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Fig. 3. Chemotactic activity of rat MSCs. (A) Preferential accumulation of rat MSCs at tumor sites. The liver tumor of luciferase-expressing RCN-H4 rat colon
cancer cells [67] was formed in F344 nude rats (left panel). A representative tumor-derived luminescence image 25 days after tumor inoculation using [VIS™
(Xenogen). After Dil labeling (Invitrogen, Eugene, OR), fluorescent-labeled MSCs (4 x 10°) were intravenously injected into the portal vein of tumor-bearing
rats, and Dil-labeled MSCs were detected under a 594-nm excitation light 4 days after the MSC portal injection (middle panel). Right panel: counterstaining
with eosin. Original magnification x40. (B) RT-PCR analysis of chemokines and their receptors in rat MSCs. GAPDH represents an internal control. (C) Che-
motactic assay of rat MSCs. The supernatant that cultured RCN-H4 cells (1 x 10%) for 24 h in a medium with 0.1% fetal calf serum (FCS) was used as the tumor
CM for the transwell chamber assay (1 ml/well; 8-pum pore size). After MSCs or fibroblasts (5 x 10%) were plated into the upper chamber (0.3 ml) and incubated
for 20 h, transmigrated cells were stained with Calcein AM (Invitrogen) and fixed with 60% methanol. Mean transmigrated cells from 5 random fields/conditions
are shown. *, p < 0.05 (Student’s r-test). (D) Enhanced migration of rat MSCs by tumor CM. Rat MSCs (1 x 10°) were plated and scratched using a pipet. Cell
motility was evaluated within 24 h. Cells were stained with Calcein AM (Invitrogen).

During fetal development, as well as in the adult stage, MSCs
circulate in the bloodstream to settle down emerging sites of
hematopoiesis through CXCR4 [32,55]. Therefore, the
CXCL12/CXCR4 axis should be a cue for the migration of
MSCs. For example, with regard to the preferential accumula-
tion of MSCs at tumor sites, a global gene expression analysis
by Menon et al. [56] demonstrated that CXCL12 expression
was enhanced in rat MSCs that were exposed to tumor cell
conditioned medium (CM) (4.25 fold increase). CXCR4 was
constitutively expressed by MSCs (Fig. 4A). As a consequence,
Menon et al. [56] reported that increased CXCL12 production
by MSCs acts in an autocrine fashion and is required for
migratory responses to tumor sites. In support of this evidence,
a classical transwell chamber assay demonstrated that tumor
cell CM substantially contains chemotactic factor(s) to
MSCs (Fig. 4B). The tumor cell CM was also capable of
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enhancing random migration of MSCs (Fig. 4C). This evi-
dence strongly supports the notion that CXCLI2 serves, at
least, as an important chemotactic factor for the migration of
MSCs.

It is generally believed that CXCL12 (SDF-1) mediates
many disparate processes via a single cell surface receptor
known as CXCR4. However, Burns et al. [57] have recently
reported that an alternate receptor, CXCR7, binds with high
affinity to CXCL12. Unlike many other chemokine receptors,
ligand activation of CXCR7 does not sufficiently induce
migration in tumor cell lines, whereas it provides cells with
a growth and survival advantage and increased adhesion prop-
erties. As shown in Figs. 4A,D, CXCR7 was constitutively
expressed by rat MSCs, and even the use of CXCR4-specific
antagonist AMD3100 [58] could not completely block the
chemotactic migration of MSCs that were exposed to tumor
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Fig. 4. CXCR?7 expression in rat MSCs. (A) Immunostaining of rat MSCs using anti-CXCR?7 antibody (#LS-A1893; MBL, Nagoya, Japan). Right panel: control
IgG staining. Nuclei were stained with 4’, 6-diamidino-2-phenylindole (DAPI). (B) Blockade of the CXCL12/CXCR4 axis in rat MSCs. Trans-well chamber assay
in Fig. 3C was conducted in the presence of AMD3100 (final 100 pM; Sigma-Aldrich) or anti-SDF-1 monoclonal antibody (final 5 pg/ml; R&D systems, Min-
neapolis, MN). Mean transmigrated cells from 5 random fields/conditions are shown. *, p < 0.05 (Student’s ¢-test).

cell CM (Fig. 4E). Anti-SDF-1 (CXCL12) neutralization anti-
bodies [59] showed a sufficient blockage of the migration. An
inhibitory difference between AMD3100 and Anti-SDF-1 an-
tibodies appears to represent CXCR7-mediated migration in
rat MSCs. Although the cell type difference may be consid-
ered in this event, it is likely that CXCR?7 also plays a crucial
role for cellular trafficking of MSCs in processes associated
with tumors and tissue repair.

