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Aim 
This was a pilot study to determine if the gene 
expression message (mRNA) of antioxidant molecules 
in blood cells is reduced in breast cancer compared to 
patients who did not have cancer, to assess if a 
lowered genetic capacity to resist damage due to 
oxidation could explain why breast cancer might 
occur in people who do not have the already known 
changes in their genes. We investigated the genes 
called GPx1 and GPx4 which contain the nutrient 
selenium and are important in preventing oxidation. 
 
Project Outline/Methodology 
Patients with breast cancer, those with non-
cancerous changes and patients without cancer, were 
recruited from clinics at Aberdeen Royal Infirmary. 
Patients completed food frequency questionnaires 
(FFQ) to determine the role of diet in the antioxidant 
and disease state of the patients. Blood was collected 
at the clinic and transferred to the laboratory for 
analysis. Plasma, red blood cells (RBC) and 
peripheral blood mono-nuclear cells (PBMNC-white 
cells) were prepared. The activity of these enzymes 
in the blood of these patients was measured.  The 
expression of antioxidant genes either at baseline or 
with stimulation, was determined using a technique 
which amplifies the genetic material present. 
 
Key Results 
The activities of the antioxidant molecules in plasma 
and RBC did not differ significantly between groups. 
However, the patients with breast cancer had a lower 
amount of the gene called GPx4 by approximately 
30%, when compared with those who did not have 
cancer. There was also a tendency towards the 
breast cancer patients having a reduction in the other 
gene called GPx1 but more patients will be needed in 
a future study to understand this more. When there 
was a stimulus given to see how this affected how 
these genes worked, then there was an increase in 
the genes in both groups of patients but the absolute 
levels in the cancer patients  were still lower than in 
control patients because they had a lower initial 
baseline value. FFQ analysis did not highlight any 
significant differences in nutrient intakes.  

 
Conclusions 
The basic hypothesis we set out to investigate holds 
true and one element of the cellular capacity to 
prevent oxygen-induced damage (GPx4 gene) is 
reduced in breast cancer patients compared to non-
cancer controls. A reduction of this magnitude (30%) 
could be responsible for an increased susceptibility to 
oxidative damage to the cell, particularly its DNA, 
leading to increased likelihood of genetic mutations 
and increased cancer risk. GPx4 is vital for protecting 
cell membranes from damage. 
 
What does this study add to the field? 
It shows that a reduced level of antioxidant 
molecules occurs in cells from cancer patients 
without any other increase in genetic risk of 
developing the disease.This is a hitherto unknown 
causal factor for increased breast cancer 
susceptibility in the Scottish population and offers an 
explanation for the circa 80% of patients without 
known genetic risk markers who develop the disease. 
It also presents a simple and cost effective method 
for screening/diagnosing patients in a small sample 
of blood. 
Implications for Practice or Policy 
The knowledge obtained should allow a rapid transfer 
to common practice and policy relating to screening 
in cancer prevention and the development of 
intervention therapies, nutritional and/or 
pharmaceutical, to reduce the impairment or its 
effects in the individual patient. This could have far-
reaching implications for cancer prevention and 
treatment that could reduce the financial burden on 
the NHS. 
 
Where to next? 
The results presented are from a pilot study. They 
are potentially very important but need to be 
confirmed in a larger, more detailed full proposal 
which we hope CSO will support. In such a proposal 
we would increase patient numbers and  
investigate the cellular antioxidant defence 
systems in patients and controls in much 
greater detail. 
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