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Access to Understanding is a 
collaboration, led by the British 
Library, promoting understanding 
of biomedical research.

Our mission is to bridge the gap between public 
access to biomedical research articles, and the wider 
understanding of the findings described in those 
articles. At a time when the move towards open access 
is accelerating and the scientific research community 
increasingly recognises the need to communicate the 
purpose and outcomes of their work to the public, 
Access to Understanding couldn’t be more relevant. 
Access to Understanding aims to make scientific 
knowledge truly accessible to non-specialists by 
championing clear, concise and balanced summaries of 
research findings. We are doing this by:

• Providing guidance for anyone who is planning to 
write about biomedical research for a non-specialist 
audience.

• Promoting online resources that support the 
use of plain-English writing in biomedical and 
health research.

• Encouraging early-career scientists to write about 
research in an accessible way through our Access 
to Understanding science writing competition and 
giving anyone the opportunity to vote in our People’s 
Choice Award.

• Working with like-minded organisations and 
individuals who want to help us bridge the gap 
between access and understanding.

You can find out more by visiting the Access to 
Understanding website:

www.access2understanding.org

2



About the Competition
The Access to Understanding science writing competition 
is a partnership between the British Library, eLife and 
Europe PMC.

Now in its third year, the Access to Understanding science 
writing competition challenges PhD students and early-
career postdoctoral researchers to summarise innovative 
life sciences or biomedical research in plain English. This 
competition was born of a vision of published, scientific 
research being truly accessible to all. 

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. The competition encourages early career scientists 
to develop the necessary skills to explain complicated 
science to a wider audience.

Making science easy to understand
We asked entrants to write a summary of a research article 
at a level that an interested member of the public would 
understand. Each summary needed to explain why the 
research was done, what was done and why it was important 
in a clear, balanced and engaging way.

Entrants could write about one of 12 articles, each covering 
fascinating and cutting-edge science including: a potential 
treatment for tinnitus, the effects of disrupted sleep on the 
human body and social interactions on flu transmission. The 
articles, published in 2014, were selected by Europe PMC 
funders for inclusion in the competition. The articles are all 
freely available via Europe PMC and were research projects 
funded by one or more of the Europe PMC funders.

Our judges selected the 12 commended and winning entries 
printed in this booklet. The winning entry will be published 
in eLife.

People’s Choice award
The People’s Choice is an important part of the competition. 
Since the entries are written for the public, we think they 
should be judged by the public.

We invited the public 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 
target audience the chance to tell us what they thought about 
how successfully the science was communicated.

Find out more
www.access2understanding.org/competition/
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Competition partners

eLife
eLife is a unique, non-profit collaboration between the funders and practitioners of 
research to improve the way important results are selected, presented, and shared. 
eLife is committed to meeting the needs and aspirations of early-career researchers 
by highlighting their accomplishments and making them an active part of the eLife 
initiative. Learn more and get involved at http://elifesciences.org/careers

Find out more at:
Website: http://elifesciences.org/

Contact: staff@elifesciences.org

Twitter: @eLife

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

Find out more at:
Website: www.bl.uk/science

Blog: http://britishlibrary.typepad.co.uk/science/index.html

Contact: science@bl.uk 

Twitter: @ScienceBL

Europe PMC
Europe PMC is a free life sciences information resource, backed by a growing 
number of European research funders. It is the European gateway to the world’s 
research enabling anyone to search and discover over 30 million abstracts and 
full-text articles from around the world. Europe PMC also connects you to research 
databases and additional free resources relevant to the articles.

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

Blog: http://blog.europepmc.org

Contact: Engagement@EuropePMC.org 

Twitter: @EuropePMC_news
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Judging

Entries underwent a rigorous judging process that assessed scientific accuracy and context, as well as writing 

style. 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 about each research article and then approved by the senior author of 

the article.

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

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.

Simon Denegri
Simon is the chair of the Access to 
Understanding judging panel. He is the 
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.

Martin Jenner
Martin dedicated his varied career in 
Personnel Management, IT Consultancy 
and Information Management to gaining 
understanding of the environment in 
which he was working, to ensure well-
thought-out, appropriate solutions that 
met the needs of his clients. Now retired, 

in the last eight years he has been involved as a lay person 
in clinical research in a range of settings in academia, the 
NHS and Diabetes UK. Martin is working with Diabetes UK 
to help applicants to make their applications for funding 
more intelligible to lay panel members and to improve lay 
members’ experience by increasing their understanding of 
the science employed in diabetes research, both to improve 
research quality and relevance.

Shirley Nurock
Shirley joined the Alzheimer’s Society 
Research Programme when it was set up 
in 1999. At the time the idea of allowing 
carers and people with dementia to be 
involved in all stages of the research 
cycle was revolutionary. Involved in 
prioritising research topics, reviewing grant 

applications, commenting on lay summaries, sitting on grant 
award panels, monitoring projects funded, dissemination and 
implementation and now as a co-applicant on a number of 
major dementia-related trials she is a long-time advocate of 
the benefits of involving lay people in research and the need 
for scientists to be good communicators.

 Maggie Wilcox
Maggie is a former nurse who is now 
an experienced patient advocate after 
treatment for breast cancer. She has 
worked with all the major UK-based breast 
cancer charities, and is also a member of 
organisations including the Stakeholder 

Group at Human Tissue Authority and the All-Party 
Parliamentary Group on Cancer. She is a founder member 
& President of Independent Cancer Patients Voice – a 
patient-led group which provides education, mentoring and 
support for people who, having been treated for cancer, 
want to add the important informed patient perspective to 
cancer research.

Ed Wild
Ed is a Clinical Lecturer in Neurology 
at UCL Institute of Neurology and co-
founder of HDBuzz, a unique source of 
understandable research news, written 
by scientists, for the global Huntington’s 
disease community. He is an advocate for 
the duty of scientists to explain their work 

to the public they serve. A founder member of the UK All-
Party Parliamentary Group on Huntington’s disease, he won 
the 2014 Huntington’s Disease Society of America Research 
Award for his academic and outreach work. 
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Rolling Back Malaria:  
A Journey Through 
Space and Time
By Philippa Matthews 
Peter Medawar Building for Pathogen Research, 
Oxford, UK
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Plasmodium falciparum is the most deadly of all malaria 
parasites. Children are particularly vulnerable to the 
devastating consequences of this infection: the World Health 
Organisation estimates that a child in Africa dies from malaria 
every minute1.  In recognition of this crisis, malaria has 
become a headline priority for global health, with campaigns 
such as ‘Roll Back Malaria’ spearheading a huge international 
effort to tackle the disease. 

Noor and colleagues set out to assess how much progress 
has been made across Africa in the ‘Roll Back Malaria’ 
era. Have the immense resources deployed made a 
real difference to some of the world’s most vulnerable 
populations? How has the burden of malaria altered in 
the decade since 2000? And can we identify whether 
infection risks have changed by country or region? With 
these questions in mind, this research team developed a 
sophisticated analytical method to measure, as precisely as 
possible, changing patterns of malaria risk in Africa.

The symptoms of malaria can mimic those of many other 
infections, and suspected cases of malaria are often treated 
without a certain diagnosis and without attending a hospital 
or clinic. For these reasons, trying to get a clear picture of the 
scale of the malaria problem in Africa is a major challenge. 
Noor’s team chose to measure malaria by the most accurate 
method available, by looking for studies that had actually 
identified Plasmodium falciparum parasites in the blood of 
study participants in the community. Their final analysis draws 
on data collected from 3.5 million individuals represented in 
over 26,000 surveys spanning 49 regions of Africa, with each 
piece of information linked to its precise geographic origin 
by satellite technology. 

