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BE R THARERETAR (ES cdl) HAESHVEZTRBGNES. NREELEEFE FH
TGF, bFGF. HGF SMAEK E THAT BALB/c /MR ES HIHFAETANERSES. AHARERELHER
B (RT-PCR) . MM (ICC) A #mEk (RIAY BT OEEREEREMNEZEA AFP, ALB,
G6P, TAT, CK8, CKI$ ZEFKEF A RFHRE, HNEHHRNEZESNDE, BENEFHAsbE &
R, RS RER AFP, ALB, GeP MTAT EE4ATH 3. 9. 11, 13 XFik, FHERFFREG AFP, CKS,
CKIS 0 ALB Z R 481 TE 7. 9. 9 W 11 RFFLRFEL. B 12 RIFEENAEEL, WEHNS.3 pmol/L, FHHE
BIEMEEACTIREZFS N 8BS, WEEEETESE AR RN 29, NBAFARSEER
89 . ULBEFF MU LATE ES AR fASME 2 b RGP UL s srfk, bFGF. HGF. OSM Z 0T LIRH B5% & 4 il
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SHC IR, T RS AR AT D e AT VR P A0 M SR ] R AT B A

KeER BERRTHR, FHR, Emat
FRGES Q254

AT Cembryonic stem cell, ES cell) 2
MERAABEATTEHRNRESETHR, &
A AR ig sk, B Irg A8
BodgReEt . R ES A1 A0 Ak T AR B
TGRS, AAFRTE, £S5 HA
WiE, ESAMBECZA TZ2MMBERES 3R,
WA THEREFHE TREMNERSY. BE,
ES 20 Ff ) BT 40 340 7 TE RO SR AR P AR, —
BB AR, i S otk BT 4 B B ThEEFO AT 48
WA ZE ST R A RE S, T IR T vk A 4T
FFEFE A AT A A 9 TAE F RV MR IF R 2 X E
FUO gk, AW T - RFIABE TR
FedHTE ES 400 m AT A Bt P EOER,. FERIA
Z PP A R AR IO A 6 4l B HEAT A R RO R A B
TR RSP AT A LR AT TINESF D
KR MR, AR AR AT AR T
PR B 5 4 R SRR A R

1 AR A

1.1 #%

1.1.1 ES @B KA B s 7 i 7l K30 4 P A
BALB/c B /MR ES #HFLY. ES 40 BRRGSRE (A
4, DMEM (Gibco. BRL, USAY, 20% JA4-15E (#L
MIEFEA TREAFD, 0.1 mol/L 2-57% 282,
25 mmol/L HEPES. 100 U/ml % &. 100 mg/L
FHEEFM 1 000 U/ml A DR A IR H KT

{ Leukemia inhibitory factoractor, LIF > ( Gibicol,
Bra, USA)D. B4R Cembrynoic body, EB) JFFFE
AARE LIF B ES JRFREER10 EB BaREE. #ibd
K FF Ctransform growth factor, TGF ), 7% 5 4F
#E4 F2E ) A 7 Cbasic fibroblast growth factor,
bFGEF >« PR A F Chepatocyte growth factor,
HGF>. 7 & (oncnstatinM, OSM ). b ZE K2
(DEX). FRE &R, WAMMEAEE (Sigma 2 7,
USAD . ¥#KEHE (transferrin. Gibeo BRL, USAJ.
1.1.2 RT-PCR i&F: = RNA #2EUM RT-PCR 14
&M B _LiE SANGON 244D, BRI AR. Kb
E B (afetoprotein, AFP, 5 TCGTATTCCAAC-
AGGAGG, 5" AGGCTTTTGCTTCACCAG, 173 bp),
H&EH Calbumin, ALB, 5’ GCTAGGCACACAGTG-
CTTG, 5" CAGGATTGCAGACAGATAGTC, 260 bp ),
PR AL FEHE (tyrosineaminotransferase, TAT,
5" ACCTTCAATCCCATCCGA, 57 TCCCGACTGGA-
TAGGTAG, 206 bp>, HHME-6-BEEEEE (glucose-6-
phosphatase.  G6P. 5" CAGGACTGGTTCATCCTT,
5" GTTGCTGTAGTAGTCGGT, 210 bp), W & HE
B-actin (5" TTCCTTCTTGGGTATGGAAT, 5" GAGC-
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AATGATCTTGATCTTC, 200 bp ).
SANGON 2] & k.
L 1.3 ICC 1 RIA A0 Es: fu B AFP.
MPEAEEE 8 (CK8) MAMAEN 18 (CKI8>
(DAKO, DENMARK>, #i/) Bl ALB (Biodesign 2
&, USA)., RS EREMEILE (SABC-
ICC) WFE (BOSTER 27, B0, RIA lFI&
(b s RFRAT. E4h5 T (Beckman
Coulter, USA)J.
1.2 Hi
1.2.1 ES AR HRE -k e THES
{9 ES-BALB/c #EMEE T, HE LIF B ES 555
BTE 0. 1% ARFRENEFRIM P T, AETER
2x10%/ml. ES 4if#F EB Ford, BIilEsik
BFRS K, FHEBEFEEKEENER EBEFS K
G, B6RER0. 1% HEMEN 6 fLEE7=IRF 24
fLiR b, EHBEEAK 7 ~11 X, MA
20 pg/L TGF, 100 pg/L bFGF; 27 ~19 R, JOA
10 7 mol/L HiZEKFA, 5 mg/L BEEE, 5 mg/L FEEK
EHH, 5 mg/L WAREE: 511 ~19 K, A 20 pg/L
HGF 110 pg/L OSM. W6 ERER, HH EB #557
W, A0 A HGF. bFGF. HGF 1 0SM &4 K H
+, ¥ EB 4051 B 1L
1.2.2 FdifRse

