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AHHOTALMA

HelpoHanbHble haKkTopbl TPAHCKPUNLMK PErYNUPYIOT SKCMPECCUI0 MHOTUX PELIENTOPOB M BHYTPUKIETOYHBIX CUMHAMbHBIX
MOMNEKYN, Y4acTBYIOLLMX B BO30YHOAIOLLEN HEMPOTPaHCMUCCUM. bonbluoe BHUMaHWe yoenaeTca TpaHCKPUMNLMOHHOMY ¢aK-
Topy Satb1 ¢ TOYKM 3peHus ero BKMada B pPerynAUMIio pocTa M pasBUTUA PasfIMYHbLIX TUMOB HEMPOHOB rOSIOBHOMO MO3ra
KaK B 3MOPMOHaNbHOM, TaK M B MOCTHaTaNbHOM nepuogax. 3MeHeHWe YpOBHA KCMPECCUM U aKTUBHOCTU TaKuX 6enKosB,
KaK peLenTopbl rayTamata, MPoTeUHKMHA3bl U PErynATopbl *U3HECTIOCO0BHOCTH KNETOK, NPy Aeneumu dakTopa TpaHCKpUn-
umm Satb1 MOHO cumMTaTb OGHUM U3 KNIOYEBBIX (yHAAMEHTaNbHbIX MEXaHU3MOB, onpeenaioLLmX 3anyck HEMPOHHOW CeTH
B COCTOAHME runepBo36yaeHns. HecMoTpA Ha [OCTaTO4HOE KOMYECTBO paboT, NocBALLEHHbIX ponu Satb1 B HeMporeHe-
3e, OTCYTCTBYIOT UCCENO0BaHUA, LEMOHCTPUPYIOLLME M3MEHEHWA BHYTPUKIIETOUHOM Nepeady CUrHasnoB KanbLuA U YPOBHA
3KCMpeccum BesKoB Npu ero Leneuumn B HeMpoHax.

B unccnepoBaHum mcnonb3oBany Mbiweid ¢ nonHow (Satb1-null) u vactnuHon (Satb1-deficient) neneumnen TpaHcKpunum-
oHHoro ¢axTopa Satb1. HeipornuanbHble KynbTypbl KOpbl MO3ra Mosy4anu U3 HOBOPOMAEHHBIX MbILUEN U KynbTUBMPO-
Banu B TeyeHue 10 cyToK in vitro. [lanee KNeTKM 3arpyxanu KanbLMn-4yBCTBUTENBHBIM (GITyOpeCLieHTHbIM 30H40M Fura-2
M C NOMOLLbIO $NyOPECLIEHTHOTO MUKPOCKONa PErucTpupoBani uHaMmKy uutosonbHoro Ca?* ([Ca?'li). B KNeToUHbIX Kyfb-
Typax perucTpupoBanu CnoHTaHHylo Ca?*-akTMBHOCTb, a TakyKe MoJeNIMpoBay 3NUENTUGOPMHYI0 aKTUBHOCTb C NOMOLLbIO
06LLENPUHATLIX METO0B — UCKNIOYeHWe MarHuaA U3 cpedbl (beaMarHueBas Mogens) v fobaeneqne 10 MKM 6UKyKynuHa
(6uKyKrynHoBas Mofenb). [pynnoii cpaBHEHUA BbINM KNETKU KOpbl MO3ra, NONyYeHHbIE M3 KOHTPOMbHBIX Mbilew. [nA aHa-
/IM3a NaTTepHOB 3KCNPECCUM FEHOB, KOAMUPYIOLLMX KMHA3bI, BblAenAnm ToTanbHylo PHK 13 KneTouHbIX KynbTyp U MpoBoauim
MNLP-aHanu3 B peanbHOM BpeMeHM.

Okasanocb, YTO MONHAA WM HeNosHasA Leneumsa TpaHCKpUNUMOHHOro daktopa Satb1 no-pasHoMy BAMANM Ha 3Kcnpeccuio
NPOTEMHKMHA3 U FEHOB-PEryNIATOPOB HM3HECMOCOBHOCTM KNEToK. B HelpoHax ¢ peduumtom Sath1 npomcxopmno nosbi-
LUEHMe 3KCMPeccuu reHoB, Koaupyiolwmx GochonHo3nTa-3-KkuHasy, npotenHkuHasy C, npotemHkuHasy B, MutoreH-ak-
TUBMPYEMYIO MPOTEMHKMHA3Y, a TakKe retbl Bel-2, Creb, Nf-kB. Torpa kak nonnas geneuma Satb1 B KOPKOBbIX HEMpOHaX
BbI3bIBasa NoOBbILIEHWE IKCMPECCUM TOMBKO POCHOMHO3NTUA-3-KMHA3bI, SKCMIPECCUA BCEX OCTaMbHBIX MCCIE[0BaAHHbIX MPO-
TEWMHKMHA3 CHUMKanacb Ha GoHe NoBbILEHWA npoBocnanuTenbHbIx GpaktopoB Nf-kB, Caspase-3 u Tnfa.

