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Peslome

ManonaTudeckuii erouHbin pubpos (MNJ1d) asnsertcs TAHKeNbIM NPOrpeccmpyowmnM 3a601eBaHMeM NerkUX HEM3BECTHOM 3TUONOTUM CO CPeAHEN
pacnpoctpaHeHHocTbto 15 Ha 100000 HaceneHusa B Mupe. Pa3anyatoT cnopagnyeckme, CUHAPOMasibHble U ceMelHble cayyam 6onesHn. Cnopagm-
YyecKue C/lyHam OTHOCATCA K MHOTOdpaKTOPHbIM 3a60/1eBaHMAM U aCCOLMMPOBaHbI C BO3PacTOM, BUPYCHbIMU MHPEKLMAMM, KYPEHUEM U BAbIXaHNeM
MbI/IN, KOHTAKTOM C XMMUYECKMMM peareHTaMu U 1eKapcTBaMu, ractpossodaranbHo peditoKcHol 6onesHbto. BeifiBaeHa accounauus cnopaam-
yeckoro M/1® ¢ annenbHbiMu BapnaHTamu reHoB AKAP13, ATP11A, DPP9, DSP, IVD, ILTRN, FAM13A, MUC5B, SFTPC, SPPL2C, TERC, TERT, TOLLIP.
CuHapoManbHeit NJ1® onvcan npu cuHapome lepMmaHckoro-lMyanaka. CeMeliHble cy4an 601e3HM 06yC10BNEHbI MyTaLUAMU B FeHaX, KOAWUPYIO-
wux 6enkm cypdartanTa (SFTPC), MyumHa (MUCS5B), Hykneasy aeaaeHunuposanus (PARN), ydacTeytowme B pyHKUMOHMpOBaHUK Tenomep (RTELT,
TERC, TERT). B 2000 roay AMepuKaHCKoe TopaKa/ibHOe COO6LEeCcTBO PEKOMEH/0BA/IO T/IOKOKOPTUKOUABI U LUTOCTATUKU A5 NedeHns UID ¢
Lie/Iblo BO3/eMCTBUA Ha BOCMaNNTeIbHbIM NpoLecc Npu akTueauumn ¢ubpobaacToB 1 NX aKKYMY/IMPOBAHUMN BO BHEK/JIETOYHOM MaTPUKCe JIerKUX.
OTN peKOMeHAaLUMMN A0 CUX NOP UCMONb3YOTCA NPaKTUKe, HECMOTPA Ha Ny6AMKaLMUM AOCTOBEPHbIX AaHHbIX O MOBbILEHHOW CMEPTHOCTU U CAy-
YaeB rocnuTanusauum nauneHTos ¢ NJId, npuHMMatowmx npeAHN30/I0H 1 asaTronpuH. CornacHo JaHHbIM HeaBHUX MeTaaHa/nn30B, Hanbosee
3$PeKTUBHbIMM B iedeHnn N asnsoTcs nMpdeHnaoH (MHrMbUTop cuHTesa GpakTopoB pocTa npokosnareHos | v 1) u HUHTeHaan6 (MHrM6UTOp
TUPO3MHKMHA3bI). MOCKOBKY BaXKHYIO pPO/ib B dTMOMATOreHese 601€3HM UrpaloT reHeTUYeckne GaKkTopbl, NePCeKTUBEH NOUCK METOA0B TapreT-
HOW Tepanuu C UCNo/b30BaHNEM B KayecTBe MULLeHel cneunduyeckmx Hekogmpytowmx PHK, nsmeHeHns skcnpeccum KOTOpbIX He XapaKTepHbl
ANA APYrux 6poHX0/NeroyHbix 3aboneeanuii. K HuUM otHocaTca miR-9-5p, miR-27b, miR-153, miR-184, miR-326, miR-374, miR-489, miR-630,
miR-1343 (ypOBeHb MX CHUXKaeTcA npu 60s1e3HM); MiR-340, miR-424, miR-487b, miR-493, IncRNA AP003419.16, IncRNA AP003419.16 (I'IOBbI-
WweHHasn akcnpeccus npu UD).
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Abstract

