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ABSTRACT

This study identified five CFTR (Cystic Fibrosis Transmembrane Regulator gene) gene
mutations, which show high-frequency significance. We set a goal to study CFTR gene
mutations in a population of the Azerbaijan Republic. Between 2015 and 2020, 1,344 (1,144
experimental and 200 control group) individuals from the Baku, Sheki-Zagatala, Guba-
Khachmaz, and Lankaran-Astara zones of Azerbaijan participated in this study. A family study
was conducted to identify cases similar to those with cystic fibrosis. Of these, only 18 patients
in the experimental group were found to have various mutations in the CFTR gene. Sweat tests
were done. To address the task at hand, we employed the molecular-genetic method. Blood
samples of patients diagnosed with cystic fibrosis were analyzed using exome and Sanger
sequencing. We found 5 mutations for the CFTR gene. They are as follows: Phe508del, R117H,
R334W, R553X, iVS8-5T and L322P (novel mutation). We were the first to describe mutation
L322P (965 T>C (Leu322Pro)) in Azerbaijan, which has no reference sequence results in NCBI.
Thus, in the studied samples, two mutations—R334W and L322P—were found in exon 4 of the
CFTR gene, one new mutation (L322P) in exon 7, the AF508 mutation in exon 10, and the
R553X mutation in exon 11. The protein structure was analyzed using the Swiss Model
program (www.swiss-prot.org). The novel L322P mutation, detected in exon 7 of the CFTR
gene, was accompanied by the substitution of thymine with cytosine at position 965 of the
gene, substituting leucine with proline in the protein structure. A novel mutation was detected
in 1 patient from 1344 samples. Early molecular genetic screening of newborns is essential for
preventing cystic fibrosis. In this regard, our research is of great importance.
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INTRODUCTION screening programs in many countries by determining
trypsinogen in dried blood. The diagnosis is confirmed by
determining the electrophysiological measurements of the
affected pathways after administering isoprenaline, as well
as through electrophysiological or molecular genetic tests
(Guo et al., 2022).

The genotypic variability is mirrored by phenotypic

heterogeneity, concerning not only the life expectancy of a

Cystic fibrosis (CF) is particularly prevalent in European
countries and the US. A defect in the secretion of chloride
and bicarbonate carrier proteins in multiple organs
characterizes this inherited disorder. This absence can
produce excessive mucus, dehydrating the generated
bronchial mucus and causing obstruction, chronic

infections, and subsequent tissue damage. The main
aspects of CF are chronic pulmonary inflammation and
reduced mucociliary clearance (Taulan et al, 2007;
Malhotra et al., 2019; Innocenti et al., 2023).

Nowadays, diagnosis is made through neonatal
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patient but also the prognosis of their disease. CFTR is
responsible for the epithelial transport of chloride and
bicarbonate and is regulated by a complex signaling
network. This signaling network is very sensitive and well
spatially and temporally organized. Due to the influence of
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CFTR gene alterations, dysregulation of this network may
be responsible for multiple dysfunctions in CF. Considering
how this disease and its alterations can be presented
asymptomatically or with mild phenotypic relevance, as in
some heterozygous or healthy carriers, one can appreciate
the importance of the CFTR gene in health and disease and
the significance of resolving these alterations to be
translated into clinical practice. The studies of CF caused
by a malfunctioning of the CFTR channel have helped to
clarify some aspects of other less common diseases in
which genes are malfunctioning ion-transporting proteins
(Deignan et al., 2020).

CF is characterized by two pathological processes:
duct obstruction and periductal fibrosis. The role was first
reported in 1989. At least 1,880 mutational changes have
been reported, many likely due to founder effects. It is
known that the clinical manifestations of cystic fibrosis can
exhibit significant differences across different populations
due to the extremely high level of allelic heterogeneity in
the CFTR gene and the influence of other genes and
environmental factors on the clinical course. Cystic fibrosis
is mainly observed in the Caucasian population (1:1700). In
other populations, such as the African American and Asian
populations, the occurrence rates are relatively low. It is
impossible to explain this phenomenon for genetic reasons
alone. The life-threatening autosomal recessive condition
cystic fibrosis has no possible survival benefit to explain
variant CFTR allele persistence either and the public's
exposure to tobacco (Raraigh et al.,, 2022).

The gene encoding the cystic fibrosis transmembrane
regulator is important to determining lung disease
severity. Symptoms of cystic fibrosis are seen at birth or
shortly thereafter. The most common symptom is
immobility owing to blockage of the intestines, a condition
called meconium ileus. Salty skin, chronic cough, and
recurring lung and sinus infections are typical symptoms.
All these signs and symptoms develop similarly in adults
but are less severe. In addition, adults may have difficulty
gaining weight despite a normal appetite, infertility, feces
that are bulky and foul-smelling, and frequent, oily stools.
Other symptoms include liver disease and gallbladder
disease. The classic quality of the salty sweat generally
makes diagnosing cystic fibrosis relatively straightforward.
Lung disease is the most severe symptom and is often the
primary cause of significant health issues in patients. In the
first few weeks of life, 10-20% of children are hospitalized
for a flu-like illness. About 90-95% of adults have chronic
lung disease. Treatment can relieve some of the diseases
and improve the well-being of patients, but most patients
die with significant and continuing lung damage.

Furthermore, CF leads directly to malnutrition because
patients produce thick secretions in the intestine, blocking
the passage of important enzymes from the pancreas to
the intestine. These enzymes are necessary for the intestine
to enter the bloodstream. After the intestinal section is
blocked, the tissue is damaged. Then, excessive fluid from
the intestine is lost into the bowel and excreted as
diarrhea. Small intestine surgery is necessary for
approximately 15% of newborns. These problems often
lessen with time in cystic fibrosis. However, lifelong
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pancreas malfunctions occur. Also, the bile ducts can be
blocked, and the liver can be damaged. CF is a chronic and
progressive disease (Frost et al., 2022; Guo et al, 2022;
Gryspeert et al., 2025).

