A ARLRL
wcjd@wijgnet.com

49

HRIEL N B ZYE 20085:5528H; 16(15): 1622-1627
ISSN 1009-3079 CN 14-1260/R

L #h#7F 52 BASIC RESEARCH

COL1A1-shRNARIEARRHERIPFCOLIAIRIZNE
MUF 5 B T 358

P E, B, &, Rk

[ L ks

B 4 YA KA A
HAMFREH S
B A, WURE A0
BB R, % pbm
RSN R %, B
5 AR R 4
W R Bt A2, ik
XN XY
FEERS, P
KAl BER, dm
R Y HA R,
AL 3L LR T 4F 4
Ak 1 T AR AL 84 A5
%, RNAi¥ K2
— Fb AR A
RO ARFH, A
B Hrm
Fp 4w e AR R Sh
b e R 6 &
K.

W@ 5 RA
LEX, ZHE
WP, AL EAL K
$_ERREALA
#

BE, XE&H, T, Sk, PEEAKRFE-—WEERY
AL WA T AT 110001

PZE, L, Z2MBHEBIIRRIAR.
ATHEEAETTHFFEAFHALLFYAA, No. 051452
1EE RS XERSEEN I XAMERIYE, R
SHRIOEERT, HRIUEBEPE, SBNFRKIRIETWN;
RETBINTFIR O LT EBXERRE, FEINBP,E, =it
FTRKATEN, MENSIEBPETN,; XEHISIURIE.
BRMEE: X, 110001, STRLBHFEXIL _ 288925,
PEERARZE—MEBEEREARL. jinmanzhao@163.com
EB1E: 024-23268744

WASEHE: 2008-01-08 (BOEER: 2008-03-19

Construction of COL1A1-
shRNA expression plasmid
and screening of effective
sequences to inhibit COL1A1
expression

Jun Lu, Jin-Man Zhao, Yan Meng, Yong-Hong Yu

Jun Lu, Jin-Man Zhao, Yan Meng, Yong-Hong Yu, De-
partment of Gastroenterology, the First Hospital of China
Medical University, Shenyang 110001, Liaoning Province,
China

Supported by: the Science and Technology Foundation of
the Colleges and Universities of Liaoning Education Office,
No. 051452

Correspondence to: Dr. Jin-Man Zhao, Department of
Gastroenterology, the First Hospital of China Medical
University, 92 Beierma Road, Shenyang 110001, Liaoning
Province, China. jinmanzhao@163.com

Received: 2008-01-08 Revised: 2008-03-19

Abstract

AIM: To construct and select procollagen type 1
alpha 1 (COL1A1) short hairpin RNA (shRNA)
expression plasmid that can inhibit COL1A1
mRNA expression in rat hepatic stellate cell
(HSC).

METHODS: Rat COL1A1 cDNA sequence was
obtained from NCBI website. Three small inter-
fering RNA sequences were selected through
online design of the Whitehead Institute. The
corresponding double-stranded DNA was
used to construct pGPU6/GFP/Neo plasmids,
namely pGPU6/GFP/Neo-shRNA-A, pGPU6/
GFP/Neo-shRNA-B and pGPU6/GFP/Neo-

shRNA-C. HSC-T6 cells were transfected with
a green fluorescent protein (GFP)-labeled
siRNA to assess the transfection efficiency. To
get most effective and optimal dosage siRNA,
the three plasmids (1, 2, 3, 4 pug) were trans-
fected into HSC-T6 cells with Lipofectamine
2000 respectively, and the untreated HSC-T6
cells were used as controls. The expression of
COL1A1 mRNA was detected by reverse tran-
scription-polymerase chain reaction (RT-PCR)
after the most effective and optimal dosage
was used.

