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Abstract

Multidrug resistance (MDR) is a phenomenon in which tumor cells produce cross-resistance to an-
titumor drugs with different structures and target targets. MDR is the main reason for the failure
of tumor chemotherapy. This article reviews the mechanism of tumor MDR and the progress of
tumor MDR chemical reversal agents.
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bR 7 R A\ A A A R 1] [2] [3], H ET 90% LA i R a7 O ER 5 iR MDR A 5%[3].
ARSI MDR R AEAL DA R G5 4 s MDR 1 3E R 34T 7 4818
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iR 4HAE MDR 2L 2 2 3R 2 5 IR L 12, ABC #1238 A 50k miRNA . I8 140 il (cancer
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Figure 1. Potential mechanlsm of tumor MDR [4
B 1. By MDR FBTEALFI[4

2.1. ABC E=ZEARIE

ABC #:12E FREAMEA N 2590, 7> ABCA 3| ABCG W5 J5E[5], 3L 49 FRFEIZER iR A[6].
U ABCB1 M8 A X KA IR, W2, R AR R AR IR RLGWIM 21 7] [8] [9] [10]. ABCG2
S, Sk, B /AN E% MDR 2R ZY)[11]. ABC ¥i2E A CLBNTFRHH
WEEFI R A 12].
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2.2. miRNA 8%

miRNA & —2/~EGwIS RNA, TiELHT ABC #Fiz®& A, WH1T-EA, DNA iR, awfmzy
YA S () 2)7= 4= kB MDR [13] [14],
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Figure 2. miRNA regulates MDR pathway in tumor cells [15]
2. miRNA VBZME 4R MDR B&1Z[15]

2.3. BET4HBa(CSC)BIE

CSC B BEREF M4, 4T 400 Go #, E AR & o fEE & DNA B HMEEGE
T 38 R R T 25 Y B AR AR JR K[ 16 3BT mis ABC #5358 A AN HLIR T 3% DA i ke vy A iy, S8
S R AER[17].
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2.4. BEIFES

2 — 1 BEOR ST B 40 B P AR A IE IR IS (18] B Wl i PR AR 259 7 T R A LA R4 1B 5 B
JE AN e B T2 19].

25 ACRE

Jife 240 PSS A A0 R T2 512 MDR [20]. R ARIRIE T3 WA T T I A 7 Caspase-8
WAL LT RARERILAH[21].

2.6. DNA #ifsFn{&E (DDR)

IR ZH L DNA 1852 7] LLYIRR PRI 25 W08 an P DNA #5457, B IE TR PR b 40 il DNA 25910
MR RO LR, 7E 10,489 BN, 80 MZ.0» DDR FEKHAH 13 M BB WAL FRIE, WE
DDR K47 48 i B8 o] 7= AL A0S T 2410 5 SO AR A A7 R[5 [22]

2.7. RIREFS

NG L RN N BRI AL 5 2 DL At T 3 AL M) B 48, 598 MDR B R % (23]
3. AL
3.1. IGARAFR PR ME MDR 254

3.1.1. ¥8[5) ABCBI1 TZ5ifEE 5
#[) ABCBI1/p-gp/MDRI1 fif Zjii 56 575(1€ 3)& ) 7 =ARKkEGR 1), HIlC@MERENUR. BT
BEAR, 245%ENATIRK.

Table 1. Targeted ABCBI resistance reversal agents
% 1. $BE ABCBI 24315555

g S REMLED ir]
H—1R[24] HERTIIK (Verapamil) FIFAfI 2 A HWITHRE. IifflEmE. S hoksaEm
23] mﬁé’ﬁh'PH*(dexverapamﬂ) URWESATAN) VX-T100 36 GEFEHEZE, J0] CYP450 A1 S U0 24140,
fZ A BRI R4 PSC833 TR A, s RIE
FRPIHE ORI BR Bt 2 5 [ Zosuquidar (LY335979), R BT TR R 2 At

FE=AR27] (28] Laniquidar (R101933)]. $iZVSIEIRBE S 5670 S9788  (HASRIEAEZIAREN J12% b« %o T B 400 Pl 25 4k A 25 1

