EE - #E

i —RR. & AEORMIE & FEEAE. JH & 31(6): 541-546, 2010.

fiy BE—BE. N4 A NTERE. FErgfiEEii A HARIDDM 4 v b7 —27 %47, Lk, BRESK T i
KFEME, 1 BBERR (IDDM) B b~ =27 PART4 1 BUBERBHIGOE 26 < - BHEE  HRe
BE -k & EdI2—, pbd-60,2010.

1 W—RE. PR ORGSR Y & — 5817, [Rel166(2010 4 4 H75) 7%, H8 X AD 2 % /1 pbd-
57, 2010.

© FREORR @

1) #% - RIEXR

WO, W Bk, MR, B dliR, BUKEE, HERA, MIE—HS. Benefit of polyvinyl alcohol macro-
encapsulated islets on islet cryopreservation. #5 37 [0l H A - BEERMENIZES. 20104E3 H FHET

Yang KC, Qi Z, Yanai G, Sumi S. Chitosan Hydrogel as an Immunoisolative Barrier for Xenogeneic Islet Transplan-
tation. %% 37 Ml HARE - BEEBHNIZER. 20104E 3 3 FHREH

O W SRR MDHME—, A Bl FUKRE, HEEA AR BEEBRAICET S PVA N A F AR

BEEFICHAMZERM — 06—



Institute for Frontier Medical Sciences

DISH. %9 M HARFAERBEARRE. 20104E3 0 KB

to oo, AR MR, ¥R, BT, WA, A B—BR. ATHEOBMIME L CORMEEOLH
BERIRAZ BT % invivo Bk 55 9 [0l H ARFHEREFR AR E. 2010453 3 )Rl

1 W—EE, A% B, MIHME—, FREE, 8 . RUE= V7 Va—V(PVA) v 7 i 7 LEE (MEISs)
FFEOBINL. 55 27 MIAEREE - EHRTsES 2010426  GAHiT

Sumi S, Yang KC, Qi Z, Shen Y, Yanai G, Shirouzu Y, Hiura A. Studies on poly (vinyl alcohol) -macro-Encapsulated
islets for diabetes mellitus. Tissue Engineering & Regenerative Medicine International Society Asia Pacific
(TERMIS-AP) 2010 Annual Conference. Sep. 2010, Sydney, Australia.

Yang KC, Wu CC, Kuo TF, Lin SC, Lin FH. Calcium Phosphate Cement Chamber as Immuno-isolative Device for
Bioartifical Pancreas: An In Vivo Study on Diabetic Canine. Tissue Engineering & Regenerative Medicine
International Society Asia Pacific (TERMIS-AP) 2010 Annual Conference. Sep. 2010, Sydney, Australia.

Sumi S. Studies on poly (vinyl alcohol)-macro-encapsulated islets for diabetes therapy. 2010 International Sympo-

sium of Materials on Regenerative Medicine (2010 ISOMRM). Nov. 2010, Zhunan, Taiwan.

2 BE- VORI ILA

Sumi S. Studies on PV A-macroencapsulated islets. Japan-Taiwan Symposium on Nano-Medicine Research and Edu-
cation. Jan. 2010, Kyoto, Japan.

W —HB. BEREREOMIEE IR - BE - BUE - Ak BLFE7 +—F 4 2009 4R R Al asiE . 2010 45 2
A sk

£ IR, HAEEBIS OV T 48 M A ARG R AR R Y VAR VY & 27 RS 2 0 L 7223 A6 HE. 2010
£10 4wk

A —H8. NAFANLREEOBRERE. 52 I 1 AR R IHRIRGE &, 2010 4 10 H - CRUHK.

e BRI A8



Annual Report 2010

Az & Ic A28

Department of Bioartificial Organs

HEHIR P ER

Assoc. Prof. Tatsuo Nakamura

(57 5% 8t E]

Jig g5 LS 408 Tld, “in situ Tissue Engineering” O#E&ICESWTHAESZHAEL, AHOFMEICHBNT
5L EMAOE—HEEILTWEY. ZhIZEoT, REBFEEDLRWVIEFR, BB FF—FRED7-0iH
WPZTONGVWEBFSIAPHDONLZLEZHIBELTWET. 612, HERRIERT S LEBEERITTWLE
WEPH SND ZEPFEND EEZTVET.

A DEITIE, AR, BHAERI Do TEY, RAIZENLZTIEMTHLVFEEZHBLTCVET. it
RPIFEA: in situ Tissue Engineering T3. &b H, HOOMIEAMEE, ST 28U 2B 2KNICE 25 2
LIZE o T, iR 2T HCOBRAA RO L A2 TSRS K ICLTwET. BT LT,
FEEFZO 3OO TH A (1) RAY, 2)ME, )i - mENT % AKWN Tl % “in situ Tissue Engineering”
EV) FEEMEICHIEL, ThzoTwE . BAEMICIE, R - SRRk A S BB C 502 5
REREIIGES Lza =Yt L, The W TERLZZMBMAS MY v 7 2%, BS54
WCERET S LIS X D ERLUZMIAIEE, S SRR TR E s D2 v, T b I28mR
Fh el E €% DDSHEWEEY AT L) 2fllAafbE L LITL o T, Kk L ARG HES 2 Bt
HEARNIMED £9. Zobdiaz R &L, ERNOBMIRANHE, 5Mbs 22 L12k), HCoMERS
g PGS NE T, £z, ThHEPATL T, PSR IRG Skl e 2 A 57 - B0 S & TR ICH
W BHHIER, RHERIC R o filast< M) v 7 A& ED L CTHUARSEDOHIRICE TR b DTV E T

BAEAT > TR BN RIE TRO LI ITHEEINET.

OfafEE, OB ML, B, AR 2 & R
@i, K&, WeEH, HALE % & o IR
@ oMb 2 Mk (B, KA, HEHRE)

OFS UL
GFFHE - K Ze & DR
© s bR A ALK

@i, B, I, URBR, RBOUIME, W & o SR AR

@RI 7 MR, B2, < Ok

@ N T D B e R 3 o A OB 78

OFAr 255 - FairXowF7e

QW84 F =70 T VO

BB oMo, MiosHEE, Mol LT colie s ) 50 B (BE) 2 AL koHh

AERUE, WHFLEDY DR MR D A DA B DX ) ICHAEBIT I L I EHFMEKD L) Ah = AL T ES
WIBHT A3 DTY. 2D X9 %“n situ Tissue Engineering” IZ M5 EERIT TR A DB L CTE 2 HETH D,

BEEFICHAMZERM — 08—



Institute for Frontier Medical Sciences
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Title : Analysis of biological soft tissue (described by hyperelasticity) using finite element methods
There has been an analysis of mechanical properties of biological soft tissues treated from the continuum mechani-
cal properties.

The models are formulated from the perspective of nonlinear solid mechanics and they are suited for a finite
element method. Among some constitutive equations which belong to this boundary value problem, hyperelastic
material is widely used. By using static finite element analysis, we try to find out the preferable model among many

described constitutive equations including anisotoropic materials

HARHLRE O ) 22 1) 2 AT LB BRI 2 b N T X5 7 VI IERIE R A TR LA MREREIC XD
AT ST 9 BERERIE O B REX O —2 TH 2B HERZ O CHu LR TW I T /It Z &5 A
728 T E L BB ORI R A REEGRE T T

Large deformation and distribution of hydrostatic pressure in a FEM model by compression examination of one axis (Isotropic
incompressible hyperelastic material)

—BHEERBROEREREIC L B AREMOBT EREFHKED S GEEMIESHEEHIEFET V)

In situ Tissue Engineering: We have devised a completely new approach to the development of artificial or-
gans. The main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular matrix
(ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted structure is
then employed as scaffolding, which after implantation into the patients is used for the regeneration or re-
differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner not only
possess highly differentiated tissue structures, but also show functional recovery, because all the cells are derived
from the patients themselves. Whether or not our new method is practicable will depend mainly on the intrinsic re-
generation capacity of each tissue. Up to now, in higher mammals including man, it has been believed that highly
differentiated organs lose their ability to regenerate. We consider that mammals do not, in fact, lose this potential,
and that the potential is hidden by excessively rapid wound healing around the failing tissues. In this sense, if we
can provide good conditions using refind ECM, we can induce this hidden potential even in higher mammals. We

have already carried out succeessful trials at regenerating peripheral nerves, the esophagus, the trachea, and blood
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vessels with this method. A similar method is also applicable to other soft tissue organs such as the liver, heart, and
lung, as well as the spinal cord. These results will be welcomed by patients who are dependent on palliative life-
support systems, or transplantation candidates who are waiting for suitable donors. An additional benefit is that pa-
tients will be freed from the side effects of immunosuppressive drugs. The judgment of the brain death can then be
discussed separately from the issue of transplantation, and will become a personal problem. Further more, this new
approach help to reduce ever-expanding medical costs, which are in danger of destroying our health insurance sys-
tem in the near future.

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

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

Strategy and targets of our study

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

methods as described below.

ECM Method

To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-organs.
The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then applied to facili-
tate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living body as a tem-
porary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead of
purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should fa-
cilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells

derived from patients.

Cell+tECM Method
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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Mammalian sperm acquire fertilization ability through multiple post-testicular processes. Serial important
steps occur at the female reproductive tract, although the molecular mechanisms underlying this process remain
unclear. To investigate the sperm membrane remodeling, we developed transgenic mouse lines carrying a new
version of glycosylphosphatidylinositol (GPI)-anchored EGFP and traced the fate of this fluorescent protein during
sperm process for acquiring fertility in vitro and in vivo. EGFP-GPI and other endogenous GPI-anchored proteins

(GPI-AP) were released by methyl-B-cyclodextrin (M--CD), a compound known to induce sperm capacitation by fa-
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cilitating cholesterol efflux. In contrast, bovine serum albumin (BSA), another well-used reagent for inducing ca-
pacitation, alone could not induce EGFP-GPI release, but with following calcium ionophore treatment. This release
of EGFP-GPI was closely linked to ganglioside GM1 and Izumol reorganizations in the sperm membrane, implying
that the release of GPI-AP is closely associated with lipid raft mobility. Sperm ejaculated into the uterus strongly
expressed EGFP-GPI in the head region, while subpopulations of sperm that migrated to the oviduct had lost fluo-
rescence. The angiotensin-converting enzyme (ACE)-deficient sperm carrying EGFP-GPI were also treated with M
-8-CD, but neither shed EGFP-GPI nor reorganized GM1, implying the contribution of ACE in these processes.
Moreover, EGFP-GPI-low sperm exclusively bound to the zona pellucida of eggs at the oviduct ampulla. These re-
sults suggested that sperm undergoing GPI-AP release associated with reorganization of lipid raft acquire fertiliza-

tion potential.

[% # B 2]
@ REERK ©

FER
Omatsu, Y., T. Sugiyama, H. Kohara, G. Kondoh, N. . Fujii, K. Kohno, T. Nagasawa: The essential functions of
adipo-osteogenic progenitors as the hematopoietic stem and progenitor cell niche. Immunity, 33, 387-399

(2010).
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Kondoh, G., Watanabe, H., Orihashi, H. Lipid raft mobility-associated GPI-anchored protein release for sperm capaci-

tation in mouse. 11th International Symposium on Spermatology.(2010. 6. 24~6.29, Okinawa, Japan)
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EEEREBEEEL -MEFEXICL S E - ES #ilah 5 DO ER

t b ES/iPS Ml & O & FEE I O 38 I A ER O FEBUCIEF ICHE LM Th 5. RoLHEY» S1ES
N 2% 5L AR ORMNE & e LAEREAMR W G035 W 2 E AR E SNTW A%, IEH 254 e & SR
WTHHTA2Z LT, XS IER MM EIEL 2 EAMREETHEADRBENTVE., 22T, 41
IR AN o 72 ORI D 5 LEE 2 A 7 2 OB & A7z, O FEAEMINIE R & 1L 5 JH S D BRI Hi ok
THIEPHMONTWS, FLlZIE T, Wnt/Bcatenin ¥ 7 F IV OEHEALIZ L > T b ES Mg A5 5
RS AMIENE ML, & 512 Wat/b-catenin #FEEDIEEEAL & FIKIZ BMP ¥ 7 F V&2l 56 2 212 L5 T,
BHEBAR RASHE I ND T L 2o NI LTV A, ABIRICBEWT, &AL, ZOHETHL L 7B
ASHHEANDHRAME T 5 2 & 2R L7z D~ O GBI M 4L % BMP4 & FGF2 74 T CiF
WRETH I LIV To 7. TOME, ¥ 5 HRIIITTRCTOMBIL CHELOHML s BIg Sz O
Mild~—7—TH o7 7 F = BIEMRORI G, MIHRH20#30% Thosz, T, Ny F27 7Y FEITK
D, H—O@iile TomEEMS Bl s h. —7, BEEMANOFE 2T b 2 ESME 51, OFMiiE s
ACHBIL T oz, TRHOFERIE, IEWIEAIH o Z2BEHE SR O 2l L 720l i~ 7k
FHMAS, b P ESHMICBOWTTRTHL I EEZRLTWS. JOFEEL, OHMBoRE, SMEBREEET
THHTEZ2MRENETVE R DAL EHFRESNS.

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 estab-
lish human ES cell lines using donated frozen embryos in January 2003 and successfully established 5 human ES

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

Generation of Cardiomyocytes from human ES cells.

Human embryonic stem cells (hESCs) are potential sources of cardiomyocytes for future heart therapy. It has
been considered effective to generate functional cells from hESCs by reproducing the key events that regulate em-
bryogenesis. Cardiomyocytes arise from cells that migrate to mid-to-anterior region of the primitive streak (PS)
during embryogenesis. We previously showed that canonical Wnt/B-catenin pathway signaling develop nascent PS
populations from hESCs and that synergistic activation of the Wnt/B-catenin pathway and inhibition of BMP sig-
naling induce formation of anterior PS cells. We demonstrated that the induced anterior PS cells differentiated into
functional cardiomyocytes using suspension culturing. All aggregates generated from the anterior PS cells devel-
oped into contracting cells demonstrating their cardiac potential. In contrast, the posterior PS cells induced by only
B-catenin activation showed poor cardiac potential. These results show that the commitment to a cardiac lineage in
vitro occurs through similar molecular signaling pathways in cardiac development in vivo. Hence, this system will

provide a valuable culture model for studying early cardiac developmental event in hESCs.
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Cardiomyocytes develop from anterior primitive streak cells induced by B-catenin activation and the blockage of
BMP signaling in hESCs Kaori Yamauchi, Tomoyuki Sumi, Itsunari Minami, Tomomi G Otsuji, Eihachiro
Kawase, Norio Nakatsuji, and Hirofumi Suemori 9th ISSCR Meeting (6/16-19 San Francisco)

Gene Targeting In Human Pluripotent Stem Cells With Adeno-Associated Virus Vectors. Ko Mitani, Kaoru Mitsui,

Keiichiro Suzuki, Emi Aizawa, Eihachiro Kawase, Hirofumi Suemori, and Norio Nakatsuji 16 [l H A& (=T
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yuxFroiEHitide ~ ES/IPS Ml sk Lot 2 RS 2 B, BiEwT, KREHL, dhit
mR, LHECF 46 33 M ARG FEYFRER(12/7-10 #)H)

High content analysis(HCA)IZ X % & b ES MO RGALHERRRNT- 082 AELS LI, R, EkER, Wit
I, NRUR 46 33 0 H A FAEWFRE 2 (12/7-10 #H)

v ESHilEA 5 DR IGRIEC BT 5 7 u<F Y BHIRF OFRBUREN  KEHL B33 HASTFEYFES
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RN AL S AV 22 s i, ES e (B EEHIIE @ embryonic stem cells) & OF iPS #ilig (N T2tk igsHilg © in-
duced pluripotent stem cells) = I\ C, DMEROMNEGAL - BB T 2058247 Tw 5.

ES #ifdix, &2 COMBOMIBIZHLT 22 LA TE20bO L[ LEZEZ 5N Twb. 04k (plu-
ripotency) & in vitro IZBWTHIE ML, MMLFHE L 72MIE 2 FAEBHRICH W X 9 &3 2B k4 Zlisdy, Mg
Y =7y MTbhiTwa, &4k, ESHIlLE AW CTHIRBEHSRATE CTH 5 1 B L VLD 5 LT 2 47 -
T& .

