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RNA T ## MDRI Ri&EH ¥
Bel7402/5-Fu FFIE i 25 R 3R

XK
(MXREHAEREFZ, ¥ K 210029)

[WBE] B HRT A ERNA TR BB @M Z Bel7402/5-Fu & % 25 & 25 3 B ( multidrug
resistance 1, MDR1) R X B & 4 P-gp Ak G v S M A # LB B O K R, F ik 5 &4 % MDRI
BT KR RNA T30 B B, # % B & & 35 29 16 Bel7402/5-Fu, il if RT-PCR # Western blot 7 ik,
/£ mRNA # & & & F 3£ 4 RNA F 33 MDRI ik # %%, MTT 3 # 3 RNA F 4 % 4 Bel7402/5-Fu %
HL 35 P 8 AR B B 4 A xR A8 B A (I, ) 3 I RNA 46 5% 4w o it 25 45 S o9 & &
A RNA FHhaAmpembd s, AAX @R RS amRAEMRARELF S hEAT mIee
M, &R a2 FF A 40 B Bel7402/5-Fu % ,RNA F 39 2 # 4 T MDRI mRNA #2 % & /* # P-gp
B R AR, R A 2B A w6 22. 55% 2 25.49% (P <0.01), £ 48 Fl K E ALY % 40 65 48 A
TF,RNA F#.41 Bel7402/5-Fu ta o A - H B F & T B A (P<0.01) , A Ampbat B 2% Tk, 5t
5-Fu g @t 25 458 h 14.88 4%, £ A &% @ 25 48 i@ Bel7402/5-Fu P, RNA F 3 57 MDRI mRNA A&
AEGQPHP-pp B AZKRIABEFWWHMERA, EARFHEHFHROKE,
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Suppressibn of MDR1 expression and restoration of sensitivity
to chemotherapy in multidrug-resistant hepatocellular

carcinoma cell line Bel7402/5-Fu by RNA interference

REN Yong-ya*
( Department of Pathology , Nanjing Medical University , Nanjing 210029, China )

Abstract; Objective To investigate the suppression of MDR] and P-glycoprotein induced by
small interfering RNA and the restoration of sensitivity to chemotherapeutic drugs in multidrug-resistant
hepatocellular carcinoma cell line Bel7402/5-Fu. Methods MDR1 -targeted small interfering RNA
duplexes were introduced into multidrug-resistant hepatocellular carcinoma cell line Bel7402/5-Fu.
The suppression of MDRI and its gene product P-glycoprotein was examined by RT-PCR and Western
blot. MTT assay was performed to measure the reverse effect of small interfering RNA based on the
results of IC,,. Cell apoptosis was assessed by flow cytometry after various cell lines were treated with
chemotherapeutic drugs. Results The overexpression of MDRI and P-glycoprotein was suppressed
efficiently by the introduction of small interfering RNA , which caused sequence-specific gene silence.
The level of MDRI in the transfected Bel7402/5-Fu cells reduced to 22.55% and P-glycoprotein
to 25.49% compared with those of the controls. The apoptosis rate of Bel7402/5-Fu cells in-
creased significantly in the siRNA group during the chemotherapy ( P <0.01). Their resistance to
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5-Fu was reversed by 14. 88 folds, which indicated the restoration of sensitivity to drugs. Conclu-

sion Small interfering RNA can inhibit MDR1 expression effective and reverse the multidrug resist-

ance mediated by P-glycoprotein.
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1E BF#E AL ST i 2 v, £ 25 it 25 ( Multidrug re-
sistance , MDR ) Bl 42 9 7= 4k & i /B Al L 3k pifk yr 2%
Yt EEHLH, R E R P-gp BB R BN, P-
gp =& MDRI 3:HMEH ™Y, 2 —FEEBRL
WEA,REZEHEMAESROETSEY, N
T AR 40 B P9 25 9 W %, U A 25 0 10 48 B B
P-gp $5HL I 7] LU 5% MDR B0 , {8 5 F F i B 4k
SRR S BOL B R BI/ER, W e 476 w25 57
A B AT BB R AR ke,
RNA FHERTUARMIFES LR PR ENN
FRHENEEERTR, ¥R E®KEHEE,
EH 2R/ B RNA T H 8 ARl P-gp 78 IF
FATH 25 N R Bel7402/5-Fu o i R 3K, AT 53 5%
H MDR R B, 1 EE 3 T P-gp A+ F 19 MDR
BE AR ELZEWAGESEN S TEM, i

