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INFLUENCE ON HOMEOSTASIS AS THE CRITERION FOR
SELECTING SINGLE NUCLEOTIDE POLYMORPHISMS FOR THE
STUDY OF METABOLIC SYNDROM IN THE KAZAKH POPULATION

Abstract. Metabolic syndrome (MS) is increasingly cited as the world's leading health risk. The sequence of
events toward multimorbidity in most cases passes through MS. According to the research, MS heritability ranges
from 23 to 27% in Europeans, and 51 to 60% in Asians.

The purpose of the review: to form a strategy for the selection of single nucleotide polymorphisms (SNPs) for
the study of MS in the Kazakh population based on the effect of SNPs on homeostasis indicators

The stable symptom complex of MS is a complicated dynamic system of successive accumulations of
dysmetabolic disorders of homeostasis. This system starts the development of subsequent age-associated diseases),
such as cardiometabolic, neurodegenerative, and malignant neoplasms.

The system for selecting SNPs for the MS study, proposed on the basis of the concept of homeostasis
dysfunction, assumes, in conditions of limited resources, to see the greatest level of their influence within the
conditional framework of three genetic models of homeostasis dysregulation: insulin resistance , oxidative stress, and
chronic inflammation. This approach is fundamentally different from the traditional approach involving candidate
genes. It is expected that scientific research in this direction will contribute not only to the understanding of general
biological processes, but also to the targeted search for genetic determinants and for new opportunities for
personalized interventions.

Key words: Metabolic syndrome, single nucleotide polymorphisms, homeostasis.

Introduction. MS is increasingly cited as the world's leading health risk. It combines a group of
features including IR, excess fat deposit, and high blood pressure. These signs, with the accumulation of
violations of physiological control (homeostasis) in the human body, contribute to the premature onset of
AAD. Homeostasis disorders in MS are predominantly associated with IR, OS and Chl [1].
Multimorbidity indicates the irreversibility of homeostasis disorders[2].

To develop a management technology for MS means to solve the problem of shifting the onset of a
number of significant diseases associated with age to a later age period. It is assumed that the MS
pathogenesis is based on the interaction between genetic, environmental and lifestyle factors. Probably, for
this reason, studies of genetic associations in MS are extremely confused, and the genetic structure has not
yet concrete confirmation of its specificity and significance.

Future studies of the hereditary nature of MS may be more fruitful if we focus on the analysis of the
interactions of genetic determinants. It is already obvious that the risk of AAD is influenced not by loci
with the main phenotypic influence, but by multiple variants of a weak effect. Interacting, they give a
unique complex effect of such a multifactorial state as MS, which precedes most AAD.
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MS arises as a result of the sequential accumulation of dysmetabolic disorders of the homeostasis
with a relatively strong contribution of genetic factors. According to some studies, the heritability of MS
ranges from 23 to 27% in Europeans, and from 51 to 60% in Asians [3].

The general scheme of the formation of a stable symptom complex of MS and subsequent AAD is as
follows.

Food overload results in hyperinsulinemia and hyperlipidemia. Against this, the regulating receptors
of homeostasis contribute to the compensatory shutdown of insulin dependence. At the muscle level, their
insulin sensitivity and glucose utilization decrease, at the adipocyte level, their insulin sensitivity and
glucose uptake decrease, and the process of fat accumulation (abdominal obesity (AQO)) is triggered.

Prolonged compensatory disconnection of insulin dependence, fixing itself at the transcriptional level,
leads to a restructuring of the entire metabolism and the formation of IR, which maintains constant
activation of stress-dependent kinases, OS and Chl in adipocytes. As a consequence, a violation of the
endothelial barrier develops with the formation of endothelial dysfunction and the development of AH to
already declared obesity and IR as prediabetes [4].
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Figure 1 - The relationship between homeostasis disorders in MS

It is obvious that the pathogenesis of MS is much more complex and is accompanied by numerous
effects of known and still unknown molecules and signaling pathways [5]. Future studies of the hereditary
nature of MS may be more fruitful if we focus on the analysis of the interactions of genetic determinants.
It is already obvious that the risk of AAD is influenced not by loci with the main phenotypic influence, but
by multiple variants of a weak effects. Interacting, they give a unique complex effect of such a
multifactorial state as MS, which precedes most AAD.

Methods. The purpose of the selection of SNPs was the need to obtain a list of SNPs, presumably
significant for MS and the early realization of associated diseases in persons of the Kazakh ethnic group in
the third generation. In this case, it is necessary to provide for the conditions for the future research:

- financial compliance: financial stability of the study in conditions of limited financial resources,
which do not allow conducting a classical study in accordance with the requirements of GWAS;

- technological compliance: competitiveness of results in the research market;

- scientific relevance: scientific novelty of the research, which consists in testing the scientific
hypothesis for the Kazakh population;

- compliance with the needs of practical health care: a scientific idea for an inexpensive and effective
technology of preclinical diagnosis of AAD in MS for the Kazakh population.

There are many converging biological processes underlying the unique stability of homeostasis, in
which more than one million already identified or not yet identified SNPs can participate. In this regard,
the selection of the SNP was carried out sequentially in 3 stages.

