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ROLE OF MICRORNA AND POLYMORPHISMS OF FOXP3
AND ADRB2 GENES IN PATHOGENESIS OF PULMONARY DISEASES

Abstract. The study of the key mechanisms of the development of bronchopulmonary diseases as asthma and
chronic obstructive pulmonary disease (COPD) and asthma and chronic obstructive pulmonary disease overlap
syndrome (ACOS) are the current directions of molecular medicine. Genetic predisposition as well as influence of
environmental factors play an important role in the development of asthma and COPD which are multifactorial
diseases. Epigenetic mechanisms also affect regulation of gene expression during asthma, COPD and ACOS. The
epigenetic regulation includes methylation of DNA, microRNA, histone modifications and they are all induced by
influence of environmental factors. Higher levels of methylation of FOXP3 and ADRB2 DNA are at a higher risk of
asthma development. However, there is not enough evidence on the level of methylation of the FOXP3 and ADRB2
genes and microRNA in patients with COPD and ACOS. It should be noted that the epigenetic labels established
during the study of cancer and autoimmune disorders have shown their value as biomarkers of diagnosis. In this case,
the study of genetic and epigenetic mechanisms of asthma, COPD and ACOS is a relevant objective of biomedicine
because it helps to explain the interaction between genes and environmental factors in order to develop diagnosis and
personalized treatment for the patients with bronchopulmonary diseases.

Keywords: microRNA, FOXP3 gene, ADRB2 gene, asthma, COPD, ACOS.

Asthma and chronic obstructive pulmonary disease (COPD) are the most frequent chronic lung
diseases worldwide. It is estimated that 300 million individuals suffer from asthma worldwide, with
increased prevalence in both adults and children [1]. COPD affects an estimates 10% of the world’s
population, and is the fourth leading cause of death worldwide [2]. Both asthma and COPD are
characterized by chronic airway inflammation and airflow obstruction [3,4]. In recent years, a separate
condition has been identified - the Asthma and COPD Overlap Syndrome (ACOS) [5]. COPD and asthma
have clear differences, but some patients may present with a symptoms of both diseases. Differential
diagnosis of ACOS from asthma and COPD is increasingly important, since ACOS has a poor prognosis
and different treatment guidelines [6].

Asthma and COPD are related to multifactorial diseases, in the development of which an important
role is played by both genetic predisposition and the influence of environmental factors. A variety of
genes associated with asthma and COPD have been found [7]. There are genes specific to each disease, as
well as genes involved in both diseases [8]. It has been shown that genetic polymorphism gives only a low
or moderate level of predisposition to pulmonary diseases, which does not allow explaining the increase in
the prevalence of IgE-mediated allergic syndromes. In addition, the mechanism of interaction between
genetic and environmental factors in asthma, COPD and ACOS is not clear. In this regard, often genetic
and epigenetic analyzes are carried out together. In the study of epigenetic effects, the potential impact of
genetic variability is often taken into account [9,10]. Epigenetic regulation includes DNA methylation,
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histone modifications and non-coding RNAs (microRNAs), all of which are induced by environmental
factors, nutrition, diseases and processes associated with aging [11]. In recent years, there is increasing
evidence that epigenetic mechanisms affect the regulation of gene expression in chronic lung diseases
such as asthma and COPD. Violation of DNA methylation, modification of histone, specific expression of
microRNA and other changes in chromatin organization contribute to reprogramming the immune
response of T-cells in early childhood, disrupting the functioning of dendritic cells and activating
macrophages. Similar regulation of asthma and COPD occurs in the adult state [12].

There is increasing evidence that regulatory T-cells (Treg-cells) plays an important role in
suppressing allergic sensitization and production of immunoglobulin E in the upper respiratory tract in
response to the allergen effect. One of the factors that play an important role in the development and
functioning of Treg cells is the transcription factor FOXP3 ( Forkhead box transcription factor 3).
Methylation of the transcriptional regulatory regions of the FOXP3 gene suppresses the expression of
Foxp3 and, ultimately, the function of Treg-cells [13]. Thus, it is likely that, under the influence of
environmental factors, there is an increase in methylation at the FOXP3 locus and this can lead to a
decrease in the level of expression of FOXP3 and a decrease in the functioning of Treg-cells.

