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When the Novartis Research Foundation decided to found FreeNovation five 
years ago, the goal was to create a platform for unconventional academic 
research, which would allow scientists in Switzerland to pursue projects that are 
generally difficult to fund. The idea was to fill a hole in the otherwise strong Swiss 
research field. Even though private companies, the public sector and academia 
spend around 16 billion Swiss francs annually to promote R&D, bottlenecks still 
occur in early and interdisciplinary research. We aimed to help improve this situ-
ation by allowing scientists from all fields to pursue unorthodox ventures in bio-
medical research and follow avenues that are often ignored in the current 
results-oriented scientific ecosystem. I am convinced that investigators need to 
be free in their pursuit of true scientific novelty. For this reason, to attract bold 
research projects and reduce bias, the authors of the proposal are concealed 
and preliminary data are not required, allowing an international panel of experts, 
who are appointed each year, to focus exclusively on the quality of the science. 

This framework condition is important. Pursuing rigorous science in an impartial 
way without the pressure to generate positive outcomes can open up unex-
pected insights, break with scientific dogma and usher in a new era of research. 
We hope that FreeNovation can provide this kind of freedom and contribute 
towards creating an ecosystem in which unconventional approaches can inspire 
the mainstream and lead to breakthrough discoveries.

The experience of the first five years of FreeNovation is positive. Between 2016 
and 2020, the Novartis Research Foundation has supported 58 projects, span-
ning a wide range of fields that come together in original ways, creating new 
touchpoints between areas such as physics, chemistry and medicine. I have no 
doubt that FreeNovation will remain on this successful path and continue to 
attract courageous scientists whose findings can contribute to further strength-
ening Switzerland’s research landscape in both the short and longer term.

Joerg Reinhardt, Ph. D.
Member of the Board of Trustees of the Novartis Research Foundation
Chairman of the Board of Directors of Novartis

Editorial – an ecosystem 
for unconventional ideas

The most ground-  
breaking discoveries  
have come as a result  
of  scientific liberty  
and  independence.  
Pursuing rigorous  
science in an  impartial  
way without the pressure  
to generate positive  
outcomes can open up 
unexpected  insights,  
break with scientific  
dogma and usher in  
a new era of research.
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FreeNovation – new paths  
in biomedical research

Many scientific breakthroughs have come about not because success was pre-
dictable, but thanks to the pioneering spirit of people who gave free rein to their 
creativity. Others arose from an ambitious goal that may have been missed but 
led to a discovery that would not have been possible without a great vision at 
the outset. 

In today’s research funding landscape, however, there is little room for free cre-
ativity and bold, untried ideas. In the majority of funding programs, feasibility is 
a key criterion for evaluation of project proposals. Assessments are typically 
based on the literature in the field and on preliminary results that have to be 
submitted in the application. Furthermore, an applicant’s past track record is a 
factor in assessing the chances of future success. These are valid criteria for 
established science. However, researchers wishing to pursue entirely new or 
scientifically controversial ideas have difficulties to get the space to prove them-
selves and to produce preliminary positive or negative results. In addition, inves-
tigators that are new to a field or yet to establish themselves, even with bright 
ideas, may not receive enough confidence to support their project upfront.

This is why the Novartis Research Foundation launched FreeNovation. It is 
designed to provide research talents with freedom to pursue novel ideas. The 
projects have to stand out with their originality and be unlikely to get funding 
otherwise, due to their unorthodox nature or early stage of research. They 
should have the potential to open up novel research directions and aim beyond 
incremental discovery. In contrast to conventional programs, FreeNovation 
does not require results of preliminary studies when applications are submitted. 

FreeNovation calls on researchers in Switzerland 
seeking to address important questions in  
biomedicine with unconventional ideas that are  
hard to fund by conventional programs.

Liver tissue
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Neither the academic status of the applicants nor the discipline they are trained 
in plays a role in the selection of projects. The focus is rather on the originality 
of the proposals and on the “truth telling” questions to be addressed during the 
funding period of 18 months.

This kind of research funding by a Swiss foundation is unique in the field of life 
sciences in Switzerland. With FreeNovation, the Novartis Research Foundation 
wants to encourage unconventional thinking and further enhance the attrac-
tiveness of Switzerland as a research location. 

Key features of FreeNovation

Novel approaches in biomedical research
Each call for proposals focuses on specific topics, e.g., 
microbiome, glycobiology, tissue engineering, artificial  
intelligence, systems medicine, or mechanisms of allergy 
development. 

An opportunity for people and ideas in Switzerland
Researchers with a doctorate or equivalent that are engaged 
at a Swiss institute, university, university hospital, or university 
of applied sciences are eligible to apply. The proposal is only 
three pages of text and a summary slide. Preliminary results 
are not required. 

Originality and potential
These are the only two criteria by which the experts  
select the proposals. The identity of the applicant  
is concealed, so that neither the academic position nor  
the publication track record influences the selection 
of projects. 

Freedom
Grants are for 18 months and up to CHF 180,000.  
Researchers have a free hand in implementing their ideas.  

Open science
The results shall be published and made freely available 
without restricting use. Investigators present their results  
at the FreeNovation Science Forum which is organized 
towards the end of the funding period.

> 10 mio. 
CHF OF FUNDING 
for 58 projects

58  
APPLICATIONS FUNDED 
from 15 institutions

5  
CALLS COMPLETED 
from 2016 to 2020  
in 13 scientific areas

42  
EXPERTS 
engaged as reviewers

98
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mysterious bugs. One of the first 
reported correlations between disease 
and microbiota composition reported 
was in relation to obesity [1]. While this 
was later revealed to be partially 
attributable to effects of the type II 
diabetes drug Metformin [3], since 
then a huge range of diseases has 
been shown to correlate with changes 
in the composition of the fecal micro-

biota, ranging from depression to 
rheumatoid arthritis [4, 5]. Interest-
ingly, most of these diseases have 
both an inflammatory and a metabolic 
component, suggesting that cross talk 
be tween the microbiota, the immune 
system and metabolism could underlie 
disease-microbiota links. Understand-
ing how to influence the metabolic out-
put of the microbiome is a prerequisite 
for developing useful diagnostics and 

interventions targeting the gut micro-
biota, and for this we need new tech-
nologies and tools that allow us to 
shed light not on identity and gene 
sequences, but on metabolic func-
tions. 

One of the main challenges of estab-
lishing tools to study host and microbi-
ota metabolism is that both of these 
show a profound day-night rhythm. An 
ideal solution to this is to measure 
gases produced or consumed by the 
animal: these can be automatically 
sampled non-invasively, allowing close- 
to real-time sampling around the clock. 

Microbiome 2016 

Engineering the intestinal 
microbiota to influence  
metabolic health
Emma Slacka, Wolf-Dietrich Hardtb, Markus Arnoldinia,  
Daniel Hocesa, Giorgia Gretera, and Tobias Geisera

a Laboratory for Food Immunology, D-HEST, ETH Zurich
b Laboratory for Salmonella pathogenesis, D-BIOL, ETH Zurich

Aim and approach 
The intestinal microbiome is a diverse 
community of bacteria, yeasts and 
protozoa that inhabit the entire gut 
from mouth to anus, and are most 
dense in the large intestine, compris-
ing more than 50 % of the dry mass of 
feces. These intestinal microbes are 
responsible for harvesting around 10 % 
of daily calorie intake from food, as 

well as being a major source of bio- 
active compounds and micronutrients 
[1, 2]. However, despite their apparent 
importance for health, we still know 
relatively little about the mechanisms 
underlying the health-promoting be- 
havior of intestinal microbiota. 

With the advent of next-generation 
sequencing technologies, we started 
to be able to shine a light on these 

One of the first reported correlations  
between disease and microbiota composition 
reported was in relation to obesity.

A well-established technique, known 
as indirect calorimetry, measures the 
amount of oxygen (O2) being con-
sumed and the amount of carbon diox-
ide (CO2) being produced to determine 
the energy expenditure of an animal. 
This ratio of CO2 to O2 also gives infor-
mation on the energy source being 
used for energy. When the animal is 
mainly using sugar for energy, then this 
ratio is close to 1. When fat is the main 
energy source, the ratio of CO2 to O2 
drops to around 0.7. Our FreeNovation 
project began when we decided to 
adapt one of these systems for 
detailed analysis of the microbiota.

Figure 1. Quantification of eating behavior by a mouse and hydrogen production from its microbiota 
using a modified TSE PhenoMaster® home cage demonstrates a strong circadian rhythm in micro-
biota activity. Note that mice are nocturnal and their microbiota produces most hydrogen when they 
are awake during the night (grey area on the graphs).
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Emma Slack
Professor, ETH Zurich

We’ve become very 
good at mapping the 

intestinal microbiota, but 
real progress will come 

with understanding  
the critical functions of  

each strain within this  
consortium of billions  

of microbes.
 

To do this, we need  
novel technologies that 
allow hypothesis-driven 
research in this com-
plex system. Support 
from FreeNovation has 
 allowed us to take this 
leap and we now start  
to have the first tools  
for rational microbiome 
manipulation as well  
as for precise, time- 
resolved quantification 
of host and microbiota 
metabolism.



