N Lok semmmin
. . Progress in Biochemistry and Biophysics
14 2009, 36(1): 95~102

www.pibb.ac.cn

Research Papers [ iEaE iE

NRBERR TERRE L A AR AR BV E RS/ 24

A W

x= B FE%

o HAME A K

X 4R 3 -

(5 HR2F M L BE B I 5T T, i 200032)

WE FHERIGIPIE A F K2 AR BUE], 68 5T 40 AR AP 2 v A N DA RIE S I 23 A A R 23 B LA 2

SCo R T 20 ML PR A BE A A 75 0 ST ) 20 PR 18k T BE

KPR W EERE IR T 2K, 70 B BOIN 2T 2 40 A KA

(FGF). JHa itk KFF(HGF). #lRZwOSM)&H 7, 35 /NRIENGT 415 D3(mESC-D3)MH M 4r4k. b4l e e s fim
BT R HIERS, RT-PCR. 405 ¢ el UL PAS YL a3 HT 2 0H, 1 S5 20 fi B A7 BT 400 B 40 1 1) 35 PR 6 18 A=

TRE. SR T4 7 PAH SSHE RS P LS IR S 1o 20 AR A O R R A 22 5

SR WoR, 48 ANEFRIEIERTCNT 2

i), 20 A L. 28 AR BB HEYE R R, BTSRRI A AN T A% L. FGF. BMP 7 1 %
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1.1 SRIEHAHY
1.1 R4k Y. mESC-D3 & 56 8 g
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FR AR,

112 Z R 98 5. mESC-D3 1597 k. by
DMEM (Gibco-BRL 2 ), 7 15% Jifi 4= il ¥ «
0.1 mmol/L B- 3 LBE. 1%AE L THFEIER . 1%N
Wil 1% 1 100 U/ml 5 %% 5% % (Gibco-BRL 2w ) il
1 000 U/ml = 20 /)5 51 [ i 95 #0041 8§ (leukemia
inhibitory factor, LIF)(Chemicon A #]). 73 bAEAES
Fi%k: A% LIF () mESC-D3 #7974, 1FF 2/ R
JVE Jify B £ 4 40 i (mouse embryonic fibroblast, MEF)
Frgdt: mbE DMEM , 2 10%054- 135 .

113 SR BRI AT 4 4 A K T
(aFGF, bFGF). 40 a4 K 7 (HGF). 98 %=
(OSM)(R&D 2vl); WM. T BUfi)s. 4R Hb
FERNA . A IME A A 484 % C(Sigma 2 H);
ITS(Gibco-BRL A H]).

1.1.4 PCR i&7l. Trizol(Invitrogen 23 ); 308455
A& Taq DNA KA Hi(MBI A 7); Real-time
PCR A A @A R AR 5IHH FigA T
EWATEIG G SV AIIE 1T 2.
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Table 1 Primers

for RT-PCR

GenBank accession No.