4. Conclusion
Cell transplantation strategies have emerged as a potential

approach to restore form and function to damaged tissues,
and to thwart the progression of cancer. While transplanted
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MSCs that produce various differentiated cell types are
responsible for generating tissues, it is most important to
unequivocally identify and track the transplanted cells in
the host over the study period. Systemic delivery of manip-
ulated MSCs indeed provides a feasible therapeutic approach
for cell therapy. However, to minimize unexpected complica-
tions in clinical settings, it is better to employ a more selec-
tive strategy for tissue-specific targeting. For example,
a catheter-based delivery method potentially allows for
organ-selective gene transfer in animal models, including
the pig [60—63]. Therefore, based on our data (Fig. 3), an
intra-arterial delivery of MSCs through a catheter may be
a feasible and selective method for delivery towards target
sites (Fig. 5).
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Fig. 5. Catheter-based selective tissue delivery of MSCs. Based on observations that MSCs can be delivered to a target tissue through an artery, experimental
results described in the text explain possible clinical applications in which a catheter-based intra-arterial delivery of MSCs may facilitate selective tissue
repair (A) or cancer targeting (B). In the case of cancer therapy, MSCs may need appropriate modifications with exogenous gene expression (e.g.,

interferon-B) [36].

MSCs can be isolated from different tissues other than
bone marrow, and have been isolated from adipose tissue,
liver, tendons, synovial membrane, amniotic fluid, placenta,
umbilical cord and teeth [16,18,19,64]. However, the best
cellular source for a particular use remains unknown, and
even the appropriate culture conditions for the best differen-
tiation of MSCs requires investigation. Since the therapeutic
potential of MSCs is expected to be extremely high, cellular
fate after the in vivo transfer of MSCs needs to be exten-
sively investigated. Synergized with modern advances in op-
tical imaging, the photogenic rat system provides innovative
tools and a new platform on which to further our under-
standing of matters concerning stem cell biology. Spatio-
temporal information gleaned from use of the rat system
should accelerate the development of therapeutic strategies
for human diseases. For additional readings on the use of
bone marrow transplantation for autoimmunity, we refer
the reader to the companion papers published in this special
issue [68—78].
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T, BVHBTOTgI Yy bOF 4 LIZLTLHE
ST,

A XM ERREET CHRETE AGFPI, Mg
BRBBEOALROTHIBAS v\ BOEE % BT
% [biological light probe] & LTERADNNA 444
ITUVARKRBBERTAT A RoTWAY, #Hig

 BRERLLORKS VB LOMEPEIZLY,

Mlatgex [R5 TAZLATEA. BELZIT
RO EIE % BT EAREENE T, B
L 7z R Rk 0 3B iy % B BR 2 B SR I6 R B 72 R 9
B~ F LR D 5 BEELRBERE L 25, Lz
AoT, MilakgiEz MMasr] L, BiEMiasigskm
BUEDL)ICHET20HMETEL Y AT AIEED
OTEELREBEREDD. EEA X -V U FERHBEL
CRRELUER, ISHABR N, % BigT s
ZEoTlE, BADNAFTO—T2b2 52
=y 7 Iy POFAMEIRE L, BHEI-M
MBOBIRELY (] L LRI A2 ERTRETH
. EHBHETE~NOLEE2»SIT LT - 72
[color-engineered rat] (/) DFRFEH#A, 9FEME
PHRAERZL LI F ST RMESFICHA I T
5.

b OER L7-CAG/GFP-LEW TgJ v Mz

PRARER 7 & CTHEEE AT <, ARATERM % B\
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ESHERAL

