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Abstract

:

In recent years, numerous pathways were explored in the pathogenesis of COPD in the quest for new potential therapeutic targets for more personalised medical care. In this context, the study of the cystic fibrosis transmembrane conductance regulator (CFTR) began to gain importance, especially since the advent of the new CFTR modulators which had the potential to correct this protein’s dysfunction in COPD. The CFTR is an ion transporter that regulates the hydration and viscosity of mucous secretions in the airway. Therefore, its abnormal function favours the accumulation of thicker and more viscous secretions, reduces the periciliary layer and mucociliary clearance, and produces inflammation in the airway, as a consequence of a bronchial infection by both bacteria and viruses. Identifying CFTR dysfunction in the context of COPD pathogenesis is key to fully understanding its role in the complex pathophysiology of COPD and the potential of the different therapeutic approaches proposed to overcome this dysfunction. In particular, the potential of the rehydration of mucus and the role of antioxidants and phosphodiesterase inhibitors should be discussed. Additionally, the modulatory drugs which enhance or restore decreased levels of the protein CFTR were recently described. In particular, two CFTR potentiators, ivacaftor and icenticaftor, were explored in COPD. The present review updated the pathophysiology of the complex role of CFTR in COPD and the therapeutic options which could be explored.
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1. Introduction


Despite the considerable advances made in recent years, the mechanisms underlying the onset, pathogenesis and symptomatic development of chronic obstructive pulmonary disease (COPD) remain largely unknown. Although we know that prolonged exposure to tobacco smoke and other inhaled toxins (e.g., biomass [1], and occupational smokes [2]) is the main risk factor for the disease, not all patients exposed to tobacco smoke develop this clinical condition. Furthermore, even among those who do develop COPD, the clinical, functional and prognostic impact varies among patients and the conditioning factors of this different evolution are equally unknown [3,4]. In this context, the search for pathogenetic pathways that help us understand the biological pathways that cause COPD, and which determine its clinical impact, constitute the current challenges in the biomedical research of this disease [5].



In recent decades, numerous pathways were explored that we now know play an important role in the pathogenesis of COPD, including protease–antiprotease imbalance, oxidative and nitrosative stress, inflammatory mechanisms associated with alterations in innate and acquired immunity, and apoptosis or autoimmunity phenomena [6]. However, despite all these efforts, the factor which defines the patients who will develop COPD when exposed to tobacco still eludes us. For this reason, a global initiative began to search for new frontiers of biological behaviour in COPD that could enable us to answer this question and, consequently, identify new therapeutic targets.



In this context, the study of the cystic fibrosis transmembrane conductance regulator (CFTR) started to gain importance in recent decades [7]. This interest heightened recently with the appearance of new drugs with the potential effect of modulating the physiology of this protein and having a potential impact on COPD [8]. The mucosal clearance from the airway is one of the main defence mechanisms of the airway. Bronchial mucus is capable of trapping foreign bodies due to its composition of water, mucins and salts, and it is continually carried into the upper airway by ciliary movement and the cough reflex. Therefore, this physiological function depends on the integrity of the cilia, the preservation of the cough reflex and the correct composition of the bronchial mucus. CFTR is a chlorine channel regulated by the cyclic adenosine monophosphate (cAMP) which is located in the apical membrane of bronchial epithelial cell and contributes to the movement of salts and water in the bronchial lumen, ensuring the correct composition and physiological behaviour of the mucus [9]. Alterations in the functioning of this protein lead to no water being secreted into the bronchial mucus, transforming it into a dehydrated mucus, which is more viscous and, therefore, more resistant to the movement of the cilia and their physiological function, thus weakening this defence mechanism of the respiratory system. This pathological condition is clearly seen in cystic fibrosis (CF) where there may be a complete absence of CFTR function [10]. In COPD, it is shown that a functional alteration of the CFTR contributes to its pathogenesis [7]. During this review, we aim to report the latest updates on the pathophysiology of CFTR in COPD and its possible treatments.




