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Reversal of adriamycin resistance by digoxin in human breast cancer cell line

MCF-7/adriamycin and its mechanism
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Abstract: The aim of this study was to investigate the effects of digoxin on the chemoresistance of human breast cancer cell line
MCF-7/adriamycin (ADR) and its underlying mechanism. MCF-7 and MCF-7/ADR cells were designated as control and ADR groups,
respectively. MCF-7/ADR cells in ADR + digoxin group received 48 h of digoxin (10 nmol/L) treatment; MCF-7/ADR cells transfected
with pLKO.1-shHIF-1a and pLKO.1-shcontrol plasmids were named shHIF-1a and shcontrol groups, respectively. CCK-8 assay was
employed to detect the cytotoxic effect of ADR on MCF-7/ADR cells, and ICs, value and resistance index were calculated according
to CCK-8. RT-PCR was used to measure the mRNA levels of hypoxia inducible factor-1a (HIF-10) and multidrug resistance-1
(MDR1). Western blot was used to analyze the protein levels of HIF-1a. and MDRI1. Flow cytometry was used to determine the apop-
tosis. The result showed that the resistance index of MCF-7/ADR cells was 115.6, and it was reduced to 47.2 under the action of
digoxin (P < 0.05). In comparison with control group, ADR groups showed increased protein and mRNA levels of HIF-1a and MDR1
(P < 0.05). Digoxin reduced the protein levels of HIF-1a and MDR1, as well as the mRNA level of MDRI1, but did not affect the
mRNA level of HIF-1a. After HIF-1a gene was silenced, the protein levels of HIF-1a and MDR1 were down-regulated (P < 0.05),
and the pro-apoptotic effect of ADR on MCF-7/ADR cells was enhanced. Although it was also observed that digoxin promoted cell
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apoptosis in both shcontrol and shHIF-1a groups, the difference between the two groups was not significant. In conclusion, the results

suggest that digoxin may partially reverse the ADR resistance in human breast cancer cell line MCF-7/ADR by means of down-regu-

lating the expression levels of HIF-1a. and MDR1 and promoting apoptosis via HIF-1a-independent pathway.
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DAE M. RRIE H AT R Ao g, it 2 2030
B, A BRI I RO N EORBE T NHOKs 43 s 3|
264 J3F1 170 75 B0 R A SR AL S LR I R 1
CREITIE ORI M TIRIT AR, (HZ AN 2512 3
SRR R R E B P,

Hh 3 — Bl B AE VR B AR PR Al 1 15 A
T, AT R 50 WLAE B Na'/K'-ATP fig 25 &
I HIENE, TR kO g AR e
PO RS . Semenza 25 7E A1 i KX 3 120 Fhzy
VTR Fa I, By S S RO R 3 N
Hep3B 4l Uit 5 8 -1a (hypoxia inducible fac-
tor-la, HIF-1a) 25 F 3k, [ I i & 30 ey 3wl i
MR PR AR AR KA Y, H S RUE Semenza %
Z W0, B O BT T UG 0 v g0y E R M R A
FI Bl A HIRIE T SR, M o T ot AL
(s, 0 R R P R AT R A R 1) il ) e
B U, S EZESSNAE TR EE Y.

H AT, Hhs 3 2 — PR 7R 1 HIF-1a 310081 571 (1)
W O 2 BEE T2 ER S EIEERIRMET,
HIT 23] 5 T FUR R A A HIF-1o 3208, HE {8
Z 2450 252 1 (multidrug resistance-1, MDR1) 31k
AT 1Y, X R B HIF-1o 5 FL RS 2 2451 250
PIF=A B PIA OC . SR T 3 50 = 6 75 50 1) L e i 2
9 h HIF-1a ()R8, It — 2D fom i 2544,
XL H HT AR WA TE . A 5T DL L R 2 bk
MCF-7/ADR J9HT e X8 5, WL EE M sy 3 o T 245 1
AA TR 52, A HIF-10 A1 MDRI1 /) mRNA
FEE A RIEAKCE AR H AT BE R 7 F AL o

