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Application of Mesenchymal Stem Cells to Liver Regenerative Medicine

Kiyohito YAGI,*“ Midori KOJIMA,“ Suguru OYAGI,? Etsuko IKEDA,?> Motohiro HIROSE,?
Katsuhiro ISODA,? Masaya KAWASE,” Masuo KONDOH,? and Hajime OHGUSHI?
“Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 Yamada-oka, Suita City
565-0871 Japan, and YResearch Institute for Cell Engineering (RICE), National Institute
of Advanced Industrial Science and Technology (AIST), Amagasaki Site,

3-11-46 Nakoji, Amagasaki City 661-0974, Japan

(Received August 1, 2007)

Stem cell-based therapy has received attention as a possible alternative to organ transplantation, owing to the ability
of stem cells to repopulate and differentiate at the engrafted site. We transplanted bone marrow-derived mesenchymal
stem cells (BMSCs) into liver-injured rats to test the therapeutic effect. Rat bone marrow cells were cultured in the
presence of hepatocyte growth factor (HGF). RT-PCR and immunocytochemical analysis indicated that the BMSCs ex-
pressed the albumin mRNA and the production of protein after cultivation with HGF for 2 weeks. The BMSCs appeared
to differentiate into hepatocyte-like cells in response to the culture with HGF. After labeling with a fluorescent marker,
the BMSCs were transplanted into CCly-injured rats by injection through the caudal vein. The liver was excised and
blood samples were collected 4 weeks later. Engraftment of the transplanted BMSCs was seen with significant fluores-
cence in the injured liver. Transplantation of the BMSCs into liver-injured rats restored their serum albumin level and
suppressed transaminase activity and liver fibrosis. Therefore, BMSCs were shown to have a therapeutic effect on liver
injury. Recently, we have been trying to use mesenchymal stem cells isolated from dental papilla of discarded human
wisdom teeth. Autologous transplantation of mesenchymal stem cells from bone marrow and dental papilla could be
ethically and functionally promising for stem cell-based therapy.
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IR B B D RER AR LE N <, SR e [
HHDRRWESbN TS, FEBHEHEO K> —if
DKIS0% NS NOHEHTHAINT EEIN
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THBIcRAASNTNS, 19 & 5 1R
BEAERTZEAR, BHELZFADHESN TN
%9 Ui UM R T2 2 &
IR TH O, RSB & FRk R —REDOREIX
R LIS, F 2 ThNbIUIEKRICHERET HH
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R AR D B, 208, A D LRE,
FEGEET VBT HIEE ROV THTT
5.

2. MERBMRE G

INEThRA IaEefilah B AEEREH OME & U
THEENTE /., KM (Embryonic stem
cells; ES i) 13EERMGEREZ AL, H 505
WAL RE TH D72 DFEHEED TE /2.9 /-
FRARITEE S 2 M I 2 bR E AR TIE &
L EERE AL, BoMlzffHdTs LB TE
LIZEMSHERTOREEEZONT NS, HHiHFR
D 1 Al A (hematopoietic stem cells; HSC) , ?
LREMEARERTERAIN  (multipotent adult progenitor
cells; MAPC), ¥ [HZEREHNE (mesenchymal stem
cells; MSC)? D4 LREN TN K TEHEHE SN,
T I b= R MBS EN R RS NS ES M
JIC R TOMANK D REICER T 50D &
HrsInTns,

