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s RS — 2 T A R | RECKS 25 W B
SCHE AR B B IR, T A TR N 2 R g
FERIEEEAN (1) NI = R G B U s - ik 7151
WA, AT R T 5 0 245 ) B R0 B A O
YA EAERY ) s ol S IR 2 W e g b
Fe AR JH A0SR /NS b e R ) 2 S T e 2
YITE/ N B WIS LA B AR RV R IE BR . Ak, F iz
T Be PR sl 02 o 25 W FE il G A% Ve 4 26 3B e
SN AYIR A, e is R Be 0y 3 i sl SR A 2
YAEA LT3R EE , BRSPS i, R
W TR 25 MBI LA K 24 el DR R H v BAFSE 25
e 1 IR AR L 25 W) B PR 245 40 5 e iz AL B0 A
HEMF BR AN 25 WA BRI b A VR X T 2590 2
A, A EEN LY,

RNA T3k ( RNA interference, RNAI) £ K&
21 28] 2 B — PG 4 2k R O v R R
fili A= Wy e 2 i o SR b AR 21 1)z N AR K
&, Flan, wraR B R TEE, TR BENAYT DL G
Jr BT, 282 s A TR 4 Bl S
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v B, i RNAI £ K & H T 5% iz & 9 0F 5%
e ARG ) DR R T A HE, RNAT 2 A 53
{4, (o5 L 3 e v 3 ) ) 4 P AF 9 7 3 A ) A
WIIRE, B FH TR R R 245 i PR R 1 1R Y
AbE A, RNAT BERE 514 b 41 o] 80 56 PR 19 83
G Ak 2 A 7 PR i B i R 2 ) B o )
PRI S B AR S FE 25 R o Ak 3 Fn 25 ) A
HAER®FE B RAF 0N A, A SO X
Aok RNAT HARTE 259055 18 R 7 b 16 o 251725
ARG —HORTE 25 ) i i AR A T 04 I g T
2 2GRN E T B AR B R A9 0 R
J 2y a R T RE AR S IR o RS 2 |

1 s

CRIN Y is iR oy 2 ATP-Z5 6 &%z
& ( ATP-binding cassette, ABC ) #l i it #% &
(solute carrier,SLC)'® . ABC 28443z {4 3= 338 1o
ATP {LEeN- S A Xt 25 W o HE, 525 o HERs iz
I B s ik A P-#EE H ( P-glycoprotein,
P-gp) , £ 251 245 #H 5 25 1 ( multi-drug resistance-
associated protein, MRP) F1| [l J it 24 75 11 ( breast
cancer resistance protein, BCRP) %5, SLC 2Kf#%ia{k
FEA ST 259 A, LG P B i is i
(organic anion transporter, OAT) A LB Ti%iz %
Jik (organic anion transport polypeptides, OATP) . A
HLBH B 1% iz /& (organic cation transporter, OCT )
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A BRIBCRNA MRS i A 1 Sh A A AR A A ) 3
AP s N TR R B BRI

Y EEs R B R TN ek 25 s Ik
FIEAFAEL DT IERT AL, i1 ABCC 5 A3 4%
12 7% ( ABCC1~ABCC12) |, X Sei 5z R 7 51 2
A KEESNEY, A LESNRY R
AR A R R 70, DR, A i 2 g 3
s RO T  AR XER 1 A [R5 aa A A 24 1
B4 KA AR TR R

2 RNA F#EAR

RNAI /& H 3% RNA A5 19 7 51045 5 1 2 1A
UUERILG , EAERL ST e i Ja 7K R K- 1
RELOBT 25 R 9 2R 3k, EL AT v 280 M R o R S M 1
A, BNAI AR E )2 H TR T Re R 5, 1E N
—Fh R A S AT TRt E 2 T IR IR
F5E'®' . RNAI 8 3 P9 PE RN RNA (miRNA) 5§
SMIEAE Y /T 40 RNA (siRNA) 5% % & RNA
(shRNA) BHEVER . G i siRNA L H fij 5
Dy {5 g R A0 PN AR PR, BB XL P
FEAE T IR A R BT R P A
M EANEEN, RESHRENTH
ShRNA 3= %2 iy A= 1k 2% AL R 4 2% A B, 3 3 o
7 S B 2 AR TE A A BB A% XL R AR KRR
SE P HIAE T, oA stk BT shRNA 1L 28
TR BERELL B A s i A% 3 7 20 . miRNA J&—Fh
RS RN AE GRS RNA, Hi423T 20~25 nt fiY
gk RNA 7 T4, BB 7RSS 55 /K7 %) 3L

