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Welcome to the second issue of Insider Imprint, the first 
journal of its kind in the University - run by students for 
students. It is wonderful to see such a diverse range of 
inspiring content from across Health and Life Sciences in 
this, even bigger, second edition. The University works 
hard to give students opportunities to build up skills and 
experience and Insider Imprint is a great example of this. 
I would like to thank everyone involved in its production 
– its success is due to the hard work and dedication of 
the editorial team and the enthusiastic response from 
contributors. 

I do hope that you enjoy reading this issue and encour-
age you to contact the team with your comments and 
ideas for future publications. This is, after all, an oppor-
tunity for you to showcase and share your many activi-
ties and successes.  

 

Professor Dame Janet Beer 

Vice-Chancellor 

Foreword 
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O ne year on from our inaugural issue of Insider Imprint, we are proud to present issue 2!  Even more 
jam-packed than issue 1, we are so happy with the variety of submissions and diversity of students 

getting involved. Find out about what some of your peers have been up to, from study abroad to raising 
giant moths in their bedroom! Read the current research students are working on and about topics your 
peers find interesting.  

If you are thinking about publishing your work, there has never been a better time! Insider Imprint is 
open to any topic related to the Life Sciences, and will take submissions from all students in the Faculty 
of Health and Life Sciences. We will work with you to get your work to publication standard, and once 
published your work will be available to show off on our beautiful website insiderimprint.com, as well as 
in print. 

Enjoy issue 2, we hope it will inspire and inform you, and we look forward to working with some of you 
soon!  

            Your Insider Imprint Team 

M eet the team behind Insider Imprint! We are a dedicated team from across the Faculty coming 
together with a common goal of creating a space for undergraduate and masters students to 

showcase their achievements, to inspire the upcoming generation of students and to support students 
in becoming confident and competent presenting their work, ideas and experiences.  

Meet the Team 

DR FABIA ALLEN 

Lecturer in the School of Life Sciences  

Managing Editor 

DR KERRY HANNA 

Lecturer in Orthoptics 

 

Editor 

ALISTAIR JONES 

PhD student in Translational Medicine 

Editor & Social Media 

Manager 

DECLAN MANNING 

PhD student in Cellular Physiology  

Editor & Artistic Director 

JUHI GUPTA 

PhD student in Pharmacology 

Editor & Public Relations 

Manager 

SHAHJAHAN SHIGDAR 

PhD student in Musculoskeletal 
Biology 

Editor & Peer Review 

Manager 
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Reflections 
What are your fellow students up to? 

 
Find out about what your fellow students have been getting up to from starting 

something new, studying abroad and extracurricular activities.  

Learn about how your peers have grasped opportunities and their advice to you. 
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Adjusting to life at Masters level 
Advice from a current MSc student 

I  remember coming home after the 
first introduction lecture in wel-

come week with one sentence re-
bounding around my head – ‘You 
will be given more work than at un-
dergrad’. This prediction has most 
definitely come true. At times, it has 
felt a lot, mainly when we have had 
several deadlines due for the same 
day which was tricky to balance. I 
would say that the workload is doa-
ble once you have adjusted to it. The 
assignments start early – the first 
was due in the third week of term – 
and do keep coming, but there’s 
never been a time when it hasn’t 
been possible to get them all written 
and submitted on time.  

Organisation is a big deal at masters 
level. Mainly due to the increased 
work load that you are given imme-
diately. I know this is something that 
everyone knows they should do, but 
often, don’t really do it well. Howev-
er you like to do it, whether it is with 
Google calendar or a physical diary, 
getting organised is the biggest thing 
I would recommend.  There are a lot 
of things that you will have to juggle. 
In addition to your modules, there 
are also meetings with your supervi-
sor, time in the lab, and any part-
time work or extracurricular activi-
ties. The deadlines are published 
online but it is your responsibility to 
keep track of them. I like to use a 
whiteboard to cross them off when I 
hand them in, but whatever you do, 
make sure that you are making note 
of what is due and when.  

The biggest change I have noticed 
from being a third year is the 
amount of responsibility we are giv-
en by the lecturers and our supervi-
sors. Though it is refreshing to have 
so much responsibility and freedom 
at times, if you don’t handle flexibil-
ity well it can be difficult. You are 
expected to take control of your 

project and arrange to meet with 
your supervisor, and you are ex-
pected to remember the course 
deadlines. You won’t be reminded of 
them! However, since everyone is in 
the same boat someone is likely to 
remind you if you’ve forgotten.   

One of my favourite changes is the 
research project. As an MSc student 
I don’t start in the lab until the sum-
mer (unlike the MRes and MBiolSci 
students) but it has been nice to 
really get to grips with my research 
area in semester one by reading the 
literature and talking to my supervi-
sor. I have been able to spend some 
time in the lab with some of the PhD 
students, shadowing them to learn 
the skills that I’ll need in May. It’s 
been one of my favourite parts of 
the degree so far. I’ve really come to 
get some ownership over my pro-
ject, especially since I was able to 
direct where it went a little more 
than at undergrad. I’ve even got my 
family and friends interested in biol-
ogy, which hasn’t always happened 
before! As a master’s student you 
are expected to drive the project 
more than you might be used to at 
undergrad, this is one example 
where you are expected to take 
more responsibility for your work. 
This can be a little awkward in the 
beginning, but as time progresses it 
gets easier to talk to your supervisor 
and the PhD students and post-docs 
in the lab.  

As a masters student you are en-
couraged to attend seminars given 
by visiting academics hosted by the 
different research institutes. The 
seminars are given across a range of 
topics. I have sat in on seminars 
about avian influenza, cyanobacteri-
al photosynthesis and DNA replica-
tion. I’ve had the opportunity to 
listen to a lot of interesting academ-
ics, and it is interesting to hear what 

other people are working on, and to 
see them so interested in their work. 
Attending these seminars is a great 
way to get a flavour of the research 
going on in areas of life sciences that 
you may not have thought about 
before. As a microbiologist, I hadn’t 
really thought much about replica-
tion forks, but the seminar was real-
ly interesting!  

To anyone considering a masters 
degree I would say to make sure you 
are willing to put the work in. My 
MSc so far has been really reward-
ing, but if I was even the slightest bit 
apathetic about it all I don’t think 
that I would have got as much out of 
it as I have done. The learning curve 
can be steep at times, especially if 
you’re tackling topics and tech-
niques that you have never dealt 
with before. Before this year I had 
never used any form of bioinfor-
matics techniques, so the first few 
weeks of starting the Informatics 
module were tricky but I have learnt 
so much, and it’s been one of my 
favourite modules thus far. I have 
heard a masters degree described as 
‘third year on steroids’ and at times, 
it can be. However, it is completely 
manageable, you just need to be 
aware that it’s probably not easily 
cruised through. It can be very ful-
filling, especially if you are willing to 
put the work in, and there are a lot 
of opportunities to get involved 
with, like writing for Insider Imprint! 
It’s so rewarding, and I have learned 
so much in my first two semesters; it 
has absolutely flown by. If you are 
considering a masters degree, I 
would seriously consider it, especial-
ly if you are excited by science, and 
want to get involved at a deeper 
level than at undergraduate.  

April Hayes, MSc Advanced Biological Sciences (Microbiology) 
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T he internet is a wonderful place; 
from same-day delivery of gro-

ceries and clothing to purchasing a 
hot tub or a light aircraft, you can 
get hold of practically anything in no 
time at all. In my case, I decided to 
purchase some newly hatched moth 
larvae from the world’s largest 
moth. I have kept many different 
animals in my lifetime but have nev-
er delved into insect keeping before 
now. The Atlas moth (Attacus atlas) 
is the largest species of moth by 
wing surface area (1) and the second 
largest by wingspan, second only to 
the White Witch (Thysania agrippi-
na). Atlas moths are a member of 
the Saturniid family and along with 
several other subspecies, they in-
habit the forests of India and South-
East Asia, and recently, a one-bed 
flat in Liverpool. 

At the end of July, I received a tiny 
cardboard box in the post, inside of 
which was a petri dish containing a 
few leaves of privet and ten tiny 
caterpillars. Barely a centimetre 
long, prickly in appearance and pale 
green, it was merely days before 
they had their first moult. Inter-

estingly, the caterpillars changed 
substantially in appearance with 
almost every moult following the 
first. Unlike the vast majority of 
moth species, which shed their skin 
four times, the Atlas moth grows so 
huge that it requires a fifth shed, 
meaning it goes through six growth 
phases known as “instars” through-
out its life as a larva. With the cater-
pillars growing as large as 11.5 cm in 
eight weeks (1), they quickly started 
a serious regime of eating. The 
green spiky larvae soon became 
white and powdery-looking and had 
doubled in size in less than a week. 
In the space of five weeks, they had 
grown to the length of my index 
finger (Figure 1). Once they reached 
their fourth instar, a size difference 
was becoming apparent between 
the caterpillars and the sexes be-
came distinguishable, with females 

now growing larger than males. By 
seven weeks, I could barely keep up 
with replacing the number of leaves 
they were eating. The caterpillars 
were massive and eating privet at a 
rate at which I had to replace 
branches every few hours and emp-
ty their tank of droppings twice a 
day. Eventually, after a total of eight 
weeks of gorging themselves (Figure 
2), the caterpillars abruptly stopped 
eating and their behaviour changed 
drastically. From energy saving, 
eating machines they transformed 
into wanderers, carefully evaluating 
every stem and leaf they could 
reach, before picking a place to 
weave a cocoon. Using the silk 
glands beneath their mouth, they 
spent the next two days carefully 
constructing intricately latticed silk 
cocoons where they could safely 
pupate inside. These structures 

The world’s largest moth in a 
Liverpool flat 
A commentary on the experience of raising one of the 
world’s largest moths, Attacus atlas.   

Natalie Dugdale, 3rd Year Genetics BSc  

Figure 1. Caterpillar in its 4th instar. Figure 2. Caterpillar in its 6th instar, 

hours before building her cocoon. 

Figure 3. Female pupa removed 

from her silk cocoon for sexing.  

“From energy saving, eating machines they trans-

formed into wanderers, carefully evaluating every 

stem and leaf they could reach, before picking a 

place to weave a cocoon” 
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were wrapped in leaves, well cam-
ouflaged and protected by the silk 
which solidified into a hard shell 
around them. By the ninth week, my 
enormous caterpillars had trans-
formed into pupa within enormous 
silk cocoons. Females have visibly 
smaller antennae, even as pupa, 
allowing for easy sexing (Figure 3).  

Aside from various butterfly and 
moth websites and a few blogs, I 
struggled to find any solid infor-
mation on timings referring to com-
plete metamorphosis from caterpil-
lar to imago (adult moth). From the 
information that I had gathered, I 
initially expected my pupae would 
eclose as moths within four weeks. 
As six weeks had passed and there 
were still no moths, I researched a 
little further and discovered that 
Atlas moth pupa are able to lie 
dormant and overwinter until condi-
tions became more suitable (3). All I 
knew was that they were still alive 
and still responding to a touch stim-

ulus, so they went into a well venti-
lated and insulated box kept at a 
pleasant 18oC to wait out the winter. 
With a thermometer, a hot water 
bottle filled twice daily and regular 
misting of the cocoons, it was appar-
ent that I had created an ideal envi-
ronment. On the sixth of December, 
I opened the box and was shocked 
to discover my first moth. Within 24 
hours of the first emergence, a sec-
ond male eclosed to join him (Figure 
4). With the largest of the two hav-
ing a wingspan of around 21.5 cm, 
these magnificent moths enjoyed 
their final week of life fluttering 
around a flat in Liverpool (Figure 5). 
Interestingly, the first two moths to 
eclose quickly became tame and 
amicable. They climbed onto my 
finger voluntarily, of their own ac-
cord, and ceased all their defensive 
tactics such as vibrating, flapping 
and spraying, all of which were com-
monplace in the first days following 
their emergence. Having found that 
caterpillars are able to retain memo-

ries from their final instars (2), I 
would like to think they were quick 
to warm to me as they may have 
had memories of my handling of 
them in the past with no ill conse-
quence. This theory is probably a 
leap, of course, with their tame be-
haviour likely being learned (albeit 
quickly), or perhaps is simply typical 
of this species. 

After months of eating and growing 
followed by months of pupating, the 
adult moths live for a week or less. 
They do next to no flying because 
the effort is so great, and instead 
they conserve their energy in hope 
of coming across a mate during their 
short adulthood. I am incredibly 
grateful for being able to experience 
the amazing life cycle of these won-
derful creatures and will definitely 
be raising more butterflies and 
moths in the future.  

 

Figure 4.  Adult male Atlas moth resting on a 

window. 

References 
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Figure 5.  Adult male Atlas moth resting on the author’s hands. 
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A s a wide-eyed undergraduate 
fresh out of Leeds University, 

with a BSc (Hons) in Neuroscience, I 
was still unsure if academia was for 
me. What I did know was that I real-
ly enjoyed my dissertation research 
project and putting my energy into 
making discoveries of my own.  

So, I came over to Liverpool in 2015 
to complete the MRes in Transla-
tional Medicine, a course that en-
compassed everything I loved about 
my dissertation. I found here was 
the opportunity to work in a lab full-
time and it was the first chance I had 
to become a semi-independent re-
searcher in the lab. It was in this 
year that I found out that EVERYONE 
is always learning and it’s ok to 
make mistakes! Even your most con-
fident looking post-doc has to do 
some techniques for the first-time. 
This made the jump to a PhD a lot 
less intimidating for me and I 
learned that I loved lab-work (even 
the more tedious experiments). So I 
hit the website findaPhD, and found 
all the projects that peaked my in-
terest. 

Currently, I am on the MRC DiMeN 
PhD programme in my final year. I 
was fortunate to be able to find a 
project that was really interesting to 
me without having to even change 
lab benches. My project investigates 
the mechanisms by which epilepsy 

develops and I am working on cre-
ating new treatment options for 
patients who currently can’t control 
their seizures. As neurological dis-
eases and molecular biology have 
always fascinated me, I find this a 
rewarding way of combining my 
interests and helping patients.  

Working in a lab, learning new tech-
niques and the ups and downs of 
scientific discovery can be stressful 
but also incredibly fulfilling. From 
my first smeary looking western blot 
to my most recent endeavours into 
visualising neurons in C. elegans 
(nematode worm), I’ve really en-
joyed learning something new and 
having different challenges each 
day. Unlike undergraduate study, I 
am now completely in charge of my 
own learning, and that space to 
learn exactly what I’m interested in 
is one of the best elements of my 
PhD.  

I was told “You will get exactly as 
much out of your PhD as you put in” 
which sounds obvious but, there 
really are so many projects and 
training programmes you can take 
advantage of as a graduate student. 
I am working with collaborators all 
over the UK, attending research con-
ferences and I have taken as many 
training initiatives as possible includ-
ing making it as far as the USA. Here, 
I got the fantastic chance to work in 
Seattle for a month with a unique 
opportunity to learn and train with 
some of the great minds in epilepsy 
pharmacology (as well as trying out 
Seattle’s expansive selections of 
coffee) through winning an MRC 
training grant. 

I’m also actively involved in brilliant 

parts of science that don’t take 
place at the lab bench. I’ve been 
able to challenge myself in several 
other areas such as editing for Insid-
er Imprint, organising conferences 
and being a student representative 
for my PhD programme. Each of 
these opportunities, at home and 
aboard, has given me the chance to 
meet some incredible people from 
all sorts of scientific arenas.  

If you’re thinking “what if I want to 
leave academia after my PhD” that’s 
ok too! It’s not all about academia, 
and most supervisors support inter-
ests in alternative career paths dur-
ing your PhD. I’ve worked alongside 
students who have moved on to 
biomedical industry, medical writing, 
policy-making and NHS scientist 
training schemes following their 
projects. All these options are 
helped through a PhD as you devel-
op a range of skills that are valuable 
assets to many jobs outside academ-
ia. So don’t feel that by taking the 
PhD step you’re in academia forever 
as it is unlocking doors to career 
paths I hadn’t expected.  

A PhD is a passion project, a chal-
lenge that you embrace because you 
can bring your ideas to the table and 
make your research area better. 
With some hard work and a little 
luck, I’ve had the opportunity to 
meet some outstanding people and 
had some fantastic opportunities. I 
am of course incredibly biased, but if 
you’re thinking of a PhD go find 
what makes you curious and make 
your contribution because my PhD 
has been an incredible experience 
which I would recommend to any-
one.    

My PhD experience 
A journey of independence and investigation 
Alistair Jones, PhD Student, Institute of Translational Medicine 

“ I am completely in charge of my own learning, and 

that space to learn exactly what I’m interested in is 

one of the best elements of my PhD”  
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Become a published author 

Write for Insider Imprint – the life sciences journal 
for undergraduate and masters students at the 

University of Liverpool 

Currently accepting: research articles, reviews, commentaries, essays, 
artwork and much more 

Submit your work and queries by email to: insiderimprint@liv.ac.uk 

We would love to hear from you 

www.facebook.com/insiderimprint www.insiderimprint.com 
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O ver a year ago I wrote an arti-
cle about studying for a PhD at 

the University of Cambridge, which 
was published in the first edition of 
Insider Imprint in May 2018. Howev-
er, since then I have ‘quit’ my PhD, 
written up my results for a Masters 
and I am now a Trainee Patent 
Attorney at Appleyard Lees in Cam-
bridge. In the following article I de-
scribe my adventures over the last 
year, including my realisation that 
‘quitting’ when things really are not 
right, does not make you a failure.  

My lifelong love of science led to me 
pursuing a degree in molecular biol-
ogy at the University of Liverpool 
and I was fascinated by all aspects of 
my degree. It was sitting in a virolo-
gy lecture and learning about bacte-
riophages that inspired me to em-
bark upon a PhD. In September 2016 
I started my PhD and my first year 
passed with what I assumed were 
the “normal” feelings for a green 
PhD student, finding their feet in a 
new lab, in a new city over 150 miles 
away from home. From feeling like 

an imposter and dreading repeating 
the same experiment again that 
week, to longing for some struc-
tured learning, my first year passed 
in a flurry of anxiety and lack of ful-
filment. These feelings came as a 
shock to someone who had always 
succeeded in everything so far, and 
they did not go away over time.  

In January 2017, I started to attend 
careers talks and workshops to ex-
plore possible career options as I 
had decided that post-PhD I did not 
want to continue in academia. One 
talk was given by a Patent Attorney 
and I was immediately captivated by 
what sounded like the perfect career 
for me in. It would allow me to com-
bine my technical background in 
molecular biology with my other 
interests in science communication, 
writing and marketing. I decided 
then that this would be the perfect 
career for after my PhD, as I was 
under the impression that to be-
come a trainee you required a PhD. 
Although not all firms demand a 
PhD, I also thought that no one 
would employ a Cambridge ‘drop-
out’. I decided that I would continue 
with my PhD and just fill my spare 
time with extra-curricular activities 
(such as writing blogs, editing arti-
cles and science communication) 
which would allow me to develop 
the other skills a Patent Attorney 
requires so that after my PhD I could 
apply for trainee positions. I rapidly 
approached the end of my first year 
with no real improvement to my 
mood and I realised something had 
to change.  

My PhD came with the opportunity 
to take three months away from the 

lab and to complete a work experi-
ence placement in a career outside 
of academia. I embraced this oppor-
tunity and managed to obtain a 
three month placement with an In-
tellectual Property (IP) firm in Cam-
bridge. Many PhD programmes 
come with this option to take a 
three month break to explore ca-
reers outside of academia. A well 
researched three months away from 
the lab can help students take a step 
back and do something different. It 
is worth taking the time to fully re-
search potential placements and 
write targeted CVs and cover letters 
in the same way as you would for a 
job. This can seem like quite a 
daunting, near impossible task when 
you’re trying to juggle a research 
project, but it is very useful. 

 

 

 

 

I started my placement in January 
2018 and I thought taking some time 
away from research would help to re
-inspire me and provide that motiva-
tional push for the remaining two 
years. However, my three months 
away had the opposite effect in that 
I enjoyed it so much that all I want-
ed to do was become a trainee Pa-
tent Attorney. During the placement 
I learnt a lot about the career and I 
got to experience the role first hand 
as I was given real cases to work on 
from day 1. It confirmed that this 
was the perfect career for me and 
despite feeling very nervous about 
being viewed a ‘Cambridge drop-
out’, I decided to apply for trainee 

From PhD to Masters to trainee 
Patent Attorney! 
My adventures over the last year, discovering my new    
career path   
Megan Booth, Liverpool Graduate, BSc Molecular Biology and Biotechnology 

“Quitting when things 

are not right does not 

make you a failure”  
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positions. I was also lucky that I had 
managed to generate enough data 
for a masters and so it was agreed 
that I could write up and get some-
thing out of my time at the universi-
ty.  

I applied to three firms, but the job 
at Appleyard Lees was the one I 
wanted most. I had read a lot about 
them on their website and reading 
so many positive interviews with 
current trainees online made me 
want to work for Appleyard Lees 
even more. Everyone I met at both 
stages of the interview process was 
incredibly friendly and I felt that the 
office had a very welcoming, sup-
portive atmosphere. I was delighted 
to be offered the job and I started 
with Appleyard Lees in May 2018.  

My first eight months have been 
incredible. Every day presents new 
challenges and the opportunity to 
learn something new and solve 
problems in interesting ways. 
Whether this is new scientific or 
technical knowledge, a new skill or a 
new rule or article, I find that every 
day my brain is in constant use from 
9am until I turn off my computer 
around 5pm. I absolutely love being 
a Trainee Patent Attorney and I love 
all aspects of the job. There is a lot 
of reading to do, exams to pass and 
it is a steep learning curve as with 
most scientists making the transi-
tion, I have never studied law be-
fore. I have also had to juggle 
writing up a masters thesis with 
working full-time, which I am 
pleased to say has now come to an 
end as I submitted my thesis in Janu-
ary 2019! 

I always preferred reading and 
writing to carrying out lab work and 
this job allows me to still use my 
science and keep in touch with new 
developments, but in a much broad-
er area than studying one specific 
protein or gene in one specific bac-
teria or cell! It is very varied and I 
work on a variety of cases, which is 
one of the many things I love about 
the career. As well as learning new 
science and law, there is also a lot of 

application and problem solving to 
do, such as thinking of ways you can 
overcome an examiner's objection 
to get a case through to grant. Pa-
tent law is incredibly rewarding and 
ticks all of my boxes. There are frus-
trating days, but there will be in any 
career and the imposter syndrome 
still finds a way of creeping in.  

PhDs are not all bad and I think it is 
normal to be frustrated during the 
process, providing it does not be-
come unhealthy. A lot of people do 
really love doing their PhD, becom-
ing experts in a niche area of re-
search, making new discoveries and 
having responsibility over planning 
their own time and experiment 
plans. However, it is important to 
recognise when negative thoughts 
and feelings are unhealthy and 
where to seek help for these. In my 
case, it was an obvious decision to 
make as I didn’t enjoy the main bulk 
of the work. The way I thought 
about it was if I was doing a job that 
I hated, rather than a qualification, I 
would actively seek out alternative 
employment, so why should my PhD 
be any different? There is a huge 
stigma surrounding ‘dropping out’ of 
a qualification and for so long I con-
tinued on a path because I was wor-
ried about what other people might 
think.  

If something isn’t working out, don’t 
be afraid to challenge the ‘norm’. 
Never just put up with a situation for 
fear of the unknown or what others 
might think. I made the best deci-
sion for me and I do not regret it. I 
now work for an incredibly friendly 
and supportive law firm, doing 
something that I love.  

If any readers would like more infor-
mation about being a trainee or has 
any questions about the career or 
my journey, please do not hesitate 
to contact me –  

meg.booth@appleyardlees.com  

https://www.appleyardlees.com/
people/meg-booth/  
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T he University of Liverpool offers 
a wide range of opportunities to 

study abroad, including a summer 
programme, a semester abroad, or a 
full year in China. I can’t recommend 
study abroad highly enough after 
having spent my second semester 
last year at Macquarie University, 
Sydney, Australia. Studying abroad is 
a once in a lifetime experience. 
Apart from having a fab time, it will 
look great on your CV as it is such a 
unique opportunity. Furthermore, 
you can gain many soft skills from it; 
independence, organisation, and 
adaptability. Your host university 
and country will offer you the 
chance to develop your existing skills 
or find new ones. For me this was 
learning to surf on the famous Bondi 
beach, and I had some amazing ex-
periences while travelling.  

I took every opportunity that I could 
to see as much of Australia as possi-
ble. I went hiking in the Blue Moun-
tains and I spent a weekend in Mel-
bourne where I was lucky enough to 
spot a few wild koalas! However, my 
favourite Australian spots had to be 
Bruny Island in Tasmania with their 

white wallabies along with the Great 
Barrier Reef, Queensland.  

Study abroad is a fantastic oppor-
tunity on its own but I wanted to 
make my experience a little bit more 
unique. As I am studying Bioveteri-
nary Science and hoping to work in 
conservation biology, I thought it 
would be a good idea to do some 
work experience while in Australia. I 
spent a week volunteering at Cairns 
Turtle Rehabilitation Centre, based 
on the stunning Fitzroy Island, a 40 
minute ferry ride from Cairns Mari-
na.  

In the morning I would scrub the 
tanks and filter bags, then tempt 
turtles with fish or squid. It was dirty 
and smelly work, but ultimately very 
rewarding! While I was there the 
centre was looking after six turtles. 
The main species found around the 
island is the green sea turtle 
(Chelonia mydas) but the centre also 
had two olive ridley turtles 
(Lepidochelys olivacea). There was 
Margaret, estimated to be around 
100 years old and found starving 
near the island. Lou was badly in-
jured by a ghost fishing net and lost 
his front right flipper and his left 
rear flipper was later amputated by 
a vet. Lou's amputations were on 
opposite sides, so he will manage in 
the wild once rehabilitated. Francis 
was injured in a possible boat colli-
sion and suffered muscle damage to 
a front flipper, but will make a full 
recovery. Then there were the two 
‘babies’, Alex and Layla, they were 
around 5 months old when they 
were found by fishermen washed up 
on the beach. They were examined 

by a vet and found to be full of mi-
cro plastics, which is why they could-
n’t swim. They will be released into 
the wild when they grow a little big-
ger, to give them the best chance of 
survival. Lastly, there was Angie, 
who was the only permanent resi-
dent. Angie probably suffered from 
a boat collision or crocodile attack, 
causing damage to her shell, this led 
to her developing a condition similar 
to emphysema in humans. As you 
can see in the picture, Angie’s shell 
is much more domed than it should 
be, the excess air in her lungs pre-
vents her from diving to the sea 
floor to feed and is why she would-
n’t survive in the wild. I was also 
surprised to learn that the turtle 
shell or carapace is live tissue, which 
means they have nerve endings and 
blood vessels here. Angie of all the 
turtles especially enjoyed having her 
back scratched, as I am doing in the 
photo, and this would feel similar to 
a massage to you or me.  

While volunteering at the centre I 
found that marine sea turtles don’t 
reach sexual maturity until they are 
35 years old and continue to grow 
throughout their lives, though at a 
much slower rate as they become 
older. Their gender is determined by 
the temperature the egg is incubat-
ed at, female turtles above 30˚C and 
males below 28˚C. This is why cli-
mate change will be devastating for 
marine turtle populations, the num-

Studying and volunteering abroad 
in Australia  
From Macquarie University to volunteering with marine 
turtles on the Great Barrier Reef! 

Megan Johnson, 2nd Year Bioveterinary BSc  

“It was dirty and smelly 

work, but ultimately 

very rewarding!” 
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ber of female sea turtles is estimat-
ed to be as high as 87% of the total 
global turtle population and this is 
increasing. Once they reach 35, male 
turtles grow a longer tail but it is 
very hard to tell the difference oth-
erwise. At the centre all the turtles 

were considered female unless we 
knew otherwise, therefore Lou was 
the only known male and Angie and 
Margaret were of such a large size, 
so older than 35, and therefore defi-
nitely female.  

Fitzroy Island is surrounded by coral 
reefs, which form part of the Great 
Barrier Reef, I spent some time snor-
kelling here after volunteering with 
the turtles. It was an incredible 
sight, with so many beautiful fish 
species. Unfortunately, a lot of the 
coral has suffered bleaching due to 
human activities. If you are lucky 
enough to be travelling to a coral 
reef, do make sure you’re using 
phosphate-free sun protection. It is 
very important to keep protected 
from the sun but most sun lotions 
contain phosphorus which contrib-
utes to coral bleaching. There are 
organic alternatives on the market 
which protect us, as well as the envi-
ronment. If you are spending time 

outdoors in nature please make sure 
you take away all your litter with 
you and dispose of it correctly. Dis-
carded waste plastics really do cause 
injuries to animals, as shown by the 
turtles.  

My time spent in Australia, both at 
Macquarie University and Cairns 
Turtle Rehabilitation Centre, was 
absolutely fantastic and I would ea-
gerly encourage everybody to con-
sider study abroad or volunteering 
in another country. I found the pro-
ject through volunteerworld.com, 
they are an organisation that con-
nects volunteers to projects and 
oversees the whole process so you 
have nothing to worry about. They 
have projects all over the world 
from conservation, to providing 
healthcare and teaching and so 
there really is something for every-
body.  

