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Abstract

Key words

Background and Aims: Liver fibrosis is a pathological reaction of a series of fibrous tissue
proliferation in the liver, and it may cause insufficient or failed regeneration of the liver after
hepatectomy. This study was conducted to investigate the effects of transforming growth factor  (TGF-
B) pathway on liver function and liver regeneration in animal models of liver fibrosis after partial liver
resection, and the possible mechanism.

Methods: Liver fibrosis was induced by intraperitoneal injection of CCI, in 40 SD rats. Then, 32 of
them underwent 70% partial resection of the liver, and were sacrificed at postoperative day (POD) 1, 3,
5, and 7 with 8 rats in each time point for determination of the serum liver function parameters, and the
mRNA and protein expression levels of TGF-B1 and Smad in liver tissue. The other 8 rats underwent
sham operation for control. In addition, using the same modeling procedure, the influence of TGF-f/
Smad pathway inhibitor (intraperitoneal injection of GW788388 before operation) on liver function and
liver regeneration capacity in rats with liver fibrosis after partial hepatectomy.

Results: In rats in partial hepatectomy group compared with those in sham operation group, the serum
levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were significantly
increased on POD 1, and the gradually decreased with time (all P<0.05); the mRNA and protein levels of
TGF-B and Smad in the liver tissue were significantly increased, both reached a peak on POD 3 (both P<
0.05), and then decreased, and returned to the levels of rats in sham operation group on POD 7 (both P>
0.05). In rats undergoing GW788388 injection before hepatectomy compared with those undergoing
hepatectomy alone, the increasing amplitudes of AST and ALT were greater, and the expressions of cell
proliferation mark Ki-67 and stem cell mark LGRS were significantly reduced (all P<0.05).

Conclusion: The TGF-p/Smad signaling pathway plays an important role in terms of liver function
protection and liver regeneration promotion in rats with liver fibrosis after partial hepatectomy. The
possible mechanism may be associated with the regulatory effect in cell proliferation and stem cell
differentiation of this pathway

Hepatic Fibrosis; Hepatectomy; Liver Regeneration; Transforming Growth Factor ; Rats
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T EEO B 2T 4 Ak 3h Wy TR 2> DD BR R 5 TGF- B 3l
S8 X JET 0 B U A 4 1 T AL )

1 #R5FE

1.1 FEXEAE

SD KBl (SPF %%, HMEdE, 6, 210~230 g,
et g Fl e s ml, hED ., A (CCL)
(Sigma 2 ® , £ EH ). TGF-p M # % GW788388
(Selleck 2~ 7], W[ ). ELISA {7 & . HE 4« |
Masson B¢ ik & (= KAF, E) . BEFRIL
(Model 680, Bio-Rad, 3 [ ). RNAspin Mini (GE
Healthcare, 3% [E ) . Bestar qPCR RT y| Bestar™qPCR
ik #] & (DBI Bioscience 2y &), fH5E ), —$HrF11LFE
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B BBk 11 G — i (Abcam 247, E )., PDVF
&£ (EMD Millipore, 3% [E ) . ECL & & X 7 &
(Thermo Fisher 22 A, FE ). WHEE (Carl Zeiss 28
A, fEE).
1.2 B @EER =%

M5 2 25 SCHRY G J7 0 4 K BRI 2F 4 b A
A A CCL IR TR, W 10%, IR
S$b, BRI mlkeg, R 29, #Z28 . TEATIFER
53 V1B AR B SR 4 I AR A 38 3 HE 4% 8 F1 Masson 4% £5,
B UE R, L
1.3 FIBARSS4A

