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Do you struggle to communicate
your research effectively?

We have helped project teams across the world communicate
the results, recommendations and implications of their work by:
• Improving the efficacy of project dissemination
• Reaching global audiences
• Bespoke marketing services
• Joining the International Innovation community
To find out how we can help you disseminate your project more effectively, call us
now on +44 1179 113470 for an informal chat about our services
Or email us at info@researchmedia.eu for more information
To see how we’ve helped researchers across the globe communicate
their findings please visit www.researchmedia.eu

Welcome

to International Innovation
THIS MONTH, IN Brussels, EURAXESS played host to ‘EUROPE: Where Knowledge has no borders’
– a conference bringing together policy makers, business leaders, NGOs, and representatives from
academia and media, and a platform to discuss the beneficial impact of researcher mobility and
international collaboration on economic growth. We at International Innovation were delighted to
accept an invitation to the event, which was a fantastic showcase for European innovation in the
global research arena, and demonstrable proof that working together reaps rewards.
Government austerity measures are sweeping great swathes of the world in the wake of the
global financial crisis; against this backdrop, in order to prevent stagnation in the R&D arena it
will be incumbent on the entire research community to continue advancing their relative fields
while resources are under strain. Encouragingly, as our new Research Roundtable feature testifies
(see pages 101-4), collaboration is at the core of scientific enterprise. Moreover, as technological
advances make it increasingly easy to share knowledge, skills, and computing power with little
concern for geographical barriers, the trend is set to continue. Cornell University’s Dr Robert
Gilmour puts it very succinctly when he affirms: “The days of the lone investigator are largely past”.
In this edition of International Innovation, we focus on some of the most groundbreaking
healthcare research projects from Europe and the U.S., in an effort to disseminate the findings
and methodology to a broader audience. We also present comment and analysis from the sector’s
leading thinkers and exclusive interviews with innovators and pioneers from across the research
spectrum. We are delighted to present an exclusive feature interview with Professor WallbergHenriksson, President of Karolinska Institutet, Sweden, who provides a fascinating insight into the
driving ambitions of the University, from its inception 200 years ago to its current position – only
last year ranked as the highest university in Clinical Medicine and Pharmacy in Europe, and 8th in
the world. To complement this, we showcase a rich vein of international collaboration with Line
Matthiessen-Guyader and Judith St John who speak for respective sides of the EC-US Task Force
on Biotechnology Research, alongside illuminating discussions with Professor Koichi Kitazawa,
President of the Japan Science and Technology Agency, and Patrick Cunningham, Chief Scientific
Advisor to the Government of Ireland, whose problems economically have been well-documented
of late. As always, we also include a wealth of independent contributions from leading players in
health research.
Unique to this edition, we present a special supplement devoted to oral and dental sciences,
featuring a specially selected research showcase, profiles of the National Institute of Dental and
Craniofacial Research and FDI World Dental Association, and exclusive interviews with President of
the International Association for Dental Research – Maria Fidela de Lima Navarro and Dr Wolfgang
Doneus – President of the Council of European Dentists.
At International Innovation, we are working hard to build a dynamic community, bringing together a
diverse range of researchers, funders, policy makers and commercial partners, to showcase the very
best from across the research spectrum. Please don’t hesitate to get in touch to suggest further
improvements, to enquire about a subscription, or to put forward your latest research development
for consideration in our next publication.
Enjoy the issue.
SARAH ANDERSON
sarah@researchmedia.eu
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the way in which Czech research endeavours to improve
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a knowledge-based economy
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Keep in touch with the latest in research dissemination

TESTIMONIALS
I found Research Media to be delightful to work with, and to demonstrate an unusually high level of scientiﬁc and professional expertise with respect
to article editing, suggestions to enhance lay and public understanding, and the ultimate layout of the piece. The ﬁnal publication struck a perfect
balance between scientiﬁc content and practical importance for a diverse readership.
Dr Rick Bucala, Professor of Medicine, Pathology, and Epidemiology and Public Health, Yale
I found the International Innovation folks very helpful. The process is very ﬂexible, and they were very responsive to my suggestions. The ﬁnal article
is very professionally done, and I am thrilled that I had the opportunity to edit the ﬁnal product. I would highly recommend this process for other
scientists who want fair and balanced media coverage with excellent translation and packaging of the implications of their work for the lay public.
Professor Jed Friedman, Director, NIH Center for Human Nutrition Research Metabolism Core Laboratory, UC-Denver
A big thank you for the rapid printing of the AquaTRAIN brochures in time for our Final Workshop held in Orleans last month. All the 100 or so
delegates were provided with one or more copies, and many were very impressed with the quality and editing. The Workshop was a great success,
with quite a lot of media coverage, particularly in France.
David Polya, Project coordinator, AQUATRAIN

ONLINE
EDITION
Missed a
recent edition of
International Innovation?
Why not subscribe now?
The latest healthcare, environment,
and agriculture reports are now
available for your onscreen perusal via
our website, www.researchmedia.eu.
Among the many highlights in our
previous Healthcare edition is an
eight page Joint Research Centre
supplement, featuring exclusive
interviews with the Centre’s Director
General, Roland Schenkel, as well as
Elke Anklam, Director of the Institute
for Health and Consumer
Protection (IHCP).
Subscribe for free – visit http://www.
research-europe.com/subscribe.php to
register now.

LEADERSHIP DIARY
BLOG
Our Leadership Blog is proving everpopular with visitors and has been widely
acknowledged as a source of insightful
comment and debate.
Providing an internationally-recognised
pool of unique insights into areas of
healthcare, climate and environment
research, our current contributors
include Dr Ghassem Asrar, Director of
the World Climate Research Programme;
Karen A Goraleski, Vice President of
Research!America; and Dino Babić,
Vice President of the European Projects
Association. What is more, we are always
seeking new contributors to the blog.
Given our wide audience, this is a highly
useful tool for free, accessible publicity and
dissemination.
If you would be interested in contributing
to the blog – be it on a one-off or more
regular basis – please do get in touch
by emailing Daniel Jopling at danielj@
researchmedia.eu. We look forward to
hearing from you.

4-6 November - Fukuoka, Japan
Fifth International Conference on P2P, Parallel,
Grid, Cloud and Internet Computing
7 November - Shanghai, China
Fifth International Workshop on Ontology
Matching
9 November - Delft, Netherlands
Working conference on ‘research on enterprise
transformation’
10-12 November - Shanghai, China
The First International Workshop on Engineering
a Sustainable City
14-19 November - Sant Feliu de Guixols, Spain
ESF-EMBO Symposium: Molecular Perspectives
on Protein-Protein Interactions
18-19 November - Berlin, Germany
First World Congress on Targeting Mitochondria
19-21 November - Gwalior, India
Sixth International Conference on Next
Generation Web Services Practices
21-24 November - Bielefeld, Germany
ESF-BU-CeBiTec Conference on Microbes and
Industrial Biotechnology 2010
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Delivering all the latest news and views from the world of research

Where knowledge
has no borders

British brain
drain

Cuts in funding could drive
top scientists out of the UK
EURAXESS, a European Commission initiative, is helping
researchers worldwide to conduct their work freely
With the ambitious title ‘Europe:
Where knowledge has no borders’,
the recent EURAXESS event in
Brussels sought to demonstrate
the positive impact that researcher
mobility and international
cooperation can have on career
enhancement and economic growth.
In recent years Europe has seen many
of its best scientists move to the U.S. or
Asia in search of less restrictive research
opportunities. As part of a drive to attract
European academics back to their home
continent, the European Commission set
up EURAXESS to improve the framework
conditions for researchers in Europe, as well
as those wanting to return.

International Innovation were invited to
attend this prestigious event alongside
over 200 delegates including policy
makers, researchers, representatives from
business and industry, research institutes,
non-governmental organisations, public
authorities, academia and media. The
event highlighted Europe’s flexible funding
opportunities and secure job prospects
when compared to other regions of scientific
excellence such as the U.S. and Japan.
Showcasing European innovation and
research at its best, a solar powered plane
and a talking hologram of Commissioner
Máire Geoghegan-Quinn impressed
attendees. The conference was demonstrable
proof that Europe is now asserting its right to
be a global forerunner of research.

In a forthcoming publication we feature an exclusive report and interview with EURAXESS

Rinderpest virus eradicated
UN scientists have confirmed that
they have successfully eradicated
the rinderpest virus, which has
been a deadly threat to cattle
worldwide. The disease that was
once prevalent in the Middle East,
Africa and Asia has become only
the second viral disease, after
smallpox, to have been eliminated
by humans.
6
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The UN’s Food and Agriculture Organization
(FAO) has stated that it will now suspend its
efforts to track and eliminate the virus that
killed between 80-90 per cent of cattle in
Africa just over 100 years ago. The latest FAO
progress report on the rinderpest eradication
programme said: “As of mid 2010, FAO is
confident that the rinderpest virus has been
eliminated from Europe, Asia, Middle East,
Arabian Peninsula, and Africa.”

The coalition government’s
Spending Review could have a
profound effect on Britain’s top
universities and funding bodies.
In their bid to make tens of billions of
pounds worth of savings, the government
could be planning up to 25 per cent cuts
in the UK’s science research spend. Bracing
themselves for such a reduction, The
Medical Research Council is considering
saving £105m by withdrawing from cancer
research, while The Science and Technology
Facilities Council could be forced to shut
down major laboratories like the £145m
ISIS neutron source, Oxfordshire. The
Engineering and Physical Sciences Research
Council will shut down studentships to
manage a prior funding reduction - and
could withdraw up to £135m of awarded
grants if cutbacks are worse.
Such cuts would also put further strain
on a University sector already struggling
to recruit, leading professionals have
warned. Even leading universities such as
Cambridge and Oxford fear researchers
will travel abroad, where funding continues
to accelerate, rather then staying in a
diminished UK research climate. Whereas
countries like France, Germany, Singapore or
the U.S. still offer ample start-up grants, cuts
could reduce the UK’s high global standing
in research in just a few years. Important
research into topics ranging from stem cell
treatments for blindness, cancer and human
fertility to nuclear physics could be preparing
to emigrate. The coalition’s full Spending
Review is published on October 20th.

ACUMEN

Schizophrenia connection

Stemcell
breakthrough
First trial of embryonic stem
cells in humans begins

Neurotransmitter link could bode
well for future drug treatments
New research has demonstrated
a previously unknown connection
between the neurotransmitter
glutamate and one of the most
common severe mental health
disorders.
The link between the condition and brain
chemical dopamine has previously been the
basis for treatments: but drugs blocking its
transmission are not always effective and can
have serious side effects. This new research
has demonstrated that higher levels of
dopamine in sufferers are a consequence of
glutamate, released from the hippocampus,
connecting with the striatum and influencing
dopamine-releasing cells.

Funded by the Medical Research Council,
researchers at the Department of Medicine
at Imperial College, London, measured levels
of dopamine and glutamate in 16 people
with an at-risk psychosis status and in 12
healthy volunteers. In those with early signs
of psychotic symptoms, there was a negative
correlation between glutamate levels in the
hippocampus and dopamine levels in the
striatum – and a marked correlation in those
who later developed psychosis – and no
correlation in healthy subjects.
Contributing factors in mental health
conditions like this – which generally occur
in the late teens or twenties and can persist
for life – are extremely complex. However,
this clearer understanding of the role of
glutamate signalling could lead to drugs that
target it and in turn earlier, more targeted and
effective treatments for schizophrenia.

Make sure you are a registered subscriber to International Innovation. Just complete and return the enclosed
subscriptions form, or go to: www.research-europe.com/index.php/international-innovation

Male infertility
gene discovery
Study identifies contributory mutation
A study’s discovery of the presence
of gene NR5A1 in a small case of test
subjects could pave the way for better
understanding of male infertility.
Up to now, little has been known about the
factors influencing male infertility and often
doctors can find no cause – even though it
accounts for around half of infertility cases. But
this study, which looked at 315 men with an
unexplained ability to produce sperm, found
the gene was present in just seven of those
involved. However, further study of this small
number of cases revealed altered levels of
sex hormones and mild abnormalities in the
testicles’ cellular structure.

Doctors in the U.S. have
commenced the first official trial
of using human embryonic stem
cells in patients. The Food and
Drug Administration (FDA) has
approved a license to American
biotechnology company Geron,
who have spent $170 million
developing a stem cell treatment
to use the controversial cells for
the treatment of patients with
spinal injuries.
Stem cells have the potential to become
a multitude of different cell types in the
body, including nerve cells. The trials are
being conducted at a hospital to ensure
that the treatment is safe. The research
will use embryonic cells that have been
programmed to become nerve cells
which will be injected into the spinal
cord. This treatment has already proven
successful in murine studies, with the
paralysed test mice able to regain some
movement. The experimental treatment
will be offered to patients who have
sustained injury within the last 14 days.
Should the treatment prove a success,
it has the potential to help millions of
people. Every year around 12,000 people
in the U.S. alone sustain spinal cord
injuries. While it will take some time to
analyse the results and overall success of
the trial, doctors hope that this will be the
first tentative step towards a viable largescale treatment. A similar trial is due
to be conducted in the UK next year to
assess the capability of using stem cells
for age-related macular degeneration, a
leading cause of blindness.

The researchers, from UCL Institute of Child
Health in London and the Institut Pasteur
in Paris, conclude that approximately 4 per
cent of men with unexplained lack of sperm
production carry NR5A1 mutations. Male
sperm production is a complex process, so it is
likely that many genes are involved, but a clear
link has now been made between this gene and
physical defects in the testicles or ovaries. It is
hoped that this work will help build a clearer
picture of infertility’s origins and could, in
conjunction with other studies, build a robust
genetic diagnostic test for the condition.
WWW.RESEARCHMEDIA.EU
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International Association
for Dental Research
For close to a century, the IADR
has worked tirelessly to promote
the importance of oral health on a
global scale. Its President,
Maria Fidela de Lima Navarro, tells
International Innovation about the
impact the Association – now with
over 12,000 members – is having on
the dental research community

Could you begin by outlining the background
of the IADR; why it formed and its overall aims
and objectives?
The International Association for Dental
Research was founded on 10th December 1920
by a group of 25 members under the leadership
of William John Gies, a Professor of Biological
Chemistry at Columbia University highly
interested in research related to the dental
field. The dream of the founders – and their
successors – was to establish an international
association like a federation, comprising
of branches spread all over the world, with
sections and divisions which would organise
local meetings where members could present
the results of their experiences, and exchange
new ideas. They started as a small group of
Americans; however, the original goal had
always been worldwide participation, and
specifically to enable clinical researchers and
basic science investigators to work together in
solving the dental problems of humankind. The
association is now present in every corner of
the world. The mission of the IADR is:
• To advance research and increase knowledge
for the improvement of oral health worldwide
• To support and represent the oral health
research community
• To facilitate the communication and
application of research findings.
8
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research itself. Where appropriate, regional coalitions of IADR divisions
are encouraged to join together to submit proposals, implement
programmes, and assist with funding.
Examples of projects eligible for support include those that facilitate:
• Training workshops and grants
• Improved access to scientific information
• Provision of scientific journals
• Fellowship and lecture programmes
• Communications infrastructures
• Training in research methods
• Surveys of oral health that would identify further research needs and
provide experience in conducting research for participants
• Programmes which would advance oral health research, and improve
communications and collaborations in the field
By way of example, there is currently a project that has been
implemented by the Latin American Region called ‘Multi-country
Program to Train and Standardize Trainers on Epidemiological and
Diagnostic Criteria of Dental Caries in the Primary Dentition of
Children Less than 6 Years of Age in Latin America’. There are eight
countries involved in this project and according to partial reports, it
has been successful.

www.iadr.org
How does the IADR advance research and increase knowledge for the
improvement of oral health worldwide?
The IADR supports the Regional Development Program geared to
regions with less developed research programmes. The Association also
offers fellowships and awards to advance research in different fields
and to recognise outstanding scientific contributions in diverse areas of
dental research.
Another important way in which the IADR helps to advance research
and increase knowledge worldwide is by rotating the site where its
General Session is held. Similar to the ‘Olympic effect’ whereupon
the Olympic Games provides a chance for host cities to improve
their infrastructure and boost participation in sport, the country
or region that receives the General Session benefits from the
experience of its attendees – all highly qualified scientists acting in
distinct fields of research. Young investigators and senior researchers
alike leave these meetings energised and committed to carrying out
high quality research.
Consequently, there are great expectations throughout the Latin
American Region concerning the first General Session of the IADR to be
held in Rio de Janeiro from June 20-23, 2012.
Could you describe some the programmes you support to promote oral
health research and IADR activities?
The IADR has a Committee responsible for selecting Regional
Development Program Proposals – submitted by IADR divisions
or sections – that would help initiate research and development
or otherwise strengthen the oral health research infrastructure
in developing regions. Although it is desirable to encourage the
development of a research infrastructure in as many developing
regions as possible, consideration is given to supporting ongoing
initiatives that have demonstrated an ability to promote fundamental

In addition to various fellowships and awards offered by the IADR and its
Divisions and Sections, the Association implemented two new awards
in 2010: the IADR Colgate Community-Based Research Award for Caries
Prevention and the IADR/Academy of Osseointegration Innovation in
Implant Sciences Award. These awards are built upon the success of the
IADR/GlaxoSmithKline Innovation in Oral Care Awards, which are funded
exclusively by GSK. The Innovation in Oral Care Awards consists of three
awards of up to $75,000 that each offer opportunities for investigators to
conduct dental research that will have a direct impact on the oral health
of the public.
The IADR Colgate Community-Based Research Award for Caries
Prevention is funded exclusively by the Colgate-Palmolive Company.
This award of up to $75,000 will be provided annually to recipients
to advance research in the field of cariology and promote oral health
improvement globally, with a focus on community-based research for
the prevention and management of caries. Depending on the proposals
and peer-review, either a single award of $75,000 or multiple smaller
awards not exceeding a total of $75,000 will be offered. The principal
investigator listed in the application must be a current member of
IADR and affiliated with a non-profit academic institution or nongovernmental organisation.
The ‘IADR/Academy of Osseointegration Innovation in Implant
Sciences Award’, sponsored by the Academy of Osseointegration, is
intended to help investigators pursue innovative and novel research in
oral care that involves – but is not limited to – dental implant therapy.
One competitive award of up to $75,000 will be provided to recipients.
The Award will be provided in the form of an unrestricted research
grant which carries no obligation to the recipient’s organisation for
licensure, patenting, or transfer of confidential information.
Other interesting opportunities being offered specifically to student
members by the IADR are the John Gray and Norton Fellowships; these
enable students to gain training and experience in dental related research
outside the recipient’s institution and/or country. In addition, the IADR
is offering a six month training placement abroad in two different
fellowships for full members: the IADR John Clarkson Fellowship to study
aspects of public health relevant to the recipient’s country, and the IADR
Toshio Nakao Fellowship for studies on Dental Materials.
WWW.RESEARCHMEDIA.EU
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To what extent is the IADR considered ‘international’?
The IADR has members linked to Divisions or Sections in every continent.
It is well established in all countries of North America and Europe; almost
all countries of South America; and in many countries of Central America,
the Caribbean, Africa, the Middle East and Asia. Therefore, the IADR is
definitely an international association.
What are the main criteria by which you evaluate the success of
the IADR?
First of all, I would say that the Association is very successful because
it is not only maintaining its membership, but augmenting it. Secondly,
I would say that the indexes that measure oral health are being
systematically improved as a result of the research findings and the
implementation of programmes by local authorities, private enterprises
and oral health practitioners within specific countries.
How do you facilitate the communication and application of
research findings?
Some of the research results are proposed or supported by the industry
to test new products or to evaluate modifications or improvements in
existing products. If the results are favourable and meet the interests of
industry, they are immediately implemented. The research that is done
independently is often published in scientific journals and takes more time
to be disseminated to the public and the government. The IADR owns the
most influential journal: Journal of Dental Research, whose editor prepares
press releases of issues with the most impact and distributes them to
different media outlets. The importance of translating research so that it
improves public health has also been emphasised. The IADR coordinates
and inspires the researchers towards new developments. However, for truly
effective dissemination to take place, there should be specific steps that are
followed all the way from discoveries in fundamental science through to
implementation in public health programmes. Randomised clinical trials,
meta-analyses studies and epidemiological trials should be conducted
successfully in order for local authorities and enterprises to act upon them.
Why is the development of the IADR Headquarters vital for
improved communications with its divisions, sections, groups, and
the general membership?
The IADR Headquarters represents a central authority to guide the
10
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divisions and sections on their courses of action, furnishing them
with the necessary leadership and coordination to implement their
mission. Therefore, it is of utmost importance that the Headquarters
be well structured with human personnel as well as technological
advancements.
How do you see the role of the IADR developing in the future, and
are you planning to look further afield to create a wider network?
Ideally we should hope that IADR would encourage all its members to
be involved with at least one scientific group or network, in order to
optimise cooperation among investigators; enrich the opportunities both
for reaching the goals of improving the oral health of the public through
research; and enhance the communication of research findings and their
implications worldwide.
What direction do you see the IADR taking in the future in terms of
promoting oral health research and its activities?
It is increasingly important to involve scientific groups or networks in
the establishment of protocols and guidelines, and for all members to
obey the IADR Code of Ethics, concerning multidisciplinary and multi
centre studies to be shared by researchers scattered all over the world.
Furthermore, as we look to the future, the interaction among the
several research centres in advanced and developing regions should be
encouraged and strengthened.
Is there any other area of the IADR’s work that you feel it is
necessary to highlight?
I would like to stress the importance of the IADR for the
development of research worldwide, and also the need for local
authorities and free enterprise in every country to be motivated
for the translation of research findings into public health. I would
like to demonstrate this point with the domestic example of Brazil.
The local government and free enterprise increased investment
in science, technology and innovation in the 1990s, resulting in
an exponential increase in the production of scientific papers
being published in high impact journals in all areas of knowledge.
Specifically in the dental arena the production was higher than in
other fields, thanks to the linkage of the Brazilian Society for Dental
Research as a Division of the IADR.

DR MICHAEL PAINE

Acid/base homeostasis
during amelogenesis
Dr Michael L Paine, USC Associates
Professor of Dentistry at the University
of Southern California, outlines his
research into the role of ameloblasts in
the mineralisation of teeth
What is this research primarily focused on,
and what drew you to pursuing this strand
of odontology?

cell nucleus to allow for this gene upregulation.
Answering this would be an important part of
better understanding ameloblast physiology.

The current overall focus of this work
investigates how enamel-producing cells
– ameloblasts – are able to maintain the
extracellular enamel matrix at a pH level
conducive to mineralisation, despite the fact
that during enamel biomineralisation, which
results in a substituted hydroxyapatite crystal
structure, stoichiometric chemistry dictates
that large concentrations of hydrogen ions are
manifest. Ameloblasts must be able to regulate
and deliver buffers to neutralise these protons,
as an acidic environment inhibits mineralisation.

Why is the modulation of pH vital to the
correct development of enamel, and why
are the transport processes that control the
pH of the microenvironment adjacent to
ameloblasts not currently well understood?

What drew me to this topic was a problem
presented to me by Ira Kurtz, a nephrologist at
UCLA, who could identify dental problems in
patients with certain inherited kidney diseases.
In all honesty, the idea of biological research
inspires me more than the actual topic, but here
was an opportunity to look at both a very basic
question related to enamel formation and gene
regulation, and also a question that did have
clinical consequences.

Could you outline the main objectives of
this project?
In the short-term, we seek to understand the
spatiotemporal expression profiles of two
proteins (AE2 and NBCe1) in ameloblasts through
all stages of enamel formation, and how the
gene expression of these proteins is regulated
at the molecular level. AE2 and NBCe1 are both
solute carriers that move bicarbonate ions either
into or out of the cell. We have shown that AE2
and NBCe1 are expressed in ameloblasts in a
polarised fashion, thereby providing a mechanism
for ameloblast transcellular bicarbonate
secretion. As enamel matures, the need for
secreted bicarbonate increases, and both AE2
and NBCe1 appear to be upregulated, and this
can explain the process. However, we don’t
know what or how signals are delivered to the

If a near physiologic pH is not maintained in
the enamel matrix, mineralisation is inhibited
or prevented. Additionally, a very acidic enamel
matrix environment would be toxic to the cells
in the immediate environment. The movement
of ions into and out of ameloblasts has been of
interest to enamel researchers, but it just seems
that no one has focused their attention on defining
which of these ion channels are critical in enamel.
However, it does now seem that the importance of
individual ion transporters such as AE2 and NBCe1
(bicarbonate transporters) in enamel and dental
disease is now being widely recognised.

In what way did you determine whether the
expression levels of AE2 and NBCe1 were
pH dependent?
We do this in a number of ways. Using cultured
enamel cells we can adjust the pH conditions,
and determine if changing the pH to < 7.0
results in an increase in mRNA and protein
levels. This suggests in vitro that the expression
levels of these two genes respond to changes
in pH. Secondly, we can identify the promoter
regions for these two gene transcripts, clone
and link them to a reporter gene, and perform a
similar experiment to see if gene transcription is
responsive to changes in pH.

To what extent do your studies complement
previous findings and further suggest that it
is the lack of the AE2 that plays a key role in
preventing normal enamel maturation?
AE2 is probably even more critical than NBCe1.
As far as I am aware, no mutation in the gene
for AE2 has been identified in human disease,

but AE2 null mice are critically ill at birth or
soon after. It has been suggested to me that
because AE2 is so widely expressed in many
organs, and mutation impacting AE2 normal
function would prevent embryonic or foetal
development, that spontaneous abortion in
early pregnancy would result.

You are funded by the NIDCR. How difficult
has it proved to secure funding over the last
two years given the economic crisis?
I was offered two years’ funding from the NIDCR to
get this project underway as part of the American
Recovery and Reinvestment Act (ARRA) – a very
generous gesture and vote of confidence from
the NIDCR. The challenge now is to return to the
NIDCR in a short time from now with an even
more convincing proposal to continue this line of
investigation. I believe this is a topic of interest
related to dental and medical care, and one worthy
of a financial investment to ensure that greater
dental care is offered to those individuals with
pH-homeostatic conditions impacting on dental
enamel formation. In general I feel that getting
funding for biomedical research has become much
more of a challenge in the past two decades.
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Understanding ameloblasts
Acid/base balance during
the formation and
maintenance of dental
enamel has been subject
to little scrutiny by
scientists. New research
aims to end this trend
and help improve dental
health in those with
chronic conditions that
often result in early
tooth decay

DENTAL ENAMEL IS crucial in protecting
teeth against the daily rigours endured within
the hostile wet environment of the oral cavity.
Consisting of around 98 per cent mineral
content, healthy enamel is extremely hardy,
rarely experiencing mechanical failure, in spite
of repeated loading through mastication,
habitual movements, and sometimes impact.
Essential to mammalian development, enamel
has a unique structure with extraordinary
properties, and is produced by specialist cells
called ameloblasts. Ameloblasts secrete enamel
proteins into the enamel matrix using wellunderstood pathways. Ameloblasts are
also able to organise and deliver
ions in and out of the enamel
matrix in a remarkable
way that has so
far been poorly
understood.

Ameloblastic regulation of ion transport,
a process in which the ions that compose
hydroxyapatite (enamel mineral) are transported
into the enamel matrix while unwanted ions are
moved out, also requires the maintenance of
local pH within a very specific range, which varies
according to the developmental stage of the
teeth. Failure to do so results in a disorganised
enamel structure with inferior mechanical
properties, and as such can lead to accelerated
tooth wear and make the teeth more susceptible
to decay. Understanding the process by which
physiologic pH is maintained, however, is
something that has been the subject of little
research. Researchers have, up to now, mainly
directed their attention towards understanding
the workings of the unique proteins within
the matrix, although this has mainly been to
unravel the mysteries around their assembly and
disassembly, their interactions with each other,
and their interactions with hydroxyapatite.

SWAPPING IONS
AND BALANCING ACID AND BASE
The secretion of bicarbonate ions (HCO3-) by
ameloblasts is thought to be one of the mechanisms
of pH regulation in the extracellular space.
These buffer the excess hydrogen ions (H+)
produced as a by-product of hydroxyapatite
formation. Dr Michael Paine, an Associate
Professor of Dentistry at the University
of Southern California (USC), is one
of the few to tackle the challenge of
studying this process. Inspired by
his co-collaborator, Ira Kurtz (of
UCLA), and funded by two NIH
grants – ‘Enamel Matrix Protein
Interaction’ and ‘Molecular
12
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Mechanisms for Extracellular pH Control During
Amelogenesis’ – Paine is building up a body of
evidence that is helping to uncover the secrets of
dental enamel.
Through their studies into the position of
particular proteins in ameloblasts, the team has
discovered that the solute carrier NBCe1 is located
at the basal pole of the cell, and transfers HCO3ions into the cell cytoplasm from the extracellular
space. On the apical pole, adjacent to the enamel
formation site where high concentrations of H+
are produced, AE2, another solute carrier, moves
HCO3- out of the cell and into the enamel matrix.
With a significant body of work already completed
with rodent models, Paine and his team have
demonstrated that genetic mutations in these
two transporter proteins can cause disruption to
this delicate homeostasis.

OF MICE AND MEN
Genetic mutations of NBCe1 are already known
to cause proximal renal tubular acidosis through
dysfunctional HCO3- transport. This congenital
condition is associated with systemic acidosis
which is difficult to treat effectively. Defective
dental enamel is also one of the sequelae of
this mutation, although the exact cause of
this has been unclear. Paine’s team has so far
demonstrated that NBCe1-null mice produce
extremely soft enamel with a highly disorganised
structure. They have speculated that these mice
would experience accelerated dental erosion and
degeneration, although this has been hard to
prove as affected mice normally die by the age of
14 days due to the toxic acidity of their blood.
The relative contributions of systemic acidosis
and ameloblast ion transport dysfunction towards

INTELLIGENCE
ENAMEL MATRIX PROTEIN INTERACTION
/ MOLECULAR MECHANISMS FOR
EXTRACELLULAR PH CONTROL DURING
AMELOGENESIS
OBJECTIVES
The goal of this project is to identify enamel
anomalies associated with disruptions to acid/
base homeostasis during the time of enamel
development (amelogenesis). Beyond this
granting period the goal is to determine the
dental treatment needs for patients with
complex medical conditions related to acid/
base homeostasis that complicate oral health.

FUNDING
National Institute of Dental and Craniofacial
Research (NIDCR); NIH

In humans, if acid/base problems can
be identified at birth, ensuring optimal
internal pH conditions for dental
development should be a priority
enamel defects has so far been hard to define,
as Paine admits, although his team is currently
investigating this aspect. They have started to use
an organ culture system to grow teeth collected
from embryos to remove the pH variability seen
post-birth in vivo. Data from these experiments
should be able to explain, at least partially, the
different contributions of abnormal ameloblast
physiology vs systemic acidosis as it impacts
enamel. The team also plans to determine the role
of pH-dependency in the expression of NBCe1
and AE2 in vivo in murine subjects, and how their
expression changes at different stages of enamel
production; indeed, they are investigating geneexpression profiles in ameloblasts at all stages of
enamel formation, and hope, on a genome-wide
scale, to look at how individual gene expression
profiles change throughout the various stages of
enamel formation.

THE RAISON D’ÊTRE
The implications of NBCe1 and AE2 mutations
for dental enamel have yet to be proved in
human subjects, while there also appears to be
a correlation between other genetic defects and
enamel dysfunction. These include abnormal
cystic fibrosis transmembrane conductance
regulator (CFTR) and carbonic anhydrase II
(CA2) proteins, which are responsible for cystic
fibrosis (CFTR) and some cases of osteopetrosis
(CA2). The current evidence implicating these
mutations in enamel defects is sparse, but again
is begging for future research: “The connection
seems obvious, but more investigation and
better documentation is needed to fully
understand the role that NBCe1, AE2, CFTR, and
other transporters, as well as other pH regulators
such as carbonic anhydrase II (CA2), play in tooth
formation,” Paine muses.

CONTACT
Michael L Paine, BSc, BDS, PhD
USC Associates Professor of Dentistry

In humans, disruptions to NBCe1 expression
also appear to have dental consequences,
although dental healthcare is typically not a
high priority, probably because of the other
serious medical conditions needing more
immediate medical attention. But dental care
is important because, unlike affected mice
that die early after birth, many patients can be
medically managed throughout their lifetime,
and early preventative dental treatments would
eliminate the need for very expensive surgical
and prothodontic treatments later in life. Paine
elucidates on this point: “Once the crown of a
tooth is fully developed, there are no second
chances, what erupts is what you have unless
dental restorations are added”. He continues:
“In humans, if acid/base problems can be
identified at birth, ensuring optimal internal
pH conditions for dental development should
be a priority; and, once teeth start to erupt
(primary dentition at about six months of age
and secondary dentition at about six years), it is
very important to assess the condition, and start
immediate preventative treatments to prevent
excessive wear or decay”.

Center for Craniofacial Molecular Biology
Herman Ostrow School of Dentistry
University of Southern California
2250 Alcazar Street
CSA103 Los Angeles
CA 90033
USA
T +1 323 442 1728
F +1 323 442 2981
E paine@usc.edu
www.usc.edu/programs/pibbs/site/
faculty/paine_m.htm
DR MICHAEL L PAINE completed his
dental training (BDS) and PhD at Sydney
University. His research interests over the
past decade have revolved around enamel
formation, most notably the proteins that
form the enamel matrix and guide enamel
mineralisation. More recently, he has begun
studying acid/base regulation in enamel cells
and the importance of this process during
enamel mineralisation.

DEALING WITH AUSTERITY
As with many other scientists, Paine is
philosophical in regard to the difficulty in
obtaining funding for his work, and is grateful
for what he has managed to secure so far:
“Getting funding, in my career, remains perhaps
the biggest obstacle. But when all is said, I have
been fortunate that I have worked with good
people and I have had enough funding to keep
me busy in the lab”. Amongst those good people
is Rodrigo Lacruz, a Research Associate whose
knowledge and laboratory skills have played a
large part in the successes of this project.
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Council of
European Dentists
Since its inception in 1961, the CED has been championing the highest
standards in oral health, and it now represents over 320,000 European
dentists. Its President, Dr Wolfgang Doneus, sets out the remit of the
organisation and the vital work it carries out across the continent

Could you outline the CED’s mission? How has it developed since it
was established in 1961?
The Council of European Dentists (CED) was established in 1961 as
the EU Dental Liaison Committee to advise the European Commission
on matters relating to dentistry. We changed our name to the CED in
2006 when we also became a non-profit organisation under Belgian
law. The volume of our work since the 1960s has grown in proportion
to the importance of the EU in areas impacting European dentists,
particularly health, internal market and education policies. Today, our
main goals are promoting high standards of dentistry, dental care and
oral health in Europe.
Representing over 320,000 dentists across Europe, the CED is
composed of national dental associations and chambers from 30
European countries. What benefits are brought about by bringing
together these associations?
The CED brings together dental organisations from 26 EU Member
States; all EU countries are represented with the exception of Romania,
which we hope to remedy soon. All our members meet twice a year for
the CED General Meeting, which is the highest decision making body of
our organisation. The General Meeting adopts CED resolutions and other
policy, prepared in advance by our Working Groups and Task Forces.
These are composed of experts on specific issues and meet as necessary
during the year.
We are also open to dental associations from countries that are official
candidates for EU accession, and from countries who have signed the EEA
agreement; they may apply for observer status in the CED. This allows
14
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them to attend and participate in debates of the CED General Meetings,
and to receive and exchange information under the same conditions
as our full members. This has proven invaluable, particularly for dental
associations from the new EU Member States, as they were able to follow
developments in dentistry in the EU before their accession to the Union.
To what extent do you promote partnerships between your
members?
Through our plenary meetings and through the activities of our Working
Groups and Task Forces we are able to stimulate discussion and build
consensus among European dentists about issues that affect them both
at national and EU level. We find that this builds a strong sense of joint
purpose and solidarity among dentists, all to the benefit of European
dentistry. It also allows the CED to serve as a real voice for practising
European dentists in Brussels and across the EU by providing their
expertise to decision makers and allowing them to make the best possible
decisions in the interest of European health.
What do you see as the biggest challenge facing dentists today?
We are concerned at the apparent trend across Europe to regulate and
sometimes over-regulate healthcare, imposing more and more rules to
which dentists must comply. We feel that many of these regulations,
which often do not differentiate between primary care and hospital care,
do not necessarily result in increased patient safety or greater quality of
dental care. Rather, they require dentists to devote much of their working
time to administration, keeping them from their core tasks which are
treating and interacting with patients. We would therefore hope that
whenever new regulations are drafted, dentists are consulted in advance,
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and the total cost of compliance is considered. Dental science in Europe
is primarily a liberal profession and we believe that the self-governing
character of liberal professions should be respected.
Could you outline some of the strategies you are employing to
promote high standards of oral health and dental care?
High standards of oral health and dental care are at the very heart of
our policy work. This goal is reflected in everything that we do. For
instance, we believe that to achieve high standards of oral health in the
EU the European population needs to have access to a highly qualified
workforce of professional dentists. To ensure this we are contributing to
the assessment of the Directive on mutual recognition of professional
qualifications (Directive 2005/36/EC) and have suggested to the
Commission to update the list of study subjects which have to be
included in all European dental study programmes. We believe that
the list needs to include more subjects and especially subjects that
are relevant today and reflect the scientific and technological progress
and demographic changes of the recent years. As an example, we have
proposed that genetics, biomaterials and dental implantology should be
studied by every dental student in the EU.
By what measures is the CED promoting high standards of oral
healthcare and effective patient safety-centred professional practice
across Europe?
The CED believes that high standards in dentistry are primarily the ethical
responsibility of the individual dentists providing dental care, and through
them, of professional associations. In our Code of Ethics for Dentists in
the European Union, which we adopted in 2007 and which amended

previous versions from 1965, 1982, 1998 and 2002, we listed the general
principles which all dentists should respect in their professional work.
These principles, including considering the patient’s best interests as
paramount, contributing to the wellbeing of society, and practising
according to sound scientific knowledge and skills which dentists
must continue updating throughout their professional lives, underpin
professional codes in all EU countries. However, the national codes
necessarily reflect different cultures, traditions and needs of the public
and patients in the various countries; we do not believe that harmonising
them at EU level would be beneficial.
In what way are you involved with the European Institutions
and Parliament?
As mentioned earlier, the CED was initially established to advise the
European Commission; we continue to take this role of an advisor and a
partner to the European Institutions very seriously. The CED is a member
of the European Health Policy Forum, a group of stakeholders that work
with the Commission on developing new EU health policy. We also
participate, together with representatives of Member States and other
European healthcare associations, in the Working Group on Patient Safety
and Quality of Care, the Working Group on Healthcare Professionals
and the Medical Devices Expert Group. We also regularly contribute
to the risk assessment work of Commission-administrated scientific
committees: Scientific Committee on Consumer Safety (SCCS), Scientific
Committee on Health and Environmental Risks (SCHER) and Scientific
Committee on Emerging and Newly Identified Health Risks (SCENIHR).
Furthermore, we maintain constant dialogue with the Members of
the European Parliament (MEPs), particularly in connection with the
WWW.RESEARCHMEDIA.EU 15
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Parliament’s legislative work, and we provide the MEPs with concrete
proposals for amendments that we hope are eventually reflected in final
versions of European legislation.
Could you offer an example of how the CED has developed and
executed policy in order to achieve its objectives?
Most of our policy work does not consist of campaigns with clearly
defined start and end dates; rather, our work is a continuous process
that can go on for many years. For instance, the European Parliament
is currently considering the draft Directive on the implementation of
patients’ rights (the Cross-border Directive). This Directive has a long
history, starting in the decision to exclude healthcare from the so-called
Services Directive in 2006 due to the particular social value of healthcare.
The CED contributed to that decision by building a strategic coalition
with other European associations of healthcare professionals and by
lobbying Member States, MEPs and the Commission.
When the first draft of the Cross-border Directive was presented by the
Commission in the summer of 2008, the CED immediately convened
a meeting of the Task Force Internal Market, whose members met in
Brussels, analysed the text of the proposal from the perspective of
dentists and drafted a CED resolution on the issue. This resolution was
discussed and adopted by all CED members at the next General Meeting,
confirming the dentists’ position on cross-border healthcare: safe and
high quality dental treatment should be based on continuity of care and a
strong dentist-patient relationship.
Dental treatment often requires a series of visits to the dentist for
effective execution and the provision of follow-up care, particularly in
case of complications. When patients seek treatment abroad, the overall
quality of care is difficult to ensure. Patients should therefore have access
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to complete and impartial information about the possible negative
consequences of receiving treatment abroad and should not be coerced
or encouraged, for instance through advertisements by commercial
entities promoting cheap dental tourism across the EU.
The CED position of 2008 was used as the basis for developing specific
amendments within the Task Force for the many reincarnations of the
draft Directive: the European Parliament’s first reading report, the Council
common position and the parliamentary committee’s second draft
report which is currently being discussed. We were satisfied to see that a
number of our proposals found their way into the Directive, either word
for word or in principle, and we continue to participate in the process
which we hope will lead to the adoption of the Directive within the next
few months.
The adoption will not mean the end of our work: we intend to
continue to contribute to the Commission’s work in developing
implementation measures for the Directive, implementing the
Directive at national level, and evaluating the functioning Directive
which is likely to follow five years later. In 10 years’ time I could
imagine us working towards a possible review of the Directive to iron
out any glitches.
What criteria ensure the CED is based on principles of openness
and transparency?
The CED strives to operate in a democratic and transparent way, which
includes our internal communications with our members and our
communications with the Institutions.
Our policy is developed and adopted in a very democratic way. All our
member organisations have a right according to our Statutes to nominate
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an expert to any of our Working Groups. In addition, our resolutions,
which represent our overarching policy direction, are adopted by the
General Meeting, often following a spirited discussion. We are continually
developing new ways of keeping all our members informed and involved
in policy work even between the General Meetings, which is often
challenging but ultimately rewarding.
We are registered in the European Commission’s voluntary Register of
Interest Representatives and all our representatives in their contacts
with the Commission abide by the Code of Conduct for Interest
Representatives. This includes correctly identifying ourselves in contact
with EU staff, declaring our interests and providing information that is
unbiased, complete, up-to-date and not misleading. We see this not only
as an ethical obligation but also as an investment in building long-term
relationships with the officials, built on trust and mutual respect. I am
convinced that in the long term we would not be able to do our work
effectively if we behaved in a less than ethical manner.
Where do you see the CED in the future? How do you see its
role developing?

Is there anything pertinent you wish to add?
I would like to encourage anybody who is interested in European
dentistry to take a look at our publication, EU Manual of Dental Practice,
which is available to the public free of charge on our website (www.
eudental.eu). The EU Manual provides an overview of dental practice
and regulations in the EU and in selected other countries. It includes
information – accumulated for the EU and per country – on the education
and training of dentists, dental workforce, registration of dentists,
monitoring of standards in disciplinary procedures, professional liability
insurance systems and procedures for patient complaints. We found the
EU Manual to be a very useful source of information, both for dentists
wishing to temporarily provide services or move to another EU country,
and for patients seeking dental treatment abroad.

www.eudental.eu

The core role of the CED was, is and should remain aggregating the
expertise of our members on dentistry and oral health, translating it
into policy they can agree upon and transmitting it to the European
Institutions. We are bombarded with new issues vying for our attention
every day, and one of the biggest challenges for our organisation in the
future is developing the ability to differentiate among these issues and
to focus on the ones with the greatest potential impact on patient safety
and quality of dentistry in the EU. I hope that we will be able to maintain
and strengthen our voice in Brussels by providing timely and relevant
input into European legislation and other initiatives.

WWW.RESEARCHMEDIA.EU 17

DR MANI ALIKHANI

Exploring bone development
Dr Mani Alikhani, co-founder of the Consortium for Translational Orthodontic Research (CTOR),
outlines his current studies regarding the role of transcription factor Foxo1 in skeletal development
Furthermore, we checked our embryos for any
of these side effects to make sure the defects
observed were only due to changes in osteoblast
differentiation. We also checked to make sure
that only Foxo1 was silenced and the other
members of Foxo family of transcription factors
such as Foxo3 or Foxo4 were not silenced. Our
findings demonstrated that if you only silence
Foxo1 during osteoblast differentiation, you can
interrupt the intramembranous bone formation
(where bone directly is made from mesenchymal
cells). This had a great effect on bones of the
craniofacial area, since the majority of these
bones are produced through this pathway.

Could you outline your research into the effect
of the transcription factor Foxo1 in skeletal
development?
Foxo1 is known for its role in cell cycle control,
apoptosis and metabolism, but its role in
mesenchymal cell differentiation, and particularly
osteoblast (bone cells) differentiation, was
previously unknown. We noticed that some of
the genes that are expressed during osteoblast
differentiation have Foxo1 binding sites in their
promoter which suggested that these genes may
be regulated by Foxo1. From these genes, Runx2
was very promising, since it is considered the
main factor for osteoblast differentiation. Further
analysis of the promoter of Runx2 – carried out
by assay studies, mutation studies and promoter
activity studies – demonstrated that Runx2
is a target for Foxo1 transcription factor. It is
interesting that Foxo1 at the same time prevents
the mesenchymal cells from becoming adipocytes
(fat cells) or myoblasts (muscle). Putting these
discoveries together, it seems very logical to
assume that activation of Foxo1 prevents the
mesenchymal cells from becoming fat or muscle,
while simultaneously pushing them to become
bone cells.

What methods have you utilised to modify
Foxo1 transcription without disrupting the
developmental processes that are associated
with this gene?
We decided to silence Foxo1 in the later
stage of embryonic life, close to the time
that mesenchymal cells differentiate into
osteoblasts. The reason for this decision was
to reduce the side effects of silencing Foxo1 on
any other critical process such as angiogenesis,
proliferation, apoptosis or even the metabolism.
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INTERNATIONAL INNOVATION

From our in vitro, ex vivo and in vivo work
we determined that Foxo1 can regulate
skeletogenesis at two different stages: one at
the stage of determination, when the fate of
mesenchymal cells is determined; and the second
at differentiation, when the cells have entered
the osteogenic pathway and start to function as
osteoblasts.

To what degree has collaboration been
important in your research, both generally and
specifically regarding your work on the role of
Foxo1 in skeletogenesis?
Dr Cristina Teixeira and I are very fortunate to
collaborate with different laboratories around
the world. Science has advanced so much
that nowadays, without collaboration,
you cannot do any meaningful
research. We have collaborators
from the U.S., Canada, the
UK, Germany, Portugal,
Japan, Korea and Brazil,
each contributing
significantly to our
research.

Could you
detail CTOR’s
key areas of
research?
At present,
CTOR
laboratories
have five main
projects, and many
smaller projects. Our
core areas of research
are:
• Understanding the role of
different transcription factors

such as Foxo1 in controlling skeletogenesis
• Delivering high frequency forces for bone
formation in the craniofacial area (this project
resulted in a patent that has been licensed and is
at the stage of production by a company)
• Use of osteoperforations for accelerated tooth
movement (this project has a patent application
pending, and is in the process of production by
a company)
• Tissue engineering; growing bone for grafting
where it is needed such as cleft palates. This
project explores the endochondral bone
formation pathway to make bone that can grow
with the patient
• Molecular orthodontics: in this project we are
investigating the bone and soft tissue response
at the molecular level during orthodontic
treatment with hopes of developing better
diagnostic and therapeutic tools
We have 26 members in our lab who are working
in different aspects of these projects.

DR CRISTINA TEIXEIRA

Advancing translational research
Working alongside Dr Alikhani in this promising research is Dr Cristina Teixeira. Here, she outlines
the pivotal role CTOR plays in supporting collaborative efforts in translational orthodontic studies
Could you begin by describing your role in the
research into Foxo1 and skeletal development?
In vitro evidence suggested that Foxo1 might be
important in controlling the fate of mesenchymal
cells, by favouring osteoblast differentiation and
shutting down the fat and muscle pathways.
If that was the case, Foxo1 would be signalling
upstream of Runx2 (considered the earliest
marker of bone cells). As a developmental
biologist and a molecular biologist, I have the
skills to investigate if Foxo1 is important in
skeletal development in vivo or ex vivo, using
limited research resources. And that is what we
did in a very novel and inexpensive approach
– using gene therapy. We infected pregnant
mice with a virus that carried a microRNA for
silencing Foxo1 in the embryos. We also silenced
Foxo ex vivo in little bones growing in culture
dishes. It was very exciting to find that deleting
Foxo1 impaired bone formation in both type of
experiments. And now we have strong evidence
to support investment of research funds in
developing conditional knockouts.

In your work into the role of Foxo1 on skeletal
development you identify that the effect of
this transcription factor could be due to a
direct effect on chondrocyte differentiation
or maturation. Could you describe what work
you are currently undertaking into this area as
a result of this caveat?

We are currently applying for NIH funding to
answer exactly that question and we just started
collecting preliminary data. We also found
another possible connection to a devastating
but rare disease where muscles and tendons turn
to bone called FOP (Fibrodysplasia ossificans
progressiva), and we hope to do some research on
this condition too.

As well as practising and teaching
orthodontics, you hold qualifications in
Oral Biology (MSc) and Developmental
Biology (PhD). To what extent has your
clinical practice and teaching influenced
your research activities? Have you had to
compromise in order to balance your practice
with research commitments?
Being a clinician and a teacher does affect my
research interests. While my scientific curiosity
motivates me to find out how biological systems
work, how bone is made or resorbed, my contact
with patients and students keeps me grounded
on the ultimate objective of biomedical research:
improving patient care, and preventing and
treating diseases.

You are co-founder of the Consortium
for Translational Orthodontic Research
(CTOR); could you outline your aims for this
new venture?
In my personal opinion, some scientists
get lost in the game of science:
applying for grants, publishing
their results, investigating
detailed pathways for
a lifetime without
ever asking, ‘What
is the impact of
my work in the
field, in people’s
lives?’ On the
other hand,
clinicians are
so far removed
from the
biological and
biomechanical
principles
which allow
successful
treatment.
They believe
that having
a new gadget
constitutes a

significant scientific advancement in the field.
Between these two extreme ‘modus operandi’
there is a large group of people interested in
collaborating for the improvement of patient
care. Our aim with CTOR was to create a venue;
a space where these scientists and clinicians
can get together, exchange ideas, ask questions
and conduct research that will ultimately
benefit our patients, improve the delivery of
care, prevent bone loss or replace it when it
is lost. I think these are exciting times in the
dental field and I think CTOR is already playing
an important role in the advancement of
translational research.

Could you describe the future of CTOR? How
are you hoping the Consortium will develop in
the next few years?
CTOR does not want to be exclusive but
include other dental and medical specialties’
interests, especially when more and more
evidence is connecting oral health to
systemic health and the mouth offers exciting
opportunities for non-invasive diagnosis. I
hope CTOR will create solutions by bringing
together knowledge from different fields – in
fact, I believe we are already doing so. For
example, one of CTOR translational projects led
to the development of a method and device to
increase the quality and quantity of bone in the
jaws, by replacing lost mechanical stimulation.
Another of CTOR’s projects is mimicking nature
to engineer bone that could grow with the
patient, instead of a bone graft that remodels
and shrinks, as is the case with all current bone
replacement approaches. These two projects
overlap the fields of biomedical engineering
and bone biology.
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DR MANI ALIKHANI

Transcendental
developments
THE BYZANTINE NATURE of science research is
such that empirical discoveries invariably throw
up further questions; advancements in knowledge
are made through incremental steps: findings or
breakthroughs facilitate the formulation of new
hypotheses, which in turn are tested and engender
further studies. In the healthcare domain, research
is conducted in the hope that findings will enhance
our understanding of diseases or conditions so that,
in the long term, safe and effective therapeutic
treatments can be developed, harnessed or
enhanced. Yet investigations into the complexities
of specific and narrow aspects of biological systems
can become tangential and, at times, somewhat
myopic and greatly removed from fundamental
questions. The merits of such studies are – be it
rightly or wrongly – questioned from time to time
by the media and, indeed, the general public at large.
The situation is no different in regard to dental
research. Studies in the field are wide-ranging,
and there is notable crossover between bone
biology and orthodontics. Furthermore, translating
studies from the laboratory to patients is typically
demanding in terms of finance, human capital
and time. It requires great commitment, support
and diligence from individuals with demonstrable
expertise in specialised fields.

BRIDGING THE GAP
Acknowledging that collaboration is pivotal in
both developing dental treatments and abetting
the future of dental care in the long term, a pool of
researchers and clinicians have established a seminal
foundation to facilitate greater coordination among
the dental research community. The Consortium
for Translational Orthodontic Research (CTOR) has
been developed as a focal point at which scientists
and clinicians can communicate, interact and
transfer knowledge with the aim of improving the
quality of care afforded to patients. Dr Mani Alikhani,
Assistant Professor at the Orthodontics Department
of New York University (NYU), U.S., is co-founder of
the foundation. After having dedicated a large part
of his career to orthodontic research, Alikhani and
his colleagues – among them Dr Cristina Teixeira,
Associate Professor of Basic Science and Craniofacial
Biology at NYU – appreciated the need for a vehicle
through which dialogue could be mobilised among
key actors within the field. He recalls: “We were
thinking how we can make a bridge between
science and clinical work and how we can promote
the science that can be translated into clinical
applications. Therefore we decided to create a centre
where scientists and clinicians can come together to
help find better treatment for patients”. And the
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burgeoning centre is already sowing the seeds for
the future of dental research: by integrating basic
and clinical science with industrial resources, CTOR
has proven to be a key driver in the success of a series
of research programmes, mobilising translational
studies in the pursuit of therapeutic treatments. In
addition, the Consortium aims to establish itself as a
cornerstone in the dissemination of findings among
the research community.

INTERNATIONAL REMIT
Significantly, the foundation’s vision is not
restricted to a regional or even national level.
Instead, CTOR fosters multinational collaboration
and provides training for visiting faculty, which to
date have arrived from regions diverse as South
Korea, Portugal and Brazil. Alikhani is keen to
emphasise the significance of this aspect of the
Consortium’s remit: “We wanted to have a place
for people from all around the world who may not
have access to research facilities but would like to
get involved in research, to come and learn how to
do research, and then continue to collaborate with
us when they go back to their countries,” he states.
“So far we have been very fortunate in receiving
so much attention from all around the world. We
believe science belongs to everybody and our job is
to promote that.”

INSIGHT INTO STUDIES
Presently, CTOR is supporting and mobilising
research in five key areas of orthodontic and bone
biology research:
• Molecular Orthodontics, in which the responses
of hard and soft tissues to orthodontic forces are
being studied
• High Frequency Forces, focusing on bone and
accelerated tooth movement in humans and
animals
• Regulation of Skeletogenesis, exploring
novel transcription factors and other
molecules regulating endochondral and
intramembranous ossification
• Tissue Engineering, utilising the
endochondral pathway to engineer
bone that can grow to correct
craniofacial defects
• Accelerated Tooth Movement, in
which tooth movement models
are being employed to investigate the effect
of cytokine expression on the rate of bone
remodelling and tooth movement

The Consortium for Translational
Orthodontic Research is working to
harmonise researchers and clinicians
in a collaborative and integrative
environment, with the long-sighted
goal of improving patient care
As a testament to its role in facilitating and
supporting translational studies, CTOR has already
been involved in the development of pioneering
techniques and devices that could help to shape
orthodontic treatments in the near future. In
June this year, CTOR announced that two patents
have been licensed and approved by Alveologic
Inc., paving the way for the emergence of two
new devices which could penetrate the market
as soon as next year. The first of these will enable
orthodontists to engender tooth movement via a
minimally invasive procedure, while the second
device presents a means of increasing bone
quantity and quality in the jaw.

