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Sustainable Development
magazine, eStrategies
magazine and remains a
prevalent contributor to the
UK business press. He also
works in Public Relations
for businesses to help them
communicate their services
effectively to industry and
consumers.
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uilding a knowledge thirsty culture through a well-connected network

around research has the potential to be more productive than working in

isolation. The world spanning work for Covid-19 vaccines proved this. In this

respect, the European Union has developed some world leading eco-systems
for research to thrive, for industry to connect and for knowledge to expand.

A key part of development is bringing the brightest minds together, to discuss, to
exchange and to inspire. Investing resources into these small and large collaborative
networks means that innovation has the best chance to flourish. The spirit of learning
will always benefit from the hive-mind in hubs that accumulate a range of pioneers
in a field. Often, the insular, focused nature of research means key questions, broader
perspectives and opportunities can be easily missed without the involvement of
others from similar or related areas. How many times have we heard that meetings
between researchers in similar fields has accelerated the developments in projects?

For many researchers, the Covid-19 pandemic we have endured and are still
enduring has shown us how much this kind of entwined, close collaboration counts,
if only because it has been suddenly transformed in nature or been taken away
temporarily. Over the course of 2020 and the beginning of 2021, | have spoken to
several project coordinators through a webcam, who have said researchers have really
missed that close connection of being on the ground with other researchers in other
institutions. There is a feeling of lost moments that could count.

It’s true that people are tribal in nature, we gravitate to like-minds, to those
with aligned goals, with shared ideas and agendas and in research this rings
true. Let’s acknowledge the importance of these networks and eco-systems in
scientific endeavours and let’s keep building new ones, as when we do it's when
the magic happens, it's when the returns occur and when science becomes a
louder voice in the world.

Hope you enjoy the issue.

Richard Forsyth
Editor
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EU Research takes a closer look
at the latest news and technical
breakthroughs from across the

European research landscape.

BOUNCE

Researchers in the BOUNCE project
are developing a model of patient
resilience that can then be used to
guide decision-making and help
breast cancer patients to bounce
back to healthy functioning, as Dr
Paula Poikonen-Saksela explains.

CHEMICAL SCREEN ON
HYDRA REGENERATION
Researchers at the Friedrich
Miescher Institute for Biomedical
Research are using chemical screens
to gain deeper insights into the
underlying mechanisms behind the
hydra’s regenerative capacity, as Dr
Charisios Tsiairis explains.

AUTOLOGOUS HUMAN
INDUCED PLURIPOTENT
STEM CELLS-DERIVED
NEURONS

We spoke to Prof Renaud Du
Pasquier and Dr Sylvain Perriot
about their research into how
damage to the myelin sheath occurs
and its wider importance to the
treatment of multiple sclerosis.

SESE

Bacteria cooperate in many
different ways. Researchers in

the SESE project are developing a
model system for looking at social
behaviours in infection, as Professor
Ashleigh Griffin explains.
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Identifying novel
therapeutic targets for
articular cartilage repair
We spoke to Professor Martin
Stoddart, Program Leader of

the Regenerative Orthopaedics
Program at the AO Research
Institute in Davos, Switzerland,
about his research into the way
cartilage is maintained and repaired.

MORE THAN MEETS THE EYE
The ability to interpret gaze
behaviour is important to social
understanding. We spoke to Dr Anne
Bockler-Raettig about her research
into how we process information
conveyed through eye contact.

SPICES

We spoke to Professor Hilde
Bastiaens and Dr. Geofrey
Musinguzi, about the work of the
SPICES project in implementing
and evaluating prevention and
control programmes to combat
cardiovascular diseases.

BRAINIACS

Researchers in the BRAINIACS
group are combining experiments,
modelling and simulations to build a
fuller picture of how mechanics and
different forces affect brain function,
as Dr Silvia Budday explains.

INTERROGATING THE
GENE REGULATORY CODE
The neocortex is central to
humans’ cognitive abilities, and it
has grown significantly over the
course of evolutionary history.

Dr Mareike Albert Ph.D is
investigating how the development
of the neocortex is regulated.

34

38

40

42

Brain-to-Computer Interfaces
(BCls) are now a reality, albeit not
on the shelves yet. How will this
technology develop? Will it become
part of our every day, and should
we celebrate it or fear it? Richard
Forsyth reports.

SwineNet

We spoke to Dr Salome Diirr
about her work in exploring the
different pathways through which
disease can be transmitted between
pigs, which can then be added to
epidemiological models.

ResponDrone

Researchers in the ResponDrone
project are developing an integrated
solution designed to give first
responders a fuller picture of a
disaster situation, as Max Friedrich
and Joonas Lieb explain.

PRO-MUD

Researchers in the PRO-MUD
project are simulating sediment
transport in surface waters and
coastal areas, aiming to gain new
insights into how nutrients and
pollutants are dispersed, as Dr
Bernhard Vowinckel explains.

PROTECTA

Researchers in the PROTECTA
project are investigating how
oomycetes interact with their hosts,
which could help improve plant and
crop resilience, as Professor Laura
Grenville-Briggs and PhD student
Christian Andersen explain.
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In the UK, the popular band Massive
Attack commissioned the Tyndall
Centre for Climate Change Research
to produce a Roadmap to Super Low
Carbon Live Music. The findings and
recommendations are open to all
the music and events industry, to
promote effective methods which
can sustain a low carbon future.
Richard Forsyth reports.

The United Control over
Charge Density and Spin
State of Low Dimensional
Electron System at Titanates
We spoke to Professor Milan
Radovic about his research into
titanates, and how their properties
can be tailored and controlled

in low-dimensional systems,
which could then open up wider
possibilities in oxide electronics.

InDEStruct

Prof Atul Bhaskar of University

of Southampton, Dr Claus

Ibsen, Manager of Research and
Development at Vestas aircoil

and Early Stage Researcher (ESR),
Khandokar Abu Talha, explain the
aims of the InDEStruct project.

ENHANCE

We spoke to Professor Ausrine
Bartasyte, Associate Professor
Samuel Margueron and Doctor
Giacomo Clementi about European
ITN ENHANCE project’s work in
developing piezoelectric energy
harvesters that could reduce the
environmental impact of the
automotive and information sector.

SCORES

Technical Project Coordinator,
Pavol Bodis of SCORES explains
how new combined technologies
can collect renewable energy
locally, store it and use it in smarter,
more optimised ways to improve
efficiency.

www.euresearcher.com
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MathinParis

EU Research talks to Project
Coordinator, Ariela Briani

and Gael Octavia in charge of
Communications, about supporting
the most promising minds in
mathematics.

CATEGORIFICATION OF
QUANTUM 3-MANIFOLD
INVARIANTS

We spoke to Professor Anna
Beliakova about her work on
categorification of quantum
invariants, research which brings
together elements of several
different fields.

PRACTICAL REASONS
BEFORE KANT (1720-1780)
Researchers at the University of
Wiirzburg aim to shed new light on
the work of Crusius and other pre-
Kantian philosophers and bring their
ideas to greater prominence, as Dr
Sonja Schierbaum explains.

MERLIN

We spoke to Dr Francesco Viti
about the Merlin project’s work
in developing new tools designed
to help manage transport
infrastructure more effectively.

ALPI

Researchers in the ALPI project
aim to introduce an optical device
to mitigate signal degradation in
the optical domain, improving
transparency, capacity and energy-
efficiency, as Professor Lorenzo
Pavesi explains.

Safe-DEED

The SAFE-DEED project examines
how to gauge the value of data

and share it safely between
organisations, so that information
can be analysed without
compromising privacy. We talked to
Gert Breitfuss, Stefan Gindl, Petr
Knoth, loannis Markopoulos and
Mihnea Tufis.
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The most important research

The EU Research team take
a look at current events in
the scientific news

4 and innovation announcements

Science plotted the rise of global warming and brought it to worldwide
attention. It is now central to dealing with it. With the Glasgow conference now
closed, EU Research highlights the key announcements concerning R&D.

COP26 climate conference in Glasgow is to
be caught in a blizzard of new announcements, initiatives and
alliances, all with their own acronyms and breathless press
releases. But for all the hype, there is plenty of solid research
and innovation news to digest, ranging from high-level
geopolitics to tech transfer in the developing world. Here EU
Research picks through the two weeks of speeches, reports
and declarations to summarise the most important statements
from the conference - and tries to make sense of what they
actually amount to.

U.S.-China Joint Glasgow Declaration on Enhancing
Climate Action in the 2020s

In a surprise move at the end of the conference, Beijing and
Washington agreed on the need to cooperate on “climate technology
innovation” and in areas like carbon storage and air capture. While

an improvement on the frosty relations that prevailed at the start

of COP26 - president Xi Jinping didn’t even attend - the declaration
doesn’t change the fact that China, the world’s biggest polluter, still
has not signed up to a number of key initiatives unveiled in Glasgow,
such as the Global Methane Pledge, brokered by the US and EU to
cut emissions by at least 30 per cent by 2030.

US-UK strategic energy dialogue

Originally agreed by Joe Biden and Boris Johnson back in

June, COP26 saw the UK and US officially launch a series of
regular dialogues to “deepen collaboration” in areas like clean
energy technology, nuclear, energy security, and science and
innovation. Exactly what, if anything, substantial will emerge
from the chats is unclear, but the next ministerial get together
is scheduled for “spring 2022".

This wasn’t the only example of the UK cosying up to the
US at COP26, just as future British research links with the
EU remain under a cloud due to continued uncertainty over
UK association to Horizon Europe. The pair also announced a
partnership on quantum research that will see them exchange
staff and students.

The Glasgow Breakthroughs
The goal of the ‘Glasgow Breakthroughs’ is to make clean
technologies the cheapest and most accessible option globally
across four heavily polluting sectors: power generation, road
transport, steel, and agriculture, plus to make clean hydrogen
“affordable” and “globally available” by 2030.

EU Research




The commitments are pretty broad rather than specific. The goal
for zero-emissions vehicles is for them to be the “new normal”
by 2030. The initiative involves a sprawling network of already
existing groups, but environmental campaigners are pleased that
neglected but polluting sectors like steel are finally getting the
attention they deserve. The US and EU are on board in every sector,
but China has only signed up for the hydrogen breakthrough.

Global Energy Alliance for People and Planet

This is a $10 billion initiative to try to create investible renewable
energy markets in poorer countries, where currently, because of
logistics, infrastructure and financing problems, renewables aren’t
competitive with fossil fuels. But even advocates admit it's a drop
in the ocean compared to how much money is needed to actually
scale up green power in the developing world.

The hope is that the alliance, backed by the Rockefeller
Foundation, the furniture company IKEA, and Jeff Bezos’s Earth
Fund, can help governments set up the right policy to support
renewables, allowing the private sector to then steam in with
billions if not trillions of dollars.

Glasgow Financial Alliance for Net Zero

Former Bank of England governor Mark Carney has managed to
get more than 450 firms, including banks, pension funds, asset
managers and pension funds, to commit to “transforming the
economy for net zero”. Collectively managing over $130 trillion
of private capital, if these institutions channel their investments
towards clean energy rather than fossil fuels, the world might
finally have the financial firepower needed to transition to a
green economy. But there is scepticism from environmentalists.
French campaigning group Reclaim Finance released a report that
found the alliances headed by Carney do not actually prohibit
investments in fossil fuel expansion.

The First Movers Coalition

Twenty-five of the world’s biggest companies, including Amazon,
Apple and Boeing made a series of purchasing commitments to
buy green technology in areas that are hard to decarbonise, like
road freight, shipping and steel. The idea is to convince investors
that there will be a market for clean technologies that are still not
yet mature. But the numbers involved are still pretty small. By
2030, first mover companies that buy steel will ensure than “at
least 10 per cent” of it is produced in a “near-zero emissions” way.
Airlines will replace at least 5 per cent of conventional jet fuel with
sustainable alternatives by the same date.

Bushfires below Stacks Bluff, Tasmania, Australia / Photo by Matt Palmer on Unsplash.

www.euresearcher.com

The Adaptation Research Alliance

Climate change is already happening, but there is concern that the
latest research about how to adapt to heatwaves, floods, rising
sea levels and other impacts isn’t getting through to the people
on the ground. This is the motivating force behind the Adaptation
Research Alliance, a grouping of 90 organisations, mainly aid
agencies, but including a handful of universities too. There is no
word on whether the alliance will receive any more funding itself,
but the UK and Canada also pledge an extra CA$170 million for
“action-orientated research” into climate adaptation through a
new partnership, called Climate Adaptation and Resilience.

Agricultural reform and innovation

The UK government committed to a grab-bag of new research
spending to try to make agriculture and land use more sustainable.
It pledged £38 million for CGIAR, a global agricultural research
organisation. There will also be up to £40 million for a new “Global
Centre on Biodiversity for Climate”, which will address “critical
research gaps” in biodiversity and conservation scholarship.

Transatlantic Collaboration Platform on Agriculture
The EU and the US have diverging views on the use of new
technologies such as precision breeding and gene editing, but
Brussels and Washington agreed during COP26 to work more
closely together on climate change and agriculture, including how
science and innovation can make farming more sustainable.

The US’s long-term net zero strategy

Speaking at the beginning of COP26, Joe Biden unveiled a new
report that sets out exactly how the US will reach net zero by mid-
century, and crucially, which technologies will be in the mix. There
are repeated mentions of nuclear power, and more speculative
tech that can suck carbon from the atmosphere, despite warnings
in the very same report that this is currently very far from being
ready for wide-scale deployment.

Small modular reactors

The US announced it would build a trial nuclear small modular
reactor in Romania to help decarbonise and secure the country’s
energy supply. Although the mini reactors are still a relatively
unproven technology, they promise to be easier to deploy than
conventional reactors, as they can largely be assembled in a
factory beforehand. The UK also said it would contribute £210
million towards them.

UN GLIMATE

UK 2021

IN PARTNERSHIP WITH ITALY
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EU teams up with Bill Gates
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in €820M climate tech investment deal

The EU-Catalyst partnership aims to scale up and create markets for green technologies.
The Commission hopes the partnership will serve as a template for similar initiatives around the world.

The European Commission and the European Investment Bank
(EIB) are to join the Bill Gates Breakthrough Energy initiative,
in a €820 million deal intended to put some impetus behind
the scale-up of critical climate technologies developed in the
EU and create markets for them.

The new EU-Catalyst partnership will enable the Commission,

EIB and Breakthrough Energy to mobilise up to €820 million
between 2022-2026 to accelerate the deployment and rapidly
commercialise technologies that help the EU reduce carbon
emissions by 55% by 2030. “We will support the so-called Green
Premium, that is the additional cost that companies face by taking
the risk of deploying new technologies,” EU president Ursula von
der Leyen told delegates at the COP 26 conference in Glasgow on
Tuesday. Not all the money will come from the EU budget, EIB and
Breakthrough Energy, as the three partners expect private investors
and philanthropists to join the cause.

