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Abstract: A 9 year old boy with the obvious traits of Duchene muscular dystrophy disease is a resident of Masalli region of 
Azerbaijan, located in the south-east foothill of Talysh Mountains. Family members such as mother, father and sister of this index 
patient  were examined. To diagnose all members of the family, biochemical analysis was conducted for quantitative analysis of creatine 
phosphokinase in blood serum and genealogical survey identified inherited disease cystic fibrosis in first cousin of this index patient . 
Quantitative evaluation of creatine phosphokinase in blood serum was performed for all family members of the index patient  ., and 
identified high values: in index patient (2298 U/L, norm - 38-137 U/L), in his mother (879 U/L, norm - 26-140 U/L) and his sister (852 
U/L, norm - 26-140 U/L), whereas his father had normal range values of creatine phosphokinase in blood (53,1 U/L, where norm - 38-
137 U/L). Diagnosis of Duchenne muscular dystrophy disease was confirmed in index patient in hemizygous state. His mother and 
sister were found as heterozygous carriers of the (Duchenne muscular dystrophy) DMD gene. Molecular genetic analysis of the DMD 
gene (MLPA) identified mutation in the mother and sister of the index patient. Mutation type was nonsense, and classified as pathogenic 
class. Molecular genetic analysis of the DMD gene showed a gain of mutations, consisting of two copies encompassing exon 03 to 09 in 
the index patient, mother and his sister. The identified two different mutations of DMD gene in Azerbaijani family: fragment deletion of 
exon 45 in three sibs from Astara region of Azerbaijan, located in the south-east of the country, and deletion encompassing exons from 
8 to 20 in 10-year-old boy in Balakan region, located in the north-west of the Republic Mutation type is a nonsense mutation and 
classified as pathogenic of class 1. Inherited cystic fibrosis in heterozygous state was additionally identified in the index patient, in father 
and sister. The screening of identified mutations may serve as a prenatal diagnostic tool to carefully plan the prophylaxis in patients 
with   cystic fibrosis. Furthermore, our studies may serve as a basis for the future investigation of many aberrant molecular mechanisms 
and regulatory pathways. The study of Duchenne and Becker muscular dystrophy resulted in one of the first successful attempts at 
reverse genetics, better described as positional cloning, in humans. Discovery and subsequent analysis of the gene mutation that results 
in the clinical disorder led to the discovery of the encoded protein, dystrophin. This coinage set a precedent for the naming of proteins 
discovered by positional cloning of human disease genes: for example, huntingtin, emerin, and ataxin.  
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1. INTRODUCTION
 
According to WHO data, there are more than 6000 
inherited diseases that have already been studied. The major 
part of identified genetic diseases is monogenic inherited 
diseases, which are caused by the mutations in only one gene 
1,5. Inherited Duchenne muscular dystrophy disease is one of 
the monogenic diseases. The symptoms usually appear before 
age 6 and may appear as early as infancy. Typically, the first 
noticeable symptom is delay of motor milestones, including 
sitting and standing independently. The mean age for walking 
in boys with Duchenne muscular dystrophy is 18 months. 
There is a progressive muscle weakness of the legs and pelvic 
muscles, which is associated with a loss of muscle mass 
(wasting). This muscle weakness causes a waddling gait and 
difficulty in climbing stairs. Muscle weakness also occurs in 
the arms, neck, and other areas, but not as severely or as 
early as in the lower half of the body 2,3,4,6. Calf muscles 
initially enlarge and the enlarged muscle tissue is eventually 
replaced with fat and connective tissue (pseudohypertrophy). 
Muscle contractures occur in the legs, making the muscles 
unusable because the muscle fibers shorten and fibrosis 
occurs in connective tissue. Occasionally, there can be pain in 
the calves. Symptoms usually appear in boys aged 1to 6. 
There is a steady decline in muscle strength between the 
ages of 6 and 11 years. By age 10, braces may be required for 
walking, and by age 12, most boys are confined to a 
wheelchair. Bones develop abnormally, causing skeletal 
deformities of the spine and other areas.  Muscular weakness 
and skeletal deformities frequently contribute to breathing 
disorders. Cardio-myopathy (enlarged heart) occurs in 
almost all cases, beginning in the early teens in some, and in 
all after the age of 18 years. Intellectual impairment may 
occur, but it is not inevitable and does not worsen as the 
disorder progresses. Few individuals with DMD live beyond 
their 30s. Breathing complications and cardiomyopathy are 
common causes of death27. Pseudohypertrophic muscular 
dystrophy, a severe X-linked recessive hereditary disorder 
mainly affecting the male, includes (DMD, OMIM #310200) 
and Becker muscular dystrophy (BMD, OMIM #300376) with 
the incidences of 1 in 3600 and 1 in 185,181, respectively, in 
live baby boys. BMD is featured by mild symptoms and long 
survival time that is close to the normal human lifespan in 
most patients, DMD patients usually have severe and fatal 
symptoms mainly including progressive muscular atrophy and 
myasthenia complicated with gastrocnemius muscle 
pseudohypertrophy 35. DMD onset usually occurs between 3 
and 5 years old, followed by loss of standing and walking 
ability before the age of 12 years and death heart failure or 
respiratory failure before the age of 20 years. The study of 
Duchenne and Becker muscular dystrophy resulted in one of 
the first successful attempts at reverse genetics, better 
described as positional cloning, in humans. Discovery and 
subsequent analysis of the gene mutation that results in the 
clinical disorder led to the discovery of the encoded protein, 
dystrophin. This coinage set a precedent for the naming of 
proteins discovered by positional cloning of human disease 
genes: for example, huntingtin, emerin, and ataxin. DMD 
severely affects young men's health and heavy mental and 
economic burdens. At present, there is no effective 
treatment for DMD, thus.25 Cystic fibrosis is also monogene 
disease and inherited in an autosomal recessive manner. 
Cystic fibrosis (CF) is an inherited disorder that causes 
severe damage to the lungs, digestive system and other 
organs in the body. Cystic fibrosis affects the cells that 
produce mucus, sweat and digestive juices. These secreted 