IDENTIFYING TRANSCRIPTION FACTORS
Alikhani and Teixeira’s research
has recently involved studying
skeletogenesis
at
the
embryonic stage of life; in
the course of their studies
they have identified that
the Foxo1 transcription
factor has a novel role
during the differentiation
of mesenchymal cells
(multipotent stem cells)
into osteoblasts
(bone-forming
cells).
A
significant
amount of
C T O R ’s

resources are invested in research programmes
concerned with identifying the factors that control
bone formation and function. The motive behind
this is simple: knowledge of the basic processes
by which bones are developed in utero can be
translated in the development of therapeutic
treatments to maintain or repair bone that has been
adversely affected due to pathology or trauma.
In this regard, an appreciation of bone biology is
integral to efforts to harness effective treatments
or remedies for debilitating bone diseases.
Transcription factors such as Foxo1 control the fate
of mesenchymal cells. During cell differentiation,
mesenchymal cells differentiate into a number
of cell types, including adipocytes (fat cells),
myoblasts (muscle cells), osteoblasts, and
chondrocytes (cartilage). Alikhani and Teixeira’s
studies have indicated
that Foxo1 can prevent
mesenchymal cells
from turning into fat
or muscle; in doing
so, the transcription
factor pushes the
cells towards the
osteogenic pathway.

Indeed, many genes involved in osteoblast
differentiation are regulated by the Foxo1
transcription factor.

INTELLIGENCE

CLINICAL BENEFITS

OBJECTIVES

Crucially, research supported by – and conducted
in conjunction with – CTOR takes place in a culture
where scientists and clinicians are set upon their
goals. Those involved are resolved to further our
understanding of skeletogenesis and orthodontics,
with the aim of delivering viable treatments for a range
of patients of all ages and with various conditions.
Among these are infants born with craniofacial
anomalies, such as cleidodcranial dysplasia and cleft
palate. Alikhani highlights the significance of studies
in this area: “Our understanding of the development
of these anomalies is very limited. We hope that
by expanding our knowledge in this field we can
develop better
diagnostic and
therapeutic
tools,” he
comments.

ROLE OF FOXO1 IN SKELETAL
DEVELOPMENT
Studies demonstrated that Foxo1 can prevent
mesenchymal cells to become fat or muscle
and push these cells toward osteogenic
pathway. Silencing this transcription factor in
mice embryos was accompanied by disruption
of osteoblast differentiation and bone
formation causing skeletal defects similar to
cleidocranial dysplasia in humans.

FUNDING
NIH - NIDCR

CONTACT
Mani Alikhani, DMD, MS, PhD
Assistant Professor
Orthodontics
New York University
850-855 Schwartz, 345 East 24 Street
New York, USA
T +1 212 998 9224
E mani.alikhani@nyu.edu
Cristina Teixeira, DMD, MS, PhD
Associate Professor
Basic Science & Craniofacial Biology
New York University
850-855 Schwartz, 345 East 24 Street
New York, USA
T +1 212 998 9958
E cristina.teixeira@nyu.edu
www.orthodonticscientist.org
DR TEIXEIRA is currently Associate Professor
at the New York University College of
Dentistry in the Department of Basic Science
& Craniofacial Biology. She has a Certificate of
Orthodontic, a Master in Oral Biology, and a
PhD in Developmental Biology from University
of Pennsylvania. She is a founding member and
co-director of the Consortium for Translational
Orthodontic Research (CTOR). In the past years
Dr Teixeira has received numerous awards and
recognitions including the 2006 B F Dewell
Memorial Research Award.
DR ALIKHANI is currently Assistant Professor
at the New York University College of Dentistry
in the Department of Orthodontics. He
has a Certificate of Orthodontic, a Master
in Biomedical Engineering, and a PhD in
Molecular Biology from Boston University. In
collaborations with Dr Teixeira, he conducts
NIH funded research in the areas of craniofacial
skeletal development, bone tissue engineering
and tooth movement. He is a founding
member and co-director of the Consortium for
Translational Orthodontic Research (CTOR).
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FDI World
Dental
Federation
Representing more than 1 million
dentists worldwide, FDI World
Dental Federation, headed by
Jérôme Estignard, Interim
Executive Director, is leading the
world to optimal oral health

ACCESS TO ORAL healthcare is a major problem across the world; in
recent years, even developed countries have been burdened by expensive
treatments and a scarcity of dental professionals. With more importance
being placed on other aspects of healthcare, the benefits that good oral
health brings to the wellbeing of a nation have long been neglected.
FDI World Dental Federation represents more than 200 National Dental
Associations and specialist groups. Their vision is to address dental issues
by acknowledging that oral health is a fundamental part of general health
and wellbeing. They seek to bring this objective to life by acting as a
global voice for oral health, developing and promoting oral health policy,
as well as continuing professional education and access to care.
A Council of delegates from member associations supports the 1
million dentists worldwide that comprise the Federation. Five standing
committees conduct work in the key areas of dental practice, science,
communications and member support, education, and world dental
development and health promotion. However, Jérôme Estignard, FDI
Interim Executive Director, asserts that the organisation’s members
always remain its primary focus: “We are seeking to enhance services for
our members, taking into account advice and opinions from all members,
National Dental Associations and stakeholders”.
Improving oral health is a challenging task and requires collaboration
with many different organisations. FDI World Dental Federation
maintains active dialogue with governments and global health alliances
alike to ensure oral health remains a priority. Although an NGO, FDI
World Dental Federation has also fostered partnershipss with the UN and
the World Health Organization, amongst others.
To guarantee a high level of interaction across the world the FDI World
Dental Federation is organised into five geographic areas: Africa, Asia
Pacific, Europe, Latin America, and North America, with each region
promoting the objectives of the Federation and encouraging cooperation
between member associations in that area.
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www.fdiworldental.org
GLOBAL ORAL HEALTH
Oral health is a vital part of an
individual’s and a country’s general
wellbeing, and is thus a key factor in what
the FDI calls a ‘successful and productive
society’. They emphasise the correlation
between quality of life and the economic
and social development of countries as
a whole. FDI World Dental Federation’s
international perspective envisages policy
as the unified global voice for the dental
profession: “Last month FDI hosted
the Annual World Dental Congress in
Salvador da Bahia, bringing together close to 10,000 participants
worldwide,” Estignard states. “Striving towards better oral health never
stops and we are now focusing on building a solid foundation for the
work ahead of us.”
Through continuing education, FDI World Dental Federation bolsters
development – not only a crucial part of dentistry but also an essential
aspect of modern evidence-based dental practice. Dentists need to be
kept informed of the latest clinical and theoretical information, and the
Education Committee of the FDI World Dental Federation organises a
number of events to address this need.
Using these strategies, FDI World Dental Federation is championing
the importance of oral health and demonstrating its vital role in
improving the wellbeing of countries worldwide. As the FDI’s Executive
Director leading the organisation forward, Estignard feels privileged
with the trust that the FDI has placed in him and is very enthusiastic
about their future: “With the support of the FDI Council, numerous
volunteers, head-office staff and our partners, FDI is continuing its
journey towards the vision of optimal oral health for all”.

PROFILE

National Institute of Dental
and Craniofacial Research

Taking on the world’s most widespread medical
conditions, the NIDCR aims to make tooth decay,
gum disease and oral cancer things of the past
THE WORK OF the National Institute for Dental and Craniofacial Research
(NIDCR) addresses major challenges; indeed, the conditions within its
remit are some of the most prevalent in the U.S. and the world. As one
of the U.S. National Institutes of Health (NIH), the NIDCR is the federal
government’s lead agency for research on conditions such as dental caries
(tooth decay), periodontal (gum) disease, tooth loss and oral cancer,
supporting scientists investigating these widespread conditions using the
very latest molecular and genetic tools.
The NIDCR’s work goes far beyond ‘dentistry’, with projects currently
being funded on subjects as varied as oral manifestation of AIDS in
vulnerable populations, cancer biomarkers, and behavioural and social
science research on understanding and reducing health disparities. From
2009-2013, the NIDCR Strategic Plan has identified four key goals on
which it will focus:
• Widening scope of inquiry
• Strengthening the research pipeline
• Fostering novel clinical research
• Eliminating oral health disparities
With the above strategies in place, through closer integration of research,
practice and education, the NIDCR endeavours to understand and
eradicate oral and craniofacial disorders.

TRAINING AND RESEARCH
Within the NIDCR, under Scientific Director, Dr Robert C Angerer, the
Division of Intramural Research (DIR) conducts laboratory and clinical
research using the latest molecular biology, immunology and cell biology
techniques. Their research ranges from analysing bone, teeth, salivary
glands and connective tissues, to the role of bacteria and viruses in oral
disease, genetic disorders and oral tumours; the cause and treatment of
pain, to the improved diagnosis of oral diseases.
Through the Division of Extramural Research – headed up by Dr Pamela
McInnes – the NIDCR distributes the vast majority of its budget to

www.nidcr.nih.gov
scientists across the U.S. and beyond. The institute aims to promote a
diverse and multifaceted research community, attracting new, diverse
and multidisciplinary talent to the field and inspiring the next generation
of scientists. The NIDCR supports training and career development
across the range of experience and backgrounds, from school students to
independent scientists.

NO DISCIPLINARY BOUNDARIES
The kinds of advances the NIDCR strives for will not take place in a
vacuum: as Dr Lawrence A Tabak puts it in his Director’s Statement,
the diseases they are tackling have “no disciplinary boundaries”.
Multidisciplinary and interdisciplinary approaches to these problems are
more pertinent than ever.
To that end, the promotion of innovative clinical research is at the core
of the institute’s work, harnessing both the latest technology and an
open mindset from a diverse range of experts, able to explore novel
perspectives to longstanding problems such as cleft lip and cleft palate,
ectodermal dysplasias (a group of genetic disorders affecting the teeth,
hair, nails and sweat glands), dental caries, chronic pain, and oral cancer
from a molecular to a global level.

CREATIVITY, DILIGENCE AND COMMITMENT
Of course, while we may be on the verge of huge medical advances,
these can benefit only the few, when social inequality restricts access to
them. Indeed, a lack of education on oral health can be as big a factor
for sufferers as access to treatments. The NIDCR is therefore committed
to understanding what causes inequality, from individual, community
and societal levels, informing practical and culturally appropriate
interventions that maximise the reach of their research.
Summing up the NIDCR’s driving motivation, in his Director’s Statement,
Tabak affirms that attaining better oral health for the present and future
is achievable if the right values are adhered to: “We can improve our oral
health, that of our children and generations to come, through creativity,
diligence and adherence to a strong commitment to evidence-based and
research-driven practice and health outcomes,” he states.
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PROFESSOR PING XU

Regulation of fitness and
virulence in oral streptococci
Professor Ping Xu outlines his innovative research into the virulence of oral streptococci, and
explains how this could benefit those at risk of infective endocarditis and biofilm formation
Can you provide an overview of your
research goal?
Our research goal is to understand the
fundamental biological roles of oral streptococci
in infectious diseases. We have used
Streptococcus sanguinis as a model organism
to study its role in oral biofilm formation for
periodontal disease and in infective endocarditis
for heart disease. We currently focus on three
research areas of S. Sanguinis:
• Its virulence in infective endocarditis
• Its role in dental biofilm formation and
relation with periodontal diseases
• Identification of targets for therapeutic
intervention to control S. sanguinis and other
oral streptococci related infectious diseases
The long-term goal of the research is to
develop chemotherapy and immunotherapy
strategies to control oral streptococcal related
infectious diseases.

Could you offer an insight into the
S. sanguinis; what knowledge has been
gained in terms of its occurrence and
mechanisms, and how does its impact differ
in human teeth and heart?
S. sanguinis is a common gram-positive
bacteria inhabitant in human indigenous oral
microbial flora. It has long been recognised
as a pioneer coloniser of human teeth. It
forms biofilm on teeth and provides a base
for other periodontal pathogen attachment
and colonisation. In human teeth, other oral
pathogens interact with S. sanguinis in oral
biofilm to develop periodontal diseases. S.
sanguinis is an opportunistic pathogen. In
human heart, S. sanguinis has long been
recognised as one of principal causative
agents of a serious heart disease -infective
endocarditis.

Conversely, what gaps in knowledge are
there in relation to the bacterium and in
what ways is your research seeking to
address these?
Researchers are seeking answers to many
questions regarding S. sanguinis. We are
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particularly focused on three questions:
• How does S. sanguinis cause infective
endocarditis?
• How does it interact with other pathogens and
involve in oral biofilm development?
• How can we control this opportunistic
pathogen?
To solve these questions, we first identify
all possible genes that contribute to one
biological function, for example essential
genes that are required for bacterial viability.
Then all the essential genes will be linked
in a network based on their relations in
genome location, transcription regulation,
protein-protein interaction or pathways.
We then apply bioinformatics and systems
biology to study the relationships of these
essential genes and to understand their
functions for bacterial viability altogether. An
analysis of their associations in the network
should provide us with a comprehensive
understanding of the S. sanguinis genome.

The genome of S. sanguinis has successfully
been mapped. What significance does this
bear and in what ways has it helped to shape
your research?
The completion of S. sanguinis genome
provides opportunities to study S. sanguinis in
the post-genomic era. Because the genome
provides detailed genetic information, S.
sanguinis can be used as a model microbe
to understand oral streptococci biological
roles. In our research, we collect a large
amount of data on S. sanguinis using
genomics, transcriptomics, proteomics and
metabolomics. The data is then integrated
and studied as a whole using a systems
biology approach. Our hypothesis is that
a global analysis of all associated genes in
one organism will provide a comprehensive
understanding of gene biological functions
for bacterial phenotypes that cannot be
revealed by any single or small group genes.
All these complicated studies are based on
the availability of S. sanguinis genome.

Has any headway been made in developing
a model to identify essential genes in other
bacteria?
Based on our essential genes analysis in S.
sanguinis, we have developed a model to predict
essential genes for other bacteria. The model
works well to identify essential genes in testing
bacteria by comparing published data. This
model for identification of essential genes will
help to recognise new antibacterial targets in
other bacteria. It will become more important
as new infectious pathogens and antibiotic
resistant bacteria emerge.

What would you delineate as your most
significant discoveries or achievements to
date?
To date there are two significant achievements
in our research. The first achievement is
the current research on genome-wide
functional study of S. sanguinis using systems
microbiology. We have constructed a
comprehensive set of S. sanguinis mutants and
identified a set of essential genes. The second
achievement is the completion of several
microbial genomes and the identification of
several novel properties in their metabolic
pathways. These discoveries on genomics
result in several publications in peer-reviewed
journals, such as Nature, Science and the Journal
of Bacteriology.

PROFESSOR PING XU

The genetics of
oral health
New research conducted by a team at Virginia Commonwealth
University into Streptococcus sanguinis could offer encouraging new
treatments to control the condition’s many related diseases
fourth leading cause of life-threatening infectious
disease syndromes. Its complications include
congestive heart failure, aneurysm and stroke,”
outlines Xu. “It is uniformly fatal if left untreated.
Even in the present era of antibiotic availability,
it causes substantial morbidity and mortality.
Recent retrospective studies have reported
endocarditis mortality rates ranging from 12–46
per cent”. Xu has amassed a multidisciplinary
team to aid in his investigations into identifying
the virulence factors and to research protein
functions using bioinformatics and systems
biology approach. Utilising researchers with a
Infective endocarditis occurs when bacteria
enter the bloodstream through exposure to wide range of skills, Xu hopes that his approach
will advance the rate
foreign objects, including
of research and provide
interaction with medical
a greater level of
instruments,
dental
understanding of the
surgical procedures, or
Current evidence suggests
biological gene functions
even daily activities such as
for bacterial phenotypes.
that biofilm formation is
flossing or brushing one’s
These methods have
teeth. When bacteria are
an
essential
character
of
already
paid
great
able to infiltrate previously
dividends,
enabling
injured heart valves, they
oral infectious diseases
the group to identify a
colonise the valve surface
comprehensive set of
and form vegetation made
essential genes that affect
of platelets, fibrin and microorganisms, which
cause infective endocarditis. Acute endocarditis the viability of S. sanguinis.

THE GRAM-POSITIVE bacterium Streptococcus
sanguinis is a member of human indigenous
oral microbial flora. It has long been recognised
as a key player in the bacterial colonisation of
the mouth. The growth and metabolism of this
species has a considerable impact on the oral
environment, altering surrounding conditions and
enabling more fastidious and harmful organisms
to gain a foothold. Furthermore, recent studies
have highlighted the prominent role that S.
sanguinis plays in the inflammatory heart disease
infective endocarditis.

may become life threatening within days. It
usually begins suddenly with a high fever, fast
heart rate, fatigue, and rapid and extensive heart
valve damage. However, sub-acute bacterial
endocarditis is harder to recognise, due to vaguer
symptoms such as fatigue, mild prolonged
fever, a moderately fast heart rate, weight loss,
night sweating, and a low red blood cell count.
Infective endocarditis affects older people than
other ages and twice as many men as women.
Echocardiography may be used to detect the
damaged heart valves.

THE PROJECT
Professor Ping Xu, of Virginia Commonwealth
University, is investigating the biological functions
of oral streptococci in infectious diseases, seeking
to identify virulence factor-related genes so
that better diagnosis and treatments may be
developed. The severe nature of the disease
and the urgent requirement for more effective
treatments is clear: “Infective endocarditis is the

BIOFILM
Xu, and his primary partner, Dr Todd Kitten,
are now investigating the role of biofilm in the
development of infective endocarditis. In most
oral ecosystems, microbes such as bacteria,
fungi and viruses exist as a biofilm on moist,
saliva-coated surfaces. Xu is quick to highlight
the persistent nature of the streptococci
and how they influence the strength of the
biofilm: “S. sanguinis has been isolated on
freshly cleaned tooth surfaces within 4 hours.
After the initial streptococci colonisation,
other microbes interact with them to form a
‘mature’ biofilm and some pathogenic bacterial
develop periodontal diseases,” he explains. “In
this process, the pioneer streptococci provide a
new surface and appropriate metabolites and
other signals for the attachment of succeeding
microbes. Current evidence suggests that
biofilm formation is an essential character of
oral infectious diseases.”
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INTELLIGENCE
REGULATION OF FITNESS AND
VIRULENCE IN ORAL STREPTOCOCCI
OBJECTIVES
• To understand streptococcal virulence and
pathogen-host interactions
• To develop integrative analysis of
streptococcal biological gene functions
through systems biology
• To compare microbial genomics and oral
microbiome

KEY COLLABORATORS
Dr Gregory Buck
Dr Todd Kitten
Dr Cindy Munro
Dr Daniel Conrad
Dr Danail Bonchev
Dr John Gunsolley
FUNDING
NIDCR
Start: 3/1/2007
End: 1/31/2013
$1,600,000

CONTACT
Ping Xu, PhD
Associate Professor
The Philips Institute of Oral and Craniofacial
Molecular Biology
Department of Microbiology and
Immunology
Virginia Commonwealth University
USA
T +1 (804) 827-6264
F +1 (804) 828-0150
E pxu@vcu.edu
http://www.people.vcu.edu/~pingxu/
DR PING XU graduated as a star master
student from the Nanjing University in 1986
before obtaining a scholarship of Sino-British
Joint Education Programme at the University
of Oxford in 1987. He then went on to attain
a Rockefeller Foundation Visit Scholarship
before receiving the honor professor at the
Agriculture and Biotechnology and, later, the
Medical colleges of Zhejiang University.
His particular fields of interest are molecular
biology, microbial genomics, streptococcal
virulence and host interaction and systems
microbiology. He currently holds a number of
positions, including being a Member of the Centre
for the Study of Biological Complexity, VCU,
Associate Professor with the Philips Institute,
VCU, and Affiliate Associate Professor in the
Microbiology and Immunology Department VCU.
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Treatment of biofilms is extremely difficult,
due to the multitude of properties inherent in
the bacteria that comprise the film itself. This is
further complicated by the dispersal of the large
number of cells that detach from the biofilm,
which can instigate further infections in other
locations. These breeding grounds can soon
become a stronghold for bacteria, which can lead
to further complications in their treatment, as Xu
points out: “Medical surveillance indicates that up
to 80 per cent of infectious diseases are related
to bacterial biofilms,” he asserts. “The bacteria
in these films are much better protected against
environmental stresses such as antibiotics,
extreme pH shifts, oxidants, high osmolarity, or
host immune system – making it more difficult to
eradicate bacteria in biofilms”.
The key to treating biofilm infections lies in the
speed of diagnosis and subsequent action. This
reduces the number of additional infections and
stems the amount of material exchange between
cells, which can increase drug resistance and form
new strains of infection that could increase in
persistence and severity.

THE GENOME BREAKTHROUGH
Recent research into the genome has made
this study possible and the impact of this new
information has already heralded many significant
advances. “We have identified a large set of the
essential genes of S. sanguinis,” remarks Xu. “Many

of them are new essential genes that have not
been reported before. As the essential genes affect
the viability of S. sanguinis, they are potential
targets for antibacterial drug development.”
Encouragingly, research into understanding
the genetic functioning of these genes and the
diversity of the microbial populations from
clinical patients could hold great potential in
the development of viable new treatments and
sequencing technology, with direct application
for use in patient care. Xu and his team are
utilising novel DNA sequencing technologies
to gain new knowledge about uncultured oral
microorganisms, which has led to team to validate
antibacterial targets which could be used in the
direct treatment of oral streptococci. The study
will be supplemented by studying the medical
microbial diversities in different biological niches
to find candidates for more effective drugs which
do not have any existing resistance against them.
This represents a positive step in the fight against
infective endocarditis and a better understanding
of oral infections and their impact on the rest
of the body. The work of Xu and his team at
Virginia Commonwealth University looks set to
yield considerable advances in more effective
treatments of and could have a substantial
impact on treatments for this deadly infection,
thereby improving the lives of those at greatest
risk of inflammatory heart disease.

Armed to the teeth
Could you outline the main objectives of
your work?
Our first goal is investigating five loci which
we found have suggestive linkage with caries.
Three of these (one each in chromosomes 5, 14,
and X) were linked to lower caries experience;
the other two (one each in chromosomes 13
and 14) linked to higher caries experience. Our
second goal is detailed exploration of genes
involved in enamel formation where associated
with higher caries.

How do the continued high levels of
caries globally reflect on dietary habits,
preventative measures and oral hygiene?
People in general have diets very rich in sugars:
but caries is declining in the U.S., despite the
population eating a lot of sugar. This makes me
think investing in changing dietary habits will
have only a minor impact, although it is highly
relevant to diabetes and cardiovascular diseases.
Implementation of programmes including
oral health education and water fluoridation
– or other forms of fluoride exposure – to the
population are likely to be the main reasons for
declining caries experience levels. But these may
have peaked, and it is clear many people are still
affected, including a group with very dramatic
cases of the disease affection. We hypothesise
that this variation is modulated, at least in part,
by individual genetic backgrounds.

DR ALEXANDRE VIEIRA

To combat the costly effects of caries, we must understand it at a
genetic level, not just treat it surgically, says Dr Alexandre Vieira,
who has been researching the etiologic basis of the condition
Does your work aim towards individual
treatment, or to link in with more general
public health measures, like water
fluoridation?
Presently, it is easier to imagine this work
allowing identification of mechanisms to
increase individual susceptibility to caries,
proposing novel approaches in identifying
individuals at risk, and then reducing that risk.
One possible pathway could be influenced
by fluoride exposure level, and water
fluoridation may ultimately be necessary in
further decreasing risks. Our ideal remains
the translation of findings into public health
measures to modify caries risks at the
population level.

What is the relative significance of genetic,
environmental and microorganism factors in
your work?
I believe environmental factors dramatically
outweigh genetic influences. One may
have a genetic variation decreasing caries
susceptibility, but early infection to virulent
microorganisms and lack of oral hygiene
would still lead to severe disease anyway.
Genetic modulation is usually complex, with
more than one influential gene: to increase
homogeneity in our studies, we carefully
selected datasets from groups experiencing
similar cultural influences and limited access
to care. In individuals never seeing the
dentist, having plentiful access to candy, but
without a single toothbrush in the household,
identification of caries-free individuals, or
those suffering less acutely, could provide
opportunities to identify genetic factors.
So we have dedicated a great deal of time
characterising the disease and networking
with other groups to forge collaborations: this
is a highly rewarding part of my work, and
my interactions with other groups around the
world enrich our research immensely.

Could you explain how certain phenotypes
could counteract the effects of oral
microflora and diet on caries?
One can hypothesise that variation in
enamel conformation may modulate the
efficiency with which acids produced by
biofilms demineralise enamel: we know
primary teeth and permanent teeth that
have recently erupted are more susceptible
to demineralisation. Primary teeth have a
more aprismatic structure and are therefore
more susceptible to demineralisation,
and mineralisation of permanent teeth is
completed after eruption with deposition of
minerals from saliva. Therefore, we believe
individual variations in enamel explain
variation seen in disease presentation as
regards lesion formation. So, we are interested
in characterising enamel structures in regards
to individual genetic variation in enamel
formation genes. The quality of saliva also
modulates levels of demineralisation and
microbial colonisation. In the same way, we
are interested in identifying genetic variation
that may explain variations in quality and
composition of saliva. Finally, individual
immune responses may modulate microbial
colonisation and we also hope to characterise
genetic variations in immune response genes
and correlate this data with caries experience
and plaque formation.

Where do you see this research leading?
I believe we will be able to propose novel
approaches to prevent and treat caries. As
one example, if we can characterise types of
saliva that have protective effects, we can
engineer an approach that would modify
saliva profile of individuals not protected.
This could be by introducing a vector to a
salivary gland, or creating special formulation
toothpaste or mouthwash.
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The world smiles with you
This NIH-funded research aims to understand genetic susceptibility to caries, one of the most widespread
dental conditions in the world, which currently affects over 80 per cent of the global population
CARIES – OTHERWISE KNOWN as tooth decay
or cavity – is the most common chronic condition
in U.S. children aged 5–17, where it is five times
more common than asthma. But this infectious
localised disease – one that has affected more
than 80 per cent of the global population – is
largely preventable. Dr Alexandre Vieira, Assistant
Professor and Director of Clinical Research at
the University of Pittsburgh, deems the current
situation to have been brought about by a longterm cultural misunderstanding of the condition:
“I believe current high rates are the result of many
years investment treating consequences rather
than the disease per se,” he asserts. “Historically in
dentistry, there has been great interest in restoring
teeth and enormous investment in training new
professions dedicated to ‘drilling’: being trained to
surgically intervene”.
Caries is usually a chronic disease, resulting in loss
of minerals from affected teeth due to organic
acids originating in microbial fermentation of
carbohydrates. But this is also a multifactorial
condition, related to the host’s teeth and saliva,
the oral miocrobial flora and host’s diet. Factors
relating to the host are under strong genetic
control, but easily modified by the others: twin
studies have provided strong evidence on the role
of inheritance and caries has complex etiologic
heterogeneity. Environmental factors appear to
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play a commanding role in susceptibility, while
hereditary aspects have been deemed unimportant
– but it is through studying heredity as a key factor
that Vieira hopes to make serious headway in the
understanding, and treatment, of caries.

MORE COST-EFFECTIVE TREATMENT
Studies of genetic control of resistance and
susceptibility to caries have focused on cariesfree individuals, but external factors like
fluoride exposure, quality of dental hygiene,
microbiota and diet may overcome genetics.
Mouse models have been used in identification
of caries susceptibility loci comparing cariesresistant and caries-susceptible strains. However,
mice are kept under controlled conditions, and
it would be impossible to replicate in human
subjects. Indeed, human cases begin long before
clinicians can detect it, making the challenge yet
greater. “The disease establishes itself before
presenting clinical signs, which is the moment
we need to act, to ensure treatment is be more
cost-effective,” explains Vieira. “I ask my first
year dental students: how many times has your
dentist explained how to brush your teeth to
avoid new cavities? Or do you just remember
them saying something like ‘don’t forget to brush
your teeth!’ which might be frustrating, since you
brushed them every day but were not sure why
you still had a cavity?”

Vieira believes caries to be the only disease where
symptoms can be diagnosed and treated today,
but wherein only six months to a year later, new
lesions often occur. Through his teaching, he thus
hopes to engender a cultural shift in perceptions:
“Imagine an infectious disease like tuberculosis
receiving new diagnosis every six months. Dentists
can follow caries for years, not attempting to reestablish health,” he says. “I tell students: if you
hear your family dentist say, ‘I treated your parents
since they were little, did their first fillings, all the
way to putting in their dentures’ – start looking for
a new dentist.”

EARLIER WORK – TOOTH AGENESIS
The current project stems from work Vieira carried
out in the Philippines between 2005 and 2008,
properly characterising tooth agenesis (congenital
absence of teeth) in individuals and their relatives
born with clefts. The team’s hypothesis: tooth
agenesis and other dental anomalies – prevalent in
individuals born with clefts – could be part of the
same phenotypic spectrum as oral clefts. As tooth
agenesis is the most common dental malformation
the team knew they would find, the protocol
included complete dental clinical description
of each individual, assuring correct diagnosis of
tooth agenesis. Vieira believes this a key moment
in defining their current line of enquiry: “Since
the most common reason people lose teeth is

If you hear your family dentist say
– ‘I treated your parents since they
were little, did their first fillings, all
the way to dentures’ – start looking
for a new dentist
caries, we decided to carefully characterise caries
experience, to better define presence of tooth
agenesis,” he states. Caries status for every tooth
was defined using a ‘Decayed, Missing by caries,
Filled Teeth’ (DMFT) to obtain data, so those
extracted due to caries were not erroneously
defined as congenitally missing.
Revisiting families with a child born with cleft lip
and palate, who also possessed genome-wide
molecular data – and through sub-phenotyping
clefts based on dental development – it became
clear that higher and lower caries experience
patterns existed. This data sparked a memory from
Vieira’s medical past: “The data reminded me of my
experience as a paediatric dentist, where I would
occasionally have patients with poor oral hygiene
and general disregard for oral health, but low or no
caries experience,” he explains. “I decided to take
advantage of existing data from the Philippines
to evaluate genetic susceptibility to caries.” But
since this data originated from rural families with
limited dental care and similar social practices,
Vieira extrapolated typical environmental factors
influencing caries (oral hygiene, fluoride exposure,
diet) and tested genetic variations across the
genome to see if they were linked to caries. This was
the first genome-wide scan of any infectious disease
ever published.

CARIES SUSCEPTIBILITY
Leading on from this data, Vieira has now performed
the first genome-wide scan for caries susceptibility
loci, as well as studying specific population datasets
and genetic variation in genes believed to be
involved in caries susceptibility: enamel formation,
immune response and saliva formation/function.
He has focused on specific populations – in the
Philipinos, Guatemala, Turkey and Pittsburgh, U.S.
– believed to have more homogeneous habits
and diets, minimising environmental factors
modulating caries. The current project studies
five loci showing the best results in genome scan
analysis in Filipinos, while continuing to study said
candidate genes. Careful clinical description and
application of sophisticated genetics tools could
prove a potent combination in shedding light
on caries etiology; by unravelling predisposed or
protective genetic factors, new lines of study can
be followed to prevent the condition from arising.

expansion of current partnerships. Our work
requires continuous replication and validation of
results, which can only be done through testing
diverse population groups, independent from
each other,” he enthuses. “Collaborations are very
enriching: I am against visiting other sites solely to
exploit resources. I believe in sharing data, working
together in developing materials for publication,
and stimulating local development of students
and colleagues.”

A BREATH OF FRESH AIR
In Vieira’s view, caries research needs “a breath of
fresh air”: in the U.S. today, a child can die due to
untreated caries (as reported in the Washington
Post in February, 2008) and the U.S. Government
released an official report demonstrating dental
disease in children has not decreased, with millions
estimated to have untreated teeth. Current
approaches – including water fluoridation and
school-based programmes – are not enough. The
identification of genetic mechanisms modulating
caries susceptibility can provide a new framework
for caries prevention. One immediate resource
could be providing clinicians with a genetic tool to
access caries risk, for personalised management in
patients. Longer-term, identification of a genetic
variant producing an altered protein ‘protecting’
against caries would be the first step in a tailored
treatment, allowing for yet more personalised
management.
While there has been no shortage of treatment
ideas over the last 50 years, huge swathes of the
global population continue to develop many
cavities. But in the past three years, Vieira’s
team has generated strong evidence to suggest
that caries is influenced by individual genetic
background, holding great promise for new
approaches. Even if this new data takes time
to take effect, Vieira’s outlook for the future is
positive: “Anyone proposing a new concept like
genetics leading to better understanding of caries
might find resistance from the dental community,
but talking about it is already an incredible
advance. There is great excitement about the topic
and we are confident we will be able to work on
this problem to the point at which our results are
translated to clinical practice”.

INTELLIGENCE
GENETICS OF CARIES
OBJECTIVES
A careful clinical description and the
application of sophisticated human genetics
tools are a promising combination to shed
light into the etiology of caries. If we unravel
a predisposing (or protective) genetic factor
to this disease, we can propose a new line of
studies to prevent caries, a worldwide problem
that affects more than 80 per cent of the
world’s current population. A more immediate
resource would be to provide the clinician
with a genetic tool to access caries risk, which
would enable personalised management of the
patients. On a longer-term basis, gene therapy
for caries could be proposed.
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Vieira believes all advances are made possible
through genuine, open collaboration: “My
collaborators are fundamental to our research
programme: it is clear to me, to further advance
this work we need more collaboration and an
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Establishing a new
oral tradition
Dr Anh Le is exploiting the unique biology and immune function of oral mucosa, which allows
open wounds to heal in the oral cavity. She explains to International Innovation how this pioneering
research could provide a new source of stem cells for clinical applications in regenerative medicine
The main aims are to use these Gingiva-Derived
Mesenchymal Stem Cells (GMSCs) for clinical
applications in regenerative medicine, drug
delivery, immunomodulation and regulation
of inflammatory and autoimmune diseases,
and in modelling oral diseases using several
reprogramming approaches including inducible
pluripotent stem (iPS) cell technology, and
treatment with small molecules.

What are MSCs and where are they derived?

To begin, could you explain the motivation
behind your research and what its main aims
and objectives are?
Our motivation is to identify a new source of
stem cells isolated from human oral mucosa
and gingiva which can be easily accessible from
the oral cavity using a simple punch biopsy
technique. These cells can be derived from a
small gingival sample from a given patient,
expanded in culture, and given back to the
patient, avoiding the problems associated with
immune rejection of foreign transplanted cells
or tissues.
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MSCs are adult stem cells with multipotent
differentiation capabilities including osteoblasts
(bone cells), chondrocytes (cartilage cells),
adipocytes (fat cells), tendon and ligaments,
muscle cells, skin, nerve and liver cells. These
cells are derived from the bone marrow, skin,
blood, tooth, oral mucosa and gingiva, and
different parts of the body.
We are the first group to isolate and
characterise MSCs from gingiva tissues. Unlike
most other human adult stem cells, GMSCs
can be easily expanded in large quantities
appropriate for clinical use, making them
excellent candidates for cell-based therapies in
multiple clinical applications.

What inflammation does this approach
specifically reduce?
GMSCs have been demonstrated to suppress

inflammatory infiltrates and inflammatory
cytokines/mediators and increase infiltration
of regulatory T cells and expression of antiinflammatory cytokine IL-10 in colitis disease
model. In the wound healing model, GMSCs
induced an anti-inflammatory immune profile
in the innate immune cell; specifically the
macrophage, and converted M1, generally
known as pro-inflammatory, to M2, also known
as wound healing macrophages.

Taken together, what do your results
suggest regarding GMSCs capacity to switch
macrophages from classical activation or
pro-inflammatory M1 phenotype to an antiinflammatory profile of M2 macrophages?
We demonstrated that systemically infused
GMSCs could home to the wound site in a tight
spatial interaction with host macrophages,
promoting them towards M2 polarisation, and
enhanced resolution of local inflammation
leading to rapid wound repair.

Why would you say the dissemination
of research is so vital for today’s science
community?
I believe today’s science community is much
more scientifically orientated. People are more
exposed to a rich scientific database and should
be informed of new findings in the research
field, from basic science to translational

DR ANH LE

Stemming wounds

Researchers at the USC School of Dentistry in Los Angeles are
exploring the important role that gingival-derived mesenchymal
stem cells (MSCs) play in immunomodulation and tissue regeneration
THE HUMAN BODY has an amazing capacity to
regenerate tissue and heal itself. The oral cavity is
especially unique in its ability to heal wounds in
what could be considered a hostile environment:
the mouth houses hundreds of different types of
germs and is exposed to many more on a daily
basis, yet its immune system protects the teeth,
jaws, gingivae, and the rest of the oral mucosa
against infection.
research. The dissemination of research is vital
for people’s decision making in terms of health,
lifestyle and treatment choices.

To what extent have you collaborated,
and in what ways are coordinated
projects helping to push the boundaries of
healthcare research?
Our research group has a unique collaboration
with Dr Songtao Shi’s group. Dr Shi is well
recognised for his pioneering works on the
isolation and characterisation of mesenchymal
stem cells derived from dental tissues.
We share the same goal to drive stem cell
biology from translational research to clinical
application. I would like to credit his collegial
support as the driving force behind the success
of this study. Our two groups complement and
benefit from each other’s strengths; we discuss,
hypothesise, design experiments, submit
publications and write proposals together.
This complementary collaboration allows us
to push the boundaries of healthcare research.
We have several joint ongoing projects with
high potential clinical impacts and I am looking
forward to more exciting discoveries in this fast
moving field. As with all research discoveries,
the contribution of our postdoctoral fellows
is the major energy source, and I would like
to acknowledge the outstanding works and
dedication of Dr Qunzhou Zhang and his team.

Dr Anh Le and her team from the USC School
of Dentistry in Los Angeles are interested in the
underlying mechanisms surrounding this wound
healing, and the role that mesenchymal stem
cells (MSCs) play in this process. Their motivation
is to identify a new source of stem cells isolated
from human oral mucosa and gingiva. Gingiva is
the firm connective tissue covered by the mucous
membrane that envelops the arches of the jaw
and the base of the teeth. Easy extraction of these
cells from the oral cavity by means of a simple
punch biopsy also lends this area to research.

WHY GINGIVA?
Le’s group have chosen to focus on the gingiva
or mucosa as the source of tissue to isolate
mesenchymal stem cells (GMSC) for several
reasons. Firstly, as dentists and oral surgeons,
they are familiar with the unique capability of the
gingiva and oral mucosa to heal rapidly, leaving
no scars. It is due to this exceptional feature
that most surgical approaches are carried out
transorally. The distinctive biology and immune
function of the oral mucosa, which facilitates
the healing of wounds in an area laden with
microorganisms, is another factor that not
only contributes to its unique quality but also
recommends it for further research. Moreover,
gingival tissue can be easily obtained since it
is either discarded following dental surgery or
can be extracted via a small punch biopsy. In
addition, GMSCs display a high proliferation

rate and number of population doublings
when compared to bone marrow derived MSCs
(BMMSC). In this regard, their growth properties
are hugely beneficial in ex vivo cell expansion
for multiple clinical applications. Furthermore,
GMSCs exhibit similar stem cell-like properties
to bone marrow-derived MSCs (BMMSC),
including multipotent differentiation and
immunomodulation properties, thus making
them ripe for use in regenerative medicine and
drug delivery.

RESULTS AND FUTURE APPLICATION
With stem cell-like properties, such as
immunosuppressive and anti-inflammatory
functions, MSCs from human gingiva (GMSCs)
could impact the way wounds heal. With such
huge application potential this exciting research
examines the interplay between GMSCs and
macrophages to better understand their
relevance in the healing process. To determine
the phagocytic activity of macrophages cocultured with GMSCs, Le added FITC-coupled
Zymosan particles into the cultures and
incubated them at 37°F or 4°C for one hour.
After washing, cells were then fixed at 1 per
cent paraformaldehyde and the uptake of FITC
coupled Zymosan particles was determined
by flow cytometry. Le was encouraged by the
impressive results that followed: “When cocultured with GMSCs, macrophages acquired an
anti-inflammatory M2 phenotype characterised
by an increased expression of mannose receptor
(MR/CD206) and secretary cytokines IL-10 and
IL-6, a suppressed production of TNF-α and
decreased ability to induce Th-17 cell expansion,”
she comments.
Le’s group found that in vivo, systemically infused
GMSCs could home to the wound site in a tight
spatial interaction with host macrophages,
significantly enhancing wound repair. These
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OBJECTIVES
• To identify a new source of stem cells
isolated from human oral mucosa and
gingiva which can be easily accessible from
the oral cavity as biomedical discarded
tissues following routine dental surgical
procedures or by using a simple punch
biopsy technique
• To use GMSCs for clinical applications
in regenerative medicine, drug delivery,
immunomodulation and regulation of
inflammatory and autoimmune diseases,
and in modelling oral diseases using
reprogramming approaches

KEY COLLABORATORS
Songtao Shi, DDS, PhD
Associate Professor
Herman Ostrow School of Dentistry of USC
Center for Craniofacial Molecular Biology
Yufang Shi, DVM, PhD
Institute of Health Sciences
Shanghai Institutes for Biological Sciences
Chinese Academy of Sciences/Shanghai Jiao
Tong University School of Medicine

FUNDING
NIDCR • NIH • CIRM • Oral and Maxillofacial
Surgery Foundation • USC institutional
support, including the Provost’s Zumberge
Award and the Clinical and Translational
Science Award (CTSA)

CONTACT
Dr Anh Le
Associate Professor
Herman Ostrow School of Dentistry of USC
Center for Craniofacial Molecular Biology
2250 Alcazar St, CSA 107
Los Angeles, CA 90033, USA

findings provide the first evidence that GMSCs
are able to elicit M2 polarisation of macrophages,
which may contribute to the acceleration of
wound healing.
Le investigated this aspect using an excisional
skin wound model in mice. The models were
systematically injected with GMSCs into oneday post full-thickness skin excision and the
wound closure was carefully measured daily.
Le demonstrated that systemic injection
of GMSCs-based therapy attenuated local
inflammation, but also promoted angiogenesis,
and significantly enhanced wound repair as
compared to control mice without treatment.
Wound closure enhancement appeared as early
as the third day, and staggeringly, by day 10,
the wound had completely closed. Le’s results
suggest that enhancement of wound healing by
systemic infusion of GMSCs involves enhanced
re-epithelialisation, collagen deposition and
angiogenesis. This, without a doubt, reveals that

treatment with GMSC can accelerate wound
repair in mice. Potential applications of this
research to defective or delayed wound healing in
humans include diabetic ulcers, pressure wounds,
vascular deficiency wounds, as well as enhancing
rapid wound healing and regeneration for burn
injuries and tissue grafting.
Like many researchers, Le’s optimism is balanced
with an element of caution: “For clinical
application, we will need to test the safety and
efficacy of GMSC treatment in larger animals –
for instance through porcine modelling – using
several administration routes before validating
this in humans”.
Nevertheless, thus far, Le’s research has shown that
GMSCs can reprogramme macrophages towards
an anti-inflammatory M2 phenotype, which
may contribute to the rapid re-epithelialisation,
improved angiogenesis and tissue remodelling
of skin wound healing. With easy accessibility,
functional similarities to BMSCs, as well as rapid
ex vivo expansion, GMSCs represent a
promising source for stem cell-based
therapies of the future.

T +1 (323) 442-2556
E anhle@usc.edu
http://dentistry.usc.edu/
Dr Anh Le is Associate Professor at the
Herman Ostrow School of Dentistry of
University of Southern California, Los Angeles.
She has received a DDS, PhD and a Certificate
in Oral & Maxillofacial Surgery.

FIGURE 1. Systemic administration of GMSCs accelerates wound
closure and suppress local inflammatory responses in C57BL/6 mice.
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As a team, the researchers’ ultimate
aim is to optimise stem cell functions
of GMSCs for cell-based therapy
both in tissue regeneration and
immunomodulation. They hope to
further understand the mechanism of
GMSC-mediated anti-inflammatory
response and immune suppression
and apply this to inflammatoryrelated conditions or diseases, such
as intestinal and bowel disease (IBD),
alimentary tract mucositis induced by
chemo- or radiotherapy, rheumatoid
arthritis (RA), diabetic wounds, and
periodontitis, as well as autoimmune
diseases. With such a long list of
potential conditions that this research
could assist – and an even longer list of
possible beneficiaries – Le and her team
are setting out on an exciting journey.
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ANALYSIS
Could you describe your role as President of the
Karolinska Institutet?
As President, I am responsible for the whole university,
and this includes the responsibility for drawing up a
long-term strategic plan. The role of the president also
includes delineating the values on which a university
must be based. In the case of Karolinska Institutet,
this involves many issues: ethics; defending academic
freedom; working for equality and the involvement of
all; establishing open and transparent work practices;
and creating an environment characterised by support
for – and confidence in – all colleagues and students.
The collegial governance that is used at the university
produces many challenges, and requires a careful
balancing act. It also falls within my remit to maintain
a comprehensive view and to represent the university
externally, both within Sweden and in other countries.
This means that I interact with a broad and interesting
range of people – everyone from representatives for
industry, the government and the healthcare system, to
students and representatives for other universities.

What are the fundamental principles upon which was
the foundation based 200 years ago, and how would
you sum up the main aims driving the university
forward today?
At the time of the foundation of Karolinska Institutet,
Sweden had lost several wars, and one major cause
had been soldiers dying from various diseases while on
campaign. There was a lack of field surgeons, and the
initial purpose of Karolinska Institutet was to simply be
a training academy for field surgeons. However, the two
key players in the formation of Karolinska Institutet –
Berzelius and Hagströmer – had other ideas, and right
from the beginning, they worked to create a medical
faculty that carried out independent research. King Karl
XIII was not aware of their hidden agenda when he took
the decision to found Karolinska Institutet. But it only
took a few years before a faculty was created and the
institute started to appoint its own professors.

Karolinska
Institutet
For two centuries, the Karolinska Institutet has been
at the vanguard of medical research and innovation in
Sweden. We speak to its President, Professor Harriet
Wallberg-Henriksson, who highlights some of the
university’s many notable achievements

The challenge today is to create new knowledge and make
discoveries, conveying these to our students with the
overall purpose of improving human health. Karolinska
Institutet today is driven by the goal of being a world
leader in several fields of research, advancing healthcare
development for the benefit of people alive today and for
generations to come.

Can it sometimes prove challenging to keep the patient
in focus when working on a wider research strategy?
No, I don’t think it’s difficult to maintain a focus on the
patient, since all of our departments and fields of study are
coupled to healthcare. Rather, it may possibly be the case
in a small, isolated project, but not on a comprehensive
strategic level. There are clinical aspects to everything we
do, and all that we do is for the benefit of society. It is also
important to remember that our research is not only about
curing diseases: it is equally concerned with prevention.

Could you explain your collaborative focus, and explain
what this has fostered, both in terms of education and
research?
The collaboration with the healthcare community was
established as soon as Karolinska Institutet was founded
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200 years ago. Our initial activity was the training of field surgeons,
and these were compelled to carry out practical training at the
hospitals that were available. Our collaboration through the years has
resulted in many discoveries that have improved human health, such
as the pacemaker and the gamma knife. Healthcare can be developed
only if one has access to clinical research; indeed, practical experience
in a clinical setting is vital when educating students. Many of our
teachers work actively in the healthcare system, which they find to be
very fulfilling.

You place a large emphasis on research centres, and work with a
wide variety of them. To what extent do these different centres
share knowledge? Is this something that you encourage?
Organisation into research centres is an efficient way of combining
various skills. Basic research, for example, can be combined with
more clinical research, while expertise from different fields such as
bioinformatics, statistics, molecular biology and technological fields are
important components in medical research that can be advantageously
combined when forming a centre. Research centres also provide the
opportunity to exploit expensive equipment and other infrastructure in
the best possible manner. The Science for Life Laboratory (SciLifeLab)
is a good example of a large centre that is now being developed to
become a node of infrastructure for the whole of Sweden. SciLifeLab is
a resource centre devoted to large-scale research within sequencing,
proteomics, molecular biology and medicine. It is being run jointly by
Karolinska Institutet, the Royal Institute of Technology, Stockholm
University and Uppsala University.

Karolinska Institutet has a special research focus on public health
and disease prevention – multidisciplinary fields that bring together
epidemiologists as well as healthcare professionals such as nurses
and physiotherapists, among others. What have initiatives such as
this produced?
We are a large medical university and this means that we have the
critical mass required to have just such a focus as this. One of the
results of our focus on epidemiology and biobanks is a unique project
called LifeGene, in which we are collecting data from half a million
people in Sweden. The health of these people will then be followed
for many years. This is the largest and most long-term population
study that has ever been carried out. The aim is to survey the reasons
lying behind our most common diseases such as, for example, allergy,
depression, infection, cardiovascular disease and cancer. The project
is intended to create new tools for the prevention, diagnosis and
treatment of these diseases. The largest twin register in the world,
which is housed at Karolinska Institutet, is another example. We have
data from 90,000 pairs of twins, and there is nothing like this anywhere
else in the world. The register has become an invaluable resource in
medical research.
34

INTERNATIONAL INNOVATION

Strategic international alliances are also an essential part of
Karolinska Institutet’s activities. Could you describe some of these
partnerships? Is this an area that you hope to expand?
We plan to develop international collaboration even more than we have
in the past. International collaboration with other universities is vital
to enable us to contribute within certain fields of research. If we are to
position ourselves at the absolute cutting edge, we must collaborate
with others and join forces with people who have expertise that we lack,
despite having many in-house researchers of world-leading calibre. Our
doctoral education has also had joint programmes with other major
universities throughout the world. But we are selective. We would rather
have a few partnerships in which we properly develop collaboration
than many superficial partners. Karolinska Institutet has partnership
agreements with many eminent academic organisations in Europe, North
America, Africa and Asia. These agreements cover several types of joint
activities, including research, teaching and student exchange.

What do the Karolinska Institutet’s research networks help to
facilitate and how do they promote cooperation between preclinical
and clinical research groups?
One initiative we have taken is to use our increased governmental grant
for thematical research centres. The idea of these thematical centres is to
enable preclinical and clinical research groups to collaborate in conditions
that are as optimal as possible, and we hope that this will result in
knowledge that will benefit the health and medical care system.

How much of your research is carried out in clinical settings? Is it
important to provide links with industry, working ‘from bench
to bedside’?
Approximately 60 per cent of our research is conducted in the clinical
arena. It is very important to collaborate with industry, while at
the same time maintaining at the university a system that exploits
innovation. Scientists can turn to the innovation system if they have
made a discovery or if they have an idea that they would like to exploit
commercially. A scientist employed by a university in Sweden owns the
intellectual property rights to any discoveries he or she makes. We have
built up an innovation system under our holding company that provides
our scientists with help with writing business proposals, obtaining
patents, obtaining risk capital and establishing their own companies. We
cannot deal with the complete chain – from promising discovery to new
treatment method or new pharmaceutical – within the university, and it
is therefore important to have our own innovation system that supports
scientists in the process of commercialisation.

Regarding your success as a research facility, what would you
highlight for special attention?
I would like to emphasise the LifeGene project, since it is unique and
will have untold consequences for research. Simply as a result of so
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many people being involved for such a long time, we will obtain totally
new information about, for example, the factors that determine why
certain individuals develop certain diseases. If the world is hit by a new
type of influenza, for example, it will be possible to use this register to
see why some people are affected and others not. This project can be
carried out in Sweden because we have extremely efficient follow-up
and registration of our patients, and the Swedish system of personal
registration numbers makes it easy to follow individuals. Furthermore,
the Swedes have a particularly high regard for both universities and
the healthcare system, and are prepared to participate in this type of
research project.

What plans do you have to provide a more integrated approach to
research and clinical care in the future?
We are working towards drawing up a joint vision and joint goals
between our university and the university hospital with regard to
clinical research. It is important to avoid conflicts of purpose. We
must also become much better at developing career pathways for
those who work in the clinic and who want to carry out research at
the same time.

http://ki.se/

Is there any other aspect of the university’s work that you would like
to discuss?
We have just completed our amazingly successful fundraising campaign
‘Breakthroughs for life’, which has raised over 1 billion kronor for
Karolinska Institutet, making it one of the most successful fundraising
campaigns ever conducted at a European university. We started this
campaign five years ago, and we deliberately set an ambitious goal – to
reach 1 billion kronor before the jubilee year 2010. We are, of course,
extremely pleased to have reached that goal, since it is demonstrable
proof of the high regard enjoyed by Karolinska Institutet, not only from
organisations but also from individuals. A special Development Office
was established when the campaign started, charged with working with
professional fundraising. This office has now been made permanent and
will be an important part of Karolinska Institutet in the future.
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Professor Koichi Kitazawa
President of the Japan Science and Technology Agency

Japan Science and
Technology Agency
Professor Koichi Kitazawa, President of the JST, talks to International Innovation about
Japan’s long-term commitment to leading-edge research, and the JST’s integral role in
promoting this work and establishing inter-institutional relationships around the globe
How has the Agency’s role changed since its inception in the guise
of the Japan Information Center of Science and Technology (JICST)
in 1957?
In 1996 the Japan Science and Technology Corporation was formed in a
merger of ‘Japan Information Center of Science and Technology’ (JICST),
which had been in charge of disseminating science and technology
information, and ‘Research Development Corporation of Japan’ (JRDC),
which had been promoting the creation and development of new
technologies. Since that merger, in addition to the above mentioned
activities, we have also been promoting international collaborations
and public understanding of science and technology, thus making
JST a legal entity which comprehensively facilitates the creation
of infrastructure for science and technology promotion as well as
advanced and creative R&D.

The JST employs a top-down promotion of national policy
objectives. Can you outline how this system works together with
the bottom-up grants-in-aid systems, employed by the Ministry
of Education, Culture, Sports, Science and Technology (MEXT) and
the Japan Society for the Promotion of Science (JSPS), to promote
academic work in Japan?
MEXT incorporates two types of funding agencies: the Japan Society
for the Promotion of Science (JSPS), which supports basic research and
is known as Grant-in-Aid for Scientific Research (bottom-up research
support), that amounts to ¥200 billion. This can be used in a variety of
fields and has an emphasis on a researchers’ voluntarism, autonomy,
and individuality. Conversely JST, which also supports basic research,
involves the purpose of problem solving. We seek out research themes
in accordance with a strategic goal designated by MEXT every year, thus
supporting them in achieving that goal.
The top-down research support provided by JST guarantees a research
fund (about 10 times as much as that provided in support of bottomup research) to excellent researchers, who account for about 1 per cent
of the researchers employed through bottom-up research support.
The duration of the support is about five years and that is for use in
addressing solution-type basic research which can settle issues in
accordance with social and political needs.

You are committed to promoting international cooperative
research programmes. Can you explain how this is achieved and
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why you feel it is so important?
JST has two main international cooperative research programmes: one
is the ‘Strategic International Cooperative Program’, which supports
international cooperative research programmes as part of a funding system
in cooperation with overseas funding agencies; and the other, the ‘Science
and Technology Research Partnership for Sustainable Development’,
provides support to international cooperative research programmes that
aim at resolving the global issues of developing nations in collaboration
with the Japan International Cooperation Agency (JICA) under the
framework of Official Development Assistance (ODA).
I believe the joint promotion of research with various other countries
to be truly significant, and that it can contribute to the generation of a
synergistic effect which can produce mutually complementary outcomes,
further progress being made and the greater sophistication of research.
Moreover, it contributes to a friendly relationship between Japan and the
partner countries.