Idiopathic pulmonary fibrosis (IPF) is a severe, progressive lung disease of unknown etiology with an average worldwide prevalence of 15 per
100,000. According to the etiology, IPF is classified into sporadic, syndromic, and familial cases. Sporadic cases refer to multifactorial diseases
and are associated with age, viral infections, smoking and inhalation of dust, contact with chemicals and drugs, gastroesophageal reflux disease.
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There were revealed an association of sporadic IPF with allelic variants of the genes AKAP13, ATP11A, DPP9, DSP, IVD, ILTRN, FAM13A, MUC5B,
SFTPC, SPPL2C, TERC, TERT, TOLLIP. Syndromal IPF develops in German-Pudlak syndrome. Familial cases of the disease are caused by mutations
in the genes encoding surfactant (SFTPC), mucin (MUC5B), deadenylation nuclease (PARN), components of telomere functioning (RTELT, TERC,
TERT). In 2000, the American Thoracic Society recommended glucocorticoids and cytostatics for the treatment of ELISA in order to influence the
inflammatory process due to the activation of fibroblasts and their accumulation in the extracellular matrix of the lungs. These recommendations
are still used by many doctors, despite the publication of reliable data on the increased mortality and hospitalizations of IPF patients taking
prednisolone and azathioprine. According to recent meta-analyzes, pirfenidone (an inhibitor of the synthesis of procollagen | and Il growth
factors) and nintenadib (a tyrosine kinase inhibitor) are the most effective treatments for IPF. Since genetic factors play an important role in the
etiopathogenesis of the disease, it is promising to search for methods of targeted therapy for IPF using specific noncoding RNAs as targets, changes
in the expression of which are not specific of other bronchopulmonary diseases. These RNAs include miR-9-5p, miR-27b, miR-153, miR-184,
miR-326, miR-374, miR-489, miR-630, miR-1343 (decreased expression in IPF); miR-340, miR-424, miR-487b, miR-493, IncRNA AP003419.16,
IncRNA AP003419.16 (increased expression in IPF).
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ATS — American Thoracic Society, CT — computed tomography, EGCG — epigallocatechin gallate, ERS — European Respiratory Society, GWAS —
genome-wide association study, IPF — idiopathic pulmonary fibrosis, ncRNA — non-coding RNA, PRM — pulmonary rehabilitation mixture, TGF-p —
transforming growth factor beta, ThO — thoracic organs, VC — vital capacity

List of genes with decoding:
AKAPI13 — A-kinase anchor protein 13
AP3B1 — adaptor related protein complex 3 subunit beta 1; gene of the protein of AP-3 heterodimer complex that interacts with the scaffold protein clathrin
ATP11A — sodium/potassium/transporting ATPase subunit alpha-1; gene of the alpha-1 ATPase subunit that transports sodium and potassium
DPP9 — dipeptidyl peptidase 9; gene encoding a serine protease of the S9B family
DSP — desmoplakin gene
IVD — isovaleryl-CoA dehydrogenase
ILIRN — interleukin 1 receptor antagonist
FAMI13A — family with sequence similarity 13 member A; small GTPase-mediated signal transduction regulation gene
KANSLI — KATS8 regulatory NSL complex subunit 1; subunit gene of two protein complexes (MLL1 and NSL1) involved in histone acetylation
MUC5B — mucin 5B
PARN — poly(A)-specific ribonuclease; deadenylation nuclease gene
RTELI — regulator of telomere elongation helicase 1; gene encoding telomere elongation helicase
SFTPC — surfactant protein C; gene encoding surfactant proteins
SPPL2C — signal peptidase like 2C; gene encoding a protein involved in the proteolysis of membrane proteins
TERC — telomerase RNA component; gene involved in the functioning of telomeres
TERT — telomerase reverse transcriptase; gene encoding telomere reverse transcriptase
TOLLIP — toll interacting protein; gene for a ubiquitin-binding protein that interacts with Toll-like receptors
Qo

