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Abstract

AIM: To investigate the replication and mobilization of bone
marrow (BM) cells in support of liver regeneration, and the
alteration of hepatic oval cell markers in the regenerated liver.

METHODS: In the Sprague—Dawley (SD) rats receiving 2/3
partial hepatectomy (PHx) with or without 2-acetylamin-
ofluorene (2AAF) treatment, CD34*, CD45* BM cells were
measured by flow cytometry. The changes in cell markers
of hemopoietic stem cells, hepatic oval cells and hepato-
cytes in the regenerated liver were determined by fluores-
cence immunohistochemistry at the indicated time points
after PHx.

RESULTS: The numbers of CD34* and CD45* BM cells
were increased in both PHx (2-6 d) and PHx+2AAF (2-4 d)
rats. CD34 and CD45 co-expressing cells were observed
in the regenerated liver sections, which was significantly
increased after 2AAF treatment. In the PHx+2AAF rats,
the cell markers co-expressed with CD34 exhibited dy-
namic changes: Thyl.lappeared first, followed by AFP,
vimentin, CK19, and Alb; while Thy1.1, Alb, and CK19 dis-
appeared earlier than AFP and vimentin.

CONCLUSION: CD34+, CD45+ BM cells replicate during
the liver regeneration in rats. The changes of the cell mark-
ers co-expressed with CD34 reflect the in vivo develop-
ment of hepatic oval cells.

Key Words: Hematopoietic stem cells; Hepatic oval cells;
Partial hepatectomy; Liver regeneration.
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B AR R BRSO R R EFEASRPAS
BHAFHmeey £ 53 R LFTIERATRE, A
T T 9 [ 48 L (hepatic oval cells, HOQC)ZEAK K 4m JiLArn
AR R AAR.

Fik: SD(Sprague—Dawley) X £, 81 R, KA 4 3 4:
2/3 - IFPrFR 28 (partial hepatectomy, PHx). 2/3 3F
Stk e 2— TEER A % (2—acetylaminofluorene,
2AAF) TR AL P2 40 (PHx+2AAF) R AR F K20, #4054 9 )
(n = 3), ¥ TARKE1, 2, 4, 6, 8, 12, 16,
20, 24 dRE K RF B a0 LR B A BT 4025 R A percoll 55
JEAR R4 B R R an P 6 A e, ST R AR e
SR AK M AP P CD34+, CD45+ tn vk ;
KR R ER BRI R BARSATBAT AR, 3R Rk
R R LA Je A B A 2R L0 P S5 CD34 3R ik 81
ik dn T an B HFIP IR 4 B BT g MY L B AR A
Thyl.1, CD45, CK19, vimentin, AFP, Alb.

ZEE: EPHx AP, AX @A 4R BT RXAE
B/ m P CD34+ & CD45+ b ERE 2, 4,
6 d 55 2t B ARAR KL HE 2 (581 4 2.774 + 0.166 vs 1.903 +
0.044, P=0.016<0.05:3.164 * 0.056 vs 1.862 + 0.057,
P = 0.002<0.01;2.708 + 0.160 vs 1.897 * 0.149, P =
0.032<0.05), %% % AMBAF R E 2R FEFELE
TH 4 dRIY B CD34, CD45 RE@mib, 124k
Mot R KGR WY 4 AT E M AR PHX+2AAF A
AR 2w AU 22 B R CD34+ & CD45+ T ARG 2,
4 d 5 2t RBARAR KL HE 2 (5 A A 2.472 + 0.141 vs 1.903 +
0.044, P=0.020<0.05:2.985 *+ 0.120 vs 1.862 + 0.057,
P =0.008<0.01), ®ARFBLENFLEELTLAEAL
AFang 5 CD34 &k 89308 Thyl 1, CK19, Alb,
AFP, vimentin ¥ 5 AKX EL . EHFEEH EALR
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P, Thyl.l 258, ST E AFP, vimentin,
CK19, 1 Alb 5254 i AR E M6 a2, W Thyl 1,
Alb, CK19 s&-F-if %, FiJ5 AFP, vimentin KA& .