At the first stage, candidates were selected for research from the Catalog compiled on the basis of
GWAS of the National Human Genome Research Institute. Sample condition: association of SNP with
AAD and signs of MS in the complex: type 2 diabetes mellitus / insulin sensitivity, function and




Reports of the National Academy of sciences of the Republic of Kazakhstan

proliferation of beta cells of the pancreas, blood sugar level; AO / improper lipolysis; arterial hypertension
/ membrane traffic, vascular wall dysfunction, systolic pressure; MN / protein aggregation, control of
molecular damage, proliferation, lysosomal autophagy; NDD / nerve cell differentiation, immune
inflammation. A total of 1,220 SNP candidates were selected for the study.

The study of subsequent studies (related publications containing links to basic publications) allowed
us to deepen our understanding of the participation of individual SNPs in the homeostasis of the human
body. We used the resources of the US National Library of Medicine, which indexes over 23 million
biomedical publications. At the second stage of selection, the number of SNP candidates for the study
decreased from 1220 to 240, which could be conditionally associated with the causal consequences of
homeostasis disturbance for MS: IR, OS, Chl. At the 3rd stage of selection, we carried out the final
selection of SNPs that have an effect on the largest number of homeostasis links.

Thus, the non-random selection of SNPs associated with AAD and their subsequent distribution
between the main interrelated phenotypes of MS made it possible to determine from the opposite
114 SNPs, suggesting a genetic influence on the early, at working age, development of AAD in the
Kazakh population.

Results. A list of 128 SNPs was obtained, on the one hand, has an effect on several links of
homeostasis involved in the implementation of MS, on the other hand, it has a direct relationship with
AAD, realized at the age of up to 60 years in individuals of other populations. Moreover, each of the SNPs
has an impact on several links in the pathogenesis of MS, while maintaining the priority value of one of
them (figure 2).
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Figure 2 - Graphical representation of the panel of genetic polymorphisms (n = 128)

The pathway to target disruption of homeostasis to see some systemic damage to molecular pathways
limited the number of SNPs occupying exon positions (19 of 128).

Discussion. MS is a genetically complex disorder where traditional genetic analytics are unable to
explain its entire symptom complex. Known genes can explain only part of the expected heritability. The
identification of associations by linkage analysis is very difficult, since the genetic risk can spread
throughout the genome, and not be concentrated in one locus. The results of SNP selection suggest that
multiple loci in AAD may be associated with specific MS phenotypes, which gives hope for the
development of future therapeutic approaches targeting the involved genetic pathways, taking into account
the principle of «common disease-common approaches» [5,6]. The SNPs selected for the study are
conditionally divided into 3 phenotype / genotypic models, which, from our point of view, have for the
development of MS and subsequent AADs.

Loss of glycemic control has a strong relationship with lipid metabolism; identification of genetic
variants of IR would allow choosing the right path in the search for potential therapeutic targets [7]. Table
3 shows SNPs that have shown themselves to have a predominant effect on the maintenance of IR.
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Table 1 - SNPs that have a predominant effect on maintaining IR
1 1 1 1 0,
The reference Functionality OR (95% CI) / Beta The reference Functionality OR (95% CI)/
sequence class sequence class Beta

155945326 fe‘;%(‘)‘rllatory 127 [1.18-1.37] 17756992 Intron 5 115 [1.13-1.17]
rs340874 Exon NR 1972283 Intergenic 1.07 [1.05-1.10]
1s7578597 Exon 1.15[1.10-1.20] rs3802177 UTR 1.15[1.10-1.21]
rs243021 Intron 1.08 [1.06-1.10] rs896854 Intron 1.06 [1.04-1.09]
rs7593730 Intron 1.11[1.08-1.16] rs1575972 Intergenic 1.1[1.06-1.14]
rs6543087 Intron 1.11[1.08-1.13] rs7041847 Intron 1.05[1.01-1.09]
rs7578326 Regulatoryregion | 1.11[1.08-1.13] 14506565 Intron 1,36 (1,20-1,54)
rs4402960 Intron 1,14 (1,08-1,21) rs7903146 Intron 1.37[1.31-1.43]
rs4607103 Intron 1.09 [1.06-1.12] rs10830963 Intron 1.1[1.09-1.12]
rs11708067 Intron 1.09 [1.08-1.11] rs5219 Nonsense 1.19[1.11-1.27]
rs1801214 Exon 1.13 [1.08-1.18]

OS is associated with abnormal redox status predominantly due to altered redox signaling [8]. Table 2
shows SNPs that showed their negative impact on its maintenance.

