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Momusayus u yenv: I'en DISC1 urpaer ximoueByro poiib B pabOTe HEPBHOW CHCTEMEI
(HC). benox DISC1 perynupyet nponudepariuro u qudhepeHInpoBKy HeMpOHAITbHBIX
CTBOJIOBBIX KJIETOK, MUTPALIMIO M CO3PEBAaHUE HEUPOHOB, ()OPMHUPOBAHUE UX CHHAIICOB,
TPAHCHOPT BEIECTB, KIIETOYHBIX KOMIIOHEHT U paboTy CUTHAIILHBIX KACKaJ0B BHYTPH
kietkd [1, 2]. Menee uzydena posib DISC1 B mporieccax rimareHesa, 0HaKo U3BECTHO,
9TO OH YYacTBYeT B Pa3BUTUM aCTPOLUTOB, CTHUMYJIHPYsS acTpOreHe3uc, u
OJIUTOJICHIPOIIMTOB, OTPEAENss MPAaBUIBHOE BpeMsl U MeCTO AU(PGEPEHIIMPOBKH UX
npeaniecTBeHHUKOB [3, 4]. IIpu TakoM pazHooOpa3uu GyHKIMI MyTauy B rere Discl
SBIISIFOTCS. KITFOUEBBIM ITPEIUKTOPOM PAa3BUTHS ATOJIOTMUYECKUX COCTOSIHUN, CBA3aHHBIX
C HapyIIEHWsSMH HEHPOPa3BUTHS, CHHANTHYECKOH Iepenavyd, BHYTPUKICTOYHOTO
CUTHAJIMHTA U IUPKATHBIX pUTMOB, HAIIPHUMED, TPH TICUXHATPUIECKUX, HelpoiereHepa-
THBHBIX U IEMHEIMHU3UPYIOLIHX 3a00neBanusix [5]. HemaBHo Taroke mokazaHo y4acTue
DISC1 B nupkafHBIX Mporieccax, KOTOPble KPUTHYECKH BaKHBI IS (DyHKITMOHUPOBAHUS
HC. V wbimeii ¢ Hokaytom reHa DiSCl mpoucXoquT yCKOpeHHas Jerpajiarus
mupkagHoro Oenmka BMALL 3a cueT ycuieHusi akKTUBHOCTH (DepMEHTa TIHKOTEeH
cunTaskuHasel-3 (GSK-3), HemocpeacTtBenHo Bxosmiero B uutepakrom DISCL [6].
IMomumo tpkaasbix yHKuii, BMALIL urpaer kitoueByro polib B pa3BUTHH U padoTe
HC [7]. B Mo3re B3pOCIBIX MBIIIEH MOKa3zaHa BbICOKas dkcmpeccust Bmall kak B
HEHpOHaX, TaK U B TIHMAIBHBIX KJIETKaX, BAphUPYIOLIasl B pa3HbIX o0nacTsax mosra. B
ToM unciie BMAL1 urpaer BakHyI0 poJib B Ipolieccax MUEIMHE3AlNH, U YCTaHOBJICHO,
4TO HapylleHHe puTMa dKcrpeccun Bmall B mpeaiecTBeHHUKAX OJMIOACHIPOIUTOBR
CAl ofOmacti rummokamMna W TNpeQpOHTATBHOH KOpbl NPHUBOAUT K PAa3BUTHUIO
JIETIPECCHBHOMOI00HOTO U TPEBOKHOTO moBeeHust [8, 9]. XapaktepHo, 4To y MbiIiiei C
toueunoit mytanuet Q31L B rene DisCl, mposBIAIONMX BBIPaKEHHBIH JIEMPECCHBHO-
1mo100HKIH peHoTwrl, BeisIBIICHO cHIKeHUE B3aumoaercTeus DISC1 u GSK-3, kotopoe
NPUBOUT K YCHIICHHIO SH3UMATHYECKON akKTUBHOCTH 3TOro (hepmenta [10-12]. Takum
o0Opa3om, usyuenue pacnpezeincHus Oenka BMALIL B kitoueBbIX 00JIACTSIX MO3ra,
BOBJICUEHHBIX B PETYJSAIMIO MOBEAEHUs y Mblmel ¢ myranueir Q31L B reme Discl,
MIOMOJKET BBISIBUTH HOBBIE MEXaHMU3MBI NTaToreHe3a a)()eKTUBHBIX PACCTPONCTB.

