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Abstract: Cisplatin is one of the most commonly used chemotherapeutic drugs in clinic and has good thera-
peutic effect on various cancers, but the development of drug resistance limits its clinical treatment. The develop-
ment of cisplatin resistance is caused by many factors, including the decrease of intracellular cisplatin accumula-
tion, the inactivation of cisplatin by mercaptan proteins, the increase of DNA damage repair, apoptosis inhibition,
tumor microenvironment and cancer stem cells. In recent years, traditional Chinese medicine (TCM) has been
favored for its remarkable effect of reversing cisplatin resistance. This review will explore the mechanisms of
cisplatin resistance and the combined modality treatment strategy of TCM to reverse cisplatin resistance, hoping to
provide reference for clinical and scientific research.
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—IEAEL, AR, W 5T R WA I 32 SR A
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NS I B 25 1A DR SN BRI R AT 4
20 0 R 7% R BT F) CTR 266 R E AT R %, 389 2R B0 9 I 4
Ji AR B8 B DR R, T A e I g 24511112, TR
B A R P I R T A M PN A A T R A AR U, i
PRAR TG 2 B, 5 FH 4 2 5 77 T DAY 40 58 2454 B e 1tk
YN S B BURT R B R AL T, AT o R A b 5
FRUR LD, Ak, — R4S S R A R E A
(antioxidant protein 1, Atox1) tH #% iF 5 5 541 i 24 AH
%, AR 5 40 B 5 TR Atox1 45 4, Ii4A 4% iz 1) DNA 1
ik R A BEL W AT TR R T 24, FE TR 24 48 i btk B
Atox 1 FIFRIBK AU, I B SR IE Atox 1 23 3 U4

Figure 1 Molecular mechanisms of cisplatin resistance. CTR1: Copper transporter 1; SLC: Solute carriers; Atox1: Antioxidant protein 1;

ATP7A/B: Copper-transporting P-type adenosine triphosphatase 1 and 2; MRP2: Multidrug resistance protein 2; GSH: Glutathione; GSTP1:

Glutathione S-transferase pi-1; y-GT: y-Glutamyltransferase; GysGly: Cysteinylglycine; ERCC1: Excision repair cross-complementing-1;
XPF: Xeroderma pigmentosum group F; MLH1/2: MutL homolog 1 and 2; BRCA1: Breast cancer susceptibility proteins 1; POL{/n: DNA

polymerase { and #; NF-xB: Nuclearfactor-«B; IxBa: Inhibitor of NF-xB a; XIAP: X-linked inhibitor of apoptosis protein; Bcl-2: B-cell

lymphoma-2; Bel-X: B-cell lymphoma-X; Bax: Bcl-2-associated protein X; Bak: Bcl-2 homologous antagonist/killer
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B 2 (copper-transporting P-type adenosine triphosphatase
2, ATP7B) % H 40 a0, SR 1M Atox1 [ 9k 2> S 2= sk 55
CTRI X M5 5H £ £5% BN B i £ 2 3 % A1 DNA H ) AR
RO, A3V R A2, WA IR ) i A T 0 i A g
W R 34K (solute carriers, SLC) #E N 4l i, AAK A 1Y
SLC22 . 5% I £ 25 Fh % 38 & (1 4L, B35 A HLFH 25
T BA BRI 1 B s RS, fEIR R AT AR, A
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1.1.2 ZR45hREIE AN ) — Flid 24 1R I ML 2
ERE AN S AT S Eah R, FEE
ATP YR E) 1) 5 [ e i o 1 0 3R A Pl S 8. SR ILEH
T H AL 2 25T 25 R — &, (HER 7 2 2451 245 41
RHEIBARATY 5 BT 256 ¢ . BN, 2 251 2540 50 &
F 2 (multidrug resistance protein 2, MRP2) & 5 Jiil £
(1) #1820, K il &, MRP2 [ R IBFE I IR k€ 7
FE 4 e B8 3 o AT T R kA, s P Y
i 1 = 18 FR ¥ 1 (copper-transporting P-type adenosine
triphosphatase 1, ATP7A) F1 ATP7B . i B 7 4 15 i
B0 A0 HE R 32 AR B2, IR Bk B3 A 25
P, B B2 IA 5 R A T 51 50 A i 24 1 A D623,
TE GRS 24 Jie 88 4 i o, JTER ATP7A FE— 8 R BE Lk
57U B, MY 5 T 4 i TR, R, B G
ATPTA )N 1 55 20 il 557, ATPT A 335 AN /)N i 52 1
hn (29 1.5 ) {8 -5 SO0 25 H T 257, ATPTA 1)
8 hn-S BUMRE 40 L N A7 B IS 1Y) BRI B 22
NGB 7 i e ) B
1.2 B FRIEINA

PR JE S A TR AR R 2 T a0 A BEH IR (gluta-
thione, GSH) 1 4 J& % & H (metallothionein, MT) ]
AH HL A FH A 200 6 A Bk < 8 75 1R 1) AL 2 —, BB
W~ o WUEE A v B2 S A, AR 53— £ S 32 i 98 4
Jil % DNA Z 1 23 ¥ 43 5 1% K B BE 531 76 480 Jf ot o
FHES5 500, R 5> 1 1 ad B Rk, M 1 s
FEHL BT A B0 28 19 5 45 5 T B AT 7 B 38132 40 A 11
K-, 9 DRI A DA S A R 4 G T T 2245 12 77 T A
SETEEH
1.2.1 #FBEHEBK GSH & —F & A =K EE 51,
5550 5 40 i A PR A 2 FTE B A O o BB 40 % i
B o S L T A A5 I B B 5 GSH B2 3640 45 &, [ X
T2t SR AR AR A DR H IR B #2196 1 (glutathi-
one S-transferase pi-1, GSTP1) f# 1t /£ il Pt-GSH 4 &
W, A E V) TEZS 5 b MRP2 52 H 48 i, Bl itk ]

