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L Hy w8 3 B (1%0 = F 3 ZAR) . DOX #1 (50 wg/mL) ,IMP+DOX 28 (100 pg/mL IMP+50 wg/mL DOX) #= IMP 42 (100
pg/mL) A &4 da e % a5 & G 1(MDR1) | % 2@t 25485 % & 169 mRNA & JL & & &k R P R A 4 Fam B3 KR A
B AK(GO) G o pr A A H 5 A B8 4 3 (KEGG) il B & 4 447 i it IMP 5 & 3UIR & DOX & 26 48 X 49 i 38 Fe o &, 5T
BATHGE, R 5 %A DOX ik, IMP 5 DOX 3£ Al /& , DOX % MCF-7/DOX émﬂbé’aska%ufr’%l W 81.965 wg/mL T & £
43.170 wg/mL, #if 25 3% #4540 4 1.90; ALE A 7 2 % F i MDR1 # mRNA &% (P<<0.05), GO'§ & 574 KEGG i %% 4 5472
R BF,IMP i# 255U DOX @t 25 £ & 5 A% 4 % A hid AR miei1t **:k_#huiﬂﬁy‘é E R R pHIMEF B, Kbt s A
AR AT A REZ G 1(COPL) 2068 1% & E1(CCNEL) | & K A% #= DNA 445 % 5% & 45A(GADD45A ) % GADD45B, %
PE IR B 7,5 DOX 4Lk 45, IMP+DOX 48 %8 i, 7 COP1 # mRNA & ik A LifA %, {2 CCNE1 ,GADD45A & GADDA45B #9
mRNA £ i ¥ 2 % FiH (P<0.05) . £5i8 IMP i# 2% LM J& DOX & 25 69 4 A T 4k 5 9 4% p53 15 5 i@ % F COP1,CCNEL1,
GADD45A % GADD45B #9 %k A % ,
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Mechanism of imperatorin in ameliorating doxorubicin resistance of breast cancer based on transcriptomics
LI Yiting', DONG Wei*, LIANG Xinli*, WANG Hu',QIU Yumei', DING Xiaoyun',ZHANG Hao', BAO Huiyun',
LI Xianxi', TANG Xilan' (1. School of Pharmacy, Jiangxi Science & Technology Normal University, Nanchang
330013, China;2. Key Laboratory of Modern Preparation of Chinese Medicine, Ministry of Education, Jiangxi
University of Chinese Medicine, Nanchang 330004, China)

ABSTRACT OBJECTIVE To investigate the ameliorative effect and potential mechanism of imperatorin (IMP) on doxorubicin
(DOX) resistance in breast cancer. METHODS The effects of maximum non-toxic concentration (100 wg/mL) of IMP combined
with different concentrations of DOX (12.5, 25, 50, 75, 100 wg/mL) on the proliferation of MCF-7/DOX cells were determined
by MTT method. MCF-7/DOX cells were divided into blank control group (1%c dimethyl sulfoxide), DOX group (50 pg/mL),
IMP+DOX group (100 wg/mL IMP+50 pg/mL DOX) and IMP group (100 pg/mL). mRNA and protein expressions of multidrug
resistance protein 1 (MDR1) and multidrug resistance-associated protein 1 in each group were measured. The relevant pathways and
targets involved in the improvement of DOX resistance in breast cancer cells by IMP were screened and validated by using
transcriptome sequencing technology, along with gene ontology (GO) enrichment analyses and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses. RESULTS Compared with DOX alone, the combination of IMP and DOX
reduced the half inhibitory concentration of DOX on MCF-7/DOX cells from 81.965 pwg/mL to 43.170 pwg/mL, the reverse fold was
1.90, and the mRNA expression of MDR1 was significantly down-regulated (P<<0.05). The results of GO enrichment analyses and
KEGG pathway enrichment analyses indicated that the reversal of DOX resistance in breast cancer by IMP was mainly associated
with the regulation of biological processes such as
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experiments showed that compared with DOX group, there was a trend of up-regulation of COP1 mRNA, and significant down-
regulation of CCNE1, GADD45A, and GADD45B mRNA expression in IMP+DOX group (P<<0.05). CONCLUSIONS The effect
of IMP in ameliorating DOX resistance in breast cancer is related to its regulation of COP1, CCNE1, GADD45A and GADD45B

