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The Role and Regulatory Mechanisms of P-glycoprotein
in Breast Cancer Multi-drug Resistance

CHEN Lei, TANG Sheng-Song”
(Institute of Pharmacy and Pharmacology, University of South China, Hengyang 421001, Hunan,China)

Abstract As a member of ATP-binding cassette transporter super-family, P-glycoprotein ( P-gp) is able
to expel intracellular drugs out of cells. P-gp is often overexpressed in breast cancer and limits cell

The

regulation of P-gp involves in a variety of signaling pathways and transcription factors, forming a rather

internalization of chemotherapeutic agents, and contributes to transporter-mediated resistance.

sophisticated network. This review briefly discusses the role and regulatory mechanisms of P-glycoprotein
with the emphasis of its importance in breast cancer.
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FBt, M Z 251 25 ( multi-drug resistance, MDR ) J& &
L AT R W) FEF R Z —. fE15 £ MDR
BIBLH |, P-#E 8 ( P-glycoprotein, P-gp) At i 5%
KR F B, I, X T P-gp AR ML TS,
W5 L LRI MDR SR EAE A e

1 P-gp HFBREZAMZHHIER

1976 4, Juliano 1 Ling" 7E 98 7% f) vp [ 4 B
1) 90 2 v e B — s 4 i AR, AT LA
WU ALY 25 ) 4 RS 37 Pk | DR B i 44 R P-gp ( X
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KA LR A L L AT, 25 AR P-gp AR,
RN G, 19, e A T, eAh, 7E pS3 17
EMTEO T ,P-gp 5 p53 456 HBEZE Pokemon F
A IR 301 DX 3, AT T3 Pokemon WS SFET5 4 42
PEFLIR S A0 M 36 5. P-gp 5 Survivin 7E MCF-7/
ADM HZ0 L b e 38, 4EHEA K (P-gp 4 S P I
) Kb EEAY MCF-7/ADM 40 Survivin 3 )5 311 (1
054 bp Jii 3 ) 1% PE W] W ek 55 , 78 5% S K7 T A
Survivin JE K &3k, T T 8 Survivin 8 H Rk, A
75 AN T

2 P-gp FEFLIRIE L A2 R AR H

PR FLIRE MDR 09 & A FUE &, P-gp 23
S FRIK. P-gp MRH RIKZINFZHE M,
Ho 41 45 15 53 B ( Wt/ B-catenin 3 % . APMK/
CREB i % . p5S3/NF-«B i % Fll Shh {5 5 i .
TRPC5 .PKCa) . %% 5% Il F (HIF-1a . YB-1 . FoxO1 ) |
DNA H AL R H LBk A5,
2.1 3% P-gp RiXFMNIPEERIE SE B
2.1.1 Wnt/B-catenin 13 5 1@ % L P-gp 69 & ik
22 Wi Wnt/B-catenin 18 #%° AN, 24 Wt Fil 1k 5 B85
i Frizzled 3214 (FZ) FMILES BB B A2 AR FHOC B 1
6/5 (low density lipoprotein receptor-related protein6/
5, LRP6/LRPS) &5 & B}, Wnt/B-catenin 155 5 18 [ 5t
PG, Wnt-Fz- LRP6 B EWRYIE U Z 28 E A
Dishevelled ( Dvl) 1Y 5 4 5 2 LRP6 1) 8 iR 1k 1l T
b, Ui I Axin B E W2 R R A, X 2L T30 Axin
AT B-catenin B FR AL B, LI fE B-catenin
FE  FaiE I HY B-catenin RERRIFFE ARL, 5 T
20 B R T/ K £ 400 B 34 5 R F- ( TCF/LEF ) JE B sk
HAEY, BIG A  FRk. JOLRMMR SR B
7, TCF4/ B-catenin [ % N I F 75 22 2T 25 3 7] 1
( mutli-drug resistance, MDR1) 19 J3 2l X 3k , X 5kt
FW | MDR1 J2: Wnt/catenin {55 5 38 [ 1) 1 4 ¥ 5%
, HF A=) & P-gp. 7E MCF-7/ADM 4 i
Frizzled 1 (FZD1) 5 P-gp F ik [RIAF L4, 1M I 2k
FZD1 T3 P-gp M2RIK N M, K 52 240 M % it i igd 245
YIRS | 3 H A% B-catenin 7K - i 2 AR
Ak 3% B R ( hyaluronic acid, HA) 5 CD44 454
AT p300 (%8 K H 2 B R G v, A £ a0t
B-catenin Ml TCF/LEF % 5% 52 & ¥ () 1% PR 38 5 F1%
I NF-kB WRE R 5. X805 MDR1 B
Fik B, P-gp BYRINTH i, 2 MCF-7 4l 24.
2L TGk SIRTI (25 Z WAL ) 175 5 STRT1-P300

