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Cystic fibrosis (CF) is an autosomal recessive disease found mostly 
in the Caucasian population; a major complication of CF that often 
leads to mortality is lung inflammation. Playing a key role in the 
inflammation, as demonstrated by several studies, is the continuous 
recruitment of neutrophils to the lung [1-3]. Despite these millions of 
activated neutrophils, CF patients cannot adequately defend against 
invading pathogens because the bactericidal activity of the neutrophils 
in CF patients is dysregulated [4,5] due to mutations in the cystic 
fibrosis transmembrane conductance regulator (CFTR) gene [6]. When 
pathogens such as Staphylococcus aureus, Pseudomonas aeruginosa, 
and several species of Mycobaterium and Burkholera colonize in the 
lung airways, neutrophils are continuously drawn to the site and 
cause a persistent inflammatory response [7]. The severity of airway 
inflammation varies widely even among patients who are homozygous 
for the most common mutation in CFTR, DF508 [8]. The underlying 
mechanisms that cause neutrophils to lose their function for pathogen 
clearance are not well understood; therefore, effective pharmacological 
approaches are lacking.

Despite the fact that CF results from mutations within the CFTR 
gene, initial studies found a poor association between the genotypes 
of CFTR and the severity of lung disease [8,9]. However, recently a 
genome-wide association found a novel candidate gene associated 
with the severity of CF lung disease—interferon-related development 
regulator-1 (IFRD1) [10]. Interestingly, higher protein levels of IFRD1 
were expressed in peripheral blood neutrophils in patients with CF 
compared to those in healthy or non-CF control subjects [10]. This 
suggests that the upregulation of IFRD1 expression may be involved 
during the neutrophil’s terminal differentiation steps where it acts as 
a transcriptional co-regulator through its interaction with a histone 
deacetylase (HDAC) [10]. In neutrophils, the interaction of IFRD 
with HDAC1 modulates the transcriptional activity of NFκB p65. Loss 
of IFRD1 reduces the DNA binding activity of NFkB, whereas the 
inhibition of HDAC1 leads to the loss of co-repression [11]. This clearly 
implicates the importance of the interaction of IRFD1 and HDAC1 in 
regulating the key inflammatory pathways through NFkB activation. 
IFRD1-deficient mice showed no alteration in neutrophil counts, 
morphology, or the differentiation markers CD11b and Gr-1, but 
they did exhibit decreased NF-κB p65 transactivation and significant 
impairment of oxidative burst, bacterial killing, and the production 
of tumor necrosis factor (TNF)-α, chemokine KC, and leukotriene 
B4 [10]. These observations suggest that IFRD1 acts not only to 
modify genes but also to regulate a component of the inflammatory 
function in neutrophils in CF lung disease. More recently, Blanchard 
and colleagues found decreased IFRD1 protein and increased IFRD1 
mRNA expression levels in CF airway epithelial cells, compared with 
control cells [12]. This observation suggests that IFRD1 may also 
regulate inflammation through airway epithelial cell expression that 
may be differentially regulated at the protein and mRNA levels.

IFRD1 expression levels showed a positive association with reactive 
oxygen species (ROS)/oxidative burst [13]. Interestingly, in patients 
with CF, IFRD1 protein expression levels in neutrophils were lower 
in the airway fluids than in the peripheral blood [13]. The sputum 
supernatant from CF patients decreased intracellular IFRD1 protein 

expression in neutrophils [13]. The CF airway fluids contain abundant 
amounts of CXCL8 (interleukin 8 [IL-8]) and CXCL2 [14], and 
these cytokines mimicked the effect of CF sputum supernatants and 
significantly downregulated IFRD1 protein expression in neutrophils 
from healthy controls [13].

Chemokines, CXCL8, and CXCL2 recruit and activate neutrophils 
through seven transmembrane G-protein-coupled receptors [15]. The 
chemokine receptors, CXCR1 (IL-8RA) and CXCR2 (IL-8RB), are 
highly expressed on the neutrophil surface; however, the two receptors 
have different ligand binding affinities. CXCR1 binds with high affinity 
to IL-8, whereas CXCR2 binds with high affinity to all CXC chemokines 
[16-18]. CXCL8 and its receptor, CXCR1, play essential roles in the 
pathogenesis of CF lung disease. CXCR1 mediates antibacterial host 
defense in CF airways [19]. However, the reduced IFRD1 expression 
could be mediated through a CXCR2-dependent pathway (CXCL8-/
CXCL2-induced effects) [13]. Modulating the effect of CXCL8/
CXCL2 can be a potential pharmacological approach to reduce lung 
inflammation in CF patients.

The genetic analyses showed that three IFRD1 single-nucleotide 
polymorphisms (SNPs) were associated with longitudinal declines in 
lung function and modulated IFRD1 expression [13]. These studies 
demonstrate that IFRD1 expression is (1) systemically upregulated 
in human CF neutrophils, (2) linked to the production of ROS, and 
(3) depending on the IFRD1 genotype, modulated by chemokines in 
CF airway fluids [13]. The IFRD1 blood neutrophil protein levels were 
significantly higher in patients with CF who were heterozygous for 
the SNPs rs11771128 and rs4727770 compared with those who were 
homozygous for these SNPs [13]. Other studies of CF patients have 
found that the severity of lung disease in children and adolescents 
was related to 57460C>T polymorphism in the IFRD1 gene [10,11]. 
In contrast, the data presented by Marson et al. [20] from CF patient 
samples indicate that 57460C>T polymorphism in the IFRD1 gene is 
not associated with the severity of the disease. However, the authors 
explain that differences in how these analyses were done [20] may 
have caused discrepancies in the results. The authors emphasize the 
importance of studying polymorphism for a better understanding of 
clinical variability in patients with the identical CFTR genotypes.

As mentioned previously, the CXCL8 chemokine acting through 
CXCR2 plays a role in IFRD1 expression. A recent study analyzed 
the genomic DNA of CF patients for common variations in CXCR1 
and CXCR2 using a SNP tagging approach [21]. CXCR1 SNPs, 
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CXCR2 SNPs, and haplotypes were assessed for their association 
with CF lung disease severity, CXCR1 and CXCR2 expression, and 
neutrophil effector functions. Four SNPs in CXCR1 and three SNPs 
in CXCR2 strongly correlated with the lung function of patients with 
CF. SNPs comprising haplotypes CXCR1_Ha and CXCR2_Ha were in 
high linkage disequilibrium; patients heterozygous for the CXCR1-2 
haplotype cluster (CXCR1-2_Ha) had lower lung function compared 
to patients with homozygous wild-type alleles. CF patients carrying 
CXCR1-2_Ha showed (1) decreased CXCR1 combined with increased 
CXCR2 mRNA and protein expression and (2) disturbed antibacterial 
effector functions. As suggested by the authors [21], their results may 
provide another pharmacological approaches for the treatment of CF 
lung disease.

In conclusion, IFRD1, HDAC1, NFkB p65, CXCL8/CXCL2, and 
CXCR1/2 play critical roles in sustained inflammation in the lungs of CF 
patients. Regulating the expression and the function of these mediators 
may provide promising approaches for targeting inflammation in the 
lungs of CF patients.
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