Table 2 - SNPs with a primary effect on OS maintenance

The reference Functionality OR (95% CI) /
sequence class Beta
1s3814316 Exon NR
rs4072037 Splicing NR
rs7554672 Intergenic 1.21[NR]
rs10923931 Intron 1.13[1.08-1.17]
rs13016963 Intron 1.27[1.09-1.19]
rs1035142 UTR 0.64[0.09-0.03]
rs62106670 Intron 1.05[1.04-1.07]
rs59308963 Intron 1.05[1.03-1.07]
rs1470579 Intron 1.17[1.11-1.23]
rs1801282 Exon 1.14[1.08-1.20]
rs1648707 Intergenic 0.94 [NR]
rs76551843 Intron 1.31[1.19-1.44]
rs4976790 Intron 1.08[1.05-1.10]
rs1799945 Exon 0.6270 [NR]
rs1562430 Intron 1.17[1.10-1.25]
rs6988985 Intergenic 0.46[0.15-0.35]
rs28834970 Intron 1.10[1.08-1.13]
1872652411 Intron NR
rs62560775 Intron 1.11[1.06-1.15]
rs1011970 Intron 1.07[1.04-1.09]
rs564398 UTR 1.13[1.08-1.19]
rs17490626 Intron 1.16[1.09-1.24]
rs7957197 Intron 1.07[1.05-1.10]
rs1121980 Intron 1.66[1.37-2.01]
rs9939609 Intron 0.36 [NR]
rs17817449 Intron NR

Chl is also accompanied by neuroinflammation and subsequent neurodegeneration [9]. Table

The reference Functionality OR (95% CI) /
sequence class Beta
1$12149832 Intron 0.08[0.07-0.09]
1511075995 Intron 1.11[1.07-1.15]
rs12601991 Intron NR
1s4430796 Intron 1.22[1.15-1.30]
rs11868035 Splicing 1.19[1.07-1.33]
1s403814 Intron 1.15[1.07-1.23]
1511672691 Exon 1.11[1.02-1.20]
1s887391 Intron 1.31[1.17-1.46]
1s25487 Exon 1.24[1.01-1.51]
1$1799782 Exon 0.41[0.08-2.08]
154962416 Intron 1.17 [1.05-1.30]
1517021918 Intron 1.09 [1.07-1.11]
152121875 Intron 1.05 [1.03-1.07]
rs12543663 Intron 1.04 [0.72-1.49]
156983561 Intron 1.61[1.45-1.78]
rs16901979 Intergenic 1.42 [NR]
1516902094 Intron 1.21 [1.25-1.26]
152075650 Intron 2.53[2.37-2.71]
rs55886062 Intron 1.1[1.08-1.12]
154973768 UTR 1.38 [NR]
15121434592 | Intron 1.47[1.19-1.41]
1511571747 Intron 1.72[1.09-1.13]
1511571746 Intron 1.69[1.09-1.33]
rs13389423 Intron 1.68[1.49-1.9]
13218695 Intron NR
152227924 Intron NR

provides a list of SNPs that suggest a predominant negative effect on Chl maintenance.
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Table 3 - SNPs with a predominant impact on Chl maintenance

The reference Functionality OR (95% CI)/ The reference | Functionality OR (95% CI)/
sequence class Beta sequence class Beta

rs1856746 Intron 2.96 [1.89-4.64] 15675026 Exon 0.721.11-1.3]
rs2791713 Intergenic 3.00[1.90, 4.73] rs6978712 Intergenic 2.02 [1.53-2.68]
rs1003376 Intron 3.00 [0.04-036] 157801190 Exon 1.31[1.19-1.44]
rs2236935 Intron NR 153800688 Intron 1.197
152236936 Intron NR rs2191349 Intergenic NR
rs11674694 Intron NR rs864745 Intron 1.1[1.07-1.13]
rs897876 Intron 1.036 [NR] rs11781551 Intergenic 0.0078
rs113296370 Intergenic 8.83 [8.01-9.65] rs11787792 Intron 1.15]1.10-1.20]
rs4665630 Intron 1.21[1.13-1.3] 1517584499 Intron 1.57 [1.36-1.82]
rs11124945 Intron NR rs1110183 Intron NR
rs780094 Intron 0,71 (0,58-0,85) 1s1552224 UTR 1.14[1.11-1.17]
rs5186 UTR 7.3[1.9-31.9] rs1387153 Intergenic 1.09[1.06-1.11]
rs11931074 Intron 1.37[1.27-1.48] 152292239 Intron 1.28[1.21-1.35]
rs356219 Intron 1.29 [1.25-1.33] 153184504 Exon 0.4480[NR]
rs181489 Intron NR rs1550576 Intergenic 1.92[NR]
rs2737029 Intron 1.38 [1.20-1.59] 1s2398162 Exon 1.31[1.03-1.67]
rs11724635 Intron 1.15[1.11-1.19] 152241423 Intron 0.13 [0.09-0.17]
rs2736990 Intron 1.29 [1.18-1.43] rs11646213 Intergenic 1.28[1.15-1.43]
rs13107325 Exon 0.19[0.11-0.27] 1513333226 Intron 1.15[1.10-1.19]
rs10026364 Intergenic 1.28 [1.15-1.42] rs1108775 Intergenic 1.00[0.72, 1.39]
rs1834481 Intergenic NR rs7412 Exon 3.0[2.82-3.64]
rs10021303 Intron NR 15429358 Exon 6.0[1.56-1.80]
rs35529250 Exon NR 15157582 Intron 0.1[NR]
rs991316 Intergenic 1.62 [NR] rs1735151 Exon 1.16[1.09-1.24]
rs6842241 Intergenic 1.18 [1.11-1.25] rs2822693 Intergenic 2.22[1.32-2.04]
156596140 Intergenic NR rs1475591 Intergenic 1.18[1.10-1.27]
rs1173771 Intergenic 0.2610 [NR]

Studies of SNPs in terms of their maintenance of dysregulation of homeostasis make it possible to
consider MS as a complex dynamic system. Connections along the causal chain from DNA variant to trait
variation can be extremely complex. Revealing the functional impact of regulatory variations will still
require careful experimental work [10]. Only a combination of genome-wide studies of genetic variation,
detailed phenotypic and omnic data on millions of people can become a source for new fundamental
discoveries. A large sample size is critical for identifying significant SNPs, especially their more elusive
trans-acting variants.