Introduction the risk of disease development in people 75+ increases

Idiopathic pulmonary fibrosis (IPF) is a severe pro-
gressive interstitial lung disease with average preva-
lence of 15:100,000 individuals worldwide [1]. Based
on etiology, this disease can be classified into familial,
syndromic and sporadic types. About 10-15% of all
IPF cases are familial [2]. They are caused by mutations
in genes SFTPC [3], TERC [4], TERT [5], MUC5B [6],
RTELI, PARN [7]. Syndromic IPF can develop in Her-
mansky — Pudlak syndrome (mutation in gene AP3BI)
[8]. Age-associated sporadic cases of IPF are prevail-
ing. Average age of patients with these types is 66, and

50-fold compared with the age group 18-34 [9]. Further,
IPF is associated with viral infections (Epstein-Barr
virus, cytomegalovirus, herpesviruses [10], Kaposi’s
sarcoma, and hepatitis C), as well as with smoking and
inhalation of metal [11], silicon, beryllium and coal dust;
exposure to asbestos, radiation, drugs such as antibiot-
ics (nitrofurantoin, ethambutol), cytostatics (bleomycin,
methotrexate), non-steroidal anti-inflammatory drugs
[2]; gastroesophageal reflux disease [12]. The aforemen-
tioned environmental factors cause chronic damage to
alveolar epithelium that contributes to the development
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of immune response with the release of transforming
growth factor f (TGF-P) that is a profibrotic cytokine
activating angiogenesis and the production of extracel-
lular matrix components (collagen and fibronectin) [2].
Fig. 1 is a schematic presentation of mechanisms of the
development of different IPF types.

To diagnose IPF, a clinician should consider the spe-
cific features of the clinical presentation of disease, the
results of X-ray examinations, and physiological param-
eters of patients. Surgical lung biopsy (open thoracotomy
or videothoracoscopy) is recommended for most patients
with IPE. The main objective of subsequent histological
examination is to confirm the diagnosis of IPF [13]. Basic
clinical signs of IPF include dyspnea (in 88 % of patients),
dry cough (70 %), and chest pain (24 %) [5]. In 2000, the
American Thoracic Society established major and minor
criteria for IPF. Major criteria include the following: 1)
absence of other known causes of idiopathic lung dis-
eases, such as exposure to toxic drugs and environmen-
tal factors, connective tissue diseases; 2) decreased vital
capacity (VC), often along with increased forced expira-
tory volume/VC ratio, signs of impaired gas exchange;
3) bibasilar reticular anomalies with minimal ground-
glass opacities found during the computed tomography

(CT) of thoracic organs (ThO); 4) absence of the signs
of an alternative diagnosis based on the results of trans-
bronchial lung biopsy or bronchoalveolar lavage. Minor
criteria are listed below: 1) age 50+; 2) latent onset of
unexplained dyspnea during physical exertion; 3) dis-
ease duration more than 3 months; 4) bibasilar rales on
suspended deep inspiration (dry or velcro-type) [13].
ThO CT results with subpleural honeycombing and trac-
tion bronchiectasis (Fig. 2) or specific combinations of
X-ray and histological signs in patients after surgical
lung biopsy are essential for the diagnosis [11].

Since an important mechanism for IPF development is
inflammation that leads to the activation of fibroblasts and
their accumulation in extracellular matrix, in 2000, Amer-
ican Thoracic Society (ATS) and the European Respira-
tory Society (ERS) recommended administration of glu-
cocorticoids (prednisolone at a dose of 0.5 mg per kg body
weight per day), azathioprine (2-3 mg/kg body weight) or
cyclophosphamide (2 mg/kg body weight) for the man-
agement of this disease [13]. Unfortunately, these recom-
mendations are still used by practitioners, although in
2012 there was evidence of the ineffectiveness of this treat-
ment. Moreover, patients with IPF receiving the combina-
tion of prednisolone, azathioprine, and N-acetylcysteine
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Figure 1. Scheme of pathogenetically significant mechanisms of IPF !