W 32 HUF£F 4e AR B A8 K R AT IR VI BR F AR .
WRHESH Oy, KERB G OkE 2. BEN
HS) BB, THERESILESINK, K50
FHFHE R 70% , 14 88 30% e A7 B A DN ATF . H
BEh . PURGLAE IR o AAEATIFUIBR R G 1. 3.
5. 7 RA&H8 HR RUEAT AR Fe AR ikl . 55 8
K BT I 1 7 88 S AT A1 T AR AR A %o B
1.4 HNIsHERFATTiE
1.41 HE & m A2 54 KRSkt
FE, WOAE IF AL SO0 i E A £ R H [ 2 48 he
W [ 7 g 1) 21 UK 7R ) AN () v B 1 2 T AT O
K, BRJE I O 2R R AT O B A B O A A A
o, BRI R PLYI R 4 pm B Y . YR KA S
TR AR A, A TR ARKEREE 5 min, SRJEI0A
0.5% HIPHLL g5 5 min, VEW G &L, [, 754
il T LR .
1.4.2 Masson 3¢ & 1 m 2F 2540 5 1.4.1 A B A Fg
A A Masson = {0 Je b R 47 e o, AR B 50 & i
W B Ok e, B E OB T OB IR AR IR
FIHTE IPP 6.0 18 43 1 & 48 1 58 e it 45 A R AR
Vo g
1.4.3 ELISA K BURE &Ik, #£ 300 v/min /%%
T B0 15 min WA BIE W, 43 AT R B
), Ak BN 15 min RASTIBOEE (450 nm),
SR 5 AR AR Il 23153 AST HALT (9 B
1.4.4 qRT-PCR f#i Jfl RNeasy Mini izt 7 & BCAT 21
ZUR Y B RNA, SR 5 i ] Bestar qPCR RT 325 &6
H3 55 55 5 Ol oDNA, 5 fF W T 0 37 C/15 min;
98 °C/5 min. 4R J5 f# J1] Bestar™ qPCR i 1 ¥ ik 47
qPCR SZ 5, & F . 95 °C/2 min, 94 °C/20 s,
58 C20s, 72 C120s, 40 DG, WIGTET2 CF
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JEA# 4 min, fF Agilent Stratagene Mx3000P Y %1 %6
W 2 G5 4T qRT-PCR 40 A7 o 3 1 b 48 8 26 19 {8 JF:
L GAPDH AE 2}y P9 21155 mRNA X & 357K F- .
1.4.5 Western blot B iF 4 21 24/ J5 W 4R B B H .
i 1L 8% 1) SDS-PAGE 43 B B HE i h 48 & (50 pg)
M A, kBRI Z0 . KRG
W5 5% W RR 4= W5 58 42 182 15 Al 1R 41 4k 2% 155 00 3 A A 4
SRR (FET2h) B, KEES5005 5t
(1:800 i B%) #E4 CTFMHE LK, RIEH ¥
TG U IR 1:2 000 (Y L 1 56 B 5 76 = i T i
B hoRIEAT RN . A2 &G B,
Quantum One BAF M K B TR (A X T GAPDH
ik i,
1.5 YL ST TGF-B EBEHRIER

¥ 20 HOR BRI 1.2 (9 J7 1+ 2 T &7 4t b A
R HERS BEAL A R 2 4. R 4 B bk 4 R
VIBR+TGF-B ¥l 74l . MRIF 1.3k, & HKAKR
BIUTER I WE 1) 70% o W8 53 UIBR +TGEF-B 4 il 57 21
TEAR AT 2 h — WP E RN S TGE- B 4 il 5
GW788388 KAl TGF-B AHSG i, 4 10 mg/kg
I B3 5 AR 3 HE 1 Masson Y2 {653 B 1T £ 4 1k 38 455 4%
He, RBNA0 H 8 R o, [k ik
P8 RO AR Ll . pbsh, w8 HEFRAR
PE R Xt B4 . 7E sl A 50 S K, ARG L4 1 AR
45 20 K BURF D REF8 b o BF 7 A2 45 00 DL B TGF-B/
Smad 3# # 7K .
1.6 REALEE

3 o G R 4 Ak Y o G B A B 41 40 Ki-67 R
FZKSF PEAS AR RE 7, A LGRS 28 (1 PE A6 41
U UK. Z R (4%) 2 BK .
W, YR (4pm). MA3% S HAEFR, =
6L E 20 min, RS HIA 1400 B B (1 Ki-67 Pk
£ 37 CHEHE 60 min; PEIEJE A 100 wL 5 1L P
i leGC BA W EI T E 50 min; PEWJS A DAB
BA, REMARKZRORTE20s, WikEDR
B %S, FH Image-Pro Plus 6.0 4 B ML % £% 5
AP H Ki-67 B LGRS PHYE A% H -
1.7 Sit=4biE

