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Key Milestones in the Development of
Edinburgh’s Clinical Research Facilities

1997 Edinburgh awarded Millennial Funding to develop Wellcome Trust Clinical Research Facility (WTCRF)

1998 Pilot Facility opened at Western General Hospital (WGH) and Satellite Facility opened in Royal Infirmary Edinburgh (RIE)
2001 Official Opening of WICRF by HM Queen Elizabeth I

2003 Launch of WTCRF Education Programme

2003 Sister Facility (RIECRF) opened in New Royal Infirmary of Edinburgh

2005 Scottish Clinical Research Facilities Network Inaugural Meeting

2006 Launch of Academic and Clinical Central Office for Research and Development (ACCORD supporting joint working
between NHS Lothian and University of Edinburgh (UoE)

2006 SHEFC Brain Imaging Research Centre (now Brain Research Imaging Centre — BRIC) intfegrates with WTCRF to form Imaging Core
2006 Paediatric CRF Service launched with appointment of Scottish Medicines for Children Network (ScotMCN) Research Nurse
2006 NHS Education Scotland (NES) funds nationalisation of WICRF Education Programme

2006 Clinical Research Infrastructure Award for Clinical Research Imaging Centre (CRIC) under Directorship of Professor Newby
2007 Community Research Nurse Service initiated

2007 Launch of Scottish Imaging Network a Platform for Scientific Excellence (SINAPSE)

2008 UK Clinical Research Facilities (UKCRF) Network officially launched

2008 Edinburgh CRF Director Professor Newby appointed Director of R&D for NHS Lothian

2009 First WTCRF Public Open Day

2009 Paediatric CRF opened in Royal Hospital for Sick Children (RHSC)

2010 CRF Mass Spectrometry Core receives £750,000 Wellcome Trust equipment award for major new investment

2010 Official opening of the CRIC by HRH Prince Phillip, Chancellor of the University of Edinburgh

2011 Edinburgh CRF is the first non-commercial unit in the UK to receive accreditation under the MHRA Phase 1 scheme

2011 Neurology Research Nurse appointed in collaboration with the Anne Rowling Regenerative Neurology Clinic

2011 Edinburgh CRF celebrates its 10th Anniversary

2012 CRFManager® becomes a registered frademark

2012 Trial of Gene Therapy in Cystic Fibrosis starts in the purpose built suite in the WTCRF

2012 CRF Education Programme in collaboration with Edinburgh Clinical Trials Unit awarded University of Edinburgh Distance
Education Initiative funding for online MSc Clinical Trials

2012 Education Programme Administrator Sharon Douglas awarded the University of Edinburgh Principal’s Medal for Service to the
Community

2013 Genetics Core Director Professor David Porteous receives an OBE for Services to Science

2013 Edinburgh CRF receives re-accreditation under the MHRA Phase 1 scheme
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Introduction

Edinburgh Clinical Research Facility provides specialist support for clinical research locally, nationally and internationally.
The CRF takes pride in supporting a wide range of high quality studies from a diversity of clinical specialties.

As an established research facility the CRF makes a major contribution to the provision of clinical research infrastructure
within NHS Lothian and the University of Edinburgh.

The clinical facilities at the Western General Hospital (WTCRF) and Royal Infirmary of Edinburgh (RIECRF) were
re-accredited in July 2013 under the Medicines and Healthcare products Regulatory Agency (MHRA) Phase | Scheme.
This confirms that the CRF continues to meet the stringent safety and quality standards required to carry out early phase

and first in human clinical studies.

The CRF metrics for 2012/2013 illustrate
another successful year for the CRF.

135 new study applications were made
to use our services and we supported

a record 388 projects, involving over
9000 clinical visits. We tracked an
impressive 200 publications from studies
conducted with the support of the CRF,
and again increased the number of
unique investigators using the facilities.
Our portfolio of studies is diverse with

a clear emphasis on experimental
medicine studies and those supported
by ‘eligible funders’ as defined by NHS
Research Scofland.

Key projects illustrated in this brochure
include a long running national cohort
survey funded by the MRC which has
generated numerous publications and
conftributed to national understanding
of clinical and social drivers of health
and disease in the UK. Also featured
are an important innovative trial aimed
at understanding the mechanisms of
stem cell therapy in liver disease, and
a trial of tfransnasal endoscopy which
has led to a change in clinical practice
and improvement in the patient
experience.

Our Core areas continue to provide
specialist support to research teams.
You will find details of these in the
‘Specialist Research Services' section
of the Brochure.

Of particular note this year is the
success of the CRF Education
Programme in collaboration with
the Edinburgh Clinical Trials Unit in

obtaining funding from the University of
Edinburgh Distance Education Inifiative
to set up an online MSc in Clinical Trials.

Our information management system
CRFManager® is now a registered
frade mark and is used in the recently
opened Anne Rowling Institute for
Regenerative Medicine at Edinburgh’s
Little France site as well as by 30 CRFs
across the UK and Ireland.

Research funders and stakeholders
now emphasise the importance of
broader public involvement and
participation in clinical research. In
April 2013 we appointed a Patient and
Public Involvement advisor. This role
will facilitate and optimise interactions
between researchers and research
participants by involving the public at
all stages of the research process from
study design to the dissemination of
results

Key to our continued success is the
ongoing commitment from our tfeam
across all sites and the strength of

our collaborative approach with NHS
Lothian and the University of Edinburgh.
This has allowed Edinburgh CRF to
continue to meet the demands of an
ever changing research environment.

This annual brochure gives an overview
of the past 12 months in the CRF

and our selected key publications
provide a flavour of outputs from work
supported by the CRF Clinical and
Core services in the last year.

We hope you enjoy reading this
publication.

In January 2013 we said farewell to
Fiona McArdle, our Clinical Research
Manager.

Fiona's commitment and leadership
over the past eight years have
played an invaluable part in the
strategic development of the CRF.
We wish her every success in her
new role as Deputy Director of NHS
Lothian R&D.
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Key projects and initiatives from Edinburgh’s
Clinical Research Facilities

MHRA Phase | Accreditation

Located within the heart of the acute hospital setting, the CRF is ideally positioned to provide the infrastructure and
expertise fo conduct Phase I/ First in Human (FIH) studies. Since our accreditation in 2011 the CRF has conducted
studies in patients with cancer and diabetes as well as healthy volunteer studies involving more invasive trial
assessments such as forearm plethysmography.

