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Cyunup sBisieTcs OHON 13 Hanbollee YacThIX PUYHH MPESKICBPEMEHHONH CMEPTH TAIIMEHTOB € IMU30(pPEHUCH.
115 5TOTO MMeeTcsl HECKOIBKO MPEANOChIIOK: YacTh TEHETHIECKUX (PAaKTOPOB PHCKA CYHITUA SBITIOTCS OOIIH-
MU C TCHETHYECKUMH (haKTOpPaMH PHCKa IMU30(PPEHUH; Y TIAIIMEHTOB ¢ Mr30(peHuel Jaiie, ueM B o0IIei mory-
JISILUY, BCTPEYAeTCs IENPECCHs, CBA3b KOTOPOH ¢ CYHIIUIATLHOCTBIO MTOATBEPKIeHa B MHOTOUHCIIEHHBIX HCCIIe-
noBaHuax. CyHIUA — CIOXKHBIA MHOTO(AKTOPHBIN MOBEICHUSCKUI (PEHOTHUIT, KOTOPBIA ACCOIMUPOBAH C 0OJIb-
IIMM KOJIMYECTBOM T€HETUYECKUX U CPENOBBIX (hakTOpoB. ['MmoTeTmuecku, HapymieHUs (oiaTHOro oOMeHa, B
TOM YHCJIE TeHEeTHYeCKHe (QaKTOPHI, BIUAIOMINE HA (OTATHEIN 0OMEH, MOT'YT BHOCUTH BKJIAJl B Pa3BHUTHE JeTIpec-
CHBHOM CHMIITOMATHKH W CYHIHAAIBHOCTH HPH MIH30(peHUH. |'eHeTHIeCKUi MoIMMOp(hHI3M KITFOYEBOTO (hep-
MeHTa QosaTHoro ooMeHa MeTwiieHTeTparuapogonarpenykrassl (MTHFR 677C>T) siBnsterca dgakTopoM prcka
Kak mm30(peHny, Tak u Jaenpeccur. [Ipu 5ToM ecTh UcciieioBaHus, IeMOHCTPHPYIOLIHE CBA3b AedununTa doia-
TOB C PUCKOM CYHIIU/IA U CBSI3b 3TOTO TEHETHIECKOTO (pakTopa ¢ HATMYMEM CYMIUAATEHON MOMBITKY TIPH MIH30-
¢perun. [Ipu 3TOM 1Bl s APYTHUX TeHETHYECKUX (PaKTOPOB (GoJaTHOrO 0OMeHa, BIMSHHE KOTOPHIX Ha 00-
MeH (OJIaTOB U Pa3BUTHE MATOJIOTHH ITOATBEP)KICHO BHE KOHTEKCTA JAHHOW TEMBI, IO CHX IOp HE M3yYaIIUCh C
TOYKH 3pEHUS BIMSHUS HA CYHIUAAIBHOCTS NPH Mm3oppeHun. [lenvio dannol pabomsi OBUIO N3yYUTH CBS3b
KOMOMHUPOBAaHHOTO HOCHTEINILCTBA MOIMMOP(HBIX BapHaHTOB B TeHaxX (oiaTHOro merabonn3Mma ¢ CyHIHIalb-
HOCTBIO U JICTIPECCUBHOM CUMIITOMATUKOM Nipu mu3oppeHun. Mamepuanvt u memoowvi: y 119 mauneHToB ¢ mu-
3o¢penueit MmetogoM I[P B pexume peanbHOro BpeMEHH ObUIO M3Y4YEHO HOCHUTENhCTBO ajuiened B 10 momu-
MOP(}HBIX JIOKycaX, aCCOIMUPOBAHHBIX ¢ MeTaboIM3MoM (osaToB. [lanmeHThl 00cIeI0BaHbl KITMHHYECKH C T10-
Motpio KomyMOuiickol IKambl 171 OIEHKH CYHIUAAaIbHOTO prcka, LIIkamber A omeHKH MO3UTUBHBIX U HeTa-
TUBHBIX CHHIPOMOB MIM30(ppeHnH, IIKaisl Kanrapu s omeHKd IeNpeccrud MpH MN30(pPeHNHN U IIKaIbl aHTe-
nounu CHalita-I'aMHIBTOHA BCIIENyIO K pe3yibTaTaM jJabopaTopHoro aHainuza. Pezyaemamut: 9 n3 10 usyden-
HBIX Te€HETHUYECKUX (PaKTOpoB ObUTH c1ab0 acCOIMUPOBAHBI C MOKAa3aTeIsIMU CYHIUAATIBHOTO PUCKA, OIHAKO
CyMMapHO€ KOJIMYECTBO IOJMMOP(HBIX TeHOTUIIOB M CyMMapHasi aJulelbHasi Harpyska 1o 9 u3 10 u3yueHHBIX
JIOKYCOB BHOCHT CTAaTHCTHYECKH BBICOKO 3HAUMMBII BKJIAJ B OONBIIMHCTBO MOKa3aTelell CyuIMIansHOCTH. BoI-
PaXKEHHOCTh JICTIPECCUH M IIKAJIBI MTPOAYKTUBHOW CHMIITOMATHKH U o01Iel rcuxonaronorud PANSS y naruen-
TOB TAaK)K€ aCCOLIMUPOBAHA C TOKA3aTEISIMU CYMLUAIBHOTO PUCKA, OJJHAKO T'eHETHYeCKUil (hakTop He acCOIMuU-
POBaH C KIIMHUYECKUMH TI0Ka3aTelIsIMA B MOMEHT 00cIieloBaHus. BeposTHO, KIMHUYECKHe U TeHeTHYecKHe (ak-
TOpPHI, H3YUEHHBIC B paMKax JaHHOI paOOThl, BHOCST HE3aBUCUMBI IPYT OT Jpyra BKJIAJA B CYHUIHIAIBHBIN PHUCK
npu mu3odpennn. 3axniovernue: CyMMapHOE HOCHTEIBCTBO ITOIUMOP(HBIX TOMOZUTOTHBIX TEHOTUIIOB B JIOKY-
cax OJHOYTIIEPOJHOTO METa0OIM3Ma MOXKET OKa3hIBaTh KyMYJLITHBHBIN 3(D(EeKT Ha MOKa3aTeNlu CyHINUAaIbHO-
CTH TIpW MI30()PEHUN HE3aBUCUMO OT aKTyaJIbHOTO IICUXHYECKOTO CTAaTyca, YTO TPeOyeT PEeIUIMKAIlNH B Jaib-
HEWIIUX UCCIIeT0BAHUSX.
Kniouesvie cnosa: mmszodpenus, Cyunua, Aenpeccus, ooOMeH (ponaToB, FreHeTHYECKUI TOTUMOPhU3M

Ha ceroansiiamii IeHb CYUITU CUUTACTCS OJTHOM U3 Today, suicide is considered one of the
HauOoJee YacThIX NPUYHMH MPEXKIEBPEMEHHONM CMEpPTU most common causes of premature death in
nauuentos ¢ musodpenueii [1]. MMeercs BecbMa 3Ha- patients with schizophrenia [1]. There is a

very significant amount of data on genetic
risk factors for suicidal behavior along with
environmental factors, and therefore suicide
is considered as a complex multifactorial
behavioral phenotype [2, 3]. In a recent
meta-analysis of genome-wide studies of

YUTEIBHOE KOJUYECTBO JAHHBIX O T€HETHYECKHX (haKTo-
pax pHCKa CyMIMIAIbHOIO NIOBEACHUS HAPSAy CO CPEHo-
BbIMH (haKTOpPaMH, B CBSI3U C UYeM CYMILUJ paccMaTpHuBa-
eTcs KaK CJIOXHBIM MHOro()akTOPHBIH TOBEICHYECKUN
tdenorun [2, 3]. B oqHOM W3 HEAaBHHX METa-aHAIN30B

TOJHOTCHOMHBIX HCCIIE/OBAHMA CMEPTH B pesyibTate death by suicide, QS Li et al. (2022) with
cynmaa Q.S. Li u coasr. (2022) ¢ BKIIOYCHHEM He- the inclusion of several cohorts showed that
CKOJIBKUX KOTOPT TOKa3aHO, YTO YacTh T'€HETHYCCKHX some genetic risk factors for suicide are
(axTOpOB pHCKa CyHUHMa ABJIAIOTCA OOMMMHU C TEHETH- common with genetic risk factors for schiz-
YeCKUMU (akTopamMu pucka mmsodpenun [2]. ophrenia [2].

JlonoaHUTENbHBIM (PAKTOPOM PHUCKA CyHIHAA TpPU An additional risk factor for suicide in
3TOM 3a00JIEBAHUU MOXKET SIBJSITHCS ISMPECCHsI, KOTOpast this disease may be depression, which in
npu MU30(ppeHN MMEET CIOXKHBIH MHOTO(AKTOPHBIN schizophrenia has a complex multifactorial
MaTOreHe3 U MOXKET UMETh 0011ue HelpoOuonmoruyeckue pathogenesis and may have common neuro-

biological roots with other clusters of symp-

KOpHU C JAPYrUMH Kiactepamu cumnToMmoB [4]. Accomu- o : :
toms [4]. The association of depression with

anus Acnpeccur ¢ CyniuJaaJdbHOCTBIO MOATBEPIKACHA B
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MHOTOYHCIICHHBIX HCCIeAOBaHUAX [5, 6]. ['eHeTHueckoe
«TIEPEKPBITUE» CYUIUIATBHBIX UACH U ACTIPECCUH OBLIO
MIPOJEMOHCTPUPOBAHO B HcchenoBanuu H. Shen u coasr.
(2020) [7]. Tlo nanupiM MeTa-aHanu3a [§] reHeTuyeckas
MPEIPACIONOKEHHOCTh K OOJIBIIONW JETPECCHH YBEIU-
YUBAE€T PUCK CYULUAAIBHBIX IMOMBITOK HE TOJIBKO IMPH
OO0JBINON nenpeccuy M OWUTIONSPHOM PACCTPOHCTBE, HO
TaKXe U MPpH MU30(HPCHAN.

