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Introduction
Cystic fibrosis (CF) is a multisystem genetic disorder which results 

from the mutations in the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene [1,2]. CF lung disease is characterized by a viscous 
cycle of persistent infection and excessive airway inflammation, which 
inflicts tremendous lung tissue damage, resulting in high morbidity 
and mortality rates [3,4]. Therapy for CF relies on several strategies 
including gene therapy that aims to correct the basic defect [5,6] and 
the use of therapeutics for combating the persistent, uncontrolled 
lung infection and inflammation [7,8]. However the limited success of 
gene therapy as a viable therapeutic for CF, has resulted in exploring 
alternative cellular strategies including the use of stem cells to correct 
the basic defect [9,10]. The present review focuses on understanding 
the current status of stem cell therapy as a potential therapeutic for CF 
lung disease.

Mesenchymal Stem Cells: A Preferred Choice for 
Cellular Therapeutics

Mesenchymal stem cells (MSCs) are multipotent cells which 
have the ability to differentiate into diverse cell-types including bone, 
adipose, cartilage and non stromal cells including lung epithelial cells 
[11,12]. MSC are known to be a preferred cellular choice in regenerative 
medicine due to their ease of isolation and expansion in culture, their 
ability to secrete several potent biofactors which aid tissue repair 
and regeneration [13,14]. MSCs can be readily transduced by viral 
and non-viral vectors for gene correction [15]. Mesenchymal stem 
cells are immunomodulatory in nature since they are able to regulate 
immune responses through the secretion of growth factors and anti-
inflammatory cytokines, these cells are immune privileged due to low 
expression of MHC I and lack of constitutive expression of MHC II and 
Co stimulatory molecules including CD80 and CD86 [14].

Stem Cells as a Viable Therapeutic for CF: The Progress 
so Far

For stem cell therapy to serve as a viable therapeutic for CF the 
use of heterologous or gene corrected autologous stem cells which 
are capable of infusing back into the CF airways and perform the 
desired role of Chloride secretion would be required. A recent study 
in experimental animal model for CF has reported the usefulness of 
MSC as an attractive therapeutic in murine model of CF lung infection 
and inflammation [15,16]. In this model, MSCs were shown to improve 
gross lung pathology and decreased the cellular recruitment into the 
lung, furthermore MSCs shifted the pulmonary cell predominance from 
neutrophils to an evenly distributed predominance of macrophages and 

neutrophils, thus promoting the resolution of infection in CF lung[16], 
since a predominately neutrophilic inflammation observed in CF 
airways is responsible for inflicting a tremendous tissue damage and an 
even distribution of macrophages would insure a better response to the 
infection through cell mediated immunity.

Previous reports have demonstrated that bone marrow derived stem 
cells differentiate into epithelial lineages and preferentially home to the 
damaged respiratory epithelium [17,18]. A recent study has shown the 
promising role of endogenous progenitor cells as a promising candidate 
for cell based therapeutics in CF [19]. Several research reports in 
experimental models of CF have demonstrated the attractive role of 
bone marrow derived MSCs as a viable therapeutic option in CF to 
restore the altered expression of CFTR which is underlying defect in 
patients with CF. Autologous transduced bone marrow derived MSCs 
were mixed with primary airway epithelial cells obtained from patients 
with CF, which resulted in restoring the altered expression of CFTR. 
Furthermore, it was shown that wild type bone marrow cells were able 
to engraft the lungs of CFTR knock out mice and expressed epithelial 
phenotypes including the expression of CFTR mRNA [20,21].

Challenges Ahead
 There are several challenges which need to be overcome for the 

effective translation of stem cells as a viable therapeutic for CF. Firstly, 
understanding the mechanisms by which stem cells get recruited to the 
airway epithelium and are induced to undergo phenotypic conversion 
to functional epithelial cells could pave the way for a sustained 
engraftment of these stem cells expressing CFTR into airway epithelium 
of patients with CF. Another major challenge will be to characterize 
the cell populations that are involved in airway remodeling after lung 
injury.

Conclusion 
The extensive research over the past decade both in vitro and in 

experimental models for CF has put the bone marrow derived adult 
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progenitor cells at the forefront as potential candidates for CF based 
cellular therapeutics, however future insights into the molecular 
mechanisms governing the recruitment and phenotypic conversion of 
bone marrow derived of stem cells in the lung will be required for its 
effective translation from bench to bedside.

