Kim et al. Respiratory Research (2025) 26:108 Respiratory Research
https://doi.org/10.1186/512931-025-03183-z

Two novel genetic variants in the WFD(C2 gene @
from patients with bronchiectasis

Jeong-Min Kim'", Soojin Hwang?', Hye-Won Cho', Youngjun Kim', Dong Mun Shin', Eun Lee®, Myungshin Kim*,
Cheonghwa Lee®, Jong-Won Kim?®, Hyun-Young Park®, Beom Hee Lee? and Mi-Hyun Park'"

Abstract

Background Bronchiectasis is a chronic respiratory condition characterized by irreversible dilation and damage
of the bronchial walls, leading to impaired mucociliary clearance and recurrent infections. Its etiology is diverse;
however, genetic factors are critical in its congenital and severe forms. Therefore, we aimed to identify two novel
variants of the WFDC2 gene, known as antiprotease, from patients with bronchiectasis and/or related phenotypes
using trio-based whole-genome sequencing analysis.

Methods Patients with bronchiectasis were recruited as trio or quad, and their genomic DNA was isolated. The whole
genome sequence was produced and analyzed to find causative genetic variants through an internal pipeline using
GATK-DRAGEN-Hail. Variant interpretation and pathogenicity assessment using various in-silico tools were performed
to identify causative variants. Clinical characteristics were collected from the patients with identified variants.

Results In this discovery study involving four patients from three families, two novel variants in the WFDC2 gene
were identified and suggested as causative pathogenic variants for bronchiectasis. The first variant (c.291 C>G,
p.(Cys97Trp)) is a homozygous variant that was not found in the population genome data. However, the second
variant (c.278G > C, p.(Cys93Ser)) was identified in another patient as a heterozygous variant, forming a compound
heterozygous state with the first variant. Notably, both variants, located at cysteine residues that are conserved across
many species, are crucial in forming disulfide bonds essential for protein structure and function. In-silico analyses
classified both variants as pathogenic; they were also identified as likely pathogenic according to the American
College of Medical Genetics and Genomic guidelines. Furthermore, in an expansion study, the homozygous variant
was also found in two unrelated patients.

Conclusion We identified two novel bi-allelic variants located at cysteine residues in the WFDC2 gene from patients
with bronchiectasis who had previously not received a genetic diagnosis. Therefore, considering prior research on the
pivotal role of the WFDC2 protein in the respiratory system, these two novel variants may serve as potential diagnostic
markers and therapeutic targets for bronchiectasis.
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Introduction

Bronchiectasis is a chronic respiratory disease character-
ized by the permanent dilation and damage of the bron-
chial walls, which leads to impaired mucus clearance and
recurrent infections [1-3]. This condition can be due to
various factors, including respiratory infection, mucociliary
disorder, inflammation, immune deficiency, and idiopathic
factors. Genetic factors, particularly cystic fibrosis and
primary ciliary dyskinesia, and anatomical abnormalities,
such as intraluminal obstructions and congenital cartilage
defects, are also contributory factors [4, 5]. However, most
bronchiectasis cases are still classified as idiopathic, under-
scoring the need for future research in this field [6, 7].

Airway inflammation is a critical factor in bronchiec-
tasis [8]. Inflammatory markers are associated with the
severity of the disease, clinical outcomes, and treatment
targets [9]. Neutrophilic inflammation is a hallmark of
the disease, with increased levels of damaging proteases
like neutrophil elastase being associated with more severe
bronchiectasis [10, 11]. Therefore, new inhibitors for
neutrophil protease are proposed as regulators of neutro-
philic inflammation in patients with bronchiectasis [12].
Moreover, individuals with severe bronchiectasis demon-
strate increased levels of proinflammatory mediators and
reduced levels of the anti-inflammatory secretory leu-
kocyte protease inhibitor (SLPI). These observations are
consistent with recent research indicating that intrave-
nous antibiotic treatment results in decreased neutrophil
elastase and increased SLPI and other antiproteases. This
supports a conceptual framework in which severe bron-
chiectasis correlates with an imbalance of proteases and
proinflammatory mediators, leading to the suppression
of epithelial anti-inflammatory, antiprotease, and antimi-
crobial responses [13, 14].

