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FHTRBNTEEFSEE

iz AT FRY R¥E Far’ TERE
CHTRTRI K PR B 5 8 72 22 4500 %, 1 B 4710005 T4 1A 55 8 TR AT Stiv, 74 B 471000)

WE  ZEREENBFFT@R, BRI ARFN, h IR E FH R BT R AR IEARSS
B T AR AL SR 30 s, SR R A PR Y B R B IR R B K, 4 AR AL B 4 B AT e,
MER o Tt &5 B A KA, FEAIR %0z 3 g EAPCRY 4T T nfiote X AR & AT 5 2. %o
B 69 i JOAEATAS W HE ML B - B, UG 2 R TRAFA K, R I T e e ddid, 1% B T 342504 ha it
ERFmiei oAb, EHEFEE N MR AE ZP3X, HEZ €5 dafitid A 4z, 2R K, ZH94K
MRS BT AL EAPCRE R T+, L@ A T AEZAAFP. LK tafle 46 M & & (EpCAM).
¥ F/A8 A0 & B AFECD34. Tl B TR A (ckit). @l & aCKI8. CKI19. 4R KA, iZ
BB T —Hr B 8 BT s i0AF AL, R A R I ta e Aefe s b R s ek @ A7 &40 69 2 I fa i,

KRR AR FFAETAH M, B R B0

Isolation, Culture and Identification of Cattle Liver Stem Cells

SHAO Qi', ZHANG Cai'**, LI Pengfei', SONG Xinru', LI Yuanxiao?, WANG Yugqin®

('Laboratory of Environment and Livestock Product Safety, Luoyang 471000, China;
*Henan Sheep Breeding Engineering Research Center, Luoyang 471000, China)

Abstract  The aim of this study was to explore the in vitro growth characteristics of live stem cells isolated
from Holstein dairy cattle, which provided research tools for comparative medical science. The stem cells were
isolated by the modified two-step collagenase perfusion method, then purified by percoll single density gradient
centrifugation. The expression of liver stem cell surface markers was detected by immunofluorescence and PCR.
The isolated cells were adherent and emerged active proliferation capacity after 48 h. Cells cultured in low growth
density can differentiate into hepatocyte-like cells after cultured 504 h. Cells in normal growth density can be
transmitted to the P3 generation, which had large cell cytoplasm ratio and was mononuclear, infantile and in low
differentiation state, shown by HE staining. In addition, AFP (alpha-fetoprotein), EpCAM (epithelial cell adhesion
protein), hematopoietic stem cell surface markers CD34, c-kit (stem cell factor receptor protein), cell keratin CK18,
CK19 were expressed by the P3 generation cells. The results indicated that the isolated liver stem cells were well
characterized and expressed the markers of mature hepatocytes and bile duct epithelial cells.
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fit. JFAET4 B (liver stem cell, LSC)S& T —2&
BAARES R 28, A T4 —
M B, HAER A TR T Be4ERF G BEIRAS IRk —
3 A AN TR ) A A0 P R A R 2 2 ST, A
SR H RS T B EANPE R RIS R R
FEE RBEE RN TE ARSIV IE 48 25 B AR
A AT 0.5%~1.5%2 . JF AT 40 AR 4%
AELYEAN R AT 43 AR R LSCHUHETE LSC. dEH
P LSC AL HE MG T 4H ffd (embryonic stem cell, ESC)
1B 8 R YR A 3% 1T 41 B (hematopoietic stem cell,
HSC). ‘& #8/R] 78 i 41 Y (bone mesenchymal stem
cells, BMSC); JFFU5 4 - 41 g 0. 455 I #H 41 B2 (hepatic
progenitor cell, HPC)F1/N 41 il (small hepatocyte-
like progenitor cell, SHPC)“!.  H Hif, 18 %4 H A7 X
30T e ) HAE 40 B HPCRR N B IE & 41
Jia, B FE I )2 BT, ARG RRAE T4

