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SUMMARY

The study aims to examine existing literature and 
highlight the significance of surfactants as a factor 
in pathogenesis and a potential therapeutic target in 
bronchial asthma.  A systematic search is conducted in 
Scopus, Web of Science, and PubMed/Medline, utilizing 
specific keywords related to surfactants and bronchial 
asthma.  The findings demonstrate that surfactants, a 
unique mixture of lipids and proteins, play a crucial role 
in the mechanisms of innate and adaptive immunity in 
the lungs.  They act as a mechanical barrier, modulate 
inflammatory responses, and interact with pathogens.  
Changes in surfactant composition and levels have 
been associated with various lung diseases, including 
bronchial asthma.  Deficiency or dysregulation of 
surfactants may contribute to the development and 

severity of the disease.  The findings suggest that 
optimizing surfactant function or utilizing exogenous 
surfactant therapy may have potential benefits in 
managing bronchial asthma.

Keywords: Surfactants, bronchial asthma, 
pathogenesis, immunomodulation, pathophysiology.

RESUMEN

El propósito del estudio es examinar la literatura 
existente y resaltar la importancia de los tensoactivos 
como un factor en la patogénesis y un objetivo 
terapéutico potencial en el asma bronquial.  Se 
realiza una búsqueda sistemática en Scopus, Web 
of Science y PubMed / Medline, utilizando palabras 
clave específicas relacionadas con surfactantes y 
asma bronquial.  Los hallazgos demuestran que los 
tensoactivos, que son una mezcla única de lípidos 
y proteínas, desempeñan un papel crucial en los 
mecanismos de inmunidad innata y adaptativa en 
los pulmones.  Actúan como una barrera mecánica, 
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modulan las respuestas inflamatorias e interactúan con 
los patógenos.  Los cambios en la composición y los 
niveles de tensoactivo se han asociado con diversas 
enfermedades pulmonares, incluido el asma bronquial.  
La deficiencia o desregulación de tensoactivos puede 
contribuir al desarrollo y la gravedad de la enfermedad.  
Los hallazgos sugieren que la optimización de la 
función del surfactante o la utilización de terapia 
con surfactante exógeno pueden tener beneficios 
potenciales en el manejo del asma bronquial.

Palabras clave: Surfactantes, asma bronquial, 
patogénesis, inmunomodulación, fisiopatología.

INTRODUCTION

Bronchial asthma (BA) (J45) is one of the 
most prevalent chronic diseases, which defines 
its importance for public health primarily in 
developed countries (1,2).  BA is estimated 
to affect more than 300 million people 
worldwide (3), is diagnosed in both children 
and adults, and is much more common in urban 
populations and high-income countries (4-6).

Globally, BA affects 11.7 % of children aged 
6 to 7 and 14.1 % of children aged 13 to 14 (6,7).  
In the national study Epidemiology of Allergic 
Diseases in Poland (ECAP), allergy symptoms 
were found in 40 % of children aged 6-7 and 43 % 
of children aged 13-14, and BA in 4.4 and 6.5 %, 
respectively (7).  A survey of schoolchildren aged 
13-16 revealed that BA prevalence was 9.7 % (8).

Severe forms of BA in children provoke 
delayed consequences for health in adulthood.  
Analysis of longitudinal studies suggests that 
childhood BA predisposes to the development 
of chronic obstructive pulmonary disease in 
adults (5,9).  Optimization of BA treatment in 
children, including its severe forms, would reduce 
the likelihood of the described adverse health 
effects (10,11).

The condition of patients with severe BA 
is challenging to control despite the daily use 
of high doses of inhaled corticosteroids and 
additional treatment, which may encompass 
oral medications (12), allergy management (13), 
biologic therapies for refractory cases (14), and 
lifestyle adjustments to minimize triggers (5,15).  

