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IIMMCS BCIICICTBUE BPOXKIEHHBIX TEHHBIX MOJIUMOP(GU3MOB W/MITH U3MEHEHHS SITUTEHOMHBIX METOK. [[enb pa-
O6ombl — CHCTEMATH3alUsl CBEICHUHN O POJIM IIUTOKWHOB W BOCIIAMTENBHBIX XEMOKHHOB B IPOIECCax TPaHCIIS-
MY TEHOMHBIX JIe()EKTOB B CYHITUIaIbHOE TIOBEJICHHE Y TICHXHYECKU 3I0POBBIX JItoaei. B paboTe paccMoTpena
MaTO(pU3UOIOTHS HEHPOBOCHIANICHHS, TPUBEACHBI MOJICKYJISIPHBIC U ITUTOJIOTMYECKHUE CBEACHUS, ()OPMUPYIOIIHE
€CTECTBEHHOHAYYHOE MPEICTABICHUE O PA3IUYUAX HEHpPOBOCHMAIEHUS C y4aCTHEM MHKPOTJIHH, LIUTO- U Xe-
MOKHHOB W KJIACCHYECKOTO BOCIAICHUS C aKTHBaIed mepudepudeckux MakpodaroB, T-KI€TOK, MPOTYKTOB
3liko30TeTpacHOBOM KUCIOTH. OOCy)IaeTcs poib KHHYpeHrnHOBOro Iyt 1 NMDA-pernientopoB B (hopMupoBa-
HUW HEWPOBOCTIAJICHHUS W CYHIMIAIBHOTO moBeaeHus. [lokazaHo kak nepudepudeckoe BOCTIAICHHE MOXKET WH-
IyIUpoBaTh HeipoBocnanenue. [laTopusuonorus GopMupoBaHUsS CYUIHIATBFHOTO MOBEACHUS PAaCCMOTpPEHa Ha
MpUMepax CBA3M HEWPOBOCHAJICHHUS C €r0 MPOSBICHUAMH (CYULMIATbHBIMHU MBICIISIMHU, CYUIIUIaIbHBIMH TOMBIT-
KaMU U 3aBEPIICHHBIMU CYHIIUAaMH) Yy JIUIl 0e3 TICHXWYeCKUX HapyIIeHui. Boigoowi: 1. HelipoBocnanenue Me-
HSCT aJIalITUBHBIA MOBEICHYSCKUN MATTEPH YeJIOBEKa Ha JIe3aJallTUBHBIN (CBUAHTHBIN, NCTMHKBEHTHBIH, CYH-
IUIATBEHBIN, TATOJIOTHYCCKHNA B BUJIE KAKUX-JIMOO SBHBIX IICUXWYCCKUX HAPYIICHUI) B CHITy TOTO, YTO BOCIaJle-
HHUE Bcerna HapymaeT QyHkuuio. 2. OOHapyKeHHE CBSI3H HEHPOBOCIIAICHUS ¢ CYUIMIATBHBIM MTOBEICHUEM SB-
JISI€TCSI OJTHUM U3 BEPOSTHBIX JJOKA3aTENbCTB OMOJIOTHUECKON MPUPOJIBI CYHIIUAOB. 3. PacKpbITHE POIN XpOHHUYE-
CKOTO BSUTOTEKYIIETO HeHpoBOCHaleHUs] B mpoleccax (GOPMHUPOBAHUS AE3aJalTHBHOIO MOBEICHUYECKOrO MaT-
TepHa MOXKeT (HOpPMUPOBATh MHHOBAIIMOHHBIA MOAX0A s pa3paboTku Oosee 3(h(EeKTUBHBIX METOAOB Mpodu-
JIAKTUKH W JICYSHHS KaK CYHITUIATBLHOTO IMMOBEACHHUS (3aBEPIICHHBIX CYWIIMIOB), TaK M MCUXUYECKUX (JTMYHOCT-
HBIX, aJIMKTHBHBIX ) HAPYIIICHHH.

Kmouesvle cnosa: HelipoBoCHaICHUE, MHKPOTJIHS, [IMTOKHHBI, XEMOKHHBI, CYUITMIATEHOE TIOBEJACHUE (3a-
BEPILEHHBIN CYUIN), OMHOHYKJICOTHIHBIE TOTUMOP(PHU3MBI, KHHYPEeHUH, Tpuntodgan, NMDA

CaMoyOuICTBO — OJJHA U3 OCHOBHBIX IIPUYUH CMEP-
TH BO BCEM MuUpe. AHAJIU3 TaHHBIX O CMEPTHOCTH OT Ca-
MOYOHIICTB cpenr MOJOABIX JIoAel B Bospacte 15-24
JIET B CTpaHaX C CaMbIM BBICOKUM HHICKCOM YeJIOBeYe-
ckoro pas3Butus (ABcrpanuu, ['epmanum, Jlanuu, Up-
nanguu, Kanane, Hunepnannax, Hopseruu, Cunramnype,
CIIA, IIBeiinapun) mokasaj, 4To KakJo€ camoyOui-
CTBO B ATOM BO3pPacTHOM KOropTe€ MPUBOAUT K MOTEpE
58,8 rona xu3Hu u o6xoautcsa B 800057,87 monnmapos B
BHJE dKOHOMHUYECKUX moteps [1]. Takum obpasom, ca-
MOYOHIICTBa OCTAIOTCSI CEPhEIHON MPOOIEMOI C OTPOM-
HBIMU KOHOMHMUYECKUMHU 3aTparamu. B To xe Bpemsi BcE
qaie Mpru3Ha&Tcs, YTO CaMOyOUHCTBO — 3TO HE CTOJIHKO
COLIMAJIbHOE, CKOJBKO OHOJOIMYECKOe U MEIULUHCKOE
sBJIEHUE. B CBSI3U C 3TMM B ISTOM M3/1aHUU aMEpHKaH-
CcKOoro JlMarHocTU4ecKoro CTaTHUCTUYECKOrO PYKOBOJ-
CTBa IO MCUXUYECKUM paccTpoicTBam (DSM-V) cynnm-
nanpHoe mosenenue (CII) paccmarpuBaercs Kak OT-
JeIbHOE TcuXu4yeckoe paccTpoiictBo [2]. Cuuraercs,
9T0 TATO()HU3MOIOTHUECKHAE TPOIECCH], MPUBOAAIINE K
Helpoouonornueckoit nuchynkuuun u CII, onocpenosa-
Hbl IMMYHHOW CUCTEMOM. DTH MPEANOJIOKEHUs TPUBEIU
K TOSBJICHHUIO OOJIBIIOT0 KOJMYECTBA JMTEPATyphbl, B
KOTOPOW TOBOPHUTCS O TOM, YTO BOCIAJICHHE Mepudepu-
YECKOM M ILEHTPAJIbHOM HEPBHOM CHUCTEMBI CBA3aHO C
CII [3]. Ognako poib BOCHANHUTENBHBIX MPOLIECCOB B
paszsutuu CII u ero Tpanchopmauu B CynuuuJanbHyIO
MOMBITKY WM 3aBEPIIEHHBIN CyuIuj OCTaéTcsi Malo-
M3Y4YEHHOW 00JacThIO /JIi OTEYECTBEHHBIX HCCIIe0Ba-
TeJIeH.

Suicide is one of the leading causes of
death worldwide. An analysis of data on
suicide deaths among young people aged
15-24 in countries with the highest human
development index — Norway, Australia,
Switzerland, Germany, Denmark, Singa-
pore, the Netherlands, Ireland, Canada and
the United States — showed that every sui-
cide in this age cohort results in a loss of
58.8 years of life and costs $800,057.87 in
economic losses [1]. Thus, suicide remains
a serious problem with enormous economic
costs. At the same time, it is increasingly
recognized that suicide is not much of a
social rather a biological and medical phe-
nomenon. In this regard, in the fifth edition
of the Diagnostic Statistical Manual of
Mental Disorders — DSM-V — suicidal be-
havior (SB) is considered as a separate
mental disorder [2]. The pathophysiologi-
cal processes leading to neurobiological
dysfunction and SB are believed to be me-
diated by the immune system. These as-
sumptions have led to a large body of liter-
ature suggesting that inflammation of the
peripheral and central nervous system is
associated with SB [3]. However, the role
of inflammatory processes in the develop-
ment of SB and its transformation into a
suicide attempt or completed suicide re-
mains a poorly studied area for domestic
researchers.
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Llenv oanmnoti pabomel — CUCTEMaTHU3UPOBATH CBE-
JICHUS. O POJH IIMTOKMHOB U BOCHAIUTEIHHBIX XEMOKH-
HOB B IpOLIECCaX TPAHCISIIIMA T€HOMHBIX Je(EKTOB B
CIL

VYenexu B 00acTH HEWPOOHOJIOTHH, TEHETUKU H
MIPOTEOMUKH TIOCTIEIHUX NECATUICTUN NMPUBENU K apry-
MEHTHPOBAaHHOMY TIPEATOJIOKEHHIO, YTO, BO3MOXKHO,
OCHOBHOW NMPUYMHON TICHXUYECKUX HAPYIIEHUH BOOOIIE
u CII B yacTHOCTH, SBISIETCS XPOHUUECKOE BSIOTEKYIIIEe
HEHpoBOCHaJIeHUe, HHIYLHUPOBAHHOE HAKOIJICHUEM B
reHoMe OOJIBHOTO OHOHYKJICOTHIHBIX TOIUMOP(HU3MOB
TCHOB, SIBISIOLUIUXCA CTPYKTYPHBIMH TE€HaMU OEJIKOB-
IUTOKMHOB BOCHAJICHUS W/WIU PETYJTUPYIOUINX HX
Tpancisiiuio [4, 5], mubo paccrasnsromux B JIHK nato-
JIOTHYECKHE DIUTCHOMHBIE METKH [6, 7, 8], mubo rena-
MU, DKCIPECCHsI KOTOPBIX KOMIIPOMETHPYET I'eéMaTOdH-
nedanmueckuit 6aprep (I'96) [9, 10, 11, 12]. B nacros-
mee BpeMsi IKCIPECCUIO MPOBOCHATUTEIBHBIX ITUTOKH-
HOB B Makpo(}aromnogoOHbIX KIETKaX MW MUKpPOTJIHH B
TOJIOBHOM MO3re TPSMO CBS3BIBAIOT C OOJIE3HEHHBIM
(ne3amantuBHbIM)  ToBeAeHuem  [13].  TlepBuunbiit
HacllelyeMblil 1e()eKT ATUX TE€HOB MOKET HHUIUHPO-
BaThCS CPEIOBBIMH (DAKTOpaMH, TAKUMH KaK: BUPYCHBIC
uHpexuu (Jaile, mo-BUIUMOMY, BHYTPUYTpPOOHOE, pe-
e TPWKU3HEHHOE, WHOUIIMPOBAHNE BUPYCOM TPHIIIIA,
reprneca | m 2, nuroMmeranoBupyca, OnureiHa-bapp,
perpoBupyca u Bupyca bopna [14, 15]), oOpaszoBanue
antuten kK NMDA-penentopam [16], Tokcoruiazmo3s [17],
kueynbie uHpekuu [18], kypenue [19] u koMoHeH-
Thl (OeH3(a)mupen) TabayHoro AsiMa [20], KOMIOHEHTHI
HEKOTOPBIX BUIOB ajKorouys (Hampumep, abceHt) [21],
NeUINT JIUTUSL B TUTHEBOU BoJiE [22] M amUMEHTapHBIN
neguuut xonexanbiudepona [23], auyHBIE, T€HYHHHO
CBOMCTBeHHbIE [24] 1 BocnUTaHHBIEC (B TOM YHCIIE COIHU-
QJILHOW CpeJoi) YepThl JIMYHOCTH (M30BITOYHAS] IMOIIH-
OHAJILHOCTh, ArpeCcCUBHOCTb IOBEACHHUS, PAHHUE JIET-
CKHE€ TpaBMbl, HO HE HeJaBHUU cTpecc [25]), xpoHHue-
CKMe WucTomammue 3aboneBanus (MHPEKIIMOHHO-
BOCTIAJIMTEIBHOTO TEHEe3a, TepPMHUHAJIbHAsi OHKOMATOJO-
THsl) ¥ COIHMAbHO-YKOHOMHYECKOE HEeOJIaromnoiydne
[26]. Kypenue Tabaka, mO-BUIMMOMY, MOXKET SIBIATHCS
npsiMol npuunHOM HeMpoBocnanenus [27]. [IpuobGpe-
TEHHBIA ayTOMMMYHHBIN 3HIIE(ATUT, HAIPUMED, MOKET
nproOpeTaTh YepThl, CBOMCTBEHHBIE ayTH3MY [28].

B wactrOCcTH, cBsS3p CII ¢ BocmajzeHHMEM MOXKHO
MIPOJIEMOHCTPHUPOBATh PE3yJIbTaTOM MeTa-aHanmm3a S.P.
Neupane u coast. (2023), ocHoBaHHOM Ha 36 Hcciemno-
BaHMIX, BKITtoUaBmux 2679 vemnosek ¢ CII u 6839 cy0Ob-
€KTOB CPaBHEHMS, Y KOTOPHIX KOHTPOJIUPOBAIHU YETHIPE
OroMapkepa IUla3Mbl KPOBHU, CBSI3aHHBIX C MMMYHHTeE-

The aim of this work is to systematize
information about the role of cytokines and
inflammatory chemokines in the processes
of translation of genomic defects in SB.

Advances in neurobiology, genetics
and proteomics in recent decades have led
to reasonable speculation that perhaps the
root cause mental disorders in general and
SB in particular, is a chronic sluggish neu-
roinflammation induced by the accumula-
tion in the patient’s genome of single-
nucleotide polymorphisms of genes that are
structural genes of inflammatory cytokine
proteins and/or regulate their translation [4,
5], or that place pathological epigenomic
marks in DNA [6, 7, 8], or genes whose
expression compromises the blood-brain
barrier (BBB) [9, 10, 11, 12]. Currently, the
expression of pro-inflammatory cytokines in
macrophage-like cells and microglia in the
brain has been directly linked to disease
behavior [13]. The primary inherited defect
of these genes can be initiated by environ-
mental factors, such as: viral infections
(more often, apparently, intrauterine, less
often intravital, infection with influenza
virus, herpes 1 and 2, cytomegalovirus,
Epstein-Barr, retrovirus and Born virus [14,
15]), formation of antibodies to NMDA
receptors [16], toxoplasmosis [17], intesti-
nal infections [18], smoking [19] and com-
ponents (benzo(a)pyrene) of tobacco smoke
[20], components of some types of alcohol
(for example, absinthe) [21], lithium defi-
ciency in drinking water [22] and nutritional
deficiency of cholecalciferol [23], personal,
genetically characteristic [24] and nurtured
(including by the social environment) per-
sonality traits (excessive emotionality, ag-
gressive behavior, early childhood trauma,
but not recent stress [25]), chronic debilitat-
ing  diseases  (infectious-inflammatory
origin, terminal cancer pathology) and so-
cio-economic disadvantage [26]. Tobacco
smoking appears to be a direct cause of
neuroinflammation [27]. Acquired autoim-
mune encephalitis, for example, can acquire
features characteristic of autism [28].

In particular, the association of SB
with inflammation can be demonstrated by
the result of a meta-analysis of S.P.
Neupane et al. (2023), based on 36 studies,
including 2679 people with SB and 6839
comparison subjects, who monitored four
plasma biomarkers associated with immuni-
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toM: C peaktuBHbiii 6en0k (CPB), unrepneiikunsl IL-6
IL-1B, daxtop Hekposa omyxonu (TNF-o). CII Owuio
cBsi3aHO ¢ Oosee BeicOkUM ypoBHeM CPB B kpoBu mo
CPaBHEHUIO C JIUIAMU 3I0POBOM KOHTPOJIBHON TPYMIIBI
(crammaptuzoBanubie cpexanue pasnuuus (CCP) =1,42,
95% J1=0,85-1,98); mamueHTsl TOJIBKO C Jempeccueit
(CCP=1,23, 95% J1N=0,20-2,26); 1 maneHThl C JFOObI-
MU ncuxudeckumu paccrpoiicteamu (CCP=0,39, 95%
JIN=0,22-0,55). [1na3amenHbie KOHIICHTpauuu [L-6 ObLIN
BhilIe y nanueHtoB ¢ CII mo cpaBHEHHIO CO 30pOBOM
KoHTposbHOM rpynnoi (CCP=1,13, 95% JA1=0,45-1,82)
W TI0 CpaBHEHHWIO C Ticuxudecku OompHBIMH Oe3 CII
(CCP=0,22, 95% JAN=0,11-0,33]). I[lpu mnposeneHun
METa-perpecCMOHHOr0 aHajiu3a M aHalau3a MOATPYII
ObUIO yCTaHOBJIEHO, YTO MOBBILICHHBIH ypoBeHb CPb y
nanuenToB ¢ CII B nepByto odepenb 00yCIOBICH HEJaB-
Hel monbITKoM cyuuuaa [29]. Hanuuue cBsizu mexay
CII n nna3mMeHHBIMU KOHIEeHTpawmsiMu [L-2, IL-6, IL-8,
TNF-o. u VEGF (3HDOTeIHambHbIA (PaKTOp pocTa cocy-
JI0B) y OOJBHBIX C OOJBIIUM AETIPECCUBHBIM MCHUXO030M
apryMEeHTUPOBAaHO B pe3yjbTaTe MeTa-aHanusza 42 moi-
HOTEKCTOBBIX CTaTell, BBIIENEHHBIX W3 BBIOOpKH B 125
ny6nukanuit [30]. /L-6 panee Obul MIEHTU(UIMPOBAH
Kak Helporpoduueckuit ¢akrop [31]. VEGF, Taxxe
M3BECTHBIN Kak (aKkTop MPOHULAEMOCTH COCY/IOB, YBE-
nuuuBaeT nponunaemocts ['Db [32]. Craructuueckoe
3HAYUMOE YMEHBIICHHE €ro KOHIEHTpaluu B IUIa3Me
KPOBH B COYETAaHWU C HU3KUMHU KOHIEHTPAIIUSIMHU B KPO-
BU [L-2 ObUI0 OOHAPYKEHO Yy CYUIIMICHTOB B COTIOCTaB-
JIEHUH ¢ KOHTposibHbIME Jinniamu [33]. Kak undopmarm-
ouHblil nurany TNF-o paboraet B 1ByX (opmax — pac-
TBOPUMOH (CBOOOJIHO TPHUCYTCTBYET B MEKKIETOUHOM
MPOCTPAHCTBE) M TpaHCMeMOpaHHbIH ((ukcupoBaHHAs
¢dopma KIETOYHOI MeMOpaHbl) U UMEET, KAk MUHUMYM,
nBa penenrtopa (TNF-RI1 n TNF-R2, nuddepeniumanbHo
HKCHPECCUPYIOTCS M PETYIMPYIOTCS Ha Pa3HBIX THIAX
KJIETOK) 1 juranaHas ¢popma TNF-a. Takas perymarop-
Has cucTeMa co3JaéT «(pyHKIHOHAIBHYIO MHO)KECTBEH-
HOCTb» [34].

