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Abstract

Background Cystic fibrosis (CF) is an autosomal recessive inherited life-threatening disease that causes changes

in the electrolyte transport system, leading to high absorption of sodium and water. Disease-causing variants

of the CFTR gene are responsible for this disease. In the present study, three rare pathogenic variants were identified
in two unrelated Iranian Azeri children with CF.

Case presentation One child affected with CF was found to have two rare variants, .1545_1546delTA

and c.3196C >T, detected through Sanger sequencing of the entire coding region and promoter of the CFTR gene.
Another patient was identified as compound heterozygous for the variant c.1545_1546delTA and a rare variant,
€.2998delA, which has not been previously reported. The variants were found to be in trans, as both parents were
heterozygous for the variants.

Conclusion The rare variant ¢.1545_1546delTA has been previously reported as a known variant in certain
populations, including Azeris in northwest Iran. Our results, along with previous findings, suggest that this variant may
be considered a founder mutation in specific geographical regions. The variant ¢.2998delA has not been previously
reported as pathogenic. Following the guidelines of the American College of Genetics and Genomics and considering
the proband’s symptoms, we classified this variant as pathogenic based on criteria PVS1, PS4, PM3, PP1, and PM2. The
identified variants in the CFTR gene as well as the previously reported variants could serve as a basis for future genetic
counseling and prenatal diagnosis in Iran.
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Background

CFTR, as a member of the ATP-binding cassette (ABC)
transporter superfamily, functions as a chloride channel
that controls ion and water secretion and absorption in

Ségg;ee;pﬁ gii?ni:ﬁ epithelial tissues. More than 2000 pathogenic variants in
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In the current study, our aim was to report three rare
pathogenic variants found in two Iranian children with
CE. The ethical and regulatory issues related to the
collection of human specimens for research purposes
have been approved by the Ardabil University of
Medical Sciences (Approval ID: IR_ARUMS.MEDICINE.
REC.1401.143).

Case presentation

Two boys, aged 2 and 3, with a clinical diagnosis of
cystic fibrosis (CF) and no family history of the disease,
were referred to the Homa Genetic Lab in Ardabil, Iran.
They had unrelated healthy parents. Sanger sequencing
was used to determine pathogenic and likely pathogenic
variants in the coding regions, splicing sequences, and
the promoter of the CFTR gene using previously reported
amplification primers [2]. The results showed compound
heterozygosity in both cases.

In proband 1, the variants NM_000492.4(CFTR
):c.1545_1546delTA  (p.Tyr515Ter) (dbSNP  code:
rs121908776) and NM_000492.4(CFTR):c.2998delA
(p-Ile1000LeufsTer2) (dbSNP code: rs397508475) were
identified. Both variants are frame-shift variants that
result in premature termination of protein translation.
The normal translated protein of the CFTR gene has
1480 amino acids, while the resulting products of the
noted variants are 515 and 1002 amino acids for the
variants ¢.1545_1546delTA and c.2998delA, respectively.
However, the variant c¢.2998delA had previously
been reported as identified in the homozygous state
(without evidence) in a Turkish neonate diagnosed
with CF after neonatal screening [3]. Proband 2 had
two pathogenic variants: c¢.1545_1546delTA and
NM_000492.4(CFTR):c.3196C>T (p.Arg1066Cys)
(dbSNP code: rs78194216).

The parental origin of the variants of proband 1 was
determined to be paternal at position 1545 and maternal
at position 2998 (Fig. 1). For proband 2, the variants were
paternal at position 3196 and maternal at position 1545
(Fig. 2). There was no genetic relationship between the
father of proband 1 and the mother of proband 2, even
though they shared the same genotype.

Discussion

Loss of function (LOF) is a known mechanism of CF, with
approximately 850 reported pathogenic LOF variants
at the CFTR gene. The previously reported pathogenic
variant c.1545_1546delTA (rs121908776) has a very low
population frequency. According to the Iranome database
(http://iranome.ir/), it was reported in only one Iranian
individual (1/1600=0.000625 for the general population).
The reported allele did not originate from the Azeri
population (Ardabil is located in this region). However,
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in a previous report on the Azeri population, this
variant was detected in 4.5 percent of the mutant alleles
responsible for affecting cystic fibrosis [4]. Furthermore,
its worldwide frequency is very low (GnomAD: 0; ALFA:
1/11862=0.00008; TOPMED: 2/264690 = 0.000008).

