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BronH$popmaLMoHHbIN aHanu3 6uonornyecknx nyTen Npu NeMnYeCcKom
6onesHm cepaua n 6onesHun Anbuyrenmepa

YacoBckux H.10., Ynxkuk E.E.

Cubupckuii 2ocyoapcmeeniviii meouyunckuil yrusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpaxm, 2

PE3IOME

Ienb ncceoBaHus — MPOBECTH aHAIN3 00OTaIleHUsI OMOIOTHYECKHX MyTel py 00Ie3HN AJbLireiiMepa 1 Uiie-
mudeckoit 6omesnn cepauna (MBC) ¢ momomnipio OnonH(pOpMannOHHEIX HHCTPYMEHTOB.

T'ensr mpenpacnonoxxernoctd Kk MBC 1 reHsl mpeapacnoiaokeHHOCTH K 0osie3HH AJblreiiMepa W3BICYCHBI U3
my6nmanoit 6a3bl naHHeIX DisGeNET (6a3a maHHBIX accouuanuii reHOB M 3a00J€BaHMii). AHAIN3 00OTalIeHUs
Ouonormueckux mytei nposezeH B miarnde ClueGO Cytoscape version 3.6.0 mpu moMOIIH THIEPTEOMETPHUECKO-
ro Tecta ¢ ucnoibr3oBaHueM 0a3 naHHbIX KEGG u REACTOME.

BeIsiBIIGHHBIE T€HBI TPEAPACIIONOKEHHOCTH K Oone3Hn AjblreiiMepa n VIBC BritoueHs! B 69 00IINX CUTHATBHBIX
nmyTel, OObeIMHEHHBIX B CIEIYIOIIe MOArPYNNbl: CUTHAIBHbIE MyTH, YYacTBYIOIIMe B rndenu kierok (1); cur-
HaJIbHBIE IIyTH, BOBJICYEHHBIE B IPOLIECCHl UMMYHHOM CHCTEMBI (2); CUTHAIBHBIE ITyTH, OTBETCTBEHHBIE 32 METa00-
JIM3M JKUPHBIX KUCIOT (3); CUTHAJIBHBIE MTyTH, NPHHUMAIOIINE y4acTHe B (QyHKIMOHUPOBAaHUN HEPBHOM CHCTEMBI
(4), cepaedHo-cocyIuCTO cHCTEMBI (5), SHAOKPUHHOI cHcTeMBlI (6).

B pesynbprarte npoBeneHHOro aHaIHM3a BRIBICHBI BO3MOXKHBIE OOIINE IPOIECCH, B KOTOPBIE BOBJICUCHBI TCHETHU-
yeckue (aKTOpHl M MX MPOIYKTHI NIPH MIIeMHYecKod Oone3HH cepiaua u Oonesnu AnbnreiiMepa. B wactHoCTH,
IPEANOIaracTCs, YTO IeHbl MIPEPACIONOKEHHOCTH, YYaCTBYIOIUE B pealu3allud JaHHBIX IIyTEH, peryiupyroT
HPOLECCHI alloNT03a, HAPAOOTKH BOCIIAIUTENIBHBIX [IUTOKUHOB H XEMOKHHOB, METa0O0IM3Ma JINIHIOB, GopMUpO-
BaHMUS J-aMHIIONA, aHTHOTCHE3a.

KuroueBble ciioBa: uiemudeckas 0oie3Hb cepana, bonesns Anbireiimepa, ClueGO Cytoscape, reHbl Ipeapaciio-
JIO’KEHHOCTH, aHaJIM3 00OTalleHus My Teil

KoHpaukT nHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaNNeil HACTOSIICH CTaThH.

Hcroynuk puHAHCHPOBAHMS. ABTOPBI 3asBIIAIOT 00 OTCYTCTBUM (PMHAHCHUPOBAHUS TP MPOBEJICHUH HCCIIEJOBAHHS.
Jist uutupoBanus: Yacosckux H.IO., Umxuk E.E. buonndopmannonHslii aHamu3 OMOIOTHUSCKUX ITyTeH IpH

UIIeMUYecKol Oone3Hn cepaua u OosesHn Aunbnreiimepa. bwoanemens cubupckoti meouyunst. 2022;21(4):193—
204. https://doi.org/10.20538/1682-0363-2022-4-193-204.

Bioinformatic analysis of biological pathways in coronary heart disease
and Alzheimer’s disease

Chasovskikh N.Y., Chizhik E.E.
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2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

Aim. Using bioinformatic tools, to perform a pathway enrichment analysis in Alzheimer’s disease and coronary
heart disease (CHD).
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Materials and methods. Genes contributing to susceptibility to CHD and Alzheimer’s disease were obtained from
the public database DisGeNET (Database of Gene — Disease Associations). A pathway enrichment analysis was
performed in the ClueGO Cytoscape plug-in (version 3.6.0) using hypergeometric distribution and the KEGG and
Reactome databases.

Results. The identified genes contributing to susceptibility to Alzheimer’s disease and CHD are included in 69
common signaling pathways, grouped into the following subgroups: cell death signaling pathways (1); signaling
pathways regulating immune responses (2); signaling pathways responsible for fatty acid metabolism (3); signaling
pathways involved in the functioning of the nervous system (4), cardiovascular system (5), and endocrine system
(6).

Conclusion. Following the performed analysis, we identified possible associations between processes involving
genetic factors and their products in CHD and Alzheimer’s disease. In particular, we assumed that susceptibility
genes involved in the implementation of these pathways regulate apoptosis, production of inflammatory cytokines
and chemokines, lipid metabolism, B-amyloid formation, and angiogenesis.

Keywords: coronary heart disease, Alzheimer’s disease, ClueGO Cytoscape plug-in, susceptibility genes, pathway
enrichment analysis
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BBEAEHUE

Bonesnp Aumbirreiimepa (BA) Ha cerogHsuHui
JIeHb MPEJCTABISIET CO00M Cepbe3HyI0 MpooIeMy ISt
3npaBooxpaHeHus. [lo onenkam Alzheimer’s Disease
International, va 2019 1. 7aHHBIM 3a00JIEBaHUEM CTpa-
naroT 6osee S0 MiTH yenoBek 1o Bcemy mupy [1]. MHo-
TOYHCIICHHBIE MCCJIEI0BAHUs HACJIEICTBEHHBIX OCHOB
Oone3nu AnbplreiiMepa BBISIBAIHN T€HBI, BIMSIONINE HA
pa3ButHe naHHoro 3aboneBanus [2, 3]. Takke pe3yiib-
TaThl UCCIIEIOBAaHUN T'€HETUYECKUX acCOLMalUi pas-
JUYHBIX 3a00JI€BaHUN TTOKA3BIBAIOT, YTO TIPOSIBICHUS
BA moryT coueraThcs ¢ APYTMMH TMATOJOTHSIMU, Ha-
npumep ¢ 3a00JIeBaHUSMU CEPJCYHO-COCYTUCTON CH-
CTEMBbI, TAKUMH Kak WH(papKT mMuokapaa [4], ¢pudbpun-
qsauust ipencepauit [5]. o nanasiM M.K. Aronson u
COaBT., UCCIIEJAOBABIINX B3aUMOCBSI3b MEXKIY JEMEH-
uuMed u ummemuveckoil Oomnesnpto cepauna (UBC) y
noXmwibix nanueHToB, MbC, ocoOeHHO nnmuTenbHas,
CBsI3aHA C MEHbBIICH TOJIIMHON KOPBI U 00BEMOM TO-
JIOBHOTO MoO3ra (Ha MarHUTHO-PE30HAHCHOW TOMO-
rpadun) [6]. Kpome TOTO, psij SMUACMHOIOTHYSCKHUX
HCCIIEIOBAHUN ITOKA3bIBACT, YTO y MAI[MEHTOB C Ia-
TOJIOTHEH KOpPOHApHBIX apTepuil 3a0o0jieBaeMOCTh BA
BhIIe [7, 8].

Tem ne menee Hanuuue cBsizu BA ¢ UbC ocraercs
JIUCKYTHPYEMOH, IIOCKOIIbKY JTAHHBIE OJHUX HCCIIEIOBA-
Huil ropopst o ToM, uto MBC cBsi3aHa ¢ KOTHUTUBHBIMU
HapyUIeHUsIMU [9], maHHBIE APYTHX — O TOM, UTO CBS-

3u Het [10]. Hanpumep, PoTTepnamckoe uccnenoBanue
(IpOCTIeKTUBHOE KOTOPTHOE HMCCIelOBaHWEe, HAYaToe B
1990 r. B Hunepnanjax u HanmpaBieHHOE Ha TIOMCK TpH-
YUH XPOHUYECKUX 3a00JIeBaHUM, KOTOPbIE YaCTO BCTpPe-
YaIOTCs y MOKUIIBIX JIIOJIEH U KOJINYECTBO KOTOPBIX BO3-
pacTaer B CBS3M CO CTapeHUEM HaceleHHs) MOoKa3alo,
YTO HEepaCHO3HAHHBIA (O€CCHMITOMHBIN) HH(PAPKT MH-
OKapja CBsi3aH ¢ pUCKoM BA, Torja Kak pacro3HaHHBIN
UM —mer [5, 11].

