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Analyzing the Genetic and Clinical Aspects of the Mutation in the Cystic
Fibrosis Transmembrane Regulator Gene
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Abstract

Cystic fibrosis is an extensively studied disorder caused by a monogenic inherited
disease. This disease results from mutation in the cystic fibrosis transmembrane regulator gene.
CFTR codes for a complex protein that is vital to normal functioning. This research paper
compiles information over the disorder and examines life with the disease from a clinical,
molecular, and genetic viewpoint. The method for writing included looking over various

scientific articles.

Introduction

Cystic fibrosis is a fairly common autosomal recessive disorder in European
populations. It is characterized by thick and sticky fluid in the cells that produce mucus, sweat,
and digestive juices. Symptoms include pain in the abdomen, burning sensation in the chest,
coughing, wheezing, and gastrointestinal problems. Patients with CF will have salty-tasting skin,
frequent lung infections, poor growth and weight gain, frequent greasy, bulky stool or problems
with bowel movements, and even infertility in males. The secretions of the cell aren’t thin and
slippery as in normal people, so instead of acting as a lubricant, the secretions plug up tubes,
ducts, and passageways. The buildup of mucus traps bacteria, which increases the risk for
infection. This leads to lung damage and eventually respiratory failure. The mucus buildup

prevents the release of digestive enzymes from the pancreas, making the break down and
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absorbance of food difficult. The disorder requires daily attention but those diagnosed with it can
live fairly normal lives with an average life expectancy in the 20s and 30s.

Cystic fibrosis has a prevalence of 1 in 2500 European populations. Cystic fibrosis
occurs in roughly 1 in 2000 births in northern European population (Zemanick et al. 2010).
According to the National Institute of Health approximately 30,000 people in the US are living
with cystic fibrosis. Every year there are 1,000 new cases. The majority of people with CF are
diagnosed by two years old.

It is speculated that cystic fibrosis has been around since 3,000 BC (Busch 1989).
Although the first paper about CF wasn’t published until 1938. Dorothy Hansine Andersen
published “Cystic Fibrosis of the Pancreas and its Relation to Celiac Disease: A clinical and
Pathological Study,” in the American Journal of Disease of Children (Andersen 2009). It is a

complex disorder and the symptoms and severity of the symptoms vary from case to case.

Genetic Component

People with cystic fibrosis have inherited two copies of the defective gene. Each copy

must come from a parent meaning that both parents must be carriers of at least one copy of the
gene for their offspring to inherit the disease. Carriers of the disease only have one copy and do
not show any of the symptoms.

In 1989 cystic fibrosis was found to be caused by mutations in a previously unstudied
gene. The novel cystic fibrosis transmembrane regulator (CFTR) gene was predicted to regulate
transmembrane conductance, and was subsequently shown to function as a channel that allows

chloride ions to pass through the cell membrane. A great deal was discovered about aspects of
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CFTR biology that would inform diverse fields such as protein trafficking and membrane
transport. According to the Cystic Fibrosis Mutation Database there are currently 1,991 CFTR
mutations. The most common mutation, F508 is a deletion of three nucleotides. This results in a
loss of the amino acid phenylalanine (F) at the 508th position on the protein (Griesenbach et al.,
2016). The F508 deletion on chromosome 7 has been found in approximately 70% of gene
carriers for cystic fibrosis and provides an opportunity to offer detection of carrier state both to
members of the general populations and to members of families whom cystic fibrosis has been
diagnosed (Knight et al., 1990). This mutation alone, accounts for two-thirds of the mutations in
cystic fibrosis worldwide.

The different mutations that cause CF can be divided into four classes. This first class of
mutations affect protein production and include the nonsense mutation G542X. There are
mutations throughout the CFTR gene that produce premature termination signals because of
splice site abnormalities, frameshifts due to insertions or deletions, or nonsense mutations (Tsui,
1992). The second class of mutations affect processing, where proteins fail to progress through
the biosynthetic pathway. This includes the most common mutation, deletion of phenylalanine at
residue 508 (F508). The third class is defined by problems in protein regulation. An example of
this is the G551D mutation. Although missense mutations have been reported in the regulatory
domain, there appear to be fewer mutations than in other parts of the protein (Welsh and Smith,
1993). The fourth class of mutations causing CF result from defective conducting, where the rate
of ion flow through a single open channel is reduced. The missense mutation R117H in the first

membrane-spanning domain falls into this class.
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The product of the CFTR gene is a chloride ion channel important in creating sweat,
digestive juices, and mucus. When there is a mutation in this gene it prevents normal secretion
from the chloride ion channels. The absence of this gene function is what cause the thick mucus
in patients with CF.