Key results
Together with the firm TSE Systems, 
we designed and built an indirect calo-
rimetry system that was housed within 
two sterile bubbles in an animal home 
cage and that was expanded to quan-
tify not only O2 and CO2, but also 
hydrogen gas (H2) and methane (CH4). 
The sterile bubbles allowed us to carry 
out indirect calorimetry on mice that 
had either no microbiota or where only 
a handful of bacterial species were 
present in the intestine, and to main-
tain this state for several weeks. The 
hydrogen and methane sensors mea-
sure two gases that are not produced 
by the mouse itself, but rather by the 
bacteria and archaea present in their 
intestinal microbiota. 

in the evening (note that mice are noc-
turnal and usually rest and fast during 
the day), suggesting that they are 
depleting their stored energy earlier.  
A third intriguing observation came 
from our hydrogen measurements. As 
expected, no hydrogen production was 
measured from germ-free mice. How-
ever, hydrogen production was mea-
sured from mice carrying a microbiota, 
with a strong day-night rhythm: maxi-
mum hydrogen production observed 
two to three hours after the onset of 
eating when mice wake up in the eve-
ning (Figure 1). 

These observations raise important 
questions: Firstly, which microbial 
functions and species are responsible 
for the digestion efficiency and meta-
bolic impact of the microbiome? Is this 
straightforwardly related to the effi-

ciency of digestion, or is the underlying 
biochemistry more complex? Sec-
ondly, hydrogen is a major output of 
fermentation, which is a dominant 
metabolism in the large intestine. We 
know that microbiota metabolism 
doesn’t stop during the resting cycle 
and therefore, metabolism must shift 
during this phase. To address these 
questions, we are using both a bot-
tom-up approach, colonizing germ-
free mice with a known simple cocktail 
of microbial species (Figure 2) or a 

We were initially surprised by the 
results. Energy expenditure was identi-
cal for germ-free mice, which have 
zero microbiota, and mice with a com-
plete microbiota. However, the energy 
content of the feces was higher in 
germ-free mice, indicating decreased 
digestion of the mouse food when no 
microbiota was present, and corre-
spondingly the mice ate more to com-
pensate for this inefficient digestion. 
Intriguingly, germ-free mice show con-
sistently lower ratios of CO2 produced 
to O2 used, both during the day and 
night. This suggests that germ-free 
mice are not harvesting sufficient car-
bohydrates from their food, and are 
therefore more reliant on fat metabo-
lism. They also wake up and eat earlier 

top-down approach using oral vac-
cines and intestinal antibodies to carry 
out strain replacements in complex 
microbiota [6, 7]. Importantly, antibody- 
based interventions can also be 
adapted for microbiota engineering in 
large-animal and human therapies, and 
we are investigating these possibilities 
with follow-up funding from Gebert  
Rüf Microbials and from the Botnar 
Research Center for Child Health.

The support of the FreeNovation 
scheme has allowed us to establish 
worldwide unique facilities for func-
tional phenotyping of the microbiota in 
Zurich. It is also one of the few funding 
schemes that provide project funding 
to early-career researchers in Switzer-
land, and was pivotal in allowing us to 
open up into the field of microbiota 
metabolism research.

Although the short timeframe was only 
enough to start the project, it has gen-
erated momentum which we hope will 
lead to more and more exciting dis- 
coveries in the coming years. 

Figure 2. Three abundant commensal bacteria: Bacteroides thetaiotaomicron (yellow), Eubacterium 
rectale (red) and E. coli (blue) in the large intestine of a gnotobiotic mouse, revealed by fluorescence 
in situ hybridization. 

1. T. Clavel et al., Gut Microbes. 5, 544 (2014).
2. A. Wahlström et al., Cell Metab. 24, 41 (2016).
3. L. Sun et al., Nat. Med. 24, 1919 (2018).
4. B. Li et al., Cell. Mol. Immunol. 15, 595 (2018).
5. M. Valles-Colomer et al., Nat. Microbiol. 4, 
 623 (2019).
6. K. Moor, E. Slack et al., Front. Immunol. 7, 
 34 (2016).
7. K. Moor, E. Slack et al., Nature. 544, 498 (2017).

Although the short timeframe was  
only enough to start the project, it has  
generated momentum.

1514



We have singled out oxalic acid as the 
key environmental factor at the cross-
roads of the interaction between two 
key components of the human micro-
biome: bacteria and fungi. Oxalic acid, 
or its salts, is an omnipresent com-
pound produced by a large diversity 
of organisms. In the particular case of 
fungi, secretion of oxalic acid is not 
only common, but also essential, as 
oxalic acid plays a multitude of roles 
such as in nutrient acquisition or 
pathogenesis. In the case of humans, 
oxalate (mainly in the form of calcium 
oxalate) enters our system through 
the diet and if not properly metabo-

lized, it can result in hyperoxaluria (i.e., 
high oxalate content in urine), which in 
some cases ends in the formation of 
kidney stones. In addition, calcium 
oxalate crystals have been found in 
the lungs of immunocompromised 
patients suffering from aspergillosis, 
i.e., an infection caused by an Asper-

gillus mold. Aspergillus fungi are ubiq-
uitous in the environment and are 
especially abundant in compost piles 
(Figure 1). They produce spores in 
order to disperse and colonize novel 
habitats. Each human being breathes 
thousands of spores every day, but 
this does not cause any harm in 
healthy people. However, the inhala-
tion of spores by immunocompro-
mised individuals can lead to the 
colonization of the lung tissue. In the 
lung, we hypothesize that the fungus 
will secrete oxalic acid in order to cre-
ate an optimal environment for its 
development (Figure 1).

We have previously investigated the 
metabolism of oxalate in soils, in 

which this compound rarely accumu-
lates. This has led to the identification 
of oxalotrophy, a bacterial metabolism 
that explains the consumption of  
oxalate. The knowledge gained on 
oxalotrophy in soils can be used as  
a stepping-stone for developing an 
alternative for the treatment of fungal 
pathogens using oxalate during 
pathogenesis. We postulated that by 
consuming oxalate, oxalate-degrading 
bacteria can reduce the growth 
potential of pathogenic fungi that use 
this compound as a pathogenicity fac-
tor. In order to test this hypothesis, we 
used Aspergillus niger as fungal 
pathogen and Cupriavidus oxalaticus 
as an oxalotrophic bacterium (Figure 
2 A and B, respectively). 

Microbiome 2016

Oxalotrophy as a therapeutic 
alternative for the control  
of fungal pathogens
Pilar Junier and Fabio Palmieri 
Laboratory of Microbiology, University of Neuchâtel

Aim and approach 
Over the last three decades, society 
has witnessed a significant intensifica-
tion in the burden of fungal diseases 
on human health. It is estimated that 
fungal pathogens, most of which are 
opportunistic, kill more than 1.5 million 
people every year. However, the limited 
number of options for successful treat-
ment nowadays make the need for 
alternative treatments to cope with 
these infections an urgent global 
health issue. Our project aims at 
exploring and developing a novel ther-
apeutic concept to fight fungal infec-
tion. More precisely, considering 

humans as an ecosystem, we address 
the environmental perturbations occur-
ring upon the establishment of fungal 
infections. The originality of our project 
lies in our approach, which aims at tar-
geting the environment in which the 
pathogen thrives, instead of targeting 
the pathogen itself. 

Our project aims at exploring and  
developing a novel therapeutic concept  
to fight fungal infection.

Figure 1. Graphical summary of the proposed approach to control Aspergillus niger infection by intro-
ducing oxalotrophic bacteria to modify the environment in which A. niger thrives. A. niger spores are 
highly abundant in compost piles and reach humans via airborne transmission. During a normal infec-
tion process in an immunocompromised patient, A. niger modifies the environment by secreting oxalic 
acid (or oxalate Ox2-), which decreases pH and binds to calcium (Ca2+) to form calcium oxalate. This 
creates the ideal environmental conditions for the infection of the host’s tissue. The environmental 
control strategy proposed here takes advantage of the ability of oxalotrophic bacteria to consume cal-
cium oxalate crystals and thus reestablish physiological pH and calcium concentrations, modifying the 
environment in which the pathogen would develop.
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Pilar Junier
Professor, University of Neuchâtel

Fabio Palmieri
Ph. D. student, University of Neuchâtel 

As an environmental  
microbiologist, it was un-

conceivable  for me  
to obtain funding for a 

project related to human 
health. I did not expect 

that I will be studying 
humans alongside soils, 
geothermal sites or salt 

lakes. FreeNovation made 
me question my own  
view of humans and  

now I can see them as 
another ecosystem to 

explore and understand.

My experience with 
FreeNovation was very 
exciting and fruitful.  
It allowed me to explore 
a new area of research 
that I would not have 
been able to dive in 
otherwise, being an 
environmental micro-
biologist. I do really think 
that bringing ecology 
into medical micro-
biology and clinical 
research is the future.



Figure 4. Images showing the aspect of a healthy bronchial cell culture (A) compared to a condition in 
which the cells are exposed to the fungus (B).

Figure 2. In-vitro interactions of the fungus and the bacterium. (A) Culture plate of Aspergillus niger 
grown on a medium containing a pH indicator. The yellow color indicates acidification of the medium. The 
insert shows an image of a calcium oxalate crystal. Scale bar = 10 μm. (B) Image showing the ability of 
the oxalotrophic bacterium Cupriavidus oxalaticus, to degrade calcium oxalate crystals and forming 
transparent zones in which this compound has been consumed. The top row images of (C) and (D) show 
the difference in pH (yellow for acidic pH and pink for physiological) after the cultivation of the fungus 
alone or with oxalotrophic bacteria in medium used for the cultivation of bronchial cells. The bottom row 
shows the effect of the presence of the bacteria on the growth of fungus (D) compared to the fungus 
alone (C). The graph in (E) shows the decrease of around 90 % in the concentration of oxalic acid when 
the bacteria is cultured with the fungus, as compared to the fungus alone.