CornacHo psa aHATUTUYECKUX 0030pOB, TeHETHYE-
CKHM TOJIMMOPGU3M KITFoUeBOTro ¢epmeHTa (PojaaTHOTO
oOmena Metuienrerparuapodonarpenykrazsl (MTHFR)
677C>T) sBnsercs (HakToOpoM pHCKa Kak MM30(peHUH
[9], Tak u nenpeccuu [10, 11]. [Ipu 3Tom nokazaHo, 4To
npuém (¢GonaToB B 0OLIEH MOMYyJIALUM CIIOCOOCTBYET
CHUKEHUIO PUCKA CYMIIMJIATbHBIX MONbITOK [12]. T'umo-
TETHYECKH, HapylIeHus (HOJIaTHOTO 0OMeHa, B TOM YHC-
Jie TeHeTH4eckue (akTopbl, BIAMSIONIME Ha (HOJATHBIN
0OMEeH, MOTYT BHOCUTH BKJI] B Pa3BUTHUE JCTIPECCUBHOMN
CHUMIITOMaTHKH U CYHIUAAIBHOCTh MPU MU30(QPEHUH 32
CcuéT HECKOJBbKNX MexaHn3MoB. Kak BuaHo n3 Cxemsr 1,
¢donaTel y4acTBYIOT B PECHHTE3€ M3 JUTHUAPOOHONTEpH-
Ha (BH2) tetparuapo6uonrepuna (BH4), a mocnegnmit
SIBIISIETCSI KITFOUEBBIM KO(PAKTOPOM CHHTE3a LIEIOT0 psja
LHEHTPAJbHBIX HEWPOTPAHCMUTTEPOB, BKIIOYAsl CEPOTO-
HUH 1 1odamuH. Kpome toro, donatsl ABISIOTCS UCTOY-
HUKOM METWJIBHBIX FPYII AJIi PECUHTE3a U3 TOMOIIMCTE-
WHAa METHOHWHA U S-aJicHo3uaMeTnoHuHa (SAM), Kiro-
YEeBOr0 JJOHOPA METWJIBHBIX TPYII B PEAKIHUIX METHIIHU-
pOBaHMs, 3a CUET KOTOPHIX OCYILECTBISETCS KaK CUHTE3,
TaK W Jerpajanus HeHTPATbHBIX HEHPOTPAHCMHUTTEPOB.
Kpowme Toro, onater urparoT KIIOYEBYIO pOJIb B CHHTE3€
nypuHoB, HeoOxoammbix st cuHte3a JJHK m PHK
(Cxema 1), a metunupoBanue JJHK ¢ momompro SAM
SIBIIIETCS OJTHUM W3 BOKHEHIINX SMUTEHETHYECKUX Me-
XaHU3MOB, BIUSIOUIMX HA CTAOMJIBHOCTh T€HETUYECKOIO
anmnapara.

B enuHcTBEeHHOM O0HApYKEHHOM HaMH B OTKPBITOM
[eYaTH KPOCC-CEKIIMOHHOM Hccie1oBaHuu 957 rocnura-
JIM3UPOBAHHBIX XPOHUYECKUX MAIIMEHTOB C IMHU30()pEeHU-
eit u 576 310poBbIX 100POBOJIBIIEB TOKa3aHO, YTO HOCHU-
TEJILCTBO TFETEPO3UTOTHOTO resotuna ~ MTHFR
Ala222Val (C677T; rs 1801133) craTucTuyecKku 3Ha4YH-
MO yYallle MpeJICTaBICHO Cpean OOJBbHBIX, COBEPILABIINX
paHee CyHIUIaIbHYIO MOMBITKY, 9YeM CpeaH IPYTHX Ta-
uenToB (p<0,05). ABTOpHI clienanu BBIBOJ O TOM, YTO
nomumopdusm MTHFR  Ala222Val moxxer BHOCHTH
BKJIAJ] B TIPEIIPACIIONIOKEHHOCTh K CYHMIIHy Y TIAI[ICHTOB
¢ mm3oppenwueii [13].

Opnako B oOMeHe (poIaToB MPUHUMAET y4yacTUe He
tonbko MTHFR, a nenslif psag ¢pepMeHToB (osaTHOrO
nukina (Cxema 1).

suicidality has been confirmed in numerous
studies [5, 6]. Genetic overlap between sui-
cidal ideation and depression was demon-
strated in a study by N. Shen et al. (2020)
[7]. According to a meta-analysis [8], genet-
ic predisposition to major depression in-
creases the risk of suicide attempts not only
in major depression and bipolar disorder,
but also in schizophrenia.

According to a number of analytical
reviews, genetic polymorphism of the key
enzyme of folate metabolism, methylenetet-
rahydrofolate reductase (MTHFR) 677
C>T) is a risk factor for both schizophrenia
[9] and depression [10, 11]. It has been
shown that folate intake in the general
population helps reduce the risk of suicide
attempts [12]. Hypothetically, disorders of
folate metabolism, including genetic factors
affecting folate metabolism, may contribute
to the development of depressive symptoms
and suicidality in schizophrenia through
several mechanisms. As can be seen from
Scheme 1, folates are involved in the resyn-
thesis of tetrahydrobiopterin (BH2) from
dihydrobiopterin (BH2), and the latter is a
key cofactor in the synthesis of a number of
central neurotransmitters, including seroto-
nin and dopamine. In addition, folates are a
source of methyl groups for the resynthesis
of methionine and S-adenosylmethionine
(SAM) from homocysteine, a key donor of
methyl groups in methylation reactions, due
to which both the synthesis and degradation
of central neurotransmitters are carried out.
In addition, folates play a key role in the
synthesis of purines necessary for the syn-
thesis of DNA and RNA (Scheme 1), and
DNA methylation by SAM is one of the
most important epigenetic mechanisms af-
fecting the stability of the genetic apparatus.

In the only cross-sectional study, we
found in the open press 957 hospitalized
chronic patients with schizophrenia and 576
healthy volunteers showed that carriage of
the  heterozygous  genotype = MTHFR
Ala222Val (C677T; rs 1801133) was
statistically significantly more common
among patients who had previously made a
suicide attempt than among other patients
(p<0.05). The authors concluded that the
MTHFR Ala222Val polymorphism may
contribute to suicide susceptibility in
patients with schizophrenia [13].
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Cxema 1. Ponp QomaroB B CcHUHTE3e U JAerpajaliii LEHTPaIbHBIX HeWporpaHncmutTrepoB (MTHFR -
MeTWIIeHTeTparuapodonarpeaykraza; 1S — tumummmwiar cuHtaza; MTHFD — wmerunenterparunpodonataeruiporenasa; 5S-

MethyleneTHF — metunenterparnapodonar; S-MeTHF — 5-merunrerparuapodonar (S-mernndonar, meraponun); MTR — metnonnn
cunTa3a; MTRR — mernonnn cunTasa penykrasa; SHMT — cepunrunpokcumeruntpancdepasa; SAM — S-anenosmnmernonns; B12 —
utamuH B12 (kodakrop MTR m MTRR); Hey — romormcrens; DHF - muruapodomnar; DHFR — nuruapodonar pexykrasa; THF —
terparuapodonat; BH2 — nuruapobuontepun; BH4 — terparunpobuontepun; COMT — karexon-O-metuntpancdepasa) / Scheme 1.
The role of folates in the synthesis and degradation of central neurotransmitters (MTHFR — methylenetetrahydrofolate reductase; TS —
thymidylate synthase; MTHFD — methylenetetrahydrofolate dehydrogenase; 5-MethyleneTHF — methylenetetrahydrofolate; 5-MeTHF
— 5 methyltetrahydrofolate (5-methylfolate, metafolin); MTR —methionine synthase; MTRR—methionine synthase reductase; SHMT —
serine hydroxymethyltransferase; SAM — S-adenosylmethionine; B12 — vitamin B12 (cofactor of MTR and MTRR); Hey — homocyste-
ine; DHF - dihydrofolate; DHFR — dihydrofolate reductase; THF — tetrahydrofolate; BH2 — dihydrobiopterin; BH4 — tetrahydrobiopter-
in; COMT - catechol-O-methyltransferase).

Acconmanys HECKOJbKUX OJHOHYKJICOTHIHBIX IO-
mumop¢usMoB (SNP), camxaromux QyHkuuu atux ¢ep-
MEHTOB, ¢ MH30(peHNeH n e€ CUMIITOMaMH HU3ydaJcs B
1esoM psizie paboT BHE KOHTEKCTa CYHUITUAAIBLHOCTH [ 14,
15, 16]. B uccnenoBannu J.L. Roffman c¢ xomieramm
(2011) mokaszaHo, 94TO CyMMapHasi aJuleJibHasi Harpyska
[0 HECKOJIbKUM I€HETHUYECKUM JIOKYCaM, BIMSIOIIMM Ha
¢donaTHbIi 0OMEH, OKa3bIBaeT OoJibliee BIUSHUE Ha (e-
HOTUIIMYECKUE TMPOSIBICHUS (a4 HMMEHHO HEraTHBHbIE
CUMITOMBI IIKW30(PEHNUN), YeM OTAEIbHO B3sAThIA SNP
[17]. Onnako gempeccuBHasi CUMITOMATHKA W CYHIIH-
JaTbHOCTh B JAHHOM HCCIIEJOBAHUHM HE M3ydalnch. [u-

However, not only MTHFR, but a
number of enzymes of the folate cycle are
involved in folate metabolism (Scheme 1).

The association of several single nu-
cleotide polymorphisms (SNPs) that reduce
the functions of these enzymes with schizo-
phrenia and its symptoms has been studied
in a number of studies outside the context of
suicidality [14, 15, 16]. In the study J.L.
Roffman and colleagues (2011) showed that
the total allelic load for several genetic loci
affecting folate metabolism has a greater
impact on phenotypic manifestations (name-
ly negative symptoms of schizophrenia)
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MOTETHYECKH, KyMYJISITUBHOE BIMSHUE MOTUMOP(PHU3MOB
B HECKOJIbKHX JIOKycaX (hoslaTHOTO (OIHOYTJIEPOIHOTO)
MyTH MeTaboNIM3Ma MOXKET OKa3bIBaTh OOIbIIHM dhdeKT
Ha CYHUIMJIAJIbHOCTh NMPHU MIHN30(PPEHUHU, YEM OTIEIHHO
B3ATHIN JIOKYC.

Llenvro oannou pabomwvl OBUIO U3YYUTH CBSI3b KOM-
OMHHPOBAHHOTO HOCUTENIHCTBA MOIUMOP(HBIX BAPHAHTOB
B TeHaX (hoJaTHOTO MeTaboNM3Ma ¢ CyHITUIaIbHOCTBIO U
JICTIPECCUBHON CHMITTOMATHUKOW TIPY U300 PEHHH.

