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Abstract  Orthotopic liver transplantation has proven to be effective in the treatment of a variety of life-threatening liver diseas-
es, however, the limitations of donated organs available and long-term immunosuppression provided an impetus for developing al-
ternative therapies. Cell replacement strategies have been one major effective approach for overcoming the obstacles of organ
transplantation in recent years. The exogenous cells should be able to proliferate and differentiate into mature hepatic cells after
grafting. Use of mature hepatocytes is also hampered by limited tissue source and inability to proliferate and maintain the funetion
for a long term in vitro . Embryonic stem cells are immortal and pluripotent and may provide a novel cell source for potential cell
therapy. This review summarizes the mechanisms of controlling early liver development and hepatic differentiation of visceral
endoderm in embryoid bodies. and provides an overview of diverse differentiation systems in vitro and in vivo that were applied
to hepatic research in recent years. Several studies have demonstrated that ES cell-derived hepatocytes can incorporate into liver
tissue and function in vive , bul a few of them have shown complete restoration of liver function after transplantation into mice with

liver diseases. Further studies should be made to exploit efficient methods and clinical applications of hepatocytes derived from
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ES cells in the future. In addition to clinical transplantation for treatment of liver diseases, ES cells can provide a valuable tool

for drug discovery applications and study on of molecular basis of hepatic differentiation.

Key words embryonic stem cells, hepatocytes, differentiation

B B, 6t F AP £ 86 5 3 (40 3R3E P68 46 55 ) TR e A
F BRI T BN T RS BRIk
BREEFEMBERAERENERWTX -HTTRHTE
R, AR E SN T fE 0 B i By =X, ol
PIERAYEME Eok W HH R AR E R E I E S
BT REE R A MER . T F SRS, A
I IRSEMFARERECHA N T T EENEE. B
B ¥ 40 2 { embrvonic stem cell, ES) 2 ¥ E T MR N 44 1 B /9
FWETHR, AT CREEE N ESENEFANHT. T
DA R =B RAThEE M. EER THRARTR
S B 4 1k ML BF 9T 80 A ISR A ES SH I Ar 4L O T 4 AR A B
KRB THALE AT HMEE FEN LR &Y
ATHEBRFFREET - T AR HRAR. =LHX
T AR AR AR

1 ¥ FHEFARE NS FLF

WAMMANMENEFERGET S~ 7HTH IR
EHETFNS S X AMBEENE 4+ BER HFTEHL
Firh BF 2 ( cardiogenic mescderm) ©= 4 HEF M A KA T
{ Fibroblast growth factors, FGFs) i S BT B 4 BT J22 ¢ 3 REE R0 BE 149
T REE 14~ 20 kWHL ATLITE R — A AR R A
HF B 51 20 - 22 AV 55 . R IR 4 0 D 19 e AT 95 R O
1 (lateral plate ) = [ F2 3 98 (] 8% [ [F] A2 /3%  septum transversum
mesenchyme) F HEEHHREA LR =AM HESRE . # -4
Sk E . AN ENEERI N, Jug o of * K,
FGFI M FGR W U 2 H BT HRZMES MRS
Wy R F FCrSh H R ESHFHMEHR A F - Rossi o
al Tt MEEAERETRA LN BRI AR LR
E = F i B 5 W 1 3 F1{ Bone morphogenic proteins , BMPs) 1
fB) 7R R R R S B S R R R SN T TR
HHFRMUMELFN. BM . EEHAEAN, LED
FF 2 7= 4 1 FGFs 085 B ] 76 FR P 4 /Y BMPs X0 8 = AUl
HEBFNE R 5 K IR B Ak (] 40 o BB A AR SR ) B R K
W72 T ATREGY R e Tk - 75 B T AT FEE 400 e 1T 548
HHGES IR AE EREA R ENAARE R
B { Hepatocvte growth factor, HGF) | 3& I 4 M 43 &% 9 i 488 %
{ Oncostatin M, OSM)FO¥E R B 8 % 1L AL B N ECAm B BR A 3
BEMER . ABEERR ANBEEAFTIRF.BT —
S ] 3 P A0 ML TR A 4 B 4 R IR A L 15 S 1 S T 4
REFTHMEM .