References

1. Stolz DA, Meyerholz DK, Welsh MJ (2015) Origins of cystic fibrosis lung 
disease. N Engl J Med 372: 351-362.

2. Boucher RC (2002) An overview of the pathogenesis of cystic fibrosis lung 
disease. Adv Drug Deliv Rev 54: 1359-1371.

3. Cantin AM, Hartl D, Konstan MW, Chmiel JF (2015) Inflammation in cystic 
fibrosis lung disease : Pathogenesis and therapy. J Cyst Fibros 4: 419-430.

4. Caverly LJ, Zhao J, Li Puma JJ (2015) Cystic fibrosis microbiome : Opportunities 
to reconsider management of airway infection. Pediatr Pulmonol 40: S31-38.

5. Dorin JR, Farley R, Webb S, Smith SN, Farini E, et al. (1996) A demonstration
using mouse models that successful gene therapy for cystic fibrosis requires 
only partial gene correction. Gene Ther 3: 797-801.

6. Davies JC, Geddes DM, Alton EW (2001) Gene Therapy for cystic fibrosis. J 
Gene Med 3: 409-417.

7. Waters V, Symth A (2015) Cystic Fibrosis Microbiology: advances in
antimicrobial therapy. J Cyst Fibros 14: 551-560.

8.	 Herscovitch K, Dauletbaev N, Lands LC (2014) Vitamin D as an antimicrobial and 
anti-inflammatory therapy for cystic fibrosis. Paediatr Respir Dev 15: 154-162.

9.	 Conese M, Rejman (2006) Stem Cells and cystic fibrosis. J Cyst Fibros 5: 141-143.

10.	Agostini C (2010) Stem Cell therapy for chronic lung diseases : Hope and
reality. Respir Med 104: 586-591.

11. Bonfield TL, Nolan MT, Lennon DP, Arnold I Caplan (2010) Defining human 
mesenchymal stem cell efficiency in vivo. J Inflamm 7: 51.

12.	Herzog EL, Chai L, Krause DS (2003) Plasticity of marrow derived stem cells.
Blood 102: 3483-3493.

13.	Weiss DJ, Kolls JK, Ortez LA, Kim C, Panoskaltsis-Mortari A, et al. (2008) Stem 
Cells and Cell therapies in lung biology and lung diseases. Proc Am Thorac
Soc 5: 637-667.

14.	Newman RE, Yoo D, LeRoux MA, Danilkovitch-Miagkova A (2009) Treatment
of inflammatory diseases with mesenchymal stem cells. Inflamm Allergy Drug 
targets 8: 110-123.

15.	Bonfield TL, Caplan AI (2010) Adult mesenchymal stem cells : An Innovative 
therapeutic for lung diseases. Discovery Medicine 4: 337-345.

16.	Sutton MT, Bonfield TL (2014) Stem Cells innovations in clinical applications. 
Stem Cell Int 1-9.

17.	Kotton DN, Ma BY, Cardoso WV, Sanderson EA, Summer RS, et al. (2001)
Bone marrow derived stem cells as progenitors of lung alveolar epithelium.
Development 128: 5181-5188.

18.	Theise ND, Henegariu O, Grove J, Jagirdar J, Kao PN, et al. (2002) Radiation
pneumonitis in mice, a severe injury model for pneumocyte engrafment from
bone marrow. Exp hematol 130: 1333-1338.

19.	Ling TL, Kuo MD, Li CL, Yu AL, Huang YH, et al. (2006) Identification of 
Pulmonary Oct 4T stem/progenitor cells and demonstration of their susceptibility 
to SARS coronavirus infection in vitro. Proc Natl Acad Sci 103: 9530-9535.

20.	Wang G, Bunnell BA, Painter RG, Quiniones BC, Tom S, et al. (2005) Adult
stem cells from bone marrow stroma differentiate into airway epithelial cells
: potential therapy for cystic fibrosis. Proc Natl Acad Sci USA 102: 186-191.

