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AP B JS (24, 48, 72 h) AMLVE 384k AR M sw B SE 06 . A RIJR 955 . Transwell /hE
SLHG AN Hoechst P8 T YL (L SC 56 KM LA AL BE 24 h RN se BB A . 88 . RZBRE N ST ML, H
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Effects of naringenin on proliferation, invasion, migration and
apoptosis in human and mouse breast cancer cells
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Abstract Background and Aims: Naringenin (NAR) is a natural flavonoid monomer, which has been proven to have anti-

cancer effects against ovarian cancer, rectal cancer, and lung cancer. However, its effect on breast cancer is unclear.
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Therefore, this study was conducted to observe the effect of NAR on the proliferation, migration, invasion and
apoptosis in breast cancer cells from different species, and preliminarily analyze the mechanism, so as to provide
theoretical and experimental basis for the development of relevant drugs for breast cancer.

Methods: The in vitro cultured human breast cancer MCEF-7 cells and mouse breast cancer 4T1 cells were uses as
study objects. The two types of cells were divided into two concentrations (100-200 pg/mL) of NAR treatment
groups and control group, respectively, and the cells in control group were treated with DMSO. The changes in cell
viabilities after above treatment for different times (24, 48 and 72 h) were measured by CCK-8 assay. The colony
formation, migration and invasion abilities and apoptosis after above treatment for 24 h were detected by colony-
forming assay, cell scratch assay, Transwell invasion assay and Hoechst apoptosis staining assay, respectively, and
the expressions of Akt, the apoptosis- and cell cycle-related proteins and the endothelial-mesenchymal transition
(EMT)-related molecules were determined by Western blot analysis.

Results: Compared with corresponding control group, the cell viabilities in the two types of breast cancer cells
were significantly decreased after NAR treatment, with a certain time and concentration dependence (all P<0.01).
Compared with corresponding control group, the relative colony formation rates, wound healing rates and the
number of invading cells were significantly reduced, while the apoptotic rates were significantly increased in the
two types of breast cancer cells after NAR treatment (all P<0.01); the protein expressions of Akt, Bcl-2, CDK4,
cyclin D1, and MMP-9 were significantly down-regulated, while the Bax expressions were significantly up-
regulated (all P<0.01).

Conclusion: NAR can effectively inhibit the proliferation, migration and invasion while promote apoptosis in
both human breast cancer cells and mouse breast cancer cells. The mechanism may be related to its inhibiting the
Akt pathway and regulating the cell cycle and the EMT process.

Breast Neoplasms; Naringenin; Cell Proliferation; Neoplasm Invasiveness; Apoptosis
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NARW T 2 ESigma-Aldrich/A ], CCK-8iR 5|
& . BCAHE AW EM &l & . Hoechst ¥ ikl
& . —PiAkt, Bel-2, Bax, CDK4, cyclinD1,
MMP-9 K GAPDHIIIA [ 1138 2= KA YRS A B
ONH] o BEEERIA A MRAE AR BRA D
1.2 FEFHZE

1.21 @mM3E R A mie | B A K
MCF7 40 B F1 4T 1 40 i 8% 32 76 &% 10% JG 40 1 i
1% H4HEEZ M DMEM 1, T 37 €. 5%CO0, i3
g, B2 R, BRAAR2~3 ). 430
T ol 4 B 43 R R B4 5 AN Mk B NAR (100,
200 pg/mL ) AL PR, XFHE 41245 T 55 25 LAY U
DMSO.

1.2.2 mie¥ a2 ffi H CCK-8 i 5l & & I
NAR X} MCF7 40 B A0 AT 1 20 ffd 365 58 % 410 i) 175 0
3 A3 20 B 240 B R Y % RE %) 40 R
L 100 pL 2 2 x 10° 40 A4 Fp T 96 fLAR, 15
FET N FE 24, 48, 72 h, HHBESNE
flo SEI S5 AT 2 h BFLINA 10 uL /) CCK-8 %,
FH B ARSI 5E E 450 nm P K Ab 4% FL A 6 A,
T MCF7 4HHa A1 4T 1 40 i 1976 77 .