Y BT 20 22 DARERUE Ao kAt , Pt dais
WEERY B AN/ 1% . Percoll 2 B A i 28 4o B
ZEBH AR AL B AR SRR i B
SR B A A 2 A5 e, AH T BRI S A4, 2
e, fE R @ R D . AN F , Percoll &
T P B CVE AN, LRI RE (T 5 AR &, T8
AP I A5, R 2 O TN L A A
FEMF AH A %5 5 7 TH, BT I ik =2 R e 0 AR
Y, A A B G 25 (alpha-fetoprotein, AFP). [
H F (albumin, ALB). % HUIR# 2 8 H (transthyretin,
TTR). 4 & [ 7(cytokeratin 7, CK7). 4l ff &5
[18(cytokeratin 8, CK8). 4Hfififf £ 11 18(cytokeratin 18,
CK18). 4l £ 19(cytokeratin 19, CK19). T4l
[K -1~ 5244 5 1 (stem cell factor receptor protein, c-kit).
CD347%7 145 5 H AR5 S - T e G i) R F R4 T %
SEPIE HET, @34 HPCI 43 2 3 70 A0 4 56 7 T it
FORA WARTE , NIRTFII4E HPC, ANSEE R R 5
PRPR D REIRIE Vo B AR IR 4H M, Percoll 5 BEAH B2 25
OERE— il 0T 20 AT R AL AR 77
MEE AR, SR PCREGAFIZMN A G e itk
ATH5E , LI A AL - 4m M BB 7 S B A
P 55 fa 4 B R L SR I Al o

1 MRS REE
1.1 SEIEzps)
1 F % i 307 4 N BE 25 (45~50 kg), T E I BH &8

BLRE A7, St LI ] B R K 2 R AR 32
SVFT] .
1.2 EEHFIFNEE

T B S FEA 4G DMEM AR R, 10%
faA- s . R EEREIVIY H 3£ [E Gibeo A 7] ; HIZEKAA
JBR B 2% (24U 10 mol/L)J [ Sigma Al ; 100x T4k
TR (IRE 100 TU/MmL). HE YR . R
Percoll i 7 B« Bl I PAS G 0357 &2 . TriQuick
Reagent/st RNA$RHGAGTE B AL 5 R FERHCA RA
] ; PrimeScript™ RT Master Mix. Premix Taq ™J4 H
TaKaRaf FR 2 &5 HAthia7m35 9 7= o it

— U2 A 98 #%(0.22 pm, SLGVO033RB)IH H b
HERERHARAF; BOEWH LHNESTAY
BHEABR AR T2585 7800 4 7t B 55 =
Corning 2~ 7 .

FEAA AT . COREFRA (TEE Thermo A A,
Scientific forma 3117). pHAX (A R} A 33 B
WAEMRAT, pHSI-4FAY ), AR 22 44 (i il
BT A A ER I A BR A F] , BSC-10011 B2). /K-F
e B0 AL (KD mrr BRI K DGIACES AL
IERABRA T ) 158 A 2 AT (45 E ZEISSA F])
FIPCRAY(F [EBio-Rad A 7).

1.3 FRFFpepEREL. 758

S RIS 10 3 B A A JFT A M 1 7 3,
ToBE BRI AR, e i & N, F T
VETO FFH A ppk s EUR . WSR2 I 2k 2%
I, # R RS A RLIR, I RO 46
R ISR N A5 LA . B IR BT R JS NS0 mL i
ARG, bk, SIBRE S . B, KK
TS0 H « 180 H i ik 845 21| ZH 2K

P 2 SRR BT 050 xg, 5 min)UEE L, H5
3E B0 (200 xg, 5 min) B BT IE 45 2 AT HE 52 R
4Hff. PBSIETE2~31K, & 10%/i6 4 IfLiE I DMEM
e W IR E R A M, BRORE A2 1< 100/ mLAH i % 2
R F—aith.