Figure 3. Environmental parameters measured in the bronchial cell cultures alone, with the fungus, or 
with the fungus and the bacteria: (A) pH, (B) calcium, and (C) oxalic acid concentrations. The images 
(D) show the presence of calcium oxalate crystals in the presence of the fungus and the absence of 
crystals when the bacteria were cultured with the fungus (E).

Key results 
We first cultured the fungus with and 
without bacteria in a medium that is 
used to grow lung cells. This medium 
contains a colored pH indicator and 
appears pink when it is at a physiologi-
cal pH (around 7.5). In the presence of 
the fungus, the medium turns yellow, 
meaning it is acidic, as the fungus 
secretes oxalic acid (Figure 2 C, upper 
plate). However, when the fungus is 
cultured with bacteria, the medium 
stays at a physiological pH (Figure 2 D, 
upper plate). The concentration of 
oxalic acid decreased by around 90 % 
in the presence of the bacteria (Figure 
2 E). Moreover, we also saw that the 
presence of the bacteria inhibits the 
growth of the fungus (Figure 2 D, lower 

plate), compared to when it grows 
alone (Figure 2 C, lower plate). 

After the experiments in Petri dishes, 
we wanted to see if the same happens 
in the presence of lung cells, a setting 
closer to reality. For that, we worked in 
an advanced in-vitro cell culture sys-
tem containing bronchial tissue, in col-
laboration with a team from the Los 
Alamos National Laboratory, in New 
Mexico, US. We cultured the fungus on 
the bronchial tissues in presence or 
not of the oxalotrophic bacterium and 
we measured three different parame-
ters: pH, the concentration of calcium 
and the concentration of oxalic acid. In 
the presence of the fungus alone, pH 
(Figure 3 A), calcium (Figure 3 B), and 

free oxalic acid (Figure 3 C) concen-
trations were lower as compared to 
when the bacteria were co-cultured 
with the fungus on the bronchial cells. 
In addition, we de tected calcium oxa-
late crystals when the fungus was 
alone (Figure 3 D), but not when the 
fungus was cultured with bacteria 
(Figure 3 E). We were also able to 
show the aggressiveness of the fun-
gus, which completely de stroyed the 
bronchial tissue (Figure 4).

Altogether, our results show that using 
bacteria to restore the environmental 
parameters to a physiological level is  
a valid method to modify the course  
of fungal infection. This offers a very 
exciting avenue of research for an 
innovative therapeutic approach, cen-
tered around the isolation and charac-
terization of new oxalotrophic bacteria 
from the lung microbiome, and on the 
validation of our findings in-vitro in a 
mouse model. 
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In this project a virtual mirror of the 
patient’s body and the transdermal 
patch is generated in the computer 
using a calibrated mechanistic model-
ing approach. During a transdermal 
therapy, the digital avatar calculates 
in-silico the coupled physical and bio-
chemical processes that take place 
during drug release by the transdermal 
patch and during the drug absorption 
via the patient’s skin. The twin also 
simulates the pharmacological res-
ponse, namely drug metabolization in 
the patient’s organs, as well as the 
desired effect(s) the drugs have, for 
instance pain relief. This digital twin 
drifts pharmacologically with the 
patient’s body during therapy and 
receives feedback. Such feedback can 
be biomarkers, which we monitor by 
wearable-sensor technology over the 
patient’s smartphone. Another (sim-
pler) feedback parameter is, for exam-
ple, pain-scale feedback by the patient 
him- or herself. The twin then looks 

into the future and proposes the best 
possible continuation for the therapy. 

The main benefit of the digital twin is 
to know where the drug is and where it 
will go within the body. This avoids 
overtly bothering the patient with addi-
tional tests and prevents over- or 
underdosing in an intelligent way. The 
digital twins help us get the appropri-
ate drug dose the patients need – at 
any given point in time with the current 
lifestyle of the patient in question – to 
reach the desired effect defined by the 
clinician in charge.

Key results
In this project, we took a first step in 
exploring the concept of such digital 
twins for tailoring the transdermal 
delivery of fentanyl, which is an opioid 
used for chronic pain treatment. Fen-
tanyl patches are alternatives for oral 
drug administration since drugs are 
delivered in lower doses over a longer 
period of time. We primarily focused on 
individualizing treatment for patients 
depending on their age. 

We showed that a 70-year-old patient 
received about 25 % less fentanyl over 
a typical 3-day application period, 
com pared to an 18-year-old patient 
(Figure 2). With advanced age, the 
drug uptake from transdermal patches 
becomes slower and less potent due 
to changes in the skin’s microstructure. 
We used a digital twin to predict how 
much the treatment needs to change 
as a person gets older in order to get 
effective pain relief, while avoiding 
impaired breathing because of an 
overdose. 

Artificial Intelligence in drug discovery 2018

Virtual twinning for intelligent, 
personalized transdermal  
drug delivery
Thijs Defraeye, Flora Bahrami, Jean Schoeller and René Rossi 
Empa, Swiss Federal Laboratories for Materials Science and Technology,  
Laboratory for Biomimetic Membranes and Textiles, St.Gallen

Figure 1. The concept of digital twins.

Figure 2. Drug flow taken up by the blood as a 
function of time for different age groups (adapted 
from [1]).

there is no “one-size-fits-all” therapy. 
The reason is that every patient has a 
different genetic background com-
bined with a unique metabolism and 
lifestyle. We envision an innovative way 
to tailor the control of transdermal 
drug release and thus individualize 
therapy: We introduce a virtual twin of 
each patient (Figure 1). 

Aim and approach 
Next-generation transdermal drug- 
delivery devices are currently being 
developed for administering several 
drugs, such as insulin, fentanyl, or vac-
cines. The drug release of these trans-
dermal devices can even be actively 
controlled so that the dose is precisely 
tailored to the needs of every individ-
ual patient. This is a great challenge as 
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Thijs Defraeye  
Professor, Empa

René Rossi
Professor, Empa 

FreeNovation came 
to my attention when 

I started working on 
drug delivery. We had 

the idea to transfer the 
digital-twin concept we 
were developing in the 

field of food science  
to help optimizing  

drug-delivery systems.  
Funding acquisition was 

hindered by my lack  
of a track record in the 

medical field, which 
would have taken some 

years to build up.

Our lab’s vision is the 
specific tailoring of ma-
terial properties to steer 
an individual  biological 
response. FreeNovation 
allowed us to make  
key advances in the 
development of a  
multiphysics model to 
predict transdermal 
drug delivery. This  
significantly accelerates 
our materials research for 
personalized therapies.



Figure 3 a: The number of required patches and the duration of applying each patch over a 9-day  
period to have effective pain relief for patients in different age categories. b: The time without exces-
sive pain for two therapies.

Figure 4 a: The distribution of time without pain for each patient over a 9-day period of applying fen-
tanyl patch. b: the distribution of average ventilation rate over a 9-day period of applying fentanyl 
patch. 

1. T. Defraeye, F. Bahrami, L. Ding, R. I. Malini,  
A. Terrier, and R. M. Rossi, “Predicting trans-
dermal fentanyl delivery using mechanistic simu-
lations for tailored therapy,” Front. Pharmacol.,  
29 September 2020

Where do we go from here? In our lab, 
we are taking the next steps to inte-
grate the digital-twin technology in 
our responsive drug-delivery devices 
(Figure 5). We develop electrospun 
membrane-based materials with 
which we can control drug-release 
kinetics. The digital twin can tell us 
how to optimally control these de- 
vices. We also monitor multiple bio-
markers in the human body through 

wearable-sensor technology, which 
we can feedback into the digital twin 
to increase its predictive accuracy.

Nevertheless, bringing digital twins  
to the bedside will still be a challenge, 
as the technology needs to mature 
further. In our view, this evolution is 
inevitable due to the wealth of com-
plementary data they provide. Once 
demonstrated in a clinical setting, these 
twins can be mirrored for other drugs, 
for example, ibuprofen or insulin. 

As a first age-based therapy, the digi-
tal twin dictated the optimum duration 
the patch should be applied. Younger 
patients had to apply the transdermal 
patch with a certain concentration 
much more frequently, compared to 
older patients, to have effective pain 
relief since older patients require a 
lower drug concentration in the blood 
to achieve a certain pain relief (Figure 
3 a). Our digital twin proved effective 

in finding a better solution for deliver-
ing the correct drug dose by a simple 
change to standard therapy, which is 
applying a new patch every three 
days. Based on this alternative ther-
apy, we tremendously increase the 
time without extensive pain for the 
patient at each age (Figure 3 b).

As a second age-based therapy, we 
included the patients’ feedback on the 
pain they experienced. With this infor-
mation, the digital twin modified the 
proposed pain management therapy. 
We tested this alternative solution by 
analyzing a virtual population of 100 
patients. We found that with patient 
feedback, we increase the time with-
out pain, while keeping the breathing 
rate in a normal range (Figure 4 a and 
b). This result is a first demonstration 
of our vision that a digital twin linked 
to the real world – in this case via the 
patient – has the potential to improve 
pain therapy.

Figure 5. Ph. D. students Flora Bahrami and Jean Schoeller reviewing chromatograms acquired with 
UPLC (ultra-performance liquid chromatography) to analyze in-vitro drug-release kinetics.

