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Pa3BuTHE METOMOB MOJCKYJISIPHONH OMOJOTHMH TO3BOJMIIO BBISIBUTH HOBBIC, paHEe HEU3BECTHBIC MEXaHHU3MBbI
(bopMHpOBaHHS CYUIMIATBHOTO (HEHOTHIIA M CYUIMIATBHOTO MoBereHus. CrienuaincTaM B 00JaCTH CYHIIUIO0-
JIOTHH 3TO TIO3BOJIMIIO PACIIEHUTh CYHUIUAATBHBIA (PCHOTUI KaK CAMOCTOSTENBHYIO MOJUTCHHYIO U MYyJIbTH(]aK-
TOPHYIO MATOJIOTHIO, KOTOPask MOYKET COMYTCTBOBAThH MCUXUYCCKUM 3a00JICBAHUSAM KaK KOMOPOHIHOE COCTOS-
uue. [lens nybauxayuu — CACTEMATU3AIMS U3BECTHBIX JTAHHBIX JTUTEPATYPHI O CTOMKUX OMOXMMHUYCCKUX H3MCHE-
HUSX, aCCOLIMUPYEMBIX C CYHIUIATbHBEIM (PeHOTHIIOM. PacCMOTPEHBI 3MMUTeHETHIECKUE, TCHETHUSCKHE U OHO-
XHUMUYECKUE MapKephl, aCCOIMUPOBAHHBIC C CYHIIUAAIEHBIM TTOBEICHHEM M CYUIMIAMU JIUI] Oe3 MPe/IIecTBY-
FOIIHX TICHXUYECKUX 3a00JIEBaHAH, a TAKKE MOJIEKYJIIPHO-ONOJIOTHYESCKAN aHAIN3 CITyJacB CyHIUAa Y OOIBHBIX
¢ OOJBIINM JIETIPECCUBHBIM PAacCTPOHCTBOM. AHAJIM3 COBPEMEHHOM JTUTEPATYPHI — MyOIHKALNU IPSIMBIX HCCIIe-
I]OBaHI/Iﬁ 6I/IO.]'IOFI/ILIeCKOFO MaTtepuaja, MOJIY4YCHHBIX OT JIMI C CYHUIIUAAJIbHBIM IMMOBEACHUEM U CYHUIIUACHTOB, a
TaKk)Ke METaaHAIU30B — JaéT OCHOBAHUSI CUMTATh 0A30BOM MPUUYMHON CYHIIMAAIBHOTO (DeHOTHIIAa HEHpOoBOCTIaIe-
HUE W/WIH POHNKHOBCHUE B JTUKBOPHYIO JKUAKOCTH Yepe3 TeHyHHHO CKOMITPOMEHTHPOBAaHHEIN reMarodHIeda-
JMUYECKUA Oapbhep BOCIAIUTENBHBIX IIUTOKHHOB, O0Pa3yIONINXCS Y JIHII C [UIUTEIHHO MPOTEKAONIMMHI HCTOIIa-
IOIIMMHU XPOHUYECKUMH BOCHAJUTENLHBIMU 3a00neBaHmsIMu (J1ateHTHast uHpekuus Toxoplasma gondii, peBMa-
TOUJHBIC 3a00JICBaHMS, ATONMUYCCKUW JEepMaTUT, OpoHXManbHas acTMa). HelpoBocmanenwe, dopmupyroiee
CYMIMAANBHBIA (PCHOTHII, peaTU3yeTCsi B Pe3yJibTaTe OJHOHYKICOTHIHBIX MOJIUMOP(PHU3MOB T'€HOB, aCCOLMUPO-
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BaHHBIX C TeHAMH FOME0OOKCa 1 UMMYHHOT'O OTBETA, TAKHX KaK MHTEPICHKUHBI-2, -4, -6, pakTOp HEKpo3a OIry-
xou. B To Bpemst kak MHTEpIIeHKHH-8, BO3MOYKHO OKa3bIBaeT 3alIUTHBIN 3P dekT. Kpome Toro, cyurmmanbHbIH
(eHOTHTI C OOMNBIION JTOJIEH BEPOSITHOCTH CBS3aH C TEHETHYECKH OOYCIIOBICHHBIM HapyIIeHHEeM OoOMeHa TpHII-
To(paHa, BEI3BAHHBIM aKTHUBAIMCH KHHYPEHUHOBOTO IYTH C COMYTCTBYIOIINM HCTOINCHUEM ITyJia CEpOTOHHMHA U
WHAYLUUPOBaHHEM HEWPOBOCHAJIEHHS 0 KUHYPEHHHOBOMY THITy. XpOHHYECKOE HEWpOBOCHIaIeHHE MEHSET ICH-
XOTHII U TOBEJICHUE B CTOPOHY (hOpMUPOBaHUs CYHUIIMAATBHOTO GeHotuna. B pe3ynprate MHIUBHIYYM (POPMU-
PYeT BOKPYT ce0sl COIMANBHYIO CPEmy, CIIOCOOCTBYIONIYIO OTSATYCHUIO HEHPOBOCHANICHNUS, M CYHIIUAY KaK (pUHa-

1y 3aboneBanust. ChenaH 6u1600, UYTO CYUIMIANBHBIA (DEHOTHTT GOPMHUPYETCS HEUPOBOCTIATICHHEM.
Knroueguvle crosa: cyn, OAHOHYKIEOTHAHbIE TOTUMOP(U3MBI, SITUTCHETHKA, TeHETHUKA OMOXUMHUS, HEeii-
poBocnasienue, KunypeHuH, Toxoplasma gondii, keTaMuH, COJTU JTUTHA, XOJIEKATbIH(EpOoIT

«... 'eHbI He yIpaBISAIOT IOBEJIEHUEM B CMBICIIE
HETMOCPEICTBEHHOTO BMEIIATENLCTBA B €r0 HCIIOJIHEHHE.
OHU yIpaBJSIOT MOBEJICHUEM JIUIIb B CMBICIIE
MPOrPaMMHUPOBAHHS MAIIWHBI TIepes] paboTom.

«... [ToBenenueckuii maTTepH MOXKET HE OBITH TaPBUHOBCKOM
aJanTanuen. . .»

Puyapn Jlokuns Paciipennslit ¢penorun:
JlaibHee BIUsSHUE TeHa

«... B 001e3HIX ecTh HEUTO OOJIBIIIEE, YEM TO, UTO MOXKHO
HalTH B T€HAX...»

L. ean oe Jlemnym,

Lo JI. Xecce, C.[c. [namm, M.T. [[yane

(F'enetrka mm3opeHUH: UCTOPHUYECKUE TAaHHBIE U TIpeodJia-
JTAIOIIHE CBUICTEIIbCTRA)

C Touku 3peHHst OMOJIOTHH, TTOBEIEHHE €CTh KOHEeU-
HBIM pe3ysbpTaT psAa BHU3YyalbHO HEHAOIIOAAEMBIX IO-
CJIEIOBATENbHBIX PETYJISTOPHBIX COOBITUN B LEHTPAJIb-
HOW HEPBHOH CHCTEMe, BBI3BAHHBIX BHYTPEHHHMHU (pak-
TOpaMU OpraHu3Ma W BHEITHUMH (DaKTOpamMu Cpeibl
OOUTaHUs, U3MEHSIOMIUX FOMEOoCcTa3 M MOoToMy (GOpMHU-
PYIOIIUX COOTBETCTBYIOUIMH WHIWBUAYAIbHBIA TOBE-
JIEHYeCKU naTTepH. BHeninee mposiBiieHHWEe MOBEACHUS
— JIBUTATeNbHBIA MaTTepH Kak Ha0Op MOCTYIKOB, CO-
BEPIIAEMBIX B CHIIy ICUXUYECKHUX, TUYHOCTHBIX YCTPEM-
JICHUH, COBEPIIAEMBbIX B YCJIOBUSAX OKPY>KalOLIEH cpeibl
u TpeboBaHMil conmyma. PaccMmarpuBas WHIAWBHIYYM
KaK CJIOXHYIO CHUCTEMY, HEMUHYEMO BO3HUKAET BOIIPOC
0 IeJieTniojlaraHuy (MHIUBUAYATHHOM CMBICIE >KU3HU).
[Tockombky: «Lleap — 310 MaeamsHOE TO (hopMme, mpea-
[10JIaraeéMO€, UCKOMOE COCTOSIHME WIIM CBOMCTBO, IIOYE-
My-TMO0 JKeNaTelbHOE, B HANpPaBJICHUH KOTOPOTO CH-
CTeMa  W3MEHSETCS  MOJA  BIUSHUEM  BHELIHEro
Y BHYTPEHHETO BO3ICHCTBUA, IIPUYMH U YCIOBHUN», —
O.C. PazymoBckuii [1], MeXay T€HOMOM H JIBUTaTelb-
HBIM TIATTEPHOM JIOJDKEH HAaXOIUTHCS WCTIOTHUTEIHHBIN
MEXaHU3M, TPeoOpasylomuii TeHEeTHYEeCKHE 3aJaTKH,
ONpeIENA0IME ICUXOTUIl UHAUBUAYYMA B €r0 MOBEIe-
HUE — JIBUTATEIbHYIO PEAKIUI0 HAa CBOE BHYTPEHHEE CO-

“...Genes do not control behavior in the sense
of directly interfering with its execution.
They control behavior only in the sense of
programming the machine before operation.”
“...The behavioral pattern may not be

a Darwinian adaptation...”

Richard Dawkins Extended Phenotype:
The Long Range Influence of a Gene

“...There is more to disease than what can be
found in genes...”

J. van de Lemput, J.L. Hess,

S.J. Glatt, M.T. Cuang

(Genetics of Schizophrenia: Historical Data
and Preponderance of Evidence)

From a biological point of view, be-
havior is the end result of a series of visual-
ly unobservable sequential regulatory events
in the central nervous system, caused by
internal factors of the body and external
factors of the environment, changing home-
ostasis and therefore forming the corre-
sponding individual behavioral pattern. The
external manifestation of behavior is a mo-
tor pattern as a set of actions performed due
to mental, personal aspirations, performed
in environmental conditions and the de-
mands of society. Considering an individual
as a complex system, the question of goal
setting (individual meaning of life) inevita-
bly arises. Since: “A goal is an ideal in
form, expected, sought-after state or proper-
ty, desirable for some reason, in the direc-
tion of which the system changes under the
influence of external and internal influ-
ences, causes and conditions,” — O.S.
Razumovsky [1], between the genome and
the motor pattern there must be an actuator
that transforms the genetic inclinations that
determine the individual’s psychotype into
his behavior — a motor reaction to his inter-
nal state, the state of the external world, the
reflection of these states in his conscious-
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CTOSIHUE, COCTOSIHUE BHEIIHEr0 MUpPA, OTPAKEHUE 3THUX
COCTOSTHAM B CBOEM CO3HAHHHM W MHTEPHPETALHUIO ITOTO
OTpaKeHHUsI CaMUM CO3HaHUEM. DTO Hallle YTBEPIKIECHUE
MOATBEPKIAETCS, HapuMep, MHeHueM Pudapna Jlokus-
3a: «['eH «moBeneHust X» — 3T0 TeH KaKux-Inbo Mopdo-
JIOTUYECKUX U (PU3HOJOTHYECKUX COCTOSIHHM, CIOCO0-
HBIX BBI3BaTh ATO IOBeacHHUE» [2]. Ho, nBmkeHMe KHUBO-
ro CyILIEeCTBa BCErJa €CTh PE3yJIbTaT YJOBJIETBOPEHUS
KaKOW-T100 CUTYaIlMOHHOW MOTPEeOHOCTH — 0€3 KaKIbl
He OyleT NeiCTBHA, HalpaBICHHbBIX HA €€ yJIOBIETBOpE-
Hue, 0e3 Tojiofa He MOSBUTCS ICHCTBUM, ITO3BOJISIOLINX
HACBITUTHCS. Hampumep, moctynupyercsi, 4To moTpeod-
HOCTb, IPHOOpETIas MOOYAUTETHHYIO CHITY, CTAHOBUTCS
MoTtuBOM TmpectyruieHus: [3]. Takum oOpa3om, MOXHO
YTBEPKIaTh, YTO IMOBEACHUE — CIIOKHBIN BUTATEIbHBIN
NaTTepH, NPEACTABISIOUINNA COOOW €KETHEBHYIO Jes-
TEJIHHOCTh JKUBOTO CYIIECTBA, CKJIAJBIBACTCS U3 peasu-
3alliu psAfla CUTYaIlMOHHBIX MOTPEOHOCTEH, B CBOIO O4e-
peab TOPOKIAOIIUX DS JIPYTUX CHTYAIlMOHHBIX I10-
TpeOHocTel. C 3TON TOUYKM 3peHHs CYMIM] MOYKHO pac-
CMaTpHBaTh Kak (pUHAI ayTOarpecCMBHOTO IOBEACHYE-
ckoro (heHOTHNA, CHOPMHUPOBAHHOTO MATTEPHOM IIOJIH-
MOpP(HBIX TEHOB, aKTHBHOCTb KOTOPBIX COTPOBOXKIAETCS
KOMIUIEKCOM HapyIICHUH DPETyJIsSTOPHOTO OMOXUMH3Ma
rOJIOBHOTO Mo3ra. Hampumep, W3BeCTHO, YTO: «... HEKO-
TOpbIE MaJIOJIETHUE TPECTYIMHHUKHU SIBJISIOTCS HOCHUTEIS-
MU OIpeaeNéHHON (OpPMBI Te€Ha, BBI3BIBAIOLIETO JIe(hu-
LIUT MOHOAMHHOOKCH/Ia3bl, YTO (B COYETAHUU C IJIOXUM
MUTAaHUEM B JIETCTBE) CHJIBHO IOBBILIAET BEPOSTHOCTH
AHTUCOIMAIBHOTO TTOBEJICHUS y TIOAPOCTKOBY [4].

[To omeHKaM TEHETHYECKHX AIHIEMHUOIOTHIECKUX
HCCIIEIOBAaHUN HACIIEyeMOCTh CaMOYOUNCTB U MOMBITOK
COBEpIICHHS CyHIHa cocTaBisieT oT 17 1o 55% [5] u ve
OOBSICHSICTCSI HACJIEIOBAHUEM PACIPOCTPAHEHHBIX TICH-
XMUYECKUX paccTpoiicTB [6]. Ipyrue aBTOpsl yKa3bIBaIoT,
YTO HACJIEAyeMOCTb CYMLUJAIBHOTO MOBEIEHHS COCTaB-
nset 30-50% B o6mieit nonynsmuu u 30-55% y MoHO3U-
TOTHBIX Oym3HenoB [7, 8]. O4eBHIHO, YTO AEATEIHLHOCTH
OJTHOTO €IWHCTBEHHOTO TOJIMMOP(HOTO reHa HE MOXKET
CKOJIb-THOO CYIIECTBEHHO IMOBJIHATH HAa TOBENECHUE WH-
JIUBU/IA, TEMOHCTPUPYEMOE UM B TEUEHHUE BCEW JKU3HHU,
€CJIM peub He UAET O TAKUX TAKEIBIX MOHOTCHHBIX 3200-
JeBaHUAX, Kak (eHwikeToHypus, Hampumep. Cyuim-
JIaTbHOE MOBEJICHNME, KaK CJIOKHBIN ITOBEACHUYCCKHM 11aT-
TEpH, BEPOSATHO (HOPMHUPYETCS MATTEPHOM IOITUMOP)-
HBIX TE€HOB, BO3MOYXHO, 00Pa3yIOIINX TEHHYIO CETh N
HECKOJIBKO TE€HHBIX CeTeH, pabOoTalonMX OJHOBPEMEHHO
WIM CMEHSIOIUX JpYr JIpyra Ha MPOTSKEHUM KXU3HU
M0J1 BO3JICHCTBHEM MCUXOCOLMATBLHON U IKOHOMUYECKON
Cpelibl, CO3JJaHHOM HOCHUTEJEeM NaTTepHOB IeHOB, (op-

ness and the interpretation of this reflection
by consciousness itself. This statement of
ours is confirmed, for example, by the opin-
ion of Richard Dawkins: “The gene for “be-
havior X” is a gene for any morphological
and physiological conditions that can cause
this behavior” [2]. But the movement of a
living being is always the result of satisfy-
ing some situational need — without thirst
there will be no actions aimed at satisfying
it, without hunger there will be no actions
that allow you to get enough. For example,
it is postulated that a need that has acquired
a driving force becomes the motive for a
crime [3]. Thus, it can be argued that behav-
ior — a complex motor pattern, which repre-
sents the daily activity of a living being,
consists of the implementation of a number
of situational needs, which in turn give rise
to a number of other situational needs. From
this point of view, suicide can be considered
as the finale of an autoaggressive behavioral
phenotype formed by a pattern of polymor-
phic genes, the activity of which is accom-
panied by a complex of disorders of the
regulatory biochemistry of the brain. For
example, it is known that: “... some juvenile
delinquents are carriers of a certain form of
the gene that causes monoamine oxidase
deficiency, which (combined with poor
nutrition in childhood) greatly increases the
likelihood of antisocial behavior in adoles-
cents” [4].

