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Abstract--CF is a lifelong genetic disease that result in
formation of thick, sticky mucous in lung, pancreas and other
organs. In lung, the airway is blocked by mucous causing lung
damage. CF is as a result in mutation in cystic fibrosis
transmemebrane conductance regulator (CFTR). The most
common mutation in CF gene is (AF508). In AF508 mutation
the A is deleted from three nucleotides result in loose of phenyl
alanine amino acid at 508th location on protein. CF caused by
mutation of (AF508) account two third of cases worldwide and
difficulty in breathing and eventually severe lung infection.

The most common signs is salty skin, growth rate
retardation and loss of weight, however the food intake is
normal, accumulation of thick sticky mucous in chest region
which is difficult to control because of it’s sticky in nature.
Different diagnosis categories are used in screening of CF, such
as sweat test or genetic testing and new born screening. In new
borns, measuring the level of immunoreactive trypsinogen is
valuable in detecting CF.

Although there is no healing in CF patients, many ways are
available for treatment. The key role in management of CF is
treating of airway infection and encourages the patient to an
active life style and using high energy content food.
Management of CF continue throughout patient’s life and it is
important in maintaining of organ functioning and delay organ
dysfunctions

Index Terms Cystic fibrosis (CF), cystic fibrosis

transmemebrane conductance regulator (CFTR), AF508
mutation

I. INTRODUCTION
CF is a lifelong genetic disease that result in

formation of thick, sticky mucous in lung,
pancreas and other organs. In lung, the airway is
blocked by mucous causing lung damage and
difficulty in breathing and eventually severe lung
infection. In pancreas the most common feature is

obstruction of pancreatic duct, which is lead to

limitation in passage of pancreatic enzyme
resulting in digestive problems (cystic fibrosis
foundation 2007).According to many surveys
which have been done by health organizations,
survival age from CF has improved significantly
over past 50 years, with increasing of median age
of death by CF (Elborm, 2000 and Dodge, 2007).
This improvement has been attributed by several
factors including nutritional improvement, early
monitoring of the individuals with early
symptoms of CF and using drug of choice for
treatment (Farrel, 2005 and Merel, 2001). In
addition, socioeconomics play an important role
in survival improvement with CF over 20 years
ago. Children in England and Wales were found
from manual socioeconomic groups have rate of
death by CF three times more than those from
non-manual  socioeconomic groups (Britton,
1989). CF is caused by mutation in genes that
encode cystic fibrosis transmembrane
conductance regulator protein, which is expressed
in many epithelial cells and blood cells (
Reisin,1994 and Mehta, 2005).CF is vary between

patients and even children of same CFTR
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genotype and polymorphism. Severe pulmonary
disorder with evidence of gene to gene interaction
has been shown that result from polymorphism in
transforming mannose binding lectin 2 gene and
growth factor B1(Drumm, 2005 and Collaco,
2008). Epidemiologically, Northern European
decent is more commonly affected with CF, in
which approximately 1 in 3000 birth (Walters,
2007). In addition the prevalence of CF is vary
from country to country and depends on ethical
background, for example the incidence of CF in
white American is higher than Latin American
and the incidence of CF in African American is
very low comparing to other ethical backgrounds
(Drumm, 2005). Microbiologically, Haemophilus
influenza, Staphylococcus aureus and
Pseudomonas aeroginosa are the most frequently
founded bacteria in airway of patient with CF
(Govan, 1990 and Van Schilfgaarde 1999).
Among those infectious agents, Pseudomonas
aeroginosa regarded as a common and highly
causative agent of CF by its appearance in 27%
patients with CF aged 2-5 years and 80% in those
of 25-34 years (Cystic fibrosis foundation 2005)

