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THE ROLE OF PROTEIN KINASE MTOR IN Th2 POLARIZATION
OF THE IMMUNE RESPONSE IN BRONCHIAL ASTHMA IN CHILDREN

Summary. Objective of this study was to determine whether single-nucleotide polymorphism (SNP) in mTOR gene
is associated with development of allergic phenotype in children. Methods. Genotyping for mTOR (rs11121704)
was performed in the following populations: patients with asthma (n = 91; ages 5— 18 years), and control group
(n = 87; ages 5— 18 years) using real-time polymerase chain reaction. Results. We have found that 50 (54.9 %) of
patients from the study group and 43 (49.4 %) subjects from the control group had major allele of rs11121704 in
mTOR, 36 (39.6 %) and 32 (36.8 %), respectively, — heterozygous allele, and 5 (5.5 %) and 12 (13.8 %) — minor
allele. Variants of rs 11121704 minor genotype in the gene mTOR were 2.5 times more likely in the control group
than among patients of the study group. Conclusions. We supposed that SNP in mTOR may independently serve as
perspective marker to predict the development of asthma and other allergic diseases among children.
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Introduction

Bronchial asthma has reached epidemic proportions
throughout the world. WHO estimated that 235 million
people currently suffer from asthma. Asthma is the most
common noncommunicable disease among children.
The main risk factors for developing asthma are a com-
bination of genetic predisposition with environmental
exposure. Nowadays we can observe great improvements
in childhood environment, care of children, diagnos-
tic and treatment measures that led to decreasing of the
total childhood mortality. However, the prevalence of
asthma and allergy in children has increased. Prevalence
figures vary in different countries, but up to 20 % of chil-
dren report recurrent wheezing. In some, wheezing is a
childhood-limited problem, but others have persistent
life-long asthma [2].

An understanding of the cellular and cytokine inter-
action during allergic inflammation, especially leading
to Th2 — dominated immune response is necessary for
predicting the risk of asthma developing, identification
of new prophylactic and treatment goals.

Differentiation of effector T cell requires the multiple
environmental factors and simultaneous cytokine signals
interaction, that provides timulation of the T cell recep-
tor (TCR) and as a consequence significant morphologi-
cal and functional changes of naive T cells [8].

There are at least six distinct effect or lineages with
the irunique features — Th1, Th2, Th9, Th17, Th22 and
CD4+CD25+ regulatory T cells (Treg) lineages. Treg

cells can come from two sources. Natural Treg (nTreg)
cellsare generated during thymicontogeny, where as in-
duced Treg (iTreg) cells differentiated from naive pe-
ripheral T cells when they are activated in the presence
of high concentration of trans forming growth factor-f8
(TGF-B) and interleukin-2 (IL-2). The balance between
effector Th cells and Treg cells can critically in fluence
the outcomes of many human diseases. Increasing of
the level of IL-6 and TGF-p in the microenvironment
provokes Th17 cells formation. Activation of T cells by
IFN-y and IL-12 leads to development of Thl effector
cells, presence of IL-4, IL-25, IL-33 and thymic stromal
lymphopoietin (TSLP) results in differentiation into Th2
cells [5, 8].

The functions of different types of cells determined by
the cytokines, that they produce during antigen stimu-
lation. In pathogenesis of allergic inflammation secretion
of IL-4, IL-5, IL-6, IL-9,IL-10, IL-31and IL-13 by Th2
cells leads to allergen-specific synthesis of immunoglobu-
lin E (IgE), favoring the differentiation of eosinophils and
activation of development of mast cells [5].
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The mammalian target of rapamycin (mTOR, also
known as FRAP, RAFT, or RAPT) is an evolutiona-
rily conserved serine/threonine kinase that regulates
cell metabolism, growth and proliferation according to
environmental factors — energy or nutrient available,
cytokine signaling [11]. The mechanism of nutrient
sensing function of mTOR is unclear, however it has
been suggested, that mTOR may be regulated by intra-
cellular amino acids, or their metabolites, or by amino
acid-activated second messengers. Reduction of cellular
ATP levels with the glycolytic inhibitor 2-deoxyglucose
inhibits mTOR-dependent process of phosphorylation
[4, 10, 11]. Based on significant functions of mTOR in
cell development and survival, it was hypothesized that
mTOR in naive T cells may determine antigen recogni-
tion outcome and T cells differentiation.