B 2014 r. G. Liu ¢ coaBT. 1j1s1 BBISBIICHHS HOBBIX (hak-
TOPOB pHCKa pa3BUTHs 00JIE3HH AJbIIeiiMepa HHTETPH-
poBanu nanuble Tpex GWAS uccienoBaHuil, HCIONB3Y S
MeETaaHalIu3 Ha OCHOBE T'€HOB. AHaiIu3 IyTel POBOU-
U ¢ npuMeHeHrneM KHOTCKOM 3HIMKIONEANH T€HOB U
TeHOMOB U 0a3bl JaHHBIX TeHHOW oHToNoruu [12]. AB-
TOpBI BIEPBbIC BBISBHIN BOBJICYEHHOCTh CHUTHAIBHBIX
MyTeH, CBSI3aHHBIX C CEPJEUYHO-COCYAUCTHIMU 3a00IeBa-
HUSAMH, KIETOYHBIMH MpOLecCaMid U UH(PEKIHMOHHBIMU
3a00neBaHUsIMH, B pa3BUTHE Oosie3HH Anblreimepa.
Bwmecre ¢ TeM apyrux MccieqoBaHUHM, paccMaTpUBaio-
LIMX COBMECTHBIE MPOLIECCHl CUTHAIBHON TPaHCAYKLNUU
npu BA u UBC, ner. Takum oOpa3om, aHamu3 odora-
HICHUS] OMOJIOTHUECKUX ITyTeH, TTO3BOJISIOIINI OLICHUTh
y4acTHe T'€HOB IPEIPacHOOKEHHOCTH B BO3MOXKHBIX
MEXaHHU3Max COBMECTHOI'O T€UEHUs! UCCIIEAYEMBIX 11aTO-
JIOTHH, TIPEJICTABIISICT OCOOBIN HHTEpEC.

Lenbp nanHOW pa®OTBl — BBIABHTH CHUTHAJbHBIE U
MeTa0OMYeCKUE Ty TH, BOBIICYCHHBIC B IPOIIECCHI CHT-
HaJIbHOM TpaHcAaykuuu Kak npu bA, tak u npu UBC.
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I'ensr npenpacnonoxennoctd kK UBC u rensl npen-
PacHOIOKEHHOCTH K BA ObUTH U3BIICUCHBI U3 ITy OIINYHON
6a3p1 nanHbIX DisGeNET [13]. DisGeNET npencrasiser
co00il mmardopmy, COAepIKAIIYIO MONHBIA KaTalor Te-
HOB U UX BAPHAHTOB, CBS3aHHBIX C 3a00JICBAHUSIMH YeII0-
Beka. Karanor oObe/IMHACT NaHHBIC U3 SKCIIEPTHBIX 0a3
naHHbIX, Takux kak CTD, UniProt, ClinVar, Orphanet,
GWAS, GAD, c napopmarmeit, momydeHHoOi myTeM aHa-
TM3a TEKCTOB HaydHOW jurepatypsl [13]. Anamu3 o0o-
rameHus OWOJOTUYECKUX ITyTeH, MpPEeANOJIOKUTEIHHO
BOBJICYCHHBIX B MEXAHHU3MbI COBMECTHOTO IMPOSBICHUS
UIIeMUYecKol 0ose3HH cepauna W Ooyne3Hu AJblrei-
Mepa, 0bu1 nposenieH B miaruHe ClueGO Cytoscape v.
3.6.0 [14] ¢ ucnonb3oBanuemM 6a3 nanubix KEGG [15],
REACTOME [16]. HUccrnenyemble reHsl Ipeapaciono-
JKEHHOCTHU K MIIEMHYecKoi 00JIe3HU ceplua U Ooye3Hn
AgnprreiimMepa B arnae ClueGO Cytoscape ObLH TIpei-
CTaBJICHHI B Bujle | 1 2 Ki1acTepoB COOTBETCTBEHHO. J[ist
aHalu3a UCIOJIb30BAJICS THIIEPreOMETPUUECKUIM TecT
¢ p <0,05 n 3nauennem kammna K = 0,4.

Crucku reHoB IIpepaconokeHHocTy K bA u npen-
pacnonoxenHoctn k MBC Opimn chopmMHupoBaHBI Ha

ocHoBanuu aHanu3a naHHbIXx DisGeNET. B ciyuae BA
CIIMCOK reHoB cocTaBui 446, a B cimyyae UIBC — 324 npo-
TEHHKOAUPYIOIUX T'eHa. [1o pe3ynpTaraM IpoBeIeHHO-
ro aHajgu3a OMOJIOTHYECKUX MyTel OBUIO BBIIBIECHO 90
MyTeH, BKIIOYAIONINX T'eHBI MPEAPaclolOKeHHOCTH K
BA, 28 myteit k UBC, n 69 myTeii, accolMupoBaHHbIX
¢ obonmu 3a00JIeBaHUSAMU (ITOCTICTHUE TIPE/ICTABICHBI B
TadIuUIE).

[To BoBICUECHHOCTH B OMOJIOTHYECKUE TPOLECCH U
(yHKIIMOHUPOBAHUE CUCTEM OpPTaHMW3Ma JaHHBIC ITyTH
ObUTH OOBETMHEHBI HAMH B clieAytonue omoku: 1) cur-
HaJIBHBIC ITyTH, YYaCTBYIOIIHME B THOCIN KIIETOK; 2) CUT-
HaJbHbIC TYTH, CBSI3aHHBIE C MPOLECCAMH HMMYHHOMN
CUCTEMBI; 3) CUTHAJIbHBIE ITyTH, OTBETCTBEHHBIE 32 METa-
00JIM3M KUPHBIX KUCIIOT; CHTHAJIbHBIE Iy TH, TPUHUMATO-
e yyactue B ()yHKIIMOHHUPOBAHUN HEPBHON CHUCTEMBI
(4), cepiedHO-COCYUCTON CUCTEMBI (5), SHIOKPUHHOMN
cucreMmsl (6). Kpome Toro, oTaeabHO paccMaTpUBaIiCh
IyTH, B PEATN3AIMN KOTOPBIX yYaCTBYIOT I'€HBL, HEO0XO0-
IMMBIE JUTSL Pean3aliii (PH3HOIOTHYECKHUX MPOIIECCOB,
U M3MEHCHUH TPU Pa3BUTHH THITOBBIX MATOJOTHYECKIX
TPOIIECCOB (HApuMep, BOCTIAJICHHE, THITIOKCHS).

Tabnuma

O6uue d6noornyeckue myTH, acconunposannbie ¢ UBC n 60s1e3Hb10 AJblreliMepa

buonornyecknii myth

O61ue juist 3a001eBaHUI TeHbl, BXOSIINE B CUTHAIBHBIN 1Ty Th

1. Cuenanvhvle nymu, yuacmesyrouue 8 2ubeiu K1emox

ArnonTo3

NFKBI, TNF

Hexkponto3

ILIA, ILIB, TLR4, TNF

Curnaneabiii myTsh TNF

CCL2,ILIB, IL6, MMP3, MMP9, NFKB1, PTGS2, TNF

CurHanpHbIi IyTh pS3

SERPINE]

2. CueHanvHble nymu, 606J1€4€HHble 6 npoyeccvl MMJM_)/HHOL; cucmembol

JIMHUS KPOBETBOPHBIX KIETOK

ILIA, ILIB, IL6, IL6R, TNF

Bpoxnennas uMMyHHas cuctema

AGER, CFH, CRP, F2, IGF2R, IL1B, MMP9, MPO, NFKB1, NOS3, OLR1, PLA-

2G24, PLCG2, TLR4

CUTHAJIMHT ¢ IIOMOIIBIO HHTepHeﬁKHHOB

AGER, CCL2, CCR5, HMOXI, ICAM1, IL10, IL18, ILI1A, IL1B, ILIRN, IL6,
IL6R, IRS1, MMP3, MMP9, NFKBI1, PTGS2, TGFBI, TNF, VEGFA

Kacka komruieMeHnTa

CFH, CRP, F2

Fc y-R-onocpenoBauHblii haronuros

PLCG2

darocoma

MPO, OLRI, TLR4

B3anmopeiicTBiE KIETOUHON MOBEPXHOCTH C COCYTUCTON
CTEHKOM

F2, OLR1, TGFBI

TpaHCSHI{OTeHHaJ’[BHaﬂ MuUrpanus HeﬁKOHHTOB

MMP9, PLCG2

Curnanuar IL-4 u IL-13

CCL2, HMOXI, IL10,1L18, IL1A, ILIB, IL6, IL6R, MMP3, MMP9, PTGS2,

TGFBI, TNF, VEGFA

Curnaneusiit myTh 1L-17

CCL2,ILIB, IL6, MMP3, MMP9, NFKB1, PTGS2, TNF

CurnanbHbiit myth PI3K-Akt

BDNF, IL6, IL6R, IRS1, NFKBI, NOS3, TLR4, VEGFA

CurHanbHblit myTh Fc-g RI

PLCG2

CurHasbHbIH Iy Th peenTopa jekTuna C-tuna

IL10, IL1B, IL6, NFKBI, PLCG2, PTGS2, TNF

CurnanpHblil myTh Toll-og06HOTO penentopa

IL1B, IL6, NFKBI, TLR4, TNF

KJ'IanPIH-OHOCpeI[OBaHHLIﬁ OHIOLMTO3

IGF2R, LDLR
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[Mpononxenue Tabi.

