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3.     Set of Published Cystic Fibrosis 

Studies

A subset of CF publications using various OMICs methodologies were  uploaded into 

GeneGo, a knowledge-based systems biology bioinformatics platform as an approach 

to integrate diverse data sets to gain a clear understanding of potential links with 

defective CFTR trafficking pathways and pathways involved with CF inflammation.   6.     Proteins associated with CFTR 

Correction
4.     There is Limited Overlap with 

Inflammatory Model and 

Corrector/Trafficking Data Sets 

Abstract
Cystic Fibrosis (CF) is one of the most common lethal autosomal recessive 

disorders and is caused by mutations in the chloride ion channel Cystic Fibrosis 

Transmembrane Conductance Regulator (CFTR).  While CFTR has been identified 

as the causative gene for CF, what regulates disease severity is not fully 

understood.  There is no clear evidence from published literature that the pathway 

for defective trafficking of CFTR which results in a loss of function is directly 

responsible for regulating the pathway involved in the chronic inflammation often 

observed in CF.  Published OMICs experiments for examining gene or protein 

expression in regulating defective CFTR trafficking and gene expression changes 

in response to Pseudomonas aeruginosa infection have independently identified 

long lists of differentially expressed genes/proteins, but these results provide no 

insight to a connection between these pathways.  To identify a connection 

between the CFTR trafficking pathway and the inflammatory pathway, results from 

seven published OMICs experiments were analyzed using MetaMiner (CF), a 

disease-specific bioinformatics platform for data mining applications in systems 

biology created by the Cystic Fibrosis Foundation Therapeutics, Inc. and GeneGo, 

Inc.  A number of connections were identified between genes documented to 

correct deltaF508 mutant CFTR trafficking when expressed in lung cell lines 

(Trzcinska-Danelut, et al. 2009) and a list of genes differentially expressed in lung 

bronchial epithelial cells following Pseudomonas aeruginosa infection (Mayer et 

al. 2007, GEO dataset GSE6802).  Of the 34 genes shown to correct mutant CFTR 

trafficking, three secreted proteins (Endothelin-1, Calgranulin A, and CCL2) were 

shown to be directly linked to the inflammatory response.  Four secreted proteins 

which were documented as playing a role in lung epithelial cell infection (IL-1 

beta, IL-6, TGF-beta 1, and IGF-1) were directly linked to CFTR trafficking.  The link 

between CFTR trafficking and inflammation processes with these seven secreted 

factors occurred by transcriptional signaling through STAT1 and NF-kB.  As 

secreted proteins are appropriate for biomarkers, integrating diverse research 

results using bioinformatics has the potential to identify candidate biomarkers for 

cystic fibrosis.  

1.     Cystic Fibrosis is Caused by Defect 

in CFTR Gene

Cystic Fibrosis (CF) is one of the most common lethal autosomal recessive disorders 

and is caused by mutations in the chloride ion channel CFTR (Cystic Fibrosis 

Transmembrane Conductance Regulator).  Over 1,500 mutations in the CFTR gene 

have been identified and these mutations can be divided into five functional classes.  

The most common mutation in CF patients is æF508which is a trafficking defect due to 

misfolded protein.  CFTR allow for the normal movement of sodium and chloride through 

the airway epithelium.  In CF there is the inability of chloride to be trafficked correctly 

and as a result sodium comes into cell to rapidly.  
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2.     Pathogenesis of Cystic Fibrosis in 

the Lung

The basic defect of CFTR mutations leading to abnormal CFTR protein synthesis, Golgi-

ER transport to the cell surface or lack of channel activity yields to altered ion transport 

and mucus secretion.  The airway surface fluid is disrupted and there is a lack of cilia 

movement due to mucus accumulation.   Bacterial infection and chronic inflammation lead 

to lung tissue destruction.  CFTR is expressed in various organs and altered ion transport 

effects respiratory, digestive and reproductive systems.
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Basic Defect Associated Symptoms

* Trzcinska-Danelut, et al. 2009 

Transfection of approximately 450 genes in lung epithelial cell line identified 

40 genes which corrected æF508trafficking when co-expressed

* Wang et al. 2006     

Co-immunoprecipitation study in BHK cells identified 25 proteins associated 

with the CFTR ER-interactome

* Mayer et. al. 2007     

Human bronchial epithelial cells infected with Pseudomonas aeruginosa and 

RSV; microarray study to identify genes affected by bacterial infection

Singh et al. 2006   

Proteomic analysis of 4-Phenylbutyrate treated IB3-1 CF bronchial epithelial 

cells to identify cell trafficking and chaperones and protein processing 

proteins associated with cystic fibrosis

Roxo-Rosa et al. 2006

2D gel Proteomic analysis of nasal epithelial cells isolated from æF508CF 

patients and non-CF controls

Ollero et al. 2006

Review of CF proteomic studies
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Targets identified from the publications were divided into two subsets:  inflammation 

(Mayer et al.) and trafficking/correction (Wang et al. and Trzcinska-Danelut, et. al.).  