targets in the p53 signaling pathway.
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BT BT FH ) 32 24 #4045 SpectraMax Plus384 %
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IMP Xf B8 i (HE45- PS000723 , 4l i >98.0% ) W [ %,
HB B AE MR A A PR ] 5 R R DOX 5k} 2 (45
827G033, 4l i =99%) ) A At 5t R ERH A FRA A
MTT R (5 EZ7890B104) It [ 7% [ BioFroxx /A 7 ;
S RNA $EHGR G U sl & 9t E it PCRARH
B (5051 AM91949A . AM62046A . AMF1769A )
W4 | H A< Takara 22 Al ; il 22 25T 25 A5G 1 1 (multidrug
resistance-associated protein 1, MRP1) B 5g [ HTIA (L 5
Ab260038) 14 [ [E] Abcam 23 7] ; IR £ 24T 25 2 1 1
(multidrug resistance protein 1, MDR1) P 5z BEHUIA 8-l
B H (B-actin) B vd BEPTAR (L5 53591 K se-55510, sc-
47778) ¥ H 3¢ [E Santa Cruz 2 #) ; B i & AL ¥) i
(HRP)ARiC B Lt S =t S Ll E 5N = Ht (543
W2k H681481011 . H681006001 ) Y40 [ Wi MM A2 4 Wy 4%
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HR&EXRCEYHARARS A GHFE (S
A121028) 11 [ 2% [ Gemini 2 7 ; RIPA 2 i 2% /K .
BCA 7 A e B I 1 i 77 & ECL &6 iR50 & & B3 5E
SR R & (4543 91 112023240207 ,070721211202
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% CHK[9] )71, R MTT ik % %£ 12,5, 25,50,
100,200 pg/mL 1) IMP %} MCF-7/DOX 2H i 1% 11 (1) 5%
M), 5 I3 F VA B 6 A S AL s DA 1%0 — H LA
(DMSO) i REFR 3R zs X R, 29E 48 hi >R
Ml AR A T 492 nm i1 4 A0 K6 4% FL ' %% B (optical den-
sity, OD){EJf A A MIAEIG 2. A TG 3 (%) =245%)
fL OD fH/%5 1 %t B L OD fH X 100%. & JH GraphPad
Prism 8.0 Z/F X £ AT Ge 110 A 5 A5 G IE A A i
ORI X £ 5 3R RN ZR 7 2 i idf AT 2 41 H L
B, B2 A R HE AR H Tukey K556 5 K30 7K 1 o=
0.05, Z5HILIA 1,
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E1 IMPXtMCF-7/DOX #HRaiE Bs M (x £ 5s,n=6)

A LR, 558 X IR B4, 200 wg/mL () IMP 7]
i 25 BRI MCF-7/DOX 4 il 715 % (P<<0.05) , Ifif 12.5~
100 wg/mL [ IMP X i 48 Bl 77 15 22 JC W] b 5% i) (P>
0.05) . P, A58 H 100 we/mLAE A e K IGRE I i
2.3 IMP 5 DOXBx A MCF-7/DOX 28 Al 1 58 i 54 i)