Buonornyeckuii myTh

O6mime uist 3a00eBaHUIA T€HBI, BXOASIINE B CUHTHATBHBIN Ty Th

3. CuenanvHole nymu, omeemcmeenHbsle 3a Memabonuzm HCUPHBLX KUCTIOM

COopka MIa3MeHHOT0 JINTONPOTEHHA

ABCAI, APOAI, APOE

peMOI{CJ’[I/IpOBaHI/Ie JIMIIONIPOTCHUHOB I1JIa3MbI

ALB, APOAl, APOE, CETP, LPL

C6opka, peMOJIeTUPOBAHNE U KIIIPEHC JTUIOIPOTCHHOB
B IJIa3Me

ABCAIL, ALB, APOAIl, APOE, CETP, LDLR, LPL, NPCI

MeTtabomusm XOJICCTEpHUHA

ABCAI, APOAI, APOE, CETP, LDLR, LPA, LPL, LRP1, NPC1, SORTI

D¢upHbIil TUITUIHBIIT 00MEH

PLA2GI1B, PLA2G24

HCpeBapI/IBaHI/IC 1 BCaCbIBaHUE KHpa

ABCAI, APOAI, PLA2GI1B, PLA2G2A4

Cekperust Keauu

ABCBI1, HMGCR, LDLR

CUHroIMNUAHBIN CUrHAIBHBIN My Th

NFKBI, NOS3, TNF

4. Cuenanvhule nymu, 60g1eueHHble 8 QYHKYUOHUPOBAHUE HEPEHOU CUCTEMbl

Curnanunr ¢ nomoisio NTRKs BDNF, IRS1

Curnanusr ¢ nomonsio NTRK2 (TRKB) BDNF

CurHanbHbIH MIyTh HEHPOTPODHHA BDNF, IRS1, NFKB1, PLCG2, SORTI
DOpMUPOBAHKUE AMUIIOUHBIX BOJIOKOH APOAI

AxcoHallbHOE HaBeJeHHe (YIpaBIeHHEe aKCOHAMM) MMPY, UNC5C
CepOoTOHUHEPTHYECKUI CHHATIC PTGS2

Krupenc neliporpancMutTepa ALDH?
DHIOKPUHHBIC U ApYyTrue (pakTOpbI peryanpyeMoi ESRI, VDR

peabcopOunu KaapIus

5. Cuenanvhvie nymu, sosneyennvie 8 PYHKYUOHUPOBAHUE CEPOSUHO-COCYOUCTON CUCTEMbI

VEGFA-VEGFR2 nyTs

NOS3, VEGFA

Curnanunr ¢ nomomsio VEGF

NOS3, VEGFA

Kacxam)l KOMIIVIEMEHTA U KOaryJsiiunu

F2, PLG, SERPINE1

AKTHBALIUSI, CATHAIIMHT M arperaiusi TpOMOOIMTOB

ALB, APOAIL, F2, PLCG2, PLG, SERPINE1, TGFB1, VEGFA

AKTHBALUS TPOMOOIIMTOB

F2, NOS3, PLCG2

Curnanuur ¢ nomoinsio PDGF PLG

Hampsbkenue caura npu arepockiepose CCL2, HMOX1, IL1A, ILIB, MMP9, NFKB1, NOS3, TNF, VEGFA
TpombonuTapHslii remocras NOS3

CurHaJIBHBIA My Th aleInHa NOS3, SERPINE]

CuHTe3 U CeKpenys ajabJoCTepOHa AGT, LDLR

6. Cuenanvhoie nymu, 606j1e4eHHble 8 Pearu3ayuio QyHKYULL IHOOKPUHHOU CUCTEMbL

Crepounsiorenes SHYHUKOB LDLR, PTGS2
MeTaboi3M MENTHIHBIX TOPMOHOB ACE, AGT
AnpaocTepoH-perynupyemast peadcopOrust HaTpust IRS1

7. Cuenanvuvie nymu npoyeccoes, npomexkarowux 6 Hopme u npu namoniocuu

Ilepenaua curnana

AGT, APOAI, APOE, BDNF, CCRS, ESR1, ESR2, F2, IL6, IL6R, IRSI, LDLR,
LPL, LRPI, MMP3, MMP9, NFKBI, NOS3, NR3CI, PLCG2, PLG, PPARG,
SERPINEI, TGFBI, TNF, VEGFA

CurHajibHbII ITYThb KJIICTOYHBLIX OTBETOB Ha CTpPECC

ILIA, IL6, NFKBI, NR3CI, VEGFA

CurHaagHr PEUCTITOPHBIX THPO3UHKHUHA3

BDNF, ESR1, IRS1, MMP9, NOS3, PLG, VEGFA

FOXO-omocpenoBannast TpaHCKPHITITUS

NR3CI

Curnaneabiii myTh FoxO

IL10,IL6, IRS1, TGFB1

Curnansueiii myte MAPK

BDNF, ILIA, ILIB, NFKBI1, TGFBI, TNF, VEGFA

CurHanbeHbIi yTh hocdonunazer D

AGT, F2, PLCG2

Curnanenblii nyts TGFf

TGFBI1, TNF
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OKoOHuYaHuEe TaOI.

Buonornyeckuii myTh

OOmwme st 3a001eBaHUIT T€HBI, BXOSIINE B CUTHAJIBHBIN Ty Th

Curnaneusiii myth HIF-1

HMOXI, IL6, IL6R, NFKB1, NOS3, PLCG2, SERPINE1, TLR4, VEGFA

Buonornyeckoe okucieHue

ALDH?2, HPGDS

OpI‘aHI/ISaHI/IH BHCKJICTOYHOI'O MaTpUKCa

MMP3, MMP9, PLG, SERPINEI, TGFBI

[[erpa):[auml BHCKJICTOYHOT'O MaTpHUKCa

MMP3, MMPY, PLG

dokanbHas aare3us

VEGFA

Perysitust TpaHCIIOPTA U MOTIOMICHUS HHCYIHHO-
nojjooHoro daxropa pocra (IGF) Genkamu, cBs3biBa-
FOLIMMU HHCYITUHOTO100HKIH (akTop pocta (IGFBPs)

ALB, APOAIL, APOE, F2,IL6, PLG

CurHanbHbli myTh Ras

BDNF, NFKBI, PLA2G1B, PLA2G2A, PLCG2, VEGFA

CurnanbHble coObITust G-o(i)

AGT, APOAl, APOE, LDLR, LPL, LRPI

Hupxanneie puTMBI

NR3C1, SERPINE]

ABC Ttpancnoptepsl ABCAI, ABCBI1
CyMounrpoBaHre BHYTPUKIETOYHBIX PEIEITOPOB ESRI, NR3C1, PPARG, VDR
CurnansHble coobITus G-a (q) AGT, F2, MMP3
I'muxomns/I mrokoHeorenes ALDH?2

CUTHA/IbHBLIE NYTU, YHACTBYIOLWWHUE
B T’MBE/IN KZIETOK

JlaHHbIe MyTH BKJIFOYAIOT TEHBI, aCCOIMMPOBAHHBIC
¢ BA u UBC. Curnaneupiii myte TNF [KEGG:04668]
ABIISIETCSI HAYAIBbHBIM B pean3alliil anolNTOTHYECKOTO
WIA HEKPONTOTHYECKOro MyTH. A HMMEHHO, Tepeaaya
curnanoB oT TNFR1 3anyckaeTr curnanbublil myts NF-
kB, a Taxxe anonTo3 u HekponTo3 [17]. [Tomumo sToTO0,
aroITo3 MOXKET 3aIlyCKaThCs B pe3yJsibTaTe MHULHUALUN
curHanbHOTO IyTH pS3 [18]. CUrHambHBINA MYTh HEKPOII-
to3a [KEGG:04217] y4acTByeT B peanu3aiud maTore-
He3a MHOTHX 3a00JIeBaHH, BKIIOUasi HEBPOJIOTUIECKHUE
3a00JIeBaHsI, HIIEMUIECKOE TIOBPEKICHNE U BUPYCHYIO
uHbpekmro [19].

V3MeHeHue peryisaluy U akTUBalUU JAHHBIX ITyTel
uMeeT OobIIoe 3HaUeHue A pa3BuTust kak MBC, Tax
u BA. Onnako npu BA posnp anonrosa HEOAHO3HAYHA.
OxHu MccenoBarenn cooOmarwT, 4To npu bA akTu-
BUPYIOTCSl Kacllasbl, B YaCTHOCTH Kacmaza-6, KoTopas
3aIlycKaeT MpoLece aronTo3a B TojJoBHOM Mosre [20].
Jpyrue uccienoBareinu yTBEPKIA0T, YTO TEOPHs arlor-
ToTUYecKol rubdenu kietok npu BA u knuHn4eckas xap-
THHA 3200JIeBaHUS] HECOBMECTUMBI, IIOCKOJIbKY KJIETKH,
B OTHOILLEHUM KOTOPBIX 3allyllleHa MporpaMma amomnTo-
3a, YMHUPAIOT B T€YEHHE HECKOJbKUX THEH, MpHU 3TOM
COXpaHseTCs BBICOKUH YPOBEHb Kacmasbl-3, 4TO JOKHO
MPUBOJIUTH K OCTPOM M MacCOBOM MOTEpHU HEUPOHOB.
B TAKOM Cllyyae KJIMHUYECKHE cCUMOTOMBbI BA NOMKHBI
OBITH BBIABJIICHBI HA PaHHEH CTaguy 3a00JIeBaHMS, a HE
yepes JECATKH JIET Tocie Hadana 3aboseBanus [21].
Taxoke uzBectHo, uto npu UBC anonTo3 siBisieTcst KIo-
YeBBIM 3BCHOM ITaToreHesa [22].

