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Induction of Rhesus Monkey Embryonic Stem Cells into
Hepatocyte-like Cells by a Three-step Method
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Abstract: Embryonic stem cells (ESCs) hold great potential for the treatment of liver diseases. Here, we reported
the induction of rhesus monkey ESCs along a hepatocyte lineage by a three-step method. The Rhesus monkey ESCs were
suspended in DMEM medium supplemented with 10% FBS for 11 days to form embryonic bodies (EB) which contained
early endoderm or hepatic cells by expression of early hepatic genes. EB of 11 days were transferred into ECM coated
dishes and cultured with aFGF, BMP-4 and OSM at different time points for further studies. After induction by aFGF and
BMP-4 for 7 - 10 days, the differentiated cells showed a hepatocyte-like morphology, expressed hepatic marker genes
(such as AFP, ALB APOH, G-6-P and TAT) and proteins (AFP, ALB and CK18), and possessed the capacity to storage
intracytoplasmic glycogen. After further induction with OSM for 7 - 10 days, some cells shared similar characteristics of
matured hepatocytes, such as expression of genes of CYP1B1 and ADHIC, and ICG uptaken, indicating the presence of
functional hepatocytes in the differentiated cells.
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(Cai et al, 2007; Lavon et al, 2004) 1 /) f
(Gouon-evans et al, 2006; Hamazaki et al, 2001) ES
A A4S0 53k A T4 A A0 IR PR I, X ey
A A AR B 5 oA 4 O AE AR, IR SRk H- 4
JROAHSC IR ZE IR 1, A 28734045 21 1) 40 ik 2L &
AR Dhfe, IXLERETN LA ES 4 A i 4 i
HEAT I A MR T WU B8 T RAF IR BEAil

HEAN ES 40 AR R BE TR BEAE A0 AS BERT Y.

AR ), T BRSNS E O R R
w, EARKIESNRERY R IR
W, DR A NS e R 7 [ BRAR AR A . 4K
i H A DG TAE AR KIS ES 41 ik
AN A FREAE L5, Q1 Tsukada et al

(2006) fRiE T aFGF fE T84k ES 41 1a A4 i
SRR ER; Saito et al (2006)KH 5/ iR
I LG TR O VL5 Bk ES 4 1m) -4 i
I3 e AR X S TR0 A 20 IR A e KT 3
35 LS4 P e R 2 R AFP, U0 R 58 A Ak
O = E i N R = RO PSR Sty )
e ES 40 ks i) i Mo A= sl 1R, A5 B —
AIFFCIESE o ARBFFCRH W B Sk @ar 1
BRAEIE G T 410 (rhesus monkey embryonic stem
cells, rESCs) &4MEF 4L A HHA MR & s X 3L
TESFITNREAT T 20 #r,  RINFESE T 40 PS5 ik
H4E F1 4(bone morphogenetic protein-4, BMP-4),
PRVE AT 4= KX ¥ (acid fibroblast growth factor,
aFGF) R e IR ¥ Concostatin M, OSM) X
rESCs 4 i s 11 JHH 48 R 8 (R 5 0

1 #RFITEE

1.1 rESCs B9i55F
rESCs 4/ /% R366.4 (3 [F gl 7 e &2 K %

Thomson JA H¥ZWilh) HFFEEH2HFE (5
ug/mL ) A& B3 (1 /N BLUIG JL R 2T 4 4n i 1 5 =

(mouse embryonic fibroblasts, MEF) . rESCs %%
FEHE R4 b e 85% DMEM(Gibeo), 15% dFBS
(defined fetal bovine serum, Hyclone), 1%3F 752
JEFR (Gibco), 2 mmol/L L-2Z& BEf% (Sigma), 0.1
mmol/L B-5iJk 28, 50Unit/mL 75-4% % 25(Sigma),
R . BEFE 5~d H 10 mg/mL [f] Dispase
(Invitrogen)iH 1t rtESCs %%, &L, HEGHEM 2
Pt MEF AT AARR 7.
1.2 9%iES rESCs BT S L