HIL5 G R 2 B JE 5% R Tl A O 05 , 530 HA/CD44 i
T B-catenin Al NF-«kB-p65 2 £ W1k, 47 #l B-
catenin- TCF/LEF BJ7EMEA NF-xB A 5E S5 3
I, F 8 MDR1 B 3Rk BEAR P-gp 85 H IR IA
MATT 3855 MDRM™ . PRI BIFSE3IE 52, Wit/ B-catenin
55 IEAE P-gp VR P VR, 70 b3 i
A g % LI MDR.

2.1.2 APMK/CREB i@ % T i P-gp # & ik
cAMP R ZA TG (CREB) J2MKHE T AMP 3476 P8 (A
WA ( AMPK ) {55 53 [ (1) 5% 5% [ F, CREB #§ R 1k
APOTE FR L A, 7 AR AR ) AL0. 7R MCF-7/ADM
Afrf, XU AR R g B b
S, AMPK (#5216 KF- - FH, {5 CREB H#ER2 1k
KRR, il AMPK AT BHWF — FFXSUBR | 55 4R 2 A1l
KM-FEHZ TSN AMPK B2 1L, 541 CREB B
1k, L P-gp BYFEIK. TR, —HHXUNK 55 AR 25 ALK
35 225 T BESE A i AMPK B9 2% 3k, DT 0
CREB %% 16  JEAM 6] P-gp 183K 56 ZLAR
S MDR.

2.1.3 p53/NF-kB i % Fif P-gp 09 R i& Kt
(K NF-wB 5 il A7 75 T FUAZ 4 M b, 78 40 i 5T 9 G
TR, B IkBs(NF-B #IHI & A ) HHZE &, FERE Sk
G5 HIBT , IxBs BERR L1 & AL REAR , 45 5 50 NF-
kB ARG S PR ()7 5% AR A ) B4 5 o1k
PR R A e ey Y R A e T R B0 R ps3
AP AR T AR SR . BT Y R B,
p53/NF-«B il B 76 FLIRIE Y MDR h & #E B 2R R,
K BB 22 10 1) MCF-7/ ADM 4 Ji fi) 186 5, 7 vik BE Hy
90 wmol/ L. itk 25 100 4 240 it b Bl 8 28 AR . F
FERI, A R BERE N p-Chk2 A1 p-53 B Kk,
Chk2 XfF DNA i/ T80 G, WIHA &7, H
REBEMRTL pS3, 3 p-53 MIFRRE,pS3 & NF-«B Y I
WeAm 3L BEE p53 KF- B4 &, NF-kB e sk TGPk
ZEHH]. NF-xB ZE YR 5 MDR1 B S —N
ETEES N EVE MDR1 B2k K P-gp 5.
PRI, A b 0 22 17 LD ) NF-kB A9 55 SET6 1, S50
MDR1 5 PE ) T 8, P-gp 323K MK 2D, T 326 4%
MDR. & ANBIFSEIE 52, p53 He I % 298 28 AT DL i 7%
MDR1 FEH 33K, 7 HF A Y p53 W) & 45 45 S5 1 4
AR PRt R AR 25 A 1Y p-53 (Ad-53) AT LA
H4Jm MDR 1% MCF-7 20 g X Bl 6 25 1) Sk, L i
FIH P-gp MK, LI IR 251 A, an
JL PR 175 S 09 98 T il R F 1 ( cytokine induced
apoptosis inhibitor 1, CIAPINT )t 7] DL i 835 p53
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Hl P-gp MK S5 ZLNRIE Y MDR , 3 568 20 i 119
HET-RE S CIAPINI J&32 /K% S IR I Ras 5
S B R RO 4 T, @it RNA 4, CIAPING
AR EL LR A e 3R B b IS, pS3 AR I Rk i
THE, 5 53 MDR1 mRNA Fl P-gp A1k i & F&
I%, 25 Y B 3 5. I 2R R, UK T
(heat shock factor 1, HSF-1) Bt = 1458 NF-kB 5
Z7AF R p53 1% DNA 255164, 75 5 MDR1 Fl P-gp
(O IE YT, S BCFLAR I MDR™™ . UK TE R 1 27
(heat shock protein 27 , Hsp27 ) F¢ik HE b & FRAL 28 48
A p53 Fl NF-kB -p65 A& M, i P-gp AYRIL, 5
BEZL BRI MDR. Shi 251" fifi Fil shRNA R c-fos %
ik fH pS3 M FRIE M, T3 P-gp BY IR AT Y
BAR , 300 5% 7L AR S MDR, 35X 1T BEAE Ry ¥ 8 110 2 10
UM T 25 3L IR YT, SRR BB 9T & B, 20
(S)-AS W Rh2™ RS AR ( Ak I 2
BERI BT 25 % S 10 P-gp BYFIA. B AT 3741
MAPK/NF-kB i %, NF-«B (4% 557 il NF-kB ()45
A E SE S NF-«xB 5 MDR1 J3 8 F 45 61
P, TG P-gp MYFEIR W55 ZLARIE MDR. F I,
FATIN A, pS3/NF-kB 38 X F P-gp (4% AT fE 2
FLIRIE MDR A LR R () SR R R
2.1.4 Shh 12 5 i@ % LA P-gp #) kA
hedgehog ( Shh) {5 53 # & S W) IR i & 7 1 78 v i
YA BLAE ) A Sl i 2 — AT RE AR AR
T 44 L v R T A B R B Ak N A Y 2 B
7% 2% (norcantharidin, NCTD) #4 i1 MCF-7/ADM 4 Jiig
HB RS 2 A9 B PN B R, ] MDR-1 mRNA  P-gp &
FIA4 T 18] 8 15120 NCTD 4b 5 Shh 2 4 26 3K Al
Gli-1 #5329 4m i, Gli-1 J2 Shh 15 53 #7119
bra&. Db Ak, Shh BL AR AT _E 98 P-gp (933K, Bk 55
NCTD #3345 A VE . @R mdr-1 mRNA K I Shh
FIRAY B A, X kU B Shh {5 5l 5% Al BE A T
MDR1/P-gp W) _LJiE. IR ATTIA A, NCTD W G id
PP Shh 15 53 B & R Ui P-gp B 3Rk v iR
MDR.

