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Department of Molecular and Cellular Biology
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Prof. Kazuhiro Nagata
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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 are working mainly on the four topics in this
field.

We found and cloned the gene of a novel stress protein HSP47 which resides in the endoplasmic reticulum (ER)
acting 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
development of mouse embryo as well as in the pathophysiological conditions including liver and renal fibrosis.

We already succeeded in making knockout mice lacking ksp47 gene, which resulted in causing the embryonic

lethality at 10.5 dpc in &sp47-/- homozygotic mice. In these homozygotic mice, the maturation of type I collagen
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was abnormal and the immature form of procollagen accumulated in the tissues. Using ksp47-/- ES cells, we found
this year that type IV collagen secreted from hsp47-null cells could not form correct triple helices and the basement
membrane was not formed in the embyoid bodied 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.

(By K. Nagata)

Another project we are working on is the molecular mechanism of ERQC (ER quality control) and ERAD (ER-
associated degradation). Many works have clarified the importance of ERAD of misfolded proteins and the
disruption of ERQC in genetic diseases and neurodegenerative disorders. We have previously cloned a mouse gene
EDEM, which is involved in the ERAD of glycoproteins. There are three EDEM homolog proteins in mammals and
one paralog in yeast. Although all of the homologs enhance glycoprotein ERAD, the molecular mechanism
whereby each protein works seems to be different. We are now investigating the functional divergence as well as
the comprehensive mechanism of these EDEM family proteins. We are also working on the involvement of N-
linked sugars in the ERQC, the molecular mechanism of retrotranslocation of misfolded substrates, and the
molecules responsible for the ubiquitination of ERAD substrates on the ER membrane. Recently, we have found
that two novel mammalian lectins make a complex with a membrane-embedded ubiquitin ligase HRD1, forming an
ER quality-control scaffold. Biochemical analysis of the oligosaccharide structures that these ER lectins recognize
has further clarified the mechanism how glycoprotein ERAD is regulated through the processing and recognition of
the N-glycans.

(By N. Hosokawa)

We have identified ERd]5, a disulfide reductase as a novel factor in the ER-associated. ERdj5 promotes ERAD
by cleaving of intermolecular disulfide bonds of misfolded proteins and preventing their oligomer and aggregate
formation. And also ERdj5 forms an ERAD complex with EDEM, which recognizes misfolded proteins via their N-
glycan portions, and a molecular chaperone, BiP. The ERAD complex accelerates ERAD of glycosylated proteins.
We have found that interaction of ERdj5 with BiP promotes ERAD of non-glycosylated proteins: BiP recruits
misfolded proteins to ERdj5; ERdj5 catalyses reduction of intermolecular disulfide bonds of the misfolded proteins;
BiP releases the misfolded proteins from ERd;5.

(By J. Hoseki)

[% #& B 3]
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N. Hosokwa, I. Wada, K. Nagasawa, T. Moriyama, K. Okawa and K. Nagata: Human XTP3-B forms an endoplasmic

SRBEBEF AT ZR AR -6 -



Institute for Frontier Medical Sciences

reticulum quality control scaffold with the HRD1-SEL1L ubiquitin ligase complex and BiP. J Biol Chem.
283(30) : 20914-24 (2008)

D. Morito, K. Hirao, F. Tokunaga, N. Hosokawa, D.M. Cyr, K. Tanaka, K. Iwai and K. Nagata: Gp78 cooperates with
RMAL1 in ER-associated degradation of CFTRAF508. Mol. Biol. Cell. 19: 1328-1336 (2008)

R. Ushioda, J. Hoseki, K. Araki, G. Jansen, D. Thomas and K. Nagata: ERdj5 is required as a disulfide reductase for
degradation of misfolded proteins in the ER.  Science 321(5888): 569-572 (2008)

S.Hirayama, Y. Yamazaki, A. Kitamura, Y. Oda, D. Morito, K. Okawa, H. Kimura, D.M. Cyr, H. Kubota and K. Nagata:
MKKS 1is a centrosome-shuttling protein degraded by disease-causing mutations w»i¢ CHIP-mediated
ubiquitination. Mol. Biol. Cell. 19: 899-911 (2008)

J. Nakamura, M. Fujimoto, K. Yasuda, K. Takeda, S. Akira, T. Hatayama, Y. Takagi, K. Nozaki, N. Hosokawa and K.
Nagata: Targeted disruption of Hspl10/105 gene protects against ischemic stress. Stroke 39: 2853-2859
(2008)

Y. Ishikawa, J. Vranka, J. Wirz, K. Nagata and HP. Bachinger: The rough endoplasmic reticulum-resident FK506-
binding protein FKBP65 is a molecular chaperone that interacts with collagens. J Biol Chem. 283(46):
31584-31590 (2008)

T. Kakugawa, S. Yokota, H. Mukae, H. Kubota, N. Sakamoto, S. Mizunoe, Y. Matsuoka, J. Kadota, N. Fujii, K. Nagata
and S. Kohno: High serum concentrations of autoantibodies to HSP47 in nonspecific interstitial pneumonia
compared with idiopathic pulmonary fibrosis. BMC Pulm Med. in press

S. Nakayama, H. Mukae, N. Sakamoto, T. Kakugawa, S. Yoshida, H. Soda, H. Oku, Y. Urata, T. Kondo, H. Kubota, K.
Nagata and S. Kohno: Pirfenidone inhibits the expression of HSP47 in TGF-betal-stimulated human lung
fibroblasts. Life Sci. 82: 210-217 (2008)
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N. Hosokawa and K. Nagata : M-type lectins as novel components of secretory pathways. "ANIMAL LECTINS A
Functional View" (Eds Gerardo R. Vasta, Hafiz Ahmed) CRC Press in press

f

N. Hosokawa : Degradation of misfolded plycoproteins in the endoplasmic reticulum. "Experimental Glycoscience :
Glycology" (Eds N. Taniguchin et al.) Springer pp. 207-210 (2008)
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Nobuko Hosokawa, Ikuo Wada, Yukiko Kamiya, Koichi Kato and Kazuhiro Nagata : Quality control of proteins in the
endoplasmic reticlum. FUERKFEFAERMA eI 10 ERL S Y VR T A, Bk, 2008.12.4
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Jun Hoseki: ERdj5 is requred as a disulfide reductase for ER-associated degradaion of misfolded proteins. G-COE
International Symposium "Frontier of Organelle Dynamics and Protein Functions for young scientists &
graduate students”, Nagoya, 2008.3.12

Jun Hoseki, Ryo Ushioda, Kazutaka Araki, Gregor Jansen, David Thomas and Kazuhiro Nagata: ERdj5 is requred as
a disulfide reductase for ER-associated degradaion of misfolded proteins. Cold Spring Harbor Meeting
"Molecular Chaperones and stress Response", Cold Spring Harbor(USA), 2008.4.30-5.4
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Daisuke Morito, Kazuyoshi Hirao, Yukako Oda, Nobuko Hosokawa, Fuminori Tokunaga, Douglas M. Cyr, Keiji
Tanaka, Kazuhiro Iwai and Kazuhiro Nagata: Gp78 cooperates with RMA1 in ER-associated degradation of
CFTRDF508. Cold Spring Harbor Meeting "Molecular Chaperones and stress Response", Cold Spring Harbor
(USA), 20084.30-54
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7, 2008.2.22

Yoshihito Ishida, Akitsugu Yamamoto, Akira Kitamura, Tamotsu Yoshimori, John F. Bateman, Hiroshi Kubota and
Kazuhiro Nagata: Misfolded collagens acumulated in the ER by the absence of HSP47 are disposed via
autophagy-lysosome. Cold Spring Harbor Meeting "Molecular Chaperones and stress Response”, Cold Spring
Harbor (USA), 2008.4.30-5.4
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Hott&] HFET—2 3 a v 7, TH, 2008.9.25-27
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FKHIT, 2008.11.15
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Shoshiro Hirayama, Yuji Yamazaki, Akira Kitamura, Yukako Oda, Daisuke Morito, Katsuya Okawa, Hiroshi Kimura,
Douglas M. Cyr, Hiroshi Kubota and Kazuhiro Nagata: MKKS is a centrosome-shuttling protein whose disease-
causing mutants are degraded via quality control E3 enzyme CHIP. Cold Spring Harbor Meeting "Molecular
Chaperones and stress Response" Cold Spring Harbor (USA), 2008.4.30-5.4

Kazutaka Araki, Shunichiro Iemura, Tohru Natsume and Kazuhiro Nagata: Proteomics approach towards
understanding the endoplasmic reticulum (ER) redox network in mammalian cells ? Interraction proteome
summer school "from Functional Proteomics to Systems Biology", Spetses (Greece), 2008.9.21-27
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Kazuhiro Nagata, Yusaku Masago, Yoshihito Ishida: Revisiting of collagen-specific molecular chaperone HSP47 :
Alternative degradation pathway of misfolded procollagen in the ER; ERAD and autophagy. Cold Spring

Harbor Meeting "Molecular Chaperones and stress Response", Cold Spring Harbor (USA), 2008.5.1
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Department of Ultrastructural Research

W THE &
Lect. Kazunori Hirayoshi
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WG CIlE, BEREME RNA 40 F RNA 7 7% <~ — % FV 720540, R S O i & T8 7 —~
ELTWd, 5L, FE, MLoEGoORETIZILO L LT, AaHEOMEIIEb-oTEB Y, Eafl=ic
TEAWZMETH il T b, IFEOEL, S, BEIIRE  ZEBTHMIN TS EEZHIENTES
L9l oTE 7z BIZT DNA G TE WX ) IIRFEFT 2 &EmKICIT Y 727 F N7 a~ T A REE = 4 L 72
o BGUFEIC 72 o 728 5T DNA 205 mRNA OB LEZGIHT 28 ChH D, 2T o474 v 7 il
b L7 U~ T UEEOMFHIC L 2 EIZTFONG LE R YR, BEREZIKELZ S H72012, 7uxF U
HEEMEEZCTHTIPLETH D, YavVaunNLTlt, ZOBBICHEGTINTELTMOENTVRLDN
GAGA T Tdh %, IGHIMBEBICAFET 5 GAGA BFNCFFRIISHEEGL, 7a~F v IETY ¥ ZIC8E LR
TRV INV= T LILEPHOENT VDD, BEOFEEEHETH S RNA Polymerasell IS ORMH2HHT T
BELTWAZ EAHMESNTBY, SOIAHZERISTEREIN, BEOLREELE2L 5 LT EELZRTLE
ZbNb, biubilud GAGA WFHERNZT 7Y ~— % 5L, Ml TIcE T L7

GAGA 1%, DNA ~O#EEIZEE R Zn FAAL ¥, MORTH 5 WIZHCOESICHES T 5 POZ Fx A
v, TV E I UVRBBREICE A, BEL, HBRENTORBEEMLICES T A 2 EAHE SN TS Qrich FAA
YEWVI)BODEEEN AL Db DNUONORIE LT 74 < —1E POZ FAA Y&l & LIS
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Aptamer $FER L AERNR

invitro 855 5135 W -#ER 2 EIC, GAGA BFICHT3HENET T2 -1 EEEAEOFR THEEL T
WBBTEERMICR Lz, 2BEOT7 7427 — (fo, T) BTN ZhEIBEITHEEL, GAGA BF1E
BEORGE AT -V TRELTWBZ EEBASPIC L 7

Aptamer specific inhibitory effect

Figure schematically shows inhibitory effect of each GAGA specific aptamers (o, *F) in the transcription
complex. Two aptamers show their effect on the different locus and it clarify the different function of GAGA
factor in the transcription.

L, BEZHET L, 2% 0, EHEORTFIZL o TR SN AEEHEAAKHT T, GAGA RF%2 N L7-BERTO
HEZMETLIILILLY, BEZHETLHLOLEDNLZ L6, GAGA RG4S %9 2T, &
P& a LTWwH I EZMONIT L7, SHITHREN &I, a7y a uNIOFERA ML RAIRE L £
59 5 EETFDE 1L, GAGA R RFNEMLET L LTHMO N, TOMREHER, SERISESIAET S
GAGA T OATHR OB L > THIREINT VDL I EEHOE NI Lz, ZOBEHKZFHT 2121
FEo TV WA, SEOWNET, FYrty e LT, EFRNOERABEHEIEHZ T T 250168 % HETH
HIERRLIETTIY—OFHICEY, SRIOPICTELIELEERZ TV,

—HOFEERIZFHTY — )V & LT L7: RNA aptamer 1%, F4EFEH SN TWAHEESRICADLL L0 L LTH
RSN Do PUKE FRRICIRED TG T 205, TOMAENIEEL LAML, EEN, MRBATOHRIZERLTYS
R EORED S, BEEME LTOIHPMIRE SN L 5 OB & 25RO & JBHIZIT TR~ D%
TR ENTWBED, s, EERANTRHEIZE { aptamer 3 TOHHEEZAATWE, LB E2ERT L L
T, HEAE LTOYEIZ LRI LI E2WHLENII L. EANTIE—ERHTOMEIN5s & v ) FEr 4
PL, BEZZEZIZORE L, BEHOLWERE %2595, Lo FEL2ED, TO5FOFR) LT R A
TWh,

We analyze the transcription mechanism by using RNA aptamers, especially focused on the GAF this year.
Drosophila GAF (GAGA factor) is well known as a multifunctional factor. It has been reported that this factor
involves a nucleosome remodeling at promoter region, a formation of promoter proximal pausing of RNA
polymerase II, and the transcription elongation. 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 travels with RNA
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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 i vitro transcription on the naked DNA template. One aptamer showed the inhibitory effects on the
transcription from the promoters containing GAGA elements when adding the aptamer before the transcription
initiation. The other showed the inhibitions after the transcription initiation. The effect of this aptamer was
independent of whether the presence or absence of the GAGA element at the promoter region. However this effect
was observed only on the transcription from the GAF-dependent promoter, not from the GAF-independent
promoter. These results suggest the functions of GAF in initiation, elongation or reinitiation steps via the
Interaction with other factors in the transcription apparatus, which imply the importance of GAF as a regulator
throughout the whole process of transcription RNA aptamer is expected as a substituent of antibody therapy. To
expand the application of RNA aptamer as a cure drug or examination reagent, we tried to establish the construct

protocol for more effective aptamers.
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P mEGEARIC B 5 GAGA ¥ ORRREMIT. 2831 H A DAY e aas (2008.12.
9-12. fF)
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Department of Experimental Pathology

AEHEE R RO EFEX
Prof. Shimon Sakaguchi

(7 % 5 =]
1. REEEORRHE

B2 RERE, FEECHURICR L TRIEINE 2R 928, IEHBOHEBE I L TIIR L 2w, 72, 7L
VE— RSN L 8F % REIEEZ LT 22 F L Tnd, 20X RRIEACER, REEEEMEREO L
AH =X L E LT, HEMETHRIC L 26N HESEE CH L. OB ITECTHER, 7TLLVF—oli
HE e bo AERE, HIEMET AN X 2 BIHIEERE O 5 T IR O W Ot 2 e 72 ST T MR o iz
o O & D%, CTLA4 (cytotoxic T cell-asociated antigen-4) 751 DRI EZSBL TH 5o Hll#E: T HfL o 3

AR ARSI SRR -2 -



Institute for Frontier Medical Sciences

A b~ A 7 —HIEEET CTH S Foxpd i 70E—% =TI Cre 0 T2 RS2/ v 7 4 <R,
CTLA-4 BE TS loxP 2 A L7z~ ARM % M7 L, wilEE TR 2912 CTLAA4 41 % SMFmI2 K38
SRR AEFR LT Zo~ T AR, GIEETHRSEE KBS~y 2 LEL L 7284 7 B O, &
ST 07 CMUEE BERICFEE L7z BRI TOMRNGME S BT LT/ $72, 2 oRBRENIIH o
STRERE L LC, PURERRHINE 5Bl % BRI T CD80, CD86 O ZsBUMHIASE L & it A7, Ll Lo
HIRE, CTLAA 25, % THIZIC L 208 2 BN 2 EESTFTHH I L2 EERT S,

2. HC®RE EERE BHEREOERNAR

WAETERI M T Ml O3 & 2 W IZEIHIERE O b 2 Y, HCRIERO TG - 165, BHlEas 0 E4E UG o4
fll, BARIEERDOEANTRTSH S, Lo X912, I THBR R CTLA4 Rifv v 21, k4 z2HC
RN Z HIRFEIES 0 MFRIZ, 2o~y A1k, BREEZ@EIIHEMAT 2. A5, ST TSI S 5
CTLA4 24 LC, HURIED AL S TG RRICE DOFIEHA TR TS %,

BAERIEIZOWT, BT TIZ, BAEFOEMICEH 7 27 ¥ — THllls & iz EoBEFITITE, #
RESEIETE R DALY B & DEBRFF IR LT E 720 SFE, PUERIBIZEE L, B CD4 Hufkas, HIEMET Ml & It
BLC, =7x7%—THROWEIMZ X0 IHs 268, Mer U RIS THIBOMINCED, RER
BeHETEDLLOMRERT S512, HUCDAOL BESUE, £ 72502 P0HH] rapamycin 12 FHROMRA D %
Zkamliz

3. HLLWEMEFILERWABEE I FDRR - BIEEEBOME

REHEANIZ e OB ) v~ T E T 2@ s BARFET 5~ A€ TNV (SKG ¥ 7 R) &AL
L, TORRK - FEREMSE T L T de AERE, BEiAZERETE 2 THR 0 — 28 EGEZL, Thons
0 — ¥ OREFIEIRZ BT L7z BIRELC L2, wihd, BEROAZ L THEMMEZ &R L2, T4
HbH, b O v~ F IR S I RN JE O FEAERRE ST & ST E72h%, BETE L Ao TH
CREMNT RASE X B A WM Z IR L7ze 512, TOETIVICEBIT KM THOE S 2 #IF L, ZOREH
BB RSS9 2Rt 2 7R L7z,

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

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

This year, we have attempted to understand the molecular basis of the suppressive function of Tregs. We
established conditional knockout (KO) mice in which Cre was expressed under the Foxp3 promoter and the CTLA-4
gene was floxed. The Treg-specific CTLA-4 conditional KO mice thus prepared spontaneously developed severe

autoimmune diseases, including autoimmune myocarditis, and hyper-globulinemia E, suggesting that they are prone
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to develop not only autoimmune disease but also allergy. CTLA-4-deficient Tregs also showed impaired
suppressive function in vitro. Notably, the mice exhibited strong tumor immunity against syngeneic tumors.
These results collectively indicate that CTLA-4 play a crucial role in Treg-mediated suppression and that blockade
of CTLA-4 can enhance immune responses, including tumor immunity, via attenuating Treg-mediated suppression.
In addition to these studies on autoimmunity and tumor immunity by utilizing CTLA-4 CKO mice, we have
attempted to induce transplantation tolerance in normal animals by tipping the balance between antigen-specific
Tregs and effector T cells towards the dominance of the former. We showed that cell-nondepleting anti-CD4
monoclonal antibody (mAb), anti-CD40L blocking mAb, and also rapamycin, an immunosuppressive drug, can all
suppress the proliferation of effector T cells more potently than antigen-reactive Foxp3 " natural Tregs, enriching
the latter and thereby establishing transplantation tolerance. This preparation of Treg dominance by exploiting
the differences in the sensitivity of Tregs and effector T cells to various reagents is, we believe, a general mechanism
of transplantation tolerance.

We are also investigating the cause and pathogenetic mechanism of rheumatoid arthritis (RA) by analyzing a
mouse model (called SKG mice) established in our laboratory. SKG mice, which have a mutation of the gene
encoding ZAP-70, a T cell-specific signaling molecule, spontaneously develop autoimmune arthritis chiefly mediated
by Il-17-secreting CD4" T cells. This year, we established T cell clones from arthritis lesions of SKG mice and
showed that they were able to elicit arthritis when transferred to syngeneic T cell-deficient athymic nude mice.
Interestingly, these clones induced not only arthritis but also interstitial pneumonitis, indicating a single self-reactive
specificity can cause both diseases. The results provide novel insights into the mechanism of RA-associated
interstitial pneumonitis, whose cause and mechanism has been clinically obscure and will contribute to designing

therapeutic measures to both diseases.
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League of Association for Rheumatology (APLAR2008) (2008.9.23-27. Yokohama)

WS B TR 2 20 & LB oW REMEIC DWW, JRIGHEMSEE Bis L 22t 2 - — (2008.9.
25. HH0)

Shimon Sakaguchi: The role of CTLA-4 in self-tolerance and immune homeostasis mediated by regulatory T cells,
The 10th International Symposium on Dendritic Cells (2008.10.1-5. Kobe)

Shimon Sakaguchi: Regulatory T cells for immune tolerance and homeostasis, The 11th Kyoto University
International Symposium 2008 Frontier Bioscience in Modern Medicine (2008.10.9-11. Shanghai China)

Masahiro Ono: The molecular basis of the function of Foxp3-expressing regulatory T cells, The 4th International
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Conference on Gene Regulation in Lymphocyte Development (2008.10.11-16. Rhodes Greece)

Shimon Sakaguchi: Regulatory T cells for immune tolerance and homeostasis, The 4th Congress of the Federation of
Immunology Societies of Asia-Oceania 2008 (2008.10.17-20. Taipei Taiwan)

Shimon Sakaguchi: Keynote Lecture: Regulatory T cells for immune tolerance and homeostasis, International
Conference on Regulatory T Cells and Clinical Application in Human Diseases (2008.10.25-27. Beijing China)

Shimon Sakaguchi: T Reg Cells, Primer on Tumor Immunology and Biological Therapy of Cancer, iSBTc (2008.10.30.
San Diego USA)

Shimon Sakaguchi: Regulatory T cells for immune tolerance and homeostasis, International Conference on Immune
Regulation in Health and Disease, Japan-German Immunology Seminar 2008 (2008.11.3-6. f&li)

WARESC « HEEPE T MM IS X 2 RIS E R, FFICEGREICOWT, 5 2 B2l i sz sE 2 (2008.11.8.
H50)

Shimon Sakaguchi: Regulatory T cells: Key controllers of immune responses, The 7th Kimishige and Teruko
Ishizaka Lecture in Immunology 2008, La Jolla Institute for Allergy and Immunology (2008.11.12. La Jolla USA)

Shimon Sakaguchi: Regulatory T cells for the control of immunological diseases, 2008 Keio Medical Science Prize
Commemorative Symposium (2008.11.22. # %)

BVESC - A T IS & 2 R EFEOHMER:, 58I HAT L)L F —FR kAl ks (2008.11.27-29. 3
5

Tomoyuki Yamaguchi: Construction of Treg cells without Foxp3, #38[A] H A5 ai44 (2008.12.1-3. i
#5)

Shimon Sakaguchi: Development and function of Foxp3-expressing regulatory T cells for self-tolerance and immune
homeostasis, BMB2008 (2008.12.9-12. i)

PN« HEE T M & 2 RIESEHIE, [REER - EOWESOEEEREAN ] 5 M (&%) /Y YK
T (2008.12.15. &Il

P « W T AN X 2 e e & mli, 55 2 R =i - BIRES eEmses (2008.12.19. &)

PANEIL - I T IS & 2 IG5, KBRS Ry ket 3 - — (2008.12.22. WKH)
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ER D 2T LHIEE D EF

Department of Immunobiology and Hematology

*HEE BB RE EF
Prof. Takashi Nagasawa

[ 72 #t &]

EMEHIE L, FHT, ) 2SBS0 T oML & — I D7 DRI EA Uil 2 R 2ok
BRI CH Y, MEFRLHMIBEY FOMF R E L TEETH LT T, BREFICB W TIFERRICS
T MlEBREEO 7O My A T ThHLERBEMEBRICH SN, HIFEE XD & T2 EEEE (FA) o
AN X BEERIICRVICEBL T b, By, otz htns =y 7 (BN TRHD T
AT D 2 M NEREE) C, WEOS TR EAT D A b a—<Hlig & SIS B AR O B £ Y i
FFEN TV D EHE S TRz 20034E12 Li 513 F L% 0 & F Mg EimeEiie =y 7T 2 & #is L729%,
20054F-|Z Morrison 513, &M % i3 2 0 W ORISR L, &Moo g HENTiEo Ho
LA HIARREMIMAE OB I L, FU&OEMEMBIE B THL EWmE L, LarL, Wilodi
FIZBWTH, @M st sz L idsvinswil, =y FHROERELIEHI N TB5 T,
=y FHREAT B IMEMIL ORI L HERHZLHD > 7 F Vb 5L TR,

f-BlE, INFETIZ, ¥EH A ¥ CXCLI2 & ZDEHNZHELR CXCRE %, IBIRIF, HH#ToOB) ¥ /8RO
FELE R IGAEMNC BT B MBI O G HE~O A — 3 v 7 (AW BE), 5 T528) ICBHTHLI LS
HIS A2 L, CXCL12 04N 2 5B % W L3 % & £ H3°C & % CXCL12 #fn T M2 GFP #fnF a2 3f A L7
~ 7 A (CXCL12/GFP /v 7 4 ¥ =7 X) &M, CXCLI2 & m%EH 3 % Mg A3 W Bl o> 8 5 B2 R e
L, SO r—3I 72852y F & L TRHVWTWLITREM % /R L 72 (T. Nagasawa, et al., Nature 382:
635-638 (1996) ; K. Tachibana, et al., Nature 393: 591-594 (1998) ; T. Egawa, et al., Immunity 15: 323-334 (2001) ;
T. Ara, et al., Immunity 19: 257-267 (2003) ). F7z, BAFHIZBWTIX, HEOMMEME (X ho—<#liz) o
—#hZ CXCL12 & %Bl9 M (DT CXCL12-abundant reticular (CAR) M) »5FAEd 2 2 L2 lliL, 7
WMo B ) ¥ SERATEGHIZ R, k) Y XGRE TR E UGS 2 2 & I2 X ) REDLLEREICE > T < 2R EMIE
(FUREE A\ L 72i0E), Ro b e 53 0 K5 Mg 2s CAR MiflglcEag L Twa 2 e 2 RL 72 (K
Tokoyoda, et al,, Immunity 20: 707-718 (2004)) o

& 512, CXCLI2Z R~ 7 A & CXCRA R~ 7 ZIBAMICBIETH 5720, FFEEEERTRIBEY 7 AT AT
LECTHMAED CXCR4 B F 2 RIEEE L2 LI12X ), CXCLI2ZCXCR4 ¥ 7 FVas, BuARH T O & A
NABOMEFHIMHTH 5 2 LW Lz, — 75, i 2 i3 2 0 mNoMigss, —oglizidiic
RIET A% & T 7 OKERSH CAR M & #35 L T\wb 2 &, [ABEEMIIAE O RE 3 d CAR MIIZELY FH %
NTWpZeapRl, BHEMNCIOFAMEIZSA LCXCLI2ZZ BB 2 CAR MillahsE Mg = v 5 ORER
S TH B 2 & &R L7z (T. Sugiyama, et al, Immunity 25: 977-988 (2006)) o

L2rL, FA72boiigEx &, TN CoEMmeEsiie= v 7 & &m0 B4 s L-msCTid, &
foz&Eask 0 & L oniiiiez & fidsmafg L2 0Th Y, EMHMLZzobox b L7z L idgw
12 v, F7z, kR L7z Morrison b D&l AL &, #%o SLAM 7 7 1) =47+ (CD150, CD48,
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CD4l) #~—7— & L THWD A, Bl s BEHMRO XBINES Th L BMmcd oL i 2w, 22
T, A, FAobid, MR L L O RESEICTELL, SR L Zo=y FOFHMICBIT 5 RIEL R S
720, FEIMEMII RSB A EETO 7O E— ¥ — 2 S S TR LR O 2 D T b, &
7z, Rh7zbsiEIEML = v FOEELERMILTH 2 LIRIBL Tnb CAR MfaA e L9 ZMlaTdh 5 212>
WTOIZEE T STV S0 TEROBFRDOMAEROMIBIE, £ QN O RER 3 E—HHE L ~r Tld 2 g
EHZHWETTH Y, Hic OBIZTHBEL LR T FOMIEANRE L TV 2 TRRESHRIITE 2o T, Th
SOMWREMIEL 2> TV RVOPFIRTH S, T2 THAHIE, CAR MEOAREZH S A 2§ %720 CAR Al
N DBAZT-FEBIRCMEIR, 43LRe & Mg —1E L~V TR L T %,

—7, INETORZLEOMA,S, CAR Mg, EimeEdile, B > 3Bk (RISEHNE, BEMR), FEH
FatkitikMlE (pDC) 7% EEEBO MM D = v F & L TEWT WA I EDBHL MR- TE, IhiDh, ¥
¥o M iafEss CAR Mifa L & & 5 ICHESMEHT 2 0%, CAR Mile= v 5 O I HIRa s RS 2 FfE$
B D7l BURECRHIEDSE U TE 72, BY U8 BRKITERICREA SN2, R oS~ #E L, €2 T
SIZHE L, BM#AB ) P SERO—FRILEREICR ) R 29 o 20084 Jung 5 1%, BRI 2 FERAYIZRIAS
2 EHHMOMIAB ) ¥ SEREAFER WA T L2 L, ERIOBIAINGE & BB V) > SERANE BB IS B R
35 ez, B OAREMIME R HOBIRME A RAB ) /8RO =y F & LTEHWTW 2 & L7z
(A. Sapoznikov, et al., Nat. Immunol. 9: 388-395 (2008)). Z DHIA &, KB4 OIAETEMINE 25 CAR Mg zeie
WY FENTWE T L, BHOBEB Y ¥ /38ki: CXCLI2ZCXCRY ¥ 7 F VELEE T2 L) BERIOH R %%
ZEDE, A2biE, SIS O R E OB IRMIZ 0TI RIET 2 CAR Milgix, #BHRME & L IT#B Y &
NERO= v F KT A, Thabb, Bhd=v Fiilsl OMAasbEOFERED CAR M0 = v FHFEDF R
HaEHEL T D E W) IR Z IS L 72 (T. Nagasawa, Nat. Immunol. 9: 345-346 (2008)) o

Chemokines are a family of small structurally related molecules that are thought to regulate cell trafficking.
CXC chemokine ligand 12 (CXCL12), also known as stromal cell-derived factor and pre-B-cell growth stimulating
factor (SDF-1/PBSF) and its primary receptor CXCR4 are essential for colonization of bone marrow by
hematopoietic cells including hematopoietic stem cells (HSCs) during ontogeny and development of B lymphocytes
(T. Nagasawa, et al., Nature 382: 635-638 (1996) ; K. Tachibana, et al., Nature 393: 591-594 (1998); T. Egawa, et al.,
Immunity 15: 323-334 (2001); T. Ara, et al., Immunity 19: 257-267 (2003). In recent years, we have revealed that a
small population of stromal cells expressing high amounts of CXCL12, which we call CXCL12-abundant reticular
(CAR) cells were scattered throughout adult bone marrow and that the early B cell precursors and the end-stage B
lymphocytes, plasma cells were attached to CAR cells, suggesting that CAR cells function as the special
microenvironments niches' for B lymphocytes (K. Tokoyoda, et al., Immunity 20: 707-718 (2004)).

On the other hand, it has been reported that HSCs reside near bone surfaces and/or near the vasculature in the
marrow. However, the nature and molecular regulatory mechanism of niches for HSC maintenance remains unclear.
Recently, we have shown that the induced deletion of CXCR4 in adult mice resulted in severe reduction of HSC
numbers. Most cells in HSC fractions were found in contact with CAR cells, some of which surrounded sinusoidal
endothelial cells or were located near the endosteum. These findings indicate that CXCL12-CXCR4 signaling plays
an essential role in maintaining the quiescent HSC pool and suggest that CAR cells are also a key component of HSC

niches, including both vascular and endosteal niches in adult bone marrow (T. Sugiyama, et al., Immunity 25:@
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977-988 (2006)). These raise a question what is the nature of CAR cells. To address this issue and the possibility
that distinct kinds of cells are included in the CXCL12/GFP™ CAR cell fraction, we are analyzing the expression of
various lineage specific genes in CAR cells and characteristics of CAR cells at the single cell level.

Furthermore, our findings that CAR cells function as the niches for HSCs, B cells, including earliest precursors
and plasma cells and plasmacytoid dendritic cells (pDCs), which are thought to play central roles in antiviral
immunity (K. Tokoyoda, et al., Immunity 20: 707-718 (2004); T. Sugiyama, et al., Immunity 25: 977-988(2006); H.
Kohara, et al., Blood 110: 4153-4160 (2007)) raise another question how CAR cells regulate distinct kinds of blood
cells. In 2008, Jung and colleagues have shown that perivascular clusters of dendritic cells (DCs) function as niches
for mature B cells in the bone marrow (A. Sapoznikov, et al., Nat. Immunol. 9: 388-395 (2008)). Considering that
CXCRA4 is essential for bone marrow mature B cells and that most vascular sinuses in the bone marrow are
surrounded by CAR cells, perivascular CAR cells near DCs might function as niches for mature B cells. In this case,
several types of cells supply the different requisite factors and constitute specific niches for mature B cells in the
bone marrow although endothelial cells-derived essential factors are unclear. Thus we hypothesized that a
combination of cellular components of niches might determine the specificity of niche-blood cell interaction (T.

Nagasawa, Nat. Immunol. 9: 345-346 (2008)).

[ #& B $3]
®HELRER®

1) RE#®HY

T. Nagasawa: New niches for B cell. Nat. Immunol. 9: 345-346 (2008)

S. Mikami, H. Nakase, S. Yamamoto, Y. Takeda, T. Yoshino, K. Kasahara, S. Ueno, N. Uza, S. Oishi, N. Fujii, T.
Nagasawa and T. Chiba: Blockade of CXCL12/CXCR4 axis ameliorates murine experimental colitis. J.
Pharmacol. Exp. Ther. 327: 383-392 (2008)

DH. Tanaka, M. Yanagida, Y. Zhu, S. Mikami, T. Nagasawa, J. Miyazaki, Y. Yanagawa, K. Obata and F. Murakami:
Random walk behavior of migrating cortical interneurons in the marginal zone : time-laps analysis in flat-mount
cortex. J. Neurosci. (in press)

2) FIHEE

RE LA 1 7E7 1~ SDF-1/PBSF  ROFERAERGE. KRS 26(13) © 2142-2144 (2008)

RE LT, IS SmEfao 2 b —<k=y 7. #ilsLy 27(7) : 670-675 (2008)

R RH], I Eimsfiao =y 5L 7 €484 >~ CXCL12. FEEES 26(5) (HEH) @ 93-99 (2008)

RE LA SN ORI DS —EMEMEO R — 3 > 7. FERE 7(2) 1 67-72 (2008)

RERHA  FHoEnsMa= v F &7 €54 > CXCL12. BLEMRH 21(1) : 51-60 (2008)

AfFEEE

T. Nagasawa: The chemokine CXCL12-CXCR4 signaling and niches for hematopoietic stem cell and B cell

=21 - AR AR T SRR



Annual Report 2008

development. % 3WWFERT A v b7 — 7 EEEY VR T7 A (2008.2.2. FUKF)

RE LA - MEREFORFRIE SROD ) IS 2, EmeEd, ) o ko=yFereh (v
CXCL12". THERFEF (2008.6.3. T3)

T. Nagasawa: Osteoimmunology, CXCL12 and bone marrow niches for hematopoietic stem cells and lymphocytes.
13th Congress of the Asia Pacific League of Associations for Rheumatology, Symposium (2008.9.25. Yokohama,
Japan)

T. Nagasawa: The chomokine CXCL12 and bome Marrow niches for hematopoietic stem cells and itmphocytes.
The 11th Kyoto University International Symposium 2008 (208.12.10. Shanghai Medical College, Fudan
University, Shanghai, China)

FEEF  SEMEHE - BY v X8 k=v F &7 EH A » CXCL12/CXCR4 ¥ 7' F )V, BIVHERL RS RS B i &
35— (2008.11.21. <FI1)

RS A  Mfksia e =y oo, "EmEiiio =y > = & e 4 CXCL12". #5310 H A TS E
2, I H AL FAREEGR A, ¥R YA (2008.12.10. #))

T. Nagasawa: The chemokine CXCL12 and bone marrow niches for hematopoietic stem cells and immune cells.
Annual Symposium in Immunology in honor of Prof. Michael Sela (2008.12.14. The Weizmann Instinte of Science,

Rehovot, Israel)

FHRBRESEH

Department of Tissue Reconstruction

EEHEMR Ml ERER
Visiting Assoc. Prof. Shiro lkegawa

[ 72 #% &]

ZEFAEBAEAE, HEMIBCA IV =7, TRMERR B UIE, SEMEEHER L w72l - BIET OB, AETEER OBE
BEREPLPICT LI HIBL TS, ShODEERIE, WTNLELOBZEEELOTND [ shi] &
& (common disease) TH b, 72 & 21X, BIMEMEEL, F2EZT T, 1,000 ALLED DERED VD,
BRI =7 TR & 2 2 BEIZEMS TALLETH D, TNHE - BHIO common disease/ A H S EHIL,
ARHEOWRERED72DI2% L DEZED QOL 27> T\ b, Tz, & ICZOMESZHITH KT 2D
DON% L, FE LS OFERE LI, RAICHE LDEFEZT TR, HELRIIL o THRELRMEICL> T
5o LpL, ENSHTOF, WAMZRERTEN V.