It has been shown that an increase in DNA methylation levels in the 5'-region of the FOXP3 gene is
associated with the level of air pollution by particulate exhaust emissions from diesel engines. In addition,
it has been demonstrated that children with higher levels of methylation of FOXP3 DNA are at a higher
risk of developing asthma [14]. In carrying out oral specific immunotherapy with food and pollen
allergens, it was shown that children resistant to treatment had a low level of methylation of FOXP3,
while in children who lost sensitivity to significant allergens, methylation of FOXP3 increased [15].
Similarly, the status of methylation of FOXP3 varies depending on the concentration of immunoglobulin
E in serum [16]. However, data on the level of methylation of the FOXP3 gene in patients with COPD and
ACOS are absent and its role in the pathogenesis of the above diseases needs more detailed study.

The FOXP3 gene is located on the X chromosome (Xp11.23), has a size of 1296 bp and contains 11
coding and 3 non-coding exons. The FOXP3 gene belongs to a family of molecular complexes that
includes histone deacetylases and acetyltransferases, as well as other transcription factors [13]. Figure 1
shows a diagram of the structure of the FOXP3 gene.
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Figure 1 - Schematic view of the FOXP3 gene. The figure shows two isoforms of the gene [13]

The FOXP3 gene has more than one hundred single nucleotide polymorphisms (SNP), many of which
are associated with various diseases, including cancer [17]. However, there is very little information about
the association of SNP in the FOXP3 gene and allergic atopy, including asthma. Table 1 provides
information on all known SNPs in the FOXP3 gene associated with allergic atopy.
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Table 1 - SNPs in the FOXP3 gene associated with allergic atopy

SNP Alleles [Type of disease Literary source

rs2232368 A/G  [|Allergic rhinitis [18] Zhang et al., 2009.

rs6609857 C/T Bronhial asthma [19,20] Bottema et al., 2010 a, b

rs3761548 A/C Allergic rhinitis, bronchial asthma [[18-21] Fodor et al., 2011; Bottema et al., 2010 a, b; Zhang et
al., 2009.

rs2232365 A/ G Allergic rhinitis [22] Hassannia et al., 2011.

rs56066773 C/T Allergic and autoimmune diseases |[23] Pacheco-Gonzalez et al., 2016.

Continuation of table 1

rs2232368 A/ G Allergic rhinitis [18] Zhang et al., 2009.

rs6609857 C/T Bronchial asthma [19,20] Bottema et al., 2010 a, b;

rs3761548 A/C Allergic rhinitis, bronchial asthma [[18-21] Fodor et al, 2011. Bottema et al., 2010 a, b; Zhang et
al., 2009.

rs2232365 A/ G Allergic rhinitis [22] Hassannia et al., 2011.

rs56066773 C/T Allergic and autoimmune diseases [[23] Pacheco-Gonzalez et al., 2016.

Chu and colleagues [24] showed that from the four SNPs in the FOXP3 gene: rs2280883, rs3761548,
rs3761549 and rs5902434, only the last of these SNPs (rs5902434) is associated as with the FOXP3
mRNA level and as well with the reduced risk of COPD.

Another gene with an established effect on asthma is the Adrenoceptor beta 2 (ADRB2) gene. The
ADRB?2 gene has clinically significant associated polymorphisms with various phenotypes of asthma. So
polymorphism Argl6Gly is associated with increased repression of gene transcription and a decrease in
the number of receptors on the cell surface. The G/n27Glu variant is associated with a severe course of
asthma [25]. It is known that single nucleotide polymorphisms have a pronounced ethnic and population
specificity. It has been shown that the 5'-untranslated region of the ADRB2 gene has a large number of
CpG sequences [26]. In addition, several researchers have found that a high level of methylation of this
region of the ADRB2 gene is associated with the development of severe asthma in children [27]. From this
point of view will be very interesting to study the contribution of methylation of the ADRB2 gene to the
pathogenesis of COPD and ACOS. Another aspect of close attention in the treatment of asthma are Multi-
Drug Resistance Genes (MDR), which plays a critical role in the development of drug resistance in both
prokaryotes and eukaryotes [28]. MDR-1 gene products, such as MRP1 (Multidrug Resistance Protein 1),
P-glycoprotein (P-gp) and LRP (Low Density lipoprotein receptor-related proteinl), have been shown to
act as antioxidants and protect lung tissue from oxidative stress. MDR-1 gene polymorphism can be a
major genetic risk factor for developing asthma through increasing in oxidative stress [29]. Studies
conducted on the Chinese population showed a correlation between the genetic polymorphisms MDR1-
C3435T and G2677T/A with the status of methylation of the MDR1 promoter region [30]. Another level
of epigenetic regulation of genome activity in response to effect of environmental factors, in addition to
methylation, is a change in the expression of microRNAs.