a. RT-PCR 2: 281 REH 19 K, B8R 1
X, BIZE1. 3.5, 7. 9. 11, 13, 15. 17, 19 K
WAEBSAMNRARRGTETHRED. Rk
HHAT RT-PCR 2, e iE0 R IT w5 & i Y.

b, FEFRHEH AFP. ALB FURZREHME: &
1 RZ2HF 19 K, HREEAKEFHMN EAFR

3% d ki

Days in differentiation{GF+)

EFEHE 3 ml, ST EARFEAT (RIAD JSE AFP.
ALB FRRE, BEahEr i OOz RERE.

e ICC FMl: EB UEBE/MLEE 2 RITAE. RIEE
7. 9. 11, 13, 15, 17. 19 R{E 24 FLAR 4 % 4 B
HEAT 4 60 7 9 Y6 70 SABC 35 ICC #2211 4
BFRIZHS AFP. ALB. CK8. CK18 FIFRiX.
1.2.3  ERTMB e, L 19 KA, &EF
st ALB. CK8 F1 CKI18 3 MEBQ A4 FHATAR
FHPRCI R BT RN, HRIOEEERES,
BRI MEA RS FHFRENMEEMEL (TEHE
e ok Qiag ol ok gEiola b S s Y aBs X S
1.2.4 T2 B3P AFP. ALB FR Rk
BEA (x2s) T, A EFNFHNNEAME R
ELReFT ¢ R SR BEAT 34, ST AR ] SPSS10. 0
(P<0.05sAAEN).

2 4 R

2.1 RT-PCR %R

%34 AFP-mRNA TEEF AL P TH 3 KH
I, ALB-mRNA T3 9 KH ., G6P-mRNA T
11 RHI, TAT-mRNA T2 13 RHW, Dl L4
ELFEIPARE 7 T JB) SE K TR Fe kM aE . X RRAASH B R
AFP-mRNA fE 8 F E2 8 T T 5% 3 RH I, ALB-
mRNA T 25 11 RHE I, TAT-mRNA 1 G6P-mRNA
HTH 15 REW. AFP B R HFF 40 Anic 4™,
ALB E B & THEERIAF A BAR i 49 ), GeP F1 TAT
AR PRI -, AL R %
BHTE ES AR S BEg b P rT Bl B R IR
HAa4ALF, FGF. HGF 7 OSM F4 K H 7] LA
1o 208 A A B B AT ER R (P 10

Days in differentiation(GF-)

M ES 3 5 7 0 11

=
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Fig.1 Results of RT-PPCR
RT-PCR analysis of hepatic genes expression in differentiating ES cells with and without growth factors. Cells were harvested and RT-PCR were performed at
the indicate times (days). As a contrel, ES cells and mouse fetal liver ( FL) were used. As a quality control of RNA, PCR primer for beta-actin was used.
Results shown here were representative of five independent experiments. M: Molecular size marker for DNA; GF +: With growth factors: GF —: Withomt
growth factors; FL: Mouse fetal liver at embryonic dayl2; AFP: Alpha-fetoprotein; ALB: Albumin; GOP: Glucose-6-phosphatase; TAT: Aminotransferase.
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2.2 ICC#RE

ESAAMER 7 KRFERIE AFP, EO KA
BaFRIA CK8. CKI8'™!, % 11 RFMhF«L ALB.
BMAMMIESR 7 RAWETIE AFP, E 11 KAER
1% CK8. CK18, # 13 Rk iA ALB. AFP & &
EINEEARTRIE HINEE, CK8. (K18 %
HamBEENEREg, EHARERMNEFR
&2, HEW A R, ALB WA hEERER,
HILEMR, EXEsM AR, AEHNARSTME EB
ARBOEHTL 14 REAS 14 K, Z&HZEH
o (B K3 L M g B AT, ) BR A PH A B A
BEMROTEKETA. B, ICCHEARE &
HEWSHRITMBALE R THENES: fiBE
7R 20~30 um, £EE, FXAE, THET
R, EERE. BRBR, #2241, FEHABRX
BEREZ, BEMARBEES (E2).

