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Abstract
AIM: To investigate the inhibitory effect of

combined use of small interfering RNAs
(siRNAs) specific for transforming growth factor
beta 1 (TGF-f1) and transforming growth factor
beta 1 receptors (TGF-B1 RI and TGF-f1 RII) on
the TGF-B/Smad signaling pathway in rats with
acute liver injury.

METHODS: Thirty rats were given two intraper-
itoneal injections of carbon tetrachloride (CCl,; 6
mL/kg) to induce acute liver injury and initiate
the TGF-$/Smad signaling pathway. The rats
were then divided into five groups: TGF-p1 siR-
NA intervention group (T), TGF-f1 siRNA plus
TGF-B1 RI siRNA intervention group (T+R1),
TGF-p1 siRNA plus TGF-p1 RII siRNA interven-
tion group (T+R2), TGF-B1 siRNA plus TGF-p1
RI siRNA plus TGF-f1 RII siRNA intervention
group (T+R1+R2) and model control group (M).
Serum samples were taken to determine serum
ALT, AST and HA. The pathological changes
in the liver were evaluated by HE staining.
Quantitative detection of a-SMA, collagen I and
111, TGF-p1, Smad3, PCNA and TGF-o. mRNAs
was performed by RT-PCR. The expression
of a-SMA, collagen I and I1I, TGF-f1, Smad3,
PCNA and TGF-a in the liver was detected by
immunohistochemistry.

RESULTS: After acute liver injury rats were
transfected with plasmids harboring specific siR-
NA, serum ALT, AST and HA levels compared
with that of model control group decreased sig-
nificantly (ALT: 592.80 + 98.4 IU/L, 440.80 + 91.9
IU/L, 461.61 £+ 120.0 IU/L, 284.00+ 49.0 IU/L vs
949.5 + 196.1 IU/L; AST: 686.80 + 112.3 IU/L,
591.00 + 99.87 IU/L, 607.50 + 84.8 IU/L, 398.30
£ 61.91U/L vs 985.67 + 274.8 IU/L and HA:
5682.80 + 824.14 ng/L, 2871.26 + 394.68 ng/L,
3004.29 + 354.25 ng/L, 1982.12 + 402.71 pg/L vs
8444.65 £ 812.15 ng/L, respectively; all P < 0.05).
The best effect was achieved in the T+R1+R2
group. Compared with nonspecific siRNA trans-
fection, siRNAs specific for TGF-p1, TGF-p1 RI
and TGF-B1 RII could significantly inhibit the
expression of TGF-f1, Smad3, a-SMA, collagen I
and collagen III mRNAs in the liver (all P < 0.05).
The best effect was achieved in the T+R1+R2
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group. Similar results were observed for protein
expression.

CONCLUSION: Combined use of siRNAs spe-
cific for TGF-B1, TGF-p1 RI and TGF-f1 RII can
synergistically inhibit the TGF-/Smad signal-
ing pathway and reduce liver injury in rats with
acute liver injury.

Key Words: siRNA; Hepatic fibrosis; Transforming
growth factor-g1; Transforming growth factor-1 re-
ceptor I; Transforming growth factor-p1 receptor II

Huang SL, Tan DM, Zhang T, Peng ZT, Sun KW, Liu F,
Fu RQ, Guo GH. Combined use of siRNAs specific for
TGF-B1, TGF-B1 RI and TGF-B1 RII synergistically inhibits
the TGF-B/Smad signaling pathway in rats with acute
liver injury. Shijie Huaren Xiaohua Zazhi 2009; 17(24):
2444-2450
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BHY: 33 TGF-B1. TGF-BIR siRNABES &
A s R 2P 3345 TGF-B/Smadfz 5 4% §-18
B0 T TRAER.

ik FRHEBERERXRIORA > A24: EF
ST n =6, FHEREK)E LBM@0 =
30). RFHBAHMEFEEFIRFESKEIE
EHCCL LA HmER6 mL/kg, % m Z I
Bith B TGF-B/Smadfz 54 Fi@ 5. 5
34 A TGF-B1 shRNA-FF28(T); TGF-p1
siRNA+TBR I shRNAF 1 (T+R1); TGF-B1
shRNA+TBR I siRNA-F 4L (T+R2); TGF-B1
siRNA+TBR [ shRNA+TBRII shRNA-F 778
(T+RI+R2) Ao A A 2 B2 (M), WLAS & 52 Bb 40
2 #FALT. AST. HA; 44153 RT-PCRA= %
ST A F A M AT 4828 P o-SMA. COL-1.
COL-3. TGF-Bl. Smad3. PCNA#TGF-a
mRNA % % & #9 &k

