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A5 F B F-1a (hypoxia inducible factor-1a, HIF-
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1.1 ##

111 zmies = FPEFLIRE MDA-MB-231 4
KRV LA T8 R 5 — P s BE B

1.1.2 S%shdh 12 25 JHiE SPF ZUEHE R Rl
TAE 5 A B W B A R A W AR B
(18.4 £0.54) g, A= ¥F Al HIE5 : SCXK ( %) 2019-
0008, fH HIF AT IES : SYXK ( Bk )2022-004

1.1.3 £&#%H45XM  PLIWTEE APExBIO
NF] DMEM Skl 3R IR MUY (fetal bovine ser-
um,FBS) . % 5% 55 2 . Accutase 1T 3£ [H GIBCO &
A JBAE I T 56 [ MP 23 A MTT 3050 & —
FEVF AN ( dimethyl sulfoxide, DMSO ) 1 F 3¢ [# Sigma
/N7 3 Annexin V-FITC/PI WYL & T 35 E BD
AT BCA 8 HE BN & RB L ECL fk~v 50t
R & T B S RV ARG RA A bt .1
FH A B AZ BT ( proliferating cell nuclear antigen , PC-
NA) HTHE B bk EL 41 A 74 -2 ( B-cell lymphoma-2, Bel-
2) PO AR SRR 1 2 P R A R PR 1A (ey-
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clin dependent kinase inhibitor 1A, CDKN1A/p21) %t
T STAT3 Hiik BERRALAS &5 5 5 5 S E0E 1 3
( phosphorylated signal transducer and activator of tran-
scription 3, p-STAT3) $ii #&  HIF-1a HL K A7 16 &
(Survivin ) LRI T 3E [F CST A #) ;NPT B-actin
—Pr AR T A ALY (horseradish peroxidase , HRP)
PC LB B 90 T B = RAEYHAR
HIRAF],

1.1.4 E=ZME  Epoch BFRY (3 E BioTek 24
) ;Accuri C6 it 2 4 fR A% (3 [ BD A H)) 5 Mini
Pro TEAN Tera cell H3K{% . Chemi Doc #E % hi 15 3
%: (3£ E BIO-RAD 2AH]) .

1.2 Fi&

1.2.1 3% MDA-MB-231 4ififi | DMEM &
WERE TR (7 10% G4 L6 1 1% HHER R ) Kk,
BT 37 °C 5% CO, {FIREE B FRAH . 20 25
ik 70% LA LI AR R I AL AL AR

1.2.2 w3 ik BOSH K MDA-MB-231
YA k3 Fh T 96 FLAR, 100 wl/fLid s 3%, 24
Yoy Ve 24 48 72 h JEHEMCHY . hn MTT AR
100 pl/fLE%EFE 4 h ] i, i DMSO 100 wl/ LR
% 10 min, FEARACINE %% L 490 nm P AL
{H (absorbance , A ), 154 41 JibL 771 358 I {00 il vk J3E
('half maximal inhibitory concentration,ICy,) ., 4HHEAT
% (%) =A(PL4 - = H4)/A(PLO pmol/L 41
-2 HH) x100% .

1.2.3 @mieA— %% BOSEUNA MDA-MB-231
YA AN T 12 FLAR, 2 ml/ LIS 3%, 259
YEF 48 h J&, H Accutase T8 1L I IS 4E 4% L 40 il T
100 wl ZErf b, 44853000 5 wl AnnexinV-FITC
FS pl PLIRS)EEREIEHEE 15 min, 1400 wl
binding buffer , DAt 2 4H A ASAS 0 48 3 722
1.2.4  Western blot RIPA Zfi# B vk I 24 fif 41 iy
30 min,4 °C .12 000 r/min &5.{> 20 min W FIER
F BCA 2 1@ sl & e e i, USSR FH loading
buffer FIA[FAFR PBS 15 WA, & SDS-
PAGE HLVk , IRH5 B 1% PVDF B, 5% Wi 4 5=
i B H 1 h, it A PCNA| Bel-2, p21, STAT3, p-
STAT3  HIF-1a , Survivin , B-actin FTH (1 : 1 000)4
CHFF LI, PBST IEBE S K, —HL(1 : 1 000) % ifik
JFE 1 b, B IEVPIR, N ECL KOG W, BERE
JSCABASCHGE DN R AR