Mamepuansi u memoowl

[IpoTokon ucciaenoBaHuss U UHPOPMHUPOBAHHOE CO-
rjlacue JJs YYacTHUKOB ObutM 0100peHbl JIoKaabHBIM
stnueckuM komuteToMm Nel ITpuBoiKCKOro uccienoBa-
TEJIBCKOr0 MEAUIIMHCKOIO YHUBEpcHuTeTa (mpoTokon Ned
3acemanusi ot 13.03.2019 r.), JlokambHBIM STHYECKUM
KoMuTeTOM HanumoHanbHOro MEeIMLMHCKOTO MCCIIE0Ba-
TEJIBCKOI0 LEHTPA IICUXUATPUU U HEBPOJIOruM uMm. B.M.
bextepesa (IIpotoxon Ne7, Jleno NeDK-2316). Kpure-
pUSIMU BKIIFOUEHUS TMAIMEHTOB B HCCIIEIOBaHHUE OBbLIM:
MOATBEPKJICHHE IHAarHO3a IU30(QpEHHH HAa OCHOBaHHUU
MHTEPBBIO C  TNpHUMEHEHHeM  OmpocHuka  Mini
International Neuropsychiatric Interview for Diagnostic
and Statistical Manual, Version 5 (M.L.N.I. for DSM-5);
N0OpOBOJIBHOE COIJIaCHe Ha y4yacTHUE B HCCIIEOBaHMU;
OTCYTCTBHE XPOHHYECKHX 3a00JIEBAaHUI, CBS3aHHBIX C
BOCTIAJICHUEM, W3BECTHBIMH W3MEHEHHUSMHU TOKa3aTeleit
OKCHJIATUBHOIO  CTpecca, TUIEProMOLUCTEMHEMUEH,
HapymeHusIMU MeTabonu3ma GoaaToB U HeHUIaTaHUHA;
OTCYTCTBHE NpUEMA CUHTETUYECKHX BUTAMHUHOB, IIPOTHU-
BOBOCHIAJIUTENIbHBIX MpENapaToB U aHTHOKCUIAHTOB B
TEYEeHHE MecsAlla 10 BKIIOYEHHUS B HcciefoBaHue. Bee
y4yacTHukH uccaenoBanus (119 manuenToB ¢ mmsodpe-
Huei) Oputn xurensimu Hiwknero Hosropona mnmu Hu-
xeropojackoi obnactu. CpenHss JUIMTENbHOCTh 3a00iie-
BaHUS C MOMEHTa MaHH(ecTaluu y NalieHTOB COCTaBU-
na 93,4 (119,0) mec. (cpennee apupmMeTHIECKOE U CTaH-
JapTHOE OTKIOHeHue — fainee m(c)); 34 [15; 155] mec.
(MenuaHa ¥ MEeKKBAapTUIIBHBIN pa3max — nanee Me [Q1;
Q3]); Bce moyyany aHTUIICUXOTHYECKYIO TEPAIHIO.

3a00p BEHO3HOM KpPOBH OCYIIECTBIISICS CTPOTO
HATOLIAK B YTPEHHHUE Yachl U3 JOKTEBOM BeHbl. MoJieKy-
nspHas auarHoctuka SNP mpoBoauiachk y Bcex ywacT-
HUKOB METOJIOM MNojiumepa3Hoi nenHoi peakuuu (I1LP)
C ayulenb-cnenu(UIecKuMu TpaiiMepaMu U HOCIEIyIo-
el OeTeKIUEed B PEeXMME peanbHOro BpemeHu. He-
MMOJIB30BAIM TeCT-CUCTeMBl I BbiAeneHus JHK wu3
neiikorutoB  «J{HK-Dkcmpece kpoBb» (IPOM3BOACTBO
HIIIT «JIutex», Poccust) m HabGopwl i ompeaeneHus
amtenedt mpousBojgctBa OOO «Tectl'en», Poccusi u
HIIIT «JIuTtex», Poccus.

than a single SNP [17]. However, depres-
sive symptoms and suicidality were not
examined in this study. Hypothetically, the
cumulative effect of polymorphisms at mul-
tiple loci in the folate (one-carbon) metabol-
ic pathway may have a greater effect on
suicidality in schizophrenia than a single
locus.

The aim of this work was to study the
association of combined carriage of poly-
morphic variants in folate metabolism genes
with suicidality and depressive symptoms in
schizophrenia.

Materials and methods

The study protocol and informed con-
sent for participants were approved by the
Local Ethics Committee No. 1 of the Volga
Research Medical University (minutes No.
4 of the meeting dated March 13, 2019), the
Local Ethics Committee of the National
Medical Research Center for Psychiatry and
Neurology named after. V.M. Bekhterev
(Protocol No. 7, Case No. EK-2316). The
criteria for inclusion of patients in the study
were: confirmation of the diagnosis of
schizophrenia based on an interview using
the Mini International Neuropsychiatric
Interview for Diagnostic and Statistical
Manual, Version 5 (MINI for DSM-5);
voluntary consent to participate in the
study; absence of chronic diseases associ-
ated with inflammation, known changes in
oxidative stress indicators, hyperhomocys-
teinemia, disorders of folate and phenylal-
anine metabolism; no intake of synthetic
vitamins, anti-inflammatory drugs and
antioxidants for a month before inclusion
in the study. All study participants (119
patients with schizophrenia) were residents
of Nizhny Novgorod or the Nizhny Novgo-
rod region. The average duration of the
disease from the moment of manifestation
in patients was 93.4 (119.0) months
(arithmetic mean and standard deviation —
hereinafter m(c)); 34 [15; 155] months
(median and interquartile range — hereinaf-
ter Me [Q1; Q3]); all were receiving anti-
psychotic therapy.

Venous blood was collected strictly on
an empty stomach in the morning from the
ulnar vein. Molecular diagnostics of SNPs
was carried out in all participants using
polymerase chain reaction (PCR) with al-
lele-specific primers and subsequent real-
time detection.
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Tabauya / Table 1

I'enetnueckue GakTopel, H3YYCHHBIC B PAMKaX TAHHON pabOTHI
Genetic factors studied in this work

Howmep SNP, npyrue
0003HaUCHHS TIPU HATUIHUN
SNP number, other
designations if available

HaszBanue depmenTa / 6enka
Enzyme/protein name

Oynkuus pepmenra / 6ernka, posib moauMopduzMa
Enzyme/protein function, role of polymorphism

rs10137071
(C>T umm / or G>A,
nanee / hereinafter GCH1)

'T®-nuknorugponaza-1 (GCHI)
GTP cyclohydrolase 1 (GCHI)

Cunre3 BH4 (cumxeHue o01ero ypoBHs NTEPUHOB B
IUTa3Me y HOCUTEIeH MOTUMOP(HBIX aJlIeliei)
BH4 synthesis (decrease in the total level of pterins in
plasma in carriers of polymorphic alleles)

rs202676

(484T>C,

nmanee / hereinafter referred to
as FOLH1)

®onarruaponaza-1 (FOLH1),
WU TIIyTamat
xapbokcunenrtunasa-II (GCP-II)
Folate hydrolase-1 (FOLH1), or
glutamate carboxypeptidase-II
(GCP-II)

Abcopbitust GoIaTOB U3 KUIICYHUKA
Absorption of folate from the intestine

BoccranoBiieHHBIN TEpEHOCUUK
¢domatos (reduced folate carrier-

CuHTE3 KJICTOUHBIX PElenTopoB (onaTtos

rs1051266 1, RFCI), SLCI9A1 (TpancMeMOpaHHBIil epeHoc (oJaToB BHYTPh
(Arg27Cys, 80G>A, . . KIICTKH)
. Refurbished carrier folate .
nanee / hereinafter RFC1) . Synthesis of cellular folate receptors (transmembrane
(reduced folate carrier-1, RFCI), transport of folates into the cell)
SLCI9A1 P
BHyTpukieTouHsii MeTabo11M3M (oIaToB:
rs2618372 Jurunpodomatpenykrasa npeBpalleHye Mrupoonara (Miu) B

(manee / hereinafter referred to
as DHFR)

(DHFR)
Dihydrofolate reductase (DHFR)

MeTabOJIMYECKU aKTUBHYIO (hopMy TeTparuapodoat
Intracellular folate metabolism: conversion of
dihydrofolate (diet) to the metabolically active form
tetrahydrofolate

1s2236225
(1958G>A,
nanee / hereinafter MTHFDI)

Mertunenrerparunpodonat
neruaporenaza (MTHFD1)
Methylenetetrahydrofolate
dehydrogenase (MTHFD1)

[uTorazMaTHueCKuii MeTaboIu3M (OJIaToB:
B3aWMHBIE TIpeBpamieHus rerparuapodonara (TTD),
10-bopmun-TI'®, 5,10-mererun-TI'D u 5,10-
MerwieH-TT'O
Cytoplasmic metabolism of folates: interconversions
of tetrahydrofolate (THF), 10-formyl-THF, 5,10-
methenyl-THF and 5,10-methylene-THF

rs1801133
(677C>T, Ala222Val, nanee /
hereinafter MTHFR1)

Mertunenrerparuapodoar-
penyktasa (MTHFR)

rs1801131
(1298 A>C, Glu429Ala, nanee
/ hereinafter MTHFR2)

Methylenetetrahydrofolate
reductase (MTHFR)

Boccranosnenue 5,10-metnnen-TI'® B 5-meTuni-
TIr'®, HeoOXOAUMBIN ISl METUIIMPOBAHHUS, B TOM
YHCJIe TOMOIIUCTENHA B METHOHIH
Reduction of 5,10-methylene-THF to 5-methyl-THF,
necessary for methylation, including homocysteine to
methionine

rs1805087

(2756 A>G, Asp919Gly,
nmanee / hereinafter referred to
as MTR)

Mertuonus cunrasa (MTR)
Methionine synthase (MTR)

BoccraHoBieHHEe TOMOIMCTENHA B METHOHMH,
KoOaJlaMHH3aBHCHMast PEAKIIHS
Reduction of homocysteine to methionine, a
cobalamin-dependent reaction

BoccraHoBeHUEe METHOHUH CHHTA3bI JJIA

rs1801394 Penykra3za METHOHWHCHHTA3BI
(66 A>G, Tle22Met, arce / (MTRR) OCYIIECTBIICHNS] METHJIMPOBAHMUS TOMOLUCTEHHA B
hereinafter MTRR) Methionine synthase reductase . METHOMHIH
(MTRR) Reductloq of methionine synthase to p'erf(.)rm
methylation of homocysteine to methionine

