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A.A. Aripova, A. Akparova Yu., R.I. Bersimbai

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
(E-mail: aripova001@gmail.com)

Role of microRNAs in development of chronic obstructive pulmonary disease

Abstract: Chronic obstructive pulmonary disease (COPD) is a multi-pathogenesis chronic lung
disease characterized by irreversible and progressive bronchial obstruction. An important role in
the development of the disease belongs to the genetic predisposition and environmental factors.
Although the pathogenesis of COPD is now not well understood, it is known that oxidative stress,
imbalance of the proteolysis-antiproteolysis system, immune system disorders, impaired lung repair,
and apoptosis dysfunction make a significant contribution to the disease. In this review, we discuss
about various molecular and cellular mechanisms of COPD including airways inflammation. Special
attention is paid to the role of miRNA in the development of COPD. It is considered the possibility
of using microRNAs as new biomarkers and therapeutic tools for the diagnosis and treatment of
COPD.

Keywords: microRNA, chronic obstructive pulmonary disease, biomarkers, signaling pathways.

DOI: https://doi.org/10.32523 /2616-7034-2019-126-1-22-30

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory condition of the lung
of high global prevalence and is associated with high morbidity and mortality [1]|. Its contribution to
death worldwide is predicted to increase over the course of both the current and next decade and up
to 2030, COPD will become the third cause of deaths worldwide, and the prevalence is increasing in
developing countries at present [2]. COPD is characterized by chronic bronchiolitis and emphysema
due to the abnormal inflammatory response triggered by pollutants such as virus infection and nox-
ious gases exposure, of which cigarette smoking (CS) is considered as the predominant factor and
attributed to 80-90% of the COPD cases [3]. Cigarette smoke and other irritants inhaled into the
respiratory tract may activate surface macrophages and airway epithelial cells to release multiple
chemotactic mediators, particularly chemokines, which attract circulating neutrophils, monocytes,
and lymphocytes into the lungs |4]. These inflammatory and structural cells release many inflam-
matory mediators that contribute to the pathophysiology of COPD. Also, there may be several
coexisting cellular and molecular mechanisms that interact in complex ways in treating COPD |[5].
Therefore it is important to identify molecular biomarkers of disease activity.

Over the last two decade have been identified small non-coding RNAs as regulators of gene
expression [6]. The discovery of these small RNAs, called microRNAs (miRNAs) in the beginning
of 1990s, revealed an unexpected level of gene expression regulation that has proven to be a great
relevance in the regulation of numerous physiological and pathological conditions [7]. MiRNAs are
assuming greater significance in research as novel regulators of gene expression, playing a central role
in different pathophysiological processes. Increasing evidence supports the potential role of miRNAs
as disease specific biomarkers, including COPD and other broncho-pulmonary diseases [8].

The miRNAs are endogenous non-coding small RNAs of about 19-22 nucleotides in length that
function at a transcriptional and post-transcriptional level, usually resulting in gene silencing via
mRNA translational repression or target degradation [9]. At present, more than 1 000 miRNAs
have been identified in human. These miRNAs can regulate the expression of at least 30% of genes
that control various biological functions. Each miRNA can regulate multiple target genes, while the
specific target mRNA can also regulated by multiple miRNAs at the same time [10].

Increasing evidence supports the potential role of miRNA as disease-specific biomarkers, generat-
ing new tools for diagnostic, preventive or therapeutic purposes. In most solid tumors, such as gastric
cancer, prostate cancer, non-small cell lung cancer, miRNA profiling has been proposed as a useful
aid in the diagnosis, prediction of recurrence and assessment of a patient’s prognosis in different
clinical directions [11]. Many previous observations demonstrated that miRNAs have the potential
of being used as biomarkers for COPD. Exploration of dysregulated expression profile of miRNAs
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in distinct samples from COPD patients or model animals under different environmental exposures
could be helpful for elucidating the role of miRNAs in the pathogenesis of COPD. Therefore in this
short review we provided an overview of the interplay of those miRNAs with environmental risk
factors of this disease. We also highlight the potential utility and limitations of miRNAs serving as
diagnostic biomarkers and therapeutic targets for COPD.

Conickx et al. have investigated the miRNA profile of 523 miRNAs by qRT-PCR in lung tissue and
cell-free bronchoalveolar lavage (BAL) supernatant of mice exposed to air or cigarette smoke (CS)
for 4 and 24 weeks[12]. They demonstrated that after 24 weeks of CS exposure, 31 miRNAs were
differentially expressed in lung tissue and metricconverterProductID78 in78 in BAL supernatant.
To assess the change in cell types following CS exposure could be associated with the alteration
in miRNA expression the authors correlated the miRNA expression with populations of immune
cells and levels of inflammatory chemokines. It was demonstrated that after subacute CS exposure,
miRNA-135b correlated strongly with percentage of dendritic cells. Following chronic CS exposure,
miR-155 correlated significantly with percentage of B cells and miR-~152, miR-30a-5p, miR-30c, miR-
218 and miR-26a correlated with several immune cell types in lung tissue. Correlation of altered
miRNA expression with the change in inflammatory profile, suggests a possible implication of these
miRNAs in CS-induced inflammation.

Pinelo et al. studied miRNA expression patterns in patients with COPD and/or lung adenocar-
cinoma to elucidate distinct regulatory networks involved in the pathogenesis of these two smoking-
related diseases [13]. Expression of 381 miRNAs was quantified by TagMan Human MicroRNA A
Arrray v metricconverterProductID2.0 in2.0 in bronchoalveolar lavage fluid samples from 87 patients
classified into four groups: COPD, adenocarcinoma, adenocarcinoma with COPD, and control (nei-
ther COPD nor adenocarcinoma). 11 differentially expressed miRNAs were randomly selected for
validation in an independent cohort of 40 patients. The authors demonstrated that 40 miRNAs
were up-regulated in patients with adenocarcinoma, 19 of which were exclusively up-regulated in
patients without COPD. Patients with adenocarcinoma and COPD showed 12 additional deregu-
lated miRNAs, nine of which were up-regulated and three were down-regulated. In patients with
COPD only, seven miRNAs were found to be up-regulated and seven down-regulated. Additionally,
the COPD and adenocarcinoma with COPD groups shared five deregulated miRNA (two down-
regulated and three up-regulated). Finally, the three pathologic groups shared three up-regulated
miRNAs (miR-15b, miR-425 and miR-486-3p) as compared with the control group. These results
contribute to unravelling miRNA-controlled networks involved in the pathogenesis of lung adenocar-
cinoma and COPD, and provide new tools of potential use of miRNAs as biomarkers for diagnosis
and/or therapeutic purpose.

Recently Paschalaki et al. demonstrated that chronic exposure to cigarette smoke causes reduced
expression of miR-~126 and increases the DNA damage response (DDR) [14]. It is known that DDR
contributes to the pathophysiology of aging disorders, including COPD, cardiovascular disease and
cancer [15]. It was shown that miR-126 levels in lung epithelial cells negatively correlated with
smoking history assessed as pack-years and positively correlated with disease severity measured
as FEV1% (forced expiratory volume in 1s) predicted, suggesting miR-126 expression is down-
regulated with extended exposure to cigarette smoke and increased severity of lung disease. These
results identify a novel miR-126-dependent pathway controlling DDR caused by cigarette smoke,
where down-regulation of miR-126 enhances ataxia-telangiectasia mutated activation and thereby
promotes tissue aging and dysfunction.