IR M AT BN T RO JE B EEM A 5 |k
E-TEBITICKOBEHMEDOEWIE RO IR
MR L TL< 5. MSCI3HIRZEMI T IC kT
% MEE R AT A ME T el TH O, Ia
AN BWTHLAE & MRk D 2 FRIH T 5 [ ik & I
N 2MERMEEORICHEEL, &, KE, E
B, SZftd 20 E L CRREIES N TWED, &
TR EE A T, SAMREROMHREMIL, NIRERD
R A &b s % 2 s S /. 81010 MSC
TR W TR BT CEmMEoLE, 2z
LRI AMEMIPICEEL TBORBERICKOAES
IR Z ST ZEMARETH 5. HIETILEHE
DISMICRENG LA, ok, MR M/2 E2v 5 MSC ATHL
HESEHZED TV, 179 sEERINR ST
DR S IEBEITZS TP B EiRE O 8 1T AR RS T HE sl
SHZHCDO MSC 28 L 2O FEMEZHE L T
W3 10 RFEITHBNWTITE R OEA S T HED
MSC D i~ D 731k &l R A fE O M fEdE & L T
DEREIZDWTEE S DR EHLITHENT 5.

3. BPEARKMIEREMIZ (bone marrow-der-
ived MSC; BMSC)

3-1. BMSC OFFfila~DF{LFE  Hikicid
FEr il N EFET 5 & TSI NINEMAL, 7 1 B
MR, 18 NI I ENE I N TVWS, L
UHgEEZRDEEN S HaMnz 2T 2 2 &

BEMTIIIRN T &0 5130 ORI H R O g &
WL ZENEFLWEEZ LGNS, I THAZ
FHC RIS PIRE CH 2 HREITHEH L, rRERE &
RO M B2 &2 HE LA
A Z2fTo . EESIIEELZ BMSC %2
ZTOEEBMET DD TIE/R< in vitro THHIE~D
AL ZITOIFEA D “HrfhT” 2720
GIZBHET 2T 0NRNE S W EE X T

T a4y Ty — 344 RIETES v S ORERE XU &1
Ml ZERELL, K& 7 L — hiT 2X 104 cells/cm?
DEETHEMEL 2. HEEMEMIIC MSC g EnT
AZNEMN TR T 572D B LEE DM 21T >
. BofbicpEEINS -7 Uty VB, T
ADNVEVEE, FTFHAYY CEEML THEETT
W, BMEICR D AKILERZR L. TORR, 7
WD L EBFED & 28R A > 2N
T % & APRALERICHOE VIR &S NE B E DB R i
RINFZEME, MSC OFFFE L% THIED
AEETH S T ARSI Nz, HitWh THHMEA DL
FHELMOMF 1T . FEAREEHNIC ITS (insulin-
transferrin-selenium), FFH A& >, ZL TH
MR AN D /LI EEE & & 2 53T W S [ A 5 A
T (hepatocyte growth factor; HGF)20 Z RN L 5%
#x17>7%k. HGF, FF+HAFY 2 ZHEML TH
N E R L, 2 8MOREERE, RN T3
MRENZ /2 572 EHS N RBREE(ENER I N,
JRIZ reverse transcriptase-polymerase chain reaction
(RT-PCR) Z& U i~ D 7L B A & T
Lo 2{To 7z (Fig. 1. H3& 2 R, 3
B [ #8122 42 U 22 (BT U PR R o 9 3 434
R—=HN—TH% o7z b70O51 > (AFP), R
O ——TH 27T I > OERTIHEZ
Bl L 7o, K53E 2 MR A E R FIRINEE T AFP
ORBMNHDO, 3BEMBKRICTIT AFPIZIELL, Hn
HOMITYIVT X VBT ORBENHR I N,

KB KK F B2 o B %. 1981
FERRKEZREGEE L RMEET
(211 . 1982-1984 4FKE A 1) —
S5 > R K=, NIH (NIEHS) Ti#
TATgE R & U TEIR. 1983 - RBKZ
IR T, 1992 ERIBhEE%, 2000 4
3AKVHE. BAEBEEETENFIL
IR BHEBBEEDOHIEICERD A
T3,
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Fig. 1. RT-PCR of Hepatocyte Differentiation Marker Genes Hep only Hep only Coculture Coculture
Expressed in Cultured BMSCs CCly(—) CCly(+)  CClg(+)  CCla(+)
Bone marrow cells were cultured in the presence or absence of HGF for normal control Non-induced Induced
3 weeks. On the 14th and 21st days of culture, the cells were harvested and BMSC BMSC

RT-PCR was performed using primers for AFP, albumin, and S-actin.

