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Abstract: Galectins are a group of β-galactoside-binding proteins with several roles in immune 
response, cellular adhesion, and inflammation development. Current evidence suggest that these 
proteins could play a crucial role in many respiratory diseases such as pulmonary fibrosis, lung 
cancer, and respiratory infections. From this standpoint, an increasing body of evidence have 
recognized galectins as potential biomarkers involved in several aspects of asthma 
pathophysiology. Among them, galectin-3 (Gal-3), galectin-9 (Gal-9), and galectin-10 (Gal-10) are 
the most extensively studied in human and animal asthma models. These galectins can affect T 
helper 2 (Th2) and non-Th2 inflammation, mucus production, airway responsiveness, and bronchial 
remodeling. Nevertheless, while higher Gal-3 and Gal-9 concentrations are associated with a 
stronger degree of Th-2 phlogosis, Gal-10, which forms Charcot–Leyden Crystals (CLCs), correlates 
with sputum eosinophilic count, interleukin-5 (IL-5) production, and immunoglobulin E (IgE) 
secretion. Finally, several galectins have shown potential in clinical response monitoring after 
inhaled corticosteroids (ICS) and biologic therapies, confirming their potential role as reliable 
biomarkers in patients with asthma. 
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1. Introduction 
Asthma, a chronic respiratory disorder characterized by airway inflammation, 

increased airway responsiveness, and airway remodeling, poses a significant global 
health burden [1]. Despite recent advances in asthma research, the complex molecular 
mechanisms underlying the development and worsening of asthma remain only partially 
understood. From this perspective, the study of severe asthma endotypes paved the way 
for a more comprehensive approach towards asthma management, leading to the use of 
specific biomarkers in everyday clinical decisions. For instance, blood and sputum 
eosinophilic count, total serum immunoglobulin E (IgE), and fraction of exhaled nitric 
oxide (FeNO) have become irreplaceable tools when it comes to choosing treatments for 
severe asthma treatments and the monitoring of these treatments over time [2]. Moreover, 
after the introduction of monoclonal antibodies, some of these biomarkers have been 
proposed to assess the achievement of severe asthma clinical remission, which is now 
considered one of the main goals of biologic therapies [3–5]. 

Nevertheless, many molecular mechanisms related to specific asthma 
pathophysiologic traits, such as airway remodeling, bronchial hyperresponsiveness, and 
mucus production, are poorly understood. Serum and sputum periostin, Krebs von den 
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Lungen-6 (KL-6), T-helper 2 (Th2) cytokines, and other biomarkers have been proposed 
to assess these features but their use in current clinical practice is still limited [6–8]. 

In this context, a growing body of evidence has also implicated galectins, a family of 
evolutionarily conserved β-galactoside-binding proteins, in several processes of immune 
responses and inflammation development that could be related to asthma 
pathophysiology (see Figure 1) [9]. Galectins have emerged as crucial modulators of 
various cellular functions such as cell adhesion, migration, and apoptosis, as well as in 
many aspects of inflammatory response [10]. Consequently, several studies have 
demonstrated a possible role of galectins in several respiratory diseases like pulmonary 
fibrosis [11], COVID-19 disease [12–14], and lung cancer [15], highlighting their potential as 
biomarkers as well as possible treatable targets. Moreover, galectins could be involved in 
many crucial aspects of asthma development such as Th2 and non Th2 inflammation 
modulation, mucus production, and airway fibrotic remodeling [16,17]. Furthermore, some 
galectins could also be used to monitor the response to inhaled and biologic treatments, 
which would make this biomarker a useful tool for everyday clinical practice [18,19]. 

In this review, we described the relationship between galectins and asthma, 
exploring the impact of different galectin isoforms in the initiation, progression, and 
resolution of asthma-related inflammation. 

 
Figure 1. Chronological summary of the current literature on galectins and bronchial asthma [16,18–63]. 
Data were obtained from MEDLINE and EMBASE databases. No specific range of years was 
selected before the start of the literature revision. 