Takum 00pa3om, U3MEHEHUs cTaTyca Helpomeaua-
TOPHBIX CUCTEM — HapylleHUs: oOMeHa JodaMuHa, u3Me-
HeHne adduuuTeTa NOGAMHUHOBBIX M CEPOTOHHHOBBIX
penenTopoB, aKTUBHOCTH MOHOAMHUHOOKCH/Ia3 U KaTeXo-
JokcuMeTHaTpaHcdepassl — n3ydaemMblx B XX B. Kak
0a30BbIE€ NPUYMHBI PA3BUTHUS MIU30(PPEHNHU, OUTIOISPHO-
IO paccTpoicTBa JUYHOCTH, CYMIMIAIBHOIO U JPYIHX
BUJIOB JIEBUAHTHOTO TOBEJCHHUS — OKAa3aJUCh BTOPHY-
HBIMH MapKepaMH HU3KOYPOBHEBOTO HEHPOBOCHAJICHUS
[35].

Hcnonb30BaHNe B COCTABHOM TEPMHUHE «HEWPOBOC-

ty: C reactive protein (CRP), interleukins
IL-6 and IL-1p, tumor necrosis factor (TNF-
a). SB was associated with higher blood
levels of CRP compared with healthy con-
trols (standardized mean differences (SMD)
=1.42, 95% CI=0.85-1.98); patients with
depression only (SMR=1.23, 95% CI=0.20-
2.26); and patients with any mental disorder
(SMR=0.39, 95% CI=0.22-0.55). Plasma
concentrations of IL-6 were higher in pa-
tients with SB compared with healthy con-
trols (SRR=1.13, 95% CI=0.45-1.82) and
compared with psychiatric patients without
SB (SRR=0.22, 95% CI=0.11-0.33]). Meta-
regression and subgroup analyze found that
elevated CRP levels in patients with SB
were primarily driven by a recent suicide
attempt [29]. The connection between sui-
cidality and plasma concentrations of /L-2,
IL-6, IL-8, TNF-a and VEGF (vascular en-
dothelial growth factor) in patients with
major depressive psychosis was substantiat-
ed as a result of a meta-analysis of 42 full-
text articles isolated from a sample of 125
publications [30]. /L-6 was previously iden-
tified as a neurotrophic factor [31]. VEGF,
also known as vascular permeability factor,
increases the permeability of the BBB [32].
A statistically significant decrease in its
concentration in the blood plasma in combi-
nation with low blood concentrations of /L-
2 was found in suicide victims compared
with control individuals [33]. As an infor-
mation ligand, 7NF -a works in two forms —
soluble (freely present in the intercellular
space) and transmembrane (fixed form of
the cell membrane) and has at least two
receptors (TNF-RI and TNF-R2, differen-
tially expressed and regulated on different
cell types) and the ligand form of TNF-o.
Such a regulatory system creates “function-
al multiplicity” [34].

Thus, changes in the status of neuro-
transmitter systems — disturbances in dopa-
mine metabolism, changes in the affinity of
dopamine and serotonin receptors, the activi-
ty of monoamine oxidases and cate-
choloxymethyltransferase — studied in the
20th century as the main causes of the devel-
opment of schizophrenia, bipolar personality
disorder, suicidal and other types of deviant
behavior — turned out to be secondary mark-
ers of low-level neuroinflammation [35].

The use of the concept “inflammation”
in the compound term “neuroinflammation”
at present may cause confusion and misun-
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NaJICHUE» MOHATHS «BOCIIAJICHNE» B HACTOALIEE BPEMS Y
CHELUAINCTOB, HE HAXOIAIINXCS B TEME, MOXKET BBI3BATh
HeZoyMeHHe U HernoHumanue. [loaromy, mpexzae uem
aHAJIM3UPOBATh MyOJIMKAIIUHY, JOKA3bIBAIOIINE POJIb HEH-
poBocniasieansi B reHeze ClI, HEOOXOIUMO MOHSATH, YTO
HEWPOBOCTAJICHHE 3TO OCOOBIM BHJI BOCHAIUTEIHLHOTO
mporiecca, MPOTEKAroIIero B HEPBHOM cUCTeMe, OTINYa-
IOLIMICS OT M3BECTHOTO BCEM KIIACCHMYECKOTO BOCTAaje-
HUSI, 3aIlyCKAaeMOro aKTHUBAalMEH WHIYyIHNOEIbHBIX LHK-
JIOOKCUI'€Ha3 C MOCJIEAYIOIINM CUHTE30M Kackaja ayTa-
KOUJIOB BOCHAJICHHUS] — MPOCTArjaHIWHOB, JIEUKOTpUE-
HOB, KMHUHOB U JIp., BBI3BIBAIOIIUX OCTPYIO BOCIAJIH-
TEJIbHYIO0 PEAKIIHUIO.

[TepBoe, uTO HEOOXOIUMO MOHATH, JHOOOE BOCTAJIe-
HUE — 3TO MHOTOKOMIIOHEHTHBIH MpOIecC, MPOTEeKaro-
MK BO BPEMEHU M TPEXMEPHOM MPOCTPAHCTBE OpraHa,
TE€YEHUE KOTOPOr0 MEHSETCs B MpOLecce peanu3aluu B
pe3ynbTaTe B3aMMOJEHCTBUS 30POBBIX KIETOK U MEX-
KJICTOYHOT'O MPOCTPAHCTBA ¢ MEAMATOpaMM BOCHAJICHUS
U BBI3BAHHOTO BOCHAJICHHEM H3MEHEHHUEM TPEXMEpPHOU
CTPYKTYpBI OpraHa U ero TKaHeid BCIICACTBUE H3MEHEHHUS
KIIETOYHOTO cOCTaBa (THOEIb KIETOK BCIIEACTBUE HEKPO-
32 U MECTHOM aKTHBAIMU amNOINTO3a, aKTUBAIMS TPOJIH-
(depanmu KIETOK TpPEeIIIeCTBEHHUKOB, MUTpAIs Mak-
podaros, pubpobIACTOB, OTEKA U T.M.) U CTPYKTYPHOU
pEeopraHu3anuy COeIMHUTENILHON TKaHW B O04are BOCTa-
JICHHsI, YTO NPUBOJIUT K HapylIeHHIO (yHKUUHU. B ro-
JIOBHOM MO3T€ BIIMSHHE BOCHAIUTEIHHOTO Tpolecca Ha
€ro TPEXMEPHYIO OPTaHU3AIMIO TPUBOIUT K HAPYIICHUIO
MIPOIIECCOB HEMPOILIIACTUYHOCTH, JACATEIbHOCTH KOHHEK-
ToMa' B 1I€I0OM, BBIIEICHHS, TPAHCIOPTA M yJaIeHHS
HEHpOMEeNaToOpOB, M3MEHEHHIO CKOPOCTH uXx audpdy-
3un. Ecnm BocnanuTenbHOE HapylieHne QyHKIMH Tpo-
HCXOJIUT B TOJIOBHOM MO3T€, TO 3TO HEMHUHYEMO JO0JDKHO
MIPUBOJIUTH K U3MEHEHHIO MOBEJICHHS BCIEJICTBHE HApy-
LIEHUS] MBIIUICHHS, aJ€KBAaTHOCTH CO3HAHHUS B LEJIOM,
YTO NPUBOAMUT K HEBEPHBIM YMO3AKIIOUEHHUSIM U U3Me-
HEHUIO JIOJITOCPOYHBIX ¥ CHFOMHHYTHBIX TIOBEJIEHIECKHIX
aKTOB, peaH3aIysi KOTOPBIX B ATOJIOTHYECKOM BHUE HE
Obu1a OBl BO3MOXHOM MU (PU3UOTIOTHIECKOM (PYHKIHO-
HUPOBAHUU FOJIOBHOTO MO3ra.

Hetiposocnanenue — onpeoenenue. JIo 90-x rr. XX
BEKa MOJl 3TUM TEPMUHOM MOHUMAIHU OOBIYHOE BOCHAJIe-
HHE, IPOTEKarllee B HEPBHOU cucteMe. To ecTs, Tep-
MHUH OTpaxkaJl MOP(OJIOTHYECKYIO JIOKAJIH3AIHUI0 BOCTIA-
JUTEIBHOTO Mporecca u He Ooznee. OgHako, 1Mo Mmepe
M3YYCHHS BOCTIAJMTEIHHBIX MPOIECCOB HEPBHOW CHCTE-
MBI CTaJO SCHO, YTO HEHPOBOCHAJIEHUE OTIMYACTCA OT

derstanding among specialists who are not
in the know. Therefore, before analyzing
publications proving the role of neuroin-
flammation in the genesis of SB, it is neces-
sary to understand that neuroinflammation
is a special type of inflammatory process
occurring in the nervous system, different
from the well-known classical inflammation,
triggered by the activation of inducible cy-
clooxygenases with the subsequent synthesis
of a cascade of inflammatory autacoids —
prostaglandins, leukotrienes, kinins, etc.,
causing an acute inflammatory reaction.

The first thing you need to understand
is that any inflammation is a multicompo-
nent process that occurs in time and three-
dimensional space of the organ, the course
of which changes during the process of im-
plementation as a result of the interaction of
healthy cells and intercellular space with
inflammatory mediators and changes in the
three-dimensional structure of the organ and
its tissues caused by inflammation due to
changes cellular composition (cell death due
to necrosis and local activation of apoptosis,
activation of proliferation of progenitor
cells, migration of macrophages, fibroblasts,
etc.) and structural reorganization of con-
nective tissue at the site of inflammation,
which leads to dysfunction. In the brain, the
influence of the inflammatory process on its
three-dimensional organization leads to
disruption of the processes of neuroplastici-
ty, the activity of the connectome' as a
whole, the release, transport and removal of
neurotransmitters, and changes in the rate of
their diffusion. If an inflammatory dysfunc-
tion occurs in the brain, then this should
inevitably lead to a change in behavior due
to a violation of thinking, the adequacy of
consciousness in general, which leads to
incorrect conclusions and changes in long-
term and momentary behavioral acts, the
implementation of which in a pathological
form would not be possible in a physiologi-
cal functioning of the brain.

Neuroinflammation — definition. Until
the 90s of the 20" century, this term was
understood as a common inflammation oc-
curring in the nervous system. That is, the
term reflected the morphological localization
of the inflammatory process and nothing
more. However, as the inflammatory pro-
cesses of the nervous system were studied, it

! Tonuas cTpykTypa HelpoHHBIX cBs3eil B HepBHOI cucteme / The complete structure of neural connections in the nervous system.
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KJIaCCMYECKH NOHMMaeMoro Bocnasenus. Ilo 3toil npu-
YHHE COJep)KaHHe TepMHUHA CTajo MEHAThCs. B kmaccu-
YEeCKOM MOHMMAaHUU BOCHAJIEHHWE — 3TO peaklus TKaHen
Ha JTI000€ MOBPEKICHUE C yIacTHEM JICHKOIIMTOB U Oell-
KOB IUIa3Mbl, MOCTYMNAKOUMX B OYar HOBPEXACHUS U
00€eCTIeYnBAONINX PErapaTUBHO-PEreHEePAaTUBHBIN MPO-
nece. To ecTp, 3TO B3aMMOIEHCTBHE MEXKIY CHCTEMHBIM
U MECTHBIM BPOXIEHHBIM HMMYHHUTETOM, OXBAThIBAIO-
OIMM BIHUTEIHANIbHbIE Oapbhepbl, TKAHEBBIE (HaroIUThI
(makpodarn u HEHTpOo(WIbI), LHUPKYJIUPYIOLIUE ACHI-
PUTHBIEC KIIETKH, IUTOJIUTHYECKUE TUM(OUIHBIEC KICTKH
U MHO>XECTBO XEMOKHHOB, IIUTOKHHOB M MHTEP(HEPOHOB
(o6bryHO — TNF-a, IL-1p, IL-6, natepdepon-ramma /FN-
y) [36]. Ilpu HelipoBOoCHalleHUd AaKTUBHPYIOTCS COO-
CTBEHHBbIE MMMYHHBIE KJIETKH TOJIOBHOTO MO3Ta — MHK-
pOTJIHS M TIOTOMY OHO TMPEICTABISIET COO0H OCOOBIN BHL
ayToUMMYyHHoOro 3aboneBanusi. HeilipoBocnanenue, kak
ayTOMMMYHHAas NIaTOJIOTHUS, B LIEJIOM TPOTEKaeT Oe3 yda-
cTHA T-KJIETOYHOTO OTBeTa W (HOPMHPOBAHUS KIIOHA
B-num¢pounToB, NPOAYIUPYIOMUX aHTUTENA K KJIETKaM
roJ0BHOTO Mo3ra. C 3TUM C yCIIEXOM CHPAaBISETCS MUK-
pOTHs, IPEBPAIIAIOIIASCS TIPU AJIbTEPALIMHA B KOJIOHUIO
Makpodaros [37, 38]. [loaTomy B HacTosIiee Bpemst MO
TEPMHHOM HEHPOBOCHAJICHHE TOHUMAIOT W3MEHEHHE
HEHPOMMMYHHOI'O CTaTyca HEPBHOM CHCTEMBbI, BbI3BaH-
Hoe akTuBauueil mukporiuu [39]. Ho Takas TpakToBKa
3TOrO MpoLEecca HE HAXOIUT MOHUMAaHUS Y OOJIbIINHCTBA
CHEIMAITUCTOB, HEMOCPEACTBEHHO HE CBS3aHHBIX C TEMa-
TUKOH HEHWPOJEreHEPATUBHBIX NpoLEeccOB. B cBsa3u ¢
9TUM, HEKOTOPBIE aBTOPHI CYUTAIOT TEPMHUH «HEUPOBOC-
MAJICHUE» CKOMIIPOMETHPOBAHHBIM, TIOCKOJIBKY HCTOPHU-
YecKH OH C(OPMHPOBAJICS, KOTrJa TOJA HelpoBocmae-
HUM M0JIpa3yMeBaJld MPOCTO BOCHAIUTEIbHBIA MPOLIECC
B HEPBHOMW CUCTEME, MPOTEKAIOIIUN C yYaCTHEM LIMKIIOK-
CUT€HA3HON CHUCTEMBbI U MPOM3BOJIHBIX 3MKO30TETPACHO-
BOH KkucioThl. Kak M3BeCTHO, OH peanu3yercss mpH yda-
CTHHM MUKPOTJIMH, a KIIACCHYECKHE MeIUaTOpPhl BOCTIaJie-
HUS, TaKUe KaK MPOCTATIaHIUHBI, JICUKOTPUEHBI U Me-
JMaToOpbl XeMOTakcuca Makpodaros u ¢pudpo01acToB —
HE SIBJISIIOTCS] BEyIUMHU (paKTOpaMu HEWPOBOCHAJICHUS.
OTO OTJIMYaeT MaToreHe3 KJIaCCHUYECKH MOHUMAeMOro
BOCTIQJIMTEIIBHOTO TIPOLiEcca OT TOro, YTO HaOJI0gaeTcs
NP aJbTepaIiid HEPBHOW CHUCTEMBl. AHAIN3 MHKPOYH-
OB TIOCMEPTHON KOPBI TOJOBHOTO MO3Ta MAIMEHTOB C
0one3Hbi0 Anblreiimepa, 6onesnpto [lapkuncona, namu-
€HTOB C MM30(peHNe U NalMeHTOB C BOCHAIUTEIbHbI-
MU 3a00JIEBaHUSMU HE BBISIBUJI HUKAKUX CBSI3€H MEXKIY
KJIACCUYECKHUM BOCIAJICHHEM U HelpoBocnaneHuem [40].
bonee Toro, popmansHOE OmpenesicHHe TepMUHA «HEU-
POBOCIIAJICHHE» U COIIACOBAHHBIE KPUTEPHM €r0 OIpe-

became clear that neuroinflammation differs
from classically understood inflammation.
For this reason, the content of the term began
to change. In the classical sense, inflamma-
tion is a tissue reaction to any damage with
the participation of leukocytes and plasma
proteins entering the site of damage and
providing a reparative and regenerative pro-
cess. That is, it is an interaction between
systemic and local innate immunity, involv-
ing epithelial barriers, tissue phagocytes
(macrophages and neutrophils), circulating
dendritic cells, cytolytic lymphoid cells and a
variety of chemokines, cytokines and inter-
ferons (usually TNF-a, IL-15, IL-6, interfer-
on-gamma [FN-y) [36]. Neuroinflammation
activates the brain's own immune cells, mi-
croglia, and therefore represents a special
type of autoimmune disease. Neuroinflam-
mation, as an autoimmune pathology, gener-
ally occurs without the participation of a
T-cell response and the formation of a clone
of B -lymphocytes that produce antibodies to
brain cells. Microglia successfully copes with
this, turning into a colony of macrophages
during alteration [37, 38]. Therefore, the
term neuroinflammation is currently under-
stood as a change in the neuroimmune status
of the nervous system caused by activation of
microglia [39]. But this interpretation of this
process does not find understanding among
most specialists who are not directly related
to the topic of neurodegenerative processes,
and therefore, some authors consider the
term “neuroinflammation” to be compro-
mised, since historically it was formed when
neuroinflammation was simply meant as an
inflammatory process in the nervous system,
proceeding with the participation of the cy-
cloxygenase system and eicosotetracnoic
acid derivatives, while it is realized with the
participation of microglia, and classical me-
diators of inflammation, such as prostaglan-
dins, leukotrienes and mediators of chemo-
taxis of macrophages and fibroblasts, are not
leading factors of neuroinflammation, which
distinguishes the pathogenesis of the classi-
cally understood inflammatory process from
that, which is observed during alteration of
the nervous system. Analysis of microarrays
of postmortem cerebral cortex of patients
with Alzheimer's disease, Parkinson's dis-
ease, patients with schizophrenia and patients
with inflammatory diseases did not reveal
any links between classical inflammation and
neuroinflammation [40]. Moreover, a formal
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neneHus He cGopMmysnpoBaHbl. To €cTh, TPAaHULBI TEp-
MHHA U €T0 COJIepKaHue He ompeaeneHsl. [1o aToit npu-
YHHE, P4l aBTOPOB, COO0IIasi 0 KaKUX-TO MaTO(PHU3HOI0-
TMYECKUX U KJIETOYHBIX 3(pdexTax HelpoBocHaleHus,
HMMEIOT B BHUJy KJIAaCCHYECKOE BOCHAJIeHUE (ambTeparus,
aKTUBUPYIOIIAsl IMKIOOKCUTE€HA3HYI0 cuctemy u 7-
KJICTOYHBIA OTBET), a PsAA OPYTHX — HEHUPOMMMYHHBIN
npouecc (aKTUBALMs MUKPOIJIMH, MPOIYLHUPYIOIIEH Lu-
TOKHHBI BOCTIAJICHUSI — HEKOTOPbIe MHTEPICHKHUHBI, (pak-
TOp HEKpO3a OMYXOJIH, HEKOTOpbIe UHTEP(HEPOHBI U JIp.),
HO 00a BOCHAJIMTEIBHBIX IMPOLIECCa, pealn3yeMble pas-
HBIMH OHOJIOTUYECKUMH MEXaHU3MaMH, MNPOTEKalT B
HepBHOU cucteme [41]. Cienyer 3aMeTUTh, YTO MPOIYK-
Thl LIMKJIOOKCUI€Ha3HOW CUCTEMbI (IIpOCTarjaHAWHbI U
JIEHKOTPUEHBI), TO-BUIUMOMY, HE BIUSIOT HA MPOLECCHI
MOBEJICHUSI W MBILUICHUS, TOrZa KaK MpPOAyLHpyEeMbIe
MUKPOTJIHEH ITUTOKUHBI BOCMIAIICHUSI UMEIOT Psif IIIeio-
TPOMHBIX A(PQPEKTOB, B TOM YHUCIE, IOBEIEHUYECKHUX.
Hanpumep, B skcnepumente [L-6' u IL-1f y wmblmeit
(dhopMHUpOBaIN ACTPECCUBHOIOIO0HBIC (eHOTUTBI [42].
[Ipu paccTpoiicTBaXx ayTHCTUYECKOro CIEKTpa OOHapy-
JKEHBI MOBBIICHHbIC KOHUeHTpatwu TNF-a, I[L-4, [L-21,
¢dakrop aktuBanuu B-mumdonntoB (BAFF) w uHAyUu-
pOBaHHOE UMHU BsUIOTEKYlllee HelipoBocnanenue [43, 44].
B cBs3u ¢ yka3aHHBIMU BBINIE TPHUYUHAMH, TEPMUH
«HEWPOBOCHAJICHNE)» TPEIaracTcsi 3aMEHUTh HOBBIM
TEPMUHOM — «rJonatumy [45].

