ABSTRACT

Glyoxalase 1 (Glo1) is part of the cytosolic glyoxalase system of cells that catalyses the glutathione (GSH)-dependent metabolism of reactive dicarbonyl metabolite methylglyoxal (MG) and thereby suppresses MG modification of protein and DNA to low, tolerable levels. Glo1 converts MG to S-D-lactoylglutathione (SLG) and glyoxalase 2 (Glo2) catalyses the hydrolysis of SLG to GSH and D-lactate. Potential alternative routes of MG metabolism are by MG reductase and MG dehydrogenase. Overexpression of Glo1 produces anti-cancer drug resistance in human tumour cells lines and human tumour cells in primary culture. High expression of Glo1 is also a negative survival factor in clinical cancer treatment. Glo1 overexpression may be caused by GLO1 gene amplification and elevated transcriptional activity of Nrf2 via antioxidant response element (ARE)-linked up-regulation of Glo1 transcription. Glo1 may be a contributing factor and marker for both innate and acquired multi-drug resistance (MDR) in clinical cancer therapy.
AIM OF THE PHD STUDIES To characterise the level of MDR to clinical anticancer drugs by Glo1 overexpression in a model human tumour cell line in vitro and investigate the mechanism of MDR for drugs where it is most marked. We hypothesise that the cytotoxicity of anticancer drugs is mediated, in part, by inducing increase of MG to cytotoxic levels. This may be achieved by drug-induced increased MG formation and/or decreased MG metabolism; the latter achieved by drug-induced direct or indirect inhibition of Glo1. 
METHODS HEK293 cells were stably transfected with pIRES2-EGFP-GLO1 plasmid and empty vector as control. The effect of anticancer drugs on growth and toxicity of HEK293 cells in three conditions (wild-type, pIRES2-EGFP-GLOI plasmid and empty vector) was studied in vitro and median growth inhibitory concentration (GC50) values determined. The effect of Glo1 inhibitor of anticancer drug potency was also studied. Glo1 activity and protein was assessed. The glyoxalase system and dicarbonyl metabolism were characterised by measuring cellular activities of Glo1, Glo2, MG reductase and MG dehydrogenase. The flux of formation of D-lactate – a surrogate indicator of flux of MG formation, glucose consumption and net L-Lactate formation were measured in HEK293 cells cultures by end-point enzymatic assays. GSH, oxidised glutathione (GSSG) and SLG was measured by stable isotopic dilution analysis LC-MS/MS. 
RESULTS Activities of Glo1 and Glo2 were present in HEK293 cells in vitro. MG reductase and MG dehydrogenase activities were very low and undetectable, indicating that Glo1 is the major fate for MG metabolism in HEK 293 cells. Stable transfectant cells overexpressing Glo1 had 4 – 9 fold increase in Glo1 activity, compared to empty vector transfectant controls over the 10 passages studied.  Doxorubicin, mitomycin C, paclitaxel, mechlorethamine and methotrexate had the highest resistance conferred by Glo1 overexpression in HEK293 cells. The level of MDR were 16-fold, 15-fold, 8-fold, 7-fold and 7-fold, respectively. The cell permeable Glo1 inhibitor, S-p-bromobenzylglutathione cyclopentyl diester (BBGCp2), potentiated the cytotoxicity of the anti-cancer drugs. There was an increase in the flux of formation of D-Lactate and L-Lactate and D-glucose metabolism in HEK293 cells treated with mechlorethamine, doxorubicin, paclitaxel and methotrexate, compared to control untreated cells. However, there was a decrease in D-Lactate formation in cells treated with mitomycin C but increased in net formation of L-lactate.
CONCLUSION Glo1 is the major enzyme activity of MG metabolism in HEK293 cells in vitro. Anticancer drugs suffer Glo1-linked MDR in vitro, implicating increase of MG to cytotoxic levels in the mechanism of action. In most cases, MG is increased by drug-induced increased glycolysis and increased flux of MG formation. Anticancer drugs were not direct inhibitors of Glo1; indirect inhibition of Glo1 by GSH conjugates of mechlorethamine and mitomycin C is being explored. Further studies include the effect of siRNA Glo1 silencing on anticancer drug potency, measurement of cellular MG with drug treatment and study of the effect of hypoxia on potency of anticancer activity of Glo1 siRNA and cell permeable Glo1 inhibitor where flux of MG formation is likely further increased by elevated anaerobic glycolysis.