1.2.3 LB oA WO EUE K 0 40 i 4
T 6 fM, L 100040, B0, 1
37 C. 5% CO, 854 P R 9 24 h, &L b7k
ST A EE, FEFH 24 hJE 45 O A R S, KGR
FAUKSEHE SR, B 72 h BRI 1 )G, 4% £
BT [ 2 20 B0 30 min, PBS MEUE 2 Uk, 45 5h 4
B4 30 min, ddH,0 EEVE 2K, AP T, 1
BB T T A M 1 S B R B v T R
1.2.4  RIJR =% O EUE K W 240 M 3 — 2 vk B
M T 6 fLHR, 37 °C. 5% CO, {3415 5% 24 h,
REAFLE 3 AE LR, PBS VL 2 WU Sz BIGEE T
SANIRAE R 0 BPERAS, IFbRid B MER S UL b
AT AL B, B FRA R IR 24 h, il —A W
SRR B WS4, 3B MCF7 40 i F0 4T 4
EREET] -

1.2.5 Transwell " & 40 28 e 43 £ 4t i FH
OB R R I R R 40 B 4R 28 A9 Transwell /) =,
Transwell F % & fL N A 400 uL & 10% Jif 2F M 1E
) DMEM 58 @ Ri 353, B AAS & L35 /9 41 i
B, BEAL 100 pL, 4350 MCF7 400 . 4T1 40 g
212 x10° 4, AL FE 1.2.1, 7E37 C. 5% CO,
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WA RSR 24 b, S5 5B Transwell ZN%S I HIAR
s FE R4, PBS Mk 2 R, 4% £ HHEE
[ % 30 min, PBS My 2 ¥k, &5 50524 4 30 min,
ddH,0 #h¥k 2 ¥, 7646 B WA T W0 BRI 5
ZERLNE AN
1.2.6 Hoechst A= % & B4 KW MCF7
AT 40 R AE 24 FLAR, Sy ALALPRVE 24 h )5,
49 Z L= E 10 min, PBS #2823k 3 Ik,
AR 3 min, JIIA 0.5 mL ) Hoechst 33342 42 A 3%,
BEY M 5 min, PBS#FEEE 3 K, 4K 3 min,
PGB AEE 350 nm K UL, IR A4
20 ML R TR
1.2.7 Waestern blot # | ¥ I Akt. Bel-2.
Bax, CDK4. cyclin D1, MMP-9 & GADPH # [1
(IR, OB A KU ) A i 45D T 6 fLAR ,
YA FRFERT . 37 °C L 5% CO, JiF- A6 555 24 h,
WA G OE 20 . L, REUFIIE A, H BCA
P AR R B T E . 4T 24 h R, B U
S M EAE, SDS-PAGE B HLUK 5 7 PVDF
W2 ho5% BERG 4 W = B 1.5 h, — PR E K,
PBST ¥t 3 Wk, EiR ¥ H 1.5 h, PBST ¥t 3 Ik,
i [ BeyoECL Star i (37 & i (A B .
1.3 SGitF4arE

SRR R FISPSS 25084881t e b . SRR
BRI IE « e 2 (X +s) Fos, 4L
HHE ) 0T, P<0.05 WA Gt 2# 5 L.

2.1 NAR Xf MCF7 20 5/v 4T1 HREIE IR0

L H12.5~200 pg/mLEINARIEHIMCF7 40
MLFIAT U024 b5 WAL T3, 280 i P34
NARXMCF7AYICs,fH A 139.1 pg/mL, 4T1HIC,H
4199.53 pg/mL. BUEFE100, 200 pg/mL 2 Mk JE
FINARHI T 5 ZE 40 Mo S5 5 . CCK-85L 5045 R s,
54 B X IRZ b A, D 41 R A 2 VR B N AR 4b
P BB 6 ) B B R AR (¥ P<0.01) , HE—
S IR B 5 B R AR R e (L)
2.2 NAR Xt MCF7 #ifa 5 4T1 20 R 52 F& 7 B Bk

al:opAl

MR T Y R SE B 5 R BoR L, 5% H O IR 4]
P, IR A A AE 24 ¥R B A N AR &b 355 48 i v P
TE 8 B B Wd /b, ENARM BB, B H
W (¥P<0.01) (E2) .
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B 1 NAR Xt MCF7 4BFA 4T1 4ARIE J1 %4 00
Figure 1 The effects of NAR on the cell viability of MCF7 cells and 4T1 cells

