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The development of obesity and its metabolic complications is associated with dysregulation of various
intrinsic mechanisms, which control basic metabolic processes via changes in the expression of numerous
regulatory genes. We studied the expression of the subset of genes, which responsible for control of cell
growth and glucose metabolism, in blood cells of obese boys with normal and impaired insulin sensitivity as
well as in normal (control) individuals. It was shown that obesity with normal insulin sensitivity enhances
the expression of IRS1, RIPK2, ILI3RA2, RSPO1, IQSEC, and CCN2 genes, but decreases the expression
level IRS2 and DNAJC15 genes in the blood cells as compared to control group. Insulin resistance in obese
boys leads to up-regulation of IRS2, RSPO1, and DNAJC15 gene expressions as well as to down-regulation
of IRS1 and RIPK?2 genes in the blood cells versus obese patients with normal insulin sensitivity. Results of
this study provide evidence that obesity affects the expression of the subset of genes related to cell growth
and glucose metabolism in blood cells and that insulin resistance in obesity is associated with changes in
the expression level of IRS1, IRS2, RIPK2, RSPO1, and DNAJC15 genes, which contribute to the develop-
ment of insulin resistance and glucose intolerance and possibly reflect some changes in fat tissue.

Key words: mRNA expression; CCN2; IOSEC; RSPOI1; DNAJC15; RIPK2; ILI3RA2; IRSI, IRS2, blood;

obesity, insulin resistance.

INTRODUCTION

The development of obesity as well as its meta-
bolic complications, the most profound public
health problems, is associated with dysregula-
tion of numerous intrinsic mechanisms, which
control most key metabolic processes, including
cellular growth, glucose and lipid metabolism
as well as insulin sensitivity [1-5]. Moreover,
obesity as well as metabolic syndrome results
from interactions between genes and environ-
mental factors and is associated with changes
in gene expressions of regulatory network in
various organs and tissues, but preferentially
in adipose tissue [5-9]. Adipose tissue growth

is in a center of obesity and tightly associated
with glucose and lipid metabolism as well as
cell proliferation processes and controlled by
different interconnected regulatory factors
and enzymes [10]. At the same time, the blood
reflects numerous changes in different organs
and tissues in diseases including obesity [7,
10]. Special interest deserves the key regulatory
enzymes and factors, which control glucose and
lipid metabolism as well as cell growth [4, 2].
The insulin receptor substrate 1 (IRS1) as
well as IRS2 is a cytoplasmic signaling molecule
that mediates effects of insulin, insulin-like
growth factor 1, and other cytokines by acting
as a molecular adaptor between diverse recep-
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tor tyrosine kinases and downstream effectors
through phosphorylation by the insulin recep-
tor tyrosine kinase upon receptor stimulation
as well as other kinases [11, 12]. Moreover,
mutations in /RS/ and /RS2 genes are associ-
ated with type 2 diabetes and susceptibility to
insulin resistance because these factors mediate
the control of various cellular processes by in-
sulin and dysregulation of these insulin receptor
substrates is associated with PDGF-induced cell
proliferation [12, 13]. There is data that genetic
variation near /RS gene associates with reduced
adiposity, decreased IRS1 expression, and an
impaired metabolic profile, including an insulin
resistance, dyslipidemia, risk of diabetes and
decreased adiponectin levels [14]. Furthermore,
IRS1 and IRS2 genes have both common and
different regulatory mechanisms because the
double-stranded RNA-dependent protein kinase
differentially regulates IRS1 and IRS2 in HepG2
cells [15].

The IL-13RA2 (interleukin-13 receptor-
alpha2) is overexpressed in malignant tumors
and may induce invasion and metastasis in
pancreatic cancer [16, 17]. Receptor-interacting
serine/threonine-protein kinase 2 (RIPK2
receptor-interacting protein-like interact-
ing caspase-like apoptosis regulatory protein
(CLARP) kinase, is a multifunctional protein,
which controls apoptosis [18, 19]. CCN family
member 2 (CCN2), also known as CTGF (con-
nective tissue growth factor), is responsible for
proliferation, differentiation, and cell adhesion,
including mesenchymal stromal cells differen-
tiation into adipocytes [20, 21]. The IQSEC2
(IQ motif and Sec7 domain 2) gene encodes a
guanine nucleotide exchange factor for the ARF
family of GTP-binding proteins, which plays
multifunctional role including the regulation of
cell proliferation. The RSPO1 (R-spondin homo-
log, Xenopus laevis, regulates WNT signaling
and controls beta-cell growth and insulin secre-
tagogue [22, 23]. DNAJC15 (DNAJ (Hsp40)
homolog, subfamily C, member 15) functions as
co-chaperone of the human TIM23 pre-protein
translocase and acts in the import of proteins
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into human mitochondria as well as promotes
c-Jun degradation [24, 25].

