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Summary

The diagnosis of pulmonary fibrosis represents a significant and urgent concern, particularly within the context of pediatric
practice. A review of the scientific literature reveals that pulmonary fibrosis can be a complication of bronchial asthma in
pediatric patients. Among pediatric patients, there is currently a trend towards a steady increase in the prevalence of allergic
diseases, in particular bronchial asthma. An additional crucial area of investigation is the advanced study of asthma predictors,
which include children with a history of extreme prematurity. Concurrently, prematurity and low birth weight represent risk
factors for the onset of bronchopulmonary dysplasia. A substantial body of evidence from clinical trials of uncontrolled asthma
substantiates the necessity for further investigation into the influence of additional adverse environmental factors, including
electronic smoking. Despite the growing importance of diagnosing pulmonary fibrosis in adult patients in recent years, many
questions remain regarding the relevance of this issue in pediatric patients.
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In recent years, there has been a notable increase
in the scientific community’s interest in the study of
fibrosis in adult patients. Concurrently, no literature sources
currently exist that provide information on the status of this
issue in pediatric patients. The prevalence of pulmonary
fibrosis in adults worldwide is variable, with an average of
17.4 % per 100,000. [1] The pathogenic link of pulmonary
fibrosis is represented by a structure called the extracellular
matrix, which plays a crucial role in maintaining the lung
architecture in a state of balance between synthesis and
degradation. The extracellular matrix is comprised of
a diverse array of proteins and glycoproteins, including
structural proteins (collagen and elastin), adhesive proteins
(fibronectin and tenascin), and glycosaminoglycans/
proteoglycans. The extracellular matrix of the lungs is
primarily composed of collagen fibres, which are made up
of collagen types I, Il, 111, VV and IX. These fibres provide
the lungs with flexibility and elasticity. Adhesive proteins
of the extracellular matrix, such as fibronectin and tenascin,
serve as ligands for cell adhesion receptors. Meanwhile,
glycosaminoglycans and proteoglycans represent the
primary structural components of the extracellular matrix,
forming the stroma of nearly all tissue types (2, 3). In
physiological conditions, proteins provide structural and
mechanical support for lung tissue, thereby establishing the
foundation for normal cellular activities, including adhesion,
migration, and proliferation. However, in pathological
conditions, they become one of the contributing factors
to the initiation and progression of fibrosis in lung tissue.
This conclusion is supported by several experiments in
which extracellular lung matrix obtained from patients
with pulmonary fibrosis led to the differentiation of normal
fibroblasts into myofibroblasts, even in the absence of
cellular components and cytokines. Furthermore, evidence
indicates that elevated synthesis of extracellular matrix
components driven by myofibroblasts can result in reduced
elasticity, which in turn stimulates the expression of
a mechanosensitive effector protein, leading to increased
deposition of matrix components and a further decline in
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lung elasticity. This represents a key mechanism in the
fibrotic cycle. An increase in the deposition of extracellular
matrix proteins is a hallmark of irreversible changes in
lung tissue. In patients with chronic inflammatory lung
diseases, such as chronic obstructive pulmonary disease and
bronchial asthma, this can often result in the development
of pulmonary fibrosis. In the present context, the issue
of the rising prevalence of allergic diseases, particularly
bronchial asthma, represents a significant challenge in the
field of pediatric medicine. The global prevalence of asthma
among children ranges from 10 to 15 %. [6] The observed
increase in this pathology can be attributed to the influence
of various etiological factors that can precipitate the onset
of the disease at a younger age and complicate its course
during adolescence. The pathological changes observed in
the lungs of patients with asthma can be classified into two
main categories: alterations in the bronchial epithelium and
smooth muscles, and the presence of distinct signs indicative
of an asthma exacerbation, as well as subepithelial fibrosis.
The presence of pathological changes can result in bronchial
obstruction, which is reversible in the early stages of the
disease but irreversible in the later stages. [7,8].

