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Momusayusa u yenv: I'TIOKOKOPTUKOUABI — TOPMOHBI CTpecca — SABJISIOTCS OAHUMU U3
BaXHEHIINX (PaKTOPOB, BIMSAIOLIMX B IEPUHATAIBHBIN IEPHOA HA PA3BUTHE TOJIOBHOTO
MO3ra MJICKOIUTAOIMX. B nepuHaranbHoi MeIUIMHE NIPenapaThl IITIOKOKOPTUKOUIOB
WCIIOJNIB3YIOTCS ISl IPEJOTBPAILEHUS OCTIOKHEHHM, CBA3aHHBIX C MPEKIEBPEMEHHBIMU
ponamu, Uil YCKOPEHHS BbIpabOTKM cypdakraHta JerkuMu. Takas Ttepamus,
Ha3Hayaemas M0 >KU3HEHHBIM IOKa3aHUSAM, MMEET AOJIIOBPEMEHHBIE OCIOKHEHHS,
CBsI3aHHBIE KaKk C oOmMM (U3UOJIOrMYECKUM pa3BUTHEM, Tak u pa3Butuem L[HC,
KOTHUTHBHBIX CrHOocoOHOCTeH W mamsatu. Llenbio wuccnenoBaHus ObIIO  BBISIBUTH
BO3MOXXHbIE T€HbI-MHILIECHH, BOBJICYECHHBIE B 3TOT IPOLIECC.

Memoowvt u anecopummei: s 3TOro HaMu OBUTM  HCCIEOBaHBl W3MEHEHUS
TPaHCKPUIITOMa THUIMIMOKaMIla HEOHATaJIbHBIX KpBIC dYepe3 6 U Iociie BBEICHUS
CHUHTETHYECKOTO TJIIOKOKOPTUKOMIA AeKcameTa3oHa B fgo3e (.2 MI/Kr Beca Tena Ha
BTOPOU J€Hb kU3HU P2, nens poaoB cuutanu HyneBbiM AHeM PO. KonTpoabHas rpynmna
nojly4ajga MHBEKIHIO TaKOTO Xe o0beMa (H3HOJIOTHYECKOro pacTBopa. MeToiom
MaccoBOTO TapajlJIeIbHOTO CeKBeHHpoBaHUs TpaHckpunrtoma (100M  mapHBIX
npoureHnii Ha tiatdopme Illumina) OBLIO BBHISBICHO W3MEHEHHE HKCIPECCHHU
OCHOBHBIX TEHOB-MHINEHEH. TeXHHWYeCKue IOCIeI0BaTeIbHOCTH O0pe3auch MpH
MOMOIIY TporpaMmbl TpuMMOMAaTHK. PuJibl BEIpaBHHBaNIKHCh Ha peepeHCHBI TeHOM
kpeicbl mRatBN7.2 mpu momommu kaptupoBmmka hisat2. [lis mojcdera puuios,
HPUXOSIINXCS Ha KOJMPYIOIIYIO 4acTh FCHOB, HCIOIb30BaIM Hporpammy Rsubread.
JuddepeHnnansHo SKCpeccHpOBaHHBIE T€HBI ONPEISIISUIH ITPH MIOMOIIHY MakeTa edger.
OyHKIMOHATBLHYIO aHHOTALMS IPOBOAMIIM IIPH OMOLIM nakeTa clusterprofiler.
Peszynomamur: Tak, BeiOpaB auddepenumnansao sxcnpeccupoBanubie reHsl |logFC>1
p-adj < 0.05 (c monpaBKoil Ha MHOYKECTBEHHOCTh cpaBHeHHH benmkamMmuarn—Xoxoepra),
M3MEHWIN KCTpeccuto 57 reHoB: 46 yenuumiy, 11 cHu3mim skcnpeccuto (puc. 1, A).
