Potential role for amino acids analogues of ursolic acid against breast cancer cell lines
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Abstract
Statement of the problem: Breast Cancer (BC) is an important global health problem and one of the most common types of cancer among women. For this reason, the development of new drugs is imperative and research is ongoing to understand the difference between healthy cells and cancer ones. One of the most effective methods for obtaining new drugs is the chemical modification of natural compounds with proven high biological activity. An example of such compound is ursolic acid (UA, 3β-hydroxy-urs-12-en-28-oic acid). 
Methodology: We designed, synthesized and characterized a new family of UA derivatives substituted with various amino acids and dipeptides at the C-3 position. The cytotoxicity of all compounds was determined against breast cancer cell lines (MCF-7 and MDA) and DNA synthesis by the inhibition of [3H]–thymidine incorporation in tested cells. Next, we determined the effect of three most active analogues on the concentrations of: MMP-2, MMP-9, Bax, LC3A, LC3B, Beclin-1, caspase-7, IL-6 and TNF-α. 
Findings: Three most active derivatives showed micromolar IC50 values and reduced the concentrations of MMP-2 and MMP-9. The apoptosis pathway associated with an increase in Bax protein and caspase-7 enzyme levels was postulated as a possible mechanism of action for two of these compounds. Third compound increased the release of autophagic markers (LC3A, LC3B) inducing the autophagy pathway. The same compound revealed inhibition of two proinflammatory cytokines (TNF-α and IL-6). 
Conclusion: The results of our experimental and computational studies, including: in vitro anticancer activity, molecular docking and drug-like properties have shown that the new group of ursolic acid derivatives presented here has a promising profile and therapeutic potential against triple-negative breast cancer cells, i.e., cancer with poor survival prognosis.
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