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Background:  
Since the 1970’s vitamin C has been investigated as a possible treatment for cancer, however, 
conflicting results lead to uncertainty in the field. Recently Dr Caroline Kuiper from the University of 
Otago, Christchurch, performed a study looking at fifty colorectal cancer patients and examined the 
levels of vitamin C present in their tumours. She found that tumours that had a high level of vitamin C 
had a significantly longer disease free survival. She also looked at the level of vitamin C present in 
normal tissue of the same patients. The level of vitamin C present in the adjacent normal tissue had no 
correlation with the levels detected in the patient’s tumour tissue. This suggests that the level of vitamin 
C in the body does not necessarily determine the amount of vitamin C in the tumour. It is important, 
therefore, to find out what factors of a patient’s tumour cause it to accumulate vitamin C.  
 
The first factor to consider is CD-31, which is a marker for the endothelial cells of blood vessels. The 
degree of vascularisation will govern blood flow, and vitamin C delivery, in tumour tissue. This is 
possibly the most important stain as most tumours have notoriously poor vascularity. The second group 
of markers to study were the sodium vitamin C transporters 1 & 2 (SVCT-1 and SVCT-2), which are 
thought to be the main route of vitamin C transport into the cell. These transporters are poorly 
understood and may be sensitive to the tumour environment. The last factor is glucose transporter 1 
(GLUT-1), which also doubles as a transporter for an alternative form of vitamin C. Although this 
transporter is thought to only take up a small proportion of vitamin C in normal conditions, it has been 
proposed to play a much greater role in tumour cell transport. 
 
Aims:  
The aim of this studentship was to develop and optimise an immunohistochemistry staining protocol for 
the main factors which are thought to influence vitamin C accumulation into tumour tissue. These 
antibodies detect tumour blood vessels (CD-31) and factors that transport vitamin C into cells (SVCT1, 
SVCT2 and GLUT-1).  
 
Methods:  
The tissue samples used for this study were obtained from the same patients used by Kuiper et al in 
her analysis. Fifty paraffin embedded tissue blocks were acquired from the Cancer Society Tissue Bank 
Christchurch (CSTBC) and sequential sections prepared. Using immunohistochemistry, we stained for 
four key markers in vitamin C delivery to the tumour (CD-31, SVCT-1/2, GLUT-1). Colorectal patients 
were followed up with the aid of the CSTBC to determine the number of days patients remained alive 
and disease free since surgery until January 2014. 
 
Results:  
The antibody for CD-31 showed highly specific staining and, following confirmation from a specialist 
anatomical pathologist (Dr Martin Whitehead, CDHB), has been applied to all colorectal samples. The 
staining in colorectal tumour samples was quantified by microscopy for density of blood vessels (tumour 
vascularity). The degree of vascularity was compared against survival (updated from previous data 
collection in 2012) and previously recorded vitamin C levels in tumours, but our initial observation 
showed no clear relationship. The SVCT1 and SVCT2 antibodies showed staining during optimisation 



in control tissues, and a robust protocol was established. Colorectal tumour samples were stained for 
both transporters, but detailed quantification is still to be done. SVCT1 and SVCT2 staining showed 
strong focal and weak diffuse staining, respectively, and early analysis indicates a decrease in SVCT 
staining in cancer tissue compared to surrounding normal tissue. The GLUT-1 antibody did not show 
specific staining in control tissues and further work on the protocol is required before use in the 
colorectal samples. 
 
Conclusions:  
Previous data showed that the tumour levels of vitamin C in 50 patients with colorectal cancer are 
associated with improved patient survival (Kuiper et al). With the work undertaken in this studentship 
we can start to understand some of the reasons why tumour levels of vitamin C differed between 
individuals. This is vital in order to design future clinical trials to increase vitamin C levels in tumours, 
and subsequently, to improve patient outcome.  