Genetic epidemiological studies esti-
mate that the heritability of suicide and sui-
cide attempts ranges from 17 to 55% [5] and
is not explained by the inheritance of com-
mon mental disorders [6]. Other authors
indicate that the heritability of suicidal be-
havior is 30-50 % in the general population
and 30-55% in monozygotic twins [7, 8]. It
is obvious that the activity of one single
polymorphic gene cannot significantly af-
fect the behavior of an individual demon-
strated throughout his life, unless we are
talking about such severe monogenic dis-
eases as phenylketonuria, for example. Sui-
cidal behavior, as a complex behavioral
pattern, is likely formed by a pattern of pol-
ymorphic genes, possibly forming a gene
network or several gene networks, operating
simultaneously or replacing each other
throughout life under the influence of the
psychosocial and economic environment
created by the carrier of the gene patterns
that form the suicidal phenotype. Since sui-
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MUPYIOIIUX CYUIMIANbHBIN (GeHotun. Ilockonbky cyu-
UUAAJIbHOE TOBEIEHUE HACIIEIyeMO, MEXKIY HHIUBUIY-
QJIbHBIM T€HOMOM, TOJIUMOP(PHU3MBI KOTOPOTO JOMYCTH-
MO aCCOLIMMPOBATH C CYMIUJAIBHBIM ITOBEACHUEM H €T0
KOHEYHBIM pE3yJIbTaTOM — CYMIHUIOM — JOJDKHA Cylle-
CTBOBATh PETYJIATOPHAs L€Nb, MPUBOIALIAS] UHIUBUIY-
yMa K peanu3anuu (UHATBHON CHTyaTHBHOW MOTPEOHO-
CTH, TO €CTh — cyuuuay. M sTa peryisTopHas Lenb
MpeACTaBIsIET cO0OM HU YTO MHOE, Kak psj HapacTaro-
IUX ¥ YCTOWYMBBIX M3MEHEHUH OMOXMMHUYECKOTO CTa-
Tyca, B IIEPBYI0 OYEPEb TOJIOBHOIO MO3ra, HAIpaBJICH-
HO MEHSAIOIIMX IOBEJACHUE HOCHUTENS IMAaTTEPHA TI'€HOB,
bopMHpYOINX CYHUIHMIAIBHBINA (QeHoTun. B moxrsep-
KJICHUE HAIIUX HJIeH NPUBOAMM MPEANONIOKEHHE Y.
Dwivedi u coaBT., 4TO: «... pacCTpOCTBa HACTPOCHUs /
caMoyOMIiCcTBa SIBJISIOTCS PE3YJIbTaTOM HECHOCOOHOCTH
MO3ra BbIpadaThIBaTh COOTBETCTBYIOIINME aJalTHBHBIC
peakLuy Ha CTUMYJIbI OKPY’KaIOLIEH cpeibl B pe3yibTare
HapyLIeHUs CUHANITUYECKON U CTPYKTYPHOM IUIACTUYHO-
cty» [9].

CrnenyeT 3aMeTUTh, YTO B HACTOSIIEE BPEMS CUIIHLHO
MeHsIeTCs TpencTaBieHne (0a3oBasi mapaaurma) o poJiu
OMOXMMHMYECKUX IPOLECCOB B OpPraHU3MeE, KOTOpHIE, C
OJTHOM CTOPOHBI, B CBSI3U CO 3HAYUTEIIHLHBIM MPOTPECCOM
W3Y4YEHUS T€HHBIX MEXAHW3MOB PEryJisilMHM MOTECHEHbI
Ha BTOPOMH IUIaH, C Ipyroi CTOPOHBI, B CBSI3U C PA3BUTHU-
€M CpE/CTB BBIUYMCIUTENBHON TEXHUKH U TOSBICHUEM
3HaHUW O TPOTPAMMHBIX TEXHUKAX PETYJISIIMA U MCIIOJN-
HUTENbHBIX HHTep(deiicax, OMOXUMUYECKHA PETYISATOP-
HBI YpOBEHb 4aCTO MHTEPIPETHPYETCS Kak HHTepdeiic
MEX/y TEHOMOM, TKaHSMH, OpTaHaMH U TOBEJACHHEM B
uenoM. [loaTromy HEOOXOIMMO HEKOTOPOE MEPEOCMBbIC-
JIEHHME H3BECTHBIX OMOXMMHUYECKUX HapyLIEHWMH, acco-
LUUPYEMBIX C cyruuaamMu. CBOWCTBEHHBIH HPOILIOMY
MBIIIJICHAIO TIOWCK €IWHCTBEHHOW TNPUYHMHBI TaKHX
CJIO)KHBIX TOBEIEHYECKHX TAaTTEPHOB, KaK IOBEICHHUE
BOOOIIE, CyHIIMJAIBHOE MOBEACHNUE, CYUIUIbI, JEnpec-
CUBHBIC COCTOSIHMSI W JIp. TICHXMYECKHWE HAPYIICHUS H
JIeBUAIIMM B BUJE M3MEHEHUs KOHLEHTpAlUil B IiazMe
KpOBH WM HEpeOpaTbHON KUIKOCTH KaKUX-IHOO0 Meau-
aTOPOB OKAa3aJICsl HECOCTOSATENEH.

Takum o0Opazom, I KaXIOTO YCTOWYHMBOTO BO
BPEMEHH BapuaHTa MOBEACHUS BO3MOXKHO KaK MOCTYJIH-
pOBaTh HAIMYKME CBOETO PHAOPEHOTHIIA, TaK U OMpee-
JIUTh T€HHYIO CE€Tb, (POPMUPYIOLIYIO ATOT dHAO(PEHOTHT,
B TOM 4YHCJI€ 32 CUET HaANU4Msl MOJUMOP(HBIX T'€HOB.
Konuenuust reHHOM ceTn OMOXMMUYECKHUX MyTed (oKy-
CUpYETCsl Ha PEryJisiui Ha HECKOJbKHUX YPOBHSX Opra-
HU3allM{, a2 HE TOJBKO HA PETYISITOPHBIX OTHOIICHUSIX
Tpanckpunuu 6enoB u perymsaropabix PHK. Jlesrens-

cidal behavior is heritable, between the in-
dividual genome, polymorphisms of which
can be associated with suicidal behavior and
its final result — suicide — there must be a
regulatory chain that leads the individual to
the realization of the final situational need,
that is, suicide. And this regulatory chain is
nothing more than a series of increasing and
sustainable changes in the biochemical sta-
tus, primarily of the brain, that purposefully
change the behavior of the carrier of the
gene pattern that forms the suicidal pheno-
type. To support our ideas, we present as-
sumption Y. Dwivedi et al. that: “...mood
disorders/suicide are the result of the brain's
inability to generate appropriate adaptive
responses to environmental stimuli as a
result of impaired synaptic and structural
plasticity [9].

It should be noted that currently the
idea (basic paradigm) of the role of bio-
chemical processes in the body is changing
greatly, which, on the one hand, due to sig-
nificant progress in the study of gene regu-
lation mechanisms, has been relegated to
the background, on the other hand, due to
the development of means computer tech-
nology and the emergence of knowledge
about software control techniques and exec-
utive interfaces, the biochemical regulatory
level is often interpreted as the interface
between the genome, tissues, organs and
behavior as a whole. Therefore, some re-
thinking of the known biochemical abnor-
malities associated with suicide is neces-
sary. The search for the sole cause of such
complex behavioral patterns as behavior in
general, suicidal behavior, suicides, depres-
sive states, and other mental disorders and
deviations in the form of changes in the
concentrations of any mediators in the blood
plasma or cerebral fluid turned out to be
untenable.

Thus, for each behavior that is stable
over time, it is possible to both postulate the
presence of its own endophenotype and
determine the gene network that forms this
endophenotype, including due to the pres-
ence of polymorphic genes. The gene net-
work concept of biochemical pathways fo-
cuses on regulation at multiple levels of
organization, not just the regulatory rela-
tionships of protein transcription and regu-
latory RNAs. The activity of the endophe-
notype at the biochemical level should man-
ifest itself as stable changes in homeostasis
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HOCTh DHIOPEHOTHUIIAa Ha OHOXMMHYECKOM YpPOBHE
JOJDKHA TIPOSIBIIATH €e0s yCTOMYMBBIMH H3MEHEHHSIMHU
roMeocTa3a C IOSIBI€HHMEM KaK MaTOJOIMYECKHX IIpo-
JTYKTOB OOMEH, TaK U KOJIMYECTBEHHBIMU M3MEHEHHUSIMU
PETYJISATOPHBIX BElIECTB (TOPMOHOB, MEIMATOPOB, ayTa-
KOHJIOB).

Llenv nybnuxayuu — CHUCTEMaTH3AIMsI HM3BECTHBIX
JTAHHBIX JIMTEPATYPHl O CTOWKUX OMOXMMHYECKHX H3Me-
HEHHAX, ACCOLUUPYEMBIX C CYUIUIATBHBIM (DEHOTHIIOM.

UccnenoBanrie OMOXUMHYECKHX NPUYUH CYHIIH-
JAJIbHOTO TIOBEJICHUS M COBEPILICHUSI CYULIUOB ABIISETCS
JIOCTAaTOYHO CIIOKHOU MpobiieMoit. buoxumudeckuii na-
TOT€HE3 CYyMLUAAIBHOIO IMOBEIEHHS IIHPOKOro Hccie-
noBaics B XX BeKe, BUIUMO B CBSI3U C HEYOEIUTEIIbHbI-
MU pe3yJIbTaTaMHU UCCIEIOBAHMS MEAMATOPHBIX CHCTEM
TOJIOBHOTO MO3ra, HE MOBJEKIIMMHU 32 COOOW BBICOKO-
3¢ PEeKTUBHOTO MPAaKTUYECKOro nmpuMeHeHus. MHTtepec k
3THM HCCJIEIOBAHUSAM HECKOJIBKO yrac, U B HacTosIIee
BpeMsl B KauecTBE OMOXMMHYECKUX MEXaHHU3MOB MaTO-
reHes3a CyHUIMIaJbHOIO MOBEIEHUS HCHOIb3YIOTCS Me-
TOJAMKH IPOTEOMHOr0 aHAJIW3a M M3yYEHUs HEKOIUpY-
tomux PHK. J[is mpuMepa MOKHO mpuBeCTH padoty M.
Asberg u coaBrt. (1976), rccie0BaBIIUX KOHIICHTPALIUN
5-rUIPOKCUMHIOIYKCYCHOM KHCIOTBl B CIMHHOMO3IO-
BOH KHMJIKOCTH y 68 ImanueHToB ¢ aenpeccueid. ABTOpbI
OOHApYy>KWJIM, YTO NAIMEHThl C KOHLEHTpamuen 5S-
THIPOKCUMHIIOIYKCYCHOM KHCIOTBI HMXe 15 Hr/mim co-
BEpILAIN MOMbITKA CYULHIOB 4yalle, 4eM OOJIbHbIE C
KoHueHTpanueid Beime 20 vr/mia [10]. Dra pabora mo-
CIIy’)KMJIa OCHOBOM JUIsl MOMCKAa CBSI3M MEXAY KOHLIEH-
Tpanyed S5-TUuAPOKCUUHAOIYKCYCHONH KHCIOTHI B CIIHH-
HOMO3TOBOH KMJKOCTH ¥ COBEpPLICHHEM CYHIIHIOB.
HTtorom >THX MOMCKOB SIBISIETCS BBIBOJ, 4TO: «Kaxkyima-
SC  «HAAEKHOW» CBSI3b HHU3KOW KOHIUEHTpaluu S-
THJIPOKCUMHOIYKCYCHOM KHCJIOTHI B JIMKBOPE C «CYyH-
LUAATBHOCTBIO» U «arpeccueil» Ha caMoM JIeJie JOBOJIb-
HO cnabasi. CooOrieHust 00 acCoUaNusIX MOATPYIIl CyH-
IUAATFHOTO TIOBENEHUS (HAIpUMep, MOTMBITOK HACHIIb-
CTBEHHOT'O CaMOyOMHCTBA) C HU3KUMH KOHIICHTPAITUSIMHI
S-TUAPOKCUMHIOIYKCYCHON KHCIOTHI B JIMKBOPE, BEPO-
ATHO, NPEACTABISIIOT COO0M HECKOJIBKO IPEeXkIEeBPEMEH-
HBIi TIepeBOA pPE3yJbTaTOB MCCIEIOBAaHUM, KOTOpBIE
MMEIOT HEeJIOCTaTKU B MeToaojorum» [11]. Takue ommob-
KW, TIO-BHIUMOMY, OBUIM CBSI3aHBI C YOEKIEHHOCTBIO,
YTO CyHIHIAIBHOE TIOBEACHUE U CYUIHIBI 0053aTEIBHO
CBSI3aHBl C KaKUM-JIMOO IICUXWYECKUM 3a00JIeBaHHEM.
Torma kak B HacTosIIee BpeMs NMPUXOIUT IMOHUMAHHE,
YTO CYUUUJAJbHOE TMOBEACHUE W CYHUIMJIbI SBISIOTCS
CaMOCTOSITENIbHOW TOJUI€HHOM MaToJorueil, Kak 3To
clielyeT U3 MPOUUTHPOBAHHOIO BBINIE MOJTHOTEHOMHOTO

with the appearance of both pathological
metabolic products and quantitative changes
in regulatory substances (hormones, media-
tors, autacoids).

The aim of the publication is to sys-
tematize the known literature data on persis-
tent biochemical changes associated with
the suicidal phenotype.

The study of the biochemical causes of
suicidal behavior and suicide is a rather
complex problem. The biochemical patho-
genesis of suicidal behavior was widely
studied in the 20th century, apparently due
to the inconclusive results of research on the
neurotransmitter systems of the brain, which
did not lead to highly effective practical
application. Interest in these studies has
somewhat faded, and currently, methods of
proteomic analysis and the study of non-
coding RNAs are used as biochemical
mechanisms of the pathogenesis of suicidal
behavior. As an example, we can cite the
work of M. Asberg et al. (1976), who stud-
ied the concentrations of 5-
hydroxyindoleacetic acid in the cerebrospi-
nal fluid of 68 patients with depression. The
authors found that patients with 5-
hydroxyindoleacetic acid concentrations
below 15 ng/ml attempted suicide more
often than patients with concentrations
above 20 ng/ml [10]. This work served as
the basis for searching for an association
between the concentration of 5-
hydroxyindoleacetic acid in the cerebrospi-
nal fluid and suicide. The result of these
searches is the conclusion that: “The seem-
ingly “reliable” connection between low
concentrations of 5-hydroxyindoleacetic
acid in the cerebrospinal fluid and “suicidal-
ity” and “aggression” is actually quite weak.
Reports of associations of subgroups of
suicidal behavior (eg, attempted suicide)
with low cerebrospinal fluid concentrations
of 5-hydroxyindoleacetic acid are likely to
represent a somewhat premature translation
of the results of studies that have methodo-
logical shortcomings™ [11]. Such errors
appeared to be associated with the belief
that suicidal behavior and suicides are nec-
essarily associated with some kind of men-
tal illness. While there is now an under-
standing that suicidal behavior and suicides
are an independent polygenic pathology, as
follows from the genome-wide study cited
above by J.L. Min et al. (2021), our litera-
ture reviews [12, 13] and data from other

Tom 14, Ne 3 (52), 2023 Cyuyudosozus

31



HayuHo-npaxmuueckuil >KYpHaL

https:/ /www.elibrary.ru/

uccneaosanus J.L. Min u coaBt. (2021), Hammx 0630poB
aurepatypsl [12, 13] u maHHBIX ApYyrux aBTOpoB [14,
15]. B uenom, 3To mpuBeno kK 0OHapYKEHUIO HOBBIX Ia-
TOT€HETUYECKHX MEXaHMU3MOB 3aIlyCKa CYHMLUAAIBHOIO
noBeeHNs U POPMUPOBAHHS JETIPECCUBHBIX COCTOSHUN.

Cyuyuowl u snucenom

PesynbTarsl 3NMHr€HOMHBIX WCCIENOBAaHUN, B TOM
YKClie MPOLMTUPOBAHHBIE BBINIE, MOATBEPKAAIOT MHO-
KECTBEHHOCTh (DEHOTHUIOB, MPUBOAAIIMX K CYHIIUIAIIb-
HOMY TmoBeaeHH0. OIHUM M3 OTHOCHUTEIBHO HEIABHO
BBIICJICHHBIX 3IUTCHOMHBIX PErYyJISTOPOB KJIETOYHBIX
GYHKIME SBISAIOTCA JUIMHHBIE He Komupytomme PHK
(IncRNA), nmeromue TKkaHecnenupUIHbIN MaTTEePH dKC-
npeccun [16]. Dxcnpeccust IncRNA u3meHsIeTcst ¢ BO3-
pactom [17]. Hekoropsie antucMmbicioBsie InCRNA mo-
I'yT BIMATH Ha Npoiudepanuoo, poct u auddepeHu-
poBky HeiponoB [18]. K nHacrosimemy Bpemenu oOHa-
PY’KEHBI CBSI3U MEXKIY CYMLUUJAIBHBIM TOBEICHUEM HU
M3MEHEHHEM JKCIIPECCUH HEKOTOPBIX IncRNA.

