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AHHOTAUNA

BgedeHue. TepcuCTUPYIOLLWIA MOCTKOBUAHBIN CUHAPOM — 3T0 CTOMKUE PU3NYECKME, MEOULIMHCKUE U KOTHUTUBHbIE
nocneacTBuA KopoHaBupycHow 6onesnn 2019 r. (aHrn.: Coronavirus Disease 2019, COVID-19), BKnmiouas CTOMKyi0
MMMyHocynpeccuio, G1Mbpo3 nerkux, cepaua M cocyfoB, KOTOpble MPUBOLAT K YBENMYEHMIO NETANbHOCTU W YXyALIEHWIO
KauecTBa *U3HW NaLMEeHTOB.

Llens. TlpoBecTM aHanu3 3aBepLUEHHbIX 3apybeHblX WM OTEYECTBEHHbIX WCCNefoBaHWM 0 MaTopu3nonorum
TpaHchopMupytoLero ¢pakTopa pocTa-[3 (aHrn.: Transforming Growth Factor 3, TGF-3) B ycnosusx COVID-19, nocTkoBuaHoro
CMHIPOMA, OHKONOTMYECKMX M XPOHUYECKMX BOCMANUTENBHBIX 3a60/1€BaHMIA NIETKUX.

Ty4Hble KNeTKM ABNAIOTCA 0AHWUM 13 0CHOBHbIX POAYLLEHTOB BocnanuTenbHbIX uuTokuHos npu COVID-19, nx crumynauma
NPUBOAMT K BbICBOOOMKAEHMIO MHOTMX MPOBOCMANUTENbHBIX LMTOKUHOB, TaKUX KaK WMHTepnewkuH 13, dakTop Hekposa
ONyXonn o, UHTEpNenKkuH 6, B T. Y. TGF-B. OcHoBoM naToreHesa NOCTKOBMOHOMO CMHAPOMA ABNIAETCA CBEPXIKCMPeccUs
TGF-(, npvBoAALLaA K ANMTENBHOMY COCTOAHMI0O UMMYyHOCyrpeccum v ¢mnbposy. TGF-[3 pelicTByeT Kak cynpeccop onyxonu,
UHrMBUpYA Nponudepaumio U MHOYLMPYA anonTo3 Ha PaHHUX CTafAMAX OHKOreHe3a; UrpaeT BaxHY posib B HOMbLUMHCTBE
KNETOYHbIX 6MONOrMYECcKUX MpOLECCOB, MPUBOAALLMX K PEMOLENMPOBAHMI0 CTPYKTYp AObIXaTebHbIX MyTel; ydyacTeyeT
B M3MEHEHWUAX 3NUTeNus, cybanutenuanbHoM ¢pubpose, peMoLenmMpoBaHUM FagKoi MyCKyNaTypbl AblXaTeNbHbIX NyTei
M MUKPOCOCYAMCTBIX M3MEHEHWAX; WHAYLMPYET Pe3WUCTEHTHOCTb K OEMCTBMIO IIOKOKOPTMKOCTEPOMAOB; CTUMYNMPYeT
BbIpaboTKy (aKTopa cBepTbiBaHWA KpoBu XII, NpuBOaA TEM CaMbiM K pasBUTMIO MOTEHLMANbHO daTabHbIX OCIOMHEHUN,
TaKMX Kak TpoM603MOONINA NErOYHON apTeEPUM U ULLEMUYECKUIA UHCYIBT.

3aknoyeHue. B HacToALeM o0630pe NnUTepaTypbl MPOBEEH CTPYKTYPUPOBAHHBIA aHann3 MHOMOKOMMOHEHTHOW ponn
TGF-B B matoreHe3e MOCTKOBMAHOro cuHApoMa, ¢mbposa nerkoro npu COVID-19, onyxonen AbiXaTeNbHOM CUCTEMBI,
XPOHMYECKON 06CTPYKTMBHOM 60nesHW nerkux, 6poHxmanbHon actMbl. 06ocHOBaHO BO3MOMKHOE Mcmonb3oBaHue TGF-[3
Kak buoMapKepa TsKenoi 1 cpeaHeit ctenenu Taxectn COVID-19.

