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Introduction

Cystic fibrosis (CF) is a chronic multisystemic disease
originating from functional alterations in CFTR (cystic fi-
brosis transmembrane conductance regulator) protein. The
CFTR protein is a chlorine channel and is located on the
apical membranes of epithelial cells. Dysfunction in the
lungs causes dehydration of surface fluid, mucous stasis,
and eventually airway inflammation complicated by recur-
rent infections, resulting in progressive airway obstruction.

Course of the disease is degenerative; interaction of CFTR
with other ion channels and cellular pathways lead to
inflammation as well as mucous obstruction due to im-
paired mucociliary clearance, bronchiectasis, recurrent
infections, and pH changes (due to bicarbonate secretion
imbalance), all contributing to the chronic degenerative
process. Estimated incidence of CF in our country is
1:10,000. The majority of patients with CF present with a
classical clinical picture (malabsorption and respiratory
findings). However, 5% of the patients have no descriptive
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Abstract Cystic fibrosis is a chronic multisystemic disease originating from functional alterations
in CFTR (cystic fibrosis transmembrane conductance regulator) protein. To date, more
than 300 pathogenic variants have been described in the literature. However, the
diagnosis of CF, which was thought to become easier after the CFTR gene was
identified, became more complicated due to the enormous amount of variations. In
this study, we present a patient whose clinical findings were consistent with cystic
fibrosis (CF) and showed a homozygous missense change that is not previously
reported in the CFTR gene as pathogenic. In the next-generation sequencing analysis,
homozygous c.4096A > T single-nucleotide exchange (I1366F [p.Ile1366Phe], mis-
sense) was shown in both alleles of the patient’ CFTR gene. According to our database
analysis, this variant has not yet been previously reported (VarSome, ClinVar,
MutationTaster, Ensembl, dbSNP, PubMed). We do consider the change as pathogenic
since the patient’s findings were compatible with CF and the data analysis was in favor
of pathogenicity. The most recent consensus report published in 2017 emphasized
the importance of CFTR gene analysis, and this study emphasizes the difficulties of
associating CFTR gene variations with a clinical picture and constitutes a new data on
the genotype–phenotype correlation of CFTR variants. Also, considering the frequency
of CF (according to World Health Organization data, every 1 out of 2,000–3,000
infants is born with CF in European Union countries and every 1 out of 3,500 in the
United States) as well as the increasing rate of molecular studies performed on CF
patients worldwide, reporting novel variation has an additional value.
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clinical findings and/or sweat test results. CFTR gene analy-
sis is of great importance both in the diagnosis of the latter
group and in the definitive diagnosis of patients with a
classic presentation of the disease. CFTR gene is located on
the long arm of chromosome 7 (7q31.2) and spans an area
of �250 kb. A total of 28 exons have been identified. Since
this gene has been described, more than 2,000 CFTR variants
and more than 300 pathogenic variants have been reported
in CFTR gene databases1,2 However, the diagnosis of CF,
which was thought to become easier after CFTR gene was
identified, became more complicated due to the enormous
amount of variations.3 In this report, we present a patient
whose clinical findings were consistent with CF and showed
a homozygous missense change that is not previously
reported in the CFTR gene as pathogenic, aiming to further
enhance our knowledge about CFTR variants and their
genotype–phenotype relationship.

Case Report

A 3.5-month-oldmale child presentedwith initial symptoms
of inability to feed, difficulty in breathing during eating, and
rapid breathing at 3.5 months. The patient is now 1 year old.
During his follow-up, he was cachectic, had dyspnea attacks,
had productive cough, and was complicated by recurrent
respiratory infections, and diagnosed with Serratia Marces-
cens pneumonia twice and Staphylococcus Hominis pneumo-
nia once on microbiological analysis from sputum samples.
During those respiratory tract infections, blood culture
revealed bacteremia of those agents too. He had fatty stool
and intermittent diarrhea, and a stool testing for steatorrhea
was positive. His weight was 3,500 g (below 3rd percentile
[<3p]), height was 60 cm (<3p), and head circumferencewas
36 cm (<3p) at 4months of age. Therewere no features in his
prenatal history, and no relativewas detected in his pedigree
with symptoms and findings alike. A next-generation se-
quence (NGS) analysis of his CFTR gene was performed.

Materials and Methods

A whole blood sample was taken from the patient. After
the DNA was isolated, DNA sequence analysis was per-
formed with NextFlex Cystic Fibrosis Amplicon Panel (Per-
kinElmer Inc.), which targets and sequences 28 exons of
the CFTR locus, containing primer pairs and reagents need-
ed to amplify these coding regions of the CFTR gene with
DNA isolated from fresh or frozen material and prepare
libraries for Illumina sequencing that is able to sequence all
28 exons of the gene simultaneously on Illumina MiniSeq
Platform.