2 BERERAKE L FHLH

{13 $% ( embrvoid body, EB) % BE A5 T 40 M TE & 7 — & &
HTERERNECRYTRARESEH K=KEHE L

St EFEATEARKRERETPHBHM A EIE
BOUENFAMANYREREELHEAPERRE.
FEHNLRSZHSMEREI| SRS G THAREE
£ A B8 P9 5 2 ( visceral endoderm) 87 40 B 4 1k 76 3% , B e F) FB
0L IE 4 o 1 A0 81T B 9% U5 46 P B /2 ( primitive endoderm) 2
MEREHNEEAFARMN AL EEENEE., 1o 1 Es
ner et al* B FGFR2(FGF recepter2) fl FGFRL(FGF recepterl }
A5 A M6 A A A L, T 4 B TR R B A 1 R o RN
HEMEMESRREN, k&0 FORVFGIR (S S# REK
TMREANEEN 4L IE P REESH EafEM. Coucouvanis
et ol * A BMP 2% T I M9 B 55 & 30, 51 TR 2 40 B o 3
' BMP {5 S A THMBENREENF LI BT EEETNIE
Fl. Becker et ai*'" FEXT FO 40 HLTE 6L (4 400 BE 446 25 4T I A2 4% 36
At % Bl , Indian hedgehog (Hh) 7E 4+ T HLE 45 B 59 BE 2
M FGAHBEI G, AR AR AR R UREE
IF Hh #5070 cAMP # forskolin 4L ¥ /5, Hh F i 8 9 B R 1K,
RIRT 4 3 B0 SR 46 A IR 2 40 B OF 4 1) B2 B8 9 )R ( parietal
endoderm)F B F AR Hh F S AWt B 5 T HUE KR
PR i B . Kubo ef of " 3B, 7E8 4 N 7 3 8 &
TE T M S T EM activin A MW UFERARE NG L
BRI 4L M3 B RN E GBS 2 DU B
BEN G SEERELASPINAREY B E TS
BACSENTEHE). EATARB R HEETERAE
B EEEA RN TEREATHFEM M LT E,H
W 2 ) A 5L R O T R BF O 40 B 40 S AL B TR L T R O

3 RRTHEN T AN g

3.1 84S

Bit b PR A B A 2k DR 22 R A D &)
B BP9 BE 2 T 4 4 40 5 T o BE 2 R B L P9 R D )
MR E S, X EIE S A RS R AR,
BRBS T ol R e p & & ik [ R M HF k|
B7. 1996 5, B R4 Abe et of ™ § KW T HIAL (R & L
BraFEREE XM REFE SRER. WK EH
{ alpha-fetoprotein, AFP} #1 B AR 1§ i #% B 14 ( Transthyretin,
TIR) H %L TP F AU EE L op Sf WAL By JF H H &
5 B AT IS FTAMAE 'E 4 B T (Hepatocyte nuclear factor, HNF)
13 71 33 2 F AFP I TTR 49 £ 15 HNFle W86 T AFP fi TTR
MEF;AEM (Albumin, ALK XFAELEFHABMEZA
BRI A TR T, dER HEEEZFTER AR
EEEMEFEER S DEEBEREFIRME. 2000 F
Yamada et al | FA FF 40 L % %2 77 4% (indocyanine Green, 10G)
HHEE RS S T E AT R M 7 ik, R A dL g
BF 4 e 6 43 kst BEEAT 7 B0, 10" SR M8 — A 7 #U AR 44 35
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EHE 4 KHFEM JERBEER ZEEH, a4 B E R
EH.HEEAED . HRED REGCHESHARMLE
Ho s e E S IR A DR, R LIRS
A EFES AR ESFRFABEHL. HHES
AR ICG™ A1 M EE & 1 BL7E Bk 3 0 .0 U FRSE , B 0 AT LA o
W.LR B X N 2 R 0 R R 4 R FIE 1 R BA L
A e 5 BT LR L 4 4k BB SRBE . 2002 5 Mivashita
et al ' @it RT-PCR #ME & PCR ¥ # IRk 5 & Lt B on
e xERANERIER R TRAPR, ¥R EE
SR N REERERKEH R 65 8 % % 5 ( Glucose-6-
phosphate, Gép) ¥R B MR MIEEH BRI 2 , AXER
OHLSFHE A BFENO 2 RS, AEOHNSE MK
S 5 280, AL & (3 T 400 BF (B R A K i 4 R I B
Jones et of ' P FI#EH S EIRE B3R 1K (gene trap vector) B1F
MEH TR EN SREETU AR R P HERR
HF 78 M .