A. Causes;
CF is result in mutation in cystic fibrosis

transmemebrane conductance regulator (CFTR).
The most common mutation in CF gene is
(AF508). In AF508 mutation the A is deleted from

three nucleotides result in loose of phenyl alanine
amino acid at 508" location on protein. CF caused
by mutation of (AF508) account two third of cases
worldwide (Mitchell, 2007). CF can be prevented
in those who have only one copy (alleles) of
CFTR gene. Although most of the people have
two copies but when none of the copies produce
functional CFTR, CF develops thus it is regarded
as an autosomal recessive disease. CFTR is
located in 931.2 locus chromosome, and it is
230,000 base pairs in length which produce a
protein with 1,480 amino acid length. CFTR
genes produce a halide anion channel which is
important in sweat, digestive juice and mucous
secretion and by having ATP-hydrolyzing domain
CFTR allow protein to use energy in form of ATP
and it possess tow domain which is used by
protein to across the cell membrane. In addition,
there is increasing evidence that genetic modifiers
besides CFTR modulate the severity and
frequency of the disease such as mannan-binding
lectin, which is involved in innate immunity by
accelerating phagocytosis of microorganisms.
Polymorphisms in one or both mannan-binding
lectin alleles that result in lower circulating levels
of the protein are associated with a threefold
higher risk of end-stage lung disease and
increased burden of chronic bacterial infections
(Mitchell, 2007).
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B. CFTR function;

CFTR is regarded as a member of family of
transmembrane protein known as (ATP) binding
cassette transporter and in apical membrane its
function to transport chloride (Schwiebert, 1998).
Chloride secretion becomes abnormal when
CFTR affect on chloride channel in CF
individuals (Quinton, 1983). In addition CFTR
has other function like regulating other membrane
channel such as epithelial sodium channel (Reddy,
1999), regulate HCO3 transporting through
epithelial channel and CFTR considered as a
channel for glutathione protein (Quinton, 2001and
Riordan, 2008). CFTR has interaction with many
intracellular protein but the relevance of this
interaction not fully understand (Wang, 2006), but
this interaction has its importance in therapeutic

enhance to chloride secretion.

C. Signs and symptoms of CF;
CF is holistic diseases, i.e. result in several organ

impairment in the body with differences in
severity and out coming of the condition. The
most common signs is salty skin (Quinton, 2006),
growth rate retardation and loss of weight,
however the food intake is normal (Hardin,
2004), accumulation of thick sticky mucous in
chest region which is difficult to control because
of it’s sticky in nature ( De Lisle, 2009), coughing

is frequent with incidence of chest infection and
shortness of breath (O’Malley, 2009). In male
symptoms include infertility which is account in
97% of men with CF are infertile, in those men
sperm production is normal but missing vas
deference make them infertile but recently study
showed that they could have baby with assistance
of reproductive techniques (McCallum, 2000). In
women, thickening of cervical mucosa and
malnutrition cause difficulty infertility and in
severe case malnutrition may cause disrupt of
ovulation (Gilliam, 2000). In children the most
common symptom is meconium ileus and when
they grow the need more exercise to eliminate
sticky mucous in alveoli (blackman, 2006 and
Ratjen, 2009). Mutation of protein in some patient
leads to change in mutated epithelial cells and
abnormality in mucous viscous production (De,
2009). In CF growth failure is related to multi
factor including; abnormality in food absorption
in GIT and chronic lung infection due to
accumulation of mucous substance (Hardin,
2004). Coagulation disorder particularly during
foetal life is another symptom of CF. In young
children vitamin K absorption is impaired due to
sensitivity of young children to vitamin K
absorption and very small amount of vitamin K
across placenta result in low reserve of vitamin K.
As a result of Clotting factors (11, VII, 1X, and X)
highly vitamin K dependent, coagulation problem

is happen due to low level of vitamin K (Reaves,
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2010). In pancreatic disorder by CF, both type of
diabetes could be seen due to damage of
Langerhans cells that responsible for insulin
production and blood sugar regulation (Alves,
2007 and Haworth, 1999). In addition poor
vitamin intake because of malabsorptoin which is
require for calcium and phosphorous regulation
cause bone weakness and osteoporosis which is
highly susceptible to fracture (Haworth, 1999).