We included the patients’ feedback  
on the pain they experienced.
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Tailored games improve  
long-term motivation
The project started with a user study, 
evaluating the subjective difficulty  
rating, task-solving time with varying 
degrees of difficulty and participant 
profiles. In a next step, an artificial 
intelligence (AI) service was devel-
oped to motivate participants by 
adapting difficulty levels. Currently, the 
AI adaption and puzzle game benefits 
on cognitive function and well-being 
are being evaluated in a pilot random-
ized control trial (RCT). 

Reward systems based on reinforce-
ment are commonly used in commer-
cial video games, yet relatively 
unexplored in cognitive interventions. 
Our AI-based method allows to 
accommodate for persons with differ-
ent cognitive levels of skill. Personaliz-
ing the game difficulty level not only 
benefits training effects but can also 
help ensure ongoing motivation and 
adherence to the intervention.

Aim and approach
Cognitive activities (e.g., board and 
video games) can help promote and 
maintain cognitive health and prevent 
later neurocognitive disorder. The aim 
of this project is to develop and vali-
date tablet-based puzzle video games 
(Connect-the-Dots and Match-3, Fig-
ure 1) which can be dynamically tai-
lored to each participant’s skills, 
cognitive status and learning rate, 
using an artificial-intelligence-based 
method. The Match-3 puzzle (Figure 1 
left) requires visual search, visuospa-
tial working memory and pattern rec-
ognition skills to swap game objects 
into a row of three identical objects. 
Connect-the-Dots (Figure 1 right) re- 
quires visuospatial, visuoconstructional 
and executive (planning, foresight and 
reasoning) functions to find paths 
between identically colored pairs of 
game objects, filling all empty cells. A 
large set of difficulty levels for both 
games were implemented using height 
and width of the puzzle board (from 
4�4 to 8�8) and the number of unique 
game objects (from 4 to 8).

Artificial Intelligence and the patient 2018

Personally tailored puzzle game 
intervention to promote  
cognitive health in aging 
Prabitha Urwyler, ARTORG Center for Biomedical Engineering,  
Gerontechnology and Rehabilitation Group, University of Bern

Key results
A total of 171 subjects (3 dementia,  
1 mild cognitive impairment, 5 Parkin-
son’s disease, 5 Huntington’s disease,  
1 atypical brain injury, 156 healthy par-
ticipants [67 young, 52 middle-aged, 
24 older and 13 oldest]) successfully 
completed the user study. Results 
showed that in Match-3 the puzzle 

board size and number of gems influ-
ence search time (Figure 2). The solv-
ing time for Connect-the-Dots varies 
with a combination of number of turns 
and the board size. The AI service 
(Figure 3) built using these results tai-
lors the next game level in the ongoing 
pilot RCT. Ten older adults (age: 60.5 ± 
11.19 years, 5 females) with a Montreal  

Figure 1. A Match-3 (left) puzzle that is played by swapping objects to make a row of three identical 
objects, and Connect-the-Dots (right) puzzle, where paths must be found to connect pairs of 
objects. [Chesham et al., University of Bern]

Figure 2 shows average search time for Set Size and by the number of Gems/Tiles.
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Prabitha Urwyler 
PD, Senior Researcher, 

University of Bern

My experience with 
FreeNovation has been 

very positive. It is 
 unconventional for  

allowing innovation to  
be born out of scientific 

creativity. The advan-
tage is its support  

of out-of-the-box ideas 
with no strict bench-

marks and  requirements 
which become project 

stoppers in many  
programs. 

FreeNovation has  given 
me visibility as a PI 
and an opportunity to 
lead a team. The pilot 
 randomized control 
trial as the last phase of 
the FreeNovation pro-
ject is currently running 
through the breadth and 
width of Switzerland. 
This has created  ripples 
with incoming new 
 requests for study in 
other regions, to test the 
feasibility of this game 
in different disease 
 cohorts and to include 
it as a module to other 
existing apps.



Figure 6. Discussion on data analysis of intermediate game data collected during six weeks of the 
randomized control trial.

Figure 4. Preparations for (Pre, Mid, Post) assess-
ment of the participants recruited for the pilot ran-
domized control trial. The visual scanning tap test 
is also included in this procedure along with stan-
dard-questionnaire-based assessments.

Figure 5. Participant interacting with the daily 
game schedule.

cognitive score [max. 30] of 27.67 ± 
 1.87 are included in the ongoing puzzle 
pilot RCT. Early results show partici-
pant adherence to training a minimum 
of three days/week with no dropouts 
so far. 

Based on the pilot study results, we 
will be able to design a higher-impact 
study as well as a longitudinal study 
with cognitively impaired groups. Find-
ings can also help us develop a cogni-

tive monitoring tool that is sensitive to 
subtle cognitive changes and avoid 
practice effects over repeated use. 
The research conducted under the 
FreeNovation grant has strengthened 
our group’s focus on telerehabilitation 

applications with a large outreach, 
opening a new, enjoyable and non- 
threatening avenue to detect, monitor 
and prevent declines in cognitive 
health in older adults. 

Figure 3. AI Service. Here a software agent takes action (set the difficulty parameters) in an environ-
ment (puzzle game). When the puzzle is solved, the agent receives the solving time (state). The 
agent then learns whether to increase or decrease the puzzle difficulty.

The research conducted under  
the FreeNovation grant has strengthened  
our group’s focus.
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individuals. Hence current methods 
are per definition unable to identify 
compounds that specifically target 
cells in slow- or non-growing states. In 
fact, we believe that the action of anti-
biotics can only be properly charac-
terized at the single-cell level, and 
both the discovery of new antibiotics 
and formulation of antimicrobial thera-
pies are strongly hindered by the 
absence of assays to quantitatively 
characterize how the growth and 
death of single cells are affected as a 
function of their state.

This FreeNovation project constitutes 
a first step toward our vision: harness-
ing progress in single-cell technics in 
order to develop methods for identi- 
fying antimicrobial compounds that  
specifically target cells in particular 
physiological states that make them 
refractory to traditional antibiotics.

Our lab has considerable experience 
in the field of single-cell microbiology: 
we are capable to grow bacteria in 
micrometric channels where condi-

Aim and approach 
Although the discovery of antibiotics 
seemed to have removed infectious 
diseases as a serious threat to human 
health, it now increasingly appears 
that this was only a brief respite. 
Resistance is observed for most avail-
able antimicrobial compounds and the 
waiting times for discovery of new 
classes of antibiotics are getting lon-
ger and longer. 

In recent years, it has become clear 
that pathogens take on highly hetero-
geneous states within their hosts, e.g., 
while some cells grow fast, others 
grow extremely slowly or not at all, 
and that the response to antibiotics is 
highly dependent on the state of the 
individual microbe. However, current 
methods for the discovery of antimi-
crobial compounds invariably rely on 
screens that are performed on popu-
lations of microbes. Since microbial 
growth is intrinsically exponential, it is 
dominated by the fastest growing 
cells, and studying population sam-
ples effectively ignores slow-growing 

In fact, we believe that the action of  
antibiotics can only be properly characterized  
at the single-cell level.

Artificial Intelligence in drug discovery 2018

Measuring single-cell 
pharmacodynamics of antibiotics 
with deep learning
Michael Mell, Erik van Nimwegen and Thomas Julou  
Biozentrum, University of Basel & Swiss Institute of Bioinformatics

tions are precisely controlled, while 
monitoring their growth, gene expres-
sion, division and death with time-
lapse microscopy. These approaches 
have already brought fundamental 

new insights into cell size control, 
gene regulation, and mutation dynam-
ics, as well as for rapid antibiotic 
detection assays. Such experiments 
require advanced image analysis in 
order to not only identify bacteria 
cells in each image frame, but also to 
connect them from one frame to the 

next in order to reconstruct the gene-
alogy of each group of cells. In collab-
oration with Florian Jug and Gene 
Myers (MPI Dresden), our team had 
developed a state-of-the-art software 

for accomplishing this “tracking” 
problem. However, screening for anti-
microbial compound at the single-cell 
level has remained impossible so far 
because image analysis tools still rely 
on manual curation for accurate seg-
mentation and tracking, thereby highly 
constraining throughput.

Monitoring the response of Escherichia coli to ceftriaxone treatment (100 μg/mL), one cell at a time: 
this fluorescence time-lapse shows bacterial cells constitutively expressing GFP as they grow before 
exposure to ceftriaxone, and later as they die.

without ceftriaxone with ceftriaxone
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Thomas Julou
Senior Scientist, University of Basel

Michael Mell
Postdoc, University of Basel

For me, the Free- 
Novation program  
was particularly  
exciting in two ways: 
to build experience 
with deep-learning 
techniques, which 
nicely complement my 
background in image 
analysis and software 
development. And to 
contribute to solving  
a major challenge that 
our society is facing.

As a junior PI, the  
FreeNovation  program 
allowed me to get new 

ideas  funded more  
easily than through  

conventional schemes: 
in particular the  

double-blind  reviewing 
gives bold ideas a 

chance to get selected 
even if the applicant  

has not yet published  
in this field. 



appearance (morphology, opacity, 
contour, etc.) may change after antibi-
otic exposure. Thus, this FreeNova-
tion project also allowed us to identify 
that taking this diversity of cell 
appearance and morphology into 
account for image analysis will be the 
next challenge to put our vision in 
practice. Tackling this issue will only be 
possible with detailed knowledge of 
these changes, which can be already 
obtained from the new experimental 
data acquired during the project.