fluids are normally thin and slippery. But in people with CF, a 
defective gene causes the secretions to become sticky and 
thick. Instead of acting as lubricants, the secretions plug up 
tubes, ducts and passageways, especially in the lungs and 
pancreas 12,19. Many different defects can occur in the gene. 
The type of gene mutation is associated with the severity of 
the condition 17. Children need to inherit one copy of the 
gene from each parent in order to have the disease. If 
children inherit only one copy, they won't develop cystic 
fibrosis. However, they will be carriers and could pass the 
gene to their own children 18. (Cystic fibrosis transmembrane 
conductance regulator) The CFTR gene, found at the 
q31.2 locus of chromosome 7, is 230,000 base pairs long, and 
creates a protein that is 1,480 amino acids long 22,24. More 
specifically, the location is between base pair 117,120,016 and 
117,308,718 on the long arm of chromosome 7, region 3, 
band 1, subband 2, represented as 7q31.2. Structurally, 
the CFTR is a type of gene known as an ABC gene 15,23,36. The 
product of this gene (the CFTR protein) is a chloride ion 
channel important in creating sweat, digestive juices, and 
mucus. This protein possesses two ATP-hydrolyzing domains, 
which allows the protein to use energy in the form of ATP 
9,16,19. It also contains two domains comprising six alpha 
helices apiece, which allow the protein to cross the cell 
membrane 36. A regulatory binding site on the protein allows 
activation by phosphorylation, mainly by cAMP-dependent 
protein kinase.21] The carboxyl terminal of the protein is 
anchored to the cytoskeleton by a PDZ domain interaction. 
13,14.20, The size of the gene is 190 kb and covers 27 exons. 
CFTR gene plays a role in synthesis of transmembrane 
protein sized 170 kDa. For now more than 1700 mutations 
of CFTR gene have been identified 21. In exon 11, the 
mutation between nucleotides 1521-1523 causes deletion of 
phenylalanine at position 508, which is first nucleotide-
binding domain of CFTR gene.  Deletion of phenylalanine 508 
forces the first nucleotide-binding domain into a 
conformation, which inhibits protein dimerization, reducing 
channel production and function. Previously we and others 
showed several types of CFTR gene mutations, such as 
del121kb, delf508, del1501507, 1677delTA, 2143delT, 
2184insA, 394delTT, 3821delT, G542X, W1282X, N1303K, 
L138ins, R334W and 3849+10kb C→T, which represent 76% 
of mutations7,11,18. However, genetics of and cystic fibrosis for 
patients in Azerbaijan are understudied and remain elusive. In 
this study, we addressed a molecular genetic testing of both 
DMD and CFTR genes in one family, where the index patient 
has already clinical manifestations of Duchenne muscular 
dystrophy (DMD) disease.  
 
2. MATERIALS AND METHODS 
 
2.1 Patients  
 
All patients have free and informed written consent to 
participate in this study, conforming to the ethical standards 
adhering to the local Institutional Review Boards and the 
Declaration of Helsinki. The ethics committee of Azerbaijan 
National Academy of Science, Genetic Resources Institute 
(ANAS GRI) (approval number 58-8/17) has approved the 
study. Patient of 9 old boy with the obvious traits of 
Duchenne muscular dystrophy disease is a resident of Masalli 
region of Azerbaijan, located in the south-east foothill of 
Talysh Mountains. Family members: mother, father and sister 
of the index patient. were examined. To diagnose all 
members of the family for, biochemical analysis was 
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conducted for quantitative analysis of creatine phosphokinase 
in blood serum and genealogical survey identified inherited 
disease cystic fibrosis in first cousin of index patient. 
Therefore, all family members of the index patient 
underwent molecular-genetic research for DMD and CFTR 
genes. 
 
