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What do I mean by ‘Computational Physiology’?

Computational physiology is a tool to understand developmental changes and
predict the medium to long term effects of our interventions:

I how did this particular individual reach this‘not normal’ state?
I if we intervene in some way, how will this ‘not normal’ state change in

future?
I given this knowledge, can we rationally design prophylaxis and

treatment?



Computational
physiology from

transcriptomics to
tissue - modelling
disease processes

Rod Smallwood

Introduction

Cell-centric modelling

Coping with complexity

AirPROM - modelling a
disease process

The challenges

Ackowledgements

What do I mean by ‘Computational Physiology’?

Computational physiology is a tool to understand developmental changes and
predict the medium to long term effects of our interventions:

I how did this particular individual reach this‘not normal’ state?
I if we intervene in some way, how will this ‘not normal’ state change in

future?
I given this knowledge, can we rationally design prophylaxis and

treatment?



Computational
physiology from

transcriptomics to
tissue - modelling
disease processes

Rod Smallwood

Introduction

Cell-centric modelling

Coping with complexity

AirPROM - modelling a
disease process

The challenges

Ackowledgements

I will try to give you an idea of how this might be achieved by:

I making an assertion
I exploring the consequences of the assertion
I describing what we have done so far
I saying what we propose doing next
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My assertion: if we want to be able to understand the route from ‘normal’
to ‘malignant’, and to be able to make some predictions
about the medium to long term effects of our interventions,
we need computational models in which the cell is central,
and the information we can get from transcriptomics etc
informs what the cells get up to.
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http://www.dcs.shef.ac.uk/ rod/Integrative_Biology.html; Walker D et al (2006) J Theor Biol.
242:774-789; Maleki-Dizaji S et al (2009) Online Journal of Bioinformatics 10:51-59
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The cell is central to any discussion of change - changes to tissues are the
result of growth, division, differentiation and death of individual cells. These
changes result in changes in the organisation and behaviour of the tissue.

Organisational change is driven by the forces that the cells
exert as a result of size changes and the formation/breaking
of bonds between cells and between cells and
substrate/matrix.

Behavioural changes are driven by signalling - the
production, transport (active and diffusive) and detection of
chemical species. These processes can be initiated by forces
applied to the cells (mechanotransduction).

Signalling may alter gene expression, giving rise to changes
in cell type and behaviour.
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(Some of) the issues:
Sub-cellular (‘systems biology’) and tissue-level
(‘computational physiology’) modelling are not well
connected

Techniques for incorporating the results of high-throughput
screening (genomics, transcriptomics, proteomics) into
computational models of physiology are in their infancy

Current physiome models provide a snapshot in time of the
organism’s behaviour. They do not include developmental
processes (‘how did the organism arrive at this state’ and
‘what is the prognosis’)

Complexity (30,000 genes, 100 genes per biological
function – 10289 combinations!)

Range of length scales (10−9m to 1m)

Range of time scales (10−6s to 109s)

Incomplete knowledge

Variable quality data from multiple species
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Multiscale issues: scale separation
The problem is multiscale in time and space. We have to reduce complexity
by thinking generically; using scale separation to reduce model complexity;
using black boxes in which detail is ignored; including only what is essential

http://www.complex-automata.org/
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Getting ’omics into tissue models
What we want:
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Getting ’omics into tissue models
In the SUMO (Systems Understanding of Microbial Oxygen Responses)
project we have used Taverna workflows to identify up-regulated signalling
pathways in E. coli under different environmental stress.

https://ptjapps.fz-juelich.de/sysmo/
Maleki-Dizaji S et al (2009) Online Journal of Bioinformatics 10:51-59
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AirPROM - Airway Disease PRedicting Outcomes through
Patient Specific Computational Modelling
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What are the challenges?

I generating usable information on cell phenotype and signalling
pathways from genomic and transcriptomic data

I coupling a disparate array of measurements and models
I validation, validation, validation!
I describing individual models, boundary conditions, coupling methods,

processes
I the range of timescales (signalling event to cell cycle time to lifetime)
I developing a metamodel that can be used in the clinic
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