The development of bronchial asthma is characterised
by hyperplasia and metaplasia of goblet and epithelial cells
of the bronchial epithelium, which results in an increase
in mucus production, airway thickening and bronchial
obstruction. Furthermore, in severe exacerbations of
asthma, both the large and small airways are frequently
obstructed by mucus plugs containing an admixture of
inflammatory cells, predominantly eosinophils in cases
of allergic asthma. Furthermore, mucus plug formation
is exacerbated by ciliary cell dysfunction resulting from
airway inflammation. This is evidenced by a reduction
in the frequency of ciliary cell oscillations, as well as
ciliary dyskinesia and disorientation. [9] Another factor
that contributes to airway obstruction is bronchial smooth
muscle spasms, which result in bronchoconstriction. In
physiological conditions, the bronchial smooth muscle
provides mechanical stability to the airways without the
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presence of cartilage. Nevertheless, in cases of bronchial
asthma, the threshold for smooth muscle sensitivity is
reduced following spasms and reversible airway obstruction.
[10]. Another component of the pathomorphological
changes in bronchial asthma is the accumulation of smooth
muscle cells due to their hypertrophy and hyperplasia,
which leads to airway thickening. [14]. Moreover, it is
postulated that smooth muscle cells may facilitate airway
remodeling through the secretion of proinflammatory
mediators, matrix and cell adhesion proteins, and other
stimulatory molecules, which may influence the subsequent
migration and activity of inflammatory cells. [15] The
progression of irreversible airway narrowing and the
associated increase in airway hyperresponsiveness represent
the primary factors contributing to the development of
severe asthma. Notwithstanding considerable advances
in the comprehension of the aetiology, pathogenesis and
clinical management of asthma, a proportion of patients
may exhibit severe disease and poor control. A substantial
body of evidence from clinical trials of uncontrolled asthma
substantiates the necessity for a comprehensive analysis
of the factors that contribute to the development of severe
forms. The current challenge is to control the course of the
disease and to identify risk factors for the development and
progression of asthma in pediatric patients.

In recent years, an increasing number of scientific papers
have established a correlation between the occurrence
of allergic pathology, particularly bronchial asthma,
in children with a history of extreme prematurity. The
results of a meta-analysis indicated that the prevalence of
bronchial asthma was 1.37-1.71 % higher among preterm
infants compared to full-term infants. [11] Prematurity
and low birth weight are identified as risk factors for the
development of bronchopulmonary dysplasia (BPD).
The development of this disease is associated with a high
concentration of toxic oxygen and the use of artificial lung
ventilation (ALV), which directly affect the immature lungs,
thereby contributing to the disease’s progression. [12]. It
has been observed by researchers that the utilization of
mechanical ventilation in a premature infant for a period
exceeding 10-14 days is associated with an elevated risk
of developing bronchopulmonary dysplasia. The most
common indication for supplemental oxygen is respiratory
failure, which may result from congenital pneumonia
or respiratory distress syndrome. The highest risk of
bronchopulmonary dysplasia is observed in infants born
at a gestational age of less than 28 weeks, as this is the
period during which the processes of alveolarization of
the distal lung sacs and formation of the alveolar vascular
system commence. The consequence of this disease is the
development of an immature lung, which is characterised by
interstitial changes involving collagen formation disorders.
This results in the underdevelopment of arterioles and
capillaries, which subsequently leads to fibrosis. [13,
14]. Furthermore, a reduction in the surface alveolar area
is observed, which is linked to a dysmorphologically
altered pulmonary microcirculatory pathway. This is
evidenced by the presence of inflammatory markers in the
airways, resulting in an increased neutrophil count and
proinflammatory cytokine levels. The specific characteristics
of cytokine release and the response of immature lungs to

harmful factors are influenced by differences in the genetic
predictors, particularly single-nucleotide polymorphisms
(SNPs), fibroblast growth factor receptor 4 (FGFR-4), and
surfactant protein B (SP-B), in low-birth-weight infants
who exhibit a genetic predisposition to the development of
bronchopulmonary dysplasia (BPD) in the future. Alterations
in the structure of the small and large alveolar septa, in
addition to an insufficient number and altered configuration
of pulmonary capillaries, can result in the development
of pulmonary hypertension. At present, the pathogenesis
of bronchopulmonary dysplasia remains incompletely
understood. Impairment of lung function, a hallmark of
moderate to severe bronchopulmonary dysplasia in infants,
may serve as a foundation for the subsequent development
of asthma. Furthermore, both bronchopulmonary dysplasia
and asthma present with analogous respiratory symptoms,
including bronchial hyperreactivity, inflammation, and
airflow restriction. The pathogenic course of BD is typified
by a prevalence of neutrophils and macrophages, which is
characteristic of a Th1-mediated response. Conversely, in
asthma, inflammation is accompanied by the activation of
mast cells and eosinophils, which is typical of Th2-mediated
responses. [15]. Therefore, children with a history of extreme
prematurity are at risk for serious bronchopulmonary
diseases, such as bronchopulmonary dysplasia and bronchial
asthma. These children require dynamic monitoring and
a personalized set of preventive measures.