%1 RNA FTHFEAREFSEMGERFTDRMA

HEATIRA X 40 it AR 3R R T e R 4 R
H i, siRNA, shRNA 7l miRNA ¥ 2 78 25 5% ia 1k
WA SN

3 RNA FHERFE YIS A HE X8
TEMIZY

T 25 1 2 S 35 e AR LA V7 R I ) 2
BRI Z— T 24 e A Y S AL A A0 P R
PR WS/ D | 20 L PN a5t A% RN 2 1R A el AR D) R
B K 24 038 a0 B 2 T A 3 TR A HE A 1S it
Horr SR B R A 5 0 25 90 S HE i SO T 245 1 &
A e BRI B, ANHER: 214 P-gp, MRP Al
BCRP iy iA by R 25 0E ™ A= i EZALH, 2 )
R AL AE IR YT B R BRSO i i i 25 4
s AR 2R IR NI EE | AT 38 25 41 i i) 25 4 2 5%
S HRS R 25 sz 0 R F Bz —, R, IR R
b A A ) e A g o 245 AT AR B, HL 2
Sk A R i RNAT R fE R S0
HA ) e i AR PR 1) 3k P RE , 32 R AL 24 1R YT 3L
SR AT PR Ak ) 005 R 1 XU | Sy 3082 g i 245
PRAE TR R A

AT 2B B X SRS 2 (R 1Y) sIRNA 52
ST , B T AR B 25 40 i) i e 4 e 1 s i
RFRIR IR, B 5 I ot 24, 32 = AL IB 97 10
R, R ILET RNAI EARTE 259 25 PR A5 v
BN FHSCHR . 2222 HE R RN R 32 L 24 By B 22y
Yy, BB A IR YT Z B E . AR R B,
MDR 1 () siRNA fE &% 417 il iy £ 3¢ [k & 7 MCF -7

iz ik A/ s RNAi ik ik Sk
MDR1 MaTu/ADR/ /) i, siRNA/shRNA JkL o/ ek [20]
MDR1a/1b Colon26/ /)M i, siRNA J5ig A o/ ek [17]
MDR1a/1b RLS40/ /M siRNA 7 o/ ek 18]
MDR1 BALB/c /MR Stealth™/RNAi G TEK [21]
MDR1 NCr nu/nu 7N shRNA R TEA [16]
MDR1a/1b K BV S At siRNA v o/ AER [19]
MDR1 HepG2/mdr1 4H i shRNA it A o/ ek [22]
MDR1 MCF-7 4Hjifs siRNA ¥ Ak [14]
MDR1 JC 4ilfifi/BALB/c /Ml siRNA 4K Ok ANV AER 23]
MRP1,/MRP2 C57BL/6 /M shRNA JiRAH O 7 TEA [24]
MRP2 A2780/cp70 #Hfifl shRNA o VN [25]
MRP2 NPC 4iififg shRNA &I B 4 [26]
MDR1 Hela 41 siRNA i) Ak [27]
MDR1/CRP MCF-7 4l siRNA YR UL 4 [28]

MDR: Z2jMif2y; MRP. Z2TR25MI5CE H ; BCRP: FLIREMR 25 & .
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FLARIE AN MDRY (R 1R, IR 2 L LB AE
AL PN ) AR A3 AT B s i 24 4 B X 22 22 L R Y
PAF U e 2 Rl AR 40 & B, MRP1
i) sSiRNA BEAZHH 0] MRP1 mRNA Fl%E ()2
IR B R T R X R 0 A A RbE TS Pichler
FEUS AR RGN TR &L, RNA B R GBS 4
A i MDRA FE b8 240 i /N U 4 21 DL
JF R 2 35 A 3 fE, U5 B RNAT B2 AR 16 17k P 0 5%
MDR1 (¥ A] 47, Patutina F1 Matsui'""~"® 5 {4 i
2043 )38 5 4 5 mdr1a/1b siRNA, [&] B 40
mdria/1b 7E/NEAR N I 238, 3 & T L= iR 97
g, Ah , Honjo 26"V JiZAE 1 A siRNA RES AT
SACH ) BT A A i 40 L 0 A R S v 1 P-gp 3%
IR e M FER AN BT R AR B S X 5T R
AT o RNALFER—Ff = 2300 77 50 55 5 e 1 A
R SREE A 15 2 LD VA P B Tt 2 3 7 STk A T
R LT ARG I A