Key results
To solve this challenge, we took 
advantage of one of the most suc-
cessful recent developments in the 
field of artificial intelligence: the auto-
mated segmentation and classifica-
tion of complex objects in images by 

convolutional neural networks (often 
referred to as “deep learning”). In this 
approach, pixel intensities in images 
are processed by several layers of 
interconnected filters that have been 
pre-trained on annotated datasets, in 
order to compute the probabilities 
that each pixel belongs to a given cat-
egory of object. We completely rede-
signed our image analysis software in 
order to take advantage of deep 
learning tools. The precise probability 
maps  obtained by the convolutional 
neural network allow much more 
accurate cell tracking, which in turn 
dramatically reduces the need for 
manual curation by the user. The proj-
ect is still ongoing and we are cur-
rently focusing on reliably extracting 
those parts of the automatic tracking 
predictions that do not require manual 
curation. Altogether, this should allow 
us to match the throughput necessary 
for drug discovery.

In the context of this project, we also 
aimed at establishing whether it is 
possible to describe the response of 
bacteria to antibiotics in a quantitative 
and comprehensive manner (for sev-
eral antimicrobial compounds, bacte-

ria strains, or treatment protocols) 
from single-cell experiments where 
bacteria are monitored upon antibiot-
ics exposure. We performed experi-
ments where E. coli bacteria were 
treated with clinically important anti-
biotics, testing five different antibiotic 
families which target different cellular 
processes and two treatment proce-
dures. 

Our high-throughput setup allowed us 
to capture the diversity of responses 
to such realistic treatments, including 
rare events where cells survive to pro-
longed exposure. This data will allow 
us to develop new probabilistic meth-
ods to infer perturbations in growth 
rate and death rate of single cells as a 
function of their physiological state 
and of the treatment protocol (time 
course of exposure). But the most 
striking insight of these experiments 
is perhaps the extent to which cell 

Altogether, this FreeNovation project 
allowed us to develop new computa-
tional tools in order to open a new 
research direction in our lab: using 
single-cell methods to identify and 
treat bacterial cells which cannot be 
treated with conventional antibiotics. 
These new approaches will also play 
an important role in our contributions 
to the new NCCR AntiResist, dedi-
cated to filling the innovation gap in 
the discovery of new antibiotics.

The precise probability maps obtained by  
the convolutional neural network allow much 
more accurate cell tracking, which in  
turn dramatically reduces the need for manual 
curation by the user.

The FreeNovation program is invaluable in 
 allowing labs to  pursue high-risk/high-gain 
 projects that would be difficult to fund using 
 traditional means. Our project is a perfect  
example and has already transformed  
the work in our lab, opening new avenues  
that were  previously impossible.
Erik van Nimwegen, University of Basel
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Funded projects overview

PROJECT TITLE NAME INSTITUTION

Deep signaling – bridging the gap between  
drug discovery and clinic

Dmitry Veprintsev 
Xavier Deupi

Paul Scherrer 
Institute

Towards the structure-based design of  
broad-spectrum anti-apicomplexan drugs 

Natacha Olieric 
Ashwani Sharma

Paul Scherrer 
Institute

Scaffolds for the structure elucidation  
of GPCR-drug complexes from single particles  
by cryo-EM

Roger Benoit Paul Scherrer 
Institute

Self-grown bacteria cellulose capsules Peter Fischer  
Patrick Ruehs

ETH Zurich

Stealth nanobiocatalysts for site-selective  
prodrug therapies

Patrick  
Shahgaldian 

FHNW

Viral prohead RNA: a stabilized, targeted  
siRNA delivery platform for cancer therapy

Alyssa Hill ETH Zurich

Microfluidic 3-D lymph node tissue engineering Matthias Mehling 
Timm Schroeder

University of Basel 
ETH 

An automatable geno-phenotypic assay  
for cystic fibrosis to pave the way to  
precision medicine

Nathalie  
Brandenberg 

EPFL

Data-driven and physics-based reverse engineering  
of tendons: from molecules to tissues

Nikolaos  
Karathanasopoulos 

ETH Zurich

Engineering human islets using synthetic  
lineage-communication networks

Martin  
Fussenegger 

ETH Zurich

In-vitro engineering of a human bone marrow as 
drug-test system for myeloproliferative neoplasms

Paul Bourgine 
Morgane Hilpert

University of Basel

Broad-spectrum antiviral molecules with  
virucidal mechanism

Francesco Stellacci EPFL

PROJECT TITLE NAME INSTITUTION

The WHAT app: Wound Healing Analysis and Tracking 
using novel mobile health biomarkers

Walter Karlen ETH Zurich

Intelligent eyeglasses bring into focus the root  
causes and intervention needs of the global rise  
in myopia

Vanessa Leung University of Basel

4-D image reconstruction with AI-based lesion 
quantification as biomarker for acne in  
genomic studies

Marc Pollefeys 
Alexander Navarini

ETH Zurich 
University of Zurich

oxi-PAD, a new device for measuring and mapping 
oxygenation in peripheral artery disease (PAD)

Christian Bosshard 
Nenad Marjanovic

CSEM

Transformation of mucin glycosylation by gut 
microbiota promotes tumorigenesis

Lubor Borsig University of Zurich

Next-generation glycoproteomics – targeting  
the heterogeneity of protein glycosylation for  
disease markers

Francis Jacob University Hospital 
Basel

Two-dimensional spectroscopy – mass spectrometry 
approach for identification of isomers of glycans

Oleg Boyarkine EPFL

Induction of immune tolerance by milk  
oligosaccharides

Thierry Hennet University of Zurich

Microb-aging – consequence or causality  
of age-related frailty?

Mario Noti University of Bern

Drug targeting to the colon based on specific 
degradation of xyloglucan by the colonic microbiome 

Georg Lipps 
Georg Imanidis

FHNW

Engineering the intestinal microbiota to influence
metabolic health

Emma Slack
Wolf-Dietrich Hardt

ETH Zurich

Oxalotrophy as a therapeutic alternative for  
the control of fungal pathogens

Pilar Junier University of 
Neuchâtel

Identification of the microbiome as modulator  
of intestinal fibrogenesis

Martin Hausmann University Hospital 
Zurich

2016
Microbiome. Glycobiology.  
Digital health

2017
Tissue engineering and biomaterials.  
Targeted drug delivery. Drug design
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PROJECT TITLE NAME INSTITUTION

Light-tunable closed-loop drug-delivery systems Claudio Toncelli 
Markus Rottmar
Luciano Boesel

Empa

Learning from the extraordinary: the molecular 
underpinnings of extreme memorizers

Andreas Papassoti-
ropoulos, Dominique 
de Quervain 

University of 
Basel

Histology-driven computational modeling to optimize 
the cocktail PSMA-directed radioligand therapy

Kuangyu Shi 
Axel Rominger

University of Bern

RISE: Reaching deep structures by non-Invasive brain 
Stimulation to modulate striatum-based lEarning

Maximilian J Wessel 
Esra Neufeld

EPFL 
IT’IS Foundation

In search of an anti-aging drug: selective mTORC1 
inhibition 

Asier González 
Stefan Imseng

University of 
Basel

“Endogenous optogenetics” to restore vision in the blind Sonja Kleinlogel University of Bern

Improving treatment decisions for acute stroke patients 
through deep-learning-based risk analysis

Beate Sick 
Susanne Wegener 
Helmut Grabner

Univ. of Zurich 
Univ. Hosp. Zurich 
ZHAW

A futile lipid cycle in white adipose tissue – a novel 
target for obesity and metabolic diseases

Christian Wolfrum ETH Zurich

Glycans into the single-cell toolbox: leveraging the 
glycocalyx for translational research

Christian Beisel 
Francis Jacob

ETH Zurich 
Univ. of Basel

PROJECT TITLE NAME INSTITUTION

Puzzling the mind: personally tailored puzzle game 
intervention to promote cognitive health in aging

Prabitha Urwyler University of Bern

A multimodal approach for epileptic seizure detection 
and prediction using wearable sensors

Isabelle Dupan-
loup Duperret

SICHH

Entropy and synchrony markers for modeling cognitive 
decline in patients with Parkinson’s disease

Volker Roth 
Peter Fuhr

Univ. of Basel  
Univ. Hospital Basel

Train children with ADHD how to self-regulate their 
attention with virtual reality, EEG, and fMRI

Frédéric Grouiller University of 
Geneva

Robust measures of cerebral atrophy using heterosce-
dastic superresolution deep learning

Richard McKinley 
Christian Rummel

University Hospital 
Bern

Classification of biopsies with uncertain malignancy by 
AI-assisted spectral pathology

Inge Herrmann Empa

LesionCaptcha: towards collecting clinical trial quality 
data from routine clinical radiology

Bram Stieltjes University Hospital 
Basel

Clinical routine lab diagnostics in concert Cornelia 
Schneider

University Hospital 
Basel

Learning to segment pathology Simon Pezold 
Philippe Cattin

University of Basel

Measuring single-cell pharmacodynamics of antibiotics 
with deep learning

Thomas Julou 
Erik van Nimwegen

University of Basel

Virtual twinning for intelligent, personalized transdermal 
drug delivery

Thijs Defraeye 
René Rossi

Empa

Analyzing activity of controlled small networks of living 
neurons with artificial intelligence