On the 4th of July 2011 Edinburgh
Clinical Research Facility became the
first non-commercial clinical research
centre in the UK to be awarded
supplementary Phase | Accreditation
with the Medicines and Healthcare
products Regulatory Agency (MHRA).

Inspection to ensure ongoing
compliance with this standard is
required every 2 years. In April 2013
both our adult sites at WTCRF and
RIECRF underwent inspection by the
MHRA and were awarded Phase |
Accreditation status for a further 2
years.

Edinburgh CRF remains the only Phase
| Accredited facility in Scotland and
has led the way for other academic
units across the UK applying for
accreditation under the scheme.

Key differences still exist between
academic and commercial research
units, particularly with regard to
experience and qualifications of
Principal Investigators (Pls) wishing

to conduct Phase | /FIH studies. Pls
undertaking Phase | trials in academic
facilities such as CRFs often do not
meet the accreditation requirement
of a qualification in clinical
pharmacology.

In the past few years we have been
working closely with the MHRA to
resolve these inconsistencies.

As a result Edinburgh CRF operates

a Phase | Study Review Committee
(PISRC) which is responsible for risk
assessing all Phase | and FIH work
conducted in the CRF. This committee
also provides advice and guidance to
researchers wishing to conduct Phase
I/ FIH studies.

-,
a
-
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Healthy volunteer undergoing forearm plethysmography

The membership of the CRF

PISRC includes experts in clinical
pharmacology, toxicology, clinical
research, statistics, pharmacy, clinical

-

research management and quality -
assurance. The process for the scientific

review and clinical risk assessment

of studies involves completion and i pr—

approval of a study risk assessment

which covers the key points within the
2007 European Medicines Agency (EMA) Guidance on Strategies to Identify and
Mitigate Risks for FIH Clinical Trials of Investigational Medicinal Products (CTIMPs).

Forearm blood flow measurement

The MHRA are currently undertaking a review of the Phase | Accreditation
scheme and it is anticipated a similar approach to the Edinburgh PISRC model
will be agreed in this revision. This will support other academic units in meeting
the accreditation requirements.

Please contact us if you wish further information or would like to discuss running
a study in the Edinburgh CRF.

Research Nurse Manager: Sharon Cameron



Explaining relative adrenal insufficiency in critically ill patients

Although cortisol is a stress hormone, and is elevated in critically ill patients in intensive care units, it has always been a puzzle
that these patients sometimes have ‘relative adrenal insufficiency’. In this condition, the adrenal gland does not release

so much cortisol after stimulation with an adrenocorticotropic hormone (ACTH) injection. The basis for the condition is not
understood, and clinical trials which attempted to replace the ‘cortisol deficiency’ have not been successful.

D4-Cortisol D2-Cortisone
CH,OH

Stable isotope tracers developed

in Edinburgh for measuring cortisol
mefabolism. The infused steroids are
labelled with deuterium (D, or ‘heavy
hydrogen’) so that they can be
identified by Mass Spectrometry in the
Core Laboratory.

Plasma ACTH (pg/ml)

Negative feedback
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The Hypothalamic-Pituitary-Adrenal axis
controls cortisol production.

In critically ill patients, impaired
clearance of cortisol leads to
accumulation of cortisol, enhanced
negative feedback, paradoxically low
ACTH and adrenal afrophy.

The investigators hypothesised that the explanation for relative adrenal
insufficiency is an impaired ‘clearance’ of cortisol, ie less rapid removal
of cortisol from the circulation by enzymes in the liver and kidneys. As a
result, adrenal production of cortisol is paradoxically down-regulated in
compensation, and the adrenal response to ACTH is reduced. However,
cortisol levels are not low.

To test this hypothesis, they studied a total of 158 intensive care patients
and 64 matched confrols. Five different tests were used to evaluate
cortisol metabolism: daily levels of ACTH and cortisol levels; plasma cortisol
clearance, metabolism, and production during infusion of deuterium-
labelled steroid hormone tracers (a technique first developed in the
Edinburgh WTCRF Mass Spectrometry Core Lab ~10 years ago); plasma
clearance of 100 mg of hydrocortisone; urinary cortisol metabolite levels
(measured in Edinburgh); and levels of messenger RNA and proteins in liver
and adipose tissue, to assess major cortisol-metabolising enzymes.

The results showed that total and free circulating cortisol levels were higher
in critically ill patients than in controls. However, there was a reduction

of more than 50% in cortisol clearance during fracer infusion and after

the administration of 100 mg of hydrocortisone in the patients. This was
attributed to reduced activity of several cortisol-inactivating enzymes in
the liver and kidneys. ACTH levels were paradoxically lower and impaired
cortisol clearance correlated with a lower cortisol response to ACTH
stimulation.

During critical illness, dramatically reduced cortisol breakdown, related

to suppressed expression and activity of cortisol-metabolizing enzymes,
explains lower ACTH and relative adrenal insufficiency in critically ill
patients. The results have important implications for the interpretation of
ACTH stimulation tests in this group of patients and suggest that the trend to
give cortisol replacement therapy is misplaced.

This work was supported by the Mass Spectrometry Core as a
collaborative project with investigators in Leuven.

Brian Walker, Professor of Endocrinology, University of Edinburgh/BHF Centre for Cardiovascular Science

Ruth Andrew, Reader in Endocrinology, Director CRF Mass Spectrometry Core
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Key projects and initiatives from Edinburgh’s
Clinical Research Facilities

Understanding Ageing - The MRC National Survey of Health and Development (NSHD)

The MRC NSHD is the oldest birth cohort study in the world, with data on health and life circumstances collected from
birth so far to age 65 years on 5362 British men and women. The sample comprises singleton babies born to married
parents and was drawn from an initial maternity survey of 13,687 (82%) of all births recorded in England, Scotfland and

Wales during one week of March, 1946.

Over the years, the study has revealed

in 8 books and 400 publications to date,

the factors associated with: care of
mothers in pregnancy and childbirth;
childhood health and development;
educational progress and opportunities
for social mobility; and the chance

of a healthy adult life. The survey’s
key finding has been that child
development and home background
matter for many aspects of adult
health, including blood pressure,
obesity, respiratory health, mental
health, reproductive ageing, physical
and cognitive capability and survival.