£72Ty 8T7IVT I PR E WS8R E RO
R, TINT I ONIBREREINTND ZEMN
HoehEkolz, IN6DOFEXD, HGF, FF
B X&) ITS FNEsE# T BMSC Z i filfia k1
FHfHFTTED Z ENREINT.

3-2. BEFMRCHTIABDR XKiZo
BMSC 7353 & 52 1 7= i 12 5 U TR iEsh 3 2
bHESTNENE invitro TR 2T/, 394
F—PHEREVERWTT v Mz BEEL 6 /X
DT — NIHEREL 2. K& 6 REfih S 24 KEfHIC
1 mM QAL R FE 2 RN U TR EGEZ 5 A
7. TOEFEMEE S LFENEE L /- MSC &
ZWWIEARME D BMSC & D4t % 24 BT B
iz Ins7 IV 7 ExE=R L (Fig.
2). DA bRBNEIC X O MO Y IV T 2 2 50k
BEVZBEE IR F L7220 BMSC S0 #B#8IC K0 A
BRI EENER SN, T OEITMEHE
A EIZIZE R < BMSC 23403 % 5K 1T
WKEBHDEEZEZOEND. T—HIIIRI BNV
FIFAI & BMSC 2355389 % Z £1T X D BMSC
NS HGF M ihEN2 T EARENTHY, B
MRZ2HEZSLEEZEZATNVWD., Lo Tin
vitro DRRFHZH N TII LA E 217721 BMSC
IZBWTHIFEE, HFREICHMTH 2 HetENR
Bz,

3-3. mE 7 bADOBIE 48O Fish-
er3d44 RN S v N OIERENICUEbxFE (0.5 ml/
kg body weight) % i 2 [\, 4ERBESG U HGE
B Z 7. BMSC I3/ tiAE M & 2 WITIEFEE 1S
HTH BB HAAFETDH S PKH26 THRAEL, MU
LiRFHEH G 2 HEIZREIRE D 3 X100 & o

Fig. 2. Albumin Secretion from CCls-injured Hepatocytes
Cocultured with BMSCs

BMSCs were cultured in the absence or presence of HGF for 2 weeks,
and cocultured with hepatocytes treated or non-treated with CCl,. The
amount of secreted albumin was measured 24 h after the coculture. Open bar
indicates albumin secretion from non-injured hepatocytes. Values are the
means *+ S.E. from three experiments. Asterisk indicates a significant differ-
ence from the values of injured hepatocyte monoculture (*p<0.05).

Mz L7z, B 4 R BP0 O sk U 2 1E
JRUBEHA A=V T F T4 F—2HWTHNREZE
HIE L7z (Table 1), oA ZREBEIRNSIEAL
a2 hO—)LbHAFRHENEZFEL TWizd, T2k
O—)L M OFEFER I TH % L 72 BMSC (—)
FERGFERE M TR # L /- BMSC (+) Z8HL 7~
HCTIIARICEVWHEDERENBR SN, Lz
THBIZHS DT 0D, MEFEURICLD
BMSC NEEMIRICEVAEZL S <725 I EMNR
N7z,