4 RNA FIFEAREZLMLEF T F A

S ia (R L AR 25 W) 7 B b R AR T A A
B /INE I A0 A ) B R AN HE, B2 R 25 0 /N 1
W AT AR A SRV R 1) TR 3% 5 % 0 AU B T 25 25 W A
N RES AN i U DR U v A D SR /R (S 5S
L2 202 B S ML ) A3 A, DT MCAR 25 ) AR AR S Y
AEAT R, Y2 R R s R I 4 5
s, UL RN AN [R5 i AR FE A~ 25 4k rh
PIFE R, SRS s R 5 10 25 W A B 5 T e S 2 i
PRI, e da (AR 1 S 0] 22 R Ak 2 3 o ) 2l
MR RGRIAT, B TAEIHR 2 AR IR Ry
SPERUR YIRS XM, TN B8 58 R B s AR AE R W)
M e, S Ah, ALk R 4L A Y Madin-
Darby K ' 4ii ifs (MDCK ) -MDR1 % 1 4R fig i 4% 5
P b S AR S AR R ), AH T ds AR it Ak
Z , HW @B A R 5T ERA TR R T EH RS
FRSEF 20 DR o 55 Bl g A TR A R 1 36 DX T i )
W R T EEEN . SRR ik 2
TR R L DR 54 A P R T 8 A B 2 AR )
FIHE AR SER . 5T RNAI AR5 S =R L
S FE DR S5 M R 1 RNAT FR Bk 7 T fig
KA SR Y — OB i 6 TG E R T Rg
FERUR S R — R AR B AR, 2 2 18
SCHRAFFE R, iR B4 Z T X —H,

Caco-2 HJZHl i FkA ZFoMEZ Ik, T2
RT3 B0 552558, Darnell 451 418 9%
S H P-gp F1MRP2 ) shRNA 5§ A Caco-2 4 fifs

R 2 RNA T ARIERIZ A THEEFN K ¥ % 5 9 5z B
OBk i/ s RNAi  #1& HE Ok
OATP A JiT4iy siRNA ¢ R4h [33]

[

BCRP KEAT4IlE shRNA J55H: &4k [37]

BCRP KEAT4IIE  shRNA J55HE &4k [35]
[

MRP2 KEJF4EME  siRNA G AN [38]
MRP3

MDR1 Caco-2 4iffi siRNA ki &4k [39]
MDR1 Caco-2 4iffi shRNA 12557 &4k [30]
MRP2
MDR1 Caco-2 4ifii shRNA 2¥5%; 4h [31]
MRP2
MDR1 Caco-2 4ififi siRNA s [40]

MRP2 KEJF4IHE  shRNA JUsT o [41]

BCRP

BCRP BCRP-MDCK siRNA ®Z &R R4+ [42]
g2l

MRP2 WH kit siRNA & fEfk [36]

MRP4

OATP. FHLMIE Tz 2 k.

hOBFSE T P-gp A MRP2 78 3t BE Ifil 25 A 5 i B
(ximelagatran) HEitt H g /EH . i1 & B, & P-gp
MAZE MRP2 25 T iy LN R SE R in i Fn 58
POMBER Sz, Li 55 SRR & A 31 P-gp,
MRP2 #1 BCRP ] shRNA, £ Caco-2 4iJits - #F5%
T AT B SNHEVE T, 45 5 K ST FE AR AT T 98
fRATT N2 &AL TT i P-gp .BCRP 1 MRP2 45
SMERGIZ | TV AR AT A= At VT A e 32 WAS 38 2
P-gp, BCRP fil MRP2 [/, L iR#Fos & ¥
RNAi # R 5 Caco-2 4l AU M 45 7, h 2659 Fies
B A EAE AR 3RS T — A 80T H 7E RNAI
i) Caco-2 41 I, v] LATEAN 45 52 5 s IR 7E 245 W 15
JE A 32 v AR T, I TR0 VA 1 25 A EAE

