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ABOUT THE 
COMPETITION
Now in its second year, the Access to Understanding science-writing competition 
challenges PhD students and early career post-doctoral researchers to summarise 
cutting-edge life sciences or biomedical research in plain English. This competition was 
born from the vision of making published, scientific research truly accessible to all.

Each year billions of pounds of public money is spent on 
scientific research. While online, open access to current research 
is becoming increasingly more widespread, many scientific 
findings are currently only accessible to a niche audience due 
to the use of highly technical language. A crucial component in 
making scientific knowledge truly accessible is communicating it 
in a way that is understandable to non-specialists.

The competition seeks to raise awareness amongst researchers 
of the increasing importance to the general public of being able 
to access and understand innovative research. Entrants were 
particularly inspired by this opportunity to hone their science 
communication skills.

Making science easy to understand
We asked entrants to write a summary of a research article 
so that an interested member of the public would understand. 
Entrants were required to explain the research and why it 
matters in no more than 800 words. Ten articles, published 
in 2013, were specially selected by Europe PubMed Central 
(Europe PMC) funders for inclusion in the competition. 
Research topics spanned basic to clinical to cognitive science 
and highlighted several major diseases. The articles are all freely 
available via Europe PMC, to read and download, and were 
research projects funded by one or more of the Europe PMC 
funders.

Our judges selected the ten shortlisted entries printed in this 
booklet. The top three entries will be awarded prizes this 
evening and the winning entry will be published in eLife - an 
open-access journal for outstanding research in life sciences 
and biomedicine.

Find out more at http://EuropePMC.org/
ScienceWritingCompetition

People’s Choice award
A new component to this year’s competition is the People’s 
Choice award. Over the course of one month we invited people 
to read the shortlisted articles and vote for any they liked. This 
was an invaluable opportunity for us to give these excellent 
entries more public exposure and give our targeted audience 
(the non-scientist community) the chance to tell us what they 
thought and how successfully the science was communicated. 
We are delighted to present this prize this evening.

Find out more at http://a2ucomp.org/

The Access to Understanding competition is a partnership 
between Europe PMC and The British Library’s Science Team. 
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ABOUT EUROPE 
PUBMED CENTRAL
Europe PubMed Central (Europe PMC) is a free life sciences and biomedical 
information resource. It is backed by a growing number of European research funders, 
who expect their supported researchers to make their published research available to 
the widest possible audience via Europe PMC. It enables anyone with internet access 
the ability to search and discover over 28 million abstracts and full text articles from 
around the world.

Using Europe PMC you get free access to: 

• nearly 3 million full text, peer-reviewed published 
journal articles  

• all the PubMed abstracts (over 23 million article records)

• over 4 million biological and medical patents records 

• details of nearly 50,000 grants awarded to nearly 
25,000 researchers 

Europe PMC also connects you to research databases and 
additional free resources relevant to the articles – including the 
plain English summaries written for Access to Understanding. 

To access Europe PMC visit http://EuropePMC.org

Why is Europe PMC involved?
Access to, and understanding of cutting-edge developments 
in science by the public is increasingly recognised as bringing 
a valuable and insightful contribution to the advancement 
of science.

Some of our core users are patients who are seeking 
information relevant to their condition. While Europe PMC is a 
comprehensive source of original research findings, the Europe 
PMC Funders recognise that more can be done to make 
these advances in scientific understanding more accessible to 
our users.

One step in bridging the gap between providing access and 
enabling understanding would be to provide an easy-to-
understand summary with every research article published. 
This is the inspiration for Access to Understanding.

For the Europe PMC Funders, Access to Understanding engages 
the public with research done by some of their best scientists. It 
also encourages early career scientists to develop the necessary 
skills to explain complicated science to a wider audience.

For more information please contact the Europe PMC 
Engagement Manager, at Engagement@EuropePMC.org

The Europe PMC Funders
• Action on Hearing Loss

• Arthritis Research UK

• Association for 
International Cancer 
Research

• Austrian Science Fund

• Biotechnology and 
Biological Sciences 
Research Council

• Breakthrough Breast 
Cancer

• Breast Cancer Campaign

• British Heart Foundation

• Cancer Research UK

• Chief Scientist Office of 
the Scottish Executive

• Diabetes UK

• Dunhill Medical Trust

• European Research 
Council

• Marie Curie Cancer Care

• Medical Research 
Council

• Motor Neurone Disease 
Association

• Multiple Sclerosis 
Society

• Myrovlytis Trust

• National Institute for 
Health Research

• Parkinson’s UK

• Prostate Cancer UK

• Telethon Italy

• Wellcome Trust

• Yorkshire Cancer 
Research

The partner organizations who deliver and develop Europe 
PMC are the European Bioinformatics Institute, the 
University of Manchester, and The British Library.
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ABOUT THE 
LIBRARY
The British Library is the national library of the United Kingdom and one of the world’s 
greatest research libraries. The Library’s collection exceeds 150 million separate 
items and includes books, journals, manuscripts, maps, patents, newspapers, 
television, radio and sound recordings in all written and spoken languages, as well as 
a staggering amount of digital information, including around 5 million UK webpages, 
blogs, and other e-resources.

From ground-breaking information access and discovery tools, 
to exciting events and exhibitions, the Science Team aims 
to support and inspire scientific enquiry. Our online services 
enable discovery and access to scientific research information 
of all types - as diverse as research datasets, PhD theses, and 
sound recordings of famous British scientists.

Find out more at www.bl.uk/science

Why is The British Library involved?
The Library has helped to deliver Europe PubMed Central since 
its inception in 2006 and is very pleased to be working with our 
partners to continue to support Access to Understanding. 

At a time when the move towards open access is accelerating, 
and recognition is growing amongst the scientific research 
community of the need to communicate the purpose and 
outcomes of their work to the public, Access to Understanding 
couldn’t be more relevant.

The diversity of research described in these articles 
demonstrates the breadth of work supported through the 
funders of Europe PubMed Central. This competition is about 
encouraging early career scientists to explain the purposes 
of that research in a clear, balanced and engaging way.  It’s 
about bridging the gap between information access and wider 
understanding – a key aim for a national research library.

Beautiful Science
Science is an integral part of the cultural experience of the 
Library, and we develop and host a range of scientific-themed 
events, exhibitions and activities that aim to inform, inspire and 
entertain our diverse audiences.

Tonight’s award ceremony is part of a season of events 
that coincides with our Beautiful Science exhibition, which 
explores how picturing scientific data can provide new 
insight into our lives, our origins and our planet. From classic 
diagrams to contemporary digital displays, Beautiful Science 
shows how visualising data is fundamental to discovery 
and communication. 

Beautiful Science is targeted at a public audience and aims to 
bring to life scientific concepts and issues in an accessible and 
enjoyable way, truly in the spirit of Access to Understanding.