2.2 Gene analysis  
 
DMD genes were analyzed by an amplicon-based next-
generation sequencing approach. The amplicons cover the 
entire coding region and the highly conserved exon-intron 
splice junctions (minimum coverage of >20x for every 
amplicon). Missing regions or regions of poor quality are 
completed with classical Sanger sequencing to achieve 100% 
coverage. Variants of relevance identified by NGS are 
continuously and individually in-house validated for quality 
aspects; those variants which meet our internal QC criteria 
(based on extensive validation processes) are not validated 
by Sanger. The reference sequence is/ sequences are: DMD: 
NM_004006.2. MLPA (multiplex ligation-dependent probe 
amplification) analyses were performed using SALSA MLPA 
probemix P034-B2/P035-B1 provided by MRC-Holland to 
test for deletions or duplications within or including DMD 
genes25. stranded DNA capture baits against approximately 
36.5 Mb of the human coding exome (targeting >98% of the 
coding RefSeq and Gencode v28 regions, which was obtained 
from the human genome build GRCh37/hg19 May 2018) 
were used to enrich target regions from fragmented genomic 
DNA with the Twist Human Core Exome Plus kit. The 
generated library is sequenced on an Illumina platform to 
obtain at least 20x coverage depth for >98% of the targeted 
bases. An in-house bioinformatics pipeline, including read 
alignment to GRCh37/hg19 genome assembly, variant calling 
and annotation, and comprehensive variant filtering is applied. 
All disease-causing variants reported in HGMD®, in ClinVar 
and CentoMD® as well as all variants with minor allele 
frequency (MAF) below 1% in gnomAD database considered. 
The investigation for relevant variants is focused on coding 
exons and flanking +/-20 intronic bases. All potential modes 
of inheritance patterns are considered. Provided family 
history and clinical information are used to evaluate identified 
variants of their pathogenicity and causality, and are 
categorized into classes 1-5 (see above). All variants related 
to the phenotype of the patient, except benign or likely 
benign variants, are reported. ANAS GRI has established 
stringent quality criteria and validation processes for variants 
detected by NGS quality single nucleotide variants and all 
relevant deletion/insertion variants are confirmed by Sanger 
sequencing. Consequently, we warrant a specificity of >99.9% 
for all reported variants. 
 
3. RESULTS AND DISCUSSION 

 
Genetic studies of the DMD and CFTR genes have been 
successfully studied in the population of most countries 
Groman et al. (2002) assessed whether alteration in CFTR 
function is responsible for the entire spectrum of nonclassic 
CF phenotypes. Extensive genetic analysis of the CFTR gene 
was performed in 74 patients with nonclassic CF. 
Furthermore, they evaluated 2 families that each included a 
proband without identified CFTR mutations and a sib with 
nonclassic CF to determine whether there was linkage to the 
CFTR locus and to measure the extent of CFTR function in 
the sweat gland and nasal epithelium. Of the 74 patients 
studied, Groman et al. (2002) found that 29 had 2 mutations 

