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Abstract

AIM: To investigate the effect of lentiviral-me-
diated delivery of shRNA targeting the SMAD3
gene on liver regeneration in rats.
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METHODS: Sixty male rats were randomly di-
vided into three groups: SMAD3 shRNA group
(n =20), shRNA control group (n = 20), and nor-
mal saline group (1 = 20). Intrasplenic injection
of lentivirus carrying the SMAD3 shRNA or con-
trol ShRNA at a dose of 1.0 x 10° TU per rat was
performed in rats of the SMAD3 shRNA group
and shRNA control group, respectively, while
the normal saline group was given equal volume
of normal saline. After 96 h, 2/3 partial hepatec-
tomy was performed to develop a rat model of
liver regeneration. Seven rats of each group were
sacrificed at 96 h, and the rest were sacrificed at
144 h after hepatectomy. Liver tissue specimens
were collected. SMAD3 expression was detected
using real-time PCR and immunohistochemis-
try. Proliferation of hepatocytes was evaluated
by detecting Ki67 by immunohistochemistry.
The ratio of liver weight to body weight was de-
termined to observe its role in liver regeneration
in vivo.

RESULTS: At 96 h and 144 h after hepatectomy,
SMAD3 mRNA expression decreased by 73%
and 63% in the SMAD3 shRNA group compared
to the shRNA control group. The expression
of SMAD3 protein also decreased obviously.
More active proliferation of hepatocytes was
observed after SMAD3 down-regulation. The
liver weight/body weight in the SMAD3 shRNA
group was higher than those in the normal sa-
line control group and shRNA control group (96
h: 4.50 + 0.43 vs 3.97 £ 0.55 vs 3.98 + 0.40, 144 h:
4.66 £ 0.54 vs 4.15 £ 0.51 vs 4.20 £ 0.34), but there
was no statistically significance between them (all
P >0.05).

CONCLUSION: Down-regulation of SMAD3 ex-
pression could moderately promote liver regen-
eration in rats.
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BERGER, ¥ed
SMAD3 X B #
SiRNA =T 4 ) JiF
Y, 12
AT & A F AF R 82
AR

BrY: EA KA RIRRAT B AR a7
HAH 3245 69 32 SMAD3 2 B #9shRNA & 4012
FoF RS K SR, TLESMAD3 shRNAxT
PN Wi DR

Fik: K602 & Wistar kK R AL 5 A 348:
SMAD3 shRNAZ1(202). shRNAx} #2120
R, AR BRI EAL(0R), @i IR S
Tkt BamEL A EFAH1.0X10° TU/R,
4 28 3 K AT FB A 2T S ARARS00 nL AR 2R 3K,
252596 hE4T2/3/0F X3k ik, MK RITH
A BERL IF K3tk KRG 96 h&- 455 R 5L K
RTR, #A KA T 144 habsv, K ERFIEARA,
Real-Time PCR. % J5 20 2240 A AT 2047
SMAD3 &k, %.9% 4022040 5 40 AT 21 22K i67
KA, M E X BN R E/MRRE, LESMAD3
ShRNA X} AT 2 69 %5 v,

Z£8: Real-Time PCR#&M B -7, i@ id T
4412 9% A&, 4296, 144 h4k et %, SMAD3
shRNAZESMAD3 mRNA % %) 4 shRNA %} 12
T3 FIET73%. 63%. o9 4B 44K S A )
2 T~SMAD3% & &AW 2T K. Ki67 x4l
LALF R R R, FFRIFWRRIEI6. 144 h,
SMAD3 shRNAZAKi67 % ik A1 28 ie 4434 BA
R % T AR B KIS EAKRShRNAX B, &
AR 47 ) SMA D3 &L JG AT 4m JRL3G 7 7 5. KR
K% 5K 2 WA 2, SMAD3 shRNAZA
oA\ B A P2 3 K ) B ZH & shRN A % 20 A 3%
A A #(96 h: 4.50+0.43 vs 3.9740.55 vs 3.98
+0.40, 144 h: 4.664+0.54 vs 4.15+0.51 vs
4.20+0.34), 12% A % it 5 & L(P>0.05).