F—E T LA EKMESCs4l iu H Dispase
A B0y, 37°C. 5% CORTF R T4l A Bl
MPEFFRILA, FEFRBCA & 10% FBS. 1%IE TR
MR 2 mmol/L L-A2 Bt 0.1mmol/L B-5fit
LIEF 50 Unit/mL 75 -4 57 % (Sigma) ) DMEM %5
W BE2 A OSSR, R 5. 8. 11 Hid
A& (embryonic bodies, EB)H T- % /0¥, 2 =4
KM E S ¥ 11dRIEB B SR ALl A
S s A B, B BT L AT ECMIT B
Tt bo A . HERIEE R (DMEM/F12 (1 :
1, Gibco). I1xXITS (Gibco). 1.0 /LA I 114 1
(Sigma)) i 100ng/mL aFGF(Chemicon)#l 20ng/mL
BMP-4(Chemicon) » £ = i T : ¥l k& aFGF il
BMP-4, 7 {5 i O 5 il 55 97 W +20 ng/mL
OSM(Chemicon)4k 4L 543t 7~10d.

1.3 ®EHARAFEEE (ICO)

F 4% 22 58 AR 25051 [ 3 40 i 20 min, 0.4%
Triton X-100 i&f 15 min, JH PBS L 3 )5
AN 5% LIS Z0 R 0.5h, IIA—$t 37°CHiF
H 40 min 3, 4°CiI R, LiH—Pu)5, PBS #hk 3 Ik,
B A H Fluorescein isothiocyanate ( FITC ) ,
Phycoerythin (PE) ¥ Texas Red (TR) #ric(H) 4t
37°CH¥ A 30 min 8= /EMH 1he FITC. PE J TR
PRICHIAE N, Pt T Santa Cruz A& LGN
=P, AN PUILH M A T A, RS —
P A L A . — PR FlhEA

(a-fetoprotein, AFP) FRHTHIEFEHLA (1 1 200;
Sigma). [ 4 [ (albumin, ALB) i $T 5 v [ Ht &
(1:200; Sigma). 4 Ml /1 Z& 1 18(Cytokeratin
18,CK18) R PTH e FEPiAA(L © 200; Sigma), SOX17
MPUR DA (10pg/mL; R & D systems) o 4%
105 140 0 Hoechst33342 5% PI Arid 4 iut%. %
PEbRid A LR ER AR WM T (Zeiss, LSM 510
META) AR, AR 0S50 A I 1 40 B AR 2
1 000 4>,

1.4 RNAREUFART-PCR

4 fig s RNA K TRIZOL (Invitrogen) % [
RGO U R 1542 . F DNasel #1k st RNA A1 A]
Ae T A ML [N 4] DNA, 2:Fk DNA 175 5. #38H
(15 RNA (1pg) 76 REEEBEMIVERTN, RIS
5% cDNA. J] 1uL cDNA YE AR, MIAZEP
55k T PCR 734, PCR FIM2E A AL /)
FRURK RS R (R AR 57 3 21 XA T e vk 1 (PE LR
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1) o 3uL ) PCR P=WI7E 1.5%B IR B ke Lt 4T
UK, FVKIIACHERL AL A e s, DUE RN
GAPDH J#s#E, J] Quantity-One % {:(Bio-Rad)ifl
LKA R SS FEE, VPN L N R IA RN G
1.5 #t&5 %R (indocyanine green, ICG)HYIREENFIHE
LIRS

SIS R4 i I PBS B vE B . AL
mg/mL ICG (Sigma)T-37°C % &30 min, 25 N
SO Ak T PBSHE2E, 0] 5¢ 4y

TR BE NG TR, TSR0 B o (A2 4k .
1.6 I#ES-F Kk /[ (periodicacid-Schiff, PAS)
(TEREELR)

PASTA G (Sigma) F T U 40 it P (185 J5t o ¢
R N e v R 3~5 min, 7KV, BT NG
WU T FAEAG IO min, ZKVE, BERT: BRAT K
IR, B 37°C/KEAS~10 min; HUH 5K EE
#10~20 min, Mg, %ifo.