1 MR 575%

1.1 #8 AFLARJE MCF-7 441 i1 MCF-7/ADR
RIS ARSI =AML 5 B4R MiE (FBS) A1 RPMI1640
K7L 5 Hyclone ; pLKO.1 Jiiki#k A4 H Addgene ;
M= B 55 % (adriamycin, ADR) A Annexin V-FITC
8 T2 & AR 77 & B Sigma ; Cell Counting Kit-8

(CCK-8 k7% ) I H 22 2 K ; Trizol 155 Al fig 5 4
Lipofectamine 2000 % [ Invitrogen ; 2 — %% cDNA
& Ak 5] & (PrimeScript 1st Strand cDNA Synthesis
Kit). Tag DNA % & B (Tag™). T4 DNA % $ i .
PCR 5|1\ HIF-1o F5 557 sShRNA FH7 5135 )
H RKEFRAEY AT BPLA HIF-la. MDRI1. B-actin
PuiAFI HRP Fric Il =Pt IgG W H Santa Cruz.

1.2 ¢ApaEEsE A FLARJE MCF-7 41075 & 10%
FBS [#) RPMI1640 }; 7= 5, 37 °C. 5% CO, 4
J K5 7% 48 N K A% AR 9% . MCF-7/ADR 4 Jifd i
BEREFRAE S 1 pmol/L ADR [ bk 35 35 b DA 4E
S 251, BEIR AR AEARIE . SRIR S =4 s (1)
Xt ZH (Control 2H ) : 1E# K537 1) MCF-7 411 ; (2)
fif 254 (ADR 41 ) : 1E# £ 3% MCF-7/ADR 4iijfd ;
(3) M7 b FEZH (ADR + H s S22 ). £t S (100
nmol/L) {EFH 48 h ] MCF-7/ADR 4iJiu.

1.3 CCK-8 ZHMZnpamZ5tE oo &K iiHa
W, HIREEER S x 10* /mL (40 EM, &L 200
ul BER T 96 fLB, T 37 °C. 5% CO, 4ufiis 748
HRE SR 24 he NN TARWEE 7708 0.01, 0.1, 1,
10 1 100 umol/L ] ADR, 41 5 ME L, A
WIAZSL (N EFEIE. MTT Al R ) At
FRAL (S, 5983, MTT il H AR ),
F 37 °C. 5% CO, i 56 P 55 9% 48 ho BEFLIN
A 20 uL CCK-8 ¥, 37 °C 1597 1 h, HBghr{Ck:
Iy 25 AL 450 nm PSR E A(E . A0 A= A A
=1~ ZFL A E/ SHHFL 4 8 ) x 100%. K
SPSS 16.0 %4 Probit [A] AL 15 ADR X 4 1)
L HHNHZ (half maximal inhibitory concentration,
ICy,), VA 52 it 24 48 %1 (resistance index, RI), RI =
T 24 &4 P TCs/ BRUBRAR M 1) ICsq0 LA 1SRG EE AT 3 VK
1.4 ¥ pLKO.1-shRNA A RHE  HIF-la (1
541N 5°-GCTGGAGACACAATCATATCT-3’ (1511-
15317, ¥ pLKO.1 Jii ki #% 14 Fi] Agel F1 EcoRI i
DG, 546 R shRNA SEZ R AEE (WE 1) T
16 °C #4521 ho 48 8 I 1) 55 40 Joa R 3k KO = 4E
YA F . W A RO R 2 T A 4N
pLKO.1-shHIF-1a 1 pLKO.1-shcontrol.
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#1. shRNAF .3 7)
Table 1. The sequence for shRNAs oligonucleotide

Name Sequence

shHIF-1a Forward: 5’-CCGGGCTGGAGACACAATCATATCTCTCGAGAGATATGATTGTGTCTCCAGCTTTTTG-3’
Reverse: 5’-AATTCAAAAAGCTGGAGACACAATCATATCTCTCGAGAGATATGATTGTGTCTCCAGC-3’

shcontrol Forward: 5’-CCGGGGAATCTCATTCGATGCATACCTCGAGGTATGCATCGAATGAGATTCCTTTTTG-3’