4
~ e
=
P XA 0 ~
\OD/\/ I ~0
EEDLEP'S WK A AR AERLIAK
Verapamil Cyclosporin A dexverapamil
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Figure 3. Targeting ABCBI1 resistance reversal agent
[& 3. #B/5 ABCBI i 245 i¥4E 5
3.1.2 ABHBEBE(GST)/A Rt ERK(GSH) I
GST/GSH i i £IA M F=4 MDR [29]. il GSH (2590 T B 2 BR W Lf%(BSO). kM JEER(EA)-

THAEPKIERSE . BSO &2 2 IE 1 It 20 BR & R (1R e A 50, el ad PR IR4B i N GSH. Rk, 38 m
96 4 LK 4700 24570 (1) BURRE T 5% MDR. EA B DA GST WiE M, 7E GST MEML/EA T, EA 5 GSH
55T EA-GSH E6 L EA BHEafEH[29] [30]. N TL &4 APR-246 (1 4)BA T 41L A GSH
ACPHIER, SRIER/N, ZEIER MDR SR, IEAETIRARIRE31].

3.1.3. #h M FRAIE(Topo)HNEHIF
Topo JEAUME Tt R B IAZ B . IRPKFH 259130, Topol MG RE. b & S P
JRBUR TR R, H S A 2P . Topoll ##71 XR11576 (& 5) Al i%i%% Topol/ABCB1/MRP 5% %) MDR
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[32], HAGTE 1 #AIG PRI 5T . Topol A1 Topoll $il FBEA A H AT P2 A — I — K+ I FIfE A, &35
# MDR MIRUR, EHNAEHE NG R SZI6[33] [34] [35].
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Figure 4. APR-246 structural formula
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Figure 5. XR11576
5. XR11576

3.1.4. BRERHBEGHDFIF(TKISs)

TKIs (& 6)3#i] ABC ¥18 2 s M, 1005 g 4 P s — S8 4E SE kT 7 2540 1) MDR . 44t 5 3% JE (Imatinib)
Al A ABCBI i B 3R MR B 4 R (KB-G2)Xf KBk SRAZEE. AT 2514291 [36], Jé
%% JE(Nilotinib)i¥i ¥ ABCC1 /SRR 2 4t 25, HLSUSEayusAmmingish i, Aam Tk
PRo JEUEE JEES HH 22 Bk BB R LD S0 O T 52 PE A I s T R ie v, BR &by VAT MDR ERFE 5t
— IR IRHEFE[37] .

1L % Jé (Dasatinib) J& 5 —AARS 2 BRI IS, H T O30T, QFE TR G 5 & it 245 5A Bei 52
(002 1 B P 1 I BT T SR R N R, AN R RS R 4 5 B 38 v 238

B JE (Oxitinib) 2 5 =ACA AT 18 (1) L ik EGFR-TKI, #] LA RORE B e8] EGFR UK 538 fl
EGFR T790M fii{ 259878, MET ¥ #2& EGFR-TKI 7“2 MDR JE A 22—, s R AT 78 A5 I R 7R Y
BCA {8 F MET #0771 EGFR-TKI #2767 EGFR-TKIs SR 24 G 20075 15[39]
3.1.5. HE

HAWNE CPKC)W KA Z(E MDR i I#E R, #57> MDR BUg4iii+h PKC iR,

<y
N\/g /N /@/ AN
LN HN_</N \ \N)\ﬁ -

NH N= —
)~ §— L
F - ~, P
¢ oF N / K/N .
Jei& e HL %R Ly
Nilotinib Imatinib Oxitinib
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CGP41251 (] 7)J2 = BEIE B L) PKC $55), HA DU A 2055 MDR FI/ER, i MDR 4 fa X} i
BHERMKEH O BUEER . SR, BT EliE MDR () ER 2 A B E AR, R T IR R R
F[40]. GS-4997 (K 72 —MFETAZ5 WITEEE 1 (ASKDIHIF], 4F 1 #HilERREH, B g
GS-4997 w] DL 9 MDR 4Hfi ABCB1 1 ABCG2 [£iE, 7~ GS-4997 45 7 B2 % J'¢ MDR 1% 451
[41].