CUTHA/IbHBIE NYTU, BOB/IEHEHHbIE
B MPOLECCHI UMMYHHOM CUCTEMbI

CUrHQJIBHBIN TYTh JHHAU KPOBETBOPHBIX KIETOK
[KEGG:04640] oTpakaeT LEMOUYKY pa3BUTHUS KICTOK
KpPOBH OT I'€MOIIOTHYECKUX CTBOJIOBBIX KJIIETOK JIO 3pe-
JIBIX KJIETOK KPOBH, B TOM YHCJIC SIBIISIOIIMXCS KIICTKA-
MU HUMMYHHOH cucTeMmbl. M3BECTHO, YTO MOBBIIICHUE
00ILEro KOJINYECTBa JICHKOUUTOB M OTICIBHO KaXKIOTO
WX TIOJITHIIA ITO3BOJISIET MPOrHo3nupoBatk passurue UBC,
KpOME TOTO, MPaKTHYECKH BCE KICTOYHBIC DIIEMEHTHI
KPOBH, BKITIOYAsT JICHKOIUTHI, SPUTPOLUTEI H TPOMOOIIH-
ThI, BOBJICYEHBI B TIaTOreHe3 aTtepockiieposa [23]. Tak-
K€ U3BECTHO, YTO TPOMOOIUTHI IIPHHUMAIOT YIaCTHE B
pa3BUTUH OelIKa-TIPE/IIECTBCHHUKA B-aMUIONIa, U UX
HEKoTopass (YHKIHOHAIBHAS CXOXECTh ¢ HEHPOHAMH
MTO3BOJIACT MCIIOIB30BATh TPOMOOIIUTHI KaK MOJICIb ISt
uccienoBanus 6onesHu Anbireiimepa [24].

CHTHAJIUHT, OMOCPEJOBAHHBIA HHTEPICHKUHAMU
(IL) [R-HSA:449147], cBsizaH ¢ UX IUIEHOTPONHBIM
IeHcTBAEM Ha KJICTKH (BIHSHHE HAa POCT M BOCCTAHOB-
JICHUE TKaHEH, TeMaTOMOITHIECKUI TOMEOCTa3, a TaK-
K€ HAa MHOTOYMCIICHHBIC YPOBHHU 3aIUTHI OpPTaHU3Ma
ot martoreHoB) [25]. Hampumep, IL-1p sBasercs oc-
HOBHBIM MEAMATOPOM TIPH peaH3allH OCTPOQa3zHO-
ro OTBETa Ha YPOBHE OpraHM3Ma, a TAKKE B IPOIIEC-
C€ pa3BUTHUS MECTHON BOCHAIUTENIBHON peakuuu [26].
W3BecTHO, UTO HapylIICHHE KOPOHAPHOTO KPOBOTOKA C
HIIEMHUE MUOKap/ia MOBBIIIAET €r0 KOHIEHTPALUIO B
kpoBH [27]. Taxxe npu 601e3HU Anblreiimepa HaOII0-
JACTCsl MOBBIMICHHBIH YPOBEHb JAHHOTO WHTEPIICHKU-
HAa, 9TO CBHJETEIBCTBYET O MPOIECCEe BOCHIAICHHUS TIPU
JIaHHOM 3a0osieBaHuM [28].
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Curnanunr 1L-4 u IL-13 [R-HSA:6785807] B 1en-
TpaJbHON HEPBHOW CHCTEME CBSI3aH C HEHPOMPOTEKTOP-
HbIM geiictBueM IL-4 u IL-13 — monmaBneHuem BbIpa-
0OTKHM MeIuaTOpOB BOCHAJIECHHUS, YTO MOATBEPHKIAETCS
pe3yJbTaTaMyd HKCHEPUMEHTAIBLHOIO MOJIEIUPOBAHUS
Ha )KUBOTHBIX OoJie3Hn Autblreiimepa [29].

Curnaneubiii myTh [L-17 [KEGG:04657] BriTIOuaeT B
ce0st ceMelCTBO UTOKUHOB, cocTosmux u3 IL-17A-F, u
UTPaeT BAKHYIO POIb IPH OCTPBIX U XPOHUYECKUX BOCTIA-
mutenbHbIX peakuusix [30]. CemelictBo IL-17 nepenaer
CUTHAJIBl Y€pe3 COOTBETCTBYIOIINE UM PELENTOPhl 1 aK-
TUBUPYET HUKECTOSIIIUE TyTH, KOTOpble BKIoYaroT NF-
«B, MAPK u C/EBP, unayuupyronme 3KCIpeccuio aH-
TUMHUKPOOHBIX MENTH/I0B, IUTOKWUHOB U XeMOKHHOB [31].

@DaronuTo3 ABISETCS BXKHBIM NPOLIECCOM B peanusa-
WU 3a0IUTHONW (YHKIUH OPraHu3Ma OT WH(EKIHOHHBIX
naToreHoB. buonornyeckuii myth Fe-y-R-onocpenosanno-
ro ¢paromnurosza [KEGG:04666] peanusyer naHHyto QyHK-
LIMIO C OMOLIBIO Y penentopoB Fc KIeTok, oncoHu3upo-
BaHHBIX aHTUTEJIAMH, KOTOPBIC PACTIO3HAIOT YYKEPOIHBIN
marepuai. IlepekpectHoe cBsa3piBaHue Fc-y-penentopos
UHUIUUPYET CEPHI0 CHUTHAJIOB, OIOCPEIOBAHHBIX (oco-
PUIMPOBAHUEM THPO3WHA HECKOIBKUX OEIKOB, KOTOPHIE,
B CBOIO OYepe[lb, MPUBOIAT K 0Opa3oBaHuI0 (harocoMm B
pesynbTarte MeperpynnupoBKH aKTHHA IUTOCKENeTa W
pemonenupoBanus MemOpan [32]. CurHanbHblid myTh ¢a-
rocombl [KEGG:04145] 3anyckaercst Torga, kKorzpa cre-
I IYECcKUe PEeNTOPHI Ha IOBEPXHOCTH (haroIuToB pac-
MO3HAIOT JIMTaH/Ibl HA IOBEPXHOCTH 4Y>KEPOIHBIX YACTHILL.
[TpunobOperenne (arocoMamMu JTU30COMAIBHBIX MPOTEa3
B IIPOLIECCE CO3PEBAHUSI, A TAKXKE BbIAEIEHUE aKTUBHBIX
(hopM KHCIIOpO/1a BaYKHBI AJISI PACIIEIUICHUS Ty>KEPOTHBIX
BCIIECTB, HAXOMAMXCS B HUX [33].

BrIsiBIIeHHBIN B X0/16 OMOMH(POPMATHYECKOTO aHAIH-
3a curHanbHbIA MyTh Fc--R1 [KEGG:04664] B TyuHBIX
KIIETKaX HMHULUUPYETCS B3aUMOJICHCTBUEM aHTHUIeHa
¢ IgE, cB3aHHBIM C BHEKJIETOYHBIM JJOMEHOM (i-LIEITH
Rc-¢-RI. Ty4Hble KI€TKH aKTUBUPYIOT BEICBOOOXKICHUE
MIPEeIBAPUTEIbHO 00Pa30BAHHBIX I'PaHYJI, COAEPKAIIUX
OHMOTeHHBIC AMHUHBI U MIPOTCOTIINKAHBL. AKTUBAIHS (oc-
(ommmaser A2 BBI3BIBaCT BEICBOOOKICHIE MEMOPAHHBIX
JUIMJOB C IMOCIEAYIOIIMM Pa3BUTHEM JHUIIHUIHBIX Me-
JIMATOPOB, TaKMX Kak JeiKkoTpueHsl, a nmeHHo LTC4,
LTDA4, LTE4, u npocrarnanauasl, B gactHoctn PDG2.
CekpeTupyroTcst IUTOKUHEI, HanboJiee BayKHBIC M3 HUX:
TNFa, IL-4 u IL-5 [34, 35].

