
ABSTRACT
Objective: Cystic fibrosis (CF) is the most common autosomal recessive mortal disease in the Caucasians. Its prevalence is 1/2500-3300, and its 
carrier frequency is 1/20-25. A mutation at the cystic fibrosis transmembrane conductance regulator (CFTR) gene, which is also known as chlorine 
permeable transmembrane channel, results in CF. There is a difference in the distribution of patients between patient groups and regions. This 
paper aimed to investigate the mutation dispersion in the state of Sanliurfa in patients who have borderline sweat test results or a clinic suspicion 
of CF.
Methods: A total of 40 patients with borderline sweat test results (first group) and 62 patients with clinically suspected CF (second group) were 
investigated by next-generation sequencing for CFTR gene mutations. 
Results: In the first group, 11 heterozygous (27.5%), 1 compound heterozygous (2.5%), and 28 homozygous (70%) mutations were determined. In 
the second group, 16 heterozygous (25.8%), 3 compound heterozygous (4.8%), and 13 homozygous (21%) mutations were determined. The most 
frequent mutations were I148T and ΔF508.
Conclusion: Our research concludes that the sweat test is more important than clinical suspicion, and every patient with borderline sweat test 
should be immediately investigated. 
Keywords: Cystic fibrosis, next-generation sequencing, sweat test, mutation

Examination of CFTR Gene Mutations in Patient Groups 
with Borderline Sweat Test and Clinical Preliminary 
Diagnosis of Cystic Fibrosis by Next-Generation 
Sequencing Method in Şanlıurfa Province
Evren Gümüş 

Department of Medical Genetics, Harran University School of Medicine, Şanlıurfa, Turkey

Cite this article as: Gümüş E. Examination of CFTR Gene Mutations in Patient Groups with Borderline Sweat Test and Clinical Preliminary 
Diagnosis of Cystic Fibrosis by Next-Generation Sequencing Method in Şanlıurfa Province. JAREM 2019; 9(2): 86-90.

ORCID ID of the author: E.G. 0000-0001-9932-0730.

Received Date: 25.05.2018 Accepted Date: 24.07.2018
© Copyright 2019 by University of Health Sciences Gaziosmanpaşa Taksim Training and Research 

Hospital. Available on-line at www.jarem.org
DOI: 10.5152/jarem.2019.2176

Corresponding Author: Evren Gümüş, 
E-mail: evreng@ymail.com

INTRODUCTION

Cystic fibrosis (CF; MIM #219700), which was defined by Dorothy 
Andersen in 49 patients in New York City some 80 years ago, 
is currently present in the population with a 1:20–25 carrier fre-
quency and 1:2500–3300 incidence, and it is one of the top le-
thal autosomal recessive diseases in the white race. There is no 
gender dominance in the disease. CF affects many organs and 
systems, causing mortality and morbidity. The most important 
causes of mortality are bronchiectasis, small-airway obstruction, 
and progressive lung injury due to infections. The most impor-
tant causes of morbidity are the exocrine pancreatic insufficiency 
due to epithelial cell dysfunction, biliary cirrhosis, and infertility 
due to the absence of the vas deferens. CF is the result of muta-
tions in the cystic fibrosis transmembrane conductance regulator 
(CFTR) gene, which is responsible from the anion transport, also 

known as the chloride transmembrane permeability channel, and 
in mucociliary clearance (1-5). The CFTR is a gene located on the 
long arm of chromosome 7, consisting of 27 exons, and contain-
ing a genomic DNA sequence of approximately 190 kb (6). There 
have been more than 2000 mutations identified in the CFTR 
gene; among these, missense and nonsense mutations are the 
most common ones, whereas the most common mutation seen 
alone is the Phe508del mutation (1). According to their effects on 
the protein function, CFTR mutations are divided into six groups 
(7). In Class I mutations (Gly542X, Trp1282X, and Arg553X), the 
protein production is not observed. In Class II mutations (Asn-
1303Lys and Arg560Thr), which include the most frequently ob-
served mutation, Phe508del mutation, the degradation of pro-
teins that are improperly folded in the endoplasmic reticulum 
is observed. In Class III mutations (Gly551Asp, Gly178Arg, and 
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Gly551Ser), the channel regulation is impaired. Since the CFTR 
function is not even at a residual level in Class I, II, and III mu-
tations, individuals with mutations in these classes show severe 
phenotypic effects. In Class IV mutations (Arg117His, Arg347Pro, 
and Arg117Cys), pathogenicity results from a reduced ion flow. 
In Class V (2789+5G → A, 3120+1G → A, and 3849+10kbC → 
T) and VI (4326delTC, Gln1412X, and 4279insA) mutations, the 
amount of decreased mRNA and plasma membrane instability 
are responsible for pathogenicity, respectively (8). In Class IV, V, 
and VI mutations, it is possible to say that there is a more moder-
ate phenotypic picture because of the presence of a functional 
CFTR protein (1). Therefore, according to the mutation observed 
in patients with CF, the severity of the disease, its characteristics, 
and progression can be estimated.

