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) A6'/Sca-1"7CD34" JIF B8 [ 41 . $24L 17— Fh 3@ FH T NS0T 90 (5 40 B 1R 5 175 S A,

KR A6, NTUREANNL, MRIGTAIKL, 41t
FROES Q254

JH- BRI 41 . (hepatic oval cell) 1 24— Fi 41
Jfi (hepatic stem cell), & Fi5 B LE fE [ JH- 240 o A 4
AR, JERAA B IR e ) 0 A 4
J8. BT BN 1 40 5 41 2 AE 1958 4F Leduc A1 Wilson
H BRI 29015 5/ BUH 000 J5 SR i TE a2 A I
IR Ty SRR 7 B 2 401 UM 4 O 4 AR
B TR D (EE A R SO s AE )
055 A P 240 JL S4B IR, JFE P S [ A A B
IEREIETIXAN B, AATTEEST T W& A S 3h 4 I R [5]
I A B FA R SEER B AL . Wy rh R SRS IR B
2-L & ) (2-acetylaminofluorene, 2-AAF) Jil I
= ZHUIRRY, B E s n 3,5- OBk
-1,4- & - = F AR mE (3,5-diethoxycarbonyl-1,
4-dihydro-collidine, DDC)? 4. iX L8 B [51 41 [ 175 345
RPN e, AR B T T AATTRE G A 2R 50 4
JHF O[5 40 B FRO A . A P O 150 4 R AR A H 1)
h T ¥R R R TR T NS,
B AR, (HLE AR R IR O [ 40 i 5 AR Y
AEHT AN e B3Rl T AR &k
100 JFF B 152 4 . 1) 3 75 S A 2R 2 90 1) e SO 1+

I A 45 R AT BA A AR B R 40 e, AR
wIHAZART 2%)P. JRIHT- 41 M (embryonic stem
cell, ESC)J2 HiMfi FLa0 4 -3 IR v 1 o 48 fitw [ 4] v 4y
B RR I A R, By B R R R4
RE 20 R RE WL R 8 2 1F NI T4 B e DR FF R
SRS IF AT JC PR 1Y, o — o R 40 i ke .
O AT Z W I g R0, IR 140 i 5 3 A0 A2 ik
AR BT FRATT S AT A ST AR SE T IX —
RUELBE T, FRATTHHE T 7 VR i T 40 L ) o A - 4
JL ) 3 Ak Rt v A AR — A S 40 e ) 23 A B
B vl JCBRY S8 (0 I T B B v b n] e A R
ZIHTA00, A BEREX AN A] 73 A B B ) 14
3 ke, G IR R JH 40 1) 1 R N,
% FH KR L. Petersen 55 R IE A6 BHAE K17 B

[ 5% F IR 9T % R (973) 30 H (2001CB510101), [H 5K [ 4%
REEIE 4T 0 1 (30230350), [F12R A ARBLFEIE G T H (60278014) 1
TR HARELE L4 T H (36704).

IR A

Tel: 020-85223569, E-mail: tjycai@jnu.edu.cn

WA H M 2005-04-27, $252 H 1 2005-05-28



. 960 - S YRR R

Prog. Biochem. Biophys. 2005; 32 (10)

JHF 51 [ 40 i 78 2258 CD34. Sca-1 45 3 il 4 i 4 1
PraEW, JF RS T A LA o e T AR
A6 BT OF [ 40 i . - 40 i A K PR (hepatocyte
growth factor, HGF). # JZ 4= & [X ¥ (epidermal
growth facter, EGF) % 2 K K ¥ a(transforming
growth factor o, TGF-a) &2 5 i AE R FE 1) 3 A
I T E (K F. HGF 1 EGF W] 1l i it 47 22 5 244
FH A S50 5 40 M R 38558, 0 I B 154 40 B o040 A
S 40 B AT R kA A 1o, {H HGF Fi1 EGF 2 15 %)
755 RG240 M€ 1m) 234028 B O [ 40 e 1
M JCANDGHRIE, DAL 3RATTIE ] HGF A1 EGF 11 4 ik
2 0 22 H O [ 40 i 1) HE 4 i 23 A 1 8 T S
. AT, FRATT R R ST e R TR AR AR A T
G5 40 B b [ A B B, FCHE O [ 40 ™ e Y 2 v
TR IRAL,  JF AL A U A B A o) 3 ) CD34Y/
Sca-1" 41 M IRAT 4 i & 5 A6 BH I BN 54 41 .