% 1 RT-PCR 851 F 5 R K
Tab.1 Information of primers used in RT-PCR

% ¥ Name  KJF Length (bp) 519 %) Primer sequence (5’ to 3°)
Forward: TGGAGCAGCCAGAATCAT
ADH1C 451
Reverse: AGAGCGAAGCAGGTCAAA
AFP 216 Forward: GCTGGATTGTCTGCAGGATGGGGAA
Reverse: ACAATGGCATGGTTGGTTGAG
. Forward: GTGAGACCAGAGGTTGATGTG
Albumin 760
Reverse: CATTCATGAGGATCTGCAGCG
APOH 357 Forward: GCACTGAGGAAGGAAAATGG
Reverse: GGCCATCCAGAGAATATCCA
CYP1B1 306 Forward: GAGAACGTACCGGCCACTATCACT
Reverse: GTTAGGCCACTTCAGTGGGTCATGAT
G6P 334 Forward: GAAATGAGGATGGAGGAA
Reverse: AGGTTACAGGGAACTGCT
F d: TGAAGGT! AGTCAA! A
GAPDH 451 orward: TGAAGGTCGGAGTCAACGG
Reverse: TGGTGCAGGAGGCATTGCTG
Forward: AAACCTGCCTACAGACCC
TAT 424

Reverse: GCTGAACACTGACCCACA

1.7 Fitath

Gk (3 IRERD L {HAARHE R (SE)
BEATFIR . GEit 2R ] SPSS10.0 A 1E4T LSD
(least-significant difference, fH/MEHZEHIE) 4
. P<0.05 %R,

2 4 R

2.1 rESCs HJiE3F K EB BT AK

B:F%4E MEF B/ rESCs A L7 (A i 141
MU TEASRFAE 40 S P T B A, A% b =
SRS, Az AR (B RS,
THALJE 1) rESCs 41 i 413/t 7 10% FBS [ DMEM
B IR P TR R IR EB, RN H kS EB. LA
RSO P 0 P S B 1 AFP AR AR A 5 8.
11 H#& EB MRER. RedREr, 11 HiEd
EB /b 40 i ] B 52 220K LI P VR 2 Al R e
HH AFP (K] 1C), 1 5 HE (& 1A)F1 8 Hi EB(&
1B) AT E] AFP 215, HE—DR B 11

H ¢ EB i IA W 240 ks 5 2 SOX17(sex
determining region Y -box 17, SRY-box 17)(/4] 1D).
RT-PCR Z{RFFEER 11 HiRM EB JFUHREKIA
AFP. APOH(apolipoprotein H)f ALB iX JLF# &1
JHEAT B ) BT, 1 R I S s B T A0 R AH 5%
FER G . 6-fif 11 6] %5 B (glucose-6-phosphate, G-6-P).
4 g & M 1 C(alcohol dehydrogenase 1 C,
ADHIC). 2 MR -a- W 1% — MR ¥ % 1§ (tyrosine
aminotrans-ferase, TAT ) K 41 i & 2 P450
1B1(cytochrome P450 1B1, CYPIB1)(l 2). LA l4%5
Ry, 11 HiE EB &4 A4 I TT46 1) 710
JHAn o4k, PRI ATTE X — YY) EB Al —
AT
2.2 aFGF K BMP-4 iS4 f{  HA AT 40 A

W 11 H3E EB R Dt Ml 0 4 B 5 40 i 5/ 4
MBS, Befh T4lE ECM i) 4 FLA T, 7655 aFGF
A BMP-4 [{)JC ML H 7R AR R B 34 . 7~10 d
Jo, WWEER AN S T b R AT, AT R4
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KBl 1 AFEH® EB st
Fig. 1 Fluorescent images of EBs collected on different stages
5 H# (AR 8 Hi#(B)EB A1k AFP; 11 Hi# EB ik AFP (C) }% SOX17(D). (A-Dx200).
EBs collected on day 5 (A) and 8 (B) did not express AFP; while day 11 EB expressed AFP (C) and SOX17 (D). (A—Dx200)

