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O0630p nuTEpaTypHl MOCBAIMIEH aHAIN3Y CBSA3M CYMIMAAIBHOTO MOBEACHHS KaK C TEHHBIMHU JIOKYCaMH, TaK M YCTaHOB-
JICHHBIMH TIOJIMMOP(U3MaMu reHoB. PaccMOTpeHa CBs3b € CyHIMIAAaMHU Kak OTAENBHBIX T€HOB, Tak W MX rpymm. Oco-
OEHHO LIEHHBIMU SBJISIOTCS CBE/ICHUS 00 OJTHOHYKJICOTHIHBIX MOJIMMOP(QHU3MaxX IT'€HOB, PETYIUPYIOMINX KOHIIEHTPALIUIO
koptuzona (reusl FKBPS5, SLC643, CRHRI, CRHR2, SKA2), NOCKOJILKY UMEHHO 3Ta TpyIIla T€HOB PETYIUpPYET
CTPECC-PEaKIHUIO M YYaCTBYET B (POPMHUPOBAHUM JCTIPECCUBHOTO COCTOSHHS Hapsay ¢ cepoToHUH- (rensl S-HTTLPR,
HTR,,) n anpeneprudeckoii (reust ADRA2A, ADRA2B) cuctemaMy, aTOJIOTHUIO KOTOPBIX OOBIYHO CBSI3BIBAIOT C pas-
HBIMH ()OpPMaMH JIETIPECCHN U CyHIMIaMH. BoibIIoi nHTEepec MpeACTaBIsIIoT CBEICHHUS, YTO pa3Hble MOIMMOPQHU3MEI
renoB (CRHRI, CRHR2, SKA2), perynmupyomux KOHIEHTPAIMIO KOPTU30JIa, XapaKTepHBI VIS II0JIOBO3PACTHBIX
TPYMI U TIOTOMY ONPENENSIOT Pa3Inius 10 4acTOTe, BO3PACTy U MPHUUYMHAM COBeplleHus cyuuuaa. Kpome toro, pac-
CMOTpEHA POJIb B pean3alyy CyHIH/a oJIMMophr3MoB reHa OenkoB cemelictBa YWHAE, reHa HeHpOTpO(UUECKOTO
¢axropa NTRK?2, reward cuctembl. OOCYXeHBI BONPOCH (POPMUPOBAHUSI BO3MOXKHBIX MyTEH IMOHCKa CPEJCTB IPO-
(DUITAKTUKY pa3BUTHS CyUIMAATGHOTO (PEHOTHUIA. ABTOPAMH IIPEATI0KEHO BBIACINTD CYNIMAANBHBIN GeHoTHIT B camo-
CTOSITENBHYIO TPYIIIY COCTOSHHH, paccMaTpUBacMylo Kak MyJbTH(aKTopHaibHOe 3a001eBaHne, (PUHATEHBIM HTOIOM
KOTOPOT'O SIBJISIETCS] COBEPILICHNE CYHIMJIA MM €ro0 TOMBITKA, Tpedyrolee KoMUpHUKaIMU 1 HyXKJatolieecs B pa3paboT-
Ke KJIacCU(HKAIMY BAPHAHTOB STHOJIOTHH U MAaTOTeHEe3a.

Kntouegvie crosa: cyniyn, cymuunanbHeIA GEHOTHII, TeHHAsl CEThb, KOPTU30J, aJpeHaIoBas CUCTEMa, CEPOTOHH-
HOBas cUCTEMa
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Omnpenenus TOYHO 3HAUEHHUS CIIOB,
BbI H30aBHUTE YEIOBEYECTBO OT IIOJIOBHHBI 320y KICHUH
Pene Jlexapm Kapme3suii

MpauHasi TeMa CyHIIHIOB B OOIIECTBE MTPOYHO 0OpOC-
Jla JiereHaamu. A priori CUUTAETCS, YTO YEJIOBEK, COBEP-
LIIMBIIMHA CyHLHUA, ObUI OOCTOSATENBCTBAMHU IOABENEH K
MIPUHATHIO (aTaTBHOTO PEIICHUs, TN00 OH OBLT IICUXHYE-
cku HecoctosiTeneH. Ho, cepp€3Hble HaydHbIE MCCIEI0BA-
HUS OKa3bIBAIOT, YTO CEMEWHOE CYyHIMAAJIbHOE IIOBElE-
HUE pealn3yeTcs] HE3aBUCUMO OT HAJINYHUS INCUXUUYECKUX
3a00JeBaHUi, TO €CTh, PUCK COBEPIICHUS caMOyOHiicTBa
Yy TCUXHYECKH 3/IOPOBBIX CHOCOB caMOyOWiAll U HE CyH-
LUICHTOB CTaTHCTUYECKU PA3IMYAIOTCSI U PUCK 3HAYU-
TEJIBHO BBILIE JUIsI MPOOAHAOB M3 CeMEH CYUIUACHTOB,
yeM u3 cemeit 6e3 cynmuaos [1]. Tem He meHee, B rpymie
00JpHBIX mIM30(peHueii camoyomiicTs coBeprraercs B 170
pa3 Oosblie, 4eM B MOMYJSILIUM TICUXUYECKU 3IO0POBBIX
moneit [2]. Y manmeHToB, COBEPIIAOIINX CaMOYOHICTBO,
HanOoJiee YacThIMU ICUXMATPUYECKUMH TUArHO3aMH SIB-
mstotes penpeccus (15% caydaes), mmzodpenns (10%),
paccrpoiictBa muanoctd (7%), anxoromusm (2%) [3]. Ilo
JpPYTUM [IaHHBIM, MOJYYEHHBIM 3a 25-J€THUN Mepuoj Ha-
Omo/IeHus, 4YacToTa CaMOYOHMIICTBA COCTaBISE€T Cpenu
6oxpHBIX mu3odpenueit 32,2%, ankoromuzmom — 29,7%,
nenpeccueit — 18,9%, cocymucteiMu micuxo3amu — 5,6%,
ncuxonatusaMu — 3,9%, smunencueit — 3,1%, moctTpaBma-
TUYECKUMH NCUX03aMu — 2,7%, COMaTOTeHHBIMU TICUX03a-
MU — 2,5% [4]. Henpeccus cBsizaHa ¢ 30-KpaTHBIM YBEIH-
YeHHeM pHCKa coBepiieHus camoyowuiictea [5]. [lpu per-
POCHEKTHBHOM OLIEHKE JIEHPECCUBHBIX CUMIITOMOB OKa3bl-
BaeTcs, 4TOo Jenpeccus Obuta npumepHo y 60% manueHTos,
COBEpIIMBIINX caMOyOmiicTBO [6]. B3ammocBszp Mexmy
JETIPECCUBHBIMU COCTOSIHUSIMH U YacTOTOH 3aBEpILEHHBIX
CYMIIMJIOB XOpOIIO BbIpaxkeHa [7]. WHTepecHo, uTOo Yy
27,2% w3 122356 cTyaeHTOB MEAMKOB, 00CIEIOBaHHBIX B
43 crtpanax, Obula oOHapyskeHa nenpeccus, a y 11,1% u3
HUX — BBISIBJICHBI CyULMJANbHbIC UACH [8].

CeMeliHas miepeqadya CcaMOYOHWICTB W TSKEION Jie-
MPECCHH Pa3JIn4Hbl, HECMOTPS Ha TO, YTO YaCTHYHO Iepe-
KpbiBatoTCs [9]. Y MOHO3BUTOTHBIX OJIM3HEIIOB MYKCKOTO
Mojia BeJIMYMHA PUCKA COBEPILEHHS CyHWIUIa CHOCOM CyH-
uuaeHrta coctasnsger 11,3%, B To BpeMs Kak y AM3UIOT —
1,8% [10]. B pe3ynbrare meraaHanu3a 32 UCCIIECIOBAHUN
3aBEpIIEHHBIX CYUIMIOB MOHO- W JW3UTOTHBIMH OJIM3HE-
LaMH, TeHETHYECKH OOYCIIOBJICHHAS! CKIIOHHOCTh K CYHIIHU-
ny ouenena B 30-55%, To ecTb, BKJIaa aJJUTUBHBIX I€HE-
THYECKUX (PaKTOpOB B (PEHOTHUI CYWIHMIAIBLHOIO MOBEJE-
HUS — OOJIBIION M B 3HAYUTENBHOM CTENIEHU HE 3aBUCHUT OT
HacJIeOBaHMUs Ncuxudeckux pacctpoiicts [11]. Ilaccax
uccnenoBareied 0 «(pEHOTHNE CYWIHUIAIBHOTO MOBEJe-
HUS», IMO-BUANMOMY, JOJDKEH OBITh TOSICHEH JOIMOJIHU-
tenbHO. braromapst pabotam B Tom umnciie PobGepra Jlokun-
3a, IOHATHE (PEHOTHI MOJy4aeT 0ojiee MIMPOKOE TOJIKOBA-

Having determined exactly the meanings of the
words, you will help humanity to get rid of half of
their delusions

René Descartes Cartesius

The dark theme of suicide in society is
firmly overgrown with legends. A priori, it is
believed that a person who committed suicide
was led by circumstances to make a fatal deci-
sion, or they were mentally incapable. But,
serious scientific studies prove that family
suicidal behavior is realized regardless of the
presence of mental illness, that is, the risk of
committing suicide in mentally healthy sibl-
ings of suicide attempters and non-suicide
attempters is statistically different and the risk
is significantly higher for probands from sui-
cidal families than from families without sui-
cides [1]. Nevertheless, in the group of pa-
tients with schizophrenia, there are 170 times
more committed suicides than in the popula-
tion of mentally healthy people [2]. In patients
who commit suicide, the most frequent psy-
chiatric diagnoses are depression (15% of
cases), schizophrenia (10%), personality dis-
orders (7%), and alcoholism (2%) [3]. Ac-
cording to other data obtained over a 25-year
observation period, the suicide rate among
patients with schizophrenia is 32.2%, for alco-
holism it is 29.7%, for depression — 18.9%,
vascular psychoses — 5.6%, psychopathies —
3.9 %, epilepsy — 3.1%, post-traumatic psy-
choses — 2.7%, somatogenic psychoses — 2.5%
[4]. Depression is associated with a 30-fold
increased risk of suicide [5]. On retrospective
assessment of depressive symptoms, it appears
that approximately 60% of patients who com-
mit suicide were depressed [6]. The relation-
ship between depressive conditions and the
frequency of completed suicides is well ex-
pressed [7]. Interestingly, 27.2% of the
122356 medical students surveyed in 43 coun-
tries had depression, and 11.1% of them had
suicidal ideation [8].

Familial transmission of suicide and se-
vere depression are distinct from each other
even though they overlap [9]. In monozygotic
male twins, the risk of committing suicide
after a sibling suicide is 11.3%, while in dizy-
gotes it is 1.8% [10]. As a result of a meta-
analysis of 32 studies of completed suicides by
mono- and dizygotic twins, genetically deter-
mined suicidal tendencies were estimated at
30-55%, that is, the contribution of additive
genetic factors to the phenotype of suicidal
behavior is large and largely independent of
inheritance. mental disorders [11]. The pas-
sage of researchers about the "phenotype of
suicidal behavior", apparently, needs to be
further explained. Thanks to the work of Ro-
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HUE, YeM 3TO U3BECTHO MHMPOKOH mybauke. [ paHHIIBI 3TOTO
TEPMHHA PACIIMPEHBI 32 CUET BKIIOUEHUS B MOHATHE (e-
HOTHUIT TIOBEJICHYECKUX OCOOEHHOCTEH Kak BHA B IIEJIOM,
TaK M €ro CyOIOmyJISIui — «PacIIupeHHbIH (GpeHoTHm». P.
JloxuH3 mpemaraeT BKIOYATh B 9TO TOHATHE KaK COOCT-
BEHHO TIOBEJICHUYECKHE aKTHI, TAK ¥ MaTePHAIIbHBIE PE3YIb-
TaThl ACATEIBHOCTH ocobel (Hampumep, O0OpOBBIE XaTKH,
(hopMy TEpMUTHHKOB, OCOOEHHOCTH TIOCTPOSHUS THE3/Ia U
T.II. TIPEIOJIOKUTENBHO SBISIOTCS PE3yIbTaTOM WHCTHHK-
TUBHOTO TIOBEJCHHS W IIO3TOMY pPEaM3yeTcs 4epe3 BHI-
MIOJITHEHHUE TIPOTPaMMBI, 3aliokeHHOW B TeHome) [12]. Ilo-
3TOMY IpHUHMMas TepMuHosuoruto P. JlokuH3a gomycTumo
CUHTATh CYHIHEHTHOE MOBeIeHNE (DEHOTHITMIECKUM TIPH-
3HaKOM. B mocnenyromeM H3I0KEHHH MBI MTOKaXeM, YTO
TeHBI, aCCOIMUPOBAHHBIE C TICUXUYECKUMH PAaCCTPOHCTBA-
MU, KaK MPaBUIIO, aCCOIUMPOBAHBI C 3aBEPIIEHHBIMH CYyH-
nuaaMu. To ecTh, ICUXUYECKH OOBHBIE JIFOINA COBEPIIAIOT
CYHLIUBI TIOTOMY, YTO B HX T€HOMaX BCTPEYAETCS KOIUIe-
CTBEHHO OOJbIlIEe YHCIO COYETAaHWH TEHOB, ACCOIMHPO-
BaHHBIX C CYWIIUAAMH, YEM Y TICUXUYECKH 37O0POBBIX CyH-
[UICHTOB, a y MOCIEAHUX OOJBIIE, YeM Yy JIHIl, B CEMbSIX
KOTOPBIX CYHIIHJIBI HE 3aPETUCTPUPOBAHBL.

Cyunup B 00IIecTBE BOCIPUHUMAETCS KaK HEYTO CIIy-
YyaifHOe, CHUTYallMOHHOE, BBI3BIBAIOIIEE OTTOP)KEHHE W HE
MOHUMaHue. Mexay TeM, eClH XU3HEHHBIH IyTh CYHIIH-
JIEHTa OKAa3bIBAETCS IMOAPOOHO PACCMOTPEH, CTaHOBHUTCA
OUYEBHIHBIM, YTO YEIIOBEK H3OMPEHHO OPTaHW30BHIBAI
CBOIO JKU3Hb TAaKUM 00Pa30M, YTOOBI MPUNTH K COCTOSHUIO
0E3BICXOTHOCTH W 3aBEPIINTH €€ CYHIIUOM HUJIH OBITh YOU-
THIM (BHKTHMHOE ToBefieHHe). K BBIBOgy O mpemomnpene-
NEHHOCTH (33aHHOCTH) COBEPIICHUS CyHWIIUJa OTJEIbHBI-
MU MHIMBUAYYMaMH npuien Imuib Jropkreitm [13], coe-
JABIIMKA B CBOEH HMCKIIOYUTENHHO THIATEIHHO CHENAHHOU
paboTe BBIBOJ O CYIIECTBOBAHWHU CPENU MYKUWH CyOroIy-
TSUH, TPEACTaBUTENN KOTOPOH 3aBEpUIAOT CBOIO JKU3HB
CYHIIUJIOM B OmpeAen€HHON Bo3pacTHOM KoropTe. [loatomy
YacTOTa CYHMIIMIOB ISl BO3PACTHBIX KOTOPT SIBJISETCS KOH-
CTaHTOH W MpeICTaBiIsieT CO00M TONTOCPOYHBIN BpeMEHHON
putm. [lozmHee BbIBO Omunst [ropkreiiMa ObLT IMOATBEp-
KAEH paboTaMu, U3 KOTOPBIX CIEAYET, YTO CYUIUAaIbHOE
MOBEJICHUE aCCOLMUPOBAHO C HEHPOOHOIOTHUECKUMH OCO-
OCHHOCTSIMHM CTAHOBJICHUSI MeAWATOpHOro craryca [14]. B
TOM YHCJIE€ OHO MOXET UMETh F'€HETUYECKYIO OCHOBY U 3a-
BHCETh OT MHUIreHeTHYECKON perynsanuu [15]. B Hacrosmee
BpeMsI MTOSIBUJICS psil paboT, TOKa3bIBAIOIINX HAJMYUE CBSI-
3U HEKOTOPBIX T'€HETHYECKHX MOJMMOP(U3MOB C CYWIH-
JTaJIbHBIM TTOBEACHHUEM.

Ecnu B reorpadguuecknx momymsuusaxX JIOJEH Aenct-
BUTEJILHO CYIIECTBYIOT KOJMYECTBEHHO YCTOHUYMBBIE CYO-
MOMYJIALIMA HWHIWBUIYYMOB, CKJIOHHBIX K COBEPILEHHUIO
CyHLIUJa BCIEACTBHE HAJIMUYUSA B UX F€HOMax I€HOB, acco-
HUUPYEMBIX C TCUXUYECKUM PaccTpOHCTBaMHU W/WIIN CyH-
IUAAaMH W BUKTUMHBIM, TO PacIpelleeHHe 4acTOT ITHX

bert Dawkins, among others, the concept of
phenotype gains a broader interpretation than
is known to the general public. The boundaries
of this term have been expanded due to the
inclusion in the concept of phenotype of beha-
vioral features of both the species as a whole
and its subpopulations — “extended pheno-
type”. R. Dawkins proposes to include both
the actual behavioral acts and the material
results of the activity of individuals (for exam-
ple, beaver huts, the shape of termite mounds,
the peculiarities of building a nest, etc., are
presumably the result of instinctive behavior
and therefore is realized through the imple-
mentation of an understanding of the program
embedded in the genome) in this concept [12].
Therefore, accepting the terminology of R.
Dawkins, it is permissible to consider suicidal
behavior as a phenotypic trait. In the following
discussion, we will show that genes associated
with mental disorders are generally associated
with completed suicide. That is, mentally ill
people commit suicide because their genomes
contain a quantitatively greater number of
combinations of genes associated with suicides
than in mentally healthy suicides, and the latter
have more than those who come from families
with no registered suicides.

Suicide in society is perceived as some-
thing accidental, situational, causing rejection
and misunderstanding. Meanwhile, if the life
path of a suicide attempter is examined in
detail, it becomes obvious that a person has
sophisticatedly organized their life in such a
way as to come to a state of despair and end it
with suicide or be killed (victim behavior). In
his extremely carefully made work [13], Emile
Durkheim came to the conclusion about the
predetermination (predestination) of commit-
ting suicide by individual minds and con-
cluded that there is a subpopulation among
males who end their lives by suicide in a cer-
tain age cohort. Therefore, the suicide rate for
age cohorts is constant and represents a long-
term temporal rhythm [13]. Later, the conclu-
sion of Emile Durkheim was confirmed by
works, from which it follows that suicidal
behavior is associated with neurobiological
features of the formation of the mediator status
[14]. In particular, it may have a genetic basis
and depend on epigenetic regulation [15]. At
the present time, a number of works have ap-
peared proving the existence of a connection
between some genetic polymorphisms and
suicidal behavior.