Find out more at www.bl.uk/beautiful-science

www.bl.uk/science
www.bl.uk/beautiful-science
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ABOUT THE 
JUDGES
A rigorous judging process enabled us to assess the core components of an entry: 
was it clear and well written, while retaining scientific accuracy and context? All entries 
were read by at least two people from the Europe PMC Funders and the Science 
Team at The British Library to identify the top entries for each research article. These 
were additionally approved by the corresponding/senior author of the article.

Selection of the winning entries was conducted by our expert panel:

Imran Khan
Imran is Chief Executive of the British 
Science Association, which works to break 
down the barriers between science and 
society. A biology graduate, he has also 
spent time as a science writer, worked 
in the Houses of Parliament, and run 
political campaigns on behalf of science 
and scientists.

Sharmila Nebhrajani
Sharmila is the chair of the Access to 
Understanding judging panel. She is 
Chief Executive of the Association of 
Medical Research Charities (AMRC), a 
membership organisation of the leading 
medical and health research charities 
in the UK. The AMRC aims to support 

the sector’s effectiveness and advance medical research by 
developing best practice, providing information and guidance, 
improving public dialogue about research and science, and 
influencing government.

Peter Rodgers
Peter is Features Editor at eLife, where 
he commissions and edits a range of 
editorial content. He also ensures that 
each research article in the journal has an 
eLife Digest that explains the background 
and central findings of the work to a 
broad readership.

Sharon Douglas
Sharon is Trustee and secretary of SNAC 
(Scottish Network for Arthritis in Children), 
Chairperson of the BSPAR (British 
Society of Paediatric and Adolescent 
Rheumatology) Parent group and member 
of the BSPAR Executive board. She also 
represents families by providing a consumer 

perspective on the NIHR Medicines for Children Research 
Network/ Arthritis Research UK Clinical Studies Group and sits 
on two Research Steering committees. She is interested in 
the importance of consumer involvement for research and the 
perceptions of research from patients and families.

Graham Steel
Graham has been actively involved in 
Patient Advocacy work since 2001. 
He acted as Vice-Chairman for the Human 
BSE Foundation (2001-2005) and then 
as Information Resource Manager for 
the CJD International Support Alliance 
(CJDISA; 2005-2007). More recently, his 

activities have been focused mainly on neurodegenerative 
conditions such as Motor Neurone Disease. He is also involved 
in advocating for Open Access/Science/Data and acts in an 
advisory capacity for the Open Knowledge Foundation and the 
Public Library of Science (PLoS).

Simon Denegri
Simon is Chair of INVOLVE – the national 
advisory group for the promotion and 
support of public involvement in research, 
funded by the National Institute of Health 
Research (NIHR) – and NIHR’s National 
Director for Public Participation and 
Engagement in Research. He also writes 

and speaks on issues concerning medical and health research 
policy and practice.



By Elizabeth Kirkham
University of Sheffield, UK
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brain responded. In order to measure this brain activity, they 
used functional magnetic resonance imaging, often know 
as fMRI. This is a form of brain imaging that allows us to 
see which regions of the brain are involved in which tasks. It 
does this by measuring the amount of oxygen that a specific 
brain region is using relative to other regions. If a region is 
using a lot of oxygen, it suggests that the region is ‘active’, 
that is, it’s involved in carrying out the task.

What did the researchers find?

They found that the putamen responded differently to 
different beat sequences. When there was no beat, the 
putamen wasn’t active. Similarly, when participants heard 
a new beat, the putamen didn’t respond. By contrast, 
when participants heard the same beat twice, the putamen 
was highly active. It was also active, but to a lesser extent, 
when the sequence involved the same beat played at 
different speeds.

These results suggest that the putamen was not responding 
to the presence of a beat per se, but was processing the 
continuation of the beat across the sequence. This supports 
the theory that the putamen is involved in our ability to 
recreate a beat in our minds. 

Why is this important?

Prior to this study, researchers knew that the putamen was 
related to beat processing, but they didn’t know what its 
specific role was. This study showed that the putamen is 
important for the mental generation of a beat. 

In addition to advancing our knowledge of the putamen’s 
role in beat processing, these findings have notable clinical 
implications. People with Parkinson’s disease are capable 
of identifying a beat in a piece of music, but have difficulty 
when it comes to reproducing the beat in their own minds. 
The research shows that this pattern of symptoms could 
be caused by damage to the putamen. Consequently, it 
highlights the necessity of focusing on the putamen as a 
target for future treatment of Parkinson’s disease. 

PEOPLE have little trouble recognising and following the 
beat in a piece of music. We can even continue to play 
the beat in our minds once a song has finished. However, 
despite the ease with which we carry out such a task, 
the brain activity which underpins it remains a topic 
of investigation. 

Finding the beat – why does it matter?

We’re all familiar with the niggling irritation of a song that’s 
stuck in our heads. However, few of us are aware that our 
knack for holding a beat in our thoughts actually makes 
life easier. The capacity to identify patterns in streams of 
sound supports many forms of human behaviour, including 
moving, speaking and listening.  

If the ability to generate this internal rhythm is disrupted, 
such as in Parkinson’s disease, problems begin to arise. 
People with Parkinson’s disease have difficulty with 
psychological tasks, such as holding a beat in their minds, 
as well as with practical tasks, such as walking. The more 
we know about the regions of the brain that are causing 
these difficulties, the more effective we will be in designing 
treatments to combat them. Previous research suggests 
that a set of brain structures known as the basal ganglia are 
involved in identifying and following a beat. 

What are the basal ganglia?

The basal ganglia are a network of brain regions that are 
involved in movement and action. Many of the regions within 
the basal ganglia appear to play a role in the processing of 
rhythm. One such region is the putamen, a round structure 
near the centre of the brain. Studies measuring levels of 
brain activity have found that the putamen is active when a 
person is listening to a beat. However, it is not clear whether 
the putamen is merely identifying the presence of the beat, 
or whether it is actually helping us to recreate that beat in 
our minds. 

How can we tell what the putamen is doing?

Jessica Grahn and James Rowe designed a study which 
allowed them to distinguish between these two possibilities. 
They began their work by creating small snippets of sound. 
Some of the sound-bites contained a beat, while others 
did not. These ‘non beat’ sound-bites involved sounds 
which were not arranged in any rhythmic order. The 
researchers then combined the order of the sound-bites to 
create different sequences. These sequences fell into one 
of four key groups: (1) no beat (sequences with no beat 
present), (2) new beat, (sequences in which participants 
heard a non beat followed by a beat), (3) beat continuation, 
(sequences with two versions of the same beat), and (4) 
beat adjustment, (sequences where the original beat got 
faster or slower). 

The researchers asked the participants to listen to the 
different sequences whilst a scanner measured how their 

THIS ARTICLE DESCRIBES THE RESEARCH PUBLISHED IN:
Finding and feeling the musical beat: Striatal 
dissociations between detection and prediction of 
regularity.