FEAMBLL 8 000 /L 1Y %5 BE R0 T 96 FLAR v, 15 5%
24 WG HNZG. Ay s IR IR AL DOX AN [R] i 1 i 1
20 . IMP (100 pg/mL)+DOX A [F] i ik FE 4] , B e i B
612 fLo MRAEAS TR AT IO DOX it i ik B 15
E N 12.5,25,50, 75,100 wg/mL, 25 4 XF B 4 A
1.5%DMSO. Z5¥I1E 48 h )5 , S I MTT B3l 52 4L,
OD A, TH- 20 M3 7E 10 1 25, 31530 24 0 X 248 e 1~ 5%
i ¥ BE (half maximal inhibitory concentration, ICs,) Al
i 2% 306 %% /3% %k (reverse fold, RF) o 4 ffd 38 % 31 o] 2%
(%)= (%5 FAXT IR ZH OD{H — 25420 OD ) /25 [ X iR 2
OD {H X 100% ; RF=DOX . #H ICs/IMP F11 DOX 1k
ZH 1Cs00 25N, DOX AN [A]JBT ik BE 20 . IMP+DOX A
[Fi) ot e VA 2 200 L 1 34 i 440 32 SIS [R) R B 52 ), L 240 i
HAFEIN G R R DOX Ttk B i FHE i 5 . DOX ER
e FHE, Ho6E MCF-7/DOX 4 it 1Cs0 4 81.965 pg/mL;
DOX H1 IMP Bk FH A, H Xt 41 it () 1Cs T [ A 43.170
pg/mL,RF 4 1.90,
2.4 IMP 5 DOX B At MCF-7/DOX 2R fflfit 25 48 < &
FSESvN: b

B ACHROT 1 K MCF-7/DOX 411 1 X 107>/
1) %% 2 Fh T AR 35 mm S IR, 15 5% 24 h ), Bifi
Bl J 258 X IR 4H (1%DMSO) . DOX #H (50 pg/mL)
IMP+DOX £ (100 wg/mL IMP+50 pg/mL DOX) il IMP
ZH(100 wg/mL) , FFAH K E 6 NEFL. 25W1ER 48 h)5,
¢ I8 Trizol iR £ Ui B 5 75 i B MU A M rh 5 RNA, JF X
HA ATl B MRS . UL g RNAGEHE SR cDNA,
JFLh cDNA SRR 28 i PCRALHEA T 34 (519
FEHT A TRZH B AT 30T, AR TARY TR (L) iy
A RRA TG B 51750 K= B i3 1], PCR
R Z (20 pL) 41°F : cDNA B4l 2 pL, PCR {5 10 pL,
IERmEGI¥& 1 pL,dd HO 6 pL, 8 &R aF .
95 °C A4 30 5395 °CZ8 4 10 s, 60 °CiE 4k 30 5,72 °C
SEAH 30 s, 3L 40 MEHR, DL GAPDH NNZ: , R JH X
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itk it 3 3L MDR1 . MRPI FYARXT k4, I U
25 X IR 2 A T I — A Ab B 22,27 0T ik
WATEHE A HT . S5 (£ 2) R, S5a5 I IR e,
DOX 2 . IMP+DOX ZH 4fifffd o MDR1 .MRP1 iy mRNA L)
%2 IMP 20 4 fifi v MDR1 ) mRNA 3k 532 F il (P<

0.05) ; 5 DOX 4 It % , IMP+DOX £ 4 fifi - MDR1 A%
mRNA Fikit—2 T (P<0.05),

&1 SIMFFIRFEWMIKE

HEEA  Em(5'-3") JR(5'=3') K b
MRPI AGGACACGTCGGAACAAGIC TGACGATCAAAGCCTCCACC 168
MDRI GCTCCTGACTATGCCAAAGC TCTTCACCTCCAGGCTCAGT 202
Copl AGACAACTCAGTGGCAAGCA AGCTGACTGTCTGTTGAGGC Bl
CCNEI TGTCCTGGATGTTGACTGCC TCAGTTTTGAGCTCCCCGTC 185
GADD434 CTGGAGAGCAGAAGACCGAA CAGGGTGAAGTGGATCTGCA 209
GADD43B TGAATGTGGACCCAGACAGC TCGTGACCAGGAGACAATGC Al
GAPDH GATTTGGTCGTATTGGGCGC TTCCCGTTCTCAGCCTTGAC 169