However, new scientific ideas that take into account different physiological conditions, worked out in
detail in small cohorts united by a single ethnicity, may also provide directions for future research in the
field of MS genetics [11]. In this regard, a systemic sample of SNPs focused on the main pathogenetic
mechanisms of MS leading to chronic destabilization of homeostasis, and their subsequent assessment can
become the basis for initiating such ideas.

Conclusions. The sequence of events in a person's life on the way to multimorbidity in most cases
runs through MS. It is the optimal time for interventions that can affect reversible homeostasis disorders.
The system for selecting SNPs for MS studies, proposed on the basis of the concept of maintaining
homeostasis dysfunction, assumes, in conditions of limited resources, to see the greatest level of their
influence on the phenotype.

This approach not only promotes understanding of general biological processes, but also provides a
targeted search for genetic determinants for scientific research, as well as new opportunities for
personalized interventions.
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Kazakcran Pecniyonukacer Ipesunenti Ic 6ackapmacst
MeaunuHanslK OpTalbIFbIHBIH aypyxaHacsl, Hyp-Cynran, Kasakctan

I'OMEOCTA3FA 9CEP ETY — KA3AK NIONIYJISIHUACBIHIAFbBI METABOJIN3M CUHAPOMbBIH
3EPTTEY YIIIH BIPHYKJIEOTHUATI HOJUMOP®U3M/IEPAI IPIKTEYIIH OJIHEM-IIAPTTAPBI

AnHotanusi. Merabonusm cunapombin (MC) ozperte onemjie JeHCAyJIbIKTBIH HEri3ri Kaymi jJen araiiisbl.
MynbTUMOPOUATLIIK JKOJIBIHIAFEI OKUFANApP/IbIH PETTLIIr Kot xaraaina MC apkbuibl eTeni. 3epTreyiepre coiikec,
MC TyYKbIM KyalaylIbUIBIFBI eypomajibiktapaa 23-teH 27%-ke neiin, an asumartapaa Sl-gen 60%-ke npeiiin
Ke3Jece .

lonynelH MakcaTbl — VHIHIN OybIHAAFBl Ka3aK JTHOCHIHBIH ekupaepinme MC koHE COHBIMEH
accouyanysuianra (0aiIaHbICThI) aypysapasl Aep Ke3iH/le aHbIKTay YIIiH O0oJnKaMabl MaHbI3EL Oap OIpHYKIEOTHATI
noxumopduzmaep (BHII) tizbecin kanpmracTeipy. bys perre 3eprrey yiuiH Kejeci mapTTappl KapacTblpy Kaxker:
KapKbUIBIK COWKECTIK (LIEKTEYNl pecypcTap JKarJalbIHAArbl KapXKbUIBIK TYPAKTBUIBIK); TEXHOJOTHSIIBIK COHKECTIK
(FBUTBIMU 3epTTEyJEep HAPBIFBIHIAFBl HOTIKENCPiH Oocekere KaOiTeTTiNr); FEUIBIMUA COWKECTIK (©3iHIH FRUIBIMHI
THIIOTE3aChlH TEKCePYHNEeH TYPaThIH FBUIBIMH JKaHAJIBIK); NPAKTHKAIBIK JCHCAYJBIK CaKTay KaXeTTUIIKTepiHe
colikectik (ka3ak momyrsnusceiHgarel MC sxaHbpiHAarsl JKAA (okac acconmamnusuiaHFaH (JKacrieH OafTaHBICTBI)
aypyJiap) KIIMHAKaFa JeiiHr1 AMarHOCTUKACBIHBIH ap3aH jKOHE THIM/II TEXHOJIOTHACHI YIIIIH FHUIBIMU HIES).

MC TypakThl CHMIITOM KEIICHI — TOMEOCTa3bIH AMCMETA0OJH3MIIK OY3bUIBICTAPBIHBIH IOMEKTI JKHHAKTa-
JyBIHBIH KYPIEJl IMHAMUKaJbIK JKyHeci. ATalFaH Kyle KeWiHHeH XKac-aCCOLMAMsIAHFaH KapANOMETa00Iu3MIIK
(KMA), neiipoaereneparubti (H/IA), commaii-ak xarepii iciktep (KI) cusIKTBI aypynapiblH OacTalyblHa ajbIIl
keneni. MC — romeocTas/iblH KalThIMIBI OY3bUIBICBIHA CEp €Tyl BIKTMMaJl apallaCy/blH OHTaWibl yakbIThl. MC
Oackapy TEXHOJIOTMSICBIH JKacay JIereHiMi3 — jkacka OaiIaHbICThI OipKaTap MaHbI3/bl aypysap/blH maiina 0osFraHHaH
KEHIHT1 JKac Ke3eHiHe aybICy MOCEeJIeCiH LIeNry JIeTeH Co3.

