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ABSTRACT Objective: To investigate the influences of isoorientin(ISO) on malignant biological ehavior of breast cancer (BC) cells
and nuclear factor-related factor 2(Nrf2)/heme oxygenase-1(HO-1) signaling pathway. Methods: Human BC cell line MDA-MB-231 was
cultured in vitro and separated into groups: MDA-MB-231 group, MDA-MB-231+ISO group (100 wmol/L ISO treatment),
MDA-MB-231+ ISO+OE-NC group (treated with 100 wmol/L ISO after transfection of OE-NC), and MDA-MB-231+ISO+OE-Nrf2
group (treated with 100 wmol/L ISO after transfection of OE-Nrf2). MDA-MB-231 cells proliferation was detected by cell count kit-8
(CCK-8). Flow cytometry was used to detect MDA-MB-231 cells cycle and apoptosis. Transwell assay was used to detect the invasion
and migration abilities of MDA-MB-231 cells. Western blot was used to detect the expression of Nrf2/HO-1 signaling pathway-related
proteins and apoptosis proteins. Results: Compared with MDA-MB-231 group, MDA-MB-231+ISO group and MDA-MB-231+
ISO+OE-NC group had obviously lower cell viability, S phase and G2 phase cells ratios, migration and invasion abilities, B-lymphocy-
toma-2 (Bcl-2), Nrf2, HO-1, matrix metalloproteinase-9 (MMP-9) protein levels (P<0.05), and obviously higher apoptosis rate, G1/GO
phase cells ratios, and Bax and cleaved-Caspase-3 protein levels (P<0.05). Compared with MDA-MB-231+ISO group, MDA-
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MB-231+ISO+OE-Nrf2 group had obviously higher cell viability, S phase and G2 phase cells ratios, migration and invasion abilities,
Bcl-2, Nrf2, HO-1, MMP-9 protein levels (P<0.05), and obviously lower apoptosis rate, G1/G0O phase cells ratios, and Bax and

cleaved-Caspase-3 protein levels (P<0.05). Conclusion: ISO may inhibit the malignant proliferation, migration and invasion of

MDA-MB-231 cells by inhibiting the Nrf2/HO-1 signaling pathway.
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1.7 SitsrE MDA-MB-231+ISO+OE-NC £ 24 h 48 h.72 h.96 h 4l {1 1% 77

Fl SPSS 23.0 HEATGEH /T . SHEIELL (vt )R, 24 B B F TR (P<0.05); 5 MDA-MB-231+1SO 41 # It ,
LR T BA TR 2205 2240 BT Fl SNK-q Kl . P<0.05 2552 45%:  MDA-MB-231+ISO+OE-Ntf2 2] 24 h 48 h .72 h.96 h 433 /1
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% 1 ISO % MDA-MB-231 ZH &5 B §0 (xt 5,0=6)
Table 1 Effect of ISO on the proliferation of MDA-MB-231 cells(x+ s, n=6)

OD value(450 nm)

Groups
24h 48 h 72h 96 h

MDA-MB-231 group 0.58+ 0.06 0.81+ 0.08 1.41% 0.15 2.04+ 0.21
MDA-MB-231+ISO group 0.41% 0.04* 0.61% 0.06* 0.93%+ 0.09* 1.56% 0.15*
MDA-MB-231+ISO+OE-NC group 0.42+ 0.07* 0.62% 0.06* 0.92+ 0.09* 1.57+ 0.15*
MDA-MB-231+ISO+OE-Nrf2 group 0.56% 0.05° 0.79+ 0.07° 1.39+ 0.14° 1.98+ 0.19°

F 15.412 14.908 30.995 12.771

P <0.001 <0.001 <0.001 <0.001

Note: Compared with the MDA-MB-231 group, *P<0.05; Compared with the MDA-MB-231+ISO group, "P<0.05.
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MDA-MB-231+ISO+OE-NC £l G1/GO ] 40 fg bk ] & 2% F+ i BE TS (P<0.05), WL 1.3 2,
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Fig.1 Effect of ISO on the cell cycle of MDA-MB-231 (flow cytometry)
% 2 ISO 3 MDA-MB-231 £0Ra E #I R &40 (x+ s,n=6)
Table 2 Effect of ISO on MDA-MB-231 Cell Cycle(x* s, n=6)
Cell cycle distribution( % )
Groups
G1/GO S G2/M
MDA-MB-231 group 55.40% 5.74 23.59+ 2.16 21.01+ 1.90
MDA-MB-231+ISO group 66.54+ 6.89° 17.03%+ 1.51* 16.43+ 1.38°
MDA-MB-231+ISO+OE-NC group 66.69% 6.89* 17.11+ 1.83* 16.20%+ 1.50°
MDA-MB-231+ISO+OE-Nrf2 group 58.48+ 5.83° 20.98+ 2.15° 20.54+ 2.07°
F 4.861 16.413 13.298
P 0.010 <0.001 <0.001
Note: Compared with the MDA-MB-231 group, *P<0.05; Compared with the MDA-MB-231+ISO group, °P<0.05.
2.3 1SO ¥ MDA-MB-231 4R AT RS0 pase-3 % [ACE 2 THE (P<0.05),Bel-2 28 7K R4 (P<O.