£R2 HAMIHMDRI. MRPl mRNA R EEZEBERIE
KELRB (x+5,n=6)

- MDRI MRPI

4151 -
mRNA Eh mRNA fifs]

AR 1.00£0.01 100007 1.00£0.02 1.00£0.03

DOX 4l 0.80£0.04° 082£0.05 045£0.03° 089002

IMPDOX 4 034£0,03 0621006 0412001 0814002

IMP4 0.60£0.04* 0.74£007 108402 090+0.05

a: 52N A, P<<0.05;b: 5DOXAH H#, P<<0.05,

2.5 IMP 5 DOXEtFH ¥ MCF-7/DOX At 2518 < &
BAFRIEH =M

AN AERR AL AN 2GR “2.47 00 F o 2540 48 h
Je , BEHCAn i S L, R BCA R & e B R R
J&,100 °CFin#k 6 min #4788 AR . B 10 pg 8 I FE
i 28 10%SDS-PAGE #E I HL UK (100 VH ) 4355, LUK
2R 16 90 VAEJE N4 & PVDF I, 5% H] 5% 2 IfiL i 14
EHAEIRE A 1 h; i A MDRI(FRB& H ) 1:500) \MRP1
(BB EL ) 1:1 500) \B-actin (FiFs L] 1:500)—Pt, 4 °C
A R L PBST EE0E, iINA HRP Aic (9 1L E Pt e —
e (FBEEL A 1:20 000) (1L =EHi/N R Br (R B L) 1:
10 000) , % IR 9FF 1 h; L) PBST F-X 36, FIFH ECL %
FEW R , K FH Image J A4 53 #7145 88 11 5% K BEAEL, IF
LI H B H -5 N8 H (B-actin) 541 K LA R
H B8 [ I3k K (85 3R DL 2s X B2 2 e T8
—ACAbIR) #2227 R I iA S TR b . AR (GR
2. K 2)BR, 525 {4 i, IMP+DOX 41 41 iy v
MDR1 ,MRP1 7 [ 5z IMP 2H 41 fifd -f MDR 1 % {4 i) 6 35
IR TR (P<0.05),

MDRI _170 kDa  MRPI _ 190 kDa
B-actin _ 43kDa  B-actin _ 43 kDa

I I | v I I | v
A.MDR1 B. MRP1

[ 25X IR ; 1T : DOXA 5 [T : IMP+DOX4H ; IV . IMPA

2 KA MDR]1.MRP1E A RIZHEKE
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2.6 5 RAZ LI THIE IMP ¥ 2L IR E DOX M 25 /Y
2.6.1 RNAIJF & cDNA UL

MR ARy [R “2.47 TR . 2591EH 48 h
Jo  BRWUR 3 A G R A TR R T vk £k
feiz ki At E R AW R RS\ 3R T RNA
J¥, Il 13 PCR & 4E15 51 cDNA SCHE . K54 i 40 I e e
73 “Raw Data” it i , 7 5] “Clean Data” , J{-¥4 J5 # 545
E WS RN AT 5 e Xt , 758 “Mapped Data” , 2%
S8 AR B EE RGN | B AT A 95 45 1 T cDNA SC
JE S A
2.6.2 EYIEE¥ I

MR YR SASAE S FEAR T ) Rk 1 64T 25 /e Rk oy
Mr : >k DESeq2 EBSeq ¥ itk 22 5 2 iA L A (diffe-
rentially expressed genes, DEGs) , i 126 #5 1fE A #8515 & 91
K (false discovery rate, FDR) <<0.01 H. | log:FC | =2[={
i, FC R 2 5 4% %t (fold change)]"”. K JH R £ cluster-
Profiler X} DEGs #4173 K 4% {4 ( gene ontology , GO) & %
3BT R S DR 5 R 41 B4 45 (Kyoto Encyclope-
dia of Genes and Genomes, KEGG ) i % & 4 43 #7 , 18 1o
CytoScape 3.7.2 A\ 25 Kt AT T AL 7