The JST has cooperative organisations worldwide. Can you explain
the broader function of these organisations and what activities they
are involved in?
While we support domestic researchers, JST also participates in the
‘Strategic International Cooperative Program’, whereby cooperative
organisations of counterpart countries concurrently support researchers in
their own countries. Methods of support provided by JST and counterpart
organisations includes joint research by each teams, research exchanges,
dispatching and inviting researchers abroad, and organising symposia, as
well as seminars.
In addition to international research cooperation, JST also advances
personnel exchanges by sending and inviting trainees to or from the
counterpart organisations for the purpose of developing better mutual
understanding and building closer relationship with organisations.
Moreover, JST holds international symposia etc. by taking full advantage of
its network with cooperative organisations. One of the successful examples
of symposia was held this May to discuss efforts made by each country
and future international coordination in promoting green innovation as
a means of resolving global warming. This symposium was attended by
several presidents and executives of overseas funding agencies (http://
www.jst.go.jp/pr/gisympo2010e.html).

Through competitive funding programmes,
you support R&D collaboration between
universities and private-sector firms as a means
of creating science and technology-driven
innovation. Can you give examples of how this
is achieved at a practical level?
Collaborative R&D projects between universities and
the private sector have resulted in a large number of
innovative technologies and products, including:
• the gallium nitride (GaN) blue LED developed by
Professor Isamu Akasaki of Nagoya University
and Toyoda Gosei Co., Ltd that enabled the
creation of full-colour LED-based display devices
• a superconducting oxide material (Bi-based
superconducting wire) jointly developed by
myself during my term as a Professor at Tokyo
University and Sumitomo Electric Industries, Ltd
that results in less environmental burden and
transmission loss and has demonstrated the
world’s highest critical current density
• magnetic amorphous metals developed by
Tsuyoshi Masumoto of Tohoku University and
Hitachi Metals, Ltd that are being widely utilised
in low-frequency antennas for clocks through to
the iron cores of transformers
There is another type of success which could
lead to research results at universities to startup venture business. Ostrich Pharma Corp,
for example, was established by Professor
Yasuhiro Tsukamoto, Graduate School of Life
and Environmental Sciences at Kyoto Prefectural
University. His research team succeeded in massproducing super-sensitive antibodies against
influenza viruses from the egg yolks of ostriches
at a cost of one four-thousandth(1/4000)
of conventional one, thus leading to
commercialisation of the ostrich antibodies.

You recently launched the ‘Asia Science and
Technology Portal’. Can you explain what this is
and why you think it will benefit the region?
This one-stop English language portal is designed to
promote international collaboration in R&D and to
enhance researcher mobility throughout the 16 East
Asian countries.
The ASTP provides, among other things, information
on research opportunities that includes research
funding, fellowship programmes, and R&D job offers
throughout the region, as well as a comprehensive
list of international academic conferences as an
opportunity to meet other researchers.
The overall planning of ASTP and international
coordination was orchestrated by the Cabinet
Office of the Government of Japan (CAO) with
JST as the implementing agency. We believe that
the Portal will result in enhanced international
research activities taking place in Asia that will
enable the region to be better prepared to cope
with any large-scale problems, such as natural
disasters, infectious diseases, and environmental
and energy issues.

The JST are spearheading activities to make
Japan a low-carbon society. Can you outline
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some of the Agency’s activities in this field and how you envision
them progressing in the future?

and science museums collaborate to carry out experience-based activities
such as experiments and observations.

JST focuses on innovative technology R&D that can contribute to a decrease
in global emissions. JST recently established a Center for Low Carbon
Society Strategy (LCS). The Center is attempting to develop an overall image
of a society that retains the necessary affluence of life, then bring this to
fruition. JST has also launched the fund ‘Advanced Low Carbon Technology
Research and Development Program’ from this fiscal year. We intend to
support any themes relevant to the Action Plan for Green Innovations such
as photovoltaic power generation, secondary batteries, heat resisting alloy/
recyclable high performance materials, and superconductive materials. We
also intend to continue increasing funding opportunities involving energy
and the environment through the programme, as well as related projects
from other targeted basic research programmes that include ERATO
(Exploratory Research for Advanced Technology), CREST (Core Research of
Evolutional Science and Technology) and PREST (Precursory Research for
Embryonic Science and Technology).

In addition we are also supporting teachers at elementary, junior high
and senior high schools by developing digital educational tools utilising
cutting-edge science and technology information as teachers are very
influential for students.

Strong long-term strategies are vital to ensure a country’s success as
a provider of leading-edge research. How is the JST helping to foster
the next generation of leaders in science and technology?
JST is supporting science and technology education at elementary, junior
high, and senior high schools in developing the next generation leaders of
science and technology.
JST is primarily supporting Super Science High Schools (SSH) and Student
Contests in Science and Technology (mathematics, chemistry, biology,
physics, informatics, etc.) as an approach in identifying and developing
students with excellent capabilities. SSH develops and carries out curriculums
focusing on science and mathematics, promotes research on advanced
themes and encourages acquiring international communication skills. The
International Chemistry Olympiad was held in Tokyo in July 2010 as just one
of the above mentioned Student Contests in Science and Technology.
We are also supporting activities to increase interest and motivation
among students in science, mathematics, and science and technology.
For example, in Science Partnership Project (SPP), schools, universities

One of the JST’s core activities is promoting the dissemination of
scientific and technological information in line with its mission to
support innovation. Can you highlight some of the ways in which
you communicate your work and why this type of dissemination
is important?
Enhancing the research base of Japan requires steady and efficient access
to information of all kinds, including journals, conference proceedings
and patents. Timely access to a variety of S&T information is the lifeblood
of research and innovation. In line with this notion, JST provides a broad
line-up of databases for use by industry and academia covering not only
scientific literature, but also other areas, such as information on individual
researchers, patents, chemical substances, genes, and other research output.
Furthermore, JST has just launched the new ‘J-Global’ service, which can
be used to identify and link different types of scientific and technological
information, such as journal articles and patents, in an interdisciplinary
manner based on improved author identification, keyword similarities, etc.

Finally, would you like to elaborate on any other area of the
Agency’s work?
In 1999 the International Conference of Science Unions reached the
conclusion of ‘Science in society and science for society’ as the Budapest
declaration. JST believes promoting science in accord with the Budapest
declaration to be our essential role while also appreciating the essential
desire of individual scientists to conduct research according to their own will.
This is reflected in our policy of promoting top-down style research projects
through voluntary proposals with the assistance of a supervisor or mentor
for each strategic sector who designs the structure of the research group and
promotes research in the temporary virtual laboratory for five to seven years.

www.jst.go.jp/EN
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Research and Development
Council of the
Czech Republic
Petr Fiala, Rector of Masaryk University
discusses the way in which the
R&D Council of the Czech Republic
endeavours to improve funding
mechanisms and increase the nation’s
capacity as a knowledge-based economy
Firstly, could you begin by outlining the background to
the Research and Development (R&D) Council of the
Czech Republic, why it was formed and what its overall
aims and objectives are?
The Research and Development Council is an expert and
advisory body to the government of the Czech Republic.
The Council is responsible for organising research in the
Czech Republic, promoting innovation, and advising
the government on the funding needs of the research
community. In the current period of economic difficulty,
the Council seeks to advise the government not to cut but
increase the financial resources designated for research, as
long-term research financing is insufficient in comparison
to other countries.
In addition, the Council draws up the national R&D policy,
manages implementation, and defines priorities in the
field of applied research. A current focus of the Council
addresses questions related to the means by which research
results are evaluated and measured.
The Council has 17 members, all leading representatives of
academia, industry and central state administration bodies.
It is headed by the Prime Minister of the Government of
the Czech Republic. When fulfilling its tasks the Council
collaborates with the Czech Technological Foundation
(TACR), Czech Science Foundation (GACR), and central
state administration bodies and institutions engaged in
research and development.

What tools can the government use to support the
transfer of technologies that would facilitate the
development of commercially viable products in the
Czech Republic?
The government is currently seeking to define a new
methodology in evaluating proposals and allocating
resources. Existing protocols and procedures have led to a
situation where instead of creating a healthy competitive
environment inside individual branches, competition
between branches is intensified, which is definitely not a
positive tendency. The means of allocating resources among

www.vyzkum.cz
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research institutions should be modified in order to stream financial means
to sites that have the potential to produce quality scientific outcomes.

How do you ensure that quality research outcomes are transferred
to practice and attract the attention of small and medium
enterprises? How can the Council contribute to this goal?
In the Czech Republic this role is carried out by number of special
agencies and centres, usually with regional competencies, who meet the
needs of small companies. As an example, the Technology Transfer Office
was established by Masaryk University five years ago with the aim to
provide contact with the commercial sphere, seek possible collaborations,
and protect intellectual property and patents.

Can you describe the way in which the economic downturn impacted
upon Czech R&D and university system?
The economic crisis caught the Czech educational and research network of
universities at a point when its development was positively initiated. There
was high expectation that with appropriate financial mechanisms – such
as those provided by European operational programmes – it would finally
be possible to propel some Czech institutions to the top level of European
research. However, such development is quite improbable now because
universities have not received adequate financial support. Investment
from the national budget has been frozen. Universities and other scientific
institutions will, in this situation, consider carefully as to whether they should
apply for financial support from European Structural Funds. Support from
such areas can lead to significant financial burden in later years in terms of
the costs related to the sustainability of implemented projects.

Earlier this year the EU granted over 24 million euros to researchers
in the Czech Republic to investigate the link between the state of
the environment and the population’s health, with a new research
centre expected to open in 2012. To what extent does this mark
advancement in research in the Czech Republic?
One example of good practice in this field is the development of the
Research Centre for Toxic Compounds in the Environment (CETOCOEN)
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at Masaryk University. Finance from the EU will enable the development
of a top site that has been noted for its research in international
competition on repeated occasions. In 2009, the institution was officially
appointed a Regional Centre of the Stockholm Convention to establish
greater capacity in Central and Eastern European countries. Therefore, it
acts as a research and technological bridge between Eastern and Western
European countries. The project is financed by Research and Development
for Innovations, an operations programme from which Masaryk
University is attempting to draw further financial means to complete its
research infrastructure.

What exactly is going to be the task of the CETOCOEN, and how will
it contribute in solving the health problems faced by the country?
The Centre’s task is to collect data on toxic pollutants in the
environment and supplement them with additional information based
on knowledge gained from laboratory experiments, toxicological tests
and mathematic models. New databases composed of information
about specific types of environmental pollution will be interconnected
with existing information systems on the condition of human health
within the region. Project results will serve as an objective tool for
stakeholders, and will enable them to assess the environmental impacts
of their technologies.

How crucial do you believe international collaboration is to the
progress of research generally? Can you offer any specific examples
of successful, coordinated efforts?
The need to promote international collaboration in research formed
one of the main objectives of the Reform of the System of Research,
Development and Innovations. All of our successful research teams
cooperate on an international level. It is worth noting that finance
from the EU has helped to establish research infrastructures on an
internationally competitive level. The international significance of
the work conducted by Czech scientists from Masaryk University is
illustrated by their activities in Antarctica, where the university has its
own research station.
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The Finnish Funding
Agency for Technology
and Innovation
Dr Veli-Pekka Saarnivaara, Director General of Tekes, assesses the state of the Finnish research arena and
outlines how the agency is harnessing innovation as a driver of socioeconomic prosperity in the country
Could you outline the goal and mission of Tekes, as the main public
funding organisation for research, development and innovation
in Finland?

About 60 per cent of Tekes’ resources are allocated to focus areas based
on strategic choices and 40 per cent to any good idea with remarkable
potential for business or societal wellbeing.

Tekes’ mission is to boost the development of Finnish industry and the
service sector by technological means and through innovation. This
will renew the economy, increase added-value and exports, enhance
productivity and the quality of working life, create employment and
boost wellbeing.

How does Tekes serve to boost the development of Finnish industry
and the service sector by technological means and through
innovation?

According to the Tekes strategy, we have three target areas: capabilities
in innovation activities; productivity and renewal of industries; and a
prosperous society and environment.
We have outlined future priorities for R&D and innovation in Finland. The
policies guide R&D and innovation prioritisation and the use of Tekes’ and
other R&D and innovation funding resources in the coming years.
In the current strategy the focus areas are as follows:
• Wellbeing and health
• Knowledge society for all
• Clean energy
• Scarce resources
• Built environment
• Intelligent systems and environments
• Service business and service innovations
• Interactive media

Tekes offers funding, expertise and networks for companies, universities,
other university-level institutions and research institutes.
Funding and services are designed for challenging and innovative R&D
projects that create:
• New products and services
• New processes and production methods
• Business models and strategies
• Work place innovations
Tekes provides information and guidance for companies, encouraging
them to cooperate in programmes and assisting them with funding
applications. Tekes experts, who have industrial experience, work on an
interactive basis with customers.
Tekes runs programmes focusing on strategically important areas. These
programmes are forums for concentrated R&D work and networking
between businesses and research groups.
Tekes is also active in the development and funding of a new concept:
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Strategic Centres for Science, Technology and Innovation. The Centres are
new public-private partnerships for speeding up innovation processes, to
renew industry clusters, and to create radical innovations.

and the intended results must be significant considering funding. Tekes
allocates funding for projects that, in the long-term, create the greatest
benefits for the economy and society.

In what way will this renew the economy and increase addedvalue, productivity and exports, thereby creating employment and
enhancing wellbeing?

The projects to be funded are chosen by evaluating a number of factors:

Innovation is a profitable investment for the future and the growth of
the national economy. Innovations improve wellbeing by offering new
solutions for important areas such as healthcare, energy efficiency and
environmental sustainability.
Productivity increase is mainly based on intangible investments. We
measure the impact of other activities in our economy and wellbeing. The
results have shown remarkable effects throughout the economy.

To what extent does Tekes promote a broad-based view on
innovation, besides funding technological breakthroughs? How does
Tekes emphasise the significance of service-related, design, business,
and social innovations?
We share the definition that innovation means knowledge and
competence utilised in a manner that is new in commerce or society.
Most projects funded by Tekes are multidisciplinary. Approximately 50
per cent of Tekes funding for companies is focused towards the service
sector and over 40 per cent of the total Tekes funding is allocated to
non-technical development, like business and service concepts, branding,
practices, management, organisation, workplace development, design and
consumer behaviour.
The results seem to be better in companies who integrate different
elements of innovation.

Tekes finances some 1,500 business research and development
projects, and almost 600 public research projects at universities,
research institutes and polytechnics each year. How wide-ranging
are the projects and disciplines that you fund, and could you offer an
indication of the type of research programme you finance?
Tekes funding covers R&D and innovations at all sectors of industry, services
and academia. All funding is competition-based funding, which is guided by
uniform principles and criteria that apply throughout the country.
Tekes programmes are an effective form of cooperation and networking for
businesses, universities and research institutes. Each programme focuses on
the development of specific topics, and the results of the research projects
are passed on to businesses systematically. Current Tekes programmes
range from the development of built environment, converging networks,
business competence and management and embedded ICT, to biorefinery
water, advanced materials, and safety and security.

Is there a still limit to the funding allocated to multidisciplinary
projects, or is this undergoing a change?
New innovations come mostly by combining different knowledge in a
new way; therefore, a multidisciplinary approach is a must.
At a global level, things become even more multidisciplinary. This
development is obvious also in the projects funded by Tekes and in Tekes
programmes. For example the Tekes programme for Service Business,
called Serve, increases and broadens the services development in all
sectors of the industry.

What criteria are you currently using to decide who receives funding;
is there a particular trend at the moment?
Sharing risks is characteristic for all Tekes funding. This means that Tekes is
prepared to accept greater risks than other funding organisations.
Tekes funds risk-intensive projects that create new know-how and
innovations. The funding must have an integral impact on the project
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• Intended business or other utilisation
• Technology, innovation or know-how to be developed
• Resources to be used
• Cooperation to be developed or utilised
• Societal and environmental wellbeing factors to be promoted
• Impact of Tekes’ funding and expert work

One of your current research interests is sustainable energy
economics and environment; what approach is Tekes employing to
improve research and development in this area?
Environmental and energy-related targets are crosscutting. Energy
efficiency concerns all industrial sectors.
Global markets of energy and environment industries are growing fast.
This means that our activities are also crosscutting and focused on all
industries, and that our objective on energy and environment fields is to
develop solutions which are competitive on a global scale. Then we can
also solve our domestic challenges concerning climate change and energy
needs by using solutions of our own.
In 2009, over 40 per cent of total Tekes funding contributed to energy
and environment targets. We also run several programmes on the energy
and environment sector, like the BioRefine Programme to develop
new biomass products, the Fuel Cell Programme to develop fuel cell
applications and vehicles with fuel cell power modules, and the Groove
Programme to develop renewable energy.
One of the Strategic Centres for Science, Technology and Innovation is
Cleen Ltd. It’s a new concept and tool for strategic choices, cooperation
and radical innovations.

How is Tekes impacting the quality of social and healthcare service
systems?
Wellbeing and health is one focus area in the Tekes strategy. During
previous years we have had several programmes in this area. One of the
reasons is the demographic development in Finland – as a population, we
are ageing very fast.
Currently we are running a large cooperation programme for
innovations in social and healthcare services. The programme aims
to renew the social and healthcare service processes, improve the
availability of services and promote new business opportunities in the
area. Cooperation of private companies, municipalities and third sector
is important, and ICT is an enabler to change the service processes.
One of the new Strategic Centres for Science, Technology and Innovation
carries a particular focus on wellbeing and health. SalWe Ltd started its
first research programme in June 2010.

Does collaboration have a key role in Tekes’ advancement and where
can the internationality of innovation activities be seen? How is
Tekes ensuring a level of global competitiveness as a result of the
innovations it has supported?
International cooperation has an essential role in Tekes activities and in
the projects and programmes we fund. International cooperation is an
important factor in our programmes, and we have overseas offices of our
own to build partnership with the most important partners globally.
Tekes’ global network involves leading universities and other innovation
partners around the world, as well as the FinNode network operating
currently in China, Japan, the United States and Russia. This network
offers opportunities for international businesses and scientists as one of
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the gateways to collaborating with the most important R&D partners
in Finland.

• 3,500 patent applications

FiDiPro - the Finland Distinguished Professor Programme – is a good
example of these opportunities. The FiDiPro Programme enables
distinguished researchers, both international and expatriates, to work
and team up with the ‘best of the best’ in Finnish academic research. The
programme is led and financed by Tekes and the Academy of Finland.

What plans for the future of the agency do you have, and could you
give us an insight into where you see Tekes in 10 years? How do you
hope to develop Tekes’ approach?

When funding companies, one of our funding criteria is to evaluate the
intended business on global markets. We assess and evaluate the results
and impacts three years after the end of each project. This is also a
learning process through feedback for our experts.

How would you sum up the success of Tekes thus far? Could you give
an example of projects you have supported that have created longterm benefits for the economy and society?
Finland has been able to increase productivity, industrial volume and
exports more rapidly than OECD countries in average. Intangible
investments are one of the most important factors behind this
development. We have been able to increase R&D and innovation
investments in Finland at a rate of twice as much as we have invested.

• 4,900 academic theses

International evaluation of the Finnish innovation system recommended
that Tekes should increase risk-taking, focus on customers who are,
or are seeking to be, at the global frontier, and increase emphasis on
re-allocation of national resources – this means to boost ‘creative
destruction’ in our economy. In our ongoing strategy process we try to
define what this means in practice. The new strategy will be published in
March 2011.

www.tekes.fi/eng

During the five past years Tekes has funded around 2,700 academic
research projects and 4,400 R&D and innovation projects in companies.
These projects have resulted in:
• 2,400 products
• 1,700 new services
• 1,000 renewed or new production processes

Tekes research examples
(clockwise from top left)
The first big Tekes programme – the Finnish
Information Technology Development Programme
– started in 1984. In this initiative the research
groups constructed protocol and database tools.
Later these researchers used this know-how for
GSM development at Nokia Corporation.
Finnish oil spill recovery skills were in heavy
demand in the Gulf of Mexico rescue operation.
Lamor Corporation delivered most of the 700 oil
spill units that BP ordered after the accident. The
company is the world’s largest supplier in skimmer
technology for recovering heavy crude oil. Tekes has
funded Lamor’s development projects.
The demand for lactose-free milk products has
grown continuously. Valio Ltd launched the world’s
first lactose-free dairy drinks onto the market in
2001, and this R&D work was funded by Tekes. By
the end of 2009, the company’s patented lactosefree milk beverages have been sold in 12 countries
and their annual turnover has increased to more
than 100 million euros.
The Regea Institute for Regenerative Medicine is a
pioneer in stem cell therapies. Regea has treated
20 patients with stem cell therapy for bone tissue
reconstructions; 19 of them have been successful.
Tekes has funded Regea’s research activities since
the institute was established in 2003.
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DR FRANK MEYSKENS

Success in clinical trials
While cancer treatments targeting specific mutations are very much in vogue, a U.S. based
team has developed an innovative treatment which holds great promise in clinical application

RECENT CLINICAL TRIALS conducted on patients
at high risk of colorectal cancer have reaped
landmark findings which could establish a new
paradigm in efforts to harness effective methods
of preventing colorectal and other cancers.
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cancer. These promising results mark a seminal
demonstration of the clinical validity of the
concept of ‘combination chemoprevention’, a
form of treatment first postulated as far back
as 1980, but which has not, up to this point,
been corroborated.

Developments within the field are often marred
with questions regarding the safety of new
applications and approaches. However, results
reported by a team led by Drs Frank Meyskens
(University of California, Irvine) and Gene Gerner
(University of Arizona) hold genuine hope in
alleviating the number of individuals who fall
victim to colorectal cancer every year, without
inflicting pernicious side effects.

Both drugs used in Meyskens’ trial were first
synthesised over 30 years ago. One was
synthesised to inhibit a very specific enzyme
important in early cancer formation; the
other was considered multifunctional but was
subsequently found to affect the pathway in a
particularly important way, in a manner that
markedly enhanced the effect of the first drug.

The trials involved administering two drugs, in
tandem, to patients with a history of resected
colorectal adenoma. The results indicated
that the drugs caused a dramatic reduction
in the number of polyps and, even more
strikingly, an almost complete prevention
of the appearance of advanced and multiple
adenomas, which are a major precursor and
risk factor for the development of colorectal

While Meyskens and his colleagues’ work has
yielded remarkable results, their achievements
have not sprung from sudden events; rather, their
findings have stemmed from dedication, patience
and industry in the laboratory. Indeed, the clinical
trials were based on extensive animal, in vitro and
translational studies, which Meyskens and his
collaborators have conducted over the course of
the last 20 years.
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ALTERNATIVE APPROACH
Colon cancer is a highly prevalent form of cancer;
in the U.S., it is the leading cause of cancerrelated death in people under 74 years, and
among the population as a whole, is the second
most common cause of cancer-related deaths.
While there is general consensus among the
oncology community that the onset of colorectal
cancer can be thwarted by eliminating precursor
adenomas found in colonoscopy screening,
pharmaceutical intervention had – prior to
Meyskens’ results – been very modest. Although
diet is often linked to colorectal cancer, a series
of clinical trials involving dietary supplements
have proven largely ineffective in preventing the
incidence or recurrence of colon polyps.
Meyskens was cautious not to overplay the
association between colorectal cancer and
diet. Instead, his team employed combination
chemoprevention strategies in rodent models;
this approach illustrated that using two or
more drugs in tandem is often more effective
in stemming the onset of colorectal cancer.

DR FRANK MEYSKENS

Preventing colon cancer
Dr Frank Meyskens speaks to International Innovation about the
development of a revolutionary therapeutic prevention for colorectal
cancer, and the encouraging results of associated trials thus far
What is the overall aim of your project?
The project started around 20 years ago with
the aim of preventing colorectal cancer using
what we call therapeutic prevention, which has
been traditionally known as chemoprevention.

Could you explain the motives behind
initially focusing on the high risk
populations, and then producing treatments
for the wider population? Which groups are
you specifically targeting?
Initially, we began with patients at moderate
risk. Because the results of the trial were so
positive, we were hopeful that a pharmaceutical
company would pick it up and run with it.
That was not to be, so we decided to set up a
company, Cancer Prevention Pharmaceuticals.
One trial is focused on individuals with familial
adenomatous polyposis, which is driven by
the absence of a particular gene, and in which
thousands of polyps develop. Previously, most
patients would die of cancer before the age of
20; now they live longer due to prophylactic
colorectomy, usually during the teenage years,
and intense surveillance. They have thousands
of polyps which develop into cancer. This
condition is now our target population; there is
only one approved medical treatment for this
– Celebrex – which at lower doses is used for
management of arthritis. However, its effects
in FAP are modest at best and has long-term
repercussions in that it increases the risk of
cardiovascular disease.
In a larger trial, the second set of patients
are individuals with stage I, II or III colon
cancer, who have had surgery and, in some
cases, chemotherapy. One year later we will
randomise them into treatments consisting of

Meyskens reflects on the body of evidence
accumulated in this regard: “A very large amount
of data was generated in animals – and in vitro
– that indicated that combining drugs with
different mechanisms of action would be much
more effective than employing each individual
agent alone”. Around this time, one agent in
particular, an inhibitor of polyamine synthesis
known as difluoromethylornithine (DFMO), had
delivered very promising results in preclinical
results in prevention models, most notably colon
and prostate cancer models. In animal and in vitro

a placebo, difluoromethylornithine (DFMO),
sulindac, or the combination.

Could you elaborate on the lifestyle
recommendations that you will be
promoting? How will these differ from other
medical advice and what difference will this
make to the patient?
These fall in-line with those promoted by
American Cancer Society and the National
Cancer Institute: keep your weight down, eat a
healthy diet with moderate calorie intake, and
do a moderate amount of exercise; the only
other thing we look at is that we have some
evidence that eating a diet high in polyamines
may not be beneficial. Yet while the data looks
good, more studies need to go into this area
before making a general recommendation.
Researchers in France are, however, doing
extensive studies in this particular area of diet
and cancer.

How soon do you believe these treatments
could be used in clinical application?
We hope to start the FAP trial later this Fall; if all
goes well, we hope to have a definitive clinical
result in 3-4 years. The other trial will probably
take 6-7 years to finish; that is a much larger and
harder trial to execute, but we have an excellent
team of investors and scientists on hand.

What are the greatest challenges in working
with multiple forms of cancer and will you
utilise your colon cancer model as the basis
for further research?
It takes an enormous amount of energy to study
one pathway, and it takes an enormous amount
of energy to study one human tumour. History
dictates that you dedicate yourself that way.

studies, the combination was highly effective,
and, subsequently, the team initiated a series of
translational pilot, phase IIa and phase IIb trials in
patients with prior colorectal adenomas.
A series of studies in patients ensued, and
Meyskens and his colleagues found that DFMO
was very successful in controlling a key pathway
by preventing the synthesis of polyamines,
a key molecule in the growth of tumours.
At this point, the team found themselves at
a crossroad, with one question on their lips:

Expanding beyond one pathway and organ site,
investigators have found that only occasionally
can you take the same drug and move it forward
simultaneously in more than one organ site.
Advancements in understanding the molecular
basis of cancer has changed the paradigm so
that what we look for now are pathways found
in multiple forms of cancer. Yet there is also
the practical reality: over the past two years
I have developed a deep appreciation of the
costs and challenges involved in developing
drug treatments, and it is incredibly exhausting
getting all of the information together for review
by the FDA, developing the financial resources
and implementing the trial, which can involve
numerous sites around the world as well.

Do you have any plans to produce models
for any other forms of cancer?
I – together with my partner, Gene Gerner and
others – have accumulated good evidence
that this approach might be clinically useful
in other cancers, particularly prostate
and non-melanoma skin cancers. There
is also therapeutic interest in DFMO for
neuroblastoma, a terrible childhood cancer. We
were approached by three separate groups to
see if we could test the drug in children who
had failed standard therapy. We are now deeply
involved in this avenue and have already treated
the first three patients.

what compound should be added to DFMO
to improve the efficacy of the treatment?
Meyskens recalls this somewhat vividly: “There
was a lot of debate at that point, and people
were somewhat surprised that we decided on
an older drug, sulindac, which is among a class
of drugs of non-specific anti-inflammatory
agents to which aspirin belongs”.

PHASE III TRIALS
The team’s highly favourable results led to a
randomised, placebo-controlled phase III trial
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INTELLIGENCE
PHASE III COLON CANCER PREVENTION
TRIAL
OBJECTIVES
This study was a randomised, double-blind
placebo-controlled trial to test whether the
combination of a low dose of DFMO plus a
low dose of sulindac reduces the recurrence
of colorectal adenomas detected by standard
colonoscopy. The trial involved seven clinical
sites in the U.S., and an independent Data and
Safety Monitoring Board reviewed safety and
efficacy data twice yearly.

KEY COLLABORATOR
Dr Eugene Gerner, University of Arizona

of the DFMO-sulindac combination treatment.
By comparing placebo patients with patients
afforded the bona fide treatment, the study
tested whether a combination of DFMO and
sulindac was effective in reducing the prevalence
– and preventing the reoccurrence – of adenomas.
The study involved 375 patients, each with a
history of resected adenomas and thus considered
at high risk for recurrence. While the control
patients received placebos over 36 months,
the test cases were administered relatively low
doses of the combination treatment – 500mg
of DFMO and 150mg sulidac – once daily over
the same period. Meyskens and his team then
conducted follow-up colonoscopy to compare
the rate of adenoma recurrence between the

NON TOXICITY

FUNDING
NIH - NCI

CONTACT
Dr Frank L Meyskens, Jr, MD, FACP
The Daniel G Aldrich, Jr Endowed Chair
Professor of Medicine, Biological Chemistry and
Public Health
Director, Chao Family/NCI Designated
Comprehensive Cancer Center
University of California, Irvine
USA
T (714) 456-6310
F (714) 456-2240
E flmeyske@uci.edu
http://www.cancer.uci.edu/
DR MEYSKENS is an active medical oncologist
and tumour biologist. He is Associate Director
for Control and Prevention of the Southwest
Oncology Group, the largest cooperative cancer
group for clinical trials in the world. Since
1993 he has been Director of the Chao Family
Comprehensive Cancer Center, University of
California, Irvine. He has published over 400
papers in scientific and medical journals. Dr
Meyskens is also an expert in the biology of
cutaneous melanoma and is developing a
new therapeutic prevention approach to this
malignancy, which, after premenopausal breast
cancer, is increasing faster in incidence than
any other cancer. He is also a published poet
with his first book ‘Aching for Tomorrow’ (2007,
Fithian Press) focusing on patient-healthcare
givers’ interactions. Dr Meyskens co-founded
Cancer Prevention Pharmaceuticals in 2008.
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The Chao Family Comprehensive Cancer Center

The drug combination inflicted very
few side effects, with little additional
toxicities. Crucially, results from
the trial also indicated that the low
doses of the two agents cause no
significant toxic side effects
two groups of patients, and their findings are
incredibly promising: within the placebo group,
the recurrence of one or more adenomas stood at
41.1 per cent, compared to 12.3 per cent among
the test patients; furthermore, 8.5 per cent of
placebo patients contracted advanced adenomas,
with the corresponding figure representing only
0.7 per cent of those afforded DFMO-sulindac.
Such results illustrate that the chemoprevention
combination therapy demonstrated remarkable
efficacy in inhibiting colorectal adenomas,
paving the way – potentially – to a paradigm shift
in approaches to the development of new
cancer drugs.

A major aspect of the treatment that warrants
attention is that the drug combination inflicted
very few side effects, with little additional
toxicities. Invariably, the risk-to-benefit ratios
regarding new or novel treatments permeate the
minds of both oncologists and patients. Crucially,
results from the trial also indicated that the low
doses of the two agents cause no significant
toxic side effects. This can be attributed to an
informed decision made on the part of Meyskens.
Eschewing conventional approaches in which
drug doses are escalated to determine maximum
tolerated doses before a full-scale treatment
protocol, the earlier clinical trials were uniquely
subject to dose-deescalation, in which the dose
of DFMO is reduced to the lowest possible,
demonstrating an effect on polyamine content
in the colon.
The landmark results of the phase III trial – highly
promising in terms of both suppressing adenomas
and causing little toxicity – are testament to the
dedication and innovation of Meyskens and
his team, and mark a major development in
improving the risk-to-benefit ratios associated
with chemoprevention.

PIONEER

HEALTHCARE PIONEER
Edward Jenner (1749-1823),‘Father of Immunology’
EDWARD JENNER IS best remembered
for the development of the smallpox
vaccination. In Jenner’s lifetime, smallpox
was widespread and fatal, and most of its
victims were infants and young children.
Over the course of history, notable ﬁgures
whose lives were claimed by smallpox
include Pharaoh Rameses V, Elizabeth I,
George Washington and Abraham Lincoln.
In the 18th Century, some 60 million people
perished from the disease.

material from dead animals to be repugnant.
The Gloucestershire doctor’s notoriety
was such that the celebrated cartoonist of
the day, James Gillray – who usually drew
inspiration from politicians and matters
political – turned his spotlight upon him.
Gillray satirised Jenner’s experiments by
depicting vaccinated individuals as having
cows’ heads.
Having moved to London, Jenner’s ﬁnancial
situation deteriorated signiﬁcantly until a
band of supporters petitioned for him to
be reimbursed the costs incurred during
his studies. Parliament duly awarded him
£10,000; he returned to his hometown and
set about building a clinic and administering
free injections. While Jenner’s stock grew
on an international level, his later years
were beset with ﬁnancial hardship; he did,
however, receive donations from as far
aﬁeld as India.

Born in Gloucestershire, UK, the young
Edward Jenner was raised in a family with
a tradition of sending its male members
to Oxford to train as clergymen. However,
Jenner was denied this opportunity on
academic grounds; instead, he pursued a
career in the medical profession. He worked
under the courtship of various surgeons
before working as a country doctor in his
home county.
Curiously, Jenner’s theory about the
possibility of inoculating individuals against
smallpox was borne out of a pastoral
context. Folklore of the time had it that
milkmaids who contracted a mild disease
known as cowpox would somehow be
immune to smallpox.
On a mid-May afternoon, three days before
his 47th birthday, Jenner conducted his
landmark experiment on his gardener’s
eight year old son, James Phipps. Phipps was
inoculated with pus taken from a cowpox
postule, and Jenner compiled his ﬁndings in
a paper which was submitted to the Royal
Society in 1797. The experiment, however,
was deemed too revolutionary and Jenner
was advised to accumulate more proof.
Resolute and undeterred, the ambitious
doctor then experimented on other children
– even bringing his own 11 month old son
into proceedings – and devoted a signiﬁcant
proportion of his life advising on inoculation,
and enhancing techniques and vaccines.
Not unlike other great pioneers, Jenner faced
an immediate backlash in response to his
proposals. He was castigated by members of
the clergy and the medical profession, who
deemed his technique of inoculating with

(ABOVE) EDWARD JENNER VACCINATING HIS
OWN SON - From the sculpture by Monteverde for
the Paris Exhibition, 1878

Although Jenner died in 1823, compulsory
smallpox vaccination was introduced across
the UK in 1853 and was practised until
1971 – an astonishing length of time in
medical terms, and a testament to Jenner’s
discovery, dedication and innovation.
Indeed, few would dispute that Jenner’s
work laid the foundation for the eventual
eradication of one of the single most
prevalent and threatening diseases to have
faced humankind. By 1976, smallpox, which
had once been universal, persisted only in
the Horn of Africa, and on 9th December
1979, an assembled commission of leading
scientists validated that smallpox had been
fully eradicated. This announcement was
seconded by the World Health Organization
the following year.
Today, a number of monuments stand in
tribute to Jenner, among which is a statue
in Kensington Gardens, London. However,
the most pertinent and apt reminder of
him, perhaps, is manifest in the name
of one of the world’s leading vaccinal
organisations: the Jenner Institute, which is
pivotal in the development of (pre-) clinical
vaccines for a host of diseases, including
malaria, tubercolosis, meningitis and
human inﬂuenza.
WWW.RESEARCHMEDIA.EU 47

ANALYSIS: EXCLUSIVE

Patrick Cunningham
Chief Scientific Advisor to the Government of Ireland

The creation of wealth by the
application of knowledge
Ireland has been hit harder than most European nations by the global economic crisis.
Patrick Cunningham explains why renewed investment in education, science and innovation
must be at the heart of programmes designed to restore the country as an economic force
In what ways has the global economic crisis impacted upon science
and research funding in Ireland?
The economic crisis has hit us harder than others. Ireland’s GDP in 2009
dropped 12 per cent, compared with 2 per cent in the U.S. and 4 per cent in
the EU. The reasons for our greater vulnerability are now well understood.
The impact on public revenues has been massive, and all sectors have
been subject to rapid – and in some cases dramatic – reductions in
budgetary allocations. The science budget dropped 12 per cent in 2009
and a further 5 per cent in 2010. This has meant that the linear expansion
has halted for the moment. However, the early corrective actions taken
by the Government are beginning to take effect, and earlier this year the
Government recommitted to science and knowledge-based growth as
the way forward. The target date has been pushed back to 2020, and the
overall target of 3 per cent of GDP for research is now Government policy.

To what extent do you subscribe to the view that the development of
the ‘smart’ or innovation-based economy is the key challenge facing
Ireland, even in the fallout of the recent financial crisis?
A recent World Bank study estimated that the wealth of Ireland consisted
of 3 per cent natural resources (mainly farmland), 14 per cent inherited
capital investment, and 83 per cent intellectual capital - namely the
knowledge and skills of individuals, as well as the collective knowledge,
competence, experience and memory contained in our institutions. As in
other countries, it is clear that the road to fulfilling our society’s aspirations
is through the creation of wealth by the application of knowledge in order
to increase what the French call the ‘technicité’ of society.

The Irish government’s Strategy for Science, Technology &
Innovation (2006-2013) and the National Development Plan
(2007-2013) spell out the country’s commitment to developing a
renowned and competitive knowledge economy. Can you begin by
outlining specific examples of the progress that has been made in
this endeavour thus far?
These two related statements of policy are a linear continuation of
plans put into place in the year 2000. Up to the crisis in late 2008, the
programme, on both the input and output side, had delivered even better
than could have been predicted. The Irish economy grew more than twice
the average rate of other Western countries. Unemployment was close to
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4 per cent, and Government revenue and expenditure were in balance. The
progress made in the early years of the decade was sustained right up to the
crisis point. The principal examples of this are to be seen in the continued
flow of Foreign Direct Investment (FDI), the continued rise in educational
levels in the workforce, and the diversification of the economy, for example
into a wide range of globally traded services. The build up of our national
R&D capacity continued on target, and the outputs from that sector are
evident in the steadily rising ranking of our universities, publication and
citation levels.

Impressively, in 2005, over half of the PhDs awarded by Irish
Institutions were in the disciplines of Science and Engineering. Does
this field remain as popular among students, and how essential do
you consider the importance of broadening the appeal of science and
research to young people?
Each year about 70,000 students finish secondary school. About 45,000
finish college, and approximately 1,000 obtain PhDs. Science and
Engineering remain popular among those going on to the highest level of
qualification. However, the numbers taking Honours Maths in our Leaving
Certificate, at 16 per cent, is low. In addition, the PISA evaluation of 15 year
olds for maths in Ireland is mediocre. However, there are changes on the
way. This year, college entry statistics show a higher proportion opting for
science courses. After two years of trials, a strengthened maths curriculum
is being implemented in all secondary schools from this Autumn. I think the
message is getting through.

Ireland has seven universities, and 14 Institutes of Technology, as well
as a number of publicly supported, specialised research institutions,
including Teagasc (Agriculture and Food Development Authority)
and the Marine Institute. Can you outline any notable research
programmes or achievements by these institutions in recent years?
The establishment of the SFI (Science Foundation Ireland) Centres
for Science Engineering and Technology (CSETs) has been a notable
achievement in recent years. Individual centres typically have about
100 researchers across several universities/institutes of technology and
have many industry partners. By the end of 2009, 10 such CSETs were in
existence, spanning a broad spectrum of industry needs and academic
research including systems biology, nanoscience and the semantic web.
For example, the SFI Centre for Adaptive Nanostructures and Nanodevices

ANALYSIS
ANALYSIS: EXCLUSIVE

www.chiefscientificadviser.ie
WWW.RESEARCHMEDIA.EU 49

ANALYSIS: EXCLUSIVE

50

INTERNATIONAL INNOVATION

ANALYSIS
ANALYSIS: EXCLUSIVE
(CRANN) is based in Trinity College and collaborates with researchers in
the Tyndall National Institute in Cork, National University in Galway and
other third level institutes. CRANN’s industry partners include Intel and
HP Ireland, who are using their relationship with CRANN to remain at the
forefront of their respective global research/production capabilities.

The Advisory Science Council (ASC) consists of senior figures from
industry and academia, and prepares and provides advice on science
issues from the points of view of the main stakeholders. How
crucial is cooperation and interface between researchers, industry
representatives, NGOs and policy makers in contributing to the
advancement of Ireland as a knowledge economy? How is this
manifest in practice?
There are advantages in being a small country. It is possible to get all the
actors involved in building and implementing the knowledge economy
together in different configurations. To bring greater and more effective
focus on the linkages, the principal economic development department
was restructured and renamed as the Department of Enterprise Trade
and Innovation this year. Additional R&D support and tax measures are
now being offered both by the IDA to foreign owned companies and by
Enterprise Ireland to domestic businesses. As in other countries, the state
funding agencies are now also giving greater emphasis to linkages with
the real economy. The universities have all expanded their services in
technology transfer. These different initiatives, all put in place in the last
year or two, are perhaps too diverse and too new for us to have good
objective measures of their impact as yet, but the central point is that
investment in R&D is clearly recognised as part of economic policy.

Ireland boasts an impressive roster of foreign direct investment
companies and partners. What steps are being taken – or
advocated – in continuing to attract investment from
multinational organisations?
Ireland is very highly integrated with the global economy, with three
quarters of our output of goods being internationally traded. The level of
FDI has been very important in creating that position. Even in the financial
crisis, Ireland has continued to be a favoured FDI destination: while global
FDI in 2009 decreased by 30 per cent, in Ireland the decrease was just 4
per cent on the previous year’s figure. There were 125 new FDI projects in
2009, nearly half of them involving R&D investment.
With significant adjustments in our cost competitiveness, we expect strong
inward FDI to continue, based largely on the elements that have made
Ireland attractive to date: the collective experience of companies already
here; the education and competence of our workforce; a favourable tax
regime; and good infrastructure. The Government’s renewed commitment
to knowledge and science based development (3 per cent of GDP on R&D
by 2020) underpins these expectations.

How does Ireland benefit from its membership of the European
Union in terms of funding and shared expertise? Indeed, how integral
do you consider international collaboration and knowledge sharing
in the science and research domain generally?
Membership of the European Union has been, and continues to
be critically important for Irish science. As a nation, we have been
exceptionally enthusiastic Europeans from the beginning. Participation in
the early Framework Programmes was hugely important for ambitious
researchers in Ireland. With the trebling of domestic investment in
science and research in the last decade, the emphasis shifted somewhat
to Irish funding sources. However, our involvement in EU programmes
has generally been higher than our 1 per cent weight in the European
Union would indicate. Even the domestic programmes have been
very international in scope: more than half of the 3,500 new research
positions created in Ireland in the last decade have been filled by nonIrish scientists. The international dimension to our science and research
will continue to grow.

What do you envisage to be the challenges facing Ireland in the
scientific domain in the short- to medium-term, and what steps are
being taken to address them?
The primary challenge is that of operating as a small open economy, in
science as in other aspects of our lives. The country cannot grow on its
domestic market – nearly 80 per cent of everything we produce has to
be exported. Our small size also requires us to make choices – we cannot
be internationally competitive in all fields. Secondly, we have a challenge
of adjusting the structures that we have inherited and built to meet the
demands of a changing world. In the boom years, everything was possible.
Now, we need to regroup. Thirdly, acknowledging that our principal
resource is the skills, competence and initiative of our people, we must
ensure that our educational system, which is already good, can match the
best of our peers and competitors.

As Chief Scientific Advisor to the Government, what is your
position regarding the effects of human-induced climate change?
In what ways is Ireland engaging with this global issue, developing
strategies to mitigate its own carbon emissions, and promoting more
environmentally friendly options to its citizens?
As Chief Scientific Advisor, I have taken a number of initiatives to support
the national response to the challenge of climate change. We published
a position paper in the run up to the Copenhagen Summit in December
2009 giving a well-grounded review of the evidence. In addition, we have
attempted to encourage the more ambitious objectives of moving Ireland
towards a carbon neutral economy a generation from now. With very small
domestic fuel and hydro resources, Ireland has the highest dependence on
imported fossil fuels of any country in Europe. Paradoxically, Ireland is also
the best placed of any European country to harvest wind and ocean energy.
Developing the technologies to make Ireland eventually carbon neutral is
a primary challenge for our scientists and engineers. Much early activity is
now underway, and the Government has set ambitious targets, initially for
40 per cent renewables by 2020, and eventually to base our economy on
reliable, renewable and carbon neutral sources.

How would you sum up your long-term vision regarding the ongoing
development of science and research industries in Ireland?
The development of science and research in Ireland is very much part
of economic policy. Two thirds of the investment takes place within
companies, where it is clearly intended to lead to better sales, better
margins, and shareholder value. The one third which is public investment
also has economic aims. In the first instance, this is to produce knowledge,
goods, services, and above all people who can support the innovative drive
of private enterprise. It also has broader societal goals, such as research for
the common good, including environmental protection, health and security
of the individual, and ultimately delivery of the broad goals of society: the
welfare, happiness and fulfilment of all citizens.
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PROFESSOR YIAN SHI

Re-amination of
drug development
Metal catalysis of diamination represents an energy-efficient and inexpensive technique to synthesise
vicinal diamines, and is an important innovation in organic chemistry, as Professor Yian Shi explains
Can you outline the objectives of your
research?
Our general interest is in the area of synthetic
organic chemistry, particularly the development
of novel methodologies and their application
in the synthesis of natural products exhibiting
unique chemical complexity and significant
biological activity. Our recent focus is on
the formation of carbon-carbon, carbonnitrogen, and carbon-oxygen bonds with an
emphasis on chemo-, regio-, diastereo-, and
enantioselectivity.

Can you provide an illustration of the role,
characteristics and prevalence of vicinal
diamines? What relevance do they bear in
relation to the development of therapeutic
treatments?
Vicinal diamines are present in many
different types of drugs and also serve as
good building blocks. They can be used
as chiral ligands and chiral auxiliaries,
which allow high enantioselectivities
and/or diastereoselectivities in various
transformations. They can also be used to
remove toxic metals. In addition, diamines are
used in medicine as components of imaging
and detection systems.
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Can you illustrate the broad range of
pharmaceuticals in which vicinal diamines are
present?
Vicinal diamines are present in antiarrhythmics,
antihypertensives, antipsychotics, analgesics,
antianxiety, local anaesthetics, anticonvulsants,
gastrointestinal agents, anticancer drugs, and
antiparasitic agents.

Why is it desirable to construct diamines in an
enantioselective fashion?
Enantiomers are two non-superimposable
mirror image isomers like a person’s right
hand and left hand. Often, one enantiomer is
the active drug whereas the other is benign
or toxic. Enantiomers have the same physical
properties, thus they are difficult to separate.
So it is highly desirable to construct molecules
enantioselectively.

Can you offer an account of the obstacles and
challenges associated with the synthesis of
vicinal diamines generally?
There are multiple ways to access a vicinal
diamine, but they often require multi-step
operations. Various researchers have made
important progress in the field of metalcatalysed concomitant diamination, but
substrate scopes have generally been limited.

The nitrogen atom can coordinate to metals,
which aids us in our reaction, but if it coordinates
to the metal too well, this can hinder or kill the
reaction. In intermolecular diamination, which
has been our focus, finding a nitrogen source that
is stable enough to handle but reactive enough
to afford the target product is a great challenge.

In what ways are catalysts seen as a useful
tool in the construction of diamines,
and what has been gleaned from your
experiments in this regard?
Catalysts, in the simplest sense, are molecules
that lower the activation energy of a reaction,
and therefore speed the reaction up. They are not
consumed in the reaction; they are constantly
regenerated, thus one can use sub-stoichiometric
amounts of catalyst to promote the reaction.
In our case, the catalysts have provided us with
multiple benefits. First, they allow us facilitate
the reaction. Second, they have allowed us
to discover/implement the chemo-selective
reaction. Use of palladium [Pd(0)] typically
leads to internal diamination whereas use of
copper [Cu(I)] affords the product of terminal
diamination. Third, the metal catalysts have
allowed us to introduce chiral ligands which can
coordinate with the metal and, in turn, provide
an asymmetric reaction.

PROFESSOR YIAN SHI

Catalytic conversions
Concomitant diamination can serve as an important means of installing
multi-functional vicinal diamines, and thus a team based at the Colorado
State University Chemistry Department seek to further develop the
method, enabling a broader range of substrates to be synthesised
TODAY,
COLLABORATION
BETWEEN
the pharmaceutical industry and academic
laboratories is becoming increasingly recognised
as a pivotal factor in countering newly emerging
health challenges. Harnessing viable synthetic
methods for drug production is underpinned
by effective partnerships between different
institutions and enterprises across the world.

What would you highlight as your most
notable success to date in this field of
research?
We previously developed an asymmetric
epoxidation system catalysed by sugar
derivatives. This method has proven to be
robust and amenable thus making it widely
used in organic synthesis. With continued work,
we hope our diamination system can become
similarly useful.

As health challenges are constantly evolving,
there is an increasing demand for the
development of more efficient, predictable,
economical, and environmentally friendly
methods of harnessing new treatments.
In what ways does your technique for
synthesising diamines meet this set of
criteria?
Within the topic of our diamination system,
racemic diaminations can be run with as little
as one per cent Pd(0) or with inexpensive
CuBr as a surrogate catalyst, thus making this
reaction economically advantageous. We have
mapped out the chemo-selectivity, and we have
developed these reactions enantioselectively.
These reactions progress fairly quickly, and
they are typically run at 65oC or lower, thus not
requiring copious amounts of energy.

Within this domain, vicinal diamines are
contained in biologically active compounds and
a surfeit of drugs, for instance: antiarrhythmics,
antihypertensives, antipsychotics, analgesics,
antianxiety
agents,
local
anaesthetics,
anticonvulsants,
gastrointestinal
agents,
anticancer drugs, and antiparasitic agents. Given
the merit vicinal diamines hold in medicinal and
therapeutic contexts, researchers – including
Professor Yian Shi at Colorado State University
Chemistry Department – seek to develop and
enhance catalytic methods of processing the
diamines in a manner that is resourceful in terms
of time, starting materials, human capital and
waste generation. This approach – known as
concomitant diamination – has been achieved
through metal mediation and metal catalysis,
and Shi’s team endeavour to develop a process
that will broaden the scope of substrates to
which this technique can be applied.

METAL CATALYSIS
Shi and his team observed that a metal catalyst
capable both of being inserted into a nitrogennitrogen bond of a derivative of hydrazine and
coordinating with the carbon double bond
of an alkene could facilitate the concomitant
installation of two nitrogen atoms onto a double
bond. The catalysts reduce the activation barrier
of the reaction, thus accelerating the reaction.
The choice of metal and nitrogen containing
substrate are integral the selectivity of the
reaction. By employing palladium [Pd(0); atomic
number 46] as a catalyst and diaziridinone
as a nitrogen source, it has been shown

that conjugated dienes can be regio- and
diastereoselectively diaminated at the internal
double bond. Using copper [Cu(I); atomic number
29] as a catalyst resulted in conjugated alkenes
being regioselectively diaminated at the terminal
double bond. Copper chloride (CuCl) was
typically favoured by Shi as a source of Cu(I). The
reactions were run in the presence of a phosphine
ligand at temperatures ranging from 25-65oC.
A further advance in metal catalysis in this area
was the use of copper bromide (CuBr). This
ionic compound can be used as a Cu(I) catalyst
source without a ligand and at a temperature
range of -10-0oC. It can lead to highly selective
diamination of the internal alkene double bond,
and has thus emerged as a viable economic
alternative to the Pd(0) catalysed process. This
provides a predictable concomitant diamination
system. The remaining double bond can then
be the target of further manipulation as a
pharmaceutically viable molecule is synthesised.

ADVANCES IN SUSTAINABILITY
Shi is sage about the difficulties he and his
team have faced in developing this process:
“The discovery and development of any
process comes with a series of challenges,”
he acknowledges. “We have studied nitrogen
sources; some have been more robust, others
have been difficult to synthesise and/or handle.”
The gradual development of these reactions is
often a case of experimentation and adaptation.
Shi delineates an example: “When we first began
working with the thiadiaziridine, the students and
postdocs would report that it was decomposing
rapidly on them”. Accordingly, after adjusting
the synthesis, this nitrogen source was adapted
to become easier to work with. In future work,
adaptation of the diamination process will be
centered around experimentation with other
metals in catalytic quantities.
In addition, Shi’s laboratory seek to expand the
substrate scope of their system. As such, his team
is currently investigating the mechanisms of their
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INTELLIGENCE
DIAMINATION OF OLEFINS
OBJECTIVES
The objective for the project is to develop
an efficient method to diaminate readily
available olefins with an emphasis
on chemo-, regio-, diastereo-, and
enantioselectivity and to apply the newly
developed method to synthesise various
biologically and chemically
important diamines.
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existing
diamination
reaction system, with
the long-term aim of
developing processes
for substrates that have
yet to be reactive. As
studies to this point
have revealed that
one of the double
bonds of the diene
generally needs to
be a terminal double
bond for Shi’s system
to function effectively,
two questions have
emerged: can the team
diaminate a double
bond in a capped
system;
and
can
they expand on the
diamination of cis and
cyclic double bonds?
Such paradigms form
the basis of a significant
part of the team’s
ongoing work.

FIGURE 1. Within medicinally significant compounds, 1,2-diamines are present in
antiarrhythmics, antihypertensives, antipsychotics, analgesics, antianxiety agents,
local anesthetics, anticonvulsants, gastrointestinal agents, anticancer drugs, and
antiparasitic agents

FOSTERING ADVANCES IN INDUSTRY
Industry does not always have the freedom
and/or the time to gamble on exploratory
research. Often, companies must work within
more predictable parameters in order to
achieve deadlines, get drugs to market, etc.,
all of which are necessary for their survival
in a competitive market. Exploring novel
concepts, creating new reaction processes, and
studying reaction mechanisms that will help to
minimise steps, costs, manpower, wastes, and
time while improving yields and selectivity is a
primary goal of academic labs.

reciprocity of ideas and principles exchanged
between academia and industry. He asserts:
“Communications between academia and
industry take place in various manners, and
such interactions between industry and
academia are paramount to our field”.

The success of novel innovations in Shi’s field
is increasingly important to global healthcare.
The predictions for population expansion run
hand in hand with the continued emergence
of infectious diseases and development of
drug resistance. Global travel is blurring the
lines between areas of disease endemicity and
spreading epidemics faster than ever before.
The constraints of dwindling resources and
increasing energy costs are placing ever greater
economic strains on industrial processes.
The interaction between academia and
Being able to produce novel pharmaceutical
industry is bidirectional, however. Shi fully
products to counter the emerging threats of
appreciates the importance of a proper
infectious
diseases
and respond to the
burgeoning proportion
of
the
world’s
population who suffer
from chronic diseases –
such as type II diabetes
mellitus or asthma
– is of paramount
importance. To do so
using
economically
and environmentally
sustainable processes
is equally significant.
As the pharmaceutical
industry
moves
forward, innovations
like those of Professor
Shi and his colleagues
will hopefully enable
the development of a
FIGURE 2. Various Pd(0) and Cu(I)-catalysed diamination processes
wealth of new drugs.

DR FREDERIC S RESNIC

Monitoring
new devices
Dr Frederic S Resnic, Assistant Professor of Medicine at
Harvard Medical School, provides an insight into DELTA, an
automated system to monitor the safety of medical devices
quite different than what you would expect
of a young man without any prior medical
problems. Because different hospitals and
different providers in various regions of the
country may also influence outcomes, it
is essential to know what the underlying
expected risk would be for the particular
patient being treated with a particular device
or medication. This is especially true if some
devices or medications are used in certain
patient populations and an alternative
approach might be used in a more high-risk
patient population.

