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Affiliated Hospital of Tianjin Academy of Traditional Chinese Medicine, Tianjin 300091, China)

[Abstract] Objective: To investigate the effects of curcumin and its metabolite tetrahydrocurcumin on reversing doxorubicin
resistance in MCF-7/ADR breast cancer cells and to explore the possible mechanisms. Methods: The inhibitory effects of curcumin and
tetrahydrocurcumin on MCF-7/ADR cell proliferation and their effects on the reversal of doxorubicin resistance were assessed using the
CCK-8 assay. Cell migration and invasion were evaluated using wound-healing and Transwell assays, respectively. Apoptosis was
analyzed by flow cytometry. The mRNA levels of glutathione S-transferase pi 1 (GSTP1), Janus kinase 1 (JAK1), and signal transducer
and activator of transcription 3 (STAT3), as well as the protein levels of GSTP1, JAK1, phosphorylated JAK1 (p-JAK1), STAT3, and
phosphorylated STAT3 (p-STAT3), were measured by quantitative real-time PCR and WB assay, respectively. Results: Both curcumin
and tetrahydrocurcumin inhibited MCF-7/ADR cell proliferation in a concentration-dependent manner. The ICso of tetrahydrocurcumin
(18.62 &+ 2.15) umol/L was significantly lower than that of curcumin (37.45 + 3.28) pmol/L (P < 0.05). Both compounds enhanced the
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inhibitory effect of doxorubicin on MCF-7/ADR cell proliferation, and the resistance reversal index of tetrahydrocurcumin (4.82)
was significantly higher than that of curcumin (2.96) (P < 0.05). Compared with the 0 pmol/L groups, both compounds inhibited
MCF-7/ADR cell migration and invasion in a concentration-dependent manner, promoted apoptosis, and downregulated GSTP1, JAK1,
and STAT3 mRNA expression as well as GSTP1, p-JAK1, and p-STAT3 protein expression (all P < 0.05). Treatment with 80 umol/L
curcumin or tetrahydrocurcumin significantly reduced the wound-healing rate and the number of invading cells and significantly
increased the apoptosis rate (all P < 0.05). Conclusion: Curcumin and its metabolite tetrahydrocurcumin can reverse doxorubicin
resistance in MCF-7/ADR breast cancer cells, possibly by inhibiting cell migration and invasion, promoting apoptosis, downregulating
GSTP1 expression, and suppressing the phosphorylation of JAK1 and STAT3.
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1.1 E&4# 5 A

% 2 L 2 i 24 L B e 41 A #k MCF-7/ADR 4 5
ARG IR, BERMUAEE RN
H R 2 A B A IR A R (ZEFEE> 98.0%) , 2 3%
bt B % E % [E Cayman Chemical 23 &) (465 > 99%) ,
DMEM. 0.25% Ji# & [ BV v A i 4= 135 (FBS) I

5% [# Gibco 2 7] , CCK-8 ik 71 £ 1 DMSO i [ 3
Sigma-Aldrich /A 5] , Annexin V-FITC/PI 4 i Jf T~ &
AR5 &4 H H A Dojindo 2> & , Transwell /N = 1 H
9 [H Thermo & ] , TRIzol 77| H 3% [H Invitrogen 2
F) 5 JBUH 90 9% YU E 2 (radioimmunoprecipitation assay,
RIPA) Z4fi# % . SDS-PAGE % Jis Bt 1 1% 771 A SDS &
BRI B B E R AR AR, 2 EH
P2 U T &  BCA B H 8 & A 71 & « B-actin i 44 Al
HRP-IgG - P H 2 = K A& W H R W 5 Fr
High-Capacity RNA-to-cDNA Kit A1 PowerUp SYBR
Green Master Mix % [ Z€ [E Thermo Fisher A @] , ECL
TG B A E SR A R AR . 5258 B
S PN B FEHUAA S 1 55 E Abcam 2\, A3 T
GSTP1 (FifE 5 EPR8263, T 5 ab138491) . i p-JAK1
(Tyr1034/Tyr1035, % [% 5 EPRI899(2), T% &
ab138005) . #it JAK1 ( 77 [% 5 EPR24649-58, 1% 5
ab324683) . ¥ p-STAT3 (Tyr705, 5o l% 5 EP2147Y, %
5 ab76315) I $1i STAT3 ( i % 5 EPR787Y, 1% 5
ab68153) . GSTP1.JAKI.STAT3 #l GAPDH 5| 4
A TAEY TR CREO A R A " #it IF& B P
FIWF 1. ELx800 B! Fg A5 W H 5% [E Bio-Tek 4 ],
DMi8 A {51 & 2 {55 % H 45 [F Leica A4 7] , CytoFLEX
9 = 4l B 4> B 4O B 3% [E Beckman A #] , CFX
Connect 4% ) 7€ & PCR 41X « Trans-Blot Turbo 74 Hi jik
5 R G0 F1 ChemiDoc MP B4k 2 1 Y6t ik % R 4t
It 5 3% [ Bio-Rad /A 7] , NanoDrop 2000 # il 5 45 b -
A] WL 43 9% % £ +F W B 35 [ Thermo Fisher Scientific
NI
12 sk

