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In today’s environmentally conscious climate, recycling and reusing 
essential elements is of upmost importance to preserve our delicate 
ecosystem. This same mantra can be examined in terms of host-
pathogen relationships in chronic respiratory disease. Cystic Fibrosis 
is a disease characterized for years in terms of defective mucociliary 
clearance of lung mucus and pathogens leading to a cycle of chronic 
respiratory infections obtained from the environment. Today, we know 
that innate immune defects also contribute to the heavy burden of 
respiratory infection in CF. However, when it comes to host-pathogen 
interactions in CF, autophagy-mediated recycling of essential proteins 
has gone awry. Autophagy is a conserved, physiologic process whereby 
host cells degrade cytoplasmic material via lysosomes. Autophagy 
functions can range from recycling of large organelles and molecules 
to clearance of intracellular pathogens [1]. Triggers of autophagy 
are varied, including starvation, stress, infection, and immune 
signaling among others. Over the last few years, several groups have 
demonstrated defects in autophagy in relation to CF, including Cystic 
Fibrosis Transmembrane Regulator (CFTR) associated sequestration of 
essential autophagy molecules [2,3] and inflammatory signaling related 
to defective autophagy [4]. Without proper autophagy recycling of 
proteins, essential autophagy molecules such as Beclin-1 accumulate in 
aggresomes, rendering subsequent autophagy interactions ineffective. 
Additionally, recent studies in CF have demonstrated defects in bacterial 
clearance of Burkholderia cenocepacia [5] and Pseudomonas aeruginosa 
[6] due to defective autophagy. Without essential autophagy flux, 
patients with CF are unable to mount effective autophagy-mediated 
responses against specific pathogens, but it is unknown if this affects all 
pathogen interactions in CF. 

Immunomodulation in CF is a difficult task considering the 
polymicrobial milieu that most patients possess. However, innate 
immune responses must be considered seriously in the face of a global 
dearth of new antibiotic development combined with rising antibiotic 
resistant strains. While much attention has rightfully focused on mucus 
clearance and antibiotic-mediated killing of bacteria in CF as measures 
to treat chronic respiratory infections, the fact remains that chronic 
respiratory infections continue to be the leading cause of death in CF. 
With so many environmental pathogens such as B. cenocepacia and P. 
aeruginosa causing virulence in CF, it is vital that we overcome host 
immune deficiencies to provide better outcomes for patients. To date, 
there is no standard of care regimen for B. cenocepacia, and even the use 
of continuous inhaled antibiotic regimens such as the recent inhaled 
aztreonam trial fail to demonstrate benefit in this population [7]. 

The full interaction of CFTR, autophagy pathways, and immune 
responses in CF remains to be elucidated, however current evidence 
suggests that some form of manipulation of autophagy in CF would be 
beneficial. A key question remains, how will autophagy stimulators affect 
other essential host functions in CF and host-pathogen interactions? 
While rapamycin has been an effective autophagy inducer in CF in 
vitro and in vivo studies, side effects have been noted in transplanted 
CF populations and associations with interstitial lung disease in other 
populations [8,9]. However, other autophagy inducers may have less 
side effects, and synthesis and testing of novel compounds is under 
way. Additionally, will it be enough to target nebulized autophagy 

inducers for pathogen clearance, or will the sequestration systemically 
of autophagy molecules in CF warrant systemic-based therapies? 
Answers to these questions will be sought over the coming years with 
further research into autophagy in CF and the eventual translation to 
clinical trials. As the popular environmentally-friendly slogan states, it’s 
time for us to help CF patients “Go Green”, and improve their own host 
defense through autophagy-mediated clearance of bacteria without 
having to rely on ineffective antibiotics.

References

1.	 Levine B, Mizushima N, Virgin HW (2011) Autophagy in immunity and 
inflammation. Nature 469: 323-335.

2.	 Luciani A, Villella VR, Esposito S, Brunetti-Pierri N, Medina D, et al. (2010) 
Defective CFTR induces aggresome formation and lung inflammation in cystic 
fibrosis through ROS-mediated autophagy inhibition. Nat Cell Biol 12: 863-875.

3.	 Luciani A, Villella VR, Esposito S, Brunetti-Pierri N, Medina DL, et al. (2011) 
Cystic fibrosis: a disorder with defective autophagy. Autophagy 7: 104-106.