Genetic and biochemical analysis of mTOR revealed
that it is a 289 kDa protein that, functions in two struc-
turally and functionally distinct multiprotein complexes
termed mTOR complex I (mTORC1) and mTOR com-
plex 2 (mTORC?2) [14]. mTORCI1 contains next com-
ponents: mTOR, which is the catalytic subunit of the
complex; regulatory-associated protein of mMTOR (Rap-
tor); mammalian lethal with Sec13 protein 8 (mLSTS,
also known as GBL); proline-rich AKT substrate 40 kDa
(PRAS40); and DEP-domain-containing mTOR-
interacting protein (Deptor). mTORC2 consists of six
different proteins: mTOR; rapamycin-insensitive com-
panion of mTOR (Rictor); mammalian stress-activated
protein kinase interacting protein (mSIN1); protein ob-
served with Rictor-1 (Protor-1); mLST8; and Deptor.
The functions of each component still are unclear, but
there is some evidence that Rictor and mSIN1 stabilize
each other, establishing the structural organization of
mTORC?2 [14].

In a generalscheme, activation of mTORCI is
achieved through the phosphatidylinositide-3-kinase
(PI3K), phosphoinositide-dependent kinase-1 (PDK1),
and proteinkinase B (PKB alsoknown as AKT) signa-
ling. Growth factor or cytokine signaling leads to the
activation of PI-3K, which activates the PDKI1, which
then promotes the phosphorylation of Akt. The proxi-
mal activation motif phosphorylation of Akt leads to
the phosphorylation and inactivation of tuberous scle-
rosis complex (TSC). TSC — a heterodimer consisting
of hamartin (Tuberous sclerosis 1 — TSC1) and tuberin
(Tuberous sclerosis 2 — TSC2), functions as aninhibi-
tor of mTOR by inactivating Ras homolog, expressed in
brain (Rheb) [3, 9]. Besides this, formation of mTORCI1
requires activation of regulator complex and the four
Ras-like GTPases (RAGs A-D), that detect the level and
availability of essential amino acids. In the case of TCR
stimulation and all necessary factors are available, acti-
vation of mTOR occurs, that leads to inhibition of Fork-
head box P3 (FOXP3) expression and differentiation of
effector T cell. Otherwise, mTOR inhibition provokes
FOXP3 expression and development of FOXP3 + regu-
latory T cells [7].

Function of mTORCI is regulation of cell growth
(accumulation of cell mass) and proliferation through

coordination of protein anabolism, nucleotide biosyn-
thesis, lipogenesis, biosynthesis of organelles, glycolysis
and by limiting catabolic processes such as autophagy
[1, 14]. The mechanism how mTORCI promotes pro-
tein synthesis is by phosphorylating the initiation fac-
tor 4E (elF4E)-binding protein 1 (4E-BP1) and the
p70 ribosomal S6 kinase 1 (S6K1), positive and nega-
tive regulators of protein synthesis. Phosphorylation of
S6K1 promotes activation of the downstream 40S ribo-
somal protein S6 and increases translation of mRNA.
The phosphorylation of 4E-BP1 prevents its binding to
elF4E, enabling eIF4E to promote translation [1, 19].
mTOR controls mitochondrial oxidative function, oxy-
gen consumption and cellular ATP levels. Function of
mTORC?2 is regulation of cytoskeleton organization by
controlling of actin polymerization. In turn, activation of
mTORC?2 inhibits two transcription factors — Forkhead
Factor 1 (FOXO1) and Kruppell-like factor 2 (KLP)
that maintain the T cell quiescent state [14, 19].

Polymorphism rs11121704 (T > C) in intron have
been mostly frequently studied as genetic risk factor for
the carcinogenesis and clinical outcomes of cancer pa-
tients in USA and China populations [13]. Polymor-
phism rs11121704 TT genotype was associated with poor
clinical outcomes, such as death, metastasis, resistant to
chemotherapy, and toxicity (OR = 1.53, p = 0.044).We
hypothesized that polymorphism rs11121704 in mTOR
gene would be associated with childhood asthma and
with allergic phenotype. To test this hypothesis, we exa-
mined differences in the frequency of this SNP between
children without allergic pathology (control group) and
children with eczema plus asthma.

Material and Methods

The research includes 91 children 5 to 18 years of age
from subspecialty department at Kiev Children’s Hos-
pital and 87 control subjects from the general popula-
tion. All children had symptoms of asthma, eczema or
symptoms of eczema in anamnesis, allergic rhinitis, or
at least one positive skin prick test result to a panel of 15
aeroallergens. Skin prick tests were carried out and inter-
preted by Global Allergy and Asthma European Network
protocol, developed using a common panel of inhalant
allergens based on published practice guidelines, the Eu-
ropean Academy of Allergy and Clinical Immunology
(EAACI) Position Paper, the Nordic standards and the
International Study of Asthma and Allergies in Child-
hood (ISAAC) phase 1I protocol. Parents signed an in-
formed consent prior to their inclusion in the study.