INH 0B, BROBGEHT REEZMEET) CBRNT GEE), REZ2E0) OMEMERIC L) FE
TLLRFBIREZ R 5N D FFEET, 7/ AERFEOFEEZ VT, HOWOBEDEE DL % HFE A
2, EZMERETFEREL, FLVNVTREE @I L, B0 2ZEE  EREEHE L2, o208k
T, BROBELE - G ORE, BEOANZALEHHL TV ELV,

Recent advance in molecular genetics has revealed genetic factors, play a critical role in etiology and
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pathogenesis of 'common" diseases. Our goal is to clarify the genetic factors implicated in the etiology of common
bone and joint diseases including osteoarthrosis. Though genetic analysis including genome-wide linkage and

association studies, we will identify and characterize susceptibility genes of the diseases and clarify their molecular

mechanism.
[ #& B ]
®FLELRERR®
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and joint diseases. [The 17th International Rheumatology Symposium.] (Invited lecture) (2008.4.22. Sapporo)

S.Ikegawa : From Human, from Mouse : Integrated approach of human and mouse genetics toward the gene for bone
and joint diseases. [Symposium on developmental genomics & skeletal research] (Invited lecture) (2008.5.5.
HongKong)

S. Ikegawa: Genetic analysis of bone and joint diseases: From human, from mouse. [From genome to bone and
joint diseases ] (Invited lecture) (2008.9.26. Yokohama)

S.Ikegawa: From genome to bone and joint diseases. [ APLAR 2008 JCR Clinical Course Lecture | (Invited lecture)
(2008.9.26. Yokohama)

S. Ikegawa: Genomics analysis of bone and joint diseases: Integrated approach from human and mouse genetics
toward the disease genes and molecular pathogenesis of the diseases. [The International Symposium-
Workshop on Advanced Bone and Joint Science (ABJS) Japan Society for the Promotion of Science ] (2008.12.3.
Tokyo)
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AT T, MINEAL, B0 - M- SR S 2 OREBHO S TRIBOBEE £257 <L LT, B
WET L, MINEHER & B L T L AL CORMITE 5 T Bo BHEDBIET — <15, BT 0D Th 5o

1. Chondromodulin-l (B8 2%

1) BIARBIEICH S Chondromodulin-l D&RZ]

Tk, v URITE RG22 S BE MO - LA EEICEY 2L — b5 RT-& LT Chondromodulin-
I (ChM-D) ZH§# - s —= 7 L7z, RWT, IMENEMIBOEM % ST 20T % 7 VIRH-EmKE 2> 5 R
L, M&EHAERTE LT ChMI 2FE L7, ChMI 1k, THOBEBNERLE LTAREN, 420Y A
T4 PG EHETAHCRMADI207 3/ BRiEE: (v b, v R) Plan~mi s s, ChMI I dfkE, K,
MR, O o B M SRR A A I FE B L T 575, ChMA R4 (ChMAT) < AT, ZAEBRICBVwTIh

A B Domain 1 (solubllity domain) .
EOOBRIVEOOTREPRECEREREEREE),

& Domain 2 » N-Glycosylation
3\ (anti-angiogenic domNn) §
o

extracellular

intracellular
HzN

ChM-| FiBk & & A ChM-I DIEE

(A) £ b ChM-| BIER{KIE3347 X /EED S LB TREEEZ > /INVETH B, Furin D7 0O+€ > > JE5| (RERR, XKiE)
BRI THIRT & h, 12077 3 VBED 5 4 2 CHRIHAID, BFE ChM-l & L THRANDBE N3, (B) BREEE b ChM- (3,
N-FEEREEEZSONKFERORBIE R A 1> (D1 RA1Y) ECRBRIDEAKME KA1 (D2 KX1Y) PHE D,
MEFHEMETEEZIBSBERAKMED D2 KA ICHD8DDY AT 1 LikEE, BHEHYORBE THEH L REIN4S4D
DYRIVT 1 REEETHR L TW3,

Human ChM-I precursor and mature ChM-I.

(A) Human ChM-I precursor is a type Il transmembrane protein consisting of 334 amino acid residues. Mature ChM-I (120
amino acid residues) is secreted from chondrocytes after cleavage at a processing site (RERR, arrowhead) by proprotein
convertases such as furin. A membrane anchored portion is designated as chondrosurfactant protein (Ch-SP). (B)
Mature ChM-I is a 25-kDa glycoprotein that is composed of an N-terminal hydrophilic domain with a N-glycosylation site
(solubility domain, domain 1) and a C-terminal hydrophobic anti-angiogenic domain (domain 2). Eight cysteine residues in
domain 2 are well conserved across species.
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5 OMMILBICH S 2 BEZRMB ENL o720 LA LAEDS, ChMI” w7 AT, HAERIEAHFER O
BRIz RLEORINT VAT 7 P L THEEPEINT A Z &5, ChM-I I bone remodeling factor & L T/E
H$ 52 ERH7ZIRBENT, 72, BILL7Z CAMI” v Z2B VT, MERAZ LD KBRS O LKL
FERAL, B IEAREEIRSE, KBRS ZAE O WIAEIR & B2 IR B S 2 L0 s, ChM AU F o 1
PMEFR ISR 5 2 EAMSICh>Twd, £2 T, KRERX, C57TBL/6 Ny 7 75w ¥ KO ChMI” <
A (9 ~10/H) ([CAISMVEER L EER, GREEENSET, BINGEBRICBI 5 ChMI O&E L S 212
L7zo BRI A TIE, B EICER S NGRS IC, TR 3T -5 2% ChM-I 23889 2 As Bl L,
X a7 =40 %58 5 PRACKE Mg~ & L2 Z T, BICERSNTERMmIEET 5. —H,
ChM-I7 <~ AT, BIEE OB ARG DI NLEED 2 b o 72755, B L OB HEIMIE O %]
WCHE SN, BIEG OB AAHEE ICRE L7z, B Lok EEIME i, THas -7y, XBas—rro
BIETRBOBEZERETAA LN, KEMBOEKEDIBE SN h o 72 BRENE &2, ChMI” v 7 AT
&, BREHEIMEE O D IS E BN ERE B EANRE TR S A S, B HTR10~21H 24 T TRAP Bk,
Mmp9 W OB MBI % &, BHEARE EHERNE N7z, D EoEL2 S, ChMI &, FEHROHE
HR D RERALHIEND LRI G L T Wb Z EAVRIBR E N7z,
2) Chondromodulin-l DXE#HZBI T 3 I %2

ChM-I ik F, X7 ATI337 I/ WRIRED S 74 5 BEEWEAFI A O C KIEfa & LTa— FE, furin
ARYIWIER AL RERR TO 7 a Yy ¥ v 7 GBI &2 2 5 2 1k ) B (1207 3 7 BRFR3E, 777 =49 25
kDa) & LCHIFBAMC D S Do —77, BB IR DS b, ZOREGEREY & % 2 515 short
form ChM-I (43 F&#) 14 kDa) M S b, FxIEZ 05 FHi% HEE FET <L P 7F K ChMI #it
B L OPChMI &/ 70— F VR L 72, £OKR, 14kDa 0L FA A ¥ 22 EE§ 25 NRmKEDT
i (UANChM-I) TH 5 Z EATRE I N7z, F 72, Hl#ez ChM-I IE matrix metalloproteinase-13 12 &> T, NFXA A
1MW E iz, £, P ChMI £/ 7 u—F Uitk w7 74 =7 4 — R8I X D RS HEE A 5 14kDa
ChM-I Z A58 L CHESETVEZATH) & & H 12, ChMI OEHHIHERE & 204 ERLHL ML Tn <,

2. Tenomodulin (ZR89 2 A%

1) DEEFRICH TS Tenomodulin DR & Z DIE

F %1%, ChM-I OB##E(E T & LT Tenomodulin (TeM) 2 72 —=>%7 1L, ChM-I &EmWHHEEZHT 52 A
T A VFRIEITE e CORIGFEC M FEIHRIE LD 5 2 L AL L TE . TeM 30, B4, LB, A
feg, SR X9 %A SHRIC B W TREBT 5%, R, LBOBRICBWTHREBTLZE2HICREL
720 MEROBE 2 OBOPIZSH > T, ChMI A5EH S 2 LIS & TeM 23583 5 BFIIFIIMY I HINE T H
D, IO OMBOMEILIIHA 2 ORELZERT 5, BRIIFOEEL IR LM TH ), ZOWZIIMHEIER
PSR SIED T 72 2 HKTH 5 T EBH SN TV 545, BEOWR L MEHA & OBRIIAHZ 2%, BRT
1, TeM IZFREO I AF UV EEHBIZBOWTHEL NV THEE L Tz, BREEMBOR R EEE i vitro 12
BWT, MENEMIOERERR S X O#EEZEEICHEL, o OEEEEIF RNAI 2wz TeM @/ v 7
T X ) EGIICHE L7z 6o T, TeM (F, BRIZBWCIMEF LI L L CTHREST 2 2 LAVRIE S
N7z BRPMET S L TeM OFHIHET 5 —FC, vascular endothelial cell growth factor-A (VEGF-A) &
matrix metalloproteinases (MMPs) 25@\ LV TEB L, IEE AR ICIZEISE S e Il HrE & EMEMlao
REPEDO SNz, E512, WRO TeM BlE 2 RET S &, MEHEDITTHEL VEGF-A B XU MMPs D531
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PRI END L) 12070 DEORRIY, TeM OZBUAS, MEH LB & O MMPs OIHHEILLER ORTZR
AR L T2 2 EAVRIE S 17z,
2) B - D4R LGSRSO BT

- B, B E AN, BRELERE G L, EERROEBICATROKE ER/ZL T 5, B - 875
X, REMEPBO TZLW20, MG EOBRMM RN L -, —H, #BI5FT5 L, #igry, EE5m
TCHESEL 2 LIIHO THEETH 50 2N E OMBOKIEREIETES & & dHRICHELTB Y, EH
BOMBHEOEEREMN L o> Tb, LALERNS, ThFET, - Wiz e 2 2057~ —
AN=DHDLN TR0 T, ZOFGHEIRBOMITIZIZ L AL I TV D072, —7, FxH ChMI
M AT & LT/ a1 —=> 7 L7 Tenomodulin (TeM) (&, TREE B OMEHEIFRTFTH Y, B - i
*E O SRR O LI > THEMICEE T 2, 22T, B - RS THEO—mEHL2IITH 2
ExBEELT, 7 R TeM #{x+ ORI R 2 SEBUHIE 2 45 5 S G HHEBI O W T 21T > T be i
¥ TIZ, CapSite Hunting 12 & 0, TeM Bz T OERES %, FIREMGMO LK —58bp BL U —84bp I
FE L, 20 —25bp Lillix TATA box FeFl & R L7z, PR 7 v AP 2=y 77 AREH VT, TeM
BT OWERERN LR —11kb 25 +11.6kb I TOHIKIZOWVT T NI —HEOWEZIT, —11kb 2
5 +3kb £ TOMMIC, M- WA IR RETHIEGEESSH L 22 /AL TWwE, E612, ZoHEEH 1
kb (Zf4b L7247/ & DNA WiH % Luciferase L R — % —#{zT O LHIEA L, i vitro TG Z#HE L
720 7w MO OB S o EE L 72BN, ATk NIH3T3 b X ORiBREk& #illaitk ATDCS 123\ THEmT
L7zfE5, TeM %583 L T 2 B T O RGEMEA S N 2 SHISAE R E Sz,

3. HEHEDREICET 2K

M2 AR 2 FAERE ) 2 & D E Mk & e RIS, BRI 13, HEIMAE CTd B 2 1D TEIE A L Wil
THhb, —H, BHKEIHEGSNDL L, BEHILBMEEERARAITL, T2 L 5 HAEIBO THETDH
bo o T, BHIHCEIL, EBZGROBTY, MBFEOERLEN L 2o T b, MEKEEBRIEETVTIIE
BEFR AL ERAMIBAMBIRICE S L T 225, KIBOKRE SR LT, AR CHRIE S N5 28 3E T
FTHESINLEPOMOBEILELZ L5 2 EPMOENTVE, F4lX, 2O invivo ETVERVT, BEKE OH
AN B9 2 FERERT R 2 SR B L, RAEERI S S B 5 EHR R L 32 RGO B4 SR O T A A B H O 7%
BICHMOCTHEETHLFH LR L, 72, BIFREAVE S ZEMA LD (PTHRL) 2MEEAMKICFHE S N5 #keE Rk
MilgoOMBRE~—7—L LTHEHTHL2HEOSNII L7z, 512, MMFMBRERT 2 (FGF-2) 25, &#f
75 PTHRI BRI FRMIE 2 B B - 358 S 2 312 & ) BF Mo el © 02 L TRE oM ABEz
FETLNEERTFTHLZ LW 5N L7

The proper growth and differentiation signaling from the surrounding extracellular environment regulates
tissue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling
networks underlying mesenchymal vascularization or cartilage, bone and tendon/ligament formation. Our current

research efforts are focused on the following studies.
1. Functional analysis of Chondromodulin-|

1) The role of Chondromodulin-I during the processes of fracture healing
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Chondromodulin-I (ChM-I) is a glycoprotein purified from bovine epiphyseal cartilage on the basis of growth
stimulating activity for chondrocytes and later identified as an angiogenesis inhibitor. Mouse ChM-I (120 amino
acids) is synthesized as the C-terminal portion of the precursor protein consisting of 334 amino acids and secreted
from chondrocytes after cleavage at the processing signal (RERR) by a proprotein convertase. ChM-I is
predominantly expressed in the avascular tissues such as cartilage, eye, and cardiac valves. Mice lacking the ChM-
I gene (ChM-I"") develops normally, but adult ChM-I"" mice shows significant increase in bone mineral density with
lowered bone resorption with respect to formation, indicating that ChM-I plays an important role as a bone
remodeling factor. Furthermore, aged ChM-I”" mice showed aortic valve thickening, calcification and turbulent
flow, indicative of early changes in aortic stenosis with enhanced VEGF-A expression, pathological angiogenesis,
lipid deposition and calcification in the cardiac valves. These findings demonstrate that ChM-I has a pivotal role in
maintaining valvular normal function by preventing angiogenesis that may lead to valvular heart diseases. To
explore the role of ChM-I in bone repair, we compared fracture healing in ChM-I"" mice with that in wild-type mice
using a stabilized tibial fracture model. ChM-I mRNA and protein localized in the external cartilaginous callus in
the reparative phase of fracture healing. Radiological examination showed a delayed union in ChM-I”" mice
although the fracture site was covered with both external and internal calluses. ChM-I null mutation reduced
external cartilaginous callus formation as judged by marked decrease of type X collagen alpha 1 (col10al) expression
and total amount of cartilage matrix. Interestingly, the majority of chondrocytes in the periosteal callus failed to
differentiate into mature chondrocytes in ChM-I"" mice, while the hypertrophic maturation of chondrocytes
between the cortices was not affected. These results suggest that ChM-I is involved in hypertrophic maturation of
periosteal chondrocytes. Although a direct effect of ChM-I on bones is still unclear, bony callus formation increased
while external cartilaginous callus decreased in ChM-I”" mice. We conclude that in the absence of ChM-I,
predominant primary bone healing occurs due to an indirect effect induced by reduction of cartilaginous callus
rather than to a direct effect on osteogenic function, resulting in a delayed union.

2) Metabolism of Chondromodulin-I

ChM-I is a 25-kDa glycoprotein that is secreted from chondrocytes after post-translational modification and
cleavage from the transmembrane precursor protein at the site (RERR) for proprotein convertases like furin.
Recently, we found a short form of ChM-I (approx. 14 kDa) in cartilage extracts. For further characterization of
ChM-I and its metabolites, we generated anti-ChM-I peptide antibodies and anti-ChM-I monoclonal antibodies.
Using these antibodies, we demonstrated that the short form of ChM-I is an N-terminus truncated form of ChM-1.
Moreover, matrix metalloproteinase-13 cleaved recombinant human ChM-I to give rise to an N-terminal truncated
ChM-I. Now we are planning to isolate the short form of ChM-I from cartilage extracts using an affinity
chromatography with anti-ChM-I monoclonal antibody for the structural determination of a naturally-occurring

ChM-I short form.
2. Functional analysis of Tenomodulin

1) The role of Tenomodulin in chordae tendineae cordis of the heart.
We have previously reported Tenomodulin (TeM) showing homology to the cysteine-rich anti-angiogenic

domain of ChM-I. The ChM-I like cysteine-rich domain at the C-terminus of TeM has the anti-angiogenic activity as
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evidenced by inhibition of angiogenesis both 2z vivo and i vitro. TeM is expressed in the dense-connective tissues
such as tendon, ligament, epimysium of muscle, cornea and sclera of the eye, all of which are known to be
hypovascular. Recently, we found that TeM was also expressed in chordae tendineae cordis (CTC) of the heart.
Although the heart is a well-vascularized organ, ChM-I-expressing cardiac valves and TeM-expressing CTC are
devoid of blood vessels. Aberrant angiogenesis in these avascular tissues causes various heart diseases. CTC
maintain the cardiac valvular function, and its rupture is a well-known cause of mitral regurgitation, but it is not
clear whether angiogenesis in CTC correlates with its rupture. Immunohistochemical analysis revealed that TeM
was abundantly expressed in the elastin-rich subendothelial outer layer of CTC. Conditioned medium of cultured
CTC interstitial cells strongly inhibited tube formation and migration of vascular endothelial cells. These effects
were partially inhibited by small-interfering RNA against TeM. We then carried out immunohistochemical
analysis of ruptured CTC obtained from the autopsy or surgical specimen. In the ruptured CTC, marked
downregulation of TeM and abnormal angiogenesis was observed in association with strong expression of VEGF-A
and MMPs, and infiltration of inflammatory cells. In an anesthetized canine model, we removed the TeM-rich layer
of CTC by filing and found that loss of TeM layer induces angiogenesis and MMP activation. These findings
suggested that local absence of TeM, angiogenesis and MMP activation are associated with the rupture of CTC.
2) Characterization of tendon and ligament specific enhancer of the mouse TeM gene

Tendons and ligaments are composed of regularly aligned thick type I collagen fibers and play a significant role
in the musculoskeletal biomechanics. Tendons physically connect muscles to skeletal structures to act as a
mechanical transmitter. Ligaments link bones together and maintain them at their correct anatomical positions
during movement of the body. Despite their important roles as locomotive organs, very little is known about the
molecular basis of tendon/ligament development due to a lack of the specific marker. We cloned TeM as a related
gene of ChM-I that is a cartilage derived angiogenesis inhibitor. TeM is predominantly expressed in dense
connective tissues including tendons and ligaments. Its expression is induced during tendon/ligament
development and is closely associated with the mature phenotype of tendon/ligament fibroblasts. To study the
transcription factors that are involved in development and maintenance of tendon and ligament, we analyzed the
transcriptional regulation for the mouse TeM gene. Using the CapSite Hunting method, we identified two
transcriptional start sites of the mouse TeM gene at positions — 58 bp and — 84 bp upstream of the translational
start site. A putative TATA box was found at — 25 bp upstream from the distal transcription start site. We then
tested the enhancer activity of the mouse TeM genomic fragment extending from —11 kb to +3 kb in transgenic
mouse embryos by using a LacZ reporter cassette with the hsp68 minimal promoter. This genomic fragment
showed an activity to drive the tendon/ligament specific expression 2z vivo. To identify the regions responsible for
the enhancer activity, we cut the 14 kb genomic region into -1 kb DNA fragments to construct a series of luciferase
reporter vectors and tested them in TeM-expressing cells (cultured tenocytes) and non-expressing cells (fibroblastic
NIH3T3 and chondrogenic ATDC5 cells). We found that several fragments could drive the specific activation of the
reporter gene in tenocytes, but not in NIH3T3 and ATDC5 cells.

3. Regenerative repair of articular cartilage

In contrast to the well-vascularized bony tissue, articular cartilage has a very limited capacity for repair. Upon
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injury, cartilaginous lesion easily causes osteoarthritis. Therefore, articular cartilage has been an important
therapeutic target in the field of regenerative medicine. Full-thickness defects penetrating articular cartilage
undergo repair that results in either the generation of fibrous tissue or hyaline cartilage, depending on the size of
defects. Bone marrow-derived mesenchymal stromal cells have known to participate in these repair processes.
Taking advantage of this tissue-repair system as a model, we are studying the regulation of regeneration of cartilage
in vivo. We reported that the pre-cartilaginous mesenchymal condensation is critical for induction of the
regenerative repair response in the defect cavities. We also demonstrated that parathyroid hormone receptor 1
(PTHR1) is a novel cell-surface marker for chondroprogenitor cells in the reparative tissue in the defects.
Fibroblast growth factor-2 (FGF-2) was found to be a potent endogenous inducer for cartilaginous repair by
stimulating the recruitment and expansion of PTHRI-positive cell populations to facilitate chondrogenic

mesenchymal condensation in the defects.
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chondrogenic repair in rat full-thickness articular cartilage defects. ] Bone Min Metab (in press)
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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 research 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 designed and created
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aiming at their clinical applications as well as the development of experimental tools necessary for basic researches
of medicine and biology which scientifically support clinical medicine. We are investigating biomaterials to assist
reconstructive surgery and to apply to drug delivery systems (DDS) for the biomaterials-based improvement of
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 substitution. 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 potential. In these
circumstances, a new therapeutic trial, in which disease healing can be achieved based on the natural healing
potential of patients themselves, has been explored. This is termed the therapy of regenerative medicine, where
the regeneration of tissues and organs is naturally induced to therapeutically treat diseases by artificially promoting
the proliferation and differentiation of cells. The objective of regenerative therapy is to regenerate injured or lost
tissues and substitute organ functions by making use of cells. The regenerative medical therapy is quite different
from the reconstructive surgery and organ transplantation from the viewpoint that neither biomaterials and medical
devices nor immunosuppressive agents are needed. The basic idea of regenerative therapy is to give cells a local
environment which is suitable to promote their proliferation and differentiation, resulting in the cell-based induction
of tissue and organ regeneration. It is tissue engineering that is a biomedical technology or methodology to create
this environment for the natural induction of tissue regeneration. Generally, there are three factors necessary to
induce tissue regeneration, such as cells, the scaffold for cell proliferation and differentiation and biosignaling
molecules of growth factors and the related gene, which are fundamentally 3 components constituting the body
tissue. For successful regenerative therapy of tissue and organ, it is indispensable to efficiently combine various
biomaterials with all the body components. Among biomaterials, biodegradable biomaterials play an important role
in this medical applications. Since there are few metals and ceramics with biodegradable nature, polymer materials
of biodegradability have been mainly used for this purpose. If a biomaterial is degraded to disappear in the body, it
is not always necessary to retrieve the material from the body after the function expected is accomplished. In
addition, the material should be degraded at the right time profile not to allow to physically impair the natural
process of tissue regeneration by the material remaining. Thus, biodegradable biomaterials 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 mainly from polymers 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 described.
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 the proliferation and differentiation of cells or their morphogenesis. When the body tissue is
largely lost, the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always
expect the tissue regeneration at the large defect. One of the possible ways to achieve successful tissue

regeneration is to provide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are
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designing and creating 3-dimensional and porous constructs of biodegradability as this temporary cell scaffold which
is an artificial ECM. However, even if a superior scaffold is supplied to the tissue defect, the tissue regeneration will
not be achieved without the number of cells and the amount of biosignaling molecules large enough for cell
proliferation. It is one of the practically possible ways to make use of growth factors for promoted proliferation and
differentiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administration
form because of the 77z vivo short half-life and instability. One possible way to break through the problem is to use
the controlled release of growth factor or the related gene at the tissue site to be regenerated over an extended time
period by incorporating the factor or gene into an appropriate carrier. This release technology enables the growth
factor to efficiently exert the biological activity, resulting in promoted tissue regeneration. We are designing and
preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new therapy to
naturally induce tissue and organ regeneration by the controlled release of various biologically active growth factors
has been achieved and scientifically demonstrated through animal experiments. Among the tissue regeneration
trials, clinical experiments of angiogenic and bone regeneration therapies have been started by the controlled release
technology of basic fibroblast growth factor (bFGF) and the good therapeutic efficacy is demonstrated.

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. We are designing and preparing a
system of drug targeting and the local release with polymers of an organ affinity to achieve the regeneration therapy
for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal
medicine. This is a therapeutic approach different from the conventional regenerative therapy of surgery where
cells, the scaffold and signal molecules or the combinations are surgically applied to a tissue defect for regeneration
induction thereat. The two surgical and physical 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 combination
with aneurysm catheter therapy has been tried and consequently the aneurysm occlusion by the regenerated tissue-
based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture
technology is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy

DNA and small interfering RNA (siRNA), with non-viral gene carriers.
2. Biomaterials for Stem Cells Technology and Basic Researches of Medicine and Biology

There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based
therapeutic approach described above. The other is cell transplantation therapy 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 department, the technology

and methodology of cell culture with various biomaterials and bioreactors have been explored to efficiently isolate,
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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. In addition, non-viral vectors for plasmid
DNA and siRNA have been investigated to design the DDS system for gene transfection which can biologically
analyze the functions of stem cells and genetically engineer cells to activate the biological functions for cell therapy.
For example, we have developed a new system for the controlled release of plasmid DNA inside cells and succeeded
in enhancing the level of gene transfection and the consequent gene expression as high as or higher than that of viral
vector system. In addition, a new technology of cell culturing on plasmid DNA-coated substrates with or without
the combination of bioreactor systems has been developed and enhanced the level of gene expression as well as
prolonged the expressed period. This reverse transfection system (SubFection : substrate-mediated transfection) is
effective in the gene transfection for stem and matured cells which have not been readily transfected by the
conventional method while it can be applied for cell internalization of low-molecular weight compounds, peptides,

proteins and nucleic acids (siRNA and decoy DNA).
3. Biomaterials for DDS

Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose
administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the adverse
effects of drugs. DDS is an engineering trial which allows a drug to act at the right time the right site of action at
the necessary concentration. The objective of DDS includes the controlled release of drug, the prolongation of drug
life-time, the acceleration of drug permeation and absorption and the drug targeting. Various biomaterials are
inevitably required to achieve every DDS objective. In this department, various research projects of DDS for drug
and gene therapies are carried out from the viewpoint of polymer material sciences. Our definition of "drug” is not
limited only to therapeutic substances, but it means every substance with a certain biological activity and function.
The DDS technology and methodology can be also applied for preventive and diagnostic substances to enhance the
in vivo efficacy of vaccination and diagnosis, such as magnetic resonance imaging (MRI), ultrasound diagnosis or
molecular imaging. We are also developing DDS technology and methodology which are applicable to the research
and development of cosmetics and health care sciences. DDS is defined as an universal technology and
methodology to efficiently enhance the biological functions of a certain substance by the combination with
biomaterials and can universally apply to any research field of which the final goal is to enhance the biological

functions of substances used.
4. Biomaterials for Surgical and Physical Therapies

This department is partly originated from the division of Molecular Design and Biomaterials of the former
Research Center for Biomedical Engineering where the medical applications of polymer materials have been
investigated extensively. Among the research activities, we continue to molecularly design and create 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

-39 - AARAERE T2 AR5 B0rT



Annual Report 2008

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 and in addition, their
medical applications. Through several R&D collaborations with medical, dental and veterinary schools as well as
private companies, we are planning to apply our basic research results to realize the regeneration induction therapy
of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium and kidney as well as the DDS technologies for therapeutic, prophylactic and diagnostic medicines,

while some biomaterials are applicable for basic of medicine and biology as the research tools.
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B ESANETTIRgEsER S (F) (2008.7.18. fi)

AR —ER, AAREEAES, 3 E—H, HMRZ - A0V VEAT VT Y E WML small interfering
RNA A, 20 HANA F =7 TIEED VRY Y A2008 (2008.11.17-18. HH)

MOEREA, /NIREL, WREFRIE, HMERE @ Bl OB X 2 BB RO ER, Eoanm s T i
(2008.7.18. #iiF)

RORORE, ILAHERE, HAEREZ  BEEREMNG & AR RIIDUERR T & 2 5 7% 2 MBS O/E R & 2 O BkE L
HAEFENOIGH. HANA 7)) T IVEERY YART Y 42008 (2008.11.17-18. H5()

MR, ARR th, HZRE IR EROR L 2084 Far VEMOERE 7V ECoMifaiEE. F54hE 5
FHFEsER S (2008.7.18. #liF)

ERF, RF M, HMRE HEcoe 7o @S Fasr Vol v MERRM OB HAN A F
~T7 ) TIVEEY YARY Y 42008 (2008.11.17-18. HE)

I

H. Negoro, M. Imamura, A. Kanematsu, S. Yamamoto, I. Kanatani, Y. Tabata and O. Ogawa: Basic fibroblast growth
factor causes urinary bladder overactivity through gap junction generation in the smooth muscle. 9th Asian
Congress of Urology (2008.10.2-5. Delhi, India)

BORZDE, AATIEN, FRBIEL, &4 B IAHE, HMEE, NI B bFGE 12 X %P gap junction &
Bl& A L7 B GBS RE ik e O . 56 5 B IR FHF AR 7R (2008.6.28. fliFs)

BORZES, AMIEW, FeRinL, &4 B 1SS, HMZZ, NI 8 bFGE 12 X %P gap junction 7§
Bl L7 i BB SR T O . 55 7 a1 A % 2 U BEgEs (2008.12.19-20. HUHR)

i P, 2R Z 0 PLLA ANEAT A COMIIBRE 125 2 2 R e 2 & 38 N1 D28, 28 A R &
(2008.3.13-14. #iHE)

SR, TZE - S ERD 2 F oV T T 70 v X v 2 a0, 45270 H AR Biomaterial 5243
(2008.11.17-18. H%T)

K. Sawamura, T. Ikeda, M. Nagae, Y. Mikami, H. Hase, S. Okamoto, K. Ikoma, T. Yamada, M. Saito, K. Matsuda, Y.
Tabata, M. Kawata and T. Kubo: A study of the effects of platelet-rich plasma and biodegradable gelatin
hydrogel on the degenerated intervertebral disc. World forum for spine research first Japanese meeting.
(2008.1.23-26. Kyoko)

ERTANS, Ty, RIDRE, =Rk, RO, BAE—, AR, DHEEH, BEMEE, THEE, A
Pt —  ZUMVIMRIAE SR T F A RO 7 VRS2 & 2 HE R IR R OMGET. 553700 H AR HE R
fRAex (2008.4.24-26. L)

ERANS, Ty, RIDRE, =Rk, RO, BAE— AR, DHEE, BHEWEE, THYEE, A
Tte— @ Z I/ IMRIINEE & A3 RIEE T 2N A B a7 VKT O PEHE AN 512 & 2 #E ARSI R
BEs. E20M H AR JOE R AR A4y (2008.7.8-10. WD)

GRS, b Y5, RIDHHEEL, =Rk, RE A, BAE—, AR, LETH, BUSRE, THDEE, A
TP — LIRSS X 2 MERIARZE IR O 2 7 = X A @47, 452310 H AR YL RE 4 4 R0l 4 &
(2008.10.23-24. HUHR)

P, AR, Z EE, HWREZ, BEGE SRS o BT ZRE L 7B AR & B R R ORK
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it 8B 7 M H AF RS SRS (2008.3.13-14. FEHD)

T. Ishimoto, T. Nakano, Y. Umakoshi and Y. Tabata: Changes in bone microstructure and toughness during healing
process of long bone. International Congress on Advanced Structural and Functional Materials Design 2008.
(2008.11.10-12. Osaka)

T. Ishimoto, T. Nakano, Y. Umakoshi, M. Yamamoto and Y. Tabata: Preferred alignment of biological apatite (BAp)
is a promising predictor for mechanical function of bone tissue regenerated by controlled-released rBMP-2. 8th
World Biomaterial Congress. (2008.5.28-6.1. Amsterdam)

JW. Lee, T. Nakano, S. Toyosawa and Y. Tabata: Analysis for preferential orientation of BAp c-axis using
pathological model. The Material Research Society of Korea (2008.11.7, 8. Seoul)

JW. Lee, T. Nakano, S. Toyosawa, Y. Tabata and Y. Umakoshi: Orientation of biological apatite (BAp) c-axis and
corresponding mechanical function in osteopetrotic model (op/op mouse). 8th World Biomaterial Congress.
(2008.5.28-6.1. Amsterdam)

JW. Lee, T. Nakano, Y. Umakoshi, S. Toyosawa, and Y. Tabata.: Analysis of osteoarthritis (OA) by degree of
preferential alignment of BAp. The Korea of Institute of Metals (2008.4.24, 25. Daejon)

4 EM, hEEm, BEEE, BE B HIRE RS~ 2o KBRS E T REt <o BAp ORCIAITE
3. AAREIRER2008FEEFRE (2008.3.26-28. Hi0)

N. Nitta, S. Ohta, T. Tanaka, R. Takazakura, T. Toyama, S. Kanasaki, Y. Nagatani, N. Kono, A. Furukawa, M.
Takahashi, K. Murata, T. Sakamoto and Y. Tabata: Safety evaluation of gelatin microsphere (GMS) with
changeable dissolution time as an embolic agent with regard to our experience of clinical use and the possible
use of GMS as a drug delivery system. (DDS) European Congress of Radiology (2008.3.7-11. Vienna)

N. Nitta, S. Ohta, A. Sonoda, A. Seko, Y. Miyagawa, T. Tanaka, M. Takahashi, K. Murata, T. Sakamoto and Y. Tabata:
Basic investigation to bind cisplatin with gelpart. ISIR & JSIR (2008.5.14-17. Nagano)

N. Nitta, S. Ohta, A. Sonoda, A. Seko, Y. Miyvagawa, T. Tanaka, M. Takahashi, K. Murata, T. Sakamoto and Y. Tabata:
Basic investigation to assess the embolic effects of gelpart and to bind cisplatin with gelpart. CIRSE
(Cardiovascular and Interventional Radiological Society of Europe) (2008.9.13-17. Copenhagen)

e HSE, FrHEA, R REGE—, EEBA, FHEHZEAE, IR HEREZ a7 -7 ARy Y
EEAL bFGE & H\ 72T v MEITTE €700 MRI BHEFEMG. 55 7 0 H ARFAEEESHS (2008.
3.13-14. &iiE)

g, FHEA, KRHEE— EHUK, NEGT, &L, AHEEAR, RIDLR, W88, HHZE
2 RALER T R R L 7RISR T — X OB gE. SE67IR H AREE T A S (2008.4.4-6. #
#)

