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Basic investigation for regeneration using mesenchymal stem cells with multi-potency
and immunological tolerance
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We developed mesenchymal stem cells (MSCs) expressing CD105 from mouse ES cells du
ring induction to adipose cells. We investigated MSCs and obtained valuable results as follows: (1) Our MS
Cs showed higher telomerase activity than that of tissue MSCs. However,their immunological tolerance was n
ot high enough for transplantation across species. (2) MSCs showed more than 96% of purity and laser irrad
iation to unlabeled cells improved the purity. (3) MSCs demonstrated high potential for differentiation in
to skeletal muscle and their transplantation intoinjured muscles accelerated functional recovery of damage
d muscles. (4) Injured skeletal muscles cells up-regulated the expression of TSG6 in MSCs. It formed the f
oothold of MSCs after transplantation. (5) We established iPS cells from MSCs in human metabolic syndrome
mgdel rats. Adipose cells from the iPS cells showed pathophysiological state similar to human metabolic sy
ndrome.

ES iPS CD105



1. BB MSAIOE R

(1) WFRARFIIARFIROBLER R T
A D ES MRE D B AR AR 2 S Lk b R
BEREIAIA(MACS) S BT 2 & L L T
o, & ZCAMIE A2 BRI R L TR
Al (. B, E%E) OBREGWREL K
BT LD OISR A1TH 2 & &Gt
B L, RIFEEEHFE LT,

(2) WFZERRGARE AT, —AXHYIZ MSCs 138
B ISR E A PURIC 20T B R 2 Ml
REEREFETDLZERMES LTV,
P> THIFEAREE OEH L7z MSCs k%
L ZOMEE B L, mEEREFA L
BN TRECTH D LT LT,

2. WFEROHW

(1) ~ 7 A ESlifad MSCs D50 w1
EEDTHEERALNNIT S

Hor1b ES Ala & RN~ & o biFiE 4
L 1EFE T CD105 Z et & L Coifiiuse L7
MSCs DOHEFERE, 77 FIHE, FEREARRIZ OV
THEFT L. MSCs & L COFR S ERTE D
PICOWTREHT 5, A0SO, §F
PEIZ DN THEHALNTT D,

(2) ES M sk MSCs Dl & KBV HL
(iR AVAS )
NENGAI~D ik iE 4% ik b MSCs 3%
BT L, BEEZ RO L, MO
E. E R EINERIT 2T 5,

() HEBHHAETT NV OIERK & B R A
LA 5

BB ~OBHFEREZIT O ITH= 0 | Bl
RSB B DR A HET D7D DFEL
HEORBWVERHBEETT VEERL, 2hE
T il 72 IR & fENE T D,

(4) BAEIC X 2 ik o A RREE & Z i
£ B FRINR & KT D

Btk OBAEMILOERE, A8 2 MRl
e, #E, M OFAIZOWNT, MR,
ST EMFRIRBREEAT O S DI O
A B OMKRELGE, RIEZ b6 2 8 &
ITEVRAIICHRAT L, FZRET 5,

(5) RIE & BAEAIE L O BE & fR AT 95
MR % ORIEDBHEMIBIC S 2 51F
. B, MEMIZHOWTH BN T S,

(6) MSCs DiFfgE, /7 {LAEZFIH L T iPS
il O R S R ] RV A RS

BISEDNEEL < G070 7 v RO iPS
IR Z VBT D, IRREDMNT I 5729
JRREET VT v XV iPS MR EERT 5,

3. ROKE

(1) M, BLOEY

AR OMFZEIZ~ 7 A ES HE L (BT
CDB X 0 {f:5), ~ 7 % iPS Ml (TH R,
FEMRFEOHEE), ~ 0 2B LK
C2C12 iz, @I EHIZ~ T R
(BULB/C, fufEA~4: SCID)% =, F7=,
7 v MiPSHIlEDOIERIZ, B RAZRY v 7
Yoy R —bLDETNVNT vy FTHD
DahlS.Z-Leprf/Lepr (4 F R K L0 fik5)
Lxparta—LTy hERWE,