Outicome measures

The definition of eczema was adapted from a valida-
ted questionnaire (ISAAC) and included a parental re-
port of the child’s scratching and redness «raised bumps»
or dry skin/scaling during the childhood. Cases with ec-
zema included children with a physician’s diagnosis or
a parental report of eczema. Physical examination fin-
dings considered to be consistent with eczema included
erythema, papulation, excoriations, and/or lichenifica-
tion. Testing for asthma were performed; the definition
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included a parental report of persistent wheezing (> 2
wheezing episodes not associated with a cold or upper
respiratory tract infection), spirometry (a reduced FEV1
and FEV1/FVC ratio, positive test with $-2 agonists),
increased IgE level, positive skin prick tests with aeroal-
lergens.

Selection of SNP

Anrs11121704 in mTOR genewas selected for geno-
typing, as it hypothetically can affect Th2 differentiation
and is reported to be common in European populations.

DNA extraction

Buccal epithelium was taken using buccal brushes
with the following freezing of samples and their storage at
—20 °C. DNA for genotyping was extracted from the sam-
ples using Isogene kits (Russian Federation) according to
manufacturer’s protocol. The concentration of total DNA
was determined using a NanoDrop spectrophotometer
ND1000 (NanoDrop Technologies Inc., USA).

qPCR Genotyping

Amplification reactions were performed using a 7500
Fast Real-time PCR System (Applied Biosystems, USA)
in a final reaction volume of 20 pl, which contained 2X
TagMan Universal Master Mix (Applied Biosystems,
USA), assay C 31720978 30and the template cDNA.
The thermal cycling conditions involved a denaturation
step at 95 °C for 20 s, followed by 40 cycles of amplifica-
tion at 95 °C for 3 s and 60 °C for 30 s. Analysis of the
data was carried out with 7500 Fast Real-Time PCR
Software.

Statistical analysis

%2 test was performed to investigate if there was any
difference in the frequency of the genotype and allele
between the patient group with allergic diseases and
the normal control group. A p-value of less than 0.05
(p < 0.05) was considered statistically significant. Fre-
quency distribution of genotypes was analyzed using
Pearson chi-square test with Excel 2000 software. SNP
Analyzer (web-based software) was used to examine
Hardy-Weinberg equilibrium.

Results
Clinic

100 % of children have atopic dermatitis in history,
38.5 % of children have manifestations of atopic der-
matitis in the form of rashes, dry skin, peeling, pruritus,
lichenification during last year. 72 (73.4 %) of children
were in a state of exacerbation of asthma, manifested
in wheezing and cough (of which 40 (55.5 %) had mild
exacerbation severity, 31 (43.1 %) had moderate seve-
rity of exacerbation, 1 (1.4 %) had severe exacerbations),
28 % of children had remission. 60 (83.3 %) of patients
had decreased FEV1 (< 80 %), 34 (47.2 %) had positive
test with -2 agonist. Other concomitant allergic patho-
logy was determined in 46 (46.9 %) children. 23 (25.3 %)
children had allergic rhinitis, 18 (18.4 %) had persistent
allergic rhinitis, 5 (5.5 %) — seasonal. Also 4 (4.4 %)

children had acute allergic urticaria in anamnesis data, 9
(9.9 %) children — food allergy.

Genotyping

We found that SNP was in Hardy-Weinberg equilib-
rium. Our main results are as follows: 50 (54.9 %) of pa-
tients and 43 (49.4 %) of control group had major allele
of rs11121704 in mTOR (TT), 36 (39.6 %) of patients
and 32 (36.8 %) of control group, respectively, had he-
terozygous allele (TC), and 5 (5.5 %) and 12 (13.8 %)
had minor allele (CC). Variants of rs11121704 CC geno-
type in the mTORgene were 2,5 times more likely in the
control group than among patients (table 1).

Statistical analysis was conducted to identify possible
associations of genetic markers with the presence of con-
comitant allergic diseases. The research group consisted
of 22 patients with other allergic diseases, and control
group — 69. Using the chi-square test with two degrees
of freedom we found statistically significant differences
in the distribution of genotypes in patients with con-
comitant allergic diseases and groups of patients without
it (chisquare = 10.578; statistical significance = 0.005)
(table 2).

