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Background: Cystic fibrosis, a pulmonary disease which is an autoso-
mal recessive, inherited, multisystemic genetic disease commonly seen
in the Caucasian race, is the most frequent cause of mortality and mor-
bidity. So far, more than 2000 disease-causing gene variants have been
found and this number has been increasing with the studies conducted.
Although there is not yet enough data that include the Turkish popula-
tion, the recent increase of studies is noteworthy.

Aims: To discover the genetic variation in patients diagnosed with cys-
tic fibrosis in the Central Anatolian region.

Study Design: Cross-sectional study.

Methods: The study was carried out in the Central Anatolian region in
3 pediatric pulmonology departments (Kayseri, Konya, and Ankara) in
Turkey between July 2014 and December 2017. The Sanger and Next
Generation Sequence analyses were used for exon and exon—intron
boundaries in the cystic fibrosis transmembrane conductance regu-
latory (CFTR) gene, and in selected patients, mutation analysis was

performed using the Multiplex Ligation-dependent Probe Amplification
technique for large deletions and duplications.

Results: CFTR gene analysis was performed for 316 patients and
215 of them were genetically diagnosed with cystic fibrosis. Sixty-
three different variants were defined in these patients and 7 of these
were large deletions/duplications detected with the MLPA method. The
most frequent variants were F508del (29.6%), G85E (8.2%), N1303K
(8.2%), Y515* (7.5%), and G542* (3.4%).

Conclusion: Using sequencing and Multiplex Ligation-dependent
Probe Amplification methods, the identification of seven new mutations
that were not previously reported in the literature contributes to a better
understanding of the heterogeneous nature of CFTR mutations in the
Turkish population. When no mutations are detected (pathogenic/prob-
ably pathogenic) in clinically compatible cases, Multiplex Ligation-
dependent Probe Amplification analysis contributes significantly to the
diagnosis.

INTRODUCTION

Cystic fibrosis (CF; OMIM #219700) is the most frequent autosomal
recessive inherited genetic disease of the Caucasian race. Its inci-
dence is 1/2500-3500 newborns.'? It is more frequent in European
and European-origin communities when compared with other com-
munities.® Recently, we showed the incidence of CF to be 1/3400

live births in our region, similar to other European communities.*
While the percentage of carriers differs according to ethnic origins,
itis 1/25 in Northern Europe, 1/29 among Ashkenazi Jews,>® 1/46 in
Hispanic Americans, and 1/65 in African Americans.”

The cystic fibrosis transmembrane conductance regulatory
(CFTR) gene contains 27 exons and is localized on 7q31.
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The protein is composed of 1480 amino acids. CFTR is an inte-
gral membrane protein that operates as a regulated chloride chan-
nel in the epithelia. Cystic fibrosis occurs due to homozygous or
compound heterozygous pathogenic variants in the CFTR (CFTR/
ABCC7: MIM*602421) gene. Today, more than 2000 disease-caus-
ing variants of the CF'TR gene have been found and their ethnic and
geographical distributions show differences.® The most common
variant seen in almost all the studies is F508del. In addition, the
frequency of more than 20 variants is more significant than 0.1%
(www.genet.sickkid.on.ca/Home.html.).

A variety of CFTR mutations have a different effect on the CFTR
protein. Therefore, the traditional classification of CFTR mutations
consists of 6 groups. Class I: Nonsense, frameshift, or splice junc-
tion variants such as ¢.1717-1G>A, ¢.1624G>T, and ¢.3846G>A
can cause reduced or absent synthesis. Class II: Some missense
variants and amino acid deletions such as ¢.1521 1523delCTT,
¢.3909C>G, and ¢.1682C>A disrupt the traffic. Class III: Block
the regulation of CFTR chloride channel (such as c.1652G>A,
c.1645A>C,c.4046G>A). Class IV: Alter conductance of the CFTR
chloride channel (c.350G>A, ¢.1000C>T, c.1364C>A). Class V:
Some missense or splice site variants such as ¢.3272-26 A>G can
reduce the synthesis and cause less protein production. Class VI:
Some mutations, such as c.120del123 may result in a less stable
CFTR protein.*'

The present study was conducted to describe the allele distribution
and frequency of CFTR gene mutations, including rare variants, in
patients diagnosed with CF in the Central Anatolian region of Turkey.