B KRALZMEIFReTIF AR P 5688
CD34+ 5 CD45+ a3 A %, BAMHAL TS
CD343F 3k 3R 09 3h 578 & 7T 48 R W iT 97 IR 4w LR
K A ey i Tt AR

REEIE: G MLT20P; RTEREIZEAE; B0 FO0ER; RFRE A A
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A0 B AT LA a) HE B 0 EL A 40 P an O R A e . PR
BEan . T4 I B I P B A R s 1 oAk T, OF
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B (B B i 9t s 4 A 5 VT A R U
40 1 BF AR BT S “ otk RO BRI g AR,
Ng et al't NITFRSAERE A 5T 2 6 40 A 70 AT I
HH PR 46 DR T 3 73 A R TR TR, A 1. 6% 11 i G >R UK
41 B SR h T AR R 4 4k, TiDahlke et al'iRIETE
KBRS AU R o A /D 5B e SR D P 41 o 7 A
LA 23 A Y DRk JEL S0 O e A et AR R I T e
B SCNR. HA A DA A 2L Y IR AR S E
R ATRE RA EEAEA, TR, DR
AT RESH I A G e B BT A S P E BA
JH-40 B 73 A e T4 i, AR R e 1 O 6 i
A AT B O R, SR TB R RN e A
PR A A R R 2 KA P A 4l kB
FEAEA R AR B 50T B B8 40 A 5 A AR A2 v) e

TERIBCR, FATRA T KM PHx & PHx/2AAF #7!,
52 - BT 7 A4 2o B 8 i i 40 B A X T 2 AR 4k,
DL P A= A 21 b — L AR DG 4 B b i P P 3 AR

1 $ERGE

1.1 #4F Percol 1% BA T 8,00/ (PharmaciaA#]) ,
2AAF (Sigma A ), Wi 9 Jehric g : PE-
PLCD34 (/N RUE), FITC-PLCD45 (/b K PE), PE-
PR 1gG, FITC- /bl TgG(Sigma A A . #it
CD45, PLThyl. 1(BD %)), PLAFP(Santa Cruze
N, PLALb(ICN AF]), $rvimentin, $HLCK19
(Biogenex AH]), L EHUABIRE /MR, FICT-$iL
/N IgG(Santa Cruze A ®]), PE-$7CD34 (LL¢k
JE, Sigma A#E]). WA 4085 H{ (FACSCalibur,

BD A, D)t BeE (AX80TF, Olympus 24 )). SD
KRB sER sy hofeft, 410 wkih, HE
200-250 g, SPFZ%. BEALS A 341 :PHx 41, PHx+2AAF
HERBFERA, FHH R PNH (0 = 3). PHx R: K
SABIZER 12 h, LEHRABREE. ¥ Higgins et al
B 71 R e D1 F L RRER, &5 40 IF DIBR I Ao v
Jormt, PR R4 70%. PHx+2AAF 20, KEARRT 1 wk
BL20 mg/ (kg +d) 2AAF EE, TAR5 PHx AAH[A,
RIGAELL 20 mg/ (kg «d) 2AAFJEE 1 wk. A
Ao R I o S B il 2% o D i 5 | R A
WA R, TATRABFARA/E X . g KR
fFIOFER G, e TS mESN 1 ok, AT
FRBKEUM 1 mL, AN FEUIRR. PR A s scie iy T
B 8: 30-10: 30 7EJC R SK % 5 56 ik

1.2 Fik

1.2.1 mRampesndr 0 DI G AN R B 8] SR
R Z AN BRI, AR E, BRI 2R, 158
BY5. 18 SEHEANREE BN, A PBS 5 mLyfyEAR
BN, LL100 pum fERFLIR . 200 r/min 005 min,
FF 3E, HPBS 5 mL EEa. B0 3 K. B4 E
W5 mLEE T 570 g/L Percoll (B M1 073 g/L) %
EEEW 10 nL FE, 400 r/min, 4°CEL 30 min,
HCHR () BN Z 40 R 2 . PBS YRR 5 T HE B 40 B 3ok
Ix10°/ & BAEA 2 &, WEEMA FITC- $it CD45,
PE-$TCD34 455 PLIEICE 4 CIFE 30 min. X FE 0
TRPUE PE- P/ IgG, FITC-Hi/h i Ig6 % 5 pL
BEOLE 4°CHE A 30 min. JIAY PBS 200 WL @008 3
K, UBREZRAREGEPUE, A1 ol X 40 M
SEW 4 CIRAE, by i 75 47 {3l 52 CD34, CD45
K RH A 40 A v 5 0 B g (T 1) .