KnioueBble cnoBa: mpaHcgopmupyrowul gakmop pocma B; COVID-19: my4Hble KnemKu; XpoHudecKas obcmpyKmusHas
bonesHb neaxux; onyxoau
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ABSTRACT

INTRODUCTION: Persistent post-COVID syndrome is the persistent physical, medical and cognitive sequelae of
coronavirus disease 2019 (COVID-19), including persistent immunosuppression, pulmonary, cardiac and vascular fibrosis
which lead to increased mortality and impair the quality of life of patients.

AIM: To analyze the completed foreign and domestic studies on the pathophysiology of transforming growth factor-3
(TGF-P) in conditions of COVID-19, post-COVID syndrome, oncological and chronic inflammatory lung diseases.

Mast cells are among the main producers of inflammatory cytokines in COVID-19, their stimulation leads to the
release of many proinflammatory cytokines, such as interleukin 183, tumor necrosis factor «, interleukin 6, and
also TGF-B. The basis of the pathogenesis of post-COVID syndrome is the overexpression of TGF-f leading to a
prolonged state of immunosuppression and fibrosis. TGF- acts as a tumor suppressor inhibiting proliferation and
inducing apoptosis in the early stages of oncogenesis; plays an important role in most cellular biological processes
leading to remodeling of the airway structures; is involved in epithelial changes, in subepithelial fibrosis, remodeling
of smooth muscle of airways and in microvascular changes; induces resistance to glucocorticosteroids; stimulates the
production of blood coagulation factor XIl, thereby leading to development of potentially fatal complications, such as
pulmonary embolism and ischemic stroke.

CONCLUSION: In this literature review, a structured analysis of a multicomponent role of TGF-f in the
pathogenesis of post-COVID syndrome, pulmonary fibrosis in COVID-19, tumors of respiratory system, chronic
obstructive pulmonary disease, bronchial asthma, is given. A possible use of TGF- as a biomarker of severe and
moderate degree of COVID-19 is substantiated.
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LIST OF ABBREVIATIONS

COPD — chronic obstructive pulmonary disease
COVID-19 — Coronavirus Disease 2019

ECM — extracellular matrix

ERK — extracellular signal-regulated kinase
FDP — fibrin degradation products

FXII — factor XII (factor XII, Hageman factor)

Ig — immunoglobulin

IL — interleukin

LAP — latency associated peptide

LLC — large latent complex

INTRODUCTION

Persistent post-COVID syndrome, also referred
to as long COVID-19 (Coronavirus Disease 2019), is a
pathological condition that involves persistent physical,
medical and cognitive sequelae following COVID-19,
as well as pulmonary, cardiac and vascular fibrosis
resulting in increased mortality and severely worsening
the quality of life. The basis of the pathogenesis of post-
COVID syndrome is believed to involve overexpression
of transforming growth factor B (TGF-{3), which leads to
prolonged state of immunosuppression and fibrosis [1].

Acute respiratory distress syndrome includes three
overlapping phases: exudative, proliferative and fibrotic
[2]. The exudative phase is characterized by release
of proinflammatory cytokines, such as interleukin (IL)
1B, tumor necrosis factor a (TNFa), IL-6; inflow of
neutrophils and disruption of endothelial-epithelial
barrier, leading to alveolar filling and development of
respiratory distress syndrome [3]. The exudative phase is
followed by the fibroproliferative phase with accumulation
of fibrocytes, fibroblasts and myofibroblasts in the
alveolar compartment leading to excessive deposition of
matrix components including fibronectin, collagen | and
collagen Il in the lung [4].

L. V. Wismans, et al. (2023) showed a significant
increase in tryptase- and chymase-positive mast cells
in SARS-CoV-2-infected lung tissue, as well as in the
expression of genes involved in fibrosis and thrombosis,
receptor for advanced glycation end products (RAGE) and
pro-platelet basic protein (PPBP), compared to tissues of
patients infected with the influenza virus [5].