The researchers fed this vast mine of data into a carefully 
constructed computational analysis. Each piece of 
information was adjusted to account for exactly when 
and where it was collected, and to apply it to a particular 
age group of interest - the highly vulnerable population 
of children aged 2-10 years. They also factored in a host 
of complex influences on malaria transmission, such as 
urbanisation and climate. The final output was a measure of 
malaria risk for each individual square kilometre of Africa, 
first in 2000 and then again a decade later. Each of these 
tiny squares was classified into one of eight different malaria 
risk categories.

From this sophisticated analysis, Noor’s team report several 
substantial and encouraging improvements in the patterns of 
malaria in Africa. Strikingly, they calculated that 217 million 
people in Africa were living in a lower risk area in 2010 than 
they did in 2000, as well as finding an overall reduction in 
malaria transmission in 40 of the 44 African countries that 
they assessed in detail. Four territories, South Africa, Eritrea, 
Ethiopia and Cape Verde, successfully reduced malaria into 
the lowest risk category by 2010. By this time, the majority of 
the transmission in the highest risk category was occurring in 
just ten countries. 

Noor’s study also sounds several important notes of caution. 
A population explosion in Africa has contributed hugely to 
the total numbers of people at risk of malaria; over 50% the 
continent’s total population still live in regions of substantial 
risk. Soberingly, this effect of population growth somewhat 
dilutes other gains that have been made in reducing 
malaria risk.  Rates of infection in certain countries remained 
unchanged or even climbed between 2000 and 2010: Malawi 
and South Sudan are highlighted as areas for increasing 
concern, and high transmission has continued across many 
parts of Nigeria and the Democratic Republic of Congo. 

The researchers also highlight some areas of difficulty. 
Despite a data collection effort that spanned eight years, 
they were still unable to identify enough information to 
assess the malaria risk for certain regions of Africa. And of 
course the vastly complex nature of malaria transmission 
cannot be completely captured or measured by a computer-
based method.

Overall, however, the results of this meticulous analysis 
provide valuable feedback for improving population health 
in many parts of Africa. As well as amassing all possible 
information about malaria parasite distribution, the study 
team also thought hard about the impact of the rapidly 
changing social and geographical landscape of Africa, 
ranging from urbanisation to rainfall. Their detailed mapping 
of malaria patterns highlights how the risks of an infection 
can wax and wane, reminding us that the ‘Roll Back Malaria’ 
campaign and its allies need to be constantly re-assessing 
the best way to keep pace with changing patterns of disease. 
The authors conclude with cautious optimism about the 
progress made since 2000, but provide a timely warning that 
the challenge of malaria is far from over.

References
1 http://www.who.int/mediacentre/factsheets/fs094/en/

This article describes the research published in:

The changing risk of Plasmodium falciparum 
malaria infection in Africa: 2000-10: a spatial and 
temporal analysis of transmission intensity

A. M. Noor, D. K. Kinyoki, C. W. Mundia, C. W. Kabaria, J. W. 
Mutua, V. A. Alegana, I. Socé Fall, R. W. Snow

Lancet (2014) 383(9930), 1739–1747 

http://EuropePMC.org/articles/PMC4030588

This article was selected for inclusion in the competition by the 
Wellcome Trust.
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By Juliet Lamb 
Clemson University, USA

WHO YOU ARE, OR WHO 
YOU’RE WITH? AGE PREDICTS 
DISEASE RISK

88



We’re all unique… but how important 
is that when it comes to our chances of 
catching an infectious disease? According 
to scientists, the answer may lie in 
mathematics.
Meet Jenny, aged 20. A social butterfly, she moves from 
economics courses in the morning, to a restaurant job in the 
afternoon, to drinks with friends at night. In any given day 
she might have close contact with at least twenty people – 
hugging a friend, borrowing a pencil, or handing change to a 
customer.

Now meet Ben, also aged 20. He prefers to keep to himself 
or spend time in small groups. Between university courses, 
odd jobs as a computer programmer, and tennis games with 
a friend, he usually has close contact with only a few people 
each day.

Which of these two would you expect to be at greater risk of 
catching or transmitting an infectious disease? The answer 
might surprise you.

The study
In their recent contribution to the journal PLOS Pathogens, a 
research team headed by epidemiologist Adam Kucharski of 
the London School of Hygiene and Tropical Medicine studied 
how age and social behaviour affected the spread of a 2009 
influenza outbreak in Hong Kong. After collecting blood 
samples from a group of 762 individuals, they asked each 
participant to record his or her number of social contacts 
on a randomly-assigned day. Several months later, after the 
peak of the influenza pandemic, the researchers returned 
to collect blood samples from the same participants. They 
were looking for an increase in neutralizing antibodies, the 
compounds that cells produce during a disease attack to 
disarm unwanted invaders. A four-fold increase in antibodies 
between samples showed that the participant had recently 
contracted influenza. 

Once the team had identified infected patients, they used 
a set of mathematical models to describe the relationship 
between infection risk, age, and social behaviour. Like a 
model railway, a mathematical model represents a simplified 
version of reality. Unlike a model railway, however, a 
mathematical model isn’t a physical object. Instead, it’s a 
series of equations that describe how certain variables, like 
age and social contacts, produce certain outcomes, like 
infection. A model generalises from a set of known data 
(here, influenza in Hong Kong) to find predictable patterns 
that can be applied to other, unknown situations. 

The researchers compared three different ways of classifying 
participants: by number of contacts, by age, or by a 
combination of both. They then analysed which models best 
approximated the real data. If the strongest model included 
age alone, Jenny and Ben would be expected to have similar 
infection risk. If the strongest model was based only on social 
behaviour, Jenny would be at greater risk of infection. If both 
parameters were included, Jenny might be at greater risk 

than Ben but at less risk than a 35-year-old with similar social 
habits.

Surprisingly, age alone was the best predictor of infection 
risk, with infection rates highest among young children and 
middle-aged adults. Individual behaviour, whether alone or 
combined with age, actually weakened the model’s ability to 
predict infection. After slight adjustments – using only close 
contacts, and accounting for the probability of pre-existing 
immunity in older subjects – the team settled on a model 
that divided individuals into 20 age classes and averaged 
social behaviour across each age class. In other words, Jenny 
with 20 close contacts, and Ben with two, would both be 
assigned to an age group with equal risk and an average 
contact rate of 11. This grouping balanced parsimony 
(using as few groups as possible) with accuracy (replicating 
observed patterns).

Why are these findings important?
The team’s results could help public health officials charged 
with maximising the effectiveness of limited resources during 
an epidemic. Rather than assessing transmission risk for each 
individual, which is costly and difficult, vaccination efforts 
could instead target certain age groups with predictably 
high levels of risky social contact, particularly young children 
and adults likely to be parents of young children. Identifying 
target groups helps to direct vaccines toward the people 
most likely to contribute to the spread of the epidemic, and 
to protect members of at-risk populations.

Of course, social behaviour in Hong Kong may not be 
representative of other societies, particularly ones with 
different age- and gender-specific social norms. The study 
also relied on one-day contact histories, which might change 
over time – for instance, in the case of students like Jenny or 
Ben, close contacts might increase during the academic year 
relative to summer months. 