Primer sequences

Annealing temperature/ ‘C

Length of the amplified fragment/bp

Afp NM007423  S: ' TCACACCCGCTTCCCTCATCCT 3 54 821
A: 5" CATCCTGCAGACACTCCAG 3’
Alb NM009654  S: 5" AGAAGACACCCTGATTACTCT 3’ 54 705
A: 5" TCGAGAAGCAGGTGTCCTTGT 3’
Ttr NMO13697  S: 5" CTCACCACAGATGAGAAG 3’ 56 224
A: 5" GGCTGAGTCTCTCAATTC 3’
Sox17 NMO11441  S: 5" AAGGCGAGGTGGTGGCGAGTAG 3’ 60 489
A: 5’ CCTGGCAGTCCCGATAGTGG 3'
Foxa2 NMO10446  S: 5’ AAAGGAGCCTTTGGTCTCCTC 3’ 52 251
A: 5" TCTCCTGGTCCGGTACACC 3’
Cyp7al ~ NMO007824  S:5' AGGACTTCACTCTACACC 3’ 56 453
A: 5" GCAGTCGTTACATCATCC 3'
Tat NM146214  S: 5’ ACCTTCAATCCCATCCGA 3' 56 206
A: 5’ TCCCGACTGGATAGGTAG 3’
Tdo NMO19911  S: 5" TGCGCAAGAACTTCAGAGTGA 3' 58 420
A: 5" AGCAACAGCTCATTGTAGTCT 3’
G6p NM008061  S: 5" CTCTGAAACCCATTGTGAGGC 3’ 54 708
A:5' CATTTTGCCCAAGATCTCAGAG 3’
B-Actin  NMO007393  S: 5’ CACAGGCATTGTGATGGACTCC 3' 54 238
A: 5" CATCTCCTGCTCGAAGTCTAGAG 3’
Table 2 Primers for Realtime PCR ml); Cy3 Frichiil 2 IgG, FITC 488 Fric P/ i
GenBank accession No. Primer sequences IgG (Invitrogen /A\ﬁj ) .
Foxa2  NMO010446  S:5' TGGAGACTTTGGGAGAGCTT 3’ 116 LA . Oligo Stem Cell Microarry (26
A: 5’ GTGGCCCATCTATTTAGGGA 3' SuperArray 2 7).
Soxl7  NMO11441  S:5 AGGCGAGGTGGTGGCGAGTA 3' LL7 ol BERS, %FZEII(PBS)(Gibco-BRL
A:5' CCGCTTGCGTTCGTCTTTGG 3/
Hhex ~ NMO008245  S:5' TCCCGGTGTCTGTTCTTACA 3/ ~l ).;_-, %%E% C(Roche 27).
A:5" AATGAGTCAGTTTCCCTGCC 3" 12 K7
Afp NM007423  S: 5' TGGCGATGGGTGTTTAG 3’ 121 mESC-D3 [155 5% S Ak S T 1 5 3 53 4L
AL 5" AACTGGAAGGGTGGGAC 3 a. VFRZEMHI 4. B4 13.5 RANEMG, &0
Alb NMO009654  S: 5" AACCCAACCACCTTTATG 3’ v ke W, BREERHAL, HFRTEIIRIL, 37°C 5%
A: 5" GACGGACAGATGAGACCAAT 3' CO, FFAH G RE 3~4 K5, 11 44648, KBS
Rhob  NMO007483  S:5' AGGTGGACGGCAAGC 3’ & 80% A A i AR AE, B MEF. H{ 0~ 5 f{ MEF,
A: 5" CCGAGAAGCACATAAGGAT 3 10 mg/L 42 34%5 3 C 4b# 2.5 h, PBS ¥t 5 i,
Fgfrl NM010206  S: 5' CTACAAGGTTCGCTAT 3’ T T LA B AR RN 5 0.1% W e s Lk, 0
A: 5" GATGCTCCCATACTCATTCTC 3' ﬁgﬁ EF, fﬁ: ?‘% . b. mESC-D3 E(J fﬁ: ?‘% . MEF Ulﬁ’é.ij}ﬁ EI]
Fgfrd  NMO08OI1  S:5' GGGCAAGTGGTTCGT 3' AT T 35 mESC-D3, I mESC-D3 e, A
A: 5" CCAGGTCTGCCAAATCC 3’ Wi, W1 10 645, o, BSAME. I 10 1KLL
Gapdh ~ NMO008084  S:5' AGCAACTCCCACTCTTC 3’

A:5" GGTCCAGGGTTTCTTACTCC 3’

115 A Sl ). h=Edi i ALB Pifk
(Bethyl 24 #]); /Nl CK18 F 58 [ 41 /4 (Abcam 2%

W mESC-D3, 1x10° 4 100 mm L, T 3 4l Fl 7
0.1%WIfiE b, 3 =Fr Be AT ¥5F: A 1000 U/ml
LIF, 107 mol/L MR, ¥53% 3 K; A 100 wg/L
aFGF, 20 ug/L bFGF, 50 pg/L HGF, }i7: 5 K;
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Fm ek T B R (5 pg/em?), 20 pg/L HGF,
10 pg/L OSM ALBE 4 K J5, i il mESC-D3
RIREL, M 107 mol/L HuZE K #4 . 5 mg/L ITS.
0.5 /L 2+ 1fL35 (1A 1. 2 mmol/L 4k 4 % C K5 9%
2 JA.