Karexon-O- MeTa60nH3Mu(pacna}1) KaTeXOJIAMUHOB IPU Y4aCTUH
rs4680 wermirparcdepasa (COMT) METHILHOH IPYIIIEL M3 LHIIa O6M6H?l (I)OJ'Ie'lTOB
(158Val>Met, nanee / Catechol-O-methyltransferase Metabolism (breakdown) of catecholamines with the
hereinafter COMT) participation of the methyl group from the folate

(COMT)

metabolic cycle
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W3y4ennble reHeTHYeckue (HaKTOphI MPEACTABICHbI B
Tabn. 1. YV HOcuTenel moIuMOpQHBIX ajuienel, N3ydeH-
HbIX SNP, cHmkaercs cooTBeTCTBYromas GpyHKus dep-
MeHTa / OenKa, 4To OmpenessieT ero BIUsSHUE Ha pa3iind-
HbIC 3BeHbs1 MeTabomm3ma nrepuHoB (donatoB u BH4).
Ha ocHoBe 0030pa nutepaTyphbl, OMyOJIMKOBAaHHOTO PaHEee
[18], ObuH BBIOpaHBI TeHeTHYEeCKHe (DAaKTOPBI, KOTOpHIC
paHee M3y4aluch B KOHTEKCTE HApyILICHHI oOMeHa ITe-
PHMHOB: BIMSIOIIME HA YCBOEHHE ()OIATOB U3 IMHUIIHU, HUX
BHYTPHUKJIETOYHBII TpPAHCIIOPT, META0OIMU3M B KIETKE,
CHHTE3 TeTparuApoOHONTeprHa, a TAK)Ke CMEXKHBIH IMpo-
LIeCC OHOYTJIEPOAHOTO MeTa00IM3Ma — METHIIMPOBAHUE.

IMTanuenTsl OBUIH OOCIIENOBAHBI KJIMHUYECKHA C IIO-
Moibto [IKkansl 11 OLIEHKH NO3UTUBHBIX U HETATHBHBIX
cuaapomoB mm3oppennn (PANSS, Positive and
Negative Syndrome Scale [19]), mkaner Kanrapu s
oueHku penpeccun npu musodpenun (CDRS) [20],
mkanel anregonnu Chaira-I'amunerona (SHAPS) [21]
n KomyMmOuiickol IIKajbl A OLUEHKH CYHIUIATIbHOIO
pucka (C-SSRS, The Lighthouse Project The Columbia
Lighthouse Project) Bciemyro k pesyibTatam Jjadbopa-
TOPHOTO aHAJIH3A.

Cratuctuueckass oO0pabOTKa IONyYEHHBIX JaHHBIX
MPOBOAMIIACH C MCIOJIB30BAaHUEM IPOrpaMMbl Statistica
6.0. IIpoBepka HOpPMaNbHOCTH pacClpeAesieHus OcCy-
niecTBisIach ¢ nomoupro kpurepus Illanupo-Yunka.
Pacnpesenenne MoyuyeHHBIX AAaHHBIX OTIUYAIOCH OT
HOPMAaJILHOTO, TIOATOMY IPHU CPaBHEHUH T'PYIIT UCIOJb-
30BaJICS HEMApaMETPUUYECKUA KpuTepuil MaHHa- Y UTHU;
IpH aHamu3e TaOJHI] CONMPSKEHHOCTH - KPUTEpHil ¥ C
nonpaBkoii Merca Ha HeNMpepBIBHOCTb, IS OLEHKH KOp-
pensiiui MeX1y OMOXMMHUYECKUMH IapameTpaMHu HC-
I0JIb30BAJICSI KPUTEPUN paHroBOi koppemsiuuu Crimpme-
Ha (p). JlaHHBIE TIPEACTaBICHBI C UCTIOIb30BAaHHEM MOKa-
3arenell cpeaHee apudmMeTHyecKkoe + CTaHAApPTHOE OT-
KJIOHEHHE (M*GC), MeJraHa U MEKKBAPTHIBHBIN pazmax
(Me [Q1; Q3]). Paznuuus cuuTamuch CTaTUCTHYECKHU
3HaunmbIMu Iipu p<0,05.

Pesynomameoi.

N3 anamm3a Puc. 1 MOXHO OTMETHUTH, UYTO Yy
HOCHUTEJIEH TOMO3MIOTHBIX MOJUMOP(HBIX BapHAHTOB
BCEX M3YYEHHBIX JIOKycoB, kpome RFC1, cratuctuuecku
HE 3HaYuMO OoJiee BBIPAKEH KaK MUHUMYM OJUH W3
NPUBEAEHHBIX MOKA3aTeNed MO MIKAJIEe CyMIUAATbHOCTH
(C-SSRS), 4uyro mno3Bonmiao HaM  c(hOPMYIHPOBATH
THIOTE3y O TOM, YTO CyMMapHOE€ KOMOWHHpPOBAHHOE
HOCHTEJIHCTBO MOJUMOP(HBIX TOMO3UTOTHBIX TEHOTHUITOB
/MMM CyMMapHO€ YHCJIO MOJIUMOPQHBIX —aJIeNei,
BIUsAONIMX Ha (ponathelii oOMeH (kpome RFC1), moxer
OBITh ACCOLMMPOBAHO C CYUIIUIATbHBIM PHUCKOM.

We used test systems for DNA extrac-
tion from leukocytes “DNA-Express Blood”
(manufactured by NPP Litech, Russia) and
kits for determining alleles produced by
TestGen LLC, Russia and NPP Litech, Rus-
sia.

The studied genetic factors are present-
ed in Table. 1. In carriers of polymorphic
alleles studied by SNP, the corresponding
function of the enzyme/protein is reduced,
which determines its effect on various parts
of the metabolism of pterins (folates and
BH4). Based on a review of the literature
published previously [18], genetic factors
were selected that were previously studied
in the context of disorders of pterin metabo-
lism: those affecting the absorption of folates
from food, their intracellular transport, me-
tabolism in the cell, the synthesis of tetrahy-
drobiopterin, as well as the related process of
one-carbon metabolism — methylation.

Patients were assessed clinically using
the Positive and Negative Syndrome Scale
for Schizophrenia (PANSS, Positive and
Negative Syndrome Scale [19]), the Calgary
Depression Rating Scale for Schizophrenia
(CDRS) [20], and the Snight-Hamilton An-
hedonia Scale (SHAPS) [ 21] and the Co-
lumbia Suicide Risk Rating Scale (C-SSRS,
The Lighthouse Project The Columbia
Lighthouse Project ) blinded to laboratory
results.

Statistical processing of the obtained
data was carried out using the Statistica 6.0
program. The normality of distribution was
checked using the Shapiro-Wilk test. The
distribution of the obtained data differed
from normal, therefore, when comparing
groups, the nonparametric Mann-Whitney
test was used; when analyzing contingency
tables — the 7 test with Yates' correction for
continuity; to assess the correlation between
biochemical parameters, the Spearman rank
correlation test (p) was used. Data are pre-
sented using the arithmetic mean + standard
deviation (m#c), median and interquartile
range (Me [Q1; Q3]). Differences were con-
sidered statistically significant at p<0.05.

Results:

From the analysis of Fig. 1, it can be
noted that in carriers of homozygous poly-
morphic variants of all studied loci, except
for RFC1, at least one of the given indicators
on the suicidality scale (C-SSRS) is statisti-
cally not significantly more pronounced,
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Tabauya / Table 2

Pe3ynbraThl reHOTUIMPOBAHUS H3YYCHHOW BRIOOPKH MAIUCHTOB
Results of genotyping of the studied sample of patients

CooTBeTCTBUE pacTpeieNeHus
I'enotunst N (4yactoTa) 3akoHy Xapau-BaiinOepra
Genotypes N (frequency) C correspondence of the distribution
to the Hardy-Weinberg law

GCH1 CC/CT/TT 41 (0,36)/17 (0,15)/57 (0,49) Chi*=56,11; p=0,000
FOLH1 TT/TC/CC 40 (0,34)/64 (0,55)/12 (0,10) Chi*=3,42; p=0,18
RFCl1 GG/GA/AA 40 (0,34)/52 (0,45)/24 (0,21) Chi*=0,86; p=0,65
DHFR CC/CA/AA 80 (0,69)/28 (0,24)/8 (0,069) Chi*=5,35; p=0,069
MTHFD1 CC/CT/TT 44 (0,38)/43 (0,37)/29 (0,25) Chi?=7,02; p=0,030
MTHFR1 CC/CT/TT 68 (0,58)/41 (0,35)/8 (0,068) Chi?=0,28; p=0,87
MTHFR2 AA/AC/CC 54 (0,47)/39 (0,34)/23 (0,20) Chi’=8,83; p=0,012
MTR AA/AG/GG 44 (0,38)/30 (0,26)/42 (0,36) Chi?=27,0; p=0,000
MTRR AA/AG/GG 26 (0,23)/53 (0,46)/36 (0,31) Chi?=0,58; p=0,75
COMT GG/GA/AA 75 (0,65)/5 (0,043)/36 (0,31) Chi?>=94,55; p=0,000

Tabnuya / Table 3

Pe3ynbTaThl KOPPEISAIMOHHOTO aHATU3a CYMMApHOTO YHCIa HOCUTEIbCTBA MOJUMOP(HBIX TOMO3UTOTHBIX T€HOTUIIOB
u onmmopoHbIx ameneit (GCG1, FOLH1, DHFR, MTHFD1, MTHFR1, MTHFR2, MTRR, MTR, COMT) y
CcyOBEKTOB BBIOOPKH, C pe3yJbTaTaMH OIICHKH CYUIUAATBLHOCTH ¢ TIoMOIbio mKkainsl C-SSRS (n=109)

Results of correlation analysis of the total number of carriers of polymorphic homozygous genotypes and polymorphic alleles
(GCGI1, FOLHI1, D H FR, MTHFD1, MTHFR1, MTHFR2, MTRR, MTR, COMT) in sample subjects, with the results of assessing

suicidality using the C-SSRS scale (n=109)

ITokazaTenp mkansl C-SSRS
C-SSRS scale score

CyMMapHOe YUCIIO TOTUMOP(HBIX
TOMO3UT'OTHBIX T€HOTHIIOB y
cyOBbekTa
The total number of polymorphic
homozygous genotypes in a subject

