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Abstract

Introduction: Airway remodelling in children with severe recurrent episodes of bronchial obstruction starts very early, from
preschool age — a period in which the diagnosis of asthma is not yet confirmed. Assessing these early structural changes presents
a challenge in clinical practice. Due to the limitations of invasive methods, reliable noninvasive markers of these changes are
sought. Galectin-3 (Gal-3), a regulator of inflammatory and fibrotic processes, and Krebs von den Lungen-6 (KL-6), a marker
of alveolar epithelial damage, are considered as indicators of lung remodelling. Methods: Forty-eight children were studied: 26
children under 4 years of age with recurrent episodes of wheezing (RW) and 22 with cystic fibrosis (CF). Children with RW
were divided into two subgroups: those with a low frequency (<3 episodes/year) and those with a high frequency (>6
episodes/year) of bronchoobstructive symptoms. CF patients were stratified according to genotype (AF508 homozygous or
heterozygous), and all underwent computed tomography (HRCT). Serum Gal-3 and KL-6 levels were measured by the ELISA
method. The correlation between Gal-3 and KL-6 and clinical severity in children with recurrent wheezing at preschool age, and
between Gal-3 and KL-6 and radiologically confirmed structural lung changes in children with cystic fibrosis, was assessed.
Results: Elevated Gal-3 levels were found in children with RW from infancy. Although the differences in median Gal-3 levels
did not reach statistical significance in the two RW subgroups, children with a high frequency of wheezing were 1.76 times more
likely to have elevated Gal-3 (>26 ng/mL) compared to those with a low frequency of RW (p = 0.02). In CF, Gal-3 levels were
significantly higher in children with confirmed structural lung disease on HRCT compared to those without pathological changes
(38.35 vs. 11.63 ng/mL, p = 0.001). The highest Gal-3 values were found in AF508 homozygous patients with bronchiectasis.
KL-6 levels remained within the normal range for the pediatric population across all groups and did not correlate with the
frequency of bronchoobstructive manifestations, genotype, or CT findings. Conclusion: Galectin-3 is a reliable biomarker for
pediatric pulmonology practice, reflecting early pulmonary changes in children with frequent recurrent bronchoobstructive
episodes and a risk of persistent manifestations, and it correlates with structural damage in cystic fibrosis patients. KL-6 has no
diagnostic value in the early stages of pulmonary pathology.
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1. Introduction

Recurrent episodes of wheezing (RW) in preschool age rep-
resent a heterogeneous syndrome. In some children, these ep-
isodes are transient, virus-induced bronchial obstructions,
while in others, they may be the first manifestation of a per-
sistent asthmatic phenotype with early airway remodelling [1,
2]. Distinguishing these subgroups at an early age is crucial
for choosing appropriate therapy and determining long-term
prognosis. To understand why clinical trajectories differ, it is
necessary to analyse the structural changes that develop in the
airways during early childhood.

Airway remodelling begins at a very early age, even in chil-
dren between | and 3 years of age with severe recurrent epi-
sodes of bronchial obstruction, an age at which the diagnosis
of asthma is not yet made. These structural changes resemble
those observed in older children and adults with asthma, alt-
hough they are less pronounced. However, assessing these
early structural changes remains a challenge in clinical prac-
tice.

Bronchial biopsy is the gold standard for assessing remod-
elling, but its invasive nature makes it unsuitable for children.
Furthermore, it is usually performed endobronchially and re-
flects only changes in the proximal airways, leaving periph-
eral structures unexamined. High-resolution computed to-
mography (HRCT) has established itself as a noninvasive
method — its three-dimensional visualisation allows measure-
ment of airway cross-sections and assessment of the degree of
bronchial wall thickening [3]. HRCT is not recommended for
routine monitoring due to radiation exposure, but helps ex-
clude alternative diagnoses and for characterising structural
changes in severe, treatment-resistant asthma. Due to these
limitations, noninvasive biomarkers that reflect structural
changes are actively sought.