Nevertheless, this study provides a straightforward 
mathematical link between social behaviour and disease 
transmission that could easily be adapted for different 
societies or behavioural patterns. More importantly, it 
highlights predictable social patterns as a potential key to 
improving both the speed and effectiveness of response to 
future disease outbreaks.

This article describes the research published in:

The contribution of social behaviour to the 
transmission of influenza  A in a human population

A. J. Kucharski, K. O. Kwok, V. W. I. Wei, B. J. Cowling, J. M. 
Read, J. Lessler, D. A. Cummings, S. Riley

PLoS Pathog. (2014) 10(6), e1004206 

http://EuropePMC.org/articles/PMC4072802

This article was selected for inclusion in the competition by the 
Medical Research Council.
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By Peter Canning 
Weatherall Institute of Molecular Medicine, Oxford, UK

Breaking through 
cancer’s acid shell
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This article describes the research published in:

Acidic extracellular pH neutralizes the autophagy-
inhibiting activity of chloroquine: implications for 
cancer therapies 

P. Pellegrini, A. Strambi, C. Zipoli, M. Hägg-Olofsson, M. 
Buoncervello, S. Linder, A. De Milito

Autophagy (2014) 10(4), 562–571

http://EuropePMC.org/articles/PMC3984580

This article was selected for inclusion in the competition by 
Worldwide Cancer Research.

Cells typically generate energy by aerobic respiration - 
breaking down sugar in the presence of oxygen. When cells 
work hard, they use more oxygen. If the circulatory system 
can’t supply enough oxygen then cells have to resort to 
anaerobic respiration for energy. This means they consume 
sugar without using any oxygen, creating lactic acid as a by-
product. 

When cells become cancerous, they grow far faster than 
healthy cells and eventually form tumours. The demand 
for oxygen in these cells is far higher than normal and the 
cancerous cells often have to use anaerobic respiration to 
supply their energy. The lactic acid produced makes the 
area around the tumour become slightly acidic. Cancer cells 
have to adapt themselves to their new acidic environment. 
To do this they cannibalize and recycle parts of their 
own cellular machinery, a process called ‘autophagy’. 
However, once adapted to their new conditions, their 
acidic surroundings help protect them from the immune 
system and certain anti-cancer drugs. There are clinical trials 
underway to treat cancer by neutralising the acid to remove 
this protection. Other trials are looking at the possibility of 
blocking the process of autophagy. There is evidence that 
blocking autophagy makes cancer cells more vulnerable to 
chemotherapy and radiotherapy; in some tests it has killed 
them outright.

Two drugs are in trials to treat cancer by halting autophagy: 
Chloroquine and its derivative, Hydroxychloroquine. 
Chloroquine is commonly used as an anti-malaria drug 
but is also sometimes used as an anti-inflammatory. The 
process of autophagy takes place in two specialised 
cellular compartments: autophagosomes and lysosomes. 
Autophagosomes swallow up cellular contents that need to 
be eliminated (damaged cell components, invading bacteria, 
etc.) and then pass them on to lysosomes. Lysosomes are 
sacks full of enzymes that break down the offending material. 
Chloroquine prevents cells undergoing autophagy by 
getting inside lysosomes and stopping them from working. 
Researchers from the Karolinska Institute in Stockholm 
wanted to know whether this would still be true in a tumour 
protected by a layer of acid. 

The researchers tested colon cancer, melanoma (skin cancer) 
and osteosarcoma (bone cancer) cells. They grew the cells 
in either neutral or slightly acidic conditions and added 
Chloroquine to them. They found that in neutral conditions 
Chloroquine was absorbed by the cells and stopped 
autophagy by blocking the function of the lysosomes inside. 
They also tested cells that had already adapted themselves 
to an acidic environment and found that they died when 
treated with Chloroquine in neutral conditions. However, cells 
in acidic conditions no longer absorbed the Chloroquine. As 
a result, the rate of autophagy was unaffected and the acid-
adapted cancer cells survived. 

Cells in a dish can behave very differently to a solid tumour, 
so the team conducted an experiment in which they used 
a mouse to grow a tumour. They dissected the tumour and 
analysed it using two stains. One stain identified areas of the 
tumour that were under stress due to low oxygen, meaning 
they will be producing acid. They used a second stain and 
image analysis software to measure the rate of autophagy 
all over the tumour. Chloroquine treatment made almost 
no difference to the rate of autophagy in the acidic areas of 
the tumour, but the rate of autophagy decreased drastically 
everywhere else. These results matched the findings from the 
cell experiments - cells in an acid environment will not absorb 
Chloroquine. The most likely explanation is that Chloroquine 
becomes positively charged on contact with the acid and this 
prevents it from being absorbed by the cells.

This is a serious problem for the use of Chloroquine as an 
anti-cancer drug. The acid around many tumours will prevent 
the drug from having any beneficial effect. 

The researchers also tested another drug, Lys-01. This drug 
is similar to Chloroquine but was specifically designed to 
have a stronger effect on autophagy. They found that, unlike 
Chloroquine, Lys-01 still worked in acidic conditions. It was 
still absorbed by the cells and was therefore able to block 
autophagy by halting the activity of the lysosomes inside. 
They tested Lys-01 on the acid-adapted cells and found that, 
even in acidic conditions, the cells died. Better still, in neutral 
conditions the drug was even more effective. This suggests 
that an autophagy-blocking drug like Lys-01 could be a 
powerful cancer treatment, especially if the acid around the 
tumour could be neutralised.

Unfortunately the whole tumour experiment could not be 
repeated with Lys-01 as the drug is toxic to mice. Hence, 
we do not know whether Lys-01 treatment is as effective in 
solid tumours. It is also relevant because if drugs are toxic to 
mice they are often toxic to humans as well. It is unlikely that 
Lys-01 will be a new cancer drug, but these results suggest it 
could be an excellent starting point for one. 
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By Sabrina Talukdar 
Institute of Cancer Research, UK

The persistent perils 
of puberty
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Female breast cancer is so common worldwide that it is 
very likely you will know someone who has been affected. 
Although the majority of women who develop breast cancer 
do so above the age of 50 years, events that take place 
during puberty can influence this risk. 

Why focus on puberty?
Puberty signifies a process of physical changes in response 
to chemical messengers in the blood, called hormones. In 
girls, the most important hormone regulating puberty is 
oestrogen. Oestrogen signals immature breast cells to grow 
and divide; the appearance of breast buds is usually the 
first physical sign that puberty has begun. Oestrogen also 
influences the pubertal growth spurt and the commencement 
of the first and regular menstrual periods. Puberty can start at 
different ages and last for different lengths of time.

Oestrogen has a key role in breast cancer; the greater 
the amount of oestrogen a woman is exposed to over her 
lifetime, the higher her risks of later developing breast 
cancer. It has been well established that the earlier the first 
period (and the later the age of menopause), the higher the 
risk of developing breast cancer. 

Researchers from the Institute of Cancer Research 
investigated whether the timing of pubertal events, including 
but not solely focussing on, the age at first menstrual period, 
had any effect on later breast cancer risk. 

How did the researchers carry out their study? 
Postal questionnaires were sent to over 100,000 healthy 
adult women, aged between 16 and 98 years old. The 
women were asked to recall how old they were when they 
went through the different stages of puberty (outlined in 
detail in the questionnaire), as well as about other factors 
that could influence their risk of breast cancer (for example, 
lifestyle and family history). The researchers re-contacted 
the women every two and a half years to find out if any had 
developed breast cancer. Each woman remained in the study 
for different lengths of time; on average, for four years. 
During the study period, over 1000 women developed breast 
cancer. 