M, WEEZ—RICB5) NEMRE Z2haed/h 50D £ Lo 2 B OMIRA S %o Twab. 2oz
WS MERMINL % 1560 T 2N S AR L ISHRISEM L& Wil 2 ES. VEGF OZERD—~>2T
& 5 Flkl 1Mk - MR OR S LY O~ - —B L UOPREOY - - EZ2 6hTwb. F4IE, ES
MilazHWCTin vitro (IZBWTHIIREE, S SIS ORI T d 2 M A B M & BERT (i 4118 i /e 2
LR A B BRI HEFE L, SIS & L COERMEZ in vitro 3 X O in vivo IZB W THESE S
52 L, WhIZIMAE DL ML FH T % 2 &I L7z (Yamashita, Nature, 2000. ). 2 @ in vitro 4ML& T,
Flk1 BEiie & el o piSiiie & LT, WEGHIIE, BEfe, MM L, S5122h o ofiigdiimE s L
TORUEELEET 5. F72, THRERROMIZO—2TH 2.0HHIE b FARIC Fikl BRI A 5 45LiFES
% Z & L ITH LD R o [ 5E (2P L T\ % (Yamashita, FASEB J, 2005). % 72#0ETld, Bk ) ~
NN B GALR D — 2 A — A —flilld 7 & & SR LI M O 53L& 17 5 T % (Yamashita,
Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells, 2007 fib) (). #ifk 413, EEAHHI O 1 7 02K ¥ A
A3 FIk1 B PP R SEMI (AR SRR L, O TSR S OO i D b 2 RS B, & v ) 4x KT L WIEH

% WL L7z (Yan, Biochem Biophys Res Com-
RMEES/iPSHIRR IR ZE /il I E BT B A AA

S;éx[c\il;frin‘ ;l_kl‘dh B mun, 2009). i f:, Eﬂ%l’ﬂfi%ﬂ]ﬂ’@ﬁ%%%ﬁ
" TRBNTHERWICHERTA2ZEICLD,
DR Protein kinase A 23 i ML VEGF ~
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. - - PR Tw5Z & (Yamamizu, Blood, 2009), K& O°
@ B W D ACDL o D Nowhk patenin NEHHITANT 5 Sk
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& B 72IR L7z (Yamamizu, J Cell Biol,
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HCTIHARDFERY AT 22 WL L, Bl 0MEHEMEZRHIBL TWa. ESHMEIEICBVWTERLE Y
N ZAWTWH R <y 2 PS Ml % v 720 RN 0 23 fLeF &)%) L 72 (Narazaki, Circulation, 2008).
T A 702R) Y AOEAZIGAL, b M IPSHIEL S ORRROCHMBOFLEZRFRMT LI LML
7z (Fujiwara, PLoS One, in press).

DX ITFA O ESHINLE 7z in vitro MLRIE, WO B X OILER & W ) JEERER R O ML RE & RIS
LRFE S 2 2 LATE, LDMEOFEMEBRELFRZ T ICEENICREL 225 L b RFNICBIRTE 2. fito
T, ZOHMEREH VS Z EI2E D OBILEDORAEMED X A = XL EMBL NV, 5FLNVTHREL, /v
7Y T ZADOBENIARA L T2 LD 5 TR OMNT % in vitro TIT) LW F L W7 70— F A RIS
GolzkEz bhie

BifE, o ESHME in vitro MEREZHWT, UTD L5470y F2ETROTELTVS.

1. ES#fa/iPS Ml in vitro 230LR & F V72 D i I 5316 26 AL 0 53 F- ik O bt

1) DNA F v 7 % i\ 7= 85 090 i 45 5L B 8 AR T O [/ 2

2) RNA T¥#:% 7z in vitro &5 T REMNT R O35 (Hiraoka-Kanie, Biochem Biophys Res Commun, 2006)

3) IR - U v NE AR R G LEE & N AL L BR LA O AT (Yurugi-Kobayashi, Arterioscler Thromb
Vasc Biol, 2006; Kono, Arterioscler Thromb Vasc Biol, 2006; Yamashita, Trends Cardiovasc Med, 2007 ;
Yamamizu, J Cell Biol, 2010)

4) cAMP KU PKA 2 X % Ifi % wi BEAH IS o> 53+ L BE R i 4% A% (Yamamizu, Blood, 2009)

5) MEMESERPIMEBKIZBIT 5+ 4 4 FoEHEEERKEL OIFIZR)

6) PrELHIE O M PR b2 BAEIC B1) % #.3% (Yamamoto, Am J Physiol Heart Circ Physiol, 2005) (R E{A
7 & AL FENFFE)

7) ES/iPS Mila b Ic BT A Y = AT 1 7 AMNT

2. ML O A T~ OIS
1) BAl FJ—HiE o 5wl 7 5 LB B o P %2 (Yurugi-Kobayashi, Blood, 2003).
2) NLAEM#Z A7z A 7Y v F AL (Huang, J Artif Organ, 2005).
3. ES#ila/iPS fila A & O .UFifia o 7 Le% 5 & H A s H

1) 2 RITHFIZ X 8 L\ ES Ml & o L iiie oL 58 0 Bl e & # LU A BRI o 7] 52 (Yamashita,
FASEB J, 2005).

2) LML in vitro LR &2 V720G - 2L O 5T RS O T

3) ES il Hste. O i B B se b o AT (Yanagi, Stem Cells, 2007)

4) A 70 AR ¥ A 278 LS50 mi S - a0 L5352 (Yan, Biochem Biophys Res
Commun, 2009) ({#RR 772 LR L A4 & D L [R]RfF7E)

5) #F LGOI ABHREAOISH. DO aT BRI REARL 1) ES/IPS Ml f sk O i S H I 2 B v 72088k S — b
B RO FIER - FURR ORI A SR & o JLFIBFZE)

6) L ES Mg & o bk
IV ES Ml & 0 i 5 EEEE 2K ) (Sone, Cireulation, 2003) GRIRREE AR EERE & O L FFIFE)

7) & b ES Mg S o s bis
TR RSB R A EHEE oM A v b ESHIE 2 Fv 7214 5L 5e 125 (Sone,  Arterioscler Thromb
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Vasc Biol, 2007 ; Yamahara, PLoS One, 2008).

t b ESflas & o Lmiiia s fLakE

b M ES @G [ & ES M2 M v 720 I U BAs (2 B 5 2 g8 | (DFJE A3 - IDF M,
P17 4 3 H 10 HSCERHA R ELAKRR

b ES#ild & 72 0IiE L7 2 7o T %.

< 7 A iPS MifE & Vv 720 536 R D F§ 5 (Narazaki, Circulation, 2008 ; Best Paper Award in Basic Sci-
ence category, Circulation 2008)

v I iPS Ml h S oA S ERORSE. A4 7 ARY v A oo (Fujiwara, PLoS One, in
press). (FREIREERSE O HLEFZE)

iPSHIRa LY AT 2D 3 AN 34 v Y —J CHIEIS A (Nakao, Bioorg Med Chem Lett, 2008) (YA HI K
Pl & D ILFIRESE)

LML - 845 2 RS 28 L Wb & oRE - FE

k=

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

the application to cardiovascular regeneration using in vitro differentiation system of embryonic stem (ES) cells and

induced pluripotent stem (iPS) cells.

2000).

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

Using ES cell-derived Flkl (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce

all of the vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and

pericytes) and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell

Undifferentiated ES & iPS cells Mesoderm
o E-cadherin® — Flk1*
e SSEAT* E-cadherin

VEGF OP9 (+CSA)

Cardiac progenitors

FlkI*
O) FKr @ FIk1- O oo

VE-cadherin®
/ \VEGF (+PKA) l PDGF-BB l OP9
Blood cells Endthelial cells Mural cells Cardiomyocytes
FlklT <——— Flk1* Flk1- FlkI-
@ CD45* VE-cadherin* %’ aSMA* o oMHC*
Terl19* PECAM1* PDGF-BR* ANP*
CD34* Desmin* GATA-4*
Nkx2.5*
)/ Atrial
Ventricular
AM/cAMP 1 Conduction system
\ \ Q Pacemaker
Notch

B-catenin Blood vessel

OP9 | m—
Arterial Venous Lymphatic

’ Fig. 1: Cardiovascular development in ES and iPS cell in vitro differentiation
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inside are formed from Flkl+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early
process of vascular development. And we also demonstrated that the transplanted vascular cells induced by this
system could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyo-
cytes from Flkl+ cells, and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we
succeeded in inducing arterial, venous, and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007
etc). All of cardiovascular cellular components, thus, could be induced in our in vitro differentiation system. (Fig. 1).
Recently, we found that an immunosuppressant, cyclosporin-A, possesses a novel effect to potently induce cardio-
myocytes and cardiac progenitors from Flkl+ mesoderm cells (Yan, Biochem Biophys Res Commun, 2006). Using
our constructive induction system for vascular cells, we demonstrated that protein kinase A (PKA) enhances vas-
cular progenitor potential to endothelial competent through dual upregulation of VEGF receptors, Flkl and neu-
ropilinl, in Flk1+ cells (Yamamizu, Blood, 2009). Moreover, we also demonstrated that Notch and B-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, in-
duced pluripotent stem (iPS) cells, and succeeded in systematic cardiovascular cell differentiation of mouse iPS cells
(Narazaki, Circulation, 2008). We recently succeeded in efficiently inducing functional cardiomyocytes from human
iPS cells using cyclosporin-A method (Fujiwara, PLoS One, in press).

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

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

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

1) Comprehensive molecular cloning of genes for endothelial cell differentiation by global gene expression pro-
file with DNA chip

2) Novel in vitro functional assay system using vector-based siRNA expression (Hiraoka-Kanie, Biochem Bio-
phys Res Commun, 2006).

3) 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).

4) PKA in the regulation of vascular progenitor potential (Yamamizu, Blood, 2009)

5) Significance of opioids in endothelium differentiation and vascular formation (collaboration with Hoshi Uni-
versity)

6) Significance of rheological force on endothelial differentiation and diversification (Yamamoto, Am J Physiol
Heart Circ Physiol, 2005)

7) Global analysis of epigenetics in ES/iPS cell differentiation
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2. Application of induced vascular cells to vascular regeneration
1) Evaluation of appropriate differentiation stage of donor cells for cell transplantation. (Yurugi-Kobayashi.
Blood, 2003).

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

2) Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation

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

4) Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporine-A (Yan, Bio-
chem 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 differen-
tiation 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, in press) (Collaboration with Department of Medicine and Clinical Sciences,
Kyoto University Graduate School of Medicine)

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

7 MRS MIRESHR € 5 —



Annual Report 2010

[% # B 2]
@ REERK ©

1) BEERX
(* corresponding author)
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OUosaki H, Yamashita JK. Expanding embryonic stem cell-derived cardiomyocytes by small molecules. Keystone
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derived Cardiomyocytes. 74th Annual Scientific Meeting of the Japanese Circulation Society. 2010. 3. 7.
Kyoto

Ofal gk, IWTF H. KoFba 2 7z ES Ml ik Omfiig o 4L - $aHAE. 25 9 ol H AR R &
ez, 2010.3.18. JikE

OWIZKEET, NIEF, FlaEsk, EEEES, W E. PKA G mAERTEEHNEIC BT VEGE Btk %t L
WEHIIE b 2 e 2. 55 9 [l H ARFFAE R i8R, 2010.3.18. JA R

OWZKEETF, NIRRT, FrilEsk, M08, ILF . Adrenomedullin/cAMP/PKA pathway enhances vascular
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Yamashita JK. Novel roles of cAMP pathway in endothelial cell differentiation and specification. 14" International
Congress of Endocrinology symposium “angiogenesis” (invited). 2010. 3. 27. Kyoto, Japan

Yamashita JK. Research for mechanisms of cardiovascular cell differentiation and regeneration, and its clinical ap-
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Yamashita JK. Induced pluripotent stem cells? Symposium ; The race for the implantable cardiomyocyte : who is
winning? XXth World Congress of the International Society for Heart Research 2010 Kyoto (invited). 2010.5.
14. Kyoto, Japan
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Yamashita JK. Systematic cardiovascular cell differentiation from iPS cells. Annual Symposium of the American
Heart Association, Basic Cardiovascular Science (invited). 2010.7.22. Palm Springs, USA
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Yamashita JK. Dual roles of cAMP pathway in endothelial cell differentiation and specification. The 8th Korea-

Japan Joint Symposium on Vascular Biology (invited). 2010.12.3. Osaka, Japan
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Laboratory of Stem Cell Engineering
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Assoc. Prof. Takashi Tada
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Pluripotency of mouse iPS cells generated with Oct4, KlIf4 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 somatic cell under a culture
condition with factors isolated from ES cells. Tremendously, it has been discovered that defined factors Oct4, Sox2,
Klf4 and c-Myc highly expressed in ES cells are sufficient for triggering nuclear reprogramming of somatic cells to
induced pluripotent stem (iPS) cells (Takahashi and Yamanaka (2006) Cell). It has been shown that Oct4, Sox2 and
Nanog cooperatively function as key transcription regulators in the repression of somatic cell genes and the activa-

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

tent stem cell memory. However, the pathway from somatic cell to pluripotent stem cell is largely in the black box.

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)

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.

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.

[% # B 2]
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Yamaguchi,S. Hirano K., Nagata,S. and Tada,T.: Sox2 expression effects on direct reprogramming efficiency as de-
termined by alternative somatic cell fate. Stem Cell Research, in press

Shineha,R.,, Kawakami,M., Kawakami,K., Nagata,M., Tada,T. and Kato,K.: Familiarity and prudence of the Japanese
public with research into induced pluripotent stem cells, and their desire for its proper regulation. Stem Cell

Review, 6, 1-7(2010)

2 & &

Kunio, H. and Tada,T.: Cell fusion-mediated nuclear reprogramming of somatic cells. In “Nuclear reprogramming
and stem cells” ed. by Ainscough,]., Yamanaka, S. and Tada, T.(Springer, Germany), in press

Toyoda,M,, Nagata,S., Makino,H., Akutsu,H., Tada,T. and 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), in press.
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Yamaguchi, S, Hirano, K. and Tada, T.: Effects of Sox2 expression level on direct reprogramming efficiency by al-
ternative cell fate : [BMB2010 (% 33 [al H A5 A W47 23 & 55 83 [nl H A AL 42 G MK 4y) 1(2010.12.7- 10,
)

Nagata, S., Hirano, K., Nakagawa, M. and Tada, T.: Generation of ground state human induced pluripotetent stem
cells with kinase inhibitors : [BMB2010 (55 33 [ol H A5 T W74 & 5 83 [0l H A A L FFREFKRE) ]
(2010.12.7-10, #iy)

Kunio, Hand Tada, T.: Balance of chromosomal gene dosage in pluripotent stem cells : [BMB2010 (4 33 Ial H A%
¥ HEW S & 83 Ml HAAAL 2R E MR 4) 1(2010.127-10, Hi)

Yamaguchi, S, Hirano, K., Nagata, S. and Tada, T : Sox2 expression effects on direct reprogramming efficiency as
determined by alternative somatic cell fate : [International Symposium on “Epigenome Network, Develop-
ment and Reprogramming of Germ Cells” |(2010.11.22-24, Fukuoka, JP)

WP, PP, 2l & lieo iPS Mgk oEar 2 A5 5 7 u s 3 7 RF Sox2 + [55 82 [ H
KR4 1(20109.20-22, ALIR)

Hirano, K. and Tada, T.: Balance of chromosomal gene dosage in pluripotent stem cells : [ % 5 BIFFZEAF & v b
7 — 2 EEE Y AR Y 4](2010624-25, 4XR)

Yamaguchi, S, Hirano, K.and Tada, T : Effects of Sox2 expression level on direct reprogramming efficiency by al-
ternative somatic cell fate : [43™ Annual Meeting for the Japanese Society of Developmental Bioilogists |

(2010.6.21-23, Kyoto, JP)
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Tada, T.: Rerprogramming efficiency and reprogramming in ground state of human somatic cells to iPSCs : [ Biol-
ogy Seminar in York University |(2010.7.7, York, UK) (Invited)

%M ¥ : Nuclear Reprogramming of Somatic Cells-ES hybrid cells and iPS cells— : [ 5 BI#FZEfi A v b7 — 2
EBES ¥R 4 1(20106.24-25, 45iR) (FAFEEH)

Nagata, S., Yamaguchi,S., Hirano, K. and Tada, T.: Reprogramming-susceptible somatic cells and reprogramming-
optimized Sox2 expression : [ Symposium; “Nuclear Reprogramming: From germline to cloned animals” in 43"
Annual Meeting for the Japanese Society of Developmental Bioilogists | (2010.6.21-23, Kyoto, JP) (Invited)
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Laboratory of Cell Processing

FEHER = EX
Visiting Prof. Tsuneo A Takahashi
FRERE #WHGEID =RF
Visiting Assoc. Prof. Miho Furue Kusuda
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Lect. Eihachiro Kawase
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Mille 7wty > ZiesisiE, e ESHIBOBKISH % Hif L2 0B o Rz 2179 X<, &iEsh
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%. CPCIZZEfE B, T B, ROEEE 2 &, B3 GMP N — FIZHEM L 72k & LTwb. 72 CPC
121E, MfEERsEs, PASESRE UOM. L CHlIETRE, K5a805HE % Cell-processing Isolator ¥ A 7 4, FlafRfF=
b5,

2010 4EBEIE, H BB [Hi-2BRIGH L v b ES filadis o 7a Y = 7 Mgl Zriuiig,
T REBMATZE I X DB Eh7-e b ESHifatkz, TEROBRFEEZHWTEERREIT-o Tws. JHK,
BRL AV CHHT 27200 b ES Mtk v, S5, #E, SERGE, LIRS b7 2 BURIE IR
RS, AMRREE T 2T B LI, BRRISHICATREZ LN VO b ES Hilatkofr e, FRkoe b ESHilE
INY IO R OBRBE AT .

T/, BRISHICLEE 225 LT, BWHREG 2 v WG s, I X 2B EORE 2175
TWwa. THSHHRBROFMIC LB R IR, ERRMISEN T LV ZHIELTWwaS. 205k 413, ISCBI(Inter-
national Stem Cell Banking Initiative) {2 & % ES il N> & o~ Z OERELEF ELHICSHE L, WICHIRL XV T
Dt b ESHIIEON Y F 2 I 2B EESBITIN TV, B, RV VTor M ESHa Ny 7
DEEIEEDOTEIZBW L T 5.
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UOZHMEE Mo b ESHIE a0 = — OSSR O, K O DSC URZEABERD) 2 728074
AT 208 U7z, Mg, v =— L XU ToOFRABR ORI, HRHA SO RBILOME 2R ATV 5.