The TGF-f signaling pathway is a cascade of signals
from the membrane to the nucleus through receptor-
mediated activation of transcription factors [6]. As
ligands, cytokines bind to two pairs of transmembrane
serine/threonine protein kinases, causing activation of
receptor and phosphorylation of SMAD (Small Mothers
Against Decapentaplegic) transcription factors [6].
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LTBP — latent transforming growth factor B binding protein
NK cells — natural killer cells

PPBP — pro-platelet basic protein

RAGE — receptor for advanced glycation end products
SARS-CoV-2 — Severe Acute Respiratory Syndrome-related
Coronavirus 2

SMAD — Small Mothers Against Decapentaplegic

suPAR — soluble urokinase plasminogen activator receptor
TGF-B — Transforming Growth Factor {3

TNF-o — Tumor Necrosis Factor o

TGF-B is an evolutionarily preserved pleiotropic
factor, which regulates a multiplicity of biological
processes, including tissue regeneration, immune
reactions and oncogenesis [7]. TGF-B is essential for
lung organogenesis and homeostasis as evidenced
by genetically modified mouse models [7]. TGF-$ has
a decisive significance in epithelial-mesenchymal
interactions in the lung branching morphogenesis
and alveolarization [7]. Secretion of TGF-f3 alone is
insufficient for its bioavailability. TGF-B is activated
by several mechanisms, including proteolysis, low
pH, reactive oxygen species and thrombospondin-1
[7]. TGF-B is also activated by specific integrins, such
as a VB6 integrin that senses stretch or stiffness of
extracellular matrix (ECM) [8].

Structure and Functions of TGF-f3

The TGF-B cytokine superfamily contains more
than 30 structurally related polypeptide growth factors,
including TGF-B1, TGF-B2, TGF-B3, etc. [9]. TGF-B
peptides are synthesized as latent precursors and are
cleaved to form a mature TGF-f dimer noncovalently
bound to a latency associated peptide (LAP) [7]. LAP of
TGF-B1 or TGF-B3 has an integrin recognition motif,
an arginine-glycine-aspartic acid sequence, and binds
to integrins [7]. The secreted TGF-B and LAP complex
is bound by latent TGF-B binding protein (LTBP), which
forms a large latent complex (LLC) [7]. LTBP is a matrix
protein incorporated in the ECM, and latent TGF-3
(TGF-B-LAP complex) can accumulate in the extracellular
environment [10]. Integrin-dependent binding of
contracting myofibroblasts induces a conformational
change in LAP, which releases active TGF-3 from the
ECM [11].

The state of the ECM determines the direction of
TGF-B activation, which sets a mechanical threshold
for profibrotic activity of myofibroblasts [11]. The
influence on this mechanic threshold may have important
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consequences for the restoration of normal versus
fibrous tissue [11].

The SMAD protein family is a canonical activation
pathway proteins in which TGF-f is identified as TGF-f3
receptor Il [12]. TGF-f3 receptor Il and TGF-f receptor |
then form a heteromeric complex [12]. Activated TGF-3
receptor | phosphorylates receptor-regulated SMAD
proteins and promotes the binding of the complex to
receptor-regulated SMAD protein, common SMAD
and SMAD4 mediator, forming a trimeric complex,
which is translated into the nucleus and aggregates
there as a transcription factor to regulate target gene
expression [13]. SMAD2 and SMAD3 are considered
the most important TGF-B mediators in tissue fibrosis
and oncogenesis [14]. SMAD6 and SMAD7 are considered
as regulators of the processes of stimulation of
TGF-B-mediated fibrosis and oncogenesis [14]. In
endothelial cells, the ECM protein thrombospondin-4 is
activated in response to TGF-B1 and mediates the effect
of TGF-f31 on angiogenesis [14].