FRERER RN R EE FOSERNFEFREPH
FHMEEFT M FESFTHARAPW IR A RS
BRI E R R ESE, T EE R, S En
MAE E A F LR RBRE B F LB L8 F 4
HAT Ak M — B ST A A ME RS
312 ERMESSL

EEE BETHARMESHHAREBRRAR. CERE
TERBEMBRER, MERTETEEEFGERT LIS H
B EEESNA ARG EZESHE HERHE
) # R A o U0 A R B 0 A R AR R TR R s B LR
ke ET SR EMBELERRBEABHEN
B
321 HMAHTFSRERAERDEES . AREFERAE
S B R % 5 — A PRl i B 1L O RO A B A7 fh E RUFE I BV
PRI AT Sk S0 400 R {43 £ 5T 92 o 6 5 i 8 T A A 2
R FENY . Hamazaki e ol "7 B 5E 3% F 40 B0 B F 5 B B2
BSOS EE T R AGE T 108 20 B B ol BEXE | 417
BRI R S RBATRE A | B E a0 HE S Iy
% 3 XE %G BN FCFL VHGF #1 OSM . Dexamsthasone { Dex .
[TS (insulin + transferrin + selenious acid) 4 I fE % B ot B )
FETH L ELEES O RIS ot R A R R E o4
M TR B g, R4 8 B Gop F1 TAT 6 f i 24 BT 41 A
EP A9 S GRINAI KA TS 0 S0 L 41 W) AT LR L B
HEHMBRABES TS H. H— SN LR X0 .45
B 7 X T 41 0 B BF A M & R GoP 1 TAT & b A B9
Chinzei et ol " R HB MRS HAMBFEEF 2 X100
EEFOTHES SREARM. EMANERE THELHIF A
BHE B B R EER BAERENERE T HE
e W E S TAT TR B HAREEN KRB, LS
Hamazaki ¥R EMZERA H AR HHE &5 T 410 855
EURES AREATFHESHRMEE MEERNREER
HEM#HMAFRERX. ERITWT AP O LI HEK

EAFMEMARN FR&ET, A0 LIFE TAT.G6p %
WAFABEEETEE. Chineei 7T B o iE [F B 4 0l BE 54
LB B4 M AT T3, R P Ak 9 KGRI 4 2l
BEEEENSE % B AR A LM FISH RELRiFE
THHAMMELNIEE. BN He et of ¥ FHH TGF( trans-
forming growth factor) + FGF2.Dex + ITS 6 HGF + OSM — #]i%
SRMUABREELTET 12 X, RT-PCRER B R, A% . Al
Gop. TAT FHF MMt 00 F ik 54 B M LE 90 Fr 4R s
HABHEAMEMEEME DS 7 Lef BT KGR
ZRE BRERHOTART AR RS THEA.

TEHRH THEES HE . Schuldiner et of ® AEW T 8§
A B F A A LR (A B D R AR TS BT AE 1 ks
MHE T3 A BRHE T 40 M 4k B BE W, 5 B & B NGF( nerve
growth factor) 1 HCF A LIE S M HX EHA F L, H
NCFE B BB E LN E  Kuai et ol F R/ E D3 M
MR EES T BNGF f HGF % 5 AT 40 2 b il %, 78
B A7 A B9 £ 5 ; Shirabashi e of ™ W) 3 T 40 M0 171 52 16 AR
FHREEFAEREARTMEEZRFUREEERS
EAEHTTHE B4 1 MEFUEASGT. AARN4
0% 06 4 MUFE B A R AT RO fL /Y IMDM S B R A AT
St 4 4 4 Ak