A. Seko, N. Nitta, Y. Tabata, A. Sonoda, Y. Miyagawa, K. Tsuchiya, S. Takemura and K. Murata: Imaging of
biodegradable tissue-engineered materials for tissue regeneration. Radiological Society of North America 94th
Scientific Assembly and Annual Meeting (2008.11.30-12.5. Chicago)

FIHPK, SrHEA, SR8, el KREE— =, Mo, HhSZ, W B B 5,
HMZRZ, =L, B 6B FHERE  BAICLA) VEA NV AT F UFEEoO . 6
23 HA IVR =B )72, (5441378 TVR BFZE4y). 24 H A VR il & (AR
(2008.2.15-16. KBx)
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A.Sonoda, N. Nitta, Y. Ikehata, A. Seko, S. Ohta, Y. Miyagawa, S. Takamatu, T. Tanaka, J. Jo, I. Nagano, Y. Tabata, M.
Takahashi, O. Matsui, K. Murata. : Basic investigation of a newly-developed anti-cancer drug with a function of
thermal ablation instructed by magnets. #537[0 H A IVR 2544 (2008.5.14-17. #IHIR)

BB K, BrEHEA, @Else KHEE— SR, Mmoy i HERE, SEkL, mIiF 8 NHER
51 Dextran magnetite complex (DM) & cisplatin % F\» 7204 558 0] B> D i BV T BE 2 HURE 1 0 B 56,
441 H ABUFMA SPEFRR RS (2008.10.22-24. & F)

A. Sonoda, N. Nitta, S. Ohta, A. Seko, K. Murata, S. Takamatu, Y. Miyagawa, M. Takahashi, Y. Tabata, I. Nagano and
O. Matsui: Development of an anticancer compound allowing magnet-controlled delivery ; Experimental study
using superparamagnetic iron oxide coated with carboxydextran (DM) and cisplatin. Radiological Society of
North America 94th Scientific Assembly and Annual Meeting (2008.11.30-12.5. Chicago)

KHEGE—, HHBEA, EHEIK, @ hemse shiidd, HhSZ, skl 308 7 HERE, JHEA
TS VRERYE L VAT T L EOREE RE S D RESRIEOMET. 67 H AR FE B RA
2 (2008.4.4-6. HEiE)

SHLTE, FHBTA, KEE—, WEEY, HPE2, @R, S B S, AHEEL HmE
Z VAT IFERETF VRA (C-GMS) OFFHIIRE I3 2 M HKEER. H67H H ARE SRS
(2008.4.4-6. Hifx

MR, MECE, OB, BHE HWREZ - WEHERE GRIUREEESHEEEERE ) 2l
PAREROIMT %G, 5L H AT 0F A% (2008.4.17-18. 2 <)

HASBA, RHZz, HWEE, MlEdr, & 1 MHEEE, AN SIHBGL - SR % 1
WA E RIRIEAM O A, SE600H H ASVE fEfl % (2008.11.6-7. AEA)

EAR T, EAILE, ZIERL, EOAREMC, EEMOE DR, KRR, OREERZE, HMEEZ, KBS 1R
AL basic FGF & & 2 MEFHARR—REE, Zahoa% 2 FEGRORE— H140 B A MENG
FFaHeE v RV A (2008.7.26. )

ERRAE, MR B, HMRE, Al EH TLAYA Y U EAER)ABYA 70 A T 27 — OHAEIC & 5
JERRMEALE T IV~ AOVEEL JEAGTEE [HREE IS BT 2 90 R & ARG R ERE OB 5 ] FFEEE - 551100
SREIENT R R A R &k (2008.1.19. D)

N. Sasaki, T. Minami, K. Yamada, H. Yamada, Y. Inoue, K. Kobayashi and Y. Tabata: Thee effects of Bfgf-containing

i

gelatin hydrogel microsphere injected into the articular cavity on an equine third metacarpal bone defect model.
ACVS2008 (2008.10.23. San Diego)

TEEE, RBIETE, il E KRBT, WMMEASLT, HMZRE, Walter Sebald, MEHAIE, EARE - K
BHR - fa PR BMP-2 LIERME T 5 v 2 2B wiEM o) R, 5210 H AREFHEZSHES (2008,
11.14-16. Hif)

K. Morita, K. Hayashi, K. Doi, K. Koretake, T. Kubo, Y. Tabata and Y. Akagawa: Bone regeneration around
fenestrated implants by different bFGF-Gelatin hydrogel complexes. 86th International Association for Dental
Research. (2008. 7.2-5. Toronto)

AR, WEZEE, URME, HEEE, FTEE: 795 Y RTF2 0S5 FGF-2 IRENRT B/ hii
ERFAEICE R B8, 12810 H AR R rfra% (2008.6.5-6. #rik)

AkagbE, ALAHEE, GEEFE, HMRE, FTIEE  FGF-2 REORWOSGB RIHEIC BT 2 TR 512
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52 5528, 512910 H AR S (2008.11.6-7. &1LD)

1. Asahina, H. Ikeda, M. Shibahara, T. Tobita, M. Ikeda. K. Yamada and Y. Tabata : Mnadible bone regeneration using
basic fibroblast growth factor. 8th Asian Congress of Oral and Maxillofacial Surgeons. (2008.11.5 Bangkok)

FEEOE, N, HMRE, EE %) A CIRBEEOER BT RA OIS, SE5500] H AR &
(2008.6.12-14. ##%)

HARMGE, T W, HERE  AERARIET 7 A N—2 =~ ETo LEMORE,. 557 0 H AR AERRYS
H%F (2008.3.13-14. %4TE)

Eigte, WETE, FIU i HERE @ BRI EHEHAT7 7 A N—OfER ESH. H5TRIE S 15
SRR (2008.5.28-30. ##iL)

NIVE T, /NIEGLA, Moon Young Sun, F 1 #, HMZREZ KERTFEELYITF /KNI AMESF 774
N—= BIZB B HEEREMILOREE. HEETRE S FFRERAS (2008.5.28-30. i)

iz, BEARM, 0 i, HEREZ B 7+ 0P — %l L 72 E R SRAREAT OMBLES RO,
ST TR OR S (2008.5.28-30. HiiL)

KEE Y, miERIE, SIS, HEEEZ, ARG ICC TEBTRRZE I F Y EAe 7o Y RO
PAFEE R v 77 )N =V AT AORFE~SE 28, BT H ARSIV AL 2 A 42 (2008.10.2-3.
HH)

H i, mEBCR, IR, KERE, MEBEE, AN M HMEE AR T e ¥ T oA
Fa 7 ez ARIBE—ERE COME— 87 M HABERRERKS (2008.3.13-14. #4ibE)

B, EEBH, EERH, REAEZ, BREE, AN #th HHREZ  RERTFE NIy TN - A
7 L7 ABUSEIC BT 08, 58340 H AEIEHEL A R — v R irdi & (2008.7.4-5. H ()

B, mIEECR, AL, KRR, KEPREZ, MBEE, A M HMEWEZ BT F A Fasrk
FHE S AR R 2  7c R ABUETE. 552300 H RSO A SRR Al 5 & (2008.10.23-24. 5THEK)

THEEN, IHFE N, FRIIEN, HMEZEE @ bFGF ORIIRGIC & 2 HAEREL HAY & U 7B HAR RS A T4,
57 MRS A (2008.3.14. 4ilE)

2) BE-VORYIL

Y. Tabata: Frontier of tissue engineering to realize regenerative medical therapy. Advances in Bioresorbable
Biomaterials for Tissue Engineering (2008.1.5-6. Singapore)

HMZRE - HAERZ EBL SO0 2 ERMEEG. BT TV A 2 AMEL I — (2008.1.15. 5(#5)

HMZE « FARRORIOMES. EHERREM#ERS (2008.2.5. &)

HMZREZ 1 N 4~ 7 ) 7TV LA RGROER. JLEREER1SIRTFE L I F ——5HRS & o E
Ui [ SRR B R IFZE O EHE L 1)V C— (2008.2.13. KB

HAHZEEZ - DDS LM HGE K F 2 06 H L 72 AR SRR O BRIRICH. BEIL5 7 + — 7 2 20074F BERE B SAAi sl &
(2008.2.20. HH#B)

Y. Tabata: Biomaterials-Based Tissue Engineering to Realize Tissue Regenerative Therapy. The Eleventh US-
Japan Cellular and Gene Therapy Conference on Tissue Engineering (2008.2.28. Washington)

Y. Tabata: DDS technology for tissue regeneration and siRNA. Roche special seminar (2008.2.29. Nutley)

HMREZ  foEOFEEROL ¥ a— Bh7 4 vk t#ES (2008.3.6. #h#/11)

HMZE : DDS 77 / ny — L HAEREE. F7HHAFEERARES (2008.3.13-14. #4E)
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HMZRE AR N A OV 2 R L2 FHAE R EaR. HARB & R & & — a2 (2008.3.25. 3
)

Y. Tabata: Practical strategy of tissue engineering to realize regenerative therapy. Korea, University, Medical
Center Guro Hospital Seminar (2008.3.27-28. Korea)

HMZRZ © oimER 2 BB 534 4~ 7 1) 7V - DDS Hiffs. HALFERHEREHFEF RS ATP 70747
INA A e R (2008.3.29. WD)

HMZRZ © F A 8GR & SMIIAT 212 81T 5 tissue engineering DX HE]. 5 8 M BLYVEFE 5 R SR EAN BF 78 23
(2008.4.5. Kk

HMREZ XA A< 7) TIb b R M A FERR ORI, SB20HEC - EDES (2008.4.17. IE)

HMREZ N A 4~ 7)) 7V &R T & 2 B L 7 feimE R o fmeanst. H112MRF A E (2008.4.19.
)

Y. Tabata: Tissue regeneration by biodegradable cell scaffolds. Chulalongkorn University special seminar
(2008.5.8. Bangkok)

HMZRE © PR T O AR & PG O, 52800 H ARSI o > 7 L 2# % (2008.5.11.

)
HMZEZ - ARG END 2 oz Gy HERBRORMR. HARFFXH2BES ARWRHEE (2008.5.
20-22. L)

HIHZRZ © N A A< 7 ) 7 i b A7 FAEGEAR. BN FORkEER 5513 — (2008.5.26. KK

Y. Tabata: Biomaterials technology of growth factor release realize clinical angiogenic therapy. 8th World
Biomaterials Congress (2008.5.28-6.1. Amsterdam)

HZRE © FRARE R & AR F IR D720 DN A F =7 ) 7 IVEAT. 3R A SE - A iaER
FEWFZEITREE S (2008.6.3. FHHH)

HMZEE © R T2 FUH Lo fR A a4 1 AR RpRRefLiisEs (2008.6.4. 50

HMZREZ N A A~ 7 ) TV R L7238 sE - FAEER ORI, LR ER AR A IR £ 3 ) —
(2008.6.5. FIakIL)

HMZREZ  SEmER 2 EB L OO /354 4~ 70 7VEA ORAiMH & iR, HHE NFETH S5 R &
sy (2008.6.9. EHUHD)

Y. Tabata: Tissue engineering technology to realize regenerative medical therapy. CIMTEC2008 (2008.6.8-13.
ITtaly)

HMZRE - EWES - ERO 720 O3 Mk 430 E 5§ O REFE L IGHGEE [H ) 23 wiEs+ A
(2008.6.20. KB)

Y. Tabata: Evaluation of biomaterials-based tissue engineering technology for regeneration therapy. TERMIS-
EU2008 (2008.6.22-26. Portugal)

Y. Tabata: Tissue regeneration therapy based on drug delivery technology. Salon de grados, Facultad de Farmacia
(2008.6.26. Spain)

HIMZEZ - BN A R a7 05 5 O siRNA ORI & & O, 5240 H A DDS A& 4
(2008.6.29-30. HxH()

HMAE : —HAREZ RS 2RFAFENY T ¥ —OZHBEIH—REERY Ty -5 ERE AN TFIZa—2X

iy
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kS (2008.7.2. HUHK)

Y. Tabata: Design of magnetic resonance imaging contrast agent for angiogenic therapy. 35th Controlled Release
Society (2008.7.12-18. New York)

HMRE © &2 CEAZHEEROFER L SEOTAME. HRFBIREFREZES [ROK] & BAFHEKRILE

ey (2008.7.19. FKH)

HMEZRE  SZETEALZDLSEE LADPR LD, AR A ER S IEH AR S (2008.7.
26. HUHR)

Y. Tabata: Strategies for tissue regeneration and vascularization based on release technology of growth factor.
[ Advances in Tissue Engineering] (2008.8.13-16. Texs)

Y. Tabata: Translational research in tissue engineering: Experiences and lessons learned from Japan. Gadjah
Mada University Seminar (2008.8.27-30. Yogyakarta)

MNZRZ © RemE R & AEMEENIIE 2 L2 B84+~ 7 ) 7 )b, M REEIAVE#EZE (2008.9.4. HfiFT)

HMZREZ ML b A7 EimEE. Bl o > Fl% (2008.9.9. KBR)

HINZRZ « BEREERDOI2ODNA F <7 ) 7T VEM ORI, E720 H AR FHFEE BESHRAM RS
(2008.9.20-21. FkH)

HIMZRZ © SRR D & S 7o fetm R R & IR A28, SRR R E 0 — A TR LE#EE I — 2] £ 3
F— (2008.9.26. HU#E)

HMRE  SBumER & EWEFAIE L LR 250 A <7 ) VAT, HARL —F—thivs HBRRSRE B
& R4y (2008.9.20-21. KRR

Y. Tabata: Tissue regeneration therapy based on drug delivery technology. Indian Institute of Technology Kanpur
(2008.10.1. India)

HMZRE © N A A~ 7 ) 7 b B HAEFERROER & RS OIS . FHEdRE NGBk N TIEER
& OCPH20EEE BUIRFEMAS  FHEEBEORENO DT (2008.10.18. H0)

HMZE © #AlE - iPS MG - FHEERO Y Y A ANORO~BIIR L OERERCH Y KT 7 4 in KRP~.
AR B —F 28— 2 (2008.10.23. HAL)

Y

Y. Tabata: Present status of tissue engineering-based regenerative medical therapy. 16th Alexandria International
Dental Congress (2008.10.28-31. Alexandria)

Y. Tabata: Advanced medical therapy based on biomaterials of nano-order design (2008.11.6-8. Thailand)

Y. Tabata: Delivery technology of biosignaling molecules for tissue regeneration therapy. bone-tec 2008
(2008.11.7-9. Hannover)

Y. Tabata: Regeneration therapy based on drug Delivery technology of growth factor and gene. Uppsala
University (2008.11.10. Sweden)

HMZEE - oimER 2 SR AN A~ 7 ) 7V (EFEHE) & DDS ORI, REURFERFER BiR)F /77 /
0y — AMERL =y b [/ BEHETY] (2008.11.13. 50

HMZREZ « @B S 2 FIH L7230 m a5 566 H A L@t 7eimi#E < (2008.11.14. 5UH)

HMZREZ - FAFSGRORANR & BEER~ORR. 5 4 FEERAERBEN7ES (2008.11.15. Kb)

HMAE © 22 TEHAROMERR. HRIA Ly DH5H wEa—2 (2008.11.19. 7))

HMRE - HAEEY AR T2 N— 2L LZHEER. UL ERR IR 258 (2008.11.19. HUHR)
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HMZRE © SeimEik & MR AR FE D 7260 DR THEHERAN. FR204E 48 3 |~ )b A AWF5EFk (2008.11.21. 5
#5)

Y. Tabata: Biomaterial and drug delivery technologies toward the realization of tissue regeneration therapy.
Zhejiang University Seminar (2008.11.26. China)

HMRE  HAEEROS~EEMED OB E T % 8 BRRKIMRERE S 2 7 A EREL 7 + — 7 22008 (2008.11.
28. HHR)

HMZRE « FAREFEOREOMEA. 5460 H AN T ~% (2008.11.27-29. H50)

HMZE © FAEFLERZ EBS 230 A~ 7 ) 7OVEilh. SE10RGSIE SR FFE R R 784 (2008.11.27-29.
HH)

HMZE « BAEEROEEGE b2 b0 ) R W, 5 F—F5—72 (2008.12.2. 5U#E)

HIMHZRZ : DDS & F\ /o FEREB P O 5F A A=Y v 7 T 45 IEERMFES (2008.12.6. IEE)

HMZREZ © FAEERORERE L RRICH © B 2 72851 7)) N =5l Filit I — bR 2bkRe & il 2 72857
BB OfRHTH (2008.12.8. i)

HMZRZ © N A =7 ) 7 VEA 2 5 BB AEFER R (AR, P18~ 2047 b i 8 5 SR I i 72
JeHEE A R - R T 5E O KBRS » AR T 7 4 (2008.12.11. FLIE)

M. Yamamoto and Y. Tabata: Importance of drug delivery systems in tissue engineering. Annual Seminar at

NIDCR, National Institute of Health. (2008.2.23. Bethesda)

ERIEEMHE D

Department of Reparative Materials

SHEFE R 2B 1B

Prof. Hiroo Iwata

(7 72 # Z]

BIFFETH T, AR BEROWRICE IO NIHEZE ) BT 72002 ToTwE T, 2o OMEHIA
RORTHREEL72Y, HRIVCORMBBERIE - SR 88T 20 L, 2O B EEEIREA T3, LIRS %C
FEIL, @A TFERLET AR, T2, MR EAS T2 HIE - 9T 720 DRk A Rl R BRET 5 2 &
T, TNHOMELHEDTVE T, TO L) SR LE LT, BERRSLEREFNO L) 28 B EERICER
L7zneEZTnET,

1. MR—%4> X7 LEHEEER

FERMEHE, MO & ) A 7R AT A LH L, ZORETEZ 245 T RAHEIER % 8 L ThHRE
THEMLET . TOD, F YN HNERLHNLEE D L ) e E—AR Y A7 ARAHEAEH 2 FENICBEfR L, £
72, ENLEEEICHIET S 2 L IIERELARETY, UIRSE T, KiET T XE VIBSITEE, SOEE
PEEE, BRI ML — - PEMEE S CONENTFEEACCINS OB Y MATHET, T2, b
DOIEBEWIEOER T O LITHIEEN F 2 v o v FEBOBEET> T E T,
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Our research group intends to develop engineered materials that contribute practically and efficiently to the
advanced therapeutic interventions for the treatment of diseases and traumatic injuries. These materials are
expected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to realize
such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art techniques
for analyzing and handling biomolecules and cells.

Research subjects currently undertaken in our department are listed below.
1. 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
rationally design biocompatible surfaces of synthetic implants. Most of information on protein adsorption and
complement 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 environments. 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 surfaces suitable for studies on interfacial phenomena and intermolecular interactions. The surface plasmon
resonance technique can be applied to analyze the interfacial phenomena under water. We have been studying
protein adsorption, complement activation, and cell adhesion on well-defined surfaces made of self-assembled
monolayers using the surface plasmon resonance technique as well other analysis techniques highly sensitive for

interfacial molecular events.
2. Polymeric materials for cell transplantation therapy

Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic b
cells are known to have a poor growth capacity. Islets containing b cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits
permeation of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with

components of the host immune system. We encapsulated islets into agarose-based microbeads and induced
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normalization of blood glucose levels of diabetic recipient mice by implanting 1,000 microencapsulated hamster islets
into the peritoneal cavity.

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

molecules. We are employing genetic engineering to design rationally such composite biomaterials.
3. Cell processing technology for regenerative medicine

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

Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons
differentiated from ES cells iz 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.
4. Cell chips for high-throughput functional screening

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

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

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

screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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Organogenesis involves the concerted action of many signaling factors to orchestrate tissue remodeling and cell
differentiation. This October, our laboratory has launched a project to establish the molecular mechanisms
underlying roughly arranged tissue structures by major diffusible signaling factors are tuned up to well-shaped
tissue architectures. We are now focusing on a stromal membrane protein epimorphin, which usually stays at the
cytoplasmic side of the membrane as a t-SNARE protein but is promptly secreted extracellularly to elicit
morphogenic programs in adjacent epithelia. We have proposed a hypothetic model for the molecular basis of the
strict regulation of epithelial morphogenesis that involves the major signaling molecules and epimorphin (Fig.l).

Investigations for the verification and expansion of this model are now underway.
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Meiotic recombination nodules and homologous chromosome synapses in a spermatocyte (left) and in vitro meiotic
transition of germline stem cells (right A-D).
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The germline is the cell lineage that is fundamental for the ontogeny of individuals and transmission of genetic
information. During the differentiation of the germline, intriguing and important biological processes, such as
epigenetic reprogramming, establishment/maintenance of pluripotency and homologous recombination take place.
Our current research projects focus on (1) molecular analyses of the germ-line specific cytoplasmic ribonucleoprotein
(RNP) structure, germinal granules/nuage, (2) mechanisms and factors that regulate meiotic homologous

recombination in mammals, and (3) molecular mechanisms governing stem cell regulation in Drosophila.

(1) TDRD1/MTRI1, TDRD6 and TDRD7/TRAP contain multiple tudor domains and specifically localize to
mouse germinal granules/nuage. We are carrying out genetic and biochemical studies on these mammalian tudor-
related genes to reveal the functioning of germinal granule/nuage components. By using the TDRD proteins as
specific molecular markers, we developed experimental conditions to isolate germinal granules/nuage and are
currently analyzing protein and RNA composition of the structure. Protein profile was obtained by shotgun
identification by mass-spectrometry, and microarray analysis was applied to RNA fractions. Recently, we
identified and cloned a novel germ-line specific Tdrd gene, Tdrd9/spindle-E. Tdrd9 gene-targeted mice showed
incomplete pairing of homologous chromosomes during male meiosis. The mutant also exhibited elevated mRNA

expression of a class of retrotransposon, LINE1, and CpG de-methylation of cognate genomic elements.

(2) Molecular mechanisms of homologous recombination are important research subjects in molecular and cell
biology. We previously showed that primordial germ cells in mice autonomously enter into meiosis when cultured
in vitro and identified a factor that suppresses the meiotic transition 7z vitro. Recently, we established another iz
vitro culture condition that induces meiotic transition of established germline stem cell line derived from
spermatogonia. By using this culture method, we identified signaling pathways that promote/inhibit meiotic

transition of mitotic germline stem cells. Biochemical and physiological characterization of these signaling
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pathways is currently underway. Meanwhile, we carried out genome database screening for candidate genes that
possibly participate in homologous recombination in mice. Genetic and molecular studies on such gene functions are
in progress. Through the understanding of molecular basis underlying homologous recombination, we aim to

develop a novel method for gene manipulation in mammalian cells.

(3) Stem cells are responsible for replacing damaged or dying cells in various adult tissues throughout a lifetime.
Stem cell behavior has been shown to be controlled by specialized regulatory microenvironments or niche' in many
systems. However, niche signals in many stem cell systems are still poorly defined. The Drosophila testis has
become one of the premiere stem cell systems to study molecular mechanisms governing stem cell self-renewal,
differentiation and proliferation. We previously showed that TGF-beta signaling from somatic cells is essential for
maintaining germline stem cells (GSCs) in the Drosophila testis. Currently, we are addressing how TGF-beta

signaling maintains GSCs in Drosophila.
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positive connective tissue-type Mast cells from primate ES cells. Stem Cells 26: 706-714 (2008)

T. Otsuji, H. Matsumura, T. Suzuki, N. Nakatsuji, T. Tada and M. Tada: Rapid induction of large chromosomal
deletions by a Cre/inverted loxP system in mouse ES cell hybrids. J. Mol. Biol. 378: 328-336 (2008)

N. Nakatsuji, F. Nakajima and K. Tokunaga : HLA-haplotype banking and iPS cells. Nature Biotechnol. 26: 739-740
(2008).

T. Ishii, K. Fukumitsu, K. Yasuchika, K. Adachi, E. Kawase, H. Suemori, N. Nakatsuji, I. Ikai and S. Uemoto : Effects of
extracellular matrixes and growth factors on the hepatic differentiation of human embryonic stem cells. Am. J.
Physiol. Gstrointest. Liver Physiol. 295: G313-G321 (2008)

T. Sumi, N. Tsuneyoshi, N. Nakatsuji and H. Suemori: Defining early lineage specification of human embryonic stem
cells by the orchestrated balance of canonical Wnt/b-catenin, Activin/Nodal, and BMP signaling. Development
135: 2969-2979 (2008).

T. Miyazaki, S. Futaki, K. Hasegawa, M. Kawasaki, N. Sanzen, M. Hayashi, E. Kawase, K. Sekiguchi, N. Nakatsuji and
H. Suemori: Recombinant human laminin isoforms can support the undifferentiated growth of human
embryonic stem cells. Biochem. Biophys. Res. Comm. 375: 27-32 (2008)

K. Suzuki, K. Mitsui, E. Aizawa, K. Hasegawa, E. Kawase, T. Yamagishi, Y. Shimizu, H. Suemori, N. Nakatsuji and K.

Mitani: Highly efficient transient gene expression and gene targeting in primate embryonic stem cells with
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helper-dependent adenoviral vectors. Proc. Nat. Acad. Sci. USA 105: 13781-13786 (2008)

M. Kanatsu-Shinohara, M. Takehashi, S. Takashima, J. Lee, H. Morimoto, S. Chuma, A. Raducanu, N. Nakatsuji, R. F 4
ssler and T. Shinohara: Homing of mouse spermatogonial stem cells to germline niche depends on betal-
integrin. Cell Stem Cell 3: 533-542 (2008)

M. Kanatsu-Shinohara, M. Kato, M. Takehashi, H. Morimoto, S. Takashima, S. Chuma, N. Nakatsuji, M. Hirabayashi
and T. Shinohara: Production of transgenic rats via lentiviral transduction and xenogeneic transplantation of
spermatogonial stem cells. Biol. Reprod. 79: 1121-1128 (2008)

M. Kanatsu-Shinohara, T. Muneto, J. Lee, M. Takenaka, S. Chuma, N. Nakatsuji, T. Horiuchi and T. *Shinohara : Long-
term culture of male germline stem cells from hamster testes. Biol Reprod 78: 611-617 (2008)

2) #

ot b M ERetEEMIEiisE I B A HA L R OBUR. FEEREES 26 © 831-837 (2008)

S. Chuma, M. Hosokawa, T. Tanaka and N. Nakatsuji: Ultrastructural characterization of spermatogenesis and its

evolutionary conservation in the germline : germinal granules in mammals. Mol Cell Endocrinol (in press)

® FREORKR ®

1) BE-VFRITLA

bk SMRIZEIC B 2 HARDBUR & RE. E3BIME SRR AMHE B S Eik sk TEEEY YR v o]
FFEE (2008.1.25. HHL)

N. Nakatsuji: Human and monkey ES cell Lines for biomedical research and drug discovery. First International
Symposium on Human Embryonic Stem Cell Research (2008.1.31. Paris)

it - v b ES MZE & EB X OEIEEAN oS H. Millipore Bio Forum Asia 2008 (2008.3.7. X))

Mol EE R  ES Mtk & H W7o ZEEERTZE & R & USRIEEAN OIS H. FHOFERE e s N A A R-ESE 5 MR o~ oK
T b - iRFEEER (2008.3.7. BUH)

Hab#E S ES Mg 0B R AR T) & W R 2 R  ReMiliE L X B 7. UK SFMHER ST - vy - VR
T A (2008.3.8. i)

ot de - b b ES Milabko iy & BB X UEIEEANOIRH. 857 [0l H AFERERY 2 (2008.3.13. #iiE)

rit &9 ¢ Pluripotent stem cell lines for biomedical research, drug discovery and regenerative medicine. [FEF >
» ARy o[PS MIREREZEAT) ) 30 < Ak) (2008.5.11. 5UH#S)

Hab Sk - ZaetEeiiie (ES/PS Mifg) (3742 0l & I 2 O h—iRoBUR L EFAICHORE. KRBT

&

SRR BCE SRS RO (2008.5.14. KBR)

HabEdk el (ZhRetkisilie, ES/PS M) Wi7E & fAEERDS L UHEMEANOIGH. Fkx 4L F—f
e AR S (2008.5.30. HIHR)

bk o v N ZRetkEAE (ES MU - iPS M) DML L URIBEA Y ) — = F~OFIH. #1508 HAB

ffF7e it 22T 454 (2008.5.16. D)
ik EI v N SRR A H D 7 2RI & B PSR B X ORIZEA OIS . SE31IA 0 ARMRRR KRS (2008,
7.11. o)

N. Nakatsuji: Embryonic stem cells and other pluripotent stem cells as versatile tools for biology, cell therapy and
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drug discovery. Controlled Release Society's 35th Annual Meeting and Exposition (2008.7.15. New York)

kg - ZREMEEAL (ES/IPS ML) OIERENIZEL L OESE L EIE~OLH. HEBPH - f vy adc
e ILfiE Gateway FAZERLEI0REE Y ¥ R T 4 (2008.9.2. HiP)

N. Nakatsuji: Application of embryonic stem cell lines to basic research and production of model cells for drug
discovery. National Health Research Institute Stem Cell Symposium (2008.9.22. Taipei)

kg de  JTREMAE (ES/IPS MifeZ &L oL REtkisMile) ORGSO LW L EEB L OHEMEA~OIGH. e
HgE24R 5 4 794 = Ak 35— (2008.10.3. P%=)

HabdEER  BEFOBRE K  COIGHOHZW A 287 b AT A HNVA ) RX=2a v T+ —F 252008
(2008.11.10. k)

k&R v M ERetEEiiiE (ES/IPS Miffa) % V7 3EEENgE & BB L DRIEADISH. HERNA <371 T
VST YARY Y AL 2008 (2008.11.17  HH0)

HabEd C mReMiiE (ES/IPS Millg) &3, ZOAREHEARRRS & RS LRl PUE P 204 B2 % 1D
a2t I+ — (2008.11.29. THE)

HRIBHT—HR ¢ WP tudor BAESE (R T-HE & AEFHIERL RNP M0k, R siliise s R o AR o A 1
JNVETES ) Aty P —2 ] (2008.11.24-27. HEAR)

2) FRRE

S. Chuma: Ultrastructural characteristic of spermatogenesis and its evolutionary conservation in the germline.
15th European testis workshop with NAFA annual meeting (2008.5.2-6. Naantali, Finland)

S. Chuma: Protein and RNA assembly of germinal granules/nuage in the germline. World Congress on
Reproductive Biology (2008.5.24-25. Hawaii, US.A.)

S. Chuma: Mammalian germ cells and germinal granules/nuage. Germ cell-soma interactions in gonadal
development and germ cell tumors (workshops "current trends in biomedicine") (2008.10.20-22. Baeza, Spain)

M. Shoji, T. Tanaka, M. Hosokawa, K. Kitamura, Y. Kato, G. Kondoh, K. Okawa, T. Chujyo, T. Suzuki, K. Hata, S.
Kuramochi-Miyagawa, T. Nakano, H. Sasaki, S. Chuma and N. Nakatsuji: Role of TDRD9 in male meiosis and
regulatory pathway of transposon RNA and DNA methylation. Germ Cells, Cold Spring Habor Laboratory
Meeting (2008.10.1-5. Cold spring harbor, USA)

ANEINZET, B (B S & A, REHMB haER, ME A RAERENICBT 5 MILL B X OF MIWI
@ TDRDI/MTR-1 & OAHEAEH. 5310 H A FEW R FS (2008.12.9-12. i)
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BAEFEMRENE
Department of Stem Cell Biology

PHEE R WU (R
Prof. Shinya Yamanaka

(57 %2 4 E]
BEAIE T & 5 A TS RetSp B O

20064F, 4 D DEEEHT (Oct3/4, Sox2, Kif4 BLU cMyc) #L bOZ A VAR ¥ —TEATLI LIZL
D, < ARMESE I E RN L S A LI L7ze SO NLE RN (induced pluripotent : iPS)
Mg & AT S MleE, SETEBRCHBRENTORLREDOA L ST, F AT ADOEFERINIZLEHS-L,
&P (Embryonic stem; ES) #Mifld & #f e \vnZ & 2/R L7z & BIZH AN FROMHMETMIE 2 5 & Mk K+
AHCTIPS B Z# 7§52 LI L7z LA L, BRSHE TR0 0§ REREI RSN
TWwab,

iPS MILHR D F X T <Y 2B LOEDHFIZB T, #920% O TR ORKA MR SNz T LT, T E
To & TOEFEIZB VTR c-Myc OFEMEALS R b Nize 22T, ZOMEZHRT 272012, Myc &
v 7Ze v iPS AERAB ST O 2 A Tze ZORER, cMyc T HW 2R WihE, BRI REIETTL2500
cMyc W6 ERRRIC LSRR 2 E T % IPS Mila 22§25 2 L8 CT& 7 20 oMyc & VT IC/FR
L7z iPS MEIdMifh s X T~ 22H5- L, RO 1 EU EOBSHMHIZB W TR LN 2> 72,

L) VEODERIE) A2 & LT, L a7 AV ADREBENOTHFADEITHN L, Fr IEHMEEMRIZ N Z
T, FHEROMBTH 5, FFMINEE 7213 BRI LA & iPS Mila 2857 L, ZOir 217572, LREMINEH
ko iPS #Miiflg b #AMEEFIE R O 1PS MG & WAk, 2MbERetkz & T ES Mg L muEEEEZ R L7z, 2oLk
BEHROD PS MIfLIC BT 2 L b E Y A VANRS § —OFF G728 25, 7 u— Y IZBWTIES 5 T
ERBD SN Po72. Tz, EEEHEOIPS MgV T, MHEFHBEEOLOLIELTL POy L LAD

P el
il

A. c-Myc BIZFERVTICMERL L b iPS #Hkz,
Human iPS cell clone without c-Myc.
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Hepatocytes
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&
A |

B. v XAHHEEE, BrIELEMEE (BB 22 5E8L 4 iPS Ml (TE).
Morphology of a primary culture of hepatocytes and gastric epithelial cells (upper panels) and iPS cells from
hepatocytes (iPS-Hep) and gastric epithelial cells (iPS-Stm) (lower panels).

C. 72X3X KDNA #HWTEEL 2 iPS MIlBAERDF X T < X,
Chimera mice derived from plasmid-derived iPS cells.

HAEPENN D W e b ol TNOOEENS, FEAEROFEDEMIZL Oy 4 VAREASNS Z
L5 iPS M DOBAIZ & o> THIETIE R W EATRIEE N2,
ZIT, HAETANANRT ¥ —% i iPS MBOF#R A AT, 21D 77 XA 3 F DNA (Oct3/4,
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Sox2, Klifd #a— F35X7 %=L cMyc 22— FT5N7%—) 2t ) RUEANTLHELEIRL 7z, fiRe
L THIZTE721iPS Ml BV CIEEAEE T O AILED 5T, BEF X T3 7 ANGFE L7z ZoHMM R
FIZE D, BRISHZ R ICANTZZEEDN EIZ - onzeEr bhb,

Generation of induced Pluripotent Stem Cells by Defined Factors

In 2006, we firstly discovered that the retroviral transduction of four transcription factors, Oct3/4, Sox2, Klf4
and c-Myc, could change fibroblasts into pluripotent state. We named these reprogrammed cells induced
pluripotent stem (iPS) cells. We also generated iPS cells from adult human dermal fibroblasts by using same set of
reprogramming factors. Both mouse and human iPS cells showed the pluripotency identical with embryonic stem
(ES) cells. Notably iPS cells contributed to adult chimera mice and also their offspring through the germ line.
Patient, or disease-specific iPS cells will contribute to elucidation of pathogenesis, drug screening, toxicology study,
and regenerative medicine. However, some critical issues for clinical application remained to be overcome.

