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PROJECTS MAGAZINE has been circulated at
many events in Europe over the years as Insight
seeks to broaden its engagement with the
research community through a series of
ambitious media partnerships and collaborations.
There can be few of them, however, as important
as eHealth Week, this year being held in Dublin
as part of Ireland’s Presidency of the Council of
the European Union. It’s important on many
levels - not least as it brings together a complete
cross section of stakeholders involved in driving
forward the eHealth agenda in Europe as well as
in countries further afield.
But with ICT in health forecast as the next major driving force for ICT
infrastructure development, the implications of implementing robust eHealth
strategies go further than simply providing better, more cost-effective
healthcare for all citizens. As Kevin Conlon, Head of ICT in the Deaprtment of
Health in Ireland, advocates for his country, eHealth development can act as a
stimulus for the whole economy, leading to increased investment and increased
productivity across all the ICT sectors, stimulating growth across the economies
of Europe.
It is this ecosystem approach to eHealth strategy that Projects Magazine will be
supporting through our involvement at events like eHealth Week and through
our continued support for cutting-edge research that is taking ICT for health on
to the next level in Europe.
Meanwhile, Projects Magazine will continue with its leading series of country
focuses, highlighting in depth some of the research taking place within Europe’s
borders. This edition, we focus on Switzerland, a country where innovation is
stimulated through high levels of investment, low levels of bureaucracy and a
wilingness to take risks. It’s a model that those crafting the EU’s brilliant new
funding programme Horizon 2020 would do well to follow.

William Davis
William Davis
Managing Director, Insight Publishers
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Christina Roosen

The Largest pan-European
eHealth conference is
welcomE IN Dublin
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Foreword
eHealth Week 2013 sees healthcare professionals, government officials, academics and
many others descending upon the Irish capital. With the scope of this subject expanding
seemingly exponentially, there are more and more people taking a closer interest in the
latest developments in this field, and the event in Dublin is sure to be a melting pot of
people, ideas and enterprise.

Christina Roosen
Executive Director, HIMSS Europe

T

he eHealth week is a bit like the annual queen bee
gathering for all the busy eHealth bees in the world.
So much is happening across the world in healthcare
technology, keeping all stakeholders extremely busy
throughout the year. Then once a year, all the busy
eHealth workers take a few days out of their calendars and gather for
the annual week-long conference, where around 30 national
delegations are hosted by the country which holds the EU Presidency
of the Council and the European Commission. The Healthcare
Information Management and Systems Society (HIMSS), the
organisation I work for, is one of the world’s largest, non-for profit
membership organisations with one sole mission: to educate our
members and the rest of the world on how to deliver better healthcare
through IT.
Together, these three entities (the EU Presidency nation, the EC and
HIMSS Europe) make up the founding partners of eHealth week.
Besides the sessions held by these three parties, the conference brings
a number of additional partners who hold their own annual meetings,
seminars and focus groups, and then of course there is the state of the
art exhibition, comprising commercial vendors and country pavilions.

www.projectsmagazine.eu.com

This year, we are delighted to celebrate the conference in Dublin
and I know for a fact that all of the 2500-plus delegates are looking
forward to not only the conference, but also the famous Irish
hospitality, which no other country can match.
Over the past seven years in which HIMSS had had an office in
Europe, we have seen a tremendous growth of interest in eHealth.
Where we initially saw a more traditional audience of healthcare
and IT workers, we are now seeing very strong interest from
pharmaceutical companies, architects, engineers, law firms and
many other new stakeholders. This is a strong indication of just how
fast the sector is expanding and will continue to do so as healthcare
technology continues to play an increasingly large role in our lives.
The eHealth sector is also resulting in many new jobs being
created globally. In some cases, new jobs are being created so fast
that there is often a lack of qualified candidates. These topics will be
discussed in length at the conference.
Keynotes from all over the world will come and present their best
practices so that European decision makers can be inspired and
make decisions based on real experiences. We are also seeing an
increasing interest towards public-private partnerships, and that is
why we have started offering an online and onsite matchmaking
service - free for eHealth week delegates - in partnership with the
ECH Alliance.

“It is a very exciting time for me to
be in the midst of this fast moving
industry, which affects practically
everyone’s lives”
It is a very exciting time for me to be in the midst of this fast
moving industry, which affects practically everyone’s lives. Let’s
ensure that the right solutions are in place to care for our relatives
and also for ourselves. I hope that we can continue to share
knowledge and that industry and international decision makers can
continue to drive the eHealth agenda forward together.

www.ehealthweek.org
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R & D I nsight
News from the world of Research and Development with Harry O’Neill

Diamonds pave the way for quantum internet
The mighty silicon chip is ubiquitous in the 21st century, and the internet, which is equally pervasive in our
everyday lives, is totally reliant on it.

N

ew studies exploring the
possibilities of quantum
computing suggest that in the
future it may be not be silicon,
but diamonds, that hold the
key to the web.
Physicists from the Delft University of
Technology in the Netherlands, have
entangled information kept in pieces of
diamond three metres apart, so that measuring
the state of one quantum bit, or qubit,
instantly fixes the state of the other, a feat
which is necessary for exchanging quantum
information over large distances.
Quantum entanglement remains a very
mysterious phenomenon. Quantum particles
have the capability of interacting with each
other, seemingly instantaneously, over any
distance, with Chinese physicists recently
having clocked the speed as ‘at least 10,000
times faster than the speed of light.’ Despite
this not making much sense at all to the
casual follower of physics, it is one of the
characteristics that make quantum devices
so promising.

8
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Qubits are similar to the bits used in presentday computers, but can exist in a superposition
of states, being both a ‘0’ and a ‘1’ at the same
time. By linking these qubits, calculations
which would have otherwise been impossible
could theoretically be done very quickly. It
could
also
allow
for
super-secure
communication; an almost unbreakable
encryption key could be formed if the sender
and the receiver of a message both possess one
part of two pairs of entangled qubits.
Although entangling qubits at a distance
has been achieved before, the use of diamonds
chips is thought to be a better system for
scaling up, which has put it in pole-position
for use in quantum networks. Qubits in
diamonds are dependent on imperfections in
the carbon lattice; when nitrogen atoms
substitute for carbon atoms and appear next
to gaps or vacancies in the structure, a qubit
can be created based on the spin state of
electrons held in the gap.
Entangling qubits in separate diamond
pieces involves using lasers at a temperature
of 10 kelvin, and the process remains quite

inefficient, with entanglement only being
achieved once in every ten million attempts
(this sounds a lot, but equates to around once
every ten minutes).
One important goal in the field is to provide
the basis for so-called quantum repeaters,
which would make long-distance quantum
communications possible. Photon-based
entanglement fades after a few hundred
kilometers due to light absorption in fibreoptic cables, and boosting the signal destroys
the entanglement. But entangling chains of
quantum repeaters could link qubits over
longer distances.
Although ion and atom systems are more
advanced than diamond in terms of linking
close qubits for quantum computing,
diamond has distinct advantages for linking
remote processors in networks.. Unlike ions
trapped in high vacuum, qubits in diamond
can be maintained at room temperature,
because the material’s surrounding carbon
lattice shields them so well from stray
magnetic fields or vibrations that might
upset their superposition.
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ESO Image of the month

In Brief
Unleaded, diesel
or biofuel?

http://www.eso.org/public/images/helix003-cc/

The Eye of God
ESO’s Very Large Telescope recently captured
this image of the Helix Nebula, a large
planetary nebula located in the constellation
Aquarius. The object is around 700 light years

away, making it one of the closest to the
Earth of all the planetary nebulae. The Helix
Nebula has sometimes been referred to as the
‘Eye of God’ in pop culture.

Danish congress for
future healthcare
Plans by Denmark to spend €5.5
billion over the next ten years on the
construction of eight new hospitals have led
the Region of Southern Denmark to plan an
international congress to discuss methods
to ensure sustainable future healthcare
solutions through innovative private and
public partnerships.
“Hospital and Innovation Congress –
partnering for sustainable health care
design” will take place on 30th September
– 1st October, 2013 in Odense, Denmark,
and is open to all stakeholders interested
in establishing cross-border partnerships
between public and private stakeholders.
“This congress is an invitation to the
world to cooperate with us,” said regional
council chairman Carl Holst. “Together,

www.projectsmagazine.eu.com

we can create the
future of healthcare
services by changing the
way patients, physicians,
nurses, government and
industry innovate and implement
services and solutions. We want to
ensure that the starting point for our
planning concerning healthcare starts
with the latest solutions in healthcare
innovation.”
The congress programme will contain
contributions from Danish and international
keynote speakers, as well as interactive
workshops that will contribute to the
understanding of how to create a
healthcare system which ultimately focuses
on the individual patient’s needs.

A modified version of E. coli, created
using genes from the camphor
tree, soil bacteria and blue-green
algae, has produced biofuel that is
compatible with modern engines.
Until now, biofuels have been
composed of hydrocarbons of the
wrong size and shape, which have
required either modified engines
or an extra processing step to be
useable. But John Love and his
colleagues from the University of
Exeter have now created a system
that produces the very same fuel
sold by the oil industry.
Love believes that with a little
further genetic tweaking, the
bacteria could be modified to feed
on straw or animal-manure, which
would bypass the need to grow
feedstock that would otherwise be
used for food crops.. The research
also opens up the possibility of biomanufacturing petroleum-derived
chemicals, such as plastics, solvents
and detergents.

Do monkeys have
manners?
Wild vervet monkeys have been
shown to adopt the behavior
of others around them when in
an unfamiliar setting, much like
humans. The study involved two
groups of monkeys, each of which
were conditioned to eat one colour
of maize by making the other colour
taste foul. When males started
to migrate between the different
groups, however, researchers found
that nine out of the ten males who
moved to groups eating a different
coloured corn to the one they
were used to switched to the new
local norm immediately. “It may
make sense in nature, where the
knowledge of the locals is often the
best guide to what are the optimal
behaviours in their environment,”
says Professor Andrew Whiten.
The study has been hailed by
leading primate experts as rare
experimental proof of ‘cultural
transmission’ in wild primates.
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Statistical analysis by an international
research team, led by astronomers from the Max
Planck Institute for Radio Astronomy, have been
investigating an intriguing system that contains
a pulsar that weighs twice as much as the sun
and a white dwarf.
Pulsars are highly magnetized, rotating
neutron stars that are formed in the
aftermath of supernova explosions, and
this particular one, catchily named PSR
J0348+0432, is a truly extreme object. At
its surface, the pulsar has a gravitational
strength that is more than 300 billion times
stronger than that of Earth. In its centre,
more than one billion tons of matter is
squeezed into a volume of a sugar cube. Not

only this, but the whole thing is also rotating
faster than an industrial kitchen blender.
The pulsar and white dwarf, which
are separated by just 830,000km, were
discovered recently with the Green-Bank
radio telescope. Due to their proximity
to one another, the system is emitting a
significant number of gravitational waves,
and, according to the theory of general
relativity, this close distance should make the
orbital size and period shrink.
To verify this, however, the mass of both
of the objects must be known. This was done
using the ESO’s Very Large Telescope by
measuring changes in the light emitted from
the white dwarf caused by its motion around

the pulsar. “After a quick analysis, I realized
that the pulsar was a kind of heavyweight:
a mass twice that of the Sun, making it the
most massive neutron star we know about,”
said John Antoniadis, a member of the
research team.
With these masses, it is possible to
calculate the amount of energy taken away
from the system by gravitational waves,
causing the orbital period to shrink. “Our
radio observations with the Effelsberg and
Arecibo telescopes were so precise that, by
the end of 2012, we could already measure
a change of 8 microseconds per year in the
orbital period, exactly what Einstein’s theory
had predicted.”

Microscopic tools provide new biopsy technique

E

ngineers and physicians from
John Hopkins University have
devised a new way of performing
biopsies using swarms of tiny,
untethered devices, each as small as a
speck of dust. The devices, called ‘mugrippers’, which require no batteries and
are autonomously activated by body
heat, could provide a more effective way
of accessing narrow conduits in the body
as well as detecting early signs of cancer
and other diseases. The tiny devices can
be retrieved through existing body
openings via a magnetic catheter due to
the magnetic material they contain.
In a recent study, researchers described
their use of the mu-grippers to collect

10
02

cells from the colon and oesophagus of a
pig. One of the main advantages of the
method is that it provides a much larger
variety of samples than current
techniques allow. “Based on a small
sample, you can’t always draw accurate
inferences,” explains physician Florin
M. Selaru. “We could deploy hundreds
or even thousands of these grippers to
get more samples and a better idea of
what kind of or whether a disease is
present.”
The new technique could lead to an
entirely new approach to conducting
biopsies, and may be an important step
towards the future goal of making
surgical procedures non-invasive.
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Sea-squirt
solves
century-old
puzzle

The structure of vaterite,
an enigmatic mineral present
in cement, has finally been
elucidated thanks to the help of
a sea squirt. A team of scientists
from the Technion-Israel
Institute of Technology and the
University of Wisconsin-Madison
used the spicule, a tiny spike-like
structure present in the squirt
made up of the aforementioned
vaterite, to solve the puzzle. It
appears that vaterite is in fact
composed of two different
crystal structures that coexist
within a pseudo-single crystal.
“It was a total surprise, but at
the same time it made so much
sense knowing the years of
conflicting results from different
groups publishing on the
structure of vaterite,” says Boaz
Pokroy, a professor of materials
science and engineering.

Invisible ‘dark lightning’
linked to visible variety
Researchers have observed a
flash of ‘dark lightning’ immediately
preceding a normal flash of
lightning, sparking speculation
that the two phenomena may be
connected in some way, although
the exact nature of the relationship
between the two remains unclear
Dark lightning is the name for
bursts of gamma rays produced
during thunderstorms by extremely
fast moving electrons colliding
with air molecules, and it is the
most energetic radiation produced
naturally on Earth.
The observation that garnered
interest from space scientists at
the University of Bergen in Norway
appears to have been rather
fortuitous. In 2006, two independent
satellites - one equipped with an
optical detector and the other
carrying a gamma ray detector
- coincidentally flew within 300
kilometers of a Venezuelan storm as
a powerful lightning bolt exploded
within a thundercloud, but only

www.projectsmagazine.eu.com

recently were the two pieces of data
connected.
It is suspected that the strong
electric field that formed
immediately before the visible
lightning could have been the
trigger for the dark lightning. The
electric field may have caused a
cascade of electrons moving close
to the speed of light, which, when
they collided with air molecules,
could have generated gamma rays
and a strong radio pulse.
Dark and bright lightning may be
intrinsic processes in the discharge
of lightning, said space scientist
Nikolai Østgaard, but he stressed
that more research needs to be
done to elucidate the link.
“Dark lightning has remained a
perplexing phenomenon due to
scientific limitations and a dearth
of measurements,” he explained. “It
is a natural process that we were
completely unaware of before 1991.
But it is right above our heads,
which makes it very fascinating.”

In Brief
Tracking
gunfire with a
smartphone
Software for smartphones
that can pinpoint the location
of incoming gunfire using
triangulation has been developed
by computer engineers from
Vanderbilt University. Based on
research from the US Department
of Defense, in which microphones
on soldiers’ combat helmets
allowed for the origin of the
gunfire to be deciphered, the
smartphone software utilises
other smartphones in the vicinity
of the gunfire to carry out the
same function.
“It would be very valuable
for dignitary protection,” said
Kenneth Pence, a retired SWAT
officer and associate professor
of the practice of engineering
management who participated in
the project. “I’d also love to see
a version developed for police
squad cars. The sensor could be
made to inform headquarters
about a gunfight much faster
than a radio dispatcher could.”

Bath biologist
honoured
Dr Jean van den Elsen, a
structural biologist from the
University of Bath, has been
elected a Fellow of the Society
of Biology for his contribution
to the advancement of biological
sciences. His work has led to
a better understanding of the
interaction between innate and
adaptive immune systems, and
he has used this knowledge to
improve vaccines and therapies
for autoimmune diseases.
The Society of Biology is the
leading professional body for
biologists in the UK, which
aims to advise government and
influence policy, advance biology
education and engage and
encourage public interest in the
life sciences.

11

eHealth

Development through dialogue

Insight Publishers Ltd. has been working in the eHealth arena for many years and is a proud media
sponsor for eHealth Week, 2013, held in Dublin. Here Insight MD William Davis explores the notion
that although facing very different healthcare challenges, Ireland and South Africa should approach
eHealth implementation in the same way

Delegates at the eStrategies 2013 event in Cape Town, engaging in dialogue that will lead to eHealth implementation similar to that being
advocated in Ireland, where an eHealth Strategy document is currently being written by the Deaprtment of Health

12
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s Ireland looks to publish its eHealth Strategy in June
this year and have in place a regulatory framework
for health reform by the end of the year, it’s the
perfect time for the country to be hosting eHealth
Week, 2013 in Dublin.
The event, brings together industry, academia and public sector
decision makers involved in healthcare provision and ICT and, as
Ireland progresses with its programme of reform, it marks the
perfect opportunity for all these stakeholders to engage in the sort
of informed dialogue that Kevin Conlon, Head of ICT in the Irish
Department of Health, says is so badly needed now if the reform is
to be successful.
Of course, this sort of dialogue has been taking place all over the
world for many years now, with mixed success it has to be said, and
there are many who believe that the time has come for the talking to
stop and for implementation and action to begin. These people have
a point – the technology is developed, we all know what it can do
and so it’s time to make decisions and devise the systems, build the
architectures, train the staff and deliver
better healthcare. Would that were so simple!
Everyone involved in the provision of
healthcare services must look at what will
work best in their own country – what
systems already exist, how much is being
spent on ICT in healthcare, what are the
core areas of need and how can we ensure
patients are kept at the centre of any
solution? These are just some of the many
questions that must be asked and with the
answers, systems devised.
So Kevin Conlon is right to call for dialogue
in Ireland, particularly when there is a
legacy of failed ICT provision by government
and that the opportunity for the development
of an eHealth ecosystem that benefits the whole economy has been
identified as a driving force of the proposed reform.
It is not often that parallels between Ireland and South Africa can
be drawn, but I believe that in terms of the development of eHealth
there are some interesting areas of common ground from which both
countries can move forward.
At the heart of these similarities lies the recognition that ICT needs
to be a central force for change and at the centre of any health
reform. In Ireland and as Kevin Conlon states, reform will come
following clear direction from the Department of Health and that
this will be forthcoming soon in the form of an eHealth strategy
document. In South Africa, a National eHealth Strategy document
has already been published this year and, though any implementation
plans have not been forthcoming, there is acknowledgement across
the board that there is an opportunity to improve health care
dramatically by adopting better patient record systems and
maximising the potential the adoption of mobile technology across
the population gives health providers.
In Ireland, the support from government for placing ICT at the
heart of reform is, perhaps, a little more resolute than it is in South
Africa, where some politicians argue that the case for eHealth has
yet to be proved. Perhaps at the root of this mistrust in South Africa
lies another common feature of the two countries – the commonlyheld belief that money has been “thrown” at ICT by government
before and there has been little to show for it.
While this may be true of some notable development failures in
both countries, it would be a shame if this were to slow down the

pace of change, particularly in South Africa. A feeling of trust
between all stakeholders must be encouraged, and politicians must
all be prepared to work with the private sector in delivering the most
appropriate solutions at an affordable cost. As Kevin Conlon rightly
says in his interview, the time for pilots is over and decisions must
now be made in Ireland. The same is true of South Africa.
Of course, while the readiness for reform and the strategic approach
being adopted may be similar in both countries, it would be foolish
to suggest that Ireland and South Africa face the same health
challenges. South Africa, like all African nations, faces a far greater
critical disease burden, with the proliferation of disease like HIV/
Aids and TB demanding huge resources and very specific solutions
that don’t exist in Europe. Meanwhile, South Africa’s rural
population is largely disconnected in terms of the ICT infrastructure
and levels of eSkills are low compared to Ireland. Add to this the
very different picture that exists in terms of patient identity in the
two countries and you begin to see the very different solutions that
will be required.
But the common ground remains and that is
that ICT will help deliver better healthcare,
more efficiently at less cost in both countries.
It won’t be the same systems, but the process
will be the same and the need for governance
structures, architecture building, clinical
adoption and putting the patient at the centre
of any system are the same.
Perhaps the biggest lesson that South Africa
can learn from Ireland is the need for an
eHealth champion to help drive through the
changes needed and coordinate the right
conversations between stakeholders that lead
to real change.
eStrategies Africa is a programme Insight
has been helping coordinate for several years,
helping to bring all stakeholders together to deliver the change
needed to implement real eHealth solutions in African countries.
Most recently working in South Africa, eStrategies produced a
series of roadmaps for the continued development of eHealth in
South Africa. You can read these in a special online publication at
www.estrategies .co.za.
Insight will also be involved in eStrategies Tanzania, an event
being hosted in October this year by the Honorable Dr Seif Seleman
Rashid, Deputy Minister of Health and Social Welfare in the East
African country, where eHealth is a rapidly-rising priority in
government policy. The event, which will also be attended and
opened by Tanzania’s President,
will bring together public and
private
sector
stakeholders
involved in the provision of health
services and, through the sort of
dialogue advocated by Kevin
Conlon in Ireland, seek to speed up
implementation and delivery of
better eHealth solutions.

“As Kevin Conlon rightly
says in his interview, the
time for pilots is over
and decisions must now
be made in Ireland.
The same is true of
South Africa”
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For more information about the event
and how you can be involved, visit the
website www.estrategies.co.za or call
Chris Hull on +44 (0)1453 521 322 or
on +44 (0)776 355 1395. Email Chris
at chris.hull@zen.co.uk
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t would be hard to find a country in the world
where a healthcare system functioned without
any problem, where users, providers and
managers all agreed that things could not be any
better. Providing healthcare is a complex, costly and
ever-changing process, in which the battles against
disease, together with the care needs of patients, are
governed by what resources are available.
Advances in medical science and improving
diagnosis and treatments all help health providers and
patients, but one of the single biggest drivers of better
healthcare is ICT. Health information systems, mobile
health technology and telemedicine are all continuing
to change the way in which healthcare is delivered,
monitored and managed. Implementing an effective
eHealth strategy saves money and improves delivery
– and nowhere is this needed more than in Africa and
other developing parts of the world.
However, in many parts of the world the coordination
of strategic eHealth policy has been a fragmented
affair. Often, money invested in systems has been
wasted when they have failed to deliver on what they
have promised, and small, relatively successful pilot
schemes have been unable to roll out due to issues of
interoperability and lack of planning.
In many ways, South Africa has been at the forefront
of developing eHealth systems. There have been
notable success stories, such as in the Western Cape,
where a primary healthcare information system has
been developed and rolled out to all the primary
healthcare institutions. However, this development has
also been peppered with false starts, lack of coordinated
governance and a mistrust between the public sector
defining what is needed and the private sector
supplying the technology – are they simply supplying
technology or are they fulfilling that need?
Recently, however, there has been a determined
effort to drive forward the implementation of eHealth
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With the publication of the
National eHealth Strategy for
South Africa, the country now
has a framework for making
progress in the development of
better healthcare for all. But, as
Rosemary Foster, one of the
Strategy’s main architects,
points out in this exclusive
interview, it’s now time for
action – hard decisions need to
be taken and implementation
needs to take place.

solutions with the publication of the eHealth Strategy
by the Ministry of Health. It’s a document many have
been hoping for, as it seeks to provide a clear roadmap
for the creation of an integrated, national and patientcentric system that, ultimately, delivers better
healthcare within the cost constraints that still exist.
But for many, including Rosemary Foster, of the
Research and Innovation Platform at South Africa’s
Medical Research Council and one of the main
architects of the report, the publishing of the eHealth
strategy is only the first of many milestones.
“Now the National eHealth Strategy has been written,
agreed upon and published, we have to focus on how
the Strategy is going to be realised,” says Foster. “We
need to get on with an implementation plan and begin
to execute some of its recommendations.”
Foster is determined that action needs to happen
now, and that too much time isn’t lost between getting
the strategy out and achieving some early milestones,
as has happened before in South Africa. “We may lose
some of the momentum the Strategy has created unless
we act fast,” she says.
It’s a huge task, of course, and Foster not only urges
patience, but outlines some positive progress,
highlighting a project looking to develop a national
standards framework for interoperability. However,
she is still determined to ward off any complacency.
“On its own that project is not sufficient to get us
going,” she continues. “There are other things that
need to happen in parallel with that, such as the
development of enterprise architecture so we know
where we want to go and how we are going to get
there. We need to start spelling out specific
requirements, and by doing this alongside the
development of interoperability standards we can
really pick up momentum.”
Foster is clear about the simplicity of how this shift
in momentum can be achieved – and it is a view

“We need to
get more
people involved
in healthcare
in African
countries to
talk together”
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echoed by many others. “Decisions need to be made,”
she says emphatically. “The government needs to
determine how much money they have to spend and
then put it out to tender. Basically, it just needs a
decision about what we need to do and what our
priorities are.”
Foster is also a pragmatist, however, and is under no
illusion why delays in this process may occur. The
South African government has many other, pressing
priorities, after all, and with an election on the horizon
politicians may well be forgiven for having their eyes
on other priorities. “One thing is sure,” she says, “they
need more capacity in the Ministry so people can
actually take on this work and run with it.”
Dedicated staff working specifically on eHealth
implementation from within the Ministry is
something clearly identified in the National eHealth
Strategy document, but Foster is also determined to
involve all stakeholders in this process.
“The Ministry of Health recognises the need for this
involvement,” she says. “The Strategy has as a priority
the need to gather all stakeholders because in the past
that just hasn’t happened. Trust has been an issue.
The private sector vendor community is still obviously
keen to engage, but they have been waiting for
direction and the problem was that this direction was
not there,” she continues. “The Ministry of Health
now has to get to a point where they can say to the
vendor community, ‘this is our need, this is what we
want to achieve, these are our timescales; now what
are your solutions?’”
Foster is calling for positive action. “The easiest way
for all stakeholders to get together on this would be
through some form of association,” she says,
“although the situation at the moment is complicated
because of the length of time vendors have been
waiting for direction from the authorities. I believe
the private sector will have no problem in working
together – they just need the authorities on board
with them, and maybe if it happened it would be a
way of rebuilding that missing trust.”
Another area of trust that needs to be established is
that between the health authorities and the healthcare
users, and Foster believes there should now be a big
programme of education and reassurance.
“We need to involve the citizens as clients of any
eHealth system,” she explains. “In issues like patient
identification, it is critical that they are involved –
how are we going to identify them? Where are we
going to store their information? Reassurance is
needed, and it is something we should start to give
from these early stages because the national patient
master index is a transnational thing, so we are going
to have to work on it early on in the process.
“Thulani Masilela is a very competent individual
within the Ministry of Health, driving the
implementation of the eHealth strategy,” she
continues. “He is determined to keep eHealth high on
the ministry’s list of priorities.”
Aside from prioritising needs and establishing clear
direction from government, Foster also looks
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elsewhere in Africa and around the world for lessons
to learn and good practice to adopt.
“We need to get more people involved in healthcare
in African countries to talk together,” she says. “The
health ministry in Mozambique is a good example of
this. They have visited Cape Town twice recently to
learn from eHealth experiences in the Western Cape.
They are planning more visits, with a view to sharing
some of the lessons they have learnt and also learn
from what is being done here in South Africa.
“Solutions originating in Europe or the USA may
not be the best for an African country, but a solution
used in another African country may well be, so we
need ways of sharing information through
conferences and networking.
“Of course, all this does need the buy-in of the
ministries,” she continues. “I think there should be
more openness and a willingness to cooperate – and
again this comes down to a matter of priorities, and
at the moment these things are not a priority. It’s a
case of ‘we have our own problems’.”
Foster is a key player in the eStrategies conferences
held regularly in South Africa, and is now keen to
expand the attendance at these events to include
more stakeholders from around the developing
world who are looking at similar or complimentary
solutions and, of course, facing the same barriers
to development.
HELINA, the African Region of the International of
Medical Informatics Association, is one organisation
she would like to see involved, while representatives
from countries such as Ghana, Mozambique and
Rwanda, where great emphasis is being put on
eHealth development, should also be welcomed.
“But we also want people from beyond Africa, so we
can share other successes,” she says. “Even though
the models may not always be the same, we can
always learn more, while I would also like to learn
from other developing nations, like the Philippines
and Pakistan.
“At eStrategies, we need to avoid having just another
talkshop,” she continues. “We need people to set
achievable goals at the conference, whether it is to
work together, collaborate, share or develop
something. We need to keep acting on the things we
are talking about, and get people with sufficient
authority, such as minister of health, to agree upon
and set goals.
“There are a lot of challenges. We have the money.
It may not be as much as we’d like, but it is there.
Now we need to ensure that we have the political
will and the skill, expertise and the capacity to lead
this development.
“I remain optimistic,” she concludes. “South Africa
has achieved all kinds of wonderful things, so I don’t
see why we can’t do this as well. We just need to be
patient. These things don’t happen overnight. In the
past, we have had some grandiose plans for eHealth
that have not come to fruition, so we need to start
with humble plans and get the foundations down first
– and that is what I will be pushing for.”

“Now the
National eHealth
Strategy has
been written,
agreed upon and
published, we
have to focus on
how the Strategy
is going to be
realised”

★

15

FEATURE
Dr Brian Chicksen, VP, Safety and Health for Anglogold Ashanti, studied medicine at
the University of KwaZulu Natal and practised with the mining giant’s health subsidiary
for three years. Talk to him about healthcare now, however, and his focus is very much
on business and how corporations like his have a responsibility to improve healthcare
delivery and management in society at large by doing the things business does best strategic thinking, planned execution and effective measurement. But, he says, this is no
easy task, requiring joined up thinking and concerted action by all stakeholders, the
government, industry and healthcare users.

Healthcare as a value proposition

D

r Brian Chicksen started his career practicing medicine,
and did what any good clinician would do – treated his
patients and made them well again. While doing this as
head of internal medicine for Anglogold Ashanti Health’s West
Wits operation, he began to think of the broader picture in terms
of healthcare. By successfully treating a patient, he thought, it is
possible to have a big impact on that person’s life, but what about
health as a whole? What about creating a broader impact?
Consequently, he moved into management and, staying with
Anglogold Ashanti Health, he began to steer the company in the
direction of managing health risk and creating a clear value
proposition for providing better healthcare. After all, if you keep your
work force healthy, they work better; and if you treat them when they
are ill, they return to work quicker – all good business practice.
But that particular part of the value chain is only part of the story
as Chicksen now sees it. Business as an “organ of society” must, he
believes, contribute to the positive evolution and development of that
society as a whole. Of course, the more profit the business makes, the
more sustainable that proposition becomes, but, as Chicksen points
out, profit must not be its only motivation. “Business must always
look at the role it plays in the broader societal context,” he says.
For Chicksen, this is a central tenet of his role at Anglogold Ashanti,
as he embraces the idea that the company is about its people. In
providing good healthcare he is both recognising their worth and
also providing the measure for his value proposition. “There is mutual
value here,” he points out. “Business is both the recipient of a healthy
and productive workforce and a contributor to society in the fact its
workers are economically and socially productive.”
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In terms of how this healthcare is delivered and this mutual value
proposition maintained, Chicksen believes eHealth is crucial, and
he is a champion of its development on a national scale.
“If we look at eHealth,” he says, “we tend to focus on businesses
that have very specific technological capabilities, but we should
recognise that many businesses have many other core capabilities
that could be part of the contribution towards the provision of
healthcare. eHealth should not be seen in isolation of the broader
health context. Many innovations come from the eHealth space,
but in themselves those solutions don’t provide the complete
healthcare solution.
“For example, look at eHealth solutions for things like record
keeping and access to information so people can access better care
through mobile technology,” continues Chicksen,. “For these to
provide real value, they need to be backed up by many other
fundamental systems.
Chicksen explains this simple model by using an example of how
beer company SAB Miller applies its internal systems to a particular
societal need. As a very large company in South Africa, SAB Miller
has very sophisticated information systems developed to manage its
distribution network and procurement. One of its main strengths is
that it also has a huge footprint through powerful channels of
distribution – delivering beer to the remotest parts of the country.
In an arrangement with the South African Department of Health,
and using the support of the information systems it uses to make
these channels work, it started distributing condoms with its
delivery trucks, providing the government with a vital means of
distribution to meet a very real need.
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“They are not an IT company, they are not a health company; they
make beer,” says Chicksen. “We see a clear connection between
eHealth and a larger health objective and how a non-IT and nonhealth company can actually add value to the whole picture.
“There is a real connect between how an information system is
really valuable for business in terms of managing its own needs but
also how that same system can support some of the core aspects of
how we actually deliver healthcare. It’s a perfect example of how
business can actually be a contributor to society by reinforcing the
value we get from the eSpace.”
Of course, Anglogold Ashanti has also used eRelated technology
to drive internal performance, and Chicksen is proud of the fact
that because of this the company has many eHealth capabilities.
“We see technology as a key lever that we can put in place to
enhance our health performance.”
“We have a huge TB problem in the South African mining
industry, and if we are going to address this then we are going to
need an integrated programme,” he explains. “One of the
programmes we utilise when looking to prevent the transmission
of the disease is a medical surveillance programme, based on
risk. What are the occupations of the people more likely to
develop TB, and where do they live?
When we have that information, we set
up screening programmes.
“We used to use traditional X-Rays to do
this screening, which was inefficient, so
we made a strategic decision in 2005 to
adopt digital X-Ray technology, which
enhances the quality and efficiency of the
system,” he continues. “This enables
people to have the X-Ray on their way to
or from work as well as increasing our
storage capability, meaning we can both
store and share important health
information. We piloted this technology and proved the business
case in one of our occupational health centres, and were then able
to scale it to another centre and so on.
“We worked with the suppliers to work a way of getting the
machines on to flat-bed trucks so we could have a mobile screening
service,” continues Chicksen. “We then scheduled the trucks to go
to different mines or business units at certain times and scheduled
the people to be screened at the same time.
“This is a good example of how if you can understand how to
utilise the information systems you have and integrate technology,
then you can really drive performance and efficiency.”
Chicksen believes that using the systems you already have more
smartly so as to look after your work force more efficiently, is just
half the picture of how business should be involved in healthcare.
He also believes that this business proposition for improved
healthcare should be connected with the overall government
healthcare strategy – and again he champions the idea of collective
responsibility not only between both industry and the public
sector, but also within industry itself.
“Of course, there still needs to be a lot of thought into the
technical aspects of our eHealth strategy,” he says, “A single
company doing exceptional work is just not good enough.
Companies need to be working together as opposed to competing
with each other. In doing this, you build certain capabilities,
whether they are people capabilities, process capabilities or
technology capabilities, and you can then start leveraging off these
capabilities to create more value in the community, enhancing

access to healthcare. This means business is not doing things for
the public sector, but doing things with the public sector.”
While this idea seems relatively simple, a big question still
remains: how do companies like Anglogold Ashanti start
transferring their capabilities into the broader public healthcare
structures?
“I think we start by looking at our internal capabilities and then
develop more co-designed pilots involving the communities,
working within the national eHealth strategy and healthcare
framework,” he explains. “The national framework defines what
the broad societal need is and the government defines policy to
meet that need, so we need to support them in that.
“We need to find ways of working together at the operational
level to come up with the solutions and then pilot, test and
demonstrate success,” he continues. “I think by demonstrating
success, we can do two things – one, find the principles for scale,
and two, start using those successes to start informing the various
iterations of policy.”
Of course, South Africa is now at a pivotal moment for its
healthcare policy, with the publication of the National eHealth
Strategy by the Department of Health. Naturally, Chicksen applauds
this move and now calls for swift action in
integrating his business model into it to help
make it work.
“Firstly, we need to understand the
framework in which we have to work, and it
is the role of government to explain that,” he
says. “But the framework doesn’t necessarily
give us the tools to actually make it work, so
as business, we need to align to those
frameworks and then implement coherent
activities within our particular areas and
select pilots that extend beyond our own
work boundaries.
“We have to adhere to the principles outlined in the frameworks
and when we find things that don’t work or make sense we should
feed into the framework to help refine it.
“This is an ongoing, evolutionary challenge, a continuous process
of refinement, but key to its success is the need for agreement on a
collective goal, with commitment to learning and commitment to
acting that will drive the continuous improvement.”
While Chicksen’s call for collective agreement and cooperation
seems simple on the surface, he knows the possible pitfalls involved
in various stakeholders addressing the healthcare agenda from
different perspectives. “Each sector has a different perspective on
the situation and so each has its own solutions and this tends to
drive a more adversarial approach and this can be counterproductive,” he says. “What we need is for all the stakeholders to
work together and build trust.
“There are many different forums for this, but you have to choose
them carefully. I like the eStrategies Forum approach because it
forces people to be around the table, having the conversation and
building trust. Whilst I am interested in some of the ideas that are
discussed at a technological level, my main interest is that we are
actually having the conversation with the right stakeholders.
“We are all in the same boat,” Chicksen concludes. “It is not a
government problem, an industry problem or a societal problem – it
is a common challenge and we need to reach a common
understanding of that problem and then all bring our relative
strengths to the table to solve it. Once we have done that, we must
commit to action.”

“If we look at eHealth, we
tend to focus on
businesses that have very
specific technological
capabilities”
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eHealth

With the care and health sectors pushed for resources as it is, people are looking to technology of the future
to provide answers. WellTogether is a new IT solution that provides seamless remote interactions between
patients, families and care workers, paving the way for the next step in healthcare.
need for controlled self-monitoring that
doesn’t leave patients feeling disconnected
or abandoned.
New approaches in this field need to be
accepted not only by the care workers that
will rely on them for their job, but also the
older individuals who aren’t ‘digital
natives’, who need to feel totally
comfortable with any system put in place.
Efforts to create systems in which, for
instance, people can monitor their own
blood pressure have been made, but the
results have all too often been unwieldy
and expensive. “There have been a lot of
failed pilots in the care-at-home sector,”
says Gus Desbarats, project coordinator.
“The potential to improve the quality of
life and reduce the care cost of patients is
there, but as yet nobody has harnessed the
technology in the right way to encourage
new behaviours.”

Seamless

Connected Care
The ageing population is no small
problem. With forecasts predicting a huge
increase in the number of people over 65 in
Europe over the next two decades, the
proportion of people who require some
level of care is consequently rising. With
the current systems in place, we are
heading towards a critical point at which
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there simply won’t be enough resources,
personnel or space to provide the quality of
service that people have come to expect.
Technology
that
facilitates
remote
healthcare is one solution to this
conundrum. There is a need for people to
be able to care for each other without
having to be in the same room, as well as a

Introducing a New Approach

WellTogether is a new service support
solution designed to enable the next
generation of higher quality connected
care that will be needed to accelerate
adoption and convergence in telecare and
teleheath. The platform consists of a range
of care portals, each carefully tailored to
the individual or group using it. The
portals communicate smartly and securely
with each other and share common access
to information and services held securely
on the internet according to a user selected
hosting strategy. This includes libraries of
approved tests and trusted services.
“The product is like a secure social
network for older people and the care
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groups that support them,” explains
Desbarats. “The person in need of care has
a tablet computer which has been designed
with lots of user input that makes it
incredibly intuitive to use. On this tablet,
there are areas for measuring health,
communicating via text or video, as well
as information and service areas.”
“The information from this tablet can
then also be monitored by selected family
and friends or from their own computers.
Carers can see the status of the person
they are concerned about, receive alerts
on things they have selected to monitor
and push messages communicate. This is
all done on a virtual private network, or
VPN, meaning that any sensitive
information is kept within the confines of
those invited into the network.”
Working alongside care operators, a
range of care management portals have
also been developed. These allow care
operators to effectively build their own
processes for remote care and in-person
care management. Professionals can create
and manage tests, assessments and care
plans that are fully customized for every
care recipient. Service delivery portals
help the carers on their rounds and
automatically confirm that plans are being
properly implemented
The system’s flexibility means that it can
be used in a variety of different situations.
For instance, in care homes it is necessary
for care workers to have signed consent for
everything they do with their patients. This
can lead to unmanageable amounts of
paperwork, which is not only difficult to
keep track of but can detract from the
amount of time spent caring for the patient.
The WellTogether system allows for all of
this to be digitised, saving valuable time
that can be spent providing real care.
As well as care operators, health
organisations will be able to use
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“What we want to achieve is to allow
these organisations to make decisions that
allow them to function at a higher level
while still providing the same quality of
care. This is achieved by getting people to
self-assess and manage their own health in
a controlled way.”
Designed to Empathise

“The product is like a
secure social network
for older people and
the care groups that
support them”
WellTogether to offer chronically ill
patients a new mix of in-home selfmanagement and remote supervision to
prevent the acute episodes that accelerate
the spiral of increased dependency.
“Hospitals will also find that it is a vital
tool for freeing up valuable bed space,” says
Desbarats. “For instance, you could
configure the tablet to do an infection
monitoring test. The patient could take
daily photos of their post-operative wound
from home, and then send them to their
doctor who could check for infection.