WEDC2 belongs to the whey-acidic-protein (WAP)
four-disulfide core (WFDC) family of proteins. This
protein family is characterized by a conserved WFDC
domain comprising 50 amino acids with eight conserved
cysteine residues. WFDC2 comprises 124 amino acids
organized into two WFDC domains [15, 16]. WFDC2
was initially identified as human epididymis protein-4;
however, it is implicated in sperm maturation. WFDC2
is also upregulated in various cancers, including ovar-
ian carcinoma, and has been suggested as a biomarker
for these cancers [17-21]. Additionally, WFDC2 protein
is expressed in the oral cavity, respiratory tract, female
genital tract, and distal renal tubules [22, 23]. Previous
studies have identified WFDC2 as a potential cross-class
antiprotease, which can provide defense against micro-
bial virulence with protease activity [24, 25]. In addition,

due to its resemblance to SLPI and Elafin, both of which
have the WFDC domain, WFDC2 is proposed to con-
tribute to the innate immune defenses within the respi-
ratory system [26]. Experiments with mice showed that
the deletion of the WFDC2 gene led to lung mucosal bar-
rier failure and alveolar cell apoptosis, resulting in severe
dyspnea and respiratory failure, ultimately causing death
[27, 28]. However, there are no reports on the role of the
WFDC2 gene in bronchiectasis development. Recently,
it was reported that recessively inherited deficiency of
secreted WFDC2 causes nasal polyposis and bronchiec-
tasis [29].

Therefore, in this study, we identified two novel vari-
ants of the WFDC2 gene, known as antiprotease, from
patients with bronchiectasis and/or related phenotypes
using trio-based whole-genome sequencing (WGS) anal-
ysis. These two variants are suggested to be pathogenic,
playing critical roles in protein structure and function
through disulfide bonds with other cysteines. Thus, the
two novel variants in the WFDC2 gene identified in this
study can be proposed as diagnostic variants in bronchi-
ectasis development.

Methods

Study design and participants

This retrospective study included six patients with bron-
chiectasis as the main phenotype, who remained geneti-
cally undiagnosed. Four patients from three families were
recruited for the discovery study, whereas two patients from
two families participated in the expansion study. These
patients came from singleton proband, duo, trio, and quad
families as part of a pilot study of a national project named
the ‘National Project of Bio Big Data pilot study’ [30]. All
participants provided written informed consent. Partici-
pant enrollment and phenotypic analysis were conducted
at each hospital following the project guidelines. Basic
information, including age, sex, and ethnicity, as well as
clinical data associated with Human Phenotype Ontology
(HPO) terms (https://hpo.jax.org/app/), such as symptoms,
laboratory findings, computed tomography (CT) scans,
bronchoscopy images, transmission electron microscopy
(TEM), pulmonary function tests, medical history, and
family history, were collected. This study was reviewed and
approved by the Institutional Review Board of the Korea
National Institute of Health (Approval Number: 2022-02-
07-P-A, 2022-09-10-P-A, KDCA-2023-06-06-P-01).

WGS data production and analysis
The generation and analysis of WGS data have been
described in a previous report [31]. Briefly, WGS data was
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generated in the National Project of Bio Big Data pilot
study (https://www.cirn.re.kr). Genomic DNA was iso-
lated from peripheral whole blood and sequenced using
the Illumina NovaSeq 6000 platform, followed by align-
ment to the human reference genome (GRCh38 version).
Variant calling was performed using the Genome Analy-
sis Toolkit (GATK, version 4.2.6.1, Broad Institute, MA,
USA). Notably, all the processes have been described pre-
viously (https://www.kobic.re.kr/kobic/res/ngp).