(2 REFM A

FEA A [EE L SRS EE R 2 B L T
< h X2V A DU (H-E Yeft) & g ik
b5 (d6) Yt a 4T 7=, MO R % I
Mz B 72012, Oil Red O e, 7L v
VT N—Yn ORI Y AT o T,
F7o, BRI, BrEmiE A FH L, il
kL7,

(3) AMHEDBIRAIINLE 1L

i B — X (magnetic cell sorting; MACS)
ZEEA LT, £72, MilnoMEL 7 v —9 4
N A — % — ik (Fluorescence activated cell
sorting; FACS)IZ X v MR L 7=,

(4) ARk
AISCRE 28 BIE 2 UN4E L. Western blotting
BICE Y & Xy ORBLEAZFHHI LT,

(B) I TEWTFR L
HIREOREAR X 0 mMRNA ZERELL ., Z D%
BB % PCR EER X O real time PCR 12XV
fiEfT Lic,  Fio, B TEEEZITOMAIIC
B sEH SE7~, DNA ~(f 27 a7
L—{EIZ LW MSCs DR T-HRNT 24T - 72,

(6) ATEYFROMENT T IE
BRI X DB A OMERIE 2~ 572
WIZ~ T 2D B KRBT & BHAT AT
[CatWalk] ([Z X VG, 7v 7 U b
B L OB THIS % T L i ee 2 0T L 7=,



4. BFFERE

(1) ~ 7 A ES#IH S 1ER L7= MSCs 3
WRHRHITH D Z MR L, 72T OFF
MELUTOEBYVBHLNI LT,

@ DNA <A 7 a7 L—I|T & 58T
T R LBEHERF @) < S 7O A
SO LB T i85 1 OF BLIE ES #ilfiw &
0| AKL, BEER O~ MEICERT 5
BIG T OFRBITE -7, £72. FENHIR,
B OERET ., B SOMEFEENRETH -
77 & HIZMSCs DERITIEH CTholz, =
NHIZE Y MSCs 28~ 7 A DR A A
THDHZ ENFEHE N,

@ MSCs DT 1 A7 — MR E < Hlfa
AT X DHTERED & < HERF ST, 1
ST, RHIMIC - 0 BEFHRE & R - 7 IRBE T
EENARETHDZ ERbhoT,

@ fAfkE sk MSCs IXE#KB~D s LREl:
RV & S HE LT ARHIR T #E
~OALRED & < A~ D 3 LFEE A b
WHIRG ThHZ ENbhotz, —F.
BERICEL UIFICEWDIT TIERNWD &
DR ENT, R D~ 07 A~OBHEIT 50
P AEAEIZ X0 HEBR S iz, B o TRBREICIZ R
FEARE(SCID)~ U A &2 FEHTHFIC L,

(2) MSCs DRI 72UV T VEDHENL

@© ES flfaz MM ~75%1% 8~10 H C
CD105 BtEo> MSCs nE L, % DO#%IEN;
AR LTS 5 L BN T 5 2
ERbhote, 2T, FRIOX S ks L
WEDH A LT —T I EAER LFEAT LTz,

o 2 4 6 14 21H

1HD 1 RA :DMEm: Ins/T3 * 1
1 1 1
ISLCL WU R i — MACS iyl

B 1 K5 L INEE DR T — 7 v
@ MACS ¥ T L 7= M O HIE 2 FACS
ETHRE LTc & 2T A Z D 96%H Bl T
HDHZERERINT, o, T<bTMIC
BALTWAREMEMREZRET DI, b—
Y—~A A vra JHHBECLD
L—W—MBEREZTHDZ ERNbhrolz,
TR XY IFIFHE 100% 0D MSCs & il
WCHWAZ ERTEDL LT Te, ET2.
INEE L 72 MSCs [ZBMERNICH R T 52 & T
S HICHE 2T Z LN TE I,