The researchers analysed the group of women as a whole 
for differences between the average responses of women 
who had developed breast cancer, compared to those who 
remained healthy. By recruiting a large group of women to 
the study, the researchers could be reasonably confident 
that their responses would be similar to other women in 
the general population, enabling them to draw strong 
conclusions. 

What did the researchers find? 
Women whose breast development started before the age 
of 10 years, or who reached their final adult height before 
the age of 14 years had a higher chance of developing 
breast cancer, compared to women who went through 

these changes at an older age. A greater than two year 
gap between the start of breast development and the first 
period led to a higher chance of developing breast cancer, 
compared to those with a shorter interval. These increased 
risks could be the result of a longer period of exposure of 
immature breast cells to oestrogen, at a very sensitive time 
for cancerous changes to occur.

If a woman’s periods started or did not become regular until 
15 years or over, or if there was a greater than two year gap 
between the first period and the onset of regular periods, 
a woman had a lower chance of developing breast cancer, 
compared to a woman whose periods started earlier or 
became regular sooner. The researchers suggested that this 
could be because women in the later-onset group were likely 
to have lower exposures to oestrogen during this time.

What impact does this research finding have 
for patients?
The researchers confirmed that early oestrogen-dependent 
changes during puberty are important determinants of breast 
cancer risk. There are likely some inaccuracies in the data, as 
the researchers relied on participants’ memories of events 
that may have occurred several decades previously. However, 
this study is arguably more pragmatic than an alternative 
approach, tracking a group of women from the onset of 
puberty through until old age. Importantly, the researchers 
did not have access to information about whether the 
breast cancers that occurred were responsive to oestrogen. 
Although the majority of breast cancers are oestrogen-
sensitive, a significant proportion do not grow in response to 
oestrogen; thus exposure during puberty may not be a risk 
factor for this group of breast cancers.

Children are entering puberty at a much younger age than 
previous generations; this may explain why the number of 
cases of breast cancer worldwide is increasing over time. 
It may be many years before future researchers use the 
information in the current study to determine if it is safe or 
indeed desirable to delay pubertal changes to decrease a 
woman’s later risk of developing breast cancer, however this 
now presents an intriguing possibility.

This article describes the research published in:

Timing of pubertal stages and breast cancer risk: 
the Breakthrough Generations Study

D. H. Bodicoat, M. J. Schoemaker, M. E. Jones, E. McFadden, 
J. Griffin, A. Ashworth, A. J. Swerdlow Breast Cancer Res. 
(2014) 16(1) R18 

http://EuropePMC.org/articles/PMC3978643

This article was selected for inclusion in the competition by 
Breakthrough Breast Cancer.

13



A drug treatment to silence tinnitus?

Blocking out 
The Noise

By Carly Lawler  
University of Nottingham, UK
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What is tinnitus?
Have you ever heard a ringing or buzzing in your ears even 
though there was no sound playing? Most people have. 
These phantom sounds are often heard following exposure 
to loud noise, after a night at a party perhaps. For most 
people it is a fleeting experience that fades quickly. But 
some people hear these sounds all the time. This is tinnitus, 
and it can have a severe impact on a person’s quality of life. 
Tinnitus can disturb sleep, cause anxiety and depression, and 
interfere with work and social activities.

What causes tinnitus?
We don’t know for sure. In most cases, tinnitus is thought to 
be related to hearing loss. Exposure to high levels of noise, 
at work or recreationally, is a common cause of hearing loss. 
Loud noise can damage the delicate hair cells in the ear, 
which reduces sensitivity to sound. Unexpectedly, this can 
lead to increased activity in parts of the brain that process 
sounds. This ‘hyperactivity’ in the brain may be a cause 
of tinnitus.

Hyperactivity: Two distinct stages
Researchers from the University of Western Australia 
previously showed that, following noise-induced damage to 
the ear, hyperactivity in the brain develops in two stages. In 
the first stage, hyperactivity is driven by signals being sent 
from the ear to the brain. These signals occur spontaneously, 
even when there is no sound to generate them. In the 
second stage, hyperactivity becomes self-sustaining, no 
longer depending on these spontaneous signals from the 
ear. This led the researchers to ask: If we could reduce the 
spontaneous signals during the first stage, could we block 
out hyperactivity and tinnitus?

How might furosemide help?
The drug furosemide is commonly used to treat high 
blood pressure, although early tests have suggested 
that it could also reduce tinnitus. Furosemide is known 
to weaken the spontaneous signals sent from the ear to 
the brain. Furosemide may therefore be well placed to 
target hyperactivity during the first stage. If delivered soon 
after noise-induced damage to the ear, it could reduce 
hyperactivity and tinnitus. The researchers tested this in the 
guinea pig. This allowed them to monitor behavioural signs 
of tinnitus, spontaneous signals sent from the ear to the 
brain, and hyperactivity in the brain.

Guinea pigs with tinnitus?
The researchers exposed guinea pigs to a loud noise and 
then monitored them weekly to see if they developed signs 
of tinnitus. To tell if a guinea pig had tinnitus, the researchers 
used a test that measures how startled the animal is by a 
sudden sound. This startle sound is preceded by a quieter 
sound, which sometimes contains a gap. The gap provides a 
warning that the startle sound is coming, and so the animal 
startles less. However, animals with tinnitus aren’t able to 

detect the gap, and so they startle equally whether or not 
the gap is present.

Just under half of the guinea pigs developed signs of 
tinnitus. The researchers gave some of these animals a dose 
of furosemide, which they hoped would reduce tinnitus. They 
gave the others a salt solution, which they did not expect 
to have any effect on tinnitus. One hour after receiving 
furosemide or salt solution, the animals were tested again.

Did furosemide work?
It did. Furosemide reduced the early signs of tinnitus in all 
of the guinea pigs that received this treatment. In contrast, 
none of the animals that received the salt solution showed 
any improvement. This finding provides important evidence 
that furosemide can reduce tinnitus that develops soon after 
noise-induced damage to the ear.

To determine how furosemide worked, the researchers 
exposed another group of guinea pigs to the same loud 
noise. They made measurements on these animals before 
and after treatment with furosemide. Furosemide reduced 
the spontaneous signals being sent from the ear to the brain, 
and eliminated hyperactivity in the brain. This supports the 
idea that hyperactivity could have caused the tinnitus that 
the guinea pigs experienced.

Could furosemide work in humans?
This research shows that treatment with furosemide following 
loud noise exposure can reduce signs of tinnitus in animals. 
But could it do the same in humans? What remains unclear is 
the dosage needed to safely bring about the same effect in 
humans, and whether the benefits could be sustained over 
the long term. We also need to understand how soon after 
loud noise exposure furosemide must be delivered in order 
to be effective.

Tinnitus is a common complaint among people who are 
exposed to intense noise, members of the armed forces 
returning from service, for example.  This research offers 
hope that a drug treatment delivered soon after noise 
exposure could silence tinnitus.
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drug monitoring method
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A tiny drop of blood on a card could be all that is needed 
to assess response to medication in children: no doctors or 
hospital required. 

Juvenile idiopathic arthritis (JIA) and juvenile 
dermatomyositis (JDM) are inflammatory disorders which 
affect children. There is no known cure for either disease 
and symptoms such as joint destruction resulting from 
inflammation can lead to serious disability.