50 um

R
JERIM  24R5RS

E1 GFP-TgZ v b%ZBW/-#ZaEEanE&E

A) CAG/GFP-LEW Tg7 v b (B4 1458) » S48 Ve L 7- MiEaTERMR 38 (20 B RIXE3E). 489nm DY
BT CCGFPNEAIBRESNS. B) MiESHBEMIIEMICB1F 5 CXCR4 () & nestin () PHEHE. C) v
MCERKRBMEELERL, 5 HHIC GFP " Wi ERMAL % M EREICHMERITEA LBO#ERE. D) C
BEA % 489nm DRI T TOHLE. FELRALIC GFP PSRRI A54ERE (EAT%28HHE). E) DOILKE{RZ. F)
WA (24 KEMI#%) (2H1) 5 SDF-1 a ® RT-PCREH. CXCR4D ) # ¥ FTdh 5 SDF-1 ¢ DRI (L
Bk1, 5XDiz#H)

BAREMEICSHINTVSES ~1) FlziE, %
145 B2 AR U - Wi Rr BRMIAR 12, BB S-3
5 & EERI M EIALICERT A2 HERH A (H1).
COELMBERICITTr TN A VZBHEKTH S CXCR4
RAT74T¥1-Y) B (sphingosin-1-phos-
phate : S1P) ZBEAKDOME 2 RBT2REEIE SN
Twap D 8 THHDZAKITTHREEG- 7 8
7EBEMEARMEL LT, EM, MiES), Mgk
B G T A LATES.

$72, bbIFFRENIC DsRed2 (FEfE) %
EHTHT v b 2 Cre/loxP (DsRed2/GFP) Tg 3
Y MRELHABELTWRY, FLTIVTOE—F—
TYEE) Y % Alb-DsRed2 Tg 5 v k% & & BikHE % %
WL, WHEEZMA 725 v MCPIRFZST 5L, B
MRaBERNTT VT I Y EAMBIZE LTS
BFIEEINLS (BI2A~C). F72, Cre/loxP

112 (2786) EEREE Vol 26

(DsRed2/GFP) ¥ 7ML X—%—Fv hTid, TE
BHICLAHAOMAEIZLY, GFPOREIEHET 2
ZLHBTEDL (M2D~G). LaL, X%
K5 o8y B ABERTOME - BB
BTEL LI DETITNE, BEOEYWHRHIER
BICIREENTWBELENRD B,

B 57 Te Sy MEREZDIGH

BB DEIN S ¥ 3 7 B O I REbEZ LE e
TED, B VNTED (K] RREICFHET 5%
Bhsb. Plzid, RZVHEOVY 725-FiE, B
ETHEZANE L EERICENLE (71 bY) %
FAEL, HRETHoMBRPHEMKICE ) 2 BEZTFRRL
VTV A LNCBHT S ERTRRICT . Atk% B
BY RN (600nm) 2ROHNEINI Rk RE
BRMBRE L ER2RORTHEECANTHSE. Z0R
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fas14H

E) Cre Tg5 v FOTFHR

@(H-—)

Cre Tg
(KF+-=) !

MG aran 2 )
: 5mm

5mm

2 Alb-DsRed2 TgZ v b & Cre/loxP (DsRed2/GFP) IC&kB3 4 TIWLER—4—F v r
A) Alb-DsRed2 TgF v MIX Y AT VT I V7 UE—%—TFTDsRed? ZHHERENICEBETS. B) DsRed2®
FFPERMRERIBEIAE2SBE SN L. ARIZ560nm DF#EH T TDsRed2 D% BIE (LEILFFEE). C)
MELRFIC L BFEET v MIC Alb-DsRed2 Tg 5 v b OBEEMAL % FIRPIIES L7-. SHFEEL R+ 2 &

BT E T B MMM ICH%R T 5 DsRed BHET V7 3 v EEMIE I T 2 (2560 HETY60H). D)

DsRed2/GFPIZL 55 7NV LK — % —DEKXE. Cre DFEB)IC X Y DsRed2 BEEh, GFPAEET 5. E)
Cre-Tg 7 v POETH (F+—) %DsRed2/GFPIC&BF TN L E—F—F v + (LYVYIY V) CBHT 3
OHEAE. F) BHEEHRTIZDsRed2 DHESHB IS, HBIBRAETT. G) BH 4 BEETIHAITES L
(Cre 2By, LYELY M DBMAMTGFPOHAEIBEIND. MBRIEREZRT B X hER)

FFRHEICES CHEIIERC [RE] 2H5T52 L
THIRRANZ A VE— (ATP) RE LG HRT
HIENTE, MBAERFE XK LAEZA A — U8
bihad. Thbb, BENICET 2 EHNZEDES
27+ MBICE)ERBINCEENTES, 70, &
FICEZ 2 RBIRNRTH 5720, BEBHIGET
TVORMBZBEICENLTWS, DX HAD
LRBINI=D, EE Wy 72 V) HHETFTE
BDVRET AN 725 —¥-Tgov hThH5 (K3
A, B) 11).