() BIBGET L~ ZADOMER L 2%
HIRERETE DT

D BEGEETT L~ ZAOERKIC. B
PED @ WRIE T Ik & A ARG LT, &
DFEFR, —EDJES L T~ 7 A DRI E
il % 7 CERA ARG S D HiEE L o
2o HIFEE 15 ORI T A MR S IZ R 2 )
N, T b eEBEE T CE L, £
7. HEOKLEYIBH T THRLTE, DFEL
THETX 2R THRE Ch o7z, KET MIZ
X2 LB TR THHERIEERN 5
HECTHRIBET D Z &b 7203, il
A & B B A& O T5 0 R 2 E iR

OO THAMIHREEST 5 Z LN TE T,

© FERBAEEE R L Mg 7 <
THMEFRITEEIMN CHAEZRIECTE 15
EERA~O BRI & L U 7o, BRI o
LRI L2 L 2 A RIERIG AR &
OGS 24 R R R Ch o7z, 2D
MDD BREIZIIAR A MO JNE S 7S B 5
RERTHDH EHLREBENT,

(4) BAEIZ X 2B OFA

O Bhi%., MR ROZE L Z T2 &
o7& A TR K HITHHE L 72 MSCs(~
—J1—& LT EGFP Z3HL L T\ 2)H, il
R, M~ & 43 b L. Myosin heavy
chain(MHC) D kM2~ L 9127 b &
TR A MUOFAR I S M ES U<, i
RERS LT R b BIZE I,
MHC/DAPI/EGFP

EGFP MHC

X 2 Al D MSCs O E #5551k
BAH S 472 MSCs D3 80%73 H % i 12531k
T 5 &I mE oMb L2 &bk
Iz, MSCs DFEARIT K 0 RAGHER D F
ABEEL7-, FI¥D X 512 MSCs 134
4 38 [ CHITEEE I & RIS B L,

1600

E‘“‘ 1400
=2 E 1200 |

g
w @ 1000
" g *
28 s
55 o
%w 600

8 a0
£f
g ]

.

control MSCs— MSCs+ MSCs— MSCs+ MSCs— MSCs+
2weeks 3weeks 4weeks

X 3 IEH 72 BiTEEH i O AR T A
@ EEE OB AENMEE S - 2

of fibers




& T B OBEREDS ERRIC A E L=z o
W C CatWalk OFEMTIZ X 0 BREE LT, & Dk
F. FRIO X 912, AidEE I OESEEEITS
WL o T~ 7 R _TH 1 M EE
DEFE ST EDVHEREINT, THRDOLBE
(2 &0 BEREIRIE DMIETE S 7,

(] E-MSCs— B E-MSCs+

]

120

%

100 =

(Injured leg /normal leg)

control injury 1week 2weeks 3weeks 4weeks S5weeks

4 HRE% ORI T OREREZE L
Z DX DITBREIZ LV 5 OBERERITE 3 FEAT
(ZEHHL, A SN0 TCTHDH, AT
TITERIG T D Z LD > TWBHA,
BB A IR T =72 8 RS EE LW
— A TlE MSCs Ol i AE 235 8 2 B3
DT B ENT,

(5) RO K 5 ITRIEDSBAE ML D 47 1
S BRI 5 2 L AVRIB S U723 ARFFET
IR RE A 0D & 5 1 A B A S D AL D 2%
SiE 2 B DI MUNRENELS b b 2 b &
B 5T LT,