AP3BI gene — Adaptor Related Protein Complex 3 Subunit Beta 1; TERC gene — Telomerase RNA Component; TERT gene — Telomerase Reverse Tran-

scriptase; SFPC gene — Surfactant Protein C; PARN gene — Poly(A)-Specific Ribonuclease; RTEL gene — Regulator of Telomere Elongation Helicase 1;
MUCS5B gene — Mucin 5B; ILIRN gene — Interleukin 1 Receptor Antagonist; HLA DRB1 — Human Leukocyte Antigens DR beta chain; TOLLIP gene —

Toll Interacting Protein
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had an increased risk of mortality and hospitalization [14].
Despite ongoing treatment, survival rate in cases of IPF
is about 3 years [15]. Therefore, analysis of the molecu-
lar mechanisms of IPF development can become the basis
for new effective treatment methods. Thus, one of the

(L

Figure 2. Typical manifestations of IPF on CT sections of
the chest (the black arrow shows the «honeycomb lung»,
the white arrow shows traction bronchiectasis) [11]

approaches is to activate the expression of sirtuin (histone
acetylase) SIRT7 that reduces collagen production by lung
fibroblasts. SIRT7 levels are reduced in lung tissues of IPF
patients and experimental mice with bleomycin-induced
IPF [15]. Since up to 15% of all cases of this disease are
monogenic [2], that is, they are caused by mutations in
a specific gene, consideration of the mechanisms of their
development can become the basis for the development of
a pathogenetic therapy for patients with IPE

According to ThO CT, differential diagnosis of IPF
should be carried out with pulmonary signs of systemic
scleroderma and rheumatoid arthritis, asbestosis and
sarcoidosis. These diseases have signs that are gener-
ally similar to those of IPF on CT. However, asbestosis
is characterized by the presence of parenchymal strands
of fibrosis and pleural plaques. Laboratory blood test is
required to exclude systemic connective tissue diseases.
Similar to IPF ThO CT with reticular opacities and hon-
eycombing is observed in subacute and chronic hyper-
sensitivity pneumonitis, however, there is no typical for
IPF bibasilar predominance [13]. It should be mentioned
that risk factors for IPF development are the causes of
the development of lung diseases (Fig. 3) that were listed
in differential diagnosis [2, 11].
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Figure 3. Scheme of differential diagnosis of IPF with the definition of common causes of disease development
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Familial types of idiopathic
pulmonary fibrosis

Clinical signs of monogenic cases of IPF caused by
mutations in specific genes are characterized by ear-
lier manifestation [16], autosomal dominant inheri-
tance, and varying penetrance. These types of IPF
were described as early as 1958 [17]. Mutations are
most often (18% of all family cases) detected in the
genes encoding telomerase complex: TERT (c.97C>T,
c.430G>A, ¢.1456C>T,  ¢.2240delT, ¢.2593C>T,
c.2594G>A, «¢.3346_3522del [4]; c.1892G>A, «c.
2594G>A, ¢.2648T>G [5]) and TERC (r.37a>g) [4].
Major missense mutation 128T>A in exon 5 of the gene
SFTPC (encodes surfactant) is typical [3]. Rarer muta-
tions are c.602delG, c.1451C>T, ¢.1940C>T, ¢.2005C>T,
¢.3371A>C in the gene RTELI that encodes a helicase
that regulates telomere elongation, as well as IVS4-
2a>g, ¢c.529C>T, ¢563_564insT, c.751delA, IVS16+1g>a,
c.1262A>G mutations in the gene PARN that encodes
deadenylation nuclease [7].