Reverse: 5’-AATTCAAAAAGGAATCTCATTCGATGCATACCTCGAGGTATGCATCGAATGAGATTCC-3’

1.5 SJLEFRRIFEY MCF-7/ADR 4B 4T
A 41 Jf ki pLKO.1-shHIF-10 A pLKO.1-shcontrol
43 7 % ¢ MCF-7/ADR 401 i, % Y% 77155 18 Lipo-
fectamine 2000 # 1E B B F it 17, E T 37 °C. 5%
CO, Ki = F R 1577 48 ho 152 PI4L4M - (1) sheon-
trol 21 : %% Y% & 40 J5i ki pLKO.1-shcontrol ] MCF-7/
ADR 41ififd ; (2) shHIF-1a. 41 : %% Y= 4 ikl pLKO.1-
shHIF-1a f{) MCF-7/ADR 4 il .

1.6 RT-PCR # 1] mRNA 7k F 2% [ Trizol LS
Vo B S 24 RNA, B 2 pg & RNA #3HT
SRS, AT+ 42 °C 60 min, 70 °C 15 min,
FT A5 S 55 [ ST —20 °C A4 . B2 L |
e s SR 34T PCR, PCR B 261 = 94 °C
1 min, 94 °C30s, 60°C30s, 72 °C 1 min, %2
R 4 AT 35 AMiEH . 51K A Primer pre-
mier 5.0 % ¥ it, %4 PubMed Blast %;ilF. HIF-1a
U5 : 5°-ACAAGTCACCACAGGACAG-3’, T
W51 . 5-TTTGTTGAAGGGAGAAAAT-3", 74
KJE N 176 bp s MDRI L5149 : 5°-ATATCAGCAG-
CCCACATCAT-3’, i 514 : 5°-GAAGCACTGG-
GATGTCCGGT-3", 74 K i 4 154 bp ; GAPDH
W51« 5°-GCCAAAAGGGTCATCATCTC-3’,
#5140 : 5>-GTAGAGGCAGGGATGATGTTC-3*, 7~
YK FE N 287 bp. PCR 45 5% FH B I # s Jie v vk
BA&, A8 Image] BAFHEAT 265 K EEAB 7347

1.7 Western blot #& & g K FE ey Sl
MHE R E A, 25 ng EAF M, £ 10% SDS-
PAGE Hiyk 43 & J5 # % % PVDF i, W (5%
BSA/TBST) #f (A 1 h, fin A\ HIF-la, MDRI1 #I -
actin —#7 (1:500 #i B ), 4 °C W H L%, TBST ¥k
B3k, BN 40 (12200 Fi B ) =R F¥EE 1 h,
TBST Y& 3 7%, M ECL #E47 K6, BE= X
R, B FHER A &4t (Infinity 3000, 1
H % E Vilber A #] ) #5471 2 EORTERIE, A
Image] B AFBEAT K JE 43 #7, B-actin 2 561 NN

77
ZHE,

1.8 RAMMAARKMMAAT & & L5044
MBS, H PBS BEAIMIPR IR, NG A S
YN, 0N Annexin V-FITC 28241 J5 T 4 °C
WEEHEE 10 min, 800 r/min 2.0 5 min, # HJ5,
HEBMETE&E2mMEh, M PR ORERIR
S1JE T 4 °C LT E 5 min, 257 40 4% (BriCyte
E6, TWHFEEHAF ) Rl

1.9 GitothAE SR A mean + SD £,
K HI SPSS 16.0 73 #r 4t 2 418 LU BCR AT LA &
7 Z 453 M (one-way ANOVA), 2H 7] 5 5 b 45K FH 1
AN ZE M ZE 7L (LSD ), J ¥4 i GraphPad
Prism 5.0 #fF22], P < 0.05 B\ N2 0 BA g it
FE .