A 10*
10°
102

FL2-H

10!

. .
10° 10' 10* 10° 10°
FL1-H

100 {— 5 Z;.
10° 10' 10 10°® 10*
CDA45FITC

B S5 TR CD34, CD45 PRMEMmBERTOWE, A: 10
ToRTKIINIR; B: B LSRR CD34, CD45 XUPEMELMIE.
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R TDFREEMHES ™MZAIEH CD34+, CD45+ WIRINOT
ER(meantSD, %)

t/d PHx PHx+2AAF control

1 1.767 + 0.164 1.966 + 0.203 1.749 + 0.112
2 2.774 + 0.166° 2472 + 0.141° 1.903 + 0.044
4 3.164 + 0.056" 2.985 + 0.120° 1.862 + 0.057
6 2.708 + 0.160° 2.073 + 0.167 1.897 + 0.149
8 2.078 + 0.287 1.476 + 0.088 1.720 + 0.109
12 1.584 + 0.092 1576 + 0.136 1.647 + 0.161
16 1.884 + 0.120 1.634 + 0.061 1.759 + 0.109
20 1.768 + 0.074 1.985 + 0.191 1.715 + 0.121
24 1.792 + 0.098 1.533 + 0.133 1.653 + 0.057

°P<0.05, PP<0.01.

1.2.2 %98 W3 ea A3 ARJE AN AR SRR &
BEIR N BRI, VIR IT PRI, TTERIKIRE, BY
W HE A PO B SN R s ER K, EVEYA PBS50 ml
CAPPSEAE A F2 40 i i v 4t . DJBOFE I ZE 23 (/N2
5 mmx5 mmx3 mm) EEE A E, HHBIH K
PIA (4-5 pm), WNEIREE, RT)5E 4CHRIT. R
AL FFA 2] BA PBS S5 5 min X 2 %, 0
PBS 1 :20 #BE I —Hu [RGB P 50 pL 2%
H 20 min, JIIESFFE—PT (F—PUMBEE BT Thyl. 1
1:100, $T-AFP1:100, $ivimentin 1 :200,
FLCK19 1:200, HLALb 1:10, HLCD45 1:100)50 L,
37°CH%E 60 min. PBSYE2 min X 3 k. i1 FITC- i/
ff TG (1:100)50 pL 37°CHEHE 30 min. PBS ¥£2 min X
3 K. VLB F ¥ PE- 3. CD34 (1 100) 50 uL 37°CH¥
B30 minE 4, PBSYL2 min X 3WK. HH, THE
48 (Olympus AXS8O0TF) WL, PE- 47 CD34 5 Hifth FITC
RGBT R 5 4 B oA A S a5, tnfER—
A XU RAA N B N . AT &-D) ) i HE
gett, LIYDRE ST A F T 50 5 40 e 7 A AR

"2 PHx+2AAF e AR E REER

—¢—PHx ¢
—8— PHx+2AAF ¢

—a— NI
2.5

Percentage(%)

1.5+

1 2 4 6 8 12
t/d

B2 ARZIOFIRERRNELREES TMZMIET CD34, CD45
MRt 4RIREE L HhLk.

2 ER

2.1 Brmiaa X owe R WAL RRA
SPSS11. 0 G il22 3 Mk fF, %} PHx 2, PHx+2AAF 4145
1] S B0 5 ) B AR S SR A T T A5, 7X0. 05
HEEMWZERAKT (R D). A, BAITKAH Excel 8
PR S B R 0k 2R 1, LWL B L B A& 4k
(K 2).

22 B RMpA R {E PHx 2 PHx+2AAF 41 FRAE
JHEA 23, HE Jeta 35 n] DK stk 2 40 fuizie (] 34).
7F PHx 41X BE WL /b8 CD34+, CD45+ 40 i (& 3B) , {H
71 PHx+2AAF 20 CD34 55 CD45 35 235 B9 40 A Ky A X PHx
W%, LA THELEFD (B 3C), JF7ES d
AL vimentin BHPESN ISR N Rk & N, ERTES
A1 (B 3D) . 7EAN A A S5 B ] ik T R 21 55 CD34 3%
TR IHABPUR (2, B 3E-F). (BT AR FAE A2
R At 5 CD34 B HoAth 4 S AL i 4 .