WAL B TR 2 R A B R A ER S
“RNA/20 uL (K% ), iff8 cDNA £ 7% F -80 C ., B

THEWETE,
1 MBEFE

1.1 &Fi#Hh BIE 5-FIRWEE (5-Fu) (B
RigHAT ) KEHM(VDS) (FMEEZ) .,
PTE % (ADR) (WivL¥g Il 25 ) & /P kg
(MIX) ( ¥4 B4 25 ) G4 (CDDP) (5%
HZ5T) (EALBE(Taxol) (3 [® Calbiotech 23 ) o

B L 27 g 49 PR A B0 3k K LR PN, BT 4°C AR A4

LA A R R TS, A 40 B
FWHF

1.2 ik JF 98 40 MO Bk Bel7402 F1 it 24
21 M bk Bel7402/5-Fu i ' [ B} 2% B A 4k 40 g B
MM ERM, A& 10% /b4 I #9 RPMI 1640
(GIBCO) BE Wi 7E 37 °C,5% CO, , f fliG JiE 1 5
FithBE 3, Tt 25 40 Md Bk Bel7402/5-Fu 7£1 pmol/L
S-Fu B TAK, TR 2 AHE4y, U
E® RPMI 1640 i MR, REHT LR X
R o
1.3

RNA F# 1 B mfdt HR#& Ambion

AT B 8 4, siRNA 41 %t MDRI ( GenBnak F¢
F| 5 :MI14758. 1) B3l F, 0 FRBX M 79 ~
99 5 # # B (5'-AAGGAAAAGAAACCAACTGTC-
3’), MDRI siRNA " 3R{KM IE X8R K 5% 7 51
43 8] K. 5’ -GGAAAAGAAACCAACUGUCATIT-3" #i
3’-dTdTCCUUUUCUUUGGUUGACAG-5', H Invitrogen
AFE R, B 2'-ACE b % 15 1 ok 4k + H R €

. BN B4 K H Bel7402/5-Fu 4 i, Oligo-

fectamine ( Invitrogen 2 &} ) 4+ 5 siRNA #5 It | siRNA
M E S 200 nmol /L, 7ER e 1,2 M1 7d 5, Mk
A0 M o R T S TR TR B R

1.4 RT-PCR ## MDRI AWy kix  45HH
£ HAM 5 x10°4, B F 1 mL Trizol ( GIBCO BRL)
PLORANK EEBRB T LB i B R 5E
B, ERFEME L RNA, | TaKaRa AMV Reverse
Transcriptase XL ¥ mRNA 3% % 55 & cDNA (2 ug

2 uL cDNA, £ 20 uL & % F # 47 PCR [
(TaKaRa Taq) , MDR1 F{#J¥ 51 : IE L 4% 5'-ATAT-
CAGCAGCCCACATCAT-3"; & X %% 5'-GAAGCACT-
GGGATGTCCGGT-3', =¥y }y Bt 153 bp, B-actin 5}
Y ¥ ¥ : IE X4 5'-ACTCTTCCAGCCTTCCTTCC-3' 5
% 5'-ACTCGTCATACTCCTGCTTGC-3" , /™= ¥ K
B 313 bp, SUBIA&MF  AEHE 95 °C 5 min;35 AN FF
7,94 C 1 min,58 °C 1 min,72 °C 1 min; $E {72 C
15 min, fE 1. 5% Agarose ( & 0.5 mg/L Ethidium
Bromide , EB) ## 47 B 3k , Quantity One ( BIO-RAD)
BAERT & UK R O BT R B ' T