2.1.5 PKCo LA P-gp #4 Rk &I C
(protein kinase C,PKC) ) 1z Z 54T o4k |
FEAE AT M 2%, PKCa J& PKC 4 [R) T, Hoxf
iR 240 J = TR0 A 7 A A 5 T Ak 2 T B .
PKCa 7T AEIE 3 118 MDR1 9% st KF-, R P-gp
Ik, fii | PKCa 3 2 77 9% % B 16 ( phorbol-12-
myristate-13-acetate, PMA) Ji5 , S8 A2 BT 25 A9 MCF-7
20 B X G A2 T R B 8 2 ) i 245 M 1S, MDR1 i P-

Sonic

gp MUFIAIY EIE. i FH PKCo 305157 11 SR 2100
(chelerythrine, CH) J& , W 4 30AH B 19 45 5 . 40 B
2 PRl 5 2 PH 117 T4 P-gp HYSMIESNBE
FIFEAE P-gp B35, PH 11-7 J&8¢ ELL (2244
TEEE AL B A7) 1 2-F2 JE W Ais AR, SR
B g 16 4, JC 6 MDR ) b RS 40 . RT-
PCR Fl Western blotting %5 52320 | PH 11-7 i i 4171 1l
PKCa i 3235 F I8 MDRI 3[R %% 5%, 6 55 N 1 c-
Fos/c-JUN i F PKCa ) N, HBEZE & /1% 1k AP-1
Jelf, 1 AP-1 JCAFAE MDR1 J3 3h 1 X 8. i Bk
PKCao A [ i 4 c-Fos/c-JUN il P-gp HYZik. PH
11-7 3@ 7P PKCa B93RIK, T3 c-Fos/c-JUN Kik
REAR, o4 /051 AP-1 JCABE 1t IFAR , 1 it 4 o
MDRI1 M55 55%, T E P-gp IR, WL IRIE L2
fif 2512

2.1.6 TRPC5/NFATc3 i#&% L ifl P-gp 09 & i& Wt
s SZ (AL ASZ ( transient receptor potential, TRP) i iE
SRR MRS I Y — 2 Y FH B 3E | SO ST
RIRFLAE R i 3 5 T 2 b R E AR . A
MCF-7/ADM ZHffl 22w, Ca® * i 1% 1 % I A2 14 W 7
WIiE (TRPCS) 5 P-gp B9 [F B3t ik, 24 #0 l
TRPCS5 936 PE 38 T8 P-gp B AR, X Fp
A P AT A e 25 1 S A0 B A3 A, S SO A A% T
EEM, B MCF-7/ADM 40 it % B] 25 25 14 fiit
2P T AN G LA T €3 A (NFATE3 ) &
#H: TPRCS 165 P W A A4 Y 55 S I 7
NFATC3 (AMHIE D> P-gp 8 IR, 175 3 PR &R
T e A B R, W AL BB R 52, NFATC3 P47
MDR1 J& 5 WO 55 S 36 P, (i P-gp AY AN, it
M SO ML 25, K TRPCS/NFATC3/P-gp 155
T PR AEFLIRIE MDR i SCEEE .