RESULTS: The expression plasmids targeting
on COL1A1 mRNA were successfully construct-
ed, and confirmed by agarose electrophoresis
and sequence analysis. The transfection efficien-
cies at a dose of 1, 2, 3, and 4 pg were approxi-
mately 16.7%, 20.3%, 23.5%, and 22.3%, and 2
ug was considered as the most optimal dosage
in each group. The inhibitory rates of COL1A1
mRNA levels in the HSC-T6 cells transfected
with pGPU6/GFP/Neo-shRNA-A, pGPU6/
GFP/Neo-shRNA-B, and pGPU6/GFP/Neo-
shRNA-C were 16.6%, 63.3%, and 80.3%, respec-
tively, when 2 pg siRNA plasmid was used.

CONCLUSION: The constructed expression
plasmid pGPU6/GFP/Neo-shRNA-C can effec-
tively inhibit the expression of COL1A1 mRNA,
providing a new method and material for the
treatment of liver fibrosis.

Key Words: Procollagen type 1 alpha 1; Hepatic
stellate cell; RNA interference; Plasmid; Reverse
transcription-polymerase chain reaction
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FHik: ANCBIM353% 3 K K COL1A1
cDNA 77, # 3 Whitehead#F 50 F7 69 siRNA %
AR 34 L R4 6IsiRNAF 3, 48
L0 8 4% DNAAK 46 A pGPU6/GFP/Neo T 2 ¥,
PPpGPU6/GFP/Neo-shRNA-A. pGPU6/GFP/
Neo-shRNA-BF=pGPU6/GFP/Neo-shRNA-C.
A3 E) H ALK COLIAL-siRNA, vARS Rk
LipofectAMINE2000, #1. 2. 3. 4 ug DNA
EEF ZHSC-TomM P, FIRE LK.
¥ F A SIRNAFAHSC-T6%8 i, RT-PCR
ST AL COLIAT mRNA & A KF-

ZEH: 5 COLIAl mRNA#3AShRNAE
20 R 42 BARpGPUG6/GFP/Neo-shRNA-A.

pGPU6/GFP/Neo-shRNA-BFpGPUG6/GFP/
Neo-shRNA-CZ 0| 5547, shRNA% A )33
L%ty R R A A — 5, LB W RIE
FHARMERT. 1. 2. 3. 4 nglasfa g
SR H16.7%+ 20.3%. 23.5%F222.3%, VA
2 ng siRNA A &£ 72, pGPU6/GFP/Neo-
shRNA-A. pGPU6/GFP/Neo-shRNA-B#=
pGPU6/GFP/Neo-shRNA-C4FCOL1A1 mRNA
849 330 2 53 41 16.6%, 63.3%7280.3%.

£t 5 ik B #9pGPU6/GFP/Neo-shRNA-C
R R H R R e mLCOL1AL
mRNA 8 F ik, i A BT 45 408 57 R A #7609 7
kAt At

R BT 1 RRRaldE; FFERAEME; RNATH
JORL; 33 5% - 3R A B R AR

PZE, X8, =18, X4 COL1AT-shRNARKFHIEE
RIFICOLIATRIANBRBIINHEIEL. BREAEILZE
2008; 16(15): 1622-1627
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Zen] FEUF AL . 7828 4k 4b b 40 B Ah KSR
(extracellular matrix, ECM) -2 %/ £ KR, H
o T R R Ok Ry, B E Ul W ALK 4 i
(hepatic stellate cell, HSC)#ifi & =2k T ARSI
SR YA A R R O IR, JE s P HSC
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PLH, JH R Naselll N VIZEREEDicer ¥ /F H 7=
AE/NPI(21-23 nt)FE/NEHERNA(short interfering
RNA, siRNA), /- FH HAMNAYEmRNATH1 1145
Sk AR, BB IR R S BE A 4 A s B A
JEPE RS R (1) R AR LAU6 I 3 1
PR B RE = B AT X COL AT JE & J AR/
T4ERNA(short hairpin RNA, shRNA)Z A JFikL,
shRNAREERNAZ EEFII(Pol H1)JH 8) 1 1#
i~ M\DNASRAHR A B, RNA Pol HIAEA 535 LA
4-5ATEE /NI ARGmAS I s G . U0
ey 3 TR 4 R ST R A M, 7 I HH A e AL
DUBK T AR 741