518 SMAD3 shRNAZE X Ak A 7] — T A2
AR BT 4w B RE A ) A2 3T A A A9 AT AR A
%) 55,

F47E: SMAD3; shRNA; 1895 3; FF B4
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D fe] {7 BE RF RN OK IR JH A, 6T T
BRAG 30 985 A5 JHE T 05 1) AR B B2 AT A
SRS AR A s AR B B
SR, 6 AR kB B, B R
-B(transforming growth factor B, TGF-B)FIHIE 2

PT A, 2 AR 0 T () o s R 2,
TGF-B ¢ Activin ARIE/EH, FEEILSMAD
F OB BN AR S S, T SMAD3 2
TGF-BFIActivin AZESMA DA 530 i L [H] 1)
SR AP Ry BT SMAD3 &
ik, 45T fig [ IR B TGE-p Al Activin AI/EH,
NS 02 128 4 b 8 5, 38 2 74 H 1.

/NFPLRNA(small interfering RNA, siRNA)
S 5L R T e SRR T I s TR, m B L
S BN IE R 55, siRNAZERNAMKHIRN A
RAEMRARp)EH T, LLHEmRNA KB 5 ik
dsRNA, J& # 0] 8 P A B 08T 1 siRNA; A2 il
IsiIRNA S AT E N FRDEER, A i S mRNA#T
BEPEIRADP, WFFE R, sSIRNAKE 2 HUsE [ X5
AN Ay N AL R S U NS g ]
BN FRIL PR HarsiRNAC N H T9t
JF 9899 25 T T 4 A BT 368 3 (¥ v 7 i o o2,

R sIRNAS N T BOR I R 7 2801 o —
SR, DAHTV-1 4 KAl A g 1) 08 2 201k R 48
FLAT ] o 244 ORI IE 2 24 L e IR R
NG AL, 3R] DU K LA e R SR TR B
A2 EA M S R A, SEBLH S R AR e
ok, i HARRROR G S PR, R RA)T
I 1 FH 35 PO RIN A A A 5 v LA F 1
pLKO. Ui #i At 8 T1X — R 4. KiiRNA
pol IIIJH 3 F [¥)shRN A 51) 4 A\ 2] 25 /4 pLK O.1-
Puro-GFP, I 55605 e 3 (1) J 4 ks L4 e
A0 Can N B 293F T4H L), Wk (e 4 i b3
A — k& Ge e Jymi L 2 Hae I e it
shRNAJFH FIHT V-1 304 R00kE, ISt I 4L 40 41 g
HHTIBYY, WIEANI ) R IEshRNA, JHiE-— 03
il A sIRNA K SEAE H.

TEBATHAMAE T, LUK SMAD3 4
KB, INEE T siRNAYE FIHEAT . FF
TSMAD3 shRNATJ 2 1A R4, fEMARAH B
T E A EIN I RARZ R (e B NG S R IS
KB G DIBR I P AR A2, #8795 EIASMAD3
shRN A FFFF A= 1R 52 1, 1T by 75 28 9% 1 3
U L PRRIRTT SR AL 1 SR K.

1 #RATSE

1.1 ## PCRYIW( R AW LA R A
G ); RNATREGAF & TRIzol Reagant(32[H
invitrogen/A7]); TaKaRa RNA PCR Kit(AMYV)
Ver. 3.0 AW A WA F); SYBR*Premix
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Ex Taq "(Perfect Real Time)(54:H) TFEAT IR 2>
); 9¢6E HPCRIXT500(ZE E ABIA f]); Poly-
brene([ESigma/Arl); SMAD3FIIAGEECell
Signaling /A #); Ki67HUA(SE E Epitomics /A 1));
P2 PSR AL Y TTRE 5714 N = Wty 1 B 9 B 5t 1
A FE]); B E AR E S P AR (b
R A E R B A F]); LEICA RM22351#
WD) BLCE IR R A AT BR A 7]); CX40RF200
65 AL (H AXOLYMPUS) .