2.1.7 R MW 2-REIC/Dkk-3 #] i 1k
JNK B TR I8 P-gp BYFRIK, $2 15 40 X B 25 2
AR ). R T FRAER P-gp 3k, B2 &
BURDEAN A0 . X R S Ake 35 16 Fn
NF-kB ()% G A L. mibRka eSS EREH 6
(BMP6) A I3 P-gp MR FIEfL ERK {5518 4,
HA5E MCF-7 20 X} o] 25 2 i 52 2%

2.2 AT P-gp RIEMIEEMNERETF

2.2.1 HIF-la L8 P-gp 89 %k (KEFBFHT
( hypoxia-inducible factor, HIF-1) & 55 — 2 A4 5%
Ry 2 R o F1 B RE T Hrp HIF-1a
AR E YR e T HIF-1 AY36 M. HIF-la 40 F A9 N
Ui AEAE 2 /N FEXT ST 1) B2 2O S A B, AR i
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TABARE LT, B O R e 5 DR ke #E AR L
2 M AL Sk R B (invasive  micro-papillary
carcinoma , IMPC ) J&— PR SRS 10 10 FL R 12 10 968
3-D ERR A& MCF-7 4fi B ({8 &% 1% FBS Fl 20 g/
mL (AP 1 41 4 B 1 Y DMEM/HAM S
F12 RiFRILE 5 24 ~48 h) EE A2 15 IMPC #H
1. FXF T 52 MCF-7 410, 3-D Bk MCF-7 41
i H HIF-1o 754k, 25 MDR1 BRI 5E Sf 0 VY
Pl P-gp B A F B T, DTS S04 i v By
B R R LA, S S04 0T BT 25 2R T A2 i 10 i
HIF-1o Ay 363K, 3-D BOIRIAR MCF-7 401 P-gp 1Y
FEIR B FRAR, G 4 i N B8 2R 0 R, B i 4
Xof ) 2R A AR R, HIF-1 35 L35 S P-gp
(263K il fEE IMPC =42 MDR 1943 FHLHI.
2.2.2 YB-1 T Ll P-gp 89 K& YB-1( Y-box
binding proteinl ) /& DNA Z5 & AR EZ —, ZBEE
SRMELE A H AL Y-box J7 51 (& 5'-CCAAT-3’
FPH) I — 2855 K, nl 5 MDR1 22K JH 8h 7 I
Y -box FESEPELE G0 8 FLNR IR 40 a2 T
DTS YB-1 fA% 5 46, 3 58 YB-1 [ DNA 4%
AIEPER L MDR1 JER A2k, JE 1 P-gp BYFIR
FHis i AR MDRP .
2.2.3 FoxOl 42 MDR1 A R ## % CKER
W % A ¥ (forkhead box-containing protein, O
subfamily, FoxO) 117 3 /MY FoxO1 | FoxO3a
FoxO4. Wtk . WALz RALTT P85 FoxO (1))
fie, NI R2A 4% 5 i1 . DNA BIZE S MEH S5EHZ
) () AH B AR, B 44175 5 0 Y 3R 35, Han
AU 3E 97 fF MCF-7/ADM 40 Jifd | FoxO1 & 2%
ik, AR FoxO 2567 S A7 T MDR1 3k R 3 i
JA B X (5'-TGTTTCG-3", -150 to -144), FoxO1 5
Z AL AR HE MDR1 R 9%, 5. FoxO1 siRNA fig
AR MDR1 B %% 5%, BRI, FoxO1 BEAE iF
MDR1 FER 56 5% | FVH P-gp I R3E, FEFL IR
MDR.
2.3 DNA REHLMAEZEL ZEBHAFTET MDR1
MDR1 HIFER 5% DNA H L A E A 2
BRAL . BEE FLIRE MDR 4 % 2 | i 25 40 it v ml
AEH B MDR1 DK 5 2 (A HH 364k \H3 A H4 41
FH LB K T = DNA W 3L 55 B filf ( DNA
methyltrasferases, DNMTs ) Fl 4 5 H 2 £ Bt 1k [
(histone deacetylases, HDACs) mRNA 7K -3 5 BIK
F3kKF1 . HDACI 1 HDAC2 HE3# 3 &K P-gp