We observed increased tumor incidence in more than 20% of the iPS-derived chimera mice and their offspring,
and found reactivation of the c-Myc transgene in all the tumors we examined. To overcome the issue, then we
generated mouse iPS cells from fibroblasts without c-Myc transgene, although the efficiency of iPS cell generation
were markedly decreased. Mice derived from iPS cells without c-Myc did not develop tumors during the study
period (more than one year). Furthermore, we generated human iPS cells without c-Myc. These data
demonstrated that introduction of c-Myc transgene is dispensable for direct reprogramming. On the other hand,
retroviral integrations of factors other than Myc into chromosomes should be avoided before clinical application.

However, the cellular origin and molecular mechanisms of iPS cells induction were unknown. In addition to
fibroblasts, we also established iPS cells from non-mesenchymal cells, namely, adult mouse hepatocytes and gastric
epithelial cells. These iPS cell clones appeared to be equivalent to embryonic stem cells in gene expression and
were competent to generate germline-transmitted chimeras. Genetic lineage tracings showed that liver-derived
iPS cells were derived from albumin-expressing cells. No common retroviral integration sites were found among
multiple clones. And iPS cell clones derived from hepatocyte or gastric epithelial cell had smaller number of
retroviral insertion than fibroblast-derived iPS cell clones. These data showed that iPS cells are generated by
direct reprogramming of lineage-committed somatic cells and that retroviral integration into specific sites in the
chromosomes are not required. These findings suggest that it might be possible to generate iPS cells with gene
transfer methods free from an integration mechanism.

Therefore we tried to generate mouse iPS cells with non-viral vectors. Repeated transfection of two
expression plasmids (one containing the cDNAs of Oct3/4, Sox2 and Klf4 linked by 2A sequences, and the other
containing the c-Myc ¢cDNA) into mouse embryonic fibroblasts resulted in iPS cells. The plasmid-derived iPS cells
had no insertion of transgenes into chromosomes and they were similar to ES cells in morphology, proliferation and
developmental potential as they could contribute to adult chimeras. This was a meaningful step to achieve a critical

safety concern for potential use of iPS cells in regenerative medicine.
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1) RE#®HY

K. Aiba, T. Nedorezov, Y. Piao, A. Nishivama, R. Matoba, LV. Sharova, AA. Sharov, S. Yamanaka, H. Niwa and MS.
Ko: Defining developmental potency and cell lineage trajectories by expression profiling of differentiating
mouse embryonic stem cells. DNA Res. 16: 73-80 (2009)

K. Okita, M. Nakagawa, H. Hong, T. Ichisaka and S. Yamanaka : Generation of mouse induced pluripotent stem cells
without viral vectors. Science 322: 949-953 (2008)

T. Aoi, K. Yae, M. Nakagawa, T. Ichisaka, K. Okita, K. Takahashi, T. Chiba and S. Yamanaka: Generation of
pluripotent stem cells from adult mouse liver and stomach cells. Science 321: 699-702 (2008)

2) #& &

REZRE, s« iPS MIfE OB, S2BREE S i BRasiiasesion o N7 v 7. 274-283 (2008)

K. Okita and S. Yamanaka : Recent advance in induced pluripotent stem cells. Inflammation and Regeneration. 28:
510-515 (2008)

Hrr (g, IR iPS MR IF 78 D i Bl © FHAE R OJCHIZIT T hus P21 4R BEAF 42 32 898-899
(2008)

P isg - ES MIBRIZEDBUIR & . HARBHERIH 2PFJERRE. 11 13-18 (2008)

FIEZ, NERETRR, s gk~ 2B L OB S oL aetiniaE . s, 50 91-93
(2008)

A, TR - BUERORSA IPS MUl SE R S HEENL . PR 70 8-11 (2008)

AR, I e« AT Retkisfiia oz & e, Floe & A4, 46 : 531-538 (2008)

FHHERL, bR o iPS Hlif (inducible pluripotent stem cell).  Vascular Medicine. 4: 68-71 (2008)

MRJFUERE, (L es - iPS Ml (N L2 Retk#sMig) . Medical Practice. 25: 1264-1266 (2008)

S. Yamanaka : Pluripotency and nuclear reprogramming. Philos Trans R Soc Lond B Biol Sci. 363: 2079-2087 (2008)

FHERL, LRMEER RS2 72 ES/IPS Mg OWFZE.  Angiology Frontier. 7: 56-59 (2008)

MHEES, LT e MERES S OF -5 — A= FEREEMEOFLE EFosnwh,. 225 191-192
(2008)

fRIE T, HHEZ, dRs - iPS Mg, FRRIHE 72 7 74 A, 5:94-96 (2008)

HE L, SAERA), g« iPS Mz oWk & . FAEER. 7:83-89 (2008)

K. Okita, T. Ichisaka and S. Yamanaka : Establishment of mouse induced pluripotent stem cells selected for Nanog
expression. Inflammation and Regeneration. 28: 96-99 (2008)

I s i sE /8T 574 52 7 b B L URRIRISHANO RS, EEREFHET]. 26 0 24-28 (2008)

EAEAIA, IR o AT RerEEeile (iPS Miflw). SEERESAHET). 26 1 35-40 (2008)

EREADRD, iR - e b AT ZRetkelis o, MfBTaA 271 252-253 (2008)

S. Yamanaka : Induction of pluripotent stem cells from mouse fibroblasts by four transcription factors. Cell Prolif.

41: 51-56 (2008)
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1) % - MESER

I H R iPS Cell, Perspective and Challenge. M5~y L XU E 7O 7S 2E 17+ 0—T v TRESE
(2008.5.20. HH)

1A Reconstruction of Nuclear Reprogramming by Defined Factors. _FE L& EMAmEMFIE 3 A5 454
Fu Y ——ME R Gy AT ABEAOK— (2008.7.1. M)

WA ## © Induction of Pluripotency by Defined Factors. £523HIPN#EH > 7 7 L >~ A (2008.11.12. #Zs]Il)

FEWE, AR, HbEs, BEREL, SEHEBe, hhER, FRE— v S RsEEiE s o o AL e
MIE DL, 3L H A AW AR E S - 81 H AL LA RS AFKS (BMB2008) (2008.12.10.
M) OB L OKRR Y —53k

IERKT, KETET, BEFTF, PNET, SIS &7, G 3, dhWmer, SR, EaaEy BE
B SRBIRERMAES L O b IPS MBS R 2 MAEWEMIETO X b L ZREHEELORF. %310 H
AFHEYFRES - EBIR AAE RS AFRE (BMB2008) (2008.12.10. fiF) KA Y —JE%k

I e BRIRIGH AT 72, 1PS Mg o 82 & 3, MOZATBOE AR A EA IR B [0 - RAYES D
MEEIRBAN | 455 MAR Y » R Y Y 4 (2008.12.15. HU)

M. Nakagawa, Y. Mochiduki, K. Takahashi, K. Okita, N. Takizawa, T. Ichisaka and S. Yamanaka: Generation of
induced pluripotent stem (iPS) cells by family genes of Sox, Oct, KIf and Myc transcription factors. 6th ISSCR
Annual Meeting (2008.6.11. US.) ¥R A% —5%

M. Nakagawa, Y. Mochiduki, K. Takahashi, K. Okita, N. Takizawa, T. Ichisaka and S. Yamanaka: Generation of
induced pluripotent stem cells by family genes. 25310 H R4S 4ES - IR A ARE/LFEE KRS &
K% (BMB2008) (2008.12.9. i) AR ¥ —FE%k

K. Takahashi and S. Yamanaka : Induction of human pluripotent stem cells by defined factors. 6th ISSCR Annual
Meeting (2008.6.11. US.) KR ¥ —5F

K. Takahashi, M. Yokura, A. Okada, T. Tanaka, T. Ichisaka and S. Yamanaka: Induction of Pluripotent Stem Cells
from Japanese Skin. £531[81 H AR5 F-AWseasdE 4y - 81 H AR Ef LA RKe: AFRAS (BMB2008) (2008.
12.9. i) RS —5E

WHZEA, —BIF, WM oAV 2z Hniws o AN TEReMER (PS) Mgz, #3310 HARSF4
Wips s - 8L H AL LFER RS ARIAE (BMB2008) (2008.12.9. #iF) XIIBHB L KR ¥ —5
E

MHES, PHERN, R varyar, —BF, IWRHEE s v A VANZ ¥ =2 Hnivey A NTEREN
g (iPS) Ml ORI, SRIZATBCE AR AP IR [ 00BN - RAUIESE O SEHE R BN | 58 5 M43 &
YHRT YL (2008.12.15. W) MKRR Y —5EFR

HHEZ, PHEN, —BRAF, BHEM L, =T SR, IR, i eR @ iPS MBI Hk T 5~
v AORMREEBIS. B3LEH ARG FEY Y RFES - B8 H AL FEA RS AFRKE (BMB2003)
(2008.12.9. ) ¥KRA Y —%EFk

HHEZ, PHEN, —BRF, HEM L, =T SEIAL IR, I oR @ iPS MBI HR T 5~
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v A DRMFESBIE. MIATBOE NBABAIR R [ 05N - RS O SEEPR R ] 55 Rk T >
KT T4 (2008.12.15. HEHL) MAF ALY —FEFk

AM=ZFA, MW, —BOlT-, BBk R HEEL, FHEE, WhHEEA SAEHAL RIHEA, s
<A - e MO iPS MfZ LICBI A % microRNA O & 2 OWREMAT. #3110 H AR5 FEYFRE
25 - B8l H A4 LA Re AlIA% (BMB2008) (2008.12.9. i) XKRA ¥ —5E%k

HONBEF, @0 B0, B Ok a, mgl, B Z ling «iPS MRS O 720 OFBLIR T OHEREAIRR.
53100 H ARG FAEY A% - 8L H AL LA RE  ARIA% (BMB2008) (2008.12.9. i) KA
5 =588

SR HB, M. Schmidt, A.Nowrouzi, =f&#1F), C.VonKalle, LR v M AL REEHMIEEERC BT 5
4 W O8F AALAEAT. B3I H ARG FAEWFARES - BN H AL LFEKE GFKE (BMB2008)
(2008.12.9. ) MAKRAL -5

SRR, HIRZ, BREEE, LR ReR 0 < 2 PS MO in vitro AEFEMINES L. AE31IEH ARG FAE AR
& - B H A& LRSS GMA% (BMB2003) (2008.12.9. i) KA ¥ —5%k

FRRIHDF, — B, e B PR, LR Zaetk e TE BT S Zn 74 =8 Y80 H
Salld OFEREAAT. 5311 H AT AW R E S - LR H AL FEA RS AFAL (BMB2008) (2008.
12.9. fliF) MHRA Y -5k

K. Miura, O. Tsuji, Y. Okada, M. Nishino, E. Ikeda, K. Okita, K. Takahashi, Y. Matsuzaki, Y. Toyama, M. Nakamura, S.

=

P

Yamanaka and H. Okano : Directed neural differentiation of induced pluritpotent stem cells. 6th ISSCR Annual
Meeting (2008.6.11. US) XK A ¥ —F55

=HAT, WHEEEE, U OB, mEEKR, NIDRE, FHEMA, mHEET, MWHEHES, EERA, RRAR, Al
Wy A, I eR, REFSZ 0 NTZReMEE: (PS) g2 V72t Rlid O FFE. 5310 H AMRERA RS
(2008.7.9. HH)

K. Miura, O. Tsuji, Y. Okada, M. Nishino, S. Tomisato, K. Kohda, E. Ikeda, K. Okita, K. Takahashi, M. Koyanagi, K.
Tanabe, M. Yuzaki, Y. Toyama, M. Nakamura, S. Yamanaka and Okano, H.: Neural differentiation and
therapeutic effects of induced pluripotent stem cell. £831[AI H AR5 FEW a4 - 8810 H AAAbE SRS
&K% (BMB2008) (2008.12.9. #fiF) ¢IIHHB L R A ¥ — 583

=S, oL WUZ, M, R Bk, EEREK, ST, SEHMA, SEA, dhEES —BRPT
W=T£, HE L, KEXRE, whE@se, FlmmE, mrr s, g, B2 0 iPS (induced
pluripotent stem) A & H 72 RGO, SAZATBGE NFF AP IR [R5 - ESESF O
SeEERAN] S5 AR Y Y ARY 4 (2008.12.15. HHD) MR R & —3E5k

HREGR, AN, — BT, SREA S, iR RaE ES Ml &5 S 2 {51 ECATI5-1, ECATIS-
2 OFEREMENT. 531 H AW F R4S - B A ARE(L A RS AFAE (BMB2008) (2008.12.9.
M) OB LR A Y —353

FS& L, RESRE, @EmA, —B+, oPEES, SIS, s @ Lin28 o iPS MR FHEIC BT 2%
Ao BE3LIEH A FAEY PR ES - 8L AL L SRS GFAKE (BMB2008) (2008.12.9. i)
MIOFHB LR R & —585

H. Hong, K. Okita, K. Takahashi, A. Okada, T. Ichisaka and M. Nakagawa : Increased efficiency of induced pluripotent
stem cell induction by suppression of p53. #5310 H AR5 TS &4E4 - 81 H A& LESRE ARIK
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£ (BMB2008) (2008.12.9. i) K2R —583

2) BE-VORIIL

i hes © AT ZaetkEr (PS) Milan 2 < 28 L\ ES: [SRATBUEAN TP A M - MBS Balribi
(2008.1.9. HH)

s« iPS M OFZEER & SR OBEIZO W T [HEEEAN BARSERR B S #eEEams] (2008.1.9.
HH)

S. Yamanaka: The discovery and future of induced pluripotent stem (iPS) Cells [ The 1st GCOE International
Symposium at Kumamoto University ] (2008.1.16. REA)

S. Yamanaka: Regenerative Medicine : Reprogramming the cell [ World Economic Forum Annual Meeting 2008 ]
(2008.1.25. Switzerland)

S. Yamanaka : Induction of pluripotency by defined factors [4th Annual Stem Cell Conference "Stem Cell Regulation
and Reprogramming] (2008.2.8. U.S)

S. Yamanaka : Induction of pluripotency by defined factors [GF#EARZ: WE—MEHE T A 7 AW SFAFTRC &
FlaaiE | (2008.2.19. HUAR)

g N T2 reteiiiiie (iPS M) owRel: [TURESFHEE  H25miamEa ] (2008.2.23. Kk

i iisg - iPS MBRIZED SO RE L B [HHR IS AR AIEZEHEER AR - 71 79 4 =2 23
e R AR & (2008.2.26. HH0)

P fisg - e b iPS MIBEOMMT THREURSE  ERHEERIZERT  PR194 AT 2 st ZE weiil i o0 wl B 1k & Ry btk
FRRNOR AR Y R 4] (2008.2.27. )

IR« iPS Mg oW ReE & FRGE [ B ARSI B2l 7 7 73 — KAST 7+ —7 4 3] (2008.3.8. il
)

s - AT Z etk (PS) MifgA 2 < 28 L WS (5K WENZER - R U v L)
(2008.3.8. iz

bR« iPS Ml O W RN & FRE [ —=dubkaUatt dbduiliseatrais s | (2008.3.11. #& M)

e © A5 ReRs (iPS) MEO W Relk & B 45 7 Il H ARFAER B A ] (2008.3.14. &H1)

g« iPS A2 < 28 LV EES: [20074: R H B2 Bl &afis & | (2008.3.21. 50

S. Yamanaka: Generation of iPS cells from adult human fibroblasts [Keystone Symposia "Signaling Pathways in
Cancer and Development"| (2008.3.25. U.S.)

g« iPS MURBRFZE T A7E 2 & [SPR204: FErf = R A5 (2008.4.8. i)

S. Yamanaka : Induction of pluripotency by defined factors [ The 3rd International Workshop on Cell Regulations in
Division and Arrest Under Stress| (2008.4.9. Okinawa)

g« iPS Mifao R L3RS [ HTEE >~ oKD 4 [iPS flfaifsto e & 3E 1] (2008.4.15. HH()

s - ZREMEEAIIBIEZED 1 > /37 b —iPS MIERFZED 4 [RIKRIEERRAEHE 260D > 7 7 L >
A (2008.5.1. )

bR« iPS A O W RN & FRE [ 161 s i i A i 7E 2 | (2008.5.10. KB)

IR iPS cells—perspective and challenge [ 74T EBUE ABF M IREEERE  [EIBR D >R U7 4 [1PS gt
FE ) )R < ARk (2008.5.11. HUHR)

I #5R © Perspective of iPS cells [EEW%e7 54 b AR 4] (2008.5.13. HLAR)
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R © AT Z Rt o st & SR [ RIREERIETEAMRHE B2 ] (2008.5.17. KFR)

g - iPS MBS & BGE [ 855110 H AR IR FERAE R M 42 ] (2008.5.23. HH)

HiH s - NAIST TOHEEMEZIRY 202 > T [ HEEFEHNE 7 + — 7 22008 [NAIST O ¥rg— 55k Hffy
CEREE L RN, b4, REA ] (2008.6.5. W)

R« iPS ML O W RENE & B [ 43 RIRSZ B RSE R 2 BE M M & - =12l s ] (2008.6.7. K
B

i e - iPS Ml < 28 LS MEH2UE 7 + — 7 2 87315 ] (2008.6.10. KBK)

AR - iPS MEA 2 K 2H LWIES [IEE 7 A4+ > X7 7 7 RAH@EE] (2008.6.24. Jh )

i ifng « iPS MBS & B [HFRE: s > 77 L > A (2008.6.27. i)

b REs « iPS M O W REME & FRE [ b B ABRE 2400mIFC &4y | (2008.7.8. HHT)

i iss © iPS Mg hs> < 287 LW ES: [SMBC b v 7+ 34— (2008.7.9. Hx0)

HIFfisR © iPS Mg As2 < 28 L\ EES: [SMBC b v 7+ 34— (2008.7.16. Kk

Hispfifing © iPS Mg 2 < B2 LWES: = vy 7w 3 ) —] (2008.7.22. KB)

s« iPS MR A < 2% L WIES: [BEIE MCC s [4 55 1#]] (2008.7.22. Hn()

S. Yamanaka: iPS cell [ First Annual Stem Cell Symposium on the Bay | (2008.8.8 US))

i fing « iPS Mg O e & FUE [THMBORMZE . EFm7E&] (2008.8.19. fiz)l)

S. Yamanaka: iPS cells—perspective and challenge [ European Forum Alpbach 2008 Technology Forum ] (2008.8.
21, F—=ANYUT)

S. Yamanaka: Induction of pluripotency by defined factors [ Workshop on Cellular Reprogramming, Development
and Stem Cells] (2008.9.8. Hong Kong)

S. Yamanaka: iPS cell, perspective and challenge [ The Shaw Prize Public Lectures] (2008.9.10. Hong Kong)

S. Yamanaka : Induction of pluripotency by defined factors [ Peking University College of Life Science ] (2008.9.11.
Peking)

S. Yamanaka: iPS, perspective and challenge [ 2nd International SOX Meeting] (2008.9.16. Hyogo)

iR iPS Mg O BB & BE [517 0 H AL & 1 2 ke 5441 H AR S 4] (2008.9.19. K

579
L Es - iPS MR O REM: & R [ A #EE kNS 55 4 8] Kansai Cardiovascular Consortium | (2008.9. 20.
KBR)

A s« iPS g oW RetE & B [813I81 7 2 7 R 7~ T &nk] (2008.9.23. L

S. Yamanaka: Induction of pluripotency by defined factors [ The Biology of Stem Cells in Development and in
Cancer, Karolinska Institutet ] (2008.9.25. Sweden)

ISR © iPS MFEATD < B8 LWIES [STS 74 — 7 LAY R 4] (2008.10.4. 5UHE)

s« iPS AT < B8 L WIES: [B RS WA S EHRE 6 [y R 4] (2008.10.7. HH#)

I H 4 - Induction of pluripotency by defined factors [ 457008 H ARl ik 5 #4 1 (2008.10.10. HLAR)

g - iPS MERE O e & FUE [/3A 4 2 % 2¥22008] (2008.10.17. %))

g - iPS AIRBFZE DR EE & B [ 552300 H AHRIAMRHERE AT S 2 | (2008.10.24  5UHE)

P ing - BIEARHE 2B 7E% 12 7% o 723l [HARSN R Y YR TY Y A R E At se s
(275 72070 ) MIRLAEWZ O] (2008.10.28. HUHK)
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iR - Epllie sy & i o8 A 155670 H A4 irig s | (2008.10.30 44 =)

trp s« iPS MO T REM: [ BIPHEE LR BI04 Rt & < | (2008.11.1. KB)

HiH e - iPS MiiEA 2 < 2 LW ESE [N F v —B162008 [ Ak 240 < JesmERR & 70— v || (2008.
11.5. kB0

IR - iPS A CAREASED ? [P Y014 —T YLy P in 2% ] (2008.11.8. E4H1)

PR« 2 REIERE I OMERF & 3535 [20084F BE I B2 B Z B Rl &iiif | (2008.11.12. H30)

S. Yamanaka: Induction of pluripotency by defined factors [ Massry Prize Lectures at USC (2008.11.20. U.S)

S. Yamanaka: Induction of pluripotency by defined factors [2008 Massry Prize Mini-Symposium at UCLA |
(2008.11.21. US)

S. Yamanaka: iPS cells, perspective and challenge [ The Massry Prize | (2008.11.22. U.S)

s« iPS ML O T REdE & B [4858[R H A T LV F — Sk kex] (2008.11.27. D)

s« iPS M AT < 8T L VIR [RAKEHH 7 + —F 4] (2008.11.27. Hx0)

Hipifing - iPS AHRE O e & FUE [538I H AR fp e it & ] (2008.12.3. HUHR)

b REs © iPS MO W RN & BRE AR - REEIERIISERTEE 7 + — 7 4 ] (2008.12.4. KFR)

S. Yamanaka: Induction of pluripotency by defined factors [International Symposium on Regenerative
Medicine—Tenth Anniversary of Institute for Frontier Medical Sciences, Kyoto University | (2008.12.4. Kyoto)

bR« iPS MO T REME & FRE [ BICEREARS: - BRI & 1 s >R Uy A (2008.12.4. HUHR)

g« iPS Mg O] AelE & B [ 552910 H AR BRREF 4R 4% ] (2008.12.5. HUT)

I i« iPS g oW Retk & A [EE221n1 R B Ml se s ] (2008.12.7. BT

b Res © ZRelEAS R [58310 H ARG AP R EE - 881 H AL L AaRes GFAS (BMB2008) ¥ v Ky
b Rt & HE T A W RE—ERRIOH £ R 2 <—" (2008.12.9. )

HONFERN, iR« iPS Mg o B2 & FRGE [ H ASEERBY M FL 572008 | (2008.5.15. H k)

OB, I sR - iPS Mg ATD < B8 LW RS [IHAEET 77 77 3 —P204E 4 1 a5t & ] (2008.5.26.
D)

HFRA @ iPS MHE OB O BN & 4 OIS RFH—F LB~ OIS — [HdfrEadh & Bt 19—
(2008.6.27)

A« iPS ML OBUIR & FAEERA OIS T4 9 1l H A Flifhie s R24 ] (2008.8.31. H(#E)

M. Nakagawa : Generation of induced pluripotent stem (iPS) cells by Sox2, Oct4, Klf4, and c-Myc transcription factors
and their family genes [ The 11th Kyoto University International Symposium 2008 | (2008.10.11. China)

RN A ERRA OIS HIZE T 72 1PS MR 7E D St AR BER RS M e SR = s & | (2008.10.17.
i)

F R, I RR - iPS MR O R EE & BUE [ H ARG R R B8R E A Y v AP v 4] (2008.5.20. %K
)

EAEAIF ©iPS ML O L & HAEBAOIBH [JST ¥ ¥ KP4 CRESTI2—HR4FAEA 4 7 X— a v & HIES
CREST »#kif—] (2008.5.27. H0)

K. Takahashi : Induction of pluripotency by defined factors [ Royal College of Surgeons of Edinburgh "Programming
pluripotent cell identity" ] (2008.8.27. Scotland)

BRI iPS ML oz & 2 DB [WalkAgain2008 > v RI w4 [HFIZFES ©iPS Mlgl) (2008105, #H
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)

EREHIA © Induction of pluripotency by defined factors [ 52110 H ARB MG L5 k4 ] (2008.11.25 f& )

A IR 5 o NG Ress (1PS) Mg OB AL [EZHER KRR ARG E S - BRI ff7Et 2
F—1 (2008.3.11. %40)

S ©IPS Mg o R & FUE [5 6 MEpiie s > AR 4 ] (2008.5.16. H L)

MHEES - NLZretkintiie (PS M) oREEFUE [HARREMASEEREHE (551 1)) (2008.7.19. F1%)

K. Okita : Stem cells, control of differentiation & regenerative medicine [ EMBO Conference Series on Regeneration :
The Molecular and Cellular Basis of Regeneration and Tissue Repair] (2008.10.8. Spain)

MHIZEEAT © iPS cell, perspective and challenge [ The 17th CDB Meeting Towards Synthesis of Cells—Reconstruction
and Design of Cellular Functions—] (2008.10.14. Jftj#)

WHIZEA PSS MRS 2B 3 2 A HEMOM A [Hsfie - iPS Mg - FAEERO Y A ANOA—EME L O
EIEBE R VR Y 7 A in KRP—E R AcH4y ] (2008.10.23. HL4E)

A 1 iPS Mg R R & FUE [ 252608 H RS A2 A 44 (2008.10.29. KBR)

MHHEA A S 0 NTLRetEAINE (PS Mifa) offz & R (28 & s | (2008.11.13.
50

HIHHZ PSS MIBHIZEDBUIR & FE [RIRY: #1707 0 —s3)1 COE £ 35— (2008.9.24. FlF)

FHEZ ©1PS Mg & FAEFORFM [ 55670 H AR AEI 7 2#2] (2008.10.3. &F)

FHHEZ 1PS Ml X 2 HAEERORE [5 4 0 HABAHAERE#E 2] (2008.10.4. 5H#E)

HIEZ D iPS M OBUR & FUE [~ ) 7 ¥ FERREEHEN Rkt 3 - —] (2008.11.4. iz

e

BAEEIEHEE o

Department of Growth Regulation

PEHEE R BE (BR) EFF
Prof. Atsuko Sehara (Fujisawa)

[ 72 #t &]

Fa OWfgeE, WA POICHEREBIY OTERRIE R, FFICERG OB Z E OB O A 25 L
TWwho @wBERBICIE, Hc OMlal > 7 F VT REERTFPEVTw5, IhE0RRIE, BETFOEE LN
VDI BT A OREEHIERHEC X )RR - ZHN ST 2 — = 7221 T b, e, B0 LT
B IS Z O &) flE > 7D v 7 B L 2 oRlEo@HE B L TWwb, ADAM a7 7 —+¥i3, &
B 7 FNGT - LT s — - BEENT % EOMBIAIL R A A CUIli2 it LT, 2o ORRERIEORZ B2 &£ 2
ENTwEZens, AGZO 77 IV =BT A AN ¥ a (ADAMI2), AV K1Y ¥ g (ADAMI9) 2B
LCoA - HAICBU D ER IR o CT& 72, AN, FRRMREOFA B L OMRMEAMERICBIT 5 AV
)Y g O EIZET AR AN L2,

FEALRRIZ A BT, 770 7RI IR & 3 L CAATE L, MRS D & OMERFRIM S 2 1 iUIEA T L &
Vo TOX) BMEEIIBNTERSN, 7)) TOGLEHEFRICLE R 7)) THMETFIE, 0% {3 EEEM S >~
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IR EELTEEEN, RE EOME TR ST, TEESF & LTIl S s, Feld AL b)) 2B
AR ERCIREL ) T HGER T OWNEE A FEO Z L A G LT &z, 7)) THIHETIE, MRHEAICBIT AT
FNay) LTy —BIETOYF T ARRNGEEIZMD L0 T TbdH 5, L, 7)) THERTSANV M) ¥
BOEBPILE s, Corar 7 —YoRIEIR ) 7O, TRFILa) )k Ty —FEEEIC R A
LD EEZLOFTEEZOND, T TERAIZEDL) BRUREMEEZMREEL, FEAET A2 LM TE,

1. RE#HROIT VT (Y27 2) MREMEICHTSE XL 2 g DORE

AV Y BIRGIRIERC BV TR M THE L S, TOBEFIRBLEY Y ZAEZ O EAE
H%EDLRCILATLZE D (Komatsu K. et al,, Developmental Biol. 2007) o ARWFZETIE, 10~15% DEE TH: ZIEN
57977 b AEPNT, BEMEOMZBETAEIZBIT LX)V ) ¥ g O&EZHR, FORSE, X)L b
VY By Ty b AT OFADENS 2 L, Wallerian ZHERIRMEIZIEF I2ETT 225, 3
) RN S Z L E R L,

Z 2T, MEEIEMIZHE RO Schwann MldD3be, WER T 7% EO~— 7 —BEEF OB & REISH~ 72,
Schwann Ml 70 3 1) Y EREEAS I 1) YIEBEBEANOMIZSLIZIE7Te I ) VBRI E RS 5 Octé @
FEHUHI&HEE, I 1) YRBUSLIHD Krox20 DL LEZE T 5. /v 27 7Y bx 7 AT, Krox20 O
AL, Z2E b %9 Oct6 OFEBIM], I Y &HTH 5 myelin basic protein (MBP) %° Protein0 (P0) i
EFOFEEAEN Tz, $723 1) YEKIE, PIBK-AKT BEOEHLALEL T 505, ZOFEHELI/ v
7T RRTATIIHZALN TS Z Db olze 7 ADOFHH - BARMEEH ORI B2 HR L, ¥ =27 Yl
D PI3K-AKT ## 2 iGMHAL S REN 272 2AH, ANVN) Y B/ v 2T b T ATREOERIIMET LT
WBZ ED Dol BED X ) ICHIEEEICBWT AL MY ¥ pIE, MIAEARTER 7 PISK-AKT #£50 S AL
flf 2 A LT, MR IR L 72 Schwann ML 2 #I#§ 2 2 AW SNk o72 (M1)e 7RI T
VY, 3L AT =IANOMLERIMT A0, EEbbZa—L 7)) Y ThHY, HIFEAYINIC L o THERLS
TE%ETD Typel, BEVPBG T CTCIOXY T AT 754 T FNGTEEZLNTWS Typelll 22—V 7Y ¥
THAHZEDPHESINT VDS, ANVI) Y BORIBIZE > THRED Y v 7 A5 754 23 7 FIVEEREPET S
HZENDL, AN Y BRYFTAIBWCRE 2 — L 7)) VO VP VOEAIZEE T 5 2 EHER SN
(Wakatsuki et al, J Biol. Chem. in press) o

) Immature Promyelin
myelin sheath Schwann cell Schwann cell
ERK 4 PI3K -AKT 4
GFAP
Oct6 Krox 20

1. RE#FER T U7 Schwann #EEAMEICH T2 XL U2 g DIE]
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AChR a subunit =

antisense probe g

| E18.5 | |
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H2. MEHEASTRICBE I AN BDERE, XIWMUSL B /v ITYRIYRATE, ZEFLAULLETE—
DOREY, BALANLTH () GELANLTHHFROPRIZBELEWL (R, 512, $1RIP I FTIXEBAT
HET2 (Ao

2. MHEEESE (NMJ) FERICE T X)L D > g DIXE]

=7, AN Y BRIER T ADIRFTIE, W BEG-3 2 AR I R0 Ul ) 75 1 e s 1 40 % WIS 3 2 B B o e
DFEIA~OBFHIREDBOON, TEFNa) LTy —0EBLENZ EDbholz, TRF VY UL
LT —OERBOEZIE, =2—1 7)Y ARIA O F T ATOHEERIBMORE 2 RET 250 THho72 (M
2)o —75, EEIBEOBESHMAOEFICHET A EHEZ, —2—L ) VAT TEHEATE VLD TH - 72,
ZIT, WA ZABA T NM] ICERT 2018 LAV Y ¥ g R ATIRERE L 2VWIRGEY %
microarray Z W THEL, ZORFIZHEGLZ) %, W O2DBEMEETZERLZ. LT, Z0HHD
O L DD O##E O pathfinding % Hl#13° % EphrinA5 Tdh % Z &, EphrinAb KIE~ 7 A ThH, [k NMJ
WOREPROENDLZERZ /ML, AVNY Y pld, #OL+t 7% — EphAd4 EMHENM L, EphrinA5-EphA4
BEROZ Y R A b= ZAFIMFIL 720 Z0O8)HIE, ANV MY Y poTar 7 =Bk ELRZVDL DT
Hotzo TOWIEE, T TAORENIICBITL AN N ¥ pOKEZHS 2T EELIZ, TaFT7—EIC
REL VAN )V B OREOHEAEEZ R LTS DTH S (Yumoto N. et al., PLoS One 2008) o

Development and regeneration require various kinds of intercellular signaling and adhesion molecules. Our
research has been focused on regulatory mechanisms of such cell-cell interactions. Numerous intercellular
signaling molecules are generated as membrane-anchored proteins, and they are subjected to proteolytic processing
to liberate their extracellular domains (ectodomain shedding). Evidence suggests that ADAM family proteases are
involved in the ecotodmain shedding of various membrane proteins. We are currently studying roles of ADAM

proteases in development of nervous system.
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1. Roles of Meltrin g/ADAM19 in Progression of Schwann Cell Differentiation and Myelination during

Sciatic Nerve Regeneration

Remyelination is an important aspect of nerve regeneration after nerve injury, but the underlying mechanisms
are not fully understood. Here, we show that Meltrin SJ(ADAM19), a member of the ADAM (a disintegrin and
metalloprotease) family, plays crucial roles in nerve regeneration after a crush injury to the sciatic nerves. The
expression of Meltrin # was up-regulated in neurons after the crush injury. Morphometrical analysis revealed a
delay in remyelination in Meltrin g deficient nerves whereas no significant defects were observed in their axon
elongation. The activation of Krox-20, an indispensable transcription factor for myelination, was delayed in Meltrin
B deficient nerves and was accompanied by the retarded expression of myelin-related proteins. Expression of Krox-
20 in Schwann cells were mediated by Akt. Phosphorylation of Akt but not that of Erks was reduced in
regenerating nerves of Meltrin fdeficient mice. The cell membrane fraction prepared from Meltrin g deficient
nerves showed a defective activation of Akt in the membrane-loaded Schwann cells. Meltrin g deficient mice
exhibited delayed sciatic functional recovery after the nerve crush. Altogether, these results reveal a role of
Meltrin g in Schwann cell differentiation and re-myelination in nerve regeneration. Moreover, this study suggests
that Meltrin g functions as a modulator of juxtacrine signaling from axons that activates Akt pathway and Krox-20

prerequisite for Schwann cell differentiation.