% MCF-7/ADR 4l fi &2 75 J5 & T 7 10% FBS #
1% T -55 8 R IR A DU RIE M DMEM 58 4R 77 5
L IE N 1 pg/mL £ 2 b B DL 4R RR 25 1, T
37 °C.5% CO,fHiRE FRMh R 95 . Frai il & %2
80% I, FH gt £ 11 P A o] o B 20 s VAR A HR
55 3 AT B A K AN Bk AT R S5
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#1 ZEGCEEZ PCRIIYIFS

ST ElEZ 2

GSTP1 F:5-GGCTGGCTTTCTTTCTGAT-3'
R:5-GGCAGGTCAGAAGGTTCTGA-3'
JAK1 F:5-GGAGACTGGGAACTCTTCCA-3'
R:5'-CAGCCATCTTCCTCATCACTG-3'
STAT3 F:5-TGGAGCTGAGAAGACCAGAA-3'
R:5-GCCTTCTCTGTCTCCTTTCC-3'
GAPDH F:5'-GCACCGTCAAGGCTGAGAAC-3'
R:5-TGGTGAATACGCCAGTGGA-3'

1.3 CCK-8 kbl %55 % v £, %35 % % MCF-7/ADR
it 24 4w flg 36 78 69 I HIAE R

BHREE A1 < 10°N4HHY/mL ) MCF-7/ADR 41
T CABEFL 100 pL BeFh T 96 FLESFRAR , BEFL I 22
R E R, AR 0.1.2.5.5.10.20.40.
80120160 F1200 pmol/L , - 37 °C.5% CO, A+ T 4
I E 24 h A148 ho 1] 4 °C PBS sk 3 U, BEFLINA
10 uL CCK-8 ¥ » 4213577 2 h, M 5E 450 nm KAL)
WG R, B 4 i G 410 1) 25 R0~ Hi 0 1) 9 BE (half
maximal inhibitory concentration, IC,,) »
1.4 CCK-8 &AM £ & F=v9 £, %3 % *F MCF-7/ADR
mps % F vk 2 &Y 25 64 1% A5 4E A

BREE N1 x 10°N 41 g /mL ) MCF-7/ADR 41 ffl
B LBEFL 100 pl 280 T 96 FLES TR AR , B FL 430
NZET R A 2 7 % (0.5, 10 F120 umol/L) F1 £
FE 2 (0.1.10.20.40.60 Al 80 pg/mL) , % ik
6 ANE AL, T 37 °C.5% CO41F R & 48 he
FH 4 °C PBS ¥ 3 K, B LI 10 uL CCK-8 ¥
Ak 455 7% 2 h, M 5E 450 nm 3K AR 16 %5 B (DR, 11
L IT i 3 A A R L TC, A 24 39 5 F B (reversal
index, RD . 3 5E I # Z =(1 — D S5 41/D %f iR
HOx 100%. RI=1C,(Z F LR PP /ICs0 (£
F R BE I I A D
15 XNRERESEERAEMNEFZT O A LR FA
MCF-7/ADR & fe. 3T 4% 58 71 69 % °f

B EE N1 x 10541 i /mL () MCF-7/ADR 41 ffl
B CAREFL 1 mL 3R T 12 LR . AR pC & ik
100% J&i » 1 10 pL #7248 W =k K HH 2 BRI, BE 4 7
F2 0 2% AU 2 0 3R (AR 00,2040 A1 80 pmol/L)
ML TR (LRI 1 pg/mL) R, W E
FEXN A2 LB RARBA LA, ©H
YHRAAMALER VS LERRXMEZRIWE; 2%
Bl JE Sof A (22 3 3R B VU225 K854 0 pmol/L)
IO T pg/mL ZZRHEBRAAL B 20 7E 1 pg/mL 2 L
IR ESRHI0N 20,40 5% 80 pmol/L 2% 3% & i P &