(10238 7K ST 184 S8R B g 24 40 0 SRR e R
P04l HDAC1 F1 HDAC2 #3235 7] 1% S p300 , PCAF
FINF-Y REEZE MDR1 Ja shF XL, #1138 MDR1
FRITEE Si  fF P-gp FOERIR IR BIF9T 38 22 B, TR 24 40
MDR1 3£ 7 sh T FAM g X I 9 v i s e 4l B
I H3(H3K9) & BEAL K 3% FH i . i e 12
HEFLR S, MDR 5 3+ 2 UL H 3L 10K,
X AT AESE P-gp FIA/KF LAY IR fF 5 20
UHRF1 Al 4% 5 MDR1 J5 ¥ 45 &40 MDR1 J5
TS UHRFL 2 — M &G, A Xt
DNA Fll 41 25 1 2% 1k A 0L 3 3 50 2 . it bR
UHRF1 A 55 UHRF1 #1 HDAC1 5 MDR1 J& &+
(IZ5A , NS MDR1 Ja 816 PE AL P-gp 1)
5. UHRF1 Byad 3607 LLS S 418 1 H3 F1 H4
R mEAL AR, FLRR (2 F HDACT R4 MDR1
Ja BT IX s, I MDR1 s S E e | hn £2 25T
25 IR 20 L X P-gp 32 245 ) ) ECRRAME | DTG 335 B
MDR.
2.4 GCS#1P-gp EHRATRIHEILIRESHME
ME%E

T L 28 1 A T ( glucosylceramide synthase
GCS) JE NG BT i 5 R . 3l Tl s o) 25
R FHE DN UDP -4 245 ¥ iy 12 i 210 49 28 19 e ot , DTG 5
IR ATRE LI e ME . GCS [ T 5% M 20 it A K A
T, I FENEE MDR Al S22 4 . 2L M 98 40 i i
HEaE Y GCS shRNA FHUA N Fh GCS Al MDR1
()RR 32 B, P-gp FIB K B FFEAL, X
SEEY AN HERE 1 A, 3 W MDRPY . it
A, J0HH] GCS eIk v {G 1L caspase-3 , it U i e 254
(AN BETE | e 24300 5% ZL IR MDR. i ok, RNA
TP MCF-7 4t MDR1 =ik, d 0] LR GCS 3%
K AT TR R . P — 2 oY K PR, AE i
y 0 FL IR N P RNA T4 Rl MDR1
H1GCS AH X F B b 41 il mT LA S A 000 A L A
MDR™ . Rk, T ATHEWT, GCS I P-gp A H HplA],
PO T A A T, PR T LR MDR B & A
L.
2.5 HE

BT DL BRI 2 PR AL A1 A4 A 3
HEWHLEIE T P-gp BYFRIK. —LEPRZ AT L P-
gp BIZIL, FL U A Z2%5¢ X 324K (human pregnane X
receptor, hPXR) (76 fL{# CYP3A4 Fil P-gp [ %3k
JH, @R hPXR 5341 MDA-MB-231 il MCF-7 41
JRLXT B e RE 25 4 (R R . PKD2 X2 A &
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[ P-gp FRIX WA, AL FEAT MDA-MB-231
Y B PKD2 R AL A P-gp B8 FH 5 A 0] 47
PERGN. FBR PKD2 J 5 35 B AR A i X 55 42 et i it
3% ,P-gp MR /D) — SR AT LU
P-gp BYFEIA, LN . s PE Al AL B MCF-7/ADM 41 g
J& , 20 LR W A T T 1 G 0, T B R IR KT T
TR SZ e i T (%) DX S8 235 4, 3 R %) dak sl M
P-gp MYRILIS . IR F 2 5 H e P 24 ik
AR AT LAH 55 MDR A9 52, 33X Fh4E 2 a8 i
B P-gp M5 SEIG M, AR P-gp MK
o Akt ROBERRL .