2. Meltrin g/ADAM19 interacting with EphA4 in developing neural cells participates in formation of the

neuromuscular junction

Background
Development of the neuromuscular junction (NM]) is initiated by the formation of postsynaptic specializations in

the central zones of muscles, followed by the arrival of motor nerve terminals opposite the postsynaptic regions.
The post- and presynaptic components are then stabilized and modified to form mature synapses. Roles of ADAM
(A Disintegrin And Metalloprotease) family proteins in the formation of the NMJ have not been reported previously.
Principal findings

We report here that Meltrin g, ADAMI9, participates in the formation of the NM]J. The zone of EphA4
interacted with each other in developing motor neurons, and both of these proteins localized in the NM]J.
Coexpression of Meltrin g and EphA4 strongly blocked vesicular internalization of ephrin-A5?EphA4 complexes
without requiring the protease activity of Meltrin g, suggesting a regulatory role of Meltrin fin ephrin-A5-Eph
signaling
Conclusion

Meltrin gplays a regulatory role in formation of the NM]J. The endocytosis of ephrin-Eph complexes is
required for efficient contact-dependent repulsion between ephrin and Eph. We propose that Meltrin pstabilizes
the interaction between ephrin-A5 and EphA4 by regulating endocytosis of the ephrinA5-EphA complex negatively,

which would contribute to the fine-tuning of the NM]J during development
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1) BEE#HX

S. Wakatsuki, N. Yumoto, K. Komatsu, T. Araki and A. Sehara-Fujisawa: Roles of meltrin beta/ADAMI9 in
progression of Schwann cell differentiation and myelination during sciatic nerve regeneration. ] Biol Chem. i
press

N. Yumoto, S. Wakatsuki, T. Kurisaki, Y. Hara, N. Osumi, J. Frisén and A. Sehara-Fujisawa : Meltrin beta/ADAM19
interacting with EphA4 in developing neural cells participates in formation of the neuromuscular junction.
PLoS ONE, 3(10): e3322 (2008)

A. Harsha, O. Stojadinovic, H. Brem, A. Sehara-Fujisawa, U. Wewer, C. Loomis, C. Blobel, M. Tomic-Canic: ADAMI12:
a Potential Target for the Treatment of Chronic Wounds. Journal of Molecular Medicine, 86(8): 961-969 (2008)

A. Okada, S. Mochizuki, T. Yatabe, T. Kimura, T. Shiomi, Y. Fujita, H. Matsumoto, A. Sehara-Fujisawa, Y. Iwamoto
and Y. Okada: ADAM-12 (meltrin alpha) is involved in chondrocyte proliferation via cleavage of insulin-like

growth factor binding protein 5 in osteoarthritic cartilage. Arthritis Rheum. 58(3): 778-789 (2008)

2) % &
AL, AMRFER], #EE T Image ] & W72 A BHEO =koc 7 — &1L, BRI, F44L Vol.26
No.4 (3 J3%) pp.555-560 (2008)

=%
55

1) F%5 - MRSER

Tomomi Sato: EphrinB2 Reverse Signaling in the Probability of Neurons Projecting from the Tectum to the
Hindbrain in Zebrafish. CDB ¥ ¥ &Y 4 (2008.3.24. ftf)

Koji Komatsu, Shuji Wakatsuki, Atsushi lida and Atsuko Sehara-Fujisawa : Roles of Meltrin beta/ADAMI19 Protease
in Development of Cardiovascular System. Keystone Symposia (Molecular Mechanisms of Angiogenesis in
Development and Disease). (2008.1.16. Vancouver, Canada)

N. Yumoto, S. Wakatsuki, T. Kurisaki, Y. Hara, N. Osumi, J. Frisén and A. Sehara-Fujisawa : Meltrin beta/ADAMI19
interacting with EphA4 in developing neural cells participates in formation of the neuromuscular junction,
Frontiers in Developmental Biology Meeting (Joint meeting of the Societe Francaise de Biologie du
Developpement/Japanese Society of Developmental Biologists) (2008.9.15. Giens, France)

SRHESR, SOfys, L, WORT, JNREE, BEET €77 74 v 2 aORBEKICBIT 5 adam-8
a7 7—¥Y¥HTOEE Roles of adam-8 (A disintegrin and metalloproteinase domain 8) in zebrafish
development.), BMB2008 (#5311 H R4 FAEMWara4E4y - 431 H AL LA AkS) (2008.12.9. L)

SRIGEHN, BEHEER, B M, LR, MEGET - SiEriRMIIE OB AEE 2 MU T 2 PR VW e E TR
it A1 (Analysis of myotube formation using monoclonal antibodies that recognize fusogenic myoblasts.),

BMB2008 (4531101 H A5 HEWpiea 4y - 55811 H AR LAY K%) (2008.12.10. fLfH#)
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2) BE- Y RYIL

Atsuko Sehara: Peri-membranous Proteolysis and Regulatory Mechanisms. I =3 Y RI v 4 [EREIZBIT S
7’05 %1 ¥ A (Proteolysis in the perimembrane region). #5600 H AFALEY#A K4S (2008.6.29. Fii%s
iy,

EET MRz b o [HE] 285, B3RS AIEERE HE S (HAE#E), (2008.7.26. H50)

WRE T - R L - IR A BIT A2 ANV MY ¥ pO&E. Py RY oL [FEEEE7Ta T
T =Lz, FHIBRYRELIGEICBITL T T T [ Y e By —EaiifEs (2008.8.23. K
B

Atsuko Sehara: Roles of Meltrin beta (ADAM]19) in development of the heart and the peripheral nervous system.
+ I+ — Developmental Biology Institute of Marseille Luminy (2008.9.12. Marseille, France)

RS OERRIEIC B 5 ADAM 7107 7 — ¥ ORE—ERER 2 .00, FE30MEOHEMRDIES R
{#) (2008.11.28. =)

WRET C EETE, ZLTAERICAZEYD "2a T4 7", ALFHE VISR OXBIE0EFERE &S R
Do [HACE T & Adrfter ] (RfEREE) (2008.12.10. SLRE)

BEREFDH

Department of Immunology

ERE B &K

Assoc. Prof. Tatsuo Kina

(7 72 #1 E]

AWz 8 i, (1) XHBIICIA2MEY > S EREBEB LT Q) 7L VF—HREEE T
BALB/cCD45.1 ¥ 7 ZIZBIT LT LIVF—BHED T F 27—~ & L THI%E 217> T\ 5,

1. XIEBFRICK MR > /NEREEBEOBT—BO Y T RCEE LU ZRIR) D /NED St &
h 7-#8%D TCRp genotype

2 AR A BT 5 L, KR TLZFOMIRE V- AE L EMT 5. TOBRBHA S B G X
oL &bz, LWL - Bz Xy, fidlEess LTHET 2, LA LB~y AT, &
BEEE TR )V NEDE L B0 22 Thiub ity > /8o TCRA $4# 514 (TCRA genotype) DT % fif
M35 ET, MRFHEOBBTBELEEAHLMILL) ELTEL, INFTIZ, —Hofalty v/ EIcs
WTIE TCRp genotype S—2DTIEARWVWI L ZRTTF— 7 AE SN TWize SEEFIZINSEED genotype A3k
WOBEREEATNLILEDE LD,

— OOk ) ¥ IO genotype BFIET LG, K OMIEIEH 5 —20D genotype A L, 8FE
% 7 genotype 13750 O GBS D (K1) BRIV Z L 12, HIF D genotype |281F % DJ construct &
%% D genotype 2B % VD] construct @ D] #F0SEEIZ—H L TWwize SO EIEThbE, ZodHh b1
BIZT D H—75 THRHMO TCRB $BEIETV-DJFMR A L7z, PEOMIB TR, &) —HONIEETT
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L VD] A B I o722 2 RBLTWE, bbb 7T —2 1%, ERBEETHLEEZLNTE
"feedback inhibition" AT 2D TH b, S4B F T, ZOHERPWIRFTERRICRE SN L2 HH %2 HIE$
%o

2. BALB/c.CD45.1 A>3 1= v - IURIIB TR RERE & 7DD FHE

M 5 > 787 B CD45 1%, ZORBEA F A A 120 YL a ¥ VRRR ) ©BRAL (PTPase) %%
AL, RENSOIE - AORFHNF & L TEETH L, itk MIBWT, CD45 OMIEs N2 A > DERD 5\
EEB IR RDSRIEARSIER LS MALE, MEER R A2 SR THERE L o TWAHINHE &, CD45 ¢
WAVABRIFADFIEIBR L T D 2 AR ENT WD, Fex M7 L7z BALB/cCD45.1 ¥ 7 A%, CD45
FFIZBE LT, #HE O BALB/c ¥ A (CD45.2) &LIEL T, CD45 7 FOMilight F A4 > D507 3/ R
FIDZERL TWEY, ERPEUEICEHETHRETORE R, 7LV F—EEBEELTE Z2 IET 5,
BALB/cCD45.1 ¥ 7 AIZBIF 5 I N O D%ERFEL, Mo Th2 1 b A4 % Igk @ bR L Z -3 LT
By, MBLNVTIE, ) CREIIZBIT S CDE9 Btk BAfaEoEme 2o OBMIEIZ BT % Jak3 3 & UF Stat6
DF L) YBILOTCHED TR BTz, Jak3/Statb D5 1RiERIL IgE BAICEETH S I EAVREIN TV S
TEMD, INHOKEIL, CD45.1 ¥ 7 AHHED CD45 471 (CD45.1) 1 CD45.2 431 & Mk L, PTP itk
METFTLTWS, SLLRETFTLRTWVWILARIELTNSEEZ LNz, TORICOWTHITZITo72L 25,
CD45.1 ¥ ZAO BMIAK D CD45 7711, 4E#i& & H12 PTP {1725 CD45.2 ¥ 7 A ZENTHEIE T L Tw
5T ENRENT, T2, v ADBAlgFIE CD45 0¥ %t CD45 A THUGT 5 &, CD45 @ PTP i1/

V2 4 101 5 8 119 6 15 14

CD45
B-cel |
= 25 DI PTPase ON
* D2
Vap1J1.1* —
o }vDu22 Crosslinking with
<« V14D2J2.3(inv) anti-CD45 (14.8)

MAJOR e 14.8

) CD45
‘ — V4D1J1.1" — v14D242.3(inv) —
B-cel |

D PTPase OFF

— V4D1J1.1" — D2J2.3 — — membrane )
e — V4D1J1.1" — D2J2.3 — + ‘
VD422 Hyper-phosphorylation

1. —oDRRY >/ bR S R L REO genotype. ofaks/ et

DOKIRR) L INEEICH VT, TR TOMBEY —FH DI IE
fzF I TCRp 9 F % 21— K ¥ % VDJ construct

(VAD1J1.17) %82, DPBOMBEIZZNOLE, H5—FHD '“”g"'enﬁfd ‘Er°d”°t'°"
SDBEFICH VN TS V-DJ BIEREHZ LTz 20 of Ig

VDJ construct DV (3 ZHEETH 5 DIS, DJ B — 2. BALB/c.CD45.1 =™ XIZ# |+ 34 CD45 4
&858 (D1J2.2; T#§E6) T, feedback inhibition (Z& - T RICE B IgE EEDERERDO A HZX L,
V-DJBH#ERZELED>/EDJ ER—TCH-o70 DR FE# 5% IgE EX F @ %, CD D
LSBT A 512, VAD1JI. 1T OTFHICH 3 D2J2.3 PTPase &M(IC & W EEN I hO—LEH
EVIA BT X METOBER bRE S N, 37, $5 CD45 Hifklc £ W BMBEED

CD45 » F »*22#5 & h, PTPase & M »
OFF (%3 &, ZDT#dD Jak3/Staté D 1)
CEBENREZ N, BREID IGE FEEI N
3£k B,
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FIET 352 &b, Ml CD45 571D 8 A < — s CD45 4312 D b DO PTP IHFMHK T DRI % -
TWBLHFEMAVR S NTze DR EEEMD?D 572012, Ovalbumin (OVA) HUEHKG-Z1T- 7277 212, Bl
PRI Pt CD45 Hifk (14.8) Z{EGF LT, OVA R IgE EAICBIT 2B 2T/ 25, OVA FREW
IgE PUARPEAEDIEIR SN D Z LA, BENIZBWTY, CD45 i OREDSHIERE OFIEDRK & %> T b
LEZOND (M2), 4%, ZOBROGTHEMEL S HITEHL T 42, BALB/cCD45.1 ¥ 7 A% Hw
T, HAeDT LVF—RRIEDHREET IV AR L7V,

Our research aim focuses on two major areas. (1) Molecular mechanism of X-ray-induced thymic
lymphomagenesis in C57BL/6 mice and (2) Molecular and cellular mechanisms of inflammatory diseases in

BALB/c.CD45.1 congenic mice.
1. TCRg genotypes detected from a murine thymic lymphoma

Irradiation to mice, even at low dose, causes atrophy of their thymi. Normally, immigrating stem cells from
bone marrow and intensive proliferation and differentiation of survived thymocytes regenerate the thymus.
Thymic lymphomas however are often induced in irradiated mice. In order to elucidate the anomaly in the thymic
regeneration, we have analyzed TCRp chain gene loci in thymic lymphomas. Our previous data show that some
thymic lymphomas contain several TCRp genotypes. This year, we have revealed that all the genotypes detected
in a thymic lymphoma have a part in common.

In case a thymic lymphoma has several TCRA genotypes, a large portion of the cells have a genotype and the
rest have various genotypes for each (Fig.1). Interestingly, the D] construct in the former and all the D] fragments
in the VD] constructs in the latter were identical. Therefore the identity strongly suggests that the minor cells
undertook the second V to D] recombination in the other allele even though the first V to D] rearrangement had
been productive. Our finding is against the feedback inhibition of TCRb V to DJ rearrangement. As a next stage,

we are going to investigate whether this phenomena is restricted to the thymic regeneration.
2. Molecular and cellular mechanism of immune disorders in BLB/c.CD45.1 mice.

BALB/c.CD45.1 congenic mice spontaneously develop atopic dermatitis in skins as well as allergic inflammatory
diseases in eytes and ears after 6 months of age. The concentration of Th2 cytokines and IgE in blood was elevated
in these mice as compared with normal BALB/c mice. However, more profound effects are found in lymph node B-
cell population. Higher number of activated (CD69 ) B-cells were detected in axillary lymph nodes in these mice, and
the expression of activation-induced cytidine deamisase (AID) and the germline Ige transcripts were highly elevated
in these B-cells. Biochemical analysis revealed that tyrosine phosphorylation of Jak3/Stat6 in lymph node B-cells in
aged BALB/c.CD45.1 mice was significantly higher than that in normal BALB/c mice. Because the activation of
Jak3/Stat6 system is shown to be required for IgE production in B-cells and CD45 is involved in the regulation of
Jak3/Stat6, these results suggest that PTPase activity of CD45 in aged BALB/c.CD45.1 lymph node B-cells is
reduced as compared with normal BALB/c B-cells. Using the assay method to directly quantitate the PTP activity
of CD45 molecules, we showed that PTPase activity of CD45 molecules in aged BALB/c.CD45.1 mice was

significantly lower than that in normal mice. To investigate the role of CD45 molecules in higher production of IgE
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in vivo, we injected B-cell specific anti-CD45 antibody (14.8) in ovalbumine (OV A)-immunized mice and OV A-specific
IgE levels are compared. The results showed that OV A-specific IgE production was greatly enhanced by the
injection of anti-CD45, suggesting that the cross-linking of B-cell surface CD45 molecules resulted in reduced PTPase
activity of CD45 and elevated production of IgE. Similar mechanisms might be involved in the immune disorders

developed in BALB/c.CD45.1 mice.

[% #& B 2]

® FLEORK ®

Fx MRS

AR, MiEEET, BEMRE, BHFEW o~y 21254 L) > 23E O TCRb genotype (F43 L
4 1 f$HTld 7%\, Kyoto T Cell Conference 451844744 (2008.6.13-14. 5U#D)

Shinji Fujimoto, Shizuko Kakinuma, Tatsuo Kina and Yoshiya Shimada: Further V to DJ rearrangement of TCRb
gene in the presence of an in-frame VD] construct. #3380 H ARGIEFAARE - FiTéESs (2008.12.1-3. K
#E)

Shinji Fujimoto, Shizuko Kakinuma, Tatsuo Kina and Yoshiya Shimada: TCRb V to D] rearrangement in the DP
thymocytes in the presence of an in-frame VD] construct. International Symposium on Regenerative Medicine
(2008.124. Kyoto)

EAREIE, WAEET, =MRE BHEW  —FHo~ 7 2254 L) >/ Eo TCRb AT FH# R O
FERTIZ X o TSI o 72 LIEORT) >/ SIEMId A & o385l & 5 k. 55310 H AR5 A W24y - 458100
HARE RS GRS (2008.12.9-12. )
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Department of Biological Repair

SHEE EHE =B =
Assoc. Prof. Jun Takahashi

(7 72 # =]

ik, WHEBARL (ES Mile) & ATl (PS M) % v 7o imiaiiki s e B L T,
T, TRIEREMBEMIC X o CTRREBAER SN TVE/—F 2V UiiE TR REE L LT, F—s33
VAR OREE, MK X B MEEROUGE IS 2582 1To T b ZOMBBAREIC BV TIE, %)
R ANRE R, JEB R O 720 OMINER, AR50 2 IS, AR O BERH, R OMR L
LEVRERR EMETREED L 2 H ), BEEIINOZ VLDV EDMRIL Twd o FRIIZIE, AR B
PREBHIHOR L 72 & % & O 12 G W 2 AR IR IR 720w e EZ TWv b,

HNBFEINEZBE LT, ROCK FHE#E AN #IC & 2 #II35E (anoikis) Z #0322 & #6212 LHuE L7z,
ROCK FHEHE TREL 5 5 Z 12 & 0 Mg fe 24 ~ 48 i f2 DAMIIIE DA B2 A L, MO RILIZ %53
LD EBbILs, F 72 Stromal cell-derived inducing activity (SDIA) OfEEf & L CHaA AL S ES Mg h
LD F—/33 VEEMEFEREA TSI L2 L (M1)o ZOHT PAG g & DB 5 K2 WntbaD )
ENEETHHIELWSNII L. ZOBRIIEHRRE T 2 V2 Wil EEF RIS L) 2. 72, Mg
B O AR A MHOIHE - BEOSIER L, 205 ORISR O ML Ml L Tnwa 2 L 20
LT L7z FRI2IL-6 OBFGAVRIE S I, BUEIE A A MINERRHIEIC & 2 BRI & 28 2 mE L Cw
o

We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially
embryonic stem cells (ES cells) and induced pluripotent stem cells (iPS cells). The main target is Parkinson's

disease, and our research focuses on induction of dopaminergic (DA) neurons from these cells and transplantation of
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Fig. 1. Induction of DA neurons from human ES cells on meningeal cells (TH+cells=red, Tuj1+cells=green)
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the cells into the brain to improve neurological symptoms. So far, we have demonstrated that transplantation of
monkey ES cell-derived neurons improved the Parkinsonian symptoms of the monkey models. In addition, we have
revealed a method to prevent tumor formation. Now, we are inducing DA neurons from human ES and iPS cells,
and developing a safe and effective method for clinical application of these cells.

We have reported that cell death after dissociation (anoikis) of ES cells or ES cell-derived neural precursor cells
(NPCs) can be reduced by the treatment with ROCK inhibitor. Cell death immediately after injection into the brain
was significantly reduced by ROCK inhibitor, so these results are useful for the efficient cell transplantation. We
have also revealed that meningeal cells can be used as feeders to induce DA neurons from ES cells (Fig. 1), and
Wntba plays an important role in the stromal cell-derived inducing activity (SDIA). We hope that further
investigation of the molecular mechanism of SDIA will lead to chemically defined neuronal induction. In addition,
we have demonstrated that host-derived leukocytes, including microglia, macrophages, and lymphocytes,
accumulate around the grafts of mouse ES cell-derived NPCs in host mouse brains, and that they suppressed
neuronal differentiation of the grafted NPCs. As it is suggested that IL-6 is involved in this suppression, we are
investigating the effects of the host brain environment including pro-inflammatory cytokines on the differentiation of

the grafted NPCs.

[ #& B $3]
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T. Wataya, S. Ando, K. Muguruma, H. Ikeda, K. Watanabe, M. Eiraku, M. Kawada, J. Takahashi, N. Hashimoto and Y.
Sasai : Minimization of exogenous signals in ES cell culture induces rostral hypothalamic differentiation. Proc
Natl Acad Sci USA 105(33): 11796-11801 (2008)

M. Ideguchi, M. Shinoyama, M. Gomi, H. Hayashi, N. Hashimoto and ]. Takahashi: Immune or inflammatory response
by the host brain suppresses neuronal differentiation of transplanted ES cell-derived neural precursor cells. ]
Neurosci Res 86(9): 1936-1943 (2008)

H. Hayashi, A. Morizane, M. Koyanagi, Y. Ono, Y. Sasai, N. Hashimoto and ]. Takahashi: Meningeal cells induce
dopaminergic neurons from embryonic stem cells. Eur ] Neurosci 27: 261-268 (2008)

M. Koyanagi, J. Takahashi, Y. Arakawa, D. Doi, H. Fukuda, H. Hayashi, S. Narumiya and N. Hashimoto : Inhibition of
the Rho/ROCK pathway reduces apoptosis during transplantation of embryonic stem cell-derived neural
precursors. J Neurosci Res 86(2): 270-280 (2008)
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B =RV VRIS T A a—uE T2 L—Y 3 v RS 48(4) 1 233-241 (2008)

mi% i ES MIRARAEIC X & KRR R O A, BARTES: MOOK B A2 D1F % Ml f2 Hi G o F2 i
(M%) @ 117-121 (2008)
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ERE B, M JERE, RIURE  BERAIIRIC X 2 ES Ml 50 F— N3 Y EAEMREFHE. H310 H AMRER AR
£ (2008.7.9-11. HH0)

EE O WA, BIERE v b AT ZRerEiE GPS M) 250 F— X3 Y EAMREEE. 6T HA
PitbfEs R % (2008.10.1-3. BElE)

Jun Takahashi: ES cell transplantation for Parkinson's disease—animal study. 57th Congresso Nazionale Societa
Ttaliana di Neurochirurgia (2008.11.6-8. Udine, Italy)

HIEME, ®f§ ¥, Jia-YiLi, Patrik Brundin : & b ES MIIEOMAEE R & MNBRLIROEF 12OV T, 5670
H AR gy b4 (2008.10.1-3. &)

RO, EHORE, mAE W Wnt 7SV EFA L 72 ES Mg S oM RO 6T H AR
AMEFA2y (2008.10.1-3. FFR)

TIERE, AL, AR, Rk MR 6l AR B S B SRS F Uy e T VISH T
5t b ES MBfAE. fiEliko R - B4 - BT AH23E A S (2008.5.17. %K)

D. Doi, T. Kikuchi, H. Saiki, H. Onoe, T. Hayashi, H. Hayashi, Y. Sasai and J. Takahashi: Analysis of the human ES cell-
derived tumor in the primate model of Parkinson's disease. Annual meeting of the Society for Neuroscience
2008 (2008.11.15-19. Washington D.C.)
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Department of Tissue Regeneration

AEHEFE E FORED
Prof. Junya Toguchida

[ 72 #t &]

A58 0 BRI S RALR OB R (UBAE 2 B L, 2 ORCRIZS £ DT, FIHSRHLIER O R 20§
LIBERECHHET LI ETH D, LTDOT—<IZOWTHENEZ ETL T2,

1. BERBFMIIDIEIES & U2LHIEEE DR

B AL, R EE SRR OB 4 e M oAb T BE 2 FELAR I I © B B [ BE R MY (mesenchymal
stem cell, MSC) 25fFfEL TW2 L ENTWwh, Lo L MSC OAREIZHE L CIIRBEHZ H% <, MSC & Hw
72 FIFE AR O FFAE R & FHEIARILC I D W2 IR & § 5 720121E, TOM@ENSUHTH o A IHABRFE
FHEEETL AR R L OLEBIJE L LT, MSC OMARE# 24T\, Bifd L OV LRRICE § 2 AT 217> T &
720 BETEGIERAE 2B L ik, MIEMHIER T Ch 5 pl6 din T ORBITHEAIR B A FFE L, WiEEik %
7263 ERTHY, BRMIFEBETOREEICLY, BBIGENHETE L2 L2 RB LA, oftaIcBE L T,
T4 DB L2 AFEAL MSC 7 0 — v 2 w27 7ua—FIi2 k), CD106 383l & & B L IR 1LiE & DI,
H B\ d TGFA x5 UG & BE M LREDHMEED 7 0 —F VB d R L7z, 2o ofERiE, BIfE—F
DALY b T MSC 3845H - LEED BV TEMAMBOERTH L I L 2 EHLET 5D TH Y, %
FRIT~DHEE B DEEZER TV A,

2. BEERFHROECEREBEORRE

P ORI S AN AFAE T 2 MR TH 5 2 & 2R TMEAMHKNTE Y, MSC Of, HERA
HRDIES, § 7% ) WEOEFEMIZIZZ YD ) 5. EREYY ADAL LT L b MSC AFICIREERREICILD,
MG 2 S 2 ETE R 21T 28, RBEREPEEST L2 LAVRENTEBY), MSC & v 7-H3ER
MR O FFEERIRDBITIZE 720 THH T E L WIRRIZ R o T b FA IZEEBRIZB T 2 Lozt LT
D ple HETDOAF VIR L, ZOERZ BRI T 5321, EBIZ pl6 BT O X F VAL
FEBAETEAEL, TCL MO TLEST 25605 5 2 & il L7z, MOBIETEREN ¢ &0
T, MSC D LEMREHE DML IR HETH 5.

3. MSC ZHW/-BIRFEREICH T 2 HF BB EDERKICH

MSC & W7z HAEEROERE LT, SHILREIIN T 2 Ml BEREORE I A THD, 4 X2 H
WCHEBEFERR D 7 — 2RO & RUKSEER A B B 0 o TRl a2 7 — 2 Y 2 BRIRIGER & P18
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1. KEEESEEEICH T 2 FRMEBERREIOBME
O D MRI &, OREDREICD 7z DAESH L U XIFEHR T DIFENE, @1EE MSC E ATEDRE. OREIA
D%, OMERMTEE OFRINS L UHABBANDEHE, @3 7 AD MRl &, RIFLEEBEGIBLIN TV,
Fig. 1. Outlines of the new treatment with MSC for avascular necrosis of femoral head.
(DPreoperative MRI finding. @Fenestration and curettage under fluoroscopy. @Mixture of cultured MSC and
artificial bone. @Transplantation into the curetted region. (®&Vascularized iliac bone grafting. (©®Postoperative
MRI (3 months after operation. ; good bone remodeling was found.).

90 1 HICHAFS N b NRRINS % IV 7 BEPRFZEIC B 5 J8E | 12360 7 BIRRIFZE & L C RO RSB0
BEORBERSS X A IAEHNER 2L, TRIGEIA2SHENDOKRE S 720 FH12A 5 [
BB E B L, PH20E12A K £ T BIORRE AT L7 (1) RAEMIZ20BIR LI L, 2
ERIOREABIET, BRI T 2 TETh b

4. MEHREBEICNTETOXE /1 RSRAEEEENEDICH

ML & V- T A ER L RS, SEHIFIC XS i situ TOMBBTFEOBER O EELPETH 5, Fa lZEHE
HWETHELTURY 7T T4 » E2 (PGE2) IZHEH L, ZOMERKERENDOIGHEMET L T&/, vV AB
L O MREMAL A F V72 i vitro FEBRT, 4T O PGE2 A RO D EP2 AR EIN/ER T 527 =
AMIEY, REMBOMEIMRESND ZLAREL, COMRBICEIE, RRE M2 in vivo {HHFERE
fiotze ZORRE, EP2 7 T= A M X ) BHiEE OBESMRAES I, »OEH LBRESREIEESEE I,
FWNCE ) BEREES RSN 2 /A Lz 2o, EP2 7 3= X bOiGn#Al & L CORKRICHOTT
REVEZ IR CRIZET 5D DTH S0
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5. iPS #R2ICEE T AR

PRI A IR REIZ 512 & o THIZ Sz e b IPS ML, EHRZ eI 2 v 72 FR AR R % W] HE
ET B ML T %o FA I FM204E 1 A22H 127 SN2 HH0REE iPS Mllaifset > ¥ —o—HE LT,
iPS MAZICBE§ 20582 17> T b BIED T —< I3, IPS#liflgn> 5 D MSC O FE OB, BIZME s LT
B RV E ML & BB AR O B H, B X VB B EEEG R B E S 5 0 iPS ML OB TH b,
(CE A ITHE)

The major objects of our department are to understand the basic biology of growth and differentiation of
mesenchymal tissues 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. There are, however, still many fundamental features of MSC are
unknown, which are crucial for the development of regeneration therapy using MSC as the evidence based medicine.
In collaboration with the Department of Orthopaedic Surgery in Kyoto University Hospital, we have analyzed the
growth and differentiation potential of primary human MSCs. As for the growth regulation, we found that
increased expression of the pl6 gene, which is a key regulator of cell cycle, was the main cause inducing the
senescence and growth arrest of MSC. We also found that the hypoxic culture condition inhibited the upregulation
of the pl6 gene. As for the differentiation potential, we used immortalized MSC clones that we have established
and found that the CD106 expression correlated positively and negatively with the adipogenic and osteogenic
differentiation potential, respectively. Also we found that the response to exogenous TGF g determined the
chondrogenic potential of each clone. These findings indicated that MSC which have been analyzed as a whole are
a group pf heterogeneous cells which has different potential of growth and differentiation and provide a key to

understand the basic biology of MSC.
2. Establishment of surveillance system for transformation of MSC

Cancer cells are now considered to be derived from tissue stem cells resided in each tissue and therefore MSCs
are potentially progenitors of malignant tumors developed in the mesenchymal tissues, sarcomas. Several reports
showed that the chromosomal aberrations may take place during the culture of mouse and also human MSC,
especially when cells were seeded and cultured in low density condition to stimulate growth. 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 established the method to detect
the methylation quantitatively. Using this method, we have found that the methylation of the pl6 gene did take
place during the in vitro culture of MSC elongating the in vitro life. With additional analyses of other type of

mutations, our final goal is to establish the transformation surveillance system of MSC.
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3. Clinical trial of the new treatment for osteonecrosis using MSC

As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for
osteonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital, which
followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, Labour and
Welfare (MHLW) 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 11 cases have been treated until the end of December 2008 (Fig. 1). Twenty cases will be treated during

two years, followed for two years and evaluated by radiological and clinical examination.
4. Application of agonist for the PGE2 receptors for the articular cartilage repair

In addition to the development of cell therapy, it is also important to develop the 7 situ treatment using drugs or
small molecular materials. We have focused on prostaglandin E2, which is one of physiological active materials and
investigated the application of PGE2 to the regeneration therapy of articular cartilage. We have reported that the
agonist specific to EP2, which is one of four types of PGE2 receptor, stimulated the growth of mouse and human
chondrocytes extracted from articlular cartilage. Based on these results, we have performed the iz vivo
experiments using rabbits and found that in combination with appropriate DDS, EP2 agonist enhanced the cartilage
regeneration 7z vivo and also contributed to reconstruct the osteo-chondral boundary, which is important factor to
maintain normal structure of articular cartilage. These data strongly suggested that EP2 agonist is a promising

candidate for clinical trial as therapeutic drug.
5. Application of agonist for the PGE2 receptors for the articular cartilage repair

iPS cells are autologous pluripotent cells, which were established by Prof. Shinya Yamanaka on November 2007.
We have been engaging the research related to iPS cells as the faculty member in the Center for iPS Research and
Application, Kyoto University, which was established on January 22, 2008. Current theme are; the induction of
MSC from iPS cells, the difference between bone marrow stromal cells and skin fibroblasts as the cell source for iPS

cells and the establishment of iPS cells from patients suffering bone and cartilage diseases with no effective

treatments.
[ #& B 4]
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1. T. Aoyama, T. Okamoto, Y. Kohno, K. Fukiage, S. Otsuka, M. Furu, K. Ito, Y. Jin, S. Nagayama, T. Nakayama, T.
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Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and effective
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therapy available whenever and wherever required for a growing number of diabetes patients world-wide.
Although therapy for severe diabetes mellitus still depends mostly on insulin replacement therapy, a slowly growing
number of patients are recently treated by pancreas organ transplantation or islet transplantation even in Japan.
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 and poor outcome in
some facilities. Therefore, current transplantation therapies are still far from our dream.

In order to develop regenerative medicine for diabetes mellitus, there are several different approaches such as
enhancement of patient's own islet regeneration, auto- or allo-geneic islet-like cells differentiated from somatic,
embryonic or induced pluripotent stem cells 72 vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. If these cells are clinically usable, the problem of donor shortage will be solved. However, as long as nonself
cells are used and even autologous cells are used to type-1 diabetes that has autoimmune background, efficient
immunosuppression should be required. In order to avoid it, we are diligently studying bio-artificial pancreas, in
which islet cells are encapsulated by several kinds of semi-permeable membrane and thereby protected from host
Immune responses.

We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these
islets, we have successfully shown the efficacy of several macro-devices of bioartificial pancreas such as mesh-
reinforced polyvinyl alcohol (PV A) tube and bag, rod-shaped device of agarose containing polystyrene sulfonate, anti-
complement substance and so on in allo- and xeno-geneic situations. We have also shown that the subcutaneous site
pretreated for angiogenesis can be successfully used for transplantation site of these devices, leading to long-term
normalization of blood glucose levels in diabetic mice. Recently we developed a novel method to make a sheet-
shaped PV A-macroencapsulated islets by a combination of the freezing technique of islets and the phenomenon that
PVA solution becomes gel 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 the effect in iso- and allogeneic situations in rats and found that
hyperglycemia can be improved as long as 24 weeks, although the effect gradually weakened, in the allo-geneic
situation in that transplanted free islets are promptly rejected (Wistar to Lewis). On the other hand, in iso-geneic
situation (Lewis to Lewis) in which free islets shows life-time engraftment, the effect of the device attenuates in a
similar manner as in the allo-geneic situation. Therefore, we have made some basic improvement for long-lasting
function and also demonstrated that the device released (or more practically permeate) glucose and insulin in about
10 min but IgG hardly did.

Other related researches are as follows. We have established a method of cell fusion between islet cells and
mesenchymal stem cells and currently studying its effect on islet function 7z vitro and in vivo after transplantation.
In addition, we found that PDX1 (the master gene of the pancreas)-positive undifferentiated cells can be cultured

from exocrine tissue residual after islet isolation and studying their possibility toward diabetes therapy.
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In situ Tissue Engineering : We have devised a completely new approach to the development of artificial organs.
The main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular matrix
(ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted structure is
then employed as scaffolding, which after implantation into the patients is used for the regeneration or re-
differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner not
only possess highly differentiated tissue structures, but also show functional recovery, because all the cells are
derived from the patients themselves. Whether or not our new method is practicable will depend mainly on the
Intrinsic regeneration capacity of each tissue. Up to now, in higher mammals including man, it has been believed
that highly differentiated organs lose their ability to regenerate. We consider that mammals do not, in fact, lose this

potential and that the potential is hidden by excessively rapid wound healing around the failing tissues. In this
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sense, if we can provide good conditions using refind ECM, we can induce this hidden potential even in higher
mammals. We have already carried out succeessful trials at regenerating peripheral nerves, the esophagus, the
trachea and blood vessels with this method. A similar method is also applicable to other soft tissue organs such as
the liver, heart and lung, as well as the spinal cord. These results will be welcomed by patients who are dependent
on palliative life-support systems, or transplantation candidates who are waiting for suitable donors. An additional
benefit is that patients will be freed from the side effects of immunosuppressive drugs. The judgment of the brain
death can then be discussed separately from the issue of transplantation and will become a personal problem.
Further more, this new approach help to reduce ever-expanding medical costs, which are in danger of destroying our
health insurance system in the near future.

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

work is expected to be a major area of medical science for the coming generation.
1. Strategy and Targets of Our Study

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

majour methods as described below.
2. ECM Method

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

composed of cells derived from patients.
3. Cell+ECM 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.

[ #& B ]
eHLRERS

1) BEEH
T. Nakamura, T. Sato, M. Araki, S. Ichihara, A. Nakada, M. Yoshitani, S. Itoi, M. Yamashit, S. Kanemaru, K. Omori, Y.