B cBoro ouepeabp TepMUH IIMONaTHs TaK K€ TOYHO
HE ONpEeJeNEH U TpaKTyeTcs MO0 oYeHb MHPOoKo: «Jlro-
00e CcOCTOsHME, 3aTparuBarollee TIJaBHBIM 00pa3om
TJIMI0, OOBIYHO TOHUMAaeMoe KaK JT0OpOKadueCTBEHHOE)
[46], — m10O0 TmpuUMeEHseMOe B OYEHb Y3KOM CMBICIIE:
«TepMuH TIMONMATHS TPEMTIOKEH JUISI OMMCAHUS JTUC-
(YHKIMOHATBHON M HEaJaNTUBHOW PEaKIMU TIIHATBHBIX
KJIETOK, B YaCTHOCTU aCTPOLIMTOB U MUKPOIJIMU, HA TO-
BPEXKJIEHUE HEPBHOU CHCTEMbI, KOTOPOE MHHULIUUPYETCS
BHE3AIHbIM BbI3BaHHBIM TPAaBMOI MOBBIIIEHUEM BHEKIIE-
TOYHOM KOHIIEHTPAIMH TIIyTamara...», — KOHeIl UTaThl
[47]. Torma xak, HCXOS W3 U3JI0KECHHOTO BBIIIIE, TTOHAT-
HO, YTO HEWPOMMMYHHOE BOCIAJICHHE 3aITyCKaeTcs He
TOJIBKO OJJHMM TJIyTaMaToM, Kak 3TO CUMTAJIOCh paHee, U
[NIyTaMaTHOE MOBPEXKIECHUE MPHU 3TOM IMPOLECCE MOKET
MMETh MECTO, HO 3TO JAJEeKO HE OCHOBOIOJAraroIui
nporiecc.

Takoli moApoOHBIN pazdop TEPMUHOIOTHYECKUX
HIOAHCOB HEOOXOJMUM I TIOHUMaHUs, 94TO TOWCK TeHe-

definition of the term “neuroinflammation”
and agreed criteria for its definition have not
been formulated. That is, the boundaries of
the term and its content are not defined. For
this reason, a number of authors, reporting
some pathophysiological and cellular effects
of neuroinflammation, mean classical in-
flammation (an alteration that activates the
cyclooxygenase system and T-cell response),
and a number of others — a neuroimmune
process (activation of microglia producing
inflammatory cytokines — some interleukins,
tumor necrosis factor, some interferons, etc.),
but both inflammatory processes, realized by
different biological mechanisms, occur in the
nervous system [41]. It should be noted that
the products of the cyclooxygenase system
(prostaglandins and leukotrienes) apparently
do not affect the processes of behavior and
thinking, while inflammatory cytokines pro-
duced by microglia have a number of plei-
otropic effects, including behavioral ones.
For example, in an experiment, /-6’ and IL-
1 formed depressive-like phenotypes in
mice [42]. Increased concentrations found in
autism spectrum disorders TNF-a, IL-4, IL-
21, B-lymphocyte activating factor (BAFF)
and low-grade neuroinflammation induced
by them [43, 44]. In connection with the
above reasons, the term “neuroinflammation”
is proposed to be replaced by a new term —
“gliopathies™ [45].

In turn, the term gliopathy is also not
precisely defined and is interpreted either
very broadly: “Any condition affecting main-
ly glia, usually understood as benign” [46],
or used in a very narrow sense: “The term
gliopathy is proposed to describe dysfunc-
tional and maladaptive response of glial
cells, in particular astrocytes and microglia,
to damage to the nervous system, which is
initiated by a sudden injury-induced increase
in extracellular glutamate concentrations... ”
— end of quote [47]. Whereas, based on the
above, it is clear that neuro-immune inflam-
mation is triggered not only by glutamate
alone, as was previously thought, and gluta-
mate damage may occur during this process,
but this is far from the fundamental process.

Such a detailed analysis of terminolog-
ical nuances is necessary to understand that
the search for genetic correlates of any

! [L-6 akTUBUpYET CUTHAIBHBIN MyTh, BKItOUaromuil 6enku JAK/STAT u xapakrepusyrouumiics cnenuduueckoi netnéii orpuua-
TEJILHOW 00paTHOI CBSI3H, OKa3bIBAEMOIl IIUTOINIA3MATHYECKIM OEJIKOM-CYIIPEecCOpOM IUTOKMHOBOH curHanm3anuu-3 / IL-6 acti-
vates a signaling pathway involving JAK/STAT proteins and characterized by a specific negative feedback loop exerted by cyto-

plasmic suppressor of cytokine signaling protein-3 (SOCS3) [48].
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TUYECKUX KOPPEJATOB KaKHX-JIMOO CIIOKHBIX ITOBEJIEH-
YECKHMX aKTOB, TaKMX Kak, Hanpumep, CII u 3aBepén-
Hble CyHIUABI TpeOyeT OJHO3HAYHOTO MOHMMAaHUS — C
4YeM Mbl HIIEM accoluaTuBHbIE CBsA3M. Iloatomy ecim
IPaHULBl U COEPKAHUE TEPMUHA OJHO3HAYHO HE OIpe-
JIeTICHbI, HET U He MOXKET ObITh OOHAPY)KEHUSI OJJTHO3HAY-
HBIX aCCOIMAINI KaKUX-JIMOO TeHHBIX MOJIUMOP(HHU3MOB
¢ CII. Tem He MeHee, OTACIbHBIC U3BECTHBIC 3BEHbBS ITO-
ro Ipoluecca, HapuMmep, FeHeTUYeCKU OO0YyCIIOBICHHAs
TUIeppeaxiys MUKPOIJIMM B BUJIE€ IIepexo/ia YacTH Kie-
TOK B TATOJIOTHYECKYIO (hopMy MakpodaroB 6e3 SBHBIX
BHEIIHUX AJTbTEPATUBHBIX CTUMYJIOB C ()OPMHUPOBAHHEM
BSJIOTEKYIIETO BOCTIAIICHUS, BIIOJHE MOXET OBbITh CBsI3a-
Ha ¢ OOJbBIICH YacTOTOW CYWIIUJOB y HOCHUTENCH STHUX
aJlIeNIeH.

Emeé onHa CII0)KHOCTh TIOHMMAaHUsI HEHPOMMMYHHO-
IO BOCHAJIEHUS C Y4aCTUEM MUKPOIJIUM COCTOUT B TOM,
YTO UMMYHHAasl CUCTEMA U €€ LIUTOKUHOBBIE, U XEMOTaK-
CHUYeCKue OEJKOBBIE PETYJSATOPbl B HEPBHOW CHCTEME
SBIISIIOTCSL 3JIEMEHTOM (DU3UOJIOrHYecKoro MHpopMarm-
OHHOrO0 OOME€Ha, TO €CThb, NMPUCYTCTBYIOT BCEerJa M MX
oOHapy>KeHHe HE CBUJETEIbCTBYET O HAIWYMU I1aTOJIO-
ruueckoro npouecca. Ilatonornueckuii ayTOMMMYyHHBIN
Ipoliecc B HEPBHOM cHCTEMe HauMHAETCs TOTAa, KOrja
KOJIMUYECTBEHHbIE MapaMeTpbl OEJNKOBBIX PETYJIATOPOB
BBIXOJIAIT 32 TpeAeibl (GU3UOIOrHYECKIX KOHIIEHTpAIUN
[49, 50, 51].

[To-BumumMomMy moz1 HEeHpoBOCTIAIEHUEM (TIHOTATH-
eil) ciexyeT MOHMMATh MPOLECC aKTHBALMHU YaCTH KIle-
TOK MHKPOIJIMU C UX TpaHchopmanmell B Makpodaru u
ayTOMMMYHHOM peaklMel B OTHOLIEHUH HE TOJBKO Ia-
TOJIOTUYECKH HW3MEHEHHBIX, HO U HOPMaJIbHBIX HEHpo-
HOB, MPOTEKAIOUIMI C BBIJIEICHUEM HEHPOMEANATOPOB,
MMMYHHBIX ¥ MPOBOCHAIUTENbHBIX [IMTOKUHOB B KOJIU-
YeCTBaX, MPEBHIMIAIONINX KOHIEHTPAMH (U3N0IOTHYe-
CKOTO PEeryJUpOBaHUs, B TOM YHCIIE TAKUX KaK MPOCTa-
rnanaud E, okenn azora u apaxupoHoBasi kucnota [52],
HE 3aBEpUIAIOIIMICS 10 MEpe HCUYEPIaHUs 3alUTHOU
HEO0XO0UMOCTH, ¥ IOTOMY IPOTEKAIOLINH B BUJE BSUIO-
ro, JJUTEIbHOIO BOCHANEHUs 0e3 SIBHOW SIPKOW KIIMHH-
yeckoi cumnTomMaTuky. C NMO3ULUI COBPEMEHHOTO 3Ha-
HUSI MOJKHO JTyMaTbh, YTO TaK ce0sl BeIET KJIOH KJIETOK C
M3HAYaIbHO U3MEHEHHBIM T€HOMOM.

HeiipoBocnanenne MoxeT OBITh 3amyIIeHO U 0e3
ydacTHs MATOJOIMYECKMX OJHOHYKJICOTUIHBIX MOJIH-
MOpGU3MOB — MH(EKLUUAMHU, UYEPENHO-MO3TOBBIM TpaB-
MaMH, BO3JEHCTBUEM TOKCHUHOB, B TOM UHCJIE JHJIOTCH-
HOro OMOJOrMYEeCKOro MPOMCXOXKAEHUs, MUHIYLUPOBAB-
IIMX KJIACCUYECKOE BOCHAJIECHHE B JIPYTMX 4YacTAX Tela,
0COOCHHO TIpH CKoMIIpoMeTupoBanHoM [ Db (reHymHHO

complex behavioral acts, such as, for exam-
ple, SB and completed suicides, requires an
unambiguous understanding of what we are
looking for associative connections with.
Therefore, if the boundaries and content of
the term are not clearly defined, there is no
and can be no detection of unambiguous
associations of any gene polymorphisms
with SB. However, certain known links in
this process, for example, a genetically de-
termined hyperreaction of microglia in the
form of the transition of some cells into the
pathological form of macrophages without
obvious external alterative stimuli with the
formation of low-grade inflammation, may
well be associated with a higher frequency
of suicides in carriers of these alleles.

Another difficulty in understanding
neuroimmune inflammation with the partic-
ipation of microglia is that the immune sys-
tem and its cytokine and chemotactic pro-
tein regulators in the nervous system are an
element of physiological information ex-
change, that is, they are always present and
their detection does not indicate the pres-
ence of a pathological process. The patho-
logical autoimmune process in the nervous
system begins when the quantitative param-
eters of protein regulators go beyond physi-
ological concentrations [49, 50, 51].

Apparently, neuroinflammation (gliop-
athy) should be understood as the process of
activation of some microglial cells with
their transformation into macrophages and
an autoimmune reaction in relation to not
only pathologically altered, but also normal
neurons, occurring with the release of neu-
rotransmitters, immune and proinflammato-
ry cytokines in quantities exceeding physio-
logical concentrations. regulation, including
prostaglandin E, nitric oxide and arachidon-
ic acid [52], which does not end when the
protective need is exhausted, and therefore
occurs in the form of sluggish, prolonged
inflammation without obvious bright clini-
cal symptoms. From the standpoint of mod-
ern knowledge, one can think that a clone of
cells with an initially changed genome be-
haves this way.

Neuroinflammation can be triggered
without the participation of pathological
single nucleotide polymorphisms — by in-
fections, traumatic brain injuries, exposure
to toxins, including endogenous biological
origin, which induced classical inflamma-
tion in other parts of the body, especially
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WA B PE3YyJbTAaTe BHEIIHMX BO3JCHCTBUN, KaK paHee
MIPEILIECTBOBABIINX, TaK M BBI3BAHHBIX CHUIOMUHYTHO).
Hanpumep, HelipoBocnaneHue UrpaeT periarilyr poib
B pa3BuTuu Oonie3Hu AnwireiiMepa. Ho mpu sTom Heii-
poBocrasieHue npu OoJjie3HH AJblreiiMepa OJHOBpE-
MEHHO BOBJIEKAET NepupepruvecKyr0o UMMYHHYIO CUCTE-
MY, 9YTO MOXET CIIOCOOCTBOBAThH JICIICHUIO JIEHKOIIUTOB U
ykopouenuto tesnomep [53]. To ecThb, MexIy HEHPOBOC-
MAJIEHUEM U BOCHAJIMUTEIBHBIM IPOLIECCOM, MPOTEKAr0-
MM Ha nepudepun, A0JDKEH CyLEeCTBOBaTh HEKUH pe-
TYJSTOPHBIA MHTEpdeiic, o0ecneunBaomuil TuHaMIYe-
CKO€ B3aMMOJIEHCTBHE 3THX JABYX THUIIOB BOCHAJICHMS.
ABTOpaMH 3TOrO HCCIIEIOBaHHUSA OOHAPYXEHO, 4YTO Y
OOJIHBIX C BBIPAKEHHBIMH KOTHUTHBHBIMU HapyIICHUS-
MU IIpU J€MEHIMH AJBLUIeMepOBCKOro TUIA ObUIM ca-
Mble HU3KHE YPOBHU [L-I[5, 00ycClOBIEHHbIE HATUIUEM
ammenss C rs16944 [L-1f [53]. CBsa3b pucka pa3BUTHS
Oone3nn AunblreiiMepa ¢ KJIETKaMH MUKPOTJIUH, BUIH-
MO, OOyCIIOBIIEHa TEM, YTO TE€HETHYECKHUM (PAKTOPOM,
3aIyCKAOLIUM 3Ty IMaTOJIOTHUIO, SIBIISIETCS KCIPECCUPY-
eMbIH KJIETKaMH MUEJIOUIHON JIMHUM TPaHCMEeMOpaHHBIN
peuenrop CD33 [54, 55].