B ~D3LEEN EY MSCs Tlddh b
N, HBEL TR, IERRH~BRT S &
otz A0, BT DH LB TERYY,
Z 2 CVHEEGH & EEMH TOIMICRE R
D~ b U 7 A(ECM) % B L7
LA BHREREMICERT N 200
ECM 2@ bz, Znbas, Mao g
FERIZEI 535 6 D L HEJI L | & O % fif
MrU7z, fhZFfifakk C2C12 Z - ksfili~& 57
{LFEE%, Mzl BEE5S7-, 2ok
B IZIEH B BRERIC W T 2MERE EN
% & B R CIERBEH~ MSCs & I:iTiE
A (Bhiti) 45 & MSCs M AEH LTz, Z DORE,
T L 7= ik ¢ MSCs 23 infg s TNF-
a. stimulated gene products (TSG6) % —ia iz
FEHL LW LT\ 2, Z OEREEESE TSG6 O
B) & 12 L 0 GO RIERF AL IR
% IiE o & 237 Inter-a trypsin inhibitor
(lal) D EHEH Z T O & 7 e CERICER

L . serum-derived hyaluronan-associated protein
(SHAP-HA) Z TE ik L. Z AUASsi ) 7 il f2 75
DRGE 725 Z L AW, A RN R T
ST LTz, TRO X S IZ@HIREED MSCs
1L TSG6(IR) & Z< D EFELL TWAH(A), L
7L, C2C12 DA Lih TS 5 & |
fa ' 2ARICTRVY TSG6 ORBN R 5 b &
21272 %(B).

50um

5 £# MSCs O TSG6 i,
MSCs 73 TSG6 #PEAT 5 L W HHEIT 2
FTICH ARONN, TR BREMIROHES .
R RRIZB D D &0 9 RFFEDORE R I3 2
NETIZARWVWHFH LW TH S, ZOEIT
BESRENE Tl WA ~OBHE
WCEEZHS O TH D, Fiz, KIEE MSCs
Bl L OB AR L TS,

(6) MSCs 2°5 7 » b iPS Mg % 1ERk L 7=,

MSCs DHIFHRE & /3 bRE A BT D & #ih
MEFAII S iPS MIfdZER T 280 b,
MSCs 7> & iPS ffifid & VER T 2 1% 9 K5 T
bHEBEX, INETH LW EWDNTET
7 v MIPSHIlROIER A ATz, B RO R
ZRY w7y Ra—ADFET L LTt
Wrosde A Cuv% 7 > b DahlS.Z-Lepr®/Lepr®

(DS/obese) & =D =z hr— L (DS/lean)
DR eI S MACs #EH L,
R CHE s i o 3 K
(Sox2, Octd, KIf4)Z G| &5 2 L TF
B> X 512 EGFP Z 58192 iPS #liid & a7
L7,

— ISCS m— e——— (PSCS

DS/obese

DS/lean

50pmn

6 v hiPSHildaD T =—
6O IPS MfaIEZ M bRE R FF S, Linh,
DS/obese iPS #lifd & V) 43 bk 5 S du 7= AR AE
JUIEARMIZAZ AR v 7 v Fr—Lk



L COREMAERL T, fiE-> T, A iPS#
FlZE B A AR v 7 vy Ra—b%wfin
LAYV TR 5 E TRy — L b b,

5. ERBEERHRIXEH

[HERSRR ] (Bl 3 1F)

(D Nana Takenaka-Ninagawa, Eri lsobe, Yuri
Hirayama, Rumi Murakami, Kasumi Komatsu,
Masataka Nagai, Mami Kobayashi, Yuka
Kawabata, Shigeko Torihash: Transplantation of
Mesenchymal Stem Cells Derived from ES Cells
Promotes Muscle Regeneration and Accelerates
Functional Recovery of Injured Skeletal Muscle
BioResearch Open Access atd V. 2%, 4
22 2013 pp295-306 DOl:
10.1089/biores.2013.0012

@ Nana Ninagawa, Rumi Murakami, Eri Isobe,
Yusuke Tanaka, Hiroki Nakagawa, Shigeko
Torihashi: Mesenchymal stem cells originating
from ES cells show high telomerase activity and
therapeutic benefits  Differentiation

EHH Y Vol.82, No.3, 2011 pp153-164 DOI:
10.1016/j.diff.2011.07.001.