Variant discovery

Joint genotype calling was performed using the DRAGEN
pipeline (Illumina, version 3.8). Therefore, to estimate
variant call accuracy, Variant Quality Score Recalibration
(VQSR) was applied using GATK (version 4.2.6.1). The
process of variant discovery has previously been reported
[32]. Furthermore, to identify genetic variants involved in
the disease phenotypes, we performed trio-based WGS
analysis for trio- and quad-families using the Hail sys-
tem (version 0.2, https://hail.is) [33]. Variants found in
multi-allelic sites, low-complexity regions, and those not
passing the VQSR filter were excluded. Genotypes with
variant calling depths (DP) <10 or >1000 were removed.
Variants were selected based on allelic balance (AB) cri-
teria: 0.3<AB<0.7 for single-nucleotide variant (SNV)
heterozygotes, 0.2<AB<0.8 for Indel heterozygotes,
and AB>0.95 for homozygotes. Variants were excluded
if their call rates were under 0.1 or if the P-value of the
Hardy-Weinberg equilibrium test was <10~'% Addition-
ally, any calls on the Y chromosome in the female sam-
ples and heterozygous calls in non-pseudoautosomal
regions in the male samples were removed. The DRA-
GEN-Hail pipeline identified de novo, compound hetero-
zygous, and homozygous SNV/Indels. The Variant Effect
Predictor was used for gene and consequence annotation
of variants [34]. Furthermore, to ensure the high quality
of the de novo variant, variants with GQ <25 in the pro-
band and those that were observed in more than 0.1% of
the non-neuro subset of gnomAD (GRCh38 v3.1.2) were
filtered out. Variants were also excluded if the proband
AB was <0.3, parent AB was >0.1, or DP ratio (proband
read depth / parental read depth) was <0.3. For inherited
heterozygous variants, only those with an internal allele
count (AC) <2 were considered (proband: 0/1, mom: 0/1,
dad: 0/0; proband: 0/1, mom: 0/0, dad: 0/1). Furthermore,
insertions and deletions of <50 base pairs (bp) were cat-
egorized as Indels. Discovered variants were visualized
using Integrative Genomics Viewer (IGV), and true posi-
tive variants were processed for variant interpretation
and prioritization [35].

Variant interpretation and in silico analysis
Variants identified within coding regions and splicing
sequences were prioritized as potential candidate genes
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based on their pathogenic potential, as assessed by Var-
Some (Version 11.8, Aug. 2023, http://varsome.com/),
according to the American College of Medical Genet-
ics and Genomic (ACMG) variant classification guide-
lines [36, 37]. The impact of missense variants on protein
structure was evaluated using the DynaMut2 protein
prediction program (https://biosig.lab.uq.edu.au/dyna
mut2/), which utilizes three-dimensional structural data
from AlphaFold (WFDC2 Human, AF-Q14508-F1) avail-
able through Uniprot [38, 39]. Additionally, the pathoge-
nicity of the missense variant was confirmed using the
AlphaMissense web resource (https://alphamissense.
hegelab.org) [40]. To evaluate the splicing effects of the
genetic variants, SpliceAl analysis was performed (https
://spliceailookup.broadinstitute.org). The allele frequency
and count of discovered variants were more confirmed
using gnomAD (version 4.1), ‘Korean Variant Archive for
a reference database of genetic variations in the Korean
population’ (KOVA v2, https://www.kobic.re.kr/kova/),
and ‘Regeneron Genetics Center (RGC) Million Exome
Variant Browser’ [41, 42]. The amino acid sequences were
gathered from the NCBI protein database (NP_006094,
XP_005569203, XP_008949604, NP_001069958,
NP_001361584, https://ncbi.nlm.nih.gov/protein) and
used for multiple sequence alignment by CLUSTALW (
https://www.genome.jp/tools-bin/clustalw). Therefore, to
establish genotype-phenotype correlations, we collected
data from several databases, including OMIM (https://
www.omim.org/), ClinVar (https://www.ncbi.nlm.nih.g
ov/clinvar/), IMPC (https://www.mousephenotype.org
/), and PubMed (https://pubmed.ncbi.nlm.nih.gov), and
reviewed relevant literature sources.