1.5 Westem # i #ritl P-gp 89 A KF W4
MY S x 10°4, BF I mL B RMEE SR
B EEAMBC L2 EWE . Bradford 3 WU & & 7
WEATR, UMARESNEASERBES K
E. BS50 pg HAKMLS EAEBIES, BKB 15
min, b % 8% #Y SDS-PAGE , 10 mA 53k % 4 h,
Rk, M TER, EAKITHERENRS %
RESOVA2h MRALRZHETHAR P,
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4CHF®, KH, ﬁ%ﬂflﬂAEﬁﬁAng (1:1000,
£ [H Calbiochem 73 w] ) Fl B #it A B-actin (1:2000,
NeoMarker Inc) ; 88 J& T /0 2 4 2 46 5L, B 1 B
BEEEEK =40 (£ [ Vector AH]) ,EKEH 1.5h,
RARM, BZEAHEE. BEENARGEY
NBT-BCIP, fE ML E T, B A TR £ &
B, @33 Quantity One ( BIO-RAD) %k {4 %f & 4H &%
WHBHE I HEEEERATEE &

1.6 MIT k4 o 49 10 &t 25 3% 45 1 L A
K 0 I 98 40 B Bk Bel7402 I W 25 40 A Ak
Bel7402/5-Fu M ELE, BE 5% /M EH
RPMI 1640 S HF BB, S5 x 1A/ B FE
T 96 fLAR, 3524 h, HEHEERRET., 25
#24 h N ,Bel7402/5-Fu 4 siRNA 206 4H , #4T
MDR1 fj siRNA %53t ; Bel7402/5-Fu 4 ffd % & 41 F1
Bel7402 AUk 4L A3 35, PEE S AL 41 L B
AF W, I AR R ¥R B # 5-Fu, VDS,
ADR ,MTX ,CDDP F Taxol , & Fh 254 8 N E L B
P, 6 A/ 74, I 6 FLAMB R F47 3 L,
GEEFNE, ZREATRE, FRUHH
R R K 5E 48 by BEHKTMAS mg/ml #
MTT %% 10 pL, %?%4h5%1b\3¥L?%‘ FMA 200
L DMSO/ 7., 7B 9 W % UL, W6 AR O 7E B K 490
nm TR 6 EEME . TR R AR K 2R [ 40 e
ARRMEIE = (BRI E - 259 4%k
) /3 AL L x 100% | FUA [6] 4k 57 25 9 X
BHEBA PG NE(IC,) . #—FHUHEH
Bel7402/5-Fu 41 il siRNA 52 3% 41 B0 it 24 53 %% 4% 3
( Tt 25 305 5% £ B = Bel7402/5-Fu 40 g % B 40 % it

400 I B—actin

200 MDRI

100 [

1 MDRI H#EHHFEE M.DNA FRIREE;C: X4 Bel7402/5-
Fu 4i1;1,2,7 d: 4351074 siRNA b2 5 1,2,7d |
Bel7402/5-Fu 41

Fig. 1 Expression of MDRI gene M: DNA molecular marker; C:
Bel7402/5-Fu cells in control group; *,2,7 d: Bel7402/5-Fu cells
incubated with siRNA for 1 , 2 and 7 days respectively

25 A5 4/ sIRNA 52 56 2 40 o 19 1t 25 65 550

1.7 R X % AU m e &5 d AT 2 W et
Bel7402 4 Ml ¥y 1C, ¥ BE , A X $A: K oy & 4
Y, 48 h A BB H R, B SR 48
h, FHAMMKRBEOBHELT YA IFHERE L
HE B L (1500 r/min, 10 min) |, J7 75 40 J 47
i 3 40 Hg AL (FACS Calibur ) %3 .

1.8 %Gt Fam HERMEZRHEE 3 K,
B zes BR, e B HFESEBEHETHI
FRH,P<0.05 RREFZI¥NEEEER, K
W GE it BT R SPSS 11. 0 # 4,

2 &% 7
2.1 MDRI % B /& mRNA K F# %k  MDRI
FEE K RT-PCR =4 1 ik B % B 7R , 7£ & 38 siRNA

o YU ¥ I 9 T 25 40 B AR Bel7402/5-Fu 1 FE YL 5
FIE 1 KME 2 X, MDRI 3 FH 7 mRNA KFEHFE
KA BE TR, A B4 Bel7402/5-Fu 4 1Y
22.55% (P <0.01), {755 7 R, XA H I}
BHREHERE(EL),