Some experts believe BA to be not a separate 
nosologic unit, most likely, but a heterogeneous 

category of pathologic conditions.  The 
pathogenesis of asthma involves various immune 
cells (mast cells, eosinophils, neutrophils, 
innate lymphoid cells), structural elements of 
lung tissue (epithelial cells, vessels, nerves), 
as well as cytokines/mediators released during 
inflammatory processes (10,15,16).

The complexity of BA pathogenesis and 
the instability of response to treatment further 
emphasize the need for continued research to 
clarify the pathogenesis and search for new 
therapeutic targets in this disease.  A promising 
direction in the study of BA pathogenesis is 
analyzing the role of surfactants, changes in 
the state of which are considered an aspect of 
the pathogenesis and diagnosis of the disease, 
as well as a potential therapeutic target (17-
19).  To date, the positive effect of surfactants 
has been established in several diseases and 
pathological conditions of the respiratory system, 
which is believed to be due to their protective 
properties (20,21).

The research goal in the present paper is 
to analyze scientific findings on the role of 
surfactants as a factor in pathogenesis and a 
therapeutic target in BA.

METHODS

Criteria for the search and selection of literature

A systematic review of the role of surfactants 
in BA employed the following specific criteria 
for the search and selection of relevant literature:

Studies focused on investigating the role of 
surfactants in BA.

Research articles exploring the pathogenesis, 
diagnosis, or therapeutic targets related to 
surfactants in BA.

Search strategy

To identify relevant literature, a systematic 
search was conducted using various electronic 
databases, including Scopus, Web of Science, and 
PubMed/Medline.  The search strategy involved 
the utilization of specific keywords and terms 
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related to BA and surfactants.  The keywords 
were selected based on their relevance and 
significance within the Medical Subject Headers 
(MeSH) terminology.

The search strategy included combinations of 
keywords such as “surfactant”, “lung surfactant”, 
“bronchial asthma”, “asthma pathogenesis”, and 
“asthma treatment.” The Boolean operators (e.g., 
AND, OR) were employed to refine the search 
and capture articles that addressed the intersection 
of surfactants and BA.

Surfactants: general information on structure 
and function

Pulmonary surfactants are a unique mixture 
of lipids and proteins that create a layer 
between tissue fluid and inhaled air over the 
entire surface of pulmonary alveoli (18,21,22).  
Initially, surfactants were assumed to perform 
a purely physical (biomechanical) function.  
However, recent studies have shown that they 
play an important role in innate and acquired 
lung immunity mechanisms because of their 
immunomodulatory properties.  In addition, 
surfactants are involved in the pathogenesis 
of various lung diseases, particularly acute 
respiratory distress syndrome (RDS), idiopathic 
pulmonary fibrosis, and pneumonia (23,24).

Studies have confirmed the potential role of 
surfactants in the pathophysiologic mechanisms 
of BA development and progression.  Respiratory 
epithelium is considered one of the critical 
regulators of initiating and maintaining the 
immune response because these cells are in direct 
contact with environmental factors (15,25).  As 
a first-line barrier, the respiratory epithelium 
not only expresses antigen pattern recognition 
receptors but also secretes a wide range of 
bioactive substances with different functions, 
including enzymes, mucins, surfactants, and 
cytokines (26).

It has been established that changes in the 
amount of surfactant in the fluid obtained 
by bronchoalveolar lavage are associated 
with various lung diseases, including BA.  
The significant role of surfactant changes in 
the amount and composition of developing 
eosinophilic asthma has also been confirmed (15).

Surfactants comprise about 90 % lipids and 
10 % proteins, which alveolar epithelial cells 
(pneumocytes) synthesize.  These cells have 
many endoplasmic reticulum and lamellar 
bodies, specialized organelles that accumulate 
surfactant.  Lipids and proteins are mixed, 
transported, secreted, and recirculated in the 
alveolar space (27).  Surfactants also include 
the so-called highly dynamic molecules that 
enable frequent compression and stretching of 
the surfaces that the surfactants cover (28).