If in geographic populations of people
there are really quantitatively stable subpopu-
lations of individuals prone to committing
suicide due to the presence of genes associated
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T'€HOB B O0IIEH MOMYJISIUK TOJDKHO COOTBETCTBOBATH Pac-
npenenennto Xapau—BaitaOepra.

Ilensto HacToOsImeH pabOTH SABIACTCSA CHCTEMATH-
3alus ¥ aHAJIU3 CBEIICHUH O POJIM T€HETHYECKUX (PaKTOPOB
B peanu3aluy CyuIua.

TI'en, xax peanusyemas 60 @pemeHu nOONpocpamma.
3Ha4YUTeNbHBIE yCIIEXU B 00JaCTH U3Y4YEHUS CTPYKTYPHI U
(YHKLIMOHUPOBAHUS T€HOMA YEJIOBEKA M 3yKapHOT NPHUBE-
T K Pa3MBITUIO TOHATHUS T€H, IIOCKOJIBKY CTPOCHHE U
TpexXMepHass OpraHu3alusl I'€HOB 3YKapuOT 3HAYUTEIIBHO
OTJIMYAETCs] OT TAaKOBBIX IIPOKAPUOT (JIMHEHHBIE XPOMOCO-
MBI, BBIJICJIEHHE 3KCIPECCHUPYEMBIX YYAaCTKOB XPOMOCOM B
OTIENBHYIO CTPYKTYpPY (3yXpOMaTwH) ¢ OJU3KHM B3aUMO-
PacIoyio’KeHUEM B TPEXMEPHOM IPOCTPAHCTBE U3 PA3HBIX
XpPOMOCOM T€HOB, OOpa3ylOIIUX T'€HHYIO CETh, HAJINYHe
WHTPOHOB, NMPOLECCUHI NEPBUYHOTO TPAHCKPHUITA, SIHIeE-
HETHYECKOE PETYIMPOBAHHUE KCIPECCUH) — KIacCuiecKas
nepunnnms: «['eH — equHNIIA HacleACTBEHHOW MH(OpMa-
UM, 3aHUMAIoLIas ONpeNesEHHOE IOJIOKEHHE B T'€HOME
WIA XpPOMOCOME M KOHTPOJMPYIOLIasi BHIIOJHEHHUE OIpe-
nenéHHOM (PyHKIMK B OpraHu3Me», — OKa3ajach HE COCTOS-
TenpHOH. 1o ATOH mpuuKMHE B HACTOALLEE BPEMsl CYLIECT-
BYET P 3HAUYUTEIBHO OTIMYAIOIIMXCS IO CMBICIY OIpe-
neneHuid TepMuHa «reH». CpaBHUTE C HOBBIMH Ae()HHU-
LUSIMH:

— re” — 310 «cermenT JJHK, Brmustommii Ha denoTHIT
unu QyHKUM. B orcyTcTBHE NpOSIBICHHON (PyHKIMU T'eH
MOXET OBITh OXapaKTEPH30BaH I1OCIEA0BATEIbHOCTHIO,
TPaAHCKPUIILKEN WK roMoJioruei» [16];

— I'eH — 3TO IOKaJM3YEeMbIH y4acTOK MOCIe0BaTeNb-
HOCTH T€HOMAa, COOTBETCTBYIOIINH €IMHHIIE HACIIEACTBEH-
HOCTH, KOTOpasi aCCOLMMPOBaHA C PETyJISTOPHBIMHU, TPAHC-
KPUILUOHHBIMU U IPYTUMH (YHKIHMOHANBHBIMU YYacTKa-
MM TocJie/IoBaTeIbHOCTI [17].

ITo 3Toif mpuunHe, NpeXae YeM H3JIarath Kakue-mioo
CBEIIEHHS O CBSA3M I'€HETHUYECKHUX IOJIMMOP(PHU3MOB, CIEIy-
€T JIOTOBOPUTHCSI O TOM, KaKOH KOHLEIMIMH I'eHa MPHIEP-
XKHUBAIOTCSl aBTOPHL. B coBpeMeHHOM Mupe U(POBBIX TEX-
HoJIOTUH Haubosiee OMM3KOW (PYHKIIMOHAIFHOW aHAIOTHEN
TeHOMa SIBJISIETCSl OIEpaliOHHAs cuUcTeMa — WH(OpMaLu-
OHHasl cpela, YIPaBIAoLas UCIIOJIHEHHEM KoJa MOIMpO-
rpaMM, MHTETPUPOBAHHBIX B ATy cpeay. Takomy MOHMMa-
HUIO B3aUMOJICHCTBUSI TEHOMA B LIEJIOM C €TI0 OTIEJIbHBIMU
CTPYKTYPHBIMH M PETYISTOPHBIMH T€HAMH 3YKapuoT M
UCTIONIHUTENBHBIME  CTPYKTYPaMH KJIETKaMH  (peryJsTop-
uele PHK u opranouasl KieTkH), BHEAPEHHBIX B T'€HOM,
cootBercTBYeT nepunuuus M. Snyder u coasm.: «l'en —
9TO THOANpOrpamMma B OINEpPALMOHHOM CHUCTEME T'€HOMay»
[18]. Hannas neduHUIUS, B YACTHOCTH, TIO3BOJISIET XOPO-
IO TOHATH (IPEACTABUTH) BPEMEHHYIO IIOCIIEAOBATEIb-
HOCTb HCIIOJHEHMS F€HETUYECKOW IMpOrpaMMBbl B MpoIiecce
WHIWBUAYAIbHOTO pa3BUTHA OpraHu3Ma — HCIIOJIHEHHE
IPYIIB OJHUX MPOrpaMM 3aIlyCKaeT MCIOJHEHHUE Ioce-

with mental disorders and / or suicides and
victimization in their genomes, then the fre-
quency distribution of these genes in the gen-
eral population should correspond the Hardy —
Weinberg distribution.

The aim of this work is to systemat-
ize and analyze information about the role of
genetic factors in the realization of suicide.

Gene as a subprogram implemented in
time. Significant advances in the study of the
structure and functioning of the human and
eukaryotic genome have led to the blurring of
the concept of a gene, since the structure and
three-dimensional organization of eukaryotic
genes is significantly different from those of
prokaryotes (linear chromosomes, the isolation
of expressed chromosome regions into a sepa-
rate structure (euchromatin) with a close rela-
tionship in three-dimensional space from dif-
ferent chromosomes of genes that form a gene
network, the presence of introns, processing of
the primary transcript, epigenetic regulation of
expression) - the classical definition: “A gene
is a unit of hereditary information that occu-
pies a certain position in the genome or chro-
mosome and controls the performance of a
certain function in organism ”- turned out to
be not functioning. For this reason, there are
currently a number of significantly different
definitions of the term "gene". Let’s compare
with the new definitions:

— a gene is “a segment of DNA that af-
fects a phenotype or function. In the absence
of manifested function, a gene can be charac-
terized by sequence, transcription, or homolo-
gy”[16];

— a gene is “a localized region of the ge-
nome sequence corresponding to a unit of
heredity, which is associated with regulatory,
transcriptional and other functional regions of
the sequence” [17].

For this reason, before setting out any in-
formation about the relationship of genetic
polymorphisms, one should agree on what
concept of the gene the authors adhere to. In
the modern world of digital technologies, the
closest functional analogy of the genome is the
operating system — the information environ-
ment that controls the execution of the code of
subprograms integrated into this environment.
This understanding of the interaction of the
genome as a whole with its individual struc-
tural and regulatory genes of eukaryotes and
the executive structures of cells (regulatory
RNAs and cell organelles), introduced into the
genome, corresponds to the definition of M.
Snyder et al.: “A gene is a subprogram in the
operating room system of the genome “[18].
This definition, in particular, makes it possible

6 Suicidology (Russia) Vol. 12, Ne 1 (42), 2021



https:/ /cyuningosorus.pd/

Hayuno-npakmuueckuil sKypHAL

JOyIOUIeH IpynIibl IporpamMm u T.4. JlymMaem, 4To HU y KOTO
HE BBI30BET BO3PAKEHUH YTBEpXKIEHHE, UYTO MHINUBHIYab-
HOE IICUXHUYECKOE Pa3BUTHE YEJIOBEKA M CTAHOBJICHHUE €T0
JMYHOCTH KaK COLMAJIBHOTO CYIIECTBA TAaKXKE I€HETUYECKU
JeTepMUHUpOBaHO. Ho Takke 04eBHIHO, YTO €CJIN CTaHOB-
JIeHHE BBICHIMX NCUXMYECKMX (DYHKIMH 3aBUCHT OT COLM-
anpHOM cpenbl («Bbl MOXkeTe poauThcss MomapToMm, HO HE
cTaTh UM», — TaTbsHa BranumuposHa YepHUTOBCKAS), OHH
MOOWIIBHBI, TO 6a30Bble ICUXWYECKHe (QYHKINH (HHCTUHKT
CaMOCOXPAHEHUs, arpPeCCUBHOCTh, SMIATUS U Ip.) TCHETH-
YEeCKH KECTKO JETEPMHUHUPOBAHBI.

CyIecTByIOT IOCTaTOYHO yOeAUTEIbHBIE JOKA3aTellb-
CTBa, YTO CTAHOBJICHHE YEJIOBEUECTBA KaK BUAA MPOM30LI-
JI0 B pe3yJbTaTe CIUSIHUSA (TPAHCIOKALUK) JBYX XPOMOCOM
(2p u 2q) y npenkoBoii (opMbI ¢ 00pa3oBaHHEM XPOMOCO-
™Mbl 2 yenoBeka [19]. C u3BecTHOH moNell OCTOPOKHOCTH
MOYKHO TIpEAIoaraTb, 4T0 PEryyslus BBICIINX IICHXHYE-
CKUX (DYHKIHMH OCYIIECTBIAETCS B TOM YHCJIE T€HaMU 3TON
xpoMocomsl, coaepxkaunieil 3080 reHoB U npeACTaBISIOLICH
8% renoma uenoseka [20]. [loaToMy HE yAHBUTEIBHO, YTO
HauOoJbIlIee YUCIO CBEACHHH 00 accouualuy ICHXHUYe-
CKUX HapyIICHHH M CYMLIUAAJIBHOM IOBEACHUH CBS3aHO C
HaXxoJKaMH MOJTUMOP(H3MOB B XpoMOcoMe 2.

XpomocomHvle NIOKyCbl, accOyuuposanuvie ¢ Cyuyu-
OdanbHbiM nosedenuem. ' eHOMHOE HccieIoOBaHue mmap Opart-
cecTpa B CEMbSX AJKOTOJHMKOB C 3MU30JaMH CaMOYOHMICTB
MO3BOJIWJIM YCTAHOBUTH CTATUCTHYECKH 3HAUYUMYIO CBSI3b
CYMIIJIOB C XPOMOCOMOM 2 ¥ B MEHBIIEH CTENEHU C XPO-
Mocomamu 1 u 3 [21]. [Ipu reHOMHOM OOCIIEZIOBaHUY YJie-
HOB 81 cemMbu ¢ ceMEMHOW YHUIOJSPHOM Aemnpeccuei, B
KOTOPBIX OBIIM 3aperuCTPUPOBAHbI IOMBITKH CYHLUIOB,
ObUIM BBISIBIEHBI JIOKYCHl cyuuupansHoro pucka (JICP)
BBICOKO-3HAUYMMOM CBSI3M C HONBITKAMH cynuuaa — 2p, 6q,
8p u Xq. ABTOpsbl caenany BeiBOA, uTo JICP He 3aBHCAT OT
JIOKYCOB NPEAPACIIOIOKEHHOCTH K paccTpoiicTBaM Ha-
CTPOEHUSI, U TIPEAIONAraroT, 4yTo cnocoonocts JICP BiusATh
Ha Pa3BUTHE CYUIMIAIBHOTO MOBEICHUS 3aBHCUT OT ICH-
XMYECKOI'0 pacCcTpoiicTBa WM TMOATHUNA, C KOTOPBIM OHHU
B3aMMOJICUCTBYIOT [22]. B pe3ynmprate cOOCTBEHHOTO WHC-
cienoBanus cBs3u 1060 reHOTUIMUPOBAHHBIX MHUKPOCATEN-
JUTHBIX MAapKepoB, JONOJIHEHHOIO METAaHAIM30M IISITH
aHaJIOTHYHBIX paloT, BISBJICHA Clladast CBS3b C CYHLIUAAMHU
nokyca 3pl4 n nokazaTenbHas CBA3b C CYMIUAAIBHOCTBIO
nokyca 2pl2 [23].

CJ0oXHBIE MOBEIEHUYECKUE TaTTepHBI, Kak (peHOoTUIu-
YECKOE SIBIIEHUE, JTOJIKHBI PETYIUPOBATHCS MHOMXKECTBOM
reHoB. JlelicTBUTENBHO, UccinenoBanne y 18223 esponei-
1eB 22 reHoB Ha xpomocomax 13, 15, 16, 17 u 19 no3Bosnu-
JO BBIABUTH NOIMMOpGU3MBL 1534399104, rs35518298,
rs34053895, rs66828456, rs35502061 wn rs35256367 'y
3413 penpecCUBHBIX MAlMEHTOB, CBSI3aHHBIE C CYMIIMIAJb-
HBbIM nioBeieHueM [24]. UToromM 3Toro uccieoBaHus cTana
pa3paboTka MPOrHOCTUYECKOH OayuIbHOW IIKalbl OLEHKU

to understand (imagine) well the temporal
sequence of the execution of a genetic pro-
gram in the process of individual development
of the organism — the execution of a group of
some programs launches the execution of the
next group of programs, etc. We think that no
one will raise objections to the statement that
the individual mental development of a person
and the formation of his personality as a social
being is also genetically determined. But it is
also obvious that if the formation of higher
mental functions depends on the social envi-
ronment ("You can be born Mozart, but not
become one," — Tatyana Vladimirovna Cher-
nigovskaya), they are mobile, then the basic
mental functions (the instinct of self-
preservation, aggressiveness, empathy, etc.)
are genetically rigidly determined.

There is quite convincing evidence that
the formation of mankind as a species oc-
curred as a result of the fusion (translocation)
of two chromosomes (2p and 2¢) in the ance-
stral form with the formation of human chro-
mosome 2 [19]. With a certain degree of cau-
tion, it can be assumed that the regulation of
higher mental functions is carried out, among
other things, by the genes of this chromosome,
which contains 3080 genes and represents 8%
of the human genome [20]. Therefore, it is not
surprising that the largest amount of informa-
tion on the association of mental disorders and
suicidal behavior is associated with the find-
ings of polymorphisms in chromosome 2.

Chromosomal loci associated with sui-
cidal behavior. Genomic studies of brother-
sister pairs in families of alcoholics with sui-
cide episodes made it possible to establish a
statistically significant association of suicides
with chromosome 2 and, to a lesser extent,
with chromosomes 1 and 3 [21]. A genomic
examination of members of 81 families with
familial unipolar depression and suicide at-
tempts recorded, revealed suicide risk loci
(SRL) of a highly significant association with
suicide attempts — 2p, 6q, 8p, and Xq. The
authors concluded that SRL does not depend
on loci of susceptibility to mood disorders,
and suggest that the ability of SRL to influ-
ence the development of suicidal behavior
depends on the mental disorder or the subtype
with which they interact [22]. As a result of
our own study of the relationship of 1060 ge-
notyped microsatellite markers, supplemented
by a meta-analysis of five similar works, a
weak relationship with suicides at the 3p/4
locus and an evidence-based relationship with
the suicidality of the 2p/2 locus were revealed
[23].

Complex behavioral patterns, as a pheno-
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pHCKa COBEpLICHUS CYHWIMJIA, TI0Ka3aBllas XOPOUIYIO CXO-
JUMOCTb Pe3yJIbTAaTOB IIPOTHO3a M PaHEE yCTAaHOBJIEHHOI'O
ncxoza.

TeMm HEe MeHee, OONBITMI WHTEPEC MPEICTABIAIOT pa-
OOTBI, B KOTOPBIX HCCIEAYEeTCs CBA3h KaKoro-imbo eHo-
TUIMYECKOTO TNPU3HAKA, B HAILLEM CIIydyae — CyHMLUAAIbHO-
IO MOBEJEHHUS — C OTAEIbHBIM I'€HOM, WM IPYIIIOH T€HOB,
[0CJI€ TOTO KaK CTaJIO ITOHATHO, YTO OOJIBIIMHCTBO ()EHOB
(dbopmupyeTcst He OHUM, & MHO)KECTBOM T'€HOB.

Tenvt YWHAE, accoyuuposannvie ¢ CYyUUUOATbHBIM
nosedenuem. I'pynmna reHoB YWHAE (akTUBaTOp TPHIITO-
¢aH-5- 1 THPO3MH-3-MOHOOKCUTEHA3bI) KOAUPYET pPeryiis-
TopHBIe M30(OpMHBIE OCnKu -, 7-, &-, 4-, o-, T/0- U (-
YWHA, aktuBupymomme CHHTE3 MOHOOKCHTeHa3 (CM. BBI-
me) [25]. I'ennas mokammzamms: 17p13.3 [26]. B cBobox-
HOM JOCTyIE€ HMMeeTCs KaK MHUHHUMYM [IB€ IIyOJHMKalWH,
aBTOPbl KOTOPBIX HCCIIEAOBAIM CBSI3b MOJUMOP(PHU3MOB
n30()OpMBI WIICHWIIOH C CYHWIMJANBHBIM TOBeACHHEM [27,
28]. Bo Bcex mccreA0BaHHBIX CIydasX, aCCOIMANNS TOTH-
Mophm3moB 151532976, 1s3752826 u 1s9393 ¢ 3aBepmEH-
HBIMU CYUIMIaMH OKa3alach CTATUCTHYECKH 3HAYMMOM, a
4acToTa UX BCTPEYaeMOCTH BO BceX BeIOOpKax B Tarapun
COOTBETCTBOBaNa 3akoHy Xapau-BaitaOepra [27]. OToT ke
I'eH acCOLMMPOBaH ¢ HaJWM4YMeM y nauueHToB Kuras 60i1b-
moi nmenpeccuu [29]. Kpome cBs3u ¢ CyuIMIaibHBIM T10-
BEICHUEM, T€HBI 3TOW TPYIIbl ACCOLUUPOBAHBI C PA3BUTH-
em mu3odpennu [30, 31].