You might also be interested in the article by McGinn et al. on 
the production of biodegradable plastic: 

See Research, page 26 
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B etween my second and third 
year at university I undertook 

the Year in China. As a biological 
sciences student, the Year in China 
was the perfect opportunity that 
allowed me to learn about subjects 
that weren’t related to my degree all 
whilst living in a new country, expe-
riencing a different culture and 
meeting people from all over the 
world.  

I knew I wanted to study abroad 
whilst at university; it’s an incredible 
opportunity and the study abroad 
opportunities at the University of 
Liverpool are one of the reasons I 
wanted to study here. Before I saw 
the Year in China advertised I’d nev-
er considered studying in China be-
fore, but I’m so glad I took the op-
portunity to apply for it.  

What is the year in China? 

The Year in China is a study abroad 

opportunity offered to study at Xi’an 
Jiaotong-Liverpool University 
(XJTLU) in Shanghai, China. XJTLU is 
an international university where 
lectures are taught in English. On 
the Year in China you get the oppor-
tunity to take Chinese language 
modules but you don’t need to be 
proficient in Chinese language to 
take part in the year abroad!  

What is the application pro-
cess like?  

The application process was very 
straightforward, I had to submit an 
online application form through the 
study abroad section of the universi-
ty website after semester 1 exams. It 
included basic information about 
myself and the degree program that 
I’m registered on. The application 
process involves writing a short es-
say about yourself; I included infor-
mation about myself, why I wanted 
to study abroad and why I thought I 

would be suited to studying in Chi-
na. Unlike with a semester abroad 
and due to the nature of the rela-
tionship between Liverpool and 
XJTLU there aren’t a very limited 
number of places for students to 
compete for. My acceptance onto 
the Year in China was dependent on 
me maintaining a minimum of 40% 
in all of my second year modules 
without any resits and obtaining my 
visa. The study abroad team in Liver-
pool and the XJTLU global team are 
really supportive after the applica-
tion process, helping you to apply 
for accommodation and giving ad-
vice about all of the preparations 
you need to make before you leave.    

What it was like arriving? 

Arriving in China was surreal, I was 
very jetlagged and it was so hot! I 
definitely wasn’t prepared for the 
heat. Although I had prepared for 
the year abroad well in terms of 
vaccinations, travel money, insur-
ance etc, I was less prepared in 
terms of my expectations and what I 
thought it would be like. I think in 
some ways this was probably benefi-
cial to how easily I adjusted to life in 
China, I had no prior expectations so 
everything was just new and ex-
citing. Saying that, although there 
were very few things I was worried 
about, the main two were definitely 
the language barrier and making 
friends.  

Language barrier 

XJTLU is an English speaking univer-
sity so everyone you interact with in 
terms of lecturers, administration 
staff and the students will be profi-
cient in English meaning that you 

Study abroad: Year in China 
 

Experience and advice on studying abroad at Xi’an        
Jiaotong-Liverpool University (XJTLU) in China 

Adewuni Sorungbe, 4th Year Biological Sciences with Year in China BSc 
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shouldn’t have any problems com-
municating on campus. That being 
said it is very helpful to learn some 
Mandarin to help in day to day life 
such as buying food, asking for di-
rections and asking for help. All of 
this is taught to you in a module 
called Practical Chinese for Everyday 
Life; I can honestly say this module 
was incredibly helpful in everyday 
life and helped to make me feel like I 
really was living in China rather than 
just being like a tourist.  

Making friends 

Making friends at XJTLU wasn’t as 
challenging as I thought. As well as 
the approximately 9,000 local stu-
dents there are other Liverpool stu-
dents doing different programmes at 
XJTLU as well as international stu-
dents studying abroad. I made a lot 
of great friends within my accom-
modation, it was a very social year. 
When you study abroad you don’t 
want to stay in every evening and 
not go out and travel. Living with 
lots of international students we 
travelled around China and Suzhou, 
organised weekend trips and nights 
out. Even if you didn’t want to go 
out, there would always be some-
one to get dinner with or go for a 
drink. The university put on some 
events as did student societies 
which really let you get to meet 
more people and make friends out-

side of lectures and your accommo-
dation. While I was there I went to 
some yoga classes and joined the 
boxing society, this really helped me 
to get involved in life at the universi-
ty and meet more people.   

What I studied  

For me the subjects offered at XJTLU 
were a huge incentive to want to 
study there on a year abroad. You 
don’t get many opportunities to 
learn about Chinese history, culture 
and society at an amazing university 
all whilst living in China! In my first 
semester I took the modules: Inter-
national China, China: Social Stratifi-
cation and Change, Practical Chinese 
and Genome Expression and 
Maintenance. Although I wasn’t re-
quired to take a module related to 
my degree I wanted to and found it 
really interesting to see the differ-
ences and similarities between 
teaching styles in China and the UK. 
In my second semester I was also 
able to take a public health module - 
for me this was an amazing oppor-
tunity as it is an area of study that 
I’m really interested in.  

I found it quite hard adapting to the 
teaching and learning styles in Chi-
na, going from the Biological Scienc-
es programme to a China studies 
course I felt that the lectures were 
really interactive and there was a lot 
more reading and discussion to be 
done. I also found that whilst in Liv-
erpool my degree is mainly exam 
based, the Chinese studies pro-
gramme is majority coursework. I 
found it hard to get used to consist-
ently doing work throughout the 
semester instead of working hard 

for a few weeks before a final exam. 
It really made me assess how I man-
age my time and luckily that has 
translated back to my final year in 
Liverpool.  

Living in Suzhou 

Suzhou is an amazing city to live in, 
it has a very well developed city cen-
tre but there are areas which still 
embody the traditional aspects of 
Suzhou life. It doesn’t sound like 
these completely different environ-
ments would blend together well 
but they really do; I’ve never been 
to anywhere quite like Suzhou be-
fore. The opportunity to travel was a 
huge incentive for wanting to study 
abroad and the Year in China offered 
many opportunities to travel. 
There’s so much to do within Suzhou 
itself but because of the extensive 
rail transport system it’s also easy to 
visit places around Suzhou on the 
weekends.  

Overall 

The Year in China was an incredible 
year that I’m grateful I had the op-
portunity to go on. While it is a scary 
thought moving to a country that’s 
completely different to what you’re 
used to for a whole year it is an ex-
perience that you’ll probably never 
get again. It has equipped me with 
many skills that are useful in aspects 
of my life today and that I am sure 
will help me in future. Having been 
on the Year in China I realise that I’m 
capable of a lot more than I thought.   

“Having been on the Year 

in China, I realise that I’m 

capable of a lot more 

than I thought” 
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The correlation between retinal haemorrhage and the clinical 

outcome of children with malarial retinopathy   

Melissa Leak1 

Cerebral malaria (CM) is a form of severe malaria that affects children in sub-Saharan Africa. It is transmitted by 
mosquitos that have previously fed on infected humans. The parasite causing CM leads to red blood cells collecting 
together in brain vessels causing oxygen deprivation so patients often present with a coma. However, as other 
diseases also induce comas, it can be difficult to distinguish CM from these. Early patient diagnosis is key to effective 
treatment and can influence patient survival. One diagnostic method is to examine the back of the eye for any 
irregularities in blood vessels found in the retina. These ‘irregularities’ are termed ‘malarial retinopathies’ (MR). This 
study investigated the significance of one feature of MR called a haemorrhage, which is an escape of blood from a 
ruptured blood vessel. We aimed to determine the relationship between the presence of bleeds (haemorrhage) in 
the retina and the probability of survival for a child suffering with CM. Computer software was used to highlight any 
haemorrhages in 259 retinal photographs from CM patients in Malawi. The results were then tested for any 
statistically significant relationship between presence of haemorrhage and patients who died or survived. Our 
statistical tests indicated that although there was a difference between the two groups, it was not statistically 
significant. It was concluded that, although this was a unique attempt to analyse the relationship between CM 
patient clinical outcome and haemorrhages, future studies should be conducted with a larger sample size in order to 
demonstrate a statistically significant difference.  

Abstract 

Cerebral malaria (CM) is a critical form of severe malaria, which is commonly misdiagnosed in sub-Saharan Africa. Mis-
diagnosis is responsible for patient fatality and inappropriate treatment of those infected with other diseases. Estab-
lishing the presence of malarial retinopathy (MR) in a patient, opens a new window for finding accurate methods of 
early diagnosis as this is an abnormality unique to CM. This project aimed to ascertain the relationship between haem-
orrhages in the retina and the prognosis for children suffering with CM. Analysis of 259 montaged haemorrhage reti-
nopathy fundus data sets (259 eyes of 259 subjects, one eye per subject) using a software programme, consisted of 
determining the haemorrhage to retinal ratio and calculating the difference between children who either died or sur-
vived. Out of the 259 patients, 38 died and 221 survived. Of the 38 that died, the mean haemorrhage:retina ratio was 
0.129 with a standard deviation (SD) of 0.246. From the remaining sample who survived, the mean ratio was 0.0219, 
SD=0.0660. The Shapiro-Wilk normality test presented a significance value of <0.050, so a following non-parametric 
Mann-Whitney U test was performed. This produced a result of 0.090 implying that the difference between the two 
groups was not significant. The results showed a difference between the two groups, however this difference was not 
statistically significant suggesting that future research with a larger sample size is warranted. This may be the first step 
towards accurately predicting prognosis in severe malaria by utilising an innovative method for quantitatively analysing 
the relationship between clinical outcome with CM and haemorrhage in the retina. 

 1Third Year Biological & Medical Sciences Student, School of 

Life Sciences, Liverpool, UK, L69 7ZB 

Introduction 

Severe malaria is defined by clinical/lab evidence of vital 
organ dysfunction in a patient who may also harbour high 
levels of parasitaemia, the most critical form being cere-
bral malaria (CM). CM is a neurological complication with a 
high mortality, primarily characterized by coma and para-
sitic observations on blood smears (1), a key indication of 
the disease being the sequestration of parasites in the 
vessels of the central nervous system (CNS) (2).  

 

The causal Plasmodium falciparum parasite is vectored by 
female Anopheles mosquitos which pick up the disease 
from previously infected humans and pass the parasite on 
to the uninfected during subsequent feeding (3). Geo-
graphical dependency and poverty constrain the disease 
prevalence and transmission of CM to subtropical regions 
with a significantly lower average income (4), notably 
affecting children in sub-Saharan Africa. Those infected 
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with CM suffer coma, severe disability or death. As a ma-
jor ongoing disease that poses risk to over 3.4 billion peo-
ple, early diagnosis of severe malaria remains one of the 
most effective methods of improving survival of patients. 
Paediatric severe malaria commonly involves one or 
more of three syndromes: CM, malarial anaemia and 
metabolic acidosis. 

Retinopathy is defined as any abnormality associated 
with the human retina, and is a pathology identified as an 
important clinical marker in the prognosis and diagnosis 
of CM. As a direct extension of cerebral vasculature, the 
retina remains the only region of the body with a vascu-
lar bed capable of examination using non-invasive tech-
niques, providing a unique opportunity to observe vascu-
lar pathology (5). Malarial retinopathy (MR) is represent-
ed by retinal whitening, papilledema, capillary non-
perfusion (CNP) and varying haemorrhage presence in 
the ocular fundus, all of which may be studied through 
validated retinal image analysis (2). The isolation of 
haemorrhage presence in this study was necessary due 
to significantly limited research of this retinopathy pro-
portional to other features of CM. The similarity of eye 
and brain embryonic origins has led to shared features of 
the relevant microvascular systems. Both the brain and 
the retina are embryologically derived from a mutual 
neuroectoderm (5); as demonstrated from past research 
(6), the number of retinal haemorrhages present is con-
sequently comparable with the degree of cerebral haem-
orrhages. 

Isolating MR hallmarks within malarial histopathology 
has provided an alternate means of distinguishing malari-
al coma from comas from other causes and has served to 
strengthen the accuracy of treatment (7). It can be as-
sumed that MR represents similar manifestation mecha-
nisms that act on different parts of the CNS to cause the 
neurocognitive sequelae - as a consequence of parasi-
tized red blood cells (8). Accordingly, early detection of 
retinopathy in sufferers of severe CM would serve as a 
strategical vantage point with regards to understanding 
the pathophysiological mechanisms of the disease ena-
bling more efficient treatment of the patient. It is imper-
ative to note, that in a field where there is predominately 
qualitative research regarding CM haemorrhages, quanti-
tative analysis of haemorrhage incidence may provide a 
more appropriate method of preparing data for dissemi-
nation to others. For this reason, the novel objective of 
this research was the quantitative interpretation of 
haemorrhage incidence with regards to the clinical out-
come of a patient suffering with CM. 

A 2004 study of paediatric CM in Malawi indicated that 
24% of patients fulfilling the criteria for CM before death 
presented post-mortem evidence of an alternative cause 
for coma (17); thus indicating the need for more accurate 
diagnosis. It is apparent that detection of retinopathy 
may be the only clinical feature able to distinguish pa-
tients presenting with CM from those with alternate 
causes. Hence, it is likely that diagnosis of this association 

may become a routine component of specifying encepha-
lopathy of malarial aetiology (18). 

A combination of retinal examination, imaging analysis 
and statistical techniques were used to investigate 
whether retinal haemorrhage does in fact share a causal 
relationship with the severity of CM or is a non-causal 
correlation and its potential uses in predicting the patho-
physiological processes present in the CNS. As haemor-
rhage prominence is apparent in most fatal cases of CM, 
quantifying the relationship contributes to an under-
standing of the various pathophysiological processes that 
occur in the disease. Early diagnostic methods may con-
tribute to treatment efficacy and further reduction of 
mortality caused by the disease. 

Methods 

Prior ocular fundus image collection 

Samples of 259 montaged MR fundus datasets were col-
lected from children suffering with CM who had been 
admitted to the Paediatric Research Ward, Queen Eliza-
beth Central Hospital, Malawi. A few patients, with other 
malarial/non-malarial diagnoses were also included in 
the study.  Haemorrhages occur in a variety of shape and 
colour formats so being accustomed to detecting differ-
ent features of haemorrhages present in cases of MR was 
essential (9). This was ensured by repeated analysis of 
ocular fundus retinopathies and confirmation of the col-
lected Grader’s annotations with the project supervisor. 
Children meeting the WHO criteria for CM were sampled 
from an exposure-control study for haemorrhage analysis 
over a 3-year period, after medical consent was obtained 
from parents/guardians and following enrolment proce-
dures. The original fundus images were captured using a 
Nikon-E1 digital camera (Nikon, Tokyo, Japan) after pupil 
dilation with Tropicamide 1% and Phenylephrine 2.5% 
(8). These images, with a field view of 50°, were derived 
from two groups of patients labelled died vs survived, 
and consisted of one image per patient (9). After approv-
al from local and collaborating ethics committees at the 
Universities of Malawi (College of Medicine) and Liver-
pool, a collection of representative images at different 
phases was obtained for analysis. These images consisted 
of low compression JPEG files and montages were 
formed by stitching together multiple original images of 
the same eye to visualise a larger area of the retina. 
Montages composed of several images from similar time 
points gave a summary of the haemorrhage features in 
the ocular fundus. The subsequent methodology consist-
ed of three major phases. The first was image analysis 
using an in-house programme, the second was data gen-
eration using alternative software and in the third phase 
statistical tests were conducted to determine signifi-
cance. As a potential new method of diagnosis, precau-
tions were taken to ensure the data collected was as de-
pendable as possible. Whilst executing phases 1 and 2, 
no information of patient clinical outcome in relation to 
the fundus images being analysed was provided. This 
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aimed to prevent potential researcher bias during the 
study. 

Production and analysis of Grader’s annotations 

The first step was to appropriately annotate the haemor-
rhage regions within the retinopathy fundus images, for 
which an in-house Matlab programme was used (R2017a, 
Mathworks, Natick, MA). This programme was used to 
delineate regions of haemorrhage by hand in an interac-
tive manner. Use of the interface involved telling the 
software which MR feature was being analysed, selecting 
an outline colour and tracing haemorrhages by hand, 
essentially outlining the affected area with a stop-point 
marker (Figure 1). The graphic user interface of the 
Matlab programme then automated this task for subse-
quent analysis. Haemorrhages were defined by regions of 
pink/red that stood out against the green ocular fundus 
image (green due to patient skin pigmentation). These 
were outlined with 50% confidence and any uncertainties 
were corrected for by exclusion from the study. 

Step two generated a black and white Grader’s annota-
tion image, highlighting only the boundaries of the haem-
orrhagic areas within the retina (Figure 1C). The ratio 
between the area of haemorrhage and the area of the 
visible retina was derived using the software programme 
for each image. The clinical outcome for each patient was 
then provided after annotation was complete, to form 
the data required for statistical analysis. 

Statistical analysis 

The final step utilised SPSS (version 24, SPSS; IBM, Chica-

go, IL, USA), for statistical analysis of the haemorrhage 
ratio data previously derived. Normality was tested to 
decide whether a parametric/non-parametric test would 
be used to test for a ratio difference between the sam-
ples of died vs survived. A subsequent P value of 0.05 
was deemed as significant, as standard to scientific hy-
pothesis testing. 

A frequency histogram was generated as part of normali-
ty testing, with a Shapiro-Wilk significance value indica-
tive of deviation from normal distribution. Subsequently, 
a Mann-Whitney U test was the non-parametric alterna-
tive used to compare the sample means from the ‘died’ 
vs ‘survived’ groups and test for a significant difference in 
the haemorrhage:retina ratio. 

Results 

Of the 259 patients that were admitted with CM, 38 died 
and 221 survived. SPSS descriptive analysis concluded 
that from the sample who died of CM, a mean haemor-
rhage:retina ratio of 0.129 was derived with a 0.246 
standard deviation. In contrast, from the 221 patients 
who survived, the mean haemorrhage:retina ratio was 
0.0219 with a standard deviation of 0.0660 (Table 1). 

Patients who died from CM had a larger mean ratio of 
haemorrhage:retina however there was also a larger 
standard deviation from this mean. The sample of pa-
tients who survived had a much smaller mean ratio, indi-
cating an observable difference in haemorrhage inci-
dence between the two groups. 

Figure 2 provides sample ocular fundus images from pa-

Figure 1. Use of an annotation tool on ocular fundus photograph IM048684 (A), produced a highlighted haemorrhage region over 
the image which was indicated by a white filling (B). After completion, the Matlab software generated a Grader’s annotation (C) 
which would then be used to calculate the following haemorrhage:retinal area ratios. Photographs were collected by Ian MacCor-
mick (2) and Nick Beare at different phases, for analysis at the University of Liverpool. 

Table 1. Descriptive statistics from a data 
set depicting the ratio of haemorrhage 
incidence to visible retina region. Derived 
from a sample of 259 patients of which 38 
‘died’ (A) and 221 ‘survived’ (B). A mean 
statistic of 0.129 was derived from the 
sample who died, SD=0.246. Of those who 
survived a smaller mean ratio of 0.0219 
was derived, SD=0.0660. 

A B C 

Descriptive Statistics 
A 
  N 

Statistic 
Minimum Maximum Mean Standard 

Error 
Standard 
Deviation 

Survived 221 0 0.652 0.0219 0.004 0.066 
Valid N 
(listwise) 

221           

B 
Died 38 0 0.869 0.129 0.0398 0.246 
Valid N 
(listwise) 

38      
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tients who either died or survived. These photographs 
have observable haemorrhages which can be seen as a 
pink/red pigmentation that stands out against the visible 
fundus. In this figure, the top row (patients who died), 
has a larger proportion of haemorrhage incidence in the 
retina compared to the bottom row (patients who sur-
vived CM). 

The Matlab programme generated a Grader’s annotation 
as demonstrated by Figure 3B, automating the regions 
highlighted as haemorrhagic for the following ratio calcu-
lation. 

The frequency histogram and plot showed a skewed 
curve with significant deviation from a normal distribu-
tion, this was supported by the Shapiro-Wilk test signifi-
cance statistic of 1.96 x 10-29. This step was completed 
using SPSS software. 

A Mann-Whitney U test was conducted generating a val-
ue of 0.090 (Table 2). This indicates an observable but 
statistically insignificant difference. The hypothesis test 
summary concluded that the distribution of ratios of 
haemorrhage:retina was the same across patients who 
survived and died, however the slight difference detect-
ed by the Mann-Whitney U test implied that the project 
hypothesis still holds. 

Discussion 

CM neuropathological manifestations burden children in 
sub-Saharan Africa, signature characteristics being the 
sequestration of parasites in CNS vasculature (10). This 
project focused on determining a relationship between 
retinal haemorrhages (as a feature of MR) and the clinical 
outcome for patients suffering with CM. Statistical analy-
sis of data from patients who either survived or died 
showed a measurable but not statistically significant 
difference between the two outcome groups, using a 
confidence interval of 95%. 

Limitations 

The lack of significance may be due to the small sample 
size of ocular fundus images being analysed, as the re-
sults provided some evidence of difference despite this 
being insufficient for statistical significance. This assump-
tion is supported by previous research demonstrating the 
relevance of haemorrhages in CM infection (11). This 
Indian study investigated the results of opthalmoscopic 
examination of 214 adult patients who had been ad-
mitted to hospital with CM and concluded that 14.6% of 
patients had retinal haemorrhage with fewer other ocu-
lar abnormalities found. The significance of haemorrhage 

Figure 2. Example fundus ocular 
image montages from a sample 
of ‘died’ (A, B, C) and 
‘survived’ (D, E, F) CM patients. 
This figure highlights some ob-
served differences in the retinal 
regions occupied by haemor-
rhagic features. Photographs 
were collected by Nick Beare 
and Ian MacCormick (2). 

Figure 3. Example result using IM03905. (A) The 
original fundus image that was uploaded into the 
initial Matlab software. With the use of an outlin-
ing tool, retinal haemorrhage highlighted in 
white and a preview Grader’s annotation image 
shown in (B) was subsequently produced. This 
was later quantified for statistical analysis, calcu-
lating haemorrhage ratio and region. Contours of 
the previous annotation have been overlaid onto 
the original (produced by Dr Yalin Zheng) for 
visualisation purposes (C). Images were collected 
by MacCormick (2). 

A) Fundus Image B) Grader’s Annotation C) Annotation Contours 
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involvement in CM should therefore be researched and 
elucidated further, as the study in India is just one exam-
ple in which haemorrhages remained a sole distinguish-
ing retinopathic feature in patients suffering severe ma-
laria. These results affirm that it would be unjustified to 
discredit the conclusion that monitoring a particular fea-
ture within MR could help predict patient prognosis/
clinical outcome. 

The limitations of this research were mainly due to time 
constraints. Due to workload we were unable to establish 
the intended intra-observer agreement (IOA) analysis. 
This would have been conducted by taking a small sam-
ple (20-30) of montaged haemorrhage retinopathies for 
repeated analysis, enhancing the reliability of the results. 
Thus, incorporation of IOA analysis is considered to be a 
critical element missing from this project. If the experi-
ment were repeated, IOA would be computed by reliabil-
ity analysis in SPSS i.e. Intraclass Correlation (ICC). Never-
theless, the innovative methodology and objective distin-
guished this research from previous studies as it provid-
ed quantitative analysis of haemorrhage occurrence in 
MR. For this reason, this research may contribute a novel 
route for future CM research. 

An additional limitation was the compromised quality of 
a few select ocular fundus images. Distorted pigmenta-
tion of the photograph rather than the retina itself made 
it difficult to distinguish haemorrhages. This variation in 
image quality could have resulted from factors such as 
eye movement, media opacity, pupil size or camera misa-
lignment/focus and may have restricted the accuracy of 
the Grader’s annotation (12).  

Although this research uses survival as the benchmark 
for good prognosis, most patients who suffer CM are 

subject to multiple neurological deficits. A follow up 
study of 62 CM survivors recorded that over a 16-month 
period, 17% of patients had manifestations consisting of 
cortical blindness, mono-paresis and speech deficits (13). 
Thus, the benefit of a prognosis predicting a poor quality 
of life for the patient, especially in regions already bur-
dened with socio-economic stress and poverty is ques-
tionable. Nonetheless, any decrease in mortality for a 
prominently life-threatening disease is beneficial. 

Researching MR as a clinical marker of CM 

MR is a characteristic result of CM pathogenesis, occur-
ring in 60% of infected children (19). Survivors are not 
only rendered vulnerable to high mortality rates but are 
prone to long-term neurocognitive impairments as eluci-
dated by a past study on severe malaria in Kenyan chil-
dren (20). Evidence supports the importance and value of 
using MR detection as a prognostic tool regarding cere-
bral vasculature and related research has demonstrated 
strong similarities between sequestration existing in the 
brain and the retina (21). This supports use of MR as a 
method of clinically assuming the neurovascular patho-
physiology in paediatric CM. Research into MR has ena-
bled doctors to isolate significant hallmarks of malarial 
histopathology and has offered a method of distinguish-
ing malarial coma, strengthening therapeutic approach-
es. 

Existence of retinal haemorrhages can be observed in 6-
8% admissions of children suffering CM (22). Studies of 
the mechanics behind haemorrhage occurrence have 
suggested that erythrocyte ‘rosetting’ is responsible for 
not only the pathogenesis of CM but also that it is subse-
quent occlusion of the retinal vessels that leads to haem-
orrhage development (23). In surviving patients, retinal 
haemorrhages are commonly absorbed spontaneously 
(24). It can be presumed that any failed visual recovery is 
a result of the photoreceptor being vulnerable to disrupt-
ed tissue oxygenation. Previous autopsy research evi-
denced petechial haemorrhages in the brain, emphasis-
ing the correlation between haemorrhage presence and 
patient clinical outcome (17). 

In previous research, data were analysed qualitatively 
and only later analysed quantitatively, providing evi-
dence of a relationship without the direct exploitation of 
quantitative data. The few studies which conducted 
quantitative evaluation of retinal haemorrhage were 
performed in conjunction with results of other retinopa-
thy features (25), but never on a large scale with analysis 
focused solely on haemorrhage as a feature of MR. Thus 
our research highlights a unique approach utilising an 
innovative method of predicting CM prognosis. 

Relevance to future research 

Observing changes in ocular vessels and more specifically 
homing in on characteristic retinopathies, provides a 
unique opportunity to understand the disease mecha-
nisms and how they relate to patient prognosis. Current 

Table 2. Results from a non-parametric Mann-Whitney U test 
performed on sample ocular fundus images from patients 
suffering CM. A significance value of 0.09 was obtained; the 
null hypothesis was retained.  

Mann-Whitney U Test 

Rank 

  Outcome 2 N Mean 
rank 

Sum of 
ranks 

  
Ratio 
HM:Retina 

1.00 221 126.80 28022.00 

2.00 38 1148.6
3 

5648.00 

Total 259     

Hypothesis Test Summary 

  
  
  
1 

Null Hypothesis Test Sig. Decision 

The distribution 
of Ratio 
“HM:Retina” is 
the same across 
categories of 
“Outcome” 

Independ-
ent sam-
ples Mann
-Whitney 
U test 

0.090 Retain 
the null 
hypothe-
sis 

Asymptotic significances are displayed. The significance level is 0.05 
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diagnostic methods rely on detection of parasitic pro-
teins and fail to give information on infection density and 
have a low sensitivity to lower parasitic densities (30). 
Although this work did not identify a significant differ-
ence, future integration of quantitative analysis with a 
large enough sample of known patient outcomes may 
allow the production of a diagnostic tool, sufficient to 
distinguish malarial coma in malaria burdened regions. 
The combination of retinopathies correlated with severe 
malaria is unique, P. falciparum malaria is responsible for 
around 250,000 cases of paediatric retinal haemorrhage 
annually, thus justifying further work. More importantly, 
this project may have been the first to outline a direct 
quantitative relationship between the clinical outcome of 
patients with CM and haemorrhage incidence in the reti-
na. 

Conclusions 

Although various limitations restricted the significance of 
our project analysis, there remains sufficient evidence to 
support the notion that there is a recordable association 
between haemorrhage incidence and patient clinical out-
come in paediatric CM. Microscopic diagnosis is not al-
ways reliable when parasitaemia is low, so this research 
project serves as a new approach towards more accurate 
patient diagnosis.  
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You might also be interested in Emma 
Khoury's article on screening for diabetic 

retinopathy: 
see Insights, page 68 
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Abstract 

The Gram-negative soil bacterium Cupriavidus necator is capable of producing poly-3-hydroxybutyrate (PHB), a poly-
mer contained within intracellular granules. The bacterium utilizes these polymers as an energy source during periods 
of environmental stress. When extracted, the polymer may also be exploited by humans for industrial plastic manufac-
turing as an eco-friendly alternative to petrochemical plastic production. However, this is an expensive process as it 
harbors little production over cost. By using recycled materials e.g. media supplemented with waste oil (oil already 
used in the food industry), as an energy source for PHB producing bacteria, a cheaper approach to this form of plastic 
production could be provided. The aim of this study is to investigate PHB production in C. necator when supplemented 
with a range of widely used cooking oils, and further to investigate whether the use of ‘used’ oil resulted in a higher 
yield of PHB. Absorbance readings were used to calculate the amount of PHB produced. On comparing maximum PHB 
content, our observations suggest peanut oil produces the greatest yield (16.657 % weight). With waste oil at large 
within the food industry, and peanut oil a popular cooking oil used worldwide, exploiting  waste peanut oil  would be a 
cheap and eco-friendly alternative approach to polymer production.  