Ha ypoBHe HeMpoTpaHcMUCCWW, nonHas aeneums Satb1 NpuBoaMna K MOBLILIEHHOM CrIOHATHHOM Ca’*-aKTMBHOCTM Hel-
POHOB, @ TaKMe 60/IbLIMM YacToTaM M aMnauTyaam Ca?*-ocUMniALMiA Npyu MOENMPOBaHAN 3MUNENTUGOPMHOM aKTUBHO-
cTu. MocKonbKy CUMNTOM rMNepBo36YHOEHNA CETU NOKa3aH B HEMPOHANbHbIX CETAX MPY MMMOKCUM U peakLmm HEMpPOHOB
Ha TMMOKCUI0 3aBUCAT OT aKTUBHOCTU MCCNE0BaHHbIX HAMU KMHa3, bbiny NpoBefeHbl 3KCMEPUMEHTLI N0 MOLENMPOBaHMI
TUMOKCUM B HEMPOHAX, NMONYYEHHbIX M3 MbILLei C Aeneumeit TpaHcKpunumoHHoro dakTopa Satb1. OgHoBpeMeHHo ¢ pe-
ructpaumeit [Ca®*li nponssoamnock M3MepeHne napuuanbHoro fasneHuns kucnopoga (p02) ¢ MOMOLLbID COMaTUYECKOro
oKcuMeTpa. MoporoBbiM 3HaueHneM yMeHblueHna p02 cumTany Hadano reHepaumun Ca?*-0TBeToB B HerpoHax. Mossnexue
nepsbix Ca?*-0TBeTOB Ha runokcuio B WT-HeiipoHax npoucxoauno B 8—10% KNeTok, Koraa napumanbHoe [aBfeHne Kuc-
7lopojia CHUMKaNoch 4o 40 MM pT.CT, NpY 3TOM OCTasbHbIE KNETKM B NOJe 3peHns MMKpocKona He pearmposany. Satb1-null
HEMpOHbI HAYMHaNW pearnpoBaTb Ha rMMoKcuio npu 60 MM pr.cT, npuyem Ca?*-0TBETbl UMENU BUA BbICOKOAMIIUTYAHbIX
Ca?*-ocumnnauuit, peructpupyeMsix B 6onee yem 15% knetok. Mpu 31oM Satb1-null HelipoHbl pearpoBany nosBneHNeM
BbICOKOYACTOTHbIX CaZ"-ocumnnALmi ¢ BbIXooM 6a3080ro yposHA [Ca?*]i Ha HOBbIN CTALMOHAPHBI YPOBEHD YHKe NpU CHU-
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weHum p02 po 75-80 MM pT.CT, a € Y4ETOM BbiCOKOro mpoLeHTa (6onee 20%) oTBEYAIOLLMX HEMPOHOB, MOXHO MOBOPUTL
0 NOBbILLEHHOW YyBCTBUTENbHOCTM Satb1-null HelipoHoB K rMMoKcum.

Kniouesbie cnoBa: Sathl; npotenHkuHasel; Ca%*; runokcua.
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Disruption of protein kinase expression in cortical
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ABSTRACT

Neuronal transcription factors regulate the expression of receptors and intracellular signaling molecules involved in
excitatory neurotransmission. The transcription factor Satb1 received significant attention for its role in regulating
the growth and development of various types of brain neurons in both embryonic and postnatal periods. The depletion of the
transcription factor Satb1 can be considered a fundamental mechanism for triggering hyperexcitation in the neural network,
given the alterations in the activity and expression levels of proteins, such as glutamate receptors, protein kinases, and cell
viability regulators. Although numerous studies were conducted on the role of Sath1 in neurogenesis, none showed any
changes in intracellular calcium signaling or protein expression levels following Satbh1 deletion in neurons.

Mice with complete (Satb1-null) and partial (Satb1-deficient) deletion of the Sath1 transcription factor were used in this
study. Neuroglial cultures were obtained from the cerebral cortex of neonatal mice and were cultivated in-vitro for ten
days. The cells were then loaded with a calcium-sensitive Fura-2 fluorescent probe and the dynamics of cytosolic Ca?*
(ICa?*]i) were recorded using a fluorescent microscope. Spontaneous calcium activity was observed in the cell cultures, and
epileptiform activity was modeled using conventional methods, i.e. the medium was depleted of magnesium (magnesium-
free model) and 10 uM bicuculline was added (bicuculline model). The control group comprised cerebral cortex cells obtained
from normal mice. To analyze expression patterns of genes encoding kinases, total RNA was extracted from cell cultures,
and real-time PCR analysis was conducted.

Complete and incomplete deletion of the transcription factor Satb1 had distinct effects on protein kinase expression and
genes that regulate cell viability. Satb1-deficient neurons exhibited increased expression of phosphoinositide-3-kinase,
protein kinase C, protein kinase B, mitogen-activated protein kinase, as well as Bcl-2, Creb, and Nf-kB genes. The deletion
of Satb1 in cortical neurons led to increased expression of only phosphoinositide-3-kinase, while the expression of all other
studied protein kinases decreased in the presence of pro-inflammatory factors Nf-kB, Caspase-3, and Tnfa.

At the neurotransmission level, the complete deletion of Satbl led to heightened spontaneous Ca2+ neuron activity
alongside amplified Ca?* oscillation frequencies and amplitudes when modeling epileptiform activity. Since hyperexcitation
of the network is a symptom observed in neuronal networks during hypoxia, and the response of neurons to hypoxia is
dependent on the activity of the kinases being studied, experiments were conducted to simulate hypoxia using neurons
obtained from mice who lack the Satb1 transcription factor. Concurrently with recording [Ca%']i, we measured p02 using
a somatic oximeter. The drop in p02 signified the start of Ca?* responses in neurons. Initially appearing in 8-10% of cells,
hypoxia-triggered the first Ca?* responses in WT neurons when p02 dropped to 40 mm Hg. The remaining cells within
the microscope field of view did not react. Satb1-null neurons responded to hypoxia at 60 mm Hg, exhibiting high-amplitude
Ca’* oscillations in over 15% of cells. Furthermore, Satb1-deficient neurons exhibited high-frequency Ca?* oscillations and
an increase in [Ca?']i baseline to a new stationary level when p02 decreased to 75-80 mm Hg. With over 20% of neurons
responding, this suggests that Satb1-null neurons are more sensitive to hypoxia.
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