Desbarats believes that one of the main
problems with similar projects in the past
has been the lack of consumer-level
usability, something that he hopes has been
counteracted by taking a new approach
from the beginning. The two main partners
behind the project are a commercial team of
design professionals and a medical software
company, setting them apart from previous
care-at-home projects which have generally
been academically or technologically led.
“My company does something known as
experience led design,” says Desbarats. “We
help companies innovate from the
perspective of human behavior , guiding
them in how to deploy and present
technology so that people actually use it. A
big part of this is what is called inclusive
design, which in this case means creating
products and services that address the
detailed practical needs of older people, but
doing this in a totally non-patronising way
that can have a broad mass appeal. A good
example of this is our ‘Freestyle’ Big Button
cordless phones for BT which are also
among the UK’s top 10 best-sellers.
“Because we were working with young
designers, it was especially important to
adopt certain techniques that involve the
users in the design process. When you don’t
take these measures, you run the risk of
alienating the people who need the
technology the most.”
Meeting with care workers as well as
potential service users was the initial step in
this design process. “From talking with these
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At a glance
Project Information
Project Title:
InclusionSociety: Improving
usability of the municipal health
services and open up access to the
self- serve society (trade branding:
WellTogether)
Project Objective:
Overcome the known barriers
to adoption of assisting living
technologies by applying experience
led design methods to create a highly
usable, flexible, secure and affordable
cloud-service-platform connecting
older people with family, friends, &
other professional care services and
enable a seamless transition from
self management of wellbeing to
managed care.
Project Duration and Timing:
30 Months – Ending Feb 2013.
people and engaging with them, we were
able to find out what their ideal scenarios
would be, and from these first meetings it
became clear that the tablet was the prefered
main device type for older users, but care
professionals would need access via a range
of devices. ” says Desbarats.
After this, creating user interfaces
tailored for each audience was the next
big challenge. For the Homepad Tablet
design, one particularly interesting
method, designed to create a better

“We think technology should
be something that is working
silently in the background,
supporting everyone seamlessly
in a way that allows care to be
provided at a greater level”
understanding of how the service users
would interact with the pad, involved the
designers wearing impairment simulation
tools such as dark glasses and movementimpairing gloves. This helped them
experience what it was like to be partially
sighted or have arthritis, inspiring a
process of creating an easy-to-use
interface for people with those conditions.
“We like to say that usability is something
you achieve one click at a time. Our aim is

20

to make sure that people can guess what to
do, or feel confident enough to try
something new and learn. In fact ‘no
clicks’ is the ideal way to get older users
engaged: within the system we use a lot of
push and remote access functionality so
that carers can ‘just make stuff happen’ on
the homepad screens.
Caring for the future

The flexibility of WellTogether makes it a
sound investment for care funding bodies, as
the system lends itself to adapting to new
situations as the need for care in a patient
grows. It also means that the person
receiving care remains with the tablet
computer no matter what stage of care they
are at, providing a consistent point of contact
that will put them at ease with the evolving
situation.
The ‘software as service’
commercial models and use of existing mass
market hardware help to overcome many of
the existing funding barriers.
“The ultimate aim of WellTogether is to
introduce technology into the care and health
sector in a way that pleases all stakeholders,”
says Desbarats. “We think technology should
be something that is working silently in the
background, supporting everyone seamlessly
in a way that allows care to be provided at a
greater level.”
The system will be available for
commercial trial installations in September
and the WellTogether team welcomes
inquiries from potential partners with
sensors or content for which we can provide
a channel to market.

Project Funding:
AAL Eur – 810497 (50% or partner
investment)
Project Partners:
• Hospital Organiser AS (Norway)
• Alloy: Experience Led Design (UK)

Main Contact:

Gus Desbarats

28 years designing award-winning,
commercially-successful, innovation
for global brands used by millions of
consumers. Gus has a leading global
reputation in the field of design
especially inclusive IT/communication
in assisted-living and internet-ofthings applications. He recently
chaired the ‘lifestyle’ committee which
set the experience-led goals for TSB’s
dallas project.

Contact:

Tel: +44 1252 712000
Email: gus@thealloy.com
Web: www.thealloy.com
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Kevin Conlon, Ireland’s head of ICT in
the Department of Health, is determined
to maximise the opportunities ICT in
healthcare brings to his country. In an
exclusive interview with William Davis
he argues that, while Ireland may have
fallen behind many other countries in
terms of eHealth implementation, the
fact that it is now about to drive
forward its own reforms, will bring huge
benefits to both the standard of
healthcare available to all citizens as well
as to the Irish economy as a whole

Ireland is open for eHealth business

W

hen Kevin Conlon, the head of ICT
at
the
Irish
Government’s
Department of Health, talks about
the development of effective
eHealth implementations in Ireland, he is the
first to admit that his countr y is somewhat
“behind the cur ve” compared to other EU member
states and other countries around the world.
There are many and complex reasons why this
should be the case, of course, but it is a situation
that doesn’t phase him and one he sees as a great
opportunity to put in place systems and structures
that can transform healthcare dramatically, as
well as bring some badly-needed economic
prosperity to the countr y.
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“I think it is widely accepted now that the
opportunities for ICT in healthcare are enormous,
particularly in Ireland,” he says. “We have an
ambitious health reform process in place and it is
well understood that we are not going to reform
our health systems without ICT so I think there is a
new awareness at all levels that this is a huge
opportunity.”
As well as this awareness at the levels that ICT is
central to any reform, Conlon also believes there is
also now an expectation by the Irish public that
healthcare should be accessed very much in the same
way that we access other services, like travel, hotels
and eCommerce. At the same time, he believes that
this “push and pull” for eHealth development presents
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Ireland with a substantial economic opportunity,
with the ICT industry at the heart of bringing renewed
prosperity to the country’s rather deflated economy.
He calls this the eHealth ecosystem, an approach that
involves the link between eHealth transforming
healthcare as well as how the development of eHealth
solutions can be a stimulus for economic growth.
But Conlon is nothing if not pragmatic and he fully
understands that nothing much will happen in terms
of reform without direction and a clear and effective
strategic roadmap. “Before any significant development
can take place, people are waiting for a signal from my
own department,” he says and this is why he is
currently drafting an eHealth strategy that will map
out what basic building blocks that he believes are
needed.
“We have a Health Information bill that will set a
regulatory framework for a lot of what we want to do,”
he continues, “and that will highlight the importance
of having organisational, professional and patient
identifiers in place to guide the strategy. We hope to
have this bill published before the end of this year and
we hope that by the end of June we will have our
eHealth strategy out and this will be a rallying cry for
the sector.”
Conlon believes this will be a rallying cry for the
whole economy and stresses that the eHealth strategy
will make clear that these opportunities are not just
there for the healthcare system but for the economy as
a whole – the ecosystem approach. “Ireland is a major
player in both the pharmaceutical and ICT industries,”
he points out. “We have all the major players based in
Ireland so we see that if we do this right we can place
eHealth on the level of development that other ICT
projects currently enjoy.”
Of course, this is not a particularly new viewpoint
and there are many examples around the world where
countries are much further along this reform process
and already enjoying the ecosystem successes Conlon
is hoping Ireland can. So why is Ireland not further
along in this development process?
“I don’t think we ever got the traction with the
initial investment,” he explains. “As I understand it,
most of the advanced healthcare systems around the
world are investing between two and three per cent
of their overall health spend on ICT. In Ireland the
figure is less than one per cent, at around 0.85 per
cent. We just haven’t got the base figure in place.
“Having said that, we have many islands of
excellence and some very good adopters of ICT
systems, but that fact that we lack a legislative
framework has created a lot of doubt about what you
could and couldn’t do in the health information
environment. I also think that another obstacle was a
feeling in some quarters that some ICT projects in the
Government sector did not deliver as expected.
“These created a difficult PR environment for
government IT,” Conlon admits.
“By and large, there has been a lack of understanding
of what the opportunities are in terms of ICT and
health up to now, which has slowed down any
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developments. We are currently undergoing a major
reform of the health system so we now have the
opportunity to build into that reform the ICT enablers
that we need. In fact, you could argue that we can’t do
the reform until we have the ICT to back it up.”
Conlon is clear about the health model he sees Ireland
moving towards, one from a model that is a mix of the
public and private sectors to a model where money
follows the patients and there is universal health
insurance. It is ambitious and will have farreaching impact as this Dutch-style
model will mean that every
institution and organisation
involved in healthcare
will need to do their
business in a different
way
business
processes will need
to be examined to
embed the new
processes and new
ways of supporting
those processes with ICT
will need to be developed.
“This is an opportune moment for
this because a lot of what we are talking about in terms
of the treatment of patients in this kind of way has now
become mainstream in much of Europe, so it is not as
if we are being hugely adventurous,” says Conlon. “It’s
just that the time is right to be doing this now and it’s
opportune because of the reforms taking place anyway.
“I think the main challenge for us now is getting the
infrastructure right and then the support systems in
place as well as GPs on board and our hospitals up to
specification,” he concludes.

Kevin Conlon

Conlon is firmly of the mind that all health
stakeholders will need to be involved in his ICTbacked health reforms, and is happy to look at
examples around the world where this approach has
been successful, again citing how viewing health as
an ecosystem can stimulate this involvement at all
levels.
“We are interested in areas where they have
developed an ecosystem approach to eHealth as they
have done in Catelonia, Finland, Manchester in the
UK and in Northern Ireland,” he says.
“What’s attractive about this is that it engages with
all the stakeholders involved in healthcare and not
just the clinical side – it’s industry, patients,
academics and the public sector and it creates a
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dialogue about healthcare needs
and outcomes, that in turn
stimulates development.
“It is a model that encourages
collaborative
working,”
he
continues. “So I think the critical
thing to do now in Ireland is to encourage
this dialogue and be honest and come out and state
that we have many problems – healthcare is such a
complex area.
“If you look at a problem you have in the area of
community care, for example, you have to engage
with the GPs in the area, with the acute hospitals,
social workers, community care workers and to put
the patient at the heart of any solution, which is what
we want to do, you have to then organise a lot of
different services. So while people expect healthcare
services to be a simple as booking a flight or a hotel
online, it’s not quite that easy!
“So I see a good way forward would be to get all
these stakeholders involved in dialogue, defining
what they see as the problem and engaging with them
to assure them that they can be involved in being the
architects of any solutions. And this brings a dynamic
to the development that has been missing until now.”
With this approach, it would appear that Ireland is
in a very good position in terms of starting this
process of development. The technology is there, it
works and there are many examples of successful
implementation from around the world. Work is
needed on the deployment of individual healthcare
systems and the improvements in end-to-end
processes and redesigns, but Conlon believes this will
be straightforward.
Where Conlon sees that a major effort and a big
change in thinking are needed is in the engagement
of all stakeholders. “What we need is the engagement
of the clinicians, the nurses, the GPs and the patients,
all working together,” he emphasises. “It is
collaborative work that is needed, developing shared
care systems, so it’s not a one-to-one relationship, it’s
also a longitudinal relationship that we are trying to
devise as well.”
Conlon explains this relationship: “Patients don’t
just go for a two-week stay in a hospital like they do
on holiday. There is a long process of diagnosis before
they go into hospital and a long process of treatment
and aftercare when they come out. And in the case of
chronic disease, there is often a lifetime of care and
support needed. It is building up these long-term
linkages that is the challenge we are facing.
“When we talk about the ecosystem approach,” he
continues, “then industry is obviously a vital part of
this ecosystem. No one vendor or one supplier is going
to solve all the problems. I think that many of the
innovations that are taking place, many of the mobile
solutions and the advances in primary care, are often
driven by small innovators and small companies but
these people don’t have the marketing resources
available to them that the larger players have so that
is why we want an ecosystem that involves all
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industry stakeholders and the health workers,
patients, academia and public sector, all working
together. It’s a major piece of work, but we think it
can work.
“There is a lot of work to be done in understanding
how community care and social work etc interact
with patients and as there is no one solution, the
vendors have to work with each other and address
the interoperability challenge that inevitably
follows,” he continues.
“We have to get a common language developed for
eHealth but I think now is the time to do this and
that people understand that it’s not just going to
happen without a lot of hard graft. It’s not just a
question or rolling out mobile apps or eHealth
systems, it’s going to take a lot of discussion and the
building of the right architecture.
“The time for pilots is gone... we know this all
works and we now need to get people using the
systems. The process is the key tool for all this.”
If one thing is clear after Conlon’s assessment of
the Irish eHealth opportunities, it is that the country
is open for business in terms of the deployment of
eHealth and healthcare ICT and it is clear that the
government is looking for a new engagement and is
serious about moving forward.

“We want to demonstrate that the enablers are all
in place and that we open for the business of
engagement for eHealth and open for reform,”
concludes Conlon.
“We may not have a lot of money for all this, but we
want to put the building blocks in place and we will
be investing across a broad range of solutions. It’s all
about engaging with stakeholders. It’s not just a
question of throwing money at the problem. We tried
that before and it didn’t work and the moment for
that has now passed.
“We have a unique opportunity to get it right now
because we now have significant evidence of what
works and what doesn’t work so in so many ways we
are doing this at the right time.”

★
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eHealth
- Enabling better care delivery for older people
María Iglesia Gomez is head of unit in European
Commission’s Directorate General for Health and
Consumers, responsible for innovation in these areas.
She manages the development and implementation of
the European Innovation Partnership on Active and
Healthy Ageing that fosters eHealth as an enabler for
better health and quality of life of older people

A

s a consequence of low birth rates and increased longevity
rates right across Europe, over the next two decades the
number of Europeans aged over 65 is expected to rise by 30
per cent, from 87 million in 2010 to 124 million in 2030 .
The progressive shift towards an older population, who are more
likely to develop chronic illnesses and need more care and advanced
treatments, puts pressure on social and health care budgets, already
scarce in the current negative fiscal environment. In order to
mitigate the aged-related challenges, the European Commission
seeks to support cost-effective and innovative ways to make care
systems sustainable and respond to the needs of older people. One of
the Commission’s initiatives is the European Innovation Partnership
on Active and Healthy Ageing (‘The Partnership’) that mobilises
multiple stakeholders in putting forward innovative solutions to
meet the needs of ageing societies.
Proper adherence to medical plans and treatment, fall prevention,
more personalised, patient-centred care, independent living or
increasing the possibility of carrying out regular check-ups from
home, are some of needs older people have when developing chronic
conditions. Whether complex or simple, these demands are all
potential candidates for innovative solutions and this is where
eHealth comes into play. eHealth can provide initiatives and tools to
contribute to making healthcare better and more responsive and
enable people to become more active participants in the care and
services they receive.
Within the Partnership, stakeholders are encouraged to take
advantage of existing potential in ICT that can support the
modernisation and transformation of the delivery of care and
services in response to current challenges and care needs. For
example, the Partnership promotes initiatives to make it easier for
older people to liaise with their doctors on line and access and
interact with their health records electronically. eHealth also helps
inform and support people in their own homes so they can better
manage and maintain their own health and, if ill, better control their
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illness to live more independently as well as comply with their often
complex medication regimens.
eHealth can succeed if it is used as a facilitator rather than a tool
to achieve the Partnership’s objectives. It can indeed help improve
the quality, safety and effectiveness of care, making care systems
more sustainable and efficient. According to findings from a
preliminary evaluation of the UK’s large-scale demonstration
project released in 2012, tele-health and telecare services, if used
smartly and correctly, can bring a reduction in hospitalisation
admissions by up to 20 per cent as well as significant decrease in
mortality rates of up to 45 per cent .
On the basis of the potential of eHealth and its benefits for all, the
Partnership seeks to make a substantial contribution to the process of
development and deployment of its solutions for citizens across
Europe. By working in an EU-wide partnership based on collaborative
innovation, the committed stakeholders can mobilise new approaches,
such as the large-scale procurement of innovative solutions for older
people. This will benefit not only our health and care systems by
increasing their efficiency, but also lead to a better quality of life for
our citizens and, as Europe takes a global lead in this process, create
new growth and job opportunities in the EU as well.

★

2012 Ageing Report: Economic and budgetary projections for the 27 EU
Member States (2010-2060)
http://www.nuffieldtrust.org.uk/our-work/projects/impact-telehealth-andtelecare-evaluation-whole-system-demonstrator-project

An example of commitment related to
eHealth tools
In its commitment ‘Using mobile technology’, the Department
of Health, Social Services and Public Safety Northern Ireland
intends to have patients’ medication history uploaded onto
their mobile phones. Reminders are sent to them every time a
medicine is required. The mobile phone issues weekly reporting
to the patient’s GP/pharmacist so that on-going monitoring can
take place. Should adherence fall below an acceptable level, the
pharmacist contacts the patient and identifies any particular
issues with the medicines regimen, e.g. side-effects, supply
issues or administration issues. The pharmacist will reinforce
positive messages regarding medicines’ adherence and act
as a hub between social carers, the prescriber and formal
and informal carers to ensure the right level of support and
management is available to the patient.

Can we live forever? Turn to page 78 to find out...
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Focus on

switzerland

Switzerland ranks among the top
ten countries in the world for R&D
expenditures, and as such has a fully
deserved reputation for producing large
amounts of high quality research. In
this section, we take a closer look at a
selection of work currently being carried
out in the country, and also look at what
conditions are needed to create such a
knowledge-based economy.

Swiss

A compound that can seek out, mark and destroy cancer cells simulatiously, and a molecular probe that can
accurately and non-invasively lable the mass of functional beta-cells in the pancreas – these are just two examples
of compounds that Norbert Lange and his colleagues from the University of Geneva were tasked to create

Seeing is curing:
New compounds for
diagnostic imaging
“Our research is based around finding
new molecules for use in diagnostics,”
explains Norbert Lange. “Our initial focus
is on optical methods, as they are generally
the easiest to implement in preexperimentations but can easily adapted to
a clinical setting. What we do is always
applied science. We prefer to work closely
with clinicians who have expressed a
clinical need for a diagnostic tool or a
solution to a specific problem for the benefit
of their patients.”
One of the main tools that Lange and his
colleagues have worked on developing is
26

molecules that fluoresce. These molecules
can be used in a variety of different
diagnostic situations, from labelling cancer
cells so that they can be more easily
removed by surgeons or to adapt a
treatment strategy based on fluorescence
images. These optical methods offer a far
higher resolution than can be attained with
other imaging methods. Already around a
thousand cells can be detected in real time.
As well as being useful diagnostic tools,
these molecules have properties that allow
them to be part of the therapeutic process,
as Lange explains: “Many of the optical

agents we have developed are also
photosensitisers, meaning that upon
irradiation they will interact with
molecular oxygen to form reactive oxygen
species, which can be used to selectively
destroy the cells around the agent. For
example, if we have an agent that is
designed to accumulate around tumours,
we can then activate it to try and destroy
the cancerous cells.”
This process of locating and destroying
pathologies using nontoxic light-sensitive
compounds is known as photodynamic
therapy. One of the molecules developed for
this purpose is based upon a prodrug
family called aminolevulinic acid (5-ALA).
These molecules are converted by
metabolically over-active cells such as
cancer cells into protoporphyrin IX, the
penultimate precursor to haem in haem
biosynthesis, and the only molecule in this
process which is fluorescent. “The problem
we faced was that although this 5-ALA
could obviously be used for fluorescence
detection, it did not pass through biological
membranes easily, and so could not pass
into cells unaided. Therefore, fluorescence
was weak and fading,” says Lange.
“What we did was to modify
aminolevulinic acid into a more lipophilic
version of itself that could be easily taken
up by cells but could still also be converted
into the photoactive porphyrins. This
modified molecule is now available on the
market in the US and in Europe as an
improved method of detecting bladder
cancer.”
A more recent aspect of Lange’s work has
been the development of new contrast
agents – substances used to enhance the
contrast of structures or fluids within the
body – that can be used to determine the
functional beta cell mass in the pancreas.
The primary function of beta cells is to
produce and release insulin, and so betacell mass can be used as an indicator for
monitoring diabetes and its treatment.
“The reason we developed these agents is
due to the anticipated influx in novel stem
cell based therapeutic approaches to types
1 and 2 diabetes,” says Lange. “It is
currently not possible to follow the
progress of these patients non-invasively,
and it would be detrimental to the patients
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Restored Photoactivity

Enzymatic Digestion

At a glance
Project Information
Project Title:
Peptidic Scaffolds for Targeted Delivery
of Protease-Sensitive Photosensitizer
Prodrugs in Photodynamic Therapy
Project Objective:
To selectively deliver fluorescent and
photodynamic agents to cancer cells
through proteolytic activation.
Project Duration and Timing:
36 months
Project Funding:
Swiss National Science Foundation

Principle of protease mediated fluorescence detection and photodynamic
therapy prodrugs. Multiple copies of a photosensitizer peptide conjugate are
tethered to a polymeric carrier. Due to strong energy transfer upon irradiation
with light between the photosensitizer units no fluorescence or photodynamic
effect can occur. Upon encounter of a protease that recognizes the peptide
sequence and digests it the photosensitizer is released from its polymeric carrier
thus restoring fluorescence and photodynamic activity.
to remove the beta cell mass to assess its
cell imaging to the point of beginning
functionality. We hope that these
clinical trials, offering hope for many
contrast agents can provide a way of
diabetes sufferers around the world.
seeing whether these cell-based therapies
In another very new project, researchers
are working or not.”
have developed photosensitive agents that
Designing
these
react in the presence of
molecules to perform the
proteases. “These molecules
desired function is often
are administered into the
only half the problem.
body in an optically silent
“We hope that
“Molecular probes that
state in which they don’t
are used to monitor
fluoresce or affect the body
these contrast
patients iteratively need
in any way,” explains
agents can provide Lange. “However, as soon
to be non-toxic, and
contrast agents need to
as they encounter certain
a way of seeing
leave the body so that
proteases that are known to
whether these
change can be observed
be over-expressed in cancer
over time – for example,
cells, they become optically
cell-based
if the contrast agent were
active. We hope to use these
therapies are
to accumulate next to the
for the treatment and
functional beta cell mass
detection of all types of
working or not”
and remain there, it
cancer in the future.”
would be impossible to
The need for even more
tell whether it was there from the present
precise and effective tools for detecting,
injection or from a previous one.”
monitoring and combatting illnesses such
This research is part of a large European
as cancer and diabetes is ever present,
project which is funded not only by the
and so the work being carried out by
Swiss Science Foundation, but also by the
these scientists will not only help to
FP7 programme, under the names IMIDIA
provide better healthcare for the patients
and ‘Beta Image’. The latter is a 54-monthof today, but will continue to do so in the
long project, which ends in March 2013,
future for as long as their work
hoping to bring this new method of betacontinues.
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Project Partners:
• Paolo Meda (Geneva’s University
Hospital)
• Nathalie Busso (Lausanne’s University
Hospital)
• Hans Acha Orbea (University of
Lausanne)

Main Contact:

Norbet Lange

Norbert Lange is a faculty member at
the School of Pharmaceutical Sciences at
University of Geneva, and a course of a
continuing education program of Harvard
Medical School. The work of his group
is devoted to the development of new
compounds and their formulation for
their use in photodynamic therapy and
molecular imaging. Following his PhD
in Physical Chemistry obtained from the
University of Göttingen (Germany) in 1995,
he became interested in the use of light
for the diagnosis and treatment of diseases
and joined Hubert van den Bergh’s group
in Lausanne. There he was implicated in the
synthesis, clinical testing, and development
of 5-ALA derivatives. Since then, Norbert
Lange has extended his research into many
fields of biophotonics. His research group
is interested in the development of new
concepts in photodynamic therapy, new
in vivo and in vitro models, formulation of
drugs, the use of nanoparticle technologies
in PDT and fluorescence diagnosis, as well as
molecular imaging in a clinical context.

Contact:

Tel: +41 22 379 3335
Email: Norbert.Lange@unige.ch
Web: http://epgl.unige.ch/pharm/en/
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Almost every important chemical reaction, whether it is for industrial, medical or other applications, involves
what is called a catalyst. Although these essential substances are not themselves consumed by the reaction,
they can significantly change the rate at which the reaction occurs, or even make possible reactions that were
previously impossible. However, these catalysts are often made of very precious or rare elements, and so
researchers from Lausanne have been working on creating new catalysts out of more readily available materials.

Creating Catalysts
“In our laboratory

we are interested in
developing catalysts for two applications,”
says Professor Xile Hu of the Laboratory of
Inorganic Synthesis and Catalysis at the
Ecole Polytechnique Fédérale de Lausanne
(EPFL). “The first of these is related to the
synthesis and preparation of functional
molecules that can be used in medicines,
materials and pharmaceuticals. The other
application is related to energy storage, in
that we are trying to develop catalysts that

28

store energy from sunlight in the form of
chemical fuels.”
One of the main priorities of the work
carried out by Hu and his colleagues is
using what are known as earth-abundant
elements when creating their catalysts.
Many catalysts already exist for all kinds
of reactions, but at present the majority of
them are based upon precious metals such
as platinum group metals. By focusing on
using earth-abundant elements, catalysts

that are cheaper, more readily available and
that have a smaller environmental impact
can be created.
“One thing that we have created is a
nickel-based catalyst,” says Hu. “This
catalyst is a very well defined compound;
we know its composition, we know its
structure, and we know how it reacts with
other chemicals. This complex is very good
at making carbon-carbon bonds, and this
provides us with a way of making many
different complex molecules, using what we
call cross-coupling reactions.”
“Our speciality is doing these crosscoupling reactions on a group of chemicals
called alkyl halides. These substrates have
what are known as sp3 hybridised carbon
fragments, and these are very difficult
substrates to carry out cross-coupling
reactions on due to a side reaction that is
called beta-hydrogen elimination. What we
have done is to create catalysts that are able
to suppress this kind of hydrogen
elimination, and we can use these catalysts
for cross coupling reactions in many
different reactions which were previously
very difficult to achieve. We have carried
out a lot of these reactions as examples of
what can be done with our catalysts, and
have created a fairly comprehensive list of
the different ways that they can be used.
The catalysts are now commercially
available, and we have had orders from
more than 30 companies who want to try
them out.”
As well as their research into making
chemical synthesis more efficient, which
utilises both organic and inorganic
chemistry, Hu and his colleagues have
another programme related to energy
storage in the form of hydrogen. This side of
their work involves electrochemistry and
materials
chemistry,
and
so
the
multidisciplinary aspect of their work is
really highlighted by the difference in these
two projects.
“Solar energy is for obvious reasons an
intermittent source of energy. You can
capture energy from the sun during the
day, but not by night,” explains Hu. “It is
also very diffusive, meaning that the
intensity for a given surface area is actually
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quite low; you could not, for example, run
and postdocs working in the laboratory.
a car using just a solar cell. Therefore, what
They are taught how to design and create
we need to try and do is to find a way to
the catalysts, and then are guided to analyse
store solar energy so that when the sun is
the performance of their creations and have
not shining, we can still use it. Chemical
discussions on whether their catalysts are
fuels are a good place to start, because their
working as well as they should, and if not,
energy intensity is very high, and so far
how they can improve them. “A lot of the
hydrogen is the main chemical fuel that we
time we are looking at what we call
have been working with.”
structure activity study, which helps our
To make hydrogen from water using
students to rationally understand what is
electrolysis, catalysts
going on,” explains Hu.
are essential. If one
“We also spend much of
does not use catalysts,
our time on helping the
too much energy will
students understand how
“Solar energy is for
be lost and the
they can improve the
obvious reasons an
inefficiency of the
design of their catalysts if
reaction makes the
intermittent source of they are not working.”
process unviable. Hu
Despite all of these
energy. You can
and his colleagues
different areas of focus,
capture energy from there are many more areas
realised
that,
at
present,
the
best
of research lined up for
the sun during the
catalysts
for
this
the near future. “In terms
day, but not by night” of our refined chemical
reaction are made from
materials
such
as
synthesis work, we now
platinum. With the ultimate goal of solar
want to start looking at iron-based
energy being the creation of cheap energy
catalysts,” says Hu. “Iron is non-toxic and
for the rapidly expanding global population,
is also very cheap, and so for industry,
using precious metals is not only an
iron catalysts would be extremely useful.
expensive option but an impossible one.
However, iron catalysts are currently not
“We have been developing an alternative
well understood, and so we want to work
catalyst based on molybdenum sulphide,
on improving this understanding.”
which is not only efficient and can be
“At present, our fuel-chemistry project
prepared from solution very simply, but is
deals with turning electricity into
also a very readily available and abundant
hydrogen. What we want to start doing is
chemical,” says Hu. “We have a patent on
to collaborate with engineers and physical
this now, but we are still doing a lot of work
chemists so that we can look at the whole
on this project, which is funded by the
process of turning sunlight into hydrogen
European Union through a European
from start to finish. We also start to develop
Research Council (ERC) starting grant.”
catalysts that could potentially turn CO2
Much of the work done in these two
into useful fuels through an artificial
projects is supported by the many students
photosynthetic process.”
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At a glance
Project Information
Project Title:
SusCat: Developing catalysts made
of earth abundant elements for
synthesis and energy storage
Project Objective:
Creating and understanding basemetal catalysts; application of such
catalysts in fine chemical synthesis
and in solar fuel production

Project Duration and Timing:
Ongoing since 2007
Project Funding:
European Union; Swiss National
Science Foundation; Ecole
Polytechnique Fédérale de Lausanne

Main Contact:

Xile Hu

Prof. Xile Hu received a B.S. degree
from Peking University (2000) and a
Ph.D. degree from the University of
California, San Diego (2004). After a
postdoctoral study at the California
Institute of Technology, he joined the
faculty of the École Polytechnique
Fédérale de Lausanne (EPFL) in 2007.

Contact:

Tel: + 41 (0) 21 693 9781
Email: Xile.hu@epfl.ch
Web: http://lsci.epfl.ch
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Research into an alternative to traditional chemotherapeutic drugs is starting to gain momentum. Anna Demming
speaks to Professor Carlo Catapano about his investigations at the Institute of Oncology Research about how it
may be possible to deliver small interfering RNA molecules into tumour cells to disrupt the advance of cancer

Gene-targeted therapeutics is an
innovative medical approach that may
prove hugely effective against cancer.
Toxicity and a lack of specificity in current
treatments can lead to considerable
additional sickness in patients and the
outcomes can be tragically disappointing.
Professor Carlo Catapano and his colleagues
within an European project consortium are
investigating how to administer molecules

that interfere with gene functions as a new
approach to treating cancer.
The primary agents in this gene-targeted
approach are molecules called small
interfering RNA (si-RNA), which his
group is designing to switch genes such as
cancer genes off or on. Sounds simple, but
difficulties arise in the process of
administering si-RNA to patients in a way
that they remain intact in the blood

stream, and are taken up by the tumour
cells. Effective delivery to the desired
cells and tissues in vivo is still the major
barrier to their use in the clinic. The
solution to this problem will come only
through a multidisciplinary and highly
collaborative effort.
His group with the help of the European
partners is investigating the potential of a
type of branched polymer called a

Safe delivery:
cancer treatments target genes
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dendrimer to deliver si-RNA molecules to
target cells. The branches of dendrimers
can attach or trap other molecules. “You can
also modify them chemically to attach
specific cell targeting molecules,” adds
Professor Catapano.
Synthesis of the dendrimer-based
nanoparticles remains a key challenge and
requires high-level expertise in chemistry.
The dendrimers can be produced in a range
of sizes that affect their solubility and
dispersion in the body and adding targeting
molecules can also alter the dendrimer’s
properties. Another aspect that requires
careful balancing is the capability to
assemble the molecules and release the siRNA at the right time. The release process
itself is something of a ‘black box’ thought
to be triggered by changes in the
intracellular pH. The field is still very new
and full of unknowns. “It’s exciting but it’s
also very complex and difficult,” he laughs.
Professor Catapano has many years of
experience in experimental oncology. The
work in the current project grew from
previous studies into transcription and

Molecular dynamics simulation of a dendrimer si-RNA complex

“You can have molecules
that can block three or
four genes, for example,
important for a certain
type of cancer”
epigenetic factors that are thought to be
largely responsible for transforming normal
cells into cancer cells. “In the process of
these studies we found that to target factors
like this, rather than using small molecules
like chemotherapeutic drugs, we could use
something like si-RNA,” he explains.
“Because you can make a very specific
target gene of interest knock it down and
block it.”
They also studied what regulates gene
activity and found that there are molecules
of RNA called non-coding RNA that do not
produce proteins but have regulatory
functions inside cells. In fact only a small
fraction of RNA molecules in the genome
are protein-coding. “This is a relatively new
field but we know that some of these
regulatory RNA molecules work as a switch
to turn genes on and off,” says Professor
Catapano. Their anticancer treatments will
use si-RNA directed to these regulatory
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Dendrimer-facilitated uptake of siRNA in cancer cells

non-coding RNA to block the activity of
oncogenes so that they do not express in
cancer cells.
Most existing chemotherapeutic drugs
block activity of enzymes like protein
kinases and little has been done to block
other types of activity. This is where
treatments using si-RNA potentially have
the advantage. “Small interfering RNA
could be a way to target any gene that you
think is important,” explains Professor
Catapano. One could also think of
combining ‘cocktails’ of different si-RNA
for different targets. “You can have

molecules that can block three or four
genes, for example, important for a certain
type of cancer.”
Theoretically there should also be fewer
side effects. Small RNA molecules are
naturally present in the body and so are
unlikely to have toxic effects unless
overdosing occurs. However as the research
is still at such an early stage, this aspect
also remains uncertain.
The project draws on a range of disciplines
including medical oncology, molecular
biology and chemistry. The Consortium
researchers also use computational tools,
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like molecular dynamics simulations, to
try to model assembly of the dendrimerbased nanoparticles and their interaction
with si-RNA. “You can probably only do
this sort of research with a network of
people working together and within the
context of this type of European project,”
says Professor Catapano.
Simplified funding and the convenience
of proximity are important factors, but
above all Professor Catapano emphasises
the quality of the research activity in the
collaborating institutions. As the pace of
activity in the field has picked up there are
now a number of other groups also
working on si-RNA anticancer treatments,
as well as other polymers as potential
delivery vehicles.

small interfering RNA inside the cells and
minimise off-target toxicity.
The focus of this project is prostate cancer
as the researchers have a wealth of
experience in this type of cancer to build on.
From this work however, they hope to
generate a roadmap to transfer the knowledge
to tackling other types of cancers.
There are also a number of other projects
under way at the Institute of Oncology
Research related to prostate cancer biology,
transcription factors and epigenetic
regulators, and building new mouse models
of prostate cancer where new therapeutic
approaches like the siRNA will be tested.
Professor Catapano emphasises the
prominence at the centre of the translational
research and early phase clinical studies,

“The focus is prostate cancer as the researchers have a wealth
of experience in this type of cancer... From this they hope to
generate a roadmap to transfer the knowledge to tackling
other types of cancers”
Professor Catapano and his colleagues
have already demonstrated activity
inhibition using si-RNA in cell cultures in
vitro as well as in mouse models. “What we
have to do now is improve the second steps
so we can really target specific cells.” This
involves attaching molecules to specifically
target tumour tissue. This should decrease
toxicity as well as increasing the efficiency
of the treatment. Other aspects for future
work include improving the pharmokinetics
and the selectivity, so that the nanoparticles
are more readily taken up by the cancer
cells. They are also studying ways to
improve the efficiency of release of the

that is, the initial stages for using new drugs
in human patients. “One of the things we are
trying to do is to move things from the preclinical stage to the early clinical
development phase,” he says. While this
process
is
relatively
rapid
and
straightforward with the small molecule
drugs studied at the centre, transferring the
project based around si-RNA molecules into
clinical activity is still a good few years
away. This is largely due to the complexity
of the delivery system. Yet the main concept
behind the approach is deceptively simple.
And what is more beguiling still is the
enormous promise of the progress so far.
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Researchers in Zürich are presenting an entirely new view on the mechanisms behind inflammatory heart
diseases. The researchers hope to further develop their findings and translate them into clinical setups;
Dr. Gabriela Kania and Prof. Urs Eriksson explain more

Unlocking the factors behind
inflammatory heart disease

Dr. Gabriela Kania and Prof. Urs Eriksson
claim they have significantly contributed to
current knowledge about pathophysiological
processes occurring in the inflamed heart.
Nevertheless,
according
to
Kania,
mechanisms of inflammatory heart disease
development, especially in humans, are still
poorly understood. Therefore, she says
insight from animal models is of upmost
importance, particularly with regard to the
development of therapeutic strategies
against
inflammatory
dilated
cardiomyopathy (iDCM).
Inflammation studies

Inflammation is a fundamental biological
process following stress and tissue injuries
of any cause, such as viral, autoimmune,
ischemic or mechanical stress. The
“appropriate response” is expected to
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attenuate injury, enhance survival,
accelerate repair and preserve organ
function. In contrast, an “inappropriate
response” will amplify injury, promote cell
death, enhance fibrosis and pathological
tissue remodelling accelerating organ
failure. Cardiac inflammation – myocarditis
– is an important and overall underestimated
cause of heart failures, especially in
younger patients, Kania explains.
For seven and a half years, Kania has been
working on the mouse model of
experimental autoimmune myocarditis
(EAM). Through mice studies, she
investigates
the
mechanistic
and
physiopathologic aspects of the progression
of acute cardiac inflammation into end
stage heart failure. She says the end stage
heart failure phenotype in mice, following
EAM, is morphologically very much similar

to the phenotype observed in humans after
infections with cardiotropic viruses.
Therefore the EAM model mirrors important
pathogenetic aspects of human iDCM.
Within the Cardioimmunology group, Dr.
Przemyslaw Blyszczuk leads studies
focusing on development and regulation of
adaptive immunity in the EAM model. He
focuses his projects on cross-talk between
antigen presenting cells and autoreactive
effector T helper cells, as well as on the
molecular mechanisms of heart-specific
autoimmunity. He explains, “I plan to
elucidate mechanisms of heart-specific
autoimmunity in human using “humanised”
mouse models. In this context I specifically
focus on the regulation of autoreactive
T-cell expansion”.
Kania summarises “we strongly believe,
that several of our recently developed
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pathogenic principles could be generalized
to other heart diseases as well, including
ischemic heart disease”.

infiltrating inflammatory cells,” he says.
“We then have to work out how to target
the heart and which drugs will influence
this remodelling process.”

New view

The group’s findings offer an entirely new
view to the mechanisms behind heart
disease course. “The group realised pretty
quickly that stem cell based therapies had
no future in heart inflammatory disease
,as the inflammatory environment always
dictates the fate of the precursor cells,”
Eriksson says.
“In the past, researchers have not made
a connection between inflammation and
fibrosis.
But
we’ve
found
that
inflammatory cells basically contain

Group

Eriksson set up the Cardioimmunology
research group after receiving a Swiss
National Foundation professorship first in
Basel (University Hospital) in 2004, and
later, in 2008 moved it into Zurich
University, joining as the research group
leader and heart failure consultant for the
Department of Cardiovascular Research
headed by Prof. Thomas F. Lüscher.
Although today the professor has taken a
step back to focus on his role as head of

“We strongly believe, that several of our recently
developed pathogenic principles could be generalized
to other heart diseases as well, including ischemic
heart disease”
large amounts of non-committed
precursors which have the capacity to
differentiate into myofibroblasts and
therefore represent the cellular substrate
of fibrotic tissue remodeling in iDCM.”
The group’s previous studies have
identified
inflammatory
CD133+
progenitor cells as the key compartment
of
pathological
remodelling
in
inflammatory heart disease and point to
the critical role of epigenetic factors in
this process. Kania says that the most
recent research has been fairly ground
breaking, showing that a single
hematopoietic cytokine modulates postinflammatory fibrogenesis and heart
failure
progression
by
affecting
progenitor cell fate and function.
Eriksson expects that if the team can
specifically target these inflammatory
cells to prevent their transition into
pathological myofibroblasts, they could
then block the development of a
phenotype of end stage heart failure.
“This is really a big step forward because
all these fancy treatments, like stem cell
treatment and so on, do not convincingly
work in practice yet. Of course it’s
tempting to design such strategies, but I
believe the smartest, certainly the fastest
approach is to look at what we have
available as active compounds and then
check how those drugs may influence the
phenotype and fate of early heart-
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Department of Medicine at the GZO
-Zurich Regional Health Centre, he
continues to push and expand his research
and participates in the educational
activities of the Zurich University.
Eriksson, Drs. Kania and Blyszczuk
design, supervise and perform all
cardioimmunology research projects and
organize all the funding for the group, 30
per cent of which comes from the Swiss
National Foundation, while another 30
per cent from other foundations, such as
the Swiss Heart Foundation, Holcim, Olga
Mayenfich
or
Hartmann
Müller
Foundations. A large chunk of funding,
however, also comes from the GZO Zurich Regional Health Center, in a bid to
keep strong links between the University
and one of the most important and rapidly
growing hospitals in the greater Zurich
area, he explains.
Future goals

Kania says “until recently we focused
mostly on the role of epigenetic factors
influencing the inflammatory progenitors
and the transition from the acute to the
chronic pathological phase in iDCM. In
the near future we aim to address the role
of genetic factors in EAM development
and the progression of post-inflammatory
iDCM as well.”
The group’s main focus of the ongoing
research is to “move from basic science
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to clinical orientated science”, by applying
the group’s basic findings in mice with
human material – by examining bone
marrow, blood, or biopsies from a cohort of
patients.
The group has successfully established
an international network to get access to
large databases of human heart muscle
biopsies and patient data. The professor
says he has a big advantage, as he is also a
doctor, which means he has direct access
to his own heart failure patients to directly
address questions of cardiac remodelling,
cardiac fibrosis and cardiac inflammation.
“The group are expanding their research
into humans and in this context, we have
really fruitful collaborations with several
well known groups all over Europe and
also Canada and the USA” he says.
A second major aim for the future is to
gain a good understanding of immunological
mechanisms and the role of T cells in special
macro dialysis models.
“This is really focused on immunological
mechanisms in the context of inflammatory
heart disease where we’ve published several
landmark papers. We’re now on the way to

submitting a very comprehensive model in
this context,” he explains.
Future applications

Not only are all these findings set to advance
understanding of iDCM, but also the team
expects to reveal general mechanistic
principles, which can apply to other heart

“The group are expanding their research into humans and in
this context, we have really fruitful collaborations with several
well known groups all over Europe and also Canada and USA”
diseases associated with strong inflammatory
responses. In addition, Kania says such
findings could be translated to certain cases
of heart transplantation, because there are
similar process conditions.
“The pathophysiological events occurring
during the rejection process following the
heart transplantation remain the tissue
remodelling with the phenotype of iDCM.
Identification
of
early
mediators
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Lausanne University and the Swiss Federal
Institute of Technology in Lausanne, for
example, the group’s research just helped
to refine MRI-based imaging tools for
inflammatory heart diseases.
“It’s not always easy to convince reviewers,
but still we have so far been able to publish
several excellent papers and I’m pretty
positive that our concepts will eventually
contribute to the development of novel
treatment strategies against a still
devastating disease,” says Eriksson.
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responsible for the conversion from acute
to chronic rejection is one of our primary
interests for the near future”.
In this context, Kania says, they will
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international collaborations with other
researchers and clinicians. In a national
collaboration with research groups at the
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The fundamental features of life are programmed in our DNA. Yet DNA molecules are constantly damaged by
processes inherent to maintaining life. Anna Demming speaks to Professor Hanspeter Naegeli about how
this damage is repaired and how knowledge of DNA repair mechanisms can be used in clinical applications
One of the

defining features of living
organisms is their ability to repair and
regenerate their component systems. The
process ultimately allows the resist of decay
so that life can exist. These repair
mechanisms also apply to DNA, the
molecules that govern the operation of
living cells. Professor Hanspeter Naegeli
leads a research group at Zürich University
focused on explaining the mechanisms
behind DNA damage recognition and repair.
He describes how his research in the field
was originally driven by simple
fascination. “DNA is like our hard drive,
which is passed on from generation to
generation and duplicated,” he explains.
However, DNA is constantly subjected to
damage from a range of factors, including
UV radiation in sunlight, chemical insults
and even normal metabolic processes.
“There is no life without DNA damage,” he

adds. “And I was fascinated by the fact that
DNA is constantly being damaged but also
constantly being repaired.”
His research focuses specifically on
damage caused by UV radiation. “It is the
most frequent damage that we have to
defend ourselves from,” he points out. “We
are constantly exposed to it, unless we
live in the dark,” he adds with a smile.
Fortunately for research there are ready
techniques for inducing highly localised
damage by UV radiation. The researchers
can use special filters with microscale
pores that protect the cell from UV damage
over all areas except directly under the
pore. In this way they can induce damage
that is restricted to a very small area in
the nucleus, which makes it possible to
observe how proteins and enzymes move
from undamaged areas to damaged sites
(see images below).