in the CFTR gene (i.e., were either homozygous or 
compound heterozygous at the CFTR locus), 15 had 1 
mutation, and 30 had no mutations. A genotype of 2 
mutations was more common among patients who had been 
referred after screening for a panel of common CF-causing 
mutations that had identified 1 mutation than among those 
who had been referred after screening had identified no such 
mutations. Comparison of clinical features and sweat chloride 
concentrations revealed no significant differences among 
patients with 2, 1, or no CFTR mutations. Haplotype analysis 
in the 2 families in which 2 sibs had nonclassic CF showed no 
evidence of linkage to CFTR. Although each of the affected 
sibs had elevated sweat chloride concentrations, 
measurements of cAMP-mediated ion and fluid transport in 
the sweat gland and nasal epithelium demonstrated the 
presence of functional CFTR. Groman et al. 2002) concluded 
that factors other than mutations in the CFTR gene can 
produce phenotypes clinically indistinguishable from 
nonclassic CF caused by CFTR dysfunction 17. Castellani et al. 
(2001) studied 47 neonates with hypertrypsinemia and 
normal sweat chloride. Thirty-two of the newborns had 1 
identified CFTR mutation. Further analysis by DGGE 
identified additional mutations in 14 of the 32 babies in 
whom a mutation had previously been found. In 1 case, 2 
more CFTR gene mutations were identified. Mutations were 
identified in 8 of the 15 babies in whom a mutation had 
previously not been identified.8 Scotet et al. (2002) evaluated 
the prenatal detection of CF by ultrasound in more than 
346,000 pregnancies in Brittany, France, where the incidence 
of CF is very high. The authors found that the incidence of 
CF in fetuses with echogenic bowel was 9.9%, significantly 
higher than in the general population. Only severe mutations 
were identified in these fetuses. The ultrasound examination 
enabled diagnosis of 11% of affected fetuses. Scotet et al. 
(2002) concluded that CF screening based on ultrasound 
examination is effective, particularly in populations where the 
disease is frequent 28,29,30. De Becdelievre et al. (2011) 
reported on an 18-year experience of documenting 
comprehensive CFTR genotypes and correlations with 
ultrasound patterns in a series of 694 cases of fetal bowel 
anomalies. A total of 30 CF fetuses and 8 cases compatible 
with CFTR-related disorders were identified. CFTR 
rearrangements were found in 5 of the 30 CF fetuses. A 
second rare mutation indicative of CF was found in 21.2% of 
fetuses carrying a frequent mutation. The frequency of CF 
among fetuses with no frequent mutation was 0.43%. 
Correlation with ultrasound patterns revealed a significant 
frequency of multiple bowel anomalies in CF fetuses. The 
association of at least 2 signs of bowel anomaly on 
ultrasound, including hyperechogenic bowel, loop dilatation, 
and/or nonvisualization of gallbladder, was observed in 14 of 
30 CF fetuses (46.7%) as compared with 61 of 422 (14.5%) 
non-CF fetuses (P less than 10(-3)). The rare triad of 
hyperechogenic bowel, loop dilatation, and nonvisualization 
of the gallbladder was of the highest diagnostic value, with a 
likelihood ratio of 31.40. Fetuses demonstrating this triad of 
bowel anomalies should have extensive CFTR sequencing and 
a search for rearrangements, even if no common mutation is 
detected.10 Restrepo et al. (2000) used a reverse dot-blot 
detection kit to examine the frequency of 16 CFTR 
mutations among 192 cystic fibrosis alleles in Mexico, 
Colombia, and Venezuela. The detection efficacy of the panel 
used was 47.9% in this population. The most prevalent CF 
allele was delF508 (39.6%). The most common alleles among 
the others were G542X, N1303K and 3849+10kbC-T 
(602421.0062). The authors compared their results to 
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population studies from Spain and concluded that an 
important Spanish contribution is present in CFTR mutations 
in these 3 countries, but that important regional differences 
in allele prevalence exist 27. Wang et al. (2000) found that 7 
of 29 Hispanic patients with CF were heterozygous for a 
single-basepair deletion at nucleotide 3876 resulting in a 
frameshift and termination at residue 1258 of the CFTR gene 
(602421.0127). This mutation therefore accounted for 10.3% 
of mutant alleles in this group. The patients with this 
mutation had a severe phenotype as determined by age of 
diagnosis, high sweat chloride,presence of allergic 
bronchopulmonary aspergillosis, pancreatic insufficiency, liver 
disease, cor pulmonale, and early death. Wang et al. 
(2000) also noted that this mutation had not been reported 
in any other ethnic group 37,38. Tuffery-Giraud et al. 
(2009) described a French database of mutations in the DMD 
gene that includes 2,411 entries consisting of 2,084 
independent mutation events identified in 2,046 male patients 
and 38 expressing females. This corresponds to an estimated 
frequency of 39 per million with a genetic diagnosis of a 
'dystrophinopathy' in France. Mutations in the database 
include 1,404 large deletions, 215 large duplications, and 465 
small rearrangements, of which 39.8% are nonsense 
mutations. About 24% of the mutations are de novo events. 
The true frequency of BMD in France was found to be 
almost half (43%) that of DMD 32,33,34. Among 624 index cases 
evaluated for DMD mutations, Oshima et al. (2009) reported 
that a genomic rearrangement was detected in 238 (38.1%) 
samples. Deletions were detected in 188 (79.0%), and 
included 31 cases with single-exon deletions and 157 cases 
with multi-exonic deletions. Most of the deletions fell 
between exons 45 and 52 and between exons 8 and 13 of 
the gene. Duplications were detected in 44 (18.5%) cases, of 
which 12 involved single exons and 32 multiple exons. 
Complex rearrangements were detected in 6 (2.5%) cases. 
The remaining 386 cases showed normal results 26. 
Takeshima et al. (2010) reported the results of genomic, 
cDNA, and chromosome analysis of patients included in a 
Japanese DMD/BMD database. A mutation in the DMD gene 
was found in all 442 patients, including deletions and 
duplications in 270 (61%) and 38 (9%) cases, respectively; 
nonsense or splice site mutations in 69 (16%) and 24 (5%) 
cases, respectively; and small deletion/insertion mutations in 
34 (8%) cases. X-chromosome abnormalities were identified 
in 2 cases, and unusual changes were found in 6 cases. The 
reading frame rule was upheld for 93% of deletion and 66% 
of duplication mutation cases. Induction of exon skipping was 
deemed the first priority for treatment of the 
dystrophinopathy 31. Quantitative evaluation of creatine 
phosphokinase in blood serum was performed for all family 
members of the index patient  S.A., and identified high values: 
in index patient (2298 U/L, norm - 38-137 U/L), in his 
mother (879 U/L, norm - 26-140 U/L) and his sister (852 
U/L, norm - 26-140 U/L), whereas his father had normal 
range values of creatine phosphokinase in blood (53,1 U/L, 
where norm - 38-137 U/L). Diagnosis of Duchenne muscular 
dystrophy disease was confirmed in index patients in 
hemizygous state. His mother and sister were found as 
heterozygous carriers of the DMD gene. Molecular genetic 
analysis of the DMD gene (MLPA) identified mutation in the 
mother and sister of the index patient. Mutation type was 
nonsense, and classified as pathogenic class. A large 
duplication/insertion/gain of copy encompassing these exons 
has previously been described as causing Duchenne/Becker 