2 R
2.1 HEIEXMCF-7/ADRZABETRH 2514 o 5200
CCK-8 ¥ i il 45 3 . 7, ADR 41 %} ADR f#]
IC,, F1 IR 4354 (12.72 + 1.05) pmol/L F1 115.6, i
FE T XYL (P < 0.05). 1 ADR 41ftk, ADR +
b o AT 42 3 7 2 (100 nmol/L) 1 F 48 h /i,
ICs, A1 IR 43 5] N % 2 (5.19 £ 0.58) umol/L A1 47.2,
ZES B RENE (P<0.05)( L& 2).
2.2 MIEFEXNMCF-740HIF-10FIMDR1EZEHKF
gpA1
ADR 240 ffii /f HIF-1o, f1 MDR1 % [ &k KT
43519 1.030 5+ 0.127 4 f1 1.126 1 £ 0.115 6, 345
FETRHEA (H) P<0.05); ZHiEE (100 nmol/L)
Qb BE 48 h J5, ADR + #h & oF 41 41 g HIF-1a A1
MDRI 5 H R IE K73 5] % 22 0.363 0 + 0.053 8 Al

£2. Yo% # 4 MCF-7/ADR %@ JLit 24 14
Table 2. Digoxin reverses drug resistance of MCF-7/ADR cells

Group 1Cyy (umol/L) Resistance index (RI)
Control 0.11 £0.02 1

ADR 12.72 £1.05" 115.6

ADR + digoxin 5.19+0.58™ 47.2

Mean = SD, n=3. P < 0.05 vs control, “P < 0.05 vs ADR group.
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0.7149+0.087 2, 1 ADR % 5F5.2% (¥ P<0.05)
( W 1),
2.3 MEFEFMCF-7/ADRZAFHIF-1¢fIMDR1
mRNAKEHIE M

ADR 4 41 iy ¥ HIF-1a A1 MDR1 ff] mRNA 3%
K43 )52 1.041 1+£0.089 5 F111.070 7+ 0.119 5,
BEETXIEA (P <0.05) ; £33 (100 nmol/L)
EH 48 h J5, ADR + Hhi & == 2H 41 ffg -h MDRI [
mRNA Fik7KF %% 0.700 2 + 0.084 7, Al ADR 4
£ % (P <0.05), 1 HIF-la mRNA Fik/KFIL
B AL (L 2).
2.4 Bk HIF-1a EBE % MCF-7/ADR 4jfl HIF-10
#1 MDR1 ZBFRIAKTHIF N

shcontrol ZH 41 it HIF-1o /1 MDR1 [ & (4 & 15
K452 0.934 5+ 0.123 2 f1 1.071 4 + 0.125 9,
5 ADR 4H #H HC G W % 2 5 5 shHIF-1a 4H 48 i
HIF-1a 1 MDR1 {2 H 33k 7KF 73 1) 79 0.088 2 +
0.021 6 F10.355 1 + 0.048 7, 4% E (LT shcontrol
YA (35 P < 0.05)( WL 3).
2.5 SLBR HIF-1a ZE X MCF-7/ADR 4 fET-/Y
AU

shHIF-lo ZH 40 fL 8 T %8 (1.17 £ 0.53)%, 5

Control ADR ADR+digoxin
HF-a o e
MDRH1 . ——

B-actin | U _ E

1.4 - HIF-1a :l MDR1

P
121 - T
1.0 1
*#
0.8 A

0.6
*#
0.4 1

Protein expression
(relative to B-actin)

0.2 4

ol NI .