T'en NTRK2, accoyuuposanHbulii ¢ CyuyuoaibHbiM no-
sedenuem. PenentopHast TuposuakuHasza 2 (NTRK?2) sBns-
eTcs BbICOKOA((UHHBIM PELENITOPOM HEHPOTPOHUIECKOTO
¢akTopa romoBHoro mosra (BDNF), OqHOHYKJIEOTHIHBIE
nonumopdu3Mel B reHe NTRK2 yOenuTenbHO accoluupo-
BaHbl C CyMIMIAMH y JenpeccuBHbIX OosbHBIX [32]. Cym-
LUATBHOE TOBEICHUE U IOJIOKUTENbHAs peakiys Ha Jie-
yerne y 389 OonmpHBIX ¢ Aenpeccueid u3 894 oOcienoBaH-
HBIX OBUIM CBs3aHBl C mnoiuMopdusmamu rsl0868223,
rs1659412 nrs11140778.

typic phenomenon, must be regulated by many
genes. Indeed, the study of 22 genes on chro-
mosomes 13, 15, 16, 17, and 19 in 18223
Europeans revealed the polymorphisms
r$34399104, rs35518298, rs34053895,
166828456, rs35502061 and rs35256367 in
3413 depressed patients associated with sui-
cidal behavior [24]. The result of this study
was the development of a prognostic score
scale for assessing the risk of committing sui-
cide, which showed a good convergence be-
tween the prediction results and the previously
established outcome.

Nevertheless, the works that investigate
the relationship of any phenotypic trait, in our
case, suicidal behavior, with a separate gene,
or a group of genes are of greater interest, as it
became clear that most phenes are formed not
by one, but by many genes.

YWHAE genes associated with suicidal
behavior. The group of YWHAE genes (activa-
tor of tryptophan-5- and tyrosine-3-
monooxygenase) encodes regulatory isoform
proteins f-, y-, &, -, o-, ©/ 6- and (~-YWHA,
that activate the synthesis of monooxygenases
(see. above) [25]. Gene localization: /7pi3.3
[26]. There are at least two publications in the
public domain, the authors of which investi-
gated the relationship of the upsilon isoform
polymorphisms with suicidal behavior [27,
28]. In all studied cases, the association of the
rs1532976, rs3752826, and rs9393 polymor-
phisms with completed suicides was statisti-
cally significant, and the frequency of their
occurrence in all samples in Tatarstan corres-
ponded to the Hardy — Weinberg law [27].
The same gene is associated with the presence
of major depression in Chinese patients [29].

Tabauya /| Table 1

T'eHHbIe MOIUMOP(U3MBI, ACCOLMMPOBAHHBIE C CYHLIUIATBHBIM (DEHOTUIIOM,
UX FeHHas ¥ TCHOMHAs JIOKATM3AlUs ¥ IICUXUYecKue 3 GeKTs
Gene polymorphisms associated with the suicidal phenotype, their gene and genomic localization and mental effects

[TomuMopdHBIii reH,
rafuIoTUI U JIoKanu3auus | benkosslil mpoaykT Db dext nomumopduzma Hcrounux
Polymorphic gene, haplo- | Protein product The effect of polymorphism Source
type and their localization
YWHAE benku cemeiictBa  |M3meHeHue skcrpeccun reHa YWHAE Hapymiaer HelpoHanbHYIO
151532976, YWHA MHTPALMIO, THHEPAKTHBUPYET OSKCIPECCHUI0 TEHOB TpHUITO(haH- H
1s3752826, 1s9393 TUPO3MHMOHOOKCUTEHAa3bl — HapyIICHHE CHHTe3a CePOTOHMHA, aj-
17p13.3 peHanuHa, 1opaMuHa.
CHIXEHHOE HAaCTPOCHHUE, CYUIIH]L. 25, 27,
’ 28, 34,
Family of YWHA [Change in YWHAE gene expression disrupts neuronal migration, 33]
proteins hyperactivates the expression of tryptophan- and tyrosine monoox-
ygenase genes — impairment of the synthesis of serotonin, adrena-
line, dopamine.
Low Mood, Suicide.

8 Suicidology (Russia) Vol. 12, Ne 1 (42), 2021



https:/ /cyuningosorus.pd/

Hayuno-npakmuueckuil sKypHAL

NTRK2 Penenrop neitpo-  |Cyuuuasl ¥ THONOXKHUTEIbHBIA ekt nedenus y nenpeccuBHbXx| [33]
rs10868223, rs1659412,|tpodudeckoro OOJIBHBIX.
rs11140778, ¢axTopa rosnosHoro |Cyumma.
rs4923468, rs1387926 MO3Ta.
9921.33 Brain-derived neu- |Suicides and the benefits of treatment in depressed patients.
rotrophic factor Suicide.
receptor
5-HTTLPR I'en Oenka-HocuTens| «ObneryeHrey NPUHATHS PELICHUS O COBEPILCHUN CYUIIIA.
1s25531 CepoToHUHA. CynuuaansHoe oBeIeHHUE. [36, 42,
17q11.2 Serotonin Carrier  |"Facilitating" the decision to commit suicide. 43]
Protein Gene Suicidal behavior.
ADRA2A I'en anbda-2A- CynuuaansHoe oBeeHHUE.
r$3750625 agpeHopenenTtopa. |Cyumun.
10g25.2 Alpha-2A- Suicidal behavior. [37]
adrenergic receptor |Suicide.
gene
ADRA2B 51018351 I'en anpda-2B- CynuuaansHOe TOBEICHHUE.
2ql1.2 agpeHopenenTopa. |Cydmun.
Alpha-2B- Suicidal behavior. [39]
adrenergic receptor |Suicide.
gene
SLC6A3 I'en Genka- CynuuaansHOe OBEICHHE.
13403636 TpaHCHopTepa Cynnua.
5pl15.33 nodamuHa. [39]
Dopamine transpor- |Suicidal behavior.
ter protein gene Suicide.
HTR;A Penenitop cepoto-  |CyHumpansHOE U arpecCHBHOE OBEICHHE.
18594242, HUHA. Cynnua.
rs6311, [40]
1s6313 Serotonin receptor |Suicidal behavior.
13q14.2 Suicide.
CRHRI rs110402, I'en penentopa [MukoBoe yBennyeHNE IUTa3MEHHOW KOHLICHTPALUK WHTepielikuHa [L-
13242924, KOPTUTPOITHH- 1B. 3aBucuMOe OT MOJIa W BO3pacTa CYHIMIAIBHOE, arpeCCUBHOE U
rs16940665 pemu3uHT-paKkTopa. |ayroarpecCuBHOE MOBEICHUE.
rs7209436, Cynnua. (44, 45]
rs4792887 Corticotropin- Peak increase in plasma concentration of interleukin IL-13 ’
rs12936511 releasing factor Suicidal, aggressive and auto-aggressive behavior dependent on
17921.31 receptor gene gender and age.
Suicide.
CRHR2 152190242, I'en penenTopa CyHnnuiansHOe B ayTOarpecCHBHOE TIOBEICHIE.
1s228421, KOPTUTPOITHH- Cynnua.
rs2014663 pemu3uHr-(akTopa. [44]
7p14.3 Corticotropin- Suicidal and autoaggressive behavior.
releasing factor Suicide.
receptor gene
FKBP5 I'en ces3pIBaromero |Jkcnpeccus reHa FKBPS rarokokopTHKOMAAMH TIPU CTpecce YCUIIU-
rs3800373, rs1360780,|0enxa. BaeT MOBEACHYECKUE MPU3HAKH TPEBOTH.
152395635, Tsxenoe nenpeccUBHOE pacCTpOMCTBO M YCKOPEHHBIM OTBET Ha Je-
153777747, rs4713902 YeHHe aHTHJIETIPECCaHTaMHU.
op21.31 Hemnpeccus. CynnmaanbHOE MTOBEICHUE. [51]
Binding protein Expression of the FKBP5 gene by glucocorticoids under stress en-
gene hances behavioral signs of anxiety.
Severe depressive disorder and an accelerated response to antidepres-
sant treatment.
Depression. Suicidal behavior.
SKA2 I'en Genka Benokx KMHETOXOp-aCCONMMPOBAHHOTO KOMIUIEKCA CyOBEAMHHIIBI 2
157208505 KHHETOXOp- Y4acTBYET B MOIYJISLMU BHYTPUKJIETOUHBIX PEUENTOPOB IIIIOKOKOP-
17q22 aCCOLIMMPOBAHHOIO |TUKOUIHBIX TOPMOHOB.
KOMIUIEKCA. Cynmmn. [55. 56]
Kinetochore- The protein of the kinetochore-associated complex of subunit 2 is ’

associated complex
protein gene

involved in the modulation of intracellular receptors of glucocortico-
id hormones.
Suicide.
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Kpome Toro, aBTOpHI OOHApPYKUIM MEXICHHOE B3au-
Mozeiicteue ~ BDNF-NTRK2?  mna  monuMmopHu3MOB
754923468 n rs1387926. Tem He MeHee, IIa3MEHHbIE KOH-
neHtparuun O6emka BDNF  okazamnce Hedd(hEKTHUBHBEIMHU
MIPEANKTOPAMH HCXOIOB JedeHwms [33].

Tenvt adpenepeuueckoilt MeOUamMopHol cucmemvl, ac-
COYUUPOBAHHbBIE C CYULUOANbHBIM NogedeHuem. Tpu OIHO-
HYKJICOTHIHBIX momnMopdmma C-1291G, N25IK wu
rs3750625C/A v oguH MHCEPIIMOHHO-IEICITHNOHHBIN TOJIH-
MopdusMm B TeHe ambda-2A-amepHopenentopa ADRA2A
BEISIBIICHBI ¥ 184 camoyOWHI[ ¢ 3aBEpPIIEHHBIX CYHIIHIOM.
Ot TOAMMOPPU3IMBI OTCYTCTBOBATH y 221 CyOBEKTOB,
yMepImmux MO0 ectecTBeHHbIM npwumHaM [37]. OmHOBpe-
MEHHas runepIkcnpeccust renoB ADRA2A, 5-HT,,, 5-HT»,
CEPOTOHWHOBBIX PEIENITOPOB M MIO-OMHOUIHBIX PEIENTO-
poB ObLTa OOHapyKEHA TOCMEPTHO y JKEPTB 3aBEPIIEHHOTO
CydIuaa.

V nuu, yMmMepumx e€CTeCTBEHHONW CMEPTBhIO WM B pe-
3yJbTaTe HECYACTHOTO CITy4as THIIEPIKCIPECCHH ITHUX Te-
HOB He HaOmomanochk [38]. DTo HabmIOMEHNE TOKa3bIBACT
POIIb CETEBOTO B3aWMOJCUCTBUSI HECKOJIBKHUX T'€HOB B pea-
Tu3anuu PeHOTHIIA CYHIIHEHTOB.

CyununanpHOE IMOBEACHHWE C 3aBEPIIUBIINMICS CYH-
IUAAMH TaKke HaOII0Iaioch y CYWIIUACHTOB C OJHOHYK-
JNIEOTUIHBIMU TIOMUMOpQH3MamMu B TeHOMe TeHOB ADRA2B
rs1018351 wm Oenxa-tpancmoprepa nodammuaa SLC6A3
rs403636 [39].

T'envl cepomonuH080Ll MeEOUAMOPHOL cucmemsl, acco-
YUUPOBAHHbIE C CYUYUOANbHBIM NogedeHuem. CauTaercs,
YTO IICUXOAMOIIMOHATIFHBIN CTaTyC YeIIOBEKa, B YACTHOCTH,
perynmupyercsi CepOTOHUHOBOM cucteMoil Menuaruu. [uc-
peryianus KOTOpPOH SBISIETCS YacThIO TAaTOTeHe3a Jerpec-
CUBHOTO 1cuxo3a. [103TOMy T'eHBl CEpOTOHWHOBBIX pEIlel-
TOPOB W CO3aBUCHUMBIE T€HBI, MOIYJTUPYIONINE UX AKTHB-
HOCTb, SIBIAIOTCS OOBEKTAMH IPHUCTAIHHOTO MHTEpeca Te-
HETHKOB, 3aHMMAIONIMXCs Tpobiemol cyurmna. Harpu-
Mep, Ha Matepuane oocienopanus 203 CyuIuaeHToB u 363
3IIOPOBBIX TOOPOBOJIBIIEB (HAa MaTepHualie BRIOOPKHU U3 [ep-
MaHUHM) OBUTM BBISBICHBI TMOMUMOPGHU3IMBI 75594242~
rs6311 G—C n rs6311 C reHa cepoOTOHHHOBOTO pEIENTOpa
24 noxaTuna, acCOUMMPOBAaHHBIE C CYHIMIAATBHBIM U arpec-
CHUBHBIM NOBeZieHHEeM. MIHTEpeCcHO, 4TO B JaHHOM HCCIIE0-
BaHUM YAAJOCh BBUIBUTH TPH MosmMopusma rs643627—
rs594242—rs6311: A-C-T, nBa rs594242—-rs6311: C-T n
omuH (GpyHKIMOHANBHBIN 7s6311: T, IO TEpPMUHOJIOTUH aB-
TOPOB, 3allUINAIONIME OT coBepuieHus cyunuaa [40]. B
JIpYTrOM HCCIICAOBAaHUM ObLIa MPOCIEXKEHA CBS3b PElaKTH-
poBanus aneHozuHa PHK B nHo3MH, penenTtopa cepoTOHH-
Ha HTR)c M CTPECCOBBIX KU3HEHHBIX COOBITHI C CyHIIUIa-
Mmu. [Tonmumopdusmel rs9983925 u rs4819035 B rene ane-
Ho3uHAe3amuHa3el ADARBI — depmenrte, npeobpa3yro-
M B PHK aneno3un B nHO3MH, 1 nonuMopdusm rs6318 B
rede penentopa HTR,c Ooka3aluch CO3aBUCHUMBIMHU (HaKTO-

In addition to being associated with sui-
cidal behavior, the genes of this group are
associated with the development of schizoph-
renia [30, 31].

NTRK?2 gene associated with suicidal
behavior. Receptor tyrosine kinase 2 (NTRK2)
is a high affinity receptor for brain-derived
neurotrophic factor (BDNF); single nucleotide
polymorphisms in the NTRK2 gene are con-
vincingly associated with suicide in depressed
patients [32]. Suicidal behavior and a positive
response to treatment in 389 out of 894 pa-
tients with depression were associated with the
rs10868223, rs1659412, and rsl1140778
polymorphisms. In addition, the authors found
the intergenic BDNF-NTRK? interaction for
the 754923468 and rs1387926 polymorphisms.
However, plasma concentrations of the BDNF
protein were found to be ineffective predictors
of treatment outcome [33].

Genes of the adrenergic mediator system
associated with suicidal behavior. Three sin-
gle nucleotide polymorphisms C-1291G,
N251K, and rs3750625C / A and one inser-
tion-deletion polymorphism in the alpha-2A-
adrenoreceptor gene ADRA2A were detected
in 184 suicides with completed suicide. These
polymorphisms were absent in 221 subjects
who died of natural causes [37]. Simultaneous
overexpression of genes ADRA2A4, 5-HT1A, 5-
HT2A serotonin receptors and mu-opioid re-
ceptors was found posthumously in victims of
completed suicide. In individuals who died of
natural death or as a result of an accident,
overexpression of these genes was not ob-
served [38]. This observation proves the role
of the network interaction of several genes in
the realization of the suicide phenotype.

Suicidal behavior with completed sui-
cides was also observed in suicide attempters
with single nucleotide polymorphisms in the
genome of the ADRA2B rs1018351 genes and
the dopamine transporter protein SLC6A3
rs403636 [39].

Genes of the serotonin mediator system
associated with suicidal behavior. 1t is be-
lieved that the psychoemotional status of a
person, in particular, is regulated by the sero-
tonin mediation system. Its dysregulation is
part of the pathogenesis of depressive psycho-
sis. Therefore, genes of serotonin receptors
and codependent genes that modulate their
activity are objects of keen interest of genetic-
ists dealing with the problem of suicide. For
example, a study of 203 suicides and 363
healthy volunteers (a sample from Germany)
revealed polymorphisms rs594242 — rs6311 G
— Cand rs6311 C of the serotonin receptor 2A
subtype gene associated with suicidal and
aggressive behavior. Interestingly, this study
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paMy COBEPILEHMS CYHUIUJA, a JETCKUE CTPECCOBBIE Iepe-
JKUBAHUS YBEJIMYMBAIM PUCK CAMOYOMICTBAa y HOCHUTEJIEH
3TUX moauMopdu3moB [41].

KakoBa ponp mepekuToro B JETCTBE CTpECcca B Peau-
3auuu cyununa? HekoTopble aBTOpHI CUMTAIOT, YTO IEpe-
JKUTbIE CTPECCOBBIE CUTYALMd QOPMUPYIOT CyObEKTUBHYIO
TOJICPAHTHOCTH K 007M 1 OeccTparime nepes cMepThio [42,
43], uTo B coUeTaHNH C HAOOPOM MOTMMOP(HU3MOB T€HOB, B
YaCTHOCTH, MOJUMOp(dHU3Ma reHa OelnKa-HOCHTEIS CepOTO-
auHa 5-HTTLPR [42, 43], oTBeyaromux 3a popMuUpOBaHHE
NICUXHUKH U MOBENEeHUs, (GOPMHUPYET ACTIPECCUBHBIN IICUXU-
YECKHH CTAaTyC M NPH HAINYUU CYHMIUIAIBHBIX MBICIEH
o0Jeryaer peanu3aluio Cyuuaa.