CurHanpHblii NIyTh penentopos JjekTuHa C-Tuma
[KEGG:04625] otBeuaer 3a dynkimonupoBanne CLR
KaK peLenTopoB pacrmo3HaBaHusi o6pa3oB (PRR) mms
JUTaH/I0B, MPOUCXOSIIUX W3 MATOTCHOB B JIEHIPHUT-
HBIX KJIETKaX, Makpodarax, HeiTpodunax u 1.1. Ilocne
cBs3biBaHMs JurannoB CLR cTUMynupyroT BHYTpHKIIe-
TOYHBIC CHUTHAJIbHBIE KacKaibl, KOTOPblE HHIYLUPYIOT

BBIPAOOTKY BOCHAIUTEIBHBIX IIATOKWUHOB M XEMOKHHOB,
CJIEJIOBATENIBHO, 3aIllyCKAKT BPOXICHHBIA WM aJIalTHB-
HBIM UIMMYHUTET K TIaToreHam [36].

BoBneueHHOCTh OOIIMX TEHOB MPEAPACIIONOKEHHO-
CTH K HCCJEIyeMbIM 3a00JIeBaHUSM B BBILIETIEPEUHC-
JICHHbIE OMOJOTHYECKUE ITyTH MOKET BIUSTh:

— Ha Tpolecchl HapaOOTKH LIUTOKMHOB M XEMOKH-
HOB, y4YaCTBYIOUIMX B Pa3BUTHU BOCIHAJICHUS B HEPB-
HOM U ceplieuHO-coCyaucTol cuctemax. Tak, mokasaHo,
YTO MHKPOTJIMSI UTPAeT KIOYEBYIO POJIb B aKTHBALUU
BOCHAIUTENbHOr0 mpouecca. KoauuecTBoO MUKPOIIIMU
yBeJIMYMBaeTcs y Jitojieil ¢ BA u B aKcriepuMeHTe ¢ MO-
nenupoBanueM BA y tpancrenneix mbimeit [37]. Hc-
CIIEIOBAHUS [N Vilro 1MOKa3bIBAIOT, YTO CEKPETUPYEMBIE
KJIETKAMH MUKPOTJIMM ITUTOKWHBI, B yacTHOCTH 1L-1j,
IL-6, TNF-a, INF-y, 1 XeMOKHHBI CIOCOOHBI YCHITUBATh
nMMyHHBIA OoTBeT [37]. Taxke M3BECTHO, UTO MHOTHE
UTOKKHBL, Hanpumep 1L-12, IL-23, IL-6, IL-1P, yua-
CTBYIOT KaK B Pa3BUTHU HEUPOJIeTeHEPAINH, TaK U SBIIS-
IOTCSl KITIOYEBBIMH dJIEMEHTaMU MIPU HEHPOBOCTIAJICHNUH,
OTOCPETOBAHHOM BTOPKEHHUEM JIEMKOIIMTOB B TOJIOBHOM
mo3r [38]. [Ipu UBbC noseimenue yposus IL-6 u C-pe-
AKTUBHOTO OeJika CBUAETEJICTBYET 00 YBEIMUYEHHUH T10-
paskeHus1 KOpOHAPHBIX cocyoB [39, 40];

— Ha W3MEHEHHE OTBeTa NpHU BO3ACHCTBUU NATO-
reHoB. [lpu sKkcrepuMeHTaIBHON TOcTaHOBKE BA Ha
MbIlIaX OBUIO BBIABIEHO, YTO BBEIEHHE MHMKPOOHBIX
MUMETHKOB MOMHUMO BBI3bIBAHUS CHJIBHOI'O CHCTEMHO-
ro BOCHAJMUTEIbHOIO OTBETa YCHJIMBAET HEHpoJereHe-
pauuto [41]. [Ipu UBC paznuunbie maToreHHbIE MUKPO-
OpPraHu3Mbl MOT'YT HAXOJUTHCA B aTEPOCKIEPOTUUECKOI
OJIIKE W TIONACPKUBATh MECTHYIO BOCHAIUTEIBHYIO
peaxiuto [42]. OqHAKO, HE3aBUCUMO OT TATOTEHOB, 00-
Hapy>KEHHBIX B OJISIIIKE, pa3BUBACTCsI CACTEMHOE BOCIIA-
JICHHE 32 CYET BBICBOOOXKICHUS IIMTOKUHOB. Hanpumep,
MapoJIOHTAJIbHBIE TIATOTEHBI, Takue Kak P. gingivalis n
Actinomycetes comitans, CHOCOOCTBYIOT OTBETaM CyOI10-
mynsanun Th17 kak B ceneseHke, Tak U B aT€POCKIEPO-
TUYECKUX MOPAXKEHUAX, YTO, B CBOIO OUYepPeb, yBEIUYU-
BaeT BHICBOOOXKIEHHE MHOYKECTBA MOILIHBIX LINTOKHHOB,
takux kak IL-1f3, IL-6 u IL-17 [42].

CUTHA/IbHbIE NYTU, OTBETCTBEHHbIE
3A METABO/IN3M HKHUPHbIX KUC/NIOT

BrisiBieHHbIe 00IIME T'eHbl NPEIpacloI0KEHHOCTH
K WCCIEIyeMBIM 3a00JICBaHMSAM TaK)Ke YYACTBYIOT B
cOopke muazmeHHoro JmmnonporernHa [R-HSA:8963898]
U PEMOJENUPOBAaHUM  JIMIOIPOTEMHOB  ILIa3Mbl
[R-HSA:8963899]. JlumonmpoTenHbl OYEHb HU3KOU
motHocTH (JITIOHIT) oGpa3yroTcst B Ie4eHH U TIEpeHO-
CSIT CHHTE3UPOBAHHBIN TaM TPUAIIWITIIMIIEPUH B IPYTHE
TKaHU opraHu3Ma. YacTHilpl JTUMONPOTEHHOB BHICOKON
wiotHocTH (JITIBIT) 0Opa3yroTcsi B OCHOBHOM B Tieue-
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HU U MEpeMeNIaloT HECKOJIbKO BHUJIOB JMIIUIOB MEXKIY
TKaHsSMH U IpyTUMHU JunonporenHamu [43]. Pemonenu-
pOBaHUE JUIONPOTEHHOB IJIa3Mbl MPEACTABISIET COOOH
MIOCJICAOBATEIBHOCTH COOBITHI, HAUMHAIOIYIOCS C TOTO,
9TO XHWIOMUKPOHBI, IIUPKYJIHAPYSI B OPraHU3ME, IIPHOO-
petatoT Mousiekyibl anonunporenHoB C u E u, B3aumo-
JIEHCTBYS C HHAOTEIUAIbHBIMU JIMIA3aMH, 3a4acTylo
TEpPSIOT OOJNBIIYI0O YaCTh CBOETO TPUAIMITIHICPUHA.
[lonBeprasch onycaHHBIM U3MEHEHUSIM, OHU CTaHOBST-
Cs1 OCTaTKaMH XMJIOMHKPOHOB, KOTOPHIE CBA3BIBAIOTCS C
peuentopamu JITTHII, npexne Bcero Ha MOBEPXHOCTH
KIeTOK medeHu. [lo Mepe HIUpPKYIMpPOBAHUS XUIIOMH-
kpoHoB, Ha JITIOHII Bo31ecTBYIOT JIMIIONPOTENHOBLIE
JIMMA3bl, PACHOTI0KEHHBIC HA SHAOTEIHANBHBIX TTOBEPX-
HOCTSIX KPOBEHOCHBIX COCY/IOB M BBIICIISIIOIINE JKUPHbIE
KHUCJIOTHl M TJMLEPHH. 3aTeM MNPOUCXOAMT HMX MOIJIO-
menue Tkansamu 1 JIITIOHII npespamaroTcs cHavyana B
JUIONPOTEUHBI MPOMEXYTOUHOH miotHocTu (JITIIIIT),
W Jjayiee B JUMONPOTEenHbl HU3KOM tuiotHocTr (JITTHIT)
[44]. PemonenupoBanue JITIBII Bxirowyaer B cebs mpe-
BpaieHue ceszanHoro ¢ JITIBII xonecrepuna B 3¢upbl
xoJecrepuHa (pemonenupoBanue cheprudeckux JIIBIT),
nepenoc aunuaoB JIIIBII B kieTku-munieHu ¢ perexe-
panwueii npe-BJINIBIT u npespamenue npe-p JIIBIIT B
nuckonmanbabie JITIBIT [45].

WnenTnunyupoBaHHbii B JaHHOM  HCCIEIOBa-
HUM OMOJIOTHUYCCKUN MyTh MeTabOJHM3Ma XOJIECTepHHA
[KEGG:04979] npu HapylieHUU ero (yHKIIMOHHPOBA-
HUSI MOJKET TPUBECTH K MOBBIIIEHHOMY PHCKY Pa3IHYHBIX
SHJIOKPUHHBIX PACCTPOICTB U CEPAEUHO-COCYUCTHIX 3a-
6oneBanuii [46]. O61IME reHbI IPEAPACTOI0KEHHOCTH K
UBC u 6one3nun Anbureiimepa PLA2G1B, PLA2G2A
YYacTBYIOT B peaju3aluu 3QUPHOTrO JUIUAHOTO 0OMe-
Ha [KEGG:00565].

BrlisiBIeHHbIE IyTH INE€peBapUBaHHUS M BCACHIBAHUSA
xupa [KEGG:04975] u cexperun xemun [KEGG:04976]
ABIIAIOTCS MYTSIMM, KOTOpPblE NPUHUMAIOT y4yacTHE B
CHIDKCHHU YpOBHs XoJecTepuHa. CQOUHTONAIHIHBIN
curHanbHbIA yTh [KEGG:04071] otpaskaeT poiib chuH-
TOMHEJIMHA W TMPOIYKTOB €ro MeTaboIM3Ma B KauecTBE
BTOPUYHBIX MECCEHKEPOB MPHU PA3INIHBIX METa00NH-
YECKUX IIpolieccax.