0 pg/mL 100 pg/mL 200 pg/ml

El2 NAR 3 MCF7 ZHfafn 4T1 LAREYSE FERL B BE 1 5347
Figure 2 Analysis of the inhibitory effect of NAR on the clone formation of MCF7cells and 4T1 cells

2.3 NAR X MCF7 ifa 5 4T1 AREBEE W 40 B FIAT 140 M A XF BEZH DL M2 MK . Mk FEENARZA
AN A1 AR X AL R 5 k. (100.00 +4.76) % .
RIS 45 R, NARZIE24 hig, MCF7 (43.84+2.33) %, (29.98+1.20) %
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(100.00+2.44) %, (60.68+3.37) %, Yol R, ELNARMEJE A, 400iF 5 AL
(51.31+1.47) %. 5% B 0X A b, W (¥p<0.01) (E3) .
21 S 75 2> He JE B9 N AR AL RS 69 40 B AH X 1 B8 %

100 pg/mL 200 pg/mL

]
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=
=
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120- 1201
P<0,'01 . P<0.01
1001 1001
S S
< 80 < 801
M M
B 604 R 60-
EE 40 :E 40
Zz =z
20+ 20-
0- 0.

0 100 200 0 100 200
NAR ¥ (pg/mL) NAR ¥ (pg/mL)

B3 NAR Xt MCF7 4Af1Fn 4T1 ZRAIT % 68 J1%3 40
Figure 3 The effects of NAR on migration of MCF7 cells and 4T1 cells
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2.4 NAR Xt MCF7 Hf8 5 4T1 iR £ s 13t
A
Transwel I /NE LB ERE /R, MCF7
R AT VA B X R AL DL AR . R ENAR
ML Transwel I/NE Y EECH 72 5 K -
(1908.67+69.51) 4~, (526.00+40.58) 1>,

(77.33+4.93) 4~; (1 830.67+92.66) 4>,
(354.00£43.10) 4>, (24.67=3.51) 1. 5%
F XS BRZE LA, 799 b 48 B 78 20 MR FE AN AR 4B 38
Ja ZE i Transwel NE A0 @4 B X8 B, H
NARYE B R A0 % H /> (¥P<0.01) (&l4) .

NAR ( pg/mlL )

MCF7

4T1

MCE7
24007

1 8001

AN (1)
.
3

600+

0 100 200
NAR ¥ (pg/mL)

A E (A4>)

0 100 200
NAR #JE# (peg/mL)

El 4 NAR Xt MCF7 4B1F0 4T1 HAR2 2 AE SRR
Figure4 The effects of NAR on invasion ability of MCF7 cells and 4T1 cells

2.5 NAR 3t MCF7 i 5 4T1 4R B T RIS

Hoechst 333423zt R /x, 1IE% 4000
ORI O R O I e ! O O R s L o
go, BIEERECRMmY, Bl KK H. MCFT
Y0 B RN AT LA Y X B DL AR . B REENAR
M) MMM TRl (5.47£4.98) %,
(42.57£2.72) % . (83.33+£4.76) %;
(3.18+2.84) %, (29.21+3.73) % .
(75.31+7.34) %. 5% HXT ALK, W4l
M2 M B ANARAD B S TR Y e 34 5, H
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NARYVE B MR T3y ($4P<0.01) (El5) .
2.6 NAR Xt MCF7 iR 5 4T1 40 Aa Akt il B8 &