FREICHRT A MERBMAL (mesenchymal stem
cell : MSC) i, ZoHbEElcinz, 48 BELE
5CHBED, BEERBEANOISAMIFEIN TS,

EEES Vol 26

5612, &G INAMSC i34 DB ERE (BB
fzgt) CERTLIHEVDY), TOFEZE,L
THRERPTbhTwa1?, ZofHiE, ESHE
(embryonic stem cell) OFIHLIZR%D, #yEL
MSCEZHWTHIHREEZREELEWI EHITON
Z)IS) 14)'
CDEI)LBAERE~NDOICH BT 5 BT,
Vy7x25—€-TgTy h2EELINLAF+TO—
TOMELTIIIE ST L BERFMEICEELEHR
b6, BRI, VTS5 —F-TgTv b
LacZ-Tg 7 v b %7 L 7- hemizygous-double Tg
7 v ME [ - 2R BT ) AR RE VR S,
Thbb, TORTENYT72F5—¥RKE f-gal e
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K3 WS Tzx5—H/NacZ-4TIVTg T v MCHRT 2 MEMRMBOEEIMADER

Image
Min=-—252.83
Max=1102.8

Color Bar
Min=100
Max=1500

A) AFNV- VY725 —HiRROSA26 7T E— 5 —TTHEIT2. B) D-v¥y 7)Y (BB HETTLER
V7 x5 —¥5MT 5 ROSA26/Luc-LEW TgS5 v b (4# 7 HH). Photon Imager (Biospace Lab#t) 12k 2
VT NVE 4 LAEEREN. C) D) 5 v MTBH % cardiotoxin THEEL, 4REMBEIINVY 725 —¥/LacZ- ¥ TNV
Tg7J v MCH®ETHMSC (1 x 108) Z#HAMN (C) d L IITKBEIRESH (D) TEELZ. KRBREH
MSCHEREGWZ L VBEINLTEHHICHR VY 725 —ERENBESNL. VY725 —-ERBIIIVIS®
Imaging System (Xenogen#t) (Z & o TH#HT L7z, E) DICBIT HHHMHIEAR (MSCHEHRI0HE) % f-gal Rufa
(4001%%). F) FBRICT v M TR % cardiotoxin THEL, L KEDOMSC (24 x 10°18) % KEEBIIRAERE CHHE
L7z, BESNLTHRHA~NOMSCERL & bIC, FHNEMME 2 &8 L7z MSCE, FHERL—BMICHICER
5 (BE#305OERZ). 6) FOREESR 12 X ) ER)

AL 252, S5y PTE&HA % cardiotoxin T
BEL, LEDOF TNV TgT v MHEDMSC 2 BT
5L, BMTOMSCOREIBREINE OO, #
EEZTTHEGRASELE AIN-TLBOL DT
»o7: (B3C). MBI, Sy FTHE2XERTS
KBRENVRAEHTH 7T —F V2 HWTMSC 2EAT
HE, BEILTHESMHIIMSC 244815 2 L 25C
&7- (B3D, E)?. Zho0fERIE, MSCHO LD
ZERiiE 2 B RIS T 5 FB & L TRENIRMY
HAGPENRTVWAH I L Z2RBR LTS, Z0O—FT,
BEOMSCIIAEMEMDELZEBL, BERL—E

114 (2788)

PICHICERT 2 EBREROPSH»ICRY (R3F,
G), EEEAICBVTIIMSC#ESIC X 2EI/E/R (i
EZR) ORBICHBTRETHAHZ LIBRBEI N,

B Sy MKBDRADEFNA A—I Y

FE BB A8 O B T O HALIX, 1990 £ D
BAEOFTCEELRED 1 O ThHo 7z, T, 8
AEBZEBRNICFEETA 01, [BR] Lwn)
BROMUKE» S, [EFVEW] TOFFMART KT
H5H. BE, PAMIBICEBEFE LTEEICEASR
T4 F7u—7 (GFPRNVY 7 25 —¥) OEKR
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CsA

C)

DSG

BEEREOBH

E)

a

Mock CsA (15mg/kg) DSG (3 mg/kg)