Memoowt u areopummer: B paboTe HCHONB30BAIMCH CaMIIbl MBIIIEH B Bo3pacte 2—4 Me-
caleB JByX reHerndeckux ymuuii: C57BL/6 (manee WT) ¥ roMO3UIOTHBIE MBIIIH C
TouyeuHoit mytanuei B rene Discl: Disc1-Q31L7 (Q31L), mo 15 mbuueii Ha rpymmy.
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JKuBoTHBIE OBUIM MONyYeHBI U3 YHHUKaJIbHOM HaydHOW ycTaHOBKH «buonormueckas
KOJUICKIIUS — TCHETUYECKHE OMOMOICTTH HEMPOIICUXMUECKUX 3a00neBanmin» (Ne 493387)
HayuHo-uccrnenoBarenbcKoro MHCTUTyTa HeHpoHayKk W MeaumuHbI T. HoBocmOMpcka
[13]. Mbiieii copepkaii B COOTBETCTBUH CO CTaHAAPTHBIMH TPEOOBAaHUSIMHU yX0/a 3a
a00paTOpHBIMHU JKUBOTHBIMHU coriacHo pykoBoactBy ['OCT 33216-2014, npu uukie
ocsemienHocTr 12:12 gacoB. TecTupoBaHue IPOBOIMIN 110 CTAHAAPTHBIM ITPOTOKOJIAM
B CICAYIOIEM MOpPSIKE: OTKPHITOE IIOJNE, TECT COLMAIbHBIX MPENNOYTCHUH, TECT
NPUHYIUTENBHOTO  TJIaBaHUs. ABTOMAaTHUECKHMH TpPEeKHMHI M cOOp  JaHHBIX
OCYIIECTBIISUTH C MTOMOIIBI0 000PYIOBAHUS U MTPpOrpaMMHOro obecreuenus Ethovision
XT10 (Noldus International Technology). UmmyHoructoxumudeckuii ananmu3 (UI'X)
NPOBOJMIM Ha 3aMOPOXKEHHBIX Cpe3aXx Mo3ra IO CTaHJapTHOH METOJUKE C
UCIIONIb30BaHUEM TepBUUHbIX aHTuTen npotus BMALI1 (1:800, NovusBio, NB100-
2288SS) u ropuunsix — Alexa fluor 488 (1:500, ThermoFisher scientific, A-11008).

Y OonpHBIX aQPEKTHBHBIMH PAacCTPOMCTBAMM, NPOXOAMBLIMX JICUCHHE B OTICICHUH
adpdextuBHbIX coctosHuii HWUW mncuxuueckoro 3mopoBbs THHUMII, orenuBamu
coJiepKaHne MHENMHA B TOJIOBHOM MO3Te C MCIOJIb30BaHUEM MeToaa ObicTporo MITD-
KapTUpOBaHMs. Y TAIMEHTOB OBUIM JWMAarHOCTHPOBAHBI OHMoisipHO-adPpekTHBHOE
(BAP) u pexypentHoe aenpeccuBHoe pacctpoiictBo (P/IP); cpenumii Bozpact 00IBHBIX
37.55+15.58 rona, murenbHOCTh 3a00aeBanus 11 [3.5; 16.5] ner, Bo3pacT marueHToB
K Havaiy 3aboneBanus 22 [19; 31.5] nper. Boiio mpoBeaeHO MarHUTHO-PE30HAHCHOE
WCCIIEIOBAaHWE TOJOBHOTO Mo3ra c wucnois3oBanweM 1.5T MP-ckanepa (Ingenia
Evolution, Philips, Netherland) c¢ nanpspkeHHOCTBIO MarauTHoro mosist 1.5 T wu
aMmrumaTyo rpaameHtoB 45 MT/M ¢ ucnonp3oBanmeM 2(0-kaHaabHOW HU(GPOBOI
KaTYIIKK A7 TONOoBEI U mien. s kaptupoBanus MIID (MonekynsapHOW MPOTOHHOM
¢pakuuu) TNpPUMEHSITM OBICTPBIA  OAHOTOYEYHBIH MPOTOKON C CHHTETHYECKUM
pedepeHTHBIM H300paKEHUEM, aHATIOTUYHBII HCHONb30BaHHOMY paHee [14, 15]. Kaptst
MII® ObTH PEKOHCTPYHPOBAHBI C TOMOIIBIO  CIENHUATBHOTO IPOTPAMMHOTO
obecreyeHuns, AOCTYMHOTO TO azapecy https://www.macromolecularmri.org/. s
ompeieNieH!s] YPOBHSI MHUEIWHHU3AIUK TOJIOBHOTO MO3Ta HCIOJNB30BAIA MPOTPaMMy
RadiAnt DICOM Viewer (64-bit).

