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NeuroD 1/2/6 TpaHckpunumoHHble dakTopbl 0THOCATCA K ceMeiicTBy bHLH-copepalumx 6enKoB, KoTopble ABNAIOTCA aK-
TMBATOPaMM TPAHCKPUMLMM U KOHTPONMPYIOT pasnnyHble acnekTbl auddepeHUMpoBKK HerpoHoB [1]. B pasBuBalowmxca
Kope rofI0BHOr0 Mo3ra M runnokamne Bce 3 GakTopa UMEIT NepeKpbIBaloLLMecs NaTTEPHbI IKCMPECCHU, YTO NpeanonaraeT
yacTMyHoe OybnupoBaHue Ux GyHKUMIA B pa3BuTUM [2]. OHM TaKMKe BHOCAT CBOM BK/ag B OpPMUPOBaHME OCHOBHbIX My4YKOB
aKCOHOB, KOMMCCYP B FOJIOBHOM M03re, B YaCTHOCTU, CaMoi 60NbLLOI M3 HUX — Mo30nucToro Tena. Ero areHesws, nonHas
WNW YacTUyYHas, ABNAETCA OJHOW U3 Hanbosee pacnpoCTPaHEHHbBIX COMYTCTBYIOLLMX MaTONOMMI NPYU BPOKOEHHBIX MOPOKaX
Pa3BUTMA YeNIOBEKA M YACTO COYETAETCA C OTCYTCTBMEM UM HELOPa3BUTUEM runnokamna [3].

[na Toro, 4tobbl M3y4MTb PONib, KOTOPYIO UrpaloT 3TW (aKTopbl B PasBUTUM FMMMOKaMNanbHOM GopMauum, Hammn bbinu
CO3[aHbl PAS annenbHbIX CepUiA FeHHO-MOOUPULIMPOBAHHBIX MBILLEN, HECYLLIMX MHAKTVUBMPYIOLLME MyTaLumn BO BCeX 3 re-
Hax. Okasanock, 4to MHakTMBaumA NeuroD1 npuBoamMT K oTCyTCTBMIO 3ybuaToi Hopo3abl. B To e BpeMA MHaKTUBaLMA
Bcex 3 NeuroD reHoB Np1BOAWT K TOMY, YTO Ha NO3JHWX CTafMAX Pa3BUTKA OTCYTCTBYIOT BCe 3 perMoHa rvnnoKkaMnasnbHow
dopmMaumm (CA1, CA2, CA3), a TakiKe 3ybuaTas boposaa.

C uenblo UCCNEe[OBaHUA KNETOYHbIX MEXaHW3MOB HapyLUeHWUA Pa3BMTWA FUMNoKaMnajbHoW ¢opMaumu Hamm 6bina
npeanoMeHa runotesa o ToM, 4to NeuroD TpaHCKPUNUMOHHbIE GAKTOPbI MOTYT KOHTPONMPOBaTL 60 NponudepaLmio
1 ouddepeHLMpPOBKY HEMPOHOB, NGO KNETOUHYI0 cMepTb. [InA Toro YTobbl NPOBEpPUTL, KaKas U3 3TUX IMNoTe3 ABNAETCA
BEpHOW, Hamu bbina npoeefeHa cepua MHbeKLmi BrdU Ha E15 ctagum passuTus ¢ TeM, YTo6bl NpoaHanu3npoBaTh pas-
JIMYHblE NapaMeTpbl NponvdepaLMy: NPONOPLMM KNETOK Ha pasHblX 3Tanax AMddepeHUMPOBKU, BbIXOS U3 KIETOUHOMO
UMKNA, ONMHA KNETOYHOTO LMKNA, KONMYECTBO KETOK, HaXoAALWMXCA B S-pa3e KNeTouHoro umkna. Hamm He 6bino 06-
HapYKeHO HUKaKKX pasNnyuni B napaMeTpax nponmdepaLmm 1 KNeTOYHOr0 LKA Y SMOPUOHOB, FOMO3UIOTHBIX N0 BCEM
3 MYTaHTHbIM annensam.