1 ARSI

L1 SREa#y
L1 ARG T 40 M R A S I 1L K2 S Bl )
b Z ) Balb/ ¢ &/ U IRT-40 12
112 4RI

JUR R T A0 B TR R e e B R A a1
DMEM (Dubecco’s modifided Eagle’s medium) (&
Hyclone A w]) , £ 20% i 2 MG (BTN DU =76 &
"), 1000 U/ ml 4L/ A I 40 46 By
(recombinant murine leukemia inhibitory factor, LIF)
(ESGRO® -Chemicon 2 ), 0.1 mmol/L B- #i#k 4

fi (Invitrogen 7~ ), 25 mmol/L HEPES (Invitrogen
2wy, 100 U/ml 35 %5 2 M 100 mg/L B 7 &
(Invitrogen /A #)).

I BOEA RS IR AL SR T4 i R Ok
A, A LIF, G4 Rl 15%, I
WSINT 0.1 mmol/L JF 44 75 2 SR (Invitrogen 4 Fl),
A H 1A,

1.1.3 4o K. 40 i A K X1 (hepatocyte
growth factor, HGF), & JZ 4 K A 7 (epidermal
growth facter, EGF) (Peprotech 2 H]) .

1.1.4 A% 40 Ak 2 S 204 AR R 2. R
Bl A6 FRL b BT A4 R 55 [ 16 S5 4t FREIE 7 ot g e
HH0 Factor (4% (National Cancer Institute, National
Institutes of Health, Bethesda, MD)H B, i/ /
ANFH# T (albumin, ALB) HLg BT {A (R&D 2 ).
SABC fe el ulfl & (e 14822 \)). PE-Cy5
AP/ Sca-1 Hog B HifA (eBioscience 23 ),
R-PE 4L % 19 #iL /> R CD34 # 50 B 41 & (BD
Pharmingen /A 7)), FITC JLHEKIHT/ i CD45 #5¢
BEPiiA (Biolegend 24 7).

A7 2 4 (H A NIKON E4500) 195 B A 22 12

%55 (H A Nikon Eclipse TS100). it =X 40 4 4
BECTON DICKINSON FACScalibur Flow
Cytometers.
1.1.5 RT-PCR ik 7. Trizol (TRI REAGENT® - 3£
[E MRC A7), ¢DNA & iR 7 & . PCR XF &
(GE[E Fermentas 22 ). 590G o BilgA: TAEY) T
BEATIE R 515 AR 1.

Table 1 Primers for RT-PCR

Length of the . Annealing
Types of mRNA . Primer sequences
amplified fragment temperature
a-Fetoprotein 423 bp 5" ACT CAC CCC AAC CTT CCT GTC 3’ forward 56C
5" CAG CAG TGG CTG ATA CCA GAG 3’ reverse
Albumin 452 bp 5" CAT GAC ACC ATG CCT GCT GAT 3’ forward 53C
5" CTC TGA TCT TCA GGA AGT GTA C 3’ reverse
Cytokeratin 19 569 bp 5" GTC CTA CAG ATT GAC AAT GC 3’ forward 53C
5" CAC GCT CTG GAT CTG TGA CAG 3’ reverse
Cytokeratin 18 515 bp 5" GGA CCT CAG CAA GAT CAT GGC 3’ forward 55°C
5" CCA CGA TCT TAC GGG TAG TTG 3’ reverse
Cytokeratin 8 561 bp 5" AGT CTC AGA TCT CAG ACA CG 3’ forward 55C
5" CCA TAG GAT GAA CTC AGT CC 3’ reverse
Glucose-6- 438 bp 5" AAC CCA TTG TGA GGC CAG AGG 3’ forward 55C
phosphatase 5" TAC TCA TTA CAC TAG TTG GTC 3’ reverse
Biliary 407 bp 5" GAA CTA GAC TCT GTC ACC CTG 3’ forward 53C

glycoprotein
B-actin 203 bp

5" GCC AGA CTT CCT GGA ATA GA 3’ reverse
5" TTC CTT CTT GGG TAT GGA AT 3’ forward

5" GAG CAA TGA TCT TGA TCT TC 3’ reverse
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1.2.2 340 Ak 2% (immunocytochemistry, ICC).
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X-100 5. H,O, HEE KIS W PE I S A il 5%
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Ji Je FLHE 7 20 R4l B #1247 RT-PCR 43 #7. H
Trizol 3h$241 4 RNA, RT Ml PCR AA&$R 7 &
VLB AE. A ) cDNA T 94 C A1k 1 min, B
K 1 min, 72°CZEA#H 1 min, 3t 30 MFER. PCR /™
YT 1%ZE IR HL vk 4.