It should be mentioned that sporadic cases of
IPF may be associated with allelic variants of genes
with mutations that cause familial IPE. Thus, there’s
a description of association rs12696304 in the gene
TERC, rs7725218 in the gene TERT [18], polymor-
phisms G4702C, C4859G, G4877A, G5089A, C5210A,
G5236A, G5574A, A5786C, T6108C, C6699T in the
surfactant gene SFTPC [16] with the development
of sporadic IPE. Allelic variant rs35705950 (nucleo-
tide substitution in the promoter region) in the gene
MUC5B (encodes mucin) was reported as a cause of
both familial [6] and sporadic cases of IPF [18-20].
The significance of mutations in genes TERT [4, 5],
TERC [4], RTEL1 [7] in the development of monogenic
IPF forms, as well as the association of sporadic forms
of the disease with allelic variants of genes TERT and
TERC [18], whose expression products are necessary
for the functioning of telomeres, explains the associa-
tion of IPF with aging. Genomic instability, mitochon-
drial dysfunction, cellular aging, and loss of proteosta-
sis are actually mentioned in the pathogenesis of this
disease [21].

According to the results of meta-analyzes, allelic
variants of many other IPF-associated genes were found
that are not monogenic types of this disease. Many of the
products of these genes may be involved in IPF patho-
genesis. For example, VNTR*2 haploblock in the inter-
leukin receptor gene ILIRN was significantly associ-
ated in 5 different clinical trials indicating pathological
inflammatory reactions [22]. Information on the asso-
ciation of haplotypes DRBI*15:01 and DQBI*06:02 of
major histocompatibility complex genes HLA is illus-
trative of the role of autoimmune processes [23]. The
association of allelic variants of the gene TOLLIP was

also identified; this gene encodes a Toll-interacting
protein involved in the innate immune system func-
tion (variants rs111521887, rs5743894, rs5743890)
[19]. According to the results of the genome-wide
association study (GWAS), IPF was associated with
allelic variants of genes, the role of protein products
of which was not yet determined. These include the
gene of serine protease DPP9 (rs12610495), lympho-
blastic oncogene AKAP13 (rs62023891), desmoplakin
for intercellular contacts DSP (rs2076295), component
of histone acetylation complex KANSLI, membrane
ATPase that regulates the transport of calcium ions
ATPIIA (rs9577395), isovaleryl-CoA dehydrogenase
IVD (rs59424629), hypoxia-induced gene associated
with lung cancer FAMI3A (rs2013701) [18], lysosomal
membrane protein with a conserved transmembrane
domain SPPL2C (rs17690703) [19]. Analysis of the role
of specific genes in IPF development can become the
basis for the development of both criteria for accurate
diagnosis and management of this disease.

Present-day methods of
management of idiopathic
pulmonary fibrosis

Considering the key role of fibroblasts in the
pathogenesis of IPF [15], use of antifibrotic agents for
the management of this disease seems to be the most
promising way. A 2016 meta-analysis of the results of
treatment of 2,254 patients with IPF demonstrated sig-
nificant effectiveness of pirfenidone (an inhibitor of the
synthesis of procollagen growth factors I and II) and
nintenadib (a tyrosine kinase inhibitor) in improving
reduced FVC (forced vital capacity) during 12 months.
The inefficiency of N-acetylcysteine and the devel-
opment of several adverse drug reactions during its
administration were found [24]. Similar results were
obtained in a 2021 meta-analysis that revealed greater
efficacy of pamrevlumab (a human monoclonal anti-
body that inhibits the activity of connective tissue
growth factor). However, only pirfenidone was able to
reduce overall mortality [25]. It should be mentioned
that nintedanib that is also effective in the manage-
ment of lung cancer affects the same pathways, includ-
ing MAPK, PI3K/AKT, JAK/STAT, TGF-, VEGEF, Wnt
[26] that involve miRNA (ribonucleic acid) associated
with IPF [27]. In addition to antifibrotic agents, pres-
ent-day treatment for IPF includes proton pump inhibi-
tors, oxygen therapy, and lung transplantation. In some
cases, the effectiveness of antibacterial and antiviral
agents was demonstrated due to the role of bacteria
and viruses in the development of IPF. It was found, for
example, that macrolides have immunomodulatory and
anti-inflammatory effect in IPF preventing the produc-
tion of mediators of the immune system [2].
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In addition to medications, the possibility of using
traditional medicine for IPF management is also being
considered. A Chinese herbal pulmonary rehabilita-
tion mixture (PRM) that has been used for decades
was proposed as a potential multipurpose oral agent
for IPF management. Pharmacodynamic studies have
shown that PRM affects the state of the epithelium,
endothelium, fibroblasts, platelet growth factor, toll-like
receptor-4, and fibroblast growth factor. PRM contains
8 herbs: roots of astragalus, codonopsis, ophiopogon,
pseudoginseng, anemarrhena, licorice, bulbs of Fritil-
laria thunbergii, fruits of Schisandra chinensis [1]. Com-
ponents of Hypericum longistylum demonstrated effect
on TGF-B1/Smad3 signaling pathways which indicates
their potential use for IPF management [28]. Epigallocat-
echin-3-gallate (EGCG) that is found in green tea inhib-
its the aggregation of pathological structures of SP-A2 by
increasing the instability of this protein and activating
its proteasomal degradation. Therefore, EGCG can be an
agent in the management of IPF [29].