Waste frying oil: The perfect growth requirements for the pro-

duction of biodegradable plastic by the bacterium Cupriavidus 

necator 

Plastic is increasingly becoming a global challenge, with millions of tons of non-degradable plastic produced a day, 
filling up natural habitats and polluting the earth. Here we show how the bacterium Cupriavidus necator can not 
only produce a biodegradable plastic (PHB) but further produces the highest PHB yield when grown on a waste oil 
substrate. Investigating different oils including rapeseed, soy and peanut oil under three different conditions, new, 
heated and ‘used’ showed that used peanut oil, a common waste product of many food industries, produced the 
highest PHB yield in Cupriavidus necator. This could give new innovative solutions to decreasing non-degradable 
plastic pollution whilst also profiting from a waste product. 

Emily McGinn1*, Hermione Webster 2, Jagjit Binning1 

Introduction 

Cupriavidus necator is a Gram-negative soil bacterium 
capable of producing a bio-degradable polymer; poly-3-
hydroxybutyrate (PHB) which when extracted, may be 
exploited for industrial purposes (1). C. necator produces 
the fatty acid compound PHB which is stored within in-
tracellular granules called granzymes when nutrients are 
in excess. The PHB storage compound can then be uti-
lised by the host bacterium as a carbon source during 
periods of environmental stress (2). The metabolic pro-
duction of PHB is by the enzymatic pathway conversion 
from acetyl-CoA to poly-3-hydroxybutyrate via the utili-
sation of glucose (3). 

Upon extraction, PHB can be used as a resource for plas-
tic production in replacing the more commonly used pet-
ro-chemically produced plastics, presenting an environ-
mentally friendly alternative (1). Microbes can utilize the 
plastic as an energy source by secreting enzymes to de-
grade the PHB, hence the plastics have biodegradable 
properties (4). With the pollution of our oceans dominat-
ed by plastic waste - over 250,000 tons of plastic afloat 
our seas (5) - it is more important than ever to explore 
resources which have less environmental consequences.  

Investigation into possible applications of PHB and other 
polyhydroxyalkanoates (PHAs) have been ongoing since 
the late fifties (6) when they were initially commercial-
ized, however the economic complexities involved were 
also identified and so interest in the idea declined rapid-
ly. Hence, a cheaper alternative to the existing methods 
of PHB extraction and processing may overcome some of 
these economic boundaries.  

Previous research by Verlinden et al. (1)  showed that the 
use of waste frying oil as a source of nutrient intake by C. 
necator resulted in an improved yield of PHB production 
than that of pure, unused oil. However, only one type of 
oil; rapeseed oil, was under investigation in this previous 
study. Our investigation sought out to investigate a varie-
ty of well-known industrial frying oils, including  rape-
seed, soy bean, and peanut oils as substrates for PHB 
production. 

Materials and Methods  

Chemicals 

All chemicals used were derived from the School of Life 
Sciences Teaching Labs, University of Liverpool.  
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Oils 

The oils used were 1) rapeseed (Crisp ‘n Dry), 2) soy-
bean, and 3) peanut. Each oil condition was exposed to 3 
treatments as follows; unused ‘new’ oil, oil heated for 
one hour at 180 °C (50 mL), and ‘used’ oil (fried with 100 
g of raw potato and 50 g of raw chicken for one hour at 
180 °C), plus a negative control (no oil added). Oils were 
sterilized separately in a steam autoclave before use. 

Growth media 

Liquid growth medium tryptone broth consisted of 17 g/L 
tryptone, 3 g/L peptone, 5 g/L NaCl, 2.5 g/L K2HPO4, 2.5 
g/L D-glucose, and distilled water. Tryptone agar consist-
ed of 15 g/L tryptone, 5 g/L peptone, 5 g/L NaCl, 12 g/L 
agar powder, and distilled water. These measurements 
were followed as stated by Verlinden et al. (1). 

Culture conditions  

A single colony of C. necator was inoculated with 25 mL 
tryptone broth and grown at 28 °C for approximately 24 
hours producing a starter culture. Following growth, 2 mL 
starter culture inoculated with 400 mL tryptone broth  
was incubated at 30 °C for approximately 24 hours. The 
following standard protocol was followed as suggested 
by Verlinden et al. (1). Small scale batch fermentations 
were performed in 500 mL flasks, containing  225 mL 
tryptone medium and 20 g/L oil. Succeeding this, the 
sterile medium was sonicated for 10 minutes to ensure a 
homologous mixture. Of the starter culture inoculum, 25 
mL was added to each of the flasks containing the differ-
ent oils and treatments, giving a final volume of 250 mL 
(10% (v/v)). All flasks were incubated in a rotary incuba-
tor (150 rpm) at 30 °C for 60 hours. All experiments were 
conducted in triplicate giving a total of 12 samples, in-
cluding the negative control (broth without oil).  

PHB extraction  

All centrifugation steps were carried out at room temper-
ature and set to 4565 x g unless stated otherwise. PHB 
dry cell weight was assayed in 250 ml of tryptone broth 

bacterial culture with the differential oils and treatments. 
Recovery of bacterial cells by centrifugation was at 4 °C 
for 25 minutes. These were re-suspended in sodium hy-
pochlorite (250 ml, 5%), and incubated at 37 °C for 1 
hour, followed by further centrifugation for 25 minutes, 
and resulted in PHB granules (further suspended in dis-
tilled water (250 ml)). Repeated centrifugation took 
place, with suspension in acetone (5 ml), vortexed and 
centrifuged for a further 20 minutes. The process was 
repeated with ethanol (5 ml). Pellets were incubated 
with chloroform (3 ml) in a boiling water bath for 2 
minutes.  This was repeated to achieve a final volume of 
9 ml, followed by centrifugation for 15 minutes. PHB 
chloroform solutions were placed into a boiling water 
bath to dissolve solvent, leaving only PHB. Concentrated 
5% sulphuric acid (10 ml) was added and placed in a wa-
ter bath for a further 10 minutes. The concentration of 
PHB was measured at 235 nm and correlated to a stand-
ard curve giving the dry net weight of PHB per ml of colo-
ny. 

Statistical analysis  

Statistical analyses of the different oils and treatments 
were achieved by a One-Way ANOVA, followed by a post-
hoc Bonferroni’s Multiple Comparisons test to analyse 
differences within oil treatments. The statistical software 
used was GraphPad.  

Results 

The results of PHB production weight percentage (% 
weight) from small scale fermentations with C. necator, 
and 20 g/L oils in tryptone broth are shown in Figure 1. 
Figure 1a-c shows the PHB production of all three oil con-
ditions tested within their different treatments. ‘Control’ 
refers to the negative control (all treatments were tested 
against this control). A significant difference in PHB pro-
duction was shown within the ‘none’ vs. ‘used’ oil condi-
tions for all oils investigated, hence all ‘used’ oils i.e. fried 
with 100 g of raw potato and 50 g of raw chicken for one 
hour at 180 °C, represented an increased PHB production 
(rapeseed, P<0.01; soybean, P<0.01; peanut, P<0.0001).  

Figure 1. PHB content (% weight) extracted from C. necator and inoculated with three separate oil conditions in tryptone broth 
within four treatments; no oil (control), uncooked ‘new’ oil, heated oil, and used oil (a-c).  (* = P<0.05; ** = P<0.01; *** = P<0.0001) 
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Within the ‘used’ oil treatment, peanut oil is the most 
significantly different (P<0.05) from rapeseed oil with 
respect to PHB production (% weight), and so presented 
the highest yield when compared to the other oils. With 
a mean PHB content of 16.657 % weight, compared with 
rapeseed at 11.517 % weight. Furthermore, peanut oil 
produced the lowest PHB when subjected to the un-
cooked oil treatment compared to that of rapeseed and 
soybean, and so represented the highest difference be-
tween uncooked oil and ‘used’ oil. However, within the 
uncooked oil treatment, this was not significant when 
tested between the three separate oil conditions. Only 
soybean oil showed no significant difference between 
none vs. uncooked oil treatments, with rapeseed show-
ing significance; P<0.05, as well as peanut oil; P<0.01 
showing an increase in PHB production from the bacte-
rium when subjected to oil compared to the control. Fur-
thermore, this was consistent when comparing none vs. 
heated (rapeseed; P<0.01, peanut; P<0.05).  

When looking at the heated oil treatment results are 
similar, although no significant difference for any of the 
oils were found between the treatment; uncooked vs. 
heated, showing little relevance of heating oil upon PHB 
production. Significant differences were found between 
heated vs. used treatments for oils, soybean (P<0.05) and 
peanut (P<0.0001), but not rapeseed oil (P>0.05). 

Discussion  

The results of PHB production (% weight) from small 
scale fermentations with C. necator, with 20 g/L oils in 
tryptone broth showed the PHB production of all three 
oils tested was highest in the ‘used’ oil treatment. Hence, 
the addition of oils which contained additional nutrients 
i.e. fried with 100 g of raw potato and 50 g of raw chick-
en for one hour at 180 °C enabled an increased utilization 
of energy sources for C. necator to produce intracellular 
granules containing PHB. As these findings of used oil 
producing the most PHB in C. necator is consistent across 
the oils investigated, we can assume that waste oil use is 
a clear opposition to petrochemical derivatives.  

These results reiterated the findings of Verlinden et al. 
(1), in that utilization of waste oil allows an increase in 
PHB production due to 1) increased metabolism of C. 
necator from excess nutrients in food residue, and 2) the 
change in chemical composition of PHB due to prolonged 
heating and frying, in that it decreases the relative 
amount of unsaturated fatty acids. Through fatty acid 
analysis, they found that saturated fatty acids tend to 
lead to an increase in PHB within bacteria. The natural 
chemical pathway of PHB production within bacteria in-
volves the β-oxidation of fatty acids to acetyl-CoA and so 
forth (3), and so it may be that saturation increases the 
conversion rate within this cycle. More research should 
be conducted into the significance of the by-products of 
waste oil i.e. food residues and the additional chemical 
pathway alterations introduced during frying, with rele-
vance to PHA production.  

Due to the chemical composition of PHB, extremely high 
melting temperatures result in a physically stiff structure 

(7) making it particularly limited in its applications. Vari-
ous further investigations conducted, have involved the 
enhancement of performance and efficiency of PHB ex-
traction and use, for example, the practice of physical 
blending with co-polymers such as hydroxyvalerate (HV) 
(8). By altering, or adding to the chemical properties in 
this way (e.g. creating lower melting temperatures), PHB 
can also be useful within industrial food packaging, which 
is the most widely produced execution of plastic manu-
facturing (9). Following from this, co-polymers containing 
PHB can also be produced with the use of waste oil as 
well as pure oil, and glucose as carbon sources by C. ne-
cator (10). As this is noted, the use of waste oil can con-
tribute to a wide spectrum of industrial plastic produc-
tions.  

Within the ‘used’ oil treatment, peanut oil is found to be 
significant compared with rapeseed oil with respect to 
PHB production (% weight), with a mean PHB content of 
16.657 % weight. Peanut oil is one of the most widely 
used oils in the food industry worldwide, with over half 
of this production market dominated by China and India 
according to Transparency Market Research (11) due to 
its extensive use in Asian cuisine. China is also responsi-
ble for 24.8% of the world’s plastic production (9) and so 
has a strong audience for an alternative plastic source 
considering ocean pollution in the North Pacific. This pre-
sents possibilities of introducing plastic innovations such 
as those in this study to combat two problems; a) plastic 
waste, and b) the route of the problem, by using more 
environmentally friendly sources.  

In the peanut industry there are many different by-
products or waste products, including peanut meal, with 
an average of 5.78 million metric tones produced be-
tween 2000 and 2010 (12). Although this is a significant 
amount of a by-product produced to achieve the high 
value edible peanut oil, peanut butter and more, it has 
been shown that fermented peanut meal may also be an 
efficient substrate for biodegradable plastic production, 
in particular poly lactic acid (PLA) biodegradable plastics. 
The limitations to PLA include a high melting point, how-
ever modifications such increasing the relative amount of 
D-lactic acid can resolve this problem, yet current meth-
ods to increase D-lactic acid production are high cost low 
productivity. Recent research has shown that peanut 
meal fermentation by Sporolactobacillus sp. results in the 
highest yield of D-lactic acid from peanut meal (13), and 
therefore further showing how peanut by-products can 
be utilised in the production of biodegradable plastics.  

Peanut oil in its natural state contains 79% unsaturated 
fatty acids, and 16% saturated (14). This saturation is 
shown to be higher than that of our lowest contributor of 
PHB production in this study, rapeseed at 6% saturated 
fatty acids. Additionally, the most prominent unsaturated 
fatty acid in peanut oil is linoleic acid (15); it may be that 
this is more easily converted to saturation during 
heating. However, research by Verlinden et al. (1) found 
an excess of unsaturated fatty acids, regardless of oil 
treatments, and so it was expected that other major fac-
tors are involved in PHB production, and that unsaturat-
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ed fatty acid composition may play more of a role in the 
general bacterial cell metabolism. However, the satura-
tion figures do seem to contribute to the notion that sat-
uration may have increased acetyl-CoA conversion in this 
study and previous. If this correlation stands, it may be 
beneficial in future experimentation to test bacterial uti-
lization of waste oils with a higher level of saturated fatty 
acids, such as coconut oil at 80% saturated fatty acids 
(14), which is also frequently used within the cooking 
industry.  

Considering experimental results and previous research, 
it is clear that the use of waste oil has the capabilities of 
producing a high yield of PHB from C. necator, and po-
tentially other PHB producing bacteria. As waste oil is an 
abundant resource, wide-scale applications of its use as a 
practical replacement of contemporary approaches to 
PHB production and extraction, has the potential to re-
place the current market of petro-chemical plastic pro-
duction as a cheaper, eco-friendly alternative. Peanut oil 
is a potential candidate in this approach, as is shown in 
this study to produce the highest PHB yield from those 
tested in this experiment, as well as being widely used in 
the food industry world-wide. The PHB production from 
waste oils of several other widely used cooking oils 
should be investigated, including that of coconut oil. 
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You might also be interested in Megan 
Johnson's article on her experience of 

plastic pollution at the Great Barrier Reef: 
see Reflections, page 14 
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Abstract 

The chemotherapeutic agent gemcitabine is commonly used to treat pancreatic cancer. It is a fluorinated deoxycytidine 
and results in the inhibition of ribonucleotide reductase (RNR) and causes DNA breaks via stalled replication forks. Dur-
ing the ESPAC-4 trial, it was determined that gemcitabine combined with the fluoropyrimidine capecitabine (termed 
GEMCAP) provided better clinical benefit than gemcitabine alone. This study aimed to begin to understand why GEM-
CAP provides a higher benefit than gemcitabine monotherapy. SUIT-2 and SUIT-2 gemcitabine-resistant cell lines with 
varying levels of RRM1 were treated with either gemcitabine + 5’-deoxy-5-fluorocytidine (DFCR) or gemcitabine + 5’-
deoxy-5-fluorouridine (DFUR). The effects of these combination therapies on each cell line were then evaluated by 
measuring cell viability via MTS assay after each drug treatment. DFCR is antagonistic in cells with high levels of the 
RNR subunit RRM1 and is synergistic in cells with low RRM1, whereas DFUR is antagonistic in cells with low RRM1 and 
verges on being synergistic with high RRM1. I hypothesise that in low RRM1 cells, DFCR works alongside gemcitabine to 
inhibit RNR, while DFUR binds to RNR but does not inhibit it. However, the binding of DFUR to RNR could block gem-
citabine from being able to inhibit RNR. The different actions of each metabolite suggest that deamination of DFCR to 
DFUR is likely to take place outside of the cancer cell. The results from this study justify further research into the possi-
ble use of RRM1 as a predictive biomarker which could determine which therapy is best suited to each individual. 

Investigating the interaction between gemcitabine and capecita-

bine by analysis of synergy or antagonism of gemcitabine with 

capecitabine metabolites 

The chemotherapy gemcitabine is commonly used to treat people who have pancreatic cancer. A recent study 
showed that gemcitabine combined with another drug called capecitabine was more beneficial for cancer patients 
than gemcitabine alone. When capecitabine enters the body, it is broken down by the liver into a substance called 
DFCR, then into DFUR. Cancer cells have a protein called RRM1 which is linked to making cancer cells resistant to 
gemcitabine. This study treats cancer cells with gemcitabine plus DFCR or DFUR to look at the effects that these two 
different substances have when combined with gemcitabine. The cancer cells treated had varying levels of RRM1 
protein. The impact of drug treatment was determined by measuring how many cancer cells were alive after being 
treated with these drugs. DFCR and DFUR were found to have different effects on cancer cells and that their actions 
may be affected by how much RRM1 a cancer cell has. The variability of RPM1 is particularly interesting because it 
means that in the future, measuring RRM1 levels in a cancer patient may be able to tell doctors which chemotherapy 
is best for the patient. This additional treatment guidance could potentially increase the survival rate of pancreatic 
cancer, which is currently very low.  

Rebecca Cleator1 

Introduction 

Pancreatic ductal adenocarcinoma (PDAC) is a lethal dis-
ease which affects the exocrine component of the pan-
creas and is currently the fourth deadliest cancer in the 
United States (1). PDAC’s high mortality rate is attributa-
ble to the fact that the early presenting symptoms for 
this disease are non-specific (2), resulting in diagnosis 
occurring after the cancer has already locally advanced or 
metastasised, meaning curative surgery is rarely an op-
tion for patients facing a late diagnosis (1). 

Gemcitabine 

The chemotherapeutic agent commonly used to treat 
pancreatic cancer is the nucleoside difluorodeoxycytidine 
(dFdC), more commonly known as gemcitabine.  

 

After entering the cancer cells via nucleoside transport-
ers such as hENT1, gemcitabine is converted to gemcita-
bine monophosphate (dFdCMP), diphosphate (dFdCDP) 
or triphosphate (dFdCTP) via phosphorylation, and be-
comes activated (3). The current consensus is that gem-
citabine acts in a cytotoxic manner by inhibiting DNA 
synthesis in several ways, one of which includes inhib-
iting the enzyme ribonucleotide reductase (RNR). This 
inhibition reduces the function of RNR and the availabil-
ity of deoxyribonucleotides for the synthesis of DNA, 
hence slowing the rate of DNA synthesis within the can-
cer cell. Gemcitabine also acts through direct incorpora-
tion of itself into newly synthesised DNA, causing termi-
nation of the chain (3).  

1Third Year Biological & Medical Sciences Student, School of Life 

Sciences, Liverpool, UK, L69 7ZB 
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GEMCAP 

Gemcitabine can be given as a single chemotherapy or in 
combination regimens alongside other cytotoxic com-
pounds (4). The ESPAC-4 trial aimed to determine wheth-
er using gemcitabine plus capecitabine (GEMCAP) or 
gemcitabine alone would be more beneficial for patients 
who have had their cancer surgically resected (5).  

Catabolising capecitabine, an oral fluoropyrimidine, via 
three metabolic steps produces its active metabolite 5-
FU. Capecitabine bypasses the metabolite 5’-deoxy-5-
fluorocytidine (DFCR) which is deaminated to 5’-deoxy-5-
fluorouridine (DFUR) by the enzyme cytidine deaminase 
(CDA). DFUR is then converted, by thymidine phosphory-
lase, to the active form 5-FU (6). This trial determined 
that the use of gemcitabine and capecitabine in combina-
tion provides better clinical benefit than gemcitabine 
alone, following the removal of cancerous tissue (5). 
However, it remains unclear how exactly capecitabine 
potentiates gemcitabine. 

RRM1 

The ribonucleotide reductase subunit M1 (RRM1) gene 
encodes the regulatory subunit of the enzyme inhibited 
by gemcitabine; ribonucleotide reductase (RNR) (7). Pre-
vious work by our group has shown that gemcitabine-
resistant cell lines, SUIT-2R and SUIT-2R2, derived from 
SUIT-2, have altered expression of RRM1 (Figure 2). SUIT-
2R has lower RRM1 expression compared to SUIT-2, 
while SUIT-2R2 has higher RRM1 levels to SUIT-2. Pa-
tients expressing high levels of RRM1 had poor survival 
after gemcitabine treatment suggesting that there is an 
association between gemcitabine response and RRM1 
expression (8). For this reason, RRM1 has been a mole-
cule of interest, with the potential to be a predictive bi-
omarker for gemcitabine treatment (8). 

Study Importance 

Based on the results from the ESPAC-4 trial, this study 
explores the results of combining either DFCR or DFUR 
with gemcitabine, by treating cell lines which have vary-
ing RRM1 expression levels. The effects of combining 
these different agents with gemcitabine will be com-
pared to establish where the deamination stage of the 

metabolism of capecitabine takes place. We hypothesise 
that if both the DFCR and DFUR metabolite potentiate 
gemcitabine in these cell lines, then deamination is tak-
ing place within the cancer cell. If it is DFUR which poten-
tiates gemcitabine, and the DFCR does not, we can con-
firm that the deamination stage is likely to be taking 
place outside of the cancer cell.  

Methods 

Tissue culture 

Three human pancreatic cancer cell lines were used; SUIT
-2, SUIT-2R and SUIT-2R2. The SUIT-2 tumour cell line 
was derived from a human metastatic liver tumour of 
pancreatic carcinoma (9). The cell lines were cultured in 
10% FBS (Foetal Bovine Serum; Gibco®) supplemented 
Dulbecco’s modified Eagle Medium (DMEM), and kept in 
T75 flasks (Thermo Scientific). Cells were fed three times 
a week and passaged with trypsin (Sigma-Aldrich) when 
they reached a confluence of ~70-80%.  

Determining IC50s for DFCR and DFUR 

Cell density optimisation was carried out before the syn-
ergy assay. From this, it was found that the optimal cell 
seeding density was 1500 cells/100 µL. Cells were seeded 
into 96-well plates at a density of 1500 cells per 100 µL, 
using the cell numbers previously counted using a Bio-
Rad automated cell counter. Cells were left to adhere 
overnight prior to treatment. Each cell line was then 
treated with either DFCR or DFUR over a range of con-
centrations. The 50% inhibitory concentration (IC50) for 
each cell line, when exposed to DFCR and DFUR separate-
ly, was then calculated. Cell populations were then evalu-
ated using an MTS assay (EZ4U assay, Biomedica Immu-
noassays) 24 hours after treatment and plates were read 
using a microplate reader at an absorbance of 450 nm 
and 620 nm.  

The IC50 could not be determined for these cell lines, as 
the agent was not adequately toxic in this cell line in sole 
treatment. Therefore, a suitable concentration was cho-
sen for each metabolite from the literature. 

Synergy assay 

SUIT-2, SUIT-2R and SUIT-2R2 cell lines were treated with 
gemcitabine (500, 250, 125, 62.5, 31.25, 15.625, 7.8125, 
0 nM) plus either DFCR (Santa Cruz Biotechnology) or 
DFUR (Abcam) (320, 160, 80, 40, 20, 10, 5, 2.5, 1.25, 0 
μM) for 24 hours. The metabolites were dissolved in di-
methyl sulfoxide (DMSO), so one column contained a 
vehicle DMSO control. Figure 3 shows the 96-well plate 

Figure 1. The metabolic pathway of the formation of 5-FU from 
capecitabine. The common consensus is that the first step of 
this pathway takes place mainly in the liver, although this is yet 
to be proven. It is unknown where the remainder of the meta-
bolic path takes place, although with thymidine phosphorylase 
being expressed in higher concentration in neoplastic tissues 
than healthy tissues, it is hypothesised that this step may occur 
within the cancer cells. Chemical structures were taken directly 
from PubChem Open Chemistry Database (9). 

Figure 2. Western blot images showing the varying levels of 
RRM1 in SUIT-2 and SUIT-2 resistant cell lines. Images provided 
by Anthony Evans and Joshua Chapman.  
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layout. The assays were performed in 96-well plates, 
seeded with 1500 cells per 100 µL for all cell lines. Cells 
were adhered overnight prior to drug treatment. The 
effect on cell viability of gemcitabine combined with each 
metabolite was then investigated using the MTS assay.  
Absorbance, which in this assay represents the quantity 
of MTS tetrazolium reduced to formazan dye by the cells, 
for each plate was measured at 450 nm and 620 nm 3 
hours after addition of the MTS reagent.  Values from the 
plate reader were than analysed for synergy using an R 
software package called COMBIA. This software includes 
both Bliss (independence) and Loewe (additivity) analysis 
(10).  

Results  

Figures 4 (A-F) and 5 (A-F) display analysis of synergy/
antagonism, utilising the Bliss and Lowe methods con-
ducted with the R package COMBIA. The Bliss independ-
ence method compares the observed combination re-
sponse with the predicted combination response (11). 
This method assumes that the two drugs act through 
independent mechanisms, but contribute to the same 
result by addition of the independent interactions (12). 
Contrastingly, the Loewe additivity model assumes that 
the two drugs act through a similar mechanism, and be-
cause of this can be substituted for one another (12, 13).   

DFCR 

From the pseudoisobolar analysis displayed in Figure 4, it 
can be seen that DFCR is most antagonistic in cells with 
high RRM1 (Figures 4E and 4F) and is synergistic in cells 
with low RRM1 (Figures 4C and 4D). From this, it can be 
concluded that DFCR has the same effects as gemcitabine 
in low RRM1 cells, and counteracts the effects of gem-
citabine in cells expressing high levels of RRM1.  

DFUR 

From Figure 5 it can be seen that DFUR is most antago-
nistic in cells with low RRM1 (Figures 5C and 5D) and 
verges on being synergistic with high RRM1 (Figures 5E 
and 5F). This data is contrasting to what can be seen with 
DFCR. From the data, we can see that DFUR alone has 
limited effect, but is antagonistic in cells with low levels 
of RRM. It is assumed that DFUR does not inhibit RNR, as 
DFUR has no effect on cell viability as a single treatment. 
However, the act of DFUR binding to RNR could block 
gemcitabine from binding to RRM. The data in Figure 5 
supports this hypothesis (N=1).  

Discussion 

The ESPAC-4 trial determined that GEMCAP provides 
better clinical benefit than gemcitabine alone, following 
surgical removal of pancreatic cancer (5). In this study, 
we aimed to gain a better understanding of why this 
combination therapy offers a clinical benefit, with the 
hope to improve treatment options, and the survival 
rate, for PDAC.  

The contrasting effects of the two agents suggest deami-
nating DFCR to DFUR occurs outside of the cancer cell. If 
not, both of these metabolites would affect cell viability 
in the same manner. This conclusion is tentative due to a 
lack of liver or stromal CDA that is present in vivo. We 
also demonstrate that the two different capecitabine 
derivatives, in combination with gemcitabine, do not 
have the same effects on cell viability. However, each cell 

Figure 3. The layout of the 96-well plate during the synergy 
assay. The plate was prepared via serial dilutions of gemcitabine 

down from its initial starting concentration of 500 µM, and of 

either DFCR or DFUR down from initial starting concentration of 

320 nM.   

Figure 4. The results of testing for synergistic and antagonistic 
interactions between gemcitabine and DFCR in cell lines SUIT-
2, SUIT-2R and SUIT-2R2. A positive value indicates synergy, a 
negative value indicates antagonism and zero indicates neither 
(shown in corresponding colour key) (10). A and B show the 
Bliss and Loewe synergy analysis in the SUIT-2 cell line. C and D 
show the Bliss and Loewe synergy in the SUIT-2R cell line. E 
and F show the Bliss and Loewe synergy analysis in the SUIT-
2R2 cell line. 
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line showed an unexpectedly low response to gemcita-
bine limiting these conclusions. A possible explanation 
for this is that the 24-hour time treatment was insuffi-
cient time for gemcitabine to have an effect. To confirm 
our conclusions, the experiments in this study should be 
repeated with further time-points to ensure gemcitabine 
has optimum time to have a significant impact. 

The RRM1 levels are one of the critical differences be-
tween the resistant cell lines used in this study, and the 
difference in RRM1 expression could lead to alterations 
in response to GEMCAP treatment. Future work involving 
these metabolites could directly target RRM1 either by 
inhibition or overexpression prior to drug treatment, to 
further dissect the relationship between RRM1 and GEM-
CAP. Other studies have already used gene-specific over-
expression and RNA interference to determine the im-
pact of RRM1 on various types of cytotoxic agents (14). 
However, using siRNA to knock down RRM1 is not the 
same as the reduction seen in the evolution of gemcita-
bine resistance. There is also the possibility of targeting 
RRM1 expression as a therapeutic option in patients be-
fore gemcitabine treatment. However, although RRM1 is 
related to gemcitabine resistance, it is unknown whether 
reversing the expression of RRM1 will alter this effect (7, 
8, 15). 

In this study, cells with variable levels of RRM1 respond-
ed differently to each capecitabine metabolite plus gem-
citabine treatment, justifying further research into 

whether RRM1 levels alter effects on survival in response 
to GEMCAP. Using this information RRM1 expression 
levels could become a predictive biomarker for identify-
ing appropriate treatment. However, a recent study has 
shown that intratumoural RRM1 protein expression lev-
els in patient samples from trials involving treatment 
with 5-FU, folinic acid or gemcitabine showed no associa-
tion with survival when analysed in isolation (18). There-
fore, when considering RRM1 as a potential biomarker, 
RRM1 would likely need to be used in combination with 
other biomarkers such as hENT1 (19).  