Tax y a1, COBEpUIMBIINX HACUIBCTBEHHBIN CYUIII
BbIsIBIIeHa BbICOKas skcmpeccus IncRNA LINCO01268,
nokamusytomasicss B rene MARCKS (ren mupuctonsu-
poBaHHOTO, OoraToro ananuHoMm Oenka) [19]. Torma kax
y JIETIPECCUBHBIX MAlMEHTOB, COBEPIIUBIINX 3aBEPIIEH-
HBIA CYWIUJI, B TOJIOBHOM MO3re ObUTM MAESHTH()UIUPO-
Banbl 2670 IncRNA.M3 HuxTpu IncRNA RPI11-
326111.3 mo cpaBuennto ¢ IRF2 (ren perymnsitopHOro
¢dakropa wuHTEpdEepoHa 2, XPOMOCOMHAS JIOKATH3AIIH
4q35.1 [OMIM *147576]), RP11-273G15.2 no cpaBHe-
Huto ¢ LY6E (kommuiekc nmumdornmrapHoro anturena o,
nokyc E, xpomocomuas jokanuzauus 8q24.3 [OMIM
*601384]), CTD-2647L4.4 no cpaBuenuto ¢ HOXI1 (ren
romeobokca 1, xpomocomHass Jokamuzauus 7pl5.2
[OMIM *142950]) Bblaepxaiu MpOBEPKY Ha accolua-
[UIO C CYHUIMJIaMH, U BCE TPH MapKepa CBS3aHbI C CHTI-
HaJIBHBIMU ~ QyHKUusAMH uHTepdepoHoB [20]. SNP
IncRNA Taxxe 0OKa3bIBalOTCSI aCCOLUMPOBAHBI C CYHUIIH-
mamu. Tak, SNP rs155979 ¢ remormnom GC mmn GG
IncRNA (pacmonoxxeHn B Xxpomocome 5 B 00JacTu TiayTa-
MaTHOTO peuentopa 6) acCOUMUpPOBaH C YBEIUYEHHUEM
pucka camoyowmiictBa B 2,08 paza [21]. Cnoco6 comep-
IICHHUST CyHMIIH/IA, BO3MOXHO, TIPSMO CBSI3aH C IKCIIpPeC-
cuelr koHKpeTHbIX IncRNA. Tak mpedpoHTanbHas 3Kc-
npeccust LINC01268 Obua Bbllle IPHU HACHIBCTBEHHBIX
CyHLUaX, YeM IIPU HEHACUJILCTBEHHBIX [22].

OpuuM u3 npeuMyiectTB (yHKIUOHAJIBHONW KOH-
LENIUH TeHHOW CeTH SBISETCS TO, YTO €€ MOXKHO HC-
M0JIb30BaTh JUIsl ONpeAeseH!s] SHA0()EHOTUIIOB MOBEE-
Hus. [log sHIopeHoTHHIaMU TOBEACHHS TOHUMAIOTCS
JMCKpeTHbIe (YHKIMOHAIbHbIE ()EHOTHIBI Ha YpPOBHE

authors [14, 15]. In general, this led to the
discovery of new pathogenetic mechanisms
for triggering suicidal behavior and the for-
mation of depressive states.

Suicide and the epigenome

The results of epigenomic studies, in-
cluding those cited above, confirm the mul-
tiplicity of phenotypes leading to suicidal
behavior. One of the relatively recently
identified epigenomic regulators of cellular
functions are long non-coding RNAs
(IncRNAs), which have a tissue-specific
expression pattern [16]. IncRNA expression
changes with age [17]. Some antisense
IncRNAs can affect proliferation, growth
and differentiation of neurons [18]. To date,
connections have been found between sui-
cidal behavior and changes in the expres-
sion of some IncRNAs.

Thus, in persons who committed vio-
lent suicide, a high expression of IncRNA
LINCO01268, localized in the MARCKS
gene (myristoylated alanine-rich protein
gene) [19]. While in depressed patients who
committed suicide, 2670 IncRNAs were
identified in the brain. Of these, three
IncRNA RP11-326111.3 versus IRF2 (inter-
feron regulatory factor 2 gene, chromoso-
mal localization 4q35.1 [OMIM*147576]),
RP11-273G15.2 versus LY6E (lymphocyte
antigen complex 6, E locus, chromosomal
location 8q24.3 [OMIM *601384]), CTD-
2647L4.4 versus HOX1 (homeobox 1 gene,
chromosomal location 7pl5.2 [OMIM
*142950]) passed the test for association
with suicide, and all three markers are asso-
ciated with interferon signaling functions
[20]. IncRNA SNPs also appear to be asso-
ciated with suicide. Thus, SNP with the
15155979 GC or GG IncRNA genotype (lo-
cated on chromosome 5 in the glutamate
receptor 6 region) is associated with a 2.08-
fold increase in the risk of suicide [21]. The
mode of suicide may be directly related to
the expression of specific IncRNAs. Thus,
prefrontal expression of LINC 01268 was
higher in violent suicides than in non-
violent ones [22].

One advantage of the functional gene
network concept is that it can be used to
define behavioral phenotypes. Behavioral
endophenotypes refer to discrete functional
phenotypes at the level of organization be-
tween genotype and behavior, representing
important functional components of the
behavior itself [23]. Speaking about suicidal
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OpraHu3alMyd MEXAy TeHOTHIIOM U TOBEICHUEM, Tpe-
CTaBISIONINE Ba)KHBbIE (YHKIMOHAIBHBIE KOMITOHEHTHI
camoro moBezieHus [23]. ['oBops 0 cyuuaanbHBIX (e-
HOTHUIIAX, HEJb3sl HE MPOIMTHPOBATH Oojiee MOAPOOHO
pe3yabTaThl TOJHOTEHOMHOTO uccienoBanus (GWAS),
IpoBeEHHOr0 B MeKayHapoJHOM KOHCOpLIMYME IeHe-
tukn camoyowmiictB (ISGC) Ha ocHOBe MeTaaHanmu3a
29782 cnydaeB NOMBITOK camoyouiictBa u 519961 vemno-
BEK KOHTPOJIbHOW Tpymnmbl U3 18 KOropT mo BceMy MH-
py. llpn mccrnenoBanum oOIIeH M pacXOAsIICHcs TeHe-
TUYECKOM apXUTEKTYpHl y JIUI], COBEPUIMBIINX IMOMBITKY
CyHLIUA MW 3aBEPUIMBIIUNACS CYUIH] C YYETOM TICHXU-
YECKUX PACCTPOMCTB M JPYTUX H3BECTHHIX (HaKTOPOB
pHucka ObUIO OOHApPYXKEHO ABa JIOKYCa, aCCOLMUPOBAH-
HBIX C CyHIuaaMu: 1) OCHOBHOW KOMIUIEKC THCTOCOBME-
ctumocTd (rs71557378, oTHOIIEHHWE IIAHCOB ayuIems
T=1,10 [1,06-1,13], p=1,97x10®) u 2) MexreHnblii J10-
Kyc Ha xpomocome 7 (rs62474683, oTHOLIEHHE IIAHCOB
ammrens A=1,06 [1,04—1,08],p=1,91x10"0). MeKreHHBIN
JIOKYC Ha XpOMOCOME 7 OCTaJICs CBSI3aHHBIM C CYHMIIHIa-
MU TIOCJIe TIONPAaBOK Ha HAIUYME IICUXUYECKHX pac-
crpoiicTB. [Ipn anammse (akTOpOB pHCKAa ITOT JIOKYC
OKaszaJicsl BOBJICUYEH B PHCKOBAHHOE TIOBEACHUE, KypeHHE
u Gecconnulyy. Cynuuabl CHIbHO I'€HETHYECKH Koppe-
JMPOBAIHN C IICUXHUYECKUMHU PACCTPOUCTBAMM, B YACTHO-
CTH ¢ IIyOOKOH Jerpeccueil, a Takxe ¢ KypeHuem, 00-
JbI0, PUCKOBAaHHBIM TOBEACHUEM, HAPYLICHUSMHU CHa,
OoJsiee HU3KMM YpOBHEM 00Opa30BaHUsl, PENPOIYKTHBHBI-
MU OCOOCHHOCTSIMH, OoJiee HHM3KHUM  COIMAIBHO-
HSKOHOMHYECKUM CTaTyCOM M YXYAIICHHEM OOILEro co-
cTosiHUSL 3710poBbs. [lociae o0ycrnoBnIuMBaHMS TCHXHYE-
CKUMH PAaCCTPOUCTBAMH T'€HETUYECKHUE KOPPEISIIUN MEX-
Iy CyUIMJaMH ¥ TICUXHYECKUMH PacCTpOHCTBaMU
YMEHBIIIINCh, TOT/IAa KaK y JIHI ¢ HETICUXUATPUIECKUMHU
YepTaMH XapaKTepa OCTAaJHCh B OCHOBHOM HEH3MEHHBI-
mu. HacnenyemMocTh OIHOHYKJICOTHAHBIX MOTUMOPQH3-
MOB, aCCOLMHMPOBAHHBIX C CYUIIMIAMH, cocTaBmia 6,8%
(p=2,00x10"*%). BonbInas 4acTh CTATHCTHYECKOTO yBEIH-
yeHust pesynptaroB Ttectra GWAS Obmia oOycioBieHa
MOJINTEHHOCTBIO. [Ipyn pacuére TreHeTMYeCKHX KOppeir-
Wi cynnuaoB Obuto BbIsIBICHO 198 (eHOTHTIOB, UMEB-
LIMX 3HAYUTENIbHYIO C65136 C CyulMaaMHy, 133 U3 KoTophIxX
OTHOCWJIUCH K OJJHOM M3 3apaHee OmnpeAeiEHHBIX KaTero-
puii prucka coBepuieHust cyuimaa. Hanbonee 3naummble
TeHETHYECKUE KOPPENsIUU ObUIM TIPEHMYIECTBEHHO C
MPU3HAKaMH, CBS3aHHBIMH C CHMIITOMaMH JICTIPECCHH,
KypeHHEM U COIMAIBbHO-3KOHOMHYECKHM CTaTyCoM. DTH
pe3yabTaThl IEMOHCTPUPYIOT, YTO T€HETHUYECKas CBS3b C
CYyUIIMJIaMH B 3TOM JIOKyC€ HE OIOCPEIOBaHA PHCKOM
pa3BUTHA MCUXUUYECKUX paccTporcTB. [Ipu 3TOM HeT cBs-

phenotypes, one cannot help but cite in
more detail the results of a genome-wide
study (GWAS) conducted by the Interna-
tional Suicide Genetics Consortium (ISGC)
based on a meta-analysis of 29,782 cases of
suicide attempts and 519,961 men controls
from 18 cohorts around the world. When
studying the common and divergent genetic
architecture in individuals who attempted or
completed suicide, taking into account men-
tal disorders and other known risk factors,
two loci associated with suicide were found:
1) major histocompatibility = complex
(rs71557378, allele odds ratio T=1.10 [1.06-
1.13], p =1.97x10®) and 2) intergenic locus
on chromosome 7 (rs62474683, odds ratio
of allele A=1.06 [1.04-1.08], p=1.91x101),
An intergenic locus on chromosome 7 re-
mained associated with suicide after adjust-
ing for the presence of mental disorders.
When analyzing risk factors, this locus was
involved in risky behavior, smoking and
insomnia. Suicide was strongly genetically
correlated with psychiatric disorders, par-
ticularly major depression, as well as smok-
ing, pain, risky behavior, sleep disturbances,
lower educational attainment, reproductive
characteristics, lower socioeconomic status,
and poorer general health. After condition-
ing for mental disorders, genetic correla-
tions between suicide and mental disorders
decreased while those with nonpsychiatric
personality traits remained largely un-
changed. The heritability of single nucleo-
tide polymorphisms associated with suicide
was 6.8% (p=2.00x10"?). Most of the statis-
tical increase in GWAS test results was due
to polygenicity. When calculating genetic
correlations of suicide, 198 phenotypes
were identified that had a significant rela-
tionship with suicides, 133 of which fell
into one of the predefined suicide risk cate-
gories. The most significant genetic correla-
tions were predominantly with traits associ-
ated with depressive symptoms, smoking,
and socioeconomic status. These results
demonstrate that the genetic association
with suicide at this locus is not mediated by
the risk of developing mental disorders. At
the same time, there is no connection be-
tween this locus and any gene, and the near-
est gene encodes long non-coding RNA
(LINCO01392) at a distance of 149 kb. Single
nucleotide polymorphism rs62474683 is a
quantitative trait locus for methylation. The
suicide risk allele was associated with de-
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3M JIaHHOTO JIOKYCa ¢ KaKUM-TUOO TeHOM, Npu4éM OJu-
KAl TeH KOAUpYyeT ANuHHYr Hekoaupyrouyro PHK
(LINCO01392) na paccrosnun 149 k6. OAHOHYKICOTHI-
HBIA TTOUMOPU3M 1562474683 SIBIISETCS JIOKYCOM KO-
JIMYECTBEHHOTO NPHU3HAKA METWIMPOBAaHUS. AJUIENb pUC-
Ka COBEpLICHUS CYMLIMJOB OKA3aJICs CBSA3aH CO CHMKEHH-
€M METWJIMPOBaHMS ONM3JIEkKAIero caiiTa MEeTUINPOBa-
wus JIHK (3ou7 cg04544267) B kpoBu [24]. OgHako 3TOT
CaiT MEeTHJIMPOBaHUS HE ObLI CBSI3aH HU C OJIHUM T€HHBIM
TpaHckpunToM. [lockonbKky 00yCIOBIMBAHUE CYHIIUIOB
HaTMuueM OOJIBIIOrO  JETPECCHBHOTO  PacCTPOWCTBA
YMEHBLIAJIO TEHETHYECKUE KOPPEISLMH C IICUXUIECKUMU
paccTpoiCTBaMu, TOr/la KaK IeHETUYeCKas KOppessiuus
CYULMIOB C OOJBIIMHCTBOM HENCUXHATPUUYECKHX YEpT
OCTaBaJlaCh HEW3MEHHOM, aBTOPHI JENAIOT BBIBOJ, YTO
3HAYUTENIbHAS J0JIA HACIETYyEMOCTH OJHOHYKIJICOTHIHBIX
MOTMMOP(PHU3MOB, aCCOIMUPYEMBIX C CYHIUAAMHU, HE 3a-
BUCHUT OT IICUXMAaTPUUYECKOTO JUAarHO3a U MOTOMY T'€HEeTH-
YyecKasl peApacloyioKEHHOCTh K CyUIMJIaM, HE OIocpe-
JIOBaHHAsl TCHUXUYECKUMH pPACCTpOIiCTBaMH, SBISIETCS
o0IIeil ¢ reHeTHYeCKOW apXUTeKTypoH HercuxuaTpuye-
CKHUX (pakTOpoB pucka [25].

VY CyMUMIEHTOB W BHE3alHO yMEpIIUX JuI 0e3
MICUXUYECKUX M TOBEACHYECKUX HApYIICHUH pa3inya-
oTca narrepHel MetwnnpoBaHus JHK B HexkoTophix
obmacTsix rojoBHOro Mmosra. Hampumep, B pesynbrare
MIPOBEICHUSI COOCTBEHHBIX HCCJICIOBAHUM, JOTOJIHEH-
HBIX METaaHaJM30M, B NpePpPOHTATBHON KOpe y JIHIL,
COBEpIIMBIIUX CYHILUJ TI0 CPAaBHEHHUIO C KOHTPOJILHOM
Tpynnou i 6e3 MCUXUYEeCKNX 3a00JIeBaHMi, acCOLNU-
POBAaHHOE C CYWIIUJAMU CTAOMILHOE THUIIOMETHIMPOBA-
nue JIHK oOHapyskeHo B:

1) wnTponnoit obnactu rena ELAVL4 (ELAV-
nooOubIii PHK-cBsi3piBaromuii 6enok 4, XxpoMOCOMHast
nokanu3anus 1p33-p32.3 [OMIM *168360));

2) Bcex matu caitax MeTui-CPG-cBs3bIBarONIero
JIOMEHHOTO Oenka 1, pacrosoKeHHBIX B UHTPOHE | reHa
WRB (ocHOBHO# Oenok, Oorarerii TpuntodaHom, Xpo-
MocoMHas okanuzanus 18q21.1 [OMIM *602915);

3) npomoTopHoit obnmactu rena LGALS1 (nextun,
CBSI3BIBAIOLIMI TalakTO3M/bl, PaCTBOPUMBIN, 1, Xpomo-
comHas jokanmuzaus 22q13.1 [OMIM *150570).