The Laboratory of Cell Processing was established to develop basic technologies to produce and supply human
embryonic stem cells (hES cells) with clinical grade. The cell processing center (CPC), located at underground level
of the ES building in the Institute, was built to establish hES cells for clinical use satisfying the standards of Phar-

maceutical Good Manufacturing Practices (GMP) and the research necessary to achieve that. The CPC meets the
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hardware standard of GMP such as management of work, air conditioning, clean level of air, etc. The CPC is com-
posed of several rooms, one for cell processing, one for the Cell-Processing Isolator in which cells can be processed
and cultured in a complete closed system, cell-storage, computer controlled observation room, cell storage, supply
room etc.

Following the approval of the Government (MEXT) that the CPC can be used as a facility to establish hES cells,

we have started research on the establishment, culture and banking of hES in this facility.

For the clinical application of hES cells, there are several issues remain to be solved, such as developing an ef-
fective complete defined culture medium and substrate without animal components. To verify these factors we
should develop a standard that meets the international level. For this we have joined the Working Group for Inter-
national Standards for ES cells and their banking organized by the ISCBI (International Stem Cell Banking Initia-
tive). Recently the ISCBI established “Consensus Guidance for Banking and Supply of Human Embryonic Stem Cell
Lines for Research Purposes” as a first stage, and now working on that for Clinical Purposes.

One important aspects of our research is to develop an effective protocol for cryopreservation of hES cells that
should significantly increase the recoveries of the cells that is quite low at present. In this study we utilize a cryo-
microscope equipped with a temperature-controlling stage to observe the cells under freezing and thawing, and a
differential scanning calorimeter to measure heat transfer in the cell and suspension medium during the process.

First, we have refined our methods with single h

ES cells and then colonies, and the techniques will be refined and validated on hES cells. We expect this strat-
egy will allow us to find an optimal cryopreservation protocol for hES cells that will contribute to make these cells

suitable for clinical use.

[ # B 2]
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Inamura M., Kawabata K., Takayama K., Tashiro K., Sakurai F., Katayama K., Toyoda M., Akutsu H., Miyagawa Y.,
Okita H., Kiyokawa N., Umezawa A., Hayakawa T., Furue MK, Mizuguchi H. Efficient generation of hepa-
toblasts from human ES cells and iPS cells by transient overexpression of homeobox gene HEX. Mol. Ther.,
mt2010241 [pii] 10.1038/mt.2010.241

Miho Kusuda Furue, Daiki Tateyama, Masaki Kinehara, Jie Na, Tetsuji Okamoto, J. Denry Sato Advantages and
difficulties in culturing human pluripotent stem cells in growth factor-defined serum-free medium In Vitro

Cell Dev Biol Anim. 46 : 573-576,(2010)
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B0 5 LLRFRERE
Laboratory of Reprogramming Research
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Visiting Prof. Ryuzo Torii
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Cloned blastocysts produced by nuclear transfer from somatic cells in cynomolgus monkey
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7o. =07, IEERREEAEGEHONE S N RIC B TR BIIE £ THRAEL, WM (inner cell mass: ICM)
ZHCY L ES MM 2l b 2 sk, LaL, #MUSAHICBWTHAETEIHIICIEES ol

Do s, =27 4 FVIiZBw TGS X 27— — A — F ES Ml 723 3R 0k o i
RN Z A R IR E B O R 36D TR, FR& %S ES Ml i3tk CHEECTH % & ofaIcE -7z, Ml
i, H =7 AFN2 50 PSHMKIZIKNAES B TE 2 Lhs, BRIGHIZEICIZEL LA PSHlfasaH T
bHEEZOLNS.

1. MUIREZF 2 ARMCE D= 1 I OFMEZREHERORELEDKRE

RAZRGINF OB LY B 72810 B — & 20 2 A s TR 3 M) 2 FEA 3 2 BBAIIEIC X o THRMSM 2
TER L7212, B8HIC< 7 AR Y OBBIMZEOROFELZFIZH LN TWD e X b BT £ F IVLEER O
EHITHDH MY T RAFF 2 Altrichostatin A: TSA) % 5nM mII L7z, ZO%EE, Tablel IR L7zL )12, B
W D PRI~ DO FEN A TN 723 O TSA TRINAT SRRV A SRS, BAELHENRIESNLr -7,

Table 1 Effect of Trichostatin A (TSA) in development of nuclear transferred embryo in cynomolgus monkey
No. of No. of No. (%) No. (%) No. (%) No. (%) No. (%)
No.of . . No.of treatment
oocvte enucleation| activation with TSA of of of of of
Y /injection |(IM+DMAP) 2—cell 4—cell 8—cell morula blastocyst

6 5 3 0 0

M 12
On (50) (42) (25) ©) )

28 22/22 22

6 6 6 0 0

11
oM (55) (55) (55) ) )

—129 —

fiEEFMEEEME > 2 —



Annual Report 2010

2. MIETATHIA X =22 JIC& 2 MRARBHEEDOLEFEIROHRE

PHITAAZRERIIC & 2 FERRSEIRIE, S RIE O S8 A MR & IR RIS D IBIBESE R THREAE & v o o Re R L Xvis
WTKREREMDPRESN, SHICROAROFEICBNTZ B3 F Y REOME L NVOBEs SN 5. 4l
MERICB VT, ZORBAETEPFIEF DN T2 DEPMERT 2720 MHIRD T 4 7V A A= ¥ 7k
% B (RIKEN) 1RG40 S 2 15T, HiEoRIE L 2 e Hv CEBRO MR Tl 2 i 7.

FTATENA A=Y U TR 572012, F 38R (intra cytoplasmic sperm injection) BRIZ BT % ufh
HOBEMRE L. ZORE, MR oB A 1EH 121772 NCS(normal chromosome segregation) 3245 it i,
ZOROEBIZL D ETZHLZ ENHELD, BEIRR 515 ACS(Abnormal chromosome segregation) #5%

NCS :normal chromosomal segregation

Spindle body : green (EGFP-tubulin)
—

Nucleus : red (H2B-mRFP1-histone)
| l =
8hr 24hr

ACS :abnormal chromosomal segregation
(Abnormal chromosomal distribution: A & B)

= At the time of partition, part of the
chromosome is left behind
(Arrows in figure)

=Multinucleated embryo. An abnormality
in which the post partition chromosome
does not unity as one and, in the 2—cell
stage, 2 or more nuclei are formed.

(Embryo showing chromosomal fragmantation : C)|

* Already during metaphase the equatorial
plane of the chromosomal spindle body
in not lined up, and chromosomes are
scattered at the poles after partition
(Arrows in figure)

(Joint research with Dr. Kazuo Yamagata and Dr.Teruhiko Wakayama)
Fig. 1 Development of embryos by intra cytoplasmic sperm injection after mRNA injection by live-cell imaging

0 ) BB ol
2O 1= & [ e

¥

-

ICSI mRNA 6D imaging

injection ‘ ¢ m$ X

Fig. 2 Birth after embryo transfer of NCS or ACS embryo detected by live-cell imaging
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IR, @ IEEAMEIR D B ISR I A T ORI, AR, RIS L 2w 2 & 2R L7z (Fig. 1
&2).

Table 2 Development of nuclear transferred embryos after mRNA injection

No. of
Donor | No. of enﬂzie‘;‘;o activation| No. of mRNA N°(')f(%) No. of NCS N°(‘)f(%) N°;,f(%) N°(‘)f(%) N°‘;f(%) ES
cell oocyte n/injection (IM-';?MA injection 2—cell or ACS 4—-cell | 8—cell | morula |blastocyst] established
- 7 4 (57) - 4 4 2 0 -
adult
fprobast| 106 | 8o/80 78 NeS | 7 | s 0 0 0 )
- 0to 1st) injection| 63 18(29)
ACS | 11 6 3 0 0 -
- 7 2(29) - 2 2 0 0 -
fetus
fibroblast +
(Passage 20 16/13 13 NCS | 1 ! ! ! ! (CE0955F)
5th) injection| 4 1(25)
ACS 0 0 0 0 0 -

NCS:normal chromosome segregation
ACS:abnormal chromosome segregation

IM:ionomycin
DMAP:6—dimetylaminopurine

(NCS)

(ACS)

Fig. 3 Development of nuclear transferred embryos after mRNA injection by live-cell imaging

ES cell line
Establishment
Carried out

2cell 5cell+frag. Morula  Early Blastocyst
NT day2 NT day3 NT day6 NT day6

Fig. 4 Establishment of ES cells from nuclear transferred NCS embryos (CEQ955F) in cynomolgus monkey
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WA, A BRIRIC B W TRBICS 4 TRV A A= v 7 ER AR, Table 2R L2 X912, KHAE
PR B ARG A & 73 7= A3 MG <k 8 MR IR T Ik L7225, TR F-REFMII Tl 1B Cidd - 7225, NCS (2
B CNEFIC 5 USRI 2> & PIERHIRESE (inner  cell mass) % 7085 % 2 L 253k, ESMilaz kb3 2T
WZFE-7 LaL, SREIZEZHRIIB W THEE AT T ES MBI ZIIZEDS 2o o 72 (Fig. 3&4).

GHNET A THNA RA—=D Y T RATH) 720D T EOMN &, BMIZREIZHB1F 5 NCS & ACS IZ#E TR & v
IREBENELL L MR LIZZEDND, TOTATENA A—T Y ZIIFREEROMPOR 7 ) — = > 7k
ELTHRATHEZENEZON, GHEOIHAMZIES L TERZED 2.

Research abstract :

We did not succeed in obtaining ES cell lines that are capable of passage in our attempt to create tailor-made
ES cells in the somatic cell nuclear transfer that we have been doing for the past three years. This year we at-
tempted to improve the development of reconstructed embryos subsequent to nuclear transfer by adding
Trichostatin A (TSA). Additionally, we attempted to confirm whether or not chromosomal segregation was being
carried out normally during the initial stages of embryonic reconstruction using live-cell imaging. The results were
that the TSA concentration conditions used this time were not effective in improving development. Additionally,
there was much abnormal chromosomal segregation observed during the live-cell imaging of the 2-cell embryo in
the initial stages of embryonic reconstruction. On the other hand, embryos in which normal chromosomal segrega-
tion was observed developed to the blastocyst stage, and it was possible to remove inner cell mass (ICM) and at-
tempt to establish ES cell lines. However, we were unable to reach the 3" generation of passage and unable to
achieve establishment.

From the above results, for the tailor-made ES cell establishment method using the somatic cell nuclear trans-
fer method in the cynomlgus monkey, in addition to problem of embryo loss, the efficiency for creating blastocyst-
stage embryos was extremely poor, and we reached the determination that regrettably ES cell establishment was
extremely difficult. On the other hand, it was relatively easy to establish cynomolgus monkey iPS cells, and it goes

without saying that iPS cells are expected to be useful in clinical application research.

1. Study on the improvement of embryonic generation by somatic cell nuclear transfer in the cynomolgus monkey with
addition of Trichostatin A
After the constructed embryos were created using the nuclear transfer method, in which donor cells (fetus fi-
broblast) are injected into denucleated mature oocytes, 5nM of Tichostatin A (TSA), a histone deacetylase inhibitor
used to improve the development of murine and bovine embryos after transfer, was added to the incubation me-
dium. The results, are show in Table 1, were that no effect was seen in terms of development of reconstructed em-
bryos from nuclear transfer with the concentration of TSA that was used this time, and no effect in regard to im-

proved development was obtained.

2. Observation of chromosomal segregation in somatic cell nuclear transferred embryos using fluorecent live-cell imag-
ing

As for reconstructed somatic cell nuclear transferred embryos, large changes were seen at chromosomal con-
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struction levels, such as disaggregation or recondensation of the nucleus in the same manner as occurs in the devel-
opment process in fertilized embryos; furthermore, changes were sees at the chromatin or the nuclear construc-
tion level in chromosomal segregation. This time, in the embryonic construction, we obtained the cooperation of Dr.
Yamagata (RIKEN CDB) for live-cell imaging in the initial embryonic stage in order to determine whether this
chromosomal segregation was carried out normally or not, and we attempted to develop this method and use it in
actual confirmation of embryonic reconstruction.

In order to establish the live-cell imaging method, we first confirmed chromosomal segregation in intra-
cytoplasmic sperm injection (ICSI) embryos. As the results of this, we found that offspring were obtainable from
embryo transfers done after normal chromosomal segregation (NCS) was carried out in fertilized embryos, but we
confirmed that in cases where abnormality was seen (abnormal chromosomal segregation, or ACS) the develop-
ment of the fertilized embryo was arrested in midstream or, even if it did progress to the blastocyst stage, after
embryo transfer it failed to implantation and pregnancy failed (Fig.1)

Subsequently, in the somatic cell nuclear transferred embryos the same manner of live-cell imaging was at-
tempted, and, as the results show in Table 2, in the fibroblast obtained from the skin cells of mature individuals, de-
velopment stopped at the 8-cell stage embryo, but, in 1 fetus fibroblast case, it was possible with NCS to develop
smoothly and separate the ICM from the blastocyst, and we obtained passage of the ES cells. However, adhesion
was insufficient when obtaining passage number 3, and we failed to establish the ES cells (Fig. 2).

This time, since we established the methodology necessary for carrying out live-cell imaging and confirmed
the large gap in the acquisition of offspring which occurs with NCS and ACS in ICSI, we believe that this live-cell
imaging will be useful for screening during the initial stages of embryonic reconstruction, and in the future we

hope the increase our experience and further develop our confirmation ability.

(% #& B i3]
© FEEORK ©

¥ - MIRSHEK

BATE, AR, LRI, MEMT, BERE=(2010) BRASITRIROZODAL v 72—V a Ry 7k
B0 =7 A WUIRBRGE, AR ARMFAERSRE 5 miEs, Wt (2/21/10)

It L, LR —R, AATH, LR, MM, ELE BEE=(2010) 7 =27 4 FOVBEBIZRIE~O
TATENA XA—=D  FEO#H, HAAJMFAERY 2 65 migEs, Wt (2/21/10)
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Research Center for Nano Medical Engineering

F/ N4 F 7’0+ X5 EE
Department of Nano Bioprocess
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Prof. Akihiro Kusumi
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1. £EF TV 3HaFTO 1 D FERECIFEEORMRE

AT, in vitro TO 15 FEGELBIMESTEDMARIIMRATE TS, Lo L, REOMAEEOREII,
1 B L e AR TEI ) 2L T, ZRICE- T, 1 THIAEWFA RIS % - 2. BRIk
ETwrMilEho 1 5¥%, <427 0B LNVORRSHRE F/ A — PV VOB TEIFL, 25612,
EINSDGFOWEHHEAL(BUS) FTE S 1 0 FBICHLZHEZRHIEL TS 2 (TASIHRATIELDAR). T,
FIVALVA/F ) 7770 —LO@EHERE LT, 15T F /34 Fuy—, 1 5THBERHRE I FH LW
FRSBORIEII ORI DODOH 5.

B, UTOFRRIE, 15 FEeflio THOTHRICE-72bDTH Y, HikdEMBHTOL A=Y 7%
BT ot CEATETH 72 DIER) TH 5.

2. MlREOEXNEBESL, BEHICOVT

MBI 2 Koc ok Gliefk) & £ 2 S T& 72 LaL, BEE, DMKz a =2y MeshTw
52k, (2 THFMBEICRY AT N/ETORFITH LTl I, Q) 2oL, EAWZET 7 F VIRE
HIZE 20T, BEHKEZIIHE LBEE®I S Vo AL LTl 2 &, REZRLAZ Zhig,
PUH——ZAVY YETNVICEELRER LML LDOTHY), ROWEEME HITONWT, BRWLERFT T LY
7 ERILEMETH L.

EHIRE, BFRIMNES T 74 -2 HWT, MBEOMBEMKRTICHFET LT 7 F v EEgKOMEL, 3
WICHRERIEIC X o T, ERMICWHALT 22 LI L7z, MifalaE & LT, Mo N R % 20k
FA—TILyFAEL 7Y ACE LR 723 0% vz, ZhcE-> T, BoRMRHOEEHEOMEHOKE 8%
Wiz 2 A, FND, BHFoOWHICLE o THEONIZT U= AV FOREELEEY ) E—HKL-(X1ZR).

ZEERIIT TN 2T 2%, KELTEHZEILT 2D 0PL 0 (2 7 F U dski-fil &2 - R EREs
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KA T ABEEAR Y VX BPRICEATHI LI Lo TR I L RIR LT,
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[Summary of Research]

Paradigm shift of the concept of the plasma membrane structure

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

because we have developed high time resolution (25 microseconds) single-molecule tracking techniques (Kusumi et
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al., 2005). If more than one molecule is observed at the same time, the single hop event would be masked by averag-
ing over all the molecules under observations. Without high-time resolutions, the residency time within a compart-

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

Single-molecule force microscope

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

trap (Ritchie et al. in preparation).

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

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

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

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

tion, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding proteins.