J. A. Grahn and J. B. Rowe

Cerebral Cortex 23(4), 913-921

http://EuropePMC.org/articles/PMC3593578

This article was selected for inclusion in the competition by 
the Medical Research Council. 
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Reforming rheumatoid 
arthritis treatment: a step in 
the right direction
By Elizabeth McAdam
CRUK London Research Institute, UK
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The researchers decided to see if they could find any 
differences in the amounts of certain molecules in the urine 
of rheumatoid arthritis patients who responded well to the 
TNF-alpha inhibitors, compared to the urine of those who did 
not respond well. They chose to look at the patients’ urine 
as a similar approach has already been successful with other 
diseases. Obtaining a urine sample is also very quick, easy and 
not intrusive to the patient. 

Sixteen rheumatoid arthritis patients were chosen to 
participate in the study. They each gave a urine sample before 
commencing treatment with one of two TNF-alpha inhibitor 
drugs, which continued for one year. After this time, a doctor 
assessed the patients and decided, based on their symptoms, 
who had responded well and who had not. At the same time, 
scientists analysed the urine samples the patients had given 
at the beginning of the study. They did this using a technique 
called nuclear magnetic resonance spectroscopy. This takes 
advantage of the notion that different molecules behave 
differently when they come into contact with a magnetic field. 
When a magnetic field was applied to the urine samples, all 
the different molecules in the urine separated and a machine 
identified exactly which molecules were present, and in what 
amounts. 

Three different computer programs analysed the results to 
make sure the final conclusions were accurate. In the patients 
who responded well to the TNF-alpha inhibitor drugs, all three 
computer programs agreed that these patients had more 
histamine, glutamine and xanthurenic acid molecules in their 
urine, but less ethanolamine molecules, compared to those 
who did not respond well. These findings mean that, if this test 
was used in the future, a doctor could take a urine sample from 
a rheumatoid arthritis patient to help him or her decide if the 
TNF-alpha inhibitor drugs are likely to ease the symptoms of the 
patient. 

This study was small, so the next step is to test these findings 
on a larger group of rheumatoid arthritis patients. These initial 
findings are exciting though, and not just for those patients 
who are most likely to benefit from the TNF-alpha inhibitors. 
For patients where the drugs are not likely to work, this will 
be known quickly, and an alternative can be suggested 
instead. This means that each patient is more likely to receive 
a treatment that helps his or her symptoms as quickly as 
possible; something which is invaluable.

THERE is good news for rheumatoid arthritis sufferers: 
scientists are a step closer to predicting which patients will 
benefit the most from a particular type of drug using just a urine 
sample.

Imagine being in pain whilst carrying out routine, daily tasks 
such as opening a door, reaching for something in the 
cupboard, or writing. On top of this, imagine that this pain often 
comes on quickly and intensively, but not being able to predict 
when this will happen. This is what thousands of people with 
rheumatoid arthritis have to cope with every day. 

Usually, the cells of your immune system protect your body 
from invasion by harmful viruses and bacteria, acting as your 
body’s army. Rheumatoid arthritis occurs when some of 
these immune cells start to attack your own cells, specifically 
in the healthy tissue around your joints. This results in the 
affected joint and surrounding area becoming swollen, painful 
and stiff. These symptoms often intensify very quickly and 
without warning, resulting in severe discomfort for the person 
concerned. What causes these sudden ‘flares’ and the onset of 
the disease in general is still largely a mystery. 

There are currently several different types of drugs available 
to treat the symptoms of rheumatoid arthritis. Unfortunately, it 
can take a period of trial and error to find out which drug works 
the best to reduce symptoms in each patient. Doctors and 
scientists are currently trying to find out why some drugs work 
very well in some people, but not in others. This research is 
important as it will ensure that in the future, patients are more 
likely to be given a drug that works the best for them; wasting 
less time than trying treatments by trial and error.

TNF-alpha inhibitors are a group of drugs currently used to 
treat moderate to severe rheumatoid arthritis. TNF-alpha is one 
of the proteins responsible for creating the swelling and pain 
in joints affected by rheumatoid arthritis. These drugs block 
the TNF-alpha protein, and so in turn reduce the symptoms 
associated with rheumatoid arthritis. They work very well in 
reducing symptoms in some patients, but do not work for 
many others. This latest research reveals a potential way to 
identify which people with rheumatoid arthritis are most likely 
to respond well to the TNF-alpha inhibitor drugs, by looking at 
their urine.

THIS ARTICLE DESCRIBES THE RESEARCH PUBLISHED IN:
Metabolic profiling predicts response to anti-tumor 
necrosis factor α therapy in patients with rheumatoid 
arthritis. 

S. R. Kapoor, A. Filer, M. A. Fitzpatrick, B. A. Fisher, P. C. 
Taylor, C. D. Buckley, I. B. McInnes, K. Raza, and S. P. Young

Arthritis & Rheumatology (2013) 65(6), 1448-1456

http://EuropePMC.org/articles/PMC3715109

This article was selected for inclusion in the competition by 
Arthritis Research UK.
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POPULATIONS WITHIN POPULATIONS:  
Drug resistance and malaria control

  By Aidan Maartens  
Gurdon Institute, University of Cambridge, UK



The beauty of these kinds of genomic studies is that as well 
as just looking at the variation between groups across the 
genome, on a global scale, we can zoom in and focus on 
the individually varying regions to ask whether these parts 
do anything relevant. The researchers made the important 
observation that the western Cambodian subpopulations 
harbour a number of genetic changes associated with drug 
resistance, including alterations to genes which control the 
entrance of molecules into the cell. One of the subpopulations 
even harboured mutations in genes involved in preventing 
mutations, raising the intriguing possibility that a general 
increase in mutability of the genome may provide more drug 
resistance mutations. 

Identifying the source of emerging drug resistance, both 
in terms of geography and underlying genetic causation, 
is a critical task if we are to control its spread. Hence the 
importance of this work for malaria control. The fact that there 
are multiple, independent artemisinin-resistant subpopulations 
shows that there are many routes for a parasite to become 
resistant. In practical terms the genetic signatures within the 
resistant strains can be used as biomarkers for artemisinin 
resistance in any sample of P. falciparum DNA, allowing health 
authorities to monitor its spread. Furthermore these genetic 
signatures will add to our biological understanding of how the 
parasites evolve to resist the drug. 

We are still however left with our opening question: why 
Cambodia, specifically why western Cambodia? The authors 
propose a number of potential contributory factors, including 
the potential higher mutation rate, heavy use of drugs and local 
isolation of the populations (favouring inbreeding) due to the 
remoteness of the region. General features of host-parasite 
interactions are thus married with particularities of the region 
to provide a potent reservoir of drug resistance. Whatever the 
underlying causes, the next imminent step will be containment 
of these variants to prevent their global spread. 

THIS ARTICLE DESCRIBES THE RESEARCH PUBLISHED IN:
Multiple populations of artemisinin-resistant 
Plasmodium falciparum in Cambodia. 

O. Miotto, J. Almagro-Garcia, M. Manske, B. MacInnis, S. 
Campino, K. A. Rockett, C. Amaratunga et al.

Nature Genetics (2013) 45(6), 648-655

http://EuropePMC.org/articles/PMC3807790

This article was selected for inclusion in the competition by 
the Wellcome Trust.