122 JEAMEL. /- Abdn i BB A 2= AT T
M GBS I BERR AR AT R B HOR A e 2 Bt
HLBE % P B 5E K

1.2.3 Wi K A WA ) NV.(RT-PCR). 73 LT 5
(K20 0 22 R AL 5, PBS U 2 3, T Trizol 3%
mRNA, £ GEHEEE, 3 ng mRNA i
B3k, I cDNA 1 pl #H4T PCR 73, HUAPIES
WAV, PCR P2 1.5%E AR I H ik i »
YIRS i 248 Ean .

1.2.4 0% 0k, M€ R 5, 100% F
i 20°C [#5E 5 min, 5% BSA 4] 30 min, fnA$L
CK18 F1 ALB Hifk(1 : 100), 4°C #EAELER, N
AZE TP 1 2000), FIRFEAR 1h, DAPI 4444,
75% HhE A, AP 2 10 PBS ¥t 3x 5 min, 986
B A

1.2.5 RS K N.(PAS) Y (. 4 1ig,
4%% R 2, 1% RA AL 5 min, XK
M 3, ARG A ARG SO, 15 min,  XLAS K
e, WRETR.

1.2.6 RS #r. A Trizol 35 K 73 4k
mESC-D3(2: B3 1l 7% )2 40 i) A1 54k 8 R ) JHHFE 4 i
OO B4 S e 58 45 AL, FH 40 i &)%) L ALB 7
Xof N X4 ) R B mRNA, 2800 6% B 1 I
A/ A sgo FCAELRT PR AR PR RS LKA I RNA i, 4
TrueLabeling-AMP V2 il % 4= 4) % b i 1) cRNA £
B, BUREGERM P, EEEE T R
o, & H K ERAG, H GEArmay
Expression Analysis Suite X352 U, %4 043
A mARHE(E,  BIRRHE( =56 -5 RE)/ (NS
PR R (E- TS e f).  BAODIRA 20 SuperArray
A FE UL .

1.2.7 JENEE PCR. B mESC-D3 H140 4k 41 i 1)
mRNA, ¥ # % )5 5 51 ¥ . SYBR GreenER
RealmasterMix & &, =& fL, 57CiEK, £ 40

MBI, {ERMRIZE, % Rato=2”
TR E R ZE 7L ¢ [HE N SR
128 AW A % 5 Hr . K A David
GeneOntology £ FE X} 72 7 =2 8L <0.5 [ 3 A
TIhREIAZR.

2 & R

2.1 mESC-D3 ff @ L3 PR S F T

TEBVEAH 2 WA N, R mESC-D3 g
R, L B RIRTEFR 2 gz i), SOk
1 59 MR I 40 i SRR AN (] 1), 204K 8 KIT)
B, ARFUK 3~4 6%, BB, &K,
AN AT R (] 1b). B4 R L4k 26 K4
ORI —, B PRk, KL A .
SR AR S A, M, AEAHAB A M A 2
TE RSO 40 R AE PR ) B AR AR S b, B I T L
THRE AT I (B 1c).

Fig. 1 The morphological characterization of mESC-D3
differentiation into hepatocyte-like cells
(a) Indicates mESC-D3 colonies with clear boundary maintained on the
feeder cells in phase contrast (200 x ). (b) The differentiated cells after
cultured for 8 days showed cuboidal morphology, with binucleat cells
frequently observed(200x). (c) Electron microscopy of the differentiated
cells after cultured for 26 days. Scale bar represents 2 wm. N: Nuclear;
Mt: Mitochondria; L: Lipid granule; ER: Rough endoplasmic reticulum;

Arrow indicates bile canaliculi-like structure.

2.2 mESC-D3 Bf a4 LBl R AT fRic B E R RiE
RT-PCR(FEH 3 xLL )7t ] Wor 4k 3 KK
0 M1 JF 4545 Ttr. Sox17. Foxa2 A1 Hhex [k,
A 8 RIS W B 1 g, JF U7 Afp. Alb
Cyp7al [IZRIE, 434k 12 K. 26 K] WL G6p. Tat
H1 Tdo MKIA(E 2). JE—ISEI & & PCR 4347
SR(EZ IR ER: A% 3 KK Sox17,
Hhex. Foxa2 ik 75 7l A 73 A6 i T 41 i 1)
(5.22+1.34). (2.92+0.08). (2.68+0.85)f%, 431k 6