ZR: ZshRNAMRAEDNATF a4 G745
AL YA, Ak B B A ALT, ASTA
HA#7K-F(ALT: 592.80+98.4 1U/L, 440.80+
91.9 TU/L, 461.61+120.0 TU/L, 284.00+49.0
IU/L vs 949.5+196.1 TU/L; AST: 686.80+112.3
IU/L, 591.00+99.87 1U/L, 607.50+84.8 TU/L,
398.30+61.9 IU/L vs 985.67+274.8 TU/L; HA:
5682.80+824.14 pg/L, 2871.26+394.68 pg/L,
3004.29+354.25 pg/L, 1982.12+402.71 pg/L
vs 8444.65+812.15 pg/L, P<0.05)# M % 14; 4
MG 7 AT AR, THRIVR2A T 2 25 T
HAR3(P<0.01). HAEA 20 3L4L. shRNA T #2
DNA-T 4690 2 #74] TGF-B1, Smad3, a-SMA,
COL-1%COL-38ymRNA L & & #) & ik (3

www. wjgnet.com

P<0.05). 94 2R ATHRIHR2A Z A 2. 3T
BB G KT A WA R AL A AL B

i ATGF-BRIT AL [ & Z4K(TBR
[). TAZAKTBRI)#siRNAFKAE 7 A
)N BAF ARG P TGF-p/Smadfs 5 4+ il 3448 %
a9 A B F ik 0 A ) B W RV AE A

BT NFHRRNA; FEAF4EAL; LA KRBT,
LA RE TP | LA REF-p2A L

@S, BB, E, =R, AN, NFE, BRR, SBE.
EXSMFETGF-B. TGF-BR siRNAN/N\EIHR(GTGF-p/Smad
ESESRBEXERTRIABHDG. BFRENBIRTE 2009;
17(24): 2444-2450
http://www.wjgnet.com/1009-3079/17/2444 .asp
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[ 1 g 7 M JH AR (L 45 SRR B %)
R A ZE X, 8V 988 A AT AL, Atk
I o5 Tl PR I R R O A L JH R T b 22
93 B FE . PR AN 9 R AT A 50 4 AR A Y
R PH 2 F I AR 99 B RN A W He 34 RE RS 1R FE Ak AR
KK ¥-B(transforming growth factor B, TGF-B)
FIEPY TGF-p/Smadfs 514 5 18 I 5 i 27 4k
i A KRV G, 24 4etb k&
) E 2 51 S 40Y FIHRNATHRNA
interference, RNA) =1 R 1B HE I DR (1) J5 2, BT
LT YEAL 1 KBRS TGF-B/Smadfs 54k Sl i &
L EINAIN N e PN NS N VA4 Ay S T s U
AT Yifl. A SCEE N R DT BR T GF-B1
FITGF-B15Z {£(transforming growth factor-betal
receptor, TGF-BI1R)[¥JshRNAG YT T 21 44k 1
MR U2, PRSI S8 S Pk shRIN A FUBURITIER
N HIA TGF-B/Smadfs 5% i % S N1
T HREDRI R IA (1) 5.

1 #RRTSE

1.1 AR S HESD A 36, 1R 5300
+50 g, MERERF, dl B A K 7 Bl P S
HL B AR (G H UE 5 sck(1)2003-0003); Kk
TGF-B1, TBR I MITRRII siRNAJHIDNA: KX
HpGenesil-1 vectorsy B IFEEHI(E D) EH, d
DR ZE L) TREFORA IR 2w iy 3t 6 20 R
TGF-B1/pGenesil-1, TBR I /pGenesil-1FITRRII
shRNA/pGenesil-1LL Kplaceb/pGenesil-1; 73 #7141
CCl,, Jo/K ZREQH IR 0] ); Regaud
INRRGEM, RIS LRI (BASOA H]); ik