The 23rd follow up of the full sample

at age 60-64 years was completed in
2011 as the survey celebrated its 65th
birthday and was featured in Nature.
The Edinburgh CRF was one of the six
facilities involved in the collection of
clinical measures relating to ageing,
including physical and cognitive
performance tests and reports of
everyday function. These tests - which
include lung function, grip strength,
walking speed, standing balance,
chair rising, reaction time, verbal
memory and processing speed - reflect
underlying ageing processes, measure
functions that are the foundation for
confinued independence and quality
of life as we grow older, and predict
future health and survival.

The study also assessed the structure
and function of the musculoskeletal
and cardiovascular body systems
because age-related changes in
these systems threaten capability
and account for a major proportion
of the disease burden in the ageing
population.
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MRC National Survey of Health and Development exhibition

Results from this wave of the survey have allowed researchers to identify common
clinical disorders (diagnosed and undiagnosed) requiring medical intervention by
60-64 years and fo explore associations with health status earlier in life. The findings
provide an assessment of the met and unmet health care needs in this generation.
They indicate that ageing with clinical disorders is likely fo be the norm, and that
an individual’s ability fo adapt and self-manage the changes in their health as
they age should be included in how we define being healthy at older ages.

Analysis of measures of functional ageing showed that reduced capacity was
consistently associated with poorer socioeconomic circumstances in childhood,
even after allowing for adult socioeconomic circumstances. Thus the legacy of
social inequalities in childhood persists at least up to conventional retirement age.
The pathways involved are complex; education, cognitive development and
height were important mediators.

The Edinburgh CRF hosted the maijority of study visits for Scotland with CRF
Research Nurses carrying out a number of home visits to ensure a high response
rate and completeness of data. Findings from this most recent survey inform
current debates regarding the appropriate levels of medicalisation of health and
ageing, the implications for health services of widening disease definitions, and the
move from a disease-based to a risk-based model of medicine. More information
about NSHD research publications can be found at www.nshd.mrc.ac.uk

Professor Di Kuh, Director MRC Unit for Lifelong Health and Ageing



REALISTIC - improving outcomes for patients with liver disease

The REALISTIC study is a phase Il randomised confrolled trial to examine the effect of Granulocyte Colony Stimulating
Factor (G-CSF) injections and stem cell therapy on the severity of liver disease.

Liver disease is a rapidly rising cause of morbidity and mortality in the western world, being the fifth highest cause of death
in the UK and the only one of the top five that continues to rise (Source: Office for National Statistics). Liver fransplantation
is currently the only curative treatment available for end stage liver disease. There is a rising demand for fransplantation,
which has not been matched by an increased supply of donor organs, resulting in significant mortality and morbidity for
patients on the waiting list.

G-CSF is currently routinely used in the
mobilisation of stem cells into the circulation prior
to bone marrow fransplantation.  Animal models
of liver injury suggest that stem cells mobilised

by G-CSF can lead to liver regeneration and an
improvement in liver function and these findings ” -
have been replicated in small human studies. - .P/
There are two major types of adult bone ,/
marrow stem cell - haematopoietic stem cells

(HSCs) and mesenchymal stem cells (MSCs), @] —
as shown in figure 1. The REALISTIC study uses ||=- Bt
Haematopoietic Stem Cells (HSCs) which are i
easily identifiable through markers on their cell
surface.

Edinburgh is one of two sites taking part in =
REALISTIC - the first randomised controlled

trial of this nature. The study, funded by the
National Institute for Health Research (NIHR),

is coordinated by the Cancer Research UK
Clinical Trials Unit in the University of Birmingham.
Edinburgh CRF provides Research Nurse and
sample processing support for study activities,
including stem cell reinfusion visits and G-CSF
injection visits, some of which take place at
weekends.

Patients suffering from liver disease and cirrhosis are randomly assigned to one of three freatment groups:

LI
LIRS

From: Houlihan and Newsome Gastroenterology 2008:135;438-450

e G-CSFinjections alone
e G-CSF followed by repeated infusions of HSCs
e Standard medical care

Patients in the active freatment groups are given injections of the drug G-CSF for five days. This stimulates adult stem cells,
which are normally found in bone marrow, to multiply at a much faster rate so that they spill out info the blood stream.

A machine is then used to collect the cells from the blood (leukapheresis). Once harvested, the cells are purified, so that a
high concentration of the right type of stem cells can be infused back into the pafient’s blood stream.

The primary outcome measures are severity of liver disease and extent of liver fibrosis after three months. The secondary
outcomes are markers of liver fibrosis, disease related quality of life, number of liver related clinical events and fransplant free
survival.

This important clinical trial featured on BBC Midland News in December 2010. We are indebted to the Edinburgh Clinical
Research Facility for their help in running the Trial for without them it would not be possible.

Stuart Forbes, Professor of Transplantation and Regenerative Medicine
Joanna Moore, Clinical Research Fellow
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Key projects and initiatives from Edinburgh’s
Clinical Research Facilities

Transnasal Endoscopy - Don’t panic, there is no gagging!

Gastrointestinal (Gl) endoscopy is the first line tool for detecting disease in the Gl fract. Traditionally endoscopy is performed
through the mouth, often with the patient under conscious sedation. Cardio-respiratory monitoring during and after the
procedure requires the presence of nursing staff and a recovery area, thus contributing substantially fo the cost of this
method. Unsedated endoscopy with local anaesthetic throat spray is a common alternative but many patients find this
uncomfortable due to significant gagging and a choking feeling.

Transnasal endoscopy (TNE) is performed with an ulfrathin (5.9 mm)
endoscope (fig 1) inserted via the nostril and it is very popular in the far
East, particularly in Japan, where screening for gastric cancer is very
important due its high incidence. The uptake of this fechnique has been
very slow in the Western world and particularly in the UK. By virtue of ifs
route, TNE reduces pharyngeal stimulation (fig 2), leading to superior
tolerability and improved patient satisfaction. The procedure also reduces
sympathetic stimulation and consequent cardiovascular stress and is
particularly suitable for patients with cardio-respiratory problem:s.

Fig 1: TNE scope (5.9 mm) vs standard
W endoscope ( 9.4mm)

Between February 2011 and 2012, we completed in the RIECRF the first

UK prospective randomised confrol frial of fransnasal endoscopy versus
endoscopy under local anaesthetic in order to systematically assess image
quality, patient tolerance and acceptability.

