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Induced pluripotent stem (iPS) cells hold the potential to drastically improve cell-based therapies in the near 
future.  Yet, in order for stem cell therapies to become clinically feasible, these cells must be generated in 
sufficient quantity and quality. Rapidly proliferating cells, including cancer and iPS cells, consume glucose and 
secrete lactate at high rates, even in the presence of sufficient oxygen; this process is called the Warburg effect 
(Vander Heiden, Cantley, Thompson 2009; Varum et al. 2011; WARBURG 1956) .  In cancer cell metabolism, 
lactate accumulation is associated with cancer stem cell-like gene expression, drug-resistance, metastasis, and 
poor prognosis (Martinez-Outschoorn et al. 2011) .  Yet, there remains an incomplete understanding of the role 
of lactate in stem cell metabolism and pluripotency.  The objective of this study was to determine the impact of 
lactate on stem cell metabolism and pluripotency.  Metabolic responses to high and low extracellular lactate 
concentrations were examined in iPS K3 cells, where these responses included metabolic activity and 
pluripotency.  Specifically, the respective extracellular consumption and production fluxes for glucose, lactate, 
and amino acids were determined.  Growth rates were controlled to not be different between the high and low 
lactate cultures, which facilitated normalization of the extracellular fluxes.  The high extracellular lactate 
concentrations resulted in a shift in cell metabolism, including a slight decrease in lactate production and 
glucose consumption fluxes.  The high extracellular lactate concentrations also caused significant decreases in 
pyruvate and glutamine consumption fluxes.  These altered fluxes due to the high extracellular lactate 
concentrations suggest decreased metabolic activity through the tricarboxylic acid (TCA) cycle and oxidative 
phosphorylation.  Consequently, it is likely that under high extracellular lactate the mitochondrial activity is also 
lower, a metabolic characteristic of pluripotent stem cells (Folmes et al. 2011) .  The impact of high extracellular 
lactate on iPS cell metabolism and pluripotency will be discussed.  The implications of these findings towards 
understanding iPS cell metabolism and designing large-scale cell culture conditions to limit lactate accumulation 
will be discussed. 
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