1 #RRTSE

1.1 A4t BEERA TR E P AEApGPU6/GFP/
NeolW H L HH A w]; E.coli IM109JH H
PromegaAl; E.coli DH5o HInvitrogenA
Al ORI S B Qiagen/A Al Wi 5%
R F) & HPromegaZy @; TRIzol(r)ik#Iy H
Invitrogens wn); BREIVENVIBEBamH | . Bbs
[\ T4ERM . Taqll§, ART AR il 7 &
Lipofect AMINE2000FIDMEMIY (5 & 4= 44 1
AP A T ; DNA2000Marker, G418(GibcoA
), N LIS I BTN DY =5 A A Wl K R
SEARTOZH A ey v 6] g 1 e 2B A Rl 0 ZE .
12 ik

1.2.1 B# A BERNAIYe 5%t F=4 K shRNA:
fEGenBank T #F K HHSCHal( I )mRNA
FENFEH, FEA5 XM _001081230(GenelD:
29393), Wl Whitehead 57T [fsiRN A 4
3l TS HL 2% (9 25 A http:/jura.wi.mit.
edu/bioc/siRNA)FI A TIsiRNA, 255 RNAIY
HTI A BT VAL, B4 A B RedRetE, 5
mRNA )75 i) n] e fb vk, HEBR m (o ff-target)
RONAE, I 28 0RE 3 4 iR L A fsiRNAJY
#Collal-A: 5-GAGTATGGAAGCGAAGGTT
CC-3", 3-CTCATACCTTCGCTTCCAAGG-5'.
Collal-B: 5-ACAAGGTGACAGAGGCATAAA-
3, 3-TGTTCCACTGTCTCCGTATTT-5"; Collal-
C:5-TGATGGTTCTCCTGGCAAAGA-3', 3'-AC
TACCAAGAGGACCGTTTCT-5"; [ s ¢ BH o X6t
LA R B X R () siRN A T H () siRN A
B A R 2 %, (B RIm RN A B 5 1 [ 05
PE. Kk siRNAFE FIFT L BT I 1P 1)
5-GTTCTCCGAACGTGTCACGT-3', 5-~ACGT
GACACGTTCGGAGAA-3', ALK 7 45 B LR

Wi £ E

H W 201k
EHAT A gL K
S.CTGF siRNA
K, BITAK
FAF U2 CTGF
mRNAZ & & &
X 2ETA, Fa
BRI R AE
AL B E R 2
Kim e a/¥ TGFp1
siRNAJ FCcCl,
3|4 KRR
AR AR, I
M & XA TGFBI1.
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K HF 78 i RNA
T 3k 89 T % Fp )
KA Z K e
COL1A1 mRNA
o E ik, MR Y
1 R f R 6 B Ak,

TIE TR AN b Al L PR R . shRN AR
B iloop £ # il T TTCAAGAGALLEE 4 JE
R IEAE S, sShRNAR K 1L P AR FHT6 45
. TE SCEERBLAR (15" i T CACC, 5Bbs 1 1
DG T ) Rl FLAN, S SCREASAR P 5 imias on 17
GATC, 5BamH 1 MgV J5 T B & T AN, Wil
siRNAH — Mg AEARZG, WFECACCE M
—ANG(LA T IE SCFERN e SCRE 1 75 B AR A
F ). FFDNA oligoZ il H TE(pHS.0)¥%5i i, iRk
JE245100 pmol/L. HURH MR 1E SUFERI [ S oligo
O, N LG R K R VAR R, fEPCR
¢ g A N R P A TIR K AL BE: 95°C 5 min;
85°C 5 min; 75°C 5 min; 70°C 5 min; 4’ C{£f%. iB
KARFR S5 79 31 1 sShRN AR, FH 342 S
1.2.2 Bgdbnfe ik BB S AkpGPU6/GFP/Neo4t
BamH 1, Bbs 1 X§Y), 37°CHEVIL h, BiEpE
VK, 11 Agarose Gel DNA Purification Kit Ver2.0
[, HL PR SR BE, PR B 4250 mg/L.
iR K Bt 5 &gV 5 B IR AT 1 e I
IV, 522 °C K VI RO