2. CFTR: Structure and Function


The gene that codes for this protein is located on the long arm of chromosome 7 and is made up of a 230 kb genomic sequence organized into 27 exons of different sizes [11]. The complementary deoxyribonucleic acid identifies a 6.1 kb transcript with 4400 nucleotides which encodes a protein with 1480 amino acids and a molecular weight of 170 kDa, known as the CFTR protein. This term was coined when it was recognized as the protein responsible for the appearance of CF, a genetic disease of autosomal recessive inheritance that originates from the failure of this protein [12].



The CFTR protein belongs to the family of adenosine triphosphate (ATP)-Binding Cassette transporters regulated by cAMP [13]. Structurally, it is made up of five domains: two transmembrane domains, made up of six segments each; a regulatory domain and two ATP binding domains, the so-called Nucleotide Binding Domain (NBD) 1 and 2. The NBD domains, the regulatory domain, and the NH2- and COOH-termini are found in the cytosol.



The activation of the CFTR protein requires a complex regulation involving the phosphorylation of the regulatory domain by protein kinase A and the subsequent binding and hydrolysis of ATP in the NBD domains. The binding of ATP with the cytosolic domain NBD1 produces the hydrolysis of ATP leading to the initiation of the opening of the channel. When ATP binding occurs with the NBD2 domain, the open channel is stabilised. Finally, the hydrolysis of ATP in NBD2 leads to the closure of the channel. If the regulatory domain remains phosphorylated, ATP binding and hydrolysis cycles occur and the channel opens and closes regularly [13].



CFTR is expressed in the epithelium of many exocrine organs, including the airway, lung, pancreas, liver, intestine, vas deferens and sweat glands. The protein acts as a chlorine channel and secretes chlorine, a process that contributes to the hydration of the airway, in addition to transporting bicarbonate and glutathione. It also plays an important role in regulating other membrane proteins, such as the sodium channel, whose key function, apart from CFTR, is homeostasis, controlling the movement of water and fluidising secretions in many organs [14]. Therefore, any alteration that occurs from the coding sequence to the synthesis of the mRNA or in other regions will give rise to an abnormal protein and, in turn, an alteration of its usual function.




3. CFTR Dysfunction in COPD


The acquired CFTR alteration in COPD is well described [15]. Briefly, the association of COPD with CFTR dysfunction relies on three main associations: the direct implication of tobacco smoke and the relationship between oxidative stress and CFTR physiology, as well as CFTR mutations.



3.1. CFTR and Tobacco Smoke


The first identification of an acquired dysfunction of the CFTR by tobacco smoke was described in 1983 [16] (Figure 1). Since then, the impact of tobacco smoke on CFTR was seen in acute and chronic exposures and was demonstrated in in vivo and in vitro models. Several subsequent studies verified this acquired dysfunction and attempted to find its associated factors. Several actions are suggested for this phenomenon. First, several authors state that tobacco smoke is associated with the internalisation of the CFTR [17,18]. It seems that the increase in cytosolic free calcium, together with the exposure to tobacco smoke, is associated with a reduction in the cellular expression of CFTR, reducing the liquid secreted to the cell surface [19]. Additionally, an accelerated degradation of the CFTR is also described. Tobacco smoke can alter CFTR traffic by inducing internalization through the acute misfolding on the cell surface which causes it to disappear from this location, forming intracytoplasmic aggregates in the epithelial cells [17,18,20]. Finally, it is possible to show an alteration in the opening of the channel, which prevents its physiological functioning and increases the dehydration of the mucus. Therefore, three mechanisms are involved in CFTR COPD dysfunction: the reduced expression of the CFTR transcript, accelerated CFTR degradation (reduced stability), and altered channel gating.