Ecnu onHMM U3 KilacCCMYECKUX NMPU3HAKOB BOCTIase-
HUSl BOOOILE sIBJISETCS HapylleHue (yHKIUH, TO U HEH-
POBOCHIAJIEHUE TaKXKE JOJDKHO CONPOBOXKIATHCS HApy-
menueM (yHkimu. Ho, MOCKOIbKY KOHTHHYYMOM 3TOTO
BOCHAJICHUS SBIJIIETCS HEPBHAs CUCTEMa, TO BBbI3BAaHHOE
HelpoBOCHIaJIeHUEM HapylleHHe (YHKIUH HMEET CBOU
0COOEHHOCTH. DTO HapylIeHHWe MBIIIJICHUS B IIEJIOM,
accoluanuii, dSMOLMN, NMPUHATUS PEIICHUM, IEHCTBUIL.
[Toaromy y koro-To HelipoBocnaneHue OyneT MposBIsATh
ce0st paccTpoiicTBaMU ayTHCTUYECKOTO CIIEKTPa, y KOT0-
TO — MM30(peHNYEcKOro [56], y KOro-To ACIpPEeCCUBHOTO
[57], y KOro-T0 AENTMHKBEHTHBIMH HAPYIIEHUSIMHU IOBE-
nenus [58], a 'y koro-to — CII, 4To 0ueBHIHO 3aBUCUT OT
HCXOIHOTO COCTOSIHMSI TE€HOMa, OOJIACTH IIpenuMylie-
CTBEHHOTO MOBPEKICHUS YYacTKa TOJIOBHOTO MO3Ta,
HAJIMYUSl BHEIIHUX JIOTIOJHUTEIbHBIX (PaKTOPOB, B TOM
Yuclie B BUJE BOCHHUTAHHBIX COLMAJIbHBIX MPUHIIUIIOB.
To ecTb, ecnu MpllLIEHHE 310POBOr0O MO3ra U OpMUPY-
€MO€ UM TOBEJICHNE HOCAT B LIEJIOM alalTUBHBIA Xapak-
TEep, TO IPU HEHPOBOCHAICHUH MBIIIJICHUE U TTOBEJICHHUE
(KaK WHTETpaIbHOE TMPOSBICHUE MOBPEKIAEHHBIX (YHK-
U MO3ra) CTaHOBSTCS J1€33AANTHBHBIMU U TpaHCQOp-
MUPYIOTCS B MATOJOTUYECKHE MOBEJACHYECKUE U KIUHU-
yeckue penorunsl. Ilpu cmemenun ¢opm HeipoBocna-
JICHUSL TO JOJIKHO HPOSIBIATH ce0s1 OouiblIel 4acTOTOM
CYHLUJOB CPEIU JIMIl C PA3JINYHBIMU IICUXUYECKHUMH
HapyIICHUSMH, YEM B IMOIYJISAINH, YTO ¥ HAOJII0JaeTCs B
JNEHCTBATEILHOCTH.

when the BBB is compromised (genuinely
or as a result of external influences, as pre-
viously preceding and caused immediately).
For example, neuroinflammation plays a
critical role in the development of Alzhei-
mer's disease. But at the same time, neu-
roinflammation in Alzheimer’s disease sim-
ultaneously involves the peripheral immune
system, which can contribute to the division
of leukocytes and shortening of telomeres
[53]. That is, between neuroinflammation
and the inflammatory process occurring in
the periphery, there must be some regulatory
interface that ensures the dynamic interaction
of these two types of inflammation. The au-
thors of this study found that patients with
severe cognitive impairment in Alzheimer's
type dementia had the lowest levels of IL-1
due to the presence of the C allele rs16944
IL-1 B [53]. The association of the risk of
developing Alzheimer's disease with micro-
glial cells is apparently due to the fact that
the genetic factor that triggers this pathology
is the transmembrane receptor expressed by
cells of the myeloid lineage CD 33 [54, 55].
If one of the classic signs of inflamma-
tion in general is dysfunction, then neuroin-
flammation should also be accompanied by
dysfunction. But since the continuum of this
inflammation is the nervous system, the
dysfunction caused by neuroinflammation
has its own characteristics. This is a viola-
tion of thinking in general, associations,
emotions, decision-making, and actions.
Therefore, for some, neuroinflammation
will manifest itself as autism spectrum dis-
orders, for some — as schizophrenic [56], for
some — as depressive [57], for some — as
delinquent behavior disorders [58], and for
some — as SB, which obviously depends on
the initial state of the genome, the area of
predominant damage to the brain region,
and the presence of external additional fac-
tors, including in the form of educated so-
cial principles. That is, if the thinking of a
healthy brain and the behavior formed by it
are generally adaptive in nature, then with
neuroinflammation, thinking and behavior
(as an integral manifestation of damaged
brain functions) become maladaptive and
are transformed into pathological behavioral
and clinical phenotypes. When the forms of
neuroinflammation are mixed, this should
manifest itself in a higher frequency of sui-
cides among individuals with various men-
tal disorders than in the population, which is
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OCHOBHBIMU
cuuTaroT [59, 60]:

1) BeICBOOOXKIEHHE MenuaTOpoB BocniasieHusi: TNF-
a, IL-1f n IL-6 — xomnpometupytot ['DB, uto

2) yBeIWYMBAET MPOHUIIAEMOCTh COCYJIOB, a 3TO
olOyeruaer

3)  JeWKOUMUTaApHYIO
MOPaXKEHHSI, UHAYLUPYIOLTYIO

4) akTHBALIMIO KJIETOK HEUPOTJINH.

O4eBHUIHO, YTO HE3ABUCUMO OT OCTPOTHI IpoIiecca B
T000M CiTydae NMpH HAJUYUU COOTBETCTBYIOIIMX H3Me-
HEHUI TeHOMa HEWpOBOCIAJICHHE MOYKET BECTH K (op-
MHUPOBAHHIO CYUIUIATBHOTO (DEHOTHIIA C COOTBETCTBY-
FOIUM (PUHAIIOM.

Tpancopmayus muxpoeruu 6 makpogazu. Muxkpo-
TN — KJIETKU ME30JepMabHOTO MPOUCXOXKICHUS, U3-
HAYaJIbHO MPEJICTABIISIOMNE CO00M Makpodaru xKenrou-
HOro Memika. B ¢u3nonornyeckux ycioBusix chopmu-
POBaBILIETOCS TOJOBHOTO MO3Tra BBIMOJHSIOT (YHKIUIO
pe3uaeHTHBIX Makpodaros [61, 62], a UX YKCIIO COCTaB-
nset 10-15% Bcex kieTok romoBHoro mosra [63]. Mx
OOBIYHOHN (QyHKIHMEH sABIseTcd Moau(UKALMI U ycTpa-
HEHUE CHUHAIITUYECKUX CTPYKTYp [64], a Takke pemojie-
JIMpOBaHUE HEUPOHHBIX ceTel [65]. DT KIIETKH Ha paH-
HUX JTanax SMOPHUOHAILHOTO PAa3BUTHUS MOSBISIOTCS Y
BCEX BUJIOB IO3BOHOYHBIX W HEOOXOAMMBI Ha PAHHUX
aTamnax pa3BUTUS TOJOBHOIO Mo3ra [66]. X konmnyuecTBO
3aBHCHT OT KOHIIGHTPAIlMM B TKAaHAX TOJIOBHOTO MO3Ta
uHTepneiikuna [L-34 [66]. [lomynsuusi KI€TOK MHUKpPO-
TJIMKM 3[JOPOBOTO MO3ra TeTepOreHHa, HO 3TOT BOIPOC
HAXOJWTCS B HAYaJILHOHM cTanuu m3ydeHws. Cumraercs,
YTO B HETMOBPEKAEHHOM MO3T€ MUKPOTJIHS HAXOIUTCS B
coctossHuM M2 KINeTok (pa3BeTBIEHHBIC KIETKH), OCY-
HIeCTBISIIONMX  (DyHKIMIO  Hedponporekiuu. Jlrobas
anpTepanys BBI3BIBACT TpaHCPOpPMAIMIO B  MaKpo-
¢daransayro M1 Gopmy (amMEOOMIHBIE KIIETKH), pPeav-
3YIOIIYI0 Tporecc HerpoBocnanenus [67, 68]. M3mene-
Hue M1/M?2 denornna MUKpOTIIUH SBISETCS B3aMMOOO-
paTUMbIM U MEPETEKAEMbIM MPOLECCOM, HO MOKET CMe-
AThCS B MOJIB3Y Mpeodnaganus ogHod u3 dopm [69].
[Tponiecc tpanchopmarum M2>M1 MOXKET 3amycKaThCs
u ynpasisatees Heliponamu [70, 71]. Tpanchopmanms
MUKpoTIiH B heHoTUTT M BBI3bIBaeTCS HHTEPHEPOHOM-
ansa (IFN-a) u TNF-a, a B penotun M2 — uHTEpICH-
kuHamu [L-4, IL-13 w IL-25 [72, 73, 74]. IIpu atom M1
¢bopMa cTaHOBUTCS aMEOOMAHON M TMOdy4aeT Crocoo-
HOCTb aKTHBHO MEpPEeMELIaThCsl B MEKHEUPOHHBIX MpO-
cTpaHcTBax [75].

Takum 00pa3oM, MHKpPOTJIHS — 3TO POJCTBEHHBIE
MHUEIOUIHOMY POCTKY KJIETKH C BPOKIAEHHON (pyHKITHEH

KOMIIOHCHTaMH HeﬁpOBOCHaJICHHSI

WHQWIBTPAIIMIO ~ oYara

actually observed.

The main components of neuroin-
flammation are considered [59, 60]:

1) release of inflammatory mediators:
TNF-a, IL-1§ and IL-6 — compromise the
BBB, which

2) increases vascular permeability,
which makes it easier for

3) leukocyte infiltration of the lesion,
inducing

4) activation of neuroglial cells.

It is obvious that, regardless of the se-
verity of the process, in any case, in the
presence of corresponding changes in the
genome, neuroinflammation can lead to the
formation of a suicidal phenotype with a
corresponding ending.

Transformation of microglia into mac-
rophages. Microglia are cells of mesoder-
mal origin, initially representing macro-
phages of the yolk sac. Under physiological
conditions of the formed brain, they per-
form the function of resident macrophages
[61, 62], and their number makes up 10-
15% of all brain cells [63]. Their usual
function is the modification and elimination
of synaptic structures [64], as well as the
remodeling of neural networks [65]. These
cells appear in all vertebrate species at early
stages of embryonic development and are
essential in the early stages of brain devel-
opment [66]. Their number depends on the
concentration of interleukin /L-34 in brain
tissue [66]. The population of microglial
cells in the healthy brain is heterogeneous,
but this issue is in the early stages of study.
It is believed that in the intact brain, micro-
glia are in the state of M2 cells (branched
cells), which perform the function of neuro-
protection. Any alteration causes transfor-
mation into the macrophage M [ form
(amoeboid cells), which implements the
process of neuroinflammation [67, 68]. The
change in the M1/M2 phenotype of micro-
glia is a reciprocal and fluid process, but
can shift in favor of the predominance of
one of the forms [69]. The process of trans-
formation M2 — M1 can be triggered and
controlled by neurons [70, 71]. The trans-
formation of microglia into the M I pheno-
type is caused by interferon-alpha (/FN-a)
and 7TNF-a, and into the M2 phenotype by
interleukins /-4, IL-13 and IL-25 [72, 73,
74]. In this case, the M I form becomes
amoeboid and gains the ability to actively
move in the interneuron spaces [75].
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Makpo(haroB, HaXOAALINECS B PE3UACHTHOM COCTOSHHHU B
YCIIOBHAX (PU3HOJIOTUYECKOTO COCTOSIHUS M TIEPEXOsi-
e B GopMy MOABMXKHBIX MakpogaroB MpH 3THOJIOTHU-
YeCKH JIF00O0H ajbTepalii roJI0OBHOIO Mo3ra. JTOT Mpo-
LIECC B TOM YHCIIE yNpaBisieM HeHpoHaMH, CJie10BaTellb-
HO HEWPOHBI, UIMEIOILIME TeHETUYEeCKHe e(EeKThI, MOTYT
3amyckath Tpancopmammo M2>M] 6e3 TOTOTHUTEb-
HBIX BHEUIHMX TPaBMATHU3HMPYIOIIUX CTHUMYNax. DyHK-
uust M MUKPOTTIUHM, KaK M y BCSKHX Makpodaros, —
YHUUYTOXKEHUE UYKEPOIHBIX (MH(EKIMOHHBIE Tena) U
COOCTBEHHBIX MOBPEXKAEHHBIX KJIETOK (HeipoHoB). Kak
u mo0as Apyrasi CaHOT€HHas peakius, TpaHchopManus
M2>M1 moxetr ObITh U30BITOUHOM, TO €CTh, (OPMHUPO-
BaThb CTOMKOE XPOHUYECKOE ayTOMMMYHHOE BocIaje-
HUE.

Cyuyuowr u wuetiposocnanerue. CBs3b CYULUTOB C
HEeHpoBOCHaJIeHWEM B HAcTOsIIEe BpeMs HCCIe0BaHa
JOCTaTOYHO MMPOKO. Tak, nmpu cpaBHeHuU 24 noapoct-
KOB-)KE€PTB CaMOYOMMCTB U 24 COOTHOCUMBIX IO TOJY U
BO3pacTy HOPMaJbHBIX KOHTPOJBHBIX CyOBEKTOB ycCTa-
HOBJIEHO, YTO y JKEPTB CYHLUAA IO CPABHEHHUIO C HOp-
MaJIbHBIMU KOHTPOJIBHBIMH cyOBeKTamu B 30He bpoama-
Ha 10 (mpedpoHTaNbHAs KOpa) ObLIa 3HAYUTEIIBHO TIO-
BhieHa skcnpeccust MPHK, 7TNF-o u MHTepIIeNKHMHOB
IL-1p, IL-6 [76]. B pe3ynbrate Meta-ananuza 187 moi-
HOTEKCTOBBIX CTaTE€il BBISBIICHA CBSI3b MEXKIY CYHIIH[IA-
MU U TPOBOCHAJIUTEIbHBIMU LUTOKMHAMH B OpPOUTO-
(bpoHTaNbHOI KOpe, O0JIACTH MO3ra, Y4acTBYIOLIEH B
CYMLUJAIBHON YSI3BUMOCTH, KaK 3TO CUUTAIOT aBTOPBI
MeTa-aHanu3a. Takke BbISBICHA CBA3b MEXAY CyMIHMIa-
MH, MHUKPOTJIMO30M ¥ AaKTUBAIMEl MOHOIIMTapPHO-
MakpodaranpHoi cuctembl [77]. IlpoBocmanutensHbIe
IUTOKHHBI MOTYT BIUSTh Ha (PYHKIIMK MO3Ta U TMOBEJe-
HUE, B3aUMOJCHCTBYA C 1) rumorasamo-runopusapHo-
HAJMIOYEYHUKOBOW OChIO W  2) UWHAOJNAMHH-2,3-
JMOKCUreHa30i. B mepBoM ciyyae HUTOKHHBI Hebiaro-
MPUSITHO MEHSIOT KOHLIEHTPALMIO KOPTH30J1a, YTO OKa-
3BIBAET MaryOHOe BO3/ICHCTBHE HA HEWPOHBI. Bo BTOpom
— aKTHBalMsig WJIM WHTHOMPOBAHHWE WHIOJIAMHUH-2,3-
JMOKCUTEHA3bl MEHSET MEeTa00JIM3Ma CEPOTOHWHA U BBI-
paboTKy HEHpOaKTHBHBLIX BeliecTB [78]. BonbmmMHCTBO
HCCJIEIOBaHUI accoUMalil MUKPOTJIMHM C CyHUIHIaMU
oOHapyxuno cBsi3b Mexay CII u ypouamu /L-2, [L-6,
IL-8, TNF-a.u VEGF [79]. llo xpaitHeit Mepe B OTHOIIIE-
HUU [L-8 TIOKa3aHO, YTO TEHETHUECKUN TIOTMMOPPHU3M B
npoMoTopHOil obmactu IL8 A251T, mpeamecTByOMMN
CTapTOBOMY KOJIOHY, Yallle BCTPEUAJICS Y KCHIIUH, ITbI-
TaBIIUXCS COBEPIIMTH CYUIMJ, a >KCHIIUHBI HOCUTENU
amnens 7, umenu 0osiee BHICOKYIO CTENIEHb TPEBOKHOCTH
[80].

Thus, microglia are cells related to the
myeolide lineage with the innate function of
macrophages, which are in a resident state
under physiological conditions and transform
into the form of motile macrophages during
etiologically any alteration of the brain. This
process is also controlled by neurons. There-
fore neurons with genetic defects can trigger
the transformation M2>M1 without addition-
al external traumatic stimuli. The function of
M1 microglia, like that of any macrophages,
is the destruction of foreign cells (infectious
bodies) and their own damaged cells (neu-
rons). Like any other sanogenic reaction, the
transformation M2>M1 can be excessive,
that is, it can form persistent chronic auto-
immune inflammation.

Suicide and neuroinflammation. The
relationship between suicide and neuroin-
flammation has now been studied quite
widely. Thus, when comparing 24 adoles-
cent suicide victims and 24 sex- and age-
matched normal control subjects, it was
found that in suicide victims, compared
with normal control subjects, the expression
of mRNA, TNF-o and interleukins was sig-
nificantly increased in Brodmann area 10
(prefrontal cortex). IL-1f, IL-6 [76]. A me-
ta-analysis of 187 full-text articles found an
association between suicide and proinflam-
matory cytokines in the orbitofrontal cortex,
a brain region implicated in suicidal vulner-
ability, according to the authors of the meta-
analysis. A connection has also been identi-
fied between suicide, microgliosis and acti-
vation of the monocyte-macrophage system
[77]. Proinflammatory cytokines can influ-
ence brain function and behavior by inter-
acting with 1) the hypothalamic-pituitary-
adrenal axis and 2) indoleamine 2,3-
dioxygenase. In the first case, cytokines
adversely change cortisol concentrations,
which has a detrimental effect on neurons.
In the second, activation or inhibition of
indoleamine 2,3-dioxygenase changes the
metabolism of serotonin and the production
of neuroactive substances [78]. Most studies
of microglial associations with suicide have
found associations between suicidality and
levels of IL-2, IL-6, IL-8, TNF-o. and VEGF
(vascular endothelial growth factor A) [79].
At least for /L-8, it has been shown that
genetic polymorphisms in the /L-8 promoter
region A 251 T, preceding the start codon,
was more common in women who attempt-
ed suicide, and women are carriers of the
allele 7 had a higher degree of anxiety [80].
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Otnanénasle Mop(doJoTHYECKUE TOCIEACTBUS aK-
TUBallMM MUKPOIJIMM B BHUAE BBIPAXKEHHOIO TIJIM03a
HAOIOIAIOTCSL Y KEPTB CYUIUAA B JOpCOJIaTepaIbHON
peQpOHTATLHOU KOpe, MepeIHed TOICHON M3BWINHE U
MeraaopcaibHoM Tanamyce [81].

[TpuBen€HHBIX BBIIIE (PAKTOB MOCTATOYHO IS TO-
ro, 4TOOBI CeNaTh BBIBOJ, YTO IPOLECC AKTHUBALIUU
HelipoBocnanenus, ¢popmupytouiero CII, nmeer MHO-
roNeTIeBON XapakTep. B goka3aTenbCTBO 3TOr0 MOXKHO
npuBecTy eni€ psa ooHapykeHHbIX (akToB. Hanpumep,
WCCIICIOBAHNE B BUCOYHOMU JIOJI€ CaMOyOMMAIl dKCIpec-
cun NPAS4', XmoueBOTO perynsTopa BOCHANCHHS H
HEUPONPOTEKLMH, BBISIBUWIO 3HAYUTEIBHOE CHI)KECHHE
9KCIIPECCHUU 3TOTO TeHa y cyuiuaeHToB. [lpu s3Tom Obl-
Jla BbISIBJIEHA 3HAYUTEJbHAS CBSI3b MEXKAY METHIMPOBA-
HueMm reHa NPAS4 u skcnpeccueit NPAS4 B KOHTPOIb-
HOM rpyIie, 4ero He HabII01aI0Ch y JUI] C 3aBepUIEH-
HBIM CYHMLIHMJIOM. ABTOpBI MOCYUTAIH, YTO OTCYTCTBHE
Koppemsinun Mexny metunupoanueM JJTHK u sxcnpec-
cueit NPAS4 sBasieTcs NOKa3aTeJbCTBOM HapyIIECHUS
peryisiuuu HEWpPOMpPOTEKLIUH, OCYILECTBIISIEMOM
NPAS4. Kpome TOro, y MOrHOMIMX CYUIIUJICHTOB aBTO-
pBl OOHAPYKWIIM ABE TPYIIBI T€HOB, KIIOYEBBIM PETy-
JATOPOM KOTOphIX siBisiercsi NPAS4, xoropble B pe-
3yJbTaTe METUJIMPOBAHUS ObLIN: 1) 3KCIPECCUPOBAHBI:
ARPC2?, CX3CLI*?, PSMB2*, RNF41°, RSF1°, SPN' u
USP14® — accomuupoBaHbl C BOCHANEHHEM M HMMYH-
HBIM OTBeTOM; 2) penpeccupoBanbl: GRIK2®, NDRG4',

Long-term morphological consequences of
microglial activation in the form of pro-
nounced gliosis are observed in suicide vic-
tims in the dorsolateral prefrontal cortex,
anterior cingulate cortex and mediadorsal
thalamus [81].