123 E B, hitfb e SBERE
FE)S WL 2K AT R DHS o 57 2540 i Hh gk
T8k, o R TR 8 E U LB L,
37°CHEMMAR R TR AL, J3 B IR o e T 7 o
TLBIGFRW T (5% R 2 49K FE 430 mg/L),
37TCHEMRARIRIG TR i, H/AME ) &/ 542
WUFckE, 20 MBamH 1, Pst 1 23 BG4 5.
BRIV A AR N i v] LA BamH 1 V)JT, A fg
WePse 1 U)TT. WCHEBG) %8 IE A I FALI0RE, 126
SR AR AT B A W AT I R A . K
Fa 3 B 1) A4 43 il iy 44 i p GPU6/GFP/Neo-
shRNA-A. pGPU6/GFP/Neo-shRNA-B. pGPU6/
GFP/Neo-shRNA-C. FEx} M@ A&pGPU6/GFP/
Neo-shRNA-N. K4 @ iE LA g 155 9%, 4%
ZNHUE K, £70.8 mLIE G IR 40 B 110.2 mL
JEw H i, WA S -70° CUKFR R AE.

1.2.4 HSC-T6%8 ffL3g I B Ak 4 K K B2 R 4N
HUBR(HS C-To) 4l fE e Fh 25225 e’ 578, 4F
HOIMA15 mL DMEMIE &5 7885 100 mL/L
FBSX 100 kU/LTH % % 100 g/LiE& %= . 4
mmol/LA 2 Wi /1 mol/L HEPES), &37°C, 50
mL/LIEUR CO B FRAA T, 40 M A WEBEAE A, B3R
PA2.5 g/LJBE AR M i A AR AR, B Gt — K244
REFRANM, WL, 24 3. 4 ug, AFREKDNA
TR, BEAN DA S AL, 42 TG A4 % ek ) &
Lipofect AMINE2000%4 1 3 % JL 4t ffd, Tk Al

JEFUARLLL @ 4RCLE, B2 54548 h, WAL, X
0 M ASCIN 2 1 e R BRI R AT B e,
YL 524 WMEAR, INAGA183EAT 1%, G418 ¥
1600 mg/L, 2 wkE BRI s B RS IR, 3k
I ERISHM AR, 750l 7 RKiApGPU6/GFP/
Neo-shRNA-A. pGPU6/GFP/Neo-shRNA-B.
pGPUG/GFP/Neo-shRNA-C A 55} [ 1) # 5 e
K BRUFF AR 40 M k.

1.2.5 ¥Z ZRT-PCRA R FpGPU6/GFP/Neo-
shRNAZ A A *TCOLIAL% %6 4
RNA#HULTRIzo HAE Ui B 153647, COL1A1
mRNAMB-actinf) 51451t A Primer