FEHR. 20T 0 h A48 h 3] B 5 W 22 41 i
LRSI . WLELRT ] 4 °C PBS $R14% 3 VX, K Imagel
BUZ o Bt 3 A0 2 KR 96 P R RR A & . R
IR =(Wo — Was)/Wo x 100% , Hh Woy 0 h %Il
B FE , Was 9 48 h RIJR 56 7 .
1.6 Transwell 5= I 4 M £ % £ Ao W 8 £ % & 2f
MCF-7/ADR & .42 % #¢ 71 69 %7

4 Matrigel % )it i % % J5 1 DMEM 35 77 3 4%
1:8 Ffi B, 5 Transwell /N = il 50 L, T+ 37 °C.
5% CO85 7 # H i B 1~2 h, B & Matrigel 52 4 %
Ao K100 pL K E N 1 x 105440 fifd/mL ¥) MCF-7/
ADR 41 0 B AP T Transwell =, F=EINAE &
B2 U A 22 0 2R (2K )F:0.20.40 T80 pmol/L) Al
Z AR (1 pg/mL) BT R IR 2L, [R5 ¥ B 25 6T
M. T 37°C.5% CO2 1 N 1537 48 ho HUH /)
=, 3 FE R IR, H PBS BRI 3 Wk, [l 2 L I FH 45
S Lt R TR R R 2 R o At i, 13
B T BEHLIEEL S A 200 15 FLET , 15 2 B4 i .
1.7 R AXARKN £ & F2v9 2 £ 3% & 3 MCF-7/ADR
m oL B T 69 % o

B E N1 x 10541 Jifg/mL () MCF-7/ADR 41 il
B AR L 1 mL 4Rl T 12 FLIG TR, IO 22 3 R B0
DUS 25 18 3 (LR £ 0.20.40 F1 80 pmol/L) F1 £ H
A pg/mL), FIRE B 6 NE AL, RN 15 B 25 [0
H. T37°C.5% CO, %M N & 48 h 5, H 0.25%
JoR R B AL U ER A M, DL 4 °C PBS BEH 31K, &
O J5 F Annexin V 25 & 22 PR E B o I 7 i R
Pt EbRiC I 5 (9 V (Annexin V-FITC) F1 il 4k,
INE (propidium iodide, PI) , % I 8¢ Y /2 . 30 min, 2K
JE 97 24 A SR 00 200 90 5 9 A K R A B K
539909 488 F1530 nm. TR 1 x 10* A4t i 538
TR Y T4 M AT LA
1.8 £ AL EPCREN EFK E o A £RF 4T
MCF-7/ADR #a g 48 % &t 25 2 B & 34 69 %57

FHRIE N T % 105N H/mL i) MCF-7/ADR 411 i &
TWCAEEFL 1 mLFERF T 12 LIS IR NN ZE 88 R B A
LR (LI E :0.20.40 F1180 pmol/L) Fl1 £ FLEL 2
(1 pg/mL) , [FI#E 2= A RRZE . 37 °C.5% CO, %%
P REE 48 h 5, FH 0.25% kA R A0 FF R A 40 A
PL4 °C PBS ¥tk 3 K. K H TRIzol if7f#2 B RNA,
FAE R 2 A0 P L4 D0 BE TSI RNA R i )
WAL . PLA260/A280 U B 7E 1.8 ~2.1 2 8], H.
A260/A230 LLAELE 1.8~2.2 2 [8]H5E N H RNA, F T
JREESIENS . AR AR B B 45, 7E 37 °C 15 min;
85 °C.5 s34 °C10 min 2511 7 RNA 154555 cDNA.
TR PCRAIEE A P BC S SR 2R, IR %A 95 °C
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A 30 5560 °CiE K 60 5372 °CIEMH 60 s, H£ 40 /M
IR ;72 °CER A 5 min. LA GAPDH AN S, K 272
15 GSTP1.JAK1 F1 STAT3 mRNA fAH %Kik & .
1.9 WB k&l £3% & Aw9 2% % % 5 MCF-7/ADR
m AR K At & G R KR