The above facts are sufficient to con-
clude that the process of activation of neu-
roinflammation that forms SB is multi-loop
in nature. A number of other discovered facts
can be cited as proof of this. For example, a
study of the expression of NPAS4!, a key
regulator of inflammation and neuroprotec-
tion, in the temporal lobe of suicide victims,
revealed a significant decrease in the expres-
sion of this gene in suicide victims. At the
same time, a significant relationship was
identified between methylation of the NPAS4
gene and NPAS4 expression in the control
group, which was not observed in individuals
with completed suicide. The authors consid-
ered the lack of correlation between DNA
methylation and NPAS4 expression to be
evidence of dysregulated neuroprotection
exerted by NPAS4. In addition, in deceased
suicide victims. The authors found two
groups of genes, the key regulator of which
is NPAS4, which, as a result of methylation,
were: 1) expressed: ARPC2?, CX3CLI’,
PSMB2*, RNF41°, RSF1°, SPN” and USP14®
— associated with inflammation and immune
response; 2) repressed: GRIK2’, NDRG4',

I NPAS4 — Genok 4 neiiponansHOro nomena PAS (anrn. Per-Amt-Sim nomen), paxrop Tpanckpunuun PAS — motus u3 270 amu-
HOKHCIIOT, OTIOCPEYIOIINH B3aUMO/ICHCTBHE PA3NUYHBIX (PaKTOPOB TpaHCKpUMIUHU u3 cemeiictBa PAS / neuronal PAS domain
protein 4 (eng. Per — At — Sim domain), PAS transcription factor — motif from 270 amino acids mediating interaction various
factors transcriptions from families P.A.S.

ARPC2 — reH koMIDIeKCHOH cyObeInHHIBI 2/3 OenKa, CBA3aHHOI C aKTHHOM, YYacTBYeT B MOJMMepH3ain akTiuHa / the gene for
the complex subunit 2/3 of the actin-associated protein is involved in actin polymerization.

CX3CL1 - reH ¢paxrankuHa, Takxke H3BecTHOro kak xeMokuH (MotuB C-X3-C) muranpg 1, obecrieunBaeT MHIPaLUIO KIETOK
mukporiui / fractalkine gene, also known as chemokine (C-X3-C motif) ligand 1, mediates microglial cell migration.

PSMB2 — ren cyObenMHHULEI IPOTEacOMBI O6eTa 2-To THIa, pacieruiieTr nentuasl B AT®/yONKBUTHH3aBUCHMOM IIpoIiecce 110
HeJIM30COMalIbHOMY IyTH / is a type 2 proteasome subunit gene that degrades peptides in an ATP/ubiquitin-dependent process via
the non-lysosomal pathway.

RNF41 — ren youksutus-ipotenHkimurassl E3 NRDP1, ¢ynkuus ve ompenenena / gene E3 ubiquitin protein ligase NRDP1,
function undetermined.

RSF1 — ren ¢akropa pemMoaeTMpoBaHus U MHTEPHAIM3ALMHU 1, yyacTByeT B penpeccuu TpaHckpumnuuu / remodeling and internali-
zation factor 1 gene, is involved in transcriptional repression.

SPN — ren cuanodopuHa (v seiikosuanus, uiun CD43), ocHOBHOH CHANIOTIIMKONIPOTEHH Ha OBEPXHOCTH T-TMMQOIMTOB Yelo-
BEKa, MOHOIUTOB, TPaHyJIOIUTOB U HEKOTOPHIX B-mmMporuros / sialophorin gene (or leukosialin, or CD 43), the main sialogly-
coprotein on the surface of human T-lymphocytes, monocytes, granulocytes and some B lymphocytes.

USP14 — ren yOukBuTHHCIIEIM(UUECKOH IMpoTeas3sl 14, pacumierursieT yOUKBHTHHOBYIO YacTh CIHMTHIX ¢ YOMKBTHHOM IIpelIe-
CTBEHHHKOB / is a ubiquitin-specific protease 14 gene that cleaves the ubiquitin moiety of ubiquitin-fused precursors.

GRIK2 — reH cyObequHUIBI 2-T0 TUIIa KAWHATHOTO MOHOTPOITHOTO PEleNnTOopa IiiyTaMaTa, yqacTByeT B MEXaHH3Me CHHANTHYe-
cKko# mactuaHocTH / is a gene for the type 2 subunit of the kainate ionotropic glutamate receptor, involved in the mechanism of
synaptic plasticity.

19 NDRG4 — reH 0HOMMEHHOrO 0elika M3 ceMeiicTBa o/ Tuaposia3, HeoOXOAUM Jis IPOrPECCHPOBAHKS KJIECTOYHOTO LUKIIA, B

2
3

4

5
6

7

8

9

JaCTHOCTH, y4acTByeT B BBDKMBAHMH NEPBHYHBIX acTpouuToB / a gene of the same name for a protein from the o/f hydrolase
family, is necessary for the progression of the cell cycle, in particular, it is involved in the survival of primary astrocytes.
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PPARD' u ZNF24* — y4acTBYIOT B HeEHpOpPa3BUTHH H
nepeade HepBHBIX UMITYJIHCOB [82].

Jlaxke MOBEpXHOCTHBIN aHanu3 QYHKIMI 3TUX T€HOB
MO3BOJIET CIIENaTh BBIBOJ, YTO U3MEHEHHE UX aKTHBHO-
CTH JOJDKHBI TPUBOAMUTH K 3HAYUTEIbHBIM HU3MEHEHUSM
Kak B3aMMOOTHOILIEHUA MUKPOTJIMU U HEUPOHOB, TaK U
HapymaTh UX HOpPMalbHOE (YHKIMOHHUPOBAHWE U MOP-
¢donoruro. Kpome Toro, u3 pe3ynbTaToB 3TOr0 HCCIEI0-
BaHUs CIIEIYyeT, YTO KPOMeE MOJUMOP(HU3MOB, ACCOILUH-
pPYEMBIX C MHIyKLHEW HEHpOBOCHAJIEHHUs I'€HOB, 4Yallle
MPOUCXOAAIINX B MPOMOTOPHON 00JacTH, M30BITOYHAS
JKCIIpeccHs MPOAYKTOB 3TUX F€HOB MOXKET OBbITh BbI3Ba-
Ha JMUTCHETUYECKUMHU PETYIATOpPaMHU, TAKUMH KaK Me-
tunupoBanue JIHK. Dnurenernueckue METKu MOTYyT Kak
HACJIE0BAaThCsl B Yepele HECKOJIbKMX MOKOJIEHHH (re-
HOMHBI UMIPUTHUHT), TaK U MOSBISATHCS BHOBb (WK
BIIEPBbIC) B TEUCHUU KU3HU. BO3MOXKHO, UTO Takoi Me-
XaHU3M MOXeT (POPMHUPOBATH CYUIMJIAIBHBIA (HEHOTUII
y JIMII, TIOJIBEPTABIINXCS CHCTEMAaTHIECKOMY JKECTOKOMY
oOparnieHuto, 0cCOOEHHO B JETCTBE, JIMOO y Il C BBI-
YUEHHOI OECTIOMOIIHOCTEIO.

MetwmpoBanne TeHa SKA2 B 3oHzae [llumina
HM450 cgl3989295 onenuBanu Ha TpEeIMET CBSI3U C
nokazatessiMu CI1 1 mocTTpaBMaTH4ECKOro CTPeCcCOBOrO
paccrpoiictBa (IITCP) B 421 oGpasne kpoBu u 61 00-
paslie CIIoHBI y ManueHToB u3 Koroptel Grady Trauma
Project (GTP). ]JlanHble JeKcaMeTa30HOBOIO CyIpec-
CHUBHOTO TecTa ObUIM OIICHEHBI I MoArpymmbl u3 209
ucneityemblx ¢ GTP. Kak oka3zanocs, MeTuinpoBaHue
SKA2? xoppenupyeT ¢ pe3ysibTaTaMH OMNPOCHHKA JET-
CKOM TpaBMBI /ISl TPOTHO3UPOBAHUS IOMBITOK CaMO-
yOmiicTBa B TE€UEHHE KU3HU U OTIOCPEIYET YA3BUMOCTh K
CII u IITCP uepe3 HapylIeHUE perysisiiud OCH TMIOTa-
JaMyc - runodus3 - HaIMOYEYHUK B OTBET Ha cTpecc [86].
OT0 nccienoBaHue ObLIO MPOJIOJKEHO aBTOpaMHU, MOKa-
3aBILKMMH, YTO MeTUInpoBaHue SKA2, olleHuBaeMoe Kak
B MaTepuaie U3 KpOBH, TaK U CIIOHBI, OKa3aJ0Ch CBs3a-
HO C UMMYHHBIM CTaTyCOM, IOCKOJIEKY KOPPEIHpPOBAIIO
C TIPOTIOPIUSAMHU KJIETOK MHUEIIOMIHOTO psifa W KOHIICH-
TpauusMu /L-6 B KOropre MAlMEHTOK C IMOCIEPOAOBOI
nenpeccueil. ABTOpbI MOCTYJIMPYIOT, YTO METHIMPOBA-
Hue SKA2 sBnsercss XopoluM OMOMapKepoM, YJIydlla-
IOLUM MPOTHO3 CYMIIMJA, U MOXET OTpakKaThb OMOJIOTHU-

PPARD' and ZNF24° — are involved in neu-
rodevelopment and transmission of nerve
impulses [82].

Even a superficial analysis of the func-
tions of these genes allows us to conclude
that changes in their activity should lead to
significant changes in both the relationships
between microglia and neurons and disrupt
their normal functioning and morphology.
In addition, the results of this study suggest
that, in addition to polymorphisms associat-
ed with the induction of neuroinflammation
of genes that often occur in the promoter
region, overexpression of these gene prod-
ucts may be caused by epigenetic regulators
such as DNA methylation. Epigenetic marks
can either be inherited over several genera-
tions (genomic imprinting) or appear again
(or for the first time) during lifetime. It is
possible that such a mechanism may shape
the suicidal phenotype in individuals who
have been systematically abused, especially
in childhood, or in individuals with learned
helplessness.

It was established that methylation of
the SKA2 gene in the [llumina HM450
probe cgl13989295 was assessed for asso-
ciation with measures of suicidal behavior
and post-traumatic suicidal disorder (PTSD)
in 421 blood samples and 61 saliva samples
from patients in the Grady Trauma Project
(GTP) cohort. Data from the dexamethasone
suppression test were assessed in a sub-
group of 209 subjects with GTP. SKA423
methylation correlates with childhood trau-
ma questionnaire scores to predict lifetime
suicide attempts and mediates vulnerability
to SB and PTSD through dysregulation of
the hypothalamic—pituitary — adrenal axis in
response to stress [86]. This study was fol-
lowed up by the authors showing that SKA42
methylation, assessed in both blood and
saliva, was associated with immune status
as it correlated with the proportions of mye-
loid cells and IL-6 concentrations in a co-
hort of patients with postpartum depression.
The authors postulate that SKA2 methyla-
tion is a good biomarker that improves the

! PPARD - ren perentopa, aktusupyemoro nponudeparopamu nepokcucom (PPARS), seasercs pakropom tparckpumnuuu / The
peroxisome proliferator-activated receptor (PPAR &) gene is a transcription factor.

2 ZNF24 — ren Genka 24 NMHKOBOTO nanbla, Gaktop Tpanckpunuuu / zine finger protein 24 gene, transcription factor.

3 Ten 6elnka, CBA3AHHOIO C BEPETEHOM U KMHETOXOpaMM 2 (XpOMOCOMHOE MojiokeHHe 17q22). EAMHCTBEHHBIH N3BECTHBIA 0HO-
HYKJICOTHIHBIN TosmMopdu3M dToro reHa rs7208505, pacnonoxeHHEIH B 3'-HeTpaHCIUPYeEMOil 001acTH, KOPPEIUpyeT C CyHIH-
JaTbHBIMH HaKJIOHHOCTSMH U TTOCTTpaBMaTHdeckuM crpeccoM / Spindle and kinetochore associated protein gene 2 (chromosomal
position 17q22). The only known single nucleotide polymorphism of this gene, rs7208505, located in the 3' untranslated region,

correlates with suicidality and post-traumatic stress [83, 84, 85].
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YECKOE COCTOSHHUE MOAYJALHUA UMMYHHOM CHUCTEMBI U
TUIOTaIaMO-TUNIO(pU3apHO-HAIIOYEYHUKOBOIM OCH, OIO-
cpenyromein CII [87]. IloBblllleHHOE METHJIMPOBAHUE
SKA2 ObII0 TOCTOBEPHO CBSI3aHO CO CHMIKCHHEM CTpeC-
COBOM PEaKTUBHOCTU KOPTHU30Ja Y 85 3/I0pPOBBIX JIOJEH,
NpOIIEAIINX  COUHANBHBIA  cTpecc-TecT  Tpuepa
(p=0,023). A cHmxenune MeTwimpoBanus SKA2 acconu-
upoBaHo ¢ nossieHueM cumnrtomoB IITCP y npencra-
BUTeNeil TOTaHACKOH BOGHHOH KOropThl (p=3,66x1077).
Torga kak BO3JeiCTBUE TPABMATHUECKOTO CTpEcca caMo
mo ce0e HE YBEIMYMBAIO MeTWIMpoBaHue SKA2
(p=6,98x107) [88].

B Be1OOpKE M3 260 cyurnuaeHToB y 43 nuil, coBep-
IIMBIIMX TOMBITKY caMoyOuicTBa 0€3 MpealecTBYIO-
IIMX JIENPECCUBHBIX HAPYIICHUH, ¥ HE UMEBIIMX IPEJ-
[IECTBYIOIIUX MOMBITOK CYHMIUIA IJa3MEHHbIe KOHIICH-
TpalUK MIHAIBHOTO (GUOPWIIAPHOrO KHUCIIOro Oenka U
Helpocrienduyeckol  9HOJa3bl  OBLIM  3HAYUTEIHHO
YBEJIMYEHBI 110 CPABHEHHIO C HE COBEPILABLIMMU CYHLHU-
Jla JINAMU KOHTPOJBHOW rpynmnbl. Torna kak KOHLEH-
Tpauuu (akTopa pocTa HEPBOB OCTABAIMCH HEU3MEH-
HBIMH. ABTOPBI CUHTAIOT, YTO IJIa3MEHHBIE KOHIIEHTpa-
UM [IHAIBHOTO (UOPWILIPHOrO KHUCIIOro Oenka u
Helpocrienuduyeckoil 5HOIA3bl 'y CYMLUUAEHTOB 0e3
MPEeIUIECTBYIOIEH CyHIIUIY NENPECCUn SIBISIOTCS Map-
KepaMH BSUIOTEKYIIero HelpoBocnaneHus [89].

WHTepecHo, 4yTO MpHU PE3UCTEHTHOH K JIEYEHMIO Jie-
NIPECCUM TPOBEIEHUE AIIEKTPOCYIAOPOKHOM Tepanuu
(BCT) cHmxkano mnoseimeHHble g0 OCT T1UIa3MeHHBIC
KOHLIEHTPAIIUH aCTPOILUTAPHBIX MapkepoB GFAP' wu
S1004%, a Taxxe CD8I° mapannenbHo O 3HAYHTETEHBIM
cHIKeHneM ypoBHel [FN-y u IL-4. Bonee Toro, Oonee
BbIcOKUE YpoBHU GFAP, S100f, CD81 u BociaauTeb-
HBIX IIUTOKHMHOB OBUIM CBSI3aHBI C Ooyiee THKETBIMU
CUMITOMaMH JIETIPECCUN M YXYAIIEHUEM KOTHUTHBHBIX
¢yukuuit [90]. ABrops! cnenanu BeiBoA, yTo DCT Mo-
KET OKa3bIBaTh IMPOTHBOBOCIIATUTEILHOE NEHCTBUE 3a
cuéT M3MEHEHHs aKTUBHOCTH acTpouutoB (puc. 1). B
npyrom uccienoBannu npumenerre ICT y 19 60apHBIX
¢ OOJIBIIMM JIETIPECCUBHBIM PACCTPOWCTBOM 3HAYUTEIb-
HO CHW)KAJIO TUIa3MEHHbIE KOHLEHTPALUU TpUnTodaHa B
mrazme kposu (p<0,05), kunypernna (p<0,01) u xuHO-

prognosis of suicide, and may reflect the
biological state of modulation of the im-
mune system and the hypothalamic — pitui-
tary — adrenal axis mediating SB [87]. In-
creased SKA2 methylation was significantly
associated with decreased cortisol stress re-
activity in 85 healthy individuals who com-
pleted the Trier Social Stress Test (p=0.023).
And a decrease in SKA2 methylation is asso-
ciated with the onset of PTSD symptoms in
representatives of a Dutch military cohort
(p=3.66x10*). While exposure to traumatic
stress itself did not increase SKA2 methyla-
tion (p=6.98x107) [88].

In a sample of 260 suicide victims, 43
suicide attempters without previous depres-
sive disorders and no previous suicide at-
tempts had significantly increased plasma
concentrations of glial fibrillary acidic pro-
tein and neurospecific enolase compared
with nonsuicidal controls. While nerve
growth factor concentrations remained un-
changed. The authors believe that plasma
concentrations of glial fibrillary acidic pro-
tein and neurospecific enolase in suicide
victims without pre-suicide depression are
markers of low-grade neuroinflammation
[89].

Interestingly, in treatment-resistant de-
pression, electroconvulsive therapy (ECT)
reduced elevated ECT plasma concentra-
tions of the astrocytic markers GFAP' and
S100p°, as well as CDS8I?, paralleled a sig-
nificant decrease in the levels of /FN-y and
IL-4. Moreover, higher levels of GFAP,
S100B, CD8I and inflammatory cytokines
were associated with more severe depres-
sive symptoms and worse cognitive func-
tion [90]. The authors concluded that ECT
may have an anti-inflammatory effect by
altering astrocyte activity (Figure 1). In
another study, the use of ECT in 19 patients
with major depressive disorder significantly
reduced plasma concentrations of trypto-
phan (p<0.05), kynurenine (p<0.01), and
quinolinic acid (p<0.001), whereas kynuren-

! Tnnanbuelii GuOPHILIAPHBIA KUCIbIH GEI0K, 06ECTIEUMBAET KIETOUHYIO KOMMYHHKALIMIO, B3AUMOJIEHCTBUE aCTPOLIUTOB C HEMpPO-
HaMHU 1 (QYHKIHOHHMpOBaHHE reMaTodHIeamndeckoro 6aprepa. ObecrieunBaer Murotnueckoe aenenue / Glial fibrillary acidic
protein ensures cellular communication, interaction of astrocytes with neurons and the functioning of the blood-brain barrier.