We prospectively recruited 157 patients. In all patients endoscopy was

successful. Visual analogue scores for patient comfort were significantly Fig 2: TNE routfe avoids the gagging
better in the transnasal compared to the standard endoscopy group. reflex trigger point af the base of the
95% of patients who had a TNE and had previous experience of standard W ftongue.

endoscopy stated preference to TNE in the future. In particular the
gagging score was significantly lower in the TNE group. TNE was equal to
standard endoscopy in image quality, endoscope handling and length
of procedure. Furthermore TNE was superior to standard endoscopy in the
examination of the hypopharynx and upper oesophagus.

Following the very encouraging resulfs of the trial, we have recently
infroduced a transnasal endoscopy service at Leith Community Treatment
Centre. The technique is also on offer in the Royal Infirmary of Edinburgh for
selected groups of patients.

We would like to thank the nursing staff in the RIECRF for their invaluable
contribution to the successful completion of the study, and FujiFilm/ e

Imotech UK for the research funding. O’
il

John N Plevris, Centre for Liver & Digestive Disorders, the Royal Infirmary of Edinburgh
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Education Programme

Education Courses/Seminars/Workshops

The Education Programme delivers over 70 training courses/workshops/seminars per year fo meet the changing needs of
clinical researchers locally and nationally across Scotland and the UK. In addifion fo face-to-face teaching, the programme
ufilises online learning and web streaming, fo engage with a wider audience.

National Education & Training Strategy

Representing all the Scottish CRFs, Clinical Research Training for Scotland (CRTS) Edinburgh CRF Education
www.crts.org.uk was set up in 2008 with a view to co-ordinating the provision Programme provides a wide variety
of clinical research education and fraining across Scotland. Its remit is to of fraining and courses
implement educational initiatives and infrastructural changes to ensure the further
development of clinical research activity in Scofland. e Audit & Monitoring

e Consent

MSc Clinical Trials
Due to launch in September 2013, this online programme aims
C‘inica to support the demand for appropriately qualified health

* Data Management
e Ethics

O\(\ 2. professionals to work in clinical frials of all phases. It provides Ewdencg-Bosed Healthcare
() A £ B - . ) - e Human Tissue
s % a tailored learning experience which targets the diverse . Literature S hi

and defined needs of students, allowing them to select frerature searching

modules relevant to their speciality and area of interest. ‘ Persqno! Development

The programme will be relevant for those wishing tfo gain an ‘ Quoh’rghve Me’rhosds

Online overall understanding of clinical frials before moving into the ‘ Ques’nopnolre Design
field. It is also ideal for those with general or specialist experience SngT'UPT'On
e Statistics

in this area who are looking to broaden their role in the design, management,

analysis and reportfing of clinical frials. * Tial Management

e Writing & Publication Strategy
This programme is suitable for professionals involved in all aspects of clinical trials,

and for graduates of relevant disciplines - including medicine, nursing, pharmacy
and life sciences. It aims fo provide students with the knowledge and skills needed
to deliver high quality Clinical Trials regardless of role or background.

For more information please contact MScCT@ed.ac.uk

Website: www.ed.ac.uk/medicine-vet-medicine/msc-clinical-trials

Event Planning
The Education feam provide an excellent, cost-effective event management service for the healthcare research

community, including courses, workshops, seminars, conferences and open days. Some of the events organised by the team
include:

e Scofttish Research Nurse & Co-ordinator’s Network Annual Conference
¢ NHS Lothian Research Conference

¢ NHS Research Scotfland (NRS) Conference

e The 'VITAmiIns TO Prevent Stroke’ (VITATOPS) frial participants meeting
¢ Translational Genomics Events for lllumina

e National Research Ethics Service (NRES) Training Days

¢ CRF annual Public Open Days

Patient & Public Involvement (PPI) Advisory Service

Aims to:

e Facilitate meaningful interactions between researchers and study participants during the design, conduct, analysis and
dissemination of research activities

e Equip patients and public with an understanding of the opportunities and issues in becoming actively involved in research

* Engage with the public to highlight what clinical research is and how it advances healthcare

¢ Widen patient/public participation in clinical research

UK CRF Education Working Group

Our Education Programme Manager is a member of the ‘UK CRF Education Working Group' and has been working with
the group to deliver a number of projects, including a ‘UKCRF Induction Framework’. It has been designed to help Clinical
Research Facilities (CRFs) develop a comprehensive induction programme for new starters and is based on best practice
from across a number of established CRFs.

Education Programme Manager: Michelle Evans
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Specialist research services in Edinburgh'’s
Clinical Research Facilities

Nursing and Clinical Team

The CRF Nursing and Clinical Service comprises four main teams providing expert
research nursing support across 3 hospital sites and within the community setting.
The facilities at the Western General Hospital (WTCRF), and Royal Infirmary of
Edinburgh (RIECRF) are Medicines and Healthcare products Regulatory Agency
(MHRA) Phase | Accredited units. These facilities also provide specialist Critical Care,
Diabetes, Mental Health and Neurology Research Nurse services. Our Children’s
Clinical Research Facility (CCRF) af Royal Hospital for Sick Children is staffed by
specialist Paediatric Research Nurses. The nursing feams are supported by Clinical
Measurement Technicians, Project Assistants, Clinical Support Workers, reception
staff and a Ward Clerk.

Flow Mediated Dilatation

Working closely with the CRF Quality Assurance team, the nurses adhere to the s

highest standards of practice, comply with UK Clinical Trials Regulations and

Research Governance standards, and receive regular training in Good Clinical Practice. All nursing staff are frained in
Immediate Life Support (ILS) and the Lead Nurses in our Phase | Accredited units are also Advanced Life Support (ALS)
providers.

The Nursing and Clinical Service is currently supporting an advanced therapy study, involving repeated dosing of a
fransmembrane receptor (CFTR) to adults and children with cystic fibrosis. This trial is supported by the WTCRF and CCRF
teams and our WTCRF building was modified to create negative pressure cubicles for safe delivery of inhalation gene
therapy. Ever responsive to clinical need and new developments, some of our nurses are trained in specialist procedures
including skin punch biopsy, and Flow Mediated Dilatation (FMD) measurement, a non-invasive scanning procedure for
measuring endothelial function. We also expanded our sample handling space at the WTCRF to accommodate the
increasing activity in this area. With an interesting portfolio of work planned we anticipate a busy and productive 2013/14.