The endoplasmic reticulum stress is also
recognized as an important determinant of obe-
sity, insulin resistance, and impaired glucose
tolerance and contributes to the expression
profile of many regulatory genes resulting in
peripheral insulin resistance and other obesity
complications [6, 10, 26- 28], although detailed
molecular mechanisms cannot be ruled out.

It is possible that identification of real
mechanisms of metabolic abnormalities in obe-
sity as well as its complications at molecular
and cellular levels helps to better understanding
why obesity develops and why only a part of
the obese individuals develops secondary meta-
bolic disorders. However, a detailed molecular
mechanism of the involvement of different genes
of regulatory network in the development of
obesity and its complications are not clear yet
and remains to be determined.

The main goal of this study was to clarify the
role of the subset of gene expressions, encoding
for important cell growth factors and enzymes,
which control glucose and lipid metabolism, in
blood cells of obese boys for evaluation of its
possible significance to development of obesity
and insulin resistance.

METHODS

The 15 boys participate in this study. They were
divided into three equal groups (5 subjects in
each group): normal individuals as control
and patients with obesity and with or without
insulin resistance. All participants gave written
informed consent and the studies were approved
by the local research ethics committees of In-
stitute of Children and Adolescent Health Care
of the National Academy of Medical Science
of Ukraine.

Clinical characteristics of the study partici-
pants are shown in Table 1. The normal (control)
participants were individuals with mean age 14
+ 0.7 years and mean body mass index (BMI)
18.7 £ 0.12 kg/m?. The obese participants with
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normal insulin sensitivity as well as the patients
with insulin resistance were individuals with
mean age (14 + 0.6 and 14 + 0.4 years, cor-
respondingly) and mean BMI (31.0 = 0.40 and
34.2 £ 2.39 kg/m?, correspondingly).

Thus, BMI, which is a main criteria of
obesity, in these last two groups of patients
was significantly higher (+66 and +83 %,
correspondingly; P<0.05 in both cases) as
compared to control individuals (Table 1).
Moreover, no significant changes were found
in insulin resistance index in obese individuals
as compared to control group, but in obese
patients with impaired insulin sensitivity, versus
control boys as well as obese subjects with
normal insulin sensitivity, the insulin resistance
index is significantly increased (3.7 and 3.2
fold, correspondingly; P<0.05 in both cases),
but decreased (almost two fold; P<0.05) (Table
1). Similar results were observed in the fasting
insulin levels: no significant changes in obese
individuals and strong increase in obese children
with insulin resistance (3.3 fold; P<0.05) as
compared to control group. Fasting blood
glucose levels were similar in all three groups
of the study participants, but 2hrs oral glucose
tolerant test was increased in obese boys with
insulin resistance versus control group (+25 %;
P<0.05) (Table 1).

RNA isolation. Trisol reagent (Invitrogen,
USA) was used for RNA extraction from blood
of normal (control) and obese individuals with
or without insulin resistance.

Reverse transcription and quantitative
real-time polymerase chain reaction analysis.
The expression levels of genes related to
regulation of cell growth and glucose homeostasis
(CCN2, IQSEC, RSPO1, DNAJCI15, RIPK?2,
ILI3RA2, IRSI, and [IRS2) were measured in
blood cells by real-time quantitative polymerase
chain reaction of complementary DNA (cDNA).
QuaniTect Reverse Transcription Kit (QIAGEN,
Germany) was used for cDNA synthesis. The
7900 HT Fast Real-Time PCR System (Applied
Biosystems), Absolute QPCR SYBRGreen Mix
(Thermo Scientific, UK) and pair of primers
specific for each studied gene (Sigma/Aldrich,
USA) were used for quantitative polymerase
chain reaction Table 2).