HATHXEARIEWZI

Western blot ¥l 8 NARX} MCF 740 s F14T 1 21
L Ak, 8T 5 4 AR I AR OC B D R L B )
Ak CEMT) MG FRIXWF W, 458 8o,
54 B xR R, NARAS B S 4 0 b 2L 5 98 4i
M YAk, Bel-2, CDK4. cyclin D1, MMP-9f#
FIAEI R TR, BaxRiIAEMWH B IR, HNARWK
FE R AR AR R (31P<0.05) (KEl6)
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r T 1 P<0.01
T T T .
~ 804 ~ 804 T
S S
Es 60 E 60
b _ b
E 40 E 40
-
20+ 20+
T
0 : . . 0 - . :
0 100 200 0 100 200
NAR V% (pg/mL) NAR V% (pg/mL)
5 NAR % MCF7 #1 4T1 4AAEA - K50
Figure S The effect of NAR on apoptosis of MCF7 and 4T1 cells
MCF7 4T1
0 pg/mL 100 pg/mL 200 pg/mL 0 pg/mL 100 pg/mlL 200 pg/mlL
Akt Akt
Bax Bax
o | — 1 ——
CDK4 - CDK4
cyelinD1 — cyelinD1 a — —
MMPY  S— MMP9 | — —
GAPDH =~ - — GAPDH | . S —
MCF7 4T1
3.5 P<0.01 0 pg/mL P<0.01 0 pg/mL
T 100 pg/mL 51 7 100 pg/mL
3.01 200 pg/mlL 200 pg/mL
I 55| w4
X 2.5 X
#® 2.0 ® 5]
= =
jusng jusag
= 154 z I
ﬂ&Iﬂ{ P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 Eﬂi 24
104 - I : : : : P<0.01 P<0.01 P<0.01 P<0.01 P<0.0I
05l 4= . - 7 N
Ea R TR — e o
A gt gd g e e Mgt gdd okt e e
6 NAR Xf MCF7 48270 4T1 48 Akt. BT SHEEBHEXEZL UK EMT X5 FRIZHFIT
Figure 6 The effects of NAR on the expression of Akt, the apoptosis- and cell cycle-related proteins and the EMT-related molecules in

the MCF7 cells and 4T1 cells
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i 1) PRHE o

IAEE, MERZRHERGMEN,
FE I8 T3 IR YT s FH B U IR SE R . NAR
S DA 25 A5 B AE P A B IR — b R AR M R 25 1k
Y, TEAEHEREY, AR AINAR
BHARERMIGER AR, iR, LA EN. B
BEAEIRE Y 0, NARXE IR 40 38 5 . T
AR RAMGIERH . e S h &M, NARA L
RSNG4 (ROS) AR, R aE 4 T
A0 40 M AT AT FE O LR A 9T b R BN A Rl
SEHIPI3K/AKUE iEE AT &, TS
TR M, R BE SF M 0E T . S0 20
A, e . W . E A A
FINART LU 1t PI3K/AktfE S #% . Notchl/Hesl
WEE . pS3/p213dE % . Bax/Bel- 25 # LK 8 45 41 i
HIMMP-2, MM P-9 (1% & 15 A4 il by A 1 717
BEAh, WF5E & BN A RIS — BB 14 4 32 8 45 741
WA TCF-B S S RIERGEWIHTT, B EA
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Nrf2/AREfS Sl % . AMPKAE 5 3 4% 5 45 4 41 gt
ZHAPE, NARE Sl R BAE £ 4 i . 210

© WA )T i [ & F I F 2P H

A =R s R IRE R, 2y
FEAN M A I S B . T AR SCE . pS3ME Sl
. PI3K/AkUfE SiE i . Watf5 5@ 5 . AMPKAF
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D1FICDK4AFRIKE AR, #2725 NARA A8 o 40 i
FW A 2G5 KMl cyelin DIMICDK4R £k,
T BH A MCF7 FAT VA A i A= 4 . EMT RS2 38 5
VP92 240 B 4 28 RN R F% 1 OGS AL . MMP-9 2 MMP
EHRER R G, REMTHLH H 5 £ 507
Z—o MMP-9n] L[ ff 40 jg 40 36 5, 4 oF 1 45 A=
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M, SNARTEE "W mF s — 8. #/RNART]
AEE IR EMT o f2ok R MMP-9fg £ ik, LM
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