EEEEEOB

10000 -
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4 CsAILLBDT vy MKIBFAMBROERE ZOFHE
A) CsA (15mg/kg/day) HETICBITAS RCN-H4-Luc KIGDSAMIRLDOEREMRN. CsATFAET CREAZEREEH
KONV 7257 —ERIVPBEIND. B) ACBITALVY 725 —EEROER(L. IVIS® Imaging System
(Xenogen#t) 12X ZM#H7. C) F344 5 v M RCN-H4-Luc KBASA MRS % PIIRIICERE L, Lewis T v b 00
*EIEICHBICBAE. CsA (15mg/kg/day) & L<I13DSG (3 mg/kg/day) #5142 & Y RCN-H4-Luc SR 08
BENVY 77— ¥RHKICTE=S—L7% D) CCBIFANY 725 —CREZAMEL LTRLER, ——
: CsA, —=—  Mock, —— ! DSG. (£%#n=5). E) BH#Z2BECI T 2B LOBEEKE. CsA
(156mg/kg/day) % L<i¥DSG (3 mg/kg/day) TiHLHMEB~DY ¥ 8 HRKBEITBESAZVY. DSG (1

mg/kg/day) TREED) ¥/ BRREPBRING (<) (W19 L Y ER)
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FEIE % /NBY DR TBIFT 5 H IR B
FREGZOTVWEY 19 bhbhOMEZETIE, »¢
ADEFENA A—DV TICRBEDODNY 725 —F%
Tu—7L LRZHNTWVA,

B2, F344HES v P RBAAMBBKICLY 7
7 —E2MAAZZRCN-H4-LucHIfa” %5 v hFg
BRPUCIES L, SBHFSAETVEERT 2 L,
ADERDKTFIERE 2 BET A2 CES ICBET
HBIENTEL (H4). 20Ty PEF VORI,
PAMBEERESR? S LAMCATTLVY 725 —¥
EHEIMEEZ AL, 2EBURRRVY 7 25— BiE
BUHELERTEO00, BRLEEERICIESR VS
ETha. LHL, 60 U o THEEEENA D
NAZEESHBLIZLDEZ 25, FRICEESH
72RCN-H4-LucfIEDIZE A L IIBT L L 00D,
DY PICERFT DM RRRRBIC 2 5. 22T, 28
ARIR % BT 2 JERF R R I3 4 7 o 2K
v A (CsA, 15mg/kg/day) %2#%532L, 28
BTINTOEFET Y P TELWLVY 7 25— ¥iEK
DEA (#1006 »HESN: (K4 B). ERgE
WZ LT, FRPASMCBERY S b BEE L LY
7z —CEESHE SR (D4A), BN
Y UNEEEB R MR T A EANTE. S HICETT
5 LRiEEB % %723, L72A%5 T, RCN-H4-Luc#l
R BV TIRIBIRRBIC 2 B 2 = — 7 48 % b
2 TWHE L BT, CsAFMWAKIRIREZ@ERL, &
MEBEZRET L EE2 A A=V FFETHKTTS
T ENTE.

FRIRIC BT B IR B T, CsA % FK506 7 &I
RBEINEI NV =Za—) Ve sy —phEEn
RSN E 2 P a—VT& 5% [key drug)] Th5.
LL%Y0, BEOREMIHIZL S de novoZsht
Ay, BHBHVIEBIEL TV A AN O 2 {RET 2
ENHMLBAEENTVWA Y, 22T, CsA TIRES
NBVARBEFTVIZBWT, BPADOEEZHIE L2
HER (allogeneic) T v MICH¥ET B BHELHE*2

-
¥2 Sw NEFMEDEHE

AR CRAEHE (DEE) DRT, RBEIEIDTE, 5
ROREIGEE, MEREEOHEREZLICAVSNS. K
—DZELVIVETIY NSy NOBERICBIET D% hI%ER
WBHEPMERSZEITORE (FHL) KEHNGD.