I'omeocra3apiH Oiperei TYpaKTBUIBIFBI HETI31HIIE JKaTKaH KOITETeH TOFBICATHIH OMOJIOTHSIIBIK Iporectep Oap,
OHJIIA Ka3ipIiH ©3iHIe COMKEeCTEHAIPUIreH HeMece COMKecTeHAipinMereH Oip MIUUIMOH emec, omaH na kem BHII
kateica anaapl. Oceiran O6atmansicTel BHIT ipikTey 3 ke3eHme s yierni Typae Kypri3iimi.

BipiHmni ke3eHIe amaM TEHOMBIH 3€pTTey YITTHIK WHCTUTYTHIHBIH KaybIMAAcTHIKTapelH (GWAS) TombIk
TeHOMJIBIK 13/iey Heri3iHle KypbuUtFaH karanortad 3eprrey yuuin CHII-kangunarrap ipikrenai. Ipikrey maprei: BHIT-
el JKAA-men sxone MC OenrinepiMen Oipre Kejeci >KHUBIHTBIKAAFbl accouuanusuianybl: KJ[2/ uHCynnHre
ce3IMTaNIbIK, YHKBIOE3 IiH OeTa xacyliaaapblHbIH KbI3METI MeH KeOetol, KaHarbl KaHT jgeHreiii; AC (abaqoMuHa b1
ceMi3lik/ aypeic emec yunonu3; Al (apTepusuiblK TunepTeH3us) / MeMOpaHalblK TpaduK, TaMbIp KaObIPFACHIHBIH
JUCHYHKUUSCHL, CUCTONANBIK KbIchIM JeHreii; KI (katepini icik) / OeJOKTapAblH arperanusicbl, MOJIEKYJIabIK
3aKpIMIAHY bl OaKbLIay, mposrdepaius (kebero), mu3ocoManbik ayrodarus; HIIA (HeiiponereHepatusTi aypyiap) /
JKYHKe KacymanapbsiHblH quddepeHnnanusacel, *MMYHIBIK KaObiHy. bapneirst 1 220 BHII-kananaat 3eprrey yiuiH
ipikrengi. Keiinri 3eprreyiepni 3epueney (HeETi3ri jkapusulaHbIMIapra cinreMenepi Oap OaiimaHbiCTbl Kapusia-
HbeIMzap) sxeke BHII-HBIH ajam opraHu3MiHIH TOMeOCTasblHAa KATBICYBl TYpasbl TYCIHITIMI3AI TepeHIETyre MyM-
KiHIOiK Oepmi. 23 MWIUTHOHHAH acTaM OMOMENUIHMHANBIK OackuteiMaapabl mHAeKCTeWTiH AKII ¥nTTRIK Menumm-
HAIIBIK KiTalrXaHACHIHBIH PecypCcTaphl Maimananbuiapl. Ipikreyaid exinmi keseHinge zeprreyre CHII-xkanmmnatrap
canbl 1220-man 240-xa nmeitiH Kpickapasl, onapabl MC yIniH ToMeocTa3blH OY3BUTYBIHBIH CEOCTIK calgapbIMeH
mapTThl Typae OainanbicTeipyFa Oonazabl: uHCcynuHre To3imainik (UT), Toteiry crpeci (TC), co3buiMalibl KaObIHY
(CK). IpikreyaiH yiuiHIn Ke3eHiHae 6i3 romeocras OaillaHbICTApBIHBIH €H KoIl caHbiHa ocep ereTiH bHII-HbI COHFbI
ipiKTey [l JKy3ere achIp/IbIK.