Provides mitotic division.

2 BesloK U3 TPYIIb KalbUUH-CBs3bIBatOIMX 6€1KkoB S100, npoayuupyeMblii KIETKAMU [JIMH, TIPEUMYIECTBEHHO aCTPOLMTaMH /
Protein from the group of calcium-binding proteins S100, produced by glial cells, mainly astrocytes.

3 Besok ceMelcTBa TETPACIIAHUHOB — GEJIKU KIETOYHON MOBEPXHOCTH, OMOCPEAYIOIIME IIEPEauy CUTHAIA U yYACTBYIOIIUX B PETY-
JSILUY Pa3BUTHSL, aKTUBALIMH, POCTA U MOJBIWKHOCTHU KiieTok / Protein of the tetraspanin family — cell surface proteins that mediate
signal transmission and are involved in the regulation of development, activation, growth and motility of cells.
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nuHOBOM kucioThl (p<0,001), Torma kak ypoBHH KHHY-
PEHUHOBOI KHUCJIOTHI B IJIa3M€ KPOBH HE M3MEHWIIHCH.
bouto oOHapykeHO, YTO COOTHOILICHHE XHHOJIUHOBAs
KHCIIOTa / KWHYPEHUHOBAsI KUCJIOTa CTATUCTHYECKU 3HA-
YUMO CHIKAJOCh y MHalueHToB, mnoiaydyaBmmx ICT
(p<0,05). Kpome Toro, Habiroaanack 3HaYMTEIbHAS 00-
paTHasi KOppEeIsuusl MEXIY TSKECTbIO CHMIITOMOB U
IUTa3MEHHBIMU KOHLEHTPALUsIMU KHHYpPEHHHA Ha HC-
xoaHOM ypoBHe (7= -0,67, p=0,002) [91].

Hecmotps Ha TO, 4TO mpuéM HHTUOUTOPOB LIUKIIO-
OKCUT€Ha3bl HHUKOI/Ia HE MCIIOJIb30BAJICS MJISl JICYCHUS
JIETIPECCUBHBIX COCTOSHUM, aHanu3 AaHHBIX FDA o mo-
004HBIX 2P eKTax JIEKapCTBEHHBIX CPEACTB C TOMOIIBIO
oHJaliH-uHCcTpyMeHTa OpenVigil 2.1 MO3BONNI BBISIBUTD,
YTO y MalUeHTOB, MOJyYaBIIUX HOYNpodeH, HATPOKCEH,
LEJIEKOKCUO WM aCTIUPHH, — HAOI0IaI0Ch 3HAYUTENLHO
MEHBIIIee KOJIMYECTBO CYUIMIAIBHBIX MBICIIEH, IO CpaB-
HEHUIO C MPUHUMABIIUMH arieramuHoder. Kpome Toro,
3HAYUTENILHO MEHBIIUE MPOSBICHUS JENpeccuu HalJIro-
JAJIACh Yy MalMEHTOB, MOIYyYaBIIUX HAIPOKCEH WMJIMU ac-
IUPUH, 110 CPaBHEHHMIO C MPUHUMABILIMMU all€TaMUHO-
(deH, HO 3HAYUTENBHO OOJNBIINE — Y TAIUEHTOB, IMOJY-
YaBIIUX [EJIEKOKCHO, 0 CPAaBHEHUIO NMPHUHUMABIIUMHE C
aneramuHogeH. IIpumenenne nlynpodeHa y KeHIIMH,
HO HE y MY)XUWH, ObIJIO CBS3aHO CO 3HAYUTEIILHO MEHb-
UM KOJIMYEeCTBOM ciyuaeB aenpeccuu [92]. Huszkyto
AQHTHUJICTIPECCUBHYIO0 U aHTUCYHULUAAIBHYIO aKTHBHOCTb
HITBC B00O111€ aBTOPBI 3TOTO HCCIIEIOBAHUS CBA3BIBAIOT
C UX HU3KUM NPOHMKHOBEHUEM Yepe3 reMarosHuedanu-
yeckuil 6apbep. Takum oOpaszom, gaHHBIE 00 Y3PPEKTUB-
Hoctu OCT u mepeuncnenusix HIIBC B oTHOmeHuu
¢dopmupoBanus CII u ero cBs3u ¢ HeHpOBOCTAJICHHEM
XOPOIIO OTIOJHSIOT APYT APyTa U TOKa3bIBAIOT HEO0XO0-
JUMOCTb U MEPCHEKTUBHOCTh MOMCKAa MPOTHUBOBOCHANIN-
TENBHBIX CPEJCTB, CIIOCOOHBIX OJOKHPOBATH HEHpPOBOC-
najieHue.

Kpome ymnoMmsiHyThIX IIMTOKMHOB B peaju3aluu
HEHpPOBOCTIAJICHUS YYaCTBYIOT XeMOKHHBI. Hampumep, B
JopcoiaTepabHON MPEPPOHTATLHON KOPE IKCIPECCHs
MPHK xemoxmaoB CXCLI, CXCL2, CXCL3 n CCL2
Obl1a 3HAYMTENBHO CHHMKEHA Y JIENPECCHUBHBIX MallleH-
ToB ¢ CII mo cpaBHeHHMIO C CyOBEKTaMHU KOHTPOJIbHOMN
rpynisl [93]. DT naHHBIE TOATBEPXKACHBI TO3HEE MPU
aHaJIM3€ IKCIPECCHU TEHOB XEMOKHHOB B MTPEePpOHTAIb-
HOM Kope 16 cyunuaeHToB W 23 JUIl KOHTPOJILHOM
TPyNIbBI, Y KOTOPBIX ObUTH OOHApPY>KEHBI 3HAYUTEIHHO
6onee Hm3kme ypoBHH Ookcrpeccun CCLI, CCLS,
CCL13,CCLI15, CCL17, CCL19, CCL20, CXCLI1I wn IL-
10, HO 3HaAuUTENbHO Ooyiee BHICOKHE YpOBHU [L-16 'y
caMOyOMHIl MO CpPAaBHEHUIO C KOHTPOJIBHOHM TIpyImoi

ic acid levels in blood plasma did not
change. The quinolinic acid/kynurenic acid
ratio was found to be statistically signifi-
cantly decreased in patients receiving ECT
(p<0.05). In addition, there was a significant
inverse correlation between symptom sever-
ity and plasma kynurenine concentrations at
baseline (r=-0.67, p=0.002) [91].

Although cyclooxygenase inhibitors
have never been used to treat depression, an
analysis of FDA drug adverse event data
using the OpenVigil 2.1 online tool found
that patients treated with ibuprofen, naprox-
en, celecoxib, or aspirin: There were signif-
icantly fewer suicidal thoughts compared to
acetaminophen. In addition, significantly
less depression was observed in patients
receiving naproxen or aspirin compared
with acetaminophen, but significantly great-
er in patients receiving celecoxib compared
with acetaminophen. Ibuprofen use in wom-
en, but not men, was associated with signif-
icantly lower incidence of depression [92].
The authors of this study attribute the low
antidepressant and anti-suicidal activity of
NSAIDs in general to their low penetration
through the blood-brain barrier. Thus, data
on the effectiveness of ECT and the listed
NSAIDs in relation to the formation of SB
and its connection with neuroinflammation
complement each other well and prove the
need and promise of searching for anti-
inflammatory drugs that can block neuroin-
flammation.

In addition to the mentioned cytokines,
chemokines are involved in the implementa-
tion of neuroinflammation. For example, in
the dorsolateral prefrontal cortex, the
mRNA expression of the chemokines
CXCLI, CXCL2, CXCL3 and CCL2 was
significantly reduced in depressed SB pa-
tients compared to control subjects [93].
These data were confirmed later by analyz-
ing the expression of chemokine genes in
the prefrontal cortex of 16 suicide victims
and 23 controls, in whom significantly low-
er expression levels of CCLI, CCLS,
CCLI13, CCL15, CCL17, CCL19, CCL20,
CXCLI11 and IL-10 were found, but signifi-
cantly higher levels of IL-16 in suicide vic-
tims compared to controls [94].

The pathways by which neuroinflam-
mation is activated can be very unexpected.
For example, there is a body of publications
that describe increased expression of cyto-
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[94].

[yt axkTHBanMu HEWPOBOCHAJIIEHUSI MOTYT OBIThH
OuYeHb HeOKuAaHHbIMU. Hanpumep, ecth MaccuB my0iu-
KallUi, B KOTOPBIX OIHUCBIBAETCS MOBBILIEHHAs KCIIPEC-
CHSI IIUTOKUHOB B NMPEPPOHTAIBHON KOpE Y KEPTB CaMo-
yOUHCTB W SKCIIEPUMEHTAJBHBIX JKUBOTHBIX, CEHCHOH-
JIM3UPOBAHHBIX U MOJBEPIraBIINXCS] BO3JEHCTBUIO MbLIb-
ubl nepeBbeB [95]. UntepecHo, uro 1,17% xeptB cyu-
uuaa mno cpaBHeHuto ¢ 0,79% aHamOTMYHONW KOHTPOJIb-
HOM TpyIIbl UIMENU B aHaMHe3e 0OpaIieHus B OOJbHULLY
[0 TOBOAY AUIEPITMM M YTO HAJIWYME AJUIEPIUU B
aHaMHe3€ IPEJCKa3bIBAIO IOBBIIICHHBIM PUCK 3aBep-
ménHoro cyunmaa. Ho, stor sddexr Obu1 orpannyen
alyeprueii, Koropas mnpuBeia K CTallMOHApHOMY Jieye-
HUI0. ABTOpPBI OTMEYAIOT, YTO aJIEPTHUsl MOBBIIIAIA PUCK
camMoyOuiicTBa TOJBKO y JHUI] O0€3 pacCTPONCTB HACTpoOe-
HUS B aHAMHE3€, TOTJla KaK OHa YCTpaHsja PUCK CaMo-
yOuiicTBa y JHMII C pPacCTPOMCTBAMH HACTPOCHUS B
aHamue3e [96]. [Ipyrue aBTOpbI COOOIIAIOT, YTO JITHJIC-
MUOJIOTUYECKUE JaHHBIE CBHUJETEIBCTBYIOT O TOM, YTO
CE30HHBIE BECEHHHE TMHKH a’pPOoaIePreHOB CBS3aHBI C
CE30HHBIMU BECEHHHMH MUKAMH CYUIHIOB. JTO TMOCIY-
KHUJIO JIJIi aBTOPOB CTHMYJIOM JIJIsi TIPOBEACHMS DKCIIe-
PUMEHTAJILHOTO HCCIIEOBaHUSI Ha OypbIX HOPBEXKCKHX
KpbICax, CEHCUOMIM3UPOBAHHBIX K a’poajuiepreHam. B
pe3ynbTaTe y KpbIC ObLJIO MHIYLMPOBAHO TPEBOKHOE U
arpeccUBHOE MOBEJCHHE, a TAKKE IKCIPECCUs reHa Xell-
nepHslx T-xierok 2-ro tuna (7h2) B npedpoHTaIbHON
kope rosnoBHoro mosra [97, 98]. Kpome Toro, 3tot *e
KOJIJIEKTMB OOHApy’>KWJI OINOCPEJIOBaHHYIO —ajulepruen
9KCIPECCHI0 IUTOKUHOB 7Th2 B opObutodpoHTaIBHON
KOpe y JKEepTB CaMOYOMICTB, a MMEHHO: Y J>KEHIIHH-
camoyOwuiill ObuTa OOHApYKEeHA TOBBIIICHHAS YKCTIPECCHUS
IL-4, Torna Kak y My>K4nH-caMOyOuHI] 0OHapyKeHa I10-
BBIIIIEHHAs 3Kcnpeccus /L-13. IloBeleHHas1, HO HE 3HA-
YUTENbHAS dKCIpeccHsl IUTOKUHOB U TNF-o Habmoma-
JIach TaK¥Ke y JKEHIIMH-caMoyOouiirr [99].

Heiipoeocnanenue u kumypeHunogvlli nyms mema-
oonuzma mpunmogana. KuHypeHUHOBBIH ITyTh MeTabo-
au3Ma TpuntodpaHa Kak MeTaboIMyecKuil uHTepgeiic,
00ecreunBaOIUi aCCONMAITUI0 MEXIy HeHpoBocmale-
nueMm u CII, Bnepssie o003Hauen M.E. Sublette u coasT.
(2011). ABTOpHI HCcCTENOBAIH B IJIa3Me KPOBH KOHIICH-
Tpaluu KHHYpEeHUHA, TpUnTodaHa u HeonTepuHa (mypu-
HOBBIA HYKJIEOTHJ, CHHTE3 KOTOpPOro Makpodaramu u
MOHOIIUTAaMH WHIAYIUPYET y-UHTephEpOoH, MapKep aKTH-
BallMd IMTOKWHOB) y 1) 370pOBBIX JTOOpPOBOJIBIIEB
(n=31), 2) manueHToB ¢ OOJBIINM JCTIPECCUBHBIM pac-
CTPOMCTBOM, UMEBIIMX TOMBITKH CYyHIIMJA B aHAMHE3e
(n=14) u 3) He umeBmUX TakOBBIX (n=16). [11a3mMeHHbIe

kines in the prefrontal cortex of suicide
victims and experimental animals sensitized
and exposed to tree pollen [95]. Interesting-
ly, 1.17% of suicide victims, compared with
0.79% of matched controls, had a history of
allergy-related hospital visits and that a
history of allergies predicted an increased
risk of completed suicide. But, this effect
was limited by allergies, which led to hospi-
tal treatment. The authors noted that allergy
increased the risk of suicide only in individ-
uals without a history of mood disorders,
whereas it eliminated the risk of suicide in
individuals with a history of mood disorders
[96]. Other authors have reported that epi-
demiological evidence suggests that season-
al spring peaks in aeroallergens are associ-
ated with seasonal spring peaks in suicide.
This served as an incentive for the authors
to conduct an experimental study on brown
Norway rats sensitized to aeroallergens. As
a result, anxious and aggressive behavior
was induced in rats, as well as the expres-
sion of the type 2 helper T cell gene (Th2)
in the prefrontal cortex of the brain [97,
98]. In addition, the same team found al-
lergy-mediated expression of Th2 cytokines
in the orbitofrontal cortex of suicide vic-
tims, namely that female suicide victims
showed increased expression of [L-4,
whereas male suicide victims showed in-
creased expression of /L-13. Increased but
not significant cytokine expression was
also observed for TNF-a in female suicide
victims [99].

Neuroinflammation and the kynurenine
pathway of tryptophan metabolism. The
kynurenine pathway of tryptophan metabo-
lism as a metabolic interface mediating the
association between neuroinflammation and
SB was first designated by M.E. Sublette
and colleagues (2011). The authors exam-
ined the blood plasma concentrations of
kynurenine, tryptophan and neopterin (pu-
rine nucleotide, the synthesis of which is
induced by macrophages and monocytes y-
interferon, a marker of cytokine activation)
in 1) healthy volunteers (n=31), 2) patients
with major depressive disorder who had
attempted suicide in the anamnesis (n=14)
and 3) without any (n=16). Plasma concen-
trations of kynurenine compared to the con-
trol group (1.33+0.36 pumol/l) were higher
in the subgroup of patients who attempted
suicide (1.64+0.33 pmol/l) compared to
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KOHUEHTPAaUUU KMHYPEHUHA 110 CPABHEHUIO C KOHTPOJIb-
HoW Tpymmo# mur (1,3340,36 MKMOJB/JT) OKa3aiuch
BBbIIIE B TOATPYIIE MAalMEeHTOB, MBITABIIUXCS COBEp-
umth cyurun (1,64+0,33 MKMOb/IT), IO CpaBHEHUIO C
MalUeHTaMy, He TPEANPUHUMABIINMHU MONBITOK CYHLHU-
na (1,37+0,36 mxmMoutb/it). TONBKO y JIMII, MBITAIONIUXCS
COBEPIIUTHh CYWIHUJ, ObLIa BBISABICHA MOJOXKHUTEIbHAS
KOppeJsus HeonTeprHa ¢ K03 UIIMEHTOM KUHYPEHUH
/ TpuniToaH, B CBSA3M C UM aBTOPHI CAETATU BBIBOJI, YTO
y JIMII, TBITAIOUINXCS COBEPIINTH CaMOYOUIICTBO, Ha BBI-
paboTKy KHHYpEeHHMHAa MOTYT BIIMSATH BOCHAIUTEIbHbBIC
npoueccs [100]. AHanmoru4HbIi pe3ynbTat ObUT MOJTy4eH
MPU HMCCIEAOBAHUU TUIA3MEHHBIX KOHIIGHTPALUN KHHY-
peHrHa M TpUnTo(aHa y NENPECCUBHBIX IOAPOCTKOB,
COBEpUIABIINX M HE COBEPIIABILUX CYULMAATIbHBIX I10-
MBITOK. Y TIOJIPOCTKOB CyuIuaAeHTOB (n=20) KOHIIEHTpa-
uuu Tpuntodana ObUIM CHIBHO MOHMKEHBI, B OTIMYHE
OT KOHTpOJbHOM Tpymmsl (B 1,6 pa3a, n=22) u nenpec-
CUBHBIX nojapocTtkoB (B 1,8 pasa, n=30), He coBepias-
IIMX CYUIMJIAIbHBIX NOMNBITOK. CHM)KEHHE KOHLEHTpa-
LMY KUHYPEHUHA y CYMIMJIEHTOB [0 CPAaBHEHHIO C KOH-
TPOJIBLHOW TPYNION M JENPECCUBHBIMU MOJAPOCTKAMU HE
COBEpUIABIINX CYULUIA OTJIMYAIUCH TOJIBKO B 1,25 pa3a.
Kax u M.E. Sublette u coast. (2011), aBTOpBI 3TOTO HC-
CJIEZIOBAHMS CHEJajdl BBIBOJA, YTO OOJIbIIee 3HAYECHUE
uMmeeT Ko3((UIMEHT KHHYypeHHH / TpuntodaH, dem
HETOCPE/ICTBeHHbIC KOHIIeHTpanuu kunypenuna [101].
[Ipennonaratot, uro CII MokeT ObITH CBA3aHO C U3Me-
HEHHEM aKTHBHOCTH ()EPMEHTOB KMHYPEHHHOBOTO ITyTH
[102].