J

116 (2790)

DEFERZRLERZITo4. K4C, DISRT &

912, CsA DEFFEEIZ X ) RCN-H4-Luc K12 H

K357+ brBIEIEMLTHL 0D, B
REBEREHRL LD O15-deoxyspergualin
(DSG) %2 LEHBHED 7+ b IR LT
WSO, ERE BILLOHE) R MR L 2 hs SRR
ZIH LTV AE 2 EFHBENCDIRENRTVS (F
4E). TNHDOERIE, TFVEMERVWELY T
LT—E A RX=TV VT3 L DOEBEBFMRE LTH
MHEHTAZLE2RBRTAH0THY, HihkEER%
EOLFRICAWOBIKIZA 27 ) — = 7 RS
DRECHENLbDLEEZ BB,

BHIC

NA F 70— 7% AnHMilE L XV T ORI,
NITHRESINTE LAWK S THRLOME
A% Tkl ELTRIAILIZHOEILTWE D, |
PLERS, EENTRI 22 ERE ABRENT
DEBRIERPMBERRDOATIRZI B Z L TIZkLT
T3z, ERENLEA A—I v FEfoM#k
2k oT, MRROERZAE X 7BENTERLS 28
NI2FEMFFIATE 5 L9120 =BETIE, 578
B2 A S EENOMIBZEE L U CTHRENICIRZ 52
EVLEIEN02H DB, BEDA A -V 7IZHw

-
—

 ODNBEBREFVEWIITT ADNETH DA, BHEO

70

HHEEICE o Tkbhbho kI [Ty M 2EiIC
Wbl ebTE%. FIZ, BEREFERLHAER
ZROF, ERBRROPIIEE-BEATLLIEE
TE2VWHEELZ ., MlnEzERL L -FBEES
MECBIIZT Y bONLFA A=V FiZa=—2
ZREVZE., bUbMPHBELTELTgI Y b %
ETFNVRIVE L EGREZOSTFICBTHEYHFA S
n, EHFHLHEICERTENEZNTH .

A

AR DO—ERIX, FAFBHEMIERMEIE [BURAIZE
EREWMATR], 4 THEFEEE] RO [AIREE
HEFRFEE (EWREHRE) | CEoTRINZbDT
bHoh. Tz, FFRZIHH - TBHE LT w5#E
&7, ECHESFEBRIEROMEROERIER VL
7.
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HE #:BREHKESFREBEENELY ¥ — (BS
BRATRER) HEHIE. 1992 BB ARELMEE, 974
RRRFEXZREZRMERMET (FHEBHE), B+
(E%¥). HAZMREAEHIHER (2°A), BERERNK
EBFE (ERE), REMARABIEREE%E T20034 X
DHTE CPHRIEFHIR) B, 07E X VBB, in vitro
b in vivolFRICIRCTX 54 A — YV VRO EE %
RESELILNYED HE,
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review articl

Perspective of the stem cell therapy for organ and tissue regeneration

AL iR AtRfRz AV T 2llRENOSEFRL, WSEE
HOEREMEMT o THELBERELZLON TS, EELZ, BREIWIMRER
DB E BT 5720, genetic marker probe % A#AMBRICERTLI T AV =y
7«5y bEMAERL, “color-engineered rat system” *BELZ. ZOTVAT AT, &£4&
PIZBIT 2 BEMROZEEIC OV THMZANEIT) Z LN TE S0, Bil - BEES

MRCERZEMEIRE 25, T

“BHT L HR CEIDLAENVR—-I—TR

FAIZEY, M- EROTRLEREIBERZHEORE - RRICATRRZERL RS

7.

- Takashi Murakami - Eiji Kobayashi*

keywords: NZR¥ vy - 5w b, MEMERMR, NAF A>T

b7 AREOERIL, b b OREHRERH
LW - BERAEICKREREEL D26 L T
5., Ihony ) AERIE, 7RIy bOT
J AEREEEB SN, ThEhEHERDOREER
SR ORBAICEKL T 5.

ZD L) RBRORE - MR OREBEIZED
W ERSE OB/ ERRBAMOMILIZ, 21 H#id
BT A EMERENROEELZRE L Lo TW
5. IS, AREBMRE WS ST 2R
EAOSMEFE, M - BREBEOEBREM &
HEoTRETHELBEERROFELEZ LN
W5, _

b MiggRoRE - SHUREOEBRICES VIR
AEBRBMEERLBARTLIZLE, BED ‘B
HEREHFE OFLTHSH. LIrL, EFHDL
X, EBROERESHNORE, L "BEREM 2K
WMTx2BWER" CEEL, Bl - BEEROD
72ODETINVEMAEEITo TE 2. FRTH,
EE LN N F TITo T &7 “color-engineered
rat system” (2 DOWTHASAN L, BwmFTOMR - BEF

*Division of Organ Replacement Research, Center for Molecular
Medicine, Jichi Medical University H ¥ ER KESFREHRE
Wt v & —WEBERFZER
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BAEZ BRyHRBRICOVWTRNS.