All pathways and subsequent cascades that are
activated by TGF-{ through phosphorylation, acetylation,
sumoylation, ubiquitination, with participation of protein—
protein interactions, are collectively referred to as
non-SMAD-related signaling pathways [15]. Non-SMAD
signaling proteins share three common mechanisms of
TGF-B activation: non-SMAD signaling proteins directly
modify (e. g., phosphorylate) SMADS thus modulating the
activity of central effectors; non-SMAD signaling proteins
directly interact with other signaling proteins (e. g.,
kinases) and modulate their activity thus transmitting
signals through other pathways; TGF-[3 receptors directly
interact with or phosphorylate non-SMAD proteins thus
initiating parallel signaling that cooperates with the
SMAD pathway in generating physiological responses
[16]. The extracellular signal-regulated kinase (ERK)
signaling pathway, for example, influences embryonic
development, neural tissue development, epithelial-
mesenchymal transition (transformation), and promotes
fibrosis and metastasis of cancer [17, 18]. In addition,
it was shown that introduction of TGF-f31 in early stem
cell culture in the presence of IL-3 increased subsequent
proliferation of erythroblasts [19]. TGF-B induces
overexpression of the fibrillar a2 collagen protein (I)
[20]. TGF-B1 induces production of chemokine CXCL16
and leukemia inhibitory factor in osteoclasts, which
modulate recruitment of osteoblasts to restore bone
lost during the resorptive phase of bone turnover [21].
TGF-B1 and TGF-B2 are involved in airway remodeling
by stimulating the phenotypic change of fibroblasts to
myofibroblasts [22].
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Involvement of TGF-[3 in Pathogenesis of
Chronic Obstructive Pulmonary Disease

Chronic Obstructive Pulmonary Disease (COPD)
is the third leading cause of death in economically
developed countries. It is characterized by derangement
of the alveolar structure, airspace restriction, and also
by airway alterations with resulting hypersecretion
of mucus, peribronchial fibrosis and alveolar tissue
remodeling [23]. Various chronic respiratory diseases,
such as bronchial asthma (BA), COPD have a common
feature — susceptibility to exacerbations, often
associated with viral infections, which lead to further
impairment of gas exchange in lungs and hospitalization
[23]. TGF-B1 is believed to play an important role in most
biological processes leading to remodeling of the airway
structures. It has been shown to be involved in epithelial
changes, subepithelial fibrosis, airway smooth muscle
remodeling and microvascular changes [23]. Thus,
increased expression of TGF-B1 has been recorded in the
epithelium of small airways and basement membranes
of the bronchial network in patients with COPD [23].

TGF-B1 level in blood serum have been found to
be higher in patients with a mild stable COPD than in
smokers of the control group without COPD [23]. These
data reflect stage-dependent association with TGF-31
in stable COPD [23]. In contrast to TNF-a, TGF-B1 is
activated at early COPD stage and can be used as serum
biomarker of COPD severity [23]. Stretch and stiffening
of the extracellular matrix decrease the threshold for
TGF-B1 activation through increase in the mechanical
resistance to cell pulling. Different elements of this
mechanism may be pharmacologically targeted to
interrupt the mechanical positive feedback loop of
fibrosis including specific integrins and interactions with
matrix proteins [24].

TGF-B1 predominantly increased in severe BA and
correlated with the degree of airway obstruction [25]. In
patients with mucoviscidosis (moderate fibrosis), TGF-31
level was increased in bronchoalveolar lavage fluid and
directly correlated with the airways neutrophil counts,
impairment in the lung function, and hospitalization
[26]. TGF-B1-3 are found in the airway epithelium of
healthy people [27]. Increased TGF-B1 level may be
associated with BA severity, upon that, it was shown
by immunofluorescence microscopy that eosinophils
produce up to 50% of the detected TGF-B1 [27].

Exacerbations of asthma and COPD are commonly
associated with respiratory syncytial virus, rhinovirus,
and influenza A virus [28]. The ensuing airway
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inflammation is resistant to the anti-inflammatory
effects of glucocorticoids [29]. Viral infection evokes
increase in TGF-B activity, which attenuates the effects
of glucocorticosteroids in human airway epithelial cells
via activation of the activin-like receptor kinase-5 of
TGF-f type | receptor [29].

Thus, pleiotropic signaling pathways activated by
TGF-B are not only involved in complex pathological
mechanisms, but also reduce the effectiveness of anti-
inflammatory therapy in BA and COPD.