Among the molecules studied to date, Galectin-3 (Gal-3)
has emerged as a particularly promising marker due to its cen-
tral role in inflammation and fibrosis. Gal-3 is a B-galacto-
sidase-binding lectin involved in inflammatory processes, fi-
brogenesis, cell adhesion, and apoptosis. Elevated levels of
Gal-3 have been described in chronic inflammatory and fi-
brotic lung diseases, including asthma, COPD, and pulmonary
fibrosis [4, 5]. In asthma, Gal-3 promotes eosinophil recruit-
ment, Th2 polarisation, and extracellular matrix deposition,
which leads to remodelling [6]. Gal-3 is associated with re-
modelling by potentiating TGF-B1 activation, binding to in-
tegrins, and stimulating profibrotic signals from fibroblasts
and macrophages [7]. The dynamic nature of Gal-3 supports
its use as a biomarker of airway remodelling [8, 9]. These ob-
servations position Gal-3 as a promising indicator of ongoing
airway remodelling in children with recurrent wheezing. In
adults, a Gal-3 threshold of 17.8 ng/mL is often cited as an
upper reference limit for healthy individuals [10]. More re-
cently, pediatric reference data have been published. A 2025
French cohort study established age-specific upper limits for
Gal-3 using the Abbott immunoassay: 56 ng/mL for children
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under 2 years and 26 ng/mL for children older than 2 years
[11]. Another report found the 95th percentile of serum Gal-3
to be 7-33 ng/mL in healthy children aged 2—17 years [12].
These values are reference intervals, not diagnostic cut-offs,
and illustrate that pediatric norms differ substantially from
adults. No consensus exists on a pediatric Gal-3 cut-off for
clinical decision-making; values must be interpreted in the
context of age-specific norms and clinical evidence.

KL-6 (Krebs von den Lungen-6) is another widely dis-
cussed candidate, but mainly as a marker of alveolar epithelial
damage. It is a mucin-like glycoprotein produced by regener-
ating type II pneumocytes and is a well-established indicator
of diffuse alveolar damage and interstitial fibrosis [13]. In
healthy children, serum KL-6 is usually low, with an upper
limit of approximately 250 U/mL [14]. Although KL-6 is ele-
vated in severe asthma exacerbations and other diffuse lung
damage, it is not specific for airway remodelling and may be
increased in various forms of lung injury [15, 16].

The objective of this study was to assess the correlation be-
tween serum Galectin-3 (Gal-3) and KL-6 levels with clinical
severity in children with recurrent wheezing at preschool age
and with radiologically confirmed structural lung changes in
children with cystic fibrosis.

2. Methods

A total of 48 children (35 boys and 13 girls) were included
in the study and divided into two groups:

Recurrent Wheezing (RW) group: 26 children aged 7
months to 4 years (mean age 2 years and 3 months), with re-
current broncho-obstructive episodes clinically defined as an
asthmatic phenotype, but without a confirmed diagnosis of
asthma. Depending on the frequency of episodes, the group
was divided into two subgroups: children with up to 3 epi-
sodes per year (n = 17; low frequency, RW-LF) and children
with monthly attacks during the winter season, more than 6
episodes per year (n = 9; high frequency, RW-HF).

Cystic Fibrosis (CF) Group: 22 children with cystic fibrosis
aged 2 months to 17 years (mean age 11 years), with clinically
significant lung involvement requiring high-resolution com-
puted tomography (HRCT) of the chest to assess the correla-
tion between biomarker levels and the structural changes
found (bronchiectasis, atelectasis and fibrosis). Children with
CF were stratified by genotype into two subgroups: homozy-
gous for the AF508 mutation (n = 9; CF 2x F508del) and het-
erozygous for AF508 (n = 13; carriers of one AF508 allele and
a second different mutation; CF 1x F508del).