Ruhnke et ol BHEA BRI T ARMKEK THEE

{Rat embrvonic stem cells, RESCs)  BAG W Had e h#iT T
%E M iTH RESCs BEFETE Marrigel UM HB R £ XHS
FCF4 M BT FARANEEESHLE. R 2 k5,
ML SZEHE R EE W TSRO ES, AR RS A,
Mo E N, MR AES: AR AL ERNRE L&
CK18 .albumin, AFP  AAT ¥ H B ;¥ F & RT-PCR £ 1l & }
Ap TTREFRFEAMB AT HFHM LA+ 5
AW HNF-1a & CYP2BICH BB R PASOOFH KRS . X
B, Ruhnke RAT XEHUB RN BN EERS HEFE,
BROCOHARAREEN RS RETS EARAT
HEEAESTHREAMES I T T — 2R,
3.2.2 BB L M Ak AU 5 0 O sk — A S
BER B EHARFEHZETHR(IE RSB Y
FARMEBE FROATFHREEFH FHOFELEA AT
ekl MR Ao liok: i) (OB S P obeE § i s TRE. o K idus
2 HAAAHREEE TR EE IS M (Green Fluo-
rescent Protein , neomyein %5 ) i) % i , M /5 M HT 4 F o i AL 4
M8 (0RT e ik br T AL U 0 o b 0 T A7 O BE S AN — 3
B ETRVEE RSB RER RO — LB T
MK EFH BB TREMNEE.

2002 £, Ishizaka er ol - @ A H T 1 factin 5 50 F ¥
B, S £ £ R A HNF-IR B9 7R 8L pPyCAG-hvgro-
HNF-3p,48 H 5 5L/ [ CGRS #BR, Ml Je # 7T o . 158 4
BaE Rk M 0B & { HNF-33-transfected CGR8 cells, HTC ).
HTC ZA 1 % 109 FBS,FGF2,Dex, L-ascorbie-2-phesphate . nic-
otinamide B9 «-MEM SR HE 96 FLEAIR S HFEGER 1A
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BOERT SR HRE XRARAESILT R
FRAMEEFRE T . HER T FCR2 MIEFBMEER3
TR VR BT Rk, B R R Albumin® # CKI8*
FHUERESEHPIIE AEREERNEANEEFE
FEaE ARFANEEEL S5ENATNERE. X8
MM T L FE ik Fh R O3 4R R 2 % P450 . PEPCK ( phosphoenol-
prruvate carboxykinase) 35 H & BUR #  # B R ) 88
KEFEMEM4EE ARA-HEHHNSRERNREN
oMl 2 &, kel W, SHl Fik HNF38 f THI AR %
i FGF2 FHRS AN S REF REPRESL T E TR H
B A AR R #E . 2003 £E  Kanda et of ™ B T 28
{LLBFIT , A TR A FGF2 S BB 32 S R UER T ESR,
arfk 28 KW EE, R HTC R BB E+ X
ERAMER TREEHA L EEAKR KOEORERNE
W ,RT-PCR S E R H T LI R R IF S A AT BEHE X Y
EAE., HEWxEH S dEEAE"FAREXEFET
B 865 A U s b T A B AR A R A r AR R T — RA R
BTk 5. M %b, Hamazaki er R RET -MEEEFLE
EmEFa AT E. RIIU sp EENGHFRAE
GFP HE M FL LS LIF 5/ 2 X/ B o] kil B GFP°
S 4 £ SR (A b B2 2 s B o BE o {E A B R BE R
IRIG, XA GFP FikES S, WA, EREE & S
Fgmm - ERHEREXFM GFP X, B 12 Xaf,
GFP" K X BE Tl ik ag e BB A0 R AL 5%
—EBREEEL I 8 Kot R AR,
GFP' MM A L) ik B 40 AL 8 30 A9 1.2% + 0.9% , &40 FGF1,
HGF #l OSM £ E S EFiE.CFP  #IB M3k 2.4% +0.9% .
% GFP* MR M R S AT X T LKA Ap | Albu-
min CK19 MM EF PaSO(CYPIAD B, H H & Rk
AFP 1 Albumin BB . Yin et ol 7 TERBHLNBRE GRS
e AT A0 B A 4L B R B L R 15 S5 A B0 BE R TR B T IR AT T
ERoraEwr B B2 FACS B K BL, GFP 40 ML FT 1L o B LS
R $LHY 30 ~ 50% -