MALARIA claims a million lives a year, a majority of which 
are children, and threatens the lives of billions more within 
its tropical ranges. It is caused by Plasmodium falciparum, a 
parasite that uses mosquitoes as a way of getting in to and out 
of humans. Initial infection from the bite of a carrier mosquito is 
followed by the parasite’s massive proliferation and colonisation 
of the host’s blood, causing a suite of debilitating symptoms 
and providing a parasitized food source for the next mosquito. 
In the absence of a vaccine, prevention and treatment remain 
our only effective weapons against malaria. Today, the most 
effective treatment regime relies heavily on artemisinin, a 
compound from an Asian herb that effectively targets the 
parasite within red blood cells. But, as was the case for 
previous anti-malarial drugs, the spectre of artemisinin-resistant 
P. falciparum strains is rising. Worryingly, as there is currently no 
clear fall back to artemisinin, a global spread of resistance will 
seriously harm our ability to tackle the disease.

The research of Miotto, et al. was stimulated by the observation 
that resistance to artemisinin, and indeed some of its forebear 
drugs, appears to originate in the same part of the world: 
the remote mountains of western Cambodia. To tackle the 
question of why drug resistance originates here, the researchers 
sought clues within the parasite’s genome. They had previously 
developed a technique to isolate P. falciparum DNA directly 
from the blood of infected patients: a blood sample is taken, 
white blood cells removed (this removes a lot of the human DNA 
content which can complicate analysis), and DNA extracted 
and sequenced using modern sequencing technology. For this 
work they do not require the parasite genome sequenced in its 
entirety; rather, they seek sufficient coverage to allow reliable 
identification of variability between samples. 

The researchers collected samples from infected patients 
in West Africa and Southeast Asia, including four sites in 
Cambodia, one in the east and three in the west. A global 
survey of the genetic data revealed that the Asian and African 
populations have distinct patterns of genetic variation, 
consistent with their geographical isolation. Within the Asian 
sample, the story was a little more complex. Samples from 
western Cambodia were notably distinct from those in 
eastern Cambodia and Thailand. The western Cambodian 
populations were also ‘structured’, that is, the population was 
split into subpopulations, each with their own distinct genetic 
signatures. The subpopulations were also relatively inbred, 
lacking in genetic diversity, which is often a signature of a recent 
expansion from a small, homogenous population. Crucially, 
the researchers were able to show that the subpopulations 
that predominate in western Cambodia showed artemisinin 
resistance, as infected patients responded poorly to treatment. 
Thus, while the distinct subpopulations of P. falciparum in 
western Cambodia are genetically distinct, they present the 
same problem: artemisinin resistance. 11



How healthy eating could 
starve out cancer 
By Lucia Aronica
Max F. Perutz Laboratories, Austria
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However, other factors had small but significant effects. High 
body fat increased cancer-related methylation whereas high 
levels of the mineral selenium and vitamin D reduced it. This is 
consistent with what we know about the link between obesity 
and a high risk of colon cancer, as well as with the protective 
effects of vitamin D and selenium observed in previous studies.

Surprisingly, high blood folic acid, a vitamin found in leafy 
vegetables like spinach, increased gene methylation associated 
with colon cancer. We have been told that these foods are 
good for us, so how could they promote cancer? It is actually 
still unclear whether folic acid is a friend or a foe as previous 
studies indicate it may even have a protective function. This is 
an important issue as some countries add nutrients such as 
folic acid to food and this may expose people to increased risk 
of developing cancer. In a follow-up study, Dr Belshaw’s team 
will try to shed light on the potential dark side of excess folic 
acid intake.

Healthy ageing starts in the kitchen

Overall, these findings support the idea that healthy ageing is 
affected by what we eat. As we age, the epigenetic status of 
some genes can change leading to disease like cancer. Our diet 
seems to affect this process and bring important ingredients 
into our genes’ recipe. As Dr Belshaw says, “This raises the 
exciting possibility that lifestyle interventions may reverse age-
related DNA methylation and consequently reduce the risk of 
disease”. An apple a day might be more effective in slowing 
down the ageing process than an anti-wrinkle cream.

1. http://www.cancerresearchuk.org/cancer-info/cancerstats/types/
bowel/mortality/#source14

When genes get old

Thanks to modern medical advancements, our average life 
expectancy has increased dramatically in recent decades. 
However, there is a paradox in our longevity: we now live 
long enough to develop cancer. Cancer is a genetic disease 
and, as we age, our genes – like our body – become more 
vulnerable. Some genes accumulate genetic mutations: if you 
think of genes as cookbooks for proteins, then these mutations 
are like typing errors in the recipe. Others acquire epigenetic 
modifications, which affect the way a gene works rather than 
its content – which, to use our analogy again, is like not being 
able to open and close the cookbook anymore. Both genetic 
and epigenetic changes can lead to cancer; however, the 
latter are especially interesting because they are affected by 
environmental factors that we can actually control, such as 
our diet. 

How can we keep our genes young and prevent cancer? This 
is what Dr Nigel Belshaw, at the Institute of Food Research 
in Norwich UK, wanted to discover. His team looked for 
environmental factors that affect epigenetic markers associated 
with early colon cancer – a common and lethal cancer, 
responsible for over 610,000 deaths worldwide each year1. 
Preventing colon cancer with small lifestyle changes would be 
a cheap, highly effective, and low-risk approach that turns the 
tide against this disease. 

Lifestyle and cancer risk: the mystery unfolds

The researchers analysed a specific type of epigenetic 
modification called DNA methylation. Like other epigenetic 
markers, DNA methylation is a genetic switch: it can turn genes 
on and off, it can make the cookbook readable or make it 
impossible to open. 

Our genes are hidden in tightly-wound DNA which is about 
two metres long in every single cell of our body. In this state, 
genes cannot be read and used by the cell to make proteins. 
Epigenetic switches can turn genes on by unwinding them, or 
turn them off by folding them back up, as in the case of DNA 
methylation. While this process is essential to our health, faulty 
folds in the DNA, much like wrinkles, can disturb gene function 
and lead to cancer. 

What lifestyle factors might influence the formation of these 
epigenetic wrinkles in colon cancer? To answer this question, 
Belshaw’s group examined the cells lining the gut wall in 
healthy, cancer-free volunteers who consumed their usual diet 
without any supplements. The researchers looked at eleven 
risk genes, that, when their methylation is turned on, increase 
the risk of developing colon cancer.  They then quantified the 
relationship between methylated genes and cancer risk factors 
such as age, diet and obesity. Age was associated with the 
highest gene methylation, which fits with the observation that 
colon cancer risk increases exponentially after 50 years of age. 

THIS ARTICLE DESCRIBES THE RESEARCH PUBLISHED IN:
Nutritional factors and gender influence age-related 
DNA methylation in the human rectal mucosa.

H. S. Tapp, D. M. Commane, D. M. Bradburn, R. 
Arasaradnam, J. C. Mathers, I. T. Johnson, and N. J. Belshaw

Aging Cell (2013) 12(1), 148-155

http://EuropePMC.org/articles/PMC3572581

This article was selected for inclusion in the competition by 
the Biotechnology and Biological Sciences Research Council. 