1.2.5 Ul U5 HT (flow cytometric analysis).

753 2 Kot AL AN e IE YT Ak (0.25%
Trypsin-lmmol/L EDTA -4Na), Jf 78 70 W1 B R 4l
M, 0.1 mmol/L 1) PBS i U4l fuja, tH44n
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126 & 455 W B K W (transmission electron
microscopy, TEM).
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Fig.1 The morphological characterization of ESCs differentiation into hepatic parenchyma cells
(a) ESCs formed many colonies, and the bounds of the ESC could not be told for its tightly development (200x). (b) EBs appear to be
translucent spheres (200 x ). (c) The differentiation descendants from induced groups after cultured for 8 days. The cells have a
homogeneous morphological characterization which is like slabstone (100x). (d) The differentiation descendants from control groups when

cultured for 8 days. The cells have a complicated morphological characterization which may appear round, triangle, shuttle, etc (100x).

Fig.2 Immunocytochemistry for A6 and ALB antigens on the cells during the course of ESCs’ hepatic differentiation

(a)~(d) show the A6" cells from the induced group after cultured for 9 days (long arrows). (b)~(d) are the local magnification of (a). (b) The A6’
oval cells could be found in the upside of the colony, and beside it there is a binuclear hepatocyte (arrowhead). An A6" biliary epithelial-like cell
which looks like long shuttle(short arrows). (c) The A6 oval cells lie on the margin and vicinity of the colony. (d) Two A6" biliary epithelial-like
cells(short arrows). (¢) The ALB" hepatocytes after cultured for 15 days, and several binuclear hepatocyte could be found (arrowhead). (f) The
ALB * hepatocytes when the sorted cells re-cultured for 15 days, and some were binuclear too (arrows). (g) Negative control. The positive cells

appear to be brown, and the nuclear appear to be blue(dyed by hematoxylin). (a), (g) X100, (b), (c), (d), (e), ()x200
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Fig.3 FACS analysis of the oval cells populations during the course of ESCs’ hepatic differentiation

(a) RI scatter plots demarcated the analyzed cell population.

(b) Gate R2 define the sca-1" cell population (using Sca-1

PE-Cy5-conjugated antibody). (c) A density plot of the further enriched sca-1" cell population using both CD34 PE-conjugated antibody
and CD45 FITC-conjugated antibody. UL represents CD34" / CD45", UR represents CD34"/ CD45", LL represents CD34~/ CD45~, LR
represents CD34 -~ / CD45". Approximately 4.59% of the R1 cells are Sca-1" / CD34" / CD45" in the induced group, whereas

approximately 0.64% in the control group. Almost all the sca-1" cells express CD45.
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Fig.4 The A6 antigen expression of the Sca-1*/ CD34* / CD45"* cells populations sorted by FACS from the induced group
(a) Most of the Sca-1" / CD34" / CD45" cells (90.81+1.95)% are A6 positive, and some show strong positive. (b) Only a few none Sca-1"/ CD34" /
CDA45" cells are A6 positive (1.47+0.19)%. (c) Negative control. The positive cells appear to be brown. (a), (b), (c) x100

(@ M AFP ALB CKI9 CKI8 CK8 BG G6Pase

ALB AFP CKI19 CK8 CKI8 Go6Pase BG

(b M
bp
500

200 {3-actin

Fig.5 RT-PCR analysis
(a) The result of the Sca-1"/ CD34" cells populations sorted by FACS.
The hepatocyte marker (AFP, ALB), the biliary epithelial marker CK19,
and hepatic marker (CK8, CKI18) are positive, whereas glucose-6-
phosphatase (G6Pase) expressed by mature hepatocyte and biliary
glycoprotein (BG) expressed by mature biliary epithelial are negative.
(b) The result of the re-cultured descendants (cultured for 20 days). All
the markers except for AFP are positive. BG indicated biliary
glycoprotein, G6Pase indicated glucose-6-phosphatase. B-actin was used

as the endogenous control.