Interestingly, this alteration of the CFTR has important connotations if we view it in the context with the remaining pathogenesis of COPD, such as the metaplasia and hyperplasia of goblet cells. The hypertrophy of the submucosal glands causes a state of hypersecretion in an altered mucus, leading to a reduced CFTR-mediated chlorine secretion and further airway mucus dehydration [21] which closes a dangerous vicious circle. Notably, this tobacco-induced CFTR dysfunction is also shown outside the lung in a manner analogous to CF, and is associated with pancreatic involvement and cachexia, suggesting that there could be a systemic effect due to a less well-known mediator [22].



Apart from the oxidative stress released by tobacco smoke, as discussed below, at least three main constituents of tobacco are directly associated with CFTR dysfunction: acrolein, ceramide and cadmium. Acrolein is a highly reactive metabolite of cigarette smoke that forms covalent bonds with various proteins and DNA [23]. In particular, acrolein can alter the CFTR by altering the opening of the channel [24]. Cadmium is a component of tobacco and an environmental pollutant that decreases CFTR expression and chlorine transport in in vitro models and human lungs [25]. Ceramides belong to a family of waxy lipid molecules composed of sphingosine and a fatty acid and are found in high concentrations within the cell membrane of the eukaryotic cells. In addition to their role as supporting structural elements, ceramides participate in a variety of cellular signals such as the regulation of cell differentiation and proliferation, as well as the apoptosis phenomena [26]. Exposure to cigarette smoke increases lung ceramide biosynthesis and alters its metabolic function. A number of recent studies demonstrated that the accumulation of ceramides associated with the exposure to tobacco smoke was related to the inhibition of CFTR expression [27].




3.2. CFTR and Oxidative Stress


Among the pathogenetic mechanisms involved in the genesis of COPD, oxidative stress is most likely plays a key role. It is important to bear in mind that the oxidation–antioxidation relationship maintains a delicate physiological balance in humans with a slight imbalance towards oxidative stress [28]. This physiological oxidative influx has important physiological functions which are necessary for the normal functioning of the various organs and systems. Therefore, it is termed oxidative stress when there is a greater imbalance in favour of the oxidative component of the balance [29]. This decompensation can occur either due to an increase in the oxidative influx or by a decrease in protective factors, such as enzymatic defences, including superoxide dismutase, catalase or the glutathione pathway.



In this regard, the relationship between CFTR dysfunction and oxidative stress seems to be the most important factor. The importance of the oxidative influence is shown as a factor that modulates the stability, physiology and expression of CFTR. In a recent study conducted with a mouse model, the authors described the lentivirus-mediated overexpression of CFTR. Compared to a negative control group, this overexpression of CFTR resulted in reduced levels of glutathione, reactive oxygen species, and malondialdehyde, together with an increase in superoxide dismutase, glutathione peroxidase, and total antioxidant capacity [30].



This CFTR-oxidative stress relationship is complex and most likely has a double significance. On the one hand, oxidative stress is reported to alter CFTR expression [31], Various studies show that oxidants related to cigarette smoke affect the expression and function of CFTR in the respiratory tract epithelia [31,32]. The mechanisms responsible for this effect are varied and involve different levels, including the reduced expression of CFTR transcription, the accelerated degradation of the protein and the alteration of the opening of the channel [17,33,34]. On the other hand, in cases of severe CFTR dysfunction, such as CF, an oxidative imbalance is described as leading to the increased production of reactive oxygen species [35]. If this double effect was demonstrated in COPD, this would lead to the consideration that oxidative stress not only played a central role in the pathogenesis, but had a clear therapeutic objective with which to break this possible redundant mechanism. To complete the picture, we need to bear in mind that the pathogenesis of COPD involves the generation of internal oxidative stress based on two other endogenous sources apart from tobacco smoke: hypoxia and chronic inflammation [36]. As a result, it is proposed that oxidative stress alone may be one of the most important factors in CFTR gene expression, density and physiology [31].