W R AE B A BRA W5 R, 430k Collal
F: CATAAAGGGTCATCGTGGC Collal R:
TCAGGCTCTTGAGGGTAGTGT; B-Actin-F:
5-TGACCCAGATCATGTTTGAGACC-3
B-Actin-R: 5-CAGTGGTACGACCAGAGGCA-3.
MR A — 22 VLR T-PC RIS & 1 AL IICOL 1AL
A J5 N F o S R 23 B R G AT K
fii. LAY B-actin/fJPCR™ #IDNA 4% iy K EAH 2 L
(COL1A1/B-actin) {4 Jx BtCOL1A1 mRNAZKF-
HRED E=E AN o = 111 S 1 B S R = S
At IR AR DNAR & . T EUAX COL1A1
mRNAZF L FR AT 25 0 #(%)
= (1-A1 X A2¢/Alc X A2) X 100. Al: #4140
WA MPCOLIAL mRNAS &, A2: BT
AR MK B-actin mRNAK & Ale: Byt
shRNA-N4I i JCOL1A1 mRNAS &, Alc: ¥
JLshRNA-NH A& iy B-actin mMRNA T .
Gt F A S K Limean £ SDE R, R
FISPSS. 133 A3 M ictls, 4H1A] ELASCR H 2 40 A
K27 Z 9 HT(ANOVA), P<0.05°4 22 74 4 il

2 #R

2.1 mAEmEL WHITENUIEEPse T B
BamH 1 XV R kipGPU6/GFP/Neo-shRNA
(EI1A), 25 WS uLEED = HI7E10 g/LIf B
BRI AT K (B1B-C). 1B M A1 amda/
E.col30 1 ; /M pGPU6/GFP/Neo-shRNA-A
(1-6)F1pGPU6/GFP/Neo-shRNA-B(1-6)Pst | [
PIgk R, HoA I pGPU6/GFP/Neo-shRNA-A I
pGPU6/GFP/Neo-shRNA-B(1-6)BamH 1 )] 45
. El1cHhMhlamda/E.col30 1 5 72 pGPU6/
GFP/Neo-shRNA-C(1-6)HpGPU6/GFP/Neo-
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A : Pemv IE | FARE A
pUC ori A ARNAF #
HH COL1ALI
mRNA# £ A, H
GFP ; Py >
HSV TK polyA 9 7 #— s 7 R
poly PGPUG/GFP/Neo g2 DUEL: MR e T
z=r94R 0.91+0.03 0.10+0.10 Aok /2
5117 bp pGPU6/GFP/Neo—shRNA-N 0.90+0.03 0.00 +0.03
Tgvgr% PolyA pGPUB/GFP/Neo—shRNA-A 0.75+0.05 16.6+0.40
Kanamycin/Neomycin Gk | (1663) pGPUB/GFP/Neo—shRNA-B  0.33+0.04 63.3+0.30
hU6 promoter pGPU6/GFP/Neo—-shRNA-C 0.18+0.06 80.3 +0.60

T7 promoter
SV40 promoter 1 ori

B shRNA-A shRNA-B ShRNA-A shRNA-B
1234 56123456M123456123456

= e e e e W e )

C shRNA-C shRNA-N shRNA-C ShRNA-N
1234 56123456M123456123456

=l e e e e e e e

B 1 FRAMEBLDETE. A: pGPUG6/GFP/Neo—shRNAFKH;
(RS RE R B—C: B ARRIRE A E .

shRNA-N(1-6)Pst | BigP145 8, HoA M hpGPU6/
GFP/Neo-shRNA-C(1-6)FlpGPU6/GFP/Neo-
ShRNA-N(1-6)BamH 1 B 45 5.

2.2 EA A DNAM -5 2 Aol B4 e R
M T ORI [ Bl 3 PR SO0 (i
BREME ARG PR AT, 25585 R 5 52 4 A
£, FTe H SRR P I HER o1, T4 TR AL g
). B R IEH AR pGPU6/GFP/Neo-shRN A
H— AR S B AR S JE Y, gk th
e B ISR R ', Y I X A R AN o A A
BeREOR, 1. 24 3. 4 pg AR KIDNA R
YRR HIN16.7%+ 1% 20.3%+2%. 23.5%
+2%. 22.3%+3%, PL2 pgh i

2.3 #E EEJ o tm ek F COL1AT mRNA K ik 89
#m) 2 5E SERT-PCREIHSCA COL1AT mRNA
K, R ERT A4 MpGPU6/GFP/Neo-
shRNA-NTG & % % 7:(P>0.05)pGPU6/GFP/Neo-
shRNA-A. B. C. N4z WHFeEEER
(P<0.001, $1).