Ocputaiima MC xone XXAA-men Oaiinanbictel BHII-HBI Kke3nmeiicok Tannay, oiapibiH kelliHHeH MC-ThIH
Herisri e3apa OaiylaHbIcThl (DeHOTHIITEP] apachiHAa OeuiHyi Kazak momyisuuschiHna JKAA-HBIH AaMyblHa epTe,
eHOeKKke KaOlIeTTi jkKacTa TeHETHKAIBIK ocep eTeTiHiH OoimkampaiTeiH 128 BHII-HBI kepl aHbIKTayra MYMKIHJIK
6epnui. ['omeocras nucdyHKIMACH TYXKbIppIMaamMackl Herisinae ycoiHplFran MC 3eprreyine apHanran BHII ipikrey
JKYHecl IIeKTeyJi pecypeTrap sKarJalblHAa TOMEOCTa3/Ibl AUCPErySIMsIay IblH 3 (eHOTUIT/TeHOTUNITIK MOJEIIbIe-
piHze oJapAbIH SCEepiHiH €H KOFaphl AeHrelin kepyre Mmymkinaik Oepeni: UT, TC xone CK. Byt Tocin xkanmumat
TeHIEepOiH KaTbICYbl HETI3iHAE JOCTYpii TOCimAeH TyOereitni epekmeneneni. Perteymi BapuamusuiapIsH
(OYHKIIMOHAIABI 9CEpiH aHBIKTAy oI J€ MYKHAT JKCIIEPHMEHTTIK JKYMBICTHI KaXXeT eTeli. TeK TeHeTHKAIBIK
BapHaLMsIIAPABIH TOJIBIK T€HOMIBIK 3epTTeyJIepiHiH, MIUIHOHAAFaH aJaMap Typaibl erKel-Terkeini peHOTHITIK
’KOHE OMHHKAJIBIK MAJIIMETTEP/IiH Yiiecimi )kaHa ipreji ambutyiapAblH KaiiHap ke3i Oona anazpl. [pikTeyaiH yikeH
kenemi MaHb3ael BHII-HEI, ocipece osapablH TpaHC-KOJJAHBICTAFbl HYCKAJApbIH AHBIKTAy YIIIH ©T¢ MaHBI3IbI.
Jecex Te, TYpil (GU3HOIOTHSIIBIK JKaFJaiiap/Isl €CKepPeTiH jKaHa FhUIBIMU Hjesuiap, OipTyTac STHUKAIBIK TONTapMEH
OIpiKTIpUITeH IIaFblH KOTOpTTapAa erkei-rerkeii 3eprrenin, MC TreHeTHKachl canachlHIAFbl OoJamak
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3eprreynepre OarpIT Oepe amanel. OceiFaH OaillaHBICTBI TOMEOCTA3/bIH CO3BIIMANBl TYPAKCHI3JAHYybIHA OKEIETiH
MC-TBIH HETi3ri maToreHeTUKAIbIK MexaHusMaepine OarpirtanFan BHII-HBI xylen ipikTey >KoHe onapiabl KeHiHTi
Oaraynay OChIHAAl UaesuIapAbl OacTayra Heris Oojia anmajabl. byl OaFbITTaFbl FRUIBIMH 13/ICHIC JKaJIMbl OMOJOTHSIIBIK
npoLecTepi TYCIHyre ¥aHa €Mec, COHbIMEH Oipre FhUIBIMHM 3€pPTTEYJIEp YIIIH I'€HETHUKAIIBIK JIeTePMUHAHTTAP.IbI
MAaKCaTTHI 13/Ieyre, COHal-aK )KeKe apaaacyIblH KaHa MYMKIHIIKTepiHe bIKIAI €Tel JeM KyTuTyIe.

Hlony «Kazakcran PecnyOnukacel binmim jkoHe FBIIIBIM MHHUCTpIIriHIH FpulbIM KOMHTETI» MM TanchIpbIChl
6oitprama BR05236375 «Kazak nmomyssinusichlHAaFsl METa00JIM3M/IIK CHHAPOMMEH acCOolMalusUIaHFaH aypysiapIblH
TCHETUKAIBIK KaYIiHIH EpeKIICIIKTepiH 3epTTey» FBhUIBIMH-TEXHUKAIBIK OaFaapiaMachl IIeHOCPIHIE »Kacasbl.
Y CHIHBUTFAaH TOCUINIH AYPHICTHIFBI OaFIapiaMaHbIH YKCIIEPIMEHTTIK OOIiri asKTalFfaHHaH KeHiH TYCIHIKTI O0Iampl.

Tyiiin ce3aep: MeTabOIN3M CHHAPOMEI, OIpHYKICOTHATI TOTUMOP(HU3M, TOMEOCTA3.
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BJUSHUE HA TOMEOCTA3 - KPUTEPUA OTEOPA OJJHOHYKJEOTHIHBIX
HOJIMMOPOU3MOB JJIs1 UCCJIEJOBAHUSI METABOJIMYECKOI'O CUHPOMA
B KAZAXCKOMU NOITYJIAINHN

AnHoTauusa. Metabommueckuit cuaapom (MC) Bce yalie Ha3bIBalOT OCHOBHBIM PHCKOM JIJISL 3IOPOBBSI B MUPE.
[MTocnenoBarebHOCT COOBITUIT HA MYTH K MYJIBTUMOPOMIHOCTH B OOJBLIMHCTBE ClydaeB HpoxoauT yepe3 MC.
CornacHo uccienoBanusiM, Hacneayemoctb MC coctasisier ot 23 g0 27% y eBpomeiiues, U oT 51 mo 60% — y
a3uarToB.

Lenp 0630pa: chopMupoBarh nepeueHb OAHOHYKICOTHAHBIX moiumopdusmoB (OHII), mpenmonoxurensHO
3HAYMMEBIX i paHHe# peamusanuu MC WM acCOIMMPOBAHHBIX C HUM 3a00JICBaHUU Yy JIMII Ka3aXCKOTO 3THOCA B
TpeTbeM MOKoIeHUH. [Ipu 3TOM HEOOXOIUMO MPETYCMOTPETh CIECAYIONINE YCIOBHUS MOCIETYIOMETr0 UCCICIOBAHNUS:
(hmHAHCOBOE COOTBETCTBHE ((DMHAHCOBAS YCTOMYMBOCTH B YCIOBHUSAX OTPAHHYCHHBIX PECYPCOB); TEXHOIOTHIECKOE
COOTBETCTBHE (KOHKYPEHTOCIIOCOOHOCTD Pe3yNIbTaTOB Ha PHIHKE HAYYHBIX MCCIEIOBAHHUN); HAYYHOE COOTBETCTBUE
(Hay4Has HOBM3HA, 3aKJIIOYAIOIIASCS B MPOBEPKE COOCTBEHHON HAYYHOW THIIOTE3BI); COOTBETCTBHE MOTPEOHOCTIM
MPaKTHYECKOTO 3/IpaBOOXpaHeHusi (HaydyHas upaes sl Heqoporod u 3(QeKkTUBHOH TEXHOJOTMH JOKIMHUYECKOU
nuarHoctuku BA3 npu MC B ka3axCKoW TOMYJISINAN).