Involvement of TGF-{3 in Pathogenesis
of Tumors of Respiratory System

A. Korkut, et al. (2018) presented a comprehensive
analysis of gene alterations, which modulate
transmission of TGF-B-SMAD-mediated signals in tumor
samples across 33 cancer types in The Cancer Genome
Atlas. Focusing on genes that encode mediators and
regulators of TGF-f3 signals transmission, at least one
genomic alteration (mutation, homozygous deletion or
amplification) was found in 39% of cases, with highest
frequency in gastrointestinal cancer [30]. Alterations in
TGF-B superfamily positively correlated with expression
of metastasis-associated genes and with decreased
survival [30].

TGF-B-induced epithelial-mesenchymal transfor-
mation leads to increase in the number of mesenchymal
cells that are prone to metastasizing and are more
resistant to both cytotoxic chemotherapy and targeted
therapy [31]. Phenotypic alterations, such as epithelial-
mesenchymal transformation and pharmacokinetics of
chemotherapeutic drugs with TGF-3, were implicated
in cytotoxic drug resistance [31]. Moreover, activation
of TGF-B-SMAD-mediated transcription weakens the
antitumor immunity by preventing differentiation, prolife-
ration and activation of T-cells [31]. TGF-B enhances
expression of CD8+ T-cells apoptosis protein via SMAD3-
dependent mechanism [31]. Selective targeting of
immunosuppressive activity of TGF-f3 may be proposed
as therapeutic intervention to improve clinical response
to standard treatment in lung cancer [31].

SMAD4 is a known positive regulator of canonical
TGF-B signaling that facilitates R-SMAD translocation
to the nucleus to initiate transcription [31]. The role
of this regulatory function of SMAD4 is relevant for
individuals with inherited SMAD4 defects, which may
prevent natural Kkiller (NK) cells from effectively
controlling tumor cells and may contribute, at least in
part, to their susceptibility to polyposis and colon cancer
[31]. Y. Wang, et al. (2018) also showed that SMAD4 is
able to regulate NK cell-mediated antitumor and antiviral
innate immune responses [32].
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Adaptive immunity is one of three major immune
pathways involved in the pathogenesis of tumor
diseases, and is also regulated by TGF-f signaling, which
can control adaptive immunity by directly stimulating
T cell expansion, activating CD4+ T cell responses, and
controlling effector T cell function [33]. Besides, TGF-f3
similarly controls the development and functions of the
innate immunity via inhibiting NK cells and regulating
proliferation of macrophages and granulocytes [33].
Mutations of SMAD4 cells contribute to the dysregulation
of homeostasis by NK cell and increase tumor cell
metastasis [33]. Studies have shown that TGF-{3-induced
immune tolerance and inflammatory responses can
be corrected by ionizing radiation in combination with
hyperthermia and checkpoint inhibitor therapy [33].

Involvement of TGF-{3 in Pathogenesis
of COVID-19 and Post-COVID Syndrome

Y. Wang, et al. (2021) conducted a study involving
153 patients (43% men; mean age 56.5 + 18.3 years)
with COVID-19 from & hospitals of Guangdong and Hubei
provinces. Patients were divided into three groups:
47 (18.5%) severe patients including extremely severe
ones on mechanical ventilation, 70 (58%) — moderately
severe and 36 (23.5%) patients with a mild form.
In all patients, blood samples were taken during
hospitalization. First, serum levels of TGF-31 and COVID-
19-specific antibodies were analyzed. Serum levels of
TGF-B1 in patients with severe and moderate COVID-19
significantly increased from day 1 to day 10 after the
onset of symptoms, while circulating TGF-f31 levels in
recovering patients were similar to those in healthy
subjects. Compared to patients with severe COVID-19, in
patients with moderate form, the TGF-1 level increased
most significantly within the first 30 days (p < 0.01) and
declined in the subsequent 10 days (p < 0.05) [34].