3.3. CFTR Mutations


The analysis of CFTR mutations and respiratory pathology needs some clarification. CF is an autosomal, recessive, inherited, genetic disease caused by mutations in the gene that encodes the CFTR protein. However, there are currently more than 1500 genetic variations of this gene which have a variable penetrance. In this way, the fact that mutations of uncertain significance are described as part of the CF diagnosis is currently under debate due to the low benefit derived from the diagnosis and the greater stress caused to the families. Accordingly, the term, CFTR-related dysfunction syndrome, was coined to identify these cases with a mutation of unknown clinical significance [37]. In addition, there were single-nucleotide polymorphisms which represented a change in one single nucleotide but had no associations with CF clinical presentations which might modify CFTR function. Therefore, the different CFTR mutations represent a spectrum of affections which start from the normal protein expression and move to a frank deficit resulting in CF (Figure 2).



CFTR mutations in patients with chronic airway diseases such as bronchiectasis and COPD are previously described [38]. Although not many variants are associated with any disorder so far, different alleles are found to be more frequent in COPD patients [39]. Accordingly, although these alterations occur in the absence of a CF-associated mutation (since in these cases a diagnosis of CF should be considered as an alternative), the genetic variations of CFTR associated with COPD are also described [39,40,41].



The allele present in the polymorphic locus, M470V (1540A = G in exon 10), affected the biogenesis and the gating of the CFTR channel. The M470 CFTR proteins had a 1.7-fold increase in intrinsic chloride activity compared with the V470 protein [39]. This hyperactive M470 variant was found more frequently in COPD patients than in the controls. In particular, the VV470 genotypes saw a 3.4-fold decrease in the risk of the appearance of severe/very severe COPD symptoms, which suggested that they played a protective role. Interestingly, it was suggested that the combination of certain alleles at various loci could result in a dysfunctional CFTR protein to different degrees [42]. Consequently, the combination with other mutations could affect the final phenotypic expression producing non-functional CFTR proteins which affected the net activity of chlorine transport [39,41]. Similarly, the R75Q polymorphism (356G = A in exon 3) was associated with COPD [40]. Of note, the patients who were homozygous for the V470 allele carrying the R75Q variant had chronic bronchitis as the dominant symptom of COPD, which suggested a link with CFTR dysfunction [40].





4. Consequences of CFTR Dysfunction in COPD


There are two main controversies regarding the relationship between CFTR dysfunction and COPD. The first is the role of CFTR dysfunction as a risk factor for COPD. Here, the evidence of a tobacco smoke-associated CFTR dysfunction seems clear. However, if CFTR plays a key role in the development of COPD, a more impaired CFTR function in COPD should be expected when compared to healthy smokers. However, this seems not to be the case in the available studies which show a similar degree of impairment [21,43]. Interestingly, there are clinical data suggesting this association. From a biological perspective, at the macrophage level, CFTR dysfunction is related to the impaired bacterial phagocytosis and favours recurrent bacterial infections and airway inflammation [44], one key finding of COPD pathogenesis. From a clinical perspective, two studies show some relationship between COPD and CFTR dysfunction. A study comparing healthy non-smokers with current smokers, with and without COPD, showed a significant reduction in CFTR activity with correlations of this activity with the presence of chronic bronchitis and dyspnoea scores [21]. In patients with emphysema, it was shown that the amount of CFTR in the lung tissue was directly related to the spirometric values of lung function, in both the forced vital capacity and the forced expiratory volume in one second (FEV1), and inversely related to the stages of the functional involvement of COPD [45].



The second source of debate is the role of CFTR dysfunction in the different COPD clinical phenotypes: chronic bronchitis and emphysema. The consequences of CFTR dysfunction in COPD are described in both anatomical compartments related to the disease: the airway and the lung parenchyma. On the one hand, one direct consequence of having a thicker mucus implies that the cilia cannot easily remove it. As a consequence, the cough mechanism increases to try to compensate for this deficit, with an increase in coughing and chronic expectoration, which is called chronic bronchitis [46]. On the other hand, as mentioned above, in patients with emphysema, there is a correlation between the spirometric values of lung function and CFTR [45], Interestingly, a recent murine model shows the contribution of a reduced expression of CFTR and airspace enlargement [47].