From his pioneering conclusions, much new
information has continued to be produced throughout the
years. It has already been found that almost all patients
with certain forms of chronic sinus, lung, liver,
gastrointestinal, and male reproductive system disease
have the disease. Although many of these patients are also
classified as positive for CF, some are not. The currently
accepted level of certainty for a diagnosis of CF has
recently been established at 50mosm/L; a higher level,
70mosm/L, when expressed under certain circumstances, is
consistent with the finding that heavy loss of electrolytes
from a child younger than the fourth or fifth day of life
almost always indicates CF disease. Data are presented that
lactate could serve as the normalized developmental
metabolic fuel and that a low plasma concentration of this
organic acid appears to indicate defective regulatory
mechanisms that may impinge upon growth, electrolyte
transport, and exocytosis at mucosal surfaces such as those
lining the lung, pancreas, liver, bowel, paranasal sinuses,
and epididymis (Ratbi et al., 2007; Jain & Goralski, 2025).

Up to 90% of patients with cystic fibrosis died in the
last century at an early age. Optimized treatment means
that today, individuals born in developed countries live on
average past the third decade. However, two in three
newborns in developed countries are diagnosed with cystic
fibrosis (Roe et al., 2023).

MATERIALS & METHODS

Ethical Consent/Approval

All participants provided written informed consent
affirming their voluntary participation in the study. This
commitment ensured ethical transparency and protected
patient rights. The study underwent review and approval
by the Azerbaijan Medical University Ethics Committee
(approval number AMU/EC/16/04/2021/N16), providing
additional ethical assurance for this research undertaking.

Patients

From 2015 to 2020, 1,344 people from different zones
of Azerbaijan participated in the study. To identify CFTR
gene mutations, we performed a sweat test on all of them
and used a molecular-genetic method.

DNA Extraction

Blood (2mL) was taken from the patients, and
leukocytes were obtained through centrifugation. To
isolate DNA from leukocytes, QlAamp genomic DNA
(200mL) and RNA kit (QIAGEN, Germany), buffer solution
(200mL) of venous blood, and 20mL of protease enzyme
(QIAGEN) were used.

Electrophoresis

Positive PCR samples were checked by electrophoresis
on 1.5% agarose gel. For this purpose, Power PacBasic Gel
DocIM EZ (BioRad. USA) electrophoresis and Lambda DNA



Mixed Digest marker were used. DNA fragments were
stained in an aqueous solution of ethidium bromide (Fig. 1).
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Fig. 1: a) Gel electrophoresis image of the IVS8-5T mutation in intron 8 of
the CFTR gene: M-DNA marker; 1-mutation (134bp); 2-control sample (250
bp). b) Gel electrophoresis image of the delF508 mutation detected in the
CFTR gene: M-DNA marker; 1-healthy; 2,3,5,7-heterozygous form; 4,6-
homozygous form; 8-mutant region.

Polymerase Chain Reaction

All four studied genes were amplified using the PCR
method, which was performed using the "T100TM Thermal
Cycler" (BIO-RAD, Germany). A pair of Forward (F) and
Reverse (R) primers was used for each genome fragment
(Aghayeva et al., 2021).

Sequencing

The purified product was preceded by the exome
sequencing and Sanger analysis, for the exome sequencing
was carried out using a HiSeq2500 sequencer. Variations
were screened with indicators Sift Pred=Damaging. The
sequence of DNA fragments was studied on the "Applied
Biosystems (Hitachi) 3130xI Genetic Analyzer Sequencing”
sequencer. The data obtained in Sanger sequencing were
compared with the reference gene using the "SeqScape
TM" program (Huseynova et al., 2021).

In silico Modeling

For the simulated mutations in the studied genes, the
following steps were taken in silico modeling: the
sequences for these genes were obtained from the NCBI
databases. We used ClinVar and HGMD databases to
identify specific mutations and experimental structures
were used from PDB (Protein Data Bank) to restore protein
structure. To introduce mutations into the 3D structure, |
used the software PyMOL. To predict the effect of
mutations, PolyPhen-2 was used. To learn how mutations
affect protein stability, use FoldX. The AutoDock program
was used to simulate interactions of the mutant protein
with cofactors or substrates. GROMACS molecular
dynamics were used to simulate the behavior of wild-type
and mutant proteins, and stability, flexibility, and
conformational changes were analyzed. Mutations and
structural effects were visualized with PyMOL, and
mutation modeling and Missense3D databases were used
for automated structural impact predictions. We used
KBase to study how mutations in the BCKDH complex
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genes affect protein structure.
Statistical Analysis
Pearson Chi-square (X?) Test was applied to the

analysis of the study results. P<0.05 indicated a significant
association between the variables.

RESULTS

In this research, five mutations —Phe508del, R117H,
R334W, R553X, and IVS8-5 T, as well as L322P — for the
CFTR gene were identified in the Azerbaijan population.
We were the first to describe the novel mutation L322P
(965 T>C (Leu322Pro)) in Azerbaijan. It has been recorded
that the frequency of cystic fibrosis among the
population of Azerbaijan is 0.0074. The CFTR gene
mutation was not detected in the 200 control samples.
Various mutations of the CFTR gene were identified in 18
of the 1,144 samples from the experimental group. It was
found that there was no significant difference (x°=3.140;
df=1; P=0.076) in the number of patients between the
control and experimental groups.

Of the 18 patients, 12 were homozygous (66.7%), 4
were heterozygous (22.2%), and 2 were compound
heterozygous (11.1%). Complex homozygosity was not
observed among the examined patients. There was a
significant difference between the identified homozygous,
heterozygous, and compound heterozygous conditions
(x?=6.545; df=2; P=0.038). Of the 18 patients with CFTR
gene mutations, 7 were men (38.9%), and 11 were women
(61.1%) (x?=0.596; df=1; P=0.440).