SKIN is not the only thing to wrinkle with age. Our genes also show signs of ageing – a 

process that can lead to cancer. A new study indicates that healthy eating can prevent cancer 

development and explains how this works.
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tumour growth, they wanted to investigate whether LOX was 
involved in generating new vessels. In a more recent study, they 
used cancerous cells genetically engineered to produce either 
very large or very low quantities of LOX, which they implanted 
into mice and left to form tumours. Upon dissection, the team 
noticed that tumours formed from cells with high levels of LOX 
contained many more new blood vessels than those containing 
low levels of LOX.  

How does LOX cause blood vessel sprouting?

To address this question, the researchers grew the genetically 
engineered high-LOX and low-LOX cancer cells in flasks. They 
then removed the liquid in which they were grown, containing 
all the chemicals released by the cells, and applied it to isolated 
blood vessel cells. The vessel cells exposed to high-LOX liquid 
became much more mobile, and spontaneously formed tubes 
similar to blood vessels. This suggests that the cells grown 
in high-LOX conditions receive a ‘sprouting signal’ from their 
environment that is not present in low-LOX conditions. 

Because VEGF is key to new vessel formation, the team 
suspected that LOX may generate high levels of VEGF, which 
could then act as the ‘sprouting signal’ for vessel cells. Indeed, 
when they analysed the liquid removed from high-LOX cancer 
cells, they found it contained very high levels of VEGF, unlike 
liquid from low-LOX cells. When the high-LOX cells were 
treated with a LOX-blocking drug, moreover, the levels of VEGF 
released dropped dramatically.

Is this relevant in humans?

To ascertain whether the relationship between LOX and 
tumour blood supply is also relevant in humans, the 
researchers obtained colon samples from colorectal cancer 
patients and healthy volunteers. They found that the 
cancerous samples contained much higher levels of LOX and 
VEGF than healthy colons. Interestingly, the levels of both LOX 
and VEGF were directly proportional to the number of blood 
vessels present, and importantly, to the severity of the cancer. 
Most excitingly, they observed an identical pattern in breast 
cancer samples, suggesting that LOX may be important in 
many different types of tumour. 

Cutting the supply line: a new 
anti-cancer strategy? 
By Claire Sand
King’s College London, UK

AFTER centuries of endeavour, scientists and doctors have 
made great strides towards improving cancer treatment. 
Nonetheless, while conventional therapy has undoubtedly 
saved innumerable lives, a worrying number of tumours remain 
inoperable and incurable by chemo- or radiotherapy. Thus, 
the search for more refined anti-cancer drugs continues, and 
paving the way is a research team led by Dr Janine Erler, whose 
recent discoveries raise hopes of a new therapeutic strategy. 

What is wrong with current cancer treatment?

There are two principal barriers to effective treatment: firstly, 
rather than constituting a single disease, cancer actually 
comprises thousands, each with its own unique aberrations; 
secondly, cancer occurs when our own cells go awry, making 
it notoriously difficult to target. Current cancer therapy is like 
trying to hit a bull’s-eye with a machine gun; even when you 
hit the target, there is substantial collateral damage, and too 
often, part of the bull’s-eye remains intact. The goal of cancer 
research, therefore, is to identify unique aspects of the tumour 
environment, and develop a ‘silver bullet’ drug to target the 
tumour more precisely. Accordingly, scientists aim to identify 
specific ‘weak spots’ in cancerous tumours.

What weak spots have been discovered?

As fast-growing bodies, tumours rely on a large blood supply. 
To meet this demand, they hijack the body’s own supply line by 
releasing chemicals that force nearby blood vessels to sprout 
new offshoots. The main chemical involved is VEGF, and several 
VEGF-blockers have been developed. Clinical trials of these 
drugs have been disappointing, however, and there are concerns 
that blocking all VEGF produced in the body may actually be 
detrimental in situations where vessel sprouting is essential, such 
as in wound healing or stroke recovery. To overcome this barrier, 
Dr Erler’s team have been investigating ways in which we can 
specifically block VEGF produced by tumours, without interfering 
in normal and essential vessel growth. 

What have Dr Erler’s team found?

In 2011, the group discovered that tumours produce a 
chemical called LOX, essential for their growth and ability to 
invade other organs. Because a large blood supply is crucial for 
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What does this mean for new 
cancer treatments?

Based on Dr Erler’s research, it is clear that LOX-blocking 
drugs could theoretically stop the growth and spread of several 
different types of cancer. That they are capable of eliminating 
tumours seems unlikely. Nonetheless, a significant benefit of 
such drugs is their potential use as intervention-sparing agents. 
Restricting tumour size and spread would undoubtedly facilitate 
surgical removal, and could reduce the need for chemo- and 
radiotherapy – notorious for their toxic side effects. While anti-
LOX drugs may not be a ‘silver bullet’ cure exactly, they could 
well refine current treatment strategies, and improve the quality 
of life of millions of cancer sufferers worldwide. 
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A two-pronged attack to stop 
cancer in its tracks 
By Clare Finlay
Wolfson Centre for Age-Related Disease, King’s College London, UK
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Their investigations revealed that the cells were using a 
method called ‘mesenchymal’ invasion to migrate through 
the collagen, which involves two processes. The first is 
the disruption of the surrounding collagen scaffold by the 
release of molecules that break bonds in the protein chain, 
facilitating movement of the cells through it. The second 
involves binding of the cell surface to the collagen via 
adaptor molecules at so-called focal adhesion sites. These 
sites act like anchors, allowing the cells to pull forwards 
against them in order to pass through.

Now they knew how the cells were moving the team set 
about trying to stop them. One important regulator of 
adhesion-based migration is a molecular messenger called 
SRC kinase, which is overactive in many cancers, including 
the cancer cells used in this experiment. Using the same 3D 
tumour model, the researchers found that by using a drug 
(saracatinib) to block SRC kinase they could prevent the 
migration of cells through the collagen in which they were 
suspended, although it did not slow down their proliferation. 
A stain that highlights the presence of focal adhesion sites 
revealed that this drug prevented migration by reducing the 
formation of these anchoring points between the cells and 
the collagen.

Finally, by combining the MEK-blocking selumetinib and 
the SRC kinase-blocking saracatinib the researchers were 
able to successfully prevent both the growth of the artificial 
tumour and the spread of the melanoma cells through the 
surrounding collagen.

This research has important implications for the 
development of new anti-cancer drugs. Research into these 
drugs is increasingly aimed at targeting specific messengers 
in pathways that are important for the survival, growth and 
spread of cancer cells. Finding out which particular genes 
or messaging pathways are affected in each individual 
cancer can build up a ‘fingerprint’ that makes it possible to 
target these treatments only at those tumours that are likely 
to respond. However this research highlights that it is vital 
that we understand the consequences of targeting each of 
these messengers on its own. Cancers are highly adaptive, 
therefore combination therapies that attack more than one 
aspect of the cancer’s survival mechanisms are more likely 
to be successful and less likely to cause unwanted side 
effects than therapies with only a single target.