[% # B 2]
@ REERK ©

1) FEERX - #8551

A. Kusumi, Y. Shirai, I. Koyama-Honda, K. G. N. Suzuki, and T. K. Fujiwara: Hierarchical organization of the
plasma membrane : investigations by single-molecule tracking vs. fluorescence correlation spectroscopy.
FEBS Lett. 584 : 1814-23(2010)

Kenji A K Tanaka, Kenichi G N Suzuki, Yuki M Shirai, Shusaku T Shibutani, Manami S H Miyahara, Hisae Tsuboi,
Miyako Yahara, Akihiko Yoshimura, Satyajit Mayor, Takahiro K Fujiwara, and Akihiro Kusumi: Mem-
brane molecules mobile even after chemical fixation. Nature Methods. 7 : 865-866(2010)

Rinshi S. Kasai, Kenichi G. N. Suzuki, Eric R. Prossnitz, Ikuko Koyama-Honda, Chieko Nakada, Takahiro K. Fuji-
wara, and Akihiro Kusumi: Full characterization of GPCR monomer-dimer dynamic equilibrium by single

molecule imaging. Journal of Cell Biology. (in press)
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1A) BB

A. Kusumi: Signal-molecule tracking approaches to membrane domains. HFSP Frontiers Meeting (2010.3.3-6
Strasbourg, France)

A. Kusumi : Signal transduction by lipid-anchored molecules as revealed by single-molecule tracking. 2010 Annual
Meeting of the American Society for Biochemistry and Molecular Biology (2010.4.24-28 Anaheim, U. S. A.)

A. Kusumi: Signal transduction by lipid-anchored molecules as revealed by single-molecule tracking. MRC Labora-
tory for Molecular Cell Biology (LMCB) Scientific Advisory Board (2010.6.16-17 London, U. K)

A. Kusumi: Two-Tiered Meso-Structures of the Plasma Membrane as Revealed by Single-Molecule Tracking. 2010
FASEB Summer Research Conferences: Molecular Biophysics of Cellular Membranes(2010.8.1-6 Saxtons
River, U.S. A.)

A. Kusumi: Three-tiered functional meso-structures of the plasma membrane as revealed by world-fastest single-
molecule tracking: prospects for NCBS-iCeMS collaboration, building an even faster imaging stations.
NCBS-iCeMS Joint Symposium (2010.8.25 Bangalore, India)

1B) EXE#E

T. Fujiwara : Hop diffusion of membrane lipids and proteins in the plasma membrane as directly observed by high-
speed single fluorescent-molecule tracking. The 6th iCeMS International Symposium/The 13th International
Membrane Research Forum (2010.01.27-29 Kyoto, Japan)

R. Kasai: First determination of the dimer dissociation constant of GPCR in the living cell membrane. The 6th
iCeMS International Symposium/The 13th International Membrane Research Forum (2010.01.27-29 Kyoto,
Japan)

K. G. N. Suzuki: Lipid-stabilized homo-dimers of GPI-anchored proteins based on ectodomain protein interactions.
The 6th iCeMS International Symposium/The 13th International Membrane Research Forum (2010.01.27-29
Kyoto, Japan)

A. Kusumi: Raft-based signal transduction based on transient molecular interactions revealed by single-molecule
imaging. Fifty Years of Biophysics Research at Nagoya University (2010.3.12-14 Nagoya, Japan)

A. Kusumi: A tale of two meso-scale membrane domains as told by single-molecule tracking. Traffic Symposium :
Future Directions in Cellular Trafficking (2010.6.4 Kyoto, Japan)

A. Kusumi: Meso-scale membrane domains as studied by single-molecule tracking. The 7% iCeMS International
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Symposium : Emerging Approaches and Applications in Developmental Biology : Taking the Next Step
(2010.6. 24 Kyoto, Japan)

K. G. N. Suzuki: Meso-scale raft domains: whether and how they exist and work in steady-state cells? The 8th
iCeMS International Symposium : "Meso-Control of Functional Architecture”(2010.11.9-11 Kyoto, Japan)

K. G. N. Suzuki : Single-molecule imaging studies of meso-scale raft domains in steady-state cells. Association Of Pa-
cific Rim Universities(APRU)Research Symposium “Interface Between Molecular Biology And Nano-
Biology” (2010.11.24-26 Kyoto, Japan)

K. G. N. Suzuki: How does the meso-scale raft domain exist and transform to work? : a single-molecule imaging

study. The 2nd NCBS-inStem/iCeMS Joint Symposium (2010.12.17 Kyoto, Japan)
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1. Simulation of Biomechanical Adaptation Process of the Living Tissues.

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

Industrial Technology Development Organization)

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

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

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

and Welfare)

5. Polyethylene for Artificial Joints with High Wear Resistance.

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

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

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

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

cine. (Supported by Japan science and technology)

7. The gentle denture base in human body

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

ment of industry)
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8. Biodegradable Medical Adhesives

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

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

Development Organization)

9. Antifreeze Polyamino Acid with the Cryoprotective Function

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

fields. (Supported by the Ministry of Education, Science, Sports and Culture of Japan)

[% # B 2]
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Matsumura, K., Bae , J-Y., Hyon, S-H.: Polyampholytes as cryoprotective agents for mammalian cell cryopreserva-
tion. Cell Transplant. Vol. 19 691-699 (2010)

Matsumura, K., Hayami, T., Hyon, S-H,. Tsutsumi, S. : Control of proliferation and differentiation of osteoblasts on
apatite coated poly (vinyl alcohol) hydrogel as an artificial articular cartilage material. ] Biomed Mater Res.A
92A : 1225-1232(2010)

Matsumura, K., Tsutsumi, S. Hyon, S-H. : Regeneration of Periodontal Tissues around Dental Implants. Journal of
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O RIAE, BRHOIERREORECE T O L ST, FEEOETL 5L, EFOEOKTIZHHSL.
TR, HELICHEY, ERPSHCON TV LR MOFEELMITE TS, 72, REHBIHTOL Y TT>
FOERLFZELVDDODDH L. ZOMERRO %D, WRHEDOREIIHT2ERIIEI VBT TETEY,
A 7T b0 ) B AT E W06, 2o RS G 121E, BORESERINS.

AREFFEEE T, BREHIRY IV S A MBI OB LEICOWT, L—F—mLEe o LTREL, &
WA, DFIEA TS X OTEBNE AT CEN SR E R OB E Y 27 2O WTHIEL TV 5.
T/, IO OWEHIB EIEE YT 2 WAL T Lo A TR L EOBMIKEOE S 2 AMEIC R ) oo
HY, P TLOEROEERE VPIAT) B, KIEROBE T EZ ORISR T 24, &) HAFNREIZO W
THMEI LT 5.

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

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

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

L—H#—ITICE-oTY T —Ldhi-FlE #mPkEI /-0, COWLLTEREZERLEL, [HEERE
ZE L. ChETE—DPSEVEIEThIELESELP D DP ) T+ —LTEH, BEOBEEDOSL.
AT — LA B: 74— L
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AWFFEHIEIE, ERHERO ) BT V7S X HREEREIS - FHEBRIC B W, MR E AL, <
DOIEHRE M - MDY T VIR DIT B A A = X2 0fHE HIEL TW5b. BREOZELICH T 5 A ko#
IS ZISEBIRE, <7 DI BRI O - BREEOZL L LTHNAA, TR, ML - 5F L
BUILIZuRERBRLELINODPBRTE VAT LE L TOHWRPERL 5. 22 THLIZ, EAKOED [
FEEAOBICE] & [HEE - BRRORSEME] ([EFH L, &MLy LT FEREBHET) V7 - v 3a
L—7 a3 Y eRENICHAGDbELMEZED TV L.

(1) BOUETU L TICLBBENBERONIFAH=Y X

FOVET) Y7L BEERMEISHRICE VT, FEENIHFET 28/, A4/ o=V AT 20%
FRELTHEHERBEHERZLTW2EEZONTVS. BB W EIEH LSE, FHREOLLE/IE -
FHE Y AT ANOMEBICHENZE L S, oML ) FHMEOMILZEREZ ARSI EL L2 28
TSN, 20X RFHRESEHBOEIKRE GEBELG 252N Ty, FHlillzFOLR-
TN TBAH ) =L LTRZHIEDTES. 612, B, FEOMBIE Ay Y7 —27 2L
THY, AL REERZEE, 50, BOVEFY ¥ 7 REIHET HMIICEET HEZ AL TV
EEZONTWD., ZITABIETIE, BOBISHRYEFY V7, ZOBMBEOXH &y v T L IBEHIEE
WEDFABINTOUBLEREL, SVF AT =N F AW =7 AOBEPSBFR)ET) YV FOKRMET N %32
FL7: COPMEFTNVERCL LT, BlzIE, MELOKEMRNEL L8RS, VET) V7LD 20k
% OFE SR, WELHEERE LTOBEBICEE) L) ICBREEAEE TV T EERTIENT
&7z, ZOWEIE, Wolff 0L LTHLS2HAON2ED) EFY v 712 X 2 EEENEIGB S LT, RE
M E S RCT 20 TH 5.

(2) MREERNCHTZTIVFMABRERRY NT—VEALFIVADNAFAAZY R

M B 2 BREY 9 2 Ak 4 ZMIIRNERIZBWT, BLFNRRT & PN R R OMEAEH S B 25 2 172
LTwa. ShET, MBNICBUILZ2FET2F 042y FT—=2054F 327 AT 5% O ED SN T
E72H, T M IATVNGHERED X H TN O - ZR GO AARML, ThsEo k) IZHoL
NIHBEINE BB D OOV TR, T3 IR TR, T2 TAIFETIE, FHEARy 7V A —
Ty rEER T RRAEFHE A GhE S 2T, BEEMBAOT 7 NI4T HEISH T 2 EE0%, FERIR
RIZBUIBEFT27F 43y VT =27 ORNRERGIZG R 2B EBWIEHMEL7.. F 7275 Yoinyii,
IR B AT ORI LML OBE T ofmN, BLO, WHEFHE ) HIBOEMERIC X )5
A OENE. T MIF T UEEALE TR LR COEMREBOBNLOBENENTL L, Thbb, M

151 — MBS BEET¥MEGL 5 —



Annual Report 2010

WNOF T2 F >4y b7 —2 ORNEETEH, REINZIOHIMKEL THEIATWLZ L2 RN L
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AWBEEZDILEHRTELDTHS.
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BHEOX D/ TP EBRYETI L IICLZBHREOEE - HEEETSELE T
Fig : Biomechanics and mechanobiology of bone adaptation by remodeling :

From mechanosensing at cellular level to functional adaptation at cancellous tissue level.

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 and regeneration, bridging spatial and temporal scales from microscopic molecular and
cellular activities to macroscopic tissue behaviors is very important. Based on multiscale system biomechanics, our

department is involved in integrated 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 functional adaptation by remodeling

In bone functional adaptation by remodeling, osteocytes in the lacuno-canalicular system are believed to play
important roles in the mechanosensory system. Under dynamic loading, bone matrix deformation generates an in-
terstitial fluid flow in the lacuno-canalicular system ; this flow induces shear stress on the osteocytic process mem-
brane that is known to stimulate the osteocytes. In this sense, the osteocytes behave as mechanosensors, and de-
liver mechanical signals to neighboring cells through the intercellular communication network. In this study, bone
remodeling is assumed to be regulated by the mechanical signals collected by the osteocytes. From the viewpoint
of multiscale biomechanics, we proposed a mathematical model of trabecular bone remodeling that takes into ac-

count the osteocytic mechanosensory network system. Based on this model, a computational simulation of trabecu-
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lar bone remodeling was conducted for a trabecula under cyclic uniaxial loading, demonstrating functional adapta-

tion to the applied mechanical loading as a load-bearing construct.

(2) Biomechanics of cytoskeletal actin network dynamics in migrating cells

Coupling interactions among mechanical and biochemical factors are important for the realization of various
cellular processes that determine cell migration. Although F-actin network dynamics has been the focus of many
studies, it is not yet clear how mechanical forces generated by actomyosin contractility spatiotemporally regulate
this fundamental aspect of cell migration. In this study, using a combination of fluorescent speckle microscopy and
particle imaging velocimetry techniques, we perturbed the actomyosin system and examined quantitatively the
consequence of actomyosin contractility on F-actin network flow and deformation in the lamellipodia of actively
migrating fish keratocytes. F-actin flow fields were characterized by retrograde flow at the front and anterograde
flow at the back of the lamellipodia, and the two flows merged to form a convergence zone of reduced flow
intensity. Interestingly, activating or inhibiting actomyosin contractility altered network flow intensity and
convergence, suggesting that network dynamics is regulated directly by actomyosin contractility. Moreover,
quantitative analysis of F-actin network deformation revealed that the deformation was significantly negative and
predominant in the direction of cell migration. Furthermore, perturbation experiments revealed that the
deformation was a function of actomyosin contractility. Based on these results, we suggest that the actin
cytoskeletal structure is a mechanically self-regulating system, and we propose a detailed pathway for the
spatiotemporal self-regulation of the actin cytoskeletal structure during cell migration. In the proposed pathway,
mechanical forces generated by actomyosin interactions are central to the realization of the wvarious

mechanochemical processes that determine cell motility.

[ # B 2]
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Taiji Adachi, Yoshitaka Kameo, Masaki Hojo: Trabecular bone remodelling simulation considering osteocytic re-
sponse to fluid-induced shear stress. Phil. Trans. Roy. Soc. A. 368 : 2669-2682 (2010).

WERG, BMEZ, HLE, JUEER 72 F 74 9 A Y MIRT AR Y VX0 BT ORSR B TR
H AW S 25, 76(8):1119-1127(2010).

Shunsuke Baba, Takeomi Inoue, Yoshiya Hashimoto, Daisuke Kimura, Masatoshi Ueda, Kana Sakai, Naoyuki Mat-
sumoto, Chiaki Hiwa, Taiji Adachi, Masaki Hojo: Effectiveness of scaffolds with pre-seeded mesenchymal
stem cells in bone regeneration: assessment of osteogenic ability of scaffolds implanted under the pe-
riosteum of the cranial bone of rats. Dent. Mat. J. 29 (6): 673-681 (2010).

Masaki Hojo, Kyosei Nakashima, Takayuki Kusaka, Mototsugu Tanaka, Taiji Adachi, Toshiyasu Fukuoka, Masay-
asu Ishibashi: Mode I fatigue delamination of Zanchor-reinforced CF/epoxy laminates. Int. J. Fatigue. 32(1):
37-45(2010).

Masaki Hojo, Masaaki Mizuno, Thomas Hobbiebrunken, Taiji Adachi, Mototsugu Tanaka, Sung Kyu Ha: Geomet-
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rical range of microscopic stress distribution change due to fibre array irregularities for thermally and trans-
versely loaded CF/epoxy composite. Plastic, Rubber & Composite. 39(2): 99-106 (2010).

Masaki Hojo, Kenta Osawa, Taiji Adachi, Yasuhiro Inoue, Kozo Osamura, Shojiro Ochiai, Naoki Ayai, Kazuhiko
Hayashi: Effect of fatigue loading on critical current in stainless steel-laminated DI-BSCCO superconduct-
ing composite tapte. Physica C. 470 : 1373-1376(2010).

Yasuhiro Inoue, Takeji Deji, Yoshitaka F, Masaki Hojo, Taiji Adachi: Simulations of dynamics of actin filaments by
remodeling them in shear flows. Comp Biol. & Med. 40(11/12): 876-882(2010).

Fe PR, BT, JufRIERS, SHNE, ZEFE, AHEMA  Phasefield Navier-Stokes €7V IZ & % i
BRA 7 — VBRI NS B 2 AR 5 4 F 3 7 A0E. HAREEM RS 36(3):94-103.

Yasuhiro Inoue, Taiji Adachi: Coarse-grained Brownian ratchet model of membrane protrusion on cellular scale.
Biomech. & Model Mechanobiol. in press.

Naoyoshi Kachi, Akihisa Otaka, Seungwoo Sim, Yoshihiko Kuwana, Yasushi Tamada, Junko Sunaga, Taiji Adachi,
Naohide Tomita: Observation of chondrocyte aggregate formation and internal structure on Micropat-
terned fibroin-coated surface. Bio-Med. Mat. & Eng. 20(1): 55-63(2010).

Yoshitaka Kameo, Taiji Adachi, Narumichi Sato, Masaki Hojo : Estimation of bone permeability considering mor-
phology of lacuno-canalicular porosity. J. Mech. Behav. Biomed. Mat. 3(3): 240-248(2010).

Hiroshi Kamioka, Taiji Adachi: Application of bioimaging to osteocyte biology. Clin. Rev. Bone & Min. Metabol. in
press.

Shinji Matsushita, Taiji Adachi, Yasuhiro Inoue, Masaki Hojo, Masahiro Sokabe : Evaluation of extensional and tor-
sional stiffness of single actin filaments by molecular dynamics analysis. J. Biomech. 43 (16): 3162-3167(2010).

Hiromi Miyoshi, Jungmyoung Ju, Sang Min Lee; Dong Jin Cho; Jong Soo Ko, Yutaka Yamagata, Taiji Adachi:
Control of highly migratory cells by microstructured surface based on transient change in cell behavior.
Biomat. 31(33): 8539-8545(2010).

L, P B, ERG, PRFEE AL O ) ENEHE ISR  EHES MG, BRRSA X =
7 A. 31: 117-122(2010).

Kennedy Omondi Okeyo, Taiji Adachi, Masaki Hojo: Mechanical regulation of actin network dynamics in migrat-
ing cells. J. Biomech. Sci. & Eng. 5(3): 186-207(2010).

HUERH, SEFEA, &G, PEREDH < VF 275 — VIS & 5 & MERIER G O F0EHE. HAE
TR 238, 20(1): S100-S107 (2010).