2.1. Laboratory Analyses

Serum Gal-3 and KL-6 were measured by ELISA method
according to the manufacturer’s protocols. Galectin-3 levels
had an analytical range of 2 —60 ng/mL, and a detection range
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for KL-6 of 31.25-2000 U/mL. A 1: 2 dilution was used for
Gal-3 and a 1: 200 dilution for KL-6. All analyses were per-
formed in duplicate with appropriate calibrators and internal
controls. A reference threshold of 26 ng/mL for Gal-3 was
used based on the literature [11].

2.2. Imaging

All children in the CF group underwent high-resolution
chest computed tomography. The extent of structural lung
changes was classified based on the presence of bronchiecta-
sis, mucous plugs/obstruction, and consolidations (corre-
sponding to areas of atelectasis).

2.3. Statistical Analysis

Statistical processing was performed with SPSS version
23.0. The following methods were used: descriptive analysis
to summarise clinical and biomarker data; analysis of correla-
tion between qualitative variables (cross-tabulation); paramet-
ric methods (t-test), and non-parametric methods (Mann-
Whitney U test, Kruskal-Wallis H test). The correlation be-
tween Gal-3, KL-6 and CT changes was assessed using Spear-
man’s rank correlation coefficient. Odds ratio (OR) and 95%
confidence interval (CI) were reported. A p-value < 0.05 was
considered statistically significant.
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3. Results

3.1. Galectin-3 Levels in Children with
Recurrent Wheezing

Elevated serum Gal-3 levels were found at a very early age
in the RW group, including infants under 1 year of age (me-
dian value 22.36 ng/mL in this age subgroup). A significant
proportion of children had values above the reference thresh-
old of 26 ng/mL, with the highest level reported reaching
62.95 ng/mL. There was a trend toward increased Gal-3 levels
with age (7-12 months: 22.36 ng/mL; 13-23 months: 29.24
ng/mL; >24 months: 33.13 ng/mL; p = 0.01). Galectin-3 con-
centrations were slightly higher in girls than in boys (25.12 vs.
22.26 ng/mL); however, this difference did not reach statisti-
cal significance (p = 0.6).

Similarly, median Gal-3 levels did not differ significantly
between children with monthly wheezing episodes (RW-HF)
and those experiencing up to three episodes per year (RW-LF)
(p > 0.05), as shown in Table 1.

Table 1. Median (range) levels of Gal-3 (ng/mL) and KL-6 (U/mL) in the studied subgroups of children.

Comparison Galectin-3 (ng/mL)

RW-LF (<3 episodes/year) 22.36 [8.96-62.95

RW-HF (>6 episodes/year) 25.13[10.74-2.95

CF (AF508 homozygous)

20.64 [4.67-62.95

]

]

35.23 [2.84-62.95]

CF (AF508 heterozygous) ]
]

[
[
[
[
[
[

CT-positive 38.35[4.67-62.95

CT-negative 11.63 [2.84-20.42]

Abbreviations: RW — recurrent wheezing, LF — low fre-
quency (<3 episodes per year); HF — high frequency (>6 epi-
sodes per year); CF — cystic fibrosis; delF508 — F508 deletion
mutation in the CFTR gene; CT — computed tomography
(presence or absence of structural lung changes).

However, the risk of developing airway remodelling — de-

KL-6 (U/mL) p-value Gal-3 p-value KL-6
194.4 [62.6-2000.0]

234.6 [103.8-426.2] >0.05 >0.05

211.8 [170.6-2000.0]

196.8 [101.6-469.4] 0.07 >0.05

302.2 [260.0-344.4]

170.6 [149.8-191.4] 0.001 >0.05

fined as having a serum Gal-3 level above the reference thresh-
old of 26 ng/mL —was 1.76 times higher in the high-frequency sub-
group than in the low-frequency subset (95% confidence interval
1.04-5.13; p = 0.02), see Figure 1. This indicates that levels above
26 ng/mL for serum Gal-3 could be used as marker for risk assess-
ment in children with recurrent wheezing.
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Figure 1. Serum Galectin-3 Levels in Low- and High-Frequency Recurrent Wheezing (RW-LF vs. RW-HF).

the heterozygous subgroup (35.23 vs 20.64 ng/mL, p = 0.07),

3.2. Galectin-3 Levels in Children with Cystic although this difference did not reach statistical significance
Fibrosis due to high heterogeneity within the subgroups.