Bce mosyueHHble AaHHBIE MTOABEPrajid CTATUCTUYECKOMY aHAJIHM3Y C MCIOJIb30BaHUEM
nporpaMmmHoro obecrneuenus Jamovi st Windows. J[ist BEIOOPOK ¢ HOpMaJIbHBIM
pacrpefesieHHeM JaHHBIX HCHOJBb30BAIM OMHO(MAKTOPHBIM IUCIIEPCHOHHBIA aHAJIN3
ANOVA nns HE3aBUCHMBIX BBIOOPOK, JJIsi 3aBUCHUMBIX BBEIOOpPOK — ANOVA mns
MOBTOPHBIX HM3MepeHuit. Post-hOC aHanu3 mpoBOAMIM C TPHUMEHEHHEM KpUTEpHUs
@Gumepa (LSD), rne 3nauenus p < 0.05 yka3plBalOT Ha CTATHCTHYECKH 3HAYMMYIO
pasuuity [16]. [lnst He3aBUCHMBIX BBIOOPOK, pacipe/ieeHie KOTOPhIX He COOTBETCTBYET
HOpMaJIbHOMY, IpoBoAwin TecT Kpackena—Yoimca ¢ NOCIEAYIOMNUM TIPUMEHEHUEM
kputepus Manna—Yurtau (M-U) 11 nomapHbIX CpaBHEHHH.

Pesynomamur: Mpimu ¢ mytarueii Q31L B cpaBHennu ¢ mbimamu gukoro tuma (WT)
MPOSIBIISIIOT NPU3HAKH ICTIPECCUBHONOA00HOTO ()EHOTHIIA, YTO BBIPAXKAETCS B CTATUCTH-
YeCKH 3HAYMMOM YBEJIMYCHUH BpEMEHH Jipelida B TecTe MPUHYAUTEILHOTO TUIABAHUS
(F[1; 9.44] = 5.83, p < 0.05) u cumkenun coruansHoi motuBanuu (F[1; 16] = 6.51,
p < 0.05), Oe3 M3MEHEHHs] COLUAIBHO OOYCJIOBIEHHOIO MNPEANOYTEHUS] MeCTa M
MposiBJIeHUsT TpeBokHOCTH. [lokazano, uro wmyramus Q31L 3HaunMo CHmKaer
ummyHodyopectenimio 6eixka BMALL B CAl o6nactu runnokammna (F[1; 7] = 35.0,
p < 0.001) u natepanbhoii xadbenyne (F[1; 8.51] = 35.7, p < 0.001). Ilpu sToM He ObLTO
BBISIBJICHO HW3MEHEHHWH B uMmMmyHoduyopecueHunn BMAL1 B apyrux obnactsix
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TUIIIOKaMIIa, MEAWAIBLHOW XaOCHyJIe, MHHJAJICBUIHOM KOMILIEKCE M CyIlpaxua3Ma-
TUYECKOM SIZIPE MO3Ta MBIIIICH.

BrisiBiieHHBIE B MCCIIEIOBAaHHUAX Ha MBIIMIAX OOJACTH TOJIOBHOTO MO3Ta, ITOKA3aBIINE
cHmKkeHne skcnpeccun 6enka BMALIL, moryT yka3siBaTh Ha CHUKCHHE MUEITHHU3AIUN
B 9THX 00JacTsX, COYETAIOIEECs C Pa3BUTUEM JCIPECCHBHONOA00HOrO noBeaeHus. 1
JIEACTBUTENHHO, B IIPOBEJCHHBIX HCCIIEIOBAHUIX HA OONBHBIX PACCETHHBIM CKIIEPO30M
BBISIBJICHO 3HAUMMOE CHW)KEHHE MHEIMHU3ALMM, OLCHEHHOe ¢ mnomombio MIID. B
MPeIBAPUTEIHHBIX UCCIICIOBAHUIX U3MCHECHUS MUCITMHN3AIUHY Y 00bHBIX ¢ BAP u PJIP
BBISBJIICHO 3HA4YMMOE (C BBICOKOU cremneHbio goctoBepHOCTH P < 0.0001) cHibkeHue
MHEIMHM3AIMY, OLlEHEHHOe ¢ nmoMolbio MII®, Oemoro BeliecTBa roJOBHOIO MO3ra
0onpHBIX. [Iporiecc runomuenuuu3anuu seisercs i y3HbiM, Tak Kak ObUT 3HAYUMO
BBIPQXXCH BO BCEX OT/EIaX OONBIIUX IOJIYIIAPHHA TOJOBHOTO MO3ra y MAI[UCHTOB C
aGeKTUBHBIMI paccTpONCTBaMH, BKJIIOYAs IMEPUBEHTPUKYILIPHYIO 001acTh, 001aCTh
0a3abHBIX sAep (CKOPIIyIa U TaJlaMyc), B CpaBHEHHH €O 310poBbiMH Juiiamu (P < 0.05).
OTU pe3yasTaThl TMOATBEPKIAIOT POJIb IOAKOPKOBBIX CTPYKTYp (M B 4YaCTHOCTH
Tajamyca) B (OPMHPOBAaHHH CHMIITOMOB JICIPECCHMBHOTO  paccTpoicTBa U
nenpeccuBHON (a3sl BAP, MexaHW3M pa3BUTHS KOTOPHIX MOXET OBITh OOBSCHEH
HaJIMYUEM TPOCKIMOHHOM CBSI3UM MeXay NapadacuuKyIsIpHBIMUA CYOIOMyJIAIUIMHU
TajaMyca U MPHUJICKAILETO sIIpa, XEMOTCHETHYECKOE TOPMOKEHHE KOTOPOTO BHI3BIBAIIO
JIETIPECCUBHOE COCTOSTHUE Y MbItei [17].

