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Momueayus u yenv. bonee 50 MUIIMOHOB YeNOBEK B Bo3pacte 65 JeT U crapiie,
COCTABJISIIONIMX TIOYTH TIOJIOBHHY HacesleHus] EBpOIbl, CTpasaeT OAHOBPEMEHHO JIBYMS
u 6onee MHOTO(akTOpHBEIME 3a0oneBaHsIME (M®D3) [1]. B ycnoBusix HeJOCTaATOYHOCTH
3HaHUW O Martorenese u GopmupoBaHnu codetaHnnii M®3 y denoBeka B Ommkaifiime
20 JieT MPOTHO3UPYETCS HEYKIOHHBIM POcT (0 68 %) YMCIEHHOCTH KOMOPOUTIHBIX
MAIMEHTOB U, COOTBETCTBEHHO, 3aTPaT PECYPCOB 3APAaBOOXPAHEHHUSI, HAIIPABICHHBIX Ha
WX JiedeHne u npounaktuky [2, 3]. OgHo# 13 npudrH (PEHOTUITHYECKUX aCCOIHAIINI
MPEoNaraloT ydacThe TEeHETHYeCKHX (aKTOPOB, KOTOpbIE MOTYT IPHBECTH K
Pa3BUTUI0 MHOXECTBCHHBIX (EHOTHNOB [4—6] M OCTalOTCAd HAa JaHHBIM MOMEHT
HEIOCTaTOYHO H3yueHHbIMH. OCHOBHOHM LENBIO SIBIISETCS HCclenoBaHue (GeHomo-
TCHOMHBIX OTHOLICHWH B pPa3BUTUM HEKOTOPBIX CHHTPONHBIX (Hauboiee dYacTo
COUETAIOIIMXCS) U AUCTPOIHBIX (PeKO codeTaromuxcs) popm MD3,

Memoowt u aneopummer. B paboTte n3yueHbl MOJIEKYIISIPHO-TEHETUIECKHE OCOOCHHOCTH
s OoJe3Hed  CHUHTPONMK,  BKJIIOYAIOIIMX  PAclpOCTPAaHEHHBIE  COYETAHMS
OpOHXHMaNBbHOW acTMBl C JPYTUMH QJIEPrHYECKUMH M CEpIeHYHO-COCYTUCTHIMU
3a00NIeBaHUSIMU, W JUCTPONIMH OpOHXMATBHON acTMbl u TybOepkynesa. s wmccie-
JIOBaHUs CBsi3ed MEXIy OONEe3HSIMHU UCIONB30BaHbL: 1) OHOMH(pOPMATHIECKHE METO/IbI
JUT WIACHTH(HUKAIMN T€HOB CHHTPOIHBIX M JAMCTPONHBLIX (opM Ooje3Hel, BKIOYas
PEKOHCTPYKIIMIO W aHalW3 acCONMATHBHBIX TEHHBIX CeTed W TPUOPHUTHU3AIMIO
peryisaTopusix nonmumMophHbix BapuaHToB (SNPS); 2) MOJIeKyISIpHO-TEHETHYECKHE
Metoapl: reHoTunupoBanue SNPs ¢ momomipio [TIP-IT/IP® ananuza, pean-taiim [111P,
aHalM3a KpPUBBIX IUIABJICHHS C BBICOKMM  Da3pelieHHeM, MYJIbTHIUIEKCHOE
FeHOTUNMPOBAaHWE C MOMOIIBI0 Macc-criektpoMetpun MALDI TOF, a Ttakke
MOJIHOTEHOMHOE TeHoTunupoBanue Ha twiardpopme Illumina 610-Quad; 3) orenka
(YHKIMOHAIBHOW 3HAYMMOCTH TOJMMOPQHBIX BAPUAHTOB T€HOB B 3aBHCUMOCTH OT
TCHOTHIIA U BHJA CTHMYJISITOPA, BBI3BIBAIONIETO0 HMMYHHBIH OTBET, C HCIOJIb30BaHHEM
KPaTKOCPOUHBIX KYJIBTYp MOHOHYKJICApHBIX KIETOK; (4) OOLICNpPHHATBIE CTATUCTH-
YECKHE METO/IBI.