VYcroitunBbiii  cumnromokomiieckc MC  mpeacraBiser  COOOH  CIOXKHYH —ITHHAMHYECCKYIO  CHCTEMY
MOCJIEIOBATENIbHBIX HAKOIUIGHHH JTUCMETa0O0NIMYEeCKUX HapylIeHWil Tromeocrasa. OJTa CUCTEMa JaeT Hayajo
MOCJICIYIOIIMM BO3pacT-acCOIMUPOBaHHBIM 3a0oneBanusM(BA3), TakuMm kak kapauomerabomuueckue (KM3),
HeliponerenepatuHeie (H/I3), a Takke 3mokadecTBeHHBIM HOBOOOpaszoBanusM (3HO). MC sBiisieTcst onTHMAaIbHBIM
BPEMEHEM ISl BMEMIATEIhCTB, CIOCOOHBIX BIHUATh HA OOpaTHUMBIC HapyIICHUs ToMmeocTasa. PaspaboraTth
TEXHOJIOTHIO yrnpaBieHus MC — 3HaYUT, pemuTh NpoOIeMy CIBUra HACTYIUICHHUS psla 3HAYMMBIX 3a00JICBaHMIA,
ACCOITMMPOBAHHBIX C BO3PACTOM, Ha OoJiee O3 JHUI BO3PACTHOM MTEPHOI.

CymecTByeT MHOXECTBO CXOMNAIIMXCS OHMOJOTHYECKAX TMPOIECCOB, JISKAMIMX B OCHOBE YHHKAIBHON
YCTOHYHMBOCTH TOMEOCTa3a, B KOTOPHIX MOYKET Y4acTBOBATh HE OJWH MIUUIHOH YK€ UICHTH()UITNPOBAHHBIX MK ITOKa
He uaentudunupoanabix OHIL. B aToli cBsa3u ot6op OHII Ob11 mpoBeneH mocieaoBaTenbHO B 3 aTana.