The CFTR gene was cloned and identified to produce a protein, the CFTR protein that
regulates chlorine ion channels. This seemed to be the cause of the thickening of mucus. It was
believed that lack of this gene is what caused the hyper-mucosity. Further research has found that
the mechanism for this is complex and varies from organ to organ with lungs being the most
complex. It is now hypothesized that it is actually a gene downstream to this gene that causes the
symptoms that we see in the people with the disease. The mucus hyper production that typifies
CF does not appear to be a direct cause of a defective CFTR but, rather, to be a downstream
consequence. In organs like the lung, up-regulation of mucin gene expression by inflammation
results from chronic infection; however, in other instances and organs, the inflammation may
have a non-infectious origin (Kreda, 2016). Since there are many variations of the disease it is

hard to pinpoint the exact cause and it may not be the same for all mutations.

Molecular Biology and Biochemistry of disease

Mutations in the CFTR gene affect multiple organs, including the intestine, sweat glands,
pancreas and the reproductive system, but cystic fibrosis lung disease causes most morbidity and
leads to premature mortality in cystic fibrosis patients (Griesenbach et al., 2016). CF mostly
affects the epithelium cells of the lungs, pancreas, liver, and kidneys. The mutation causes either

loss of function or dysfunction. The reason that death from lung infection is so predominant is
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due to the dehydration of liquid on the surface of airways. This prevents ciliary action of the cells
that normally move mucous away. Another alternative is that the disorder causes inflammation in
the host. Patients with CF are susceptible to opportunistic bacteria, most notably Pseudomonas
aeruginosa (Zemanick et al. 2010). This theory that inflammation is what causes eventual lung
breakdown is less widely accepted. The role of CFTR expression in inflammatory cells such as
neutrophils, macrophages, and more recently T cells, has been widely, and so far, inconclusively
debated, but studies overall appear to suggest a potential defect in adaptive immune responses in
patients with CF, which may explain the exaggerated pulmonary inflammatory responses that
have been generally observed, an area that requires further studies (Griesenbach et al., 2015).

CFTR is found at the q31.2 locus of chromosome 7 (Zengerling, 1987). It is 230,000
base pairs long, and encodes for a protein that is 1,480 amino acids long. While there are
approximately 2,000 different alleles in the CFTR gene associated with the diseases, there is no
evidence that all these cause the disease phenotype. CF allele distribution varies by population. It
is hypothesized that having CF benefited from resistance to cholera and other causes of diarrhea.
That is heterozygous individuals would be less susceptible to cholera. The selection of the CF
mutation and its cellular consequences present evidence which suggests that resistance to cholera
may have been the environmental factor which selected CF heterozygotes over their ‘normal’
homozygote cohort (Rodman 1991). A study done by Patrick Sosnay at John Hopkins University
looked at genotype and phenotype data for 39,696 affected people in clinics and registries and
clinics in North America and Europe. In these individuals, 159 CFTR variants had an allele
frequency of 0.01%. These variants were evaluated for both clinical severity and functional

consequence, with 127 (80%) meeting both clinical and functional criteria consistent
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with disease. Assessment of disease penetrance in 2,188 fathers of individuals with cystic
fibrosis enabled assignment of 12 of the remaining 32 variants as neutral, whereas the other 20
variants remained of indeterminate effect (Sosnay et al., 2013). This study is significant because
it shows that there are a lot of different mutations in the CFTR gene that give rise to CF. Those
with a single working copy are carriers, but otherwise function normally. The most current
theory on how cellular defect can cause clinical effects is that defective ion transport leads to
dehydration in the airway epithelia, and therefore thickening mucus. Population based studies of
CF are becoming more popular, with 1.2 million people subjects in the US alone. Genetic testing
is highly recommended for people who are showing symptoms and for couples who might be

carriers for the gene.

Clinical aspects and organismal phenotype

Screening for CF includes testing for immunoreactive trypsinogen, then confirmation
through a scan for CFTR mutations. Most children are diagnosed by six months of age. Diabetes
is the most common non-pulmonary complication, but lung disease and infertility are also issues.

There is a wide variability in the disease and most treatments are tailored to the
individual. Most treatment options are aimed at reducing symptoms of the disease rather than the
cause of the disease. There are a variety of different therapies that patients can go through.
Airway clearance helps to get rid of thick mucus in the lungs. This therapy may require a
respiratory therapist. An inflatable vest vibrates the chest at high frequencies to help loosen and
thin mucus. Inhaled medicines can also aid in opening air passageways. A liquid medicine is

usually made into a mist or aerosol. The medicine is then inhaled via a nebulizer. Pancreatic
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enzyme supplement capsules can also be taken with every meal to help facilitate the absorption
of important nutrients. Antibiotics include Piperacillin, Azithromycin, Aztreonam,
Ciprofloxacin, and Tobramycin. All of these drugs are designed to treat bacterial infections.
Tobramycin is specially designed to treat lung infections.