Janos Vörös ETH Zurich

Harvesting the beauty of natural products by artificial 
intelligence

Gisbert Schneider ETH Zurich

Neural networks for intelligent processing of single-
particle cryo electron microscopy data

Andrzej Rzepiela 
Simon Nørrelykke

ETH Zurich

2018
Artificial Intelligence (AI) in drug discovery.  
AI in drug development and medical practice. AI and the patient

2019
Systems medicine:  
From molecule to phenotype and better therapies 
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PROJECT TITLE NAME INSTITUTION

In-depth analysis of the B-celll compartment in asthma 
discordant and concordant monozygotic twins

Willem van de Veen SIAF, University 
of Zurich

Atopic dermatitis and the mycobiome – a gut-skin axis? Marie-Charlotte 
Brüggen

University 
Hospital Zurich

Molecular features of nonlesional and lesional skin of 
atopic dermatitis: possibility of treatment

Yasutaka Mitamura SIAF, University 
of Zurich

Towards therapeutic use of CRISPR-Cas9-mediated 
prime editing in the brain

Desirée Böck University of 
Zurich

Context-dependent transcriptional perturbation by 
CRISPR-Cas13 system

Isabelle Mansuy 
Bogdan Mateescu

University of 
Zurich

An arrayed CRISPR-based forward-genetics screen for 
modulators of prion transmission

Elena De Cecco University 
Hospital Zurich

A bacterial vector for specific CRISPR-Cas9 gene therapy Alexandre Persat EPFL

Targeted and inducible protein substitution as gene 
therapeutic strategy against viral infections

Karin Metzner University 
Hospital Zurich

Stable dimers of AAV vectors as a new gene therapy 
modality for robust delivery of large payloads

Jörg Schreiber ETH Zurich

Lipo-linker: a modular synthetic biology platform for 
customizable branched lipopeptides

Anna Vagstad ETH Zurich

2020
Beyond CRISPR. Unusual formats of therapeutics.  
Molecular mechanisms of allergy development

Natacha Olieric and Ashwani Sharma, Paul Scherrer Institute, recipients 2017
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FreeNovation is funding beyond  
barriers supporting unconventional 
ideas. Straightforward and blinded  
application enabled to pursue  
an exciting and still ongoing project.
Francis Jacob, Department of Biomedicine, University Hospital 
Basel and University of Basel, FreeNovation 2016 and 2019

As a young scientist, FreeNovation offered  
me the opportunity to obtain a first grant  
for an innovative and multidisciplinary project. 
Frédéric Grouiller, Basic Neurosciences, University of Geneva,  
FreeNovation 2018

Opposite to standard grants, which are 
races “to publish to get the next grant”,  
FreeNovation allows a negative result to justify 
your work. This new way attracts to apply.
Oleg Boyarkine, Institute of Chemical Sciences and Engineering, EPFL, 
FreeNovation 2016

Statements of investigators

We wanted to collaborate on something 
very creative and a little risky, the kind of 
project we would otherwise never do be-
cause we would not find funding for it.
Vanessa Leung and Roman Schmied, Department of Biomedical  
Engineering, University of Basel, FreeNovation 2016

The review was not about who  
submitted the grant – you were judged  
on your scientific quality.
Francis Jacob, Department of Biomedicine, University Hospital Basel  
and University of Basel, FreeNovation 2016 and 2019

I dearly wanted to move my project  
into a clinical pilot but this is extremely 
difficult as a young scientist. With 
FreeNovation I could apply without  
career-dependent requirements.
Nathalie Brandenberg, Institute of Bioengineering, EPFL, 
FreeNovation 2017
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FreeNovation changed our whole research  
direction. In 2016, we entered eye tracking with 
no track record. Today we are among  
the few with expertise in this technology.
Vanessa Leung and Roman Schmied, Department of Biomedical Engineering,  
University of Basel, FreeNovation 2016

I got the opportunity to develop a 
project combining virtual reality and 
neuroimaging. This approach will be 
adapted for future applications in  
neurology and psychiatry. 
Frédéric Grouiller, Basic Neurosciences, University of Geneva, 
FreeNovation 2018

FreeNovation turned a curiosity-driven 
risky project to a new blooming research 
direction. The freedom in managing of  
the grant was a great part of our success.
Oleg Boyarkine, Institute of Chemical Sciences and Engineering,  
EPFL, FreeNovation 2016

The CV blind selection of our idea has 
enabled us to go from an “innovative idea” 
without preliminary data to a fully estab-
lished new project employing four persons. 
Natacha Olieric and Ashwani Sharma, Department of Biology  
and Chemistry, Paul Scherrer Institute, FreeNovation 2017

The innovative aspect attracted me 
to apply. It gives us the opportunity to 
venture into a new research direction, 
and this is always a lot of fun.
Sonja Kleinlogel, Institute of Physiology, University of Bern, 
FreeNovation 2019

FreeNovation made a real difference in my career.  
It allowed me to validate my hypothesis and  
now I’m shaping a larger project to demonstrate  
the clinical use of the approach I developed. 
Nathalie Brandenberg, Institute of Bioengineering, EPFL, 
FreeNovation 2017
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there are no strings attached, e. g., the 
Novartis Research Foundation is pro-
viding the initial funding but has no 
other influence, neither on the scien-
tific direction nor any potential com-
mercial exploitation of these ideas.

What does FreeNovation do for the 
promotion of unconventional ideas? 
What is the scientific quality of pro-
posals?

CL It is an unconventional submission 
scheme, focusing on the capacity to 
expose a challenge, a potential solu-
tion, in a very condensed form, without 
the burden of building usual proposals. 
It stimulates imagination rather than 
the ability to answer formal structures. 
The format, such as pitches in a very 
short slide format, forces to focus on 
the real innovation. The candidates 
have to be concise, clear, focused. The 
value of the proposal is really made of 
the innovative content rather than the 
ability to comply to a large deep struc-
tured application. 

FreeNovation is very competitive. The 
scientific content is high, and the 
diversity, originality and innovation 
content of the project is really good.  
I love FreeNovation. There are always 
really surprising and innovative ideas!

How is FreeNovation different from 
other funding programs where you 
have been a reviewer?

Christian Lovis FreeNovation is more 
than a funding program, it is a spirit. 
Originality, creativity, disruptive approa- 
ches are encouraged in a light and fast 
process without administrative hurdle. 
From the submission process to the 
evaluation, the final decision and the 
reporting, FreeNovation is a different 
way to promote innovation. 

Chas Bountra It is ideal for a junior 
researcher with an unconventional 
plan and a passion for improving the 
lives of patients. In many other pro-
grams publication record, track 
record, grant income and seniority 
can drive thinking. Just thinking about 
the pros and cons of an idea is 
refreshing.

Thomas Pietzonka First, compared 
to other funding programs, it is a “no 
limit” call for ideas in the broad fields 
of biomedical sciences in Switzerland. 
There are no pre-defined constraints 
or limitations also on the maturity or 
applicability of ideas. Unconventional 
or even crazy ideas can get funded as 
long as there is at least a theoretical 
path to experimental testing. Second, 

What reviewers say 
about FreeNovation

Christian Lovis 
Reviewer 2016/18
Professor and chairman Division of Medical 
Information Sciences, Hôpitaux Universitaires  
de Genève (HUG) and Director of the academic 
department of radiology and medical  
informatics, University of Geneva 

Chas Bountra 
Reviewer 2018
Pro-Vice-Chancellor for Innovation, University  
of Oxford, Director Centre for Medicines 
Discovery, Professor of Translational Medicine, 
Nuffield Department of Clinical Medicine and 
Professorial Fellow Keble College

Thomas Pietzonka 
Reviewer 2020
Global Head Biotherapeutics & Analytical 
Technologies, Novartis Institutes for 
BioMedical Research

4342



TP For one it is the “Who could think 
of that?!” reflection you get after 
reading some of the proposals, which 
makes you pause and maybe even 
recalibrate some of your own assump-
tions you have been building during 
decades-long career in science. I find 
this really revitalizing. Another equally 
inspiring experience is the discussion 
within the reviewer panel where we 
can compare and contrast the some-
times different but very often also 
similar views on scientific proposals 
from the different perspectives (aca-
demia and industry).

dates is really not considered as an 
important asset. What is evaluated is 
the innovation, the capacity to break 
walls. It is a risky funding scheme. I 
really see more innovative ideas than in 
many other funding schemes, but also 
less grounded with preliminary studies. 
There are clearly less guarantees to 
succeed. 

CB I believe we need many more such 
funding schemes (applicant unknown, 
no pilot data required) – such break-
through thinking is likely to produce 
big benefits for millions of patients. 
History has taught us that dreamers/ 
visionaries have changed the world, 
usually by overcoming much resis-
tance from traditional thinkers. 

TP Definitively the blinded review pro-
cess. Only at the very end after all 
decisions have been made, I get to 
know the names of the applicants and 
the related academic institutions. This 
is sometimes as refreshing as reading 
the proposals themselves and guaran-
tees that there is no unconscious bias 
affecting the review of the science.

Could you share a personal experi-
ence as a FreeNovation reviewer that 
impressed you?

CL Well, there are great moments 
during the discussions. I was reviewer 
in 2016 and 2018. I remember the rich-
ness and diversity of projects around 
digital health. Smart sensors, artificial 
intelligence, patient-centered data- 
sharing processes, privacy preserving 
secondary usage of data for research, 
amongst many others. All hot topics, 
lots of ideas for problems still unre-
solved today, and would probably 
deserve a “wall-breaking” approach.