317E

JH £ 4 Ak 2 12 P T S AT 10 g 1 0 A, AR o
FEUUR 5 B IECM A B 2, 1f Bt H 0 ik
b, B R BN, Ul ZECMUURTIT
W WFSEEIECM A B R S B, 1E T
I i B 1 o B 1 5%-10%, et T R J 2K
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B 2 . M: DNA2000 marker; 1: Z3EH4H; 2: pGPU6/GFP/
Neo—shRNA—-N; 3: pGPU6/GFP/Neo—shRNA—A;4:
pGPU6/GFP/Neo—shRNA-B; 5: pGPU6/GFP/Neo—
shRNA—-C.

1 SRR 11 140%-50%, TR AR 50 1
IR R R 1 IR140%-50%, BT 44k s i I 85 1
AR ERS0%E R TE 2, o T BRI & A
AR R AR A T 4260%-70%, TR fi J5U8 4 4 42
20%-30%. ] WHTEF eI 3 B2 BT R T A9k
Jok R g5 . DA TR BIHS CA5 1oy
W T R R A, HAEAN TR I s i i A
HSCH I IE R 3, L E ik B HSCluE 2= A=
[ B I BT Y Ab e A R JE R Lo IRt ST
YA, BE0%, A A HAE A R TSR 24 1 I
ARG, WA e R A R T B
WL AEBLWTHS Crh ol ( T )EER &, HSCHY
ool (1)8E, MANBEMa2( 1 )BEg: &= Amr |
R, AT 2k > T R4 et H i, 1
AAPH A £F bt e

RN A1 2 — ol 282 (1 3 RLE T B R A
TR B, @iz N B AR A RS . AR
YA IERBFFORTE YT, Kim et al'™ R LU
b A AR TGF-B1 siRNAVE AN ICCLATET4EAL
KA, S5 REIL T A JEUE (A A o- -1 AL
B (a-SMA)RIL KRB, T 308
BT LR HRNATHEX T 2R 4 fhin gy & —
AMBIFHIENE . TRNALEA s v &
BOPE e D FE AN IR Rk . R AT Tt o
HAs . 285, BAT RN HHT St A8
DI yCBR, 75 BT RO B o R A
RNAFS, LR S AR R0 H 75 E A
E (K140 2 RNATHRIRE e 2 (1) DGR FoeAr)
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BEATRE T B ST BRCOL LA LI /N4
RNARIE KL, AR AT T 4EAL RN A4
I BE PRI VA T A P 256 B0 T A

4 ZEXE

1 BESTEE W& TRl A A AT 4
b HFE A EERER 2004; 12: 1179-1183

2 Prosser CC, Yen RD, Wu J. Molecular therapy for
hepatic injury and fibrosis: where are we? World |
Gastroenterol 2006; 12: 509-515

3 Paul CP, Good PD, Winer I, Engelke DR. Effective
expression of small interfering RNA in human cells.
Nat Biotechnol 2002; 20: 505-508

4 Brummelkamp TR, Bernards R, Agami R. A system
for stable expression of short interfering RNAs in
mammalian cells. Science 2002; 296: 550-553

5 Sarem M, Znaidak R, Macias M, Rey R. Hepatic

10

11

12

13

14

15

16

17

18

19

20

21

conditions. Gastroenterol Hepatol 2006; 29: 93-101
Rockey DC. Antifibrotic therapy in chronic liver
disease. Clin Gastroenterol Hepatol 2005; 3: 95-107
Safadi R, Friedman SL. Hepatic fibrosis--role of
hepatic stellate cell activation. MedGenMed 2002; 4:
27