muscular dystrophy. It is classified as pathogenic (class 1) 
according to the recommendations of ANAS GRI. Pathogenic 
variants in the DMD gene are associated with X-linked 
(DMD – OMIM®: 310200) or (BMD – OMIM®: 300376). 
Pathogenic variants are associated with muscular dystrophy, 
an X-linked disorder, ranging from the severe (DMD, OMIM: 
310200) to the milder (BMD; OMIM: 300376). DMD is 
featured by a progressive proximal muscular dystrophy with 
characteristic pseudo hypertrophy of the calves. The 
muscular dystrophy that carries the Becker eponym is similar 
to dystrophy in the distribution of muscle wasting and 
weakness, which is mainly proximal, but the course is more 
benign, with age of onset around 12 years; some patients 
have no symptoms until much later in life. Loss of ambulation 
also varies from adolescence onward, with death usually in 
the fourth or fifth decade. In some cases, as in, a degree of 
mental impairment is present (OMID: 11879882). The onset 
of DMD usually occurs before age 3 years, and the patient is 
chair ridden by age 12. The onset of BMD is often in the 20s 
and 30s and survival to a relatively advanced age is frequent 
The identified two different mutations of DMD gene in 
Azerbaijani family: fragment deletion of exon 45 in three sibs 
from Astara region of Azerbaijan, located in the south-east of 
the country, and deletion encompassing exons from 8 to 20 
in 10-year-old boy in Balakan region, located in the north-
west of the Republic. Clinical genealogical analysis of relatives 
of index patients suggested that cousins of this index patient 
had already clinical manifestations of cystic fibrosis. 
Accordingly, diagnosis was confirmed. Taking into account all 
these data, we attempted to conduct molecular genetic 
diagnosis of all family members of the index patient. Mutation 
Phe508del was identified in his father and sister in 
heterozygous state. The CFTR variant c.1521_1523del p. 
(Phe508del) is an in-frame deletion of 3 bps in exon 11, 
which causes the loss of residue Phe at position 508. 
According to HGMD Professional 2019.1, this variant has 
previously been described as causing Cystic fibrosis.21,23 

ClinVar lists this variant as pathogenic (clinical testing/ 
research, Variation ID: 7105) and classified as pathogenic 
class 1, according to the recommendations of ANAS GRI. 
Pathogenic variants in the CFTR gene are causative for cystic 
fibrosis (CF), an autosomal recessive disorder. Cystic fibrosis 
is a multisystem disease affecting epithelia of the respiratory 
tract, exocrine pancreas, intestine, hepatobiliary system, and 
exocrine sweat glands. Morbidities include progressive 
obstructive lung disease with bronchiectasis, frequent 
hospitalizations for pulmonary disease, pancreatic 
insufficiency and malnutrition, recurrent sinusitis and 
bronchitis, and male infertility. Pulmonary disease is the 
major cause of morbidity and mortality in CF. Meconium 
ileus occurs at birth in 15%-20% of newborns with CF. More 
than 95% of males with CF are infertile.24,25 Previously, we 
reported for the first-time, five mutations for the CFTR gene 
in Azerbaijani population. They are as follows: Phe508del, 
965, (T>C), 1000 (G>T), 1210-1211 (T>G) and 328 (G>C). 
Gene frequencies were equal to: Phe508del (68, 75%), in two 
965, T>C (12,5%) and in each of – 1000 G>T (6,25%), 1210-
1211, T>G (6,25%) and 328,G>C (6,25%). Only one of 5 
identified mutations (Phe508del) is the most widespread type 
(16-19). The index patient manifested a hemizygous state of 
covering DMD gene region of exons 3 to 09 corresponding 
to heterozygous state of Phe508del. Mutation was revealed 
in the index patient’s sister. His mother had heterozygous 
mutation in DMD and his father carrPhe508del. Fig1.
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Fig 1. Index patient’s  DMD gene MLPA analysis results 
 

4. CONCLUSION 
 

In conclusion, our study identifies for the first-time the 
existence of combined hemizygous mutations in the region of 
exons from 03 to 09 of DMD gene and heterozygous 
Phe508del mutation in CFTR gene in an Azerbaijani family. 
The screening of identified mutations may serve as a prenatal 
diagnostic tool to carefully plan the prophylaxis in patients 
with cystic fibrosis. Furthermore, our studies may serve as a 
basis for the future investigation of many aberrant molecular 
mechanisms and regulatory pathways. 
 