The first port of call in the treatment of both JIA and JDM 
is a drug called methotrexate. Methotrexate has anti-
inflammatory properties and can help slow the disease 
process. In some cases this therapy, either alone or in 
combination with other drugs, can bring the disease under 
control. Unfortunately not all patients respond in the same 
way and the effectiveness of the drug varies a lot between 
children. There is also a wide spectrum of side effects 
associated with methotrexate which affect some more than 
others. It is therefore necessary to carefully monitor how well 
a child is responding to the drug, both in terms of how well it 
treats the disease and the severity of side effects.

One way to monitor this is to look at what happens to 
the drug after it is taken into the body. Methotrexate 
polyglutamates (MXTPGs) are substances produced by the 
cells of patients who have been administered methotrexate. 
There is evidence to suggest that the amount of MXTPGs 
present in the red blood cells of patients can indicate how 
well they respond to the treatment – therefore a method 
which can measure MXTPG levels in blood could be valuable.

Such methods already exist but are generally not suitable 
for patients who have only been given a low dose of 
methotrexate, as used in the treatment of JIA and JDM. 
Other tests are expensive, labour intensive or require 
relatively large amounts of blood drawn by a needle 
(venipuncture) – which is invasive and particularly undesirable 
when the patient is a child. 

Research undertaken at Queen’s University Belfast has 
produced a new method which can detect MXTPGs from 
dried blood spots which require only tiny amounts of blood. 
Dried blood spots are obtained by pricking the finger and 
collecting a small drop of blood onto an absorbent card. This 
doesn’t require any clinical expertise and can be taken at 
home by a parent or the patient themselves – minimising any 
stress caused.

The researchers used blood samples from JIA and JDM 
patients taken by finger prick and venipuncture to compare 
results obtained by the new and established methods.

To measure levels of MXTPGs in blood spots, a technique 
called liquid chromatography-mass spectrometry (LC-
MS) was used. Mass spectrometry is a chemical analytical 
technique which measures the mass of components of a 
sample. Different molecules have different masses so by 
measuring them it is possible to work out what the molecule 
is. The quantity of a molecule in a sample is determined 

by the intensity of the signal: samples containing a higher 
concentration of MXTPG will produce higher intensity signals. 
Liquid chromatography allows for different components 
of a complex mixture to be separated so that they can be 
measured individually by the mass spectrometer without 
interfering with each other. 

Researchers carried out a method to extract MXTPGs from 
the dried blood spots into a solution so they could be 
analysed by LC-MS. The signal intensities of MXTPGs were 
then measured. To work out exactly how much MXTPG 
this intensity corresponded to, the signals were compared 
to those from blood containing known concentrations of 
MXTPG. These samples were made by adding measured 
amounts of MXTPGs to blood from healthy people.

They found that measured levels of MXTPG in dried blood 
spots were in close agreement with those measured in whole 
blood from the same patient. This suggested that the new 
method gives an accurate measure of MXTPGs in this more 
convenient sample type.

A number of experiments were carried out to ensure that 
the values produced were accurate and would be the same 
if the analysis were repeated. MXTPG levels were measured 
in replicate samples at different times during the day and on 
different days. They found that the differences between the 
values were within the acceptable range set out in guidelines 
which aim to make sure analytical methods can be reliably 
used in clinical settings.

The method was demonstrated to be accurate and reliable 
which suggests that it could now be used in clinical studies 
which aim to better understand how different children 
respond to methotrexate. This could mean that future 
patients who do not respond well, or suffer adverse side 
effects to the drug could be monitored more effectively, 
ultimately leading to better disease management and 
improved quality of life. 
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Many of us may have experienced headaches and drowsiness 
when our sleep-wake schedules are disrupted by cross-
continental air travel or by working night shifts. How can we 
explain and manage these symptoms? Derk-Jan Dijk and 
colleagues provide an answer by finding out what happens in 
our cells when we mistime our sleep. 

Our master clock
Most of our cells possess internal clocks that cause 
fluctuations in cell activities in a roughly twenty four hour 
cycle. These cycles are called “circadian rhythms” and are 
coordinated by a “master clock” in our bodies. Our master 
clock is a network of neurons called the suprachiasmatic 
nuclei in a brain region called the hypothalamus. It acts like 
a conductor in an orchestra, ensuring that different members 
keep to the same tempo. Our master clock sets its time 
according to light information and communicates with our 
cells by directing the production of a blood-borne chemical 
messenger called melatonin. Darkness stimulates melatonin 
production and triggers sleepiness while brightness inhibits 
this process and rouses us from slumber. Staying awake when 
it reads night time on our master clocks creates a mismatch 
that can cause headaches and drowsiness. 

Studying how mistimed sleep affects 
cell activity
Derk-Jan Dijk and colleagues mimicked the effects of 
mistimed sleep in healthy volunteers. The scientists 
controlled the timing of their master clocks by exposing the 
volunteers to dim light during scheduled waking times and 
complete darkness during sleep. This ensured that melatonin 
levels rose and fell at roughly the same times for each day. 
All volunteers were subjected to a sleep-wake cycle of twenty 
eight hours where sleep was delayed by four hours for three 
consecutive days. At first, their sleep coincided with night 
time on their master clocks when melatonin levels were 
rising. After three days of delayed sleep, the volunteers now 
experienced a twelve hour difference between their sleeping 
times and the time on their master clocks. 

To determine how the volunteer’s cells responded to 
mistimed sleep, the researchers studied molecules within 
the cell called ribonucleic acids (RNAs). RNAs are messages 
relaying instructions from our genes to make different 
proteins which determine cell activity. The researchers 
isolated RNAs from two sets of blood samples drawn at 
periodic intervals. One set of samples was collected initially 
when the volunteer’s sleep-wake cycles matched the timings 
of their master clocks. The other set was collected after 
three days when the volunteers had mistimed sleep-wake 
cycles. By comparing the relative amounts of different RNAs 
collected in both sets of samples, the researchers obtained 
snapshots of cellular function that varied with time or with 
sleep condition. 

What was discovered?
The researchers examined the RNA messages whose 
levels normally cycle in a twenty four hour period. RNAs 
representing genes involved in wound healing and immunity 

normally peak in the day, while those involved in protein 
production peak at night. The researchers found that 
mistimed sleep caused a greater than six-fold decrease in 
the number of cycling RNAs. Compared to a previous study, 
mistimed sleep deregulated the rhythms of more RNAs than 
insufficient sleep!  By interfering with the timely regulation 
of RNAs, mistimed sleep could impair our cell’s abilities to 
adapt to the different needs of our bodies during day-time 
and night-time.  

The researchers also demonstrated that timely sleep 
cooperates with our master clocks, directing our cells to 
enhance protein production at night. When the volunteers 
timed their sleep-wake cycles with their master clocks, 
the levels of RNAs representing genes involved in protein 
production peaked at night and fell during the day. 
Mismatching their sleep-wake cycles with their master 
clocks disrupted the rhythmic production of these RNAs and 
reduced their levels at night. This suggests that timely sleep 
could be important for refreshing our body’s protein pools 
after a day’s work.

Why does this matter? 
This study sheds more light on the RNAs that are controlled 
by our master clocks and by our sleep-wake cycles, providing 
the foundation for more detailed investigations into the 
biological functions of sleep. 

Furthermore, the results demonstrate that timely sleep is 
necessary for regulating when different genes are active or 
inactive. It appears that we cannot compensate for mistimed 
sleep by merely sleeping for longer periods. This could 
be why we still feel inadequately rested after sleeping if 
we have recently done a night shift or have taken a long 
distance flight. Our sleep-wake cycles must be coordinated 
with the rhythm of our master clocks for optimal cellular 
function. Controlled exposure to light can synchronise sleep-
wake cycles with our master clocks and will assist people 
in recovering from night shifts and jet lag. Since aging and 
illnesses can disrupt circadian rhythms, these results could 
inform therapies to improve the quality of life for these 
people too. 