Research Nurse Manager: Sharon Cameron - 0131 242 7185 - sharon.cameron@luht.scot.nhs.uk

Image Analysis Core

Established fo meet the data-intensive demands of using modern medical imaging devices
in clinical research, the Image Analysis Core computer laboratories are located in the Clinical
Research Imaging Centre (CRIC) af Little France and in the CRF at the Western General site.
Each laboratory is equipped with high-spec workstations and specialised soffware packages,
and staffed by personnel with expertise in image processing and quantification.

Experienced in dealing with images from a variety of sources including MR, CT, PET,
ultrasound, microscopy, and retfinal photography, we are available o frain researchers in
the use of specialised techniques, including image enhancement, region of interest analysis,
volume measurements, registration, sesgmentation, and 3D visualisation.

The Image Analysis Core has Windows PCs, Apple Macs and Linux computers and a variety
of commercial and open-source software packages as well as custom-written software
developed in-house.

Our contribution fo scientific research involves the development of new image processing
and analysis methods to perform such tasks as analysing retinal images, post-processing
contrast enhanced MRI scans to reveal areas of inflammation, visualising the vocal fract in
MRI, and quantifying Optical Coherence Tomography fo improve clinical outcomes during
coronary angioplasty.

Core Manager: Dr Tom MacGillivray - 0131 242 7756/0131 537 3351 - t.j.macgillivray@ed.ac.uk

-,
a
-
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Epidemiology and Statistics Core

The aim of the Epidemiology and Statistics Core is to improve the methodological
quality of clinical research through the provision of expert statistical input. The
Core is involved in studies at all stages from initial design through to analysis

and dissemination. By encouraging investigators to approach the Core at an
early stage we support the development of the highest quality study design

for submission to regulators, ethics committees and grant awarding bodies. We
also have an educational remit and run a popular ‘Infroduction to Statistics for
Clinical Research’ course.

The Core has contributed o a substantial list of publications enhancing the profile
of the CRF beyond the local setting. Some highlights of recent work of the Core
statisticians include:

Clots in Legs Or sTockings after Stroke (CLOTS): A suite of three trials investigating
Deep Vein Thrombosis (DVT) prevention in patients following stroke. With the third
trial - examining the effectiveness of Infermittent Pneumatic Compression (IPC) -
completed recently, we were able to establish that IPC is an effective method of
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reducing the risk of DVT and possibly improving survival in a wide variety of patients who are immobile after stroke.

General Anaesthesia compared with Local Anaesthesia for carotid surgery (GALA) trial: Through a secondary analysis

of the GALA frial we examined whether exposure to nitrous oxide was associated with increases in mortality, stroke and
myocardial infarction. Given the greater prevalence of vascular risk factors in the nifrous oxide group, and the lack of
any definite effect on the primary outcome measure, these data did not support a clinically meaningful adverse effect of

nitrous oxide on our composite outcome in patients undergoing carotid surgery.

Core Manager: Catriona Graham - 0131 537 3350 - c.graham@ed.ac.uk

Mass Spectrometry Core

The CRF Mass Spectrometry Core supports clinical research by developing new
assays and tracer techniques.

We have supported a wide range of research projects during the last year
covering basic and clinical studies in the fields of drug discovery, hepatology,
oncology, toxicology and steroid hormone action. These projects represent
investigators from across the University of Edinburgh College of Medicine and
Veterinary Medicine and NHS Lothian.

Within the laboratory, new equipment has increased our capacity
considerably. We continue to improve sample throughput, by the use of
Ultra-high performance liquid chromatography and also routine use of online
sample preparation using the Turboflow Aria system (pictured).

The work of the Core has been well received locally, nationally and
internationally, for example one of our PhD students, Rita Upreti, won the

Sir James Black Presentation award at the Scottish Society for Experimental
Medicine, the Caledonian Endocrine Society Prize Lecture and the Young
Endocrinologist Prize at the British Endocrine Societies.

We continue to support post-graduate students in their development of skills in
the field of Analytical Chemistry and, due to our unique facilities in Scotland,
are hosting regular sescondments for the University of Strathclyde, MSc
programme in Pharmaceutical Analysis.

ol
(L-R) Yiping Jin, Bhavini Mistry and
Daniel Sayon are carrying out their
practical dissertations under the
supervision of Core staff Dr Natalie
Homer and Dr Gregorio Naredo.

Core Manager: Dr Natalie Homer - 0131 242 9333 - n.z.m.homer@.ed.ac.uk
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Specialist research services in Edinburgh’s
Clinical Research Facilities

Genetics Core

The WTCRF Genetics Core provides a secure, audited and quality-assured
biobank with systems in place for the receipt and processing of biological
samples from clinical research programmes. Standard operating procedures
and a Laboratory Information Management System ensure accuracy and
facilitate the long-term utilization of the biological materials gathered. Over
100,000 samples are held within a secure suite of freezers. High throughput
genotyping, gene expression, epigenetics and sequence analysis is provided.

The reduction in the cost of sequencing a person’s genome is increasingly
allowing genomics to become part of standard healthcare, enabling the
prediction of disease and identification of more effective therapies. To allow
researchers to have access to this fransformational fechnology the Genetics
Core has invested in the new lon Proton sequencing platform from Life Technologies. Operating by semiconductor
based technology, it allows fast and cost-effective sequencing of human exomes, franscriptomes and whole genomes.
Coupled with the lon Torrent PGM, designed for lower throughput sequencing but utilising the same technology, our
new acquisition means the laboratory is able to provide a range of scalable solutions for DNA sequencing, RNA-seq and
ChlP-seq experiments.

Lab manager Lee Murphy with the
new lon Proton sequencer

Core Manager: Lee Murphy - 0131 537 3370 - lee.murphy@ed.ac.uk

Information Technology (IT)

The IT team develops bespoke systems to meet
user requirements.

S

CAF Marmged irstabatiins § i e——

CRFManager®, registered as a frademark this L ' W —
year, has been shared with colleagues across the i ——
UK and Ireland and it is now installed in 30 CRF y—
sites. www.crfmanager.com ol .l
Course Manager has confributed to the = e
success of our Education Programme, and the e
connected Clinical Research Training Scotland T
(CRTS) website is used across Scotland to . -
publicise clinical research related courses and -
events. - =R

1 e N

B el BRI .
The ACCORD Trial Recruitment system capftures e
study recruitment data directly from investigators  Bdeiiniians
across Lothian. Results are automatically . P

- i —— —

compiled for the administration team to export
for reporting to the NIHR and CSO.