2.2 P-gpAEGOARFHRE % Western blot
ﬁ?ﬁﬂﬁ%&ﬂ?ﬁm%%ﬂﬁ% Bel7402/5-Fu 1,
MDRI HERWEHRE™Y P-gp 5 MDRI RN #
mRNA 7K P i 75 b i 58 2 M . 257 siRNA
WG, SR RME 2 K, P-gp EXA B
TR, AL K Xt B8 41 Bel7402/5-Fu 4l fL i 25. 49%
(P<0.01), H#AS 7 Xut, A& HF ZEFEER
A, RBKFAMBAMEZER LRI ¥E X
(P>0.05) (E2),

B-actin

2 P-gp BHAMEIXKTE C: %84 Bel7402/5-Fu 4iffi;1,2,7 d:
SRR ZT siRNA 4382 /5 1,2,7 d 5 Bel7402/5-Fu 41l

Fig. 2 Expression of P-gp at protein level C: Bel7402/5-Fu cells in con-
trol group; 1, 2, 7 d:Bel7402/5-Fu cells incubated with siRNA for
1, 2 and 7 days respectively
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2.3 MDRI % Bt siRNA s+4m jo w25 64 8 3 R

B RAHRIC A RNA B, W R FEAR B 5
MFER BT, B e BT 50% £ 4, siRNA X
MDRI R RKEM P-gp MM B ER AR FERT
Bel7402/5-Fu 4l ) MDR B 5 , 1 & Xt %% Fb fb
T Y)W BURE B E IR, 5P Bel7402 41
MM, MR S T (P<0.01), K
J B2 (¥ R 5-Fu 1 Taxol , MDRI % [ [ siRNA #
v Bel7402/5-Fu 41, AT DL & B IX 2 Fh 25 ¥ B9 it

WA DEP 14.88 F21.07(F 1),
2.4 mpATE % ALT7 #4595t Bel7402
R 1C,, M BE , 3 & 2H S8 Bk K 30 0 40 B A7 A
., XHE 4 Bel7402/5-Fu YA M T- R 5 R
e B, R AR AP BB (P >0.05);
siRNA SZ 56 41 ) Bel7402/5-Fu 40 i i 8 T 2 72 11
WETAERBELEFA(P<0.01), — BB X KA
M3 ~4 AL (KR2),

F1 BAFEXTTLHH 1C50 R L5 +5)

ICsp ( pmol/L) TR Bel7402/5-Fu
Wirgiy - Bel7402/ Bel7402/ Bel7402/ Bel7402/ (siRNA) fi§ 24
5-Fu( Control) 5-Fu(siRNA) 5-Fu( Control ) 5-Fu(siRNA) WA
5-Fu 30.00 +6.00 3050. 00 £430.00 * * 205.00 +35.00* 101.67 +14.33 6.83+1.17% 14.88 £2.10
VDS 0.06 £0.01 2.73x0.71"" 0.84 £0.16* 44.75 £11.64 13.77 +2.62% 3.25+0.85
ADR 0.18 +0.04 3.51+0.95"" 0.67 £0.18% 19.50 £5.28 3.72 £1.00% 5.24+1.42
MTX 98.40 +12.40 100.60 +9.31 0.10 £7.90 1.02+0.09 1.02 £0.08 1.00 £0.09
CDDP 5.33£1.67 23.40£3.90" " 10.60 +1.80% 4.39£0.73 1.99 £0.34" 2.21 +0.37
Taxol 0.05 £0.01 2.16£0.84" " 0.15 +0.06% 40.75 £15.85 2.83 £1.13% 14.40 +5.60
5 Bel7402 AEL, # * P <0.01; 5 Bel7402/5-Fu ( Control) A, ## P <0.01
2 FAMENTTE(Z+5,%)
Y4 5-Fu VDS ADR MTX CDDP Taxol
Bel7402 20.7 £3.2 16.9 £4.0 24.7 £5.2 15.143.8 22.44.5 21.4£3.9
Bel7402/5-Fu( Control ) 5.0£1.1%* 4.8+0.9"" 5.1x1.2"" 15.4 £2.5 4.9+0.8"" 5.0£1.4""
Bel7402/5-Fu(siRNA ) 18.1+4.5% 15.1+3.8% 21.0 £4.0% 15.023.4 16.2 24,5 18.5 £4.4%