Although there are only a handful of
research groups working on the same
aspects of DNA damage recogniton as
Professor Naegeli, the field in general has
attracted interest from hundreds of
research groups across the world. One of
the driving forces behind this interest is
the potential clinical applications, such as
in anti-tumour therapies. “If we have
knowledge of how cancer cells repair DNA
we can try to optimise how we kill them,”
says Professor Naegeli.
Damage by UV radiation is also
particularly interesting for possible
mechanisms of enhancing DNA repair. “If
we can stimulate DNA repair, then we will
have less trouble with sun burn and prevent
skin cancer as well,” he adds.
The field also attracts researchers from a
wide range of backgrounds as a result of
the overlap with other fields of study. DNA

DNA damage:

Mending the building blocks of life
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damage has an effect on transcription
and replication — the processes
responsible for gene expression and DNA
duplication, respectively — and so
attracts transcription and replication
researchers. It also interests crystallographers working towards resolving how
proteins recognise DNA damage. “There
has always been cross fertilisation
between the DNA repair people and
other more general areas of research,”
says Professor Naegeli.
He and his colleagues use a combination
of biochemical methods that allow them
to observe how repair proteins and
enzymes operate on the DNA. “There is a
whole queue of new techniques that we
can use to work in the cell,” explains
Professor Naegeli. “We are able to do
actual biochemistry in the cell,” he adds.
Some of these approaches involve the use
of small-interfering RNA, which allows
them to block the expression of specific
gene so they can study what happens
when a particular factor is missing. Other
approaches make use of real-time imaging
methods. As Professor Naegeli describes,
“You can tag the protein with a fluorescent
marker and then you can follow the
movement and interactions of that
fluorescent protein in the cell nucleus.”
One of the key challenges in
determining the mechanisms involved
in DNA damage recognition and repair
is the complexity of the systems
involved. “We kind of understand how
the process works when we use a very
artificial system where the DNA
substrate is very accessible,” he says.
“But every human cell has about two
metres of DNA.” As a result, the DNA is
very densely packed and additional so
far unknown mechanisms are required
to make the DNA accessible to the
process of DNA repair and the enzymes
and proteins involved.
Yet the researchers have already
succeeded in identifying a model for DNA
damage recognition. “Our own model is
different from what you would find in the
literature,” says Professor Naegeli. He
describes how a group of protein factors,
which he calls ‘matchmakers’, recruit the
damage recognition sensor onto the DNA.
The key damage recognition protein is
actually an enzyme that scans the DNA,
and it is this scanning enzyme that
identifies the damaged site on the DNA.
“That is our model,” he concludes. “It
differs in the sense that the proteins that
we call matchmakers are not directly
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responsible for DNA damage recognition
— it turns out that these matchmaker
proteins are found everywhere on the
DNA, not only on damaged sites but also
on native DNA.” Professor Naegeli and his
colleagues found that the function of
these matchmaker proteins is to get the
scanning enzyme onto the DNA where,
together, they set to work on the process
of damage recognition.
The focus of their research has now
moved onto examining DNA repair takes
place in the complex cellular context.
“The mechanism we are studying is called
nucleotide excision repair.” He explains
that there is a well-studied repair
mechanism for UV damage that involves
cleavage of the DNA on either side of the
damage. The damaged segment is then
removed and replaced by normal DNA.
But as he has pointed out, DNA is very
densely packed in the cell. “What we have
to understand is how DNA repair is
possible in a very condensed environment.”

“If we have
knowledge of how
cancer cells repair
DNA we can try to
optimise how we
kill them”
The field abounds with new lines of
enquiry. Having applied their technical
capabilities, knowledge and expertise so
fruitfully to the question of damage
recognition, there is little doubt that the
mysteries at the focus of the group’s
current research will also be resolved in
due course. Work in the field in general
has already lead to promising inroads into
clinical applications and may even
contribute to the fight against cancer.
These potential clinical applications alone
suffice to command vast interest from
academia, industry and the general public
alike. But in dealing with the fundamental
processes that maintain life, Professor
Naegeli’s research holds an additional
fascination that drives it forward, an
example of another fundamental attribute
of human life — curiosity.

★
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Drug resistance is a major problem for the treatment of many bacterial diseases, in particular tuberculosis. Social
aspects have been shown to be important, and the quality of individual TB control programmes and patient
adherence to treatment are both known to contribute to the emergence and spread of drug-resistant strains

Combatting drug resistant tuberculosis
Very little is

known about the bacterial
characteristics which predispose certain
drug-resistant strains to be more successful
than others. Until fairly recently, a concept
that was almost universally accepted was
that of ‘fitness-cost’, which stated that drug
resistant pathogens were less evolutionarily
fit than drug susceptible strains. In the
past, this led to government policies that
denied treatment to those with multi drugresistant strains, as not only was their
treatment far more complicated and
expensive, but the likelihood of passing on
the multi drug-resistant strains would be
decreased.
Since then, numerous epidemics of multi
drug-resistant tuberculosis have occurred
in areas across the globe. “The fact that it
is now totally unacceptable to deny certain
patients treatment has led us to question
the policy previously held by the World
Health Organisation (WHO) that it was
best not to treat those with multi drugresistant strains of TB,” says Sebastien
Gagneux, “and it is these recent epidemics
that have led to us ditching the ‘fitnesscost’ dogma that brought about this policy.
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What we don’t know, however, is why the
dogma was wrong.
“As it turns out, there are many factors that
will decide how fit a drug-resistant strain
will be, and so everything is much more
complicated than was originally thought –
as is almost always the case in biology!”
It is these factors affecting the fitness of
drug-resistant strains of TB that have been

“These compensatory
mutations do indeed
contribute to the
success of multi drugresistant strains”
the main focus of Gagneux and his
colleagues’ work. Starting out with a simple
assay in the lab, they used competition
experiments to compare strains that had
been generated in the lab to have resistance
with clinical isolates from patients who had

developed drug resistance over time during
treatment. “What we found was that, at
least as far as rifampicin is concerned, all of
the lab-generated drug-resistant strains
had reduced levels of fitness compared to
their susceptible counterparts,” says
Gagneux. “However, there was also a huge
range of effects that these mutations
incurred, so although all of them caused
resistance to rifampicin, the side effects on
the fitness of the strain were greatly varied.
“What was really interesting, however,
was when we then moved on to look at the
clinical strains. We took initial isolates
from patients who had drug-susceptible
strains of TB. Then after several months,
when for whatever reasons these patients
had developed resistance to the drug, we
took a second isolate and compared these
two samples. Although it was true that
some of the second isolates had some sort of
fitness defect compared to the drugsusceptible counterparts, in some cases the
drug-resistant strain would have an equal
or even higher fitness level. At this time,
the hypothesis was that during the time in
which the patient developed resistance,

Insight Publishers | Projects

these particular strains had not only
acquired a mutation that caused rifampicin
resistance, but also acquired so-called
compensatory mutations that restored the
fitness deficit.”
Gagneux’s more recent work, published in
a paper earlier this year, expanded on these
findings by trying to identify the specific
mutations that could cause this fitness
compensation. Firstly, using genome
sequencing techniques, they found a
number of mutations in the clinical strains
that could potentially be involved in the
compensatory mechanism. They then went
back to the lab-generated strains, all of
which had a fitness cost, and sub cultured
them repeatedly, attempting to select for
compensatory mutations in the lab. They
then repeated what they had done before;
by genome sequencing the evolved forms
along with their non-evolved ancestors,
they were able to identify the mutations
that may have happened during this period
of in vitro evolution.
“We then compared the evolved strains
from the labs with the natural isolates from
the patients, and tried to look for genes that
were hit lots of times i.e. mutations that
were promising in terms of whether they
might be involved in compensation or not,”
explains Gagneux.
The mechanism of rifampicin resistance is
a very well understood topic. Rifampicin
binds with RNA polymerase, particularly to
a sub-section known as the beta sub-unit
encoded by the gene rpoB, and it is
mutations in this area that mostly cause

resistance to the drug. However, the
mutations found in the artificially evolved
strains and in some of the clinical strains
were found in the rpoA and rpoC genes
which encode different sub-units of RNA
polymerase and interact with rpoB.
“We then thought, now that we had
identified putative compensatory mutations,
could we go back to our in vitro testing to
see whether, in the clinical paired isolates,
the strains that had no fitness cost had
these putative compensatory mutations,”
says Gagneux. “This indeed was the case;
the strains with fitness costs had none of
these mutations, whereas three out of four
of the strains with no fitness cost had these
mutations. Although this was a small
sample, the results were statistically
significant, and thus a first indication that
these mutations really do matter.”
Multi-drug-resistant tuberculosis is nonrandomly distributed; many of the former
Soviet Union republics such as Georgia,
Kazakhstan and Uzbekistan are so-called
hot-spots, whereas other areas have much
less of a prevalence of these strains. The
global proportion of multi-drug-resistant
tuberculosis amongst all tuberculosis is
between 3-5%, whereas in some of these
high-burden countries it can be up to 30%.
Thus, Gagneux and his colleagues predicted
that the frequency of the putative
compensatory mutations would be much
higher in these countries.
“We took a global collection of clinical
strains, some of which were from these
high-burden countries, and screened all of
them for the putative compensatory
mutations,” says Gagneux. “We found that
up to 30% of multi-drug-resistant strains
in the hot-spot areas had at least one of
these mutations, whereas only around 10%
were seen with them in low-burden multi
drug-resistant countries. This association
suggests
that
these
compensatory
mutations do indeed contribute to the
success of multi-drug-resistant strains in
these high-burden countries.”
With other teams of researchers now
researching what the mechanism of these
mutations might be, Gagneux and his team
are looking even further ahead. “What we
would like to do is to carry out transmission
studies in some of the high-burden
countries, looking at particular multidrug-resistant strains that have these
particular combinations of drug-resistance
mutations. We also plan to study the
corresponding compensatory mutations,
and discover whether they really do
transmit more successfully.”
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bacterial fitness.
Project Duration and Timing:
5 years, 2010 to 2015
Project Funding:
Swiss National Science Foundation
(SNF-professorship) and European
Research Council (ERC Starting Grant)
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A method for generating millions of dendritic cells at a time has come to light. The discovery looks set to
revolutionise dendritic cell biology research with potential advantages for allergy treatments, autoimmunity and
vaccinations. Anna Demming speaks to Professor Hans Acha-Orbea about the impending impact of his research

Dendritic cells by the billion
revolutionise immunology research
The discovery of the role of dendritic
cells in the immune system presented
enormous
opportunities
for
the
development of new vaccines and disease
treatments. The importance of the work
won the Nobel Prize in Physiology or
Medicine in 2011. However, until now
research in dendritic cell biology has been
hampered by the difficulties associated
with isolating the cells so that they can be
made available in large numbers for
reproducible experiments. “There are
maybe 10 or 20 subsets of dendritic cells in
the body, and to purify one of those subsets
is a full day’s work, and then they die,”
explains Professor Acha-Orbea. In fact
there are generally only about 10-12 hours
available for experiments before the cells
die. Now Professor Acha-Orbea and his
colleagues at the University of Lausanne
have demonstrated how to generate
billions of dendritic cells at a time in
mouse tumour cell lines.

He describes dendritic cells as the
“regulators of the immune response”. They
are at the interface between the innate
and the adaptive immune response and
determine whether an immune response
results or a tolerance is developed.
The researchers came upon the tumours of
dendritic cells in mice during research into
Langerhans cell histiocytosis, a disease
with dendritic cell accumulation in humans.
“We made a mouse that spontaneously
made tumours of dendritic cells,” he
explains. “Now we can make cell lines from
them and do lots of biology, and this became
so interesting that we moved away from the
other projects.”
Key to the potential of the dendritic cell
tumours is the reproducibility of the
system. Characterization of the cells has
confirmed that they behave just like freshly
isolated cells, which are very hard to come
by. This makes large-scale screening
possible and opens the door to proteomics

approaches and experiments with genetic
modifications. “I would never have thought
it was possible to grow them to large
quantities and do real biology with them,
but this is possible and it’s an incredible
tool,” adds Professor Acha-Orbea. “Basically
it’s like a screening tool for new ideas,
which you can then confirm with normal
dendritic cells.”
There are many groups world-wide
currently working in dendritic cell biology,
both in mice and in humans. However noone else has reported the ability to grow
tumours of dendritic cells and thereby
generate them in such huge quantities. The
group at the University of Lausanne is
already collaborating with other groups
across the world, including in Munich and
Geneva, but the new capability is still not
widely known. As knowledge of the new
capability spreads Professor Acha-Orbea
expects an explosive burst of activity and
new collaborations. “The thing is you are

Adherent dendritic cell line seeded at low density
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not limited in quantity so you can do
experiments that you couldn’t dream of
before,” he explains. “We make experiments
with 15 billion cells – that was impossible
before.” The cells readily withstand
transportation either frozen or in culture,
and the researchers at the University of
Lausanne have already sent them as far
afield as Australia and America, as well as
within Europe.
There are a number of challenges to
overcome before tumours of human
dendritic cells can be generated. The
process requires the overexpression of
oncogens — genes that cause cancer, which
can transform the human cell. This is
problematic as it can change the cell
behaviour, something not observed in
these new cell lines. However
as Professor Acha-Orbea points
out, many of the screens you
can do in mouse dendritic cells
are applicable to humans.
One of their current lines of
research is the study of what
determines whether an immune
response is triggered or not.
Dendritic cells have receptors
that recognize pathogens, but
initiating an immune response
requires more than one signal.
“It needs several different keys that are
turned on before it allows an immune
response,” explains Professor Acha-Orbea.
“Otherwise immunities would develop all
the time.” The group at the University of

Lausanne has now identified four different
signals that work in synergy. They have
also quantitatively compared the response
to just one, two or three of those four signals
in terms of gene transcription and
translation and the stability of proteins and
RNA. “That’s a big collaborative project,”
says Professor Acha-Orbea.
Another line of investigation is
determining the roles of different genes in
dendritic cell biology. “We can change gene
expression in these cell lines very easily,”
he explains. “For example, you can make
them express a gene that is known to inhibit
certain aspects of the immune response or
inhibit its expression.” By having the a cell
that secretes a certain factor and another
that does not, direct comparisons become
possible
allowing
researchers to probe
what changes with a
single
genetic
difference.
One
particularly
intriguing result from
the experiments of the
researchers
at
the
University of Lausanne
so far has been the
response of T cells, a
type of white blood cell
that mediates immunity. “It’s an exciting
story in a way,” says Professor AchaOrbea. “We showed that when we activate
these dendritic cells we actually kill cells
in the tumour.” The researchers then
checked for the response in normal
dendritic cells in mice and found that the
same is true in normal dendritic cells as
well. “They are triggered to stimulate a T
cell response and when you trigger them
to stimulate a T cell response, they die.” He
adds that he doesn’t see much interest in
this particular result as a means of
fighting cancer. Similar pathways for
destroying cancer cells have already been
identified. However, whether the T cell
death benefits or hinders the immune
response
could
have
enormous
implications for improving vaccinations.
The ability to generate dendritic cells in
such quantities has unleashed a wealth of
possibilities for future research. As
Professor Acha-Orbea points out, “These
are thousands of experiments you can do
with these things.” The stage is set for
many
exciting
collaborations
and
developments in dendritic cell biology.

“We made a
mouse that
spontaneously
made tumours
of dendritic
cells”
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An article about the project will be published in
Frontiers in Immunology
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Contact:
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Web: www.unil.ch/ib/page9425.html
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Drug therapies to slow down the effects of Multiple Sclerosis (MS) have developed extensively over the past 20
years. However, scientists are continually looking for more detailed information about the disease’s affect on
the brain in order to tailor treatment more sensitively. A three year study currently taking place at the
University of Lausanne is investigating the physiopathology of MS using high and ultra-high field MRI.

Advanced MRI

sheds light on MS

Magnetic Resonance Imaging

(MRI)
technology plays a major role of MS
diagnostic procedure and diagnostic
criteria. In addition, it has been shown to
be a sensitive research method to gain
knowledge about brain changes and their
temporal evolution in MS. A three-year
multi-disciplinary
research
project
currently underway at the University of
Lausanne is using advanced MRI
techniques to answer some important
questions about MS and its affects on the
brain.
Dr Cristina Granziera, the Research Group
Leader,
specialises
in
advanced
neuroimaging techniques. “In conducting
my clinical work, I realized that more
advanced MRI techniques could provide
additional elements to understand MS
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‘The advanced MRI techniques detect even tiny
structural changes in the cerebellum”
physiopathology and to improve patients’
follow-up,” she explains. “I believe that we
still lack important knowledge about some
key brain structures, like the cerebellum, a
very complicated part of the central nervous
system that normal MRI techniques cannot
properly study.”
A detailed picture of MS

Dr Granziera conceived the project
together with the heads of the
Neuroinflammatory Unit of the Neurology
Service at the university hospital of

Lausanne (CHUV, Pr du Pasquier and Dr
Schluep) as well as with the head of the
Advanced Clinical Imaging Technology
group (Siemens-CIBM) at the polytechnic
school of Lausanne (EPFL, Dr G. Krueger).
She explains: “Using state-of-the-art MRI
techniques, I wanted to study in detail the
micro-structure and function of the
cerebellum and the rest of the brain. MS is
a global disease, meaning it affects the
whole brain and spinal cord. I wanted to
integrate new information from advanced
MRI techniques to create a global picture.”
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Dr Granziera and her colleagues also
wanted to investigate whether combining
advanced MRI techniques with advanced
biological markers could improve the
understanding of physiopathological
mechanisms of disease - as well as provide
more sensitive methods to achieve a better
correlation with clinical findings. Dr
Granziera explains: “At the moment, the
clinicoradiological correlation is very
poor. One of the aims of this research is to
improve the correlation by combining
different kinds of information.” This
information includes biomarkers of the
disease together with sophisticated MRI
data on tissue destruction and brain
plasticity, e.g. what the brain is doing to
react to the damage. “This plasticity
usually explains why a patient might be

track longitudinal changes, the patients
will return after two years.
The next stage is to combine these new
detailed pictures and create a summary of
patients’ brain/cerebellar structure and
function. “We do have techniques that
give us the opportunity to investigate
brain neuronal networks, locally and
globally,” adds Dr Granziera, “and they
may give us important information about
how the brain/cerebellum react to
inflammatory damage in order to preserve
function in the early stages of disease.
“By
better
understanding
the
mechanisms of functional and structural
brain damage and plasticity in MS, we
hope to be able to provide more advanced
tools to monitor the patients,” she
continues. “All of our patients are on

At a glance
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Advanced MRI techniques to
investigate the physiopathology of
multiple sclerosis
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The research project applies high
and ultra-high field advanced MRI
techniques to investigate early
biomarkers of Multiple Sclerosis (MS).
The ultimate goal of this research is to
combine advanced MRI markers with
serological data and clinical scores
in order to provide a powerful noninvasive monitoring tool for MS.
Project Duration and Timing:
3 years September 2011 to August 2014
Project Funding:
Swiss National Science Foundation,
Swiss Multiple Sclerosis Society and
Societé Académique Vaudoise

doing
well
even
with
excessive
inflammation in the brain,” she notes.
The three-year study, currently one
year in, involved MS patients who were a
maximum of six years from their first
MS-related symptoms. Each patient
received
an
extensive
cognitive
examination in addition to the standard
neurological
examination
usually
performed. In addition, all the patients
donated blood to aid in the creation of a
data-base of biological markers and,
finally, underwent an advanced MRI
scan.
The six-year symptom time-frame is
classed as the early stage of MS diagnosis.
“Of course, it is much easier to detect
changes in more advanced patients,” Dr
Granziera explains. “But we wanted to
gather the most detailed information
possible and the most potential lies with
early-diagnosis patients. The applied
advanced MRI techniques detect even
tiny structural changes in the brain and
the cerebellum and, subsequently, give a
much more detailed picture of what the
disease is doing to the brain.”
An ongoing project

The project utilises a range of parameters
to quantify the level of tissue destruction
and subsequent remodelling compared to
a group of healthy control subjects. To
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“All of our patients are on
therapy, so if our work allows
us to detect subtle differences
in patients’ responses to
treatment, it opens the door to
personalised medicine”
therapy, so if our work allows us to detect
subtle differences in patients’ responses
to treatment, it opens the door to
personalised medicine.
“Of course, this will not be possible in
three years but hopefully by the end of
the study we will know whether it will be
a good path to pursue in the future.”
Adapting the study’s findings for the
clinic is Dr Granziera’s ultimate goal.
These multi-spectral data – of the damage
the disease causes and the brain’s
compensation as well as biological
markers of the disease – means there is
scope for the creation of a patient specific
profile for everyone in the near future. In
the meantime, we can take comfort in the
fact that research such as this continues
to develop the tools for early diagnosis
and better prediction of the evolution of a
disease notoriously varied in its path.

Project Partners:
Advanced Clinical Imaging Technology
Group (Siemens-CIBM, EPFL, Dr
Krueger) and Neuroinflammatory Unit
(Neurology Service, Department of
Clinical Neurosciences, CHUV, Dr M.
Schluep and Pr R. Du Pasquier).

Main Contact:

Dr Cristina Granziera

Dr Granziera obtained her MD in 2001
at University of Padova (Italy) and
her PhD in 2007 at the University of
Lausanne. She subsequently certified
as a general neurologist and currently
devotes her research to translational
application of advanced magnetic
resonance techniques to inflammatory
diseases like multiple sclerosis and
neuro-HIV.

Contact:

Tel: +41 79 5565687?
Email: cristina.granziera@chuv.ch
Web: www.unil.ch/lren/page86473.html
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The way in which the outside world is perceived is unique to every species, and often shapes some of their
most predominant characteristics and behaviours. Ivan Rodriguez and his team from the University of Geneva
have been studying the neuronal circuits that allow mammals to extract information from the world, in this
case chemicals, and translate it into adequate behavioral responses.

Neurogenetics:
a key to
understanding
innate behaviours
“Our lab uses genetics as a
tool,” says Rodriguez, “and
our aim is to achieve a
molecular understanding of
the neural processes that are
involved in innate behaviours. The
olfactory system is what you might call
the entry door to what triggers these
behaviours in most mammals, and
that is why we are looking at this
system at a genetic and
molecular level.”
Recent work, that started
with the discovery of odorant
receptors by Linda Buck and Richard
Axel in 1991 (who would later win the
Nobel Prize for their work), has
revealed that verebrates use various
olfactory chemoreceptors to
perceive their surroundings.
“The use of these receptors is at
the base of the best chemical
detector on earth, the olfactory
system. Its level of sophistication,
versatility and sensitivity is not even
approached by man-made tools;
electronic noses can be trained to
identify a few specific
molecules at best” adds
Rodriguez.
Circuit function

Olfactory
receptor
genes
include not only those coding for
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odorant receptors but also those for
vomeronasal
receptors
which
are
responsible for the detection of pheromones,
chemicals that are secreted by individuals
that trigger predetermined and stereotyped
responses in other members of the same
species. “It is now apparent that the
diversity of chemoreceptor families is
linked to their function, and so we study
them by trying to associate these receptors
with specific circuits in the brain,” says

“This rapid birth of receptor
genes in a given species is
quite unusual in biology and
is one of the hallmarks of
chemical sensing”

complex task,” says Rodriguez. “There are
millions of neurons that make these circuits,
and these neurons express thousands of
different receptors. We mammals have to
make sense out of the outside world by
wiring these neurons, in a way that will be
readable by our brains. It is a big challenge
to guide and connect over a thousand
different sensory populations that all
project to a tiny structure in the brain
called the olfactory bulb.”
The olfactory system is one of the only
neuronal systems that is renewed during
adulthood; neurons are constantly born to
replenish it, so the task of wiring is not just
an embryonic one but one that continues
throughout the lifespan of mammals. “The
whole thing is rewired completely about
every two months, so another challenge for
us is to understand how these circuits are
rewired and maintained. It is a great model
of neuronal regeneration”
Diverse chemosensory systems

Rodriguez. “In this way, we hope to
understand how specific molecules can end
up triggering specific innate behaviours.”
These behaviors are only a handful in
mammals: aggression, fear and sexual
activity being the main three, as well as
some that only exist at very precise
moments in life, such as suckling.
“Trying to understand how these circuits
are established and how they function is a

Olfactory receptor genes represent the
largest gene families of mammalian
genomes. How did this remarkable variety
of sensors arise? Various mechanisms to
achieve receptor diversity outside the
olfactory system have been selected during
evolution. For example in immune cells
where receptors that can recognise the
inside world and outside pathogens are
needed, the diversity is provided by the
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Project Duration and Timing:
2010-2013
Project Funding:
Swiss National Science Foundation

generation
of
variety
via
DNA
recombination; part of the genes that code
for these receptors can be genetically
mixed or reshuffled, so with just a few
genes a lot of different products can be
made. Other large receptor families have
selected different strategies, such as
alternative
splicing.
However,
for
chemoreceptors in the nose, this diversity
is provided not by the association of bits of
genes, but by the direct amplification of
the gene repertoire. During evolution,
these genes went through a copy/paste
mechanism numerous times, which was
followed by mutations that produced
gigantic and diverse gene families. The
mouse odorant receptor gene repertoire
contains thus about 1500 genes, which
represents a huge proportion of only
20,000 genes present in the entire mouse
genome. “And we, humans, dispose of over
300 of them” says Rodriguez.
“There is a remarkable diversity in
mammals’ abilities to face the outside world
- and it is partly due to the different
olfactory gene toolboxes they possess,”
explains Rodriguez. “Species diverge
rapidly in terms of the molecular tools they
use; for example, rats and mice, or humans
and chimps, although phylogenetically
close, have remarkably different sets of
receptors. This rapid birth - and death - of
receptor genes in a given species is very
unusual in biology and is one of the
hallmarks of chemical sensing.”
Rodriguez and his colleagues believe that
these receptors may well have played a role
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in speciation events. Speciation most often
occur as the result of physical isolation of
colonies, but it is thought that it can also
result from their chemical separation. “You
could have animals of the same species in
the same colony that inherit different
chemical receptors, in particular those used
to perceive pheromones. That generates
individuals whose interest between each
other is variable, sometimes absent, and
lead to a chemical isolation between
members of the same species.”
Diversity in this chemosensory system
arises so quickly that it is very difficult to
follow its evolutionary history, looking
through mammals and vertebrates and
trying to find orthologues (genes that
emanate from the same ancestor). However,
it makes the study of each given species
very interesting in terms of what they have
at their disposal, says Rodriguez. “Fish
don’t have the same kind of chemosensory
repertoires as other vertebrates that are
living in contact with the air. Animals that
live in groups have specific spheres of
receptors, while animals that live alone
have others. In every ecological niche and
habitat, it is not only one or two receptors
that have arisen but whole repertoires each
containing dozens of different genes.”
“It is fascinating for us as it links both
the evolution of species and their
behaviour. We know what the different
receptors are, but what we are trying to
work out through our work is how the
information is encoded and treated so that
we can make sense of it.”

Project Partners:
• Prof. P. Feinstein, Hunter College,
New York.
• Prof. M. Spehr, Aachen University,
Germany
• Prof. Alan Carleton, Geneva
University, Switzerland

Main Contact:

Prof. Ivan Rodriguez

Ivan Rodriguez obtained his PhD
in Biology in 1997. He then spent
5 years as postdoctoral fellow at
the Rockefeller University in New
York, and is currently Professor in
the Department of Genetics and
Evolution at the University of Geneva,
Switzerland, where he heads the
Laboratory of Neurogenetics.

Contact:

Tel: +41 22 379 31 01
Email: Ivan.Rodriguez@unige.ch
Web: http://genev.unige.ch/en/users/
Ivan-Rodriguez
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Nurturing research

for t h e f u t u r e

Switzerland’s position as one of the world’s research giants is undisputed. Sitting at the
top of the Global Innovation Index, it is a country that has a long-held and well-deserved
reputation for putting the education, research and innovation sector at the top of its
priority list. We spoke to Ambassador Mauro Moruzzi, head of international relations at
SERI, to find out what it takes to maintain this level of excellence, the importance of
partnerships with other countries and why Switzerland is ideally situated to fulfill this role.

I

t is March this year, and more than thirty
foreign science attachés are descending on
Bern to meet with their Swiss colleagues at a
conference. Arriving from locations around
the world, these people are the cogs of
Switzerland’s international network that aims to
strengthen the country’s position as a world-class
location for science, education, and innovation in
the world’s most innovative hubs, consisting of
swissnex houses and science sections at Swiss
embassies abroad. They are here to discuss what
needs to be done to support the optimal development
of ‘grey matter’, and the fostering of international
cooperation comes high on the list.
“Having these outposts in the swissnex houses and
embassies is an important part of our model,” says
Ambassador Mauro Moruzzi. “They are all integrated
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into the diplomatic network, but swissnexes are
located at strategic locations outside of the world
capitals where the networking opportunities in areas
of cutting-edge innovation and research are highest.”
Of course, it is not just the efforts put into working
with other countries, but also the conditions within
Switzerland itself that lend it to being such a hotbed
of innovation. “People often joke that the best thing
to do as a government is to do nothing at all. What
they mean by this is that if the framework conditions
are correct, everything else will fall into place.
“Our stable political system, high standards in
education and excellent framework of legal
protection for international intellectual property
are all factors we have put in place that are attractive
not only to companies, but also to individuals who
want to work here.
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“We also have the framework conditions that we
are not responsible for. Our location in the middle of
western Europe, and the fact that we speak the
languages of our neighbours, puts us in a uniquely
well-connected position.”
These connections, not just with geographical
neighbours but with the rest of the
world, are one of the cornerstones of
Switzerland’s continuing success
according to Moruzzi. “We are
extremely open in terms of
regulation as far as the movement of
people is concerned. We are not a
member of the EU, but we have over one
hundred bilateral agreements with the
EU, making us one of the most integrated
locations in Europe.
“Specifically, being part of the EU
framework programmes has been a high
priority for Swiss research policy. It gives us
international exposure, which is important for
us as we have a fairly small population, and so
are lacking the critical mass needed to guarantee
quality. We do “lose” a lot of our best researchers to
the US and the EU, but we also bring in a lot of
people from outside.
“More than half of the scientists working in our
research institutions don’t have a Swiss passport.
Often, these people will come and work here for three
or four years and then move on. Politically, we
certainly wish to fill up more positions with our own
citizens, but I think that with the way research has
become so globalised, we have to accept that mobility
is also a guarantee for high level quality, as it ensures
that there is enough competition for each position.”
Public funding obviously goes a long way to bringing
about success in research and innovation. Although
not a member of the EU, Switzerland is one of the only
countries in Europe to have met the EU target of 3
percent of GDP spent on R&D. “We have two of the
best universities in the world, ETH Zurich and EPFL
Lausanne, and their basic infrastructure and wages
are almost entirely federally funded,” says Moruzzi.
“The federal state has a responsibility for funding
public research, which is mostly carried out at
universities, and at the moment spends around ten
percent of its entire budget on the education, research
and innovation sector.
“In the Swiss parliament, from the extreme left
through to the extreme right there is no question
about the priority of this sector. Most of our
neighbours were quite badly affected by the financial
crisis, and this has consequently led to some severe
budget cuts for research and education. We have been
very lucky in that respect, and have not had to make
similar sacrifices so far.”
Asked if he thinks if the 3 percent EU target is an
important one to reach, Moruzzi says, “I think this
mark was set by the EU in order to give a clear and
tangible signal of its willingness to prioritize R&D
investments in order to remain competitive in a fast
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moving environment. There are many indicators that
can show whether or not a country is on the way to the
‘knowledge society’ expected to guarantee economic
growth, jobs, competitiveness, and also offer solutions
to global challenges. This one measures only the input
side; we tend to think that indicators on the output
side, such as triadic patents per capita, quotation
impact and success rate of Switzerland based
researchers and institutions in international calls for
proposal, are more relevant.”
In terms of the future, Moruzzi is keen to stress
that the country must keep moving in order to stay
ahead. “Switzerland’s most valuable resource is
brain and skills. At the moment, the system works
fairly well and our biggest challenge will be to keep
our standards high in an increasingly competitive
global context.
“The world will look different in 20 years, although I
have no doubt that the US and Europe will still remain
major players in the field of education, research and
innovation (ERI), with some of the BRICS catching up,
among them certainly China. As a small country, we
have the need to systematically join forces with our mostly European - partners in matters of costly,
pioneer research infrastructures that no state can
afford by itself. Our small universities – Federal
Institutes of Technology, Cantonal universities,
universities of applied sciences- will also have to
cooperate more, nationally and internationally, and
probably to focus on their strengths, away from the
Humboldtian model of the 19th century some still
remain attached to.
“As I mentioned before, international exposure and
openness will be our best assets to hopefully reach
the goal of remaining a leading location for higher
education, research and innovation.”

“Specifically,
being part of the
EU framework
programmes has
been a high
priority for
Swiss research
policy. It gives us
international
exposure, which
is important for
us...”
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Polymers are utilised to form synthetic materials for industry, most notably in plastics. Although current
mass-market techniques are reliant on linear structures, a German-Japanese team of researchers working in
Switzerland have proven that a two-dimensional bonding pattern within a polymer can be engineered. If
refined, this surprising breakthrough may herald a next generation of molecule-thin, sheet-like materials

Synthesising twodimensional polymers
Humanity chronicles its

evolutionary
progress with reference to the materials it
masters. Stone, bronze and iron are all
granted ‘ages’ by the history books. Perhaps
the twentieth century, in retrospect, will
ultimately be regarded as the ‘plastic age’.
In 1920, German chemist Hermann
Staudinger helped initiate a new era for
chemical science by postulating the
existence of macromolecules connected in a
linear ‘chain’ found within substances like
starch,
proteins
and
polyisoprene.
Polyisoprene is a natural rubber and was
involved in much of the experimentation
that proved the polymer concept. This
revelation paved the way for a greater
understanding of their properties and,
consequently, human agency over their
microscopic
matter,
allowing
the
development of plastics decades later. The
macromolecules, or large polymers, could be
artificially devised through the connection
of repeating units, called monomers. By
arranging
these
carbon-containing
compounds in various configurations, their
attributes could be adjusted to meet the
needs of diverse applications.
Now, 100 years on Professor Dieter
Schlüter, a specialist in polymer chemistry
working at the same institution as Staudinger
– Zurich’s ETH (Eidgenössische Technische
Hochschule), is heading a team which has
pioneered the genesis of two dimensional
polymers. Whereas linear polymers used in
conventional plastics comprise an interlinked
string – rather like a chain of paperclips –
the 2D variant can be likened to an extremely
fine web, or grid. To attain 2D status, the
interconnects must be regularly positioned,
and three or more bonds must exist at the
periphery of each structural unit. “This is an
amusing historic coincidence,” muses
Schlüter. “You can now apply Staudinger’s
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famous principle, and expand it into the next
dimension. Professionally, and emotionally,
this is extremely significant for me, after
three decades as a synthetic chemist.”
The first ever 2D polymers

Working in conjunction with his ETH senior
associate PD Dr Junji Sakamoto, the
Professor’s work sought to create the first
synthetic
two-dimensional
polymer
structure. Viewed at a microscopic level, this
resembles a fine honeycomb and,
significantly, is ultra-slim in the horizontal
aspect: only a molecule thick. The ETH
researchers experimented on a crystal
containing individually layered strata of
hexagonal, photo-sensitive monomers. The
monomer crystals were irradiated to
transform them into polymer. They then
boiled these irradiated crystals in a solvent,
which causes exfoliation, meaning the
separate sheets could be extracted to create
the first ever examples of 2D polymers.

By streamlining and industrialising this
technique, a host of exciting possibilities are
created. Because of their slenderness and
potentially limitless expanse, large areas of
such polymers (or a ‘molecular carpet’) could
possibly be generated using tiny amounts of
raw material. “Cost, in this respect, might
not play a significant role, as the sheets are
only one monomer thin,” explains Dr
Sakamoto. “In terms of mass, outlay is
theoretically very low. With a modified
strategy you can create huge sheets, in
principle, which could cover the expanse of
Lake Zurich for an almost trivial price.”
Several potential applications have been
proposed for the technology. Scratch- and
wear-resistant molecular coatings would
have widespread appeal; while other
utilisations include ultra-sensitive pressure
monitors, components in electronic systems,
and ultra-efficient barriers as found in water
filtration. Total control, at the tiniest scales,
is paramount. “If you want to use 2D

The two dimensional polymer concept
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A scanning electron microscopy (SEM) image of a monomolecular, covalently bonded
sheet spanned over a metal grid which ideally qualifies as a two-dimensional
polymer. The ruptures are caused by the electron beam.
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ETH Zurich and Swiss National
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polymers as filtration membranes, you need
a uniform pore size. Irregularity detracts
from such functionality, by reducing
separation power.”
An unknown world

At this formative stage, such new science
also poses considerable analytical challenges
– which must be overcome before the field
can progress. “It’s a matter of sensitivity.
Operating at a mono-molecular level, you
don’t get any contrast, regardless of the
methods you use,” relates Schlüter. “One
really has to use existing methodologies and
tools to the extreme; only then may the
chance to obtain information about the
molecular order within each layer. This is a
pre-requisite for success. If the monomer is
not ordered, then the corresponding polymer
will also be disordered.”
Even once these properties have been
defined, the 2D world requires the
intervention of diverse specialists to fully
understand its physical attributes. Linear
polymers are well documented in this
respect, but their 2D equivalents present an
unknown quantity. “I’d be very excited if
polymer physicists could assist our
exploration,” Schlüter enthuses. “Linear
polymers, in terms of their viscosity,
elasticity and diffusion behaviour, have
been amply modelled. We need to learn
how these classical concepts of polymer
physics could apply to this new domain. We
can’t undertake this entirely by ourselves
– I am, by background, an organicsynthetic chemical specialist, and many
skill-sets are required for the diverse
investigation needed. If new expertise

www.projectsmagazine.eu.com

enters the field at this early stage, it will
galvanise the likelihood of future
breakthroughs.” That eureka moment, he
anticipates, could come within five to ten
years.
Preliminary
industrial
considerations, like flow behaviour – which
would affect whether the new polymers
could be extruded, or injection moulded –
will not only involve chemists. Engineers
must also collaborate, and partake in a
feedback loop, which could help to mutually
refine both compound and process.
A promising beginning

“Whether our project fulfils its commercial
potential, only the future can judge” admits
Schlüter. Perhaps due to the radical novelty
of the project, it has been denied an ERC
grant, although ETH’s funding will support
its longevity. Conventional measures used
to quantify the merits of research (such as
citation numbers) are irrelevant during
such a formative period, Schlüter warns.
“It’s impossible at this stage to anticipate
precise timetables, or how the different
specialists investigating different elements
of the field will integrate and re-enforce
each other’s work. Large numbers of
personnel must apply themselves to
realising basic synthetic concepts, and
assessing almost inevitable failures and
unpredictable outcomes. Uncertainties must
be factored into the total project.”
Initial indications are positive; the
experimental lab process that synthesises
the
monomers
was
dramatically
consolidated within a year of its discovery.
It has now been reduced from 25 separate
steps lasting nine months, to a mere four

Project Partners:
PD Dr. Junji Sakamoto and many more
physicists, theoreticians, chemists and
materials scientists

Main Contact:

Prof. A. Dieter Schlüter

Synthetic organic chemist by training.
After Munich (U), Berkeley (UC), Mainz
(MPI-P), Karlsruhe (KIT), Berlin (FUB) now
the ETH chair professor for polymer
chemistry. Elected member of Swiss
Academy of Engineering Science. 300
peer-reviewed publications. 300 invited
talks worldwide.