JEACKE TR AN 3k | ARAD (1 AR AR L J 2
Fiskia R, S5E MM, ) ZH THs RN 5
25 AR B ARG AR T HEERIF 5, S R oy 1t T
AT AR 25 9 43 A%, Liao 45'%' ¢ OATP1Bf,
1B3 f1 2B1 1 siRNA T A = BIA 55 7 09 A -4 i
o, W ZE BRI OATP 33K, VO S AR A VT Y T 5%
I HERER T 20% ~ 30% , HLAR 5= 9y (%) T 45 Bt
F#A% 50%., SIRNA T3t T4 iY 45 SR 42 7R, 1] i Al
FH OATP 41l 7] fit {2 Hiy 4028 94 7 AR Al 7T A9 2548
12, BRZYAH AR,

P A B pE A A 2 B A B 5, BRI T
HAR Y Fa R R . =B FR R R
JF 4 FR 0 R IR AR T S R T Ty
Yy R BCRI AR T FAMHERGBF 92 %, Yue %5"%) R FH iR
JG TR T 19 BCRP shRNA , il 2 il K SRU 20 it i)
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BCRP, liA~ 521 P-gp, MRP2, BSEP, MRP4 #i
OATP1A1 i3k, N X — BCRP miBRA AL PEAy
I IR 22 PRT 4 P Ak 2 300, Yk e <22 DAL 9 T 200 o oAy e
SR, T 2 R BB A HETS BORM R SR T
TH B3R5 I Bk ZE 0 PR ) 11 % A1 14% , 3 B ok i %
PR B - HEHE 3% ) BCRP 415, 5 BCRP 411571
s SRR B AR, T RES R 25 W0 AH BAEF

A SCHRR T8 B 25 0E 52, sSIRNA 76141 41 it 45
R 1 e SRR ROkE N SiRNA TR R N %32
TR 25 Ak B R FE BT Bk T — AR SR B
{H H RT A SCERIRGE % /0 . van de Water 451%8 5@ ot
FRIKE SRS PE AR T 59 SIRNA WK H AR 12 4 Aii
RIL,SIRNA FERETEE I IRHM, S 1 h
i, By siRNA & b HAZH 215 40 £, Fritt
2 ST R I T S MRP2 siRNA | WL T 5T
/g MRP2 (9 T fig, 74T MRP2 siRNA 4 d
Je , PR B G Bk R HE R 2 R B, 1T MRP4
SiRNA B 55 B 4t R n HEME, B, siRNA
W5 B im Ry T Re S Bt TR ik

5 RNA FHERERZEHEFTHYFEESE
it 52 R B Rz

U5 T2 A AR TE 245 1 B WL A A TR i
KA EZANEH , H AR A I s i 8 15 X T 259 1)
AR N HEAHEE L, HHs kiR
iR a1 R LN RN =& B BUR R FEAL YL L
3z (AT DR A 2 38 T T P TR RS MR ) 5 ) i
Jr A RGN S O RS8R A 25 W) AH B TG &
" B IRFR E ALY X 321K (pregnane X
receptor, PXR) . 4 i¥ &Y # %¢ %2 /& ( constitutive
androstane receptor, CAR) Fl 35 % 13 3% {& ( aryl
hydrocarbon receptor, AHR) &, "1z 2 524 ¥k%ia
PRI 2% 3 Mg T RNAT B AR 1E K 32 1k
PR 25 s RIS T BB A N