TaxuM 00pa3oM, I3MEHEHNE TUIHIHOTO 0OMEHA IpU
YYaCTHH JIAHHBIX CUTHAJIBHBIX U METa00JIMYECKHUX My TeH
MOJKET NPUBOJUTH K HAPYIICHUIO COCTOSHUS COCYIH-
CTOH CTEHKH, a UIMEHHO HMH(QUIBTpPAUK CTEHOK apTe-
pHil aTepOreHHBIMH JIMIIONPOTEUAAMHU, (DOPMUPOBAHUIO
CKJIEPOTUYECKHX OJISAIIEK M CTEHO3UPOBAHMIO, a TAKXKe
00pa30BaHUIO TPOMOOB, U SBIISATHCS KIIOYEBBIM 3BEHOM
natoreneza UBC [47].

B rooBHOM Mo3re ipu BA Hapymenne metabomu3ma
JUIKJO0B, @ UMEHHO INOBBIILIEHUE YPOBHS XOJEeCTEepHHa,
CIIOCOOCTBYET MHTETPALUH [-aMUIIONa B KICTOYHYIO

MeMOpaHy, 4TO B KOHEYHOM HTOT€ TMOBBIIIAET YPOBEHb
LUTO30JIbHOTO KaJlbLMsl B acCTPOLUTaX M MPUBOAMUT K
rubenu HeilpoHa [48]. Bricokuil ypoBeHb XonecTepuHa
B IUIa3M€ IIPHU ONPEICICHHBIX YCIOBUIX CIIOCOOCH pas-
pYIIATh TeMaTORHIE(PATUIECKIA Oapbep, YTO ITO3BOJIS-
€T CHCTEeMHBIM MakpogaraM MPOHUKHYTh B TAPCHXUMY
MO3ra ¥ WHUIIMUPOBATh HepoBocmaneHue [49]. Brico-
KUI YPOBEHb JIMIIONPOTEHMHOB HU3KOHM IJIOTHOCTH YCH-
nmuBaeT aktuBHOCTh BACE-1, Biusier Ha Oenok—mpen-
[IECTBCHHUK [(-aMIIONAA B YXYALIIaeT CHHAITHICCKYIO
aktuBHOCTH [49]. Takxke amomunpotens-E, neiicTByto-
Ui KaK IEPEHOCUNK XOJICCTEPHHA, MOKET CBS3BIBATHCS
C TTOBEPXHOCTHBIMHU PEICTITOPAMHU KICTOK M MO3BOJIICT
IIPOU3BOAUTH NPOLYKTbI OKHUCIEHUA XonecrepuHa [50].
Hapymenns merabonu3Ma COHUHTONUIHNIOB, B YAaCTHO-
CTU €ro THAPOJIM3, MOTYT HMPUBOIUTH K 0OpPa30BaHHIO
nepaMuzia, KOTOpbId mpu 60sie3HN AJbLreiiMepa BbI3bl-
BaeT aloNoTO3 KJIETOK FOJ0BHOro Mo3ra [51].

CUTHA/IbHBIE NYTU, BOB/IEHEHHbIE
B ®YHKLMOHUPOBAHUE HEPBHOM
CUCTEMBDI

I'enwsr nmpenpacnonoxxennoctd kK MUBC u Gone3nu
AJbureiiMepa ydacTBYIOT B Ilepejade CHUTHala Io-
cpenctrBom NTRK2 (TRKB) [RHSA:9006115] u B
CUTHAIBHOM IyTH Helporpoduna [KEGG:04722], npu
sToM nepenava curnana nocpeacteom NTRK2 (TRKB)
[RHSA:9006115] sBnsiercs 4YacTbio HACHTUQUIHPO-
BAHHOTO IyTH Iepegayu curxaia nocpeactsom NTRKs
[R-HSA:166520]. Tlepemaua curHajia TOCPEIACTBOM
NTRKSs mnpencraBiser co0ol Tiepeaadyy CUTHAIOB OT
ueiiporpopunos (NGF, BDNF, NTF3 u NTF4) ue-
pe3 peuentopsl THpo3uHKHHA3bl NTRK, obnanaromime
MIPEMOYTHTEIBHBIM HEHPOTPOPUHOBBIM JIMTAHIIOM, U
peuentop cmeptu p75SNTR, KoTOpbIil B3aUMOEHCTBYET
co BceMU HelpoTpoduHamu [52].

WnentuduuupoBanHbii Onoyioruueckuii mythb (hop-
MUPOBAHUS aMIIOUAHBIX BOJIOKOH [R-HSA:977225]
M3HaYallbHO OIMKCHIBAJICS KaK peakius MoJIMMepU3alliy,
3aBUCSIIAs OT HyKJiearuu [53], HO B HACTOsIIEEe BpeMs
CUMTAETCs, YTO OHA 0oJiee CII0XKHAs, C MHOXKECTBEHHBbI-
MU COOBITHSIMH BHE ITyTH, IPUBOAAIIMMHU K (popMupo-
BAHUIO MHOXECTBAa OJUTOMEPHBIX CTPYKTYp, [OMHMO
bubdpwn [54].

Takum 00pa3oMm, paccCMOTpPEHHbIE B JJaHHOM OJIOKe
CUTHAJIbHBIE TIYTH BIUAIOT HA (OPMUPOBAHHE aMHIIOH]I-
HBIX BOJIOKOH U Ilepeady CUrHaja ¢ IOMOLIbIO HEHpOTpo-
(UHOB, YTO MOXKET ONOCPENOBATh U3MEHEHHs B HEPBHOM
cucreme ripu bA u B cepaeuno-cocyaucroii npu UBC.

[Ipu BA curHanbHbBIH TyTh GOPMUPOBAHUS AMHIIO-
WJIHBIX BOJIOKOH OTBETCTBEH 3a 00pa3oBaHUE [-aMHIIO-
una (AB), KOTOPBIN JICKUT B OCHOBE THITOTE3bI aMUJIOH]T-
Horo Kackaaa BA. Ona mpeanosnaraer, 4To MPOTyKITUS
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(parmenToB AB,, HaKaIIMBAETCS B MO3IE C BO3PACTOM
[55]. Hetiporpodudeckue (HakTopbl MOIYIHPYIOT CH-
HaNTHYECKYIO MJIACTUYHOCTh U YYaCTBYIOT B IIpOLECCax
(bopMupOBaHUS TaMSTH, TIOHIKCHHBIC YPOBHHU, HAIPH-
Mep BDNF, MoryT criocoOcTBOBATH JIereHepaliu 1 Mmpo-
rpeccupyrolieii aTpoui HEHPOHOB B TOJIOBHOM MO3Te,
nopaxkeHHOM BA [56].

Y nanuentos ¢ BA ypoBenb AP,, yBENMYEH U TaKKe
HaOII0TaeTCsl OTIIOKEHUE TAHHOTO Oellka B MHOKapIe
[57, 58]. Hupkymupyromuii AR, yXyamaer aTepockie-
P03 COCYIOB U MPEACKA3bIBACT IPOTPECCHPOBAHHE 3a00-
JIEBAHUSI U CMEPTHOCTb OT CEPACUHO-COCYJUCTHIX 3a00-
JeBaHUi y manueHToB ¢ yctanosineHHoi MBC [58].

CUMHA/IbHBIE NYTWU, BOB/IEYEHHbIE
B ®YHKUMOHUPOBAHME CEPAEYHO-
COCYAUCTOMN CUCTEMBI

buonornueckuit myts VEGFA-VEGFR2 [R-HSA:
4420097] saBnsieTcsT COCTaBHOM YacThIO CHUTHAJIMHTA
nocpenctesom VEGF [R-HSA:194138] u otHOCcHTCS K
nporieccy anruorenesa. Ilepemaua curnamoB VEGFA
nocpenctBoM VEGFR2 sBisiercss OCHOBHBIM MyTeM,
AKTUBUPYIOIIUM aHTUOTeHe3 4Yepe3 MHAYKLHUIO HpOJu-
(heparuy, BEBDKUBAHUS, TIPOPACTAHUS U MUTPALIUIO YHJIO-
TEIHAJIbHBIX KJIETOK, a TAKKe C MOMOIIBIO YBEJINYEHUS
npoHUIaeMoctu suorenus [59]. Hapymenue Gyskimm
VEGF cBs3aHO ¢ BOCHAIUTEILHBEIMU 3a00JIEBAHUSIMH,
BKJIIOYast arepockiiepos [60, 61].