Altogether, the evidence suggests that smokers with and without COPD have a reduced lower airway CFTR activity compared with healthy non-smokers, and this finding correlates with the clinical expression of COPD. Notably, there are still dark spots in the relationship between COPD and CFTR. In this context, the development of animal models could clarify the relationship between CFTR, COPD and modulatory treatments. A possible initiative would be the study of CFTR-deficient mice exposed to smoke-induced COPD mouse model, not yet developed. Additionally, the response to treatments which influence CFTR function or its consequences could shed some light on this debate.




5. Treatments for Improving CFTR Function in COPD


Consequently, CTFR dysfunction, either innately due to a genetic alteration or by acquiring tobacco smoke and oxidative stress, is described in both diseases, CF and COPD. Therefore, it could be suggested that treatments to improve CFTR function in CF could be applicable to COPD (Figure 3). In particular, the fact that both diseases share pathophysiological mechanisms and clinical expressions, such as airway inflammation, goblet cell metaplasia, a reduced mucociliar clearance, mucus hypersecretion, small airways’ mucus obstruction, and chronic bacterial infections, in addition to the importance of CFTR dysfunction in COPD mentioned above, makes it possible to consider the option of common treatments for both processes.



5.1. Smoking Cessation


CFTR dysfunction due to exposure to tobacco smoke is partially reversible after smoking cessation, which justifies a cause-and-effect relationship between exposure to tobacco smoke and CFRT dysfunction [17,18]. However, it is important to bear in mind that the inflammation in COPD and its pathophysiological mechanisms are perpetuated with the severity of the lung disease [48,49]. Therefore, it is likely that, once established, the mechanisms other than the direct exposure to tobacco smoke contribute to maintaining an altered function of the CFTR. In any case, all initiatives that help COPD patients to quit smoking should be prioritized in the healthcare of these patients [50,51].




5.2. Rehydration of Mucus


Since CFTR dysfunction leads to the dehydration of the mucus, one key therapeutic target would be the rehydration of the mucus, since this would improve mucociliary clearance, and therefore reduce the obstruction produced by this mucus. The administration of a hypertonic serum spray is shown to restore mucus hydration, increase periciliary fluid volume and improve bronchial clearance [52]. A study with models of dehydrated cells shows that the application of hypertonic saline is able to restore the height of the mucus by improving its hydration [17]. Unfortunately, however, this effect seems to be short-lived. Another option would be the administration of a hypertonic saline solution, which results in a higher concentration of salt on the surfaces of the airways [53]. This increase in salts generates a chlorine gradient that is absorbed through the partially functional channel mediated by CFTR and the paracellular pathway, together with the absorption of sodium by the epithelial sodium channel [54]. This resulting transfer of salt limits the duration of the serum’s osmotic effects. Therefore, it is likely that frequent doses of hypertonic solution would be needed. This effect, however, does not occur in CF, where the CFTR is not functioning or is completely absent, so that the passage of chlorine, though it is inhibited, limits sodium absorption, and therefore results in a better-maintained osmotic effect [55].



The inhibition of the epithelial sodium channel is tested in normal human bronchial epithelial cultures, which suggests a possible associative mechanism to improve the efficacy of this therapeutic option [46]. Here, the inhibition of the epithelial sodium channel improves hydration in patients with impaired CFTR and the search for epithelial sodium channel inhibitors as possible treatments is beginning [52]. However, the clinical effects of this therapeutic strategy did not yield sufficient results [56,57] and new approaches are being sought. For example, ursodeoxycholic acid has immunomodulatory and epithelial ion transport-enhancing properties. Recent work shows that this acid can inhibit the epithelial sodium channel activity by improving hydration in a model of normal human airway epithelial cells and cystic fibrosis, suggesting the therapeutic potential for ursodeoxycholic acid in CF lung disease [58].