CF is equally prevalent in males and females, but females have a slightly shorter life
expectancy. The reason for this is unknown but the gap is decreasing as healthcare becomes
better and more accessible. Similar “gender gaps” have been seen in asthma and COPD (chronic
obstructive pulmonary disease). Researchers have speculated that sex hormones play a role in
this gap. More research needs to be done as there are many factors affecting life span such as
exercise, nutrition, socioeconomics, and environment.

People suffering from CF are often given a special diet or a list of recommended foods.
This diet is high in fat and calories. Since the mucus is so thick in the intestines, it makes it hard
for nutrients like fats and vitamins to be absorbed. That is why teenagers suffering from this
disorder are usually short and underweight for their age. This also makes them more susceptible
to illness as their bodies can’t fight off infections very well. Consuming extra calories aids in
fighting off infections as well as keeping their lungs strong. Even if the patient isn’t feeling
hungry it is necessary to keep consuming food to fight off malnutrition. Just like anyone else
they need a well-balanced diet. It is recommended that they consume 2,900-4,500 calories per
day. Just like any other factor of the disease, everyone person has their own nutritional needs.

Patients are able to work with a CF nutritionist to develop a diet plan for weight gain.
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Issue for affected individuals and treatments

There is no cure for CF and it is a chronic illness. It puts a great deal of emotional stress on a
person as well as their family. People with CF need constant care, expensive medication, and are
more prone to depression or anxiety. The disorder is lifelong and also shortens the lifespan of the
patient. Those suffering from CF are more prone to depression only due to the amount of stress
they are under combined with the decrease in quality of life. Exercise can be beneficial to those
suffering because it releases endorphins as well as strengthening the lungs capacity. People with
CF shouldn’t smoke or it will increase their chances of lung disease. Despite requiring daily care,
CF doesn’t stop people from performing daily tasks such as working or going to school. Patients
are required to check in with a doctor every three months and the better treatment they receive
the longer lifespan they will have.

Treatment includes antibiotics, chest physiotherapy, and pancreatic enzyme replacement
for those with pancreatic insufficiency. Lung transplants are also an option. Gene therapy has
been explored as a potential cure for CF. It is focused around trying to put a functional copy of
the CFTR gene into affected cells. Gene transfer has been attempted multiple times, with
liposomes and viral vectors in animal models and in clinical trials. Unfortunately these methods
were inefficient. This is because very few of the cells take up the vector and express the gene.
Pulmonary gene therapy is especially difficult because the lung is a complex organ designed to
keep out foreign bacteria and viruses. Some gene therapy may not completely fix CFTR gene
function but even a little bit can improve lung disease. The discovery that even a slight

improvement in gene function can improve the disease has renewed interest in gene therapy as a
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form of treatment. Extensive antimicrobial treatment can be used to eradicate infections in the
lungs. Unfortunately this gives rise to resistant strains of bacteria.

The US food and Drug administration approved the first drug that targeted the cause of
cystic fibrosis in 2012. This drug, ivacaftor, helps to reopen chloride channels that are closed by
G551D mutation. According to the FDA website, two 48 week clinical studies were conducted
with 213 patients. In both studies, patients taking ivacaftor showed significant and sustained
improvement in lung function. Before 2012 most drugs were only administered to treat
symptoms of the disorder. The FDA approved the second drug to target the root cause of CF in
2015. These CFTR modulators are a breakthrough in treatment and have the potential to add
decades to the lives of CF patients.

The possibility of a lung transplant can improve the lives of patients. In this surgical
procedure the unhealthy lung is removed and replaced with a healthy one. A lung transplant
requires a lot of planning and is fairly expensive. Sometimes a transplant called living donor
lobar lung transplant is performed where only the lower lobe of the lung is transplanted. The
major risk of this procedure is rejection of the organ or infection. It is only recommended in
people who have extensive lung damage. It is important to note that the transplant does not cure
the problem of CF and the new lung will also be affected by the thickening of the mucus. That is

why this procedure is less common.

Conclusion

In some countries, newborns are screened for this disorder. The knowledge about the disease

is expanding and many new treatments have finished clinical testing and are being acclimated
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into mainstream treatment. Our understanding of cystic fibrosis pathophysiology and genetics is
constantly expanding and being refined, leading to improved management of the disease and
increased life expectancy in affected individuals (Griesenbach ef al., 2016). There is still much
that is not known about CF such as what other modifier genes affect disease progression. There
are other challenges like adequate healthcare. Most drugs for CF are expensive and not everyone
can afford them. Even more important a lot of countries don’t have access to sufficient health
care. Developing drugs is a long and costly process. While scientists may be close to finding a
permanent cure, it will be years before the drug is put on the market. Current medicine has
greatly improved the quality of life for people living with CF. Hopefully patients will see a
breakthrough in treating the cause of the disease. Either way one thing is for certain, more

research needs to be done.
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