The expression of beta-actin mRNA was used
as control of analyzed RNA quantity. The amplified
DNA fragments were analyzed on a 2 % agarose
gel and that visualized by 5x Sight DNA Stain
(EUROMEDEA). An analysis of quantitative PCR
was performed using special computer program
“Differential expression calculator”.

Statistical analyses were performed accor-
ding to Student’s ¢-test using OriginPro 7.5
software. All values are expressed as mean
+ SEM from five independent experiments;
P <0.05 was considered as significant difference.

RESULTS AND DISCUSSION

We studied the expression of CCN2, IQSEC,
RSPOI, DNAJCI5, RIPK2, ILI3RA2, IRSI,

Table 1. Characteristics of the study participants.

Variable

Age at visit (years) (n)

Body mass index (BMI) (kg/m?) (n)
Insulin resistance index (HOMA) (n)
Fasting insulin (uIU/ml) (n)

Obesity + IR |
14 £0.38 (5)
34.2+£2.39 *(5)
8.70 £ 1.41*~ (5)
43.4 £6.70 *M (5)
4.5+0.08 (5)

Obesity |
14+ 0.6 (5)
31+£0.40 * (5)
2.70 £ 0.28 (5)
14.1 £1.35(5)
4.3+0.14 (5)

Control |
14 +£0.73 (5)
18.7+0.12 (5)
2.36 +£0.17 (5)
13.0 £ 0.95 (5)
4.1+£0.22 (5

Fasting glucose (mmol/l) (n)

2h oral glucose tolerance test (OGTT) glucose
(mmol/l) (n)
Data are means £ SEM; IR — insulin resistance;

428 £0.08(5) 5.08+0.11(5) 5.36+0.18*(5)

*P < 0.05 versus control group; * - P < 0.05 versus obese group.
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and /RS2 genes in blood cells of three groups:
normal (control) individuals, obese boys with
normal insulin sensitivity and obese patients
with insulin resistance. As shown in Fig. 1,
the expression level of IRS1 gene is increased
(+68 %; P < 0.05) in blood cells of obese boys
with normal insulin sensitivity as compared to
the group of control children. At the same time,
the expression level of /RS2 gene is significantly
decreased (more than 4fold; P < 0.05) in blood
cells of this experimental group of obese chil-
dren (Fig. 1). Moreover, the development of

insulin resistance in obese individuals is associ-
ated with down-regulation of IRS1 gene expres-
sion (-32 %; P <0.05) in blood cells as compared
to group of children with obesity and normal
insulin sensitivity. We have also shown that
the expression level of /RS2 gene is increased
(+29 %; P < 0.05) in blood cells of obese chil-
dren with impaired glucose tolerance versus
group of obese boys without insulin resistance
(Fig. 1).

This data has clearly demonstrated that
obesity leads to significant dysregulation of

Table 2. Characteristics of the primers used for quantitative real-time polymerase chain reaction.