WneHTndunupoBaHHbIi OMOIOTHYECKUHN yTh Kacka-
noB xomriementa u koaryisiiuid [KEGG:04610] 00b-
eJMHSACT B ce0e CHCTEMY KOMIUTMMEHTa U KOATYJISIHIO
KpoBH. OCHOBHBIMHM TIOCJIEICTBUSIMH aKTHBAIIUH KOM-
IUIEMEHTa SIBJISIOTCS OTICOHU3AIMs TAaTOTEHOB, PEKpPY-
TUPOBAaHUE BOCMAIUTENBHBIX U UMMYHOKOMITETEHTHBIX
KIIETOK U MPSMOE YHUUTOKEHHUE MaTOreHoB [62].

buonornyeckue mNyTH aKTUBAallMM, CUTHAJIMHIA W
arperauuu TpomMOouuToB [R-HSA:76002] u aktuBanus
tpomboruToB [KEGG:04611] siBnsitoTCsl aHaoramMu u
peanu3yrTcs IPU IOMOLIHY 00X TeHOB MIPEIPACIIONO-
skenHocTH K UBC u 6onesnn Ambireiimepa. AKTUBaNUs
uaTerpuna ollbp3 (rmukonporenna Ilb/Illa), Hanbonee
PacIpoCcTpaHEeHHOTO pEeLenTopa TPOMOOIUTOB, YCHIIH-
BAaCT aIre3uI0 M MPHUBOAUT K B3aUMOICHCTBUIO TPOMOO-
IIUTOB MEXy cO00ii U ux arperanuu [63].

I'eHBI PEIPaCION0OKEHHOCTH K HCCIIEAYEMBIM 3a00-
JIEBaHUSIM YYacTBYIOT B CUTHaJIuHTE ¢ nomoinbio PDGF
[R-HSA:186797]. ®aktop pocta TpomborutoB (PDGF)
SIBIISICTCSI MOIITHBIM CTUMYJISITOPOM POCTA U MOJBHIKHO-
CTH KJIETOK COEIMHUTENIbHOW TKaHU, TAKUX Kak (hudpoo-
JIACThI U KJIETKH TIIaJIKUX MBIIIL, & TAKKe KalUJUIIPHBIX
SHAOTENNAIBHBIX KIIeTOK U HelipoHoB. PDGF cas3siBaet
U aKTUBUPYET PELEnTOpPbI 0 U 3 MPOTEMHTUPO3ZUHKHUHA-
3b1 (PTK), KoTOpBIE B CBOIO OYEpelb AUMEPU3YIOTCS U

moBepraroTest ayroochopuInpoBaHuio. 3aTeM CauThl
(dhochopunpoBaHHs TPHUBJICKAIOT HIDKECTOSIIUE -
(hekTOpBI JUIS TIepeIadu CUTHATIA B KIIETKY [64].

buonornveckuii myTh TPOMOOIIMTAPHOTO TEMOCTA3a
[R-HSA:418346] perymupyercsi reHaMu MPEAPACIIOINOo-
s)xeHHOCTH K MIBC u Gonesnn Anbureiimepa. [Ipu HOp-
MaJIBHBIX YCJIOBUSX SHJIOTEINN COCYIOB TIOJICPKUBAET
paciMpeHre cocyJ10B, MHTUOUPYET aJre3ur0 U aKTHBa-
[IUI0 TPOMOOIIUTOB, MTOAABIISAET KOATYJIALUIO, YCUIINBAET
pacuerienne (GuOpuHa W 00siafaeT MPOTUBOBOCIIANIHU-
TeNbHBIM XapakTepoM. [Ipu ocTpoii cocynucToi TpaBMe
peobsaaloT  Ba30KOHCTPUKTOPHBIE MEXaHU3MbI, W
SHAOTENUI mpuodpeTaeT MpOTPOMOOTHYECKUH, MPOKO-
aryJILMOHHBIM M NMPOBOCHATUTENBHBIA XapakTep. JTo
JIOCTUTAeTCsl 3a CYET YMEHbLIEHHs SHIOTEeINAIbHBIX
JWIIaTallMOHHBIX areHToB: azeHo3uHa, NO u mpocra-
[UKJIMHA; W TIpsIMBIM Bo3zaeiictBuemM AJ[D, cepoToHm-
Ha ¥ TPOMOOKCaHa Ha KJIETKH TJIQJKHX MBIIII] COCY/IOB,
9T0OBI BBI3BAaTh MX COKpAIlcHHWE. B HOpMamabHBIX yc-
JIOBUAX JIAaMMHAPHBINA MOTOK HHAYLUPYET HKCIPECCHUI0
cocyauctoro sujpotenuaibHoro COX-2 u cuHTe3 mMpo-
craruknuHa (PGI2), koTopsIii, B CBOIO 0Yepesb, CTUMY-
JTUPYeT aKTHUBHOCTH SHIOTEIHATLHOW CHHTA3bl OKCHJIA
aszora (eNOS). PGI2 u NO npoTnBOAeHCTBYIOT aKTH-
BallUM U arperanuu TpoMOOIMTOB, Kak u 3kT0o-AJ[Daza
CD39, koTopasi yMEHbIIAET aKTUBALIMIO U PEKPYTUPOBA-
HUE TPOMOOIUTOB ImyTeM MeTabosnmsma AJlD, BBICBO-
0oxaemMbIx TpoMOoIUTaMu [65].

Takum 00pa3oM, TeHBl NPEAPACHOIOKEHHOCTH,
obmme nnst BA u WBC, BoBieueHb B peallu3aiuio
CUTHAJIBHOM TPaHCAYKLWH, BIUSIOMIEH Ha MPOLECCHI
aHTUOreHe3a, CBEPThIBAEMOCTb KPOBH, BBIPaOOTKY BOC-
MaJIUTENbHBIX UTOKUHOB, HApyIIEHUE KOTOPBIX UMEET
Oosbioe 3HaYeHue npu pazsutuu MBC, a Taxke BA.

IToBermennsrit  yposens VEGF, wnaynmpyemoro
TUIIOKCHEH (akTopa pocTa 3HIOTENHS COCY/IOB, ObLI
00HapyKeH B CTCHKAX COCYJOB, IIEPUBACKYIIIPHBIX OT-
JIOKECHHSX, aCTPOIMTAaX W MHTPATEKAJIhbHOM IPOCTPAH-
CTBE MAaIlMEHTOB C 0OJEe3HBbIO AJbIreiMepa U COOTBET-
CTBOBAJI XPOHNYECKON 1epeOpanbHOit runonepdysnn u
TUIIOKCHH, KOTOpbIe HAOIIOIaINCh y 3TUX JrojeH [66].
Taxoke, nomumo VEGF, cocybl ronoBHOTO Mo3ra mpu
BA BBICBOOOXIAIOT MOJIEKYJIBI, CIIOCOOHBIE BIHATH Ha
anruorenes, B Tom uucie [L-1f, IL-6, IL-8, TNF, TGF}j,
MCP1, TpoMOUH, aHTHOTIOATHH 2, UHTETPUHBI VB3 u
aVB5 u HIF1a [66].

CUTHA/IbHBIE MYTU, BOB/IEMEHHDbIE
B PEA/IN3ALUIO ¢YHKLI,MI71
BHAOKPMHHOW CUCTEMDI

MetabomusM  menTuaHBIX  ropMoHoB  [R-HSA:

2980736] BriroyaeT B ce0sl MOTUGPUKAITUIO TTENTHIHBIX
TOPMOHOB ITOCJIE CEKPEIMHU M UX Pa3I0KEHHE BHEKIICTO-
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HBIMH TIpoTeazamu. Hanpumep, MmeTaboau3M UHCYIMHA
npoTekaer B 4 3rana: o0pazoBaHHE BHYTPUMOJIEKYIISP-
HBIX AUCYIb(GUIHBIX CBsI3eil, 00pa3oBaHHe KOMILICKCOB
MPOMHCYJIMH-IIMHK-KAJIbIHHA, MTPOTEOJIUTHUYECKOE pac-
merieHue nmpouHcysmHa ¢ nomornpo PCSK1 (PC1/3) n
PCSK2 ¢ oOpa3oBaHreM UHCYJIMHA, TPAHCIOKAIIHS Ipa-
HyJI 9epe3 IIUTO30JIb K TIa3MaTHIecKol MeMOpaHe. A BO
BpeMs MeTaboIm3Ma aHTHOTEH3NHOTeHAa B AaHTHOTEH3UH
PCHMH pacIICeIUIsieT aHTHOTCH3WHOTCH ¢ 00pa30oBaHHEM
anruoreH3nHa . JIBa C-KOHIIEBBIX aMUHOKHCIOTHBIX
OCTaTKa aHTMOTEH3WHa | 3areM yJalstoTCs aHTHOTEH-
3UH-TIPEeBpaIlaoIM (HEpPMEHTOM, PaCIOJIOKEHHBIM Ha
MOBEPXHOCTH DHIIOTEIHAIBHBIX KIETOK, ¢ 00pa3oBa-
HUeM aHruoteHsuHa I, akTUBHOTO menTHja, KOTOPbIH
BBI3BIBACT CY)KEHUE COCYI0B, PE30POIIMI0 HATPHS U XJIO-
puaa, SKCKPELUHUIO Kalus, 3aJePKKY BOJBI M CEKPELUI0
anpjaocTepoHa [67].