A new phenotype with overlapping characteristics between asthma and COPD called asthma-
COPD overlap syndrome (ACOS) is emerging among inflammation diseases [16|. Lacedonia et al.
studied the expression profiling of miRNA-145 and miRNA-338 in serum and sputum of patients with
COPD, asthma and ACOS [17]. They demonstrated that the expression of miRNA-338 is higher
in the supernatant of different obstructive diseases than in peripheral blood, while miRNA-145 is
higher only in the supernatant of asthma patients. The expression of miRNA-145 in sputum was
higher in COPD patients than in controls. The results of that study do not show differences between
the expression of miRNA-145 and mi-RNA-338 in ACOS patients compared to asthma or COPD
patients, and this confirms that this syndrome presents some characteristics overlapping between
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both diseases. The similar results were observed by Wang et al. [18|. They demonstrated the down
expression of miR-145-5p and miR-~338-3p, and upregulation of miR-3620-3p in plasma of patients
with COPD.

Quite recently Dang et al. investigated the expression level of miR-~145-5p in human lung tissue
samples, and to explore its regulatory role in the apoptosis and inflammation of human bronchial
epithelial cells (HBECs) following CS extract (CSE) exposure [19]. They found that miR-145-5p
was significantly down-regulated in lung tissues from smokers without or with COPD compared to
non-smokers. Their functional assays showed that miR-145-5p over expression remarkably alleviated
CSE-induced apoptosis and inflammation response by regulating p53-mediated apoptotic signaling
and pre-inflammatory factors such as necrotic factor- & (TNF- ), interleukins — IL-6,IL-8 in HBECs,
whereas, down-regulation of miR-145-5p showed opposite effects. Furthermore, luciferase reporter
assays verified that Kruppel-like 5 (KLF5) transcription factor was a direct target of miR-145-5p.
By western blot assay was confirmed that KLF5 is up-regulated in COPD tissues and negatively
associated with miR-145-5p expression. It was also shown that the CSE-induced NF- x B signaling
activation was suppressed by miR-145-5p overexpression. On the basis of received results the authors
suggested that the protective role of miR-145-5p on CSE-induced airway epithelial cell apoptosis and
inflammation was partially through regulating KLF5-mediated activation of NF- k B signaling, which
might be a potential therapeutic biomarker in COPD treatment.

As mentioned above, lung infections are a significant in smokers and COPD patients [4]. Chen et
al. studied the effects of nicotinamide adenine dinucleotide phosphate 4 (NOX4) and transforming
grows factors — beta (TGF- ) involved in airway remodeling of COPD. Their results demonstrated
that the expressions of NOX4 and TGF- 5 in COPD epithelial cells and small airway smooth muscle
cells are significantly enhanced. The expression of NOX4 and TGF- 5 are positively correlated with
the severity of chronic pulmonary air flow suggesting that TGF- 3 and NOX4 signaling may be
involved in the development of COPD airway remodeling [20]. CS and COPD lead to impaired
mucociliary clearance, thereby promoting microbial colonization and lung infections. It is known
that the etiology of pneumonias associated with COPD and CS is similar to that seen in cystic fibrosis
[21]. Dutta et al. determined the mechanism by which cigarette smoking and TGF- 8 suppress cystic
fibrosis transmembrane conductance regulator (CFTR) [22]. It was demonstrated that miR-145-5p
plays an important role in CFTR suppression in primary bronchial epithelial cells re-differentiated
at the air-liquid interface cultures treated with TGF- /1 and in small animal models exposed to
cigarette smoke. The authors also demonstrated that miR-145-5p modulates another important
chloride channel, SLC26A9, which physically interacts with CFTR. and plays an important role in
CFTR biogenesis and activation.

Regulation of miR-~145 was found to be negatively controlled by pathways involving the MAP-
kinases, MEK-1/2 and p38-MAPK. Overexpression of miR-~145 in airway smooth muscle cells from
patients with COPD suppressed IL-6 and CXCL8 (chemokine ligand) release, to levels comparable
to the nonsmoker controls [23]. This finding may open a new way in COPD therapeutics by targeting
of miRNA-145 and diagnosis by its detection.

Li et al. compared the expression spectrum of miRNAs in the lung homogenates of rats with
COPD and normal control group [24]. COPD rat models were reproduced by smoke inhalation as
well as intratracheal instillation of lipopolysaccharide (LPS). The samples of the lung were harvested,
and the histopathological examination of the right lung was carried out to evaluate the degree of
lung injury. Total RNA were isolated from the left lung. The miRNA expressions in lung tissue of
rats with COPD or normal rats were determined by miRNA chip technology to screen the miRNA
with differential expression. The data were analyzed to study the expression difference of miRNAs
between the two groups, and to construct the miRNA-target network. Compared with normal
control group 20 miRNA with increased expression were found in COPD model group. The study
reveals that many miRNA have multiple target genes, such as miR-30c-2, miR-145, miR-181b, miR-
181a ,miR~181d, and miR-199. Hierarchial clustering analysis showed that significant differences in
individual miRNA in lung tissue between of two groups — COPD and control were found.

Recently Ong et al. studied age-related gene and miRNA expression changes in airways of healthy
individuals [25]. RNA and small RNA sequencing was performed on bronchial biopsies of 86 healthy
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individuals (age: 18-73) to determine age-related expression changes. It was shown that miR-146b-
5p, miR-~142-5p and miR-146a-5p expression levels were lower with increasing age and a significant
enrichment of their predicted target genes was found among the genes higher expressed with increas-
ing age. It is known that during normal ageing, lung function declines over time due to a variety
of mechanisms and anatomic changes including smaller thoracic cavity, reduced respiratory muscle
function and reduced mucus clearance |26].

Destruction and inability of bronchioles and lung tissue, in which inflammatory disorder plays a
critical role, are the base of pathophysiology in COPD. T-cells and T-helper-17 cells demonstrate
strong associations with inflammatory cascade in COPD, in which inflammatory cytokines are cru-
cial in the early stage, such as TNF-«, IL-6 and II-8, after the release of which the inflammatory
cells are concentrated in the site of inflammation to mediate the immune response [3]. Chen et al.
investigated the predicting value of miR-146a and miR-146b for acute exacerbation chronic obstruc-
tive pulmonary disease (AECOPD) and COPD, and to explore their associations with inflammatory
cytokines in AECOPD and COPD patients [27]. It was shown that miR-146a and miR-146b were
negatively correlated with inflammatory cytokines - TNF- o, IL-1 3, IL-6, I1-8 and LTE-4, and could
be promising biomarkers for predicting the risk of AECOPD in stable COPD patients and healthy
individuals.

Ding et al. by studying the miRNA expression patterns in COPD and different smoking status
of Li and Han population found the expression of seven miRNAs in COPD of Li population [28|.
In Han population there have only one miRNA (hsa-miR-196b-5p) were under-expressed in COPD
patients.