It looks like where sleep is concerned, both quantity and 
timing matter. 
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The dangers of carbon monoxide are increasingly well known 
to the public, especially in relation to faulty gas central 
heating systems.  Indeed, carbon monoxide accounts for 
more than 50% of all fatal poisonings. Carbon monoxide’s 
deadly toxicity arises when it binds to haemoglobin, 
stopping this protein from efficiently transporting oxygen 
around the body.

Recent research has suggested that the level of carbon 
monoxide typically found in built-up areas with lots of traffic 
may also be damaging to health. Long-term exposure has 
been linked to damage of the heart and brain, particularly in 
the elderly. Recently, researchers at Leeds University found 
that carbon monoxide interferes with a sodium channel 
called NaV1.5. This channel lets sodium ions move into the 
cell, which is an important part of sending a nerve signal. 
They showed that disruption of this sodium channel by 
carbon monoxide led to a disruption of the heartbeat known 
as a heart arrhythmia.

Less well known than carbon monoxide’s toxic effects, is the 
increasing scientific interest in the role played by carbon 
monoxide in everyday bodily functions across a wide range 
of organs, including the heart and brain. It will come as a 
surprise to many that the human body produces carbon 
monoxide.  Dissolved carbon monoxide can move through 
bodily fluids very quickly, allowing it to be used by the body 
to send signals. There are even potential therapeutic uses 
for carbon monoxide, for example it has been suggested 
that carbon monoxide could be used to reduce the damage 
caused by restricted blood flow to the heart. This condition, 
known as myocardial ischemia, is caused by the build up of 
cholesterol-rich plaques in the coronary arteries, and is one 
of the largest causes of death in the Western world.

For carbon monoxide to be therapeutically useful, 
researchers will need to identify its ‘therapeutic window’. 
This is the point at which enough carbon monoxide is given 
to a patient to cause the desired therapeutic effect, but not 
so much as to cause side effects like arrhythmias. To help 
establish the therapeutic window, the team from Leeds 
have been conducting new investigations into the effects 
of low levels of carbon monoxide. They once again turned 
their attention to the sodium channel identified in their 
previous study.

The researchers modified a type of human embryonic kidney 
cell, commonly used in biological studies, to contain many 
more copies of the sodium channel NaV1.5 than usual. They 
then used a sensitive device called a patch clamp, which 
can measure the electrical current caused by the movement 
of sodium ions into the cell. NaV1.5 is a voltage-dependant 
sodium channel, which means that sodium only flows through 
it when a voltage is applied.  In the body this voltage would 

come from a nerve signal. The researchers stimulated the 
channel by applying a small voltage for a time period as 
short as four hundredths of a second. A correctly functioning 
channel will only allow sodium ions to flow through it for 
less than a tenth of a second after the voltage has been 
applied, before closing and preventing the flow of any more 
sodium ions.

By using a chemical that slowly releases carbon monoxide, 
the team were able to study the effects of carbon monoxide 
on the flow of sodium ions. They found that carbon 
monoxide reduced the size of the current, but not the 
length of time that sodium ions flowed through the channel. 
Previous experiments had shown that carbon monoxide is 
able to induce an effect called a late current, meaning that 
the sodium channel is kept open for longer, however that 
was not seen in this study.

The team ruled out various possible causes for this 
discrepancy, before showing that the effect of lengthening 
the current only occurs in cells that can produce another 
important signalling molecule called nitric oxide (not to 
be confused with nitrous oxide, or ‘laughing gas’). They 
were able to show that a nitric oxide-producing enzyme 
called nNOS was required for carbon monoxide to cause 
a late current, but not for carbon monoxide to reduce the 
size of the current. This implies that carbon monoxide’s 
effects on the size and length of the current occur through 
different mechanisms.

It should be remembered that observations made in isolated 
embryonic kidney cells may not be entirely representative 
of native tissue. Nonetheless this research has begun to 
explore the effects of carbon monoxide on sodium channels. 
The team showed that carbon monoxide can reduce the size 
of the current that flows through NaV1.5, and the length of 
time the channel stays open for, however carbon monoxide 
does this by different mechanisms. If carbon monoxide is to 
be used for therapeutic purposes, further research will be 
required into its potential side effects. 
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No FAKing it... A real new 
development in the battle 
against breast cancer
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In the UK, breast cancer is the most common form of 
cancer and is third highest in terms of the number of deaths 
caused per year1. It therefore presents a severe problem 
and discovery of new biomarkers to improve diagnosis and 
treatment is critically needed. One biomarker being tested is 
a protein known as FAK (Focal Adhesion Kinase) and it could 
have significant implications for breast cancer patients.

Breast cancer – why it needs our attention
One major obstacle faced with breast cancer is that it is 
an extremely diverse disease. Gene analyses have only 
fairly recently allowed classification of four main sub-
types: luminal A, luminal B, Her2 and basal-Like (BL). The 
genetic differences result in variances in cellular proteins 
and therefore also disease characteristics and severity. For 
example, BL breast cancer is particularly aggressive and lacks 
the proteins present in other sub-types, it is therefore also 
known as ‘Triple Negative’ (TN) breast cancer. These missing 
proteins are usual targets for treatment options, highlighting 
an unquestionable need for new specific therapies for BL 
breast cancer. Better understanding of each sub-type is an 
issue that needs to be urgently addressed.

What is FAK and why is it so important?
FAK is a protein, known as a tyrosine kinase, which 
regulates the movement, proliferation and survival of cells. 
Furthermore, cells with too much FAK have been linked 
with advanced cancers and in particular the formation of 
blood vessels that allow tumour growth. Colon, breast, lung 
and cervical cancer cells have all been shown to have high 
levels of the FAK protein. FAK has also been shown to be 
abundant in the tissues surrounding the tumour; of particular 
interest are the endothelial cells that line the blood vessels 
supplying the tumour. Mice studies demonstrated that 
inhibition of endothelial FAK levels correlated with decreased 
tumour growth via the disruption of the blood supply to the 
cancerous tissue. 

Given this correlation between FAK abundance and cancer, 
FAK inhibitors are now being explored as a potential cancer 
treatment. Small molecule inhibitors that bind to FAK and 
alter the central activity domain in the protein have now 
reached clinical trials stage2. Despite this progress and the 
mouse models linking between endothelial FAK and cancer, 
there have been no investigations exploring the relationship 
between endothelial cell FAK levels and breast cancer sub-
types or disease severity. Until now.

What the researchers did, and what 
they discovered
The London research team collected sections of breast 
cancer tissue from 149 patients, all suffering from invasive 
breast cancer. The particular sub-type, along with other 
patient details such as age, gender and disease progression 
were collated. A series of fluorescent staining techniques 
were performed on the samples, whereby the FAK protein 
levels could be identified. From this, statistical analysis 
allowed FAK levels to be measured and compared with 
important characteristics including breast cancer sub-type, 
disease progression and severity.