®1, 25 GSH 45 & 1 i 22358 58 0 1 5 I 4h if 265 74 A
Ko XTI 24514 e AR T I (] — RE 8 AT A 1 9 ol O S5 44
W ZR AT B, T 24 b e A0 A b 5 e H IR SR R R A 1
(glutathione S-transferase, GST) & & = Hi AT 24 i 93 401
J 2.9 £55280 7 NG i 245 iR 4 B A Od W 5% B p- 2 &
ik 55 F2 B (p-glutamyltransferase, p-GT) [ B ik 29,
7-GT F T 4E¥F GSH 12, 25 GSH & 5 A, 7]
7E GSH 43 i AR It 72 A A= i F Bk & H 2R (cysste-
inylglycine, GysGly), % IUEH (1) s B % B GSH /&5 10
B, B p-GT (13 2 &AL mT R 3 F 7 GSH 5 & 19I5
250 . AP AR, BB/ AR /R
KB T B 5 40 M GSH & & & AR 245
JREO, A P A D R B B IE AR KA B R HZ &
L iA¥%, Okuno ZECPUNT L AN R ON Lm0 R (A2780) 5
I AA TiH 25 28 5 & (A2780DDP), 2 It % B2 1E i 24
Y1 it v R KT 20 S UGN i T ¥ 4.2 4%, A2780DDP
40 GSH 2 2 38 02 B T2 e &0 1 5 & 189 0 if
FEU, PR E GSH A B B E KA
122 £EBMEBR MTE—MKSTTEESSEHA
TR ) B L, A BT U T A R A < R AR S DA A A i N
ESlEME, A5 MMM EEN, FIRAEE RS
GSH Jx B AH [F]B2, MT tH 2 4 1k BH 3 2500040 i 24 174,
T /) B AH M BN 19 S5 4t i m et 2 008 S0 IRV id 245
PR3 50 38 0 4 F0 76533 S — 5 T, A A B E T 2
AH R G BUMT )28 3G It 76 A2 56 40 B Ji g =, MT
TE 2 H 22 A0 i e %) 3R 8 v, AELLE X IR ¥ T i 24
B 5 AN 245 38 2 18 I AAEAE 22 7B [RLL, HE M
MT FEAN 2 5 SO £ it 24 P 1) 2 22 &R, AN 5 3
3 I Jea MIRUEE i 245 4 A DR Bk
1.3 DNA#fHIEE M

Pt-DNA & 4 (11 B A A2 08 /& 5 5 40 B 9 1
) E B 2R, A, A ) DNA 30 £ 12 52 38 s ek
S5 40 Mo 98 T I R, 51 R R i 25 PR 7R S AL IR )T
Hh R B HOR R IE T R B U, S IR SE 2 DNA 2
52 R g I B0, 22 b £ i 24 4 i Bk (1) DNA 12 & fig
775 BURAH BR T EL, it 24 40 B ik 2 A S R 18 B R
H1. BHMRYVIEE1EE (nucleotide excision repair, NER).
#5 B 12 2 (mismatch repair, MMR). [F V5 &8 41 12 &
(homologous recombination repair, HR) F1# 15 {4 & i&
(translesion synthesis, TLS) 35 #§ iIF 5 55 il 41 i 245 /1)
DNA i {15 &2 A KB,
131 #EFBYIBRIESE NERE LB Pt-DNA &
V) A DNA #1512 5 1) £ 21815, 4 NER 6t 2% 3 3
X NGVEE V6 7 1 e P ROV, T 44 Pk &2 NER 58 %8 1 3L
XTGBT ) % B B 5 I S KPR, NER I A2 17
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T DA b AN (5] 10 28 1 BT AA) B, A 200 R R I R Vs A s A
, JHJE NER WUTEE & A I VIR B E A2 X HAMEH 1
(excision repair cross-complementing-1, ERCC1) J& &
W B AR, ERCC 8 I 5 4 v i i B 1A
2H F (xeroderma pigmentosum group F, XPF) & il 7 —
EAR, I DNA 535 U] B 451477 (¥ DNA LLZ & DNAMY,
A NGUEH i 245 59 3568 240 i P4 A2 L NER 1 Jn 5 ERCC1 Al
XPF A INA 5%, @bk ERCC1 R 38 5 21 i %o i 861 17
UL, (R IIRUEA P 3 20 DNA 452 £ NER 2 & fig

R AIREY . o B B3 K83 B9 Il R BF 9 1 40E B ERCC1
mRNA 7P 58S I PRI 2 14 52 EAH G
1.3.2 $EECIEE  MMR ¥ £ Z/E A& 4 IEDNA &
il R, ) S 2H, 5 H fl DNA 2 Bk 4240 HAE H,
21 JE) UG U 4 R 45 4 I T, MMIR 47
DT YA 5 MR R e 23 40 L %) 4 2 1, X PSR 2 1Y) DNA
18 52 Ty e B A5 A RE 32 S0 87 20 1 8 T 9ak 2 DR T T8 B
JEATE 251 72 MMR 2 25 2 o, MMR IR B &
52 DNA HE 03 A8 Sk 4 47 5 R 40 1) 2 B v, (HE IR AN
B2 Pt-DNA &, i B JL IR A2 5 )R MR 45
A0 P T, MMR 8 B% B & 488 ) MLHI (mutL
homolog 1)~ MSH2 (mutS homolog 2) A1 MSH6 (mutS
homolog 6) %5 % Fft & [ 4H B, 75 NAA T 24 40 )i A, AT A
£2 | MMR £ [1 MLH1 5t MSH2 [¥] F I 5 58 4%, S b
e 2B N R T 25 45 AR A B MMR £ 1 10 25 R,
133 [RIFEZELHEE  HR F 2 5757 40 M 5 4 S 1
DNA XUHE (1) Wi 248 &, 1 I8 75 5 (¥ DNA & 9]
A LR L, IR 51 S PR XURE W 438 i 7E DNA & %
AR B HR 2 B0, Horb, HROE B (19 3L 2
J& A 1 A1 2 (breast cancer susceptibility proteins 1 and
2, BRCA1/2) 7£ FL i Ja8 A1 O 59 vh 48 R A RARW,
IEHEOL T, BRCAL/2 G 2K i 4 i 368 5[] 9 2 4 3k
17 DNA &S, X G4 45 5% (i) DNA A2 1557 G, %
M, 7E MR 67 i 72 7, BRCAT 8 BRCA2 48 2 J5 it
1T WEE M RAZ KA T HR D8, M1 -5 SO EH i 25
PEEY . BF TSR B, BRCATL 7E X A 24 () N 7L e
RO S5 P 240 0 ke v o 3 2k T 3 0GB ) T 24 1 5,
FHI I, $0 BRCAT ) I 56 5 17 IgUER FR) BBURE P01,
b 4b, 38 & B BRCA1 mRNA #3315 7K F 5 9k /)N 41 il
JIt g v G PR BBURS P B 7RH OCBY, mRNA IR R ik
o F B S IRETIR IT (0 FU R L O S AN IR 4
i 968 A7 3 B ) AE K2, 2  BRCAIE A RE S
mRNA 7KV~ i) B AR R B %) 2 T DNA 452 £ i 46 97 77
FA o