EEDY—H—THBIMET A/NTF BT I
JhS2AT7x5—F (AST) &7 5=>7 3/
S >Z27 15—t (ALT) fl D IEHEIX 100 DL
TTHhAHNMUERFZ G AT bO—)VITIER
KEWETH D, HEENER I NKEIENEE TN
LT ENHENERS T, WEEFEE S BMSC (—)
B TIZO Y bo—Lickk, EERERES N
I$ino7=n3, BMSC (+) B TIIARICEKTFL
TW/z (Table 1). ZDO#ERIIHAMEL 7z BMSC (+)
MIPUEAL e 52 DR EF D S L 0 58 2 Ml L
TWBZEZRLTWS, METIVT I AEZHE
Ll AEEZGZ2-0 bO—)VEETIRIEREE
3.9g/dI ML EHEFICK T L Twiz, BMSC (—) B
BTN RN A S NP> 728 BMSC (+) B
HEHTREEBE TN I VEENEEL TY
7o, ZORFIIBAE L M EIEL TY LT R >
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Table 1. Effect of BMSC Transplantation into Rats with Chronic Liver Injury

Control
not transplanted

Non-induced BMSC
transplantation

Induced BMSC
transplantation

Engraftment (arbitrary unit) 18250+1915
AST (KU) 4089+ 605
ALT (KU) 24181342
Albumin (g/dl) 3.274+0.23
Fibrosis ratio (%) 0.916+0.063

20643+ 1661 35624 +1964*
3968 +499 1973 +478*
1987 +392 1459+ 369*
3.44+0.27 3.98+0.11%

0.802+0.292 0.649+0.053*

* p<0.05 vs Control.

PEEZHERELZOND, HDNELIEI S O
HEL 73 (i S U DA DMEE S N KGRI DN S
MTIERIZWDHMEFEEDOEHENREI N

R 3 W TR 72 SIE e < & I M 23S
MWieZINaAT =7 2 REDT N w7 ANEBEEAL
INFRME LR Z D, 20 THEZEN S AN
HEITT 27 —AMBNETDONTND, T I TH
{EOREEZ 7 >Rz X > Tl L BMSC OF
SRR Uz, RIck o THSBRE - 2fEmz
L LN R OYEZIT> 7= (Table 1). ZDHEH
BMSC (+) OBMEIZELD, ML AZITHH S
N5 ENRIN.

AREBIT BRI Z B LB R OMaEEEL
ZHDEMHLTWS., L7ZMN>TBMSC DAT
75 < JE I R DML & KR 9 5 @) = & 9 55 B E M
JAEMEEINTNEHDOHEFENTHD, BMSC H
MORETH D I LEFAHT 50T > 7Lt
W O—Z 2T 2T WHIREHET HLEND 5.

4. FA O3 HRMEEREM

4-1. MSC OHEEt FHAEEREHOMEEE L
TINETESHIE, BffilsEnFEicmaEn
TE=NbNOIUIE T FEE I NDME» 5 F RS
R 2 BB 5 2 ST EAUT MBI 7 R E B [A]
WTEEHATHDEE A, WRHEE T SEE S
MSC Bt I Nz ENHEINTH D, B9
WEINFERERINDSHEICER L. HRO5E, WE
HNEENHEERICHEATS I LIXRETH S
D, HRMEERICHEINSS 3 KA, @ 8
MET” 2ZHVWSZEELE. BERCHEINS
HOIMRUZIREETH 0, Kot 7 i AL 24
RBINTwaagEEnEm<, MENtED &R T Y,
Ha i & 72 % o FLEE AL AR 13 H 72 MSC D3R (ET %
ZENTFHEINE. £ZTA o I7+—LRatE>
NS5, WEI NS T X0 AL oEE R

ZERELL MSC © 7 b— > Bzt A 72 (Fig. 3).