LIenvt KOpMUKOMpPORUH-PUNUSUHS-PEYERNOPOS, ACCO-
yuuposanmvie ¢ cyuyudarbHuiM noseoeHuem. Ha matepua-
Jie TeHeThdeckoro odcnenoBanus 183 mereid, MOIyIHUBIIIX
TpaBMy B pe3yjbTaTe CyHIHAa B cpaBHEeHUU c 183 geTbmu,
TPaBMUPOBAHHBIX BHE CBSI3U C CYULMIOM, OBUIO YCTaHOB-
JIEHO, YTO TOJUMOP(U3MBI TE€HOB KOPTUKOTPOIIMH-
puwmsuHT-penienitopoB  CRHRI (rs110402, rs242924 wu
rs16940665) wn CRHR2 (rs2190242, rs2284217 n
rs2014663) MOTyT OBITH BOBIICYCHBI B CyHIIUIAIBLHOE TIO-
BEJCHUE U CaMOIIOBPEKICHUE, COBEPLIEHHOE C ILIEJIbI0
cynuuzaa [44]. Homumopdusm CRHRI rsl10402 BeI3bIBacT
IHUKOBOE YBEJIMYMBACT Y CYMLUACHTOB IUIA3MEHHBIX KOH-
HEHTpauil uHTepieknaa [L-1f, 9T0 yBeNMW4YMBAaET PHUCK
coBepuieHus cynuuaa Ha 15% [45]. UarepecHo, 4TO OAHO-
HYKJICOTHIHBbIE oJuMOp¢u3mMbl reHa CRHRI uUMeroT BO3-
PacTHYI0 M TEHAEPHYIO CHEIM(UIHOCTD NPH pearu3alyu
CyHIUIABLHOTO TIoBeaeHus. Tak nomumopdusm rs7209436
OKAa3aJICsl CTATHCTUYECKH 3HAYMMO CBSA3aH C MOIBITKAMHU
COBEPILIEHMS CYHLMA KEHIIMHAMHU U TONBITKaMU (pusnde-
CKOT0 HalaJeHUs WM CyMLUAA B JETCKOM/IOAPOCTKOBOM
Bo3pacte, noimumopousm CRHRI rs16940665 — y B3poc-
JIBIX MY>KUUH, a 54792887 — y My>xuuH ¢ aenpeccuei [46].
[lo-Bunumomy, ren CRHRI siBisieTcss OYeHb Bapuadesb-
HBIM, TaK Y MYXKUHH, HO HE y >KCHILUH, BBISBIICH €I OAUH
nouMopu3M 3TOro TeHa — rs12936511 — cuiabHO CBSI3aH-
HBIH ¢ genpeccueld u noneiTkamu cyuuuaa [47]. B npyrom
UCCIIeIOBaHWN OblJla yCTAHOBJIEHA CBS3b MOJMMOp(dH3Ma
rs110402 rena CRHRI c NOBBIIEHHBIM PUCKOM CE30HHOU
YacTOTBHl CYMIIMJOB M PAaHHEr0 BO3pacTa Hayaja MEepBOrO
JIEIPECCUBHOrO 3MM30/a. Torga Kak HOCUTEIH HOJIUMOp-
¢usma rs2270007 rena CRHR2 wMenu yCTOWYHMBOCTH K
JICYCHUIO ACNpecCUu LuTajionpamom [48].

Tem He MeHee, CyLIECTBYIOT HCCIEIOBaHMs, B KOTO-
PBIX OTPHULIAETCS CBA3b MOJIMMOP(PHU3MOB [€HOB C CYyHUIHJIA-
MU, HampuMep, Ha MaTepHuaje aHajiu3a MOJIUMOP(PH3MOB
HTRIA rs6295 n HTR2A rs7997012, rs6313, rs643627,
rs17288723 374-x mauMeHTOB C TSKENOU nenpeccuei mo-
cie 4-x HenenbHOro JyedeHus [49]. AHANOTMYHBINA pe3ylb-
TaT A noaumoppusmMoB HTR2A reHa MoiyyeH U NpH Me-
TaaHaJM3€ BCeX paboT THIA ciaydaid KOHTPOJIb, OIMYOIUKO-

identified three polymorphisms rs643627 —
15594242 —rs6311: A — C—T, two rs594242 —
rs6311: C — T and one functional rs6311: T,
according to the authors' terminology, protect-
ing against suicide [40]. Another study traced
the link between adenosine RNA changing to
inosine, the serotonin receptor HTR2C, and
stressful life events with suicide. The
759983925 and rs4819035 polymorphisms in
the ADARBI adenosine deaminase gene, an
enzyme that converts adenosine into inosine in
RNA, and the rs63/8 polymorphism in the
HTR2C receptor gene turned out to be code-
pendent factors of suicide, and childhood
stressful experiences increased the risk of
these polymorphisms [41].

What is the role of childhood stress in
the realization of suicide? Some authors be-
lieve that experienced stressful situations form
subjective tolerance to pain and fearlessness of
death [42, 43], which in combination with a
set of gene polymorphisms, in particular, po-
lymorphism of the serotonin carrier protein 5-
HTTLPR gene [42, 43] being responsible for
the formation of the psyche and behavior,
forms a depressive mental status and, in the
presence of suicidal thoughts, facilitates the
implementation of suicide.

Corticotropin-releasing receptor genes
associated with suicidal behavior. Based on
the material of a genetic examination of 183
children injured as a result of suicide in com-
parison with 183 children injured outside of
connection with suicide, it was found that
polymorphisms of the genes of corticotropin-
releasing receptors CRHRI (rsi110402,
15242924 and rs16940665) and CRHR?2
(rs2284217 and rs2014663) may be involved
in suicidal behavior and self-harm committed
with the intent of suicide [44]. The CRHRI
rs110402 polymorphism causes a peak in-
crease in plasma concentrations of interleukin
IL-1p in suicides, which increases the risk of
suicide by 15% [45]. Interestingly, single nuc-
leotide polymorphisms of the CRHRI gene
have age and gender specificity in the imple-
mentation of suicidal behavior. Thus, the
rs7209436 polymorphism was statistically
significantly associated with attempts to com-
mit suicide in women and attempts at physical
attack or suicide during child-
hood/adolescence, the CRHRI polymorphism
rs16940665 in adult men, and rs4792887 in
men with depression [46]. Apparently, the
CRHRI gene is very variable, so in men, but
not in women, another polymorphism of this
gene, rs12936511, was revealed, which is
strongly associated with depression and sui-
cide attempts [47]. Another study found an
association of the rs/10402 polymorphism of
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BaHHBIX Ha aHTJIHICKOM s3b1ke 10 2013 1. [50].

Tenvi, pecynupyrowue Konyenmpayuu KOpmu3ona, ac-
COYyuUUpOBanHvle ¢ CYUYUOanbHoiM nogedenuem. K takum
reHam otHocsaTcs reasl FKBPS u SKA2. FKBP5 — Ge-
JIOK-IIANIEPOH, MHTUOUPYIOIUI CBSI3bIBAHUE KOPTH30Ja U
TPAHCIIOKALMIO INIFOKOKOPTUKOUIHBIX PELENTOPOB B SAPO.
M3BecTHO, 4TO HE3aBEPIIMBIIMKACSI CTPECC MOXKET COIpPO-
BOXKIAThCS ACTIPECCUEH M MPUBOAMUTH K cynuuay. Moieky-
JISIPHBIE IPUYHMHBI 3TOTO SBJICHUS CTAHOBSITCA SCHBI TOJIBKO
ceitaac. Croiikoe yBeTHMUeHNe TIa3MEHHBIX KOHIIEHTPAH
ITIIOKOKOPTHKOUAOB, HaOJIr0faeMoe MpH CTpecce, aKTUBU-
pyer  NMDA-peuentopsl. Boz0Oyxnenne  NMDA-
pELENnTOpOB UHAYLUPYET 3KcIpeccuto rena FKBPS u ycu-
JIBaeT TOBeACHUECKHe Mpu3Haku TpeBoru [51]. C 3aBep-
HIEHHBIMM ~ CyMLUJaMH  aCCOLMHMPOBAHBl  TaIUIOTUIIBI
rs3800373, rs1360780 n rs2395635 rena FKBP5 [52].

[omumopdusm rs1360780 rena FKBP5 6vin 0OHapy-
JKeH y 219 xepTB cynuuja AMOHUEB B OTIMYHUE OT KOH-
TPOJIBHOW TPYIBI, Y KOTOPOH 3TOT MOJUMOP(H3M HE BbI-
sBiteH [52]. Otot xe monmmmopdusma rs1360780 T muHOp-
Horo amyens reHa FKBP5 Obut oOHapyxkeH y 146 Mexcu-
KaHIEB, COBEPIIMBLIMX CYHIMJ, YTO MOATBEPXKIAECT €ro
accolMalii0 C CYMIMIAJbHBIM IOBeACHHEM. Torama Kak
MUHOpPHBIA amiens rs3800373 C TOro ke reHa oOkaszajucs
¢akTopom 3amuThl oT cyunuaa [53]. BeisiBiaeno emgé aBa
nonmMophu3Ma 3Toro reHa 153777747 u rs4713902, acco-
LUHUPYIOLIUXCS C CYULUAAMH Y JIFOAEH, UMEBIIUX JETCKYIO
CTPECCOBYIO TpaBMy [54].

Okcrpeccusi TeHa 0ellka KUHETOXOpP - aCCOLMHPOBAH-
HOro KomIuiekca cyObenuHUIBl 2 (SKA2) okaswiBaercs
3HAYNUTENIFHO CHIKEHAa B NpPe(POHTAIBHON KOpe KepTB
CaMOYOMICTB 10 CPaBHEHHUIO C HOPMAaJbHBIMH KOHTPOJIb-
HBIMH HCTIBITYEMBIMHA U HE CYHUUAAJIBHBIMH MAI[EHTaMH.
Heduur sToro 6enka MOXET NPUBOIUTH K YPE3MEPHOMY
BBIJICJICHUIO KOpTH3ouia. [loaToMy psin aBTOpPOB CUHMTAIOT,
910 SKA2 MO)eT ObITh MOTEHUMAIBHBIM MapKepOM CaMo-
youiicta [55, 56]. MerunupoBanue rena SKA2 c¢ ogHo-
HYKJICOTHIHBIM TTonuMophu3MoM rs7208505 B 1HMTO3UH-
ryaHuHoBoM Jokyce cgl13989295 mpenckassiBano Ooiee
BBICOKME TOKa3aTelIN TEKYIIMX CYHUIHMIAIBHBIX MBICIEH U
noBeaeHus [57, 58].

Tenvt reward cucmemul, accoyuuposanuvie ¢ Cyuyu-
danbHuim nosederuem. CyuIIua MOKHO PaccMaTpUBaTh Kak
KpaiiHio0 QopMy Haka3aHUS 3a IpPEALIECTBYIOLIEE IOBE-
neHue, npuBenniee Kk cyuuuny. [lostomy ompenenéHHBIN
WHTEpEC J0JDKHA NPEACTAaBIIATh TEMa CBSI3U CYHLUIOB C
(YHKIMOHUPOBaHUEM reward CUCTEMBI — CUCTEMBI BO3HA-
rpaxiaeHus Hakazanusi Mosra. Opdanud FQ 1 ONMOUAHBINA
NENTUA OX0KUH Ha HOLMLENTHH (OpQaHnuH) y4acTBYIOT B
SMOLMOHATBHON peryisiunu. KonuuecTBeHHOE ompezee-
HUE JKCIpeccuu 3TUX MeauatopoB meroxom IIIP B me-
peIHEM OCTPOBKE, MEAUOJOPCATBLHOM TajllaMyce W JOp-
callbHOM TepegHel MOsACHOM Kope 34-Xx 4denoBeK 000ero

the CRHRI gene with an increased risk of
seasonal suicide frequency and an early age at
the onset of the first depressive episode. Whe-
reas carriers of the rs2270007 polymorphism
of the CRHR? gene had resistance to treatment
of depression with citalopram [48].

Nevertheless, there are studies that deny
the association of gene polymorphisms with
suicides, for example, based on the analysis of
polymorphisms HTRIA rs6295 and HTR2A
rs7997012, rs6313, rs643627, rs17288723 in
374 patients with severe depression after 4
weeks of treatment [49]. A similar result for
HTR24 gene polymorphisms was obtained in
the meta-analysis of all case control studies
published in English before 2013 [50].

Genes that regulate cortisol concentra-
tions associated with suicidal behavior. These
genes include the FKBP5 and SKA2 genes.
FKBPS is a chaperone protein that inhibits the
binding of cortisol and the translocation of
glucocorticoid receptors into the nucleus. It is
known that uncompleted stress can be accom-
panied by depression and lead to suicide. The
molecular reasons for this phenomenon are
becoming clear only now. The persistent in-
crease in plasma glucocorticoids concentra-
tions observed during stress activates NMDA
receptors. Excitation of NMDA receptors in-
duces expression of the FKBP5 gene and en-
hances behavioral signs of anxiety [51]. The
haplotypes  rs3800373, rs1360780, and
rs2395635 of the FKBP5 gene are associated
with completed suicides [52].

The rs1360780 polymorphism of the
FKBP5 gene was found in 219 Japanese sui-
cide victims, in contrast to the control group,
in which this polymorphism was not detected
[52]. The same polymorphism rs/360780 of
the 7 minor allele of the FKBPS5 gene was
found in 146 Mexicans who committed sui-
cide, which confirms its association with sui-
cidal behavior. Whereas the minor allele
rs3800373 C of the same gene turned out to be
a protective factor against suicide [53]. Two
more polymorphisms of this gene, rs3777747
and rs4713902, were identified, which are
associated with suicide in people with child-
hood stress trauma [54].

Gene expression of the kinetochore-
associated complex subunit 2 (SKA2) protein
gene is significantly reduced in the prefrontal
cortex of suicide victims compared to normal
control subjects and non-suicidal patients.
Deficiency of this protein can lead to exces-
sive cortisol secretion. Therefore, a number of
authors believe that SKA2 may be a potential
marker of suicide [55, 56]. Methylation of the
SKA2 gene with single nucleotide polymor-
phism rs7208505 at the cytosine-guanine lo-
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1oJia KOHTPOJIBHOW Tpynmsl M 60 CYWIIUIESHTOB C 3aBep-
MIEHHBIM CYHIIUIOM O0OETO0 IT0JIa BRISIBHIN CHIDKEHHE DKC-
npeccun oboux perynsatopoB Ha 18%. CBs3u yMeHBIICHUS
Jkcnpeccuu opdanrHa FQ M OMHUOUIHOTO TENTHAA TTOXO0-
JKET0 Ha HOIMIENTHH C IEMPECCUBHBIMH PACCTPONCTBAMU
WIH yIIOTPeOJIeHHEM TICHXOAaKTHBHBIX BEIIECTB B MOMEHT
cMeptd He oOHapyxkeHo [59]. KoHmeHTparus B CiHHO-
MO3TOBOM KHUIKOCTH APYTrOr0 MeauaTopa reward CUCTEMBI
OpEeKCHHA TaK)Ke OKa3anach CHIDKEHHOW y 66 MalneHTOB ¢
He3aBepIE€HHbIM cyurnoM [60]. Ecimu opdanunsl, ommo-
WIHBIN TENTH A TMOX0XXHHA Ha HOIUIETITHH M OPEKCHH SIB-
JSIOTCS. MEIUATOPaMH BO3HATPaXKIEHUS reward CUCTEMEI,
TO TUHOpPGUH — MeauaTop Hakasanusa. U eciam koHIEHTpa-
IIUH TIEPBBIX TPEX MENTH/IOB Y CYHIIUACHTOB YMEHBIIAeTCS,
to skcrpeccus MPHK mpoamHOpdmHA B TONIOBHOM MO3Te
caMOyOHHIl ¢ 3aBEPIIEHHBIM CYHIIUJIOM OKAa3bIBAETCS yBe-
TudeHHOH [61].

Hdymaetcs, 4TO ONpeAeN€HHbI HMHTEpEC B JaHHOM
KOHTEKCTE MPENCTABISIIOT CBeJAeHHUsT 00 yBEeTMYeHWH B 9
pa3 TUIOTHOCTH MIO-OTIHOMIHBIX PENENTOPOB B JOOHBIX U
BHCOYHBIX M3BHIMHAX [62]. [To3xke 3T0 mccienmoBanue ObI-
JI0 TIOATBEPKACHO OOHapykeHHe yBenuuyeHus Ha 36-39%
TUIOTHOCTH MIO-OTIMOMIHBIX PEIENTOPOB BO (PPOHTATHHOU
KOpE M XBOCTATOM sijipe y 15 kepTB caMOyOHIiCTB 1O CpaB-
HEHUIO C 15 yMepImMHy 1o eCTECTBEHHBIM NpUYrHaM [63].

JocTtmkenns B 00JIaCTH UCCIIEOBaHUS T€HETUIECKUX
MIPUYUH CYHIIHJOB B CBS3HM C TOCIETHUM OTKPBITHEM IIO-
CTMOPTAILHBIX H3MEHEHUN 3KCIPECCHUH T€HOB B TOJIOBHOM
MO3Te BIEUaTIIAIOT. TeM He MeHee, He BCE Tak MPOCTO, KaK
KaxeTcs. B Tekymiem romy omybiukoBaHa paboTta, U3 KO-
TOPOH CIIEAyeT, 9TO CMEPTh HE MpEeKpamaeT padoTy reHe-
TUYECKOro ammapara. B romoBHoOM mo3re, mo xpaitHel me-
pe, B miepBble 24 yaca Tocje CMepTH HabIoJaeTcs BbIpa-
JKEHHas! 3KCIIpeccusi TeHOB B Helpornuu [64]. Ota pabora
ObLJ1a BRITIOJTHEHA KaK MPOBEpPKa Ha YEIOBEKA PaHEe BBISB-
JIEHHOW ITOCMEPTHON KCIIPECCHH T€HOB B TOJIOBHOM MO3Te
B DKCIIEPUMEHTE Ha JKUBOTHBIX [65]. Camu 00cTOSTENHCTBA
COBEpIICHHUS CyHIHJa MOTYT HAJIO)KUTh Ha OTH, TIO-
BUJMMOMY, 3aKOHOMEpHBbIE M3MEHEHHS MOCMEPTHON 3KC-
Mpeccun TEeHOB Kakue-mnbo ocobenHHoctu. [lo3aromy, ka-
KHEe-TO TOJMMOP(U3MBI, MPHUBEIIINE K OCTMOPTAIBLHON
9KCIPECCHH T'€HOB, HE KCIPECCUPYIOIIMXCSA NPU CMEPTH
OT €CTECTBEHHBIX NPUYMH, MOTYT OBITH PAaCLEHEHBI, Kak
aCCOLMMPOBAaHHbIE C CyHUMAATIbHBIM (enorunoM. CooT-
BETCTBEHHO, 00Jjice OOBEKTUBHBIMH CBUETENLCTBAMU CBSI-
3U TEHHBIX MOJIUMOPPHU3MOB M HM3MEHEHHs SKCIPECCHU
TeHOB C CyWUUAAIbHBIM (PEHOTHUIIOM Ka)KyTCsl MCCIIeIOBa-
HUSI HA BBDKMBIIMX CYWLUACHTAX, WIN T€ paboThI, B KOTO-
PBIX T€HHBIE TOJTUMOP(U3MBI BBISIBICHBI B LIEJIEBOM IPyIIIe
no coBepuieHusi cynuuaa. [lo 3Toil mpuunHe Tenepb BO3-
HHUKAIOT HEKOTOPBIE BOMPOCH K METOAOJIOTUH HCCIIeI0Ba-
HUH CBSI3M MOJUMOP(PHU3MOB I'€HOB U UX 3KCIPECCHH, BbI-
NOJHEHHBIE Ha TNOCMEPTHOM Matepuane. W, Hampumep,

cus ¢gl3989295 predicted higher rates of
current suicidal thoughts and behavior [57,
58].