45 11 43 #7481 1 SPSS 19.0 B 14 . B LLE 2
B+ hriE2 (x+s) £n. ZUAMN LA IFT A
R 245000, PP LT H SNK-q £ 5 . P<0.05
ERHEGIFE L.
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21 BFHELERFR
IEHRBRAFHS G5, MR RE,
o R S S N SN Al T T [l = N EOR TN

b 8 e kg
T T %
N b s
LTI
2 S

L Lo i

RiF

1 ERE

2.2 FFAEU KBTS VIR EFIIsEERTL

ARIGH 1R, KB T 2 R 2 3 5 7 il
(ALT) IR RARASLE M (AST) /K-F B
BT RTEARA (¥ P<0.05). b W ©GHER,
KB ALT Fl AST 7K F- ¥ B Z BE AR (F=145.742, P=
0.000; F=119.434, P=0.000) (#1).

®1 FFAEUEBEXRAESSVIRG ALT #1 AST U FR
(n=8, x +s)
Table 1 Changes of ALT and AST in rats with liver fibrosis
after partial hepatectomy (n=8, ¥ + s)

2051 ALT(U/L) AST(U/L)
BFARA 32.85+4.19 97.53+8.26
TR IR AL
RF1d 149.64+16.34" 271.34224.68 "
ARJF3d 128.87+13.55"? 234.19+20.51"%
ARJFs5d 93.21+9.21"? 190.31+20.57"?
ARJF7d 71.37+8.06"? 172.75+18.29 V-2

TE: D SGIRTARA L, P<0.05:2) IR/ VIBRAS 1 d2H L8, P<
0.05

Note: 1) P<0.05 vs. sham operation group; 2) P<0.05 vs. post-hepatec-
tomy 1 d group

23 HALEUKBRABIVIBRFIFAELS TGF-B

#1Smad mRNA 2544,

TEATHF 3 VI )5, TGF-B #il Smad mRNA HY
KOF ST, AR 3 Rk EIEE (P<0.05), Tfi
Jo BEAR, TR T R BEAR 2= X A K (3 P>
0.05) (£2).
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(x100);
A: HE staining (x100); B: Masson staining (x100)

el T
A: HE 3

Figure 1 Verification of model establishment

B (0.92+0.08) % . £F 4 AL B R R 3l )5 L
ERCID VR ~ 21V oY 7 N AN L B 3 %7 N
iR N R O (11312 R O ) - S WEOR % N
S¥ch (1352+1.68) % (K1),

(5PN
SRS

Yef, (% 100)

B: Masson

®2 FFAHENRB KRS YIRS AT H LR & TGF-p 40

Smad mRNAZY (n=8, % +s)
Table 2 Changes inTGF-f and Smad mRNA in liver tissues
of rats with liver fibrosis after partial hepatectomy

(n=8,x * s)
bl TGF-B mRNA Smad mRNA
e FARLH 1.6320.16 1.52+0.15
o AR
RiF1d 2.21+0.21" 2.07+0.20"
RjE3d 4.68+0.45" 4.39+0.42"
RjF5d 3.17+0.30" 2.98+0.30"
ARJF7d 1.74+0.18 1.59+0.17

H D) 5EFARLE, P<0.05

Note: 1) P<0.05 vs. sham operation group

24 HALEUEBEXRIFDBAVIREIFAR
TGF-B/Smad B EHRIZMNEZK
TEATHFEB 2 VI BR J5 . TGF-B A Smad & H Y /K

BIog T, AESE 3 Rk g (P<0.05), Ti)E

MR, 7E55 7 K MR 2= % 41K FE (¥ P>0.05)

(El2) (%3),

IR
BFERH AKF1d REF3d AKFESd AKJF7d

- — --_hTGF—B

— AR R . —

2 Western blot#il TGF-B. Smad & H &KX
Figure 2 Western blot analysis of TGF-f§ and Smad protein

expressions
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R3 HAHAERXRIFES VIR EFALS S TGF-p
Smad EAMEWL (n=8, % +s)
Table 3 Changes in TGF-f and Smad proteins in liver tis-
sues of rats with liver fibrosis after partial hepatec-
tomy (n=8, x =+ s)

