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Discovery of a small-molecule activator of beclin-1 that induces
autophagy-associated cell death and apoptosis in triple negative
breast cancer

ZHAO Rong-yan', JIN Wen-ke*?, JIANG Xing', YUAN Zhao-xin*?, LIU Bo*, FU Lei-lei*"

(1. School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. State Key Laboratory of Biotherapy and Cancer Center, Sichuan University, Chengdu 610041, China)

Abstract: Autophagy is a lysosomal degradation pathway, and plays a crucial role in cellular homeostasis,
development, immunity, tumor suppression, metabolism, prevention of neurodegeneration, and lifespan extension.
Thus, pharmacological stimulation of autophagy may be an effective approach for preventing or treating certain
human diseases and/or aging. Here, combined with allosteric site identification methods, high-throughput virtual
screening, and in vitro activity evaluation, we found that compound 10 can activate autophagy and has good anti-
MDA-MB-231 cell proliferation activity (the half maximal inhibitory concentration IC,, = 8.25 + 1.53 umol-L™).
Subsequently, molecular docking, molecular dynamics simulation, and immunoblotting assay demonstrate that
compound 10 can target and activate beclin-1. In vitro studies have shown that compound 10 can induce autophagy-
associated cell death in MDA-MB-231 cells. In addition, it was found that compound 10 can induce apoptosis in
MDA-MB-231 cells. Taken together, we identified the candidate compound 10 as an effective and selective targeting
beclin-1 to activate autophagy as a lead compound, which provide a reference for further development and optimiza-
tion of small molecule drugs targeting beclin-1 to activate autophagy for clinical treatment.
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Figure 1 Domain architecture of beclin-1 and potential allosteric site. A: Domains of beclin-1 and the architecture of phosphatidylinositol-

3-kinase (P13K) complexes; B: The potential allosteric site of beclin-1 was predicted using PARS (http://bioinf.uab.cat/pars); C: The poten-

tial allosteric site of beclin-1 was predicted using Allosite (http://mdl.shsmu.edu.cn/AST); D: The potential allosteric site of beclin-1
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Figure 2 Workflow of the rational design of beclin-1 allosteric activator
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Table 1  The structure and anti-proliferative evaluations of candidate compounds. Cell viability were measured for each compound with

various concentrations by MTT assay for 72 h. The half maximal inhibitory concentration (IC,) values were calculated by GraphPad Prism
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Identification of compound 10 as potential activator of beclin-1. A, B: The binding mode of compound 10 and beclin-1; C:

Molecular dynamics simulation of compound 10 binding to beclin-1. RMSD: Root mean squared deviation
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Figure 6 Effect of compound 10 on autophagy of MDA-MB-231 cells. A: MDA-MB-231 cells were treated with 15 pmol-L* compound
10 for 24 h. Then, the expression of LC3B (LC3-1I) puncta were detected by immunocytochemistry with zoom of LC3-II positive staining.
Green: AntiLC3B. Blue: DAPI. Scale bar = 20 um; B: MDA-MB-231 cells were incubated with 7.5, 15, and 30 pmol-L* compound 10,
respectively, then the expression levels of beclin-1, p62, and LC3 were detected. -Actin was measured as the loading control; C: MDA-MB-
231 cells were treated with 15 umol-L* compound 10, 3-MA (1 mmol-L*) was added 1 h before treatment of compound 10. After the above
treatment, cell viabilities were detected by MTT assay; D: MDA-MB-231 cells were treated with 15 umol-L* compound 10 for the indicated
time, apoptosis ratios were determined by flow cytometry analysis of Annexin-V/PI double staining. 3-MA (1 mmol-L*) was added 1 h
before treatment of compound 10; E: MDA-MB-231 cells were transfected with GFP/mRFP-LC3 plasmid, after co-incubation with 15 pmol-L*
compound 10 in the presence or absence of 10 nmol-L* bafilomycin Al (BafAl), the GFP-LC3 puncta were observed by fluorescence
microscope, with zoom of GFP-mRFP-LC3 positive signal. Green: GFP signal; Red: mRFP signal; Yellow: GFP + mRFP signal; Scale bar =
20 um; F: MDA-MB-231 cells were co-incubated with 15 pmol-L* compound 10 in the presence or absence of 10 nmol-L* BafA1, then the
expression levels of p62 and LC3 were detected. s-Actin was measured as the loading control. n = 3, x 5. “P < 0.05, “P < 0.01, ™P < 0.001
vs control; ##P < 0.001 vs compound 10
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Figure 7 Effect of compound 10 on apoptosis of MDA-MB-231 cells. A: MDA-MB-231 cells were treated with compound 10 for indicated
time, then stained with 50 mmol-L* Hoechst 33258 and observed under a fluorescence microscope. Scale bar = 50 um; B: MDA-MB-231
cells were treated with 7.5, 15, and 30 umol-L™* compound 10 for the indicated time, respectively, apoptosis ratios were determined by flow
cytometry analysis of Annexin-V/PI double staining; C, D: MDA-MB-231 cells were incubated with 7.5, 15, and 30 umol-L™* compound 10,
respectively, then the expression levels of Bax, Bcl-2, caspase 3, caspase 9, and Parp were detected. s-Actin was measured as the loading
control. n =3, x 5. P < 0.01, “*P < 0.001 vs control
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