MATERIAL AND METHODS

Study Populations

The study was carried out in the Central Anatolian region in
3 pediatric pulmonology departments (Kayseri, Konya, and
Ankara) in Turkey between July 2014 and December 2017. The
patients were assessed in the Erciyes University School of Medi-
cine, Kayseri Training and Research Hospital, Gazi University
School of Medicine and Necmettin Erbakan University Meram
Medicine Faculty. The Erciyes University Clinical Research Ethi-
cal Board was referred to for the study.

The diagnosis of CF was based on sweat chloride levels
(>60 mEq/L) and/or 2 identified CF mutations, as well as on char-
acteristic symptoms of CF or a positive newborn screening test.!! Of
the total of 316 patients who were screened for genetic analysis,
215 patients who had homozygous or compound heterozygous
mutations participated in the study. One hundred one patients
(the variant was found only in one CFTR gene in 49 patients, no
disease-causing mutation was found in 52 patients) were excluded
from the study.

Genomic DNA isolation of the patients based on peripheral blood
was made by using a DNA isolation kit according to the instruc-
tions of the manufacturer (Zinexts Life Science Corporation,
Taiwan).
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Sanger Sequencing Analysis

In 169 cases, genetic mutation analysis was conducted by Sanger
sequencing. The GML SeqFinder Sequencing System CFTR
FULL Gene Kit (GML AG Altendorf, Switzerland) was used for
this process. Products of the polymerase chain reaction (PCR) were
observed after gel electrophoresis, and these products were puri-
fied using the ExoSAP kit (Exo SAP PCR purification kit, UAB
Corporation, Cleveland, OH, USA). The same products were
sequenced with the BigDye Terminator version 3.1, according to
the manufacturer’s instructions. Later, they were purified with Sep-
hadex. In the last stage, the products were analyzed on the Applied
Biosystems® Sanger Sequencing 3500 Series Genetic Analyzers
device, and bioinformatics analysis was conducted using the SeqS-
cape software v2.6.

Next Generation Sequencing Analysis

Mutation analysis was conducted on 147 patients using Next Gen-
eration Sequencing (NGS). The NEXTflex Cystic Fibrosis Ampli-
con panel (BIO SCIENTIFIC, a PerkinElmer Company, Austin,
TX, USA) kit was used for mutation analysis. This panel includes
10.4 kb, 28 coding exons, 1 promoter region, and 3 deep intronic
regions. Sixty-one pairs of primers provide the amplification and
sequencing of all exons coding the CFTR locus. The total length
of the related amplicons differ between 83 and 226 bp. The related
reading areas of libraries and primary pad areas have an average
size of 137-280 bp. The products were uploaded to the MiSeq Illu-
mina device (Illumina, San Diego, California). The data obtained
were analyzed with the Integrative Genomics Viewer software
(version 2.3.98). Sequence annotation and variant calling were
performed by the Genomize SEQ platform (https://seq.genomize.
com).

MLPA (Multiplex Ligation-dependent Probe Amplification)
Analysis

When no pathogenic/likely pathogenic allele was detected with
Sanger Sequencing and NGS, Multiplex Ligation-dependent
Probe Amplification (MLPA) analysis was performed for dele-
tion/duplication in the CFTR gene according to the manufacturer's
recommendations. DNA samples were denatured at 95°C, MRC-
HOLLAND MLPA Probemix-P091 CFTR Probe was added and
left for hybridization at 60°C for 17.5 hours, and was continued
the next day with the ligation step. At this step, hybridized probe
oligos were ligated with a ligation enzyme. After the PCR cycle
was completed, bound probes were amplified with a PCR primer.
After these steps were completed, the amplified DNA products
were read by capillary electrophoresis in an Applied Biosystems®
Sanger Sequencing 3500 Series Genetic Analyzer device. These
data obtained from the device were analyzed in the Coffalyser
software version v.140701.0000 (MRC-Holland, Amsterdam, the
Netherlands), and CFTR (NM_000492.3) was accepted as a refer-
ence. This performs a quality check and calculates probe ratios.

Interpretation of Results
CFTR region-specific MLPA probes are allele copy numbers of
2 (normal), 0 (homozygous deletion), 1 (heterozygous deletion),
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3 (heterozygous duplication), and occasionally 4 (homozygous
duplication or heterozygous triplication).