2. Galectin-3 
Galectin-3 (Gal-3) was initially identified as an IgE-binding protein [64]. It is widely 

distributed and can be found in extracellular spaces, cytoplasmic compartments, or 
nuclear regions. Like other galectin family members, Gal-3 lacks a secretion signal peptide 
that would guide its transport through the conventional endoplasmic reticulum-Golgi 
apparatus secretory pathway [65]. Through protein–protein interactions, Gal-3 has the 
capability to interact with numerous extracellular and/or intracellular proteins. Gal-3 is 
expressed in various tissues and cell types under normal conditions, including epithelial 
cells, dendritic cells, macrophages, and neutrophils. Acting as a chemoattractant and 
adhesion factor, Gal-3 plays a crucial role in the recruitment of monocytes and 
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macrophages [16]. Gal-3 also plays a major role in various facets of asthma, including 
eosinophil recruitment, airway remodeling, and Th2 inflammation development [16]. 

In studies involving murine models, more emphasis has been placed on investigating 
the role of Gal-3 in the inflammatory response and its involvement in airway tissue 
remodeling in chronic allergic inflammation. Zuberi et al [20] analyzed the role of Gal-3 
on airway inflammation in knockout Gal-3 gene (Gal-3 (−/−)) and wild-type mice (Gal-3 
(+/+)). After ovalbumin (OVA) sensitization, both bronchoalveolar lavage (BAL) and 
histological analysis were performed on mouse lung samples fixed in formalin. As 
expected, BAL analysis of Gal-3 (−/−) mice showed a lower number of inflammatory cells, 
especially eosinophils and neutrophils [20]. However, the number of 
monocytes/macrophages did not significantly change between the two groups. Gal-3 (−/−) 
mice sensitized to OVA also exhibited significantly lower levels of goblet cell metaplasia 
and airway responsiveness compared to Gal-3 (+/+) mice [20]. Following the path linking 
Gal-3 to eosinophilic inflammation, Ge and colleagues reported lower levels of 
interleukin-5 (IL-5) and interleukin-13 (IL-13) in Gal-3 (−/−) mice, which are pivotal 
cytokines for Th2 inflammation development. Furthermore, after the OVA challenge, Gal-
3 knockout mice showed a reduction in lung eotaxin-1 levels, which is responsible for the 
activation and recruitment of eosinophils in the allergic response. Such a result may be 
explained due to a reduced infiltration of lymphocytes, alveolar macrophages and 
eosinophils into the airways, which are known to release eotaxin-1. Alternatively, this 
result could be secondary to a decreased production of this chemokine by lung epithelial 
cells induced by the lower levels of IL-13 [21]. 

Gal-3 has also been shown to be involved in mucus production and airway 
remodeling. Ge et al [21] highlighted a lower count of periodic acid-Schiff (PAS) positive 
mucus-producing cells in allergen-challenged Gal-3 (−/−) mice compared to wild-type 
mice. Moreover, Gal-3 genes suppression resulted in a less intense peribronchial fibrosis 
[21], probably due to a more pronounced Th1 immune response and a less severe Th2 
inflammation [65]. From this perspective, Gal-3 has several important roles in non-Th2 
inflammation and mucus production. As reported by Mammen and colleagues [22], 
knockout mice for tissue inhibitor of metalloproteinase 1 (TIMP-1) tend to have greater 
blood and lung Gal-3 concentrations compared to wild-type mice. After OVA sensitization 
and TIMP-1 inhibition, the increase in Gal-3 concentrations leads to the lung 
overexpression of interleukin-17 (IL-17) genes, with a reduced transcription of the mucin 
family genes MUC5AC and MUC5B [23]. This IL-17/Gal-3 interaction could be promoted 
by the increased transforming growth factor β1 (TGF-β1) gene expression induced by 
TIMP-1 inhibition and OVA sensitization [22]. Moreover, Gal-3 inhibition significantly 
increases nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κβ) gene 
expression, which has a crucial role in allergic inflammation development and mucin 
production via IL-17A [66,67]. IL-17 is a pivotal cytokine involved in allergic response, 
non-Th2 inflammation, mucus production and airway remodeling in asthma [23,68]. From 
this perspective, these results could explain the complex interactions between Gal-3, IL-
17, TGF-β1 and NF-κβ in asthma pathophysiology. 