Hidetaka Yamaoka, Taiji Adachi: Coupling between axial stretch and bending/twisting deformation of actin fila-
ments caused by a mismatched centroid from the center axis. Int. J. Mech. Sci. 52 (2): 329-333(2010).

Hidetaka Yamaoka, Taiji Adachi: Continuum dynamics on a vector bundle for a directed medium. J. Phys. A :

Math. & Theor. 43 (32): 325209 (15pp) (2010).

© FREORER @
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Taiji Adachi: Biomechanics of actin cytoskeleton : in vitro and in silico studies. KU EGAKEES I 2L —T 3
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Taiji Adachi: Mechanical regulation of actin network dynamics in migrating cells: in vitro and in silico studies.
Seminar at Pusan National University (2010.10.7-9 Pusan, Korea)

TR - MILEBICBT 27 7 F VRIS Y AT L DN, F A h =7 A WK% 7 0 —30 COE 7H
775 [RRGFV AT 28] 45130 I+ X - —(201011.25  F&6H)

BERG HOVET) Y 7L DHBENEIED ¥ AT L8 F A A =7 AL ERAEYORG 3 FAES (2010.11.26-
28 Hn0)

MU SUIE, JF RRREE, Z0EA0G, JURIER © 727 F Y EGICL MR O 7T VB I ab—va v,
H AR AE 25 23 MIEHE ) 223 2 (2010.9.23-25  JLR)

Sung-Woong Han, Taiji Adachi: Mechanical detection of interaction between actin and Arp2/3 complex using
AFM. 20™ Anniversary World Congress on Biosensors (Biosensors 2010) (2010.5.26-28 Glasgow, UK)
BAINEAL EmIEEA, ZEFRE, LAY : Beagle ® uCT 7— % @ 3 KICH BREERMEMT 2 F V725G IO

By Iab—T 2> 5§69 b HARBIERFARKE(20109.27-29  Hidt)

Masakazu Hasegawa, Taiji Adachi, Masaki Hojo, Teruko Takano-Yamamoto: Orthodontic tooth movement simu-
lation using ct image-based human lower second premolar models. VPH2010 (Virtual Physiological Human)
(2010.9.30-10.1 Brussels, Belgium)

LA, FE et duperEs, Z5ERE, SHEMEE © Inmersed Boundary i & $EEG I & OB IC X B B
HERT D OBIRVEALAT.  H AR 25 23 ImlRH5) 2458 2 (2010.9.23-25 L&)

Yasuhiro Inoue, Michihito Matsumoto, Masaki Hojo, Kazuki Ishida, Naoki Takada, Taiji Adachi: Microscale Simu-
lation of Resin-Air Flow around Single Fibers. 10th International Conference on Flow Processes in Compos-
ite Materials (FPCM10) (2010.7.11-15  Ascona, Switzerland)

Yasuhiro Inoue, Taiji Adachi, Masaki Hojo : Theoretical study on mechanochemical modulation of binding between
actin and its accessory proteins: A thermodynamics perspective. World Congress on Biomechanics (WCB
2010) (2010.8.1-6 Singapore)

F LHE, ARG, OERE, UEER 72 PIF T U Ay T2 BT AS A F Iy 2 BREREELO Y 3

¥ HARMRE:Z 2010 4F B4R ROR S (2010959 A=)

Jr L REH, ARG, URIER T2 FIA T Ay P DY I A Y VIREORESFEANIAE ). HARE
PREE 25 23 IR 24 2 (2010.9.23-25 LR

Yasuhiro Inoue, Taiji Adachi: Modeling and simulation of dynamic reconstructing network of stress fibers with
mechanical sensing through focal adhesions. H A4 ¥y Eiaz45 4 48 [M4E 4 (2010.9.20-22  filiE)

AtGELEE, R, OERN, AURIER  MRBHMZEET 22 7PV OER R L2ER)ET) VI
Jab—var. HABMAESS 21 BNA 70 > 7 4 7k (2010.11.12-13 - 4210

il B, IR, OERG, PHEE RSOOSR E ZE L A LR BB OME. 37 I H AR
RNA A X7 =7 24445 (201011.1-3  5HLHE)
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Yoshitaka Kameo, Taiji Adachi, Masaki Hojo: Morphological changes in cancellous bone predicted by trabecular
remodeling simulation considering interstitial fluid flow. The 17" Congress of the European Society of
Biomechanics (ESB2010) (2010.7.5-8 Edinburgh, UK)

Yoshitaka Kameo, Taiji Adachi, Masaki Hojo : Repairing simulation of damaged trabecula based on mathematical
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model for bone remodeling. World Congress on Biomechanics (WCB2010) (2010.8.1-6 Singapore)

AN, ERNG, RS BHRT R - A AT 2EROBHBEY I 2 V- 3 v ORERKRERS
23 IRy & (20109.23-25  dLl)

Shinji Matsushita, Taiji Adachi, Yasuhiro Inoue, Masaki Hojo, Masahiro Sokabe : Quantitative evaluation of me-
chanical behaviors of actin filament under different mechanical conditions. World Congress on Biomechanics
(WCB2010) (2010.8.1-6 Singapore)

T, g, R, bR, BIELEE o rE e W T 2 F 74 7 A Y bOblk -
U0 WIPEREA.  HARI S, AR 2010 4E B4R N2 (2010.95-9  #4itif=)

Shinji Matsushita, Yasuhiro Inoue, Masaki Hojo, Masahiro Sokabe, Taiji Adachi: Tensile force suppresses torsional
motions of individual actin subunits. H A4 P B2 5 48 [I44x (2010.9.20-22  Ailis)

WME, ZEgn, IR, defREss, BRI RO TCBT LT 7 F 74 7 XY oM
VERIRAT.  HABRS: 0 23 IIRHA) i & (2010.9.23-25  JL5)

WORAE, ERN, CLERIER, ThEEW  MERACEE S HERERRE ) £ T YIS RIETRE v Iab—T s
YT E BB, HARMRE: 88 23 MIEHE D £ (20109.23-25  JLR)

Hiromi Miyoshi, Jungmyoung Ju, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Taiji Adachi, Yutaka Yamagata: Con-
trol of cell migration on-chip by micron-sized deep and narrow grooves in a square pattern. 20" Anniversary
World Congress on Biosensors (Biosensors 2010) (2010.5.26-28 Glasgow, UK)

Hiromi Miyoshi, Taiji Adachi: Spatial scale-dependent correlations between cell peripheral activity and shape. H
AR AR 20 48 [MI4E 2 (2010.9.20-22 i)

SRS, R IEW, 10 #, Sang Min Lee, Dong Jin Cho, Jong Soo Ko, Z5EZRE @ <4 7 alid L3 m % Hl
MUZAEME 7 4 vy ) 2 7IREORSE OREREZE 2R~ 70 - F ) THEIVRT T A
(2010.10.13-15 L)

Hiromi Miyoshi, Taiji Adachi: Multiscale characteristics of protrusion and retraction activities in lamellipodium.
The 4th Mechanobiology Workshop and Biophysical Society Joint Meeting (2010.11.9-11 Singapore)
MR, HEMT, JUPRbs, (ERIEW, HEREG - B o —BALEREEIZB T 5 R H AR

PR 21 MNA 4 71 T 4 TS (2010.11.12-13 &Y

B2t =, Okeyo Kennedy Omondi, ZHEM T, dbiEIER, N5HE, Z02RE  MRMESY A F3I 7 22525
T MIAVVNENORE A4 a8y — I X BRGET. H AR 2 2010 4 EEAEROK 23 (2010.9.5-9
HtiR)

IDER], JFLHEERE, G, AURIER MU FEIIEETVER W T 2 I AT YT 4 T A Y FROKE
WEADY I 2 b— a3 ¥, HABEMSERS 21 BN, + 70 Y7 4 74 (20101112-13 - 4R

Priligess, Ok EH, EREG, PR HE T BIETREE RN T BIET 0 ) A EE. 2 37 I HARERR N A A
A=y A%45(201011.1-3  HUHR)

Shukei Sugita, Taiji Adachi, Yosuke Ueki, Masaaki Sato : Development of method for measuring tension generated
in cytoskeleton. #5 49 [l H ARAAREE T4 25K 4% (2010.6.25-27  KBRK)

Shukei Sugita, Taiji Adachi, Yosuke Ueki, Masaaki Sato : Direct measurement of tension generated in cytoskeleton.
World Congress on Biomechanics (WCB2010) (2010.8.1-6 Singapore)

HHEORHE, 22300 © THESIC X 2 B RIBREEL 2 Z B L 728 B8 O AR R, 58 37 Il H ARERR S £ F X
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Ken-ichi Tsubota, Yusuke Suzuki, Tomonori Yamada, Masaki Hojo, Akitake Makinouchi, Taiji Adachi: Trabecular
surface remodeling simulation in human proximal femur using large-scale voxel FE models: Approach to
understanding Wolff's law. World Congress on Biomechanics (WCB2010) (2010.8.1-6 Singapore)

Hidetaka Yamaoka, Taiji Adachi: Geometrical settings of directed medium by vector bundle description and its
application to biomechanics. 47" Annual Technical Meeting of Society of Engineering Science (2010.10.04-06

Ames, USA)

2 BE-VURIILA

Taiji Adachi, Yoshitaka Kameo, Masaki Hojo: Modeling of mechanosensing and intercellular communications by
osteocytes in trabecular bone adaptation. IV European Conference on Computational mechanics (ECCM
2010) (2010.5.16-21 Paris, France) (Keynote Talk)

Taiji Adachi: Modeling of osteocyte mechanosensing and communication in bone adaptation. Symposium : Cellu-
lar Mechanics in Embryogenesis, 43* Annual Meeting for the Japanese Society of Developmental Biologists
(2010.06.20-23  Kyoto)

Taiji Adachi, Masuzo Nagasaki, Kennedy O. Okeyo, Junko Sunaga, Masaki Hojo, Hidetoshi Kotera: Quantitative
analysis of lamellipodial protrusion dynamics on a micropatterning substrate. %5 49 [a] H AR4ARE T2 4
R, VYRTT L [ TN AHMZ X BN - S o (20106.25-27  KBR)

ARG FMIO T ERIE & A IS B, 22 M AR N ) T g YER, Y UYRTTA

[y B & B B SR OS2 1 (2010.7.10  Als)

Taiji Adachi, Yoshitaka Kameo, Masaki Hojo : Multiscale simulation of trabecular bone adaptation by remodeling
toward understanding Wolff's law. The 9* World Congress on Computational Mechanics and 4" Asian Pa-
cific Congress on Computational Mechanics (WCCM/APCOM2010) (2010.7.19-23 Sydney, Australia) (Key-
note Talk)

LERG CFD [H72b] B CTEAT 5. FHERRAFAEERANZEN 8 5 A B &, [k & i -
HMiHa 2> & Mkt &~ — 1(2010.7.24  5TH#E)

Taiji Adachi, Yoshitaka, Kameo, Masaki Hojo : Modelling osteocyte signalling in bone tissue adaptation. World Con-
gress on Biomechanics (WCB2010) (2010.8.1-6 Singapore) (Invited Talk)

LHERG FDO)ET) Y TIC X DREEEEIE O/ o+ X Ah =7 A, 45 86 [l ki 111U & A LRk 5823, (2010.10.20
B 1L1) (il i)

ERG FORBIEISD Y AT ANA F A =7 A, 4 23 Bt Ea REENT 7822, (2010.10.23  5UHB) (el o
i)

BHERB  BOVETY) YT X BBBIEIED Y AT AN F A A= X, 3T M HARBENA + A Hh =2 2
743 (201011.1-3  HUHR) (ZLE W)
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The main theme of this department is to design an artificial extracellular matrix that mimics natural environ-
ment of tissue providing a favorable niche to commit bone marrow derived mesenchymal stem cells (MSCs) toward
specific tissue. In general, MSC differentiation committed by growth factors may be improper due to possibility of
clinical risk of inducing oncogenesis, and we have previously developed a growth-factor-free coculture method and
observed rat MSCs differentiated into hepatic progenitor cells. This study was aimed to validate hepatic differen-
tiation potential in vivo. MSCs from bone marrow of green fluorescent protein-transgenic Sprague-Dawley rats
were cocultured with hepatocytes from normal Sprague-Dawley rats, sharing growth-factor-free media. After 14
days, cells were implanted into the spleen of carbon tetrachloride (CCl4)-injured rats and kept for 4 weeks. Fibrosis
remarkably decreased in CCl4/cocultured MSC at weeks 1, 3, and 4. Immunohistochemistry revealed that albumin,
a-fetoprotein, and cytokeratin 19 (CK19) expression was high in CCl4/cocultured MSC only at week 1. Reverse
transcription-polymerase chain reaction and Western blot revealed that CCl4/cocultured MSC had reduced a-
fetoprotein expression at week 4, whereas CK18 and CK19 exhibited stronger expression. Albumin in CCl4/cocul-
tured MSC increased at week 4 only in protein level. We assume that cocultured MSCs had stayed at hepatic pro-
genitor stage until week 3, and differentiated into hepatocytes or bile-ductal epithelial cells afterward. Hepatic pro-
genitor cells, oval cells in the other term, from MSC differentiation in the growth-factor-free coculture system may

contribute to the therapeutic effect for liver disease in vivo.

Morphology of oval cells in matrix SEM observation of oval cells seeded
(Masson & Trichrome Staining ) in porous collagen matrix
3 days after culture

Media + cytokines Media + hormones

Seeded cells are attached
to the collagen fibrils

Media + cytokines Media + hormones
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Functionality of the Oval cells

Oval Cell Proliferation in the matrix
Albumin secretion and urea detoxification
rate increased for 21 days as time courses.

N

3

From 7 days, these rates continuously
decreased on 2-D tissue culture plate.

Cell Number(10x 5)

The collagen matrixce were able to foster

days a long-term viability and protection of the

ECytokine + Matrix B Cytokine

Hormome + Matrix ®Hormone ~ Co"ro!

Albumin release in the matrix

e

Urea (1g)

5 10 15
days
B Cultured with cytokines in scaffold
= Cultured with cytokines in scaffold
= Cultured with cytokines on tissue culture plate (TCP) ® Cultured with cytokines on tissue culture plate (TCP)
Cultured with hormones in scaffold Cultured with hormones in scaffold
* Cultured with hormones on TCP Cultured with hormones on TCP

days

The obtained oval cells were hybridized with a porcine Type 1 collagen and hyaluronic acid composite porous
membrane that is designed to mimic structural component of the liver extracellular matrix, and cultured in Wil-
liam’s medium with supplement of cytokines (containing growth factors of HGF+EGF) or hormones (insulin+dex-
amethasone+hydrocortisone) for 3 weeks. The result demonstrated that cells in hormonal environment differenti-
ated toward hepatocytes as cytokine supplemented media and the hybridized collagen-hyaluronic acid membrane

were able to foster a long term viability.

[% # B ]
@ HLEEx @

Li, T, Kim, J., Cho, H., Lee, H,, Kim, K,, Lee S.,, SUH, H.: Therapeutic Potential of Bone-Marrow-Derived Mesenchy-
mal Stem Cells Differentiated with Growth-Factor-Free Coculture Method in Liver-Injured Rats. Tissue Eng.
Part A. 16(8): 2649-2659 (2010)

Baik, S., Kim, J., Cho, H., Park, S., Kim, Y., SUH, H.: Development and Analysis of a Collagen-Based Hemostatic Ad-
hesive. ] Surg Res. 164 : 221-228(2010)
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B’ &B
Division of Technical Support
[FFRZEBE]

2010413 1 H & 0 12 HRE T2 953097 238 ORI A D 1), PR BRGNS O RESE 2 MR AE A E R 22 &b &,
il %2 DWFFEFEOFELIINZTEA. T/, B, Sld o4t HA T TORMBMBERIERSREL G L EOF;
WHREHIT > TE T

c NG T4 VYRR, SEIRER, Tay 7 OFR, BUKEEARO/ER

- — &4t (Hematoxylin-Eosin stain)

- ¥§%k 4t (Azan stain, Alcian blue stain, Berlin blue stain, Dahl's method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson’s tricrome stain, Maxwell's stain, Nissl's stain, PTAH, Tolu-
idine blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossa’s method, Silver
stain)

+ HeE gt (aSMA, Desmin, vWF VIIL Vimenntin, CD68, CD31, EP2, Collagen type-I, Type-II, MAP2, HBME-],
GFP, Cytokeratin %)

T & L C RO BRI (5 4 W P S2), FEMo SRR ATIF JE 220 17 [ - 2Rk, 5%
B ERLI AR S 8, O B BEIAFIE 2, 45 25 I RALUEHE T 7 v~ & 2 (SAM) BF el ks BF s 96 2
KIBML, FHIUER BRI 1T > C &7 X, SRR - BEIemiHE, /3 2~ iis%
FTEL,

[% % B ]

® BERR @

Umezawa M., Higuchi K., Mori M., Matsushita T., Hosokawa M. : Effect of dietary unsaturated fatty acids on senile
amyloidosis in senescence-accelerated mice. ] Gerontol A Biol Sci Med Sci 6 4 : 646-652(2009)

© HEIRR ©

SRR GERE, ARSI, SHEER, EEPPE MR 8 SRR, RNIESE EEssY), SHER,
NPEEY, EWE, iR, PR, ATHET BES, BRI, EARMSET, ERERE W
PALREEAANE R B D 2 BE OB DO W T (BT &) — 14 Hiix 7 > 7 — MEFHRR -, S2Bm B
BTN E S 5 9 BV B AFZE 2 (2010.10.01) KB

T 60—
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4. F/IXATFT4 o MEHBT1I=_Y b

Nano-Medicine Merger Education Unit

FIATFTA Y VRERELI=y ML, F/ 72 /8Y =854 7P A VR, WICRFEDEA L THIO TESL
T&EZ [F/AF4 7] V) FHLWERE THESIC BT, K, EEECHETE2AMMEER TSI L
ZHME LTHESNHERMTT.