Control ADR

1
ADR+digoxin

1. % AHHIF-10FMDR1 & A £ 1A

Fig. 1. Protein levels of HIF-1oo and MDRI1 in different groups
detected by Western blot. Mean + SD, n = 3. *P < 0.05 vs control
group, “P < 0.05 vs ADR group.

shcontrol ZH A b 6 2 3% 2= %, XKW IIER HIF-1a
B R FF A 82 mi MCF-7/ADR 20 0 T~ 5 SR T 48 10
umol/L ADR 1£ H 24 h J5, shcontrol 2 1 shHIF-1a

A B

C Marker D E F

GAPDH
MDR1

GAPDH
HIF-1a

15, W HIF-1a 3 MDR1
T 12
3 E 1.2
[
3 & oo
< 9
é Q0.6
Es
2 o3
LM
Control A ADR+d|goxm

2. % HHIF-10AIMDR1 mRNA /K *F

Fig. 2. mRNA levels of HIF-1o. and MDRI in different groups
detected by RT-PCR. Mean + SD, n = 3. "P < 0.05 vs control
group, "P < 0.05 vs ADR group. A and D: control group; B and E:
ADR group; C and F: ADR + digoxin. Marker: 1 000, 700, 500,
400, 300, 200, and 100 bp.

ADR shcontrol

HF-1o i -
- G —
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Bl 3. YTERHIF-103E 6T HIF-1aFIMDR 18R 7K S 5200
Fig. 3. Effect of HIF-1a silencing on protein expressions of HIF-

lo.and MDR1. Mean = SD, n = 3. "P < 0.05 vs shcontrol group.



ZEAFRIASE . vy S 1 2 7 e MICF-7/ AD R 4H B 1 i) 245 4 B AL ) 615

shcontrol shHIF-1a
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Fig. 4. Effects of HIF-1a silencing and/or digoxin on apoptosis in different groups detected by flow cytometry. Mean + SD, n=3. P <
0.05 vs shcontrol group; “P < 0.05 vs shHIF-1a group; “P < 0.05 vs shcontrol + ADR group.
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A TR TR A (9.43 + 1.87)% Al (27.68 +
2.73)%, Ja# REGETHE (P<0.05), XEIVIE
HIF-1o 3K 7] & 3% 1 98 ADR % MCF-7/ADR 41 iy
P T-E . 100 nmol/L 3t 34 F 24 h AT 45 %%
75 5 shcontrol 20 1 shHIF-1o H4H A IE T, {2 4
(]G 2 (LA 4).
3 iR

TEARBE TR, FAT R B = 2 g0 3 = FL AR
Je& MCF-7/ADR 4 Jfu %} ADR (¥ #8083 4E 1 MCF-
7/ADR ZH M T-. Western blot 45 5 & 7%, HuiE ¢
A 5 3 B AIK L R 7 MCF-7/ADR 41 Jfd o HIF-1o #1
MDRI [f) 25 4 %% K F. RT-PCR 45 5 &or, HiE
0] N EFLIRE MCF-7/ADR 4fJfgf MDRI (] mRNA
JKF, {H R0 HIF-1o () mRNA 7K F. 7£ % H
shRNA i R PLER HIF-1o ZE K FRIE G, FRATRILDT
R HIF-1o % R 314 v] 2 3% %Ik MDR1 & H /KF,
I 3 ADR % 5 f) MCF-7/ADR 40 g T2, (H R
A B M 755 52 %7 MCF-7/ADR 41 i {2 8 T4 F o

EARg PP RINE ¥ S NTTE 25T PP o f i
ST B WA K o MDRI JE PR ()3 632 A2 b 7= A=
Z N2 LB 2 —. MDRI £&—Fi 578N
170 kDa [ 35 500 55 1, 5O R P- BB R (P-gp)
ot P170. MDRI #id /K fi ATP SRHELBE &, ¥ 2 Ff
AT 2505 A oRg 4 i, DA/ g 4 Bl P B 2454
W, S8EHmeg Y, FEURiEse, @i RNA
THERTUER MDRI BRI 3Rk, T4 2 F s 40
Jf AT 24 W RO I, i L L e TP
Fge U, B s Y 4%, Chen 25 U BF 55 4IF S, 1R 45
Jp 9 b HIF-1a 7] 5 MDRI 3R W 380 T 454, I
R HIF-1o 52 H 7] R MDR1 ) mRNA 1 HKF,
M0 ok A5 3 1 22 2T 24 1 . A R4 SRtk
B, 7FFLIRsE MCF-7/ADR 4iffirh MDRI & HIF-1o
[RIHEREA