LT A0 B TR A TR A (8] 3A) . IX LK) 41 i
Foak R a0 s 2R 1, 40 AFPL ALB X
CK18 (&l 3C, D, E)f1 mRNA, 41 G-6-P F1 TAT (&
2), IHEAGEAERER M DIRE(Kl 3B), (HAKIE il
JIF 4N B - 3 R ADHIC & CYPIB1(I 2), thAs
HARINEEH SRR ST, YA e Rk &
BRI AT AN B . LA PAS BHVE Jybrifk, Hdinse
TR 70%I1 40 i 2 PAS FHPE(E 3B). iy il
AN IR A A BIEAS, LUSEr 4Ere 40 i s 2 (]
3a), HAT 10%/ 41 PAS BHE4 0 3b). DLE
45 9L aFGF Al BMP-4 fig .35 4% % EB [l T 41 g
L,
2.3 OSM {R{ERIN T 1L BIBTHRE & B R FA

/N B Y I R PR A 7 45 TR S s, OSML 2 JHE 4
i K B A F E K] F (Kinoshita & Miyajima,
2002). BRI, Fdi Tk —2ARR OSM S 5 R [RIFF ]
DA A& ST S 40 ML 23 A0 5 . 48 aFGF

F1 BMP-4 755 )5 [ 41 L 7E 7% 20 ng/mL OSM [ G Il
RN 4SS 7~10d. 7 OSM A4bFR )5, 4
A 30% 0170 A0 40 1 B AT BEURTHE ICG e (K
3F), RT-PCR 4iRKW], F0b 40 i I 45 408 fl
FF 40 i A G 3E A, in(ADHIC 1 CYPIBI, /& 2),
55 IR I PR 2 F S0P 40 M ) £ 11 AFP R8T 2K,
PRI T R DL EgE R3] OSM AT fig
A4 A5 3 1 T 40 1) 1 A o

31 it

S8 170 5 3 I T 40 0 23 A DA 0 5 BT 40 L AE
T AR 2 H A 2 U I T i . H RTHE
0T 40 it 1) 40 oA TR AT 5 22 2 v 7 BRURHA
(¥ ES i b, fededfh LuRrA .
FEBREAE A B AR N RS 5 N AE B T g AR &
BAL ISR, AT IRIRETOTST, LA S fe 2
) AT A rESCs M T -0 IR A
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WRE, ARG T8 AER SN 4 R A ROE
JERAT =R FRIRAR IR, /380 T 54 50
WIRJZ S /D (R R SUUT A0 I SRR AR, X S8 40 fifa 7

APOH

TAT

G-6-P

ADHIC

CYPIB1

GAPDH
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]
[95]

2 AN IEARSCHER mRNA 26 [F5 S I8 1 40 i
SMHESEN
Fig.2 Expression of hepatic related mRNA in diff-
erentiated cells at different stages

VKIE 1 2S00 11 HE) EB; JKIE 2 /248 aFGF )¢ BMP-4 53/}
. 7~10d FO4IM: $KiE 3 24 OSM ¥ T4k 7~10d )41 fl. GAPDH
EANZ .

Lane 1: Day 11 EB; lane 2: Cells treated with aFGF and BMP-4 for 7 - 10
days; and lane 3: Cells induced by OSM. Expression of GAPDH mRNA

was used as internal control.

aFGF 1 BMP-4 [¥iF -3 n) 40 il 1) 404k, 48
OSM [WiE— 753 K G h BA BT 48 Rs 1k 1)
Y. XS a5 AR A B TR DU G 40 i Ay
FEah AT NI IR

EB & MWiaT4 A Rsh—a 40 F B RIEK
PIRAL I G ki g b, =2 BT e 4y
EEARRL T R A i R R & ot f, wfE

“h Wi G L B 4 LU iR e B 1) B AR A A A5 T
(Lavon & Benvenisty, 2005). AN[A] H#$ 1) EB XJ 1
LI AR BOSCR A 2, EB HilR KR, EB H7AE
(A IR 24D 1 EB H KM, I 240 g
CUIF 4R ) 2R M ks X PRI B0 AR 5 3001k
R AR TR 11 HE I EB /E W50 K
SER UL I EB =ANIZ CEEAR I, Ak
WIRT 20 M s e B 1 AFP RN IR 24 S iR
SOX17 eEiX—m I EB H L, #ild 11 Hi
(1) EB L2 4 o f s e, A IE M)
11555 -4 e 7346 1) EB.