Results

The discovery of causative variants in patients with
bronchiectasis through genome sequencing

Overall, six patients with bronchiectasis from five fami-
lies were selected from the ‘National Project of Bio Big
Data pilot study’ (Fig. 1). The main phenotypes of the
patients in this study were bronchiectasis (HPO term,
HP:0002110) and recurrent respiratory infections
(HP:0002205). The discovery study included quad and
trio analyses of three families. Family 1 (F1) was recruited
as a quad, comprising two affected brothers (patients 1
and 2; Ptl and Pt2) and their healthy parents. Families
2 and 3 (F2 and F3) underwent trio analyses, including
the proband (patients 3 and 4; Pt3 and Pt4) and their par-
ents. Furthermore, to expand the study, families 4 and 5
underwent proband-only and duo analyses, respectively,
with patients 5 (Pt5) and 6 (Pt6).

Two rare variants in the WFDC2 gene were iden-
tified as pathogenic variants through WGS analysis
using an internal pipeline. Patients 1, 2, 3, 5, and 6 had
a homozygous variant, chr20:45480009:C: G, a missense
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Expansion study
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Fig. 1 WFDC2 variants in patients with bronchiectasis were identified through whole-genome analysis. The family pedigree of six patients and the IGV

analysis diagram are depicted

variant resulting in the change of cysteine to trypto-
phan at the 97th amino acid (c.291 C>G, p.(Cys97Trp))
in the WFDC2 protein. However, the other variant,
chr20:45479996:G: C, a heterozygous variant, was dis-
covered in patient 4 as one of the compound heterozy-
gous variants. It changes cysteine to serine at the 93rd
amino acid (c.278G>C, p.(Cys93Ser)). SpliceAl analysis
of this variant did not yield significant results for splicing
loss (acceptor/donor delta score=0.00) or splicing gain
(acceptor gain=0.01, donor gain=0.00) (https://splicea
ilookup.broadinstitute.org/). In the discovery study, we
also validated these two variants in each patient and their
parents through IGV analysis (Fig. 1). These two novel
variants in the WFDC2 gene are classified as ‘variant
uncertain significance (VUS)’ and ‘likely pathogenic (LP)’
based on the ACMG criteria and alpha missense, respec-
tively (Table 1). Moreover, the classification of these
variants was upgraded to LP by adjusting the updated
criteria, PP1 and PM3. Additionally, the pathogenicity of
those variants was confirmed as ‘pathogenic strong’ using
the Varsome software and individual prediction software,
such as CADD, SIFT, and PolyPhen.

Clinical characteristics of patients with bronchiectasis
having two novel variants in the WFDC2 gene

Table 2; Fig. 2 describe the clinical characteristics of
patients with these novel variants. Patients 1 and 2
were teenage brothers affected by the homozygous vari-
ant (c.291 C>@G). They had upper and lower respiratory
tract symptoms, including sinusitis, nasal polyps, and

bronchiectasis, starting from the neonatal to juvenile
period. Patient 3, a 21-year-old female with the same vari-
ant, exhibited similar symptoms since infancy. However,
Patient 4, a 20-year-old female with an older sister who
had similar symptoms (not yet tested), had the compound
heterozygous variants (c.278G>C and ¢.291 C>@G) and
an additional symptom of dermographism.