Semenza 28 A 5T K I HIF-1a fE L2 BE5 S FL
Ji gz i Jeg T 41 g, (breast cancer stem cells, BCSCs) &
LR REEEE/ER, XAF5 HIF-1a FiF
IL-6. IL-8 fl MDRI1 [FJRIEH ¢, HumFae A 24
Wiz s EVE 5 AT Semenza 25t 45 £ BT A
FEIE B E PSR (reactive oxygen species, ROS)
K% S HIF-1a £IEK Y. Cao MW AR, 1E
/N BRCFL B AT1 28 i 7, ADR 8 i 3% STATI-
iNOS-NO {5 53 % {i¢ 33 HIF-1a %% ', Zhu 2§ 1

W78 K3, MCF-7/ADR 41 jg#% # HIF-1a fI3IEK
B2 T MCF-7 4l ffid, 24K siRNA $ A i
Wk H 52 AR A7 JH I 1 (transient receptor potential chan-
nel 1, TrpC1) % ik J5, MCF-7/ADR 4 i #% t HIF-
lo [REKTBE N [N Zho S8 K, £
52 ADR BB AZBEIRTT I LR BB T A AR AR
TrpCl 5 HIF-lo ERIE K EE & TR 2T
(3L e 5%, H TrpCl 5 HIF-lo f) F ik K F &
BEIEMIKY, R L, T 4YE S HIF-la
FIEM 5 LRSS et — 25 i .

i 75 2 A 7E 22 R 4 g b 4 HIF-1a 3R
ik, EEHHIEARMIE . £ 51 iRE C4-2 4iH.
= 99 L IR R 40 e MDA-MB-231. BB {5 25 987 41 il
MDA-MB-435 Fllfii fif i AS549 4 fig b, Hois; = vl [
i 1 HIF-1a (] mRNA R KPP0 i e fF
Jit Hep3B 4l rfr, 35 =7 A {2 3 40| HIF-1a & H
Fik, EXFIH mRNA KFIEEm Y, AT FEAIE S,
7E 7L A9 MCF-7/ADR 2 Ji by i 3 2 75 55 5% Ja K
SN HIF-1o (9320, R BEFRATTHEDN M 75 2 7T 6
% HIF-1a mRNA ##3%. HIF-1 2 [0 = 540 & H %
fif SR AT LR R

E LTI, ARG RREY, HmE—JrHiE
BE ) HIF-1o T MDR1 RiA, 5 — 7 @A
WA HIF-1o R 2 S TS, W72 — & 2
£ I 3¥6 % MCF-7/ADR 20 M A 265 P o 1 Hb = 2 4
A[ 1] HIF-1o A FI{E3E MCF-7/ADR 41 i 3 72
ST BN T — 2P R 78 1) 1)

& 5 Xk

1 Burney IA, Furrukh M, Al-Moundhri MS. What are our
options in the fight against breast cancer? Sultan Qaboos
Univ Med J 2014; 14(2): e149—e151.

2 Akarolo-Anthony SN, Ogundiran TO, Adebamowo CA.
Emerging breast cancer epidemic: evidence from Africa.
Breast Cancer Res 2010; 12(S4): 8.

3 Frieboes HB, Edgerton ME, Fruehauf JP, Rose FR, Worrall
LK, Gatenby RA, Ferrari M, Cristini V. Prediction of drug
response in breast cancer using integrative experimental/
computational modeling. Cancer Res 2009; 69(10): 4484—
4492.

4 Zhang H, Qian DZ, Tan YS, Lee K, Gao P, Ren YR, Rey S,
Hammers H, Chang D, Pili R, Dang CV, Liu JO, Semenza
GL. Digoxin and other cardiac glycosides inhibit HIF-1alpha
synthesis and block tumor growth. Proc Natl Acad Sci U S A
2008; 105(50): 19579-19586.