3 1he

TE T MER A G B PR AE IR N FE A, AT BEAEAE 3N E IR
) £ P 85 A s 1 - R AT 40 AR, TR/ FEL AR L e
BE YR AT 40 i ; AN R AP B AR A R 2 5 BN ]
P00 388 A s L BRATSR A T PHx B RS PHx + 2AAF

t/d CD34+CD45 CD34+Thy1.1 CD34+AFP CD34+CK19 CD34+Vim CD34+Alb
ABC ABC ABC ABC ABC ABC
1 - - - - - -
2 - - - -+ - - - - - - - - - - - - -
4 -+ + -+ + -+ - -+ - -+ - - - -
6 + 4+ - + 4+ -+ + -+ + -+ + -+ -
8 -+ - ++ - ++ + ++ + ++ + ++ -
12 - - - -+ - + 4+ - -+ + + 4+ - -+ -
16 - - - - - - -+ - - - - -+ - - - -
20 - - - - - - - - - - - - -+ - - - -
24 -- - -- - -- - -- - -- - -- -

A, B, CIEEA 3 RARNEMONRERN AL NERDER, + NARRSNEIA, - ATERIE . Vim 7 vimentin.
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B3 AERWHENESESE ABEFELHEPHX4E, 2 d, x 400). B: CD34, CDA5 XPHMMIEEAEDTHTITE, HEWR/D(PHxE, 4 d,
x 1000). C: {I@&LRIMB AR MR CD34 EiEY:, BI&EiL) CD34 5 CK45 XPAMEMIE(PHx+2AAF 42, &4 d, x 400). D: FITC- #1 vimentin
FRIELRIE, S ASEEEEMIE, vimentin ERERRBASTZLIRHES(PHx+2AAF4E, 8 d, x 1000). E: PE- 37 CD34 5 FITC- 47, AFP SPETEL

[, TRCD34 NIRIRFE(IPHX+2AAF4H, 8 d, x 400), AFP NIERAE. F: O®EILIE CK19FEM:, CD34 [EMMIE, I NXPEMEA
FE(PHx+2AAF 4B, 12 d, x 400).

BEAL, PHx AR UL PR AL RS HUEE RS, 1M
2AAF T 01 T 440 M 085 2 5 0 6 0 s . & R
B, 76 PHx BRI, MUIBRIE 2 d, & #ET Y CD34+
5 CD45+ M AKFRIE &, T4 daEXRME, it
JE T, T8 d5XHATEEMZE . 75 PHx+2AAF
BRI RS BRI EE R, HTARE2 d, 4 d/f
A, (HHEEL PR PHx 4%, TARE6 d
ExacEEEZRGEL, E2). BHEt CD34,
CD45 XPHMEAN i = 2038 M 4H \ T4, Hophs
= ARG, RORTE S E BN, HREE
T I 4 A7 AE A 3 AR K AT REIE RS R R . K RRAET0%
FIFEDIRR G, 10 d AEEASEREATRE, HAZE
A e 22 i A0 M P 5 A 22 £ A SR IR T it
TR ER AL A, R EED e —,
T JFE B () S0 AR 2ok R TR K S 1 A G A i 2R A A
78 BAEFFA S HE e n] LA KR RIEMN N,
SR AN R (B 34) , X T e S IR A 2L
FAAA O, JE G4 B F0AR L 0 ) SR T B e 1f SR 4%
AT B 4 e 1T 2R 4 B PR 38 A A AT R AT A4 Y R )
A, [ A0 LR AR 2L 41 P — ol i 0, E EL AR A [
JFF O ) JE Atk 40 A a4 A, SR b R 40 A P 2 4 L
JH- B[R 40 ff 2344, FATT e 7 e — AR . ¥ 2 hm) A
78 PHx+2AAF 20 rp i B 36 I &0 Ji ) 7 e R P AR T B
PHx 41, Ml el N0, HENRGAE X WAH