Variant Classification

The guidelines of the American College of Medical Genetics
and Genomics and Association for Pathology,'> with the clas-
sification—benign, likely benign, uncertain significance, likely
pathogenic, and pathogenic—were used to classify a variant. The
pathogenicity of the novel variants was determined with the recom-
mendation of these guidelines. There are 2 groups of criteria: (1)
pathogenic/likely pathogenic and (2) benign/likely benign. Every
pathogenic criterion is classified as: very strong, PVSI; strong,
PS1-4; moderate, PM1-6; and supporting, PP1-5; and each benign
criterion is classified as: stand-alone, BA1; strong, BS1-4; or sup-
porting, BP1-7. Then, a class was chosen from the 5-tier system, as
follows: Class 1, pathogenic; Class 2, likely pathogenic; Class 3,
variant of uncertain significance (used if it did not meet one of the
criteria/showed conflicting benign or pathogenic evidence); Class
4, benign; and Class 5, likely benign.

Use of Databases
Allele frequency is an important and striking indicator for benign/
pathogenic characterization of a variant in Mendelian disorders.
The gnomad database (https://gnomad. broadinstitute.org/) was
used for the annotation of variant frequency. The CFTR muta-
tion database (http://www.genet.sickkids.on.ca/) was also used
for known variants. ClinVar (https://www.ncbi.nlm.nih.gov/c
linvar) gave us an important clinical phenotype, Additionally,
these databases were also used: http://exac.broadinstitute.org;
http://browser.1000genomes.org; http://www.ncbi.nlm.nih.gov/snp
(dbSNP); http://www.omim.org (OMIM); http://www.hgmd.org;
http://www.hgvs.org/dblist/dblist.html (HGVS); http://www.ncbi.
nlm.nih.gov/genome; and http://www.ncbi.nlm.nih.gov/refseq/rsg.

Several in silico computational methods were used to identify the
possible degree of pathogenicity of CFTR variants: (a) Mutation
taster (http://www.mutationtaster.org/); (b) Polyhen-2 (http://
genetics.bwh.harvard.edu/pph2/), used for missense alterations;
(c) Human Splicing finder (http://umd.be/Redirect.html), used for
slice site variants; (d) CADD, used for analyzing evolutionary con-
servation and allelic diversity; and (e) SIFT (http://sift.jcvi. org),
which predicts whether an amino acid substitution affects protein
function.

RESULTS

A molecular genetic analysis of 215 patients diagnosed with CF
from the provinces of Ankara, Konya, and Kayseri in the Central
Anatolian region of Turkey was performed. Of the patients, 105
were male, while 110 were female. The median age at diagnosis
was 5 months (10 days-20 years). CFTR gene analysis was per-
formed for 316 patients and 215 of them were genetically diag-
nosed with CF. Sixty-three different mutations were found. One
hundred twenty-six patients (39.8%) were homozygous for a vari-
ant and 89 (27.8%) were compound heterozygous. In 49 patients,

only 1 variant was found; no disease-causing mutation was found
in 52 patients, and these were excluded from the study.

Variant Spectrum
A total of 63 different variants were found and the frequency of
20 of these was >1%. These variants are shown in Table 1. In our
study, 29 missense, 12 nonsense, 13 splice sites, 7 frameshifts, and
2 large del/dup mutations were found.

In 5 of the patients, 3 different variants were found at the same
time. Three of these were found in 3 siblings from the same fam-
ily (N1303K/c.1210-11T>G /E217G). While the N1303K variant
was in transposition with the ¢.1210-11 T>G and E217G variants,
the F508del variant was in transposition with the F1052V and Q2P
(novel variant) in one patient, and the R170C variant was in trans-
position with the F1052V and Q2P in another patient. MLPA analy-
sis was conducted in patients with a mutation in one CFTR gene
or who had no mutation. Exon 2 deletion was found in 5 alleles,
while exon 22 duplication was found in 2 alleles. Exon 2 deletion
was homozygous in one patient, with Y515X in 2 patients and with
F508del in 1 patient. In 2 patients, exon 22 duplication was with
F508del.

Seven of the 63 variants were novel, and they were defined in this
study for the first time. The clinical and laboratory findings of the
new variants are listed below and shown in Table 2.

The ¢.1393-1G>T splice site variant was found in intron 10. This
variant was found in 1 case and it was in a patient who was referred
with a complaint of growth retardation and chronic diarrhea at the
age of 4 months, due to steatorrhea. The result of the sweat chloride
test was 102 mmol/L. The patient was from the Kayseri region in
Central Anatolia.