B E R 1 x 10440 fig/mL () MCF-7/ADR 41 i
BV AR L 1 mL 4R T 12 LB IR, N ZE 3 R Bk
DU & 25 8 55 (UK 10,2040 F1 80 pmol/L) F1 % 2 Eb
BCAKRE 1 pgmbL), RN E S A RA. F
37 °C.\5% CO, 26 1F i & 48 h 5 , FH 0.25% Ik & A
TH AL US4 A, PBS WE%% 3 K- T\ RIPA £
UK B2, B0 BiE . SR BCA BRI & & A K
&, B FAFE T -20 °CIRAF . IINEE I ERESE M S
KIS S min A2 A A ME . BLS0 pg 2K A FE S kAT
SDS-PAGE (120 V,2 h) , B J5 LL 0.3 A [HIR i # &=
PVDF i, ¥ 2 ho 5% Mt g @Ky = & &0 2 h,
TBST ¥efi 3 Y (% 10 min) , IIN—#1,4 °Clig & it
s TBST Pefi 3 Y5 , i N HRP-1gG —#1, ZHF H

>

1 ho FEIAH TBST Pl 3 ¥, I ECL G52 52, 5K
H ChemiDoc MP RUAY, 2 K Gt A R 4853 B e B
A MO IR A
110 %tk

K H SPSS 22.0 BAF AT Gi vt 43 Hr . FEBRLLA
XEsRN. ZHNMBELEK H B F & 200
(one-way ANOVA) ; & Levene J5 Z 55 A6 36 , 77 22 5%
i (P> 0.05) K H f /N 2 35 22 535 (LSD) e A B idk AT
S 18] PR R LL L, 5 22 AN 55 IR Dunnett's T3 #2565
PR A R LB R B SERE A ¢ R 5. DA P < 0.05 8.
P<0.01 FREREAGIFE L.

2 # B

2.1 ##FAev9 £ 43 & 474 MCF-7/ADR %@ Ji 38 74

23 3 MDY & 22 5 R 5 ] i 1) MCF-7/ADR
i igsE, HIWEZEERNIC, B HEI T EEER
(P<0.05), WK 1FE 2.

B —— R
100 — —-— MR
e 80
E 60}
=
:E\m 40 Ir
=
8] 20F
O 1 L 1 1 ]

40 80 120 160 200
W/ (umol-L)

A:24h;B:48 ho BN LRI AL RIREL.
El1 ZJZEMUSEHZI MCF-7/ADR 41858 a9 1% A

e
100 5 —— EERE
2 80
%
E 60
=
40
=
= 20
0
40 80 120 160 200
W/ (umol-L)
80 o EHE
o v WEERE
60 - T
; *
2
E 4f 4
® *
= =
20 -
0 ] 1
24 48
i [6)/h

HEWRMITHMMEL, *P <0.05.
2 EREMOSEHZAH MCF-7/ADR
YMEEIETERY IC,, ELEE

22 EEAFAEF LIRS F L 23 MCF-7/ADR
@ it 64 38 785 37 ) 4 )

LHAMNA ZE R RE F LR
MCF-7/ADR 4 i 34 56 ) i, HLDU S 25 R 1
ERSRTEFER(P<0.05 . BEHRBIIALEER
W EE 9 510 A1 20 umol/L i , £ 5% tb & X MCF-7/
ADR 48 Jf 38 54 (1) 1C,, #5 f2 25 PR (P < 0.05) ; T 2%
BRI 2 RO S T R E R (P<0.05), I
K3 F1E 4,
23 £ F FFow A £ % % 474 MCF-7/ADR % Ji2
T4

550 pmol/L ZHAH bt , 22 38 2 AU S 22 3 R AE 20,
40 180 pmol/L ¥ J& T Y4141 i] MCF-7/ADR 41 il iT #%
(P<0.05), H 2 W FERABERFAE (B 5)
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24 E¥F A9 2 £ % % % MCF-7/ADR 13 &
5 0 pmol/L HAHEL , 2288 A DY A 22 3 R AE 20,40

A
100 —e— 0 pmol/LZET
—=— 0 pmol/LPYA ZF
S 80F
E 60}
=
s 40
=2
g 20}
0 1 1 1 1 J
1 10 20 40 60 80
ZRIERE/ (pg/mL")
C
100 —— 10 pmol/LEHHE
—*= 10 pmol/LPY & FE 3 F
S
=
5
=
_,E_U\I
=2
g
1 1 1 1 1 J

1 10 20 40 60 80
ZRUEERE/ (ug/mL")

80 pmol/L & & +57 52 4% 5 48 i 1 #1111l MCF-7/ADR
Mz 78 (K 6,P<0.05).