Fig.6 TEM analysis of the Sca-1* / CD34* / CD45* cell
populations sorted by FACS

The cell assumed an oval-shaped appearance is small (approximately

10 wm). It shows a large nuclei/cytoplasm ratio; ovoid nucleus,

condensed chromatin; few organelles including mitochondria, rough

endoplasmic reticulum; a few microvilli on the surface of the cell.
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Fig.7 The differentiation ratio of the A6* hepatic oval cells during the course of ESCs’ hepatic differentiation

The freshly isolated cells from the induced group and the control group were tested on the expression of A6 antigen by ICC. By using

isolated cells from 3 different samples from differentiating system someday as well as performing 3 separate ICC staining procedures, we

counted 5 random fields from each sample. The A6 positive rate was calculated to determine the differentiation ratio of hepatic oval cells

(the result also see Table 2). (a) The induced group. (b) The control group. (c) Negative control. The positive cells appear to be brown. x100

Table 2 The differentiation ratio of the A6* hepatic oval cells during the course of ESCs’ hepatic

differentiation

Day 5 Day 7

Day 9 Day 11

The induced group (2.21£0.16)%

The control group (0.14+0.05)%

P <0.01 <0.01

(6.110.28)%
(0.430.06)%

(3.640.29)% (1.38+0.18)%

(0.32:£0.04)% (0.22:£0.04)%

<0.01 <0.01

P <0.01 represents the significant difference.
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J 8 T2 23 A A1 S A ) JEE 40 0 R A A .
H, Jik B 40 ks 7% 15 KIS -4 g bR mg
UL ALB BHEFF4I (B 2 ), 3 #id BH 07 3 1) A6
BH 1 510 52 41 A3 X 1n) 23 A Re ). 3B S i B 45 1 o
LA O [0 20 1y L RVRR A - AR RN, BRI
ws VBRI, TR T R A 4
MeF/b. ZE LPTIR, ESC WAF RS S il FE
HAEAEAE T O [ 40 I A rh (a1 B Bt 24k 40 B e v
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Hepatic Oval Cells Obtained In The Course of Directional Induction and
Differentiation of Mouse Embryonic Stem Cells Into Hepatocytes in Vitro*

YIN Dong-Zhi'?, CAI Ji-Ye"™, ZHENG Qi-Chang?, ZHAO Jing-Xian",
LIU Mei-Li", DAI Yun", XIE Qiu-Ling"”, HONG An"
("College of Life Science and Technology, Jinan University, Guangzhou 510632, China;
2Department of General Surgery , Union Hospital , Tongji Medical College ,
Huazhong University of Science and Technology, Wuhan 430022, China)

Abstract When either massive damage is inflicted on the liver or liver regeneration after damage is compromised
by a variety of toxins and carcinogens, the hepatocyte progenitor/stem cells which called “oval cells” is activated
and differentiate into a variety of cell lineages including hepatocytes and biliary epitheliums. Those models used in
the study of rodents’ oval cells are obviously not suitable for the study on human hepatic oval cells. A new hepatic
oval cells produced model suitable for human need be developed. Mouse embryonic stem cells (ES cells) were
cultured and induced to develop into embryonic bodies. The induced group and the control group were set up then.
Hepatocyte growth factor (HGF) and epidermal growth factor (EGF) was added to the culture medium of the
induced group. The markers such as A6 antigen, which is expressed by hepatic oval cell, are detected by means of
immunocytochemistry. As the descendants of mouse ES cells, hepatic oval cells sorted by FACS were detected by
RT-PCR and transmission electron microscopy. The hepatic oval cells sorted by FACS were further cultured and
tested the ability of bipotential differentiation by ICC and RT-PCR. It was firstly confirmed that the midterm phase
of hepatic oval cells which are bipotential does occur during the course of the directional induction and
differentiation of mouse ES cells into hepatic parenchyma cells. The differentiation ratios of hepatic oval cells from
the induced group are significantly higher than that from the control group, and the maximal ratio from the induced
group could be about 6.11%. HGF and EGF could promote the proliferation of hepatic oval cells derived from ES
cells. About 4.59% of the cells sorted by FACS are Sca-1/CD34", and about 90.81% of the Sca-1/CD34" cells are
A6 positive. Highly purified A6"/ Sca-1"/CD34" hepatic oval cells derived from ES cells could be obtained by
FACS. A new hepatic oval cells produced model suitable for human was developed.

Key words A6, hepatic oval cells, embryonic stem cells, cell differentiation
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