CB I loved meeting the Chairman of 
Novartis, and learning about his com-
mitment to pharmacy, science, innova-
tion and importantly this program. He 
is inspiring.

CB The sustainability of this scheme 
and the commitment of senior leaders 
to it are testament to the Novartis 
Research Foundation’s vision of en -
abling and catalyzing transformative 
science, and growing the biomedical 
community for the benefit of all.  
I thought some ideas were fabulous, 
and some unlikely to succeed – the 
energetic discussion during the review 
where we discussed milestones to 
demonstrate “proof of concept” swayed 
my thinking on several projects.

TP We usually set a small number of 
large fields where we want to focus 
the next funding rounds (in 2020, it 
was “beyond CRISPR”, “allergies”, and 
“unusual formats”) but then let the 
ideas bubble. As you can imagine (and 
as we hope) we get ideas at all stages 
from initial thoughts to well worked out 
concepts with preliminary data. What 
is common though is that the scientific 
rigor and quality is always at a very 
high level.

How does the review work in com-
parison to other programs? 

CL The review is just completely differ-
ent. First, the applicants being com-
pletely blinded, it lowers the biases. 
Second, the track record of the candi-

History has taught us that visionaries  
have changed the world, usually by overcoming 
much resistance from traditional thinkers.
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Voices of university 
representatives

How does FreeNovation fit into the 
funding landscape?

FreeNovation is an exceptional pro-
gram in the Swiss funding landscape. 
In addition to the type of call for pro-
posals, FreeNovation is characterized 
by its focus on content and not on the 
administrative framework. The selec-
tion system favors new ideas rather 
than implemental work from settled 
research groups in a given scientific 
field. It also allows young scientists, 
without a strong research record, to 
obtain seed funding to transform their 
ideas into results. Those points make 
the program very attractive for re- 
searchers with different backgrounds 
and experience.

What do you think of FreeNovation?

FreeNovation is an excellent program 
that provides a lot of room for research 
projects. Due to the excellent frame-
work conditions, researchers can 
focus on the content of their work. In 
addition, blind applications promote 
projects based on content and not the 
track record. FreeNovation thus cre-
ates framework conditions to enable 
real freedom to operate and sets the 
stage for truly innovative projects.

Falko Schlottig
Professor, Director School of Life 
Sciences, Fachhochschule Nordwest-
schweiz (FHNW)

What is needed in the future to pro-
mote innovative research and break-
through scientific discoveries?

Attractive, courageous and outside-
the-box topics in the call for proposals 
can set the framework for excellent 
project submissions, innovative re-
search and breakthrough scientific 
discoveries. The combination of 
crowdsourcing research questions 
and blind application programs without 
the requirement for preliminary results 
is an excellent route to extraordinary 
project ideas. An additional benefit is 
the support of cross-discipline ideas 
and agile approaches in project im - 
plementation. Supporting the fast 
exchange of project results within and 
between projects in the spirit of open 
science, e.g., via the new information 
channels of social media, can also 
lead to novel and unconventional 
ideas. Free usability of research 
results and project funds are another 
important piece of the puzzle. In addi-
tion to quick decisions, the submission 
should be as simple as possible and 
the administrative load small. 

FreeNovation is  
charac terized by its  
focus on content  
and not on the  
administrative frame-
work. The selection 
system favors new ideas 
rather than implemental 
work from settled  
research groups in  
a given scientific field.
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the quality and originality of the 
research project, rather than the track 
record of the applicant or the expected 
feasibility, FreeNovation succeeded  
in fostering a series of innovative re-
search projects that could most likely 
not have been realized in traditional 
funding schemes due to their uncon-
ventional approach. With the Spark 
program, the Swiss National Science 
Foundation (SNSF) recently also intro-
duced a similar mechanism to fund 
unconventional promising ideas of high 
originality with minimal reliance on pre-
liminary data. FreeNovation has been a 
pioneer in promoting high-risk/high-
gain projects and remains a unique 
opportunity for life science research in 
Switzerland. 

What do you think of FreeNovation?

Exploring uncharted territory requires 
the courage to leave the trodden 
paths. FreeNovation gives talented 
researchers the freedom to explore 
bold and ground-breaking ideas in 
order to address tomorrow’s challen-
ges in biomedical research. FreeNova-
tion is therefore a unique opportunity 
for creative minds.

Torsten Schwede 
Professor, Vice-President for Research, 
University of Basel

What is needed in the future to pro-
mote innovative research and break-
through scientific discoveries? 

Scientific breakthrough discoveries 
are often the result of curiosity-driven 
research following unconventional, 
high-risk/high-gain approaches. A pre-
requisite for innovative research is an 
environment where researchers have 
the freedom to explore bold and 
ground-breaking ideas to develop the 
innovations which ultimately benefit 
health and society. It is our noblest, but 
also our most difficult task to create an 
environment in which future genera-
tions of scientists can be curious, inde-
pendent, productive and ultimately 
innovative.

How does FreeNovation fit into the 
funding landscape?

FreeNovation plays an important role 
in the Swiss research and innovation 
funding landscape by creating oppor-
tunities for creative and unconven-
tional ideas. By focusing exclusively on 

It is our noblest, but  
also our most difficult 
task to create an  
environment in which 
future generations of  
scientists can be  
curious, independent, 
productive and  
ultimately innovative.
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FreeNovation –  
archaeology of the future?
Gerd Folkers

Pharmaceutical research is one of the 
most eminent disciplines dealing with 
the future. Predictions are its implicit 
motivation. Its goals are to relieve 
people from the burden of disease, to 
enable them to bear it and to support 
a life as autonomous as possible. The 
“eradication” of smallpox and polio, 
the “fight against cancer” mark a 

future threat scenario in warlike 
vocabulary, which must be countered 
with ultimate “weapons”. These epi-
demiological projections, i.e., our 
medical future, are negotiated in soci-
ety and are therefore of great political 
significance. This is because mea-
sures to prevent such scenarios from 
occurring can usually only be imple-
mented if they are broadly accepted 
by the public: A vaccination is intro-
duced, a standard therapy is estab-
lished and paid for, and research is 
promoted. Possible future scenarios 
thus have a direct impact on our pres-
ent through the actual measures 
taken to influence them. Of course, 

the history of ideas is also subjected 
to this influence. Our thinking models 
or the perception of individual and 
social reality depend on which future 
scenarios are assumed. This has 
become a commonplace experience 
for us. Pandemics, climate change, 
environmental pollution, artificial 
intelligence are the ultimate drivers of 

our options for action. The interesting 
and scientifically indispensable ques-
tion arises as to the effects of these 
foci. Do they restrict the views and 
the wealth of ideas of science? Do 
they make certain paradigms insur-
mountable? Do the “thought collec-
tives” become too powerful?

The mechanisms are insidious and 
often political-economic in nature. 
For example, one could adopt the 
attitude that only “useful” things 
should be researched. “Useful” in 
view of the future threat scenario. 
Research funds thus flow, sometimes 
like torrents of water, into ideas that 

are currently considered “useful” by 
the scientific community and society 
and run the risk – to stay with the pic-
ture – of sweeping the nearby banks 
and draining other areas. It is now 
known that it is extremely difficult to 
predict the future and therefore, we 
work with scenarios, with possibilities. 
But it is important to make sure that 
we are not overwhelmed by one  
scenario or that only one world of 
ideas dominates. This is shown by  
the (scientific) his tory of the present. 
The unexpected has freed us from 
some path dependencies in which  
we were helplessly trapped. In con-
trast, for example, the “personal com-
puter” and the MP3 format erased 
other predicted paths both for scien-
tific computing and the entertainment 
industry.

Would it not be consistent to pursue 
an “archaeology of the future” in order 
to give the unexpected a stage, now in 
the present? In practice, this means 
promoting unconventional approaches, 
encouraging originality, trying out 
ideas that do not develop along the 
lines of the prevailing opinion.

The fragility of dominant paradigms is 
hardly more beautifully depicted than 
in the fundamental painting “The new 

era” by Niklaus Stoecklin (see p. 53) 
from 1940.

FreeNovation is a modest attempt to 
fold possible future scenarios back to 
the present.

Our thinking models or the perception  
of individual and social reality depend on  
which future scenarios are assumed.

Rainer Egloff, Gerd Folkers, and Matthias Michel 
(editors). Archäologie der Zukunft. Edition Col-
legium Helveticum 3. Chronos, Zurich 2007 (out 
of stock).

Gerd Folkers
Gerd Folkers serves as the President 
of the Novartis Research Foundation. 
He is Professor em. for Pharmaceuti-
cal Chemistry ETH Zurich focusing on 
the molecular design of bioactive 
molecules. “As one of ETH’s most 
multifaceted intellectuals” he has been 
the chair of the Collegium Helveticum, 
head of the Critical Thinking ETH 
initiative, held executive positions in 
the Swiss Academy of Pharmaceutical 
Sciences, the Swiss Academy  
of Engineering Sciences, the Swiss 
National Science Foundation, and 
presided the Swiss Science Council.
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Niklaus Stoecklin’s painting  
“The new era”
Gerd Folkers

Not far from Basel, the Isenheim Altar 
spreads terror and gives comfort. 
What appears on the side wings as a 
horror vision of St. Anthony in Breu-
ghel’s style can be interpreted as a 
pictorial version of the pharmacology 
of ergot alkaloids. Tormented by gan-
grenes and chased by delusions, 
those poisoned by the “Antonius fire” 
languish. The Antonius wine has rarely 
helped.

