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Acquired cystic fibrosis transmembrane conductance regulator

protein (CFTR) dysfunction and cigarette smoking

Jonathan Kopel BS

ABSTRACT

Cystic fibrosis (CF) remains a prevalent genetically inherited disease in Caucasian
populations. Investigation of the respiratory symptoms which occur in patients with CF helps us
understandthe pathophysiology of chronic lung disease. Environmental insults, such as cigarette
smoke, can reduce the cystic fibrosis transmembrane receptor (CFTR) function or expression
leading to an acquired CF phenotype and could contribute to the development and progression
of smoking-related lung disease. However, it is uncertain if the acquired CF phenotype can be
diagnosed with the same methods, such as the sweat chloride test and the measurement
of nasal potential difference, used for genetically-acquired CF. More studies are needed to
investigate the prevalence of acquired CFTR dysfunction and the differences between acquired
and genetically-inherited CFTR dysfunction. Overall, acquired CFTR dysfunction challenges
the distinction between genetic and acquired disorders, suggesting that environmental agents

may modulate the functions of genes and the increase risk for pulmonary disease.
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CyYSTIC FIBROSIS BACKGROUND

Cystic fibrosis (CF) remains a prevalent genetically
inherited disease in Caucasian populations, affecting
1in 2500 newborns.” It is an autosomal recessive dis-
ease caused by mutations in the CF transmembrane
conductance regulator gene (CFTR)." Specifically,
deletion of phenylalanine at codon 508, known as
AF508, occurs in 70% of CF patients; hundreds of rarer
CFTR mutations also occur and produce less severe
clinical presentations.” The CFTR protein is expressed
throughout the body and regulates fluid volume on epi-
thelial surfaces by modulating chloride secretion and
sodium absorption.” In CF, CFTR mutations prevent
the secretion of chloride ions on epithelial surfaces,
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which alters the ionic composition of extracellular fluid
and reduces water secretion leading to thickened
mucus on airway surfaces.” According to the “low
volume” hypothesis, the reduced airways surface vol-
ume decreases the mucociliary clearance function to
eliminate inhaled bacteria on lung epithelial surfaces.’
The increased bacterial load and increased inflamma-
tory response of the lung damages lung tissue and
thereby reducing respiratory function." Furthermore,
CF causes meconium ileus, fat soluble vitamin defi-
ciencies, and male infertility." Despite diagnostic and
therapeutic advances, CF patients have a median sur-
vival of 50 years.’

CIGARETTE SMOKING AND ACQUIRED
CYSTIC FIBROSIS

Chronic exposure to cigarette smoke damages the
upper and lower airways and reduces mucus clear-
ance, which is strongly associated with COPD.%*
COPD includes several clinical manifestations resulting
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from large-airway inflammation and remodeling with
increased airway resistance and from alveolar wall
destruction with decreased alveolar lung surface area
available for gas exchange.® Studies in patients with
tobacco smoke related COPD (confirmed homozygote
wild-type CFTR genotype) have demonstrated the pres-
ence of acquired CFTR dysfunction in some COPD
patients and that this persists despite smoking cessa-
tion and is associated with chronic bronchitis sever-
ity.5 Environmental insults, such as cigarette smoke,
can reduce CFTR function or expression leading to an
acquired CFTR dysfunction, possibly contributing to the
development and progression of COPD.**

The population distribution of sweat chloride lev-
els is unknown and may vary by country and ethnic-
ity. Studies have focused on patients with respiratory
symptoms or disease. An epidemiology study at a
Brazilian referral CF center examining 5,721 patients
(0—85.58 years old) suspected of cystic fibrosis, over
a 30 year period, reported that 61.6% had a sweat
chloride level less than 30 mmol/L chloride, 25.1%
had a sweat chloride level between 30 and 60 mmol/L
chloride, and 13.3% had a sweat chloride level greater
than 60 mmol/L chloride.” Another study examining
182 patients (0.2—23 years old) at a Northern India
hospital with suspected cystic fibrosis with one or
more clinical features of cystic fibrosis found 5%
had borderline sweat chloride levels (sweat chloride
levels 40-59 mmol/L chloride) and 22.5% had ele-
vated sweat chloride levels (>60 mmol/L chloride).®
Among current and former smokers, 20-31% have
elevated sweat chloride levels (=40 mmol/L chloride),
which indicates a reduced function and expression of
CFTR.®"'° Similarly, a clinical report examining former
or current smokers with COPD (excluding those with
CFTR gene mutation) showed 40% of had an ele-
vated sweat chloride test.'*

Among the various components in cigarette
smoke, acrolein and cadmium produce the greatest
decrease in CFTR function and expression along the
respiratory epithelium.?>* Specifically, acrolein and
cadmium produce CFTR dysfunction through reduc-
ing CFTR expression and function, destabilizing
CFTR proteins, and chemically modifying cysteine
and lysine residues.?*'>" Similar alterations in

CFTR function and expression were observed with
e-cigarette vapors, which contain acrolein and other
toxins.® Pathological studies of upper and lower air-
way epithelial cells demonstrate that cigarette smoke
exposure decreases ciliary beating frequency through
reduced CFTR and calcium activated chloride chan-
nel, which directly inhibits mucociliary clearance.?™*
Furthermore, studies measuring nasal potential differ-
ence and lower airway potential difference and stud-
ies with endobronchial biopsies from subjects without
CFTR genetic mutations showed significant decreases
in CFTR protein function and expression with acute
and chronic exposure of cigarette smoke.>™*16-18
Chemical components in cigarette smoke also enter
systemic circulation and can produce pancreatitis,
infertility, and cachexia.?* Overall, these studies sug-
gest cigarette smoke oxidants reduce CFTR mRNA
transcript expression, accelerate CFTR protein deg-
radation, and alter CFTR channel gating leading to
acquired CFTR dysfunction.*

However, it is uncertain whether acquired CFTR
dysfunction can be diagnosed with the same meth-
ods, such as quantitative sweat chloride concentra-
tions and measurement of nasal potential differences,
used for genetically inherited cystic fibrosis.' It
remains unknown whether acquired CFTR dysfunc-
tion in COPD patients increases the severity of cough,
sputum production, and deterioration in lung function
beyond the usual effects of cigarette smoking alone.
Since a significant proportion of COPD patients have
been shown to have CFTR dysfunction, this suggests
the CFTR protein dysfunction might be an important
contributor to the pathogenesis of COPD and other
pulmonary diseases.® More studies are needed to
investigate clinical or phenotypic expressive differ-
ences between a patient population with acquired
CFTR dysfunction and one with genetically inherited
CF." For example, smokers with acquired CFTR
dysfunction do not typically present with pancreatic
enzyme deficiencies or obstruction of the vas def-
erens seen in those with genetically inherited CF."
Currently, N-acetylcysteine, ivacaftor, and roflumilast
can reverse decreases in CFTR function and expres-
sion.'21420-22 However, ivacaftor is effective in CF
patients with a less common CFTR gene mutation,
G551D, and requires more clinical trials to determine
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whether it will be effective against tobacco smoke
induced acquired CFTR dysfunction.'® Despite limited
therapeutic options, a clinical report examining smok-
ing cessation showed improved CFTR-dependent
sweat secretion rate over a 21-day period.% Overall,
acquired CFTR dysfunction challenges the distinction
between genetic and acquired disorders and sug-
gests that environmental agents may modulate the
function of genes and the risk for disease.'®
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