Specifically, patient 5, a 34-year-old female with the
homozygous variant (c.291 C> @), experienced respira-
tory symptoms since adolescence and had fertility issues,
ultimately giving birth through in vitro fertilization (IVF).
Patient 6, a 28-year-old female with the homozygous
variant (c.291 C> G), had recurrent respiratory infections
and bronchiectasis, with a significant decrease in forced
expiratory volume 1 (FEV1) of pulmonary function tests.
Notably, Patients 3, 4, 5, and 6, who were adults, tended
to have a significant decline in FEV1 and more severe
radiologic findings according to the chest CT, with ring
shadows and tram-track opacities indicating bronchial
dilatation (Fig. 2j, k, I, o, p, 1, s). This may be attributed
to the longer duration of illness and recurrent infections.
Furthermore, the cilia microtubule structures in TEM
for patients 1, 3, and 4 were relatively preserved, with or
without minimal dynein changes (Fig. 2c¢, i, n). However,
no malignancies were reported in all the patients.

Functional prediction analysis of the novel variants in the
WFDC2 gene

Notably, the two variants are located at cysteine resi-
dues in the WAP domain 2, which are pivotal in the
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s 8 - WEDC?2 protein (Fig. 3a and b). The cysteine residue at
g 28 |- w2 the 93rd amino acid is linked to cysteine at the 114th
8 <5 o o amino acid, and that at the 97th is linked to cysteine at
i g s | e the 109th amino acid through disulfide bonds. Those two
S : < o cysteine residues are conserved in many species, includ-
E’, o2 S S ing humans, monkeys, cows, and mice. The other four-
£ —§ % o g g o g g teen cysteine residues are also conserved in the WFDC2
Sled 582885 protein. The score of destabilizing in protein stability,
© induced by the cysteine change in other amino acids at
o & the 93rd and 97th residues, are —0.03 and -0.7 (kcal/
L wn . .
g— é o o mol), respectively (Fig. 3c). The allele count (AC) and fre-
— —
quency (AF) of the main variant, ¢.291 C>G (p.C97W),
T s g g are 26 and 1.6E-05 at gnomAD 4.1_All and 26 and 5.8E-
3 g2e ds do 04 at gnomAD 4.1_EAS. However, the numbers of the
£ Y yaz va8 other variant, c.278G>C (p.(Cys93Ser)), are 5 and 3.1E-
= = = 06 at gnomAD_All and 5 and 1.1E-04 at gnomAD_EAS
% v 'g & & (Table S1 in the Supporting Information). In the Korean
I ~ o~ . .
é § S |8z 8= Variant Archive, KOVA, those numbers are 19 (AC) and
R 1.8E-03 (AF) for the ¢.291 C > G variant and 4 and 3.8E-04
= ") '§ o § for the ¢.278G > C variant. Furthermore, in the RGC mil-
z|g - g% é% lion exome data, the first variant, ¢.291 C>G, is shown
2 g s |25 £5 in only one individual with a frequency of 6.08E-07 in all
2l &5 aF populations and that of 3.33E-05 in the East Asian popu-
g c = lation (Table S2 in the Supporting Information).
|5~ T (O]
w9 2 o [SRCEPPN
285 |§- 283 . .
53 E g 125 % _é & Discussion
-~ = a =
L In this study, we identified two novel variants, ¢.291 C>G
é &6, 38 (p.(Cys97Trp)) and c¢.278G>C (p.(Cys93Ser)), in the
IS c TR E a WFDC2 gene from patients with bronchiectasis. These
=l '% 5 é% égi variants alter conserved cysteine residues within the