PXR Il CAR S i 75 25 4 Al #1714 i 32
BIREAZAR  AE 22 Tl 240 Mo v i 2235 18 &, A A1) R
i FLMRE s S5 e N R A % | AH
1 AFA T RN A HE e a4 ) SR DR 2 S R 4 E L
YR, Hi, PXR il CAR 5 i (4 T 25 11k %5 11 A1
oK, RNAI 38 323 10 1l A% 52 44 10 335005 ol B ds AR 1) 3R 3K
TRV DN 3 5 B i 25 0 PXR R IEAT 25
PRl N 2 AR DN 1 e B B A% A2 AR TRV 2 4
LU b 358 A FE T4 W 40 bk EL 4R . Y
R 440 o A0t B R B A%, PXR A L3S AE R T £ R
ks ik 445 P-gp, MRP2 , BCRP 1 OATP %5

%3 RNA FRAEZZERTAYEEEHA R PR

Bk kR RNAi 7k HEsHEE Sk

PXR  HepG2 4ijii siRNA &4} P-gp (48]
MRP2

AHR  LS174T 40/t siRNA 1A%} BCRP [54]

PXR MCF-7/Hela siRNA {&4F OATP1A2 [55]

HepG2 4 fifl

PXR A RPE4iJfi siRNA {k% P-gp [56]

PXR  hCMEC/D3 siRNA &4 P-gp [57]

CAR

PXR  HepG2 4ijfi siRNA k% P-gp [49]

CAR  UPEUm4NML  siRNA &4 MDR1 [52]
UGT1A1

PXR. Zekiazik; CAR. 41 32 4.

RigalliZ ' WF 78 T P rg 54 B 25 K his e ABC #%
Tz ORI G T % DT 1 & B, 7 MR R 3 i P-gp
A MRP2 B2 133k, i 45 T PXR siRNA J5 | 5¢
2t P-gp Ml MRP2 1% L8 ; Bifi J5 At i FH 4 4 35
R R P, AR RS MR RE TS PXR, W P-gp siRNA iiE
ST P-gp 25 TR M T T, X s FAR T
AT i S PXR i P-gp ARk B IR 0 i 4
Iy H A B AR, R IR 24 88 8 g [R) A AT LA
P-gpi#ik, 457 PXR [ siRNA 1] ffi PXR Y8 H
KRR 74% , I 52 4 5L IR N g X P-gp 1915 %
PEFIN XS 5 45 4%, PXR A Bt 14 25 4
G PXR 155 P-gp 3R35, 1 P-gp JRYIHY A
B a M A 25 8 01 47 o & AR s | AT 5%
Wi AT S5 A 2e 4k

CAR Jjig 5 PXR #H1L, e PLUVF 2 2544 AN [A]
HIALE ), Gk S e A ) IRRRAE , S R AIE ST
FH CAR T AYEEN 5 PXR fEEAR KT S,
CYP fiff . I A AHER 259 5% iz 1A% | CAR
FEREN VE NG R EEILAE 2, CAR
g5 CITCO g% I 8 bl 41 % 40 it b MDR1 F1
UGT1A1 351k, CAR 1Y siRNA fig T 1/ MDR1 FlI
UGT1A1 3Rk, [RIEHAE 4008 25 95 | ke 1 240 e A=
KA AT 48 = B0 S 22 3R Y7 5

JIF X 3244 (liver X receptor, LXR) J@ TH% 4 =
ZUWHFNE, 43 M LXRa Al LXRB, LXRP 7E 4543
ATz, LXRo ) F2 225345 T B /N A0 s I 4
A1 LXR #3h7 TO901317 fEi% 3 MRP2 1y %
ik, 8%} MDR1 Fil BCRP %A #1045 F LXRa [
siRNA RERH T MRP2 )% ik, X LXR 25T
MRP2 i , 0T G825 254 B RH T HE =)
I, 0 RNAT H AR AT B F T i 42 52 44 i 5L
PR IR T, 308 T LA 25 ) 5% 32 vt Ve A
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TR R Z BT s R A 8 TR A B AR 25 )
AR R IR 45 75 T A E AR
6 RE

B2k

BT, O &I 259 5438 (R /1 400 Fh, 2%
LT NER AT ST IR S TP U S NEA R
1A, e ) HAE 25 Wiz v i S RE I TR 3697,
WOMBFFE RIS . RNAT 32 AR KR A o i s 5
IR T A8 (B 5T, 5 1% Gt 1) Jk A B 12 AR L,
RNAI 7 AR A A D, 55, 4R A B At 34
Bt T RNAI AL R B AR A RNAT H AR 1L
I 2y Wy s R SE N D BE R P sl B T H Ik
b, Bt 24 10 32 PR DR Tl e A ) B, 1 R )
RS T8 RNA 54622551897 T LA = 259
ST AR, b SR 2 AN R R