CGP41251 GS-4997

Figure 7. CGP41251 and GS-4997
7. CGP41251 F1 GS-4997

3.2. H%ERhJE MDR IGKREIFAR 2549
W AT I e MDR I PR ETAF R 254 457 WL 8, #3EfE 3% 2,

Table 2. Drugs that reverse tumor MDR preclinical research

52 2. WEEHYE MDR KRBT 254

R RELED B L
o SIS AT70041 6] Src P Lok BIBOFAIIL, J0EE B IIRTANNIA 4058 RIBTTE 449 MDR,

HEHLBIA F i — AT I [45]
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Figure 8. The drugs that reverse tumor MDR preclinical research
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3.3. WEME MDR £SHEY

33.1. RARESHED
PLE ELER | 7-5 0 A I B R (T-IP) BRI G S RAR P2 N e S & e &7 9) B RIFI
MDR W3 8RR (% 3).

Table 3. Lead compounds derived from natural products
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7-IP [52] [53] A 7-IP BT S -
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Figure 9. Compounds synthesized using natural products as the lead
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Table 4. Lead compound from chemical synthesis

T4 RETUHEAROEIUEY

G 25 ST HEY BT LA I
B SRl I [1,2-b] I AT A LS.2.3 N ABCB1 fil ABCG2 [1] mRNA FIZE [13RIA /K, #5% MDR 41 DOX il
M55] ] MITX ((E, W MDR; A F/EMR MDR 2545 BURT & (56 S0 &9
S 54 k-6 RL M IE AT AE ) 479 % ABCB1 1 ABCG2 /51 MDR J5 i 2 Bt 0 P XU 3 42k,
[56] R R R WH b5 MDR W #5515 S0 &

PEAS 7 N 257 T 5 PR 4 il R (MES-SA/DXS )i 46 FH
C4. D3. D6  KIL C4, D3 Fl D6 fet RS BAWT 3 #1255 MDR Mikia i, 7EbiEat I,
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Figure 10. The lead compound of chemical synthesis
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WA R ESS ST M —, A EIF KRR MDR 5]
EEWH

] 2 1= o A1 5 X 100 H (GDW20155200280)

SE K

[1] Markman, J.L., Rekechenetskiy, A., Holler, E., et al. (2018) Nanomedicine Therapeutic Approaches to Overcome
Cancer Drug Resistance. Advanced Drug Delivery Reviews, 65, 1866-879. https://doi.org/10.1016/j.addr.2013.09.019

[2] Bray, F., Ferlay, J., Soerjomataram, 1., et al. (2018) Global Cancer Statistics 2018: GLOBOCAN Estimates of Inci-
dence and Mortality Worldwide for 36 Cancer in 185 Countries. CA: A Cancer Journal for Clinicians, 68, 394-424.

DOI: 10.12677/jocr.2020.81001 10 HHL A5


https://doi.org/10.12677/jocr.2020.81001
https://doi.org/10.1016/j.addr.2013.09.019

HALST 4F

(10]

(1]

[13]

[14]

[15]

[16]
[17]

[18]
[19]

[20]

(21]
[22]

(23]
[24]

https://doi.org/10.3322/caac.21492

Zhao, D., Chen, Q., Song, H., et al. (2018) Theranostic Micelles Combined with Multiple Strategies to Effectively
Overcome Multidrug Resistance. Nanomedicine, 13, 1517-1533. https://doi.org/10.2217/nnm-2017-0393

Wu, Q., Yang, Z., Nie, Y., Shi, Y., et al. (2014) Multi-Drug Resistance in Cancer Chemotherapeutics: Mechanisms and
Lab Approaches. Cancer Letters, 347, 159-166. https://doi.org/10.1016/j.canlet.2014.03.013

Kumar, P., Zhang, D.M., Degenhardt, K. and Chen, Z.S. (2012) Autophagy and Transporter Based Multi-Drug Resis-
tance. Cells, 1, 558-575. https://doi.org/10.3390/cells1030558