DEGs 7 AT &5 3 ( 3) Bon , 525 A X M4l i,
DOX ZH 4 g FISE 1 1344, RIS 9145 5
DOX 41 Fe#s , IMP+DOX ZH A g rr 1 4 5L A 641 4>, T i
FER 9981,

Volcano plot

12001134 = DEGs |14 15
998 = DEGs 1]
935
& 900 » X
=~ 763 g 10 £ Significant
E o =y H “up:l 134
% 600 '-’65 « down:91
3 T s « unchange:13 258
2 300
91
0
DOX#l IMP+DOX IMP# —5 0 5 10
vs. 1 s, vs. 25 [ k
WA DOXA XA log,FC

B. DOX 4 vs. 25 A IR

A. %4 DEGs ¥tz

Volcano plot

Volcano plot

15 15
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* up:935

« down: 763

« unchange: 13 106
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i «up:641 By
« down:998 Ed
« unchange: 11320 T
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C. IMP+DOX 4] vs. DOX 41 D. IMP 4] vs. 25 A4 IR

El3 ®AEEDEGsHHERREIMA AL

GO &/ Hr s W, i 5 DEGs # 73 BE 31 60 4
IHREZ N, AL45 24 N A2 19NN 4y 17 A
S FIIRE, PRI 3 (GZ R A T AT REZE B 1 HY
1033)
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&3 DEGsHGONEIFRGEITER(A)

N N DOXH G2 AMMANE  IMP+DOXZ5DOXA L4
Gk GOlR Fig 4R DEGs Fia 4R DEGs
Bl 49 10 49 5

EARju: 1434 136 1434 107
il 35 3 35 4
Gt RGH R 1200 100 1200 9
L2ileq 509 ) 509 35
AR 3007 ) 3007 280
L3N m 17 m n
LR 819 58 819 65
i 822 58 o) 65
R 5217 367 5217 45
WA IR 13 2 13 1
HAURRAS 13 2 13 |
TS 2167 21 2167 133
Hoshix 263 m 263 151
Eilinczrda 699 64 699 57
KATEAm 2793 05 2793 260
s 2671 200 2671 265
i 5178 378 5178 454
il 8023 535 §023 683
Bl 5981 365 5981 m
YR AREfHEEE 4 2 4 0
AL 4 9 4 5
Rl 6 1 6 0
T H 64 § 64 2
EnTint 47 56 47 25
R 12 1 1 )
g itk 75 56 75 41
R 28 2 28 2
AR m 49 m 68
RARGAHRIT S 340 2 340 46

KEGG it i & /- Hr 45 R o, 525 FX IR [
8, DOX 44l A 500 1> DEGs, ¥ M AR A HA |
U T AR AWK DL S pb3 15 538 B 55 270 4515
53l 5 5 DOX 41 L #5 , IMP+DOX 4 41 g i A 514 4
DEGs, W & X 3k #E & 11 O (forkhead box protein O,
FoxO) . 22 24 5% Ak 8 FH 3 i (mitogen-activated protein
kinase, MAPK) DA % p53 45 271 4515 53l %% . e BCHE AT
20 24 A5 538 B2 i AT IRAL B I TR LI 4, T 4
AL, 7625 0 BT DOX 2H . DOX 4 Hil IMP+DOX £
DEGs & #4152 YT 20 2515 50 [, pb3 {5538 %0
AR I AT — 2D 5 pb 3 AT FEAH DG Y
DEGs #4740 AT o 45 5R B, 25 D6 BREZH A DOX
41 .DOX 41 il IMP+DOX 41 Z [al £ £ L W] ) DEGs, 4331
k1 COP1 .CCNEI .GADD454 Fll GADD45B.,
2.7 KREHSOMERERIZRIIE

