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Cancer is one of the leading causes of deaths in the world. Certainly from 
my research I have quickly come to comprehend the sheer complexity of 
cancer; not only is every type of cancer different, but every patient responds 
differently to chemo and/or radiotherapy.

One common theme shared amongst different cancer types is metabolic 
dysregulation. Compared to normal cells, cancer cells often produce energy 
inefficiently without using oxygen (a process known as glycolysis) and this 
is thought to give them a survival advantage and make them resistant to 
therapy. One proposal to explain this is that, despite using a less efficient 
energetic pathway, glycolysis provides the key carbon precursors required 
for rapid cell growth and makes the cells less oxidative (i.e. low oxygen 
availability results in chemical species being more likely to accept electrons). 
Being less oxidative may protect the cancer cell from death. 

The reasoning for this metabolic shift still remains elusive, therefore the hows 
and whys of this devastating disease need to be addressed.

Cancers are different - not only between cancers  
of different organs, but also between cancers within 
a particular organ. As well as this, different patients 
respond differently to chemo- and/or radiotherapy, 
making tailor made therapies desirable. My research 
has provided a greater understanding of metabolites 
present and how these change under perturbed 
conditions, simulating cancer cell environments 
which cause cells to undergo glycolysis, and are 
associated with cell malignancy. From the data, I have 
identified potential biomarkers of the disease for 
drug development. The challenge of deviating away 
from the “one size fits all” approach to personalised 
medicine is lessening as spectroscopic techniques 
are enabling the prediction of treatment efficacy and 
possible side-effects for different patients as we are 
able to monitor the metabolites present. 

I am a PhD student at the University of Edinburgh’s 
School of Chemistry. Following on from my PhD 
research in the life sciences area, and a year’s 
placement I had with AstraZeneca in 2012, I hope 
to pursue a career in pharmaceuticals. When I’m 
not slaving in the lab, I also get involved in science 
public engagement and writing for the university’s 
science magazine. I strongly encourage others 
to engage in activities like these as it gives you 
brilliant practice at educating people of all age 
groups, a skill that employers find attractive.

Hannah started her PhD project entitled “Systems redox biology analysis of a novel family of naturally-derived anti-oxidants/
anti-inflammatories” in 2013 and while principally based at the University of Edinburgh, supervised by Dr Colin Campbell, 
she is also working closely with Smith and Nephew.

The combination of NMR, MS and SERS allowed me to get a chemical 
snapshot of the cell, providing information on what metabolites 
are present and in what quantities. This let me monitor the cellular 
dynamics and how they are perturbed under a particular set of 
conditions. The organic and aqueous metabolic profiles are very 
different as the oxygen concentration changes (see Figures 2 and 3).

We are interested in the link between metabolic 
dysregulation and the cellular environment. My 
project is all about measuring how oxidative a cell 
is and correlating that to the cell’s metabolism. By 
doing this, I hope to understand how the amount 
of oxygen in a tumour (which is known to differ 
from that in normal cells) controls how cancer 
cells make energy and how they evade therapy. 
An understanding of how metabolic pathways are 
reprogrammed and controlled in response to how 
much oxygen is in their environment may enlighten 
new strategies in the treatment of cancer. We hope 
to deviate away from the “one-size fits all” approach 
of cancer treatment to personalised medicine.

We’re using techniques called 
Nuclear Magnetic Resonance 
(NMR) and Mass Spectrometry (MS) 
to measure the concentrations of 
metabolites in cells that have been 
grown in the lab at different oxygen 
concentrations to simulate tumour 
cell environments. Measuring 
these cellular metabolites will 
give us an idea of how the cells 
are making energy and how this 
changes in response to oxygen. 
We will correlate the metabolic 
information with measurements 
on how oxidative the cell is 
using surface enhanced Raman 
spectroscopy (SERS) (see Figure 1).
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Figure 1 is a systematic diagram of how SERS works. Nanoparticles (top left) 
with a compound, whose ability to accept or give up electrons is oxygen 
dependent (i.e. a redox-active compound) (R), attached to it are taken up by 
cells (top right) and a laser is applied. Depending on the cellular environment, 
the redox-active compound vibrates differently to give a unique spectrum.

Figure 2 A comparison of how the metabolite profile of 
the organic phase of cells grown under different oxygen 
concentrations (1%, 2%, 3%, 4% and 21%, from top to bottom) 
dramatically changes. The peaks represent the various 
metabolites.

Figure 3 NMR spectra showing the metabolite profile of the aqueous phase of cells grown under 
different oxygen concentrations (red: 1%; blue: 21%). The peaks represent the various metabolites.


