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Abstract: Multidrug resistance, MDR is main limit for successful cancer chemotherapy. The etiology of MDR is
complicated. However, among of them, ATP Binding Cassett (ABC) transporters, such as ABCB1, ABCG2, ABCCI1,
being capable of transporting anti—cancer drug out of tumor cells, downregulating an intracellular accumulation of antican-
cer drug and resulting in MDR phenotype, are the most common cause. It is the most urgent to conquer MDR in the field
of cancer chemotherapy. Here we summarized the ABC transporters—mediated MDR and its reversal.
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PR I T ZE T 99 N 9090455 i Je 248 it 1) 47
A G, LR 2 24 B 25 P (multidrug resis-
tance, MDR) , MDR J& 48 I8 4 jg X —Fhbe i g
259 77 A T2k B TR, Sk 454 S AR AL AN [+)
() HAB BT Mg 25 9 7= A T S XL rE . Wte
Ui, MDR 988 95 A A% 28 H AT T R T8k,
X Hofl Ay 7 77 58 il RE el i AN ARG 22 IRt
MDR J2 Ak ¥ 2 M i) 32 2 I D, 2 Al 7 4k 2 5
fifE ) R EEXER . MDR FYIE BUML I & 4%, I
ABC 2 ¥ ¥% iz % (ATP Binding Cassette transport-
ers) [ 1L ik AT MDR Y FE A, 454
b ABC iz 5 s IR s DIBE |, ABC#% iz
& 4 ABCB1 (P- glycoprotein, P-—gp) . ABCCI .
ABCC2 . ABCG2 544 Bt I8 245 4 A 41 it P 2% 22 Mg
SN AL TR 25 T A0 N B R, DT 7 A A
2yt Ik MDR 5], 5 4 et s 25 W18 & B
F W MDR 4 i %o 1% Ge bt g 24 ) B B 2 e
fle MDR 1) £ Mg 350 B, ABC iz R Ik
1 245 F1%) ek 200 e A 2305, A T A 2L A M i T
B S A Mt F 3k ABCB1 4% . A AR/ B
mdrl K, R B/ SR A i 0 S L IX R W] AB-
CB1 JfHE IE 5 A= BTy B8 Bt 0 75, [ 1 = B 4100 7
ABC $is ¢ j 5% MDR SR il 477, B4l e Ak
HEAT I PR 1A MDR 3% %% 51 45 CBT-1 , Tariquidar
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MDR 3% 5% 7] AR S BAT 305 5% 16 1, AR N JEAL,
WAERIAK (verapamil ) 5 25 A8 MDR 33554 51 AU
PRIMG R, 0T LR N HAT 396 MDR fEHT, (3
WU AR GEHURE 25 W) 0 i 2 B ) o, DR R XSk
MDR 3 % 5] % % 1 J2 P450 3A4 (CYP3A4) (1 1)1

o P, AT SR EON T ) EERIE R R BEE T
IR, AR Ml S9788 , PSC833 55, FA THITFIT
5 = AR MDR 335, HARAE A AUAR P Sh 2
ARG MDR , T H % G BB 24590 1l 25 3 )
22To M . HAC R Y K Tariquidar |, Zosuquidar J
Br-Tetrandrine 25 . FFiE %6 PU/C MDR 3005655 , 224
Curcumin , 2 F87E S —ACAY LAY I, B BEFFAIK MDR
SR FRIR . 5 = PUC MDR 35 5% 550 T 22 F il
PR AR EENFRATA 058 A, A 45 b
MDR 1433 70) B2 o S LA A T TR A 0 B3
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= i
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i PR 0 2 Ji R 22 25 0 24 M (MDR) 39 5% 511 (3%
DRI % Bk Bl & 58 . FG020326 . zosuqui-
dar 55 ELA 3R (14 142 A 13 MDR A H X Bt 2
Yy 253 127 e, O 4 =AU MDR Wi 5% 5, B
A IR
1.2 BEEIRHENEF(TKI) EABCHIERZE
ERBTR