AR e 10 LR MCF-7/ ADR 20 0 PR i 245 44 B FEA L)

10

11

Newman RA, Yang P, Pawlus AD, Block KI. Cardiac glyco-
sides as novel cancer therapeutic agents. Mol Interv 2008;
8(1): 36-49.

Biggar RJ, Andersen EW, Kroman N, Wohlfahrt J, Melbye M.
Breast cancer in women using digoxin: tumor characteristics
and relapse risk. Breast Cancer Res 2013; 15(1): R13.

Wong CC, Zhang H, Gilkes DM, Chen J, Wei H, Chaturvedi
P, Hubbi ME, Semenza GL. Inhibitors of hypoxia-inducible
factor 1 block breast cancer metastatic niche formation and
lung metastasis. ] Mol Med 2012; 90(7): 803—815.

Samanta D, Gilkes DM, Chaturvedi P, Xiang L, Semenza
GL. Hypoxia-inducible factors are required for chemotherapy
resistance of breast cancer stem cells. Proc Natl Acad Sci U
S A2014; 111(50): E5429-E5438.

Cao Y, Eble JM, Moon E, Yuan H, Weitzel DH, Landon CD,
Nien CY, Hanna G, Rich JN, Provenzale JM, Dewhirst MW.
Tumor cells upregulate normoxic HIF-1a in response to
doxorubicin. Cancer Res 2013; 73(20): 6230-6242.

Zhu Y, Pan Q, Meng H, Jiang Y, Mao A, Wang T, Hua D,
Yao X, Jin J, Ma X. Enhancement of vascular endothelial
growth factor release in long-term drug-treated breast cancer
via transient receptor potential channel 5-Ca’*"-hypoxia-
inducible factor 1a pathway. Pharmacol Res 2015; 93: 36—
42.

Chufan EE, Sim HM, Ambudkar SV. Molecular basis of the
polyspecificity of P-glycoprotein (ABCB1): recent biochem-
ical and structural studies. Adv Cancer Res 2015; 125: 71—
96.

12

13

14

15

16

17

18

617

Kim HJ, Lee KY, Kim YW, Choi YJ, Lee JE, Choi CM,
Back 1J, Rho JK, Lee JC. P-glycoprotein confers acquired
resistance to 17-DMAG in lung cancers with an ALK rear-
rangement. BMC Cancer 2015; 15(1): 553.

Gu J, Fang X, Hao J, Sha X. Reversal of P-glycoprotein-
mediated multidrug resistance by CD44 antibody-targeted
nanocomplexes for short hairpin RNA-encoding plasmid
DNA delivery. Biomaterials 2015; 45: 99-114.

Sheng L, Xiong M, Li C, Meng X. Reversing multidrug-
resistant by RNA interference through silencing MDR1 gene
in human hepatocellular carcinoma cells subline Bel-7402/
ADM. Pathol Oncol Res 2014; 20(3): 541-548.

Zhu CY, Lv YP, Yan DF, Gao FL. Knockdown of MDR1
increases the sensitivity to adriamycin in drug resistant gas-
tric cancer cells. Asian Pac J Cancer Prev 2013; 14(11):
6757-6760.

Chen J, Ding Z, Peng Y, Pan F, Li J, Zou L, Zhang Y, Liang H.
HIF-1a inhibition reverses multidrug resistance in colon
cancer cells via downregulation of MDR1/P-glycoprotein.
PLoS One 2014; 9(6): €98882.

Gayed BA, O’Malley KJ, Pilch J, Wang Z. Digoxin inhibits
blood vessel density and HIF-1a expression in castration-
resistant C4-2 xenograft prostate tumors. Clin Transl Sci
2012; 5(1): 39-42.

Wei D, Peng JJ, Gao H, Li H, Li D, Tan Y, Zhang T. Digoxin
downregulates NDRG1 and VEGF through the inhibition of
HIF-1a under hypoxic conditions in human lung adenocarci-
noma A549 cells. Int ] Mol Sci 2013; 14(4): 7273-7285.