Based on symptoms and results of biochemical and
molecular genetic analysis of patients with cystic fibrosis,
the disease was classified into severe and mild forms. A
moderate form of the disease was not observed. In 11 out
of 18 patients, the disease manifested with more severe
symptoms (x*=0.148; df=1; P=0.700).

Among those participating in the study, various
mutations of the CFTR gene were found only in the
population of the Guba-Khachmaz zone and Baku city. Of
the 18 patients, 11 are from the Guba-Khachmaz zone, and
7 are from Baku (x?=0.596; df=1; P=0.440). No significant
difference exists in the number of patients in the Guba-
Khachmaz zone and Baku city. Mutations of the CFTR gene
were not detected among the examined patients in the
Sheki-Zagatala and Lankaran-Astara zones (Table 1).

There is no previous report of the L322P (965 T>C
(Leu322Pro)) mutation in exon 7 in the CFTR databases,
Human Gene Mutation Database, and literature. Thus, it
can be regarded as a novel mutation. Results from this
study expand the mutation spectrum of CF disease and will
greatly help prenatal diagnosis and carrier detection of this
disorder worldwide (Fig. 2).

Table 1: Comparison of genotype, geographical and gender distribution, and disease severity of patients

Comparison Number of cases x* Value df P Value
CFTR Mutation (Experimental and Control) Exp: 18/1,144 Control: 200 3.140 1 0.076
Gender Distribution Female: 11 Male: 7 0.596 1 0.440
Disease Severity Severe: 10 Mild: 8 0.148 1 0.700
Geographical Distribution (Guba-Khachmaz and Baku) GK: 11 Baku: 7 0.596 1 0.440

P value P<0.05 or P<0.001 indicates a statistically significant difference. Geographical Distribution (Sheki-Zagatala and Lankaran-Astara) does not have any

positive case of mutation.
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Fig. 2: Sequence of the CFTR gene: Homozygous form of the 965T>C
(Leu322Pro) mutation.

The genetic pedigree of the patient with the L322P
mutation is shown in Fig. 3. The grandparents are cousins.
The first child of this family also had the same symptoms.
She died within the first few months of life (Fig. 3).

Fig. 3: Genetic pedigree of a patient with the 965T>C (Leu322Pro)
mutation: |, Il, Ill- grandparents; IlI-1, 2-father's parents (cousin); IV-1-
father's sister; IV-2,3- close relatives married mother and father (cousin); IV-
4- mother's sister; V-1- proband’s newborn sister died due to the same
symptoms.; V-2-proband.

Based on the proband's pedigree, the kinship
coefficient is 0.75, and the inbreeding coefficient is 0.375.

We analyzed the protein structure using Swiss-Model
software (www.swiss-prot.org). The novel L322P mutation
detected in exon 7 of the CFTR gene was accompanied by
the substitution of thymine with cytosine in position 965 of
the gene, resulting in the substitution of leucine with
proline in the protein structure (Fig. 4).

DISCUSSION

Cystic fibrosis (CF) is a life-threatening inherited
disease that can have different consequences, in terms of
frequency and severity, among various ethnic populations
and is connected with mutations of the CFTR gene (Frost
et al, 2022; Kececi Ozgur et al, 2024; Gryspeert et al,
2025). The CFTR gene is the gene that codes for making a
CFTR protein, which regulates the functions of sweat
glands and mucus production. CFTR mutations have been
discovered, characterized by either a specific or clinical
effect on CF patients. However, not all the identified
mutations have the same clinical importance. Most
mutations are specific to a disease in the population, while
mutations may vary due to ethnic and racial factors in
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terms of mutation frequency. Even if the mutations are
rare, in the case of clinical effects, the mutation may have
an impact on different populations. As of April 2018, 500
different CFTR mutations have been reported in
Azerbaijani CF patients, and CFTR gene mutations
identified in Azerbaijani CF patients have been divided into
seven main groups. In the case of clinical disease
heterogeneity, some discussion about the CFTR gene is
closely related to the development of a worldwide known
fatal, autosomal recessive genetic disorder, CF. As of April
2018, 2,190 mutations in total were described in the CFTR
gene, and 23,864 Caucasian CF patients were included in
the database (Mammadova & Huseynova, 2024;
Bustamante, 2024; Yousaf et al.,, 2024; Kasmi et al., 2024).

1
2

Fig. 4: The CFTR protein tertiary structure predicted by Swiss-MODEL
software. Different structures caused by amino acid changes are shown in
position 322 of CFTR. On the right top, the wild-type leucine, and on the
right bottom, the mutant proline is shown.
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Understanding the genotype-phenotype connection
makes it possible to think about personalized therapeutic
strategies susceptible to therapeutic modulation related to
different variations. More than 2,000 mutations have been
described with varying frequencies in various populations.
Although most mutations are rare, some common
mutations are the same in different populations, and other
mutations are present in only specific geographic regions.
A comparison of the results of CFTR gene mutation studies
in neighboring countries with Azerbaijan was conducted
by us (Huseynova et al., 2021).

Jalalirad et al. (2004) performed molecular genetic
analysis of seven mutations (AF508, G542X, W1282X,
G551D, N1303K, 1717-1G—A and 621-1G-T) in exons 4
and 7 of the CFTR gene in 37 Iranian patients diagnosed
with cystic fibrosis using PCR. This study identified 26.8%
of all CFTR alleles. During the study, mutations AF508
(16.2%), W1282X (4%), G542X (2.7%), R117H (1.3%), R347H
(1.3%) and A120T (1.3%) were detected. The obtained data
showed the heterogeneity of the Iranian population and
demonstrated the need to attract attention to sequence
analysis to identify population-specific mutations (Jalalirad
et al,, 2004).