KB Z2 TKI 259U erlotinib . afatinib . osimer-
tinib | lapatinib . apatinib | sunitinib . vandetanib . cedi-
ranib \AG1478 55 HAT 5 (1105 5% ABC iz 54 10
MDR fE o[RS, e 30 TR B AN A% Se bt 259
AR | Xy TKI 5 15 e i 25 W) k6 7 3 1
PSS HER 5 [F] P A e RE IR 5 1 T A B B A FH S it
W o % BLTKI A afatinib i34 38 4% 58 P 254
X Ji e~ 20 L 2R PR T 3 e A o 4 AR

F 1 A MDR #7894 5 45 1%

Table 1 The characteristics of 4 generations of ABC transporter modulators

Generation Representative In vitro In vivo PK Downregulating ABC transporter
1 verapamil, cyclosporin A + - + -
2 PSC833, S9788, MS-209 + + + -
3 Tariquidar, Zosuquidar + + - -
4" Curcumin + + - +
“+” :positive effective; “~":ineffective; “PK” : pharmacokinetics. From Wu SC & Fu LW, Mol Cancer, 2018, modified
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P, MDR 7% i 72 240 B 0T B 58 3697 A 24, 3X h MDR
R IR YT R IE
1.4 shRNA/mdr1 2548 %

CRISP/cas—9 ,siRNA % A il b 5l U0 B mdrl J
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4 BER BRI BRI N5 ABC #5312 R
X AR

FH T 1 22 92 8 110 361 77 (Tyrosine kinase in-
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MDR ( % 2, &% X #Hk[3, 7, 10- 14, 17- 19, 21~
60])" . [F s [ B T S MDR B HLEE AT B SE
4P ABCB1 . ABCG2 MIfiEH 5%, 5 ABC iz
TR S A5 50 F L UG 50 a0
AKT ERK B8R AL ACE il JE ¢

RZH0TKL 5 A& Ge i 25 0k-6 1 H AT s
HZG B 72, 525 v B A L HE i e
(], 34 fin AN w8000 6% &I A ] . 4 lapatinib A] G824
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Legend: Both TKI and ABC transporters compose of ATP binding site. TKI connect to ATP binding site of ABC transporters and inhibit its