Discussion

Evidence from the literature has established that
mTOR function is necessary for Thl and Th2 effector
T cell differentiation and plays a critical role in eczema
and possibly in the phenotype of eczema plus asthma.

Delgoffe and colleagues suggest opposite regula-
tion of mMTORC1 and mTORC2 on T cell differentia-
tion into Thl, Th2, and Th17. They found that mTOR
deficient CD4+ T cells were unable to upregulate subset
specific transcription factors, such as GATA-3, T-bet,
and RORgt. When Rheb, a positive upstream regulator
of mMTORCI, was deleted in T cells, these cells failed to
generate Thl, and Thl7 responses, but retained their
ability to differentiate to Th2. Furthermore, Rheb (—/—)
T cells responded to cytokine IL-4 release by activating
the STAT 6 signaling, that prove their ability to differen-
tiate into Th2 cells. Otherwise, when mTORC?2 signa-
ling was deleted in T cells, they failed to generate TH2
cells in vitro and in vivo but retain their ability to generate
TH1 or TH17 response. Also, it has been shown, thatm-
TORCI1 promotes STAT4 and STAT3 activation media-
ted by IL-12 and IL-6, respectively, while IL-4 mediated
STATG6 activation requires mTORC?2 activation [8, 9].

Another investigation showed that conditional dele-
tion of rictor (an essential subunit of mMTORC?2) impaired
differentiation into Th1 and Th2 cells without diversion
into FoxP3+ status or substantial effect on Th17 cell dif-
ferentiation [15].

Salmond et al. described the role for mTOR signa-
ling in IL-330-dependent Th2 and innate lymphoid cell
(ILC) effector responses. They found that IL-33 directly
activated mTOR in a PI3K p1105-dependent manner.
It was shown that 1L-33 directly expands the population
of lung ILC, which mediates airway inflammation. Fur-
thermore, inhibition of mTOR reduced IL-33-driven
IL-5 and IL-13 expression by both TH2 cells and ILCs
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in vitro. 1L-33-induced airway inflammation was medi-
ated by ILCs and that rapamycin reduced ILC accumu-
lation, macrophage and eosinophil infiltration, cytokine
secretion, and mucus deposition in the lung [20].

Interesting, that mTOR is also involved in the process
of growth, maturation of mast cells and cytokine secre-
tion. Shin et al, in their investigation found that TSCI1
is a critical regulator for mTOR signaling in mast cells
downstream of FceRI and c-Kit, and differentially con-
trols mast cell degranulation and cytokine production.
TSCl1-deficiency results in failed mast cell degranula-
tion, but enhanced cytokine production in vitro and
in vivo after FceRI engagement. Furthermore, TSCI1
is critical for mast cell survival through multiple path-
ways of apoptosis including the down-regulation of p53,
miR-34a, reactive oxygen species, and the up-regulation
of Bel-2 [21].

These data demonstrate the significant role of mMTOR
in regulation of cytokine signals, differentiation and de-
velopment of effector Th cells, maturation and degra-
nulation of mast cells, regulation of the process of anti-

gen presentation via autophagy, that subsequently lead
to formation of Th2 cell polarized effector phenotype.
Consistent with this, the ability of rapamycin-derivatives
to inhibit asthma has been investigated in experimental
animal model, using a clinically relevant house dust mite
(HDM)-induced and ovalbumin (OVA)-induced model
of murine disease.

Fredrikkson et al described in his published study,
that inhibition of mTOR signaling by rapamycin has pa-
radoxical effects on the manifestations of HDM-induced
asthma. Inhibition of mTOR signaling with rapamycin
prior to the induction of asthma effectively suppressed
airway inflammation, goblet cell hyperplasia and airway
hyperreactivity, whereas inhibition of mTOR signaling
in established asthma exacerbated airway inflammation
and airway hyperreactivity, but did not modify HDM-
induced increases in goblet cell hyperplasia. Rapamycin
also inhibits TGF-a-induced pulmonary fibrotic re-
sponses, which could contribute to sub-epithelial fibrosis
and airway remodeling. Similarly, mTOR signaling may
modulate angiogenesis and lymphangiogenesis, both of

Table 1. Odds ratio for rs11121704 in mTOR gene in children with asthma.
Odds ratios with 95% confidence intervals