If deamination of DFCR to DFUR occurs outside of the 
cancer cell, as suggested here, intratumoural CDA may 
not be as important as previously thought. It may be that 
liver CDA is more relevant, as this is where the deamina-
tion step is likely to be taking place. Incorporating meas-
urements of RRM1 and CDA expression could allow fur-
ther comparison of patient tissue samples. These findings 
would allow future experiments to evaluate the effec-
tiveness of these proteins as predictive biomarkers for 
treatment.  

Using biomarkers to identify the most appropriate treat-
ment for individuals would vastly increase survival rates 
in pancreatic cancer (20). Previous studies show that 
patients with a higher level of the nucleoside transporter 
hENT1 survive longer after treatment with gemcitabine. 
(21). hENT1 also allows gemcitabine transport into and 
out of the cell. Although this study only used tissue sam-
ples from 21 patients, it provides a basis for the idea of 
hENT1, acting as a biomarker (21). A more recent study 
which further explored this idea examined 434 patients 
from the ESPAC-3 trial and compared survival rates be-
tween groups expressing high hENT1 levels and low 
hENT1 levels (20). This study determined that administer-
ing gemcitabine in patients displaying a low level of 
hENT1 was detrimental, and there was no survival bene-
fit for patients who had received 5-FU (20), further con-
firming that hENT1 levels could indeed be an indicator of 
which is the best treatment for each patient. These find-
ings allow future research to explore the benefit of per-
sonalised treatment for individuals. 

Future studies could explore the effects of using inhibi-
tors of the specific metabolites in the capecitabine meta-
bolic pathway, determining which of the metabolites is 
necessary for the potentiation of gemcitabine. Due to 
capecitabine being a pro-drug that is only active once it 
has converted to 5-FU, the efficacy of capecitabine 
should be affected by the levels of enzyme present at 
each stage of the pathway, and also by the levels of dihy-
dropyrimidine dehydrogenase (DPD), which returns 5-FU 
to a less toxic variant (19). Blocking DPD by using a com-
petitive inhibitor such as 5-chloro-2, 4-dihydroxypyridine 
(CDHP) would allow us to observe GEMCAP administra-
tion, without 5-FU converting to its non-toxic form (22). 
The following analysis could determine whether it is the 
accumulation of cytotoxic 5-FU within the cancer cells or 
an alternative step in the metabolic pathway that causes 
GEMCAP’s increased clinical benefit. Research into these 
areas has already begun to take place, with one study 

Figure 5. The results of testing for synergistic and antagonistic 
interactions between gemcitabine and DFUR in cell lines SUIT-2, 
SUIT-2R and SUIT-2R2. The colour scale next to each graph cor-
responds to each value (positive, negative or zero) to a colour. 
A positive value indicates synergy, a negative value suggests 
antagonism and a value of zero indicates neither (10). A and B 
show the Bliss and Loewe synergy analysis in the SUIT-2 cell 
line. C and D show the Bliss and Loewe synergy analysis in the 
SUIT-2R cell line. E and F show the Bliss and Loewe synergy 
analysis in the SUIT-2R2 cell line. 
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having already explored the relationship between levels 
of DPD and the response to 5-FU hepatic perfusion 
chemotherapy in PDAC patients to determine whether 
DPD levels could be used as a predictive marker for re-
sponsiveness to the therapy (23). A more recent study 
indicated that DPD status could be a useful predictive 
marker in PDAC patients who undergo surgical resection 
with S-1 adjuvant chemotherapy (24). S-1 consists of 
tegafur, gimeracil and oteracl potassium (25). Flores et 
al. discuss recent studies that have explored the idea of 
DPD expression being associated with response to vari-
ous 5-FU based therapies, but data which nominates DPD 
as a useful biomarker for 5-FU treatment needs valida-
tion. Numerous pathways can be further researched in 
the future to understand why GEMCAP benefits certain 
patients. 

Increased knowledge of exactly how and why GEMCAP 
provides clinical benefit for pancreatic cancer patients 
could lead to the use of other pyrimidine analogues with 
gemcitabine to give equivalent or even better results 
than GEMCAP.  In conclusion, our findings provide hope 
for the development of a possible predictive biomarker 
which could provide us with the ability to identify which 
therapy is the most appropriate for each patient.  
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Abstract 

The production of ethanol using Saccharomyces cerevisiae is one of the oldest and most commonly used examples of 
biotechnology. In nature, the capability of yeast to replace oxygen with glucose as a terminal electron accepter allows 
this microorganism to continue to grow even in anoxic environments producing ethanol as a by-product. However, 
when applied to an industrial context this metabolic survival strategy has important applications in the production of 
alcoholic drinks, food and bioethanol. In order to investigate the influence of incubation temperature and glucose con-
centration on ethanol yield by S. cerevisiae, we prepared 9 unique batch fermentation conditions. Each sample of S. 
cerevisiae was incubated for 48 hours at a temperature ranging from 25 oC to 35 oC while inoculated in a glucose solu-
tion ranging from 150 g/L to 210 g/L. After this time the ethanol concentration for each sample was determined using 
an ethanol assay. The greatest mean yield of ethanol (3.09 mg/ml) was obtained when samples were incubated at a 
temperature of 35 oC in a glucose concentration of 180 g/L. While an increase of incubation temperature from 25  oC to 
30 oC at all glucose concentrations produced a statistically significant increase in ethanol yield, no significant increase 
was generated when temperature was raised from 30 oC to 35 oC at each glucose concentration tested. Additionally, no 
significant increase in ethanol yield was found when glucose concentration increased. Therefore, while these condi-
tions generate the highest mean ethanol yield we cannot conclude this was due to increasing incubation temperature 
from 30 oC to 35 oC or by variation of glucose concentration between 150 g/L and 210 g/L.  

Investigating the influence of temperature and  

glucose concentration on ethanol production in  

Saccharomyces cerevisiae 

Yeast is a well-known and common fungus naturally found in warm and moist environments. When placed in less 
favourable surroundings, such as those depleted of oxygen this small fungus can alter the way it generates energy 
allowing it to survive and grow. In doing so the fungus readily produces by-products of carbon dioxide and ethanol. 
This is the process of fermentation and the reason why yeast is so famous. Throughout human history this adapta-
tion has been applied to produce food, alcoholic drinks and now biofuels. As an indication to the value of this tech-
nology the UK beer market alone is currently worth $8 billion and while the demand for renewable energy sources 
grows, ethanol-based biofuels are becoming a more viable source of power. Therefore, there is great interest in im-
proving the efficiency and productivity of this process. This study looked to achieve just that; through altering the 
temperature and sugar concentrations of yeast’s environment we hoped to deduce the optimal conditions required 
to produce maximum ethanol yields. To achieve this a sample of yeast was incubated over 2 days at temperatures of 
either 25 oC, 30 oC and 35 oC and in a sugar concentration of either 150 g/L, 180 g/L or 210 g/L before the ethanol con-
centration for each condition was measured. The results of this study suggest from the conditions we tested a com-
bination of 35 oC in a sugar concentration of 180 g/L produced the largest yields of ethanol (3.09 mg/ml). These find-
ings agree with various other studies, however other studies have also achieved much greater yields by also manipu-
lating a range of other factors e.g. pH, nitrogen concentration and source of sugar.   

Liam Barningham1*, Amelia Collette1, Nitasha Manzoor2 & Matthew Owen1 

Introduction  

S. cerevisiae, also known as Baker’s yeast is a single-
celled eukaryotic fungus typically found in warm and 
moist environments such as the skin of grapes (1). Its 
ease of handling and molecular similarities to humans, 
makes it a popular model organism for research. Typical-
ly, yeast plays a number of roles in industry acting as a 
protein supplement, animal feed and vector for the pro-

duction of recombinant proteins (2). However, most no-
tably the fermentation of sugars and production of etha-
nol using S. cerevisiae is one of the oldest and most com-
monly used examples of biotechnology. This microbial 
anaerobic oxidation of sugars has been exploited for mil-
lennia in the production of alcoholic drinks, food and 
more recently in the production of bioethanol (3).  As an 
indication of the importance of this technology the UK 
beer market is now worth an estimated $8 Billion (4). 
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Bioethanol production has become the largest consumer 
of corn in America. Naturally, the ability of S. cerevisiae 
to anaerobically ferment a range of hexose sugar sub-
strates allows the fungi to survive in anoxic environ-
ments. However, it is this characteristic that makes the 
microorganism so attractive to industry. In the absence 
of oxygen S. cerevisiae can utilise sugars as a carbon 
source via glycolysis generating pyruvate and ATP. For 
this process to continue there must be a steady supply of 
the coenzyme NAD+. To achieve this pyruvate is decar-
boxylated to acetaldehyde that is subsequently reduced 
to ethanol by NADH, regenerating NAD+ and allowing 
glycolysis to continue (Figure 1) (5). Similarly, the decar-
boxylation of pyruvate releases CO2 during the baking 
process creating air pockets within dough. S. cerevisiae is 
preferred to bacteria and other fungi in the industrial 
production of ethanol due to its various physiological 
advantages. It can operate in a large pH range with an 
acidic optimum meaning the process can naturally inhibit 
contaminating bacteria. Furthermore, the fungus has a 
higher ethanol tolerance (17% v/v) and is generally re-
garded as safe for human consumption enhancing its 
suitability for use in the consumables industry (6). The 

ability of S. cerevisiae to produce ethanol is heavily predi-
cated on its fermentation conditions. The influence of 
factors such as carbon source, substrate concentration, 
temperature and pH have been heavily explored and the 
use of genetic manipulation is now being implemented to 
allow S. cerevisiae to ferment a greater range of sub-
strates (7). Our study hypothesised that an increase in 
temperature and glucose concentration would increase 
the rate of fermentation by S. cerevisiae and therefore 
increase the concentration of ethanol produced. We 
aimed to deduce the optimal combination of glucose 
concentration and incubation temperature required to 
optimise batch production of ethanol using S. cerevisiae.  

Materials and Methods 

Broth preparation  

A broth culture of S. cerevisiae was initially provided by 
the University of Liverpool (School of Life Sciences) and 
from this 1 ml of broth culture was plated onto several 
agar mediums including yeast extract-malt extract, man-
nitol salt agar, MacConkey agar and triple sugar iron agar 
that were all incubated at 37 oC overnight. Examination 
of the plates revealed the fungi had failed to grow on all 

Figure 1 (above). Anaerobic fermenta-
tion of glucose sugar resulting in the 
production of ethanol and NAD+ by S. 
cerevisiae. 

Figure 2 (left). Dehydrogenation of 
ethanol catalysed by alcohol dehydro-
genase resulting in the production of 
acetaldehyde, hydrogen and NADH that 
can be assayed to give an indication of 
ethanol concentration. 

Volume of 
glucose 300 
g/L stock (ml) 

Volume of 
YEME broth 
(ml) 

Final glucose 
concentration  
(g/L) 

10 10 150 

12 8 180 

14 6 210 

Table 1. Volumes of YEME broth and 300 g/L 
glucose stock solution required to produce 
20 ml of mixed solutions with glucose con-
centrations of 150 g/L, 180 g/L and 210 g/L. 

Table 2. Specific combinations of incubation temperature and 
substrate concentrations for batch glucose fermentation of S. 
cerevisiae.  

 Glucose Concentration  

 150 g/L 180 g/L 210 g/L 

Te
m

p
e

ratu
re

  

25 C 25 C & 150 g/L 25 C & 180 g/L 25 C & 210 g/L 

30 C 30 C & 150 g/L 30 C & 180 g/L 30 C & 210 g/L 

35 C 35 C  & 150 g/L 35 C & 180 g/L 35 C & 210 g/L 
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excluding the yeast extract-malt extract (YEME) agar 
pate; because of this it was decided throughout the ex-
periment S. cerevisiae would be inoculated into YEME 
broth. A 600 ml stock solution of YEME broth was mixed 
and from this 3 different volumes of broth (Table 1) were 
transferred to 20 ml glass bijoux bottles to be autoclaved. 
A 300 g/L glucose stock solution was purified using 0.22 
µm filters removing any microbial contamination. From 
the stock, 3 separate volumes of solution (Table 1) were 
added to 20 ml glass bijoux bottles so that each one con-
tained a combined total of 20 ml of YEME broth and glu-
cose stock solution. The final proportions of glucose 
stock to YEME broth were calculated to produce solu-
tions with glucose concentrations of 150 g/L, 180 g/L and 
210 g/L (Table 1).  

Incubation procedure  

Each glass bijoux containing a YEME broth/glucose solu-
tion mix was inoculated with a single colony of S. cere-
visiae approximately 1 mm in diameter using a sterile 
wire loop and incubated under static conditions for 48 
hours at a temperature of either 25 oC, 30   oC or 35 oC in 
glucose concentrations of 150 g/L, 180 g/L and 210 g/L. 
This created 9 unique fermentation conditions (Table 2). 
Each fermentation condition was tested 9 times and a 
mean average ethanol yield was calculated.  

 

Determination of ethanol concentration  

After incubation each fermentation condition was indi-
vidually assayed to determine its ethanol concentration. 
0.1 ml of YEME broth now containing ethanol was added 
to 4.75 ml pyro buffer, 0.1 ml B-NAD and 0.05 ml alcohol 
dehydrogenase. After mixing and incubation at 37  oC for 
25 minutes the level of NADH in each solution was meas-
ured at 340 nm using a spectrophotometer. The assay 
relies on the dehydrogenation of ethanol, converting 
NAD+ to NADH catalysed by alcohol dehydrogenase 
(Figure 2). Using known ethanol concentrations of 5 mg/
ml, 4 mg/ml, 3 mg/ml, 2 mg/ml and 1 mg/ml a calibration 
curve was constructed. Values of ethanol yield were de-
duced via regression analysis using the linear equation    
y= mx + b derived from the calibration curve where y= 
A340 reading, m= gradient of the calibration curve, x= 
amount of ethanol present in the sample and b= the y 
intercept. 

Data analysis  

A repeated measures two-way ANOVA with a Green-
house-Geisser correction was used to statistically analyse 
data obtained throughout the study. A pairwise compari-
son using a Bonferroni correction was later conducted to 
further analyse the results of the previous statistical test.  

Results 

By conducting an ethanol assay on the samples, we were 
able to deduce the ethanol concentration and make com-
parisons between the ethanol yields generated at differ-
ent incubation temperatures and glucose concentrations. 
Higher ethanol yields indicate higher rates of fermenta-
tion. The greatest mean yield of ethanol (3.09 mg/ml) 
was obtained when samples were incubated at a temper-
ature of 35 oC in a glucose concentration of 180 g/L. Incu-
bation of samples at 35 oC and glucose concentrations of 
210 g/L or 150 g/L produced decreased mean ethanol 
yields (Figure 3). Figure 3 demonstrates that when incu-
bated at temperatures of 25 oC, 30 oC or 35 oC, increasing 
glucose concentration from 150 g/L to 180 g/L resulted in 
an increase of mean ethanol yield from 1.01 mg/ml to 
1.44 mg/ml, 2.34 mg/ml to 2.62 mg/ml and 2.73 mg/ml 
to 3.09 mg/ml respectively. When samples were incubat-
ed at a temperature of 30 oC and glucose concentration 
was further increased to 210 g/L this trend was repeated 
producing a higher mean ethanol yield of 2.95 mg/ml. 
However, increasing glucose concentration from 180 g/L 
to 210 g/L in samples incubated at 25 oC and 35  oC result-
ed in decreased mean ethanol yields of 0.642 mg/ml and 
3.06 mg/ml respectively. A repeated measures two-way 
ANOVA with a Greenhouse-Geisser correction showed 
that the mean ethanol concentration was not significant-
ly different between glucose concentrations: P>0.05. A 
further ANOVA under the same conditions showed a sig-
nificant difference in ethanol concentration between 
incubation temperatures: P=0.00 (P<0.05). Pairwise com-
parison using a Bonferroni correction showed that the 
ethanol concentration produced at 30 oC was increased 

Figure 3. Ethanol yield obtained through batch glucose fer-
mentation using S. cerevisiae at glucose concentrations of 150 
g/L, 180 g/L and 210 g/L incubated for 48 hours at tempera-
tures of 25 oC, 30 oC and 35 oC. The presence of overlapping 
error bars (± SE) between ethanol yields generated at incuba-
tion temperatures of 30 oC and 35 oC at all glucose concentra-
tions suggests this difference is not significant. The error bars 
of ethanol yields generated at 25 oC at all glucose concentra-
tions do not overlap with other incubation temperatures sug-
gesting these produce significantly different ethanol yields.  
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on average by 1.555 mg/ml compared to 25 oC (P<0.05). 
Between 30 oC and 35 oC, there was not a significant in-
crease in ethanol production (P>0.05). Therefore, while a 
combination of 35 oC incubation in a glucose medium of 
180 g/L produced the highest mean ethanol yield we 
cannot conclude this was a result of increasing incuba-
tion temperature from 30 oC to 35 oC or by our variations 
of glucose concentration between 150 g/L and 210 g/L.  

Discussion  

Fermentation plays a central role in many of the biotech-
nological processes that we rely on in various aspects of 
our lives e.g. food, alcoholic drinks and biofuels. By con-
ducting research into this process, we can create specific 
fermentation conditions that maximise its efficiency and 
yield, subsequently leading to developments that both 
improve quality and reduce costs. Our study hypothe-
sised that by increasing both glucose concentration and 
incubation temperature we would achieve higher etha-
nol concentrations, however the absence of a significant 
difference between ethanol yields at the tested glucose 
concentrations suggests variation between 150 g/L and 
210 g/L has no influence on ethanol production during 
batch fermentation.  

The presence of a significant difference between ethanol 
yields when incubated at temperatures ranging from 25 

oC to 30 oC demonstrates increasing the incubation tem-
perature of batch fermentations in this range will result 
in larger ethanol yields. However ethanol production at 
temperatures ranging from 30 oC to 35 oC are not signifi-
cantly different indicating that any increase above 30 oC 
to 35 oC would have no influence on ethanol yield during 
batch fermentation. This finding can be explained by en-
zyme kinetics and the temperature dependent nature of 
enzyme activity. Increasing the incubation temperature 
from 25 oC to 30 oC during the fermentation process pro-
vides a greater level of kinetic energy to the reactants 
and enzymes involved in glucose fermentation and etha-
nol production. This higher level of kinetic energy in-
creases the frequency of collisions between the enzymes 
and reactants increasing the rate of reaction leading to a 
greater ethanol yield. The conclusions drawn from these 
results remain consistent with the findings of previous 
studies that suggest achieving the greatest yield of etha-
nol during batch fermentation with S. cerevisiae incuba-
tion temperatures should range from 30 oC to 35 oC (6). 
Therefore, it is most likely that no significant difference 
was observed between ethanol yields at temperatures of 
30 oC and 35 oC as the optimal temperature lies within 
this range.  

Previous literature indicates a glucose concentration of 
200 g/L is optimal for ethanol production, this is con-
sistent with our findings (8). However, our results indicat-
ed variation of glucose concentration from 150 g/L to 
210 g/L produced no significant change in ethanol yield 
during batch fermentation contradicting findings of pre-

vious studies. Past investigations of growth and fermen-
tation characteristics of S. cerevisiae indicate significant 
differences are observed in ethanol yield between glu-
cose concentrations of 20 g/L and 300 g/L when in-
creased in intervals (8). It is possible the range of glucose 
concentrations tested throughout our study was too 
small to produce a significant change in ethanol yield and 
by testing a greater range of glucose concentrations the 
study would be improved.  

Further investigation of previous studies highlights that 
when incubated at 30 oC for 24 hours with a glucose con-
centration of 200 g/L (pH 6.0) ethanol yield can reach 
85.56 ± 1.13 mg/ml (8), much higher than our optimal 
ethanol yield of 3.09 mg/ml (35 oC with 180 g/L glucose). 
This finding indicates that while we were able to optimise 
ethanol production from our limited range of incubation 
temperatures and glucose concentrations there is mas-
sive potential for further optimisation. Based on a theo-
retical maximum yield of 0.51 g ethanol/g sugars (9) 
through variation of incubation temperature and glucose 
concentration we were able to achieve an ethanol yield 
of 2.9% of the theoretical maximum yield.  

Numerous different strategies have been employed to 
improve ethanol yields from batch fermentation such as 
optimisation of pH, nitrogen supplementation, immobili-
sation, carbon source and inoculum size. These are all 
factors that could be further investigated in later studies 
to provide an insight into improving ethanol yields. A key 
limitation of our study is derived from the fact only 2 
variables were manipulated, whereas to optimise etha-
nol yields a study would have to consider all of the fac-
tors previously listed. Furthermore, during incubation the 
inoculum of S. cerevisiae would settle to the bottom of 
the universal. Consequently, it is unlikely that all glucose 
substrate would be utilised during fermentation produc-
ing lower yields of ethanol. As a resolution to this prob-
lem in future investigations higher yields of ethanol may 
be obtained by regularly shaking incubation vessels to 
prevent the sedimentation of S. cerevisiae. Our findings 
indicate optimal ethanol yields are produced when incu-
bated at temperatures ranging from 30  oC to 35 oC; In 
order to overcome this limitation and improve the speci-
ficity of the study it would be more appropriate to test 
incubation temperatures that increase in 1 oC intervals 
rather than 5 oC intervals.  

Recently the use of genetic manipulation and synthetic 
biology is driving the future of ethanol production using 
S. cerevisiae. These techniques have enabled S. cerevisiae 
to utilise xylose, the second most abundant sugar pre-
sent in plant biomass behind glucose. Xylose fermenta-
tion using S. cerevisiae has become a possibility due to 
the introduction heterologous xylose assimilation path-
ways into S. cerevisiae. Genetically engineered S. cere-
visiae are capable of fermenting both glucose and xylose 
present in hemicellulose during ethanol production 
greatly improving utilisation of carbon sources during 
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ethanol production. This technology has massive applica-
tions in the microbial conversion of biomass to bioetha-
nol as efficient xylose utilisation is seen as a key pre-
requisite for developing economic sources of biofuel 
(10). Alternative branches of research into optimisation 
of ethanol production focus on improving ethanol toler-
ance of S. cerevisiae. To achieve this a number of differ-
ent approaches have been used however, via directed 
mutagenesis researchers have been able to modify RNA 
polymerase II subunit Rpb7 altering the transcription of 
its genome resulting in improved ethanol yields (11). 
Studies such as these pave the way for developments in 
ethanol fermentation using S. cerevisiae.  
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Abstract 

Osteoarthritis is a common degenerative musculoskeletal disease of ageing with a poorly understood disease process. 
As translational capacity is an important factor in chondrocyte proliferation in osteoarthritis the aim of this study was 
to measure nucleosome characteristics as an indicator of translational capacity in young and old equine chondrocytes.  
Nine young (≤8yrs) and eight old (≥15yrs) equine chondrocytes were grown and stained using B23/Nucleophosmin anti-
body and AlexafluorTM mouse IgG1 labelling reagent. Samples were counterstained with DAPI Vectashield®. Area (µm), 
circularity index and number of nucleoli per nucleolus were measured using immunocytochemistry and PhotoshopTM. 
Gene expression of nucleophosmin (NPM1) was measured using real-time qRT-PCR. The number of nucleoli per nucleus 
was significantly increased in old samples compared to young (P=0.042), the average number of nucleoli per nucleolus 
was 1.69 (SEM=0.034) for young and 1.81 (SEM=0.042) for old samples. There was no significant difference in nucleoli 
area (µm) or circularity index between young and old chondrocytes. There was a reduction in NPM1 expression in age-
ing (P=0.03). Ageing and OA have known associations with altered chondrocyte gene expression and an imbalance be-
tween protein anabolism and catabolism. Altered nucleoli number and NPM1 expression may have a role in age-
related OA through changing ribosomal translational capacity.  This study needs to be replicated in OA equine chondro-
cytes to determine these parameters in disease.  

Nucleolar number but not characteristics are altered 

in chondrocyte ageing 

Osteoarthritis (OA) is a prevalent age-related joint disease; however, the disease process is not yet fully understood. 
At the cartilage level it is caused by connective tissue breakdown with an imbalance between anabolism and catabo-
lism of the connective tissue proteins. The nucleolus is the compartment of the cell in which proteins are made and 
we have previously found that the capacity of cartilage cells to translate proteins reduces in OA. The aim of this 
study was to investigate whether the nucleoli characteristics alter with ageing in horse cartilage cells since size, 
shape and number of nucleoli are a potent indicators of nucleoli activity. In order to measure these characteristics 
(area and circularity index), immunocytochemistry was performed by visualising an abundant nucleolar protein nu-
cleophosmin (also called NPM1 or B23) in cartilage cells from young and old horses. The fluorescence of this protein 
thus enabled visualisation of the nucleoli within the nucleus.  We then measured the area, circularity and number of 
nucleoli present between young and old horses. Finally, we measured the gene expression of nucleophosmin. This 
study found a significant increase in the number of nucleoli per nucleus in cartilage cells from older horses. There 
was no significant variation in area or circularity between the young and old cartilage cells. However, there was a 
reduction in nucleophosmin expression. Age is an important factor in the cause of OA. The changing number of nu-
cleoli and nucleophosmin expression in ageing cartilage cells may have a role in the imbalance between connective 
tissue protein production and breakdown seen in cartilage tissue in OA.   

Sophie Sutton1*, Ellice Wakelin2, Mandy Peffers3  

Introduction 

Osteoarthritis (OA) is a common age-related joint dis-
ease, causing joint pain and stiffness and is an incurable 
cause of chronic disability, affecting 30% of the human 
population worldwide (1-2). The underlying disease pro-
cess is multifactorial, characterised by the destruction of 
articular cartilage, pathological bone changes and inflam-
mation of the synovium (3). Currently, the molecular 
mechanisms of the inflammatory process are unclear (4) 
and radiographic diagnosis of OA is only possible when 
cartilage degradation becomes too severe to prevent 
disease progression. It would be beneficial to develop a 
method of measuring OA progressions using markers for 
molecular changes within the body to provide an earlier 

diagnosis and thus more effective management (2). 

Treatment options focus on symptoms and pain manage-
ment but do not address the disease process itself (5). In 
recent decades, there has been increasing interest from 
researchers in the molecular and genetic mechanisms 
responsible for its pathogenesis (6) and if early deteriora-
tion in musculoskeletal health could be identified and 
treated, serious physical impairment may be avoided (7). 
Studies have shown reduced translational capacity in OA 
chondrocytes (8), whilst our unpublished work in ageing 
equine chondrocytes indicates there is no age-related 
change. OA is associated with altered chondrocyte gene 
expression and resulting changes in cell morphology (9).  

OA is characterised by structural damage of articular car-
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tilage caused by disturbances in homeostasis. Cartilage 
homeostasis is maintained by chondrocytes (the only cell 
type in cartilage), expressing extracellular matrix (ECM) 
components (e.g. type II collagen and proteoglycans) the 
principal output in chondrocyte anabolism (10). As cells 
age, anabolic activity is unable to match degenerative 
catabolic activity in the joint space (11), compounded by 
increased secretion of pro-inflammatory cytokines (12). 
Although accelerated catabolic processes in OA are well 
researched (8, 13), there is little information about the 
suppression of anabolic processes that occur with age 
and OA in cartilage (14).  

In OA, chondrocytes require a higher translational capaci-
ty to meet the demands of proliferation, collagen matrix 
production and cellular hypertrophy within the growth 
plate (15). Ribosome biogenesis is an anabolic process 
integral to cell growth and proliferation through its roles 
in protein synthesis and translation of mRNAs; as ribo-
somes translate mRNA into protein to synthesize all pro-
tein within the cell (15). Ribosomes are an assembly of 
four rRNAs transcribed by RNA polymerase I and III, 80 
ribosomal proteins, accessory proteins and around 70 
snoRNAs (16).  

The nucleoli are multifunctional domains containing hun-
dreds of different types of proteins involved in many fun-
damental processes including ribosome biogenesis. Stud-
ying nucleosome characteristics as cells age could be an 
insightful indicator of their translational capacity poten-

tial and ability to maintain cartilage homeostasis in OA.  

Small Nucleolar RNAs (snoRNAs) are 60-300 nucleotide 
non-coding guide RNAs in the nucleolus and form one of 
the largest classes of non-coding RNA (17). Nucleoli are 
one of the main centres of ribosomal biogenesis, RNA 
maturation and apoptosis regulation (18), therefore are 
integral to maintaining cell translational capacity and 
morphology.  

Previous studies have shown that unusual expression of 
snoRNAs and morphological abnormality of nucleoli are 
both indicative of pathological processes such as cancer. 
(18, 20, 21). Recent research presented at Osteoarthritis 
Research Society International (OARSI) congress 2018 
indicated differential expression of snoRNAs in ageing 
and OA cartilage (22). Peffers et al. (23) also found that 
dysregulation of certain snoRNAs in OA and ageing have 
been shown to alter ribosome biogenesis and transla-
tional capacity of chondrocytes.  

The size, morphology, number and ultrastructural organi-
sation of nucleoli are potent indicators of cellular nucleo-
lar activity. Nucleoli can be visualized by immunofluores-
cence experiments using antibodies directed against nu-
cleolar proteins, such as B23. B23/nucleophosmin is a 
nuclear acid chaperone encoded by NPM1 active in ribo-
some biogenesis, chromatin remodelling, mitosis, DNA 
repair, replication and transcription (24). Nucleophosmin 
is also responsible for nucleolar morphology (25). 