Based on the American College of Medical Genetics
and Genomics (ACMG) guidelines, this variant is
classified as pathogenic (Varsome criteria (https://
varsome.com/): PVS1 (null variant (nonsense) in gene
CFTR), PP5 (ClinVar classifies this variant as Pathogenic,
citing 11 articles), PM2 (variant not found in GnomAD
genomes and Gnomad exomes). ClinVar also classified
this variant as pathogenic (3 stars; reviewed by expert
panel)  (https://www.ncbi.nlm.nih.gov/clinvar/).  The
sources cited for classifying this variant as pathogenic
include the following: (i) causing a premature termination
codon that is expected to be targeted by nonsense-
mediated mRNA decay; (ii) reported in individuals
with the cystic fibrosis phenotype; (iii) associated with
elevated sweat chloride levels, pancreatic insufficiency,
and Pseudomonas infection; (iv) absence of the variant
in 121,248 control chromosomes from ExAC; (v) being a
common variant in the Black Sea region, particularly in
Georgia [4-12].

The present study and previous reports indicate that
this variant could be considered a common pathogenic
variant or founder variant in populations originating
from the Black Sea region, such as the Turkish, Georgian,
and Iranian Azeri populations.

The wvariant ¢.3196C>T (rs78194216) is a rare
pathogenic variant for cystic fibrosis. The frequency of
this variant is 0.000064 as shown in the GnomAD variant
database (https://gnomad.broadinstitute.org). It was not
reported in the Iranian population (based on the Iranome
database). According to ACMG guidelines (Varsome
criteria: PP5 (ClinVar classifies this variant as Pathogenic,
citing 11 articles), PM5 (two pathogenic alternative
variants identified), PP3 (MetaRNN=0.957), PM1 (hot-
spot of length 17 amino acids has 25 missense/in-frame
variants (13 pathogenic variants, 12 uncertain variants,
and no benign), which qualifies as moderate pathogenic),
PM2 (variant not found in GnomAD genomes)),
ClinVar classifies this variant as pathogenic. Like
variant rs121908776, this is a 3-star pathogenic variant
(reviewed by expert panel). Several factors contribute
to this variant being classified as pathogenic: (i) located
in the ABC transporter type 1, transmembrane domain
(via InterPro); (ii) altering a conserved nucleotide; (iii)
predicted to be damaging by 4/4 in silico tools; (iv)
reported in CF patients; (v) reported in a large study
including patients from Europe and North America
(122/79392 CF alleles=0.0015); (vi) other missense
pathogenic variants reported in the same residue
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Fig. 1 Compound heterozygosny of the proband

(R1066H, R1066S, R1066L), indicating this residue as a
mutational hot-spot region; (vii) support of a damaging
effect on the gene product by well-established in vitro or
in vivo functional studies; (viii) co-segregating with the
disease in multiple affected family members [5, 13-22].
The variant rs397508475 (c.2998delA:p.
Ile1000LeufsTer2) has not been previously documented
for its pathogenicity. Due to its frame-shift mutation
leading to loss-of-function (LOF) changes, which
is a known mechanism of CF disease, affecting one
functional domain by the mutation in the exon, including
35 pathogenic variants in this exon, containing 362

(2024) 25:113

Page 3 of 5

B. Heterozygous c.2298delA
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and the parental origins of the variants ¢.1545_1546delTA and C.2998delA

pathogenic variants in the truncated region, and not
found in the GnomAD genomes and exomes, this
variant is classified as likely pathogenic by Varsome with
criteria PVS1 (null variant (frame shift) in gene CFTR)
and PM2 (variant not found in GnomAD genomes and
Gnomad exomes). Based on the ACMG guidelines
with the criteria PVS1 for being a frame-shift variant,
PS4 for detecting an individual with symptoms of CF
disease, PM3 for detection as compound heterozygous
in trans with a known pathogenic variant, PP1 for being
well segregated with the disease, and PM2 for rarity in
genomic databases, we classify this variant as pathogenic.
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Fig. 2 Compound heterozygosity of the proband 2 and the parental origins of the variants c.1545_1546delTA and C.3196C>T

Conclusion

According to the obtained results, the rare variants
¢.3196C>T, ¢.2998delA, and c.1545_1546delTA in the
CFTR gene, as well as the previously reported pathogenic
variants could serve as a basis for future genetic
counseling and prenatal diagnosis in Iran.