1.4 HRFTZmpeayaifit

ARG A M B OB RE IS, HKIRKE50% Percoll
YR APRE E BESASENE N, B0 (4 °C,
600 xg, 10 min) R FF 15725 K 77 B, B2 I
JUVE, PBSIEYE2~31K
1.5 $HTHABEMERERRESFENE

HE10% 064 175 R 2 (10° mol/L). HhZE
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Table 1 Sequences and parameters of primers for PCR
L GxRT K% /bp Elkadl
Gene NCBI accession No. Length /bp Primer
F 5-GAC CAG GAA AAT GGC GAA CG-3'
AFP NM 001034262.2 227
- R 5-ATG GTG GAG GCA CGT ATG TC-3'
kit NM 0011664841 255 F 5-CGCCGTTGC TGATTG GTT TT-3'
o - ' R 5-CGG TGG CCT CAA CAA CTT TC-3'
F 5-AAG CAC CAG CCT CTA CGA TG-3'
CD34 NM 174009.1 118
- R 5-TGG ACA GAA GAG TTC ACG GC-3'
EpCAM NM 0010352901 185 F 5-GCA GAC CAG GAA GGA TGT GT-3'
r - ' R 5-TTC CCT CTT CTC CCG GAC TT-3'
F 5-GAT TGC CAA CTC TGG GCT GA-3'
CK18 NM 001192095.1 158
- R 5-TGG TGC TCT CCT CAATCT GC-3'
F 5-GAG GCT GAC ATC AAT GGC CT-3'
CK19 NM_001015600.4 185 R

5-GGA GCA GAATCC ACC TCC AC-3'

KA (107 mol/L)FIDMEM =y 4 15 77 5 51 2 41 g, I
R L 0 5 92 104N /mL, $EAh T T255% 3750 P 13k
ITIRARKE 7%, BE024 hiE (8 B B i, e
KRS RIEELA, [H[E48 hifkil. $al5 & il
BF 6] 455 5% 25168 hA1504 hik) JIT 28 o i3k 47 i full %
T R YLt (periodic acid-schiff stain, PASHL ).,

1.6 HRFFampaiuraKiss

JEARAHRRE IR 10K S AT 365 LIRARAR, VAL 7i8s
Tk, IMN0.25% ik E B B 2.5 min, A FUEER
o AN M a6 [ B AR RGERR, ST RPN SEARAR TS
PIRG TR RE TR -0 (50 xg, 5 min),
VLT M 25 B 1} 10°4>/mL, 36T T25855 77 i 4k 4L 15
7%, (R 1 WS MG RERS L. L2220 i 1Y BB 1% V0L, [R]
F48 hifeif, LLJE B 5~7 RALAR 1K
1.7 HE#®&

B245LHRE Jr, F#E 3R 520 5 B T4 =
BRA, BL1x10° AN/mL % 2 H M P3 AR, HL100 pLas:
WEMT4Iie ) b, BRE T 2 Riies b
AN S oA TIEF b B HRA R 7= iR E
30 min, W% U BE J5 AR BE AL T A900 pLEs
TGRSR TR

€ ] 52 Je Pt Bi 973K 5, F1 mLiE 4 88
B S A Bh A B, BT BCH € Jr, PBSIE BE 1K, 4%

FHRWELE €, 75 AR 4% 1 (hematoxylin-eosin
staining, HEJ4 1) HE 4 1, ‘B AlEE N WS4 il IE s o
1.8 BaEERM(PCRI S BNER

T % 2 [ Trizolik 771 4 BH $2 HUP3AX 41 M AT +

Y M RNA, 28 4% B IR FE I i AR MIRNAK B,

0.8%Ext I A 5 Jie L K 46 B RNASE M 5 ] B s N
cDNAf#f7; M IEPCRY IGHE 5 H B R, K g1 7=
ML % IS HE A A . LAY 38 B 12 B8 1 5
VI A LR, BFCAE TAY TR AR 2
Al A . PCRIRNFER: 95 °CTIARYE30 s; SR 595 °C
APE10 s, 56 °CCH P30 s, 72 °CIEMHI30 s, TE34ANEHR;
5572 °CIAFEHS min, 4 °CIR-AF
1.9 MR ERALEE

