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Background: Most cancer cells produce energy by increasing 

aerobic glycolysis even in the presence of oxygen. This phenomenon 

is often referred as the Warburg effect [1]. Dichloroacetate (DCA) was 

observed to reverse the Warburg effect by inhibiting pyruvate 

dehydrogenase kinase and indirectly activating the gate-keeping 

enzyme pyruvate dehydrogenase. DCA shifts aerobic glycolysis 

towards mitochondrial glucose oxidation in cancer cells thus forcing 

them to attain apoptosis [2]. Metformin (Met), a widely used oral anti-

diabetic agent, has been shown to have a strong anti-proliferative 

effect in many tumor cell lines. 

Objectives: The aim of this study was to investigate the anticancer 

effect of DCA and Met in breast cancer in vitro. We hypothesized that 

these two agents could synergistically potentiate cytotoxic effects and 

induce cancer cell apoptosis. 

Methods: MCF-7, MDA-MB-231 and MDA-MB-468 breast cancer cell 

lines were treated with different DCA and Met concentrations (1 mM, 

5 mM, 10 mM and 20 mM) or their combinations. Cells were exposed 

to drugs for 24, 48 and 72 hours. Annexin V / PI-stained cells  

were analysed by flow cytometry. Flow-cytometry results were con-

firmed by viewing the cells under fluorescence microscope. The cell -

growth-inhibitory effect of DCA, metformin and DCA–metformin was 

assessed by various cell viability assays. 

Results: Dichloroacetate and metformin effectively sensitized breast 

cancer cell lines to apoptosis. The highest apoptotic cell rate was 

observed in MCF-7 breast cancer cell line after 24 hours of 20 mM of 

drug exposure. 

Conclusions: This study demonstrates that targeting two key meta-

bolic hallmarks of cancer is an effective anti-cancer strategy with 

therapeutic potential. 

Acknowledgements: This research is part of a PhD project and is 

supported by funding of the Lithuanian University of Health Sciences. 

Keywords: dichloroacetate – metformin – breast cancer – Warburg effect 

References 

1. Ngo H, Tortorella SM, Ververis K, Karagiannis TC: The Warburg 

effect: molecular aspects and therapeutic possibilities. Mol Biol 

Rep, 2015; 42(4):825–834. doi:10.1007/s11033-014-3764-7 

2. Bonnet S, Archer SL, Allalunis-Turner J, Haromy A, Beaulieu C, 

Thompson R, Lee CT, Lopaschuk GD, Puttagunta L, Bonnet S, Harry 

G, Hashimoto K, Porter CJ, Andrade MA, Thebaud B, Michelakis ED: 

A mitochondria-K+ channel axis is suppressed in cancer and its 

normalization promotes apoptosis and inhibits cancer growth. 

Cancer Cell, 2007; 11(1):37–51. doi:10.1016/j.ccr.2006.10.020 

 

________________________________ 

*Corresponding author: Laura Martinkute, Institute of Physiology and 

Pharmacology, Lithuanian University of Health Sciences, Zemales 29-3, 

LT 48269 Kaunas, Lithuania. E-mail: martinkutelaura@gmail.com 

http://doi.org/10.25006/IA.5.S2-A2.19
http://doi.org/10.1007/s11033-014-3764-7
http://doi.org/10.1016/j.ccr.2006.10.020
mailto:martinkutelaura@gmail.com