Buonoruyeckuili myTh anbAOCTEPOH-PETYIUPYEMOU
peabcopbuun Hatpust [KEGG:04960] orpakaeT poib
anbJoCTEpOHA B METa0OIU3ME HATPUs U Kallus, CBA3bI-
BasICh C PELENTOPAMU SIUTENUAIBHBIX MUHEPAJIOKOPTH-
KOHJIOB B KJIETKaX IOYEYHOTO COOMPATETHHOTO MPOTOKA,
JIOKaJTM30BAHHBIX B IUCTAILHOM He(pOHE, CIIOCOOCTBYS
peabcopOIMK HATPUS M SKCKPEIHU Kaius [68].

B xoze ananm3za o0oramieHus TakKe ObUTH BBISBICHBI
MyTH, MIOBCEMECTHO BCTPEUAIOIIMECS B HOPME, U U3Me-
HEHUsI PEryJISIlUKA KOTOPBIX HAaOMIOMAIOTCs TpuU O00Ib-
IIIOM YHCJIE pa3NuIHbIX 3a0oneBannii. K manHoii rpymme
OBUIM OTHECEHBI CIIEIYIONINe MyTH: Mepeaadya cCUrHaia
BHYTpb KkjeTku [R-HSA:162582], curnanbHbli myTbh
KIJIETOYHBIX OTBETOB Ha cTpecc [R-HSA:2262752], cur-
HAJIMHT pelenTopHbIX TUpo3uHKuHAa3 [R-HSA:9006934],
curanbhbiii mytb MAPK [KEGG:04010], curnams-
Held nyTh FoxO [KEGG:04068] u FOXO-omocpe-
noBaHHas TpaHckpunuus [R-HSA:9614085], cur-
HamBHBIA TyTh  (ochommmazer D [KEGG:04072],
curHanbHbl yTh TGF-B [KEGG:04350], curHaibHbII
nyTh HIF-1 [KEGG:04066], Onosiorudyeckoe OKUCIICHUE
[R-HSA:211859], OuoiorHyecKuii myTh OpraHU3aIH
BHeksieTouHoro Matpukca [R-HSA:1474244], nerpana-
IIUsl BHEKIIETOYHOTO MaTtpukca [R-HSA:1474228], do-
kanpHo# aaresnn [KEGG:04510], perynsauus Tpancmop-
Ta W TOTJIONIEHHSI HHCYIMHOTIOA00HOTO (pakTopa pocrta
(IGF) Oenkamu, CBSI3bIBAIOIIUMH WHCYJIMHOTIOAOOHBIH
(akrop pocta (IGFBPs) [R-HSA:381426], curnanbHblii
nyTh Ras [KEGG:04014].

OTnenpHO clefayeT OTMETUTh poib reHa ApoE4 B
pa3BUTHH HCCIIEeIyeMbIX 3aboieBaHuid. B uccnenopa-
HUHM, U3y4YalOUIeM CBsI3b MEXKIy IOCMEPTHOW HEBPO-
natoyioruel Ooyie3HU AJTbIreiiMepa M UIIEMHYECKON
0ose3Hu cepiua, ObLIO BBISBIEHO, YTO Yy HOCUTeNei
amnenss ApoE4  cyluiecTByeT 3HauMTelbHas B3aUMO-
cBs13b [69]. Anonunonporent E (ApoE), yaactByromuit

B BOCITPUUMYMBOCTH K BA, perynupyeT TpaHcnopt u Me-
Tabonu3M munuaoB [44]. Tawke B 2018 r. BbIlIUIa CTAThs
W. Chen u coaBT., KOTOpbIE paccMaTpUBaiu I'eH ApoE4
B kauecTBe MuuieHu mis jgeuenust UBC u 6onesnu Ajb-
urefiMepa. beuto mokazaHo, YTO MyTallWs TeHa arojH-
nporenHa E BeneT k HapymeHHIo oOMeHa X0JIeCTepHHa,
9TO MOKET IpuBecTH K pa3Butuio UBC u 6ome3nn Anb-
ureiimepa; mytarusi ABCA [ TpuBOIUT K TOMY K€ CaMo-
My pe3yJabTaTty [6].

[omy4eHHbIe pe3yNbTaThI COTIACYIOTCS C PE3YNIbTa-
TaMH HCCIICAOBAHUSA, B KOTOPOM H3y4alllCh BAPHAHTHI
T'CHOB, CIIOCOOCTBYIOIIHE BOCHAIICHUIO U METabOIM3My
XOJIECTEpPHHA, B CBSI3U C OCTPHIM HH(DAPKTOM MHOKap.a
u OonesHesio AnbureiiMepa. B pesymnbrare OblIO ycTa-
HOBJICHO, YTO OCTPBIN MH(APKT MHOKapAa u bA umeror
o0nIMe reHeTuYecKre NPeAnoChUIKH, CBI3aHHbIE C METa-
00JIM3MOM XOJIECTEpUHA M YCHICHHEM PEryJIsIUu BOC-
nanenus [70].

Takum 00pazom, MPOBEJEHHOE HCCIEIOBAHUE CHUT-
HaJbHBIX M METa0OJIMYECKUX IyTeH AEeMOHCTPHUpPYET,
9TO T'eHBI, ACCOIIMUPOBAHHBIC C 00JIC3HBIO0 ATIbIITeiMepa
U MIIEMAYECKOH OOJIE3HBIO CeplIa, yJacTBYIOT B IIPO-
meccax, CBSI3aHHBIX C THOETBIO KIETOK, IOAICpKaHHEeM
BOCTIAJICHHSI, METa0OIM3MOM JKUPHBIX KHUCIIOT, a TAKKE C
(DYyHKIIMOHMPOBAHIEM HEPBHOM, CEpACYHO-COCYANUCTOM
1 SHJAOKPUHHOM CHCTEM.

3AK/NOYEHUE

B pesynbraTte uccienoBaHusi ObUIM BBISBIEHBI 69
obmmx s BA u UBC OGuosnoruyeckux myTei, cpeau
KOTOPBIX BaXXHYIO POJIb B M3MEHEHUU BHYTPU U MEXK-
KJIETOYHBIX B3aUMOJEHCTBUH KJIETOYHOIO roMeocTasa
MOTYT HMIPaTh ITyTH, YYaCTBYIONINE B TMOCTH KICTOK;
CBSI3aHHBIE C BPOXXJAECHHOM MMMYHHON CHUCTEMOM; OT-
BETCTBEHHEIC 32 META0OIN3M JKUPHBIX KUCIIOT; a TaKKe
MIPOLIECCH CUTHAJIBHON TPaHCIYKIMM, BIHAIOLIME Ha
(DYyHKIIMOHMPOBAHNE HEPBHOW CHCTEMBI, CEpIIEUHO-CO-
CYIMCTOM CHCTEMBI, YHIOKPUHHON cucTembl. [lomyuen-
HBIC Pe3yJIbTaThl MO3BOJSIOT MPEINOI0KUTh HATMUNE
psAaa MEXaHWU3MOB BIMSHHS TE€HETHYECKHX (aKTOPOB
Oosie3Hn AnbrreiiMepa U MIIEMHUYECKOi O0Ie3HH cepl-
11a Ha MIPOIIECCHI Pa3BUTHS TAHHBIX 3a00JICBaHH.

Wcxons 3 yyacTusi CUTHaJIBHBIX ITyTEH B Ipolieccax,
OMKCAHHBIX BBIIIE, MOXHO TMPEANOIOKUTh, YTO TEHBI
MIPEPACIIONOKEHHOCTH, BOBJICUECHHBIE B peaU3alHI0
JAHHBIX MyTEH, peryaIupyroT MPOLECCHI:

— arnonTo3a, Kak HeMPOHOB, TaK U KapIUOMHUOLIUTOB;

— HapabOTKU BOCHAJIUTEIbHBIX LIUTOKMHOB U XEMO-
KHMHOB U, KaK CJIEZICTBHE, [TOJIJIepKaHNE BOCTIATUTEIIbHO-
ro mpoiiecca;

— MeTabonu3Ma JUIHIO0B, IPU W3MEHEHHH KOTOPO-
o MOTYT OOpPa30BBIBATBHCS CKICPOTHUYCCKHE OJIAIIKA
Ha CTEHKax COCYJIOB W MPUBOANTH K pazsutuio MbC, a
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TAKXE MPU ONPEACICHHBIX YCIOBUAX MOKET BO3BHUKATH
HeﬁpOBOCHaHCHI/Ie B I'OJIOBHOM MO3I€;

Ire

— (opMupoBaHus B-aMIIIOn1a, Kak B TOJIOBHOM MO3-

, TaK U B MUOKapae;

— AHI'MOreHe3a, B YaCTHOCTU IIpU BA moBswimaercs

ypoBenb VEGF B crenkax cocynos.

PesynbraThl JaHHOTO HCCIIEIOBAHHUS 00ECIICUNBAIOT

Oosee rryboKoe MOHMMaHUE MOJICKYJISIpPHO-TeHETHYe-
CKHX MEXaHH3MOB COYETAaHHOI'O Pa3BHUTHs HCCIEIye-
MBIX 3a00J€BaHUH U UX KOPPEKTHOTO JICUCHUSI, & TAKKE
ABJISIIOTCA MIPEANIOCBUIKAMU K ﬂaﬂbHeﬁIHeMy N3YyYCHHUIO
JAHHBIX ITaTOJOTHUH.
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