Results

In the NGS analysis, homozygous c.4096A > T single
nucleotide exchange (I1366F [p.Ile1366Phe], missense)
was shown in both alleles of the patient’s CFTR gene
(►Figs. 1 and 2). According to our database analysis, this
variant has not yet been previously reported (VarSome
[https://varsome.com/variant/hg19/rs770345073],4 ClinVar,
MutationTaster, Ensembl, dbSNP, PubMed). The DANN score
(deleterious annotation of genetic variants using neural
networks) was calculated as 0.9882 through in silico data
analysis from the VarSome database.5 Pathogenic protein
product of the patient, UniProt protein CFTR_HUMAN domain
“ABC transporter 2,” has 76 classified variants, of which 68 are
pathogenic (88.2%, greater than 66.7%); this is a result that
strengthens the possibility that the variant is pathogenic.
Computational analysis from DANN, GERP (Genomic Evolu-
tionary Rate Profiling), dbNSFP (Database of Functional
Predictions and Annotations for Human Nonsynonymous
and Splice-Site SNVs), FATHMM (Functional Analysis through
Hidden Markov Models), LRT (likelihood ratio test), MetaLR
(likelihood ratio meta-analysis), MetaSVM (meta-analytic
support vector machine), MutationAssessor, MutationTaster,
and PROVEAN databases showed 0 estimated benign

Fig. 1 Results of CFTR sequence analysis (Illumina MiniSeq, NextFlex Cystic Fibrosis Amplicon Panel) of the patient. The A>T change present in
the patient (red “T” at every line corresponds to one strand each, meaning this change is present in every strand read by the platform) is shown.
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results versus 9 estimated pathogenic results. There is no
validated genotype–phenotype association information on
the dbSNP database, and reference sequence (rs770345073)
seems to be validated only by frequency. We do consider the
change as pathogenic since the patient’s findings were com-
patible with CF and the data analysis was in favor of
pathogenicity.

Discussion

CFTR gene analysis is becoming increasingly important, and
defining the absolute relationship between genotype and
phenotype is a complex matter. There are only a few articles
on the detection of CFTR gene by NGS.6 Difficulties in
assessing genotype–phenotype relationship make it impor-
tant to report new changes in clinically compatible patients
and their accessibility to genetic counselors.7 Moreover,
large-scale population genetics studies in our country are
insufficient, and this makes reporting the previously unre-
ported variations more important.

Several consensus reports have been published for the
diagnosis of CF since 1998.8–11 The most recent consensus
report published in 2017 emphasized the importance of
CFTR gene analysis.12 Since its approval by the U.S. Food
and Drug Administration in 2013, NGS has been used to
understand bacterial and nonhuman eukaryotic genomes to
analyze transcriptome signals of the cells, determine the
epigenetic chromosomal patterns, and analyze gene varia-
tions, giving successful results.13 The percentage of diagno-
ses and the rates of new variant detection are remarkably
high in existing studies.14–18 In the comprehensive study of
Grosu et al with two different CFTR kits, the success rate of
the tests was found to be between 99.7 and 100.0% compared

with Sanger sequencing,whichwas accepted as the reference
method.14

Apparently, this variant (c.4096A > T, I1366F) was men-
tioned in two previous studies. In the study of Sheth et al,19

which included primary sclerosing cholangitis (PSC), prima-
ry biliary cirrhosis, and inflammatory bowel disease
patients, I1366F change was detected in one patient with
PSC. No data were asserted about whether this particular
change is disease-causing for PSC or CF. In another study, by
Gallegos-Orozco et al,20 aiming to further describe the
relationship between CFTR gene and PSC, one PSC patient
was found to be a carrier of I1366F variant. Authors
addressed the change as a variant with unknown functional
and phenotypic effect.

The clinical data of our case are overlapping with the
characteristics of CF. It is well known that CF patients demon-
strate defective cellular immunity against gram-negative bac-
teria. Thereareseveral studies linkingSerratiaMarcescens toCF
eitherbydemonstratingdiminished lymphocyte response21or
byobserving the increased frequencyof Serratiapneumonia in
CF patients.22,23 Increased SerratiaMarcescensbacteremiawas
also demonstrated in CF patients.24 Adding to that, sequence
variation that we have seen in our NGS-based assay was found
in both alleles, was in a homozygous state, was missense, and
hadaveryhighDANNscore, andproteomic/genomicdatawere
correlated with pathogenicity since it creates significant
changes in CFTR protein structure. Data from assay platform
show that this is the first detection of this variant with this
assay; out of 5,383 patients studiedwith this assay in different
centers, this particular variant was never detected, both het-
erogeneously and homogenously. Therefore, we report this
change as a novel pathogenic variant. The main limitation of
this report is that this variant is shown in only one patient;

Fig. 2 Results of CFTR sequence analysis (Illumina MiniSeq, NextFlex Cystic Fibrosis Amplicon Panel) of the patient. Variant’s position within the
exon, describing the ENST number and dbSNP code is shown.
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hence, it is quite hard to infer a definitive result. Though it
contributes to the path that leads to more concise practice,
clinical data on this variant needs further accumulation.

This study emphasizes the difficulties of associating CFTR
genevariationswithaclinicalpictureandconstitutesnewdata
about the genotype–phenotype correlation of CFTR variants.
Also, considering the frequency of CF (according to World
Health Organization data, every 1 out of 2000–3000 infants is
born with CF in European Union countries and every 1 out of
3,500 in the United States25) as well as the increasing rate of
molecular studies performed on CF patients worldwide,
reporting novel variation has an additional value.
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