Caspofungin: The first echinocandin drug

Summary
Caspofungin is the first echinocandin drug approved for use clinically to treat infections caused by the pathogenic yeast species Candida and Aspergillus. It works by inhibiting the synthesis of glucan, an essential component of fungal cell walls. This causes cell lysis and results in cell death. However yeast cells have developed adaptations to the wide range of stresses they encounter during growth. These include adaptations to osmotic and oxidative stresses in the form of 2 defence pathways. These pathways are known as the Cap pathway and the Hog pathway. Cap1p and Hog1p are transcriptional regulatory proteins, which, upon exposure to oxidative stress get phosphorylated and translocated into the nucleus of the yeast cells. Once in the nucleus they control a range of genes and tolerate oxidative stress by activating multiple metabolic pathways to produce different enzymes. It was speculated that activation of these defence pathways may influence how yeast cells subsequently respond to Caspofungin.

The nuclear protein content of C.Albicans after exposure to Caspofungin and hydrogen peroxide (as a positive control) were analysed by SDS PAGE and Western blot. The results indicated that both H2O2 and Caspofungin induce translocation of Cap1p and Hog1p into the nucleus of C.Albicans cells. This can be verified by confocal microscopy. RT PCR analysis was then performed on the cells and the results demonstrated that upon exposure to Caspofungin there was an increase in the activation of genes known to detoxify the cell during periods of oxidative stress. Enzymatic activity of the detoxifying enzymes Superoxide Dismutase, Glutathione Reductase and Catalase within the cells was measured. At all time points tested it was evident that Caspofungin caused an increase in enzymatic activity compared to the control. C.Albicans cells were also treated with Hydrogen Peroxidase, exposed to Caspofungin for 24h and the growth was measured spectrophotometrically. This showed a 3 fold increase in growth of hydrogen peroxide treated cells compared to untreated cells.

This paper sought to establish whether the activation of Cap and Hog pathways would alter the effect of subsequent Caspofungin exposure on C.Albicans cells. It has demonstrated that pre-treatment of cells to Hydrogen Peroxide, a well established activator of the Cap Pathway, led to an increase in growth in the presence of Caspofungin and increased cell tolerance to the drug. The oxidative stress from hydrogen peroxide may prime cells to Caspofungin exposure thus reducing the effectiveness of the drug.

This has important clinical implications because it also reduces the effectiveness of phagocytic immune cells such as neutrophils, which kill by inflicting oxidative stress on cells.