5 MDA-MB-231 41 #H [t ,MDA-MB-231+ISO 4 . 05); 5 MDA-MB-231+ISO #H #H It ,MDA-MB-231+ISO+
MDA-MB-231+ISO+OE-NC {1 4fi Jifd # T~ % Bax .cleaved-Cas-  OE-Nrf2 £ 4fi }fi & 7= %  Bax cleaved-Caspase-3 & [ 7K - I, 2
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Fig.2 Effect of ISO on apoptosis of MDA-MB-231 cells (flow cytometry)
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Fig.3 Effect of ISO on apoptosis related proteins in MDA-MB-231 cells
( Western blot )
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5 MDA-MB-231 41 #f] It , MDA-MB-231+ISO 41 .MDA-
MB-231+ISO+OE-NC £ Nrf2 HO-1 MMP-9 & /K F R E T
[4(P<0.05); 5 MDA-MB-231+ISO 414 ,MDA-MB-231+ISO+
OE-Nrf2 21 Nrf2 HO-1 MMP-9 % 47K F i & | F+(P<0.05),
LK 5 %5,

3 38
BC 458 WL IHEAE , IR A BRAe MR IE M e T 5
TP, FL R AR AP 1 R ek 560, H T, BC R

Bk o A e WV R, DT SR BT BC A ARE
Prxs HAZWr 677 M 22 50 B2,
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Table 3 Effect of ISO on apoptosis of MDA-MB-231 cells(xt s, n=6)

cleaved-Cas-

Groups Apoptosis rate( % ) Bcl-2/GAPDH Bax/GAPDH pase-3/GAPDH
MDA-MB-231 group 14.64+ 1.45 0.76x 0.07 0.38+ 0.04 0.78+ 0.08
MDA-MB-231+ISO group 25.56% 2.56* 0.32+ 0.03* 0.84+ 0.08° 1.43% 0.14*
MDA-MB-231+ISO+OE-NC group 25.87+ 2.53° 0.36x 0.04° 0.87+ 0.09* 1.39+ 0.11°
MDA-MB-231+ISO+OE-Nrf2 group 17.24+ 1.64° 0.67¢ 0.06° 0.41% 0.04° 0.81% 0.07°
F 44.619 105.800 96.045 68.220
P <0.001 <0.001 <0.001 <0.001

Note: Compared with the MDA-MB-231 group, *P<0.05; Compared with the MDA-MB-231+ISO group, °P<0.05.
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Fig. 4 Effect of ISO on migration and invasion of MDA-MB-231 cell migration(Crystal violet staining,x 200 )

% 4 1SO 3 MDA-MB-231 4HMIE B AR AR (£ 5,0=6)
Table 4 Effect of ISO on migration and invasion of MDA-MB-231 cell migration( xt s,0=6)

Groups

Number of migrating cells

Invasive cell count

MDA-MB-231 group
MDA-MB-231+ISO group
MDA-MB-231+ISO+OE-NC group

MDA-MB-23 1+ISO+OE-Nrf2 group

F 117.703

P <0.001

150.58+ 15.06
58.41% 6.87°
59.43+ 5.98°

142.56% 14.65°

150.81% 15.35
65.75% 6.24°
66.09+ 6.46°
139.79+ 13.65°
101.262
<0.001

Note: Compared with the MDA-MB-231 group, *P<0.05; Compared with the MDA-MB-231+ISO group, *P<0.05.
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& 5 ISO 3 MDA-MB-231 41 Nrf2/HO-1 i 8848 5= & B KIS0
Fig.5 Effect of ISO on Nrf2/HO-1 pathway related proteins in
MDA-MB-231 cells
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MMPs [ &5 HI s A i) B #1238, H MMP-9 5 BC
rh R A (R ZR N RS M UIAR DG P G, ASBE SRS T
MMP-9 ) K ik, R LM, 5 MDA-MB-231 4 # [t ,
MDA-MB-231+ISO 4] .MDA-MB-231+ISO+OE-NC 4] Nrf2,
HO-1 MMP-9 2 [ /K F i & N, 4278 1SO nl figid it i
Nrf2/HO-1 #ifil 7 BC 19 & Ji& . g TIESSZAME , Bl J5 76 1SO 4b
) MDA-MB-231 4 fifd 5% 4% OE-Nrf2, Z5R KM, 5
MDA-MB-231+ISO £H # I, , MDA-MB-23 1+ISO+OE-Nrf2 2 4
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* 5 1SO X MDA-MB-231 £l A Nrf2/HO-1 i@ B8 % FE BB 2200 (1t s,n=6)
Table 5 Effect of ISO on Nrf2/HO-1 Pathway Related Proteins in MDA-MB-231 Cells(xt s, n=6)

Groups Nrf2/GAPDH HO-1/GAPDH MMP-9/GAPDH
MDA-MB-231 group 1.52+ 0.15 0.85% 0.08 1.97+ 0.19
MDA-MB-231+ISO group 0.78+ 0.08* 0.43+ 0.04* 1.10+ 0.11¢
MDA-MB-231+ISO+OE-NC group 0.77+ 0.07° 0.42+ 0.04° 1.11+ 0.13°
MDA-MB-231+ISO+OE-Nrf2 group 1.41+ 0.14° 0.78+ 0.08" 1.89+ 0.18°
F 120.399 77.300 56.113
P <0.001 <0.001 <0.001

Note: Compared with the MDA-MB-231 group, *P<0.05; Compared with the MDA-MB-231+ISO group, *P<0.05.
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BC 4G4 E TR IR ZR ST, 3% 180 i57T BC e fit
THEZHHAE  Nef2/HO-1 {553 % n] GE /& BC iR)7 e
LILYS
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