Another important aspect of Gal-3 functions deals with its role as the mediator of the 
lung epithelial cells–immune system axis. Gal-3 administration can activate interleukin-6 
(IL-6) and tumor necrosis factor-α (TNF-α) production in dendritic cells with an IgE-
independent mechanism, as well as basophils proliferation via an IgE-dependent bond 
[24]. Gal-3 can also take part in neutrophils activation and recruitment in the presence of 
bacterial or fungal infections [69], which can be crucial triggers for asthma exacerbations 
[2]. In rodent models, the presence of Streptococcus pneumoniae in alveolar spaces induces 
Gal-3 release from macrophages, with a consequent neutrophils� extravasation mediated 
by their adhesion to Gal-3 [70]. Similarly, after Aspergillus Fumigatus exposition, Gal-3 
expression is markedly increased in serum and on immune cells, without showing a direct 
fungicidal function but inducing neutrophils activation and extravasation [71]. Gal-3 can 
also affect macrophages efferocytosis, which can result in the accumulation of apoptotic 
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cells in the lung tissue and, consequently, could lead to the release of cytokines, reactive 
oxygen species, and other inflammatory mediators. Patients with non-eosinophilic asthma 
show the greatest rate of efferocytosis deficiency but also a major improvement in this 
cellular mechanism after the administration of exogenous Gal-3 [25]. 

Several interesting findings on Gal-3 biomechanisms also arise from studies on Gal-
3 plasmid gene therapy. As described by Del Pozo and colleagues [26] in murine models, 
Gal-3 gene therapy improves acute airway obstruction and bronchial inflammation 
through the downregulation of IL-5, with a consequent drop in BAL T lymphocytes and 
eosinophils. Interestingly, the use of Gal-3 therapy has also shown positive results on 
murine models simulating chronic asthma, with a significant reduction in key BAL 
cytokines like IL-5, interleukin-4 (IL-4), and interleukin-10 (IL-10). Additionally, 
intrapulmonary gene therapy influences allergen-induced eosinophilia in both BAL and 
peripheral blood, as demonstrated by the decreased eosinophils concentration in these 
samples. From a histological standpoint, these results were confirmed by the reduction in 
PAS-positive cells (typical of mucus cell metaplasia) and by the absence of peribronchial 
and perivascular inflammatory infiltrates in mice treated with Gal-3 [27]. However, these 
findings might not represent the effect of endogenous Gal-3, as its role in Th1/Th2 immune 
and inflammatory responses may vary according to the experimental model used to study 
allergic asthma and because the effects of exogenously administered substances can differ 
from those of endogenous ones [27]. Currently, there are no commercially available 
therapeutic agents or inhibitors specifically targeting endogenous Gal-3. The development 
of selective inhibitors is challenging due to the weak protein–carbohydrate interactions 
and the extensive sequence similarity in the carbohydrate recognition domain (CRD) of 
galectins. Nevertheless, there have been advancements in the development of selective 
Gal-3 antagonists or inhibitors effective in mitigating lung fibrosis, currently undergoing 
preclinical or phase I testing [72]. 

Another interesting aspect of the immune-modulation led by Gal-3 is related to its 
relationship with suppressor of cytokine signaling (SOCS), a family of proteins which 
regulates cytokine action and immune crosstalk of complex signal network mechanisms, 
thereby influencing the Th1/Th2 balance [73]. Mice treated with Gal-3 gene therapy 
exhibited a marked downregulation of SOCS1 and SOCS3, resulting in lower levels of IL-
10 and TGF-β [74]. These findings imply that downregulation of SOCS1 and 3 by Gal-3 
treatment might represent a promising therapeutic strategy for allergic diseases. 

As seen in several murine models, Gal-3 can influence the Th1/Th2 balance, as it is 
directly connected to allergic and eosinophilic inflammation [28]. However, it is well 
known that approximately 50% of asthma cases are not Th2-mediated. Gao and colleagues 
[28] highlighted how patients with neutrophilic asthma, defined by neutrophils ≥61% in 
sputum samples, had lower levels of Gal-3 than patients with paucigranulocytic (sputum 
eosinophils ≤ 3% and neutrophils < 61%) or eosinophilic (sputum eosinophils ≥3%) 
asthma. Moreover, patients with neutrophilic asthma also showed increased levels of Gal-
3 binding protein (Gal-3BP), which can decrease Gal-3 activity and Th2 inflammation [28]. 
Considering the role of Gal-3 in enhancing macrophage-mediated apoptotic neutrophils 
clearance [29], it has been hypothesized that Gal-3/Gal-3BP could lead to an impaired 
ability of leukocytes to remove apoptotic neutrophils, thereby promoting inflammation 
persistence [28]. 