Kathawala, R.J., Wang, Y.J., Ashby Jr., C.R., et al. (2014) Recent Advances Regarding the Role of ABC Subfamily C
Member 10 (ABCC10) in the Efflux of Antitumor Drugs. Chinese Journal of Cancer, 33, 223-230.
https://doi.org/10.5732/¢jc.013.10122

Nabekura, T., Kawasaki, T., Furuta, M., et al. (2018) Effects of Natural Polyphenols on the Expression of Drug Efflux
Transporter P-Glycoprotein in Human Intestinal Cells. ACS Omega, 3, 1621-1626.
https://doi.org/10.1021/acsomega.7b01679

Festa, L., Roth, L.M., Jensen, B.K., ef al. (2019) Protease Inhibitors, Saquinavir and Darunavir, Inhibit Oligodendro-
cyte Maturation: Implications for Lysosomal Stress. Journal of Neuroimmune Pharmacology.
https://doi.org/10.1007/s11481-019-09893-8

Anreddy, N., Gupta, P., Kathawala, R.J., et al. (2014) Tyrosine Kinase Inhibitors as Reversal Agents for ABC Trans-
porter Mediated Drug Resistance. Molecules, 19, 13848-13877. https://doi.org/10.3390/molecules190913848

de Klerk, D.J., Honeywell, R.J., Jansen, G. and Peters, G.J. (2018) Transporter and Lysosomal Mediated (Multi)drug
Resistance to Tyrosine Kinase Inhibitors and Potential Strategies to Overcome Resistance. Cancers (Basel), 10, 503.
Chun, S.Y., Kwon, Y.S., Nam, K.S. and Kim, S. (2015) Lapatinib Enhances the Cytotoxic Effects of Doxorubicin in
MCF-7 Tumorspheres by Inhibiting the Drug Efflux Function of ABC Transporters. Biomedicine & Pharmacotherapy,
72, 37-43. https://doi.org/10.1016/j.biopha.2015.03.009

Zhang, G.N., Ashby, C.R., Zhang, Y.K., et al. (2015) The Reversal of Antineoplastic Drug Resistance in Cancer Cells
by B-Elemene. Chinese Journal of Cancer, 34, Article No.: 45. https://doi.org/10.1186/s40880-015-0048-0

Chen, S.-N., Chang, R., Lin, L.-T., et al. (2019) MicroRNA in Ovarian Cancer: Biology, Pathogenesis, and Therapeu-
tic Opportunities. /nternational Journal of Environmental Research & Public Health, 16, 1510.

Zheng, T., Wang, J., Chen, X., ef al. (2010) Role of microRNA in Anticancer Drug Resistance. International Journal
of Cancer, 126, 2-10. https://doi.org/10.1002/ijc.24782

Liao, R.R., Lin, Y.X. and Zhu, L.H. (2018) Molecular Pathways Involved in microRNA-Mediated Regulation of Mul-
tidrug Resistance. Molecular Biology Reports, 45, 2913-2923.

B—f, DM R T RbR S S [T, A ECH B 2415 B ST, 2018, 18(AS): 75-77, 79.

EL2, BEE, BER, & AWV 2 RS SR AR . BT A AT, b E S M
J&&, 2018(3): 817-823.

RS, SRR, &S MR T4 S 2 At 2[)]. EPRME &, 2012, 39(12): 902-904.

Vinod, B.S., Maliekal, T.T. and Anto, R.J. (2013) Phytochemicals as Chemosensitizers: From Molecular Mechanism to
Clinical Significance. Antioxidants & Redox Signaling, 18, 1307-1348. https://doi.org/10.1089/ars.2012.4573

W, A, M R A A I miR-214 3Rk Fout il 4 AR T2 F £ 24t 25 e ). HRARSERIZ W SR YT AR E,
2019(11): 1073-1077.

INGEH, FAEIZ, TRAKVE. R 2 25T 25 HLHI AT FoRERE (D], IACIIRIEE 27, 2017(1): 169-171.