CyMMapHOE YHCITO TOTUMOPQHBIX
anyeneil y cyorekra (CyMMapHast
ajyienbHasi Harpy3Ka)

The total number of polymorphic
alleles in a subject (total allelic load)

OOb11ee KOJIMYeCTBO CyHUIMAANBHBIX MBICTICH B
TEYCHHE JKHU3HU
Total number of lifetime suicidal thoughts

p=0,36; p=0,000099;
Paci=0,00072

p=0,26; p=0,0058; pag=0,018

OO0ree KOJIMUECTBO CYNIMIATBHBIX MbICIIEH B
TEUCHHUE NOCIIEIHETO MecsLa
Total number of suicidal thoughts in the past month

p=0,24; p=0,013; pa=0,021

p=0,22; p=0,020; p.=0,032

OO01iiee KOJIMYECTBO CYUIHIATBLHOTO MOBEACHHS
B TEUEHHE KU3HU
Total number of lifetime suicidal behaviors

p=0,17; p=0,081; pag;=0,092

p=0,15; p=0,12; pag=0,13

OO0m1ee KOJIMIECTBO CYHITUAATBHOTO ITOBEICHIS
B TEUEHHUE IOCIIEHETO MeCALA
Total number of suicidal behaviors in the past month

p=0,17; p=0,079; paqi=0,093

p=0,17; p=0,078; pagi=0,10

OO0mmii CyunuIanbHBINA PUCK B TCUSHUE KU3HH
Overall lifetime suicide risk

p=0,35; p=0,00018;
padj:0,00072

p=0,33; p=0,00041; pagi=0,0033

OO0uuii CynnmaaIbHBIA PUCK B TCUCHHUE
MIOCJIEIHETO MecAIa
Overall suicide risk in the past month

p=0,24; p=0,013; pag;=0,021

p=0,22; p=0,019; pa=0,032

OO01mast KaTeropust CyuIUJaIbHOTO PUCKa B
TEYCHHNE KHU3HU
General category of lifetime suicide risk

p=0,26; p=0,0057; pa¢=0,015

p=0,26; p=0,0066; p.s=0,018

OO01as KaTeropus CyuIuIaIbHOTO PUCKa B
TE€UYEHUE MTOCJIETHETO MECsLa
General category of suicide risk during the past month

p=0,15; p=0,13; pag;=0,13

p=0,13; p=0,19; paq=0,19

TMpumeyanus: p — ko3 duument koppensiun CrupMeHa; p — YpOBEHb 3HAUUMOCTH; Padj — YPOBEHb 3HAYMMOCTH TIOCIIE TTOMPABKA
benmkamunn-Xox6epra Ha MHOXKeCTBEHHOE TecTupoBanue / Notes: p — Spearman correlation coefficient; p — significance level; p
adj— significance level after Benjamini-Hochberg correction for multiple testing
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CSSRS aibehavior total lifetime: KW-H(2,112)=10,537230529, p = 0,7418
CSSRS airisk total lifetime: KW-H(2,112) = 0,635700402, p= 1,727
CSSRS slrisk category total lifetime: KW-H(Z,112} = 0,64266138, p = 0,7252
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. 1. Tlokazarenn Kosrym6uiicko# mkansl oueHkH Tsokectd cyunmaa (C-SSRS) y HocuTenel pa3HbIX I€HOTHIIOB B
n3ydyeHHbIX Jokycax / Fig. I. Columbia Suicide Severity Rating Scale (C-SSRS) indicators in carriers of

different genotypes in the studied loci.
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CSSRS sirisk total lifetme: KW-H(2,112) = 1,09643027, p = 0,5780 CSSRS s/risk total lifetme: KW -H(2,112) = 2,84262844, p = 0,2414
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Puc. 1 (npoooncenue). Tlokazaremu KomymoOuiickoii mkansr oneHkd Tsokect cynnuaa (C-SSRS) y Hocutenelt pa3HBIX
TE€HOTHUIIOB B M3YUYEHHBIX JIOKycaX. [Ipumeuanus: JlanHble B cTonbnax orodpaxensl B Bune: Median; Box: 25%, 75%; Whisker:
Min, Max; obo3HaueHns1 mokasareneid B cronduax: Oenblii — CSSRS s/ideation total lifetime (oOmiee KOIMYECTBO CyHIUTATBHBIX
MBICIIeH B TeueHue xu3HM); 3eEHbIit — CSSRS s/behavior total lifetime (o0iee KOIMYIECTBO CYHIIUAATHLHOTO TIOBECHHS B TCUCHUE
xwu3HH); royooit — CSSRS s/risk total lifetime (00Ommit cynmaaabHbIN prCK B TeueHUe Ku3HN); cepbiit — CSSRS s/risk category total
lifetime (0OmIast KaTeropusi CyHIMIATEHOTO PHCKa B TEUEHHE JKU3HM); 0003HAYCHHUS TeHOTHIOB (0ch X): 0 — TOMO3UTOTHBIA JAUKHMA
TeHOTHIT; | — reTepo3mrora; 2 — TOMO3UrOTHEIN omMopdHbIi reHotur; KW — tect Kpyckana-Yormmica.

Fig. 1. Columbia Suicide Severity Rating Scale (C-SSRS) indicators in carriers of different genotypes in the studied
loci. Notes : Column data is shown as: Median ; Box: 25%, 75%; Whisker : Min , Max; designations of indicators in columns:
white — CSSRS s/ ideation total lifetime (total number of suicidal thoughts during life); green — CSSRS s/ behavior total lifetime
(total number of suicidal behavior during life); blue — CSSRS s/ risk total lifetime (overall suicide risk throughout life); gray —
CSSRS s/ risk category total lifetime (general category of suicidal risk throughout life); genotype designations (X axis): 0 —
homozygous wild genotype; 1 — heterozygote; 2 — homozygous polymorphic genotype; KW — Kruskal -Wallis test.

B T1abn. 3 mpuBeneHsl pe3ynbTaThl TECTUPOBAHUS which allowed us to formulate the hypothe-
9TOM TMNOTE3bl. Kak BUIHO M3 CpaBHEHUS CTOJIOIOB 2-3, sis that the total combined carriage of pol-
OOJIbIIIel CTATUCTUYECKON CBSI3BIO C TIOKA3aTESIMH CYH- ymorphic homozygous genotypes and/or the
[MIATBHOCTH 00JagaeT HOCHTEIHCTBO T'OMO3HUTOTHBIX total number of polymorphic alleles affect-
IEHOTUIIOB 110 CPaBHEHHI0 C CyMMAapHOH aillenbHOM ing folate metabolism (except RFC1) may
HarpysKoii. be associated with suicidal risk.
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Tabnuya / Table 4

Martpuia koppersinuii (CrimpMeHa) HU3y4eHHBIX KIMHHYECKHX MapaMeTPOB U CYMMapHOTO HOCHTEIBCTBA TOTMMOP(HBIX
romo3uroTHeIX reHotunoB (GCG1, FOLH1, DHFR, MTHFD1, MTHFR1, MTHFR2, MTRR, MTR, COMT)
Correlation matrix (Spearman) of the studied clinical parameters and total carriage of polymorphic homozygous
genotypes (GCG1, FOLH1, DHFR, MTHFD1, MTHFR1, MTHFR2, MTRR, MTR, COMT)

anlzﬁzf" PANSS P|PANSS N[PANSS G Pﬁ)ﬁs SHAPS | CDRS
PANSS P 1,00
PANSS N 039% | 1,00
PANSS G 0,67 | 0,61* | 1,00
PANSS total 0,75* | 0,80% | 093* | 1,00
SHAPS 032% | 0,12 0,18 | 022% | 1,00
CDRS 025% | 0,07 | 044% | 032% | 019% | 1,00

CyI/II_II/IZlaJ'ILHBIe MBICJIM B TCUCHHUEC )KU3HHU

% ~ *
Lifetime suicidal ideation 0,20 0,04 0.18 0,15 0,08 0,26
CyuIuansHbIe MBICITH B TEUCHHE MECSIIA % % " %
Suicidal thoughts within a month 0.13 0.11 0,25 0,20 0,16 0,29
C.}/I/II_FI/IZ[aJ'IL.H(.)e TIOBE/IEHHE B TEHEHHE KH3HH 0.10 0.07 0.18 0.12 0.11 031%
Lifetime suicidal behavior

CyuiunansHoe MOBEJCHUE B TCUCHUE Mecsla

Suicidal behavior within a month 0,16 0,06 0,16 0,15 0,02 0,14
e 021% | 004 | 024% | 0,19% | 0,13 | 0,33*
Lifetime suicide risk

CYMUILAILHBII PHCK B Teterie Mecslia 0,13 | 011 | 025% | 020% | 016 | 0,29*
Suicide risk within a month

K.aTeropI/m CYHIHJIATILHOTO PUCKA B TEHEHHE KH3HH 0.16 0.06 0.18* 0.14 0.13 0.26*
Lifetime suicide risk category

Kareropus CYHUNAAIBHOTO PUCKA B TEUCHHE MecsLa 0.15 0.10 0.19* 0.17 0.06 0,22+
Monthly suicide risk category

Yucito nomuMOp(HBIX TEHOTHITOB 0.13 0,05 0.12 0.09 0.09 0.08

Number of polymorphic genotypes

IMpumevanns: *cratucrudecku 3Haunmble koppesamun (p<0,05); PANSS — Illkama st OLEHKM MO3UTHBHBIX M HEraTHBHBIX
CHHAPOMOB Imu30¢pennn, P — mkama MpOAyKTUBHBIX CHMITOMOB, N — IIKajla HETaTWBHBIX CHHApPOMOB, G — mkama oorieit
ncuxomnaronorun; CDRS — mkana Kanrapu mis ouenkn nenpeccun npu musodpenun; SHAPS — mkana anrenonnm Chaiira-
['amMuIbTOHA; OKA3aTeIM CYULMIATBHOCTU U3MEPEHBI C MOMOIIbI0 IKabl Kanrapu ams ouenku cyuimaansHoro pucka (C-SSRS).
Notes: *statistically significant correlations (p<0.05); PANSS — Scale for assessing positive and negative syndromes of schizophre-
nia, P — productive symptoms scale, N — negative syndromes scale, G — general psychopathology scale; CDRS — Calgary Depres-
sion Rating Scale for Schizophrenia; SHAPS — Snaith-Hamilton Anhedonia Scale; suicidality rates were measured using the Calga-

ry Suicide Risk Rating Scale (C-SSRS).