Nucleotide
. , .| GenBank acces-
Gene symbol Gene name Primer’s sequence numbers in .
sion number
sequence
CCN? CCN fa@1ly member 2
(connective tissue growth  F: 5°- actgtcccggagacaatgac 1198-1217
(CTGE, . L , NM 001901
factor; insulin-like growth R: 5°- tgctcctaaagccacacett 1527-1508 -
IGFBPS) .o .
factor-binding protein 8)
I tif and Sec7 d i
IQSEC?2 Q motif an e.c 0m§1n F: 5°- atatggaggctectgtggtg 771-790
(BRAGLy) 2 (% SecT domain-conin- p g, o igvaggcicetgtogty 1012993 T M-013073
ing protein BRAG1) ' E8asE gleets
F: 5’- agt 1094-1113
IRS1 insulin receptor substrate 1 , aglcccageaccaacagaac NM 005544
R: 5’- tcatccgaggagatgaaacc  1341-1322
F: 5’- acct ttgactt 4469-4488
IRS2 insulin receptor substrate 2 , acclavgecageatigav NM 003749
R: 5’- aacaagggaaagaggcaggt 4725-4706
DNAJCIS Dnal (Hsp40) homolog, F:5 ’- tgagtaggcgagaagetggt  676-695 NM 013238
subfamily C, member 15 R: 5°- gcatcaatgtttggtggttg 857-838 -
R- din h 1 F: 5°- tctgagtgatcgetttggt 416-435
RSPOI SPoRcin iomo2og - IiBagigalcactliests NM 001038633
(Xenopus laevis) R: 5’- atctcagctggggacagaga  650-631
receptor-interacting serine/
th ine-protein ki 2
RIPK2 ( Ci?;;ﬁ;?; 1;:1: F: 5°- ttccaattttgggaatttge 550-569 NM 003821
(CARDIAK) . & . : 57- atgcgccactttgataaacc 829-810 -
leukin-1 beta-converting
enzyme-associated kinase)
interleukin 13 t
ILI3RA2 1r11 ehr e; 15 receptor, F: 5°- tcttggaaacctggcatagg 591-610 NM 000640
alpha
CT19 R: 5’°- tetgatgect t 742-723 -
( ) (cancer/testis antigen 19) cleatgeciccaaatages
F: 5°- tt t 747-766
ACTB beta-actin C geacticgageaagagaiss NM._001101
R: 5’- agcactgtgttggcgtacag ~ 980-961 -
ISSN 0201-8489 ®ision. scypn., 2015, T. 61, Ne 1 13
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Fig. 1. Relative expression level of insulin receptor substrate 1 (IRS1) and IRS2 mRNA in blood cells of normal boys (Control)
and obese individuals with normal insulin sensitivity (Obesity) and obese patients with insulin resistance (Obesity + IR). The
values of IRS1 and IRS2 mRNA expression were normalized to the beta-actin mRNA and are expressed as mean = SEM and
represented as a percent of control (100 %); n =5; * - P < 0.05 vs group of control individuals; **P < 0.05 vs group of obese

boys with normal insulin sensitivity

IRS1 and IRS?2 gene expressions in blood cells,
being more robust for /RS2 gene and that this
dysregulation of insulin receptor substrate
genes is contributed to the development of in-
sulin resistance and enhanced cell proliferation.
Moreover, we have shown that development of
impaired insulin sensitivity in obese individuals
is associated with down-regulation of both /RS1
and /RS2 genes and that obesity without insulin
resistance and obesity with impaired insulin sen-
sitivity introduces diverse changes in /RS/ and
IRS2 gene expressions. This data correlates to
results of Yang et al. [15] that IRS1 and IRS2 are
differentially regulated by the double-stranded
RNA-dependent protein kinase in HepG2 cells
and other authors [12, 13] that both of these
genes may participate in the development of
obesity and insulin resistance [30, 31].
Investigation of the expression level of
receptor-interacting serine/threonine-protein
kinase 2 gene in blood cells of obese boys with
normal insulin sensitivity shown significant
up-regulation of this gene expression (+69 %;
P < 0.05) as compared to the group of control
children (Fig. 2). At the same time, the expres-
sion level of RIPK2 gene is slightly decreased
in blood cells of obese children, which have

14

insulin resistance, versus group of obese boys
with normal insulin sensitivity. As shown in Fig.
2, the expression level of other gene encoded
interleukin 13 receptor-alpha 2 is also strongly
increased in blood cells of obese children
(+82 %; P < 0.05), but development of insulin
resistance does not change significantly the level
of this gene expression.

It is possible that overexpression of ILI3RA2
and RIPK?2 genes in obesity reflects its contri-
bution to development of obesity as regulatory
factors controlling cellular growth, apoptosis,
invasion and metastasis, because interleukin-13
receptor-alpha2 is overexpressed in malignant
tumors [16, 17]. Moreover, receptor-interacting
serine/threonine-protein kinase 2 as multifunc-
tional protein controls both apoptosis and cyto-
kine responses [18, 19].