Gal-3 has also been addressed as a robust biomarker for severe asthma biologic 
treatment response. This protein has been identified as a valuable predictor of clinical and 
functional improvement in patients receiving up to 3 years of anti-IgE therapy [18]. 
Proteomic analysis has revealed that baseline Gal-3 levels in bronchial samples are 
indicative of a positive response to omalizumab on airway remodeling, probably due to 
the interaction of Gal-3 with the complex high-affinity cell-surface receptor for the Fc 
region of antigen-specific IgE molecules (IgE–FcεR1), which is believed to cause its 
dissociation and a better response to anti-IgE treatment [30]. Similarly, in the PROXIMA 
study, a multicenter, single-arm, observational study conducted in 25 Italian centers, 
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patients with baseline serum Gal-3 concentrations ≥ 11 ng/mL had a higher likelihood of 
being a super responder or a functional responder after a 12-month course of anti-IgE 
treatment [31]. 

In conclusion, Gal-3 is involved in many pivotal aspects of asthma pathophysiology 
such as allergic response, eosinophils activation, and non-Th2 inflammation. For this 
reason, Gal-3 can be considered a promising biomarker for asthma diagnosis and 
monitoring over time. 

3. Galectin-9 
Galectin-9 (Gal-9) is expressed in different cells associated with the immune system, 

having a role in both innate and adaptive immunity by regulating cell proliferation, 
differentiation, cellular signaling, RNA splicing, apoptosis, and cellular motility [72]. Gal-
9 express its role in physiologic and pathologic conditions, as demonstrated by its higher 
blood concentrations in acute and chronic infectious disease [75]. Gal-9 has a role also in 
macrophage polarization (M1-type and M2-type) in several stages of an inflammatory 
response, with increased levels of Gal-9 inducing TGF-β, IL-10, and signal transducer and 
activator of transcription 3 (STAT3) production after M2-type macrophages 
differentiation. Moreover, lower levels of Gal-9 in macrophages are associated with a 
marked expression of TNF-α, IL-6, STAT1, and NF-κβ genes, which are directly related to 
M1-type macrophages activity [32]. 

The role of Gal-9 in viral respiratory infection and asthma exacerbation has been 
investigated in a study evaluating the possible preventive effect of this protein on airway 
hyperresponsiveness in a murine model of antigen-induced asthma. Katoh et al analyzed 
the inflammation of BAL of mice with antigen-induced chronic asthma challenged with 
the administration of synthetic dsRNA and polyinosinic-polycytidylic acid (PolyIC) to 
replicate the effect of a virus infection. The results showed that Gal-9 administration leads 
to a significant reduction in airway inflammation obtained by the suppression of PolyIC 
and the production of specific cytokine cluster including TNF-α, regulated upon 
activation, normal T cell expressed and presumably secreted (RANTES) and interferon 
gamma-induced protein 10 (IP-10) [33]. On the other hand, chronic models of asthma 
developed on guinea pigs revealed that Gal-9 has a chemoattractant function for 
eosinophils, influencing eosinophil peroxidase (EPO) release and T lymphocytes 
apoptosis in the sensitized mice group [34]. Interestingly, in murine models of allergic 
asthma, Gal-9 showed a pivotal role in Th2 inflammation with several molecular 
mechanisms. In fact, Gal-9 can bind CD44, a glycosylated adhesion molecule highly 
expressed on many human cells and involved in lymphocytes migration and airway 
hyperresponsiveness (AHR) development in asthma [35,76]. Gal-9 can inhibit CD44 
interaction with hyaluronan (HA), decreasing lymphocytes and eosinophils airway 
migration. As a direct consequence, Gal-9 can also reduce AHR by modulating the CD44-
dependent leukocyte recognition of the extracellular matrix. Furthermore, mice treated 
with exogenous Gal-9 reduces their lung concentrations of IL-5, IL-13 and eotaxin, which 
are key elements for eosinophils migration and activation [35]. Similarly, Gal-9 
administration in a guinea pigs asthma model had a suppressing effect on eosinophils 
accumulation in lungs, due to the suppression of their CD44-dependent migration. 

Another interesting aspect regards the relationship between Gal-9 concentrations, 
mast cells degranulation, and IgE activity. In guinea pigs challenged with a 2% OVA, the 
increase in airway resistances and BAL eosinophils� concentrations were mitigated by Gal-
9 administration [36]. Moreover, in rat basophilic leukemia RBL-2H3 cells, Gal-9 
substantially reduced β-hexosaminidase (β-HEX), histamine, and leukotriene C4 
secretion. Finally, Gal-9 revealed a strong affinity for IgE, being able to inhibit IgE-antigen 
complex formation and further reducing mast-cell degranulation [36]. 

