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2 | Director’s statement

Five years of progress

As we reach the end of our five-year
Strategic Plan, we can celebrate
much success and look forward to
exciting new directions.

The end of 2009 sees not only the end of
ayear’s activities but also the fruition of a
five-year Strategic Plan that began in
2005. In that Plan, we set out that we
wanted our funding to lead to increased
understanding of health and disease,
and its societal context, and to use that
knowledge to develop improved health
benefits. | feel that we have met those
aims. The last five years have seen our
funding contribute to some vital
breakthroughs in biology and medicine
and the pursuit of much inspirational
science.

One of our biggest areas of success
continues to be in genetics and genomics.
As DNA-seguencing technology continues
to improve at a remarkable rate, we have
seen studies take advantage of the Human
Genome Project since the completion of
the first whole-genome draft in 2000.
Chief among these is the advent of
genome-wide association studies, in
particular the work of the Wellcome Trust
Case Control Consortium. By examining
the whole genomes of thousands of
patients, the Consortium has been able
to identify genetic variants associated
with common diseases, including heart
disease, diabetes and rheumatoid arthritis,
as well as other characteristics such as
weight and height. These are providing
insights into the mechanisms of disease,
opening up new avenues of research into
their causes and possible treatments.

Crucial to our understanding of biological
mechanisms is knowing the shape of a
protein and how this affects its function.
Over the last four years, the Structural
Genomics Consortium has determined
the three-dimensional structures of over
450 proteins with relevance to human

IMAGES
1 Blood vessel grown into a melanoma, to which
Trust-supported research has linked the BRAF gene.

health and disease — including diabetes,
cancer and malaria — exceeding its target
of 375 structures. In 2007, we committed
£16 million to enable the Consortium to
solve an additional 600 structures. This
will further our understanding of these
proteins and supply new targets for
therapeutic intervention.

Advances in genomics have also made
possible projects such as the Cancer
Genome Project, an ambitious initiative
to map the individual mutations involved
in many different types of cancer. An
early success was the discovery of BRAF
as an important gene involved in malignant
melanoma and a high proportion of other
cancers. The Project has also made
significant progress in distinguishing the
‘driver’ mutations that cause cancer from
the ‘passenger’ mutations that are a
result of it.

The Wellcome Trust Sanger Institute plays
a key role in many of these projects and
continues to be a leading light in the
genomics field. In addition to its work in
human genetics, it has completed a
number of important genome sequences,
notably the parasites Trypanosoma brucei
and Leishmania, which cause two of the
major diseases in low-income countries,
sleeping sickness (human african
trypanosomiasis) and leishmaniasis.

These sequences are among the
important breakthroughs our funded
scientists have made in infectious disease
research. We are particularly proud of the
work of our Major Overseas Programmes,
which have pioneered many life-saving
treatments for major diseases in low-
and middle-income countries. Our Major
Overseas Programme in Thailand, for
example, established the use of artemisinin
combination therapies for the treatment
of malaria. In 2006, these were
recommended by the World Health
Organization as the frontline treatment

2 The Trust ran an event at the House of Commons to
promote new Darwin initiatives to MPs and peers.

for the disease and adopted globally. In
Vietnam, meanwhile, researchers have
completed an important phase Il clinical
trial of a new typhoid fever vaccine,
developed with funding from our
Technology Transfer division. The vaccine
proved both safe and effective in eliciting
good immune responses in children,
encouraging results that can pave the
way for larger phase Il clinical trials.

In Kenya, researchers at the KEMRI-
Wellcome Trust Research Programme
found that invasive bacterial infections,
most of which could be prevented with
existing vaccines, were the leading
cause of death among children at a rural
Kenyan hospital. The findings highlighted
the neglected threat of bacterial disease
to public health and the need to
overcome the political and financial
barriers to widespread use of vaccines.
Researchers at the Programme have
also demonstrated that vaccinating
against Haemophilus influenzae serotype
b (Hib), which can lead to meningitis and
pneumonia and causes 400 000 deaths
per year globally, reduces the number of
cases of Hib disease by 88 per cent. The
Kenyan Ministry of Health subsequently
committed to funding an ongoing
nationwide immunisation programme.

In neuroscience, we have seen some
significant breakthroughs in our
understanding how the brain functions,
which could prove crucial to treating
neurological and psychiatric diseases.
Professor Ray Dolan’s group at the
Wellcome Trust Centre for Neuroimaging
at University College London, for example,
is using functional imaging to reveal the
brain centres involved in decision making
and other cognitive processes. Other
brain imaging research at the University
of Cambridge and the Institute of
Psychiatry at King’s College London has
revealed distinctive brain activity in
people with psychological conditions
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such as obsessive—compulsive disorder
and depression.