Pezynomamui: B pe3yibpraTe HCCIENOBaHUS  YCTaHOBIEHO, 4YTO COYETAHUE
OpOHXMAIBHOW acTMBI KaK C APYTMMHU aJUIEPTHUYECKUMHU 3a00JIeBaHUSAMU (IIOJUIMHO3 U
ATONMMYECKUN JepMaTuT), TaKk W C CEPACYHO-COCYAHUCTHIMH 3a00JIE€BaHUSMU
(runeproHnueckass  OONE3Hb) TPENCTABISET COOOM  OTAENbHBIE  (EHOTHUIIHI,
OTIIMYAIOIIMeCS IO CBOMM MOJICKYJIIPHO-TEHETHYECKHM XapaKTePUCTHKaM OT HUX
«M30JIMPOBaHHBIX» (GOpM. BBIABIEHO, UYTO KIIOUEBBIE MaTO(U3NOIOTHYECKHE
MEXaHU3MBbI, JIe)Kallie B OCHOBE HEOJNAroNpHsITHOTO COUYETAHUS AaJUIEPTUYECKUX
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3a00JICBaHUiA, CBSI3aHBl C TCHAMH WMMYHHOW CHCTEMBI M T'€HAMH, PETYJIHUPYIOLIMMHU
(YHKIIMOHUPOBaHHE OSNUACPMAIBLHOrO Oapbepa. PHCK pa3BUTHS COMYTCTBYIOIICH
TUIIEPTOHNYECKON OOJIE3HW y TAIIMEHTOB ¢ OPOHXHATBHON acTMOW MPEUMYIIIECTBEHHO
cBa3ad ¢ momumopdusmom reHoB TLR4, CAT, ANG/RNASE4, koTopble OIpENessioT
BO)XHOCTh BOCIAJICHUS, OKHCIHMTEIBHOTO CTpecCca M HEOBACKYJSPU3AIMU, a TaKkKe
reHOB-MHIIeHeH Jekapcts, B Tom umcie ADRB1, ADRB2, NR3C1, ANXAL,
WCTIONB3YIOMIUXCS IS JICYCHUS] OPOHXHUATBHOW aCTMbl M TMIIEPTOHUYECKON OOJIC3HH.
VYcranoenensl SNPS, acconnnpoBaHHbIE ¢ PUCKOM Pa3BUTHS KaK OPOHXUAIBHOW aCTMBI,
tak u Tyoepkyine3a (IFNG (rs2069705), TNFB (1rs2239704) u TNFRSF1B (rs652625)),
a TaK)Ke BapHUaHTBI, KOTOPHIE CBSI3aHBI TOJIEKO C OJHUM M3 3a0oyieBaHMid. B wactHOCTH,
¢ OpoHXHaANTBHON acTMOM acconnupoBanbl BapuanThl reHoB PIAS3 (rs3760903), SOCS5
(rs6737848), ¢ TtybOepkyiaesom — PIASY (rs3760903), CXCL10 (rs56061981 wu
rs4386624). Jlist acCONMMPOBAHHBIX KaK ¢ aCTMOM, TaKk M C TYOEPKYJIe30M BAPHAHTOB
TCHOB BBISBIICHO, YTO OJHM M TE K€ T'CHOTHITBI W AJIeNd «OOIMUX» JUIs JaHHBIX
MaTOJOT UM TCHOB-KaHAUIATOB ABJIAIOTCA pI/ICKOBI)IMI/I/HpOTCKTI/IBHLIMI/I IJId pa3sBUTHA
3a0oneBanuii. OJHAKO BBISBICHB HEKOTOPbIE (QYHKIHOHAIBHBIE OCOOCHHOCTH
accoruupoBaHHbIX SNPS. B 4acTHOCTH, B yCIOBUSIX CTHMYJSIIMA MOHOHYKIICAPHBIX
KJIETOK KPOBH MHIYKTOPOM MHKPOOHOT'O MPOUCXOXKICHHUSI YCTAaHOBICHO BBIPAKECHHOE
W3MeHeHue skcnpeccud reHa TNF B 3aBHCMMOCTH OT T'€HOTHMIIA WHIUBUAA IS
momumoppmzma 152239704,  OcHOBHBIE ~ MOJNEKYJSIpHBIE  (YHKIMH  TEHOB,
ACCOIMMPOBAHHBIX C Pa3BUTHEM OPOHXHALHOW aCTMBI U TyOepKylie3a, OTHOCATCS K
LIUTOKMHOBOM AaKTHUBHOCTH, CBS3BIBAHHIO C pELENTOpaMU U OelKaMH, peryssiuu
akTuBHOCTH TNF — BaXHOM MOJEKyJIbl C TOYKHM 3pEHHA KaK pHUCKa pPa3BUTUA
TyOepKysie3a, Tak W YTSHKEJICHHS CHMIITOMOB acTMbl. JTO JaeT OCHOBaHHE
NPEANOIOKUTh, YTO WH(EKIHNOHHBIC U AJUICPIHYEeCKUE 3a00JICBaHUS MPEICTABISIOT
co0oif BapWaHThl OJHOTO (EeHOMEHa, OOYCIIOBJICHHOTO HEaJCKBaTHOH paboTOM
MMMYHHOU CHCTEMBI, OCHOBAHHOM Ha OO0IIel TeHETHIECKON COCTABIISIFOIIEH.