BEFLEERAR Z NS S T <TIBL, a5 5 —
TIT &k 0 MRz s B = i « v > 2 ICRkfE
U o-MEM & W TH# 21T > 72, #EEEOMazE
[F¥ LU fluorescence activated cell sorting (FACS) %
AWT9RTL—hD 17 )L%720 1 DO
MADEDITHEML =, B—Hfgns o= —®k
LEDLDERMKRL X 5ICHEEXE, 2X104cells %
SHLRED RIS L, 50 ORI & HifE /7T L
. bt a > EFALZE o biEE e E L T
e L TorEEsET 70— DORRETH /2
fEH, JOZ—FBKEZHE T 20D 30% N E
SHEREE R Lz, T OHNSEHICEWE MEEE
ARl no—22HN T TomEZ{T> /2. R
PURDOFRIINY — > &2 1FZIhD MSC & th#T %72
B, EiMmEf~ —5— CD34, MmMRA~Y—NH—
CD45, %M~ — 75— CD29, CD44, MSC ¥ —
71— SH2, SH3, SH4 O RBHIZDWTHEN L. =
D& H CD34, CDAS IF 2 TIENI T R THME L
ol INETHEDODH L%, PR i
if, H#EEK MSC EFBBNY — o N—H L7270
A= IIMSC THDHIENHENERD =,
DINAZ 0— > % il R aiBR AR  (tooth germ
progenitor cell; TGPC) &£ H&d.

4-2. FFHRE~OH{LFEE  ES ML S HM
AN DA% 2 3 A 7~ Hamazaki & D J5 {522 |2 U
U, HGF, FFH A& > ITSITMA THE#HESF
Ml EsER 7 (FGF), + >3 A% F > M (OSM)
ZHW/. FGF I HAEDA Z T —2 3 2 iITH
WTTHIG IZBEE T 2 0IR T IR EED 5 0 E N 50
KT THD.2 £7= OSM 1338 i H fa A3 4 U I HE
FlDMEREM R A ZRET S EOREND 5.2
DMEM i EEc O R, 2% 7 g EiiE z ik
MU CTHEEZITD EFERTERMO B DIZHNE
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Fig. 3. Clonal Isolation of Mesenchymal Stem Cell Having High Differentiation Ability from Dental Papilla

L WERREB (LR I N/ (Fig. 4). B
VA B W R 2RI B O FERE T & 2 D3 (LA 8 &k
g Bicon, 2HEMBICIET A XDOKRENEHD
BN &2t L 7=. RT-PCR IZ & % fRHT D5 5,
SHEAEE 10 HTTY IV T 2 VBB TORIEANBEERS
n, WML —H—TdH % AFP Bz THH
WA BN S > 7=, RIS AR K O R
B LR ME T 20 EE EEMleo~— 7 —T
5 CK19 BRFRIEBFERICHEHDL Tz 5
ICHARERE, YIRS T Oy T4 2 7I1I2L%
FRATICK O TINT 28 2N OREAEDHERI N
TGPC 2IFHIERRIZ ML L TV D Z EARS Nz,
4-3. TGPC BHEDHR b Mz BiEd 5
DN E R Z SN REALZDX— KT v K
ZEMALZ. 9O T v v — 344 FZX— KT
v b OEENICUELRFE (1 ml/kg body weight)
ZiH 2 [\, 48K UHGEEZE5AT-. TGPC I
SHLFHEERE D D WIS IR SR TR RO AR
Tdh 5 PKH26 THM L, MWEbxFHEZS 2 H
BIZPIRE D 1X107 HOMEZBHEL /-, 3> b
O—)L &L TREMRFOEDLDITEHY — T+ 1
IWZEEENEG L0, RO bRFELZHKE L
MpEob 0 IEMAHKEMRNSEG LEZDD
(sham operation) # & L7z, kG AT gY) A 2 1

Fig. 4. Morphological Change of MSC Derived from Dental
Papilla during the Induction Culture
MSCs were cultured in basal (A and B) and induction (C and D) medi-
um. Pictures were taken at 7 (A and C) and 14 (B and D) days.