In 2007, Trust-funded researchers at the
University of Edinburgh successfully
reversed the autism-like symptoms of
Rett syndrome in mice. This suggested
that the effects of Rett are not
permanently wired into the brain and
raises hopes that a range of human
neurodevelopmental disorders may be
reversible. In London, researchers at the
Institute of Psychiatry have developed a
highly effective form of cognitive therapy
that has helped individuals suffering from
post-traumatic stress disorder, including
survivors of the 7/7 London terrorist
attacks and the Omagh bombing.

We are proud to have supported some
of the biggest science projects in the UK
over the last few years. The Diamond
synchrotron, the largest scientific
infrastructure project in the UK for 40

2007, producing beams of very bright
light that allow scientists to look at the
atomic structures of molecules.
Meanwhile, UK Biobank, launched in
20086, is well on the way towards
achieving its aim of gathering, storing
and protecting the world’s largest bank
of blood and DNA samples, and health
information, collected from 500 000
volunteers in the UK aged between 40
and 69. By following this group over
many years, it will provide researchers
with a unique resource for studying the
roles of genes, lifestyle and environment
in disease.

While our Strategic Plan primarily
focused on the practical benefits of our
advancing knowledge, one of our core
goals remains to inspire members of the
public, particularly children, with
scientific knowledge. Key to this is the
development of teachers, who will go on
to inspire today’s young people, giving
them the confidence to understand,
debate and question issues surrounding
science. In 2006, we helped to establish
the National Science Learning Centre to
provide teachers and other educators
with access to the resources and
expertise to get to grips with the
complexities of contemporary science.
This was taken a step further last year
with the launch of Project Enthuse,
which offers bursaries to help to train the
UK’s science teachers in the latest
scientific discoveries. In 2007, we were

HIGHLIGHTS OF THE YEAR

e Genome-wide association studies
identify scores of loci involved in
common diseases. > p. 6

e Spores found to be critical to spread
of C. difficile. > p.10

e New genes causing commonest form
of motor neurone disease identified.
>p. 11

e Genome of schistosome parasite
sequenced. > p. 13

e Promising antimalarial enters drug
development pipeline. > p. 20

e Phase | trial confirms safety of
neoglycoside antibiotic. > p. 22

years, has been open to researchers since
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delighted to open the doors to Wellcome
Collection, our public venue at 183
Euston Road. In the relatively short time
since its opening, Wellcome Collection
has garnered critical acclaim and
attracted large visitor numbers with its
unigque mix of science and art. It clearly
illustrates the strong appetite of people
to explore the connections between
science, medicine and wider culture.

Looking forward, we are adding support
for the world’s best biomedical
investigators to take risks and innovate
to answer the most challenging research
questions. We will also expand our
support for translational research to help
to bring new medical products and
technologies closer to clinical use. And
we will outline several strategic ‘themes’
to identify important global challenges for
the research community to respond to.
These will link the diverse areas of
biomedical science, ethics, history of
medicine, public engagement and policy
issues that are so important to the Trust.
All our work is done in partnership, with
governments, with other funders and,
most importantly of all, with the
universities, research institutes and
individual and teams of researchers who
enable us to achieve our mission. Many
thanks to you all.

Mark Walport
Director
January 2010

e Innovative live surgery broadcast
attracts 3.5m viewers. > p. 25

e Darwin-inspired teaching resources
supplied to thousands of UK schoals.
> p. 26

e Structure of membrane transporter
protein determined at Diamond
synchrotron. > p. 37






Advancing knowledge

Supporting research to increase

understanding of health and disease,
and its societal context

AN INSIDE JOB

Advanced imaging techniques are
providing a glimpse of important
bacterial ‘nanomachines’.

Within the cell, proteins typically
operate as part of large multisubunit
assemblies — nanomachines capable
of performing sophisticated molecular
engineering. Researchers at University
College London and Birkbeck, University
of London have used cryo-electron
microscopy to work out the structures
and possible mechanisms of action

of two important bacterial protein
complexes.

Cryo-electron microscopy — electron
microscopy at extremely low
temperatures — can provide a ‘snapshot’
of structures within their natural
environments. Helen Saibil has used
the technique to piece together the
structures of the bacterial ‘chaperones’
GroEL and GroES, which together
form a barrel-like chamber within which
polypeptides fold up into their correct
shapes.

Now, for the first time, Professor Saibil’s
group has visualised a polypeptide
bound to a chaperone complex as it
begins to fold, as well as when it has
reached its final conformation.