Contact:

Tel: 0041-44-6336380
Email: ads@mat.ethz.ch
Web: www.polychem.mat.ethz.ch

steps lasting three to four weeks.
Simplification of this core methodology
also means that experimentation can be
undertaken in other labs, stimulating the
likelihood of wider participation. Once this
occurs, research may finally begin to
approach critical mass, and ultimately
transport our knowledge of 2D polymers to
the next level.
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Wireless networks are under increasing strain, as portable hardware increases. Handheld demand, it seems,
may ultimately begin to overwhelm the finite capacity of current architecture. Pre-empting an impasse,
telcommunications research has begun to consider how systems based around a self-organised hierarchy could
enhance performance and function at vast scales.

Next-generation networks for
wireless communications

As mobile phones get smarter, there’s a
corresponding
need
for
intelligent
infrastructures, capable of meeting our
insatiable appetite for content. There are
over one billion smartphones currently in
circulation and, around the mid-teens, it’s
anticipated that a rubicon will be crossed.
For the first time, mobile internet usage
will exceed desktop demand.
“The recent multiplication of wireless
devices – including mice, smart phones and
tablets – requires some innovative support,
if this trend is to be
sustained. Informational
needs in future may be
more
than
current
networks can tolerate”
explains Olivier Lévêque,
a Swiss researcher based
at the École Polytechnique
Fédérale de Lausanne.
“They aren’t durable in the
long term.”
A specialist in wireless
communications,
Lévêque’s work over the
past decade – including a
year at Stanford in the US
– has begun to challenge
some of the prevalent
orthodoxies in the field.
Typically, wireless networks exploit a
‘multi-hop’ structure, borrowed from their
fixed counterparts. Sending ‘packets’ of
data from source to destination, such
systems employ a series of intermediate
relays. Although this arrangement is well-

suited to permanent, wired
networks, its utilisation in a
wireless context reveals a number
of handicaps.
The most tangible of these –
and woefully familiar to
browsers attempting to access
the web at peak times – is that, as
users
increase
in
number,
the
communication rates available to them
rapidly decay. Nodes in the middle of the
network are frequently overloaded,
becoming
over-stressed
links in a linear chain.
Moreover, unlike their
wired
counterparts,
wireless signals are not
isolated as they travel
between the points of
transmission and reception.
Instead, they interact in
complex ways – with
emissions
from
neighbouring
units
frequently
‘overheard,’
creating interference which
jeopardises signal integrity.
In conventional strategies,
these must be filtered out or
suppressed; but, according
to
theoretical
work
published by Lévêque and his associates,
they could be radically incorporated into
designs which render them an asset.
“Claude Shannon – the godfather of
modern information theory – showed in the
fifties that in the presence of noise

“The recent
multiplication of
wireless devices –
including mice,
smart phones and
tablets – requires
some innovative
support,
if this trend is to
be sustained”
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communication on a channel can only be
established reliably at a rate below a certain
threshold called ‘capacity’. Above this
threshold, the signal would become
irreparably compromised,” explains the
researcher. In the early noughties, numerous
papers set out to prove from an information
theoretic perspective that interference is
indeed a fundamental limitation in wireless
networks, preventing their capacity to scale
up with the number of users. However, after
trying to authenticate it using a negative
approach,
the
impossible
proved
intriguingly tangible for Lévêque.
“Interference
can
be
treated
constructively,” he contends. By introducing
a sophisticated form of co-operation
between the various nodes in a wireless
network, communications might become
far more robust. The scheme would make
use of the network nodes as virtual multiple
antenna systems within units transmitting
and receiving data, allowing numerous
streams of information to be simultaneously
emitted and detected. By collectively
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processing signals drawn from various
sources in the network, the last point in the
communicational chain - the destination
node - is able to extract and restore the
original message. Paradoxically, it is by
virtue of their difference – the distortion
element which differentiates the signals –
that they can be contrasted, and the
integrity of the original communication
salvaged. “Some of our recent work has
compared our proposals to current ‘multihop’ techniques, and found them to be
performatively superior, in terms of
throughput,” Lévêque attests.
Demand, too, no longer becomes a
hinderance in this model, but a strength –
since each new transmitter and receiving
unit which joins the network strengthens it.
By working within small ‘clusters’, and then
in larger, joint combinations of clusters, the
network is able to ‘scale up’ to meet the

own communications systems,” enthuses
the informational specialist.
These meticulous predictions also formed
a core part of the investigations into
wireless, laying essential groundwork for
the hierarchical co-operation model. “If you
scrutinise separate nodes in different
places, and the signal transmissions relayed
between them, you’ll witness attenuation;
fading of the signal,” elaborates Lévêque.
“To anticipate how well communications
might operate, you need to consider the
channel matrix resulting from the
interactions between the pairs of nodes
within the network. You must study the
statistical properties of these matrices to
understand a system’s capabilities, which
has prompted several lines of enquiry
within our project.” Next on the agenda is
an examination of possible delays between
transmitters and receivers, which must be
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needs of users, and operate at long distances.
“These
‘hierarchical
co-operation
schemes’, which involve all of the nodes in
the network, should help to achieve
optimal capacity,” relates Lévêque.
“However, the chips and technology to
facilitate it are not yet available. First, we
need to find partners to collaborate with,
and help us achieve this. But there is a
widespread belief that this type of system
will ultimately enhance communications
– within science, and industry”.
Whilst a future implementation could
assist developed nations in better managing
the deluge of bits and bytes clogging their
bandwidths, it will also support those with
fewer resources. “Because there is no need
for a fixed structure, this application could
function in territories with few base
stations, helping residents to establish their
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mitigated to ensure that bit-rates remain
unhindered. Left unchecked, these can, in a
digital environment, result in irritatingly
faltering video streams – or a vexing
imitation of the lengthy pauses and
elliptical dialogues experienced during
long-distance international phone calls.
“We don’t have a test-bed as yet”
confesses Lévêque, who is keen to engage
with partners who are forging the cuttingedge technology which may realise his
vision. “The strategy we propose is
theoretic, and thus there are many
practical issues to resolve before it can be
implemented.
Nonetheless,
we
are
confident in and keen to realise our
concepts, through implementing a
programme
which
fosters
their
transformative potential.” It’s a promising
remedy to an endemic problem for the
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Institute of Technology Lausanne, since 2001. With a
background in physics and
mathematics, his main research
interests are in information theory and
its application to the design of future
communication networks.
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telecoms sector that, the scientist warns,
will become exacerbated until viable
solutions are phased in. “The number of
devices continues to explode. It’s a natural
evolution – which will continue to stretch
current requirements, until we can surpass
them,” he predicts. “Increasing demands
for data-intensive applications like video
streaming means that this question will
not go away – and that the industry must
face it.”
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Research conducted by the Digital Signal Processing (DSP) Group at Rice University and the Communication Theory
Group at ETH Zurich has made significant progress in finding novel ways of restoring damaged audio signals, images
and videos. Dr. Christoph Studer explains how the initial theoretical work led to practical implementations

Signal
restoration:
From
theory to
integrated
circuits
The recovery of a range of various
signals, images and audio recordings, is
integral to work in fields such as forensics
and neuroengineering, where important
information or evidence can often be
damaged and unreadable. These corruptions
can come in many forms, from saturation
and impulse noise to interference of various
kinds. Subsequently, a host of applications
would benefit greatly from the ability to
restore such signals to their original state.

A photograph that is corrupted by scratches

“Algorithms can take up
to a few days to do what
we want them to do, so
we were concerned with
finding a simple algorithm
that would allow the
restoration of a signal in
real time”
Research lead by Dr. Studer, a Research
Scientist at the DSP Group at Rice
University, is studying the recovery of
damaged signals using novel algorithms.
The project began by first developing the
mathematical tools and models that are
required to study signal restoration. Dr.
Studer and his collaborators aimed to

52

The same photograph that was restored by the proposed method
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develop and analyze algorithms low enough
in complexity for it to be implemented into
integrated circuits.
The team began with the theory of
Compressive Sensing (CS), an emerging
signal processing technique that takes
advantage of the fact that most signals have
a concise structure called sparsity, which
enables these signals to be determined from
relatively few measurements. Dr. Studer
explains: “Many signals (both natural and
man-made) exhibit a sparse representation,
which means all their information is made
up of a linear combination of a small
number of elementary components.” A good
analogy for CS is Sudoku, where a player
can deduce the value of a table despite
knowing only a few initial samples. The
team built on the theory of CS and sparsity
to develop mathematical conditions that
guarantee the perfect recovery of corrupted
signals, images, and videos.
The team then evaluated potential
recovery algorithms. The challenge with
this was to develop algorithms with low
computational complexity: “Algorithms can
take up to a few days to do what we want
them to do, so we were concerned with
finding a simple algorithm that would allow
the restoration of a signal in real time, such
as a few milliseconds per recovery task,”
explains Dr. Studer.
Once the team had developed a suitably
low complexity algorithm, the next stage
was to attempt its implementation into
hardware. “We worked with researchers
from the Integrated Systems Laboratory at
ETH Zurich to develop an integrated circuit
– essentially a microchip that would
complete the algorithm tasks in real time.
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Microchip for real-time audio restoration
We designed the chip and fabricated it.
Then, we were testing it back in the lab.”
Dr. Studer and the team’s work has
resulted in success, by achieving the first
implementation of a sparse signal
recovery algorithm for the restoration of
audio signals in real time. The chip
created has potential use in a range of
applications. “There are lots of companies
or recording studios conducting signal
restoration, especially in the field of
forensics,” Dr. Studer explains. “We didn’t
patent our method, so it is free for anyone
to use.”
The DSP group’s research will now
continue into more complex territory,
involving statistical signal models or
manifold models, rather than a sparsity
model to represent the signals; as Dr. Studer
concludes: “These models are likely to be
more flexible and powerful, but also more
complicated to handle, so there is a great
deal of further work to be done.”

★

A waveform of an old phonograph recording that was recovered by the method
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Lithium ion batteries could provide a greener alternative to fossil fuels, but until now their production has been
ironically energy intensive. Anna Demming speaks to Professor Katharina Fromm about how her group has
improved the efficiency of battery material production and the other applications the research could benefit.

Lithium battery materials:
The right arrangements for efficient production

Companies are already producing
lithium ion battery materials on a large
scale. However, the high energy
consumption of conventional production
methods impinges on the viability of
lithium ion batteries as an environmentally
friendly alternative to fossil fuels.
“I went to see some of the companies
that produce electrode material and
battery material and it was a little
bit of a shock to me,” explains
Professor Katharina Fromm, head of the
Fromm group at Fribourg University
in Switzerland. “They had huge
buildings with large ovens where
they would bake the compounds —
everybody was working in T-shirts and
yet all the windows were still open, in
winter. They were heating the environment.”
The current convention for making ion
battery compounds is to mix several metal
oxides at low temperature to obtain the
correct stoichiometric ratio. The mixture is
then heated to 800°C or even 1000°C for up
to 24 hours over an oxygen stream. This is
followed by a second sintering stage at
similar temperatures for around another
12 hours. “It starts with cheap ingredients
but it takes a long time and is also a highenergy consumption procedure,” says
Professor Fromm. “So we thought maybe
there is something we could do about it.”
One of the main research areas in the
Fromm Group is the study of multimetallic
precursor compounds. “These are molecules
that can contain many different metal ions
in a specific ratio to each other,” Professor
From explains. The molecules are linked to
each other by so-called ligand molecules.
The ligands are carbon-based ‘organic’
molecules and are burnt away to form the
mixed metal oxide materials. In fact, it
turns out that the organic ligands are key to
the group’s success in developing an
energy-efficient approach to producing
battery electrode material.
Good electronic performance in lithium
ion batteries requires metal oxides in a
54

high-temperature phase, a particular
molecular organisation that the material
naturally
assumes
at
very
high
temperatures. Professor Fromm and her
colleagues found that, using organic
ligands, they could pre-arrange the
molecules into the structure of the hightemperature phase of the compound. Then

the ligands could be removed at a much
lower temperature and over much shorter
processing times to achieve the same
material as the more energy-intensive
conventional approaches. “This is the trick
– to pre-organise the metal ions previously
before we burn the organic stuff away,”
adds Professor Fromm. With this approach

Insight Publishers | Projects

the group has produced electrode materials
such as lithium cobalt oxide at 400°C —
half the temperature of conventional
methods — and in just six hours.
They looked for simple organic materials
as the ligands that are burned away and
settled on ethanol-based compounds.
Ethanol is easily obtained from plants and is
not dependent on petrol or oil. The starting
materials are a little more expensive but
with the significantly reduced temperatures
and running times, the cost of production
overall is still much lower.
The Fromm group approach has an
additional advantage because it produces
electrode materials with nanoscale features.
“The high-temperature process produces the
same material at the micron scale,” Professor
Fromm explains. “But if you look at the
electronic properties, the smaller the
particles of your electrode material, the
better the performance.” They attribute the
improved performance of the nanostructured
materials to the ionic transport mechanisms.
“The lithium ions have a certain path length

more oriented towards inorganic chemistry
and, of course, if you then work with areas
with medical applications you reach the
limits of what you can do in your own lab
and what you know in that area, and
therefore discussions with partners from
the medical department or biology
department are very important,” says
Professor Fromm. She adds that often they
will not just seek advice from other
departments, but conduct research in the
labs of other departments so that they learn
new methods. “It’s great for the PhD
students to broaden their horizons.”
Professor Fromm also underlines the
importance of these interdisciplinary
exchanges. “I think this is where the model
of future research will be going,” she
suggests. It can be far from easy, as different
departments use very different terms to
describe systems. “When you start the
discussions with people from other areas
you find out quite early that they speak a
different language sometimes, so one has to
pick up on the vocabulary of others, which

“They had huge buildings with large ovens where they
would bake the compounds — everybody was working in
T-shirts and yet all the windows were still open, in winter.
They were heating the environment”
in the particle, so they have to go in and
they have to go out,” Professor Fromm
explains. “The smaller the particle the
shorter that path and therefore the
transportation can occur better and faster
and in a more complete way.”
In addition, the researchers are looking at
using ligands to arrange silver metal ions in
space
for
improved
antimicrobial
compounds. In this application the ligands
have another role because they can tune the
solubility of the silver and thereby control
its release into the biological environment.
The
researchers
have
also
made
nanocontainers for the silver coordination
compounds, which can be used for drug
delivery. They can also be used as coatings
for knee, hip or dental implants.
The projects benefit from fertile interdepartmental exchanges within the
university. The Fromm group do have some
collaborations at national and international
level, but they often consult colleagues
within Fribourg University, particularly for
medical and biological expertise. “We are
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is hard work.” Yet Professor Fromm adds
that, although time consuming, it is very
much worthwhile.
The materials research in the Fromm
group seems hugely rich in potential
applications and they have already posited
a patent. They also have contacts in the
battery industry and are looking forward to
some fruitful collaborations with them in
the future.
“Sometimes
you
stumble
across
applications,” says Professor Fromm. “In
our research we got into the field of lithium
ion batteries and it was really by serendipity
that we found that our compounds would
give these materials at a much lower
temperature than classical materials.”
She also emphasises the importance of coworkers who can work in new areas of
research and collaborators. “So it is a lot of
things – there is luck, talented students,
there have to be collaborators, a lot of
things coming together – that makes
research very exciting. And that’s general
for every research project.”
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From white dwarfs to black holes as stellar end stages, from the atomic dimensions in nuclear physics to sizes
of stars and distances that take thousands of years to cross travelling at the speed of light in galaxies,
Anna Demming speaks to Professor Friedrich Thielemann about his research on the origin of the elements
and the evolution of stars and galaxies.

Astronomical complexity:
The origin of the elements

56
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‘Where did

the world come from?’ A
question most of us have asked at some
point. Perhaps fewer of us will have looked
into it with the scientific detail of Professor
Friedrich Thielemann at Basel University.
“The basic question is the origin of the
elements, how they were created in
astrophysical
environments,”
says
Professor Thielemann. He explains how
only hydrogen, helium and lithium were

need higher energies (i.e. higher stellar
temperatures), as found in massive stars
and explosive events such as supernovae.
“You need to understand the reaction as a
function of energy and that’s what nuclear
physicists call a cross section,” he
explains. From the reaction cross sections
the researchers can simulate how the
abundance of individual isotopes and
nuclei change as a function of time in

“...only hydrogen, helium and lithium were created in the
Big Bang. All the other elements were created through
the evolution of stars and galaxies”
created in the Big Bang. All the other
elements were created through the
evolution of stars and galaxies.
He then demonstrates how this seemingly
formidable question is easily broken down
into more manageable systems, beginning
with nuclear fusion reactions. If the
positvely charged nuclei of hydrogen have
enough energy to overcome their mutual
electrostatic repulsion, they can fuse in a
series of reactions to form helium. Helium
fuses in a series of reactions to carbon and
oxygen. Larger nuclei with more protons

complex large systems such as stars.
Further calculations determine what
material is lost in stellar winds and super
nova explosions.
Few studies cover such vastly varying
distance scales. “That is the interesting
point,” adds Professor Thielemann.
Nuclear physics models subatomic
particles measuring mere femtometres in
size while galactic evolution calculations
deal with distances of a billion billion
kilometres. The study also covers a range
of timescales from the few seconds of

Fig. 1 - Solar system element abundances as a function of atomic mass, spanning
12 orders of magnitude from hydrogen H (A=1) to lead Pb and bismuth Bi (A=208,
209). Major processes in stellar astrophysics responsible for their formation are fusion
reactions during stellar evolution (up to iron Fe, A=56) and neutron-capture sequences
(s for slow and r for rapid) which produce heavier elements during stellar evolution (s)
or stellar explosions (r), with abundance peaks related to nuclear binding energies.
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Fig. 2 - Supernova 1987A in the Large Magellanic Cloud (a close-by galaxy 160 000
lightyears away) after the explosion as supernova and before the explosion as star
(Sanduleak −69° 202). ©Australian Astronomical Observatory/David Malin Images
burning in supernova explosions from
millions to billions of years in stellar
evolution.
Astronomical data from the huge
observatories across the world are crucial
for
testing
models.
Astronomers
determine the surface temperature of
stars from the light spectrum they emit.
“If it’s very hot it’s more bluish if it’s
slightly cooler it’s more reddish,” explains
Professor Thielemann. The spectra also
provide information on the star’s
composition as different elements absorb
light
at
different
frequencies/
wavelengths.
Until about 12 years ago astrophysicists
were unable to identify situations where
the conditions would be right for making
the heavy elements up to uranium and
thorium (and also gold and silver). “We
knew what kind of conditions —
temperature and what densities of
neutrons — we needed to produce these
heavy elements, but we had problems
finding this in astrophysical sites and in
our simulations of astrophysical events,”
Professor Thielemann explains. He and
his colleagues discovered the solution in a
binary system of neutron stars, two
originally massive stars that have shed a
lot of their material in supernova
explosions, forming neutron stars as end
stages, which are bound to one another
through gravitational attraction. The
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neutron stars will lose energy through
gravitational radiation as they spin
around closer and closer to each other.
Eventually they merge ejecting material
in exactly the conditions needed to form

the heavier elements. “We were very
excited at finding this,” he adds.
As the composition of stars is enriched
with heavier elements over time,
comparison of the ratio of iron to
hydrogen in a star with the present iron to
hydrogen ratio of the Sun can be used to
date stars. A star with a ratio 10 times
lower is described by a metallicity of -1;
100 times lower gives a metallicity of -2,
and so on.
When observations
indicated that
already the heavier nuclei were existing
at metallicities of -3 confusion arose
again. A metallicity of -3 is far too early
for merging events of binary neutron
stars to be possible, as not enough time
has passed for the systems to evolve to the
point of merging. “So we were looking for
another option and we found a rare kind
of these massive stars forming supernovae
that make central neutron stars and
explode the outer envelope with a
composition enriched in heavy elements,”
explains Professor Thielemann. “If they
are fast rotators and if they have high
magnetic fields — that’s probably only a
few per cent of all these supernovae from
massive stars — they form very neutronrich jets of materials along the poles.”
These very neutron-rich ejections also
provide the right conditions for forming

Fig. 3 - Observed Eu/Fe ratios of old stars as a function of metallicity. In the
notation [Eu/Fe], 0 indicates solar ratios, +1 10 times solar, -1 1/10 of solar, etc.
The “metallicity” [Fe/H] measures the enrichment of heavy elements during galactic
evolution and is a measure of time. The existence of Eu at the earliest moments
requires that massive stars (with the shortest lifetimes) are responsible. The large
scatter, before attaining the average (red line), means that rare events produced the
r-process element Eu.

Insight Publishers | Projects

At a glance
Project Information
Project Title:
Astrophysical Processes: their simulation, and
related nuclear physics issues
FISH: FaInt Supernovae and Hypernova
Project Objective:
Stellar evolution of massive stars leads
to final explosive endpoints like
supernovae, faint supernovae, hypernovae,
which form central neutron stars or black
holes. The two projects are related to these
two different types of outcome and aim to
(a) understand the explosion mechanisms
and (b) the ejecta composition, impacting
the evolution of galaxies.

Fig. 4 - Conditions from core collapse of a massive star, 31ms after reaching
central densities as high as in atomic nuclei. Strong magnetic fields wound up by
fast rotation (white field lines) cause the ejection of neutron-rich matter along
the poles (box dimensions 700 × 700 × 1400 km). The entropy per nucleon, a
measure of thermal energy per temperature, is given via color contours.
the heaviest elements, and these are
possible at earlier metallicities. The
result was published earlier this year.
Telescopes detect light from stellar
surfaces, however, there are limitations
to what can be determined about stellar
evolution and the processes in the
interior, as Professor Thielemann points
out. “The centre is burning but the
surface composition is not changing – it
stays the same as when the star was
born.” Neutrinos, on the other hand, can
provide information about the star’s
core. They interact very little with
matter, so while they may reach Earth
they are very hard to detect and are only
observed from comparatively nearby
events using huge detectors such as the
Kamiokande in Japan. The supernovae
1987A in the large Magellanic Cloud 26
years ago was close enough that
neutrinos could be observed, but with
the equipment available at the time only
a handful were detected. Were such an
event to occur so close to Earth now,
thousands more neutrinos would be
observed.
However,
statistically
supernovae explosions in our galaxy
occur only once every 100 years and it
could take several decades for the next
one. “We may be lucky,” adds Professor
Thielemann with a chuckle.
In the meantime there is a huge amount
of data to analyse and a number of puzzles
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that remain. At present Professor
Thielemann and his colleague Matthias
Liebendörfer are working on a
discrepancy of a factor of three
between the calculated and observed
energy released in supernovae
explosions. “That has been a problem
for 30 years,” he adds. “Finally we have
three-dimensional computer models
with rotation and magnetic fields.”
Another direction of their future
research is the evolution of more
massive stars. “A neutron star has a
maximum mass which is 1.6 to 2
solar masses,” he explains. More
material will result in further
contraction and form a black hole.
“The basic motivation for all this is
understanding the cosmos,” states
Professor Thielemann. It seems no
complexity is a deterrent to the
insatiable drive of curiosity. He
explains how the related observation
for the exotic demise of very massive
stars into black holes appears to be
what people call gamma ray bursts or
hypernovae. “And that is opening a
completely new can of worms and
making things more complicated,” he
laughs. Yet despite the complications
Professor
Thielemann
seems
undaunted. “This is the next thing,”
he concludes. “The frontier we are
aiming for.”
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Project Duration and Timing:
Astrophysical Processes: 2 years, October 2012
to September 2014
FISH: 4 years, January 2013 to September 2016
Project Funding:
Astrophysical Proc.: CHF 698 000 by SNF
(Swiss Nat. Sci. Found.)
FISH: 1 929 075€ by ERC Advanced
Project Partners:
In house senior collaborators
Astrophys. Proc.: Marco Pignatari;
FISH: Matthias Liebendörfer, Thomas Rauscher

Main Contact:

Friedrich-Karl Thielemann

Studies: Technical University of Darmstadt
(Germany) until 1976, PhD TU Darmstadt and
Max Planck Institute for Astrophysics Garching
1980, Postdoc Positions at Caltech, U. of
Chicago, U. of Illinois, Max Planck Institutes for
Nuclear Physics and Astrophysics until 1985,
Assistant and Associate Prof. Harvard Univ.
(1986-1994), Full Prof. for theor. Physics at U.
of Basel (since 1994). Honors/Prizes: Otto Hahn
Medal of the Max Planck Soc. 1979, “Fellow”
of the APS since 1998, Hans A.
Bethe Prize of the APS 2008,
Humboldt Research Award
by Alex. von Humboldt
Found. 2009, Lise Meitner
Prize of EPS 2012; Associate
Editor of Rev. of Mod. Phys.
and Nuclear Physics A

Contact:

Tel: +41 61 267 3748
Email: f-k.thielemann@unibas.ch
Web: www.physik.unibas.ch/dept/pages/de/
personnel/thielemann.htm
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Nuclear magnetic resonance has attracted the attention of researchers with a vast array of interests for
decades. Anna Demming speaks to Professor Jean-Philippe Ansermet about new demonstrations of how to
maximise the potential of the technique, as well as its impact on catalysis, electrochemistry and spintronics

Nuclear magnetic resonance:
The signal for a breakthrough
“Imagine I told you that I have a method
to observe atoms without disturbing them
too much,” says Professor Jean-Philippe
Ansermet. “You would understand right
away that it is a very powerful tool.” As he
explains, nuclear magnetic resonance
(NMR) is that tool. However, attempts to
apply the probe in areas such as catalysis of
electrodes and membrane protein analysis
have stumbled on difficulties in obtaining
sufficient signal strength from samples so
much smaller than the usual quantities.
“Typically, one looks at more than one
millionth of a mole, which is actually a
large amount; a 100 trillion atoms, roughly.”
Professor Ansermet is a full professor in
the institute of condensed matter physics
at
Ecole Polytechnique Fédérale de
Lausanne. Since the beginning of his
research career, he has been fascinated by
the possibility of probing molecules at
surfaces, typically containing around a
hundred times fewer nuclei than a
conventional NMR sample. As a result,
obtaining an adequate signal strength is
far from trivial.
Nuclear magnetic resonance measures the
behaviour of the nuclei in atoms and
molecules in a magnetic field. The
measurements provide information about
the electronic environment around the
nuclei and the molecular structure. “It’s a
bit like a radar,” explains Professor
Ansermet, quoting an older colleague, “You
send an electromagnetic signal to your
sample and you listen to its response.”
The NMR legacy

As early as 1953, just over 10 years after NMR
was detected for the first time, Albert W.
Overhauser suggested a possible means of
enhancing NMR signals. “His idea was, as far
as I can tell, the oldest preliminary
consideration to what would one day become
spintronics,” explains Professor Ansermet.
Spintronics refers to a type of spin electronics
for which Albert Fert and Peter Grünberg won
the 2007 Nobel prize. Professor Ansermet
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describes the experiment suggested by
Overhauser, a theorist, “The model looks like
something Albert Fert would write, exploring
the consequences of forcing electron spins out
of thermal equilibrium.”
The method enhances the signal strength
probed by NMR by exploiting the magnetic
moments of electrons, which are 600 times
greater than those of the nuclei of hydrogen,
for example. The signal in NMR, which
probes the response of nuclei, is proportional
to the magnetization and the magnetic field
strength. By transferring the polarization
from the electrons to the nuclei it should be
possible to improve the signal. The approach
is referred to as dynamic nuclear
polarization (DNP), and as Professor
Ansermet goes on to explain, the history of

Ansermet’s imagination. If the strength of
NMR signals from these systems were strong
enough, they could shed light on what
happens to the molecular structure of a
reacting molecule when it sits on a metal
surface. “This seemed fascinating to me – a
huge challenge, but fascinating.”
As it happened, by the 1980s, the idea to
enhance NMR signals by transferring
polarisation from the electrons to the nuclei
gave way to advances in the technology of
the equipment used. “People were gaining
signal by increasing the field,” says Professor
Ansermet. “They went up and up in field and
they let go of the idea of transferring the
polarization from the electrons to the nuclei.”
It was around 1997 when a professor of
electrochemistry paid Professor Ansermet a

this technique is full of surprises. Professor
Slichter – one of the founders of magnetic
resonance and Professor Ansermet’s
supervisor during his PhD – demonstrated
that Overhauser was right: DNP does work!
“I believed there were two famous [magnetic
resonance] books,” he recalls from his
student years. “One was Abragam’s book
and the other Slichter’s book, so to join his
group was really exciting.”
From the beginning, the idea of using NMR
to probe molecules on surfaces, particularly
at the surfaces of a catalyst, caught Professor

visit, saying that he was trying to apply the
techniques he had read in a thesis to
electrochemistry. The professor was
Professor Wieckowski, and although he had
not yet realised it, the thesis was Professor
Ansermet’s own. Application of NMR in
electrochemistry proved hugely difficult as
either the signals were too weak or the
surface areas were huge. “You know if you
have to do electrochemistry with one to ten
square metres of electrode it’s a problem, a
big problem,” explains Professor Ansermet.
But with DNP the signals could be enhanced.
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At a glance
Project Information
Project Title:
Gyrotron-DNP NMR: Gyrotron-based
Dynamic Nuclear Polarization for Nuclear
Magnetic Resonance
Project Objective:
A gyrotron designed especially for magnetic
resonance generates a 260GHz signal
that is guided by a corrugated waveguide
built following an innovative technology
(Swissto12 S.A.). A resonator is designed to
optimize irradiation and signal detection.
Operation at the second harmonic of the
gyrotron is also in the plan.

DNP-NMR set up in Ansermet’s lab: The Gyrotron (on the right of the picture) is
connected to the NMR spectrometer with corrugated waveguides made in titanium
developed by SWISSto12. In the loop the quasi-optical path used to fully control the
high frequency signal used for the DNP.

Fruitful collaboration or A MegaWatt
technology spin-off

The very large magnetic fields used
nowadays bring a major challenge to DNP
– high frequencies. “The bigger the field
the bigger the signal but once you get way
up in field, the frequency of the electrons
is crazy high, 100s of GHz,” says Professor
Ansermet. A computer operates at just a
few GHz so managing frequencies two
orders of magnitude higher is far from
trivial. At this point Professor Ansermet
and his colleague Professor Bodenhausen,
a chemist who develops NMR strategies to
investigate biomolecules, sought the
expertise of some physicists, who heat up
ionised gases – plasmas. The plasma
physicists use are so-called gyrotrons,
which are similar to microwave ovens but
produce waves at very high frequencies
and power. As Professor Ansermet
explains, the collaboration was very
successful. “The most spectacular
application of such gyrotron-based DNP
NMR spectrometer is the demonstration
by Professor Emsley and his group, in
collaboration with Professor Bodenhausen
and his Lausanne group, showing with a
Bruker prototype that surface NMR is
possible, with a 50-fold increase in
sensitivity thanks to DNP.”
As it happens, DNP was never fully
forgotten among the nuclear physics
community. Physicists studying nuclear
structure needed targets with highly
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polarised nuclei. A group that kept on
developing the technique is located at the
Paul Scherrer Institute, Willigen, under
the direction of Dr van den Brandt.
Professor Ansermet and his colleagues
using
DNP
have
very
fruitful
collaborations with this group. “They
have been steadily improving DNP
techniques since for ever. So we, as NMR
people, are happy to turn to them and
they are happy to turn to us because we
have new applications and new tricks!”
he adds.
Professor Ansermet’s activities in DNP
have forced him to move towards much
more complex equipment than what is
used for spintronics research. Future
breakthroughs will likely come from
solving ever greater hardware challenges.
These efforts to pass the new electronics
hurdles have already spawned a
successful start-up company SWISSto12
S.A., which develops equipment that can
transmit the very high frequency signals
from the gyrotron right down to the
sample in the NMR spectrometer. “It’s a
beautiful example of how fundamental
research — what people call ‘crazy ideas’
— drives people to solve technical
problems that create jobs and economic
activity.” Thirty years on from Professor
Ansermet’s debut in the field and
successful research activity seems to
continue
insatiably
gaining
momentum.

Project Duration and Timing:
On-going since 2008. The gyrotron
commissioning and characterization took
place in 2012, its installation in an NMR lab
is due in 2013. DNP-NMR will be carried out
henceforth.
Project Funding:
Swiss National Science Foundation, EPFL,
over 2Mio external funding
Project Partners:
• CRPP, Centre National de Physique des
Plasmas, EPFL,
• Laboratory for Biomolecular Magnetic
Resonance, EPFL,
• CIBM, Centre d’Imagerie BioMédicale,
EPFL,
• Swissto12 S.A., Parc Scientifique,
Lausanne

Main Contact:

Jean-Philippe Ansermet

A 1981 graduate of EPFL, Ansermet
moved to Urbana (Illinois) where he
developed for 7 years with Prof. Slichter
NMR of surfaces. He then joined the
materials research of Ciba-Geigy and
became professor at EPFL in 1992.
Exploring various aspects of spintronics
leads him back to magnetic resonance.

Contact:

Tel: + 41 21 693 3339
Email: jean-philippe.ansermet@epfl.ch
Web: http://lpmn.epfl.ch

★

61

Swiss

The Balkan lynx, a subspecies of the Eurasian lynx, is a critically endangered animal that exists only in
the bordered areas of Macedonia and Albania, possibly also stretching north into Kosovo and
Montenegro. However, it has recently become apparent that there is only one remaining source
population in the Mavrovo National Park of western Macedonia, according to a baseline survey and
camera trapping carried out by ecologists in the area.

Rescuing the Balkan lynx
“We have known

about the critical
status of this subspecies for many years, but
until recently it was almost impossible to
work in these countries due to war and civil
unrest,” says Dr Urs Breitenmoser. “About 6
years ago, we started projects with local
partners in the area, and then 3 years later
began a scientific project, funded by the
Swiss National Science Foundation in the
frame of the SCOPES programme, alongside
the existing conservation projects. It is
through this scientific work that we have
begun to draw a picture of the conservation
status and ecology of this critically
endangered species.”
As well as the conservation, science and
awareness work, the Balkan Lynx Recovery
Team has also been pushing to try and
establish a greater number of protected
areas in the border areas where the lynx
are still at large. These areas, which are
part of what was formerly known as the
Iron Curtain, are lush in wildlife due to the
fact that they were emptied of people
during this time, with only military
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controls remaining. The reduced human
influence in these areas made them a
bastion for endangered species such as the
Balkan lynx. It is important now that
those areas left untouched are protected
for the future so that the flora and fauna
can continue to flourish.
“The baseline survey consisted initially of
talking to local people and trying to
establish what they knew in terms of

surveys through interviews with people in
the surrounding villages, finding out about
when and where they had seen lynx,
whether they had experienced livestock
attacks from them, and also about what the
lynx eat, which we now know is mainly roe
deer, chamois and hares.”
“After this, we defined the most promising
areas to start looking for the lynx using
opportunistic and deterministic camera

“The baseline survey consisted initially of talking to local
people and trying to establish what they knew in terms of
distribution and numbers of the lynx and its potential prey, as
well as their attitudes towards them”
distribution and numbers of the lynx and
its potential prey, as well as their attitudes
towards them,” explains Breitenmoser. “We
then defined an area of potential
distribution, and carried out systematic

trapping, utilising a method by which you
plant cameras according to a pre-defined
plan to try and capture pictures of the
animals. As well as this, we also captured 3
lynx and fit them with a GPS collar so that
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we could learn more about their spatial
behaviour, hunting behaviour and about
their land tenure systems.”
The Balkan lynx was originally described
as a separate subspecies by a Bulgarian
zoologist back in 1941 and again by a Serb
scientist in 1971. However, this distinction
was not widely recognised by Western
scientists due to the obscurity of the
publications and doubts about whether the
Carpathian and Balkan lynx populations,
which until a few decades before had
overlapped in terms of distribution, could
really be separate subspecies. It is only
recently that genetic analysis in the frame
of the on-going research programme has
proven this to be true. However, the
importance of keeping the Balkan lynx
population alive is not only due to its status
as a distinct phylogenetic unit, but also
because the lynx are an integral and
important part of the southwest Balkan
ecosystem as a top predator.
“We are now fairly certain that lynx
reproduction is restricted to the Mavrovo
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“...we defined the
most promising
areas to start
looking for the lynx
using opportunistic
and deterministic
camera trapping”
area,” explains Breitenmoser. “Camera
trapping has shown us that they do exist
further east and west, but the likelihood is
that these are just animals dispersing from
this core zone. Although we know that they
are still breeding in Mavrovo, our analysis
of the population conservation status
according to the IUCN Red List assessment

rules have concluded that there are no more
than 20-44 lynx left in the whole area,
putting the subspecies alarmingly close to
extinction. If we cannot implement rigorous
conservation and protection measures
immediately, then it is likely that extinction
will indeed be the outcome.”
Several threats remain to the existence of
this tiny population of lynx. Illegal killing
of the animals is still a problem despite
their protected status, and although work to
stop this has by and large been very
successful, every individual lost is a huge
blow to a population so small. On the
Albanian side, habitat destruction through
over exploitation of the forests and
dwindling numbers of prey animals caused
by unregulated hunting have both been a
huge problem.
However, the biggest threat to the
remaining core population today, is the
construction of hydroelectric dams. “These
dams pose a threat not just to the lynx but
to all of the wildlife in the Mavrovo
National Park,” says Breitenmoser. “The

63

At a glance
Project Information
Project Title:
Status, ecology and land tenure
system of the critically endangered
Balkan lynx Lynx lynx martinoi in
Macedonia and Albania
Project Objective:
The objectives of this scientific project
within the Balkan Lynx Recovery
Programme are (1) to study the Balkan
lynx’ land tenure system and (2)
feeding ecology by means of radiotelemetry, and (3) to develop capacities
in scientific wildlife research and
monitoring in Macedonia and Albania.
Project Duration and Timing:
3 years, January 2010 to
December 2012
Project Funding:
Swiss National Science Foundation
(SNF) through SCOPES 2009 – 2012
Joint Research Projects. CHF 180,000
Project Partners:
Switzerland: Urs Breitenmoser,
University of Bern and KORA,
Albania: Spase Shumka, PPNEA and
Agricultural University of Tirana
Macedonia: Slavčo Hristovski, MES and
University of Skopje

Main Contact:

question you have to ask is, which is more
important: the protection and preservation
of nature, or a small boost to the local
economy? It has even been suggested that
the short term economic gains will
eventually be overshadowed by the long
term losses of natural heritage and
potential tourism.”
The scientific work carried out over the
last 3 years has helped to provide reliable
data that conservationists can trust to use
in their work. Understanding the size and
status of a population is an important
precondition for defining target-oriented
conservation measures. “When we started,
all we had were guesses from local experts,
and our knowledge from having worked
with lynx in Switzerland. For a long time
the range and density of the population had
been overestimated, and so the ecological
field work we have been doing, which is on-
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going, has shown us the real extent of the
danger that these lynx are in.”
Raising awareness about the plight of the
Balkan lynx has fortunately not been
difficult, according to Breitenmoser. “The
pictures of the lynx from our camera traps
and the data from our radio collaring that
have shown the huge territories of each
individual, which can be up to 450km2,
have been taken in by the media with great
interest. In Macedonia, the lynx is
considered to be a national symbol, and so
almost everybody there is now aware of the
Balkan Lynx Recovery Programme.”
With a population so small, it is hard to
find many positives about the situation that
these fascinating and elusive animals find
themselves in, but the fact that peoples’
reaction to the media coverage of the work
has been so strong suggests that perhaps
they do still have a fighting chance.

Urs Breitenmoser

Urs Breitenmoser is a senior
researcher at the University of Bern
specialised in carnivore ecology.
He has been involved in long-term
studies of the recovery of large
carnivores in Europe, especially the
reintroduced lynx populations in the
Alps, and is co-chairing the IUCN/SSC
Cat Specialist Group.