D. Pathophysiology;
Pathological changes by CF depend on onset and

complication of CF and degree of mutation of
CFTR.

1) . Respiratory system:
In individuals with CF, the most common

pathological change in respiratory system is
pneumonia or haemoptysis due to acute
respiratory failure. Pseudomonas areoginosa,
Haemophilus influenza and Staphylococcus
aureus are the most common cause of pneumonia
in patient with CF. It has shown that PH level of
the cells in patient with CF is different from those
without CF and this difference increase Asailo
Gam 1 molecule which is a receptor for bacteria
in respiratory system and resulting in colonized
airway with Pseudomonas aerginosa as CFTR
binding decrease (Schweibert, 1998). In some
patients with CF, pneumonia results in infection
by Pseudomonas cepacia, which quite difficult to
manage because it’s highly resistance against

most antibiotics. In individuals with CF, when

pneumonia progress, inspiration and expiration of
air become difficult, leading to obstruction of
airway and alveolar expansion due to
accumulation of air and pulmonary parenchymal
destruction which result in increase pulmonary
arterial pressure and eventually right side heart
failure, which In this case pulmonary functioning
test is necessary to detect the amount of
destruction by CF. One of the parameters is
forced expiratory volume (FEV) in one second for
measuring the onset of the destruction by CF. If
(FEV) is low in individuals with CF, it means
further complication of the destruction by CF
(Hart, 2002). Moreover, interleukin-10, which has
anti-inflammatory property, is decrease and
severe inflammation after infection is obvious
especially in lungs (Saddane, 2005). In some
cases, persistence of lung inflammation changes
from acute to chronic and causing hypertrophy of
bronchial artery and eventually haemoptysis.
Study showed that, haemoptysis in CF caused by
malabsorption of vitamin K because of frequent
using of antibiotics (Antonelli, 2002). In
approximately 10% of individuals with CF may
have infection with fungi Aspergillus fumegutus?
This infection cause pulmonary aspergillosis and
massive increase in secretion which is very thick
in nature and not affected by antibiotics
(marchand, 2001 and Elphick, 2000). Pulmonary

aspergillosis ~ remains  Asymptomatic  until
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bronchopulmonary mycosis developed, but on

screening mutation of CFTR are found.

2) . Haematopoietic system:
Generally, in patient with CF anaemia develop as

a consequence of colonization of Pseudomonas
aeroginosa and haemoptysis (Stites, 1999). The
patient lost blood through bleeding result from
hypertrophy and tortuous of bronchial artery due
to chronic inflammation. Iron absorbed by
inflammatory infectious agent (Pseudomonas
aeroginosa) for their growth and development, in
addition, P aeroginosa result in further iron lost
through sputum and bronchial airway fluid lavage
which they are highly iron containing ( Taussig
LM 1999).

3) GIT system;
GIT problem in patient with CF, result in

abnormality in pancreatic enzyme secretion to
digest the food. Impairment of pancreas leads to
secrete abnormal nature of secretion which is
thick mucus in nature and obstruction of
pancreatic duct, thus the amount of enzyme that
can be secreted is not sufficient to digest food
which is taken by patients. Malabsorption and
inadequate absorption of fat soluble vitamins A,
D, E, K is a consequence of less amount of
pancreatic enzyme inter into intestine. Study
shown that in CF, supplement and vitamins
should take separately, because supplement taking

in many patients with CF may result in

impairment of iron absorption (Stites, 1999). Loss
of appetite, abdominal pain, vomiting and
decrease in peristaltic movement are the common
manifestation of individuals with CF, because of
dilatation of intestine and filling with faecal
content (Taussig, 1999). Faulty secretion of salt
and water in distal part of intestine cause distal
intestinal obstruction syndrome which is make
intestinal material dehydrated and in some
patients gastroesophageal reflux might see due to
low bicarbonate secretion and hyper secretion of

gastric juice.