This year IT worked with the Administration tfeam

CRF Manager is installed in CRFs 3
throughout the UK and Republic of Ireland §

ey e B S —T—
et -

———— i

- S ———

to create an online application form which enables the investigator fo apply online fo run a study in the CRF.
The information is captured directly into CRFManager® as a new study and flagged to the Administration team for review
and approval. Released in March 2013, to date, we have received over 30 online applicatfions to date.

IT are currently working on an NRS Finance system to support R&D across Scotland with CSO requirements for collection of
pre-award finance data and adding functionality to the ACCORD Trial Recruitment system.

Programme Director: Elizabeth McDowell - 0131 537 3353 - elizabeth.mcdowell@ed.ac.uk. - www.crfmanager.com
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Imaging research at the Edinburgh CRF

Imaging research is extremely multi-disciplinary in nature, drawing together clinicians and academics from diverse
fields of research. Clinical imaging facilities are home to a wide range of researchers, image analysts and support
staff. Clinical academics leading trials are supported by medical physicists, research radiographers and nurses, data
management experts, image analysis experts, IT support and facility administrators. For many years, imaging research
at the Edinburgh CRF has been expanding and new sites have opened to support this research. These “imaging sites”
are now being integrated info the Imaging Core of the Edinburgh CRF to provide an easy to access, comprehensive

portfolio of imaging resources to researchers.

The Edinburgh CRF Imaging Core comprises two main imaging facilities - the
Clinical Research Imaging Centre (CRIC) and the Brain Research Imaging
Cenftre (BRIC). Each facility has specialist expertise in particular areas of
research. BRIC is neuro-optimised and CRIC mainly supports cardio-vascular
and pulmonary imaging work. Each centre has formed close relations with
many imaging disciplines to infegrate them info the mainstream research
portfolio.

CRIC imaging technology and expertise have been at the centre of a
number of large grant awards in the fields of Psychiatry, Fetal and Pregnancy
Health, Care of the Elderly, Sports Sciences, Cardiovascular Sciences, Liver
Diseases and Pulmonary Medicine.

BRIC works with researchers with experience in all aspects of brain imaging
encompassing specific disease areas such as Stroke, Dementia, Multiple
Sclerosis and other Neuro-degenerative diseases, as well as Aging and
Psychology research.

Imaging research is dependent on state-of-the-art equipment, combined
with the specialist staff to operate the kit and analyse the imaging data.

BRIC houses a 1.5T GE Signa MRI scanner; CRIC currently houses a 3T Verio
MRI system, a 128-MDCT mCT-PET system and a 320-MDCT Aquilion ONE
system with supporting image-analysis facilities, as well as a GE cyclotron

and a radiochemistry suite. Retinal imaging has recently been added to the
CRIC portfolio. Both centres house senior academic research staff in the fields
of Radiology, Medical Physics, Functional Imaging, Image Processing and
Analysis, Neuropsychology and others, as well as post-doctoral researchers
working in all aspects of imaging to help support research projects.

CRF Imaging Core staff lead the Centre for In Vivo Imaging Sciences (CIVIS)
— an initiative that integrates all imaging activity across the University of
Edinburgh and other institutes, providing researchers with coordinated and
collaborative access to imaging expertise and facilities. CIVIS will also have
a commercial “face” with the development of Edinburgh Imaging, a single
web portal allowing access for commercial scientific research to the CIVIS
collaboration.

The CIVIS collaboration has allowed the development of an online cross-
disciplinary Imaging MSc program which will showcase the University of
Edinburgh’s rich & mulfi-disciplinary imaging experience. Major themes will
include Imaging Sciences, Preclinical & Veterinary Imaging, Clinical Imaging
and Microscopy. Students will earn an MSc, Diploma, Certificate or credits
for Confinuing Professional Development (CPD / CME). This MSc program will
confribute fo training the imaging researchers of the future.

www.imagingmsc.ed.ac.uk

Dr Duncan Martin, Scientific Business Manager

Professor Joanna Wardlaw, Chair of Applied Neuroimaging www.bric.ed.ac.uk

Professor Edwin van Beek, SINAPSE Chair of Clinical Radiology www.cric.ed.ad.uk
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Selected key publications from Edinburgh’s

Clinical Research Facilities

CLOTS

CLOTS Trials Collaboration (2013)
Effectiveness of intermittent
pneumatic compression in reduction
of risk of deep vein thrombosis in
patients who have had a stroke
(CLOTS 3): a multicentre randomised
controlled trial.

The Lancet, Early Online Publication,
31 May 2013, doi:10.1016/50140-
6736(13)61050-8

The Edinburgh CRF Statistics and
Epidemiology Core has been
involved in all three of the CLOTS
frials. CLOTS 3 is a multicentre parallel
group randomised trial assessing

the effectiveness of Infermittent
Pneumatic Compression (IPC) in
patients who are immobile as a result
of stroke. IPC is known to reduce the
risk of Deep Vein Thrombosis (DVT) in
surgical patients, but its use in stroke
patients had not previously been
evaluated.

2876 patients (median age 76 years)
were enrolled in 94 cenfres in the

UK. DVT occurred in 122 (8-:5%) of
1438 patients allocated IPC and 174
(12-1%) of 1438 patients allocated
no IPC; an absolute reduction in risk
of 3:6% (95% CI 1-4—58). Excluding
the 323 patients who died before
any primary outcome and 41 without
any screening CDU, the adjusted OR
for the comparison of 122 of 1267
patients vs 174 of 1245 patients was
065 (95% Cl 0-51—0-84; p=0-001).
Deaths in the freatment period
occurred in 156 (11%) patients
dllocated IPC and 189 (13%) patients
adllocated no IPC died within the 30
days of freatment period (p=0-057).

IPC is an effective method of
reducing the risk of DVT and possibly
improving survival in a wide variety

of patients who are immobile after
stroke. The CLOTS team expect these
results to feed into UK clinical practice
guidelines. This may affect the care of
up to 60,000 patients each year.
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Cortisol Metabolism

Boonen E et al (2013)

Reduced Cortisol Metabolism during
Critical lliness.

