Anticancer activity of thiourea derivatives via EGFR and efflux pumps inhibition
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Introduction. One of the proteins being overexpressed in various tumors and facilitate their growth and proliferation is the epidermal growth factor receptor (EGFR). There are several compounds being investigated to target EGFR and thus affecting tumor growth with thiourea derivatives considered as promising compounds.
Aims. The aims of our study are to synthesize novel thiourea derivatives along with in silico and in vitro studies to evaluate their ability to target EGFR and affecting tumor growth and proliferation.
Methods. Thiourea derivatives were synthesized using the well-established nucleophilic addition pathway between primary amines and carbon disulfide. Virtual screening of the synthesized compounds was carried out with AutoDock Vina 1.2.3 software on 4 members of the EGFR family (HER1, HER2, HER3, and HER4). Resazurin fluorometric analysis was performed to evaluate the anticancer activity of the compounds as single agents and in combination with doxorubicin (DOX) on lung cancer cell line (H69). Fibroblasts were also used to evaluate their selectivity towards cancer cells. JC-1 assay was performed to evaluate the induction of apoptosis by the cytotoxic compounds.
Results. High binding affinity was observed for Compound 1 on HER1 and HER2 with lowest energy binding of -9.6 and -10.9 kcal/mol, respectively. The IC50 for Compound 1 was 4.00±0.53 (n = 3) µM on H69 cells, which was the highest activity among all synthesized compounds with selectivity index greater than 25. Combining DOX with Compound 1 further decreased the IC50 value for Compound 1 to 2.00±0.32 (n = 3) µM on H69 cells. Similarly, DOX’s IC50 value decreased to 0.3±0.1 (n = 3) µM from 0.6±0.1 (n = 3) µM when combined with Compound 1 on H69 cells. Combination index value of 1.0 was obtained following the combination of Compound 1 with DOX on H69 cells. Virtual screening has shown a high binding affinity to the efflux pumps expressed in H69 cells, namely: ABCC1 and RALPB1, which are known contributors for DOX resistance. The combination between Compound 1 and DOX resulted in a significant (P<0.0001) increase in the green fluorescence of the monomer dye following the loss of mitochondrial membrane potential, although a significant decrease was observed with Compound 1 alone.
Discussion. Compound 1 has the highest cytotoxic activity among all synthesized compounds against H69 cells, which express EGFR. Enhanced cytotoxic activity was observed following the combination of DOX. An additive activity was observed on H69 cells with the combination of Compound 1 and DOX. Cytotoxic activity of Compound 1 may be driven, in part, via non-mitochondrial apoptotic pathway and EGFR inhibition. In addition, Compound 1 may inhibit the activity of DOX’s efflux pumps, thus enhancing the entry of DOX and its cytotoxicity. Compound 1 may be further investigated on different cancer cells expressing EGFR and efflux pumps variably to further evaluate the mechanism(s) of cytotoxicity.