21.	Loi R, Beckett T, Goncz KK, Suratt BT, Weiss DJ (2006) Limited restoration of
cystic fibrosis lung epithelium in vivo with adult bone marrow derived cells. Am 
J Respir Crit Care Med 173: 171-179.

http://www.nejm.org/doi/full/10.1056/NEJMra1300109
http://www.nejm.org/doi/full/10.1056/NEJMra1300109
http://www.ncbi.nlm.nih.gov/pubmed/12458149
http://www.ncbi.nlm.nih.gov/pubmed/12458149
http://www.ncbi.nlm.nih.gov/pubmed/25814049
http://www.ncbi.nlm.nih.gov/pubmed/25814049
http://www.ncbi.nlm.nih.gov/pubmed/26335953
http://www.ncbi.nlm.nih.gov/pubmed/26335953
http://www.ncbi.nlm.nih.gov/pubmed/8875228
http://www.ncbi.nlm.nih.gov/pubmed/8875228
http://www.ncbi.nlm.nih.gov/pubmed/8875228
http://onlinelibrary.wiley.com/doi/10.1002/jgm.200/abstract?systemMessage=Wiley+Online+Library+will+have+be+unavailable+on+Saturday+5th+December+from+10%3A00-14%3A00+GMT+%2F+05%3A00-09%3A00+EST+%2F+18%3A00-22%3A00+SGT+for+essential+maintenance.+Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1002/jgm.200/abstract?systemMessage=Wiley+Online+Library+will+have+be+unavailable+on+Saturday+5th+December+from+10%3A00-14%3A00+GMT+%2F+05%3A00-09%3A00+EST+%2F+18%3A00-22%3A00+SGT+for+essential+maintenance.+Apologies+for+the+inconvenience.
http://www.ncbi.nlm.nih.gov/pubmed/25737165
http://www.ncbi.nlm.nih.gov/pubmed/25737165
http://www.sciencedirect.com/science/article/pii/S1526054213001449
http://www.sciencedirect.com/science/article/pii/S1526054213001449
http://www.sciencedirect.com/science/article/pii/S1569199306000294
http://www.ncbi.nlm.nih.gov/pubmed/20456933
http://www.ncbi.nlm.nih.gov/pubmed/20456933
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2987779/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2987779/
http://www.ncbi.nlm.nih.gov/pubmed/12893756
http://www.ncbi.nlm.nih.gov/pubmed/12893756
http://www.ncbi.nlm.nih.gov/pubmed/21653527
http://www.ncbi.nlm.nih.gov/pubmed/21653527
http://www.ncbi.nlm.nih.gov/pubmed/21653527
http://www.ncbi.nlm.nih.gov/pubmed/19530993
http://www.ncbi.nlm.nih.gov/pubmed/19530993
http://www.ncbi.nlm.nih.gov/pubmed/19530993
http://www.ncbi.nlm.nih.gov/pubmed/20423678
http://www.ncbi.nlm.nih.gov/pubmed/20423678
http://www.hindawi.com/journals/sci/2014/516278/
http://www.hindawi.com/journals/sci/2014/516278/
http://www.ncbi.nlm.nih.gov/pubmed/11748153
http://www.ncbi.nlm.nih.gov/pubmed/11748153
http://www.ncbi.nlm.nih.gov/pubmed/11748153
http://www.ncbi.nlm.nih.gov/pubmed/12423687
http://www.ncbi.nlm.nih.gov/pubmed/12423687
http://www.ncbi.nlm.nih.gov/pubmed/12423687
http://www.ncbi.nlm.nih.gov/pubmed/16772384
http://www.ncbi.nlm.nih.gov/pubmed/16772384
http://www.ncbi.nlm.nih.gov/pubmed/16772384
http://www.ncbi.nlm.nih.gov/pubmed/15615854
http://www.ncbi.nlm.nih.gov/pubmed/15615854
http://www.ncbi.nlm.nih.gov/pubmed/15615854
http://www.ncbi.nlm.nih.gov/pubmed/16179642
http://www.ncbi.nlm.nih.gov/pubmed/16179642
http://www.ncbi.nlm.nih.gov/pubmed/16179642

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Mesenchymal Stem Cells: A Preferred Choice for Cellular Therapeutics 
	Stem Cells as a Viable Therapeutic for CF: The Progress so Far 
	Challenges Ahead
	Conclusion
	References