Reward systems genes associated with
suicidal behavior. Suicide can be viewed as an
extreme form of punishment for previous be-
havior that led to suicide. Therefore, the topic
of the connection between suicides and the
functioning of the reward system — the brain
reward and punishment system — should be of
some interest. Orphanin FQ and an opioid
peptide similar to nociceptin (orphanin) are
involved in emotional regulation. Quantitative
determination of the expression of these me-
diators by PCR in the anterior islet, mediodor-
sal thalamus and dorsal anterior cingulate
cortex of 34 people of both sexes in the con-
trol group and 60 suicides with completed
suicide of both sexes revealed a decrease in
the expression of both regulators by 18%. The
relationship between a decrease in the expres-
sion of orphanin FQ and an opioid peptide
similar to nociceptin with depressive disorders
or the use of psychoactive substances at the
time of death has not been found [59]. The
concentration in the cerebrospinal fluid of the
other mediator of the reward system, orexin,
was also reduced in 66 patients with incom-
plete suicide [60]. While orphanins, an opioid
peptide similar to nociceptin, and orexin are
mediators of the reward system, dynorphin is a
mediator of punishment. And if the concentra-
tion of the first three peptides in suicides de-
creases, then the expression of prodinorphin
mRNA in the brain of suicides with completed
suicide turns out to be increased [61].

It is believed that in this context the in-
formation about a 9-fold increase in the densi-
ty of mu-opioid receptors in the frontal and
temporal gyri [62] is of certain interest. Later,
this study was confirmed by the detection of a
36-39% increase in the density of mu-opioid
receptors in the frontal cortex and caudate
nucleus in 15 suicide victims compared with
15 deaths from natural causes [63].

Advances in the study of the genetic
causes of suicide in connection with the recent
discovery of postmortem changes in gene
expression in the brain are impressive. How-
ever, not everything is as simple as it seems.
There was a work published this year that
states that death does not stop the work of the
genetic apparatus. In the brain, at least during
the first 24 hours after death, pronounced gene
expression is observed in the neuroglia [64].
This work was performed as a human test of
previously identified postmortem gene expres-
sion in the brain in an animal experiment [65].
The very circumstances of committing suicide
can impose some peculiarities on these appar-
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peKOMeHaIMKu 10 cOopy HMOCMEPTHOrO MaTepuaia, JlaH-
HbIE B 0030pe [66] Bcero BoceMb JIET Ha3al, yKe TpeOyroT
Koppeknuu. TeM 0oliee 9To SKCIPECCHS TEHOB MOTJIa OBITH
N3MEHEHA MNPIKU3HEHHO, PAaBHO KaK M IOIUMOPGHU3MBI
IEHOB MOI'YT IIPOMCXOIOUTH HAIpaBIECHHO B pe3yJbTare
COMAaTHYECKHX MYTalWid, BBI3BAHHBIX ITOCTOSHHBIM IIPHE-
MOM JIEKapCTBEHHBIX CPEACTB, HAPUMEP, aHTUACTIPECCaH-
TOB, WJIM HApKOTHUKOB Yy HapKO3aBUCUMBIX. boiee Toro,
TOJIOBHOMH MO3r, norpebstommii 10 20% Bcero mocry-
TAfOIIero B opraHu3M kuciaopona (3-3,5 ;m ua 100 r TkaHn),
MOJIEKYJIsIpHast (hopMa KOTOPOTO PacLEHUBAETCS KaK MyTa-
TeHHBIA Ta3 [67], IO 3TOM NPHYNHE JTOKCH HCITBITHIBATH
3HAYUTENIbHYI0 NPWKU3HEHHYI0 MYTallMOHHYIO Harpysky.
YroTtpebiaeHne HapKOTHKOB, JHOO aaKOTojs, JIMOO IIPOo-
ITpaMMHBIM ~ OpuUéM  TNCUXOTPONHBIX  JIEKAPCTBEHHBIX
CPEACTB, KaK MPaBUIIO, YIIOMUHAEMbIE B OOJBIIMHCTBE KAaK
OPUTHMHAJIBHBIX HCCIIEIOBaHUN, TaKk U 0030pOB JIUTEPATY-
PBI, SBISETCSl AOTOJHUTEIBHBIM MyTareHHbIM (akTOpoM,
BBI3BIBAIOIIMM HAalpaBJICHHbIE MYTAalUHd B CHJIYy CBOETO
XMMUYeCKOro crpoenusi. Kpome toro, pesynprar uccieno-
BaHUs CBSI3M I€HETUYECKUX MOJIMMOP(PHU3MOB W/UIIN U3Me-
HEHMS JKCIPECCHH T'€HOB C CYyMLUUAAIbHBIM (PEHOTUIIOM
MOJKET 3aBHCETh OT 30HBI I'OJOBHOI'O MO3ra, B KOTOpPOH
ObUI B3SIT MaTepuall, MOCKOJIBKY B Pa3HbIX 00NaCTSIX To-
JIOBHOTO MO3Ta MOTYT HaOIFOIaThCS pa3HbIe TOIUMOPQH3-
MBI ¥ TTIOCTTPAHCIISIIUOHHBIEC PEryISITOpHBIE dPheKThI [66].
[TosTOMy OTpHUIATENBHBIA PE3YJBTAT aCCOLMALNU KaKHX-
100 TeHOB ¢ (PEHOTHIIOM, MOXET ObITh, KaK MCTUHHBIM,
TaKk U OMMOOYHBIM BbIBOAOM. llo-BuAMMOMY, IS HCKIIIO-
YEeHUS! TAKUX apTe(aKToB BCE-TAKH HEOOXOAUMO HCCIEN0-
BaTh, KAK MUHUMYM, CEMEHHBIH aHaMHE3, a KAK MaKCUMYM,
B COBPEMEHHBIX YCIIOBUSIX OCYIIECTBIISITE TC€HETHYECKOE
o0cnenoBaHKe WIEHOB ceMbd. Kpome Toro, eciu moaumMop-
(hu3M, acCOMUPYEMBIH C CYWIIMIAITEHBIM (EHOTHIIOM, 00-
HapyXeH U B TOJOBHOM MO3T€ U 3KCTPaHEHPOHAIBHO, MOXK-
HO C OOJbIIEl YBEPEHHOCTBIO MPUHATH TMIIOTE3Y, YTO 3TO
YHaclleIOBaHHasl, a HE COMAaTUYECKU MPUOOpEeTEHHAsT MyTa-
ust. OOLIereHOMHBIE aCCOLMATUBHBIE HCCIEIOBAaHUS CYH-
LIUIATBHOTO (PeHOTHIIA B OCHOBHOM Jajll HEYOeIHUTeNbHbIE
WIK TOPOTUBOPEUMBBIE PE3YybTAThl [68], BUAMMO, KaK pa3
MOTOMY, YTO aBTOPAaMH 3TUX HCCIICAOBAHUM HEe OBbUIM yuTe-
HBI 00CY>K/IEHHBIE BhIIIE (PaKTOPBl, HECOMHEHHO, BIIUSIOLIIE
Ha pe3yJbTaT TeHOMHOI'O UCCIIEA0BAHUS aCCOLMALIMI.
Hpyroii npo0neMoii uccie10BaHNi CBA3U CYUIUJOB C
TCHHBIMU TOMUMOP(U3MaMHU  SBISIETCS CTaTUCTHYECKUI
aHanu3 JaHHbBIX. Hampumep, aBTOpBI OAHOTO M3 OOJIBIIMX
MeTaaHAJIN30B, U3yYHB PaOOTHI O CBS3M F€HHBIX MOJIUMOP-
($U3MOB ¢ CynIMIANbHBIM (PEHOTHIIOM, OIyOJIMKOBAaHHbIE B
PubMed, SCOPUS u ISI Web of Science 3a nepuoz aecsitb
JIET JIeNaloT BBIBOA, YTO MCCIIEIOBATENIN PACCMaTPUBAIOT, B
TOM 4YHUCIIC, NPUMEHSBIIMECS METOJbl CTATHCTHYECKOTO
aHaJM3a JaHHBIX KaK MPU IMOMCKE OJHOHYKICOTHIHBIX MO-
JTUMOP(U3MOB, TaK U PU OOIIETCHOMHBIX aCCOIIMAaTUBHBIX

ently regular changes in posthumous gene
expression. Therefore, some polymorphisms
leading to the postmortal expression of genes
that are not expressed during death from natu-
ral causes can be regarded as associated with a
suicidal phenotype. Accordingly, studies on
surviving suicides, or those studies in which
gene polymorphisms were detected in the
target group before committing suicide, seem
to be more objective evidence of the relation-
ship of gene polymorphisms and changes in
gene expression with the suicidal phenotype.
For this reason, some questions now arise
about the methodology of studies of the rela-
tionship between gene polymorphisms and
their expression, carried out on posthumous
material. And, for example, the recommenda-
tions for the collection of posthumous materi-
al, given in the review [66] just eight or seven
years ago, already require correction. Moreo-
ver, gene expression could be changed during
life, just as gene polymorphisms can occur in a
targeted manner as a result of somatic muta-
tions caused by the constant use of drugs, for
example, antidepressants, or drugs in drug
addicts. Moreover, the brain consuming up to
20% of all oxygen entering the body (3-3.5
liters per 100 g of tissue), the molecular form
of which is regarded as a mutagenic gas [67],
for this reason should experience significant
mutational load. The use of drugs, or alcohol,
or the programmed intake of psychotropic
drugs, as a rule, mentioned in most of both
original studies and literature reviews, is an
additional mutagenic factor that causes direc-
tional mutations due to its chemical structure.
In addition, the result of studying the relation-
ship of genetic polymorphisms and / or
changes in gene expression with a suicidal
phenotype may depend on the area of the brain
in which the material was taken, since differ-
ent polymorphisms and post-translational reg-
ulatory effects can be observed in different
regions of the brain [66 ]. Therefore, a nega-
tive result of the association of any genes with
a phenotype may be both true and erroneous
conclusion. Apparently, in order to exclude
such artifacts, it is still necessary to investi-
gate, at least, the family history, and at most,
in modern conditions, to carry out a genetic
examination of family members. In addition, if
the polymorphism associated with the suicidal
phenotype is found both in the brain and
extraneuronally, the hypothesis that this is an
inherited rather than a somatically acquired
mutation can be more confidently accepted.
Genome-wide associative studies of the sui-
cidal phenotype generally yielded inconclusive
or contradictory results [68], apparently, pre-
cisely because the authors of these studies did
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uccienoBanuax. [Ipu aToM aBTOPHI 000NN YMOITYaHHEM
SBHBIN pe3yNnbTaT CBOeil paboThl — MpPHIEIHHOE HCCIENO0-
BaHWE aCCOIMANNN OJHOHYKICOTHIHBIX MOIUMOP(HU3MOB,
KaK B OPUTHHAIBHBIX HCCIEIOBAHUIX, TAK U B MPOBEAEH-
HOM aBTOpaMH MeTaaHalln3e, KaK MPaBUJIO0, 3aKaHIMBAETCS
oOHapyXKeHHeM CBS3U MOIMMOp(H3Ma TeHa WIA TPYIIIHI
reHoB ¢ cyunuaamu. Torma kak oOIIereHOMHBIE accoIua-
TUBHBIE WCCIEOBAHMA, KaK MPABUIIO, 3aKAaHYNBAJINCH OT-
punarensHBIM pe3yasTaToM [69]. Ho ecnm npu nccienosa-
HUU OJHOHYKJICOTHIHBIX HOIUMOP(GHU3MOB MPUMEHSETCA,
Kak mpaBuiio, TecT ANOVA, To mpu 00IIeTeHOMHBIX acco-
[MUATHBHBIX HCCIEOBAHUSIX — PETPECCHOHHBIA aHaIU3.
Paznuune wmcmonp30BaHUs METOIOB CTATHCTHYECKOTO aHa-
Tu3a B JAHHOM Ciiydae OOYCIIOBJIEHO XapaKTepOM CTaTH-
CTHYECKOTO Marepualia. B mepBoM cilydae BBIABISIOTCS
CTaTHCTUYECKH 3HAYMMBIE YaCTOTHl BCTPEYAEMOCTH IIOJTH-
MOP(}HH3MOB, OTIIHYAIOIIIHECS OT OOMIETIOMyISIIHOHHBIX HITH
rpynn KOHTpoia. Bo BTOpOM — HCKIIOYAIOTCA OOBIYHO
BCTpeuaromuecs (nukue) amrenu. Takum obpa3om, cytie-
CTBYET 3aBUCHUMOCTH PE3yJbTaTa HCCIeIOBAHUSI TEHOMHBIX
accouuanuil oT Au3aiiHa U METOJOJIOTMH UCCIEIOBAaHUSA U
MOCTIEAYIONIETO BApHAHTa CTATHCTUIECKOTO aHAIH3A.

Cyuyuo-meopuu

Coyuonoeuyeckan (3. JfopkreiM) — CyHIIUA: aHOMHYCCKHH,
(haTamMCTUICCKUH, STONCTUICCKHUI, abTPYHCTHISCKUHA

Icuxonoeuueckue
INcuxonoruueckas (3. Opeiin) — cyuipma kak 6opsrdba Itoca u
Tanatoca.
Camonaxkazanus (K.I'. FOHr)
UygscTBo nuuHOi HenonaHoeHHocTH (K. XopHn)
Teopus ncuxmueckon 60s1e3HN

Occenyuanucmuyeckue
Broxummdaeckas
T'eneTnueckas
Juares-cTpecc Teopus

Jpyaue meopuu

Cynmnug (3. beph) — pe3ynbraT GOpMHUPOBaHUS U PA3BUTHUS KH3-
HEHHOTO CIIeHapus

Teopus muunoctHBIX KOHCTPYKTOB (G. Kelly) — dartamsm, mibo
JMYHOCTHAs TpeBOTa

Teopwus sx3ucrennmanbHoro Bakyyma (B. ®@panxn, U. /. Snom)
Teopus pedekca nenu (GnxeBHOPU3M)
Amnaromo-anTponosuoruieckas teopus (Y. Jlom6po30)

Puc. 1. KoHnenTyaibHbIe TEOPUN CYUIUAATBHOTO TTOBEACHUS (I10
PyxenkoB B.A. u ap., 2012 [71], Xpurtuaun 1.9. u 1p.,
2015 [72], Ludwig B. u op., 2017 [73]).

OOHapykeHHE CBA3M CYWIMJAIBHOTO MOBENCHUS C
KaKMMHU-TH00 TeHaMH Hen30€KHO CTaBUT BONPOC O IeHe-
TUYECKOW TPeNONpeNeIEHHOCTH CYHLUIOB — TOCKOJBKY
€CThb CCEHUHUAIUCTCKUN (CYIIHOCTHBIN) cyOcTpaT (reHHas
ceTb). OH 00s3aTENbHO JOJKEH peaqn30BaTh COOTBETCT-

not take into account the factors discussed
above, which undoubtedly influencing the
result of the genomic study of associations.

Another problem in studies of the associ-
ation of suicides with gene polymorphisms is
statistical data analysis. For example, the au-
thors of one of the large meta-analyzes, having
studied the works on the relationship of gene
polymorphisms with the suicidal phenotype,
published in PubMed, SCOPUS and ISI Web
of Science for a period of ten years, conclude
that the researchers are considering, including
the applied methods of statistical data analysis
both in the search for single nucleotide poly-
morphisms and in general genome associative
studies. At the same time, the authors by-
passed the obvious result of their work — a
targeted study of the associations of single
nucleotide polymorphisms, both in the original
studies and in the meta-analysis carried out by
the authors, as a rule, ends with the discovery
of a connection between gene polymorphism
or a group of genes with suicides. Whereas
genome-wide associative studies, as a rule,
ended in negative results [69]. But if in the
study of single nucleotide polymorphisms the
ANOVA test is used as a rule, in general ge-
nome associative studies, regression analysis
is used. The difference in the use of methods
of statistical analysis in this case is due to the
nature of the statistical material. In the first
case, statistically significant frequencies of
occurrence of polymorphisms are revealed,
which differ from the general population or
control groups. In the second, the commonly
occurring (wild) alleles are excluded. Thus,
there is a dependence of the result of the study
of genomic associations on the design and
methodology of the study and the subsequent
version of statistical analysis.

Suicide theories

Sociological (E. Durkheim) — suicide: anomical,
fatalistic, egoistic, altruistic

Psychological
Psychological (Z. Freud) — suicide as a
struggle between Ethos and Thanatos.
Self-punishment (C.G. Jung)
Feelings of personal inferiority (K. Horney)
Mental illness theory

Essentialist
Biochemical
Genetic
Diathesis stress theory

Other theories

Suicide (E. Bern) — the result of the formation
and development of a life scenario
The theory of personality constructs (G. Kelly) —
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Bytomuid perotun. Ho Torma Bo3HHKAET BOIPOC O OHMOJIO-
IMYECKOH 11eJ1ecO00Pa3HOCTH BO3HUKHOBEHHS U CYILIECTBO-
BaHMs Takoi TeHHO# ceTn. OTBET HA 3TOT BOIIPOC, BEPOST-
HO, OJIUH — TaKasi T€HHasl CeTh €CTh CIIEICTBHE HAKOIJICHHUS
nHIA()PEpEeHTHBIX TTOJMMOPPU3MOB, KOTOpPHIE CaMH II0
cebc SABJIAIOTCS OMOJIOTMUYECKH HEWTpanmbHBIMH. To ecTh,
HECMOTPS Ha TO, YTO HAIWYME TCHHOM CETH M3 MYTaHTHBIX
I'eHOB, (POPMUPYIOLIEH CYHIIMICHTHOE ITOBEIEHHE U BBIHY-
KIAIOIIEH YeIOBeKa COBEPLINTh CYHLHI, YKOPAayMBaeT
MPOAOJKUTENBHOCTD JKU3HHU, CYUIM] COBEpIIAETCS, Kak
IPaBUIO, B 3pPEIOM BO3pacTe. DTO IO3BOJIIET OCTABHUTH
MOTOMCTBO, IOAJCPKHUBAOIIEE OCTOSHCTBO IOIMYJIALHOH-
HOW 4YacCTOTBI TE€HOB, 3KCIIPECCUs] KOTOPBIX HMPUBOIUT HH-
OUBUIYyMa K CYULIUTY.