The ¢.865_869delAGACA variant was found in exon 7. The
sweat chloride test result was high (74mmol/L) in the patient who
referred with Pseudo Bartter syndrome (PBS) at 4 months. Bron-
chiectasis and diabetes developed in the follow-up. Pseudomonas
and MRSA grew in the cultures of sputum. This novel variant was
also in homozygous form and the patient came from the Konya
region.

The ¢.2909-1G>C variant found in intron 18 in a patient who was
from the Kayseri region. The patient had diarrhea, vomiting, and
failure to thrive. PBS was developed in the follow-up. He had ste-
atorrhea and a high sweat chloride test result (93mmol/L). This
variant was a homozygous mutant.

The ¢.5A>C variant was found in 2 patients. In the first of the
2 different cases, which were found to have ¢.5A>C with F1052V,
this novel variant was in transposition with the R170C variant.
In this patient, steatorrhea and bronchiectasis were found in the
neonatal period. In the second case, the same variant was with
F1052V and in transposition with F508del. This patient had
a diagnosis of PBS, and the sweat chloride test result was high
(74.1 mmol/L).
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The ¢.3407C>A variant was found in exon 21 and was in transpo-
sition with G85E. As in other patients, PBS was present, and the
sweat chloride test result was high (79 mmol/L).

The ¢.1210-2A>G variant was found in intron 16. This vari-
ant and the R347P variant were in transposition with F508del
and the patient had PBS, with a high sweat chloride test result
(102mmol/L), and steatorrhea.

Novel Duplication Exon 22
A novel duplication was found in 2 patients who were siblings. The
younger patient was diagnosed with PBS and steatorrhea; although
the other sibling had PBS, the sweat chloride test was normal at
first, while subsequent values were found to be high (84 and 86
mmol/L). No fat was detected in stool. In the genetic analyses of
both siblings, there was heterozygous duplication in the whole
exon 22 and at the same time, there was F508del in the other allele.

The N1303K/E217G and ¢.1210-11T>G variants were found in
3 family members. The first of these was found through neona-
tal screening. PBS, high sweat chloride test result, distal intestinal
obstruction in advanced periods, and S. aureus colonization in the
phlegm were found. These variants were found by CFTR molecu-
lar examinations carried out due to similar results in other siblings.

DISCUSSION

The present study provides an extensive review of the variants in
the CF gene in a representative cohort in the Central Anatolian
region of Turkey. As a result of the study, 63 different variations
were found in 215 CF patients. In our study, variant variation
shows high heterogeneity in the gene. As can be seen in studies
conducted, the Mediterranean region, including Turkey, is the
region with the highest mutation heterogeneity,'** while 121 dif-
ferent variants were found in a study in the Spanish population,'
105 variants in the French population,?? and 82 different variants in
North-Eastern Italy.” In contrast, relatively homogeneous groups
are also found in this region.” Genetically, the Anatolian popula-
tion is very heterogeneous. Anatolia is a genetic bridge between the
East and the West. In specific periods of history, these lands have
hosted great migrations. This is thought to be the source of the high
heterogeneity in the Turkish population.

The F508del variant was the most frequent in our study (29.6%).
This variant was found as homozygous in 40 patients and as com-
pound heterozygous in 40 patients. While this rate is low, espe-
cially when compared with European countries, it complies with
the geographical distribution—decreasing from the north to the
south.!7182125:26 The rates of F508del are similar to those in Tur-
key’s southern and eastern neighbors, and higher than in Arab
States.m‘27'3]

Inourstudy, ¢.254G>Ap.(G85E) and ¢.3909C>G p.(N1303K) were
the second most frequent variants (8.2 %). G85E was found in a
total of 36 CF chromosomes (homozygous in 13 cases and com-
pound heterozygous in 10 cases). It was first defined by Zielen-
ski et al.*? This rate can be the highest among the studies conducted
recently. The closest rate to this was found in a study conducted
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in Syria, a southern neighbor of Turkey; however, the patient pop-
ulation was quite limited.*® The relative frequency was found to
be around 0.2% in studies conducted (www.genet.sickkid.on.ca/
Home.html). Although it is the second most frequent variant in our
cohort, it was rare or nonexistent in previously conducted stud-
ies.’*1® This data can recall that carriers are more intense in the
region of Turkey. Data from a more extensive and higher number
of participants should be analyzed to determine whether there is
geographical specificity to the G85E variant.