Endothelial and cancer cell FAK levels were high in luminal 
B sub-types and low in luminal A sub-types. However, 
the relationship between luminal A and low endothelial 
FAK levels was more substantial and significant than with 
low cancer cell FAK levels. This is an important finding as 
endothelial FAK levels have never before been associated 
with breast cancer sub-type and could therefore help 
clinicians to diagnose this sub-type. While the patient group 
sizes for Her2 and luminal B sub-types were likely too low 
to draw conclusions, interestingly, regardless of sub-type, 
the more aggressive tumours had higher FAK levels. Breast 
cancer grading varies from 1-3, with increasing severity, 
and grade 3 tumours were directly related to excessive FAK 
levels. Grade 3 carries a worse prognosis for the patient 
and so using FAK levels as an indicator could aid diagnosis, 
allowing treatment plans for these more severe cancers that 
are at this time notoriously difficult to manage.

Why this is important and what’s next?
Uncovering associations between endothelial FAK levels and 
severe breast cancer offers great promise for future diagnosis 
and treatment. The difference in endothelial FAK levels 
between sub-types suggests that non-luminal A sub-types 
are most likely to respond to FAK inhibitors.  The relationship 
between FAK and high grade tumours indicates FAK may 
even play a role in the development of these aggressive 
cancers; a vastly important finding. In addition, the fact that 
endothelial FAK levels are found to be high offers another 
big benefit as blood vessel cells are easier to target with 
drugs than cancer cells. Future work should include more 
patient samples, compare endothelial FAK levels with survival 
rates and look at the use of endothelial FAK as a biomarker 
for clinical trials. This study is the first of its kind to link 
endothelial FAK levels with breast cancer, but it is likely it will 
not be the last.
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In the UK about 1 in every 10 people are providing care 
to a parent, spouse, other family member or friend. As 
people live longer it is anticipated that many of us will 
take on this kind of ‘carer’ role. Research shows that carers 
themselves often have poor physical and mental health. This 
is sometimes made worse by the caring role in which carers 
can feel overburdened and isolated. Sometimes poor health 
can eventually limit carers’ ability to perform their caring 
role. This can cause upset for both the carer and their loved 
one, particularly in cases where this prevents end-of-life care 
from being provided at home.  Supporting carers to provide 
care at home can also significantly reduce the huge costs 
of institutional care anticipated as we all live longer into 
old age.

Identifying carers is the first vital step to providing them with 
healthcare and support. Unfortunately research suggests 
that many carers are not recognised by health and social 
care services as having a caring role, and so do not receive 
adequate support from them. In response this research study 
was carried out to understand: 

1. Why it is difficult to identify carers 

2. What strategies could improve their identification

The study focused on ‘primary care’ services like General 
Practices and pharmacies, which are based in the community 
and attended by most people. It looked at both end-of-life 
carer experiences and at general carer experiences. The 
study gathered information in three ways: 

1.  By reviewing all the findings from relevant research that 
had already been carried out

2.  By consulting with researchers who had experience of 
researching carer roles

3.  By carrying out group interviews with healthcare 
professionals like General Practitioners (GPs) and 
community nurses, and with carers themselves

The findings from these three activities were compared and 
then brought together. The findings concentrated mostly on 
why it is difficult to identify carers in General Practice. Three 
major areas of difficulty were found. 

The first of these was that becoming a carer is often a 
gradual process. This means carers don’t always recognise 
when they are starting to take on that role. This also 
sometimes happens because they see their caring role as 
just part of being ‘daughter’ or ‘husband’ to their loved one 
or because the cared-for person struggles to recognise they 
are being cared for. This is important because it can be hard 
to offer suitable support to carers who don’t identify as such.  
In addition some carers do not want outside help or fear it 
would be an intrusion. This often changes after a crisis in the 
health of the cared-for person, after which support is offered 
and welcomed. 

The second major area of difficulty is that carers are often 
left with very little time for themselves. This can make them 
feel isolated from others; particularly if they have to leave 
their job. Isolation and lack of time affected carers’ ability 
to recognise their own health and social care needs. Carers 
may also struggle to find the time to go to see their GP, 
particularly if they are afraid to leave their loved one alone.

The third major area of difficulty concerns how primary care 
approaches - and is perceived to approach - carer needs.  
Firstly GPs sometimes lack information about available 
services for carers, even though GPs and district nurses feel 
their role includes identifying carers and offering services and 
care. In addition carers themselves often don’t realise this is 
the role of GPs and nurses, and so do not approach them. 
GPs and nurses also find that identifying carers is harder 
when the carer and loved one are registered with different 
General Practices. It can also be difficult to find time alone to 
discuss with carers what their needs might be.

This study has uncovered why so many carers are not 
identified. This understanding then enabled the researchers 
to consider strategies to improve the identification of carers. 
The researchers recommend two key activities to ensure both 
carers and professionals take seriously their needs:

1.  Advertising available support more widely, so that carers 
realise they are in that role and feel confident requesting 
help if and when needed 

2.  Encouraging professionals to be more proactive in 
asking patients about caring roles and providing them 
with information

These activities highlight the importance of good information 
about support services. The researchers point out that ‘carer 
champions’ are sometimes employed to provide this. 

By understanding difficulties in identifying carers, these - 
and other - strategies can be developed to improve carers’ 
health and quality of life. This has positive implications for 
all of us; as carers, as loved ones and as members of our 
changing society. 
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Introduction
Amyotrophic Lateral Sclerosis (ALS), a neurodegenerative 
disorder also known as motor neurone disease, received 
considerable media attention in 2014 thanks to the viral 
fundraising efforts of the Ice Bucket Challenge and The 
Theory of Everything, a film chronicling Stephen Hawking’s 
life after his ALS diagnosis.  ALS is caused by degeneration 
of motor neurones, eventually leading to loss of muscle 
control1.  Frontotemporal Degeneration (FTD), another 
neurodegenerative disorder, is a form of dementia 
characterised by progressive damage to the frontal and 
temporal lobe of the brain2.  Both have been linked to a 
mutation in the gene C9orf72.  Despite much research, the 
pathological basis of the mutation has remained unclear.  
Now, Cooper-Knock and colleagues at the University of 
Sheffield provide new insights that begin to explain how this 
mutation causes degenerative disease.

The key mutation
The mutation reported in C9orf72 is a repeat expansion.  
This means that the sequence “GGGGCC”, normally present 
only a few times, repeats many hundreds of times.  Think of 
this as the cell holding down the ctrl + v keys for too long 
when copying that stretch of DNA.  Interestingly, this is the 
same kind of mutation already linked to other neurological 
disorders, including Huntington’s and Myotonic Dystrophy, 
the most common form of adult-onset muscular dystrophy3. 

FISHing for the answer
The researchers began by looking at C9orf72 RNA. Our 
DNA is very valuable – would you lend out the only copy 
of your favourite book? – and so a copy (RNA) is made and 
processed to ensure the correct RNA is translated into a 
fully functional protein.  RNA FISH (Fluorescence in situ 
Hybridisation) is a technique more like fishing than you might 
expect: fluorescent bait (complementary RNA) is added to 
your ‘pool’ and will bind your prey (C9orf72 RNA), showing 
where in the cell it is located.  This revealed concentrated 
deposits (known as foci) of RNA in the nucleus, where DNA 
is stored and copied into RNA, and to a lesser extent in the 
surrounding cytoplasm, where RNA is translated into protein.  
Strikingly, RNA foci were observed only in the patients 
carrying a repeat mutation in C9orf72 and were absent 
from ALS patients with different causative mutations and 
neurologically normal controls.