3.2.3 EEFEAFLES Faraad® BEFELXFLESL
WP AR 2 X R B P BE 2R S R B R A RO R AT
EHRSHEERTFMESEROFE IR TLEERERET
EREFARSERNER. SR EH, HABREERR
2ah N A BRI RN ARER4 RS THRM
EEEETHEN T4, MEAEH B 10pm 38 AT 25 -
35, H0 BTG 19 R FEE 38 00, A A B B AT IR B 4R s S B PCR
8792 0 HNF3R #1 Sox17a TEALIG SR A5E 1| XEDT R2 3],
GATA  Afp # albumin M EL L AWRENER. AMAXLE
thih % B, YR E B L 4 KIS, A M albumin I FE
BTESERh0, W B 5 015 B A 408 A &k s A i
MhE il LETREBHETFAER TN RS
BrBr FETENT S AR R OH ak B M SR Bk FARE
1 F 55 B 400 PHL B O oAk B 6 (R SR A L Kuai ex al ¥ it
TMERNEEFES GORKTARMTARS B

i AR RHEE, SRR, T RS A8 55
E.AUMEERE - AN LESFIR. AEESSRFHER
# L, Albumin 1 TTR REMEOEZEBHEE. RINEX
BRSO, TR R EFRETHLESRRT
4 e i) ST 440 L 1 Y 434k, O 98 B A ST MB35 49—, Albu-
min H AFP & 1 S FHM  HFH TEARH B,
3.2.4 APES K¥EHNESYRALEHRKNN
AEKEESTFTFHARMKESLESTIE, 2003 £,
Geron A ABI TR E - & BT B9 (sodium butyrate) 7] L i
U ko RS hES H0HE (0] 43 1k S BT A B, o3 ¢ 79 B )
AR S AL B S A an AR T2 A A {00, TO 9% ~ 80 9% WY 4 Bl 7T L) 2%
ik 45 704 (9 3 9 (albumin, o-1-antitrypsin, cytokeratin 8 1
18) SEFBIE LR ES M4 E FE Pas0 iEH, HABRA
EAFRES ETEWAESERM B, £ R
MEFHENARE AR, BSHEH 10% ~ 15% K HAE
iR L. ST L. THRETRABAE
ZRALRMHA R E T A S SHA R LT BT
KRERA—HMENNAESEZ BB NH A richostatin A
HEBTHRSITES GBI THMME R, dikky,
THHATEEE N — A Ea X IMAeBIRATS T T
B TR AL XS Lee et al P W RHA R TR, Lee B F)
FEFE A wichostatin A TR HEAM ESHMEALEZRT
A, XAEEMFRSRVESFRRAEE LI L T4
MMEFNREEX. UAINHAREERN AEQ 28k,
DNA FRASEHAETHRES SR PEE -EER, W
£ %7 DNA B 2403 #0501 189 5- BB AF (5-azacviidine, Saza) W] L)
i ) FE A A A AL B LGB T Saza 2’ deoxyestidine
(5aza D) 1 trichostatin A T BT |0 8 98 3% 1 4B L 49 @32 > -
BT ERERHEL HLBESFENATEATENANES
T M E A — R
3.2.5 =HiEF:levenberg e ad® FHEESEZ M (poly
lactic-co-glveolic acid, PLGA )} #1 % 3| B2 ( poly L-laetic acid, PL-
LAY B 59 B0 X B2 %) hES HH ML @ SH b 64T TR, A B
SRS A < B I RA {Retinoie acid) .TGFB. Activin-A
#1 IGF(Insulin-like growth factor) I EE R LIS £ KA X HE -
9 hES A8 5T, 30 B A] LUTE U E MR AR, ar R TE R
MEMSIMREZFR E RS HME . 7 Acivin-A K IGF /Y
EETFT . RESARTLUERRTRHFREEFFETES
KT AFP #6 Albumin B H)RIE . X 5 Kubo e of " B HF
FEAE L, (B activin-A FIBLIE T LI SRR L 32 3 3 PDX-1 1Y
& EE B activin-A W EERIFES ES HIME 0 N L 2R FE M
AL T Ak @A S R R A e A e -
3.3 KAEES