The role of exogenous administration of Gal-9 was also studied in a murine model 
reproducing allergic immunity after 5 weeks of Dermatophagoides farinae sensitization. 
After the administration of an allergen-specific sublingual immunotherapy, mice 
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receiving adjuvant Gal-9 showed an improved airway hyperresponsiveness along with a 
significant reduction in IL-5, IL-13, and IgE BAL and blood concentrations, demonstrating 
the potential role of Gal-9 as a treatable trait for both allergic and eosinophilic asthma 
inflammation [37]. Nevertheless, while exogenous administration of Gal-9 could reduce 
the recruitment and activation of eosinophils granulocytes and, consequentially, airway 
inflammation, in physiological concentrations, this protein seems to induce the 
chemotaxis of the same cells, promoting eosinophilic inflammation [34,38]. A possible 
explanation for this phenomenon could be related to a dose-dependent mechanism, with 
Gal-9 physiologic levels increasing eosinophilic inflammation while higher concentrations 
of Gal-9 suppressing their activity and chemotaxis [38]. Sziksz et al [38] also investigated 
the role of Gal-9 in airway hyperresponsiveness on a group of mice sensitized with OVA, 
addressing the increased levels of lung Gal-9 as a potential factor influencing asthma 
progression. It has been hypothesized that Gal-9 could lead to a Th1/Th2 disbalance, with 
a dominance of Th2 cytokines and a pronounced Th1 apoptosis [77]. This evidence seems 
to support the possible use of exogenous Gal-9 to limit the T-cell activity and improve 
asthma control, since Gal-9 can effectively reduce IgE-mediated mast cells degranulation, 
eosinophils chemotaxis and activation and allergic response. 

Finally, the role of Gal-9 has also been studied in patients with asthma. While cells 
from sputum samples did not reveal different levels of Gal-9 mRNA expression in 
asthmatic patients, Gal-9 surface expression on leucocytes was reduced in the presence of 
asthma, independently from atopic inflammation [39]. Interestingly, Gal-9 could also induce 
IL-10 production from mononuclear cells, confirming the role of this protein in non-Th2 
inflammation development as well [39]. These effects on Th2 and non-Th2 inflammation, 
along with the impact on AHR, could make Gal-9 a suitable biomarker for asthma 
management, as well as a possible target for future personalized therapeutic approaches 
[40,78]. 

4. Galectin-10 
Galectin-10 (Gal-10) is highly expressed in human eosinophils but has also been 

identified in basophils, macrophages, and T lymphocytes [41,79]. Differently from other 
proteins, Gal-10 is not stored in eosinophils� primary granules nor secreted via classic 
degranulation processes [42,80], but it has higher cytosolic concentrations, being also 
present in eosinophils� nucleus and cellular membrane fragments [81,82]. These findings 
would suggest many possible roles of Gal-10 in nuclear translation/transcription 
processes, cytoplasmic transport, and cell-to-cell interaction. Human Gal-10 contains a 
not-glycosylated CRD, which allows for its crystallization when reaching specific 
concentrations [79]. In fact, Gal-10 can spontaneously form the Charcot–Leyden crystals 
(CLCs), hexagonal and bipyramidal colorless structures first described in 1853 by Jean-
Martin Charcot in spleen and heart samples of leukemia patients [17]. Later, in 1996, Dyer 
et al demonstrated that the primary structure of CLCs highly resemble Gal-1 and Gal-3 
[83], allowing for the classification of CLCs among the galectin family. However, the 
extracellular crystallization of Gal-10 is still not completely understood due to the lack of 
an equivalent rodent model for this protein. Nevertheless, the administration of CLCs in 
mice can induce monocyte/macrophages, dendritic cells, and neutrophils proliferation via 
TNF-α, IL-1β, and IL-6 production [43]. Interestingly, while molecules like lactose or 
galactose can induce the development of CLCs through an electrostatic potential shift 
during Gal-10 dimerization [44], Glutathione appears to inhibit the formation of CLCs in 
animal models, binding the CRD of CLCs and preventing Gal-10 crystallization [45]. 
However, apart from its release after crystallization, Gal-10 can also form eosinophil 
extracellular traps (EETs) along with histone-rich DNA and other cytoplasmic proteins 
from secondary granules, being secreted by active eosinophils or after their cytolysis 
(ETosis) [84,85]. As reported by Yoshimura and colleagues [46], Gal-10 is hyperrepressed 
in chronic rhinosinusitis with nasal polyposis (CRwNP) extracellular vesicles (EVs) and 
can participate in the ETosis process. Moreover, ETosis also characterizes eosinophilic 
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granulomatosis with polyangiitis (EGPA), where Gal-10 EETs can cause small vessels 
damage and platelets aggregation [86]. Moreover, after thymic stromal lymphopoietin 
(TSLP) and/or IL-5 stimulation, Gal-10 released with EETs can induce synapses 
development between eosinophils and CD4+/CD8+ lymphocytes, probably promoting 
their suppression [47]. 