KHHYpEeHUHOBBI IyTh, MO-BHIUMOMY, TaKXe
y4acTBYET B MEXaHH3ME pa3BUTHs Jlenpeccuu y Oepe-
MEHHBIX W IOCJIEPOJOBON JIeNpeccuu. ABTOPHI MPOHA-
ONIOAay, YTO MOBBIIICHUE MJIa3MEHHBIX KOHIEHTPALUH
IL-6 v [L-8 n cHWKEeHWe KOHIEHTpAIMii cepoToHuHa, 1.~
2 ¥ XMHOJIMHOBOM KHUCIIOTBI CBSI3aHBI C TSXKECTHIO CUMII-
TOMOB JENIPECCUU U YBEIUYMBAIOT PUCK IOCIEPOAOBOU
nenpeccuu. boiee Toro, jkeHIMHBI ¢ Oojee HU3KUMHU
KOHIIEHTPALMsIMA CEPOTOHMHA MOBEPTaUCh MOBBIIICH-
HoMmy pucky CII, naxxe ¢ mompaBKOH Ha TSDKECTb Jie-
MIPEeCCUH, MCUXOCOLMaIbHbIE (PAKTOPhI, BOBPACTHOM HH-
JIEKC Macchl Tejla U MeJMKaMeHTo3Hoe Jiedenue [103].

CBsi3b KMHYPEHHHOBOIO IyTH MeTa0o0JIM3Ma TPHII-
Tohana ¢ HeHpoBOCHANICHHEM uepe3 M3MEHEHHE aKTHB-
HocTH NMDA-penentopoB MokazaHa Ha puc. 1: mpoBoc-
MAATEIbHBIE IIUTOKUHBI WHAYIUPYIOT YBEIUYCHHUE aK-
TUBHOCTH MHJOJIAMUH-2,3-IMOKCUTEHA3BI, TO TIPUBOJIUAT
K YBEJIMYEHHUIO BBIPAOOTKM KUHYPEHHMHA, CHIKEHHUE
KOHIEeHTpauuil Tpuntodana u ceporonnHa. Kunypenun
B 3aBUCHUMOCTH OT COCTOSIHMSI KJIETOK UEHTpaIbHON

patients who did not attempt suicide. suicide
attempts (1.37+0.36 pmol/l). Only in sui-
cide attempters was there a positive correla-
tion of neopterin with the kynurenine / tryp-
tophan ratio, leading the authors to conclude
that inflammatory processes may influence
kynurenine production in suicide attempters
[100]. A similar result was obtained when
studying  plasma  concentrations  of
kynurenine and tryptophan in depressed
adolescents who did and did not commit
suicide attempts. In suicidal adolescents (n
=20), tryptophan concentrations were great-
ly reduced, in contrast to the control group
(1.6 times, n=22) and depressed adolescents
(1.8 times, n=30) who did not commit sui-
cide attempts. The decrease in kynurenine
concentration in suicide victims compared
to the control group and depressed adoles-
cents who did not commit suicide differed
only by 1.25 times. Like M. E. Sublette et al
(2011) and the co-authors of this study con-
cluded that the kynurenine/tryptophan ratio
is more important than direct kynurenine
concentrations [101]. It is assumed that SB
may be associated with changes in the activ-
ity of enzymes of the kynurenine pathway
[102].

The kynurenine pathway also appears
to be involved in the development of de-
pression in pregnancy and postpartum de-
pression. The authors observed that in-
creased plasma concentrations of /L-6 and
IL-8 and decreased concentrations of sero-
tonin, /L-2, and quinolinic acid were associ-
ated with the severity of depressive symp-
toms and increased the risk of postpartum
depression. Moreover, women with lower
serotonin concentrations were at increased
risk of SB, even after adjusting for depres-
sion severity, psychosocial factors, age-
specific body mass index, and drug treat-
ment [103].

The  connection  between  the
kynurenine pathway of tryptophan metabo-
lism and neuroinflammation through chang-
es in the activity of NMDA receptors is
shown in Fig. 1: proinflammatory cytokines
induce an increase in the activity of in-
doleamine 2,3-dioxygenase, this leads to an
increase in the production of kynurenine, a
decrease in the concentrations of tryptophan
and serotonin. Kynurenine, depending on
the state of the cells of the central nervous
system and its own amount, can activate
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HEPBHOM CHCTEMbI U COOCTBEHHOI'O KOJIMYECTBA MOKET
aKTUBUPOBATh KaK HEHpOTpopHUuUecKuid, TaKk W HEHpo-
TOKCHYeCKHil myTh. B mepBoMm ciyuyae oOpa3yercs KUHy-
pEHHHOBasI KHCIIOTa — aHTaroHuctT NMDA-penentopos.
Bo BTOpoM — uepe3 CHHTE3 MPOMEKYTOUHBIX META00IH-
TOB (3-THAPOKCHUKHMHYPEHUH U 3 - THAPOKCHAHTAPAHHIIO-
Bas KHCJOTa) oOpa3yercsi XWHOJMHOBAs KUCIIOTA, yBe-
JuyrBaromas akTuBHOCTe NMDA-penentopos. I'umep-
aKTUBHOCTb TMOCJIEIHUX 3aIlyCKaeT Mpolecc rudenu Kie-
TOK.

Ponp HelipoBocmaneHus, MHAYIIUPOBAHHOTO THIEP-
aktuBanmeit NMDA-penentopoB, B popmupoBanuu CIIT
M3y4YeHa KMTalCKUMU UcclieoBareasiMu. boun naentu-
(GUIMPOBaHBI BCE MAIMEHTHI C OKOHYATEIbHBIM TUAarHO-
30M 3HUe(danuTa, BBI3BAHHOTO  THIEPAKTUBALUEH
NMDA-petienTopoB, MOJIy4aBIIUMHU JICUCHHE B OOJIHHH-
ne 3anagHoro Kuras B nepuon ¢ urons 2012 r. no ¢es-
panb 2017 . YV 17 u3 133 yenosek (13%) Obutn BbIsABIIE-
el nposieienus CII: y cemu (5%) — cyuuupanbHbie
MbICIIH; BoceMb (6%) — mIbITanMCh MOKOHYUTH KU3Hb
camoyouiictBom; u aBa (1,5%) —moru6mu. Mcnons3oBa-
Hue a"tugenpeccantoB (p<0,001) u peruausbl >HIEA-
muta (p=0,020) BcTpeuanuch yaiie y mozeit ¢ CII, yem y
tex, y koro CII ne nabmonanocs [104].

[Tpu w3yuyeHun aHTHCyHUUAAIbHOTO 3(ddekra ma-
IbIX 1103 aHtaronncta NMDA-penenTopoB KeTaMHUHA Y
64 nul, OBITABUIMXCA MOKOHYUTH JKU3Hb CcamMoyOuid-
CTBOM W HE NMPUHUMABIIUX JICKAPCTBEHHBIX CPEICTB, IO
CpaBHEHMIO ¢ 36 JMIAMH KOHTPOJBHON TPYHIbI, OBLIO
BBISIBJICHO HE3HAUYMTEIHHOE HEHpPOBOCIMAJICHHUE, CHIBHO
YBEJIMYMBABIIIEE BHIPAOOTKY XWHOJIUHOBOM, HO HE KUHY-
PEHOBOM KHUCJIOTHI. YBEJIWYEHHE KOHUEHTpPALUil XHUHO-
JIMHOBOM KHUCJIOTBI 0Ka3aJoCh CBA3aHO C 00Jiee BBICOKH-
MH KOHIIeHTpauusmMu [L-6 B nmkBope. KoHmeHtparuu
XUHOJIMHOBOW KHUCJIOTHI KOPPEIUPOBAIN C OOMUMH Oasi-
JIaMH TI0 IIKaJle CYWIHUIAIbHBIX HAMEPEHUN. Y BBIKHUB-
IMX CYWITUJICHTOB NP MOBTOPHBIX JTIOMOAITBHBIX ITyHK-
[USX B TEUCHUE IIECTH MECSAIEB IMOCIIE TOMBITKH CaMo-
yOuiicTBa HaOIIOANOCh 3HAYUTENILHOE CHUKEHHE KOH-
LEHTpalUui XUHOJIMHOBON KHUCIOTHI B JIMKBOPE. ABTOPbI
CUMTAIOT, YTO KOPPENALUS MEXAYy KOHICHTpalUsIMU
XUHOJIMHOBOW KHCJIOTHI W IIKAJOW CYHIUIAIBHBIX
HAMEPEeHUH yKa3bIBaeT HA TO, YTO M3MEHEHHS aKTHBHO-
¢t NMDA-HelpOTpaHCMHUCCHH, BBI3BIBAIOLIEE BAJIOTE-
Kyllee HelpoBocnaneHue, OJIOKHPYEeMOe KETaMHHOM,
MOryT ObITh cnierduuecku cBsazansl ¢ CIT [105].

Ponv nunuooe 6 passumuu ueuiposocnanenus u
b601bU020 denpeccudroz2o cunopoma. B skcnepuMeHTe
Ha MEPEeKMBAIOIINX CPe3ax TIOJOBHOIO MO3ra MbIIIEH
SH/IOTOKCHH JIUIONOJIMCAXapUAHON NPUPOIBI BBI3bIBAI

both the neurotrophic and neurotoxic path-
ways. In the first case, kynurenic acid is
formed, an antagonist of NMDA receptors. In
the second, through the synthesis of interme-
diate metabolites (3-hydroxykynurenine and
3-hydroxyantharanilic acid), quinolinic acid
is formed, which increases the activity of
NMDA receptors. The hyperactivity of the
latter triggers the process of cell death.

The role of hyperactivation-induced
neuroinflammation NMDA receptors in the
formation of SB have been studied by Chi-
nese researchers. All patients with a final
diagnosis of hyperactivation encephalitis
were identified. NMDA receptors treated at
West China Hospital between June 2012
and February 2017. 17 of 133 people (13%)
showed symptoms of suicidality: 7 (5%)
had suicidal ideation; 8 (6%) attempted
suicide; and 2 (1.5%) died. Antidepressant
use (p<0.001) and relapse of encephalitis
(p=0.020) were higher in people with SB
than in those without [104].

In a study of the antisuicidal effect of
low doses of the NMDA receptor antagonist
ketamine in 64 drug-free suicide attempters
compared with 36 controls, mild neuroin-
flammation was found that strongly in-
creased the production of quinolinic acid,
but not kynurenic acid. Increased concentra-
tions of quinolinic acid were associated with
higher concentrations /L-6 in cerebrospinal
fluid. Quinolinic acid concentrations were
correlated with total scores on the Suicidal
Intent Scale. In suicide survivors with re-
peated lumbar punctures within 6 months
after the suicide attempt, a significant de-
crease in quinolinic acid concentrations in
the cerebrospinal fluid was observed. The
authors believe that the correlation between
quinolinic acid concentrations and the sui-
cidal ideation scale indicates that changes in
NMDA neurotransmission activity, causing
low-grade neuroinflammation blocked by
ketamine, may be specifically associated
with suicidality [105].

The role of lipids in the development of
neuroinflammation and major depressive
syndrome. In an experiment on surviving
mouse brain slices, endotoxin of a lipopoly-
saccharide nature caused primary activation
of microglia, which in response to this re-
leased at least two pro-inflammatory cyto-
kines — IL-1f and TNF-a — which caused
damage to astrocytes and neurons with the
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MEPBUYHYIO aKTUBALIMIO MUKPOIJINU, KOTOpasi B OTBET Ha
3TO BBICBOOOK/1aJIa KAK MUHUMYM J[Ba TIPOBOCHATUTEIb-
HBIX nUTOKUHA — [L-1f u TNF-0. — BBI3BIBABUINX IOpa-
KEHHE aCTPOLIMTOB U HEMPOHOB C MOCIIEAYIOIIUM pa3BU-
THEM HeMpoBocnaneHus. Jlumononucaxapua UHIYITUPO-
BaJl OTKPBITHE acCTPOTIMAIbHBIX T€MHUKAHAJIOB B THUIIO-
KaMIle, 4TO ObUIO BBI3BAHO AKTHUBAIMEH IMOIyKaHAJIOB,
00pa30BaHHBIX OCIKOM-KOHHEKCHHOM (x43, 94TO yBeIu-
YHMBaJI0 MPOHUIIAEMOCTh KJIETOYHBIX MeMOpaH. B cBoio
ouepellb, YBEIHMUECHUE MPOHUIIAEMOCTH MEMOpPaH MOBBI-
I1ajio cofiepKaHue KajblHsl B aCTPOLUTAaX U YCHUICHHOE
BBICBOOOXIeHre TiryTamata [107].

OpHMM M3 MEXaHHW3MOB 3alyCcka HeWpPOBOCHAJICHUS
MPEAIoJIaraloT CTOMKOE CHM)KEHHE B IUIa3ME€ KpOBU
KOHUEHTpAalUil XOJeCTepuHa, TPUIVIMLEPHUIOB, JHUIO-
MIPOTEHHOB M BBICOKOW, W HU3KOM TuioTHOCTH (JIIIBIT 1
JIITHIT). Bonee HU3KME KOHLUEHTPALUH JIMIIHJIOB IJ1a3Mbl
HAOMIOIAIMCh y TALMEHTOB C JETNPECCHUBHBIMU pac-
cTpoiictBamu (1mu3oad(HeKTUBHOE PACCTPONUCTBO, TIKE-
JBIA IENPECCUBHBIN 3MK307, OO0JIBLIOE JENPECCUBHOE
paccTpoiicTBO), COBEPIIMBLIMMHU MONBITKY CYMIIHJA, YEM
y OOJIBHBIX C TAKUMH XKe MpoOIeMaMu IICUXUKH, HO 0e3
MOKYIICHUI Ha CaMOYOHMICTBO — MeTa-aHaIu3 65 uccie-
noBaHuii ¢ 06muM yuactuem 510392 yenosex.

VY nanueHToB ¢ HU3KUMH KOHIIEHTPAIUSAMH JIUITHIOB
M1a3Mbl PUCK TIOMBITKH CyHWIMAa OBLT yBEIMYEH Ha
123% u Ha 85% yBenuueH pUCK 3aBEPIIEHHOTO CYyHUIIHIA
[108]. AHanmoruyHbIi pe3yabTaT B BHJIE 3HAYUTEILHOTO
CHW)KEHHUSI KOHLEHTPALMU XOJIECTEpUHA, HO HE TPUIJIU-
uepunos, JITIBIT u JITTHII, — B muiasme KpoBU OOHapy-
KEH y CYMLHIECHTOB C JEMPECCHEN MO CPaBHEHUIO C Jie-
npeccuBHbiMU nanueHtamu 6e3 CII (p<0,001) [109].
Huzkue ypoBHU 0011€ro CHIBOPOTOYHOTO XOJIECTEPUHA,
JITHIT u C-peaktuBnoro 6enka (CPB) 6pumm moctoBep-
HO CBSI3aHBI C TIOBTOPHBIMH TOTIBITKAMHU CYHIIUIA Y JIUIL
c OunomspHeiM ad(eKTUBHBIM paccTpoiicTBOM. KoH-
[EHTPAIMU XOJECTEPUHA Y JIUI] C BBICOKOH CYHIIUIAITb-
HOCThIO cocTaBUiM 3,91+1,06 MMOJIB/T 1O CPAaBHEHUIO C
4,77£1,11 'y 7nuil ¢ HU3KOW CYHUIUJAIBHOCTBIO U
4,90+0,88 MMOJIB/TT y JIML, HE COBEPLIABIIMX CYHIIU-
JATbHBIX TOMBITOK, KoHmeHtpanuu JIITHIT 2,59+0,86
MMOJB/1, mtpotuB 3,08+0,98 wu 3,26+0,83 wmmounb/n
(»<0,001), a Takxe Gonee BricOKMe KoHIeHTpanuu CPb
B ChIBOpOTKEe KpoBu 24,18+38,69 w™r/m npoTuB
8,78+19,66 u 4,37+5,61 mr/nm (p<0,001), coorBeTcTBEH-
HO [110]. Mexay HU3KMMH TJIa3MEHHBIMH KOHIICHTpA-
[USIMU XOJIECTEPHHA, TPUTIUIEPUIIOB U CKIIOHHOCTBIO K
cyuuugaMm oOHapy>KeHa MOJIOKUTENIbHAs KOPPESHOH-
Hasi CBSI3b, OCOOEHHO BBbIpakKeHHas y Jjui mutamie 40
JIET, KaK 3TO CJIEQYyeT U3 pe3yibTaTOB MeTa-aHaau3a 32
uccienoBaHuid, ¢ 00muM yyactuem 7068 yenosex [111].

subsequent development of neuroinflamma-
tion. Lipopolysaccharide induced the open-
ing of astroglial hemichannels in the hippo-
campus, which was caused by the activation
of hemichannels formed by the protein-
connexin Cx43, which increased the perme-
ability of cell membranes. In turn, an in-
crease in membrane permeability increased
the calcium content in astrocytes and in-
creased glutamate release [107].

One of the mechanisms for triggering
neuroinflammation is a persistent decrease
in the blood plasma concentrations of cho-
lesterol, triglycerides, and high- and low-
density lipoproteins. Lower plasma lipid
concentrations were observed in patients
with depressive disorders (depression,
schizoaffective depression, major depres-
sive episodes, and major depressive disor-
der) who attempted suicide than in patients
with the same mental problems but without
suicide attempts — a meta-analysis of 65
studies with total participation of 510,392
people. Patients with low plasma lipid con-
centrations had a 123% increased risk of
attempted suicide and an 85% increased risk
of completed suicide [108]. A similar result
in the form of a significant decrease in the
concentration of cholesterol, but not triglyc-
erides, HDL and LDL, in the blood plasma
was found in patients with suicidal depres-
sion compared with depressed patients
without SB (p <0.001) [109]. Low levels of
total serum cholesterol, low-density lipopro-
tein (LDL), and C-reactive protein (CRP)
were significantly associated with relapse in
individuals with bipolar disorder. Choles-
terol concentrations in individuals with high
suicidality were 3.91+1.06 mmol/L com-
pared with 4.77+1.11 in individuals with
low suicidality and 4.90+0.88 mmol/L in
individuals without attempted, LDL concen-
trations were 2.59+0.86 mmol/l, versus
3.08+0.98 and 3.264+0.83 mmol/l (p<0.001),
as well as higher concentrations of CRP in
the blood serum 24.18+38.69 mg/l versus
8.78+19.66 and 4.37+5.61 mg/l (p<0.001),
respectively [110]. A positive correlation
was found between low plasma concentra-
tions of cholesterol, triglycerides and sui-
cidal tendencies, especially pronounced in
people under 40 years of age, as follows
from the results of a meta-analysis of 32
studies, with a total of 7068 participants
[111].
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The connection between a persistent
decrease in plasma concentrations of cho-
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JICHWEM U CYHIMJaMH OOBSCHAIOT TEM, YTO MCTOILCHHE
JIMIHIHOTO ITyJIa IJ1a3Mbl B KOHEYHOM UTOI'€ IPUBOJIUT K
YMEHBIICHUIO TUIOMAMH PaTOBBIX IIIOMAI0K’ B Kile-
TOUHBIX MeMOpaHaxX. OTO CONPOBOKAAETCS CHUKEHHEM
ad(uHUTETa CEPOTOHMHOBBIX PELENTOPOB, YBEIMUCHU-
eM BbIpaOOTKH [L-6 M, Kak CIEICTBUE, aKTUBAILUEH
Hetiporauu [112]. Kpome Toro, npeanonarator, 4To HU3-
kue ypoBHU xojectepuna B [IHC nenocpeacTBeHHO CBSI-
3aHBI CO CHIDKEHHEM CHHAINTHYCCKOW (DYHKIIMH HEWUpO-
HOB [113].

