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Pestome. VIsyyeHre reHeTUKM CYMLUAAIBHOTO IIOBElEHMA MOXKHO YCIOBHO Pasfie/llNTb Ha HECKOJIbKO 3Ta-
moB: 1) aTam KIacCM4YecKUX METOHNOB IICMXOTeHEeTMKI; 2) 3Tall IOMCKa TeHOB-KaHOMIATOB; M 3) 3Tall IOoMCKa
MapKepoB Ha OCHOBe INMMPOKOTreHOMHbIX accomyanmit (GWAS). Tlouck acconmanuii ¢ reHaMy-KaHAUaTaMu
IIATEeNbHOE BpeMsi ObII IOCBSILEH OCHOBHBIM HeIPOMeIMAaTOPHBIM CHCTeMaM Mo3ra (CucrteMa CEpOTOHMHA,
kaTexonaMuHoB, TAMK, B0306y)X/jaiolux aMiMHOKUCIOT U [ip.), ¥ JIMIIb B HOC/EIHUE TOJbl — FeHaM CUCTeMBI
cTpecc-pearnpoBanus u HeliporpoduHam. IllupokoreHOMHbIe MCCIEOBaHMs Ha OCHOBE YMI-TMOPUAM3ALIUU
00OHAPYXUIY MHOXECTBO acCOLMAIMIil C TeHaMy, MIMEIOLMMY OTHOIIEHNe K IIpoleccaM pasBUTH U POpMIU-
pOBaHNUA HEPBHOW CUCTEMBI, HEMPOIJIACTUYHOCTM, MEXKK/IETOUHbIM B3aMMOAENCTBUAM, KJIETOYHON aAre3nn
u nponudepanyy, BHYTPUKIETOYHBIM CUTHAJIBHBIM CUCTEMaM, ¥ TakKe K MMMYHHBIM peakumsM. ITO IIOf-
TBep>KJaeT LIeHHOCTb MOJeJIell CTpecc-YA3BUMOCTHU M CTpecc-Ayare3a, B KOTOPhIX 00/IbIlIoe BHUMAaHUe Yyens-
€TCs paHHMM 3TalaM pa3BUTUA MO3Ta U CONYTCTBYIOIIEN MM BBICOKON HePONIACTUYHOCTH, a TAKXKe YKa3bl-
BaeT Ha POJ/Ib XPOHMYECKOTO BOCIHAJIEHUs U aCCOLMMPOBAHHBIX ¢ HUM HapYLIEHMII IICUXMYECKOTO 310poBbs. B
1O ke BpeMs, GWAS B CyMUIMZONOTUY PeKO MOATBEPXKAAIOT Pe3y/lIbTaThl APYT APYra, YTO MOXKET ObITb CB-
3aHO C Pas3IMYHBIMK [preMamy 61oMHGDOPMATUKY, PA3TNIMAMU B ONMUCAHUY (PEHOTUIIOB U OU3AiTHE MCCIIe-
moBaHusl. HeoOxommmbl fanbHeille MCCAEOBaHUA IO BCEM TPeM HAMPAaBIEHMSM, C IPUBIEYEHUEM, B TOM
4yC/le, CEeKBEHUPOBaHUA HOBOTO IIOKO/IEHNA, B YaCTHOCTH, IIOIHO9K30MHOTO CEKBEHMPOBAHMA.

Knouesvie cnosa: camoyouiicTBo, CynnmaaabHoe MOBeieHNe, TIOTHOTeHOMHBIE aCCOLMATUBHBIE MCCTIE0Ba-
HUA, T€HbI, CBA3aHHbIE C Pa3BUTUEM HEPBHOI CUCTEMBI, CTPECC-YA3BUMOCTb, HEMPOIIIACTUYHOCTb.
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Rozanov V.A.!, Mazo G.E.? Kulemin N.A.**, Gorbachev A.Yu.*, Kasyanov E.D.?
!Saint-Petersburg State University, Saint-Petersburg, Russian Federation
Bekhterev National Medical Research Center for Psychiatry and Neurology, Saint-Petersburg, Russian Federation
Federal Research and Clinical Center of Physical-Chemical Medicine
*Zenome, Moscow, Russian Federation

Summary. Studies of suicide genetics can be divided into 3 periods: 1) period of classical methods of
behavioral genetics; 2) candidate genes association studies, and 3) genome-wide association studies. The
majority of studies using candidate genes strategy has been dedicated to main neurotransmitter systems
(serotonine, catecholamines, GABA, excitatory aminoacids system, etc.) and in the last decade—to genes of
the stress-reactivity system and neurotrophins. On the other hand among main GWAS findings are genes that
are involved in neurodevelopment, neuroplasticity, cell adhesion and migration, proliferation and intracellular
signaling, as well as immune system functions. We consider it a confirmation of the relevance of the stress-
vulnerability models that imply key role of the early development and involvement of the neuroplasticity, as
well as models that focus on stress as a systemic reaction of the organism in pathogenesis of suicidal behavior.
It should be noted that findings of different GWAS studies most often do not coincide and in general produce
rather heterogeneous picture. It may be due to differing bioinformatics approaches, phenotypes description
differences and study design peculiarities. We consider that more research is needed in all three directions
with involvement of NGS approaches, in particular whole-exome sequencing.