K FH2E' € 15 PCR 2 96 30 ik 20 s IE A8 2 iR
I 1 (constitutively photomorphogenic 1, COP1) . 4l Jifg J&]
W El(cyclin E1,CCNEL) A K523 Al DNA #4445
5 5 1 45A (growth arrest and DNA damage inducible
protein 45A , GADD45A ) \GADD45B 45 X #e # 5 fr) i [A]
FIKEI . KA Y58 SO P BE W3 1, BARD & J7
A 2.47TUR B ATk 2.27 R
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ik | ' 0.007 5
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HaEERT 0 10
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B. IMP+DOX # vs. DOX £

B4 FABEDEGsHKEGGEBEENTHATRLS
e

ZER(F4) WoR, 525 EX R i, DOX 2 40 i
H COP1 ) mRNA 3% ik & 2 & 4 (P<0.05) , CCNEL,
GADD45B ] mRNA % ik 2 % i (P<<0.05) ; IMP+
DOX #1 41 il f COP1,CCNE1, GADD45A . GADD45B
) mRNA 23k 2 5 % F 4 (P<<0.05) ; IMP 41 40 iy
COP1 ) mRNA ik it 3 N (P<<0.05). 5 DOX#4Lt
&, IMP+DOX £H 4 Jifd h COP1 i) mRNA 235 5 [ iH#4
#.,{H CCNEL.,GADD45A ,GADD45B f) mRNA %51
B TFIE(P<0.05),
x4 HHEMEPXEESH mRNA RiEKFLILE

(x+s,n=6)
ik COPI/GAPDH ~ CCNEL/GAPDH ~ GADD4SA/GAPDH GADD4SB/GAPDH
AR 1.000£0.022 1.000£0.027 1.000£0.019 1.000 £ 0,04
DOX4 00520003 12924 0,047 1124 £0.07% 1478 0.043°
IMPDOX 4 0.108+0.010* 0578400170 0467£0013*  0.835+0.026"
IMP4 0818+0.027 1.020£0.029 0970+0.020 1,085+ 0.039
a: 525 (AN RRZH TE AR, P<<0.05;b: S5 DOX4H 4%, P<<0.05,
3 it

DOX J& T EIEG AR, SRl R IR T 1 H]

TEZD; 2025455 36 15 5 1

—LRAIT Y AR S FLI I R B AU AE R A
fif 250 , BRI T2 G IR . ATP 456 G52
F (41 MDR1 FIMRP1 45 ) {5 223 /2 I 92 4 e it 24 1)
FBE R A, AT ANHEST IR 245, D855 LR 245 1 i 4
MIBEVE ™, — e 2 R LA WA 3R BW) L B
fif 24k A 90 m] 38 1 4 FH T MDR1 R MRP 1 J 34 5 B 2R
G RGP E Y BUA ST R, IMP AN IS Bk
i FHAA 2 5 R 25 W B FH 4 ] R 8 MDR 12 3k,
MDRI /S 25 W S HE , 308 5% g (b7 i 25 AR SR
25 R, IMP ] 3458 2L MCF-7/DOX 41 Jifd % DOX
B U, B IMP 5 DOX BX AT B [ B % 40 g v
MDR1 .MRP1 ) mRNA S H A 1K 7K -, i3 4% MCF-
7/DOX 4ii i DOX Tt 2

F5E FBH , p53 S — 5 2L 1) g 41 il R 7, ol
T 5 AT VR AN E IR A (DNABE AN TS 2
A=At AR AT 0 o) e 200 B 1 A K SO R R
CL A WFFT IR ST, IMP A 38 2 98 5 p53 15 18 B R R &
P R S 1 A 175 5 g A g =1, AR e p53
5530 B4 7 DEGs B KEGG il % 57 520007, 45 S R IR,
23 [0 B 2H F11 DOX 2H . DOX 2H #1 IMP+DOX H 2 ] 77
£ 4 Fp 2[5 1) DEGs, 43 %25 COP1.CCNEI .GADD454
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