1.3.4 BHEER  TLSBE AL R HIBLZE &Y
2 i H2 AL A 21 5 1 (Vs A%, A IETE R, R e B

ML) 2 52 10 U (1) 470 e 98 SR S3 . TLS 38 % A v A
PTDNA H 497 1 42, PR 2 G 7o v 240 i DA 386 o 54 A
AN 56 BUR AT 1 IR 2257 404, f IR
T T BE 11 B8 AR R AT BF 98 R B, 2k TLS 1 B ik R B
XoF G e B URK, IX L R 5 TLS 7T it 2 5 Pt-DNA
&P R . e Ah, 76 NER 3# BR800 10 TLS 8@ 1% 32
WAL R, 408 AT 2R BUG AR ¥A 97 1 e U B, X
— RILIGAE T TLS ] f A2 83 40 i 6 &0 7= A= i 24 7
FIALAISS, TLS i# %t — 41 DNA R & i (DNA poly-
merase, POL) ¥ %, 1% 4 % & B§ £ & POL (. POL 7.
POL uPOL x 1 POL 756, £ — LKfif 24 20 ffd v W %2 3],
POL {3 125 [ A% A8 40 At XoF G0 174) 440 Mt 25 4 1 F B8 o g
TR, T2 PR T A0 B X A P i 2 1, TR R PRI
T HBURAE M, POL 11335 4 WA A 2 X IR A i 245
T IR 7057, = POL i\ 200 it 22 B HE R 87 )
X NBLE V6 97 110 e U S
1.4 ZRBECET KA

NisiEn 75 S A BB PR E H R 2 o S T
538 B O HEAT 4%, L RS B8 K ¥ DNA i
15097, RS SR AE BT T AR TR TS S R G IE
WAL, G L I T S O B A Jo P 38R A B R W g A 2
AR — WA S i 25 P AT ORI00, Ik e g e A T
TR M AR AR S T G R N U TS S ek B
X T A5 5 H BBV PRI, PR okt 5 B 25 M 1= A
TEZRPTAZ S FE P k2 M EA R, H
R 2 A5 pS3 B X % K K1 «B (nuclear-
factor-«B, NF-«B) 5 H At i yr 8 -5 [,
1.4.1 HMEZERpS3HIKIE  pS3 & 2177 DNA i
153 J5 4 BRLAT 5 1 8 B AR 2 —, 1E 40 e ) 4 B R0
T 87 e A AR, R 3 Bl AR 5 I it 24 4
I, BTt b AT B AR A pS3 4 i 5 Bk = pS3 Ih
REMR 4N B, & 4 B A2 2 p53 1 40 R 32 B0 ] e IS4 v
[ 7o B UK 103, B A R p5 3k B4 51 2 1) DNA 1 4%
Ji Bk B 22k, DNA 52473 41 i 9% pS3 i B8 7€ G1/S 1,
B J5 B 75 5 08 T2, DA SR DR F 4 R R MR ) Rk
T p53 119 2 38 W38 4 T % 3k R, A6 A 0 T2 1) 41 e 13
DAk 2 47155, 200 0 DT bk SR A 6 R YR T 1R i 241
142 % REFNF-«BRIBE 55— 177 DNA 4%
153 5 24 A3 P O B B 1 2 % SR Rl NF-«B . — 27
FLAR A, NGUEA (¥ B0 35 P 52 3 NF-B 3005 10 52 W .
NF-xB i# & LA K3 % A7 7E T 5 NF-xB # i 52  o
(inhibitor of NF-xB a, IxkBa) 45 & W40 g 5 F, 1 24
i B IEE B9 RA TeBou A L P AR, NF-kB Ak T30 &5 0F
UG 40 B A% N R, 5% N R e DNA T A 456, B
5 53 BT R R T S TR R s, Bk



B SRR IBUEAT 25 PENL ] 5 Hh 2300 4% SR - 2047 -

5 5 TR 0 7 A AR S T 24 k10495, Mabuchi 451V
TR DL T 25 Caov-3 4 T IxBa 4 % AL 7K 1 AT NF-
kB IE M  E v TR IUER SRR ) A2780 AL . [RIAE, A
FH NF-xB 375 11 4001 75112 It e 88 200 B o 98 245 508
BEURK, 9100 IcBa WERR AL A 1 77 BAY 11-7085 1458 1
Xf TeBoa B R A FH NF-,B 3% 1 1R 40011 £ Y, 382 v B 7
A P 55 A B B R e AR v ) AR RE L7
143 BFEWEATER WEMRETHNEARE
1% 1) A Al At T M 208 6 M FF BEURR M, B sk B0 -2
(B-cell lymphoma-2, Bel-2) £ H e 7 T ApL i T8
PR A4 TR 52 89 (caspases)~ X-1Z 8 41 g 8 T
i 771 (X-linked inhibitor of apoptosis protein, XIAP).
G EE P RN 2R A IR ) B 1 4 08 ) AR AL BB IE S 5
BT 25 A DR800, {5 T, Bel-2 S BLIA T2 B A Bel-2
F Bel-X, 1 =5 4 IR P4 0k B I T2 2 [ Bax (Bel-2-
associated protein X) £l Bak (Bcl-2 homologous antago-
nist/killer) (1) 2 235 19 98 1 IR R 24 147070, 1 XTAP
nl BE LI 21 1 T, XTAP G848 11 #l caspases I T~
AR FRIL S, E 40 T, BT TSR SE T R
EA ) XTAP &5 [ A3 5% I A 24 12 o
1.5 BRERIRE

AT AF R, AR R 558 E PR 40 B i 24 4 T T ) A
FISZ 3 T MR 2 1500 . 5L b, 20 5 25 i sl 4n
05 0 2 T PR LA P R D S g  FER 0 PR
P, RET T B 245 1L 54, iR 40 i 5 BT 1A
MEAEH 2S804 RIFA KR ANE (extracellular
matrix, ECM) A0 B.AE I, T8 47 i I 40 10 5o 52 50 5 -
%) £ B 8 T 52 e 731, T 98 T 52 L %) e A A A i 2
PEZ 5 Mo ht ECM #E AT 40, ik — 0 FR g i .
B A, i e 4 Y6 1) JB 8 2R VT IE ST 5 32 I
BATE 25 PR 1) 7 A2, IR L ol RIS R IR R B VI
AR A AE JR R 1 VB 20 i 2 22 B0 LB 8 v 1) I
i 25 1404, E-#5%h 2 1 (E-cadherin) 184 141 fi - 41 i
V) PR 20 BT 4 fl 0, < 3 BOWTEA R 245, 308 3 4 5ik 41 i J
S B 1 A R A 1) 7R p27 KIPY E ml R kR
ACYH N G 1 S RH i A L 18 523 200 e 98 T2 e 1T
1.6 BhiEF4aAE

A 2 i 958 210 i #EL 20 B 1) R T 48 P (cancer stem
cell, CSC) RIS s A6 77 B A WAESTIE, Ty HL I
iR 245 7 Yk 2 KT A AR I MR 4 7). CSC R BIL 23 A7
FE R Y, 4B T A AE TR K pH B AR 7R 1930
Ferp N, HOBA 3R H R A A RE T, A5 R
96 E R MR Hoh ke B 2R TS, CSCAE iR 4
LB 292 0.1%~ 1%, SR B8 & AL 7Tl 2 1 g 7=
A, 33X — o T3 2 30%07). 2 AR B> (DNA 47