.08 - L SRR

Prog. Biochem. Biophys. 2009; 36 (1)

T 23 5 49(39.72 + 6.33). (2.16 +0.15). (40.73 =
8.55)f%, 734k 8 RIN 73l (37.49+11.01). (6.01
0.68). (43.74+9.35)f%: srfbbrid Afp MIRIEE1E
oAk 3 RINCHE I 5E, 04k 6 RIS R L IRNG
T HLI(2.77 £0.37) 6%, 4k 8 RIS B W 39 5 4y
(475.54+39.58)f%, 12 K N4 4 (118.89 +9.90)
s Alb [FERIA AL 3 KA 6 RIYICH BIGaE, 4
b 8 IR W I 15 A (14.55 £3.38) 5, 12 KR S 4
B0h(40.3 £20.3) /(P < 0.05). iXEegh B 2 B
IR AR 7 Nk S

Ttr

Foxa2
Sox17

:

>
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Alb
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Fig. 2 Expression of hepatic-specific genes during
hepatic differentiation of mESC-D3
Hepatic-specific gene expression of undifferentiated and differentiated
cells was examined by RT-PCR analysis at the indicated days. Fetal liver

was used as a positive control.

2.3 mESC-D3 ff@ 41t 8 X4 ALB #1 CK18
MRRRIE

1 o S e S AT M (ST 3 IRLL )R, 434k
8 K 4l M i B 2K WA CKI8 A1 ALB [ & A&
(Kl 3a, b, ), AII—HUHI 7S 0 (B 3d) Rk 20 4L
(1) mESC-D3( & 3e)¥ AKX XM & 1), ALB
BHPE R (46,5 £9.1)%, IX 2 PH 1 40 i 5 42 V% A o
i, ZMIEIEIE, KA.
2.4 mESC-D3 FFa5 1L 26 XABEFER A R AEN
o sopil]

5K 4L mESC-D3 MLk, 431k 26 K4l
i 5 PAS Je (o BHPE(E R 3 kL b)), FHEERA
(74.6 £8.5)%, K 2 Hdi i 0 B A0 I & Bl R
J1(E 4).

—

Fig. 3 Immunocytochemical analysis of mESC-D3
derived hepatocyte-like cells for CK18 and
ALB antigens after induced for 8 days
(a) Indicates positive expression of CKI18. (b) Indicates positive
expression of ALB. (¢) Merged image of (a) and (b). (d) Control without
addition of the first antibodies. (¢) Control of mESC-D3 indicates
negative expression of CK18 and ALB. (a)~ (¢) 200x .

Fig. 4 Periodic acid-Shiff staining of mESC-D3 derived
hepatocyte-like cells after induced for 26 days
(a) Indicates negative periodic acid-Shiff staining of mESC-D3. (b)
Indicates positive staining of glycogen granules in mESC-D3 derived
hepatocyte-like cells. Red piled-up colonies are positive for PAS
staining(100x).

2.5 mESC-D3 FfE AR MER RIEEF ST

T 3R, ERKT 2 5L RRNA 48 4,
20 A B 28 AN FIA(ES 3 kBLE). g
Afp~ Rhob~ Fgfrl 1 Fgfr4 5:RI1E 32 7t PCR %ilF,
AT R FE 2L SAMERTAE H, 4k
8 RANMIIT) Fafrl FKIEE L Fgfr4 mi(Kl 5). 4 David
H1 GeneOntology % ¥ 21t — 0 40 #r, X iX 4622 ¢
BEPUE TR DR HZE (R 4), FTLUE L, AL
SR M/ T Al )% 4. RGP LUK FGF,
BMP {55 [, Wnt/beta-catenin il ¥ & /8 2 JZ 1
W, Notch2 /55 Fi, Ji4b, 400 )% 1) 5 30 FH A
W, S 50N I, Ap
bRl LKA,
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Table 3 Genes expressed differentially in the differentiated cells after induced for 8 days
compared with those in mESC-D3