AT A 0
sSiRNAH K& %
B Bk AT e A E
Ipwl G IT HOR, A
JiE B A PR K R
ECl) & S e &)
IRIL AR, R
JATGF-B1 siRNA
RE R, 52 A e B AF
Y.,
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Wi £RE

A B 5 A R %
B 4 YAk it 55 A
R, BTG
BRAFAHER
TGF-Bl&ikey T
B, — 2Rk shfm
FT 4 e 5 A
A W A R & A
BT TGF-B145 5 4%
F, a6, A
B & 77 (BOUE A
FRRBR, BRFE M
TGF-pl A H
Rk )R
## TGF-l&IA,
M TGF-B 145 %
e 5, 1F 18 F T AR
&4 2m L 91 AR R,
I Fa B 4F ek 8h
TR K.

fTGF-Bl. Smad3. COL-1. COL-3. TGF-a.
PCNACERIPU AR -8 A TR BR A 7)),
Fifla-SMA(DATA SHEETA1]); SABCIR £
(B LAY TR R A W]); RT-PCRA|Y)
(#2, HATaKaRas EYHAA PR A4 ), RT-
PCRJ W14 % (Promega, USA).

1.2 7%

1.2.1 AR 2 G RAR R K36 40 1E
WX (n = 6, VA AL H@n =
30). S50 2H B WAE S 0 2 ORISR S ORI s v S
CCIE LM W6 mL/kg, iR 2 I #5145 IF
JA BN TGF-B/Smadff 5L Tl K. 18578 HiEE2IK
CCLEIE NG, RF IS shRNAFTHIDNA
HRS0 ng/2 mL; SEERA15) 4 TGF-B1 shRNA
FIHL(T); TGF-B1 siRNA+TBR I shRNAT-Fiil
Z1(T+R1); TGF-B1 shRNA+TBRII siRNAT-7ii
41(T+R2); TGF-B1 siRNA+TBR I shRNA+TBR
II shRNA T TR (T+R1+R2) I FY 5t 2 (M):
S placeb/pGenesil-1 JURIDNA. & ki i
shRNAJFURIDN A48 hJi5 kb E504Y), B i
R I.

1.2.2 fi5ALT. AST#=foi% % B 5 8% (hyaluronic
acid, HA)K A 20 22 0% 22 S L2 ML ALT
ASTAIIR 4> F B A AL 73 B G 2 ; HAKS I
SR U 5928 3 W22 (RTAYKL 5 JHF 2 2 3h5 A<
100 g/L AP F RS [ e, A 34, e 7 vk 3k
1T B2 A 7

1.2.3 RT-PCREM AT L Fa-SMA. COL-1.
COL-3. TGF-pl. Smad3. PCNA#TGF-a
mRNA 69 £ AR VK A VA VR I 4128100
mg, IMAZLDEPCAEE L B A1 #s b, 4
LG N1 mL TRIzoVEHE 7840403, FE4
HUFAZUARNA. N HM-MLV RT3V 5 48
Oligo(dT) %5 HicDNA. SR J5 & 4r e 5 1 W2 &
BE [ W (PCR)Y B4 [FlcDNA. PCR4A: TilAr
P£95°C, 5 min; 4194°C, 30 s, IEk58°C, 30 s,
EMT2°C, 30 s, HL30MEI, H)572°C, 10 min.
PCR™ W HLIK T 20 B FELUK AL BE R G446 1 e
M. B B 3t R GeAa I A FEAE.

1.2.4 A AZEALFEMNTFHEP-SMA.
COL-1. COL-3. TGF-Bl. Smad3. PCNA#=
TGF-o% & # & ik: 4100 g/LFFRERIE &, A7
AL AR AE D) . B, 30 mL/LAL
KR PR T A A DI AN 48 1 Ll =
I35 35F IR A AR B LR DI A e e S
PoER M —$i(a-SMA. COL-1. COL-3,

TGF-B1. Smad3. PCNARITGF-a), 37°C, W #H
30 min/4 CL A AME —H137°C, fHIE30 min;
FRZE AR 37°C, 20 min; DAB
BRTIAR R LG, PR A siks, JFH 4 E
G HAG L a-SMA. COL-1. COL-3.
TGF-B1. Smad3. PCNAFITGF-alfBHMESE 5
AN 75 4t