CLCs have been identified in several diseases linked to eosinophilic inflammation 
such as celiac disease [87], hypereosinophilic syndrome [88] and Aspergillus diseases [89]. 
CLCs are also highly expressed in EGPA and closely related to disease severity, vascular 
damage and IL-5 serum concentrations [90]. Gal-10 also appears to have a role in the 
development of seasonal allergic rhinitis in pediatric patients, especially considering its 
relationship with IL-5 production and Th2 inflammation [48]. Moreover, the gene 
expression of CLCs is closely related to total IgE serum concentrations, which are also a 
powerful trigger for eosinophils activation binding FcεRII receptor [49]. 

Compared to Gal-3 and Gal-9, which can suppress Th-2 inflammation at higher 
concentrations, Gal-10 shows an opposite behavior, being strongly associated with blood 
and sputum eosinophilia [50], IL-5 secretion [49,90], and IgE production [49]. Despite the 
apparent contradiction, a possible explanation could be found in the relationship between 
CLCs and macrophages activation. Gal-10 can induce IL-1β production and secretion after 
the phagocytosis of CLCs by macrophages, which can promote and sustain Th2 
inflammation [51]. IL-1β release seems to be secondary to NOD-, LRR-, and pyrin domain-
containing protein 3 (NLRP3) inflammasome activation, which can be promoted in vivo 
by CLCs without a priming process [51]. 

Considering how Gal-10 modulates Th2 inflammation, several studies have 
investigated the possible role of this biomarker in bronchial asthma. Baines and colleagues 
[19], after the analysis of 6 signature sputum genes, reported an increased CLC gene 
expression in patients with eosinophilic asthma, while inhaled fluticasone administration 
led to a significant reduction in Gal-10 production. In this study, the use of azithromycin 
was associated with a reduction in asthma exacerbation rate without affecting the 
predictive ability of the studied genes, underscoring the possible clinical utility of sputum 
analysis of these biomarkers [19]. Interestingly, this 6-genes signature model has also 
shown good reliability discriminating eosinophilic, non-eosinophilic and 
paucigranulocytic asthma endotypes as well as clinically significant improvements in 
forced expiratory volume in 1 second (FEV1), asthma control questionnaire (ACQ) and 
FeNO values after inhaled fluticasone administration [19]. 

A significant response to treatment has also been described after anti-IL5 monoclonal 
antibody administration since serum Gal-10 significantly and rapidly decreases 4 weeks 
after the initial injection of mepolizumab 100 mg [52]. Moreover, other independent cohorts 
reported the overexpression of Gal-10 mRNA in patients with aspirin-induced asthma 
[53,91], suggesting a potential role of this protein in aspirin-induced respiratory diseases. 

The clinical role of CLCs� evaluation has also been studied considering the presence 
of Gal-10 in extracellular vesicles (EVs). In patients with eosinophilic asthma, EVs 
containing Gal-10 revealed a higher diagnostic correlation with blood eosinophilic count 
compared to EPO EVs concentrations [46]. Furthermore, Gal-10 EVs levels had the 
strongest correlation with mucus score, FEV1 and bronchial wall thickening, with a 
consistent expression of Gal-10 not only in EVs but also in bronchial tissue [46]. 