Fig. 2 Results of RT-PCR
Ca) ~ (d¥: Immonogytochemistry ¢ [CC/FITC  showing expressions of

hepatic proteins in cytoplasm. Parts of day 19 EBs with previous growth

factors were stained with antibodies to ALB and AFFP, CK8, CKI18 as

indigated. (e, (1): ICC/DAR showing ICC-positive cells located in the

innermost area and outmost area of every EBs cells cluster. {g), (hd:

ICC-positive cells were shown cell struetures consistent with normal mouse

hepatocytes in morphology . Seale bars (ad  ~ (12240 wm; {g): 30 wm;
(hd: 153 pm.

2.3 RIA#ZH

BEAMMERES, THES RAKLNE
AFP, 3REN (3.4 +0.6) peg/L, EHE 1T REFRS
{6 (27.2+4.9) pg/L; TH LL RIFHRIENF] ALB,
WA (021 =0.04) mg/L, SR 19 RIEFIBAHE
(3.9+0.56 mg/L; T 512 RAHBMINEE, K
BH (B3 +1.4) umo/L, EF 19 RIEFIREEE
(62 +9.0) pmol/L. WRAMAMEFRF, THEORXR
FATR MR AFP, WRER (3.2+0.5) pg/L, EE 19
RiEFImEE (15.2+1.9) peg/L: THE13 RAHE
M E) ALB, WAEX (0.20 +0.03) mg/L, £
19 REFIREE (2.8+0.36) mg/Ls THE 14K
T 2R E, WEN (7.8 21.4) pmol/L,
FEE19 REFIBREME (27.2+4.8) umol/L. FAH
] AFP, ALB MKFIREM 2 HITE 11 ~19 K. 13
~19 R 14 ~19 REIF A RAHE L AR ERESR
(P<0.05) (E3).

{a) (b)
—~ 30 =3
225t o4
¥ 20 R
= 15 =~
E 10 Ez
T 5 S 1
Q. C‘LO
gAY L
8 10 12 14 16 18 11 13 15 17 18

i{differentiation time)/day i{differentiation time)/day

{c)

efursa)f{ pmol - [71)

o]

12 14 16 18
i{differentiation time)/day

Fig.3 Concentrations of AFP(a) , ALB (b ) and urea
(e ) in culture medium determined by RIA
Coneentrations of AFF, ALB and wurea in culture medium were analysed
by RIA during the periods of hepatic differentiation {20 EBs and 1 ml
medium in every well of 24-wells dishes?. Values are the {x £¢) of 5
experiments. The student’s test was performed to compare the mean levels
of AFP, ALB and urea respectively in GF + groups with those in GF-

groups, o—o0: GF+: o——e: GF-.

2.4 FFARE b

YA EE 19 RIS ENE L EEH
ITSER 5 Ik, SRR I 24 FLFFE T 10 HFLE
FE R b 2 TR E, HeAs RERERS
A 30% . 33% . 30% . 34% f133%, MER
ERFE AT AT ER 32%. HEARS
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WL ER SR, 9% . 10% . 7% 6% F1 8%,
By B A {E 15 36 B LA AT 4B B AL 22 89 .

3 it w

ASEE AT T WS T E 7% ES A B n) FT 4t
JZm L BB ST, M mRNA K. JRIREH
JUACE. JAME B KPR P AT e, &R
W52 T ES 90440 RS RO AR B o310 2R

TEMBEE A0k L, AL B E THEALS
AR A &AL E 7 EH. PRERE
BEE 9 RATHZEHIN, UMb 4 f % TGF M
FGF B mim K2, 2 X5, FEFthME N ESR
T, @R FAERA S, A2 HOF §5)E
INEEZ HOF, FRRHERE T < 5 Wi £ K Edg
ETU LA, BEIHIEH TGF. FGF. HGF AR
RER (HEE (EABSEFRELT A
FH AT, 55 ES 4H B ) BT 4 B a4
TEH 12 ~16 K, OSM 7E 40 j Js B R A fE e
BIRF 8 15 F 0 RSB 40 R4 e B, BEIE
OSM 1E 4 A fst — 2 B LB S BT