. 2AAF X% 1 CD34+, CD45+ 40 fufr) 4y SR INE — &8
FRAMAEIE F S B 2AAR 2H B 6~ X o 40 g 5B 1) A M
B SFEERK? WAFE— PR,

KR PHx+2AAF S22 BB F I T B (5 40 i 7= A A
T, M PHx+2AAF 4 () e A2 22 45 vimentin,
CD34, CK19, AFPZE5[[E 40 MiArEYIHIRIE, UFH
FATTIYFH eAsE R B D . 7E PHx+2AAF 20 G 8 X581
AR T, BT CD34 2 s il 4 B A B IR
ML EIbRE, FERATRA T CD34 fE A X E
SEMPUERRREY, LR ER R A bR i S AR 5 . 7
HAtprladr, €D45 5 Thyl. 1 4 M40 fuds,
Thyl.1, AFP, vimentin, CK19 %% 5[5 40 futs &
Y. CK19 5 AL1b W) 43 51 0 AR AR b 52 5 1T 40 fa A
B TENT PR A R A TRATTTE R 82 A 1148 IX J) A mT
W H /> ) CD34 J CDA5 [ A, 7E PHx+2AAF 41 LY
P PHx BB A% (K 3B, C), XEBEBEfie
pE MM TT e 25 2 T FFIE R AR 2, (H i Tk
Z BN, BT — P IFsE. 75 PHx+2AAF
20 P A A 2R A 1 e s A AR I 5 SR R mT AR R F)
CLUF 4 i bs S A (GR 2) < AR B B R o,
Thyl. 1 55 BB, BE/JS ATk H AFP, vimentin, CK19,
M AL B TERR S YR R 72, W Thyl. 1,
Alb, CK19 2k, /5 AFP, vimentin B2 Ak
. B 3F 5L G BT o 24N CK19 41 g e G P
VI 1A A CD34 R B 35 3R L L 7Y fe e T 40
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bR DR, FeAT 145 SR K SR P AR 4 b 25 4
e ] P 5022 T 6 S 1 T oK B O [0 440 JH R A P A= 2
RS FEPRAVEN NI, S5EAMOESNL
B A SR 5T 8 AR R4 A R A A Y CD34
A GAEOH A0 e Bt Ak, SRR
Alb, CK19 %5 p 2040 i S R/ b 17 40 g T 3R Gk e ]
M. Thyl. 1, CD45 5 CD34 325 ffik i 40 M A%
H, HERME AN ShREAULEHESCDLS,
CD344M i [ AH Y. 385 = mT e 4R 7 B 1 I 40 Ji = 3h 3 ;)
FEIT A 2 I LI T P AR I R A S F

MBTREAN, fERTRER A R, MR £ M
MO IR T I B 28 B Ae, 1 TNFa, HGF, TGFa, IGF-
I, EGF & IL-6 %% i HCF 2RSS 1 h B &I,
—HHNT72 hEFEE FE A B R IHGE X A4S s 77
) F 4 A B S OIS DNA & il 5 40 i 0 44 L, (BT
LS R IHGE X 2 I8, BRal s 4:4b, i6F
AN MRS 5 R AR A . T PR AR P AR sRE, EGP Ay £ F
Rk i 20 25V R S gl T 4 4 it ey g A B T T
6 Xf AN R AN L B A AN R e 40 B Ak, 4 i
IS BIBAL A A AGE R, TL-6 R A BT
AN M AR AR RE A BT, BT R AR I R X S R R A
TR P AU T B 2 0 e L 3 A ) SR R

JH P AR sk A2 A i JRE AT F: B SDF-1 AP, B
A5 0T ST MMP-9 BTG M, I S8R 25 w2 1k CXCR4 F¥)
FIE F SDF—1 A S 3 ofin 40 B 1) B IRV 48, T 7E AT
HA075 T = i HGE A (8 A 4 g S8 Ak A2 B, CXCR4 B
% SDF-1 41 F: 1) CD34+ H HE4H L%, A T4
BRL T 200 (K W [ /E . BRI HGF, SDF-1, MMP-9 %536 ik
Tt o] UL A S BE Y CD34+ 4 it ik it 40 B Az T
S RE A E N T UL B FRAEBE. B,
BATTHI T &5 F s e 7 K SO B9 [ 40 e 4k P 1 234
AR, IS B 7E BT AR R TR AR B SRR A
WA RIER I R, B HAE 2 KRR SRE I AR 7
A TR e e o 0 R A i 7 2B ST
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