5.3. Antioxidants


Due to the pathophysiology outlined above, counteracting oxidative stress could be another strategy worth exploring. Here, scavengers were tested to see if they could at least partially reduce the function of CFTR, and therefore could be used in the treatment of COPD [59]. In addition, nitric oxide and S-nitrosoglutathione play a crucial role in maintaining functional lung homeostasis under physiological conditions, in which intracellular levels of S-nitrosoglutathione are controlled by the S-nitrosoglutathione reductase enzyme that degrades S-nitrosoglutathione [60]. Some authors show how increasing the S-nitrosoglutathione levels improves the pathogenesis of COPD by reducing the acquired CFTR dysfunction [61]. In a murine animal model, some authors show that this treatment leads to an improvement by increasing the autophagy phenomena [62], which suggests a relevant role of this autophagy in the pathogenesis of COPD and its relationship with CFTR dysfunction. Therefore, increasing S-nitrosoglutathione levels could be a promising strategy to treat COPD due to the ability of S-nitrosoglutathione to increase CFTR expression and maturation [63]. In fact, the therapeutic benefits of the inhibitors of S-nitrosoglutathione reductase (N6022) are already tested [61]. These authors used biobanked paraffin-embedded lung tissue sections, a murine model with C57BL/6 mice and Beas2b cells cultures to evaluate the effects of S-nitrosoglutathione augmentation in regulating inflammatory-oxidative stress and COPD-emphysema pathogenesis. Altogether, the authors conclude that augmenting S-nitrosoglutathione levels controls COPD-emphysema pathogenesis by reducing cigarette smoke-induced acquired CFTR dysfunction and resulting in autophagy impairment and chronic inflammatory–oxidative stress.




5.4. Phosphodiesterase Inhibitors


The intracellular levels of cAMP are another interesting therapeutic target, due to the important role of cAMP in the physiology of CFTR [64]. The role of cAMP in COPD is studied both in the intracellular pathways that mediate inflammation and in the physiological and pharmacological bronchodilator response. In this context, phosphodiesterases (PDE) can break down cAMP and regulate the intracellular concentrations of cAMP. As a consequence, PDE inhibitors can prevent cAMP degradation and consequently restore CFTR function. PDE constitute a large family of inhibitors from which 11 types are known in humans [65]. Ubiquitously located, PDE3 and PDE4 seem to play a relevant role in the respiratory system. So far, we have a non-selective inhibitor of PDE such as xanthines. In addition, we currently have a selective PDE4 inhibitor, roflumilast [66], and a dual PDE3/4 inhibitor in development that has anti-inflammatory and bronchodilator effects [67]. The role of roflumilast in the treatment of COPD is well established in current guidelines for the management of the disease [4] and dual PDE3/4 inhibitors are under development [67].



Recently, several preclinical studies showed that roflumilast could benefit COPD patients with chronic bronchitis by activating CFTR and restoring its function [68,69]. This effect on CFTR activity was also demonstrated in animal models [70]. In addition to its ability to partially restore tobacco-induced CFTR dysfunction in bronchial epithelial cells, roflumilast combined with adenosine increased mucosal hydration in human airway epithelial cultures after cigarette smoke exposure [71].





6. CFTR Modulators


Today, there is a new generation of drugs available known as CFTR modulator drugs [72,73], which are small molecules which enhance CFTR or restore the decreased levels of proteins on the cell surface. These drugs were initially synthesized to correct the CFTR genetic defects that occurred in CF. However, attempts are now being made to provide the drug with another function, that is, in acquired CFTR dysfunction, such as in COPD. There are three main types of CFTR modulators: CFTR potentiators (ivacaftor and icenticaftor) hold the protein gate open so chloride can flow through the cell membrane; CFTR correctors (lumacaftor, tezacaftor, and elexacaftor) help the CFTR protein to form the right 3-D shape so that it is able to move, or traffic, to the cell surface; and CFTR amplifiers (under development) increase the amount of CFTR protein that the cell produces. Currently, the therapeutic strategy for CF includes the combination of several of these molecules to increase therapeutic efficacy and tolerability. To date, only ivacaftor and, more recently, icenticaftor are explored in COPD.



