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Targeting the Mitochondria as  a Therapy in 

Cancer: But not all cancers are the same 
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Results 

Figure : U87MG matrigel spheroids treated with DCA after 24hours. Scale bar 

represents 1000µm. 

Figure 1:Measurements of oxygen consumption rate 

(OCR) and the extracellular acidification rate (ECAR) 

for RD, RH30 and U87MG cells in 2D suspension 

(A) and 3D spheroids (B). The bioenergetic profile 

changes in the RH30 cells when cultured as 

spheroids. 
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1. Defining the metabolic phenotype of rhabdomyosarcoma and 

glioma cell lines in 2D and 3D 

Figure 6: Intracellular oxygen levels in 

oxidative cell lines  (RD and new 

U87MG) are lower than ambient oxygen 

concentration 

2. Optimisation of a novel method for measuring intracellular 

oxygen concentrations 

3. In 2D culture DCA does not induce cell death and its ability to 

increase respiration is dependent on the concentration of glucose 

Cellular bioenergetic analyses have, in the past, been 

labour intensive and low throughput. Luxcel bioscience  

have developed pH-Xtra and MitoXpress-Xtra probes 

that allow for a more rapid high-throughout assessment 

of cellular bioenergetics. These probes were used to 

measure oxygen consumption and extracellular 

acidification  in cells cultured in 2D and 3D systems.  
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4. DCA demonstrates a greater anticancer potential in a 3D model 

Luxcel Bioscience have recently developed another oxygen sensitive probe that is capable of monitoring 

intracellular oxygen. It allows for the determination of the percentage oxygen within the cell 

monolayer/spheroid. Real time measurements can be recorded in a plate reader in a non-invasive and high 

throughput manner.  The nanoprobe is taken up by the cells through endocytosis and probe 

phosphorescence is quenched by molecular oxygen. Measurement of the phosphorescent lifetime of the 

Mitoxpress-Intra probe allows for the determination of the basal oxygen concentration within the cell 

monolayer.   
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Figure 2: RH30, U87MG and M059K 

cells cultured in 2D  in 1mM pyruvate  

have significantly enhanced  oxygen 

consumption rates demonstrating a 

higher aerobic reserve than RD cells.  

Figure 3: Mitochondrial substrates 

can have a significant effect on the 

OCR of spheroids.  Results are 

normalised to 1mm3 spheroid 

volume. 
  

Figure 4:Kinetic trace of the 

intracellular probe showing the  

response of a non respiring cell 

monolayer to decreasing atmospheric 

oxygen concentration.   

Figure 5: Calibration curve for the 

intracellular probe plotting lifetime values 

against % ambient oxygen. Complete de-

oxygenation was achieved using glucose 

oxidase. 

Figure 7:DCA had no 

deleterious effects on the 

viability of U87MG cells 

grown as a 2D monolayer 

Figure 8: DCA had no significant 

effect on the oxygen consumption 

rates of U87MG cells cultured in 

2D in high glucose (20mM).  

When glucose concentration in 

the media was reduced to more 

physiological concentrations a 

dose dependent response to DCA 

treatment was seen suggesting 

that high glucose was masking its 

effects.  

Figure  9:DCA  appears to have a greater impact on the 

glycolytic cells.  
 

Figure 10:  A dose dependent increase in % Annexin positive 

cells is apparent looking at Q4 quadrant of the dot plots A (1mM), 

B (5mM) and C (20mM). D clearly shows a dose dependent 

increase in death and apoptosis up to 10mM DCA.  

D 

Figure 11: Increasing doses of DCA in U87MG spheroids led to lower 

intracellular levels of oxygen as a result of enhanced oxygen consumption (A). 

Spheroid volume decreased as concentration of DCA increased (B).  C shows 

images of the DCA treated U87MG spheroids, scale bars represent 1000µm. 
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1) Metabolic phenotype  of cancer lines tested varied greatly between lines  

2) Metabolic phenotype of a cell line can change when cultured in 3D 

3) Intracellular oxygen probe is a robust and informative means of assessing mitochondrial function in   2D  

4) DCA has limited efficacy in 2D in the cell lines tested. It can increase oxygen consumption provided the cells are cultured in 

physiological glucose concentrations however, it does not induce cell death 

5) DCA increased cell death and apoptosis in the glycolytic U87MG spheroids 

Key Findings 

Introduction  

Aerobic glycolysis is often associated with malignant transformation whereby glucose is converted to 

lactate despite the presence of oxygen. This shift in metabolism is known as the Warburg effect. Normal 

cells rely on oxidative phosphorylation for the generation of ATP and this bioenergetic difference 

between cancer and normal differentiated cells is being exploited as a potential cancer selective 

therapeutic approach.  

 

Metabolic “targeting” by small molecule drugs that inhibit key metabolic steps used by tumours should 

result in minimal toxicity to surrounding healthy tissues.  One such small molecule drug is 

dichloroacetate (DCA). A study published in 2010 by Michelakis et al demonstrated that DCA may have 

potential as an anticancer agent against glioblastoma multiforme (GBM). DCA works by increasing 

pyruvate uptake in tumour mitochondria. It inhibits pyruvate dehydrogenase kinase (PDK). This 

inhibition allows pyruvate to be transported into the mitochondria and away from glycolysis.  

  

DCA  

The response of spheroids to 5 and 20mM DCA 

varied significantly between the three cell lines 

tested: 

• RD spheroids look unaffected 

• RH30 spheroids were smaller at the 20mM 

dose compared to the untreated control 

• U87MG spheroids were swollen at 5mM DCA 

and fragmented at 20mM.  

The effect of DCA on the viability of U87MG 

spheroids was assessed using FACS. Spheroids were 

dissociated and stained with PI and Annexin V.  

Mechanism of Action 