New green technologies that could cut EU emissions are ready
for translation, but could take too long to reach the market
without additional investments. New climate technologies are
often expensive to produce and their markets are too small, posing
particular problems for undercapitalised EU-based start-ups. The
EU aims to reduce the financial risk for companies by propping
up their business models until they can be scaled up. Money will
go into projects across four sectors of clean hydrogen, aviation
fuels, carbon capture and energy storage. The EIB will receive
an EU budget guarantee from the Commission and, together
with Breakthrough Energy, will provide equivalent amounts of
investment in projects selected on a competitive basis.

Breakthrough Energy, founded in 2015 by billionaire philanthropist
Bill Gates, invests in companies that have the potential to speed up
innovation in sustainable energy and other technologies that could

help reduce CO, emissions. So far, Gates said, the fund has raised
over $2 billion and funded over 80 companies from 11 countries,
across four continents.

Speaking at the COP 26 conference alongside Von der Leyen,
Gates said additional investments are needed to scale up net zero
innovations and to reduce the cost difference between current
products and their green competitors. “The cost of transition must
be low enough that the whole world can afford it,” said Gates. Von
der Leyen said she hopes the Breakthrough fund will serve as a
template for similar initiatives around the world. “| am especially
glad that at this COP 26, finally, we prioritise the importance of
innovation, because it’s only through innovation that we’re going
to get to our goal of net zero,” she said.

US president Joe Biden announced a similar initiative at COP26 on
Tuesday, saying the US and the World Economic Forum will launch
the First Movers Coalition, a group of two dozen of the world’s
largest and most innovative companies, including Apple, Boston
Consulting Group, Volvo, and Fortescue Metals Group, which have
committed to scaling up climate innovations.

Biden hopes these companies will help the US push for
commercially viable ways to decarbonise industrial cities. “We
recognise that our current technology alone won't get us where
we need to be, so it must also be a decisive decade for innovation,
developing, demonstrating and commercialising new clean
energy technologies by 2030,” he said. The Biden administration
has previously announced efforts aimed at quadrupling funding
for clean energy research and development over the next four
years. The US has also announced a $4 billion global agriculture
innovation mission together with United Arab Emirates and 75
other partners. I invite all of you to join us, working to double the
investment by the time we meet at COP 27,” said Biden.

EU Research




New head of ERC says ‘Politicians shouldn’t meddle’

Developmental geneticist Professor Maria Leptin says her priority is to keep the
European Research Council true to its founding mission.

On 1 November, Maria Leptin will become the new head of the
European Research Council (ERC), Europe’s premier funding agency
for basic research. Leptin, whose background is in developmental
genetics, previously served as director of the European Molecular
Biology Organization, Europe’s life-sciences organization, based at
the European Molecular Biology Laboratory (EMBL) in Heidelberg,
Germany. She will take over from interim president Jean-Pierre
Bourguignon, following the brief and controversial tenure of
nanobiologist Mauro Ferrari, who resigned in April last year. Leptin
spoke about her plans for the ERC, its role in European science and
its significance for early-career researchers.

What are your top priorities as incoming president?

The ERC is a fantastic organization with fantastic aims and a fantastic
staff. | know it well from having been on panels, and | wouldn’t dream
of coming in and saying we have to change everything. My first aim
will be to keep the ERC stable and emphasize its strength. Of course,
there are always things that can be improved, such as attaining broader
public engagement. The ERC's service to the scientific community
might need tweaking, because different fields have different needs.

The ERC aims to be independent from politics. What is your
plan to keep the ERC true to its founding mission?

I'm hoping this doesn’t need a plan. We have sufficient examples to remind
people of how important it is not to meddle with the autonomy of basic
research. Everybody recognizes that COVID-19 vaccines were developed

so fast because a range of fields, which had been receiving basic-research
funding for a long time, suddenly came together. It illustrates that
necessary and topical science comes bottom-up from the best scientists.

New methods have been arising, for instance in genomics or data
management and statistics, that allow researchers to do or study things
that would have been impossible ten years ago. At the ERC, we will look
at all types of research, from the humanities to physics and biology.

How will you promote the value of basic research?

That’s really not easy, and | wouldn't say that | have a recipe. The ERC's
budget is decided by EU member states but also by the European
Parliament, and parliamentarians listen very strongly to their home
constituencies. It's clear that the public needs to realize what basic
research is about and what it does for them. We will have to think very
hard about new routes to get to the public — and it’s not just going to be
senior people giving lectures. One way to get there is working with locally
engaged media experts that reach the people who need to be reached.

Do you envision special ERC programmes, such as on
climate or COVID-19 research?

All I can say is give the best researchers a chance to come up with ideas
that they want to pursue. When something unforeseen happens in ten
years' time, then people will have access to a lot of good stuff that's been
done. COVID-19 and climate change are just the best examples we have.

But | would not go for top-down research. We have programmes
for that, including the European Innovation Council and the rest of
Horizon Europe, the European Union’s seven-year research programme.
Not all research is there for exploitation. If scientists find out about the
history of the Lascaux caves, discover the Higgs boson or work out how
people lived in Pompeii, that’s just exciting, and people love hearing
about it. There is an inherent sympathy for human curiosity in citizens,
and | think we have to point that out. It's not just about curing the next
disease or saving us from climate change.

www.euresearcher.com

ERC funding is very sought after by early-career scientists, but
success rates for starting grants are very low (13.5% in 2020).
What's your plan to keep young researchers happy?

Well, | think all researchers should be kept happy. Of course I'd like
to be able to fund more of them. | also would like to not let them fall
off a cliff after getting their first starting grant, when they apply for
consolidator or advanced grants and find out it’s even tougher to get
one (2020 success rates were 13% and 8%, respectively). For every
funding call, there are lots of good proposals that cannot be funded. |
really would like the award rates go up, but there’s only two ways to
do this: you have either fewer applications or more money.

An interview for an ERC starting grant is a potentially
career-defining moment for an early-career scientist.
What'’s your advice for a nervous applicant?

You'll be nervous; there’s nothing you can do about it. If you're not
nervous, you might come across as arrogant — which is the worst
thing. Be as honest and well-prepared as you can be. The committee
will see through gloss and bad preparation. If you have a good project
and know the background well, the committee will recognize that.

The United Kingdom and Switzerland are still negotiating
access to Horizon Europe. What does this mean for grant
applicants from these countries?

We are all desperately hoping that Switzerland and the United Kingdom
will associate with Horizon Europe. We care about our colleagues in
these countries and their science, and we want them in the ERC. At the
moment, UK-based researchers can apply for funding, but grants can be
awarded only once the association agreements have been signed.

Do you think it would be better to keep politics out of science?

It's the prerogative of elected governments to determine what goes on
in their constituencies, and if science is part of that they should have a
say. But politicians who are not trained in science should not meddle in
our day-to-day business, or tell scientists what'’s right or wrong. | would
see it as my duty to explain to politicians what's best, and to get them
to realize that. They distribute the money, so we have to make them
understand what’s good for people, rather than say, “Just stay out.”

© Michael Wodak / MedizinFotoKoln




Extra €100 Million approved for Horizon Europe in 2022

European Parliament gets Council to agree on increase to Horizon Europe budget.

The EU'’s research programme Horizon Europe will receive

an additional €100 million (£84 million) next year following
negotiations over the bloc’s budget. The agreement will see
support for the programme rise to €12.2 billion in 2022.
Horizon Europe is the EU’s main mechanism for financing
fundamental research and innovation across the continent.
The programme, launched this year to replace the previous
Horizon 2020 initiative, will see almost €100 billion invested in
research over seven years.

Representatives of the European parliament and the Council
of the European Union have now reached an agreement over
the EU’s budget for 2022 that includes greater support for the
Horizon programme. The move comes after MEPs sought to
increase spending on programmes that are considered key to the

A Spotlight on Long Covid

post-pandemic recovery. Horizon Europe will be granted €100
million above the amount originally planned in the European
commission’s draft budget. The EU’s Life programme — which
provides funding for environment and climate action — will
receive an additional €47.5 million taking its annual budget

to €755.5 million. Meanwhile the Erasmus+ student exchange
scheme will receive an increase of €35 million to its €3.4 billion
annual budget.

The Parliament and Commission are also trying convince member
states to invest more money from their national budgets in R&D.
Countries are expected to commit to a non-binding pact to raise
R&D public expenditure from 0.81% to 1.25% of GDP by 2030, as
the Commission wants more member states to increase public and
private R&D expenditure to 3% of their GDP.

What researchers say about the long-term effects of COVID-19.

The World Health Organization (WHO) has issued a definition
for “long COVID,"” a term used to describe the persistent
health problems that affect some survivors of COVID-19.
Scientists are still working to understand the syndrome. Here
is what they know so far.

The WHO defines long COVID as a condition with at least one
symptom that usually begins within three months from the onset
of confirmed or probable infection with the coronavirus, persists
for at least two months, and cannot be explained by another
diagnosis. Symptoms may start during the infection or appear for
the first time after the patient has recovered from acute illness.
Among the most common persistent symptoms are fatigue,
shortness of breath, and cognitive problems. Others include chest
pain, problems with smell or taste, muscle weakness and heart
palpitations. Long COVID generally has an impact on everyday
functioning. The WHO's definition may change as new evidence
emerges and as understanding of the consequences of COVID-19
continues to evolve. A separate definition may be applicable for
children, the agency said.

The exact number of affected people is not known. A study from
Oxford University of more than 270,000 COVID-19 survivors
found at least one long-term symptom in 37%, with symptoms
more frequent among people who had required hospitalization.
A separate study from Harvard University involving more than

52,000 COVID-19 survivors whose

infections had been only mild or

asymptomatic suggests that long COVID

conditions may more often affect patients

under age 65. More than 236 million infections caused by the
coronavirus have been reported so far, according to a Reuters tally.

In a study published in the Lancet, Chinese researchers reported
that 12 months after leaving the hospital, 20% to 30% of patients
who had been moderately ill and up to 54% of those who were
critically ill were still having lung problems. The Harvard study also
found that new diagnoses of diabetes and neurological disorders
are more common among those with a history of COVID-19 than
in those without the infection.

Many symptoms of long COVID resolve over time, regardless of
the severity of initial COVID-19 disease. The proportion of patients
still experiencing at least one symptom fell from 68% at six
months to 49% at 12 months, according to the study published in
the Lancet. The WHO said long COVID symptoms can change with
time and return after showing initial improvement. Small studies
have suggested that some people with long COVID experienced
improvement in their symptoms after being vaccinated. The U.S.
Centers for Disease Control and Prevention said more research is
needed to determine the effects of vaccination on post-COVID
conditions.
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Forgotten your password?
Why your brain won't let you remember

Multiple experiments in a new study indicate certain kinds of information never enter working memory.

Whenever you reset your email password, you probably
don’t remember the temporary one—that auto-
generated, meaningless string of numbers and letters.
You pay careful attention to typing it only as you log in,
before thinking up a new permanent password—maybe
a fresh variation of your childhood pet’s name.

It's not clear whether this kind of information, which
individuals must pay careful attention to but isn’t needed
in the future, enters the working memory. Researchers at
Zhejiang University in Hangzhou, China wanted to see if
it does. Through multiple experiments, the researchers
discovered that human brains may have mechanisms
that block this kind of information from staying. In fact,
their research published on November 19 in Science
Advances found that people are more likely to remember
information they deliberately ignored than the kind of
information they pay attention to once and don't expect
to need in the future.

“Our brain seems much more selective than we believe,”
says Hui Chen, one of the study authors and a researcher
in behavioural psychology. Chen explains that even when
people pay close attention to detail, these details might
not stick. To test whether these kinds of details enter
working memory-the temporary information holder in
your brain-the team carried out various trials testing the
participants’ memories. The scientists presented subjects
with information they were either told to pay attention
to or ignore. For example, the researchers presented
participants with coloured shapes, and told them to
ignore the shape but pay close attention to the colour.

Participants immediately did multiple tests to evaluate

exactly what they were remembering. One test asked
them to look for a tilted line within four images of
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shapes, but either the colour, shape, or both colour

and shape of one image was the same as initially
presented. The researchers knew that any characteristics
in participant’s working memory would be distracting,
according to previous research, and increase the time it
took participants to find the tilted line they were looking
for. Another test showed them the same shape and asked
whether the colour changed.

People were distracted by and recalled what they were
told to ignore-the shape-better than what they had been
told to pay attention to. The study authors conducted
six different variations of these tests, using different
sample sizes, recording eye movements, and more, to see
whether the results were repeatable. “Our study shows
that people were automatically encoding shapes in the
working memory,” says Chen. Furthermore, people were
not storing key features they were told to pay attention
to, such as colour, in their working memory.

Chen explained that these results could have major
practical implications in two ways: First, many treatments
for people with PTSD involve tactics to help forget
experiences by not thinking about them, but this study
shows that giving memories some attention may be worth
pursuing or studying in treatment. Second, this research
contributes to continuing conversations on eyewitness
testimony and its potential inaccuracies, including
careful analysis of just how well individuals actually recall
memories when asked to pay close attention.

“Our studies tell us that we should be very careful about
memory, especially for those details and information,
because our brain is very, very selective,” says Chen. Your
brain might not be remembering that temporary string of
passcodes, but it remembers more than you think.
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Bouncing back from breast cancer

.« A diagnosis of breast cancer can lead to other significant psycho-social problems, causing

*

anxiety and depression in some patients. Researchers in the BOUNCE project are developing

amodel of patient resilience that can then be used to guide decision-making and help patients

*
*

A diagnosis of breast cancer is often
upsetting for the individual concerned, and
alongside the direct implications for physical
health it can also lead to psychological
problems such as anxiety and depression.
“The results of the BOUNCE project can
enhance adaptive coping and resilience
trajectory and support patients to maintain
their everyday lives and functioning in various
life domains while they complete their course
of treatment.” says Dr Paula Poikonen-
Saksela, the project’s coordinator. The
Bounce project is an international initiative,
in which researchers from five different
countries are studying breast cancer patients
who have been recently diagnosed with early

stage breast cancer, and have good prospects
of a full recovery. “The aim is to facilitate the
resilience trajectory from the very beginning
of the oncological treatment, outlines Dr
Poikonen-Saksela.

Bounce project

Naturally, there is a large variability in the ways
patients respond to their initial breast cancer
diagnosis and this heterogeneity is likely to be
based on their personal characteristics, the
severity of the medical situation, and their
supportive resources. The aim in the project
is to develop a model of personal resilience
to breast cancer, focusing specifically on
women between the ages of 40-70. “Breast
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to bounce back to healthy functioning and maintain satisfactory quality of life while facing
breast cancer, as Dr Paula Poikonen-Saksela from Helsinki University Hospital explains.

cancer is rare in women under the age of 40,
and we decided to include in our study typical
breast cancer patients. The median age of
breast cancer patients is around 60,” says Dr
Poikonen-Saksela. The Bounce project targets
different multi-faceted aspects of resilience
in the various domains of life and functioning
such as anxiety and depression symptoms,
sense of coping efficacy, flexibility in coping,
functional impairment, compliance with
medical treatment and perceived support.
“We consider resilience as a potential that can
be built and change over time and we are keen
to enhance the related factors to facilitate
healthy trajectory of coping with breast cancer.
Resilience is manifested in everyday life in the

— -
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form of optimal mental health and overall
quality of life,” outlines Dr Poikonen-Saksela.