We also studied the expression of CCN2
gene encoded connective tissue growth factor
as well as JOSEC2 gene encodes a guanine
nucleotide exchange factor for the ARF family
of GTP-binding proteins in blood cells of obese
children with and without insulin resistance. As
shown in Fig. 3, the expression of CCN2 and /Q-
SEC2 genes is increased in obesity, being more
robust for IQSEC?2 gene (+19% for CCN2 gene
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Fig. 2. Relative expression level of receptor-interacting serine/threonine-protein kinase 2 (RIPK2) and interleukin 13 receptor-alpha
2 (IL13RA2) mRNA in blood cells of normal boys (Control) and obese individuals with normal insulin sensitivity (Obesity) and
obese patients with insulin resistance (Obesity + IR). The values of RIPK2 and IL13RA2 mRNA expression were normalized
to the beta-actin mRNA and are expressed as mean + SEM and represented as a percent of control (100 %); n =15; *P < 0.05 vs

Control

group of control individuals; **P < 0.05 vs group of obese boys with normal insulin sensitivity

and +57 % for IQSEC2 gene; both P < 0.05),
though development of insulin resistance does
not change significantly the expression level of
both these genes. Enhanced expression of both
CCN2 and IQSEC?2 genes possibly contributes to
obesity, because there is data that CCN2 gene is
responsible for proliferation, differentiation, and
cell adhesion, including mesenchymal stromal
cells differentiation into adipocytes [20, 21].
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We next tested whether obesity also af-
fects the expression of RSPOI and DNAJCI5
genes. As shown in Fig. 4, the expression level
of RSPO1 gene is up-regulated in blood cells
of obese boys with normal insulin sensitivity
(+35 %; P < 0.05). Furthermore, the development
of insulin resistance in obese individuals leads to
additional increase of this gene expression (+12 %;
P < 0.05). At the same time, DNAJC15 gene has
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Fig. 3. Relative expression level of CCN family member 2 (CCN2), also known as connective tissue growth factor (CTGF),
and IQ motif and Sec7 domain 2 (IQSEC2) mRNA in blood cells of normal boys (Control) and obese individuals with normal
insulin sensitivity (Obesity) and obese patients with insulin resistance (Obesity + IR). The values of CCN2 and IQSEC2 mRNA
expression were normalized to the beta-actin mRNA and are expressed as mean + SEM and represented as a percent of control
(100 %); n=5; *P < 0.05 vs group of control individuals
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Fig. 4. Relative expression level of DNAJC15 (Dnal (Hsp40) homolog, subfamily C, member 15) and RSPO1 (R-spondin
homolog, Xenopus laevis) mRNA in blood cells of normal boys (Control) and obese individuals with normal insulin sensitivity
(Obesity) and obese patients with insulin resistance (Obesity + IR). The values of DNAJC15 and RSPO1 mRNA expression were
normalized to the beta-actin mRNA and are expressed as mean = SEM and represented as a percent of control (100 %); n = 5;
*P < 0.05 vs group of control individuals; **P < 0.05 vs group of obese boys with normal insulin sensitivity

been shown to exhibit distinct pattern of expression
in blood cells in obesity with and without insulin re-
sistance (Fig. 4). Thus, the expression level of DNA-
JCI5 gene is decreased in obese children with nor-
mal insulin sensitivity (-26 %; P <0.05) and strongly
increased in boys with obesity and insulin resistance
(+77 %; P < 0.05).

There is data that obesity is associated with
insulin resistance and hyperinsulinemia [29] and
increased expression of RSPOI1 is agreed with
this data, because this protein regulates WNT
signaling and controls beta-cell growth as well
as insulin secretagogue [22, 23].

Thus, results of this study provide evidence
that obesity affects the expression of the subset of
genes related to cell growth, apoptosis, and glucose
metabolism in blood cells and that impaired insulin
sensitivity in obesity is associated with changes
in the expression level of /IRSI, IRS2, RIPK?,
RSPOI, and DNAJC15 genes, which possibly con-
tribute to the development of insulin resistance and
glucose intolerance as well as reflect some changes
in other tissues, including fat tissue.

CONCLUSIONS

1. Obesity (with normal insulin sensitiv-
ity) enhances the expression of /RS1, RIPK?2,

16

ILI3RA2, RSPOI, IQSEC, and CCN2 genes,
which control glucose metabolism and cell
growth, in the blood cells versus control.

2. The expression of /RS2, RSPOI, and
DNAJCI5 genes is up-regulated in blood cells
of obese boys with insulin resistance versus
obese patients with normal insulin sensitivity;
however, the expression of /RS/ and RIPK?2
genes is down-regulated.