EEREWELTDOT Y bid, e AL BRT
B A XB10DKRKEVD, LEBLHEZ E
DIBBF BRI ERMN~DA T —T VBARE,
BMKEZTHEIWAEAOEMEICHATAC
LATES. EREMOBELTIX, Y 7RXDD
J v bDIT) PR BEEMRICIEHSINTE LY
BAH Y, FHICEEAZLPRHMENZOSEFICBT
55y bPDERF— 71, BEOBKEESE - £%
DL > T 5,

1980 FEARITKR & { #H L7 AH 2 DNA HAif
W), HEL-RERETF(DNA)ET I AR
FONMCEA - BEEEL I ENFTRICRY, +S
VAV =y s (Tg) - RYUANEELE. 20
%, ~ 7 A ErEEiIR (BS MIAR) 12 B 5 MR
Az B2 P L7 BEFHRENTERICRD,
LFLELBEFREYAPEEL, BEDE
BHEMRICBWTITADEELTWAE. Ty b
W TgHMABIBHEINZDET T RAITENREZ L
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#5104, 1990 ERIZLDOIC% B,

1990 ERBEICR DB L, BRI IFICHET
% green fluorescent protein (GFP) DFIF %% K L id
U, GFP % &5 HICHEBR T 5 GFP-Tg ¥ 7 AMH
HE s, AX -t BEXRT CBRETE
% GFP i, HIREBIEBEO AL O THRAZE
BDEEZBET S “biological light probe” & L
T, BRONAFHA VA ZPEELRTA
TAIZRoTwS., REBRLFELZ EOEL DX
REAE L OMAESLEIZLY, HMlatkiesr ‘&
S TAHRIEMNTEA.

BEE2Z T MBROMENEITEIZ, REOCHAE
EE2HEVBHTRBEDO TV TH 5. BEOE
BEZHEIMBEZRARL, BHET L HESRD EM
RFBETHS. L 0bT, BEL-MBELHESRD
EaE BT A Z L, IWHENRERM~DH
% ) 2 BEELERER L 25720, Motk
REZ ‘B4 L, BREMREISEERECED X
ICEETAPTMETE AV AT AIREDOTE
BELERZRFD.
WAEDKFRIBMOEIRICL Y, Eff A
VIBMAELLREL:. FORER AN
NA AR E BRIMAEICL T, ELONA
FFR—TR2RHEOINFT VAV v T - Ty D
FIHME TR <, BHEIh MR EBEOBEL
W ELTEWTEXALIIIRoT.
BRBHEMEICRILI-oHEELNOIS VR
Vv Ty FRAED, HI0BEIIBLIT
(F&1), BERZrESUH A OHAERICFIHS
nTtwns,

GFP X LacZ & ¥ SMfifa~— 7 —DRETH
%. LacZ-Tg 7 v M DMK f-gal TBIZL D
M FERERIC L 2FMICT STV B,
GFP-Tg 7 v b i3FBRIESAFETHY, 1) ¥ ¥
BECIE7O— A b A MY R EOMBBE
RO b BRI 2 RBET 2. Z0EHI
DEE ST, FHIFEMNIC DsRed GREBR) 2 BT

73

% 1 Color-engineered rat colonies

Wistar CAGGS*"  GFp*
Lewis CAGGS GFP
Lewis Albumin GFP
Dark Agouty CAGGS LacZ (pB-garactosidase)
Lewis ROSA26 LacZ (B-garactosidase)
Wistar Albumin DsRed2*?
Wistar CAGGS DsRed2, GFP
(in Cre/LoxP system)
Lewis ROSA26 Luciferase **
Fischer 344*°  CAGGS GFP
Lewis ROSA26 DsRed monomer

*Ueytomegalovirus enhancer/chicken beta-actin

promoter. *Z)green fluorescent protrein (dequorea
victoria). * DsRed (Discosoma). *“Tuciferase
from the firefly (Photinus pyralis). **This line was
developed by Dr. Takahiro Ochiya (National Cancer
Center Res.)

%5 v bR Cre/LoxP(DsRed2/GFP) 7 v Mz &3
%L TWwA".