1.2.5 RAFBFEE 12 HMErERREUIR R T2
BBt SPF R iR IR T, 44 100 wl MDA-MB-

231 IR (5 x 10° A>) T4 T8 HAR B 2L AR
b R R BUE 229 50 mm® B8 12 AR
SUBEHLI 7 & PBS ZH A PL 4H, PBS 40 6 H W5
A PBS-1 & PBS-6,PL 41 6 H#L %5 K PL-1 &
PL-6, B K28 18 i 3 O 45 245, PBS 4 v 8 100 pl
PBS,PL 4 {1 5 100 pl PL ¥ ¥ (4 mg/kg, & T
PBS) . F@RICSRA A &, I LA = RO £ fib
TEMRAR R AR TR M AR, IR IR = (K
B W) /2, He A Ha B RT A B, B b
JAFREE , FEBUMRE R A

1.3 SitZ4&3E R GraphPad Prism #F kb3
BE, LIEHE L v + 5 Foi il id ANOVA X 241 [h]
ERIFTEIEH, UL P <0.05 HESA G2

2 #HR

2.1 PL X} MDA-MB-231 {AIEsERI MG MTT
5B, RV EE PL 4B , MDA-MB-231 4
FEIG BB, PLAE] 24 48 72 h 1 1C, {H 43
WM (17.73 = 0.41) . (9.81 = 1.21),(6.77 +
1.24) pmol/L, B ML AN O R, WK 1,

100
S
sz 50F
g --24h
= =48h
=+72h
0 1 1 1 1 1 I
0 2.5 5 10 15 20
PL(pumol/L)

E1 PL X} MDA-MB-231 ZRAIEREAIS I (n =3)

2.2 PL X} MDA-MB-231 AT N FHil
A A 0 235 2R s, S [V B PL AR B S, MDA-
MB-231 40 ML 98 1= B Wi Ft i (F = 47.20, P <
0.01), HERHCR, WE 2,

2.3 PL X} MDA-MB-231 g 5 AT 5 Si@
BEHEIR M Western blot 253 /K, 7 MDA-MB-231
Y PL AL S, PCNA Fl Bel-2 2 H ik K [
fK(F=24.87,P <0.01;F =17.54,P <0.05),p21
HHEIRKFETE(F=27.74,P <0.01) , WK 3,
2.4 PL % MDA-MB-231 Al STAT3/HIF-1a 15
SEEREM Western blot 25 1 i 78, 7£ MDA-
MB-231 40 i ", PL 4k Bt J5, p-STAT3, HIF-1a,
Survivin® [ K KRR (F =26. 65,P <0.01;
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PL O wmol/L A& * P <0.05, " * * P <0.001
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F=50.54,P<0.01;F=41.08,P <0.01) ,STAT3 %
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[\
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E3 PL X MDA-MB-231 ZAffig5E
5RTESEREXEARIEKFENZME(n=3)
A Western blot 7&K PL VEH T MDA-MB-231 Zi g b 34 55 5 4
To7 Sl AR DGR 11 R357K°F s B PCNA | Bel-2 \p21 AR X
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p-STAT3

HIF-1a Survivin

E 4 PL X MDA-MB-231 #iffl STAT3/HIF-1a {5 S1# 1%
HEEARIEKEHIRM(n=3)