Aims 

The aim of this study was to measure nucleosome char-
acteristics (by measuring area, circularity index and num-
ber of nucleoli per nucleolus) in young and old equine 
chondrocytes. To visualise nucleoli, chondrocytes were 
stained using immunocytochemistry with a B23 
(nucleophosmin) antibody and a DAPI nuclear costain. 
Change in nuclear morphology between young and old 
samples is considered here as a measure of translational 
ability of the chondrocyte. We hypothesise that nucleo-
some characteristics will vary with age in equine chon-
drocytes.   

Methods 

Sample selection & tissue culture 

Equine chondrocytes were harvested previously from the 
metacarpophalangeal joints of n=9 young (≤8yrs) and 
n=8 old (≥15yrs) healthy horses collected from an ab-
attoir. Schedule 2 of the Animals (Scientific Procedures) 
Act 1986 does not define collection from these sources 
as a scientific procedure (26). Equine articular chondro-
cytes were isolated from macroscopically intact cartilage 
(27). 

Chondrocytes were isolated and aseptically grown as 
monolayers at 37 °C in normaoxic conditions (20% O2) in 

 

Figure 1. Equine chondrocyte samples were obtained the 
difference in age between groups was plotted (P=0.004). Error 
bars represent SEM. 

Table 1. Equine chondrocyte samples used for the analysis.  

Sample Y Age Y 

Y4 8 

Y6 5 

Y7 4 

Y9 3 

Average 5.00 

SEM 1.08 

Sample O Age O 

O6 16 

O7 16 

O8 18 

    

Average 16.67 

SEM 0.67 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Spring 2019  |  Insider Imprint  |  42 

RESEARCH AT LIVERPOOL 

Dulbecco’s modified Eagle’s medium (DMEM; catalogue 
no. 12430104, Invitrogen, Paisley, UK) containing 100 U/
ml penicillin, 100 U/ml streptomycin, 10% foetal calf se-
rum (FBS) and 50 ng/ml Amphotericin B (all from Invitro-
gen) (28). 

The chondrocytes were thawed and seeded at 5,000-
6,000 cells/cm2. Cells were incubated to 80% confluency 
for 1 week and culture media was changed every other 
day. Chondrocytes were visualised using light microscopy 
to assess cell numbers and morphology.  

Immunocytochemistry plating and staining 

For immunofluorescence analysis, young and old equine 
chondrocyte cells were plated on 22 mm x 22 mm glass 
coverslips previously sterilised with 100% ethanol. 5 – 
10,000 cells in 400 µl culture medium was plated per 
coverslip and left overnight to attach. Attachment density 
was checked using light microscopy and coverslips were 
washed with PBS to remove culture medium. Cells were 
then fixed in 1:1 ice cold acetone:methanol (Sigma-
Aldrich, UK) for 5 minutes. Six coverslips were plated per 
sample.  

Nucleolar protein B23 was localised by incubating co-
verslips in 150 µl of 1 µl/ml (1 in 500 dilution) monoclo-
nal mouse B23 antibodies B0556 (Sigma-Aldrich, UK) for 
1 hour at RT. B23 antibody was then aspirated and co-
verslips were washed 3 times in PBS for 5 minutes. Cells 
were then incubated in 180 µl (1 in 400 dilution) 
Alexafluor 488 Mouse IgG1 labelling reagent 
(ThermoFisher Scientific) for 1 hour in the dark (18).  

Coverslips were rinsed once with PBS for 5 minutes be-
fore being mounted with 1 drop (approx. 25 µl) of Vec-
tashield mounting medium with 4’, 6’-diamidino-2-
phenylindole (DAPI) counterstain (Vector Laboratories) 
as per manufacturer’s instructions. Staining was visual-
ised at room temperature by fluorescent microscopy 
using a Zeiss Axioimager 2 microscope. Images were cap-
tured using an Axiocam HR camera.  

Nucleolar protein B23 was localised using mouse mono-
clonal B23 antibodies B0556 (Sigma, USA) alongside an 
Alexaflour 488 Mouse IgG labelling kit, specifically the 
IgG1 labelling reagent (ThermoFisher Scientific) as per 
(18). Coverslips were mounted using Vectashield 
mounting medium with 4’, 6’-diamidino-2-phenylindole 
(DAPI) counterstain (Vector laboratories) per manufac-
turer’s instructions. Staining was visualised at room tem-
perature by fluorescent microscopy (Zeiss Axioimager 2). 
Images were captured using an AxioCam HR camera.  

Nucleoli counting 

Number of nucleoli per nucleolus were counted for 100 
cells by first visualising the DAPI stained nuclei with a 
blue fluorescent filter and then the B23 stain under the 
green fluorescent filter of the Zeiss microscope. Once 
cells were localised, they were counted in a battlement 
pattern until 100 cells containing nucleoli had been 
counted.  

Six slides were produced and visualised for each sample 
and each sample was considered of adequate quality for 
analysis if three correctly stained slides were obtained. 

Number of nucleoli was counted in n=4 young and n=3 
old samples. Area and circularity index were evaluated 
from n=106 young and n=98 old nucleoli obtained from 
n=4 young and n=3 old samples.    

Image Analysis and Statistical Analysis 

Out of the n=9 young and n=8 old samples, only n=4 
young and n=3 old samples were considered of a suffi-
cient quality (Table 1). When comparing young versus old 
age groups using a T-test, they were considered signifi-
cantly different ages with P<0.05 (Figure 1).   

Images were analysed in Photoshop™ (Adobe, UK) using 
the lasso tool to select nucleoli for area measurement 
and circularity analysis (29). Measurements were record-
ed in pixels and later converted to micrometres. 

NPM1 expression in ageing chondrocytes 

As NPM1 participates in ribosome biogenesis (30) we 
decided to also measure its expression in ageing equine 
chondrocytes. RNA was extracted from equine chondro-
cytes using the Trizol method and converted to cDNA as 
previously described. Relative expression levels were 

normalised to GAPDH and calculated using the 2Ct 
method (31).  

Statistical Analysis 

Nucleosome data was tested for normality in GraphPad 
Prism (GraphPad Software, USA) and found to be non-
parametric and could not be normalised. A Mann-
Whitney U test was chosen (32) and was performed on 
area (µm2) and circularity index values in addition to nu-
cleoli counts to assess if values were significantly differ-
ent in the old versus young samples with P<0.05. For 
gene expression data was Mann-Whitney U test was un-
dertaken in GraphPad Prism. 

Results 

As per Belin et al. (18), detection of the B23 signal can be 
seen in Figure 2. The nucleus is revealed by DAPI staining. 
Overall area of nucleoli and circularity index results indi-
cated that the morphology of cells was not significantly 
different. There was a significant increase in the number 
of nucleoli per nucleus in the ageing. 

Area 

A Mann-Whitney U test of area values for the young and 
old sample groups (Figure 3A) indicated no significant 
difference in nucleoli size between the groups 
(P=0.9957). The average area of nucleoli was 1.65 µm 
(±SEM 0.21) for young samples and 1.82 µm (±SEM 0.18) 
for old samples (Table 2).  

Circularity index 

Testing for circularity index for young and old sample 
groups (Figure 3B) indicated no significant difference in 
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nucleoli size between the groups (P=0.5383). The aver-
age circularity index of nucleoli was 0.81 (SEM=0.0094) 
for young samples and 0.80 (SEM=0.011) for old samples 
(Table 2). 

Number of nucleoli 

A Mann-Whitney U test of the number of nucleoli per 
nucleus (Figure 3C) showed a significantly higher number 
of nucleoli per nucleus in old samples versus young sam-
ples (P=0.042). The average number of nucleoli per nu-
cleus was 1.69 (SEM=0.034) for young and 1.81 
(SEM=0.042) for old samples (Table 2).  

NPM1 gene expression 

There was a significant reduction in NPM1 expression in 
ageing chondrocytes (p=0.03) (Figure 4).  

Discussion 

The size, morphology, number and structural organisa-
tion of nucleoli are considered potent indicators of nucle-
olar activity. The aim of this study was to characterise the 
nucleoli in ageing chondrocytes by measuring area, circu-
larity index and number of nucleoli per nucleolus. Nucle-
oli were visualised by immunofluorescence experiments 
using antibodies against nucleolar protein B23 (Figure 2). 
Additionally, we measured the expression of NPM1 
which was shown to be over expressed in actively prolif-
erating cells. 

Figure 3 shows that whilst the area and circularity index 
of nucleoli did not vary with ageing the number of nucle-
oli per nucleolus was significantly higher in old samples 
compared to young samples. Recent studies have shown 
that changes to translational apparatus are prominent in 
early stage OA, persisting through to the later stages (8).  

Initially, Image J (NIH, USA) was used to quantify the area 
of nucleoli in cells as per Belin et al. (18) however due to 
inaccurate thresholding, it was not possible to accurately 
select individual nucleoli to measure area and circularity. 
However, using Photoshop™ meant that images did not 
require thresholding and it was easier to distinguish pix-
els that were to be counted as ‘nucleoli’. In addition, area 
measurements were faster as multiple nucleoli in an im-
age could be measured individually and exported to ex-
cel. Limitations to this method were due to hand selec-
tion of nucleoli rather than using an algorithm. We coun-

teracted this by having one person analyse all images 
using the same equipment (33). All images were of the 
same magnification and size in pixels therefore although 
measurement bias may exist, it is consistent throughout. 
Due to the user bias of this method, it would be benefi-
cial to measure area and circularity values twice or have 
two people separately measure area and circularity and 
use a Cappa Kohen statistic to measure interrater or in-
trarater reliability respectively (34).  

Others have described morphological changes in nucleoli 
such as increasing size with age (35, 36), and multiple 
studies have documented morphological change in older 
specimens (18, 37). Our results showed no significant 
difference with age. Due to a lack of useable samples, 
analysis was made on a relatively small data set and in-
creasing the number of samples plus the addition of OA 
samples would have been beneficial. 

Others have shown a link between age and expression of 
the NPM1 gene resulting in changing morphology of nu-
cleophosmin due to differences in protein-RNA interac-
tions (38, 39). We therefore also measured NPM1 ex-
pression and found it was reduced in ageing. As NPM1 is 
involved in several cellular processes including ribosome 
biogenesis, nucleocytoplasmic transport and transcrip-
tional regulation, its reduced expression in ageing cells 
could be indicative of its role in the regulation of cell me-
tabolism (40). We would expect however that with re-
duced NPM1 expression with age, there would be fewer 
nucleoli in older cells however this was not the case in 
this study.  

NPM1 gene which codes for B23/Nucleophosmin is a 
driver of conformational changes in the nucleoli (39). As 
NPM1 expression was shown to be significantly de-
creased in old samples, we would expect that B23 would 
therefore be less abundant in those samples and that 
morphology would be affected, however, it was not 
found in this study.  

There was an increase in the number of nucleoli per nu-
cleus in the older cell samples.  An explanation for this 
may be due to the rapidly assembly and disassembly of 
nucleoli inside the nucleus in response to changes in 
transcriptional activity, which is critical for cellular integ-
rity and homeostasis. The creation and structural integri-
ty of nucleoli depends exclusively on protein-protein, 

Figure 2. Immunocytochemistry Images. Images showing detection of B23 signal (left), the nucleolus revealed by DAPI staining 
(centre) and the merged image (right). 5 µm marker lines are displayed for scale. 

B23 DAPI Merged 
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protein-RNA and/or DNA interactions and NPM1 coding 
for nucleophosmin protein is a driver of conformational 
changes upon RNA binding (39). Theoretically, if changes 
in NPM1 expression are present in cartilage due to age-
ing (41), this will in turn affect the assembly/disassembly 
of nucleoli in chondrocytes. This study found that NPM1 
was decreased with age and that more nucleoli were 
assembled in old samples. There was however no signifi-
cant difference in morphology of cells due to the chang-
ing NPM1 expression. 

Buchwalter and Hetzer (35) showed that increased ribo-
some biogenesis and activity are a hallmark of premature 
ageing, therefore we can hypothesise that in the carti-
lage increase number of nucleoli may indicate increased 
ribosomal biogenesis and that this may be indicative of 
ageing or degeneration. Another measurement to con-

sider for future analysis would be to measure the overall 
area of all nucleoli per 100 cells and then compare if 
there is an increased overall area of nucleoli to compen-
sate for the less abundant nucleoli in young samples.  

Chondrocytes are known to require a high translational 
capacity to undertake anabolic processes (15). Ageing 
and degenerative diseases of ageing such as OA are 
known to be associated with altered chondrocyte gene 
expression and thus morphological changes (9). These 
changes in morphology influence chondrocyte metabo-
lism (42). In this study, we studied the nucleosome char-
acteristics of young and old equine chondrocytes as an 
indicator of translational capacity by visualising nucleoli 
by immunofluorescence of nucleolar protein B23.  Thus, 
we could use this information as an indicator of their 
translational capacity and ability to maintain cartilage 
homeostasis (42) in ageing 

We found there to be no morphological variation (in area 
and circularity index) between young and old chondro-
cytes, contrary to our hypothesis that morphology would 
vary with age (43). We did however, find there to be a 
larger number of nucleoli present in old samples. Future 
studies are required in OA chondrocytes to ascertain if 
they behave similarly. 

Figure 3. Graphs of Area, Circularity Index and Number of Nucleoli per Nucleolus. We measured the number & morphology of 
nucleoli in young and old chondrocytes using signal detection of staining by PhotoshopTM. The area (A), the circularity index (B) and 
the nucleoli were evaluated per 100 cells from each donor using the n=4 young and n=3 old mean±SEM ages in years, young 5±1.08, 
old 16.6±0.67. These analyses showed that there were no statistically significant differences between circularity index or nucleoli 
area in ageing. Quantitation of the number of nucleoli per cell, evaluated in 100 cells per donor (C) demonstrated that the number 
of nucleoli varied from 1 to 4 per chondrocytes and increased by 10% in ageing chondrocytes (P=0.004). Altogether, these results 
suggested that during chondrocyte ageing, the nucleus may undergo adaptive changes to support changing nucleolar activity. 

Table 2. Measurements for area, circularity index and number 
of nucleoli per nucleolus. ns meaning P>0.05 and * meaning 
P≤0.05. 

Figure 4. Relative gene expression of NPM1 in ageing equine 
chondrocytes. Data are represented as the relative expression 
compared to GAPDH of young n=9 and old n=8 donors.  Histo-
grams represent means ±SEM (* = P<0.05).   

Area Young Old Old vs. Young 

Mean 1.651 1.822   

SEM 0.206 0.1821   

P-Value     0.0975 

Significance     ns 

        

Circularity Index Young Old Old vs. Young 

Mean 0.8119 0.7992   

SEM 0.0094 0.01106   

P-Value     0.5383 

Significance     ns 

        

No. Nucleoli Young Old Old vs. Young 

Mean 1.687 1.807   

SEM 0.0339 0.04207   

P-Value     0.0419 

Significance     * 

A B C 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  Spring 2019 |  Insider Imprint  |  45 

RESEARCH AT LIVERPOOL 

Conclusion 

Ageing and OA have known associations with altered 
chondrocyte gene expression and an imbalance between 
protein anabolism and catabolism. Altered nucleoli num-
ber and NPM1 expression may have a role in age-related 
OA through changing ribosomal translational capacity.  
This study needs to be replicated in OA equine chondro-
cytes to determine these parameters in disease 
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C ells have extensive regulatory flexibility that enable them to survive dynamic environ-
mental changes. Their ability to sense and adapt to extracellular signals is fundamental 

to the maintenance of their homeostasis. Whilst modulation of gene expression plays a key 
role, this mechanism alone is too slow. Cells therefore rely on additional switches to ensure 
fast and reversible regulation. Protein post-translational modifications (PTMs) fulfil this 
requirement. Their biological importance is reflected in the large number of corresponding 
regulatory enzymes encoded in the human genome, performing over 200 types of modifi-
cations. Whilst the best-studied PTM is phosphorylation, there has been recent interest in 
tyrosine sulfation, a less common yet biologically significant modification. It is believed that 
sulfation may be necessary for the bioactivation of many secreted and membrane-bound 

proteins, perhaps critical for chemokine signalling and hemostasis. Despite this, the extent of this PTM remains unclear, 
most likely due to there being no conventional high-throughput method to distinguish phosphate groups from sulfate. 
With a mass difference of only 0.009 daltons, it is possible that tyrosine sulfation is being mistaken for phosphorylation. 
Since targeting protein sulfation pathways could offer potential strategies to treat inflammatory diseases and steroid 
hormone-dependent cancers, this less understood modification is rightfully attracting attention in proteomic research. 
The aim of this project is to develop a high-throughput mass spectrometry-based method that will successfully detect 
and localise tyrosine sulfation, in proteins extracted from human cell lysate. Until an optimised approach is found, the 
complex sulfoproteome will remain unexplored. So with some luck, this project will provide the essential foundation 
for many future studies.  

Development of a high-throughput mass spectrometry-based 
method for the detection and localisation of protein tyrosine 
sulfation, in proteins extracted from human cell lysate  
Anna Birrell, BSc Biological & Medical Sciences  Supervisor: Prof Claire Eyers 

T he most economically important gastrointestinal nematode of sheep is Haemonchus 
contortus (the Barber’s Pole Worm). This is a parasitic nematode which can cause 

severe clinical manifestations in the sheep host. Symptoms can include severe anaemia 
and ‘bottle jaw’, an accumulation of fluid under the jaw, whilst sheep suffering from high 
intensity infections of the parasite can succumb and die. It has become increasingly diffi-
cult to control infections of H. contortus within the global sheep industry due to the rapid 
development of widespread anthelmintic resistance against multiple drug classes. There 
are concerns that the worldwide resistance observed against the macrocyclic lactone 
ivermectin in particular may significantly threaten the feasibility of the sheep industry. 
Ivermectin is also widely used to treat a range of human parasitic infections including 
lymphatic filariasis and concerns over resistance in these worms are also reported. How-
ever, the mechanisms for anthelmintic drug resistance are poorly understood and prior 
studies have focused on a range of potential mechanisms and drug targets. Amongst 

these potential mechanisms are the glutathione transferases (GSTs), a superfamily of detoxification enzymes which 
may play a role in aiding nematode survival against anthelmintic drugs. However, little is known of the biochemical 
profile of GSTs in H. contortus. This project aims to biochemically characterise the GSTs present in H. contortus and 
establish the potential role GSTs may play in resistance mechanisms. Thus, the findings from this investigation can be 
applied to combat the inevitable development of resistance in parasitic nematodes infecting both livestock and hu-
mans.  

Glutathione transferase responses to ivermectin in Haemonchus 
contortus  
Shannan Summers, BSc Tropical Disease Biology  Supervisor: Dr James LaCourse 
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C aptive breeding is a form of conservation that is performed by many 
organisations worldwide, from zoos and aquariums, to wetland cen-

tres like the Wildlife and Wetland Trust (WWT) in Martin Mere. Captive 
breeding aims to create a stable and healthy population of the endan-
gered species in question in order to reintroduce the species back into 
their natural habitat (1). A form of captive breeding is a mixed species 
enclosure, like that within the aviary at Martin Mere where this project will take place. The species enclosed include: 
Crowned crane (Balearica regulorum), Avocet (Recurvirostra avosetta), White-faced whistling duck (Dendrocygna vidu-
ata) and, Comb duck (Sarkidiornis melanotos). Multi-species enclosures are common and often encouraged to provide 
a more dynamic and enriching environment. They often display species sharing similar ecological or geographical 
themes (2). Snyder et al. (3) rightly stated that those who have captive breeding programmes should operate to pre-
vent disease and have genetic and behavioural management. This project will allow for the aggression behaviour of the 
species kept within the aviary to be monitored. Overall, the data collected will be used to further manage their enclo-
sure, to provide the best conditions and welfare for the birds involved. This is important as space in such organisations 
is becoming limited. Therefore, by maintaining the welfare within this enclosure, space can be maintained and there 
can be an increase in conservation return on space and infrastructure by keeping multiple species in one enclosure and 
not separate. 

Do some bird species receive more aggression than others in a 
multi-species enclosure?   
 

Kate Smith, BSc Zoology Supervisor: Dr Carl Larsen 
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M osquito-borne diseases, such as malaria and dengue, continue to be one of 
the leading causes of mortality across the tropical regions. Reducing these 

high mortality rates is focused primarily on vector control, highlighting the im-
portance of developing novel control methods that will effectively reduce the pop-
ulation of mosquitoes, thus reducing the transmission rate of these deadly diseas-
es and the devastating social and economic burdens which follow. My project in-
vestigates a novel mosquito control method that has had minimal research to date. 
I will be investigating the effect of the drug, nitisinone, on the tyrosine degradation 
pathway and determining whether this affects the survival of mosquitoes.  Tyro-
sine is an essential amino acid but is toxic when present in high concentrations, 
which is shown in the human genetic diseases, Tyrosinemia type I and Alkaptonu-
ria. Female mosquitoes must take blood meals to ensure their reproductive suc-

cess and survival. When a blood meal is digested, toxic concentrations of tyrosine are produced in the mosquito, how-
ever, they can detoxify the excess tyrosine. We will be investigating the optimal concentration of nitisinone, which is an 
inhibitor of an enzyme used in the tyrosine degradation pathway; and determining if it causes tyrosine to accumulate 
to a toxic concentration, thus killing the mosquito. The rise of insecticide resistance makes this investigation imperative 
as novel control methods must be found to keep the incidence rates of these diseases low, prevent epidemics, and 
allow time for effective drugs and vaccinations to be developed, which present more long-term solutions.  

The effect of nitisinone on mosquito survival 
 
Lucy Wust, BSc Tropical Disease Biology Supervisor: Dr Alvaro Acosta Serrano 
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The benefits of probiotics are out-

weighed by faeces 
Jessica Buddle, 3rd Year Microbiology BSc 

I t has long since been established 
that the microbiome – the various 

microbial species inhabiting the 
body – and its diversity is paramount 
for human health. Studies have re-
peatedly demonstrated antibiotic 
impact on gut dysbiosis (imbalance), 
causing altered microbial communi-
ty diversity and metabolism (1). An-
tibiotics reduce colonisation re-
sistance; the phenomenon of micro-
biome colonisers preventing estab-
lishment of opportunistic pathogens 
and increase the risk of antibiotic-
associated diarrhoea (2). More re-
cently, the use of probiotics – bene-
ficial bacteria which claim to en-
hance wellbeing – have become 
widely acknowledged as a treatment 
for antibiotic-associated dysbiosis 
(3,4). Such treatments include probi-
otics (available in yoghurts or over-
the-counter supplements); or autol-
ogous faecal microbiome transplan-
tation (aFMT), which refers to the 
provision of one’s pre-dysbiosis fae-
ces (containing a healthy microbi-
ome) to reduce dysbiosis. Suez et al. 
(5) present data suggesting probi-
otics actually delay reconstitution of 
both stool and mucosal native mi-
crobiomes, and do not restore the 
species diversity important for 
health (5). 

The therapeutic aim of any probiotic 
is to restore the gut to a pre-
antibiotic state of diversity (6). Since 
research may under report adverse 
effects, efficacy of treatment is rela-
tively unknown. Additionally, much 
probiotic research focuses on animal 
models and stool samples as a rep-
resentation of the gut microbiome. 
Suez et al. (5) investigated colonisa-

tion of probiotics (using faecal and 
mucosal surface samples) in both 
mice and humans. Their data show 
that aFMT restores mucosal microbi-
ome and gut transcriptome reconsti-
tution. On the other hand, probiotics 
delay gut microbiome and transcrip-
tome reconstitution. 

Suez et al. (5) first investigated colo-
nisation of probiotic bacteria follow-
ing antibiotic treatment in mice and 
humans. In mice, they found a mild-
er colonisation of probiotic bacteria, 
suggesting antibiotics only some-
what decrease colonisation re-
sistance. In humans however, a sig-
nificant decrease in colonisation 
resistance was observed. Probiotic 
species, particularly Bifidobacterium 
spp., were elevated in stools, and 
shedding still occurred 5 months 
post-probiotic treatment. This find-
ing raises questions regarding the 
effectiveness of animal models for 
microbiome study. Notably, person-
specific variation in response to pro-
biotic treatment was also found, 
suggesting specific microbiome com-
positions and host factors also influ-
ence colonisation resistance. 

As shown previously, the authors 
found antibiotic consumption led to 
decreased α-diversity – species di-
versity within the microbiome. In 
mice, aFMT was the best treatment 
for recovering species richness 
(number), with diversity being indis-
tinguishable from non-antibiotic 
controls 8 days after treatment, and 
microbiome composition returning 
to normal within 4 weeks. This sug-
gests aFMT can successfully recon-
stitute faecal, lower and upper gas-
trointestinal tract native microbi-

omes; adding to the accumulating 
body of evidence in favour of FMT. 
This was not the case for spontane-
ous recovery, or indeed probiotic 
treatment. The authors found probi-
otic treatment failed to restore α-
diversity. Significantly, probiotics 
were associated with the slowest 
recovery rate, potentially due to 5 
taxa which bloomed in the microbi-
ome inhibiting reconstitution.   

Through endoscopies, the authors 
revealed the impact of probiotic 
treatments on human microbiome 
reconstitution. aFMT was again the 
best treatment, showing the fastest 
restoration of native microbiome 
species. Comparing pre-antibiotic 
and post-treatment microbiomes, 
the authors found the smallest spe-
cies diversity difference was 
achieved using aFMT. Surprisingly, 
spontaneous recovery allowed re-
constitution within 21 days. The au-
thors found probiotic treatment 
prevented reconstitution, and 
dysbiosis was maintained for over 5 
months. α-diversity was low for this 
group, attributed to the blooming of 
4 probiotic genera (Enterococcus, 
Akkermansia, Bifidobacterium and 
Blautia), which also inhibited native 
genera such as Clostridiales. This 
suggested that probiotics, despite 
colonising well in the post-antibiotic 
gut, delayed return to normal micro-
biome diversity.  

Suez et al. (5) went on to investigate 
the metatranscriptome – all genes 
expressed in the cells of the gastro-
intestinal tract – in humans, to de-
termine the impact of treatments on 
the host. Interestingly, both aFMT 
and spontaneous recovery lead to 
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reversion toward normal gene expression profiles. Probi-
otics increased expression of antimicrobial and inflamma-
tory genes, suggesting they negatively impact both the 
host and its microbiome.  

Suez et al. (5) provide key insights into the post-antibiotic 
microbiome, regarding colonisation tendencies and host 
gene expression effects. aFMT shows rapid microbiome 
reconstitution, reversion to normal host gene expression, 
and protection against opportunistic pathogens. Howev-
er, whilst probiotic bacteria colonise well, they alter the 
microbiome composition and function, ultimately pro-
longing dysbiosis. Since only one antibiotic treatment 
and one probiotic species mixture was used, the generali-
sability of these data remains unknown. Importantly, risk
-group populations (such as immunocompromised indi-
viduals and the elderly) likely to develop opportunistic 
infections following antibiotic treatment are likely to 
benefit most from aFMT (7). Such groups are not as-
sessed in this study, meriting further research in the con-
text of disease.  

Looking forward, the success of aFMT demonstrated by 
Suez et al. (5) may give rise to its widespread use as an 
antibiotic adjuvant; however, this is likely to be technical-
ly challenging and unsustainable economically. Future 
research concerning a “personalised probiotic” approach, 
whereby patients receive an individualised probiotic 
combination, may be more feasible. This would reduce 
antibiotic-associated dysbiosis, whilst minimising the 
delayed reconstitution effects of current indiscriminate 
probiotics. 
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The native CRISPR/Cas9 system 

C RISPR (Clustered Regularly-Interspaced 
Short Palindromic Repeats) were first 

identified in E.coli bacteria, where they 
played a role in eliminating exogenous ge-
netic material such as viral DNA (1). They 
consist of small fragments of identical inter-
spaced DNA repeats. Each of these repeats 
is adjacent to a spacer DNA (non-repetitive 
region) which is a sequence that has been 
inserted due to a previous exposure to ex-
ogenous DNA (2). Additionally, there are 
other genes associated with CRISPR, termed 
CRISPR-associated genes (Cas). These genes 
generate Cas proteins which carry helicase 
and nuclease activities, allowing them to 
unwind and cut DNA, respectively. Tran-
scription of CRISPR will result in the for-
mation of CRISPR RNAs (crRNAs) which 
have the ability to recognise and bind, for 
example, viral DNA and act as guides for Cas 
endonucleases to cleave and remove the 
exogenous DNA (2).  

Exploiting CRISPR/Cas9 

CRISPR-mediated genome editing exploits 
the CRISPR/Cas9 system, a complex deliv-
ered into the cell’s genome comprised of 
Cas9 endonucleases (made up of HNH en-
donuclease and RuvC-like endonuclease) 
and a synthetic RNA (gRNA) to guide the 
Cas9 endonuclease complex (2). crRNA as-
sociates with trans-activating crRNA 
(tracrRNA)  to form a gRNA complex which 
guides Cas9 to the target locus. In order to 
achieve sequence-specific cleavage, crRNA 
must complement the protospacer se-
quence (target sequence) and the PAM 
(protospacer adjacent motif) sequence (1). 
When bound to the target site, both DNA 
strands are cleaved by HNH and RuvC-like 
endonucleases (Figure 1). This creates a 

double-strand break which can be repaired 
by the cell’s DNA repair mechanisms. Here, 
a DNA sequence may be incorporated or 
deleted, in order to repair defective genes 
which cause disease; to regulate transcrip-
tion of a certain gene; or to correct DNA 
repair mistakes which cause deletions or 
point mutations (2).  