This work exploited a variation of the
GroEL-GroES system used by the
bacteriophage T4 (a bacterial virus).

A key T4 protein (gp23) is too large to

fit within the standard GroEL-GroES
complex. To accommodate gp23, GroES
is replaced by a related but larger protein
known as gp31, which is encoded
within the T4 genome. The cryo-electron
microscopy revealed that, even with this
larger chaperone, the folding chamber is
strained and deformed by the presence
of gp23 within it.

Gabriel Waksman and colleagues,
meanwhile, have been tackling a
massive protein complex situated in

the bacterial membrane — actually
spanning the two membranes that make
up the surface coat of Gram-negative
bacteria. This ‘type IV’ secretion system
is particularly significant as it is the route
by which plasmids encoding antibiotic
resistance factors and other important
molecules are exported from the cell.
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The structure reveals how 14 copies of
three different proteins come together
to form a two-chambered, double-
walled channel.? It is open on the inside
of the cell but squeezed shut on the
outside. Importantly, its structure is quite
different from other characterised export
systems. Ultimately, an understanding of
its structure could aid the development
of agents to block the spread of
antibiotic resistance.

1 Clare DK et al. Nature 2009,457(7225):107-10.
2 Fronzes R et al. Science 2009,323(5911):266-8.
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GROWING UP

Studies on the ALSPAC birth cohort
are revealing a host of factors affecting
children’s mental development.

Set up in 1991, the Avon Longitudinal
Study of Parents and Children (ALSPAC)
is one of the world’s largest and longest-
running birth cohorts. It covers some

14 000 children and their parents,
providing researchers with a treasure
trove of data on many aspects of
childhood health and development.
Several recent studies have made
important discoveries about
environmental, family and genetic
influences on children’s mental health
and development.

Stan Zammit and colleagues in Bristol
have looked at a range of factors that
might be associated with subclinical
psychotic episodes — possible warning
signs of increased risk of schizophrenia
in adulthood. They identified links with
impaired fetal growth,' trauma at or
around the time of birth,2 maternal
smoking® and events in childhood itself,
such as bullying.*

Alan Emond and colleagues found an
association between binge drinking in
mothers and behavioural problems such
as hyperactivity at age four (in girls) and
at age seven (in both sexes).® They also
identified a link between lead levels in
blood at 30 months and a range of
indicators at age seven to eight, including
reading and writing ability, SATs results
and antisocial behaviour measures, even
at lead levels well below the generally
recognised risk level.®

David Odd (a Wellcome Trust Training
Fellow) and colleagues have looked at
links between resuscitation at birth and
cognition at age eight. As expected,

infants with diagnosed brain damage
were at risk of lower I1Q, but so too were
those who had been resuscitated but not
identified as affected.” Although the 1Q
differential was smaller, they are a much
larger group overall.

Paul Ramchandani and colleagues have
found that paternal depression can affect
children’s wellbeing.2 A comparison of the
effects of prenatal and postnatal
depression suggested that ‘environmental’
influences may be more significant than
‘biological’ factors.

Cohorts such as ALSPAC are particularly
useful for studying the interaction between
genes and environment, as a wide variety
of ‘lifestyle’ data are collected and samples
are available for DNA analysis. Two studies
looking for links between behaviour and
genetic variants affecting serotonin
metabolism have generated contrasting
results. Early life stress and MAOA-LPR
interact to increase the risk of
hyperactivity,® but no effects were seen
for a second variant, HTTLPR.™

This research was supported by the Wellcome Trust
and other funders.

1 Thomas K et al. Br J Psychiatry 2009, 194(6):521-6.
2 Zammit S et al. Br J Psychiatry 2009, 195(4):294-300.
3 Zammit S et al. Psychol Med 2009;39(9):1457-67.

4 Schreier A et al. Arch Gen Psychiatry
2009,;66(5).527-36.

5 Sayal K et al. Pediatrics 2009;123(2):e289-96.

6 Chandramouli L et al. Arch Dis Child
2009,94(11):844-8.

7 0dd DE et al. Lancet 2009;373(9675):1615-22.

8 Ramchandani PG et al. J Child Psychol Psychiatry
2008;49(10):1069-78.

9 Enoch MA et al. Genes Brain Behav 2009 9 Sep
[Epub ahead of print].

10 Araya R et al. Am J Med Genet B Neuropsychiatr
Genet 2009, 150B(5):670-82.

TAMING THE
‘BEASTLY SCIENCFE’

Sir Bernard Spilsbury almost single-
handedly created the field of forensic
medicine. His story is inspirational but
also a timely warning.