Serum antibody and cytokine levels were further
investigated in COVID-19 patients at different stages of
the disease, and TGF-B1 levels were lower in patients
with mild degree than in patients with moderate and
severe degree [35]. This is the first study to observe
changes in TGF-B1 and immunoglobulins (Ig) A, G, and
M levels in patients with different severity of COVID-19
disease. The results of this study suggest that elevated
levels of the IgA isotype switch factor TGF-B1 are
responsible for the pathological effects of IgA. TGF-31
has also been considered as an important factor
associated with advanced pulmonary fibrosis in SARS
and MERS. The increased TGF-f1 levels in patients with
severe and moderate COVID-19 may be due to the large
volume of infectious lesions in the lung parenchyma,
which may produce increased amounts of TGF-{31 during
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viral infection. Besides, TGF-f is also produced by
neutrophils infiltrated into the lung tissue and activated
by COVID-19 infection, as well as by macrophages
produced in apoptosis of bronchial epithelial cells,
pneumocytes, and T lymphocytes [35].

SARS-CoV-2 virus and subsequent strong immune
and inflammatory reaction, as well as dysregulation of
coagulation and fibrinolysis pathways, evoke massive
activation of latent (inactive) TGF-f in the lungs, as well
as of latent TGF-P pool in patients’ blood. SARS-CoV-2
causes massive increase in infiltration of lungs with
neutrophils that release stored TGF-f, which may be
activated by elastase in neutrophils. TGF-f in itself can
be a potent chemokine-like molecule, recruiting more
neutrophils into lungs, forming a positive feedback loop,
which causes apoptosis of bronchial epithelial cells,
pneumocytes and T-lymphocytes. Besides, the virus may
also lead to death of neutrophils [36]. More macrophages
migrate and infiltrate into lungs, where they engulf and
digest apoptotic cells [37]. This also leads to production
and secretion of large amounts of latent (and active)
TGF-B into lungs [35]. The produced latent TGF-f3 can
be further activated by local proteases such as furin,
plasmin and elastase, reactive oxygen species, matrix
metalloproteases and integrins such as aVBé [35].
Angiotensin 1-7 can inhibit expression of TGF-f and
collagen, contributing to potential attenuation of airway
remodeling in a severe course of COVID-19 [38].

S. Ongchai, et al. (2018) showed that TGF-f31,
through enhanced expression of hyaluronan synthase-2,
participates in regeneration of hyaline cartilage, which
contains collagen and hyaluron [39]. Hyaluron is capable
of absorbing large amounts of water, which may also
explain accumulation of fluid in lungs of COVID-19
patients [40]. In COVID-19, there is also increase in
the levels of IL-6, IL-1B, TNF-a, granulocyte colony-
stimulating factor or interferon-y-induced protein 10 in
plasma [41].

Angiogenesis and coagulation in COVID-19 are
considered not only as a manifestation of respiratory
infection, but also as a hematological pathology due
to its significant impact on the hematopoietic system
[42]. Patients hospitalized with COVID-19, as a rule, are
characterized by a high incidence of thromboembolic
complications [43].

TGF-B stimulates the production of coagulation
factor Xl (FXIl, Hageman factor). FXIl is a serine
protease [44]. Under the influence of FXII, peripheral
blood mononuclear cells acquire a reparative phenotype
of M2 macrophages, as evidenced by increased secretion
of TGF-B, IL-4, IL-8, IL-10 [44]. It has been shown that
FXII promotes the differentiation of naive T helper (Th)
cells into Th17-type cells [44]. Activated FXII initiates
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the intrinsic coagulation pathway and the complement
system, leads to cleavage and thus activation of plasma
kallikrein, triggers fibrin formation through activation of
factor Xl and activates the complement pathway [45].

Levels of D-dimer, high-sensitivity cardiac troponin
I, serum ferritin, lactate dehydrogenase and IL-6
increased with increasing severity of the disease [46].
A sharp pre-mortem rise of D-dimer level was recorded,
reflecting inflammatory and procoagulant status of
COVID-19 [43].