P3R4t e, HIMEIC, 250817, BFR3K
Ja 4% % B4 °ClH e i . TNl e TR =
I 9% 20 min, PBSYE3 G ¥ N 3% BSAZE iff
130 min. —¥i4 °CHF & i %, I b4 FIAFP,
EpCAM. c-kit. CD34. CKI18FICK 19/ ¥ 57 ik,
= IR9% B 50 min. DAPIE Y40 fli#%: € & TPBS
HTE I L RE IR b SR B B3k, S FRT 5 T INDAPI
Ly, WG IR H 10 min. AN K B
FE Fr, SRR R

2 H#HR
2.1 HFHFTHEERER R SFENE

W LR, 38 Percoll 525 5 B 4l Ak, 1 AT T
Y Y8 T AT LA M &S KNS —, 20~30 pm, 2
SR B & H A, YrieFm. X 5 RBATREA
[FRE 70 29 77 VR0 2 28 4 i A B B AN [H (B1B),
A RN S A v N T o 7 R - SR =
K/N80~120 um, ASMASBEIGTE S AL AR, FEFR24914K
JE I HET

JFFF 20 W 4 P S48 Wt 4R I B, AT DL 40 P A AR
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AR, AR O R, A AT DL %2 B 1 7E 2 24 0 41 A
125 96 hR[I A5 B 41 e FEREAE K, BEJS 55120 hy
EE168 WL EEHTHE, ] UL A% 41 o 3 5 HE B, T2 BRI
SRV PELNPRBF T AU R o 5 200 H 1 B 3k
gz, WEIR R 240 h(10K) 5 A &= J LT A AR
TEA AT AT A A DR 7 () 26 A R 4k 15 7%, L8R I
AR B X S 2 Pt B AR 9, MR AR KB, H
WAL G . 55272504 h, 400 A0 T AL T 4H A,
PASH: th H 43 4k 41 i 5 7R A7 75 XU (B 1C v 4 3k
i), (HRT LG A A A P, B 2R FPopd S URAS B 2
2.2 HFRFFHperERIET

U2 AR, PO AT i 38 5 TE 1 1) SE 74 A 200 i 1,
CoTH AL i Tt B o 1 T8 P B S IR, 2~4 h] 435

(A) 48h 96 h

200 pm

IWiBE, 5S~TRATAEARIYK; PL. P2ARHN M TEE S,
A CREFIR TS, HED 855 HAFE Bl itk s
P3R4 L R FF B 1) 73 2468 0, AH TG BB AR
MG RE IR, M bE 2 18R El b At
2.3 HE#®&

WEBFTR, P3R40 T HE S (4, ot
BN WL L, MR Ah S BB IR IP3AR AR A
BRI 2 AT, A% & ok, SE40HE
MRMARZS o B50H 1) X I 400 i 2 it R KK Dy S A
R, BRI, g A KR 1 X, AREAs
HEZI 2R 2 AT .

2.4 HHFTHENEE
WE4FTR, P3R4 FET-40 M, 2820 i Gl 5%

120 h 168 h

(B) 7 48h

(C) 168 h 504 h

v,
s ‘ﬁk 4{{'{ 1 s oL
Ef '0 7' I%g. .g - F!‘:. &
" 30"
‘4 \v " "?t & *‘\ "*"k“ N
'\ o* 9 P
.:;\ﬂ “j‘/ / ‘ » 'Qei" o
aon? 4 ‘ F et
t“ & l-p r m. ,Qr‘ ax ﬁ ‘ j’i“‘
5 '3
| 100 pm
% ,!” E =

A: AP0 5748 h.96 h. 120 h. 168 h; B: fIFAHAES 3748 h, 24 (HELL Py 240 i A Al %A BEFES A AT 4R C: T4 E% 77 168 h. 504 h(PASHL ),

AR UL TR A o

A: liver stem cells cultured after 48 h, 96 h, 120 h, 168 h; B: hepatocytes cultured after 48 h, inside the black box is liver cells arranged like paving

stones; C: PAS glucogen staining of liver stem cells cultured after 168 h and 504 h , "

1 " points at hepatocyte like cells.