400 years later, Arthur Stoll set up a 
pharmaceutical department for San-
doz in Basel. The central topic of his 
research is ergot alkaloids, the ingre-
dients of Claviceps purpurea, the fun-
gus which, along with the plague, was 
one of the menaces of the last centu-
ries in Europe. Here Stoll succeeded 

in the pure presentation of ergota-
mine, which was effective against 
headache and marketed as GYNER-
GEN® was a “blockbuster” of the 
company. The knowledge attributed to 
Paracelsus from Basel that the dose 
made the poison proved its worth in 
practice. The presentation and phar-

mainly found in foxglove (Digitalis 
pupurea, D. lanata) and sea onion 
(Scilla maritima) and have a stimulating 
effect on the heart muscle, increasing 
its power and reducing its frequency. 
The painting shows the popular 
medicinal plants on the left margin 
together with the yellow flower of 
Strophantus kombé, an ergot-infested 
rye, and a belladonna carrying tro-
pane alkaloids.

The painting by Niklaus Stoecklin is a 
homage to Arthur Stoll. His message 
is a paradigm shift. It is no longer the 
whole plant or its organs that are used 
as a therapeutic agent and in prepara-
tions, but its ingredients, chemically 
pure prepared. This required not only 
newer extraction and purification 

macological research of ergot alka-
loids from ergot became a commercial 
success and at the same time a great 
moment in industrial pharmaceutical 
research, culminating not least in LSD. 
The “aniline factory” Sandoz became 
the pharmaceutical company Sandoz.

The company had this moment cap-
tured for posterity in a magnificent 
painting in the style of New Objectiv-
ity. The Basel artist Niklaus Stoecklin 
created the commissioned work in 
1940. Almost in the style of a panel 
work intended for an altar, Stoecklin 
arranged medicinal plants, extraction 
apparatus and pharmacological mea-
suring instruments in a time or work-
ing axis from left to right. The boxes of 
the products appear at the outermost 

edge, in the center and almost incon-
spicuous in perspective is the “bible”: 
Arthur Stoll, The Cardiac Glycosides 
(London, 1937). It points to Stoll’s sec-
ond, perhaps even more important 
field of research and thus to Sandoz’s: 
the cardiac glycosides. These ste-
roids, which are linked to sugars, are 

methods, such as chromatography 
(Tswett, 1903) – the picture shows a 
column filled with silica gel for the 
separation of plant extracts – but also 
new methods of effect analysis. Hang-
ing above Stoll’s book are two isolated 
frog hearts whose reflexes on the 
pure active ingredients added to the 
solution are recorded by the black 
recording drum. The background is –
very symbolically – a sunrise. 

Pharmaceutical research has long 
been in a new paradigm. The co-evo-
lution of molecular biology, genetic 
engineering and computer science 
has opened up undreamt-of worlds of 
imagination. Is it time for recording the 
next “new era”?

Degen, Bernard, “Stoll, Arthur” in: Neue Deutsche Biographie 25 (2013), p. 410–412 [online version]; 
URL: https://www.deutsche-biographie.de/pnd118618571.html#ndbcontent.
Apotheker-Kalender 3/2000, Deutscher Apotheker Verlag Stuttgart.

The company had this moment captured  
for posterity in a magnificent painting. 
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Hans Widmer You developed an 
entirely novel method to determine 
protein structures in solution by 
nuclear magnetic resonance (NMR). 
As every scientific breakthrough, this 
was not achieved overnight. When you 
think back to the early days, can you 
identify key moments when you recog-
nized that you are up to something 
extraordinary?

HW You had the vision and the deter-
mination that it could be done. It 
required trial and error to find a way 
that finally succeeded.

KW I think I was quite stubborn. I was 
convinced it could be done before I 
knew how. It was also a real challenge. 
Nobody believed that it could be done. 
For me it was an encouragement to 
have such resistance. 

HW In the mid-80ies, when I was in 
your group, there was still significant 
push-back from established scientists 
questioning that it is possible to deter-
mine protein structures by NMR in 
solution. How did you convince the 
skeptics? 

KW We simulated NMR data sets by 
taking distances out of crystal struc-
tures and successfully calculated 
these structures from the distances 
alone. If we didn’t have this proof of 
principle, I wouldn’t have been so sure 
that we were right. In 1984, we then 
had the first protein structure of the 
bull seminal proteinase inhibitor. We 
also solved the structure of metallo-
thionein in solution, which was com-
pletely different from the crystal 
structure. In 1986, Robert Huber 
(Chemistry Nobel Prize 1988) pro-

Kurt Wüthrich The first proteins for 
which crystal structures were solved 
were hemoglobin and myoglobin. I 
knew about them because of my inter-
est in the role of oxygen uptake in 
competitive sports. That’s how I got 
involved with hemoglobin. But I had 
doubts about predictions on how pro-
teins function based on these crystal 
structures. I wanted to understand 
proteins in more natural environments. 
This was only an idea, but a very 
strong one. For several years I thought 
we could solve structures in solution 
by exploring diamagnetic local fields, 
but we made no progress whatsoever. 
Then we found theoretical papers 
about the nuclear Overhauser effect 
(NOE, i. e., a mechanism of spin polar-
ization transfer) in proteins, but their 
authors concluded that NOEs could 
not be used for studies of proteins. 
Based on their theoretical work, we 
developed one-dimensional NOE 
experiments and soon we determined 
the structure of glucagon bound to 
micelles. But for proteins we didn’t 
have enough resolution. We solved this 
problem in a collaboration with Richard 
Ernst (Chemistry Nobel Prize 1991) 
that resulted in two-dimensional NMR 
for protein studies. Having developed a 
new method, we and others got new 
insight into protein functions.

posed to solve the structure of the 
alpha-Amylase inhibitor Tendamistat in 
parallel by NMR and by crystallogra-
phy and then compare. Within months 
we had the NMR structure, even 
before Huber had crystals. At the end, 
he solved the structure personally and 
discovered that it is identical to ours. 
This finished the discussions. Years 
later, the crystal structure of metallo-
thionein was determined again, and 
the new structure was identical to the 
one we could hardly publish six years 
earlier.

How do breakthroughs happen? 
The Nobel Laureate Kurt Wüthrich shares his experiences  
in an interview with Hans Widmer 

Kurt Wüthrich 
Kurt Wüthrich is Professor of Bio-
physics at the ETH Zurich, Switzer-
land, the Cecil H. and Ida M. Green 
Professor of Structural Biology at 
Scripps Research, La Jolla, CA, USA, 
and Distinguished Senior Professor  
at the iHuman Institute, ShanghaiTech 
University, Shanghai, China. 

He was awarded the Chemistry Nobel 
Prize in 2002. 

He acted as consultant for Sandoz, 
Ciba-Geigy and Novartis from 
1978–2019, publishing numerous 
papers with scientists of these 
companies.

Hans Widmer
Hans Widmer obtained his Ph. D. in the 
group of Kurt Wüthrich, ETH Zurich, in 
1987. After a postdoc at the University 
of California San Francisco he joined 
Sandoz, now Novartis, in 1989. Now 
he is an Associate Director, External 
Science and Partnerships in the 
Novartis Institutes for BioMedical 
Research. On behalf of the Novartis 
Research Foundation he is the 
program director of FreeNovation.
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HW So you convinced people with 
hard data. 

KW It was only after the competition 
with Tendamistat that people believed 
it. From there on, it was all going for-
ward, for example, the homeodomain 
structure with Walter Gehring. An- 
other exciting project was with San-
doz, where we collaborated with you 
and colleagues on the cyclosporine- 
cyclophilin complex. 

HW Indeed, I joined Sandoz at that 
time. We had chemists and biologists 
working with you to understand how 
this immunosuppressant works.

KW The structure of cyclosporine 
bound to cyclophilin turned out to be 
completely different from other struc-
tural information available. This was a 
big surprise with direct practical impli-
cations for drug design.

HW On a different topic, you also 
obtained a university degree in sports. 
How did you reconcile your passions 
for sport and research? 
 
KW It is not uncommon for scientists 
to have a second line. Manfred Eigen 
(Chemistry Nobel Prize 1967) was a 
highly gifted piano player. He played 
with the Vienna Philharmonics. Music 
is often there. In my case it was 
sports. It brought me two things. First, 
I knew about hemoglobin when we 

started to do high-altitude training. 
Secondly it helps to stay in good 
shape. Once we finish this talk, I’ll go 
swimming for an hour. It helps to be 
physically fit.

HW And endurance is important both 
in science and in research. What 
about fun? 

KW Most important is that it’s fun.  
I did much of the early work with a 

very small team, and we often worked 
through the nights. It was hard work, 
but a lot of fun! And I still enjoy it!

HW So far we talked about what it 
takes for a scientist to become an 
innovator. What can research pro-
grams do to enable breakthrough sci-
ence? 

KW It needs risk taking by those who 
distribute the money. You have to be 
able to write off 8 or 9 of 10 attempts. 
If you are doing a good job, you have 
one hit or two in ten. That’s not what 
conventional programs look for, they 
want 11 hits from 10 grants! They also 
want the work to be completed at the 
time you ask for the money to do it, 
otherwise you won’t get a grant. 

HW That’s exactly what we are 
addressing with FreeNovation!

Nobody believed that it could be done. For me it  
was an encouragement to have such resistance.
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