Radpour et al. (2008) characterized CFTR gene
mutations in 106 asymptomatic patients to investigate
cystic fibrosis in an Iranian population at the molecular
level. They also analyzed the 5T DNA variant, which was



identified in 5 of 106 patients and one 5T allele in 46 of 85
patients (two alleles in 11 cases and only one allele of 5T in
35 cases). Thus, various forms of the disease were
registered according to the degree of severity, and it was
also found that they occur with high frequency in infertile
men (Radpour et al., 2008).

Bonyadi et al. (2011) first determined the spectrum of
CFTR gene mutations in 100 patients with cystic fibrosis
from the Azeri Turkic ethnic group in Iran and identified 17
known mutations and one new mutation—K1302X. During
their study, researchers determined that the frequency of
the DelF508 mutation was 23% (Bonyadi et al., 2011).

Another study was conducted by Morteza et al. (2017)
to analyze the influence of the genetic model of cystic
fibrosis on the age, sex, and mortality of Azerbaijanis living
in Iran. This study was conducted on Azerbaijani cystic
fibrosis patients living in Iran from 2001 to 2014. The
spectrum of CFTR gene mutations was examined in 263 of
331 patients, and the frequency of demographic and
genetic data of patients was summarized. The frequency of
consanguineous marriages showed a significant difference:
196 (59.2%) positive and 135 (40.8%) negative (P=0.001). In
addition to the DelF508 mutation, R553X, R117H, and
R334W mutations were frequently observed among
Azerbaijanis living in Iran (Morteza et al., 2017).

Alibakhshi et al. (2008) identified 37 mutations. They
suggested that 81.9% (113/138) of CFTR gene mutations
obtained from Iranian cystic fibrosis patients could be
characterized as disease-causing mutations. The most
common mutations in the Iranian population are F508del
(AF508) (18.1%), «¢.2183_2184delAAinsG (2183AANG)
(6.5%), S466X (5.8%), N1303K (4.3%), c.2789 It was +5GNA
(43). %), G542X (3.6%), c.3120+1GNA (3.6%), R334W
(29%) and c3130delA (2.9%). These 9 mutations
accounted for 52% of all CFTR gene mutations obtained
from 69 Iranian cystic fibrosis patients. They have identified
8 more mutations — c.406-8TNC, A566D, c.2576delA,
€.2752-1_2756delGGTGGCinsTTG, T1036l, W1145R, ¢.3850-
24GNA, ¢.1342X-154X. The authors identified 37 CFTR
mutations in 69 Iranian cystic fibrosis patients, obtaining a
CFTR mutation detection rate of 81.9%, which was
estimated to be the highest detection rate achieved so far
in the Iranian population (Alibakhshi et al., 2008).

In a study by Karimi et al. (2020) to determine the
spectrum and frequency of disease-causing mutations in
Iranian cystic fibrosis patients, mutational analysis was
performed on the CFTR gene, including the complete
coding region and intron-exon regions, using direct
sequencing. The authors identified 10 mutations in 27
patients. Two of which are new (754delT and
GGTGGCdel/TTGins), the most frequently observed in
patients are R334W (40.74%), AF508 (18.5%), K710X
(12.96%), D110H (5.5%), 1897C>G (1.85%). ), R1162X
(1.85%), S466X (1.8%), and T1036! (1.85%) mutations were
identified among the population living in Western Iran
(Karimi et al., 2020).

Mohammad & Helal (2020) found 54 variants,
including 5 deletions in 345 lranian patients. In these
studies, in 25 patients (3.62%) 2043delG, in 15 patients
(2.17%) - c.2051_2052delAAinsG, in 15 patients (2.17%),
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2183AA>G, in 12 patients (1.74%) c .1624G>T(G542X), in
12 patients (1.74%) c.1697C>A (A566D), in 9 patients
(1.30%) c.1210-12T, in 7 patients (1.01%) c.3196C>T
(R1066C) mutations were detected. The frequency of other
options is less than 1%, it was recorded by the authors
(Mohammad & Helal, 2020).

Mehdizadeh et al. (2020) investigated the frequency
of several CFTR mutations in cystic fibrosis patients in
North-Eastern Iran and examined exon 11 of the CFTR
gene to detect R344W and R347P mutations in 56
patients. The authors identified 24 mutated alleles among
112 alleles—delF508 (10.71%), 1677delTA (3.57%), S466X
(3.57%), N1303K (0.89%), G542X (0.89%), R347P (80%),
L467F (0.89%) [26].DelF508, IVS85T, R334W, G542X,
D110H, R352Q, and R117H mutations, which were
identified with the highest frequency among the CFTR
gene mutations in the lIranian population, were also
studied in the Azerbaijani population. Among these
mutations, delF508 (83.3%), R117H (5.5%), R334W (5.5%),
and IVS85T (5.5%) were identified in the patients
diagnosed with cystic fibrosis studied in the Azerbaijani
population. G542X, D110H, and R352Q mutations were
not identified in the population of Azerbaijan
(Mehdizadeh et al., 2020).

Dayangac-Erden et al. (2020) examined CFTR gene
mutations by directly sequencing exon-intron regions in
51 Turkish patients diagnosed with cystic fibrosis at
Ankara Hacettepe University. In 72.5% of the alleles
studied by the authors, 27 different mutations were
identified. Two predominant mutations—IVS8-5T and
D1152H—account for more than a third of the alleles. For
the first time, five new mutations were identified
(Dayangac-Erden et al., 2020).

Onay et al. (2001) studied the entire coding region of
the CFTR gene in 122 individuals from 73 Turkish families
to determine the spectrum of cystic fibrosis-causing
mutations in the Turkish population. They identified three
new mutations - 3172delAC, P1013L, and M1028Il. The
AF508 mutation was identified in 18.8% of patients. The
second most common mutation identified by the authors
was the 1677delTA mutation, with a frequency of 7.3%,
and the third and fourth were the G542X and 2183AA-G
mutations, with a frequency of 4.9% (Onay et al, 2001).
They found CFTR mutations causing cystic fibrosis. A
comprehensive screening was carried out in Turkey to
evaluate the molecular basis of this disease and develop
prenatal diagnostic and genetic counseling strategies. In
this study, a total of 27 different mutations were identified,
accounting for almost 60% of the disease genes in the
Turkish population (Onay et al., 2001).