A:Western blot ¥ Kl PL £ H1 ' MDA-MB-231 4 ffi+h STAT3/
HIF-1o {5 5 38 B8 AH G 8 F 3238 K F- 5 B p-STAT3 (HIF-1a , Survivin 2
HE A X R A #; 5 PL O wmol/L A ILE:* P <0.05,** P <
0.01," ** P <0.001
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=S4 18 -
300 F PBS#
PLZ
0 1 1 1 1 ] 16 1 1 1 1 ]
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25 25 1) [](d) o5 24 i 1A (d)
C 15r
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_bor T PBS4l
20
itz .
H
& 1
£ 05f PLA
0
PBS# PLAL
B 5 PLXERMEEAENIZIN(n=1)
AR EUIR F B L B BRI 5 C o B BRI R T i 5 D - B R SE PR )5 55 PBS 4L L% * P <0.05, * * P <0. 01
2.5 PLXRRMEEENZR X445,
0 A PBS4L PLAL ku
PBS 411 PL 41 g (R F1 5351 (867. 68 + 156.27) ONA .
mm® F1(590.70 £ 109.76) mm’ , I J&8 3 it 43 51l b-STAT3 s¢
(0.895 + 0.236) ¢ F1(0.560 £ 0.124) g6 T STAT3 27%8
PBS 41, PL 4R A B8 /N (F = 12.62,P <0.01) , fmm i?
urvivin
Jihgeg o E A% (K =9. 50, P <0.05) . 24 BLIA T B-actin 4
HRZEF LS #E X (F=0.49,P>0.05), WL
5, B 41 —oppsal
2.6 PL X#ERBNEH STAT3/HIF-1a 15 S8 ZPLA T
G ZObZA 2N E , LI AT S B IR BRI R 4 w [
/\MEFI Western blot £l PBS 411 PL 241 )% § T
ZH 2 PCNA | p-STAT3 STAT3  HIF-1a , Survivin & w 2r * .
HEFEXT R 5, PI4LRY STAT3 & Rk K T o
BEAML(F =1.35,P >0.05) ., ## T PBS 41, PL IR
201 PCNA . p-STAT3  HIF-1a , Survivin 25 [ 22 k7K
FRIFEAR(F =21.82,P <0.01;F =6.44,P <0.05; PCNA  p-STAT3  HIF-la  Survivin

F =149.88,P <0.001; F =36.57,P <0.01), U
K6,

3 itig

TNBC 75 ZLR g 25 A2 v PR RR B ey, L

B 6 PL X#ERMEH STATI/HIF-1a 5 SEHRHNHM(n=1)
A Western blot 3246 I £ 52 J88 2H 47 b 384 58 A1 STAT3/HIF-1a
5530 A S H A 7K B PCNA | p-STAT3  HIF-1a , Survivin &
FIAYHIXT Rk i 5 PBS AU L% . * P <0.05,* * P <0.01," ** P <
0. 001
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PRI BG AL, A 5 AR AR 60% 7,
STAT3 J& M - W2 Wibr iy, 5 7L i AR %5 1)
A, LS H AL 5 PR HIF-1 o 2505540 1 (8 40
MBI IR R, I S NS GE R FI 2 24Tt 25, PL 9%
WA HA T2 U RS M AL FE TNBC 76
PRI P16 22 T Ik T 200 B 346 A T T 1E R 40 AR AR PR A
PL (BT HLTIYE KA [R5 38 i, H 75 38 A 45
STAT3/HIF-1o i B4 T % TNBC F 300 il 48 78 A4
PATVEFH H TR ASER A

PL 38 5 45 P8 T2 5G4 15 i 5 4 B 1
T-AIEAE . Kim et al ® AF58 & B, p21 i F 440 1)
Bel-2 PTG IRZEMIA T, Bel-2 W3 i 2k
IR AR A0 B PR T, 24 R K T s ]
e SEZL R IS 5E . Chen et al K PL#EET
P& Bel-2 A9 F K15 S MDA-MB-231 4 JH 12, itk
&1, PCNA 5 Bel-2 ByZRIAHATHHCH: | Bel-2 g 41 fil
A B PCNA Fik T, AR 58 8w, PL X
MDA-MB-231 4t i) 4 i 35 78 Fn 75 2 08 TR B A
W BEHCHPE . Western blot 2558 78, PL B T p21
EHFEBAKFE, T T Bel2 Fl PCNA & 1 £2357K
S 47 PL AT B i BH 20 6 R 4375 5 g A e O
7o, UbAh, BREUTRE SE B0 25 BRI, PL AT 76 sh i 1k
P MDA-MB-231 21 Jifd 34 5, H oA 3 1 8h 9 4 ot

AL

STAT3/HIF-1 o 38 [ 5 5 W0E X T g 1) & g
ROCHE L, STAT3 722 101 A i2F i g 240 Mo pfe i 3
B, T SR R B TR B, 1T HILF-1 o J2 M 07 355 4
53 ) SRR A SR TR, A R ) 5 e 40 e )
Yris s . STAT3 & HIF-1a BB EE TR 21 1
BUE ST R A SRR p-STAT3 38 i 0%
HIF-1a IS 30T, 45278 HIF-1o A% S ARG 1
STAT3/HIF-1 o 3 6 5 5 W0 AT 52 2020 B i 40 B 1)
W B REBUKBTFET-fE 4R STAT3/
HIF-1o 38 % 340 2 5 Mg 4 i 4k 97 i 25 09 T2 1,
Wang et al " #F 5% & B, miR-183 Ji i 411 ] STAT3/
HIF-1 00 38 F§ 3G 58 1 22 24 1t 245 JH-968 20 O X 5-980 DK s
WESF AT 2 R B . (AR TR 2 HIF-1o0 B
VERIE T R VEH . Shi et al" FEXT ZFh L
JURJeE 20 B BR AR B9F 5% & B, HIF-1oe £ MDA-MB-231
A FRA R, HZ AN A W) 45 B 3R 45 1 N i
R, Xiong et all™ R HIF-1o B0 ¥ 3 TN-