Buvisoowi:  Takum  oOpa3oM, (¢eHOMEH codeTaHus OoJie3HEH  MpeCTaBsIeT
CaMOCTOSITETILHBIM HMHTEpeC Uil HCCIeNOBaHUi (yHAaMEHTaIbHOTO XapakTepa H
CTAaHOBHTCS JOMOJIHUTEIBHBIM IyTeM BBISCHEHHS STHOJIOTHH WM MATOreHe3a CIIOMXKHBIX
3abosieBanuil. MccnenoBaHue MEIUIIUHCKHUX AaclEKTOB PAa3HOr0 YPOBHS COYETaHWH
KIIMHUYECKUX (beHOTI/IHOB IIO3BOJISIET OLICHUTH HOJ'H)3Y/BpeJ1 B3aMMOOTHOIIIEHUI MEKOY
OOJIe3HsAMH, pelnas 3a7aydl TPAHCISIMOHHOW TeHOMHKH, B TOM YHCIIE B 00JacTH
JIUATHOCTHKH W TEPAITUH 3a00JICBAHUI.

Qunancuposanue. ViccrnenoBanue MoaaepKaHo MHUHHUCTEPCTBOM HAyKH U BBICIIETO
obpazosanus (Ne 122020300041-7).
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Motivation and Aim: More than 50 million people aged 65 years and older, accounting
for almost half of the European population, suffer simultaneously from two or more
multifactorial diseases (MFDs) [1]. Given the lack of knowledge about the pathogenesis
and formation of combinations of MFDs, a steady increase (up to 68 %) in the number
of comorbid patients and, accordingly, the cost of health care resources aimed at their
treatment and prevention is predicted in the next 20 years [2, 3]. One of the reasons for
phenotypic associations is assumed to be the involvement of genetic factors, which can
lead to the development of multiple phenotypes [4—6] and remain insufficiently studied
at the moment. The main goal is to study phenome-genomic relationships in the
development of some syntropy (most often combined diseases) and dystropy (rarely
combined diseases).

Methods and Algorithms: In this work we studied molecular genetic features for
syntropic diseases, including common coexisting of bronchial asthma with other
allergic/cardiovascular diseases, and dystropy of bronchial asthma and tuberculosis. We
used next methods for study connections between diseases: (1) bioinformatics methods
to identify genes of syntropic and dystropic forms of diseases, including reconstruction
and analysis of associative gene networks and prioritization of regulatory polymorphic
variants (SNPs); (2) molecular-genetic methods: genotyping of SNPs using PCR-RFLP
analysis, real-time PCR, high-resolution melting curve analysis, multiplex genotyping
using MALDI TOF mass spectrometry, as well as whole-genome genotyping on the
lllumina 610-Quad platform; (3) assessment of the functional significance of SNPs
depending on the genotype and type of stimulator causing an immune response in short-
term cultures of blood mononuclear cells; (4) statistical methods.

Results: As a result of the study, it was established that the combination of bronchial
asthma, both with other allergic diseases (hay fever and atopic dermatitis) and
cardiovascular diseases (hypertension), represents unlike phenotypes from their
“isolated” forms that differ in their genetic characteristics. It has been revealed that the
key pathophysiological mechanisms underlying the unfavorable combination of allergic
diseases are associated with genes of the immune system and genes regulating the
functioning of the epidermal barrier. The risk of developing concomitant arterial
hypertension in patients with bronchial asthma is mainly associated with polymorphisms
of the TLR4, CAT, ANG/RNASE4 genes, which determine the importance of
inflammation, oxidative stress and neovascularization, as well as, ADRB1, ADRB?2,
NR3C1, ANXAL genes, that are targets of drugs that are used of bronchial asthma and
arterial hypertension treatment. In this study were identified SNPs that influence at the
risk of both bronchial asthma and tuberculosis (IFNG (rs2069705), TNFB (rs2239704)
and TNFRSF1B (rs652625)), as well as SNPs that are associated only with one of the
diseases, in particular, with bronchial asthma associated gene variants PIAS3
(rs3760903), SOCS5 (rs6737848); with tuberculosis — PIASY (rs3760903), CXCL10
(rs56061981 and rs4386624). For the associated SNPs with both bronchial asthma and
tuberculosis it was revealed that the same genotypes and alleles of candidate genes
“common” for these pathologies are risk/protective for the diseases. However, some
functional features of the associated SNPs have been identified. In particular, under
conditions of stimulation of mononuclear blood cells with an stimulant of microbial
origin, a pronounced change in the expression of the TNF gene was established
depending on the genotype of the individual for the rs2239704. The main molecular
functions of genes associated with the development of bronchial asthma and tuberculosis
relate to cytokine activity, binding to receptors and proteins, regulation of the activity of
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TNF — an important molecule both in terms of the risk of developing tuberculosis and
worsening asthma symptoms. This suggests that infectious and allergic diseases are
variants of a single phenomenon caused by inadequate functioning of the immune system
based on a common genetic component.

Conclusion: Thus, the diseases connection phenomenon is of independent interest for
fundamental research and becomes an additional way to elucidate the etiology and
pathogenesis of complex diseases. The study of medical aspects of different levels of
combinations of clinical phenotypes makes it possible to assess the benefits/harms of
relationships between diseases, solving the problems of translational genomics,
including in the field of diagnosis and therapy of diseases.

Funding: The study is supported by the State Task of the Ministry of Science and Higher
Education (No. 122020300041-7).
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