Researchers in the BOUNCE project are
currently analysing data gathered from patients
from four oncological medical centres in Italy,
Portugal, Finland and Israel. Dr Poikonen-
Saksela highlights that, alongside the medical
information on these patients, the researchers
are examining the interrelationships between
the different aspects of their psycho-social
and physical wellbeing. “We have conducted
a prospective study over 18 months of coping
with breast cancer, collecting information
every three months, from the start of
treatment.” These questions were focused on
different aspects of the patients’ background
and context, responses and system of support.
The BOUNCE consortium collaborates in
analysing significant impact on individual
resilience, including cross-cultural context
and the influence of various lifestyle, diet and
exercise habits.

The comprehensive data base will be
incorporated in the development of an
innovative predictive model that will reveal the
mostimportant parameters affecting resilience
trajectory and wellbeing. Artificial intelligence
and other advanced methodological methods
areused todevelop analgorithmthatintegrates
all suggested resilience factors. The aim is
to create models which will reveal the most
important parameters for patient resilience
trajectory and wellbeing. “Our early results so

used to provide information and help patients
cope better,” she outlines. However, it’s also
important for patients to maintain contact
with others facing similar challenges. “For
example, we can suggest group meetings
and other interpersonal options for contacts
with peers,” continues Dr Poikonen-Saksela.
“Personal  face-to-face  meetings  will
definitely be needed for optimal care for
patients with special needs and disabilities.”

Digital services can relieve the pressure
on healthcare services who are already
overburdened due to the pressures caused by
the ongoing COVID-19 pandemic, and may
help to improve the existing services. The
goal of the project is to develop a feasible and
practical model of decision making tool that
will help clinicians assess patients and support
their recovery. “We are particularly interested
in patient trajectories. How are they doing
over time, constantly well or badly, or are
there fluctuations. Is their wellbeing increasing
or decreasing?” says Dr Poikonen-Saksela. As
mentioned above, the project will produce
algorithms and predictive models to predict
patient resilience, which can then be used
to inform decisions on interventions. “The
models will help clinicians to identify which
interventions will best support individual
patients, and that can also make treatments
more effective,” outlines Dr Poikonen-Saksela.

The BOUNCE project is about the development of

that will help clinicians assess the
of breast cancer patients and

far suggest that psycho-social characteristics
are particularly important in terms of patient
resilience and quality of life,” says Dr Poikonen-
Saksela. Personal lifestyle might also be of
importance. “We can educate patients about
their lifestyle and give them information about
changes they could make to boost resilience in
addition to psychological support. That's the
type of intervention we could further develop,”
says Dr Poikonen-Saksela.

Unfortunately the number of people
diagnosed with cancer is increasing, says Dr
Poikonen-Saksela. However, Dr Poikonen-
Saksela believes that educating patients can
have a positive impact on the way individuals
cope with cancer and can enhance their
personal resilience. This will likely lead to
wider benefits for the healthcare systems.
“We need to allocate the available resources
effectively, so | think there is a place for
patient education. Digital services can be
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A set of guidelines for clinicians are being
drafted in the project, which are designed to
help clinicians identify the most appropriate
interventions for individual patients, based on
their personal circumstances and background.
This is particularly important in the context
of demographic changes which will lead to
more people being diagnosed with cancer in
future. "With the aging population and new
screening techniques, more people are being
diagnosed,” explains Dr Poikonen-Saksela. A
model capable of predicting patient resilience
holds great potential in these terms, helping
improve efficiency in healthcare systems,
and Dr Poikonen-Saksela hopes to look into
the possibility of more clinical application
and broad dissemination in the future. “After
completion of the project new possibilities will
emerge for wide implantations and perhaps
commercialising the product. That's definitely
something we will further explore,” she says.

Predicting Effective Adaptation to Breast
Cancer to Help Women to BOUNCE Back

» To built a predictive model of resilience, a
decision-support tool to be used in routine
clinical practice to provide physicians and
other health professionals with concrete,
personalized recommendations regarding
optimal psychosocial support strategies at
the correct time point.

« Eventually increase resilience in breast
cancer survivors and help them remain in the
workforce and enjoy a better quality of life.
« To further develop the operational model
and the care path for breast cancer patient.

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No 777167.

+ Helsinki University Hospital Comprehensive
Cancer Center (HUS), Contact person: Paula
Poikonen-Saksela * Foundation for Research and
Technology ¢ Hellas (FORTH), Contact person:
Akis Simos * European Institute of Oncology (IEQ),
Contact person: Ketti Mazzocco « Institute of
Communication and Computer Systems (ICCS),
Contact person: Georgios S. Stamatakos « NHG
Consulting (NHG), Contact person: Riikka-Leena
Leskeld « Hebrew University school of Social Work
and Social Welfare (HUJI), Contact person: Ruth
Pat-Horenczyk * SINGULARLOGIC (SiLo), Contact
person: Konstantinos Perakis « Champalimaud
Clinical Center — CCC (CF), Contact person: Berta
Sousa * Varian Medical Systems (NOONA),
Contact person: Noora Salin.

Project Coordinator, Paula Poikonen-Saksela
Helsinki University Hospital Comprehensive
Cancer Center (HUS)
Stenbackinkatu 9 PO BOX 100,
FI-00029 HUS,
Finland

info@bounce-project.eu

https://www.bounce-project.eu/
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Paula Poikonen-Saksela is a Clinical
lecturer in Oncology at the University of
Helsinki, where she previously studied
Medical Sciences. She has held positions

in Oncology and Radiotherapy at Helsinki
University Central Hospital and is a member
of the Finnish Society of Oncology, as well
as the Finnish Breast Cancer group.
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How does Hydra regenerate?

*
*
*

*

Hydra is an important model system
in biology, with many researchers deeply
interested in its remarkable ability to
regenerate itself after suffering an injury.
While the Hydra is a very good model
system, it has one major shortcoming in
comparison to others like Drosophila or
C.elegans, which are also widely used in
research. “It's not practical to do genetic
screens using Hydra. It's not very easy to
cross Hydra between themselves, to achieve
reliable production of eggs and sperm,”
explains Dr Charisios Tsiairis, a researcher
in self-organising cellular systems at the
FMI in Basel. Instead of doing a genetic
screen, Dr Tsiairis is using chemical screens
to gain deeper insights into the regenerative
capacity of Hydra. “We know that many
chemicals have specific functions in
inhibiting certain kinases, transcription
factors, or receptors, and so on. If we can get

—

a big library of these chemicals, and expose
Hydra to them separately, then we could
identify the effect of disturbing the product
of a certain gene,” he outlines.

Hydra regeneration

This will help researchers identify the specific
chemicals that disturb the proper regeneration
of the Hydra, as well as those that enhance

]

A

known cellular targets in triplicates

48 Hours

Atype of freshwater organism, the Hydra appears to be completely ageless, with a remarkable
ability to regenerate and renew after suffering injury. Researchers at the Friedrich Miescher
Institute for Biomedical Research are using chemical screens to gain deeper insights into the
underlying mechanisms behind this regenerative capacity, as Dr Charisios Tsiairis explains.

or accelerate it. With the chemical screen,
researchers first bisect the Hydra, then
place them under different conditions. “We
examine which conditions allow these Hydras
to regenerate, and also how fast,” says Dr
Tsiairis. Normally a Hydra takes four days to
regenerate, and now Dr Tsiairis aims to identify
which factors may slow this down or speed
up regeneration, using large-scale chemical
screens. “The big challenge with screens like this
is doing it in a high-throughput manner. We plan
to screen about 4,000 chemicals and for a lot of
conditions, so we want to find ways to do this
automatically,” he says. “It's a high-throughput
screen, so we don’t want to have to identify the
ideal concentration for every single chemical,
as that would be highly time-consuming. We
have conducted a preliminary screen to pick
out what would be a good concentration for
the majority of chemicals, and we are using this
concentration throughout.”
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The main priority then is to compare
these animals and assess whether they are
regenerating normally. Researchers are
developing machine-learning algorithms to
do this in an automated manner. “Ideally,
we want to train a system to identify
which Hydras are regenerating properly
and which are not,” explains Dr Tsiairis.
Proper regeneration here relates to the
appearance of specific elements of the body.
“For example, a non-regenerated Hydra
lacks tentacles. We expect our regenerating
Hydras to have developed tentacles within
four days. If they haven't, then we clearly
have a hit,” continues Dr Tsiairis. “The
regenerative process could also be sped up
by some chemicals. Normally it takes four
days, but we may find that some Hydra
successfully regenerate in just two days.
These Hydras might also start regenerating
supernumerary heads, as well as additional
or ectopic tentacles. This is not good for the
animal, but it can help us understand how
the genetic make-up of the Hydra enables
the organism to regenerate.”

considered a peripheral behaviour of the
animal, Dr Tsiairis says recent research
suggests the contrary. “What we have been
finding recently is that this mechanical
response is important for activating the
wnt pathway, which we know is central to
regeneration,” he says. One of the goals
of the chemical screen is to identify genes,
or factors, that enable cells to transform
mechanical signals into signals compatible
with the wnt cascade. “This screen is
ongoing, and so far we have identified
several factors which are important in terms
of regeneration,” continues Dr Tsiairis.
“Besides wnt signalling, we see that FGF
(fibroblast growth factor) signalling is also
important — this is another way by which
cells communicate. If we eliminate the
cellular receptor for these signalling factors,
problems emerge in regeneration.”
Adeeperunderstandingofthesesignalling
pathways could open up new insights into
how humans and other animals regenerate,
which is a major point of interest among
many researchers. Alongside systematically

A non-regenerated Hydra lacks tentacles.
We expect our regenerating Hydras to have developed
tentacles within four days. if they haven't, then

Researchers can then follow-up on these
initial results with more detailed investigation
of the chemicals that have been identified
in the screen. A chemical that inhibits a
receptor or channel has to be verified; if
the gene responsible is known then it can
be eliminated, and the chemical hit can be
verified. “Then we can see how a mutation
works in different environmental and genetic
backgrounds,” explains Dr Tsiairis. This would
help researchers understand not just which
genes are important for regeneration, but
also how those genes are incorporated in
the system and what they do to help or
hinder regeneration; Dr Tsiairis believes this
may hold relevance to wider biomedical
questions. “For example, we already know
that the wnt signalling cascade is involved in
Hydra regeneration. This signalling cascade is
also known to be important in many human
pathologies, including certain types of
cancer,” he outlines.

Mechanical response

Hydra need mechanical stimulation in
the form of stretching to stimulate its
regenerative mechanisms, a topic Dr Tsiairis
is exploring. While this was previously
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we clearly have a hit.

cataloguing the genes that play an
important role in Hydra regeneration, Dr
Tsiairis hopes to gain new insights into
how cells in Hydra communicate. “We are
interested in understanding how Hydra
are able to read mechanical inputs, and
to incorporate mechanical information for
regeneration,” he says. A second major goal
is to demonstrate that this chemical screen
approach can also be used for other types of
analysis. “We want to show the feasibility of
this approach, for example in investigating
the formation of a nervous system, and
this may open up more research avenues,”
continues Dr Tsiairis. “I also want to draw
comparisons between the regeneration of
Hydra and other regenerating systems.”

This could potentially extend to certain
human conditions, such as how the gut
regenerates after an injury. However, Dr
Tsiairis says it is essential to first learn more
about Hydra if such comparisons are to
have solid foundations. “We know a certain
amount about the genes and proteins
involved in regenerating the gut and how cells
behave. We want to be able to compare this
to how the Hydra cells behave, and how they
respond,” he says.

CHEMICAL SCREEN ON
HYDRA REGENERATION

Chemical Screen on Hydra Regeneration

Project Objectives

How do cells build tissues? This is the
fundamental question we try to address,
and Hydra offers a great relevant system
to study. Small groups of Hydra cells

can regenerate a complete animal. It is
unclear how the cells communicate to split
responsibilities and a chemical screen offer
the opportunity to uncover some of these
mechanisms.

Project Funding

Our lab is funded by the FMI. The
chemical screen is funded by an SNF grant
(31300A_182674)

Contact Details

Project Coordinator,

Charisios Tsiairis

Friedrich Miescher Institute for Biomedical
Research

Maulbeerstrasse 66

4058 Basel

Switzerland

T: +41 61697 66 51

E: charisios.tsiairis @ fmi.ch

W: https://www.fmi.ch/research-groups/
groupleader.html?group=137

+Vogg, M. C., Galliot, B. & Tsiairis, C. D. Model
systems for regeneration: Hydra. Development 146,
dev177212 (2019).

« Ferenc, J. et al. Wnt3 expression as a readout
of tissue stretching during Hydra regeneration.
bioRxiv 2020.12.22.423911 (2020).
doi:10.71101/2020.12.22.423911

Dr Charisios Tsiairis

Dr Charisios Tsiairis was born in Greece

and studied biology at the University of
Patras. He received his PhD from Harvard
University on developmental biology. After
postdoctoral work on Hydra and mouse
development in Heidelberg, he established
his lab on “Self-Organizing Cellular Systems”
in the FMI Institute in Basel.
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New T-cell targets in Multiple Sclerosis

*
*
*

Destruction of the myelin sheath that insulates nerve cells is known to cause the symptoms
of multiple sclerosis, yet the underlying cause of the disease is unclear. We spoke to
Prof Renaud Du Pasquier and Dr Sylvain Perriot about their research into how this

bl damage to myelin occurs and its wider importance to the treatment of multiple sclerosis.

The underlying cause of multiple
sclerosis is not fully understood, yet
researchers do know that one of the
first events is the invasion of the central
nervous system by immune cells, leading
to the degradation of the myelin sheath
which surrounds axons. This degradation
disrupts normal signalling processes,
leading to the symptoms that can be
observed in patients with multiple sclerosis
(MS). “It's the destruction of the existing
myelin that causes the symptoms of MS,”
says Dr Sylvain Perriot, a researcher in
the laboratory of neuroimmunology at
Lausanne University Hospital. In this
research headed by Prof Du Pasquier, the
team is now investigating how this damage
to myelin occurs, work which holds wider
relevance to the treatment of MS. “We
know that these immune cells enter the
brain, and we have an advanced picture of
the composition of those cells. But we don’t
know about the mechanisms by which the
myelin is disrupted,” he outlines.