The management of asthma in children continues to
present a significant challenge in the field of pediatric
practice. The uncontrolled course of the disease is typically
attributable to a combination of factors, including allergens
and additional environmental influences such as air pollution,
particularly passive and active smoking. The use of second-
generation electronic systems, colloquially known as «vapes,»
is becoming increasingly prevalent among adolescents.
There has been a notable surge in the demand for vaping
over the past decade. Initially, the sale of electronic systems
was intended to reduce smoking among adult smokers.
However, the product’s designation as a «safe alternative»
and its availability in a wide variety of flavors attracted the
attention of teenagers. An electronic system is defined as
a device comprising a battery and a cartridge. The heating
element is situated within the cigarette itself, and its function
is to convert the liquid into a vapor that is then inhaled by
the smoker. The liquid contained within the cartridge is
composed of propylene glycol and vegetable glycerin, which
serve as a solvent, in addition to nicotine and flavorings.
The chemical process of thermal dehydration of propylene
glycol can yield a range of products, including acetaldehyde,
formaldehyde, propylene oxide, acetol, allyl alcohol, glyoxal,
and methyl glyoxal. The majority of the liquids contained
within the cartridges are flavored. [16]. A growing body of
scientific literature is documenting the deleterious effects
of diacetol and benzaldehyde compounds on lung tissue.
Asignificant component of the cartridge liquid is flavorings,
including tobacco, fruit, and floral, which enhance the appeal
of vaping. The aforementioned characteristics, in conjunction
with the affordability of these devices and the availability
of bespoke handmade models, serve to pique the interest of
adolescents, fostering a desire to purchase and utilize these
products. As evidenced by recent research, the prevalence of
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e-cigarettes among Ukrainian adolescents aged 13-15is 22 %
among boys and 14 % among girls. [17] Adolescents who
used vapes exhibited elevated levels of neutrophils, including
myeloperoxidase, neutrophil elastase, and proteinase-3,
in sputum. When dysregulated, pulmonary proteases have
the potential to destroy basement membranes, thereby
contributing to the development of chronic obstructive
pulmonary disease. Adolescents who regularly utilize vaping
devices have been observed to exhibit a heightened degree
of exposure to nicotine vapor within the respiratory tract,
accompanied by the manifestation of symptoms such as
coughing, wheezing, and shortness of breath when compared
to their counterparts who did not engage in vaping. [18,19].
It is therefore evident that the aforementioned alterations
may prove hazardous for both healthy children and those
afflicted with bronchopulmonary disorders, particularly for
patients with asthma. Consequently, the investigation of the
influence of e-smoking as a potential exacerbating factor
in pediatric asthma is a crucial domain within the field of
pediatric pulmonology.