Yt bR SKHISPSS13.040 HH#k . soik
ATIEAS TS A ST 2 5 VERT 3, 4 52 IE A 40 A,
TiZ5%, MR 2 EHE: 40697 455
EREAI LR A Dunnettid; #3697 4100 B
BRI Sidakik. J7 AT H BATHE . P<0.05
NG

2 BR

2.1 BRI A ALT. ASTEAHAM E
2R B 5 X IR AL L, ALT(949.5+
196.1 IU/L vs 52.7+11.0 IU/L). AST(985.67+
274.8 TU/L vs 108.8+20.4 TU/L X HA(8444.65+
812.15 ng/L vs 111.45+24.24 pg/L)illEH (2%
ST W R (P<0.01). ZshRNAJFFIDNAT
T4 IR TT AL SRR AL LA, Y RE 0 35 PR
THEALT(P<0.05). AST(P<0.05) X HA(P<0.05)[1]
WEAHER3); AMBIT AP LR, T+R1+R241
7RO B T A3 4, T U2 (P<0.05, %
3), T+RIA 5 T+R2ALI7 3% WA Gevh 24 5 X
(P>0.05, %3).

2.2 AFARRE PR T FI0I7 A AN 4
JH 20 R 451407 B 21 24 358 A0 4 O W SR o, T L
0 7 A B RN (R 38 A JH 40 i A DL
B TR DT AR YR B 98 1 Al s Dk, £ A
A WL B VAT AR T+R1+R2 41T 20 21 2% 1) ke
W] AT T HAB3LL, T2 BORI X i 22,
T+R141 5 T+R241 HL AR 22 AN B B (K ).

2.3 a-SMA. COL-1. COL-3. TGF-B1.
Smad3. PCNA#TGF-o mRNA# & ik
a-SMA. COL-1. COL-3. TGF-B1. Smad3
mRNAFRIE M4 R E R, B 2 E ) R
AL mRNANRIA W BI85, 467 4 58
A LLE, mRNAMZRIEE TR 40974
2Z.[f], mRNAFJRIE R TA>T+R14] = T+R241
>T+R1+R24]. PCNAFITGF-oo mRNA{ £k 2
7R, RERLLH 5 2% 10 B A L mRNA T ZR8 TE W]
BZER; 4RI 42 18], mRN AR IE 5 LA
T+RI+R24>T+R14 = T+R2>THL(£4).

2.4 a-SMA. COL-1. COL-3. TGF-B1.
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2R SRNAE R FS!

2R SI¥E5l PCR=#2(bp)

TGF-B1
TE\W4E: 5'-GUCAACUGUGGAGCAACACDTDT-3'
RN4E: 5'-GUGUUGCUCCACAGUUGACDTDT-3'
TBR |
TE\4%: 5'-AGUCGGUUAACAGCGAUCU-3!
=4 5'-UUUCAGCCAAUUGUCGCUAGA-3'
TBRII
TEWVY&E: 5'-GUCUUGCAUGAGCAACUGC-3'
=A% 5'-UUCAGAACGUACUCGUUGACG-3'
ToFsiRNA
TF 4% 5'-GACUUCAUAAGGCGCAUGC-3'
=& 5'-UUCUGAAGUAUUCCGCGUACG-3'

Smad3. PCNA#TGF-a%& & # &k HEH s
A 2 0 P 5 SR 1 EF 40 A P BT ARG £ 2
Ik, CAAH B 5 B A i R o Al R e, S SRR
T 2 PR B 0 B A (8 R N Dy B4 . 5
HA L, B Ho-SMA. COL-1. COL-3.

TGF-B1. Smad38 F7E KA ME X . IR
FOAE WA DX S o () o &5 b 7 1 BH 2 4 3R
A SR PCNAL TGF-oufIBH 40 iy 6 ik 22
B, BT A SRR, a-SMA.

COL-1. COL-3. TGF-Bl. Smad3#& [1BH 4
Ji G €858 B W &5 N B IMTPCNAL TGF-a [
(17 BH P 40 B 30K W) 8 3 i, % A T 4L e T A,
a-SMA. COL-1. COL-3. TGF-Bl. Smad3ik
F 1) P 40 0 2 08 i B AT >T+R 141 = T+R2
ZH>T+R1+R24; PCNA. TGF-o5 1 BH % 40
Ji0 2k 9 LAT+R 1+R240>T+R 14 = T+R24]
>TH(FS).