Since genetic factors are central to the development
of this disease, finding ways to impact these IPF devel-
opment mechanisms is an important task. Investigation
of the role of epigenetic factors is the most promising
trend of studies, since these factors are reversible and can
be corrected using non-coding RNAs (ncRNAs) that are
the potential targets as well. One example is microRNA
miR-506 that specifically binds to the RNA of the
p65 NF-kB subunit gene (nuclear transcription factor for
apoptosis, cell cycle, and immune response genes) and
suppresses its expression. In IPFE, level of this miRNA is
significantly reduced; therefore, miR-506 can be used to
inhibit excessive cell proliferation and inflammation in
lung tissues [30]. Back in 2010, the efficacy of antisense
miR-21 in mice with bleomycin-induced lung fibro-
sis was described. The effect of these molecules could

Profibrotic ncRNAs

also be due to the suppression of proliferation, since
increased expression of miR-21 is typical for malignant
neoplasms, and in IPF it contributes to the pathologi-
cal activation of fibroblasts that synthesize this miRNA.
MiR-21 regulates the expression of Smad7 by influenc-
ing TGF-P1 that contributes to the hyperproduction of
extracellular matrix [31].

An inverse correlation of miR-708-3p expression with
the development of pulmonary fibrosis was found what
indicates the potential use of this miRNA in the man-
agement of IPE Direct targets for miR-708 include tran-
scripts of the genes of disintegrin and metalloproteinase
17 (ADAM17). In an animal experiment, the therapeu-
tic efficacy of this microRNA in pulmonary fibrosis was
demonstrated [32]. MiR-184 also has an antifibrotic
effect that suppresses TGFp-induced fibrotic processes
in lungs and can be considered for the targeted ther-
apy of IPF [33]. In addition to miRNAs, long ncRNAs
can be used in the management of IPE Although the
results of clinical trials have revealed decreased expres-
sion of 1,376 and increased expression of 440 different
long ncRNAs in the blood plasma of IPF patients com-
pared with healthy individuals, changes in the levels
of certain ones is more specific. These include IncRNA
AP003419.16 that is expressed at the highest level and
activates TGF-f1 signaling pathways [34]. An interfer-
ing sequence for profibrotic IncITPF (involved in TGFp
pathways) has already been used in clinical practice in
patients with IPFE. This agent called sh-IncITPF actually
reduced lung fibrosis score [35]. Antifibrotic IncRNA
PCAT29 (prostate cancer-associated transcript 29) sup-
presses TGF- and can be used to influence the TGF-$
pathway in IPF [36]. Thus, studies of ncRNAs in the
development of IPF can become the basis for both diag-
nosis and the development of more effective methods of
treatment (Fig. 4).