3. This study has demonstrated that obesity
affects the expression of the subset of genes re-
lated to the control of glucose metabolism and
cellular growth and that insulin resistance in
obesity is associated with changes in the expres-
sion level of IRSI, IRS2, RIPK2, RSPOI, and
DNAJCI15 genes in blood cells contributing to the
development of the obesity and its complications.

J.0. Minuenko, B.B. lapunos, O.A. Bypnueiiko,
0.C. Moassko, /I.LK. Kynemona, O.B. Tsxka,
O.I'. MinyeHko

EKCHPECIA I'EHIB CCN2, IQSEC, RSPOI,
DNAJCIS5, RIPK2, ILI3RA2, IRSI TA IRS2Y
KPOBI JITEN YOJIOBIYOi CTATI 3A YMOB
OKUPIHHSA TA PESUCTEHTHOCTI 10
IHCYJIIHY

Po3BHUTOK OXKUPIHHS Ta HOrO META0OIIYHUX YCKIAIHCHD 3Y-
MOBJICHU# TUCPETYIISIIER0 KITFOYOBUX MEXaHI3MiB, 1110 KOHTPO-
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JIFOIOTh OCHOBHI METa0OIIuHi MPOIIECH 3a TOTTOMOTOI0 3MiH B
EKCIIpecil YUCICHHUX PEryJIsSTOPHUX TeHiB. MU IOCTianim
EKCIIPECiI0 TPYITH I'eHiB, SIKi BIAMOBIaIbHI 32 KOHTPOJIb POCTY
KJIITHH Ta MeTaboIi3My IIIFOKO3H, y JiTeil 40JI0BivOi CTaTi 3
OXKHPIHHAM, 1110 MAJIM HOPMAJIbHY 200 MOpYIIeHY Yy TJIUBICTh
J10 1HCYITiHY, @ TAKOX Y HOPMaJIbHUX (KOHTPOJIb) IHIAUBITYyMiB.
[Toka3aHo, 1m0 OKHUPIHHS 0€3 MOPYHUICHHS YYTIUBOCTI 10
iHCYNiHY TPHU3BOJMTH O IMOCHJIEHHs ekcrpecii rexiB /RS/,
RIPK2, IL13RA2, RSPOI, IQSEC ma CCN2, ane 3HMXy€
piBeHb ekcrpecii reniB /RS2 Ta DNAJC1S5 y kiniTHHAX KpoBi
IIPH TIOPIBHSIHHI 3 KOHTPOJILHOIO TPy1Ioto JiTeil. [lopyieHHs
YyTIIMBOCTI IO IHCYIIIHY Y AiTel 3 0XKUPIHHSAM IIPU3BOIAUTD 10
nocuieHHs ekcrpecii reiB [RS2, RSPOI1 i DNAJCIS5 ta no
3HIKeHHs excnpecii reniB /RS 1 RIPK2 y kiiTHHAX KpOBi y
HOPIBHSHHI 3 MALlIEHTaMH, 1110 MaJIK OXKUPIHHS | HOPMAJIbHY
Yy TIUBICTh 10 iHCYNiHY. Pesynbratu 1iei poOoTH CBiguarh
PO Te, L0 OXKUPIHHS 3MIHIOE y KIIITHHAX KPOBi €KCIIPECito
IPYIH TeHiB, SIKi KOHTPOJIOIOTH PICT KIITHH Ta MeTaboIizm
IJIFOKO3H, 1 110 PE3UCTEHTHICTB JI0 IHCYIIiHY 32 YMOB OXXUPIHHS
ACOLIIOETHCS 31 3MiHaMU B piBHI ekcripecii reniB /RS, IRS2,
RIPK2, RSPOI ta DNAJC15, sixi poOnsiTh IEBHUI BHECOK Y
PO3BUTOK I1i€] PE3UCTEHTHOCTI Ta MOPYLICHHS TOJIEPAHTHOCTI
JI0 TITFOKO3H 1 MOXKJTHBO Bi/I3€PKAITIOIOTh [ICBHI 3MIHH B 1HIIIAX
TKaHUHAX.

Kuirouosi cnosa: excrpecis MPHK; CCN2; IQSEC; RSPOI;
DNAJCI15; RIPK2; ILI3RA2; IRSI; IRS2; KpOB; OKHUPIHHS;
PE3UCTEHTHICTH JI0 1HCYIIiHY.