Early identification of the disease is very important. Therefore, it 
has been included into the newborn screening program in our 
country since January 1st, 2015. Immunoreactive trypsinogen is 
measured by the heel stick sampling after birth. The test is re-
peated if the results is higher than the reference value. If the re-
peated test result is also found to be high, the suspected infant 
is referred to one of the centers for the sweat test. If the sweat 
test results are >60 mmol/L, the infant is directed to the CFTR 
gene analysis (9). If the sweat test results are 30–60 mmol/L, the 
infant is carefully evaluated and included in a long-term follow-
up program or investigated using a CFTR gene mutation analysis 
because the individual may be asymptomatic early in life but may 
show a CF phenotype in the following years. These individuals 
usually have a residual CFTR activity showing Class IV, V, or VI mu-
tations. This situation is described as the CF metabolic syndrome 
in some sources (10). The frequency distribution of CF mutations 
varies widely across different countries and even within the same 
country, so various commercial kits have been developed in the 
light of regional data that screen 19, 23, 36, 97, and 188 different 
mutations, respectively (11). The American Society of Obstetrics 
and Gynecology (ACOG) and the American Society of Medical 
Genetics (ACMG) recommend screening individuals at reproduc-
tive ages with a panel test of 23 mutations (12). The mutation 
detection rate of this panel test was found to be 49%–94% in 
a study conducted on European peoples (13). In the panel test 
made in our country that investigated 36 different mutations, 
this rate was determined as 75% (14). In addition to the differ-
ence of the scanned mutations, different molecular methods are 
also used for the mutation analysis. The most commonly used 
are the allele-specific oligonucleotide, reverse dot-blot hybrid-
ization, amplification refractory mutation system, oligonucleotide 
ligation assay, and next-generation sequencing (NGS) (5). In this 
study, the CFTR entire gene analysis of patients with suspected 
sweat test (30–60 mmol/L) or clinically diagnosed with CF in the 
Sanliurfa province was analyzed retrospectively, and the frequen-
cies in our region, our country, and the world were compared in 
the light of the literature data.

METHODS

This retrospective study included a total of 102 individuals who 
were admitted to the Department of Medical Genetics of Harran 
University School of Medicine between October 2016 and May 
2018 and who had a suspicious sweat test or were clinically initial-
ly diagnosed with CF (40 individuals with at least one suspicious 

test of two sweat tests at different times and 62 patients who 
were clinically initially diagnosed with CF). Individuals who had 
a family or carrier screening were not included in the study. De-
mographic information of the patients was collected from elec-
tronic files and noted. DNA was isolated from the 102 patients 
included in the study with the Magpurix Blood DNA Extraction 
Kit 200 from the venous blood samples taken in tubes contain-
ing 3 mL of ethylenediaminetetraacetic acid. After a purity and 
quantity analysis of the obtained DNA samples was performed 
by a Nanodrop SMA1000 spectrophotometer, the fluorometric 
assay was made using a Qubit 3.0 fluorometer device (Invitrogen, 
Turkey), and DNA samples were stored under suitable conditions 
until the DNA polymerase chain reaction (PCR) process was per-
formed. In the PCR process, after target CF amplification (PCR1), 
cleaning, adapter ligation, the PCR2 steps with a barcoded prim-
er mix sequence that has cleaning and the forward sequence of 
5’AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTA-
CACGACGCTCTTCCGATCT’3 were done using the NEXTflex 
Cystic Fibrosis Amplicon Panel (Bioo Scientific, Austin, USA) in a 
thermal cycler device BIORAD T100TM Thermal Cycler (Turkey), 
sequencing was performed with a Miniseq (Illumina GmbH, Ger-
many) device according to the manufacturer’s protocol using the 
NGS method. When no pathogenic variants were detected or 
only one pathogenic variant was detected, the CFTR gene de-
letion/duplication analysis was investigated using the multiplex 
ligation-dependent probe amplification method. The study ap-
proval was obtained from the ethics committee of Harran Univer-
sity in Session 1, in January 2018.

Statistical Analysis

Data were entered into the Microsoft Excel program and ana-
lyzed with the Statistical Package for Social Sciences version 25.0 
(IBM Corp.; Armonk, NY, USA) program. Data were reported as 
the mean±standard deviation using parametric tests to compare 
continuous variables.