Genotype, n (%)
Genotype 0Odds Ratio and 95% ClI
Patients Control
Co-dominant inheritance model
T 43 (49,4) 50 (54,9) 1,00
TC 32(36,8) 36(39,6) 0,97 (0,52-1,81)
cc 12(13,8) 5(5,5) 0,36 (0,11-1,05)
Dominant inheritance model
T 43 (49,4) 50 (54,9) 1,00
TC/CC 44 (50,6) 41 (45,1) 0,8 (0,44-1,44)
Recessive inheritance model
TT/TC 75 (86,2) 86 (94,5) 1,00
CcC 12 (13,8) 5(5,5) 0,36 (0,11-1,03)

Table 2. Odds ratio depending on the presence of concomitant allergic diseases in children with asthma.
Odds ratios with 95% confidence intervals

Genotype | G e disoasenn () | | allergic diseases.n () | 09U Ratioand 95% Cl | palue
Co-dominant inheritance model

T 8(36,4) 42 (60,9) 1,00

TC 10 (45,5) 26 (37,7) 0,5(0,17-1,41) 0,01

CC 4(18,2) 1(1,4) 0,05 (0-0,37)
Dominant inheritance model

T 8(36,4) 42 (60,9) 1,00

TC+CC 14 (63,6) 27(39,1) 0,37 (0,13-0,97) 0,05
Recessive inheritance model

TT+TC 18(81,8) 68 (98,6) 1,00

ccC 4(18,2) 1(1,4) 0,07 (0-0,48) 0,02
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which play important roles in asthma pathogenesis. In-
hibition of mTOR blocks the synthesis of vascular en-
dothelial growth factor (VEGF), an angiogenesis factor
that induces an asthma phenotype in mice [12]. Musha-
ben E.M. et al. showed that inhibition of mTOR by ra-
pamycin prevented HDM-induced allergic asthma in
mice. Also rapamycin suppressed IgE and IL-4 level was
augmented in mice that were sensitized to HDM [16].

It also has been reported that rapamycin blocks
OVA-induced increases in bronchial inflammation, air-
way hyperresponsiveness, levels of Th2 and proinflam-
matory cytokines and adhesion molecules, and vascular
permeability, suggesting that rapamycin can inhibit main
symptoms of allergic asthma [6].

In this article, we determined the frequency of the
rs11121704 SNP and showed that minor allele occurs
2.5 times more likely in the control group than among
patients, although there was no statistical significance.
Using the chi-square test with two degrees of freedom we
found statistically significant differences in the distribu-
tion of genotypes in patients with concomitant allergic
diseases and groups of patients without it (chi-square =
= 10.578; statistical significance = 0.005).

Conclusions

It is widely accepted that mTOR plays a critical role
in growth, differentiation, survival and cell metabolism.
More recent works have demonstrated that mTOR may
act as a susceptibility factor to generate aberrant Th2 al-
lergic responses to antigen. Due to its function, mTOR
pathway is attractive target for the prevention and treat-
ment of allergic disorders. Moreover, positive results of
rapamycin administration for prevention and treatment
of asthma were already obtained. Although progress in
understanding of mTOR functions has been made, but
much is still unknown regarding differential regulation
of mMTOR complexes, ways of influence on this process.
Further researches are required to precisely delineate the
role of mTOR in allergic inflammatory response.

Variants of rs11121704 genotype CC in the gene
mTOR were 2.5 times more likely in the control group
than among patients. Our research has demonstrated
protective significance of CC genotype of mTOR poly-
morphism, thus suggesting that this polymorphism may
have a predictive value in the development of allergic
diseases affecting the expression of that gene. Also we
found statistically significant differences in the distribu-
tion of genotypes in patients with concomitant allergic
diseases and groups of patients without it.

There by, polymorphisms in mTOR may in depen-
dently serve as perspective marker to prognostication
the development of asthma and other allergic diseases
among children.
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POAb NMPOTEMHKUHA3bI MTOR B Th2-MTOASIPU3ALIUN
MMMYHHOTO OTBETA MPU BPOHXUAABHOW ACTME
Y AETEA