BFARH 0.87+0.08 0.85+0.09
BT IR
AJF1d 1.14+0.11" 1.46+0.13"
AJG3d 3.62+0.35" 3.47+0.34"
AJG5d 1.43+0.14" 1.29+0.12"
AJFE7d 0.91+0.09 0.92+0.09

T D 5B T AR AL, P<0.05
Note: 1) P<0.05 vs. sham operation group

2.5 BFERS YRR AiE 1T TGF-B/Smad 18 2% X BT £F 4
KRBT IhBERI M
3 KB D) RE 48 b 25 5 A G it E X
(P<0.05) . JFHB43 VIR 2410 ALT A1 AST 7K F B 8 5
TR T AR, K5 VIBR +TGF-B 411 il 77 41 /Y ALT
FUAST /K P WY & T AT R R AR 4 U0 B 4l
(# P<0.05) (£4).
2.6 BFERHYIRR ARIE T TGF-B/Smad i 2% X3 AT 41 4
KRB AR/ KT AKX TR0
3 41 K BT AR 41 21 Ki-67 2 1 3Rk KF L

EFAL

HEER IR

BERAGEI¥E L (P<0.05) . HFH 59 V1B
40 Ki-67 FH M 40 M % H W W & T x4
[ (121.57+832) > vs. (24.63x£275) 4>, P<
0.05], JF#B43YI Bk +TGF-B 41 il 57 41 /Y Ki-67 BH 1 41
A B AR TR VI BR 4| (40.72£3.44) A
vs. (121.57+832) 4>, P<0.05] (3A). 34 KK
B AR A 2 LGRS 28 1 3Rk K P LB 22 R A Ge it
R (P<0.05) o FFAR 0 VIER2H LGRS FH 4 41 g %5
H e T AR (92.43+£9825) A us. (16.94 +
1.69) 4>, P<0.05], 853 PIBR+TGE-B 41 il 7] 2H 1
LGRS FH M 4 i % B W 3 A% T 1 3% 4 U0 Br 4
[ (35.87+3.60) 4~ ws. (92.43+9825) 4, P<0.05]
(E3B).

R4 FFAENKBRIESVIBRAE I8 5 TGF-p/Smad
BEIXR (n=8, z+s)

Table 4 The relationship between liver function and TGF-p/
Smad pathway in rats with liver fibrosis partial
hepatectomy (n=8, ¥ + s)

TBTFAH 32.19+3.95 95.04+9.24

HTB 4Vl EREH 91.35+9.38" 187.61+17.38"

IR+ TGR-B ML 130.64+12.58"Y 254.83+25.72 V%

TE D) SIRFARAIE , P<0.05;2) 5 VIFRALH# , P<0.05
Note: 1) P<0.05 vs. sham operation group; 2) P<0.05 vs. partial hepa-

tectomy group

Y+ TGF-B 4k 7 21

E3 maLm (x100)

Figure 3 Results of immunohistochemical staining (x100)
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A: Ki-67#[1; B: LGR5S&M
A: Ki-67; B: LGR5
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% 1F 80 ZAF 1l 1 UUE S EZE AT 2/3 VIBR J5 7T LAY
A F AR, W58 3 76 A [ 0 w6 o 2 sh ) &
L RBLT RIEE LG BT EF YAk R R S R
PRI B2 R, R A difbad B v, 40
P, BB 2B, ROE M S, F AR
0TS, NS SO M A 3 A A R R
PVH, FeZn] BE T BUN ) ak s AR D
BRIEIRIT I B 2 O ik, (R X F A I 4 4k
ey B, SR m @A M E, P4l
FRA B HL I B A E A I R S

