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Momusayusa u yenv. Hapymenne (QyHKIMH M OKCIPECCHH T€HOB, BOBICYCHHBIX B
mporiecchl  (POPMHUPOBAHUS M PA3BUTHS TOJOBHOTO MO3Ta, CUMTAETCS OMHOM W3
BO3MOJXKHBIX MPHYUH BO3HMKHOBEHHUS TICHUXWYECKHMX 3a0oseBanuii [1-3]. BeisBienue
TakKMX TE€HOB M WX [ATOJOTHMYECKHX BapHaHTOB, a TaKKe YCTAHOBJICHHE WX
(hYHKITMOHATBHOM 3HAYUMOCTH B TIPOIleccax pa3BUTHS TKAHU MO3Ta SIBIIIETCS HanboJee
aKTyaJIbHOM 3a/1aueil MOJIEKYISIPHOM TICUXUATPHH, IOCKOJIBKY OTKPBIBAET IIEPCIICKTUBEI
K JMarHOCTHKE, NPO(PHIAKTHKE, &, BO3MOXKHO, M JICUCHHUIO psja ICUXHUYECKUX
pacctpoiicTs. Llenbio qJaHHOTO MCCIeN0BaHUS SIBIIIETCS UISHTH(DHUKAIUSA B POCCHHCKOM
MOMYJISAIIAA TE€HOMHBIX BAapWaHTOB B TeHax Mop(doreHesa TOIOBHOTO MO3Ta,
MOTEHIIMAIBHO ACCOLIMMPOBAHHBIX C pa3BUTHEM IAPAHOWAHON mM30(ppeHun U
SH/IOTEHHOW JEeNpecCuy, C TOCIEAYIONUM YCTaHOBICHHEM HX (yHKIIMOHAIBHON
3HAYUMOCTH Ha iNn Vitro Momemsax.

Memoowvl u ancopummut: st IorcKa MPEANOI0KUATEIHHO MATOIOTHIECKUX TEHOMHBIX
MHUCCEHC-BapHAHTORB B I'eHaxX MOP(OreHe3a rojJOBHOI0 MO3ra B POCCHICKON MOIMYJISIIUU
OBUIO TIPOBENICHO TIOJTHO3K30MHOE CEKBeHHpoBaHHE o00pasnoB reHoMHor JIHK
MAIMEHTOB, CTPAJAIONIUX MapaHOUJAHON mu3odpenueii (11 yenoBeK) M IHIOTCHHON
nenpeccueit (10 dyenmomek). Pe3ynbTaTbl CEeKBEHHMPOBAaHUS BBIPABHMBAJIM  Ha
pedepencuriii renom uyenoBeka GRCh37.p13/hgl9. Ocoboe BHHMMaHME yIensIH
CMBICIIOBBIM MYTAIlHsSM B 9K30HaX F€HOB HaBUTaIMOoHHBIX Mosiekyn (ADIPOR1, CDH1-
27, CDHR1-4, CD44, DCC, EPHAL1-10, EPHB1-6, ERBB2-4, IL6R, IL6ST, ITGA3,
ITGAV, ITGB1, NRP1-2, PLAUR, PLXNA1l-4, PLXNB1-3 u np.), nuranmoB
(ADIPOQ, CHRD, EFNA1-5, EFNB1-3, IL6, NRG1-4, NTN1-4, PLAU, RELN, SHH,
SEMAS3A-G u np.), ueiiporpodpuueckux ¢akropoB (NGF, BDNF, NTF3, GDNF,
VEGFA-D), ux peuenropoe (NTRKI1-3, NGFR, GFRAI, GFRA3, RET), u
acconuupoBaHHbix Molekyll (PLAT, PLG) — Bcero 140 reHoB, KOTOpbIE TI0 JaHHBIM
JUTEPATYPHI BOBJICUCHBI B IPOIIECCHI (POPMUPOBAHMS MO3TOBOM TKaHHU.

1698 BGRS/SB-2024



PacnipocTpaHeHHOCTh psifa WACHTH(OUIMPOBAHHBIX CMBICIOBBIX MyTanuid (BDNF
(rs6265), CDH2 (rs17445840, rs1944294), CDH3 (rs12923655, rs3114409), CDH13
(rs4782724), CDH23 (rs10999947, rs1227051), CDH19/DCHS1 (rs4758443),
CDH27/DCHS2 (rs1352714, rs12500437, rs11935573, rs28561984, rs72731014),
PLAU (rs2227564) u PLAUR (rs4760)) B momyssiiMy TMAalHEHTOB, CTPaJaroIIuX
mm3odpenueit (102 gemoseka), mempeccueit (79 demoBek), a TakkKe B TOIYJSAIIAN
3M0pOBHIX TOHOPOB (103 gemoBeka) OblIa OIEHEHA ¢ TIOMOIIBI0 MOTU(DUKAITHN AJIETh-
cnemuduunoro TP (Amplification-refractory mutation system, ARMS).