CD8+ T cells
One hypothesis is that CD8+ T cells,
immune cells that form an important part
of our immune defence, are the primary
actors in this destruction. CD8+ T cells
can recognise and kill cancer cells, while
they also kill cells infected with viruses,
using HLAs (human leukocyte antigens)
expressed on the surface of cells to identify
which should be destroyed. “These HLAs
are expressed by your cells. On those
molecules there are some peptides - little
pieces of proteins - that are produced by
the cells and presented on it. When a CD8+
T cell recognises one as foreign to the
body, it destroys the accompanying cell,
to prevent the development of cancer or
infection,” explains Dr Perriot.
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With only 10ml of blood from any donor, we can generate induced pluripotent stem cells and differentiate them
into brain cells: astrocytes, neurons and oligodendrocytes. This allows us to put them in culture with fully autologous
CD8+T cells from the same blood draw and assess if these T cells do recognize one or several brain cell types.

Prof Du Pasquier’s group is investigating
the theory that in MS patients, this system
is not functioning well in CD8+ T cells. “Our
theory is that for some reason those cells
recognise peptides of the body as foreign,
and so they are destroying these cells,”
outlines the researcher.

This would lead to the destruction of
oligodendrocytes, the cells responsible
for producing the myelin sheath, indirectly
causing damage. Because the CD8+ T cells
recognise their targets on the basis of
this HLA complex which is unique to each
person, it's essential to have the target
cell and the CD8+ T cell from the same
donor in order to ensure compatibility.
Since it is impossible to obtain biopsies
of brains from MS patients and, that this
is a difficult area to investigate using
recombinant proteins or other classical
immunological techniques, Dr Perriot
and colleagues are using human induced
pluripotent stem cells (iPSCs) to probe
deeper. “With iPSCs we can change any
cell from a given donor into a pluripotent

stem cell. This means that this stem cell
has the ability to differentiate into any cell
of the human body,” he says. Researchers
draw blood from patients, culture cells
in vitro, then re-programme them into
pluripotent stem cells. “Then, again in
vitro, we re-differentiate these cells into
brain cells,” continues Dr Perriot. “So we
can have access in the petri dish to all the
different cell types from the brain, in a
completely autologous manner, i.e. having
a full HLA compatibility with the donor’s
CD8+ T cells.”

Induced pluripotent

stem cells as T cell targets
Researchers are currently refining the
experimental set-up. First, they need to
actually differentiate these human iPSCs
into brain cells which is not an easy task to
do. “The reprogramming part of the process
takes a long time but we can rely on well-
established protocols and does not pose any
difficulty anymore, it’s the differentiation
process that is more complicated to handle”
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says Dr Perriot. Prof Du Pasquier’s team has
been working on these techniques for many
years and is now able to generate neurons,
astrocytes and oligodendrocytes from any
wanted donor. He hopes to move towards
direct experiments with the cells from MS
patients in the early part of next year. “We
will use CD8+ T cells from patients, with
their own brain cells, a very innovative
project” he says. If researchers are able
to find the antigen, the target of these
CD8 T cells, then this could lead to the
development of more precisely targeted
therapies against MS. “Current therapies
for MS target the immune system, but very
broadly,” explains Dr Perriot. “The most
effective therapies are those that prevent
immune cells from entering the brain. There
are different mechanisms for this, but the
problem is that these therapies typically
prevent all immune cells from entering the
brain, and not just the pathogenic ones
thus leaving the brain without defence
against some pathogens.”

Characterising

pathological T cells

The next stage in research will be to find
and characterise these aggressive T cells.
While the team has devoted a lot of their
attention in research to oligodendrocytes,
other cells may also be targeted by immune
cells, which can then lead to degradation
of the myelin sheath. One possibility
is that the targeting of astrocytes or
neurons by CD8+ T cells is what leads to
the destruction of myelin, rather than
the oligodendrocytes themselves being
directly targeted, an issue the researchers
are looking at. “Experiments conducted
in mice have shown that targeting of
either of these three cell types can lead to
demyelination, and at this point we don't
know what happens in MS”. Preliminary
experiments using this iPSC-derived

Human iPSC-derived neurons expressing MAP2
(red) and synaptosin (green) proteins.

system have allowed the researchers to
identify CD8+ T cells targeting neurons
in healthy individuals. “The presence of
these neuron-targeting CD8+ T cells in
healthy donors is of importance and so
far not widely reported, and we believe
that in this context the T cells are what
we call naive, so they don’t attack the
brain.” On the contrary, the ones that the
team will be looking for in the blood of MS
patients may present some pathogenic
features. “The characterisation of these
autoreactive CD8+ T cells in MS will take
some time, and that’s what we will be busy
doing over the next 2-3 years,” Dr Perriot
says. The results of this work are of course
difficult to foresee, but Prof Du Pasquier is
confident that with the experimental set-
up, researchers have a great opportunity
to make significant progress. “Assessing
whether these pathological T- cells exist
in MS is very important,” he stresses. “It
would be more interesting to find them,
because that might open up opportunities
for the development of new therapies.
Either way, this is of crucial importance
to understanding how the lesions in MS
develop.”

with human induced pluripotent

stem cells, we can change any cell from a given donor
into a pluripotent stem cell. This means that

this stem cell has the ability to differentiate

into any cell of the human body,

N

STEM CELL-DERIVED BRAIN
CELLS AS T CELL TARGETS IN
MULTIPLE SCLEROSIS

Project Objectives

Multiple sclerosis is commonly regarded as
driven by autoreactive T cells but the precise
targets of these cells is still unknown. Our
objective is to use induced pluripotent

stem cell-derived brain cells to elucidate
what are the targets of CD8+ T cells in MS.
This unique autologous system is allowing
us to screen for brain autoreactivity in a
completely unbiased manner directly on the
patients’ own cells.

Project Funding
Project funding was provided by the Swiss
National Fund

Contact Details

Head of Laboratory

Prof. Renaud Du Pasquier

Clinical Neuroscience department
Neurology division

Rue du Bugnon 46, CH-1011 Lausanne
SWITZERLAND

T: +41(0)2131 42575

E: renaud.du-pasquier@chuv.ch

W: https://www.chuv.ch/fr/ial/ial-home/
research/main-scientific-focus-areas/
neuroimmunology/

Sylvain Perriot

Renaud Du Pasquier

Renaud Du Pasquier, MD is a specialist in
neuroinflammatory pathologies. He is currently
Head of the Neurology division as well as of the
Neuroimmunology Unit at Lausanne University
Hospital and was appointed Vice-dean of

the faculty of Biology and Medicine at the
University of Lausanne in 2021.

Sylvain Perriot, PhD is a specialist in

using pluripotent stem cells to model
neuroinflammation and neurodegeneration.
He is currently leading research projects on
the role of CD8+ T cells in multiple sclerosis
and the link between neuroinflammation,
aging and neurodegeneration.
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Behind the social lives of ba;&feria

L.l Bacteria cooperate in many different ways, and this cooperation can increase the
gl Virulence of infections. Researchers in the SESE project are developing a model system
 all for looking at social behavioursininfection, as well as exploring the possibility of disrupting

il infection through social cheat bacteria, as Professor Ashleigh Griffin explains.

The propensity to cooperate has
evolved in many species over time, from
ants, to humans, to monkeys, as it has
become apparent that it can have a positive
effect on the fitness of another individual.
Cooperative
observed in bacteria, says Ashleigh Griffin,
Professor of Evolutionary Biology at the
University of Oxford. “Previously | worked
to show that bacterial cells affected the
fitness of their neighbours through their
actions, either positively or negatively.
These behaviours are then expected to
evolve as a result of these fitness effects
on others,” she outlines. This idea has
largely entered the scientific mainstream,
now Professor Griffin is the Principal
Investigator of the SESE project, in which
she and her collaborators are looking at
social behaviour in bacterial infections. “In
this project we're trying to develop a model
system to look at how social behaviours
evolve in infection,” she explains.

behaviour can also be

Cooperative green colonies and selfish white colonies
growing on an agar plate.

Social behaviour

This primarily means how cells influence each
other. One way in which bacteria do this is
by releasing enzymes into the surrounding
environment to extract nutrients. “In the
case of bacteria, enzyme degradation has to
happen outside the organism, as they don't

have a gut. Bacteria must release enzymes
into the environment,” outlines Professor
Griffin. If a bacterial cell's neighbour is
doing the same thing then they both have
the opportunity to benefit from each
other’s behaviour, an example of the kind of
cooperative behaviour that Professor Griffin
is investigating with her postdoc, Dr Melanie
Ghoul. “We have been able to understand
these cooperative behaviours by growing
cooperative and non-cooperative bacteria
together in test-tubes and watching how they
evolve over time,” she says.

The aim here is to identify the different
factors that affect the extent to which bacterial
cells cooperate. Researchers typically take a
number of different issues into consideration.
“We can look at what happens if we mix
them together with relatives or non-relatives
for example, or if we mix them together very
densely. We can make all kinds of different
adjustments to the conditions in the flask
and ask the question; what's the effect on
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cooperation?” outlines Professor Griffin. It has
been shown in the lab that microorganisms
do in fact cooperate, now Professor Griffin
is investigating the importance of this to
bacterial infections. “Does this cooperative
behaviour have any relevance to bacteria in the
real world?” she asks.

The focus in this research is on a group of
patients with cystic fibrosis whose lungs are
infected with a bacteria called Pseudomonas
aeruginosa (P. aeruginosa), which is known
to be resistant to antibiotics. This particular
species of bacteria is what's called an
opportunistic pathogen. “It makes the best
of the circumstances in which it finds itself.
You can find it in seawater, in mushrooms you
buy from the supermarket, in plugholes and
other places. When it gets into someone’s
lungs it’s able to carve out a living there. It's
very versatile,” outlines Professor Griffin. The
bacteria can persist for many years in cystic
fibrosis patients once it has established a
foothold, leading to long-term lung infection.
“Because cystic fibrosis patients’ mucus is so
thick, anything they breathe in gets stuck,”
explains Professor Griffin.

Bacteria form biofilms in the lung, formed
through cooperative behaviour among
bacteria, which makes them even harder to
treat. These biofilms can become less sticky
over time, which was described in a paper by
the Danish microbiologist Professor Soeren
Molin almost twenty years ago. “I suggested
to Professor Molin that this could be due
to an invasion of cheater cells. We've since
worked together several times, and we're
collaborating on this grant,” says Professor
Griffin. This collaboration gives Professor
Griffin access to a lot of information. “Soeren
has been systematically taking samples from
patients for many years in collaboration with
Professor Helle Krogh-Johansen from the
Rigshospitalet in Copenhegen,” continues
Professor Griffin. “We have got detailed
information on the history of these samples.”

Cystic fibrosis patients are typically
infected for a long time with P. aeruginosa,
so researchers have been able to monitor
changes over quite long periods. “There’s
many more generations of bacteria than there
are with humans. So we’re able to observe a
huge sweep of evolutionary time: bacteria
can have as many generations in a ten year
infection as we have had since our species
first existed.” explains Professor Griffin. The
sputa samples provide a picture of a patient’s
current condition, while Professor Griffin says
it's also possible to monitor trends over time.
“We can tell whether the cells we isolate from
patients lungs are evolving to potentially be
more cooperative, or less,” she continues.

www.euresearcher.com

Disrupting infection

The project’s agenda includes not just
research into the social evolution of bacteria,
but also social engineering, as identifying
conditions under which bacteria won't
cooperate with each other could represent a
route to disrupting infection. This is a topic
Professor Griffin and her team are exploring
through the use of social cheat bacteria.
“These social cheats are often less virulent
than the cooperative ones, because they
don’t release these toxins and enzymes into
the environment in the same way as the

Cheat

Bacterial cells can be engineered to cheat (C) and invade a population of virulent wild type bacteria (W). The cheating
strain can also be engineered to carry medically beneficial alleles such as antibiotic sensitivity. Using this approach, it may
be possible to turn manipulate the genetic composition of infections to become more susceptible to antibiotic treatment.

Trojan Cheat

growing on an agar plate.

cooperative bacteria,” she explains. The
basic idea would be to replace a cooperative,
virulent wild-type infection with these cheats
that can't communicate with one another
effectively. “That would reduce virulence. We
can go one step further, by using synthetic
biology to make a cheat that is engineered ;
to carry a medically beneficial trait,” says f
Professor Griffin.

Researchers are trying to create a social
cheat in the lab that’s very good at invading an
infection, but is also sensitive to antibiotics.
Driving sensitive alleles into the bacterial

Infected Hosts

Innoculation with
cheater strains

Treatment
with antibiotics




SESE

Social Evolution and
Social Engineering of bacterial Infections

Project Objectives

| have three primary objectives:

(1) to develop a model system for
investigating social behaviour in long-term
bacterial infections;

(2) to identify evolutionary mechanisms
driving dynamics of social behaviour in long-
term infections and;

(3) to exploit social dynamics in the treatment
of bacterial infection. My project applies
evolutionary theory to the clinical challenge
of bacterial infection to develop novel
intervention strategies beyond the scope of
conventional medicine.

Project Funding

The project is funded under H2020-EU1.1. -
EXCELLENT SCIENCE - European Research
Council (ERC). ERC CoG SESE Social
Evolution and Social Engineering - ERC
Consolidator Grant agreement ID: 647586.
Overall budget € 1954 633

Contact Details

Ashleigh Griffin

Professor of Evolutionary Biology
Tutorial Fellow in Biological Sciences (New College)
Department of Zoology

University of Oxford

Mansfield Road

Oxford

OX13SZ

T: + 01865 79483

E: ashleigh.griffin@zoo.ox.ac.uk

W: https://www.zoo.ox.ac.uk/people/
professor-ashleigh-griffin#/

Professor Ashleigh Griffin (left)
Soeren Molin (Centre)
Helle Krogh Johansen (right)

Ashleigh Griffin is Professor of Evolutionary
Biology in the Department of Zoology at the
University of Oxford. She began her career
as a PhD student studying cooperative
behavior in meerkats and since then has
developed two main areas of focus in her
research: looking for patterns in behavior
across cooperatively breeding mammals

and birds, and trying to understand social
behavior in bacteria, especially in species
which cause human disease.

AL O

)) UNIVERSITY OF

Cé_f; OXFORD

Horizon 2020
m European | European Union funding
Commission for Research & Innovatior

18

population through cheat invasion could turn a
resistant population into a sensitive one, although
Professor Griffin says this approach is still at an
early stage. “We're in the process of trialling that
first in vitro, in the lab, as well as in various in vivo
models, like beans and potatoes.” she outlines.
The idea of introducing bacteria into an infection
may sound counter-intuitive, but with concern
growing over the spread of antibiotic-resistant
strains, there is a need for new ideas. “It might
eventually work in humans, but the first step is
to make it work in a petri-dish or a plant, or in
anything!” cautions Professor Griffin.