The N1303K variant is the second most common with the G85E,
and its rate in the study population was 8.2%. The relative fre-
quency found in the studies conducted was 1.3% (www.genet.sick-
kid.on.ca/Home. html). In terms of frequency, the related variant
has been reported as over 1% in many studies conducted, and it
is among the most frequent of 5 variants.”"'® Although it differs
in various ethnic groups and regions, it is the most prevalent in
the Mediterranean region. The highest rates have been reported
in studies conducted in Italian, Spanish, and Bulgarian popula-
tions.!?!33 Although it was among the most frequently seen in
previously conducted studies in Turkey, its frequency was found
to be relatively low in our study. Unlike F508del, the variant fre-
quency was found to increase in the northern—southern gradient in
the European population.

The Y515X variant, the fourth most frequent variant in our study,
is important since it is rare or nonexistent in other European com-
munities and in the Mediterranean basin. It is among the most fre-
quent variants in studies conducted in Turkey'*!® and the Turkish
population in Bulgaria." The related study also reported that the
haplotype of this variant was related to the same haplotype in the
Bulgarian population, and that these results supported the hypoth-
esis that the variant can have only one origin. This information was
not confirmed since our study did not include haplotype analysis.

The G542X variant was the fifth most frequent variant found in the
study (3.4%). This variant is regular in the Mediterranean popula-
tion. Its highest prevalence is in the Spanish population.?! It can be
said that this population is distribution-specific for the Mediterra-
nean geography.'$?2434 The frequency in our study was similar to
the relative frequency (2.6-2.4%).

The most apparent difference between our study and the stud-
ies in the Mediterranean region and Turkey is that the 2 variants
with a frequency of over 1% were not found.'®222* These are
¢.2183AA>G and ¢.2789+5G>A. Although they were most fre-
quently seen in 3 other studies in Turkey, they were not found in
our study.'*'*!® The reason for this should be the low carrier fre-
quency of these variants in our study area.

Genetic heterogeneity is more frequent in European-origin commu-
nities.!71821:225 Communities other than those with a European ori-
gin (Middle East, Arabia, Far East)*"! are weak in terms of CFTR
alleles, with the Anatolian community as an exception. High het-
erogeneity should be expected in future Turkish population studies,
as shown in the previous studies*'® and in the present study. Our
study shows the highest heterogeneity reported in Turkey so far. At

the same time, while it shows partial similarities with previously
reported studies in terms of frequent variants, some variants are
reported in literature and databases as rare variants.

Among the 215 patients with homozygous or compound heterozy-
gous mutations, 38 were eligible for elexacaftor/tezacaftor/ivacaftor
therapy, 1 of them was eligible for ivacaftor therapy, 17 were eligible
for both tezacaftor/ivacaftor and ivacaftor therapy, 26 were eligible
for elexacaftor/tezacaftor/ivacaftor, ivacaftor and lumacaftor/iva-
caftor therapy, 16 were eligible for tezacaftor/ivacaftor, elexacafto
r/tezacaftor/ivacaftor, and lumacaftor/ivacaftor therapy, 3 of them
were eligible for elexacaftor/tezacaftor/ivacaftor, ivacaftor, and
tezacaftor/ivacaftor therapy, 1 patient was eligible for both luma-
caftor/ivacaftor and tezacaftor/ivacaftor therapy, and 1 patient was
eligible for ivacaftor and elexacaftor/tezacaftor/ivacaftor therapy.
Approximately 47.9 % of the study population was eligible for
modulatory drug therapy. This rate was lower than that of the North
American and European communities and might be due to the lower
incidence of the F508del variant in the study population.

This study has some limitations. Although we analyzed +50 bp
to all coding regions of the CFTR gene and exon—intron boundar-
ies, deep intronic CFTR mutations that may cause CF could not be
analyzed for technical reasons. In addition, in some of the patients
in whom we did not find any mutations or in whom only heterozy-
gous pathogenic/likely pathogenic mutations were detected in the
CFTR gene, we could not perform the MLPA test because they did
not continue to patient follow-up. Another limitation of the study is
the absence of consanguineous marriage rates.

In conclusion, the present study contributes to a better understand-
ing of the heterogeneous structure of CF7R mutations in the Turk-
ish population. Contrary to what is known, we report that the CF
disease is observed in a high frequency and broad spectrum outside
Europe and especially in Turkey.
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