IR 3=2R ) o 1 | S S A ok i o L Tt
a3 A0 B JRE 4 7 A= 24 1 TR ATL ) IR R 3% T CSCiY),
(B AR R 2, Bl A A7 AT AR AT R 1 g 4
6 988 T T X A T 245 ) CSC S B T w R, ke AR
TAHEIT TR 251, . Levina Z5521% BURAA 1L T 7T 5 3%
Jits 958 - 41 P ) 384 5 S 400 1) 3 24k, Bertolini S5 51
B B CSC AL A9 CD 133+ 3E /)N 24 it firl Jes 248 ff, ]
TENEA AT 25 R JG A7 1%, 70 IUEH TR 24 160 165 Il e A O B2
Jors 411 PR AR AR R B T R AL B LA B R BE R ) CSCsT,
BEAN, R BRCA1/pS53 3 A (1) /)8 B — JF Ui 3 B H Xt it
BAALTT OBRURE, 1T B 5 CSC A /N i 38 B, I T 24
PR R B, 55— J5 T, CSC al i ik 2 b 43 A
55 43 Wh TR - 5 Jieb 98 A B B3 AH AR, R O 58
CSC Iy H T A e it 7 A& B8 F{E A CSC
S MRS B, S CSC TR 265 M i 72 AR 1870, T il A
KR AT 4EAN I (carcinoma-associated fibroblasts, CAFs)
74 ECM 25 A 5 41 CSC I 240 B A PR 53, {12 0t 2 4
IR IE AN 2 CSC R 25 P [ 7= A R 22880,
2 L IREAMNT 2 1 SR AR

W 2GR E Al O & JLT4E, SR A A it 2
PEM RGP~ . RAIRITEI X 2@ 2 5 £
B, Fze Ak v B RIE N SRAR AN, S 5 e AR T 2
Yo W 5IEAEH, ASOGE B R o 4, i
SENREAT 2451 . H AT LA 25 5 05 R 255 1 A R T
ST H 0 A A i 25 M R Re 38 R0 . AT BAAR
G FA0 S B AD, fA o o 24 30 8 I B T 24 128 i)
2.1 HEEMRS

I 2 $R 5 23 8 e A (1 T R A, R 2 9 Ay
BT BN A R R i R A T 24 1 R 25
R 20T Ry W RE 5 B G RO A 5 I ER A AE T
A2780DDP 41l fiig, 53 HH . 1) A KA, 40 P Bel-2
FIR K B B PR AR T pS3 F AR AKCE 5, 5o WA i 24
PEA IR R AR PO, AR, R 2 2 HEICE AN 1E
FH T 59 55 9% i 245 20 il SKOV 3/DDP, GST & [ 1) % ik
KPR, B3 TR 24 1. Chen 55192 K LA 4
Z B AT PR AR MRP [ 3R 0, 2 3 308 % NIgUE0 i 24 7 1 1
Fo B 20 B PR BEAR AL T 25 @A A
P& v G % 1SR R, ok mTE 1A T 40 A B W SR 3
HeLa £ it X N 41 (1 B80S 1, X AS549/DDP i 24 48 it It
FALYT B A S B O

2T Z% LR UE SRR O SR 7L AR TR 4 B X i
A UK. 2 RBCEINHE R T A549/DDP 41 Jid,,
50 M A7 S 25 a0 A R T A PR AR, B AR I X
AS549/DDP 41 iy #% /898 1) AR KA, 53 4h, g S5
2238 I AR T 9P S T 25 41 fig bk COC1/DDP, 4]
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Jitd Bel-2 2 [K] 1) 22 1k P&, caspase-3 3 [ A 18 i, &
A S IS B T 245 2 ()30 A 4 %), 24 P 25 3R B
KR BA VR PU I8 e, 02 —FhiG o7 I A i 24
PR A% R o 0 bE K B 3R R AR AR T O B
SKOV3 it 41 fg #k SKOV3/DDP, SKOV3/DDP 4l il
) GSTP1 mRNA £ iA % SKOV3 &, i K Rl F
W IX L B R S I T 24 (1 3 A0, gk
AN, K3 Z N A549/DDP 20 il 4 IR IR, B — &
FE P S5t G IR T 24 1k 30 570, Yan 2081k B
Z il ] DA ) 0 2 B 41 98 SH-SYS'Y 41 a1 384 4 JF
BT, BTN 251 . S SR AU TS
TTA 75 -5 WGUEATEE FH A, A8 I HE St 400 Py I3k 5 1 34
n, k4% caspase M Bel-2 % % AL 7R 40 B i T,
ST MREA (1 38 BORUR . BRI R VKR E S
TRAL, B BVARFER R RSO AR
VRN S 2SR R LRI XI5
BTN 24 1 PR T R
22 HHERH

HAR T RAEPEARAERES T HEZ MR
W 24 4% R M A B AL A A, 2 I TE T AR 208
P 2B, TEAGST AT R AT T RO R R E
. AW FURIE, 8 b 24 5 O T i IR T 24 1 .
Pan 511000 22 0k B G B 8 A1 FH 1 Bk 24 0 A i 24
7R 697 bR N e 2, g5 R,
WG 7 38 5 1 IR A iR 24 40 B 2 CAOV,/DDP H (1) iUk
%, CAOV,/DDP 3L T A I T2 R, HiX P4
5z 25 W A R B I IE AR S . Chen ZE000 )
8 FH 23 B K I 33 S 900 308 0% il i i 245 40 i &% A549/DDP
T i 24 14, 45 SR B, A k4% AS49/DDP 48 il (1) e
TSI S EHR RS R R E R OE L, SRR
S AR A 0 1 MDR 5 il 245 85 -1 mRNA F1 2 F1 1)
Feik. A, %07 R A549/DDP {E B R A YRR RE
778 20 R R B, JE T R Bel-2 R A
158 &4 it 98 T S 30 B K562/ ADM i 24 P02, Gao £50103)
[F] FE £ % AS49/DDP 41 il R B 5%, 46 F -+ 4 KAbhim &
24 I35 5 R T P 2 32k ol 9 4 PR R T, 358 T AS49/
DDP X A (1 UM . 55 o, B AR RO A oy T
T MRP A H mRNA 23K 7K F, $2 5 8 240 it = i
JE, T A 25004
23 HHFZ

A FRIE, 25 NRERE R T T IR
AR, BT 2 R B« B BEAR ”, F4 I8 — 58 1 2 R FL T
T g5 A R T R T N AR R R 25 By 7 R0,
M 2 N ARG, W 2GR 4 T NI AR AR T PR S
AR 22 28 JE TS PN RELABA %) BT SZE AR T2 At 23 1 72 A