CANCER results from an accumulation of mistakes or 
abnormalities in genes that normally control cell survival, 
growth and migration. Genes are the instruction manual for 
our cells, and when these instructions are altered cells may 
begin to multiply (proliferate) uncontrollably. The resulting 
mass of new cells forms the primary tumour, and when this 
tumour outgrows the site in which it developed it begins to 
migrate in search of other suitable tissues within the body 
to support its growth. This spread, also called metastasis, 
allows cancer to disperse throughout the body, making it 
harder to treat and worsening the prognosis for the patient.

Drug treatments for cancer aim to either kill the abnormal 
cells or to prevent their growth and spread so that they 
are easier to treat using physical methods such as surgery 
and radiotherapy. One way to do this is to interfere with the 
chains of molecular messengers, called pathways, within 
the cell that are responsible for directing these processes. 
MEK is one such molecular messenger that plays a central 
role in cell growth and proliferation. MEK can be blocked 
by a range of drugs, and several of these have been 
tested against cancer in clinical trials, however there was 
limited evidence of a beneficial effect when only this one 
messenger was targeted.

A recent study by a team at the University of Manchester 
investigated the possible reasons for these disappointing 
results using a lab-based experiment. They grew a ball 
of human malignant melanoma (skin cancer) cells and 
embedded it in a gel made from collagen. Collagen is one 
of several proteins that act as a scaffold in the body to 
support cells within their tissues. Using this experimental 
system they were able to study these human cancer cells in 
a 3-dimensional environment that is representative of a real-
life tumour and its surroundings.

First of all they exposed this artificial tumour to a drug that 
blocks MEK (selumetinib) and found that, as in previous 
experiments, some cells died and the proliferation of 
the remaining cells was almost completely prevented. 
Unexpectedly, however, it encouraged these surviving cells 
to migrate away from the original mass and through the 
collagen. Therefore blocking MEK alone could promote 
the spread of cancer throughout the body, which is an 
undesirable outcome because it makes it more difficult to 
treat. To overcome this problem the researchers looked 
for a way to prevent this migration, and in order to find a 
suitable target they first needed to find out how the cells 
were moving.
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Can a garbage strike in nerve 
cells cause Parkinson’s disease?
By Helle Bogetofte
Institute of Molecular Medicine, University of Southern Denmark, Denmark

18



in their dopaminergic nerve cells. The garbage disposal 
system in these mice therefore did not work properly and they 
quickly developed extensive nerve cell death and pale bodies 
comparable to the ones seen in Parkinson’s patients. 

The research group then set out to explore the importance 
of α-synuclein in this process. They did this by modifying the 
mice further, to obtain mice that in addition could not produce 
α-synuclein. This made it possible for them to compare the 
mice that lacked both 26S proteasomes and α-synuclein 
with the mice that only lacked 26S proteasomes. Surprisingly 
they found no differences: both type of mice showed 
equal amounts of nerve cell death and pale bodies. Since 
α-synuclein is thought to be essential to this process, the 
predicted outcome would be that the mice lacking α-synuclein 
are less affected and have lower amounts of pale bodies. This 
however is not the case.

In addition to looking at the amount of pale bodies, they also 
examined the content of the pale bodies and found it to be the 
same with or without α-synuclein. As expected they found the 
main component of the pale bodies to be the third suspected 
contributor to Parkinson’s disease: mitochondria. This points to 
a link between inefficient proteasomes and lacking disposal of 
worn-out mitochondria.

The role of α-synuclein:

The surprising conclusion of this study is that α-synuclein is not 
essential for the development of pale bodies and that lack of 
functional proteasomes alone can lead to neurodegeneration 
in mice. More research is needed to tell if the pale bodies 
seen in the mice will develop into Lewy bodies and especially, 
if the results can be transferred to human nerve cells. If they 
can, it means that researchers studying Parkinson’s disease 
might have to re-evaluate their whole idea of how the disease 
originates. Instead of seeing α-synuclein as a primary causative 
factor, it might just be one of the major contributors along with 
others like proteasome and mitochondria dysfunction. This is 
of great importance for understanding the cause of Parkinson’s 
disease and development of new effective treatments in 
the future.

1. http://nexneuro.com/2010/02/11/michael-j-foxs-personal-battle/

NEW research challenges common beliefs about the origin of 
the disease and draws attention to the nerve cells’ ability to 
tidy up.

Parkinson’s disease is a devastating neurological disorder 
where nerve cells in the brain slowly degenerate and die. 
The disease especially affects a certain type of nerve cell, the 
dopaminergic nerve cells, which are located in a small area 
of the brain called the substantia nigra. The dopaminergic 
nerve cells here are very important for motor function and as 
the number of nerve cells decrease, the patients are affected 
by debilitating tremors and mobility problems. Actor and 
Parkinson’s patient Michael J. Fox describes it “like having a 
4-year-old child climbing around on your lap all the time, pulling 
on your arms and legs.”1 

Despite many years of research the exact cause of Parkinson’s 
disease is still unknown. One thing we know for certain is that 
the dopaminergic nerve cells build-up clumps of protein and 
leftover material, called Lewy bodies. The major component 
of Lewy bodies is α-synuclein, a protein therefore thought to 
be a primary causative factor for Parkinson’s disease. The fact 
that mutations in the α-synuclein gene increase the risk of 
developing Parkinson’s disease supports this theory.

Garbage disposal and power plants

Another suspect thought to play a role in Parkinson’s disease 
is the proteasome; a big protein complex, which is part of 
the cells “garbage disposal” system and can degrade non-
functional proteins.

If unusable proteins are not disposed of, they clutter up the 
nerve cell and can form so-called pale bodies. These are small 
precursors of Lewy bodies. 

Pale bodies and Lewy bodies are actually thought to protect 
the nerve cell by gathering the non-functional proteins in 
areas where they cannot disturb important processes in the 
nerve cell – akin to hiding your mess in the closet to prevent it 
from cluttering up your room. It is, however, only a temporary 
solution and eventually the nerve cells die.

A third culprit is the mitochondria; the cell’s power plants, 
which have numerous functions including production of energy 
from glucose. Extensive research points to dysfunctional 
mitochondria as a major contributor to Parkinson’s disease. 
For one thing, worn-out mitochondria are a large component of 
pale bodies. 

Modified mice

To investigate the interaction between α-synuclein, 
proteasomes and mitochondria researchers from the University 
of Nottingham used genetically modified mice. The DNA of the 
mice was changed so that certain genes were not expressed. 
This allowed the researchers to evaluate the exact effect of 
the proteins that the genes encoded. The research group had 
previously developed mice, which could not produce the most 
commonly used form of proteasomes, the 26S proteasomes, 
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Altering the function of fruit fly TBPH models 
neurodegenerative disease

The fruit fly homologue of the TDP-43 gene is called TBPH, 
and it too has been implicated in neurodegenerative disease. 
To investigate TBPH the researchers from King’s made fruit 
flies which either lacked the gene, or had increased gene 
expression. Interestingly, both types of fly have key symptoms 
of neurological disorders such as a decreased life span and 
motor dysfunction – this was measured by videoing the flies 
walking and then making recordings about the speed and gait 
of their  movements. TBPH may therefore be considered a 
“goldilocks gene”, too much or too little can be biologically bad 
and “just the right amount” is required for normal health.