Hacnenyemoe coBeplieHHE CYMIIMAOB B OOHOU ce-
MEIHO JINHNM OYE€BHUIHO BHI3BAHO HAKOIUIEHUEM COOTBET-
CTBYIOIIUX I'€HOB B CEMEHHOH JMHUU U MO3TOMY SIBISETCS
MPUMEPOM TUICHOTPOITHOTO B3aUMOJEHCTBHS H/MIIKA DIIH-
cTaza. DTO MO3BOJISIET CHENaTh MPEAIOJIOKEHNE, YTO CyH-
LU SIBISIETCA MCXOIOM MYyJbTH()aKTOpHaIbHOrO 3aloie-
BaHUs, 0a30Bble MPUYMHBI KOTOPOTO B HACTOSAIIEE BpEeMs
MOTYT OBITh 3a0JaroBpeMeHHO AWarHOCTUpoBaHBL CoOOT-
BETCTBEHHO, TMOSBISETCS BO3MOXXHOCTb IPEBEHTUBHOIO
JICYEHHS], LIENbI0 KOTOPOIrO SABJSIETCS HOPMOKOIHMPOBAaHHE
¢enorumna. Ecnmu CyWImuapl OTHECTH K CaMOCTOSTEIHHOU
MyJbTU(AKTOPHATIBHON HAaTOJIOTUM — C 3TOTO  SBJICHHUSA
CrajaeT IeJeHa 3arajlouyHOCTH U HEONpPeIeNEHHOCTH. YxKe
HET MPUYHH JOMaTh KOMbs — SIBJISETCS JM CyHLUJ NCUXH-
YEeCKOH NaTOJIOTHEH, WM BOJIEBBIM pEIIEHHEM, Harpas-
JICHHBIM HA JOCTI)KECHUE Kakux-To 1eneil. Temeps 3To ca-
MOCTOSATENIbHAS MATOJOTUS, U Kak Jro0ast apyrasi matoJio-
IS, CYUIHJI MOXET UMETh passinuHble GOopMbl U 0a30BBIE
OCHOBBI ITATOT€HE3a.

B mpoTHBONONOXHOCTE HAalleMy MPENIOI0KEHUIO
MO>KEM MPEAI0KHUTh HEKYIO MOMBITKY IpaguuecKoro npen-
CTaBJICHUSI TEOPHUil, OOBSICHAIOIINX CYUIUIATBHOE TOBEE-
HUE, COCTAaBJICHHYIO Ha MaTepuale IBYX MyOJIMKaIMid,
OITyOJIMKOBaHHBIX C MHTEPBAJIOM B ISITH JIET 00 OZHOM H
TOM K€ — KOHLIETIIHIX CYHIUAAIBLHOTO MTOBEICHHS.

[lonck mpuuuH CyMIMAaTbHON aKTUBHOCTH Halle BCe-
IO CBSI3aH C IMPHUBEP)KEHHOCTHIO aBTOpa K TOM MM WHON
TEOpHH cyMuuaoreHesa. PaccmarpuBas moboil moaxon K
OOBSICHEHHIO TPUYMH JaHHOTO SIBJICHHUS, Mbl HaOnronaem
BIIOJIHE JIOTMYHOE W O0OCHOBAaHHOE OOBSCHEHHWE TOW WIH
WHOH MPUYMHHO-CBSI3aHHOM TEOPUH COBEPIICHUS CyHLIUA.
U B 3TOM ecTh onpenenéHHas Hay4Has LeIeco00pa3HOCTb.
Wzyuas BonHytouryo Becb Mup npo0iiemy, aBTOpBI B CBO-
WX HMCCIEIOBAHMSX MBITAIOTCSA PELINTh WIN NPUOIU3UTHCS
K PELICHUIO OJTHOT'O €MHCTBEHHOT'O BOIIPOCA «YTO SIBIISET-
Csl ICTUHHOM NPUYHMHOW», HE TPUTTEPOM, HE Mpeapacioa-
rapomuM (GakTopoM, a UMEHHO TOH NPUYMHOH, KOTOPBIA
00bsicHWIIa Obl BCE TIOJIOBO3PACTHBIE M STHUYECKHE PA3IIH-
YHs B COBEPLICHUH CaMOyOHUIiCTB.

fatalism, or personal anxiety

The theory of existential vacuum (V. Frankl, L.
D. Yadom)

Goal reflex theory (behaviorism)

Anatomical and anthropological theory (C.
Lombroso)

Fig. 1. Conceptual theories of suicidal behavior
(according to VA Ruzhenkov et al., 2012
[71], DF Khritinin et al., 2015 [72], B. Lud-
wig et al., 2017 [73]).

The discovery of a connection between
suicidal behavior with any genes inevitably
raises the question of the genetic predetermi-
nation of suicides — since there is an essential-
ist (substantial) substrate (gene network). It
must necessarily realize the corresponding
phenotype. But then this raises the question of
biological expediency of the emergence and
existence of such a gene network. There is
probably only one answer to this question —
such a gene network is a consequence of the
accumulation of indifferent polymorphisms,
which in themselves are biologically neutral.
That is, despite the fact that the presence of a
gene network of mutant genes that forms sui-
cidal behavior and forces a person to commit
suicide shortens life expectancy, suicide usual-
ly occurs in adulthood. This makes it possible to
leave offspring that maintains the constancy of
the population frequency of genes, the expres-
sion of which leads an individual to suicide.

Inherited suicide in one family line is ob-
viously caused by the accumulation of the
corresponding genes in the family line and
therefore is an example of pleiotropic interac-
tion and/or epistasis. This allows us to assume
that suicide is an outcome of a multi-factorial
disease, the underlying causes of which can
now be diagnosed in advance. Accordingly,
there is a possibility of preventive treatment, the
purpose of which is normocopying of the phe-
notype. If suicides are attributed to an indepen-
dent multi-factorial pathology, the veil of mys-
tery and uncertainty falls out from this pheno-
menon. There is no longer any reason to guess —
if suicide is a mental pathology or a strong-
willed decision aimed at achieving some goals.
Now it is an independent pathology, and like
any other pathology, suicide can have various
forms and general bases of pathogenesis.

In contrast to our assumption, we can of-
fer a certain attempt at a graphical presentation
of theories explaining suicidal behavior, com-
piled on the material of two articles published
with an interval of five years about the same
thing — the concepts of suicidal behavior.

The search for the causes of suicidal ac-
tivity is most often associated with the author's
adherence to a particular theory of suicidoge-
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Yeunug CrenuanucToB Ha MPOTSHKEHHH MUHUMYM
CTOJIETHSI BEUIMJINCH B PSifl TEOpUH, OOBICHSAIOMUX TTPHPO-
oy cyunmna. He ocTaHaBmmBasch Ha CYIIHOCTH 3THX TEO-
pHii, TMOCKONBKY WX pa30op, TIIATEIHHO COBEPIIEHHBIN
aBTopamu [71, 72, 73], He ABNsAETCS LEIHIO HAIIEH MyOIH-
Kanuu, oOpamaeM BHUMaHHe Ha HX MHOXKECTBO, SKIIEKTHI-
HOCThb M HETepeKpbIBaeMOoCcTh. Kakmas smoxa mopoxxmana
CBOM TEOPHH CYHIHIATBHOTO noBeneHust. C 0HOW CTOpO-
HBI, 9TO ABJISIETCS] CBUICTEIHCTBOM aKTyaJbHOCTH TEOPHH,
OOBACHSIONIEH NPUYMHBI CYWUIUAA, C JPYTOil CTOPOHBI,
o0nime Teopwil, Kak MPaBWIO, TOBOPHT 00 OTCYTCTBHU
Ccpeny HUX IPaBIIIBHON WM pabodeii.

OTCyTCTBHE €IWHCTBA MMOHUMAaHUS MPUIHH (HOPMHUPO-
BaHUS CYHIIMJANBHOTO (DEHOTHITA SBISIETCS MPUIUHON Te-
HEpalruyu HOBBIX HJIEH, MPU3BaHHBIX YCTPAHHUTH MPOTHBO-
peunst Teopuid. Hanmpumep, npeniokeHa KOHLENIUS TPEX-
YPOBHEBOW JAETEPMHUHALNN CYHUIMAAIHHOTO TIOBEICHUSL.
«Ha mepBoM ypoBHEe MMeeT 3HAUYEHHWE HOCHUTEIHCTBO HE-
OJIarONPHUSITHOTO COYETAHHS T'€HOB, MPEAPACIIONATAIOIIETO
K OmpeAenéHHBIM KadecTBaM (arpeccus, NENpeccus, MM-
MyJTECUBHOCTB, HEHPOTH3M, CTpecC - ysI3BUMOCTh). Ha BTO-
POM YpOBHE pPEIIAIIYI0 POJbh UTPAET XapakTep paHHHUX
ATANoB Pa3BUTHS, HEOIATONPUATHOE MPOTEKAHUE KOTOPHIX
COTPOBOXIAIOTCA YCTAHOBICHHEM CTPECC-3aBHCUMBIX DTIH-
T€HEeTHYECKUX METOK B TeHOMEe U (DOPMHUPOBAHUEM «yS3-
BUMoOro (heHoTHma». Ha TperbeM, BOZMOXXKHO, CpadaThIBaeT
TOBEIEHYECKas CBS3b, NMPUBOAIIAS HHIUBUAYYM C TTOBBI-
IIEHHON CTPeCcC-pEeaKTUBHOCTHIO B TOBTOPSIONIMECS KU3-
HEHHBIE CUTYaIlUU CTpecca (aKTUBHAS KOBapHaIus TEHOB U
Cpellbl), BCJEICTBHE YEro YCTaHABIMBAETCS CTEPEOTHII
pearupoBaHusl U «IPUOOPETAETCS» CIIOCOOHOCTh TPEOJIO-
JIeBaTh CTpax OOJH U BEPOSTHON cMepTu» [74].

[IpoBois TOWICK TEHOB-KAHIWAATOB, MPHYACTHBIX K
(hopMHPOBaHUIO CYHIMIAIBHOTO TIOBE/IEHUS, ObIBAET MPO-
CTO HEBO3MOXXHO BBIWJIEHUTHh I'€HETHYECKUE MOIMMOPhU3-
MBI, XapaKTepHBIE IS JIFOJEH, COBEPIIMBIINX CaMOYOHii-
CTBO, HO HE WCIBITHIBAIOIINX B TEYCHHUE CBOECH KU3HU TICH-
XO-HEBPOJIOTHYECKUX OTKIOHEHHUH, O)OPMIICHHBIX B JIHAr-
HO3 WM OTPAHWYMBINKXCS KOHCYJIbTAIUSAMU YaCTHOTO
nicuxosiora. B Toxe BpeMs ciieyeT OTMETUTh, YTO OCHOBOU
CEeMEWHOro xapakTepa MHOTUX 3a00JIeBaHUH SBIAETCS Of-
Ha 13 popM M30UpaTeTLHOCTH OPAKOB HIIH MOJIOKHUTEIbHAS
accopTaTUBHOCTS [75].

OTMe4YeHHBIE HAMH BBIIIE MPOTHBOPEYUSI METOAO0JIO-
THYECKUX ITOAXO0J0B K 3CCEHIUAINCTKOMY M3YUYECHHUIO MPH-
YUH CYWIHJOB HE IMPOLLIM HE3aMEUEHHBIMH H APYTUMHU
aBTopamu. Tak KOJIJIEKTUB aBTOpPOB [76], mccienoBaB B
o030pe JUTEpaTypsl COBPEMEHHBIE AOCTHKEHUS MOJIEKY-
JSIPHOH TEHETHKH, MPOBOAMUT COIOCTABICHHE TI'€HETHYe-
CKUX MapKepoB U OCOOCHHOCTEH OIHOHYKIICOTHUAHBIX II0-
TUMOP(U3MOB Kak B TPYIIE MAIMEHTOB C OJHUM 3a0o0Je-
BaHHEM, TaK U MEXIy I'pYyIIIaMH C Pa3IYHbIMU IICHXHYe-
CKUMH 3200JI€BaHUSIMH.

nesis. Considering any approach to explaining
the causes of this phenomenon, we observe a
completely logical and reasonable explanation
of a particular causal theory of suicide. And
there is a certain scientific expediency in this.
Studying the problem that worries the whole
world, the authors in their studies try to solve
or come closer to solving one single question
"what is the true cause", not a trigger, not a
pre-disposing factor, but precisely the reason
that would explain all gender, age and ethnic
differences in committing suicide.

The efforts of specialists for at least a
century have resulted in a number of theories
explaining the nature of suicide. Without
dwelling on the essence of these theories,
since their analysis carefully conducted by the
authors [71, 72, 73], is not the purpose of our
publication, we draw attention to their multi-
tude, eclecticism and non-overlap. Each era
has generated its own theories of suicidal be-
havior. On the one hand, this is evidence of the
relevance of the theory explaining the causes of
suicide, on the other hand, the abundance of
theories, as a rule, indicates the absence of a
correct or working one among them.

The lack of unity in understanding the
reasons for the formation of the suicidal phe-
notype is the reason for the generation of new
ideas designed to eliminate the contradictions
of theories. For example, the concept of a
three-level determination of suicidal behavior
is proposed. “At the first level, the carriage of
an unfavorable combination of genes that pre-
dispose an individual to certain qualities (ag-
gression, depression, impulsivity, neuroticism,
stress-vulnerability) is important. At the
second level, the decisive role is played by the
nature of the early stages of development, the
unfavorable course of which is accompanied
by the establishment of stress-dependent epi-
genetic marks in the genome and the formation
of a “vulnerable phenotype”. On the third, a
behavioral connection may be triggered, lead-
ing an individual with increased stress reac-
tivity into repetitive life situations of stress
(active covariance of genes and environment),
as a result of which a stereotype of response is
established and the ability to overcome fear of
pain and probable death is “acquired” [74].

When searching for candidate genes in-
volved in the formation of suicidal behavior, it
is simply impossible to isolate genetic poly-
morphisms that are characteristic of people
who have committed suicide, but do not expe-
rience psycho-neurological abnormalities dur-
ing their life, formalized in a diagnosis or
limited to consultations private psychologist.
At the same time, it should be noted that the
basis of the family character of many diseases
is one of the forms of marriage selectivity or
positive assortability [75].
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OTO MO3BOJIMJIO aBTOpaM MPEIOKHUTH IUIaH Hccie-
JIOBaHUH 10 IIOMCKY MapKepOB CYHLIUJA C NEPCIEKTUBON
HPEACKA3bIBATh CYULUAAIBHOE TIOBEICHUE.

Hcxons u3 aHanusa NpuBEAEHHBIX AaHHBIX JIUTEpa-
Typbl, JONMYCTHUMO CH€JaTh BBIBOJ, 4YTO, MO-BUIUMOMY,
MpeIoNpeAeIEHHOCTh CyHIHaa OOyCIIOBIeHa padoTon
TEHHOM CETH, a HE OJTHOTO OTAEJIBHO B3sTOro rexa. Ilpen-
CTaBJieHHE: TeH —> 0eloKk — (EeHOTHII, — CIpaBeIIHBO
TOJIBKO JIJII MOHOTCHHBIX 3a0oneBanuid. [lneitoTponHoe
(hopMupoBaHue (PEHOTUIMMYECKOTO MPHU3HAKA B PE3yJIbTa-
Te pabOTHl TEHHON CETH MOXKHO MPEACTABUTH CIEAYIOIeH
CXEMOM.

JIBOWHBIMM CTpEJIKAMH HAa CXE€ME MOKa3aHbl MPSAMbIE
u oOpaTHbBIe — KaK OTpULATEIbHbIC, TAK U MOJIOKUTEIb-
HBIE — PETryJIATOpHbIE IyTH. [IlyHKTUPHOU CTpenKoil noka-
3aHO, YTO MOBEJCHYECKHN (PEHOTHII B MPOIECCE CBOETO
CTaHOBJIICHHS MOYET OKa3bIBaTh MOJIOKUTEIbHYIO 00paT-
HYIO CBSI3b C T€HOMOM, YTO YCKOpseT (opMupoBaHue
cooTBercTBylomero ¢enoruna. Ilpu cOope anamHe3a
KU3HU CYHIMJEHTOB O€3 SBHBIX PAcCTPOMCTB ICUXUKH
4acTO MOYKHO COCTaBUTh PETPOCIIEKTHBHOE BIIEUATICHUE,
YTO YEJIOBEK CO3HATEJIBHO CTPOUJ CBOK >KM3Hb TaKUM
00pa3oM, 4TOOBI 3aBEPIIUTH €€ CYHUITUIOM.

[TosTOMY ApyruM acmekToM 3TOW MPOOJEMBI SBIS-
€TCsS M3BECTHBIN (DaKT, YTO COBOKYIHBIM T'€HETHUECKUH
3P PEKT MHOKECTBEHHBIX OJJHOHYKIIEOTHIHBIX MOJIAMOP-
¢u3MoB, ckopee Bcero, Oyaer UMeTh 0oJee BBICOKYIO
HaCIlelyeMOCTh, YeM JIF000H M3 WHAMBUIYAIbLHBIX OJHO-
HYKJICOTUAHBIX TonmuMopdusmoB [70]. To ecth, ecnn
CyWLIUA NEHCTBUTEIHHO SBJISETCA MOJUTEHHOW MaTOJO-
rHei, TO HEOOXOAWMO BBISIBIICHUE sApa TEHHOW CETH,
TeHa — PeryisiTopa TeHHOM CeTH W MOIMU(DUIIUPYIOIINX
T€HOB, HE ABJSIOUINXCS MOCTOSHHBIMHU AJIEMEHTAMH CETH.
C nmpyroii cTOpOHBI, UMEETCS SIBHAsI COCPEIOTOYEHHOCTD
nccaeaoBaresield Ha MOUMCKE M€HOB, SKCIPECCUST KOTOPBIX
peanu3yercs B cynuuaaibHblii Genorun. [Ipu stom 3a-
ObIBacTCs, 4TO 00A3aTEIHLHBIMH JIEMEHTaAMHU TEHHOH ceTH
sBistorcs perymsitopasie PHK n Oenku, peanusyromue
¢enotumn. [lo3ToMy reHOMHBIE HCCIETOBAHUS IOJKHBI
OBITh JONOJIHIEMBI IPOTEOMHBIM aHAIHM30M, TO €CTh, M0-

denoTHun
| Phenotype

4 @akTopbl Cpenpl: cTpecc, KIH-
MaT, YpOBEHb JXH3HH, OMOTCOXUMH-
YeCKMe M AJMMEHTapHbIC (aKTOpHI,
BOCITUTaHUE, TPABMATUYECKHIA OIIBIT,
comMaTndeckue OOJIE3HH, COlMaIbHast

< cpena.