New England Journal of Medicine
2013; 368:1477-1488April 18, 2013DOI:
10.1056/NEJMoa 1214969

Critical iliness is often accompanied
by raised levels of cortisol in the blood,
aftributed to stress-induced activation
of the hypothalamic—pituitary—adrenal
axis. However, low corticotropin levels
have also been reported in critically

ill patients, which may be due to
reduced cortisol metabolism. This case
conftrol study tested the hypothesis
that cortisol metabolism is reduced
during critical illness, confributing

to sustained hypercortisolemia with
enhanced negative-feedback
inhibition of corticotropin

In158 intensive care patients and 64
matched confrols, researchers tested
five aspects of cortisol metabolism:
daily corticotropin and cortisol

levels; plasma cortisol clearance,
metabolism, and production during
infusion of deuterium-labeled steroid
hormone tracers; plasma clearance
of 100 mg of hydrocortisone; urinary
cortisol metabolite levels; and levels
of messenger RNA and protein in liver
and adipose tissue, fo assess major
cortisol-metabolizing enzymes.

Total and free circulating cortisol
levels were higher in the patients than
in confrols, whereas cortficotropin
levels were lower (P<0.001 for both
comparisons). Cortisol production was
83% higher in the patients (P=0.02).
There was a reduction of more than
50% in cortisol clearance during tracer
infusion and after the administration
of 100 mg of hydrocortisone in the

patients (P<0.03 for both comparisons).

All these factors accounted for an
increase by a factor of 3.5 in plasma
cortisol levels in the patients, as
compared with confrols (P<0.001).
Impaired cortisol clearance also
correlated with a lower cortisol
response to corticotropin stimulation.
Reduced cortisol metabolism was
associated with reduced inactivation
of cortisol in the liver and kidney, as
suggested by urinary steroid ratios,
fracer kineftics, and assessment of
liver-biopsy samples (P<0.004 for all
comparisons). During critical iliness,
reduced cortisol breakdown, related
to suppressed expression and activity
of cortfisol-metabolizing enzymes,
contributed to hypercortisolemia and
hence corticotropin suppression.

For further information see page 7

Apelin

Barnes GD et al

Sustained cardiovascular actions of APJ
agonism during renin-angiotensin system
activation and in patients with heart
failure.

Circ Heart Fail. 2013 May:;6(3):482-91. doi:
10.1161/CIRCHEARTFAILURE.111.000077.
Epub 2013 Mar 21

Early studies in healthy volunteers
and patients with chronic stable
heart failure have shown that apelin,
arecently discovered, naturally
occurring peptide, lowers blood
pressure, causes blood vessels to
dilate and improves the pumping
function of the heart. There is
evidence that apelin counteracts
another hormone, angiotensin Il
which is largely responsible for many
of the pathophysiological changes
leading to heart failure.

Researchers in Edinburgh devised

a series of randomised placebo
controlled studies to characterise
the effects of apelin, in the context
of renin-angiotensin system up- and
down-regulation.

Forty-eight volunteers and 12 patients
with chronic stable heart failure
aftended the Edinburgh Clinical
Research Facility on four occasions.
They underwent measurement of
forearm blood flow, cardiac index,
left ventricular dimensions, and

mean arterial pressure using bilateral
venous occlusion plethysmography,
bioimpedance cardiography,
fransthoracic echocardiography, and
sphygmomanometry respectively. Brief
local and systemic and prolonged
systemic infusions of (Pyr(1))apelin-13
were given in the presence or
absence of renin-angiotensin system
activation with sodium depletion or
angiotensin Il co-infusion.

During sodium depletion and
angiotensin Il co-infusion, (Pyr(1))
apelin-13-induced vasodilatation

was preserved (P<0.02 for both).
Systemic intfravenous (Pyr(1))apelin-13
infusion increased cardiac index,
whereas mean arterial pressure

and peripheral vascular resistance
index were reduced (P<0.001 for all)
irespective of sodium depletion or
angiotensin Il co-infusion (P>0.05 for
all). Prolonged 6-hour (Pyr(1))apelin-13
infusion caused a sustained increase
in cardiac index with increased left
ventricular ejection fraction in patients
with chronic heart failure (ANOVA,;
P<0.001 for all).

This complex and intensive study
demonstrated that APJ agonism

has sustained cardiovascular effects
that persist in the presence of renin-
angiotensin system activation or heart
failure. APJ agonism may complement
current opfimal medical therapy in
patients with chronic heart failure.



Genetic factors in anaemia

van der Harst P ef al (2012)
Seventy-five genetic loci influencing
the human red blood cell.

Nature 2012 Dec 20; 492(7429):369-75

Anaemia is a chief determinant

of global ill health, contributing

to cognitive impairment, growth
retardation and impaired physical
capacity. To understand further

the genetic factors influencing red
blood cells, the feam carried out a
genome-wide association study of
haemoglobin concentration and five
other red blood cell phenotypes.

The study contained 135,367
individuals, of which 1,483 came

from the Lothian Birth Cohorts of 1921
and 1936. The study identified 75
independent genetic loci associated
with one or more of the red blood
cell phenotypes, which explained
between 4-9% of the phenotypic
variance seen in each trait. The

study was able to identify potential
causal genetic variants af 41 loci and
provide new insights info the genetic
mechanisms and biological pathways
confrolling red blood cell function.

The Edinburgh Clinical Research
Facility was involved in collecting
detailed physical measurements,
extracting the DNA and contributing
genotyping data on both Lothian
Birth cohorts.

PSI-697

Japp AG et al

Effect of PSI-697, a novel P-selectin
inhibitor, on platelet-monocyte
aggregate formation in humans.

J Am Heart Assoc. 2013 Jan
28;2(1):e006007. doi: 10.1161/
JAHA.112.006007

The action of P-selectin on activated
platelets contributes to vascular
inflammation and thrombus
formation, which in tfurn play a key
role in acute coronary syndromes.
Inhibiting the action of P-selectin
might represent a novel therapeutic
strategy in vascular disease. This early
phase study aimed to investigate the
effects of a single oral dose of the
novel P-selectin antagonist PSI-697
on platelet-monocyte aggregate
formation in humans.

In a double-blind, randomized,
placebo-controlled crossover
study, 25 healthy smokers were
randomized to receive either oral
PSI-697 600 mg or matched placebo.
Platelet-monocyte aggregates
were measured by flow cytometry
at 4 and 24 hours in the presence
and absence of thrombin receptor-
activating peptide (TRAP; 0.1 to

1.0 ym/L). The ex vivo addition of
TRAP caused a concentration-
dependent increase in platelet-
monocyte aggregates from 8.2% to
94.8% (P<0.001). At 4 and 24 hours,
plasma concenfrations of PSI-697
increased fo 1906 and 83 ng/mL,
respectively (P<0.001). PSI-697 had
no demonstrable effect on either
stimulated or unstimulated platelet-
monocyte aggregates at 4 or 24
hours (P>0.05). P-selectin-blocking
anfibody (CLB-Thrombé), but not
PSI-697, inhibited both stimulated
and unstimulated platelet-monocyte
aggregate formation in vitro
(P<0.001).