i EB #—2F S A3 2] T 5 4R 4 41 i T
BFFEARIO A0, T B2 IE 40 AR 1) — R
HEMIER, f AFP. ALB 2 APOH. 4Rifi, Xtk
FEDRIBR T AERF A M rp R aA A, FIRE R AR SRR T 4
N2 I B 25 2640 i b %214 (Asahina et al, 2004).
FESR TN, AFP & R, HRIA
HASBEE KT AT T B A4 AFP 1)
RISHE WA R, 7R IR Al b s ik, bl
57 T 4 11 36 T P LSRR Fe R 1 B, E F )
FF40 e U AS# 75 (Asahina et al, 2004). FATI
WRE KR, AFP KZ{E EB ZMEINEE 11d JH4h
23k, MAE aFGF #1 BMP-4 55 ) vH 3 40 ff v 22
L TEE, 76 OSM 5 5 1R45 21 1 B -4 i vh 5k
TP R, X fES AFP RN R H 4
M P IR I FR AR B o X SE4E R Sk 19 21 (1) 41
JEL A AR e, AR T T A P A2 1 B i S 4
Mo dbAh, X —ghie Il e 5 A Mk B AH G
(1) —SLp S MR BT UE B, 23 645 3 16 40 il 3Rk
CYP1BI1 1 ADHIC K& HAHIICG HIfe )y, 1Mix
—BE ) A AR BG4l M b A4 B A (Lavon et al,
2004; Yamada et al, 2002), Ji4f )2 SRIE ) 5P 35
PN AT o (RIS FRATTIN Ry 234 43 310 11 4 i
— AT G RE,  FU A 0 1 4 SRk
WIHF40 A DS FE ) AFP. ALB 2 APOB, {HIfANE
KR I BT 40 i 3 K G-6-P AT TAT KA AT 41
Mokl ADHIC 1 CYP1B1; 1fj4 aFGF Fl BMP-4
B, MM TR IE G-6-P & TAT JfH A
EAERE R BT RE: 2 OSM BB WiE SR, ik
(107 24t 10 2 325 B JH 40 B BT RE A IR 2 X ADHIC Al
CYP1B1, JHA TR ICG K L)HE.

aFGF 1 BMP-4 # Uk 5271/ BV G Hi B e 1
JVR 2% ) ST 40 B A ke SGBEAE Y, F A R
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Fig. 3 Phase contrast and fluorescent images of differentiated cells induced by growth factors
aFGF 1 BMP-4 i3 ff) 35 41 g (2 R SR AN 22 A T3S (AD, I 70% a0 i AE B B D ik (2068, BD; XHEZH AN N aFGF

J BMP-4) 4l LA 2 1 AT AERE AN ), LA 20 10% 9 41 B g 4785 SR (K1 D E(b) . aFGF Al BMP-4 % T [M141 flu ik AFP (C),.

ALB

(D) CKI18 (E) F:£8 OSM HE— 25 G5 (K A1 ML H A BT 40 B ORI 1CG IBhRE (2k(5). A-Fx200.
Differentiated cells induced by aFGF and BMP-4 showed typical hepatocytic morphology with bi-nuclear (A), more than 70% of cultured cells

were stained positive for PAS (B); while in the control group, fibroblasts cells were present (a) and only about 10% of cultured cells were stained
positive for PAS (b). aFGF and BMP-4 treatment cells expressed AFP (C), ALB (D) and CK18 (E). F: OSM treatment differentiated cells acquired
the capacity of ICG uptake, which is the function of matured hepatocytes. A—Fx200.

Ja ¥ FEURL R A R R EE: 1 OSML R
D) 2 B AE AR5 A4 1 HE 40 G 23 46 B34 (Kinoshita &
Miyajima, 2002). 7EA&4N, A1/ ES 40 i 1] JH- 48
J o3 A S B R e T 2 R A R T2
(Cai et al, 2007; Gouon-Evans et al, 2006)., Tsukada et
al (2006) 1177 45 J A B, aFGF n] {it it &A% ES 41
Ha i HF N 54k s {2 BMP-4 Fil OSM ZEBRIE T 41 i
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