The highest median Gal-3 values were found in CF children

Gal-3 levels varied widely in the CF group. The median  Wwith confirmed structural lung changes on CT - 38.35 ng/mL

Gal-3 level in AF508 homozygous children was higher thanin  in those with CT-detected abnormalities vs. 11.63 ng/mL in
those without CT changes (p = 0.001), Figure 2.

70 _— p=0.001
: T
)
E
5 o
=
o~
L X
(3]
O
2
10 == J'
0
Negative Atelectasis Bronchiectasis

Figure 2. Galectin-3 Levels in CF Patients with Normal CT, Atelectasis, and Bronchiectasis.

In particular, AF508-homozygous patients with ~ homozygotes without CT abnormalities had much lower
bronchiectasis exhibited Gal-3 levels more than double the  levels (as low as 4.67 ng/mL), a highly significant difference
reference threshold (median 44.28 ng/mL), whereas  (p < 0.001). By contrast, AF508 heterozygotes showed no
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substantial Gal-3 difference between those with and without
bronchiectasis. Overall, Gal-3 levels in CF children tracked
closely with the presence and severity of structural lung
disease (Figure 2).

3.3. KL-6 Levels

Serum KL-6 levels did not differ significantly across any
subgroups in either cohort. In both RW and CF groups, KL-6
remained within the normal paediatric range and showed no
correlation with wheezing frequency, genotype, or CT
findings. This consistency suggests that early airway
remodelling in these children did not produce substantial
alveolar injury. In other words, KL-6 elevations were absent
in all subgroups, indicating that KL-6 may rise only in more
advanced, fibrosis-predominant lung disease.

4. Discussion

Two specific biomarkers were investigated in the context of
airway remodelling - KL-6 and Galectin-3 (Gal-3) - both
associated with pathological remodelling and fibrotic changes
in lung tissue. Their role in lung remodelling in childhood was
assessed by studying two different clinical groups: preschool
children with recurrent wheezing and children with cystic
fibrosis. This parallel comparison of the two clinical
phenotypes allowed us to contrast biomarker behaviour in
early versus established structural airway changes.

Elevated Gal-3 levels in children with recurrent bronchial
obstruction suggest that Gal-3 may serve as an early
prognostic indicator of a pro-remodelling respiratory
phenotype. In some children, wheezing episodes may not rep-
resent transient manifestations but rather the first signs of a
persistent inflammatory process and airway remodelling. The
fact that Gal-3 exceeds age-related reference thresholds in
infants under 12 months suggests that structural remodelling
may begin very early, potentially preceding the clinical diag-
nosis of asthma.

Galectin-3 is an immunoregulatory protein with a dual,
context-dependent role. Although studies employing Gal-3
gene transfer in murine models have demonstrated an anti-
inflammatory effect, these results are considered not to reflect
the physiological function of endogenous Gal-3 [17].
Endogenous Gal-3 has a well-documented pro-inflammatory
role in numerous in vivo and in vitro studies; however, its
diagnostic performance for discriminating inflammatory
asthma phenotypes has not yet been systematically established
[17]. These discrepancies may be explained by the
heterogeneity of airway inflammation in asthma.