3 e

JH 5 4 b 02 8 i1 22 Bl i ok 5 g 51k 9 JH AE
R0 A0 518 B N 1T 5 S0 A0 i A 2
(extracellular matrix, ECM)id & ST AR F R Bh g
(52405 X5 AT 440 1 40 B S o3 7 HLEIAIE 7T 36
B, ZFha A Al B e 1 2 5 ) A 4408 )
Jog B AR B RE, SErP TGF-BHIA K A2 5 i i 41
H@W%W-IO].

TGF-BKU) 7z, AR MY (hepatic stellate
cells, HSCs). Kupfferdiffi. PIZ40Mfl. AT4
Ja&5E&R v LAy b, HETIA A TGF-BA /DA 6FiNE
B, LY EE L TGE-B1-3 3R AL, o
TGF-B1 5 JH AR 4 Ab 1) AR R e 1) Ok F i R 5%
). TGF-B1Z e HE A 4 AT Bk # o 3= 2240

www. wjgnet.com

a—SMA ACT GGG ACG ACATGG AAAAG 368
GAT GGA TGG GAA AAC AGC C
| BUBIER CAT AAA GGG TCATCG TGG CTTC 789
GTG ATA GGT GAT GTT CTG GGA G
Il BUBSEER AAC CCA GTA TTC TCC ACT CTT 349
CGA GGT AAC AGA GGT GAA AGA

TGF-B1 CAA AGA CAT CAC ACA CAG TA 441
AGG TGT TGA GCC CTT TCC AG

Smad3 AAG GGC GAG CAG AAC GGG 425
GGG ATG GAATGG CTGTAG TC

PCNA  AAC TTG GAA TCC CAG AAC A 293
AGA CAG TGG AGT GGC TTT T

TGF-a ACC TGC AGG TTT TTG GTG CAG 239
GCA GAC GAG GGC ACG GCA CCA

GAPDH  GGT GAA GGT CGG TGT GAACGG A 245
TGT TAG TGG GGT CTC GCT CCT G

B-actin  GCT GTC CCT GTATGC CTC T 461

GGT CTT TAC GGA TGT CAA CG

Jitd, HSCsHIBAFE A=A ECM, JERATEF4EqL, W%
IR 2R 850, Jh 2 4k, eI sHSCs i #
11 M H WY, HSCsS2 TGF-B1 I3
s, KA shhe 4. 145", HSCs#H
HET BFEF A0 R 3 Bl R )
TGF-BIEGEHSCs, Ja sh AT S £F4E 4011
R TS AL Sl Y. TGF-BUE Y
T 3 B I 52 A 22 R IR S BRSO R AT S
WIISmad (4%, J5#H#IA N EN FTGF-B
GOSN A% A e R AR TGE-BL
WU I IR S I R AR s A R, RS B
A e Smad FI{F 5 IR AL, WOE
HEANN, KPR AON. BT O E TGF-B1
ATPR I . TPRII. TPRII 3F32 1k, HPTRR
[ . TRRI7EAL S TGF-BIE iz S ilid ik
FEAEH, BgE— A AETGF-BfE 516 Sl
e, TGF-BLAZE e 5TRRIL 45 &, 456 511
ZARFAR L SV FETPR 1 (3% 4k, FoAmEE
AN SmadsETGF-B1AZ A ME— [/E
&), BB TGF-BME 5 151 i¥ESmad
HAMETGF-BIE 55 TP IER, "I A
328 (D)2 AR BE f)Smads(receptor-activated
Smads, R-Smads), f.§GSmad 1, 2, 3, SF18; (2)if
H Smad(common mediator Smads, Co-Smad), H
HU AR H A5 Smad4; (3)34i 1 Smad(inhibitory
Smads, I-Smads), f1GSmad6. 7, JTGF-B/Smad

WA # & 5
TGF-B1A=f %4k
#siRNA, %1% .4
1% TGF-pl1A= £ %
S & IECE N
FELBT TGF-B16915
TS MR S
5 LT



2448 ISSN 1009-3079 CN 14-1260/R WHRENEAE 20096882880 £175  F245

L LE X % 3 AREISRNATFHBALT, ASTRRHABIURELSSR (mean = SD)