According to Yilmaz et al. (1995), the most common
mutation in the Turkish population was AF508 (28.4%).
Two other mutations (R347H: 3.0%; N1303K: 3.7%) also
accounted for 6.7% of the occurring alleles (Yilmaz et al,
1995). Of the mutations IVS8-5T, DelF508, G542X, R553X,
R117H, R334W, and S492F identified in the CFTR gene in
the Turkish population, mutations [VS8-5T, DelF508,
R553X, R117H, R334W were identified in the Azerbaijani
population. In addition to the DelF508 mutation, the
frequency of other mutations was different. Unlike the
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Turkish population, the G542X and S492F mutations were
not identified in the Azerbaijani population.

Bulegenova et al. (2022) and her colleagues
conducted a molecular genetic analysis of the CFTR gene
in 58 cystic fibrosis patients to study the frequency and
spectrum of CFTR gene variants in different ethnic groups
of Kazakhstan and identify genotype-phenotype
correlations. During the study, 28 specific variants were
identified. DelF508 mutation, the most common variant in
the European population, was identified in 30 patients
(51.7%). The authors also found a number of specific
variants typical for the population of Kazakhstan. Among
these variants, the most common, along with the DelF508
mutation, were R553X, R117H, and R334W mutations
(Bulegenova et al, 2022). DelF508, R553X, R117H, and
R334W mutations in the CFTR gene identified in different
ethnic groups of Kazakhstan were also found in the
population of Azerbaijan (Bulegenova et al, 2022). The
frequency of DelF508 mutation in the population of
Kazakhstan was 51.7%, and in Azerbaijan, it was relatively
high - 66.6%.

Kiseleva et al. (2020) using a diagnostic panel that
allows simultaneous analysis of 60 variants of the CFTR
gene in the Russian population, found mutations
F508del (rs113993960) with a frequency of 2.02%,
L138ins (rs397508686) and 394delTT (rs121908769) with
a frequency of 0.47%, CF502.5 (CF50212), p.S18Rfs*16
with a frequency of 0.31%, R117H (rs78655421) and
G542X (rs113993959) with a frequency of 0.16% among
642 patients diagnosed with cystic fibrosis and identified
23 carriers of mutations. The frequency of heterozygotes
in the Russian population was 3.58% or 1:28 (Kiseleva
et.al., 2020).

Gorinova et al. (2020) used the new-generation
sequencing method to identify 71 CFTR gene mutations in
191 cystic fibrosis patients in the Russian population.
Authors, along with these mutations, have identified 14
new mutations: ¢580G>A, c4298A>G, <c.613C>A,
c.1526G>A, p.252T>A, c237G>A, c.1488G>A, c.353del,
c.1708_1712del, €.3927_3938del, c.1219del,
¢.1853_1863del, c*1279del, c.2619+1G>A (Gorinova et al,,
2020). Of the delF508, R117H, and G542X mutations found
in the CFTR gene in the Russian population, delF508 and
R117H mutations were identified in the Azerbaijani
population. The frequency of the intensified delF508
mutation was observed at a higher frequency in the
Azerbaijani population than in the Russian population.

Of the mutations IVS8-5T, DelF508, G542X, R553X,
R117H, R334W, and S492F identified in the CFTR gene in the
Turkish population, mutations IVS8-5T, DelF508, R553X,
R117H, R334W were identified in the Azerbaijani population.
In addition to the DelF508 mutation, the frequency of other
mutations found in the Azerbaijani population is lower than
in the Turkish population. Unlike the Turkish population, the
G542X and S492F mutations were not identified in the
Azerbaijani population (Onay et al, 2001, Mammadova &
Huseynova, 2024; Yildiz et al., 2024).

In order to carry out a molecular-genetic study of
cystic fibrosis in the Azerbaijan population, the most
common mutations of the CFTR gene in neighboring

Int J Agri Biosci, 2025, XX(X): XXX-XXX.

countries were taken into account in the Baku city, Sheki-
Zagatala, Guba-Khachmaz, and Lankaran-Astara zones the
4th exon - R117H(350G > A), D110H(328G> C), 7th exon -
R334W  (1000G>T),  R352Q(1055G>A), 10  exon
S492F(1475C>T), delF508(1521-1523del), 11 exon
G542X(1624G > T), R553X(3846G>A) and 8 intron IVS8-
5T(1210-1211T7>G) mutations of CFTR gene were studied.
in the examined patients, various mutations in exons 4, 7,
10, and intron 8 of the CFTR gene. Thus, in the studied
population of Azerbaijan, 4th exon-R117H(350G > A), 7th
exon R334W (1000G>T), new L322P(965T>C) mutation,
10th exon delF508(1521-1523del) and 8th intron IVS8-
5T(1210-1211T7>G) mutations of CFTR gene were
identified. No mutation was identified in exon 11 of the
CFTR gene among the studied samples. Early molecular
diagnostics of newborns is very important for preventing
cystic fibrosis.

Identifying the new mutational patterns of a specific
CFTR gene is crucial both in population studies and in
clinical practice. This is why searches must be conducted,
particularly in a population where the researcher's
interest encompasses the country where they are
currently working. According to the Clinical and
Functional Traits of CFTR data, the analysis of these
mutations that were detected both in homozygous and
compound heterozygous states could be of importance
not only in establishing genotype-phenotype correlations
of cystic fibrosis in Azerbaijan but also in any other future
studies or practically oriented examinations involving this
gene. Certain results have been obtained regarding the
analysis of specific CFTR gene mutations prevalent
among the populations of Turkey (Dayangac-Erden et al.,
2020; Yildiz et al., 2024), Iran, Russia, and other countries
neighboring Azerbaijan.