The observed relationship between the frequency of
wheezing episodes and Gal-3 levels suggests a cumulative
burden of remodelling. Children with frequent (approximately
monthly) wheezing episodes were 1.76 times more likely to
have elevated Gal-3 levels than those with infrequent episodes,
highlighting a dose-response relationship between clinical
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severity and molecular remodelling activity. This suggests that
frequent exacerbations may increase the risk of persistent
obstruction and progressive lung function impairment.

Comparison between the RW and CF cohorts further sup-
ports a role for Gal-3 in airway remodelling [18, 19]. In the
RW group, Gal-3 serves as an early indicator of airway
involvement, whereas in CF it reflects already established
structural remodelling. In particular, AF508-homozygous CF
patients with bronchiectasis showed highly elevated Gal-3
levels, significantly exceeding reference threshold, while chil-
dren in the RW group showed only moderate increases. This
dual model suggests that Gal-3 represents a biological link
between functional symptoms and underlying structural
damage — sensitive to both early inflammatory remodelling
processes and and advanced anatomical changes such as bron-
chiectasis. Normal Gal-3 levels in CF patients without CT-
confirmed structural abnormalities further support its
potential specificity for structural lung disease. The marked
contrast between CF patients with verified CT structural
changes and those with negative imaging findings (median
38.35 ng/mL vs. 11.63 ng/mL) provides compelling evidence
that Gal-3 elevation is associated with airway structural
damage, rather than with the CF diagnosis per se. Moreover,
Gal-3 may rise prior to overt structural changes and decrease
in response to treatment, correlating with improved lung
function in patients with asthma [8]. In adults with severe
asthma, baseline Gal-3 expression in bronchial tissue has been
shown to predict long-term reductions in airway wall
thickness following anti-inflammatory biologic therapy [9],
supporting its potential utility for monitoring disease progres-
sion and therapeutic response.

Based on the data from the study, we propose the following
practical approach to clinical management:

Low-risk profile: Children with normal or mildly elevated
Gal-3 levels (below 26 ng/mL) and infrequent episodes (<3
per year) appear to be at low risk of early airway remodelling.
Standard treatment and routine follow-up are appropriate for
them.

High-risk profile: Children with severely elevated Gal-3
(several times above 26 ng/mL) and frequent episodes (>6 per
year) appear to be at high risk of initiating remodelling. In
these patients, earlier and more aggressive treatment,
including biologic therapy targeting their asthma phenotype,
may be considered. Measurement of Gal-3 may help identify
high-risk children before irreversible structural damage occurs,
providing an opportunity for effective prevention.

KL-6 did not show clear clinical relevance in our study. Its
values remained within the expected normal range for children
and showed no relationship with clinical severity, genotype,
or CT findings. This is consistent with the literature, which
indicates that KL-6 is mainly elevated in cases of significant
alveolar damage and interstitial fibrosis [13]. Persistently
normal KL-6 levels, even in children with CT-proven
bronchiectasis, suggest minimal alveolar involvement and
limited informativeness [15].
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Several significant limitations should be noted, including
the relatively small sample size and subgrouping that reduced
statistical power. The absence of a healthy control group
prevents a direct comparison with normative values. The wide
age range of the patients leads to pronounced heterogeneity,
making intergroup comparisons difficult. These factors limit
the evaluation of the results. Future longitudinal studies are
needed to validate the dynamics of the biomarkers and to
define clinically relevant cut-off values for routine practice.

5. Conclusion

Gal-3 and KL-6 reflect different aspects of lung
remodelling. KL-6 is primarily a marker of epithelial damage
and regeneration in the alveoli, typical of advanced, fibrotic-
dominant stages. In contrast, Gal-3 reflects the intensity of
pro-fibrotic inflammation at a time when structural changes
are still minimal. Our results highlight Gal-3 as an early
measurable signal of remodelling risk in young children, at a
stage when imaging methods may not yet detect structural
changes. This supports its inclusion in the evaluation of
children with recurrent wheezing with the aim of early
identification of high-risk patients.
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RW Recurrent Wheezing
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