ZJC-11, a novel selective CDK7 inhibitor for triple negative breast cancer treatment
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Introduction. Lacks effective therapeutic targets is a clinical challenge in triple-negative breast cancer (TNBC). Cyclin-dependent kinase 7 (CDK7) is an attractive cancer target in TNBC and selective CDK7 inhibitors (CDK7i) are in clinical development for the treatment of TNBC.
Aims. The lack of selective CDK7 inhibitors, and the precise mechanisms responsible for the activity of CDK7i remain elusive in TNBC. Here, we describe a selective CDK7 inhibitor ZJC-11, which has a high selectivity over other CDK family members and a strong anti-cancer activity in TNBC.
Methods. 21 novel CDK7i candidate small molecule compounds were designed, synthesized and evaluated for anti-tumor activity in vitro. Using kinase activity detection, molecular docking and cellular thermal shift assay (CETSA) experiments, we evaluated the targeting effect of ZJC-11 on CDK7. The anti-cancer activity of ZJC-11 in TNBC models was assessed in vitro and in vivo through cell-based assays, 3D tumor sphere model, and cell line-derived xenograft experiments. Furthermore, RNA sequencing and rescue experiments were utilized to investigate the potential mechanism of ZJC-11 in TNBC models.
Results. Among 21 CDK7i candidates we found that ZJC-11 exhibited potent inhibition activity against TNBC cells (IC50=0.6μM/L). Kinase activity detection and CETSA experiments identified that ZJC-11 showed a strong targeting effect on CDK7. ZJC-11 arrested the cell cycle in the G2 / M phase, and induced cell death in vitro. RNA sequencing and cell-based assays revealed that ZJC-11 showed antitumor activity by suppressing Gene expression (Transcription), RNA Polymerase II Transcription, Cell Cycle, Cell Cycle Checkpoints pathway. Further analysis revealed that ZJC-11 induced cell senescence by DNA damage and oxidative stress. More importantly, ZJC-11 presented significant antitumor efficacy in vivo without obvious toxicity.

Discussion. ZJC-11 is a novel CDK7i and has a potent antitumor activity in TNBC. These findings support the potential of ZJC-11 in the clinical development of TNBC, providing a new option and theoretical basis for targeting CDK7 for the treatment of TNBC.