This will involve further research into the
nature of these social cheat bacteria and the
conditions in which they can successfully
invade an infection. While these cheats are very

Further investigation is required before this ’
research can be translated into therapeutic
application, which forms a major part of
Professor Griffin’s plans for the future. The
aim is to move on from the basic proof-of-
principle that has been established through
the ERC grant, and to try to develop it further.
“We call it a Trojan horse because we're using
these cheating bacteria to drive medically
beneficial alleles into a population,” outlines
Professor Griffin.

Alongside her research into the social
behaviour of P. aeruginosa in lungs, a member
of Professor Griffin’s team, Josh Thomas,
is also investigating another opportunistic
pathogen called Staphylococcus aureus.
“We've got a longtitudinal study of samples

Pseudomonas aeruginosa makes the best of where it
finds itself. You can find it in Seawater, in mushrooms you
buy from the supermarket, in plugholes and other places. When
it gets into someone’s lungs it's able to carve out a living there.

good at invading when there are cooperating
bacteria around, they're often less effective at
colonising an uninfected host or starting off
their own population. “This may be because
they don’t cooperate by producing a compound
like pyoverdine, an iron chelator,” says Professor
Griffin. Without pyoverdine, the bacteria have
to exploit their neighbours’ resources in order
to get enough iron. “They need to be with those
neighbours, and acquiring iron, otherwise they're
iron-starved,” continues Professor  Griffin.
“When pyoverdine disappears from someone’s
lung these invaders can take over the whole
lung, there’s no longer any cooperators there.
Then they’re iron-starved, and they switch to a
different iron-acquisition mechanism.”

from people with nasal infections of
staphylococcus aureus, as well as samples
from healthy people. We're looking at the
bacteria in noses, and how they interact with
one another,” she says. This study is throwing
up new questions and new mysteries that
would never have been discovered by just
looking at lab strains. “The only way to
understand bacterial interactions is to
investigate how they live, where they live,
wherever that might be,” explains Professor
Griffin. “Funding from the ERC has helped
me to show that cooperative behaviours in
bacteria are real and driving evolutionary
change which has the potential to alter
clinical outcomes for infected patients.”
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New techniques to repair cartilége

*
*
*

Articular cartilage in our joints prevents bones from rubbing directly against each other,
and damage can lead to osteoarthritis. We spoke to Professor Martin Stoddart, Program
Leader of the Regenerative Orthopaedics Program at the AO Research Institute in Davos,

Ll Switzerland, about his research into the way cartilage is maintained and repaired.

The articular cartilage in our joints,
such as the knee, acts essentially as a shock
absorber, preventing bones from rubbing
directly against each other and so enabling
us to move without pain. “When cartilage
starts to break down initially there’s no pain,
because there are no nerves in cartilage.
This is one of the reasons why defects
often only become apparent long after the
initial problem,” explains Professor Martin
Stoddart. The damaged cartilage areas can
be treated using a surgical technique called
microfracture, where the bone is punctured
and then bone marrow comes into the defect,
although the environment in healthy cartilage
is different to damaged cartilage. “There are
bone marrow stem cells, immune cells, and
then the matrix around the cells, which is a
fibrin clot. Whereas in normal cartilage you
would have chondrocytes, in a glycan-rich
matrix. So, the environment is very different,”
says Professor Stoddart.

The unique four station multiaxial
load bioreactor used in ARI enables complex
loads to be applied in the laboratory.

Bioreactor system
A bioreactor system developed in the AO
Research Institute enables researchers

to apply these different loads in cell and
tissue culture. This effectively bridges the

We're trying to stop acute, traumatic cartilage injuries
from becoming long-term problems with 0steoarthritis.

Professor Stoddart investigates how to turn
stem cells into chondrocytes, a type of cell
which plays an important role in maintaining
healthy cartilage. “Cells have the potential to
turn into chondrocytes, which is a system we've
been studying for many years. We're not looking
just at whether we can induce the formation
of chondrocytes, but also at how frequently
this can be done,” he outlines. As the head of
an SNF-backed research project, Professor
Stoddart, together with his colleagues Dr. Angela
Armiento and PhD student Yann Ladner, is now
looking into how mechanical forces change
the molecules and growth factors produced by
bone marrow stem cells, research which could
hold wider implications for the treatment of
certain conditions. The wider aim in the project
is to identify novel therapeutic targets for
cartilage repair, taking the mechanical load that
it absorbs into account. “We know that the way
cartilage is maintained and repaired is heavily
regulated by mechanical load,” he says. “The
knee joint bends, while it also rotates, and slides
backwards and forwards.”

f
i
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gap between standard, static cell culture
techniques and animal models, opening up
new opportunities in research. “We can use
human cells from older people, and more
realistically reflect what would happen in
a patient. For example, in rehabilitation
following knee surgery medics have a wide
range of decisions to make. When do they
start? How often should the therapy be
applied per day? Is it just bending, should
they load and bend?” continues Professor
Stoddart. These different options can now be
studied in cell culture, which can then be used
to guide rehabilitation. “We're interested
in what should happen immediately after
surgery,” he says. “We're looking at how
mechanical forces affect these stem cells.”
This research holds wider relevance to the
treatment and management of osteoarthritis, a
condition caused by damage to cartilage. While
this damage may be due to long-term wear
and tear to the joint, in other cases it may be
caused by an accident. “If you have a traumatic
cartilage injury in your twenties, this almost

invariably leads to osteoarthritis later in life.
We're trying to stop acute, traumatic cartilage
injuries from becoming long-term problems
with osteoarthritis,” says Professor Stoddart.

Identifying novel therapeutic targets
for articular cartilage repair

SNF-31003A_179438

Prof. Martin Stoddart, PhD, FRSB
Program Leader - Regenerative Orthopaedics,
Principal Scientist

AO Research Institute Davos (ARI) | AO
Foundation

Clavadelerstrasse 8 | 7270

Davos | Switzerland

T: +4181414 24 48

E: martin.stoddart@aofoundation.org
W: www.aofoundation.org/ari

W: http://www.ecmjournal.org
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Prof. Martin Stoddart, FRSB, (left) is head of
the Regenerative Orthopaedics Program at the
AO Research Institute Davos, Switzerland. He
completed his bachelors in Biology in 1995 and
M.Phil in 1996 at the University of Aberystwyth,
Wales, UK. He completed his doctoral thesis in
Oncology (University of Nottingham, UK) in 1999.

PhD Student Yann Ladner, (centre) registered
at ETH Ziirich and Dr. Angela Armiento, (right)
Research Scientist at AO Research Institute Davos.

AO

Research Institute Davos
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More than meets the eye

Humans use eye contact to communicate everything from encouragement, to

.+ hostility, to empathy, and the ability to interpret gaze behaviour is an important
o element of social understanding. We spoke to Dr Anne Bockler-Raettig about her
. research into how we process information conveyed through eye contact.

A period of eye contact between two
people can mean a variety of different things,
from interest, to encouragement, to hostility.
The variety of meanings that a single gaze can
hold seems to be particularly large in humans.
“In many species, eye contact is mainly a
signal of dominance. With dogs for example,
eye contact is a way of expressing dominance
or aggression,” says Dr Anne Bockler-Raettig,
Professor of Psychology at the University of
Wurzburg. In humans however, eye contact
can convey a far wider range of emotional
and mental states. “As a default, it signals
interest. If | want to start a conversation or an
interaction with you, | first have to look at you
- to show that | am interested and to check
whether you are too,” explains Dr Bockler-
Raettig. “There are also many complex or
subtle things we can communicate with a
simple gaze. Like colleagues in a meeting may
arch an eyebrow or roll their eyes to exchange
views on their boss, while people in a bar use
eye contact to silently say ‘save me from this

"

conversation’, or maybe ‘join us’.

Deciphering eye contact
Thistopicisat the heart of Dr Béckler-Raettig’s
research, in which she is investigating how

humans process eye contact and the different
ways in which we use it to communicate
with other people. Context is an important
consideration in this respect. “It is always the
combination of the context, a given situation,
and gaze behaviour that creates meaning.
There is no single ‘thank you’ gaze, ‘save me’
gaze or ‘be quiet’ gaze - it's always about
the interaction with context,” stresses Dr
Bockler-Raettig. In her research, Dr Bockler-

The context is critical here, as gaze
behaviour is likely to vary according to the
nature of the conversation. A participant
in a dialogue may be perceived as lacking
empathy if they don’t maintain eye contact
when listening to someone talking about
their interests for example, but it’s different
if the subject matter is more sensitive.
“If the other person tells you a sad story,
then it is much more acceptable to look

It is always the combination of the context, a given situation,
and gaze behaviour that creates meaning. There is no single
‘thank you'’ gaze, 'save me’ gaze or ‘be quiet’ gaze -

it's always about the Interaction with context.

Raettig uses conversations recorded on
video between two strangers to investigate
how we use gaze behaviour to reach social
understanding and to assess character. “We
wondered how someone’s gaze behaviour
makes them appear to others,” she outlines.
“How do people come across who maintain
direct gaze all the time, or shift between
looking at the other person and looking away,
or avert gaze constantly?”

away,” explains Dr Bockler-Raettig. In her
research Dr Bockler-Raettig also addresses
impairments in social functioning where
individuals show altered patterns of gaze
processing and gaze behaviour. “We're
investigating two conditions in particular
- one is social anxiety, and the other is
conduct disorder,” she says. “We're looking
at the degree to which people’s attention is
captured by direct gaze, as well as how they
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use eye contact when listening to others
telling a story and whether it supports
their social understanding.”

All of us are very sensitive to gaze
duration. If other people avert their gaze
from ours because they are anxious, we
might perceive them as shy, or even as
untrustworthy. There is some evidence
suggesting that people experiencing social
anxiety tend to avoid direct gaze. The
question is what underlies this tendency.
“We want to know whether people with
social anxiety are particularly sensitive to
being looked at, and whether they typically
perceive eye contact as a sign of threat,”
outlines Dr Bockler-Raettig. Researchers
are using sophisticated experimental
frameworks to gain deeper insights in this
respect. “We're investigating how gaze
is integrated with other cues that we are
sensitive to, like motion, or emotional
expressions,” says Dr Bockler-Raettig.
“We have found that different social cues
are integrated and shape our attention in
concert. Sowhen | look at you, this captures
your attention — but when | suddenly look
atyou, this is even more powerful. Similarly
with emotional expressions such as anger.
They can really boost the effect that eyes
have on our attention.”

An individual's gaze behaviour may
open a window into other aspects of their
current states, another topic of interest to
Dr Bockler-Raettig. “How can we use gaze
behaviour to understand other people, for
example to empathise with them or to
draw inferences about their mental state?”
she continues. “We've used a task, in which
participants watch short video clips of
others speaking about certain episodes in
their lives. These can be sad episodes, like
experiences of loss, or neutral episodes,
like work or sports routines.”

www.euresearcher.com

Social understanding
The person who watched the video is then
asked how they feel immediately afterwards,
which gives researchers an indication of their
tendency to empathise, to ‘feel with’ the other.
“People with strong inclinations to empathize
may tend to look at the eyes of the narrator
less during emotional stories. If you're very
empathetic, you may want to down-regulate
your own emotions by looking away,” says Dr
Bockler-Raettig. One of the aimsin this research
is to assess the extent to which differences in
gaze processing affect social understanding
and social interaction. “This is why we also test
clinical populations. If we find that differences
in the gaze behaviour of participants, while
listening to somebody, actually relate to their
social understanding — for example, in terms
of empathy — then this would strengthen
the case that ‘eye contact is crucial for social
understanding’,” outlines Dr Bockler-Raettig.
By contrast, if researchers find that the
amount of eye contact is not particularly
important in these terms, then this could
indicate that we use different signals for social
understanding flexibly and interchangeably.
There is a lot of flexibility in human behaviour,
and there is no single golden rule that every
person can apply to every social situation
to help them fit in. “It really depends on
context,” stresses Dr Bdckler-Raettig. This is
a topic Dr Bockler-Raettig plans to investigate
further in the future, while she also intends
to dig deeper into what actually constitutes
‘good’ gaze behaviour. “We know that it's
perceived as more empathetic to look at the
other person when they tell you something
neutral, and that it’s ok to look away when
they tell you something sad,” she continues.
“This could be extended to many other
situations. How much eye contact is ok in
what kind of relationship? And how does this
shape the quality of our conversations?”

MORE THAN MEETS THE EYE

More than meets the eye: Integration,
influences and impairments of direct
gaze processing

Project Objectives

Anne aims to understand the basic
mechanisms that support social understanding
and interaction. She investigates gaze
processing and gaze behaviour, socio-affective
processes such as empathy and compassion
and socio-cognitive processes like perspective
taking, also in clinical and developmental
contexts. In addition, Anne is interested in
interpersonal behaviour, from social exclusion
to prosocial decision-making.

Project Funding

Anne received an Emmy Noether Grant
from the DFG (German Science Foundation,
Deutsche Forschungsgemeinschaft) in
2017. (Grant number: BO4962; volume
approximately 850 000 Euros).

Cooperation Partners

» Prof. Lynn Huestegge, Wiirzburg University,
« Prof. Matthias Gamer, Wiirzburg University,
» Prof. Marcel Romanos, University Clinic

Wiirzburg,

« Prof. Philipp Kanske, Dresden University,

« Prof. Timothy Welsh, University of Toronto,
» Prof. Robrecht van der Wel, Rutgers University.

Contact Details

Project Coordinator,

Prof. Dr. Anne Bockler-Raettig
Julius-Maximilians-Universitat Wirzburg
Department of Psychology

Rontgenring 11

97070 Wiirzburg

Germany

T: +49 (0)931 3180506

E: anne.boeckler@uni-wuerzburg.de

W: https://www.psychologie.uni-wuerzburg.de/
en/translate-to-englisch-social-cognition/home/

Breil, C., & Béckler, A. (2021). Look away to listen:
the interplay of emotional context and eye contact
in video conversations. Visual Cognition, 1-11.

Anne Bockler-Raettig is a Professor for
Research Methods and Social Cognition at
Wiirzburg University. She studied Psychology
in Berlin, received her PhD from Radboud
University Nijmegen and investigated

social attention, cognition and behaviour

at Princeton University, at the Max-Planck-
Institute for Cognitive and Brain Sciences in
Leipzig and at Leibniz University Hannover.
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Training of community
volunteers in Antwerp.

Getting to the

of cardiovascular disease

Cardiovascular diseases are estimated to cause around 17.9 million deaths every year, affecting

people in low-, middle and high-income countries. We spoke to

,and

, about their work in the SPICES project in implementing and evaluating
prevention and control programmes, which could help reduce the burden on healthcare services.