Hori, K. Endo, K. Inada and K. Hayyakawa: Iz situ Tissue Engineering for the tracheal reconstruction using a
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luminar-remodeling type of artificial trachea. The Journal of Thoracic and Cardiovascular Surgery (in press)

RRHIA S, R, WEEE, REHEEERR, MTGER], HR O, B K KRR I B RN A
. _A v 7)) =y 7 29:452-458 (2008)

FRH A SR, AR, REIRBELRE, MEMER], FR - KA K CRPS (complex regional pain syndrome)
type II (causalgia) (X9 5 ARNFHAGE. B2 - SEE 51 639-645 (2008)

RRHA S, oA, PR, REIFERERS, FBMER, HR S A K RMAEIEG IS0 3 % Polygli-
colic acid-Collagen tube (PGA-C tube) & Hl\ 7z A RNTRAEERE. AR ¥ —F v 17 1 506-510 (2008)

M. Araki, H. Tao, T. Sato, N. Nakajima, T. Nagayasu and T. Nakamura: Development of a new tissue-engineered
sheet for reconstruction of the stomach. Artif Organs (in press)

S. Ichihara, Y. Inada and T. Nakamura: Artificial nerve tubes and their application for repair of peripheral nerve
injury : an update of current concepts. Injury, Int. J. Care Injured 39S4: S29-S39 (2008)

S. Ichihara, Y. Inada, A. Nakada, K. Endo, T. Azuma, R. Nakai, S. Tsutsumi, H. Kurosawa and T. Nakamura:
Development of new nerve guide tube for repair of long nerve defects. Tissue Engineering (in press)

EHBER, GNER, FEIE-LRS, AR, hiEE - AR OBAREIC XS CRPS DK, <127
=v 7 29:1171-1178 (2008)

K. Omori, T. Nakamura, S. Kanemaru, A. Magrufov, M. Yamashita and Y. Shimizu: In situ Tissue Engineering of the
cricoid and trachea in a canine mode. Ann Otol Rhinol Laryngol. 117: 609-613 (2008)

K. Omori, Y. Tada, T. Suzuki, Y. Nomoto, T. Matsuzuka, K. Kobayashi, T. Nakamura, S. Kanemaru, M. Yamashita and
R. Asato: Clinical application of in situ tissue engineering using a scaffolding technique for reconstruction of the
larynx and trachea. Ann Otol Rhinol Laryngol. 117: 673-678 (2008)

T. Ohno, S. Hirano, S. Kanemaru, M. Yamashita, H. Umeda, A. Suehiro, T. Nakamura and J. Ito: Expression of
extracellular matrix proteins in the vocal folds and bone marrow derived stromal cells of rats. Eur Arch
Otorhinolaryngol. 265: 669-674 (2008)

S. Kin, A. Hagiwara, Y. Nakase, Y. Kuriu, S. Nakashima, T. Yoshikawa, C. Sakakura, E. Otsuji, T. Nakamura and H.
Yamagishi: Regeneration of skeletal muscle using in situ tissue engineering on an acellular collagen sponge
scaffold in a rabbit model. ASAIO J. 53: 506-513 (2007)

T. Suzuki, K. Kobayashi, Y. Tada, Y. Suzuki, I. Wada, T. Nakamura and K. Omori: Regeneration of the trachea using a
bioengineered scaffold with adipose-derived stem cells. Ann Otol Rhinol Laryngol. 117: 453-463 (2008)

T. Sato, H. Tao, M. Araki, H. Ueda, K. Omori and T. Nakamura : Replacement of the left main bronchus with a Tissue-
Engineered prosthesis in a canine model. Ann Thorac Surg 86: 422-428 (2008)

T. Sato and T. Nakamura: Tissue-engineered airway replacement. Lancet 372: 2003-2004 (2008) No abstract
available.

K. Seo, Y. Inada, M. Terumitsu, T. Nakamura, K. Horiuchi, I, Inada and G. Someya: One year outcome of damaged
lingual nerve repair using a PGA-collagen tube: A case report. ] Oral Maxillofac Surg 66: 1481-1484 (2008)

Y. Tada, T. Suzuki, T. Takezawa, Y. Nomoto, K. Kobayashi, T. Nakamura and K. Omori: Regeneration of tracheal
epithelium utilizing a novel bipotential collagen scaffold. Ann Otol Rhinol Laryngol. 117: 359-365 (2008)

Y. Nakase, T. Nakamura, S. Kin, S. Nakashima, T. Yoshikawa, Y. Kuriu, C. Sakakura, H. Yamagishi, J. Hamuro, Y.

Tkada, E. Otsuji and A. Hagiwara : Intrathoracic esophageal replacement by in situ tissue-engineered esophagus.
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Journal of Thoracic and Cardiovascular Surgery 136: 850-859 (2008)

A. Nakada, S. Fukuda, S. Ichihara, T. Sato, S. Itoi, Y. Inada, K. Endo and T. Nakamura : Regeneration of central nerves
using a collagen scaffold and adipose-derived stromal cells. Cells Tissues Organs (in press)

Y. Nomoto, K. Koayashi, Y. Tada, I. Wada, T. Nakamura and K. Omori: Effect of fibroblasts on epithelial regeneration
on the surface of a bioengineered trachea. Ann Otol Rhinol Laryngol. 117: 59-64 (2008)

WEPE], hAEME, RRHAE, BE WL AL ORE. B - SCESFE 52 1 118-119 (2009)

2) & &

FREA SR, RrEmE, SEHBEERE, R S BINER DA 2 ERNFRAEEE. In-situ Tissue Engineer-
ing for the Treatment with Neuropathic Pain. [ADE AN ZEb 572 #HFx—7— F100+ o) (ELELZE S EHE
FLRRES, ANIIETRR/, 257H) 246-247 (2008)

FREA SR, WoRbEiE, HEERE, SERBEERR, ABNER, R O AR K EMEE IO 2 RN R
HE. [EVERIE OB & AR HE | (FLSE GRS & AR, I aE - JuFIgR /e, 331H) 268-277 (2008)

1) 5 - MRSER

T. Nakamura, A. Nakada, T. Sato, M. Araki, S. Ichihara, K. Shigeno, Y. Inada and K. Endo: Application of iz situ
Tissue Engineering for artificial trachea. American Society for Artificial Internal Organs, 54th Annual
Conference (2008.6.19-21. San Francisco)

HiAEHE - Tissue Engineering (2 & 2 foimBE R, SFR204F B < (2008.11.17. 18 5)

RARBN, HRE#HZ, ERFE, hREE, HEH— X R k% i oA EEE GRS S AR O
728 D3 — 7z M RRAG F2 B ARG € 7OV RO O RS, 85108 H ASVEH AL E M2l & (2008.5.15-17. &
5))

ARBN, WBEE, HEH— X ORIK k% B BARRERE B Loy 8y —mER A P EA OFZE. 463
|l H A Ao B A &2 (2008.7.16-18. ALIR)

RARBN, MEEE, HEH— K ORE B, gEst, BEES, ke ), PREEE  RPESTTICE
AATREZ B L vaoxy — KRR 0 MR A FI O B 58, S6110] H AN ER Y S Il 22 Al 4 & (2008 10.
12-15. fa& )

FARBON, WA ERE, hEBEE, EHRL ERFR, BBEC, tEEE BeEM ki i #HERTEoF
FEa W 72HCEREOBUR & RE AL 8700 H AR VA4 (2008.11.27-29. HU5T)

RREA S, rAbsERE, WEEER], SEIRBELAR, R AT BEE R R R RIS (S B AR RN AR IR O
RN, 5L H AT OI B2 44 (2008.4.17-18. 2 < 1X)

FREAT S, AT, FEIRBELIR, MMER], R 4, A K WEBEE  RBE RN AR EICE &
#e < AR (05 AR ERE. 881Nl H AR A& (2008.5.22-25. biEiE)

WEERE], A ERE, RRHAE, PH OBH, Sk i, R, IR, e ESE BE M RWRIRIH
AL WALMEORE. 5581 H A A4 (2008.5.22-25. dLifE)

S. Ichihara, T. Nakamura, Y. Inada, A. Nakada, K. Endo, T. Azuma, R. Nakai, S. Tsutsumi and H. Kurosawa:

Development of new nerve guide tube for repair of peripheral nerve injury. American Society for Artificial
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Internal Organs, 54th Annual Conference (2008.6.19-21. San Francisco)

WEEE, AR, PH OB R EE, IR, aEvaln, B, BE M, JAERE  Canine model
& 7oA A SR OBERERTAE DR, 55230 H AHETLA L 7 FUERE 21l 424y (2008.10.23-24. 5THE)

T. Sato, H. Sakai, H. Hamakawa, A. Takahashi, H. Date and T. Nakamura: New surgical approach for COPD:
Covering lung with an elastic net. American Thoracic Society International Conference (2008.5.16-21. Toronto,
Canada)

A.Nakada, S. Fukuda, S. Ichihara, S. Itoi, Y. Inada, K. Endo and T. Nakamura : Regeneration of central nervous tissue
using a collagen scaffold and adipose-derived stromal cells. American Society for Artificial Internal Organs,
54th Annual Conference (2008.6.19-21. San Francisco)

2) BE- VORI IL

PR IEE - In situ Tissue Engineering (ZERNTEA) OIFEZRTEIAORIRICH. 8 7 W5 TIREM7ES (R
) (2008.1.12. faE)

MR RE @ AR AE QIR SR SIS O FRRIGH. 55310 H AR EGE NI BTr oA e & (REBIGEED)  (2008.6.
13-14. K30

AT EHE AT 2 — 7 2 7 FHE IR O R bE 2 13 U HI0iRbE CORB. % 6 Al H AR A s R E 27
RS - ¥ (Rl (2008.9.12-13. )

KEEOR - A 277 ¥ MEEIROEAREHIE T 2Z R T B L0A > 77 ¥ MEEGHRIZ BT 2 FERBEOID
Moz E 2 C vl AR A B SR REE  (GHAFEE) (2008.1.17. duiE)

KEER - 77 2V ay 7 A MEER [HIUCRE | HAOWRBE LI —#EBE - 177 Y MR LTH
H— 84 BIERERHE T MRS 55300 H AR T AR ke (FRfF#E) (2008.11.21-23. KFR)

T. Sato, A. Nakada, N. Nakajima and T. Nakamura: Biodegradable polymer coating tissue-engineered airway
prosthesis. BUES AT E R AR Fe AT 2% V10 E Rl A ERS Y BT W A (2008.124. Kyoto)

A. Nakada. S. Fukuda, S. Ichihara, T. Sato, S. Itoi, Y. Inada, K. Endo and T. Nakamura : Regeneration of central nerves
using a collagen scaffold and adipose-derived stromal cells. FAS RS FAE ERF A2 AT IR A7 108 4670 A IS o

VAR 4 (2008124, Kyoto)
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Laboratory of Animal Experiments for Regeneration

EER - #uR RO &
Acting Head, Prof. Shimon Sakaguchi

[BAEEEREMEXDIRIKICDVWT]
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HEHWEL9% TIT> T 5,
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MilZd 72> CORR, EBREW OB P T IZOWTOFTNH#E 2%l T 5 2 ERRBENT SN TV D, Bl
GBI - AR E 2 METAHIE, IS AZ T, SPF (Specific Pathogen Free) ~ 7 ZDHLY iz
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TANVARF 4R, EFERLIE, 2HEHL TS, A AHEFMTIZ SPF ~ 7 2ADQAMEHE S, BIWERIIT
BTV bo MATELYY AL, EERBPWHAGES 2 SMEATRER SPF ¥ 7 A8 X U HERFICB W TE
YVHE - SRR L 52 ) — 0 Ty TR ZT SPEALE N 7 ZADRICRE SN TS, 72, fHRICH
HaAG AR Gl - s b, HENCUMHIC X 2BEEZZT L I LDPERBNIT SN, CNOOMER S
HHOT, BUEECoL Zah, BEFHFOFRAGMEITB E Ty, 7272, RFEERH~ 7 AFEFEIZBWT
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ZBEOGPI 7o hH-—BIENJELR-2—-7TX

BFICHITE GPI 7>H—5 GFP OB

a. GPI 7>H—BEGFP 5> XT 12y VIR BFER (KH) sLUMRENE (KB (CHE.
b. Spami-Venus /v 71 >~ X shFE (KH) (CHT#,

molze LLGDS, fidk - MaOEMLAEITLooH ), BEREAERIC, FSICHBEERENIHG L v
LONBURTH L. Tz, BEEFHMICOEELTEY, TOL) LRIEHANCOFE TH 5N 52 FHIAETH
o Lthid, HEMEBEIRIE L AREOZHREAHY AT LD E 54 5EA L RO IR U2 AFEICB W
REENEE NS,

(7 72 # E]

PHEEREERR L, BAEERAETOMERZE LT, MIREBIZAT R TH LB FERICE T 5 &Mk %
EHEY (FAEMOBIERETIE OFREICRYT 258, BIWERICHET 2HE20MME FETICBT 59285
B oM, EHLE) L2, MRS L L TUT ORI EI 217> T2,

MET—~1. GPI 7> H—REAEORHM XA DL EZHE

BIEOLMEZDO AL V7 —<L, BREGEAEO - THL7) AT NVTF AT T FINA T b=
(GPI) 7 ¥ —MEHEORH A 7 = X L OfFH & Z DO AFEMRLRY TOEYFENEZROMEFRTH L. D20,
9, HAEANTO GPL 7 » /1 —BUEA B O [T & BRI 5 72012, GPL 7 v —F GFP LR —% — &
% (EGFP-GPI) #MistL72o TNEEALZ N T v AV 2=y 7= ATIE, P EGFP-GPI 2%, A5t
BRRRE R BTl L T\ 5 2 & &% B L7z (G Kondoh et al, FEBS lett. 458, 299-303, 1999) o

D, CoOBRICKEICER L, v AREEMMB LY GPL 7 v —BIEAEEMRE T O - Ml %
Tolzo ZORE, CORFOVEDELTT V¥4 70y vERME (ACE) 2HEEL 72, Thbb, ZoME
i, TUoFEAT VIR T ITAF R EDAENRTF FOFEREHIHT 208 5T, £ O GPL T ¥
B —FIEEHE MBS L D ST 2 - AR RO S LSS L oz, T2, SRIFEE LEMNE, YT
FINHNEF I RTFHF—=LL LTINSDRTF FEpfis 5720 0L E R OIS ME L, £72,
GPI 7 v I —MEHHEORTF FEFTld %, GPIL7 v A—Z20b0%YliTsI L b E&1kwz, —4,
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ACE /v 777 b7 ATIE, BT—EWREEARSICL AT MOENTwDE, 22T, 2O ADN
Fa T NRTF I —EARHENIACE TRILL 72 & 2 AR RE L 72 202 &5, ACE & invivo TGPL 7
v —MEAEEREEE (GPlase) 25H ), ZOWEEE S o TAFICEE 2 ZEH A Ho Tn D T LR S NI
(G. Kondoh et al., Nat. Med. 11, 160-166, 2005) o

ZZT, k4 iE, ACE OZHIIBIT2HEL S HITBERT 2700 RTF 57— ARG tACE (FRE T 1
VT d—Lh) BEALLINI VAV Ly 7R (Tg v R) 2R Lz, ZOME, EHLE Tg 7 A%
RDONTIUIBNTHEINTEII B 2 ZREEORT B L O F—INERHEE S ORESALNIZ, T2, H~Y
ADFGH, FHE RN TO GPlase {ifilkB LV RTF & —EEMELI-L A, KR MENTOYRTFF—¥
EEPRRIIKT LTWwWe, 22 ens, BHRA tACE IKHE FETWwWhbws FIF v -2 741 70T L
LTIEHLTWwR EEZ b7, ThbE, tACE &, GPlase I L D AET L CHRET 5 & RIS AN
IZBWTIYRTF & —E L LTHREL, ZIChIZZREICE S L T\wb 2 LRI S 7z (E. Deguchi et al, Biol.
Reprod. 77, 794-802, 2007) o

F 72, AAEEIT tACE ORI 3 2 HESHIE i O 528 2 MET L 720 tACE O N R un il 12 1&, Al fg 2y
(SACE) 1213 %\367 X / FBRFRHED & 20 2 R D 50 ZOHEUIELY v - AL A=) vFT, ORIMESHE
filiZ 5 2 EDEREINTWID, TOEWFNERIIAPATH 72, 22T, AL, ZOHEKO O BIRES A
WETAHALFHENTZIDPFOAL ;= VEEERTT 7=V ZER L 2ERREER L7, ZoL8E4ETIE, O
TS O IS BB LU T Th o 7205, WIN OGO LR ETET L THEE I o7z —77, BER
tACE % CHO g THIL S THRA4TFOMmEEE, COST Mlafks Ll 2 h, I RTF¥—HiF
PEIZIRI T - 72h%, GPlase i 1Eid CHO HIRFDIE ) DA FICE o720 2T, TRSD5F 0k 70
T7AV YT %, L2 F T LA (LecChip™) % FIVCRIT L 720 ZOMESE, WA TR CHETo 77y 41) v
DFEVHPRDSNTze INEDOZ D, OFMEHOE M tACE OMHEEOEEEICHEEIT I Vb oD, £
OTaT 7 A T DE N, GPlase GED SR E LA T A W HEMEA/RIE S 1172 (G. Kondoh et al., /. Biochem.
145, 115-121, 2009) .

MRET—72. BaFREYY AEHEMNOESL

BIEFYLE~ Y ZOERICIE, BRES O T AL, £ ORH - 57 - BRBEZLEE T 5. 22 TH
WICREIZ R 2005, =774 v 775 -0, ESHIBOREZ L TF A 737 AMEROERETH S ) .
Faldk, SNOORAT Y TIZBITE W ETFNODPDPE L WHERORASLYLR" 20T T& =771~
TRy H—OfFRIZB W TIE, BAC 70— Y IZESSRBRNMARZ V274 (Vare=—1)>r7) Z&#M
L, ERICHARTHGO—DRIEHIC I L7ze T2, F AT AOMEHICBWTCIE, BEEZIEL, i
AT a VB OBAREMLR AL YT F Y ADWS W iEZWREIC L 72 (G. Kondoh et al, /.
Biochem. Biophy. Methods. 39, 137-142,1999) s N6 OFMERH DD L12, WFE 4 EM TLHFOBELTRE~ Y
AVEHZZINL 720

We have previously found that the angiotensin-converting enzyme (ACE) carries GPIl-anchored protein
releasing activity (GPIase) as well as dipeptidase activity. Testicular ACE (tACE), the male germinal specific
isozyme, plays a crucial role in male fertilization. The amino-terminal region of this isozyme is different from that of

somatic isozyme (sACE) and contains potential O-linked glycosylation sites. By multiple mutagenesis after an in
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stlico prediction, amino acid residues acquiring O-glycans were assigned. Both GPlase and dipeptidase activities
were compared between O-glycan null mutant and wild-type molecules, but no differences were found.
Furthermore, the wild-type tACE was produced in two different cells (COS7 and CHO) and its activities compared.
The GPlIase activity, but not dipeptidase, was apparently higher for CHO-derived molecule than COS7. Sensitivity
to neuraminidase and O-glycosidase digestions and the profile of glycosylation were quite different between these
two molecules. Moreover, serial digestions with neuraminidase and O-glycosidase have no influence on GPlase
activity of both molecules, suggesting that the sialylation and the presence of O-glycan has no influence on tACE

enzyme activities, while the set of glycans modulate GPlase activity.

[ #& B 3]
®HELRR®

1) E&EH
G. Kondoh, H. Watanabe, Y. Tashima, Y. Maeda and T. Kinoshita: Testicular angiotensin-converting enzyme with
different glycan modification : Characterization on glycosylphosphatidylinositol-anchored protein releasing and

dipeptidase activities. /. Biochem. 145: 115-121 (2009)

W o BEBGTELTCOT XL T vy EWEE CGPL 7 v =Ry o8y Bl EERRE & OB, &
FEDOHWH [L=y - TrFFTF v RDTRT] 2285455, p.513516, 2009
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1. R %, B HEBEET, aHEE A ryoy OFRMT VXF T VY VBRI R OFESHIB A & 5%
RE. 555l H AFEERBY - afes (2008.5.15-17. AliGTh)

2. AEE, B, I X B TFARS Y AR WK AR X=X B/ 23— YO EIRIEERE O fEAT
531 H ARG T W4 - B8l H AL LS A AS (2008.12.9-12. fFTH)
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Stem Cell Research Center

SRR T8I

Laboratory of Embryonic Stem Cell Research

PEHERE HEBUR KB X
Assoc. Prof. Hirofumi Suemori
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TWwb, ¥ 7 A ES R TIX, Wnt IZX % p-catenin OifPE(LAS ES Mo H CHEICEE 2 EL /- LT 5
ZEBMBENT WS, Z2Z2Ck b ES Mg T, pcatenin OIEHALZ FFE L 72 & A RGLIREDHRFTIE R &
L AMIB AL FFE SN D 2 L Sb o fze MIET RO R R E0 5, ZofMles Bt ES Mgt 3
J54 (primitive streak) &I A IFRFRERLCHRE LK T ML IEY, 22 THHD WS %S BMP Ol
WS & RO FIREERIRIC LT 2 2 EHL IS NIz, EHIZTDLE, BMP ¥ 7L 233 % & S
HIREE R IIREE IS 7 2 IR ZERAR 2203 5 2 L dsh o 72,

Z DRFFRIZ & 0 LB ORI FEAN A Tl b BB M/ LBIR D — D TH 2 G & HIRZE - PIIRZE
RN LEGOPE L HBENTHIAT A2 EDTE, b NOMHIBEDOMICICERE R AT AR LEHE
5Nb,

v

Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center.
1. Establishment and analysis of human ES cell lines.

Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of human ES
cell lines were reported, clinical use of functional tissues and cells from human ES cells are expected. In Japan,
there have been many demands for use of human ES cells on basic and pre-clinical researches. We started to
establish human ES cell lines using donated frozen embryos in January 2003 and successfully established three
human ES cell lines. We have distributed these cell lines to over 30 laboratories.

In December 2008, we established two human ES cell lines, KhES-4 and KhES-5.
2. Wnt and BMP specify human ES cell fate.

The canonical Wnt/g-catenin signaling has remarkably diverse roles in embryonic development, stem cell self-
renewal, and cancer progression. Here we show that stabilized expression of p-catenin perturbed human
embryonic stem (hES)-cell self-renewal, such that up to 80% of the hES cells developed into the primitive streak
(PS)/mesoderm progenitors, reminiscent of early mammalian embryogenesis. The commitment of the
PS/mesoderm progenitors essentially depended on the cooperative action of f-catenin together with Activin/Nodal
and BMP signaling pathways. Intriguingly, blockade of BMP signaling completely abolished mesoderm generation,
and induced a cell fate change toward the anterior PS population. The PI3-kinase/Akt, but not MAPK, signaling
pathway had a crucial role in the anterior PS commitment, at least in part, by enhancing f-catenin stability. Our
findings demonstrate that the orchestrated balance of canonical Wnt/g-catenin and BMP signaling directs the cell
fate of the nascent PS during hES cell differentiation. Further, the hES cell model system allows us to uncover the
molecular networks involved in early lineage specification and to produce functional cells from hES cells for

regenerative medicine and drug discovery.
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N. Tsuneyoshi, T. Sumi, H. Onda, H. Nojima, N. Nakatsuji and H. Suemori: PRDM14 suppresses expression of
differentiation marker genes in human embryonic stem cells. Biochem Biophys Res Commun. 367: 899-905
(2008)
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EEES, A B, B, RO dabrek, SREESC - Rorfbe b ES MIRRdFRAIZEH L Tw LA R T
DT, FE3LIAH AW E4 (2008.12.9. )

AFEREE, ZATREORER, fOE R REESC, oLk, MMEOTIL, EAMT RIS B AR L LT
O AFP pEAMINE. 55 7 MEREYS (2008.3.13-14. #diE)

T. Ishii, K. Yasuchika, K. Fukumitsu, H. Suemori, N. Nakatusji, I. Ikai and S. Uemoto: Alpha-fetoprotein producing
cells as a candidate for cancer STEM cells of cholangiocellular Carcinomas. #5430 33— 0 v NFE# &
(EASL) (2008.4.23-27. Ttaly, Milan)

EE R, A BT, BHAY, BE i doli&R, KEEESC PRDM14 ok b ES #filg o RpLEHERIC B
AL 5T AR S (2008.3.13-14. HHE)

Tomoyuki Sumi, Norihiro Tsuneyoshi, Norio Nakatsujil and Hirofumi Suemori: Canonical WNT/Beta-catenin-
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mediated early lineage specification in human Embryonic stem cells.  6th ISSCR Annual Meeting (2008.6.11-14.
Cairns)

Emi Aizawa, Kaoru Mitsui, Keiichiro Suzuki, Hirofumi Suemori, Norio Nakatsuji and Ko Mitani: Homologous
recombination in cynomolgus monkey embryonic stem cells with an integrase-defective lentiviral vector. H#
BIZTHHTYS (6.12-14. ALIR)

Ko Mitani, Keiichiro Suzuki, Emi Aizawa, Kaoru Mitsui, Haruka Shiiba, Kouichi Hasegawa, Esihachiro Kawase,
Hirofumi Suemori and Norio Nakatsuji: Highly efficient gene transfer and genetic manipulation in human
embryonic stem cells using viral vectors. HAE(EFiHEFESS (6.12-14. #LIE)

Emi Aizawa, Kaoru Mitsui, Keiichiro Suzuki, Hirofumi Suemori, Norio Nakatsuji and Ko Mitani: Optimazation of
envelope and promoter for lintiviral gene transfer into human embryonic stem cells. H AR& = iGEF2 (6.
12-14. #LIR)

2) BE-VORYIL

REE L [ ZaetEetifie 2 v 72 Ml 0 fLaF SR I B A LB BT 5 7 0~ F VIREET O ET VI %
A7 L SE3LEI A A2 (2008.12.10. #F)

KBNS [ES - iPS Mg o ERICH 210 T MR BERIOE 2 2B A G T OEKREE]. 52 mEds ~
AT A [EAGLEOHER] (2008.3.20. KB

RS - [ES MIBEROFEBLUZIANT T . 55810 H AHMMIE#52 (2008.5.19-20)
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Laboratory of Stem Cell Differentiation
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Assoc. Prof. Jun K. Yamashita

(7 72 #1 E]

S LR 7E 4E s 1%, ES Ml (IEMEERMIAD © embryonic stem cells) % AW C, (O RO -
FAICET 252 1T> T 2,

ES Mifaid, & ToOBBEOMIBIZHMET 22N TEL DLW [HhEl Bl £2 5 T\nb, 2Ok
(pluripotency) % in vitro \ZBWTHI XML, LFHE L 7-ME 2 FHAEBEICH W X ) L5 53 A0k 4 By,
Mgz & =7 MATbhTwdh, Fxld, ES Mgz v THIRERRALE TS 5 E B L WULIRO -EifsE 2
1o T&7

MAEE, AL —EICBE ) NEMIBE 2hzesir oty £ CBEMileo 2 MEOMIER 5 %o Twd, ZOH%E
T B MERMNE & &30 T 2 S MR IZ B ISR ER L WV IE 2 1E % . VEGF OZERD—>T
&% Flkl 1ZIMEk - MR OR S B0~ — 7 —BLOTREOY - — L ZEZ 5N TwD, Fxld, ES
Milid 2 T in vitro \2BWCTHIIREE, & 5238 ORESGHIIE T 5 IME NI & BEfIE (i1 id w2
FUNRYHA b)) 2@ EFLE L, REICIE & L TOBKREEE i vitro 3 XU in vivo 125\ THESE
T52 L, WhITMEOFEBEZFH T 5 2 LI L7z (Yamashita, Nature, 2000) o = @ in vitro 53765 T
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[ EATasr
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Ter119% PECAM1+ CF- ”
DEM
DE
BARAE g
P R—2 A—H—HiRa
U NERR -

13, FIk1 FpiEsilie z 3@ o e & U<, WEzMNE, By, mEkMiEsobl, 512205 ofiigsimeE
ELTORKREEXTERT 2. 72, FIREHROMILO—>TH 2 .LMie b FARIC Fikl B A & 5Lk
WYL 2 & EIRITH LV D TR AL O [ 22 12 P) L T\ 5 (Yamashita, FASEB J, 2005). ¥ 728zt CTld, Bhiff
R > E NI AR D= A X = — g% &S 5 I8 CMEMBOSILFEELITo T
(Yamashita, Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells, 20071th) (X)),

S 512, FOEARMZERT IR MIREIZIC & o Tz 7 AL retkiifa (iPS Mifa) % Hw ClRERD FEER S A
T ARG, Bz DIMEFAENZEY BE L T b ES MIRICBWTERE L oo W TWE R
~ 7 A PS Ml & v 72 DI E R ie o 43 LFE I 8 L 72 (Narazaki, Circulation, 2008) o

DX H2FA D ES Ml & 7z in vitro 53ALRIE, GGIAE B & OILER & ) TEBR SR OMIIBHEE & RAAII 5T
LFEST 2 2 L CTE, LIMEDOFEASBRE LR T ICEEMIREL 2050 L b REMICBETE %, fto
T, ZOGMLREHGD 2 L2 X 0O OFEGLD X 1 = X8 2/l L <V, GFLXVTREL, /v 7
T MR ADTEENTNARLE L T2 AL DG DI 2 in vitro TIT) LWV FH L W7 70— F 5] felC
molzkEz bz,

BUIfE, 2o ES KR in vitro bR E VT, DTOLH) %70y s bE2FETBLIOFEL T,

1. ES #2 in vitro StR £ AW -MEMIZ DML - SHRLD D FHEB DR

1) DNA F v 7% F\ 72 8 mAg 5 LB E iR T o W 72

2) RNA T¥#:% 72 in vitro B {n T HEREMNT R O3 (Hiraoka-Kanie, Biochem Biophys Res Commun, 2006)

3) BYEIR - ) 2B N R R R AL IR & N B T £ AR AL B A o i AT (Yurugi-Kobayashi, Arterioscler
Thromb Vasc Biol, 2006 ; Kono, Arterioscler Thromb Vasc Biol, 2006; Yamashita, Trends Cardiovasc Med, 2007)

4) WEAYHE O M PR 3L 22 B 1) A 3% (Yamamoto, Am ] Physiol Heart Circ Physiol, 2005)

2. FEMEMBEOMEBENDICH

1) BHIZBT 5 N — Mg ofE 2 5 LE R o sE (Yurugi-Kobayashi, Blood, 2003)
2) AL O EIEF B I X B HBANOBE, AERROYEE R OME
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3) NLAEEMEZ W Lo, 7y FATIMEORZ (Huang, ] Artif Organ, 2005)
3. ES fifgh 5 D/ OmMiE0 M EFEE

1) 2WITHFEIZ X 28 L\ ES M2 5 0.0 Mg 55 AL 358 o B 58 & #r L v O i 57 B g o [ 52
(Yamashita, FASEB J, 2005)

2) LRI in vitro 53 ER % AV 72 WAL - ZHAED 55 T-FE O fAT

3) ES Hfa b e Ui B BT B O AT (Yanagi, Stem Cells, 2007)

4) A4 7 AR Y Ax AV L ERhE O TSI - e LEEEE: (Yan, Biochem Biophys Res
Commun, 2009)

5) #LWLEHAGREANOISH  —# L L BRI 6% o 5 —

4. BEBES MIr 5> OLNEMEHS

1) )V ES #lifA> & i 5 b
TR EIRREER S L o LFEBEIC L), v ES Mg 5 o 5 LiFE 2D L7 (Sone,
Circulation, 2003)
2) & b ES #ifah o oM s aki
WK FERRIREER FHAE O A e M ES Mlld & v 721 s LFSE 12 2 (Sone, Arterioscler Thromb
Vasc Biol, 2007; Yamahara, PLoS One, 2008)
3) k& ES #ifas 5o Lmiia s bk
v b ES Mg G [ & ES Mgt Av 7z omE e eigm o B 2098 (Frgerizes - Iir 3,
P74 3 H10H SCGBRHAKEKRE)
v b ES Mgz w7z oE o bise 2 fam L T b,

5. AIZgeMderille (iPS #fe) 2RV LDMEMEBEME (BEEMEMEABLERZEMESF
& DHERME)

1) ~ 7 A iPS Mg % Fve 720 53R OREEL (Narazaki, Circulation, 2008)
2) b b iPS fE D & 0L MG AL i o B 56
3) IPSHIE ALY AT D7 I NN 1Y —B X UCRIFEIGH (Nakao, Bioorg Med Chem Lett, 2008)

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

induced pluripotent stem cells).

Peviously, we established a novel iz vitro vascular differentiation system of ES cells (Yamashita, Nature, 2000).
Using ES cell-derived Flk1 (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce all of the
vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and pericytes)
and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside are

formed from FIk1 + cell aggregates in 3-D culture. Thus, this iz vitro system should reproduce the early process of
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Fig. 1. Cardiovascular development in ES and iPS cell in vitro differentiation

vascular development. And we also demonstrated that the transplanted vascular cells induced by this system
could contribute to developing vasculature 27z vivo. Moreover, we have succeeded in inducing cardiomyocytes 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 7z vitro differentiation system (Fig. 1).

Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells,
induced pluripotent stem (iPS) cells and succeeded in systematic cardiovascular cell differentiation of mouse iPS cells
(Narazaki, Circulation, 2008). Research projects using human iPS cells for cardiovascular regeneration have been
already launched.

In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells,
purify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the
mechanisms of cardiovascular development from new aspects and offers novel potentials for cardiovascular

regeneration.

Research Projects:

1. Elucidation of cellular and molecular mechanisms of vascular 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 profile
with DNA chip

2) Novel iz vitro functional assay system using vector-based siRNA expression (Hiraoka-Kanie, Biochem Biophys
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,
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Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007).
4) Significance of rheological force on endothelial differentiation and diversification (Yamamoto, Am ] Physiol

Heart Circ Physiol, 2005).
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) Improvement of the efficacy of recruitment, contribution and survival of donor cells, by modifying gene
expressions in donor cells.

3) Development of novel hybrid vessels with ES cells and artificial scaffolds (Huang, ] Artif Organ, 2005).
3. Cardiomyocyte induction from ES cells

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,
Biochem Biophys Res Commun, 2009).

5) Application to cardiac regeneration—Novel cardiac progenitor therapy
4. Cardiovascular differentiation using primates ES cells

1) Vascular cell differentiation from monkey ES cells (Sone, Circulation, 2003) (Collaboration with Department of
Medicine and Clinical Sciences, Kyoto University Graduate School of Medicine).

2) 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)

3) Cardiomyocyte differentiation using human ES cells. Our human ES cell research project "Research for
differentiation mechanisms of cardiovascular cell differentiation using human ES cells" has been approved by the

Science Ministry of Japan (2005.3.10).

5. Cardiovascular differentiation and regeneration using induced pluripotent stem (iPS) cells
(Collaboration with Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto

University).

1) Establishment of cardiovascular cell differentiation system of mouse iPS cells (Narazaki, Circulation, 2008).

2) Cardiovascular cell differentiation and regeneration from human iPS cells.

3) Application of iPS cell differentiation system to chemical biology and drug screening (Nakao, Bioorg Med Chem
Lett, 2008).
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P. Yan, A. Nagasawa, H. Uosaki, A. Sugimoto, K. Yamamizu, M. Teranishi, H. Matsuda, S. Matsuoka, T. Ikeda, M.
Komeda, R. Sakata and J.K. Yamashita*: Cyclosporin-A potently induces highly cardiogenic progenitors from

embryonic stem cells. Biochem. Biophys. Res. Commun. 379: 115-120 (2009)

. G. Narazaki, M. Uosaki, M. Teranishi, K. Okita, B. Kim, S. Matsuoka, S. Yamanaka and J.K. Yamashita*: Directed

and systematic differentiation of cardiovascular cells from mouse induced pluripotent stem cells. Circulation

118: 498-506 (2008)

. JK. Yamashita: A linkage in the developmental pathway of vascular and hematopoietic cells. In K. Tanaka,

E.W. Davie. Recent Advances in Thrombosis and Hemostasis 2008. Part 5, p. 363-p. 373. Springer, Tokyo
(2008)

. Y. Nakao* G. Narazaki, T. Hoshino, S. Maeda, M. Yoshida, H. Maejima and J.K. Yamashita*: Evaluation of

antiangiogenic activity of azumamides by the in vitro vascular organization model using mouse induced

pluripotent stem (iPS) cells. Bioorg. Med. Chem. Lett. 18: 2982-2984 (2008)

. K. Yamahara, M. Sone, H. Itoh, J. K. Yamashita, T. Yurugi-Kobayashi, K. Homma, T.H. Chao, K. Miyashita, K.