Kpome Toro, B MO3K€UKe CyHIIUICHTOB TUTIEPMETH-
muposanue JJHK o6HapyxeHo B:

1) dersipéx caiitax MeTun-CPG-CBs3bIBaIOIETO
nomeHHoro 6enka 1 rena CERC2 (cuuTbhIBaTelNb alleTUII-
JIM3MHA THUCTOHOB, XPOMOCOMHas Jiokanuzauus 22ql1.1-
ql1.21 [OMIM *156535]);

2) rene SLC44A4 (6enok, MOA0OHBIN NEPEHOCUUKY
xonvHa 4, XxpoMocoMHast Jokanuzamus 6p21.33 [OMIM

creased methylation of a nearby DNA
methylation site (probe cg04544267) in the
blood [24]. However, this methylation site
was not associated with any gene tran-
script. Because conditioning suicide on the
presence of major depressive disorder re-
duced genetic correlations with psychiatric
disorders, while genetic correlations of
suicide with most nonpsychiatric traits
remained unchanged, the authors conclude
that a significant proportion of the herita-
bility of single nucleotide polymorphisms
associated with suicide is independent of
psychiatric diagnosis and therefore genetic
susceptibility to suicide, not mediated by
mental disorders, is common to the genetic
architecture of non-psychiatric risk factors
[25].

Suicidal individuals and those who
died suddenly and without mental or behav-
ioral disorders have different DNA methyla-
tion patterns in some brain regions. For
example, as a result of our own research,
supplemented by meta-analysis, in the pre-
frontal cortex of individuals who committed
suicide compared with a control group of
individuals without mental illness, stable
DNA hypomethylation associated with sui-
cide was found in:

1) intronic region of the ELAVL4 gene
(ELAV-like RNA-binding protein 4, chro-
mosomal localization 1p33-p32.3 [OMIM
*168360]);

2) all five sites of methyl-CPG-binding
domain protein 1, located in intron 1 of the
WRB gene (basic tryptophan-rich protein,
chromosomal localization 18q21.1 [OMIM
*602915);

3) promoter region of the LGALSI
gene (galactoside-binding lectin, soluble, 1,
chromosomal localization 22q13.1 [OMIM
*150570).

In addition, in the cerebellum of sui-
cide victims, DNA hypermethylation was
found in:

1) four sites of the methyl-CPG-
binding domain protein 1 of the CERC 2
gene (histone acetyl-lysine reader, chromo-
somal localization 22ql11.1-q11.21 [OMIM
*156535));

2) SLC44A4 gene (choline transporter-
like protein 4, chromosomal localization
6p21.33 [OMIM *606107]);

3) exon 3 of the WWTRI1 gene (tran-
scription regulator containing the WW 1
domain, chromosomal localization 3q25.1
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*606107]);

3) ax3one 3 rena WWTRI1 (perymnsitop TpaHckpuil-
uuu, comepxanid qomeH WW 1, xpomocomHast joka-
mu3anud 3q25.1 [OMIM *607392]);

4) ydacTke, PacroJIO)KEHHOM HIKE MPOMOTOPHOM
obnactu rena MED13L (Genok 2, accOUMUPOBAaHHBINA C
penenTopoM TrOpMOHAa UIIMTOBUAHOM JKeJe3bl, XPOMO-
comHas Jokanmuzaus 12q24.21 [OMIM *608771]).

ABTOpBI clienany BBIBOJ, YTO HANJCHHBIE UMM U
MOATBEPXKIEHHBIE pe3yJibTaTaMH MeTaaHajln3a H3MEHe-
Hus MetwinpoBanHus JIHK B Mo3kedke CYHITUAEHTOB
HE3aBHCHUMBI OT COIYTCTBYIOIIUX TICUXUYECKHX pac-
CTpOMCTB. B OTHOIIEHMM TMIIOMETWIMPOBAHUSA B IIpe-
(bpoHTATBHOI KOpEe OHM TAKOTO BBIBOJA CIHENIATh HE pe-
LIWJINCH B CBSI3U C HEJOCTATOUYHBIM KOJIMYECTBOM HCCIIE-
JIOBAaHHOTO TMOCMEpTHOro Matepuana [26]. Kak Bumum,
JaKe OAMH U TOT K€ THUIl SMUT€HETHYECKON PETyJISIuu
(MeTunupoBaHue / IEMETHIMPOBAaHKE) B pa3HBIX 00Ja-
CTSIX TOJIOBHOTO MO3Ta y OJHUX W TE€X K€ JIUI[ MOXKET
UMETh NPOTUBOIOJIOKHYIO HAIPaBI€HHOCTb, HO acCo-
LUUPOBATHCS C OAHOTUIIHBIM IIOBEICHUEM.

Oxkcmpeccusi TNF-o Oblia 3HAUMTENHHO BHIINIE B
JOpCOJIaTepaIbHONM  TMPEPPOHTANBHOM KOpe y  JIMIIL,
yMEpIIUX B pe3yibTaTe caMOyOWICTBA, HE3aBUCUMO OT
MICUXUATPUUECKOTO TUArHo3a. YPOBEHb €r0 AKCIPECCUn
Takke ObUT TOBBIIICH y JIMII C TSHKEIBIM JAETIPECCHBHBIM
paccTpoicTBOM, YMEPIIUX MO MPUYNHAM, OTIUYHBIM OT
camoyouiictBa. C Ipyroil CTOPOHBI, JKCIPECCHUS MUK-
poPHK miR-19a-3p Obina moBblmeHa crieruduyecku y
JMII, yMEPIIMX B pe3yspTare camoyouiicTBa. B mpensa-
PUTEIBHOM HAOMIOJACHUM AHAJIOTMYHOE YCHUJIEHHUE pery-
nsin TNF-o 1 miR-19a-3p Habmoganock B MOHOHYKJIC-
apHBIX KIJIETKaxX Mepru(epryeckoil KpOBH MAIEHTOB C
Jenpeccueil U cyrMuuaanbHbIMU MbIcassMu. HecMoTpst Ha
CBOIO CITIOCOOHOCTB HarpsiMyto Bo3zeiictBoBaTh Ha TNF-o
in vitro, miR-19a-3p He nokasan B3aumoneiicrus ¢ TNF-
o B JlopcosiaTepaibHO mpedponTanbHOM Kope. PHK-
ces3piBatomuii 0enok Hu anturen R (HuR) moTeHmmanms-
HO crabwmmsupoBan Tpanckpunt TNF-a, mpennonoxu-
TENNBHO, IIyTEM CEKBECTPUPOBAHHUS €ro 3' - HETPaHCIUPY-
eMOi 00JIacTH B pe3yJibTaTe MHrMOMPOBaHUs, OMOCPEI0-
BaHHoro miR-19a-3p. Kpome Toro, cHmkeHHasi sKcnpec-
cusi PHK-cBsspiBatomero 6enxka TRBP momnepkuBana
aHOMAJIMIO BO B3auMozeicTBUM Mexay miR-19a-3p u
TNF-a. Kpome Ttoro, ycunenue tpanckpunuuu TNF-o
OBLTO CBSI3aHO C THITOMETWJIMPOBAHUEM TIPOMOTOPA, TOT A
KaK y JIMIl, YMEpPIIUX B pe3yibTaTe camMoyOuiicTBa, HE
HAOJII0AAaTI0Ch TEHETUYECKOTO BIUSHHUS HAa W3MEHEHHYIO
srcnpeccuro TNF-o i miR-19a-3p [27].

[To-BuariMoMy, K SIIUTEHETHYECKON PETYISINUU J10-
IIyCTUMO OTHECTH CJIydad yNpaBJIECHHs MOBEICHHEM I1a-

[OMIM *607392]);

4) a region located downstream of the
promoter region of the MED13L gene (thy-
roid hormone receptor associated protein 2,
chromosomal localization 12q24.21 [OMIM
*608771]).

The authors concluded that the changes
in DNA methylation in the cerebellum of
suicide victims that they found and con-
firmed by the results of the meta-analysis
are independent of concomitant mental dis-
orders. Regarding hypomethylation in the
prefrontal cortex, they did not dare to draw
such a conclusion due to the insufficient
amount of postmortem material studied
[26]. As we can see, even the same type of
epigenetic regulation (methylation / de-
methylation) in different areas of the brain
in the same individuals can have the oppo-
site direction, but be associated with the
same type of behavior.

TNF-a expression was significantly
higher in the dorsolateral prefrontal cortex
in individuals who died by suicide, regard-
less of psychiatric diagnosis. Its expression
levels were also increased in individuals
with major depressive disorder who died
from causes other than suicide. On the other
hand, miR-19a-3p expression was increased
specifically in individuals who died by sui-
cide. In a preliminary observation, similar
upregulation of TNF-o and miR-19a-3p was
observed in peripheral blood mononuclear
cells of patients with depression and suicid-
al ideation. Despite its ability to directly
target TNF-a in vitro, miR-19a-3p did not
show interaction with TNF-a in the dorso-
lateral prefrontal cortex. HuR potentially
stabilized the TNF-a transcript, presumably
by sequestering its 3’ untranslated region as
a result of miR-19a-3p-mediated inhibition.
In addition, decreased expression of TRBP
supported the abnormality in the interaction
between miR-19a-3p and TNF-a. Addition-
ally, increased transcription of TNF-a was
associated with promoter hypomethylation,
whereas no genetic influence on altered
expression of TNF-o or miR-19a-3p was
observed in individuals who died by suicide
[27].

Apparently, cases of behavior control
by parasites can be classified as epigenetic
regulation. For example, suicide and suicid-
al behavior have been associated with acute
or chronic Toxoplasma infection [28, 29]. It
is known that in rats and mice Toxoplasma
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paszutamu. Hanpumep, cyunuasl 1 CyuluaaibHOE MOBe-
JIEHUE CBSI3bIBAIOT C OCTPOM MM XPOHUYECKOM TOK-
coriazMenHoi uHdexuueit [28, 29]. UzsectHo, 4to y
KpbIC ¥ MbIei Toxoplasma gondii BEI3bIBa€T COCTOSTHHE
«OeccTpamvsi» mepes KOIKAMHU, TOAABIsAs OTBpAlCHNE
K KOIIaubel MOYE U BBI3bIBAsl MPOTHBOIIOJIOKHYIO pPEaK-
[IUIO — BJICYEHUE K MOYE KOIIEK, YTO MPUBOIUT K N30H-
parenbHO Oojiee yacTOMy MOEJAHUI0 MMEHHO MH(UIU-
POBAaHHBIX T'PHI3YHOB U 0OJiee aKTUBHOMY pPaclpocTpa-
HEHUIO JTON Mapa3uTapHON HHGpEKUMH, IS KOTOPOH
KOUIKH SIBJISIFOTCSI OKOHYATENbHBIM X0341HOM. [lapazut y
MHOQHUIUPOBAHHBIX JIIOACH TAaK)Ke BBI3BIBACT IOJIOBOPA3-
JIMYHbIE XapaKTepHbIE MU3MEHEHUs MOBEICHUs, YTO CBS-
3bIBAIOT C Pa3IMYMsAMU IUIa3MEHHBIX KOHIEHTpALMH Te-
CTOCTepOHa y MyuuH U xeHiuH [30]. Hackonbko Be-
JMKa npobiema MHGUIMpOBaHUS HaceneHus 1. gondii?
Cumraercs, 4TO B CPEAHEM B MHpPE XPOHHUYECKYIO WH-
¢dexuuro 7. gondii nmeror okono 25% wnacenenus [31].
To ectp, mpu Gojee yeM CEMUMIIUIMAPIHOM YeJoBede-
CTBE peub UAET MPUMEPHO O JBYX MHJUIMAPAAX YEIOBEK,
XpOHHWYECKH HHOUIMpoBaHHbIX 1. gondii! Jluanasox
pasmaxa xpoHuuyeckoro wuH¢unupoanus T. gondii
HacenieHus: MoxeT cocTaBisATh oT 10-15% B CIIA [32]
u 0,79-16,8% B Kutae [33] no 60% u Gonee B rOKHOMH
yactu llentpanbHoii Amepuku, Cpeau3eMHOMOPCKOM
peruone, EBpone u HekoTOpbIX vacTax FOro-BocTounoit
Asun [33]. Ha ocHoBannu MeTaaHaiauza 24 HccleIoBa-
Huil (Bcero 2259 cinyyaes cynuuaa u 9400 KOHTPOIBHBIX
— CMEPTHU HE CBSI3aHHBIE C CYUIMJIOM) O CBSI3U JIATEHTHO-
ro ununupoBanus 1. gondii ¢ cynuuaamu, Mo MPUHIIN-
Iy OTCYTCTBUS TPEIAB3ATOCTH BBIJICTICHHBIX W3 IpE/Ba-
puTenbHOro Habopa u3 715 uccnenoBaHuid, TeopeTuye-
CKU BBIUMCIIEHO — eciii uHpexkuuto 7. gondii yCTpaHUTh
MOJIHOCTHIO, CYMIIMJAIBHOE MOBEACHUE MOKET CHU3HMTh-
cs Ha ~ 10% (95% JAU: 3-19%) [34]. CBs3b J1aTEHTHOM
uHdpexuu T. gondii ¢ cynunaaMu, HO He HAINYHUEM CY-
WITUIATTBHBIX MBICIICH, ObLIa TIOATBEPKICHA B METaaHa-
nmu3e 22 WCCIeNOBaHM TOMBITOK camoyowuiictBa [35].
OO6mwmM pe3yibTaTOM aHajin3a CBS3U JIATEHTHOW MH]EK-
uuu 1. gondii ¢ cyuuuaamu sIBIS€TCs BbIBOJI, UTO BEPO-
STHOCTb MOMBITKU camoyOuiicTBa Ha 39-57% Bbiie y T.
gondii-IgG-no3uTHBHBIX UHIUBULYYMOB [36].

T. gondii MOXeT 3aCTaBUTh KJIETKH, HAXOSAIIHECS B
COCTOSTHUH TIOKOSI, aKTHBHPOBATH MPOrpaMMy KIETOYHO-
ro IMKJIa B pe3yJbTaTe B3aUMOACUCTBUS COOCTBEHHOTO
s pexropHoro 6enka mioTHeIX rpanyial TEEGR (rene-
pPaTOPHBIN PEryysaTop, UHAYLUPYIOLUINH, acCOLMUPOBaH-
HBIH ¢ TokcomnazMoit EZH2) ¢ peryisiTopHbIM KOMILIEK-
coM muknuHa E DP1 u cBsi3aHHbIMM ¢ HUM (akTOpaMu
tpanckpurnuuu [37]. Kpome toro, TEEGR moxer cBs-

gondii causes a state of “fearlessness” in
front of cats, suppressing an aversion to cat
urine and causing the opposite reaction — an
attraction to cat urine, which leads to selec-
tively more frequent eating of infected ro-
dents and a more active spread of this para-
sitic infection, for which cats are the defini-
tive host. The parasite also causes gender-
specific behavioral changes in infected peo-
ple, which is associated with differences in
plasma testosterone concentrations between
men and women [30]. How big is the prob-
lem of infection of the population T. gondii?
It is believed that, on average, about 25% of
the world's population is chronically infect-
ed with T. gondii [31]. That is, with a hu-
man population of more than seven billion,
we are talking about approximately two
billion people chronically infected with 7.
gondii! The range of chronic T. gondii in-
fection in populations can range from 10—
15% in the United States [32] and 0.79—
16.8% in China [33] to 60% or more in
southern Central America, the Mediterrane-
an region, Europe and some parts of South-
east Asia [33]. Based on a meta-analysis of
24 studies (a total of 2259 cases of suicide
and 9400 controls - deaths not related to
suicide) on the relationship of latent infec-
tion 7. gondii with suicide, based on the
principle of lack of bias, selected from a
preliminary set of 715 studies, theoretically
calculated — if infection 7. gondii eliminated
completely, suicidal behavior may decrease
by ~ 10% (95% CI: 3-19%) [34]. Associa-
tion of latent infection with 7. gondii with
suicide, but not the presence of suicidal
ideation, was confirmed in a meta-analysis
of 22 studies of suicide attempts [35]. The
general result of the analysis of the associa-
tion of latent infection with 7. gondii with
suicide is the finding that the likelihood of
attempting suicide is 39-57% higher in T.
gondii — 1gG -positive individuals [36].