Wu, Z., Li, S., Tang, X., Wang, Y., et al. (2020) Copy Number Amplification of DNA Damage Repair Pathways Po-
tentiates Therapeutic Resistance in Cancer. Theranostics, 10, 3939-3951. https://doi.org/10.7150/thno.39341

oo, B E, SREE. TR R AL R 5RIT ). Th MBI, 2014, 36(3): 161-164.

Nobili, S., Landini, 1., Mazzei, T., et al. (2012) Overcoming Tumor Multidrug Resistance Using Drugs Able to Evade
P-Glycoprotein or to Exploit Its Expression. Medicinal Research Reviews, 32, 1220-1262.
https://doi.org/10.1002/med.20239

Duran, G.E., Derdau, V., Weitz, D., et al. (2018) Cabazitaxel Is More Active than First-Generation Taxanes in ABCBI(+)
Cell Lines Due to Its Reduced Affinity for P-Glycoprotein. Cancer Chemotherapy & Pharmacology, 81, 1095-1103.
https://doi.org/10.1007/s00280-018-3572-1

Lhommé, C., Joly, F., Walker, J.L., et al. (2008) Phase III Study of Valspodar (PSC 833) Combined with Paclitaxel
and Carboplatin Compared with Paclitaxel and Carboplatin Alone in Patients with Stage IV or Suboptimally Debulked
Stage III Epithelial Ovarian Cancer or Primary Peritoneal Cancer. Journal of Clinical Oncology, 26, 2674-2682.

DOI: 10.12677/jocr.2020.81001 11 HHULZEE T


https://doi.org/10.12677/jocr.2020.81001
https://doi.org/10.3322/caac.21492
https://doi.org/10.2217/nnm-2017-0393
https://doi.org/10.1016/j.canlet.2014.03.013
https://doi.org/10.3390/cells1030558
https://doi.org/10.5732/cjc.013.10122
https://doi.org/10.1021/acsomega.7b01679
https://doi.org/10.1007/s11481-019-09893-8
https://doi.org/10.3390/molecules190913848
https://doi.org/10.1016/j.biopha.2015.03.009
https://doi.org/10.1186/s40880-015-0048-0
https://doi.org/10.1002/ijc.24782
https://doi.org/10.1089/ars.2012.4573
https://doi.org/10.7150/thno.39341
https://doi.org/10.1002/med.20239
https://doi.org/10.1007/s00280-018-3572-1

ALY &

[34]

[35]

[36]

[37]

[40]

[41]

[42]

[43]

[44]

https://doi.org/10.1200/JC0O.2007.14.9807

Karbanova, S., Cerveny, L., Jiraskova, L., ef al. (2019) Transport of Ribavirin across the Rat and Human Placental
Barrier: Roles of Nucleoside and ATP-Binding Cassette Drug Efflux Transporters. Biochemical Pharmacology, 163,
60-70. https://doi.org/10.1016/j.becp.2019.01.024

Cui, Q.B., Wang, J.-Q., Assaraf, Y.G., et al. (2018) Modulating ROS to Overcome Multidrug Resistance in Cancer.
Drug Resistance Updates: Reviews &Commentaries in Antimicrobial & Anticancer Chemotherapy, 41, 1-25.

R, UEIE, K71, S5 DNA $H 3 M BG4 i 7 26 00 3 s 22 245 24 1% R it st FR 0], BAR R R 2,
2016(24): 4033.

Miyahara, D., Ueda, T., Katsuda, T., et al. (2015) The Safety of Pegylated Liposomal Doxorubicin plus Irinotecan in
Recurrent Ovarian Cancer Patients: A Phase I Trial. Anticancer Res, 35, 4521-4525.