Choi et al ™ 33 ¥ BH3T/NBL ES 210 89 {4 M o (L B BE L 48
HiE AREEBE ROBERN, SRIERTHEE, XS
HEMMBERMTRY EHEROEEEGFEEMRES
RIFFf, X B AR RN EEANEAR.
HMEBIAMERNEAFRAEBEMNFARY RS &,
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Yamamoto et ol 7 HEHB T & albumin BE FRBHREF
K& G & H A F B pALB-EGFP, ¥ AN E, ES 41 B0 o, 3% 7% 1
B3 pALB-EGFP/ES # MU A B £8 CCl &b BB #9 46 15 /)
Rikr .3 S I AT B, 76 35 10 48 i) AT B b TR 22 3 R & R
BHER, AR CFP" #5378 AW 4% ~
28% . ¥t 6 A o 00 B 5 SR E I sk M 5 T T 4 AR T R 1K
AT, B AT R EB — 550 GFPT S AT L=
£ ALB ., AAT . Transferrin H1 CKI8 SR BT HMH X ES
&, A —F 5 W 58 %45 GSTP (glutathione S-transferase placental
form) 81 AFP %k LB AT WA 2 5 R L RS - B 41 M 9 45
ECKIRAMAF, R FE R, T HM T8 5 MR
Tar s 4b g B A A R BA AT S . R T R J 4k b g
TR, Choi 3 BERE 5T B (¥ GFP" # M 4T T 5 S A TH i
A HT R A M AT Ll SR 3~ 4 A R B
BHERESTILSER L A SRR, AROTL
P4 Albumin AAT HF BB HEHE L HEENEREANE
NGFP MM A — T HERAEEREERELER. FE&
ShEREE | AR R B B RS D R S L SR A RT LR
FRAFNHY ZELAUER 4 X, BHE3TAF8R,
F K & B RG S 7R AR, A 4 /s B & BT T BE fn g 1m ag (8) . i
HEHO R MK PEGEHHEE. ok, fFF T3
PR Y RABEMBEIEL kst FEmRBea Fx.
Yinet of 7 R THZ] AFP/GFP IR B E B AR AL
9% 5 57 b AR JFF 4 B, 48 431k 6 K 49 GFP* 40 I 76 48 B MF 4R 1
AREN EBEMNI0ERDRTREHBRB. B3
RE . ZEPEFROS RS BHEN GFP flRESE N
15~20um, £th 10~ 15 THMHARMBRE 5K 50K
T R AR TR G, 0 B A L T 4 0 R B
M5 ¥E ApoE”™ M haptoglobin™ R ShAEBLRE /N L B H
EROBATHAMUMNER.

4 iR RE

ARG T H M B R RIS RBE T & () s (L PR R LA RSN R 3R
REAEERENE T A RBES o Em EFARMARE
E R ER, IR SRR RE M AT R
FiT 4 B2 % B A A W A BT B iR T X 1 o AT AR A R
THRHETREGTAGTRERFARERFRA ENA
R IERE T RS S TRERITRASENTEARE
EREEXLTT . AM.ER X FMES Ly AR
HACHREAMAHEE BAETENILEFHREKE. #
AL B BT AT (B PR M B A T RE AT BB A PR AT T 026
MR RE TEANES. AOFEEREMAE, I~
e R/ NAE TR R TSGR ERREE.
WEE EAMEHRERIE/F BN FAARANNER Bk
ARG BN HEARAEEY — HEEsWE G M
B A B, 07 e L BT L A7 1 8 1 LR 5 3 15 B A 2
R AR R RN T M e ik R R ORI N AR, R
BETHESESANHNSREEENR AR FINEEL

HEFERESEE I BRI ERERS Rk d RE#®
F 4 g 649 BF 7T, A BR B T 0 B B 43 1k (A B Lo L L
RGEBHN AN OEEHETEL - FHOREANR, AR
FEPHEANAEZR ERTHRSEAFHEAIR K
HRBRUEEWA THFEFRBTIRY - E 8N A
OB
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