A comprehensive study involving 87 Iranian families
from diverse ethnic backgrounds revealed the following
prevalent CFTR mutations (Hosseini Nami et al., 2023). In
the Russian Federation, several CFTR mutations have been
identified with varying frequencies across different federal
districts. Thus, CFTRdele2,3 (Slavic deletion) is present in
6.11% of cases, with regional frequencies ranging from 1.6
to 7.8%. The E92K mutation was found in 3.46% of cases,
with a higher prevalence in the Volga (9.2%) and North
Caucasus (7.3%) federal districts. 1677delTA deletion is
notably prevalent in the North Caucasus (28.4%), especially
among Chechen individuals (67.3%). The W1282X
mutation, originating from the Middle East, has a
frequency of 13.5% in the North Caucasus, with higher
rates among the Karachay (88.9%) and Ossetians (37.5%)
(Kondratyeva et al., 2024).

While specific data from 2021 to 2025 are limited,
studies have identified several CFTR mutations in the
Turkish population. These findings underscore the genetic
diversity of CFTR mutations within these populations,
influenced by historical migration patterns and regional
genetic factors.

Raising awareness about cystic fibrosis aims to refocus
attention on the condition, as new methods and
techniques are being considered for prenatal and early
newborn diagnostics and physiotherapeutically directed
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treatment applications. Individuals born in this millennium
must know about this disease and the specific signs and
symptoms of CF-related illnesses.

Conclusion

During 2015-2020, 1344 people from Baku, Sheki-
Zagatala, Guba-Khachmaz, and Lankaran-Astara zones of
Azerbaijan participated in this study. We found 5
mutations (Phe508del, R117H, R334W, R553X, IVS8-5T, and
L322P (novel mutation)) in the CFTR gene of cystic fibrosis
patients. We described the L322P mutation for the first
time in Azerbaijan, which does not have a reference
sequence result in NCBI. In this study, we analyzed the
structure of the cystic fibrosis transmembrane regulator
protein.

Funding: This study did not receive any financial support
from any organization.

Acknowledgment: The authors thank all the patients and
their families. We also express our gratitude to the
Laboratory of Human Genetics, Genetic Resources
Institute, and the Laboratory of Western Caspian University
for their support in performing some of the gene analysis
studies.

Conflict of Interest: The authors state that there is no
conflict of interest regarding the publication of this article.

Data Availability: All the data is present in the article.

Authors’ Contribution: L.H. designed and performed the
experiments and wrote the article. L.H. read and approved
the final version of the manuscript. All authors have read
and approved the final manuscript.

Patient consent for publication: All participants provided
consent affirming their voluntary participation in the study.

Generative Al statement: The authors declare that no
Gen Al/DeepSeek was used in the writing/creation of this
manuscript.

Publisher’'s note: All claims stated in this article are
exclusively those of the authors and do not necessarily
represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product
that may be evaluated/assessed in this article or claimed
by its manufacturer is not guaranteed or endorsed by the
publisher/editors.

REFERENCES

Aghayeva, S., Huseynova, L. & Hagverdiyeva, R. (2021). Combined mutation
of DMD and CFTR genes in an Azerbaijani family. international Journal
of Life Science and Pharma  Research, 11(4), 35-41.
http://dx.doi.org/10.22376/ijpbs/Ipr.2021.11.4.L.35-41

Alibakhshi, R., Kianishirazi, R, Cassiman, J.J, Zamani, M., & Cuppens, H.
(2008). Analysis of the CFTR gene in Iranian cystic fibrosis patients:
identification of eight novel mutations. Journal of Cystic Fibrosis, 7(2),
102-109. https://doi.org/10.1016/j.jcf.2007.06.001

Bonyadi, M., Omrani, O., Rafeey, M., & Bilan, N. (2011). Spectrum of CFTR

Int J Agri Biosci, 2025, XX(X): XXX-XXX.

gene mutations in Iranian Azeri Turkish patients with cystic
fibrosis. Genetic Testing and Molecular Biomarkers, 15(1-2), 89-92.
https://doi.org/10.1089/gtmb.2010.0091

Bulegenova, M., Macek, M., Libik, M., Imangaliyeva, A, & Makhneva, A.
(2022). Mutational Spectrum of the CFTR Gene in the Kazakhstan
Population. Indian Pediatrics, 59(5), 380-383.

Bustamante, A.E. (2024). Cystic fibrosis transmembrane conductance
regulator modulators and novel therapeutics for cystic fibrosis
treatment. NCT Neumologia y Cirugia de Torax, 83(1), 6-12.
https://doi.org/10.35366/118570

Dayangac-Erden, D., Atalay, M., Emiralioglu, N., Hizal, M., Polat, S., Ozcelik,
U., Yalgin, E,, Dogru, D., Yilmaz, E., & Kiper, N. (2020). Mutations of the
CFTR gene and novel variants in Turkish patients with cystic fibrosis:
24-years  experience. Clinica  Chimica  Acta, 570, 252-259.
https://doi.org/10.1016/j.cca.2020.07.033

Deignan, J.L, Astbury, C., Cutting, G.R., Del Gaudio, D., Gregg, AR, Grody,
W.W., Monaghan, K.G, Richards, S, & ACMG Laboratory Quality
Assurance Committee (2020). CFTR variant testing: a technical
standard of the American College of Medical Genetics and Genomics
(ACMG). Genetics in Medicine, 22(8), 1288-1295.
https://doi.org/10.1038/s41436-020-0822-5

Frost, F, Walshaw, M.J, & Nazareth, D. (2022). Cystic fibrosis-related
diabetes: an update. Q/M: An International Journal of Medicine, 115(9),
582-585. https://doi.org/10.1093/gjmed/hcaa256

Gorinova, Y. Savostyanov, K, Simonova, O. Krasovskyi, S. (2020).
Description of new CFTR gene's mutations in patients of Russia.
European Respiratory Journal, 56(64), 2763.
https://doi.org/10.1183/13993003.congress-2020.2763