T. gondii can cause quiescent cells to
activate the cell cycle program through the
interaction of its own dense granule effector
protein TEEGR (generator-inducing regula-
tor-associated toxoplasma EZH 2) with the
cyclin E regulatory complex DP 1 and relat-
ed transcription factors [37]. In addition,
TEEGR can bind to the host transcription
factors E2F3 and E2F4 when it is secreted
into the host nucleus. The complex can fur-
ther induce the expression of the host epi-
genetic enzyme EZH2 (histone-lysine-N-
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3bIBaThCS C (pakTopamu TpaHckpumimu xo3suHa E2F3 u
E2F4, korna on cekperupyercs B siapo xo3simHa. Kom-
TUIEKC MOYKET JIOTOJHHUTEIHHO WMHAYLUPOBATH IKCIpEC-
CHUIO dNUreHeTuyeckoro epmenta xossiuna EZH2 (ru-
cToH-u3uH-N-metuntpancgepaza — EC 2.1.1.43, xonu-
pyemas reHom EZH2, yyacTByrOIUM B METWIMPOBAHUU
TMCTOHOB M PENpeCcCUr TPAHCKPHIILNHK), U B KOHEYHOM
UTOTE TMOJABIATH TPAHCKPUIIMIO MPHOIU3UTENBHO 71
reHa MMMYHHOW CHCTeMbl XO3iMHa, oOecreunBas co-
KpBbITHE OT UMMYHHON CUCTEMBI U COXpaHEHHE Tapaznura
[38]. Kpome TOro, TSKECTh MOBPEKIEHUS HEUPOHOB,
MHAYUUPOBAHHOTO JaTeHTHOW wuHbpekuued 7. gondii,
3aBHCHUT OT MHTEHCUBHOCTH SKCIIPECCHH TUPO3UHTHIPO-
reHassl [39].

Buoxummueckas perymsauus nosenenus 1. gondii ¢
(GOpMHPOBaHUEM CYUIHIAIBHOTO TOBEICHHS MOXKET
peann30BBIBATHCS HECKOJIBKUMH MeXaHu3mamu. Harmpu-
Mep, BHYTPUKIETOUHBIH napa3ut 7. gondii akTUBUPYET
KUHYPEHMHOBBIN MyTh MeTabo1IM3Ma TpUnTodaHa Hu Io-
TOMY YMEHbBIIAET BBIPAOOTKY CEPOTOHMHA U YBEIHYH-
BaeT cuHTe3 kuHypenuna [40, 41]. CoobmiarotT 00 HHIY-
nupoBaHHOM 7. gondii HEHpOBOCHANICHHS, BBI3BAHHOM
CTUMYJISIIEH  BBICBOOOXKIEHHSI HMHTEpJICHKHHA-6 U
TNFa [42]. TNFa, kak oka3anoch, HEOOXOIUM ISl BOC-
MIPOM3BOJICTBA CAMOM TOKCOIUIa3Mbl B OPTaHU3ME XO35H-
Ha [43].

B skcnepuMeHTax Ha >KMBOTHBIX (Yalle I'pbI3yHax)
YCTaHOBJEHO, 4TO 7. gondii aKTUBHPYET BOCHAINUTENb-
HBIC IIUTOKWUHBI U XEMOKHHBI, TAKHE KaK: MHTEPJICUKHUH-
1B, unrepneiikua-6, TNF-0, — 1 XeMOKHHBI, TaKHe Kak:
uHTEeppepoH-uHIynupyembiii Oenok 10 m MoHOIUTAp-
HBI XeMOTaKCUYECKHI OeNoK 1, MHIyIHpyomue XeMo-
TAKCUC MOHOIIUTOB M MaKpo(aroB B MO3T H/WJIH HETO-
CPEICTBEHHO BBI3BIBAIOT aloITO3 ACTPOLMTOB U TJIUHU
[44].

Cyuyuovl u 00HOHYKIeOMUOHbLE NOTUMOPDUIMBL

B pesynbrare nposenenuss GWAS B koTopom cpas-
HUBAJINCH OJHOHYKIICOTHIHBIC TOIUMOPPHU3MBI B TIpe-
(GpOHTANBHON W TIepeqHe TMOSCHOW HM3BWJIMHAX KOPBI
rOJOBHOTO Mo3ra 68 cyunuaeHtoB u 31 uenoBeka
yMepUIero OT APYTMX NPUYUH BBIABIECHO 58 OJHOHYK-
neotuaHbIX noauMmopusmMoB (SNP), 22 u3 koTophix
ObuTH cBsi3aHBI ¢ aymensiMu pucka — O ot 2,7 mo 6,9
(P<0,001). ITpu mocMepTHO# MCUXUATPUIECKON IKCIIEP-
TH3€, IPOBENEHHOM C IIOMONIBI0 POACTBEHHUKOB, HE
HaNIEHO CBS3M CyHIIMJIa C PACCTPOMCTBAMHU HACTPOCHHUS.
Hu onun u3 58 otoOpannbix SNP He umen 3HaunMMoin
CBSI3M C MOKa3aTeJIeM arpeCCUBHOCTH B TEUCHHE KU3HHU.
BonbemuHCTBO M3 58 TeHOB OBLIM CBSA3aHBI C HMMYHHOUN
cuctemoit [45]. B mera-anaimze c¢ oOmuii pazmepom

methyltransferase — EC 2.1.1.43, encoded
by the EZH2 gene involved in histone
methylation and transcriptional repression),
and ultimately suppress the transcription of
approximately 71 host immune system
genes, providing hiding from the immune
system and maintaining the parasite [38]. In
addition, the severity of neuronal damage
induced by latent infection 7. gondii de-
pends on the intensity of tyrosine hydrogen-
ase expression [39].

Biochemical behavior regulation of T.
gondii with the formation of suicidal behav-
ior can be realized by several mechanisms.
For example, an intracellular parasite T.
gondii activates the kynurenine pathway of
tryptophan metabolism and therefore reduc-
es serotonin production and increases
kynurenine synthesis [40, 41]. Reported
induced 7. gondii neuroinflammation
caused by stimulation of the release of inter-
leukin-6 and TNF-a [42]. TNF-a appears to
be necessary for the reproduction of Toxo-
plasma itself in the host [43].

In experiments on animals (usually ro-
dents), it was found that 7. gondii activates
inflammatory cytokines and chemokines,
such as interleukin-1p, interleukin-6, TNF-
o, and chemokines, such as interferon-
inducible protein 10 and monocyte chemo-
tactic protein 1, inducing chemotaxis of
monocytes and macrophages into the brain
and/or directly causing apoptosis of astro-
cytes and glia [44].

Suicide and single nucleotide poly-
morphisms

As a result of a GWAS that compared
single nucleotide polymorphisms in the
prefrontal and anterior cingulate cortex in
68 suicides and 31 people who died from
other causes, 58 single nucleotide polymor-
phisms (SNPs) were identified, 22 of which
were associated with risk alleles — OR from
2.7 to 6.9 (p<0.001). A post-mortem psy-
chiatric examination conducted with the
help of relatives did not find a connection
between suicide and mood disorders. None
of the 58 selected SNPs were significantly
associated with lifetime aggression scores.
Most of the 58 genes were associated with
the immune system [45]. A meta-analysis
with a total sample size of 380 people (141
suicides and 239 deaths from other causes)
found reduced gene expression of KCNJ2
(subfamily J, inward-rectifying potassium
channel member 2 [OMIM *600681]), A2M
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BbIOOpKHU 380 uenosek (141 cyununent u 239 cmepreit
OT JIpYyrux NpUYMH) OOHapy)KeHa CHIKEHHas KCrpec-
cuss reHoB KCNJ2 (moacemetictBo J, wien 2 kaHana,
BRIIPAMIISTIONIETO Kanuii BHYTph [OMIM  *600681]),
A2M (anbda-2-makpormoOymma [OMIM  *#103950]),
AGT (anruorensunored [OMIM +106150]), PMP2 (6e-
70K nepudepuueckoro muenanaa 2 [OMIM *170715]) u
VEZF1 (uunakoBbId nanen sugotenus cocynos 1 [OMIM
*606747]). Ucxons W3 MOMYyYEHHBIX PE3ylbTaTOB aBTO-
PBI 3aKIIFOYMIIM, YTO CYMILIUbI CBS3aHBI C YYaCTHEM acT-
POLIUTOB, pEaKLMU Ha CTPECC, UMMYHHOM CHCTEMBI U
MUKpornH [46]. YBennyeHue mia3MeHHbBIX KOHIEHTpa-
it TNF-o y cyunuaeHToB B myOiaukanusx oTMedaeTcs
4acTo, HO, KaK MpaBUJIo, HE JeNIaeTcs Pa3Indui 110 Moiy.
ITpu cpaBHeHuu 145 cynuunaeHToB 6e3 HapylIeHUN NCH-
XUKH (3aBEpIIEHHBINA Cyunua 28 Myk4uuH; Bo3pacT 33,5
r. u 17 sxenmuH — 18,2 1., ocTanbHble OBIIU TOCIATAIIN-
3UPOBAHBI MOCJIEC TOMBITKA CYUIUAA U BBIKWIH) co 160
CllydaifHO MOruOmux jui (Tpynmna KOHTPOJIS) T€HOTHII
TNF-a 308 G/G BcTpewancst yamie y MyX4YdH CYHUIIH-
neHtoB, HO He >keHmmH (p=0,017). YactoTa renoruna
uHTepaciikuHa-10 -1082 A/A kak y MyX4YWH, Tak W
KECHIIMH CYWIUIEHTOB ObLIa BBIIE, YeM B KOHTpose (p
=0,017). I'enotun unreppepona-y (+874) A/A y myx-
YUH C 3aBEPIIEHHBIM CYHIUAOM OOHapYXEH CO 3HAauyu-
TEJIbHO 0o0Jiee BBICOKON YaCTOTOM, YeM Yy MY>KYMH KOH-
TpoabHOU rpynmnsl (p=0,027), Ho He y keHIuH [47]. Dta
myOJMKaus MHTEpECHa TE€M, YTO 37eCh SIPKO MOKa3aHo,
YTO MPH CTPATU(PUKAIMUA CYUIIUICHTOB TI0 TIOIY MEXKIY
MY>KYUHAMH M SKCHIIMHAMU OOHAapy>KUBAIOTCS BbIpa-
KEHHbIE paznuuus 4actoT SNP, acconuupyemsix ¢ CyH-
IUAaMH, YTO, B YACTHOCTH MOXET OBbITh IPUYMHON TEH-
JIEPHOTO TapaJioKca, TeHETUYEeCKUEe NMPUUYUHBI KOTOPOTO
MBI 00cyxanu paHee [13].

C npyroil CTOpPOHBI, CYHMUUAAIBHOE TIOBEJIECHUE,
NPUBOJIANIEE K CYUIMIY, MOKET (hopMUpoBaThCcs He3a-
BHCHUMBIMH OMOJIOTHYECKHM peryiisTopamu. Hampumep,
skcnpeccuss TNF-o Oblta 3HAUWMTENBHO BBIINIE B IIpe-
¢bpoHTaNnbHON KoOpe cyunuaeHToB (21 3aBepmEHHBIN
CYUIIJl y JHIl C OOJBIINM JEHPECCHBHBIM PACCTPOM-
CTBOM M 22 cyMuuJa C JAPYTUMH INCUXMYECKHMHU pac-
CTpOiiCTBaMM) HE3aBUCUMO OT HaJIU4Msl U (HOPMBI ICHU-
XHaTpuueckoro amartosa. Dxcnpeccuss TNF-o Obuia
yBEeJIMYE€HA y CYyOBEKTOB C OONBIIMM JIEPECCHBHBIM
paccTpoiicTBOM, yMEpIIMX HE B pe3ysbTare CyHWIH-
na. AxtuBanus TpaHckpuniuu TNF-o Obuta BbeI3BaHa
TMITIOMETWJINPOBAaHUEM NPOMOTOPHO o00jacTu reHa.
Kpome Toro, y cyunuieHToB HE3aBUCUMO OT MHTEHCHUB-
HocTu sKkcnpeccun TNF-o Oblia yBenuueHa skcnpeccus
MukpoPHK miR-19a-3p [47]. YcranoBneHo, yto miR-

(alpha-2-macroglobulin [OMIM *1039501]),
AGT (angiotensinogen [OMIM +106150]),
PMP2 (peripheral myelin protein 2 [OMIM
*170715]) and VEZF1 (vascular endothelial
zinc finger 1 [OMIM *606747]). Based on
the results obtained, the authors concluded
that suicide is associated with the participa-
tion of astrocytes, the stress response, the
immune system and microglia [46]. An
increase in plasma concentrations of TNF-a
in suicide victims is often noted in publica-
tions, but, as a rule, no differences are made
by gender. When comparing 145 suicide
victims without mental disorders (complet-
ed suicide of 28 men; age 33.5 years and 17
women — 18.2 years, the rest were hospital-
ized after a suicide attempt and survived)
with 160 accidentally killed individuals
(control group) genotype TNF-a 308 G/G
was more common in male suicide victims,
but not female ones (p=0.017). The fre-
quency of the interleukin-10-1082 A/A
genotype in both male and female suicide
victims was higher than in controls (p=
0.017). The interferon- y(+874) A/A geno-
type in men with completed suicide was
found at a significantly higher frequency
than in men in the control group (p=0.027),
but not in women [47]. This publication is
interesting because it clearly shows that
when stratifying suicide victims by gender,
pronounced differences in the frequencies
of SNPs associated with suicide are found
between men and women, which, in particu-
lar, may be the cause of the gender paradox,
the genetic causes of which we discussed
earlier [13].

On the other hand, suicidal behavior
leading to suicide can be formed by inde-
pendent biological regulators. For example,
TNF-a expression was significantly higher
in the prefrontal cortex of suicidal individu-
als (21 completed suicides in those with
major depressive disorder and 22 suicides in
those with other psychiatric disorders), re-
gardless of the presence and type of psychi-
atric diagnosis. TNF-a expression was in-
creased in subjects with major depressive
disorder who died not by suicide. Transcrip-
tional activation of TNF-o was caused by
hypomethylation of the promoter region of
the gene. In addition, in suicide victims,
regardless of the intensity of TNF-a expres-
sion, the expression of microRNA miR-19a-
3p was increased [47]. It was found that
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19a-3p momaBiseT SKCHPECCUIO0 T€Ha WHCYIHMHOIOI00-
Horo (aktopa pocra (IGFBP3), a uarn6mposanme miR-
19a-3p yBenuuuBaet axcrpeccuro IGFBP3 [48]. B 1o
BpeMs kak IGFBP3 oka3biBaeT 3aliMTHOE AEMCTBUE NpU
MOBPEXJACHUN TOJIOBHOTO MO3Ta, BEI3BAHHOM HILIEMUEH /
peniepdy3uel Npy HIIEMUYECKUX HHCYIbTAaX, YTO OBLIO
YCTaHOBJICHO TIPY MeTa-aHalln3e, OObEIUHUBIIEM B 00-
nieil ciaoxHocty 17 uccnenoBanuii n 2277 mauueHTOB ¢
HIIIeMHEH TOJIOBHOTO Mo3ra [49].