Key words: suicide, suicidal behavior, GWAS, neurodevelopmental genes, stress-vulnerability, neuroplasticity.

9BOMIOLMIOHHO-3TO/IOTUYECKOI TOYKM 3pEHMs
CYMLMAANbHOE IOBeNeHNe YacTO PaccMaTpu-
BaeTcsi Kak ocobasi Gpopma MoBefeHNs, IPUCY-
masa MCKIIIYUTE/IbHO ‘IeHOBeKY 1 uMernasn 6I/IO}IOFI/I—
YeCKyI0 IPUPOAY, ¥ B YeM-TO HAIIOMMHAIOLIAs CaMO-
HOBpeXXAalolliee MOBefeHUe, IPUCYIiee U UeI0BeKY,
U XUBOTHBIM [5]. 3aBepieHHOE CaMOyOUIICTBO Yalie

BCETO ACCOUMMPOBAHO C ICUXMYECKMM PacCTpOIi-
CTBOM, OJJHAKO BCTPEYAETCA M BHE ICUXMYECKON II1a-
tonoruu. CeMeNHbII XapaKTep CyMLUMAA ABIAETCA
OCHOBaHMEM IJIs ITIOMCKA TeHeTUYeCKUX (PaKTOPOB,
JIeXXAX B €r0 OCHOBE U, BO3MOXXHO, II€PEKPhIBAIO-
IUXCA C MapKepaMM IICUXMYECKUX PacCTPONCTB [2,
4]. B mocnenHue mecATUIETUS BCe Yallle BbICKa3bIBa-
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eTCsA MbIC/Ib, 4YTO TeHeTU4ecKre MapKephl CYUIUANb-
HOro moBefeHNs (K KOTOPOMY OTHOCAT CYMLMH, CY-
UIVIaTbHbIe TONBITKM ¥ VHOTA — YCTOYUBBIE CYM-
LyJja/IbHble MBICTIM M HaMepeHMs) MOXHO OygmeT uc-
HO0/Ib30BATh I NMPEeAMKLINYN CYULUAANIbHOCTH [3].

VccnenoBanus B OOMacTy T€HETUKM CYULIUIAIb-
HOTO IOBEJEHNs YCIIOBHO MOTYT OBITh pasfielieHbl Ha
HECKOJIPKO 9TAaIloB: 1) 3Tall MCIIONIb30BAHMA METOMIOB
KJIACCUYECKON IICUXOTeHEeTUKM (ceMeitHoro, 6nmsHe-
IJOBOTO M METOJa IPMEMHBIX JeTell); 2) 9Tall IOWC-
Ka accolainuii ¢ reHaMu-KaHgupgaTamu (association
u linkage studies), u 3) aranm MWMPOKOreHOMHBIX ac-
conyatuBHbIX uccnenoBauuii (GWAS). Kaxppiit us
9TUX ITATOB BHEC CBOV BK/IAJ[ B IOHMMaHWe T€HETH-
KM CYMIUJIA, HO OLIEHKM HAC/IefyeMOCTV CYUIUIAb-
HOTO TIOBEleHUs IPY MCIIONIb30BAaHUM METOLOB IICH-
XoreHeTUKN (42-45%) 3HAYNTENIPHO IMPEBBIIIAIOT II0-
nydenHsle B nporecce GWAS (2-5%) [1].