The prevalence of cardiovascular
diseases (CVD) is increasing globally placing
a heavy burden on healthcare systems.
A number of conditions come under the
umbrella of CVD, including stroke and
myocardial infarction (or heart attack) and
they are generally caused by a complex
interplay of factors. “CVD is caused by a
combination of hereditary and lifestyle
factors, such as stress levels, smoking &
eating/drinking habits and levels of physical
activity,” explains Hilde Bastiaens, Associate
Professor in the Department of Family
Medicine and Population Health at the
University of Antwerp. Early identification
and follow up of those at an increased risk
of developing CVD is crucial, an issue at
the heart of Professor Bastiaens’ work as
the coordinator of the SPICES project. “The
specific focus of SPICES is on the prevention
of CVD, meaning that we profile people
so that they can know their risk,” outlines
Dr. Geofrey Musinguzi from the Makerere
University School of Public Health in Uganda
and project manager of SPICES.

SPICES project team members
implementing physical activity
during project meeting

SPICES project

SPICES is an acronym for scaling up packages
of intervention for cardiovascular disease
prevention in selected sites in Europe and sub-
Saharan Africa. The project is implemented
in five different settings, including locations
in low (Uganda)-, middle (South Africa)- and
high-income (Belgium, France and the United
Kingdom) countries. “In the global north, the
project is targeted primarily at vulnerable
populations,” outlines Professor Bastiaens.
“We are reaching people in deprived areas
and working collaboratively with different
partners for sustainability”. For example, the
UK Sussex SPICES team has been building links
with the Sussex Health and Care Partnership,
a local NHS clinical commissioning group
in Brighton. SPICES-Sussex partly operates
within this network. SPICES Nottingham
works in the Nottingham conurbation and
works to supplement the NHS Health Check
programme for the over 40s with community-
based screening of CVD risk for all consenting
adults. In France, the project is implemented
in the “Pays Centre Ouest Bretagne” (COB),
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a rural setting of 100,000 inhabitants located
in the center of the Brittany region with no
maritime border. The region has several phone
and web access issues due to isolation.

In Antwerp, Belgium, the programme is
implemented both via existing community
organisations and in GP (general practitioners)
practices. In these GP practices nurses play a
prominent role in profiling and coaching. In
Uganda and South Africa, the focus of SPICES
is on both community and primary healthcare
settings, Dr Musinguzi says. In Uganda, the
project trains community health workers (also
called village health teams) who conduct health
education on CVD prevention at household
level. In addition, the project trains healthcare
workers at the primary healthcare facilities and
equips the facilities with basic diagnostic and
screening tools for CVD. Similarly, in South
Africa, the team is focussed on training home-
based careers and health workers to improve

We can prevent he

diseases, How?

Community health workers at work in Uganda.

\\‘
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their suspicion index and proper screening,
diagnosis and management of CVD risk.

In all settings, they conduct a comprehensive
cardiovascular risk factor screening (profiling)
using the non- lab screening tool, the
INTERHEART. Professor Bastiaens says the
project aims to work with local communities to
reach these populations, so it's important that
theinstrumentsused toassess CVDrisk are fairly
accessible. “We wanted non-medical people

to be involved in risk profiling,” she continues.
The INTERHEART tool has been validated in
52 countries in all regions of the World. It is
not invasive and the only measurement that is
taken in assessing CVDrisk is the waist-hip ratio,
with the rest of the assessment based on a short
questionnaire. “The INTERHEART includes
questions on gender, age and family history, as
well as stress levels, diet, exercise habits, and
some other aspects,” explains Dr. Musinguzi.
The INTERHEART tool is a fairly simple risk
assessment instrument that is applicable across
all settings with fair CVD risk predictability.

In the SPICES project, those individuals
identified as being at intermediate risk of
developing CVDs are encouraged to take
measures to reduce that risk. This is the core
of the SPICES project. While it’s clearly not
possible to change the hereditary factors that
may leave an individual more susceptible,
certain lifestyle issues can be addressed. “In the

Community Health Workers brandishing certificates
of attendance in song at the University of Limpopo
in March 2019.
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SPICES

Scaling-up Packages of Interventions for
Cardiovascular disease prevention in selected
sites in Europe and Sub-Saharan Africa: An
implementation research (SPICES Project)

Project Objectives

« To implement and evaluate the impact of a
comprehensive CVD prevention and control
program on patients at high risk of cardiovascular
disease in five settings: a rural & semi-urban
community in a low-income country (Uganda),
middle income (South Africa) and vulnerable
groups in three high-income countries (Belgium,
France and United Kingdom).

+ To identify and compare the contextual
barriers and facilitators across study sites that
influences the scale-up of the comprehensive
CVD prevention and control intervention.

Project Funding

Scaling-up Packages of Interventions for
Cardiovascular disease prevention

In selected sites in Europe and Sub-Saharan
Africa — A Horizon 2020 funded project

Project Partners
« See SPICES website for partner information.

Contact Details

Prof. dr. Hilde Bastiaens

Associate Professor

Dept. Family Medicine and Population
Heath (FAMPOP)

Faculty of Medicine and Health Sciences
Universiteit Antwerpen

T: +32 26518 25

E: hilde.bastiaens@uantwerpen.be
W: www.spicesproject.eu

W: https://www.uantwerpen.be/en/
projects/spices/news---publications/

Prof. dr. Hilde Bastiaens  Dr. Geofrey Musinguzi

Prof. dr. Hilde Bastiaens is the SPICES
coordinator and she is an associate professor
at the department of Family medicine

and Population health at the University of
Antwerp. Her research is mostly oriented
towards implementation science in primary
care both in high and middle Income countries.
Her interest lies in prevention of chronic
conditions and person centered care. Besides
being an academic, she works as a general
practitioner in the province of Antwerp.

Dr. Geofrey Musinguzi is the SPICES
Consortium Project Manager and Principal
Investigator at Makerere University School
of Public Health in Uganda. His research
interest is cardiovascular disease risk factor
epidemiology, prevention and health
systems strengthening.
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project we really focus on supporting people
to change their lifestyle,” outlines Professor
Bastiaens. This approach was selected based
on analysis of the literature, with some core
underlying principles that are applied in
every setting, while some other aspects are
adapted to the local context. “We adapt to
local cultural values, and consider feasibility
and the availability of resources against the
understanding that healthcare is also organised
very differently in different settings where
we are implementing the SPICES project,”
acknowledges Professor Bastiaens. Across
all settings, what is common is the use of a
motivational approach to communicate the
risk to participants. “Analysis of the literature
shows that conveying information on risk is
very important in terms of people’s willingness
to take action” explains Dr. Musinguzi. “The

and

Evaluation

The most important thing is to evaluate the
implementation process. “What were the
facilitators? What were the barriers? How
did it go?” Professor Bastiaens says. Two
implementation frameworks are being used
in the project — the Consolidated Framework
for Implementation Research (CFIR) and
RE-AIM. “CFIR is a determinant framework,
so that from the beginning you know what
kinds of determinants might influence your
implementation, and then they can be
followed up,” continues Professor Bastiaens.
“RE-AIM is a framework to evaluate the reach,
effectiveness, adoption, implementation
and maintenance. So it also focusses on
what things are in place that might support
continued prevention and control when the
SPICES project stops.”

is caused by a of

, such as

; and levels of

lifestyle coaching in all setting is also based
on motivational interviewing and in addition,
we use goal setting and problem solving to
support people in their efforts to change. All
settings are committed to training the profilers
and coaches.”

Both Prof Bastiaens and Dr Musinguzi noted
the differences in health capacity across the
settings. They noted that an individual at high
risk of developing CVD in high-income countries
may already have an appointment with their
GP or a specialist, in which case the priority is
to make sure that they follow up on any advice
that has been offered. On the other hand,
this may not always be the case for low- and
middle-income countries but also for vulnerable
populations in the high-income settings.

Training community volunteers
in profiling in Antwerp.

The information and reports from the
different countries will all be brought
together following implementation. Due to
the pandemic, the project was extended for
six months. “We aim to finalise the country-
specific analysis this year, and at the same
time we're continuing with the cross-country
analysis,” Dr. Musinguzi outlines. “We're also
looking to identify which topics merit further
investigation and which we could investigate in
future with a few partners.”

One possibility is to look in more depth at
coaching of people to reduce CVD risk. Another
point of interest is the possibility of targeting
younger people. If you want to really work on
prevention, you should start earlier,” stresses
Professor Bastiaens.




Researchers in the BRAINIACS group are combining experiments, modelling and

Modelling the mechanics of the brain

simulations to build a fuller picture of how mechanics and different forces affect brain
function. This could ultimately help clinicians diagnose neurological disorders at an
earlier stage and also treat them more effectively, as

is enormously
complex and research into its function by
nature crosses disciplinary boundaries,
so it's important to bring scientists from
different areas together to build a deeper
understanding. Based at the Friedrich-
Alexander-University Erlangen-Niirnberg
in Germany, Dr Silvia Budday is Research
Group Leader of the BRAINIACS project, an
initiative looking at the mechanics of the
brain. “We bring our mechanics knowledge
to this topic,” she says. The mechanics of
brain tissue has been relatively neglected in
historical terms, with most research attention
devoted to other topics like neuroscience and
biology, yet Dr Budday says awareness of its
wider relevance is growing. “When we talk
with clinicians or neuroscientists we find that
there are certain phenomena they cannot
explain. Some of those phenomena can then
be explained from a physical or mechanical
point of view,” she outlines. “The field of brain
mechanics is growing.”

Research in this area involves looking not
only at the stiffness of the brain, but also
the forces that act on it and which may
then affect its functioning. During brain
development, folds emerge in the neocortex,
a process that researchers in the project are
now working to model. “We use continuum
mechanics modelling to predict the folding
process, which happens on the tissue or organ
scale,” says Dr Budday. Alongside the larger-
scale processes, Dr Budday and her colleagues
are also considering processes that occur on
the micro or cellular scale. “There are cells
that divide, migrate and interconnect. We
include those processes, in connection with
the folding process, through growth and
diffusion models,” she explains. “We also
develop models to predict brain stiffness and
investigate how micro-structural parameters
determine the macroscopic stiffness.”

The different models developed in the
project are built on the basic laws of physics.
These models are designed to provide an

www.euresearcher.com

insight into the impact of mechanical forces
on brain tissue, for example how a specific
deformation or displacement is related
to stress on the brain. “How much force
do | need to deform the tissue to a certain
extent?” outlines Dr Budday. These models
build on experimental data; both human and
animal tissue have been characterised, while
researchers have also used data from other
sources. “We not only use the mechanical
data that we can generate ourselves, but also

When we talk with
find that there are

explains.

relevance
treatment  of

This research holds wider
to the diagnosis and
certain neurological disorders related to
malformations in the brain. When brain
mechanics go wrong during development
then folds do not emerge correctly and these
neural connections cannot form, leading to
health problems later on. “Children who
suffer from this have neurological disorders,
such as epilepsy,” outlines Dr Budday.
The models developed by the project are

or we

Some of those phenomena can then be explained from

data from images. We use microstructural
analyses, which can be histology or
immunohistochemistry, as well as data
from MRI scans to assess the macroscopic
structure,” continues Dr Budday. “We have
also analysed evidence of brains in the
foetus, to determine cell density at different
stages of development.”

designed to give researchers a deeper
picture of the processes that lead to these
malformations in the brain, which could
eventually lead to improved treatment
of neurological disorders. “Children with
epilepsy can be treated more effectively
if you know more precisely where in the
neocortex neurons are firing when they
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shouldn’t,” says Dr Budday. “It can be really
difficult to identify or see these regions on
an MRI scan. We can simulate this folding
process and use our models to understand
what has gone wrong.”

The ability to connect genetic or cellular
disruptions with the more easily observable
effects of larger scale malformations is a key
strength of the models. Typically, clinicians

Physical aspects of cortical folding A
revealed through swelling experiments, where the
outer layer of a polymer brain swells when.put into solvent.

only see the end result, the malformed cortex
of the child with a neurological disorder, but
it's difficult to understand the events that
have led up to that point; Dr Budday says
the project’s models are highly valuable in
this context. “They enable us to basically
reverse-engineer the process. It's possible
to go back and investigate what process
could have led to that malformation,” she
explains. In a patient with epilepsy, this
would ultimately help researchers identify
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the region of the neocortex responsible for
bursts of electrical activity, which could
then be removed. “Eventually, physics-based
modelling could help diagnose and treat
epilepsy,” says Dr Budday.

A further topic of interest in the project
is the relationship between the structure
of tissue and its properties. Many different
diseases lead to changes in the mechanical
properties of tissue, and those are always
related to changes in the microstructure,
which Dr Budday says can be an important
indicator of disease. “For example, if a surgeon
removes a tumour, the tumour has a different
stiffness to the surrounding tissue, and this
is also the case for other diseases. So the
surgeon, without knowing about mechanics,
is already using this concept,” she explains.
This could represent an alternative method
of diagnosing disease, while it may also open
up new possibilities in terms of treatment.
“If you change the mechanical environment
and, like this, affect the cells in such a way
that they will do what they should instead of
pathological behaviour, then that would be
another treatment target,” says Dr Budday.

Further research into the mechanics of
brain tissue could uncover new biomarkers and
strategies to diagnose or treat disease, a topic
that Dr Budday plans to explore further over
the coming years. The BRAINIACS team are in
close contact with researchers from different
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Exploring mechanical aspects of cortical folding from early stages of brain development (right)
through birth (middle) and adulthood (left) by combining mechanical testing of specimens
extracted from human brains (bottom left) and corresponding microstructural analyses (top
left), continuum mechanics modeling and finite element simulations (middle).

disciplines, including neuropathology and
anatomy, reflecting the overall complexity of
the topic. “Some scientists have looked at the
mechanics of the brain from the perspective
of biophysics, or through using magnetic
resonance elastography,” outlines Dr Budday.
It is difficult to define the stiffness of the
brain, as there are many different factors to
consider, underlining the wider importance
of Dr Budday’s work. “We’ve shown in recent
years that you need to consider all these
different factors when you model the brain
and do simulations. So you have to consider
not only the different length scales, but also
time scales,” she says.

A lot of fundamental research has been
conducted so far in the project, with the aim
of understanding where mechanics plays
a role in modulating brain function, and
in future Dr Budday would like to use that
understanding to address clinical questions.
In the meantime, the BRAINIACS group is
still growing, with researchers branching
out in different directions and exploring new
avenues of investigation. “We are using the
same techniques to characterise hydrogels,
with applications in tissue engineering and
3-d biofabrication. We also look at different
organs or systems,” continues Dr Budday.
However, Dr Budday expects that most
of her research attention in future will be
centred on investigating the brain. “The

www.euresearcher.com

BRAINIACS project has another four years
to run, and other related projects have also
started,” she says. “We have more ideas
about branching out into new directions. For
example, we haven't included brain activity
in our models yet.”