Environmental factors: stress,
climate, living standards, biogeo-
chemical and nutritional factors, up-
bringing, traumatic experience, So-

\ matic diseases, social environment

The contradictions of methodological ap-
proaches to the essentialist study of the causes of
suicide noted by us above did not pass unnoticed
by other authors. Thus, a team of authors [76],
having studied the modern achievements of mole-
cular genetics in a literature review, compares
genetic markers and features of single nucleotide
polymorphisms both in a group of patients with
one disease and between groups with various
mental illnesses. This allowed the authors to pro-
pose a research plan for the search for markers of
suicide with the prospect of predicting suicidal
behavior.

Based on the analysis of the literature data
presented, it is permissible to conclude that,
apparently, the predetermination of suicide is
the result of the work of the gene network, not
one particular gene taken. The concept: gene —
protein — phenotype, is valid only for mono-
genic diseases. The pleiotropic formation of a
phenotypic trait as a result of the work of the
gene network can be represented by the follow-
ing scheme.

Double arrows in the diagram show for-
ward and backward — both negative and positive
— regulatory pathways. The dotted arrow shows
that the behavioral phenotype in the process of
its formation can provide a positive feedback
with the genome, which accelerates the forma-
tion of the corresponding phenotype. When
collecting a life history of suicides without ob-
vious mental disorders, it is often possible to
make a retrospective impression that a person
deliberately built their life in such a way as to
end it with suicide.

Therefore, another aspect of this problem
is the known fact that the cumulative genetic
effect of multiple single nucleotide polymor-
phisms is likely to have a higher heritability than
any of the individual single nucleotide polymor-
phisms [70]. That is, if suicide is indeed a poly-
genic pathology, then it is necessary to identify
the nucleus of the gene network, the gene that
regulates the gene network, and modifying
genes that are not permanent elements of the
network. On the other hand, there is a clear fo-
cus of researchers on the search for genes, the
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UCKOM Y CYHIMIEHTOB TPYI aHOMANbHBIX OEJIKOB,
TPAHCITUPOBAHHBIX C MOJIUMOP(HBIX TE€HOB, aCCOIUUPYe-
MBIX C CyHIIMJAITBHBIM ()EHOTHUIIOM, a B HJI€AJIe H PETYIIsI-
topublx PHK-TpanckpunToB n ux resos. To ecTs, B yc-
TAQHOBIIEHUH TPUYNHHO-CIIEJICTBEHHBIX CBA3€H TIOJH-
Mop(hHOTO TeHa W (EeHOTHIIa MPOIYCKAETCS HCCIIe0Ba-
HHUE IPOMEXKYTOUHOHN LEMOYKH, HEMOCPEJICTBEHHO PeaTH-
3yromieit peHoTHrI.

Yto oTIMYaeT MOHOTEHHOE (OpMHUpPOBaHUE PEHOTH-
ma OT MOJIMTeHHOTro (ImeioTpomHoro)? BeposTHOCTh H
«IETKOCTHY» TaK HaszpIBaeMoro casura reHa. [Ipm moHo-
T€HHOM THII€ TOCTaTOYHO YCTPAaHUTHh CyOCTpar, BBHI3bI-
BaOIIMK pa3BUTHE HeXenaTenbHoro GeHotuna. Ilpu
TUIEHOTPOTTHOM B3aMMOJEHCTBUN TE€HOB CETH — CyOcTpa-
TOB MHOro. JIF060e M3MeHEeHHe BBI30BET PEaKIHI0 BCel
CeTH, HAMpaBICHHYI0 Ha OOA3aTENbHYI0 pPeaTH3aIHIo
reHepupyemMoro cetbio (peHoTuna. Buaumo mo 3Toit mpu-
YUHE MOJINTeHHbIE 3a00JIeBaHUs B [IEJIOM PE3UCTEHTHBI K
tepanui. Ho 3T0 He 03HaYaeT mpemonpeeiéHHOCTh pa3-
BUTHUSl HEXENATeNIbHOTO ()EHOTHIIA, TMTOCKOIBKY CYIIEeCT-
BYET BO3MOXKHOCTH BBIKIIFOUSHHS TIABHOTO TeHA PEeryIs-
TOpa TeHHOH ceTH, MO0 OlI0KaZa CHHTE3a KIFOUEBBIX
oenkoB. Kpome Toro, n3BeCTHHI CIIOCOOBI paHHEH mpodu-
JAKTUKU TIOJUTEHHBIX 3a00JIEBAHUI C ITOMOIIBIO JTHAETO-
Tepanud. B maHHOM ciydae mueTa O4eBHIHO HE JIOJDKHA
COJIepKaTh TPYIIBI aTMMEHTAPHBIX (PaKTOpPOB, HEOOXO-
JTUMBIX KaK CyOCTpaThl IS pean3allii MaToJIOTHIeCKO-
ro ¢eHoTUNa TeHHOHM CeThI0, JIMOO JOJDKHA CONEPIKaTh
(hakTOpHI, aKTUBUPYIOIINE «3AIIUTHBIC» TeHbL. Takxke
OUYEBHHO, YTO TEHOMHUKA CYWIUJAIBHOTO TOBEIEHUS
HaXOAWTCS B CAaMOM Hadalle CBOETO CTAaHOBIIEHUS — Ha
ctaaun HakorwieHus ¢akrtoB. [loaTomMmy Ham emé mpen-
CTOWT MOUCK OTJIMYAIOIINXCS OT JUKUX TEHOB T'eHBI s/pa
3TOH CeTH, cojepKamme MoIuMoppu3Msl, (HopMUPYIO-
M€ CYUIHMIATBHBIN (EHOTUNT WM OOHapyXeHHE He-
CKOJIBKUX CEeTel, OTBETCTBEHHBIX 3a ero (hopMHupoBaHUE.
Tako#t moaxon K CyMIHUIATEHOMY (DEHOTHITY ITO3BOJISIET
MPEUIOKUTh TTOUCK MyTel HOPMOKOTIMPOBAHHS JAHHOTO
tdenorumna. To ecth, BBIPabOTATh CTpATETHIO, OCHOBAH-
HYI0 Ha PaHHEM BBIABIICHHUH T€HHBIX MapKEpOB CYHIIH-
JAIBHOTO (PEHOTHIIA C TOCIEAYIOIIUM MOKU3HEHHBIM
OJIOKMPOBaHUEM peaJn3aliy 3TOro (eHoTumna, yTo Io-
3BOJIUT MPOXKUTH 3TUM JIIOASM HOPMAIBHYIO MPOJOJIKH-
TEJIbHOCTD JKU3HHU.

[IpoBenEHHBIN aHANN3 NAaHHBIX JUTEPATyphl MPEno-
npeAenseT NPUHUUNUAIBHYIO TO3ULIUI0 aBTOPOB IaHHOTO
o030pa, MBI TOpeasiaraéM — BBLICIUTH CYWIHUJIAIBHBIN
(eHOTHIT B CaMOCTOSTEIBbHYIO TPYIILY COCTOSHHUM, pac-
CMaTpUBaeMyl0 Kak MyJbTH(AKTOpHaIbHOE 3abojeBa-
HHUE, (UHAJIBHBIM UTOTOM KOTOPOTO SIBIISIETCS COBEpIIe-
HHUE CyHMLIM/a WIK €ro MOmbITKa, Tpelymomee Koauduka-
UM U HyXJaarouieecs: B pa3paboTke Kiaccupukauuy Ba-
PHAHTOB 3THOJIOTHH U IaTOTeHE3a.

expression of which is realized in the suicidal
phenotype. At the same time, it is forgotten that
the obligatory elements of the gene network are
regulatory RNAs and proteins that realize the
phenotype. Therefore, genomic studies should
be supplemented by proteomic analysis, that is,
by searching for groups of abnormal proteins
translated from polymorphic genes associated
with the suicidal phenotype in suicides, and,
ideally, regulatory RNA transcripts and their
genes. That is, in establishing causal relation-
ships between a polymorphic gene and a pheno-
type, the study of the intermediate chain that
directly implements the phenotype is skipped.

What distinguishes monogenic phenotype
formation from polygenic (pleiotropic)? The
likelihood and "ease" of the so-called gene shift.
In the case of a monogenic type, it is sufficient
to eliminate the substrate causing the develop-
ment of an undesirable phenotype. There are
many substrates in the pleiotropic interaction of
network genes. Any change will cause a reaction
of the entire network, aimed at the obligatory
implementation of the phenotype generated by
the network. Apparently for this reason, poly-
genic diseases are generally resistant to therapy.
But this does not mean that the development of
an undesirable phenotype is predetermined,
since there is a possibility of turning off the
main gene of the gene network regulator, or
blocking the synthesis of key proteins. In addi-
tion, methods are known for the early prevention
of polygenic diseases using diet therapy. In this
case, the diet obviously should not contain a
group of alimentary factors that are necessary as
substrates for the realization of the pathological
phenotype by the gene network, or should con-
tain factors that activate "protective" genes.

It is also obvious that the genomics of sui-
cidal behavior is at the very beginning of its for-
mation — at the stage of accumulating facts.
Therefore, we still have to search for genes of the
core of this network that differ from wild genes,
containing polymorphisms that form a suicidal
phenotype or the discovery of several networks
responsible for its formation. This approach to the
suicide-distant phenotype makes it possible to
propose a search for ways of normocopying this
phenotype. That is, to develop a strategy based on
the early identification of gene markers of the
suicidal phenotype with subsequent lifelong
blocking of the implementation of this phenotype,
which will allow these people to have a normal
life expectancy.

The analysis of the literature data prede-
termines the fundamental position of the authors
of this review, we propose to single out the sui-
cidal phenotype into an independent group of
states, considered as a multifactorial disease, the
final result of which is the commission of suicide
or its attempt, requiring codification and requiring
the development of a classification of variants of
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Oyzer cmocoOCTBOBATH IIeNIEHANPABICHHON pa3padoTKe
METOJIOB M CPEICTB PAHHETO BBISBICHHUS U MPOMUIAKTH-
KH TParundeckoro 3aBepIIeHHsS OHTOJOTHH CYyHIUIATBHO-
ro gerorurma.

Jlurepatypa / References:

Tsuang M.T. Risk of suicide in the relatives of schizophrenics,
manics, depressives, and controls. J. Clin. Psychiatry. 1983; 44
(11): 396-400.

Zaheera J., Olfson M., Mallia E., et al. Predictors of suicide at
time of diagnosis in schizophrenia spectrum disorder: A 20-year
total population study in Ontario, Canada. Schizophrenia Re-
search. 2020; 222: 382-388. DOI: 10.1016/j.schres.2020.04.025
Jmvmutpuesa T.B., Tlomoxwuit b.C. ConuanbHble U KINHAYECKUE
HPOOJIEMbl CYHMIUIOIOTHH B CHCTEME MEp IO CHHKEHUIO IPEeX-
JICBPEMEHHOM CMEPTHOCTH U YBEIMYCHUIO MPOIODKUTEIBHOCTH
JKU3HU HaceseHusi. Becmuuk Poccuiickoii Akademuu meouyuH-
ckux nayk. 2006; 8: 18-22. [Dmitrieva T.B., Polozhii B.S. Social
and clinical problems of suicidology in the system of measures to
reduce premature mortality and increase life expectancy of the
population. Bulletin of the Russian Academy of Medical Sciences
2006; 8: 18-22.] (In Russ)

Iynsra A.U., Connuk I'.'T. O cynuunanbHbIX IEHCTBUSX ICH-
XU4eCKH OONbHBIX. JKypHan Heeponamono2ui u NCUXUAMpUU UM.
C.C. Kopcakosa. 1986; 8: 1216-1217. [Shul'ga A.L, Sonnik G.T
About suicidal actions of the mentally ill. Journal of Neuropa-
thology and Psychiatry named after S. S. Korsakov. 1986; 8:
1216-1217.] (In Russ)

Goldney R.D. Suicide Prevention. Oxford University Press, 2008.
Grollman E.A. Suicide Prevention, Intervention, Postvention. ond
ed. Beacon: Hill Press, 1988.

CwmyneBny A. b. Jlenpeccun npu cOMaTHYECKHX U IHCHXUYECKHX
3aboneBanusx. M: MUA. 2007; 191-204. [Smulevich A.B. De-
pression in somatic and mental diseases. Moscow: MIA. 2007;
191-204.] (In Russ)

Rotenstein L.S., Ramos M.A., Torre M., et al. Prevalence of
Depression, Depressive Symptoms, and Suicidal Ideation Among
Medical Students: A Systematic Review and Meta-Analysis. JA4-
MA. 2016; 316 (21): 2214-2236. DOIL: 10.1001/jama.2016.17324
McGirr A., Alda M., Séguin M. et al. Familial aggregation of
suicide explained by cluster B traits: a three-group family study
of suicide controlling for major depressive disorder. Am. J. Psy-
chiatry. 2009, 166 (10): 1124-1134. DOL
10.1176/appi.ajp.2009.08111744

Roy A., Segal N.L., Centerwall B.S. et al. Suicide in twins. Arch.
Gen. Psychiatry. 1991; 48 (1): 29-32. DOLI:
10.1001/archpsyc.1991.01810250031003

. Voracek M., Loib L.M. Genetics of suicide: a systematic review

of twin studies. Wien Klin. Wochenschr. 2007; 119 (15-16): 463-
475. DOI: 10.1007/500508-007-0823-2

Jlokun3 P. PacmmpeHHbli (eHOTHII: JIMHHAsS pyKa TIeHa.
Mocksa: Actpens, 2011; 512 c. [Dawkins R. Extended pheno-
type: the long arm of the gene. Moscow: Astrel, 2011; 512 p.] (In
Russ)

Jropkreiim 3. Camoy6uiicto: Cormonoruueckuid ation / Ilep. ¢
dp. ¢ cokp.; ITox pen. B.A. bazaposa. M.: Mricib, 1994; 399 c.
[Durkheim E. Suicide: Sotsiologicheskiy etude / Per. s fr. s sokr.;
Ed. V.A. Bazarov. Moscow: Mysl, 1994; 399 p.] (In Russ)
Heeringen C.V., Marusic A. Understanding of suicidal brain. Br.
J. Psychiatry. 2003; 183 (4): 282-284. DOL
10.1192/bjp.183.4.282

. Roy B., Dwivedi Y. Understanding epigenetic architecture of

suicide neurobiology: A critical perspective. Neurosci. Biobehav.
Rev. 2017; 72: 10-27. DOI: 10.1016/j.neubiorev.2016.10.031
Zhang X., Yang H., Yu J., et al. Genomic organization, transcript
variants and comparative analysis of the human nucleoporin 155
(NUP155) gene. Gene. 2002; 288: 9-18.

. Pearson H. Genetics: what is a gene? Nature. 2006; 441 (7092):

398-401.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

etiology and pathogenesis. From our point of
view, such an approach to suicides will contribute
to the purposeful development of methods and
means of early detection and prevention of the
tragic end of the ontology of the suicidal pheno-

type.

Gerstein M.B., Bruce C., Rozowsky J.S., et al. What is a gene,
post-ENCODE? History and updated definition. Genome Re-
search. 2007; 17: 669-681.

. Ijdo J.W., Baldini A., Ward D.C. et al. Genetics Origin of human

chromosome 2: An ancestral telomere-telomere fusion. Proc.
Nadl. Acad. Sci. USA. 1991; 88: 9051-9055.