Ha nepBom stane 6su1 mpoBeaen oroop CHII-kannuaaToB asis uiccneaoBanus 3 Karamora, cocTaBiIeHHOTO Ha
OCHOBE TIOJIHOTEHOMHBIX MMOHUCKOB accommarmii (GWAS) HarmmoHambsHOTO HMHCTHUTYTa HCCIEIOBAaHHUS TeHOMaA
yejgoBeka. YciaoBue st BbiOOpku: acconmanus OHII ¢ BA3 u npusnakamu MC B KOMILIEKCe:
C/12/4yBCTBUTENBHOCTh K MHCYIHMHY, (QyHKUIMS W npoiudepanus OeTa-KIETOK MOKENYJOYHON XKeJe3bl, YPOBEHb
caxapa B KpoBH; AO/HenpaBuibHBIA Junonns,; Al'/mMemOpaHHbId Tpaduk, IUCHYHKLUUS COCYIUCTOH CTEHKH,
ypoBeHb cucToimdeckoro namieHus; 3HO/arperamms OeNKOB, KOHTPOJIb MOJICKYJISPHBIX — ITOBPEXKICHHIA,
nposudeparys, m3ocomuas ayrodarus; HA3/ muddepeHurpoBka HEpBHBIX KJIETOK, IMMYHHOE BocniasieHue. Beero
6put0 BEIOpaHo 1220 OHII-kaHDMIATOB [UIS WCCIENOBaHUS. V3ydeHHe MOCIEAYIONNX UCCIeIOBaHAN (CBsI3aHHBIE
mMyONMUKanK, COAepKaIllde CCHUIKM Ha 0a30BBIe ITyONMKAIMK) TO3BONIMJIO HAM YIIYyOUTh TOHMMAaHHE YYaCTHs
ormenpHeIx OHII B romeocrase dYemoBEYECKOTO OpraHW3Ma. bBBIIM HCHONB30BaHBI pecypchl HammoHampHOM
MeanumHckon 6nbmmorexkn CLIA, mHexcupyromei 6oxee 23 muH OnoMmenuuuHCKuX myOnukanuii. Ha BTopom
atane otobopa uymcio OHII-kanauaaToB A MCCIEAOBaHUS COKpaTtuioch ¢ 1220 mo 240, KOTOpbIe MOXKHO OBIIO
YCIIOBHO CBSI3aTh ¢ NpUIMHHBIMU 1711 MC moceICTBUSMH HapyIIeHHs] TOMeocTa3a: HHCYINHOPEe3UCTeHTHOCTh (MP),
okuciutenbublii  ctpece (OC), xponuyeckoe BocnaneHue (XB). Ha 3 srane orGopa MbI OCYyIIECTBHIIN
3aBepruatoinii oroop OHII, nmerouux >3 dekr Ha HanboIbIIee YHCIIO 3BEHBEB TOME0CTasa.
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Takum obOpasom, Hecimyuainblii Beioop OHII, cBszannbix ¢ MC u BA3, ux mocienyroiee pacnpeneieHue
MEX1y OCHOBHBIMM B3auMocBsi3aHHbIMH (eHoTHramu MC mo3Boimi oT obOparHoro onpenenutb 128 OHIIL,
NPEAIOoJaralonMX TeHETHYEeCKOe BIMSIHUE HAa paHHee, B TPyAocrnocoOHOM Bo3pacte, pasButre BA3 B kazaxckoi
nonyisiumy. [IpeularaeMass Ha OCHOBE KOHLENIMH JMCOYHKIMH roMeocTtasa cucrema ortbopa OHIT s
nccaenosanus MC npennosaraer B yCJIOBUSIX OIPaHUYEHHBIX PECYPCOB YBHIETh HAMOONBIINI YPOBEHb MX BIUSHHS
B YCIIOBHBIX paMKax 3 (DEHOTHI/TEHOTHIIMUECKMX Mojened aucperymsinuu romeocrtaza: MP,OC m XB. Takoi
MOJXO0J, TPHHIUINAIGHO OTIMYEH OT TPAAWIMOHHOTO MOAXOJa C ydYacTHEM TI'€HOB-KAaHIUIATOB. BrlsBieHne
(DyHKIIMOHATIBHOTO ~ BO3JCHCTBHSA PETYJSATOPHBIX BapHAlMid MO-TIPEeXXHEMY OyayT TpeOoBaTh TIIATEIbHON
AKCIIEPUMEHTAITLHOW paboThl. TONBKO KOMOWHAIMS TMOJHOTEHOMHBIX HCCIEAOBAHUN Te€HETHUECKHUX BapHaIlHi,
HOAPOOHBIX (PEHOTHIIMYECKUX M OMHUYECKUX IAHHBIX O MHJUIMOHAX JIOJEH CIIOCOOHBI CTaTh MCTOYHHUKOM ML
HOBBIX (PyHIAMEHTAIBHBIX OTKPHITHHA. boibmioil oObeM BBIOOPKM MMEET pellaiolee 3Ha4eHHE IS ONpeeNeHUs
3HaunMbix OHII, ocoOeHHO Oojiee HEYJIOBUMBIX WX TPAaHCICHCTBYIOIIMX BapUaHTOB. TeM HE MeHee, HOBbIC
HAay4YHBIC UACH, YUUTBIBAIOIIUC PA3JTIUYHBIC (l)l/ISI/lOHOFI/I‘ieCKI/Ie ycioBus, ACTAJIBHO OTpa6OTaHHbIe Ha He60ﬂbHJI/IX
KOropTax, OObeIMHEHHBIX €MHOW 3THUYECKOW MPHHA/IEKHOCTBIO, TAK)KE MOTYT AaTh HANpPaBICHUS ISl OYAyIIUX
uccienoBanuii B odnactu renerrkn MC. B aToii cBsi3u cuctemHas Beioopka OHII, opueHTHpOBaHHAsI HA OCHOBHBIE
naroreHeTuyeckne MexaHnsMbel MC, Beayliye K XpOHHUYECKOH AeCTaOMIM3alii TOMEOoCcTa3a, U UX IIoCielyonas
OLIEHKa MOTYT CTaTh OCHOBOW JUIl MHULMALMK TaKuX uaed. OKumaercs, 9TO HayYHBIH MOUCK B 3TOM HalpaBJICHUU
Oyzer cnocoOCTBOBaTh HE TOJHKO NMOHUMAHHIO OOMIMX OMOJOTMYECKHX IIPOLIECCOB, HO M IEJCHAIPABICHHOMY
MONCKY TEHETHYECKMX JETePMHHAHT MJsl HAy4HBIX HCCIECJOBAaHWH, a TakXKe HOBBIM BO3MOXHOCTSIM ISt
MEPCOHATIM3UPOBAaHHBIX BMEIIATEIIBCTB.

O0630p BBINIOHEH B paMKax Hay9YHO TeXHHWYecKoi mporpammsl BR05236375 «lccnemoBanne ocoOeHHOCTEH
TEHETHYECKOr0 PHUCKa 3a00JICBaHUI, aCCOLMMUPOBAHHBIX C META0OIMYECKMM CHHIPOMOM B Ka3axCKOH MOMyJISINH,
mo 3aka3y I'Y «Kommurer Hayku Munucrtepcrsa oOpa3oBanus u Hayku PecmyOmuku Kazaxcram». [IpaBmiabHOCTB
NPEACTAaBIEHHOTO 1M01X0/1a OY/IET MOHATHA MOCIIe 3aBEPLICHUS SKCIIEPUMEHTAIBHOM YaCTH POrPaMMBIL.

KaioueBble ci10Ba: cuHIpoM MeTaboIM3Ma, OJIMH HYKJICOTUAHBIN MOJTUMOP(HHU3M, TOMEOCTa3.
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