6.1. Ivacaftor and COPD


Ivacaftor (VX-770) seems to play a role as a CFTR potentiator in diseases that present with the acquired CFTR dysfunction. Ivacaftor is shown to reverse the changes made by tobacco smoke in the human bronchial epithelium in cell cultures by increasing the probability of channel opening, improving the chlorine conductance, restoring cell surface fluid and improving mucociliary clearance [68,74,75]. Although clinical trials of CFTR-enhancing drugs in COPD patients are in the early stages, a recent study shows that ivacaftor in patients with chronic bronchitis leads to an improvement in symptoms and chlorine levels in the sweat test [76]. Currently, a Phase 2 clinical trial (the TOPIC trial), aiming to establish the safety and efficacy of ivacaftor in COPD patients with chronic bronchitis and acquired CFTR dysfunction as detected by sweat chloride analysis, is recruiting patients (ClinicalTrials.gov Identifier: NCT03085485 (accessed on 30 July 2021)). The design is a pilot, randomized (3:1, active:placebo), double-blind, placebo-controlled study, and approximately 40 subjects with COPD will be randomized.




6.2. Icenticaftor and COPD


Icenticaftor (QBW251) is a CFTR potentiator molecule that can restore CFTR dysfunction in certain CF genotypes [77]. A study on the efficacy and safety of Icenticaftor in COPD patients was recently published [8]. This multicentre, randomized, double-blind, placebo-controlled study included 92 patients with moderate/severe COPD. The study consisted of 2 weeks when the patients were treated with a placebo, to verify the stability of the baseline treatment of COPD, followed by a period of 4 weeks where the patients took the placebo twice a day or icenticaftor 300 mg twice a day, followed by a final 4 weeks of single-blind placebo. The primary endpoint was the change from the baseline to day 29 in the lung clearance index of icenticaftor vs. placebo. The secondary objective was to compare the changes between the baseline and day 29 of prebronchodilation and postbronchodilation FEV1. Other endpoints studied were the changes in the sweat test, plasma fibrinogen levels and sputum colonization.



The results showed that, by day 29, icenticaftor did not improve the change in the lung clearance index (treatment difference: 0.28, with a 19% probability of being more effective than the placebo), but did show an improvement in prebronchodilator FEV1 (mean: 50 mL with an 84% probability of being more effective) and in postbronchodilator FEV1 (mean: 63 mL, with a 91% probability of being more effective than the placebo).



Improvements were also observed in the bacterial colonization, sweat test results, fibrinogen in plasma and bacterial colonization of sputum. Regarding safety, the drug was shown to be both safe and well-tolerated [8].





7. Conclusions


CFTR dysfunction is an area of the pathophysiology of COPD which offers opportunities for new therapeutic targets and a more personalised approach. Understanding its underlying biological pathways may help us to identify the novel initiatives which may lead to valid therapeutic options for specific patient types. Due to the fact that the clinical features of these patients were similar to those observed in the CF patients, with a chronic cough and expectoration leading to thicker and more viscous secretions, the option of being able to use CFTR modulating drugs in COPD is now being explored.
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Figure 1. Model of airway surface dehydration in COPD due to CFTR dysfunction. (A) In non-smokers, an adequate exchange of ions occurs due to the correct functioning of the CFTR protein, located in the apical membrane of the respiratory epithelium. (B) In smokers, cigarette smoke produces a dysfunction of the CFTR protein producing an alteration of ion transport, making the mucus dehydrated, reducing the periciliary layer, and therefore hindering the expulsion of secretions. 
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Figure 2. Classification of diseases as CFTR-related disorders. 
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Figure 3. Therapeutic points of action of CFTR dysfunction. 
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