Recent applications of the CRISPR/
Cas9 system 

The CRISPR/Cas9 system shows major 
promise as an anti-viral therapy, assisting 
humans to eliminate exogenous DNA intro-
duced into host cells by a foreign viral path-
ogen. Human Immunodeficiency Virus (HIV) 
infection, still a prevalent health condition 
worldwide, was investigated using this ap-
proach (4). HIV is a pathogen which infects 
and kills cells of the immune system, partic-
ularly CD4+ helper T cells (immune cells 
which help to fight off infections) (5). In 
2016, scientists were able to delete entire 
copies of the HIV-1 gene from HIV-1 infect-
ed primary cultured human CD4+ T-
lymphoid cells using the CRISPR/Cas9 sys-
tem (4). Repression of viral replication was 
achieved in peripheral blood mononuclear 
cells (PBMCs) and also in some latently in-
fected T cells (4). Kaminski et al. (4) also 
observed that HIV-1 gene deleted T cells, as 
long as Cas9 and RNA-guided CRISPR were 
present, showed resistance to new HIV in-
fections. This gene excision did not cause 
any disruption to cell viability and the cell 
cycle, did not cause any off-target side 
effects or disrupt any local or distant genes 
(4). This experiment provided evidence 
that, in the future, this system could be 
used as therapy for HIV-1 patients if safe 
delivery mechanisms can be formulated.  

The CRISPR/Cas9 editing system may be 
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CRISPR: The new genetic modification 

machine 

Luisa Silva, 3rd Year Genetics BSc 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  Spring 2019 |  Insider Imprint  |  53 

INSIGHTS 

 

used as a treatment for some genetic dis-
eases by introducing precise genetic altera-
tions: removing, inserting or substituting 
single or multiple bases to repair a targeted 
mutation (2). For example, chronic granu-
lomatous disease (CGD) is a rare genetic 
disorder in which phagocytic cells do not 
carry out oxidative burst processes to allow 
the destruction of invading pathogens (6). 
Therefore patients with this disease acquire 
constant infections, especially when they 
are younger (6). This condition is usually 
caused by a single base pair mutation in the 
CYBB protein (expressed in phagocytes), 
which leads to an ineffective oxidative burst 
mechanism. Flynn et al. (6) used the CRIS-
PR/Cas9 system to repair a point mutation 
in the heavy chain portion of this protein. 
Employing the use of induced pluripotent 
stem cells (iPS), derived from the patient 
and then differentiated into phagocytes, 
this group were able to insert the correct 
copy of the gene using the CRISPR/Cas9 
system. Ultimately, these stem cells could 
be introduced back to the patient through 
autologous bone marrow transplantation 
(6). It was shown that the CRISPR/Cas9 sys-
tem was highly efficient in correcting CYBB 
function, recovering oxidative burst mecha-
nisms in some phagocytes (6). Therefore, 
this technique might be used as a gene 
therapy approach for treating CGD and for 
other genetic disorders, as long as 
knowledge of exactly what mutations cause 

the disease and methods to safely intro-
duce “edited” cells back into the patient are 
established. 

Issues to be resolved with the CRIS-
PR/Cas9 technology 

The CRISPR/Cas9 system could potentially 
be widely employed in biomedicine, RNA 
editing, gene inactivation and therapy for 
genetic diseases in humans. Despite its ma-
jor potential as a gene editing system, there 
are some problems associated with the 
efficiency and specificity of this system that 
need to be taken into account such as re-
duced Cas9 activity and off-target effects 
(3). These problems need to be overcome 
before being employed in humans.  

Normally single-guided RNA (sgRNA) binds 
to the target sequence, guiding Cas9, which 
recognises it. However, it was found that in 
the presence of mismatches close to the 
cleavage site between the gRNA and the 
target DNA sequence, endonuclease activity 
of Cas9 was diminished (3). In addition, the 
presence of large amounts of Cas9-sgRNA 
complexes may lead to off-target effects 
due to binding of this complex to non-
specific loci in the genome (3). Therefore, 
Cas9 activity, sgRNA sequence design and 
concentration of Cas9-sgRNA complexes 
need to be taken into account to improve 
CRISPR/Cas9 system. 

CRISPR/Cas9 delivery 

Another challenge of this system is consid-
ering the delivery methods: common ap-
proaches include electroporation of plas-
mids incorporating the CRISPR system. 
Some plasmids integrate randomly into the 
host cell genome and that can lead to not 
only off-target effects (disruption of other 
genes through Cas9 cleavage and integra-
tion) but also to host immune responses 
which might inhibit the gene editing pro-
cess (3). In in vivo approaches, adeno-
associated virus (AAV) is used. Despite be-
ing very successful in delivery, their expres-
sion is sometimes long-lasting, inducing 
toxicity (7). Further, patients previously 
exposed to AAV may have developed im-
munity to it and therefore expression may 
be stopped (7).  
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Figure 1. CRISPR/Cas9 genome editing system cleavage. gRNA (crRNA and tracrR-
NA) guides Cas9 to the target locus. The crRNA aligns with the protospacer (target 
sequence in orange) and PAM sequences. Both strands are cleaved by HNH and 
RuvC-like endonucleases, creating a double strand break (8). 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Spring 2019  |  Insider Imprint  |  54 

INSIGHTS 

CRISPR raises important questions on genome 
editing 

Ethical issues have emerged regarding the use of the 
CRISPR genome editing system in the inheritable human 
germline (9). Somatic genome editing has been widely 
accepted since there is a favourable equilibrium between 
advantages and risks and there is informed authorization 
from the patient. Germline editing, on the other hand, 
carries unpredictable risks which may be transmitted 
through several generations and obtaining informed au-
thorization from multiple generations is impossible (9). 
Recently, a Chinese scientist was responsible for editing 
the genome of two embryos so that when born, the 
twins would never develop HIV in their lifetime, which 
raised a lot of ethical issues and criticism from the scien-
tific community (10). In addition, ethical issues have aris-
en regarding the use of this system for non-medical pur-
poses, for example to improve the performance of a pro-

fessional sportsperson or a child’s cognitive ability (9). In 
society, this presents a problem where some people may 
extend competitive advantages over others. The CRISPR/
Cas9 system raises the question of whether it is ethical to 
use gene-editing technologies for non-medical purposes, 
in any context. 

To conclude, the CRISPR/Cas9 gene editing system is a 
remarkable tool which can be used to delete an integrat-
ed copy of foreign DNA or RNA. It may be used for carry-
ing out precise changes to the nucleotide sequence of a 
gene that has been mutated or has an association with a 
non-functional protein and this can be used for the treat-
ment of genetic diseases such as HIV and CGD. Although 
CRISPR has many potential applications, problems re-
garding its specificity and efficiency, and also the ethical 
issues it raises, must be addressed and dealt with before 
it can be employed safely in humans. 

 

I  discovered a large group of butterflies 
clustered around an elderflower bush 

above a trickling stream in the Tara Na-
tional Park in Serbia during June, two 
years ago. I had to lay flat on the planks of 
a small wooden bridge, my arms dangling 
over the side, in order to reach them. 
They fluttered below me, and I managed 
to capture two in focus.  

With the forest’s verdant mid-summer 
foliage awash in sunlight behind these 
two butterflies, I feel this photo captures 
the beauty and variety of life, and reminds 
me why I love studying Biology so much. 

 

 

Butterflies in Summer 

Aleksa Vidic, 1st Year Biological Sciences BSc 

Identified as Erebia species Pers. comm.: J N Greatorex-Davies; J Delf, Hon. Research Fellow, University of Liverpool; 
C Larsen, Lecturer, University of Liverpool 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  Spring 2019 |  Insider Imprint  |  55 

INSIGHTS 

 

 

 O n the 3rd of May 1852, Frederick Smith 
read out his latest paper to the Royal 

Entomological Society of London, describing 
two dozen new species of Hymenoptera, 
mostly wasps, ichneumons and bumblebees 
from northern China (1). Two things made 
these little insects different from the thou-
sands of others described and catalogued 
by the society: at the time, foreigners were 
not allowed beyond 30 miles from six Chi-
nese Treaty Ports; and the man who collect-
ed them, Robert Fortune, appeared to have 
acquired them while on a mission to smug-
gle tea plants out of China. 

Before the 1850s, China, under the Qing 
Dynasty, held a monopoly on tea. While 
many ordinary Chinese people grew their 
own tea plants (2), no-one had been able to 
establish them outside of China. Tea was an 
extraordinarily valuable commodity; the 
British Tea Tax accounted for around 9% of 
the British Government’s income in the 
years 1835-1858 (3). This meant that the 
Tea Tax alone paid for almost all of the Roy-
al Navy’s yearly spending (3). The British 
Empire really did run on tea! The Chinese 
Empire found this out the hard way in 1840, 
when gunboats that their tea had paid for 
sailed into their ports during the First Opi-
um War. The resulting Treaty of Nanking 
(Nanjing) of 1842 created six Treaty Ports, 
governed under British law and open to 
British trade. 

Robert Fortune, a Scottish botanist, took 
this opportunity to travel to China in order 

to acquire samples on behalf of the Horti-
cultural Society of London (2). From 1843 to 
1846 he toured the treaty ports and the 
surrounding countryside, visiting villages, 
towns, farms and temples (2). During this 
he visited the tea plantations in Chekiang 
and Fokien and observed the drying process 
through which drinking teas were created 
(2). While on this journey he became proba-
bly the first westerner to suggest that both 
black and green teas were derived from the 
same species of tea tree, although different 
species were grown in different areas of the 
country (2). He suggested these to be Thea 
viridis in the north and Thea bohea in Can-
ton (2). 

In 1848 he returned to China, this time con-
tracted by the East India Company to ac-
quire the seeds and shrubs of tea plants 
which the company could use to establish 
its own tea plantations (4). Fortune was of 
the opinion that the tea produced around 
the treaty port of Ningbo (Ning-po) was 
unsuitable for the foreign market, and so 
resolved to also visit Hwuy-chow (probably 
Huangshan*) (4). He was familiar with the 
areas he was legally allowed to visit such as 
the Chusan (Zhoushan) archipelago, Ningbo 
and the temple at Teintung (20 miles in-
land), and it was from these that he pro-
cured the specimens named by Smith (1,4; 
Table 1). Fortune admitted to being ex-
tremely untrusting of Chinese people – de-
spite having twice been mugged on his pre-
vious visit after ignoring warnings by a Chi-
nese soldier and his servant to avoid certain 

Commerce, imperialism, biology and 

tea: how the East India Company 

helped discover new species (and 

brought tea to India)  

Jonathan Roberts, 3rd Year Biological Sciences and History BSc 

*It is not at all clear from Fortune’s text where ‘Hwuy-chow’ is located, but Huangshan is in the same region and 

could plausibly be anglicised to Hwuy-chow. 
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areas (2,4). Because of this, instead of em-
ploying local agents to procure tea from 
Hwuy-chow, he decided to adopt the local 
dress and travel in disguise (4).   He claimed 
this was suggested by his servants (4). He 
then employed, via an interpreter, a boat 
and crew to take him upriver from Shanghai 
to Hangzhou (4).  

From Hangzhou he travelled further  up the 
Quiantang and onto the Fuchan River. 
While the boatmen were navigating the 
rapids of the Fuchan and the Xin’an Rivers, 
Fortune took the opportunity to engage in 
botany on the hills above. He found several 
species in abundance that were rare else-
where, such as ‘the curious and much-
prized’ Edgeworthia chrysantha (4). Fortune 
was so impressed by the local species of 
palm that he sent specimens to the Royal 
Gardens at Kew for cultivation, where they 

apparently thrived, in the hope that they 
would eventually be found ‘ornamenting 
the hill-sides in the south of England’ (4). 
Around the same time, he also acquired 
seeds of the previously undescribed Fune-
real Cypress (Cupressus funebris) from an 
innkeeper who owned a particularly im-
pressive tree (4). 

After some time, he arrived in Sung-lo 
(Shandouxiang) where, according to legend, 
the tea plant had first been cultivated (4). 
Here he spent some time at the house of 
his servant Wang’s parents, collecting tea 
seeds and learning all he could about their 
cultivation (4). During this time, he also 
acquired shrubs of a species of Berberis 
which he had not encountered before and 
was particularly enamoured with (4). For-
tune also investigated the dyed green teas 
which were popular in Britain at the time, 

 

Table 1. Species described by Smith, and where they were collected by Fortune. 

Species Location collected 

Ancistrocerus flavo-punctatus Ningbo 

Bombus atripes Zhoushan 

Bombus breviceps Zhoushan 

Bombus flavescens Zhoushan 

Bombus haemorrhoidalis Zhoushan 

Bombus nasutus Zhoushan 

Bombus trifasciatus Zhoushan 

Bombus tunicatus Zhoushan 

Cerceris zonalis Northern China 

Crocisa decora Not recorded 

Cryptus purpuratus (now Chlorocryptus purpuratus) Ningbo 

Eumenes decoratus Teintung 

Eumenes quadratus Near Ningbo 

Pison regalis Ningbo 

Polistes sulcatus Near Ningbo 

Rhynchium flavo-marginatum Not recorded – the specimen Smith used hosted two parasitic Stylops 

Rhynchium ornatum Teintung 

Trogus pepsoides Ningbo 

Vespa craboniformis Not recorded 

Vespa ducalis Teintung 

Vespa mandarinia Teintung 

Xylocopa appendiculata Near Ningbo 

Xylocopa pictifrons Zhoushan 

Xylocopa rufipes Not Recorded 
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discovering that Prussian Blue and Gypsum 
dyes were added to green teas for the in-
ternational market: the manufacturers did 
not drink it themselves, but saw no prob-
lem in adding it for foreigners, as dyed teas 
fetched a higher price (4). After this he re-
turned to Ningbo, collecting further seeds 
on Silver Island, Chusan, before returning to 
Shanghai to cultivate his seedlings, which 
were then shipped to India via Hong Kong 
(4). 

After a journey of thousands of miles, the 
wasps and bees that Fortune had collected  
arrived at the British Museum. Here Smith 
sat down to classify them, and to admire 
their beauty (1). Smith even consulted with 
Fortune upon his return to Britain to gain 
the best possible understanding of where 
the Hymenoptera were collected (1). With 
the seeds and (probably more importantly) 
the knowledge that Fortune brought back 
from China, the East India Company was 
able to establish its first tea plantations. 
This broke the Chinese monopoly and 
paved the way for the Indian teas which we 
drink today (3,4). This was, however, never 
solely a commercial venture: the plants and 
insects that Fortune brought back to Britain 
were very well-received by British scientists, 
who lost no time in adding them to their 
taxonomic schemes. Without this (illegal) 
expedition, much of China’s flora and fauna 
would have been unknown to western sci-
ence for many more years. 

It should not be forgotten that nearly every 
cup of tea we drink exists as a consequence 
of the Opium War and Fortune’s expedition 
and that modern science is a product of the 
Imperial Age. We like to think that science 
is something value-neutral, if not actively 
positive, but it must be acknowledged that 
the Life Sciences in particular benefitted 
hugely from Empire. Our understanding of 
evolution was aided by experiments on 
Batesian and Mullerian mimic butterflies 
carried out from African colonies such as 
Natal, for example. Without the Empire, 
would there even have been a voyage of 
the Beagle? This is not a call to disown sci-
ence: though we may be uncomfortable 
about the circumstances in which our 
knowledge was acquired, knowledge and 
understanding of the world is a good in it-
self. Rather, we should be mindful that eve-
rything in modern Britain is a consequence 
of what came before: we are one of the 
richest countries in the world because of 
the slave trade and because of brutal ex-
ploitation of both native and foreign work-
ing classes, as well as the careless disregard 
of the governments of foreign nations ex-
emplified by Fortune’s mission. Not even 
science is free of that legacy. 
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C ancer is defined as uncontrollable cell 
proliferation (1) as it is a disease involv-

ing relentless clonal expansion of somatic 
cells to result in the killing of ‘healthy’ tis-
sues through cell invasion and erosion (2). 
Cancer is thought to be a dynamic disease 
due to the fact that as the disease progress-
es the tumours will tend to become more 
heterogeneous which eventually results in 
the main body of the tumour consisting of 
multiple cell-types with differing molecular 
signatures which have variable levels of 
sensitivity to treatment (3). Tumour hetero-
geneity can be divided into intratumoural 
heterogeneity and intertumoural heteroge-
neity. Intratumoural heterogeneity defines 
the heterogeneity within the tumour cells 
of one patient. These differences between 
tumour cells may have arisen from pheno-
typic, genetic and epigenetic features (3). 

For the purposes of this review article, I will 
define intertumoural heterogeneity as the 
heterogeneity between tumours in differ-
ent patients where the tumour is of the 
same stage and grade. Intertumoural heter-
ogeneity arises from patient specific factors 

such as differing somatic mutation profiles 
and genetic variation in the germline cells 
and environmental factors (3). Cancers can 
spread locally from the primary tumour into 
the surrounding healthy tissue. This disease 
is also able to spread to other regions in the 
body via the blood and lymphatic system to 
form new tumours. This is known as metas-
tasis and it has been proposed that meta-
static tumours may be of the same type as 
the primary tumour (5). Intermetastatic 
heterogeneity also exists due to the possi-
bility of metastatic lesions being comprised 
of different cell populations from the prima-
ry tumour. Another possibility is intrameta-
static heterogeneity which arises due to the 
metastatic lesion’s ability to obtain new 
mutations with each round of cell division 
(3). These differences between inter and 
intra heterogeneity are all outlined in Figure 
1.  

As defined previously, intratumoural heter-
ogeneity is the heterogeneity found within 
tumour cells of an individual patient. Intra-
tumoural heterogeneity is further segregat-
ed into spatial or temporal heterogeneity as 
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Tumour heterogeneity in pancreatic 

cancer 
Francesca Jones, 3rd Year Genetics BSc  

Summary 

Cancer is a relentless disease defined by uncontrolled cell division. In pancreatic cancer, cells of the pancreas grow and 
divide rapidly. Cancerous cells can invade and destroy adjacent healthy tissue. Tumours are comprised of cancerous 
and non-cancerous cells and the original tumour is referred to as the primary tumour. As the disease progresses, differ-
ent cells in the tumour acquire different mutations resulting in the main body of the tumour consisting of cells pos-
sessing molecular differences termed tumour heterogeneity. Pancreatic cancer is an aggressive disease with a high 
mortality rate.  Various pancreatic tumour subtypes have been suggested and as such a 4 type classification system has 
been devised which includes the following pancreatic tumour subtypes: squamous, pancreatic progenitor, immunogen-
ic and aberrantly differentiated endocrine exocrine. These subtypes are each involved in slightly different genetic pro-
cesses. Some of the subtypes are associated with a more severe clinical outcome than others such as the squamous 
subtype which is linked to metastatic disease. Metastatic disease is when the cancer spreads from the primary tumour 
to other tissue forming a secondary tumour. There are few treatment options available for pancreatic cancer. However, 
studies have looked at how cancerous cells communicate with each other and identified potential therapeutic sites in 
these cell communication pathways. Cells from 3 metastatic sites (lung, liver and peritoneum) have been analysed and 
a cell surface receptor involved in cell communication called Axl was found to be hypophosphorylated in cells derived 
from lung and liver metastatic cell lines but not in cells from the peritoneal cell lines. Cells derived from these different 
metastatic sites could possess varying levels of sensitivity to drugs that inhibit these cell communication pathways from 
working properly. These drugs are called pathway inhibitors and examples include R428 and lapatinib. Tumour hetero-
geneity in pancreatic cancer provides problems for clinicians and the treatment of the disease. However, a greater un-
derstanding of this heterogeneity could lead to the discovery of novel therapeutic targets. 
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demonstrated in Figure 2. Spatial heteroge-
neity defines the unequal distribution of 
genetically different tumour subpopulations 
located within a lone tumour or across mul-
tiple tumour sites. Temporal heterogeneity 
differs from the former since it describes 
the variability of the genetic diversity of a 
single tumour over a time period (6).  

Tumour heterogeneity causes numerous 
clinical implications that can have an impact 
on the prognosis of the patient. Tumour 
heterogeneity results in tumours consisting 
of multiple cells with varying molecular sig-
natures, each with varying levels of sensitiv-
ity to treatment. Due to this, resistance to 
targeted therapies can arise from the evolu-
tion of drug tolerant cells (3). Subsequently, 
there has been a shift in treatment to a 
more personalised and genotypically guided 
approach which takes into consideration 
the genetically diverse tumour subpopula-
tions both within and between cancer pa-
tients (3). In 2012 there were an estimated 
8.2 million deaths worldwide from cancer 
(7). This high mortality rate emphasises the 
importance of developing efficient treat-
ment options for the various cancers.   

The use of circulating tumour DNA 
as a biomarker in pancreatic cancer  

Pancreatic cancer is the eleventh most 
prevalent cancer in the UK and is the sixth 
most common cause of cancer death in the 
UK and it accounted for 6% of all cancer 
deaths in 2016 (8). Pancreatic cancer has 
one of the worst prognoses out of all the 
malignancies (9). Since the early 1990’s the 
prevalence rate of pancreatic cancer has 
increased by approximatley 15% in the UK 
(8). At present, the only potentially curative 
treatment is surgery but only around 15-
20% of pancreatic cancer patients have re-
sectable disease at presentation in the clinic 
(9). Unfortunately, in patients who undergo 
both surgery and adjuvant chemotherapy 
the 5 year survival rate is incredibly low – 

just 16.3%-28.9% (9). This shows that this 
resective surgery is rarely curative.   

The most common cause of pancreatic can-
cer is pancreatic ductal adenocarcinoma 
(PDAC) which makes up 80% of all pancre-
atic cancer cases (10). PDAC tumours tend 
to have a high stromal content which cre-
ates a strong hypovascular barrier that is 
considered to hinder the delivery of chemo-
therapeutics and encourage aggressive neo-
plastic cell behaviour (10). Earlier detection 
of PDAC would lead to a more positive pa-
tient prognosis as it could increase the 
probability of successful treatment and im-
prove survival rates (10).  

The diagnosis of pancreatic cancer can in-
volve performing a tissue biopsy but it is 
possible to achieve false negative results 
due to the high stromal content which is 
characteristic of many pancreatic cancers. 
Alongside tissue biopsies being expensive 
and potentially being painful for the pa-
tient, another potential issue with tissue 
biopsies is that they only give site specific 
information and will not provide an accu-
rate representation of the entire genomic 
landscape of the tumour (10). Pancreatic 
cancer is highly heterogenous and so it is 
important to consider these limitations of 
tissue biopsies when conducting mutational 
profiling as the results from targeted next 
generation sequencing would not be relia-
ble due to the heterogeneity (10). A way to 
possibly combat this is to take multiple tis-
sue biopsies from the PDAC tumour as 
these will take into account the heteroge-
neity within the tumour to give an accurate 
representation of the entire tumour’s ge-
nomic landscape. An alternative method 
that is currently being investigated is the 
use of circulating tumour DNA (ctDNA) tak-
en as a liquid biopsy. CtDNA is derived from 
tumour cells undergoing necrosis or apop-
tosis which is occurring in the natural devel-
opment of the cancer from a primary tu-
mour to a metastatic lesion (10). Therefore, 
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Figure 1. A comparison of intertumoural heterogeneity and intratumoural heterogeneity. A: Intratumoural heterogeneity which is 
the existence of numerous sub clones in a primary tumour. This results in heterogeneity amongst tumour cells. B: Intratumoral hetero-
geneity which is heterogeneity among the tumour cells of an individual patient.  C: Intermetastatic heterogeneity which is the exist-
ence of differing sub clones in separate metastatic lesions of one patient. D: Intrametastatic heterogeneity which is the occurrence of 
numerous sub clones within a single metastatic lesion.  The distinct coloured dots signify the different sub clones. Figure adapted from 
Jamal-Hanjani et al. (4). 
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ctDNA is thought to be less affected by in-
tratumour heterogeneity than a single tis-
sue biopsy is. This ctDNA also allows for 
rapid evaluation of tumour changes in a 
matter of hours since the half-life of ctDNA 
is approximately 2 hours. This makes the 
use of liquid ctDNA biopsies ideal for moni-
toring the effectiveness of treatment and 
disease progression (11). Furthermore, liq-
uid biopsies are more cost effective, quicker 
to perform, more comfortable for the pa-
tients since only a blood sample is taken 
and they are easy to repeat.   

The use of a liquid biopsy containing ctDNA 
allows for detection of circulating tumour 
derived biomarkers in the blood which is a 
non-invasive approach that could provide 
an earlier detection of PDAC and other pan-
creatic cancers (10). These circulating tu-
mour derived biomarkers such as point mu-
tations in key cancer genes can be detected 
by targeted amplicon sequencing of circu-
lating free DNA (cfDNA) that has been iso-
lated from blood plasma (10). Once these 
findings have been validated, these circu-
lating tumour biomarkers can be used to 
detect early PDAC and potentially even 
premalignant lesions (10). This is hugely 
beneficial as patient prognosis can be im-
proved through the use of a more effective 
treatment that is targeted to the genomic 
landscape of the patients’ tumours.  

As shown above, tumours can be quantified 
through the use of liquid biopsies of patient 
blood. Liquid biopsies contain ctDNA to 
allow for the detection of circulating tu-
mour derived biomarkers such as mutations 
of key cancer genes (KRAS, CDKN2A, 
SMAD4 and TP53). Therefore, in order to 
quantify tumours by their molecular sub-
type through liquid biopsies, it will be nec-
essary to detect these circulating tumour 
biomarkers for each of the 4 molecular sub-
types. Each of the 4 molecular subtypes 
have differing molecular signatures and so 
it is important to detect the mutations re-
sponsible for these differences and utilise 
them as biomarkers.  

Molecular subtypes of pancreatic 
cancer   

Analysis of the genomic landscape of pan-
creatic cancer has revealed a varied muta-
tional landscape with four common onco-
genic mutations in the cancer genes: KRAS, 
CDKN2A, SMAD4 and TP53 alongside other 
less commonly mutated genes (12). It has 

been discovered that oncogenic point mu-
tations of individual genes accumulate into 
essential molecular pathways which include 
cell cycle regulation, axonal guidance, DNA 
damage repair, chromatin regulation and 
TGF-β signalling.  

In a paper by Bailey et al. (12), 382 pancre-
atic cancer patients and their associated 
histopathological variants were analysed 
through deep exome sequencing, whole 
genome sequencing and copy number anal-
ysis in order to identify genomic events and 
key mutations that contribute to disease 
progression. The study participants had 
suffered from PDAC and its associated his-
tological variants which were colloid, PDAC 
associated with intraductal papillary mucin-
ous neoplasm (IPMN), adenosquamous and 
acinar cell carcinomas (12). Adenosqua-
mous carcinoma, acinar cell carcinomas and 
colloid carcinoma are rare variants of pan-
creatic cancer (13). Adenosquamous carci-
noma is considered to be more aggressive 
than PDAC and as a result, patients with 
this histological subtype have a poorer 
prognosis (14). It has been found that aci-
nar cell carcinoma tumours show varying 
morphological characteristics, molecular 
signatures, patient prognosis and clinical 
symptoms at presentation in the clinic (15). 
This varied heterogeneity in the clinico-
pathological spectrum produces difficulties 
for the pathological diagnosis of the tumour 
which in turn has implications on the effi-
ciency of treatment and patient prognosis 
(15).  

The patients who participated in the Bailey 
et al. (12) study were treatment naïve and 
had undergone resective surgery. Analysis 

 

 16. Cancer genome atlas research 
network. Integrated Genomic Char-
acterization of Pancreatic Ductal 
Adenocarcinoma. Cancer Cell 2017. 
32(2):185-203  

17. Dreyer S, Jamieson N and Upstill
-Goddard R et al. Defining the mo-
lecular pathology of pancreatic body 
and tail adenocarcinoma. British 
Journal of Surgery 2018. 105(2):183-
191  

18. TeachMeAnatomy. The Pancre-
as. Available from: https://
teachmeanatomy.info/abdomen/
viscera/pancreas/ [Accessed 14th 
December 2018] 

19. Beijersbergen R, Wessels L and 
Bernards R. Abstract IA5: Synthetic 
lethality in cancer therapeutics. 
Molecular Cancer Therapeutics 
2017. 1:141-161  

20. Campbell P, Yachida S and  
Mudie L et al. The patterns and 
dynamics of genomic instability in 
metastatic pancreatic cancer. Na-
ture 2010. 467:1109-1113  

21. Kim M, Zhong Y and Yachida S et 
al. Heterogeneity of Pancreatic 
Cancer Metastases in a Single Pa-
tient Revealed by Quantitative Pro-
teomics. Molecular & Cellular Prote-
omics 2014. 13(11):2803-2811   

22. Yachida S, Jones S and Bozic I et 
al. Distant metastasis occurs late 
during the genetic evolution of 
pancreatic cancer. Nature 2010. 467
(7319):1114-1117 

Figure 2. A comparison between spatial and temporal heteroge-
neity. 1 depicts spatial heterogeneity which is shown by the une-
ven distribution of cancer sub clones across different regions of 
the metastatic sites and primary tumour. 2 illustrates temporal 
heterogeneity which is depicted by the change in the genomic 
landscape of a single lesion over time due to the tumour’s natural 
progression or exposure to selective pressure such as chemother-
apy or immunotherapy. The individual coloured dots signify 
different sub clones. Figure adapted from Dagogo-Jack et al. (3).    
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identified 23,538 coding mutations and 7,377 of these 
mutations were verified through a statistical approach. 
21,208 genomic rearrangements were also identified 
(12). Further analysis of bulk tumour tissue was under-
taken in order to gain an understanding of the molecular 
mechanisms and transcriptional networks that underline 
the tumour microenvironment. Unsupervised clustering 
of RNA-seq data for 96 tumours identified 4 molecular 
classes which were: Squamous, pancreatic progenitor, 
immunogenic and aberrantly differentiated endocrine 
exocrine (ADEX) (12). These 4 classes were based on the 
differential expression of transcription factors and down-
stream targets that are essential for lineage specification 
and differentiation in pancreas development and regen-
eration (12). An alternative proposal for the molecular 
subtypes of pancreatic cancer is outlined by The Cancer 
Genome Atlas Research Network and it confirmed 2 pan-
creatic cancer tumour subtypes which were: classical/
pancreatic progenitor and basal-like squamous (16). 