B cBsi3u ¢ TeM, 4TO KOMOMHMPOBAHHOE HOCHTEILCTBO
MOJIMMOP(HBIX T€HOTUITOB B T€HAX, BOBJIICYEHHBIX B (hostat-
HbIii OOMEH W CONPSDKEHHBIC OMOXMMHYECKHUE MPOIECCHI,
MOXCET BJIIHUATH Ha CYI/IIII/I)IEUIBHOCTB OHOCpeHOBaHHO qepe3
UX BJIUIHUC HA CUMIITOMBI )IereCCI/II/I, AHI'CIOHUU 1 I[pyrI/IC
KIMHUYCCKHUEC CHMIITOMBI (HeFaTI/IBHBIe, HpO}IYKTI/IBHI)IC),
ObUIa JIOMOJHHUTEIBHO MPOAHAIM3UPOBAHA MX CBS3b C JTH-
MU TTOKA3aTeJISIMH, & TAK)KE CBSA3b 3THUX TOKa3aTeleH MEXITy
COOOM.

Table 3 shows the results of testing
this hypothesis. As can be seen from a
comparison of columns 2-3, carriage of
homozygous genotypes has a greater
statistical relationship with suicidality
rates compared to the total allelic load.

Due to the fact that the combined
carriage of polymorphic genotypes in
genes involved in folate metabolism and
associated biochemical processes can
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| Multiple R(z/xy) = 0,454328224, p = 0,000005 |

Puc. 2. lnarpamma paccesiHus, OTpaXkarolasi acCOLUALUI0 00IIero
CYHULIMJIaTIbHOIO PUCKA B TEUEHUE XKU3HU C BBIPAKEHHOCTBIO JIEIIpeC-
CHU W CyMMAapHBIM YHCIIOM ITOJMMOP(HBIX TCHOTHIIOB (POIATHOTO
MeTabonu3Ma (BBIpAKEHHOCTh JEMPECCHM H3MepeHa 0 IIKaje
CDRS, o0muii cynumaanbHbl pUCK B TEUEHUE KU3HU — IT0KA3aTellb
mkaiel C-SSRS; multiple R (z/xy) — MHOXeCTBEHHBIH KO3 HUITHEHT
KOPPEIAIUH).

Fig. 2. Scatter plot reflecting the association of the overall lifetime suicide
risk with the severity of depression and the total number of polymorphic
genotypes of folate metabolism (the severity of depression is measured using
the CDRS scale, the overall lifetime suicide risk is an indicator of the C-
SSRS scale; multiple R (z/xy) — multiple correlation coefficient).

YuuThIBas HadWMuMe 3HAUYMMBIX KOPPEJSAIMHA IMoKa3a-
teneir cynnunanbHocTH (C-SSRS) ¢ uncnom momumopd-
HBIX T€HOTHUIIOB U ¢ BhIpakeHHOCThIO Aenpeccun (CDRS),
HO TIPU 3TOM OTCYTCTBHE KOPPEISIIUOHHOU CBSI3H MEXKIY
YHCIIOM T€HOTHIIOB M BBIPAKEHHOCTBIO JETPECCHU, ObLI
paccyuTaH MHOKECTBEHHbIM KO3()(PHUIMEHT KOppeisuu
MoKasarelsil CyHMIHMIAaJbHOTO pucKa (00IUH Ccyuuuiaib-
HBII PUCK B TE€YEHHE XU3HU) C BBIPAXKEHHOCTBIO JIeTpec-
CMU U CYMMapHbIM YHCJIOM HOJUMOP(HBIX T'€HOTUIIOB
(Puc. 2).

Obcyoicoenue pes3yrbmamos

Pe3ynbTaThl reHOTUIIMPOBAHUS IO OTIEIBHBIM JIOKYyCaM
HE COOTBETCTBYIOT ypaBHeHHIO Xapnau-BaiinGepra (TaO:.
2). DTO MOXKET OOBACHATHCS TEM, YTO YCIOBUS AJISl IPUMeE-
HeHus 3akoHa Xapau-BaiinOepra (momysnsiuusi 6€CKOHEUHO
00JBILIOTO pa3Mepa, B KOTOPOM HE JNEHCTBYET €CTECTBEH-
HBI 0TOOP) B JaHHOM paboTe He COOMI0AAINCh: HEOObIIast
BBIOOpPKA MAIlMEHTOB C OTIEJIBHO B3SITHIM ICHUXUYECKUM

affect suicidality indirectly through their
effect on symptoms of depression, an-
hedonia and other clinical symptoms
(negative, productive), their relation-
ship was further analyzed with these
indicators, as well as the relationship
between these indicators.

Considering the presence of signifi-
cant correlations of suicidality indicators
(C-SSRS) with the number of polymor-
phic genotypes and with the severity of
depression (CDRS), but at the same time
the absence of a correlation between the
number of genotypes and the severity of
depression, a multiple correlation coeffi-
cient of the suicide risk indicator was
calculated (total suicide risk during life)
with the severity of depression and the
total number of polymorphic genotypes
(Fig. 2).

The discussion of the results

The results of genotyping for indi-

vidual loci do not correspond to the
Hardy-Weinberg equation (Table 2).
This may be explained by the fact that
the conditions for applying the Hardy-
Weinberg law (a population of infinite-
ly large size in which natural selection
does not act) were not met in this study:
a small sample of patients with a single
mental disorder, to the development of
which the individual genotypes studied
may contribute, that is, they are a factor
that changes the genetic structure of the
sample. According to JL Royo et al.
(2021), deviation from the Hardy-
Weinberg distribution among patients
in case-control studies may be ex-
plained by the association of the pheno-
type being studied with the genetic fac-
tor being studied [22].

The presence of each of the studied
genetic polymorphic homozygous geno-
types makes a statistically insignificant
contribution to the parameters of sui-
cidality (Fig. 1). This may be explained
by the fact that the studied genetic fac-
tors are not mutations, but rather wide-
spread polymorphisms in the population
that affect to varying degrees the func-
tions of individual enzymes and pro-
teins (receptors, enzymes), but do not
disable these functions. The influence
of these polymorphisms on biochemical
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paccTpoiicTBOM, B pa3BUTHE KOTOPOI'O OTAEIbHBIE U3YyUEH-
Hbl€ T€HOTHIIBI MOTYT BHOCUTb BKJIaJ, TO €CTh SIBIISFOTCS
(hakTOpOM, MEHSIOIIUM T€HETHYECKYIO CTPYKTYpPY BBHIOOD-
ku. CornacHo J.L. Royo u coast. (2021), oTKIOHEHHE OT
pacnpenenenus: Xapau-BaitHOepra cpeay manyueHToB B HC-
CJIEZIOBAaHMAX THIIA CIIyYail-KOHTPOJb MOXKET OOBICHATHCS
accompanueil n3y4aeMoro (peHOTHIIA C U3Y4aeMbIM I€HETH-
geckuM Qaktopom [22].

HocurenbCTBO KaKAOro M3 M3YYEHHBIX I'€HETUYECKHX
MOJMMOP(HBIX TOMO3UIOTHBIX T€HOTHUIIOB BHOCHUT BKJIQJ B
apaMeTpbl CyMUUAAIBHOCTH CTaTUCTHYECKU HE 3HAYMMO
(Puc. 1). D10 MOXeT OOBSACHSAETCS TEM, YTO H3yUCHHBIC
reHeTHYeCKue (PaKTOphI ABJSIOTCS HE MyTallUeH, a IMHUPOKO
pacmnpoCcTpaHEHHBIMA B TOMYJISALUN  [TOJTUMOP(PH3MAMH,
BIMSIOIIUMH B Pa3IMYHON CTENeHH Ha (YHKIUU OTHEIb-
HBIX (pepMeHTOB U OeNKOB (perenTopoB, GEPMEHTOB), HO HE
BBIKJIIOYAIOIIUMH 3TH (YHKIWU. BiusHHE 5THX monmuMop-
¢u3MOB Ha OMOXMMHYECKHE IPOLECCHl MOXKET OBITh CO-
NPSHKEHO CO CPeAOBBIMU (akTopamu (TIOCTyIUIEHHE CyO-
CTpaToB — BUTAaMHHOB By 1 B12 — ¢ mmmeit), a Takke QpyHK-
ueit conpsikEHHBIX pepMeHTOB. Kpome TOr0, HMMetonuiics
pa3mep BBIOOPKH SIBIISICTCSI MaJIbIM JIJIsl UCCIIEIOBaHUMN ac-
COLMANNN MOTUMOP(HBIX T€HETUYECKHUX JIOKYCOB C (peHO-
TUNIUYECKUMU npu3Hakamu. Ilpu 3Tom anamus Puc. 1 nmos-
BOJISIET OTMETHUTH OOLLYI0 TEHIEHLMIO JUIsl BCEX JIOKYCOB,
kpome RFCI1: y HocuTeneit monuMopHBIX ameneii B ro-
MO3UTOTHOU (hopMe MOKa3aTeNH, U3MEPEHHBIE C TTOMOILBIO
mkanbl C-SSRS, 6osee BbIpaxkeHbl, 4eM Yy HOCHUTENEH HOp-
MaJbHbIX («IMKUX») T€HOTUIIOB U TeTepo3uroT. Mckmoue-
Hue coctaiseT Jokyc RFC1, HocuTenu pa3HbIX reHOTUIIOB
KOTOPOTO OOHapYXHMBAIOT MPOTHUBOIIOJIOKHYIO TEHICHIIHIO.
DTO MOXKET OBITh CBSI3aHO C TEM, YTO COIJIACHO OTIEJIbHBIM
HMCTOYHUKAM JIUTEpaTyphl, TPAHCKPUIITA ITOrO I'eHa B IO-
JIOBHOM MO3re oTHOocuTenbHO Mano [23]. Kpome Toro, u3-
BECTHOE I'eHEeTHUYECKOe 3a00JieBaHNe, CBsI3aHHOE C HapyIle-
HueM tpancnoprta ¢onatoB B LIHC (uepeGpanbHas donat-
Hasi HEJOCTaTOYHOCTb), ACCOLMUPOBAHO C HEAOCTATOYHO-
CTBIO JPYroil TPaHCHOPTHOW CUCTEMBbI — (HONATHBIM pe-
uenrtopom ainbgpa [24]. Ilpu 3TOM mnyTh, CBA3AHHBIA C
RFCI1, orBeuaet 3a Tpancnopt (HOJIMHUEBOU KUCIOTHI, UC-
MOJIb3YEMOW MpH JICUCHUH JaHHOTO cocTtosiHus [25]. Ta-
KM 00pa3om, myTh nocrymienus ¢onato B LIHC, cBs-
3anHbli ¢ RFCI1, BeposiTHO, ABISETCS pPE3epBHBIM, UTO
MO3BOJISIET MPEANoararb, YTo0 CHUKEHUE (PYHKIIMH HTOTO
MyTH Y HOCUTENEH MOJUMOP(HOro amesns He TOJbKO He
MPEensSTCTBYET MOCTYIJICHUIO OCHOBHON MeTaboJudecKu
aktuBHOU popmbl onatoB B LIHC (5 - meTunrerparuapo-
¢donara), HO MOXXET AaKTUBHU3UPOBATh OCHOBHOM MyTh 3a
CYeT CHM)KCHMSI KOHKYPEHIIUH 3a (ponaTsl CBIBOPOTKH KPO-