é £%s £ % 28 WAP domain, a critical region for WFDC2 function, and
glxg2 |£a Lo are predicted to be pathogenic based on in silico analy-
g c = ses. The discovery of these variants in multiple unrelated
= E 2_ s g = g patients with a shared clinical phenotype strengthens the
Slgg s DecRp evidence for their role in bronchiectasis. Notably, very
38 FE® K ) : :
é) gav |£8sS &8 recent independent studies, although only archived, have
o © © identified the same ¢.291 C>G (p.(Cys97Trp)) variant in
e |5 § g % g East Asian patients with bronchiectasis, further support-
=g T |95 Do ing its pathogenic significance.
YT |22 22 . o . .
E= L2y |5 % z % Bronchiectasis is a chronic lung disease caused by per-
c 2 . . . . . . I
7 sistent airway inflammation and impaired mucociliary
s g clearance. While it is often associated with genetic con-
S S ditions such as primary ciliary dyskinesia, cystic fibrosis,
Yl % and immune deficiencies, a subset of cases remains unex-
2 % £ Q N plained at the genetic level. Our findings add to growing
% evidence that WFDC2 may be a novel genetic contribu-
ks £ % (El tor to bronchiectasis. Recently, one study identified
%\ 5 2 2 WFDC2 mutations, distinct from the variants observed
ik Y Y in our study, as a novel genetic cause of chronic respira-
g < b X tory diseases, including bronchiectasis [29]. Moreover,
5| Z et 2 during our manuscript’s submission and revision pro-
a|a e N A .
- R cess, we found two studies that are archived but have not
% @ % yet undergone peer review. These studies independently
LA s identified the same WFDC2 genetic variant (c.291 C>G,
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Table 2 Clinical characteristics of patients with genetic variants in the WFDC2 gene
Discovery study Expansion study
Family F1 F2 F3 F4 F5
Patient Pt1 Pt2 Pt3 Pt4 Pt5 Pt6
Age at onset Neonatal Juvenile Infantile Juvenile Juvenile Juvenile
Age at enrollment 15 1M 21 20 34 28
(years)
Gender M M F F F F
Height (cm) 181.1 156.7 159.8 156 156.3 157
Weight (kg) 873 45.7 456 443 50.1 39
Type of WGS analysis Quad Trio Trio Proband only Duo
Mutations WFDC2 WFDC2 WFDC2 WFDC2 WFDC2
c.291 C>G (p.CO7W) c291C>G c278G>C (p.C93S) ¢c.291 C>G (p.CO7W) c291C>G
Homozygous (p.CO7W) Maternal, Homozygous (p.CO7W)
Homozygous c291C>G Homozy-
(p.CO7W) Paternal gous
Compound
Heterozygous
HPO HP:0002110 HP:0002110  HP:0002110 HP:0002110 HP:0002110 HP:0002110
(Bronchiectasis) (Bronchiec- (Bronchiectasis) (Bronchiectasis) (Bronchiectasis) (Bronchiec-
tasis) HP:0000246 Sinusitis tasis)
HP:0002205 HP:0012265 Ciliary Dyskinesia ~ HP:0002721
(Recurrent HP:0000821 Hypothyroidism (Immuno-
Respiratory deficiency)
Infections)
Clinical symptoms
Sinusitis Yes Yes Yes Yes Yes Yes
Nasal polyps Yes Yes Yes Yes Yes Yes
Chronic cough Yes Yes Yes Yes Yes Yes
Bronchiectasis Yes Yes Yes Yes Yes Yes
Recurrent respiratory  Yes Yes Yes Yes Yes Yes
infection
Infertility N/A N/A N/A N/A No* N/A
Malignancy No No No No No No
Others Dermographism
Pulmonary function test
FEVT (measured %) 106 66 58 66 29 48
FVC (measured %) 125 88 75 78 40 61
FEV1/FVC (%) 78 69 76 83 66 70