MicroRNAs (microRNA) are becoming increasingly important in research as new regulators of gene
expression, which play a central role in various pathophysiological processes. It has been shown that these
classes of non-coding regulatory RNA are involved in several aspects of inflammation, which is the
defining sign of many lung diseases such as asthma, COPD, ACOS and lung cancer [31,32]. In addition,
in the context of reactive reactions, microRNAs play a central role in the regulation of expression of key
proteins that control the type and the immune response of the body. MicroRNAs are important modifiers
of the immune system and regulate human defense mechanisms. The function of microRNAs in lung
development and the role of these molecules in many pulmonary pathologies have been studied [33]. In
lung tissue, there is a unique and conservative profile of microRNA expression [31].

MicroRNAs in the lungs can be organized into three groups depending on the biological functions
performed. The first group is microRNA, which is important for lung development, homeostasis and
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physiological functions. Here, the level of microRNA expression varies at different stages of lung
development, from the embryonic stage to the postnatal period. To this group belongs such microRNAs as
miR-200c, miR-195, miR-26a, let-7, miR-29, miR15/miR-16, miR-223 [34]. miR-200c and miR-195 are
highly specific for lung tissue. miR-26a targets the transcription factor SMAD-1, which is involved in the
process of lung development. The cluster miR17-29 is most pronounced in early embryogenesis of the
lungs and decreases significantly throughout the development. Significant expression of miR17-92 is
found in lung cancer [35]. The second group of microRNAs is represented by molecules that participate in
inflammatory processes occurring in the lung. This group includes miR-146a and miR-146b, which play a
central role in the activity of /L-1f at the onset of inflammation. Overexpression of these microRNAs
results in a decrease in the regulation of TNF-a and other pro-inflammatory cytokines [36]. The third
group of microRNA is directly involved in lung functions associated with the pathophysiology of
pulmonary diseases. One of the first studies in this field showed that approximately 50% of mice with
miR-155 deficiency had spontaneously developed asthma-like states, characterized by an increase of Th2-
type cytokines and a large number of lymphocytes and macrophages, but with a similar number of
eosinophils as compared to wild-type mice [37]. In other studies it was found that the expression of
several miRNAs, including miR-155, is disregulated in the airways and/or in lymphocytes of patients with
asthma [38]. miR-126 expression has been shown to increase in the respiratory tract of mice exposed to
house dust mite allergens, and inhibition of miR-126 by using intranasal administration of the miR-126
antagonist decreases the allergic response and blood eosinophil levels in model animals [39]. Some studies
have shown that miR-21 expression increased in the mouse model of asthma and it was associated with
the Th2 response and the level of /L-12 expression [40]. Moreover, the absence of miR-21 in CD4 + T
cells resulted in reduction in /L-4 levels and an increase in y-interferon levels [41]. Examination of the
profile of microRNA expression in the blood of patients diagnosed with asthma and COPD, unlike the
animal model, is not numerous [42,43]. Wang and colleagues identified a change in the expression level of
miR-145-5p, miR-636, miR-338-3p, miR-4485, miR-1229-3p, miR-4707-3p and miR-3620-3p in the
serum of patients with asthma, compared with patients with COPD [44]. Roff and colleagues [45]
demonstrated a decrease in the level of miR-570-3p in the serum of the patients with asthma.

Our bioinformatic search for microRNAs, the target of which are the key genes involved in the
pathogenesis of pulmonary diseases (asthma, COPD, ACOS) by using TargetScan 7.1 programs
(www.TargetScan.org), microRna (www.microrna.org), miRanda and miRTarAsthmase, showed that
FOXP3 can be targeted for hsa-miR-34a-5p, hsa-miR-34c-5p, hsa-miR-449b-5p and hsa-miR-125a-3p,
ADRB2 mRNA has a binding site in the 3'UTR region with hsa-miR-34b-3p, MDR-1 may be the target
for the hsa-miR-4262 microRNA, hsa-miR-181d-5p, hsa-miR-181a-5p, hsa-miR-181b-5p, hsa-miR-181c¢-
5p. In the literature there is no data on the association of the above-mentioned microRNAs with asthma,
COPD, and ACOS (http://mirandola.iit.cnr.it/adsearch.php).