Cyuyuowl: cmpecc u 6ocnanenue

Opno#t u3 runore3 GopMUPOBAHUS CYUIHIATIBLHOTO
MOBE/ICHUS SIBJIETCS MPEICTaBICHUE, YTO CYUIHIBI CO-
BEPIIAIOT JIMIA, HE CIPABUBIIMECS C JIUTEIHLHO MPOTE-
KaBIIUM cTpeccoM. OpHako He BCE TaK OJHO3HAYHO,
Harpumep, MeTaaHanu3 27 UCCIeA0BaHUM, OXBATUBITUN
779 nonbITOK camoyOwuiicTBa U 1447 KOHTPOJIbHBIX JIHII,
COOTBETCTBOBABIIUX KPHUTEPHUSAM MPHUEMIIEMOCTH IS
WCCJIEIOBAHMSI B 1€JIOM, HE BBISBHJI CYIIECTBEHHOM CBS-
31 camoyOuiicTB ¢ ypoBHeM Koprtuzona. Ho, B Tex my06-
JUKAIMAX, TAE CPeIHHI BO3pAcT BBIOOPKM OBLI yKa3aH
Hwke 40 ner, Ooyiee BHICOKHI YpOBEHb KOPTH30JIa OKa-
3aJICsl KOPPEJSILIMOHHO CBSI3aH C YaCTOTOM MOIBITOK ca-
moyowmiicts (r=0,234, p<0,001), a Tam, re cpeaHU BO3-
pact cocraBisin 40 jer win crapiie, KOppessnus KOH-
[EHTPAlMi KOPTU30Jia C YaCTOTOW CYHIMAOB OblLIa OT-
puniarensHoit (= -0,129, p<0,001) [50], xoppensuu
crnabble, HO CTATUCTHYECKH 3HaYMMble. B nmpyrom mera-
aHaJM3e 3a KII0YEBBbIE METUATOPHI cTpecca ObLTH MPHHS-
ThI KOPTHU30JI, IIECTh MapKEepOB BOCTAJICHUs (MHTEpICH-
KHUH-0, UHTEepIeHKUH-4, UHTepIeHKHUH-2, (PaKTop HEKpo-
3a onyxonu-o. (TNF-a), untepdepon-y u tpanchopmu-
pyromii GpakTop pocra B, a TaKKe aelb OJHOHYKICO-
tuaHoro monmMopdusma rera FKBPS (ummyHOopmIMH
U3 ceMelcTBa OENKOB, CBS3BIBAIOLIMXCA C UMMYHOCY-
npeccopamu, Takumu kak FK506, panamunuH u nukio-
CHOpUH A, B3aMMOJEHCTBYET CO 3PEJILIMH I'€TE€POKOM-
IUIEKCAaMH  KOPTHKOMJHBIX penentopos [OMIM  *
186945]), KOHIIEHTpAIIMH KOTOPBIX OBLIM HCCJICTOBAHBI
y 1348 mauumeHTOB ¢ CyMUMAATIbHBIMU HaKJIOHHOCTSIMH,
onpeaenEéHHbIX KaK MbITaBLUIMECS COBEPUIMTh caMOyOuii-
CTBO, 3aBEpIIMBIINE €T0 WM TAIMCHTHI C THKEIBIMU
CYUIMIATBHBIMA MBICTSIMH, U 1750 nui 6e3 cyununansb-
HBIX MBICJIEH, ONIPENCIEHHBIX KaK 3I0POBBIC JIFOAU KOH-
TPOJBHOW TPYMITBI W TICHXHATPUYECKUE MAIMeHTH 0e3
CYMLUJAIBHBIX MBbICIEH WIM NPEeAbIIYIIUX TONBITOK.
Pe3ynbpTaTrom MeTaaHanuza ctaj BBIBOJ, YTO, [0 CpaBHE-
HUIO C KOHTPOJIbHOM TpymIoil juil, y MalKueHTOB, CO-
BEPIIAIOIINX CaMOYOHMIICTBA, HapyIICHA PETYJISIUS JIH-
HAMUYECKOW B3aMMOCBSI3H CETH cTpecca. A Takxke, 4TO
OMHUM W3 HEHPOOMOJIOrMYECKHX KOPPENSATOB CYHIIH-

miR-19a-3p suppresses the expression of
the insulin-like growth factor gene
(IGFBP3), and inhibition of miR-19a-3p
increases the expression of IGFBP 3 [48].
While IGFBP 3 has a protective effect
against brain injury caused by ische-
mia/reperfusion in ischemic strokes, which
was found in a meta-analysis that combined
a total of 17 studies and 2277 patients with
cerebral ischemia [49].

Suicide: stress and inflammation

One of the hypotheses for the for-
mation of suicidal behavior is the idea that
suicide is committed by people who have
not coped with long-term stress. However,
not everything is so clear, for example, a
meta-analysis of 27 studies involving 779
suicide attempts and 1447 controls who met
the eligibility criteria for the study as a
whole did not find a significant association
of suicide with cortisol levels. But, in those
publications where the average age of the
sample was reported below 40 years, higher
cortisol levels were correlated with the rate
of suicide attempts (r=0.234, p<0.001), and
where the average age was 40 years or old-
er, the correlation Cortisol concentrations
and suicide rates were negative (r= —0.129,
p<0.001) [50], the correlations were weak
but statistically significant. In another meta-
analysis, cortisol, six inflammatory markers
(interleukin-6, interleukin-4, interleukin-2,
tumor necrosis factor-a. (TNF-a), interfer-
on-y and transforming growth factor-p§, and
a single nucleotide polymorphism gene
allele were identified as key stress media-
tors FKBP5 (an immunophilin from the
family of proteins that bind to immunosup-
pressive drugs such as FK506, rapamycin
and cyclosporine A, interacts with mature
heterocomplexes of corticoid receptors
[OMIM * 186945]), the concentrations of
which were studied in 1,348 suicidal pa-
tients, defined as suicide attempters, com-
pleters, or patients with severe suicidal idea-
tion, and 1,750 individuals without suicidal
ideation, defined as healthy controls and
psychiatric patients without suicidal idea-
tion. or previous attempts. The result of the
meta-analysis was the conclusion that, com-
pared with the control group of individuals,
patients who commit suicide have impaired
regulation of dynamic stress network rela-
tionships. And also that one of the neurobio-
logical correlates of suicidal behavior may
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JTAIBHOTO TOBEICHUS MOXET ObITh F€HeTHYEeCKasl Mpej-
pacIoJIOKEHHOCTh K CTPEcCy C IOCIEAYIOUIMM aHo-
MaJbHbIM (YHKIIMOHUPOBAHHUEM OCH CTpecca KOpTU30JIa,
Hapsily C aHOMAJbHBIMU B3aUMOJAEUCTBUSAMHU MEXIY
MeauMaTtopaMu cuctembl Bocrnanenus: [51]. Pesymbrar
9TOr0 MCCIEN0BAaHUS IMEPEKINKAECTCS C MPOLUTUPOBAH-
HBIM BO BBeneHUU pe3ysibratoM GWAS, B KOTOpoM ObI-
JI0O YCTaHOBJIEHA CBS3b CYMIIMJOB C T€HAMHU KOMILIEKCa
TUCTOCOBMECTHMOCTH, OOECIIeUrBaromero (GopMupoBa-
HUE U PETYJSLHMI0 UMMYHHOTO OTBETa, B TOM YHCIIE 4Ye-
pe3 KOHTPOJIb IJIA3MEHHBIX KOHLIEHTPALUN MTepEUHCIICH-
HBIX BBIILIE MapKEPOB BOCHAJICHUS.

B nmpyroii paGore mccienoBanach CBsS3b BOCHAJH-
TENBbHBIX MapKepoB y 58 [enpeccHBHBIX OOJBHBIX,
MMEBIINX CYHULUAAIbHBIE MBICTU 0€3 CyHIHMIAIBHOTO
MOBEJICHUSI B COMIOCTABIIEHUHU ¢ 61 mainueHToM ¢ Jenpec-
cueil, Ho 0e3 CyMIMAaIbHBIX MBICICH. Y TAIMEeHTOB C
CYWUIMJIAIBHBIMA MBICTSIMA OBIJIO OOHApY>KEHO CTaTH-
CTHYECKH 3HAYUMOE€ YyBeJIMYeHHe KoHueHTtpauuu C-
peaktuBHoro Oenka (CPB) u ckopocTH ocemaHus 3puUT-
POLIMUTOB TIO CPABHEHMIO C MaLMEHTaMH 0€3 CYyHIIHIalb-
HbIX MbIciel. [Ina3MeHHble KOHLEHTpauuu KOPTH30Jia B
obeux rpymnmnax He paznudaiuch [52]. Accommanus CPB,
o0miero Mapkepa BOCIHAJICHUS C JAETpEecCHeld W MHTEp-
JeiikuHa-6 ¢ Jenpeccueil U CyuIMIaibHOCThIO HalieHa
B GWAS, oxBatusiiem 730413 obcnemyembix [53].

B cBeTe M3110)KEHHOTO CTAaHOBUTCS MOHSTHO, MOYe-
My TAIUEHTHl ¢ XPOHUYECKUMH HCTOIIAIONIMMH BOCTIA-
JUTEIBHBIMH TIPOLIECCAaM HEPEAKO 3aKaHYMBAIOT >KU3Hb
cyunugaoM. CUWTaeTcs, YTO CYHUIMI OHH COBEPIIAIOT
MOTOMY, YTO HE MOTYT BBIJCPKUBATh JUIUTEIHHO MPOTE-
KaIoIyl0 XpoHU4ecKyro 0oib. Ho, ecnu cyuumasl nei-
CTBUTEJILHO CBSI3aHbl C KackaJoM OeJIKOB-MapKepoB
BOCHAJICHUS, OKA3bIBAETCSl, YTO XPOHUYECKask 00JIb — ATO
BCETO JIMIIb SPKasi MacKa, CKPHIBAIOIIAsl UCTUHHBIN Ta-
TOTEHE3 CYWIU/Ia — BO3/ICUCTBUE OCIKOB BOCTIAJICHUS Ha
HEHpPOHHBIE NPOLECCHl. B KauecTBe KOCBEHHOIO JOKa3a-
TEJIHCTBA MOKEM COCJIAThCSA HAa paHee OMyOJMKOBAHHYIO
HaMu paboTy 0 OECCUMIITOMHOM JIOKAJIbHOM aMUJIOUIO-
3€ LIMIIKOBHUIHOW eJe3bl, BHIIBICHHOM HaMH MpUMEp-
HO Y 50% W CyMLIMJIEHTOB, U JIUL KOHTPOJIBHON IPYIIIbL,
noru0mmMx B pe3ylbTaTe HecyacTHoro ciydas [54]. B
ATOU MyOTUKAIMU HaMH OBUT ClIeTaH BBIBOJ, YTO aMUJIO-
U703 TIMITKOBUIHOW JKEJNe3bl HE SBISIETCS TPUIHHON
CyMLIUJA, TOCKOJBKY U Y CYMIHMJEHTOB, U B KOHTPOJIb-
HOM TpymIe 4YacToTa BCTPEYAEMOCTH OECCHMITOMHOIO
JIOKAJIbHOTO aMWJION103a OKasajach oguHakoBoil. Ho, ¢
OJIHOM CTOPOHBI, AMHJIOMJI03 IIMIIKOBUIHOM Kee3bl
SIBHO OBLI CIICJICTBHEM JJTUTEIFHO MPOTEKABIIETO B TO-
JIOBHOM MO3Ie€ 3TUX JIOAEH XPOHUYECKOTO BSJIOTEKYIIE-

be genetic predisposition to stress with sub-
sequent abnormal functioning of the cortisol
stress axis, along with abnormal interactions
between mediators of the inflammatory
system [51]. The result of this study echoes
the GWAS result cited in the introduction,
in which a connection between suicides
and histocompatibility complex genes was
established, which ensures the formation
and regulation of the immune response,
including through the control of plasma
concentrations of the above inflammatory
markers.

Another study examined the associa-
tion of inflammatory markers in 58 de-
pressed patients who had suicidal ideation
without suicidal behavior versus 61 de-
pressed patients without suicidal ideation.
Patients with suicidal ideation showed sta-
tistically significant increases in C-reactive
protein (CRP) concentrations and erythro-
cyte sedimentation rate compared with
patients without suicidal ideation. Plasma
cortisol concentrations did not differ be-
tween the two groups [52]. The association
of CRP, a general marker of inflammation
with depression, and interleukin-6 with
depression and suicidality was found in a
GWAS that included 730,413 subjects
[53].

In light of the above, it becomes clear
why patients with chronic debilitating in-
flammatory processes often commit suicide.
It is believed that they commit suicide be-
cause they cannot withstand long-term
chronic pain. But if suicide is indeed associ-
ated with a cascade of inflammatory marker
proteins, it turns out that chronic pain is just
a bright mask hiding the true pathogenesis
of suicide - the effect of inflammatory pro-
teins on neural processes. As indirect evi-
dence, we can refer to our previously pub-
lished work on asymptomatic local amyloi-
dosis of the pineal gland, which we identi-
fied in approximately 50% of both suicide
victims and controls who died as a result of
an accident [54]. In this publication, we
concluded that amyloidosis of the pineal
gland is not a cause of suicide, since the
incidence of asymptomatic local amyloido-
sis was the same in both suicide victims and
the control group. But, on the one hand,
amyloidosis of the pineal gland was clearly
a consequence of a long-term chronic, slug-
gish inflammatory process in the brain of
these people (otherwise, where would amy-
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IO BOCMIAIIUTENILHOTO Tpoliecca (MHave, C 4ero Obl B3STh-
Cs aMWIOUA03Y), C JIPYroil CTOPOHBI, Mbl HE CMOIJIH
MPOBECTU CTPATH(PHUKAIMIO KOHTPOJIBHOM TpyINIbl Ha
WMCTUHHO HECYACTHBIE CIy4yaul M CYMLUIbI, BBITJISISIIUC
KaK HECYaCTHBIE CITy4yau, MOCKOJIbKY CKPBIThIE CYUIUIbI
BCET/Ia TSKEIBI ISl TUaTHOCTHKH.

B HacTosiee BpeMsi BO3MOXKHO OBICTpOE KyIHPO-
BaHUE CYHWLMJAIBHBIX MBICIECH M HAaMEpPEHHU, B TOM
quclie NMpU HE3aBEPLIEHHOM CYHULUJAE C IMOMOILBIO BBE-
JIeHUsI KeTaMUHa B CyOaHECTETHYECKO J03€e, Jaxe OJi-
HOKpPaTHOE BBEJEHUE KOTOPOrO BBI3BIBAET CTOMKHMI aH-
TUAENPECCUBHBIA mocTdPdekt [55-57]. Mexanusm Ky-
MUPYIOLIETO CYHUIMIAIbHBIE MBICIM WU CYWUIUAAIHHOE
MOBEJICHHUE JICHCTBHS KETAMUHA HE YCTAHOBIIEH, €T0 (-
(eKT CBS3BIBAIIM C BBI3BAHHOH KETAaMHHOM OJIOKaIou
NMDA-penentopoB, HO apyrue Oiokaropel NMDA-
peLenTopoB OKa3auch HEI(P(GEKTUBHBI KaK aHTH[E-
IIPECCAHThl ¥ CPeACTBA MPOPUIAKTUKY CYUIUIOB Y CYH-
nuaeHToB [58]. B 10 e Bpems, CyIIECTBYET 3HAUUTEIIb-
HO€ KOJIMYECTBO MCCIIEJIOBAHUMN, B KOTOPBIX OIUCHIBAET-
C IPOTHUBOBOCHAIMUTEIbHOE JCHCTBHE  KETaMHHA.
Hanpumep, oOHapykeH MeXaHHW3M NPOTUBOBOCHAIIH-
TEJIBHOIO JICHCTBUS KE€TaMUHA CBS3aHHBIN C BIMSHUEM
Ha nporennkuHazy mTOR [59]. Kpome Toro, HaiineHo,
4TO y OOJIBHBIX C OOJBIIUM JIEPECCUBHBIM TICUX030M B
a3y o0oCTpeHHs 3HAUUTEIHHO YBEIIWMYCHBI TUIa3MEHHBIC
KOHIICHTpAallu WHTepJieKkuHa-12 u unTepneiikuna 1L-6
B IJIa3Me, a TaKXKe YHMCIO KJIACCHUYECKUX MPOBOCHANIH-
TenbHBIX MakpodaroB M1 B kpoBu. Keramun B 103€
10 mMr/kr cHmKan yucio mMakpogaroB M1 B pesynbrare
MEPETnpPOrpaMMHUPOBAHNS UX B alIbTEPHATUBHBIA MOATHUIT
M2-makpodaroB (OGmokupyromux Bocnanenue [60]) u
MO3TOMY YBEJIMYMBAJI 4UCIO B M2-makpodaros B ceie-
3éuke u [{HC [61]. Kpome Toro, ketaMuH MHrHOUpyer
BBIPaOOTKY UM BBICBOOOXIEHHE NPOBOCHAIUTEIBHBIX
[IUTOKMHOB, UHTEpJIciiKnuHa- 1 B, uHTeprelikuna-6 u TNF-
o Makpodaramu [62], a TakkKe KIETKAMH MHUKPOTIUH
[63] u acTporutamu [64]. C Gnokamoil HelpoBocmae-
HUSI MOYKET OBITh CBSI3aH M QHTHCYHUIMIATBHBINA dPPEKT
Li" mporuBoBOCHanuTenbHbie dP(HEKTH KOTOPOro CBsi-
3bIBAIOT C MHTMOMPOBAHUEM TIIMKOT€HCUHTA30KHHA3bI-3,
YBEJIMYMBAIONIEH KOHUEHTpalMH LUTOKMHOB BoOcCHase-
Hus [65].

Takum 00pa3oM, MexXaHU3M MOJABICHHUS KETaMU-
HOM U Li'cynimmanbHbIX MBICTIEH, CYMIMAAIBHOTO TI0-
BEJICHUS U JCTIPECCHUBHBIX COCTOSIHUI MOXKET OBITh 00Y-
CJIOBJIEH MX NMPOTHUBOBOCTIAJIUTEIBHBIMU YPPEeKTaMu.

Ecnu noBbilieHre KOHUEHTpAUM MHTEpieHKHHA-6
CUMTAIOT NPUYMHON HEWPOBOCHANECHUS M CYHMIMIOB, TO
KOHIEHTpAlUU UHTepJeiikuHa-8 u pakTopa pocta SHIO-

loidosis come from); on the other hand, we
were not able to stratify the control group
into true accidents and suicides that look
like accidents and, since hidden suicides are
always difficult to diagnose.