ZOI=y MIFWRFOTIH LW Lolfke LThEoT 5h, B, LMt L OHAEERF
FATAECIZHE L 205 MH SN ET. HHF BV CIEEONIER - Sl v ) HBERROHMAZ B Z T,
WHRFOBRELRRERAY v 7 EHIHRASINIZRERR EPRGHEL=y 2R LTTu s 6% a—
T4 A= ML, FEPEARE, JESEEAN OEBEE, WIRIREICN-) £

BECREE THIZEE, HTEE L TR SN TV AR ANITT 2 AT 4 ¥ /BT 2 258k % s L 0 24t 9
LB, BEEFRTERZEOERICEIHHELZITVET. THICL D, HEBUIB VW CRER kR %
SOANMANEEFERL T

We are proud of foundation of Nano-Medicine Merger Education Unit, which is an educational organization
with the aim of nurturing talented experts who can drive translational research, display issue-solving ability, and
create next-generation industry in terms of “nano-medicine” generated only by merger of nano-technology, life sci-
ence, and medicine.

The unit is crossing over Graduate School of Medicine, Graduate School of Engineering, and Institute for Fron-
tier Medical Sciences to make abundant human resources of Kyoto University and new designated researchers
grow together, as the result of which we can provide coordinated and fundamental education programs efficiently.

It is an ultimate goal of this unit to contribute to nurturing talent with issue-solving ability in new fields by pro-

viding practice and basic lecture about nano-medicine for experts in engineering and research in a specific field.
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R AL EER SRR
[BEEY - BEESOLHBAMRFARELS]
TH 22 K FHHES
FEfER : 2010 % 12 A 13 H (A)
15 P ZHREE BRI
MaoRE Pk W SRR R A FERT)

tyai
BERe BRI HEME RUES KRS 4 OV AWEGERT k)

[ PSRN % o o A R R 0 FE i
FHE @t GUERRATAEEREIE #3%)

[ - B - B OFELHAEIBITLEET Y PT—7 ]
IR oA (E LR E ERITE 2 >~ 5 —Wi9ei & A 7 25828 - RPN )

KA —tvrar

yar2
JEE VEH A G R R R A e Rt #d%)

(e B - A 2 M9 2 = v F~Z DM & i~
R R GORRFBERMAET 830

CREAIIBAME S 7 F L & B e
Bk CROCBER R A T R 5%

[1PS/ES Hlfa % F v 7= 50y M i o> B 5
T R AR SR AT dEH3%)

e AR AW 1k R REF AR AITFERT)

Aokt A
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[RXE2—tvIar]

KAZ—1

JNFEARBE 12 BT 5 HRDI-SELIL L ¥ & F > ) H— SR O BHE AN W7
RAY—2

REMPEEICBTs7u~F VHERT 2K E L2RTFMA Y b7 — 27 OfFH BE B, Vi 3
KAH—3

Foxp3*CD4* Hill {14 T M1 & A il o x & = X 4 wa Fz, W &
KAY — 4

Complement drives Thl7 cell differentiation and triggers autoimmune arthritis T&AR Xk, WO EX
RAZ—5

HEFEA A=V 0 TD72HD DDSILA ¥ K 7= 7 —» (1ICG) nE#
BoOEER, M SR, Ok SR, MW FHEZ, W OBA, Bk B, RE Wk

KAY—6
Synergistic Effect of Stromal Cell-Derived Factor-1 and Bone Morphogenitic Protein-2 Released from Gelatin Hydrogelsfor
In Vivo Bone Regeneration (OJuthamas Ratanavaraporn, Hiroyuki Furuya, Yasuhiko Tabata
KAy —17

2-D and 3-D cell patterning using oligo (deoxyribonucleotide)s
Yuji Teramura, Naohiro Takemoto, Kengo Sakurai, Hiroo Iwata

KAy —8
Protein engineering approaches for stem cell-based therapy of central nervous disorders
Koichi Kato, Tadashi Nakaji-Hirabayashi, Shuhei Konagaya, Edgar Yuji Egawa, Makiko Hiraoka, Hiroo Iwata

KRA%—9

TCRB $8{ZT-C 2 WD 2 D allele 75 V to DJ FIHEHASE = 2 %ILF U Tla e w WA 2
KA —10

BEETWES Y AR HWIZRAKRY 28— B, ) 73— O LB RE DO IFHT (R IRCTE
KA —11

MEBEICBIT S+ EF A FoH Lwik# (Novel roles of opioids in vascular formation) Ik B
RAH—12

RHifa o iPS kb oERE AEAET 5 70T 3 v 7 KT Sox2 I #HE
KA%—13

AT VLA ATy 7 AR FLERMHEE 7B E AR O RH I AECT
KA — 14

TRV ICEN 8RS T EAR Y =F L v O N L ETEEEH T R

A A
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RPERFZEEEFZEMERE 1 AEGREEIF—
FfEH 2010 £ 9 B 7 B (X)
% Fi:iPSHIRMEM1IE BE
b & DFF
WER R BV (FREERARIET Ak X7 AR B3%)

[ EEBRORE - BEZ2FHT 59 Filllags]
AR R RN A A 4 =2 ZW%e0 AR -A 3 AFseisR)

(7075 LIEHKEER &= 2 — O > BHRZRE/N 4 — > OFil#)
Bt R GRIRY: WE - MIRRE v A 7 AE HERER)

WERe o B MR (FAEERATSERT AR TRt 0l 80

NEmekas S THBEMRICE 2 RIVREDBE—MELEL BEERFLEICLZMEDOF v IV K1 > FOFH{E-]
WA G (BYLARIZET R - T UVF—RAREMEt Y ¥ — WERANESF -4 F—2Y—F—)

[4°/ Lh 5 FREAN— b MEIEZE (human genetics) & B8 & § 32 RBBETF E D FREDHEH]
Wl EER (B gei 7 A ER e v 7 — BB EEF— A F—2a ) —F—)

B ek

AT A
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B H A - PR i & t3IF—% F A5

2010. 113 EF EE . VAT 3 RIT/8F — HRREHEE I — MRS R 20 B
(R%ﬁﬁ?ﬁ@ﬂk?ﬁ?ﬁ%
A TG HRR)

2010. 118 RfE MG N ﬁ’l‘%ﬁﬁ WIRNE DTERZ 3553 5 W3R PRGBS0 AR 0 1
(‘ﬁ‘% H AR g A R a R A T BRI o> [ 5 t3I)r—
ERFFERT)

2010. 2. 2 George Q.Daley Common themes in reprogramming, 45 18 M4 £+ FAEFHENIEOH
(Children’s Hospital Boston)  development, and cancer N

2010. 2. 5 )l AEER o ERHE IR & 55 B B oOgE SRR R R e
((fly) AL~ WP 72T B T WEFEAr iRl 3 - —
ZHfffgE v ¥ —)

2010. 218 /SR %)'C N N BRI b & AR TSR AERY: BT RkEtE o i
(R KR B R e 2 WFFERT R X F—
AEEZER)

2010. 223 /NI @A) ) iPSHIIIC B 57 ) AARZEOFF 619 I AEFE v FAFEN7ES 5
ORRRFREE R RTERY i IS

2010. 6.18 F& [ R ?ﬁiﬁﬂﬁfgiguﬁ CEORBGER, MBBEYI - ARSI B0 B
(A AR A TE R o 7R Ml & 0TI B o Big
WFFEmT)

2010. 819  fkik IR N i - ﬁ?ﬁﬁﬁ’ﬁ@@ﬂ%ﬁfﬁﬂ%ﬁﬁ@%‘ﬁﬁﬂb TR BGE RIS 55 A A e B
(B ME SRR R AT Z O t3IF—

2010. 910  Kenneth M. Kozloff Molecular Imaging of Bone Metabo- #1RINA F A A= NAFRAH=7 X
(Department of Orthopaedic lism and Skeletal Drug Delivery 7 AL IF— TFZE BE I
Surgery and Biomedical En-
gineering,  University  of
Michigan, USA)

2010. 9.17 FerozR. Pera New Approaches to Measure and Re- %5 1 [BIMIIaA%EEsRET  MIotaEHR M09
(Uni;/ersity of California, duce Endoplasmic Reticulum Stress Fb I —
USA

2010. 929  YUN, Huisuk Design of nanoporous bioactive ce- ##kEHE Y I > — MBS EM B0 B
(Korea Institute of Materials ramics for bone tissue regenaration
Science)

2010. 929 TAE, Giyoong Heparin-based hydrogels for cell cul- ##kEHE~YL I > — HREAB RN B2 5 B
(Gwangju Institute of Sci- ture/tissue engineering
ence and Technology)

2010.10. 1 HH FHM VAN % S N 9 I = S 1) 7 7. S0 P O 1 1 ol o o i
(RS R RFER AW A0 I —
ZEWFTERL)

2010.10.22  Denitsa Docheva Tendon-specific mesenchymal stem FHCKFFAERRY:  AEERGT#EF5E
(Laboratory for Experimen- cells: definition, functions and clinical #FZEpTAER £ I F—
tal Surgery and Regenera- impact.
tive Medicine, Department of
Surgery, Clinical Centre Uni-
versity of Munich, Germany

20101117 ‘#H6  KFIR A T A= ASHRIOLEHD I E WAL F2ENLF AN NAFADZT R
(Mﬁk?kiﬁﬁlﬁi;ﬁﬁﬁ% 95 HA e T L A3 F— WFFEHHIR
BS54 1A ARk R B0

2010.11.22 11 H i%i( v a7V a /8T Deltex 1& Notch @ FHAEMHIMY 08 FHAREG#HES T
(R AL R FEAE LM% DMk 2a /LT Notch ¥ 7 FH il £IF—
) ALz K3 5

2010.11.24  Shuichi Takayama Engineering Cellular Microenviron- ##kiEHE £ I I — MRS B 20 B

ments Using Microfluidics
5. RS
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RBAZBEERZEMER [EFARITRZ]

FfEH : 2010 £ 12 B 13 H(A)
15 P ZHRRE MEA-
FMEo#BE Frk WO S GUERRER A ERAIFFEHT)

by varl MR Bk (PRI )
Pk B (B T AR S BR ) W i A

MEAEBRBIAEIC BT 5 ADAMS D375 &
R HFe (A BT 6 22 40 B )

BIEFWES T X2 2R AR 28— B, ) 78— B0 LB IR EE O T
Pkt o B (B T A B SR i

iPS Ml b D&M Z AT A T a7 5 3 v 7 HT Sox2
W e CRst e i TAF 7E k)

Chondromodulin-1 O IfiL 5 PR M BLAR S0 Ze VT & 2 DT B 2 4~ OfE
=i AR (AR TR )

by var2 ME:E #eT N L esEE)
g IR GRES SR BF)

v I iPSH#ER 5D F— 83 CHEEHIBEEE & BRI E T VAN OBAL
ESE R U NG N 2T U )

v b ES Mg kO A Mg o RIHE PEMERF & O RE o kL
Rk e (S RBUIRTEEILATJE FiR)

7 v MOHZEETIVIIN T 5= T X ES Ml k. O S — A
ThA SR Gl o3 L i SEF FE FEE0)

v ML 7 F 2 XTP3-B A3 5 7z 2 /Mg i B8 BB
WA ) RN b Re R Ei 2 0 8)

tyvar3d KR ZH EECERS TR
R E—W(F 2 31 F 71k ARF5E5EE)

FRIGERLF 7 DDS O MARSE TGO TG
b T CEARMRE )

1 73 T8RS & B IgE ZHKRD ¥ 7 F VLA O I
fEEE E—WI(F 234 7 a b ARSI

Prevention of complement activation by immobilization of soluble complement receptor 1 onto islet surface
Luan, Minh Nguyen GRH#EASEM 2255 57)

EP2 7 I=Z b & H\Ww/zkE A
=9 A GRER T A 23 B)

Chitosan hydrogel as an immunoisolative barrier for xenogeneic islet transplantation

Kai-Chiang Yang (%5 B TG H 53-5F)

Bhskee A
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RAZ—1
MR ERBAAEIC BT 5 ADAMS D372 5 &

KA —2
Chondromodulin-I O IfiL 5 PR AR SR e VE & 2 DT ¥ X 4~ o

RAH—3
v M PSHIIEA 5O F =83 AEMIIBRE S & SERBE 7 VIR~ OB

RAY—4
t b ES il ik Oyl o F s kAR & Opkhe o it

RAZ—5
7 v MOHEZEE TV T A < 7 A ES MlNE H1 R OIEARRR > — AR

RAZ—6
t NHELL 7 7 2 XTP3-B A3 9 #i 7= 2 /N i ity B 48 BB A

KAY—7
HE WIS SR T/ DDS O MUARIE B~ OB H

RAH—8
153 F3BHMIC & B IgE ZHRD ¥ 7 F VA Bk O it B

KA —9

Institute for Frontier Medical Sciences

SR B (PR Al 2203 )

=il WM CE RS FRGHESE)

CoE UM SNG N 2T o )

Rak s (SRR SRR JE FHR)

THAS SR (AN o3 L A 72 )

WA ) RN psRe R ii<2 0 0)

ER T (R RS E)

R E—W(F 34 F 7 a -t ARFZE5ER)

Prevention of complement activation by immobilization of soluble complement receptor 1 onto islet surface

RAZ—10
EP2 7 I = A & W 720kE 4

K27 —11

Luan, Minh Nguyen GHAEISEM #H425757)

=9 A GRS FFA IS 20 8)

Chitosan hydrogel as an immunoisolative barrier for xenogeneic islet transplantation

KA —12
~ru77—ID5ML - BEIZBIT S ADAMS D% E & EEEE DRI

KA F—13
Y¥TT74 vk bzl IR EEH O 51 R

KA — 14
BHEORNHBNCE D R IFRIVETFTV VIO FAD =T R

KA —15
FF—EHEAFET TOR b iPS MR

KA ¥ — 16
Z et B U B ta kB D ) G

K25 —17

b b+ ES Ml B 5 A BEM: S ORI E % B & L7z high content analysis (HCA)
il

KA F—18

Kai-Chiang Yang (## & T BS H 73-47)

PO KT (RS A A 27205 B )

T FNYR (PR S A ) 27255 B )

R HEON o+ X h = 7 AWFFRER)

R A (T LR SE FR)

PP SRR (RN N TR FE HR)

REA LB (| RIS IR AT 78 AH)

Behavior of recruited PKC molecules on the cytoplasmic surface of the plasma membrane as studied by single-molecule

tracking

RAF—19
AR 7 F R % & A CHIIB SR & R /F R

RZXH—20
iPS ML 2 JH v 72 P 5 A~ D IR A

KA 5 —21

NTBEDRBRERAL & LT RS EOA YL « BRI RIS 5 in vivo FEBR

KA Y — 22
AEEERIIR A & B R ME 7 Bl 2 B ERGR & ¥ 7 VIR E R
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Min Xie (3~ / /34 F 70 & ZAHFFE )

Mk AT (AR R0 0T)

AR A GRLRRZE IS T 20 BF)

Kai-Chiang Yang (23 BT Bt 1 5 5)
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International Symposium “Life of Proteins”
in honor of the 1st Retirement of Professor Kazuhiro Nagata

March 18™, 2010, at Inamori hall, Kyoto University

Program
Opening Remarks : Nobuko Hosokawa (Kyoto University)

15t session : chairman Kazutoshi Mori(Kyoto University)
Richard Morimoto (Northwestern University, USA)

Proteostasis : Guardian of the Proteome in Health and Disease
Koreaki Ito (Kyoto Sangyo University)

Structure, Function and Regulation of the Sec Translocation System

2nd session : chairman Toshiya Endo (Nagoya University)
Ulrich Hartl (Max Plank Institute of Biochemistry, Germany)

Protein Folding in the Cell : The Role of Molecular Chaperones
Masasuke Yoshida (Kyoto Sangyo University)

What's Going on Inside the Folding Cage of Chaperonin?

