Systems-wide Identification of Cystic Fibrosis Disease Map

Objectives: To develop a computational model of molecular mechanisms which are affected in the
genetic disease cystic fibrosis, to quantitatively elucidate the underlying molecular and cellular
events.
Methodology: Cystic fibrosis (CF) is the most frequent of fatal monogenic disorders, affecting
~30,000 solely in Europe. CF causes major respiratory symptoms and ultimately lung failure. The
causative gene (CFTR) encodes a chloride (Cl-)/ bicarbonate(HCO3 -) channel expressed at the apical
membrane of epithelial cells. CFTR was identified ~25 years ago and extensive research on its
pathophysiology has been pursued ever since. Despite the apparent "simplicity" of being a
monogenic disorder, CF is indeed a complex disease. There are more than 2,000 CF-causing
mutations whose effect on the severity of the lung phenotype is not easy to predict. CFTR is also a
key regulator of other channels such as the epithelial sodium (Na+) channel (ENaC). Consequently,
the mutations in the CFTR protein also cause Na+ hyperabsorption. Moreover, to compensate for the
absence of CFTR, the epithelium upregulates the calcium (Ca2+)-activated Cl- channels (CaCCs, now
identified as the ANO1 protein), but this response is not sustained due to a not yet understood
mechanism. Altogether, these complex synergistic effects trigger a cascade of events [1]:
dehydration of the airway surface liquid (ASL), mucus thickening, recurrent bacterial infections and
ultimately irreversible lung damage, making CF a devastating disease. The failure in understanding CF
pathophysiology stems from the difficulty in integrating extensive data from the molecular,
functional and physiological levels. CF, however, presents a set of features, which may lead this
disease to become a fully understood process via a Systems Biology approach:
1. A single genetic defect (mutation F508del) accounts for the disease in almost 90% of CF patients,
thus constituting a single system perturbation identified at the molecular level.
2. The defect of F508del is well characterized at the cellular level as a failure in trafficking to the
plasma membrane due to premature degradation at multiple checkpoints of the endoplasmic
reticulum (ER) quality control [2]. The trafficking pathways can be studied at the cellular level;
3. At the tissue level, there is a clear electrophysiological quantitative output, defined by the
measurable transport rate of ions (Na+ and Cl-) across the epithelia. Quantitative methods are also in
place to assess these outputs at the organ and individual level, i.e. in patients;
4. There are known (but weak) corrector compounds of the basic defect (i.e. the F508del-CFTR
processing defect is druggable) [1,3]. These compounds are "tools" to investigate how the
pathological network can be restored to a more physiological state [4], while revealing their mode of
action;
5. A large body of ‘Omics data’ are available on CF, including those generated by ourselves [5-9],
which will be cast into an draft multi-scale computational model right at the beginning of the project.
The purpose of this project is threefold.
In the first place, to integrate all the available ‘Omics resources for a broader view of CF allowing for
an integrated perspective of all the available knowledge which will include the relevant molecular
interactions and all the relevant regulatory pathways. This will involve modeling the available data in
a flexible information system that is able to encompass all the relevant information and metadata
gathered from the available resources. Information from literature on disease mechanisms will be
integrated into a large-scale model. Pathway information from available databases (for example
Reactome, PANTHER) will be contextualised and reused where possible. The network will be
presented in the standard Systems Biology Graphical Notation (SBGN) languages. A community of

domain experts will be involved in order to ensure that all the relevant disease hallmarks are
adequately represented. The resulting network will be made available online as a reference resource
for the molecular mechanisms involved in CF.
Secondly a logical model network will be constructed from the available data; this model may
encompass a Bayesian or Markov model.
The third part will involve testing and stressing the developed model so that it is possible to make
inference by changing and modifying the model inputs. Results will be verified against available
experimental data and new essays will be proposed to validate the model consistency.
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