What mechanism did this study find?

To discover how loss or gain of TBPH leads to altered motility of 
the flies the researchers began to compare physical features of 
the normal fly to flies with loss of TBPH. Firstly they noted that 
there were no visible differences between muscle or synapse 
structure. This led them to dig deeper into the process of motor 
function. Using a series of complex experiments measuring 
the electrical currents generated at the gaps between neurons 
and muscles (neuro-muscular-junctions) of TBPH expressing, 
non-expressing or over-expressing flies, the group was able 
to suggest that the defects exist at the pre-synaptic stage 
of signal transmission. The flies have trouble transmitting 
neurological signals from the neurones to the muscles and this 
causes the physical difficulty in movement; as seen in humans 
with disorders driven by dysfunctional motor neurones.

The TBPH gene – do 
neurodegenerative diseases 
have a fly in the ointment?
By John Foster
Barts Cancer Institute, Queen Mary University of London, UK

A NUMBER of genes have been implicated in 
neurodegenerative diseases such as Amyotrophic lateral 
sclerosis (ALS), also known as motor neurone disease, and 
Frontotemporal lobar degeneration (FTLD). However, the core 
biological processes involved in these disorders are extremely 
difficult to model and this is hampering the effort to develop 
treatments. If we can resolve this and increase our knowledge 
about these disease processes it may be possible to develop 
new and improved treatments.

The gene TDP-43 in ALS and FTLD

The gene TDP-43 has been shown to be involved in the 
development of the neurodegenerative diseases ALS and 
FTLD in humans, however the exact way(s) in which it does 
this still remain unclear. This protein acts as a master regulator 
of RNA, a precursor to proteins, and can therefore control the 
expression of genes within cells. A recent study by a group 
led by Dr Frank Hirth from King’s College London has shed 
some light on this by using an interesting choice of organism: 
drosophila melanogaster, the common fruit fly.

A fly way to model diseases

Researchers in a wide variety of fields are looking to drosophila 
to model complex diseases. But why choose flies, they couldn’t 

be any more different biologically to us could they? In fact, 
fruit flies share many biological processes with us; they have 
a complex immune system, an intricate brain and can even 
develop cancer! Genes that are similar in structure and cellular 
function in flies and human are called homologues. They can 
be retained from a common ancestor by a process called 
evolutionary conservation. What makes the fruit fly a great 
model for studying disease is that it has fewer genes than 
humans. Where humans often have multiple genes that perform 
essentially the same function, a feature known as redundancy, 
flies often only have one gene at each stage of a signalling 
pathway. This means that if you alter that one gene the effect 
should be more obvious. Imagine calling in sick for work but 
no one there is able to cover for you, your work just won’t get 
done and others will see exactly what your role is!
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Modelling the aging fly

Humans typically develop neurological diseases during old 
age, a fruit fly model where TBPH loss, or over-expression, 
was targeted only to a specific area of neurones allowed flies 
to age normally. It was not until flies had reached an “old age” 
of 40 days that they started to lose pre-synaptic function. This 
led ultimately to symptoms of neurodegeneration suggesting 
TBPH loss or over-expression has a progressive effect on 
neurological degeneration. Therefore, optimal TBPH levels 
in neurones are critical for maintaining proper motor neuron 
function during aging and supports both the TDP-43 gene as a 
driver of motor neuron disorders. This study elegantly highlights 
the usefulness of the TBPH fruit fly model as a great way to 
research the underlying mechanisms behind these disorders. 
If more is discovered about these mechanisms then new and 
exciting therapeutic agents could be developed for treating 
neurodegenerative diseases. It is clear that when it comes to 
neurodegenerative disease research the flies have it! 
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Another way to interfere with aldosterone is to block 
aldosterone receptors directly. This is exactly what a drug called 
spironolactone does. It blocks receptors in the kidneys, heart 
and blood vessels that are usually targeted by aldosterone. 
Because aldosterone can only act when it has the possibility 
to bind to its receptors, any competition for those receptors 
blocks its action. Recent studies suggest however that blocking 
the aldosterone receptors by means of spironolactone may 
be superior to ACE inhibitors when it comes to blocking the 
specific effects of aldosterone. For example, spironolactone 
seems to be more effective than ACE inhibitors in keeping 
magnesium and potassium levels in muscles high – a highly 
desired effect for improving muscle strength. Spironolactone 
may thus be a promising medication to counter the decline in 
muscle function in elderly. 

In line with this, physical fitness of heart failure patients 
improves after they’re treated with spironolactone. However, 
one must consider that spironolactone is well-known as an 
effective medication for high blood pressure and heart failure. 
Therefore, its positive effect on physical performance may 
simply be caused by better overall health after treatment rather 
than by a direct effect of spironolactone on muscle strength. 
To understand whether the intake of spironolactone may have 
a beneficial effect on muscle strength in elderly who do not 
suffer from heart failure, a research team from the University of 
Dundee recruited 120 patients aged 65 and older. The patients 
had self-reported difficulties in performing daily activities, but 
did not suffer from heart conditions or high blood pressure. Half 
of the participants received a daily dose of spironolactone over 
a period of 20 weeks, while the other half of the patient group 
received a placebo – a pill that resembled spironolactone but 
which was medically inert. The researchers considered various 

Let’s (not) get physical: the 
effect of Spironolactone on 
muscle strength in the elderly 
By Jenny-Charlotte Baumeister
SISSA, Italy

LIFE expectancy has increased continuously over the past 
several decades, and with it, a host of new age-related ailments 
have emerged as contemporary medical issues. Muscle 
function decreases with age, leaving increasing numbers of 
elderly people incapable of being physically independent. This 
not only has devastating personal effects but is also a major 
public health issue. In a recent study, researchers investigated 
whether blocking the hormone aldosterone may help counter 
the effects of physical impairment with age.

Aldosterone is a hormone best known from the role it plays 
in the regulation of blood pressure, but it has also been 
associated with muscle weakness. This makes sense, 
considering that aldosterone also lowers levels of magnesium 
and potassium – two minerals that are essential for muscle 
contractility. Thus lower levels of aldosterone may promote 
restoring muscle function.

How can we keep aldosterone levels low? The production 
of aldosterone in the body is a complex interplay between 
hormones and enzymes. Medication can be targeted to 
interfere with it at different stages. One way to influence 
aldosterone levels is to inhibit the creation of a hormone that 
would otherwise stimulate its production. These so-called 
angiotensin-converting enzyme blockers (ACE blockers) are 
usually prescribed to treat high blood pressure and heart 
failure. Interestingly, some studies reported additional positive 
effects on muscle strength and physical fitness in elderly.  But 
the results are not conclusive: some studies did not find any 
positive effect on muscle strength. Furthermore, ACE blockers 
seem to fail at reducing aldosterone levels over longer time 
periods. However, long-term efficacy is a crucial factor for 
improving muscle function.  
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factors of interest, including objective and subjective physical 
function. Subjective physical functioning was measured by 
self-reports. Objective physical function was assessed by the 
distance that participants could walk within 6 minutes, a simple 
but widely-used, reliable measure of exercise performance in 
the elderly.