The  BRAINIACS  group
experiments, modelling and simulation, which
is a significant advantage in terms of rapid
iteration and adapting quickly to emerging
findings. Rather than having to wait for the
data required to calibrate and validate the
models, researchers can quickly respond to
experimental findings, while the broad scope
of the group also helps in terms of developing
accurate simulations. “It's a huge advantage
to have each of those three aspects in the
same group,” stresses Dr Budday.

combines

Microstructure of white matter brain tissue at
63x magnification, visualized through histological
staining (Kliver-Barrera).

BRAIn MechaNIcs ACross Scales

The BRAINIACS project aims to establish
novel computational tools that can facilitate
early diagnosis of neurological diseases and
advance modern treatment strategies by
closely integrating biomechanical experiments,
microstructural analyses, continuum
mechanics modeling, and simulation. The
developed computational models bridge the
scales from known biological processes on
the cellular level to macroscopic pathologies
apparent through modern imaging techniques
on the organ level.

Funded through the Emmy Noether Programme
by the German Research Foundation (Deutsche
Forschungsgemeinschaft, DFG), grant BU 3728/1

Project Coordinator,
Dr.-Ing. Silvia Budday
Friedrich-Alexander-University Erlangen-
Niirnberg (FAU)
Department of Mechanical Engineering
Institute of Applied Mechanics
Egerlandstr. 5
91058 Erlangen
Germany
+49 9131 85 67611
silvia.budday@fau.de
https://www.ltm.tf.fau.de/person/silvia-
budday-m-sc/
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Human brain organoids

The neocortex is central to humans’ cognitive abilities, and it has grown significantly over
the course of evolutionary history.
development of the neocortex is regulated, research which could uncover more details
about the mechanisms behind certain neurodevelopmental diseases.

The human neocortex is fairly large
in comparison to other mammals, while we
also have a very high number of neurons in
this area of the brain, both features which
are associated with our species’ advanced
cognitive abilities. Essentially all neurons are
generated during gestation, so that by the
time of birth neurogenesis is largely complete.
“Neurogenesis starts during the first trimester
of development. The first and second terms
are the time when most neurons are born,”
explains Doctor Mareike Albert, Research
Group Leader at the Centre for Regenerative
Therapies in Dresden. During the second half
of development folds start to emerge in the
human brain, which greatly increases the
surface area of the brain. “Humans have a
highly folded brain. Other primates also have
a folded brain, but it's particularly extensive in
humans,” says Dr Albert. “Many species don’t
have any folding in the neocortex at all, like
mice or rats.”

Neocortex development

As the Principal Investigator of a research
project based in Dresden, Dr Albert is now
investigating how the human neocortex
develops, and specifically how this
development is regulated. This involves
looking at neural stem and progenitor cells,
with Dr Albert and her colleagues using
several different models to probe deeper.

“On the one hand we use mice as an in vivo
system, butas|'ve described, some things are
specific to humans, so mice are not always
the best model system,” she outlines. Over
the last few years a type of miniature organ
called brain organoids has been developed,
which offers exciting opportunities to
stem cell researchers. “These organoids are
sometimes called mini-brains,” continues
Dr Albert. “They’re derived from induced
pluripotent stem cells. They allow you, in
cell culture, to make 3-d structures that —in
their organisation —resemble the developing
human brain.”

is investigating how the

rare in a mouse, but they are more highly
abundant in species that have a folded brain,
like humans or other primates. That's why
these organoids are so exciting for stem
cell researchers. They allow us - for the first
time - to study human neurogenesis, not just
model organisms,” says Dr Albert. The main
area of interest for Dr Albert is the epigenetic
regulation of development, which is crucial
to understanding the diversity of human cell
populations. “Each cell in our body has the
same genetic information, each cell has the
same DNA, yet you have many different cell
types,” she says.

Humans have a highly folded brain. other
primates also have a folded brain, but it's pa rticularly
extensive in humans. Many species don't have any
folding in the brain at all, like mice or rats.

A good example is the organisation of
the ventricles, the fluid-filled cavities that
are present during development, around
which stem cells organise. The same thing
happens when these organoids are grown
in the lab, with similar organisation of the
different neural progenitor types around
ventricle-like structures, opening up new
possibilities in research. “The human brain
has some neural progenitor types that are

This is where epigenetics comes into play,
with researchers looking at the different
factors that may affect gene expression.
Histone modifications and DNA methylation
are known to affect gene expression for
example, an issue that Dr Albert is exploring.
“We're specifically interested in this process
in brain development. It's known that these
epigenetic mechanisms contribute to the
proliferation and differentiation of progenitor
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cells,” she explains. The amount of times stem
cells divide before they start to differentiate
is what ultimately determines how many
neurons they make. “Stem cells need to divide
more times in order to develop a large brain, so
that there is then a bigger pool to ultimately
make more neurons,” continues Dr Albert.
“We're looking into this regulation. What
affects proliferation and differentiation? How
does that vary between species?”

Researchers are using brain organoids to
investigate these questions, both observing
them in tissue and also isolating cells to
study their epigenetics. This could ultimately
help uncover how humans developed a larger
brain than other species, a topic of great
interest to Dr Albert. “There was a surge in
brain size a few million years ago, before our
split from the neanderthals,” she says. By
investigating novel gene regulatory regions,
and essentially turning on genes linked
to proliferation, Dr Albert hopes to gain
deeper insights into how the neocortex has
evolved. “There may be a gene that plays a
role in a different tissue, and that maybe now
evolutionarily is newly used in the brain, and
that can contribute to the emergence of new
properties,” she outlines. “We're looking into
the epigenetics and the non-coding portion
of the genome, to understand how and if
these regulatory changes contributed to this
increase in brain size.”

www.euresearcher.com

Intellectual impairments

This research also holds wider relevance in terms
of understanding the root causes of certain
intellectual impairments. In most cases babies
born with a disorder called microcephaly - with a
brain that is too small - have reduced intellectual
abilities, while a brain that is too large also leads
to problems. “If you have macrocephaly - too
large a brain - then this can also lead to cognitive
impairments,” explains Dr Albert. In some cases
the underlying genetic mutations are known
while in others they are not, now Dr Albert aims
to build a fuller picture. “We want to look into
how these disorders develop, and which factors
are involved in causing them. In particular, we
are focusing on epigenetic alterations,” she
says. “The idea is that you can derive induced
pluripotent stem cell lines from patients. That
allows you to have patient-specific models, and
to generate organoids that are built up with these
mutations. That then helps us to develop a deeper
understanding of the mechanisms involved.”

The project itself is in the second year of a
six-year funding term, and Dr Albert says several
interesting strands of research are being pursued
in both stem cell regulation and epigenetic
regulation. Over the next four years, Dr Albert
hopes to gain some interesting results in both
the evolutionary side of the group’s research,
and also the development of disease. “These are
our two main interests, and the gene regulatory
code can be relevant to both,” she says.

Interrogating the gene regulatory code -
unraveling human neocortex expansion

The scientific objective of this project is

to decode gene regulatory mechanisms
orchestrating cell type-specific gene
expression programs during neocortex
development and evolution. Epigenetic
mechanisms are key for neural stem and
progenitor cell behavior. The project will
make use of novel epigenome editing tools
and human 3D brain organoid models.

Emmy Noether program of the German
Research Foundation (DFG) running from
November 1, 2019 until October 31, 2025 in
two 3-year-funding phases.

Project Coordinator,
Dr Mareike Albert, Ph.D.
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gene regulatory mechanisms of neocortex
development and evolution.
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Technology that reads your thoughts —

It's the stuff of science-fiction movies, a device you wear on your head that effectively reads your
mind’s intentions, allowing you to operate machinery, communicate without talking or move
connected devices, even to drive cars. Brain-to-Computer Interfaces (BCls) are now a reality,
albeit not on the shelves yet. How will this technology develop? Will it become part of our every

day, and should we celebrate it or fear it?

rain to computer interfaces, or BCls, have enormous

potential. It's an innovation that is hotly tipped to be a

rapidly developing market with all kinds of applications

possible in a wide range of sectors, including healthcare,

education, entertainment, communications and the
military to name a few.

The rate of development for BCls means that it’s not so much a
matter of ‘if’, but ‘when’ they will become an accessible technology
for consumers and industries. So how do BCls work and are they a
good idea?

Reading your mind

When we think, feel or recall memories, neurons in our brain go
to work, using biochemical and electric signals. Detecting and
understanding the patterns associated with this brain activity is
possible using electroencephalography (EEG), or functional magnetic
resonance imaging (fMRI), near-infrared spectroscopy (NIRS), or
electrocorticography (ECoG) technology.

The signals are amplified and interpreted by a program to a level
where they can be linked to software and even a device that you can
manipulate purely with thought power.

Our brains contain hundreds of templates or ‘brain maps’ of activity
that represent physical sensations or actions and intentions. These
patterns, which are found in identified sections of the brain, are similar
for everyone which makes BCls feasible. Research with this kind of
technology has revealed that gender, age, if we are left or right-handed,
our attentional control, or even the vividness of visual imagery we can
achieve, have no bearing on the accuracy of detection. We do, however,
have personal variations in the patterns, so scientists have developed
software that looks for the identifiable, understood markers of brain
maps to decipher intentions. For the highest accuracy to detect such
signals in the brain it is an advantage for strength of signal to place
electrodes under the scalp, directly on the brain, which is clearly an
invasive surgery that does not suit commercialisation. However, with
non-invasive BCls, the user can wear specially adapted headgear, like a
swimming cap or a helmet, with electrodes connecting with the head
to pick up brain signals.

By Richard Forsyth

Applications to think on

The most obvious applications for BCls are in healthcare, for when
patients cannot use their limbs, and suffer from disabilities with speech
or mobility. In 2006, a man who had suffered complete paralysis
of his four limbs and the trunk of his body after an accident, had a
microelectrode array implanted in his primary motor cortex. The
BCl system enabled him to open simulated emails, operate a TV and
use the basic functions in a prosthetic hand. Further research in

2011 discovered it was possible to record from the cortical

surface to spell words on a screen. The startling potential

of BCls used for healthcare have been mushrooming ever

since. A BCl can be used in many ways, to help a patient

think words and operate all kinds of remote and robotic

devices. BCls enable everything from moving a cursor, to

steering a wheelchair or controlling prostheses.

Recently researchers have, for the first time, managed to
control a robotic arm with thoughts in real time with a non-
invasive technique using an EEG cap. This is a major advance.
Normally for moving robotic arms for people with spinal injury
the control could be awkward and time consuming because the
thought patterns had to be repeatedly imagined for success.

Via the ERC Consolidator Grant project ‘Feel your Reach’, the
head of the Institute of Neural Engineering at Graz University of
Technology (TU Graz) in Austria, Gernot Miller-Putz, together with
his team, has developed a system that allows natural and continuous
movement in real time.

“The contribution of the eyes is essential...” explained Miiller-Putz.
“It is important that users are allowed to use their eyes to follow the
trajectory of the robotic arm.”

A clever part of the system is that it specifically recognises goal-
oriented movement. The brain’s error response can be read from an
EEG. If the movement was not intended the arm resets. The team
also integrated kinaesthetic feedback, so the patients could feel the
movements of the prosthesis as well as observe them. This was done
with vibration sensors attached to the shoulder blade although there
may be new applications considered for people where the sensors need
to be attached to the neck, in more extreme cases.
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BCls have potential to help rehabilitate patients with neurological
conditions by effectively retraining the brain. BCls have for the first time,
provided hope for people suffering from spinal cord injury as well as
people who have suffered a stroke or cerebral palsy.
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What we must be prepared for, is that such innovations, whilst serving our needs,
have the potential to change not only the way we do things, but our identity.

Incredibly, BCls have potential to help rehabilitate patients with
neurological conditions by effectively retraining the brain. BCls have
for the first time, provided hope for people suffering from spinal cord
injury as well as people who have suffered a stroke or cerebral palsy.
New innovations in this field can be seen across the world.

In the US, researchers at Brown University have developed a
system, they are testing on rodents, using a scattering of grain sized
microchips over the brain to record and transmit brain activity to
a computer. Dubbed ‘neurograins’, they access parts of the brain
implants can’t reach.

“Each grain has enough micro-electronics stuffed into it so that,
when embedded in neural tissue, it can listen to neuronal activity on
the one hand, and then can also transmit it as a tiny little radio to the
outside world,” said Arto Nurmikko, a neuroengineer on the team.

The neurograins stimulate neurons with electrical pulses which
could be advantageous in tackling brain disorders like epilepsy and
Parkinson’s disease or other brain injuries.

It should be noted that despite the remarkable success stories thus
far and clear potential, BCls are still a developing and experimental
technology, so there is a way to go till you see these devices in your
local hospital.

BCls are being explored in many industries. A more frivolous
application but with an enormous marketplace, is videogaming. Why
hold a joypad when you can think the controls to your onscreen
characters? Gabe Newell, boss of US gaming company Valve
Corporation is working on an open source BC| software project
involving modified Virtual Reality hardware, a headset design called
Galea. Newell told areporter for TNews: “If you're a software developer
in 2022 who doesn’t have one of these in your test lab, you're making
a silly mistake.”

The software will pick up signals to interpret the player’s mood,
whether they are sad, afraid or bored for instance. This can make the
game respond, so if a player is bored - this emotion could trigger
more challenges to be included in the game. There is also the literally
mind-boggling potential to ‘write signals into minds’ to influence how
players are feeling or to deliver better visual and auditory experiences
during gameplay.

There are many examples of mind-controlled gaming in the lab.
Recently, in a remarkable video that has trended online, Elon Musk
demonstrated the power of such devices by teaching a macaque
monkey, named Pager, to play a video game, Pong, with his mind only,
with the reward of a fruit smoothie as an incentive.

Of course, if you can control video game agents with your mind
in simulated battles, why not do it for real in a real battlefield?
DARPA, the US defence Advanced Research Projects Agency has
been involved in BCI projects since the 1970s. Controlling robots
is one goal but an even more fascinating and strange project
being explored by DARPA is project ‘Silent Talk’ which is aiming to
allow front-line soldiers to communicate telepathically. It would
‘allow user-to-user communication on the battlefield without the
use of vocalised speech through analysis of neural signals’. The
initial investment for this research is $4m USD, with the aim of
identifying the neural activity that occurs in the brain when people
talk to themselves.

And it may not be just shady military uses for this kind of mind
conversation technology. Consider that in 2017, Facebook declared it
had at least 60 engineers working on building a BCI with the goal to
allow mobile device and computer users to communicate at a speed of
at least 100 words per minute.
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The car had no pedals and no steering wheel, the driver was essentially

A drive in the mind

Controlling vehicles with BCls has produced positive results. The
University of Minnesota demonstrated a thought-controlled mini-
helicopter could be piloted through obstacles with about 90%
accuracy. On the tarmac, Roberto Hubner Mendes, a quadriplegic
drove an F1 car with mind control with the EMOTIV BCI. It was possible
by combining EEG brain powered technology with steering algorithms
and track mapping. The car had no pedals and no steering wheel, the
driver was essentially simply driving with his mind.