3rd session : chairman Tamotsu Yoshimori(Osaka University)
Kenneth Yamada (National Institute of Health/NIDCR, USA)
Dynamics of Cell Migration and Development
Kazuhiro Nagata (Kyoto University)
Life of Proteins along with My Life

Closing Remarks : Jun Hoseki (Kyoto University)

NEHZEF MR B HB AT E RIS R
MiaDEm EEH & XEE Y 2HMRMREOT A FIX L
Frk 21 F£EHE 2 A H

FRfEH : 2010 % 2 B 17 H (k) ~18 B (K)
B O ATV ATEE
2010 2 B 17 H (k)
(H—RMEH HE EE oW
i LR USRI
MBS #RT (ESEEEEIDRR e v 7 —)

(Cutting Edge #ii) ME HE #WET

mH o ER REZELFFAEEEAN  BABAIFEEE AR SN A A 2o Ak v 5 —)
[HIRaS BB IC BT 2 Wit & Y282 B OXE) © Sy o OFRE]

A fiE (BENLEEEed oBalEe v 5 —)
[ffEh v b7 —27 OIERK - HifE - Bz R A~ ) v 22 - 54 F3I7 R

(EHERE) HME R T

A = CRBORA g 3 EH B 7ET)

WU s CREERR S IERE TEER)
RRE ¢ PR N NS v 2 )

(E=HPERH) ME Ak H—
BT Gt ORBUK -8 B BTFZET)
Pl i (PP RE R B T AR)
Wil A (REZFRERZBEA RS LRET)

SRPE S

2010 2 A 18 H (K)

CEMRI ) R mE P

FMG RER (B SRR AR E 2 7E )
5 i I Y PN YN S e e )
R o U PR BERL 2R JE )

Ml — CRROREEER AR TERT)

Aokt A
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FREBXZBEERZMARAER 21 FEHFEHES

FfEH 1 2010 F 3 A 26 H (&)
% B REAEBEERFHRER
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W &S UK FHERB AW ZERT )

AR el R 2 B R A 7R B 20
ERBES N & DERERBNE T V) > 2RO 73 LFHE

Nk i— (ESLER A e #d%)
[ HEEY Y DBAR DT - IR - MEFFRRAE OB 78 |

B iE— R KRB L5 R0 7e R #)
[Pk JEI#LAE 12 31 5 Scx-Tenomodulin BERE D7 |

W SA (ESLRE S 7 —FEpTiiR)
(e, WAFOHLEZRT DAy b7 —27 DY LR ]

G SR (KRR R A)
[FLIEIR W5 o 231 HNR AL W 2 B PRI AT 72 & TN IR AR A 70T L M > 531U 3% 5 5R D B 58

AR RS (R R & TR A TR AR SR)
[ 5 2r8y BEE I X Bt omisE

I &I OSBOCR AR R R S RHE£R)
[e PO — 2 & — 7 — N DR SL & O 7E |

B I GRRUE RN R R 2R AR R T2 ge i #80%)
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6. HEFRHE

2009 FEH RS (FiZTHAM 2009 &£ 4 A~2010% 3 A)

[EFEZF v 7+ -V FE AV - EEIEBEEOERRE]
OWFeREH « BH 8k Bz CORIER SRR A AR L0220

FHAEEREDIEI L FBIZEE Wk B RBIBIEM 20 0F)
O Fe st o TR

RN TE U T 2 FISSREMIB O - Bl - 5bb X CHBEEROMR 2, A CHEBT s000T8: L LT, BiM
JfbEREE A2l BEt Lz, 7 7 Bidlfbs i bR (hMSC) 2R L, il Niche DTSR ICD
WTHRES L7z, In vitro OGS CTIE, BOMIRLE BEICHEE S h 7z hMSC IZNFR~NOARHBBIGE S, 0Ll 2 Twn /e,
INEX—FI I AORTICBIL, MOS8 E L CFERFOREFRBZE M7 7 4 v — %2 Hw/is PCR OB L -
TEMIi L 72, hMSC 8 B3 ML B & THE~OMEA b BIR S 7z. —J5, mRNA FHili T, &3MkosEsl vy —
YERRLIY, =TIl GAb O~ — A — ORI LB SNz FHid 5O hMSC O HUIEFICHETH -7, 2
D X912, hMSC HREBIMNE S 812 & 2 46 Niche DFFEE O MMM 2 HEPBIHE T & 2. 4%, HmEMoOFEEFEIIOW
THRHTLTETH 5.

[ES #ifapR BRRIIME S L O IMEBKMELIC L 2 ZRTEEDEE]
O e - PR BE— Bl (RRAREIE LR AR 72T

FHAEERADIEF I FBIZEE 0T B AEEER GERlR o TL i ST ZEsRI)
OWF7EREE J OTFZERCR ©

t7 0 2T % MRk R M & R & ORI O ZARRI L T D 2 A ERARUEE R AN R AT

RTHDEPY THL, FEBRIIBNTOEMLZRCHEOBICLHTH L. £ 2 THRIIZEIE ES Mg s o 5% 5 L 7=
RYIMI & AN L OB BRI D EORA Liz2=y MEMET L2 L2 HME Lz, BRIEPHPRSED, S 584§
BLEZLNDID, PHPIRETEB S 2EEFRICGFP 2 AL ESHMlZMIL, 727FE Y, LF /A YBRERMN
LTHBEBI o282, GFP ORBIZMHA L. L L GFP BHMITOBETFRBA n  vivo o HRETO L
EREZBELRL RV E, BRMRETHLIu=—T v/ ThHEIO==DHO5N BT L5, ESHMLL S BEARY
NOFEEEIT HIZE o Ty, —HIREMFEZE O T, ES ALK Flk-1 B A & o MAE R SO 35 35 8: % 1 7.
LCW5. MBS 27 0 W PIREED 55843 570, Flk-1 B mA» S &P ) BRI EETHOBHEA S
LholbOn, ZOHMIZEETHM LIz, 4% TE 272 RICEBARTMBOFEELEI) S, UWOHYTH S IME
RIERHIIE & DB R 24TV 2w,

(5> 7 BERBEERC L 3 EREEOHR]
OMgeftEs - ARH  JRE  dEHEZ (BREH KRS LR IHYR)

FRAEEFEN eI I R Ze s kI M2 Hds R R k5 53 4F)
O ZeReE M O FE R

RN BOREEHBH Y 8y HOBEWN S X BOERRPEE L LX), MRBOELIZE > TRERTRO
FEEHS TV D, HEMENERTILERX, & 2 07+ =71 v 7R EZER & T LR EEDO—2TH Y, super-
oxide dismutase 1(SOD1) DZEBAKIIZFDEKH S 2 HD—2 & LTHAISNTWAS, FEEMBPICBIT 2 ZE SOD1 Otk L
BRED T4 F I 7 AR BT A TA A=V Y L DN A5, 25 SOD1 OBHERBEE I TEEO/NS REAKRGEY
T )2 AL TBIHLDEEZ b, BEERKIZIZH) I —O BBl L HICHEE oML TR Z L ASHIEE F TOFE
Thhotz, 2T, WOGHER T4 NVS— Ty TER EOEEFN B L ) BRERBRORIT 1T o728 25, Thbo
FHETRIMENDBERIHANDL 74 I V70, 84 A=V 7 TEH) IR ENE I A4 IV 7L IBPTw Xo
T, INOHOFRRIE, BEERICHENSE A I =B EEL T b L) %, EEFNTFT— 5 ICX o THmL=d 0
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OWIFe R D25 F

Hiroshi Kubota, Akira Kitamura, Noriko Inada, Gen Matsumoto, Richard Morimoto, Masataka Kinjo, Kazuhiro Nagata. Aggrega-
tion and disaggregation of ALS-linked mutant SODI via soluble oligomers in living cells. 4 61 [al H A4 # A K&
YYRTY L[58y Hike LB (MESEF) 2k T 2009.6.3

Hiroshi Kubota, Akira Kitamura, Hideaki Itoh, Masataka Kinjo, and Kazuhiro Nagata. Fluorescently labeled proteins as a tool for
analyzing the dynamics of protein quality control in living cells. The Sixth Conference on Materials Engineering for Re-

sources. Keynote session ‘New Materials for Life Science-I' (183§ %%) #kH 1H 2009.10.22

(BB IC BT 5 Scx-Tenomodulin #AE DAEBA]

OWfFeESR - 8 M— 2 ORRRERZR TR H)

FRAEEFEDIEI L RBTSE S « mr A B (T RE )
OWFgeke# 2 R R

Tenomodulin (Tnmd) ® 8 E B 12 B B 5B 2 FA LR, <~ AHKKREWN CIE, ok c L FHE KA % B
G A IS Tomd OFBIAMIB SNz <7 AHBIZAER 2 825 3BT CHOBENICHET 5. AE#%2HE8~ Y ATl
Tnmd ZEHIIHM S RS, 3HEEORY TIE Tonmd EHPWE TH o7z, TOMRHIE, <Y AL RGBT 208 & —
BELTHY, AWOBEIUC X ZEATI QWM ~OZEED Tnmd ZUCH S § 2 THREAVRE SN 72, BUfiizee
DAMERAFEBIY T H 2 G HFANLIC D Tonmd BB E NG Z LWL R R o7z,

Tnmd OHERER 2T T, in viro TO Tnmd BETEARE Tomd / v 7 77 N~ 7 X ORI S Bk 0 B
7oA RBRIC & 0, M BEE ORI E IS 5 WREMEAURIE S 7z, Tomd QMBS F 2 A4 ¥ KIAZE AR % W 72
B LD, SHETITMEFEIHEHPMON TS C K KX 4 Y PAHZ, BRICHOS F A A ¥ R ONEIEMEZ IR ALY 2
E LRIk (CS FEIR) [T EAS & iR T A IEHDTRET 5 Z LSl o 72

—75, FATHEORERE LY, b-HLH ##xE KT 0 Scleraxis (Scx) 2% Tnmd 5B & IEICHIHT 2 Z L BSHL 2R 5 T 5.
22T, BWIRE T L7 Scx-GFP LR —% —< 7 2 & H W CHOWEMMR T O Scx BB Z BT L 72, ZofiR, R ho
MOESEAI, RSB S, Tomd OB E —80T 5 2 EAMR SN o T, BRI b o M 3L
PLHEFEMPLTHRBEL T WD Tomd b, Scx I2& - THIB STV B TREMAVRIE S Rz,

[DNA BXRBED 7 O F > HliHRE & PIRERME O SME IS & OAERIRZR)
OmfgeftzE% + Kl B 23z (RREKREHE - REFH2MmE)

FHEREFARIFEATIL AT TE S © R WS dEOR (R RBEIRMERA AT FE 3 8)
ORFFE#E# K ORI FERR

ARIf7eIx, &+ ESHIED S PIREE - NIRREANOMIERE~O G E BB EICRBRENTHBTE % Y 27 2% v, DNA
B O 7 0= F IR GALHIL A S O RIS E D & 5 IZH G LT 22§ 572012475 72,
FKAFINFTIZ, 7uxF /EEEZRITNICEE L TS 2 G TE 2 AL DNA Wi 2 SMER 45 2 LI LTw
7o, KRBT, €0—2THhLHADOBLEAZHEEL 72 180 HIExtd DNA Wik (T20) x T, £ 7 u~xF Ll
HLOBAICE S LB DSBS EMN T 52 L2l LA LRdS, LE-F—ar X527 MZEECHRFT 2 b ES Ml
EWFZEIENICES e TET, YPOHMZEZERTE TRV, ZOMRIIBEDED TV,

—7, [RHCHED IR CRIREVHRZ RW2Z L. Zhud, Y AEBSHIICY LTy u~vF Y lE0B b2 #HE T 2 X
) REEATH &, ROEREBEZMER T2 LA TET, MRMMEPFEIND EVIHIBIRTHS. 4, 70T UHEEICK
E LA U7 B R PR E ST 5 L I0S, oMb E 0 MISER T 2HE 0 L) IOV TREEST 2 FETH 5.

(& FDEEN—Z X —h— RO/ & MREH %]
OMfRRERE - B R 8% (RIOCSE R B 2R 0 7E )
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FHEREFAOEZEAT LA e « ok &k B GEEDLgEn8r)
OfF7E#E# K OB ZERAR
ES MllBah S LR — A XA = —Hlaz L, Zho 20 RERE EofAEREE BRI Z 757, & b ESHIE
A5 LR OGEFEZ TV, ALV O SEFEIR Lz, MRS, <=2 X =7 —#illdz & A 720
DOHHNERD7=DIZ, & b Nkx25 BIEFEEFAYEBAC XY ¥ —(GFP % Nkx25 DL YV YA L-b D)% b ESHl
FUCEBAL, B0 ZT— Y O58EIRT) L7
OWFFE R D23
Morikawa, K., Bahrudin, U, Miake, J., Igawa, O., Kurata, Y., Nakayama, Y., Shirayoshi, Y. and Hisatome I.: Identification, isolation
and characterization of HCN4-positive pacemaking cells derived from murine embryonic stem cells during cardiac differ-
entiation. Pacing Clin Electrophysiol , in press.
Yasuaki Shirayoshi, Junichiro Miake, Osamu Igawa, Yasutaka Kurata, Jong-Kook Lee, Ichiro Hisatome.
Identification, isolation and characterization of HCN4-positive cardiac pacemaking cells derived from murine EGFP knock-in em-

bryonic stem cells at HCN4 locus %5 74 [0] H AR FARBE - S, 5B, 2010

(FLERFERG#RE O 2 F ka4 SRR & L UHEERS#ER D 5 OMEBZEROBEE]
OWF7eEF - &8 5k G (RIS BRA2ER)
THERFAOFZEAT LT e - FOM 8% GRRRAIS A 70 5F)
OfF7eE#E# K OB ZERAR -

AEHREERMEZO S LML LT, =Y X &2 w7 MEERS X Ol 20:(2 & 0 FUBIR DRSSO E o 5-7-#il e
AW R I D W T D IR, 5 % b B AR BHIE AR, 18 RN & O PSR AR A & SLBRAT L7z, #AUFL
Ji b B ML FLIR DAL O BB AR IC B3\ C D Rl X BRI 2 17 o 7228, T OREEITURIRIGMI & i L Tl 2 &,
% 5 NI U LR IR & BRI AT b S 2 L RIS I L, JeREE0i % v CoR L LR M & R AR 1
AN AN A AR 2 el L7258, 78T 2 ) U ARBEER S Es & OSa BT & & (S SLBIRIT Ak i e & O T & 58
<, AFHEPRNRGARE B EIRTERS X O BB C N ORI & OB TIEEREEC, 8720 YRFB XY
ML AE -1 DZERATRIR S 7z, RNEHLER TR IEBLY 2 R OMIRAITIC X o THRINS 2B EZ 1120w T
EHICHLCHANDE 2 EICLY, 4%, FURIRDISMIBORE L LR ZIISPICL TR FETH S.

ORFFERCR DA
1) Kanazawa, T, Sakakura, T. and Toguchida, J. “Comparison of mammary fat pads with other adipose depots for supporting
morphogenesis and differentiation of primary mouse mammary epithelial cells in vivo”. (In preparation)
2) SEEIR [~ 2K MRS & 2 2R L OTBBIEE S & OG5SR OMEE] HARZFEERE 112 MRAHFHHER.
PRk 22 453 H 28 H. WRARY. Wl

(MBR B4 B CHEE ICRET MR Y >/ EE Notchl BEFERA RIBDHER]
OBFZeftES « BHBZW 7V — 7Y — & — (SRR R AT

FHAEEMAOIET M e s« A B3R Bha (A 0253 0F)
O g% S TR FE LR

X AR HA SN )~ 3 (Xray TL)31 1 & BREALYE ENU B Z KR Y >l (ENU TL) 13 #Ii2owwT, V) v /3d
DN ALY TdH % Notchl BIET SKIBOF I E W7z, WD 48% (15/31), HBHD 62%(8/13) T, REHHEL T K
\ZRIBERAZ O DNA BRI % A3 % &, Xray TL11Bl& ENU TLA BITidZh2h 1 HEHOSEREG O ALEE L TWis.
&AM, Xray TLA & ENU TL1 #2513 2 M ORI, & 512 ENU TL2 #lA51% 3 F%H, 1614513 24 Fif b oy %
R L7 8o A ML S vz TLICB W TR, 1FIFTXTO TL #TdHE o TV 2 BHIIC—FE DML D A 554D
BFIAIMbD > TVWBZEEZWHLPII Lz, 2% ), 1 HEOEERNOAFAL T/ TL TR IO TOLNW, #éa, Mk
DIFADHAALONIIC, T2, BEOBIIDIMB SN TL TEPALOBETENZROMBTHIIIBI > TWwb I L %
RELTW5.
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WWT, BT ONEORERICALONS, ZEMAEBEEEB E XA MEROXRE, HAZHTI FIL, XA MEBUICE
BPERLTBY, Xray TLICIE T F ¥ 2361 12Ky MARY bAH o720 DLEoRRIE, ZRO5MIL, Xray TL & ENU-TL
THLELZHDOD, Notchl DEFRIE~ 7 AWM ) »/8EICBIT 2 HELRENTH S I LAVRSI N,

ORFZERR D ARFE

R

Shizuko Kakinuma, Kazumi Yamauchi, Yoshiko Amasaki, Mayumi Nishimura, Yoshiya Shimada : Low-dose radiation attenuates
chemical mutagenesis in vivo - Cross adaptation -, Journal of Radiation Research, 50 (5), 401-405, 2009

Toshiaki Kokubo, Shizuko Kakinuma, Fumiko Watanabe, Riichirou Iritani*, Kaori Tateno®, Mayumi Nishimura, Tetsu
Nishikawa, Yoshiya Shimada, et.al : Age dependence of radiation-induced renal cell carcinomas in an Eker rat model, Can-
cer Science, 101 (3), 616-623, 2010, doi : 10.1111/j.1349-7006.2009.01456.x (2010-02-08)

Yu Yamaguchi, Takashi Takabatake, Shizuko Kakinuma, Yoshiko Amasaki, Mayumi Nishimura, Tatsuhiko Imaoka, Kazumi
Yamauchi, Yi Shang, Tomoko Miyoshi-Imamura, Hiroyuki Nogawa®*, Yoshiro Kobayashi*, Yoshiya Shimada: Compli-
cated biallelic inactivation of Pten in radiation-induced mouse thymic lymphomas, Fundamental and Molecular Mecha-
nisms of Mutagenesis : A Section of Mutation Research, 686 (1/2), 30-38, 2010, doi : 10.1016/j.mrfmmm.2009.12.011 (2010-
01-07)