Pesiome. Ilenbio JaHHOTO KCClIeOBAaHUS ObLIO ONPENETUTD,
€CTb JIV CBSI3b MEKITy OTHOHYKJICOTUIHBIM MTOJTMMOPHOU3MOM B
rene mTOR u pa3BuTHEM alIepruyeckoro heHOTUA Y IeTEH.
Mertoapl. 'eHoTunupoBanre mTOR (rs11121704) nmpoBoauiau
B CJICIAYIOIIMX IOIYJISIIMSIX: y TAIMEHTOB ¢ OPOHXMATbHOM
actMoii (n = 91; Bo3pacT 5—18 jieT) 1 B KOHTPOJILHOU TpyTITie
(n = 87; Bo3pact 5—18 J1eT) ¢ MOMOIIBIO MOJTMMEPa3HOI eI~
HOI peakliu B peaJbHOM BpeMeHU. Pesyabrarbl. Mbl 0OHa-
pyxuau, uto y 50 (54,9 %) manmeHTOB TPYIITBI HAOTIOMEHUST
ny 43 (49,4 %) npencraButesieil KOHTPOJIbHOW TPYIIITBI TIPU-
CyTCTBOBaJIa MaxkOpHasI ajijiesib monumopdusma rs1 1121704, y
36 (39,6 %) u 32 (36,8 %) COOTBETCTBEHHO — IeTEPO3UTOTHASI
atenb, ay S5 (5,5 %) u 12 (13,8 %) — MuHopHas ajuieib. Ba-
pUaHTBI ¢ MUHOPHBIM TeHoTutioM 1511121704 B rene mTOR
BCTpEYaIMCh B 2,5 pasa vaille B KOHTPOJIBHOM TpyIINe, YeM y
MaleHTOB OCHOBHOM TPyTIbl. BeiBoabI. MbI cunTaeM, 4To oji-
HOHYKJIEOTUAHBIN nosumopdusm B reHe mTOR (rs11121704)
MOXET CJTYXKWTh He3aBUCUMBIM IIPOTHOCTUYECKIM MapKepoOM
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Bonocoseup O.11., Kpmsornycros C.[1., MNasavk O.B.
HawioHAAbHW MEAMHYH YHIBEPCUTET
imeHi O.O. boromonbLsi, M. Knis

POAb NPOTEIHKIHA3U MTOR B Th2-NMOASPU3ALLIT
iMYHHOI BiANOBIAi MPY BPOHXiIAABHIN ACTMi B AITEN

Pe3tome. MeTol0 JaHOTO JOCTIKEHHSI OYyJ10 BU3HAUM-
THU, YU € 3B’S30K MiX OJHOHYKJICOTUIHUM ToJiMopdizMoM
B reHi mTOR i po3sutkom anepriuHoro eHOTUNY B IiTEHd.
Metomu. I'eHorunyBanHa mTOR (rs11121704) mpoBoauan
B HACTYITHUX TTOIYJISILIISIX: Y MAlli€HTIB i3 OpOHXiaJbHOIO acT-
Moto (n = 91; Bik 5—18 pokiB) i B KOHTPOJIbHiIi Ipyri (n = 87;
BiK 5—18 poOKiB) 3a IOITOMOTOIO IMOJIiMEpPa3HOi JIAHITIOTOBOL
peaxiiii B peaibHOMY 4aci. Pesyabratu. Mu BUSIBUIM, 1O B
50 (54,9 %) mauieHTiB rpynu crioctepexkeHHs i 43 (49,4 %)
3/I0POBUX NiTeit OyJa HassBHA MaxKOpHa ajelib nmogiMopdizmy
rs11121704, y 36 (39,6 %) i 32 (36,8 %) mireil BigmoBigHO —
reTepo3uroTHa aienb, a B 5 (5,5 %) i 12 (13,8 %) — miHOp-
Ha anenb. BapiaHtu 3 MiHOpHMM reHoturioMm r1s11121704 y
reHi mTOR 3ycTpivanucs B 2,5 pasa yacrillle B KOHTPOJIbHil
IpyMi, HiXX y NALi€EHTIB OCHOBHOI Tpynu. BuchoBku. Mu BBa-
JKAaeEMO, 110 OJHOHYKJICOTUIHUI ToniMopdizm y reHi mTOR
(rs11121704) moke CAYXKMTH HE3aJIeKHUM TMPOTHOCTUYHUM
MapKepoM TMpU OIliHIl PU3UKY BUHMKHEHHSI OpOHXiaJlbHOI
ACTMU Ta iHILIO1 aJIEPTiYHO1 MATOJIOTII B iTeH.

MpU OLIEHKE pUCKa BO3HUKHOBEHUSI OPOHXMATBHOW acTMbl U KmouoBi caoBa: OponxianpHa actma, mitm, mTOR,
JIPYTOi ajlJIepruYecKoil MaTOJOrMU y ASTEM. T-xennepu.
KnioueBbie ciaoBa: OpoHxuanabHas actMma, aetd, mTOR,
T-xenmepsl.
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