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Modification of the tumour microenvironment using ascorbate and 
exercise 

The tumour microenvironment is a major contributor to cancer progression and treatment failure in solid 
cancers. Solid tumours have abnormal vasculature that impairs effective oxygen transport, leading to hypoxia, 
and defective drug delivery. Hypoxia initiates the activation of hypoxia-inducible factor 1 (HIF-1), a stress-
response transcription factor involved in cancer progression and treatment resistance.  

This project will investigate two different non-invasive methods to reduce tumour hypoxia and HIF-1, namely 
physical activity and vitamin C (ascorbate). 

There is strong evidence that physical activity is associated with reduced risk of breast cancer, although the 
amount of risk reduction achieved through exercise varies. In animal models, evidence for and against an 
improvement in tumour progression with exercise has been reported. Exercise may directly modulate tumour 
physiology, and improve intra-tumoral perfusion, vascularization and hypoxia. 

Hypothesis 1: That exercise increases perfusion and reduces hypoxia in orthotopic mammary tumours in mice. 

Our studies of human tumour samples from patients with endometrial cancer (Kuiper 2010) and colorectal 
cancer (Kuiper, 2014) have shown intriguing associations between low tumour levels of ascorbate with a more 
aggressive and hypoxia-related tumour phenotype, and shorter disease-free survival.  

Our investigations in a relevant mouse model (Gulo-/- mice can’t synthesize ascorbate similar to humans) have 
shown that continuous supply of optimal dietary ascorbate reduced tumour initiation and growth, and 
dampened the HIF-1 response, compared to mice supplied with adequate ascorbate (Campbell 2015).  

Hypothesis 2: That increasing dietary ascorbate after tumour initiation reduces HIF-1, hypoxia and tumour 
growth in Gulo-/- mice. 

Experimental outline and methods: Mice will be implanted with mouse mammary cancer cells (EO771) and 
grown to small tumours to produce breast cancer models. To investigate exercise, mice will be provided with a 
mouse wheel to allow graded voluntary wheel-running. To investigate dietary ascorbate, adequate ascorbate in 
the drinking water will be changed to optimal ascorbate in Gulo-/- mice. The combination of both exercise and 
ascorbate will also be investigated. Tumour growth will be monitored using callipers. Perfusion will be measured 
using Hoechst 33342, hypoxia using pimonidazole, ascorbate using HPLC, HIF-1 levels and downstream proteins 
by Western blotting or ELISA, and immune-infiltrate by immunohistochemistry. 

This study will develop a mouse exercise model, investigate ascorbate in a breast cancer model and provide 
valuable data to the ongoing debate of adjunct cancer therapies.  

The student will learn a wide range of biochemical, in vitro and in vivo techniques in a supportive research 
environment. 

 
Indicate preferred student expertise: We are looking for a bright, enthusiastic student to join a multidisciplinary 
cancer research group. The ideal candidate will be meticulous and hardworking (some weekend work will be 
involved), and willing to perform ethically approved in vivo experiments under supervision. 
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