processes may be associated with envi-
ronmental factors (supply of substrates
- vitamins B ¢ and B, — with food), as
well as the function of conjugated en-
zymes. In addition, the available sample
size is small for studies of associations
of polymorphic genetic loci with phe-
notypic traits. At the same time, the
analysis of Fig. 1 allows us to note a
general trend for all loci except RFCl:
in carriers of polymorphic alleles in
homozygous form, indicators measured
using the C-SSRS scale are more pro-
nounced than in carriers of normal
(“wild”) genotypes and heterozygotes.
The exception is the RFCI locus, carri-
ers of different genotypes of which
exhibit the opposite tendency. This may
be due to the fact that, according to
some literature sources, there is rela-
tively little transcript of this gene in the
brain [23]. In addition, a well-known
genetic disease associated with im-
paired transport of folates in the central
nervous system (cerebral folate defi-
ciency) is associated with a deficiency
of another transport system, the folate
receptor alpha [24]. In this case, the
pathway associated with RFCI1 is re-
sponsible for the transport of folinic
acid, used in the treatment of this con-
dition [25]. Thus, the pathway of folate
entering the CNS associated with RFC1
is likely to be a reserve one, which sug-
gests that a decrease in the function of
this pathway in carriers of the polymor-
phic allele not only does not prevent the
entry of the main metabolically active
form of folate into the CNS (5-
methyltetrahydrofolate) but may acti-
vate the main pathway by reducing
competition for serum folate [26].

The correlation analysis of the as-
sociation of the number of polymorphic
homozygous genotypes of the folate
metabolic pathway with manifestations
of suicidality is consistent with our
hypothesis that the cumulative influ-
ence of several genetic factors involved
in the common metabolic pathway will
have a more significant impact on phe-
notypic manifestations than a single
genetic locus. The proposed model for a
comprehensive assessment of genetic
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BU [26].

[TpoBen€HHBIN KOPPENSIIMOHHBIN aHATU3 acCcolMaIluu
YKciia TOTUMOP(GHBIX TOMO3UTOTHBIX T€HOTUIIOB (POJATHO-
ro MeTabOoJIMYECKOro MyTH C MPOSBICHUSAMH CYyHIIMIATbHO-
CTU COTJACyeTCsl C BBIABUHYTOM HaMH TUIOTE30M, O TOM,
YTO KYMYJISITUBHOE BIIMSTHUE HECKOJBKUX TE€HETHYECKUX
(hakTOpOB, BOBJICYCHHBIX B OOMUH METaOONIMYECKUI MyTh,
OyJlleT OKa3pIBaTh 0o0Jiee CYIIECTBEHHOE BIMSHUE Ha (eHO-
TUMWYECKHUE TMPOSIBICHUS, YEM OTIEIbHO B3STHIM I'€HETH-
yeckuil Jokyc. IlpennoxkeHHyl0 Monellb KOMILIEKCHOR
OLICHKM TeHEeTH4YeCKHX (akTopoB (pojaTHOro oOMeHa Mo-
cJle peruIMKallMi Ha HOBOW BBIOOpKE MAIMEHTOB C IHM30-
¢bpenueit MOXHO OyIOeT HCMOIb30BAaTh B T€HETHUYECKOM
KOHCYJIbTHPOBAHUU JJIsi OLIEHKH CYUIUAAIBHOTO pHUCKA Y
NAIUEeHTOB C MU30(QpeHueil. YUuTeiBas, yTo HapyLICHUS
oOMeHa (onaToB HE SBIAIOTCS CHEUUMDUUHBIMH JUIS IIIH-
30(ppeHun, JaHHYI MOJEJIb MOKHO MPOTECTUPOBATH Ha
BBIOOpPKAaX TMAIMEHTOB C JPYTUMHU TICUXHYECKUMHU pac-
crporictBamu (6omnbinas nenpeccusi, bAP, PAC, TIPJI u
Ipyrue).

Css3b nokazareneit mkaisl C-SSRS ¢ BeipakeHHOCTHIO
nenpeccun (CDRS) cornacyercsi ¢ onmyOJIMKOBaHHBIMU pa-
Hee JTaHHBIMU O TECHOH CBSI3U JENPECCUBHOTO U CYHIIU-
nanpHOTO (enorunoB  [5, 6]. Hammume nenmpeccuBHOI
CUMITOMATUKK TpH mu30hpeHnn paHee 0003HAYATIOCH
JIPYTUMH aBTOpaMH Kak OAWH U3 (AaKTOPOB pUCKA CyHIIUIA
npu 3ToM 3aboneBanus [27]. Takke Mosyd4eHHbIE HaMH
JaHHBIE 00 accolManuy TOoKa3aTeliel CYUIMIaIbHOCTH C
BBIPQ)KEHHOCTHIO CHUMITOMOB HIM30(pEHUH (IIKaIbl MpPO-
OYKTHBHOW CHMIITOMATHKH H OOIIEH ICHXOIMATOJOTHH
PANSS) cornacyroTcst ¢ JaHHBIMH, IPUBEICHHBIMU B 0030-
pe K. Hor u M. Taylor (2010), o ToM, 4TO akTHBHBIE raj-
JOUMHATOPHO-OPEIOBbIE CUMIITOMBI U OTCYTCTBHE KPHTHU-
KU SABJISAIOTCA (akTOpaMu pucka cyunuaa [27].

OOpamiaer Ha ce0s1 BHUMaHHE OTCYTCTBUE CBS3H I'€He-
TUYECKUX TIOKa3aTesiell (CyMMapHOTO HOCHTEILCTBA IMOJIU-
MOP(}HBIX TEHOTHUTIOB) C BBHIPAKEHHOCTHIO CHMITTOMOB IITH-
30(peHnH, a TaKKe JEMPECCUBHON CUMIITOMATHKH W aHTe-
noaun (Tabn. 4). Ilpu sTomM nenpeccuBHAsS CHMITOMATHKA
accoIupoBana ¢ nokasarensmu mkainsl PANSS. D10 nos-
BOJISIET IMpeArNoaraTh, YTO akTyallbHble HA MOMEHT o0Ociie-
JIOBaHUS CUMIITOMBI JIETIPECCUHU, TPOLYKTHUBHBIE CHUMITOMBI
Y CHUMIITOMBI LIKaJIbl OOIIEH NCUXOMAaTONIOIrMU UMEIOT He3a-
BHUCHUMBIM OT U3yYEHHBIX F'€HETUYECKUX (PAKTOPOB BKJIaJa B
MOKa3aTeN CyUIUJANbHOCTH.

I'enetnyeckue (HhakTOpbl MOTYT BHOCHTH BKJIaJ B CyH-
UUAATBHBIA (PEHOTUI HE 32 CUET BIMSHHS HAa aKTyaJlbHbIE
CUMITOMBI IIU30(PEHNUN W/UIK JETIPECCHH, a 3a CUET ApY-
MX MEXaHHW3MOB WIHM B MEPUOJABI BPEMEHU, OTIMYHBIE OT

factors of folate metabolism after repli-
cation on a new sample of patients with
schizophrenia can be used in genetic
counseling to assess suicidal risk in
patients with schizophrenia. Consider-
ing that folate metabolism disorders are
not specific to schizophrenia, this mod-
el can be tested on samples of patients
with other mental disorders (major de-
pression, bipolar disorder, ASD, BPD,
and others).

The relationship between C-SSRS
scores and the severity of depression
(CDRS) is consistent with previously
published data on the close connection
between depressive and suicidal pheno-
types [5, 6]. The presence of depressive
symptoms in schizophrenia was previ-
ously identified by other authors as one
of the risk factors for suicide in this
disease [27]. Also, our data on the asso-
ciation of suicidality indicators with the
severity of symptoms of schizophrenia
(PANSS scale of productive symptoms
and general psychopathology) are con-
sistent with the data presented in the
review by K. Hor and M. Taylor
(2010), that active hallucinatory-
delusional symptoms and the absence
of critics are risk factors for suicide
[27].

Noteworthy is the lack of connec-
tion between genetic indicators (total
carriage of polymorphic genotypes) and
the severity of symptoms of schizophre-
nia, as well as depressive symptoms and
anhedonia (Table 4).

Moreover, depressive symptoms are
associated with PANSS scale scores.
This suggests that depressive symptoms,
productive symptoms, and symptoms on
the general psychopathology scale that
were current at the time of examination
have a contribution to suicidality rates
independent of the genetic factors stud-
ied.

