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Abstract: Objective To investigate the in vifro anti-breast cancer effects of the Chinese herbal prescription Xiangbeisan and its
molecular mechanisms. Results Human breast cancer MCF-7 and MDA-MB-231 cells were treated with Xiangbeisan 1, 2, 3, 4,

or 5 mg-mL™", with a control group not receiving any drug. MTT assay and clone formation assay were used to detect the effects of
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Xiangbeisan on the proliferation of human breast cancer MCF-7 and MDA-MB-231 cells, and flow cytometry was used to detect the
changes in apoptosis of human breast cancer MCF-7 and MDA-MB-231 cells after the administration of Xiangbeisan. Subsequently,
the effects of Xiangbeisan on the migration and invasion ability of human breast cancer MCF-7 and MDA-MB-231 cells were
detected using cell scratch and cell invasion assays. Through acridine orange staining, the effect of Xiangbeisan on autophagy in
human breast cancer cells was explored. Finally, the transcriptome sequencing technique was used to explore the mechanism of
Xiangbeisan-induced breast cancer cell death, and the western blotting experiment was used to detect the protein levels of AMPK,
mTOR, LC3, and Beclin-1. Results Compared with the control group, Xiangbeisan significantly inhibited the viability of MCF-7
and MDA-MB-231 cells (P < 0.05, 0.001), and the median inhibitory concentration (IC,,) at 48 h were 2.344 and 1.961 mg-mL"',
respectively, with time and concentration correlation. The colony formation ability of MCF-7 and MDA-MB-231 cells was
significantly inhibited. Apoptosis of MCF-7 and MDA-MB-231 cells was significantly induced (P < 0.001). Xiangbeisan obviously
inhibited the migration and invasion ability of MCF-7 and MDA-MB-231 cells in vitro. The results of acridine orange staining
indicated that Xiangbeisan induced autophagy in MCF-7 and MDA-MB-231 cells. Western blotting experiments showed that
Xiangbeisan significantly up-regulated the expressions of Beclin-1 and LC3-1I, the key autophagy proteins, in MCF-7 and MDA-
MB-231 cells (P < 0.01, 0.001). Transcriptome sequencing assay revealed that the most significant pathways with differential gene
changes included the mTOR signaling pathway, autophagy pathway, etc. Western blotting experiment results showed that
Xiangbeisan significantly down-regulated the phosphorylation level of mTOR (P < 0.001), and significantly up-regulated the
phosphorylation level of AMPK (P < 0.001). Conclusion Xiangbeisan significantly inhibited the proliferation, migration and
invasion of human breast cancer cells, induced apoptosis and autophagy, and the activation of AMPK/mTOR signaling pathway may
be an important mechanism.
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3 34.36+3.78™ 22.98+0.99™ 18.87+1.64"
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5%t B ALz P <<0.05 TTP<<0.001.
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Fig.1 Effect of Xiangbeisan on proliferative ability of
MDA-MB-231 and MCF-7 cells analysed by EdU stain-

ing (x+s, n=3,scale bar=100 pm)
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P <0.001 vs control group.
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Fig. 2 Effect of Xiangbeisan on colony forming ability of
MDA-MB-231 and MCF-7 cells(x=s, n=3)
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Fig. 3 Effect of Xiangbeisan on apoptosis of MDA-MB-
231 and MCF-7 cells

R2 FUHEXT AZLERE MDA-MB-231 0 MCF-7 48 B =

U (xts, n=3)

Table 2 Effects of Xiangbeisan on apoptosis of human

breast cancer MDA-MB-231 and MCF-7 cells (x+s, n=3)

4 i 2H 5] iR/ (mg/mL™) BT/ %
MDA- Xt iR — 6.87+0.33
MB-231  F Il 2 13.20+0.29"

4 40.05+0.76™"
MCF-7 POt — 8.20+1.98
7 DUEL 2 14.17+2.39
4 19.03+3.85"
xR B T P<<0.05 " P<<0.001.