RESULTS

The mean age of the participants was 5.71. The mean age was 
0.68±0.24 in the group with a suspicious sweat test, and the 
mean age in the group with an initial CF diagnosis was 8.96±1.47. 
Of the 102 participants, 50 were female, and 52 were male. When 
the mutations were evaluated, in the suspicious sweat test group, 
of the 40 individuals, 11 were heterozygous (27.5%), 1 was com-
pound heterozygous (2.5%), and 28 were homozygous (70%) (Fig-
ure 1). When the allele frequency was evaluated in the individuals 
from this group, the most common observed ones were I148T 
(20%), ΔF508 (11.25%), I1000Lfs * 2 (11.25%), I1234V (8.75%), and 
I807M (8.75%) (Table 1). In the group with the initial diagnosis of 
CF including 62 individuals, 16 individuals were evaluated as hav-
ing heterozygous (25.8%), 3 individuals compound heterozygous 
(4.8%), and 13 individual homozygous (21%) mutations (Figure 1). 
No variance was observed in 30 individuals (48.4%). When allele 
frequencies in this group were examined, ΔF508 (7.2%) was the 
most commonly observed allele (Table 2). When the individuals 
in the two groups were evaluated together, 27 individuals were 
found to have heterozygous (26.5%), 4 had compound heterozy-
gous (3.9%), and 41 homozygous (40.2%) genotypes, and in 30 
individuals (29.4%), no pathologic variant was found. When the 
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two groups were evaluated together, the most common alleles 
found were I148T (9.8%) and ΔF508 (8.8%). Twenty-two different 
mutations were observed in 102 patients. A total of 117 mutant 
alleles were detected in 204 alleles (diagnostic efficacy 57.3%). 
The majority of mutations were observed as missense mutations. 
The most commonly observed mutations were Class II and IV mu-
tations. No pathogenicity was detected in patients studied in the 
deletion–duplication analysis. A written informed consent was 
obtained from the parents of the participants.

DISCUSSION

In this study, a total of 102 patients with clinical initial diagnosis 
of CF or who had suspicious sweat test results in Sanliurfa were 
examined for CFTR gene mutations with a new-generation se-
quencing method. Expectations and predictions about CF shown 
as a serious problem in European countries and in studies on mo-
lecular treatment methods are that the number of adults with CF 
will increase by 70%, and the disease will gain more importance 
(15). In the first decade of life, the disease presents with bronchi-
ectasis, exocrine pancreatic insufficiency, abnormal liver function 
tests, and meconium ileus; after the second decade, hemoptysis, 
pneumothorax, progressive lung failure, diabetes, cirrhosis, por-
tal hypertension, and osteoporosis can be observed (1, 9, 15, 16). 
Multidisciplinary approach and age-specific care services are im-
portant in patients with CF because of the effects of the disease 
on many systems and changes in this effect with age. Consider-
ing these changes, early diagnosis of the disease comes to the 
fore as the most important parameter. The diagnosis is usually 
made in the first year of life. Particularly with the inclusion of CF 
in a national neonatal screening program in 2015, early diagnosis 
rates in Turkey will increase over time. However, in some patients, 
the age of diagnosis can be 50 years of age. Therefore, it should 

Mutation	 Allele Frequencies (%)

I148T	 20

ΔF508	 11.25

I1000Lfs*2	 11.25

I1234V	 8.75

I807M	 8.75

M348K	 6.25

S1426P	 6.25

E1044G	 5

P5L	 3.75

A120T	 2.5

A399V	 1.25

L997F	 1.25

Unidentified	 13.75

Total	 100

Table 1. CFTR Allele frequencies in individuals with a 
positive sweat test

Mutasyon	 Allele Frequencies (%)

ΔF508	 7.2

I1000Lfs*2	 5.6

I148T	 3.2

K684R	 3.2

I1234V	 2.5

I807M	 2.5

P1013L	 2.5

W1282X	 1.6

E1044G	 1.6

c.489+1G>T	 1.6

G542X	 0.8

R117H	 0.8

M348K	 0.8

R553X	 0.8

G551D	 0.8

c.1585-1G>A	 0.8

S1426P	 0.8

c.2052delA	 0.8

R3W	 0.8

Unidentified	 61.3

Total	 100

Table 2. CFTR Allele frequencies in individuals with CF Pre-
diagnosis
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Figure 1. Graphical Representation of the Whole Gene Analysis Results of 
the Individuals in Both Groups
STHET: heterozygous individuals in the suspicious sweat test group; STC: compound 
heterozygous individuals in the suspicious sweat test group; STHOM: homozygous 
individuals in the suspicious sweat test group; CFHET: heterozygous individuals in 
the group with CF pre-diagnosis; CFHOM: homozygous individuals in the group 
with CF pre-diagnosis; KFC: compound heterozygous individuals in the group with 
CF pre-diagnosis; CFN, individuals with no mutation detected (normal) in the group 
with CF pre-diagnosis
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be kept in mind that patients with CF with different symptoms 
can be referred to any outpatient clinic (3, 9, 10). The most im-
portant factor affecting this situation is undoubtedly the type of 
the mutation and the effect of mutation on the protein function.