N/A, not available; No*, IVF for pregnancy

p-(Cys97Trp)) in Korean and Japanese patients with
bronchiectasis and suggested it as a causal genetic factor
in the development of bronchiectasis [43, 44]. Patients
with bronchiectasis exhibit additional clinical charac-
teristics, such as sinusitis, nasal polyps, and low FEV1,
which are associated with bronchiectasis (Table S3 in
the Supporting Information). These findings further sup-
port the pathogenic role of WFDC2 variants in patients
with bronchiectasis. Therefore, our study identified two
novel WFDC2 variants in patients with bronchiecta-
sis and recurrent respiratory infections, proving that
WFDC2 mutations represent a new genetic cause of
bronchiectasis.

WFDC2 gene encodes a protease inhibitor involved
in mucosal immunity, lung development, and epithelial
protection. Deficiency or dysfunction of this protein

could disrupt airway homeostasis, making individuals
more susceptible to recurrent infections and progres-
sive lung damage. Previous studies have suggested a link
between WFDC2 and respiratory diseases, but direct
associations with bronchiectasis have been limited [25,
27, 28, 45]. A recent study identified WFDC2 mutations
(p-(Cys49Arg)) in patients with chronic respiratory dis-
eases, including bronchiectasis, and proposed that loss
of WFDC2 function impairs airway defense mecha-
nisms [29]. Additionally, WFDC2 has been implicated
in nasal polyposis and infertility, both of which were
observed in some of our patients, suggesting a broader
spectrum of clinical manifestations. The fact that one
of our patients exhibited dermographism also raises the
possibility that WFDC2 mutations may have previously
unrecognized systemic effects. Interestingly, WFDC2
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Pt1

Pt2

Pt3

Pt4

Pt5

Pt6

Fig. 2 Clinical manifestations of patients with bronchiectasis associated with WFDC2 mutations. Patient 1: (a, b) lung CT scans, (c) TEM image of micro-
tubules in the bronchial cilia; Patient 2: (d, e) lung CT scans, (f) TEM image of damaged nasal cilia; Patient 3: (g) nasal polyp, (h, i) TEM images of the nasal
cilia and microtubules, (j) lung CT scan; Patient 4: (k, I) lung CT scans, (m, n) TEM image of bronchial cilia and microtubules; Patient 5: (o, p) lung CT scans,

(q) bronchial polyp; Patient é: (r, s) lung CT scans, (t) bronchial polyp
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(b) WAP Domain 1
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Fig. 3 Conservation of cysteine residues and the change of protein stability in WFDC2. (@) Schematic diagram of the pathogenic variants discovered
from previous studies and this study. (b) The conservation of cysteine residues across all species using ClustalW. Two variants identified in this study
(highlighted in red) are linked with other cysteine residues (highlighted in blue) through disulfide bonds. Hum, Human; Pan, Pan paniscus; Mac, Macaca
fascicularis; Bos, Bos taurus; Mus, Mus musculus (c) In silico prediction of protein stability change using DynaMut2
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is widely studied in oncology due to its role as a tumor
marker, particularly in ovarian and lung cancers [17,
19-21]. Despite this, none of our patients showed evi-
dence of malignancy, suggesting that pathogenic germ-
line variants in WFDC2 may primarily contribute to
non-cancerous conditions such as bronchiectasis.
However, the potential long-term effects of these vari-
ants, particularly regarding cancer risk, require further
investigation.

One of the strengths of our study is the identification
of a homozygous WFDC2 variant in multiple affected
individuals, supporting its recessive inheritance pattern.
Additionally, the presence of a compound heterozygous
variant in one patient provides further genetic evidence
for the role of WFDC2 mutations in disease develop-
ment. However, our study had some limitations. Func-
tional validation studies were not conducted, although a
recent report in the archive suggests that the c.291 C>G
(p.(Cys97Trp) variant disrupts WFDC2 protein fold-
ing and secretion [43]. Further research using patient-
derived cells or animal models will be essential to confirm
the mechanistic impact of these variants. Additionally,
while we identified these variants in multiple patients,
more extensive studies with more diverse populations are
needed to establish the full spectrum of WFDC2-related
bronchiectasis.

Conclusions

Our findings provide strong genetic evidence that
WFDC2 mutations contribute to bronchiectasis and
recurrent respiratory infections. Given its role in air-
way defense, further studies are needed to clarify how
WEDC2 dysfunction leads to disease and whether tar-
geted therapies can help mitigate its effects. Identifying
WFDC2 as a potential bronchiectasis-associated gene
expands our understanding of the genetic landscape of
this disease and may pave the way for improved diagnos-
tics and personalized treatment approaches in the future.
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