1.2 7%

1.2.1 12w a6 65 Al 2 A58 AT TAE B2
FIPLL3.7-shRN AN B4 0 bt R 40, 0 %Ih i
e Mg TR K BSMAD3HE K [fIshRN A FE 41
fE 55 15141 SMAD3shRNAHE [ (#1751 4 5'-UG-
GUGCGAGAAGGCGGUCAATAT-3'(Hi#iGen-
bank$E L {ISMAD3ZE A7 4INM_013095, i)
SMAD3#AEEANT £1289-308). shRNAXS [ [ 71
H5'-TTCTCCGAACGTGTCACGT-3'(fti HH _I-¥#F
T A FER A I ctrl siRNAJFSY, 1% CHGIE
S5 R BRI S DR AL e = 1 27 (R ). 4 A st
UF ERAR TR AS 2 il A ), AR ILEEAT
1T B R ke T

1.2.2 FFAABRMERNG mERS: & Wistar
K60, K FE150-200 g( [E % S pe 2Rl 2
B Sz sh ). BEAL 341 SMAD3
shRNAZ1(20 ). shRNAXIHEZ1(20 ), AHEh
A FRAT(20 ), bk & A i T 5 45 7148
WiEE, HAR RN KERRTRG, 457 10%K
A4 me/kg R, £ K. REUMER, PYJB A 5,
FIT s 1 K BRI DX, B ) B — EARY
1.5-2.0 em /N, /e - FR I 2R 35 U, 280
EVESSZ5 25, SMAD3 shRNAZH . shRNAXS 4]
P95 5 SR R 1 X 10° TU/ K. 1895 241
FHAE 3 ER KRR 43500 pl, 00\ 1805 2 Ik gt
BEfIPolybrene(ff 2k & N8 ng/mL), A= B Eh/K
XoF FR LN A5 AR 500 WL A= 38 AR 7K. 3 56 s AT LA
GBS AR R A, AR RO AL, T
U R SO IR E . 96 him, B EiR & AR K
BATIF R UIBR A, ST AE A, TRk
KRR R ORI R Al A, AT 9 B8 K U
TN N U N B = YA P N W T N S 21
DI R U 2 Jok S LA A Rt oy s, 3
BB IR Rk, RIR IR K LA 2 BY TF, ki
T P R R LA, SRR NI RS B, SREE
A% E e, BYI A BB R AR T )
FH 75 2K R BT A e ] 52 4531, A0S AT
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W2 AL, ] AE U552 5 A A e R D i 9
L. G 5y AP I A R 4, S 5 LT i BY
Bk, BB A, B 25 A M.
1.2.3 ARAolc g IFREVIBR AR 596 h, SMAD3
shRNAZL. shRNAXMZ] . A2/ A
FIURR 7L, BRI BRI, 20 F J i ko
10-15 mL, 73 B 5CE T-80 CUKAR h R A7 4%
K. ME— DR EE I, B SR AR U, T
AT 5K A B, B A i
B emX 1 em K/NHALZURAN40 o/ L R EE
], HAS P2 A B B /K Pk J5 89 /8200 mg
LA LHIRNGAAE S, AR .
Jifi s EHLALZR, 647 T-80 CUKFI & H. R
J7 144 hIsP R0 20 F) A A7 375 R BUAR A8, FRIUH BT
IR AR,
1.2.4 #m 3847 (1)SZI 2¢ 6 2 5P CRYEAL I AT
12 SMAD3 mRNA )R X4 B TRIzo il 7
YIS 2L RN A, TaKaR ajdfi % Sk 47
WSk L e DNA, PrimerS#E 3 H i 5E A
514%). SMAD351¥)¥% 4 Up: 5'-GACGCAG-
GCTCTCCAAACCT-3', Down: 5-TTGGACAG-
CAGGCCCAGACA-3', ¥ 447 H803-10294%
HE47 1. GAPDHS #7415 Up: 5'-GCACCAC-
CAACTGCTTAGC-3', Down: 5-TCCACGAT-
GCCAAAGTTGTCAT-3", ¥ Hi{7 & h411-6504,
FEAT . RNARR20 pL, Bar2MNE AL, @ik
VAT FiAEPE: 95 °C 30 s; PCRJCMY: 95 °C 55,
60 ‘C 30 s, TEHEA0; S M 45 R g 19 il
LRI Z, LIGAPDH N2, iH50 H It
[KISMAD3 mRNARAHRT Ik &, 1A F:
SMAD3 mRNA = Power(2, Ctgappu-Ctsmans); (2)
G2 AL 2 A T HIE SMA D3 FIK67 114
ik f2-3 mm)F AR e, A, %
3 um/FE Y] . A Y] U, PBSBEYR,
0.01 mol/LIHMIMKIRZE MR (pH 6.0)Fl i In#h 4
92 C-96 CEEHUE15 min. 3%H,0, L % I g
15 min, F 003 P IE S E 05 TAER, =i
515 min, W2, 2)0%. WINSMAD3FiA, Hiik
WML 2200, 4 CHRERL, PBSYESS. g MBI 48
bR S T CAEW, 37 °C 15 min, PBSHE
. EHIDABR M. HIOTEIK. —HZRIEW],
H PRI RSB AR A T ZAK67 S LS UL 24
MPCERIR b, HARKie7THiiAR TAERE A1 1 100.
Gt F e Dimean + SDEER, K
JISPSS16.0 for WindowsZt 1 #4847 e v Ak
B, GEvk 75 vk R — I %1 22 4 0R) 1 L AR B TR

