
The six months research programme 
on coupling geometric parti al diff er-
enti al equati ons with physics for cell 
morphology, moti lity and patt ern for-
mati on was the fi rst of its kind to bring 
together at the INI for Mathemati cal 
Sciences world-leading theoreti cians, 
experimentalists, bio-medical practi -
ti oners and stati sti cians with the goal 
of understanding, on one hand, how 
current mathemati cal techniques, 
including mathemati cal modelling 
and numerical and stati sti cal analysis, 
can be used to formulate and analyse 
topical problems in cell moti lity and 
patt ern formati on and how diverse 
experimental results can be translat-
ed into predicti ve mathemati cal and 
computati onal models across several 
spati o-temporal scales. Recent advanc-
es in cell moti lity and patt ern forma-
ti on including high resoluti on imaging 
techniques in 3-dimensions necessitate 

new mathemati cal and 
computati onal theories 
to help guide, suggest, 
refi ne and sharpen 
further experimental 
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hypotheses. The programme laid out 
premises for topical research that 
seeks to couple molecular, cellular, ti s-
sue and fl uid dynamics in a multi scale 
interdisciplinary environment there-
by enabling the generati on of new 
scienti fi c knowledge across several 
disciplines. 

The programme was structured in such 
a way that best harnessed experti se 
and knowledge between experimental 
and theoreti cal sciences with the goal 
of breaking barriers between these 
disciplines. In the UK the programme 
hosted 3 workshops and an Open for 
Business event at the INI, a satellite 
meeti ng at the University of Sussex 
and a lab workshop in cell migrati on 
was hosted jointly by RWTH Aachen 
University and Forschungszentrum 
Jülich in Germany. In between these 
workshops, two weekly seminars were 
held throughout the 6-months pro-
gramme, ensuring conti nuous dissemi-
nati on of knowledge as well as off ering 
avenues for informal discussions and 
collaborati ons between programme 
parti cipants. 

An enormous challenge of running the 
program, but at the same ti me, the 
basis of one of its major successes, 
was the wide spectrum of disciplines 
represented by the parti cipants. The 
programme changed some of the atti  -
tudes of parti cipants who were scepti -
cal about the role of mathemati cs, that 
it is not simply a way to describe what 
is observed experimentally in a highly 

specialised code but that it is can off er 
experimentalists new rigorous analyt-
ical and computati onal premises not 
only to verify what is experimentally 
observed but that mathemati cs can 
off er virtual models that can allow for 
new experimental insights without 
carrying out real experiments. Fur-
thermore, by bringing experti se across 
several disciplines, the programme 
demonstrated that it is necessary to 
communicate eff ecti vely between 
these disciplines but not necessary to 
learn the tools of each other’s trade 
discipline in order to communicate. By 
selecti ng an unsolved and fundamental 
problem in cell biology and patt ern 
formati on, the program succeeded 
in connecti ng mathemati cal and life 
sciences through mutual introducti on 
and initi ati on of joint projects. At the 
end of the program, the percepti on 
of the progress made, the challenges 
encountered and the perspecti ves 
developed sti ll diff er signifi cantly, 
but there is a new understanding of 
the diffi  culti es on each side, and the 
exposure to these diffi  culti es was espe-
cially important for young scienti sts to 
understand as they forge new careers. 
World-class experts and diverse 
speakers from theoreti cal and experi-
mental sciences all succumbed to the 
unique pedagogical atmosphere at the 
INI that fostered a highly interacti ve 
environment. The seminal talks ranged 
from introductory to highly special-
ised lectures off ering experti se and 
training across diff erent levels of prior 

knowledge. Conti nuous interrupti ons 
of the talks through questi ons slowed 
presentati on speed down to such a 
degree that it matched the processing 
capacity of even the least well-versed 
and opened the forum to provocati ve 
thoughts by others. A spontaneous 
heated discussion took place during 
the second workshop dinner on “How 
to develop interdisciplinary collabo-
rati on between experimentalists and 
theoreti cians without losing one‘s 
identi ty?” at the globally renowned de-
bati ng Cambridge Union Society (see 
an Essay to appear in the Proceedings 

of the Royal Society Interface Focus). 
One of the pioneering stories of the 
programme was that we were able to 
lure a busload full of parti cipants from 
the INI to laboratories at RWTH Aachen 
University and the Forschungszentrum 
Jülich in Germany. The one weeklong 
workshop focused on introducti on 
to laboratory techniques used to 
analyse cell moti lity. The challenge 
to have theoreti cians using pipett es 
(see background images) and actually 
performing crucial experimental steps 

themselves while providing insights 
into the state-of-the art methodology 
was met at surprising ease with several 
immediate collaborati ons emanat-
ing among the parti cipants.  The lab 
acti viti es were beamed live to the INI 
seminar rooms and also live online. 
The parti cipants’ feedback is that the 
lab experience was extraordinary, 
unique and extremely valuable. 

Once the dust has sett led, what 
remains for all who parti cipated in the 
programme is an increased apprecia-
ti on of the diff erent disciplines and a 
basic understanding of the tool boxes 
in the various fi elds of experti se; a suf-
fi cient pre-requisite to formulate and 
pursue innovati ve research acti viti es. 
Sti ll, the gap is immense between pure 
mathemati cs and pure experimen-
tati on. An essenti al „stepping stone“ 
between both are biophysicists who 
seem to be at ease to communicate 
with both worlds. Another realisati on 
is the need for more interdisciplinary 
educati on that crosses the boundaries 
between mathemati cs and biology.  
The manifold meeti ngs helped to 
defi ne concrete short-term goals and 
to formulate long-term goals to be 
reached within the framework 
that was laid out. Long lists 
of suggesti ons were com-
municated at the end 
of workshop 1 on the 
blackboard. In additi on, a 
similarly long list was pro-
vided in response to 
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the questi on posed by Prof A. Champ-
neys in workshop 4 as to what one 
could do if awarded £100,000 from the 
Welcome Trust Seed Award.

Outcomes and 
achievements of lasti ng 
impact

• The development of new mathe-
mati cs (e.g. kerati n spati otemporal 
organizati on, geometric PDEs for cou-
pled bulk-surface dynamics for single 
and collecti ve cell migrati on, coupling 
super-diff usion and kerati n network 
organisati on, coupled fl uid-structure, 
fl uid-fl uid, ti ssue-fl uid interacti on mod-
els, new models on parameter identi fi -
cati on, multi scale modelling of cancer 
invasion, ti ssue remodelling, etc.).

• The development of new numer-
ical methods and algorithms for cell 
moti lity using geometric PDEs (see the 
INI Satellite meeti ng in Sussex and the 
workshop on Geometric PDEs: Surface 
and Bulk Processes, Oberwolfach, 
Germany).

• The realisati on that experimental 
data sets should be standardised, 
quanti tati ve and freely available for 
eff ecti ve interdisciplinary interacti on.

• A special issue refl ecti ng some of 
the outcomes and achievements of the 
programme will be published by the 
Royal Society, Interface Focus journal. 

• Beaming of live virtual lectures 
from Australia (Prof Kerry Landman) 
and experimental manipulati ons from 
Germany.

• Several network and research grants 
(Horizon2020 MSC-ITNs, EPSRCs, 
Leverhulme Trust, London Mathemat-
ical Society, Nati onal Science Founda-
ti on, Royal Society, etc.).
Several research follow-up meeti ngs 
(Oberwolfach, Banff , Durham, etc.).

• Creati ng an environment for junior 
and early-career researchers to take 
their careers forward into new interdis-
ciplinary fronti ers.
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