5. ACKNOWLEDGMENTS 
 
We would like to acknowledge at Laboratory of Human 
Genetics, Genetic Resources Institute, Azerbaijan National 

Academy of Sciences for their support in performing the of 
gene analysis studies.  
 
6. AUTHORS CONTRIBUTIONS STATEMENT 

 
Dr. Saltanat Aghayeva and Dr. Lala Huseynova conceived and 
designed the study. Dr. Saltanat Ahghayeva and Dr. Lala 
Huseynova conceptualized and analyzed the data and 
necessary inputs with regard to this work and wrote the 
manuscript. Assistant Raya Hagverdiyeva has played a role in 
the design of the article. All authors have discussed the 
methodology and results, contributed to the final manuscript. 
 
7. CONFLICT OF INTEREST 
 
Conflict of interest declared none. 

 
8. REFERENCES 
 
1. Araújo FG, Novaes FC, Santos NP, Martins VC, Souza 

SM, Santos SE, Ribeiro-dos-Santos AK. Prevalence of 
deltaF508, G551D, G542X, and R553X mutations 
among cystic fibrosis patients in the North of Brazil. 
Braz J Med Biol Res. January 2005;38(1):11-5. doi: 
10.1590/s0100-879x2005000100003, PMID 15665983. 

2. Angelini C, Tasca E (December 2012). "Fatigue in 
muscular dystrophies". Neuromuscular Disorders. 22 
Suppl 3: S214-20. doi:10.1016/j.nmd.2012.10.010.  
PMID 23182642. 

3. Allen DG, Gervasio OL, Yeung EW, Whitehead NP 
(February 2010). "Calcium and the damage pathways 
in muscular dystrophy". Canadian Journal of 
Physiology and Pharmacology. 88 (2): 83–91. 
doi:10.1139/Y09-058. PMID 20237582. 

4. Baptista CR, Costa AA, Pizzato TM, Souza FB, 
Mattiello-Sverzut AC. "Postural alignment in children 
with Duchenne muscular dystrophy and its 

relationship with balance". Brazilian Journal of Physical 
Therapy. 2014;18 (2):119–26. doi:10.1590/s1413-
35552012005000152. PMC 4183248. PMID 24838810 

5. Angelini C, Tasca E. Fatigue in muscular dystrophies. 
Neuromuscul Disord. December 2012;22;Suppl 
3:S214-20. doi: 10.1016/j.nmd.2012.10.010, PMID 
23182642. 

6. Bushby K, Finkel R, Birnkrant DJ, Case LE, Clemens 
PR, Cripe L, et al. (January 2010). "Diagnosis and 
management of Duchenne muscular dystrophy, part 1: 
diagnosis, and pharmacological and psychosocial 
management". The Lancet. Neurology. 9 (1):77–93.  
doi:10.1016/s1474-4422(09)70271-6.PMID 19945913.  

7. Bartoszewski RA, Jablonsky M, Bartoszewska S, 
Stevenson L, Dai Q, Kappes J, Collawn JF, Bebok Z. A 
synonymous single nucleotide polymorphism in 
DeltaF508 CFTR alters the secondary structure of the 
mRNA and the expression of the mutant protein. J 



 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.3.L35-41                                                                                              Human genetics 

 

L-40 

 

Biol Chem. July 13 2010;285(37):28741-8. doi: 
10.1074/jbc.M110.154575, PMID 20628052. 

8. Castellani, C., Benetazzo, M. G., Tamanini, A., Begnini, 
A., Mastella, G., Pignatti, P. Analysis of the entire 
coding region of the cystic fibrosis transmembrane 
regulator gene in neonatal hypertrypsinaemia with 
normal sweat test. (Letter) J. Med. Genet. 38: 202-
205, 2001. PubMed: 11303517 

9. Dharmaraj P, Smyth RL (March 2014). "Vaccines for 
preventing influenza in people with cystic fibrosis".  
The Cochrane Database of Systematic Reviews (3): 
CD001753. 
doi:10.1002/14651858.CD001753.pub3.  PMID 24604
671. 