Wi £ R

FL B TGF-B &
Activin A#9¥ER,
AT AR AR 3T B
AL RO R R
SR E, EN
TGF-B4ith #t #7
# TGF-B mRNA
ok, RET
ROGER, R
FRAELIEAN
TGF-B# 44k, #F
20T R AR ik R
2 A, A Ac-
tivin A#9 B S EE
B AL BT
T AR, RIBT
BT 2m JRL ¥ 48 fol-
listatin M A= 45 24
EWGN EE RN
o % Xt B Rk
follistatin, A 37
) Activin#g 75 A,
S H A m DNA
& R ¥ dn Fe JE
X B HRARIG K.
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[ LR E A 0.0012 - _ P=0.000 %1 96 hARRIFRER SAREHENEY 1 = 7)
44 3 TGF-B Ao £ = 0.000
ActivinZSMAD o 0-00107
bimbay 00 G HRRQ  HREAERE
WRFERES  E
FHASMAD3, & 0.0006 + HIBEKNIRA 7.07+0.72 3974055
TSIRNATLS & 2 0.0004 | ShRNATIRA 6.98 + 0.84 3.98 +0.40
kA#HSMADIK T SR oo 5562041
&, 577 @A 0.0002 -
) R ILARGE. .

HEREKER | shRINAR A4 SMAD3— <hRNA9H

1 3548596 hZ4BSMD3 mRNARYZS K

P =0.000

P= 0000

HEFRERKZH shRNAXJHEiéﬂ SMAm —shRNAZH

0.0018 -
0.0016 -
0.0014 -
0.0012 -
0.0010 -
0.0008 -
0.0006 -
0.0004 -
0.0002 -

SMAD3 mRNA

2 ¥518144 h&4BSMAD3 mRNAEYZS L.

R RN, BT AT, BRI IES
G4, I Kruskal-WallisBR A 4G, LLP<0.055
INZE ST G VE R S A T 2 o) BT BURR R R 56
gl gt R, —PkFBonferonni,
LSD&5 7 V34T M P LU L.

2 BR

2.1 FEat3 R E ZFPCRAEM & 41SMAD3 mRNA
F KT oL 96 hitf [B] S IESMAD3 mRNAFR AT
BLanE 1. BT ZEASE, K ruskal-Wallisfk
FURTI, 25 418) 22 5 HAT Ge it 2% 75 (P = 0.002).
& ULTE) R HE 2 50K 56 - 2 MO R AR HE S R
AT LLEL, 45K 7R, SMAD3 shRNAZ
A3 R AR H R K 4 . shRN AT 2L A L,
SMAD3 mRNA ik & W] R FEEIP = 0.000<a,
a' = 0.05/3), TMshRNAXS FE 2 A1 A BE Eh 7K 2
P2 A] G I S 22 (P = 0.539). 144 hif (8] fSATFAE
SMAD3 mRNAKLIE LI K2, &40 2 7 5
HEFE (P = 0.001). SRR S H
B2 A ESHRT S0 AT P M LU, 45 R
7R, SMAD3 shRNAZ 73 Jll Fl AL Eh 7K REZH
shRNAX FEZH A L, SMAD3 mRNA %k & 1 i
NBEEYP = 0.000<a, o' = 0.05/3), iMshRNAX}
SR ZE R A B KO0 R A 4 TR) G B e 22 (P =
0.481).