Contact:

Tel: +41 31 951 90 20
Email: Urs.Breitenmoser@vetsuisse.
unibe.ch
Web: www.catsg.org/balkanlynx/20_
blx-compendium/index.htm
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At a time when organ transplants are becoming ever more frequent, the Nephrology Research Laboratory of
Zurich has been conducting vital research into overcoming the issues underpinning organ rejections

Changing
protocol in
solid organ
transplantation

Organ transplants

are a lifeline to a
variety of different patients who would
otherwise die without them. However, the
body’s natural response to reject foreign
tissues has long been the biggest barrier to
the success of these operations, and the
current methods used to suppress this can
be severely detrimental to a patient’s health.
Thomas Fehr and Pietro Cippà have been
developing a new protocol that hopes to
make the process of stopping this immune
response a less toxic.
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“Although we are particularly interested
in renal transplantation, the topic we are
dealing with is of potential importance to
the field of solid organ transplantation in
general,” says Fehr. “We have been
developing protocols that can induce
immunological tolerance. In a translational
approach, a first step would be to test them
in kidney transplant recipients, as those
patients would have the safety net of
dialysis in case of occurring problems. If we
do manage to come up with a clinically
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well-tolerated protocol, however, our
research might be of interest to all patients
needing solid organ transplantation.”
In the 50 years in which solid organ
transplants have been used, major
improvements have been made in ensuring
success for the initial year following the
procedure. For example, approximately
95% of kidney transplants will survive the
first year. However, after this first year a
constant number of organs is lost every
year. This is due to two important factors:
chronic forms of rejection by the body, and
the toxicity of the immunosuppressive
drugs used to protect the organs from this
rejection. For this reason, the Nephrology
Research Laboratory of Zurich have been
looking into ways of establishing a state of
immunological tolerance in which the
immune system of the recipient is
manipulated in a way that it will accept a
foreign organ as though it is self-tissue.
“The only way in which this has been
achieved successfully so far in kidney
transplantion is by combining the kidney
transplant with a bone marrow transplant
from the same donor,” says Fehr. “The
engraftment of bone marrow cells from the
donor establishes a state called mixed
chimerism, in which the recipient’s immune
system is made up of a mixture of cells from
their own immune system and the donor’s.
The cells of each person’s immune system
that are predisposed to attack foreign cells
will be cancelled out from the repertoire as

“The only way in which this
has been achieved
successfully so far in kidney
transplantion is by combining
the kidney transplant with a
bone marrow transplant from
the same donor”
they mature in the thymus. What is left is a
mixture of mature donor and recipient
immune cells that are not programmed to
react to each other - or the newly
transplanted kidney.”
The difficulty lies in establishing this
state of mixed chimerism. To do a bone
marrow transplant, conditioning therapy is
needed, and at present the protocol for this
therapy is very aggressive, involving
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Mixed chimerism

Apoptosis modulation

chemotherapy and sometimes total body
irradiation or total lymphoid irradiation.
“Unfortunately, this therapy is so harsh
that not everyone who needs a kidney
transplant can actually tolerate it,” says
Fehr. “The proof of principle that you can
induce tolerance with bone marrow
transplants is there, but we do not have
protocols that are widely useable yet
because of the levels of toxicity involved.”
Cippà, who has led much of the research
into developing new protocols through his
PhD, explains some of the breakthroughs
that he has made. “One of the most
important new factors that we have
introduced to these protocols is a new
class of drug that modulates apoptosis of
lymphocytes,” Cippà explains. “Our idea
was to use Bcl-2 inhibitors in order to find
a new way to induce mixed chimerism.
These drugs can be used to modulate the
mechanism of apoptosis – programmed
cell death – in lymphocytes, which are the
primary barrier to foreign tissues

successfully remaining within the body.
We hoped that by using these drugs, which
have previously been used in patients with
lymphomas, we might reduce the need to
administer chemotherapy or irradiation.”
Initially, tests were carried out to see
whether these drugs had a beneficial
effect in general on transplantation, and
the results were resoundingly positive,
showing that Bcl-2 inhibitors could
indeed inhibit graft rejection. The second
step was to integrate the drug into the
tolerance protocol. “We found that by
using a combination of the Bcl-2 inhibitor
ABT737 with cyclosporin A - a commonly
used immunosuppressive drug - for 2
weeks, we were able to induce mixed
chimerism with a modest dose of bone
marrow cells and without irradiation or
chemotherapy. This was one of the most
important findings we obtained during
the project.”
Another part of Cippà’s project was
focused on the role of memory T cells. “At
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At a glance
Project Information
Project Title:
Apoptosis modulation in lymphocytes to
induce immunological tolerance.
Project Objective:
This project aims at developing apoptosis
modulation as a novel principle for
immunosuppression in solid organ
transplantation of naïve and sensitized
recipients, and at establishing a new
effective, but less toxic protocol to induce
immunological tolerance.
Project Duration and Timing:
4 years
Project Funding:
• Swiss national foundation
• Olga Mayenfisch Foundation
Project Partners:
• Nuffield Department of Surgical
Sciences, University of Oxford
• Division of Transplantation, Medical
University of Vienna

Main Contact:
the end of the immune response after a
viral or bacterial infection, the immune
system generates memory T cells that are
responsible for a fast recourse of the
immune response in case of reinfection,”
explains Cippà. “It is widely accepted that
these cells are particularly resistant to
immunosuppression and conditioning
protocols, and are thus one of the biggest
barriers to the application of low toxicity
protocols in the clinical setting.”

The specificity of the Bcl-2 inhibitors
is another reason why they are such a
promising prospect for tolerance
protocols. “If these drugs were to cause
apoptosis in other organs such as the
heart or liver, then the side effects they
would cause would outweigh their
usefulness,” says Fehr. “Our tests on
mice showed that the only areas which
showed increased apoptosis were the
lymphoid organs, and in peripheral

“Approximately 95% of kidneys transplants will survive
the first year. However, after this first year a constant
number of organs is lost every year”
“We were particularly interested to see
what the effect of the Bcl-2 inhibitors
would have on these memory cell
population. It is known that in the
physiological regulation of memory T cells,
the regulation of apoptosis is very
important. We hypothesised that targeting
the Bcl-2 factors would be a good way to
target the memory T cells. Our findings
showed that memory T cells are sensitive to
these drugs, and we were able to overcome
the memory T cell barrier using a Bcl-2
inhibitor to induce tolerance in mice.”

67

blood only lymphocytes and to some
extent in the platelets, but not
erythrocytes and granulocytes were
affected by the drug.”
The next step for this new protocol
will be for it to be tested in a large
animal model. “Although this is not an
easy step, we hope that these tests will
prove to be successful so that this new
protocol can eventually make its way
into the clinical setting and start to
make a difference to the patients who
need it,” says Fehr.

Prof. Thomas Fehr MD

Current positions: attending physician
(Leitender Arzt) in the Division of
Nephrology, University Hospital Zurich.
Research group leader in the Division of
Nephrology / Institute for Physiology at the
University Zurich. Head of the Transplant
Center, University Hospital, Zurich

Contact:

Pietro Cippà MD PhD

Resident, University Hospital Zürich,
Internal Medicine. Doctor in Science
(PhD) from the Faculty of Science,
University of Zürich.

Contact:

Tel: +41 44 255 33 84
Email: thomas.fehr@uzh.ch
Web: www.nephrologie.usz.ch/
www.physiol.uzh.ch/research/
Grwuethrich.html
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Energy

The European Union has committed to a green future in Europe via its Climate Action Roadmap. In line
with the EU’s drive towards reducing energy waste and lowering emissions, one EU-funded project is
working on technologies to produce clean and resource efficient buildings.

Clean

buildings
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The clock is ticking and time is running
out for the human race to put the brakes
on the acceleration of greenhouse gas
emissions. The European Union is
currently responsible for 11% of global
emissions. While this figure is falling, the
European Commission has called for bold
efforts to further reduce them by 20%
below 1990 levels by 2020 and by a
staggering 80% by 2050.
A major contributor to emissions is the
energy inefficiency of homes, offices and
community spaces. We spend an estimated
90% of our time inside such buildings
and, if Europe is to meet these ambitious
targets, the building industry needs to
start thinking about smart solutions to the
problem. Connie Hedegaard, the first EU
Commissioner for Climate Action, says:
“The more factories, buildings and power
plants we build without making the
necessary improvements, the longer we
will lock Europe onto a path of
unsustainable growth. By turning onto a
low carbon path now, we can reap the
benefits of green growth.”
One EU-funded research project that aims
to tackle the thorny issue of energy waste
inside our buildings is clear-up. This multidisciplinary, multi-faceted research project

aims to reduce energy use in both new and
existing buildings using environmentallysound
components,
thus
creating
sustainable solutions.
Clear-up have
identified that daylight, air quality and
temperature are our primary needs for a
comfortable environment and the project
has set out to develop new technologies to
improve conditions inside while helping the
environment outside.
A fresh approach

Luk Vandaele is based at the Belgian
Building Research Institute. He is
responsible for its research groups on
energy and indoor climate in buildings
and he oversees the relationship with
clear-up and the building community. “A
number of new applications were developed
to control the indoor environment issues in
buildings,” Luk explains. “The idea was
also to invest these new technologies,
mostly nano technologies, in a holistic
approach to improve the environment in
buildings and at the same time to reduce
energy consumption.”

“The more factories, buildings and power plants
we build without making the necessary
improvements, the longer we will lock Europe
onto a path of unsustainable growth”
Clear-up have worked on a myriad of
ground-breaking technologies to achieve
their three-fold objective of improving air
quality, light and temperature in future and
existing buildings. To improve air quality
the
team
have
been
developing
photocatalytic materials. Photocatalysis is a
natural
phenomenon
similar
to
photosynthesis in which a substance uses
natural light to produce a chemical reaction
that degrades and eliminates noxious air
pollutants. The technology is already being
used in the road sector and on the outside of
buildings to reduce the effects of pollution.
“Photocatalytic materials are added to the
surfaces inside buildings by a special paint,
for instance,” explains Luk. “The aim is to
decompose harmful substances such as
formaldehyde, which can be toxic, into
unharmful components.” The clear-up team
have been working on additional technology
to improve ventilation. “A number of
advances have been made in the
development of sensor technology where
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new techniques have been used to control
the VOC (volatile organic compounds)
content of indoor air,” says Luk. “This is
nano technology based but the knowledge
is then applied to algorithms to control the
ventilation system in buildings so that the
ventilation rate can be adapted according to
the real content of harmful substances in
the air.”
Alongside improvements in air quality,
clear-up have considered levels of natural
daylight in the home and working
environments. The team have developed a
sensor network that controls daylight
admissions: the resulting technology,
switchable windows, allows users to change
the transparency of a window by simply
flicking a switch.
Turning their attention to the everpressing issue of building insulation,
clear-up considered the size and
performance of insulation to produce
weber.therm LockPlate, which, they say,
“requires less than 10cm thickness to
realise a U-value of 0.15 W/m²K, whereas
most traditional insulation materials

would require 30 cm or more”. Crucially,
this insulation can be retrofitted, which
will maximise the results of energy
efficiency on poorly-insulated older
buildings.
A testing environment

While some of the clear-up technologies
are ready to roll out, others are still in
a stage of development. Luk reports that
clear-up’s system for ‘collecting sunlight’
and transporting it through optic fibres
to darker areas of a building suffered a
setback after being tested during storm
conditions. “It’s very promising but in
practise proved not to be market ready,”
he says. “The aim of clear-up is to bring
additional arguments to convince the
market place of the opportunity,” he
continues. “But there’s still some way to
go, so this work is not finished.”
The process of testing clear-up
technologies has been diverse. Starting in
the laboratory with models, the team have
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moved on to demonstration buildings, socalled testbeds, in Prague, Switzerland
and Spain. “One was a university building
in a Czech university where seven
identical rooms were equipped with
experimental testing where we could

“The idea was to...
improve the indoor
environment in buildings
and at the same time
reduce energy
consumption”
derive the real effects of these
technologies,” says Luk. “The results are
not yet completely available but, as
always, some successes are combined with
failures. That is as expected. The final
phase is a real demonstration in the south
of Spain in a student’s residence where a
number of these technologies are applied
in real scale.”
The real success of clear-up will lie in the
future integration of its technologies into
the building industry. From architects to
developers, Luk is confident the results of
the project alongside the real-life
demonstration in Spain will help to “build
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a bridge regarding decisions on investing.
As always with novel technologies you
have to convince the market place of these
new opportunities. New technologies also
involve uncertainty as to whether it will
work in practice and whether it will give
additional profits for the building
developer,” he explains. “A number of
studies have been done on life cycle
costing: the real gain of investing in new
technologies that are more expensive than
traditional ones but give some additional
gains over the longer term.”
Building on strong foundations

The clear-up team is heading into the final
phase of the project: completing reports
and analysing results. This will be fine
tuned for a report for the European
Commission as well as for a message for the
building community. With the EU Roadmap
for Climate Action stretching into 2050,
energy waste continues to be a burning
issue that requires further research and
development. Luk says “several teams are
setting up new projects that build on the
results of clear-up. The basic aim was to
help in reducing the energy consumption
in buildings and to improve the indoor
climate at the same time,” he concludes, “if
we can say we have had a small contribution
to that gigantic objective then it’s a positive
balance. It’s one part of a big movement to
improve the quality of our buildings.”

Dr Udo Weimar

Dr Udo Weimar has been actively
involved in EU large-scale projects
since the 4th framework program.
He has a background in physics
and leads an interdisciplinary
group in physical chemistry with
links to informatics, biology
and medicine. In addition to
his academic role, he is also cofounder of a spin-off
sensor company.

Contact:

Tel: +49 7071 29 77634
Email: upw@ipc.uni-tuebingen.de
Web: www.clear-up.eu
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Biology

Coevolution between hosts and parasites has been extensively studied and modeled by biologists, and
the way in which these interactions work are generally well understood. But what happens when a third
organism becomes involved? SymbEvol, a project run at the Department of Environmental Systems
Science at ETH Zurich, has been looking at the interactions between aphids, wasps and bacteria in order
to try and answer this question.

Evolving companions

“What we are interested in is hostparasite interactions, specifically the
coevolution
between
hosts
and
parasites,” explains Professor Christoph
Vorburger. “When two organisms apply
reciprocal selective pressure upon one
another, they will end up influencing
each other’s evolution. Both the host and
the parasite have to change continuously
to keep up with each others’ adaptations.”
The dynamics associated with these
interactions were famously summarised
in the Red Queen hypothesis, originally
proposed by Leigh Van Valen, in which
it was stated that “it takes all the running
you can do to keep in the same place,”
which alludes to the Red Queen’s race in
Lewis Carroll’s book Through the
Looking Glass.
Vorburger and his team use the black
bean aphid, Aphis fabae, and its
parasitoid wasp, Lysiphlebus fabarum as
a study system. “Aphids are of great
interest as they are very common pests
in agriculture,” says Vorburger. “You
might find them on the roses in your
garden, and although this is a minor
annoyance, the effects they can have on
large amounts of crops can be
devastating, so they are the cause of a
lot of insecticide spraying.”
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Some of these aphids’ most significant
natural enemies are parasitic wasps.
These tiny insects lay their eggs in the
bodies of aphids, and then the larvae
develop inside the body and eat their way
out from the inside, killing the aphid in
the process. “Their lifestyle has inspired
that of the aliens from the Ridley Scott
Alien films!” jokes Vorburger.
The interesting part of Vorburger’s study
is how a third organism plays a part in
this host-parasite interaction. Many of the

aphids have microbial symbionts living
inside of them, a type of bacteria that the
aphid’s body does not reject because it
provides them with protection from the
wasps. This mechanism, which is known
as defensive symbiosis, is made all the
more interesting as it turns out that the
bacteria are maternally transmitted,
meaning that the aphids pass down the
bacteria from generation to generation,
making the bacteria a heritable part of the
aphid lineage.

The genetic dynamics of coevolution as observed in one of our models. ©2012
Kwiatkowski et al., in ‘On Genetic Specificity in Symbiont-Mediated Host-Parasite
Coevolution’ PLoS Comput Biol 8(8): e1002633. doi:10.1371/journal.pcbi.1002633
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“These bacteria provide very strong
protection to the aphids from the wasps by
producing a toxin that kills the eggs of the
wasp. Their presence is not without cost
though; if no parasitoid wasps are present,
then the aphids with the bacteria have a
shortened life span compared to those
without,” explains Vorburger.
The process of coevolution between
hosts and parasites and how such systems
evolve is quite well understood.
Theoretically, there is a whole suite of
mathematical models describing this
process that are able to make fairly
accurate predictions. However, these
systems are all based on the assumption
that the interactions are occurring
directly between the host and the parasite.
In the example of the aphids and the
wasps, it would appear that this is not the
case. The microbial symbionts inside the
aphids mean that many of the factors
important to coevolution models are
totally changed.
“As I mentioned before, the variance is
changed, so aphids with the bacteria are
way more resistant to the wasps than
those without, which means that there is a
lot more material for selection to act
upon,” explains Vorburger. “Specificity is
also altered; the aphids’ own natural
defenses are relatively ineffective and
very general, so they work equally well
against different parasitoids, whereas the
defense provided by the bacteria acts very
specifically against certain lineages of
parasitoids, adding another complication
to the model. And of course there is also
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Project Duration and Timing:
4 years, 2010 to 2013
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Swiss National Science Foundation
the cost that the bacteria have to the
aphids. All of these factors mean that this
particular system is a lot more complex
than the classic host-parasite interaction.”
The Symbiont project has used both
theoretical modelling and empirical
studies of the organisms in the lab to try
and understand these interactions, and
they have come up with some very
intriguing results. “What we learn from
models is that it is possible for the symbiont
to take over from the host in responding to
selection by the parasite,” says Vorburger.
“When you look at the host’s genetic
variation in these simulations, it looks
rather static and one would assume that
coevolution is not occurring. However, we
have found that in these cases the really
strong interaction is happening between
the parasites and the bacteria, so this is
where the battle is really occurring.”
Another interesting find that resulted
from the empirical studies of the organisms
was to do with the way in which the
bacteria are able to move between host
organisms. “We found a mechanism by
which these bacteria are able to move
laterally i.e. not just from mother to
offspring,” says Vorburger. “When the
wasps lay their eggs inside the aphids,
their ovipositor can act much like a dirty
needle, transporting bacteria from one
aphid to the next one that is injected.
Although the next aphid will usually die
from having been parasitized, some of
them survive, and they can then have the
bacteria present inside of them that can be
passed on to their offspring.”
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Using an approach called experimental
evolution, in which evolution is observed
in real-time in laboratory conditions,
some interesting findings were made
regarding the wasps’ own defenses to the
bacteria. “What we wanted to find out was
whether the wasps were able to become
better at infecting the aphids that are
protected by the bacteria, or whether they
were totally helpless to this protection,”
says Vorburger. “We were able to observe
that they do become more effective at it,
and very quickly, which confirmed our
belief that the biological ‘arms race’ was
occurring between the wasps and the
bacteria, rather than with the aphids.”
In the future Vorburger and his team
hope to try and work out the mechanisms
by which these phenomena are occurring.
“The next stage is to use genomic
approaches to understand how the wasps
are able to adapt against the bacteria. It
could be something to do with enzymes, or
possibly differing egg sizes, but we really
do not know. It will only be with careful
genetic studies that we will understand
what is happening mechanistically.”
Parasitoid wasps are commercially very
important as bio-control agents against
the aphids, and so by understanding the
coevolution system at play, it is possible
that the wasps could be bred to be much
more effective in this role. With food
scarcity being the global problem that it
is, the work being done in the SymbEvol
project could be vital in ensuring that
large amounts of crop harvests are not
damaged.

Project Partners:
Eawag, Swiss Federal Institute of
Aquatic Science & Technology

Main Contact:

Prof. Christoph Vorburger

Christoph Vorburger is an
evolutionary ecologist. The focus
of his research is on the study
of biological interactions that
maintain genetic variation in natural
populations. In particular, he is
interested in insect host-parasitoid
interactions and how these may be
exploited for biological control of
pest insects.

Contact:

Tel: +41 58 765 5196
Email: vorburgc@ethz.ch
Web: www.evec.ethz.ch
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Biology

Membrane proteins are of central importance in cellular communications such as signal transduction and ion
exchange, and are important targets for a new generation of medicines. Understanding the function of
membrane proteins requires their elucidation at an atomic level, i.e. their fluctuations between various
conformations and their spatial and temporal organization within the membrane.

The future of membrane
structural biology
Despite their importance, detailed information
about the function of membrane proteins at a
molecular level are scarce because they are very
difficult to study. “We realised that more information
was needed on the identification and characterisation
of different conformations, how they are inserted in
their natural environment and how they are
organised within the membrane,” says Alain Milon.
“In response to this, our consortium organized a
joint training effort involving the major biophysical
methods used in the field of structural biology of
membrane proteins. Our approach has opened new
possibilities for structure-based drug design, in
particular towards G-protein coupled receptors,
which are among the most important targets of
modern medicines. The training provided in this
programme will not only create and train high-level
academic researchers, but will also make a huge
contribution in forming the main actors of the
future development of biotechnology and
personalised medicine.”
The Structural Biology of Membrane Proteins
(SBMP) network combines 12 academic research
groups involving specialists in functional/structural
analysis and dynamics of membrane proteins, and 4
industrial companies interested in collaborating with
these groups and involved in drug discovery or
scientific equipment for SBMPs. The network
represents about seventy researchers and provides
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state of the art laboratories in all the relevant research
disciplines. It is unique in that it covers all of the
various methods required in the structural biology of
membrane proteins, and ensures that the
complementary expertise is of a high technical level
and available to all students.
Funding for the training of the students is provided
by the FP7 initial training network programme, with
the overall budget for the fellow’s salaries, research
and training expenses totalling approximately 5.7M
Euros. With the cost of research surrounding the
fellows and the investment in large equipment, which
in this field is particularly important, the actual
budget is a lot higher.
“Membrane proteins are rather difficult to study due
to their biochemical and biophysical nature, and so we
set up a network of specialists in all of the major
techniques used to study them,” says Milon. “These
include efficient in vivo and in vitro expression
systems, X-ray crystallography, liquid and solid state
NMR, electron microscopy, atomic force microscopy,
single molecule force studies, advanced biochemical/
biophysical and functional characterisation strategies
as well as numerical simulations.”
One of the most exciting areas of research within
the field of membrane proteins involves engineering
their function in order to prevent disease. A better
understanding of the structure, dynamics and
function of membrane proteins has lead to the

“The 3D structure of
membrane proteins
at atomic resolution
using X-ray
diffraction, NMR or
electron diffraction,
as well as advanced
molecular simulation
procedures, has
allowed us to
perform structure
based drug design of
specific ligands”
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ability to engineer better specific substrates – small
molecules called ligands – that modulate their
activities. “In particular, knowing the 3D structure
of membrane proteins at atomic resolution using
X-ray diffraction, NMR or electron diffraction, as
well as advanced molecular simulation procedures,
has allowed us to perform structure based drug
design of specific ligands,” says Milon. For example,
Diovan, Plavix, Advair and Abilify are all drugs
that fall within this category, and together they
represented a total market of approximately 30
billion dollars in 2009.
The network was funded to recruit and train young
researchers in the structural determination of
membrane proteins. All of the students specialise in
one specific area at their host lab, but are also exposed
to other fields by collaborating within or outside the
network. This includes lab visits and exchanges,
workshops organized by the network and participation
in the network’s annual meetings. In addition, they
receive feedback on their research from experienced
scientists within the network, through presentations
at the annual meeting and a tutorship system.
Complementary skills workshops and contacts with
the private sector are also encouraged and organised
within the network.
“So far, the programme has produced about 40 peer
reviewed publications, and there are many others due
to be released in the coming years,” says Milon. “The
results from the various research projects have lead
to new knowledge and technical improvements in the
field of membrane protein structure and study.
“Not only this, we have also trained a new
generation of researchers in the major biophysical
methods used in the structural biology of membrane
proteins, and it is these young researchers who will
be the scientific leaders of tomorrow.”
Looking to the future, Milon is confident that the
network can play an important role in the future of
membrane structural biology. “The next step of
membrane structural biology will be moving toward
‘cellular structural biology’ i.e. our capacity to
describe membranes at atomic resolution on intact
membranes or living organisms. This has already
started within our consortium, and major results
have been obtained in that direction (such as cellular
solid state NMR) but it will still need major
methodological and conceptual advances to become
routine in modern biological sciences.”
Members of the consortium will also be looking to
target many new therapies and vaccines in the
future. “We have some partners whom are working
directly with proteins with a human mutation, in
order to directly characterise the structural
differences with the wild-type protein,” explains
Milon. “Other researchers are using a strategy
developed within our consortium in which ligands
for specific GPCRs are screened for, allowing them
to isolate those that strongly inhibit or activate the
GPCRs and thus could very probably have some
therapeutic function.”
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Renewable Heating and Cooling:
a new SRA to supply 25% of energy demand by 2020

Accounting for over

half of EU energy
demand, the heating and cooling sector is
the Cinderella of the energy debate; essential
yet largely neglected. According to Eurostat,
84% of energy supplied for heating and
cooling in 2011 was produced through
burning fossil fuels, with severe implications
for the environment and climate.
Renewable energy technologies offer a
safe, reliable, clean and increasingly efficient
solution to Europe’s heating and cooling
needs. Cost effective decarbonisation of the
heating and cooling market is achievable,
however public and private resources must
be mobilised around a clear vision and
strategic research agenda (SRA).
In 2008, the European Technology Platform
on Renewable Heating and Cooling (RHCPlatform) was established with the aim of
providing a common framework for
European industry and research stakeholders
to define technological research needs and
strategic priorities to increase the use of
renewable energy sources (RES) for heating
and cooling and to consolidate EU
technological leadership.
Through the common vision for the
Renewable Heating & Cooling sector in
Europe in 2011, the RHC-Platform proved
that the theoretical and technical potential
of renewable energy sources could cover a
quarter of EU energy consumption by 2020.
However, the report also showed that making
such potential economically viable remains
an outstanding challenge.
To realise the Common Vision, the RHCPlatform has produced the Strategic Research
Agenda for Renewable Heating and Cooling
(RHC-SRA), a key document addressing the
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short, medium and longer term R&D needs in
the field of renewable heating and cooling
technologies and putting together the
strategic research priorities identified for
biomass, geothermal, solar thermal and
cross-cutting technologies.
The SRA sets out the likely directions of
technological and organisational changes
that will need to be converted into specific
research activities over the next years,
starting from Horizon 2020, the next EU
framework programme for research and
innovation (2014-2020). Furthermore, it
aims to facilitate the coordination of other
research programmes in and between EU
member states.
As market growth greatly depends on
major
technological
advances,
the
implementation of the SRA, along with
appropriate market conditions, will be
crucial in realising the shift to a renewable
energy system in which European citizens
can enjoy affordable and sustainable heating
and cooling services.
The RHC-SRA has been launched at the
4th European Conference on Renewable
Heating and Cooling (Dublin April 2013).
Organised by the RHC-Platform in
association with the Irish presidency of the
EU and co-financed by the European
Commission, this has become the biggest
annual gathering of its kind, providing a
unique opportunity for learning, knowledge
sharing networking and discussion
surrounding RHC technologies.
Over the course of three plenary and seven
parallel sessions, conference delegates will
participate in defining which research,
development and demonstration projects are

best suited to the implementation of the SRA
until 2020, and therefore are recommended
to receive support under Horizon 2020.
The challenge ahead is not just
technological. Tomorrow’s energy systems
are defined by the policy and legal framework
we adopt today, which must provide the right
conditions to attract large scale public and
private investments. Public support will
increase as the full potential of social
benefits, such as green jobs, is realised.
Successful deployment of renewable energy
technologies also has to take into account
the needs of end-users and industry investors
need the right signals today – from the EU
and national governments – to make Europe
a resource efficient and renewable energy
economy by 2050.
The next European Budget (2014-2020) is
being decided in troubled economic times,
however this ought not to divert the
ambition of European policy makers to
secure enough resources for the research
and innovation of renewable heating and
cooling technology.
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Mr. Simone Landolina
Coordinator of the RHC-Platform’s
Secretariat
c/o EUREC Agency
tel: +32 25461943
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web: www.rhc-platform.org
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FEATURE
Want to look 25 however long you live? And be as fit and healthy as a 25-year-old too? No, it isn’t science
fiction but a serious proposition being worked on by the US-based SENS Foundation. Dr Aubrey de Grey,
the Foundation’s Chief Science Officer, explains why he believes ageing is not an inevitable consequence of
life, and how it might actually be defeated.
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Ending
ageing
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n the West, we still regard reaching the age of
100 as something special. No matter that the
population of centenarians is increasing
significantly each year, the 100th birthday is
almost always a cause for celebration.
Imagine, then, a scenario where your hundredth
birthday is no more an excuse for a party than your
28th, 47th or 53rd birthdays were. In fact, it means
very little indeed in a world where there are people
aged 300, 400 or older. You might get a cake with a
couple of candles on it, but that’s it. Besides, you’re
having too much fun – running marathons, staying
up all night partying and jet-setting across the
world – to worry about being a mere 100. You
certainly don’t look or feel it, that’s for sure.
It all sounds like something a Hollywood
screenwriter might have cooked up on a quiet day.
Besides, we all know the ageing process is
inevitable. As Shakespeare put it in Sonnet 73:
In me thou seest the twilight of such day
As after sunset fadeth in the west,
Which by and by black night doth take away,
Death’s second self, that seals up all in rest
Yes, we will all wither and die one day. That’s just
how it is. Or is it? Is the ageing process an
inevitable part of life, or is such ‘inevitability’ just
our conditioned way of thinking? Do we really
have to grow old, or could ageing be somehow
defeated by modern medicine?
Nine out of ten scientists would, perhaps, decide
to concentrate their life’s work on something
rather less challenging than repairing and thus
defeating the ageing process, but Aubrey de Grey
- the man who proposed that the first human to
live to 1,000 years old may have already been born
– is no ordinary scientist. His research into ageing,
and the damage caused to human bodies through
ageing, has revealed some extraordinary and
controversial results, splitting the scientific
community. In short, you’re either with Dr de Grey
or you’re against him.
To his more conservative critics, Dr de Grey
certainly looks the part of a voice in the wilderness,
with his long Tolkeinesque beard, skinny jeans,
and habit of plain-speaking. They point to his
background in computer science as a reason for
him not to meddle in head-spinning biology.
Naturally, the laconic 49-year-old Englishman
living and working in California is dismissive of
their scepticism.
“I was a computer scientist in the early part of
my career,” he says, “and during that period I met
and married a biologist (geneticist Adelaide
Carpenter), from whom I learned a lot of biology. I
became aware that, by and large, biologists were
not interested in ageing, to my surprise. I thought
this was tragic. I felt it was so important I decided
to switch fields. It was never something I had
uncertainty about; to me, it was obvious from
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early childhood that ageing was a bad thing and
that we ought to be able to do something about it
in due course, like a heart complaint. It never
occurred to me that other people might not think
the same way.
“Within the scientific community my position
has been controversial for pretty normal reasons.
In other words, wherever someone comes up with a
radically new and pioneering approach to some
particular problem, whether it’s scientific or
technological, it often gets poorly appreciated and
understood by the mainstream of the day. Within
the wider world, there is a lot of controversy about
ageing. The fundamental reason for this concern is
that we have spent the entire history of civilisation
putting ageing out of our minds, getting on with
our miserably short lives and not being preoccupied
by what is going to happen to us. We’ve become
very good at deluding ourselves into thinking that
ageing might not be a bad thing after all, even
though it doesn’t look that way.”
In short, Dr de Grey considers ageing to be a
disease; a disease that can be beaten by
regenerative medicine. “It’s not about living long,
it is about defeating ageing and living longer is a
side effect,” he says. “This is the mistake that
everyone makes and bangs on about all the time.
People think that living longer is the centrepiece
of the whole thing, and they ask about living

Above:
Dr Aubrey de Grey
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longer in a frail state, or how we would live if we
were 1,000 years old. Interesting questions, but
meaningless things to have an opinion about. I
compare having an opinion about how long you
want to live with having an opinion about what
time you want to go to the toilet next Sunday. It’s
not about living longer at all. Living longer is a
great bonus, it’s a beneficial side effect, but it’s
still a side effect.”
At the centre of Dr de Grey’s research within his
own SENS (‘Strategies for Engineered Negligible
Senescence’) Foundation, a charity based in
Mountain View, California, are seven major types
of therapy addressing seven major categories of
cellular and molecular ageing damage. These
categories are:
•
•
•
•
•
•
•

cell loss, tissue atrophy
division-obsessed cells
death-resistant cells
mutant mitochondria
extracellular stiffening
extracellular aggregates
intracellular aggregates

The above list is Dr de Grey’s, but its items are
not. The discovery of extracellular aggregate
damage was made as far back as 1907 and there’s
a strong case that the seven categories are
complete, as no new kinds of ageing damage have
been discovered in a generation, despite increased
research. What the SENS Foundation has done is to
take these categories and propose solutions, known
as ‘rejuvenation biotechnologies’. These already
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exist in prototype form or are considered likely to
work in the foreseeable future, given existing
scientific developments. The plan is to repair the
damage that limits healthy lifespan within our
first 100 years. According to the Foundation this
will not, initially, repair all the damage caused by
ageing, but will rejuvenate our bodies and add
significantly to human longevity. Once this first
generation of therapies is developed the next aim
will be to target the forms of ageing damage that
take longer to cause us problems, thereby renewing
the lease of healthy life that the first wave of
therapies gave us.
“We’re talking regenerative medicine,” says Dr
de Grey, “which means that rather than slowing
ageing down, which is what people have been
focusing on for a long time, we want to genuinely

“We’re talking regenerative
medicine, which means
rather than slowing ageing
down we want to genuinely
rejuvenate people, genuinely
turn back the ageing clock”
rejuvenate people, genuinely turn back the ageing
clock, repairing the molecular and cellular
damage that accumulates through our lives.
“The important thing about this
damage is that it accumulates as
an intrinsic and built-in side
effect of the normal operation of
the human body. Therefore,
stopping it being created in the
first place would require a
complete redesign of the human
body, which we are not in a
position to do. But that damage
accumulates without any real
functional consequence for a
long, long time, for most of our
lives, and the reason it doesn’t
have a consequence is because
the body is set up to cope with
a certain amount of that
damage. It’s only when the
damage accumulates to a
level that the body is not set
up to tolerate that we start to
see the emergence and
progression
of
various
diseases and disabilities.
“Really, it’s just like
preventive maintenance for
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a machine like a car or an aeroplane. The big
breakthrough I made back in 2000 that led to
everything that’s happened since was to realise
that we actually knew a great deal about this
molecular and cellular damage and that we could
classify it into a manageable number of categories.
Within each of these we could describe in a lot of
detail how we might go about implementing this
repair. For example, one category is loss of cells,
cells dying and not being automatically replaced
by the division of other cells. And stem cell
therapy is precisely the way we go about fixing
that. And it turns out that for all the other six
categories we can again describe in detail what we
would want to do about them. In most cases they
are considerably less far advanced than stem cell
therapies are, though.”
At present, in terms of development each
category is at a different place along the road.
Human trials are way off; in fact, for many of
them the SENS Foundation isn’t yet at the stage
where they are working with lab mice. “My
foundation tends to focus on the most difficult, the
earliest stage of development, largely because
nobody else is,” Dr de Grey said. “These are the
things that are too hard for other people to work
on, but we care about the overall end goal and
we’re making sure nothing gets neglected.

the experiences I’d had as a school child, when I’d
seen stage hypnotist shows.
“There was a similarity with an act where some
guy would be hypnotised and get up on stage and
the first step would be that the hypnotist would
tell the subject something that wasn’t true and
they’d believe it. I remember one particular case
where the person would be told that their left hand
was their right hand, and their right hand was
their left. Then the hypnotist would say, ‘now
please touch your left elbow with your right hand’
and the person wouldn’t be able to it. The hypnotist
says ‘You couldn’t do it, could you?’ Up until this
point it has been entertaining, but the real interest
is what happens next: the hypnotist says to the
subject, ‘Why couldn’t you do it?’ And the subject
will always give a completely lucid, unhesitating
explanation for why they couldn’t touch their left
elbow with their right hand. Their explanation
would be ridiculous – it would have some logical
hole in it the size of Canada – but the subject won’t
know this. So I realised I was seeing exactly this
kind of reaction in people when I was having
conversations about defeating ageing.”
Given the ‘conditioning’ Dr de Grey describes it’s
easy to see why such reactions occur. And even if
we get with the anti-ageing project, humans will
always have a naturally insatiable curiosity about

“One hundred thousand people are dying every day
from ageing, so every day I can bring forward the
defeat of ageing I am saving 100,000 lives”
“Everybody who works with us is committed to
the idea of bringing ageing under medical control.
Some people have had the trajectory of a scientific
career and have been through PhD and postdoctoral work. Others have come in at an earlier
stage, even before their undergraduate degree in
one or two cases. On the admin and business side
we have people who have had careers in the biotech industry, so it is quite a diverse range.”
Given the hostility to the idea of anti-ageing,
those working for the SENS Foundation need such
commitment. Dr de Grey describes the anti-ageing
flat-earthers as people in a ‘pro-ageing trance’.
“The reason I used the term is that 10 years ago or
more, when I was beginning to have conversations
with people about the desirability of combating
ageing, I found that people who meant well and I
knew were completely rational and could talk about
pretty much any other topic would completely lose
it when we talked about this,” he says. “They would
give answers to questions that one would be
embarrassed to give to a child to shut them up, and
I realised there was an eerie similarity to some of
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the existence of a 1,000-year-old man. What
would he/she look like? What would they do, and
how could the planet sustain a population of such
longevity?
“Well, they would look like and function as well
as a young adult today,” he says. “ However, I have
no idea what else is going to happen in the next
thousand years. The things that people ask or
think about regarding a post-ageing world are
things that can’t be answered because we are
talking about a very, very distant future. We have
to take into account other technological
developments that we can’t even imagine.
“There are certain solutions to problems we have
today which will emerge more readily as a result
of all this. The main thing is empowerment. At the
moment a lot of the reason we are so fatalistic
about things like climate change and war and so
on is that they ‘exist’ just as ageing exists, and if
we consign one of these major problems to history,
specifically ageing, that will give us much more
confidence that we can consign the others to
history as well.”
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And if the anti-ageing process was proven to
work how would we choose who underwent it?
“There wouldn’t need to be a choice. It would be
available to everybody, irrespective of their
ability to pay. There are simple reasons for this. It
is going to be important in the same way that
clean water is important. Economically it will pay
for itself really well. At the moment we have to
spend an enormous amount of money keeping
sick people alive for a bit longer, so we wouldn’t
be in that situation any more because people
wouldn’t be getting that way. And younger people
would be more productive because they wouldn’t
have to spend time looking after their sick
parents. The elderly will not be frail so they will
continue to contribute wealth to society. It would
be economically suicidal for any country to drag
its feet and make the treatments only available to
the rich.”
The big question is, when will such treatments
be available? Dr de Grey says they are ‘definitely
more than 15 or 20 years away’ and he says there
is a ‘50 per cent chance’ of getting them within
25 years.
“The exact time frame is extremely speculative,”
he adds. “I’m 49 and I’m doing my best to stay
healthy so I have a 50/50 of making the cut, but I
don’t know if I will. But that’s not what gets me
up in the morning. It’s the humanitarian aspect.
One hundred thousand people are dying every
day from ageing, so every day I can bring forward
the defeat of ageing I am saving 100,000 lives. It
doesn’t matter to me whether I’m one of those
lives or not.”

“Yes, we will

all wither and
die one day.
That’s just
how it is. �

Or is it?”

★
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FEATURE
Why do we age? When do we begin to age? Why can we not be immortal? Can we extend our lifespan by
reducing or slowing the effects of ageing? These are essential questions for the future of humanity, and
biogerontologists have long sought to answer them. While some researchers have predicted that ageing can
indeed be prevented or reversed, others believe it not to be possible and focus instead on improving the
quality of later life and tackling ageing-associated diseases.