3 RE

Wit 5 ) LR R P-gp THEE IR HLH AY A
WY, AT BE, P-gp BYVE T 2% (Fig. 1) Faf U1k

ROS Hypoxia
Heat shock Chemotherapy
:\ \ \
| WNT | |HIF-10, |
[NFB | [PKca| [ Gos |

Chromatin
remodeling
HDAC

AR e TSR, B M SC bR fE 2t B BT 5T 17
fRINE Z S %, ARSLE = MR ST R B, i 3k B g
2 it 4E Y% i) % R 7 ( M-CSF) ] S 2 i P-gp 36
ik, 3 MCF-7 418 MDR,{H M-CSF [ P-gp AYE
RHURIATE. 13 T AIIER M-CSF 2 ir 2 84
R S TRt 7/ R | -2 W X e 11 A
M-CSF 4b B 5 B-catenin (135 % EH . Xxut
P71, M-CSF J& 75 Al LU & F 4 B-catenin B IA,
PE Wit/ B-catenin 18 [, T2 P-gp B35 I
JA, FEANE 257 DL EWFSE TAE R A T R K
FRATHR AL Z2 T AE 0 R 1 5 A AR A S A AT
AT LLRAR T Z MDR 342, Jf- i e FO At i) i 22 4 |
L MCEERY P-gp IR, LAE 72 I R R H A 2L
Hhi¥i %% MDR.

Drug resistance

MDR1 mRNA

o X » 4
- ;C:! DNAdamage

Fig.1 The regulation network of P-glycoprotein in breast cancer

MDRI1 gene

TRANSCRIPTIONAL REGULATION

Different stimuli ( such

as chemotherapy) may induce different signaling pathways which regulate the expression of proteins

involved in MDR-1 gene transcription. The changes of transcriptional activity of MDR1 gene induced

or inhibited breast cancer multidrug resistance by affecting the expression of P-gp

2% LK ( References)

[ 1] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013[ J].
CA Cancer J Clin, 2013, 63(1) ; 11-30

[2] Chen W, Zheng R, Zhang S, et al. Report of incidence and
mortality in China cancer registries, 2009 [ J]. Chin J Cancer
Res, 2013, 25(1):10-21

[3] Juliano R L, Ling V. A surface glycoprotein modulating drug
permeability in Chinese hamster ovary cell mutants[ J]. Biochim
Biophys Acta, 1976, 455(1) :152-162

[4] WEE B PHEHEOSEMEAEMILET]. PEAEY L
FESTF AW (Tu C H, Yang D Z. Molecular structure
and functions of P-glycoprotein[ J]. Chin J Biochem Mol Biol ) ,
2009, 25(1): 7-11



553 Wi

A PR A TR LR 22 250 25 T A SRR BIL 253

(5]

[10]

[11]

[12]

[13]

[14]

[16]

[18]

Shen Y, Chu Y, Yang Y, et al. Mitochondrial localization of P-
glycoprotein in the human breast cancer cell line MCF-7/ADM
and its functional characterization [ J]. Oncol Rep, 2012, 27
(5) :1535-1540

Zhang Z, LiuZ, Ma L, et al. Reversal of multidrug resistance by
mitochondrial self-assembled nanocarrier based on
stearylamine[ J . Mol Pharm, 2013, 10(6) ;2426-2434

He S, Liu F, Xie Z, et al.

targeted

P-Glycoprotein/MDR1 regulates
pokemon gene transcription through pS53 expression in human
breast cancer cells[ J]. Int J Mol Sci, 2010, 11(9) :3309-3051
Liu F,Liu S,He S, et al. Survivin transcription is associated with
P-glycoprotein/MDR1 overexpression in the multidrug resistance
of MCF-7 breast cancer cells[ J]. Oncol Rep, 2010, 23(5) .
1469-1475

MacDonald B T, Tamai K, He X. Wnt/beta-catenin signaling:
components, mechanisms, and diseases[ J]. Dev Cell, 2009, 17
(1):9-26

Zhang H, Zhang X, Wu X, et al. Interference of Frizzled 1
(FZD1 ) reverses multidrug resistance in breast cancer cells
through the Wnt/beta-catenin pathway[ J]. Cancer Lett, 2012,
323(1):106-113

Bourguignon L Y, Peyrollier K, Xia W, et al. Hyaluronan-CD44
interaction activates stem cell marker Nanog, Stat-3-mediated
MDRI gene expression, and ankyrin-regulated multidrug efflux in
breast and ovarian tumor cells[ J]. J Biol Chem, 2008, 283
(25) :17635-17651

Kim H G, Hien T T, Han E H, et al. Metformin inhibits P-
glycoprotein expression via the NF- kappaB pathway and CRE
transcriptional activity through AMPK activation [ J]. Br J
Pharmacol, 2011, 162(5) :1096-1108