1EH, CLLARRE T R 25 R AE e, B 51445
JIBTEET LAYE 977 P88 4 I S 0T 7 S 988 48 B PN AR R
T VA i 2 P RS R IE R IUEE E 9 BR BR A7 i e A R R
A T i P oW 25 1 (P-glycoprotein) ik & 58 1
IGEEA 72 BR BRI 2L 2L 25 4 o3 A Uon . rp 24k oy 1 3R
AR NER A A SR BEAT M RE, vh 2 SRl A oy 1
B GG T IR T S5, N K S 50 R ) A
[N O RSAG R =Sl A = S L S i N S ES= DA
M8 73 I UL C 45 6 SCFEAIS 1 MU R #F RO, fRe 2%
| R NGB E A4S PN A I RS ) B R o T Z I T AR A
Ji PN R I 2 N B I SRR B AR R B R AR
I o
3 RESRE

NGTEFI X 25 Al hE 29 A7 B0 7 2%, A T I A IR ¢
NG PRASE L, (£ VR 22 9 0 16 07 3ok A% v 7= A= (9 T 24 40
il 7 NGUER PRI IT k. NUER FRY T 24 WL ) O B 2%, AN R
T IE S KB B B AN (] e 3 ER Az AN [R] A9F 9 )2 1T A
AN FAE P % S R, R ARSI R A — R . AT
1) G PR 24 P, D R 2 B a2 P Ak 25 1) 7
TR PR AR LT 245 1%, (H A7 AE S Mk ALA R R B,
ZHERE BT, RAPHERG, 20 25
RO B VR R R, I 2GR I AN R . R 2 AT
L E Si H 24 156 BUEA W] 300 2 I B T 24 1, 9 437 7K
PR HRR 7 WAL, (A EEE NG E WU 2.
DAMLAAS R IR WA 23 A7 AR AT HE I (ADME) AT AR,
TRE BT 25 VENL ] Je b 251 R ML i e ik . 5
Fo o 259 — ¢, R0 S R 45 2, DA I
IR, (EETE LR WA 23 A AR 5 HEE PR
o AP 2GR NURA T 24 1 1) S B I ALK 2 =AY
2R AR HE AT, 288 T ADME X T 25 14 (1 52,
L 3G DO TE 32 (L) 1) ADME 357 E47 8 ¢ .
DAL, #2 R 25 A 22 PR R RT e s (R 1)) & AR A, 42
v MU 9 40 L ] 22 % 240 T PR ) R, DA T O LT 24
PE7 IR . S a 25 0 T 5 B R B
i, PR 2 I B IE AR UE (0 P A7 P, AR AR A A 4R 5 1
e AR FRY T 24 428 ) R

i Tt A 1 A S P U 2SR
Es SR U RSN % B Nl ae N OR RN E SRS B AN RN
TAT A7 B 48 5 AR ST 1) R O AR X AR SCHEAT IR o 1) RAE 5

FIEE S SCE N B AR H 58 1 R

References

[1]  Siddik ZH. Cisplatin: mode of cytotoxic action and molecular
basis of resistance [J]. Oncogene, 2003, 22: 7265-7279.
[2] Ghosh S. Cisplatin: the first metal based anticancer drug [J].



B A BB 24 B A e 240 SR

2049

[3]

(3]

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Bioorg Chem, 2019. DOI: 10.1016/j.bioorg.2019.102925.

Yimit A, Adebali O, Sancar A, et al. Differential damage and
repair of DNA-adducts induced by anti-cancer drug cisplatin
across mouse organs [J]. Nat Commun, 2019, 10: 1-11.

Hu J, Wu TM, Li HZ, et al. The synthesis, structure-toxicity
relationship of cisplatin derivatives for the mechanism research
of cisplatin-induced nephrotoxicity [J]. Bioorg Med Chem Lett,
2017, 27:3591-3594.

Kritsch D, Hoffmann F, Steinbach D, et al. Tribbles 2 mediates
cisplatin sensitivity and DNA damage response in epithelial
ovarian cancer [J]. Int J Cancer, 2017, 141: 1600-1614.

Sarin N, Engel F, Kalayda GV, et al. Cisplatin resistance in
non-small cell lung cancer cells is associated with an abrogation
of cisplatin-induced G2/M cell cycle arrest [J]. PLoS One, 2017,
12: e0181081.

Zhang Y, Zhang J. Research advances in resistance to platinum-
based chemotherapy in lung cancer [J]. Acta Acad Med Sin (-1
2R A1), 2017, 39: 150,

Guttmann S, Chandhok G, Groba SR, et al. Organic cation trans-
porter 3 mediates cisplatin and copper cross-resistance in hepato-
ma cells [J]. Oncotarget, 2018, 9: 743.

Chaney SG, Campbell SL, Temple B, et al. Protein interactions
with platinum-DNA adducts: from structure to function [J]. J
Inorg Biochem, 2004, 98: 1551-1559.

Akerfeldt MC, Tran CMN, Shen C, et al. Interactions of cisplatin
and the copper transporter CTR1 in human colon cancer cells
[J]. J Biol Inorg Chem, 2017, 22: 765-774.

Ishida S, Lee J, Thiele DJ, et al. Uptake of the anticancer drug
cisplatin mediated by the copper transporter Ctrl in yeast and
mammals [J]. Proc Natl Acad Sci U S A, 2002, 99: 14298-14302.
Holzer AK, Manorek GH, Howell SB. Contribution of the major
copper influx transporter CTR1 to the cellular accumulation of
cisplatin, carboplatin, and oxaliplatin [J]. Mol Pharmacol, 2006,
70: 1390-1394.

Lai YH, Kuo C, Kuo MT, et al. Modulating chemosensitivity
of tumors to platinum-based antitumor drugs by transcriptional
regulation of copper homeostasis [J]. Int J Mol Sci, 2018, 19:
1486.

Arnesano F, Nardella MI, Natile G. Platinum drugs, copper trans-
porters and copper chelators [J]. Coord Chem Rev, 2018, 374:
254-260.

Palm ME, Weise CF, Lundin C, et al. Cisplatin binds human
copper chaperone Atox] and promotes unfolding in vitro [J].
Proc Natl Acad Sci U S A, 2011, 108: 6951-6956.

Palm-Espling ME, Andersson CD, Bjorn E, et al. Determinants
for simultaneous binding of copper and platinum to human chap-
erone Atox1: hitchhiking not hijacking [J]. PLoS One, 2013, 8:
€70473.

Safaei R, Maktabi MH, Blair BG, et al. Effects of the loss of

Atox1 on the cellular pharmacology of cisplatin [J]. J Inorg

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Biochem, 2009, 103: 333-341.

Zheng JQ, Yang X, Wang Q, et al. Research progress in toxic
effects of antitumor drugs based on drug transporter [J]. Acta
Pharm Sin (%)% 243R), 2017, 52: 1496-1504.