Educated at Oxford and St Mary’s
Hospital, London, Spilsbury specialised
in the emerging science of forensic
medicine — the ‘beastly science’, as it
was then known. He became a nationally
recognised figure following the

Dr Crippen case in 1910, in which he
testified that the remains of a body buried
in lime in Crippen’s basement belonged to
his wife, on the basis of a scar-bearing
fragment of skin. Crippen was hanged and
Spilsbury became a national celeburity.

Spilsbury was a prolific worker. He
undertook more than 25 000 post
mortems — up to a 1000 a year. Although
best known for lurid high-profile cases —
Crippen, the ‘Brides in the Bath’ trial, the
Brighton trunk murders and others that
transfixed the British public — his work
actually illustrated how mundane sudden
death usually was.

He studiously recorded notes on index
cards, nearly 4000 of which were
purchased by the Wellcome Library in
2008, while a further 3000 were donated
in 2009. Together, the cards provide a
fascinating insight into death and its
forensic investigation from 1905 to 1946
(with the odd gap).

The cards tell of tragic suicide, failed
abortions and medical mysteries that
stumped Spilsbury (such as likely cases
of cot death). Each card tells of a life
brought to an untimely end in sad,
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pathetic or sometimes downright bizarre
ways: 42-year-old Ada Farnden took
quinine to induce an abortion:
“Laundress, four children in six years.
Took quinine in port wine at 11am. Taken
ill soon afterwards”; five-year-old Louisa
Messenger was a victim of “death from
poisoning by rhubarb”.

The notes may have been intended for
a textbook on forensic medicine, which
Spilsbury never got round to writing.
Instead, his life — professional and
personal —headed into inexorable
decline. He was badly affected by the
death of two sons, in World War Il and
from TB. Always strong-willed, he
became increasingly dogmatic.

During his life, Spilsbury encountered
many suicide victims. His own life ended
the same way. In December 1947 he
went to his laboratory in University
College London, turned on a Bunsen
burner and gassed himself to death.

Spilsbury undoubtedly transformed the
field of forensic medicine. Yet perhaps he
has a second legacy: a warning of the
dangers of depending on personal
opinion, no matter how authoritative,
when the stakes are so high.

All of the Spilsbury cards have been catalogued
and can be accessed through the Wellcome
Library’s Archives and Manuscripts catalogue
(library.wellcome.ac.uk); see www.timesonline.co.
uk/tol/news/science/article5429780.ece

for more on the Spilsbury papers.

IMAGE
Spilsbury’s index cards in the Wellcome Library.

New funding
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A SELECTION OF NOTABLE GRANTS

AWARDED IN 2008/09

AFRICAN CONSORTIA

More than 50 institutions from 18
African countries are participating
in international consortia under

a £28 million initiative aimed at
strengthening research capacity
across Africa.

The African Institutions Initiative is
supporting seven new international and
pan-African consortia. The partnerships
— each led by an African institution —aim
to develop the capacity of institutions
to support and conduct health-related
research to enhance people’s health,
lives and livelihoods. The consortia are
led by researchers in academic centres
in Cote d’lvoire, Ghana (two), Kenya,
Malawi, Tanzania and Uganda.

Although the consortia include partners
from high-income countries, the agenda
for each has been set by the African
centres’ needs and priorities. Each
consortium operates independently
and sets its own priorities, for example
investment in leadership training and
professional development, support

for PhD and postdoctoral fellowships,
improved infrastructure, competitive
grant schemes and purchase of up-to-
date equipment.

Ultimately, the main aim is to build
sustainable local research capacity
across Africa, by strengthening
universities and research institutions
and enabling them to develop research
networks. In this way, more African
universities can become platforms for
internationally competitive research
tackling locally relevant health
challenges.

BIOMEDICAL RESOURCES

NEURAL NETWORKS

Professor Angus Silver (University College
London): An open source database for
biologically realistic neural network models.

YEAST BIOLOGY

Carol Munro (University of Aberdeen): Novel
tools for functional genomics of Candlida
albicans.

TECHNOLOGY DEVELOPMENT GRANTS

IN VIVO IMAGING

Alessandro Sardini (Imperial College):
Instrumentation for fluorescent imaging in living
animals.

MUTATION DETECTION

Professor Sir Alec Jeffreys (University of
Leicester): High-throughput screening for de
novo point mutations in human genomic DNA.

EQUIPMENT

RADIOTHERAPY
Stewart Martin (University of Nottingham):
Experimental radiation biology irradiation facility.

EMBRYOLOGY

Timothy Mohun (National Institute for Medical
Research): An imaging pipeline for screening
mouse embryos.