Ninety-three targets were included in the infection/inflammation model and 59 targets 

were included in the trafficking/corrector subsets.  There was minimal overlap in the 

targets between the subsets and the GO molecular function classifications. 

5. Infection/Inflammatory Pathway 

Model  

An interconnected network based on curated literature-based associations of the 93 

genes identified with bacterial infection of bronchial epithelial cells was generated in 

GeneGo.  The network represents the multi-step pathways from membrane receptors 

via signal transduction cascades to transcriptional factors. The links (arrows) are 

directional and color coded to identify the type of relationship between two objects 

with green lines indicate activation and red lines indicate inhibition.

MetaMinerÊ Cystic Fibrosis (CF) represents a version of GeneGoôs MetaDiscoveryÊ 

suite that is enriched with content specific for cystic fibrosis.  MetaMiner (CF) was 

developed under with Cystic Fibrosis Foundation Therapeutics Inc. with a committee of 

experts in the CF researcher community.  The 25 proteins identified by Wang et al. 

associated with CFTR ER-interactome were mapped to the CF-specific canonical map 

of CFTR folding and maturation (indicated by red thermometer symbol).  

7.     Proteins associated with CFTR 

Correction

CFTR ER-interactome and CFTR trafficking targets (Trzcinska-Danelut, et al.) were 

combined to generate the CFTR correction/trafficking GeneGo pathway network.

Summary
ÅDiverse set of OMICs literature studies addressing cystic fibrosis associated infection/inflammation, 

and CFTR correction and trafficking identified targets with limited overlap between the data sets.  

ÅThis highlight the disease complexity of cystic fibrosis and the difficulty with integrating multiple 

large data sets generated from OMICs experiments.

ÅA systems biology knowledge-based bioinformatics tool, GeneGo, was used to develop signaling 

pathway networks for an CF inflammatory model and CFTR correction/trafficking.  

ÅInterconnected pathway networks for inflammation and correction/trafficking suggest a novel role 

for the inflammatory response in CF.  Network analysis suggests that inflammatory reactions may 

produce changes favorable for CFTR correction and trafficking.

ÅAnalyzed network for transcription factors identified NFK-B, STAT1 and p53 and transcription factor 

hubs linking the inflammation and correction/trafficking pathways.    

ÅSecreted proteins identified as ligands in the key transcription factor pathways may be potential CF 

biomarkers including IL-10, IL-8, IL-6, CCL2, and Endothelin-1.  

ÅFuture experiments could validate the candidate biomarkers in CF patients compared to healthy 

controls.

Inflammation

8. Combined GeneGo Networks for Inflammation, 

CFTR Correction and CFTR Trafficking

There are numerous cross connections among the networks for inflammation and CFTR correction/trafficking, primarily 

through transcription factors STAT1 and NF-kB. This suggests a novel role for the inflammatory response in CF in that 

inflammatory responses also produce changes which favor correction of CFTR trafficking.

9. Analyzed Transcription Factor Network of  Data 

Sets Identifies Candidate CFTR Biomarkers

The data was evaluated in GeneGo using theTranscription Factor Analyzed Network algorithm.  This algorithm was used 

to created a well-connected network prioritizing transcription factors associated with the data and identifying signaling 

pathways from the interconnecting links of the inflammation and correction/trafficking data sets. Ligands, receptors and 

transporters with one step interactions around the selected objects are highlighted in orange. Secreted proteins as 

potential candidate CF biomarkers are circled in red. 
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For additional information, contact Elizabeth Joseloff at ejoseloff@cff.org

http://www.cff.org/

For more information on the Metaminer(CF) GeneGo platform, refer to the White Paper:

http://www.genego.com/pdf/MetaMinerCysticFibrosisWP12pgFinalJB.pdf