2.2 fE LA SN £ SMAD3FKi67 £ I Ik

é’u’z:» SMAD3Z & i T4 M ffu 2%, o yss 2027
ez g tm o Rk s (. HERYI BRAIE RS 96 hAll
144 hitf [ 25, SMAD3 shRNAZ /3 51 Al AE B 27K
XA, shRNAXFRAIAHLE, SMAD3RIL B 2
FANEI(EI3). Ki67 @A T4 iz, B4 ey 1
I BAZ G o o B (AR €, SRR FE A
G B CL T B A A DX B L e 4 2K
227N, SMAD3 shRNAZLAH X4 2 &k 7K 6 1
ZHFIshRN AN FEAH, Ab T4 i 5 5 19 A 44 i B
B2, H96 hivh ] s Ab -1 H4 5 1A 1) 41 fu o1 2. %
144 hisf[a] 5 (& 4).

2.3 KA 2 2 AL EA596 hll144 hivf[A] 53,
SMAD3 shRNAZ|. shRNAXIRZ ., ZEHEhK
XoF FECAEL ) JFF O 34047 AN () 2 5 38 2, 349 742 1 JFF
TEARA K], 144 iy i) 5245 2H AT 55 A Pk 52 D
IR R /NES, 6).

F 1R, 96 hiif 8] LiSMAD3 shRNA4LfT
TR /AR T LR, A O A B R AT AL
shRNAXS ARG I, R 305 22 0 o, %
ARG X (F = 1.726, P = 0.216).
[FIFE N2 571, 144 hiny 1) g %% 20 2 8] JFF o o/ ¢k
SR ZE NG L (F = 2.001, P =0.17).

3 11ie

Xuf5 4 K273 H K E6 D) R 5 R A 4 o B
W(RJE2-6 h) 1R E6-24 h). (KRG
24-36 h). & IEWI(ARJGE72-168 hyZE4AN 1S
W IR, TGF—BTHEEQ?}M%EB}I&I&
N IEW BORAE T BN, BARAE KR
23 NEVIBR A G, TGF-BREAE M5 2E )G 3 1
W, AER A AR LI 40 N TG F-BAE 5 1)
FBAE HIANBURE, AT SR e Rl A, 322
JR RS 41 O TGF-B A2 A4 (transforming growth
factor-B receptor, TGF-BR)KIE N, FEUHM
WOAET GF-Bif J 184 i (K5 A7) AT 8 =0,
MActivin A7EFFA RUHAE 508099, 414
KRB, AR AR 2 b BeR ik T, feon
Activin AtHJE— AN B JIF 7 AR 28 10 P
DRI I B AT 138 B JH R DI BR AR J5 96 h 2144 h(iT
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iR EE
AT A AR AT
AW KR &
O o
T #4912

3 51596 hi2144 hZ4ASMAD3 BRI S EER( x 100). A: AEFHEL/KAT IEZH 96 hRRRUFHZASMAD3RI#IK; B:
shRNAX FRZH 96 h AFUFZHZISMAD3IZEA; C: SMAD3 shRNAZH 1496 h A FITAZSMAD3IZER; D: AFREh /Kot
TR A 144 WCRRITA1ZISMADS A, E: shRNAK TAZL 4 144 hITZHZISMAD3IZ5K; F: SMAD3 shRNAZ 1545144 h
KEUTFALISMAD3HZEIA.