Bound to repeat
The researchers next sought to discover which proteins 
interacted with the RNA by extracting any proteins bound 
to the GGGGCC repeat sequence.  By doing this, they 
were able to identify more than 100 proteins known to be 
involved in various stages of RNA processing.  To confirm 
these potential ‘protein-RNA’ interactions, they looked at the 
localisation of a subset of the proteins in cerebellar granule 
cells and motor neurones – the cells that are characteristically 
affected by degeneration in ALS.   They saw a tendency 
for the proteins to associate with the same position in the 
cell as the RNA foci in patients with C9orf72 mutation but 
not in those patients without this mutation.  One protein 
associating with the RNA deposits was ALYREF, which is 
known to play a role in exporting RNA from the nucleus.

When hoarding becomes toxic
How do these findings explain the observed 
neurodegeneration in ALS and FTD? The researchers propose 
two potential explanations.

Disease may be a result of RNA processing proteins being 
hoarded at the site of mutation, causing cell wide disruption in 
copying genes into RNA.  However, this does not completely 
explain the late age of onset of ALS and FTD, as the repeat 
expansion would be hoarding RNA processing proteins 
throughout life.  Additionally, the researchers suggest 
hoarding the proteins is reversible. 

A second explanation is that accumulation of these proteins 
allows C9orf72 RNA to override the normal cellular signals 
preventing it from leaving the nucleus.  Once outside, it can 
be translated into a protein that has a toxic effect on neurones.  

Why is this research important?
The previous lack of understanding about the molecular basis 
of ALS and FTD has severely hampered our ability to develop 
effective treatments.  The work of Cooper-Knock et al provides 
important information about how this particular mutation may 
lead to neurodegeneration.  

For example, if the underlying cause of disease in these 
patients is mutant RNA exiting the nucleus and being 
translated into a toxic protein, blocking this exit is an attractive 
therapeutic route.  Alternatively, if the disease-causing step 
is hoarding RNA processing proteins, then supplementing 
the patient with these proteins may alleviate symptoms of 
neurodegeneration. 

As repeat mutations in C9orf72 is the cause of ALS and 
FTD in a large number of patients, developing a treatment 
targeted to this particular genetic variant will benefit 
many.  It may even prove valuable in our understanding 
of other neurodegenerative conditions caused by repeat 
expansion mutations.

References
1  http://www.alsa.org/about-als/what-is-als.html

2  http://www.alzheimers.org.uk/site/scripts/documents_info.
php?documentID=167

3 http://ghr.nlm.nih.gov/condition/myotonic-dystrophy
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By Sophie Regnault 
Royal Veterinary College, UK

Saving their skin:  
Research to reduce 
animal testing

Animal testing is expensive, difficult and, for many people, 
straddles an ethically uncomfortable line. A central tenet of 
science and medicine over the past half century has been 
the 3R’s (Reducing the number of animals in experiments, 
Refinement of experiments to do the least harm, and 
ultimately Replacing animal testing whenever possible) and 
European law reflects these morals, restricting animal testing 
and especially cosmetics testing.

In vitro experiments, where potentially toxic substances 
are tested on cells in a petri dish instead of whole animals, 
seem like they should be an ideal alternative. However 
traditional in vitro experimentation has some unfortunate 
limitations. The cells used often have mutations or other 
adaptations which allow them to thrive in the relatively 
unnatural environment of a test tube, but means they 
might react differently to the ‘normal’ cells in the body of 
an animal or person. The cells also sit in thin sheets on the 
bottom of a dish or float around in solutions rather than 
forming 3D organs, which again can change how they 
react to substances. Skin, for example, is a complex organ 
composed of different cell types organised into layers with 
an outer protective covering, but a thin sheet of identical 
cells in a dish doesn’t reflect this structure. Because of these 
reasons, in vitro tests tend to exaggerate the toxic effect of 
substances. Dump alcohol onto a petri dish of hapless cells 
and you might kill them, but spilling a drink on your arm 
doesn’t require a skin graft.

Scientists are trying to address the shortcomings of 
traditional in vitro testing. One method being developed is 
a more realistic living 3D skin replica complete with outer 
protective layer, made using freshly donated human skin 
cells. Because it more accurately reflects the structure and 

function of normal skin, it is hoped that this model is better 
at realistically mimicking the body’s reaction to potentially 
toxic substances.

One of the most important parts of developing new scientific 
methods such as this is validation – checking that the method 
and results are repeatable (and not just a lucky accident), 
and that the model actually does closely mimic the body’s 
reaction. As well as backing up previous research, validation 
studies also explore the characteristics of the new model 
by finding out exactly when it behaves realistically, where 
its weaknesses lie, and how it might be improved. Used 
correctly, these validation studies can help open up whole 
new areas in medicine and research.

One such study is that performed by Kate Chapman and her 
colleagues at Swansea University. They tested the new skin 
model’s response to known safe and toxic chemicals, and are 
the first to study its response to low doses (the most common 
level of chemical exposure). More excitingly, they are also the 
first to try measuring genotoxicity (a specific type of toxicity) 
automatically in this model. 

Genotoxicity is the ability of a substance to cause DNA 
damage. A more genotoxic chemical will cause more DNA 
damage, which can lead to mutations and cancer. When a 
cell divides normally, the DNA is split between two nuclei 
(one for each new cell). A micronucleus – an extra small 
nucleus – can also form around any broken pieces of DNA. 
One way of gauging the amount of genetic damage to a 
cell is to count how many micronuclei the cell produces in 
response to chemical exposure. More micronuclei signal a 
more genotoxic substance.
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This article describes the research published in:

Automation and validation of micronucleus 
detection in the 3D EpiDerm™ human reconstructed 
skin assay and correlation with 2D dose responses 

K. E. Chapman, A. D. Thomas, J. W. Wills, S. Pfuhler, S. H. 
Doak, G. J. Jenkins

Mutagenesis (2014) 29(3) 165-175 

http://EuropePMC.org/articles/PMC3983754

This article was selected for inclusion in the competition by the 
National Centre for the Replacement, Refinement and Reduction of 
Animals in Research.

Counting micronuclei manually is very time-consuming. It 
involves examining hundreds of cells under a microscope, 
identifying potential micronuclei, and deciding if they count 
(whilst keeping track of where you’ve already looked!). It can 
be subjective, with different counts for different observers, 
and prone to human error. Chapman and her colleagues 
trialled an automatic micronuclei counting system for 
samples from the new skin model, showing that the machine 
generally agrees with counts made by a human (and may 
even be better at finding micronuclei, though these results 
are less clear).

With the automated method, the authors were able to 
measure DNA damage in a large number of samples, fast 
and reliably, across a range of doses. Because a machine 
can count faster and more consistently than a person, it 
means that large number of samples can be evaluated. In 
turn, larger sample sizes allow more powerful statistical tests 
to be used to detect patterns in the data. In trialling their 
automated method, the authors have contributed to the 
total knowledge about a promising new in vitro model. They 
have made it easier for other scientists to work with it (by 
identifying some of the model’s quirks, like behaving better 
with acetone – paint thinner – rather than water) and make 
discoveries of their own. Ultimately, these authors and groups 
like them are bringing us a step closer to replacing animals in 
medicine and research.
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I was not aware of Europe PMC before this competition, 
and do not intend to explore further

4.2% 6.5%

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

38.1% 43.9%

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

5.9% 6.1%

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

40.4% 37.8%

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

11.4% 5.7%
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Location

Key Facts:

Number of entries: 307
Number of entries for Africa: 2
Number of entries for Asia: 25
Number of entries for Australia: 5
Number of entries for Europe (ex UK): 30
Number of entries North America: 17
Number of entries for the UK: 228
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