There are two types of surfactant-specific 
proteins: hydrophilic (surfactant protein (SP)-A 
and SP-D) and hydrophobic (SP-B, SP-C).  
Hydrophilic surfactants play an important role 
by helping to reduce surface tension in the 
alveoli, whereas hydrophobic surfactants are 
involved in immune defense mechanisms in 
the alveolar space (29,30).  SP-A and SP-D 
belong to a subgroup of mammalian lectins 
called «collectins» or «C-type lectins.» These 
lectins consist of oligomers with carbohydrate 
recognition domains at the C-terminus and 
collagen-like domains at the N-terminus.  
Recently, two novel surfactant proteins, SP-G 
and SP-H, have been identified in the lungs (29).

SP-B and SP-C are small proteins encoded by 
separate genes on the 2nd and 8th chromosome, 
respectively (30).  SP-A and SP-D are structurally 
related multimeric proteins encoded by a 
multigene family located on the 10th chromosome 
next to other members of the collectin family (31).  
Secreted SP-A is an octadecamer with six trimeric 
subunits, and secreted SP-D is a dodecamer with 
four trimeric subunits.  Although the degree 
of multimerization of surfactants varies in 
different animal species and even in individual 
representatives of the same species, all collectins 
form multimers, which increases their affinity 
for pathogens and immune cells (32).  Among 
collections, SP-D has the most extensive and 
flexible collagen domain interacting with various 
pathogens.

Role of surfactants in immunomodulation

Normal immune system functioning implies 
an adequate response to pathogenic molecules 
with no response to harmless substances.  
Innate immunity provides the defense of the 
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host organism at the initial stages of infection, 
after which the adaptive immune response is 
activated (33).  SP-A and SP-D have been found 
to play an important role in maintaining immune 
balance (34).  Increased expression of SP-A 
and SP-D is associated with a lower frequency 
and severity of allergic reactions.  In contrast, 
surfactant deficiency enhances allergic immune 
responses, indicating these molecules’ potential 
role in preventing BA development (18).  It 
is believed that the most important role in the 
pathogenesis of BA is played precisely by SP-A 
and SP-D (35).

Pulmonary surfactants implement and 
regulate lung defense mechanisms, acting as 
a mechanical barrier to various environmental 
factors by removing pathogens and modulating 
inflammatory responses.  Lipid homeostasis 
is effectively regulated under physiological 
conditions.  Still, their metabolism can be 
disturbed by oxidation, proteolytic degradation, 
and inhibition of surfactants, leading to the 
development of respiratory diseases and 
respiratory failure, which is correlated with an 
increased mortality rate (34).

Deficiency of surfactants (especially SP-D) 
is a factor in the activation of type II airway 
inflammation in BA due to the activation 
of immune cells (primarily eosinophils and 
lymphocytes) and impaired regulation of 
the interaction between immune cells and 
epithelium (15).

Role of surfactants in the pathogenesis of BA and 
obstructive lung diseases

SP-A and SP-D function as pattern-recognition 
receptors and bind to viruses, bacteria, and fungi, 
facilitating their phagocytosis.  The association 
between viral infections and exacerbations of 
BA is now considered proven (36).  Human 
rhinovirus, respiratory syncytial virus, and 
influenza A virus are the primary pathogens 
associated with the risk of development or 
exacerbation of BA (37,38).  The severity of such 
aggravations primarily results from the absence 
of etiotropic antiviral therapy.

Surfactants facilitate more efficient and rapid 
viral clearance due to the functioning of the 
carbohydrate-recognizing domain (CRD) (39).  

Recently, it has been shown that some coronavirus 
strains can exacerbate BA, with the coronavirus 
glycoprotein being recognized explicitly by 
SP-D (40).