The diagnosis of pulmonary fibrosis in adult patients
is based on a comprehensive history and an accurate
description of the presenting symptoms, a thorough physical
examination, an evaluation of the clinical manifestations,
and instrumental methods of examination and biopsy. The
issue of diagnosing pulmonary fibrosis in pediatric patients
has prompted the development of additional non-invasive
research methods. Modern, highly informative methods of
molecular genetic research, such as microRNA biomarkers,
represent a promising avenue for confirming the diagnosis
of pulmonary fibrosis. MicroRNAs are a class of non-coding
RNA molecules comprising 21-23 nucleotides. They regulate
gene expression at the post-transcriptional level by binding to
the 5’-untranslated region (UTR) and the 3’UTR target site
of the hairpin end. [20, 21]. To date, more than 2,500 types
of microRNAs have been identified, with this list continually
expanding in response to the expression changes observed
in a range of pathological conditions affecting the body. It
has been demonstrated that microRNA-29 (miR-29b) plays
a pivotal role in the regulation of fibrosis, not only in the
lungs but also in a number of other organs, including the
liver and kidneys. [22,23] MiR-29b plays a pivotal role in
maintaining homeostasis, as reduced levels of this microRNA
are frequently observed in numerous respiratory disorders,
including pulmonary fibrosis, pulmonary hypertension, and
lung cancer. MiR-29b has been the subject of considerable
interest in the context of fibrosis due to its effects on genomic
material, particularly through genes encoding extracellular
matrix proteins such as collagens, fibronectin, and elastin.
The levels of miR-29b are decreased in mesenchymal cells/
fibroblasts, which are the primary effectors that mediate this
pathology. [24]. A substantial body of evidence suggests that
abnormalities are present not only in pulmonary fibroblasts,
but also in alveolar epithelial cells, immune cells, and even
endothelial cells in this complication. Therefore, microRNA
biomarkers possess significant diagnostic value for the
early detection of pulmonary fibrosis. Furthermore, given
the minimally invasive nature of this technique, it may
be a promising avenue for pediatric patients. Despite the
extensive research conducted on the cellular and molecular
processes underlying pulmonary fibrosis, the search for
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reliable markers for early diagnosis and the prevention
of disease progression remains a crucial and ongoing
endeavor. [25].

Immunological methods of research play an equally
important role in the diagnosis of pulmonary fibrosis, in
particular, the marker of fibroblast activity, transforming
growth factor beta. Transforming growth factor g (TGF-p3)
represents a large family of polypeptides that modulate
several biological processes, including cell proliferation,
differentiation and apoptosis in internal organs. The
TGF-pB superfamily has more than 30 components,
including TGF-B isoforms, antimullerian hormone, and
bone morphogenic proteins. [26,27] They are important
regulators of inflammation, injury, and repair, but their
role largely depends on the context of their expression
and other parallel cellular processes. TGFB1 is involved in
lung extension during development, while overexpression
stops lung morphogenesis. TGF-p is secreted in a latent
form, and its transition from the latent to the active phase
is one of the main mechanisms regulating its activity during
pulmonary fibrosis. TGF- through Smad-dependent signal
transduction stimulates the synthesis of endoplasmic
reticulum components, inhibits their degradation by matrix
metalloproteinases, and regulates the differentiation of
fibroblasts into myofibroblasts. [28] In humans, TGFf
isoforms continue to be expressed in healthy lungs in
adulthood. TGFp has been described in human airway
epithelium, alveolar macrophages, and airway smooth
muscle cells. In various pulmonary diseases, TGFp signaling
has been reported to be enhanced in airway epithelium,
fibroblasts, macrophages, and smooth muscle cells. TGF-
affects macrophages, which are among the most important
regulators of the fibrotic response, by secreting cytokines,
growth factors, and proteins that regulate the endoplasmic
reticulum. Lymphocytes are also one of the targets of
TGF-B during the development of fibrosis and affect their
proliferation, activation, and function. TGF- is involved in
the repair of lung tissue (especially alveolar type 1l cells),
which are damaged by prolonged fibrosis. The TGF-
signaling pathway is activated during the development
of fibrosis in any tissue of the body, regardless of its
localization and etiology. Activation of TGF-f leads to the
release of various cell types from the endoplasmic reticulum,
namely macrophages, platelets, and T-cells. The cytokine
TGFpB1 plays a multifactorial and complex role in the
pathogenesis of asthma and chronic obstructive pulmonary
disease (COPD). These diseases are characterized by
airway obstruction, inflammation, and remodeling. TGFf1
levels were elevated in bronchoalveolar lavage fluid from
patients with asthma, as well as in the airways and alveolar
epithelium of patients with COPD. Higher levels of TGFf1
isoforms are associated with asthma severity. TGFB1 causes
pathological effects in these diseases by promoting goblet
cell hyperplasia, subepithelial fibrosis, epithelial damage,
and airway smooth muscle hypertrophy.