By using next-generation sequencing Wang et al. studied the expression profiles of miRNAs in
COPD patients [29]. For the study 20 representative COPD patients were separated into four groups
based on increasing severity (A, B, C and D) and compared to 6 healthy controls. Compared to
healthy controls 19 differentially expressed miRNAs were found in COPD patients. For all COPD
groups, miR-3177-3p was down-regulated, while 17 miRNAs were up-regulated. The results revealed
21 differentially expressed miRNAs, of which miR-183-5p was continually down-regulated from A
to B to D COPD groups. The authors found that four miRNAs (miR-106b-5p, miR-125a-5p, miR-
183-5p and miR~100-5p) are significant for the development of COPD. The severity of COPD was
attenuated by miR-106b-5p, thus suggesting this miRNA as potential target for COPD treatment.

It was demonstrated that levels of serum miR-218 were positively correlated with FEV/FVC%
(forced expiratory volume in 1s/forced vital capacity) and were negatively correlated with levels of
serum IL-6 or IL-8 [30]. In human bronchial epithelial cells, cigarette smoke extract reduced miR-218
expression, decreasing the inhibitory effect of miR-218 on TNFR1 (Tumor necrosis receptor 1), which
resulted in enhanced NF- & B signaling. It was concluded that in smoking-incuced COPD, miR-218,
acting via TNFRI1-mediated activation of NF- x B, is involved in MUC5AC hyperproduction and
inflammation [30]. These results reveal a mechanism for epigenetic modification by which smoking
induced broncholitics, which is of practical value to control smoking-induced COPD.

The role of microRNA-218-5p in the pathogenesis of COPD was also studied by Song et al. [31]. A
total of 40 COPD patients and 40 healthy controls were enrolled in this study. The COPD model of
C57BL/6 mice was also developed by exposing them to cigarette smoke. The expression of miR-218-
5p was detected by qRT-PCR in all the patients and mice. The serum level of I[L-18 and TGF- 3 1 was
also detected via ELISA kit. The results showed that miR-218-5p was significantly down-regulated
in patients with COPD, compared to normal subjects. There was a negative correlation between
the plasma miR-218-5p level and the duration of disease with diagnosis of COPD ex-smokers. CS-
induced COPD mice experiments with a miR-218-5p inhibitor demonstrated a protective role of
miR-218-5p in cigarette smoke-induced inflammation and COPD. These data supported previously
findings [30] that miR-218-5p play an important role in the pathogenesis of COPD.

FAIM2 (FAS apoptotic inhibitory molecule 2) has been reported to inhibit FAS-mediated the
apoptosis of T-lymphocytes death which is believed to play a central role in the pathogenesis of
COPD [32]. However almost nothing is known about the role of FAIM2 in T lymphocytes in the
development of COPD. By bioinformatics prediction, FAIM2 was identified as a potential target of
miR-322. Shen et al. carried out the experiments for identification the molecular involvement of
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miR~3202 in the pathophysiology of COPD [33]. Level of miR-3202 in blood sample of non-smoker
non-COPD (C), smoker without COPD (S), smoker with stable COPD (S-COPD) and smoker
with acute exacerbation COPD (AE-COPD) was analyzed by qRT-PCR. Results showed that the
miR-3202 was down-regulated in S;S-COPD and AE-COPD group when compared with C group.
Decreased level of miR-3202 was also observed in cigarette smoke extract (CSE) treated T-cells.
CSE stimulation increased INF-~ and TNF-« levels and FAIM expression whereas inhibited Fas
and FasL expressions in T-lymphocytes. However, these effects were significantly suppressed by
miR-3202 overexpression and enhanced by miR-3202 inhibitor. These results suggest that high level
of miR-3202 in T lymphocytes may protect epithelial cells through targeting FAIM2. MiR-3202
might be used as a notable biomarker of COPD [33].

Recently Chatila et al. demonstrated substantial differences in miRnome of regulatory T (T ycq )
cells, but not T g cells, between COPD and healthy controls [34]. The authors also shoen that
miR-199a-5p is up-regulated in T ¢ cells compared to T g cells, These findings suggest that the
abnormal repression of miR-199a-5p in patients with COPD compared to unaffected smokers may
be involved in modulating the adaptive immune balance in favour of a Thl and Th17 response.

Gu et al. more recently studied the role of miR-195 in CS-induced COPD and demonstrated that
miR-~195 was significantly up-regulated in the lung tissues of patients with COPD compared to in
never smokers [35]. miR-195 expression was also up-regulated in CS-exposed mice. A positive corre-
lation was found between miR-195 and phosphorylation of Akt in lung tissues of COPD patients. By
using publicly available databases (TargetScan and miRanda) these authors have identified PHLPP2,
which is an essential phosphatase for the termination of Akt signaling and observed that inhibition
of PHLPP2 enhanced Akt phosphorylation and increased IL-6 and TNF-« production in human
airway bronchial epithelial cell line BEAS-2B cells, resembling the effects of miR-195 overexpres-
sion. These data demonstrate that miR-195 has a pathogenetic role in cigarette-induced COPD and
regulate Akt phosphorylation by suppressing PHLPP2 expression and indicate that miR-195 is a
potential therapeutic target for the treatment of cigarette-smoke induced COPD.

To analyze the miRNA expression profile in COPD, levels of serum miRNAs were profiled by qRT-
PCR array system. In 20 COPD and 12 control patients were examined 72 miRNAs by qRT-PCR
array. There was down-regulation of miR-20a,miR~28-3p, miR-34-5¢ and miR-100, and up-regulation
of miR-~7 compared with controls. The received results allowed to suggest that these miRNAs may
have a role in COPD pathogenesis and may give clues for designing therapeutic strategy [36].

To perform a network analysis between miRNAs and mRNAs, the expression levels of miRNAs in
COPD and control lung tissue samples Kim et al. carried out the integrative analysis of miRNAs.
They showed that 11 miRNAs were down-regulated significantly and only one miRNA was up-
regulated in the lung tissues of COPD subjects. The most significantly dysregulated miRNA in the
lung tissue from COPD patients was miR-28-3p [37].

Down-regulation of the serum response factor/miR-1 axis in the quadriceps of patients with COPD
was demonstrated by Lewis et al.. In this study they show that the expression of miRNAs is different
in the quadriceps of patients with COPD than in control subjects. These results suggest that reduced
activity of the serum response factor pathway contributes to COPD skeletal muscle dysfunction, in
part by down-regulating miR-1 expression [38|.