Burger H, Loos WIJ, Eechoute K, et al. Drug transporters of
platinum-based anticancer agents and their clinical significance
[J]. Drug Resist Updates, 2011, 14: 22-34.

Sani FV, Palizban A, Mosaffa F, et al. Glucosamine reverses
drug resistance in MRP2 overexpressing ovarian cancer cells [J].
Eur J Pharmacol, 2020, 868: 172883.

Korita PV, Wakai T, Shirai Y, et al. Multidrug resistance-associated
protein 2 determines the efficacy of cisplatin in patients with
hepatocellular carcinoma [J]. Oncol Rep, 2010, 23: 965-972.
Petruzzelli R, Polishchuk RS. Activity and trafficking of copper-
transporting ATPases in tumor development and defense against
platinum-based drugs [J]. Cells, 2019, 8: 1080.

Nakayama K, Kanzaki A, Terada K, et al. Prognostic value of the
Cu-transporting ATPase in ovarian carcinoma patients receiving
cisplatin-based chemotherapy [J]. Clin Cancer Res, 2004, 10:
2804-2811.

Zhu S, Shanbhag V, Wang Y, et al. A role for the ATP7A copper
transporter in tumorigenesis and cisplatin resistance [J]. J Cancer,
2017, 8: 1952.

Samimi G, Howell SB. Modulation of the cellular pharmacology
of JM118, the major metabolite of satraplatin, by copper influx
and efflux transporters [J]. Cancer Chemother Pharmacol, 2006,
57:781-788.

Kawahara B, Ramadoss S, Chaudhuri G, et al. Carbon monoxide
sensitizes cisplatin-resistant ovarian cancer cell lines toward cis-
platin via attenuation of levels of glutathione and nuclear
metallothionein [J]. J Inorg Biochem, 2019, 191: 29-39.

Zou M, Hu X, Xu B, et al. Glutathione S-transferase isozyme
alpha | is predominantly involved in the cisplatin resistance of
common types of solid cancer [J]. Oncol Rep, 2019, 41: 989-998.
Kolfschoten GM, Pinedo HM, Scheffer PG, et al. Development
of a panel of 15 human ovarian cancer xenografts for drug
screening and determination of the role of the glutathione detoxi-
fication system [J]. Gynecol Oncol, 2000, 76: 362-368.

Daubeuf S, Leroy P, Paolicchi A, et al. Enhanced resistance of
HeLa cells to cisplatin by overexpression of y-glutamyltransferase
[J]. Biochem Pharmacol, 2002, 64: 207-216.

Ferreira JA, Peixoto A, Neves M, et al. Mechanisms of cisplatin
resistance and targeting of cancer stem cells: adding glycosyl-
ation to the equation [J]. Drug Resist Updates, 2016, 24: 34-54.
Okuno S, Sato H, Kuriyama-Matsumura K, et al. Role of cystine
transport in intracellular glutathione level and cisplatin resis-
tance in human ovarian cancer cell lines [J]. Br J Cancer, 2003,
88: 951-956.

Amable L. Cisplatin resistance and opportunities for precision

medicine [J]. Pharmacol Res, 2016, 106: 27-36.



y

2050 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(9): 2043 —2052

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Holford J, Beale PJ, Boxall FE, et al. Mechanisms of drug resis-
tance to the platinum complex ZD0473 in ovarian cancer cell
lines [J]. Eur J Cancer, 2000, 36: 1984-1990.

Wong DL, Stillman MJ. Capturing platinum in cisplatin: kinetic
reactions with recombinant human apo-metallothionein 1a [J].
Metallomics, 2018, 10: 713-721.

Meijer C, Timmer A, De Vries EGE, et al. Role of metallothio-
nein in cisplatin sensitivity of germ-cell tumours [J]. Int J Can-
cer, 2000, 85: 777-781.

Galluzzi L, Senovilla L, Vitale I, et al. Molecular mechanisms of
cisplatin resistance [J]. Oncogene, 2012, 31: 1869-1883.

Damia G, Broggini M. Platinum resistance in ovarian cancer:
role of DNA repair [J]. Cancers, 2019, 11: 119.

Sawant A, Floyd AM, Dangeti M, et al. Differential role of base
excision repair proteins in mediating cisplatin cytotoxicity [J].
DNA Repair, 2017, 51: 46-59.

Hamilton G, Rath B. Pharmacogenetics of platinum-based che-
motherapy in non-small cell lung cancer: predictive validity of
polymorphisms of ERCC1 [J]. Expert Opin Drug Metab Toxicol,
2018, 14: 17-24.

Ahmad A, Robinson AR, Duensing A, et al. ERCC1-XPF endo-
nuclease facilitates DNA double-strand break repair [J]. Mol
Cell Biol, 2008, 28: 5082-5092.

Chang 1Y, Kim MH, Kim HB, et al. Small interfering RNA-
induced suppression of ERCC1 enhances sensitivity of human
cancer cells to cisplatin [J]. Biochem Biophys Res Commun,
2005, 327: 225-233.

Rudolph C, Melau C, Nielsen JE, et al. Involvement of the DNA
mismatch repair system in cisplatin sensitivity of testicular germ
cell tumours [J]. Cell Oncol, 2017, 40: 341-355.

Papouli E, Cejka P, Jiricny J. Dependence of the cytotoxicity of
DNA-damaging agents on the mismatch repair status of human
cells [J]. Cancer Res, 2004, 64: 3391-3394.

Topping RP, Wilkinson JC, Scarpinato KD. Mismatch repair
protein deficiency compromises cisplatin-induced apoptotic
signaling [J]. J Biol Chem, 2009, 284: 14029-14039.

Li Z, Pearlman AH, Hsieh P. DNA mismatch repair and the DNA
damage response [J]. DNA Repair, 2016, 38: 94-101.

Talens F, Jalving M, Gietema JA, et al. Therapeutic targeting and
patient selection for cancers with homologous recombination
defects [J]. Exp Opin Drug Discov, 2017, 12: 565-581.

Sakai W, Swisher EM, Karlan BY, et al. Secondary mutations as
a mechanism of cisplatin resistance in BRCA2-mutated cancers
[J]. Nature, 2008, 451: 1116-1120.

Shah NP. BRCA: from therapeutic target to therapeutic shield
[J]. Nat Med, 2008, 14: 495-496.

Dhillon KK, Swisher EM, Taniguchi T. Secondary mutations of
BRCA1/2 and drug resistance [J]. Cancer Sci, 2011, 102: 663-
669.

Husain A, He G, Venkatraman ES, et al. BRCA1 up-regulation is

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

associated with repair-mediated resistance to cis-diamminedi-
chloroplatinum (II) [J]. Cancer Res, 1998, 58: 1120-1123.

Wang L, Wei J, Qian X, et al. ERCC1 and BRCAI mRNA
expression levels in metastatic malignant effusions is associated
with chemosensitivity to cisplatin and/or docetaxel [J]. BMC
Cancer, 2008, 8: 97.