Bui6oowi: Takum 00pa3oM, TaHHBIE PE3yNbTaThl YKa3bIBAIOT HA HAIMYHE CBSI3U MEXKIY
TUIIOMUCIIMHU3AIMEH TOJIOBHOTO MO3ra H  Pa3BUTHEM JICIPECCUBHOIOI00HOTO
MOBEeICHUsT y MbImed. Y oO0CieqoBaHHBIX OONBHBIX C JAHAarHOCTHPOBAHHBIMHU
addextuBHBIME paccTpoiictBamu BAP u PJ/IP BbIsBIeHO 3Ha4YmMoe, C BBICOKO
CTETEHBIO JIOCTOBEPHOCTH, CHIDKEHHE MHEIHHE3alyu Oeloro BeliecTBa T'OJOBHOTO
MO3ra B CpaBHEHHMH CO 370pPOBBIMH JHIaMH. B  pesynbrare 00001IeHHS
OKCMEPUMEHTABHBIX W JUTEPATYPHBIX JaHHBIX MBI MpPEIrojaraeM, 9To C BBICOKOH
CTCTNICHBIO BEPOSTHOCTH OCHOBHBIM JICHCTBYIOIIUM (DaKTOPOM B PA3BUTHUU ITUX
n3MeHeHuit spisercs 6eok BMALL.

Qunancuposanue’ Vccnenoanne nouepkano rpanrom PH® Ne 23-75-00023.
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Motivation and Aim: The DISC1 gene plays a key role in the nervous system (NS)

functioning. The DISCL1 protein regulates proliferation and differentiation of neuronal
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stem cells, neurons migration and maturation, synapses formation and maintenance,
transport of substances and cellular components, also involved in signaling cascades
within cells [1, 2]. Less studied DISC1 functions in gliagenesis, anyway it is known
DISCL1 stimulate astrogenesis and determine time and place of the oligodendrocyte
progenitors differentiation [3, 4]. With such variety of functions, mutations in the Discl
gene are a key predictor of pathological conditions associated with neurodevelopmental
disorders, disruption of synaptic transmission, intracellular signaling and circadian
rhythms, for example, in psychiatric, neurodegenerative and demyelinating diseases [5].
Recently was shown involvement of DISC1 in circadian processes which are critically
important for NS functioning. Disc1-knockout in mice leads to accelerated degradation
of BMAL1 circadian protein through the increased activity of glycogen synthase kinase-
3(GSK-3) which is an DISC1 interacting protein [6]. Besides circadian rhythms,
BMALL1 play a key role in the NS development and functioning [7]. In the adult mice
brain was shown high Bmallexpression in neurons and glial cells. Especially BMAL1
play an important role in the myelinisation and it is determined that disrupted rhythm of
Bmall expression in hippocampal CA1 and prefrontal cortex oligodendrocyte progenitor
cells leads to depressive like and anxious behavior [8, 9]. Interesting that mice with
Q31L point mutation in Discl gene characterized with decreased DISC1-GSK-3
interaction and increased enzymatic activity of GSK-3 [10-12]. Thus study of BMAL1
abundance in the key brain structures involved in Q31L mice behavior may provide new
mechanisms of mood disorders pathogenesis.