4) Endocrine system:
The primary complication in CF diabetic related

is deficiency of insulin because of pancreatic duct
obstruction which is account approximately one in
10 of individuals with CF. HBAc1 test which is
used to monitoring of glucose amount in diabetic
patient is not accurate in patient with CF, because
of rapidly in turnover of RBC in patient with CF.
The problem is patient with CF related diabetes
still need high energy diet which is opposite to the
quality of diet used by diabetic individuals. In CF
related diabetes, glucose metabolism accelerated
by many factors including (liver dysfunction,
dehydration, malabsorption and frequent infection
(Moran, 1999).

5) Sweat glands:
CF patients lost excessive salt after exercise or

heat due to low level of CFTR in body which is
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responsible for regulation of salt in sweat and this
result in weakness, lethargy and loss of appetite.

6) Reproductive system:
In most of men due to absence of vas deference or

malformed, reproductive capacity impaired and
they become sterile. While in women, they could
become pregnant but the gestation period is
longer than its in normal women because of
reduce in sperm movement in cervix and oviduct
due to presence of thick mucus substance
(Taussig, 1999).

E. Genetics:

In past few years after CFTR gene defect
detected, it was believed that CF cause limited
number of diseases causing mutation. By the time
approximately 1500 different mutation has been
detected, but the majority of those genes are rare
and functional consequence of many of them is
poorly understood (Riordan, 1989 and Rommens,
1989). Indeed less than 10 mutations occur with a
frequency of more than 1%, while in patient with
CF approximately 66% cases result in deletion of
phenyl alanine in A508™ location. Depending on
functional consequence of CFTR with in cells,
CFTR mutation can be grouped into different
classes; CFTR either not produced (1),
insufficiently produced (2), randomly arranged
(3), showed abnormal conductance (4), its
production partially defective (5) or has enhanced
degradation (6) ( The cystic fibrosis mutation
database 2009). In pancreatic insufficiency class

(1, 2) and 3 mutations are more common, while in

class (4, 5, and 6) mutation pancreatic function is
normal (Collins, 1992 and Rowe, 2005).
Knowledge about genetic abnormalities in detail
essential to find a target for therapy for example
AF508. CFTR is abnormally folded and identified
as abnormal protein in endoplasmic reticulum and
it is degraded in proteasome protolytically
(Ratjen, 2007). The amount of AF508 CFTR
which is reach to epithelial cells is small, however
its functionally active but their half life in plasma
membrane is generally reduced (Cheng, 1990 and
Bear, 1992), which believe that rescue of AF508
CFTR interference with pathways that recycle
CFTR in plasma membrane or rescue form
endoplasmic reticulum may be the strategy of
treatment (Okiyoneda, 2007).

F. Diagnosis and monitoring;
Different diagnosis categories are used in

screening of CF, such as sweat test or genetic
testing and new born screening. In new born,
measuring the level of immunoreactive
trypsinogen is valuable in detecting CF (Daves,
2007). Trypsinogen level elevated in individuals
who have one copy of mutation in CFTR gene or
some time trypsenogin level elevated in
individuals even with two normal copies of CFTR
gene, for this result new born screening causing
disagreement (Ross, 2008, Assael, 2002). In most
states or countries they do not perform screening