Previous observations have shown that microRNAs can be in a free state in the form of
oligonucleotides in plasma and serum, sputum, and other body fluids such as saliva and cerebrospinal
fluid. Moreover, free circulating microRNAs in the blood plasma are quite stable, which makes them
promising for the development of a biomarker system for the diagnosis of lung diseases [32]. We have
already developed a system of markers for the lung cancer diagnosis, by estimating the level of three free
plasma circulating microRNAs: hsa-miR-19b-3p, hsa-miR-125b and hsa-miR-155-5p [46, 47]. There is
few data in the literature about the microRNAs expression level in the plasma of patients with asthma and
COPD. There are no studies about the role of free circulating microRNAs in pathogenesis of ACOS [48].
It seems very relevant to analyze the role of microRNAs in the pathogenesis of major obstructive diseases
such as asthma and COPD and to develop the biomarker system for ACOS based on the analysis of the
free plasma circulating microRNAs.

To date, more attention is paid to personalized medicine, which implies the appointment of a specific
drugs to patients on the base of pharmacokinetic and pharmacogenomic informations. Existing asthma
management and treatment methods are aimed at controlling symptoms and mainly include fast-acting
beta2-adrenoceptor agonists and corticosteroids for long-term monitoring, but these therapies are non-
effective in the control of severe asthma. Therefore, one of the important issues of asthma research is how
microRNAs affect the development of corticosteroid resistance in the asthma treatment. There are the
results that the microRNAs expression level in the human bronchial epithelial cell line (BEAS-2B) is
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changed in response to treatment with an antileukotriene drug - Montelukast (MNT), which widely used
for the treatment of asthma [49]. Another study showed that miR-146a expression decreased in CD8+ and
CD4+ T-cells in atopic dermatitis patients with oral corticosteroid treatment [50]. It was shown that
expression of miR-126 and miR-21 in epithelial cells of the respiratory tract in patients taking inhaled
corticosteroids was significantly reduced [51]. Thus, it can be concluded that microRNAs can be used not
only for diagnostic purposes, but also serve as molecular biomarkers for testing pulmonary diseases. The
study of genetic and epigenetic mechanisms assist to understand the interaction between genes and
environmental factors to develop new diagnosis and personalized treatment of the patients.
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P.1. Bepcimbaes, A.FO. AknapoBa, A.A. Apunosa, A.7K. Kaybic6exoBa
JL.H. T'ymunes atsinnarsl Eypasust ynTTeiK yHEBepcuTeTi, Acrana, Kasakcran
mukpoPHK KOHE FOXP3, ADRB2 'EHJAEPI IOJIUMOP®U3MIHIH OKIIE AYPYJIAPBIHJATBI POJII

AnHoTamus. JleMikre, OKICHIH CO3bUIMAB 00CTPYKTHBTI aypynapsl (OCOA) koHE OKIEeHIH CO3BUIMANbl 0O0CTPYKTHBTI
aypysl koHe Oponx nemikmeci aiikac cunapomsl (OBJAC) cekingi OpoHX-eKIe aypyJIapbIHBIH AaMy MEXaHU3MIEPIH 3epTTey
MOJICKYJTaJIBIK MEUIMHAHBIH 63€KTi 0arbIThl 00JbIn TaObaasl. OCOA namysapblHa TeHETHKAIBIK OCHIMIIIIK MeH KOpIIaraH
opTa (hakTopIaphIHBI dCepi MaHBI3ABI POJI aTKApaThiH MYJIbTH(GAKTOPUAIBI aypyJap KaTapblHa jKaTaabl. DMUTCHETHKAIBIK
mexaummaep aemikine, OCOA, OBJIAC kesinae reHaep 3KCIPECCHACHIHBIH PETTENYiHE ocep eTeli. DMUTeHETHKAIBIK PETTEyTe
mukpoPHK, JTHK metnnaeHyi, rucToHaapapie MOAXGHKALMSCH jKaTaibl, COHBIMEH KaTap ojiap Kopluaran opTa (GpakTopiapbIHbIH
acepimer unayuupieneni. FOXP3, ADRB2 renaepiniy MeTUIICHY JEeHTeHiHIH KOFapblIayblHa OalJIaHBICThI AEMIKIIC aypybIHbIH
namy Kaymi OaceiM Oombim keneni. Anaiina, OCOA men OBJAC 6ap naykactapma FOXP3, ADRB2 rennepinin MeTwineHy
JIeHreii Typaibl MaiMeTTep a3. AWTa KeTeTiH jKaFmai, Karepi iCiKk aypyJapbl MEH ayTOMMMYHIBIK aybITKYJApIbl 3epTTEy/Ie
AHBIKTAIIFAH SIHUI€HETUKAJIBIK TaHOaday IMArHOCTHKA YINiH camajibl Ouomapkep ekeHiirin kepcerri. OcbiFan OalIaHBICTHI
Jemikne, OCOA xone OBJIAC snHUreHeTHKAIBIK KOHE TeHETUKAIBIK MEXaHU3MICPII 3epTTEY OMOMEIMIIMHAHBIH ©3¢KTi MiHACTI
Ooubin TabbUIabI, ce0ebi, TeHaep MCH KOpIlaraH opTa (pakTOpJIapbIHBIH apachliHaa e3apa OaiaHbIcTapbl TYCIHYIe KOMEKTECE
OTBIPBII, JKaHa IMArHOCTHUKAJIBIK JKOHE OKIIe-OpOHX aypyJiapbIMEH aybIpaThlH HayKacTapra jKeKe eMjey TOCUIIEpiH KoJaHyFra
MYMKIiHIIK 6epei.