Peng, X., Zhang, M.Q.Z., Conserva, F., et al. (2013) APR-246/PRIMA-IMET Inhibits Thioredoxinreductasel and
Converts the Enzyme to a Dedicated NADPH Oxidase. Cell Death & Disease, 4, ¢881.
https://doi.org/10.1038/cddis.2013.417

Ding, X. and Matsuo, K. (2015) Optimized Combinations of Bortezomib, Camptothecin, and Doxorubicin Show In-
creased Efficacy and Reduced Toxicity in Treating Oral Cancer. Anti-Cancer Drugs, 26, 547-554.
https://doi.org/10.1097/CAD.0000000000000222

Peleg, R., Romzova, M., Kogan-Zviagin, L., et al. (2014) Modification of Topoisomerases in Mammospheres Derived
from Breast Cancer Cell Line: Clinical Implications for Combined Treatments with Tyrosine Kinase Inhibitors. BMC
Cancer, 14, Article No.: 910. https://doi.org/10.1186/1471-2407-14-910

Ullah, M.F., Bhat, S.H. and Abuduhier, F.M. (2016) Dietary Factors May Influence the Clinical Outcome of Chemo-
therapy in Cancer Multidrug Resistance. In: Ullah, M. and Ahmad, A., Eds., Critical Dietary Factors in Cancer Che-
moprevention, Springer, Cham, 307-319. https://doi.org/10.1007/978-3-319-21461-0_15

Niki, K., Chara, P., Eleni, L., et al. (2013) Predictive Value of BRCA1, ERCCI1, ATP7B, PKM2, TOPOI, TOPO-IIA,
TOPOIIB and C-MYC Genes in Patients with Small Cell Lung Cancer (SCLC) Who Received First Line Therapy with
Cisplatin and Etoposide. PLoS ONE, 8, ¢74611. https://doi.org/10.1371/journal.pone.0074611

Fang, Z., Chen, W., Yuan, Z., et al. (2018) LncRNA-MALAT1 Contributes to the Cisplatin-Resistance of Lung Cancer
by Upregulating MRP1 and MDR1 via STAT3 Activation. Biomedicine & Pharmacotherapy, 101, 536-542.
https://doi.org/10.1016/j.biopha.2018.02.130

Ji, G., Zhang, C., Guan, S., et al. (2018) Erlotinib for Progressive Brain and Leptomeningeal Metastases from HER2-
Positive Breast Cancer after Treatment Failure with Trastuzumab and Lapatinib: Experience and Review of Literature.
Clinical Breast Cancer, 18, €759-e765. https://doi.org/10.1016/].clbc.2018.07.022

AR, ROV, R, & BB, JBIEE BRIV S JE XS ML A 0 8 B R IR AT 2],
FE I R 25 B 22 2% 7, 2016(6): 511-513.

Martinez-Marti, A., Felip, E., Matito, J., et al. (2017) Dual MET and ERBB Inhibition Overcomes Intratumor Plasticity
in Osimertinib-Resistant-Advanced Non-Small-Cell Lung Cancer (NSCLC). Annals of Oncology, 28, 2451-2457.
https://doi.org/10.1093/annonc/mdx396

Kim, C.W., Asai, D., Kang, J.H., et al. (2016) Reversal of Efflux of an Anticancer Drug in Human Drug-Resistant
Breast Cancer Cells by Inhibition of Protein Kinase Ca (PKCa) Activity. Tumor Biology, 37, 1901-1908.
https://doi.org/10.1007/s13277-015-3963-4

Ji, N., Yang, Y., Cai, C.Y., et al. (2018) Selonsertib (GS-4997), an ASK1 Inhibitor, Antagonizes Multidrug Resistance
in ABCB1 and ABCG2 Overexpressing Cancer Cells. Cancer Letters, 440-441, 82-93.
https://doi.org/10.1016/j.canlet.2018.10.007

Liu, W., Meng, Q., Sun, Y., et al. (2018) Targeting P-Glycoprotein: Nelfinavir Reverses Adriamycin Resistance in
K562/ADR Cells. Cellular Physiology and Biochemistry, 51, 1616-1631. https://doi.org/10.1159/000495650

Takeda, N., Furuishi, M., Nishijima, Y., et al. (2018) Chiral Isoxazolidine-Mediated Stereoselective Umpolung o-Pheny-
lation of Methyl Ketones. Organic & Biomolecular Chemistry, 16, 8940-8943. https://doi.org/10.1039/C80B02480D