Taking
the stress
out of

ageing

S

uresh Rattan leads the laboratory of Cellular Ageing of the
Department of Molecular Biology at Aarhus University in
Denmark. Having published more than 200 research
articles and 12 books on the biology of ageing, he is
president of the biological section of the European Region
of the International Association of Gerontology and Geriatrics
(IAGG-ER) for 2011-2015.
Dr Rattan coined the terms “essential lifespdan” and “hormetins”,
and discovered the ageing modulatory effects of cytokinins, kinetin
and zeatin on human skin fibroplasts, leading to the development of
several skin care products concerned with anti-ageing.
Through a hormetic process of subjecting the body to small
amounts of physical, mental and nutritional stress, Dr Rattan and
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his colleagues in Denmark have found that the effects of ageing
can be reduced, and a greater quality of life enjoyed in our
twilight years.
“When we talk about ageing, there are always sociological and
psychological factors, because when does society tell you that you
are old? That’s a very important issue,” says Dr Rattan. “And when
does your own psychology tell you that you are old. When do you
tell yourself you are old?
“But even more important is when does our biology tell us that we
become old? Why do our bodies become old in the first place? And
why can we not live forever? Because the first thing in ageing
research is that in nature there is nothing immortal. Nothing lives
forever. Why? That is the starting question for a biogerontologist.
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“We are generally familiar with two kinds of lifespans. The
lifespan is short, but we talk about average lifespans in the
population. Right now, for example, in Denmark there is average
life expectancy of about 80-85 years. This is very important to
know, because this is the data which is the basis of deciding many
social decisions – what should be the retirement
age? What are the future perspectives? Then
we also know about maximum lifespan – and
the human record so far is 122 years, which
was set in 1997.”
Dr Rattan refers, also, to an “essential
lifespan” – a period of time during which
humans carry out their intended functions,
after which ageing begins. This watershed
generally occurs between the ages of 40 and
45, and with increasing numbers of people
living well beyond that age Dr Rattan is
concerned with improving life conditions in
this period.
“There is a third kind of lifespan – how much
lifespan should be there, from nature’s point of
view, from evolution’s point of view, and that is
the question of the purpose of life. The purpose
of life is what Darwinian theory tells us ¬- reproduction and
continuation of generations, so that lifespan is called essential
lifespan. In the case of human beings, it’s generally not more than
40-45 years. This is what nature wants us for – to continue Homo
sapiens. What happens after that is not
evolution’s concern,
and that is a very important issue,
because through our own success,

through our biomedical achievements, we can expect to live double
or triple that lifespan. That is the start of biogerontological research
- why our lifespan is so short, and when does ageing happen? So,
beyond the age of 40 and 45, that is when in biological terms we say
ageing starts.
“Genes contribute about 25 per cent to our
ageing and lifespan. That means that 75 per
cent of the lifespan is determined by our
lifestyle. 75 per cent will come from nutrition
and physical activity, level of education, social
network, and how you look at your own health.”
While ageing is inevitable, and we are able
to understand the process by which the body
and mind age, it is a process unique to the
individual, and Dr Rattan explains that this
makes a ‘solution to ageing’ a more problematic
undertaking for researchers.
“In the last 50 years, people like us, in our
labs in Aarhus, have described what happens
when individuals become old, when the
systems in the body become old, when cells
become old, when even the molecules become
old - DNA, RNA, protein. What we know from
all this research is that everything in the body ages at the biological
level – if we want to talk about improving with age that’s a
sociological and psychological issue, that yes we need to celebrate
ageing and respect old age, but we need to accept the fact that
biologically everything changes towards dysfunction. Everything
ages, but no two people become old in the same way; no two parts
in the body become old in the same way. There is not a simple
solution to the problem of ageing because everything ages
differently, and that makes life more challenging for researchers,
but also gives more possibilities of intervention.
“A very important question in the field of ageing research is ‘are
we programmed to age?’ Are there any timers, clocks or genes that
are there with the purpose of killing us, of making us old? People
used to think that just like everything else in the body is controlled
by genes, our old age and death is also controlled, but the last 20-30
years of research shows there are no genes that evolution has made
with the purpose of killing; evolution works on life processes, and
this is good news because there is no mechanism that is trying to
kill you. But the fact is that we become old and we will die, and that
is what opens up the possibility of doing something about it.”
Dr Rattan defines a homeodynamic space – our ability to live and
survive, with ageing described as the shrinking of this space. The
essential building blocks for life are also the primary causes of
malfunction in the human body.
“Genes affect our quality of life, our basic survival, our basic
biochemistry, whether we get diseases; but genes don’t determine
how long I will live. But to understand why I age and die, we have
to understand why we live. And life is a paradox in itself. The three
things that are the basis of life – oxygen, food, basic biochemistry,
that is exactly what causes all the problems in the body.
“But in the body, we have very complex processes of maintenance
and repair, the biological defences – right from the level of DNA
maintenance, which is the fundamental survival molecule, to
proteins, antioxidants, cells, tissues, thermoregulation. These are
all mechanisms which protect the cells and body. If they are not
working, we can’t live even for a second. This is the balance between
these two things that we call a kind of survival ability. We call it
homeodynamic space.

“Stress of choice
can be a very
powerful strategy
to achieve
healthy ageing
and have a
better quality
of life”

Exercise is a physical
hormetin that causes
stress and damage in
the body, and you are
able to get benefits
after the exercise.
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Are there any timers?

“ There is a danger zone, a vulnerability zone. But that is relatively
small, because the body has its own defence mechanism. But what is
ageing? It is the progressive shrinkage of the homeodynamic space.
This ability to live is becoming lesser, which leads to the emergence
of one or more diseases, which finally kill us. All the diseases have
a common cause, which is the process of ageing.
“We can either work with one disease at a time, which is the
normal or popular procedure in biomedical research, or we can
prevent these diseases by doing something about the ageing process.
So the aim of ageing research is to modulate, to intervene in the
process, so that these diseases are either
delayed or never come; because once they
come that requires the traditional
biomedical intervention.
“We do not work on extension of lifespan
- lifespan has its own complex nature but improving the healthspan so that we
do not have suffering and diseases in the
last 10-15 years of life. A lot of scientists
are working on different aspects of that.
Most common are temporary remedies,
where we take hormone therapies and
antioxidants and stem cells and try to fix
what’s going wrong one at a time.“
Dr Rattan’s work on hormesis concerns
attempting to reduce this homeodynamic
space by applying an appropriate level of
stress to produce positive results as the
body raises its defence systems to combat
that challenge.
“If there is a very serious deficiency of a molecule, some
antioxidants can help, some hormones can help, but in a normal
healthy person most of these things generally do not work and are
just piecemeal therapies,” says Dr Rattan. “Then there is the more
promising and successful strategy of prevention – how can we

prevent that shrinkage of homeodynamics, becoming more and more
sensitive to disturbances?
“This is where I’d like to introduce the concept of two sides of
stress. We all know that chronic, constant long-term stress is very
harmful for the body. But there is the other side of stress – that
stress at a lower level generally improves your living ability,
because this is the property of the living system – when there is
stress, it tries to counteract it and tries to match that stress. Then
you can get benefits.”
Dr Rattan describes three types of hormetin – physical, mental
and nutritional, and sees the last of these as the
most important.
He explains: “The conditions that cause
hormetics are called hormetins, and there are
three types – the first is hormetin P, or physical
hormetins. Exercise is a physical hormetin that
causes stress and damage in the body, and you
are able to get benefits after the exercise.
“The second kind of hormetin is hormetin M,
or mental, and there is some research showing
that even meditation induces a little bit of stress
– that is why you get benefit. But the most
promising area right now is hormetin N,
nutritional hormetins. A lot of things we eat we
don’t eat due to their nutritional value but due to
something else, such as spices, ginger, garlic,
onion, chilis, pepper. They have very little
nutritional value, but they are good for the body
because they cause a little bit of stress or damage,
so using this combination is very important to obtain healthy life.
“Hormetins can be a very powerful holistic tool, combining
physical, mental and nutritional hormetins - taking variability in
food, choosing your stress. Stress of choice can be a very powerful
strategy to achieve healthy ageing, increase healthspan and have a
better quality of life.”

“Beyond the
age of 40 and
45, that is
when in
biological terms
we say ageing
starts”
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Nano

Cancer is the second biggest cause of death in Europe and current treatments remain limited. Anna
Demming speaks to Pedro Heredia from the Nanother project, where research developments in the use
of nanoparticles may lead to more effective cancer treatments with fewer side effects

Nanotechnology targets cancer
Although cancer treatments

have
come a long way, even in the past ten years,
many patients still suffer intense anxiety
over the efficacy of treatments and the
severity of potential side effects. The drugs
used at present are usually developed to kill
fast growing cells indiscriminately and this
means healthy cells also fall victim to
attack. The resulting vomiting, hair and
weight loss, and damage to internal organs
add to the trauma of fighting cancer.
“The major problem with cancer therapy
at the moment is the unspecificity of cancer
treatment,” explains Dr Pedro Heredia
coordinator of the Nanother project. Dr
Heredia studied for his PhD at the University
of the Basque Country UPV/EHU in Spain
before working as a PostDoc at Imperial
College London. He has since managed
several national projects with more than
ten partners.
The Nanother project takes its name from
the nanotechnology used and the therapies
it aims to develop. The researchers at
Nanother are developing polymeric
nanoparticles with antibodies attached that
specifically target cancer cells. “Several
groups have tried to do that but they did not
succeed,” says Dr Heredia. “But now the
technology allows you to attach the
antibodies in a much more efficient manner.
So our idea was to try and develop these
kinds of tools.”
On reaching their target, the nanoparticles
can attack the cancerous cells in various
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ways. The researchers at Nanother have
investigated a number of approaches, such
as loading the nanoparticles with
conventional as well as new anticancer
drugs. Another approach is the use of RNA
interference, where gene expression in
cancerous cells can be inhibited. “We also
try to use different antibodies so we can
make the nanoparticle more specific for
different types of cancer,” adds Dr Heredia.
The nanoparticles can also be used to
diagnose cancer cells. “Here we use

“We have found new
ways of preparing
nanoparticles for
biomedicine; we have
tested both in vitro
using cell cultures and
in vivo in mice”
nanoparticles
which
have
metallic
components inside. This allows you to see
the nanoparticles inside the body using
magnetic resonance imaging or other
techniques.” In fact part of the Nanother
project works to combine diagnosis and

therapy by treating the cancer cells with
the same nanoparticles used to identify
them. This approach typically uses
hyperthermia. As well as facilitating
magnetic resonance imaging the metallic
components in the nanoparticles can cause
heating in response to an alternating
magnetic field. Heating to 43 °C or 44 °C
can kill the cancer cells.
The problem with attacking tumours
using hyperthermia is that it often only
kills the surface cells of the tumour. As a
result the researchers at Nanother have
begun developing another alternative
where a lower heat increase causes the
nanoparticle to release an anticancer drug.
“That drug could reach the inner cells of the
tumour,” says Dr Heredia.
The project focuses on breast, colon and
bone cancers. Both breast and colon cancers
are very widespread in women and men,
respectively. Therapies and the models for
research for breast cancer in particular are
quite well established but problems remain
with respect to secondary effects. “This
makes therapies improvable and they need
to be improved substantially,” says Dr
Heredia. There are fewer incidents of bone
cancer but it remains widespread due to
metastasis, as Dr Hereedia explains. “When
you have a tumour in the liver or your colon
or in your breast, when those cells move in
the body they, most of the times, end up
attaching to the bone and causing damage
to the bone.”
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Tackling this range of cancers is one of
the challenges of the work undertaken
for the Nanother project. Despite the
sophisticated multifunctionality of the
polymeric nanoparticles, the synthesis
approaches are quite simple. In contrast
while significant progress has been
made, attaching the antibodies to
specifically target the cancer cells can
still be tricky. “Another problem we have
is that the currently used drugs for
cancer therapy have quite high
hydrophobicity — they don’t like water,”
he adds. As the body fluids are water
based, the drugs are normally
administered mixed with something to
make them more soluble. However these
added components tend to be quite toxic.
Finding ways around the use of these
toxic additives is another important
goal. The nanoparticles developed in the
Nanother project may help overcome
this problem as they are water-soluble
and can be used as carriers for such
hydrophobic drugs.
The researchers have worked on
toxicology studies, and have developed
a workflow that can be followed by
pharmaceutical companies to judge the
toxicity of a system. “It’s a way of
doing things to set the toxicology or
toxicity
of
either
drugs
or
nanoparticles.” The application of this
toxicology analysis work reaches far
beyond the scope of cancer research.
“It is now a very important field in
Europe because there are no regulations
for nanotoxicology.”
The
project
is
extremely
multidisciplinary and a number of
partners are involved, working on
different aspects of the research.
Nanother originated as just three groups,
before they began searching for other

groups for different aspects of the
project. “It was a very active search for
partners,” he recalls. He emphasises the
importance of the collaboration between
research and technology development
centres, companies and universities.
“This is something that is not usually
very easy to obtain.”
The project has been funded for 4 years
and ended on the 31st August 2012. While
it is beyond the scope of these research
projects to bring actual products to the
pharmacy — it can take pharmaceutical
companies a further 10 years to reach this
stage — some significant advances have
been made. “We have found new ways of
preparing nanoparticles for biomedicine;
we have tested both in vitro using cell
cultures and in vivo in mice,” lists Dr
Heredia. “And the nanoparticles in vitro
are selective for targeting and treating
and killing cancer cells.” As the body is a
much more complex system some of the in
vivo results require more work. However
they have obtained one multifunctional
polymersome nanoparticle that could
be used for diagnosis of bone cancer in
vivo (seems to work relatively well in
mice). They have also built software
for use when imaging tumours with
the nanoparticles for the diagnosis of
bone cancer.
Dr Heredia is very clear in all their
communications that no broad cure to
eradicate cancer has been found. Such a
cure is fervently sought by sufferers,
their families and everyone who has
come in contact with the disease, and he
stresses the need to “keep your feet on the
ground”. However with the everadvancing capabilities in nanotechnology,
these tiny nanosized particles look set to
put up a good fight against one of the
Goliaths of medical disease in Europe.
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Joint Research Centre – JRC
• HAMELN rds a.s.
• Institut Polytechnique de Bordeaux
• Technological Educational Institute
of Athens
• Université Victor Segalen Bordeaux 2
• NUOVOPROBE Ltd.
• Argus chemicals srl
• ALMA Consulting Group

Pedro HEREDIA is the coordinator of the
project. He has managed several national
projects with more than ten partners. He
carried out his PhD at University of the
Basque Country UPV/EHU in Spain and his
PostDoc at the Imperial College London.
He is expert in protein structure and
proteomics and also in in vitro toxicology
testing using confocal microscopy and
citotoxicity assays.

Contact:

Tel: 0034 94 6002323
Email: heredia@gaiker.es
Web: www.gaiker.es
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Scientists from Imperial College London working in collaboration with the University of Surrey have developed
a new method to make crystals of proteins, using ‘smart materials’ that remember the shape and
characteristics of the protein. This discovery holds great promise for the future development of new drugs.

Smart Materials herald a
new era of drug design
The process of creating a new drug
typically begins with the identification of a
protein that is involved in a specific disease.
Molecules are then designed that will
interact with the protein to either stimulate
or block its function, but to do this in a
rational way (rather than by trial and error)
the structure of the targeted protein must
first be ascertained. A technique called
X-ray crystallography - which is reliant on
high quality crystals - is used for this
purpose, but getting a protein to come out of
solution and form a crystal poses a major
bottleneck to progress. “Proteins are very
comfortable in solution,” says Professor
Naomi Chayen of the Department of Surgery
and Cancer at Imperial College London, “and
they need to be convinced to come out and
form a crystal.”
Finding crystallization conditions for a
new protein can be a close-to-Herculean
task. The standard way of obtaining crystals
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is first to screen a wide range of potential
chemical mixtures, in order to find ‘hits’ or
‘leads’ that point to conditions that may be
conducive to crystallization. Once a lead is
identified, optimisation can be performed
by fine-tuning crystallization conditions
such as the concentration of protein, type
and concentration of precipitant, pH,
temperature and the addition of additives.
However, even after all of this, only around
20% of proteins produce useful crystals,
with the rest stuck in a research cul-de-sac.
A Universal Nucleant

Nucleation, the initial process of crystal
formation in which the first few molecules
join together, is a crucial step that
determines the entire crystallization
process. Thus, the ability to control crystal
nucleation would tackle the protein
crystallization problem at its conception.
There is an ongoing search for a ‘universal

nucleant’– a substance that could be used to
start the successful crystallization of any
protein. Finding such a nucleant would be a
huge breakthrough for medical science.
Chayen, who had previously made
advances in this field by introducing
porous materials as nucleating agents, has
recently developed a more effective
method for making proteins crystallise
using materials called ‘molecularly
imprinted polymers’, or MIPs.
The first step towards the use of these
materials as nucleants occurred back in
2001; the idea was that the pores in the
material would trap the protein molecules
and encourage them to come together and
form a nucleus, which would then grow into
a crystal. The principle was proved but a
suitable material was not found.
The next breakthrough came in 2004
when Chayen enlisted the help of Professor
Larry Hench, a fellow Imperial College
scientist, to supply her with bio-glass that
was originally used as a scaffold for
enabling bone to grow around it. “I realised
that this concept could be translated into
my line of work, and so I phoned him up
and asked if he could make me bio-glass on
a nano scale,” says Chayen.
This technique yielded unprecedented
success with many more proteins than
ever before. Imperial patented the
technology and it was commercialised by
an SME company called Molecular
Dimensions Ltd, who named the product‘
Naomi’s nucleant’. For this innovation,
Prof. Chayen was awarded a Women of
Outstanding Achievement for Innovation
and Entrepreneurship commendation at
the
WISE (Women in Science and
Engineering) awards in 2012.
Personalised Polymers

At this point it was clear that porous
materials were effective as nucleants, but
despite this success, Chayen and her team
continued the search. “Our next task was
to create pores that had specific affinity
to proteins.”
This is the point at which MIPs were first
considered.
MIPs
are
compounds
(polymers) made up of small units of
acrylamide (or other monomers) that bind
together, i.e. polymerise, around the
outside of a molecule. When the molecule
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Creation of MIPs

Project Information
Project Title:
Smart Materials: Development
of Protein Recognition Polymers
as Novel Surfaces for Protein
Crystallization.
Project Objective:
To investigate a new idea of
designing molecularly imprinted
polymers as triggers for forming
protein crystals which are vital for
facilitating rational drug design.
Project Duration and Timing:
18 Months
Project Funding:
Engineering and Physical Sciences
Research Council (EPSRC) grant
numbers EP/G014736/1 and EP/
G014299/1
is extracted, it leaves a cavity that retains
its shape and has a strong affinity for the
target molecule. This property interested
Chayen enough for her to investigate the
MIPs further. She contacted Dr Sub Reddy
at the University of Surrey, who had been
developing protein-based molecularly
imprinted polymers for the development
of novel protein diagnostics. Dr Reddy
made ‘personalised’ MIPs for her with
cavities that would pull their own protein
molecules back, creating the perfect
environment
for
the
subsequent
crystallization process.
“MIPs help the crystallization process
by using the protein as a template for
forming its own crystal,” explains
Chayen. “Once the first small group of
molecules is held in place, other molecules
can arrange themselves around it and
start to build a crystal.”
Chayen’s team, in particular Dr Emmanuel
Saridakis, Dr Sahir Khurshid and Dr Lata
Govada, then demonstrated that MIPs are
effective in both the screening and
optimisation stages of crystallization. MIPcontaining screening trials (in a widely
used commercial screen) yielded promising
hits for three proteins that had not produced
useful crystals before. No hits were obtained
in the absence of MIPs or in the presence of
traditional nucleants, meaning that without
MIPs these important hits would have been
missed.
An additional key discovery was that
better crystals could be obtained in the
presence of MIPs at the optimisation stage.
Nine proteins out of ten tested produced
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higher quality crystals (as measured by
X-ray diffraction), notably of an HIV
protein complex.
The findings went beyond the team’s
expectations. “When embarking on the
MIP experiments, we expected that each
MIP would work exclusively on its cognate
protein and that it would be necessary to
make a MIP for each protein to be
crystallised,” says Chayen. “In practice,
our results showed that a MIP imprinted
with one protein could also be successfully
used for other size-compatible proteins.
This is very important in the case of
difficult to crystallise proteins, which are
usually too scarce in supply for imprinting
and would therefore benefit from the use of
a related MIP made from a cheap and
abundant protein.”
The results were published in PNAS in
July 2011 (vol. 108, 11081-11086) and the
paper is receiving ongoing coverage: e.g.
Research News Highlight in Nature
Methods, News and Views in Nature
Chemistry, New Scientist (under cuttingedge science) and by numerous other sites,
as well as by the London Press Service. A
patent application has been filed and is at
the PCT stage.
These new breakthroughs are ushering in
an exciting new era for drug research. By
using MIPs, Professor Chayen and her
colleagues‘ work will enable more proteins
to crystallise than ever before as well as to
increase the quality of the crystals. This
significant innovation has the potential to
have a major impact on research leading to
the development of new drugs.

Project Partners:
Dr S.M. Reddy, University of Surrey

Main Contact:

Professor Naomi Chayen

Naomi E. Chayen is Professor of
Biomedical Sciences at Imperial
College London. She specializes
in the crystallization of proteins,
developing unique methods adopted
by laboratories worldwide, several
of which are commercialised (e.g.
‘Naomi’s Nucleant’). She is recipient of
Innovator of the Year (2011) Prize and
Women of Outstanding Achievement
for Innovation and Entrepreneurship
Commendation (2012) presented by
the Princess Royal.

Contact:

Tel: +44 207 594 3240
Email: n.chayen@imperial.ac.uk
Web: www.imperial.ac.uk/medicine/
people/n.chayen/
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Chronic inflammatory diseases – MS being the most common – are severely debilitating. Existing therapeutic
protocols often mitigate symptoms, yet cannot cure such ailments. Nanotechnology offers a possible lifeline to
sufferers, as French researchers explore the colossal potential of molecule-sized medicines.

Phosphorouscontaining
dendrimers:

a new
treatment
for MS
Medicine is hoping to make giant strides:
within the smallest scales. Measured in
nanometers, synthetic, molecule-sized
remedies promise revolutionary new
treatments for illnesses like cancer and
Parkinson’s
disease.
Dendrimer-based
therapies are a fast evolving frontier of this
technology. Defined as ‘tree like’ polymers,
dendrimers are repetitively structured
molecules, with a typically symmetrical
structure which ‘branches’ outward from
their core. Two-dimensionally visualised on
paper, many of the fifty plus variations
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catalogued to date resemble elegant,
geometric patterns; snowflakes encircled by
casing. This aesthetic grace is no accident of
design, however. First synthesised in 1978,
dendrimers possess a number of malleable
properties which enhance their agency as
nanotools, a role in which their construction
becomes integral.
Shape, size and weight of a dendrimer’s
form can be precisely modified – key to
satisfying rigorous healthcare criteria, and
characteristics which render them attractive
vehicles for a number of bio-medical

techniques. Because of their minute
dimensions and globular shape, dendrimers
are expert carriers of biomolecules and
biomimics – technologies which craftily
enter the human physique, and emulate the
behaviour and characteristics of naturally
occurring molecules to interact with cells.
Located on the outermost periphery of the
molecule’s shell are active ‘functional
groups,’ which can be customised by
designers. These may work independently,
or combine with other agents to form
intricate nanodevices.
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Cavities found in the structure of more
expansive, ‘fourth generation’ starburst
(and larger) dendrimers, offer space for
chemical deposits, transforming the
molecule into a drug courier. Once refined,
developers hope that this will facilitate
more effective and targeted absorption of
medicines, allowing them to be ‘smuggled’
into sensitive areas of the body.
Additionally,
dendrimers
can
also
participate in biological monitoring,
facilitating magnetic resonance imaging,
fluorescence imaging and biosensing.
Excitingly, dendrimers have in themselves
emerged as potent therapeutic agents, with
intrinsic anti-inflammatory properties.
Launched in January 2012, a new three
year study, supported by the French
national research agency (Agence Nationale
De La Recherche), and based in Toulouse,
aims to develop innovative molecules to
combat MS using this hypothesis. The most
common
neurodegenerative
disease
amongst young adults, MS affects two
million people worldwide, with some
current treatments costing $20,000
annually per patient. This research pilots
techniques offering better results and,
possibly, greater financial economy.
The venture will focus on a particular
dendrimer variant, a phosphorous based
molecule capped by Aza-BisPhosphate
groups (ABP), which interacts and activates
human monocytes. “We’ve been working on
this particular molecule for almost ten years
now” explains Professor Rémy Poupot, the
Project Co-ordinator. “Now we need to
promote our work, and consider its potential
for technological transfer.” Prior research on
mouse models indicates that dendrimers
could prove useful in treating arthritis (also
a chronic inflammatory disease of autoimmune origin), and a similar strategy will
now be used to test their effects on MS. A
critical part of the study will examine
whether dendrimers can migrate through
the Blood-Brain barrier – which separates
peripheral blood and brain tissue. By acting
directly on monocytes – white blood cells
which comprise part of the immune system
– or related cells, articles published by the
team in journals such as Science
Translational Medicine suggest that
dendrimers may represent a novel family of
immunologically active drugs.
“Biological drugs target only one
particular cykotine in a chronic
inflammatory disease” elaborates Professor
Poupot. “When a specific type of cytokine
is blocked, the strategy becomes redundant,
as another will take its place. With
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dendrimers, we can target cells – especially
monocytes – which are directly or
indirectly responsible for the synthesis of
a wide variety of cykotines. Dendrimers
could thus offer a much more efficient
form of treatment than contemporary
methods, over the long term.” Beyond its
relevance for MS, Poupot believes the
potential for this youthful science is vast,
and reveals that other utilisations including “the potential effects of
dendrimers on the cellular redox
metabolism” are being considered.
“There are two different strands to the
research, operating in parallel,” explains
the Toulouse-based Professor. These seek
to chemically engineer and study the
medicinal dendrimers, and understand
their compatibility with animal and
human subjects. “From an academic point
of view, we have to identify different
potential indicators of the molecule’s
effects, with regards to inflammation and
neuro-degenerative disease. From a
translational point of view, once we have
developed the means to follow and detect
the dendrimers and their byproducts in
human fluids, which involves developing
an entirely new analytical method, we aim
to ultimately consider the pharmacokinetics
and bio-distribution of the molecule.”

“The most common
neurodegenerative
disease amongst
young adults, MS
affects two million
people worldwide”

2D structure of lead dendrimer ABP:
Core in blue, branches in black, surface groups in red
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At a glance
Project Information
Project Title:
DENDRI’MS: An immuno-modulatory
phosphorus-based dendrimer for the treatment
of Multiple Sclerosis
Project Objective:
Validate dendrimer ABP as an innovative drugcandidate in MS with Proof of Concept in mouse
and non-human primate (NHP) EAE models;
Depict the immunological properties of
dendrimer ABP in these models, including its
Blood-Brain Barrier crossing property; Address
immuno-safety concerns regarding dendrimer
ABP in a NHP model.
Project Duration and Timing:
DENDRI’MS was launched in January 2012 and
will run for 36 months

“We are beginning to
plan the transition
from mouse to manlike primate models”
Initially, experiments will rely on
mouse-based models, before focusing on
closer analogues.
Building on a 2006 study of ABP
dendrimers, the project unites a team of
diverse experts. “Experiences are shared.
We’ve been using this strategy with
success for the past decade,” relates the
Project Co-ordinator, who describes their
working relationship as a “synergy”.
Himself an authority in biochemistry
and immunology (particularly innate
immunity) at the Physiopathology Center
of Toulouse-Purpan, two of Poupot’s long
term collaborators are Anne-Marie
Caminade and Cédric-Olivier Turrin of
the Laboratoire de Chimie de Coordination
– also at the forefront of investigations
into dendrimer based nano-medicines.
Professor Roland Liblau, also from the
Physiopathology Center of ToulousePurpan,
offers
neurological
and
immunological insights on MS, whilst a
fifth senior member of the group, Hugues
Contamin, PhD, CEO of Cynbiose, a
biotech company, is an internationally
renowned specialist in primatology.
“We are beginning to plan the
transition from mouse to man-like
primate models” details the Professor.
“This is a very tricky area due to their
differing biology (and from an ethical
standpoint), and will occupy us over the
next few months”. Although the study
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Project Funding:
French National Research Agency (ANR,
Agence Nationale de la Recherche), program
“Partnership Research and Biomedical
Innovation”

does not presently contain human
trials, the team intends to compile
sufficient data – and obtain
additional funding – to enter phase
1 clinical trials, which could
validate the positive indications of
initial tests. Before this technology
is embraced by the healthcare
mainstream,
however,
longstanding statutes will need to be
rewritten.
Dendrimers, relates the Project
Co-ordinator, are “larger molecules”,
compared with other chemicals
drugs. As such, they violate the
Lipinski’s “rule of 5” covering drug
candidates, exceeding size and
weight specifications. For some
observers in the medical industry,
the suggestion that such treatments
could prove effective nears heresy.
Poupot, however, counters that his
research offers a strong rebuttal to
orthodoxy. “Our conclusion after
conducting several dendrimerbased studies is that, although we
accept the necessity for rules
governing medicinal molecules, one
day or another a drug will appear
which does not respect the ‘five
rules’” he says. If this latest strand
of research attains its laudable
goals, ABP dendrimers may be the
one to rewrite them.

Project Partners:
• Centre of Physiopathology of ToulousePurpan (CPTP, Pr. Rémy POUPOT and Pr.
Roland LIBLAU)
• Laboratory of Coordination Chemistry (LCC,
Dr. Anne-Marie CAMINDE and Dr. CédricOlivier TURRIN)
• CYNBIOSE (CEO: Dr. Hugues CONTAMIN)
Other research and development partners:
• Laboratory of Applied Mathematics and
Physics (LaMFI, Dr. Giovanni PAVAN)
• Innovative Concept in Drug Development
(ICDD, CEO: Dr. Nathalie COMPAGNONE)
• INSERM Transfert Initiative (CEO: Dr. Mounia
CHAOUI)

Main Contact:

Pr. Rémy POUPOT

Dr. Rémy POUPOT received his PhD in
Biochemistry from the University Paul Sabatier
of Toulouse. He is currently full professor
in Biochemistry in the same University. His
research interests include immunology
(in particular innate immunity), molecular
mechanisms underlying immunomodulation triggered by natural
and chemical stimuli.

Contact:

Tel: +33 (0)562 748 661
Email: remy.poupot@inserm.fr
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Nano

With technological barriers facing the advanced optical lithography technology, supra-disciplinary action is
being taken to ensure that scientists can develop the tools needed to tackle these issues and progress into the
nano-electronic era of surface physics.

Industry
technology
challenges
open doors
for new
research
training
network
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The SPAM project

(Supra-disciplinary
approach to research and training in surface
Physics for Advanced Manufacturing) aims
to bring together a team of promising
researchers and supply them with the
training required to advance in the field of
surface physics. This will help usher in the
breakthroughs
required
for
optical
lithography technology in order to be able to
print features under 32nm for advanced
semiconductor manufacturing.
The training project will materialize in the
form of an ITN (Initial Training Network)
governed by Marie Curie. The overall cost of
the project is €4.3 million with €2.7 million
of that going towards salaries and the
remainder going towards other costs such as
research training, travelling, conferences
and management activities. The European
Commission has guaranteed the funds for
the four year duration of the project.
The recruited researchers will be trained
by a pool of 12 renowned European partners
who are respected experts in the field of
surface physics and technologies. The
partners will act as mentors towards
individual researchers and assist them by
applying a range of modules with set goals
relating to their individual disciplines.
These disciplines vary a vast amount, and
include advanced lithographic systems,
vacuum technology, high performance
optical systems, micro and nanoelectronics,
nano-technology,
applied
optics, surface physics, applied surface
analysis and more.

“Young researchers have
gained further research
training which helps them
to develop their research
skills and supports them in
their research career”
The Supra-disciplinary Research Teams
(SRT’s) are split into four areas and are
supported by five distinctive Training
Exchange Pools (TEP’s). These are; surface
conditioning and modification, surface/
interface metrology, surface conditioning
and preparation, supporting science areas
and complementary competence training.
The SRT’s each have a unique, main
research focus. The first SRT focuses on
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contact line (in)stability. This element hopes
to provide a better understanding of contact
line dynamics - this is the line between
water and air below the lens. This team
which is coached by Michel Riepen has the
task of studying flow phenomena in a
complex environment with non-ideal fluids
for immersion lithography system. They
wish to increase the wafer scan velocity,
which also requires higher wafer
accelerations of more than 30m/s2.

for our customers. So now we’re using
cleaning
methods
which
limit
contamination issues and will increase the
life spans for these machines” says Maarten
Van Kampen.
“Our biggest question is; what is the key
source of contamination on these surfaces
and how do we remove them?”
The third SRT, entitled ‘Controlled Surface
Roughness’, is aimed at decreasing adhesion
between the wafer table and the wafer.

“When we started considering advancing
our technologies here in 2007, we could
only scan at around 0.5 m/s. So we needed
to find people who could help us find a new
limit for immersion. We also wanted to
develop a new hydrophobic coating. This
new type of coating would allow us to
reach far higher scan velocities. These are
the main aims of our leg of the project.”
said Michel.
The second SRT is surface cleanliness
which focuses on condensing contamination
at times when multilayer mirrors are
exposed to extreme ultra violet light. In
these cases, condensable hydrocarbons lead
to carbonisation, so the SRT must set
extreme rules for controlling them. The
main aim for the team is to gain a deeper
understanding of the contamination
process and subsequently, limit the impact
of the process as best they can.
“This has major implications for industry
as our lithography machines involve optics
which should last for about 7 years and if
they don’t, that is not good value for money

When the surfaces of the table are too
smooth, the tables tend to adhere the wafers
too early. During manufacturing the tables
are finely polished in order to get the
perfect flatness. The SRT3 researchers aim
at reducing the resulting unwanted
adhesion either through imposing a welldefined roughness or by changing the
surface energy of the surfaces.
SRT-leader Edwin Gelinck sees good
possibilities in using the results of their work
in fields where placement and accuracy of
surfaces is very important. “In many areas
adhesion is an unwanted phenomenon, e.g.
in mechatronics and the MEMS industry,”
explains Gelinck. “Research institutes such
as TNO (the Netherlands organisation for
applied scientific research) can apply the
results of the current work in these fields as
well, leading to important spin-offs from
our work.”
The fourth and final SRT is metrology of
structured surfaces. The ambition of this
SRT is two-fold: on the one hand, to extend
the application range of ASML’s metrology
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tool towards metrology for line-edgeroughness (LER) of the grating lines, and on
the other hand to investigate alternative
hardware implementations in view of
possible improvements regarding sensitivity
for profile metrology of diffraction gratings.
“For the LER-metrology, the current
hardware could be complemented with a new
algorithm as a software option that performs
the CD-metrology separately for two
orthogonal polarizations of the light incident
on the diffraction grating,” explains Wim
Coene, leader of SRT4. “The main part of this
work was a theoretical study which showed
that the difference of the respective retrieved
CD-values is a direct measure for the lineedge roughness of the grating. This
hypothesis was very successfully confirmed
with experimental data.”

approximately every two years). The
progress in performance of products
based on these advanced IC’s supports
the economical growth in many areas
such as health care, mobile devices,
high speed communication.
The entire project was designed as a
way to increase and share knowledge
between disciplines and provide longlasting training to its members.
Researchers from all over Europe have
been selected to work on the training
programme which offers them an
innovative, structured course within
their chosen field. The members will be
able to continue their research
following the conclusion of the SPAM
project last year and be well equipped
with the skills needed to meet market

At a glance
Project Information
Project Title:
S.P.A.M.: Supra-disciplinary approach to
research and training in surface Physics for
Advanced Manufacturing
Project Objective:
The project objectives are to foster
the development of next generation
researchers, to identify and develop crucial
knowledge in the field of surface physics
required for optical lithography technology
which will enable the manufacturing
of smaller semi-conductors by printing
features under 32 nm with extreme
positional accuracy (< 4 nm).
Project Duration and Timing:
4 years, October 2008 to
September 2012
Project Funding:
European Commission (FP7)
Marie Curie Action.
Funding: Euro 4,300,696.82
Project Partners:
ASML Netherlands BV, adixen Vacuum
Products SAS, Carl Zeiss SMT AG,
Interuniversitair Micro-Electronica Centrum
VZW, IMEL NCSR Demokritos, Universität
Stuttgart, LaVision GmbH, Organisatie
voor Toegepast Natuur-wetenschappelijk
Onderzoek, Technische Universiteit Delft,
Wageningen Universiteit, Universität
Würzburg, Universiteit Twente

“For the second part of this SRT, a new
hardware concept has been devised based
on sequential acquisition of diffraction
patterns for different positions of a focused
laser beam along the unit cell of the
diffraction grating. Such a scan in lateral
position enables us to retrieve the phase of
the wave front in addition to the amplitude
information that is measured directly. A
substantial improvement in precision for
profile reconstruction could be achieved in
this way. The new method has also revealed
a strong sensitivity for lateral position
information, like in the case of a typical
overlay error.”
Timely availability of researchers and
results supporting the technology for
lithography and metrology are a prerequisite
for realization of the leading International
Technology Roadmap for Semiconductors
that ensures advancements in performance
of IC’s and supports the continuation of
Moore’s law (describing that the number of
transistors that can be placed inexpensively
on
an
integrated
circuit
doubles
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demands and application development
for the near future. This is a focal point
to the project.
“Young researchers have gained
further research training which helps
them to develop their research skills
and supports them in their research
career” said Project Coordinator
Gerold Alberga.
“Universities, institutes and industry
as well as the researchers involved in
the project may benefit in the future
from the network that has been created
during the project. Having better
trained researchers in Europe will
enhance the knowledge based economy
of Europe” he added.
The researchers that make up the
SRT’s and Alberga are confident that
the training network will prove to be a
success. Individual research subjects
will be followed up after the project has
come to its end, which bodes well for
some researchers who may be hoping to
achieve a personal accolade as well.

Main Contact:

Dr. Gerold E. Alberga

Dr. Alberga works for ASML and has
extensive experience in managing
large international projects, viz. the FP6
project more Moore on EUV lithography,
the MEDEA+ EAGLE and CATRENE
EXEPT projects on technology for the
EUV lithography tools as well as the
ENIAC JU LENS project on lithographic
enhancements towards nanoscale.

Contact:

Tel: +31 40 2685979
Email: gerold.alberga@asml.com
Web: www.asml.com
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eHealth

Computer technology underpins the modern condition, digitally constructing futurity bit by bit. Formidable,
high performance computing (HPC) resources are executing calculations which will guide the way we live out
our tomorrows. To head this global pursuit of knowledge, the EU must invest in and strategically deploy its HPC
capacity, say PRACE.

Implementing a sustainable
infrastructure to stimulate
development within european HPC
High performance computing means serious business – and
serious science. Supercomputing technology, applicable to many
spheres of industry and experiment, has seized the interest of policy
makers east and west. Indeed, according to recent figures from the
International Data Commission (IDC), China’s HPC investments in
2011 were $285.8 million, with projections anticipating that its
overall funding of HPC could total $1 billion by 2016.
Gripped in a competitive vice – the US applying pressure from the
opposite side of the globe – the EU responsively initiated PRACE
(Partnership for Advanced Computing in Europe). As the
organization’s council Chair, Catherine Rivière comments,
“Cooperation at EU level is essential to HPC. When the EU decided
to create PRACE, it was an acknowledgement that no EU country
could independently compete against the US or Asia.” PRACE’s
objective is to stimulate the EU’s HPC infrastructure, using
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collaboration and investment to guarantee future international
success – and generate technologies which offer collective benefits
to the populous.
“HPC offers Europe powerful strategic tools. The technology is
widely recognised at international level and, consequently, it’s
essential for us to be in the race” summarises Rivière. Funded by
25 member countries, the body has established a multinational
combine of interconnected resources, which applicants can
diversely exploit. Access is granted in three types – ‘preparatory’,
at the formative stages of a venture; year-long slots of ‘project
access’, and ‘multi-year’ access, for longer initiatives. Under
PRACE’s auspices, researchers can use highly advanced EU
systems, like France’s Tera 100 - capable of performance speeds of
up to 1 petaflop (a mind-boggling one-thousand trillion, or one
quadrillion, operations per second).
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Professor Kenneth Ruud, the Norwegian Chair of PRACE’s
scientific committee, perceives that such tools are now intrinsic,
and invaluable, within several frontiers of science. “Nanotechnology,
which should form an important part of new medicine, requires the
engineering of miniature devices. However, their development
requires a vast, underlying IT infrastructure. We need to experiment
and understand, via modelling, the most promising utilisations of
such
radical
techniques.
Additionally, further simulations
are required to comprehend how
such remedies interact with the
human body, and could be
augmented to meet individuals’
needs.” These, he feels, are
beginning to supplant traditional,
theoretical
science
studies.
Ultimately, they could even
supersede controversial practices,
such as vivisection. PRACE’s other
applications include climate and
economic
modelling,
and
involvement in the aerospace and
automobile industries, alongside
the realisation of next-generation
entertainments via cutting-edge
media such as 3D cinema.
Convening in Dublin, the PRACE
Council reiterated the importance
of
these
ambitions,
and
inaugurated an exciting new era
in which it hopes to act on its
compelling
scientific
case.
“PRACE is now entering a new
phase. We’re preparing to develop
a sustainable EU infrastructure”
comments
Rivière.
Formerly
oriented toward a 2015 horizon,
the organisation’s focus now
extends beyond, looking forward
to 2020. “The council has accepted this new strategic vision, which
scrutinises the goals and needs of PRACE in the future” continues
the Chair. Especially for complex, long term projects, stability in
planning and provision is essential. As Ruud explains, although
the organisation has pledged an abiding commitment to HPC (and
intends to obtain assurances that will allow researchers to plan
some 10 to 20 years ahead), a five year forecast is only prudent,
considering the likelihood of dynamic architecture and systems
evolution. The next major step after 2020, PRACE anticipates,
could be the introduction of ‘exascale’ computing, which would
offer a thousandfold improvement on the performance of the first
‘petascale’ unit, which entered service in 2008.
The council’s foremost recommendation is the creation of a robust
support structure, which can regulate, yet emancipate access. As the
organisation’s Chair shrewdly points out, measuring HPC
performance in terms of statistics is futile – effectiveness is
determined by deployment, and results. “It’s essential for science and
industry to increase the number of companies accessing HPC” she
says. “We intend to democratise availability, to boost European
competitiveness across all relevant domains”. To fulfil this, the
assembly is seeking an investment of between 800-850 million
Euros, which will kickstart the vital interchange of information

between clients and computer companies, for their mutual advantage.
This element is also important for PRACE’s secondary goal, which
indicates that utilisation should be guided by demonstrable research
needs, and rationed by users and providers. An optimum environment
in which to nurture such an enterprise, it proposes, could be ‘thematic
centres’ – facilities which unite various experts, to harness the full
potential of HPC.
Most
formidable
amongst
the
challenges facing the multi-national
assembly is, perhaps, a lack of qualified
human resources – a prerequisite for
growth. “Many new areas of science and
industry are entering HPC; but there is
little precedent, or prior experience in
these sectors” observes Ruud. PRACE
intends to proactively intervene, by
offering training for students, and
facilitating the entry of hitherto
unsupported disciplines into HPC
environments. Rivière concurs with
Ruud’s assessment, and also identifies
the possibility of a detrimental EU
‘brain drain’. Should comparators surge
ahead, then “we’ll encounter problems”
she admits. “We could lose our talent
base, as researchers and engineers with
specialist knowledge join rivals
overseas.
As
this
phenomenon
progresses, competencies and key skills
will deplete to the extent that it becomes
increasingly hard to replace them.”
Software and tool development has
also been highlighted as an area for
enhancement. “Developing software
which can adapt to scaling – having
many computers and processors
working on the same problem – is also
paramount” says Ruud. “Algorithms
used for calculation and analysis,
however, may vary widely between different fields of scientific
study, and more compatibility needs to be devised.” Because of the
vast amounts of data analysed – particularly in disciplines such as
bio-informatics – huge amounts of storage are an inevitable
complement to HPC systems. “There needs to be a high performance
interface between individual and plural processors, and storage
units – as this is becoming something of a bottleneck” contends
the academic.
Nonetheless, HPC is already making tangible headway within the
EU. A recent project jointly undertaken with the UK Met office
granted researchers 145 million core hours, allowing them to
advance three years ahead of schedule in their high-resolution
climate modelling project. Cenaro, an applied research centre for
modelling and numerical simulation, has also been partnered to
investigate future jet engines, and assistance was extended to a
London-based team examining the effectiveness of organic solar
cells, amongst numerous other ongoing investigations. Despite
these recent successes, Catherine Rivière issues a cautionary note
about complacency – and insists that, to continue to flourish, HPC
must follow PRACE’s far-reaching road map. “I think Europe is in a
far more significant position than five years ago,” she concludes,
“but it must build on the progress it has made”.