I VbR G 2 B IF AL 8 R FAE R T, A
I3k 2 B, TGF- B/Smad i B% 42 2] & % 1F FH2Y,
TGF-B KA 5 1 [ 75 41 B AS [5) ) By B 25 75 22 1Y)
PERT AR RIS . e R
ol R TR Bl A RSB E RS, T
TGF-B UIHE 2 FEVE RN Z2 3001, HE 3 B 1 b 48 A
BT NZB 0 K B FERFE R, TGF-B R %
Z 50 F R 00 BT A B B, A B 1 A A 1 R
iE FNEF 2k, B F6E AL FUREAE . TGF-B X T 21 i L
A 4 J AR TR, AR IR G & AR R AR B
A B R R AT, TGF-B it 33K J5 Bl %
Smad F [1iE A 40 AZ ,  DATT A S2F 200 i 3 5 AH DG S
DRI (1 e 3% A1 0 T 40 R 34 3000 A BF o oot R T Y
T CCL A B R AR e AL B 7Y, IE VI Bk 70% 19 T 41
gl HATEARESE 1. 3. 5. T RENMFIRE, 45
KRB B A P, Y BEHE R AST A ALT Fifi
Z AR, R DIRE B WK . (HJETE T R
TGF- B 1 Smad mRNA il £ 11 7K °F 56 It mi J5 B
JF HAE @A 3 RIKFNIE(H . TGF-B/Smad i #% A {H
HAMRIEMMEEGIIRE, S ARG O EA
FIE 5 £F de A A1 F o R 5% 2 s BILIAR Y 45 b 352 455
Y9 25 B0 TGF- B/Smad 8 %, M8 ¥ I 2R (.
20 B A0 BE Y AR R, AR RO B A AT . (R R
HA ML B R A S T, R 40 i 4 g
2 FEAMMIR T AT 45 R R I 4 VR
AW, TGF-B/Smad 17K ¥ T+ &5 IF 2 5 A 21
A, M FF O RE AR & o {HJ& TGF-B/Smad i
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X P A 1 B 5 i 3 T i — DAY

Ry E— 20 5 UE 5 43 V0 R R ) B TGF- B/Smad
%S 5 A8 R E R F T ae, AR
FIFH GW788388 K 411 il TGF-B i f% . 45 5 i /i HF 37
SUIBR ARG, IFYIREFE bR AST I ALT FHi, LY
T 3 56 2R ) KG-67 T 40 i 48 B LGRS 34 W 25 T
1M 24 fif FH GW788388 1l il TGF-B i % /5 , M UIRE 45
b AST F1 ALT Fi i — 2 F i, 17 Ki-67 F1 LGRS [
PE % 20 M %50 B 9 0 E Ml . TGF- B/Smad 2 & 1 4
0, 184 B ) T B B, Smad 7] 42 B Ki-67 FE N A S5t
KAV, 2R 4R R Ki-67 B8 [0 2 A2 i 40 i 3 5E Y
It H Ki-67 197K ~F- o J2 77 Al I 75 A A OC B 2
LGRS & —Fh L2 R E 1, RIHIREALPW
T pE bR B, A ST SR A 400 LGRS FHAE Y
o B s 4R A AR B FR R e 11 JF H LGRS
FH P I 40 Bt mT DL 2% i BT 25 2 Ak s 20 1T 40 B 45
B, T LGRS 1Y 4% ik 2% 3| TGF- B/Smad i % 1 14
¥, WIS 7R TGF-B/Smad AE %38 3 {2 #F LGRS 14 ¢
IR A A A e Y. WA B9 & B TGE-
B/Smad 38 % Y 80IG BE 0% $2 5 LGRS 2 1 1 3R IA 5 =
S5 T 1 968 A0 M 0 T A B RR MRS . A RIS R R
53 VI G TGF-B/Smad 3 4% T 7 T A2 K 40 B T 40 it
FRAE, X8 7R B 2F 2 A K BRU7E 20 47 30 40 VT BR R
J&, TGF-B/Smad il fAH X H KB4 B, #Em
{2 #F Ki-67 A1 LGRS £& F1 1 %15, M7 = JH 41 il
WA, JFER S T AR, #F— 208 R A Akl
JEFA0 AR, AR I P2 AU S UE 5

i b rik, AW R R T I )
I R e 4% 38 451 % 455 TGF- B/Smad 135 5 3 J& 12 3 JIF 27
Heb KRB AIAR 5 7 d NI IR AR, 7T 68 0 iF R £F
AR T S HE— BT TR YT TR B .
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