To begin, could you explain the focus of
this research, and why it is unique in its
objectives?
Our research has focused on ways of utilising
medical informatics to provide an automated
safety surveillance infrastructure, which will
permit the monitoring of the safety of new
devices and drugs after market release. With
the rapid growth of electronic medical records
in the U.S. and the rest of the world – and the
additional availability of clinical outcomes
data repositories – large and deep clinical
datasets now provide the opportunity to have
a computerised system that can track the
exposure to new devices and medications, and
to understand the risk-adjusted adverse event
rates for those new products. This new form
of automated active surveillance is one way of
addressing an unmet public health need in the
U.S. and elsewhere.

How does offering case-level continuous
risk adjustment (using logistic or linear
regression) within a statistical surveillance
framework benefit the user and the patient?
In healthcare, patients clearly differ in many
ways from one another; an elderly patient with
diabetes that undergoes a heart procedure is

To what extent does this project rely on
a multidisciplinary approach and how
wide-ranging are its members, both
geographically and in terms of their remit?
The DELTA research programme is highly
multidisciplinary in nature. We have experts
in biostatistics, epidemiology, computer
programming, medical informatics, clinical
medicine and public health all actively
participating in each study that we execute
with DELTA. These represent a broad range of
U.S. geographies, and include investigators
in Boston, Massachusetts; Washington, DC;
Nashville, Tennessee; and San Diego, California.

By what means does supporting propensity
score modelling, (which predicts the
likelihood a patient will receive the exposure
of interest based upon patient/provider
characteristics), facilitate better patient
care in the long term?
Propensity matching is a statistical tool which
attempts to group patients with a particular
exposure to those similar to another group
of patients without the exposure. Using
propensity score matching, we try to minimise
the influence of patient selection or treatment
selection in our comparison of new treatments.
For example, if there were two heart stents
used, comparing them one-to-one would not
be adequate if the patients who receive one

stent are generally older or have different risks
than the recipients of the other stent. Through
propensity matching, the patients could be
compared based on similar attributes, so that
we can compare similar patient groups who
received each stent. The long-term benefit is
realised in determining which devices are safe
for future practice.

What does the incorporation of
sophisticated security, de-identification and
encryption algorithms bring to this system?
Any system that integrates with a clinical data
repository must maintain the highest level
of patient identity protection and therefore
de-identification. In addition, any data that
is to be transmitted from any local analysis
system to a separate site must ensure that
such information is fully protected. This is
done through encryption of all transmitted
information. The system itself has many
levels of safety and security that protect the
integrity of the data in the underlying systems
of analysis.

What potential application does this
research have internationally, and at what
stage are you in the application of this
research?
The challenge of understanding the risks of
new medical drugs or devices as they are
released to clinical practice is not novel to
the U.S. Most of Europe and other areas of
the developed world have efforts in place to
identify high-risk medical devices and drugs;
however, there are only a few examples of
coordinated automated surveillance systems
for any medical product anywhere in the
world. To that end we have been invited to
present our results at several international
meetings, and are establishing a collaborative
research effort with several international
organisations in an effort to begin exploring
the international opportunities for using the
DELTA system.
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Safety surveillance
The DELTA system, devised by a team of researchers based at Harvard Medical School, is
making significant contributions in monitoring the safety of multiple new cardiovascular devices
THE PENETRATION OF new drugs, devices
and reagents into healthcare systems helps to
engender enormous hope for patients worldwide;
yet often, the arrival of new treatments and
approaches is also met with a degree of caution
and concern, prompting questions regarding
their efficacy, time-frame, and – most crucially
– safety.

into practice. The pioneering Data Extraction
and Longitudinal Trend Analysis (DELTA)
system has been applied as a prospective safety
surveillance system at Brigham and Women’s
Hospital since 2005, and has also been
implemented in a network of Massachusetts
hospitals to support safety surveillance.

Historically, medical products are subject to
randomised clinical trials prior to their approval
and market release. Owing to logistical reasons,
trials often encompass a limited number and
narrow spectrum of patients, and this can pose
pressing questions where the safety of extensive
product application is concerned. For instance,
in the U.S., once a drug or device is approved by
the centralised Food and Drug Administration
(FDA), it is at the disposal of clinicians who are
responsible for its administration among the
patient population. In many cases, products are
given to patients whose medical circumstances
differ from those on whom the clinical trials were
initially performed. Indeed, recently approved
medical treatments and approaches are often
appropriated to a broader, more diverse scope
of individuals than those studied in the trials
leading to the products’ market approval.

The DELTA system first arose in 2003 after a grant
was provided for research into the automated
surveillance of post-market medical devices within
the field of interventional cardiology. In short, the
system is a collection of integrated computer
applications linked to an exclusive Microsoft
SQL database, and is used to register patient
outcomes to treatments. Importantly, the system
architecture has been designed by prescient
and experienced researchers who are alert and
sensitive to the problems associated with product
safety surveillance in the healthcare domain.
DELTA is tailored to the extent that it can support a
number of analyses simultaneously; furthermore,
its architecture supports the creation of systems
networks. In this sense, the performance and
effects that medical products bear on patients
can be surveyed and monitored over a number
of geographical sites, and the information can
be stored in central and universally accessible
databases. As the system deals with extensive
data on patients and their health records, it is
vital that it safeguards the information it holds.
In this regard, DELTA incorporates sophisticated
security and ‘de-identification’ algorithms to
protect sensitive health details and uphold
legislation regarding data ownership. Of similar
importance is the system’s facility to notify
relevant parties of instances when the rate of
adverse reactions to new treatments exceeds
the risk-adjusted boundaries. When taken
collectively, the system’s attributes and features
render it an innovative, viable and powerful tool
in better monitoring the safety of new drugs and
therapies across the healthcare system of a given
locale or, indeed, country.

While there is broad appreciation of the need
to investigate the outcome results of new
medical products, efforts to do so have been
attenuated due to the limitations of existing
systems, which are largely deemed as being
inadequately structured and poorly assimilated,
both in the U.S. and beyond. Astonishingly, a
U.S. Congress report estimates that only 0.5
per cent of all adverse outcomes attributable to
new treatments are reported by hospitals and
physicans to the FDA’s voluntary systems. The
task of monitoring patient responses to new
products is made yet more difficult in that the
FDA’s widely-used reporting systems cannot
capture the raw numbers of patients exposed to
a new product; consequently, the rates at which
adverse reactions occur cannot be calculated.
However, a team of researchers led by Dr
Frederic S Resnic, an Assistant Professor of
Medicine at Harvard Medical School, have
developed an innovative system to monitor the
safety of medical products as they are released
56
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DELTA: AN INNOVATIVE TOOL

SHIFT IN FOCUS
Since the project’s inception, the team has
successfully enhanced the DELTA system, making
it a more broadly applicable system in surveying
the safety of medical products that have passed

into mainstream use within the healthcare field.
Resnic recalls the conditions which stimulated
a shift in focus: “The original motivation for the
DELTA system was to take the best-in-class
industrial safety techniques and technologies
and move them to healthcare for new medical
product safety surveillance,” he states. “And, by
using the best-in-class techniques, we adopted
industrial Bayesian monitoring methods.”
However, the DELTA researcher’s were among
only a few investigators seeking to appropriate
automated surveillance approaches to the
healthcare domain. Consequently, they eschewed
plans to work with sophisticated statistical
methods such as Bayesian approaches. Instead,
Resnic and his collaborators acknowledged
the merit of concentrating initially on easily
interpretable and readily acceptable methods
– such as frequentist statistics – which could
provide, at the very least, the foundation
for further investigations. Resnic surmises:
“The DELTA system evolved from a complex
exploratory effort to a more generalised effort
that relies on many different methodologies and
not just Bayesian statistics”. Today, the system
combines Bayesian methods with adjustment
strategies already well-established in medical
circles. Among these are epidemiologic strategies,
which are employed in comparing the outcomes
of patients exposed to different therapies.

INTELLIGENCE
AN EVALUATION OF A DISTRIBUTED
MEDICAL DEVICE SAFETY SURVEILLANCE
SYSTEM: THE DELTA NETWORK STUDY
OBJECTIVES

The system’s attributes and features render it an innovative, viable
and powerful tool in better monitoring the safety of new drugs and
therapies across the healthcare system
APPLICATION ACROSS MASSACHUSETTS
In 2005 the DELTA system was applied as a
prospective safety surveillance system for
invasive cardiology treatments at Brigham
and Women’s Hospital, Massachusetts.
Significantly, the system has also been
implemented on a dataset of interventional
cardiology procedures over a consortium of
hospitals in Massachusetts. These participatory
hospitals conduct approximately 40 per cent
of all coronary interventional procedures
within the state. Presently, the DELTA system
is utilised in assessing the safety of recently
introduced cardiovascular devices; and, as
Resnic illustrates, the team have enjoyed
notable success: “Thus far the results have
been extremely positive, which has prompted
refinement to the system and further
exploration of new devices and medications”.
In their state-wide study – which involved
75,000 patients between 2003-07 – Resnic
and his co-investigators determined that two
out of seven recently introduced heart devices
induced a higher rate of adverse reactions than
was expected. Fortunately, the cardiovascular
device which had aroused the greatest concern
had been removed from the market in 2008,
alleviating the hazards posed

to patients and thus illustrating the value of
the DELTA tool, as Resnic elucidates: “To us,
these findings demonstrate that the approach
of automated surveillance using a system like
DELTA enables is a promising technology and
is worth our continued investigation,” he states.
Yet, as with any research endeavour, new
challenges are always emerging. For Resnic and
his team, the need to conduct safety analyses
of products as soon as they enter the market
is a priority. This is because previous analyses
have typically taken place some time after the
data has been gained and collected, as Resnic
highlights: “We were able to analyse the data
developed from procedures from 2003-2007
only in 2009”. He continues: “We really
want the approach to safety surveillance
to be more contemporary to the
exposure or release of the device/
drugs into the market”. As such, the
researchers are now endeavouring
to secure more real-time active
surveillance in the second phase
of investigation using the DELTA
monitoring system.

The team is working on automating
surveillance procedures to monitor
multiple new devices and medications and
the associated safety signals that would
be unique to those products by leveraging
computer capabilities and statistical
methods. They seek to achieve this
goal in a continuous fashion that relies
upon the computing power of these
accruing datasets.
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DR HERMAN LENTING

Novel
textiles
for wound
treatment

Dr Herman Lenting describes the latest developments in treating the growing problem of
bedsores and explains how the LIDWINE team’s latest technologies could help to ease the pressure
• A textile-based material with anti-bacterial
properties and integrated triggered drugreleasing and moisture management system
• Coated textiles with reduced friction
properties

The technologies that you are developing
will also have a function outside medical
applications. Which areas will benefit
from their application and how will they
be implemented?

Firstly, could you offer an overview of the
LIDWINE project and its aims and objectives?
This project aims to contribute to the healing
of Decubitus (static pressure related) wounds
and, more importantly, to prevent those wounds
occurring. Decubitus is a growing and costly
problem, especially when people are becoming
older and facing physical and medical problems.
To meet this objective, the project aims to realise
breakthroughs in the following four pathways:
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Yes, the technologies we are developing may
be used both inside and outside the medical
area. Examples of technology application
outside the medical sphere would be the
use of electro-active fibres as mechanical
actuator in many small dimensioned devices
or the use of ultrasound technology; for
safe manufacturing of nano-particles;
multifunctional coating of textiles; and the use
of textile technology for controlled moisture
transport in active sport and personal
protective clothing.

• A controllable textile-based massage cuff for
blood circulation stimulation

Your electro-stimulation textile sox seem
to be a particularly innovative solution.
Could you explain the concept behind these
novel garments and how they differ from
existing alternatives?

• A textile-integrated electro-pulsing system for
muscle contraction stimulation to stimulate
blood circulation and wound healing

At present, electrodes are placed at certain
locations on the body and directly on the
skin for muscle stimulation. To increase

INTERNATIONAL INNOVATION

conductivity, a gel is used between
electrode and skin. The textile sox concept
will have integrated electrodes which will
automatically align with the most beneficial
locations on the body in close contact and
without the need for a gel. We have explored
two technologies for the integration of the
electrodes. The first is the full integration of
conductive yarns in the textile architecture
via an embroidery technique, and the second
is a silicone-based electrode connected to
the sock.

With the dependent – specifically the
elderly – population of Europe set to
dramatically increase in the next 50
years, could your work help to reduce the
financial burden on both the individual and
the state?
Decubitus wounds, such as bedsores, have
been recognised as wounds which are
difficult to heal, partly since the patient
is often immobilised and their recovery
condition is seriously weakened. Since society
is confronted with an increasingly ageing
population wherein the extension of life
span is not always in perfect health, thereby
leading to augmented hospitalisation. Thus a
growth in the Decubitus problem is forecast.
To give an indication, the percentage of
elderly people will increase from 7 to 16 per
cent between the year 2000 and 2050. For
Europe as a whole, the cost of Decubitus

DR HERMAN LENTING

Reducing the pressure on
future healthcare
The LIDWINE project seeks to develop new technologies which will
prevent and alleviate the problems associated with Decubitus wounds
POPULATION PROJECTIONS PAINT a
problematic future with the global median
age set to rise from 23.9 in 1950 to 37.8 by
2050; this is a problem felt most severely in
developed nations, who by 2050 are expected
to witness an even greater rise, to an average
of 45.5. Such a substantial increase in the
average population age will lead to a greater
strain on our medical facilities and could
potentially have a detrimental effect on the
wellbeing of elderly, bed-ridden patients,
causing a greater prevalence of Decubitus
wounds and restrictions in blood ﬂow.
Decubitus wounds require constant and
prolonged care from medical staff, thereby
increasing medical expenses.

NOT RESTING ON THEIR LAURELS
can be equated at cost of 17 billion euros
each year. Upon successful prevention and
accelerated wound healing as result of this
project, substantial savings can be reached
and at the same time the quality of life for
individuals increased.

The initiative has a relatively low budget.
Have you been affected by the current
economic climate and, if so, have you had
to make any significant compromises in
your research?
The budget is indeed rather low. But it has
to be realised that the research for new
ways to handle Decubitus is, besides the
development of new technologies, explorative
when it comes to application. That means
that demonstrators have to prove its principal
effectiveness in practice ﬁrst before entering
the stage of product development. This
is a more competitive stage which is not
supported by the European Commission and
therefore not integrated in this project. The
budget allocated for this more explorative
project is sufﬁcient to explore the different
envisioned solutions to tackle the Decubitus
problem. For this research we had a relatively
large operation window for exploration,
which is reﬂected in the realisation of a
fast-operating (less than ﬁve minutes) and
easy-to-handle diagnostic kit demonstrator
for determination of wound infection at the
patient’s
bedside.
CAPTION TO
BE ADDED

The LIDWINE initiative is working to develop a
number of applications to prevent Decubitus
wound formation and improve healing rates
through the use of novel technologies. The
multidisciplinary team is comprised of 19
partners, ranging from universities and research
institutes to industrial partners, SMEs and a
hospital. This collaborative effort combines
a number of highly beneﬁcial disciplines
including ultrasound, biotechnology, material
and polymer expertise, electronics, textile
technology and coating technology, which will
be exploited to develop products which will
target three key areas: blood ﬂow, skin friction
and wound healing.
The issue of blood ﬂow will be addressed
with the development of a textile-based
massage cuff which incorporates contractive
polymers, controlled by temperature. Project
coordinator, Dr Herman Lenting, believes that
this technology would help to increase blood

ﬂow to the areas of the body where Decubitus
wounds are most prevalent, easing pressure and
reducing healing times: “The increase of blood
circulation will improve oxygen availability and
metabolite transport to those places in the
human body where circulation is minimised by
constant pressure over long time periods,” he
asserts. However, this technology is not simply
restricted to medical use and could also have
a number of other applications, e.g. for use on
long-haul ﬂights where the potential for deepvein thrombosis is high, or in physiotherapy, to
aid muscle recovery.

CONTROLLED DRUG DELIVERY
To complement the increased blood circulation
the LIDWINE team are also tackling the
problem of friction generated between skin and
textiles, which can exacerbate the problems in
skin areas sensitive to Decubitus development.
They have created innovative nano-coatings
which can be applied to the textile surfaces at
a nanoscale, subsequently reducing the friction
of the textiles applied to the affected area.
This is complemented by the implementation
of anti-bacterial materials in textile bandages
having controlled moisture management. Antibacterial materials used are either modiﬁed
chitosan – a linear polysaccharide – or nanoparticles prepared from different metaloxides
or silver embedded in a silica structure. The
ability to control moisture management
reduces the potential risk of infection, as the
affected area can be manipulated to minimise
the production of harmful bacteria. Lenting
is also hopeful that this technology can be
combined with technology for regulated drug
delivery directly from the textile dressing:
“To address the discipline of controlled drug
delivery, we have developed capsules which are
triggered by enzymes or water,” he explains.
“In a situation where Decubitus wounds are
common, accelerated wound healing through
improved blood circulation and prevention of
wound infection would substantially reduce
the duration of illness and reduce pain levels,
thereby contributing to the patient’s comfort.”

WOUND DRESSING WITH INTEGRATED RELEASE-ONCOMMAND CAPSULES

WWW.RESEARCHMEDIA.EU 59

INTELLIGENCE
LIDWINE
Multi-functionalised medical textiles for
wound (e.g. Decubitus) prevention and
improved wound healing

OBJECTIVES
This project aims to contribute to prevention
and healing of Decubitus wounds via
breakthroughs in the following pathways: a
controllable textile-based massage cuff for
blood circulation stimulation; textile-based
material with anti-bacterial properties and
integrated triggered drug-releasing and
moisture management system, and textiles
with reduced friction properties.
TNO Science and Industry, with 800
employees and being one out of 5 divisions of
TNO, has clustered its experience in the area
of applied technical sciences. The knowledge
and experience extends from material
technology to process innovation, and from
product development to process modelling.
The organisation provides contract research
and specialist consultancy in different areas,
among which are process industries, the sports
and medical industries and the public sector.

FUNDING
EU Sixth Framework Programme

CONTACT
Dr Herman Lenting
TNO Science and Industry, Innovative
Materials Dept
De Rondom 1
5612 AP Eindhoven
The Netherlands

This too has applications outside the medical
sphere, since it could be used for the controlled,
water-induced release of nutrients and pesticides
used in agriculture, to ensure the optimal uptake
by plants. Such an approach offers a particularly
valuable function, given that the population increase
will place added strain on the agriculture industry,
which could be alleviated through more efficient
crop production and increased nutritional value.

COLLABORATIVE EFFORT
Such mechanisms of controlled drug delivery
are highly complex. Utilising their breadth of
expertise, the LIDWINE team have managed to
create capsules with a full inertness in the absence
of the trigger, while ensuring that the velocity
of agent release upon application of the trigger
remains optimal. Lenting is quick to assert his
belief that the collaborative and multidisciplinary
nature of this project has had a significant
influence on the team’s ability to conquer such
complex tasks: “One was forced to learn and
understand the requirements and boundaries of
other technology areas,” he explains. “During the
prolonged execution of the project, cooperation
was established more and more, boosting the
integration of the technologies required to realise
the envisaged product concepts.”

TRAINING AND TRIALS
The LIDWINE consortium have been extremely
forthcoming
in
conducting
educational
presentations and training courses to ensure
that knowledge of their product is widely
disseminated, thereby increasing understanding

T + 31 40 2650384
E Herman.Lenting@tno.nl
HERMAN LENTING is a senior
biotechnological researcher at the
Department of Innovative Materials of
the Netherlands Organisation for Applied
Scientific Research (TNO). He graduated from
the University of Utrecht as Master in organic
and PhD in biochemistry 1988. He has broad
experience (over 10 years) in coordinating
international multi-disciplinary projects. At
present he is coordinating the European IPSME LIDWINE project. His current research
interests are in the functionalisation of
surfaces, and encapsulations with integrated
‘release on command’ function.

THE LIDWINE TEAM
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and awareness of their products and easing its
transfer into application.
They are now working with a number of industrial
contacts to assess the performance of their
reduced friction coating technologies, their fast
operating diagnostic kit for infection detection
and the anti-microbial fabrics. These trials will
incorporate a number of aspects ranging from
the suitability of a technology to be used in
direct contact with skin or open wounds, to the
characterisation of novel assays for new material
properties, most notably those constructed of
nanoparticles. Once these assessments have been
conducted for all potential products, the LIDWINE
consortium will begin to investigate the suitability
of concepts for commercial manufacture. Some
headway has already been made in this respect
with the successful trials concerning the use
of conducting bandages for skin contact and
confirmation of the antibacterial effect of silver
and metaloxide nanoparticles.

THE FUTURE
While the novel products produced by the
LIDWINE team are still some way from clinical
application, they present a novel solution to
the forecasted problems and increased cost of
addressing Decubitus wounds in years to come.
With a wide range of applications outside the
medical domain, and considerable potential to
improve the lives of the ageing populations in
both the developed and developing world, the
exciting development of these technologies will
be watched with bated breath.

DR HUBERT MARTENS

Steering brain
stimulation
Dr Hubert Martens, project leader of MIND, outlines the
background behind this neurological research initiative, the
progress made so far, and the therapeutic impact for patients
What do you see as the major aims and
objectives of this project, and what unique
qualities does it bring to the field of
neurological research?
The major aim of MIND is to research and
develop novel neuro-technologies (highresolution neural probes; field steering
techniques; neural-sensing circuitry) that may
lay the foundation for next generation neurostimulation and neuro-sensing devices. Such
devices have the potential to provide symptom
relief to the millions of patients suffering from
brain disorders, and for whom systemic drug
treatments provide insufficient symptom
reduction and/or lead to unacceptable side
effects. The unique quality that MIND provides
to the neurological research community is
a neurotechnology platform that enables
the clinical development of patient-specific
and on-demand neurostimulation therapies
for the treatment of various brain disorders.
Finally, MIND has been instrumental to the
development of the Steering Brain Stimulation
(SBS) system that is being realised by
Philips Research.

By what means will the development of
a personalised Deep Brain Stimulation
(DBS) treatment offer greater therapeutic
efficacy and reduced side-effects?
It has been reported that up to half of DBS
implanted patients suffer from mild to
severe stimulation-induced adverse effects.
By realising ‘personalisable’ SBS treatment
through the neuro-technology developments
indicated above we anticipate a great reduction
of such problems by:
• Precisely delivering stimulation to target
neuron populations thus leaving unaffected
other structures
• Using measured electrophysiological disease
biomarkers to optimally (and in future
dynamically) adapt stimulation parameters to
the disease state.

Could you describe the technology behind
DBS therapy and how the application of
mild electrical pulses to the diseased brain
tissue disrupts pathological neural signals,
resulting in the beneficial effects?
From a simplified engineering perspective
neurons function like tiny distributed
electrical circuits, and by applying minute
electrical pulses to them you may affect
their firing patterns. Using advanced
neurocomputational models, we and others
have demonstrated that such stimulation
may in fact ‘override’ pathological neuronal
activity and replace this by DBS-induced
regular activity patterns that are non-harmful
to downstream brain-processing. By clearing
the pathological neural signals from the
circuitry, brain function can be restored and
disease symptoms are reduced.

What are some of the ways you are
maximising the use of existing research
resources and bridging research findings
with real-world applications?
We leverage clinical and/or academicindustrial research contacts and
partnerships. We are industrial participants
to pre-competitive national and
international collaborative research projects.
We use our insights in market developments
and emerging clinical applications to guide
and translate fundamental research into the
development of real-world applications.

By use of the selective stimulation system,
what advancements will be realised in
terms of tailoring DBS therapy to the needs
of individual patients?
The high resolution probe will allow
precise delivery of electrical stimuli only to
target neuronal populations and prevent
unwanted stimulation of adjacent delicate
brain tissues, allowing symptom-specific
stimulation while preventing the occurrence
of stimulation-induced side-effects.

As the patient-to-patient functional target
anatomy differs, advanced stimulation
steering methods are needed to shape the
stimulation field to the 3D target, providing
clinicians with an easy and intuitive means to
programme the devices.
The integration of neural signal sensing into
the system allows us to record neuronal
activity patterns along the probe, which will
support the optimal delineation of stimulation
targets. In addition, it will provide long-term
monitoring of disease progression and therapy
efficacy. In the long run these technologies
will open the possibility for ‘closed-loop’
demand-based neurostimulation therapy.

Can you outline the socioeconomic
benefits this system of knowledge transfer
will bring?
It has been established in numerous clinical
trials that emerging neurostimulation therapies
bear great promise in relieving symptoms and
re-establishing quality of life. However, existing
first-generation devices provide inadequate
treatment and suffer from a high rate of
adverse effects. The MIND knowledge transfer
project supported us in developing cuttingedge neurotechnologies that will enable the
realisation of next-generation devices that are
custom designed to provide optimal therapy.
In future, these devices may restore the
health and functioning of a large population
of patients, thus bringing benefits to patients,
their relatives and society in general.

What results do you hope to yield by
establishing a pan-European collaborative
network?
By establishing a pan-European collaborative
network in which leading academic and clinical
researchers are combined with industry drive,
we hope to develop the technology and
translate the recent scientific insights into
valuable clinical solutions that will help braindiseased people to regain their life.
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A brain wave
Deep brain stimulation has the potential to revolutionise the treatment of brain diseases. The MIND
project is providing a fascinating glimpse into the future direction of this promising technology
ACCORDING TO THE European Brain Council,
brain diseases are estimated to make up 35
per cent of the burden of all diseases in Europe.
Although a large proportion of this population
responds well to medical intervention, some 10 to
15 per cent are left with a poor quality of life and
experience severe limitations in their activities of
daily living. As such, there is a resultant loss to the
working population and substantial associated
healthcare costs.

miniaturised DBS unit that precisely targets
the neuronal networks affected by particular
brain diseases, and leaves other neural tissue
unaffected. Martens is quick to highlight the
problems encountered by the DBS devices
available today: “With present technology, it
is impossible to precisely affect only the target
neuronal networks and leave the other neurons
unaffected, or to dynamically adapt stimulation
patterns as needed,” he explains, adding: “These
issues are a great source of adverse side-effects”.
Indeed, these can include dysarthria, facial
contractions, ocular deviations, and cognitive or
emotional changes.

With such a significant prevalence, it is increasingly
clear that major new innovation in therapies to
combat the human and socioeconomic costs
of this group of conditions is a research priority.
Currently, other chronic conditions, such as
The MIND project is still ongoing, having begun
cancer, diabetes and heart disease are more widely
in 2007. The magnitude of the task ahead of the
researched and subject to more publicity than
researchers is not lost on Martens, who compares
brain diseases. This disparity is due in no small
the intricacies of cardiology and neurology with a
part to the sheer complexity of the human brain
simple analogy: “The heart is essentially a fluid– a network of over 100 billion individual neurons
pump, the brain a very sophisticated computer,”
of at least a thousand different types, each
connecting to as many as thousands of
other neurons. At this moment in time,
our understanding of brain function is still
In future, these devices may restore
very limited, with neuroscientific research
still in its infancy.
the health and functioning of a large

A BLUNT TOOL FOR A DELICATE
PROCEDURE

population of patients, thus bringing
benefits to patients, their relatives and
society in general

Deep brain stimulation (DBS) is a
technology that has existed since the
1980s, and is used in the treatment of
brain diseases such as Parkinson’s, epilepsy
and centrally-mediated chronic pain.
It works on the premise that in brain disease,
neurotransmission is adversely affected, leading
to somatosensory, motor, cognitive or emotional
disturbances. DBS devices work by administering
electrical pulses to diseased parts of the brain
to disrupt pathological signals. Currently, this is
achieved by implanting pre-programmed pulse
generators in the patient’s chest, which are
connected to a one dimensional probe with four
electrodes in the brain. Although there has been
some success so far with this technique, there are
many drawbacks which lead to it being limited in
its practicability. These include the invasive nature
of implanting the device, the risk of infection due
to the requirement of long leads, long surgery
duration, short battery life, and lack of specificity
in targeting the affected area.
In response to the limitations of the current
generation of DBS devices, the Philips Research
Laboratories has initiated the MIND Transfer of
Knowledge project. Led by Dr Hubert Martens,
MIND seeks to develop a minimally invasive,
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he states. “It is relatively straightforward to
understand the workings of a pump by simply
watching it perform its function. However, it is
very difficult to understand the complex circuitry,
wiring and tiny electrical signals running my PC by
simply watching the keyboard and the display as I
am typing this text.”

STIMULATING PARTS OTHER METHODS
HAVE FOUND HARD TO REACH
Although their work is still in progress, the MIND
team has already made great strides in developing
a smaller and more power-efficient device to
meet their goals. They are close to creating a
unit connected to a three dimensional DBS probe
that can be directly implanted into the cranium.
Titled the Steering Brain Stimulation (SBS)
system, the new device will provide a far higher
resolution than the current one dimensional
probes, providing a ‘stimulation cloud’ that allows
fine tuning of the target area when it is already
in situ. Martens elaborates on the capabilities

of the device: “Our system is equipped with an
on-board neuro-recording capability that gives
an important advantage in that the device itself
can be used to perform the functional target
localisation directly, by analysing the brain signal
recordings acquired with the high-resolution SBS
probe,” he states.
Key to the success of the SBS probe is the
development of a new thin-film fabrication process
technology, pioneered by team member Dr Ke
Wang. This allows microelectrode arrays made
from rigid silicon to be integrated onto ultra-thin,
flexible, biocompatible parylene foils. So far, the
prototypes have already been successfully stresstested without losing performance, and have the
potential for revolutionising not only DBS devices,
but also many other implantable biomedical
applications outside of neuromodulation. The
SBS technology has now been tested in primates,
and proof of concept has been demonstrated by
successfully steering neurostimulation
fields and activating select areas of neuronal
tissue in these subjects. Martens gives a
sober estimate of the time it will take before
human trials can begin: “We estimate that it
will take three years of further SBS product
development before we can start clinical
evaluation of our novel technologies,” he
says.

MEETING THE NEEDS OF THE
PATIENTS
As might be expected with research of
such a complex nature, there are still large
areas of uncertainty surrounding the exact way
that DBS works. This is again stressed by Martens:
“Fundamental questions exist regarding the
precise mechanisms of action of neurostimulation
treatment, as well as the optimal acquisition
and interpretation of appropriate disease and/or
symptom biomarkers,” he clarifies, although he is
optimistic that these barriers can be surmounted
with developing technologies. Yet the greatest
threat to meeting patients’ needs appears to
be technology push – in which research and
development (and the resulting new products)
are conducted without taking account of the true
needs of the brain diseased population. Martens
is quite clear about his thoughts on this subject:
“Proper identification of clinical needs should be
the main driver for selecting any innovation effort
in the neurostimulation arena,” he states with
conviction. “In future, these devices may restore
the health and functioning of a large population of
patients, thus bringing benefits to patients, their
relatives and society in general.”

INTELLIGENCE
MIND
Minimally invasive neurostimulation device
OBJECTIVES
The MIND Transfer of Knowledge project is
centred on ‘deep brain stimulation’ (DBS),
a technique in which mild electrical pulses
from an implanted pacemaker-like device are
delivered to a probe with electrodes that is
implanted in the brain tissue. That aim is to
develop personalisable treatment for brain
diseases including Parkinson’s, epilepsy, and
depression. Key research areas are:
• Neuro-electronic interface: low-power
integrated solutions to sense and process
local neural signals in the brain
• Targeted stimulation models: computation of
optimum electrode layouts and stimulation
schemes to select DBS targets
• Probe design and fabrication: extending the
existing one-dimensional DBS probes to a full
three-dimensional device

KEY COLLABORATORS
Ke Wang, Emil Toader, Lucian Stoica Marie Curie postdoc

FUNDING
EU Sixth Framework Programme (FP6) Marie Curie MTKD-CT-2006-042442

CONTACT
Dr Hubert C F Martens
Minimally Invasive Healthcare
Philips Research
High Tech Campus 34 (room 2.031)
5656 AE Eindhoven, The Netherlands
T +31 40 2749328
E hubert.martens@philips.com
HUBERT MARTENS is senior scientist and
project leader for minimally invasive neurotherapy at Philips Research. Hubert received
his PhD degree in physics cum laude from
Leiden University, the Netherlands, in 2000.
Hubert joined Philips Research in 2001 and
was the primary inventor of the doublelayer DVD+R disc that was introduced to
the market in 2004. Since 2005 Hubert has
led a neurostimulation R&D team and has
been responsible for the development and
evaluation of tools for brain-surgery planning,
neurostimulation-therapy tuning, intraoperative brain mapping and interventional
imaging. Hubert’s primary research interest is
the investigation of the mechanisms of action
of deep brain stimulation using computational
models and experimental approaches.
FIGURE 1. Left: A 10µm-thick, 5” wafer size parylene film, with embedded structures such as platinum microelectrode
arrays with silicon oxide/nitride water barrier. Right: a 500µm-diameter Pt microelectrode on parylene, just before
being released from the carrier wafer.
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Anxiety Disorders
Association
of America
Dr Jerrold F Rosenbaum, MD, is Chair of the Board of Directors at the
Anxiety Disorders Association of America. He sets out the serious issue
of anxiety in the U.S., and what ADAA is doing to support sufferers
Could you begin by outlining the key principles underpinning ADAA,
and the background to its foundation?
The idea behind the Anxiety Disorders Association of America (ADAA)
was to bring together clinicians, researchers and patients to create a
dynamic venue for advancing science and treatment. It was founded
as the Phobia Society of America in 1980 by a small group of clinicians
and patients, including Jerilyn Ross, who served as the organisation’s
president until her death in January 2010.
Are anxiety disorders on the rise, and if so, can you account for why
this might be?
Mood and anxiety disorders both appear to be on the rise; there is no
clear explanation why this is the case, and increased reporting does not
seem to explain this observation.
Can you outline the different types of anxiety disorders, and the
associated causes that may be implicated?
Researchers are learning that anxiety disorders run in families, and that
they have a biological basis, much like allergies or diabetes and other
disorders. They may develop from a complex set of risk factors that
includes genetics, brain chemistry, personality, and life events.
These are the anxiety disorders:
•

Generalised anxiety disorder (GAD) – characterised by constant,
chronic, and unsubstantiated worry, often about health, family,
money, or work. This worrying goes on every day, possibly all day

•

Obsessive-compulsive disorder (OCD) – people suffer from
unwanted and intrusive thoughts that they can’t seem to get
out of their heads (obsessions), often compelling them to
repeatedly perform ritualistic behaviours and routines
(compulsions) to try and ease their anxiety

•

Panic disorder — diagnosed in people who experience
spontaneous, seemingly out-of-the-blue panic attacks and are
preoccupied with the fear of a recurring attack. Panic attacks
occur unexpectedly, sometimes even during sleep

•
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Posttraumatic stress disorder (PTSD) – a serious, potentially
debilitating condition that can occur in people who have
experienced or witnessed a natural disaster, serious accident,
terrorist incident, sudden death of a loved one, war, violent
personal assault such as rape, or other life-threatening events
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•

Social anxiety disorder (also called social phobia) – the extreme
fear of being scrutinised and judged by others in social or
performance situations

•

Specific phobias (strong irrational fear reactions) – people
who experience seemingly excessive and unreasonable fears
in the presence – or in anticipation – of a specific object, place,
or situation

Would you say that – whether perceived or present – the social
stigma attached to mental illness prevents many sufferers from
coming forward to seek treatment and support? What strategies are
ADAA putting in place to surmount this difficulty?
Stigma is a huge issue. Close friends and even family members are
often unaware that a loved one has an anxiety disorder and is avoiding
going places or doing things. ADAA provides education and resources,
including a set of questions to ask a doctor, for individuals and family
members. Our education campaigns strive to wipe away the stigma
associated with these and other mental illnesses. Through educating
people that the disorders are serious and real, we hope that people
become comfortable enough to seek treatment.
How important is education in helping to empower anxiety sufferers
and their friends and families, as well as helping to remove prejudice
from wider society, and the workplace?
Education is key to changing perceptions and increasing acceptance.
Science has helped us understand the biological basis of these
disorders. Now we know something about the genetics or heritability
of the disorders. We also have excellent evidence-based treatments
that work. Our goal is to increase awareness about the disorders and to
educate the public. We are working to remove the prejudice associated
with the disorders that keeps so many people from finding treatment.
Could you outline the diverse range of treatments that are available
for anxiety sufferers? How does medicating the condition compare
to an alternative approach such as cognitive behaviour therapy?
Success of treatment varies, and it must be tailored specifically for each
person. Some people respond after a few months; others may need a
year or more. Treatment may be complicated if an individual has more
than one anxiety disorder or suffers from depression, substance abuse,
or some other co-existing condition.
Cognitive-behavioural therapy (CBT) has proved effective as a lasting

ANALYSIS
treatment. Patients often see benefits in 12 to 16 weeks. Exposure
therapy has been found to be particularly effective for obsessivecompulsive disorder and phobias.
Medication for anxiety is usually safe and effective; it’s often
prescribed in conjunction with therapy. Depending on the severity of
a patient’s symptoms, other medical conditions, and other individual
circumstances, it may be a short-term or long-term option, and it can
often take time and patience to find the most effective drug.
Four classes of medications are used in the treatment of anxiety
disorders: selective serotonin reuptake inhibitors (SSRIs), serotoninnorepinephrine reuptake inhibitors (SNRIs), benzodiazepines, and
tricyclic antidepressants.
To take a specific example – posttraumatic stress disorder – how are
these incidences dealt with, and with what degree of success?
The research on risk and protective factors associated with adverse
outcomes of trauma, especially PTSD, are now widely studied and a
variety of interventions both psychosocial and psychobiological are
under investigation as well. CBT, social and family interventions, and
pharmacotherapies are all used to treat PTSD now.
Looking to a more proactive approach to anxiety in general, are there
proven strategies that can help to prevent these disorders from
occurring, or are we all susceptible?
We are increasingly able to develop profiles of those at greatest risk
for enduring adverse consequences of trauma, and resilience training
and being selective about who is exposed may mitigate risk and reduce
numbers of those affected.

Are there any key successes that ADAA has accomplished
to which you would like to point?
Over the past 30 years, ADAA has done a great deal to bring attention
to these disorders, both nationally and internationally. It is the
only organisation to convene clinicians and researchers who have
very different backgrounds at an annual conference that focuses on
anxiety disorders.
One recent example in a long line of public education campaigns
focused on teens and adults in college. This is a critical time because
the average age of onset for the disorders happens during this period.
It’s important to help young people understand that their anxiety
is real and treatable. With early diagnosis and treatment, it may be
possible to prevent the onset of depression and other related illnesses.
What is your vision for the future in terms of the prevalence of
anxiety disorders, and our ability to prevent, cope with, or cure
them? What factors are likely to impact upon this?
Anxiety or fear circuitry-based disorders are the best understood
biologically of all psychiatric conditions, and enhanced protective
and early interventions are emerging even for children who have
been identified as anxiety prone. So tools for prevention and early
intervention exist and will continue to improve. However, deployment
of these tools and access to care remain a challenge
in the U.S. healthcare system.

www.adaa.org
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ofMRI on the brain
Dr Jin Hyung Lee, Professor of Electrical Engineering, Psychiatry and
Biobehavioral Sciences at UCLA, is researching key new information
to the debate around the efficacy of MRI BOLD brain scanning
From where did the need and idea to
develop this research arise?
As an electrical engineer by training with
a neuroscience research interest, I was
very interested in developing a technology
that would allow systematic analysis and
debugging of the brain circuit.
Therefore, based on my vision that came
from my engineering background, I utilised
my expertise on imaging technology, recent
development of the passband b-SSFP
fMRI, and optogenetics, to create the new
optogenetic functional magnetic resonance
imaging (ofMRI) technology. This new
technology allows brain circuit analysis
and debugging, as is often done with
electronic circuits.

Why do these findings provide an empirical
foundation for the fMRI BOLD (blood
66
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oxygenation level-dependent) signal and
what other applications might there be for
the technology?
Other than the image quality issue addressed
by the passband b-SSFP fMRI, one of
the main limitations and/or controversy
surrounding BOLD is that the source of the
signal remains elusive. The main difficulty in
settling such controversy lay in the fact that
there was no concrete way to systematically
study the source mechanism. Many types
of neurons are intermingled together in any
brain region, mixed in with fibres of passage,
making it difficult to control separate circuit
elements while monitoring its effects: but
ofMRI allows specific circuit elements to
be targeted and triggered, providing a new
tool to settle the controversy. Initial findings
reported in the journal Nature, demonstrate
for the first time that triggering of excitatory

neurons elicit hemodynamic responses
similar to classical BOLD.
The paper demonstrated specific cells
defined by cell body location and genetic
identity, and/or by the axonal projection
target can now be directly activated and
accurately monitored in vivo, permitting, for
the first time, investigation of geneticallyspecified, large-scale networks in the brains
of live animals. In other words, this allows
us to systematically analyse the global
communication property changes implicated
in neurological disorders, which will serve as
a new endophenotype, or biomarker.

DR JIN HYUNG LEE
How did this project assess fMRI signals?
fMRI signal was elicited by specifically
stimulating excitatory neurons, defined by
its genetic identity and cell body location
or genetic identity, cell body location, and
axonal projection target. The results show
that driving excitatory neurons can give rise
to haemodynamic responses similar to that of
traditional BOLD. The haemodynamic response
shapes were also shown to reflect the distinct
electrophysiologically measured firing patterns
in different regions.

How did you explore the global mapping
capabilities of fMRI?
Traditional fMRI’s main advantage is that
it allows non-invasive global mapping of
brain activity. However, measured responses
are generated from non-specific sensory or
electrode stimulation, so the resulting map is
difficult to interpret. The activations either come
from complicated sensory stimulation pathways
or from electrodes that stimulate all cell types in
the local area as well as fibres of passage.
Using the ofMRI approach, we can now
stimulate specific neuronal cell types based
on genetic identity, cell body location, and/
or axonal projection target, while monitoring
its causal global response. These maps show
causal relationships between activity in specific
circuit elements and global circuitry, which can
be used to systematically understand the brain.

What link between neural firing and fMRI
responses has this research revealed?
This research found a tight temporal
correlation between neural firing patterns
and ofMRI haemodynamic response, upon
stimulation of excitatory neurons. This shows
that, despite the relatively slow temporal
resolution of ofMRI, the ofMRI’s precise
triggering mechanism potentially allows
analysis of temporal firing patterns in addition
to the spatial information it provides.

What do your results add to the debate on
identification of positive BOLD signals?
This research found that directly exciting
spatially and genetically defined local cortical
excitatory neurons triggers BOLD responses
that faithfully capture the characteristics of the
conventionally-measured sensory-triggered
BOLD. These results show that it is unnecessary
to invoke processes not initiated by spiking
of local excitatory neurons to elicit complex
BOLD signal dynamics. They provide a causal
(rather than correlative) demonstration of
sufficiency of coordinated spikes in spatially
and genetically defined cells for triggering all
phases of the BOLD signal including delay, rise,
decay, undershoot, and recovery. In summary,
these results illuminate the causal contribution
of defined circuit elements and their activity
patterns to fMRI BOLD signal generation.

Mapping the mind
Through a pioneering combination of neuroscience and engineering, this
NIH-funded project could give clinicians a clearer image of the brain’s
workings and advance treatment of broad-ranging neurological illnesses
WHILE THE DEVELOPMENT of neuroimaging
has made significant advances, particularly
since the inception of functional Magnetic
Resonance Imaging (fMRI) in the 1990s, we are
still a long way from a true understanding of the
brain’s inner workings. A ‘circuit’ of immense
interconnectivity, the human brain uses electrical
and chemical signals to communicate, consisting
of approximately 100 billion neurons and many
times more glial cells. So perhaps a fresh angle
of study is needed to map it, one which Dr Jin
Hyung Lee, Professor of Electrical Engineering,
Psychiatry and Biobehavioral Sciences, and
Radiology, at UCLA, provides: “As an electrical
engineer by training with a neuroscience research
interest, I was very interested in developing
technology that would allow systematic analysis
and debugging of the brain circuit,” she outlines.
Such technology would have applications
detecting and observing diseased or damaged
tissue caused by neurological conditions, as
well as aiding our understanding of elements of
consciousness such as memory and emotion. The
various cell types, or ‘circuit elements’, of the brain
are densely packed and linked with complex wiring
– making its topology and function difficult to
grasp. But, as Lee points out, while many scientific
approaches to mapping the brain have parallels
in electronics, something was missing: “Methods
analogous to analysing and debugging circuits, by
triggering specific elements and non-destructively
monitoring the output, were not available,” she
remarks. Such an approach should allow precise
targeting of cells based on cell body location,
genetic properties, axonal projection target – and
this is exactly what Lee’s optogenetic functional
MRI (ofMRI) is achieving.

BOLD CHALLENGES
Previous fMRI non-invasive whole brain imaging

techniques based on Blood Oxygen Level
Dependent (BOLD) signals caused debate
around a crucial research and clinical question.
While BOLD detects complex changes in blood
flow, volume and metabolic rate in the brain
following neuronal activity, it is still unclear
which kinds of circuit elements incite its
responses: excitatory neurons, mixed neuronal
populations, astroglia, and axonal tracts or fibres
of passage. So can BOLD signals emanating from
particular regions be caused by activation of local
excitatory neurons, for example? Microelectrode
stimulation, while an important innovation, can
lead to results that are challenging to interpret,
as all types of cells, and fibres of passage around
the target area are activated.
But Lee is confident about the benefits of
their new tool: “Optogenetics, which allows
genetically targeted optical modulation of
brain circuit elements, in combination with
novel imaging strategies such as those allowing
distortion-free, high resolution of brain function
will shed light on the underlying mechanism of
the BOLD fMRI signal.” she asserts. The team led
by Lee introduced single-component microbial
light-activated transmembrane conductance
regulators into specifically targeted cell types or
circuit elements, triggered them, and monitored
its causal output. They have provided empirical
evidence that specific stimulation of local
excitatory neurons elicits positive BOLD signals,
for millisecond-scale targeted activity in an
animal model. Through this technique, they have
also shown identification of causal effects from
triggering genetic identity, cell body location,
and/or axonal tract specified neurons: this could
be a potent tool for mapping the connectivity
of a living brain by stimulation a single circuit
element, as well as analysing and phenotyping
‘dysfunctional circuitry’.
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RAT-IFYING RESULTS

OPTOGENETIC FUNCTIONAL
MAGNETIC RESONANCE IMAGING

Across a range of experiments using adult rats
(murine models), Lee’s team have aimed to
further probe and define the causal generation
of BOLD signals, to accelerate the global
search for circuit-disease endophenotypes.
They have demonstrated that ofMRI allows
causal connectivity mapping, defined not
only genetically, but also by circuit topology,
or the conformation of connections in vivo:
this fundamentally extends capabilities of
pharmacological or electrode-based methods.
Furthermore, the researchers hope that such
work could lead to dynamic mapping and reverse
engineering of neural circuitry itself.

OBJECTIVES
A team led by Dr Jin Hyung Lee, Assistant
Professor of Electrical Engineering,
Psychiatry and Biobehavioral Sciences,
and Radiology at UCLA, is developing
optogenetic functional Magnetic
Resonance Imaging (fMRI) that would
allow systematic analysis and debugging
of the ‘brain circuit’.

KEY COLLABORATORS
Dr Karl Deisseroth Group
Dr Dae-Shik Kim

FUNDING
National Institutes of Health (NIH) /
National Institute for Biomedical Imaging
and Bioengineering (NIBIB)’s Pathway to
Independence Award
NIH Director’s New Innovator Award
Okawa Foundation Research Grant Award

CONTACT
Dr Jin Hyung Lee
Assistant Professor of Electrical
Engineering, Psychiatry and Biobehavioral
Sciences, and Radiology
420 Westwood Plaza, #68-121
Los Angeles, CA 90095, USA
T +1 310-206-8335
F +1 310-206-8335
E ljinhy@gmail.com
http://www.ee.ucla.edu/~jhlgroup/
DR LEE is an Assistant Professor of
Electrical Engineering, Psychiatry and
Biobehavioral Sciences, and Radiology
at UCLA. Her research interest is to
analyse, debug, and engineer the brain
circuit. Her goal is to understand the
brain’s connectivity and its function at
the systems level and develop ways
to fix the brain for various diseases.
Her research will find its basic building
blocks in a wide range of topics including
biomedical imaging technologies, signal
processing algorithms, computational
algorithms, optics, genetics, and
molecular biology.
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Lee carried out virus-mediated opsin expression,
using a specifically designed plasmid, or DNA
molecule. A tube (cannula) was placed in
locations such as the primary motor cortex,
where optical stimulation was planned and via
this cannula, a viral vector delivered the plasmid.
This targeted a specific type of principal cortical
neuron with cell body at the site of viral injection
but not the other types of cell – such as glial
cells – around it. 20 Hz light pulses delivered
through the optical fibre were found to reliably
drive local neuronal firing in the murine models.
To avoid inaccuracies in results obtained during
MRI scanning, equipment was custom-fabricated
from materials compatible with magnetic
resonance, and brain slices were also prepared for
optical microscopy to ensure opsin expression.
Special readout techniques, such as optrode
recording – simultaneous optical stimulation
and electrical recording – were also conducted
to validate expression and functionality of the
light-sensitive opsins in vivo. The experiments
have provided intriguing evidence of BOLD
signals in targets far downstream from the
stimulus with optrode recordings showing
neuronal spiking patterns that are striking similar
to the BOLD hemodynamic response shape. But
Lee is keen to point out that absence of a BOLD
signal does not prove an absence of connectivity
– and such pioneering work in such a complex
field is bound to raise many questions, as well as
answering others.

IDEAS WITH GREAT SYNERGY
Given the innovatory nature of her research,
Lee is in no doubt that sharing their findings
is critical: “I believe dissemination of results
allows rapid acceleration of progress, enabling
experts with novel ideas from different fields to
get together,” she states. “My interdisciplinary
research programme has the potential to benefit,
and indeed benefit from, much active research
going on around the world. Dissemination
enables synergetic collaborations to form
and it is very exciting when ideas with great
synergy meet!” Lee’s key collaborators are the
optogenetics expert group of Karl Deisseroth and
neuroimaging expert Dr Dae-Shik Kim. Describing

FIGURE 1. ofMRI: Optogenetic excitation of excitatory
neocortical cells drives local positive BOLD

a talk by a Deisseroth group member, she sums
up the project’s origins as a perfect example
of the meeting of synergistic ideas: “I could see
synergetic potential as soon as I heard the talk,
so I formed a collaboration with the Deisseroth
group. Dr Dae-Shik Kim, as an expert in animal
imaging (expertise I did not have at the time),
collaborated as a consultant”.
With research funded by the National Institutes
of Health (NIH), National Institute for Biomedical
Imaging and Bioengineering (NIBIB)’s Pathway
to Independence Award, NIH Director’s New
Innovator Award, and the Okawa Foundation
Research Grant Award, Lee is aware of her
privileged position as a cutting-edge researcher: “I
feel fortunate to have funding for my high-impact,
high-risk projects and hope to be able to achieve all
the goals laid out in my proposals,” she enthuses.
“With recent efforts by funding agencies to fund
research based on innovative new ideas of young
investigators, they had the vision to look past the
risk and recognise my plans’ potential.” But in
such times of global economic uncertainty, the
project’s funders will be conscious of the research’s
potential for clinical application in diagnosis and
treatment of a broad range of conditions.

POTENTIAL THERAPIES
In describing the battle against conditions where
the brain’s circuitry becomes ‘dysfunctional’,
the list of conditions is vast: from degenerative
diseases such as Parkinson’s and Alzheimer’s,
to cancer of the brain, muscular dystrophy, and
victims of strokes and head injuries. So providing
alternative ways to map those neural circuits
affected – for the first time – in live animals could
lead to huge advances in understanding the
brain’s connectivity; namely, its circuitry.
While Lee’s analogy of brain-as-circuit could
seem removed from its subject, it is precisely
this view that could yield the most human
of results: treatment. OfMRI allows brain
circuit analysis, debugging and high-precision
systematic probing in a live intact brain,
enabling studies comparable to electronics.
Lee believes that through better mapping the
brain-circuit, some of the most debilitating and
dehumanising conditions could be taken on:
“This new technology has an enormous impact
on potential to understand the brain, and
develop therapies. Patients will directly benefit
from the new endophenotype which can be used
to diagnose, as well as develop treatments like
drugs, cell and gene therapy”.

DR ROBERT GILMOUR

Exploring
the causes of
heart failure
Dr Robert Gilmour, Professor of Physiology at Cornell University, New York, offers
an illuminating account of his team’s novel method of investigating the causes of
cardiovascular disease, and specifically arrhythmia initiation and perpetuation

Could you begin with an overview of
your work?
We are attempting to define the cellular
electrophysiological mechanisms responsible
for atrial and ventricular fibrillation, two
debilitating and frequently lethal heart
rhythm disorders. Previous studies by
us and by others have indicated that
accurate identification of the mechanism
for fibrillation requires precise information
regarding the nature of electrical wave
propagation within the heart wall.
Unfortunately, most studies to date have
been able to obtain information only from
the outer and inner surfaces of the heart.
To address this problem, we have developed
small silicon based multielectrode probes to
record electrical activation from many sites
throughout the atrial and ventricular walls.

Could you detail what results you have
obtained so far?
Thus far we have:
• Constructed a cardiac mapping system from
microfabricated components that is capable of
assessing cardiac activation and repolarisation
with high spatial and temporal resolution and
with minimal tissue damage
• Used a novel phase mapping technique to
analyse the mapping data, with the objective
of identifying the location and number of
phase singularities (organising centres for
rotating waves of electrical excitation) during
sinus rhythm, ventricular tachycardia and
ventricular fibrillation
• Used the phase singularity data to distinguish

between three putative mechanisms for
ventricular fibrillation

Where do you hope this work will lead to in
the future?
If we can identify the underlying mechanisms
for fibrillation, then we (academia and industry)
can devise safer and more effective means of
diagnosing and treating heart rhythm disorders.
In the past, the design and implementation
of antiarrhythmic therapies (antiarrhythmic
drugs in particular) has been predicated on an
imperfect, even misleading, understanding of
the mechanisms for arrhythmia development,
with the result that the drugs tested to date
not only have been ineffective in preventing
lethal arrhythmias, but have in several cases
increased the incidence of the arrhythmias
they were designed to suppress. We need
to provide a better rationale for developing
drugs and electrical devices and achieving
that goal requires a better understanding of
the underlying electrophysiological bases for
arrhythmia development.

The technology involved in your research is
highly advanced. What recent developments
have enabled you to reach this point?
The primary advance has been in precision
micromachining, which permits the
fabrication of the probes, including the horn
that transduces the ultrasonic actuation.
Advances in the amplification and radio
telemetry circuitry also have helped to
optimise the devices.

The interaction of a fabricated object with
cardiac tissue must carry attendant risks.
How do you hope to minimise these risks

and the development of scar tissue around
the heart?
Thus far, we have not been able to detect,
using standard light and electron microscopy
and micro-CT imaging, any acute damage
to the myocardial tissue after implantation
of the electrodes, although our experiments
only last for up to eight hours, so it’s possible
that longer-term exposure of the tissue to
the probes could result in an inflammatory
response and subsequent scar tissue formation.
We attribute the apparent lack of acute
damage from the probes to the small size of
the probes and to the fact that insertion of
the probes requires very little force, due to the
ultrasonic actuation (i.e., the probes gently
vibrate themselves into the tissue). In addition,
we suspect that the probes may penetrate
the tissue by ‘tunnelling’ between the muscle
fibre bundles, rather than passing through and
consequently rupturing them.