Hns MOATBEP KACHHS (YHKIMOHANBHOW  3HAYUMOCTH  HEKOTOPBIX u3
naeaTudunupoBanusix mucceHc-mytanuit (CDH13, DCHS2, EPHAI1, NGF, PLAU u
PLXNA3), cOOTBETCTBYIOIINE MUCCEHC-MYTallMN OyAyT BHECEHBI B MHIyLIMPOBAHHBIC
IUTIOPUIIOTEHTHBIE  KJIETKW ~ 3/[0pOBOTO  JIOHOpa C  IOMOIIBIO  TEXHOJOTHH
pemaktupoBanust renoma CRISPR/Cas9 (pemaktop ocHoBammii). Ha ocHoBe
noydeHHbIX TuHUA UlICK OymyT coOpanb! HeliporiranbHbIE CheponIbL.
Pesynomamei: B pesynpraTe MOJHOIK30MHOTO CEKBEHHPOBAaHUS Y TMaLMEHTOB,
CTpaJaloUINX KOTHUTHBHBIMH HapyIIeHUsSMH, ObUI0 OOHapykeHo 226 MHCCEHC-
MyTanuii B 79 rernax mopdorenesa romoBHoro mosra (u3 140 mccrenoBaHHBIX). Jis
psina MyTanui, NMpoaHaJM3HpPOBaHHBIX ¢ momomiblo ARMS, ynamock ycTaHOBUTH
JIOCTOBEPHO 0oJilee BBICOKYIO PacCHpOCTPaHEHHOCTh B TIpyMIax MalHeHTOB ¢
mu3opeHuel M SHIOTEHHOW Nerpeccreld, 4eM B TPyIIe 3A0POBHIX TOHOPOB. B
YaCTHOCTH, OblIa YCTAaHOBJICHa acCOLMAaLUsl MEXIy 4YacTOTOW BCTPEYaeMOCTH
reHOMHBIX BapuaHTOB 1s$1944294-T u rs17445840-T (B rene CDH2), rs11935573-G u
rs12500437-G/T (8 rene DCHS2) u rs1227051-G/A (B rene CDH23), 1 BeposSTHOCTHIO
MaHU(eCTaNy NapaHOUTHON MM30(PEHUH U SHIOTEHHOH nenpeccuu [4].

B HacTOsAmMHA MOMEHT MPOW3BOJUTCS MOJICIMPOBAHUE PAda HICHTU(DUIIMPOBAHHBIX
muccenc-mytammii (CDH13, DCHS2, EPHA1, NGF, PLAU u PLXNA3) B reHom
WHAYLUUPOBAaHHBIX IUIIOPUIIOTEHTHBIX KJIETKaxX 3J0pPOBOTO JOHOpa € IOMOILBIO
MoIudUKanuu TexHoysorun penaktupoBanusi reHoma CRISPR/Cas9 (pemaxrop
ocHOBaHW#). B  HeHpampHbBIX cdepongax, cHOPMHPOBAHHBIX HAa  OCHOBE
MOIU(PHUIMPOBAHHBIX KJIETOYHBIX JIMHUNA, OyZyT BBIBIEHBI UX MOP(OJIOTHYECKHE,
IIEKTPOPHU3HOIOTHIECKUE U TPAHCKPUIITOMHBIE OCOOCHHOCTH.

Bv1600vi: Bbil BBISBIICH psiji BADUAHTOB T€HOB MOp(OreHe3a ToJIOBHOTO MO3ra, 3HAYMMO
ACCOLMMPOBAHHBIX C MPEAPACIONIOKEHHOCTBIO K IMapaHOMIHOW IHM30(peHUH U
SHJIOTEHHOM Jenpeccud B POCCHHWCKOW momyssiuud. MHOTME W3  BBISBIEHHBIX
TCHETHUYECKHX BAPUAHTOB B KOHTEKCTE TICMXMYECKUX PACCTPOICTB MOKa3aHbl BIIEPBHIC.
OyHKIMOHANBPHAS ~ 3HAYMMOCTh  WJCHTU(QUIMPOBAHHBIX T'€HOMHBIX  BapHUaHTOB
HY)KJaeTCsl B BEpU(PHKAIIMKA C MOMOIIBIO IN Vitro u in vivo mozeneii. IonmyueHtsie
pe3ysIbTaThl MOMOTYT JIy4LIe MOHITh MEXaHU3MbI Pa3BUTHS IICUXMUYECKUX HAPYIIECHUH,
a B MEPCIEKTHUBE pa3paboTaTh METObl OOBEKTHBHOM JUATHOCTUKY, TPOPHUIAKTUKYA H,
BO3MOXXHO, JICUEHHUS psAAa CUXMUECKUX 3a00JIeBaHN.