Hien T T, Kim H G, Han E H, et al. Molecular mechanism of
suppression of MDRI by puerarin from Pueraria lobata via NF-
kappaB pathway and cAMP-responsive element transcriptional
activity-dependent up-regulation of AMP-activated protein kinase
in breast cancer MCF-7/adr cells [ J]. Mol Nutr Food Res,
2010, 54(7) :918-928

Tran T P, Kim H G, Choi J H, et al. Reversal of P-glycoprotein-
mediated multidrug resistance is induced by mollugin in MCF-7/
adriamycin cells[ J]. Phytomedicine, 2013, 20(7) :622-631
Zhu L, Zhao L, Wang H, et al. Oroxylin A reverses P-
glycoprotein-mediated multidrug resistance of MCF7/ADR cells
by G2/M arrest[ J]. Toxicol Lett, 2013, 219(2) ;107-115

Qi X, Chang Z, Song J, et al. Adenovirus-mediated p53 gene
therapy reverses resistance of breast cancer cells to adriamycin
[J]. Anticancer Drugs, 2011, 22(6) :556-562

Lu D, Xiao Z, Wang W, et al. Down regulation of CIAPIN1
reverses multidrug resistance in human breast cancer cells by
inhibiting MDR1[J]. Molecules, 2012, 17(6) :7595-7611
Kanagasabai R, Krishnamurthy K, Druhan L J, et al. Forced
expression of heat shock protein 27 ( Hsp27 ) reverses P-
glycoprotein ( ABCBI ) -mediated drug efflux and MDR1 gene

expression in Adriamycin-resistant human breast cancer cells[ J].

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[30]

[31]

J Biol Chem, 2011, 286(38) : 33289-33300
Shi R, Peng H, Yuan X, et al.
shRNA sensitizes adriamycin- resistant MCF-7/ADR cells to

Down-regulation of c-fos by

chemotherapeutic P-glycoprotein  inhibition and
apoptosis augmentation[ J ]. J Cell Biochem, 2013, 114 (8):

1890-1900

agents via

Zhang J, Lu M, Zhou F, et al. Key role of nuclear factor-kappaB
in the cellular pharmacokinetics of adriamycin in MCF-7/Adr
cells: the potential mechanism for synergy with 20 ( S )-
ginsenoside Rh2[ J]. Drug Metab Dispos, 2012, 40(10) ;:1900-
1908

Lin X,Zhang X, Wang Q et al. Perifosine downregulates MDR1
gene expression and reverses multidrug-resistant phenotype by
inhibiting PI3K/Akt/NF-kappaB signaling pathway in a human
breast cancer cell line[ J]. Neoplasma, 2012, 59(3) :248-256
Chen Y J, Kuo C D, Chen S H, et al. Small-molecule synthetic
compound norcantharidin reverses multi-drug resistance by
regulating Sonic hedgehog signaling in human breast cancer cells
[J]. PLoS One, 2012, 7(5) :e37006

WS B, RV, S U SRR CEL R 22 25T 24
AR T ], o BE A4 B 2 ( Chao Z, Wang L J, Wu M
H, et al. Mechanism governing reversal of multidrug resistance in
human breast carcinoma cells by chelerythrine[ J]. Acta Acad
Med Sin) ,2011, 33(1) :45-50

SuY, Cheng X, Tan Y, et al. Synthesis of a dual functional
anti-MDR tumor agent PH II-7 with elucidations of anti-tumor
effects and mechanisms[ J]. PLoS One, 2012, 7(3) :e32782
Ma X,Cai Y,He D,et al. Transient receptor potential channel
TRPCS is essential for P- glycoprotein induction in drug-resistant
cancer cells[ J]. Proc Natl Acad Sci U S A, 2012, 109 (40) :
16282-16287

Kawasaki K, Watanabe M, Sakaguchi M, et al. REIC/Dkk-3
overexpression downregulates P-glycoprotein in multidrug-resistant
MCF7/ADR cells and induces apoptosis in breast cancer [ J].
Cancer Gene Ther, 2009, 16(1) :65-72

Pandey V, Chaube B, Bhat M K. Hyperglycemia regulates MDR-
1, drug accumulation and ROS levels causing increased toxicity
of carboplatin and 5-fluorouracil in MCF-7 cells [ J]. J Cell
Biochem, 2011, 112(10) :2942-2952

Lian W J, Liu G, Liu Y J, et al. Downregulation of BMP6
enhances cell proliferation and chemoresistance via activation of
the ERK signaling pathway in breast cancer [ J]. Oncol Rep,
2013, 30(1) :193-200