Do you believe micro fabrication provides
a more realistic solution to sudden cardiac
death over pharmaceutical methods or is
there scope for a combination therapy?
I doubt that microfabricated electrode
arrays will play much of a role in the
diagnosis and treatment of arrhythmias
in patients. Despite their relatively small
size and biocompatibility, they are still
too invasive and potentially damaging for
clinical use. However, these devices will be
invaluable experimental tools in establishing
the underlying causes of arrhythmia
initiation and perpetuation, and in testing
the effectiveness of still-to-be-developed
pharmaceutical agents.
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Inroads into the heart
Although ventricular fibrillation is almost always fatal in humans, a firm understanding of its underlying
mechanisms remains elusive. However, an innovative tool is set to transform research in this crucial area
IN INDUSTRIALISED NATIONS throughout
the world, cardiovascular disease (CVD) is
responsible for a confounding number of
fatalities. With an individual dying from heart
failure every 37 seconds, rhythm disturbances
of the heart are the largest cause of death in the
U.S., while in Europe, CVD accounts for 49 per
cent of all deaths. Unfortunately, the number of
deaths related to heart disorders is increasing,
and this pernicious trend shows little sign of
subsiding; in a recent estimate, the World Health
Organization predicted that in the year 2020, 11.1
million deaths will be attributed to CVD.
However, pioneering research conducted by Dr
Robert Gilmour and his internationally assembled
team holds great promise for the advancement
of effective treatments, particularly in regard
to the most lethal cardiac disorder (ventricular
fibrillation) and the most common (atrial
fibrillation). Their work focuses upon defining
the cellular mechanisms responsible for the
initiation and perpetuation of these two forms of
fibrillation. This approach marks a paradigmatic
move away from more traditional approaches of
addressing heart disorders. In seeking to enhance
understanding of the underlying processes of
fibrillation, it is hoped that the research will lead
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to the development of more effective forms of
treatment. Given the scale of CVD on a worldwide
level, the research could become the basis upon
which a truly revolutionary therapeutic approach
is developed.

FIBRILLATION IN CONTEXT
Observations of animal hearts have been
conducted since at least the 16th Century. Early
studies revealed that the surface of the ventricular
wall can break down into worm-like regions
known as fibrils. These areas twitch sporadically
before death and ultimately prevent the heart
from pumping. In 1874, the French physician and
neurologist Edme Vulpian observed this motion
and labelled it ‘mouvement fibrillaire’.
There is consensus that around half of all deaths
attributed to CVD are sudden. Ventricular
fibrillation is the leading cause of these sudden
deaths, which in the U.S. alone claim 300,000
lives per year.
Despite decades of intense research conducted by
highly skilled and experienced investigators, a firm
understanding of the fundamental mechanisms
that trigger atrial and ventricular fibrillation
remains elusive. This deficiency is reflected in the
fact that the methods employed in mitigating

and treating fibrillation are reactionary and nonpreventative, as Gilmour elucidates: “Attempts
at preventing or suppressing fibrillation are
still, for the most part, based on empiric and
brute force approaches”. In this regard, it is
common for a cardioverter-defibrillator device,
roughly the same size as a pacemaker, to be
implanted near the shoulder blade in high-risk
patients. When fibrillation occurs, the device
sets off a strong electric shock that realigns the
heart to a normal rhythm. However, there are
substantial drawbacks to this form of treatment;
it is expensive, invasive, induces significant pain
in unsedated or conscious patients and may
permanently damage the heart muscle.
Although a number of drug-based therapies
have been trialled, nearly all have failed utterly.
For instance, in the 1980s results from an
arrhythmia-suppression trial revealed that
the death rate was higher among patients
treated with drugs than those with placebos.
Gilmour outlines the present situation: “Drugs
that remain in practice are only partially
protective and, currently, there is no good
way of anticipating the onset of fibrillation or
preventing its occurrence”. Consequently, the
cardioverter-defibrillator remains a widely-

used tool in reacting to instances of fibrillation.
That such a seemingly forceful and potentially
hazardous means of re-establishing more
regular heartbeats still holds sway serves only
to underline the need to better understand the
causes of fibrillation. However, this goal, in turn,
relies on the development of more effective
means of studying cardiac behaviour. Concerted
research undertaken by Gilmour and his team
has addressed this issue.

INCORPORATING MEMS TECHNOLOGY
Over recent years, several promising
hypotheses relating to the mechanisms that
trigger ventricular fibrillation have emerged.
Among these is the restitution hypothesis,
which suggests that ventricular fibrillation
stems from the fragmentation of a single
spiral wave into multiple self-perpetuating
wavelets. Yet until now, researchers have
experienced notable difficulty in determining
which theories are most applicable to
ventricular fibrillation. This gap in knowledge
can be attributed to the inadequacy of existing
experimental techniques.
In bridging this gap, Gilmour and his colleagues
have developed a unique cardiac mapping
system. Crucially, the system is made up of
nanofabricated components, and thus incurs
minimal tissue damage. The team incorporated
MicroElectroMechanical Systems (MEMS)
technology to construct structures with
integrated electrodes to penetrate heart tissue.
Gilmour comments on the development of
the tool: “These types of electrodes have been
developed previously and used to map electrical
activity in the brain. However, when attempts
were made to penetrate heart tissue, the
electrodes typically fractured”. In addressing this
obstacle, the team has enjoyed notable success in
modifying the electrodes, as Gilmour elaborates:
“To reduce the force required to insert the probes
and thereby reduce the incidence of fracturing,
we have developed a technique whereby the
electrodes are ultrasonically actuated – that
is, an ultrasonic signal is passed through the
electrode array to cause it to vibrate at high
frequency”. Vibration of the array reduces the

force required to insert it into myocardial tissue
of the heart; as such, the team has developed a
tool that enables researchers to penetrate heart
tissue with greater ease.
This advance has given rise to a marked
improvement in the rate of successful
implantation, and the tool is greatly beneficial
in research projects, particularly in regard to
gathering data that would not be forthcoming
otherwise. Indeed, the team has conducted
a series of investigations with canine heart
models in vitro, and Gilmour is keen to shed
light on the long-term benefits they hope
their tool will yield: “With experimental data
recorded of the phenomenon [ventricular
fibrillation] and theoretical models explaining
its origin and propagation, we can use this
information to develop pacing algorithms to
prevent ventricular fibrillation,” he states.
The progress made by the team has been
underpinned by a multidisciplinary approach,
drawing on the skills and expertise of a raft of
members. For instance, individuals involved in
computer aided design and microfabrication
were enlisted in manufacturing the probes;
amplifiers, multiplexers and radio telemetry
systems were designed by electronics gurus;
computer scientists wrote the real-time data
acquisition and analysis software; physiologists
conducted the experiments and interpreted data;
and physicists reconstructed the phase maps
and resulting 3-dimensional recreations of the
activation sequences.
Gilmour and his team are now set upon scalingup the production of probes so that a larger
number are available to aid research studies. The
team also seeks to develop their means of data
acquisition so that larger maps can be acquired;
with more data, the team will be better equipped
to test the validity of various hypotheses for the
onset of ventricular fibrillation.
The tool is thus set to play a pivotal role in
facilitating concerted research into the underlying
causes of fibrillation and, from this, it is hoped
that much needed treatments will be harnessed
in the not too distant future.

FIGURE 1. Microfabricated multielectrode array, illustrating the PZT plates for ultrasonic actuation (right) and a detail
of the electrode tips showing two of the recording pads (left)

INTELLIGENCE
MEMS SENSORS FOR ARRHYTHMIA
DETECTION AND INTERVENTIONS
OBJECTIVES
The primary goal of the research is to identify
the underlying cellular mechanisms for
lethal heart rhythm disorders. Combining
experiments and modelling results is
expected to yield important insights regarding
the origins of fibrillation, which should lead to
the development of more effective means of
preventing this most lethal of diseases.

COLLABORATORS
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DR ROBERT F GILMOUR, JR is a Professor of
Physiology in the Department of Biomedical
Sciences and is Associate Dean for Research
and Graduate Education at the College of
Veterinary Medicine, Cornell University. The
primary goal of his research is to identify the
underlying cellular mechanisms for lethal heart
rhythm disorders. Dr Gilmour received his AB
in English and Biology from Bowdoin College in
1973 and his PhD in Pharmacology from SUNY
Upstate Medical Center in 1977. Previously, he
was Associate Professor of Pharmacology and
Medicine at the Krannert Institute of Cardiology,
Indiana University School of Medicine.
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US - EC Task Force on
Biotechnology Research
Interview with Judith St John, U.S. Co-Chair of the US-EC Task Force
on Biotechnology Research, describes the work of the trans-Atlantic
cooperative and how their collaboration is shaping a better global future

How does the U.S. side of the Task Force differ from its EC partners?
Task Force members are European Commission (EC) and U.S. Government science and technology
administrators. The European Commission is the European Union’s executive body that represents and upholds
the interests of Europe as a whole. U.S. government administrators represent cross government departments
that are engaged in biotechnology research. U.S. Taskforce members include representatives from the
Department of Agriculture, Forest Service, Department of Energy, Department of Human Services, National
Science Foundation, U.S. Agency for International Development, the Office of Science and Technology Policy,
and the Office of Management and Budget. Task Force members meet in person annually, usually in June, to
enhance communication across the Atlantic and to encourage collaborative research. The meetings alternate
between the U.S. and Europe. The Task Force also holds an interim video conference in November or February
to follow up on action items emerging from the annual meeting.

How revolutionary is this type of large-scale collaboration in the field of biotechnology research? What
benefits has this brought to the U.S.?
Never short of ambition, the US-EC Task Force on Biotechnology Research has set itself a difficult mandate.
It seeks to anticipate the needs of tomorrow’s science, today. To achieve such a challenging goal requires
effective transatlantic communication and collaboration. That is why the Task Force aims to promote
information exchange and coordination between biotechnology research programmes funded by the European
Commission and the United States government. Over the years, by keeping a focus on the future of science,
the Task Force has played a key role in establishing a diverse range of emerging scientific fields, including
bioinformatics (1992), neurobiology (1993), nanobiotechnology (a new term coined by the Task Force in
1997), neonatal immunity, transkingdom molecular biology (2003), obesity (2006), synthetic biology (2006),
systems biology (2007) and applications of biotechnology to sustainable energy (2008). The Task Force has
been a major driving force towards the establishment of virtual global laboratories without walls by promoting
the sharing of data and results between U.S. and EU research teams.

Could you explain some of the challenges associated with this transatlantic partnership?
The biggest challenge associated with this transatlantic partnership is bringing American and European
researchers together. The Task Force carries out numerous activities designed to meet this challenge. Among
its many activities, the Task Force funds and sponsors scientific workshops. If we describe researchers as miners
of knowledge, then we can say that the Task Force workshops are designed to bring them back above ground
to explore the broader horizon. The Task Force also sponsors short training courses and a short-term fellowship
programme on environmental biotechnology. The emphasis of these activities is to build a network of early
career researchers who have the tools to apply biotechnology to environmental problems, such as cleaning
up oil spills. The Task Force also sponsors scientific discussion between natural and social science researchers
on topics which have an impact on biotechnology, such as bioethics, the role of women in science, and public
perceptions of biotechnology. During these discussions, the U.S. and EC programme managers exchange
information on how the U.S. and EC each address these issues, and if appropriate, plan joint activities.

Do the types of projects that the U.S. Task Force promote differ in any way from the
biotechnology research coordinated in Europe? To what extent – and in what ways – are they
tailored to the U.S.’s needs?
The Task Force’s voice is heard far and wide on both sides of the Atlantic. It helps set the research agenda by the
Unites States Government and the European Commission. The type of projects that the Task Force promotes
are jointly decided by the U.S. and EC sides and address global societal issues that require transatlantic
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coordination and collaboration in order for biotechnology to provide solutions to these critical challenges. Any
differences are not significant.

Could you outline some of the approaches that you employ to raise awareness of the funding
opportunities in the U.S.? Does America’s funding system present different obstacles from that
of Europe’s?

Judith St John, U.S. Co-Chair
of the US-EC Task Force on
Biotechnology Research

On the U.S. side, each of the departmental members of the Task Force develops its own budget on an
annual basis. Once the budgets become part of the President’s budget and are approved by Congress, they
become available as public documents on the web. Likewise each agency maintains a website where funding
opportunities are identified. For U.S. granting agencies, calls for proposals are posted publicly. A variety of
training sessions, customer/stakeholder workshops, and public listening sessions serve as useful mechanisms
to enhance awareness of funding opportunities. Close coordination across multiple agencies is required.
On the EC side, FP7 is the short term for the Seventh Framework Programme for Research and Technology
Development. This is the EU’s main instrument for funding research in Europe and is in operation from
2007-2013. Researchers and research teams willing to take part in FP7 submit their applications to the EC.
By raising awareness of the funding opportunities in the United States and Europe, the Task Force benefits
transatlantic collaboration in the spirit of the EU-US Science and Technology Agreement. For jointly sponsored
projects, proposals including international collaborators are strongly encouraged and may receive preferential
consideration for funding.

One of the targets of the Task Force is to change public perceptions of biotechnology. Can you outline
some of the organisation’s achievements in this regard?
The Task Force acknowledged at its first meetings that the use of biotechnology to solve scientific and
technical problems raised a variety of public perception, socioeconomic, and environmental challenges
and opportunities. Keeping this in mind, all of the working groups and workshops have included discussions
between natural, social, and economics researchers so that jointly-sponsored projects are developed
in the context of their environmental impact,their economic and regulatory framework, the attitudes
and expectations of policy makers and the public, and a communication strategy. This holistic approach
has provided the information needed for individuals, communities, and countries to make scientificallyinformed decisions about the large or small role that biotechnology can and will play for their own use
and in the development of tomorrow’s solutions to global problems. The Task Force has been a leading
innovator in putting scientific potential into this wider social context, be it around bioenergy and bio-based
products, or the role of women in science.

What plans does the U.S. have in optimising this transatlantic collaboration, and what potential
benefits might this yield?
The 20th meeting of the US-EC Task Force on Biotechnology Research took place on June 3rd-4th, 2010. The
meeting was hosted by the Spanish Presidency at the Universitat Pompeu Fabra, Barcelona, Spain. Several
action items from the 20th meeting were identified to optimise this transatlantic collaboration with mutual
benefits for both sides. Each Working Group is tasked with developing a strategic plan for the next 12 months
for discussion at the next video conference, scheduled for November 2010. A new Working Group for Synthetic
Biology, following on from the Task-Force sponsored workshops in June 2010 on standards in synthetic biology,
has also been proposed. A coordinated call for exploration in the area of databases and bioinformatics, with a
focus on crops of economic importance, has been proposed for 2012. Workshops in the coming year will focus
on marine genomics, obesity, animal biotechnology, biobased products, and environmental biotechnology.
Furthermore, training courses will be offered in environmental biotechnology and nanobiotechnology.

What are your targets for the future? Do you hope to further enhance the US-EC relationship, and by
what means will you perform this?
The Task Force will continue to strive to anticipate the needs of tomorrow’s science today. We will focus on
activities with value-added for the U.S. and the EC. On the U.S. side, we will link activities more closely to
administrative priorities in areas relevant to biotechnology research, for example in bioenergy, bioeconomy,
obesity and nutrition. These global societal issues mirror targets on the EC side. We hope to further enhance
the US-EC relationship by continuing workshops and training, while placing greater focus towards opportunities
for coordinated calls for funding.

http://ec.europa.eu/research/biotechnology/ec-us/index_en.html
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EC - US Task Force on
Biotechnology Research
International Innovation presents a fascinating discussion with Line
Matthiessen, European Commission Executive Secretary of the EC-US
Task Force on Biotechnology Research, on its objectives, a changing
scientific landscape, and its achievements since its inception 20 years ago
What circumstances created a necessity for the EC-US Task Force on Biotechnology Research, and could
you offer an overview of its main aims and objectives?
The establishment of the Task Force in 1990 came at a time when the world was changing dramatically. The
rapid advances in global computing and communications that altered every aspect of daily life presented new
opportunities for scientific coordination and collaboration. The genomics revolution, which allowed scientists
to investigate the structure and function of organisms on a genome-wide scale, was also marked by an
increasing international cooperation, initially because of the sheer scope and cost of the first projects.
The European Commission and the White House Office of Science and Technology acknowledged in the
late 1980s that the emerging area of biotechnology would become a ‘megascience’ and seized the new
opportunities for international cooperation by establishing a forum for policy makers and scientists from
European Union and the United States to exchange ideas and spur the full development of biotechnology
to the benefit of society.
The Task Force’s stated aim is “to promote information exchange and coordination between
biotechnology research programmes funded by the European Commission and the United States
Government”. However, the Task Force has also developed into a unique ‘think-tank’ for science policy
makers and scientists on biotechnology research.
For 20 years, the Task Force has looked to the future aiming to anticipate the needs of tomorrow’s
science, today, hoping to stimulate new interdisciplinary scientific communities to form across the
Atlantic. For example, in 1997, the Task Force sponsored a workshop ‘Thinking Small in a Global Scale’,
and as a result of the workshop, the field of nanobiotechnology was born.
Each year the Task Force sponsors many workshops, which involve both U.S. and European researchers.
The recommendations from these workshops flow directly into the research programmes of the U.S.
Federal research agencies that participate in the Task Force, as well as into the Framework Programmes of
the European Commission.

Can you give an example of an area in which is the EC-US Task Force is currently coordinating transatlantic
efforts to promote research on biotechnology and its applications for the benefit of society?
Synthetic biology, a topic which raised new attention in May this year when Craig Venter announced the
creation of the first self-replicating synthetic cell, has been on the Task Force agenda since 2006 when we
sponsored the first workshop.
We have set the goal to find common grounds on scientific and technical aspects of synthetic biology as
well as on governance and ethics in order to promote scientific and social values with the same pace and
effort. In this respect the Task Force sponsored a Workshop on Standards in Synthetic Biology, from 4-6
June 2010 in Segovia, Spain.

Given that the mandate behind the Task Force is renewed every five years, what are your targets for the
coming period?
The mandate should be renewed in 2011 and we are currently discussing with our U.S. colleagues the priorities
for the future, but the accent of the work of the Task Force now is on the major global societal challenges and
the opportunities for the biosciences to provide solutions to critical challenges such as:
• Food security and healthier food and the fight against obesity
• Finding alternatives to fossil resources from terrestrial or marine resources
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• Detecting, monitoring, and removing environmental pollution
• Training the next generation of scientific leaders in biotechnology to work collaboratively across the Atlantic

What trends are emerging in terms of the research that has been encouraged by the Task Force?
The impact of the Task Force’s discussions on pioneering research is visible in our science policy
orientation and priority setting. For example the Task Force sponsored several workshops dedicated to
research on reducing our dependence on fossil resources by using crops as alternatives for energy and for
producing chemical bio-based products. The ideas jointly developed were turned into concrete flagship
themes: plant cell walls in relation to biorefining; plant oils as industrial feedstocks, and biopolymers. U.S.
and European scientists are now working together in these fields under the Food, Agriculture and Fisheries
and Biotechnology themes of the EU Seventh Framework Programme (FP7).
These activities have also influenced the policy development in Europe and formed the basis for the
development of a European knowledge based bio-economy, which is now a major priority in the EU.

Can you outline the nature of the collaborative research that the EC-US Task Force has encouraged, and
how sponsoring workshops and other activities has had an impact beyond transatlantic cooperation?
Line Matthiessen, Head of Unit
for Coordination in the Directorate
for “Biotechnologies, Agriculture
and Food” Research, European
Commission - DG Research

The Task Force plays an important role in the development of bioinformatics and neuroinformatics, not
only across the Atlantic by sponsoring workshops; furthermore, the discussions in the Task Force have
also paved the way for the establishment of the Global Biodiversity Information Facility in Copenhagen
in 2001, and the International Neuroinformatics Coordinating Facility in 2007 in Stockholm, under the
OECD Megascience Forum.

Would you be able to outline the nature of the short training courses and the short-term fellowship
programme that the Task Force sponsors, and explain what results have been yielded from this enterprise?
Since 1995, through the activities of the working group on environmental biotechnology, the Task Force
has succeeded in training hundreds of early career scientists through three types of activities:
• Workshops on the use of molecular methods and genomics in environmental biotechnology
• Short courses with theoretical, laboratory and field elements
• Short term exchange fellowships
More than 100 grants have been awarded to postdoctoral students in Europe and the United States, in
particular for research on the use of biotechnology and molecular biology, to clean up environmental
pollution such as the oil spill in the Gulf of Mexico.
The next activities will be a short training course to be held in Switzerland in 2011 and a workshop on
‘Microbial Communities and their Interaction’. New activities will include time for mentoring or coaching
sessions for young scientists on career planning.
In many cases, young scientists who were trained in some of the first short-term training and exchange
fellowships sponsored by the Task Force, are now leaders in their fields, and continue the transatlantic
dialogue which they began as students.

You support discussion on the role of women in science; could you offer an insight into this dialogue?
The Task Force sponsored in 2009 a workshop entitled ‘A Global Look at Women’s Leadership in
Biotechnology Research’. The workshop concluded that women are an essential part of the biotechnology
workforce, and yet they have often been underrepresented in leadership positions because of the
organisational structure and culture in the workplace. The challenges facing the world in the areas of food
security, climate change and sustainability are so great that they cannot be tackled successfully without
a diverse and fully engaged workforce. The conference concluded that “limiting women’s leadership was
limiting the solutions to our global challenges”. Among other ideas, the participants recommended the
Task Force establish a League of Universities committed to ‘Diversity Management’ - i.e., fighting the
gender paradox and supporting research that addresses global challenges.

How would you sum up the success of the Task Force thus far?
As already mentioned, the Task Force serves as an important think-tank, and provides input to science
policy making at both sides of the Atlantic. What makes it unique is its focus on global challenges and
how biotechnology can contribute to dealing with them. The work of the Task Force has demonstrated
that we are an equal player in determining how front-line scientific research will happen.

http://ec.europa.eu/research/biotechnology/ec-us/index_en.html
This publication expresses the views of the author and should not be regarded as a statement of the
official position of the European Commission nor of its Directorate-General for Research.
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The European
Association for
Cancer Research
(EACR)
With cancer set to affect 25 per cent of the population
by 2015, the EACR sets research on a course ‘from bench to
bedside’. President, Professor Anne-Lise Borresen-Dale
explains how, with strong communication, pioneering research
and early engagement of talent, more success will follow

What do you see as the mission and goal of the EACR?
EACR’s goal as a member society for cancer researchers is to ‘advance
cancer research; from basic research to prevention, treatment and
care’. The Association sets out to advance research by providing cancer
researchers with opportunities for communication, collaboration and
professional development alongside a range of supportive activities
and services.
EACR has almost 10,000 members including those affiliated through
the 11 National Societies that are part of the EACR family. The size of the
Association enhances its status in the eyes of policy makers and EACR
is seen as a source of valuable information and advice. A good example
is our current involvement in the Eurocancercoms project, funded by
the EC under FP7, looking into improving cancer communications. This
project will strengthen the way cancer researchers can work together
across Europe.

What strategies do you use to advance cancer research from basic
research to prevention, treatment and care?
Our biennial congress is now seen as a key date in the calendar and
members appreciate the opportunity to come together, present their
own work and interact with speakers of international renown. EACR-21
in Oslo was considered a great success by participants and we are
already planning our next congress, EACR-22, in Barcelona in the
summer of 2012. The theme is ‘from basic research to personalised
cancer treatment’ and the presentations and discussions will inform
the debate around personalisation.
We complement the EACR Congress Series with our input into the
biennial European Multidisciplinary Cancer Congress as a founder
member of the European Cancer Organisation (ECCO) and we also
arrange symposia, special conferences and workshops to meet
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particular needs and interests. Working with the Organisation of European
Cancer Institutes (OECI), we are arranging a special course for molecular
pathologists in Amsterdam early next year and we support other important
and carefully selected meetings as a sponsoring agency to help meet
members’ needs.
Our members appreciate the focused information service we provide
through regular e-News bulletins, and our website has a members’
directory and discussion forums. Members know they can contact the
secretariat for assistance in making connections to further their work,
and for guidance when applying for EACR travel fellowships or bursaries
to attend our congress and other focused meetings.

What would you say is currently the most promising area
of cancer research?
By decoding the genetic material of a patient’s tumour, we are now able
to determine its ‘Achilles’ heel’ – its weak point – and thus, the optimal
treatment. This approach is known as ‘personalised medicine’ and
will redefine our approach to treating individual patients or groups of
patients, maximising treatment effect and minimising side effects.
This is the result of the human genome sequencing projects and
subsequent international initiatives to fully sequence more than 25,000
cancer genomes through the International Cancer Genome Consortium
(ICGC)/ The Cancer Genome Atlas (TCGA). The technology has developed
rapidly and the last decade has brought astounding technological and
intellectual advances that will also drive down the cost.
Today, we are still struggling to find the Achilles’ heel in each patient.
So, for the time being, we need to molecularly characterise as many
tumours as possible with good clinical annotations, which we can use
for further modelling. We should work with the same intensity and focus
applying results as they come along, to improve human health.

ANALYSIS
Conversely, are there any particular cancers showing signs of
increase and in need of future research?
Lung cancer worldwide is still increasing – we need to be more
successful in preventive strategies. Breast cancer is also increasing
among younger women and we need to understand why. The world
population is growing and ageing, and this has an enormous impact
on the future cancer burden.
Eventually, as a result of the sequencing initiatives of both tumours
and individuals worldwide, we will also be able to perform ‘personalised
prevention’, foreseeing genetic dispositions towards particular cancer
diseases and preventing them.

Would you agree that collaboration – especially internationally –
is yielding strong results across many areas of research?
Collaboration is of utmost importance, nationally and internationally,
between scientists from different disciplines and ﬁelds, and with patients
and patients’ advocates. To move forward, cancer research needs to be
both multi-professional and multi-disciplinary, integrating basic and
translational sciences, surgery, radiotherapy, medical oncology and care.

Is there a need for a single, global organisation, perhaps headed by
a ‘cancer tzar’?
I am not attracted by the idea of a monolithic global organisation, since
it could result in a bureaucracy unresponsive to the needs of patients
and researchers. Bodies such as the European Cancer Organisation are
invaluable in bringing the diverse range of cancer societies together and
facilitating communication between member organisations and those
involved in development, prioritising and funding cancer research.
Collaboration provides essential support for all dimensions of research
and a need exists for timely access to research ﬁndings, so no-one’s work
is hindered, delayed or misdirected. Competition in the race for scientiﬁc
discovery has always had its place and that dynamic can also contribute
to success in crucial work taking place to advance cancer research.
I think enabling models can facilitate information access in ways that
negate the need for overweening structures and management that such
a single, global organisation could imply.

Looking beyond the EU, is there more hope for funding under
President Obama, than there was with President Bush?
Notwithstanding the continuing concerns about the strength of the
economic recovery, I am optimistic that the Obama administration

AWARD WINNERS AT THE EACR-21 GENERAL ASSEMBLY

will fund research at higher levels than would have been evident under
President Bush. Combating cancer and establishing other priorities to
ﬁght threats to human health is ultimately a win-win strategy, both for
individual health and the healthy individual’s contribution to the security
of the family, wider society and the nation’s economy.
It is an encouraging sign that President Obama has appointed important,
inﬂuential and strong scientists as advisors.

To what extent is the EACR ensuring a new generation of
cancer researchers?
A ﬁrst step has been to ensure that all postgraduate student researchers
are given up to four years’ free membership of the Association. A key
member of staff in our Secretariat manages the membership process
and is building a strong network of contacts with senior researchers who
ensure entrants onto doctoral courses are aware of the Association and
join us. As well as regular communications to all members, students
receive a special email highlighting important support opportunities
while they work towards their doctorate. These include EACR travel
fellowships to support work in centres of excellence and bursaries to
attend the EACR Congress and other EACR meetings and workshops.
Students are made aware that they can get guidance and support
with applications from the Secretariat.

We use our Year Book and website to highlight work that students,
young researchers and late entrants are undertaking, and this
feedback is seen as encouraging by all members.
We hope that by showing the wider world of research beyond the
individual lab, and by offering personal support, the new generation
of hugely talented scientists will wish to make their career in
cancer research.
How important is the dissemination of the cancer research you
help to advance?
The dissemination of cancer research outcomes demonstrating practical
application of discoveries is essential. We need policy makers and
the general public – who often support research through charitable
donations – to know that research brings quantiﬁable beneﬁts and
remarkable results. Discoveries are translated to new drugs and
successful treatments. We need to campaign sensitively on cancer issues
and win governmental support for essential work, to make them balance
regulation so we can move forward with clinical and preclinical studies
at an earlier stage than today.

© Andrew Binns EACR
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With an ever-increasing membership of over 9,000 laboratories,
translational and clinical cancer researchers, what are your plans
for the future?
Exponential growth in membership is certainly not an end in itself;
we need all members to have a strong sense of engagement with
the Association. However, there is undoubted strength in numbers:
our growing membership represents a very large and inﬂuential
constituency. As well as members receiving support and beneﬁts from
the Association, we look to our members for their ideas and opinions,
and for support through consultation on important issues for the
cancer research community.
I hope the Association will use its voice to secure moral and ﬁnancial
support for science and scientists, and medical professionals. I also hope
the balance of healthcare costs and beneﬁts to individuals and society
can be properly appreciated and that the pharmaceutical industry will
sensitively balance its business needs with the imperative of access to
treatment for those often so desperately in need.
It is also a responsibility of scientists and science organisations like
EACR to communicate outside the profession, while being active in
securing high quality standards across national boundaries in science
and medicine.

Finally, the billion dollar question: do you believe mankind
will ever find a cure for cancer?
We should not be naive in thinking we will eradicate cancer totally
from the human population. Cancer arises from alterations in our
genes, and if we prevent our genes from changing and developing,
we are stopping evolution. Our effort should be on reducing known
carcinogens from our environment, like tobacco smoking, developing
methods for earlier diagnosis, and developing personalised treatment
regimes. By 2015, 25 per cent of the population will be affected by
cancer at some point in their lives, but hopefully not die of the disease,
so we need to learn how to live with cancer. The hope is that our
research effort will minimise the pain and suffering around cancer. So
I remain very optimistic: I think we are on a long journey to defeat a
disease that touches every family directly or indirectly, a disease of great
variety and complexity, and one that will always be around us. However,
the progress made and the successes that have saved so many lives
need always to be recognised and taken as a powerful indication that
more success can and will follow.

www.eacr.org

The training of new scientists and doctors, data management, the
adoption of new technologies and the exploitation of their potential
are all issues we must address and promote. We are anxious to
move knowledge we acquire as researchers from bench to bedside,
and EACR should oil the wheels of this process.

© Andrew Binns EACR
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DR YASUYOSHI UEKI

Unravelling the
mysteries of
cherubism
Dr Yasuyoshi Ueki explains how his research into the
pathogenesis of the rare craniofacial disorder cherubism is
not only pointing towards new therapeutic possibilities, but
informing understanding of other inflammatory disorders
models that you have been using to test
its pathogenesis?
In 2001, whilst working with families
affected by cherubism, we identified
SH3BP2 (SH3 domain binding protein 2) as
a responsible gene for cherubism. SH3BP2
is an adaptor molecule, which plays a role
within cells in transmitting signals from
receptors on the cell surface following
the stimulations.

Firstly, could you begin by describing the
symptoms, impact and prevalence of
cherubism, and the background to
your project?
Cherubism is an inherited disorder of
the craniofacial skeleton in children,
characterised by the expansion of the
upper and lower jaws and the cheeks, and
often associated with dental, orbital, and
respiratory problems and inflammation of
the lymph nodes. It results in facial deformity
that gives affected individuals a rounded
face - a Cherubic angel-like appearance after
which the disorder was named. It is a very
rare genetic disorder and its exact prevalence
is not known, but around 300 cases have so
far been reported.
Cherubism was first described in 1933 and
has long been considered a disorder that
might lead us to discover the molecule
which plays a role in postnatal facial skeletal
development and inflammation.

Could you describe the role of SH3BP2 in
cherubism, and elaborate on the murine

We developed an animal model in which
we introduced SH3BP2 – the most common
cherubism mutation in humans – into the
mouse. What we observed is that while
homozygous mice developed a swollen
face, as observed in human patients, the
overall phenotype in this model was quite
surprising. The mice developed systemic
inflammation in bone, joints, skin, liver, lung,
stomach, and lymph nodes, caused by the
macrophages’ infiltration producing a high
amount of TNF-α (tumour necrosis factoralpha), a pro-inflammatory cytokine that
has been determined to play a central role in
a variety of inflammatory disorders such as
rheumatoid arthritis.

During your research, you became
aware of the novel mechanism that
controls myeloid cell responses, whose
impairment leads to inflammation
and bone loss. What impact do these
findings have?
With regard to the pathogenesis of
cherubism, our model demonstrated
that inflammation in cherubism is TNF-α
dependent and is a haematopoietic disorder
of myeloid cell origin. This suggested that
either anti-TNF-α therapy or bone marrow

transplantation prior to the development
of swollen face could be a new therapeutic
option for the patients. Because our
studies suggested that cherubism patients
might benefit from anti-TNF-α therapy or
transplantation, I am now contemplating
translational research by applying those
findings to the patients. The advantage
of anti-TNF-α therapy is that anti-TNF-α
drugs are currently approved to use for
the treatment of other conditions, and are
actually very effective. It is my hope that
one of the next stages of the project will be
collaboration with doctors fighting for the
treatment of cherubism patients.

Could your research concerning SH3BP2
yield possible treatments for other
inflammatory bone disorders? If so,
which conditions would see the
greatest benefits?
SH3BP2 turned out not only to be the
responsible gene for cherubism but also to
be the previously unrecognised regulator for
TNF-α production and osteoclast (bone cells
that remove bone tissue) differentiation.
By unravelling the molecular function of
SH3BP2, its associated molecules and
signalling pathway, we are coming to a
better understanding of other inflammatory
bone disorders and the pathogenetic role
of SH3BP2 in them. Our results indicate
that beyond craniofacial skeleton disorders
and cherubism, SH3BP2 and its associated
pathway could be a new therapeutic target
for more common and systemic forms of
inflammatory disorder, like rheumatoid
arthritis, in which increased TNF-α levels and
osteoclast activation is critically involved in
bone and joint destruction.

Image courtesy of Dr Bjorn Olsen at Harvard School of Dental Medicine
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Facing facts
At the Department of Oral Biology at the University of Missouri-Kansas City, researchers are making important
discoveries towards understanding the molecular complexes and pathways of the cherubism mutation in SH3BP2
THE FACE IS something that we take for
granted – more than just another body part, it
functions as an important index of identity, a
point of reference in our relations with other
people. Cherubism is a disorder that usually
develops in early childhood, and that causes
changes in the craniofacial structure and affects
the appearance of the face, giving patients
the chubby cheeks and upward looking eyes
reminiscent of cherubs in classical artworks. It
can cause serious degradation of the jawbone,
which in turn leads to multiple symmetrical
cysts in the mandibula and maxilla. These cysts
then fill with a fibrous tissue mass, consisting
of stromal cells and osteoclast-like cells, which
cause the typical facial swelling. Cherubism can
also cause inflammation of the lymph nodes,
and tooth malformation and loss.
In some cases, the facial swelling associated
with cherubism regresses after puberty, but the
osseous defects can be detected radiologically
even at old age. And as Dr Yasuyoshi Ueki
at the University of Missouri-Kansas City’s
Department of Oral Biology suggests, disorders
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affecting the face can have deeper implications
for patients beyond their merely physical
symptoms: “I think craniofacial disorders
including cherubism are not only a disorder of
deformity in face, but also an impaired condition
that can result in psychological problems too”,
he explains. Current treatment for cherubism
usually involves surgical intervention to address
disfigurement and the dental complications
that arise from the active phase of the disorder;
whilst these interventions can sometimes be
successful, most patients do not receive any
disease-modifying treatment.

THE ROLE OF SH3BP2
In a study carried out some 10 years ago, with
15 families affected by cherubism, Ueki and
his prior mentors, Drs Ernst Reichenberger
and Bjorn Olsen at Harvard School of Dental
Medicine, discovered the responsible mutations
for the disorder in a gene called SH3BP2.
SH3BP2 is expressed in a number of human
tissues, but was found by Ueki to be expressed
in multinucleated cells, and in most stromal

cells of soft fibrous tissue from cherubism
lesions. These findings were not insignificant,
and in order to further investigate the detailed
molecular mechanisms by which mutant
SH3BP2 cause the disorder, a mouse model for
cherubism was created – the first experimental
model of the disease. This produced surprising
results, notably that homozygous mice
developed not just inflammation of the jaw
and face, but systemic inflammation caused
by massive infiltration of macrophages
into skeletal elements and internal organs,
producing a high amount of TNF-α (tumour
necrosis factor-alpha).

DISCOVERIES IN THE MURINE MODEL
It was discovered that elevated TNF-α
production is caused by the increased response
of mutant macrophages to M-CSF (macrophage
colony stimulating factor), a cytokine
important for macrophage differentiation.
Furthermore, Ueki discovered, mutant myeloid
progenitor cells showed a high sensitivity to
RANKL (receptor activator of nuclear factor
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In some cases, facial swelling regresses after puberty, although the
mechanism of this regression is not known
kappa ligand), an essential cytokine for the
differentiation of myeloid progenitor cells to
osteoclasts (bone resorbing cells). As a result,
mutant mice exhibited an increased number
of osteoclasts, leading to systemic bone loss.
Based on this data, Ueki proposed SH3BP2 as
a novel regulator of the cytokine responses in
myeloid cells and inflammation in cherubism
as a hemapoietic disorder of myeloid cell origin.
Ueki’s identification of SH3BP2 as not just
the responsible gene for cherubism, but as a
previously unrecognised regulator of TNF-α
production and osteoclast differentiation,
is a discovery that could have important
therapeutic implications.

SIGNALLING PATHWAYS AND COMPLEXES
Another key objective of Ueki’s project is the
detailed characterisation of the signalling
pathway and molecular complexes involved
in mutant SH3BP2 that can lead to the
increased TNF-α production in macrophages
as well as osteoclastogenesis. Preliminary data
suggests that the SH3BP2-mediated signalling
pathway plays a role in other inflammatory
disorders in mouse models. Because SH3BP2
is an adaptor protein that lacks enzymatic
activity and serves to mediate protein-protein
interaction in signalling complexes, mutant
SH3BP2 is likely to impair the function of other
enzymatic proteins (kinase or phosphatase) in
such complexes. But certain questions remain
for Ueki in explaining the role of SH3BP2 in the
cytokine responses in myeloid cells, such as:
• Does mutant SH3BP2 create different signalling
complexes, and what might they be?
• What is the enzymatic protein directly targeted
by mutant SH3BP2?
• Does mutant SH3BP2 have different posttranslational modifications?
• Does mutant SH3BP2 have different protein
structure that influence the composition of
signalling complex, compared to the wild-type
form of SH3BP2?

UNDERSTANDING MYELOID CELL
RESPONSES TO CYTOKINE STIMULATION
Whilst some of the above questions still remain
to be answered in their ongoing research,
Ueki and his team have discovered that ERK
(extracellular signal regulated kinase) mediates
the increased myeloid cell responses to M-CSF.
They have also determined that the SH3BP2
cherubism mutation in the osteoclast lineage
leads to hyperphosphorylation of Syk at
Y346 and increases Syk activity in response
to RANKL. The pathway through Syk (spleen

tyrosine kinase) to Nfatc1 (nuclear factor of
activated T cells, calcineurin-dependent 1) is
the critical pathway that increases the response
to RANKL in mutant cells. Ueki hopes that this
knowledge will open up alternative possibilities
of therapeutic intervention in cherubism
by targeting ERK and Syk/Nfatc1 for the
suppression of TNF-α dependent inflammation
and bone loss, respectively.

IS ANTI-TNF-α THERAPY THE ANSWER?
In some cases of cherubism, facial swelling
regresses after puberty, leaving only a mild
deformity of bone structure, although the
mechanism of this regression is not known at
all. Current standard treatment therefore tends
towards the ethos of ‘wait and see’, expecting
either regression of the condition or, in severe
cases with orbital and respiratory problems,
undertaking surgical resection of the infiltrates.
Ueki believes that anti-TNF-α therapy could
be another option to consider, although
collaborative research still needs to be done
with clinicians to examine the effectiveness
of this therapy. He is certainly hopeful of the
efficacy of their use in cherubism: “I believe that
we could prevent the development of swollen
face in cherubism by administrating anti-TNF-α
drugs,” he states. The potential advantage
of this therapy is that anti-TNF-α drugs are
currently approved for the treatment of other
inflammatory disorders such as rheumatoid
arthritis and inflammatory bowel disorders, and
are proven to be effective.

FUTURE IMPACT
Whether anti-TNF-α drugs will be developed
and introduced for cherubism is something
that only time will tell – if they are, it is
hoped that the interval between laboratory
development and clinical introduction would
be short. Ueki is certainly optimistic about
future collaborations with clinicians in that
field. In the meantime, he hypothesises that
SH3BP2 may have many more functions and
work on the downstream of other types of
receptors than M-CSF and RANKL, and his next
goal is to search for such receptors in different
cell types. Having already proved that SH3BP2,
when mutated, is the player that has a role in
both immune cells (macrophages) and bone
resorbing cells (osteoclasts), Ueki hopes in the
long term, that his research will contribute to
the field of Osteoimmunology – that of the
interrelation between the immune and skeletal
systems. Future developments in this work
are poised to bring benefits to knowledge and
potential therapeutics, in cherubism as well as
in other disorders.

MOLECULAR AND CELLULAR
PATHOGENESIS OF CHERUBISM
OBJECTIVES
Research in the molecular and cellular
pathogenesis of the human craniofacial
disorder cherubism, especially in molecular
composition of signalling complexes and
signalling pathways involved by SH3BP2
in myeloid cells, is helping to explain how
mutant SH3BP2 enhances TNF-α production
and osteoclastogenesis
• Molecular mechanisms that control
myeloid cell responses to cytokine
stimulation
• Investigation of the roles of SH3BP2mediated signalling pathway in
inflammatory disorders
• Translational research toward the treatment
for Cherubism patient targeting SH3BP2
and TNF-α

FUNDING
NIH - NIDCR

CONTACT
Yasuyoshi Ueki MD, PhD
Assistant Professor
Oral Biology
University Missouri-Kansas City
School of Dentistry
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Kansas City, Missouri 64108, USA
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ueki.htm
DR UEKI joined the Department of Oral
Biology at the University of Missouri-Kansas
City as an Assistant Professor in 2008.
He is engaged in research in the areas of
molecular and cellular pathogenesis of the
human craniofacial disorder, cherubism. Dr
Ueki’s current specific interest is molecular
composition of signalling complexes
mediated by SH3BP2 in myeloid cells
that can explain how mutant SH3BP2
enhances TNF-alpha production and
osteoclastogenesis.
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Exploring new pathways for functional
restoration of salivary glands
Dr Fei Liu offers an insight into his studies to find suitable treatments for the restoration of salivary
gland function in head and neck cancer patients through the use of Wnt and Hedgehog pathways
Could you explain the main aims and
objectives of this research?
The main aim is to explore the potential
of manipulating Wnt and Hedgehog
intercellular signalling pathways to activate
salivary stem cells for restoration of salivary
gland function after irradiation. Our research
addresses the need of many head and neck
cancer survivors treated with radiotherapy.
In these patients, the irreversible destruction
of salivary glands by irradiation leads to
hampered speech, dysgeusia, mastication
and swallowing problems, sleep disorders,
and a much higher chance to develop
dental caries and periodontal disease.
Current treatments can only temporarily
relieve these symptoms, while regenerative
therapies based on adult salivary stem cells
have shown potential to restore salivary
gland function in animal models.

What are some of the strategies you
are employing to explore the potential
of manipulating Wnt and Hedgehog
intercellular signalling pathways for
restoration of salivary gland function after
irradiation? At what stage in this research
are you?
We are employing two main strategies to
transiently activate the Wnt or Hedgehog
pathways in the salivary gland after local
irradiation. The first one is using inducible
transgenic mouse models, in which the
expression of ligands for either pathway, such
as the Wnt1 and Sonic Hedgehog, can be
induced to express in adult salivary epithelia.
The second one is local delivery of adenoviral
vectors inserted with modulator genes for
either pathway into salivary glands. Our recent
work showed that transient expression of
Wnt1 ameliorated hypofunction of the salivary
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gland after irradiation. The mouse models for
transient expression of Sonic Hedgehog and
adenoviral vectors are ready to be tested soon.

At what point are you in determining
whether transient activation of Wnt
signalling promotes functional restoration
of the salivary gland after irradiation?
Our pilot studies showed promising results
in transgenic mice over-expressing Wnt1
in the salivary gland on improvement of
saliva flow and prevention of acini loss after
irradiation. Now we are increasing the number
of experimental animals and optimising the
treatment windows and duration, as well as
testing the potential of local gene therapy
mediated by adenoviral vectors.

What is unique about Sonic Hedgehog
(Shh) compared to Indian Hedgehog (Ihh)
and Desert Hedgehog (Dhh) that made it
suitable for this research?
Hedgehog signalling is activated during
functional regeneration of the salivary gland
and as a consequence of forced activation
of Wnt pathway. Among all three known
Hedgehog ligands, Sonic Hedgehog (Shh)
is essential for embryo development of the
salivary gland, and our results showed that Shh
expression is up-regulated by activation of Wnt
signalling. Based on this data, we focus on Shh
for transient activation of Hedgehog signalling.

What role has collaboration played in this
project and how has the research benefited
from this partnership?
My collaborator, Dr Arthur Boyer in the
Radiology Department of Scott & White
Hospital, played a fundamental role in
establishing a working and reliable animal
model of local irradiation of the salivary gland.

How do you feel the dissemination of your
research will improve its impact? Why is
dissemination such an important feature of
today’s research?
I believe that the dissemination of our research
will encourage the investments of funding
agencies and research community into this
emerging field of regenerative medicine, and
will promote international collaboration. For
today’s research, dissemination is important to
communicate with the public and the research
community, to get support from them and to
translate our findings into potential applications.

Is there any other aspect of this research
that deserves reference?
One feature of this research is the application
of transgenic animals in regenerative medicine.
Many transgenic animals have been established
for research in Development Biology and for
determination of gene functions. With these
powerful tools and the advancements on
biology of adult stem cells, we can study the
molecular control of regeneration in vivo more
efficiently and precisely.

DR FEI LIU

Signalling treatment for dry mouth syndrome
Researchers from the Texas A&M Health Science Center College of Medicine Institute for Regenerative
Medicine are investigating new treatments for Xerostomia, otherwise known as dry mouth syndrome
HEAD AND NECK cancer is the fifth most common
form of cancer, with an annual global incidence rate
of 500,000 new cases each year and 50 per cent
of patients surviving the five year all-clear date.
Patients are most often treated with radiation
therapies, which actively reduce the spread and
progression of the disease. However, this therapy
kills many healthy cells and has many side effects.
The greatest shortcoming of this treatment is that
it is a primary cause of Xerostomia (dry mouth
syndrome), which causes severe difficulties in
sleeping, speech and eating.
Prolonged Xerostomia leads to halitosis and
a dramatic rise in the number of cavities, as
the protective effect of saliva’s remineralising
effect on the enamel is no longer present, and
consequently the mucosa and periodontal tissue
of the mouth can become more vulnerable to
infection. Sipping non-carbonated sugarless
drinks frequently as well as using a carboxymethyl
cellulose salvia substitute as a mouthwash can
allay some of these problems temporarily, but are
of little use over extended periods.
The condition can also be instigated by Sjörgren’s
syndrome, the second most common auto-immune
rheumatic disease, which occurs in one in every

272 people. The disease causes immune cells to
attack and kill the exocrine glands – responsible
for producing tears and saliva – thereby leading to
dysgeusia, mastication and swallowing problems.
While current treatments are able to temporarily
alleviate the symptoms of either condition, they do
not have a dramatic effect on the patient’s long-term
suffering, and new treatments that can surmount
these shortcomings are clearly needed.

I hope the success of our research
in mouse models will promote
the interest in testing regenerative
therapies in larger animals and
ultimately in clinical trials
A NEW APPROACH
This is the aim of Dr Fei Liu of the Texas A&M
Health Science Center College of Medicine
Institute for Regenerative Medicine (IRM). He
is seeking to develop a new approach to the

treatment of both Sjörgren’s syndrome and
Xerostomia after radiotherapy of head and neck
cancer, which will provide the patients with a
greatly improved quality of life by restoring the
function of the salivary glands.
Having secured funding from the National
Institute of Dental and Craniofacial Research
(NIDCR), Liu is investigating whether transient
activation of Wnt and Hedgehog signalling
promotes salivary gland restoration after
exposure to radiation. His approach will lead to
a deeper understanding of how modulating Wnt
and Hedgehog intercellular signalling pathways
can activate salivary stem cells for the restoration
of salivary function after irradiation.

THE IMPORTANCE OF PATHWAYS
These intercellular signalling pathways play a
central role in regulating the expression of multiple
genes related to cellular stemness, proliferation
and differentiation, depending on the cellular
context and dosage of signalling activities. They
are essential for regeneration after an injury in
many epithelial tissues, such as the airway, gut or
mammary glands. While their exact role may be
different in various adult stem cells, it is understood
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INTELLIGENCE
MODULATING WNT AND HEDGEHOG
PATHWAYS FOR FUNCTIONAL
RESTORATION OF SALIVARY GLANDS
OBJECTIVES
This project seeks to explore the potential of
manipulating Wnt and Hedgehog intercellular
signalling pathways for restoration of salivary
gland function after irradiation, in order to
improve the quality of life of head and neck
cancer patients.

KEY COLLABORATORS
Dr Arthur Boyer, Radiology Department,
Scott & White Hospital, Texas

TEAM MEMBERS
Dr Bo Hai, DDS, PhD
Dr Zhenhua Yang, DDS, PhD - Postdoctoral
Researchers

FUNDING
NIH - NIDCR
$762, 272

CONTACT
Assistant Professor Fei Liu, MD PhD
Institute for Regenerative Medicine at Scott
& White, Molecular and Cellular Medicine
department TAMHSC
5701 Airport Rd., Module C
Temple, Texas 76502-6954
USA
T +1 254-771-6813
F +1 254-771-6839
E fliu@medicine.tamhsc.edu
www.medicine.tamhsc.edu/irm/index
DR FEI LIU received his MD, PhD degree
from the 4th Military Medical University
in Xi’an, China in 2002. His postdoctoral
work was at Dr Stefan Hoppler’s laboratory
in the University of Dundee and University
of Aberdeen in Scotland, then at Dr Sarah
Miller’s laboratory in the University of
Pennsylvania. He is currently an Assistant
Professor at the Institute for Regenerative
Medicine at Scott & White, Molecular and
Cellular Medicine department TAMHSC
in Texas.
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WNT ACTIVATION IN REGENERATING SALIVARY GLAND

that the Wnt pathway appears to be essential for
self-renewal of these adult epithelial stem cells,
while the Hedgehog pathway appears to be required
mainly for functional differentiation of stem cells in
regenerative processes.
As Liu points out, the attempts to explore the
physiological processes in which these pathways are
involved has thrown up an obstacle: “The Wnt and
Hedgehog responsive cells in adult salivary glands
are extremely rare and only detectable with relatively
low-level of activation of both pathways during
regeneration,” he explains. “We are testing several
different genetic reporter mouse models to meet
this challenge.” The researchers have utilised mouse
models to identify cell populations responding to
Wnt and Hedgehog signals, monitoring their role
and any changes that occur during homeostasis and
regeneration of the salivary gland.

PRELIMINARY RESULTS
Liu’s team has already made great headway in their
understanding of the role of Wnt signalling in adult
salivary glands. They have identified that forced
activation of Wnt signalling in adult salivary glands
promotes the proliferation of salivary stem and
progenitor cells of ductal origin, which, in turn, leads
to a similar histology to that of the regeneration
of salivary glands. These results demonstrate great
potential in the field, and Liu has already identified
the next stage of their research: “The forced
activation of Wnt signalling is irreversible and does
not provide regeneration of salivary glands,” he
outlines. “These results suggest that activation of
Wnt signalling needs to be transient and reversible
for a more effective treatment for the functional
regeneration of salivary glands.”

The project has also been able to demonstrate
that Wnt signalling is only active during
functional regeneration of adult salivary
glands but not in normal or irradiated glands.
Consequently, this would suggest that Wnt
signalling needs to be activated exogenously
in order to restore the full function of salivary
glands after exposure to radiation.

AFTERCARE NOT AN AFTERTHOUGHT
These are truly promising results for such a novel
approach to restoring the function of salivary glands
in patients with dry mouth syndrome secondary
to radiation therapy. Until now, most experiments
conducted in this field have only utilised small
animals. Liu is encouraged by his team’s findings so
far and hopes that more progress is on the horizon:
“I hope the success of our research in mouse models
will promote the interest in testing regenerative
therapies in larger animals and ultimately in clinical
trials,” he enthuses.
With conservative estimates suggesting that the
prevalence of head and neck cancer is set to see
a sharp rise in the coming decades, and given the
irreplaceable role of radiotherapy for its treatment,
we can expect to see a similar rise in the number
of patients suffering from Xerostomia. While major
efforts have been made to minimise the side effects
of radiotherapy, due to the exquisite sensitivity of
salivary gland to radiation, the Xerostomia is still
inevitable. The project is set to conclude in 2011,
and progress made so far suggests that it represents
an important breakthrough in the aftercare of head
and neck cancer patients – an often overlooked but
vital part of their treatment.

Hidden roles

Could you begin by briefly outlining your
work in this field to date?
In 1988, we ‘rediscovered’ E. coli DNA
polymerase II (pol II: discovered initially in
1970), and in 1992 showed that the structural
gene for pol II was the damage-inducible dinA
gene, whose function had not been known.
The same year, in collaboration with Harrison
Echols, we performed the first reconstitution
of a biochemical system to study translesion
synthesis (TLS), using proteins that had
been identified genetically as being required
for SOS mutagenesis in E. coli. These were
UmuC, UmuD’, RecA and DNA polymerase
III (pol III) holoenzyme. This strategy was
hindered considerably by the insolubility
of UmuC.
In 1996, we succeeded in purifying a soluble
complex containing one subunit of UmuC
and two subunits of UmuD’ (UmuD’2C).
In 1998, we showed that UmuD’2C along
with RecA could catalyse TLS in vitro in the
absence of pol III, suggesting the likelihood
that UmuD’2C (E. coli pol V) could be a standalone ‘error-prone’ DNA polymerase. In 2006,
we showed that pol V could catalyse TLS in
the presence of RecA* (RecA bound to singlestranded DNA in the presence of ATP). In
2009, we provided unequivocal evidence for
a new model of SOS-induced mutagenesis,
where RecA* was required to transactivate

pol V by transferring a single molecule of
RecA and ATP from its 3’-filament tip to form
UmuD’2C-RecA-ATP (pol V Mut).

Could you describe the circumstances
surrounding the discovery of polymerase
(Pol) V in your laboratory in 1999 and
the immediate significance this had on
your work?
The pivotal event was our 1998 PNAS paper
showing that UmuD’2C performed TLS in the
absence of pol III. Everyone had assumed that
pol III, which is responsible for replicating the E.
coli genome, had to also copy damaged DNA,
and that UmuC, UmuD’ and RecA was somehow
needed for pol III to perform TLS. After our
paper appeared, numerous groups performed
sequence alignments with UmuC, out of which
came a large number of homologous proteins
in all organisms, now referred to as error-prone
Family Y polymerases. In 1999, we (and Zvi
Livneh) showed that the UmuC protein was a
bona fide DNA polymerase, and we showed
that UmuC was an integral component of a
heterotrimeric complex, UmuD’2C, thereby
confirming our 1996 JBC paper.