It is known that particulate matter (PM) is an aggravating risk factor of COPD exacerbation
[39]. Fine particulate matter (PMgo5) are the PM with a diameter of 2.5 pm or less. Once
inhaled, PM 2 5 deposits in lung tissues inducing airway and systematic inflammation [40]. Animal
experiments showed PM g 5 accelerated lung inflammation and oxidative stress in COPD mice [41].
Recently Zhou et al. found that miR-194-3p was dramatically down-regulated in PM 5 5 -cigarette
smoke solution (CSS)-treated human bronchial epithelial cell cultures. Overexpression of miR-194-3p
suppressed apoptosis in PM o5 - CSS-treated cells. These results suggested that miR-194-3p was a
protective regulator involved in apoptosis pathway and a potential therapeutic target for a treatment
of bronchial epithelial injury aggravation induced by PM 9 5 [42]. In order to screen COPD associated
miRNAs, Zhou et al. in addition identified differentially expressed blood miRNA contrasting COPD
participants without diagnose of COPD or related treatment before and matched control. The results
showed that miR-495-3p and miR-~223-5p significantly increased whereas, miR-194-3p decreased in
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COPD patients. miR-194-3p was highly positive correlated with lung ventilation function during
exposure of PM o 5. These results clearly indicated that miR-194-3p might be a protective biomarker
in PM o 5 -triggered pulmonary dysfunction such as COPD [43].

Recently Lin et. al demonstrated the role of miR-186 in relation to of hypoxia-induced factor
la (HIF-1«) in the development and progression of COPD. After miR-186 transfection, the MRC-
5 cells (human lung fibroblast cells) showed reduced proliferation and increased apoptosis. After
overexpression of miR-186, they found that the HIF-1 o expression level was reduced in MRC-5 cells.
It was also demonstrated that miR-186 can affect apoptosis of inflammatory fibroblasts through the
regulation of HIF-1 a and affect the downstream signaling pathways. These data allowed to suggest
that miR-186 contributes to the pathogenesis of COPD and that miR-186 is associated with HIF-1 «
expression in COPD [44].

It is well known that influenza A virus (IAV) infections lead to severe inflammation in the airways.
Patients with COPD characteristically have exaggerated airway inflammation and a more suscepti-
ble to infections with severe symptoms and increased mortality [45]. The mechanisms that control
inflammation during IAV infection and the mechanisms of immune dysregulation in COPD are un-
clear. It was shown that IAV infection increased the expression of miR-125a and miR-125b [46]. The
authors show that A20 is a negative regulator of NF- x B-mediated induction of inflammatory but
not antiviral cytokines and that A20 protein level were impaired in COPD. The impaired induction
of A20 and antiviral responses in COPD were attributed to increased expression of miR-125a and
miR-125b. It was suggested that A20 regulates NF- k B activation and subsequently the production
of inflammatory cytokines.

CONCLUSION. Chronic obstructive pulmonary disease (COPD) is a global epidemic disease
which is characterized by chronic inflammation of the lung parenchyma and peripheral airways.
The pathogenesis of COPD involves many components, including hypersecretion of mucus, oxida-
tive stress, inflammation in the airway and lungs. Cigarette smoke remains the key cause of COPD
worldwide. In last decade has been made significant development in understanding the role of mi-
croRNAs in molecular mechanisms of pathogenesis of different diseases, including COPD. It was
demonstrated that modulation of miRNAs via targeting various cellular and molecular pathways in-
volved in COPD could contribute to the development of COPD. In Figure 1 we have summarized the
cellular and molecular signaling pathways involved in pathogenesis of COPD with the participation

of different miRNAs.
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Figure 1 — Cellular and molecular pathways involved in the pathogenesis of COPD. CS -Cigarette smoke,
PM 55 - particulate matter, OS - oxidative stress, IAV - Influenza A virus are factors of COPD. TGF- 3
— transforming grows factors — 5, HIF-1 o -hypoxia-induced factor 1 a, PI3k-Phosphoinositide 3-kinase,
AKT- actin, PHLPP2- PH Domain And Leucine Rich Repeat Protein Phosphatase 2, NF-kB- nuclear
factor kappa B, IKK (S - inhibitor of nuclear factor kappa Bkinase subunit beta, SMAD 3/7 - Similar
to Mothers Against Decapentaplegic 3/7, MAPK - mitogen-activated protein kinase, SIRT1 — sirtuin 1,
DAPK- death-associated protein kinase 1, Cas-3- caspase3. The miRNAs in red.
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A.A. Apunosa, A.IO. Aknaposa, P.I1. Bepcim6aii
FEepasutickutl Hayuorarvoroitll yrusepcumem um. JI.H. lymunesa, 2. Acmana, Kasaxcman

Poab mukpoPHK B pasBuTtum XpoHUYECKOM OOCTPYKTUBHOM OOJIE3HU JIEFKUX

Anpnarnia Xponnveckas obcrpykTusHasi Gosesnb jerkux (XOBJI) - xponuveckoe Jierovnoe 3aboJIEBAHUE CO CIIOXKHBIM
[IaTOTEHE30M, XapaKTePU3YIolleecss HeOOPATUMOI U HPOrpecCUpyIoliell OpOHXHAJbHON obCTpyKimeil.  Bakuyio poab B
pa3BuTHM OOJIE3HH WIPAIOT TEeHETUYeCKasl IPEIPACIOIOKEHHOCTb U (DAKTOPBI OKPY?KAIOIIEH CpeJibl. Xorst maTorenes
XOBJI B Hacrosiliiee BpeMsl €lle HEJOCTATOYHO H3yY€H, U3BECTHO, YTO 3HAYUMBIA BKJIAJ B €€ BO3HUKHOBEHHE BHOCIT
OKHCJIUTEIBHBIA CTpece, aucOaiaHC CHCTEMBI IIPOTE0JIn3a,/aHTHIIPOTEOIN3a, AUCHYHKIHS MMMYHHONH CHCTEMBI, HApyIIEHUE
penapanuu JIEKUX ¥ alonTo3a. B IpeacTaBieHHOM 00630pe Mbl CYMMHPOBAJU CBEIEHUsI O PAa3JIMIHBIX MOJIEKYJISIPHBIX M
KJIETOUHBIX MEXAHMN3MaX, BOBJICUCHHBIX B BOCIAJICHHE U HIPAIOMIUX KJ04UeByio posb B marorerese XOBJI. Ocoboe BHuMaHTE
yaeneno pomu MukpoPHK B passurun XOBJI. PaccmarpupaeTcss BO3SMOXKHOCTD MCHob3oBanust MUKpoPHK B kadecTBe HOBBIX
OMOMapKEPOB U TEPAIIEBTUYECKUX WHCTPYMEHTOB JJjisi JuarHoctuku u Jjiedernust XOBJI.