Doublier S, Belisario D C, Polimeni M, et al. HIF-1 activation
induces doxorubicin resistance in MCF7 3-D spheroids via P-
glycoprotein expression; a potential model of the chemo-
resistance of invasive micropapillary carcinoma of the breast[ J].
BMC Cancer, 2012, 12 .4

Lage H, Surowiak P, Holm P S. YB-1 as a potential target in
cancer therapy[ J]. Pathologe, 2008, 29 ( Suppl 2) :187-190
Zhu X, Li Y, Shen H, et al. miR-137 restoration sensitizes

multidrug-resistant MCF-7/ADM cells to anticancer agents by



254 T E AR S 0 T A AR %530 &
targeting YB-1 [ J]. Acta Biochim Biophys Sin ( Shanghai), can regulate GCS (glucosyl ceramide synthase) in breast cancer
2013, 45(2) :80-86 cells[ J]. J Surg Oncol, 2011, 104(5) :466-471
[32] Han C Y,Cho K B, Choi H S, et al. Role of FoxO1 activation in [40] Zhang X, Li J, Qiu Z, et al. Co-suppression of MDRI
MDRI1 expression in adriamycin-resistant breast cancer cells[ J]. (multidrug resistance 1) and GCS ( glucosylceramide synthase )
Carcinogenesis, 2008, 29(9) .1837-1844 restores sensitivity to multidrug resistance breast cancer cells by
[33] Huang C, Cao P, Xie Z. Relation of promoter methylation of RNA interference ( RNAi) [ J]. Cancer Biol Ther, 2009, 8
mdr-1 gene and histone acetylation status with multidrug (12) :1117-1121
resistance in MCF-7/Adr cells[ J]. Zhong Nan Da Xue Xue Bao [41] Chen Y, Tang Y, Chen S, et al. Regulation of drug resistance
Yi Xue Ban, 2009, 34(5) :369-374 by human pregnane X receptor in breast cancer[ J]. Cancer Biol
[34] Xu Y, Jiang Z, Yin P, et al. Role for Class I histone Ther, 2009, 8(13) :1265-1272
deacetylases in multidrug resistance[ J]. Exp Cell Res, 2012, [42] Chen J, Lu L, Feng Y, et al. PKD2 mediates multi-drug
318(3) :177-186 resistance in breast cancer cells through modulation of P-
[35] Toth M, Boros I M, Balint E. Elevated level of lysine 9- glycoprotein expression[ J]. Cancer Lett, 2011, 300(1) :48-56
acetylated histone H3 at the MDRI promoter in multidrug- [43] Vijayaraghavalu S, Peetla C, Lu S, et al. Epigenetic modulation
resistant cells[ J]. Cancer Sci, 2012, 103(4) :659-669 of the biophysical properties of drug-resistant cell lipids to restore
[36] Sharma G, Mirza S, Parshad R, et al. CpG hypomethylation of drug transport and endocytic functions[ J]. Mol Pharm, 2012, 9
MDRI gene in tumor and serum of invasive ductal breast (9) :2730-2742
carcinoma patients[ J]. Clin Biochem, 2010, 43(4-5) :373-379 [44] LiuKJ, HeJ H, Su X D, et al. Saracatinib (AZD0530) is a
[37] JinW, Liu Y, Xu S G, et al. UHRF1 inhibits MDRI gene potent modulator of ABCBI- mediated multidrug resistance in
transcription and sensitizes breast cancer cells to anticancer drugs vitro and in vivo[ J]. Int J Cancer, 2013, 132(1) :224-235
[J]. Breast Cancer Res Treat, 2010, 124(1) :39-48 [45] McDermott R S, Deneux L, Mosseri V, et al. Circulating
[38] Sun Y, Zhang T, Gao P, et al. Targeting glucosylceramide macrophage colony stimulating factor as a marker of tumour
synthase downregulates expression of the multidrug resistance progression[ J ]. Eur Cytokine Netw, 2002, 13(1) :121-127
gene MDRI1 and sensitizes breast carcinoma cells to anticancer [46] Wei W, Zeve D, Suh J M, et al. Biphasic and dosage-dependent
drugs[ J]. Breast Cancer Res Treat, 2010, 121(3) ;:591-599 regulation of osteoclastogenesis by beta-catenin [ J]. Mol Cell
[39] Zhang X, Wu X, Li J, et al. MDRI ( multidrug resistence 1) Biol, 2011, 31(23) :47064719