Bacterial infections also increase the likelihood 
of asthma exacerbation.  Such pathogens as 
Streptococcus pneumoniae, Haemophilus 
influenzae, and Moraxella catarrhalis are risk 
factors for a more severe course of respiratory 
diseases and exacerbations of BA (41).  SP-A and 
SP-D bind to S.  pneumoniae cell wall components 
(including lipoteichoic acid and peptidoglycan) 
through the CRD.  These surfactants were shown 
to play an important part in implementing the 
innate immune response during H—influenzae 
infections (42).

SP-A and SP-D are believed to recognize 
most Gram-negative bacteria by their 
lipopolysaccharide.  It has been demonstrated 
that surfactants can interact with Escherichia 
coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and Staphylococcus aureus (36).

The relationship between sensitization to fungi 
and the severity of BA has been corroborated by 
skin tests for hypersensitivity to Alternaria tenuis, 
Cladosporium cladosporoides, Helminthosorium 
maydis, and Epicoccum nigrum.  In addition, 
allergic bronchopulmonary aspergillosis due 
to the colonization of the respiratory tract by 
Aspergillus fumigatus may occur in BA patients 
in the presence of susceptibility (43).

SP-A and SP-D bind to A.  fumigatus, 
increasing phagocytosis by alveolar macrophages 
and neutrophils.  SP-D has also been shown 
to inhibit the adhesion of A.  fumigatus to the 
epithelial surface (44).

As new data become available, the role of 
surfactants in the modulation of immune responses 
is becoming increasingly clear.  Eosinophilia in 
blood or sputum is usually found in a more severe 
course of BA with less effective therapy and a 
less favorable prognosis (45).

SP-A suppresses the production of interleukin 
(IL)-8 by eosinophils (46).  There are various 
assumptions regarding the function of eosinophils; 
recent studies have confirmed the important 
role of eosinophil extracellular traps (EETs) 
in developing type II inflammation in severe 
eosinophilic asthma (36).  Eosinophil granule 
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proteins (an eosinophil-derived neurotoxin) 
abundantly present in EETs may be one of the 
factors responsible for the severity of the course 
of BA and lung function impairment (47).  SP-D 
directly binds to the membrane of eosinophils, 
preventing the formation of EETs.  This process 
depends on the concentration of SP-D and the 
presence of carbohydrates (48).

The critical role of SP-D in BA (negative 
regulatory feedback) was confirmed in a study 
that found that in patients with aspirin-induced 
exacerbation of respiratory disease, SP-D 
deficiency causes activation of eosinophil-
mediated inflammation and promotes airway 
remodeling (15).

The proliferation and activation of lymphocytes 
play a decisive role in the induction of the 
adaptive immune response in BA.  T-lymphocytes 
release IL-5, which induces the differentiation, 
recruitment, activation, and functional activity of 
eosinophils (49), while the activity of lymphocytes 
is suppressed by SP-A and SP-D (50).

Surfactants have also been found to inhibit the 
ability of lymphocytes to produce Interleukin-2 
(IL-2) (51), a key cytokine involved in the 
induction of the allergic response.  A significant 
increase in IL-13 concentration has been 
found to occur with SP-A or SP-D deficiency, 
resulting in the hyperplasia of goblet cells, 
localized hyperactivity phenomena, and tissue 
remodeling (52).  In addition, SP-A and SP-D 
dose-dependently inhibit the proliferation 
of lymphocytes in response to dust mite 
allergens (53).

Potential therapeutic uses of surfactants

Surfactant replacement therapy is a relatively 
new approach to treating patients with surfactant 
deficiency.  The first attempt to use exogenous 
surfactant in RDS in premature infants was made 
in the 1960s, achieving a decrease in mortality, 
the incidence of air leak syndrome, and the risk of 
chronic lung disease (53).  In addition, surfactant 
therapy has been effective in neonatal pneumonia, 
children with acute lung injury (ALI), and acute 
RDS (ARDS).  In contrast, surfactant therapy in 
adults with ALI or ARDS has not been proven 
effective in this cohort (54).