Currently, it is possible to quickly re-
lieve suicidal thoughts and intentions, in-
cluding incomplete suicide, by administer-
ing ketamine in a subanesthetic dose, even a
single administration of which causes a
persistent antidepressant aftereffect [55-57].
The mechanism of action of ketamine that
relieves suicidal thoughts and behavior has
not been established; its effect was associat-
ed with ketamine-induced blockade of
NMDA receptors, but other NMDA recep-
tor blockers were ineffective as antidepres-
sants and means of preventing suicide in
suicidal individuals [58]. At the same time,
there is a significant number of studies that
describe the anti-inflammatory effects of
ketamine. For example, the mechanism of
the anti-inflammatory effect of ketamine
was discovered to be related to the effect on
the mTOR protein kinase [59]. In addition,
it was found that in patients with major de-
pressive psychosis during the exacerbation
phase, plasma concentrations of interleukin-
12 and interleukin IL-6 in plasma, as well as
the number of classical pro-inflammatory
M1 macrophages in the blood, were signifi-
cantly increased. Ketamine at a dose of 10
mg/kg reduced the number of M1 macro-
phages as a result of their reprogramming
into an alternative subtype of M2 macro-
phages (blocking inflammation [60]) and
therefore increased the number of M2 mac-
rophages in the spleen and central nervous
system [61]. In addition, ketamine inhibits
the production and release of pro-
inflammatory  cytokines, interleukin-1§,
interleukin-6 and TNF-a by macrophages
[62], as well as microglial cells [63] and
astrocytes [64]. The blockade of neuroin-
flammation may also be associated with the
anti-suicidal effect of Li", the anti-
inflammatory effects of which are associat-
ed with inhibition of glycogen synthase
kinase-3, which increases the concentration
of inflammatory cytokines [65].

Thus, the mechanism of ketamine and
Li * suppression of suicidal ideation, suicidal
behavior and depressive states may be due
to their anti-inflammatory effects.

If increased concentrations of interleu-
kin-6 are considered a cause of neuroin-
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TeNUsl COCYJOB B JUKBOpe Yy 43 JHll HE NPUHHUMABIIUX
HUKaKHX JIEKApPCTB /10 COBEPUICHHSI MOIMBITKH CaMOyOHii-
CTBa OBUIM CHMEHBI MO CpaBHEHHUIO ¢ 20 3A0pPOBBIMHU
0OpOBOJIBIIAMH MYIKCKOTO mosia. Kpome Toro, ¢axtop
pocTa 3HIOTENMS COCYIOB B JIMKBOPE IOKa3al 3Ha4yM-
TEIbHYIO OTPULATENIbHYI0 KOPPEISALHUIO C TSHKECTBIO Jie-
npeccuu. Toraa Kak KOHIIGHTpAIMd WHTEPJICUKHWHA-6 B
JIUKBOPE Y JIMII, MBITABIIKUXCSI COBEPIIUTH CaMOYOUICTBO
U 3J0pPOBBIX JIML KOHTPOJBHOM TpyNIbl, HE pa3iinya-
nuck. [loaTOMy aBTOpBI pacUEHUIM UHTEPIECUKUH-8 U
¢dakTop pocTa SHAOTEIHS COCYAOB KaK AHTarOHUCTHI
WHTEpJICHKNHA-6, OJIOKMpYIOIIME HEHpPOBOCHAIICHUE U
(aKTOpBI, 3alIUTH OT BO3MOXKHOTO COBEPIICHUS CYHUIIH-
na [66]. bonee Toro, B pe3ynbrare Meraananuza 18 wuc-
CJIEIOBaHMM, BKJIIOYaBIIero 583 mnanueHra ¢ CyHLu-
JAIbHBIMHA HaKJIOHHOCTSIMH, 315 manueHnToB 0e3 cyuuu-
JAJIBHBIX HaKJIOHHOCTEH U 845 310pOBBIX KOHTPOJIBHBIX
CyOBEKTOB HailleHa MaTeMaTHYeCKU CHUJIbHAsl CBSI3b CY-
WIUAATBHOCTU C MOBBIILIEHHBIMA KOHLEHTPAUsIMHU HH-
TepieiikuHa- 1P, uHTepneidknHa-6 W CHIDKEHHEM KOH-
LEHTpaluu HHTEpJeHKUHA-2 B IUIa3ME€ KPOBH, JOCTa-
TOYHAs AJI TOTO, YTOOBI YBEPEHHO pa3inyaTh MCHXHUAT-
PUYECKUX TAILMEHTOB CO CKJIOHHOCTBIO K CYHMLHIY OT
MICUXUATPUUECKUX TAIIMEHTOB 0€3 TaKOBOW M 310POBBIX
JuL. DTH K€ aBTOPbI HALUIM MOBBIIIEHHOE COACpPKAHUE
WHTEpJCHKNHA- 1 B 1 MHTEepIICHKHHA-6 B TOJIOBHOM MO3Te
MOCJIe 3aBEPIIEHHOTO CYHUIMA, M BBISBUIM CBSI3b HU3-
KUX KOHUEHTpAIMil MHTEpJIEUKUHA-8 C CyHIUAAIbHBIM
noBeaeHueM [67].

Emé ogauM 1MTOKMHOM BOCTIAJICHUS! SIBISIETCS WH-
Tepdepon-1, KITMHIYECKOEe TPUMEHEHNE KOTOPOTO 4acTo
COIPOBOXKIAETCSI TAKUMH MOOOYHBIMH d(PPEKTaMH, Kak
JIENPECCUBHBIE CUMIITOMBI M TOMBITKM CaMOyOMICTBa.
ABTOpBI CBSI3BIBAIOT MHAYKIMIO JENPECCUBHOIO U CYH-
[U1aTBHOTO TIOBEACHUS MHTEPPEPOHOM-1 C BBI3BaHHOU
MM YBEJIMYEHUEM aKTUBHOCTH WMHAOJIAMUH 2,3 - IHOKCH-
rerassl [68]. JleiicTBUTENBHO, MO3MHEE OBLUTO HAWICHO,
YTO aKTUBHOCTH WHIOJNAMHUH 2,3-IMOKCUTEHA3bl YBEIH-
YyeHa y OOJIbHBIX C JeNpeccueil U CyuIMIaIbHbIM TOBE-
JIEHUEM, YTO CBA3AHO C YBEJIMYEHHUEM CHHTE3a KUHYpE-
HUHA ¥ BBI3BAHHOW €ro MOBBIIIEHHBIMH KOHLIEHTPALIUs-
MH HHIYKIMEN HelpoBocnanenus [69]. buoxumuaeckum
OTPaKEHUEM KOTOPOTO MOXKET SIBIATHCS yMEHBIICHUE
CHUHTE3a CEpPOTOHMHA, HWMEIONIero oO0mui CcyOcTpar-
MPEeIUIECTBEHHUK ¢ KUHYpeHHMHOM — Tpunrodan. U ec-
T4, 10 KpailHel Mepe y MY’KUHH, IIa3MEHHbIE KOHIICH-
Tpalyu CEPOTOHMHA KOPPETUPYIOT C MOKA3aTENSIMU XO-
poiero HacTpoeHus [70], TO KUHYpEHUH SIBISIETCS CBsl-
3BIBAIONIMM 3BEHOM MEX]y MPOBOCHAIUTEIBHBIMHU IIH-
TOKHMHAMH U JIETIPECCUBHBIMU cocTosiHusiMu [71]. Mera-

flammation and suicide, then the concentra-
tions of interleukin-8 and vascular endothe-
lial growth factor in the cerebrospinal fluid
of 43 individuals who did not take any med-
ications before attempting suicide were
reduced compared to 20 healthy male vol-
unteers. In addition, cerebrospinal fluid
vascular endothelial growth factor showed a
significant negative correlation with depres-
sion severity. While the concentrations of
interleukin-6 in the cerebrospinal fluid did
not differ between individuals who attempt-
ed suicide and healthy controls. Therefore,
the authors assessed interleukin-8 and vas-
cular endothelial growth factor as interleu-
kin-6 antagonists, blocking neuroinflamma-
tion and factors protecting against possible
suicide [66]. Moreover, a meta-analysis of
18 studies including 583 suicidal patients,
315 non-suicidal patients, and 845 healthy
controls found a mathematically strong as-
sociation of suicidality with increased plas-
ma interleukin-1p, interleukin-6, and de-
creased plasma interleukin-2 concentrations.
sufficient blood to reliably distinguish sui-
cidal psychiatric patients from nonsuicidal
psychiatric patients and healthy individuals.
The same authors found increased levels of
interleukin-1f and interleukin-6 in the brain
after completed suicide, and identified an
association between low concentrations of
interleukin-8 and suicidal behavior [67].
Another inflammatory cytokine is in-
terferon-1, the clinical use of which is often
accompanied by side effects such as depres-
sive symptoms and suicide attempts. The
authors associate the induction of depres-
sive and suicidal behavior by interferon-1
with the increase in activity caused by it
indoleamine 2,3-dioxygenase [68]. Indeed,
it was later found that indoleamine 2,3-
dioxygenase activity is increased in patients
with depression and suicidal behav-
ior, which is associated with an increase in
kynurenine synthesis and the induction of
neuroinflammation caused by its increased
concentrations [69]. The biochemical reflec-
tion of which may be a decrease in the syn-
thesis of serotonin, which has a common
precursor substrate with kynurenine — tryp-
tophan. And if, at least in men, plasma con-
centrations of serotonin correlate with indi-
cators of good mood [70], then kynurenine
is a link between pro-inflammatory cyto-
kines and depressive states [71]. The meta-
bolic pathway for the synthesis of
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Oonuveckuil MyTh CHHTE3a KUHYPEHHHA COMPOBOXK/IACT-
Csl CHHTE30M XHWHOJIMHOBOM KHUCIOTHL. M XHMHOJIMHOBas
KHCIIOTa ¥ TUAPOKCUKUHYPEHUH SBIISIOTCS HEHPOTOKCH-
YeCcKUMHU (DaKTOpaMH IIEHTPAJIbHON HEPBHOW CHUCTEMBI,
BBI3BIBAIOIIMMHU BOCIAJICHUE B TOJOBHOM Mo3re [72].
AKTHBHOCTh MHJOJAMUH 2,3-TMOKCUT€HA3bl 3HAYUTCIIb-
HO YBEJIMYMBAIOT UHTEPPEPOH-Y, UHTEPICHKHHBI-6 U -
1B, TNF-a [73-75].

W3BecTHO, 4TO YKCIO CYUIMIOB YBEJIIMYEHO Y JIMLL €
HU3KUMH KOHIEHTpauusamu (<25,5 ur/mu) Buramuna D3
B KpoBH [76] U psn apyrux paboT. DTO sIBIEHHUE MOXHO
OOBSICHUTH TEM, YTO BUTaMHH D HHrubupyeTr BBICBO-
o6oxnenne uHTpeneiikuHa-6 u TNF-o u3 MoHOUMTOB
yeaoBeka [77].

Kakum 00pa3oM LUTOKHMHBI BOCTAJICHUS MOTYT IIO-
nazath B TOJIOBHOM MO3r? JInOO CUHTE3UPOBATHCS HEMO-
CPEICTBEHHO B TOJIOBHOM MO3Te, TMOO MPOHUKATH Yepe3
CKOMIIPOMETHPOBAHHBIN (TO €CTh, C MOBBIIIEHHOW Mpo-
HUIIAeMOCTBI0) rematodsHiedannyeckuii 6apeep (I'OB).
Tak y JuL, COBEpPIIMBIIUX MOMNBITKY CYHLUAA, 10 CPaB-
HEHUIO CO 3I0POBBIMM JIMIIAMU B JIMKBOPE OOHAPYXKEHbI
OoJiee BBICOKHE KOHIEHTPALUU THATYPOHOBOW KHCIOTHI
¢ rnuko3amuHoraukanoM (p=0,003) u mertammonpoTeu-
Ha3bl-9 (p=0,004). KoHneHTpanun ruasrypoHOBOM KHC-
JIOTHI C TJIMKO3aMHHOTJIMKAHOM B JIMKBOPE KOPPEITHPO-
BaJM C yBeJIMueHHOU nmponumnaemocteio I'0b (p<0,001),
a METAJUIONPOTEHHA3bI-9 — C KOHLEHTPALUIMU MOJIEKY-
abl knetoyHoi aaresun sCD44 (p=0,005), koTopas cBs-
3bIBAETCS C THATYPOHOBOM KHUCIOTOW C IJIMKO3aMHU-
HOTJIMKAaHOM M 3KCIIPECCUPYETCSl acTPOLUTaMH, MUKPO-
rIMei 1 HeKoTopbIMH HelipoHamu [78]. Takum obGpazom,
CYILIECTBYIOT MIPSIMBbIE JOKAa3aTEIbCTBA, YTO Yy JIMI] C CYH-
UMJATBHBIM TOBEICHHEM NpoHunaeMocts ['Ob nepBuu-
HO OoJiee BBICOKAs, YeM Yy 3J0POBBIX JIML, M TOITOMY
BOCHAJIUTENbHBIE LIUTOKUHBI MOTYT MPOHUKATH B TOJIOB-
HOM MO3I' U3 KPOBH.

CuHTE3 BOCHAIUTENBHBIX LIUTOKMHOB HEMOCpEa-
CTBEHHO B TOJJOBHOM MO3Te, IO KpalHEW Mepe y JIHI C
JIETIPECCUeii, OCYIIECTBISAETCS aKTUBUPOBAHHOW MHKPO-
IJIMEN MepeHeN YacTu MOSICHOW W3BWIMHBL. ABTOpaMu
YCTaHOBJIEHO, YTO y caMOyOMilll ¢ Jenpeccueil B mosc-
HOM M3BWJIMHE 01 KPOBEHOCHBIX COCYAOB, OKPYXEH-
HBIX Makpodaramu BbBICOKOM MJIOTHOCTH, Oojiee 4yeM B 2
pa3a BBIIIE, YeM Y JIUIl KOHTPOJILHOUW TPYIITBI, YMEPIITHX
BHE3AIHO M HE MMEBIIMX TNCHUXWYECKUX, HEBPOJOTHYC-
CKMX WJIM BOCHAJIUTEIbHBIX 3a0oneBaHuid. Yucmo mpaii-
MHUPOBAHHBIX M PA3BETBIEHHBIX KJIETOK MUKPOTJIMH OBI-
70 3HauuTenbHO yBenuueHo (p=0,03) y camoyOwmiin ¢
JIeNpeccueil, Mo CPaBHEHUIO C KOHTPOJIBHON TIpymmoi.
Kpome Toro, y camoyOwuiiii ¢ nenpeccueii Obuta 3HAYU-

kynurenine is accompanied by the synthesis
of quinolinic acid. Both quinolinic acid and
hydroxykynurenine are central nervous sys-
tem neurotoxic factors that cause inflamma-
tion in the brain [72]. The activity of in-
doleamine 2,3-dioxygenase is significantly
increased by interferon-y, interleukins-6 and
-1 B, TNF-a [73-75].

It is known that the number of suicides
is increased in individuals with low concen-
trations (<25.5 ng/ml) of vitamin D3 in the
blood [76] and a number of other works.
This phenomenon can be explained by the
fact that vitamin D inhibits the release of
interleukin-6 and TNF-a from human mon-
ocytes [77].

How can inflammatory cytokines enter
the brain? Either synthesized directly in the
brain, or penetrate through a compromised
(i.e., increased permeability) blood-brain
barrier (BBB). Thus, in individuals who
attempted suicide, compared to healthy in-
dividuals, higher concentrations of hyalu-
ronic acid with glycosaminoglycan (p=
0.003) and metalloproteinase-9 (p=0.004)
were found in the cerebrospinal fluid. Con-
centrations of hyaluronic acid with gly-
cosaminoglycan in the cerebrospinal fluid
correlated with increased permeability of
the BBB (p<0.001), and metalloproteinase-9
correlated with concentrations of the cell
adhesion molecule sCD44 (p=0.005), which
binds to hyaluronic acid with glycosamino-
glycan and is expressed by astrocytes, mi-
croglia and some neurons [78]. Thus, there
is direct evidence that in individuals with
suicidal behavior, the permeability of the
BBB is initially higher than in healthy indi-
viduals, and therefore inflammatory cyto-
kines can enter the brain from the blood.