Park, N. Oyamada, N. Sawada, D. Taura, N. Tamura and K. Nakao: Augmentation of neovascularizaiton in
hindlimb ischemia by combined transplantation of human embryonic stem cells-derived endothelial and mural

cells. PLoS One 3: el666 (2008)

. M. Matsuda, Y. Kobayashi, S. Masuda, M. Adachi, T. Watanabe, J.K. Yamashita, E. Nishi, S. Tsukita and M.

Furuse: Identification of adherens junction-associated GTPase activating proteins by the fluorescence

localization-based expression cloning. Exp. Cell Res. 314: 939-949 (2008)

. N.Shimizu, K. Yamamoto, S. Obi, S. Kumagaya, T. Masumura, Y. Shimano, K. Naruse, ] K. Yamashita, T. Igarashi

and J. Ando: Cyclic strain induces mouse embryonic stem cell differentiation into vascular smooth muscle cells
by activating PDGF receptor {betal. J. Appl. Physiol. 104: 766-772 (2008)

KRS
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FOESEE, RSIEA, W RRGE SE B LT ES MR AR — A X — ) — B O
A BT AR ESS (2008.3.13-14. X4 dE)

CMEIBTCOR, SEUUERE, OPHES, s, 0 B SRS aetkE PS) MR A S o L E R O

(oral). % 7 M HAFAEERASES (2008.3.13-14. #iE)

. P. Yan, T. Otsuji, A. Nagasawa, G. Narazaki, H. Uosaki, A. Sugimoto, M. Fujiwara, T. Ikeda, K. Nakao, S.

Yamanaka, N. Nakatsuji, M. Komeda and J.K. Yamashita: Efficient and specific expansion of highly cardiogenic

progenitors from embryonic stem cells by cyclosporin-A treatment. #5720 H ARIGER FaF &8 4 YIA 4

#E (2008.3.28-30. 1 ft)

CRERTCR, I v AN E et (PS) Ml 5 O RKEH) O IME RO FHE (oral). 5 6 [HEH

oy >R T4 (2008.5.16-17. HH)

. K. Yamamizu and JK. Yamashita: Phosphatidylinositol 3-kinase pathway and Notch signaling coordinately

induce differentiation of arterial endothelial cells from vascular progenitors. The 15th International Vascular

Biology Meeting (2008.6.1-5. Sydney, Australia)

. G. Narazaki, M. Teranishi, H. Uosaki, K. Okita, BJ. Kim, S. Matsuoka, S. Yamanaka and ]J.K. Yamashita:

Cardiovascular cell differentiation system using mouse induced pluripotent stem cells. 6th ISSCR Annual

Meeting (2008.6.11-14. Philadelphia, US.A.)

CMEIETCOR, SPUEGE, MUBIER, VPHES, & B R E I Mss v E ke o v AANTLE

Rtk (iPS) Mg & O.CIEAMIEBELE (oral). 5200 H AR AERER-REE (2008.7.8-14. WD)

ST 2 iPS MIHE 2 H 7 DI (LR O I & BISEREE S A 7 A K B DIVE F AL O . [

AEEOFEIULT O 27 M BIHEOT -7 2 ay 7 (2008.8.28-29. Fiff)

IR, B OBRSE, MRIEIERE, T (M ES Mildds & O iPS MG © 0oL i B oD % =R A A L

12th Molecular Cardiovascular Conference (2008.9.5-7. /[M#)

WGIETCR, 1IN 1 © Inductin of Cardiovascular cells from induced pluripotent stem (iPS) cells (oral). &512[A]
Molecular cardiovascular conference (2008.9.5-7. dtifiE)

K. Yamamizu and J.K. Yamashita: Converged signaling of Notch and beta-catenin induces differentiation of
arterial endothelial cells from VEGFRZ + vascular progenitors. American Heart Association Scientific Session
2008 (2008.11.8-14. New Orleans, US.A.)

G. Narazaki, JK Yamashita: Systematic and directed differentiation of mouse induced piuriopotent stem cells
into cardiovascular cells. #E23[IE=T > 7 7 L > &2 (2008.11.11-14. #HZ&JI)

ILAKEEE, ILF i : Notch & beta-catenin ¥ 277 F IV IZ & A% L BRI B2 MG 4L R ik 45150000 Mes
W2 YIA FeArafiid (2008.11.28-29. HEA)

H. Uosaki P. Yan and J K. Yamashita: Efficient induction of cardiogenic progenitors and cardiomyocytes from
embryonic and induced pluripotent stem cells. International symposium on regenerative medicine-10th
anniversary of institute for frontier medical sciences (poster) (2008.12.4. Kyoto)

G. Narazaki and J.K. Yamashita: Systematic differentiation system of mouse induce pluripotent stem (iPS) cells
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to cardiovacular cells (invited). The 6th Korea-Japan Joint Symposium on Vascular Biology And The 16th
Annual Meeting of the Japan Vascular Biology and Medicine Organization Joint Meeting (2008.12.3-5.
Kanazawa)

G. Narazaki, JK Yamashita: Systematic and directed differentiation of various mouse induced piuriopotent stem
cells into cardiovascular cells (poster). BMB 2118 (2008.12.9-12)

EBEVURIYUL

W ES Mg X OV iPS Mg 2 v 7o LI L FFAEREZE. IR RE & (RFRIREE) (2008.3.5.

i)

. JK. Yamashita: Cellular and molecular mechanisms for diversification of arterial, venous and lymphatic

endothelial cells. The U.S-Japan cooperative cancer research program workshop 2008 (invited) (2008.3.19-21.
Kyoto)

. JK. Yamashita: Effective cardiac regeneration iz vivo by ES cell-derived cardiac progenitors. Japan-Korea

Cardiovascular Conference, #572[0 H &RfEBRZ54 (FRREEHE) (2008.3.28-30. @it

W ES Mg & O iPS Mg 2 A 2z G E LR AR, DI PR mIG R 7 4 — 7 & (RRHIE

) (2008.7.5. HIT)

S WIF M - ES Mifdds & OFIPS Milfd 2 v 7z g LR RS, 5 1 RIERRAFZE 7 4 — T 4 (FR AR

(2008.8.8-9. fHIlE ;)

W ES Mifld s X OV iPS Mg & v o G E AL AR SR, EE - AR ER 7 4 — 7 42008 (2008.

8.2. k#¥)

W A AR LB IME X EAETE 20— K-8 ) — 7 T TEES (BRERE)

(2008.10.16. HT%B)

. JK. Yamashita: Specific Expansion of Cardiac Progenitors and Cardiomyocytes from ES and iPS Cells. The

Second International Cell Therapy Conference (invited) (2008.11.20. Seoul, Korea)

. JK. Yamashita: Research for vascular development and regeneration using ES and iPS cells. The 24th

Kumamoto Medical Bioscience Symposium "Frontiers of Vascular Medical Science and Innovative Therapy"
(invited) (2008.11.27. Kumamoto)

JK. Yamashita: Molecular mechanisms of arterial-venous specification. #5160 H AR IM& LW EFE - HiR4S
WA > > K27 4 (invited) (2008.12.3-5. 4iR)

T 3 ES Mifg s & OV iPS Ml 5 .G 3. BMB2008 ¥ > K ¥ 4 1 1S1 Zie sy & #le §
5 N H—IRRISH 2 BAls 2 T— (HFE#E) (2008.12.9. flH)

I {8 ES Mg & O iPS AL & H v 72 G L AR SE. BB Science Frontier WigEsy  (FE7Ia#H)
(2008.12.10. HEA)

W {E :ES Mgl X O iPS Mg 2 A 72 O L AR, RAABIR I gE A AR fl 4 (2008.12.25.
HUHR)
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AHEE EBUR ZH 5
Assoc. Prof. Takashi Tada
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PRAIT BRI AR BML L Ml CH 0 7/ 2707 T 2 b 1L, B oEEEHET S Y 22T 1
7 ARMEL, KOO ILEY 274 7 A% EFHETL2HICL ) LS4 #BETL2HRTH D, K4
TR VI EERT 7 =y 7 2 ER L2/ AF7a s 5 41kd, ItE#: (ES; Embryonic Stem) Al & o
fam & X A EMRo®l 7 77 a4k, ESHfaroRmE S -H7a 77 2ERFOEAIZ L 5 iPS (induced
pluripotent stem) MIEOIEHOEINIZ L), HEH LM &L > TE /2 THUE, FHMBOF 70 77 2 b2
EERHEEIL B SN HEWEEYiE-> TWd, BFEOTEEFZO Ny 7 THAEH T U7 I 24LIZEL
T, &xld, D) T amTar g 2y FREREOR, 2) BMlLORSCIEHEREBEOMBH, 3) 7/ aHT 0
77 MEDILAFEM OFSE  BIEEICIE 217> T\ 5,
7/ LB7075 LMEODFHEE ES AL oMIEREE I X 2T 70 7T AU, RIS A3 OB
W7 a9 AEETEILL, KROHITAE OV a~ TV ICELT 5. Zo@RIE, il o
IT A4 7 ADHEE RGBT E Y 2 2T 4 7 AWML OL % L L b 2BREFLELHFEN SN TV D, Frld, [
RO TR O iPS MIBIL DAL T & FROEEZ@H N TH LD T ZRWALHEHIL Twbe ZOFEEK
FAaICIZ, iPS MBHMILEFEIC BT 20T %y b7 — 7 O 179 .
7/ LB7AYT 7 LMEBEF Nanog DEIE ML ORI ACIEMERHZ @ < KT & L CFEE S M7z Nanog BI5T
X, "AAF XA 0% b OBERTTH L. KOAIGICHRRIZIHEBR T 5 Nanog 1 &7/ 2707 F LI,
W RHIERE 2 S FEEAL S 50 Nanog DFEBLE, MR D A% 6 FAGEMIL TOEFEHI MO TV 5, HRe
FRRA 2 L2 AR B R A S 1 70 SE BN S8R & W CAEMIE TOEMLFIRBEOMHALT BHIF L T s (K1),

E11.5 Embryo E12.5 Embryo
‘ ER-Cre/ , ER-Cre/
NRi-Tg NRi-Tq NRi-Tg NRi-Tg

1. Nanog / v 7 89 S cE BT HY T4 27 7 4 — HIBMA BRSO LR

B RRER R Y 5 — -2 -



Institute for Frontier Medical Sciences

Nanog BIL+OHIINE & A5EAL TORERRMWHE S ZI S 22T 5,

b MEE AL S et iiirE ES Mild & OMdRt s £ 0 EHIR S A3\ T e 7T A s, ES M
BRICELT . L L, BEMIBIE4MEETSH 2720 2/ FRIET 2 7008GFE TN Tz, Frld, ~ 7 A
EMiia 5 ES MTEH RO A 72 R R % BRI B < By 2 f%E L 720 ES MIEOILY B & 72 Beta R4
Az DNA By (Jetfhbdeh v b)) AR Te, 0 ES ML & A2 MRS Lo RIS AN 2 R T
MBS % &, DNA #HERIZH 725 SPIRFR G2 Witk 3R THIAIR R AN Z %o ALAH R He i fRIH
JAF I E L 2 WIRICZL LB SR S b RiRE LT, RiEBRED Ly F THSNREEDHDH
GliatrokESNL (M2). ESHMBHRDE 6 Fi Ok (Nanog BIZF 2ER) ZH) &, KR
D6 HHBAED A L 72 E ML T S RLMEAHMEFF SN 7ze 7177 24012 X ) FHETEAL L 72z sk o
Nanog O K TRGHINIBORGAEL MR T 2HNSTE LT L 2R L2, ¥ ATHZE SN EkREREN %2 v

I ES MBS 2 720 OBl e = # T 5,

2. #RRS / LOBTOY T LMEE ES MRREEFDZEIRIIBRE

Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Those cells are basically classified into two types of cells; somatic cells and germ cells.
Determination of 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. Recent development of a
technology of embryo manipulations achieves epigenetic reprogramming by nuclear transplantation of a somatic cell
to enucleated oocytes as seen by production of cloned animals in many mammalian species. 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. Several factors
Oct4, Sox2, Klf4 and C-Myc isolated from ES cells are sufficient for triggering nuclear reprogramming of somatic
cells to induced pluripotent stem (iPS) cells. Reprogrammed somatic genomes through cell fusion with ES cells
function equivalent to the ES genomes in differentiated cells. We have demonstrated that the acquisition of
pluripotential competence by a reprogrammed somatic genome is accompanied, independent of gene activity, by
global de-condensation of the somatic cell-derived chromatin. Thus, we have proposed that two epigenetic events;
erasure of somatic cell memory and establishment of pluripotential cell memory are required to complete the

nuclear reprogramming. On the working hypothesis that similar molecular events will occur during the nuclear

— 123 — MiEERRER R 2 5 —



Annual Report 2008

reprogramming of somatic cells to iPS cells, molecular mechanisms involved in generation of iPS cells is analyzing.

Nanog is a homeodomain-bearing transcriptional factor identified as a pluripotential cell-specific gene. Our
data clearly demonstrated that Nanog was essential for maintaining pluripotency of stem cells and inducing
successful nuclear reprogramming of somatic nuclei through cell fusion and nuclear transplantation. Nanog is
highly expressed also during early germ cell development in mice. Nanog RNA was conditionally knocked down 7
vivo by Nanog-specific shRNA. The Nanog shRNA transgenic (NRi-Tg) mice were generated by matings with
germline transmittable chimeras with NRi-Tg embryonic stem cells. Crossing with the TNAP-Cre transgenic
mice, in which PGC-specific Cre expression is initiated at E9.5, the number of PGCs drastically decreased in E125
double transgenic NRi-Tg/TNAP-Cre embryos as detected by alkaline-phosphatase and SSEA-1 staining (Fig. 1).
Similar fatal effect of Nanog knockdown on PGC development was detected in E12.5 double transgenic mice of NRi-
Tg and ER-Cre, in which Cre expression was induced by tamoxifen administration at E7.5. TUNEL-positive PGCs
were detectable in tamoxifen-administered NRi-Tg/ER-Cre E10.5 embryos, indicating crucial function of Nanog in
survival of migrating PGCs. These data suggest that Nanog plays a key role of proliferation and survival in
migrating PGCs Oct4-independent manner.

Hybrid cells between ES cells (2n) and somatic cells (2n) are tetraploid (4n). To produce personalized diploid
stem cells from the tetraploid hybrid cells, it is necessary to eliminate the ES cell-derived chromosomes once the
somatic genome has been reprogrammed. We have developed a novel technology to eliminate ES-derived
chromosomes from mouse hybrid nuclei with newly designed a chromosome elimination cassette (CEC) (Fig. 2).
Cre-mediated sister-chromatid recombination in late S and G2 phases of the cell cycle should generate di-centric and
nulli-centric chromosomes specific to CEC-tagged chromosomes. Such aberrant chromosomes are spontaneously
deleted from cells during cell division. To apply the technology to human ES-somatic celll, we have optimized the

techniques with human ES cells.

[ #& B 3]
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T. Tada: Genetic modification-free reprogramming to induced pluripotent cells : fantasy or reality ? Cell Stem Cell
3: pp. 121-122 (2008)

T. Otsuji, H. Matsumura, T. Suzuki, N. Nakatsuji, T. Tada and M. Tada: Rapid induction of large chromosomal
deletions by a Cre/inverted loxP system in mouse ES Cell hybrids. J. Mol. Biol. 378: pp. 328-336 (2008)
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pp. 28-32 (BIAALE: 4527, HALAFEA, 2008)
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WCHEBT A [IPSMlE] &4k ? pp.150-155 (=a— h Y FHf, ==— k> 7L A%, 2008)

ZH & ETa 7T ARG O ANFHISALRAl. [H#H OO » MR BMGROER ] (HMRE  WE)
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H. Matsumura and T. Tada: Cell fusion-mediated nuclear reprogramming of somatic cells. BRMOnline 16: pp.

51-56 (2008)
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S. Yamaguchi, H. Sasaki, N. Nakatsuji and T. Tada: Molecular roles of Nanog in mouse germ cell development.
[ The 23rd Naito Conference on Molecular Basis for Maintenance and Differentiation of Stem Cells [III]]
(2008.11.11-14. Kanagawa, Japan)

S. Yamaguchi, H. Sasaki, N. Natsuji and T. Tada: Molecular roles of Nanog in mouse germ cell development.
Frontiers in Developmental Biology (2008.9.13-17. France)
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T. Tada: Nuclear reprogramming in vitro and i vivo. [Seminar in Center for Stem Cell and Regerative Medicine,
USC] (2008.12.17. LosAngels, US.A.)

T. Tada: Nuclear reprogramming; pluripotent stem cells by cell fusion and iPS induction. [The 2008 Seoul
International Symposium on Stem Cell Research ] (2008.12.3. Seoul, Korea)
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Laboratory of Cell Processing

EEXIR =B EX
Visiting Prof. Tsuneo A Takahashi

BEEAEMR R (H1) =R

Visiting Assoc. Prof. Miho Furue Kusuda

[ 72 #t &]

Mg 7 vty v FRgREEE, v N ES MIORRIGE % Bt L 2 03 BEEA O 2175 <<, 20054F
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MFL OB RfZE, FEBRET £ L T\ 5, BIR N Tk, ERESMRMZEHEEIC X ) B S h7ze b ES Mk
%, RO BEFELHOCTRERBRLIT>TWw2755, K, BKRLXVTHEET 272008 b ES fillatkos
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The Laboratory of Cell Processing was established in the fall of 2005 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 Pharmaceutical Good Manufacturing Practices (GMP) and the research necessary to achieve that.

The CPC meets the hardware standard of GMP such as management of work, air conditioning, clean level of air, etc.
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The CPC is composed 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 and culture of hES in this facility.

The trial to establish clinical-grade hES cells has been done using the conditions developed to establish monkey
ES cells, but it should be developed to make the hES cells possible for clinical use and to establish of hES cell banking
system.

For the clinical application of hES cells, there are several issues remain to be solved, such as developing an
effective complete defined culture medium without animal serum and/or human-tissue derived feeder cells. To
verify these factors we should develop a standard that meets the international level. For this we have joined the
Working Group for International Standards for ES cells and their banking organized by the ISCBI (International
Stem Cell Banking Initiative). In October 2008, 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 monkey ES cells and then colonies, and the techniques will be refined
and validated on hES cells. We expect this strategy will allow us to find an optimal cryopreservation protocol for

hES cells that will contribute to make these cells suitable for clinical use.

[ #& B 3]
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Miho K. Furue, Jie Na, Jamie P Jackson, Tetsuji Okamoto, Mark Jones, Duncan Baker, Ryu-Ichiro Hata, Harry D.
Moore, J. Denry Sato, Peter W. Andrews: Heparin promotes the growth of human embryonic stem cells in a
defined serum-free medium. Proceedings of the National Academy of Sciences of the United States of America
9; 105(36) : 13409-13414 (2008)
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Tetsuji Okamoto, Peter W. Andrews : Defined medium for monkey and human ES cell culture. The 23rd Naito
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Laboratory of Reprogramming Research

KEHER BE B=
Visiting Prof. Ryuzo Torii

HILEMARZEE Y O— R O{ESL (Cloned blastocysts produced by nuclear transfer from somatic
cells in cynomolgus monkey)
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Donor cell No. of No. of No. of No. of No. of | No. of | No. of | No. of | No. of | No. of No. of ES
oocyte | Injection | enucleation |activation| 2-cell | 4-cell | 6-cell | 8-cell | morula |blastocyst| established
31 (5) 2
ES cell 47 43 37 37 83.8%] 253) [ 19(6) | 93 5(1) (65%] 0
Monkey fetus 21 10
fibroblast cell | 27 47 29 2 24%| 18 | 12 1 101 147.6% 0
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Research abstract :

We attempted to establish tailor-made ES cell lines using the modified somatic cell nuclear transfer method
(oocyte enucleation after somatic cell nuclear injection) that was reported last year. The developmental rate of
blastocyst was greatly improved, but establishment of ES cell lines from somatic cell nuclear transfer was not
achieved. In this study, somatic cell nuclear transfer was performed using, for the donor, fetus fibroblast cells and
ES cells that were said to be rather effective, but establishment of tailor-made ES cell lines was not achieved. For
tailor-made regeneration therapy, when post-transplant immunological rejection is considered it is believed that in
the future it will be necessary to study production of iPS (induced pluripotent stem) cells with undifferentiated cells
directly produced from somatic cells. However, in regard to iPS cell differentiation ability, it is necessary to first do

sufficient comparative studies with ES cells.
1. Study of the establishment of ES cells from cynomolgus monkey somatic cell nuclear transfer

Conventional nuclear transfer is a method in which cell nuclei from donor cells are injected after unfertilized

matured oocyte are enucleated and then growth stimulation is carried out. Last year we reported that we made
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improvements to this nuclear transfer method and using a method in which the conventional sequence (the recipient
oocyte was enucleated after injection the nucleus and then activation was performed) was reversed, cloned embryos
production efficiency was greatly increased from the conventional method's 13% to 33%. Here we performed the
nuclear transfer using this method. For the donor, fetus fibroblast cells and ES cells that were said to be rather
effective were used. As a result of the modified nuclear transfer method, the rate of embryo development to the
blastocyst stage was high (fetus fibroblast cells 47.6%, ES cell 6.5% : includes embryo transfer of early stage
embryos). However, establishment of tailor-made ES cell lines from the blastocyst stage was not achieved. Due to
the above, establishment of tailor-made ES cell lines from somatic cell nuclear transfer embryos was extremely

difficult in the cynomolgus monkey and it is believed that in the future it will be necessary to study iPS cell.

2. Method of retrieved MIl oocyte for the manufacture of quality somatic cell nuclear transferred

embryos

As one factor in the extreme difficulty of establishing ES cells from cloned embryos manufactured by the
nuclear transfer method, an attempt was made to improve the quality of MII oocyte obtained through follicle
stimulation. Conventionally FSH formulation has been administered intramuscularly at the same dosage for
consecutive days. As a result, there is large variation between individuals and the number of MII stage oocyte
obtained is few and quality is unstable. To counter this a micro-pump was implanted subcutaneously and by using a
method in which a set amount was administered continuously and halfway through that amount was increased, the
number of MII oocyte was increased and stabilized and embryo development due to ICSI (intracytoplasmic sperm
Injection) was also greatly improved. In the future an attempt to produce cloned embryos using these high quality

oocytes and ES cell establishment and finally a comparison study with iPS cells, are planned.
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M. Yamanaka, S. Hashimoto, J. Okahara, J. Yamasaki, R. Torii and R. Morimoto: Abnormal distribution of cortical
granules in monkey one-day old MII oocytes which were immature at oocyte retrieval after controlled ovarian

hyperstimulation. American Society for Reproductive Medicine 64th Annual Meeting, San Francisco

(2008.11.8-12.8. California, USA)
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[Summary of Research]

1. 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
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skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al, 2005; Morone et al., 2006). This entails a paradigm shift for the concept of the plasma
membrane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be
found because we have developed high time resolution (25 microseconds) single-molecule tracking techniques
(Kusumi et al,, 2005). If more than one molecule is observed at the same time, the single hop event would be masked
by averaging over all the molecules under observations. Without high-time resolutions, the residency time within a

compartment for 1 ms to 1 s could not be detected.
2. 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).
3. 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).
4. Single-molecules FRET imaging of H-Ras activation in living cells

The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation and
reorganization of the cytoskeleton, was visualized at the level of individual molecules using a technique called single-
molecule fluorescence resonance energy transfer (single-molecule FRET ; Murakoshi et al, 2004; Kusumi and
Murakoshi, 2005). Activation of H-Ras takes place only temporarily (<2s) and is accompanied by transient
immobilization, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding

proteins.
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Y .M. Umemura, M. Vrljic, S.Y. Nishimura, T K. Fujiwara, K.G. Suzuki and A. Kusumi: Both MHC class II and its GPI-
anchored form undergo hop diffusion as observed by single-molecule tracking. Biophys. J. 95: 435-450 (2008)

N. Morone, C. Nakada, Y. Umemura, J. Usukura and A. Kusumi: Three-dimensional molecular architecture of the
plasma-membrane-associated cytoskeleton as reconstructed by freeze-etch electron tomography. Methods in
Cell Biology 88: Introduction to Electron Microscopy for Biologists, T. Allen Ed. Chapter 12: 207-236 (2008)

A. Kusumi, Y. Umemura, N. Morone and T. Fujiwara: Paradigm shift of the molecular dynamics concept in the cell
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membrane : high-speed single-molecule tracking revealed the partitioning of the cell membrane. Anomalous
Transport: Foundations and Applications, R. Klages Ed. Chapter 19, Wiley Interscience : 545-574 (2008)

K.G.N. Suzuki and A. Kusumi: Mechanism for signal transduction in the induced-raft domains as revealed by single
molecule tracking. Trends in Glycoscience and Glycotechnology, 2008 (in press)
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A. Kusumi : Single-molecule tracking reveals dynamics of monomer-oligomer equilibrium of GPCRs. Meeting : two
days with GPCRs in Montpellier (2008.6.12-13. Montpellier, France)

A. Kusumi: Signal transduction based on the plasma membrane meso-domains and the actin membrane skeleton: a
single-molecule tracking study. New Frontiers in Neurophotonics: 1st Franco-Canadian Symposium
(2008.10.20-23. Bordeaux, France)

A. Kusumi : Single-molecule tracking in the living cell plasma membrane : compartments, nanodomains and signaling.
Principles of Cell and Tissue Organization (2008.11.10-12. Dresden, Germany)

A. Kusumi: Single-molecule tracking of transient signal transduction complexes. Medical Sciences Congress
(2008.11.25-28. Queenstown, New Zealand)

T. Fujiwara and A. Kusumi: Compartmentalization of the plasma membrane by the membrane skeleton : high-speed
single-molecule tracking study. The 9th Asia-Pacific Microscopy Conference (2008.11.2-7. Jeju, Korea)
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KGN. Suzuki and A. Kusumi: Mechanism for raft-based signal transduction as studied by single-molecule tracking.
The First iCeMS International Symposium/The 11th International Membrane Research Forum (2008.2.20-22.
Kyoto, Japan)

A. Kusumi: Single-molecule imaging of raft-based signal transduction in living cells: a system of digital signal
transduction ? The 38th Seiriken/ Sokendai International Conference "Stock and flow of functional molecules
in synapse" (2008.3.17-19. Okazaki, Japan)

A. Kusumi : Single-molecule tracking in the living cell membrane : signaling in a variety of membrane domains. Post
IID 2008 Satellite International Meeting on "Autoimmune Bullous Diseases” (2008.5.17-19. Otsu, Japan)

A. Kusumi : Paradigm shift of the plasma membrane dynamics, structure and signal transduction by single-molecule

tracking analysis. Kobe University Global COE Program : International Symposium on Integrative Membrane
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Biology (2008.12.17-18. Kobe, 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
distribution, it is indicated that the form of the bone has been modeled and the design of artificial dental roots which
dynamically harmonizes with the living tissue under this constraint has being tried (Supported by New Energy and

Industrial Technology Development Organization).
2. Regeneration of the periodontal Membrane around Dental Implant Roots.

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

and Education).
3. MR Elastography Measurement, Analysis and Verification.

Magnetic resonance elastic modulus measurement method (MRE) of the elastic modulus is a new measuring
technique based on the MRI and it establishes the technique of the noninvasive elastic modulus measurement of the
living tissue and organ iz 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
mobility simultaneously in joints and spine which received the damage. We examined the possibility of the
application of polyvinyl alcohol hydrogel which can control the mechanical strength by the change of water content
and is excellent in the biocompatibility. It replaces only lesion part and leaves the sound subchondral bone. The

high strength and high elastic modulus of the polyvinyl alcohol hydrogel newly developed in this department is
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promising as artificial articular cartilage and intervertebral disk material (Supported by Japan Ministry of Health,

Labour and Welfare).
5. Polyethylene for Artificial Joints with High Wear Resistance.

The wear particles of polyethylene are produced by the friction between the metal and UHMWPE when
artificial joint used for the long term. It is known that the osteolysis occurs by foreign body granulation tissue
which the wear particle induces. The development of new UHMWPE for artificial joint which controlled super
structure by the crystallization under molecular orientation is being tried in order to improve abrasion resistance of

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

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

(Supported by Japan science and technology).
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(a) Photographs of the wounds in diabetic mice after 14 days of treatment of collagen sponge (EGCG 0ppm) or
epigallocatechin gallate (EGCG)-incorporated collagen sponge. (b) Residual wound size of diabetic mice after 7 and 14
days of treatment was measured from unclosed wound area using a digital planimeter. CD31 positive capillaries in newly
generated dermis. (c) and Ki-67 positive cells at the basement membrane of epidermis. (d) were quantitatively analyzed
with immunohistochemical staining sections.
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7. The gentle denture base in human body

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

department of industry).
8. Biodegradable Medical Adhesives

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

We recently developed functional medical adhesive of dextran based reactive glue, consisting of aldehyded
dextran and e-poly (L-lysine), two kinds of medical and food additives, as starting materials. Biocompatibility assay
indicated that the functional medical adhesive showed excellent biocompatibility with 7 vitro and iz vivo and most
of the functional medical adhesive was histologically degraded within 4 weeks. The excellent performance was
observed in comparison to the use of conventional fibrin glue (Supported by New Energy and Industrial Technology

Development Organization).

[ #& B $3]
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K. Matsumura, K. Kaihatsu, S. Mori, H-H. Cho, N. Kato and S-H. Hyon: Enhanced antitumor activities of (—)-
epigallocatechin-3-O-gallate fatty acid monoester derivatives iz vitro and iz vivo. Biochemical and Biophysical
Research Communications 377: 1118-1122 (2008)
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K. Matsumura, T. Hayami, S-H. Hyon and S. Tsutsumi: Control of proliferation and differentiation of osteoblasts on
apatite coated poly (vinyl alcohol) hydrogel as an artificial articular cartilage material. Journal of Biomedical
Materials Research (in press)

K. Matsumura, H. Takayama, J-Y. Bae, M. Kurihara, S. Tsutsumi and S-H. Hyon : Preservation of platelets by adding
epigallocatechin-3-O-gallate to platelet concentrates. Cell Transplantation (in press)

T. Azuma, J. Ito, M. Kutsuki, R. Nakai, S. Fujita and S. Tsutsumi: Analysis of the mandibular movement by
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simultaneous multi-section continuous ultrafast MRI. Magnetic Resonance Imaging Epub Sep 4 (2008)

R. Nakai, T. Azuma, M. Sudo, S. Urayama, O. Takizawa and S. Tsutsumi: MRI analysis of structural changes in
skeletal muscles and surrounding tissues following long-term walking exercise with training equipment. J
Appl Physiol. 105(3) : 958-963 (2008)

H-H. Cho, D-W. Han, K. Matsumura, S. Tsutsumi and S-H. Hyon : The behavior of vascular smooth muscle cells and
platelets onto epigallocatechin gallate-releasing poly (L-lactide-co-e-caprolacgone) as stent-coating materials.
Biomaterials 29: 884-893 (2008)

HOEME, AR, % ZRIK  Cisplatin & DNA ~ A 7 Ok T2 5 OIEYEE S AT A, i &R BT
68-72 (2008)
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[7270>ay b OFOEE & BIETTE—RAHLT 36(11) © 1306-1315 (2008)

T. Ino, R. Nakai, T. Azuma, K. Tokumoto, K. Usami and T. Kimura: An fMRI Study of word reading and colour
recognition in different quadrant fields. The Open Neuroimaging Journal 2: 56-64 (2008)

S. Ichihara, Y. Inada, A. Nakada, K. Endo, T. Azuma, R. Nakai, S. Tsutsumi, H. Kurosawa and T. Nakamura:
Development of new nerve guide tube for repair of long nerve defects. Tissue Engineering (in press)

H-H. Kim, T. Kawazoe, S. Suzuki, S. Tsutsumi, K. Matsumura and S-H. Hyon: Enhanced wound healing by
epigallocatechin gallate-incorporated collagen sponge in diabetic mice. Wound Repair and Regeneration 16(5):
714-720 (2008)

T. Kawazoe, H-H. Kim, Y. Tsuji, N. Morimoto, S-H. Hyon and S. Suzuki: Green tea polyphenols affect skin
preservation in rats and improve the rate of skin grafts. Cell Transplantation 17: 203-209 (2008)

J-Y. Bae, J. Kanamune, D-W. Han, K. Matsumura and S-H. Hyon : Reversible regulation of cell cycle-related genes by
epigallocatechin gallate for hibernation of neonatal human tarsal fibroblasts. Cell Transplantation (in press)

J-Y. Bae, K. Matsumura, S. Wakitani, A. Kawaguchi, S. Tsutsumi and S-H. Hyon: Beneficial storage effects of
epigallocatechin-3-o-gallate on the articular cartilage of rabbit osteochondral allografts. Cell Transplantation
(in press)

M. Takaoka, T. Nakamura, H. Sugai, AJ. Bentley, N. Nakajima, NJ. Fullwood, N. Yokoi, S-H. Hyon and S. Kinoshita :
Sutureless amniotic membrane transplantation for ocular surface reconstruction with a chemically defined
bioadhesive. Biomaterials 29: 2923-2931 (2008)

M. Takaoka, T. Nakamura, H. Sugai, AJ. Bentley, N. Nakajima, N. Yokoi, NJ. Fullwood, S-H. Hyon and S. Kinoshita :
Novel sutureless keratoplasty with a chemically defined bioadhesive. Invest ophthalmol vis sci. (in press)

M. Araki, H. Tao, T. Sato, N. Nakajima, T. Nagayasu, T. Nakamura and S-H. Hyon: Development of a new tissue-
engineered sheet for reconstruction of the stomach. Artif Organs (in press)

M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, S-H. Hyon and M. Konda: Evaluation of anisotropic deformation and
fracture properties in extruded HAP/PLLA Composites. Proceedings of the 13th European Conference on
Composite Materials : 1-8 (2008)

A. Osterburg, J. Gardner, S-H. Hyon, A. Neely and G. Babcock : Highly antibiotic resistant acinetobacter baumannii
clinical isolates are Kkilled by the green tea polyphenol ( — )-Epigallocatechin-3-gallate (EGCG). Clinical

Microbiology and Infections (in press)
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D-W. Han, K. Matsumura, B-J. Kim and S-H. Hyon: Time-dependent intracellular trafficking of FITC-conjugated
epigallocadtechin-3-0-gallate in L-929 cells. Bioorganic & Medicinal Chemistry (16) : 9652-9659 (2008)

A. Miskon, T. Yamaoka and S-H. Hyon : Preservation of porcine hepatocytes in 3d bioreactor at room temperature
using epigallocatechin-3-gallate. Tissue Engineering (in press)
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MASFIE, X AR, HRESG, NHEE, & @3 EREEAT AT HEMR OB, THE NIPPON Dental
Review (HZA i) 68(3) : 39-40 (2008)

¥R FEEEEZRNLEEE NSNS T ) 7TV EE LS. Journal of Japanese Society for
Biomaterials 26(2) : 111-121 (2008)
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S-H. Hyon, N. Nakajima and H. Sugai: Dextran based medical glue and its clinical application. The 8th World
Biomaterials Congress (2008.5.28-6.1. Amsterdam)

S-H. Hyon and K. Matsumura : Anticancer activity and DDS application of green tea polyphenol derivatives. 35th
Annual Meeting & Exposition of the Controlled Release Society (2008.7.12-16. New York)
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K. Matsumura, K. Kaihatsu, S. Mori and S-H. Hyon : Anticancer effects of novel tea polyphenol derivatives and their
DDS application. The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)

AFAIEA, BHEEIRZ:, & 15— X RIK: ¥y ah 7% 070 — MHBEFEROBT ViEHES L 0 DDS 1L
g524 H A DDS Faxiefi ey (2008.6.29-30. )

A, hEEE, X RE SIS R = F OB %, SB57II &5 Faame (2008.9.24-26. KFR)

AR, HEEE, X RIEK: AT VAVKF D FICRD 2 MIBHREHREROME. HEANA <79 T
Hx T VAR Y7 22008 (2008.11.17-18. HUE)
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H-H. Cho, K. Matsumura, D-W. Han and S-H. Hyon : Epigallocatechin-3-O-gallate Crosslinked Collagen Sponges with
Enhanced Biostability and Biocompatibility for Tissue Engineering. The 8th World Biomaterials Congress
(2008.5.28-6.1. Amsterdam)

H-H. Cho, D-W. Han, K. Matsumura and S-H. Hyon : /2 vitro studies of Epigallocatechin Gallate-Eluting Stent Coatings

Based on Poly (L-Lactide-co-epsilon-Caprolactone). The 8th World Biomaterials Congress (2008.5.28-6.1.
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Amsterdam)
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H-H. Kim, T. Kawazoe, K. Matsumura and S-H. Hyon : Healing effects of epigallocatechin-3-0-gallate (egcg) on burn
wounds in mice. The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)

J-Y. Bae, D-W. Han, K. Matsumura, S. Wakitani and S-H. Hyon : EGCG Application to the non-frozen preservation of

articular cartilages through the regulation of cell cycle and NF-«B expression. The 8th World Biomaterials

Congress (2008.5.28-6.1. Amsterdam)
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M. Takaoka, T. Nakamura, H. Sugai, Adam J. Bentley, N. Nakajima, Nigel J. Fullwood, N. Yokoi, S-H. Hyon and S.