KuaroueBbie cioBa: mukpoPHK, xponuueckasi 06cTpyKTUBHAs1 GOJIE3HD JIENKUX, OMOMapKEPbI, CUTHAJILHBIE IIyTH.
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A.A. Apunosa, A.FO. Aknaposa, P.I. Bepcim6aii
JI.H. lymunes amwndazv. Eypasus yammuk ynusepcumemis, Acmana, Kasaxeman

OKIIeHiH CO3bLIMAaJIBI OGCTPYKTUBTI aypybIHbIH, JaMybiHAarbel MUKpoPHK-HbIH peui

AnHoTanus: OKneHiy co3buMaiibl 06cTpyKTHBTI aypybl (COOA) - KalTHIMCBI3 KoHe yeMesi GPOHXHAJ bl 00CTPYKIUIMEH
CHUIIATTAJIATBIH Kyp/IeJii maTrorenes3i 6ap co3bLIMAJIbI OKIIE aypybl. Aypy/IblH JaMybIHIa NeHETUKAJIBIK, OeHIMIIIK [IeH KOpIIaraH
OopTaHbIH, (pbakTOpaapbl MaHbI3AbI peJ arkapaabl. COOA mnarorenesi Kasipri yakbITTa 9J1i »KETKUIIKTI 3epTTesMeren 6ojica 1a,
OHBIH, Taii1a GOJIybIHA TOTBIFY CTPECC, IIPOTEOJIN3/ aHTHIIPOTEONS YKy HECiHIH qUCOATaHCH, UMMYHJIBIK, *KYHEHIH TucdyHKIUACHI,
OKIIEHIH perraparusicbl MeH alloNTO3/bIH OY3bUIYBI ejleyJli yJiec KOocaThIHbI Oesrisi. Y ChIHBIIFAH IIOJIYAa KAObIHyFa KAaTbICATHIH
xkoHe OCOA naroreHesiHjie Heri3ri peJi aTKapaThiH 9PTYPJI MOJIEKYJIAJIBIK, )KOHE YKACYIIAJIbIK MEXaHU3MIEP TypPaJibl MaJIiMeTTep
xkunakrasrad. Counbiy iminge, OCOA mamybiagarst MukpoPHK peutine epekine nazap aymapeuigsl. ©OCOA aumarnocTukasiay
JKoHe eMJey VINH BbIKTHMAaJj OWOMapKepJep MeH TepaleBTiK Kypasnazap periage MukpoPHK-mer maiimamany myMmkisziri
KapaCTbIPbLIFaH.

Tyiiin cesnmep: mukpoPHK, exnenin co3biiMaibl 0OCTPYKTHBTI aypybl, 6HOMapKep, CHIHAJIIBIK, XKOJLIAP.
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«JI.H. 'ymunaeB arpiHmarsl Eypa3susi yaTTeIK yHUBepcuTeTiHiH, Xabapmibicbl. BuosiorussbiK, FeIIBIMAAP
CepUusiChI» >KYPHAJIBIH/IA MaKaJja >Kapusijiay epexkeci

1. 2KypuaJsa makcaTsl. Buoxumust, MoJieKyJ1aabiK 610I0rus, GMOTEXHOJIOrUs, OMOMHMOPMATHUKA, BUPYCOJIOrHsI, buodu3nkKa,
OuouH>KeHepusi, usnosorusi, OOTAaHUKA, 300JIOTUS, 3SBOJIIOIUSJIBIK, OWUOJIOTHS, T'€HETUKa, MUKPOOHOJIOrusi, OHOMEIUIIHA
caJjiajapbl OOMBIHIIIA MYKUSIT TEKCEPY/IEH O©TKEH FBIIBIMHU KYH/BLIBIFBI Oap MakaJjaJjap »Kapusjay.

2. 2KypHanga makaja »Kapusijlaylibl aBTOP MaKaJIaHBIH KOJI KOWbLIFaH 1 jjaHa Kara3 HYCKACBIH I'blabiMu GachLIbIMIap
Gesimine (pemakuusra, mekemkaiibl: 010008, Kazakcran Pecny6inkacel, Acrana kanacsl, K. Corbaes kemeci, 2, JI.H. I'ymunes
aTblHgarbl Eypasua yaTTelK yHuBepcureri, Bac rumapar, 408 xabumner) xkoHe eurjourbio@enu.kz 3JeKTPOHIBIK, IIOIITACHIHA
PDF, Tex ¢dpopmarTapbiHgarsl HyCKaJapbiH 2Kibepy KakeT. MakasianyH MOTIHIHIH Kara3 HYCKaChl MEH 3JIEKTPOH/IbI HYCKACYMeH
Oipmeit Gosrynmapel KaxkeT. Makasiamap Kasak, OPbIC, aFbUINIBIH Tiepinge Kabbuimanaabl. MakasianblH TexX (apMaTbIHIAFb
yarici bulbio.enu.kz »xypnas caiibiTeinga 6epinren. ConbiMeH KaTap, aBTop(J1ap) iecme XaT yCbIHYbI KEPeK.

3. ABTOpAbIH KoJI>ka30aHbl penaknusira >kibepyi makasaubiy, JI.H. 'ymuniaeB arsiagarsl Eypasusi YIITTBHIK
yHuBepcuTeTiHiH XabGapumbIcblHAa Gacyra KeJjiiciMiH, mieres TijliHe ayaapbuibin KaiiTa GachblilyblHA KeJliciMin
6ingipeni. ABTop MakasaHbl peJaKIUAFa >Kibepy apKbLIbl aBTOP TypaJibl MOJIIMeTTiH AYPBICTHIFBIHA, MaKaJa
KellipisiMereHnirine (miarnarThlH >KOKTBIFBIHA) >»KOHe GacKa Ja 3aHCBI3 KelllipMeJepAil »KOKTBHIFbIHA KellijgemMe
Gepesi.

4. Maxkasanbig Kesiemi 18 6erren acnayra Tuic (6 6erren 6acran).

5. MakaJjiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(nap)deiy, amui-stcomni

Mexemenin, moavix, amayst, Karacvl, memaexemi (erep aBTopJsap opTYypJli MeKeMeJie KYMbBIC KacaiTelH 60sica, OHJa
op aBTOP MEH OHBIH ’KYMBIC MEKEMeCI KachbiHaa Oipaeil Gesri KOHBIITY Kepek)

Aemop(nap)dvr, E-mail-vt

Maxana amaywe

Andamna (100-200 ces; dopmysnacels, MakalaHbIH aTayblH MeHiHIIe KafiTasaMmaybl Kaxker; onebuerrepre ciiaremesep
GoMaybl KaykeT; MaKaJaHbH KyPbUIBICHIH (Kipiclle /MaKaJIaHbIH MaKCaTbl/ MiHIETTepl /KapacThIPBUILII OTBIPFAH CYPAKTHIH
TapuXbl, 3ePTTEY OAIiCTEpPl, HOTUKEJIEP/TAJKbLIAY, KOPBITHIHIBI) CAKTail OTBHIPHIN, MaKAJAHBIH KBICKAIIA Ma3MyHbI Gepiayi
KaKeT).

Tydin ceadep (6-8 ces me ce3 ripkeci. Tyilin cesmep Makasa Ma3MYHBIH KODCETIN, MeHJIHIIE MaKajJa aTaybl MEH
AHHOTAIMSIAFBl CO3/EP/l KaliTajmamail, Makajia Ma3sMyHBIHJAFbl ce3/epii KoJijgaHy kKaxkeT. COHBIMEH KaTap, aKIapaTThbIK-
i3mectipy »Kyitesiepinjie MakaJIaHbl KeHia Tabyra MYMKIH/IIK GepeTiH FhUIBIM CaslaapblHbIH TEPMHUH/EPIH KOJIJAAHY KAXKeT).

Heeiz2i Mmomin MakaJaHbH MakcaTbl/ MiHJIeTTepi/ KapacTbIPBUIBII OTBIPFAH CYPaKThIH TapuXbl, 3epTTey
o/1icTepi, HoTHKEIED / TATIKBLIAY, KOPBITBIHIBI GOIIMAEPIH KAMTYbI KAXKeT.