Bl 4R Fmpen RREFR RS FER

Fig.1 Primary culture and morphological observation of bovine liver stem cells

E2 FEEHE T ARSI FHAEE KT

Fig.2 Subcultivation of cattle liver stem cells were observed under inverted microscope
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20 pm

50 pm

50 pm

20 pm

A: AFP; B: c-kit; C: CD34; D: EpCAM; E: CK18; F: CK19; M: mark.

| S —
100 pm ? p | 50 pm e
- 4
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l3 4R TR 7SV 2R

Fig.3 Morphology observation of cattle liver stem cells
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Fig. 4 The identification of P3 generation cattle liver stem cells (immunofluorescence and PCR)
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I G 0 e T4 il B XU BL(PCR) % 52, T HIE 41 g A
1CAFP/CK18/CK19; i Ifi T/4H 410 i 28 1HI b & c-kit/
CD34; FF SRR 4N 5 IR EEpCAM . iR IER/E B
H AImRNAZK - 56 00F 25 B 35 N FH . 45 5 DAPIX
Jeok Bt gint, BB SR R R A 4 i B 1 R
IERAIEIS% LA s

3 i
3.1 T4 sE

JEF R 440 B 0 9 B85 4% A 5 BT 40 i 7 i e s
BEFRIE MR R o AR SR FH RS I el R Sel-
gen! "D HE LY, 75 SR B AL BT A Ca¥ 8%
MR, E R EDTAR T, 35080 e R B
TP TR T A PO MR R P R p HAF BRURK, il TV Y
Ji2 S £ TAE 241937 °C, pHAE 7.4, 0.02% JE HE
FFEHZ15 min, ZAMF T GE1S 20452 FFAEZH 231 d K
AR B, PR AT LY AL A 2 2 3IR 5 3
F 50 xghEH B0 10 min, Y EIBHH AT AESZ R
ST, FF40 M MR S 40 i a4k T 430 T
YN 2l Ak 7V B R TH AT Percoll 2 FE M S 5
Oy PRERANBAR . Bk ik S 1010, ik R
TR B 2 UG AL, AR SRR I, 2 IR A0 41
MR K, 192 (AN RSl B AN v, 7R 2 HoAh 22 4H
LA R 2 K 5 0k H AR, X 5 DAAE 4o &
F—F U9, [FIF, BF 40 B e 25 AR S 5 2218
B B ) AT A A 20 AR 25 5 76 T 20 s A 2212 1)
WE g A&, SEUT TR A it — DK,
ANFIBHAE FH I Percoll 73 B 26 A& A5 AN A, $RIE )71
BRI A BPFE 41 1) 20 25 22 78 30%~50% % 75 b 101,
$HFT- 20 B AE 17.2%~28.7% N R 140 i 43 &5
B PEAE 64%~89%2 8] BT, XI| TLHESE U Percoll 50
o B R R4, ZeH 50%~70%% & 4453 3
— BB R BT T4, ST 40%% E Ik
B AR BB — S A . ARSI S5 50% M0
T0% XU FEE o P 250y, 19 240 B AL T 50%~70%2 [H]
=D 50% R H E B SRS —ME R N
Pem T2 A S0 0 S RO 20 R B
53 5L BN 40%F1 45%, (HEAS 2 7 50 1 i
M, S2E6H 2K 50% Percol .55 i BE B0 K
A T4, SRS A S KN —, B AR
K, HEP'S 3, difoiz 3% te>1/2, EA0FER IR .
Y M4 F 5 48 hAH MO T A6 U BE | 72 haH i Sl 25 S AE