For in-car applications, there are already concepts circulating for
commercial usages that could roll out sooner. Mercedes-Benz is
working on BCI capabilities for inside cars, with a concept car known
as VISION AVTR.

“BCl technology has the potential to further enhance driving
comfort in the future...,” said Britta Seeger, member of the Board
of Management of Daimler AG and Mercedes-Benz AG. The focus in
this application is on in-car adjustments. The hypothetical thought-
controlled in-car features mean that drivers could switch on the radio
station and change the interior lighting with a BCI. The proposed
process starts with a ‘short calibration’ of the BCl unit around a driver’s
head and the device analyses ‘the measured brain waves and triggers
a defined function.’

It's clear how such technology could evolve. Imagine a time when
we could talk to each other just with our minds, rather than phone or
chat, or operate machinery without moving, or touching controls. A
truly bizarre futurescape, but one that has the seeds of development
growing today.

Do we need to think again?

With technology that directly links to our minds, we would be foolish
not to examine the ethics and the potential for abuse or harm. Is it
safe, how does it affect privacy, what are the risks and are they worth
it for the benefits?

Data from your brain could be considered highly personal and
so how is it stored safely? When a computer effectively reads your
emotional states, and reactions to stimuli, such as with the prior
example where video games are influenced by your moods, imagine if
this was used for marketing or government intelligence. The ability for
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simply driving with his mind.

insertion of thoughts too could have truly sinister implications and be
open to abuse from industry and state. Could it be developed for a new
kind of interrogation? BCls could have new applications for employee
monitoring that may be of concern. This branch of technology is
developing at speed and so regulatory agreements would ideally need
to keep pace. Informed consent should be a pre-requisite for usage.
Neuro-hacking, where users seek to better their reflexes, or learn faster
could create a new divide in ‘have’ and ‘have-nots’ and like any truly
disruptive technology, there will undoubtedly be unforeseen challenges
and ethical concerns that will emerge as it advances.

The ethical considerations and the fact so many tech firms are
examining and developing BCls has led to a number of neuroscientists to
recommend the United Nations examine BCls to consider protections
and limits around how neural data is collected and used.

To be at this remarkable juncture where minds can be mapped,
machines obey our thoughts and we may have a shot at a form
of telepathy, is hard to fathom. What we must be prepared for, is
that such innovations, whilst serving our needs, have the potential
to change not only the way we do things, but our identity, our
understanding of self and what that means, in very profound and
fundamental ways.




Models to help contain and control disease in pigs

*
*
*

An outbreak of infectious disease
can have highly adverse effects on the
agricultural sector, and so it's important to
monitor farms and trade networks so that any
cases can be detected quickly and the wider
impact contained. As Assistant Professor in
Veterinary Epidemiology at the University
of Berne, Dr Salome Dirr is the head of
a research project investigating disease
transmission in the Swiss pig population.
“We have developed an epidemiological
model that we want to use for diseases that
spread through different pathways,” she says.
The focus here is on three specific diseases,
namely African Swine Fever (ASF), Porcine
Reproductive and Respiratory Syndrome

Transports of pigs between farms
in Switzerland within one day.

AFP sows Piglets

Pig type

Fattening pigs

(PRSS) and Enzootic Pneumonia, all of which
can be spread through direct contact. “When
you transport a pig from one premises to
another, an infected pig will certainly spread
the disease. A disease can also be spread by
indirect contact, depending on how it is shed
and how tenacious it is,” outlines Dr Diirr.

A batch of pigs may be transported from
one farm to another for example, and then
another batch is transported in the same
truck from a third farm to a fourth. A disease
can be transmitted between different batches
of pigs in the course of these journeys, via
fomites for example, although Dr Diirr says
not a lot of data is available on this. “These
types of indirect contacts are not recorded in

Breeding sows

Diseases like African Swine Fever (ASF) represent a major threat to the health of pig
populations, and can spread rapidly through a variety of different pathways. We spoke to
Dr Salome Diirr about her work in exploring the different pathways through which disease
L can be transmitted between pigs, which can then be added to epidemiological models.

the official Swiss animal transport database,”
she explains. It is mandatory in Switzerland to
record all livestock transports, representing
an important source of data, while Dr Diirr
and her colleagues in the project are also
considering other potential disease pathways
that are not officially recorded.

“We wanted to explore - together
with experts from the pig disease and
epidemiology field, as well as farmers - what
types of pathways exist. We also wanted to
investigate how important and relevant they
are in regard to these three diseases as well,”
she continues. “We were able to identify 24
pathways. Now the question is; how can we
put them into a model?”

N. of pigs == 50 === 100 ms 150 WS 200 250
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Disease transmission model

The baseline of the model is in place, built
on a farm contact network constructed
from official transport data, so essentially
how often farms are in contact with each
other, which is an important consideration
in terms of disease transmission. There is
also scope to put in additional pathways
to the epidemiological model; researchers
have rated each of the 24 different potential
pathways of transmission in terms of their
relevance to the spread of disease amongst
the pig population. “We wanted to rate them
according to the frequency of the contact
and the likelihood of disease transmission
when a contact happens. Both are important
considerations in rating a contact. If they
happen often, and there was a high likelihood
of disease transmission via that pathway, for
example transport between farms, then we
would give a very high rating,” she outlines.
It is not possible to include all 24 pathways
in the model, as in some cases data is not
available, yet researchers plan to use
further data sources. “We plan to add data
about indirect contacts due to pigs being
transported in the same lorry, as well as data
about veterinarians, as they often go from
farm to farm,” says Dr Dirr.

Further information is available on
different types of indirect contacts, such
as data from transport companies. The
idea is to use this data to build a deeper
picture of the situation across the whole
of Switzerland, using machine-learning
algorithms. “We are working with a
company which stores a lot of information
from farms as well as from different clients.
They gathered information on veterinarians
going from farm to farm, and the health
status of the farms,” outlines Dr Diirr. While
veterinarians take precautions, Dr Dirr says
there is still a possibility that they could be
bringing a disease from farm to farm as they
travel around. “The professional, often larger
farms have clear biosecurity rules, where
you have to change clothes, wash or change
the boots, and go through disinfectant,” she
continues. “But there are also these types
of farms that for example have mainly dairy
cattle and just a few pigs in another barn. In
those farms, or in cases where pigs are raised
outdoor, access to the pigs from visitors is
much easier - this is also another type of
contact that could be considered.”

Management strategies

There are a wide variety of highly specialised
farm types along the pork production chain
in Switzerland. While some farms are quite
industrialised, others are smaller in scale and
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less professionalised, with all farms having
to meet clear regulatory standards. “In the
main, our animal welfare regulations are a
bit more advanced than those in the EU,”
continues Dr Dirr. The Swiss pig population
is currently free from a lot of diseases, a
position that the authorities are keen to

it's clear to most people that it's a question
of when it enters Switzerland and not if,
because it's now very close from the German
border, so the priority is then to detect it
early. After you've detected the first case, you
can then stop all movements and close these
transmission pathways.”

The focus here is on three specific diseases, namely African
Swine Fever (ASF), Porcine Reproductive and
Respiratory Syndrome (PRSS) and Enzootic
Pneumonia, all of which can be spread through direct contact.

maintain, so one important goal for Dr Diirr
in the project is to develop more effective
surveillance strategies. “It’s really about this
early phase, between the disease coming into
the population and it being detected. How
can we detect it as rapidly as possible?” she
asks. “ASF is not yet in Switzerland. However,

This type of measure can be implemented
relatively quickly, for example banning the
movement of pigs anywhere in Switzerland
for a week. Most of the pork produced in
Switzerland is consumed in the domestic
market, and Dr Dirr says the authorities
are keen to minimise exposure to these
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SwineNet

The effect of network accuracy and
risk categorization on dynamic disease
transmission models

Project Objectives

SwineNet project aims at identifying
optimized surveillance strategies for rapid
detection of diseases in the domestic

pig population, such as emerging African
Swine Fever. Strategies will be tested by

an epidemiological network model that is
based on animal movement data and further
complemented by additional links between
holdings of different types, generated by
quantitative and qualitative approaches.
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Salome Diirr is an Assistant Professor of
Veterinary Epidemiology at the University
of Berne, where she gained her degree and
has held several research positions. She
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Veterinary Public Health (ECVPH), the Swiss
Forum for Epidemiology and Animal Health
(EpiForum) and several other organisations.
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diseases, which would dramatically impact
the domestic and international pork market.
“There is a very big effort to keep these
diseases out of the Swiss pig population,” she
stresses. The project’s work represents an
important contribution in this respect, while
Dr Diirr says in future it could also be applied
to other diseases, besides the three that are
the specific focus of attention. “The idea is to
develop a model that is sufficiently generic
that it can be adapted for other diseases,” she
continues. For example, the infectious period
may be different between different diseases
- if we modify the value of this parameter,
then the model can be adapted. It could also

exchange with the Federal Food Safety and
Veterinary Office, and we're collaborating
closely on how surveillance strategies should
be implemented and conducted,” says Dr
Diirr. The aim is to develop a model which
can be used to improve these strategies, and
identify which farms should be targeted for
surveillance in which circumstances. “It may
be that certain types of farms are known to
have a lot of contacts but cannot be identified
easily by the authorities, because some other
data has to be compiled,” continues Dr Diirr.
“We have come up with some fresh insights
about how you could identify those farms
that have more contacts than others.”

We wanted to explore - together with experts from the
pig disease and epidemiology field, as well as
farmers - what types of pathways exist.

We also wanted to investigate how important and
relevant they are in regard to these three diseases.

be used to monitor how bacteria resistant to
antibiotics spreads from farm to farm, which
is highly relevant to the wider food chain.”
The primary focus in the project at this
stage however is ASF, which is present in wild
boar populations in a few European countries,
while Germany has also had some cases in
domestic pigs. Given this close proximity
it is expected that there will be cases in
Switzerland in future, at which point it will
be important to quickly identify the farms
affected. “Itis important to us being in regular

o N v
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The project is set to conclude in May of
next year, and there are plans to both publish
papers and present research findings in
scientific conferences. In terms of practical
application, Dr Dirr hopes to present the
project’s findings to national authorities,
which will help in the wider goal of monitoring
disease effectively and rapidly identifying the
presence of new cases. “The Federal Food
Safety and Veterinary Office, as well as our
partners from the pig industry, are interested
in using the model further,” she says.
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whole picture

emergency situations

Research and industry partners in the ResponDrone project are developing an integrated
solution designed to give first responders a fuller picture of a disaster situation or emergency
like a forest fire or flood, which can then guide operational decisions, as the coordinators of
the project, Max Friedrich and Joonas Lieb of the German Aerospace Center (DLR) explain.

A first response team arriving at the
scene of a disaster or an emergency needs to
understand the nature of the situation they
face if they are to respond effectively. The use
of drones can provide first responders with
a detailed picture of the situation without
putting human lives at unnecessary risk, a
topic at the heart of the ResponDrone project.
“We are developing an integrated system
to be used in first response missions during
disasters or emergencies, such as large forest
fires, floods, or search and rescue missions,”
explains Joonas Lieb. Often first responders
do not know what to expect when facing a
large forest fire or flood, an issue the project
aims to address. “The ResponDrone system
will rapidly provide an initial overview of the
situation,” says Lieb.

ResponDrone project

The system is designed to enable the
operation of multiple drones simultaneously,
so that large areas can be covered and
relevant, real-time information provided
to any first responder with access to the
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system. The information gathered can then
inform decisions on the ground. “The first
responders have two possibilities to interact
with the system. A desktop interface is meant
to be used as an on-site command centre and
a mobile application for the first response
units in the field. The desktop interface will
basically be a map on which you can see
where your drones and the in-field first
responders are. You can then supervise and
manage the mission,” Friedrich outlines. “The
first responders out in the field will have the

for flying the drones. “The system itself
essentially identifies the trajectory that a
drone should take. The operator says that
they want to have a drone at a given point,
but they don’t have to specify how it gets
there,” says Lieb. While drones are already
used to some extent in emergency response,
they may need to operate closely alongside
each other, underlining the importance of
this work in de-conflicting flight trajectories.
“You definitely don’t want to have a mid-air
collision,” stresses Lieb. “I would expect the

We are developing an integrated system to be used in the
response to disasters and emergencies, such as la rge forest
fires, floods, or search and rescue missions.

mobile app installed on their cell-phone or
tablet, and they can have a live video feed
from the camera mounted on the drone. They
can also direct the drone to a certain point,
for example if they want to know what’s on
the other side of a house or river.”

A single operator can fly multiple drones
under the ResponDrone system, which Lieb
views as one of the major benefits. The
drones provide their information to a single
system which can de-conflict their flight
trajectories, so less people are required

Mobile application for first response units in the field.

Victim

use of drones to increase significantly in the
future, as they are easier and faster to deploy,
and not as expensive as manned helicopters.”

The system also enhances communications
resilience in what can be extremely
challenging environments. In a large wildfire,
communication infrastructures may break
down for example, an issue the ResponDrone
project is working to address. “Our system is
able to extend the communication network by
providing an on-demand wi-fi coverage to the
first responders and potential victims in the
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disaster area,” Lieb explains. The system also
has a decision support capability, which gives
first responders a picture of how a situation is
developing, for example a fire. “You can then
identify which areas are likely to be affected
in the near future, and which buildings may
need to be evacuated,” continues Lieb.

The project consortium includes a number
of emergency response organisations,
operating in different environments, who
have provided extensive feedback on the
system and helped guide its design and
development. “We have first responders
from various European countries as well as
Israel and Armenia. Several first response
organizations in our consortium are in fact
looking at bigger and rural areas, which are
currently quite difficult to reach with their
units,” says Lieb.

Emergency response

The ultimate aim here is to provide a
system that is useful for first responders and
helps them to respond more effectively to
emergency situations. A trial is planned soon,
at which Friedrich says the performance of
the ResponDrone system will be compared
to the systems currently used by first
responders. “We will compare what worked
well and what didn’t, and we will also check
the response times. How quickly did they
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find a certain victim?” he outlines. The core
question here is how rapidly first responders
are able to assess the true reality of the
situation they’re facing. “If they get it faster
with our ResponDrone system, then we see
the benefit of it,” continues Friedrich. “We
want to basically figure out how quickly and
accurately they get the overall picture of the
situation with our platform, and to compare
that to the existing equipment.”

This information will then be fed back into
the development of the system, and in the
future, there is the possibility of bringing
it to the commercial market. If the system
proves effective, then Friedrich expects
there may be interest from first response
organisations. “If they see that the system
brings benefits, that they are able to get the
important information quickly and easily,
and are reassured that the drones will not
crash, then these organisations may be
interested in buying it,” he says. There is a
work package in the project dedicated to
innovation and commercialisation, and the
project partners are now exploring wider
opportunities. “We are looking at translating
the project into a real product. We need to
identify what is missing and what has to be
improved,” outlines Friedr