“PRACE is now
entering a new phase.
We’re preparing to
develop a sustainable
EU infrastructure”
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Researchers at the University of Fribourg, led by Dr Martin Hoelzle, are working on the next generation of
mapping techniques to understand – and potentially forecast – the unpredictable formation and distribution of
snow on Alpine glaciers.

Mapping the
snow cover
of mountains
98
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The Swiss Alps are an area of outstanding
natural beauty, with the snow-capped
mountains a source of pleasure for walkers,
skiers and tourists, as well as providing
shelter for the many thousands who live on
or around them.
While spectacularly
beautiful, the Alpine cryosphere – a
collective term for the portion of the
mountains covered by snow and glaciers or
underlain by permafrost – is particularly
sensitive to atmospheric warming. For
years, scientists have sought to understand
and quantify the shifting dynamic of these
snow-capped
peaks.
Historically,
accumulation measurements on glaciers
have comprised of in-situ probing carried
out by teams with rudimentary measuring
equipment. More recently, new technology
like airborne light detection and ranging

snow depth and the water stored therein
enables scientists to
better quantify
ongoing trends. It also allows them to
forecast potential issues like increased
water run-off from fast-melting snow. In
the future, researchers hope that the
information gathered from several high
alpine glaciers could provide a rich source
of data, enabling accurate computer
modelling technologies to be created – with
reliable results for hazard-assessment and
decision-making in public services.
Attention to detail

Alpine glaciers – and indeed those of other
snow-capped mountain ranges across the
world – comprise of a body of ice that forms
where accumulation of snow exceeds its
ablation. Formed over many years, glaciers

“The advances in GPR technology could be beneficial to
teams attempting to find people affected by an
avalanche and potentially buried in the snow”
measurements (LiDAR) has been used to
understand and map the changes, but it is
expensive and the measurements are often
unreliable because of glacier flow.
In an innovative new project, researchers
in Switzerland are using Ground Penetrating
Radar (GPR), mounted on helicopters, to
accurately map the spatial distribution of
snow that is highly variable even on small
scale. Understanding the distribution of

contain a climatic record of the past. They
are known to be excellent source of
information on past and present changes in
the climate system. .
The Findelengletscher and Colle Gnifetti
may not be the most famous glaciers in the
Alps, but are chosen as the setting for this
project due to a wealth of historic
information and data available. The initial
stage of the project involved the collection

Figure 1: Snow depth derived from LiDAR DEMs corrected for emergence velocity, rn
compaction and autumn melt
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Figure 2: 1.5 km of GPR profile after processing. (a) is the reflection of the interface between air and snow, (b) between snow and glacier
ice, the green markers indicate a crevassed area in the center of the glacier
of data, recording the spatial distribution of
snow on Findelengletscher, with readings in
April 2010, June 2011 and May 2012.
To map the glacier’s composition,
researchers are using GPR technology. The
GPR technology has existed for a number
of years, but is now at a point where it is
cost-efficient to use in such an application.
Using low-frequency electro-magnetic

This will help to identify and iron out any
inconsistencies in their methodology.
Further stages will see the team analysing
the firn layer properties of the
Findelengletscher and Colle Gnifetti
mountain sites, to see whether the GPR
measurements of snow accumulation in
the past correspond with the reality.
Testing its reliability in analysing previous

“In future years the team hopes to improve the present snow
distribution modelling approaches, to a stage where the forecasting
systems work with imperfect or incomplete datasets”
waves – between 10 MHz and 500 MHz – a
signal is sent into the glacier. A part of the
signal is reflected from layers within the
glacier or its bed and is then received and
processed – providing the researchers with
an accurate reading, and allowing them to
understand and document the structure of
the glacier. Thus, a subsurface image of the
whole glacier system can be created without
the need for many probings or boreholes.
This initial mapping stage – recently
completed – is augmented by additional
measurements. At the same time as
mapping areas with GPR, researchers have
drilled boreholes and conducted various
field tests and LiDAR scans to assess and
corroborate the validity of the GPR data.
A measured approach

Initially, the team is developing a
standardised measure to analyse the data.
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formations is essential to accurately predict
future glacial formations. Usefully, the
team also has access to historic field data
from as far back as 2005 to help understand
and assess their work.
It’s an involved piece of work as Martin
Hoelzle, the scientific lead of the project,
explains: “The project builds upon a firm
base of research to allow us to understand
the evolution of glaciers. At every stage we
have to check both the methodology and
the results to ensure that our work is
accurate and reliable.”
Modelling the future

Ultimately, the team’s ambition is to create
a modelling platform able to forecast and
predict the future behaviour – and impact
– of glacier changes. The team will be
using the Alpine3D software, developed
by the WSL-SLF in Davos, to accurately

model the behaviour of snow and its
spatial distribution on glaciers, thereby
enabling its accurate forecasting.
It is this sort of application that has seen
partners, including the WSL-SLF in Davos,
the Alfred Wegener Institute in Germany,
the Paul-Scherrer Institute in Würenlingen
and private firm Airborne Scan and RUAG
keen to be involved.
Through a thorough data validation
exercise, conducted as part of the project,
the team will create a quantifiable and
statistically accurate indication of the
margin of error for snow distribution
calculations – something that could
benefit those who don’t have access to
expensive GPR technology.
Changing lives

Currently the project is halfway through
its four-year term and is already starting to
produce encouraging results. The team has
already proven that the spatial distribution
of snow varies from glacier to glacier, to a
degree that necessitates individual
forecasts for each. It’s an apparently minor
point that has big impacts in the way that
glaciers are treated in models that assess
the impact of climate change.
In future years the team hopes to improve
and enhance the present snow distribution
modelling approaches, to a stage where the
forecasting systems work with imperfect or
incomplete datasets – this is significant in
regions and areas where historic data for
mountains isn’t as voluminous as that of
the Swiss Alps. Within this framework, the
team – in partnership with private industry
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– are working on creating a seamless
system, processing GPR data into a
forecasting model in real-time.
While this may all seem scientifically
credible and engaging, the real-world
impact is something the team is keen to
build upon. An accurate modelling tool
could prove beneficial in predicting
avalanches and the amount and flow of
any water from snow covered areas on
glaciers and outside. Aside from
providing an innovative measuring
tool in glaciology, the advances in GPR
technology, and its practical usage,
could be beneficial to teams attempting

to find people affected by an
avalanche and potentially buried
in the snow.
In the future, with continued
global warming, the formation
of glaciers – and more
importantly their continued
melting – is likely to cause
significant issues for those who
live in and around the mountains
or use them for leisure. If the
team is successful, their solution
can improve safety and resource
management in the Alps and
elsewhere.

★
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The murky mysteries of the deepest oceans have been a source of fascination to humankind for
centuries. But now this final frontier of biological and geological exploration is at our fingertips for the
first time, satisfying scientific curiosity is only one consideration.

More answers from
the deep

Above shots: MARUM Bremen, Germany
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Dr. Achim Kopf,

Professor at MARUM
Bremen, Germany, headed the “Deep Sea &
Sub-Seafloor” (DS3F) Coordination Action
which gathered the best marine scientific
minds in Europe together with technological
industry leaders, environmental experts
and policy makers. The result: a cohesive
roadmap for an integrated approach to the
further
discovery,
exploration
and
protection of new territories in the deep sea
and it sub-bottom.
Our understanding of the deep biosphere,
naturally occurring geoprocesses and their
interrelationship with deep-sea ecosystems
and geohazards is poor.
Only in the past 20 years has technology
allowed scientists to explore the deep
biosphere with methods such as deep-core
sampling. Recent discoveries include
‘biofluids’ - liquids generated by subseafloor sedimentary processes which
create environments capable of supporting
large microbial communities. How life
survives almost without energy and in
conditions of perpetual deep-freeze poses
an intriguing puzzle, - at first scientists
were challenged to prove that these
biosphere communities were in fact a
separate
ecosystem
rather
than
contaminants from above – and an
imposing research prospect. Sequencing of
the genetic codes of thousands of these
species reveals that nearly all are unknown
to science, and many bear no relation
whatsoever to any known species.
The desire to explore the unknown is
joined by a growing need to understand the
interdependencies between deep sea geobiosphere systems and other ecosystems at
a time when our impact is encroaching on
these remote environments at an
unprecedented rate. Increased activity in
deep-sea fishing, hydrocarbon exploitation,
mineral extraction and bioprospecting, and
indirect impacts via climate change and
pollution, mean it is increasingly vital to
understand the reactions of deep-sea
ecosystems to environmental change.
The challenge includes finally unravelling
this part of the global carbon cycle and
investigating the deep-sea paleoenvironment
and how paleoceanographic processes are
connected with climate change, and the
governing principles and triggers behind
marine geohazards like tsunamis and
earthquake slips.

Links under the seas

Given the complex interdependence of
deep-sea biogeoprocesses and the high
equipment costs of deep-sea exploration
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Derrick of deep-sea drilling vessel CHIKYU.
MARUM Bremen, Germany

“‘The deep sea and its
and sub-seafloor sampling, the only way to
successfully tackle the opportunities and
challenges of this frontier is with an
integrated,
crossdisciplinary
and
international approach that reflects this
complexity. DS3F championed this approach
by connecting research in marine life,
geosciences, climate and environmental
change with socio-economic issues and
policy building for a long-term strategy.
The DS3F CSA began in January 2010 with
a meeting in Brussels, and held a dozen
workshops and meetings on thematic topics
spanning ‘Sedimentary seafloor and subseafloor ecosystems: past, present & future
links’, ‘Sediment dynamics & geohazards’,
‘Geofluids and gas hydrates’, and ‘Climate
change & response of deep-sea biota’ and
‘Geosphere-biosphere interactions’. The
biological and geological work packages

sub-seafloor contain a vast
reservoir of physical, mineral
and biological resources that
are rapidly coming into the
window of exploitation”
were bracketed by two expert groups
focusing on sub-seafloor sampling in the
deep sea (drilling and coring) as well as
deep sea infrastructure and synergies with
existing initiatives in academia and those
with mutual overlap with industry. DS3F
emphasises the importance of creating
synergies between industry, science and
policy to form a strategic partnership,
enabling better integration of scientific
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exploration with the approaches of the
multidisciplinary deep seafloor community.
The initiative has strong links with
various deep-sea research projects
including HERMES-HERMIONE, ESONETEMSO, and recently sketched the strategy
for a future ‘Distributed European Drilling
Research Infrastructure’, which was
submitted as a consultation to the EU with
plans to develop a concerted infrastructure
and foster innovative developments in
scientific drilling across Europe both
onshore and offshore.
Ocean drilling, deep-core sampling and
sustainable archiving of such materials and
data provide a telescopic window into the
past, with cores showing records of climatic
disturbances or hazardous processes

Manned submersible NAUTILE for
exploration in up to 6 km water depth.
IFREMER, France

(earthquakes, meteorite impacts, etc.) from
millions of years ago. “Only detailed
knowledge
of
past
high-resolution
variations in climate and environment will
build the predictive capabilities to look
forward and reliably mitigate future
processes such as climate change. The same
is true for the mitigation of geohazards such
as earthquakes, landslides and tsunamis,
each of which usually leaves a distinct
fingerprint in the sedimentological record
of our planet,” said Dr Kopf.
All DS3F workshop reports – including
research goals for the next decade(s) - fed
into the comprehensive White Paper (all of
which are available at the project website
http://www-deep-sea-frontier.eu).
This
serves as a guide towards Horizon 2020
objectives and will feed into the upcoming
European Maritime Policy, providing the
footing for the Thematic Strategy for the
Protection and Conservation of the Marine
Environment - the environmental pillar of
the emerging Maritime Strategy.

The initiative provides a platform for
ongoing integrated collaboration to deal
with important issues arising from themes
including life in the deep biosphere;
marine geohazards and effects on
ecosystems; and the sustainable use of
sub-seafloor resources.
Minimising impact is imperative in order
to benefit from the opportunities presented
by the vast wealth of seafloor and subseafloor resources without irreparably
damaging fragile ecosystems we still know
too little about. A 20-25% biodiversity loss
may effect a 50- 80% reduction of deepsea ecosystem key processes, so it is
essential to develop a stringent policy
framework for environmental preservation
in accord with international treaties.
Deep sea mining takes centre stage given
the steadily growing global demand on rare
elements as well as hydrocarbon resources.
Manganese nodules, polymetallic sulfides,
cobalt-rich ferromanganese crusts and gas
hydrates are the most likely targets for
mineral exploitation, which will impact
deep-sea ecosystems significantly. The
scale and nature of the impacts remain
uncertain, but hundreds of thousands of
km2 of seabed will be affected by either
slope stability issues or sediment plumes,
while processing of ores at sea may dissipate
toxic chemicals.
‘The deep sea and its sub-seafloor contain
a vast reservoir of physical, mineral and
biological resources that are rapidly coming
into the window of exploitation. Assessing
the opportunities and the risks involved
requires a serious commitment to excellent
deep sea research.’ said Dr Kopf.
Here, the European Commission’s strategic
framework Horizon 2020 offers a variety of
opportunities, in particular since Europe
has cutting-edge technological potential in
the fields of drilling and monitoring
technology for renewable energies such as
geothermal, offshore wind and seafloor
resources. Scientific ocean drilling will
continue to play a valuable role, for example
in the exploration of resource opportunities,
in obtaining estimates for ecosystem and
Earth climate sensitivity, or in improving
understanding about the controlling factors
governing processes and recurrence
intervals of submarine geohazards. Taking
up these and similar societal challenges
will strengthen European scientific and
educational networks.

★

The DS F White Paper is available to download at the following link:
http://www.deep-sea-frontier.eu/upload/Downloads/DS3F%20White%20Paper.pdf
3
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for sub-seafloor sampling to contribute
to a better understanding of deepsea and sub-seafloor processes
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multi-disciplinary workshops resulted
in a White Paper sketching long-lived
research approach.
Project Duration and Timing:
Coordination Action, 30 months,
January 2010 to June 2012
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Adapting
to our
changing
world
Denmark’s Ministry for the
Environment is responsible for
both administering the country’s
environmental policy, but also in
its research tasks for
environmental protection and
planning. The ministry also plays a
vital role in Denmark’s
contribution to the EU’s
environmental policies, particularly
during the country’s recent EU
Presidency. In an exclusive
interview, the Minister for the
Environment Ida Auken outlines
how important it will be for
Europe to adapt to the many
green challenges ahead

Can you discuss your thoughts on the
challenges of climate change and
adaptation issues? What possible solutions
do you see to this ongoing challenge?
Ida Auken: While we are trying to reduce
green house gas emissions from states,
companies and households, there will still
be a need for adapting to climate change.
The effects of climate change will have an
impact on all societies and we will all need
to take the necessary steps to adapt. The
costs of postponing efforts may be great.
We have recently witnessed how great
amounts of rain have flooded parts of
Copenhagen with great costs. In 2011 the
mere cost of repairs amounted to almost 1
billion euro.
In Denmark we want to enable
municipalities, companies and citizens to
adapt to the changing climate. Among other
elements we have now introduced a National

106

Climate Action Plan for adaptation to
climate change. A crucial element of this
plan will be the elaboration of municipal
plans to be adopted before end of 2013. We
are also strengthening the ability of

other crucial stakeholders. This will ensure
that Denmark introduces a resilient scheme
for adapting to climate change.
This national process is truly vital for our
efforts. It will contribute towards European

“Denmark is also closely involved in efforts aimed
at developing a European strategy for adaptation
to climate change”
municipalities to tackle the challenges
faced by the changing climate. We do that
by introducing a number of new legislative
changes. Efforts are developed through a
national dialogue and strong collaboration
between all ministries, municipalities and

and broader efforts aimed at adapting to
climate change. Denmark is also closely
involved in efforts aimed at developing a
European strategy for adaptation to climate
change. Finally, we also remain closely
engaged with supporting efforts of, in
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particular, the poorest and most vulnerable
developing countries as well as knowledgesharing with other developed countries
more broadly. Strong, comprehensive and
inclusive dialogues on the national, regional
and global level will be crucial for
strengthening abilities and efforts aimed at
adapting to climate change.
Can you discuss your thoughts on the
importance of green technologies and why
they are so vital at the moment?
Ida Auken: Green technologies provide an
opportunity to make production and
consumption more resource-efficient. They
also offer the chance to create growth and
new workplaces by tapping into a market
for
green
and
resource-efficient
technologies and products.
This is extremely important at a time
when everybody is looking for new jobs and
new growth opportunities; at a time when
the market for key resources are driving
prices up and affecting the competitiveness
of a wide range of industries; and at a time
when the market for new, resource-efficient
solutions is expected to grow in response to
increased pressure on natural resources.
How do you see research as a way to
promote innovation, ‘green’ technologies
and jobs?
Ida Auken: It is important to acknowledge
that companies and technology developers
themselves are the best people to come up
with innovative thinking and invent the
new solutions needed.
What we try to do is to make sure that
there is a link to the resource and
environmental issue that we want to solve
and the regulation that we already have in
place or that we expect to be put in place.
We want to use innovation as a way to
facilitate timely transition of the Danish
industry and state of the art technology
development as the basis for green growth
and exports.

schemes, which had led to targeted
technology development in those areas.
On water-saving technologies, cleaner
shipping and other areas, the Danish
Ministry of Environment has launched a
series of targeted technology partnerships
with relevant actors. The ministry has
played an active role in these partnerships.

In the future I think the important thing –
not only for Denmark but also in the EU
and other places – will be to strengthen the
integration of green technologies and the
green economy into other policy areas. This
will enable us to develop a broad ranging
and long term set of policies that can really
change the name of the game.

“Green technologies provide an opportunity
to make production and consumption more
resource-efficient”
What are the benefits, as you see them, of
green technologies?
Ida Auken: The benefits in short are:
increased
competitiveness
through
resource-efficiency, growth opportunities
through a market in rapid development,
creation of jobs and the transition to a
green economy with reduced resource
consumption and environmental pressure.
How do you plan to accelerate Ecoinnovation?
Ida Auken: We have just increased the
budget for targeted test and development of
new green technologies in the Danish
Ministry for the Environment.

Can you discuss the Danish Presidency’s
thoughts on starting to solve the financial
crisis in relation to the climate and
resource crisis?
Ida Auken: To me, step one is to
acknowledge that we live in times of
multiple crises – we are now confronted
not only with a financial and economic
crisis, but also we face severe challenges
from a climate and a natural resource
crisis. Our natural resources, which we
rely on for all economic activity and social
and economic development, are
under severe pressure.

Can you discuss the Danish green
technologies
such
as
water-saving
technologies and cleaner shipping?
Ida Auken: Technology-development in
areas such as water-saving technologies
and cleaner shipping are good examples of
the way we handle green innovation here
in Denmark.
There is a strong link between regulation
– IMO regulation on air-pollution from
ships or ballast-water; an effective pricing
mechanism on water use – and the combined
efforts of industry and public funding
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Long-term prosperity therefore requires a
transition to a new growth paradigm based
on resource efficiency. A growth that
delivers new jobs, improves social wellbeing
and reduces vulnerability towards imports
of resources, while respecting the carrying
capacity of ecosystems. This growth
paradigm is called green growth.
It is clear to me – and many, many others
– that business as usual is not an option.
Instead our response to these crises must be
one that is capable of dealing with both
crises at the same time.
The good news is that the green transition
can provide significant benefits if we are
capable of turning the challenges that we
have into opportunities. Let me mention a
few areas in which a green transition can
contribute to solving both the economic
crisis and the natural resource crisis.
First, there are huge unharnessed
economic gains in improving resource
efficiency. McKinsey estimates that at
global level a total of $2.9 trillion USD can
be saved in 2030 from capturing the
resource productivity potential.
Secondly, the markets for green products
and services are growing rapidly. The
global market for environmental products
and services is projected to double from
$1,370 billion USD per year at present to
$2,740 billion USD by 2020.
Third, a transition to a green economy can
provide new jobs. Already today it is
estimated that the European eco-industries
support some 3.4 million jobs – more than
the car manufacturing or the chemicals
industry.
ILO
projects
that
the
transformation to a greener economy could
generate 15 to 60 million additional jobs
globally over the next two decades within
the following eight sectors: fisheries,
forestry, buildings, transportation, energy,
recycling, manufacturing and agriculture.
What are your plans for strengthening
policies for Environmental Innovation in
the EU, such as food production, transport,
energy and industry?
Ida Auken: Integration of environmental
policy into other policy domains remains a
key challenge for a transition to a green
economy. The fields of food production,
transport, energy and industry – along with
that of housing – are key areas in this regard.
These areas are the dominant in terms of
resource consumption and environmental
impacts and with significant potentials for
improvements. It is therefore critically
important that environmental innovation
can contribute to greening these sectors.
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I am therefore pleased to see that this is
increasingly reflected in recent key EU
environment policies, including the
Roadmap for a resource efficient Europe,
which highlights the areas of food, housing
and mobility. And then we have also seen
the proposal for a 7th EAP from the
European Commission, which stresses the
need for further action on integrating
environment policy into other policy
domains. I furthermore look forward to the
forthcoming Communication on sustainable
food from the Commission.

“ILO projects that the
transformation to a
greener economy could
generate 15 to 60 million
additional jobs globally
over the next two
decades ”
How do you think the EU environment
policy will develop in the years to come,
particularly in light of the Europe 2020
Strategy?
Ida Auken: The overarching aim of the
EU2020 strategy is smart, sustainable and
inclusive growth. The EU2020 strategy

contains two overall themes related to
environment policy: Climate Change and
Resource Efficiency. These two overall
priorities are also reflected in the proposal
for 7th Environment Action Programme,
one of the central issues deciding the EU
environment policy for the next decade,
presented by the European Commission.
The proposed 7th EAP is based on a
vision for Europe in 2050 in which we live
well within the planet’s ecological limits
- clearly indicating the close linkages
between resource and the environmental
challenges and economic as well as social
aspects.
I expect that the 7th Environment Action
Programme amongst others will focus on
the
following
issues:
chemicals
(particularly nano materials, endocrine
disruptors, cocktail effects and chemicals
in products), climate change adaptation,
biodiversity, sustainable cities, improving
policy coherence through integration of
the environment into other policies, an
ambitious green product policy and last
but
not
least
strengthening
the
implementation of existing environment
policy and legislation.
In the years leading up to 2020 I expect
that the main developments of EU
environment policy will be within the
areas mentioned above. The greatest
challenge will be to develop concrete
actions, which can fulfil the ambitions of a
transition to a green economy.

★
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Danish

A Danish applied research project is exploring how businesses can use technology to access
a community and utilise it to be a rich source of innovation.

Bright new business

Ethnographers will tell you that groups
of people with a shared interest are often a
hotbed of ideas with great potential for
innovation. Such communities are buzzing
with aficionados who are passionate about
their chosen subject, whether it’s amateur
astronomers searching for new planets or
passionate VW drivers sharing ideas on
how to fine tune their vehicles. It is, of
course, human nature to seek out likeminded individuals to form a cohort but
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until recently such communities were often
limited by geographical or communicationbased constraints. The technological
revolution that has taken place over the past
few years has provided a platform for
communities to develop, engage and,
potentially innovate.
Innovation consortium

Led by the Danish Technological Institute
and funded by The Danish Agency for

Science, Technology and Innovation, a
group of researchers has teamed up with
small and medium-sized businesses in a
three
year-long
project,
entitled
Community-Based Innovation (CBI). This
consortium has set out to explore what
motivates members of a community as well
as how technology can be used to identify
and access relevant communities as a
source of innovation. “This is a project
where we target value creation in
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businesses,” says consortium manager
Signe Skov-Hansen. “What aspects of
working with communities, either online or
offline, might increase innovation in your
company and how might you go about
involving specific groups of users in an
innovation process in your company.”
As well as exploring the motivation of a
community (what brings them together,
what keeps them there and how do they

community-based innovation. “We have
the
chance
to
actually
develop
technologies that we can test to see
whether they support community based
innovation and we have the opportunity
to study what people do,” says Signe.
Working in partnership

This project is the development of an idea
proposed five years ago by the DTI to

“We have seen quite a few businesses testing the
waters of social technology, and we have encountered
businesses that have just kept away from it”
contribute) the team will also look at the
technology that facilitates communities,
such as Smart Phones, iPads, desktop
computers or even tangible objects i.e. a
hanger in a store. A further objective of
the project is to develop hands-on tools
that might assist a business in encouraging
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create a community for inventors to share
ideas and co-create with businesses.
While Signe says, at the time, the response
for requests for consortium members was
slow, the rapid development of technology
since then has proved this concept to be a
burning issue for businesses. The team

were overwhelmed by applications to join
researchers
in
this
most
recent
incarnation, which boasts a consortium
of 9 business partners working alongside
researchers from Danish universities.
Each business in the consortium is given
roughly six months to work with
researchers to define their community,
identify their needs and contribute to the
development of a prototype that has the
potential to facilitate community based
innovation. “We ask each business
partner, ‘What is community for them?”
explains Signe. “Be that staff or customer
based, those who aren’t customers but
who are interested in other aspects of
your product, a combination; or people
who you find intriguing in terms of the
future scope of your business.”
The term ‘innovation’ also needs to be
defined at the outset in order to identify
what constitutes value creation for the
particular business. Signe explains this is a
term with a broad definition: “We don’t predefine whether value creation is economical
or whether it – at this stage - is a matter of
understanding your users better.”
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As this is action-based research, the
team take a formative approach, working
alongside the business partners to target
specific objectives and goals. “Once
we’ve defined their understanding of
innovation and community and their
understanding of users and value
creation, then we’re set to go in terms of
scoping how we might go about working
with them,” Signe explains. “We have a
very intensive two day camp where the
businesses meet up with the researchers
and do a number of action-based
research exercises. Once there’s a
common understanding
of goals and objectives
there will be a number of
conceptual ideas. This is
when we get ready to
align our understanding
of how to develop a
project plan.”
This alignment process
is crucial in order for all
parties involved to find
common ground, as well
as for the business
involved to glean new
insight
and
the
researchers to gain indepth knowledge. It’s
also a fragile process
that
requires
careful
project
management.
“Researchers
and
businesses have different approaches to
what project-management entails so the
management style has to be quite agile.
The important thing is to ensure that the
researchers and the businesses alike
have space to reflect and focus.”

understand their local environment.
“They wanted to help the co-workers
share ideas and reflections from their
daily route with each other,” explains
Signe who says they developed an in-situ
app that worked as a filter camera the
staff could take on their daily route that
collated images to produce a sequence.
“Perhaps to help the next co-worker not
trip over a broken pavement, or pass on
ideas of where to park their car, or even
come up with conceptual ideas of how the
post might improve the area or expand
the business.”
While Signe says
each prototype has
been different, she has
been surprised by the
often abstract concepts
that have emerged and,
as with the postal
workers app, the idea
that technology can be
used as a tool for
reflection.
“Bridging
the gap between the
individual’s reflection
and sharing within
the
community
is
something we haven’t
solved at this point, but
we have looked at what
sparks reflection and how you might
collect reflection through an app that can
actually offer some input into a
community and lead to a collective
innovation process.”

“We hope that
this project will
bring a better
understanding
of how and
when to engage
in social
technology”

Tools for innovation

The formula of combining business and
research and the methodological approach
of the project is proving effective and,
after only 18 months, six prototypes have
been produced. “We’re moving at a very
fast pace,” agrees Signe. “We sketch
concepts, we refine these concepts and in
the end we hopefully have a prototype.
All the businesses we have worked with
have come up with some interesting and
out there solutions or concepts for CBI.”
One prototype developed so far is an
app for the Danish postal workers. In
line with other developed countries, the
postal service in Denmark is presented
with a huge market challenge as people
have stopped sending letters. Their
strength, however, lies in the longserving community of postal staff who

www.projectsmagazine.eu.com

At a glance
Project Information
Project Title:
Community-based Innovation (CBI)
Project Objective:
The objective is to facilitate the integration
of Community-based innovation as
an innovation practice in businesses
and show how CBI can create value for
businesses through strategic involvement
of users, customers and employees via
social media, online platforms and mobile
technology.
Project Duration and Timing:
3 years. April 2011-April 2014
Project Funding:
Danish Agency for Science, Technology
and Innovation. Ministry of Science,
Innovation and Higher Education. Budget:
36,7 mio. DKK. Funding from The Danish
Council for Technology and Innovation:
12,4 mio. DKK
Project Partners:
Danish Technological Institute (consortium
manager), Alexandra Institute, IT University
of Copenhagen, Aarhus University, Danske
Bank, Post Danmark, Nosco, Social Square,
Boblr, Muuse, IO Interactive, Vega, FDB,
Designdelicatessen.

Main Contact:

A new way to do business

The implications of this research could
have huge potential for the way businesses
operate and conduct relationships with
their
communities.
While
this
psychological leap may present a paradigm
shift for less progressive companies, Signe
believes engaging in community based
innovation is ultimately an enriching
process with positive results. “From my
perspective this is all about empowering
businesses to do smart business at the
intersection of technological adaption,
user recognition and innovation. CBI to me
has to be a respectful way of doing
business. Once you start engaging with
your customers, even your employees, via
social
technology
you’re
crossing
boundaries into a private sphere.
Somewhere between the private sphere
and the business sphere lies some powerful
concepts where businesses can do business
whilst doing good.”

Signe Skov-Hansen

Signe Skov-Hansen is a sociologist
with a background in linguistics. As
an experienced interviewer and user
researcher, she has developed and tested
active user typologies with businesses,
planned and implemented social media
and community strategies on- and offline
for magazines, in the political sphere and
at the DTI.

Contact:

Tel: +45 7220 2768
Email: siha@dti.dk
Web:
www.communitybasedinnovation.com
www.teknologisk.dk/
projekter/community-baseretinnovationskonsortium/30986

★

111

Danish

A Danish-based project is in the process of building up an internationally recognised education knowledge
centre with an aim to identify factors and their relation to progression within the country’s educational
system. Project coordinator and centre director Niels Egelund explains more.

To educate
about
education
Initiated by the Danish Prime Minister, a
council was set up in 2005/2006 to isolate
areas in education in need of further
research. Headed by The Danish
Globalisation council, a series of meetings
with 25 educational experts drew attention
to a gap in the Danish education system,
with a relatively “low” amount, (78%) of
young people moving to secondary school.
Knowledge gap

Niels Egelund, professor of special education
at the Department of Education at Aarhus
University, was one of academics involved
in this education council. He says Denmark’s
low transition rate led to a push from The
Danish Council for Strategic Research to
initiate a bulk of research in the area. With
financial backing from the research
council, work was done to coordinate a
number of researchers and research
communities in Denmark to form a fiveyear project with the long term aim of
creating a Centre for Strategic Research in
Education in Denmark.
“For the first time in Denmark there will
be a large-scale collaborative effort to
uncover comprehensive causal relations in
education,” says Egelund.

112

What makes the project unique is its
strong emphasis on quantitative methods,
he says. Egelund explains that The Danish
Council for Strategic Research pushed for
this focus, as previously Danish
educational research was dominated by
qualitative data.
In the project’s second year the research
team today consists of 12 Danish
quantitative and qualitative researchers
in economics, sociology and education.
Both the project and centre is led by
Department of Education,
Aarhus
University and headed by Egelund. Other
institutions cooperating on the project
include The School of Economics and
Management, Aarhus University, The
Danish National Centre for Social
Research and The Danish Institute of
Governmental Research.
Four research areas

Each research institution has a focus on
one of five different research areas or
‘work
packages’.
Through
these
“packages”, the centre aims to identify a
number of causes and relations in various
stages of the educational system: daycare and pre-school, compulsory school,

post-compulsory transition patterns and
post-vocational education. Each work
package has different focus and target
areas and involves researchers from
various partner institutions.
Work Package one (WP1) aims to
identify which factors in day-care and
pre-school affect child development and
determine attainment and educational
achievement. Data is used from population
registers back to the 1960s, family
demographics, income, education, health
care usage, test scores from 9th grade,
upper secondary school and military
conscription, existing and new survey
data from The Danish Child Development
Survey and an existing 60 day-carefacility experiment.
WP1 research is the only work package
that has gleaned results so far, says Egelund
– for the other four packages it is too early
to draw any conclusions. WP1 has found
that children receiving high quality day
care gain higher marks in their schooling
exam than those in lower quality day care
institutions. “High quality” has been
determined by factors such as preschool
class numbers and the turnaround of
preschool teachers. These factors have a
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very positive effect 10-13 years later when
The first is an existing survey to provide an
the kids or young people are 15 years old,
understanding of how students interact
says Egelund.
with the learning environments and
The second package (WP2) aims to
involves 398 Danish schools. The data is
identify the causes of the gender gap in
gathered from sources such as pupil
learning
outcome.
The
academic
skills,
research
is
based
on
social skills and their
administrative
registers
engagement
and
containing
information
persistence
in
“Girls generally
about educational event
schoolwork. Students
outperform boys in
histories including grades
are then followed up
most western
and test scores.
over three years to
Girls generally outperform
record how many
countries...with a
boys in most western
drop out of school.
higher level of
countries, says Egelund, with
Interviews will be
females entering
a higher level of females
conducted with an
entering higher education in
100 person sample
higher education
Denmark. Certain factors
including
both
in Denmark”
such as special needs, special
transition and dropneeds education, class and school size on
out cases. The second set of data is a
learning outcomes affect the performance
Programme for International Student
of males in school, he says. For example,
Assessment (PISA) longitudinal study,
two thirds of ADHD cases are boys.
where pupils tested in 2000 and interviewed
Work Package three (WP3) investigates
in 2004 and at the age of 27 are currently
the effect of teacher competence in
being followed up through administrative
classroom management for learning
registers. Egeland says it is anticipated the
outcomes. This elaborates on previous
study will reveal causal factors of the
findings that suggest increasing teacher
importance for future pupil counselling and
competence may improve learning growth
the design of upper secondary education.
in general and among pupils, especially for
Research implications
those
from
disadvantaged
family
Egelund says in the case of many of these
backgrounds. Data is being pulled from
lines of research, findings will be applicable
standardised reading and spelling tests,
in other countries too. He maintains the
national tests, demographic information
centre, although primarily focused on
about pupils and information of teachers’
Denmark, will also have a strong global
educational background, experience and
view, involving project researchers with an
teaching style.
international experience and a strong
The fourth line of research looks into
international outlook. In addition, nine
transition problems from compulsory
further
individuals
from
various
education to upper secondary and vocational
universities will join permanent project
education (WP4). Two sets of data are used.
researchers at the centre as co-researchers
or as a professional sparring partner.
From its research efforts, Egelund
claims the centre is set to become an
internationally recognised with a
strong knowledge base, and will
provide an attractive platform for
national and international
recruitment of researchers.
He says the project is
currently on track to
deliver results by 2015
of all five work
packages, which, he
says, will eventually
produce research-based
facts that will be directly
applicable for policymakers, administrators
and practitioners.

At a glance
Project Information
Project Title:
CSER: Centre for Strategic Research
in Education
Project Objective:
The aim of the project is to answer
a series of questions about
education, to supply policymakers with research-based facts
about education, to strengthen
attainment, to minimise attrition,
to serve as knowledge centre and
thereby to improve the quality of
education in Denmark.
Project Duration and Timing:
5 years, April 2010 to March 2015
Project Funding:
Strategic Research Council, Denmark
(5.500.000 EUR) and partner
institutions (1.600.000 EUR)
Project Partners:
• Aarhus University, Institute of
economics
• SFI, The Danish National Centre for
Social Research
• KORA, Danish Institute of
Governmental Research

Main Contact:

Niels Egelund

Born 1945. Teacher certificate 1968,
MA in psychology 1976, Ph.D. 1982.
Dr.Paed 1990. Professor in special
education 1996. Head of institute
1997. PISA National Project Manager
2004. Director CSER from 2010.

Contact:

Tel: +45 40291669
Email: Egelund@dpu.dk
Web: www.cser.dk
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Danish

The global media has often been guilty of singling out a specific dietary component as a panacea for modern
lifestyle diseases. Although often having a basis in truth, the claims are often scientifically unfounded.
Ole Vang of Roskilde University believes that resveratrol, a compound found in berries, grapes and red wine,
potentially has extremely beneficial health effects, but wants to go the right way about proving it.

The effects of diet

				 on lifestyle diseases
“Our focus is on understanding how
the molecular mechanisms of various
dietary components affect lifestyle
diseases such as cancer, coronary
heart diseases and diabetes,” says
Vang. In pure form, some have been
shown to reduce the risk of these
diseases in animal models. However,
we are not trying to prove that they
have a health promoting
effect; rather we are
trying to understand
why and how they work
by collaborating with
the scientists that are
showing the effects of
these compounds in
vivo.”
As well as resveratrol,
Vang and his team have
been looking at indoles,
which are found in
cruciferous vegetables such
as cabbage and broccoli, and
other
polyphenols
such
as
flavonoids, which are found in
various fruits and vegetables.
“The media coverage of resveratrol
and other potential dietary health
promoting compounds has made a
number of claims concerning their
health benefits and diseasepreventing effects over the
years,” says Vang. “I found
this rather curious, as
quite honestly most
of these claims had
little
basis
in
scientific fact. This
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“Ironically, the primary
molecular target of
resveratrol has yet not been
identified after 15 years of
intensive research”
gap between the claims and the
scientific facts was really the basis for
the first international resveratrol
conference that was held in Helsingør
in Denmark, in which we tried to
figure out what public recommendation
to give for resveratrol, the first of
which we published last year.”
One of the major problems with
resveratrol research in recent times
has been that although many effects
have been shown in experimental
animal models as well as in human
cells, there has yet to be any
conclusive proof on its effects in
living humans. However, steps in the
right direction have been taking
place, with a small number of clinical
trials carried out in the last year to
see whether the compound has any
preventative effects on the biomarkers
(biological indicators) for coronary
heart disease and diabetes.
“The
anti-oxidant
effects
of
resveratrol and many other dietary
components have been widely
described in the media over the last
few decades,” says Vang, “but one of
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Using molecular biological techniques in human cells growing in culture is a strong
tool to elucidate the mechanism of actions of dietary components like resveratrol
the main parts of the mechanism of
resveratrol that we have observed seems
to be the inhibition of inflammation,
otherwise known as an anti-inflammatory
response. Recently, research has shown
that general inflammation in the body
appears to be crucial in the development
of many lifestyle diseases, and thus if one
could find a way to reduce the level of
low-grade inflammation, then you might
also find that you could reduce the risk of
these diseases.”
“Of course, with these dietary
components, we are not talking about
something which you could give to
someone once in their lifetime that would
then provide lasting beneficial effects;
rather, it would have to be something
that was ingested in small doses via the
diet throughout one’s lifetime.”
The project currently being run by
Vang and his team in collaboration
with researchers at two other Danish
universities (University of Aarhus and
University of Southern Denmark) is
looking at the effects of resveratrol
exposure on over weight and obese
males. This is due to the fact that these
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“ The anti-oxidant effects of resveratrol and many other
dietary components have been widely described in the
media over the last few decades”
subjects generally show increased
inf lammation, making it easier to see
whether the compound mitigates the
effects of the condition. “In these
human trials, we have also been taking
blood and urine samples from the
participants in order to analyse the way
in which resveratrol is metabolised,”
says Vang. “This is mainly because
although we know what resveratrol is
useful for, we are not totally aware of
the biological effect of metabolising it
in the body. We want to find out whether
the effect that it has on the body is
coming from the resveratrol compound
alone, or whether it is working in
combination with other factors.”
The last part of research that the Danish
team are involved in is investigating
how
resveratrol
interferes
with

mitochondria, the organelle found in
cells in which respiration takes place. By
monitoring the effect of resveratrol on
mitochondrial metabolism, they hope to
be able to identify the mechanism by
which
resveratrol
can
reduce
inflammation.
A lot of cellular mechanisms are
modulated by resveratrol, but “ironically,
the primary molecular target of
resveratrol has yet not been identified
after 15 years of intensive research” says
Dr. Vang, and he and his team still keep
this goal in mind.
Looking to the future, Vang is hopeful
that the work carried out will lead to a
much
greater
understanding
of
resveratrol, and that the findings of
resveratrol will promote the research of
other relevant dietary compounds.
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At a glance
Project Information
Project Title:
Long-term Investigation of Resveratrol
on Management of Metabolic syndrome,
Osteoporosis and Inflammation, and
Identification of plant derived antiinflammatory compounds (LIRMOI)
Project Objective:
Low-grade inflammation is associated with
type 2 diabetes, osteoporosis and life-style
associated diseases. In animals, resveratrol
(found in grapes, berries etc.) has strong
anti-inflammatory effects and is a promising
compound with the potential to neutralize
obesity-induced diseases and osteoporosis.
The present project focuses on the effect of
resveratrol on insulin sensitivity, inflammation,
bone and fatty liver disease in a long term
study in humans.
Project Duration and Timing:
3 years, 2011 to 2014
Project Funding:
The Danish Council for Strategic Research
(Strategic Research in Health, Food and Welfare)
Project Partners:
• Steen Bønløkke Pedersen, Århus University
• Henning Grønbæk, Århus University
• Lars Porskjær Christensen, University of
Southern Denmark
• Jan Enghild, Århus University
• Ole Vang, Roskilde University
• Klaus G Grunert, Århus University
• Fluxome A/S

The potential health effects of dietary components are caused by a combination
of many different compounds - not a single magic bullet!