10. de Becdelievre, A., Costa, C., Jouannic, J.-M., LeFloch, 
A., Giurgea, I., Martin, J., Medina, R., Boissier, B., 
Gameiro, C., Muller, F., Goossens, M., Alberti, C., 
Girodon, E. Comprehensive description of CFTR 
genotypes and ultrasound patterns in 694 cases of 
fetal bowel anomalies: a revised strategy. Hum. Genet. 
129: 387-396, 2011. [PubMed: 21184098, related 
citations] [Full Text] 

11. De Boeck K, Amaral MD. Progress in therapies for 
cystic fibrosis. Lancet Respir Med. August 
2016;4(8):662-74. doi: 10.1016/S2213-2600(16)00023-
0, PMID 27053340. 

12. Egan ME. Genetics of cystic fibrosis: clinical 
implications. Clin Chest Med. March 2016;37(1):9-16. 
doi: 10.1016/j.ccm.2015.11.002, PMID 26857764. 

13. Flume PA, Mogayzel PJ, Robinson KA, Rosenblatt RL, 
Quittell L, Marshall BC (August 2010). "Cystic fibrosis 
pulmonary guidelines: pulmonary complications: 
hemoptysis and pneumothorax". American Journal of 
Respiratory and Critical Care Medicine. 182 (3): 298–
306. doi:10.1164/rccm.201002-
0157OC. PMID 20675678. 

14. Ferguson JH, Chang AB (May 2014). "Vitamin D 
supplementation for cystic fibrosis". The Cochrane 
Database of Systematic Reviews (5): CD007298.  
doi:10.1002/14651858.CD007298.pub4.  

15. Gadsby DC, Vergani P, Csanády L. The ABC protein 
turned chloride channel whose failure causes cystic 
fibrosis. Nature. March 2006; 440(7083):477-83.  
doi: 10.1038/nature04712, PMID 16554808. 

16. Guimbellot J, Sharma J, Rowe SM. Toward inclusive 
therapy with CFTR modulators: progress and 
challenges. Pediatr Pulmonol. November 2017; 
52(S48); Suppl 48:S4-S14. doi: 10.1002/ppul.23773, 
PMID 28881097. 

17. Groman, J. D., Meyer, M. E., Wilmott, R. W., Zeitlin, 
P. L., Cutting, G. R. Variant cystic fibrosis phenotypes 
in the absence of CFTR mutations. New Eng. J. Med. 
347: 401-407, 2002. [PubMed: 12167682, related 
citations] [Full Text] 

18. Hardin DS. "GH improves growth and clinical status in 
children with cystic fibrosis -- a review of published 
studies". European Journal of Endocrinology. 2004; 
151 Suppl 1 (Suppl 1): S81-
5.doi:10.1530/eje.0.151S081. PMID 15339250. 

19. Makker K, Agarwal A, Sharma R (April 
2009). "Oxidative stress & male infertility". The Indian 
Journal of Medical Research. 129 (4): 357–
67. PMID 19535829. Retrieved 10 April 2010. 

20. McIlwaine M, Button B, Nevitt SJ (November 
2019). "Positive expiratory pressure physiotherapy for 
airway clearance in people with cystic fibrosis". The 

Cochrane Database of Systematic Reviews. 2019 (11). 
doi:10.1002/14651858.CD003147.pub5. PMC 6953327
PMID 31774149. 

21. Moran F, Bradley JM, Piper AJ (February 2017). "Non-
invasive ventilation for cystic fibrosis". The Cochrane 
Database of Systematic Reviews. 2: CD002769. 
doi:10.1002/14651858.CD002769.pub5. PMID 282188
02 

22. McPhail GL, Clancy JP. Ivacaftor: the first therapy 
acting on the primary cause of cystic fibrosis. Drugs 
Today (Barc). April 2013; 49(4):253-60. doi: 
10.1358/dot.2013.49.4.1940984, PMID 23616952. 

23. Jones AM, Helm JM. Emerging treatments in cystic 
fibrosis. Drugs. October 2009;69(14):1903-10.  
doi: 10.2165/11318500-000000000-00000, PMID 
19747007. 

24. Marcorelles P, Gillet D, Friocourt G, Ledé F, Samaison 
L, Huguen G, Ferec C. Cystic fibrosis transmembrane 
conductance regulator protein expression in the male 
excretory duct system during development. Hum 
Pathol. March 2012;43(3):390-7. doi: 
10.1016/j.humpath.2011.04.031, PMID 21840567. 

25. Nozoe KT, Akamine RT, Mazzotti DR, Polesel DN, 
Grossklauss LF, Tufik S, Andersen ML, Moreira GA. 
Phenotypic contrasts of Duchenne muscular 
dystrophy in women: two case reports. Sleep Sci. 
2016;9(3):129-33. doi: 10.1016/j.slsci.2016.07.004, 
PMID 28123647. 