The lack of effect in adults may be attributed to 
the inability of surfactants to significantly affect 
the mechanisms underlying the pathogenesis of 
ALI and ARDS in these categories of patients.  
Several studies on surfactant therapy for ARDS 
in neonates have since been conducted, but the 
efficacy of surfactants in asthma has not been 
evaluated.  It is assumed that the development 
of surfactants as drugs may become the basis 
for a promising method for treating asthma in 
children but not in adults.

It has been proposed to employ biological 
(bovine and porcine) and synthetic (protein-
free) surfactants.  Biological surfactants 
have several limitations, including the risk of 
adverse events, high cost, and the instability 
of the product’s properties.  The limitations of 
biological surfactants have created the need to 
develop synthetic surfactants free of the above 
disadvantages.  Thus, a 3rd generation surfactant 
(CHF5633) was developed, which has shown 
promising results in evaluating the efficacy of 
RDS therapy (55,56).

The obtained evidence indicates that synthetic 
surfactants are potentially more effective than 
biological ones.  In addition to developing 
commercially available surfactants, one of the 
research directions may also be the study of 
factors influencing the endogenous or exogenous 
production of these biologically active substances 
(58).  Antenatal corticosteroid therapy can induce 
the production of surfactants by activating the 
maturation of alveolar epithelial cells.

Nintedanib is a drug capable of modulating 
surfactant production (58).  Although it was 
initially developed for a different purpose and 
was not intended for the treatment of BA, its 
administration could potentially provide a new 
approach to surfactant replacement therapy, 
especially in patients with severe eosinophilic 
asthma suffering from frequent respiratory 
infections and exacerbations of BA (58).

Surfactant therapy is fraught with several 
unresolved clinical problems and limitations.  
Surfactants are usually administered through an 
endotracheal/laryngeal tube or nebulizer, which 
can cause mechanical damage to the airway.  
Positive pressure during artificial ventilation 
can cause interstitial lung injury.  Furthermore, 
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there is a continuing risk of immune response 
to animal proteins and infectious complications 
from therapy with biological surfactants (53,54).  
Nevertheless, if these limitations are overcome, 
surfactant therapy is expected to become an 
advanced method for treating various lung 
diseases in the future.

CONCLUSION

BA is a chronic respiratory disease with 
both immediate and long-term adverse effects, 
including death and irreversible disability.  The 
clinical and socioeconomic significance of BA is 
relatively high.  The importance of the problem 
is due to the increasing prevalence of the disease 
and respiratory symptoms and the need to assess 
the impact of various factors in the development 
and progression of these pathologic conditions.  
Recently, surfactants have been considered one 
of the most important factors in BA pathogenesis.  
However, there is no clear consensus on their 
pathogenetic significance and the possibility of 
their use in treating BA.  Since the treatment of BA 
in children remains an urgent clinical task, further 
research into the pathophysiology of the disease 
and the search for more effective methods of its 
treatment are needed.  This research will make it 
possible to achieve a significant improvement in 
the health status of patients and, in turn, reduce 
the associated social costs, as well as improve 
the quality of life of patients suffering from BA.

The primary limitation that persists throughout 
this review is the scarcity of clinical data and 
trials evaluating the practical implementation 
of surfactant-based therapies in BA patients.  
While the in vitro and animal studies discussed 
in this review offer valuable mechanistic insights, 
translating these findings into clinically effective 
treatments for BA remains uncertain.  To bridge 
the gap between theoretical promise and clinical 
reality, rigorous clinical trials involving pediatric 
and adult BA patients are imperative.  These 
trials should explore surfactant-based therapies’ 
safety, efficacy, dosing regimens, and long-term 
outcomes.

The evidence obtained so far points to 
the prospect of developing methods for the 

therapeutic use of surfactants to achieve two 
goals: preventing and treating exacerbations 
of the disease and suppressing type II airway 
inflammation.  Further research is needed to find 
safe and effective methods for using surfactants 
and associated therapeutic targets in patients 
with BA.
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