Tem He MeHee, He Bce MCCIIEN0BATENIN HALUIA CBSI3b
Mexay CII u HU3KMMH KOHLEHTPALMSIMHU JIUIIHUJIOB
1a3Mel kpoBu. Hanpumep, Takoil cBsi3u He ObLIO ycTa-
HOBJICHO B MeTa-aHanu3e 11 wuccrienoBaHuil, 0XBaTUB-
mieM 288 CyHIUIEHTOB C OUIIOJIIPHBIM PacCTPOCTBOM U
754 4enosek rpynmbel KoHTpons [114]. Ananoruuso,
CBSI3b MEXKJY KOHIEHTpauusaMH JUNuaoB 1mia3Mbel u CII
He nonyumn S. Park u coaBt.: 00bEM uccnenoBanus —
82 manmenra c mu3odpeHuer, 23 ¢ OUNoIsIpHBIM ad-
(EKTUBHBIM paccTpOMCTBOM M 67 ¢ OonbpIIMM jerpec-
CUBHBIM paccTpoiictBoM, U 200 manueHToB ¢ mm3odpe-
Huel, 49 ¢ ounonsipabiM a(HEKTHBHBIM PACCTPONCTBOM
u 175 manueHToB ¢ OOJIBIINM JIETTPECCUBHBIM PacCTPOM-
CTBOM — KOHTpPOJIbHAas TpyNIa JIHI, HE COBEPIIABLINX
camoy6wuiictB [115]. Takum oGpazom, Bompoc O posiu
CTOMKMX H3MEHEHUN KOHUEHTpaUUil M COOTHOLICHWH
JUNUIOB MJIa3Mbl B pa3BuTun Heiposocnanenus u CII
ocTa€Tesl TUCKYTAa0CIbHBIM U TPEOYeT MOMOTHUTEIBHBIX
HCCIIETOBAHUH.

Saxnrouenue

Ocy1uecTBIEHHBIM HAMU aHAJIU3 JAaHHBIX JINTEPATY-
pPBl MOKHO PE3IOMHPOBATH CIEIYIOIUM 00pa3oM. YBe-
JUYEHUE KOHUEHTpauuil [L-6, Hapsxy CO CHUXXECHHEM
KOHIIEHTpanui [L-2, a TakXe yBEIMYEHHWE KOHIICHTpa-
uuid [FN-y, TNF-a Kak B TOJOBHOM MO3T€, TaK U B
IU1a3Me KPOBH YBEPEHHO accolMHupyeTcs ¢ (hopMupoBa-
HHEM XPOHHYECKOTO BSJIOTEKYIIETO HEHPOBOCHAJICHMUS,
BbI3BaHHOTO UM CII (3aBepIeHHBIX CYWITUIOB) JIMIIAMU
0€3 TpeIIIeCTBYIONNX CYUIIUAY TICUXUYECKUX HapyIle-
Hull. M3MeHeHue KOHUEHTpauuid 0003HAYeHHBIX IUTO-
KHMHOB MOKET ObITb MHIYLIMPOBAHO HECKOJbKUMU IYTS-
MH, @ UMEHHO: 1) monuMop@u3MoM NPOMOTOPHBIX 00J1a-
credl TeHoB [L-6 u TNF-o, 4TO yBEIUYMBAET TPaHCIA-
A0 3TUX HUTOKWHOB, U COOTBETCTBEHHO WX KOHIICH-

lesterol and other lipids with neuroinflam-
mation and suicide is explained by the fact
that depletion of the plasma lipid pool ul-
timately leads to a decrease in the area of
raft sites in cell membranes. This is ac-
companied by a decrease in the affinity of
serotonin receptors, an increase in the pro-
duction of /L-6 and, as a consequence,
activation of neuroglia [112]. In addition, it
has been suggested that low cholesterol
levels in the central nervous system are
directly related to decreased synaptic func-
tion [113].

However, not all researchers have
found an association between suicidality
and low plasma lipid concentrations. For
example, no such association was found in a
meta-analysis of 11 studies involving 288
suicidal individuals with bipolar disorder
and 754 controls [114]. Similarly, the rela-
tionship between plasma lipid concentra-
tions and suicidality was not found by S.
Park and colleagues: the study size was 82
patients with schizophrenia, 23 with bipolar
affective disorder and 67 with major depres-
sive disorder, and 200 patients with schizo-
phrenia, 49 with bipolar affective disorder
and 175 patients with major depressive dis-
order — a control group of people who did
not commit suicide [115].

Conclusions

Our analysis of the literature data can
be summarised as follows. Increased levels
of IL-6, together with decreased levels of
IL-2, as well as increased levels of IFN-j,
TNF-a both in the brain and in the blood
plasma, are strongly associated with the
development of chronic inert neuroinflam-
mation caused by SP and suicide in individ-
uals without a history of suicidal mental
disorders. Changes in the concentrations of
these cytokines can be induced in several
ways, namely 1) polymorphism of the pro-
moter regions of the IL-6 and TNF-« genes,
which increases the translation of these cy-
tokines and, consequently, their concentra-
tions in the brain above the level of physio-
logical regulation; 2) changes in the activity

! Padr (auru. raft — wior) — 6osiee yIOPAIOYEHHBIN U IUIOTHO yIAKOBAHHBIA MUKPOIOMEH, Y€M OKPYKAIOLIMN GHCIION I1a3MaTu-
4yecKoil MeMOpaHbl, 00pa30BaHHbBII TTIMKOCHUHTOIUITUIAMA U XOJeCTeprHOM. PadThl cirykar opraHu3yONMMH LEHTPaMHu s
cOOpKH MEMOpaHHBIX PELENTOPOB U HOHHBIX KAHAJIOB, PErYJIUPYIOT MEPEMEIICHHE MEMOPaHHBIX OCJIKOB, PELENTOPOB U HEipo-
tpancmuccuio / Raft is a more ordered and densely packed microdomain than the surrounding bilayer of the plasma membrane,
formed by glycosphingolipids and cholesterol. Rafts serve as organizing centers for the assembly of membrane receptors and ion
channels and regulate the movement of membrane proteins, receptors, and neurotransmission.
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Tpalyy B TOJIOBHOM MO3T€ BBILIE YPOBHS (PU3UOJIOTHYE-
CKOTO PEryJupoBaHus; 2) U3MEHEHWEM aKTUBHOCTU WH-
JO0JIaMHUH-2,3-TUOKCUTE€Ha3bl, C HUCTOILICHUEM KOJIHYe-
cTBa TpuntodaHa u, COOTBETCTBEHHO, CEPOTOHNHA, yBe-
JUYeHHEeM HapaOOTKM KHHYPEHWHAa W XWHOJHMHOBOU
KUCJIOTBI, 4YTO BeAET K runepaktuBauuun NMDA-
pEeLEenTopoB, 3aIyCKy IpPOLEecca 3KCAUTOTOKCUYHOCTU U
OCTPOr0 WJIM XPOHUYECKOro HeWpoBocnayieHus; 3)
HapylIeHHEeM SKcrpeccur Oelika-koHHekcnHa Cx43, B
COUYETaHHM CO CHIKEHHOM JKCIIpeccuel HeiipoTpoduue-
cKoro (hakropa mMo3ra, YTO HapymaeT AesTeIbHOCTh TIIy-
TaMaTHBIX HEHPOHOB C YBEJIMYEHHE BBICBOOOXKICHHUS
AT® wu miyramara, HENOCPEICTBEHHO BbI3bIBAOIIMX
rudenb HeHPOHOB; 4) CHIDKEHHEM IIa3MEHHBIX KOHIICH-
Tpauui XOJecTepUHa, TPUTITULEPUIOB, JIUIIOIPOTENHOB
Y BBICOKOM M HU3KOW IJIOTHOCTH, YTO MHAYLUHUPYET yBe-
JIMYeHue KOHLEeHTpauuil /L-6 u 3amyckaer HelpoBocma-
JIeHUE; 5) HU3KHUE YPOBHM IKCIPECCUM PAAA XEMOKHHOB
CCLI1, CCLS, CCL13, CCL15, CCL17, CCL19, CCL20,
CXCLII wn IL-10, coueraHHble ¢ 00Jjiee BBICOKOW DKC-
npeccueid /L-16; 6) runepaKkcrpeccuei psija reHoB, BO-
BJICYEHHBIX B MPOLIECCHl AaKTUBAIIMHM TPAHCKPUIIIIUH Oell-
KOB MMMYHHOW CHUCTEMbl U MHUTOTHYECKON aKTUBHOCTH
CaTEJUIUTHBIX KIJIETOK MPEAIIECTBEHHUKOB HEHPOHOB —
JUN, FOS, ATF3, MYC, EGRI, FOSB, DUSPI,
NFKBIA, TLR2, NR4AIl; 7) CKOMIPOMETHPOBAHHBIM
reMaTodHIeaTuecKuM OapbepoM, yepe3 KOTOpBIH B
TOJIOBHOM MO3T HAYMHAIOT MPOHUKATH MepuepuIecKue
IUTOKUHBI BOCMAJICHUS W/WIU Jp. TMAaTOTE€HBbI, WHUIINH-
pyolye nepexoa MUKPOIJIMK B MakpodaraabHyto ¢Gop-
Mmy. HeiipoBocnanenne MoxeT ObITh MHIYLIMPOBAHO Kak
BHYTPEHHUMH BPOXKIEHHBIMU (OJMHOYHBIE TOJIUMOP-
(¢u3MBbI psifa T€HOB M MATOJOTMYECKOE METUIMPOBAHHE
9THX K€ IE€HOB), TaK W BHEIIHUMH (XPOHUYECKUE HH-
dexu U ocTpble HEWpPOMH(EKIMH, TPaBMBbI, CTpPEcC)
npuauHamu. [lpuuém BHemHME (CpemoBbie) MPUYUHBI
MOTYT PEaIn30BBIBAThCS KaK Ha (POHE IMATOJOTHYECKU
M3MEHEHHOTO TE€HOMa, TaK W 0e3 BPOXKAEHHBIX T€HHBIX
MOJIOMOK, MEHsI SMUTeHOMHbIE MeTKU. Bece 0003HaueH-
HBI€ MPOLIECCHI O OTACIBHOCTH UM B Pa3IMUHBIX COYe-
TaHUAX UHIYLHPYIOT MEPEX0]l KJIETOK MUKPOTJIHH B CO-
CTOSIHME MakpodaroB, aTaKyIOIUX KaK IMOBPEKIEHHEIE,
TaK ¥ HE TOBPEXKIEHHBIE HEHMPOHBI, UTO B COYETAHUH C
aktuBanueil NMDA-penentopoB yMEHbBIIAET KOJIHYE-
CTBO HEHWPOHOB, INIMAJBHBIX KJIETOK, HAPYIIAET BBICUIME
ncuxuyeckue (QyHKIUM U (QOpMHUpYET J1e3aJalTHBHbIC
(¢bopMbl MOBeAEHUS, MASHTHU(PUIUPOBAHHBIE paHEe Kak
cynuuganbueie sHn0¢eHotuns [116, 117]. Oto no3so-
JIAET C BBICOKOM JOJIEd BEPOSITHOCTH pPaCCMATPHUBAThH
CYUIIMJIAIBHOE TTOBE/ICHHE (3aBEPIICHHBIE CYHIINIBI) KaK

of indolamine-2,3-dioxygenase, with deple-
tion of tryptophan and, consequently, sero-
tonin, increased production of kynurenine
and quinolinic acid, leading to hyperactiva-
tion of NMDA receptors, initiating the pro-
cess of excitotoxicity and acute or chronic
neuroinflammation; 3) impaired expression
of the connexin protein Cx43, combined
with reduced expression of brain-derived
neurotrophic factor, which disrupts the ac-
tivity of glutamatergic neurons with in-
creased release of ATP and glutamate, lead-
ing directly to neuronal death; 4) decreased
plasma concentrations of cholesterol, tri-
glycerides, high and low density lipopro-
teins, which induces increased concentra-
tions of IL-6 and triggers neuroinflamma-
tion; 5) low expression levels of a number
of chemokines CCL1, CCL8, CCL13,
CCL15, CCL17, CCL19, CCL20, CXCL11
and IL-10, combined with higher expression
of IL-16; 6) hyperexpression of a number of
genes involved in the processes of activa-
tion of transcription of immune system pro-
teins and mitotic activity of satellite cells of
neuronal precursors — JUN, FOS, ATF3,
MYC, EGRI1, FOSB, DUSP1, NFKBIA,
TLR2, NR4A1l; 7) compromised blood-
brain barrier through which peripheral in-
flammatory cytokines and/or other patho-
gens begin to enter the brain. pathogens that
induce the transition from microglia to mac-
rophages. Neuroinflammation can be in-
duced by both internal congenital (single
polymorphisms of a number of genes and
pathological methylation of the same genes)
and external (chronic infections and acute
neuroinfections, trauma, stress) causes. In
addition, external (environmental) causes
can occur both in the presence of a patho-
logically altered genome and in the absence
of degenerated gene breaks, altering epige-
nomic labelling. All of the above processes,
individually or in various combinations,
induce the transition of microglial cells into
the state of macrophages that attack both
damaged and undamaged neurons, which, in
combination with NMDA receptor activa-
tion, reduces the number of both neurons
and glial cells, impairs higher mental func-
tions, and forms maladaptive behaviours
previously identified as suicidal endopheno-
types [116, 117]. This allows us to consider
suicidal behaviour and suicides as a biologi-
cal phenomenon — a multifactorial genetic
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OMOJIOTHYECKOE SBJICHHE — MYJIbTHU()AKTOPHYIO T'€HETH-
YECKYIO MaTOJIOTHIO.

Buisoowi:

1. HeiipoBocnaneHue MeEHSET aJalnTUBHBIA IOBE-
JIEHYECKUU MATTepH YEeJIOBEKa Ha JIe3aJIalTUBHBINA (Je-
BUAHTHBIN, JETUHKBEHTHBINA, CYUIIUIATbHBINA, TaTOIOTH-
YeCKH B BHJIE KaKHX-THOO SIBHBIX ICUXUYECKHX Hapy-
IICHUI) B CHITy TOTO, YTO BOCTIAJICHUE BCETJa HapylIaeT
GyHKIHIO.

2. O6napyxenue cBs3u HerpoBocnanenus ¢ CII sB-
JISIeTCSl OJJTHUM M3 BEPOSATHBIX J0Ka3aTeNbCTB OHOJIOTH-
YECKOM MPUPOIBI CYUITUIOB.

3. PackpeiTHe poJIM XPOHHUYECKOIO BSUIOTEKYILIErO
HelipoBocHaneHus B mporeccax (OPMHPOBAaHUS Je3a-
JANTUBHOTO TTOBEICHYECKOTO MaTTepHa MOXKET (HOpMH-
pOBaTh MHHOBAIIMOHHBIN MOJIXOA AJIS pa3paboTKu Ooiee
3G PEKTUBHBIX METOJIOB MPOPUIAKTUKU U JICYCHUS KaK
CYHLUJAIBHOTO MOBENEHUS (3aBEpLIEHHBIX CYULUIOB),
TaK U MCUXUYECKUX (JTMYHOCTHBIX, I TUKTUBHBIX U JIp.)
HapylIEHUH.

pathology.

Conclusions:

1. Neuroinflammation changes a per-
son's adaptive behaviour pattern into a mal-
adaptive one (deviant, delirious, suicidal,
pathological in the form of any obvious
mental disorder) because inflammation al-
ways disrupts function.

2. The discovery of a link between neu-
roinflammation and SP is evidence of the
biological nature of suicidality.

3. The revelation of the role of chronic
inert neuroinflammation in the development
of maladaptive behaviours is a new research
front for the development of new methods
of prevention and treatment of both SP and
suicide, as well as mental disorders, deviant
and delinquent behaviour.
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DEBATE ASPECTS OF SUICIDOLOGY: THE RELATIONSHIP OF NEUROINFLAMMATORY
WITH SUICIDAL BEHAVIOR IN MENTALLY HEALTHY PEOPLE. Part I

V.A. Kozlov, A.V. Golenkov, I.N. Ulyanov Chuvash State University, Cheboksary, Russia; pooh12@yandex.ru
P.B. Zotov, LE. Bulygina Tyumen State Medical University, Tyumen, Russia; note72@yandex.ru

.B. , LE.
Abstract:

A large body of literature has been accumulated, which proves that suicidal behavior (completed suicides) is
induced by inflammation of the peripheral and central nervous system, which is realized as a result of congenital
gene polymorphisms and/or changes in epigenomic marks. The purpose of the work is to systematize infor-
mation about the role of cytokines and inflammatory chemokines in the processes of translation of genomic de-
fects into suicidal behavior in mentally healthy people. The work examines the pathophysiology of neuroin-
flammation, provides molecular and cytological information that forms a natural scientific understanding of the
differences between neuroinflammation with the participation of microglia, cyto- and chemokines and classical
inflammation with the activation of peripheral macrophages, T-cells, and eicosotetraenoic acid products. The
role of the kynurenine pathway and NMDA receptors in the formation of neuroinflammation and suicidal behav-
ior is discussed. Shows how peripheral inflammation can induce neuroinflammation. The pathophysiology of the
formation of suicidal behavior is considered using examples of the connection between neuroinflammation and
its manifestations (suicidal thoughts, suicide attempts and completed suicides) in individuals without mental
disorders. Conclusions: 1. Neuroinflammation changes a person’s adaptive behavioral pattern to a maladaptive
one (deviant, delinquent, suicidal, pathological in the form of any obvious mental disorders) due to the fact that
inflammation always disrupts function. 2. The discovery of a connection between neuroinflammation and suicid-
al behavior is one of the probable evidence of the biological nature of suicide. 3. Discovering the role of chronic
low-grade neuroinflammation in the processes of formation of a maladaptive behavioral pattern can form an
innovative approach for the development of more effective methods for the prevention and treatment of both
suicidal behavior (completed suicides) and mental (personality, addictive) disorders.

Keywords: neuroinflammation, microglia, cytokines, chemokines, suicidal behavior (completed suicide),
single nucleotide polymorphisms, kynurenine, tryptophan, NMDA
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