J.A. Mun4enko, B.B. laBbinos, E.A. Bypaeiiko,
0.C. MoJassko, J.K. Kyremosa, A.B. Tskkas,
A.I. Mun4yeHKoO

SKCIPECCHS TEHOB CCN2, IQSEC, RSPOI,
DNAJCI5, RIPK2, ILI3RA2, IRSI 1 IRS2 BKPOBH
JETEA MYKCKOM CTATHU IIPU O’KUPEHUU
U PESUCTEHTHOCTHU K UHCYJIUHY

Pa3BuTHe OXXUpEHHS U €ro METadOJIMUYECKUX OCIOKHEHUH
00yCIIOBIICHO JUCPETYINISLUEH KIIOUEBbIX MEXaHHU3MOB, YTO
KOHTPOJIUPYIOT OCHOBHBIE META00INYECKHUE TPOLIECCHI ITyTEM
U3MEHEHUH B HKCIIPECCUM MHOTOYHCIICHHBIX PETYJIATOPHBIX
reHOB. MU M3y4MJIM SKCIPECCHIO TPYIIBI T€HOB, KOTOPBIE
OTBETCTBEHHBI 32 KOHTPOJIb POCTA KJIETOK M METaO0JIH3M TITIO-
KO3Bbl, y IETeH MY>KCKOTO I10J1a C 0KMPEHUEM, YTO UMEIIU HOP-
MaJIbHYIO WM HApYLIEHHYIO YyBCTBUTEILHOCTD K HHCYIIMHY, &
TaKXKe y HOPMaJIbHBIX (KOHTPOJIb) HHAUBHIYyMOB. IToka3ano,
YTO OJKUpEHHE 0e3 HapyLICHNs 4yBCTBUTEILHOCTH K HHCYJIIH-
HY IPUBOAUT K YCHUJIEHHIO 3KCHpeccuto renos /RS, RIPK?2,
IL13RA2, RSPOI, IQSEC u CCN2, HO CHU)XaeT YpOBEHb
skcnpeccunt reHos /RS2 u DNAJC15 B kieTkax KpoBH IpU
CPaBHEHUU ¢ KOHTPOJIHOH rpymnmoii nereil. PesucreHTHOCTH
K UHCYIMHY y JeTell ¢ OKMPEHHUEM NPHUBOIUT K YCUICHUIO
skcnpeccuu reHoB IRS2, RSPOI v DNAJCI15 v K CHUXEHHUIO
skcnpeccun reHoB /RS n RIPK2 B xjeTkaxX KpOBH B CpaB-
HEHUH ¢ TALMEHTaMU, YTO UMENIH O)KUPEHUE U HOPMAJIbHYIO
qyBCTBUTEIBHOCTh K MHCYJIHMHY. Pe3ynbrarel 9T0#f paboTh
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CBI/IJleTeJ'leTBleT O TOM, 4TO omnpel-me U3MECHSCT B KJICTKaxX
KPOBH IKCIPECCHIO IPYIIIBI TCHOB, KOHTPOIUPYIONIHX POCT
KJIETOK U MeTa00JIM3M IJIIOKO3bI. bosiee Toro, pe3ucTeHTHOCTh
K I/IHCy.]'lI/IHy l'lpld O)KI/IpeHI/II/I accounnpyeTca C UBSMCHCHUSIMU
B ypoBHe 3kcnipeccun reHoB /RS1, IRS2, RIPK2, RSPOI u
DNAJCI5, xoTopble BHOCST OIPEIEICHHBINA BKJIaJl B Pa3BU-
THE 3TOW PE3UCTCHTHOCTU M HApYyILEHHUE TOJIEPAHTHOCTH K
[JIFOKO3€ U BO3MOYKHO OTPaXKAIOT OIMPEACICHHBIC H3MEHCHHUS
B IPYI'MX TKaHAX.

Kurouessie cnosa: skcnpeccust MPHK; CCN2; IQSEC;
RSPOI1; DNAJCI5; RIPK2; ILI13RA2; IRSI; IRS2; xpoBb;
0KUPEHUE; PE3UCTEHTHOCTD K MHCYJIMHY.
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