R U HBRE1T > 72, Ml Ic B W TIFE
Beh, JEAERIHITRIE L 2 W CTHEBENHR I N
7z. BMSC Z### U 72 BRIl & D #EHTE L
TWENTCGPC BEDHEIE a0 Z— RO ENE
RINZIENSAEBRICHEHEL 26D EEbNS.
In vitro D312 35 W T TGPC 1% BMSC 1T L RIFE
ISR 2/ L TR, AEHOMEZ eI L
boLEbhd, b MEEAR DNA OBSITH
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% alu Bl 5D M4 PCR THEZR L 7= & Z AR
RERE D IR T2 OFIENER S Nz 1 I DR,
KON sham operation L 7= 5 v k Ofiffi& Tid PCR
w3t I Niano/z. IS DFEREID B M
HkD TGPC 2N ICHGEEZER L X — KT
v NORFIRICER Uiz Z EDURE NI,

SHLEAE L - MR OB B T3 A &I MG AST,
ALT fEQK T, HEMELoMBr@BRInez. Ik
B TR AR U i 2 Bl U 7= B IR N T AR
HLTWIZHHRD S THERBEDRIIHH O
Mmolz. IS ORERK DM D A mAT 21T
DZENEETHDZEMRINZ. ZOXDITHE
FEIN DM © AR ICE RSN SE SN
LZZEIEETHD, HOEOBAST 2tk L 7zF,
TGPC Z /N> 7 IR 7FE L THITIEE & DM
EIFREBORRICHAT 2 Z ENmkELrs. /-
F—ZIERE WA TGPC I3 E, IS T ke
HEANDOMEEE BRI NTH D, SR EICH
U TCHIHRTRE/RBEI 2B L T 5.

5. MSC (X T D#REMTS

MSC I3E5#E N AIRE T dH D M el a7z & & ki
LEEFEANLSVWHITH S, bbiuiln
ETTYT /) IAINARY & —2FH U4+
L R+, C/EBPBAREDELETEHEALREL
AR L 2R T R b= 2R RG22 59
% Z &I L Tns 2520 MSC i1Zxt L T fllfig
R & 59 28R T H 5 WITEHERET
5T DB LT %38 A T EHUS B /NE D Rl i il
THEENRZRBT S EMnfEs s, T I TH
TEESEILAR T O /K O 2 18+ & £ [W T MSC 12
K9 D I EE T EALEORF ZHEL TW5.
TT ) IAINANYT Z —13%ZBK (coxsakievirus
and adenovirus receptor; CAR) 7 339 % il
72 EITIERITE VRPN R TR TFEADTRE T H
5H, MSCIZIZIFE A ERKSEL 72y, Mizuguchi
5375 IAINADT 7 A )N—H845712 RGD X7
FROAVY D EFIZMMT S EITLD CAR
EFRB LSO DR K < BIRTFHEANARET
HBHZEERELTNWD 7 2 THEMT 5/
TA AN H —IZ LacZ & fn T % i A L BMSC
WIS B E A RFRBRTRIANBREIN
7. BUE, HxOBLETERERT T T4 )VAN
7 & —1ZEfE L, BMSCITK U CHERENE 2 1 59

52 EERATND, L TR 21
BT UNY —tERea A Uz TifatEESRSR) &L T
BHEITLZEE2HNEL THREZRIT TNS.

6. &

2006 ££, FER KD Yamanaka %12 D ES
fid D 2 He M #EFr 12680 2 [ F 23T X 41 Oct3/4,
Sox2, c-Myc, KIf4 DiEfrTZL bOUA )L AR
& —TRUAREMILICEAT DI EITXD ES
fa%E{l @ induced pluripotent stem (iPS) #flifid % ff
MUEZEPHRESINL. O ES#MAFEEET Z b —
REBRT DR ERPTRERLDBLNNHCOM
fil, B Z0E KRG DML & MR ¥EGERE, 2o LRERH
T 2T A B I 2 Hl L T 2 U AN
THAI. KERHITBWTHRIKICERET S BMSC
& TGPC ZHIH L =R BB EO et 2/ L
7245 %, ES#HllE, iPS #& 0t nErfiias |
WHNZCERREH SN SHN 1 HBRLHNS I L%
MFEL T,
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