“Following the first resveratrol
conference which was held in 2010,
we now have another one planned for
December 2012 which will be held in
Leicester, UK,” says Vang. “I think
that we will see a fair few more
clinical trials presented at this
conference, which will help to move
the
recommendation
on
the
compound several steps forward.”
“Another thing which I think is
very important in terms of our future
work is to be able to figure out
exactly the best way to prove the
health-promoting effects of not only
resveratrol, but all of these other
compounds that claim to have
beneficial effects on human health
by way of preventing certain
symptoms. When you look at the
effects of a drug on a disease, it is a
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fairly simple process (but still costly).
For example, you take 300 people
with a heart problem, give them the
medicine, and then after a relative
short time look at the number who
experienced beneficial effects.”
“The problem with investigating
the prevention of a disease is that
you need closer to 10,000 people over
a period of ten years or so, giving
half of them the compound and half
of them a placebo and then seeing
who develops diseases later on. This
is of course entirely unfeasible, and
so we need to work out ways of using
other data such as more reliable
animal models to get over this issue,
which I hope is something else that
also will be covered in the
Resveratrol2012
conference
in
Leicester.”

★

Main Contact:

Ole Vang

Ole Vang has worked in the field of biological
activities of naturally occurring compounds since
he was graduated from Copenhagen University
in 1986. He got his PhD in 1993 from the same
institution. He has worked at the research
laboratory of The Danish Cancer Society and
Roskilde University. His research focus is on the
cellular effects of dietary compounds like indoles
and resveratrol. His group investigate the effects
of the pure compounds (as well as mixtures)
on cellular signal transduction pathways. He
initiated in 2010 the international conferences
on resveratrol.

Contact:

Tel: +45 4674 2552
Email: ov@ruc.dk
Web: www.ruc.dk/~ov
www.lirmoi.com
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FEATURE
The Minister for Research, Innovation and Higher Education in Denmark
talks to Projects Magazine about how the Danish government aims
to boost Denmark’s research capacity over the next few years
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aving universities that are financially
capable of being excellent research
facilities and communities has been one of
the cornerstones of Denmark’s success in
research in recent years. So says Morten
Østergaard, Denmark’s Minister for Research,
Innovation and Higher Education as he talks about
how his country consistently appears at the top of
Europe’s research league tables. “These universities
attract the top researchers, who in turn provide good
results and a higher level of education and the new
government has also promised to further strengthen
research appropriations for our more successful
universities in the coming years.
“We have developed many good instruments to
encourage excellence,” he continues. “The Danish
Research Council gives very large and lasting grants
to the most talented researchers, and then we have
the Strategic Research Council that provides grants
for projects that are in areas of particular interest.”
Overall, Denmark has a broad spectrum in terms of
how it supports research, based on a foundation of
strong universities which the new government is
pledged to continue improving under a bold new set
of initiatives.
Laying the path to an innovative future
Another key point that helps the Danish research
system is the country’s business structure. Fifteen of
the largest 20 companies in Denmark are owned by
foundations that provide many research grants. “For
example, some of our largest pharmaceutical
companies are owned by foundations that finance a
lot of research,” explains Østergaard. “Of course, they
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tend to invest mostly in areas which they have a
particular interest in, but they also do a lot of basic
research because they understand the importance of
having an impact on education, for example by
creating new masters degrees. It is in the interest of
these companies to see students coming out of
universities with very high levels of education, and
they realise that the best way to do this is to be
directly involved.”
In the coming years, Østergaard hopes to develop
Denmark’s very first innovation strategy, which will
help to give a better division of labour between
government appropriations, university appropriations
and private money from foundations. “We hope to
develop a new strategic level that will help to boost
us further,” he explains. “Our innovation council has
also spent a lot of money on instruments designed to
further innovation, and this is why the EU currently
sees us as one of its innovation leaders.”
Business and research working in harmony
There is one area in which Østergaard would like to
see major improvement – the way in which businesses
and universities collaborate, and this is something he
will be focusing on in the coming years. “Through
the innovation research council, we are financing
some government-approved technology centres that
are spread over the country that will be working on
technology transfer,” he explains. “It will also be
funding what we call ‘science pilots’, in which
companies that don’t have academics working for
them will be offered the chance to have one working
for them for a while. In most cases, the companies go
on to not only hire the academic, but also hire others,
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and we know from our research that having academics
working within a company increases both productivity
and innovation. We’ve asked the European Research
Area Committee, ERAC, to evaluate these instruments
and assess how they are performing, as we still feel
there is room for improvement.”
Another mechanism that the government is looking
to develop further is one in which small businesses
do research and development for the public sector.
They will spark this growth by identifying problem
areas in the public sector in which research and
knowledge are needed and then small businesses with
the right experience will be brought in to provide
innovative solutions.
Research and development as a way out of
financial gloom
It is just one area in which Denmark’s government
believes it is leading the way in helping Europe recover
from recession. “There is a general consensus in EU
countries that investment in research and innovation is
part of the solution to the crisis that we are in,”
explains Østergaard. “If we don’t develop our common
European research area, we are not going to rid
ourselves of our debt. The way out of Europe’s financial
crisis is to be globally competitive, and so it is
important that there is strong financial support.”
Of course, the EC has already made a bold statement
in this regard by proposing a major increase in
financial support for Horizon 2020, which replaces FP7
in 2014. With a doubling of the budget the new funding
programme will become the world’s largest
collaborative research programme. “One area where
this extra funding can really be justified in is in the
development of joint programming,” says Østergaard.
“This is where we take our national resources, and,
hand in hand with other countries with similar
interests, use EU funds to make sure that we are
getting more value for the money put in.
Challenges in moving towards Horizon 2020
“Horizon 2020 has been very inspirational for people,
and everywhere we look, in science and business,
there is a lot of positivity,” he continues. “What is
important now is that we make today’s research policy
a match for it, and to do this we must win three
important battles.
“The first of these is that we must raise our level of
education in Denmark. We need to aim to have 60 per
cent of young people in higher education, and we
believe it is important that a lot of this education is
research based, meaning that it takes place in
environments in which research is also done. It would
also be good to see this happening in areas where we
haven’t seen it before, for example in universities of
applied science, and this will help to strengthen their
research efforts.
“The second battle that we must fight is for excellent
research. We need to make sure that our fundamental
basic research is developed and therefore it is very
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important that the European Research Council is
strengthened within Horizon 2020. In Denmark, 16
per cent of patents taken out of publicly funded
research programmes came from Danish research
foundation funds, which only constitute for two per
cent of the budget. This shows us that the common
view that putting money into basic research is like
giving to charity is a misconception; investment in
research helps to provide for better education and
larger growth.
“The last important challenge that we face is on the
side of innovation. There are some very interesting
instruments in Horizon 2020 regarding technology
transfer, and although there are some good things
being done in this respect in Denmark, there is
definitely room to improve. For this, strong political
leadership is needed, and the best place to start is to
create a national innovation agenda. In Germany, they
have a hi-tech development plan that has identified
five key areas in which they will look to enable
projects in. This sort of system is needed in Denmark
to further exploit our innovation capacity.”
Danish legacy to the EU
Østergaard believes that the time put in to securing
agreement on the scope of Horizon 2020 will pay off.
“We are optimistic that we’ll see an increase in the
budget for research, and that other countries will see
that this is the best area to invest in if we want the
euros that are spent through the EU system to come
back in terms of jobs and growth,” he says. “What we
hope for within Horizon 2020 is that we manage to
achieve simplification. We need researchers to be doing
research, not administration. For example, the time for
getting a grant has been reduced from 12 months to
nine months, but we think this should go even further.
The Commission has a proposal to make one rate for
financing, making it a lot simpler for companies that
wish to work alongside research institutions to do so. It
is steps like this that will help to create a much more
agile and flexible research programme.”
The role of dissemination
Dissemination is one area where Østergaard believes
Denmark is lagging a little behind many parts of
Europe. “We have not had enough emphasis on these
activities,” he says. “So our new government has
proposed that we have a new partnership to make
research available for businesses and other parts of
society. One thing that we would like to see in the future
is to give credit to experience such as working in the
private sector or having created a business when
considering people for professorships. We need to break
down the barriers between the research institutions and
the business community. The more researchers that have
experience in the private sector under their belt, the
easier it will be to create a connection between
the two, and although a lot of researchers
are keen to do this, our system does
not value this enough – yet.”
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Sand filtration has been used to treat water for over 150 years, yet understanding of the processes involved
remains very limited. Anna Demming speaks to Professor Hans-Jørgen Albrechtsen about his group’s work
to bring a more strategic approach to optimising the performance of sand filtration water plants

Sustainable water treatment plants

get a strategic makeover
Sand filtration is the favoured technique
for treating water in many countries across
the world. The benefits of the approach
include a lower energy cost and less use of
harsh chemicals compared with other
treatments such as membrane processes.
However, as Hans-Jørgen Albrechtsen,
professor
in
the
Department
of
Environmental Engineering at the Technical
University of Denmark (DTU) explains, the
industry still lacks a strategic diagnostic
approach to resolve problems in water plants
that are not performing as they should. “We
have cases where we have two parallel lines
— one is ok and the other is not working.
Same water, same filter, so why is one not
working?” To address these issues, Professor
Albrechtsen formed and shaped the
sustainable drinking water treatment
biological filters project.
Generally speaking, sand filters work by
using a metre or two of sand with the finer
sand at the top and coarser sand at the
bottom. The water then filters through the
sand over the course of 20-30 minutes,
during which time a number of processes
come into play to clean the water. This
contact time is an important parameter as it
limits the range of processes relevant for
cleaning the water to those with quite a fast
reaction rate. The filter also undergoes a
regular ‘back wash’ process, where the flow
of water is reversed to clean rust-like
precipitates and other impurities that have
built up in the system over time.
Among the impurities that need to be
removed are manganese and iron. As
Professor Albrechtsen explains, the water
that comes out of our taps contains

oxygen.
Anaerobic
water—without
oxygen—would taste strange. However
this means any iron and manganese in the
water oxidises giving it a distinct metal
taste and turning the water reddish or
black, which stains. “You certainly don’t
want that,” he adds. Chemical treatments
can reduce the iron and manganese to
insoluble states so that they precipitate
out.
However,
interactions
with
microorganisms can also be used to
remove these metal impurities, and part of
the project is dedicated to investigating
these processes.
Another important constituent to remove
is ammonia, which is oxidised to form
nitrate. “That is certainly a biological
process,” Professor Albrechtsen points out.
If the oxidation of ammonia is allowed to
occur freely throughout the water
distribution system, the water from the tap
will be anaerobic. Finding ways to control
this biological process is another objective
of the project.
In fact, much of the cleaning process in
sand filtration is due to the presence of
microorganisms. Professor Albrechtsen
stresses that these microorganisms are not
added but are naturally present in the
water system. The project aims to identify
this complex microbial community in
terms of the quantity and diversity of the
microorganisms. A potential future
development may even be to add the right
microbes if those required are not found to
be present in the right quantities. “That is
one of the visions,” says Professor
Albrechtsen, “Today you don’t do that but
it could be a tool in the future.”

Project partners
• Department of Environmental
Engineering, Technical University of
Denmark (DTU Environment)
• Department of Management
Engineering, Technical University
of Denmark (DTU Management
Engineering)
• Ghent University, Belgium
• Krüger, Denmark
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• Weber – Saint-Gobain, Norway
• Danish Water and Wastewater
Association, Denmark
• KompetenzZentrum Wasser Berlin,
Germany
• Copenhagen Energy, Denmark
• Aarhus Water, Denmark
• NordVand, Denmark
• Esbjerg Supply, Denmark
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The range of factors involved in ensuring
successful sand filtration is one of the
reasons diagnosing problems is so difficult.
The project is fortunate to have a very
strong group at the university with a wide
range of specialist interests covering
modelling, engineering, and chemistry, as
well as a significant amount of microbiology,
a field in which Professor Albrechtsen has
been active for over 20 years. The range of
disciplines within the group is important.

and try to figure out what tools we need,” he
smiles. The researchers go to the water
companies to talk to them directly about the
problems. “In that way I see good potential
for innovation in new knowledge, creative
commons and a service to the community,”
he adds.
The project has four years’ worth of
funding and is currently around halfway
through. “It’s always the way with projects
like this that you spend a lot of time at the

At a glance
Project Information
Project Title:
DW BIOFILTERS: Sustainable drinking
water treatment–biological filters
Project Objective:
Biological (rapid sand) filters are a
widespread technology, but the
underlying microbial processes are
poorly understood. The project
will improve the management
and performance of biofilters by
investigations of the microorganisms
responsible for the individual
processes, and provide insight in the
process mechanisms kinetics and
effects of environmental factors.
Project Duration and Timing:
4 years, March 2010 to February 2014
Project Funding:
11.0 mio DKK (1.5 mio Euro)
from Danish Agency for Science,
Technology and Innovation. 6.4 mio
DKK (0.8 mio Euro) self-financing from
partners.

Rapid sand filters in drinking water production
“You have to have a kind of ecological
approach to really understand the
environments for these microorganisms,”
he explains. “Back washing, the whole
construction of the filter, hydraulic aspects
— how fast the water comes through the
filters, and so on — all these conditions are
crucial for the bacteria.”
Most of the core research activity for the
project is taken on by the group at DTU,
which comprises two of Prof Albrechtsen’s
close colleagues Prof. Barth F. Smets and
Prof Philip J. Binning, four PhD students and
two postdoctoral researchers. “It’s a little
unusual compared with many of the other
projects that I’ve been involved in,” says
Professor Albrechtsen. Often the researchers
in a project are dispersed among a number of
institutions and countries. Naturally, there
are still links with international partners
within the project. In addition, the students
in the group are from different countries
across the world, so further international
collaborations in the future are likely.
However having such a strong group of
researchers within the university is a great
advantage.
One of the other key strengths of the project
are the close connections between the
university and the water companies, as well
as the companies that supply the raw
materials to the water companies. “It is not
just a matter of me sitting in an ivory tower
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beginning figuring out what methods are
relevant for analysis and for making the
experimental set up , as well as training
people to use them and so on,” says
Professor Albrechtsen. However the team
are now at a stage where they can study the
sand filtration processes in detail. This
includes a number of scales, from the use of
molecular modelling tools to study the
composition and diversity of the
microorganism community at the level of
one grain of sand, to studies at a full scale
plant where they can study the filtration
profile of compounds throughout the filter.
For studies at intermediate scales, small
portions of materials are taken from water
works to study different processes under
very controlled conditions. The researchers
also use a small as well as full scale
laboratory column where they can study
the system with a high level of control over
the flow, pH, temperature, chemicals such
as ammonia, and other physical conditions.
“The goal,” says Professor Albrechtsen,
“would be to have a toolbox so that we can
strategically diagnose problems.” The range
of parameters to juggle in order to achieve
this aim is quite awesome. Yet with the
mounting interest in sustainable alternatives
to the more chemically and energetically
intensive membrane treatments, the benefits
of developing a more strategic approach to
sand filtration merit the challenge.

Main Contact:

Hans-Jørgen Albrechtsen

Professor in Public Health Engineering
and Head of Section, Urban Water
Engineering, DTU Environment.
Over 200 international publications
and leader of several national and
international research projects. The
major focus of the ongoing research is
on water treatment and microbial and
safety aspects of drinking water - from
the catchments to the consumers tap.

Contact:

Tel: +45 4525 1586
Email: hana@env.dtu.dk
Web: www. env.dtu.dk
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With a wide range of possible patient conditions and responses, data obtained through clinical trials are often
limited in the information they can provide on possible medicinal side effects or adverse reactions. Anna
Demming speaks to Dr Vera Ehrenstein about how non-experimental epidemiology tackles some of the
challenges in pharmacovigilance.

Monitoring medicine:
Denmark, an
epidemiologist’s dream
People are unique, and responses to
treatments can vary widely. Add to that the
common sense precaution that excludes
high risk groups from clinical trials and the
omission of extreme conditions from ‘ideal
samples’ of typical patients and it is easy to
see where gaps may exist in the data on the
safety of new medication. “Clinical trials
show that a given drug can work in
principle,” explains Dr Vera Ehrenstein,
associate professor at the Department of
Clinical Epidemiology, Aarhus University,
Denmark. “It is left to non-experimental
post-marketing surveillance to determine
whether a drug’s benefits actually outweigh
its risks in practice, and if so, whether that
122

holds for all patients or only for specific
groups of patients.”
Dr
Vera
Ehrenstein
works
in
epidemiology, the study of disease and
health trends, and the causes, effects and
correlations within populations. In
particular the research of Dr Ehrenstein
and her colleagues investigates effects of
medication use using non-experimental
studies. Non-experimental studies data
allows epidemiologists to access data on
patient groups that are excluded from
clinical trials.
For non-experimental epidemiologic
approaches, as Dr Ehrenstein points out,
“Denmark
has
been
called
‘an

epidemiologist’s dream’.” She adds, “In fact,
it’s a dream that came true thanks to a
unique constellation of conditions in
Denmark that enable collection of quality
data quickly at relatively low cost.”
The first condition is equal access to health
care. The satisfaction of the Danish public
with their health care system has been the
envy of public health care decision makers in
other countries. The system is entirely
publicly provided and ensures universal,
free and equal access for everyone.
The second condition is the systematic
population-based registration of major life
and health events, such as births, deaths,
diseases, migrations and use of prescription
medications. Denmark not only has
universal healthcare but thorough records
exist of each individual’s contact with the
health care system. As Dr Ehrenstein points
out, in combination with universal health
care, this ensures that that the entire
population of Denmark is represented in the
data recorded when people pass through the
health care system.
Finally, everyone in Denmark has a
unique and universal personal identifier so
that data from different sources can be
linked. “It is possible to conduct life-course
studies, whereby individual health
trajectories can be traced literally from
cradle to grave,” explains Dr Ehrenstein.
The result is that Denmark has accumulated
hundreds of different registries and
databases that stretch over several decades,
and can all be interlinked.
One approach to non-experimental
epidemiological studies is analysis of data
on the prescriptions dispensed. In Denmark,
when the package barcode is scanned at a
pharmacy, data including the patient’s
unique identification number, date of sale,
dose and form are automatically transmitted
into a database, which is hugely valuable
for non-experimental medical surveillance.
By accessing this database, researchers can
identify users of specific prescription
medications as well as the people who suffer
from certain chronic diseases, such as
asthma, diabetes or osteoporosis.
Pregnant women typify a group for which
non-experimental epidemiological research
can be particularly valuable. Pregnant
women rarely participate in clinical trials.
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The mother and unborn child may be
particularly vulnerable to side effects or
adverse reactions from medication with
potentially tragic outcomes. Yet while
clinical trials generally cannot provide data
on medicinal side effects during pregnancy
such knowledge is hugely important,
particularly with the rising trend in the
west to delay child
bearing to ages where
chronic
conditions
requiring treatment are
likely to be more
common. Prescription
data for pregnant women
becomes a useful tool for
allowing researchers to
determine whether the
unborn child has been
exposed
to
the
medication, which may
influence assessments of
drug safety. Equally
important is information
that a given drug is safe
to give to a pregnant
woman, because untreated diseases in the
mother can be harmful for the baby. Linkage
of data on births, prescriptions, and hospital
diagnoses enables these types of studies.
Analysis of prescription data is also
important for monitoring the response to
new drug regulations. As an example, Dr
Ehrenstein describes a study commissioned
by the European Medicines Agency on the
anti-diabetic drug rosiglitazone. The drug
had been approved in 2000 for treating
patients who did not respond adequately to

prescriptions for rosiglitazone issued
during its entire life on the market,”
explains Dr Ehrenstein. “Also, which is
quite unique for Nordic databases, in
Denmark, we have data on results of
laboratory tests, so we could see objective
evidence of diabetes control before and
after patients discontinued rosiglitazone.”
Dr Ehrenstein and her
colleagues collaborated
on the study with
colleagues
at
the
Boston Collaborative
Drug
Surveillance
Program, who provided
data from the United
Kingdom’s
General
Practice
Research
Database.
“It
was
exciting to see that
results from the two
databases were quite
consistent with each
other despite different
mechanisms of data
collection.”
Yet while the information available from
prescription databases tends to be more
useful than that obtained from patients,
challenges remain. In particular it is
difficult to ascertain how promptly or
faithfully a prescription has been followed.
“For example, we know the exact date of
sale of a given prescription, but we cannot
be sure that a patient took the medication
on that day,” explains Dr Ehrenstein. Repeat
prescriptions give some idea of the use of
treatments for chronic conditions. However,

At a glance
Project Information
Project Title:
Pharmacoepidemiology and
pharmacovigilance: monitoring safety
of medications
Project Objective:
To provide real-life data on benefits
of harms of medications in human
populations
Project Duration and Timing:
Ongoing
Project Funding:
Pharmaceutical companies, regulators,
private and government foundation
Project Partners:
Universities, government agencies,
industry

Main Contact:
Vera Ehrenstein

Born in 1971 in Moscow. BS in
biology (University of Illinois, USA);
Master of Public Health (2000) and
Doctor of Science (2008), both from
Boston University School of Public
health. Currently associate professor
at the Department of Clinical
Epidemiology, Aarhus University
Hospital, Aarhus, Denmark.

Contact:

Tel: +45 871 56351
Email: ve@dce.au.dk
Web: www. kea.au.dk

“Denmark not only has universal healthcare
but thorough records exist of each individual’s
contact with the health care system”
typical treatments. However, several
studies linked the drug to higher risks of
heart attack and the decision was made to
suspend it.
Dr Ehrenstein and her colleagues
conducted a study to assess factors
associated with changes in rosiglitazone
use as a result of the evidence of the side
effects, and whether patients who were
taken off the drug following its suspension
had been able to keep their diabetes under
control. “It was possible for us to conduct
this study since we had data on
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for medication prescribed for use “as
needed”, details of the actual use remains
unknown. Difficulties also arise in
disentangling side effects of treatments
from symptoms that result from the disease
itself. “This is a pervasive problem of
observational studies of drug effects and it
is known as confounding by indication,”
says Dr Ehrenstein.
Despite the difficulties, the nonexperimental approach to epidemiological
research has drawn some useful conclusions
that seem very reliable, as emphasised in

the consistency between results on
rosiglitazone from Dr Ehrenstein’s data and
that of the Boston Collaborative Drug
Surveillance Program. Dr Ehrenstein and
her colleagues are currently engaged in a
number of ongoing multinational longterm pharmacovigilance studies on new
drug classes. She concludes, “As long as
new drugs enter the market there will
always be a need for assessment of their
real-life performance, a task, for which
Danish
registries
offer
unique
advantages.”

★
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Mountainous forests comprise some of Europe’s most stunning, yet inaccessible landscapes. A comprehensive
understanding of such remote terrain is thus integral to their exploitation as timber resources. Technology
pioneered by a regional initiative will re-map these environments, supplying foresters with detailed resources
to make critical business decisions.

Hi-tech surveillance of alpine
forests to improve sustainable
forest management

© Stand Montafon

Under an EU regional funding initiative
– INTERREG IV Alpine Space –mountainous
geography has been identified as a joint
theme for research, undertaken by several
member states. Granted a 130 million Euro
budget, the Alpine Space Programme seeks
“to overcome the disadvantages of location
factors and to promote the Alpine Space as
a dynamic economic region in Europe”.
Running from 2007-2013, one specific
industry targeted for economic rejuvenation
under its auspices is forestry which, in such
climes, is subject to distinct strategic
vulnerabilities.
“Mountain topography introduces some
major problems” explains Jean-Matthieu
Monnet, a French participant in NEWFOR
(NEW technologies for a better mountain
FORest timber mobilization), a project
entering its second year. Steep gradients,
cliffs, unpredictable weather and sinuous
road systems all pose hazards, which are
frequently
difficult
to
negotiate.
“Consequently, it’s expensive to acquire
information about these regions. Low
accessibility makes it difficult to accurately
estimate volumes, or species of trees. Large
vehicles used in forestry processes, and for
mobilising felled wood for export, also face
varied obstructions”. Cable cranes (systems
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of pulleys and line wires, linked to a tractor),
skidders (tractors used to pull pole-length
timbers across the ground) and forwarders
(vehicles used to carry logs) are the most
common methods of retrieval, but all have
limited range, and need infrastructure to
support them.
Without data on which decision makers can
base their strategies, the region’s assets run
the risk of becoming uncompetitive – or
negated altogether. “Over the past decades,

sylviculture, labour and harvesting costs
have
increased”
comments
Monnet.
“Managers are very conscious of efficiency.
If timber costs are outweighed by the expense
of extraction, entire areas may be abandoned
by enterprise.”
Each partner country
(Austria, France, Germany, Italy and
Slovenia) contains mountainous regions of
between 10-150 thousand square kilometres,
with forest proportions between 45 and 67%
and faces surprisingly familiar concerns.

Forest height model
calculated from lidar
data (50m x 100m
area, colors from
blue=ground to
red=highest trees).
Triangles represented
the detected
dominant trees. ©
Irstea
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At a glance
Project Information
Project Title:
NEWFOR: NEW technologies for
a better mountain FORest timber
mobilization
Project Objective:
The project aims at improving forest
timber evaluation and mobilisation
in alpine areas. The project considers
the whole wood supply chain,
from forests to wood yards, with
a particular emphasis on new
remote sensing technologies and
geographical information systems.
Project Duration and Timing:
3 years, September 2011 to 2014

© Stand Montafon
“In each country, people have begun to
generate tools and conduct experiments to
address similar risks, but often in isolation”
observes the French researcher. “There is no
discussion between them, although they
share
common
problems
–
and
opportunities.” In response, a key aim of
NEWFOR is the creation of adaptable, robust
support tools. Aligned with universally
agreed benchmarks, outputs are discouraged
from becoming functionally limited to
specific, narrow contexts by the diversity of
participants. “Generating models which
prove generally effective, yet contain the
requisite flexibility is a real test” says
Monnet. “Now these parties are connected,
however, their activities provide a stimulus
to collaborate on shared solutions.” This
inter-reliance also acts to provide an
intensive, trans-European testing-ground
for their pioneering deliverables.
As its moniker implies, NEWFOR is
positioned at the technological vanguard to
fashion these nascent assets. “Remote
sensing technologies such as LIDAR (Light
Detection And Ranging) have become very
popular over the past decade” says Monnet,
who has gained expertise in this field at his
home institution, the National Research
Institute of Science and Technology for
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Environment and Agriculture (IRSTEA).
Using laser pulses emitted from an aircraft,
which are measured after they reflect back
from the ground, these data reconnaissance
operations can build up a detailed picture of
what lies beneath impenetrable, verdant
canopies of growth.
Initially operated by NASA, this prolific
technology has also evolved to such an
extent that its sensors can simultaneously
discern characteristics of the trees
themselves, with the measurements
synthesised to create a data-rich map. “The
resultant images are like aerial photos, but
provide far more quantitative information”
illustrates Monnet, “including the contours
of the terrain and the vertical structure of
the forest, which makes the estimation of
growing stock possible.”
Critically, he argues, airborne surveillance
can provide the missing link between high
level policy and its enactment, with major
consequences for sustainability. “In France,
the government previously decided that,
according to national statistics, growing
stock was increasing – so they accordingly
raised harvesting targets” he recalls.
“However, it can be hard to pinpoint where
the excess lies, hence from where it can be
culled. Without this awareness, operatives

Project Funding:
The project is funded by the
European Regional Development
Fund (ERDF) in the framework of
the Alpine Space Program, which
is the EU transnational cooperation
programme for the Alps. Total budget
of the project is 2,419,400 EUR,
including an ERDF grant of 1,809,484,
EUR.

Main Contact:

Frédéric Berger

Frédéric Berger has been a researcher
in Irstea since 1991. He holds a PhD
in forestry. His area of expertise is
the management of production and
protection forest in mountains areas.
He is the leader of the mountain forest
research team at Irstea in Grenoble.

Contact:

Tel: +33 (0) 4 76 76 28 00
Email: Frederic.berger@irstea.fr
Web: www.newfor.net
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France
• FCBA. Technological Institute for
Forestry, Cellulose, Construction
Timber and Furniture (www.fcba.fr)
• Irstea. Grenoble regional center,
Mountain Ecosystems Research Unit
(lead partner, www.irstea.fr)
Germany
• LWF. Bavarian Forest Institute –
Forest Management Department
(www.lwf.bayern.de)
Italy
• ERSAF Lombardia. Regional Agency
for Development of Agriculture and
Forestry (www.ersaf.lombardia.it)
• PAT-SFF. Autonomous province
of Trento : Flora and Fauna
Department (www.foreste.
provincia.tn.it)
• TeSAF. Università degli Studi di
Padova – Dipartimento Territorio e
Sistemi Agro-Forestali (www.tesaf.
unipd.it)
• UNITO. Università degli Studi
di Torino – Dipartimento di
Agronomia, Selvicoltura e Gestione
del Territorio (AGROSELVITER)
(www.agroselviter.unito.it)
Slovenia
• SFI. Slovenian Forestry Institute
(www.gozdis.si)
• SFS. Slovenia Forest Service (www.
zgs.gov.si)
Switzerland
• WSL. Swiss Federal Institute for
Forest, Snow and Landscape
Research – Research Programme
Forestry and Climate Change (www.
wsl.ch)
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Austria
• BFW. Federal Research and Training
Centre for Forests, Natural Hazards
and Landscape – Department
of Natural Hazards and Alpine
Timberline (http://bfw.ac.at)
• Stand Montafon – Forstfonds (www.
stand-montafon.at)
• TORG. Office of the Tyrolean
Regional Government – Tyrolean
Forest Service (www.tirol.gv.at/
wald)
• TU Wien – IPF. Vienna University
of Technology – Institute of
Photogrammetry and Remote
Sensing (www.ipf.tuwien.ac.at)
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Transect of a lidar point cloud (vegetation: green, ground: red) © Irstea

3 images of the same area. Left: forest height model calculated from lidar data
(green=ground, red=highest trees), middle: Infra red colored optical image,
right: shaded digitial terrain model calculated from lidar data (green=low altitude,
yellow=high altitude).© Irstea
may use familiar routes and access points –
accelerating regional depletion. Some forests
are over harvested; some under. To manage a
total system effectively, you need to isolate
the growing stock, and marry national – and
even global – policies with local realities”.
In its forthcoming semester, another
exciting NEWFOR concept – mapping
utilising a drone, or Unmanned Aerial
Vehicle (UAV) – will be explored. These are
typically far cheaper to employ than larger
aircraft, and also encounter fewer
bureaucratic obstacles to their usage.
Moreover, cruising at low altitude, they can
be flown in all seasons, and perceive
significant amounts of detail. NEWFOR’s
version uses a commercially available digital
camera, set into the craft’s fuselage, and is
steered using a handheld remote control
device, coupled with autopilot functionality.
Monnet anticipates that these could be
“responsively deployed – for example, to
gain specific information about pest
invasions, like bark beetles, and natural
hazards (e.g. avalanches, rockfalls or
landslide), which could unexpectedly arise.”
Due to their economy, regular UAV sorties
could be an apposite means of obtaining
regular assessments of such phenomena. The
study intends to push the units to their limits
– assessing their maximum reach, visibility,
and launch and landing requirements above
what is often perilously uneven ground.

Although the UAVs may be too complex for
foresters to calibrate and operate, specialist
teams of pilots could well emerge to cater for
their needs.
Throughout the study’s duration, LIDAR
will be tested, and compared against data
gathered on the ground, to establish its
validity. Mapping systems will ultimately be
consolidated via an online platform, WebGIS,
which is presently in development, but will
be handily accessible to industry workers
using portable terminals. To ensure end user
relevance, local forest managers have been
engaged to help academics appreciate and
fulfil their real needs throughout trials.
Impressively,
the
technology
can
automatically extract road networks for
inclusion in its graphic display, detecting
features that might prohibit entry into the
forest for heavy vehicles, such as tight turns
and slopes. Thus, the project “may also assist
in future road and transport planning”,
reckons Monnet. Although initial acquisition
costs may be greater, there are exciting
peripheral benefits such as this which,
overall, add value throughout the monitoring
chain. Indeed, there’s also a chance that such
versatile methodologies could ultimately
help Europe to catch up with the initial
leaders in this high-flying technology –
Scandinavia and the USA, whose systems
cannot entirely rise to meet the operational
challenges posed by alpine peaks.
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The OpenAlps project aims to boost the competitiveness of Europe’s industry through the concept of
“Open Innovation”. This involves supporting SMEs in Alpine regions in order to enhance their
effectiveness and efficiency, leading to greater innovation. Coordinator Melanie John explains more

Collaboration:

the key to competition?
Growing pressure on Europe’s small and
medium-sized enterprises (SMEs) due to
globalisation and growing international
competition has led to shorter product lives.
This ultimately results in higher costs and
innovation pressures, which for small
companies can be a struggle to keep up with.
Today, in order to produce a successful
product or service by making optimal use of
resources, the access to relevant information
on needs and solutions is more important
than ever. For this reason, Germany’s CCI
Black Forest-Baar-Heuberg – along with
other European partner organisations – set
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up the EU-funded OpenAlps project, in a
push to open up a traditionally closed
innovation process.
Open Innovation

Previously, companies privately generated
and developed their own ideas for innovative
products or processes in order to remain
competitive. However, opening their doors
to the ideas, know-how and knowledge of
external partners such as R&D centres,
universities, clients, suppliers, or even
competitors at a local, national and
international level could allow SMEs to reap

far greater benefits, claims project
coordinator Melanie John from Black Forest.
Part of the EU’s Alpine Space Programme,
OpenAlps aims to encourage and support
the outbound process of “Open Innovation”
(OI) over its three-year course. Set up in
July 2011 and funded by the European
Regional Development Fund (ERDF), the
project aims to foster innovation and
entrepreneurship, while strengthening
research and innovation capacities for
SMEs. “It also gives the companies the
opportunity to sell their own innovative
technologies and processes to external
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partners, for example, through licensing,”
says John.
The coordinator explains that although
the concept of OI existed long before the
project, it is generally fairly unknown
amongst SMEs in Europe. “This is one of
the main reasons the concept hasn’t yet
taken off. Another major barrier is cost,”
she says.
“Most of the companies that Black Forest
supports are either small or medium-sized
and the existing OI offers provided are too
complicated or too expensive for them.”
She continues to say, “with Open
Innovation, it’s nearly impossible as a
chamber of industry and commerce to start
it regionally – you really need a bigger
network and something or someone to
support you, a critical mass. You cannot do
it on your own; you need a broader network
to give it a try, unless you are willing to pay
a lot of money.”

www.projectsmagazine.eu.com

First stages

The OpenAlps’ team at Black Forest sought
out project partners who are also business
development agencies and institutions with
the same interests and a budget for
supporting their regional economy. These
partners span six different European
countries in Germany, France, Italy,
Slovenia, Austria and Switzerland.
The first stages of the project involved
making initial contact with external actors.
On a regional basis, partners began to raise
project
awareness
amongst
SMEs,
introducing them to the concept of OI. At
the same time collecting and evaluating
information on the existing regional OI
landscapes through questionnaires and
case studies.
“We want to establish OI services
customised for SMEs and of course in order
to do so we should find out first what their
needs really are,” says John.

In its 12th month, the project is “running
to plan”, says John. One of the first
milestones was the OpenAlps launch
conference in April this year, which
marked the first official step towards the
project target groups and when the
OpenAlps initially went “public”. The
event boasted an impressive turn out - 70
participants – considering the OI concept
is not yet well known within the project’s
target groups. Taking place at Black
Forest’s base in Villingen-Schwenningen,
Germany, the whole conference was
carried out in German as 100 per cent of
attendees were from the local area or
nearby parts of Austria and Switzerland.
John explains the language choice was
carefully thought out and was the correct
decision to make.
“With these EU projects, of course, it’s all
about being transnational and working
together internationally, but you always

129

At a glance
Project Information
Program Title:
OPEN-ALPS: Open Innovation in Alpine
SMEs

OpenAlps Launch Conference: Participants receive compact information on Open Innovation

have to keep in mind who is your target
group and where they are,” says John. “It’s a
transnational approach but still on a
regional level.”
Regional, transnational and international

OpenAlps partners agree that although the
project has a focus on local regions,
transnational cooperations and international
networks are vital in order to strengthen
regional economies. “The more international
the access to external knowledge and knowhow, the greater the regional innovation
potential,” say the coordinators.
A majority of the project results are
implemented on a regional level. SMEs and
R&D centres are contacted locally and can
participate in regional OI trainings, fora, and
working groups and make use of the services
offered at local support centres. However, the
heart of the project lies internationally, John
explains. This is where all project results
converge, become visible and available.
One way the project hopes to achieve
this is by establishing a multilingual webbased OI platform. This free-of-charge
service will enable SMEs to start idea
competitions and development challenges

and to search for suitable partners for joint
development projects. The OpenAlps team
aims to get the service up and running by
the end of the year.
Open Alps is setting up a range of tools for
small and medium-sized businesses, which
include local OI Labs, such as working groups
of SMEs and R&D organisations, training
services as well as business development
agencies and cluster managers in OI
management. There will also be an OI Award
Competition with awards for the three best OI
projects. In addition, there are plans to set up
local OI support centres to improve the
accessibility to research facilities and
enhance networking opportunities.
The initiatives will be used to improve
regional innovation policies and will be
disseminated in the EU27 in order to “make a
valuable contribution” to the innovation
policy in Europe, especially the Europe 2020
Flagship Initiative ‘Innovation Union’.
John explains that the services OpenAlps
is establishing are built to last. She says these
tools will provide an established platform for
regional economic development to provide
support for SMEs long after the project ends
in June 2014.

★

Program Objective:
The objective of OpenAlps is to
strengthen the competitiveness
of SMEs in the Alpine Region by
supporting them with implementing
Open Innovation methods in their
innovation processes. Specific services
will be offered in order to assist them
with opening up their company
boundaries and benefiting from
knowledge of external actors.
Project Duration and Timing:
3 years, July 2011 to June 2014
Project Funding:
Total eligible costs: 2.873.198 EUR,
ERDF grant: 1.991.361 EUR

Main Contact:

Melanie John

Melanie John studied
philosophy, English language
and literature and economic policy. After
several years of self-employment she
worked for an US-American company in
southern China and later for a German
company in Hong Kong in various
management positions.
In 2008 she joined the CCI Black ForestBaar-Heuberg as a project manager and
is currently in charge of the OpenAlps
project.

PROJECT PARTNERS
Germany
• Chamber of Industry and Commerce
Black Forest-Baar-Heuberg (Lead
Partner)
• MFG Public Innovation Agency for
ICT and Media
France
• ARDI Rhône-Alpes | Regional Agency
for Development and Innovation
Austria
• Innovation and Technology Transfer
Salzburg
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Italy
• Verona Innovation
• CSP – ICT Innovation
• Polytechnic University of Turin,
DIGEP Department of Management
and Production Engineering
• Lombardy Foundation for the
Environment
Slovenia
• Maribor Development Agency
Switzerland
• Association ManuFuture

Contact:

Tel: +49 7721 922-206
Email: john@villingen-schwenningen.
ihk.de
Web: www.open-alps.eu/
http://blog.openalps.org/
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