What practical application do you see for
the work you are conducting, and how far
off might this be?
I don’t envision a practical application per
se for the pol V studies. The data and model

provide an entirely new way of thinking
about how DNA polymerase activity is
regulated, via a conformation switch. How
general this turns out to be remains to be
determined. Our studies with APOBEC
enzymes, which encompasses somatic
hypermutation of immunoglobulin variable
gene regions and inactivation of the HIV1 virus, could, of course, have potentially
important
health-related
applications,
especially if our structure-function studies
show a way to design effective anti-AIDS
drugs. Here, I refer to the possibility that
the HIV-1 virally encoded ‘destroyer’ of
the enzyme APOBEC3G (Apo3G) can be
neutralised by some perhaps small molecule
inhibitor that can gain entry into T cells.
This virally encoded destroyer is the viral
infectivity factor (vif) that binds to Apo3G
and serves as a signal for polyubiquitination
and subsequent degradation of Apo3G.

PROFESSOR MYRON GOODMAN

Dr Myron Goodman, Professor of Biological Sciences and Chemistry at USC, gives us an overview of the
pioneering work his team have done in uncovering the workings of genetic mutations in the E.coli bacterium

Can you describe how technological
progress in the last decade has advanced
your research?
The development of real-time presteady state
fluorescence analysis techniques, including
FRET, along with laser single molecule
methodologies, have opened an entirely new
way to study molecular biological processes
in real time, with extraordinary resolution.
We are currently attempting to visualise
pol V Mut DNA synthesis directly in E. coli
using fluorescence based single molecule
analysis (in collaboration with Antoine
van Oijen, Zernike Institute for Advanced
Materials, Centre for Synthetic Biology,
The Netherlands). We are investigating the
scanning of single-stranded DNA by Apo3G
and by AID using laser single molecule
spectroscopy (in collaboration with David
Rueda, Wayne State University). The ability
to perform these high-resolution single
molecule studies was made feasible thanks
to the ingenious development of chemical
and genetic engineering methods to allow
unnatural amino acids to be incorporated
site-specifically into proteins by Peter Schultz
and colleagues at Scripps, La Jolla. These
unnatural amino acids can be selectively
labelled with fluorescent probes.
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Regulating mutagenesis
Genetic mutations can be both malevolent and benevolent. Research undertaken at the
University of Southern California, Los Angeles, will help us to understand how these are
regulated, and consequently how this may lead to advances in cancer research
ALTHOUGH GENETIC MUTATIONS are
responsible for causing a variety of diseases
including many types of cancers, they are
also the driving force behind evolution, and
responsible for genetic diversity in all its
forms. In addition to this, mutations play a
crucial role in immune system functioning,
with immunoglobulin genes producing
antibodies with sites where mutations occur
around a million times more frequently
than in normal somatic cells. This process,
named hypermutation, allows antibodies to
bind to a myriad of antigens at these sites,
and is essential in fighting disease. However,
left unchecked, the proteins and enzymes
involved in mutagenesis can wreak havoc
on cells by causing catastrophic damage to
its DNA.
In Escherichia coli (E.coli) bacteria, over 40
genes play a vital role in responding to DNA
damage. When this occurs, what is known
as the SOS response is initiated, in which
proteins are expressed to clean up damaged
DNA bases, repair the DNA and coordinate
cell division. An enzyme, DNA polymerase III
(pol III), is normally responsible for copying
most of the genome, but becomes stalled
at sites of DNA damage, hence preventing
DNA replication and causing likely cell death.
This is when a process known as translesion
synthesis (TLS) occurs, where another
enzyme, pol V, steps in and replicates past
the damaged bases, and hands back over
to pol III when it reaches an undamaged
site. However, as pol V is a low-fidelity
DNA polymerase (i.e. error-prone), the SOS
response can result in up to a hundred-fold
increase in chromosomal mutations.

REPAIRING E.COLI GENES
SOS mutagenesis in E.coli has been studied
since the 1970s. However, understanding of
the exact mechanisms of this process has
been elusive. Dr Myron Goodman, Professor
of Biological Sciences and Chemistry at USC,
has been seeking answers to this microscopic
conundrum since the late 1980s. He and his
team have made many breakthroughs in
this field, including isolating pol V in 1999
and explaining its role in TLS. However, until
86

INTERNATIONAL INNOVATION

recently, the role of another protein, RecA,
has been poorly understood.
RecA has previously been shown, in its active
form (RecA*), ie., when RecA is bound to
single-stranded DNA in the presence of ATP, to
have three main functions: aiding the pairing of
strands of DNA with near identical sequences
to drive homologous recombination; initiating
the SOS response by deactivating the LexA
repressor protein; binding and cleaving
the UmuD protein to form UmuD’, which
combines with another protein, UmuC, to
form UmuD’2C (pol V). An additional fourth
function of RecA* however, has been difficult
to comprehend, as Goodman acknowledges:
“The requirement that RecA must be present
in the form of a RecA* nucleoprotein filament
in order for TLS to occur was a complete
mystery, but it was assumed that RecA* must
be bound to the DNA template being copied
proximal to the lesion”, he elaborates.
The breakthrough came in 2009, when
Goodman’s team finally found the evidence
needed to prove the role of RecA* in TLS.
They discovered that RecA* transfers a RecA
monomer with a unit of ATP (3’-RecA-ATP)
to pol V, forming pol V Mut (UmuD’2C-RecAATP), where Mut stands for mutasome (a
polymerase complex that mutates DNA).
Pol V Mut then copies both damaged and
undamaged DNA without the presence of
RecA*. On dissociation from DNA, pol V Mut
deactivates whilst still retaining RecA-ATP,
thus halting gratuitous error-prone copying
of undamaged DNA. Reactivation only occurs
when re-exposed to RecA*, and the old RecAATP is replaced by a new unit. Goodman
explains why this is beneficial: “The mutational
load associated with pol V function is thereby
minimised, effectively restricting it to periods
when SOS is induced. No RecA* nucleoprotein
filament needs to participate directly in TLS,
either in cis or in trans, a fact obscured in
previous studies because such filaments were
always present when TLS was observed”, he
elucidates. These findings are significant, as
the absence of RecA* in TLS avoids problems
associated with interaction between the two
proteins during the process.

FIGURE 1. An inactive pol V is converted to an active
mutagenic DNA polymerase, pol V Mut, when a
molecule of RecA and ATP is transferred from a RecA*
nucleoprotein filament to the “dead” pol V. Pol V Mut
can then bind to damaged DNA and perform errorprone translesion synthesis (TLS) by misincorporating a
base N at a damage site, thereby initiating a mutation.

AID MUTATIONS
Goodman’s work is not limited to bacterial
hypermutation. His team are also working
on uncovering the secrets behind somatic
hypermutation (SHM) in immunoglobulin
genes. They aim to understand the mechanisms
of activation-induced cytidine deaminase
(AID), which is expressed in B-lymphocytes and
regulates SHM and class switch recombination
(CSR), both of which are crucial in ensuring
antibody diversity. They have already shown that
AID (previously thought inactive) deaminates
deoxycytidine on single-stranded DNA, but only
in the presence of RNase, due to an inhibitory
RNA molecule bound to the AID. They have
also demonstrated how these deaminations
occur primarily at specific trinucleotide hotspot
sequences in vitro that mimic the in vivo data,
as they did when identifying pol V Mut and the
role of RecA*. The goal is to induce SHM and
CSR with a human RNA polymerase II (RNA pol
II) system that transcribes in the presence of
AID. Their ultimate goal is ambitious: “The holy
grail is to formulate a tractable biochemical
transcription system involving AID and human
RNA polymerase II that can be used to identify
proteins required for transcription-dependent
AID-catalysed deamination, and to use this
system to define the molecular mechanism for
this key process in SHM and CSR in generating
antibody diversity,” Goodman muses.

INTELLIGENCE
BETTER LIVING THROUGH
HYPER-MUTATION
OBJECTIVES
To try to understand the regulation of
mutagenesis, both good and bad, we are
investigating the molecular mechanisms of key
enzymes required to initiate fitness-enhancing
mutations: low fidelity DNA polymerases that
copy damaged DNA in bacteria, and DNAdependent deoxycytidine deaminases that
generate immunological diversity in humans.
KEY COLLABORATORS

Current and recent students and colleagues associated with Goodman’s laboratory at USC

Clinically, Goodman’s research into SHM
and CSR promises to open new doors in
cancer prevention. Anomalous AID action in
B-cells is known to cause B-cell lymphoma,
while in other cells can cause deleterious
retrotransposition, which could lead to a
range of different cancers. Understanding
the exact mechanisms of AID transcriptional
targeting could pave the way for treatments
aimed at preventing such misfiring.

of single stranded DNA by AID and Apo3G
(which, like AID, is an APOBEC C-deaminase).
Collaborators from other institutions
include Roger Woodgate (NIH), Michael Cox
(University of Wisconsin), and Mike O’Donnell
(Rockefeller University), who are cooperating
in order to uncover the mechanism of errorprone polymerase copying of damaged DNA.
Meanwhile, Matthew Scharff (Albert Einstein
College of Medicine) works with them in
researching the role of AID in SHM.

Clinically, Goodman’s
research into SHM and CSR
promises to open new doors
in cancer prevention
FIGURE 2. Antibody (Ab) diversity is initiated in B
cells when AID deaminates cytosine (C) to uracil (U)
in the variable (V) region of an immunoglobulin (Ig)
gene undergoing active transcription. Error-prone
DNA repair processes, targeted either directly at U
or occurring in nearby DNA gaps, generate about a
million-fold increase in mutation, termed somatic
hypermutation (SHM).

TEAMWORK PAYS
The scope of Goodman’s projects means
that collaboration both within USC, and
with other institutions, is vital. The team
liaise daily with Xiaojiang Chen, Professor
of Biological Sciences and Chemistry at
USC, to obtain X-ray crystal structures of
the molecules under research, including AID
and pol V Mut. Also at USC is Phuong Pham,
a long-time senior collaborator, and Peter
Calabrese, a Computational Biologist, who
is helping them model the random scanning

Although he has never studied biology,
Goodman appreciates how the distinctions
between classical biological sciences
has blurred, with the ascendance of
other disciplines, such as bioinformatics,
biotechnology and systems biology.
Goodman still marvels at how this has
benefited his research: “We routinely use
stopped-flow presteady state fluorescence
and quench flow techniques to measure
protein-protein and protein-nucleic acid
interactions in real-time and to measure
rapid catalytic events, including those for
pol V Mut. We use laser single molecule
analysis to investigate sliding and
jumping of the APOBEC C-deaminases
on single-stranded DNA. All of these
techniques are aimed at understanding
molecular mechanisms of pol V Mut
and AID”, he enthuses. It seems likely
that without this cross-pollination, such
research would hardly be possible.

Roger Woodgate, PhD, National Institute of
Child Health and Human Development, NIH
• Michael M Cox, PhD, University of Wisconsin
• Matthew D Scharff, MD, Albert Einstein College
of Medicine • Mike O’Donnell, PhD, Howard
Hughes Medical Institute, Rockefeller University
• Xiaojiang Chen, PhD, University of Southern
California • John Petruska, PhD, University of
Southern California • Harrison Echols (Deceased,
1993), University of California, Berkeley

FUNDING
National Institutes of Health: General
Medical Sciences; Environmental Health
Sciences; National Cancer Institute
CONTACT
Myron Goodman
Professor of Biological Sciences and Chemistry
Office RRI 119C
Department of Biological Sciences
University of Southern California
Los Angeles, CA 90089-2910
USA
T +1 (213) 740-5190
E mgoodman@usc.edu
http://college.usc.edu/bisc/people/
faculty_display.cfm?Person_ID=1003294
MYRON F GOODMAN obtained a PhD in
Electrical Engineering at Johns Hopkins in 1968.
In 1973, he joined the faculty at the University
of Southern California in Biological Sciences
and remains at USC as Professor of Biological
Sciences and Chemistry and Head of Molecular
and Computational Biology. His current research
is focused on deciphering the biochemical basis
of hypermutation in humans and bacteria.
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Telescopic insight
Dr François Fassier, Pediatric Orthopedic Surgeon and former Chief of
Staff at Shriners Hospitals for Children® – Canada, describes his innovative
solution to Osteogenesis Imperfecta and discusses the way in which it is
changing the lives of children suffering from the disease
Could you describe the role, construct and function
of the Fassier-Duval rod and how it differs from
similar technologies? What inspired its creation?
I conducted many operations for Osteogenesis
Imperfecta (OI) patients under the old system which
had high complication and reoperation rates. At that
time, I was probably the surgeon treating the largest OI
patient population in the world and if I did not come up
with a solution, who would?
The idea of changing to the telescopic rod would not
only avoid going through the cartilage but also provide
a system to enhance the fixation in the bone and avoid
migration of the rod. The telescopic rod elongates
during growth, so this is only used in OI patients who
will still experience growth. We still use non telescopic
rods in patients who will not experience any further
growth; however, it is important to enable this growth
as, for instance, a femur can grow up to 3 cm in two
years, and it is precisely in this non supported area
(distal to the end of the rod) where the patient can
fracture in the future.
What is the reoperation rate of the Fassier-Duval rod
and how does this compare to other elongating and
rigid-rods?
In 2006, it was published that the reoperation rate stood
at 14.8 per cent for the femur, and in 2010, the rate for
the tibia stood at 19 per cent. However, the reoperation
rate associated with the tibia is somewhat lower –
four out of 20 cases went on to have other, unrelated
surgery – so overall the reoperation rate is around one
in 20 patients. Its predecessor had a reoperation rate of
somewhere between 27-50 per cent.
The Fassier-Duval rod was initially conceived for
patients suffering from OI but now has a number
of other applications. Which other conditions
benefit from this technique and what advantages
does it offer?
The main condition that can greatly benefit from the
FD-Rod is congenital pseudoarthrosis of the tibia, a
condition which is considered by many as the most
challenging paediatric orthopaedic problem. It is a
non-union of the tibia which can occur at birth or soon
after, in which the bone is dysplastic and will never heal
once broken. We now use the FD-rod as a fixation, which
grows with the child. We have a high rate of success in
this field.
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It is also used in all skeletal dysplasias,
where it is highly useful in providing
correction to the growth abnormalities
that occur in this condition. If this is
done with traditional treatments,
utilising orthopaedic pins, the bone
continues to grow abnormally and
the deformity reoccurs. We use
the rod as a tutor alongside the
orthopaedic pins as it will grow
but resists the full bend of the bone,
stopping it from forming a deformity..
My colleagues have also used the FD-rod
-rod
for use on bone affected by tumours and for
bone lengthening.
Has the Fassier-Duval rod had a substantial
impact on patient mobility? Do you have any
further developments planned which could
lead to increased motor function?
on?
The children benefit from both thee rodding and
the treatment in ambulation, with
h increased motor
function and mobility one year after
ter the operation. In a
recent series, the mean age for surgery
urgery was after walking
age, so all of the patients should have been walking
already. The standard FAQ post-operation
operation questionnaire
demonstrated that ambulation had risen from 2.0
pre-op, to 5.8, meaning that all children were walking
post-operation. Furthermore, thee gross motor function
measure improved by 21.7 per cent
ent in a year. This is way
beyond what you could expect from natural growth.
Is there any other aspect of your project which you
feel is particularly pertinent to this interview?
I would like to give special mention
ention to Dr Pierre Duval,
the ‘most famous unknown person’
erson’ in our field. He had
been an engineer prior to becoming
coming a physician and
was an orthopaedic resident at the time when I was
nfluential in conducting
developing the rod. He was infl
hat such a product would
all of the mechanical tests that
have to go through, such as pull-out strength, material
resistance and fatigue. He was a bridge between the
orthopaedics and the engineering,
eering, which was crucial
in gaining backing for the medical company. I would
not have had the time or thee expertise to do this work
without his help. The third and vital member of the
team is Ariel Dujovne, President
ident of Pega Medical, who
instantly believed in the project
oject and fully supported
its development.
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Not sparing the rod
The Fassier-Duval rod has changed the face of surgery
on genetic bone disorders, signiﬁcantly reducing
reoperation rates and greatly improving patient
ambulation post-operation. We explore the advantages
and history of this innovative product with its creator
Osteogenesis Imperfecta (OI) or ‘brittle bone disease’ affects around
6-7 people per 100,000 worldwide. It is a genetic disorder which is
characterised by bones that break easily without speciﬁc cause due to
defective connective tissue.
ti
At present there is no cure for OI. The medical treatments – designed
in order to reduce future fracturing and
to increase bone strength,
stren
maintain mobility – were
w also created at Shriners Hospitals for
Children® - Canada by Dr Francis Glorieux, Director of Research.
Children with OI cannot beneﬁt from rodding until they have
had the m
medical treatment. The traditional method of
setting the bones has been employed since the 1950s and
requires
requi surgeons to cut from the knee joint to the hip in
order to extract the bone. Once removed from its soft
ord
tissues,
the bone would not function in the same way
tis
due
d to restricted blood supply, which would lead
to issues with healing and leave the patient with a
considerable scar for life. To alleviate these issues,
Dr François Fassier developed the Fassier-Duval
rod (FD-Rod) with his partner Dr Pierre Duval; in
doing so, they have provided patients with greater
mobility while reducing the reoperation rate. The FDRod
Ro is a telescopic rod that, when inserted, will grow
with the bone, thereby encouraging normal development
reducing the need to reﬁt the rod on a regular basis,
and red
as with the
th previous technique. It has been designed for use
in growing children
and should enable them to mature with
c
increased mobility.
mo
This has had an immediate impact on the nature of the surgery itself,
invasiveness and offering many short-term beneﬁts to the
reducing its inva
patient’s health, as Fassier explains: “Now we only open at the apex of
the deformity if we need to resect some of the bone. This has signiﬁcant
the surgery through the very small incisions as
impact as we complete
co
the skin and muscles from one end of the bone to
opposed to opening
ope
thereby minimising blood loss and scarring. The other major
the other – ther
advantage is that
th we no longer open the joints to insert the rods –
reducing post-operation pain as well as the length
thereby signiﬁcantly
c
and extend of rehabilitation”.
r
MIGRATION
On average, the
th FD-Rod’s predecessor had a substantially higher
rate – at 27 to 50 per cent. It suffered greatly from
reoperation ra
issues once the rod had been attached and the patient began
migration issu
physiotherapy and increased their mobility.
The previous telescopic rod system employed two ‘T’ shape rods,
male rod welded in place while the female ‘T’ was screwed
with the mal
inserted in the bone. This screw would often come
into the rod once
o
loose in the soft tissues of the patients, and despite searching for
Fassier was ultimately frustrated. The FD-Rod
a viable alternative,
alte

GRAPHIC (CENTRE) AND
X-RAY SHOWING FEMUR
AND HUMERUS WITH
INSERTION OF FD-ROD

utilises threaded ends at each
end of the rod, which cement the
bond between the two rods. The
male FD-rod is ﬁxed in the distal
epiphysis of the femur or tibia,
while the female proximal threads
are secured into the greater
trochanter for the femur or the
tibial plateau for tibial surgery. This
has proven to be highly successful
in reducing migration, but Fassier
believes that there is still room
for development in the future:
“This might not be the ultimate
solution and this rod is not stateof-the-art,” he states. “I hope that
someone will be able to ﬁnd a way
to modify the rod to make it even
more secure.”
FULL THERAPEUTIC CARE
Fassier has also implemented a
rigorous selection process for the
FD-Rod to ensure that the child is
ready for the operation and that
they will experience the full beneﬁt
that it provides. The instinctive
reaction of a surgeon is to operate,
but this can cause complications
if the child is not ready for
surgery. Fassier has employed a conference system where the patient is
assessed by each member of the team, alongside the surgeon, including
physiotherapists, occupational therapists, social workers, paediatricians
and psychologists, to gain a global picture of how the child will proﬁt
from the surgery. Fassier is keen to export this idea so that all children
undergoing the procedure can extract its full potential: “Without each
of these complementary therapies, the beneﬁt would not be seen,” he
points out. “Our formula is simple: a baby is ﬁrst evaluated by the team
and receives the medical treatment. When the child is ready to walk,
the surgical treatments as well as postoperative rehabilitation occur. All
the steps, team members and the family are part of this success. These
OI conferences are being adopted by other hospitals in other countries.”
TRAINING AND THE FUTURE
The FD-rod has been an unmitigated success with both patients and
surgeon. Many patients from around the world have requested the FDrod for their operation, which has required Fassier to travel extensively,
demonstrating the substantial impact that the device has had: “I have
travelled to many countries in Europe, to Australia and South America
to train surgeons in the use of the FD-rod through presentations and
demonstrative surgery so that they may meet the demand for the FDrod,” he enthuses.
While Fassier has asserted that further development of the FD-rod is
required to further improve the quality of life for paediatric orthopaedic
patients, this simple device has already made a profound impact on the
lives of children worldwide.
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Shriners Hospitals
for Children®
Affordable care is an essential part of any healthcare system, but never more so than when treating
children. Shriners Hospitals for Children® – Canada has played a pivotal role in improving
paediatric orthopaedic care through innovative research, teaching and invaluable medical care
SHRINERS HOSPITALS FOR Children® is a
healthcare system consisting of 22 hospitals
dedicated to providing paediatric care, with
an emphasis on speciality care for children up
to the age of 18 who suffer from orthopaedic
conditions, burns, cleft palate and spinal cord
injuries. Since its formation in 1922, Shriners
has not differed from its original objective
to utilise a multidisciplinary approach to
treatment and now employs the largest fulltime staff of paediatric orthopaedic surgeons
in North America, treating more than 900,000
children since its creation.
The Canadian hospital of the Shriners network,
Shriners Hospitals for Children® – Canada,
is a paediatric orthopaedic hospital based in
Montreal, a dedicated research and teaching
centre which provides comprehensive medical,
surgical and rehabilitative care to children with
various orthopaedic conditions. The hospital has
the capacity to host 40 inpatients and is able to
provide treatment and aftercare for a full range of
paediatric orthopaedic conditions and associated
problems, including Spina bifida, Cerebral
palsy, Scoliosis, Congenital Malformations and

90

INTERNATIONAL INNOVATION

Metabolic bone disease. The hospital provides
a complete complement of consultative
and rehabilitation therapies before and after
treatment to improve the benefit of the surgery
given to the child, and to enable their family to
play a fundamental role in their recovery.

FUNDING
The Shriners Hospitals for Children® are
funded by Shriners International, a Masonic
fraternity, and Shrine centres which are
attached to each of the hospitals. Some
hospitals, including Shriners Hospitals for
Children® – Canada, receive additional funding
from private and corporate donors as well as
governments, owing to their crucial role in
paediatric care.
Traditionally, Shriners Hospitals for Children®
have been able to offer treatment to patients
with no financial obligation. As many patients
have health insurance to cover the basic cost
of the treatment, Shriners offers financial
support for other aspects of patient care,
such as transportation costs and any other
expenses incurred by the families in receiving

treatment from the hospitals. This is a unique
and important aspect of the Shriners remit, as it
relieves a significant source of stress for patients
and their families, enabling them to focus on the
rehabilitation of their child. Shriners Hospital
for Children® – Canada also treats patients
from abroad, who make up 5-7 per cent of their
overall care work. Abroad, patients must find a
foster family for the duration of their stay but
once in Canada, Shriners will bear transportation
and treatment costs.

THE IMPORTANCE OF RESEARCH
Shriners Hospitals for Children® also engage
in innovative research to develop practical
medical techniques and treatments to
overcome the multifarious issues faced by
children with orthopaedic health difficulties.
The novel medical developments created by
Shriners Hospitals for Children® provide an
immediate benefit for their patients, while also
contributing to medical care worldwide for both
paediatric and adult conditions. The institution’s
role in paediatric research is exemplified by its
prominent position in doubling the chance of
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SHRINERS
HOSPITALS FOR CHILDREN® – CANADA
OBJECTIVES

This Montreal invention is the fruit of the collective knowledge and expertise of Dr François Fassier (centre),
Dr Pierre Duval, Orthopedist (on the left) and of Ariel Dujovne, President and CEO of Pega Medical. Patient
Timothy Bosch is on Dr Fassier’s right side

survival and enhancing the quality of life for
children with serious burn injuries.
Shriners Hospitals for Children® depends upon a
Research Advisory Board to review the research
projects funded by the organisation. The Board
consists of non-Shriners scientists who assess
each project for their scientific merit and the
potential value of their clinical application.
Despite the current economic climate, Shriners
is dedicated to the long-term investment in
clinical research to improve the quality of life
for children with orthopaedic conditions, burns
and spinal cord injuries and is currently backing
more than 100 individual research projects.
One particularly novel translational study
programme, Transition, is investigating
vocational rehabilitation and education to
assist adolescent patients and prepare them
for their lives ahead – a unique and often
overlooked aspect of aftercare.
Experts in the system have also played an
instrumental role in advancing research efforts
concerning spinal cord injury. It has conducted
detailed quality of life studies, the development
of diagnostic standards for specific paediatric
injuries and to progress understanding of the
complexities of repairing and regenerating
the spinal cord. Researchers have investigated
and implemented new methods for functional
electrical stimulation, which has greatly improved
the lives and ambulatory abilities of children with
spinal cord injuries and Cerebral palsy.

TRAINING THE NEXT GENERATION
Furthermore, Shriners Hospitals for Children®
provides a multitude of training opportunities
for paediatric doctors. More than 8,000
physicians have completed their residency
education or postgraduate fellowships in
Shriners Hospitals for Children®. Hospitals
in the system have working relationships
with medical teaching facilities worldwide.
However, the training opportunities at Shriners
do not simply offer experience in orthopaedic
surgery: Shriners Hospital for Children® –

Canada is affiliated with McGill University and
hosts student nurses, physiotherapists and
occupational therapists alongside residents and
fellows, providing a holistic training experience.
In this way, Shriners provides the foundation
for the next generation of paediatric
physicians; it harnesses innovative approaches
to the problems of today while ensuring that
children receive the best possible treatment
and care available.

FOUNDATIONS FOR THE FUTURE
This year, Shriners Hospital for Children®
– Canada announced plans to build a new
hospital facility in Montreal adjacent to the
McGill University Health Centre (MUHC)
and its long time collaborator, The Montreal
Children’s Hospital (MCH). The new Shriner
hospital will feature 22 single patient rooms,
four new operating theatres and 25,000 square
feet devoted solely to research. The expansion
will provide Shriners Hospital for Children® –
Canada with valuable patient accommodation
space and the capacity to significantly increase
the intake of medical students and fellows
from MUHC, thereby making a considerable
contribution to the development of the
next generation of paediatric orthopaedic
surgeons and medical staff. The plans also
include dedicated space for state-of-theart rehabilitation facilities, including a gait
laboratory. This new development will provide
substantial benefits to individual patients
before, during and after their treatment, while
actively working to improve the field in the
long term.

Shriners Hospitals for Children® is a
healthcare system of 22 hospitals dedicated
to improving the lives of children by providing
paediatric specialty care, innovative research,
and outstanding teaching programmes for
medical professionals. Children up to age 18
with orthopaedic conditions, burns, spinal
cord injuries, and cleft lip and palate are
eligible for care and receive all services in a
family-centered environment, regardless of
the patients’ ability to pay.

KEY COLLABORATORS (ON FASSIERDUVAL ROD)
Dr François Fassier
Dr Pierre Duval
CONTACT
Ms Emmanuelle Rondeau
Agente d’information, relations publiques
Information Officer, Public Relations
1529 Cedar Ave
Montreal, Quebec
H3G 1A6, Canada

T +1 (514) 282-6990
E erondeau@shrinenet.org
www.shrinershq.org/Hospitals/Canada
DR FRANÇOIS FASSIER was born and
raised in France. He completed his medical
school training in Lyon and his orthopaedic
residency in Grenoble and Paris. After a year of
fellowship in paediatric orthopedic surgery at
Ste Justine Hospital (University of Montreal),
Dr Fassier went back to Grenoble as a young
staff (Chef de clinique) for one year. In 1982 he
immigrated to Canada and became a member
of the Ste Justine Hospital staff until 1993.
He was then appointed at McGill University
and became Chief of Orthopedics at the
Montreal Children’s Hospital. He played a
role in the development of complementarity
between the MCH and the Shriners Hospital
– Canada. Director of Pediatric Orthopaedic
Surgery at McGill University, he became
Chief of Staff of the Shriners Hospital for
Children® – Canada in 2001.

This is demonstrable proof of the success of
both Shriners Hospitals for Children® – Canada
and the mission of all Shriners Hospitals for
Children in action, working to provide the
very best paediatric healthcare today, while
creating the foundations for innovative future
approaches to surgery and aftercare so that
children afflicted with orthopaedic conditions
may make a fully recovery and experience a
greater quality of life.
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Luxinnovation
What is the role that Luxinnovation, the National Agency for
Innovation and Research, plays in research in Luxembourg?
The research and innovation policy is relatively recent in Luxembourg
as compared to many of our European neighbours, and has
undergone important changes over the last three decades. Indeed
the Luxembourg government launched a first set of measures
aiming at stimulating research and innovation in the private sector
in the early 1980’s, and this was soon followed by the development
of infrastructures and of human capital in the public sector.
Luxinnovation, the National Agency for Innovation and Research, at
the heart of the young - and still developing - national innovation
system, is a first entry point concerning all matters related to research,
development and innovation (RDI). Luxinnovation, as a public-private
partnership between the Luxembourg state and representatives of
business organisations, is responsible for encouraging and supporting
Luxembourg-based companies and research institutions to foster
creativity, research and innovation and turn it into new business
creation, sustainable economic growth and improve the wellbeing of
the population.

Who are the main partners that comprise Luxinnovation, and how do
these different organisations help its agenda?
Looking at the composition of the shareholders representing both
the public and private sectors, it appears that Luxinnovation is in
a key position to address RDI matters covering the whole range of
potential beneficiaries from SMEs to research-intensive international
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companies, and from public laboratories to new entrepreneurs. Given
this federative approach to target groups, and the expertise that
Luxinnovation has developed over the last 25 years in this domain, we
believe that our Agency has adequate assets to support the innovation
policy aiming at diversification and competitiveness of the economy
of the Grand Duchy. Other players of the national innovation system
are the National Research Fund, Public Research Organisations and the
University of Luxembourg.

What methods do Luxinnovation use to provide all the information
needed to guide and support the implementation of innovation and
research projects?
Luxinnovation is committed to delivering high added-value information
and tailor-made advice to its customers. Communication and
promotion may be considered as a major pillar, stretching from
conferences to a large audience, to dedicated thematic workshops.
9,000 participants have attended for example our 150 events since
2008. Luxinnovation is managing the Luxembourg Portal for innovation
and research (www.innovation.public.lu) which is a strong means of
communication to provide updated information combined with a set
of national and international publications. Other activities such as
international benchmark and technological watch are supporting the
implementation of innovation and research projects. Visits and bilateral
meetings with companies allow us to better understand their needs
and to offer personalised services such as technological audit and
innovation diagnosis.

ANALYSIS

Where does Luxembourg stand within the wider framework of the European research arena?
Gilles Schlesser, Managing Director of Luxinnovation, the National Agency for Innovation
and Research, explains its mission concerning research, development and innovation
What criteria do the Agency counsellors use to produce a thorough
and neutral analysis as well as targeted pieces of advice on R&D or
innovation projects and technology transfer?
Luxinnovation is using a set of tools to perform an effective diagnosis
of the innovation approach and to assess the technological potential
of SMEs. We can also refer to the client-based approach of our clusters’
managers enhancing tailor-made advice and follow-up. Luxinnovation
is actively promoting technology transfer notably through Enterprise
Europe Network (EEN). High added-value information concerning
technological offers and requests is sent to targeted customers
according to their needs and partnership opportunities are provided at
national and international level. Taking into account that 60 per cent
of all customers are SMEs, access to networks such as EEN is vital for
the internationalisation of RDI and business activities. This qualitative
approach has proved to be efficient with the signatures of three
international technology transfers since the beginning of the year.

In what ways is the Luxembourg Portal for Innovation and
Research uniquely positioned to drive forward the agenda for
science in the region?
The governmental Portal for innovation and research provides updated
information on innovation policy, funding schemes, institutions, networks,
database presenting capabilities, technological offers and events.
Registration for receiving a weekly personalised newsletter is greatly
appreciated by the customers. Luxinnovation is managing the Portal which
is a common means of communication shared with the ministries, the

national research fund and other public research institutions. Beside the
web communication strategy, a new magazine called ‘FOCUS on research
and innovation in Luxembourg’, targeting an international audience, is
edited by Luxinnovation. Aiming at presenting Luxembourg’s scientific and
economic assets in certain key areas (i.e. automotive and space sectors,
eco-technologies etc.), the magazine reflects the Grand Duchy as a
business- and innovation-friendly environment.

What do you hope to achieve from the training cycle on Innovation
Management Techniques run by Luxinnovation, in cooperation with
the Training Institute of the Chamber of Commerce?
The purpose of the training is to make managers aware of the necessity
for their organisation to innovate and to become acquainted with the
different steps to be followed to implement or improve an innovation
approach by teaching them the main techniques. We are targeting not
only companies with a technological innovation process, but also those
willing to improve the management of their innovation process. Examples
of subjects dealt with are: Innovation strategy, Idea generation and
selection and Service innovation.

Who are you mainly targeting in this training, and what approaches
are you using to help these individuals become acquainted with
Innovation Management Techniques?
Targets are primarily managers who have an interest for the subject
and whose mission might lead them to implement or participate
in an innovation approach. Both managers from private and public
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organisations are welcome. The approach is based on a balanced mix
of theory (illustrated by examples) and exercises performed by small
working groups. Teachers must be practitioners and professors at
university level.

To what extent does Luxinnovation value new technologies
and collaboration with partners? As an organisation, how do
you support and encourage cooperation between enterprises,
laboratories and researchers?
In the endeavour to foster public-private partnerships at national
level, Luxinnovation plays a key role in the development of a clusters’
policy with the definition of a new management strategy to better
suit the needs of the members. A new cluster in Eco-technologies
was launched in 2009, thus completing the range of the already
existing clusters in Materials, Space, ICT and Health&Biotech. We
can also refer to the first two editions of the forum ‘Business Meets
Research’ which aims at presenting the competences of the public
R&D sector in Luxembourg to companies in order to stimulate
collaborative opportunities. Visits and discussions with companies
are also a good opportunity to promote competences of research
organisations. This last concern is specifically mentioned in the
cooperation agreements that Luxinnovation has signed with public
research institutions.

How is Luxinnovation responding to the fact that companies
and public organisations do not always have sufficient financial
resources to successfully carry out expensive research projects, and
what support are you offering in this area?
Promoting as widely as possible the new RDI law (particularly
public-private partnerships) and the new environment/energy law
are strategic priorities for the Agency at national level. Luxinnovation
is National Contact Point (NCP) for the whole Seventh Framework
Programme (FP7) of the European Commission as well as official
representative of Luxembourg in the related Programme Committees,
defending the interests of the national research community. The
Agency is also strongly involved in the European Space Agency
programmes and other schemes providing interesting funding and
networking opportunities for companies and researchers such as
Eureka and Eurostars. Besides facilitating access to national and EU
funding schemes, Luxinnovation is providing support to the creation
and development of start-ups and is also delivering advice for the
valorisation of research results.

If at all, what problems has the economic downturn created? How
long will some of the research programmes take to recover fully?
We may say that in spite of the economic crisis, the activities of
our Agency have not been reduced; on the contrary, the number of
enterprises asking for advice and support from Luxinnovation to set up
their R&D projects have increased significantly, notably prior to applying
for national funding. In this respect, the new RDI law from June 2009 is
aiming at stimulating research and innovation activities in Luxembourg
to help industrial actors to recover from the economic downturn. Of
course, some companies have been greatly affected by the crisis and have
therefore postponed some of their RDI investments.

To date, what have been Luxinnovation’s main successes and how
would you quantify them?
As National Agency for Innovation and Research, the scope of
Luxinnovation missions and activities is quite large. The main addedvalue for the customers lies in the fact of being a first entry point at
the heart of the national innovation system and supported by a highly
committed team of 40 experts with targeted expertise in key areas such
as space, environment/energy, materials, health and biotechnologies.
Luxinnovation, being at the crossroads of the public and private sectors,
is able to provide updated information and advice on national aids, to
match industrial needs with public research technological know-how and
to connect its customers with renowned experts both at national and
international levels. At a glance, over the last two years, Luxinnovation
followed the project development of 500 companies and 60 laboratories,
the creation of nearly 50 start-ups and the completion of 450 diagnoses.

Where do you hope to see Luxinnovation in 10 years; do you
anticipate its role changing?
We wish to become a long-term partner for those who are developing RDI
activities in Luxembourg. In that sense, our mission is to bring together
knowledge, technology, entrepreneurship, market and finance for the
benefit of research and innovation projects in Luxembourg. As a National
Agency for Innovation and Research, our aim is to contribute effectively
to the economic development and diversification of the Grand Duchy.
In the coming years, we will further develop cooperation and exchange
with other innovation agencies in Europe and abroad in order to optimally
interface between Luxembourg and the rest of the world. In that respect,
fostering collaboration with clusters at international level is a priority for
Luxinnovation in the forthcoming months.

www.luxinnovation.lu
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F.R.S.-FNRS, Fund for
Scientific Research
Professor Véronique Halloin, Secretary General of F.R.S.-FNRS, provides an insightful overview of
the funding agency, which serves research programmes in the French-speaking community of Belgium
What do you see as the main intention and mission of the F.R.S.FNRS? Why was it originally created?

• Temporary or permanent remuneration of individual researchers at
various stages of their career (PhD, postdoc., permanent researchers)

The Fund for Scientific Research (FNRS) is a funding agency for basic or
‘fundamental’ research, and its mission is to support and develop nonorientated scientific research in the universities of the French-speaking
Community of Belgium (FCB).

• Financing of research teams (equipment, functioning costs, researchers
and technicians)

The creation of the FNRS stems from an address delivered on 1 October
1927 by King Albert I of Belgium, in which he stated: “The public here does
not understand well enough that pure science is the essential condition
of applied science and that the fate of nations which neglect science and
scholars is marked for decadence”.
This gave the impetus to create the F.R.S.-FNRS (at that time named
FNRS – National Fund for Scientific research), and in barely three months,
a hundred million Belgian francs were offered to the FNRS by patrons and
private individuals: a true national impulse in favour of scientific research.

How does the F.R.S.-FNRS fund researcher training and research
development? Are there specific criteria that must be satisfied in
order to obtain funding?
The F.R.S.-FNRS supports the production and the development of
knowledge by financing research programmes carried out in the
laboratories and departments mainly located in the universities of the FCB.
This financial support is mainly based on the criterion of scientific
excellence, and is exerted according to several modalities:

• Allocation of fellowships and grants promoting scientific exchanges,
scientific diffusion and international mobility
• Attribution of scientific prizes
Society needs some results from research to ensure its economic and social
development; thus the Belgian state, as from the 1950s, has gradually
assigned the F.R.S.-FNRS the duty of launching thematic calls on large
subjects for which the state has allotted a budget. This is how we created
the Associated Funds for collaborative projects in nuclear sciences (IISN),
then in medical sciences (FRSM), and for the financing of research fellows
in industrial or agricultural sciences (FRIA).

With the dawning of the digital age, scientific research has become
increasingly ‘international’. Where does the French community of
Belgium fit into the knowledge-based economy of Europe at present?
We would fully agree with your standpoint that scientific research has
become increasingly international and this is of course a challenge for the
FCB, a relatively small community, at least in terms of numbers.
Facing this challenge, the FRNS is leading three initiatives. Firstly, it tries
to detect within our community researchers and projects that are of first-
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class quality in international terms. Secondly, it provides stimulus and
support for our researchers to join – and sometimes lead – international
projects financed by the European Community or intergovernmental
programmes. Lastly, it encourages the movement of researchers in and
out of the community in order to reinforce fruitful collaboration and the
building of a rich knowledge network.

Part of the Fund’s mission is to help Belgian researchers in the French
community to integrate into the European Research Area (ERA). Can
you tell us a little about the ERA and why it is important?
The European Research Area (ERA) plays a key role in the strategy of
Lisbon, the major axis of economical and developmental policy of the EU
during the period 2000-2010. The ERA combines three concepts:
• The creation of an ‘interior market’ of research (a space for the free
circulation of knowledge, researchers and technologies), intended
to strengthen cooperation, stimulate competition and optimise the
allocation of resources
• A reorganisation of the European fabric of research, which consists
primarily of improving the coordination of activities and national
research policies
• The development of a European research policy going beyond the sole
financing of the research activities, thus including all aspects of the other
national and European policies related to the field of research
Integration in the ERA is all the more important for a small and
fragmented country such as Belgium, as the research competence is
divided between the federal, regional, and linguistic community levels. It
helps us to have a real impact in the research domain outside Belgium.
In order to better integrate into the ERA, the F.R.S.-FNRS has developed
PHARE, a strategic plan for 2010-2014, of which one of the objectives
is to increase its international dimension up to 2.2 million euros per
year. The F.R.S.-FNRS is also leading the roadmap process for ESFRI
infrastructures in the FCB, and participates in it financially.
In addition, the F.R.S.-FNRS offers a strong support to mobility outside
Belgium as the EURAXESS bridgehead organisation for the FCB.
Furthermore, it hosts the National Contact Point (NCP) for FP7, helping
researchers from FCB to participate and to succeed in their applications,
and it offers a financial incentive for their involvement in FP7.
From a publication viewpoint, half of the scientific productions from the
FCB involve a co-author situated outside Belgium.

Since the fund was founded, Belgium has gradually transformed into
a federal state. Has this shift impacted the F.R.S.-FNRS and, if so,
how have changes been achieved in practical terms?
Belgium has indeed been a federal state since 1994, composed of six
federal entities: three regions (Brussels, Flanders and Wallonia) and three
communities (Flemish, French speaking and German speaking).
The primary competence in terms of scientific research is allocated to the
communities and the regions, each one within the framework of their own
scope of responsibilities.
The communities are primarily competent for the basic research carried
out in universities, research institutes or higher education institutions,
and for the applied research in the university colleges. The FCB is thus the
principal financier of the F.R.S.-FNRS.
Individual regions are competent in research related to economy, energy
policy (except nuclear power), public works, environment and transport.
These domains are specially related to applied research, technological
development and innovation. Furthermore, the research programmes
often have an industrial component.
The federal Authority retains a certain number of exclusive competencies,
some of them subordinated to the conclusion of cooperation agreements
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with the federal entities. The federal Authority is qualified mainly for
space research, federal scientific establishments, and programmes that
require homogeneous implementation at national or international level.
Moreover, the federal Authority represents Belgium in the European
Union, within the ERA.
Unfortunately, this fragmentation induces separations which are too
marked between basic and applied research; this has induced dispersions
of financial and human resources.

The Lisbon Treaty was formed in 2000 with the aim of stimulating
growth in European research by 2010. Has the Treaty had a positive
impact on the work of the F.R.S.-FNRS over the last decade?
The Lisbon strategy had a leverage effect. One of its objectives sought to
secure three per cent of Member States’ national investment in research
and development (R&D), but its concrete impact has been limited as no
sanction system was put in place to reprimand Member States which did
not obtain this result.
Investing in research and education is perceived today as necessary, even
vital, in order to take up the challenges of globalisation and to maintain
our social models. The target of 3 per cent of GDP being invested in
R&D – even if it hasn’t been reached – has allowed policy makers and the
general public to recognise the importance of research in an economy of
knowledge. The funding of the F.R.S.-FNRS has thus been maintained on
its existing level in 2009 and 2010 in spite of the economic crisis.
Nevertheless, we now have the opportunity to improve the impact of
the EU policy through the EU 2020 strategy and the new legislative
framework, in the context of the Lisbon Treaty. This is a new era for
ERA and one should seize this opportunity for improving governance,
implicating all the research stakeholders in the process, and not
only governments.

The focus of the Fund is long-term support of innovation and, more
particularly, developing research skills and relationship building.
How are the achievements of the Fund measured?
The measure of the results reached by the action of the F.R.S.-FNRS
currently falls short, being limited to measuring the scientific production
and the citations of the researchers of the FCB.
The Fund is engaged in developing an in-house department for strategic
foresight. This will take charge of developing scientific methods to
measure – with appropriate indicators – the various aspects of the
scientific production of the universities of the FCB, and also the impact
of its funding instruments. For instance, econometric models are being
investigated with this view.

What is your vision for the F.R.S.-FNRS over the next decade?
For 80 years now, the F.R.S.-FNRS has encouraged scientific excellence.
Today, the main objective of the F.R.S.-FNRS is to reinforce the
attractiveness of research and to instil scientific excellence into the heart
of society.
To that end, the PHARE strategy incorporates four priorities; these
are specified by concrete targets and the means by which they will
be attained.
Among these priorities, we insist in particular on new instruments aiming
at supporting the emergence of exploratory, interdisciplinary projects.
Another priority relates to the development of a new fund for strategic
research; this has been proposed according to a bottom-up approach, but
within strategic social themes.
With its new strategic plan, the FNRS (and its associated Funds) wishes to
help the researchers of the FCB to integrate as much as possible into the
ERA. It is an essential social challenge, which requires the political powers
and the general public to acknowledge that the returns from investing in
free research are visible only over a long time-span.
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On the other hand, it is essential to optimise our administrative efficiency
and to develop our methods for the ex-ante and ex-post evaluation of
our research projects, programmes, funding instruments and research
capacities in the FCB.
The evolutions of the F.R.S.-FNRS are based on three essential values:
excellence, transparency and creativity. Succinctly, the F.R.S.-FNRS
wants to encourage freedom to search, but also originality, permanent
reassessment and dynamic change.

www1.frs-fnrs.be
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The Saban Research Institute of
Children’s Hospital Los Angeles
Advancing treatments for paediatric conditions is crucial, but we must also be actively seeking prevention for
them. Director Dr Brent Polk explains how The Saban Research Institute of Children’s Hospital Los Angeles is
addressing the treatment and prevention needs of individual children, the community and the world
As Director of The Saban Research Institute, do you take an
active role in research yourself?
I have been actively involved in research for most of my career. In
addition to a lab, I have a research programme, graduate students,
postdoctoral students, and junior faculty to whom I am mentor. Our
research programme focuses on paediatric inflammatory bowel
disease and immune regulation of the gastrointestinal tract, with
particular interest in injury and repair responses. One of the major
programmes at The Saban Research Institute is called Developmental
Biology and Regenerative Medicine and our research fits well within
the goals of that initiative.

How would you summarise the mission of The Saban
Research Institute?
Our mission is to improve health and wellness of children, through a
combination of basic, clinical, and translational studies. Research is
performed at the lab bench, in the clinic, and in the community. And
because of our location in Los Angeles, CA – the second largest city
in the U.S. with one of the largest and most diverse populations of
children in the world – our community spans the globe. At our Center
for Personalized Medicine, we focus on the individual child. In our
community-based programmes we study disease entities and
conditions, effecting populations that range from autism to obesity.
In our clinical programmes, like the Critical Care Telemedicine project,
we work towards addressing our responsibilities to the international
community. We start with treating an individual child, then the
community, and finally, the world.

How broad are the scientific priorities and areas the Institute
focuses on, and does this present any challenges?
Our current research programme is built around seven thematic areas:
 Cancer
 Community Health Outcomes and Intervention Research
 Developmental Biology and Regenerative Medicine
 Developmental Neuroscience
 Diabetes and Obesity
 Human Physiology and Imaging
 Immunology and Pathogens

98

INTERNATIONAL INNOVATION

It is a broad mandate and presents challenges in covering such wideranging areas of focus. But a diverse research programme is also a
strength, allowing us to bring together multidisciplinary teams to address
child health and disease susceptibility. For example, members of our
programmes who specialise in stem cells and regenerative medicine are
working across disciplines to understand how environment influences
critical phases of lung development and function, and show childhood
origins of adult diseases like asthma and emphysema. Another example
is our human imaging and physiology programme, where radiologists,
haematologists, cardiologists, and molecular physiologists are working
together to address questions related to chronic injury from inherited
blood diseases like thalassemia and sickle cell anemia.
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Beyond Los Angeles and the U.S., how wide-ranging are the
people and countries you serve?
Our patients come from around the world, representing all continents.
We have specifically moved our clinical expertise into populations that
are medically underserved. We have developed partnerships between
Children’s Hospital Los Angeles and the Keck School of Medicine of the
University of Southern California (USC) in education, research and clinical
care. Examples of our international commitment are our Vision Center,
which collaborates with physicians in Armenia to prevent blindness in
premature infants, our telemedicine programme operating in Puerto
Rico – working to provide access to our expert physicians in areas lacking
in resources or trained personnel – and our long-standing educational
programmes for physicians, medical students, and staff in Israel and
Mongolia. We serve a wide range of people from diverse cultures, both
in our international programmes and also right here at home.

What are some of the ways the Community, Health Outcomes &
Intervention Research Program (CHOIR) is reducing health disparities
and addressing health threats to children and adolescents?
The CHOIR programme conducts hospital and community-based
research, promoting the health and wellbeing of children, adolescents
and families. The needs are great: children and adolescents living in
our hospital’s service area have some of the nation’s highest rates of
obesity, diabetes, teen births, HIV/AIDS, asthma, poverty, and child abuse
and neglect referrals. CHOIR engages a diverse group of researchers,
clinicians, families, community organisations, and policy makers to
address these and other health threats, so that young people may lead
healthier lives, require fewer hospitalisations, and achieve the best
possible treatment outcomes.

What effects have you witnessed from making CHOIR’s research
findings available to community stakeholders?
Our researchers are engaged in projects aimed at improving the quality
of children’s healthcare and ensuring that this new knowledge is put to
use, regardless of where children live. To make this happen, we work in
collaboration with a range of stakeholder groups, such as policy makers,
healthcare providers, advocacy groups, the media and, of course, parents
and families.
Our research is having an impact: Project AIM, a behavioural intervention
to promote academic success and prevent risky behavioural choices among
middle school students, has been selected by the United States Centers for
Disease Control and Prevention for widespread use in HIV prevention.

As one of the largest paediatric research facilities in the U.S.,
how vital is an interdisciplinary and collaborative approach to
the Institute’s research?
Our seven primary areas of research focus were developed based
on an interdisciplinary model: we have learned that complicated
conditions like cancer, obesity, and autism are multifactorial. For
example, we can’t track these conditions back to one single gene
or a single bacterium. We find there is often a combination of
genetics, physiology and environment, and that to understand these
conditions we must approach them in an interdisciplinary way.
I also believe this approach will be the cornerstone of our successes
and serve to support our research development as we build future
programmes. Our primary investments will be in supporting
interdisciplinary research involving our USC faculty at The Saban
Research Institute and at Children’s Hospital Los Angeles, as well as
other collaborators at the Keck School of Medicine at USC, California
Institute of Technology and other institutions around the world.

What medical breakthroughs has the Institute’s research
produced thus far?
A few of our historical medical breakthroughs by researchers at
Children’s Hospital Los Angeles include the 1987 identification of
the gene that causes retinoblastoma, an eye cancer that most often
occurs in children under five years of age. In 1993, we completed the
world’s first transfer of a healthy gene into umbilical cord blood cells
of a newborn, correcting a genetic defect. That same year, the world’s
first gene therapy was performed on newborns with severe combined
immunodeficiency disease. In 1995, researchers at Children’s Hospital
Los Angeles discovered the key role that transcription factor TTF-1
plays in the formation of the embryonic lung, a major advancement
in the quest to grow or regenerate organs for repair or transplant. In
1997, physicians collaborated on a clinical trial using gene therapy for
the first time on a child with HIV-1 infection, resulting in the world’s
first gene therapy treatment for children with the disease.
The basic discoveries and their innovative application by
investigators at Children’s Hospital Los Angeles continue. Thus far in
2010, our physicians and laboratory researchers have made significant
advances in heart muscle regeneration; understanding the link
between obesity and increased risk of childhood cancers; developing
ways to enhance naturally occurring defence mechanisms to reduce
the risk of meningitis and other infections; and uncovering mutations
in the genetic code linked to the most common childhood leukemia.
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How is the Institute helping to ensure effective
technology transfer?
The Office of Technology Transfer, housed in The Saban Research
building, is an important partner in moving our discoveries into
innovation-driven products and services to the public. We regularly
meet with our investigators to help identify, assess and partner new
potential therapies, medical devices, and prognostic and diagnostic
tools, while promoting our core facilities that can be utilised to
support patient care and research.
Our hospital is one of the best paediatric care facilities in the world.
Our inventors are research and clinical leaders in their fields,
with publications in high-impact journals. Beyond a win-win
business arrangement, successful technology transfer requires an
ongoing partnership. The Office of Technology Transfer establishes
and nurtures partnerships with the investor community, industry,
start-up companies and other academic institutions, to bring
the hospital’s research discoveries to the marketplace. We are
committed to ensuring the transition of technologies and knowhow to partners, for the mutual benefits of all parties, including
the public good. A number of therapeutic, diagnostic, research
and clinical care products are on the market or in commercial
development as a result of the hospital’s successful transfer of
its innovations.

We are an academic member of the recently established Los Angeles
Basin Clinical and Translational Science Institute, an academic-clinicalcommunity consortium that will allow us to extend our partnerships
to a variety of disciplines within the University of Southern California,
including the Keck School of Medicine, the Viterbi School of Engineering,
the Annenberg School of Communications and Journalism, and the USC
Stevens Institute for Innovation, to name just a few.