Gryspeert, K., Dipalo, L.L, Da Silva Cunha, A.L, Bulcaen, M., Ensinck, M.M., &
Carlon, M.S. (2025). Cystic fibrosis at a glance: from disease
mechanism to therapy. Trends in Molecular Medicine, S1471-
4914(25)00034-6. Advance online publication.
https://doi.org/10.1016/j.molmed.2025.02.001

Guo, J,, Garratt, A, & Hill, A. (2022). Worldwide rates of diagnosis and
effective treatment for cystic fibrosis. Journal of cystic fibrosis : official
Journal of the European Cystic Fibrosis Society, 21(3), 456-462.
https://doi.org/10.1016/].jcf.2022.01.009

Hosseini Nami, A., Kabiri, M., Zafarghandi Motlagh, F., Shirzadeh, T., Fakhari,
N., Karimi, A, Bagherian, H., Jamali, M., Younesikhah, S., Shadman, S.,
Zeinali, R, & Zeinali, S. (2023). Genetic attributes of Iranian cystic
fibrosis patients: the diagnostic efficiency of CFTR mutations in over a
decade. Frontiers in Genetics, 14, 1140034.
https://doi.org/10.3389/fgene.2023.1140034

Huseynova, L.S., Mammadova, S.N. & Aliyeva, KA.A. (2021). Frequencies of
the MEFV gene mutations in Azerbaijan. Balkan Journal of Medical
Genetics, 24 (2), 33-38. https://doi.org/10.2478/bjmg-2021-0017

Innocenti, D., Castellani, C., Masi, E., Galici, V., Macconi, L, & Taccetti, G.
(2023). Can percussive intrapulmonary ventilation improve the efficacy
of physiotherapy in children with cystic fibrosis?. Monaldi archives for
chest disease = Archivio Monaldi per le malattie del torace, 94(1),
https://doi.org/10.4081/monaldi.2023.2480

Jain, R, & Goralski, J.L. (2025). Learning from the CFTR modulator baby
boom.Journal of Cystic Fibrosis, 24(1), 3-4.
https://doi.org/10.1016/j.jcf.2024.12.003

Jalalirad, M., Houshmand, M., Mirfakhraie, R., Goharbari, M.H., & Mirzajani,
F. (2004). First study of CF mutations in the CFTR gene of Iranian
patients: detection of DeltaF508, G542X, W1282X, A120T, R117H, and
R347H mutations. Journal of Tropical Pediatrics, 50(6), 359-361.
https://doi.org/10.1093/tropej/50.6.359

Karimi, N. Bidemeshki Pour, A, Alibakhshi, R, & Almasi, S. (2020).
Haplotype analysis of the CFTR gene on normal and mutant CFTR
genes. Mutation Research, 821, 111708.
https://doi.org/10.1016/j.mrfmmm.2020.111708

Kasmi, 1., Kasmi, G., Basholli B., Sefa, H. & Vevecta, E. (2024). The spectrum
and freguency of Cystic fibrosis mutations in Albanian patients.
Balkan Journal Medical Genetics, 24(1), 31-36.
https://doi.org/10.2478/bjmg-2024-0004

Kececi Ozgur, G., Ozdil, A, Korkmaz, P., & Akcam, T.I. (2024). Multiple life-
threatening complications in a patient who received lung
transplantation due to cystic fibrosis and their management.
Therapeutic Advances in Pulmonary and Critical Care Medicine, 19.
https://doi.org/10.1177/29768675241302903

Kiseleva, A.V., Klimushina, M.V., Sotnikova, E.A., Divashuk, M.G., Ershova, A.l,,
Skirko, O.P., Kurilova, O.V., Zharikova, A.A., Khlebus, E.Y., Efimova, A,
Pokrovskaya, M.S., Slominsky, P.A., Shalnova, S.A., Meshkov, AN., &
Drapkina, O.M. (2020). A Data-Driven Approach to Carrier Screening
for Common Recessive Diseases. Journal of Personalized
Medicine, 10(3), 140. https://doi.org/10.3390/jpm 10030140



http://dx.doi.org/10.22376/ijpbs/lpr.2021.11.4.L35-41
https://doi.org/10.1016/j.jcf.2007.06.001
https://doi.org/10.1089/gtmb.2010.0091
https://doi.org/10.35366/118570
https://doi.org/10.1038/s41436-020-0822-5
https://doi.org/10.1093/qjmed/hcaa256
https://doi.org/10.1183/13993003.congress-2020.2763
https://doi.org/10.1016/j.molmed.2025.02.001
https://doi.org/10.1016/j.jcf.2022.01.009
https://doi.org/10.3389/fgene.2023.1140034
https://doi.org/10.2478/bjmg-2021-0017
https://doi.org/10.4081/monaldi.2023.2480
https://doi.org/10.1016/j.jcf.2024.12.003
https://doi.org/10.1093/tropej/50.6.359
https://doi.org/10.1016/j.mrfmmm.2020.111708
https://doi.org/10.2478/bjmg-2024-0004
https://doi.org/10.1177/29768675241302903
https://doi.org/10.3390/jpm10030140

Kondratyeva, E., Melyanovskaya, Y., Sherman, V., Voronkova, A., Zhekaite, E.,
Krasovsky, S., Amelina, E., Kashirskaya, N., Shadrina, V., Polyakov, A,
Adyan, T, Schagina, O., Starinova, M. Enina, E, Vasilyev, A,
Marakhonov, A., Zinchenko, R, & Kutsev, S. (2024). Study of the
genetic and molecular epidemiology of cystic fibrosis based on the
patient registry for planning targeted therapy in Russian Federation.
Frontiers in Genetics, 15, 1383033.
https://doi.org/10.3389/fgene.2024.1383033

Malhotra, S., Hayes, D., Jr, & Wozniak, D.J. (2019). Cystic Fibrosis and
Pseudomonas aeruginosa: the Host-Microbe Interface. Clinical
Microbiology Reviews, 32(3), e00138-18.
https://doi.org/10.1128/CMR.00138-18

Mammadova, S., & Huseynova, L. (2024). The study of genetic variation of
CFTR polymorphisms. Scientific Collection «InterConf», 198, 290-292.