@ WB)IZEA . A EREE, HPES, I
fo. BB - ~ 7 A ES I kIZE R %
Mo ERR E 2 O RB S G
(Differentiation potential of mesenchymal stem
cells originating from mouse ES cells, in vitro)
#H Mk K5 2% WF 3¢ (Tissue Culture Research
Communication) #A#Hid 0 29 % 2% 2010
£ ppl55-165

[FRIER] (5 1F)

(D Nana Takenaka, Mami Kobayashi, Yuka
Kawabata, Kohzo Nagata, Shigeko Torihashi

: Generation of Induced Pluripotent Stem Cells
using Rat Mesenchymal Stromal Cells Originated
from a New Model of Metabolic Syndrome, 11"
ISSCR ([HER#ErRfE ) 2013

@ Nana Ninagawa, Eri Isobe, Yuri Hirayama,
Mami Kobayashi, Yuka Kawabata, Shigeko
Torihashi: Transplantation of Mesenchymal Stem
Cells Derived from ES Cells Promotes Muscle
Regeneration; Re-innervation and Thereby
Accelerates Functional Recovery of Injured
Skeletal Muscle, 10th ISSCR ([l Be 4l 2
&) 2012

® Nana Ninagawa, Eri Isobe, Rumi Murakami,

Mami Kobayashi, Shigeko Torihashi

. Transplantation of Mesenchymal Stem Cells
from Mouse ES Cells after Muscle Injuries
Promotes Skeletal Muscle Regeneration and
Improves Functional Recovery, 9th ISSCR([# %
Frflli 7 4Y) 2011

@ Nana Ninagawa, Mami Kobayashi, Eri Isobe,
Yuri Hirayama, Yuka Kawabata, Shigeko
Torihashi: Transplantation of Mesenchymal Stem
Cells (MSCs) from Mouse ES CellsPromote
Skeletal Muscle Regeneration and Improve
Functional Recovery, % 34 [a] H Ay 1-2E#)5
RS 2011

® Shigeko Torihashi, Nana Ninagawa : CD105
Positive Adipose Tissue-Derived Mesenchymal
Stem Cells from Mouse ES Cells, 43rd Annual
Meeting for the Japanese Society of
Developmental Biologist Jointly Sponsored by
the Asia-Pacofoc Developmental Biology
Network 2010

[P 3£ PEAE]

O HiFERGL GE 14

HRAZRY 7 RE—LAETF LTy
N A L etk e AL K OVRLE 51k

R BE BT kE BT 3,
JE 3

HERIZE - AR KT

FRAE « HFaF

F5 : FFE 2013-100645

HEEEH B PR 2545 A 13 A

EWNsL DRI [EHAN

O Bkt BE2 1)

O4Fr : MERBMIRE X O OREA L
HE  BiE SR B Rk

HERIZE - R KT

FRAE « HFaF

e FFFFES 5429755 &

BSHHAH - ERk 25412 A 13 H

EWNsL DRI [EHAN

@4 Fr : Mesenchymal stem cell and method for
production thereof

FEWE - Bl A I Rk

MERIF - AT R

MR - RERF

%5 : US.8,470,595B2

BUSHFEH B : PRk 2546 H 25 H



EWs ORI E5 CRE)

[€ D]
R L= U
http://plaza.umin.ac.jp/~st-home/index.html

6. WFZTAERR

(LFFFEfRERE
B %+ (TORIHASHI,Shigeko)
A ERT - REFBRETRMICR - 2d%
WF7e# 35 90112961

QWFFE sy
SEH {=(HIRATA Hitoshi)
HATRREE - KEFFEESRFER - #d%
WF9eE %5 - 80173243

JIFR % (KAWABE Tsutomu)
AHATRREE - KEFFEES SRR - #d%
7 & B - 20378219

AH Fa A (ISHIDA Kazuto)
SRR« REFPLEFRUER - GEAD
Wrges &5 - 10303653


http://plaza.umin.ac.jp/~st-home/index.html