Your website explains your goal with the phrase ‘research is the
catalyst for miracles’ – what is the role of research in today’s
challenging world?
Investigators at The Saban Research Institute are working towards the
day when children are no longer threatened by diseases like cancer,
congenital heart defects, diabetes, sickle cell anemia, epilepsy, autism,
vision defects, immune deficiencies or respiratory disorders. Ours is
one of the few freestanding research centres in the U.S. where scientific
inquiry is combined with clinical care and devoted exclusively to children.
Our researchers and physician-scientists seek answers to questions of
human biology by finding new ways to see inside the body, explore the
enormous potential of stem cells, unlock the mysteries of cancer cells,
understand the basis for birth defects, discover influential genes, and
develop new tools to prevent and treat serious illness in children in the
hospital and the community.
Our overarching goal is improving health and wellness of children: we
would rather prevent disease than treat it. Through multidisciplinary
partnerships between physicians, bench scientists, and representatives
from other scientific disciplines such as bioinformatics, we are striving to
identify risks at the genetic level, so that early intervention is possible. By
using biomarkers for earlier diagnosis, we can achieve more effective, less
costly, and safer therapies. We are at an important crossroads in medicine
and by effectively harnessing available technologies linked to our large
and uniquely diverse childhood population in Los Angeles, we will be
ushering in a new era in child health.

http://www.chla.org/saban

Saban Institute Factfile
 $34 million in total current funding
 $26 million in current NIH funding
 Ranked 8th for NIH funding among children’s hospitals
in the U.S. (2009)
 100 investigators engaged in clinical, translational,
and basic research
 186 research projects
 200,000 square feet of dedicated research space
 10 core resources
 151 active patents
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Research Roundtable
Welcome to our new feature, where we present the personal views and experiences of our
contributors from the world of research and innovation. And so, over the next three pages, we ask
what drives their ambitions and how collaboration is integral to their progress. Enjoy!
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What drew you to a career in science?
The factors underpinning an individual’s decision to enter the field of science research are diverse. A career may stem from
a fascination with a particular aspect of biology or chemistry, a personal experience, the influence of an inspirational figure,
or a combination of all three. Here, we invite our contributors to retrace the steps they took into the research arena…
Dr Edward McAuley (University of Illinois):
I began my career as a teacher of English and physical education in a comprehensive school in England before beginning graduate
studies at the University of Virginia in the U.S. At the University of Iowa, my mentor, Dan Russell (a social psychologist) instilled an
interest in research via seminars and informal discussions. I have never regretted taking the step into scientific research.
Professor Yian Shi (Colorado State University):
I grew up on a farm, and as a child, I would not have predicted my career. When I would get
sick and be cured by a small amount of medicine, I would become intrigued at how microscopic amounts of
drugs and medicines have such powerful ‘magic’ effects on humans. Organic chemistry has provided an avenue
for me to explore my curiosities and to make contributions to science, including medicine.
Dr Alexandre Vieira (University of Pittsburgh):
It was after I had my orthodontic treatment, which was done in a teaching
environment, that the interest for dentistry was born. Once in dental school, I
was drawn to the professors that had a natural passion for their own academic
studies. After I graduated, I continued to be involved with the school, first as a
resident, then pursuing a Masters degree, and then a PhD. I was fortunate to
always have mentors who were great at sharing ideas and good at putting
people together.
Dr Hubert Martens (Philips Research):
I have always had a curiosity for how ‘nature’ functions and a fascination for
new developments and emerging insights in various scientific fields (physics,
astronomy, and neuroscience). For me, a science career has been a very natural
choice to take; I enjoy working with bright people, exploring new fields and
applying scientific developments for truly innovative product developments.
Professor Robert Gilmour (Cornell University):
Serendipity, mostly. As a high school student I thought I would like to become
a chest surgeon, primarily because I had had some surgery myself and I liked my
surgeon. Then the summer following my junior year in college, I happened to be
offered a position as a summer fellow at the Masonic Medical Research Laboratory
in my hometown of Utica, New York. I didn’t realise at the time that the lab was
directed by one of the world’s most prominent cardiac electrophysiologists, Gordon Moe.
I loved the work and the people at the lab and they inspired me to continue with a career in
n
investigative science.
Professor Ping Xu (Virginia Commonwealth University):
I am interested in science firstly because it is exciting. Mother Nature has created a curious world around
us. Human beings are curious and seek to use science to explore nature and find answers. Secondly, science
is difficult. Science likes a mystery. It requires not only an accumulation of knowledge but also a lot of
imagination. To solve the mystery, you need to collect lots of experimental data and try very hard to link the
data with your hypotheses. It is very exiting when you finally figure out the truth and prove your hypothesis.
Dr Frank Meyskens (University of California):
I had a serious childhood illness and so I was introduced to the medical profession very early on. As a way of keeping out of trouble
as a disaffected youth I read a lot and became so interested in science that my late uncle made a little laboratory for me in his
basement. I became hooked from then on. At many points in my career I could have become a scientist exclusively, but throughout
my career I have seen patients as well as conducted scientific research.
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What were your ambitions when you set out, and to what extent have
they been achieved, adapted, or even abandoned, as you progressed?
Far from being static, socioeconomic pressures are constantly throwing up new challenges to which the scientific
community must respond. In overcoming these obstacles, novel and pioneering approaches are required in all scientific
disciplines. With this in mind, we ask key researchers how their aims have altered over the course of the careers…
Dr Fei Liu (Texas A&M Health Science Center):
My ambition is to translate my findings in the laboratory into clinical applications in patients. There are huge gaps to fill to achieve
this ambition, but I’m enthusiastic about this ultimate goal and encouraged by our recent findings.

Professor Anh Le (USC School of Dentistry):
I always loved research, even early on in my career. As I progressed, I acquired my clinical training and was able
to adapt my research towards more translational research and contribute actively in the translation of these
discoveries to human clinical studies. I have benefited from a strong research background, and have been able
to
t integrate new advances in the continuing improvement of diagnosis and treatment of diseases. This has
provided patients with a better quality of life.
Dr Edward McAuley (University of Southern California):
I am not sure that I have had any great ambitions. I wanted to be a good
university professor; teach well, be productive, and hopefully conduct research
that might have some useful public health message. To some extent that has
been achieved but by no means do I have all the answers. And I still thoroughly
enjoy what I do!
Professor Gustavo Aguirre (University of Pennsylvania):
When I started my research I thought my biggest achievement would be to
understand a little as to why blindness occurs. Yet in the late 1990s we had a
convergence of information; we could deliver genes to tissues, we had identified
mutations, we understood diseases and we could assess the outcomes.
Professor Lora Burke (University of Pittsburgh):
My ambitions have been to develop and test behavioural interventions that will
improve adherence to treatment regimens and reduce cardiovascular disease. Initially,
I was focused on those with elevated cholesterol levels. However, as the obesity
epidemic began, I had the opportunity to study with one of the leading researchers
in that field and saw that these individuals are, in particular, at an increased risk for the
development of cardiovascular disease, and often have other risk factors already present.
Dr Hubert Martens (Philips Research):
Our ambitions were to establish an innovative, cutting-edge, neural engineering programme at Philips
Research and, based on that, develop technologies for next generation neuro-stimulator devices. Looking back,
we have met our goals very well: we have built up a competitive neurotechnology portfolio; we have set up an
international network of academic, clinical and industrial collaborators; and we have generated and published
various proof points demonstrating the potential of our innovative technologies.
Dr Robert Gilmour (Cornell University):
My initial ambitions as a scientist were fairly modest; I thought I would be content to contribute one or two pieces to the solution of a large
puzzle. In addition, I wanted to be engaged in research that was intellectually stimulating and involved people who were more interested in the
science than in monetary rewards or notoriety. Now, at this point in my career, my goals are very much as they were at the outset, although
I’m hoping that the one or two pieces I contribute to the puzzle are big pieces. In addition, I now recognise that any contribution I might make
will likely be dwarfed by the contributions made collectively and individually by the people with whom I have worked. Consequently, I try to
pay more attention to training and fostering the younger individuals in my lab, even as I continue to do my own experiments.
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In what ways is collaboration considered an integral part of your field of study?
Collaboration is the act of working with one another, cooperating or assisting. The benefits of collaboration have
never been felt as keenly as they are now, with scientific disciplines becoming more diverse and requiring a wider
range of skills. Collaboration is key to the future of scientific innovation, as this month’s featured scientists attest...
Professor Ping Xu (Virginia Commonwealth
University):

Dr Edward McAuley (University of Southern
California):

Current developments in science and technology
make it impossible for a single scientist to have
comprehensive knowledge of different research fields.
Collaboration is absolutely required. Our collaboration
not only allows us to learn from each other, but also to
work as a team based on trust.

Collaboration is essential to almost all of the work
that I do. The very nature of what my laboratory does
lends itself very well to collaboration.

Professor Cristina Teixeira (New York University):
I think collaboration is the reason we are successful in
making new discoveries, troubleshooting our methods,
bridging fields of research together and connecting with
clinicians. The days of the lonely scientist working in a
poorly lit laboratory are over. You just need to look at
the number of authors in scientific publications to see
how research is changing.
Dr Mani Alikhani (New York University):
You need people to help you in every aspect of your life
and the same is true of science. I enjoy collaborations
with my colleagues at every stage, whether it is
during initial brainstorming, experimental design or
conducting experiments. Different labs have different
expertise that make our lives a million times easier, and
it is most important to have the critical evaluation of
your partners when evaluating data. You will have less
chance of developing bias or errors if you involve others in your research.
Professor Yian Shi (Colorado State University):
Communication is everything. New ideas are shared
through scientific literature and other media, allowing
us access to the most cutting-edge research from
different fields.

Professor Lora Burke (University of Pittsburgh):
Collaboration is at the centre of my work. I view an
interdisciplinary approach as essential, which is reflected
in the composition of my research team. Answering
research questions related to chronic disorders and
patient self-management requires the expertise of many
individuals with an array of perspectives.
Dr Robert Gilmour (Cornell University):
Collaboration has become an integral part of my field of
study because the problems we are attempting to solve
are so complex and the approaches that are applied to
the problem are so varied and technologically advanced.
The days of the lone investigator have largely past.
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Professor Anh Le (USC School of Dentistry):
I believe multidisciplinary collaboration is the key for the
success of translational and clinical research. To push the
boundaries of health science research and achieve the
ultimate goal of research, basic scientists and clinician
scientists in different specialties have to break away from
their disciplines and come together to address different
aspects of disease, from pathogenesis, cellular and
molecular mechanisms, disease modelling, validation of findings in animal
models, to clinical intervention. By doing so, they can benefit from each other’s
strengths and contribute effectively towards achieving a common clinical goal.
Dr Alexandre Vieira (University of Pittsburgh):
Working together is a fundamental aspect of the work
I do. I have been fortunate to work with fantastic
people and have learned a lot in this last decade. I am
always actively seeking groups interested in working
together with us in our projects.

Dr Frank Meyskens (University of California):
You cannot do research in a laboratory these days
without extensive collaboration. Even if you are a
basic scientist studying a very new problem, the
probes, the chemicals, the thought processes, all
colleagues
require collea
eaagu
g es and
d
collaborators. And
And
n
this is part off the joy
joy of
o science.
science
ce.

DR YANHUI LIU

Adaptive
analysis tools
Hilbert-Huang Transform (HHT) technology has a considerable range of applications, from medical imaging
and sensor devices to submarine design and machine failure prediction systems. Dr Yanhui Liu, CEO of the
DynaDx Corporation, offers an insight into its application in non-linear analysis of biomedical signals
results that are ready for viewing and final
reporting. In addition to the HHT algorithm,
DataDemon includes most advanced data
analysis tools for data filtering, mathematical
and statistical analyses, matrix operation,
data transformation and other popular timefrequency analysis (TFA) algorithms.

HHT has been highlighted for its accuracy in
non-linear and non-stationary data. Can you
clarify what these terms encompass?
A non-linear system is a system which does not
satisfy the superposition principle, or whose
output is not directly proportional to its input.
Less technically, a non-linear system cannot
be represented as a linear combination of
independent components.

What challenges and obstacles did you
encounter in the development of the
DataDemon software, and how did you
overcome or mitigate them?

A stationary process is a stochastic process
whose joint probability distribution does not
change when shifted in time or space. As
a result, parameters such as the mean and
variance, if they exist, also do not change over
time or position.
In the real world, many signals and time
series data, such as those from sonar, seismic
recordings, acoustics, optics, machine
vibrations and bio-medicine, often exhibit nonlinear and/or non-stationary characteristics.
The Hilbert–Huang transform (HHT) is an
algorithm to decompose a complex signal into
intrinsic mode functions (IMF), and to obtain
instantaneous frequency information. It is
designed to work well for data that is nonstationary and non-linear. In contrast to other
conventional techniques, such as the Fourier
transform, the HHT is more like an algorithm
that can be applied to a dataset, rather than
a theoretical tool. Almost all the case studies
reveal that the HHT gives results that are
much sharper than any of the traditional
analysis methods in time-frequency-energy
representation. Additionally, it reveals true
physical meanings in many of the data
examined.

HHT technology forms part of NASA’s
technology transfer programme. How
crucial are such programmes in facilitating
the deployment of relevant technologies to
commercial and medical end users, and can
you discuss the significance of knowledge

sharing and innovation among the scientific
community more generally?
The NASA technology transfer program is
critical to the success of developing HHTbased commercial applications. In our case,
DynaDx has the necessary expertise in
biomedical signal analysis as well as the ability
to implement the HHT technology into userfriendly software. These expertises complement
NASA’s proficiency of developing innovative
technologies, thus, forming a partnership that
can provide great benefit to the end users in the
biomedical community.

Since acquiring the HHT licence from
NASA, your team has developed the
DataDemon software platform to support
it. What is your goal where the DataDemon
project is concerned?
DataDemon is a scientific computing platform
and the only commercial data analysis software
with built-in HHT Technology. The aim of
DataDemon software is to offer a simple
graphical user interface (GUI) for ease of use and
integration of specific applications. Employing
DataDemon does not require any programming
skills. The user can build a data analysis diagram
with just a few simple mouse clicks to generate

For the DataDemon software itself, the most
difficult challenge is to design the software
for ease of use so that the user can build their
data analysis diagram via the GUI without
having to learn how to program. The result
can be immediately visualised and will be
ready for publication. To achieve this goal,
object orientated design and programming
have been implemented.

By what means do you evaluate the
organisation’s progress in delivering
innovative algorithm-based technologies?
What is your current and long-term vision
regarding HHT?
There are currently more than 3000 papers on
HHT and its related applications. As a result,
we have been working with different partners
in different fields. Once the new applications
have been developed and validated, they will be
integrated into the DataDemon platform.
The current focus is to integrate applications
for medical use, such as Multimodal Pressure
Flow analysis (MMPF). This enables medical
researchers to try new bio-markers with the
DataDemon software.
DataDemon is a generic analysis tool for
researchers and HHT is a unique component
of the software. In the long term, we hope
that HHT will become a standard method for
scientific data analysis.
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Systematically changing
medical care

Complementary and alternative medicines have long experienced a
lack of quantitative measurements on the systemic level. Now
Dr Yanhui Liu and the DynaDx Corporation hope to implement their
new technologies in a novel software to provide a potential solution

CONVENTIONAL MEDICAL PRACTICES
consider that information about individual
physiological processes can be understood
separately from the whole body system.
However, there are circumstances when the
complex interplay between different systems
produces a reaction that cannot be foreseen
by simply investigating single anatomical
components. This has necessitated the
development of systemic analyses – pioneered
by Professor Chung-Kang Peng and his group at
Beth Israel Deaconess Medical Center/Harvard
Medical School – that can accurately describe
not only how an individual component of the
body will behave, but also the status of the
entire system.
Yet despite the promise of these new system
tools, most fields of medicine have witnessed
a lack of adequate theories and methods to
quantify the dynamical interactions among
multiple organ systems, and dynamics of the
system as a whole. This deficit in knowledge
of system-level dynamics is particularly
troublesome in complementary and alternative

medicine (CAM) and mind-body connection
studies. The mind-body connection emphasises
that the causes, development, and outcomes
of an illness are determined as much by the
influence of psychological and social factors
as they are due to the biological aspects of
health. Thus, it is crucial for CAM researchers to
describe the whole system quantitatively. Now
the innovative work of Dr Yanhui Liu and the
DynaDx Corporation, in collaboration with the
Harvard group, seeks to establish the validity of
this claim, and introduce an invaluable array of
tools to the CAM research community.

of multiple signals, combined with a graphical
interface that allows researchers to assemble
their own analysis flow charts in an easyto-use environment. However, the greatest
challenge comes in ensuring that the platform
is accessible to users who may not possess
technical expertise in high-level mathematics
or computer programming. To overcome this
obstacle, the DynaDx Corporation has included
a number of templates, tutorials and examples
to accompany the software and simplify the
analytical process for its users.

ADAPTIVE ALGORITHMS
The aim of the project is extremely simple:
to develop a user-friendly software platform,
‘DataDemon’, containing a suite of system
dynamic analysis with applications suitable for
mind-body and CAM therapies. The software will
include an adaptive and robust algorithm that
will allow for fully automated pre-processing
of a diverse range of signals, an array of tools
for dynamical complexity and coupling analysis

FIGURE 1. Three panels of DataDemon software: Visualisation, Network, and Properties. Multimodal Pressure-Flow
(MMPF) analysis is displayed

The implementation of this
technology may also lead to a
better understanding of other
complex non-linear/non-stationary
dynamics in physiological systems,
such as cardiovascular, respiratory,
balance and locomotor functioning
THE ORIGINS
This initiative was instigated through the
purchase and application of the Hilbert-Huang
transform (HHT) technology, an algorithmic
method developed by Dr Norden E Huang
at NASA for decomposing a signal into
intrinsic mode functions (IMF), and obtaining
instantaneous frequency information. It is
designed specifically for data which is nonstationary and non-linear, with an empirical
approach that can be directly applied to a data
set, rather than just as a theoretical tool.
The DynaDx Corporation obtained the
exclusive rights to HHT technology and its
related applications and has incorporated it
into their DataDemon software, enhancing the
analysis of signal data and providing sharper
performance compared to other analysis
software packages, with greater accuracy and
more meaningful results. The DynaDx team
have adopted a multidisciplinary approach
to developing, testing and evaluating the
crucial analytical tools to assist assessment of
system level properties that are useful to CAM
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investigations. They have assembled a research
and development team with skills that span
the fields of CAM research, physics, applied
mathematics, bioengineering, clinical medicine,
data analysis and software development to
ensure that the platform is accessible and
engaging, while providing valuable, accurate
and comprehensive analyses.

POTENTIAL BENEFITS
Liu and his team are now assessing the
DataDemon software and new system level
dynamical biomarkers derived from applying the
software. Biomarkers which capture dynamical
system processes may be especially valuable
and informative in the study of CAM therapies,
particularly multi-component mind-body
interventions, which concurrently target several
physiological systems. Research conducted by
the team’s collaborators at Harvard Medical
School has already demonstrated the potential
of systems dynamics tools as biomarkers for
health, ageing and disease progression. A direct
application of the technology has already been
identified in the analysis of gait variability and
centre of pressure dynamics, which may help to
better predict, and thereby reduce, the number
of falls in the elderly population.
The implementation of this technology
may also lead to a better understanding of
other complex non-linear/non-stationary
dynamics in physiological systems, such
as cardiovascular, respiratory, balance
and locomotor functioning. However, the
widespread use and adoption of system
dynamics methodologies by the research
community has been restricted by the highly
technical, complex and inaccessible nature
of the analytical methods. This approach is
especially important for CAM research as it
will complement the conventional emphasis
on molecular biomarkers, thus creating a
comprehensive system of therapeutic care
by addressing the significant challenge posed
by the current deficit of coherent strategies
to quantify health and diseases at the
systemic level.

THE FUTURE
The DynaDx Corporation now seeks to
integrate the DataDemon software into other
medical applications, such as their Multimodal
Pressure-Flow (MMPF) technique for analysis of

dynamic cerebral autoregulation, the ability of
cerebral vessels to maintain a constant blood
flow despite changes in arterial blood pressure.
MMPF can be used to create a reliable index of
cerebral autoregulation, and to help identify
impairment of cerebral vasoreactivity, which is
caused by medical conditions such as traumatic
brain injury or stroke, and is associated with
other conditions such as hypertension and
diabetes. Traditional techniques for analysing
blood pressure presume that heart rate and
blood pressure operate at constant intervals,
and yet when they are monitored it is clear
that they change with every beat in accordance
with blood pressure and flow velocities. The
use of MMPF and DataDemon Software greatly
improves the sensitivity and specificity of the
measurements and should lead to significant
improvements in recognising and treating
cardiovascular diseases.
While this technology may still be in the early
phases of development, Liu and his team have
already achieved their initial goal of producing
an accessible and user-friendly software
platform. DataDemon has demonstrated
a wide range of invaluable applications for
complementary and alternative medicines and
will provide an essential service in improving
clinical diagnosis and prediction ability.

DYNADX COPORATION PROFILE
The DynaDx Corporation was founded
in 2005 as a research and development
centre to promote innovative technology.
Their mission is to apply advanced
technologies of dynamical signal
analysis to improve clinical diagnosis
and prediction ability by transferring
innovative technologies developed
in research/academic institutions
to make an impact to public health
and preventive medicine. DynaDx
employ a multidisciplinary approach
to complement the wide range of tools
that they produce, incorporating the
fields of physics, applied mathematics,
bioengineering, physiology, clinical
medicine, data analysis, and software
development in their research and
development teams. To date, DynaDx has
filed five patents related to physiological
signal analysis and disease prevention.

• To develop a software platform with
state-of-the-art analyses that will
enable researchers to capture the unique
characteristics of multi-component,
complex CAM interventions and outcomes
• To ensure that the platform will be designed
to be accessible to any user who may not
possess technical expertise in high-level
mathematics and/or computer programming

KEY COLLABORATORS
Professor Peter Wayne, Assistant Professor
in Medicine, Harvard Medical School
Professor Vera Novak, Associate Professor in
Medicine, Harvard Medical School
Professor Norden Huang, Director, Research
Center for Adaptive Data Analysis, National
Central University, Republic of China
Professor Chung-Kang Peng, Associate
Professor of Medicine, Harvard Medical
School

CONTACT
Yanhui Liu, PhD
CEO and Co-founder
DynaDx Corporation
213 Houghton Street
Mountain View, CA 94041
USA
T +1 (650) 386-6369
F +1 (330) 736-0004
E info@dynadx.com
YANHUI LIU, PhD, is CEO and Co-founder of
DynaDx. He has a longstanding collaborative
relationship with Rey Institute at Beth Israel
Deaconess Medical Center/Harvard Medical
School. Dr Liu is a statistical physicist. His work
includes the study of nonstationary economic
time series (stock market price fluctuations)
analysis and physiologic dynamics. He has
been principal investigator for several grants of
National Institutes of Health.
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FIGURE 1. GFP expression in retina with AAV2/5-hGRK1-GFP virus. The virus is AAV2/5 and we are using a reporter gene, in this case green fluorescent protein-GFP, to determine which
cells in the retina are modified by the virus. For this study, we are using a human rhodopsin kinase gene promoter (hGRK1) to direct expression in the rod cells (here they have turned
green). The red cells are cones which are not tranduced by this vector construct and are identified with an antibody that recognises a cone-specific protein called cone arrestin. For
XLRP where cones as well as rods are affected, we also have to use a separate vector construct to direct expression to cones; in this case the human red cone opsin promoter.

PROFESSOR GUSTAVO AGUIRRE

Window into retinal studies
Professor Gustavo Aguirre discusses the context of his research studies at the University of
Pennsylvania, which are currently concentrating on the degenerative disease, retinitis pigmentosa
Firstly, can you outline the broader aims and
objectives of your research?

been made in this regard, and any further
challenges clinical trials have thrown up?

There are many inherited diseases that have
been found to affect the retina and cause
blindness. Beyond finding the disease-causing
mutations, the aim of the research is to
understand how these diseases develop, and
then investigate the pathways that link the
mutation to the death of the visual cells, and
determine if these are specific or common to one
or more diseases. From this, we seek to develop
intelligent therapies that can be used in treating
the retinal diseases. Most of our work uses dog
models; in the past we have used cats, monkeys
and humans, but the work we do to develop
translational studies primarily involves dogs.

The Phase 1 studies in human patients have
confirmed that treatment of the study population
is safe which is the primary goal of any Phase 1
clinical trial. In addition, the studies have shown
efficacy in some patients. What we now need
is to determine the patient population that is
amenable to treatment, and the long-term safety
and efficacy in treated patients.

Can you provide an overview of the discovery of
X-linked retinitis pigmentosa (XLRP) diseases?
There are several retinal diseases in humans that
are known to have X-linked inheritance. There are
only two where the gene has been found: RP-3
and RP-2. The pioneering work on the mapping of
these diseases was done in the UK by Professors
Alan Wright (University of Edinburgh) and Shomi
Bhattacharya (Institute of Opthalmology)
beginning in the 1980s. It took a long time to
refine the disease intervals, and many groups
were working on this difficult area. Eventually, the
Wright and Meitinger groups published a seminal
paper identifying a very complex gene called
RPGR (Retinitis Pigmentosa GTPase Regulator).
They also found part of the gene which had
previously been very difficult to sequence. This
DNA region – ORF-15 – accounted for about 70
per cent of mutations in patients with RPGR. After
this finding, my team collaborated intensely with
Wright and found that dogs had the mutation in
the same ORF15 region as patients. When you
take most populations of patients with X-linked
RP, up to 70 or 80 per cent have mutations in
RPGR. Thus it is recognised as the most common
cause of X-linked RP. It is a very severe problem,
not least because the regions in questions are very
difficult to clone and sequence.
The first gene therapy clinical trials in human
patients affected with a severe form of
childhood blindness were reported 2008. Can
you highlight the developments which have
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In the studies with LCA-affected dogs over the
past 10 years, we have shown stable correction
and safety over this period of time. What we
still need to know are the structural correlates
of the restored function. In other words, does
the treated retina remain normal and, if so,
can it restore the chemical connections with
other cells that ultimately are responsible for
transmitting the visual information to the brain.
The new studies under the direction of Dr András
Komáromy use a different model of severe visual
impairment – achromatopsia – that occurs at
birth. Patients with this severe disease have an
aversion to light; they are totally blind in bright
light; their fovea and macula – which contain
the cone cells that enable colour vision and high
visual acuity – do not function normally. We
have published a paper which details that this
disease can be cured and, with collaborators at
the University of Florida, are planning to develop
clinical trials for this disease. In this disease, the
studies are directed at treating cones – the main
class of cells involved in macular degeneration.
If we can develop a treatment targeting cones,
there is the exciting possibility that we can treat
other diseases also.
What major, long-standing challenges does
your field of research present?
From a scientific point of view, a main challenge
now is in eliminating proteins that have an adverse
effect on tissue, not only in relation to X-linked
RP, but other dominant diseases in which the
actual genetic defect produced a protein that has
a deleterious affect on the retinal photoreceptors.
One such disease is caused by mutations in the
rhodopsin gene which is an extremely common
cause of autosomal dominant RP.

Many disease-causing mutations that are
inherited as dominant or X-linked result in
what is known as gain-of-function, where the
abnormal proteins produced cause disease.
For therapy, you first must prevent production
of the abnormal protein,and then replace it
with the normal version. In the X-linked RP
model, which is applicable to a large number of
dominant diseases, the need to eliminate the
undesirable mutant protein is a challenge of
utmost importance.
To what extent has genome sequencing been
integral in enabling the team to identify likely
targets for intervention, and can you outline the
support offered by the Penn Genome Frontiers
Institute (PGFI)?
The progress made in this regard is remarkable.
When I first started work in this field in 1992, there
were absolutely no genome resources available
for the dog. So we had to carry out cloning for
ourselves, taking information gained from the
cloning of genes in mice, cows and humans. When
I look over the lab books, I recall that people
would spend several years cloning genes; today
you simply access the information through a web
browser. We can use SNP-chips to track diseases or
identify new diseases, and arrays to look at gene
expression. The resources available at the PGFI
have been critical in providing the infrastructure
and resources needed to do this work.

PROFESSOR GUSTAVO AGUIRRE

Seeing is believing
A research team based at the University of Pennsylvania are conducting
essential research which could lead to promising therapies for X-linked
retinitis pigmentosa, an hereditary disease that leads to blindness
FOR THE BEST part of two decades, Dr
Gustavo Aguirre of the School of Veterinary
Medicine at the University of Pennsylvania,
Philadelphia, has dedicated his research efforts
to the long-term development of therapies for
degenerative retinal diseases. Presently, Aguirre
and his collaborators are conducting studies in
relation to retinitis pigmentosa (RP) linked to
the X-chromosome. RP represents a group of
hereditary and degenerative eye conditions that
invariably induce total blindness in patients. In
general terms, this group of diseases is associated
with dystrophies of the photoreceptors of the
retina and/or the pigment epithelium.
Aguirre and his associate, Dr William Beltran, are
employing dog models in identifying the genes and
pathways associated with a form of RP known as
X-linked PRA2 (XLPRA2). This naturally occurring
canine disease is a close correlate of early-onset
XLRP in humans. This work has great potential for
translational studies to harness a novel therapy for
XLRP caused by mutations in the ORF-15 region of
the RPGR gene. Significantly for XLRP, mutations in
this gene account for 8-10 and 15-20 per cent of
early onset retinal diseases in the U.S. and Europe
respectively. With this in mind, it is clearly manifest
that Aguirre’s studies bear enormous potential and
relevance in clinical terms; however, the industry
and dedication shown by Aguirre and his team up
to this point also warrant attention.

RP STUDIES IN FOCUS
Restoring vision in patients is the overall goal of
basic and applied research in this field. However, in
past decades, a significant proportion of studies and
investigations have focused on slowing the rate of
vision loss in patients with RP through nutritional
supplementation, because of the limited availability
of therapeutic alternatives. Another approach to
combating the disease has seen neuroprotective
agents, such as CNTF, being transported to the
retina through ECT technology, which utilises
genetically engineered cells that are encapsulated
and placed in the eye. Whilst studies employing
these techniques have delivered important findings,
there is consensus that advancements in molecular
science are integral to understanding the causes of
RP. This, in turn, has engendered further hope for
the development of effective treatment options.
Molecular science has enabled significant progress
to be made in identifying loci and genes linked to
retinal dysfunction; unfortunately, this progress has
not been mirrored to the same extent where the
development of treatments is concerned. Indeed,

whilst encouraging findings have emerged from a
large number of experimental studies in animals,
there is still a paucity of approved treatments for
patients diagnosed with RP.
However, work recently undertaken by Aguirre’s
group and associates has garnered extremely
encouraging results that have unlocked potential
human therapies, currently in Phase I trials by
various groups of investigators in Europe and the
U.S. The study relates to a mutation in the RPE65
gene in patients with a form of RP known as Leber
congenital amaurosis (LCA).
In light of this notable achievement, Aguirre’s
team remain focused and determined to
continue to deliver important contributions in the
development of therapies for RP; they envisage
each investigation as part of an incremental process
where knowledge relating to the mechanisms
which lead to RP is steadily enhanced and used in
formulating new treatments. As such, the success
registered by the team in regard to RPE65-LCA has
provided a basis from which they can explore more
complex disorders. In this sense, the team’s latest
proposal regarding RPGR-XLRP marks their next
developmental stage in addressing forms of RP.

CURRENT INVESTIGATIONS
While a considerable proportion of patients
with retinal diseases carry mutations in the
RPGR gene, significant gaps persist in our
understanding of the function of the protein, as
well as the molecular mechanisms that lead to
photoreceptor degeneration.
In addressing this issue, part of Aguirre and
his investigators’ latest research involves the
identification of genes and pathways associated
with Retinal Dysfunction (RD) in dogs affected
with XLPRA2, also known as RPGR2. This is a
canine model of early-onset XLRP caused by an
RPGR exon ORF15 microdeletion. The connection
between RPGR2 in dogs and RPGR in humans is
extremely useful: should the team determine that
the molecular mechanisms underlying XLPRA2 in
dogs are the same as those of XLRP in humans, it
is anticipated that therapies proven effective in
canine models will be likely to induce comparable
effects in patients.
The team’s investigations in canine models will
run in parallel with a comprehensive study in
patients seeking to enhance knowledge regarding
the range and history of XLRP. This corresponding
study, carried out by Drs Samuel Jacobson and
Artur Cideciyan at the University of Pennsylvania,
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INTELLIGENCE
MODELS OF X-LINKED RETINITIS PIGMENTOSA
OBJECTIVES
• To develop specific gene-based therapies for RPGRXLRP past the proof-of-principle stage so that
clinical trials are then generated
• To assist collaborators, Drs S Jacobson and A
Cideciyan, to conduct prospective studies in RPGRXLRP patients to assess the feasibility or facility of
translating pre-clinical therapy to the clinic
• To carry out complementary in vivo studies in the
canine model to quantify photoreceptor laminar
structure and function, with emphasis on the central
retina, at comparable disease stages as the patients,
to establish the morphological/immunocytochemical
correlates to the observations made in dogs that can
be extrapolated to patients

PARTNERS
School of Veterinary Medicine, University of
Pennsylvania:
William A Beltran, DVM, PhD
Sem Genini, PhD
András M Komáromy, DVM, PhD (achromatopsia)
Scheie Eye Institute, School of Medicine,
University of Pennsylvania:
Samuel G Jacobson, MD, PhD
Artur V Cideciyan, PhD
Departments of Ophthalmology, Molecular
Genetics and Microbiology, School of Medicine,
University of Florida:
William W Hauswirth, PhD
Alfred S Lewin, PhD

will aim towards the development of a
set of outcome measures tailored to preclinical treatment strategies. The concept of
running concurrent studies is ambitious; yet,
given the capabilities of the investigators, it
would seem that their bold objective is wellplaced and feasible.

A MULTIDISCIPLINARY APPROACH
The complexity and breadth of this
research programme requires the expertise
of a team with proven experience in
translational research. The group members’
collective ability to engage in throughput
investigations – dealing with science-based
ideas to clinical application of therapies – is
perhaps epitomised in their harnessing of an
effective treatment for LCA. The antecedent
study, in which the team translated dog and
murine results to human RPE65-LCA, has
cultivated a greater appreciation that proofof-principle treatments in animal models
generate a multitude of questions regarding
exact human application.
Crucially, over the years Aguirre has forged
and enjoyed fruitful partnerships with
other leading researchers and clinicians
across the U.S. and beyond. In regard
to interaction and studies in patient
populations, the research benefits from
cooperative efforts, as Aguirre highlights:
“Drs Samuel Jacobson and Artur Cideciyan,
collaborators at the Scheie Institute
who also run the Center for Retinal
Degenerations here at the University of

Pennsylvania, are really crucial in this
respect because they see the actual patient
population”. He continues: “They have
a great interest in the diseases in dogs,
enabling them to better delineate these
diseases in humans”.
Furthermore, the development of virus
vectors – which are required to transport
genes to the retina – is conducted by
external partners, Drs William Hauswirth
and Alfred Lewin, at the Departments of
Ophthalmology, Molecular Genetics and
Microbiology, and the Powell Gene Therapy
Center, University of Florida. This valuable
collaboration is pivotal to the advancement
of studies which require specific targeting
of the retinal cells, elimination of the
mutant gene product and replacement
with a normal copy of the gene.
Looking beyond the current research
programme, Aguirre is excited by the
prospects and promise held in the laboratories
at Penn. His praise is unreserved: “It is a joy
to have here at Penn a group of scientists
who are young, talented, productive and
enthusiastic, and it is reassuring to know that
they will be here to continue the work in the
long term,” he comments.
The tools, it would appear, are in place; it
will only be a matter of time before Aguirre
and his wider team make further valued
contributions to this field of enduring and
essential research.

CONTACT
Gustavo Aguirre, VMD, PhD
Professor of Medical Genetics and Ophthalmology
School of Veterinary Medicine
University of Pennsylvania Ryan-VHUP, Room 2050
3900 Delancey St.
Philadelphia, PA 19104-6010
USA
T +1 (215)-898-9426
F +1 (215) 573-2162
E gda@vet.upenn.edu
GUSTAVO D AGUIRRE is Professor of Medical
Genetics and Ophthalmology at The School of
Veterinary Medicine, University of Pennsylvania. He
earned undergraduate, veterinary, and doctoral degrees
at the University of Pennsylvania, and joined the faculty
at Penn in 1973. Dr Aguirre has received numerous
awards, including the Foundation Fighting Blindness
Trustee Award, Scientist of the Year, and he was a
co-recipient of the Paul Kayser International Award
in Retina Research. He was recently elected Fellow,
Association for Research in Vision and Ophthalmology.
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András M Komáromy, DVM, PhD (achromatopsia) and William A Beltran, DVM, PhD
from the School of Veterinary Medicine, University of Pennsylvania

Dr Mengqing Xiang offers an
illuminating insight into how a
greater understanding of retinal
development is key to addressing a
range of retinal injuries and diseases
processes to establish progenitor multipotency,
define progenitor competence, determine cell
fates, and/or specify cell types and subtypes
during retinogenesis. For instance, Math5 confers
retinal progenitors with the competence of
ganglion cell generation, while Pou4f2/Brn3b is
involved in fate specification and differentiation
of this cell type. Foxn4 is required by progenitors
to establish the competence state for the
generation of amacrine and horizontal cells
and Ptf1a for fate determination of these two
interneuron types. Our recent studies indicate
Nr4a2 and Ebfs in the specification of two
different subtypes of amacrine cells.

By what means do you evaluate your own
success, and what would you identify as your
key achievements or breakthroughs to date?
Can you outline what your latest research
involves, and what you are hoping to
determine or achieve?
Our research involves the use of a variety of
molecular, genetic and cellular approaches,
including gene targeting, transgenic and gain-offunction techniques in mouse and chick systems,
to identify regulatory factors required for the
specification and differentiation of different
retinal cell types and subtypes. We hope to
understand the regulatory gene network and
signalling events governing mammalian retinal
development, and in the long term, to use this
knowledge to achieve directed differentiation of
desired retinal cell types from stem/progenitor
cells for cell replacement treatments of retinal
injury and diseases.

What progress have you made so far in
identifying the intrinsic and extrinsic
regulatory factors that play a role in
specifying various retinal cell types? Can
you elaborate on the different functions
performed by these regulators?
We and others have identified and characterised
a number of transcription factors (DNA-binding
proteins regulating gene expression), involved in
retinal cell development. These intrinsic factors
are found to act at different developmental

A primary measure is whether significant
discoveries are made which result in major
publications. One of our major findings is the
isolation of the Pou4f2/Brn3b transcription
factor gene and the demonstration of it as the
earliest retinal ganglion cell marker required for
ganglion cell specification and differentiation.
It has, perhaps, served as the best ganglion cell
marker in the studies of retinal development
and stem cells and glaucoma. Another
important finding is the identification of the
Foxn4 transcription factor as a key intrinsic
factor responsible for specifying amacrine and
horizontal cells.

What challenges have you encountered during
your research, and in what ways have they
been mitigated or addressed?
As with any other research programme,
we constantly encounter challenges in
our experiments. For instance, one of the
essential tools used in our research is gene
targeting in mouse embryonic stem cells.
We sometimes meet a hard-to-target gene
locus or have difficulty in getting germ-line
transmission from chimeras. I have been
fortunate over the years to have many
dedicated postdoctoral fellows and graduate
students who usually solve these problems by

DR MENGQING XIANG

Visionary
research
exploring different experimental strategies,
and sometimes overcome them through
brute force when necessary!

Lineage tracing studies have clearly
demonstrated that retinal progenitors are
multipotent. What implications does this bear
in this field of study, and to what extent has
this finding impacted upon your studies?
The data from lineage tracing studies has
fundamentally changed our thinking about cell
fate determination during retinal development.
They suggest that retinal cells are determined
without following strict cell lineages as in
nematode development, but instead depending
on local microenvironment and cell-cell
interactions. Based on these and other findings,
Dr Constance Cepko at Harvard Medical School
has put forward a competence model of retinal
cell fate determination suggesting that both
intrinsic and extrinsic factors together determine
the choice of cell fate. This model has, to a large
degree, guided our experimental designs and
influenced our own working models of gene
function during retinogenesis.

Our understanding of the relationship
between various intrinsic factors and the gene
regulatory networks in which they participate
still remain rudimentary. Can you elaborate
on the way in which continued microarray
studies – and other studies such as chromatin
immunoprecipitation – promise to fill some of
the knowledge gaps?
Genomics approaches including microarray
analyses will continue to play a pivotal role
in defining the relationship between various
intrinsic factors and the regulatory gene
networks in which they participate during
retinogenesis. Genomics approaches will
enable the construction of large regulatory
gene networks and the identification of large
number of downstream genes directly or
indirectly controlled by an intrinsic factor. Other
biochemical approaches such as chromatin
immunoprecipitation will allow the identification
of direct target genes of an intrinsic factor.
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Exploring retinal degeneration
A research team at Robert Wood Johnson Medical School, New Jersey,
is making significant inroads in determining the roles of genes associated
with retinal development and diseases including glaucoma. The research
is integral to furthering our understanding of such life-changing disorders
VISUAL IMPAIRMENT HAS long been recognised
as a serious public health issue in many parts
of the world, including the U.S. Unfortunately,
as individuals, there is little that can be done
to maintain naturally good vision; our eyes
gradually deteriorate with age. Indeed, each year,
millions of people worldwide develop serious
visual impairment as a result of age-related
retinal degeneration. This encompasses a number
of diseases, including macular degeneration,
glaucoma and diabetic retinopathy. Currently,
retinal disorders are treated with medicines, laser
surgery, conventional surgery, photodynamic
therapy, or a combination of approaches.
While such treatments can mitigate or prevent
degeneration, they provide only temporary
relief; in this sense, an effective, long-lasting
cure to forms of retinal degeneration remains
elusive. As a result, the costs associated with
retinal degeneration – both in terms of the lives
affected and the economic implications – are
quite staggering: according to a recent report by
Prevent Blindness America and the U.S. National
Eye Institute, more than 30 million people aged
40 and over in the U.S. are already blind or
visually impaired, and the economic fallout is
estimated at 51.4 billion U.S. dollars per year. The
problem is accentuated in that male and female
life expectancy rates continue to rise. This means
that age-related vision disorders will become yet
more prevalent, placing an even greater burden
on healthcare systems in the U.S. and beyond.
FIGURE 1. Foxn4 inactivation results in loss of amacrine
and horizontal cells and concomitant increase of
photoreceptors

In response to the growing need for effective
and safe treatments to be developed and
harnessed, a significant amount of funding
and expertise has been invested in exploring
alternative approaches – the most notable
of which, perhaps, are stem-cell based
therapies. Dr Mengqing Xiang, a professor
at the Center for Advanced Biotechnology
and Medicine, University of Medicine and
Dentistry of New Jersey-Robert Wood
Johnson Medical School, is among those
engaged in this avenue of research. His team
is investigating the intrinsic and extrinsic
regulatory factors that play a role in specifying
various retinal cell types, and it is hoped that this
research will provide a knowledge platform for
the development of cell replacement treatments
in the future. Speaking of the significance of
the study generally, Xiang comments: “A major
challenge in the future is to find better and more
effective ways to treat and prevent vision loss in
people with degenerative eye diseases. Cell- and
gene-based therapies may provide promising
approaches to restore retinal function and
prevent blindness”.

STEM CELL STUDIES
Over recent years, researchers have recorded a
degree of success in transplanting retinal cells
from foetuses to restore vision in animal models.
Yet, as Xiang acknowledges, there are limitations
with this practice: “Even if this approach can be
perfected to significantly restore vision in humans,
there are major logistic and ethical issues. It is
likely that there are insufficient donor eye tissues,
and there is always the danger of transmitting
infectious agents to the host,” he asserts.
By contrast, stem cell-based therapy holds great
potential in restoring functional retinal circuits
in a damaged retina; stem cells bear a number of
characteristics that render them compatible for
fulfilling such a role: they are multipotent, can
self-renew and, crucially, are able to differentiate
into various types of neurons and glia. In the past
decade, notable developments have been made
in regard to the derivation of retinal stem cells;
in addition, our understanding of the intrinsic
molecular mechanisms governing retinal cell type
specification and differentiation has advanced
significantly. Notably, a number of transcription
factors – including homeodomain and bHLH
factors – have been delineated as crucial intrinsic
regulators of mammalian retinogenesis. In spite
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of these
discoveries,
knowledge
relating
to
the
relationship
between
various intrinsic factors – and the
gene regulatory networks in which they
operate – remains somewhat basic. Ultimately,
the development of effective stem cell-based
therapies in the long term hinges on gaining a
greater understanding of the transcription factors
and regulatory molecules involved in retinogenesis.
An enhanced appreciation of the molecular basis
of normal retinogenesis will enable researchers
to better harness stem cells, enabling them to
potentially cultivate controlled regeneration
of retinal cell types in patients. This is the focus
of Xiang’s research team, and it is anticipated
that their studies and findings will provide a firm
basis upon which improved treatments for retinal
diseases can be developed and implemented.

XIANG’S APPROACH
Xiang’s research team is currently engaged in
identifying intrinsic protein regulators that are
integral in promoting the generation of different
retinal cell types. In doing so, they are incorporating
gene targeting and gain-of-function approaches in
mouse and chick models. And significant headway
has already been made: to date, the team has
identified and characterised several transcription
factors, including Pou4f2/Brn3b, Math5, Foxn4,
Ptf1a, and Nr4a2. The team has established that
these are DNA-binding proteins understood
to regulate gene expression in retinal cell

INTELLIGENCE
TRANSCRIPTIONAL REGULATION OF
RETINAL DEVELOPMENT
OBJECTIVES
Utilising a variety of molecular, genetic and
cellular approaches in animal models, this
project aims to elucidate the gene regulatory
network and signalling events involved in
retinal cell specification and differentiation.
The proposed studies are expected to provide
novel insights into the mechanism of retinal
development as well as lay the foundation
leading to the eventual therapeutic use of
stem/progenitor cells to treat retinal injury
and disease.

FUNDING
National Institutes of Health

CONTACT
Mengqing Xiang, PhD, Professor
Center for Advanced Biotechnology and
Medicine
University of Medicine and Dentistry of New
Jersey (UMDNJ)
Robert Wood Johnson Medical School
679 Hoes Lane West
Piscataway, NJ 08854
USA
T +1 732-235-4491
F +1 732-235-4466
E xiang@cabm.rutgers.edu

development. More specifically, Pou4f2 and Math5
are essential to the development of ganglion
cells in the retina. This assertion is supported by
empirical data; studies conducted by this and other
groups have revealed that genetic deletion of both
genes in mouse models results in a loss of most
ganglion cells. In an exciting development, Xiang’s
findings also indicate that the mis-expression of
said genes in retinal progenitors facilitates ganglion
cell differentiation in mouse and chick models.
Furthermore, Xiang and his team have discerned
that targeted inactivation of Foxn4 in mouse
models induces a significant reduction in amacrine
cells and eradicates horizontal cells; conversely,
overexpression of the gene heavily influences
amacrine cell fate. Findings such as these – which
relate genes to specific functions and thus identify
them as key retinogenic factors – are pivotal
in understanding the molecular mechanisms
underlying retinal cell development. In turn,
these determined factors can be employed in
differentiating retinal stem cells, so that specific
cells required to restore patients’ vision can be
harvested and transplanted, providing retinal
regeneration for millions of individuals worldwide.

RENEWED STUDIES, RENEWED FOCUS
The poor integration and differentiation of retinal
stem cells transplanted into recipient retinas is
a major challenge confronting the long-term
aims of developing stem cell-based therapies for
degenerative retinal disorders such as glaucoma.
In addressing this obstacle, Xiang and his team
will draw on knowledge gained regarding the key
regulators in retinal development. This knowledge
will be used to direct partial and/or complete
differentiation of a variety of retinal cell types
from both mouse ES cells and induced stem
cells; the resultant cells will be transplanted into
mouse models of retinal degeneration, where their
potential for differentiation and integration will
be monitored and evaluated. Looking forward,
Xiang is positive, and remains focused on the way
in which his team continues to deliver essential
contributions which may bear enormous clinical
implications. “The knowledge gained from these
studies promises to improve stem cell-based
therapies for successful treatment of degenerative
retinal diseases in the future, thereby fulfilling the
hope of millions of the visually impaired to see a
bright and colourful world,” he concludes.

DR MENGQING XIANG is a Professor at
the Center for Advanced Biotechnology and
Medicine and Department of Pediatrics,
UMDNJ-Robert Wood Johnson Medical
School. He earned his PhD degree from the
University of Texas M D Anderson Cancer
Center and conducted his postdoctoral
research at Johns Hopkins University School
of Medicine. He studies the molecular bases
of neural development and diseases and has
received a number of professional awards.
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National Health and
Medical Research
Council, Australia
In this wide-ranging discussion, Professor Warwick Anderson,
CEO of the NHMRC, details the Australian medical research
agenda, and the strategies the institute is employing to safeguard
individual and public health throughout the country
Could you begin by outlining the key principles of the NHMRC and
the reasons it was set up?
The creation of the NHMRC brought together previously separate pursuits
of improving national health and supporting medical research. A unique
and highly advantageous feature of the NHMRC has been the drawing
together of the many disciplines from across the health spectrum with
Commonwealth and State/Territory governments and professional and
consumer organisations. This interaction has contributed to NHMRC’s
strength and credibility, and has ensured medical research remains the
foundation to evidence-based public health and clinical practice.
In 2006, the NHMRC Act was revised, establishing NHMRC as an
independent Statutory Agency within the Health and Ageing portfolio,
with the following clear objectives:
• Raise the standard of individual and public health throughout Australia
• Foster the development of consistent health standards between the
various States and Territories
• Foster medical research and training and public health research and
training throughout Australia
• Foster consideration of ethical issues relating to health

The NHMRC recently met with representatives from 14 countries
in Canberra as part of the longstanding Human Frontier Science
Program (HFSP) Intergovernmental Conference. What did this entail?
The Human Frontier Science Program was established in 1989 to support
novel, innovative and interdisciplinary basic research focused on the
complex mechanisms of living organisms; topics range from molecular
and cellular approaches to systems and cognitive neuroscience. A clear
emphasis is placed on novel collaborations that bring biologists together
with scientists from fields such as physics, mathematics, chemistry,
computer science and engineering, to focus on problems at the frontier
of the life sciences. An indication of the success of the initiative is that 16
researchers funded through HFSP have gone on to receive the ultimate
recognition in science - the Nobel Prize.
NHMRC has been a member of HFSP since 2004, and in the past six years
over 30 Australian researchers have benefitted, securing grants in excess
of $AU8 million.
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How vital would you say that external partnerships and international
collaboration are to successful medical research, both in terms of
funding, and shared expertise?
Increasingly, research is becoming a multidisciplinary international
enterprise. This trend is set to continue as large multinational
collaborations start to tackle major international health issues, and it is a
trend that NHMRC is happy to support. Recent statistics show that 36.6
per cent of the publications arising from NHMRC funded research include
at least one international collaborating author.
An example of a successful multinational collaboration is the International
Cancer Genome Consortium (ICGC) which includes researchers from
at least 18 different countries. NHMRC has contributed $27.5million in
funding for research into pancreatic and ovarian cancer. The primary aim of
ICGC is to obtain a comprehensive description of genomic, transcriptomic
and epigenomic changes in 50 different tumour types and/or subtypes
which are of clinical and societal importance across the globe. This work
will lead to the generation of comprehensive catalogues of genomic
abnormalities (somatic mutations, abnormal expression of genes,
epigenetic modifications) in the 50 different cancer types.
The outcomes of the ICGC project will help us rethink how we look at
cancer, and offer the potential for new therapies to tackle these diseases.

Can you outline some of the key points of the 2010-2012 NHMRC
strategic plan that you recently submitted to the Australian
Parliament?
For the first time, NHMRC’s Strategic Plan has been developed to closely
follow the objectives of the NHMRC, as set out in our Act. That is to raise
the standard of individual and public health, foster consistent health
standards across Australia, engender medical research and training and
public health research and training; and to foster consideration of ethical
issues relating to health. These are fundamental to the activities of the
NHMRC.
To achieve these objectives, our activities can be summarised as follows:
• Creating knowledge – by investing in research most likely to yield new
knowledge through independent research initiated by talented, well
trained researchers
• Translating knowledge – be supporting funding schemes and activities

that help ensure research findings flow into improved policy and practice
• Building capacity to undertake research – by supporting, renewing and
widening Australia’s pool of talented researchers
• Being a good international citizen – contributing to the development of
health knowledge worldwide and improving health in our region

Given the nature of our ongoing fight against disease, coupled
with the recent global downturn, there are difficult decisions to
make concerning which areas to fund. Have you been forced to
compromise in order to ease the road to implementation?
The Global Financial Crisis has left its mark on health and medical
research funding agencies around the world. However, while budget
allocations to the NHMRC have not increased in recent years, our process
of identifying and funding the best research has not been compromised.
All research funded by the NHMRC is selected following rigorous peer
review, with only the very best research selected for funding.
NHMRC continues to fund only the best research and to build Australia’s
research capacity, selected based on excellence, across the four pillars
of health and medical research – biomedical research, clinical research,
public health research and health services research. NHMRC does not
focus specific areas of research. In our major funding scheme, Project
Grants which represents approximately 51 per cent of NHMRC’s annual
budget, research ideas are investigator initiated.

Can you explain your research priorities, and the reasons why you
fixed upon them?
NHMRC has a primary research priority – Indigenous health. One of the
greatest concerns in Australia’s health system is the great disparity in the
overall health of Indigenous compared to non-Indigenous Australians.
NHMRC is firmly committed to supporting strategies to increase research
activities and researcher capacity to develop evidence that underpin
clinical practice and public health policies to help improve the health of
Aboriginal and Torres Strait Islander people. NHMRC developed Road
Map II as a strategic framework for improving the health of Aboriginal and
Torres Strait Islander people through research.
NHMRC also support a number of strategic research priorities including
the major health issues identified above; however, our activities
on these topics are not limited to supporting research, but also the
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provision of advice to the Government and the Australian community
on improvements to health in these areas. Other priorities such as
nanotechnology, obesity intervention, water quality, asbestos and
dementia have been previously identified in the 2007-2009 Strategic
Plan, and continue to be strategic priorities.

In terms of medical advances, can you outline some of your recent
successes that the NHMRC has supported?
NHMRC supports many talented researchers, both here in Australia and
overseas. It is often difficult to single out great successes, recognising
that the overall work of all NHMRC supported researchers is contributing
to the global wealth of knowledge that is inevitably leading to exciting
breakthroughs throughout the healthcare spectrum. NHMRC showcases
10 outstanding researchers annually in our ‘Ten of the Best’ series - in
2009, we highlighted research on prevention and cure of Type 1 diabetes,
association between pre-term birth and long-term physiological and
psychosocial outcomes, novel treatments or cancer and other diseases
involving the lymphatic and blood systems, and the treatment of malaria
and other tropical infectious diseases in our region.
However, there are two groups researchers supported by NHMRC
who are due recognition – Professor Ian Frazer and his team and their
breakthrough research that has led to the development of a vaccine for
cervical cancer, and Professor Rachelle Buchbinder and her team whose
research into the effects of vertebroplasty found that this widely used
procedure was no more beneficial than a sham procedure.

Can you give an example of how important technology has become
in medical research, and the leaps expected to be made in the
coming years?
Advances in the technology used in health and medical research are
allowing researchers to truly explore the frontier of human biology. By
better understanding our systems, researchers will be better placed to
start to prevent, treat or cure diseases and health issues previously thought
incurable. NHMRC has recently invested in a medical beamline at Australian
synchrotron which will allow researchers to examine protein structures in
finer detail, and to improve the development of pharmaceuticals.
Major investment is still needed in the area of gene sequencing,
bioinformatics, and in establishing nationally connected public
health databases.

Looking to the future, are there any other aspects of the Council’s
work that you would like to elaborate on?
The future is exciting, because there are so many prospects emerging
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from research for improving disease prevention and for better treatments
for our patients. Amongst numerous examples, genomics will offer us
opportunities to detect the onset of many diseases far earlier than now, and
to target preventative measures and treatments much more effectively.
The health system in Australia is changing. The Australian Government
has implemented significant health reform to improve and modernise
Australia’s health system. The Government’s health reform agenda is
designed to help patients receive seamless care across the health system,
improve the quality of care patients receive, and to provide a secure
funding base for health and hospitals into the future. NHMRC will play a
vital role in supporting and developing the research evidence-base which
will underpin public health policy and practice in Australia.
The future is also challenging. We are challenged as researchers supported
by public funding to make progress against complex health issues, such
as a building a stronger evidence base for planning and decision making
in health, finding effective means through research to tackle the health
inequalities, both in our own, and in other societies, improving Indigenous
health, and closing the health gap with other Australians, and finding
ways of transforming treatment of, multiple sclerosis, dementias, renal
failure, pancreatic cancer, ovarian cancer, chronic arthritis, addictions,
spinal cord injury, drug resistance bacterial infections – the list could run
to many pages. We are also challenged to work ethically, with respect
for participants in research, human and animal, and with an unrelenting
commitment to accuracy, honesty and integrity in all we do.
Good quality research expands the horizon in health, it shows what
works and what does not work, and offers hope for a better future.
With Government investment in the highest quality health and medical
research, we will be able to make significant changes throughout the
health system, we will be able to make progress in the prevention,
diagnosis, treatment and even cure of diseases, ultimately leading to
healthier Australians.
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The Research Foundation
Flanders (FWO)
For over 80 years, the FWO has been at the forefront in funding research projects in Flanders. The President
of the Foundation, Professor Paul De Knop, highlights the way in which it has evolved in this time, and
recognises the integral role that multidisciplinary and international collaborations play in the research arena
What is the overall target of the FWO, and what prompted its
institution?