A review of the literature indicates that the diagnosis
of pulmonary fibrosis remains a significant challenge,
particularly in the context of pediatric practice. The
need for non-invasive, highly informative markers is
paramount in this regard. The incidence of diseases that
lead to the formation of pulmonary fibrosis is on the



AHANITUYHI OrnAaAgun

rise in the pediatric population. In particular, the number
of patients with bronchial asthma has increased by 2.5
times over the past three years, underscoring the necessity
for a comprehensive analysis of the predictors of this
allergopathology. The risk of developing asthma in infancy
is significantly elevated in infants born at less than 31
weeks of gestation, with a reported range of 3.2 to 6.2 times
higher compared to full-term infants. At 32 to 36 weeks
of gestation, this risk is observed to be 1.5 to 2.5 times
higher than in full-term infants (29). Prematurity and low
birth weight are identified as risk factors for the subsequent
development of bronchopulmonary dysplasia.

Conclusions. Areview of the scientific literature reveals
that one in three infants born before the 25th week of gestation
is susceptible to developing bronchopulmonary dysplasia.
Bronchopulmonary dysplasia (BPD) is the most prevalent
disease among premature infants, occurring when the process
of alveolarization, the final stage of lung development, is
disrupted. An additional area of concern is the investigation of
factors associated with uncontrolled asthma in children, which
encompasses the use of electronic vaping devices. Statistical data
indicates that the prevalence of electronic system use among
adolescents is 17-21 %, with an upward trend that warrants
further investigation into the impact of smoking on children. [30].
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JIATHOCTHYHI KPUTEPIi TA ®AKTOPH PU3UKY JJETEHEBOI'O ®IBPO3Y VY EAIATPUUHUX
MHANIE€HTIB 3 BPOHXIAJIBHOIO ACTMOIO

T.0. Kpruxo, [1. O. Knumko

IMonTaBchbkuii Aep:xaBHUIl MeAHYHUI YHiBepcUTeT
(m. MMoaTaBa, Ykpaina)

Pesome.

JliarHocTHKa JIereHeBOro (iObpo3y MpenCTaBIsI€ThCS HAI3BUYaiHO aKTyalIbHOK MPOOIEMOI0, 0COOIHMBO B TICIaTPUYHIN MIPAKTHUIII.
JlaHi HayKOBOI JIiTEpaTypu CBiI4aTh, IO Y MEAIaTPUYHUX NAILI€HTIB JereHeBHid (i0po3 Moxke OyTH yCKIIaIHEHHIM OpOHXIalbHOI acT-
mu. Cepeq rmeiaTpUYHIUX MAiEHTIB Ha ChOTOHIIIHIN I€Hb BiIMIYa€ThCS TCHICHIIIS 10 MMOCTIHHOTO POCTY alepTidYHUX 3aXBOPIOBAHb,
30KpeMa OpoHXialIbHOI acTMHU. He MEHII BayKIIMBUM ACIICKTOM SIBISIETHCS [TOINIMOJICHE BUBUCHHS MIPEIUKTOPIiB OPOHXiaIbHOI aCTMH, J10
SIKHX MOYKHA BiJTHECTH JIITCH 3 INIMOOKOIO HEIOHOLICHICTIO B aHaMHE31. Y CBOIO 4epry, HEIOHOIICHICTh Ta MaJia Bara Ipy HAPOKEHHI €
(baxTOpamMu pU3HKY PO3BUTKY OPOHXOJIETeHEBOT cIuiasii. YUnCcIeHHI KIIHIYHI O CITiIKEHHS HEKOHTPOIBOBAHOTO Iepediry OpoHXialbHOT
ACTMH IiATBEPIKYIOTh HEOOXiIHICTh BUBUCHHS BIUTMBY J0AATKOBHX HECHPHATIMBHX YMHHUKIB 30BHIIIHBOTO CEPEIOBHUILA, 10 SKUX
MOJKHA BiJIHECTH HaJiHHS €JICKTPOHHUX cucTeM. He3Bakalouu Ha Te, 110 OCTAaHHIMH POKaMH MpoliieMa J[iarHOCTUKH JIereHeBoro ¢i-
Opo3y y Mali€eHTiB JOPOCIIOl oMy HaOyBae Bce OLIBIIOT aKTYalIbHOCTI, 3aJIUIIAETHCS 0araTo MUTaHb OIO/I0 AOUITBHOCTI BUBYCHHS
JaHOT POOIEeMH y MeTiaTPHYHHX MAII€HTIB.

Kurouosi ciioBa: niru; OpoHXiaJbHA acTMa; JIeTeHeBHiA (iOpo3; HeJOHOMIeH] iTH, Beiir, MikpoPHK.
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