Acknowledgements
The authors would like to thank the family members for their participation in
this study.

Author contributions

JKhalafi and R Farajollahi performed patient recruitment and clinical
assessment. H. Akhavan and E Seyedhashemi performed patient recruitment
and data analysis. S.E. Hosseini-Asl performed validation of the results through

(2024) 25:113

Page 4 of 5
B. Heterozygous ¢.3196C>T
8 =« 8% 8 o« a 8 s s s 8 a ¥ s 525 8«
¢ 5 TL Y X %W e o TAERTL FrLioewv e

laboratory methods and wrote the article. S.S. Hosseini-Asl analyzed the WES
results and concluded the pathogenic status of the variants.

Funding
(1) Ardabil University of Medical Sciences, Ardabil, Iran; (2) Ardabil Welfare
Organization, Ardabil, Iran.

Availability of data and materials
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The ethical and regulatory issues related to human specimen collection for
research purposes have been approved by the Ardabil University of Medical



Hosseini-Asl et al. Egyptian Journal of Medical Human Genetics (2024) 25:113

Sciences (Approval ID: IR ARUMS.MEDICINE.REC.1401.143). https://ethics.resea
rch.ac.ir/IR ARUMS.MEDICINE.REC.1401.143

Consent for publication
Written informed consent was obtained from the family for this publication.

Competing interests
The authors declare no conflict of interest.

Received: 19 August 2023 Accepted: 25 September 2024
Published online: 07 October 2024

References

1. http//www.genet.sickkids.on.ca/StatisticsPage.html

2. Cutting GR (2007) Cystic fibrosis. In: Rimoin DL, Connor JM, Pyeritz RE,

Korf BR (eds) Emery and Rimoin’s Principles and Practice of Medical

Genetics, vol 2. Churchill Livingstone Elsevier, Philadelphia, pp 1354-1394

http://www.genet.sickkids.on.ca/MutationDetailPage.external?sp=1376

4. Bonyadi M, Omrani O, Rafeey M, Bilan N (2011) Spectrum of CFTR gene
mutations in Iranian Azeri Turkish patients with cystic fibrosis. Genet Test
Mol Biomark 15(1-2):89-92

5. Kondo S, Fujiki K, Ko SB, Yamamoto A, Nakakuki M, ItoY, Shcheynikov
N, Kitagawa M, Naruse S, Ishiguro H (2015) Functional characteristics of
L1156F-CFTR associated with alcoholic chronic pancreatitis in Japanese.
Am J Physiol Gastrointest Liver Physiol 309(4):G260-G269

6. Claustres M, Theze C, Des Georges M, Baux D, Girodon E, Bienvenu T,
Audrezet MP, Dugueperoux |, Férec C, Lalau G, Pagin A (2017) CFTR-
France, a national relational patient database for sharing genetic
and phenotypic data associated with rare CFTR variants. Hum Mutat
38(10):1297-1315

7. Angelicheva D, Boteva K, Jordanova A, Savov A, Kufardjieva A, Tolun A,
Telatar M, Akarsubasi A, Kopribasi F, Aydogdu S, Demirkol M (1994) Cystic
fibrosis patients from the Black Sea region: the 1677delTA mutation. Hum
Mutat 3(4):353-357

8. OnayTU, Topaloglu O, Zielenski JU, Gokgoz N, Kayserili H, Camcioglu Y,
Cokugras H, Akcakaya N, Apak M, Tsui LC, Kirdar BE (1998) Analysis of the
CFTR gene in Turkish cystic fibrosis patients: identification of three novel
mutations (3172delAC, P1013L and M1028I). Hum Genet 102:224-230

9. Kanavakis E, Tzetis M, Antoniadi T, Traeger-Synodinos J, Doudounakis
S, Adam G, Matsaniotis N, Kattamis C (1995) Mutation analysis of ten
exons of the CFTR gene in Greek cystic fibrosis patients: characterization
of 74.5% of CF alleles including one novel mutation. Hum Genetics
96:364-6