Mehdizadeh, A. Vatanparast, H. Khadem-Rezaiyan, M. Norouzy, A,
Abasalti, Z., Rajabzadeh, M. & Nematy, M. (2020). Validity and
Reliability of the Persian Version of Nutrition Screening Tool for Every
Preschooler (NutriSTEP®) in Iranian Preschool Children. Journal of
Pediatric Nursing, 52, €90-e95.
https://doi.org/10.1016/j.pedn.2020.01.011

Mohammad, T. & Helal, N. (2022). Analysis Variants of the CFTR Gene in
Iranian Cystic Fibrosis Patients. Journal of Human Genetics and
Genomics, 4(1), e123474. https://doi.org/10.5812/jhgg.123474

Morteza, J., Mandana, R., Amir, V. & Leila, V. (2017). Genetic pattern of cystic
fibrosis patients in Azeri Turkish population. Russian Open Medical
Journal, 6(1), 101. https://doi.org/10.15275/rusomj.2017.0101

Onay, T., Zielenski, J., Topaloglu, O., Gokgoz, N., Kayserili, H., Apak, M.Y.,
Camcioglu, Y., Cokugras, H., Akcakaya, N. Tsui, L.C., & Kirdar, B.
(2001). Cystic fibrosis mutations and associated haplotypes in Turkish
cystic  fibrosis  patients. Human  Biology, 73(2), 191-203.
https://doi.org/10.1353/hub.2001.0022

Radpour, R, Gourabi, H. Gilani, M.A, & Dizaj, A\V. (2008). Correlation
between CFTR gene mutations in Iranian men with congenital
absence of the vas deferens and anatomical genital phenotype.
Journal of Andrology, 29(1), 35-40.
https://doi.org/10.2164/jandrol.107.002972

Int J Agri Biosci, 2025, XX(X): XXX-XXX.

Raraigh, K.S., Aksit, M.A., Hetrick, K., Pace, R.G,, Ling, H., O'Neal, W., Blue, E.,
Zhou, Y.H., Bamshad, M.J., Blackman, S.M., Gibson, R.L., Knowles, M.R,,
& Cutting, G.R. (2022). Complete CFTR gene sequencing in 5,058
individuals with cystic fibrosis informs variant-specific treatment.
Journal of Cystic Fibrosis, 21(3), 463-470.
https://doi.org/10.1016/j.jcf.2021.10.011

Ratbi, I., Legendre, M., Niel, F., Martin, J., Soufir, J.C,, Izard, V., Costes, B.,
Costa, C., Goossens, M., & Girodon, E. (2007). Detection of cystic
fibrosis transmembrane conductance regulator (CFTR) gene
rearrangements enriches the mutation spectrum in congenital
bilateral absence of the vas deferens and impacts on genetic
counselling. Human Reproduction (Oxford, England), 22(5), 1285-1291.
https://doi.org/10.1093/humrep/dem024

Roe, AH. Koelper, N., McAllister, A, Barnhart, KT, Schreiber, CA, &
Hadjiliadis, D. (2023). Cervical mucus quality in females with and
without cystic fibrosis. Journal of cystic fibrosis : official journal of the
European Cystic Fibrosis Society, 22(5), 804-805.
https://doi.org/10.1016/j.jcf.2023.03.013

Taulan, M., Girardet, A,, Guittard, C., Altieri, J. P, Templin, C., Beroud, C., des
Georges, M., & Claustres, M. (2007). Large genomic rearrangements in
the CFTR gene contribute to CBAVD. BMC Medical Genetics, 8, 22.
https://doi.org/10.1186/1471-2350-8-22

Yildiz, C.A,, Selguk Balci, M., Karabulut, $., Baser, Z.M., Kalyoncu, M., Metin
Cakar, N. Akkitap Yigit, M.M. Baysal, E.E, Ozdemirciogly, F,
Uzunoglu, B., Tastan, G., Ergenekon, P., Gokdemir, Y., Erdem Eralp, E.,
Karakog, F., Ata, P., & Karadag, B. (2024). Exploring Turkey's mosaic of
novel variants and complex alleles in cystic fibrosis genetics. Pediatric
Pulmonology, 59(12), 3540-3549. https://doi.org/10.1002/ppul.27249

Yilmaz, E., Erdem, H. Ozgiic, M., Coskun, T, Ozgelik, U, Gogmen, A, &
Ozalp, I. (1995). Study of 12 mutations in Turkish cystic fibrosis
patients. Human Heredity, 45(3), 175-177.
https://doi.org/10.1159/000154281

Yousaf, S., Sumaira, Bano, I, Rehman, A, Kousar, S., Ghani, M.U., & Shahid,
M. (2024). Case Study: Analyzing CFTR Mutations and SNPs in
Pulmonary Fibrosis Patients with Unclear Symptoms. Case Reports in
Medicine, 2024, 8836342. https://doi.org/10.1155/2024/8836342



https://doi.org/10.3389/fgene.2024.1383033
https://doi.org/10.1128/CMR.00138-18
https://doi.org/10.1016/j.pedn.2020.01.011
http://dx.doi.org/10.5812/jhgg.123474
https://doi.org/10.15275/rusomj.2017.0101
https://doi.org/10.1353/hub.2001.0022
https://doi.org/10.2164/jandrol.107.002972
https://doi.org/10.1016/j.jcf.2021.10.011
https://doi.org/10.1093/humrep/dem024
https://doi.org/10.1016/j.jcf.2023.03.013
https://doi.org/10.1186/1471-2350-8-22
https://doi.org/10.1002/ppul.27249
https://doi.org/10.1159/000154281
https://doi.org/10.1155/2024/8836342