100 —o— S umol/LEH K
—a— 5 pmol/LIU A £ # %
= sof
i,__% 60
e
s 40t
=
8§ 20}
0 L L L L L J
1 10 20 40 60 80
ZRWEWE/ (ug/mL")
100 ¢ —e—20 pmol/L £ HH
—*—20 pmol/LIUAEH F
§ 80
E 60
=
fgﬁ 40
Hr
=
HE 20F
0 1 1 1 1 1 J
1 10 20 40 60 80

ZRIWERE/ (ug/mL)

LR MPUE L RKIKE 10 pmol/L(A), 5 pumol/L(B), 10 pmol/L(C),20 pmol/L(D).
E3 AREIKEZRRFUSEZRRZXTSEELEHNH MCF-7/ADR 4HAEIE5E RS20

1001 o ERE
X v NEEKE
80
= T
2 60f
=}
g
= 40 *
&
20+ "
[1 [N
0 1 ! ! 15

0 5 10 20
ZHFMNUEALFE/ (umol L)

40 o gz
v EEWER I_

0 .-'-nlil l"'l.ﬂ ﬂ.
5 10 20

LHFEMNUAEEER/ (pmol LY

HEFHENFIHMEL,"P<0.05.
4 EEEMOSEESIT MCF-7/ADR ZHi0% b 2555 {E A EL iR

2.5 £% & Aev9 A% % #1283 MCF-7/ADR %9 &L )8 =
50 pmol/L ZHAH b, 22 3% 2 A VY & 23 R A2
20,40 M180 pmol/L ¥ Ji& '~ 35 & ik FF ik i 14 2 ik
MCF-7/ADR 40 a2 (P < 0.05), WK 7,
2.6 % %49 £ £ 3% % T AMCF-7/ADR % . ¥ 48
XAt g H &
5 0 pmol/L HAHEL , 2288 2 A DY A 22 3 R AE 20,40
FI180 pmol/L 3¢ 5 T ¥4 S 94 P A9 i 14 " i MCF-7/ADR
YA GSTP1.JAK1 AISTAT3 mRNA fIZEIiA(P < 0.05),

DL 8
27 EHKF A A £ & T A MCF-7/ADR @ e
A8 KAt & @ Rk

50 pmol/L 4H AH EE , 22 38 R MUY & 22 B & AE
20,40 180 pmol/L ¥ J&& '~ ¥ 5 K J& 4Kk #i vt T
MCF-7/ADR 41l iy 7 GSTP1.p-JAK1 F1 p-STAT3 &
f2RIE (P < 0.05) , fHX} JAK1 Al STAT3 &8 ([ & ik
TR FEF (P> 0.05), WK 9.
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1001 * RHEX
\LEE S¢S
SO-J_ T
5 OOF : .
4o A
& A 2 A
g 401 kA A
=
N I:L‘
0 1 1 1 1
0 20 40 80
W/ (umol-L)

50 pmolV/L AL, "P < 0.05: 5520 pmol/L AHAH L, “P < 0.05;
5 40 pmol/L HAH L, AP < 0.05.
5 EERHZMMUEZEHEZX MCF-7/ADR
YT FE BE STRIFZ N

& o LEE
600 _I_ l v NEEEE
< 400 - =
ﬁ *
=
ga\ * A
ﬁ 200 e
* N A
ﬂ ILI *L‘
0 1 1 1 II’—I
0 20 40 80

W/ (umol-L)
50 pmolV/L AL ,"P < 0.05: 5520 pmol/L AHAHEL, “P < 0.05;
5 40 pmol/L HAH L, AP < 0.05.
6 EEHZMUEZEHEZI MCF-7/ADR
IR ZERE SRS

3 % it

FUHRIE AT Lo WS R 2 — . 2020 4 [
FLIRE g L 42 756, H 2 BET R, R
T3 ZRAE H [P R RS 4 10 YR IT SR A
P . 10 452K, LR 2 Wi AR T AW 25, H
ARTT TR 25 R 988 5 A5 A7 5 B0 R ) R SR AT

5 o GSTPI
v JAK-1
o0 STAT-3
4 & *

*A KAA
3 *AA

0 L L 1 L
0 20 40 80
L RIRE/ (umol-L)

F K FRIL KT

U, AT R PR SR AR 9T I B Gy, A
RGeS R EEERN, ZREER
e PR P PR RO ST RS 2590, 7T T30 DNA Rl e
SEANEHE M AT 22 0 2, iz T SLRE AR R
WA TT HUR BT KA B R R BRI R
1M 5 2 2 LU SR T 24 52 S B0IR 77 R O B2 K 1) E 2L A
o b, T3k A A R 2 0 R 2 LR R
IR

. %K
40 - v WEEHE
KkAA
L
o 30 *a  *o4
¥ T &
e 20 *
g k
g
10+
0 ’l‘l‘l] 1 1 1
0 20 40 80

WP/ (umol-L)
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