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Background to the problem 

Severe asthma is phenotypically heterogeneous in terms of natural history, inflammatory mediators, 
airway remodelling and the response to anti-inflammatory corticosteroid treatment [1]. Similarly, there 
are sub-phenotypes of COPD which have different clinical features and drug responses. The 
biological pathways underlying each feature do not act independently but undergo extensive cross-
talk [2], thereby resulting in a complex network with variable ranges of redundancy, which preclude 
the use of simplistic biomarkers to categorize this complex disease state.  

Details of the problem 

Corticosteroids (CS) are stress hormones that regulate many physiological processes, and are also 
used for treating chronic inflammatory conditions. While a lot is known about its mechanism of action 
at the intracellular and molecular levels, relatively little is known about the interactions of various 
signalling pathways that interfere with the molecular actions of CS. The importance of these pathways 
have been highlighted from studies of cells from patients with chronic inflammatory lung disease such 
as asthma and chronic obstructive pulmonary disease (COPD) who demonstrate insensitivity to the 
beneficial effects of CS therapy. We, and others, have discovered the role played by the kinase 
enzymes that are made active by the process of phosphorylation, p38 mitogen-activated protein 
kinase (MAPK) and phosphoinositol-3 kinase-δ (PI3Kδ) in controlling the antiinflammatory effects of 
CS, partly through phosphorylation of the the glucocorticosteroid receptor (GR).  

The emergence of systems biology as an approach to understanding disease is changing our views 
on personalised medicine and on inflammatory processes.  Using signalling pathway simulation with 
mathematical and computational models, systems biology is an appealing strategy for the 
interrogation of these intricate pathway frameworks in severe asthma and COPD. The main concept 
of a pathway model is translating biological mechanism into mass-action kinetics. Pathway model 
development is supported by three types of experimental data, including protein and mRNA 
expression data, kinetic rate constants (protein-protein interaction rates, translocation, etc.) and time 
courses of expression [3]. A SBML (System Biology Markup Language) format is used to encode and 
store each biological process within a signalling pathway in a machine readable manner, and a 
growing number of SBML encoding pathway model is available in BioModels Database [6].  

Available data for informing possible mathematical models 

With regards to cross-talk between signalling pathways and corticosteroid responsiveness in severe 
asthma and COPD, it is necessary to simulate primary human cells in an integrated manner with LPS 
for example - a mimic of bacterial infection. For example, with the aim of studying corticosteroid 
insensitivity; one of the major features of severe asthma and COPD, the integration of p38-MAPK and 
glucocorticoid receptor signalling model could be accomplished using software SBMLIntegrator [7] 
and shown diagrammatically in Figure 1. Later, through comparison with experimental data, multiple 
sets of parameters generated by Monte Carlo Estimation which refers to sets of wide ranging protein 
interaction kinetics could be acquired, from which a single or combinatorial protein interaction process 
could possibly be pinpointed as candidates to efficiently inhibit the entire signalling mechanism [3]. 
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Questions you would like to see answered 

Our aims are to determine the effect of lipopolysaccharide (LPS), an activator of toll-receptor 4 
(TLR4), and dexamethasone on the activation of several kinase pathways namely p38 MAPK, PI3Kδ, 
and JAK-STAT, in peripheral blood mononuclear cells (PBMCs) and to construct a mathematical 
model to determine the level of interactions between these kinase and GR-activated pathways. We 
will test the effect of selective kinase inhibitors on dexamethasone-modulated gene expression 
profiles and GR phosphorylation and GR-protein interactions and global cell proteomics. Severe 
asthma and COPD are also associated with increased expression of oxidative stress which is able to 
drive steroid insensitivity.  We will, therefore, also test the effect of oxidative stress on the system 
using hydrogen peroxide. 

In addition, the EGFR pathway, either in airway epithelial cells or smooth muscle cells has been 
reported to implicate the propagation of severe asthma and COPD with reference to airway 
remodelling [4]. Therefore, integration of this pathway into current model could be insightful to a better 
simulation of the cell behaviour in response to inflammatory mediators e.g. TGFβ linking to EGFR 
signalling. More importantly, with the escalating integration of different pathways showing cross-talk 
(probably resulting in simplification of parts of the pathway), cell behaviour in severe asthma and 
COPD could possibly be phenotyped by characterizing them with a set of parameters indicating 
different strength of species (proteins) interaction kinetics. This approach will highlight the kinase 
cross-talk  that acts as a brake on CS actions and extend our understanding of the mechanisms 
underlying CS effects and could lead to novel mechanisms. This model can also be applied onto 
disease states and provide a better appreciation of the nodal points where CS effects are less 
effective.   

Finally, these biological phenotypes constructing by deep and dynamic molecular understanding 
along with clinical phenotypes directed by ForeSee (4C) approach of multi-omics data [5] may lead a 
way to the individualized therapy for severe asthma and COPD. 

The potential impact on animal use 

Animal models of asthma are not predictive particularly with respect to severe asthma. This has 
resulted in the use of large numbers of animals to test drugs that have proved unsuccessful in man. It 
is important, therefore, to both improve the animal models used and to have a greater understanding 
of the mechanisms underlying the pathophysiology of severe asthma and COPD.  This problem will 
utilise the human clinical data and the ‘omics data available from both UBIOPRED and ECLIPSE to 
further understand why these diseases do not respond well to conventional anti-inflammatory 
therapies. Information generated by modelling responses mathematically will be used to inform the 
development of primary human cell models to better understand human disease mechanisms. This 
will enable researchers to be more selective in the models of severe asthma and COPD tested, and 
will facilitate the development of fewer, but more predictive, animal models.  
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