for CF and the individuals diagnosed after
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symptom appearance (Michell, 2007). In general,
sweat test is a common test in screening of CF;
it’s done by applying medicine that enhances
sweating (Pilocaroine). lontophorosis is used to
deliver the medication through the skin in which
one electrode placed on skin and electrical current
passed through it and another electrode placed on
to applied medication. After that delivered sweat
collected in a capillary tube or on filter paper to
detect the amount of sodium and chloride. In CF
case, the amount of sodium and chloride increased
while the amount of thiocyanate decreased in their
saliva (Minaroski, 2008). In individuals with
pulmonary symptom related to CF, X-ray and
CAT scan are used to detect the size of infection
and damage of lung. Bacterial examination of
sputum is required for detecting the organism
which causes infection of lower respiratory tract.
Blood test is also used in diagnosis of CF by
detecting vitamin deficiency and liver function.
Insufficient digestive enzyme due to pancreatic
damage could be detected by using DXA scan for
testing faecal elastase. In mild form mutation of
CFTR gene, sweat test is insufficient in diagnosis
of CF because the change of chloride
concentration is less than (60 mMY/L), in this case
nasaltransepithelial potential differences (TEPD)
are commonly used. Abnormalities in exocrine
glands related to CF, cause increasing in water
and sodium reabsorption and reduction in chloride

secretion, these change result in higher TEPD

than normal which is used as a useful form of
diagnosis in people with mild form of CF
(Freudenheim, 2009).

G. Prenatal:
CFTR genes mutation in couples who are

pregnant or planning to pregnancy is important to
detect the degree of risk on baby after birth.
Screening of foetus not performed unless parents
were tested and the risk of CF was found high
(American  college of obstetricians and
Gynocologists and American college of genetics
2001). CFTR gene mutation screening initially
performed to one of parent and if the test result
show carrier of CFTR gene mutation the other
parent tested to calculate the degree of risk of
baby with CF after birth because CFTR test is
expensive and CF progression in foetus needs to
pass a mutated copy of CFTR genes. More than
thousand different mutation cause CF and testing
for each of them is impossible due to its time and
cost effectiveness but for those with AF508
mutation it must be performed because this type
of mutation is regarded as a common cause of CF.
specific screening performed for individuals with
known uncommon form of mutations because not
every negative results means the child is free form
CF (Elias, 1991). In addition screening commonly
performed with higher risk of mutation but for
those of low risk ethnicities is less common

because in general population the mutation in low
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risk ethnicity is less common. In embryonic
transplantation further tests performed for couples
with higher risk of CF by invitro fertilization and
screening the fertilized embryo after 3 days for
detecting abnormal CF genes. If only one of the
mutated CFTR genes are recognized the embryo
implanted but if two mutated genes recognized
the embryo is not transformed. Although tests
performed on placenta ( chorionic villus
sampling) result in death in 1% of amniocentesis
and 1 in 200 at gestation period, placental and
fluid around foetus screening are performed
(Tabor, 1986).

genetic diagnosis (PGD) in carrier couple of CF is

Economically preimplanted

limited by age and it is valuable until maternal
age of 40, after that period, abortion and natural
conception has higher economic benefits (Daves,
2010).

H. Management;
Although there is no healing in CF patients, many

ways are available for treatment. The key role in
management of CF is treating of airway infection
and encourages the patient to an active life style
and using high energy content food. Management
of CF continue throughout patient’s life and it is
important in maintaining of organ functioning and
delay organ dysfunctions. Treatment of CF occurs
at specialist multidisciplinary centres because of
wide variation in disease symptom and the target

organ for therapy are GIT including (pancreatic

enzyme supplements), reproductive organs and
lungs (Daves JC 2007). In CF, the most important
aspect of management is early treating of lung
damage caused by thick sticky mucous which is
limit lung function and movements. Oral
antibiotic administration or inhaled antibiotics
used to treat infection and thick mucus substance
in respiratory airway could be removed by using
mechanical devices or inhaled medication. In
general early diagnosis of individuals and using a
drug of choice are the best way in management of
CF.