Gene GenBank accession No. Difference fold Description
Acicl NM_009608 2.9275 Actin, alpha, cardiac
Afp NM_007423 11.027 Alpha fetoprotein
Agel NM_007424 4.9663 Aggrecan 1
Bmpl NM_009755 22.396 Bone morphogenetic protein 1
Cdhl NM_009864 7.2522 Cadherin 1
Cdkn2b NM_007670 5.8294 Cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4)
Fgf10 NM_008002 4.2693 Fibroblast growth factor 10
Fgfrl NM_010206 8.6065 Fibroblast growth factor receptor 1
Fefrd NM_008011 7.6829 Fibroblast growth factor receptor 4
Gsk3b NM_019827 2.6665 Glycogen synthase kinase 3 beta
Hes5 NM_010419 4.1668 Hairy and enhancer of split 5 (Drosophila)
Notch3 NM_008716 5.5974 Notch gene homolog 3 (Drosophila)
Pard6g NM_053117 2.4734 Par-6 partitioning defective 6 homolog gamma (C. elegans)
Pdgfra NM_011058 8.9656 Platelet derived growth factor receptor, alpha polypeptide
Piwil2 NM_021308 2.1659 Piwi like homolog 2 (Drosophila)
Prom1 NM_008935 11.588 Prominin 1
Psen2 NM_011183 2.6913 Presenilin 2
Rhob NM_007483 6.0722 Ras homolog gene family, member B
Rhod NM_007485 5.2141 Ras homolog gene family, member D
Snail NM_011427 5.6401 Snail homolog 1 (Drosophila)
Aldh2 NM_009656 0.45841 Aldehyde dehydrogenase 2, mitochondrial
Bmp4 NM_007554 0.40554 Bone morphogenetic protein 4
Cendl NM_007631 0.29247 Cyclin D1
Cd3g NM_009850 0.43478 CD3 antigen, gamma polypeptide
Cd3z NM_031162 0.29025 CD3 antigen, zeta polypeptide
Cdh4 NM_009867 0.36566 Cadherin 4
Cdh8 NM_007667 0.36735 Cadherin 8
Col10al NM_009925 0.39806 Procollagen, type X, alpha 1
Collal NM_007742 0.22502 Procollagen, type I, alpha 1
Des NM_010043 0.40996 Desmin
Fgfll NM_010198 0.37161 Fibroblast growth factor 11
Fgf18 NM_008005 0.36511 Fibroblast growth factor 18
Fgf23 NM_022657 0.087273 Fibroblast growth factor 23
Fgf3 NM_008007 0.080430 Fibroblast growth factor 3
Fgf6 XM_485825 0.48129 Fibroblast growth factor 6
Fzd1 NM_021457 0.46809 Frizzled homolog 1 (Drosophila)
Gdf10 NM_ 145741 0.36445 Growth differentiation factor 10
Gdf3 NM_008108 0.39789 Growth differentiation factor 3
Gjbl NM_008124 0.49212 Gap junction membrane channel protein beta 1
Gjb4 NM_008127 0.29048 Gap junction membrane channel protein beta 4
Gjb6 NM_008128 0.43670 Gap junction membrane channel protein beta 6
Gjel NM_080450 0.47829 Gap junction membrane channel protein epsilon 1
Krtl-15 NM_008469 0.49418 Keratin complex 1, acidic, gene 15
Myf5 NM_008656 0.41648 Myogenic factor 5
Myf6 NM_008657 0.25736 Myogenic factor 6
Notch2 NM_010928 0.40201 Notch gene homolog 2 (Drosophila)
Pdgfa NM_008808 0.48661 Platelet derived growth factor, alpha
T NM_009309 0.19915 Brachyury

0990
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Fig. 5 Real-time PCR analysis of mESC-D3 and
the differentiated cells after induced for 8 days for
Afp, Rhob, Fgfrl and Fgfr4 expression

ESC, ESC8 corresponding to the undifferentiated mESC-D3 and the
differentiated cells after induced for 8 days respectively. The relative
ratio of gene expression of Afp, Rhob, Fgfrl and Fgfr4 are (480 + 82),
(9 +2), (19 £3) and (14 + 5) (n=3), respectively in ESC8 compared to
ESC. * indicates P< 0.01. O: ESC; [J:ESCS.