Methods and Algorithms: In that work male mice aged 2—4 months of two genetic lines:
C57BL/6 (hereinafter WT) and homozygous mice with a point mutation in the Discl
gene: Disc1-Q31L" (Q31L) were used in 15 mice per group. Animals were obtained
from the unique scientific guideline “Biological collection — genetic biomodels of
neuropsychiatric diseases” (No. 493387) of the Research Institute of Neuroscience and
Medicine in Novosibirsk [13]. Mice were housed according standard requirements for
the care of laboratory animals according to the guidelines of GOST 33216-2014, with a
light cycle of 12:12 hours. Testing was carried out according to standard protocols in the
following order: open field, social preference test, forced swimming test. Automatic
tracking and data collection were carried out using Ethovision XT10 hardware and
software (Noldus International Technology). Immunohistochemical analysis (IHC) was
performed on frozen brain sections using standard methods with primary antibodies
against BMAL1 (1:800, NovusBio, NB100-2288SS), and secondary antibodies — Alexa
fluor 488 (1:500, ThermoFisher scientific, A-11008).

In patients with affective disorders who were treated in the department of affective states
of the Research Institute of Mental Health TNRMC, the myelin content in the brain was
assessed using the fast MPF mapping method. The patients were diagnosed with bipolar
affective disorder (BD) and recurrent depressive disorder (RDD), with an average age
of patients 37.55+15.58 years, disease duration 11 [3.5; 16.5] years and the age of the
patients at the onset of the disease was 22 [19; 31.5] years. MRI data were acquired on
a 1.5 T clinical scanner (Ingenia Evolution, Philips, Netherland), 45 mT/m gradient
amplitude, using a 20-channel digital head and neck coil. The fast MPF mapping
protocol was implemented using a standard manufacturer’s 3D spoiled gradient-echo
sequence according to the single-point synthetic reference method [14, 15]. MPF maps
were reconstructed using custom C++ language software (available at
https://www.macromolecularmri.org/) based on the single-point synthetic reference
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algorithm. The level of brain myelination was determined using software RadiAnt
DICOM Viewer (64-bit).

All obtained data were subjected to statistical analysis using Jamovi software for
Windows. For samples with normal data distribution, one-way ANOVA analysis of
variance was used for independent samples; for dependent samples — repeated measures
ANOVA. Post-hoc analysis was performed using Fisher's test (LSD), where p < 0.05
indicate a statistically significant difference [16]. For independent samples not normally
distributed, the Kruskal-Wallis test was performed, followed by the Mann—Whitney
(M-U) test for pairwise comparisons.

Results: Mice with the Q31L mutation, compared to wild-type WT, show signs of a
depressive-like phenotype, which is expressed significant floating time increase in the
forced swim test (F[1;9.44] = 5.83, p < 0.05) and a decrease of social motivation
(F[1; 16] = 6.51, p < 0.05), without changes in social conditioned place preference and
anxiety. It was shown that the Q31L mutation significantly reduces the
immunofluorescence of the BMALL protein in the CAL region of the hippocampus
(F[1;7] = 35.0, p < 0.001) and the lateral habenula (F[1;8.51] = 35.7, p < 0.001).
However, no changes were detected in BMALL immunofluorescence in other areas of
the hippocampus, medial habenula, amygdala complex and suprachiasmatic nucleus of
the mouse brain. The areas of the brain identified in mouse studies that showed decreased
expression of the BMALL protein may indicate decreased myelination in these areas,
combined with the development of depressive-like behavior. Indeed, studies conducted
on patients with multiple sclerosis have revealed a significant decrease in myelination,
assessed using MPF. Preliminary studies of changes in myelination in patients with
bipolar disorder and RDD revealed a significant (p < 0.0001) decrease in myelination
the white matter of the brain, assessed using MPF. The process of hypomyelination is
diffuse, as it was significantly expressed in all parts of the cerebral hemispheres in
patients with affective disorders, including the periventricular region, the region of the
basal ganglia (putamen and thalamus), in comparison with healthy individuals (p < 0.05).
These results confirm the role of subcortical structures (and in particular the thalamus)
in the formation of symptoms of depressive disorder and the depressive phase of bipolar
disorder. The mechanism of development of these disorders can be explained by the
presence of a connection between subpopulations of the thalamus and nucleus
accumbens, the chemogenetic inhibition of which caused a depressive state in mice [17].
Conclusion: Thus, these results indicate a link between brain hypomyelination and the
development of depressive-like behavior in mice. In the examined patients with
diagnosed affective disorders: bipolar disorder and RDD, a significant, with a high
degree of reliability, decrease in myelination of the white matter of the brain was
revealed in comparison with healthy individuals. As a result of a generalization of
experimental and literary data, we assume that with a high degree of probability, the
main active factor in the development of these changes is the BMAL1 protein.

Funding: The study is supported the Russian Science Foundation No. 23-75-00023.
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