The results were surprising: the treatment with spironolactone 
did not increase the distance that participants could walk within 
6 minutes, suggesting that the intake of spironolactone did not 
enhance their muscle functioning. In contrast to the objective 
findings, the self-report measures showed another picture: 
after 20 weeks, only those participants who had been treated 
with spironolactone reported an improvement in quality of life. 
Whether this effect was caused by a pain-relieving effect or by 
other pharmacological benefits associated with spironolactone is 
not known; further studies are required to clarify these results.

Despite the fact that the results could not confirm any positive 
effect of spironolactone on muscle strength, this should 
not be interpreted as a definite exclusion of its efficacy as 
a counteragent for age-related muscle decline. Rather, the 
findings demonstrate that spironolactone was well tolerated 
in participants without heart failure and improved their quality 
of life. This provides encouragement to test the drug at higher 
doses and for longer treatment durations. Future studies are 
needed to determine whether these advanced treatments can 
cause the desired physiological effects, but the current findings 
help to define them.

THIS ARTICLE DESCRIBES THE RESEARCH PUBLISHED IN:
Effect of Spironolactone on physical performance in 
older people with self-reported physical disability.

L. A. Burton, D. Sumukadas, M. D. Witham, A. D. Struthers, 
and M. E.T. McMurdo

American Journal of Medicine (2013) 126(7), 590-597

http://EuropePMC.org/articles/PMC3695565

This article was selected for inclusion in the competition by 
the Chief Scientist Office of the Scottish Executive.

23



A divorce in development: 
single regulators can raise 
arteries alone 
By Christopher Waite
Imperial College London, UK
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the Notch pathway and three members of the SOX-gene family, 
utilised during development throughout the animal kingdom.

By fusing copies of the artery enhancers to a bacterial gene 
that produces a bright blue protein when activated, it was 
possible for the researchers to trace the pattern of artery 
formation at different stages during embryo development. 
Unsurprisingly, when they cut out the binding sites at which the 
proteins responsible for formation of endothelial cells associate 
with enhancer DNA, or chemically disabled the VEGF signalling 
pathway, the normal pattern of Notch gene activation was 
completely lost. But intriguingly, deleting the binding sites for 
the SOX and Notch proteins only had a severe effect when 
carried out in parallel – loss of regulation by either SOX or Notch 
individually was of little importance. 

This finding was echoed by injecting inhibitory DNA molecules 
into embryos to simultaneously turn off the genes encoding the 
DNA-binding SOX and Notch proteins. Although endothelial 
cells were able to form a network of primitive blood vessels, the 
principle artery, the aorta, was missing and none of the known 
genes common to arteries were activated. 

As a general rule, developmental characteristics tend to emerge 
in cells located in regions where two or more necessary signals 
overlap. This research, proclaiming that proteins of either the 
SOX or Notch pathways alone are sufficient for much of artery 
function without the other, intriguingly contradicts this. 

Highlighting the fact that the vascular system is extremely 
sensitive to genetic fine-tuning, Dr De Val’s study reveals some 
of the first molecular targets for potential vascular disease 
therapies. At the same time, it exposes some unusual molecular 
intricacies that will continue to excite scientists for some time.

UNDERSTANDING how blood vessels are born and 
propagated is vital for the treatment of a whole host of diseases 
including heart disorders, diabetes and cancer. Scientists from 
Oxford’s Ludwig Institute for Cancer Research have begun to 
reveal the mechanism by which the switching on of specific 
genes leads to the development of arteries.  

A vast network of blood-carrying arteries feeds our body with 
the oxygen and nutrients it needs to survive. Within a young 
embryo, this network takes its primitive shape in a series of 
stages. First, the cell type which will later make up the inner-
walls of all blood vessels, the endothelial cells, is generated. 
Then simple tube-like structures of these endothelial cells must 
differentiate into either arteries or veins. 

But the story doesn’t end there – the process of sprouting new 
blood vessels continues throughout life and indeed maintaining 
just the right distribution is critical to our health. Too few, too 
many or abnormally-developed blood vessels can all lead 
to disease. Interestingly, although cancer and Alzheimer’s 
disease are very different conditions, scientists believe that the 
underlying molecular processes responsible for the defective 
blood vessel development that comes with them are very 
similar and therefore exciting targets for research.

All aspects of our development, from the formation of 
vital organs within the embryo to the healing of wounds in 
adulthood, utilise similar molecular tools to lay down the 
pattern which governs how cells and tissues specialise into 
one of many types – rather like a blueprint. External signalling 
molecules are deployed to pass instructions to cells depending 
on where they lie in the overall blueprint. These signals can 
be sensed by each cell individually via receptor molecules 
protruding from their surface.

Scientists are confident of the signalling molecules released 
during artery development. Vascular Endothelial Growth Factor 
(VEGF) spreads diffusely across tissues and is the primary driver 
of general blood vessel formation. The Notch pathway, which 
operates when adjacent cells touch, is implicated in deciding 
which vessels become arteries. However, signalling messages 
are short lived – how does an artery know to remain an artery? 
It is this last link in the chain that until now scientists have been 
most unsure about – how can several signalling pathways be 
combined inside the cell so that the correct genes are turned 
on for operating an artery?

All cells carry a copy of the entire genome, but few genes 
are required in every cell or all the time. Genes lie adjacent 
to ‘enhancers’, DNA sequence elements that do not encode 
protein but rather allow control of when, where and how fast 
a gene is read. Such control is governed by DNA-binding 
proteins, which sit on the DNA structure and interact with the 
gene-reading machinery.

Dr Sarah De Val and her colleagues at Oxford have conducted 
a series of experiments in mice and zebrafish that reveal 
which DNA-binding proteins are important in the formation 
of arteries. They first pinpointed which enhancers are most 
important for the activation of an artery-specific Notch gene 
before demonstrating which of the known DNA-binding proteins 
engage them. These included a DNA-binding component of 
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ABOUT OUR ENTRANTS 
IN NUMBERS

QUESTION

I was not aware of Europe PMC before this competition, and do not intend to 
explore further

I was not aware of Europe PMC before this competition, but intend to/have 
explored further

I was previously aware of Europe PMC, and it is my primary literature resource

I was previously aware of Europe PMC, and use it along with other literature 
resources

I was previously aware of Europe PMC, but have not made use of it

6.5%

43.9%

6.1%

37.8%

5.7%
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Map Key
UK Map

 1-5 entrants from city

 6-10 entrants from city

 11-15 entrants from city

 16-30 entrants from city

 30 entrants from city

London Map

 1-5 entrants from institution

 6-10 entrants from institution

 11-20 entrants from institution

London
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