Yang, C.E., Lee, W.Y., Cheng, HW., et al. (2019) The Antipsychotic Chlorpromazine Suppresses YAP Signaling, Stem-
ness Properties, and Drug Resistance in Breast Cancer Cells. Chemico-Biological Interactions, 302, 28-35.
https://doi.org/10.1016/j.cbi.2019.01.033

Duan, Z., Zhang, J., Ye, S., Shen, J., et al. (2014) A-770041 Reverses Paclitaxel and Doxorubicin Resistance in Osteo-
sarcoma Cells. BMC Cancer, 14, Article No.: 681. https://doi.org/10.1186/1471-2407-14-681

Wang, K., Zhuang, Y., Liu, C., et al. (2012) Inhibition of c-Met Activation Sensitizes Osteosarcoma Cells to Cisplatin
via Suppression of the PI3K-Akt Signaling. Archives of Biochemistry & Biophysics, 526, 38-43.
https://doi.org/10.1016/.abb.2012.07.003

DOI: 10.12677/jocr.2020.81001 12 HHULZEE T


https://doi.org/10.12677/jocr.2020.81001
https://doi.org/10.1200/JCO.2007.14.9807
https://doi.org/10.1016/j.bcp.2019.01.024
https://doi.org/10.1038/cddis.2013.417
https://doi.org/10.1097/CAD.0000000000000222
https://doi.org/10.1186/1471-2407-14-910
https://doi.org/10.1007/978-3-319-21461-0_15
https://doi.org/10.1371/journal.pone.0074611
https://doi.org/10.1016/j.biopha.2018.02.130
https://doi.org/10.1016/j.clbc.2018.07.022
https://doi.org/10.1093/annonc/mdx396
https://doi.org/10.1007/s13277-015-3963-4
https://doi.org/10.1016/j.canlet.2018.10.007
https://doi.org/10.1159/000495650
https://doi.org/10.1039/C8OB02480D
https://doi.org/10.1016/j.cbi.2019.01.033
https://doi.org/10.1186/1471-2407-14-681
https://doi.org/10.1016/j.abb.2012.07.003

HALST 4F

[47]

(48]

Ye, S.N., Zhang, J.M., Shen, J., et al. (2016) NVP-TAE684 Reverses Multidrug Resistance (MDR) in Human Osteo-
sarcoma by Inhibiting P-Glycoprotein (PGP1) Function. British Journal of Pharmacology, 173, 613-626.
https://doi.org/10.1111/bph.13395

Jones, J., Choi, M.Y., Mato, A.R., ef al. (2016) Venetoclax (VEN) Monotherapy for Patients with Chronic Lympho-
cytic Leukemia (CLL) Who Relapsed after or Were Refractory to Ibrutinib or Idelalisib. Blood, 128, 637-637.
https://doi.org/10.1182/blood.V128.22.637.637

Wang, L., Yang, Z., Fu, J., et al. (2012) Ethaselen: A Potent Mammalian Thioredoxinreductase 1 Inhibitor and Nove-
lorganoselenium Anticancer Agent. Free Radical Biology and Medicine, 52, 898-908.
https://doi.org/10.1016/j.freeradbiomed.2011.11.034

Xu, L., Lei, J., Jiang, D., et al. (2015) Reversal Effects of Raloxifene on Paclitaxel Resistance in 2 MDR Breast Cancer
Cells. Cancer Biology & Therapy, 16, 1794-1801. https://doi.org/10.1080/15384047.2015.1095409

Di Pietro, A., Chiaradia-Delatorre, L.D., Gauthier, C., ef al. (2014) Quinoxaline-Substituted Chalcones as New Inhibi-
tors of Breast Cancer Resistance Protein ABCG2: Polyspecificity at B-Ring Position. Drug Design Development &
Therapy, 8, 609. https://doi.org/10.2147/DDDT.S56625