Antithrombin levels in COVID-19 patients were
lower than in the control group (p < 0.001). The levels
of D-dimer, fibrin degradation products (FDP), and
fibrinogen were significantly higher in all SARS-CoV-2
cases than in healthy individuals [47]. Upon that, D-dimer
and FDP values were higher in patients with severe
SARS-CoV-2 infection than in patients with milder forms
[47]. Compared with healthy individuals, prothrombin
time activity was lower in patients with SARS-CoV-2
[47]. Thrombin time in critically ill SARS-CoV-2 patients
was also shorter than in the control group [47]. Blood
coagulation function in SARS-CoV-2 patients was
significantly impaired compared with healthy individuals,
but monitoring D-dimer and FDP values may be useful
for early detection of severe cases [47].

Elevated levels of D-dimers in the blood suggest
endothelial activation [48]. The soluble urokinase
plasminogen activator receptor (suPAR), which is
associated with the endothelium, can be cleaved early
in the disease, leading to an increase in the amount of
its soluble analogue [48].

Mast cells are known to synthesize various pro-
fibrotic factors, including tryptase, chymase, histamine,
leukotrienes, renin, and TGF-B1 [49, 50]. Our research
team has shown an altered distribution of mast cells and
their activation in the affected lung tissues of COVID-19
patients with different stages of alveolar damage [51].
Considering the possibility of TGF-B1 production by
mast cells when they express certain proteases, such
as chymase, it seems interesting to study the profile of
mast cells in COVID-19 patients and consider them as
targets in the treatment of both the coronavirus disease
itself and its consequences. Figure 1 shows the role
of TGF-B in the pathogenesis of pulmonary fibrosis in
COVID-19 and post-COVID syndrome.

CONCLUSION

As follows from the presented material, transforming
growth factor B is the basis of the pathogenesis of
post-COVID syndrome, its overexpression leads to a
long-standing state of immunosuppression and fibrosis,
besides, transforming growth factor B is involved in
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the pathogenesis of tumors, diseases of respiratory
system, such as chronic obstructive pulmonary disease,
bronchial asthma.

Transforming growth factor B plays an important
role in most cellular biological processes, leading to
remodeling of the airway structures, and is also involved
in epithelial changes, subepithelial fibrosis, airway
smooth muscle remodeling, and microvascular changes.
Transforming growth factor {3 controls the development
and function of the innate immune system by inhibiting
natural killer cells and regulates the proliferation of
macrophages and granulocytes, and acts as a tumor
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suppressor by inhibiting proliferation and inducing
apoptosis in the early stages of oncogenesis.

Selective impact of transforming growth factor B
on the immunosuppressive activity can be proposed
as a therapeutic intervention to improve the clinical
response to standard treatment methods in lung cancer.
Transforming growth factor 3 can also be considered
as a diagnostic marker and pharmacological target
in treatment of a number of pathological conditions.
Transforming growth factor 8 can be a reliable biomarker
for identifying patients with severe and moderate course
of coronavirus disease 2019.

Fibrosis

**_.

Increase in active circulating
TGFB lewel

SARS-CoV-2

Activation of [
! Epithekial-
T mesenciymal
Sy =
- Blood coagulation
factor )l

Fig. 1. Role of TGF-B in the pathogenesis of lung fibrosis in COVID-19 and post-COVID syndrome (authors’” scheme, modified by
(27)).

Comments: SARS-CoV-2 causes a cytokine storm, which leads to production and secretion of large amounts of latent and active transforming
growth factor- into lungs, which causes tissue fibrosis and impairment of the lung function. TGF-f is produced by eosinophils, macrophages, T
cells and mast cells. In COVID-19 and post-COVID, increase in TGF-P is observed, leading to increase in the profibrotic activity of myofibroblasts
and to diffuse damage. In the scheme, a photograph (authors’ observation) of postmortem histological preparation of lungs of a patent with
severe COVID-19 is presented, where connective tissue fibers (blue color) are identified by Picro Mallory staining [47]. Besides, TGF-B stimulates
production of factor XII, which initiates the intrinsic coagulation pathway and complement system leading to thromboembolic complications.
Notes: COVID-19 — Coronavirus Disease 2019, FXIl — factor XII (Hageman factor), SARS-CoV-2 — Severe Acute Respiratory Syndrome-related
Coronavirus 2, TGF-B — Transforming growth factor B.
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