The squamous subtype is characterised by four core gene 
programmes which includes gene networks involved in 
metabolic reprogramming, hypoxia response, inflamma-
tion, autophagy, MYC pathway activation, TGF-β signal-
ling and upregulated expression of TP63∆N and its target 
genes (12). The pancreatic squamous subtype is associat-
ed with mutations in KDM6A and TP53. TP63∆N in the 
presence of mutated TP53 regulates epithelial cell plas-
ticity, tumorigenicity and epithelial to mesenchymal tran-
sition in numerous solid tumours (12). This particular 
subtype has a notably poor prognosis (17). The pancre-
atic progenitor subtype is defined by transcriptional net-
works containing the following transcription factors: 
HES1, PDX1, FOXA3, FOXA2, MNX1, HNF1A, HNF1B, 
HNF4G and HNF4A (12). These transcription factors play 
a hugely important role in pancreatic endoderm cell-fate 
determination towards a pancreatic lineage (12). The 
ADEX molecular subtype is characterised by transcrip-
tional networks that play a key role in the latter stages of 
pancreatic development and differentiation (12). The 
ADEX subtype is also a subtype of pancreatic progenitor 
tumours (12). The final subtype is the immunogenic sub-
type which shares numerous characteristics with the 
pancreatic progenitor class but it differs in the fact that it 
exhibits a notable immune infiltrate (12). The immuno-
logical genes associated with the immunogenic subtype 
are genes involved in antigen presentation, toll-like re-
ceptor signalling pathways, B cell signalling pathways, 
CD8 + T cell and CD4+ T cell (12).   

Molecular heterogeneity in pancreatic cancer  

Recent large-scale genomic studies have identified the 
transcriptomic and genomic landscape of pancreatic can-
cer. However, not much is known about the molecular 
heterogeneity that results from differing tumour loca-
tions in the pancreas (17).   

The pancreas is located deep in the upper abdomen. It 
consists of 4 main anatomical structures as shown by 

Figure 3. These structures are: The tail, body, neck and 
head which can be further segregated into the uncinate 
process and head proper (19). Studies have revealed no-
table differences in the prognosis of cancers situated in 
the head of the pancreas compared to those located in 
the tail and body (17). Around 15% of PDAC arise in the 
tail and body of the pancreatic tumour which are charac-
terised by a late presentation in the clinic. Patients with 
PDAC in the body and tail display symptoms characteris-
tic of advanced disease such as pain and extreme weight 
loss. Tumours of the pancreatic head are often presented 
far earlier in the course of the disease since some pa-
tients with these tumours often have a comorbid diagno-
sis of jaundice (17).   

Studies have identified that PDAC harbours substantial 
interpatient genomic heterogeneity. Whole genome se-
quencing performed on 100 resected PDAC tumours 
showed novel structural variation subtypes defined by 
chromosomal rearrangement patterns and numbers 
which are able to predict the reaction to platinum based 
chemotherapy through synthetic lethality (15). The re-
sulting mutation produced from the perturbation of two 
genes by synthetic lethality produces a vulnerability that 
can be targeted therapeutically (19).  

The relationship between body and tail pan-
creatic cancers and the squamous molecular 
subtype 

Through mRNA microarray sequencing and whole-
transcriptome sequencing it has been identified that pan-
creatic cancers of the tail and body co-segregate with the 
squamous molecular subtype (17). It has been discovered 
that there are significantly poorer clinical outcomes for 
the advanced and resectable disease stages in both tail 
and body pancreatic cancer (15). A study by Dreyer et al. 
(17) has identified molecular differences amongst resec-
table PDAC from head, body and tail of the pancreas. The 
squamous molecular subtype seems to be more ad-
vanced on the molecular clock compared to the other 
molecular subtypes which suggests a further level of ge-
nomic instability which results in the accumulation of 

 

Figure 3. The anatomical structures of the pancreas. The pan-
creas can be divided into 4 main parts; the tail, the body, the 
neck and the head which can be further divided into the head 
proper and the uncinate process. Figure adapted from teach-
meanatomy (18). 
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DNA damage that influences the novel transcriptome of 
tumours with this subtype. Therefore, it seems that body 
and tail pancreatic cancer has a greater chance to be of a 
squamous subtype thus insinuating a more aggressive 
disease at the time of diagnosis than cancer of the pan-
creatic head (15). Dreyer et al. (17) defined the squa-
mous molecular subtype on the basis of metastasis of the 
liver, this metastasis of the liver was associated with a 
considerably poorer prognosis when compared to addi-
tional local and metastatic recurrence patterns.  

Metastatic disease in pancreatic cancer  

Pancreatic cancer is an aggressive malignancy with a five 
year mortality rate of 97%-98% (20). This high mortality 
rate is usually as a result of widespread metastatic dis-
ease (20). Metastatic disease is the most frequent cause 
of death in cancer patients (22). Tumour heterogeneity 
can be studied in patients with multiple sites of meta-
static disease (21). Kim et al. (21) hypothesised that het-
erogeneity in metastatic pancreatic cancer causes heter-
ogeneity at the proteomic level. At the proteomic level it 
was found that a class of cell surface receptors had a 
highly altered expression amongst the three metastatic 
cell lines examined (liver, peritoneum and lung). In this 
study there was a particular focus on the changes in tyro-
sine phosphorylation based signalling pathways amongst 
clones (21). Mass spectrometry was undertaken on puri-
fied tyrosine phosphorylated peptides that were en-
hanced using anti-phosphotyrosine antibodies. Differen-
tial activation of the tyrosine kinases was observed in the 
3 metastatic subclones (21). Axl receptor tyrosine kinase 
was hypophosphorylated in the liver and lung metastatic 
cell lines but not in the peritoneal cell line (21). Due to 
the differing patterns of cell signalling pathways in the 
subclones it could be possible that tumours derived from 
separate sites have the potential to have varying sensitiv-
ities to pathway inhibitors (21). Tumour cells derived 
from the lung metastatic cell line showed a greater sensi-
tivity to the Axl inhibitor R428 whereas cells obtained 
from the peritoneal metastasis showed an increased sen-
sitivity to lapatinib (21).   

Discussion 

Pancreatic cancer is a highly heterogenous disease that is 
continually evolving due to the accumulation of new mu-
tations throughout the course of the disease. Pancreatic 
cancer is an aggressive disease with a high mortality rate. 
It often presents late in the clinic when the disease is in 
its advanced stages. There is little in the way of curative 
treatment aside from resective surgery which is rarely 

successful in terms of survival as shown by the low 5 year 
survival rate. One of the main issues with pancreatic can-
cer is the fact it is often diagnosed in the latter stages of 
the disease when patients have multiple sites of meta-
static disease and treatment options are limited. If the 
disease could be detected earlier then perhaps it would 
lead to a more positive prognosis for the patient; re-
search efforts should be focused on screening methods 
to allow for the earlier diagnosis of patients. If the use of 
liquid biopsies containing ctDNA became more wide-
spread then changes in a tumour would be able to be 
rapidly evaluated regularly thus allowing for a more effi-
cient monitoring of the effectiveness of treatment and 
disease progression. Tissue biopsies can be further im-
proved by taking biopsies from multiple sites in the pri-
mary tumour to give an accurate representation of the 
genomic landscape of the tumour that takes into account 
any heterogeneity that may exist. It is hugely important 
to take tumour heterogeneity into consideration when 
choosing suitable therapeutics. Conventional blanket 
chemotherapy provides a very crude treatment approach 
and can lead to resistance to therapeutics arising from 
drug tolerant cells which can make further treatment 
difficult. As death from metastatic disease is common in 
cancer patients, particularly in pancreatic cancer due to 
no efficient treatment option existing, it seems sensible 
that treatment options to target the metastatic disease 
are developed. Studies at the proteomic level have iden-
tified differing patterns in the cell signalling between 
different metastatic cell lines. Tumours derived from var-
ying sites in the subclones have the potential to be sensi-
tive to different pathway inhibitors and this provides 
another potential therapeutic target. Tumoral heteroge-
neity provides numerous issues to clinicians, however, it 
seems as if targeting this heterogeneity may be the key 
to developing successful treatment options with the use 
of a personalised genotypically guided treatment based 
on the genomic landscape of the individual’s tumour. 
However, it is important to remember that the majority 
of cancers will become resistant to these targeted thera-
pies. Creating a dual treatment approach that comprises 
of a targeted approach to the drug tolerant cells and a 
personalised approach that takes into account the tu-
moral heterogeneity could lead to huge advances in the 
treatment of pancreatic cancer. Overall, having more of 
an understanding of heterogeneity in pancreatic cancer 
could lead to the discovery of more therapeutic targets.  

 

 

You might also be interested in the research article by 
Rebecca Cleator on the interactions between chemo-

therapy agents used to treat pancreatic cancer: 
see Research, page 30 
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M eerkats (Suricata suricatta) are a 
species of small omnivorous, social 

members of the mongoose family. They are 
found in arid and semi-arid deserts around 
Africa, and live in social grouping with a 
single dominant pair and several subordi-
nate pairs (1). Group members will often 
forage together in close proximity sub-
sisting on a diet of arthropods and small 
vertebrates (1). Groups sleep in under-
ground burrows at night and are fiercely 
territorial marking their territory with spe-
cialised odour glands, urine and faeces; 
after defecation a meerkat may drag their 
anus across the ground to further rub in its 
scent (1). They breed annually, however 
group membership is not always permanent 
with group size sometimes shifting (2, 3). 
Within a group subordinate meerkats will 
often engage in baby-sitting and provision-
ing, with the degree to which these behav-
iours are performed varying with sex, age 
and social status (4). Meerkats are known 
for their sophisticated alarm call system, 
which features different alarm calls for 
different predators (5). As well as special 
details concerning the predator’s location 
and distance from the group, even captive 
meerkats are shown to have the same call 
repertoire as their wild cousins, and are 
shown to display these calls in response to 
perceived predators and to educate their 
young (5). This essay looks into the meerkat 
behaviours and how captivity can cause 
variation in their behaviour using the be-
haviours observed in a set of captive meer-
kats as an example. These captive meerkats 
were a set of nine male meerkats belonging 
to Croxteth Country Farm which were do-
nated by Knowsley Safari Park.   

Behaviours of wild meerkats 

Meerkat behaviour can be summarised into 
a series of categories which can assist with 
visualising the kind of behaviours they per-
form (Table 1). Pups start engaging in forag-
ing with the adults at 30 days old but will 
remain dependent on the adults to feed 
them until 90 days (6). After this, they will 
reach independence in food acquisition, 
and pups who show signs of high foraging 
behaviour will be better at foraging as 
adults (6). Meerkats have been the subject 
of numerous social learning studies; meer-
kat pups show great exploratory behaviour 
but will rely on adults for learning (7). Indi-
viduals in meerkat groups can show great 
innovation and may be responsible for new 
foraging techniques being introduced with-
in the group: it seems the more subordinate 
a meerkat is the more innovative they can 
be seen to be while more dominant individ-
uals show higher aggression to new ideas 
(7). While it is unknown how many families 
are in a single colony, it can be assumed 
that there is at least some weak relation 
between all meerkats (8). Play behaviour is 
more commonly seen between male par-
ents and siblings rather than mothers (8). 
This early play can aid in developing social 
standing when the pups reach adulthood. 
Until a dominant breeding pair is estab-
lished, female meerkats will be in an in-
tense competition to get themselves and 
their mates set up as the dominant pair (9). 
Female personality can lead to certain indi-
viduals naturally becoming more dominant 
than their sisters while more submissive 
females will have a clearer disposition to-
wards being helpers (9). This makes meer-
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kats a popular model to study niche special-
isations, as early life behaviours can predict 
life trajectories within their colony (9).     

It is so far unclear whether or not there is a 
direct link between the size of a female and 
her status as a dominant female in meerkat 
colonies. Dominant females will produce up 
to four litters a year with subordinate fe-
males only permitted to breed sparingly 
(10). Dominant females may simply become 
larger due to reductions in energy expendi-
ture through helper subordinates assisting 
in daily activities (10). Dominants have also 
been shown to have an increase of estradiol 
and progesterone, which may account for 
their larger size (10). It is thought that such 
changes are the result of gaining alpha sta-
tus as opposed to larger individuals initially 
gaining the alpha status (10). The majority 
of aggression in a meerkat colony comes 
from dominant females disciplining subordi-
nate females who attempt to breed without 
their consent (11). The dominant female 

will groom the dominant male more than 
she will the subordinate males possibly to 
reinforce their bond (11). Subordinate fe-
males may also groom the dominant female 
to placate her and this may help to earn 
breeding rights to an extent (11). There is 
some aggression between dominant males 
and subordinate males, this is usually in 
correlation with large group sizes, and this 
is in particular to non-offspring subordi-
nates (12). 

Behaviours of captive meerkats 

Croxteth farm houses a set of nine young 
male meerkats which were removed from 
their parental group at a young age. During 
a 6-week observation study, this group dis-
played numerous behavioural similarities to 
those of wild meerkats; one of the most 
obvious of these behaviours was the iconic 
sentry behaviour. Throughout the day one 
or more of the nine meerkats would stand 
on its hind legs and look around, and occa-
sionally sudden noises triggered sudden 
bouts of this sentry behaviour. Digging be-
haviour was also observed, though only 
minimal, and no more than small temporary 
ditches were created. This suggests that 
vestiges of the meerkats natural digging 
behaviour is carried over into captivity. The 
presence of shelter provided by the farm 
may negate the meerkats’ need to create 
subterranean shelters as well as the possi-
bility of them not being taught properly to 
dig full shelters. Some communal activities 
where observed in the meerkats’ daily rou-
tines, such as group sleeping. Foraging be-
haviour was carried out frequently and 
peaked during designated feeding times at 
the farm. Several forms of social behaviour 
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Table 1. Behavioural categories which can be seen in meerkats. 

 Behaviour  Definition 

 Foraging  Eating 

 Maintenance  Actions which maintain bodies inner working e.g., drinking, defecation 

 Social interaction  Interaction with another meerkats e.g. allogrooming, play fighting 

 Grooming  Any form of self-cleaning 

 Locomotion  Movement not connected with other behaviours 

 Vigilance  Standing still looking around habitat 

 Rest  Absence of activity 
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were also observed such as allogrooming, 
where one meerkat would lick and remove 
dirt from another. Grooming can help re-
duce conflict with dominant individuals and 
can help gain access to better resources 
(13). It has been found that removing key 
individuals from a colony can disrupt natu-
ral allogrooming patterns, and these disrup-
tions could lead to increased levels of an-
tagonism in captive meerkats (13). Play 
fighting would occur in seemingly random 
bursts and these would only last for short 
periods with the two meerkats involved 
darting in different directions.  

Wemmer and Flemming (14) observed that 
keeping meerkats in small groups can pre-
vent them expressing the full range of their 
natural behaviour - it was thought that a 
minimum of 25 meerkats would be required 
for natural behaviour to be maintained. 
Captive meerkats will generally act aggres-
sively if new meerkats are introduced to a 
group making initially small groups hard to 
rectify (14). During the 6-weeks of observa-
tion at Croxteth Farm, examples of more 
unnatural behaviour were seen in the cap-
tive meerkats; most of these behaviours are 
harder to explain and do not seem to have 
any explanations in the literature. One such 
behaviour was a phenomenon of a single 
meerkat escaping the enclosure and run-
ning away from the group; this happened 
several times. This behaviour is strange as 
meerkats are highly social animals whose 
survival depends on group living. The meer-
kats did appear to learn some new behav-
iours from their captive environment, for 
example meerkats learnt to recognise the 

Croxteth Farm employees as well as those 
dressing in similar clothing, responding by 
approaching such individuals with the ex-
pectation of being fed. Meerkats also dis-
played climbing behaviour including climb-
ing on those feeding them; this may have 
been some new form of competition devel-
oped in captivity, as they seemed to be al-
most racing to gain food before the others. 

Final remarks 

Observing captive meerkats at Croxteth 
Farm supported reports in the literature 
that there can be alterations in behaviour 
such as increased aggression as well as 
changes in natural social structure com-
pared to that seen in the wild. The most 
common behaviour observed in captivity 
was vigilance for the farm staff, implying 
that the meerkats had learned (most likely 
through operant conditioning (15)) to asso-
ciate the presence of staff members with 
being fed. Since this phenomenon occurred 
soon after the first observation, it is easy to 
believe that meerkats are able to recognise 
certain individuals very quickly. It is im-
portant to keep in mind that variation of 
visitor presence may have caused anoma-
lies in behaviour patterns, as it has been 
shown that unfamiliar human presence can 
affect meerkat behaviour (16, 17). The ob-
servations at Croxteth indicate that meer-
kat behaviour is partially instinctual, while 
other behaviours may be taught by prior 
generations. 

 

tionary Biology 2014. 27:815-825 

10. Russel A F, Carlson A A, McIlrath 
G M, Jordan N R and Clutton-Brock T 
H. Adaptive size modification by 
dominant female meerkats. Evolu-
tion 2004. 58(7) 

11. Kutsukake N and Clutton-Brock T 
H. Social functions of allogrooming 
in cooperatively breeding meerkats. 
Animal Behaviour 2006. 72:1059-
1068  

12. Kutsukake N and Clutton-Brock T 
H. The number of subordinates 
moderates intrasexual competition 
among males in cooperatively 
breeding meerkats. Proceedings, 
Royal Society of Biology 2008. 275: 
209-216  

13. Madden J R and Clutton-Brock T 
H. Manipulating grooming by de-
creasing ectoparasite load causes 
unpredicted changes in antagonism. 
Proceedings, the Royal Society of 
Biology 2009. 276:1263-1268  

14. Wemmer C and Flemming M J. 
Management of Meerkats, Suricata 
suricatta. Small mammals in captiv-
ity. International Zoo Yearbook 
1975. 5:73-77 

15. Hoppitt W, Samson J, Laland K N 
and Thornton A. Identification of 
learning mechanisms in a wild 
meerkat population. PLoS ONE 
2012. 7:E42044  

16. Martin R A and Melfi V. A com-
parison of zoo animal behaviour in 
the presence of familiar and unfa-
miliar people. Journal of Applied 
Animal Welfare 2016. 19:234-244 

17. Sherwen S L, Magrath M J L, 
Butler K L, Phillips C J C and Hems-
worth P H. A multi-enclosure study 
investigating the behavioural re-
sponse of meerkats to zoo visitors. 
Applied Animal Behaviour Science 
2014. 156:70-77 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  Spring 2019 |  Insider Imprint  |  67 

INSIGHTS 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Spring 2019  |  Insider Imprint  |  68 

INSIGHTS 

Introduction and background 

Diabetic retinopathy is one of the leading 
causes of blindness in the UK (1, 2), along-
side glaucoma, cataracts and age-related 
macular degeneration (AMD). Those with 
diabetes are 25 times more likely to be-
come blind than those unaffected individu-
als (3). Individuals with either type 1 or type 
2 diabetes are both at risk of developing 
diabetic retinopathy. Individuals aged 12 
and over are eligible to be screened for 
diabetic retinopathy (4). 

Diabetic retinopathy is a condition caused 
by very high blood glucose levels. If the 
blood glucose levels are very high, the 
blood vessels, which supply blood to the 
retina, become damaged (5). These vessels 
may ‘leak fluid’ and blood, which can result 
in swelling, known as oedema. The vessels 
then begin to close off, which leads to is-
chemia (6). This process is known as non-
proliferative diabetic retinopathy. Over 
time, if not treated, abnormal blood vessels 
may develop in the retina by a process 
known as neovascularization, which can 
damage the retina. This is known as prolif-
erative diabetic retinopathy (7).  

Diabetic retinopathy is prevalent through-
out the world. Results from 35 population-

based studies show that approximately 93 
million people worldwide have diabetic 
retinopathy, of which 17 million have prolif-
erative diabetic retinopathy, 21 million 
have diabetic macular oedema (DME), and 
28 million have sight-threating diabetic reti-
nopathy (8). The prevalence of diabetic reti-
nopathy for those affected by type 1 diabe-
tes is 77.3% and 25.2% for those with type 
2 diabetes. The prevalence of proliferative 
diabetic retinopathy was 32.4% for those 
with type 1 diabetes and 3.0% for those 
with type 2 diabetes.  

The screening process is approximately half 
an hour long (10). The process involves ad-
ministering eye drops in order to dilate the 
pupils and then photographs of the retina 
are taken. When the eyes are screened, the 
results are graded into five stages (11). 
Grading is achieved by looking at the digital 
photographs of the retina. The first stage is 
no retinopathy, in which no signs of dia-
betic retinopathy were identified. Stage two 
retinopathy is known as background reti-
nopathy, which signifies that micro aneu-
rysms are present in the retina, which could 
result in blood leakage (12). Stage two does 
not require treatment except for lifestyle 
changes. Stage three diabetic retinopathy is 
known as pre-proliferative retinopathy, 
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Abstract 

This review has been conducted in order to assess whether eye screening for diabetic retinopathy is effective and 
whether it would be safe to extend the annual screening interval beyond one year. Approximately 285 million people in 
the world have diabetes, of which 95 million have signs of diabetic retinopathy. This number is expected to increase 
due to advances in treatment of diabetes and an aging population. Eighteen papers have been critically analysed in 
order to assess whether the current screening programme is cost effective and whether or not it would be safe to ex-
tend the current annual screening interval beyond one year. No date restrictions were enforced and only articles in the 
English language were considered. Increasing the diabetic eye - screening interval is safe and cost effective for lower 
risk patients, however high-risk patients should continue to receive annual treatment. In an environment with limited 
resources it is important to make the screening programme cost effective. This can be achieved provided that the 
screening interval is decided on by risk stratification; it seems appropriate that high risk patients should continue to 
receive annual screening with the lower risk diabetic patients having screening at longer intervals of up to 5 years. 
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where there may be bleeding in the retina 
(12). These individuals are clearly at risk of 
progressing to proliferative retinopathy 
with risk to their eyesight. Stage four is 
known as proliferative retinopathy in which 
there is excessive bleeding due to scarring 
and the formation of new blood vessels in 
the retina, which may lead to retinal de-
tachment (12). At this stage, treatment is 
given to try to stabilise vision. The final 
stage is diabetic maculopathy, which is a 
result of the blood vessels in the macula 
leaking or becoming blocked (12). This 
stage requires treatment and referral to a 
specialist. 

Aims 

The main aims of this paper are to decide 
on how effective eye screening is for dia-
betic retinopathy and whether it is safe to 
extend the screening interval beyond one 
year. The studies that have been conducted 
will be assessed and the work critically ana-
lyzed resulting in the production of a well-
informed decision as to whether or not it 
would be safe to extend the screening in-
terval. 

This paper will address the following: 

 What is the evidence to support the screen-
ing programme? 

 How cost effective is the screening pro-
gramme? 

 Is it safe to extend the screening interval 
beyond one year for diabetic retinopathy? 

Methodology 

This paper will be looking at a broad range 
of papers chosen from three main data-
bases PubMed, Medline and Scopus. No 
date restrictions were enforced however 
articles which were not in English were not 
included in this paper, which helped to nar-
row down search results. The main key 
phrases that were used were ‘diabet* reti-
nopathy’, ‘screening interval’, ‘screening 
period’, ‘economics’ and ‘cost*-benefit 
analysis’. 

Results 

Using the PubMed database, the results 
were reduced from 32440 to 56 papers, 
from 36355 to 24 papers with Scopus and 
from 25131 to 5 papers with the MEDLINE 
database. Table 1 summarizes these results. 

The 85 remaining papers were used and 
assessed on their content, from which 18 
papers were selected for my discussion 
(Table 2). The 18 papers were selected after 
reading through the titles and abstracts of 
each of the papers and then deciding which 
papers were most relevant in order to ad-
dress the aims. The databases picked up 
two systematic review papers (13, 14), from 
which papers discussed in the review were 
used for the discussion. 

 

 

 

opia. Optometry and Vision Science 

2009. 86(5):492-502 

6. Wang W and Lo A. Diabetic Reti-

nopathy: Pathophysiology and 

Treatments. International Journal of 

Molecular Sciences 2018. 16

(6):1816 

7. Boyd K. Diabetic Retinopathy 

Causes. Available from: https://

www.aao.org/salud-ocular/

consejos/diabetic-retinopathy-

causes [Accessed September 1st 

2013]  

8. Hogg R. Diapedia: Epidemiology 

of diabetic retinopathy. Available 

from: 

www.diapedia.org/71040851101/

rev/11 [Accessed 2018]  

9. Yorston D. Diabetic retinopathy 

(DR): management and referral. 

Community Eye Health Journal 

2011. 24(75):12-3 

10. National Health Service Choices. 

Diabetic eye screening 2016 Availa-

ble from: www.nhs.uk/conditions/

diabetic-eye-screening/Pages/

Introduction.aspx [Accessed 2018]  

11. National Health Service. Diabetic 

retinopathy - Stages NHS choic-

es2016. Available from: 

www.nhs.uk/conditions/diabetic-

retinopathy/pages/symptoms.aspx 

[Accessed 2018]  

12. Broadbent D. Diabetic retinopa-

thy: Fundamentals for primary care. 

Diabetes & Primary Care 2013. 

15:201-10 

13. Taylor-Phillips S, Mistry H and 

Leslie R et al. Extending the diabetic 

retinopathy screening interval be-

yond 1 year: Systematic review. 

British Journal of Ophthalmology 

2016. 100(1):105-14 

14. Jones S and Edwards R T. Dia-

betic retinopathy screening: a sys-

tematic review of the economic 

evidence. Diabetic Medicine :a 

journal of the British Diabetic Asso-

ciation 2010. 27(3):249-56 

15. Wu B, Li J and  Wu H. Strategies 

to Screen for Diabetic Retinopathy 

in Chinese Patients with Newly 

Figure 1a and b. Comparison of the differences in the fundus retinal photographs of an eye 
with no abnormalities identified (a) with the eye of a diabetic person who has diabetic mac-
ulopathy (b) (9). The image on the right (b) shows hard lipid exudates surrounding the blood 
vessels (yellow spots). Micro-aneurysms (identified as red spots) can also be seen in image 
(a). These are swellings of the blood vessels as a result of macular oedema.  
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Discussion 

What is the evidence to support the 
screening programme? 

There have been several studies to support 
the diabetic retinopathy screening pro-
gramme. A study conducted by Prasad et al. 
(32) has shown that screening with slit-
lamp indirect ophthalmoscopy by suitably 
trained optometrists is an effective and 
efficient way of screening for diabetic reti-
nopathy. With all screening programmes 
there are likely to be a certain number of 
false positive and false negative cases. The 
diabetic eye screening programme abides 
by ‘Exeter Standards’ for sensitivity, the 
extent to which true positives are detected, 
which is recorded at 80% and specificity, 
the extent to which false positives are rec-
orded, which is set at 95% (33). This meth-
od of screening had a sensitivity of 76% and 
specificity of 95% (32). This same study had 
a very low false negative rate of 1.16% and 
a false positive rate of 30.18%. There was a 
high ratio of 16.54 that a positive test indi-
cates sight-threatening retinopathy and a 
ratio of 0.25 for a negative test. Additional-
ly, the technical failure rate was very low at 
0.2% (32). 

The study mentioned above highlights the 
merits of the diabetic eye screening pro-
gramme and there have also been several 
studies published that have provided evi-
dence in support of a yearly diabetic eye 
screening programme. For example, a study 
by Backlund et al. (28) in a very large data-
base study in Stockholm showed that the 
risk of developing severe diabetic retinopa-
thy causing blindness has been reduced by 
an average of 11% per year by early inter-
vention as a result of regular screening of 
the eyes. This is quite a significant find, 

which seems to validate the benefits of an-
nual screening.  