Qunancuposanue. VlccnenoBanue BBIIIOTHEHO 3a CUET I'paHTa Poccuiickoro Hay4HOTO
dorma Ne 22-15-00125, https://rscf.ru/project/22-15-00125/.
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Motivation and Aim: Aberration in the function and expression of genes involved in the
processes of brain morphogenesis is considered to be one of the possible causes of
psychiatric diseases [1-3]. The identification of such genes and their pathological
variants, as well as the establishment of their functional significance in the processes of
brain development, function and dysfunction is one the most urgent task for molecular
psychiatry. This knowledge opens prospects for the diagnosis, prevention, and, possibly,
treatment of a number of mental disorders. The aim of this study is to identify genomic
variants in brain morphogenic genes that are potentially associated with the
predisposition to paranoid schizophrenia and major depressive disorder in the Russian
population, and establish their functional significance using in vitro models of brain
tissue development.

Methods and Algorithms: To identify the missense genomic variants in brain
morphogenic genes in the Russian population, we performed the whole-exome
sequencing of genomic DNA samples of patients suffering from paranoid schizophrenia
(11 human) and major depressive disorder (10 human). The sequencing results were
aligned to the reference human genome GRCh37.p13/hg19. Special attention was paid
to missence-mutations in exons of genes of guidance molecules receptors (ADIPOR1,
CDH1-27, CDHR1-4, CD44, DCC, EPHA1-10, EPHB1-6, ERBB2-4, IL6R, IL6ST,
ITGAS3, ITGAV, ITGB1, NRP1-2, PLAUR, PLXNA1-4, PLXNBL1-3, etc.), their
ligands(ADIPOQ, CHRD, EFNA1-5, EFNB1-3, IL6, NRG1-4, NTN1-4, PLAU, RELN,
SHH, SEMA3A-G, etc.), neurotrophic factors (NGF, BDNF, NTF3, GDNF, VEGFA-
D), their receptors (NTRK1-3, NGFR, GFRAL, GFRA3, RET), and associated
molecules (PLAT, PLG). In total, 140 genes involved in brain morphogenesis were
studied.

The prevalence of several identified missence-mutations (BDNF (rs6265), CDH2
(rs17445840, rs1944294), CDH3 (rs12923655, rs3114409), CDH13 (rs4782724),
CDH23 (rs10999947, rs1227051), CDH19/DCHS1 (rs4758443), CDH27/DCHS2
(rs1352714, rs12500437, rs11935573, rs28561984, rs72731014), PLAU (rs2227564)
and PLAUR (rs4760)) in the populations of psychiatric patients (schizophrenia — 102
patients, major depressive disorder — 79 patients) and healthy donors (103 human) was
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evaluated using amplification-refractory mutation system (ARMS), a modification of
allele-specific PCR.

To confirm the functional significance some of the identified missense-mutations
(CDH13, DCHS2, EPHAL, NGF, PLAU and PLXNA3) are being modelled in the
genome of induced pluripotent stem cells (iPSC) of a healthy donor using CRISPR/Cas9
base editors. The neural spheroids will be obtained from the iPSC lines.

Results: The whole-exome sequencing of DNA samples from the patients who suffered
from cognitive disorders revealed 226 missense-mutations in 79 brain morphogenic
genes out of 140 genes studied. For a number of mutations analysed using ARMS, we
established a significantly higher prevalence in the groups of patients with schizophrenia
and major depressive disorder compared to that in the group of healthy donors. In
particular, we found that the occurrence of genomic variants rs1944294-T and
rs17445840-T (in the CDH2 gene), rs11935573-G and rs12500437-G/T (in the DCHS2
gene) and rs1227051-G/A (in the CDH23 gene) is more frequent in schizophrenia and
depression patients [4].

A number of identified missense-mutations (in CDH13, DCHS2, EPHA1, NGF, PLAU
and PLXNAS3 genes) are being modelled in the genome of iPSCs obtained from a healthy
donor using a modification of the CRISPR/Cas9 genome editing system. The
morphological and electrophysiological properties, as well as the transcriptome features
of the obtained iPSC-derived spheroids will be studied.

Conclusion: We identified a number of brain morphogenic genes variants significantly
associated with susceptibility to paranoid schizophrenia and major depressive disorder
in the Russian population. Most of the genetic variants in the context of psychiatric
disorders were identified for the first time. The functional significance of the detected
genomic variants needs to be verified using in vitro and in vivo models. The results
obtained will help to reveal the pathogenetic mechanisms of psychiatric disorders, and
in the long term to develop methods of objective diagnosis, prevention and, possibly,
treatment of a number of psychiatric diseases.

Funding: The study was supported by the Russian Science Foundation grant No. 22-15-
00125, https://rscf.ru/project/22-15-00125/.
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