Mt

Kinoshita: A Novel Sutureless Amniotic Membrane Transplantation for Ocular Surface Reconstruction with
Chemically Defined Bioadhesives. The Association for Research in Vision and Ophthalmology (ARVO) 2008
Annual Meeting (2008.4.27-5.1. Fort Lauderdale, Florida)
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S. Ichihara, T. Nakamura, Y. Inada, A. Nakada, K. Endo, T. Azuma, S. Tsutsumi and H. Kurosawa : Development of

Bl

new nerve guide tube for repair of peripheral nerve injury. American Society for Artificial International
Organs, 54th Annual conference (2008.6.19-21. San Francisco)
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M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, SH. Hyon and M. Konda: Effect of Microstructural Anisotropy on
Deformation and Fracture Properties in Extruded HAp/PLLA Composites. The 8th World Biomaterials
Congress (2008.5.28-6.1. Amsterdam)

M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, SH. Hyon and M. Konda: Evaluation of anisotropic deformation and
fracture properties in extruded HAP/PLLA composites. 13th European Conference on Composite Materials
(2008.6.2-5. Stockholm)

D-W. Han, H-H. Cho and S.H. Hyon: Cytoprotective Effects of Laminin via Blocking Cellular Uptake of
Epigallocatechin Gallate. The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)

D-W. Han, H-H. Cho, K. Matsumura and S.H. Hyon : I vitro studies of epigallocatechin gallate-eluting stent coatings
based on poly (I-lactide-co-epsilon-caprolactone). The 8th World Biomaterials Congress (2008.5.28-6.1.
Amsterdam)

M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, SH. Hyon and M. Konda: Effect of microstructural anisotropy on
deformation and fracture properties in extruded hap/plla composites. The 8th World Biomaterials Congress
(2008.5.28-6.1. Amsterdam)

T. Yamamoto, S. Fujibayashi, N. Nakajima, H. Sugai, SH. Hyon and T. Nakamura: A new biodegradable adhesive
(LYDEX). The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)
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M-H. Lee, D-W. Han, S-H. Hyon and J-C. Park: Suppression of intimal layer formation as inhibiting migration and
proliferation of smooth muscle cell by epigallocatechin-3-gallate (EGCG). The 8th World Biomaterials
Congress (2008.5.28-6.1. Amsterdam)
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Technology | (#£FiliE) (2008.6.24. Kwangju)
Suong-Hyu Hyon : Functional Medical Adhesives [BIO KOREA 20081 (BfEikiE) (2008.10.9. Osong)
Suong-Hyu Hyon : Biodegradable medical sealant or adhesive composed of dextran/polylysine. [Korea Polymer

Meeting | (Rf5R5H#E) (2008.10.10. Seoul)
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Department of Nano-Biomechanism
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Assist. Prof. Toshihiro Togaya
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Restoration and maintenance of oral function (ingestion, mastication, swallowing and phonation) are essential for
ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to establish

the fabrication systems of precision dental prostheses, which have excellent biological, mechanical- and

L=HY—ITICE>TY 7 — LS hiHk, HEARES MDD, COBLLTBEREMERLILEL, BHEEEESL
Feo SNETR—DPSEVESLETNELESEP 2B T+ —LTEH, BEOHERDT .
A DTx—LE, B:UT7+—L#E
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morphological-compatibility.
On the other side, there is a big social problem in the manufacturing industry of the dental prostheses in Japan.
The society tends to be composed by elderly dental technicians and many young people in this field quit work

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

[ #& B ]
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BEVURIYIL
T. Togaya: Applications of laser welding in dental laboratory work. 4th International Congress on Dental

Technology (Invited Lecture) (2008.11.22. Osaka)

BERISFMHEE

Department of Medical Engineering

Visiting Prof. Tanguay, Robert Maurice

"Role of molecular chaperones in development and regeneration”

[Research Overview]

Many heat shock proteins (HSP) act as molecular chaperones and play key roles in the proper folding and/or
disposal of denatured/misfolded proteins resulting from exposure to severe thermal or chemical stresses. In
addition some HSPs are expressed in a developmental- and cell specific-regulated manner in the absence of stress
suggesting that they also have some functions in these biological processes. This is particularly striking in the case
of the small HSPs, a family of conserved Hsps ranging from 12 to 40 kDa, which have been shown to be expressed in
specific cells during normal development and during aging in the Drosophila model system. In humans, there are
11 members in the small HSP family and these also show cell-specific expression. Interestingly overexpression of a
small mitochondrial HSP in Drosophila melanogaster (DmHsp22) has been shown to extend lifespan and protect
against oxidative stress (Morrow et al. FASEB ] 18: 598, 2004 ; J Biol Chem 279 : 43382, 2004). Aging is a complex
process accompanied by a decreased capacity of cells to tolerate and respond to various forms of stresses leading to
damages such as protein aggregation in various components of the cell. Chaperones are thus likely important

players in the aging process by preventing damages resulting from protein denaturation and aggregation. Small
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chaperones have been shown to be involved in the refolding or disposal of protein aggregates, a feature of many age-
associated diseases. However the mechanisms by which these small chaperones protect against aging damages are
unknown. Identifying the proteins that associate with the small HSPs may provide clues to better understand their
mode of actions in the aging process and also in many age-associated neurodegenerative diseases thought to result
from protein denaturation and aggregation.

We are particularly interested in small HSPs associated with mitochondria as this organelle is the main
generating site of the damaging radical oxygen species (ROS) though to be responsible for damages to DNA, proteins
and cellular membranes (Figure 1). We have thus started to identify the partners and substrates of two specific
mitochondrial sHSPs using technology developed by members of Prof. Kazuhiro Nagata's laboratory in the
Department of Molecular and Cellular Biology of the Institute of Frontier Medical Sciences. The two proteins, the
matrix DmHsp22 and HspB2, a human sHSP associated with the mitochondrial outer membrane have been tagged
and used in immunoprecipitation studies to identify their partners/substrates using mass spectrometry. We hope
that the identification of protein/protein interactions between the sHSPs and cellular proteins will help in
understanding the mechanisms of protection against oxidative stress conferred by these small chaperones (Figure
1). This may be particularly important in some human neurodegenerative diseases such as amyotrophic lateral

sclerosis (ALS) in which mitochondrial homeostasis seems to play an important role.

Fig. 1. Model of putative sites of action of small HSP chaperones in mitochondria. The matrix localized
DmHsp22 may prevent the accumulation of toxic protein aggregates by chaperoning the refolding
or elimination of denatured proteins. HspB2 may also participate in the mitochondrial protein
quality control process through its association with the outer membranes by distinct mechanisms.

During my stay at the Institute, I discussed with the members of Prof Nagata's group at multiple occasions
about their projects, progress and difficulties. I also gave a series of seminars for students and researchers of the
Institute on "Drosophila melanogaster as a model system for the study of aging and protein folding diseases" and on
"Small HSP chaperones, aging and resistance to oxidative stress in Drosophila’. I also presented a seminar on
"Hepatocellular carcinoma in hereditary tyrosinemia: activation of survival pathways and inhibition of mitochondria-
mediated apoptosis’, a severe genetic liver disorder involving ER signaling and resistance to apoptosis.

Finally in collaboration with a member of the group, Dr Hiroshi Kubota, and colleagues of the University of
Groningen (Netherlands), we participated in the writing of a manuscript on "Guidelines for the nomenclature of the

human heat shock proteins" which will be published in 2008 in the journal Cell Stress and Chaperones.
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During the developmental and organ regenerative processes, epithelial tissues actively construct complex
architectures, where their differentiation programs are spatio-temporally regulated by the surrounding stroma.
We have analyzed functional expression of a stromal morphogenic protein epimorphin, which usually exists at the
cytoplasmic surface of the stromal plasma membrane and functions as a t-SNARE molecule, while is temporally
secreted extracellularly and elicits local morphogenenic responses in the adjacent epithelia. As the last year of the
project, we have tried to establish functional relationship between epimorphin and its related members to provide
new insight into strict regulation in the functional differentiation and morphogenesis of the skin epidermis. We
found that epimorphin (syntaxin 2) is localized predominantly at the stromal fibroblasts whereas syntaxin 3 and 4 is
localized at the cell membrane of stratified keratinocytes (Fig. 1). As has been shown for epimorphin, syntaxin 3
and 4 are projected extracellularly in response to some biological stimuli, however, they appeared not to be released
from these cells and affect only to the neighboring keratinocytes. We found that the recombinant forms of
epimorphin, syntaxin 3 and 4 are all active in regulation of EGF-dependent keratinocyte growth and differentiation,
suggesting their spatial cooperation for the programmed stratification/cornification in the epidermial tissues (Fig. 1).

We also revealed a novel regulatory mechanism of functional expression of AHF/Trichohyalin which plays key
roles in the cyclic morphogenesis of a skin appendix hair follicle via bundling the keratin intermediate filaments.
We found that BMP4 up-regulates AHF transcription, and a nuclear envelope component lamin C indirectly affects
AHF protein to confer proteolytic resistance. These findings underscore the orchestrated cooperation of

extracellular signals, the cytoplasmic proteolytic elimination machinery and the nuclear membrane component.

[% #& B 3]
SHELER®

RER

Y. Okugawa and Y. Hirai: Overexpression of extracellular epimorphin leads to impaired epidermal differentiation in
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HaCaT keratinocytes. J. Invest. Dermatol. 128: 1884-1893 (2008)

S. Aono and Y. Hirai: Phosphorylation of claudin-4 is required for tight junction formation in a human keratinocyte
cell line. Exp. Cell Res. 314: 3326-3339 (2008)

S. Yamamoto, K. Hirai, Y. Hasegawa-Oka and Y. Hirai: Molecular elements of the regulatory control of keratin
filament modulator AHF/Trichohyalin in the hair follicle. Exp. Dermatol. [Epub] Jul 17 (2008)

C. Chen, M. Neison, D. Khavy, S. Bennett, E. Radisky, Y. Hirai, M. Bissell and D. Radisky : Homilogy with rescle fusion
mediator suntaxin-la predicts deteminants of epimorphin/syntaxin-2 funtion in mammary epithelial
morphogenesis. J. Biol. Chem. Epub. Jan. 7 (2009)

D. Radisky, M. Stallings-Mann, Y. Hirai and M. Bissell : Single proteins serve multiple functions in intracellular and

extracellular environments. Nat. Rev. Mol. Cell Biol. (in press)

® FLEORERR ®

1) F5 - IREER

Y. Okugawa and Y. Hirai: Overexpression of extracellular epimorphin leads to impaired epidermal differentiation in
HaCaT keratinocytes. 11th IUBMB conference/33rd FEBS congress (2008.6.28-7.3. Athen Greece)

Y. Hirai and K. Yamazaki: The Non-classical Export of syntaxins and Their possible Extracellular Functions as
Integrin Ligands. 11th IUBMB conference/33rd FEBS congress 2008.6.28-7.3 (Athen Greece)

2) BES - VORI TL

Y. Hirai: Extracellular function of epimorphin/syntaxin 2 as a morphogenic protein. The 34th JSBBA symposium
on Chemistry and Biology (2008.9.27. Nagoya, Japan)

PHEE D HF L A TOIREILEE - epimorphin 12 & % B MR O ALHIE.  BIVEFEBER - HARR AL AR
Pl EEER AT AR Y T A FEIEEE (2008.7.28. THE)

FHEE T T F IV OF L WIS & E R R O TERERRER. BITUSABE RS AR T A in ]
K [3EA - FRAERET &N - FHEREE] (2008.11.3. 3RH0)
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Division of Technical Support

[ ERE]

2002410 H17H OEIZEIZB T, BAERAEIICBIT 20— E L THMM 2 3R 3¢, BARE
AR FERT & 0 B OB E AR ER 21T ) L9 1o 72

2008F1x 1 H & D 12H K TIL125 185 OF S V), FHEFEERGURE QR 2 MR AF R 2 &b 50,
8 % OWFFEE DELIIE R TE 720

o, AHICESE 7 LA RSy b (R EREE) OLFEFHCEE, W55 F TOMMBIERCRIE
Befn e EOEAIRE ST - TE 720

FoicHE GRS, X7 RN Isu AR ANSN, HEyOMEEE, BRSO ER S N5 R
R DR b 2 Sz,

o XT T4 YUIAVER, SRR TER, Tay Z OfERL BUREEAROVER

o —f%yett (Hematoxylin-Eosin stain)

o $¥BkGtt (Azan stain, Alcian blue stain, Berlin blue stain, Dahl's method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson's tricrome stain, Maxwell's stain, Nissl's stain, PTAH, Toluidine
blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossa's method, Silver stain)

o SuEY (aSMA, Desmin, vIWF VIII, Vimenntin, CD68, CD31, EP2, Collagen type-I, Type-1I, MAP2, HBME-1
%)

—75, HUWMEL L CHMIAEAEHE (FM, £6), HARMERRS, ERWEHIREA 7 BT
IREBARPMESIZSM L, EHIUERC BN R 217> T& 72
F7, BWAEREBELLC, EHEARETOEROIMELZITTE 7,

[ #& B $3]
® ¥ HEEER ®

TS, NEAET  URRILA 2 I 7 A% 7B EONRIIg . 5194 B B =Bl B s (B MiHs)
[ 7'V EEK A AR R 2] (2008.3.18-19)

INREAFET, KT FES @ Fast Green-Safranine O Jeft OMRES. SE19FEERIRR BN BWHE (HMBHE) 7L
SRR A A 7E4x | (2008.3.18-19)
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4, FI AT oBEHEIZ= v b
Nano-Medicine Merger Education Unit

FIATA Y VREGHEL= Y ML, ST //u Y= T4 T A A, WNZES DS L THIO TEIL
TED [T/ AT710 7] L) LWERETEEICB VT, R, EFECHEETCEIAMEER T, L
*HBE L TR ESNHEFTMETT.

D=y MIFHERRFEOEE &AW L 72k & LTS S, BRAENIER, TH¥sefts L OHAERSY:
WA E A SEHE L 205588 SN E T HHICBWTIBEFOMZER - & v ) BERROFAA L2
T, BMRFOBELRHBEERY v 7 EWIRASNHERB LA EL=y N2 BB L TS T 4%
I—7 1 %= ML, PR, RN OFEREE, MIRIREICN) 9.

BEWCREE CIFged, #Hifis & L B SN TW R ANITF 2 A7 1 2 VBT 2 A5 AR & afals & 0 f 4t 5
HEEHIT, EHFEBBINHEB 2 EOFRCL2HHAFELZITVET, JHUTXD, Fraisll B\ CRiEB R
OO ANMANEFRL T,

Tz, WENAF T 0TV AMBERE Y 5 —1CBWCE, FARREIE LD, B ot - 2
¥y 7 OPREEITNET . N—F - V7 bOWHEASDT A= F&2IT) T LIZED, Rr=v bOEB*E LT,
T g e AR T OIS HF G T2 b0 ThH Y 9,

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 science, and
medicine.

The unit is crossing over Graduate School of Medicine, Graduate School of Engineering, and Institute for
Frontier 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
providing practice and basic lecture about nano-medicine for experts in engineering and research in a specific field.

The essential role of Institute for Frontier Medical Sciences concerned with the activity of this unit in Kobe
Biotechnology Research and Human Resource Development Center is providing machinery, materials and staff,
which means comprehensive support of hard- and software. It is a pleasure that we can contribute to the

promotion of Kobe Medical Industry Development Project through the activity of this unit.

4. FIAXATAVUREHBEI-V b — 164 —
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International Symposium on Regenerative Medicine
—Tenth Anniversary of Institute for Frontier Medical Sciences—

HEF 1 2008128 48 (K)
25 ZHSE TEA-IL

Opening address, Prof. Shimon Sakaguchi
(The Director of Institute for Frontier Medical Sciences, Kyoto University)

Chairperson : Prof. Atsuko Sehara-Fujisawa
(Department of Growth Regulation, Institute for Frontier Medical Sciences, Kyoto University)

Melanocyte stem cell and their niches
Prof. Emi Nishimura (Division of Stem Cell Medicine, Cancer Research Institute, Kanazawa University)

Aging from a stem cell perspective : niche-imposed signaling imbalance
Prof. Irina Conboy (Department of Bioengineering, University of California, Berkeley)

Niche regulation of Hematopoietic stem cells
Prof. Toshio Suda (Department of Cell Differentiation, Graduate School of Medicine, Keio University)
Lunch and Poster Session

Chairperson : Prof. Yasuhiko Tabata
(Department of Biomaterials, Institute for Frontier Medical Sciences, Kyoto University)

Single Molecule Nano-Science : Fluctuation and Function of Life
Prof. Toshio Yanagida (Graduate School of Frontier Bioscience and Graduate School of Medicine, Osaka University)

Quality control of newly synthesized proteins in the ER
Prof. Kazuhiro Nagata (Department of Molecular and Cellular Biology, Institute for Frontier Medical Sciences, Kyoto
University)

Matrix elasticity directs Stem Cell Differentiation & Cardiomyocyte De-differentiation
Prof. Dennis Discher (Biophysical Engineering Laboratory, University of Pennsylvania)
Coffee Break and Poster Session

Chairperson : Prof. Takashi Nagasawa
(Department of Immunobiology and Hematology, Institute for Frontier Medical Sciences, Kyoto University)

Stem cells and neurogenesis in the adult central nervous system
Prof. Jonas Frisén (Department of Cell and Molecular Biology, Karolinska Institute)

Induction of Pluripotency by Defined Factors

Prof. Shinya Yamanaka (Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University)
Closing remark, Prof. Norio Nakatsuji

(Department of Development and Differentiation, Institute for Frontier Medical Sciences, Kyoto University)
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Poster Session
POSTER 1

QUALITY CONTROL OF PROTEINS IN THE ENDOPLASMIC RETICULUM.
Nobuko Hosokawa!, Tkuo Wada® Yukiko Kamiya®, Koichi Kato®*® and Kazuhiro Nagata*
Department of Molecular and Cellular Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8397,

Japan
“Department of Cell Sciences, Institute of Biomedical Sciences, Fukushima Medical University School of Medicine, Fukushima

332-0012, Japan

30kazaki Institute for Integrative Bioscience, National Institutes of Natural Sciences, Okazaki 444-8787, Japan
4Graduate School of Pharmaceutical Sciences, Nagaya City University, Nagoya 467-8063, Japan

5The Glycoscience Institute, Ochanomizu University, Tokyo 112-8610, Japan

POSTER 2

THE NEW POSSIBILITY OF CHROMATIN REMODELING FACTOR IN THE TRANSCRIPTION REGULATION.

Ken I Hohmura and Kazunori Hirayoshi
Department of Ultrastructural Research studies, Institute for Frontier Medical Sciences, Kyoto University

POSTER 3

CHARACTERIZATION OF TENDON AND LIGAMENT SPECIFIC ENHANCER OF THE MOUSE TENOMODULIN
GENE

Yuriko Nishizaki, Yuki Sugimoto, Yuji Hiraki and Chisa Shukunami

Department of Cellular Differentiation, Institute for Frontier Medical Sciences, Kyoto University

POSTER 4

DEVELOPMENT OF TECHNOLOGY TO GENETICALLY ENGINEER STEM CELLS
Jun-ichiro Jo, Kentaro Nagane, Masaya Yamamoto and Yasuhiko Tabata
Department of Biomaterials, Institute for Frontier Medical Sciences, Kyoto University

POSTER 5

BONE REGENERATION INDUCED BY BIOMOLECULES-FUNCTIONALIZED SCAFFOLDS
Masaya Yamamoto, Akishige Hokugo, Yu Kimura, Naoki Hayashi and Yasuhiko Tabata
Dept. Biomaterials, Inst. Frontier Med. Sci., Kyoto Univ., Kyoto, JAPAN

POSTER 6

BIOMATERIALS DESIGN WITH CHIMERIC PROTEINS
K. Kato, H. Sato, T. Nakaji-Hirabayashi, H. Miyazaki, M. Hiraoka and H. Iwata
Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan

POSTER 7

BIOARTIFICIAL PANCREAS

Yuji Teramura and Hiroo Iwata
Department of Reparative Materials, Institute for Frontier Medical Sciences, Kyoto University

POSTER 8

TCRBV TO D] REARRANGEMENT IN THE DP THYMOCYTES IN THE PRESENCE OF AN IN-FRAME VD]
CONSTRUCT

Shinji Fujimoto

Department of Immunology, Institute for Frontier Medical Sciences, Kyoto University

POSTER 9

CLINICAL TRIAL OF THE NEW TREATMENT FOR OSTEONECROSIS USING AUTOLOGOUS BONE MARROW
STROMAL CELLS

Tomoki Aoyama®, Ryosuke Kakinoki?, Ryosuke Ikeguchi?, Koji Goto?, Moritoshi Furu!, Kinya Ito!, Haruhito
Mitsui', Michiko Ueda!, Yasunari Kasai®, Eishi Ashihara®, Shinya Kimura®, Taira Maekawa®, Takashi Nakamura®
and Junya Toguchida®
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'Department of Tissue Regeneration, Institute for Frontier Medical Sciences, Kyoto University
’Department of Orthopaedic Surgery, Kyoto University Hospital
3Department of Transfusion Medicine and Cell Therapy, Kyoto University Hospital

POSTER 10
APPLICATION OF POLYVINYL ALCOHOL (PVA) MACRO-ENCAPSULATED ISLETS IN TYPE 1 DIABETES

TREATMENT

Zhi Qi, Meirigeng Qi, Naoaki Sakata, Chizuru Yamamoto, Goichi Yanai, Etsuko Ikenoue, Qian Wu, Akihito Hiura
and Shoichiro Sumi
Department of Organ Reconstruction, Institute for Frontier Medical Sciences, Kyoto University

POSTER 11

REGENERATION OF CENTRAL NERVES USING A COLLAGEN SCAFFOLD AND ADIPOSE-DERIVED STROMAL
CELLS

Akira Nakada MD, Seijun Fukuda MD, Satoshi Ichihara MD, Toshihiko Sato MD, Shin-ichi Itoi MD, Yuji Inada
MD, Katsuaki Endo MD and Tatsuo Nakamura MD

Department of Bioartificial Organs, Institute for Frontier Medical Sciences Kyoto University

POSTER 12

BIODEGRADABLE POLYMER COATING TISSUE-ENGINEERED AIRWAY PROSTHESIS
Toshihiko Sato MD!, Akira Nakada MD', Naoki Nakajima, PhD? and Tatsuo Nakamura MD'!
'Department of Bioartificial Organs, Institute for Frontier Medical Sciences, Kyoto University

“Medical Simulation Engineering, Institute for Frontier Medical Sciences, Kyoto University
POSTER 13

THE CULTURE OF HUMAN EMBRYONIC STEM CELLS USING RECOMBINANT HUMAN LAMININ ISOFORMS
Takamichi Miyazaki!, Sugiko Futaki?, Kouichi Hasegawa®, Miwa KawasakiZ, Noriko Sanzen?, Maria Hayashi?,
Eihachiro Kawase®, Kiyotoshi Sekiguchi?, Norio Nakatsuji®* and Hirofumi Suemori!

'Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center, Institute for Frontier Medical Science, Kyoto
University

?Institute for Protein Research, Osaka University
3Department of Development and Differentiation, Institute for Frontier Medical Sciences, Kyoto University
nstitute for Integrated Cell-Material Sciences, Kyoto University

POSTER 14

PRDM14 IS INVOLVED IN THE MAINTENANCE OF HUMAN EMBRYONIC STEM CELL SELF-RENEWAL
Norihiro Tsuneyoshil'z, Tomoyuki Sumi', Hiroaki Onda®, Hiroshi Nojima3, Norio Nakatsujiz'4 and Hirofumi
Suemori

'Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center, Institute for Frontier Medical Sciences, Kyoto
University, Kyoto, Japan

?Department of Development and Differentiation, Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan
3Department of Molecular Genetics, Research Institute for Microbial Diseases, Osaka University, Osaka, Japan

nstitute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan

POSTER 15

EFFICIENT INDUCTION OF CARDIOGENIC PROGENITORS AND CARDIOMYOCYTES FROM EMBRYONIC AND
INDUCED PLURIPOTENT STEM CELLS

Hideki Uosaki!, Peishi Yan'? and Jun K. Yamashita'®

'Laboratory of Stem Cell Differentiation, Stem Cell Research Center, Institute for Frontier Medical Sciences, Kyoto University,
Kyoto, Japan

?Department of Cardiovascular Surgery, Graduate School of Medicine, Kyoto University

3Center for iPS Cell Research and Application, Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan

POSTER 16

DIFFERENTIATION MECHANISMS OF THE ARTERIAL ENDOTHELIAL CELLS CONVERGING NOTCH AND
BETA-CATENIN SIGNALING
Kohei Yamamizu® and Jun K. Yamashita™?
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'Laboratory of Stem Cell Differentiation, Stem Cell Research Center, Institute for Frontier Medical Sciences, Kyoto University,
Kyoto, Japan

Center for iPS Cell Research and Application, Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan
POSTER 17
CRYOPRESERVATION OF STEM CELLS WITH NOVEL POLYAMPHOLYTES

Kazuaki Matsumura and Suong-Hyu Hyon
Department of Medical Simulation Engineering, Institute for Frontier Medical Sciences, Kyoto University

POSTER 18

ENHANCEMENT OF ANTI-CANCER ACTIVITIES OF TAXOL BY FOLIC ACID ADSORPTION
Junichi Nakamura, Naoki Nakajima, Kazuaki Matsumura and Suong-Hyu Hyon
Department of Medical Simulation Engineering, Institute for Frontier Medical Science, Kyoto University

POSTER 19

ESTABLISHMENT OF MOUSE INDUCED PLURIPOTENT STEM CELLS WITHOUT VIRAL VECTORS
Keisuke Okita!, Masato Nakagawa'? Hyenjong Hong? Tomoko Ichisaka'® and Shinya Yamanaka'™
ICenter for iPS Cell Research and Application (CiRA), Institute for Integrated Cell-Material Sciences, Kyoto University
*Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University

SCREST and Yamanaka iPS Cell Project, Japan Science and Technology Agency

POSTER 20

INDUCTION OF PLURIPOTENT STEM CELLS FROM VARIOUS AGES

Kazutoshi Takahashi®, Aki Okada', Midori Yokura', Tomoko Ichisaka'® and Shinya Yamanaka'™

ICenter for iPS Cell Research and Application (CiRA), Institute for Integrated Cell-Material Sciences, Kyoto University
?Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University

SCREST and Yamanaka iPS Cell Project, Japan Science and Technology Agency

POSTER 21

ELEVATED, CIRCULATING TGF-BETA INHIBITS MUSCLE STEM CELL MEDIATED REGENERATION IN OLD
MAMMALS

Michael J. Conboy'#, Morgan E. Carlson'*, Michael Hsu!, Laurel Barchas', Jaemin Jeong', Anshu Agrawal®,
Amanda J. Mikels®, Smita Agrawal?, David V. Schaffer? and Irina M. Conboy'*

1Department of Bioengineering, University of California, Berkeley, Berkeley, California

ZDepartment of Chemical Engineering and The Helen Wills Neuroscience Institute, University of California, Berkeley, CA
3Department of Developmental Biology, Stanford University, Stanford, CA

“Division of Basic and Clinical Immunology, University of California, Irvine, CA

# Denotes equal first author contribution.
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B H HHE - TR iz il I )r-% Eol i
2008. 1.15 Akl R RANTF 7 a7 7 /70d—E EIRFHARFEY I FHAFENESH
(M7 ATBOE N BALSIIZEAT FANTOM F—
7 AR ERAETEE Y S —
AR - FRRENFIE 7 L —
7)
2008. 2.12 HINHE Hig BIZTWE~Y T ASGH L2 E139MM LAYy MlORREFR 7 B
(RBR Y mIEFERT) %o T &7 HBEGF 0% #nlE 34—
FHBERE
2008. 2.21 /hSF EX FlA Yy b =212k R ARG FRREIESE AR RGHE
(R R KEpBE st i -
WrgeFL)
2008. 2.29 )il EEB H - BEEBO 7 LT AR N -t ot ) G oY Ny e Sy ) R 2 i
(AT ATEGE N B LS WE9E T 3I)—
BT EREL v ¥ —)
2008. 3.10 HAA # Muscle regeneration by muscle FRAHEREHIAISA T T AR B 5 H A4 0 B
(University  of Minnesota stem cells and vasculatures: =3 J—
Medical School) Application of stem cell transplan-
tation to muscular dystrophy
2008. 3.11 Wb jEAT Single-molecule study of Fl- 5140042 MEERETR S 220 5
(RBCR SR 227T) ATPase and Intracellular ATP Y a4 ¥ bht3IF—
imaging
2008. 3.11 PR B Chromosome dynamics during #5140 M0 A2 FIBARRERREI 2205
(RBKF KB A B REWTSE melosis in fission yeast vafrhbbif—
Fl - Rl 15 WF 98 4% R R Sk
ICT gt v 4 —)
2008. 3.14 B E— BYREFEDLDD Y 7 FIVRT HEG T EaE  Afs Tty as iy
(RERFRF R TERWER L AD T4 — U F t3IF—
NAFTYy =T v THEI)
2008. 3.21 Rong Wang Cell-cell signaling of angiogenesis A& 27 A ffilffle: RS A7 Al
(Department of Surgery and in development and disease T I — Fax g
Department  of  Anatomy,
University  of  Californina,
Sanfrancisco)
2008. 4. 1 Robert Tanguay Drosophila melanogaster as a #5141BMIEA Y MIOH ARG &2
(Department of Medicine, model system for the study of ¥ ) — X+t 3 F—
School of Medicine, Universite aging and protein folding diseases (1)
Laval)
2008. 4. 8 Robert Tanguay Small HSP chaperones, aging and #5141 [l #i i3 ZE W< MIFR RS RETA N 24401
(Department of Medicine, resistance to oxidative stress in ¥ ) — X+t I F—
School of Medicine, Universite Drosophila (2)
Laval)
2008. 4.15 Teruko Taketo Regulation of meiotic divisions in  FFA=BAGE G705 T A= 54 5 ) 82 55 5
(McGill University) the mouse oocyte I —
2008. 4.22 Robert Tanguay Hepatocellular ~ carcinoma in #5141 R A 2% MEERETR S 220 5
(Department of Medicine, hereditary tyrosinemia: activa- ¥ J— Xt 3 F—
School of Medicine, Universite tion of survival pathways and (3)
Laval) inhibition of mitochondria-medi-
ated apoptosis
2008. 5.13 Peter Bruckner Chondrocytes sense extracellullar AR5 FREat 08 EARS FiXGHE5E
(University Hospital of Muen- matrix  suprastructure: The 3 J—

ster, Institute for Physiological
Chemistry & Pathobiochemi-
stry, Germany)

never ending story of cartilage
collagens
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2008. 7. 3 Tsvee Lapidot Dynamic interactions between A& A7 LMl RS AT AT
(Department of Immunology, the nervous and immune systems 4 ¥+t 3 — Fax g
Weizmann Institute, Rehovot, with the microenvironment, regu-
Israel) late hematopoietic stem cells

2008. 7.10 EH  EH— MRI 7—F 7727 7)) —HEK HEBELI - FRRASIEAT R 7
(fEERFRFBEANNVANA F HEGE&ORSE
4 T AW

2008. 7.15 Bruce R. Conklin Hormone signaling in mice and #5124 FE Y I FAFEN 25T
(Gladstone Institute of Cardio- stem cells: dissection, design and 7 —
vascular Disease, UCSF) construction

2008. 7.22 Phillip B. Messersmith Mussel  adhesive  proteins: #FRIEELY I F— FARRAS AT R 22
(Biomedical Engineering mechanochemistry and biologi-
Department, Northwestern cally inspired polymers
University)

2008. 9.22 Gerd Scherer SOX9 and campomelic dysplasia: ER5GFixalao8  AfSTateEss
(Institute of Human Genetics a molecular and clinical overview <3 J—
and Anthropology, University
of Freiburg, Freiburg,
Germany)

2008. 9.22 ZHE R HEARHER - AR A E OBRER) AR I F— AHRRAS AR50 B
(RUER K2R EEBE T2 9e kL - WINY A 7 I 7 A—2Y AT LA
BRI T4 B ) FAN = A—

2008.11. 6 Bt BE— ZERY DXGEDF )N FFE FEESEEI - FARRASATAT R B
(NTT 1 ZEREWEFERT - AT Litse & oG —7T 31 A
FEREY R AR SEED) AIELZ M C—

2008.11.17 Judith Frydman Molecular ~ origami:  protein #5142 Mg A% ISP BERR EiZ 0 5
(Stanford University, USA) folding and misfolding in health +3IJ—

and disease

2008.11.20 ki RUG AN ZHIVA ML ZADOREBEE IR FEREFEE IS — RURRNIE A EL 70 B
(R LR SR PE R i A8 A IS
TFZeRE S 2 7 2 G BRLE FEE)

2008.11.28 KIM, YOUNG HA Mechano-active  tissue engi- ¥ I a2l —3 a3 V[E  H#RASEM K55
(Dept. of Materials Sci. & Eng., neering THESH—HEBE B >3- a
Gwangju Institute of Science MRS G AR Y I VR TS5
and Technology) +—

2008.12. 8 Ulrich Hartl Protein folding by molecular #5143 AY 2%  MIFEERET 2205
(Max Planck Institute, chaperones YaArhbkI)—
Germany)

2008.12. 8 Manajit Hayer-Hartl Chaperone-assisted ~ assembly: #5143 M=% MIHEBER 20 B
(Max Planck Institute, The Rubisco paradigm TJaAfrhtIS—
Germany)
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