Table 4 Bioinformatics classification of differentially

expressed genes during hepatic differentiation of mESC-D3

Biological function term Gene

Actcl, Des, Krt1-15

Fgfl0, Fgfrl, Fgfid, Fefll, Fgfls,
Fgf23, Fgf3, Fgfo (FGF); Bmpl,
Bmp4(BMP); Notch3, Notch2, Psen2
(Notch); Myf5, Myf6, T, Fzdl
(Wnt/beta-catenin); Gsk3b, Rhob,
Rhod(PI3K/Akt); Piwil2; Pdgfra
Extracellular matix, cell junction, Agcl, CollOal, Collal, Gjbl, Gjb4,
Gjb6, Gjel, Pard6g, Cdhl, Cdh4,

Cytoskeleton
Signaling pathway

cell adhesion

Cdh8
Regulation of cell cycle Cend1, Cdkn2b, Gdf10, Gdf3, Pdgfa
Regulation of transcription Hes3, Snail

Others(enzyme, lineage marker) Aldh2, Cd3g, Cd3z, Afp, Proml

Gray represents up-regulated genes; black represents down-regulated

genes.

3 it it

Hr, KZHEC) TG T4 1 A5
S8 A s — N I I T4 fE R, T
IR IG T 40 R 75 S AT 52 A T RE IR SRIT
ML, IR I AR BIPREOR T2 Ml A FH 1R S
BRKELRET, mERY. R BERTE
JG J 2 O3 TR AL RN,
R LIR T4 8.5 K, WET IR —BOEEA
B2 52 BRI Y P R 2= S IR IR) 78 57 b 1A

g, BN, TERUNRE, B R GEIT RS 2 6]
A, B IR R AL TUS o 3 1 R
SR, LR N R A A B RN ) i 4
WMIAH T AR, JERON 2, I BE40 ML, HGF.
OSM. Wi j¢ B &5 2 P 5 4y 7 FAEH T
(PRE— 0 B G, G40 B A2 R S IR P Al
W10 B i BA Y s 2 A 2 2 4
WA IR AA T4, ZRGRIUA BRI R B M B
Je BRE 5 R AR R oS R B fE M. DA
CAHIRZ KT/ LRI T, (R 22 E IR T
FAAE LA, TEEER,  FRDE ORI H
CRWEIUAE PAT WA T R v 1 22 A U 1 e B
THRE, AT AAHE R K FARAE B EE
RIS . AHIFFCRH 040 M 5 DR 0 2 — P e
OB, X U SR 5 )
PP ANE G, B T RIAE S EXR TG
BXIURGE R, AW T 3AT b B A7 52 A= AR
Yk e S S 263 AN, B gm i 4n i
ANFE LB B Zebrid s W T A A KA KN
TR B IR dERE T A0 MRS S IS S IR R o T
&, BYHTMETHRKEI, EREHE T
RIET-40 0 3 20 M 55 ) S e R A 9. AR
SIEHG SR A B B B TSR FGF.
HGF 45 F 8 7% R i 40 B adb AT A4 A1 115 3 4%
PR, IR T A A R R E RS e 145 50l
PO T S RAEEREINAR A, JE0 40 MR 4k
REFTT MAER DRI 5%, BRI
JVR 2T 40 B JH s 1) 0 A 3t R RS A 4 1) 4 4
DS W i A< o M EZE N s i VP ) AS o O PR E 2 DS
HAeR It — 2015 B

KI5 2% Teratani S5 F 738, RH4E
HIJ% . FGF. HGF. OSM 2% % S A 1,
LR R BB BLE, 202215 S G140 I )
g, ARl B EE 3 R IF MR W E LA Tors
Foxa2 “5WI3RIE, 8 K Soxl7+ Hhex~ Foxa2 <%
SEIR R IA W] WA, IF AR R S e o Ak I
Afp~ Alb~ Cyp7al WKL, P Cyp7al XEX 51
JH- 41 B 5 A0 IR 2 ) — A B E bR, e )
ALB BHYESH /A E R AR A, 2 MR EE
B, BRIME, BEkEE4: T OSM. Dex 41k
AR B0 T 4 ik G6p. Tat. Tdo % 470
AFEDR,  FETE SO0 Bfdes 1 1) 6 40 JIH A 5 A4
HA— e WG aihe 71, Ahmibse T 8 R &R
srAt. DUAERFSC R B, 4E R ) DA ik Hi 99
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LIFR/gp130 3 Stat3 2 [A] (15 5 18 i 75 2 M i 148
I H ISR S i 1) A1, Tk O PR
(1) FGF {5 5 % 5 JE A IR J2 1R JH € 1) 5 A B 3 e
PEAEIT, HGF 455 fa I it i) A=<, OSM g ik &
I e, ST RL RS, 5 3 Ko =0
JEB B, 55 8 R ME MBI B, AR AL TR Bk
A, 8 RLAGWJE T2 S bh By,  AHFFLR) H A2
WS R I T 40 B 57350 H AT 5 1) 2 A T D 93 7 A
o, BBl IR 8 RIFEAIMI AN %, 2
T 8 KA & AL AN 73 B B AT 454
BE— A AR s,