4.	 Mayer ML, Blohmke CJ, Falsafi R, Fjell CD, Madera L, et al. (2013) Rescue of 
dysfunctional autophagy attenuates hyperinflammatory responses from cystic 
fibrosis cells. J Immunol 190: 1227-1238.

5.	 Abdulrahman BA, Khweek AA, Akhter A, Caution K, Kotrange S, et al. (2011) 
Autophagy stimulation by rapamycin suppresses lung inflammation and 
infection by Burkholderia cenocepacia in a model of cystic fibrosis. Autophagy 
7: 1359-1370.

6.	 Junkins RD, Shen A, Rosen K, McCormick C, Lin TJ (2013) Autophagy 
enhances bacterial clearance during P. aeruginosa lung infection. PLoS One 
8: e72263.

7.	 Tullis DE, Burns JL, Retsch-Bogart GZ, Bresnik M, Henig NR, et al. (2013) 
Inhaled aztreonam for chronic Burkholderia infection in cystic fibrosis: A 
placebo-controlled trial. J Cyst Fibros.

8.	 Chhajed PN, Dickenmann M, Bubendorf L, Mayr M, Steiger J, et al. (2006) 
Patterns of pulmonary complications associated with sirolimus. Respiration 73: 
367-374.

9.	 Hardinger KL, Cornelius LA, Trulock EP 3rd, Brennan DC (2002) Sirolimus-
induced leukocytoclastic vasculitis. Transplantation 74: 739-743.

*Corresponding author: Benjamin T. Kopp, Nationwide Children’s Hospital, 
Center for Microbial Pathogenesis, 700 Children’s Drive, Columbus, USA, Tel: 614-
722-4766; E-mail: Benjamin.kopp@nationwidechildrens.org 

Received  December 05, 2013; Accepted December 06, 2013; Published 
December 13, 2013

Citation: Kopp BT (2013) Autophagy and Cystic Fibrosis: When Recycling Goes 
Bad. Air Water Borne Diseases 3: e125. doi:10.4172/2167-7719.1000e125

Copyright: © 2013 Kopp BT. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Autophagy and Cystic Fibrosis: When Recycling Goes Bad
Benjamin T. Kopp*

Nationwide Children’s Hospital, Center for Microbial Pathogenesis, 700 Children’s Drive, Columbus, USA 

http://www.ncbi.nlm.nih.gov/pubmed/21248839
http://www.ncbi.nlm.nih.gov/pubmed/21248839
http://www.ncbi.nlm.nih.gov/pubmed/20711182
http://www.ncbi.nlm.nih.gov/pubmed/20711182
http://www.ncbi.nlm.nih.gov/pubmed/20711182
http://www.ncbi.nlm.nih.gov/pubmed/21048426
http://www.ncbi.nlm.nih.gov/pubmed/21048426
http://www.ncbi.nlm.nih.gov/pubmed/23264659
http://www.ncbi.nlm.nih.gov/pubmed/23264659
http://www.ncbi.nlm.nih.gov/pubmed/23264659
http://www.ncbi.nlm.nih.gov/pubmed/21997369
http://www.ncbi.nlm.nih.gov/pubmed/21997369
http://www.ncbi.nlm.nih.gov/pubmed/21997369
http://www.ncbi.nlm.nih.gov/pubmed/21997369
http://www.ncbi.nlm.nih.gov/pubmed/24015228
http://www.ncbi.nlm.nih.gov/pubmed/24015228
http://www.ncbi.nlm.nih.gov/pubmed/24015228
http://www.ncbi.nlm.nih.gov/pubmed/24176390
http://www.ncbi.nlm.nih.gov/pubmed/24176390
http://www.ncbi.nlm.nih.gov/pubmed/24176390
http://www.ncbi.nlm.nih.gov/pubmed/16127266
http://www.ncbi.nlm.nih.gov/pubmed/16127266
http://www.ncbi.nlm.nih.gov/pubmed/16127266
http://www.ncbi.nlm.nih.gov/pubmed/12352895
http://www.ncbi.nlm.nih.gov/pubmed/12352895
http://dx.doi.org/10.4172/2167-7719.1000e125

	Corresponding author
	References