Tyiiin ce3nep: mukpoPHK, FOXP3 reni, ADRB2 reni, nemikne, OCOA, OBJIAC.

P.1. Bepcumo6aes, A.FO. AknapoBa, A.A. Apunosa, A.JK. KaycoexoBa
EBpasuiickuii HaunonaneHbli yHUBepcuTeT UM. JI.H. I'ymunesa, Acrana, Kaszaxcran

POJIb MUKPOPHK U TIOJIMMOP®U3MA FOXP3 1 ADRB2 TEHOB
B IIATOTEHE3E BPOHXOJIETOYHBIX 3ABOJIEBAHUI

AHHoTanus. M3ydyeHne KII0YeBBIX MEXaHU3MOB Pa3BUTH OPOHXOJIETOYHBIX 3a00IeBaHM, TAKMX KaK acCTMa, XPOHHMUYECKast
obcrpyktuBHas Oose3np Jyerkux (XOBJI) n cungpom mnepexpsituss OponxuambHOH acTMbel m XOBJI (CIIBAX) sBisercs
aKTyaJIbHBIM HalpaBJIeHHEM MoKy sIpHON MequiHbl. ActMa U XOBJI oTHOCSTCS K My/nbTH(HAKTOPHAIBHBIM 3a00JICBaHUSM, B
Pa3BUTHU KOTOPBIX Ba)KHYIO POJIb UTPAET KaK FeHeTHYecKas IPeIpacioNoKeHHOCTh, TaK M BO3JEHCTBHE (DAaKTOPOB OKpY Karomien
cpenpl. DNUIeHeTMYECKHE MEXaHM3Mbl TaloKe BIMSIOT Ha peryisiuuio skcnpeccuu reHo mnpu actme, XOBJI u CIIBAX.
OnureHernueckoe perynuposanue Biitodaer metunupoBanue JJHK, mukpoPHK, rucronoBeie Momudukanuy, npuyeM Bce OHH
HHIYLHPOBaHbI Bo3zeiicTBIEM (akTOpoB OKpysxarouieit cpeabl. bonee Boicokue yposuu metmnupoBanus JTHK FOXP3 u ADRB2
MOJBEPIKEHBI O0JIee BEICOKOMY PHCKY pa3BUTHSA acTMbl. OJJHAKO Mo U3BECTHO O poiu MeTwianpoBanus reHoB FOXP3 u ADRB2
u MukpoPHK y manmentoB ¢ XOBJI u CIIBAX. Cnexyetr OTMETUTbD, YTO SMUTCHETHYECKUE METKH, YCTAaHOBJICHHBIE MTPU N3YYCHUH
PaKoBBIX 3a00JI€BaHUI U ayTOMMMYHHBIX PacCTPOIMCTB ITOKa3aIi CBOIO [IEHHOCTh B Ka4eCTBE OMOMAapKepoB JHAarHOCTHUKU. B aroit
CBSA3M M3Y4YeHHME TIeHeTHuecKux M snureHeruueckux mexaHusmoB BA, XOBJI u CIIBAX sBasercs akTyalnbHOW 3agaueit
OMOMEIMIMHEL, ITOCKOJIbKY IIOMOraeT OOBSCHUTH B3aMMOACHCTBHE MEXKIYy IeHaMH M (aKTOpaMH OKPY)Karomled cpembl st
pa3pabOTKK ANArHOCTHKH M IIEPCOHATM3UPOBAHHOTO JICUSHUSI MALMEHTOB C OPOHXOJIETOUHBIMHU 3a00JICBaHUSAMH.

Knrouessle cioBa: mukpoPHK, FOXP3 rens;, ADRB2 rensl, actma, XOBJI, CIIBAX.
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