AR RNAT AR DR S e o e AR 427
U RGH R IR 24 AN HIREY R BIFSE R (R
U5A T 5 n] 875 2R o, @D siRNA B A 2Pk,
SIRNA (1A %0 32 2 Fh R 1Y 52, AL 46 307 51,
BRI IE S R G UK E A=W, B,
SiRNA Y & 1107 i & & B AR Kk &, (H A 3%
SIRNAJT I (1) 5 BEATY SR J2& — A H AR MERS, siRNA 1)
A RPE T B R A TSI 0 R 7L Sh A A0 i N
/> RNAI § 8 HLH] , SIRNA 43 78 3 15 2 14 B 75 ot
N 20 2 5 R R B R D O, (U Pl T
150z e 240 P 940 288 TRUAR [ LA S 2 Yk ) i B M A s st
PRI DEAC LA RAE 25953 il 7 HA K
T e e Je OSBRI e 5 N ) e AR i R
BSR4k, 520 SIRNA A R ) 5 — 4> 325 )
AL o Ak 7 R A B 3 PR AR ], 52 3 SIRNA R
S &A1 @ siRNA 1L 245, siRNA (1
RN B LI 1 0 F g (8 S AR e 25 2o 40 LSS RD ks
o7 FH F A T B A A5 R S SIRNA A3 250 f% ik A4
A, B, IR 9ok MR E LR T i T
SIRNA (% 36 , {5 J2: i A AR AR b g e ] J5°5°7
@ FEMERY . sIRNA B shRNA (145 A TT RE M0 14
P 2 B R 3 R, A R S P 4 T o) P9 DR
mRNAR IR, I AR T, 535, WEE RNA 8
115 RNA 255 FAH B FHBERE S e H B S I
R AR RNAT $ AR I A7 7E LA L ) B3, {H Bl %5
RNAI AL %720 257 e B |, 3 26 (] S0 AT BRA5 2 ff ke,

M2, BRNAT H ARG R & SRR YT, 5 is 1R )
RERFSE R 25 W i b B — I 5 Mk 7 . BT,
RNAI E.28 1y T 336 5% 5% 3 (A 3 10 i Jgg it 24
PE s R T RE R 0 S MBI 52 R 25 ) 35 T i
FIAHEAEIEGY . RNAT £ R B9 55 5 Pk A 5o il
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RNA interference technique and its application to drug
transporter research

KONG Ling-lei,LI Hua
( State Key Laboratory of Toxicology and Medical Countermeasures, Laboratory of Drug
Metabolism and Pharmacokinetics, Institute of Pharmacology and Toxicology,
Academy of Military Medical Sciences, Beijing 100850, China)

Abstract. RNA interference ( RNAi) is a powerful technique that utilizes double-stranded RNA mole-
cules to specifically knock down the expression of the targeted gene. The RNAIi technique has a broad
application to basic biomedical research. Thanks to its high selectivity and effectivity, this technique is
also used clinically as a disease intervention and therapeutic method as well as in the research of drug
transporters. Drug transporters are membrane proteins that play important roles in the absorption, distri-
bution and elimination of a wide range of drugs. Inhibition or deletion of transporters may affect clearance
and pharmacokinetics of drugs and lead to altered toxicity or therapeutic efficacy. Therefore, in drug
development and clinical application, it has become critically important to characterize the roles of trans-
porters in transmembrane transport, tissue distribution, clearance of drugs and drug-drug interactions.
However, the diversity and complexity of transporters make it difficult to identify and confirm the role of
transporters in drug transportation and drug-drug interactions using chemical inhibitors of transporters.
RNAiI is an excellent method in delineating their specific roles in drug distribution, elimination and drug-
drug interactions. This article reviews recent studies using RNAI to silence gene expression of specific
transporters and the application to the research of transporters mediated cancer resistance, drug disposition,
clearance and drug-drug interactions.
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