Shen H, Fan J, Burczynski F, Minuk GY,
Cattini P, Gong Y. Increased Smadl expression
and transcriptional activity enhances trans-
differentiation of hepatic stellate cells. | Cell Physiol
2007; 212: 764-770

Parsons CJ, Takashima M, Rippe RA. Molecular
mechanisms of hepatic fibrogenesis. | Gastroenterol
Hepatol 2007; 22 Suppl 1: 579-584

Brandao DF, Ramalho LN, Ramalho FS, Zucoloto S,
Martinelli Ade L, Silva Ode C. Liver cirrhosis and
hepatic stellate cells. Acta Cir Bras 2006; 21 Suppl 1:
54-57

Blum HE. Molecular therapy and prevention of
liver diseases. Adv Med Sci 2007; 52: 29-36

Kim KH, Kim HC, Hwang MY, Oh HK, Lee TS,
Chang YC, Song HJ, Won NH, Park KK. The
antifibrotic effect of TGF-betal siRNAs in murine
model of liver cirrhosis. Biochem Biophys Res
Commun 2006; 343: 1072-1078

Harborth J, Elbashir SM, Vandenburgh K,
Manninga H, Scaringe SA, Weber K, Tuschl T.
Sequence, chemical, and structural variation of
small interfering RNAs and short hairpin RNAs
and the effect on mammalian gene silencing.
Antisense Nucleic Acid Drug Dev 2003; 13: 83-105
Hamada M, Ohtsuka T, Kawaida R, Koizumi M,
Morita K, Furukawa H, Imanishi T, Miyagishi
M, Taira K. Effects on RNA interference in gene
expression (RNAi) in cultured mammalian cells
of mismatches and the introduction of chemical
modifications at the 3'-ends of siRNAs. Antisense
Nucleic Acid Drug Dev 2002; 12: 301-309

Ohnishi Y, Tokunaga K, Hohjoh H. Influence of
assembly of siRNA elements into RNA-induced
silencing complex by fork-siRNA duplex carrying
nucleotide mismatches at the 3'- or 5'-end of the
sense-stranded siRNA element. Biochem Biophys Res
Commun 2005; 329: 516-521

Hossbach M, Gruber J, Osborn M, Weber K, Tuschl
T. Gene silencing with siRNA duplexes composed
of target-mRNA-complementary and partially
palindromic or partially complementary single-
stranded siRNAs. RNA Biol 2006; 3: 82-89
Vanitharani R, Chellappan P, Fauquet CM. Short
interfering RNA-mediated interference of gene
expression and viral DNA accumulation in cultured
plant cells. Proc Natl Acad Sci U S A 2003; 100:
9632-9636

Miyagishi M, Taira K. Development and application
of siRNA expression vector. Nucleic Acids Res Suppl
2002; 113-114

Miyagishi M, Taira K. U6 promoter-driven siRNAs
with four uridine 3' overhangs efficiently suppress
targeted gene expression in mammalian cells. Nat
Biotechnol 2002; 20: 497-500

Fire A, Xu S, Montgomery MK, Kostas SA,
Driver SE, Mello CC. Potent and specific genetic
interference by double-stranded RNA in
Caenorhabditis elegans. Nature 1998; 391: 806-811
Elbashir SM, Harborth J, Lendeckel W, Yalcin A,

www. wjgnet.com



PZ, . COL1A1-shRNAFRIATHIEE RADHICOL1 AT RIRBIE RSBk

1627

Weber K, Tuschl T. Duplexes of 21-nucleotide cells using small interfering RNAs. Methods 2002;

RNAs mediate RNA interference in cultured 26:199-213

mammalian cells. Nature 2001; 411: 494-498 25  Reynolds A, Leake D, Boese Q, Scaringe S, Marshall
22  Elbashir SM, Lendeckel W, Tuschl T. RNA WS, Khvorova A. Rational siRNA design for RNA

interference is mediated by 21- and 22-nucleotide interference. Nat Biotechnol 2004; 22: 326-330