On the other hand, some authors have chal-
lenged this, suggesting that a blanket ap-
proach to screening those with diabetic 
retinopathy may not be appropriate. For 
example those who have just been diag-
nosed with diabetes are probably unlikely 
to attend screening for a few years (19) and 
compliance may be weaker with younger 
patients. This has been backed up by Tung 
et al. (19), who looked at the non-
attendance of patients at the diabetic reti-
nopathy clinic. This study has identified 
factors such as patients who have been 
treated for diabetes for a long time as well 
as older patients as having better compli-
ance. Saadine et al. (20) also concluded that 
patients who are older or have poorer eye-
sight are more likely to be compliant with 
the annual screening programme. Of the 
5000 diabetic patients, 1/3 (1667) were 
diagnosed with diabetic retinopathy and did 
not attend any screening appointments 
with an ophthalmologist. Having a yearly 
diabetic screening appointment may be 
viewed as a burden by those patients who 
are already dealing with quite a complex 
condition (20). Saadine et al. (20) looked at 
the compliance rate of diabetic eye screen-
ing; only 27.6% of 2412 patients, who re-
ceived an eye examination, returned for a 
follow up yearly eye screening appoint-
ment.  

Numerous studies have shown that regular 
eye screening in diabetic patients is highly 
effective in diagnosing eye disease at an 
early stage when it is amenable to treat-
ment. These studies have also shown that 
early interventions have reduced the inci-
dence of blindness in diabetic patients. 

Diagnosed Type 2 Diabetes: A Cost-

Effectiveness Analysis. Medicine 

2015. 94(45):e1989 

16. Scanlon P H, Aldington S J and  

Leal J et al. Development of a cost-

effectiveness model for optimisation 

of the screening interval in diabetic 

retinopathy screening. Health tech-

nology assessment (Winchester, 

England) 2015. 19(74):1-116 

17. Kawasaki R, Akune Y and 

Hiratsuka Y et al. Cost-utility analy-

sis of screening for diabetic reti-

nopathy in Japan: a probabilistic 

Markov modeling study. Ophthalmic 

epidemiology 2015. 22(1):4-12 

18. Yeo S T, Edwards R T and Luzio S 

D et al. Diabetic retinopathy screen-

ing: perspectives of people with 

diabetes, screening intervals and 

costs of attending screening. Dia-

betic medicine : a journal of the 

British Diabetic Association 2012. 29

(7):878-85 

19. Tung T H, Shih H C and Chen S J 

et al. Economic evaluation of screen-

ing for diabetic retinopathy among 

Chinese type 2 diabetics: a commu-

nity-based study in Kinmen, Taiwan. 

Journal of epidemiology 2008. 18

(5):225-33 

20. Saadine J B, Fong D S and Yao J. 

Factors associated with follow-up 

eye examinations among persons 

with diabetes. Retina (Philadelphia, 

Pa) 2008. 28(2):195-200 

21. Klein R. Screening interval for 

retinopathy in type 2 diabetes. 

Lancet (London, England) 2003. 361

(9353):190-1 

22. Dutra Medeiros M, Mesquita E 

and Gardete-Correia L et al. First 

Incidence and Progression Study for 

Diabetic Retinopathy in Portugal, 

the RETINODIAB Study: Evaluation 

of the Screening Program for Lisbon 

Region. Ophthalmology 2015. 122

(12):2473-81 

23. Vijan S, Hofer T P and Hayward R 

A. Cost-utility analysis of screening 

intervals for diabetic retinopathy in 

Phrases PubMed Scopus MEDLINE 

‘Diabet* Retinopathy’ 32440 36355 25131 

‘Diabet* Retinopathy’ and ‘Screening interval’ or 
‘Screening period’ 

1093 447 25 

‘Diabet* Retinopathy’ and ‘Screening interval’ or 
‘Screening period’ and ‘Cost*-benefit analysis’ or 
‘Economics’ 

56 24 5 

Table 1. Search terms with number of results from three different databases. 
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Title Author/Journal Key findings 

Strategies to Screen for Diabetic Retinopathy 
in Chinese Patients with newly diagnosed 
Type 2 Diabetes: A Cost-Effective Analysis 
(15) 

Wu B, Li J, Wu H. /Medicine 
(Baltimore) 

$7,485 per Quality-Adjusted Life Year (QALY) for four 
yearly intervals 

Development of a cost-effectiveness model 
for optimization of the screening interval in 
diabetic retinopathy screening (16) 

Scanlon PH, Aldington SJ, Leal J, 
Luengo-Fernandez R, Oke J, Sivapra-
sad S, Gazis A, Stratton IM. / Health 
Technology Assessment 

Those at low risk screened every 5 year (99-100% effec-
tive), medium every 2 years (43-48%) and high risk every 
2 years (55-59%) at £30,000 per QALY 

Cost-utility analysis of screening for diabetic 
retinopathy in Japan: a probabilistic Markov 
modeling study (17) 

Kawasaki R, Akune Y, Hiratsuka Y, 
Fukuhara S, Yamada M. /Ophthalmic 
Epidemiology 

Effective at $11,857 per QALY if screened every 3 years 
(within £20,000 threshold) 

Diabetic retinopathy screening: perspectives 
of people with diabetes, screening intervals 
and costs of attending screening (18) 

Yeo ST, Edwards RT, Luzio SD, 
Charles JM, Thomas RL, Peters JM, 
Owens DR. /Diabetic Medicine 

Patients happy with longer intervals so long as they are 
reassured 

Economic evaluation of screening for diabetic 
retinopathy amongst Chinese type 2 dia-
betics: a community-based study in Kinmen, 
Taiwan (19) 

Tung SH, Shih HC, Chen SJ, Chou P, 
Liu CM, Liu JH. /Journal of Epidemi-
ology 

New Taiwan (NT) $21,924 (£563) per QALY per year, NT 
$25,319 (£650) per QALY every two years. Any screening 
interval more cost effective than no screening, NT 
$61,542 (£1,580) 

Factors associated with follow-up eye exami-
nations among persons with diabetes (20) 

Saadine JB, Fong DS, Yao J. /Retina 27.6% compliance rate of annual screening programme 

Screening interval for retinopathy in type 2 
diabetes (21) 

Klein R. /Lancet Incidence of sight-threating diabetic retinopathy, 0.3% in 
year 1 to 1.8% at end of 5 years in those with no retinopa-
thy 

First incidence and progression study for 
diabetic retinopathy in Portugal, the RETI-
NODIAB study: Evaluation of the screening 
programme for Lisbon region (22) 

Dutra M, Mesquita E, Gardete-
Correla L, Amaral- Turkman A, Rapo-
so JF. /Ophthalmology 

1.18 to 0.52% decrease in incidence of referable diabetic 
retinopathy in those with mild diabetic retinopathy. 
(109,000 tests) 

Cost utility analysis of screening intervals for 
diabetic retinopathy in patients with type 2 
diabetes mellitus (23) 

Vijan S, Hofer TP, Hayward RA. /The 
Journal of the American Medical 
Association (JAMA) 

$40,530 more per QALY if screened every year as op-
posed to every two years 

Incidence of diabetic retinopathy in people 
with type 2 diabetes mellitus attending the 
Diabetic Retinopathy Screening Service for 
Wales: retrospective analysis (24) 

Thomas RL, Dunstan F, Luzio SD, 
Chowdury SR, Hale SL, North RV, 
Gibbins RL, Owens DR. /British Med-
ical Journal (BMJ) 

Not safe to increase interval if on insulin treatment or had 
diagnoses of diabetes for over 10 years 

Cost effectiveness of treating and detecting 
diabetic retinopathy (25) 

Javitt JC, Aiello LP. /Annals of Inter-
nal Medicine 

$1,996 for insulin dependent and $3,530 for non insulin 
dependent per QALY 

Cost-Effectiveness of strategies for detecting 
Diabetic Retinopathy (26) 

Dasbach EJ, Fryback DG, Newcomb 
PA, Klein R, Klein BEK. /Medical Care 

319 eyes sights saved from a cohort of 1000 in their life-
time 

Incidence of sight-threatening retinopathy in 
Type 1 diabetes in a systematic screening 
programme (27) 

Younis N, Broadbent DM, Harding SP 
and Vora JP. /Diabetic Medicine 

Incidence of sight-threatening diabetic retinopathy 9.9% 
increase in those with mild and background retinopathy 
over 5 years (501 patients) 

New Blindness in Diabetes Reduced by More 
Than One-Third in Stockholm County (28) 

Backlund LB, Algvere PV, Rosenqvist 
U. /Diabetic Medicine 

Sight-threatening diabetic retinopathy progression re-
duced by 11% 

Six-Year Retrospective Follow-Up Study of 
Safe Screening Intervals for Sight-
Threatening Retinopathy in Patients with 
Diabetes Mellitus (29) 

Soto-Pedre E, Herneaz-Ortega MC, 
Vazquez JA. /Journal of Diabetes 
Science and Technology 

Type 2 diabetes with mild non-proliferative diabetic reti-
nopathy had 8% chance of progressing to sight-
threatening retinopathy after 2 yearly screening intervals 

Screening for diabetic retinopathy in James 
Bay, Ontario: a cost-effectiveness analysis 
(30) 

Maberley D, Walker H, Khoushik A, 
Cruess A. /Canadian Medical Associ-
ation Journal 

Camera method was $15,000 per QALY, much less than 
NICE guidance threshold of £20,000 

Cost of a Community-Based Diabetic Reti-
nopathy Screening Program (31) 

Byrne M, Parker D, Tannenbaum S, 
Ocasio M, Lam B, Zimmer-Galler I, 
Lee D. /Diabetes Care 

58% of total cost equated to staff wages 

Effectiveness of optometrist screening for 
diabetic retinopathy using slit-lamp biomi-
croscopy (32) 

Prasad S, Kamath GG, Jones K, 
Clearkin L, Phillips R. /Nature 

76% sensitivity and 95% specificity according to Exeter 
Standards 

Table 2. Papers which were assessed, used and referenced in the discussion.  
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How cost effective is the screening 
programme? 

A number of authors have reported that 
screening for diabetic retinopathy is one of 
the most cost-effective medical interven-
tions. A small scale screening programme of 
607 economically disadvantaged Americans 
was reported to cost $188 per abnormality 
identified and it is interesting to note that 
58% of the total cost of running the pro-
gramme ($91,294) was related to staff wag-
es (31). Other authors  have looked at the 
cost per Quality Adjusted Life Year (QALY) 
and again reported that screening is a high-
ly cost effective medical intervention and it 
has been reported that the cost for insulin 
dependent diabetics is $1,996 and for non-
insulin dependent diabetics $3,530 per 
QALY (25). This is well within what is consid-
ered cost effective by the National Institute 
for Health and Care Excellence (NICE), the 
normal procedures that cost less than 
£30,000 per QALY are deemed to be cost 
effective and well worth supporting. 

Similar modelling undertaken in China ad-
vised that screening at 4 yearly intervals is 
cost effective ($7,485 per QALY) (34). Simi-
larly, Kawasaki et al. (17) who looked at the 
Japanese health service concluded that 3-
yearly screening is cost effective at $11,857 
per QALY. However, one can criticize this 
study as the patients were not stratified by 
risk and the study had a low compliance 
rate of 37%.  

Moreover, it is important to appreciate that 
the cost effectiveness and the cost per 
QALY is very dependent on the screening 
interval as an extreme example for patients 
identified as high risk, if the annual screen-
ing interval were to be reduced to 6 months 
the additional cost per QALY would be 
£272,000, which is significantly higher than 
the Department of Health’s £30,000 maxi-
mum per QALY (35).  

Other approaches aimed at reducing the 
costs of screening have included the use of 
retinal photography with a digital portable 
camera which has been shown to be much 
more cost effective in hard-to-reach popu-
lations (30) at a cost of $3,900 per sight 
years ($15,000 per QALY) compared to 

$9,800 per sight years ($37,000 per QALY) 
for those examined by retina specialists.  

The studies reported here confirm that 
screening for diabetic retinopathy is cost 
effective if it is targeted with the interval of 
screening stratified by the risk of develop-
ing serious eye complications. However, it is 
not cost effective if such risk stratification is 
not used and the same screening interval is 
used for patients with different risk factors 
or if all diabetic patients have annual 
screening. 

Is it safe to extend the screening 
interval beyond one year for dia-
betic retinopathy? 

NICE guidance (published in 2015) recom-
mends that those with type 2 diabetes, reg-
istered blind or partially sighted should be 
examined and screened annually (36). The 
majority of investigators have recommend-
ed assigning screening intervals according 
to risk stratification; it is clear that not eve-
ry diabetic patient requires annual ophthal-
mic examination. Indeed, annual screening 
for low risk patients is highly inefficient and 
not cost effective. For those patients who 
are categorized as low risk, screening every 
two years as opposed to annually would 
reduce the cost per QALY by £404,000 (35).  

Similarly, Scanlon et al. (16) recommended 
that patients at low risk should be screened 
at 5 yearly intervals, with a probability of 
this being cost effective at £30,000 per 
QALY being 99-100%. Those in the medium 
risk category, every 3 years with a probabil-
ity of 43-48% and those who are at high risk 
should be screened every two years with a 
probability of 55-59% (16). This report sup-
ports the need for risk stratification.  

Additionally, most patients with low risk can 
have screening intervals of greater than 12 
months. However, patients considered at 
higher risk (those whose diabetes was diag-
nosed more than 10 years ago or patients 
dependent on insulin) continuation with 
annual screening is advisable, as was shown 
by Thomas et al. (24). Some authors have 
argued that it is not cost effective to screen 
diabetic patients who are not insulin de-
pendent (26). 
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Published results have shown that it is safe 
as well as cost effective to increase the 
screening interval to 3 years (27). Younis et 
al. (27) documented that in type 1 diabetics 
with no retinopathy on enrolment into the 
study, the annual incidence of sight-
threatening diabetic retinopathy is 0.3% 
which would increase to 1.8% when 
screened at 5 years. They found that in pa-
tients with no significant ophthalmic abnor-
malities on fundal photographs, it is safe to 
arrange a screening for diabetic patients at 
2 to 3 yearly intervals rather than annually. 
The above data would support the concept 
of having annual screening for high risk pa-
tients and screening at three to five years 
for lower risk patients. This model has re-
ceived wide acceptance and support by 
specialists in ophthalmology (21). One po-
tential drawback to the longer screening 
interval is that it could lead to the patient 
believing that visual loss is unlikely and 
therefore may lead to decreased compli-
ance.  

Clearly for any screening programme to be 
effective it has to have the confidence and 
support of the patient. Provided that the 
patients can be reassured that it is safe to 
extend the screening interval to two to 
three years, most patients would be satis-
fied and happy to follow this suggestion, as 
shown in the form of a written question-
naire given to the patients (18).  

In support of extending the screening inter-
val is the work by Dutra Medeiros et al. (22) 
who advocated a personalised schedule of 
screening as the most beneficial in terms of 
health costs. The scheduling was based on 
each patient’s individualised risk factors, 
including the duration of diabetes, age at 
diagnosis and insulin treatment (22). 

Dutra Medeiros et al. (22) screened individ-
uals without retinopathy and the incidence 
of diabetic retinopathy was 4.6%, after a 
further screening interval of 5 years, the 
incidence decreased to 3.87%. Those who 
had mild proliferative diabetic retinopathy, 
in the first year there was a 1.18% increase 
to referable diabetic retinopathy, which 
then decreased to 0.52% after a 5-year in-

terval (22). Vijan et al. (23) reached the 
same conclusion of personalised risk strati-
fication. In order to assess cost effective-
ness they investigated patients aged 40 
years and above and stated that a patient 
who is stratified as a ‘high risk patient’ 
would gain an additional 21 days of sight if 
they were to be screened annually as op-
posed to being screened once every 3 years 
compared to a ‘low risk patient’ who would 
only gain an additional 3 days of sight (23). 
Patients who are classed, as ‘high risk’ 
would cost an extra $40,530 per QALY 
gained if they were screened every year as 
opposed to every 3 years (23). Whereas, 
those in the ‘low risk’ category would cost 
an additional $211,570 per QALY if 
screened annually (23). The above work 
supports extending the interval of screening 
for ‘low risk’ patients.    

Furthermore, Soto-Pedre et al. (29) looked 
at two cohorts of patients. If there was no 
retinopathy at presentation; the risk of de-
veloping sight-threatening diabetic reti-
nopathy was 3% at 4 years whereas those 
with mild non-proliferative diabetic reti-
nopathy is double that, at 6%, at 4 years. 
For those with mild non-proliferative dia-
betic retinopathy annual screening is ad-
vised. In patients with good metabolic con-
trol, screening every two years would be 
appropriate. However, extending the inter-
val to three to four years would be appro-
priate for those diabetic patients with no 
retinopathy at enrolment (29).  

Conclusion 

Based on my review and reading, diabetic 
eye screening reduces the risk of develop-
ing sight-threatening diabetic retinopathy 
by detecting changes at an early stage 
whilst they are still amenable to treatment. 
In an environment with limited resources it 
is important to make the screening pro-
gramme cost effective. This can be achieved 
provided that the screening interval is de-
cided on by risk stratification; it seems ap-
propriate that high risk patients should con-
tinue to receive annual screening with the 
lower risk diabetic patients having screen-
ing at longer intervals of up to 5 years. 
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33. Scanlon P H. The English Nation-

al Screening Programme For Dia-

betic Retinopathy 2003-2016. Acta 
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2015. 94(45):e1989 
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London 2015  

 

You might also be interested in the research article 
by Melissa Leak on malarial retinopathy: 

see Research, page 19 
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Employability 
Interviews with Professionals 

Insider Imprint have interviewed professionals from five different career paths finding out what 

their job involves, and how they got there. Find out about interesting careers straight from the 

source over the next five pages! 

There are so many employment options open to Life Sciences graduates that we couldn’t cover 

them all here! You can find out about a lot of them at the School of Life Sciences careers fair that 

runs every year, and on the school employability pages here:  

       www.liverpool.ac.uk/life-sciences/employability 
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Considering Marketing? 
 Find out more from Jordan Parke 

“What is your job title?” 

“Field marketing manager at GradTouch.” 

 

“What is GradTouch?” 

“A graduate jobs website that champions a more trans-
parent application process.” 

 

“What 3 - 5 words best describe you?” 

“Serious, at times office clown.” 

 

“How did you get to your current position?” 

“At university I used to study 5 days a week but also 
work 6 days a week. By the time I left university, I had 
already worked for some of the world’s biggest blue-
chip companies, including Samsung, Pepsi, Nestle, Guin-
ness and Carling Lager. I worked in various roles from a 
sales consultant to a branding specialist. I even managed 
209 stores around the UK for Pepsi at 18. I met the 
founders of my current company at a tech industry 
event in Manchester and really liked the sound of their 
company culture. A few coffee's and sofa chats later - I 
was on the team.” 

 

“What does a typical day look like for you?” 

“I usually wake up around 8am, have a coffee or two and 
then make my way to the office. My day consists of liais-
ing with universities, my team of brand managers and 
ambassadors as well as coming up with new ways to 
push our message on the ground. I also visit universities 
and do various events throughout the year to engage 
with students.” 

 

“What are the 3 main things you do in your job?” 

“Manage the field marketing division of GradTouch. De-
velop relationships with key university contacts including 
staff, societies and students. Visit different student cities 
and universities with my team.” 

“What are the skills & attributes valued most by em-
ployers in your field?” 

“A good sense of humour is key, especially when inter-
acting with so many people on a daily basis. A good work 
ethic and the ability to roll up your sleeves and get stuck 
in helps too.” 

 

What are the top 3 things you love about your job? 

“1. The ability to choose my own team. 2. The flexibility 
to work when I want and how I want. 3. The unlimited 
holiday allowance we all get. Yes, that’s right. Unlimited 
holidays!” 

 

“What advice would you give to a current student?” 

“Just go for it. Sometimes students get bogged down 
with a job description and feel like they may not fit the 
criteria because they don't have experience. Think about 
the skills gained from your degree. That is an experience. 
The best advice I could give as cheesy as it sounds is just 
be yourself. Don't put on a 'game face' at an interview! If 
employers don't like the real you then why would you 
want to work there anyway?” 

 

“Is there anything else you want to tell our students?” 

“Sign up to gradtouch.com!” 
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Considering Student                 
Engagement? 
 Find out more from Sally Bracegirdle 

“What is your job title?” 

“Head of Student Engagement at GradTouch, a graduate 
jobs website that champions a more transparent appli-

cation process” 

 

“Describe your field in 3 words” 

“Creative, competitive & inspiring” 

 

“How did you get to your current position?” 

“I graduated with a degree in French Studies and no real 
idea of what I wanted to do next. After a few months of 
job hunting, I got an internship with GradTouch where I 
ended up working full-time, and have since climbed up 
to be their Head of Student Engagement.” 

 

“What is one thing that most surprised you about your 
company/career?” 

“My career probably isn't what I would've predicted 
back when I was at university, and that's actually a good 
thing! I've ended up learning so much, gained so many 
new skills and achieved things I never thought I would. 
Keeping an open mind is so important when it comes to 
your career.” 

 

“What are the 3 main things you do in your job? 

Write marketing content that is relevant and helpful to 
students and graduates. Run social media channels. 
Manage paid social media campaigns.” 

 

“What might a downside to your job be?” 

“Trying to maintain a creative mindset when you're 
suffering from writer's block, or you're just having a bad 
day!” 

 

 

“What are the skills & attributes valued most by em-
ployers in your field?” 

“Passion, personality and creativity” 

 

“What are the top 3 things you love about your job?” 

“No two days are ever the same - my job is very varied 
and certainly never boring! I get to play a part in helping 
students and graduates to find a career that's right for 
them. I also love that I can be creative while I'm helping 
people, whether that's through the content I write, or 
events I go to.” 

 

“What advice would you give to a current student?” 

“It's the same in any area really - always make sure that 
you do your research into the company you're applying 
to because you need to prove not just that you're the 
right person for the job, but also the right person for the 
company.” 

 

“Is there anything else you want to tell our students?” 

“My best advice for the job hunt is: don't compare your-
self to others - always ask for feedback and learn from it 
- always be yourself in your job applications, your per-
sonality is the only thing that truly differentiates you 
from your competitors.” 
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Considering being a Zoo 
Ranger? 
 Find out more from Emily Lake 

“What is your job title?” 

“Zoo Ranger at Chester Zoo” 

 

“Describe your field in 5 words” 

“Public engagement in a zoo” 

 

“What 3 words best describe you?”  

“Outgoing, inquisitive & adventurous” 

 

“How did you get to your current position?” 

“I grew up in Australia, and I did animal and veterinary 
biosciences as my undergraduate degree. I then did an 
honours degree in evolutionary genetics of marsupials 
but realised I didn't want to work in a lab. All through 
university, I had been volunteering at zoos around Aus-
tralia as part of my degree and also to gain experience in 
the industry to see if it was something I could do as a 
career. I trained at my local zoo as a zookeeper, but 
there was no paid work available. So I moved to the UK 
to do an unpaid internship at Chester Zoo. Since then, I 
have been employed by several zoos across the UK as 
both a zookeeper and a zoo educator. I have also com-
pleted a masters by research in biological anthropology 
at Durham University here in the UK. I am now based 
permanently at Chester Zoo as a member of the educa-
tion team where I am a Zoo Ranger (public engagement 
officer).” 

 

“What does a typical day look like for you?” 

“Our shifts are 9 - 5, but that's where the similarities to 
an office job end. At 9am I check emails and catch up 
with my colleagues about what activities we are running 
that day. Zoo Rangers work across the whole zoo offer-
ing animal talks, educational sessions for visitors and 
school groups and supervising walk-through exhibits like 
the free flight fruit bat house. There is no such thing as a 
typical day, however, a basic zoo ranger shift might in-
volve a couple of hours in the fruit bat exhibit, followed 
by 1 or 2 animal talks and an educational 'discover ses-
sion' at an exhibit. We have some office time to research 
and design our activities alongside the other members of 
the education team.” 

“What are the 3 main things you do in your 
job?” 

“Develop educational activities for zoo visi-
tors. Deliver those activities across the 
whole zoo site. Work in collaboration with 
the wider education team on joint projects.” 

 

“What are the skills & attributes valued 
most by employers in your field?” 

“Being able to translate complex topics into language a 
visitor with limited knowledge of the natural world will 
understand is a difficult but valued skill and one that is 
crafted over time.” 

 

“What are the top 3 things you love about your job?” 

“Talking to visitors about all the amazing animals at 
Chester Zoo. Working in one of the best zoos in the 
world. Best of all getting people excited and enthusiastic 
about conservation and what they can do to help!” 

 

“What advice would you give to a current student?” 

“Experience, experience, experience! Your degree is an 
essential stepping stone but, you need things to help 
you stand out from the crowd and a well-rounded 
knowledge of the natural world. I have volunteered with 
conservation organisations, on farms, at veterinary clin-
ics, zoos and wildlife reserves just to name a few. If you 
are motivated enough to seek out these unique opportu-
nities that will show through on your CV and at an inter-
view.” 

 

“Is there anything else you want to tell our students?” 

“Come and visit Chester Zoo, the Zoo Rangers are always 
happy to chat to people about what we do and how we 
got to where we are!” 
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 Considering Technology 
Development? 
 Find out more from Dr Rocky Cranenburgh 

“What is your job title?” 

“Chief Technology Officer at Prokarium Ltd.” 

 

“Describe your field in 5 words” 

“Bacterially vectored recombinant vaccines & immuno-
therapies” 

 

“What 3 - 5 words best describe you?” 

“An amiable boffin, mostly harmless.” 

 

“How did you get to your current position?” 

“I completed a PhD in genomics of cyanobacteria at 
Newcastle University in 1997 and joined the biotech-
nology company Cobra Biologics later that year. I spent 
two years from 1998 as a postdoc at the University of 
Oxford for a collaborative project and relocated in 
2000 to Cobra’s headquarters at Keele, Staffordshire. I 
managed Cobra’s molecular biology group, worked on 
internal R&D projects and contracts for biopharmaceu-
tical companies in the field of recombinant protein and 
DNA production. I co-founded Prokarium Ltd as a spin-
out company from Cobra in 2012, to use live attenuat-
ed Salmonella for oral delivery of recombinant vac-
cines. In 2018 we relocated Prokarium to London.” 

 

“What are the 3 main things you do in your job?” 

“Design and introduce new technologies, manage our 
patent portfolio and assist my colleagues with grant 
applications.” 

 

“What does a typical day look like for you?” 

“I don't have a typical day, but in a typical week I travel 
to our office in London on Monday morning, spend 
Monday and Tuesday there for meetings with my col-
leagues, then travel back on Tuesday evening and 
spend the rest of the week working from home in rural 
Cheshire. Occasionally I visit academic collaborators 
and go to conferences.” 

 

“What are the skills & attributes valued most by em-
ployers in your field?” 

“An ability to think for yourself and come up with solu-
tions to problems, to research the literature and to be 
well organised.” 

 

“What are the top 3 things you love about your job?” 

“1. Inventing new technologies, 2. Learning about the 
latest developments in molecular biology and immu-
nology, 3. Working with a great team.” 

 

“What advice would you give to a current student?” 

“There's never been a better time to enter the world of 
biotechnology, with lots of new and exciting companies 
to choose from.” 

 

“Is there anything else you want to tell our students?” 

“The most important thing is to choose a career that 
interests you and that you enjoy.” 
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Considering Diagnostics?                       

 Find out more from Dr Stuart Liddle 

“What is your job title?” 

“Head of Genetics & Molecular Pathology” 

 

“Describe your field in 3 words” 

“Clinical molecular diagnostics” 

 

“What 3 - 5 words best describe you?” 

“Hard working & conscientious” 

 

“How did you get to your current position?” 

“I wasn't quite sure what job I wanted to do so I went on 
to do a PhD in Molecular Genetics, and through contacts 
I made I got a job in London in a new private clinical ge-
netics laboratory. Here I helped develop a new prenatal 
diagnostic assay that helps revolutionise foetal diagnos-
tics. My developing company was bought by a larger 
pathology provider and expanding our testing portfolio 
and providing high quality, fast bespoke service helped 
the lab grow. Eventually, we formed a new company 
collaborating with large NHS hospitals, consolidating 
many molecular pathology labs together in a new build-
ing in central London, where I was made the head of the 
department.” 

 

“What does a typical day look like for you?” 

“The days are varied and not necessarily typical. A day 
may include staff organisation and management, emails 
& phone calls to clients, some authorisation of patient 
reports, developing new assays and testing pathways, 
attending meetings, quality assurance/compliance, staff 
training and problem-solving.” 

 

“What is one thing that most surprised you about your 
company/career?” 

“My family consists of many generations of coal miners 
in Northumberland (including my dad and brother), but 
when the mines closed in the 1980's I had to find some-
thing else to do! I was lucky enough to make it to univer-

sity and while I was never ambitious, I was always hard 
working and wanted to do the best job I was capable of. 
On occasional introspective moments, I wonder how I 
got here and how life could have been different!” 

 

“What are the skills & attributes valued most by em-
ployers in your field?” 

“Attention to detail, organisation, hard work and genu-
inely caring about the work you do.” 

 

“What are the top 3 things you love about your job?” 

“Providing a fast, quality service for patients. Successful-
ly developing and introducing new tests required by con-
sultants. Helping people is very rewarding.” 

 

“What advice would you give to a current student?” 

“It can be very rewarding providing a health service to 
the public, but please make sure it's something you real-
ly want to do.” 

 

 



 

 