Z 0 &) HEBEREORBIZIEELIRZ &
BELT5 RAEBEOEO N ZIREICHET
2%bHB. I2LRIE, FFYNVHEONVY TS
—¥ik, BRECHEEEELCEEIZT NS
KreREL, BRETAMBECHERRICBT 58
FREEVTAY L LGERT S L2 TERICT
5. HAE% ER T 5 RE % (JEE 600 nm) 5313
BNAENVI RAEV AR, REERELEEROR
TEEIENTHS. CORBFEHIIESBE
X, BRI CRE 255 L THlRRT R
VE— (ATP) ICRFF L2 R iR L, MilaERFL
EBLLHEBA A—VUB"oNE. T2bb, @
HERICBT 2 BB EMBRR * HFNICEER
BT A ENTE, KIS 225835/
RTHhrHc0, BEBHIGERET VORMNZ:E
BIZF TV, Z0X) RBRAPLHAREN
7z, EBEWY T ) V)FEETTEEPREN
FTAINYT25—¥ TgTv hTHBY.

SREHEED LVEI SBIZ S S ES Mg,
SALE LR L I RAEESTRETS
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FoH LA

> LR

ESHIfILRLREHELD?

B 1
et iR (ES i) &
AISeeiEedMEa (iPS $Hka)
ZHBEEL T VE» ST
shaESHilaix, ob% et
EHERFL-E I REEENTRE
Td 5. iPSHIEE L AH Mk
M RRAMESF IR 22 L) 12 Oct3/4,
Sox2, c¢-Myc, Kif4 % & A3 5
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(mesenchymal stem cell : MSC) IZ 3 & h 5™ 9
(®2). #FBDOMSCIZE BB B HA,
% EADEHLES VI, RBOSH - 5
BPBEHTHAH7:0, BEERNOLHFHRES
NTw5b(F2). &b, 5N MSCITiF
SRR L4 OB EMIF (855 LM
REt) ICERTAME? " NHY, TORME
WL fThbhTwa,



316 SHM¥KE VOL.21 NO.4 JULY 2008

FETE#r MR (ESHERR)

gl

fHssan

— Bk
— 1D

=2
SIS E & AR D
ml g

F2 BHEAREEEREREON

o ek R
L&A SRR & LT <
o WBHFMBATY y—LICEERL2ED
o HTHEWE
o FE4& DRI~ DHLH T EE
e iE, KE, B OBHRY
o REFIRTRE
MHC 7 5 A 1 REHT 525, 752 DBRERE
RERID S
o BEFREDCLEN RV RETFERED TER)

ZDEH)LEEREADOEHATREBETSHB
T, Vw729 —¥-TgTv bR L LN
AF 70 —TOMAEDLRERIIIEILEAER
ZEMEICEELHEHRED 6T, &2 W
Y725 —¥-TgF v b& LacZ-Tg 7 v b & XHE
L 7= hemizygous-double Tg 7 v Mid “H¢f - 2/
RN AWEERRE VR A, Thbh, ZOR
TIINVY 77— BN L B-gal RN TWHREL 72
%27).

S v b FTHHW % cardiotoxin THEL, L&
DF¥TIVTg T v FHEKDMSC % BFTES LT
b, REBTORKIIBONL DD, BEELZT
THESGAEL A N—FT 28 RB LR,
L2L, 7y PTEEXERT 2 KBEREHT
MSC #EAT 5L, BFEIITHREMEKICE ST
MSC 2T 252 25T&x5(H3)Y. Zhb
DFERIE, MSC D &) Bl % BRI

75

BHTAERLLT, AF—FIVEZEAEGDYE
7 REIREAE AT SR TWAZ E 2RI LT W
5(RE4). 20—k T, BF D MSCITEHEM
mE#EARL, BERLBEICHCERTSE
ZHHFEEL, EEBACBWTIEMSCHEEICE
LEMER (MER) ORBRICHERTILEEXDS

> 27)

3

NAFTau—T2 B L XV TOZE
X, ChETBEINTE4AWBE 25 THEA
+OMEEREZ B LLTRZIAZECHRD
LTWwa®, L Lid s, EANTRES 28
L ERERBRENTOEBRKERCHEERDA
TRZBZETRITFTo LTHRASE RV AR,

BHWEA A=V VY TERMOERICE 2T,
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(Hara M et al.: J Autoimmun 30 : 163-171, 2008” X 1))

Modification
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