Upon what basis does the FWO provide funding? What are its
main criteria?

The FWO is an independent agency that supports fundamental research
in all disciplines in Flanders. It provides necessary funding on the basis
of an inter-university selection. Deepening knowledge about humankind
and environment: that is the mission of the FWO. As the level of
knowledge of our society grows, so does the quality of our training,
thereby providing young people with opportunities to deploy their talents
in a broad array of disciplines.

The answer to that question is simultaneously simple and complicated.
The answer seems straightforward in so far as scientific excellence is by far
the most important criterion; yet it is complicated because it is not so easy
to define what constitutes excellence. In order to ensure objectivity, we
operate a two-step process: firstly, applications go to international remote
referees. Secondly, there is a panel meeting with experts from Flanders
(who are always in the minority) and from elsewhere. The excellence
criterion is broken down in sub-criteria, such as: originality, feasibility,
focus, and the track record of the applicants.

The FWO supports fundamental research in all disciplines in Flanders.
To what extent does this promote a multidisciplinary approach as
well as knowledge sharing?
The fact that the FWO supports fundamental research in all disciplines
doesn’t mean that inter- or multidisciplinary research is of lesser
importance for our organisation. Beside the fact that one of our 30 review
panels is specifically dedicated to interdisciplinary research and has its
own budget to fund grants and projects, every review panel strongly
promotes multidisciplinary approaches within each field.
The FWO has also introduced some funding schemes – such as the
Scientific Research Networks – to promote knowledge sharing. By financing
these networks, the FWO aims to encourage greater coordination and
cooperation in relation to postdoctoral scientific research.
These research groups, brought into effect by collaboration and
concentration at national and international levels, prevent dual usage and
give postdoctoral researchers more of a chance to develop and position
the research of individual and complementary departments in a wider
framework. This, in turn, delivers added value to the research.

www.fwo.be
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As to scientific areas, the FWO works in a completely bottom-up way. We
fund research in all areas, without defining priorities.

As the Flemish successor to the National Fund for Scientific Research,
which was founded in 1928, how has the Foundation developed over
the years and what are some of the problems that it has overcome?
Today, with a budget of 192 million euros (80 per cent of which is
provided by the Flemish government), the FWO employs around
2,100 knowledge workers. They work in all sectors and disciplines of
basic scientific research, and their work has to remain competitive and
innovative in an increasingly international context.
Institutionally, our mission began when two bankers, Emile Francqui and
Félicien Cantier, both confidants of King Albert I, signed the Memorandum
of Association to form an institution for public utility, the National
Fund for Scientific Research (Nationaal Fonds voor Wetenschappelijk
Onderzoek, or NFWO) in 1928. The institution started with a capital
investment worth around 73 million euros in today’s terms, and, by
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the time of its 25th anniversary, the NFWO could present substantial
results. Together with the University Foundation and the Francqui Fund,
the NFWO had been able to give a noticeable new impetus to existing
scientific structures, and a mandate from the NFWO seemed to be key to
a career as a university professor.
Officially, the NFWO ceased to exist with the statutory changes of July
1991, in which autonomous Flemish and Walloon boards of directors
were created. This signalled the birth of the FWO. Since 2006, the new
Secretary General, Elisabeth Monard, together with the Board of Trustees,
has implemented a number of strengthening initiatives, such as:
• A shift in emphasis toward postdoctoral research
• The formation of research networks consisting of at least three Flemish
and one Walloon or foreign research unit
• Stronger international participation through travel credits
• Sabbatical leaves undertaken in cooperation with foreign research
groups or foreign research councils
• More foreign postdoctoral researchers and more reliance on foreign
experts for selection and evaluation

of joint research projects. These projects go one step further than the
traditional exchange projects, because personnel can also be financed.
At this moment we have agreements with China, South Africa, Vietnam,
Ecuador and Quebec.
Through the Big Science Programme the FWO supports research projects
at major international research facilities. The membership fee is paid
by the Belgian Federal or Flemish Government. This allows Flemish
researchers to conduct groundbreaking fundamental research at key
research infrastructures that transcend the national level and can only be
achieved through international collaborations.
These facilities have an international user community and are
customised contact points for researchers, often resulting in international
collaborations and also contributing to the education of young scientists.
Access to top scientific equipment not only has a catalytic effect on
scientific research in Flanders; it also has a significant impact on the
business world.

What are some of your plans for the future? Are there any other
areas that you would like to see the FWO branch into?
The FWO follows international trends geared towards:

Providing an opportunity for young people in research is key to the
growth of society. How vital is this to the remit of the FWO and how
are you helping to facilitate this?

• The open access of publications and research data

This is actually one of the key points of our policy. The FWO has always
argued that in order to do research, you need ‘human capital’: for us,
this means researchers. We place strong emphasis on creating enough
fellowship positions in order to be able to follow the rise in research
capacity in Flanders. By giving our fellows a bench fee and other
opportunities to apply for funding, we provide them with optimal working
conditions. Furthermore, we are actively engaged in discussions on the
topic of research careers in several European fora, and we continually
exchange best practices on this point with comparable organisations
abroad. Finally, we also listen very carefully to what our researchers say.
Over the last few years we’ve held annual events in which our researchers
were – and continue to be – the focus of attention.

• Ethical concerns

Is the FWO encouraging international scientific cooperation, and if
so, with whom, and on what type of projects? How is the Big Science
Programme aiding this and helping to transcend national levels?

• Professionalisation of staff

• The defence of long-term fundamental research over medium- and
short-term targeted and applied research
• Raising public awareness of fundamental research as a social basis for
science support
We have many plans for the future, but a very important one is a reform
of the peer review system. Currently, there is very little differentiation
between most of our programmes where this is concerned. We would like
to streamline the process in the years to come, again by consulting foreign
colleagues and exchanging best practices on peer review. On the budget
side, the aim is to make sure that success rates – which unfortunately
are at a dramatic low – do not drop further, but increase again as soon
as possible. Therefore, we need to convince both the politicians and the
public at large that basic science is worth investing in.

Research is international, which is why the FWO stimulates international
cooperation and promotes scientific mobility. The FWO is very keen to
promote international collaborations as a driving force for excellence.
As part of the funding for bilateral research collaborations, the FWO has
agreed bilateral agreements with a number of countries for the funding
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Setting the right priorities
Project coordinator Dr Jens Byskov outlines REACT, the initiative that takes an ethics-focused
approach to improving the service quality and outcomes of health systems in developing countries
What does the REACT project seek to
achieve?

to capture and respond not only to expert
defined needs, but to popular demands too.

The project seeks to introduce a conceptually
well-defined, innovative and low-cost
intervention for fair and accountable priority
setting and decision making in health systems.
Our belief is that an ethically grounded
approach that strengthens legitimacy and
fairness will not only improve service quality
and outcomes, but contribute to an increased
democratisation among individuals, societies
and organisations involved.

Priority setting has, until now, mainly focused
on those health problems that are visible,
easily understood, and represent a potential
threat to other – especially richer – countries.
In situations of limited resources, this leads
to special focus on – and funding of – related
services or control efforts, without similar
support for other common diseases and
conditions. Whilst this can bring health gains
to focus areas, it does so against potentially
higher health losses in the services that
therefore lose human and other resources. Do
we implicitly trade the lives of children with
malaria for those of adults with HIV?

Why is such an approach necessary in
countries like Kenya, Tanzania and Zambia,
on which you are focusing?
Decades of efforts to strengthen and improve
health systems in developing countries
have failed to produce intended sustainable
results. Efforts have mainly been based on
singular, structural (e.g. health reforms, health
financing systems, private-public partnerships,
structural adjustment programmes), and
resource-intensive disease or programmespecific interventions (e.g. based on
provision of supplies, equipment, vehicles,
human resources, training and financial
supplementation). Few attempts have been
made to properly explore the opportunities
offered by optimising governance and
management practices within the framework
of existing resources.

In what ways has priority setting in
particular been found wanting in the
countries in question?
‘Evidence’ such as burden of disease and
cost-effectiveness measures are important,
but not sufficient for priority setting. Overall,
national priority setting does not adequately
guide the balance between commonly stated
values of cost-effectiveness, equity, and
quality, leaving districts lacking guidance
on how to compare such values, and how
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Can you shed light on the processes by
which systems have been evaluated, areas
of weakness identified, suggestions drawn
up and new procedures implemented?
We use the AFR (Accountability for
Reasonableness) framework, through which
an evaluation of district health systems has
shown that local and community involvement
is mainly only in name. Current priority setting
is largely done to comply with budgetary
requirements and to get funding, but plans are
rarely followed. In this vacuum of local priority
setting, the introduction of AFR and the process
of re-orientation has revolutionised (to quote
some stakeholders) the extent of, and mutual
commitment to, local priorities.

Can you highlight some of the tangible
benefits or achievements which have been
mobilised through the project?
The Zambian process has produced a number
of concrete examples of better resource
utilisation and collaboration, thanks to
AFR. In Tanzania, the AFR process is being
further institutionalised beyond REACT as
introductory capacity building packages for
four pilot districts in the catchment area

of the participating Zonal Resource Centre,
and there are indications that the approach
is being considered in the next revision of
national guidelines for district health plans.
In all study countries the process is ongoing,
and is receiving full acceptance and positive
expectations on provincial, regional and – in
some cases – towards national levels.

The project has been operating for five
years and is scheduled to finish at the
end of this year. How will its success be
measured beyond this point, and how will it
be ensured that the reforms implemented
remain in place in the long-term?
The project engages with regional and
district-based decision makers through action
research methodology. Results show that
there is commitment among many of the
decision makers to continue applying AFR, as
it has proven to assist in reaching consensus
between different points of view where earlier
conflict was inherent. The long-term success
will be seen through continuous practice of
AFR and an effective handover of support from
researchers to the representatives of existing
health services up to national level, as well as
the agencies supporting them.

DR JENS BYSKOV

A chain REACTion
Health systems in developing countries are subject to many improvement efforts, from regional, national
and international governments and agencies. REACT looks at ways in which decisions concerning these
interventions might be made differently, embedding fairness, accountability and trust on a more local level
THE NEED FOR A NEW APPROACH
Despite multiple efforts to strengthen health
systems in low and middle income countries,
the intended improvements in health outcomes
have not been sustainable. Most priority setting
initiatives have, to date, been largely focused
on technical approaches, involving information
derived from burden of disease statistics, cost
effectiveness analysis, and published clinical
trials. But technical approaches do not equip
decision-makers to address the broader
range of other relevant values – such as trust,
equity, accountability and fairness – that are of
concern to other partners and, not least, to the
populations concerned.
The five year EU-funded research project
‘Strengthening fairness and accountability in
priority setting for improving equity and access
to quality health care at district level in Tanzania,
Kenya and Zambia’, started in January 2006,
addresses such issues through the application
and evaluation of AFR (Accountability for
Reasonableness). Also known by the short
title REACT (REsponse to ACcountable priority
setting for Trust in health systems), the project
is coordinated by Dr Jens Byskov at DBLCentre for Health Research and Development,
Frederiksberg, Denmark.
WORKING ACROSS CONTINENTS
The consortium involved in the project includes
ten academic partner institutions in Denmark,
Norway, Belgium, Sweden, Tanzania, Kenya

and Zambia. Such a collaborative approach is
essential to the fulfilment of REACT’s aims and
goals and highlights AFR’s integrative approach:
the practices between the involved institutions
have supported an equal partnership both northsouth and south-south. It has been important to
have the adequately representative institutions
involved to support both the relevance and
scientific quality of the research. This has also
facilitated collaborative discussions.
ACCOUNTABILITY FOR REASONABLENESS
Accountability for Reasonableness (AFR)
is an ethical framework for legitimate and
fair priority setting that provides guidance
for decision makers who must identify and
consider the full range of relevant values. AFR
consists of four conditions: i) relevance to the
local setting, decided by agreed criteria; ii)
publicising priority-setting decisions and the
reasons behind them; iii) the establishment of
revisions/appeal mechanisms for challenging
and revising decisions; iv) the provision of
leadership to ensure that the first three
conditions are met.
As such, AFR provides a structure for
the process of priority setting that helps
stakeholders establish priorities within their
specific contexts, whilst also taking into
account available resources and regulatory
conditions. The resultant priorities therefore
have a better chance of gaining acceptance
and support, leading to sustainable health

action and improved health outcomes. The
focus on the process of priority setting rather
than on specific outcomes is an innovation that
responds to the long standing calls for increased
focus on process and context to enhance the
delivery of quality service.
MORE THAN JUST DECENTRALISATION
The REACT project is focused on health systems
in Tanzania, Kenya and Zambia, countries that
share similar socioeconomic and geographic
positions, but which also elicit differences.
Tanzania, for example, has witnessed a major
change in its healthcare system through
extensive decentralisation, but priority setting
and planning processes are still mainly based
on nationally defined values, criteria and
guidelines, which are also to satisfy aid agency
demands and funding conditions. Byskov and
his team believe that the structure of Tanzania’s
health system can probably support bottomup planning and commitment better than
those of other less decentralised countries.
REACT seeks to strengthen the legitimacy and
fairness of priority setting at district level in
Mbarali District in Tanzania, Malindi District in
Kenya and in Kapiri Mposhi District in Zambia,
and to evaluate potential changes in quality,
equity and trust pertaining to health services
and interventions.
SHIFTING THE BALANCE OF POWER
The district level has been selected for its
ideal position of being in direct relation to the
WWW.RESEARCHMEDIA.EU 121

INTELLIGENCE
REACT
REsponse to ACcountable priority setting for
Trust in health systems
OBJECTIVES
To improve quality, equity, accessibility and
affordability of healthcare by influencing
policy decisions through the development of
a new approach for priority setting at district
level in three African countries.

PARTNERS
• DBL-Centre for Health Research and
Development (DBL), University of
Copenhagen, Denmark (Coordinating
institution)
• Centre for International Health,
University of Bergen, Norway
• Prince Leopold Institute of Tropical
Medicine, Belgium
• Umeå International School of Public
Health, University of Umeå, Sweden
• Institute of Development Studies,
University of Dar Es Salaam, Tanzania
• National Institute of Medical Research,
Tanzania
• Primary Health Care Institute, Tanzania
• Centre for Public Health Research, Kenya
Medical Research Institute, Kenya
• Institute of Anthropology, Gender and
African Studies, University of Nairobi,
Kenya
• Department of Community Medicine
and the Institute of Economic and Social
Research, University of Zambia, Zambia
• Core methodological advice provided by
the Joint Centre of Bioethics. University
of Toronto, Canada

FUNDING
EU Sixth Framework Programme (FP6) –
project number PL 517709
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JENS BYSKOV, MD, Specialist in Public
Health, MSc, DPH, has since 1977 worked
with health systems in the areas of research,
research coordination, capacity building,
management and advisory functions. His
focus has been on African countries in which
he has resided for 10 years.
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national health services as well as providing
direct services to communities. The REACT
project’s approach and evaluation provides
further insight into potentials for AFR to provide
sustainable strengthening of health systems
through processes of empowerment and
democratisation. But this local empowerment
may threaten the power and funding base of
global and national agendas and organisations,
which will face the uncertainty of having
to respond to demand rather than ensuring
a predetermined long term supply. These
organisations continue to structure and
restructure the aims and strategies that districts
of very different situations are supposed to
follow, a state of affairs that Byskov sees as
inadequate: “One size does not fit all, and
only at district level is it possible to achieve
an overview of the local context and of actors
from community to district levels as well as
across sectors,” he explains. The sensitisation
for seeing AFR as a support for other efforts,
however, is taking effect, and documentation
of consequences of the AFR approach will be
important for future work.
RESEARCH AND PRACTICE
As an action research project focusing on
priority setting, REACT has an immediate
effect on the actual practice with which it is
working. It therefore not only investigates the
application of AFR, but also examines effects
of the application on priority setting within
the selected evaluation domains. They include
the AFR process itself, management, human
resources, HIV/AIDS, malaria, emergency
obstetric care and general care. To measure
effects within the evaluation domains Byskov
and his team have identified the value areas
of quality, equity and trust as areas of focus.
The evaluation is based on qualitative and
quantitative methods in a cross-disciplinary
design. Contextual sociocultural factors of
relevance and other concurrent interventions
in the districts studied are also examined
in order to improve the understanding and
evaluation of results.

Results show that the values of AFR are strongly
embedded in all the study districts, both in the
communities and among managers and staff
working in health systems. Although the practice
of AFR and the new mode of work has been
difficult, REACT has found that the motivation
for applying it has been high, and has already
strengthened priority setting and health systems
management.
SHARING FINDINGS
Since the very beginning of the project, REACT
has been extensively documented, both through
regular reports to the EU and through wider
dissemination in Europe and Africa. A series of
workshops achieved methodological and tools
development as well as preliminary analyses
and output. The AFR approach to priority
setting has been introduced to scientific fora
across the study countries and to selected
country stakeholders in health. Oral and poster
presentations of the project have been made
in national and international conferences and
fora (most notably, the Global Forum for Health
Research and the conferences of the Global
Network for Priority Setting in Health Care),
and publications are beginning to emerge in
high profile journals (such as Social Science and
Medicine).
THE FUTURE OF REACT
The REACT project can hopefully change health
development paradigms from mainly relying on
best possible utilisation of additional funding
to a focus on identifying and optimising the
use of existing resources. This is important at
any level of resource availability and can be as
important in relatively resource rich countries as
in developing countries. The empowerment for
more democratic processes has a potential to
create a basis for stronger decentralisation with
stakeholder and community involvement and
mutual accountability. This in turn, Byskov hopes,
will make the task of development assistance
to health easier as detailed and often conflicting
agendas will no longer have to be set beforehand,
but will be largely decided and monitored locally.

decreased use of unhealthy weight control
behaviours; decreased sedentary behaviours
and increased support from friends, family and
teachers for healthy eating and physical activity.

How do you think the successes and
conclusions drawn from this study can be
applied to future projects?

Could you begin with an overview of your
work on this programme?
New Moves is an all-girl class focusing on
healthy eating, physical activity, and social
support designed to meet the needs of sedentary
adolescent girls. New Moves aims to bring about
positive changes in physical activity and eating
behaviours to improve weight status and overall
health, help girls function in a thin-orientated
society and feel good about themselves, and help
them avoid unhealthy weight control behaviours
like skipping meals and using diet pills.
New Moves strives to provide a supportive
environment where all girls feel comfortable
being physically active and discussing weightrelated issues, regardless of their size, shape,
or level of physical activity. The philosophy
underlying the New Moves approach is that if
young people feel good about themselves, they
will want to take care of their bodies through
healthy eating and physical activity.

Physical education classes in schools have
the potential to reach many young people.
In addition to excessive body fat and obesity,
unhealthy behaviours including inadequate
physical activity, poor eating behaviours
and unhealthy weight control practices are
common among adolescents. It is important
to understand and address the unique social
and behavioural concerns of today’s youth; for
example, physical activity declines drastically
during adolescence, with females becoming
signiﬁcantly more sedentary than males with a
pattern that continues on into adulthood.
New Moves addresses the speciﬁc needs
of adolescent girls. The curriculum teaches
enjoyable physical activities that can be
done outside of class, includes messages
about healthy eating, promotes self-efﬁcacy,
addresses body image concerns and provides
a supportive environment. In addition to being
used in a physical education class at school,
the programme could be used as a before or
after-school programme, in local community
centres, or incorporated into other existing
programmes for adolescents, eg. Big brother/
Big sister programmes, parks and recreations
programmes, or health clubs.

Can you describe the results you have
obtained from this study?

Do you believe media reports of an
adolescent obesity crisis contribute to
adolescents’ body dissatisfaction and
consequently to the increasing number of
overweight and obese adolescents?

New Moves was very well received by the girls,
teachers, and parents and has continued to
be implemented in many of the schools that
participated in the study. New Moves produced
positive changes for several weight-related
outcomes. As compared to girls in the control
schools, girls in the New Moves intervention
schools showed signiﬁcant increases in body
satisfaction; improvements in self-worth;

The media provides mixed messages.
Girls are encouraged to overeat and
be sedentary while at the same time
remain thin. This promotes an unrealistic
expectation of beauty and thinness and can
lead to poor body satisfaction and girls feeling
bad about themselves. The attention in the
media on the high prevalence of obesity has
both advantages and disadvantages for the

Dr Dianne Neumark-Sztainer
explains how the New Moves
initiative at the University of
Minnesota is bringing about
positive changes in the lifestyles
of sedentary adolescent girls
health of young people. On the one hand, it
has increased awareness about obesity, its
health consequences, and the importance of
healthy eating and physical activity for weight
maintenance and health promotion. On the
other hand, it may lead to weight stigmatisation,
body dissatisfaction, and increased unhealthy
dieting behaviours, which research has found
leads to weight gain over time.

DR DIANNE NEUMARK-SZTAINER

Preventing
weight-related
problems in girls

Is there anything further you wish to add?
Research suggests that New Moves ﬁlls a niche
within the school system, meeting the needs
of girls who do not feel comfortable in regular
physical education classes, have sedentary
lifestyles, and are at risk for weight-related
problems like poor body satisfaction and use of
unhealthy weight control behaviours. Students,
parents and teachers liked the class and the
New Moves approach produced many positive
results related to physical activity, healthy eating
and improvements in girls’ body image and
feelings of self-worth. It is important to consider
comprehensive and integrated approaches when
implementing programmes for the prevention
of obesity and other weight-related issues in
youth. Continued efforts should be made within
school food and physical activity environments,
parent/family activities and community outreach
programmes to prevent and treat
overweight and obesity on a
population–wide basis.
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DR DIANNE NEUMARK-SZTAINER

A new movement in
adolescent health

Giving adolescent girls conﬁdence and guidance to pursue a healthy lifestyle, and sparking interest from
schools across the world, the New Moves programme could be a solution to the growing obesity problem
OBESITY IS AN increasing global health
problem. Worldwide, approximately 1.6 billion
people over 15 years of age are overweight
and greater than 400 million are classiﬁed as
obese. The World Health Organization (WHO)
predicts by 2015 these numbers will have risen
to over 2.3 billion and 700 million respectively.

is often counter-productive and detrimental
to health. However, Dr Neumark-Sztainer and
her colleagues at the University of Minnesota
could have a solution to this complex problem:
a school programme that facilitates adolescent
girls to pursue a healthy lifestyle and boost
their self-esteem and body satisfaction.

classroom time. Activities extend from lifelong
pursuits, such as walking or strength training,
to a wider variety of fun exercises taught by
guest instructors to highlight what activities
are available in the girls’ community and
promote daily physical exercise beyond the
school gate.

In the U.S., 16.9 per cent of two to 19 year olds
are obese, according to the U.S. Centre for Disease
Control and Prevention’s 2007/2008 data.
Obesity is known to contribute to cardiovascular
disease (CVD), which is the world’s leading killer
at 17 million deaths per year; CVD encompasses
coronary heart disease, stroke and diabetes.
Clearly the danger is, with more children and
adolescents becoming overweight and obese,
the premature mortality rates from diseases like
Type-2 diabetes and CVD will only increase.

NEW MOVES IN THE SCHOOL ROOM

The classroom lessons are divided into two
sub-sections dealing with social support and

Adolescent girls today are presented with
a conﬂict of aspirations and lifestyle; an
unrealistic body shape and concept of
beauty combined with an environment that
promotes an intake of energy-dense foods
and little physical activity. There is a danger
that the pressures put on teenage girls will
lead to unhealthy weight control behaviours,
including going on short-term diets, skipping
meals, smoking cigarettes, and taking diet pills.
Considering the root of these unhealthy actions
is body dissatisfaction, low self-worth and low
self-conﬁdence, resorting to such behaviours
124
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After over a decade of extensive research with
students, teachers and parents, the New Moves
programme is based on giving adolescent girls
positive messages about being active, making
healthy food choices, avoiding dieting and
feeling good. Neumark-Sztainer describes the
basis for developing the programme: “Students
said physical education class was a source of
stress and that they wanted different options
available as well as a supportive environment
where they felt less self-conscious while being
active and talking about weight”.
The programme is built on three core
components: a physical education class including
lessons on social support and healthy eating,
lunch get-togethers and individual sessions.
‘Be Fit’ is the physical activity portion of New
Moves and is entirely reliant on the ‘girls only’
premise of the whole New Moves programme.
It seeks to create an environment where all
girls of different shapes, sizes and skill levels
are comfortable engaging in exercise and are
moderately to vigorously active for half of the

Girls who participated in the New
Moves intervention reported
more support for healthful eating
and physical activity from family,
friends and teachers
nutrition. ‘Be Fabulous’ sessions use class
discussion to enable students to consider body
image issues, self-esteem and the pressures
of peer groups and inﬂuence of media. The
‘Be Fuelled’ component promotes a nondieting approach to eating. The sessions focus
on balance and nutrition; emphasis is on the
importance of eating well consistently, not
dieting for short-term weight loss and avoiding
unhealthy weight control behaviours.

Lunch get-togethers, called ‘Lunch Bunches’
are weekly events to which the girls are invited
after class. Taking place at lunchtime, a healthy
meal is provided along with the opportunity to
receive social support and discuss topics related
to the programme in an informal environment.
The final core component of the programme
is one-to-one sessions; each student has five
to seven individual sessions with a personal
coach, for 20 to 25 minutes, over the course
of the programme. The sessions help girls
make healthy lifestyle choices by working with
girls to identify and overcome their particular
barriers to maintaining healthful dietary
behaviours and being physically active.

SUCCESS SO FAR
Over the year of the study, girls in the
intervention schools showed positive results
compared with the girls in the comparison
schools. The students reported increased body
satisfaction and self-worth as well as healthier
behaviours, like less sedentary activity and
skipping fewer meals for weight control. In
fact, preliminary results showed a 13.7 per cent
reduction of girls in the intervention schools
using unhealthy methods for weight control.
Furthermore, girls who participated in the New
Moves intervention reported more support
for healthful eating and physical activity from
family, friends and teachers.
The response of the students, their families
and teachers gives a strong indication of
success. Neumark-Sztainer is encouraged by
the staff response to the curriculum: “Many
of the teachers also enjoyed teaching different
activities like yoga or dance” she enthuses. One
teacher said: “it reinvigorated my teaching”.

Families were involved in the programme to
a small degree; cards were sent home with
advice and suggestions for how parents could
approach the issue of living healthily with
their daughter and a parent/daughter spa day
was arranged to reinforce the New Moves
messages. Of those parents who completed
feedback forms, 100 per cent said they would
recommend it to others. The central basis
of New Moves is to promote confidence and
self-esteem as a way of maintaining a healthy
lifestyle through an individual’s own actions.
It is therefore telling that parents felt their
daughters were healthier and more active as a
result of the class.

MOVING INTO NEW GROUND
Of the schools that took part in the New
Moves programme, almost all have maintained
the class in their timetable, some are teaching
several sections of the course each year
because of its popularity, and each school
has modified New Moves to suit the interests
of their students. In the clearest indictment
of success, Neumark-Sztainer states: “Other
school districts in the area have begun New
Moves classes. Furthermore, educators from
other areas in the Unites States, as well as
Europe and Australia, have expressed interest
in starting New Moves classes for their
students”. Adolescent obesity has been shown
to correlate with socioeconomic inequality;
therefore, a crucial point of NeumarkSztainer’s course is that all the materials
needed to conduct a New Moves class are
free to download from the internet at www.
newmovesonline.com. The availability of
effective and popular programmes such as
New Moves in state education can only be of
benefit to those students most in need of help
in maintaining a healthy lifestyle.

INTELLIGENCE
NEW MOVES
OBESITY PREVENTION AMONG
ADOLESCENT GIRLS
OVERVIEW
New Moves is an all-girls physical
education class with a supportive and
non-competitive environment. It includes
fun activities like dance or yoga, as well as
classroom lessons on healthy eating and
topics of social support.
A group-randomised study found New
Moves led to positive changes in weight
related attitudes and behaviours.

COLLABORATORS
Mary Story PhD, RD, study Co-investigator
and Professor
Peter Hannan MStat; Statistician
Colleen Flattum MS, RD; New Moves
Intervention Coordinator
Sarah Friend MPH, RD; New Moves
Evaluation Coordinator
FUNDING
National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) Grant R01
DK063107
CONTACT
Dianne Neumark-Sztainer PhD, MPH, RD
Professor and New Moves Principal Investigator
Division of Epidemiology and Community
Health
School of Public Health
University of Minnesota
1300 South Second Street, Suite 300
Minneapolis
MN 55454
USA
T +1 612-624-0880
F +1 612-626-7103
E neumark@epi.umn.edu
www.newmovesonline.com
DIANNE NEUMARK-SZTAINER, PhD, MPH,
RD, is the Principal Investigator on a number
of research studies focusing on nutrition,
physical activity, and the prevention of
weight-related problems among adolescents.
She has published over 250 articles in
scientific journals and a book for parents of
adolescents, called ‘I’m, Like, So Fat! Helping
your teen make healthy choices about eating
and exercise in a weight obsessed world’
(Guilford Press 2005).

New Moves

active. strong. healthy. energized.
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PROFESSOR LORA E BURKE

New research suggests that self-monitoring
and subsequent weight loss is enhanced
with the use of a personal digital assistant
(PDA) over traditional methods

Self-monitoring
diet

GLOBALLY, THERE ARE more than 1 billion
overweight adults, and the number is rapidly
increasing. Estimated to have reached over $60
billion, U.S. spending on weight loss programmes
and products reveal an alarming need for more
effective measures to stave the course of this
new epidemic. With the majority of individuals
who lose weight regaining that weight within two
to five years, the challenge of maintaining weight
loss is adding to this burden.
Environmental and societal factors have played a
key role in the prevalence of obesity. For many in
society, physical activity has slowly been weaned
out of daily life, leaving individuals expending
fewer calories than they used to. Add to this the
fact that food is more readily available, more
dense in calories and larger in portion size, and
it is easy to see why the problem of losing and
maintaining weight loss is so challenging.
In the wake of fad diets and dramatic surgery, Lora
E Burke, Professor of Nursing and Epidemiology
at the University of Pittsburgh, is building on the
relationship between self-monitoring of eating
and successful weight loss to determine whether
self-monitoring could be enhanced with the use
of a personal digital assistant (PDA).
Studying the solutions that technological
advances like the PDA could provide is an area
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of weight loss treatment that Burke and her
team are among the first to research. In a world
that is becoming increasingly connected, she is
looking into the potential this device could offer
to combat one of today’s most widespread
health conditions.

THE BENEFITS OF SELF-MONITORING
Self-monitoring
has
a
demonstrable
relationship with weight loss success and
weight loss maintenance. Individuals who
self-monitor become aware of their behaviour
and food habits. Changing a diet longterm requires self-awareness of the foods
consumed as well as the circumstances that
precipitate or surround these problem issues.
Identifying healthy behaviours is also another
fundamental aspect of self-monitoring. As
Burke points out, it is only when people selfmonitor that they become aware of the foods
that are contributing to their weight gain and
their personal habits: “Study participants will
tell us that they had no idea that they ate so
much sugar or fat until they began to selfmonitor, e.g. snacking on candy at the office,”
she remarks.
It seems self-explanatory but the benefits of selfmonitoring should not be underestimated. Study
participants become conscious of the daily calorie
intake in relation to their goals; consequently,

corrective action can be taken to avoid exceeding
these targets.

THE SMART WAY
To determine whether self-monitoring could be
enhanced by the use of an electronic diary, Burke
is six months through the 24-month SMART
Trial. Although self-monitoring is considered
fundamental to obesity treatment, many individuals
find adherence difficult and the task monotonous.
This study, however, investigates how the use
of PDAs (which include a database for dietary
nutrients and types of exercise) and immediate
feedback messaging can improve these behaviours
as compared with traditional methods like using a
standard paper diary or a PDA without feedback.
Burke and her team recruited 210 adults who
were overweight or obese and put them in
three randomised groups employing varying
methods of self-monitoring their food and
exercise regimen:
• Traditional paper diary (PD)
• Personal digital assistant (PDA)
• Personal digital assistant with daily, subjecttailored feedback messages via the personal
digital assistant (PDA+FB)
The three groups all received standard
behavioural treatment for weight loss, such as

PROFESSOR LORA E BURKE

Preventing obesity relapse
Lora E Burke, Professor of Nursing and Epidemiology at the
University of Pittsburgh is demonstrating the power of selfmonitoring in successful weight loss and weight loss maintenance
Could you begin by describing the background
to this research and provide an overview of the
work so far?
Obesity is a major, chronic health problem
that is associated with an extremely high rate
of relapse following treatment. The majority
of individuals who lose weight regain that
weight within two to five years. Thus, the
greatest challenge in the treatment of obesity
is identifying strategies that can improve longterm maintenance of weight loss.

Burke has clearly
demonstrated the valuable
nature of this approach and
the potentially life-changing
results it could engender
calorie and physical activity goals and group
intervention sessions.
Burke found that across each group selfmonitoring declined over time, with the paper
diary users being less adherent than the PDA
users. The group that experienced the highest
levels of adherence was the PDA group that
received feedback messages. Like the participants
in the PDA group, the PDA+FB group had custom
software loaded onto their PDAs that enabled
them to track their adherence to calorie, fat
gram and exercise targets; however, the PDA+FB
received a daily message that was tailored to
what they had entered in the PDA.
At six months the average weight loss was
significant for all treatment groups, with PD
losing 5.3 per cent, PDA 5.5 per cent and
the PDA+FB set 7.3 per cent. Burke is keen
to establish that five per cent or greater
weight loss is clinically significant and has a
beneficial effect in terms of reducing the risks
of developing other diseases, e.g. cardiovascular
disease and diabetes – demonstrable proof of
the positive effects of self-monitoring. With
such a considerable increase in weight loss, the
PDA+FB treatment group results point to the
need to further study the role of automated
feedback in diet and exercise self-monitoring.
CONTINUED ON PAGE 128

Self-monitoring is the systematic recording of
what one eats and usually includes the calorie
and fat content of foods and beverages. Selfmonitoring also involves recording the physical
activity or exercise that a person performs,
which usually consists of the type of activity
and the minutes spent exercising. Research
has demonstrated a consistent relationship
between self-monitoring of eating and physical
activity and successful weight loss. This exercise
also helps to maintain weight loss. The methods
primarily used for self-monitoring, however,
continue to be the paper diary (PD), which
is time consuming and can be burdensome,
sometimes resulting in the person stopping to
self-monitor (non-adherence). Moreover, PDs
do not permit immediate external feedback to
support and motivate the individual to continue
to self-monitor and engage in healthy eating
and exercise behaviours.
Emerging technologies could potentially
improve self-monitoring and the success
of weight loss treatment. However, the use
of these technological advances, such as a
personal digital assistant (PDA), had not been
studied in weight loss treatment prior to this
study. Therefore, we proposed to conduct a
randomised study of standard behaviour weightloss treatment to test if using an electronic diary
with or without subject-tailored feedback would
improve adherence to self-monitoring and
subsequent initial and long-term weight loss.

Can you describe the makeup of the study’s
sample group and the significance this could
have on your results throughout the trial?
The sample was predominantly female (85 per
cent) and White (79 per cent). The majority
were married and employed and on average
were 46 years of age, having completed an
average of 15 years of education. While this
sample may not seem representative of the
general population, it is representative of

those seeking treatment for weight loss; the
minority representation is similar to that of
the region where the study is being conducted.
The education level of the group may be higher
than the general population and contribute
to the retention and adherence; however, the
socioeconomic status for the group was wideranging and was not a factor in retention.

To what degree did the study subjects find
the personal digital assistant (PDA) and
software easy to use?
Generally, the participants found using the PDA
easy; even individuals who had no previous
experience with a computer or cell phone found it
accessible. Some participants had difficulty with
the food search since the list of food items was
extensive and not always as user-friendly as it
could have been. However, any self-monitoring
done on a daily basis can become somewhat
burdensome, and like the paper diary, some
individuals did not persist, but no one stated that
they stopped self-monitoring because of the PDA.

How cost effective do you predict using
PDAs, with or without tailored feedback, for
self-monitoring would be if they became a
component of general behavioural weight
loss treatment?
It is difficult to judge cost-effectiveness without
further evaluation. PDAs as stand along devices
are now obsolete; however, cell phones with this
functionality are becoming ubiquitous. Moreover,
the cost of the dietary and exercise software is
decreasing. If using these devices would lead to
sustained weight loss, it could lead to reduced
occurrence of other conditions associated with
obesity, such as type 2 diabetes, osteoarthritis,
and cardiovascular disease. Thus, any programme
that promotes or supports long-term behaviour
change is beneficial and potentially cost effective.

This is a single centre trial; to what
degree have you collaborated with other
institutions? Will collaboration, perhaps in
the context of multi-centre trials, become an
aspect of future research on this concept?
Collaboration is a part of all my studies, across
schools and disciplines and more recently
across different universities. Currently there is
discussion about using a modified version of
this intervention and self-monitoring strategy
in a two-site study. We have also proposed
studies using smart phones for self-monitoring
that are under review.
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IMPROVING SELF-MONITORING IN
WEIGHT LOSS WITH TECHNOLOGY
Research supports a consistent relationship
between self-monitoring and achieving
and maintaining weight loss. This project’s
objective is to determine whether selfmonitoring could be enhanced via a PDA with
immediate feedback messaging.

Although the associated weight loss is evident,
the extent to which this study’s results are a
product of the support structure of the clinical
trial as opposed to the three self-monitoring
techniques remains in question. For either
instance, Burke’s approach mediated the weight
loss that occurred.

KEY COLLABORATORS

INTERVENTION

Co-investigators include Linda J Ewing, PhD,
RN, Susan M Sereika, PhD, Molly B Conroy,
MD, MPH, from the University of Pittsburgh;
Mary Ann Sevick, ScD, from the University of
Pittsburgh and the Veterans Affairs Pittsburgh
Healthcare System; and Karen Glanz, PhD,
from the University of Pennsylvania.

Weekly group meetings held for the first four
months (reducing to every two weeks for the
remainder of the first year and gradually less
over the rest of the trial) served as valuable
behavioural treatment. Individuals were weighed
in a private office at the beginning of each of
these sessions. At the outset, participants were
educated on how to read food labels effectively
and taught how to maintain calorie and fat
gram goals, monitor exercise and record these
activities for either their paper diary or PDA.
The PDA automatically calculated the subtotals
after each food entry, making it significantly
less tedious than the paper diary which required
these subtotals to be calculated. The participants

OBJECTIVES

The research team includes Mindi A Styn,
PhD, Edvin Music, MSIS, MBA, Alison
Keating, MS, Sushama D Acharya, MS,
PhD-C, India Loar, MPH and Okan Elci, PhD.

FUNDING
National Institutes of Health (NIH) grants
R01DK071817, K24NR010742, P30NR03924,
NIH/NCRR/GCRC 5M01RR000056, NIH/
NCRR/CTSA UL1RR024153
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Lora E Burke, PhD, MPH, FAHA, FAAN
Professor of Nursing and Epidemiology
University of Pittsburgh
415 Victoria Building
Pittsburgh, PA 15261
USA
T 412-624-2305
F 412-383-7293
E lbu100@pitt.edu
www.nursing.pitt.edu/faculty/
facultydetail.jsp?primkey=lbu100
PROFESSOR LORA BURKE graduated with
her PhD from the University of Pittsburgh.
She completed a postdoctoral fellowship
in cardiovascular behavioural medicine in
the Department of Psychiatry. Her primary
appointment is in the School of Nursing with
secondary appointments in the Graduate School
of Public Health, Department of Epidemiology
and the Clinical and Translational Science Institute.
She teaches Quantitative Research Methods to
PhD students. She serves on the PhD Curriculum
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Adherence to self-monitoring physical
activity also followed a similar pattern to selfmonitoring dietary intake, proving the PDA’s
effect on all aspects of obesity treatment.
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then received feedback on their submitted
diaries. Treatment groups were also informed
of problem solving strategies to overcome
challenging situations, such as avoiding bringing
home unhealthy foods.
Thus far, this trial is confirming Burke’s initial
objectives, making her confident about the
future of this research: “We hypothesise that
the PDA+FB group will perform better than the
PDA and PD groups for both the short- and longterm,” she asserts. “Also, we hypothesise that
the PDA+FB group will progress further than the
PDA group in weight change. At this point, we are
continuing to anticipate these outcomes.”
Further commenting on this research, Burke
stresses how it has served to reinforce her belief in
self-monitoring and its efficacy and effectiveness
in facilitating behaviour change and weight loss.
Although noting that 100 per cent adherence
can never be achieved by either the groups or
the individuals, since choice plays a large role
in this process, Burke has clearly demonstrated
the valuable nature of this approach and the
potentially life-changing results it could engender.
However, finding an acceptable approach to selfmonitoring for individuals who refuse to do so
continues to remain a challenge.

DR EDWARD McAULEY

A new
lease of life
Dr Edward McAuley is the Director of the
Exercise Psychology Laboratory at the University
of Illinois; he talks to us about the AGE-II project
and what it hopes to achieve regarding quality
of life for senior citizens in America
What inspired you to conduct research
in this particular area, and what are your
main objectives?
The first objective is to determine whether
a physical activity programme designed to
improve flexibility, toning and balance in older
adults can be effectively delivered by FlexToBaTM
DVD. The second is to test whether such a
programme delivered by DVD is effective in
reducing functional limitations and enhancing
physical function performance and quality of life.
Finally, we are interested in examining the extent
to which this programme can be generalised
by conducting a REAIM (reach, effectiveness,
adoption, implementation and maintenance)
analysis of the intervention. The rationale behind
conducting such research was based upon
our long history of conducting ‘centre-based’
exercise trials, where our participants came to
our facilities to exercise. In effect, this excluded
more rural participants and older adults in
smaller towns. If this programme is efficacious,
we hope to be able to test its effectiveness more
broadly in the future.

How did you select your study groups?
Do you believe that they form an accurate
cross section of the American elderly
dependent population?
We’re recruiting our current sample from
a broad geographic area within Central
Illinois including rural areas, small towns,
and medium sized cities. The rationale for
this is due to our team periodically having
to travel to these sites to conduct testing;
therefore all sites are within 90 minutes’

driving distance. We have been recruiting
through such media as newspapers, radio,
and television advertising, which allows us
to recruit a broad sample that is at least
reflective demographically of this area. We
currently have 150 participants enrolled, with
an average age of 71.5 years, and our goal is to
recruit another 150 in the coming year.

What is the nature of the control exercises
that you will be using to assess selfefficacy, and what makes your FlexToBaTM
DVD unique?
The control condition in the RCT (randomised
control trial) is simply a wait-list control.
The participants are provided with a health
and ageing DVD and equal amounts of
contact time, and go through the same
testing as those receiving the FlexToBaTM
DVD. We believe the uniqueness of the
FlexToBaTM approach is in its comprehensive
and programmatic content. We provide
a programme on several DVDs in which
exercise and progressions systematically
build on each other and help to keep the
participant interested. This is in contrast to
packaged programmes that claim to provide
a comprehensive exercise programme on
a 45 minute DVD. Additionally, we target
flexibility, strength and balance, which
are essential components of successful
independent living in older adults. The
FlexToBaTM trial is all conducted within the
participants’ homes, so consequently it
completely reflects the conditions that they
experience in their normal lives.

You will also be offering educational
programmes on healthy ageing; what will
be taught in these classes?
The healthy ageing component is the control
condition. Participants receive a DVD by Dr
Andrew Weil. This DVD covers the broad
spectrum of healthy ageing but with a minimal
focus on physical activity. Control subjects also
get the same number of support calls.

Do you believe that there is a tipping point
where the extended life expectancy begins
to have a negative impact on quality of life?
Modern medicine, better working and living
conditions, better water and improved healthy
lifestyle behaviours are all likely to contribute
to increased longevity. However, with the
prospect of living longer comes greater potential
for morbidity, disability, and increased social
isolation; living longer does not necessarily
equate with an improved quality of life. The point
at which the trajectory of living longer evolves
into poor quality of life is likely to differ according
to the individual, and the extent to which they are
able to lead a healthy lifestyle may be determined
by such factors as if they eat well, how active they
are, and if they engage in social pursuits.

Are there any other aspects of self-efficacy
and quality of life that you would like to
research further in the future?
We continue to be interested in examining the
relationships between self-efficacy and quality of
life and those elements of health status that may
mediate this relationship. In particular, we are
interested in the role that cognitive function may
play in quality of life.
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AGE-II helps
senior ﬁtizens
The Exercise Psychology Laboratory (EPL) in the Department of Kinesiology and Community Health of the
University of Illinois is currently examining the effects of a DVD-delivered physical activity programme on a sample of
older adults in the U.S., as part of the Activity, Gait and Efﬁcacy (AGE-II) project, with some interesting outcomes
IT IS A widely-documented fact that the over
65s are now the fastest growing age group in
the western world, and in particular, the United
States. According the U.S. Census Bureau, the
population of this age group is expected to grow
from approximately 35 million, from the results
taken in the year 2000, to nearly 87 million by
the year 2050. Although advances in modern

medicine have increased life expectancy by
an estimated six years for Americans born in
2002, compared with the generation born in
1972, it is of vital importance to determine the
extent to which this extended life expectancy is
compromised by functional limitations, and in
turn, quality of life (QOL). We need to determine
whether the population are living better lives, or
just longer lives.

QUALITY OVER QUANTITY OF LIFE
There is accumulating evidence from previous
work by Dr Edward McAuley and his research
team at the University of Illinois at UrbanaChampaign, that engaging in regular physical
activity can help enhance physical function and
protect against functional limitations, as well as
improving QOL as people age. In the study, QOL
is assessed though a Satisfaction with Life Scale
(SWLS), which measures how an individual
views their overall life. This five-item measure
has been developed to assess life satisfaction
in various age groups. Each scale item is rated
on a seven-point scale from strongly disagree
(1), to strongly agree (7), with higher scores
representing life satisfaction. The study has also
put in place measures of health-related QOL,
which assess various aspects of physical and
mental health status.

THE IMPORTANCE OF SELF-EFFICACY
FlexToBa Exercise DVD
TM
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Their research has also demonstrated that
the effects of physical activity on function

and QOL outcomes in older adults are also
determined through the individual’s sense
of self-efficacy. Self-efficacy expectations
can be summed up as the beliefs in our
capability to successfully execute various
courses of action and challenging tasks. In
lay terms, one can think of self-efficacy as
a situation-specific self-confidence, and it
is subject to modification. Self-efficacy is
influenced most strongly by experiences or
past accomplishments. Additional sources of
efficacy information include social modelling,
encouragement and support from significant
others, and the interpretation of physical and
emotional responses to certain tasks. More
efficacious individuals tend to engage in more
challenging tasks, to expend more effort, and
to persist longer when faced with difficulties or
initial failure.

SELF-EFFICACY IN WOMEN
Efficacy is variable, as individuals all have
different levels of experience, and exist in
circumstances and environments of varying
degree. There have been some studies that
show older women are less efficacious than
men, relative to their physical capabilities. This
could be due to a number of reasons – amongst
them, women having fewer opportunities to be
active than men when they were younger; or
different social and domestic roles for men and
women, reducing the opportunities available
to them.

INTELLIGENCE
ACTIVITY, GAIT, AND EFFICACY (AGE -II):
FUNCTIONAL LIMITATIONS AND QUALITY
OF LIFE
OBJECTIVES

FITNESS TEST ON MEMBERS OF THE GROUP

Previously, a study followed a sample of 249
older women for a 24-month period conducting
physical, functional, and psychological testing
first at baseline, then at 12 and 24 months.
Increases in physical activity were associated
with improvements in self-efficacy for exercise
and balance activities, which were in turn
associated with improvements in physical and
mental health status, relating to improvements

In order to be included in the trial, the 250
or so participants, recruited from Central
Illinois, had to be 65 years old or older. They
had to define themselves as not currently
being active, yet capable of participation in a
programme of flexibility, toning and balance
without exacerbating any pre-existing health
conditions, and able to get medical clearance. A
telephone interview with potential participants
was also conducted to ensure a suitable level of
cognitive status.

A DVD-DELIVERED APPROACH

One can think of self-efficacy as a
situation-specific self-confidence,
and it is subject to modification
in overall life satisfaction. In addition, these
increases in physical activity and self-efficacy
resulted in better functional performance
on endurance, agility, and strength tasks,
leading to a decline in the number of reported
functional limitations. The conclusion produced
a constructive message: the positive effects of
being physically active on physical and mental
health appear to operate through one’s sense of
personal efficacy.

AIMS OF AGE-II
Armed with this research, the next step for the EPL
has been to conduct a study to determine whether
a home-based DVD-delivered physical activity
intervention for older adults will have an effect on
the quality of their lives. The study, titled ‘Activity,
Gait, and Efficacy (AGE-II): Functional Limitations
and Quality of Life’, aims firstly to assess
intervention effects on functional performance,
balance and reduced self-reported upper and lower
body functional limitations in sedentary, older
adults; and secondly improvements in QOL, selfefficacy, REAIM (reach, effectiveness, adoption,
implementation and maintenance) and adherence.
The study, which commenced in February 2010,
tested participants at baseline, with further sixmonth and 12-month follow-ups to measure
possible changes in functional performance and
functional limitations, self-efficacy, physical
activity, and of health status and wellbeing.

The eligible participants entering the trial are
given a physical activity programme, delivered
by DVD, which focuses on exercises targeting
flexibility, toning and balance (FlexToBaTM),
compared to an attention control group, to
determine the programme’s effects on functional
limitations, functional performance in everyday
activities, balance, and QOL. The principles of
REAIM have also been implemented into the
design and evaluation of the programme in order
to determine the cost-effectiveness and potential
public health impact of delivering physical
activity to older adults via such DVD media.
The participants are assigned to the FlexToBaTM
condition or to an attention control condition.
The former receives the activity programme DVD
and the latter receives a healthy ageing DVD, but
with no physical activity instruction. The control
group are offered the FlexToBaTM programme
following six-month follow-up assessments.
The relevance of this project in terms of health is
substantial. It targets a population that is largely
sedentary and suffers from unprecedented
levels of functional limitations, factors that have
significant implications for compromised quality
of life and independent living. By adopting broad
recruitment strategies with few exclusionary
criteria, the project hopes to effectively improve
the physical activity behaviour of a diverse
class of older adults. Offering this as a DVDbased physical activity programme will provide
a convenient opportunity for older adults to
become and stay physically active. The estimated
primary completion date for the project is
December 2011, with the final data collected
by this point, and the study of the results to be
completed in June 2012.

This randomised controlled trial examines
the effects of a DVD-delivered physical
activity programme on functional limitations
and quality of life in older adults. The
intervention has been systematically
developed in the EPL over the past decade
and incorporates flexibility, toning, and
balance exercises (FlexToBa TM). The exercise
prescription was carefully structured to
be optimally challenging, and still easily
modifiable to meet individual needs.
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FINAL SAY

FINAL SAY
The rate of childhood obesity has risen significantly in the last 30 years, and today more than 10 per cent
of all children worldwide, and 32 per cent of children in the U.S., are classed as overweight or clinically
obese. This will have a profound impact on the health, mortality rates and economies of the world. From
the policy maker, politician and charity leader to the medical practitioner, there are a range of views about
the possible implications and the action that can be taken....
“The physical and emotional health of an entire generation and
the economic health and security of our nation is at stake. This
isn’t the kind of problem that can be solved overnight, but with
everyone working together, it can be solved. So, let’s move.”
Michele Obama, U.S. First Lady and Founder of the ‘Let’s
Move!’ campaign

“The epidemic of childhood obesity must be stopped and
reversed to ensure the health of children and alleviate many
serious consequences when they become adults.”
Mary Ann Liebert, President and CEO of Mary
Ann Liebert, Inc, a leading Biotechnology
Publisher

“Our goal is to raise awareness about the
importance of staying fit and eating right,
especially for America’s young people. This
partnership is a powerful alliance to address
childhood obesity and emphasise the role of
daily physical activity in a healthy lifestyle.”
Roger Goodell, NFL Commissioner on the
NFL’s ‘Play 60’ obesity campaign

“Childhood obesity is best tackled at home
through improved parental involvement,
increased physical exercise, better diet and
restraint from eating.”
Robert Earl Filner, U.S. politician

“As obesity increases we are seeing more and more young
people, some as young as seven, being diagnosed with Type
2 diabetes, previously only seen in those over 40. It won’t
be long before we start seeing our children growing up
losing limbs and becoming blind as they develop the
serious complications of having the condition.”
Cathy Moulton, Care Advisor at the charity
Diabetes UK

“This might be the first generation where kids are dying
at a younger age than their parents, and it’s related
primarily to the obesity problem.”
Virginia Foxx, Republican Congresswoman

“While approximately one in every 400 children and
adolescents have Type I diabetes; recent Government
reports indicate that one in every three children born in 2000
will suffer from obesity, which as noted is a predominant
Type II precursor.”
Thomas Timothy Holden, U.S. politician

“A proportion of 15 year olds are already showing significant
signs of organ damage associated with being overweight. For
kids with signs of insulin resistance, if they don’t improve their
health by their 30s they will be suffering all the morbidities
that people used to suffer in their 60s, such as amputations,
blindness, liver failure, kidney failure and heart disease.”
Professor Michael Booth, co-director of the University of
Sydney’s Centre for Overweight and Obesity

“American children are the heaviest worldwide, and they are
getting heavier at a faster rate than other children around
the globe. This spread of obesity foreshadows an explosion in
degenerative diseases, such as diabetes, heart disease, and
cancer waiting to erupt in our children’s future. Only together
can we stop this tragedy from ever happening.”
Joel Fuhrman, author and certified family physician

“If we are to reverse the trends in obesity, the commercial sector
needs to change their business practices, including how they
promote their brands, and product reformulation.”
Andrew Lansley, UK Health Secretary

“Obesity now contributes to the death of more than 360,000
Americans a year. The incidence of childhood obesity is now
at epidemic levels. Alarm bells are going off all over the place.
But our government has done virtually nothing.”
Thomas Richard Harkin, junior U.S. Senator and chairman
of the Senate Committee on Health, Education, Labor
and Pensions

“The life of an obese person starts well before birth, when mum
gets pregnant. What I am suggesting is that midwifery practices
be more lifestyle and obesity focused. This poor kid has done
nothing; there is nothing he could have done. He has a future of
obesity with no chance of having a fit and lean future.”
Dr David Haslam, the UK National Obesity Forum

“Children who are obese at a very young age are more likely
to become obese adults. Being obese in early childhood
is associated with a wide range of health problems from
childhood to adulthood.”
Paul Sacher, Research Director at MEND (Mind, Exercise,
Nutrition…Do it!)

“While there are no quick fixes to the obesity epidemic, as
ministers of health we recognise that our leadership and
collective actions can have a significant impact on improving
eating habits and increasing physical activities.”
Jerome Kennedy, Canadian politician and Health Minister
of Newfoundland and Labrador
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UNISYS.
SECURITY INTEGRATED.
We live in interesting times. Everything is connected, more complex and continuously
converging. And the one thing that is certain is that security threats, both digital and
physical, will continue to proliferate.
Point solutions just won’t cut it today, at best they are inefficient, at worst, they create gaps
in your security that can be exploited. These times require an integrated approach to these
threats, one that bridges physical and digital and sees risk at the strategic and tactical level.
Unisys aligns our unparalleled integrated security experience with your strategic goals. Our
broad knowledge of security disciplines, our decades of experience in systems integration
and our commitment to using the best technology for the job delivers solutions that are
more secure, more cost effective and, most importantly, integrated – ensuring that every
link in the security chain is as strong as possible.

PREVENTION IS THE BEST MEDICINE.
Access to clean and safe drinking water can reduce the risk of diarrhea
and other deadly diseases by 50%. Just $20 can give a person clean water
for 20 years. Start by helping one.