Hamu npoanannsnupoBaHsl 16 omy611KOBaHHBIX K
HacroAmeMy MoMeHTy GWAS, B KOTOpPBIX B KauecTBe
(deHOTNIIA BBICTYNIAET CYMIMAATbHOE HOBefeHue. 13
HUX B 3-X YYMTBIBAIOTCA CYMIMIAJIbHbIE MBICIN, B
5-TM — cyunupanbHasg IONBITKA, B 6-TU CIy4asx Iu
TO M [ipyroe, u B 2-X paboTax — 3aBeplLIeHHbI Cy-
uiup. Bee paboTsl ony6)1MKOBaHbI B nepuog ¢ 2010
no 2019 r, mo AM3ajiHy MpefCTaB/AIT COOO0I TUI
«CITy4ail-KOHTPOJIb». IPyIIbl BKIKOYAIOT B cebs1 0T 69
ciaydaeB 1 30 KOHTpoJIell (3aBepIleHHbI CynIuy) fO
6onee yem 6000 cnydaeB m 40000 xoHTpOmeit (cym-
LVfja/IbHble IIOIBITKY, IONMY/IALVMOHHBIN YPOBeHb). B
paboTax MCHO/NB30BAHbl YUIIBI B OCHOBHOM (UPMBI
[lumina, ¢ Habopom momumopdusmos ot ~300000 go
~2 miH, Hanpumep, PsychChip, GeneChip® Mapping
50K Xba, Illumina Omnil-Quad Beadchip u anamo-
ruunple. o cnocoby ananmsa momydaemoit nHgop-
MalMy UCIONB3YIOTCS TPM OCHOBHBIX Iprema: 1)
Kmaccudeckmit Bapuant “SNP by SNP”; 2) anamms c
yueToM rereporeHHoctu CHII B mpepenax otpens-
HBIX T€HOB; ¥ 3) OLieHKa IIONMIeHHOTO PUCKa, a TaK-
JKe JCIIONIb30BaHue O0OoraujeHusa Mo (yHKIVMOHAIb-
HOMY IpU3HaKy, y4eT Oe/loK-0e/KOBLIX B3auMOfeli-
CTBUII M COIIOCTaBleHNe C pedepeHCHbIMU Oasami,
BK/movast 6assr PGC.

VccnemoBaHusi TeHOB-KAaHAMIATOB B OCHOBHOM
Kacaiuchb HeNPOMEIMAaTOPHBIX CUCTeM (CEepOTOHM-
Hepruyeckasi u pmodaMmHepruyeckast CUCTEMBI, CHU-
crema TAMK, ppyrue cmcremsl), a TakXe CHCTEMBI
CTpecC-pearnpoBaHmsi M CUCTEMbI HEMPOTPOdUHOB
[1]. B To >xe Bpems, Haxonxy, HONyYeHHbIE B XOJie
GWAS, mpepcraBieHbl LIXPOKIM HaOOPOM IIOIUMOP-
($u3MOB, MMeILINX OTHOILIEHME K [IpoLleccaM pasBu-
sl 1 GOPMUPOBAHNUS HEPBHON CUCTEMBI, HENPOILIa-
CTUYHOCTH, MEXKK/IETOYHBIM B3aMMOJENCTBUAM, Kile-
TOYHOJ afre3uu u Iponudepanyuyl, BHYTPUKIETOU-
HBIM CUTHAJIbHBIM CHCTEMaM, U TaKXe K VMMYHHBIM
peakumsaM. MBI momaraeM, 4To 3TO SBJIAETCS IIOZ-
TBEPXKIEHNEM MofIenell CTpecc-ysA3BUMOCTH, KOTOpbIe
paccMaTpuBalOT 9TO SABJIEHME KaK Pe3yIbTaT PaHHETO
pasButus [2, 4]. Accoumanunnu ¢ reHeTUIeCKUMM Map-
KepaMJ, MMEIOLIVMY OTHOIIeH)e K PasHbIM (PYHKIU-
sIM OpraHM3Ma, MOTYT OTpa)KaTb BK/IaJ, B yA3BUMOCTb

CaMBIX pasHBIX CUCTEM, KOTOpble CO3JAI0T IIpPefIIo-
CBUIKM K CYMLMAQIBHOCTY /160 AedopMmpys mpo-
LlecChbl HeliporeHesa, VIU IIyTeM KOMIIPOMeTaluy Me-
TabONMNIECKON ¥ MMMYHHOJ PEry/IsLNu.