James CR, Quinn JE, Mullan PB, et al. BRCAI1, a potential
predictive biomarker in the treatment of breast cancer [J].
Oncologist, 2007, 12: 142-150.

Rocha CRR, Silva MM, Quinet A, et al. DNA repair pathways
and cisplatin resistance: an intimate relationship [J]. Clinics,
2018, 73: e478s.

Brabec V, Kasparkova J. Modifications of DNA by platinum
complexes: relation to resistance of tumors to platinum antitumor
drugs [J]. Drug Resist Updates, 2005, 8: 131-146.

Slupianek A, Schmutte C, Tombline G, et al. BCR/ABL regulates
mammalian RecA homologs, resulting in drug resistance [J].
Mol Cell, 2001, 8: 795-806.

Yamanaka K, Chatterjee N, Hemann MT, et al. Inhibition of
mutagenic translesion synthesis: a possible strategy for improving
chemotherapy? [J]. PLoS Genet, 2017, 13: e1006842.

Lee YS, Gregory MT, Yang W. Human Pol { purified with
accessory subunits is active in translesion DNA synthesis and
complements Pol 7 in cisplatin bypass [J]. Proc Natl Acad Sci
USA, 2014, 111: 2954-2959.

Li X, Ren J, Chen P, et al. Co-inhibition of Pol # and ATR
sensitizes cisplatin-resistant non-small cell lung cancer cells to
cisplatin by impeding DNA damage repair [J]. Acta Pharmacol
Sin, 2018, 39: 1359-1372.

Basu A, Krishnamurthy S. Cellular responses to cisplatin-induced
DNA damage [J]. J Nucl Acids, 2010. DOI: 10.4061/2010/201367.
Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular
mechanisms of action [J]. Eur J Pharmacol, 2014, 740: 364-378.
Koberle B, Tomicic MT, Usanova S, et al. Cisplatin resistance:
preclinical findings and clinical implications [J]. Biochim Bio-
phys Acta, 2010, 1806: 172-182.

Liu R, Ji P, Liu B, et al. Apigenin enhances the cisplatin cytotoxic
effect through p53-modulated apoptosis [J]. Oncol Lett, 2017,
13:1024-1030.

Hientz K, Mohr A, Bhakta-Guha D, et al. The role of p53 in
cancer drug resistance and targeted chemotherapy [J]. Oncotarget,
2017, 8: 8921.

Sun Y, Guan Z, Liang L, et al. NF-xB signaling plays irre-
placeable roles in cisplatin-induced bladder cancer chemoresis-
tance and tumor progression [J]. Int J Oncol, 2016, 48: 225-234.
Katsman A, Umezawa K, Bonavida B. Reversal of resistance to
cytotoxic cancer therapies: DHMEQ as a chemo-sensitizing and
immuno-sensitizing agent [J]. Drug Resist Updates, 2007, 10:
1-12.

Mabuchi S, Ohmichi M, Nishio Y, et al. Inhibition of inhibitor



B A BB 24 B A e 240 SR

2051

[67]

[68]

[69]

[70

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

of nuclear factor- kB phosphorylation increases the efficacy of
paclitaxel in in vitro and in vivo ovarian cancer models [J]. Clin
Cancer Res, 2004, 10: 7645-7654.

Pierce JW, Schoenleber R, Jesmok G, et al. Novel inhibitors
of cytokine-induced IxBa phosphorylation and endothelial cell
adhesion molecule expression show anti-inflammatory effects in
vivo [J]. J Biol Chem, 1997, 272: 21096-21103.

Beale PJ, Rogers P, Boxall F, et al. BCL-2 family protein expres-
sion and platinum drug resistance in ovarian carcinoma [J]. Br J
Cancer, 2000, 82: 436-440.

Miyamoto M, Takano M, Aoyama T, et al. Phenoxodiol increases
cisplatin sensitivity in ovarian clear cancer cells through XIAP
down-regulation and autophagy inhibition [J]. Anticancer Res,
2018, 38:301-306.

Michaud WA, Nichols AC, Mroz EA, et al. Bcl-2 blocks cisplatin-
induced apoptosis and predicts poor outcome following chemora-
diation treatment in advanced oropharyngeal squamous cell car-
cinoma [J]. Clin Cancer Res, 2009, 15: 1645-1654.

Mansouri A, Zhang Q, Ridgway LD, et al. Cisplatin resistance in
an ovarian carcinoma is associated with a defect in programmed
cell death control through XIAP regulation [J]. Oncol Res, 2003,
13:399-404.

Chen SH, Chang JY. New insights into mechanisms of cisplatin
resistance: from tumor cell to microenvironment [J]. Int J Mol
Sci, 2019, 20: 4136.

Meads MB, Gatenby RA, Dalton WS. Environment-mediated
drug resistance: a major contributor to minimal residual disease
[J]. Nat Rev Cancer, 2009, 9: 665-674.

Sherman-Baust CA, Weeraratna AT, Rangel LBA, et al. Remod-
eling of the extracellular matrix through overexpression of colla-
gen VI contributes to cisplatin resistance in ovarian cancer cells
[J]. Cancer Cell, 2003, 3: 377-386.

Zhang Y, Huang P, Liu X, et al. Polyphyllin I inhibits growth
and invasion of cisplatin-resistant gastric cancer cells by partially
inhibiting CIP2A/PP2A/Akt signaling axis [J]. J Pharmacol Sci,
2018, 137:305-312.

Yu L, Fan Z, Fang S, et al. Cisplatin selects for stem-like cells in
osteosarcoma by activating Notch signaling [J]. Oncotarget,
2016, 7: 33055.

Mondal S, Bhattacharya K, Mandal C. Nutritional stress repro-
grams dedifferention in glioblastoma multiforme driven by
PTEN/Wnt/Hedgehog axis: a stochastic model of cancer stem
cells [J]. Cell Death Discov, 2018, 4: 110.

Yan C, Luo L, Goto S, et al. Enhanced autophagy in colorectal
cancer stem cells does not contribute to radio-resistance [J].
Oncotarget, 2016, 7: 45112.

Iyer AK, Singh A, Ganta S, et al. Role of integrated cancer
nanomedicine in overcoming drug resistance [J]. Adv Drug
Deliv Rev, 2013, 65: 1784-1802.

Garcia-Mayea Y, Mir C, Masson F, et al. Insights into new

(81]

(82]

(83]

(84]

[85]

[86]

(87]

(88]

[89]

[90]

[91]

[92]

[93]

[94]

mechanisms and models of cancer stem cell multidrug resistance
[J]. Semin Cancer Biol, 2019, 60: 166-180.

Najafi M, Mortezaee K, Majidpoor J. Cancer stem cell (CSC)
resistance drivers [J]. Life Sci, 2019, 234: 116781.