Tabauua, cypemmep — aTagraHHAH KeHiH OpHAJIACTHIPBIIAALI. Op TabJIHIA, CyPeT KAChIHIa OHBIH aTajIybl OOIybl KarKeT.
Cyper aflKpIH, CKAaHEDJEH OTIIEreH OOJIybl KEPEK.

Maxkasagarbl popmy.aaaap TEK MITIHJE OJlapFa ciireMe Gepijice FaHa HOMIpJIEHEI].

2Kanmer kosganeicTa 6ap abbpesuamypaaap MeH KwvicKapmyaapdar Gackajaapbl MiHIETTI Typ/ie ajFall KOJITaHFaH1a
Tycinaipinyi 6epinyi Kaxker. Kapotcoinall kemerx mypaast aknapar OipiHini 6Gerre Kepceriei.

ddebuemmep Mizimi

Morinie o1ibuerTepre ciaremMesep TiKXKakIIara ajJblHaabl. MoTiHeri oiebuerrep TisiMiHe ciaTemesnep/in HOMepJIeHy1 MaTiH e
KOJIJJAHBLILYbIHA KATBICTBI »KYPrisiiige: MoTiHIe Ke3/ieckeH onebuerke aramkel ciareme [1] apkpuibl, exinmi cisrreme [2] apKpLibt
T.c.c. kyprisimeni. Kiranka »KacasaTbelH ciiaTeMesepie KOJJaHbUIFAH Gerrep e KeopceTiayi kepek (mbicasbi, [1, 45 Ger]).
?Kapustanbaran enoexrepre cinremesnep xkacanmMaiinsl. COHBIMEH KaTap, PeleH3usAnaH OTIeHTiH 6achlIbIMAapra Ja cliremesnep
>KacasIMaiipl (omebuerTep Ti3iMiHiH o3ipJey yirisepin TeMeHzeri MakajJaHbl POCiMey YITiCiHEH KapaHbi3).

MaxkaJsia COHBIHIAFBI debuerTep TiziMiHeH Keitin 6ubauozpaPuaibiy, Maaimemmep OpbIC XKoHE arbLIIbIH TiiHge (erep
Makaja Kasak TITiHJe »Ka3blica), Kasak, *KOHe arbUIIbIH TidiHge (erep MakaJja OpBIC TiTiHJIE »Ka3blIca), OPLIC YKOHE Ka3ak,
Tiniage (erep MakaJsia arbUIIBIH TLTiHIE Ka3buiran Gosica) 6epirtei.

Asmopaap mypaasvt MaATMeM: ABTOPJbIH ATbI-?KOHI, FHIJIBIMA aTarbl, KbI3METI, YKYMBIC OPHBI, >KYMBIC OPHBIHBIH MEKEH-
2Kaibl, TesedoH, e-mail — Ka3ak, OpPbIC XKOHE AFBLIIIBIH TLIIAEPIHIE TOITHIPHLIAIbI.

6. Koirkazba MyKHAT TekcepijireH 6oJiybl KaykeT. TeXHUKaJIbIK TajalTapra cail KeJIMereH KoJKaszbajap KaiiTa eHJeyre
Kafitapsutagsl. Kosmkas6anbln KalTapblIybl OHBIH 2KypHaJILa OachlIybiHa XKibepityin 6inaipmeiisi.

7. Penaknusra TycKeH Makaja KaOblk (aHOHMMI) Tekcepyre »kibepineni. Bapublk perensusiiap aBropJapra »Kibepinesi.
ABTOD (peneHseHT MaKaJaHbl TY3eTyre YChIHBIC GEepreH YKaraiia) yiil KyH apaJibIFbIHIA KalTa Kapall, KOJKa3OaHbIH TY3eTiIreH
HYCKACBIH DpeJlaKIusra KaiTa >Kibepyi kepek. PeleHseHT »kapaMchl3 Jlell TaHbIFaH MakaJja KaiiTapa KapaCThIPbLIMAaliIbl.
MakaJjiaHblH, TY3€TiINeH HYCKAChl MEH aBTOP/IbIH PEIeH3eHTKe »KayaObl pelakiusira, »Kibepinei.

8. Tenemakpi. BacbuibiMra pyKcaT eTijireH MakaJia aBTOpJIapblHa TOJIEM 2Kacay TypaJibl eckeprisieni. Tesmem kememi 4500
Tenre — EYY kbiamerkepJiepi yiin »xone 5500 Tenre 6acka yHbIM KbI3METKepJepiHe.

PexBusursr:

PT'II ITXB "Espa3suiickuii Hannonanbubiii yausepcurer uMenu JI.H. I'ymuiesa MOH PK
AO "Bank IlearpKpemur"

BUK 6anka: KCJBKZKX

NNK: KZ978562203105747338

Ko6e 16

Kmu 859- 3a crarsio

PT'II ITXB "Espasuiickuit Hannonanbubii yausepcurer uMenu JI.H. I'ymuiesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NNK: KZ498210439858161073

Kb6e 16

Kunu 859 - 3a crarbio
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P.M. YanuneBa, K.K. AxmeroB, C.B. 2Kanra3zux

PT'II ITXB "Espa3suiickuii nannonasibHelii yausepcurer uMmenu JI.H. I'ymuiesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NHK: KZ599650000040502847

Ko6e 16

Kmu 859 - 3a crarbio

PI'II ITXB "EBpaguiickuii Harmonanbubiit yausepcurer nmenu JI.H. I'ymumesa MOH PK AO "Hapogusiit Bank Kazaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

K6e 16

Kun 859.

ozt corpynuukos EHY - 4500 Tenre, st cropoHHuX opranusanunii - 5500 Tenre

"3a nmybaukamnuio B Becrauke EHY ®UO asropa"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
BIOSCIENCE Series"

1.Purpose of the journal. Publication of carefully selected original scientific works in the fields of Biochemistry, Molecular
Biology, Biotechnology, Bioinformatics, Virology, Biophysics, Bioengineering, Physiology, Botany, Zoology, Evolutionary Biology,
Genetics, Microbiology, Biomedicine.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev St.,
2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail eurjourbio@enu.kz in Word, PDF
and Tex format. At the same time, the correspondence between Tex-version, PDF-version and the hard copy must be strictly
maintained. Article template in tex-format you can find on the journal web-site bulbio.enu.kz. And you also need to provide
the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right of the
Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author
guarantees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it should not
contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the
text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference
to the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45
p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed publications (examples of the
description of the list of literature, descriptions of the list of literature in English, see below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment (for ENU employees -
4,500 tenge, for outside organizations - 5,500 tenge).
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P.M. YanuneBa, K.K. AxmeroB, C.B. 2Kanra3zux

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenn JI.H.I'ymuneBa. Cepusi Buosiornvueckue Hayku»

1. Iens >xkypHaJa. [ly6Gaukarust TIIATEJBHO OTOOPAHHBIX OPUIHMHAJIBHBIX HAyIHBIX paboT IO CJIEAYIONNM
HallpaBJIEHUsIM:  OHOXUMMHSI, MOJIEKYyJIApHAs OwuoJiorusi, OHoTexHOJOrusl, OnomHdOPMATUKA, BUPYCOJIOTHsI, OMOPU3UKA,
OnonHxKeHepusi, (HGU3NOJIOTHsI, GOTAHUKA, 300JIOTH, SBOJIOIHOHHAS OHOJIOTHS, TeHETHKA, MUKPOOUOJIOT ST, OHOMEIUIINHA.