Finally, Gal-10 can also play a major role in mucus production. In patients with Th2 
asthma, CLCs correlate with sputum eosinophils [50], which are known to be a crucial 
element for mucus plug development [92]. Furthermore, in rodent model reproducing 
allergic asthma, exogenous administration of crystallized Gal-10 could induce MUC5A 
gene expression, promoting mucus formation and mucus plugs deposition in small 
airways [93]. CLCs may also modify mucus rheologic features through their CRD, which 
can provide more structure and tenacity to respiratory secretions, increasing mucus plugs 
development [94]. This aspect has also been studied in the context of a Th1 inflammation 
where, in murine models, CLCs can induce TNF-α, IL-1β and IL-6 production, causing 
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neutrophils, macrophages and dendritic cells proliferation [43]. Similarly, in patients with 
CRwNP, recombinant CLCs� administration induces serum IL-1, IL-6 and TNF-α release 
and neutrophilic extracellular traps (NETs) development [54], which can increase mucus 
viscoelasticity and cause airway mucus obstruction [95]. Therefore, the abundance of 
CLCs in mucus plugs could empower both Th1 and Th2 inflammation, resulting in even 
more mucus production and feeding a vicious circle which can worsen asthma and 
CRwNP management [93]. 

5. Other Galectins 
While Gal-3, Gal-9, and Gal-10 have been more extensively studied, there are other 

isoforms, like galectin-1 (Gal-1), galectin-7 (Gal-7), and galectin-13 (Gal-13), with less 
available data in scientific literature. For this reason, we gathered the main findings 
regarding these galectins in this specific section. 

5.1. Galectin-1 
Gal-1 plays a pivotal role in different phases of the inflammatory response, having 

immunosuppressive effects after its administration in animal models simulating 
inflammatory diseases [55,56]. Gal-1 also participate in the shift from a CD4+ T cell 
response towards the Th2 and Treg cells subsets. Yakushina et al investigated in vitro the 
effects of Gal-1 on mRNA expression levels of T-box transcription factor (TBX21), GATA-
binding protein 3 (GATA3), forkhead box P3 (FOXP3) and RAR-related orphan receptor 
C (RORC), which drive CD4+ T cell differentiation into Th1, Th2, Treg and Th17 
lymphocytes [57]. Interestingly, Gal-1 reduces TBX21 and RORC expression, increasing 
GATA-3-FOXP3 transcription and tilting the balance of Th1 lymphocytes differentiation 
to Th2 and Treg cells. These findings confirmed Gal-1 involvement in Th2 inflammation 
development, highlighting its possible role in asthma pathophysiology [57]. In fact, 
patients with asthma have lower sputum mRNA levels for Gal-1 and Gal-3 compared to 
healthy subjects (p = 0.08 and p < 0.05, respectively), as well as a lower expression of Gal-
1 and Gal-9 on [39]. Differently, Gal-3 was also expressed on neutrophils� membrane 
independently from the presence of an atopic trait. Interestingly, after the monocytes 
stimulation with lipopolysaccharide (LPS), the presence of Gal-1 induces a sustained 
production of IL-10, which is a known cytokine for the downregulation of Th2 
inflammatory response [39]. 

Following these findings, the role of Gal-1 in allergic airway inflammation has been 
further explored in a study on a mouse model of allergic asthma [58]. Exposure to OVA 
led to an increased Gal-1 expression on airway epithelial cells, smooth muscle cells, 
endothelial cells, inflammatory cells and in the extracellular space compared to the control 
population. Additionally, the expression of cell-surface glycans on murine eosinophils 
allowed for Gal-1 binding, causing the reduction in eosinophils chemotaxis and, at 
concentrations ≥1.0 µM, inducing eosinophils apoptosis [58]. Finally, Gal-1 can also inhibit 
platelet-derived growth factor BB (PDGF-BB) and, consequentially, the proliferation and 
migration of airway smooth muscle cell. Data from in vitro analysis suggest that this effect 
could probably rely on the inactivation of the phosphatidylinositol 3-kinase(PI3K)-Akt 
(PI3K/Akt) signaling pathway, which is obtained at high concentrations of Gal-1 [59]. 
Considering these findings, Gal-1 production seems to exhibit a dual role in patients with 
asthma, promoting lung inflammation but also decreasing airway smooth cells activity. 
However, eosinophils depletion after Gal-1 binding to eosinophilic membrane glycans in 
sensitized mice [58] as well as IL-10 production after LPS exposure [39] would suggest a 
specific role for Gal-1 in the orchestration of Th2 inflammation in patients with asthma, 
which should be further explored in future studies. 
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5.2. Galectin-7 
Gal-7 is involved in apoptosis and in cells proliferation, differentiation, adhesion and 

