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Chronic Obstructive Pulmonary Disease (COPD) is a major health problem because of its prevalence (10% of 
adult population), raising incidence (WHO predicts that it will be the 3rd cause of death in the world by 2020), 
and associated morbi-mortality and socio-economic cost. Patients with COPD often suffer concomitant disorders 
(comorbidity) that impact their health-status and prognosis in a significant manner. Several mechanisms linking 
COPD to  its  associated  disorders  have  been  proposed,  such  as  systemic  inflammation,  physical  inactivity, 
chronic  hypoxia,  shared  genetic  predisposition  and  decreased  synthesis  of  anti-aging  molecules,  but  more 
research is needed to understand the links between these diseases and search for common treatable components 
[1].

It has been proposed that the genetic origin of diseases is correlated with comorbidities [2] meaning that, in some 
cases,  comorbid  diseases  have a common genetic  basis.  Otherwise,  the  gene products  associated with both 
diseases tend to interact together or belong to the same pathway within the cell  [3-4].  Understanding these 
relationships can lead to crucial insights to improve the prevention, diagnosis, prognosis and/or treatment of 
these diseases. In this study we explored the hypothesis that COPD and concomitant disorders share etiologic 
factors, such as common genes and/or pathways.

To  evaluate  this  hypothesis,  we 
developed  a  systems  biology 
framework to explore the associations 
between COPD and the most relevant 
comorbid conditions based on publicly 
available information on gene-disease 
associations  and  molecular 
interactions,  controlled  vocabularies 
for  disorders,  gene  functional 
annotations  and  network  analysis 
(Figure  1).  Specifically,   DisGeNET 
[5], a database collecting information 
on  diseases  and  its  associated  genes 
for  a  broad  range  of  disorders,  was 
used to generate gene-disease (GDN) 
and  disease  (DN)  association 
networks.  In  the  disease  network 
(DN),  two  diseases  are  connected  if 
they  either  share  at  least  one 
associated gene in  the GDN or if  its 
associated  proteins  are  known  to 
interact.  Interactome  networks  were 

Figure 1. Schematic representation of the systems biology framework proposed 
for the exploration of the Diseasome of COPD.



derived from large-scale datasets of protein-protein interactions to extract pairs of interacting proteins [6-7]. The 
strength of association between two disorders was estimated by the Jaccard coefficient. The Unified Medical 
Language  System  (UMLS,  http://www.nlm.nih.gov/research/umls/)  was  used  to  manage  diverse  disease 
terminologies  used  in  different  scenarios  (i.e.  clinical  setting  vs. biomedical  literature).  Information  about 
chemical-gene  association  was  obtained  from  the  Comparative  Toxicogenomics  Database  [8].  The  CTD 
database contains annotations on the effect of environmental chemicals on genes and proteins. This dataset was 
combined with gene-disease associations derived from DisGeNET in chemical-gene-disorder networks (Figure 
2). Functional enrichment analysis was carried out to characterize gene lists that support association between 
diseases  by  their  annotation  to  Gene  Ontology  (GO)  terms  and  biological  pathways.  The  framework  is 
implemented  as  bioinformatics  modules  and  the  results  are  displayed  by  a  web  interface  to  allow  clinical 
researchers to evaluate the intermediate results at specific points of the workflow (red arrows in Figure 1).

When  we  applied  this  framework  to  the  particular 
case of COPD and its association with 21 clinically-
relevant  associated  conditions,  including  ischemic 
heart disease, muscle weakness, depression and lung 
cancer [9],  we found that  COPD shares  genes  and 
protein interactions with 20 of its associated diseases. 
The  genes  that  support  the  association  between 
COPD  and  its  associated  diseases  were  further 
characterized by functional enrichment analysis using 
GO concepts and biological pathways to detect main 
biological  processes  signatures.  The  functional 
annotation  of  shared  genes  highlighted  relevant 
biological processes such as inflammation, apoptosis 
and  hypoxia,  among  others.  Moreover,  in  some 
selected  cases,  the  participation  of  biological 
processes  related  with  aging  was  also  found.  In 
addition,  we  evaluated  the  contribution  of 
environmental  factors  such  as  chemical  products 
present in cigarettes smoke [10-11] by exploring the 

chemical-gene-disease network for each comorbid disease pair, and found disease-associated proteins that are 
targeted by several of these compounds. For 106 chemicals from cigarettes smoke we found interactions for 61 
of such chemicals with 101 genes that support the association of COPD with comorbid disorders. The gene-
chemical-disease network was explored to derive mechanistic hypothesis.

To our knowledge, this  is  the first  approach to systematically explore disease comorbidities of COPD by a 
combination of data mining and network analysis of chemical-gene-disease associations. Previous studies based 
on gene expression analysis were focused on the linkage between COPD and muscle abnormalities [12]. This 
approach  generates  testable  hypothesis  for  the  biological  mechanisms  underlying  COPD and its  associated 
comorbidities.  Finally,  this  framework constitutes  a  valid  approach that  can  be applied  to  the  study of the 
mechanisms underlying other prevalent disorders characterized also by the presence of comorbidity.
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