KR 4 R AR

45 5 AR

jﬁi fj)’é ?{’;’?{ 4R ALTIUA) ASTIU/L) HA(ug/L)

| 7

ot i 35 R NZE 52.70+11.0 108.80 +20.4 111.45 £24.24

wg W AT K AR R MZE 949.50 + 196.1° 985.67 +274.8° 8444.65 +812.15"

kﬁf 7 A B T4H 592.80 + 98.4° 686.80 + 112.3° 5682.80 + 824.14°

HAE A, T+R1H 440.80 +91.9° 591.00 + 99.87¢ 2871.26 +394.68°
T+R248 461.61 = 120.0° 607.50 + 84.8° 3004.29 + 354.25"
T+R1+R242 284.00 + 49.0" 398.30 + 61.9" 1982.12 + 402.71

°P<0.01 vs N£H; °P<0.01 vs M4H; P<0.01 vs T4E.

1 BLILARTLALAHERE( x 400). A: IEFXTHRLL, B: FEHUHIRAST AL C: TGF-B1 siRNATHI4L; D: T+R1FH4L; E:
T+R2FFLH; F: T+R1+R2F-Fii4H.

& 4 REsRNATFHUGSAFELRAPBTUSIIMRNARIAE 5GADPHERB-actinEERRIXEHILLE (mean + SD)

payi:l a-SMA COL-1 coL-3 TGF-p1 Smad3 PCNA TGF-a
NZH 0.02+0.01 0.04+0.03 0.11+0.04 022+003 0.18+005 029+0.06 0.31+0.06
ME 0.91+026° 0.87+0.11° 095+0.16° 0.96+0.11° 0.91+0.15° 0.30+0.07 0.25+0.04
TR 0.65+0.14° 055+0.10° 0.71+0.11° 0.78+0.10° 0.67+0.13° 0.43+0.11° 0.42+0.09°
T+R14E  043+0.08 0.40+0.08° 0.55+0.06° 065+0.09° 0.41+0.08 059+012° 0.64+0.11°
T+R242  041+0.07° 0.38+0.09° 0.53+0.05° 063+0.10° 0.42+0.07° 0.58+0.08° 0.59+0.15°
T+R1+R248 0.26 £0.09° 0.20+0.06® 0.28+0.06° 0.48+0.06* 0.28+0.04° 0.72+0.14° 0.76+0.15®

°P<0.01 vs N4H; °P<0.05 vs MZH; °P<0.05 vs T4A.

5 S N 27 TGF-BH IR G & 5 v

PG Smad2 MISmad3 IR, H 5 Smad4iE i,

FEZREEEY S, SDNAS G, it
G S DR R AR B A R 5 #E SR D Rk, T4k

HSCs!"*'",

BEOGS T T 4 A 1R 25 993 WL A AT 9 B A R

fih, XFHFETLELL, T3 FREAL A6 T AT T AR K
HERE. W R L, A K RS U W BT 12 L
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W& 50
KA R ST,

payi:) a-SMA COL-1 COL-3 TGF-p1 Smad3 PCNA TGF-a.

NZH 29.3+9.1 62.1+149 80.7+17.2 449+123 656+11.6 735+11.6 659+13.7
MZ8 634.7+33.9° 457.4+31.7° 5152+31.3° 589.1+38.9° 4829+31.2° 796+124 747+159
TH 489.4+245° 321.8+21.6° 386.9+267° 434.8+31.0° 367.1+27.6° 347.5+251° 343.2+257°
T+R14H  401.6+17.8° 2252+16.9° 302.4+227 3438+250° 282.7+23.1° 436.8+26.2° 429.6+26.1°
T+R24H  3945+16.2° 237.7+15.9° 298.3+21.3° 361.4+24.7° 286.0+22.1° 431.8+236° 446.3+23.3°

T+R1+R22H 297.1 + 13.6° 151.4+12.6%

214.5+19.56% 285.6 +22.1*

205.7 £16.8° 501.3+22.9° 512.5+21.7%

°P<0.01 vs NZH; °P<0.05 vs M2H; °P<0.05 vs TH.
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