migration. In mice, the overexpression of Gal-7 was linked to the development of 
abnormal airway structures (thin an altered epithelium) in embryos and after birth, 
suggesting that this protein is involved in the architectural airway defects related to 
asthma development [60]. The effects of Gal-7 on airway epithelial barrier were also 
described on transgenic murine models, where Gal-7 overexpression led to a reduction in 
pseudostratified columnar ciliated epithelium and to an increase in monolayer cells with 
irregular intercellular spaces aspects [61]. Moreover, cell junctions were altered as well, 
being more susceptible to critical damage when exposed to respiratory syncytial virus 
(RSV) or OVA [61]. Finally, Gal-7 inhibition is proven to reduce TGF-β1-induced apoptosis 
of human bronchial epithelial cell through the inhibition of the Jun N-terminal kinase (JNK) 
pathway [62]. 

5.3. Galectin-13 
Gal-13 is a member of the lectin family that does not exist in non-human species, with 

an important research limitation due to the lack of a reliable animal model. Nevertheless, 
it is known that Gal-13 contributes to asthma inflammation, as proven by a study 
conducted on 54 subjects with asthma showing significantly higher level of Gal-13 
transcript in bronchial brushing [63]. Moreover, immunohistochemical staining on airway 
biopsy revealed that Gal-13 is mainly localized in epithelial cells and submucosal gland 
cells in asthmatic patients, which would suggest its potential role in epithelial barrier 
signaling and mucus production [63]. 

Levels of epithelial Gal-13 were also confronted with the sputum and blood 
eosinophilic count, with the number of eosinophils in bronchial submucosa and with FeNO 
levels, with a sensitive correlation between Gal-13 concentrations and eosinophils activity 
[63]. Exploring the mechanism by which Gal-13 participates in airway eosinophilic 
inflammation, Lingling et al. found that a possible answer is the promoting action of this 
protein on the expression of monocyte chemotactic protein (MCP-1) and eotaxin-1 in 
airway epithelial cells. Moreover, preliminary data suggest that Gal-13 serum levels could 
predict bronchial responses to inhaled corticosteroids therapy [63]. Future studies could 
better address the role and the potential of Gal-13 in the diagnosis and follow-up for 
bronchial asthma. 

6. Summary 
Galectins represents a heterogeneous class of proteins with pleiotropic functions on 

many aspects of immune response, cellular proliferation, and genes expression. In 
patients with asthma, many galectins promote Th2 inflammation and eosinophils 
activation, with several potential repercussions on airway hyperresponsiveness, mucus 
production, and bronchial remodeling (See Figure 2). Furthermore, some of these glycan-
binding proteins can activate Th1 response in specific contexts, generating many complex 
interactions in innate and adaptive immune response. 

Despite the current evidence, many aspects of galectins� roles are still poorly 
understood. A considerable part of our knowledge regarding their function has been 
obtained from animal models, limiting the interpretability of the available information. 
Moreover, for Gal-10 and Gal-13, the absence of their endogenous expression in animal 
models further limits our research potential, leaving fewer opportunities for a deeper 
understanding of which pathophysiological mechanisms are sustained by these proteins. 
Finally, many facets of the use of galectins in everyday clinical practice are still to be 
explored, as there is very little evidence on their possible use as biomarkers in asthma 
diagnosis and long-term management. This aspect could be of major interest in future 
research, especially considering the recent advances in asthma treatment with monoclonal 
antibodies. To date, there are only a few studies describing the predictive power of 
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galectins after ICS or biologics (omalizumab, mepolizumab) treatment [19,52], so many 
aspects concerning their relationship with ICS escalation/de-escalation [96] and biologics 
administration/switch [97] remain poorly understood. Moreover, considering the role of 
some galectins (Gal-3, Gal-9, Gal-10) on both Th1 and Th2 inflammation, it would be 
interesting to investigate whether these proteins could reliably be used in the presence of 
asthma and Th1-driven comorbidities such as respiratory infections or bronchiectasis [98]. 

 
Figure 2. Galectins� role in main aspects of asthma pathophysiology. AHR: Airway hyperresponsiveness. 

7. Conclusions 
Galectins appear to be involved in many aspects of asthma development, 

representing a valuable biomarker for the assessment of disease pathophysiology and 
treatment success. Future prospective studies should specifically evaluate the relationship 
between galectins and main asthma clinical and functional outcomes, also focusing on 
galectins� impact on those pivotal asthma features which have been less extensively 
characterized, such as airway responsiveness and remodeling. 
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