4 596 h2144 hZ4EKi67RBLRLRULEEESR(x 100). A: AFEEL W FRZHIER96 h K RRIFFZAZHKI67HIZIA; B: shRNA
SHIAZHIERE96 hRFRITAIZHKI67I#S; C: SMAD3 shRNAZH#96 hAFUITZAZIKI67HIFGE; D: AEFER KB 155144 h
KRERATAHZKI67 25K, E: shRNAXREZH &R 144 hRERITFZHZIKI67TH IR F: SMAD3 shRNAZH &R 144 h R AFZHEZKI67
FHh.

FEA 2L B Borb (R 2 AN I 1) ) AR E KRR, W %¢ Activin AXTHFFFAEMIZ AR . A HReal-
FHWTTGF-BFIActivin AF 5 FIEEEILFEM T Time PCRFISMAD3 s A1 4k 7 45 WK, &
W E 5 HEHASMAD3, & &6 SURBRTGF-pA1  JAEE SFSMAD3 shRNABELEA[F] K F- A5 250410
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W &) 75

A AT AT A
b B E %
@ fo B FTGF-B
Fr Activin, &M A
shRNAZ 7% & k&
P4 SMAD3 X —
ERGESTEAY
Rk, MLIR ISR
FAGER, A—
W A A A
F 1A,

5 &E1896 hSAXRITAEER. A: A:FE:

JKRHRZH; B: shRNAXTIEZH; C: SMAD3 shRNAZH.

6 EiE144 WBFAKEIFEBER. A: A8

xR 2 MMAhAKBRBRARERSERELENTL

DR n HREQ FREAFRE(%
IBEOKWIBE 9 7.87+0.76 4.15+0.51
shRNAYYIRZE 6 751+082 4.20+0.34
SMAD3 shRNAZH 8 834+088 4.66+0.54

HISMAD3 (%15, H " Real-Time PCRE: J IR,
SshRNA SMAD3 4 5jshRNAX R ZH A b, SMAD3
mRNATE96 hi&ZIA & T [%73%, 11144 h K [£63%.

Ki-6 7470 i A& — b 0 40 i 38 5 %% D) AH 5C (1)
A bR P, A AR E T Al A%, BRG
Ah, HoAth 4l i IR 2R A K-67, H P32 AR JE,
TEA 2243 2 45 o 5wl 0V BR AR T 2K, T DA
TA Ay SR 35 Sy BEAEL PRS00 4 1 B M 1 4R b
2 PR KR TKA6 T e 4L Sk 2 48 L R,
G RV B R KOG A . shRN AN FE AL A L,
SMAD3 shRNAZH &b 40 i 58 5 391 41 o ]
B2, Ui TGE-BRIActivin AZE[R] )R
Y HAS 5 HR ASMAD3, o] LIH 3 L TGE-BAI
Activin AFHI40 B3G5 0/ . R ey LA )
96 hINf A] fUAb T B TE I 40 i W 2 2 1144 hitf
F) 20, R IREB Y BR AR G 144 hik T 3858 B
M4 A2, AT 2 Ep B

TG HEZH; B: shRNAXSHEZH; C: SMAD3 shRNAZH.

AR SO I K B B R K 5 A B LA Y
ARSI, 4E96 hA1144 h 2] i, 2R R )
KR HEZH S shRNAXT BEZHAH L, SMAD3 shRNA
AU /AR s TS, (1A gty
B W TIERREE R, B RS A (D)XFT
TGF-B, B T SMAD& 24, TGF-Bid il i@ i HoAth
B2 5 A AR R, BT GF-Bidk il i
LY ATINK/AP-13G PR S I 4 o 122,
B A I i AE T AH G 8 1 (death-associated protein,
Daxx)& 215 ST, (2)IETGF-pigfr
W2 5 AR 2k, BFCRIR, 40 0=
FRI A 1, 2 YA A BRI ) 3R (cy elin-
dependent kinase inhibitors, CKID)P", "R HIL-6/
STAT35 5 3l % 375 P P 40 JE X 1435 4l A 5
(suppressors of cytokine signalling, SOCS)%"",
ILE A 2 R B R4 T B S R R AR
;5 (3)BoultonZ5 e S TL-1 (T 5 b & B, 2/31F
KHEBVIRASS, TL-1 mRNATE 40 M 1E2E A 41
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