RNAs. Genes Dev 2001; 15: 188-200 26 Qu Z, Lou D, Pan Y. The role of IkappaBalpha in
23 Elbashir SM, Martinez J, Patkaniowska A, TNF-alpha-induced apoptosis in hepatic stellate cell

Lendeckel W, Tuschl T. Functional anatomy of line HSC-T6. ] Huazhong Univ Sci Technolog Med Sci

siRNAs for mediating efficient RNAi in Drosophila 2007; 27: 407-410

melanogaster embryo lysate. EMBO ] 2001; 20: 27 Mao HX, Yi ZW, Wu XC, Dang XQ, He X], Cao Y, Mo

6877-6888 SH. Effects of siRNAs silencing transforming growth
24  Elbashir SM, Harborth J, Weber K, Tuschl T. factor-betal on fibronectin in SD rat masangial cells.

Analysis of gene function in somatic mammalian Zhonghua Erke Zazhi 2007; 45: 494-497

it ek Bl IEW

ISSN 1009-3079 CN 14-1260/R 20084F F AL T tH Fte A1k 4e i

A4 REABWR2LEXZE

BFHRR ATIIESChR 82 KA O%I%; 1 MRFURE, 11 MR 1.2 5%, 2 855 3 18, 4 % k. Jp 5 — 2
Tk S, JE 25 VR B AR, 2400h 805 25 LR 32 1E 3. U R B 4Bk (D515 MAFS ZH TR B MANZE S HoAh
AR R, Q)RR T Fﬁﬁﬁeﬁ% , E N AL AL 256 T 905 Re e T 5 S 06 X BT 7 VN i
A, CURT AT 1) 77251 2 2% SCRRRIAT, A G SCHk i sl 770 T 0 e 749 512 0 el AN o eeidk 2 Ak BTy
Q)4 LI 4 RN G R B R FISCF- R, TR N8, (4)ihie ZERTIE, NAE 6 BT i it 4 SR
H AR AN 2 T A AUR, AN YA R SCHR ) (B BL JE 0E BE RS 1. R N AT 3RP AR, I 28 HoAy B
PERAE R, AT AN B 1E SCRI AT B R I N 2. RN R N AT R 3k, AR JI 455 N AE R
VLI, eds — Al =4 aR O B4R, 7615 SCPZ H BRI b 5 iy . RN AT [ RN J e, DA HL 2 5
A AR, T I EINAE ISz b v . W — AN BN AR, EOE. ?)%,T\E Gi—H—
AR BIRGE. Wi: B SR RIGITRTEWR IR, A: -y B oo Co v D vesy o oo Frven; G ool HHEZRE
e, O. B, O. A, ABFHFHERFS. Sl B °P<0.05, bP<0-01(P>0.057F¥£)- el —#%
T — &P, MIP<0.05, 'P<0.01; 5534 H°P<0.05, P<0.01. PIE o vE I Rk a6 K 3L BAA$7, 11P<0.01, £ =
4.56 vs XTIRALSE, VEAERIOA T ). RARHBTRAANECE, JE T a5 5 MR R A 7, RNAMT
oo NEUTL £ - ETRRXSE A7 RoRBIiEcR, <27 RERPMERE, REEHF A H RS
KR5S IE XN AEEREL. REME R EH/min, c/(mol/L), p/kPa, VimL, t/'CFKik. B AN R AR A, 3
PR, O BTSRRI A, AR AT EN R . B K/h7.5 em X 4.5 cm,
WA ZBUAE O R 4% 6 A IE SCIA, AN REAE LRI ARG, (5)B0M J5 InE 5, HEAETR 5 3 2% Scikit, 2655
(5 45 F G 4 - 9K T 2008-05-28)

www. wjgnet.com