The most common mutation in the CFTR gene in the world and in 
Europe is ΔF508 (1, 13). The ΔF508 mutation shows a gradual de-
cline from the northwest to the southeast in Europe and Asia (17). 
While in northern European countries such as Denmark this rate 
is close to 100%, the rate is observed at 14%–28.5% in our country 
(2, 3, 18). In a study conducted in the Adana region, which is geo-
graphically close to the province of Sanliurfa, this rate was found 
to be 11.9% and is close to the data of our study (3). The lowest 
rate of 4%–4.7% in Turkey was found in Izmir (19, 20). The ratios 
closest to our study were found in the studies conducted in Jor-
dan and Bahrain (21, 22). The most noteworthy piece of data in 
our study was the observation of the I148T mutation as the most 
common mutation, which was not included among the first three 
most frequently observed mutations in the Turkish population, 
rather than the low mutation rate observed in ΔF508. Although 
this mutation was observed in less than 3% of patients with CF 
in many populations, it was observed to be 4% in Egypt and 6% 
in Syria (23, 24). The fact that Sanlıurfa is neighboring Syria and 
hosts many Syrian migrants can be considered to be related to 
these data. Although there is a low probability, the I148T change 
may have had a “founding effect” in the region in the past. Some 
recent studies suggest that I148T should not be considered as a 
disease agent but should be considered as a phenotype modi-
fier. In recent studies, I148T has been shown to cause atypical 
and mild symptoms, not classic CF symptoms (25-27). Since the 
relevant mutation is pathogenic in in-silico databases and is pres-
ent in high rates in the suspicious sweat test group in our study, 
we think it may be related to mild forms of CF, even if it does 
not show typical CF symptoms. We think that both perspectives 
need to be confirmed by a prospectively designed study in more 
samples. This mutation has not been present since 2004 in the 
panel with 23 mutations proposed by the ACOG and ACMG be-
cause the rate of incidence of the relevant mutation in America 
is less than 0.5% (12, 25). When the mutations in our study were 
evaluated in general, the 23 mutation panel proposed by ACOG 
and ACMG was able to detect 11.25% and 15.2% of the muta-
tions in the first and second groups, respectively. This situation 
can be explained by the quite high diversity of the mutations in 
our region and the NGS method by which our study was done. 
In Adana, a region close to ours, 63 patients diagnosed with CF 
with different clinics were screened for 19 different mutations, 
and the diagnostic efficiency was found as 22.3%. The rate of 
57.3% in our study can be explained by the method used, the 
presence of the suspicious patient group, and the success of the 
clinical diagnosis.

CF clinically may be confused with immune deficiency syn-
dromes, asthma, primary biliary atresia, primary ciliary dyskinesia, 
and Shwachman–Diamond syndrome. The sweat test results may 
be positive, particularly in bronchiectasis-related syndromes, iso-
lated hyperchlorhidrosis, adrenal insufficiency, glycogen storage 
diseases, nephrogenic diabetes insipidus, and glucose-6 phos-
phate dehydrogenase deficiency (28, 29). This is an important pa-
rameter affecting the rate of diagnostic effectiveness.

Limitations of the Study

Our study is valuable as it includes two patient groups, focusing 
on individuals with suspected sweat test results, and is done with 
the NGS method. The most important limitation of the study is 
that it was performed retrospectively and did not examine the re-
lationship between the mutation analysis results of the individu-
als and quantitative levels of the clinical and sweat test.

CONCLUSION

While the results of the analysis of the group with a suspicious 
sweat test supported the CF diagnosis at a rate of 72.5% (29/40), 
the rate was 25.8% (16/62) in patients with CF pre-diagnosis. We 
believe that this situation is important as it shows that the di-
agnostic value of the sweat test is more significant than clinical 
evaluation, as well as that the individuals who are suspicious for 
sweat test should be investigated immediately. As a result, 102 
individuals with suspicious sweat test results and a clinical pre-
diagnosis of CF were retrospectively analyzed using the NGS 
method and were discussed in the light of current information, 
and regional and national data.
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