1) Antibiotics:
In many patients using one or more antibiotics is

normal even if they are considered healthy in
order to protect them and suppress the infection.
Antibiotic using in those with pneumonia caused
by CF is very important especially in those with
in adequate lung function and the antibiotics have
been chosen based on analysis of sputum and
history of response. Occasionally some strains of
bacteria that cause CF, are not easily treated with
only orally administration route, long term
intravenous of antibiotic administration is require
such as (Ciprofloxacin, meropenem, tobramycin,
vancomycin and piperacillin). This long term of
treatment some time require permanent [V
insertion in hospital such as peripherally inserted
central catheter (PICC line). Lung function might
be improved by using long term of inhaled

therapy with antibiotics such as (cayston, colistin
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and tobramycin) by imbedding of colonized
bacteria (Pai, 2001, Westerman, 2004 and
McCoy, 2008). Additionally, ciprofloxacin or
azithromycin are orally administrated for
prophylactic strategy or for control of infection
(Hansen,  2005).

Aminoglycosides (tobramycin) can result in

Long term using of

several dangerous side effects like imbalance in
inner ear, hearing loss and kidney problem, in this
case to minimize the side effects amount of
antibiotics in blood should be measured regularly
(Tan, 2003).

2) . Other treatment for lung abnormalities:
Generally in pulmonary form of CF, removing of

sputum and encourage of its expectoration is very
important. Chest physiotherapy is used for those
in hospital setting and the secretion is loosen up
by the percusses of the patient’s chest with their
hand several times daily. Intrapulmonary
percussive ventilator and THAIRapy vest are used
for recreating percussive therapy. Recent methods
such as; associated clearance mode and Biphasic
cuirass ventilation integrate in cough assistance
phase and vibration phase for removing of
secretion (Van der, 2000). Dornase Alfa and
hypertonic saline (areolised medication) are used
in loosen of secretion (Kuver, 2006). Dornase has
effect on sputum by breaking down of DNA in
sputum and decreasing its viscosity (liberman,
1968). Other medications such as ipratropium

bromide and Albuterol by their action on muscles,

increasing the size of small airways. In
complicated cases when the patients suffer from
difficulty in breathing, mechanical breathing
support by wearing special mask at night is
require to push air into lungs. Bi-level positive
airway pressure (BIAPP) ventilator is a
mechanical breathing support function to provide
blood with adequate amount of oxygen during
sleep and improve sputum clearance when its

used as a physical therapy (Moran F 2003).

3) Transplantation:
In severe cases when lungs of the individuals

with CF seriously damage and exercise tolerance
declined lung transplant become necessary, which
in this case both lungs must be replaced because
unreplaced lung might contain infectious bacteria
and infect transplanted lung. In addition, liver and
pancreas could be transplanted to alleviate liver
disease and/or diabetes (Fridell, 2005). Lung
transplantation is performed when other attempt
such as mechanical device or antibiotic treatment
for survival of patients is threatened (Belkin,
2006). In addition the patients must be enough
healthy prior to transplantation to endure the

procedure.

4) Gene therapy:
Autosomal recessive disease such as CF might be

possible to treat by gene therapy through inserting
a copy of normal DNA into the affected cells.

Gene therapy procedure is not difficult invitro and
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concept but in practice it has been proven quite
difficult. First gene therapy attempt with
adenovirus vector was unsuccessful due to low
viral vectors efficiency immunogenicity to insert
DNA into epithelial cells (Crysta, 1994, Joseph,
2001 and Pickles, 2004). Physiological correction
of chloride movement in nasal epithelial cells
from recombinant adeno associated viruses
(AAV) serotype 2 CFTR gene therapy have
shown by colleagues and Flotte even with low
CFTR mRNA expression. Unfortunately repeated
dose of aerosolised AAV CFTR treatment did not
result in Spirometric value (Moss, 2007). In
addition immunological response and toxicity to
repeated administration of adenovirus vector still
has concern (Tosi, 2004). CF gene therapy
organization in the UK has worked to find
alternative of adenovirus vector by developing
non-viral vector for gene transfer (Griesenbach,
2006). They use cationic lipid vector in their gene
therapy procedure in animal module and they got
a best result and they believe that repeated dose of
non-viral vector and new plasmid- and new way
for delivering this vectors- would be developed in
next few years (Griesenbach, 2006).
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