2. ABTOpy, K€JAIIEMYy OILyOJIMKOBATH CTATHIO B KypHaje HEOOXOAUMO IIPEJICTABUTH PYKOIUCh B TBEPAOH KoIuu
(pacnedyaraHHOM BapHaHTE) B OJHOM 3K3EMIUISpE, IMOANMCAHHOM aBropoM B OtTies HaydHbIX u3faHuii (mo agpecy: 010008,
Kazaxcran, r.Acrana, yi. Carnaesa, 2, EBpasuiickuii HAIMOHAJILHBIA YHUBEPCUTET WM. JI.LH.I'ymusieBa, YuebHO-
aJIMMHUCTPATUBHBIN KopIryc, kab. 408) u o e-mail eurjourbio@enu.kz B dopmare Tex u PDF . IIpu 3TOM J10J12KHO GBITH CTPOro
BBIJIEPXKAHO COOTBETCTBHE MexKAy Tex-daitsiom, PDF-daitiom u TBepmoit konueit. [1labiaon crareu B (popmare tex npuBeseH HA
caiite >KypnaJsia bulbio.enu.kz. ABrop A Tak:ke aBrOpy(aMm) HEOOXOAUMO NPEJIOCTABATH CONPOBOJUTENBHOE MICHMO.

S3bIK MyGaMKAUi: Ka3aXCKUuil, pyCCKuil, aHTJIMACKAN.

3. OrnopasiieHme crtaTeil B peJaKIyio O3HAYaeT coIjlacue aBTOpoB Ha mnpaso Msnarensi, EBpasmuiickoro
HanUoHaJbHOro yHuBepcurera umenum JI.H. I'ymuneBa, usgaHusi crateil B >KypHaJjle U NEepEeU3JaHUs UX HA
sgr06oM mHOCTpaHHOM #s3bike. IIpeacraBisisi TeKcT paborshl aJs nyGauKamuyu B >KypHaJie, aBTOpP rapaHTUpyeT
NpPaBUJIBLHOCTH BCEX CBEAEHUI O cebe, OTCyTCTBHE ILIATAATA U APYTruX (POPM HENPABOMEPHOrO 3aMCTBOBAHUS B
pykomnucu, Hajiexkainee opopmiieHrne BCEX 3aMMCTBOBAHMI TEKCTa, TAabGJIUL], CXE€M, UJIJIIOCTPALMNA.

4. O6beM cTaTby HE JIOJIZKEH IIPeBbIIaTh 18 crpanury (0T 6 cTpaHui).

5. CxeMa IOCTPOEHUs CTATbU

I'PHTMH http://grnti.ru/

Hnuyuanst u Pamuaurto asmopa(os)

IToarnoe HaumenosaHue opzanudayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ALUAX, HEOOXOIUMO
[IOCTABUTH OJIMHAKOBBIIl 3HAYOK OKOJIO (haMHJIMKM aBTOPA ¥ COOTBETCTBYIOIIEH OpraHn3alyn)

E-mail asropa(os)

Haseanue cmamovpu

Annomayus (100-200 cnoB; HE AOMKHA COmep:KaThb (OPMyJbI, HE [OJDKHA IOBTOPATH IO COAEPYKAHHWIO HA3BAHHE
cTaThby; He JOJIKHA COAEp:KaThb Oubinorpaduveckue CCbUIKH; JOJIXKHA OTPayKaTb KPATKOE COJEPXKAHUE CTATbH, COXPAHSIS
CTPYKTypy CTaTbU — BBEJEHHE,/ INOCTAHOBKa 3aJadd/ Ieau,/ WCTOPHs, METOABl HCCJICJOBAHUS, DPE3YJILTAThI/00CYKICHUS,
3aKJII0UEHHE / BBIBOJIbI ).

Karowesvie caosa (6-8 cnos/cnosocoderanuii. KiodeBble €10Ba JO/DKHBI OTParkaTh OCHOBHOE COJEP’KAHUE CTATHH,
KCIIOJIb30BATH TEPMUHBI M3 TEKCTA CTATBHH, & TAKXKE TEPMUHBI, ONPEIEJISIONNE IPEIMETHYIO 00IaCTh U BKJIIOYAIONINE JIPyTHe
BasKHBIE TIOHATHS, TO3BOJIAIONMME OOJIErYUTh M PACIINPUTH BO3MOXKHOCTH HAXOXKICHWUSA CTATHU CPEICTBAMH HH(MOPMAIUOHHO-
[IOUCKOBOW CHUCTEMBI).

OchoeHol mexem cmamubu JOJKEH COJEPKATh BBEJIEHHE,/ MOCTAHOBKY 3a/a49u,/ [eJin/ HCTOPHIO, METO/IbI UCCIIEOBAHUS,
pe3yabTaThl/06Cy XK IeHNE, 3aKIIOYeHUE / BBIBOJIBI.

Tabauudbt, pucyrKy HEOOXOAMMO PACIIOAraTh MOCJe YIIOMUHAHMS. KarkI0i WITIOCTPAIUN JOJKHA CJIEI0BATh HAIIINCh.
Pucynku nosKHbI 6BITH Y€TKUMU, YUCTBHIMUA, HECKAHHPOBAHHBIMU.

B crarbe mymepytorcs smmb e POPMYADBL, Ha KOTOPLIE IO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypst u coxkpauierust, 3a UCKIIOUYEHUEM 3aBEIOMO ODLIEU3BECTHBIX, JOJIXKHBI OBITH PACIIU(pPOBAHBI [IpU
[IEPBOM YIIOTPEOJICHUH B TEKCTE.

Ceenenus 0 purarcosoti noddepotcke pabOThl YKA3BIBAIOTC HA IEPBOI CTPAHUIE B BUJE CHOCKH.

Cnucox aumepamyput

B Texcre ccbuikm 0GO3HAYAIOTCA B KBAJAPATHBIX CKOOKax. CChUIKM JOJIKHBI ObITh POHYMEPOBAHBI CTPOrO IO IMOPSAKY
YIOMUHAHUSA B TeKCTe. [lepBast CChIIKa B TEKCTE Ha JINTEPATYPY JOJKHA MMeTb HoMep [1], Bropas - [2] u T.n. Cchuika Ha KHATY
B OCHOBHOM TEKCT€ CTATbH JIOJKHA COINPOBOXKJATHCS yKa3aHHEeM HMCIOJIb30BaHHbIX cTpaHul (Hampumep, [1, 45 crp.]). Ccebuikn
Ha HeollyOJIMKOBaHHbIE pabOTHI He JIOIyCKaloTCsl. HerkesaTebHbl CCHUIKM Ha HEpeleH3upyeMble u31aHns (IpUMepbl ONUCAHUS
CIIMCKA JIUTEPATYPbI, OUCAHUS CIINCKA JIUTEPATYPbI CM. HUXKe B obpasue odOPMIICHUsI CTATBH ).