The novel small-molecule P-selectin
antagonist PSI-697 did not inhibit
basal or stimulated platelet-
monocyte aggregate formation in
humans at the dose tested. Its clinical
efficacy remains to be established.

The RIECRF Nursing Clinical Team
supported this study which involved
the use of novel flow-cytometry
methods and intensive overnight
stays for participants.

HITS

McKinstry B et al

Telemonitoring based service redesign
for the management of uncontrolled
hypertension: multicentre randomised
controlled trial.

BMJ. 2013 May 24;346:f3030. doi:
10.1136/bmj.f3030.

Despite the availability of effective
drug freatment, hypertension

remains the most important risk

factor in heart disease and stroke,
estimated globally to account for
approximately 7 million deaths per
year. Infrequent monitoring of blood
pressure and reluctance of clinicians
to escalate treatment may contribute
fo this. It has been suggested that
telemonitoring, where blood pressure
readings taken by the patient at
home are fransmitted via mobile
phone fo a secure website, may
improve monitoring and consequently
reduce blood pressure.

200 participants were randomised
to the intervention and 201 to usual
care; primary outcome data were
available for 90% of participants
(182 and 177, respectively). The
mean difference in daytime systolic
ambulatory blood pressure adjusted
for baseline and minimisation factors
between intervention and usual care
was 4.3 mm Hg (95% confidence
inferval 2.0 to 6.5; P=0.0002) and for
daytime diastolic ambulatory blood
pressure was 2.3 mm Hg (0.9 to 3.6;
P=0.001), with higher values in the
usual care group.

Supported self monitoring by
telemonitoring is an effective
method for achieving clinically
important reductions in blood
pressure in patients with uncontrolled
hypertension in primary care seftings.
However, it was associated with
increase in use of Nafional Health
Service resources. Further research is
required to determine if the reduction
in blood pressure is maintained in the
longer ferm and if the intervention is
cost effective.

CRF Community Research Nurses
supported recruitment, education
and follow-up of 401 patients from 20
general practices across South East
Scotland over an 18 month period.
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Edinburgh’s Clinical Research Facilities - external relationships
and internal organisation
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Edinburgh’s Clinical Research Facilities - Key Contacts

Directors
Professor David Newby
Professor Peter Hayes

Deputy Director
To be confirmed

Research Nurse Manager

Sharon Cameron
sharon.cameron@luht.scot.nhs.uk
0131 2427185

QA Lead

Susan Shepherd
susan.shepherd@luht.scot.nhs.uk
0131 537 3328

Study Information Manager
Fiona White
f.white@ed.ac.uk

0131 537 3359

Administration Manager
Elspeth Currie
e.currie@ed.ac.uk

0131 537 3357

Wellcome Trust CRF
Western General Hospital
Crewe Road South
Edinburgh EH4 2XU
Reception: 0131 537 2591
Fax: 0131 537 3361

Lead Research Nurse

Gerry Cummings
geraldine.cummings@Iluht.scot.nhs.uk
0131 537 3388

RIE CRF

Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh

EH16 4SA

Reception: 0131 242 7183
Fax: 0131 242 7184

Lead Research Nurse

Finny Paterson
finny.paterson@Iluht.scot.nhs.uk
01312427186

Children’s CRF

Royal Hospital for Sick Children
Sciennes Road

Edinburgh EH? 1LF

Lead Paediatric Research Nurse
Kay Riding
kay.riding@luht.scot.nhs.uk

0131 536 0808

Fax: 0131 536 0817

Education Programme

Programme Director: Professor David Webb
Programme Manager: Michelle Evans
michelle.evans@ed.ac.uk

0131 537 3326

IT Programme

Programme Manager: Eizabeth McDowell
elizabeth.mcdowell@ed.ac.uk

0131 537 3353

CORES

Epidemiology and Statistics

Core Director: Sarah Wild
Associate Core Director: Steff Lewis
Core Manager: Cat Graham
c.graham@ed.ac.uk

0131 537 3350

Genelics

Core Director: Professor David Porteous
Associate Core Director: Shona Kerr
Core Manager: Lee Murphy
lee.murphy@ed.ac.uk

0131 537 3370

Image Analysis

Core Director: Professor lan Marshall
Core Manager: Tom MacGillivray
t.j.macgiliviay@ed.ac.uk

0131 537 3351 /0131 242 7756

Mass Spectrometry

Core Director: Dr Ruth Andrew
Associate Core Director:
Professor Brian Walker

Core Manager: Natalie Homer
nhomer@staffmail.ed.ac.uk
0131 242 9333

Research Imaging Centres

Brain Research Imaging Centre (BRIC)
Division of Clinical Neurosciences
Western General Hospital

Crewe Road

Edinburgh

EH4 2XU UK

Director:Professor Joanna Wardlaw
Scientific Business Manager:
Duncan Martin
dmartin2@staffmail.ed.ac.uk

0131 537 2664

Fax: 0131 537 2661

Clinical Research Imaging Centre (CRIC)
Queen’s Medical Research Institute,

47 Little France Crescent, Edinburgh,
EH16 4T)

Director: Professor Edwin van Beek
Co-Director: Professor David Newby
Manager: to be confirmed
01312427767

Fax: 0131 242 7773
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Academic and Clinical Central Office for Research and Development

Wellcome Trust Clinical Research Facility

North Corridor

Western General Hospital
Crewe Road South
Edinburgh

EH4 2XU

Tel: 0131 537 2591
Fax: 0131 537 3361

RIE Clinical Research Facility
Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh

EH16 4SA

Tel: 01312427183
Fax: 0131 242 7184

Children’s Clinical Research Facility
Royal Hospital for Sick Children
Sciennes Road

Edinburgh

EH9 1LF

Tel: 0131 536 0808
Fax: 0131 536 0817

Key Contacts:

Director: Professor David Newby
Tel: 0131 242 6422

E-mail: d.e.newby@ed.ac.uk
Deputy Director:

Tel: 0131 537 3358

Website:

www.wtcrf.ed.ac.uk
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