Tomoko Imamura, Shizuko Kakinuma, Mutsumi Kaminishi, Mieko Okamoto, Takashi Takabatake, Yukiko Nishimura, Tatsuhiko
Imaoka, Mayumi Nishimura, Kimiko Murakami-Murofushi*, Yoshiya Shimada: Unique characteristics of radiation-
induced apoptosis in the postnatally developing small intestine and colon of mice, Radiation Research, 173(3), 310-318,
2010

FERER

Yoshiya Shimada, Mayumi Nishimura, Tatsuhiko Imaoka, Kazumi Yamauchi, Kentaro Ariyoshi, Kazuhiro Daino, Yi Shang,
Yoshiko Amasaki, Shinobu Hirano, Shizuko Kakinuma, et.al : Molecular signature in radiation-induced T-cell lymphomas,
2nd Asian Congress of Radiation Research (ACRR2009), Seoul, 2009.05

Shinobu Hirano, Shizuko Kakinuma, Yoshiko Amasaki, Norie Kowatari, Kazumi Yamauchi, Mayumi Nishimura, Tatsuhiko
Imaoka, Yoshiya Shimada: Comparison of Ikaros, p53 and Kras point mutation in mouse thymic lymphomas induced by
simultaneous exposure to X-ray and N-ethyl-N-nitrosourea., 2nd Asian Congress of Radiation Research (ACRR2009), Seoul,
2009.05

Yoshiko Amasaki, Shinobu Hirano, Kazumi Yamauchi, Mayumi Nishimura, Tatsuhiko Imaoka, Yoshiya Shimada, Shizuko Kak-
inuma : Detailed analysis of Ikaros mutation in mouse thymic lymphoma induced by simultaneous exposure of X-rays and
N-ethyl-N-nitrosourea, 2nd Asian Congress of Radiation Research (ACRR2009), Seoul, 2009.05

Shizuko Kakinuma, Misaki Takimoto, Youtarou Kodama, Yoshiko Amasaki, Mayumi Nishimura, Yoshiya Shimada: AGE DE-
PENDENCY OF LYMPHOMAGENESIS BY RADIATION EXPOSURE IN MIh1-DEFICIENT MICE, KTCC 2009 Inter-
national Workshop, E#R, 2009.06

Yi Shang, Shizuko Kakinuma, Yoshiro Kobayashi*, Yoshiya Shimada: TRANSCRIPTIONAL REGULATION OF Il9r IN
RADIATION-INDUCED MOUSE T-CELL LYMPHOMA CELL LINE, KTCC 2009 International Workshop, %{#B, 2009.06

RREEF, AR, RAREN SEEE WEET IN—-C 4REE W Ewh, fREATF WLBL* &BH
Ftl : MIhl RIE~ 7 25T 2 LSS & T VU v EO#IE < HEERRAEE, 45 24 ISR ERRTIE &, LR,
2009.08

Erika Takahashi, Shizuko Kakinuma, Yoshiko Amasaki, Takashi Takabatake, Mayumi Nishimura, Ayumi Kubo, Tatsuhiko
Imaoka, Hiroyuki Nogawa*, Yoshiya Shimada: Genetic changes in heavy-ion-induced T-cell lymphomas in B6C3F1 mice,
55 23 ol H ARFH AEWF &, 2 <E, 2009.10

Shizuko Kakinuma, Misaki Takimoto, Shinobu Hirano, Akifumi Nakata, Youtarou Kodama, Yoshiko Amasaki, Yi Shang, Mitsuaki
Yoshida, Yoshiya Shimada: Age dependence of T-cell lymphoma induction by radiation exposure in B6C3F1 and Mlhl-
deficient mice, KIDS workshop 2009 in NIRS - IAEA NIRS Joint Workshop & NIRS Symposium on Radiation Protection
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for Children, 3% 2009.12

FUJIMOTO Shinji, KAKINUMA Shizuko, SHIMADA Yoshiya: An example of negative selection during thymic lymphomage-
nesis. The 5% International Workshop of Kyoto T Cell Conference (2009.6.1-4. Z#B)

FUJIMOTO Shinji, KAKINUMA Shizuko, KINA Tatsuo, SHIMADA Yoshiya : Murine thymic lymphomas composed of two sub-
populations : undifferentiated cells and differentiated cells. 45 39 [0l H AR 2254 - SiidE 4 (2009.12.2-4. KFR)

FUJIMOTO Shinji, KAKINUMA Shizuko, KINA Tatsuo, SHIMADA Yoshiya: Analysis of TCRP loci in murine thymic lympho-
mas induced by X-ray irradiation indicates that efficient TCRB gene V to D] rearrangement has occurred. 5 32 [nl H 4
G A AR 4 (2009.12.9-12. BiE)

EATE, Wiy, BHRW  WIREAEE CRBEEISREAET 2R > /N EIC B 5 Notchl EART-#B 55 K4H O fE#HT.
OB PR AR R AL A RIF SR SR 21 4F BE A Rt 2% (2009.12.14. 5UHR)

[EREES Mfah 5 OREHEME T U > /NEROMEFEE]
OWgeftdke - #R & B uiE R REPER A e

A ERAIIE I R FMAFTERE © T B0 HIR AR IR 50 8)
OWFFEie i K OBF 7R -

SEHIE T Y ¥/ kD —FThH 5 NKT Mg i3k o eER gz o W2 A3 5. 1o TZ OMille % RE#ES
L, ZoiEHEE ATHICHIET 2 2 L25CE T ENERROMBEBRSL FHAEERISEDD (. BIC Y 2ITBW IR
MiZ VTR NKT iz 6 70— VIREER L, Zhid T Y OB EMEFET 52 LT, ke 49 5 NKT M
faz KREICHELETH I EDWREL o TWwa. —F, FREICBWTUIBBM LRI L7227 0 — Y REAGHAMRY - AmPERY 72 R
BEPSKE L, EFRAMTIE R, 2 TERENKT Mgz KEICELT 5720, 7u— VREEZ A2 WS & LTNKT
AR R 22 T MRaPUR Z AR 2 il B S 2 Rl 2 L, Z2hox T Y V8B &5 biFE S ¢ T NKT Mz o
HHRELBE L7z, ZO/R, THRERNZ2FERL2ES T —y -2l L2588V Th, F-HENEHLE TuE—
F—HMEHA LA TD, TholfEiiiias THMICHESES 2 LIETEAD, NKTHMIZBETCEerol. 45T
AR DU 2 2R 0 Wt 2 i S BURRESE T3 2 <, B NKT L7 2 29 70 7 3 v 712 X 2 BRI o8 %47 - C,
Z ZH 56 NKT #ila - tiF Bz 7o T FETH 5.

(Wnt/B #5 =2, RV Bmp ¥ JHIVEFHICL ZEEREREE T OF 7 — CEFHOMBERT]
OWFeftaE® il Bz (BAR I B2 5T

FAEERADT eI L FBTZE S R T B (TR 00T
ORff g8 8 J ORFFERER

BIREE OB BB & MEEOMEAEH & v BLAT, F7MMME T > 7 VROMENER O & v ) B CREREY

WICHIRD 5% TH D, RIERFMIEIEL, Wnt/BAT =V 3 7 FVEFEENLIZEHOBEK, HEDEKKEIC Adam 2 Mmp F
D7aTFT7—¥7 7 I =R EOFREBUENT 2T, MIBRIER RO IEHIERHERBGBIZIC BT T T 5 70 Y
7 b CThHD. BMBEHEEZIIBNT Wit/ H 7 = ¥ 2 BRI RIL$ 5 L BEOEMITIRAE U 5 (Suzuki et. al Development 2009).
COKE, EEONY THERIMET L, SEICHZEN (L) ORI LTEEL SHEERS LA, 4 Mmp2 % &0 72 BRI
B BBIZTORBOBADSYA 70T LARIC Lo TRINE N2, SZERICBW TR Wt/ AT =Y 7P VDT v %
TR M OFREBUTHERL M RO B sz, FBEMIESFORBICB VTS, EXTREICTWit/prIT =
TFNVOTER G T VERER R OBBBII OV THED D S, — AN, BB AT U7z B D S
BIEAOLS T EIL, Mmp FORBIRFELEO THERHERICHEL-HEL LTOHERETH L. 5%, LEOBBHA
FlESRINZZMICHBCED LD RaFNEATI &SR END O, MEHEDOTLER Mmp 7 7 I ) —ORBOREOEHE
EOTHBELTHITL, XL LTELDDLTFETHD.
OBFZERR DR
RRWX
Villacorte M., Suzuki K., Hayashi K., Chuva de Sousa-Lopes S., Haraguchi R., Taketo M. Nakagata M. and Yamada, G.* Antagonis-
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tic crosstalk of Wnt/b-catenin/Bmp signaling within the Apical Ectodermal Ridge (AER) regulates interdigit formation.
Biochem Biophys Res Commun, 391 : 1653-1657, 2010

Suzuki K. Economides,A., Yanagita,M., GrafD. and Yamada, G.* New horizons at the caudal embryos: coordinated urogenital/
reproductive organ formation by growth factor signaling. Curr Opin Genet Dev., 19 :491-6, 2009

Miyagawa,S., Moon,A., HaraguchiR., Inoue,C., Harada,M., Nakahara,C., Suzuki,K., Matsumaru.D., Kaneko,T., Matsuo,l, Yang,L.,
Taketo,M.M,, Iguchi,T., Evans,SM and Yamada, G.* Dosage dependent hedgehog signals integrated with 1 Wnt/B-catenin
regulate embryonic external genitalia formation as an appendicular program. Development, 136 : 3969-3978, 2009

BORR

Gen Yamada. Regulated Bmp signals are required for caudal embryogenesis ; the coordination of our body plan. Session 5: De-
velopment I at BMP2009, Berlin, Germany. 2009.9.8

Gen Yamada. Integration of growth factor cascades to regulate organogenesis ; Coordinated urogenital/reproductive organ for-
mation. Theme 3: Cell fate determination., the 21st international congress of Biochemistry and Molecular Biology. Shang-
hai, China. 2009.8.3

(BHBDDOBRBE DT - BH - HIHEEOHR]

Omfgeize# Ik w—  #Hiz (EALEREhrenT)

FHEERARIZEIT LA e  WUR T SR (R AR R 2 50 0 )

ORFge#E# % CRFFENCR

A & OV AR T & DA AN 3 % S RZE &2 DT W 5.

MEZNV=FT, PTG YARYY Tol2 ZMWTGFP MBHASNA I Y ATV 2=y 774 v Va2 L, TOPTEREG
PHTRHL TV B T4 Y ZINET V=T LWHT V=T THIT LTS, BRGTHRIATS1 74 VITHLT, HERclEb
B2TEHbhrollihs, BHBMTHRABDOANZXLBHNTVEHE) P ERD 7012~y AFEEMIE C2C12122
DOBZTFITHT 5 siIRNA ZEA L, BHEEIIKT 28R &2~ BB T, C2C12 OMIERICIZH L - 722 bz A b T
Wi, —J, BTHEET 2174 ICBHL T, BAVEZRELAE ZABERTO LRERTH L Z EHHHL, ok
BERFPITATHEYOFREI NS — L 2R T elbhoiz. ZOWMERTFOFHEELHIEK, o5 idInsoMEMEHIC
BUABRHIAWHTHLZ LhD, FlEHRE ZOBETORBCELTHRTVELIATH 5.

ORFFERCR D AR

Yagita K, Horie K, Koinuma S, Nakamura W, Yamanaka I, Urasaki A, Shigeyoshi Y, Kawakami K, Shimada S, Takeda ], Uchi-
yama Y.(2010) Development of the circadian oscillator during differentiation of mouse embryonic stem cells in vitro. Proc.
Natl. Acad. Sci. USA.,, 107, 3846-3851.

Takeuchi M, Kaneko H, Nishikawa K, Kawakami K, Yamamoto M, Kobayashi M.(2010) Efficient transient rescue of hematopoie-
tic mutant phenotypes in zebrafish using Tol2-mediated transgenesis. Dev. Growth Differ., 52, 245-250.

Kotani T, Iemura S, Natsume T, Kawakami K, Yamashita M.(2010) Mys Protein Regulates Protein Kinase A Activity by Inter-
acting with Regulatory Type I oo Subunit during Vertebrate Development. J Biol. Chem., 285, 5106-5116.

Yagita K, Yamanaka I, Emoto N, Kawakami K, Shimada S.(2010) Real-time monitoring of circadian clock oscillations in primary
cultures of mammalian cells using Tol2 transposon-mediated gene transfer strategy. BMC Biotechnology., 10(1), 3.

Kajita M, Hogan C, Harris AR, Dupre-Crochet S, Itasaki N, Kawakami K, Charras G, Tada M, Fujita Y.(2010) Interaction with
surrounding normal epithelial cells influences signalling pathways and behaviour of Src-transformed cells. J Cell Sci., 123,
171-180.

Appelbaum L, Wang GX, Maro GS, Mori R, Tovin A, Marin W, Yokogawa T, Kawakami K, Smith SJ, Gothilf Y, Mignot E, Mour-
rain P.(2010) Sleep-wake regulation and hypocretin-melatonin interaction in zebrafish. Proc. Natl. Acad. Sci. USA, 106,
21942-21947.

Sugiyama M, Sakaue-Sawano A, Iimura T, Fukami K, Kitaguchi T, Kawakami K, Okamoto H, Higashijima SI, Miyawaki A.(2009)

Illuminating cell-cycle progression in the developing zebrafish embryo. Proc. Natl. Acad. Sci. USA, 106, 20812-20817.
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Komisarczuk AZ, Kawakami K, Becker TS.(2009) Cis-regulation and chromosomal rearrangement of the fgf8 locus after the
teleost/tetrapod split. Dev. Biol,, 336(2), 301-312.

Asakawa K, Kawakami K.(2009) The Tol2-mediated Gal4-UAS method for gene and enhancer trapping in zebrafish. Methods, 49
(3),275-281.

Suster ML, Sumiyama K, Kawakami K.(2009) The Tol2-mediated Gal4-UAS method for gene and enhancer trapping in zebrafish.
BMC Genomics, 16 ; 10, 477.

Picker A, Cavodeassi F, Machate A, Bernauer S, Hans S, Abe G, Kawakami K, Wilson SW, Brand M. (2009) Dynamic coupling of
pattern formation and morphogenesis in the developing vertebrate retina. PLoS Biol,, 7(10) e1000214.

Kim D], Seok SH, Baek MW, Lee HY, Na YR, Park SH, Lee HK, Dutta NK, Kawakami K, Park JH.(2009)Estrogen-responsive
transient expression assay using a brain aromatase-based reporter gene in zebrafish (Danio rerio). Comp. Med., 59 (5),
416-423.

Mejia-Pous C, Viiiuelas J, Faure C, Koszela J, Kawakami K, Takahashi Y, Gandrillon O.(2009) A combination of transposable ele-
ments and magnetic cell sorting provides a very efficient transgenesis system for chicken primary erythroid progenitors.
BMC Biotechnology, 18;9(1), 81.

Kim D], Seok SH, Baek MW, Lee HY, Na YR, Park SH, Lee HK, Dutta NK, Kawakami K, Park JH.(2009) Developmental toxicity
and brain aromatase induction by high genistein concentrations in zebrafish embryos. Toxicol. Mech. Methods, 19(3), 251-
256.

Koide T, Miyasaka N, Morimoto K, Asakawa K, Urasaki A, Kawakami K, Yoshihara Y.(2009) Olfactory neural circuitry for at-
traction to amino acids revealed by transposon-mediated gene trap approach in zebrafish. Proc. Natl. Acad. Sci. USA, 106,
9884-9889.

Suster ML, Kikuta H, Urasaki A, Asakawa K, Kawakami K.(2009) Transgenesis in zebrafish with the tol2 transposon system.
Methods Mol. Biol., 561, 41-63.

Kitaguchi T, Kawakami K, Kawahara A.(2009) Transcriptional regulation of a myeloid-lineage specific gene lysozyme C during
zebrafish myelopoiesis. Mech. Dev., 126, 314-323.

Kim DJ, Seok SH, Baek MW, Lee HY, Na YR, Park SH, Lee HK, Dutta NK, Kawakami K, Park JH.(2009) Benomy! induction of
brain aromatase and toxic effects in the zebrafish embryo. ] Appl. Toxicol, 29 (4), 289-294.

Urasaki A, Kawakami K.(2009) Analysis of genes and genome by the tol2-mediated gene and enhancer trap methods. Methods
Mol. Biol, 546, 85-102.

Kikuta H, Kawakami K.(2009) Transient and stable transgenesis using tol2 transposon vectors. Methods Mol. Biol., 546, 69-84.

Esaki M, Hoshijima K, Nakamura N, Munakata K, Tanaka M, Ookata K, Asakawa K, Kawakami K, Wang W, Weinberg ES, Hi-
rose S.(2009) Transient and stable transgenesis using tol2 transposon vectors. Dev. Biol, 329, 116-129.

W, ®INRF, ) EE—(2009) A 5 5 Y AR Y To BHLH LWET T 7 1 v ¥ 205, M4, 28 586-591.

FoRE

Kawakami, K.. From gene to function: a quest with a transposon. zebrafish 2010: 11th Australia & New Zealand Workshop.
2010.2.3-5, Sydney, Australia.

Kawakami, K.. Genetic methods using the Tol2 transposable element in zebrafish. International Symposium on Marine Genomics
2009. 2009.12.15-18, IR# il
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