AHanmus paboT CBUAETENBCTBYET O LiEJIOM KOM-
IUIeKce po6yieM, cBs3aHHbIX ¢ GWAS B cynumpono-
ruy. 18 HMX XapakTepHa KpaiiHe HU3Kasd BOCIPO-
M3BOJVIMOCTDb Pe3y/IbTaTOB JaXke IpM ycIoBuM Onu-
30CTM OINCBIBaeMBbIX (eHOTHIIOB. Bcero 4 rexa mo-
BTOPSU/IMCh B Pa3/MYHBIX HE3aBMUCHMBIX MCCIEHOBa-
Husix — CTNNA3 (6enok m3 cemeiicTBa BUHKY/IMHA/
anbga-KaTeHNHa, YYacTBYeT B MEXK/IETOYHbIX B3au-
mogeiicTBusix), NTRK2 (Tupo3uH-IpOTeMHKMHA3A 2,
petenitop Heitporpoduuos), LSAMP (MeMOpaHHBIi
IPOTEMH, ACCOLVIMPOBAHHBIN C JIMMOMYECKON CH-
CTeMOJi, MOJIeKy/a ajire3uyl, y4acTBYeT B Pa3BUTUM
ITHC) u FOXN3 (forkhead/winged helix transcription
factor family, npegnonoxxurenpHo y4acTByer B ycTpa-
HEeHUM omMOOK Ipy TpaHckpumuyy). OYeHb 4acTo
IlepBOHAYa/IbHble HAXONKM B MAEHTUUIMPOBAHHON
HONY/IALVY He HAaXofAT NOATBEPXJeHUA Ha IPYTUX
HOMyNALMAX. Bemuky pasnuums B 4ducie BBIABIAC-
MBIX acCOLMaLUii B pasHbIX paboTax—OT HYIA [0
COTeH TreHOB. MOXKHO IIpefronararb, 4TO 3TO CBS-
3aHO C pasIMYAMMUMUCT O0MOMH(OPMATNYeCKMMU
nopxopamy. ITo Mepe YCTIOXXHEHMs CTaTHCTUIECKMX
IpueMoB (HalpuMep, IpU OLieHKe IIOJIUTeHHOTO PU-
CKa), a 0COOEHHO PV MCIIOIb30BAHUM JJOIIOTHUTE/Ib-
HBIX MCTOYHMKOB MH(POPMALVM, OTPAXKAOINX PYHK-
I[JIOHA/IbHble B3aMMOOTHOLICHMSA MEXJy IeHaMM MU
ux mpopykramu (6enok-6eKoBble B3aMMOIENCTBUA,
aHanmM3 oboraileHus Mo (PyHKLMOHAIPHOMY IIpU3Ha-
KY), YMCIIO BBIABIIAEMBIX MapKepoB pacrTer.

Ipyrue npobnemusie acnekTsl GWAS —3T0 Cite-
IOBaHMe IPVHIUITY «PacIpOCTpPaHEHHbIE IOIMMOP-
¢dbusMbr — pacopocTpaHeHHble 3a00/meBaHMs». B maH-
HOM C/Iy4ae MMeeTcsA B BUJY, YTO BCe I'S HA KOMMep-
YeCKMX YMIaX —ITO MYTalMu, IpUCYIue OObIINH-
CTBY JIOfieil, ¥ IOfpa3yMeBaeTCs, 4TO PacIpocTpa-
HeHHble 3aboreBaHMsA OOYCIIOB/IEHBI MHOXKECTBEH-
HBIM BK/Ia[IOM TaKuX Hanbomee 4acTO BCTPEYAIOLIX-
¢ nonuMopdusMoB. B TO e Bpems, cymuum—aTo
o4yeHb penkoe sireHne (mpumepHo 0,014% B cpep-
HeM IO Bcejl Yel0Be4eCcKOoll MOMy/ISsINN), B CUTY 3TO-
ro, BIIOJIHE BEPOSATHO, ICKAaTh HY)KHO KaK pa3 pefKue,
a He pacIpoCTpaHeHHble MyTauuu. JIpyriue ClIoXHO-
CTM VM HEOUpEeNe/NeHHOCTH CBsI3aHbl C B3auMOJEN-
CTBMEM T'€HOB MeXJly co00il U ¢ pakTopamMy Cpefbl.
Ina npentnukanym penkux (HO BIIOJTHE BepOAT-
HO — B&KHBIX MapKepoB) HYXXHbI Lpyrue IOAXOMbI,
B YaCTHOCTH, CEKBEHMPOBaHNeE BCEro 9Kk3oMa. VIHTe-
pec IpencTaBiAeT TaKXe aHaAM3 Bapualuili KON
TeHOB, OT/IMYAIOIIUX JIUIl C CYULIMAATbHBIM IIOBefie-
H1eM. Heo6XouMo Ipomo/KaTh UCCIEROBaHNs B 00-
JIACTYI TEHeTUKY CYMLNUJIA Ha BCEX TPeX HaIpaBJIeHU-
X, 0 KOTOPBIX III/Ia peyb BbILIle, C IPMBJIeYEHIEM Ca-
MBIX COBpeMEHHBIX METOJOB, BK/II0Yas B CeKBEHMPO-
BaHMe BCETO reHOMa, aHa/IM3 MeTUIOMa, MeTabomoma
U laKe MUKPOOUOMa, YIUTBIBasA POJIb BOCIAICHNUS U
HEeHEepPBHBIX MEXaHM3MOB.
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