[na Toro utobbl NPOBEPUTL anbTepPHATMBHYIO FMNOTE3Y, HaMK ObiN NPOBEAEH aHanNW3 KIETOYHOWM CMepTU — anonTo3a.
[nf aHanu3a KNeTouHoM cMepTy 6bIN0 BbI6PaHO 2 MeTofa: aHaNM3 akTMBHOCTM Kacnasbl-3 — 0AHOr0 U3 6eNKoB, aKTUBM-
PYIOLLMX anonTo3, — a TaKKe aHanu3 Konmyectsa AByxuenoveyHbix paspbioB (TUNEL-TecT). Bbino obHapyeHo, uto pas-
BMBAIOLLMICA TMNMNOKAMN TPOMHBIX MYTaHTOB COLEPHMT BOMbLUIOE KOMIMYECTBO MO3UTUBHBIX KMETOK KaKk Mo Kacnase-3, Tak
M no fByxuenoyeyHbiM pa3spbieaM [HK. OKkasanock, YTo KOSIMUECTBO anonTOTUYECKUX KIETOK B pa3BMBAlOLLENCA rUnno-
KamnanbHoM GopMaLmu 3aBUCUT OT [O3UPOBKM reHa anneneit NeuroD 1/2/6.

[na onpefeneHua cTaguu HelpoHanbHo AMddepeHLMPOBKM, HAa KOTOPOM HEMPOHbI NMOABEPralTCA MacCUBHOWM Kie-
TOYHOM CMepTH, Hamm bbina npeanpuHATa Moaudmkauma BrdU-chase aHanu3a. B gaHHOM aHanuse Mbl MHBELMPOBANK
BrdU Ha ctaguu E12, n amMbpuoHbl 6binv oTobpaHbl ¢ pasHbIM BpeMeHHbIM MHTepBanoM (12, 18 u 24 u). TakoW 3Kc-
NepuMMeHT NMO3BONAET OLEHUTL BPEMEHHOW Nepuog Mocne BbIXo4a M3 MUTOTMYECKOr0 LMKNA, KOrAa KieTKa 3anycKaeT
MeXaHW3M anonTo3a.

KnioueBbie cnosa: NeuroD TpaHCKpUMLUMOHHble QaKTOpbl; HOKayT; runnokamnanbHas ¢opMaumsa; BrdU; kneTouHas
CMepTb.
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ABSTRACT

NeuroD 1/2/6 transcription factors belong to the bHLH-containing protein family. They activate transcription and regulate
various aspects of neuronal differentiation [1]. In the developing cortex and hippocampus, these three factors express
overlapping patterns, indicating a partial redundancy of functions during development [2]. They aid in the creation
of the brain’s main commissures, particularly the largest one, the corpus callosum. Agenesis, whether total or partial,
is a frequently occurring comorbidity in congenital malformations amongst human beings. It is usually associated with
the underdevelopment or absence of the hippocampus [3].

To examine the contribution of these factors in hippocampal formation development, we created allelic genetically modified
mouse strains with inactivating mutations in all three genes. The results indicated that the inactivation of NeuroD1 leads
to the dentate gyrus’ absence. In contrast, the absence of all three NeuroD genes results in the dentate gyrus’ and other
hippocampal formation regions’ absence (CA1, CA2, CA3) at subsequent developmental stages.

To investigate the cellular mechanisms involved in the disruption of hippocampal formation development, it was hypothesized
that NeuroD transcription factors may control either neuronal proliferation and differentiation or cell death. To test which
of these hypotheses is correct, a series of BrdU injections were performed at the E15 stage of development. We examined
several parameters related to proliferation, including the proportion of cells at various differentiation stages, cell cycle exit,
cell cycle length, and the number of cells in the S phase of the cell cycle. The results showed no discernible differences in
proliferation and cell cycle parameters between triple homozygous embryos and control littermates.

An analysis of programmed cell death, known as apoptosis, was conducted to test the alternative hypothesis. We used
two methods to analyze cell death: firstly, we analyzed the activity of caspase-3 which is one of the proteins that activate
apoptosis and, secondly, we analyzed the number of double-strand breaks using the TUNEL test. The findings revealed
a significant increase in the number of cells positive for both caspase-3 and double-stranded DNA breaks in the developing
hippocampus of triple mutants. The amount of apoptotic cells in the developing hippocampal formation relies on the gene
dosage of NeuroD 1/2/6 alleles, as evident through their increment as the NeuroD gene dosage decreases. The double KO
portrays an intermediate level of cell death, while the triple exhibits the highest level.

To determine the stage in which massive cell death occurs during neuronal differentiation, we modified the BrdU-chase
assay. BrdU was injected during the E12 stage, and embryos were surveyed at various intervals (12, 18, and 24 hours) for
analysis. This experiment permits estimation of the time period following exit from the mitotic cycle, during which the cell
initiates the mechanism of apoptosis.
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