AFP [E 5 FLIE O B rh RIA T 1E A 2h AT 4 L
fFRic . ALB 1E 7 2 B & T EE A0 40 B dr i
WU, TAT, GOP )5 #A I 40 B B % pll B4 Th 88 1Y)
FRigt ", £ RT-PCR &84, vIIHRENE
iF A B 40 M dE ES 4 B b R e Ml B ELFR A
B[R] 77 & B4l B M AR B A BV B AR, 7 4 F
mRNA FREMF BT I, AEREREET Jones
FHMSER AR, RURS5RENSRFEREDR
RAAERETIITIESH X, MBATLTANE
B F R A EERIE 4 MAric % mRNA, X5
Jones U1 FN Chinzei S ) &5 B — 2, (B E
Hamazaki S5 78 FIREIE il F 40 A4 300 2 & F BT 40
AR IEHE] mRNA FIE, TIEEEE#H ES MR FF
Efh &I RKEFHNSF RT-PCR BIEA X

AFP. ALB. CK8 #1 CK18 4 ¥V E [ BRTESE 11
FEER—EA R hRE, EREEQARE L
H— B UF AR B ES 40 B Ah AR & AP L
Chinzei 2 0 Yamada £/ W 22 3] ALB 7& ES 4
WA AR R L, (BRERI CES IR EPRE
(R T A AR AT W, ASEIR R E—IkX 4 HEN
SR FIE AT AN AW 3 R A R FI RS B 1E]
.

FFafpf— N EEZHEMERR &R, AXE
RIS A REE AR R, EHERSE

RMAREIL. 512 RAFLAA I B R N, 18T R
MR R R A B R & T REG RN
Ihfg, X EITE ALB HILLAE, A7 fe i A A
FREE AR THEES T ALB P74 1]

B2, ES “HEUTE FGF. HGEF 1 OSM 2548 i [
THE MBS T, 1TLLH 245 e 4 B o e 2,
EE R K M E B UK o Bl 3275 AFP. ALB.
CK8. CKI18 FF 4l fidricty, E& 7T TAT, G6P N
REARIEE, JTRERT 329 5403, LW
RSES PRI e i S A ] IR EHER E
RORF AL, AT A B4 HELAS HE RO A A0 AR T AR =
RHFE. (22, SMhaEFra s SgE
TR EASTHLE, SHRESSEUFE AL,
REARE i E, BEAREREMEEN,
DLA B gl Fu sy ik o L, AT —B3EA
WA
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Mature Hepatocytes Obtained in ES Cells Directional
Differentiation System In vitro*
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) Medical College of Sun Yat-Sen University, Guangzhou 510080, China;
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Abstract The mature differentiation of ES cells into hepatocytes and its differentiation ratio were studied in vitro.
First, the BALB/c mouse ES cells were cultured for 5 days to develop into EBs in EBs culture medium. Then, the
cell growth factors such as transform growth factor (TGF ), basic fibroblast growth factor (bFGF) and hepatocyte
growth factor (HGF ) were added into the medium to induce the differentiation of EBs cells into hepatocytes.
During the eulture medium, the reverse transeriptase-polymerase chain reaction ( RT-PCR ), immunocytochemistry
(ICC) and radioimmunoassay (RIA} were used to determine the expression of hepatic genes and proteins, such as
a-fetoprotein ( AFP >, albumin ( ALB D, glucose-6-phosphatase ( G6P >, tyrosineaminotransferase ( TAT ),
cytokeratin 8 (CK8), cytokeratin 18 (CK18) and urea. to analyse the hepatic differentiation. At last, the hepatic
differentiation ratio was also determined by counting the 1CC-positive cells. In results, the mRNA of AFP, ALB,
GO6P and TAT didn’t respectively expressed till at day3, day9, dayll and dayl3. AFP, ALB and urea in culture
medium were not detected till at day8, dayll and dayl2 with a concentration of (3.4 £ 0.6 pg/L, (0.21 &
0.04) mg/L and (8.3 £ 1.4> pmol/L. Hepatic proteins such as AFP, ALB, CK8, CKIS8 didnt respectively
expressed in cytoplasm tll at day?, day9, day9, dayll and ICC-positive cells had morphelogical struetures
consistent with mouse primary hepatocytes. Hepatic differentiation ratio was determined at dayl9 with ratio of 32%.
In conclusions, hepatocytes could be obtained in ES cells differentiation system and get matured with differentiation
ratio of 32% when growth factors such as TGF, bFGF and HGF added into culture medium. This may produce a
new resource of hepatocytes in liver engineering and hepatocytes transplantation for treating hepatic failure.
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