Genetic factors may contribute to
the suicidal phenotype not through their
influence on actual symptoms of schizo-
phrenia and/or depression, but through
other mechanisms or at time periods
other than when the patient was as-
sessed. This is consistent with the data
of R. Dutta et al. (2017) that the genetic
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MOMEHTa OOCJIeZIOBaHMS MalMeHTa. JTO COrjacyercs C
nanaeiMu R. Dutta u coast. (2017) o Tom, 4TO TeHeTHUE-
CKHH KOMIIOHEHT, aCCOLMHMPOBAHHBIM € CYHLIUIAIbHBIMHU
MBICIISIMH, MOKET OBITh HE3aBUCHMBIM OT IETPECCUH (ak-
TopoMm [28]. Kpome TOro, reHeTHUECKHE SMUIEMHUOIIOTHYE-
CKHE HCCJIEIOBAHUS yKa3bIBAIOT Ha CIIEHU(PUUECKYIO TeHe-
TUYECKYI0 KOMIIOHEHTY CYHUUAAIBHBIX MONBITOK, KOTOpas
YaCTUYHO OTJIMYAETCSI OT T€HETUYECKOH KOMIIOHEHTHI CO0-
CTBEHHO TICUXHWYEeCKHX 3aboseBanuii [29]. JIBa KpyIHO-
MacIuTaOHBIX AMUAEMUOJOTHYECKUX HCCICAOBAHUS OH3-
HELOB CpeOu B3pOCIbIX, MPOBEIEHHBIX B ABCTpaIud U
CIIA, nokazanu HalId4Yue HACJIETyEMOCTH CYyUIIUAAIbHBIX
MBICJICH B TEYEHHUE JKU3HU KaK 4acTH 0co0oro (heHoTHrma
cyunuaansHoro crekrpa [30, 31, 32].

Jpyroe BaxxHO€ 00BSICHEHHE HECOTIIACOBAHHOCTH MEX-
Iy KIMHUYECKUMH (aKTOpaMH, aCCOLUMUPOBAHHBIMU C TIO-
Ka3aTelsIMU CYUIMIAIbHOCTH, U H3YYEHHBIMU TI€HETHYe-
CKUMH (aKTOPaMU MOKET OOBSICHATHCS PAa3MYHBIMU Bpe-
MEHHBIMH OKHaMU JeUCTBHA ATUX (pakTopoB. ['eHeTHueCcKue
(baKTOpBI OKa3bIBAIOT CBOM AP PEKT, HAUMHASA C CAMbIX paH-
HUX MIEPUOJIOB OHTOTEHE3a, TOTIa KaK KIMHUYECKUe (PaKTo-
pBl OTPaXKaOT JIMIIL TEKYLIEE COCTOSHUE MAlMeHTa B MO-
MeHT oOcnenoBanusa. CornacHo maHHbIM A. Bani-Fatemi ¢
coaBt. (2018), aHOMaNbHBIC AMHUIeHETHYSCKHE MOoauduKa-
LMY, BbI3BaHHbIE AUCPYHKIMENH aKTUBHOCTU (PEPMEHTOB BO
BpeMsi OEpEeMEHHOCTH, TaKH€ KaK THIOMETUIMpPOBaHHE
JHK, Bc€ yamie npu3HaIOTCd UMEIOUIMMH JIOJTOCPOYHbBIE
MOCJIE/ICTBUSI B OTHOILIEHUU PAa3BUTHUS CYULUAAIBHOIO IO-
BeaeHust [33]. HayuHble naHHble TOATBEPKIAIOT, YTO TH-
nomerunupoBanue JIHK moxer yBenumunBath ko3¢ duiu-
€HT MyTaluil U BBI3BIBATH HECTAOMJIBHOCTH XPOMOCOM C
MOCJIEICTBUSMHM JJI1 Pa3BUTUS HEPBHOM CHCTEMBI 3a CUET
BIIMSIHUSA HA JO(PaMUHEPTUYECKUE U CEPOTOHUHEPTUYECKUE
CUCTEMBI, YTO MOXKET MOBBIIIATH PHUCK CYHUIUAAIBHOTO
noBescHUs B OoJyiee mosaHeM Bo3zpacte [34]. donaTHbIN
OOMEH SIBJISIETCSI OJIHUM M3 BaKHEHIIMX YYaCTHHKOB IpPO-
LIECCOB METWJIMPOBAaHUS U MPEJICTABISETCS HENocpe-
CTBEHHBIM JOHOPOM METWJIBHBIX I'PYII, B TOM YHUCIE AJs
OCYUIECTBJICHHS STUTC€HETUYECKON PEeTyJIsIui reHoma [35,
36].

TakuMm 00pa3om, MOXKHO MPEANONO0KHUTh, YTO KyMYJIs-
THBHOE BJIMSHUE TeHEeTHYecKuX (pakTopoB (orarHoro oo-
MEHa OCYIIECTBISAETCS MOCPEACTBOM TU30HTOI€HETUYECKUX
HapylLIeHUH B paHHEM OHTOT€HE3€, KOTOpPbIE BIOCIEICTBUU
MOTYT MPOSBIIATHCSA CYULUAATBHBIM (DEHOTHIIOM.

OrpaHuueHU.

[TonyyeHHble B paMKax JAHHOTO HCCIIEJOBaHUS acco-
HUaluuu TpeOyIOT AalNbHENIIel perIuKauy A1 NIpOBEPKU
MPEAUKTUBHON CHOCOOHOCTH HM3YyYEHHOH TI'€HETHYECKOU

component associated with suicidal idea-
tion may be a factor independent of de-
pression [28]. In addition, genetic epi-
demiological studies point to a specific
genetic component of suicide attempts,
which is partly different from the genetic
component of mental illness itself [29].
Two large-scale epidemiological studies
of adult twins conducted in Australia
and the United States have shown the
existence of lifetime heritability of sui-
cidal ideation as part of a distinct suicide
spectrum phenotype [30, 31, 32].

Another important explanation for
the inconsistency between clinical fac-
tors associated with suicidality rates and
the genetic factors studied may be due to
the different time windows of action of
these factors. Genetic factors have their
effect starting from the earliest periods
of ontogenesis, while clinical factors
reflect only the current condition of the
patient at the time of examination. Ac-
cording to A. Bani-Fatemi et al. (2018),
abnormal  epigenetic = modifications
caused by dysfunctional enzyme activity
during pregnancy, such as DNA hypo-
methylation, are increasingly recognized
as having long-term consequences in
relation to the development of suicidal
behavior [33]. Scientific evidence sup-
ports that DNA hypomethylation may
increase mutation rates and cause chro-
mosome instability with neurodevelop-
mental consequences through effects on
dopaminergic and serotonergic systems,
which may increase the risk of suicidal
behavior in later life [34]. Folate metab-
olism is one of the most important par-
ticipants in methylation processes and
appears to be a direct donor of methyl
groups, including for epigenetic regula-
tion of the genome [35, 36].

Thus, it can be assumed that the
cumulative influence of genetic factors
of folate metabolism is carried out
through dysontogenetic disorders in
early ontogenesis, which can subse-
quently manifest themselves as a suicid-
al phenotype.

Restrictions.

The associations obtained in this
study require further replication to test
the predictive ability of the studied ge-
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MaHeJIM B OTHOIICHHHU IOKa3aTeleh CynuuaajabHOCTH, YTO
SABIIACTCA 321/18.‘16171 CJICAYOUICTro 3Talla HAamero uccjacaoBa-

HHSL.

3aknrouernue

Takum o00pa3om, CyMMapHOE HOCHUTEIBCTBO IIOJIH-
MOP(HBIX TOMO3UTOTHBIX TCHOTHIIOB B JIOKYCaX OJHOYTJIE-
poaHOro MeTaboMM3Ma MOXET OKas3bIBaTh KyMYJISITHBHBIH
a¢ ekt Ha moKa3aTeN CYUIHIATbHOCTH MIPH MHU30(QPEeHUH
HE3aBHCUMO OT aKTyaJbHOTO IIcHXudeckoro craryca. Ilo-
JY4CHHBIC PE3yJIbTaThl TPEOYIOT PEIUIMKAIUU B HE3aBHCHU-

MOH BBIOOpPKE.
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CUMULATIVE EFFECT OF GENETIC FACTORS OF FOLATE METABOLISM ON SUICIDALITY
INDICATORS IN SCHIZOPHRENIA
V.M. Bekhterev National Research Medical Center for Psychiatry

T.V. Zhlly aevq’ E.D. Kasyanov, and Neurology, Saint-Petersburg, Russia; bizet@inbox.ru
O.M. Chekanina, G.E. Maso Privolzhsky Research Medical University, Nizhny Novgorod, Russia

Abstract:

Suicide is one of the most common causes of premature death in patients with schizophrenia. There are sever-
al prerequisites for this: some genetic risk factors for suicide are common to genetic risk factors for schizo-
phrenia; Patients with schizophrenia are more likely than the general population to experience depression, the
association of which with suicidality has been confirmed in numerous studies. Suicide is a complex multifac-
torial behavioral phenotype that is associated with a large number of genetic and environmental factors. Hypo-
thetically, disorders of folate metabolism, including genetic factors affecting folate metabolism, may contrib-
ute to the development of depressive symptoms and suicidality in schizophrenia. Genetic polymorphism of the
key enzyme of folate metabolism, methylenetetrahydrofolate reductase (MTHFR 677 C>T), is a risk factor for
both schizophrenia and depression. At the same time, there are studies demonstrating the connection between
folate deficiency and the risk of suicide and the connection of this genetic factor with the presence of a suicide
attempt in schizophrenia. At the same time, a number of other genetic factors of folate metabolism, the influ-
ence of which on folate metabolism and the development of pathology has been confirmed outside the context
of this topic, have not yet been studied from the point of view of their influence on suicidality in schizophre-
nia. The aim of this work was to study the association of combined carriage of polymorphic variants in folate
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metabolism genes with suicidality and depressive symptoms in schizophrenia. Materials and methods: in 119
patients with schizophrenia, the carriage of alleles in 10 polymorphic loci associated with folate metabolism
was studied using real-time PCR. Patients were assessed clinically using the Columbia Suicide Risk Scale, the
Positive and Negative Syndrome Scale for Schizophrenia, the Calgary Depression in Schizophrenia Scale, and
the Snight-Hamilton Anhedonia Scale, blinded to laboratory results. Results: 9 out of 10 studied genetic fac-
tors were weakly associated with indicators of suicidal risk, however, the total number of polymorphic geno-
types and the total allelic load for 9 out of 10 studied loci makes a statistically highly significant contribution
to most indicators of suicidality. The severity of depression and the PANSS scale of productive symptoms and
general psychopathology in patients is also associated with indicators of suicidal risk, but the genetic factor is
not associated with clinical indicators at the time of examination. It is likely that the clinical and genetic fac-
tors studied in this work make independent contributions to suicide risk in schizophrenia. Conclusion: The
total carriage of polymorphic homozygous genotypes at one-carbon metabolism loci may have a cumulative
effect on suicidality rates in schizophrenia, regardless of the actual mental status, which requires replication in
further studies.
Keywords: schizophrenia, suicide, depression, folate metabolism, genetic polymorphism
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