X5 L ER SIS o s ) 25 AV
3.2 BFTHBanIRsME TR &4

TEAR, FFF-40 52 30240 i 756 i L Se f 5
I PR ) B, R RGBT TR M P = ST A
MG, AR 2 O R T T 4i R 2218 1
VA, RPN FEARAE, T AR R R R
BURFIR RS . ANFISEES R, BN R B 10% 06
A= 1L 75 Y DMEM (55 77 55 ELH0S -4 AT 1
Fr, BA AR 7 i3 Je AR KK (epidermal growth
factor, EGF). [ MLy 4344411 A f-(leukemia inhibitory
factor, LIF) RN 32 704001150, B T4 i >R Al
BEFRACAEANIE, JT- 40 M (0 A S 2355 A AS )R AR [R]
AR SER T, FRATT AR T A A AT A R
Fr, 1AL 5 B i A K R T2 1F T, 48
UL P N B 156 1O R A, (L4 AR 2% B HE 30 1)
YHMIFE H ko IR S BN 40 A% 2= P3AATI{R
R B IE 77, AH H 30 QA i T v T B (1) 301
R, AR IE R, X HARRIRATSEE T —2P
R S5 = 4 ST AR % B DIURS B 2 1 S5 PR AIE LN
BERUR, S K /AL 40 0 () Ak A0 5 77 a1
3.3 BFFa@pepREiRE

Ry S M R T AR AR o B A ai Ak T T/
LG B PR AR B A v, AEL ER T I 40 BRLAE A4 N BT A
Az BRI BEAS[R], LR TH AR B AL T 3h A A 1 2,
24 N IE e A B B A Ty . @A
T B A S e FAR R R OA bR, 2 RS HoRUE A& 4y
TR BEAE R I B 1 EAT % 8 . SUZUKIMTMZ213.5
TR /0N BRVE T4 P rh R 9 Xl A X 264k T c-met”
CD49f™", CD45 . c-kit 1 1 & 8L 1 41 Jfa, 7E 44 5
B % 0] (R RE T 40 P, R AR A A R 434k Dk i 4
M. R AN, /N bR A i A SR ORIE T IR
R K B HH AT fe A P gl e R T AR E B Y
AFP'/CK18'/HNF-1a"/HNF-4a", IHE b i 2 1 br &
CK19*, Flid ifil 4 e R [fi #5 £ Thy-1". CD45" 151
[ 240 Jfa 22 [ AR 5O V-6"; YANGZEUS M 45345 K B
o2 B T Thy- 141, 12 AFPY/CD34 /c-kit',
MatrigelZE 5 8 b3 7% 1] T8 B8 IR 4544, HAO!M 45 M
21 A A0 JFE A AR 23 B9 %) JHT/4H 40 B 3R 0 1 48 i
KIArEEpCAMY, JHIE4H b5 1. CK7*/CK19"/AFP",
i 1T 40 B AR S Thy 17/CD133 7Y, iZ 40 048 T B2 4
P35 A E A WAR R G G I S m . Ak
B ik FHAIARAE, oy B T4, 2R AN 1357
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SUPRE R AR K, SRS EAR, HFF
A OWIERIF TR IE. S% 5%, ZHFMNEE
BT 40 3 TH AR S AFP. CKI18, JHA b i 4i ity 3%
T bk AECK19; 7] i 22 32K 38 1T 41 g 36 1 b ekt
CD34F - 5[5 41 f & Th b5 ZAEpCAM, X %K B, &
157 543 2 7 — FhSAeh T 5[5 40 B 1 B/ 4H 40 1,
Fe T B A AT AR AR A b 57 40 B R 9B R I 7
B — BRI

4 Z5ip

S 25 AW, SR F O R () A4 9 A i R g
ik, 45450% Percoll % 5 #2500 72 43 25 T 41
J, B NS A A w4 B A 21 1 R AR A B BE )
TN B4 i vl 4% 22 P3AR, HENZ 40 i 2 A 5
42 T4 B RH JE /S 40 PR ) T e, e T AR AN 2 oAk
BG40 B 75 S — P
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