CELL BIOLOGY
Adrien Kissenpfennig (Queen’s University
Belfast): A flow cytometry cell sorter.

BRAIN IMAGING
Professor Paul Furlong (Aston University): A
magnetoencephalography system for infants.

Professor Ray Dolan (University College
London): An upgrade of MRI scanners at the
Wellcome Trust Centre for Neuroimaging at
UCL.

DATABASE
Gerrit Kleijwegt (European Bioinformatics
Institute): A European Protein Data Bank.

RESEARCH RESOURCES IN
MEDICAL HISTORY

MEDICAL RECORDS

Mike Barfoot (University of Edinburgh):
Preservation of 20th-century case notes relating
to tuberculosis and World War Il injuries.
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Developing our organisation

Using our resources efficiently
and effectively

OPERATIONS AND
EDUCATION

Two senior staff with a wealth of
experience in contrasting domains
have joined the Wellcome Trust.

Simon Jeffreys, the Wellcome Trust’s
new Chief Operating Officer, is charged
with ensuring that the organisation is run
as efficiently and effectively as possible.
Having joined the Trust in March 2009,
he has assumed responsibility for

key business operations, including
finance, grants management, facilities
management, IT, human resources and
legal affairs. He has absorbed many of
the responsibilities previously held by
John Cooper, who has taken on the role
of Chief Operating Officer and Interim
Chief Executive of the UK Centre for
Medical Research and Innovation.

Simon Jeffreys has spent most of

his professional life at
PricewaterhouseCoopers and its
predecessor firms, latterly as chairman
of its global investment management
practice and part of the firm’s global
financial services leadership team.

Derek Bell, former Chief Executive of the
Association for Science Education, took
over as the Wellcome Trust’s Head of
Education in January 2009.

Professor Bell will have responsibility
for the Trust’s education strategy and
further developing the Trust’s leading role
in UK science education. This work will
focus on increasing opportunities and
strengthening the culture for continuing
professional development for science
teachers. In addition, Professor Bell will
look at how research can best be used
to support education policy making and
teaching practice.

ENGAGING
COMMUNICATIONS

Video, tweets and blogs are all being
used to communicate the Trust’s work.

The internet has opened up many new
ways in which organisations can
communicate with different audiences,
and the Wellcome Trust has moved to
adopt these new approaches.

For example, the news and features
posted on the Trust’s main website can
now be obtained by RSS feeds or by
signing up to an e-newsletter. This year
has also seen a rapid growth in the use of
video features, available on the main
websites and on dedicated Wellcome
Trust and Wellcome Collection YouTube
channels, which both launched in
January 2009. The Trust also uses
Twitter to provide brief up-to-the-minute
information, and has accumulated more
than 2000 followers. The audience for
Wellcome Trust print publications such
as Wellcome News and Big Picture has
also significantly increased both in terms
of print circulation numbers and online
usage following their inclusion in ‘online
libraries’ such as Yudu, Scribd and Issuu.

Other new developments include a
Facebook page for Wellcome Collection,
which has attracted more than 1200
members, while the Wellcome Library
has launched a blog that provides an
informative guide to the Library’s activities,
purchases and holdings. The Library’s
fascinating Moving Image and Sound
Collection also has its own ‘Wellcome
Film’ YouTube channel.

www.twitter.com/wellcometrust
www.youtube.com/wellcometrust
www.scribd.com/Wellcome Trust
issuu.com/wellcome-trust
www.twitter.com/explorewellcome

FAIR SHARES

A £1.2 billion investment in large
multinational companies had
increased in value by 25 per cent by
the end of the year.

Despite a challenging year, the Wellcome
Trust’s investments achieved gains of
£580 million (5 per cent) during 2008/09,
and were valued at £13.0bn at

30 September 2009.

A significant contribution to this strong
performance came from investment in
late 2008 and early 2009, when stock
markets were very weak, of £1.2bnin
shares of 32 global companies. Such
companies, each valued at a minimum
of US$50bn, typically deliver strong
returns during difficult economic times,
and after the stock market decline, their
shares represented very good value. By
the end of the year, the value of these
investments had already risen to £1.6bn,
an increase of 25 per cent.

The fall in stock market prices also
enabled the Trust to acquire a range
of other shares at favourable prices,
including 3 per cent of the shares of
Marks & Spencer plc.

Shares now account for around

38 per cent of the Trust’s investment
portfolio, with holdings geographically
well diversified. A growing proportion
are managed from within the Trust itself.
The ability of the Trust to invest directly
in equity markets has been enhanced by
the establishment of a Public Securities
Execution team led by Tim Johnston,
previously at Goldman Sachs and a
number of hedge funds.