5 Bel7402 Mkt * * P <0.01;5 Bel7402/5-Fu ( Control) Atk ## P <0.01

3 it it

P-gp 75 N B £ Fh b of B, 5 MR
MDR B % )M 36 . — B R 2 780897 2 0, B
WM AS E SFA P-gp RK; B — N E
TEALIT 2 05 , Fo 980 40 1 225 3 4k 97 25 4 14 i 2 0 O
WA, AW ERF R AR D P-gp BERE
MM R T ES M. HMEBEH Pgp EEW
Tk, B AT LA4E A MDR 2 B ) ol % 40 8 4 4k
I7 25 1 U R B

MRER, AEALDHB S AR 21
AL BR siRNA A B, #E AT LA RS 30 40 i o i
RNA FHEHLE™ o & b0k RNA 7= 4, i3 #E4k
HBRPRERTHEREERIR, BREINHN
mRNA % 4 MR SR, (3 ) J5 32 R Rk g ™ .
i EL, B AL A 4 5 1 B T SiRNA B Bt P 51 3R IR 1

BE S AT W B A TS AR
F I, 7 siRNA 52 46 41 Bel7402/5-Fu 40 Jfl o,
MDR1 siRNA Xt MDRI #) 3 H UT BR300 B A £ 5
P, B Y 4 N B-actin A K H M X
BREZZHTHEH. 2 TEYFRMER D
7%, it MDR1 siRNA fg — B8 h 56 e | m] DL AT 2 i
% Bel7402/5-Fu 4 L % MDR Bl £, & % F 4
MDRI R P-gp MAMRIZAKF, Wik T H
Pop M RAFEBHWITHIEHARANBER, &
—EBE EWE T Bel7402/5-Fu 40 i B9 4L 9T 8K
Btk EENHK A, LT EDEHE K siRNA
FBRRETURBEEFHTHRER £5I M8 F
HEAPHHRREBE I RE, FMAE ZNEH
P 0 7 A I R L A Y 1

At , £ mRNA HI & B KF 0 R,
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siRNA S5 4 Bel7402/5-Fu G, EM@E siRNA
ERB R BRBNE | RAE2 X, HF >k MDRI
HHM P-gp EARKE, MARZEEEIER, 6
B F7=/: MDR Bl £ 4 Bel7402/5-Fu 41 i 74 &
P-gp KIRIERR, S BHE &, W P-gp | AR B A 2E
EWBEK, A UEE 15 h 247, Mo, @E 0
fE5 siRNA Bl R R BV REF MR RE
Ko XHIRIE, L2 & MM siRNA F BRIMIER A
HNRENBF RV ETY . ALRBER,E
siRNA fE I 2 d Z P, 0 sl s SR 3k B B K fE, B
FEGEEPYRELSNFREA BRT4ZE,
Bel7402/5-Fu 41 ffi 9 MDRI {¥) % ik #1 P-gp B H
MAEBRXEZBFREKE, B, EHH A

4 JE RS A 4f B DNA 2k, I Bk sl % 2 B Bl

RIj5 %, #5%F MDR1 siRNA ZL B A 40 A9, i 1
UK IR E KL, EFIRAKIT MDR1 siRNA f
B9 T B 0f T 245 B 9 46 il MDR R BB PE T o
FL4E siRNA 5238 41 Bel7402/5-Fu 4 g Xt 4% 7
37 2591 1 1C, ¥k LA e siRNA 5 F 2 J5 40 i it
ZifE R A B, ME & AN R4S siRNA 1) 4
MDRI & P v 3% R AR 5, BT LA B IS 40 B #9245 %
B, H B A V] BE B R TH BR Bel7402/5-Fu 4 L A9

MDR %7, & T R P-gp % £12E SE M A siRNA |

MR Ve Sh, 55— A B R R T A
MDR B R 2 i £ F 2 N A0 & 2k i 12 4L W) o ALK
FEATRE SR B W b — R R R B AR W B
g "

AYCBE 5T £ % MDR1 siRNA %f MDRI 3 A %

— T 755 25038 W, WA T 335 %% JF R T 245 4E Jfd Bel7402/
5-Fu B9 MDR R ZEHEAT T ISR o 4R, X3 FF 98
MDR R ERIVIR BT RMBELRE, AHT
BN A G ALY RR BRI EE,

B E 3Tk
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