ok

"P<0.05 ""P<0.001 vs control group.
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WE P 7E R 1 R VEL 20 il 25 b R R 2D e, B
VEBGARD . 7R AR SIag vh iy g 8 gt 25 R OR, 50
HRZH b3, B DUBIS 2 J5 N 3L IR 41 it MDA -MB-
231 MCF-7 5 21 €8 75¢ S 1 538 5 328 38 i , € B IR 1t
) 1 W5 i T R S8 T 3 22, 4 D 1 W e e (PR 6D
Lt Ab , £ Bl Western blotting 325 46 | F I ¢ B8 &5 (7K
AR AR DL, 45 R B, 5o A R, B R OG
R 4 5 F Beclin-1 1 [ Wi AR £ 4 LC3-1TH 85 H K
PRI R E B (P<0.01.0.000) (7 F1£ 3.
I, A DU RE 9% 012 13E N FL I 40 e MDA-MB-231,
MCF-7 H B & 4 .
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Fig. 4 Effect of Xiangbeisan on migration ability of MDA-MB-231 and MCF-7 cells (x+s, n=3,scale bar=100 pm)
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Fig. 5 Effect of Xiangbeisan on invasive ability of MDA-
MB-231 and MCF-7 cells (scale bar=100 pm)
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Fig. 6 Effect of Xiangbeisan on autophagy in MDA-MB-
231 and MCF-7 cells (scale bar = 100 pm )
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Fig. 7 Effect of Xiangbeisan on expression levels of au-
tophagy-related proteins in MDA-MB-231 and MCF-7 cells
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®3 FNE AZLEEE MDA-MB-231 1 MCF-7 4R B 48 35 B 8 Rk K F R (x5, n=3)
Table 3 Effect of Xiangbeisan on expression levels of autophagy-related proteins in human breast cancer MDA-MB-231

and MCF-7 cells (xs, n=3)

u [/ MDA-MB-231 3 JR R S/ MCF-7
Z 207
(mg'mL™") Beclin-1/B-actin LC3-II/B-actin (mg-mL™) Beclin-1/B-actin LC3-II/B-actin
X HE — 1.00+0.04 1.00+0.02 X — 1.00+0.02 1.00£0.02
7 I 2 2.49+0.06™" 1.57£0.02™" Fr IUHK 2 1.78+0.02"" 1.69+0.10™"
4 4.65+0.04™" 2.23+0.07"" 4 2.91+0.02"" 2.46+0.29"
x4 L " P<0.01 " P<0.001.
"P<0.01 "P<0.001 vs control group.
3 i -AMPKa L
KEGG Enrichment Count I()Thr172) - “ ” — 16.2 % 10
® 30 —
Human papillomavirus infection- . @ 10 [ \ s
. @ 50 AMPK | (—— 62X 104
mTOR signaling pathway-+ @ @0 L . 4
Signaling pathways regulating 70 p-mTOR
pluripotency of stem cells| L : 0 (Ser2448) - G- - 2.89X10°
Autophagy-animal+ [ ] mTOR - -
P ] s
i ! - L] —— 2.89X10
TNF signaling pathway- [ ] 0.021
i 0.020 Aclin) T || w——— 4.5 10’
P53 signaling pathway- @ 0.019 p [l
0.018 X o2 4 X 2 4

0.02 0.04 0.06 0.08
Gene Ratio

8 FIHX MCF-7 41 KEGG {5 S & BRI M
Fig. 8 Effect of Xiangbeisan on KEGG signaling pathway
in MCF-7 cells
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(B R AL 7K T (P<<0.00D (9 K 4) . 45 R TR
& VLB 25 Re i B 35 1R N LR 41 i - AMPK
1 18 R 1k /K °F 3 2 2% R M mTOR ) 8 BR 1k /K °F .
[A b, 0% AMPK/mTOR {5 538 % 7] i /& & T EUK
PE B0 o 1 FE ) = AL
4 g

T iR A B AS 52 A H B R S

F Y (mgmL™) 7 NEY/(mg-mL™1)
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Fig. 9 Effect of Xiangbeisan on the protein expression lev-
els of AMPK/mTOR signaling pathway in human breast
cancer MDA-MB-231 and MCF-7 cells
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RIS 6 77 UA U0 861 Je e 4 i 96 5 7% A e 4 i 9 1
N TG B 1 T 3L R i ) e RS 1 LR
T W AR e RS L SE A BB AR AP N . AR
S By ULTHORE W% 25 0 ) N L T8 240 B 1 1 B X

%4 BNHIAILERE MDA-MB-231 71 MCF-7 41l AMPK/mTOR {& i 2 8 (8 Rk Kk FRIBM (xts, n=3)
Table 4 Effect of Xiangbeisan on the protein expression levels of AMPK/mTOR signaling pathway in human breast cancer
MDA-MB-231 and MCF-7 cells (x+s, n=3)

s RP MDA-MB-231 3 YR/ MCF-7
(mg'mL™")  p-AMPK/B-actin p-mTOR/B-actin (mg'mL™")  p-AMPK/B-actin p-mTOR/B-actin
Xif i — 1.00+0.02 1.00+0.01 X iR — 1.00+0.03 1.000.11
& DK 2 1.18+0.03" 0.78+0.02"" & DL 2 4.25+0.04™ 0.54+0.05™"
4 3.63£0.25™ 0.26£0.03"" 4 4.56£0.04™ 0.22+0.07™"

Sx R4 " P<0.001 -

wh

P <0.001 vs control group.
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