B koHIIe cTaThK, TIOCIIE CIIMCKA JINTEPATY PbI, HEOOXOIUMO yKa3aTh bubauoepapuueckue daHHble Ha PYCCKOM U aHTJIMIACKOM
a3blkax (ecau craTba 0dOPMIICHA Ha KA3aXCKOM fA3bIKE), Ha KA3aXCKOM M AHIVIMICKOM s3bIKax (ecam crarbsa odopMiieHa Ha
PYCCKOM $I3BIKE) U Ha PYCCKOM M Ka3aXCKOM si3bIKax (eciu craTbs oOPMIIEHA Ha aHTVIMACKOM SI3BIKE).

Ceedenus 06 aemopax: damunus, UMs, OTIYECTBO, HAy4IHAs CTENEH, JOJKHOCTb, MECTO PabOTHI, MOJHBIA CJIyKeOHBIN
azapec, TesrledoH, e-mail — Ha Ka3aXCKOM, PYCCKOM U AHIVIMICKOM SI3BIKaX.

6. Pykonuce no/nkHa ObITh TIATEJBHO BBIBEpEHA. Pykonucu, HE COOTBETCTBYIOIME TEXHUYECKUM TPeOOBaHUAM, OyIyT
BO3BpaIlleHbl Ha JopaboTky. BosBpamenne Ha qopaboTKy He O3HAYAET, YTO PYKOIUCH IPUHATA K OIIyOJIMKOBAHUIO.

7. Pabora ¢ 3JIeKTPOHHOII KOPPEKTYPOIi. Crarpu, nocrynupimme B OThes HaydHBIX H3ZaHUN (perakims),
OTHPABJIAIOTCS Ha AaHOHUMHOE PEIeH3NPOBaHIe. Bce pereHsnn no craTbe OTIPaBIIAOTCA aBTOPY. ABTOpaM B TeUYeHHE TpexX JHei
HEOOXO/IMMO OTIPABUTH KOPPEKTYpy craTbu. CTaTbu, MOJIyYUBIINE OTPULATEIBHYIO PEIEH3UI0, K MOBTOPHOMY DAaCCMOTPEHUIO
He IPUHUMAIOTCs. VcnpaBiieHHbIEe BADUAHTHL CTaTell 1 OTBET aBTOPa PELEH3EHTY IPUCHIIAIOTCA B pefaknuio. CTaTby, MMEIONe
[IOJIOYKUTEJILHBIE PEIECH3UH, [IPEICTABIAIOTCA PEIKOJUIETHN YKy PHAJIA JIJIsi OOCYKICHUsI U yTBEPXKICHUS JJIsl IIyOJIUKAIUH.

ITepuomuyHOCTs >KypHaJja: 4 pa3a B rof.

8.Omutara. ABropaMm, HOJIYYUBIIUM I[IOJOXKUTEIHHOE 3aKJII0UEHUE K ONyOINKOBAHUIO HEOOXOIUMO NIPOU3BECTH OIIaTy (s
corpynuaukoB EHY — 4500 renre, ajis1 croporHux opranusanuii — 5500 Tenre).
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.
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Solanum lycopersicum ecimzairinge pe3ucTeHTTiNIIK »kayanTbiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Annoramust.  Tomato bushy stunt virus (TBSV) supyceiven kogramarsin P19 akybisst
PHK wunaTepdepennusauniy, KyaTThl CyHIpeccopbl O0JbIn TabbLaaabl koHe Nicotiana benthami-
ana eCiMIIKTepiHiH BUpPYCIEeH KYKTBIPBLIYBIHIA MaHBI3IbI peJl aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIaHybl aflkblH Kepinic Oepemi i€, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesrin coKThipasbl. CoHbIMEH Karap cympeccopdiblk P19 akybiser Nicotiana tabacum ecimiriame
TUTIEPCe3iMTANIBIK, PEAKITUICHIH Oesicenaipyre xKkayanTtol. Bupycroin P41 kancuaTik akyb3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTeli. AJIBIHFaH 3epTTey
wormkesiepi TBSV Bupycbinbiy xabaiibl Tuninig nadeknuscer Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJIriH/E BUPYCKA KAPChl TO3IMILIK KayaOblH TYJLIPATHIHBIH AHBIKTAIBI.
OCIMIIKTIH TaMbIp »KOHE >KAIBIpaK, yJrnackiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMaCcTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH, CBHIPTKbI Kepiici Hamap Oaiikaygbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramackl BUpyciieH 3akbIMJIaFal ©CIMIIKTEP/IE YKacy Iainmiiik
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MeTabOIIM3MIHIH ©3repyiH aHBIKTaAbl. AJI BUPYCTBIH KAICHJITIK aKybI3bl 9KCIPECCUTIAHOANTHIH
MyTaHTIIEH UH(MEKIUS TYAbIPFaHIa, KbI3aHAK OCIM/IIKTEpl KOFApbhl Ce3IMTaJIIbIK, KOPCETil, Kyhemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHKeIepi KbizanakTblH Money maker cypeiobiaia TBSV Bupycoina
KapChl KOPFAHBIC MEXaHU3M/IEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-7i Tamy apKbLIbl OeIceHIipiieTiHin
KopceTe/i.

Tyitia ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akysr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-untepdepentus.

I.C. Mykusinosa ', A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !
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Kanicuguasriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranms. Kosgupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK waTepdepeniiny u urpaer BaXKHYIO POJib P UHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6emok P19 siBisiercss /ucuTOpOM THIIEPYYBCTBUTEIHLHOTO
orBeta y Nicotiana tabacum. Kamcugasriit 6esiok Bupyca P41 ¢popmupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cucTeMHOI uHpeknuu. llosydeHHble HaMU JaHHBIE [TOKA3AJU, 9TO TPU HUHQMEKITUH
nukuM tuiom TBSV y pacrennit Buga Solanum lycopersicum (copr Money maker) akruBupyercst
pe3ucTeHTHBIN oTBeT. HecMmoTpsi HA CHCTEMHYIO aKKyMyJsiuio Oefika cymnpeccopa P19 B smmcrbsix
U KODHSIX, Y PACTEHHIl He IPOSBJISIOTCS BUJIUMBIE CUMIITOMbBI 3abosieBanus. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, 4uro B wHHUINPOBAHHBIX BHPYCOM
PACTEHUSIX TTPOUCXOIAT SHATUTEIbHbIE U3MEeHeHnsT MeTabom3Ma. Bostee Toro, mHbEKINsT pacTeHmi
myrantoMm TBSV mno kancugaomy OejKy HNPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pacTeHWUil.
[Tonyuernbre JaHHbIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIMUTHBIE MEXAHU3MBI B OTBET
Ha KCIIpeccrio Karcuaaoro 6eiaka P41 supyca TBSV.

KumroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuausiit 6esok, Bupnon, Solanum
lycopersicum, pesucrenrnoctsb, PHK-unTepdepentms.
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