Human chromosome 2 map view. Vertebrate Genome Annotation
(VEGA) database. The Wellcome Trust Sanger Institute.
https://vega.archive.ensembl.org/Homo_sapiens/Location/Chrom
osome?chr=2;r=2:1-242193529

Hesselbrock V., Dick D., Hesselbrock M. et al. The search for
genetic risk factors associated with suicidal behavior. Jr. Alcohol.
Clin. Exp. Res. 2004; 5 (Suppl): 70S-76S. DOL
10.1097/01.alc.0000127416.92128.b0

Zubenko G.S., Maher B.S., Hughes H.B. 3" ¢t al. Genome-wide
linkage survey for genetic loci that affect the risk of suicide at-
tempts in families with recurrent, early-onset, major depression.
Am. J. Med. Genet. B. Neuropsychiatr. Genet. 2004; 129B (1):
47-54. DOLI: 10.1002/ajmg.b.30092

Butler A.W., Breen G., Tozzi F., et al. A genomewide linkage
study on suicidality in major depressive disorder confirms evi-
dence for linkage to 2p12. Am. J. Med. Genet. B. Neuropsychiatr.
Genet. 2010; 153 B (8): 1465-1473. DOI: 10.1002/ajmg.b.31127
Docherty A.R., Shabalin A.A., DiBlasi E. et al. Genome-Wide
Association Study of Suicide Death and Polygenic Prediction of
Clinical Antecedents. Psychiatry. 2020; 177 (10): 917-927. DOL
10.1176/appi.ajp.2020.19101025

Ichimura T., Isobe T., Okuyama T. et al. Molecular cloning of
c¢DNA coding for brain-specific 14-3-3 protein, a protein kinase
dependent activator of tyrosine and tryptophan hydroxylases.
Proc. Natl. Acad. Sci. USA. 1988; 85 (19): 7084-7088. DOI:
10.1073/pnas.85.19.7084
26.https://omim.org/entry/605066?search=ywhae%20gene&highl
ight=gene%?20 ywhae

Xanunosa 3.J1., 3aiinymHa A.I'., Banmuymiuna A.P. u ap. Ana-
3 acconuanui noamMop¢HsIX okycoB rera Y WHAE ¢ cyn-
mUJIBHBIM 1oBeneHueM. [ ewemuxa. 2013; 49 (6): 767-772.
[Khalilova Z.L., Zainullina A.G., Valiullina A.R., et al. Analysis
of associations of polymorphic loci of the YWHAE gene with
suicidal behavior. Genetics. 2013; 49 (6): 767-772/] (In Russ)
Yanagi M., Shirakawa O., Kitamura N.? et al. Association of
14-3-3 gene haplotype with completed suicide in Japanese. J.
Hum. Genet. 2005; 50(4): 210-216. DOI: 10.1007/s10038-005-
0241-0

Liu J., Zhang H.X., Li Z.Q et al. The YWHAE gene confers risk
to major depressive disorder in the male group of Chinese Han
population. Prog. Neuropsychopharmacol. Biol. Psychiatry.
2017; 77: 172-177. DOL: 10.1016/j.pnpbp.2017.04.013
Middleton F., Peng L., Lewis D., et al. Altered expression of 14-
3-3 genes in the prefrontal cortex of subjects with schizophrenia.
Neuropsychopharmacology. 2005; 30 (5): 974-983. DOL
10.1038/sj.npp.1300674

Jia Y., Yu X., Zhang B. et al. An association study between
polymorphisms in three genes of 14-3-3 (tyrosine 3-
monooxygenase/tryptophan S-monooxygenase activation protein)
family and paranoid schizophrenia in northern Chinese popula-
tion. Eur. Psychiatry. 2004; 19 (6): 377-379. DOI:
10.1016/j.eurpsy.2004.07.006

Kohli M.A., Salyakina D., Pfennig A., et al. Association of genet-
ic variants in the neurotrophic receptor-encoding gene NTRK2
and a lifetime history of suicide attempts in depressed patients.
Arch.  Gen. Psychiatry. 2010; 67(4): 348-359. DOL
10.1001/archgenpsychiatry.2009.201

Hennings J.M., Kohli M.A., Czamara D., et al. Possible associa-
tions of NTRK2 polymorphisms with antidepressant treatment

20

Suicidology (Russia) Vol. 12, Ne 1 (42), 2021



https:/ /cyuningosorus.pd/

Hayuno-npakmuueckuil sKypHAL

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

outcome: findings from an extended tag SNP approach. PLoS
One. 2013; 8 (6): €64947. DOI: 10.1371/journal.pone.0064947
Sekiguchi H., Iritani S., Habuchi C., et al. Impairment of the
tyrosine hydroxylase neuronal network in the orbitofrontal cortex
of a genetically modified mouse model of schizophrenia. Brain
Res. 2011; 1392: 47-53. DOI: 10.1016/j.brainres.2011.03.058
Toyooka K., Shionoya A., Gambello M., et al. 14-3-3 epsilon is
important for neuronal migration by binding to NUDEL: a mole-
cular explanation for Miller-Dieker syndrome. Nat. Genet. 2003;
34:274-285. DOI: 10.1038/ng1169

Bozina N., Jovanovi¢ N., Podlesek A., et al. Suicide ideators and
attempters with schizophrenia — the role of 5-HTTLPR, rs25531,
and 5-HTT VNTR Intron 2 variants. J. Psychiatr. Res. 2012; 46
(6): 767-773. DOI: 10.1016/j.jpsychires.2012.03.008

Fukutake M., Hishimoto A., Nishiguchi N. et al. Association of
alpha2A-adrenergic receptor gene polymorphism with suscepti-
bility to suicide in Japanese females. Prog. Neuropsychopharma-
col. Biol. Psychiatry. 2008; 32 (6): 1428-1433. DOLI:
10.1016/j.pnpbp.2008.02.003

Escriba P.V., Ozaita A., Garcia-Sevilla J.A. Increased mRNA
expression of alpha2A-adrenoceptors, serotonin receptors and
mu-opioid receptors in the brains of suicide victims. Neuropsy-
chopharmacology. 2004, 29 (8): 1512-1521. DOI:
10.1038/sj.npp.1300459

Molnar S., Mihanovi¢ M., Grah M., et al. Comparative study
on gene tags of the neurotransmission system in schizophrenic
and suicidal subjects. Coll. Antropol. 2010; 34 (4): 1427-1432.
Giegling L., Hartmann A.M., Moller H.J., et al. Anger- and ag-
gression-related traits are associated with polymorphisms in the
5-HT-2A gene. J. Affective Disorders. 2006; 96 (1-2): 75-81.
DOL: 10.1016/j.jad.2006.05.016

Karanovié J., Svikovi¢ S., Pantovi¢ M., et al. Joint effect of
ADARBI gene, HTR2C gene and stressful life events on suicide
attempt risk in patients with major psychiatric disorders. Worid J.
Biol.  Psychiatry.  2015; 16 (4): 261-271. DOL
10.3109/15622975.2014.1000374

Wannemueller A., Forkmann T., Glaesmer H., et al. The role of
the 5-HTTLPR polymorphism in acquired capability for suicide.
Suicide Life Threat Behav. 2020; 50 (6): 1121-1126. DOIL
10.1111/sltb.12660

Bokor J., Krause S., Torok D., et al. "Out, out, brief candle!
Life's but a walking shadow": S-HTTLPR is associated with cur-
rent suicidal ideation but not with previous suicide attempts and
interacts with recent relationship problems. Front. Psychiatry.
2020; 11: 567. doi: 10.3389/fpsyt.2020.00567.

Sanabrais-Jiménez M.A., Sotelo-Ramirez C.E., Ordoiiez-
Martinez B., et al. Effect of CRHR1 and
CRHR2 gene polymorphisms and childhood trauma

in suicide attempt. J. Neural. Transm. (Vienna). 2019; 126 (5):
637-644. DOLI: 10.1007/s00702-019-01991-4

Ludwig B., Kienesberger K., Carlberg L., et al. Influence of
CRHRI1 Polymorphisms and Childhood Abuse on Suicide At-
tempts in Affective Disorders: A GXE Approach. Front Psychia-
try. 2018; 9: 165. DOL: 10.3389/fpsyt.2018.00165

Ben-Efraim Y.J., Wasserman D., Wasserman J., et al. Gene-
environment interactions between CRHR1 variants and physical
assault in suicide attempts. Genes Brain Behav. 2011; 10 (6):
663-672. DOI: 10.1111/1.1601-183X.2011.00703.x

Wasserman D., Sokolowski M., Rozanov V., et al
The CRHRI1 gene: a marker for suicidality in depressed males
exposed to low stress. Genes Brain Behav. 2008; 7 (1): 14-19.
DOI: 10.1111/5.1601-183X.2007.00310.x

Papiol S., Arias B., Gast6 C., et al. Genetic variability at HPA
axis in major depression and clinical response to antidepressant
treatment. J. Affect Disord. 2007; 104 (1-3): 83-90. DOIL
10.1016/j.jad.2007.02.017.

Hofer P., Schosser A., Calati R., et al. The impact of serotonin
receptor 1A and 2A gene polymorphisms and interactions
on suicide attempt and suicide risk in depressed patients with in-
sufficient response to treatment — a European multicentre study.
Int. Clin. Psychopharmacol. 2016; 31 (1): 1-7. DOL
10.1097/Y1C.0000000000000101

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Wang JY.,, Jia CX, Lian Y. et al. Association of
the HTR2A 102T/C polymorphism with attempted suicide: a me-
ta-analysis. Psychiatr. Genet. 2015; 25 (4): 168-177. DOL
10.1097/YPG.0000000000000091

Attwood B.K., Bourgognon J.-M., Patel S., et al. Neuropsin
cleaves EphB2 in the amygdala to control anxiety. Nature. 2011;
473 (7347): 372-375. DOL: 10.1038/nature09938

Supriyanto L, Sasada T., Fukutake M., et al. Association of
FKBPS5 gene haplotypes with completed suicide in the Japanese
population. Prog. Neuropsychopharmacol. Biol. Psychiatry.
2011; 35 (1): 252-256. DOI: 10.1016/j.pnpbp.2010.11.019
Hernandez-Diaz Y., Gonzalez-Castro T.B., Tovilla-Zarate C.A.,
et al. Association between polymorphisms of FKBPS gene and
suicide attempt in a Mexican population: A case-control study.
Brain Res. Bull. 2021, 166: 37-43. DOL
10.1016/j.brainresbull.2020.11.002

Roy A., Gorodetsky E., Yuan Q., et al. Interaction of FKBPS5, a
stress-related gene, with childhood trauma increases the risk for
attempting suicide. Neuropsychopharmacology. 2010; 35 (8):
1674-1683. DOI: 10.1038/npp.2009.236

Kaminsky Z., Wilcox H.C., Eaton W.W. et al. Epigenetic and
genetic variation at SKA2 predict suicidal behavior and post-
traumatic stress disorder. Transl. Psychiatry. 2015; 5 (8):
€627. DOI: 10.1038/tp.2015.105

Pandey G.N., Rizavi H.S., Zhang H., et al. The expression of
the suicide-associated gene SKA2 Is decreased in the prefrontal
cortex of suicide victims but not of nonsuicidal patients. Int. J.
Neuropsychopharmacol.  2016; 19 (8): pyw015. DOL
10.1093/ijnp/pyw015

Xie M., Bu Y. SKA2/FAM33A: A novel gene implicated in cell
cycle, tumorigenesis, and psychiatric disorders. Genes Dis. 2018;
6 (1):25-30. DOI: 10.1016/j.gendis.2018.11.001

Sadeh N., Spielberg J.M., Logue M.W., et al. SKA2 methylation
is associated with decreased prefrontal cortical thickness and
greater PTSD severity among trauma-exposed veterans. Mol.
Psychiatry. 2016; 21 (3): 357-363. DOI: 10.1038/mp.2015.134
Lutz P.E., Zhou Y., Labbe A., et al. Decreased expression of
nociception / orphanin FQ in the dorsal anterior cingulate cortex
of suicides. Eur. Neuropsychopharmacol. 2015; 25 (11): 2008-
2014. DOL: 10.1016/j.euroneuro.2015.08.015

Brundin L., Bjorkqvist M., Petersén A., et al. Eur. Re-
duced orexin levels in the cerebrospinal fluid of suicidal patients
with major depressive disorder. Neuropsychopharmacol. 2007;
17 (9): 573-579. DOLI: 10.1016/j.euroneuro.2007.01.005

Hurd Y.L., Herman M.M., Hyde T.M., et al. Prodynorphin
mRNA expression is increased in the patch vs matrix compart-
ment of the caudate nucleus in suicide subjects. Mol. Psychiatry.
1997; 2 (6): 495-500. DOI: 10.1038/sj.mp.4000319
Gross-Isseroff R., Dillon K.A., Israeli M., et al. Regionally selec-
tive increases in mu opioid receptor density in the brains
of suicide victims. Brain Res. 2010; 530 (2): 312-316. DOL
10.1016/0006-8993(90)91301-v

Gabilondo A.M., Meana J.J., Garcia-Sevilla J.A. Increased densi-
ty of mu-opioid receptors in the postmortem brain
of suicide victims. Brain Res. 1995; 682 (1-2): 245-250. DOIL
10.1016/0006-8993(95)00333-1

Dachet F., Brown J.B., Valyi-Nagy T., et al. Selective time-
dependent changes in activity and cell-specific gene expression in
human postmortem brain. Sci Rep. 2021; 11: 6078. DOI:
10.1038/s41598-021-85801-6

Noble P.A., Pozhitkov A.E. Cryptic sequence features in the
active postmortem transcriptome. BMC. Genomics. 2018; 19
(675): DOL: 10.1186/s12864-018-5042-x

Furczyk K., Schutova B., Michel T., et al. The neurobiology of
suicide — a review of post-mortem studies. J. Mol. Psychiatry.
2013; 1 (1): 2. DOL: 10.1186/2049-9256-1-2

Cobley J.N., Fiorello M.L., Bailey D.M. 13 reasons why the brain
is susceptible to oxidative stress. Redox Biol. 2018; 15: 490-503.
DOL: 10.1016/j.redox.2018.01.008

Turecki G. The molecular bases of the suicidal brain. Nat. Rev.
Neurosci. 2014; 15 (12): 802-816. DOI: 10.1038/nrn3839
Mirkovic B., Laurent C., Podlipski M.-A., et al. Genetic associa-
tion studies of suicidal behavior: a review of the past 10 years,

Tom 12, Ne 1 (42), 2021 Cyuyudosozus

21



HayuHo-npaxmuueckuii KYpHaL https:/ /www.elibrary.ru/

progress, limitations, and future directions. Front Psychia- 73. Ludwig B., Roy B., Wang Q. et al. The life span model of suicide
try. 2016; 7: 158. DOL: 10.3389/fpsyt.2016.00158 and its neurobiological foundation. Front Neurosci. 2017; 11: 74.
70. Mann J.J., Currier D.M. Stress, genetics and epigenetic effects on DOI: 10.26617/1810-3111-2017-3(96)-71-77.:
the neurobiology of suicidal behavior and depression. Eur. Psy- 10.3389/fnins.2017.00074
chiatry. 2010; 25 (5): 268-271. DOL 74. PozanoB B.A. T'ensl u cynnunansaoe noseaenue. Cyuyuoonous.
10.1016/j.eurpsy.2010.01.009 2013; 4 (1): 3-14. [Rozanov V.A. Genes and suicidal behavior.
71. PyxenkoB B.A., PyxenkoBa B.B., boesa A.B. Konuenmuu cyu- Suicidology. 2013; 4 (1): 3-14.] (In Russ)
uugaipHoro moseneHus. Cyuyudonoeus. 2012; 4: 52-60. [Ruz- 75. Guner N., Kulikova Y., Llull J. Marriage and Health: Selection,
henkov V.A., Ruzhenkova V.V., Boeva A.V. Concepts of suicid- Protection, and Assortative Mating. Eur. Econ. Rev. 2018; 104:
al behavior. Suicidology. 2012; 4: 52-60.] (In Russ) 138-166. DOL: 10.1016/j.euroecorev.2018.02.005
72. Xputunun J.®., Ecun A.B., CymapokoBa M.A., llykuna E.II. 76. PozanoB B.A., Kudburos A.O., l'aitnernunos P.P. u ap. Cospe-
OCHOBHBIE MOJENH CyHUHIaTbHOrO moBeneHus. Cubupckuil MEHHOE COCTOSIHUE MOJICKYJIAPHO-TEHETHIECKUX HCCIICIOBAaHUI B
secmHux ncuxuampuu u Haprkonoauu. 2017; 3 (96): 71-77. [Khri- CYMIIMOJIOTHH U HOBBIE BO3MOYKHOCTH OLICHKH PHCKa CYUIIHZA.
tinin D.F., Esin A.V., Sumarokova M.A., Shchukina E.P. Basic Cyuyuoonoeus. 2019; 10 (1): 3-20. [Rozanov V.A., Kibitov A.O.,
models of suicidal behavior. Siberian Bulletin of Psychiatry and Gainetdinov R.R. et al. The current state of molecular genetic re-
Narcology. 2017; 3 (96): 71-77.] DOL 10.26617/1810-3111- search in suicidology and new opportunities for assessing the risk
2017-3(96)-71-77. (In Russ) of suicide. Suicidology. 2019; 10 (1): 3-20.] DOL

10.32878/suiciderus.19-10-01(34)-3-20 (In Russ / Engl)

THE ROLE OF GENOME IN SUICIDAL BEHAVIOR (literature review)
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Abstract:

The literature review is devoted to the analysis of the relationship of suicidal behavior with both gene loci and estab-
lished gene polymorphisms. The relationship with suicides of both individual genes and their groups is considered.
Information about single nucleotide polymorphisms of genes regulating the concentration of cortisol (genes FKBPS,
SLC6A3, CRHRI, CRHR2, SKA?2) is especially valuable, since it is this group of genes that regulates the stress re-
sponse and is involved in the formation of the depressive state along with serotoninergic (genes 5-HTTLPR, HTR24)
and adrenergic (genes ADRA2A, ADRA2B) systems, the pathology of which is usually associated with various forms of
depression and suicide. It is particularly interesting that different polymorphisms of genes (CRHRI, CRHR2, SKA2)
that regulate the concentration of cortisol are characteristic of age and sex groups and therefore determine the differ-
ences in frequency, age and reasons for committing suicide. In addition, the role of polymorphisms in the implementa-
tion of suicide of the gene for proteins of the YWHAE family, the gene for the neurotrophic factor NTRK?2, and the
reward system is considered. The questions of the formation of possible ways to search for means of preventing the
development of the suicidal phenotype are discussed. The authors proposed to distinguish the suicidal phenotype into
an independent group of conditions, considered as a multifactorial disease, the final result of which is committing sui-
cide or its attempt, requiring codification and requiring the development of a classification of variants of etiology and
pathogenesis.
Key words: suicide, suicidal phenotype, gene network, cortisol, adrenal system, serotonin system

Bkaang aBTOpPOB:

B.A. Koznog:  mu3afiH CTPYKTYPBI CTaThH, CO0p MaTepHasa U IepPeBOA IIyOAHUKAIIMH II0 TeME CTaThH, HAIINCAHHE TEKCTa
PYKOITHCH;

A.B. I'onenicos: c60p MaTepHaia, HAITUCAHUE U PeJaKTHPOBAHHE TEKCTa PYKOIIHCH;

C.I1. CanoxcHukos: cbop MaTepHuasa, HAINCAHUE U PeJaKTHPOBaHHE TEKCTa PYKOITHCH.

Authors’ contributions:

V.A. Kozlov: design of the structure of the article, collection of material and translation of publications on the topic of
the article, writing of the text of the manuscript;

A.V. Golenkov: collection of material, writing and editing of the text of the manuscript;

S.P. Sapozhnikov: collection of material, writing and editing of the text of the manuscript.

duHaHCcHUpOBaHUeE: [[aHHOE HCCAEIOBAHHUE He NMeAO (DUHAHCOBOM ITOAIEPIKKH.
Financing: The study was performed without external funding.

KoHMAUKT HHTEpPECOB: ABTOPHI 3aIBAIIOT 00 OTCYTCTBHH KOH(AUKTA HHTEPECOB.
Conflict of interest: The authors declare no conflict of interest.

Crarbsa noctynmaa / Article received: 09.02.2021. [Tpunara k nybaukanmu / Accepted for publication: 22.04.2021.

Jlnsa mutuposanus:  Koznos B.A., 'onenkos A.B., CanoxxaukoB C.I1. Poss reHOMa B cyHIiIaIbHOM IOBeIeHUH (0030p uTepary-
ps1). Cyuyuoonoeus. 2021; 12 (1): 3-22. doi.org/10.32878/suiciderus.21-12-01(42)-3-22

For citation: Kozlov V.A., Golenkov A.V., Sapozhnikov S.P. The role of the genome in suicidal behavior (literature re-
view). Suicidology. 2021; 12 (1): 3-22. doi.org/10.32878/suiciderus.21-12-01(42)-3-22 (In Russ / Engl)

22 Suicidology (Russia) Vol. 12, Ne 1 (42), 2021