The synthesis of inflammatory cyto-
kines directly in the brain, at least in people
with depression, is carried out by activated
microglia of the anterior cingulate cortex.
The authors found that in suicides with de-
pression in the cingulate gyrus, the propor-
tion of blood vessels surrounded by high-
density macrophages is more than 2 times
higher than in individuals in the control
group who died suddenly and did not have
mental, neurological or inflammatory dis-
eases. The number of primed and ramified
microglial cells was significantly increased
(p=0.03) in depressed suicide victims com-
pared to controls. In addition, the expression
of the AIF1 gene (the allograft inflammato-
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TeJabHO yBenudeHa skcrpeccus rena AIF1 (ren Bocma-
nuTenpHOro (Qaxkrtopa 1 amnorpaHcmiiaHTaTa, pacioiio-
’KEeH B 00JIACTH TJIABHOTO KOMIUIEKCa THCTOCOBMECTUMO-
ct 6p21.33 [OMIM *601833], ero mpoaykT — OesoK
IBA1 1 MOHOIIUTAPHOTO XEMOTAKCUYECKOTO MpOTerHa- 1
(cmronmm CCL2, pacronokenune rena 1 (17q11.2-q21.1
[OMIM +158105]), xeMOKHHa, y4aCTBYIOIIETO B PEKPY-
TUPOBAHUHU IUPKYJIUPYIOIIMX MOHOIIMTOB, a TaKXe 3Ha-
yuTeNbHO yBenuueHo koauuectBo MPHK CDA45, mapke-
pa MepHUBAacCKYJSPHBIX MakpoaroB. ABTOpHI ciaeaiu
BBIBOJI, YTO IOJIYYEHHBIE T'MCTOJIOTUYECKUE U MOJIEKY-
JISIpHbIE JTAaHHBIE CBHUJETENBCTBYIOT O PEKPYTHPOBAHUU
MOHOIIUTOB B 0€JI0€ BELIECTBO IOPCAIBHON IMepeqHei
MOSICHOM KOpBI y caMmoyOwuiill ¢ menpeccueid [79]. B mo-
XO0XKEM HCCIIEIOBAaHUH y CaMOyOUHAIl MIIOTHOCTh aKTUBU-
POBaHHON MHKpPOTJIMU Obuta OOJbIIE B BEHTPaJIHLHOM
npegpoHTaTEHOM O€JIOM BEIeCTBE, YeM B JOPCAJIbHOM
npedpoHTaTbHOM O€JIOM BEIIeCTBE, TOrJa Kak y BHe-
3aIHO YMEPIINX 3I0POBBIX JIUI HAOIIOAAIOCH 00paTHOe
COOTHOLIEHHE IUIOTHOCTH KJIETOK aKTHBHUPOBAHHOM
mukporiinu  [80]. pyrumu aBTOpaMu yBeJIMYEHUE
IUIOTHOCTH AaKTUBUPOBAHHOW MHKpPOTJIUH Y MAIMEHTOB,
COBEpUIMBIIUX CaMOyOUHCTBO, OOHAPYKEHO B JIOpCOJIa-
TepasibHOM npedpoHTanbHOM Kope (P=0,004), nepeaneii
nosicioit m3BunuHe (p=0,012), menuamop3anpbHOM Taa-
myce (p=0,004) [81].

Hcxons u3 U3/10)KEHHOTO MaTepuana, B YaCTHOCTH,
MOXKHO CJeNIaTh BBIBOJ, YTO HM3MEHEHHE IUIA3MEHHBIX
KOHIEHTPAIMi KOPTH30J1a y JIUI] C CYHUIIUAAIBHBIM TI0-
BEJICHNEM, CYHIIUICHTOB U JACTIPECCUBHBIX OOJBHBIX Me-
HSIOTCS BTOPUYHO U SIBJISIIOTCS OTPAKCHUEM HM3MEHEHUS
IUTa3MEHHBIX KOHILIEHTpAalMid MHTEpJIeHKUHA-6, HWHTEp-
¢depona 1, CPb, TNF-a, 4yT0, B cCBOIO 04epear 00yciIoB-
JIEHO TOJAMMOpU3MaMU COOTBETCTBYIONINX TeHOB. [lo-
ATOMY CYHMIHIATbHBINA (DEHOTHIT AEHCTBUTEIHHO SIBIISIECT-
CsSl CaMOCTOSATEILHOM ITOJUTSHHOMN MaTOIOTHEH, BEI3bIBA-
€MOil HapylleHHEeM pabOThl CETU CO3aBUCUMBIX PEryJisi-
TOPOB C IUIEHOTPONHBIMU dPPEKTaMu, B TOM YHUCIIE pe-
TYJIUPYIOHNIMX  BBICHIME  IICUXMYECKHE  (YHKIIMH.
Haiinennoe B pesynbrare mposenenuss GWAS J.L. Min
U COaBT. [24] pazHoOOpa3ue CyHIUIAIbHBIX (PEHOTUIIOB
00yCJIOBICHO KOMOHMHAIIMEH Pa3NWYHBIX MOIMMOpPHU3-
MOB 3HAYHUTEIHHON TPYIITBI TEHOB, H3MEHEHHE IKCIIPEC-
CUM KOTOpBIX WM ()EPMEHTATUBHOW AaKTUBHOCTU HX
MPOAYKTOB BENET K MOSBICHUIO KIMHUYECKH pa3iinya-
ouxcs GopM CyHIHIAIBHOTO MOBEICHUS U JIeTIpeccuit
[25].

Hexkwuii utor Hamero o0630pa MOXHO TOJBECTH OC-
HOBaHHOM Ha aHaJN3€ MHOTOYHMCIIEHHBIX MCCIIEIOBaHUI
BeiBosie P. Baharikhoob u N.J. Kolla o Tom, 4to x cymn-

ry factor 1 gene, located in the major histo-
compatibility complex region 6p21.33
[OMIM] was significantly increased in de-
pressed suicide victims *601833], its prod-
uct is the protein IBA1 and monocyte
chemotactic protein-1 (synonymous with
CCL2, gene location 1 (17ql11.2-g21.1
[OMIM +158105]), a chemokine involved
in the recruitment of circulating monocytes,
and the amount of CD45 mRNA, a marker
of perivascular macrophages, was signifi-
cantly increased. The authors concluded that
their histological and molecular data indi-
cate the recruitment of monocytes into the
white matter of the dorsal anterior cingulate
cortex in depressed suicide victims [79]. In
a similar study, the density of activated mi-
croglia in suicidal individuals was greater in
the ventral prefrontal white matter than in
the dorsal prefrontal white matter, whereas
the opposite was true for the density of acti-
vated microglia in healthy individuals who
died suddenly [80]. Other authors found an
increase in the density of activated micro-
glia in patients who committed suicide in
the dorsolateral prefrontal cortex (p=
0.004), anterior cingulate cortex (p=0.012),
and media dorsal thalamus (p=0.004) [81].

Based on the material presented, in
particular, we can conclude that changes in
plasma concentrations of cortisol in indi-
viduals with suicidal behavior, suicide vic-
tims and depressed patients change second-
ary and are a reflection of changes in plas-
ma concentrations of interleukin-6, interfer-
on 1, CRP, TNF-a, which, in turn, is due to
polymorphisms of the corresponding genes.
Therefore, the suicidal phenotype is indeed
an independent polygenic pathology caused
by disruption of the network of codependent
regulators with pleiotropic effects, including
those regulating higher mental functions.
Found as a result of GWAS JL Min et al.
[24]. The diversity of suicidal phenotypes is
due to a combination of various polymor-
phisms of a significant group of genes,
changes in the expression of which or the
enzymatic activity of their products lead to
the appearance of clinically different forms
of suicidal behavior and depression [25].

A certain conclusion of our review can
be summed up by the conclusion of P. Ba-
harikhoob and N.J. Kolla, based on an anal-
ysis of numerous studies, that several patho-
logical mechanisms lead to suicidal behav-
ior, including dysregulation of microglia,
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LIUAATBHOMY MOBEJEHHUIO BEIET HECKOJIBKO MATOJIOTHYe-
CKHX MEXaHHW3MOB, BKJIIOYAIOIIMX HapyLICHHWE peryJs-
LMY MUKPOTJINHU, @ UMEHHO:

1) ycunennsiit MeTab0IM3M TpUnTo(haHa B XUHOJIH-
HOBYIO KHCJIOTY MO KHHYPEHHHOBOMY ITyTH U CBS3aHHOE
C 3TUM UCTOLICHHUE CEPOTOHUHA;

2) MOBBIIIIEHHOE COZIEPKaHNE XMHOJIMHOBOM KHUCIIO-
THI, IPUBOJIATIICE K M30BITOYHON TIepeaye CUrHAJIOB N-
MeTtmi-D-acniaprara, 4To OPUBOAMUT K MOTEHLMAIBLHOMY
HapyIICHUIO TeMaTOdHIehaTHIeCKOTO Oapbepa;

3) NOBBIIIEHHOE COACPKAHUE XHMHOJIMHOBOM KHCIIO-
TBI, IPUBOJIAIIEE K 00JIee BEICOKOW HEMPOTOKCUYHOCTH;

4) NOBBILIEHHBIH YPOBEHb HHTEpIEHKUHA-6, CIIO-
COOCTBYIOIIMN CHUKEHUIO MHTMOMPOBaHMs IlyTamarep-
TMYECKUX HEHPOHOB, BHI3BIBAS MTOBBIIIEHHOE BHICBOOOXK-
JIEHUE TIyTamaTa v 9KCaUTOTOKCHYHOCTH [82].

Takum 00pazom, n3ydeHHE CBSI3W BOCIAICHUS C Jie-
npeccuerd 1 GOpMUPOBAHUEM CYUIIUAAIBLHOTO (eHOTHTIA
MO3BOJIWJIO CJENaTh BBIBOJ, YTO STHOMATOTEHE3 CaMo-
yOUICTB CBSI3aH C HEMPOBOCMAJICHUEM, KOTOPOE aKTUBH-
pYyeT KMHYPEHUHOBBIM MYTh M BBI3bIBAET MOCIEIYIOIIEE
HCTOLIEHUE CEPOTOHMHA M CTUMYJISLUIO HEWPOTpaHC-
MUCCUM IJIlyTamaTra. OTH W3MEHEHHUS COIPOBOXKIAIOTCS
CHIDKEHHEM KOHIIGHTpallUKd HeHpoTpoduueckoro ¢ax-
TOpa B TOJIOBHOM MO3T€, YTO YACTO CBSI3aHO C Hapylle-
HUEM HEHPOTUIACTUYHOCTH ¥ KOTHUTHUBHBIM JIE(DUITUTOM.
VY GONBIIMHCTBA CKIOHHBIX K CYUIMIY MAllUSHTOB TUIIE-
pPakTHBHA OCh THIOTAIAMYC-TUNIO(PU3-HAIOYCUHUKH
[83].

Casi3anbl 1 iepudepryecKkre XpOHUUECKUE BOCTIa-
JUTENIbHBIE TPOIIECCHl C TIOBBIIIEHHBIM PHUCKOM COBEp-
mieHus cynnuaa? OTBeT — yTBepAuTenbHbIi. Tak, 6onee
BBICOKAsl 4aCTOTa CYUIMIOB, YEM B TOMYJISIIUH, HAOIIO-
naeTcs y OOJIbHBIX aTOMMYECKUM JIepMaTUTOM (MeTaaHa-
mu3 15 uccnenoBanuii ¢ oxBaroM 4770767 y4yacTHUKOB,
3 kotopbix 310681 manueHThl ¢ aTOMUYECKUM JepMa-
tuToM) [84], OpoHXMansHO# acTMoi (ananu3 8534 cmy-
Yae CYWIUIOB, U3 HUX CYHUIMIECHTOB C OpOHXHATHHOU
acTMoi B aHamHese — 1260) [85], peBMaTouIHBIMU 3a-
0oJeBaHMSIMH, TIPUYEM Yy JKEHIIMH PUCK BBINIE, Ye€M Y
MyXuuH (MeTaaHanu3 17 wuccienoBanuii, o0béM 5174
BKJTFOUEHHBIX JIUIT) [86].

B cBsI3U ¢ M3110KEHHBIM BO3HHMKAET BOMPOC, MOYEMY
HECTEpOM/IHbIE  MPOTHUBOBOCHAIUTENbHBIE  CPENCTBA
(HIIBC) oka3zanuck He3(pPEeKTUBHBI KaKk CpelCTBa KOp-
PEKLMU CYUMIMAAIbHOrO (eHOTUNA M NPOPUIAKTUKU
cyurna? He ta Touka npunoxenus. HIIBC 6iokupytor
aAKTUBHOCTH IMKJIOOKCHTEHA3bl, © TEM CaMbIM YMEHbB-
[IAI0T BBIPAOOTKY DHIOMEPEKUCEH, TPOCTarIaHInHOB U
TpoMOokcaHa. Torma xak He¥poBocmajieHue, GopMupy-

namely:

1) increased metabolism of tryptophan
into quinolinic acid along the kynurenine
pathway and the associated depletion of
serotonin;

2) increased levels of quinolinic acid
leading to excessive N-methyl-D-aspartate
signaling, leading to potential disruption of
the blood-brain barrier;

3) increased content of quinolinic acid,
leading to higher neurotoxicity;

4) increased levels of interleukin-6,
which helps reduce inhibition of glutama-
tergic neurons, causing increased glutamate
release and excitotoxicity [82].

Thus, studying the connection between
inflammation and depression and the for-
mation of a suicidal phenotype led to the
conclusion that the etiopathogenesis of sui-
cide is associated with neuroinflammation,
which activates the kynurenine pathway and
causes subsequent depletion of serotonin
and stimulation of glutamate neurotransmis-
sion. These changes are accompanied by a
decrease in the concentration of neu-
rotrophic factor in the brain, which is often
associated with impaired neuroplasticity and
cognitive deficits. Most suicidal patients
have an overactive hypothalamic-pituitary-
adrenal axis [83].

Are peripheral chronic inflammatory
processes associated with an increased risk
of suicide? The answer is yes. Thus, a high-
er frequency of suicides than in the popula-
tion is observed in patients with atopic der-
matitis (meta-analysis of 15 studies cover-
ing 4,770,767 participants, of which
310,681 patients with atopic dermatitis)
[84], bronchial asthma (analysis of 8534
cases of suicide, of which suicides with
bronchial asthma history — 1260) [85],
rheumatoid diseases, and women have a
higher risk than men (meta-analysis of 17
studies, volume of 5174 included persons)
[86].

In connection with the above, the ques-
tion arises: why non-steroidal anti-
inflammatory drugs (NSAIDs) were ineffec-
tive as a means of correcting the suicidal
phenotype and preventing suicide? Wrong
point of application. NSAIDs block the
activity of cyclooxygenase, and thereby
reduce the production endoperoxides, pros-
taglandins and thromboxane. While neu-
roinflammation, which forms the suicidal
phenotype ais triggered at least by interleu-
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IOllee CYUIHMIANbHBIA (PEHOTHI, 3alyCKaeTcsl Kak MH-
HUMYM HHTepliekuHamu, wuHTeppeponamu, CPb, u
TNF-o, nmubo/u runepnpoaykuueli KUHypeHHMHAa — U
ayTaKkoubl BOCTIAJICHUS B IATOI'€HE3€ 3TOT0 BOCTIAJICHUS
He yyacTByIOT. [loaTomy spa nmpenapatoB, 3pPeKTUBHBIX
JUIS IPOUIIAKTHKY U JICYSHUS CYUIUAAIBHOTO (DEHOTH-

Ia, el€ He HACTYNHIIA.

10.
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EPIGENETICS, GENETICS AND BIOCHEMISTRY OF SUICIDE
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Abstract:

The development of molecular biology methods has made it possible to identify new, previously unknown
mechanisms of the formation of the suicidal phenotype and suicidal behavior. This allowed specialists in the
field of suicidology to regard the suicidal phenotype as an independent polygenic and multifactorial pathology
that can accompany mental illness as a comorbid condition. The aim of the publication is to systematize the
known literature data on persistent biochemical changes associated with the suicidal phenotype. Epigenetic,
genetic and biochemical markers associated with suicidal behavior and suicides of persons without previous
mental illnesses, as well as molecular biological analysis of suicide cases in patients with major depressive
disorder are considered. Analysis of modern literature — publications of direct studies of biological material
obtained from individuals with suicidal behavior and suicide victims, as well as meta-analyses — gives
grounds to consider the main cause of the suicidal phenotype to be neuroinflammation and/or penetration into
the cerebrospinal fluid through the genetically compromised blood-brain barrier of inflammatory cytokines
formed in individuals with long-term debilitating chronic inflammatory diseases (latent Toxoplasma infection
gondii, theumatoid diseases, atopic dermatitis, bronchial asthma). Neuroinflammation, which forms the sui-
cidal phenotype, is realized as a result of single nucleotide polymorphisms of genes associated with homeobox
and immune response genes, such as interleukins -2, -4, 6, tumor necrosis factor. While interleukin-8 may
have a protective effect. In addition, the suicidal phenotype is most likely associated with a genetically deter-
mined disorder of tryptophan metabolism caused by activation of the kynurenine pathway with concomitant
depletion of the serotonin pool and induction neuroinflammation of the kynurenine type. Chronic neuroin-
flammation changes psychotype and behavior towards the formation of a suicidal phenotype. As a result, the
individual creates a social environment around himself that contributes to the aggravation of neuroinflamma-
tion and suicide as the final outcome of the disease. It was concluded that the suicidal phenotype is formed by
neuroinflammation.

Keywords: suicide, single nucleotide polymorphisms, epigenetics, genetics, biochemistry, neuroinflamma-
tion, kynurenine, Toxoplasma gondii, ketamine, lithium salts, cholecalciferol
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