Bisi, A., Gobbi, S., Merolle, L., et al. (2015) Design, Synthesis and Biological Profile of New Inhibitors of Multidrug
Resistance Associated Proteins Carrying a Polycyclic Scaffold. Furopean Journal of Medicinal Chemistry, 92, 471-480.
https://doi.org/10.1016/j.ejmech.2015.01.004

Bisi, A., Cappadone, C., Rampa, A., ef al. (2017) Coumarin Derivatives as Potential Antitumor Agents: Growth Inhibi-
tion, Apoptosis Induction and Multidrug Resistance Reverting Activity. European Journal of Medicinal Chemistry,
127, 577-585. https://doi.org/10.1016/j.ejmech.2017.01.020

Zhu, J., Wang, R., Lou, L., ef al. (2016) Jatrophane Diterpenoids as Modulators of P-Glycoprotein-Dependent Multi-
drug Resistance (MDR): Advances of Structure-Activity Relationships and Discovery of Promising MDR Reversal
Agents. Journal of Medicinal Chemistry, 59, 6353-6369. https://doi.org/10.1021/acs.jmedchem.6b00605

Guo, C, Liu, F., Qi, J., et al. (2018) A Novel Synthetic Dihydroindeno[1,2-b] Indole Derivative (LS-2-3j) Reverses
ABCBI1- and ABCG2-Mediated Multidrug Resistance in Cancer Cells. Molecules, 23, 3264.
https://doi.org/10.3390/molecules23123264

Wang, J.Q., Li, .Y. and Teng, Q.X. (2020) Venetoclax, a BCL-2 Inhibitor, Enhances the Efficacy of Chemotherapeu-
tic Agents in Wild-Type ABCG2-Overexpression-Mediated MDR Cancer Cells. Cancers (Basel), 12, 466.
https://doi.org/10.3390/cancers12020466

Ranjbar, S., Khonkarn, R., Moreno, A., et al. (2019) 5-Oxo-Hexahydroquinoline Derivatives as Modulators of P-gp,
MRP1 and BCRP Transporters to Overcome Multidrug Resistance in Cancer Cells. Toxicology and Applied Pharma-
cology, 362, 136-149. https://doi.org/10.1016/j.taap.2018.10.025

DOI: 10.12677/jocr.2020.81001 13 HHL A5


https://doi.org/10.12677/jocr.2020.81001
https://doi.org/10.1111/bph.13395
https://doi.org/10.1182/blood.V128.22.637.637
https://doi.org/10.1016/j.freeradbiomed.2011.11.034
https://doi.org/10.1080/15384047.2015.1095409
https://doi.org/10.2147/DDDT.S56625
https://doi.org/10.1016/j.ejmech.2015.01.004
https://doi.org/10.1016/j.ejmech.2017.01.020
https://doi.org/10.1021/acs.jmedchem.6b00605
https://doi.org/10.3390/molecules23123264
https://doi.org/10.3390/cancers12020466
https://doi.org/10.1016/j.taap.2018.10.025

	Research Progress of Multidrug Resistance Mechanism and Reverser in Tumor
	Abstract
	Keywords
	肿瘤多药耐药机制及化学逆转剂研究进展
	摘  要
	关键词
	1. 引言
	2. 多药耐药机制
	2.1. ABC转运蛋白家族
	2.2. miRNA调控
	2.3. 肿瘤干细胞(CSC)调控
	2.4. 自噬诱导
	2.5. 凋亡异常
	2.6. DNA损伤和修复(DDR)
	2.7. 表观遗传诱导

	3. 化学逆转剂
	3.1. 临床研究中逆转肿瘤MDR药物
	3.1.1. 靶向ABCB1耐药逆转剂
	3.1.2 谷胱甘肽转移酶(GST)/谷胱甘肽(GSH)抑制剂
	3.1.3. 拓扑异构酶(Topo)抑制剂
	3.1.4. 酪氨酸激酶抑制剂(TKIs)
	3.1.5. 其它

	3.2. 逆转肿瘤MDR临床前研究药物
	3.3. 逆转肿瘤MDR先导化合物
	3.3.1. 天然先导化合物
	3.3.2. 合成先导化合物


	4. 结语与展望
	基金项目
	参考文献