26. Oshima, J., Magner, D. B., Lee, J. A., Breman, A. M., 
Schmitt, E. S., White, L. D., Crowe, C. A., Merrill, M., 
Jayakar, P., Rajadhyaksha, A., Eng, C. M., del Gaudio, 
D. Regional genomic instability predisposes to 
complex dystrophin gene rearrangements. Hum. 
Genet. 126: 411-423, 2009. 
[PubMed: 19449031, related citations] [Full Text] 

27. Restrepo, C. M., Pineda, L., Rojas-Martinez, A., 
Gutierrez, C. A., Morales, A., Gomez, Y., Villalobos, 
M. C., Borjas, L., Delgado, W., Myers, A., Barrera-
Saldana, H. A. CFTR mutations in three Latin 
American countries. Am. J. Med. Genet. 91: 277-279, 
2000. [PubMed: 10766983] 

28. Scotet, V., Audrezet, M.-P., Roussey, M., Rault, G., 
Blayau, M., De Braekeleer, M., Ferec, C. Impact of 
public health strategies on the birth prevalence of 
cystic fibrosis in Brittany, France. Hum. Genet. 113: 
280-285, 2003. [PubMed: 12768409, related citations] 
[Full Text] 

29. Scotet, V., De Braekeleer, M., Audrezet, M.-P., Quere, 
I., Mercier, B., Dugueperoux, I., Andrieux, J., Blayau, 
M., Ferec, C. Prenatal detection of cystic fibrosis by 
ultrasonography: a retrospective study of more than 
346 000 pregnancies. J. Med. Genet. 39: 443-448, 
2002. [PubMed: 12070257, related citations] [Full 
Text] 

30. Scotet, V., Gillet, D., Dugueperoux, I., Audrezet, M.-P., 
Bellis, G., Garnier, B., Roussey, M., Rault, G., Parent, 
P., De Braekeleer, M., Ferec, C. Spatial and temporal 
distribution of cystic fibrosis and of its mutations in 
Brittany, France: a retrospective study from 
1960. Hum.Genet.111:247254,2002.[PubMed: 122158
37, related citations] [Full Text] 
 

31. Takeshima, Y., Yagi, M., Okizuka, Y., Awano, H., 
Zhang, Z., Yamauchi, Y., Nishio, H., Matsuo, 
M. Mutation spectrum of the dystrophin gene in 442 
Duchenne/Becker muscular dystrophy cases from one 



 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.3.L35-41                                                                                              Human genetics 

 

L-41 

 

Japanese referral center. J. Hum. Genet. 55: 379-388, 
2010. [PubMed: 20485447, related citations] [Full 
Text] 

32. Tuffery-Giraud, S., Beroud, C., Leturcq, F., Yaou, R. B., 
Hamroun, D., Michel-Calemard, L., Moizard, M.-P., 
Bernard, R., Cossee, M., Boisseau, P., Blayau, M., 
Creveaux, I., and 11 others. Genotype-phenotype 
analysis in 2,405 patients with a dystrophinopathy 
using the UMD-DMD database: a model of nationwide 
knowledgebase. Hum. Mutat. 30: 934-945, 2009. 
[PubMed: 19367636, related citations] [Full Text] 

33. Tuffery-Giraud, S., Saquet, C., Chambert, S., Claustres, 
M. Pseudoexon activation in the DMD gene as a novel 
mechanism for Becker muscular dystrophy. Hum. 
Mutat. 21: 608-614, 2003. [PubMed: 12754707] 
Tuffery-Giraud, S., Saquet, C., Thorel, D., Disset, A., 
Rivier, F., Malcolm, S., Claustres, M. Mutation 
spectrum leading to an attenuated phenotype in 
dystrophinopathies. Europ. J. Hum. Genet. 13: 1254-
1260, 2005. [PubMed: 16077730] 

34. Trujillano D, Bertoli-Avella AM, Rolfs A, Weiss ME, 
Köster J, Marais A, Paknia O, et al. Clinical exome 
sequencing: results from 2819 samples reflecting 1000 
families. Eur J Hum Genet Feb. 2017;25(2):176-82. doi: 
10.1038/ejhg.2016.146, PMID 27848944. 

35. Thiagarajah JR, Verkman AS. CFTR inhibitors for 
treating diarrheal disease. Clin Pharmacol Ther. 
September 2012; 92(3):287-90.  
doi: 10.1038/clpt.2012.114, PMID 22850599. 

36. Wang X, Kim J, McWilliams R, Cutting GR. Increased 
prevalence of chronic rhinosinusitis in carriers of a 
cystic fibrosis mutation. Arch Otolaryngol Head Neck 
Surg. March 2005;131(3):237-40.  
doi: 10.1001/archotol.131.3.237, PMID 15781764. 

37. Wang, J., Bowman, M. C., Hsu, E., Wertz, K., Wong, 
L.-J. C. A novel mutation in the CFTR gene correlates 
with severe clinical phenotype in seven Hispanic 
patients. J. Med. Genet. 37: 215-218, 2000. 
[PubMed: 10777364]. 

 
 

  
 
 
 
 