Levina V, Marrangoni AM, DeMarco R, et al. Drug-selected
human lung cancer stem cells: cytokine network, tumorigenic
and metastatic properties [J]. PLoS One, 2008, 3: e3077.
Bertolini G, Roz L, Perego P, et al. Highly tumorigenic lung
cancer CD133" cells display stem-like features and are spared by
cisplatin treatment [J]. Proc Natl Acad Sci U S A, 2009, 106:
16281-16286.

Zhang Y, Wang Z, Yu J, et al. Cancer stem-like cells contribute
to cisplatin resistance and progression in bladder cancer [J]. Can-
cer Lett, 2012, 322: 70-77.

Abubaker K, Latifi A, Luwor R, et al. Short-term single treat-
ment of chemotherapy results in the enrichment of ovarian can-
cer stem cell-like cells leading to an increased tumor burden [J].
Mol Cancer, 2013, 12: 24.

Shafee N, Smith CR, Wei S, et al. Cancer stem cells contribute to
cisplatin resistance in Brcal/p53-mediated mouse mammary
tumors [J]. Cancer Res, 2008, 68: 3243-3250.

Yang L, Shi P, Zhao G, et al. Targeting cancer stem cell path-
ways for cancer therapy [J]. Signal Trans Target Ther, 2020, 5:
1-35.

Yu Q, Xue Y, Liu J, et al. Fibronectin promotes the malignancy
of glioma stem-like cells via modulation of cell adhesion, differ-
entiation, proliferation and chemoresistance [J]. Front Mol Neu-
rosci, 2018, 11: 130.

Wu ZZ. Antitumor mechanism of ganoderma lucidum spores [J].
J Cell Mol Immunol (41 5 43 F %y 2% 2% &), 2006, 22: 836-
837.

Zhao SF. Ganoderma Lucidum Exerts Anti-tumor Effects on
Ovarian Cancer Cells and Reversed Their Chemoresistance to
Cisplatin (TH5E 7 2 1783 S UV ) A 51 S5 b B 1 i 200 Mo A=
Koo A I B JIGUEA T 245 (4 8F 9T) [D]. Shijiazhuang: Hebei
Medical University, 2010.

Qu HG, Gao L, He D, et al. Effect of reversion of ganoderma
lucidum polysaccharides on cisplatin resistant in ovarian cancer
cells and its mechanism [J]. J Jilin Univ Med Ed (7% #k K22 22 4R
220, 2011, 37: 250-254.

Chen Y, Huang LH. Reversion of lentinan on A2780 ovarian
cancer cell's resistance to cisplatin in vitro and mechanism [J].
Med J Wuhan Univ (B3R5 2440 S 22 1R), 2017, 38: 24-27.
Liu L, Bian K. Advance in studies on molecular mechanisms of
cisplatin resistance and intervention with traditional Chinese
medicines [J]. China J Chin Mater Med (*F [{ 71 24 4% &), 2014,
39:3216-3220.

Ni YY. The Effects and Molecular Mechanisms of Curcumin on
the Reverse of Cisplatin Resistance in Lung Adenocarcinoma

(38 T X0 T I s IR0 245 4 &% 6 2 WL £ B ) [D).



y

2052 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(9): 2043 —2052

Tianjing: Tianjing Medical University, 2018.

[95] Ying HC, Zhang SL, Lu J. Drug-resistant reversing effect of
curcumin on COC1/DDP and its mechanism [J]. J] Mod Oncol
CRARRT %), 2007, 15: 604-607.

[96] Qin CM, Hou HX, Chen DH, et al. The Reversal effect of emodin
on cisplatin resistance in ovarian cancer cells and the expression
of resistance-associated genes [J]. Nat Prod Res Develop (K24
FEYIRT S ST K), 2011, 23: 638-642.

[97] Wu CF, Zeng R, Zhou YL, et al. Reversal effect of aloe emodin
on cisplatin resistance human lung adenocarcinoma cells [J].
Chin J Hosp Pharm (71 P& i 24 5% 7% &), 2008, 28: 1061-1063.

[98] Yan XF, Xu W, Gao JZ, et al. Effect of matrine combined with
cisplatin on drug sensitivity and TrkB expression in SH-SY5Y
cells [J]. J Clin Pediatr (Ifi /K JLEH& &), 2012, 30: 456-459.

[99] Hou LL, Xu QJ, Hu GQ, et al. Synergistic antitumor effects of
tanshinonell A in combination with cisplatin via apoptosis in the
prostate cancer cells [J]. Acta Pharm Sin (25 %% %4 4R), 2013, 48:
675-679.

[100] Pan YZ, Yin DF, Zhang NS, et al. Effect of combined treatment
with Xiaoji decoction on cisplatin-resistant ovarian cancer in
vitro [J]. Chin Arch Tradit Chin Med (" # H [ 25 22 1)), 2008,
26: 78-79.

[101] Chen ZQ, Zhang YZ. Reverse effect of Shengifuzheng injection
on cisplatin resistance of lung cancer cells A549/DDP [D]. Chin

J Tradit Med Sci Technol (H [ /X £ F1H4), 2015, 22: 28-30.

[102] Zhong LX, Xiong JP, Zhang XQ. Effects of Shengifuzheng
injection on multi-drug resistance of K562/ADM [J]. J Nanchang
Univ (M 8 KZ54R), 2006, 48: 41-44.

[103] Gao Y, Yu N, Chen Q, et al. Effects of the medicated serum of
Shiquandabu decoction on Wnt/20-catenin signaling pathway
protein in A549/DDP cell line [J]. Chin J Exp Tradit Med Formulae
(P E ST )2k ), 2016, 22: 129-133.

[104] Lu P, Zhao H, Shi FQ, et al. Effects on expression of drug-resis-
tant enzymes in transplanted tumor cells of acute lymphoblastic
leukemia cell line treated by compound Zhebei granules com-
bined with cisplatin [J]. Chin J Inf Tradit Chin Med (' [& HH £ 2§
5Bk E), 2019, 26: 52-56.

[105] He FY, Zhou YQ, Deng KW, et al. The special influence of
supramolecular chemistry on TCM theory [J]. China J Chin
Mater Med (FF' [ 12524 %), 2014, 39: 1534-1543.

[106] He FY, He H, Deng KW, et al. Exploration of research approaches
of Chinese medicine's pharmacology based on "imprinting tem-
plates" (medical element) of supramolecules [J]. China J Chin
Mater Med (H [E HH 2524 ), 2015, 40: 4313-4318.

[107] Li Y, Xia Q, Zhao RZ, et al. Effect of the transplanting drug
platycodon grandiflorum on the distribution of cisplatin in nude
mice transplanted with orthotopic lung cancer [J]. Pharmacol

Clin Chin Mater Med (25 Z5 ¥ 51 JK), 2018, 34: 71-75.