LR Al R ZE AR 2 AT I, Sk
TRNG T 40 5 A A 1) S A B2 2% )i R A
2 T B R A5 B i, XA AT 2R
S ALEJLAN 21 : FGF. BMP 7> 71 2 A fb %
B T I A S T A B, XA AV 2
WA 2] TUESE,  IX PR SR AS A 01 (1 T e
FEAG A Sk T EAT TR AR Y, ATREAE ] Tk
BINAF T2, 24K Fefrl. Fefrd 76T 41 i
Rk B, BT AMINI) FGE AEHL,  TiaxX My
KAk LIRS, BT BT 5 51
TSR, AT REIE AL e AR I 1) 3 2 i 1) 734K,
(1 OB ER TR Gsk3b 5555 R ¥ W] g /& HGF
Woh PIBK/AKt {5 i@ A2 DT80, 13 B 135 A A7 1)
BT 5 [ 40 (4 5E 1Y Tanimizu 58P AT TR
B, Notch 18 % 18 i 1 15 AN 1] IR T B e s DRl 1428
il FFBEAH B i) 23 4%, 0 Noteh2 15 5 (2 E IR 4y
o, S W Bk 40 1 53 4, A BF 58 Noteh2.
Notch3 J Psen2 [F]Z5 4 FF VR SGUE T 1238 15 19 72 35
Myf5. T Fzdl F5E5EP R A4GK Wnt/beta-catenin
WS 2N IS, ORIk ST PR AN [ 2 i AR
S T e IR R A i R, Ak
W] R HEAE T S e 1 R e R 38 5 B — D M 56
UEFIAHALAEST; Coll0al. Gjbl. Cdhl 54 i b Jik
i AR, BB ASACAREL T 4R T2
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Microarray Analysis of Differentiation of Mouse Embryonic
Stem Cells Into Hepatocyte-like Cells”

LI Yan, LI Xue-Fei, GUO Kun, GAO Dong-Mei, ZHAO Yan, LIU Yin-Kun™
(Liver Cancer Institute, Zhongshan Hospital, Fudan University, Shanghai 200032, China)

Abstract Elucidating the complex molecular regulatory mechanisms underlying hepatic differentiation at early
stage contributes both to fully harness embryonic stem cells in liver regeneration, and to understand the
differentiation-related liver diseases. Pluripotent embryonic stem cells can be induced into hepatocytes in vitro.
mESC-D3, maintained in adherent monolayer culture condition, were induced to differentiate along hepatic
lineage with addition of some factors to the medium at different time. The factors included FGF, HGF, OSM and
so on. The differentiated cells showed a hepatocyte-like morphology, expressed hepatic marker genes and have
also produced and stored glycogen by phase contrast and transmission electron microscopy, reverse
transcription-polymerase chain reaction, immunocytochemistry, and periodic acid-Shiff staining respectively. Stem
cell differentiation-related microarray was used to analyze the differential gene expression profiling during hepatic
differentiation of mESC-D3 at early stage. Quantitative PCR was performed to verify the microarray data.
Microarray analysis presented 48 genes expressed differentially (2 fold), including 20 genes up-regulated and 28
genes down-regulated. Further bioinformatics analysis showed the majority of these genes were extracellular
matrix, intercellular junction and FGF, BMP, Notch and Wnt signaling pathways molecules, which suggests these

alterations may be closely associated with the hepatic differentiation of embryonic stem cells at early stage.
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