BC ifit 25 A KA M, BeAh, HF 55" R HIF-1a
T PR R TR ) Survivin S35 15 9 20
MRPTIRT-RE ST . ZERAR I b B A B HIF-1a #1
Survivin A= T b BH A0 3 — 5 i i) 400 ) 3 55 4R
FAU X EERFSY LR HIF-100 7] B2 23% TNBC 1k
JPICEER 22 LR, PL X 40 HIF-1o0 952 10
TCH AR ARGE , A BFSE B on PL A X MDA-MB-231
M HIF-1o BRIAKF, WA PL MR T+, (450
FAR PRI E] p-STAT3 2 [ FI Survivin K [ #ik
KRR, $27% PLAR AT B L 40 STAT3 i HIF-
Too Y 3% M T B A% Survivin 2 (1 3235 K F, S35
MDA-MB-231 4liffi 458 68 J1 BEAK TR TH 5

L ERTR AWFSE B PL AE RSN R A P4 ]
MDA-MB-231 4Hiffd3g 5 , 25 HLHI ] g 5 e 4%
STAT3/HIF-1o {55 38 [ 4 ¢, PL ## TNBC H?
HIF-1 o FR35 AR AR, (AT 75 26 JHAth 25 750 9 240
HEATIRUE , B B TR SE B0 T B AR 2 R A
W PL A RO R e e FEAR R B ST b o
FHT 245 TNBC 404K 5T PL HiLi 25 AL, o PL L
FHT TNBC Byl ARIGTT $AETE Sy 7845 9 BRI A
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Piperlongumine inhibits the proliferation of triple-negative breast

cancer cells by regulating STAT3/HIF-1a pathway
Bai Futing'?, Jiang Yi'?, Guo Yuhang'?, Zhang Zangye'?,
Wang Botao'”*, Yan Yutong'**, Zhou Yifei'”, Sun Zhuo', Chen Di'
('Institute of Basic Medical Sciences, Xi'an Medical University, Xi'an 710021 ;
2College of Clinical Medicine, Xi'an Medical University, Xi'an 710021)

Abstract Objective To explore the effects of piperlongumine ( PL) on the proliferation and apoptosis of triple-
negative breast cancer MDA-MB-231 cells in vitro and in vivo as well as its possible molecular mechanism. Methods

MDA-MB-231 cells were treated with different concentrations of PL.. MTT assay was performed to detect the level
of cell proliferation. The apoptotic level was detected by flow cytometry. Western blot was performed to detect pro-
tein expression levels of proliferating cell nuclear antigen( PCNA) , B-cell lymphoma-2 (Bcl-2) , cyclin-dependent
kinase inhibitor 1A (CDKNIA/p21), phosphorylated signal transducer and activator of transcription 3 ( p-STAT3) ,
signal transducer and activator of transcription 3 (STAT3 ), hypoxia inducible factor-lae (HIF-la) and Survivin.
MDA-MB-231 cells were used to model tumor bearing nude mice and then PL was injected by intraperitoneal (i.
p. ). The tumor protein expression levels of PCNA, p-STAT3, STAT3, HIF-law and Survivin were detected by
Western blot. Results  PL inhibited cell proliferation and induced apoptosis in a dose-dependent manner. PL
down-regulated the protein expression levels of PCNA, Bel-2, p-STAT3, HIF-la and Survivin, and up-regulated
the protein expression level of p21. Furthermore, PL inhibited tumor growth and down-regulated the protein expres-
sion levels of PCNA, p-STAT3, HIF-la and Survivin in nude mice. Conclusion PL inhibits the proliferation of
MDA-MB-231 cells in vitro and in vivo, and the underlying mechanism can be related to the negative regulation of
STAT3/HIF-1a pathway.

Key words piperlongumine; STAT3; HIF-1«; triple-negative breast cancer; proliferation; apoptosis