function of discharging anticancer drugs out of MDR cells. From Wu SC &Fu LW, Mol Cancer, 2018, modified.
Bl 1 TKI % ABC Z¥HiZRAITNEE
Fig.1 TKI inhibit ABC transporters
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MDR 306 565 (45 =AUMDR W 5] ) . B e MK SR
FEY) A W 7 0 R % Y Sipholenol A AL
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Table 2 TKI function as inhibitors of ABC transporters
TKI Target ABC transporter inhibitor Applications Approved by FDA  Reference
Afatinib EGFR, HER2 ABCG2 NSCLC 2013 [19]
AG1478 EGFR ABCBI1, ABCG2 NA Not approved [23]
Alectinib ALK ABCBI1, ABCG2 NSCLC 2015 [24]
Apatinib VEGFR ABCB1, ABCG2 Gastric carcinoma 2014 [17, 18]
AST1306 EGFR ABCG2 NA Not approved [25]
Axitinib VEGFR, PDGFR ABCG2 RCC 2012 [26]
Bosutinib BCR-ABL., Src ABCG2 CML 2012 [27]
Cabozantinib VEGFR, Kit ABCG2 Thyroid cancer 2011 [28]
Canertinib EGFR ABCB1, ABCG2 NA Not approved [29]
Cediranib VEGFR ABCBI1, ABCCI1 NA Not approved [30]
CEP-33779 JAK ABCB1 NA Not approved [31]
Ceritinib ALK ABCB1, ABCG2 NSCLC 2014 [32]
Crizotinib ALK ABCBI NSCLC 2011 [33]
Dasatinib BCR—ABL, Src ABCBI1, ABCG2 CML 2006 [27]
Dacomitinib ~ EGFR ABCG2 NSCLC 2018 [34]
EKI785 EGFR ABCBI1, ABCCI1 NA Not approved [35]
Erlotinib EGFR ABCB1, ABCG2, ABCC10 NSCLC 2004 [12, 14]
Gefitinib EGFR ABCBI1, ABCG2 NSCLC 2003 [11, 36]
GW2974 EGFR ABCB1, ABCG2 NA Not approved [37]
GW583340  EGFR ABCBI1, ABCG2 NA Not approved [37]
Ibrutinib BTK ABCC1 Lymphoma 2013 [38]
Icotinib EGFR ABCG2 NSCLC 2011 [39]
Imatinib BCR-ABL ABCBI1, ABCC1, ABCG2, ABCC10 CML, GIST 2001 [10, 40, 41]
Lapatinib HER2, EGFR ABCB1, ABCC1, ABCG2, ABCC10 Breast cancer 2007 [12]
Linsitinib IGF ABCG2, ABCCI10 NA Not approved [42]
Masitinib Kit ABCG2, ABCC10 Mast cell tumor Not approved [43]
Motesanib VEGFR ABCBI1, ABCG2 NA Not approved [44]
Neratinib HER2, EGFR ABCBI1 Breast cancer 2017 [45]
Nilotinib BCR-ABL ABCBI1, ABCG2, ABCCI10 CML 2007 [27, 41]
Nintedanib VEGFR, PDGFR  ABCBI NSCLC 2014 [22]
Osimertinib ~ EGFR ABCBI1, ABCG2 NSCLC 2015 [20]
PD173074 VEGFR ABCB1, ABCC10 NA Not approved [46, 47]
Ponatinib BCR-ABL ABCB1, ABCG2, ABCC10 CML 2012 [48, 49]
Quizartinib FLT3 ABCG2 AML Not approved [50, 51]
Regorafenib ~ VEGFR ABCBI1 GIST 2012 [52]
Saracatinib ~ Sre ABCBI NA Not approved [3]
Sorafenib VEGFR, PDGFR  ABCBI, ABCC2, ABCC4, ABCG2 RCC, HCC 2005 [53]
Sunitinib VEGFR, PDGFR  ABCBI1, ABCG2 GIST, RCC 2006 [21, 54]
Tandutinib FLT3 ABCG2 NA Not approved [55]
Telatinib VEGFR ABCG2 NA Not approved [56]
Trametinib MEK ABCBI1 Melanoma 2013 [57]
Vandetanib ~ VEGFR, EGFR ABCB1, ABCC1, ABCG2 Thyroid cancer 2011 [58]
Vatalanib VEGFR ABCB1, ABCG2 Colorectal cancer  Not approved [59]
WHI-P154  JAK ABCG2 NA Not approved [60]

ABC-B1,C1,C2,C4,C10,G2: ATP binding cassette sub—family B member; ALK: ATP-competitive anaplastic lymphoma kinase ; AML: acute my-
elogenous leukemia; BCR—Abl: Breakpoint cluster region—Abelson complex; BTK: Bruton’s tyrosine kinase; CML: chronic myelogenous leuke-
mia; EGFR: epidermal growth factor receptor; ERK: extracellular signal-regulated kinases ; FLT3: FMS-like tyrosine kinase ; GIST: Gastrointesti-
nal stromal tumors ; HCC : hepatocellular carcinoma; HER2: human epidermal growth factor receptor 2; IGF : insulin—like growth factor; JAK: janus

kinase; Kit: Mast/stem cell growth factor receptor kit; MEK: mitogen—activated protein kinase; NA : not applicable; NSCLC: non—small cell lung

cancer; PDGFR: platelet—derived growth factor receptors; RCC: renal cell carcinoma; Src: proto—oncogene tyrosine—protein kinase Src; VEGFR :

vascular endothelial growth factor receptor.
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