10. Frentescu L, Brownsell E, Hinks J, Malone G, Shaw H, Budisan L, Bulman
M, Schwarz M, Pop L, Filip M, Tomescu E (2008) The study of cystic fibrosis
transmembrane conductance regulator gene mutations in a group of
patients from Romania. J Cyst Fibros 7(5):423-428

11. Ivaschenko TE, Baranov VS, White MB, Dean M (1991) A deletion of two
nucleotides in exon 10 of the CFTR gene in a Soviet family with cystic
fibrosis causing early infant death. Genomics 10(1):298-299

12. Cutting GR, Kasch LM, Rosenstein BJ, Zielenski J, Tsui LC, Antonarakis SE,
Kazazian HH Jr (1990) A cluster of cystic fibrosis mutations in the first
nucleotide-binding fold of the cystic fibrosis conductance regulator
protein. Nature 346(6282):366-369

13. Yang Y, Devor DC, Engelhardt JF, Ernst SA, Strong TV, Collins FS, Cohn JA,
Frizzell RA, Wilson JM (1993) Molecular basis of defective anion transport
in L cells expressing recombinant forms of CFTR. Hum Mol Genet
2(8):1253-1261

14. Fanen P Ghanem N, Vidaud M, Besmond C, Martin J, Costes B, Plassa F,
Goossens M (1992) Molecular characterization of cystic fibrosis: 16 novel
mutations identified by analysis of the whole cystic fibrosis conductance
transmembrane regulator (CFTR) coding regions and splice site junctions.
Genomics 13(3):770-776

15. Casals T, Pacheco P, Barreto C, Gimenez J, Ramos MD, Pereira S, Pinheiro
JA, Cobos N, Curvelo A, Vazquez C, Rocha H (1997) Missense mutation
R1066C in the second transmembrane domain of CFTR causes a severe
cystic fibrosis phenotype: study of 19 heterozygous and 2 homozygous
patients. Hum Mutat 10(5):387-392

w

20.

22.

Page 5 of 5

Lay-Son RG, Vasquez DM, Puga YA, Manque MP, Repetto LG (2014) CFTR
gene sequencing in a group of Chilean patients with cystic fibrosis. Rev
Chilena Pediatria 85(4):448-454

. Sanchez K, de Mendonca E, Matute X, Chaustre |, Villaléon M, Takiff H

(2016) Analysis of the CFTR gene in Venezuelan cystic fibrosis patients,
identification of six novel cystic fibrosis-causing genetic variants. Appl
Clin Genet 8:33-38

. Padoan R, Genoni S, Moretti E, Seia M, Giunta A, Corbetta C (2002)

Genetic and clinical features of false-negative infants in a neonatal
screening programme for cystic fibrosis. Acta Paediatr 91(1):82-87

. Alonso MJ, Heine-Sufer D, Calvo M, Rosell J, Giménez J, Ramos MD,

Telleria JJ, Palacio A, Estivill X, Casals T (2007) Spectrum of mutations in
the CFTR gene in cystic fibrosis patients of Spanish ancestry. Ann Hum
Genet 71(2):194-201

Seibert FS, Linsdell P, Loo TW, Hanrahan JW, Clarke DM, Riordan JR
(1996) Disease- associated mutations in the fourth cytoplasmic loop
of cystic fibrosis transmembrane conductance regulator compromise
biosynthetic processing and chloride channel activity. J Biol Chem
271(25):15139-15145

. Cotten JF, Ostedgaard LS, Carson MR, Welsh MJ (1996) Effect of

cystic fibrosis-associated mutations in the fourth intracellular loop of
cystic fibrosis transmembrane conductance regulator. J Biol Chem
271(35):21279-21284

Férec C, Audrezet MP, Mercier B, Guillermit H, Moullier P, Quere |, Verlingue
C(1992) Detection of over 98% cystic fibrosis mutations in a Celtic
population. Nat Genet 1(3):188-191

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://ethics.research.ac.ir/IR.ARUMS.MEDICINE.REC.1401.143
https://ethics.research.ac.ir/IR.ARUMS.MEDICINE.REC.1401.143
http://www.genet.sickkids.on.ca/StatisticsPage.html
http://www.genet.sickkids.on.ca/MutationDetailPage.external?sp=1376

	Reporting three rare pathogenic variants at the CFTR gene in two unrelated Iranian Azeri children with cystic fibrosis
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