Antifibrotic ncRNAs 1

TGF-B

NF-kB ADAM17

7@”“?? |

Fibrosis activation

Increased pathological proliferation

Figure 4. Scheme for the use of specific non-coding RNAs (ncRNAs) in the treatment of idiopathic pulmonary fibrosis
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Table 1. IPF-specific miRNAs

miRNAs (gene localization) Expression changes specificity in IPF/ mechanism of influence Reference
miR-9-5p (5q14.3)
decreases / prevents fibrosis
miR-27b (9q22.32) [38]
miR-153 (2q35) decreases / suppresses TGF-f
miR-184 (15q25.1) decreases / suppresses TGF- and p53 [33]
miR-326 (11q13.4) decreases / prevents fibrosis [38]
miR-340 (5q35.3) increases / affects MAPK signaling [41]
miR-374 (Xq13.2) decreases / suppresses mTOR signaling, expression of MIDI ubiquitin ligase [27, 42]
miR-424 (Xq26.3) increases / stimulates fibrosis [38]
miR-487b (14q32.31) increases / suppresses IL-33 expression [36, 43]
miR-489 (7q21.3) decreases / prevents fibrosis [38]
miR-493 (14q32.2) increases / inhibits Wnt/B-catenin, Wnt/PCP, MEK/ERK, PI3K/AKT pathways [43, 44]
miR-630 (15q24.1) decreases / regulates CDH2, VIM, EZH2, SOCS2, TFG, TLR4, Smad9, EP300 gene expression [45]
miR-1343 (11p13) decreases / inhibits TGF-p receptors [40]

miRNAs as potential
diagnostic markers of
idiopathic pulmonary fibrosis

In addition to the miRNAs described above that can
be considered as targets for targeted therapy, a significant
change in the expression of miR-29, miR-21-5p, miR-
92a-3p, miR-26a-5p, and let-7d-5p was found in patients
with IPF [37]. Patients with IPF demonstrate changes
in the levels of miRNAs that activate TGF-p (miR-424)
and suppress its transcription (miR-9-5p, miR-18a-5p,
miR-26a, miR-27b, miR-101, miR-153, miR- 326, miR-
489, miR-1343) [38]. MiR-323a inhibits both TGF-f and
TGF-a signaling pathways. Expression of this miRNA is
significantly reduced in the lung tissue of patients with
IPF [39]. Fibroblasts in the lung tissue of patients with
IPF express lower levels of miR-101 [40]. In patients
with IPF have altered levels of many specific microRNAs
that may be involved in the pathogenesis of this disease
compared with healthy contret-individuals. 47 microR-
NAs were identified that are involved in the regulation
of actin cytoskeleton, in signaling pathways TGF-3, Wnt,
PI3K-Akt, Notch, HIF-1, and mitogen-activated protein
kinase [27]. Analysis of literature sources presented in
PubMed, Scopus, Web of Science databases revealed
that changes in the expression of many IPF-associated
microRNAs are also found in patients with other dis-
eases of bronchopulmonary system, such as asthma and
chronic obstructive pulmonary disease. However, the
expression of several microRNAs is detected only in
IPF (Table 1). These miRNAs can be used as diagnostic
markers of this disease, as well as for the development of
effective targeted therapy.

Conclusion

Average incidence of IPF is 1:6,500. From 10 to 15%
of cases of this disease are autosomal dominant mono-
genic diseases caused by mutations in the genes of telom-
erase complex (TERC, TERT, RTEL), surfactant (SFTPC),
deadenylating nucleases (PARN) and mucin (MUC5B).
Sporadic cases of IPF are associated with allelic variants
of different genes, the products of which may be involved
in the pathogenesis of this disease. The ineffectiveness
of IPF management with glucocorticoids and cytostat-
ics has been proven; these agents can aggravate disease
course and increase the risk of mortality. Present-day
effective methods of treatment implemented in clini-
cal practice are the use of pirfenidone (an inhibitor of
the synthesis of procollagen growth factor), nintenadib
(a tyrosine kinase inhibitor) and pamrevlumab (an anti-
connective tissue growth factor monoclonal antibody).
Promising method of laboratory tests for IPF is deter-
mining the levels of miRNAs, changes in the expression
of which is specific only for this disease. These include
miR-9-5p, miR-27b, miR-153, miR-184, miR-326,
miR-374, miR-489, miR-630, miR-1343 (decreasing
levels); miR-340, miR-424, miR-487b, miR-493 (increas-
ing level). MicroRNAs and long non-coding RNAs can
also be used in the development of targeted therapy for
IPE
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