I'eHpl, ubg DJKCOpeccHs yBEAMUYWIACh, MPHHAMICKAIM K TaKuM paszaeiam
«buonoruueckue nponeccel» knaccudukanun ['ennorr OHtonorun (GO): KIETOUHBIN
OTBET HA INIFOKOKOPTHKOWJIHBII CTHUMYJI, KJIETOYHBIM OTBET HA KOPTUKOCTEPOUHBIN
CTHMYJI — YTO €CTECTBEHHO NMPH UHTEHCU(PHUKALUH TTIFIOKOKOPTUKOMIHOT'O CUTHAJIMHIA
(em. puc. 1, B). Takke ObulM BBISBICHBI CIEIYIOUIME KaTErOPUU: SHKO3aHOMI
METa0O0IMUYECKHE MPOIECCHI, JETOKCH(UKAIIHS, CTPECCOBBIA OTBET HA HOHBI METAJLIOB,
KJIETOUHBIH OTBeT Ha MOHBI LMHKA (cM. puc. 1, C). ['eHbl, CHU3MBIINE KCIPECCHIO,
MoKa3aiy o0oraiieHne Cpear CleaAyIuX kateropuii ['eHHoit OHTONIOTUU: KIIETOYHBIH
OTBET Ha JIUTIOTIOJINCAaXapHl, KIIETOYHBIN OTBET HAa MOJIEKYJIBI OaKTepHUaIbHOM IPUPOIHI,
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KJIETOYHBI OTBET HAa OMOTHYECKHE CTHMYJIbI, IO3UTUBHAS PETyJus Npoaudepannn
NK-knetok B otBeT Ha LPS, nerpanynsnust NK-kineTok.
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Puc. 1. Xapakrepusaiys TPaHCKPUIITOMHBIX U3MEHEHHI B THITIIOKAMIIE JIBYXIHEBHBIX KPBIC Ye-
pe3 6 4 mociie BBeAcHUs aekcamera3oHa 0.2 MI/Kr MOAKOXHO. A — BYJIKaHO IUIOT, IIOKa3bIBakO-
muit audepeHnnanbHO IKCIPECCUPYIOIIUECS T'eHbl, KPAaCHBIM OTMEYEHBbI T'eHbl HHTepeca
|log2FC| > 1 & p.adj(BH) < 0.05; B — dyukunonansHas anaotanust u oboramenue mo GO «buo-
JIOTUYCCKHUE IPOLECCh» T€HOB, YBEJIMUUBIINX 3KCIPECCUIO, C- (byHKI_II/IOHaJ'H)HaSI AHHOTalus 1
oboramenue 1o GO «buonoruueckue mporeccsn TeHOB, CHU3UBILIHMX SKCIPECCHIO
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JlaHHBIE KaTerOpHH B MEPBYIO OYEpeb CBS3aHBI C JCHCTBHEM TIIOKOKOPTUKOHMIOB Ha
WMMYHHbBIE KIETKH M PE3MIeHTHbIE Makpodarum Mo3ra KiIeTKn MHKporiuu. CTouT
OTMETHUTB, 4T0 cpenu GO kaTeropuii TakKe OBUTH: CHTHAIBHBIA IYTh MyPUHIPTHYECKAX
HYKJICOTHIHBIX PELENTOPOB, CBA3aHHBIX ¢ G-Oenkamu, TpaHcnopt L-anmaHuaa, vMIopT
JKele3a B KIIETKY, MO3UTUBHASI PEryIISLUs ATONSpU3aii MUTOXOHApHiA. Cpey FeHOB,
KOTOpBIE ITIOBBICHIIH CBOO 3KcTIpeccuio, Obutn Pakrop, Uamymmpyemsrtii I nokcueit, 3A
(Hif3a) logFC = 3.56, KOTOpBIA MOXET pEerylInpoBaTh ILUTFOPUIIOTEHTHOCTh U
nponudepanuio 3MOPUOHAIBHBIX CTBOJIOBBIX KieTok [1]. Taxke »skcopeccus
ceporonnHoBoro perenrtopa 1A (Htrla) 6buta mossmmena logFC = 1.93. Dto moxer
OBITH KOMIICHCATOPHBIM 3 (HEeKTOM CHIDKECHHS 3Kcrmpeccun Tph2 B cpemHemM Mosre u
CEepOTOHMHA B IMEPEAHUX OTAeNiaX IOcie BBeAeHHs AekcaMmeTa3oHa [2]. Panee Hamu
OBLIO MOKA3aHO, YTO OJHOKpPATHAsI HHBEKIHS Ha BTOPOH JI€Hb KU3HH KPBIC PUBOAUT K
YMEHBIIEHUIO TPEBOXKHOTO M JAETPECCHBHO-TIOAOOHOTO MoBeAeHHs Ha 60-i neHp
XKu3HM [3]. OT0 MOXET OOBSCHATBHCS  OMHOBPEMEHHOW  WHTEHCHU(HKAIHEH
HOPAJIPEHIPTrUUECKON HEUPOTpAaHCMUCCUU [4] U CHIDKEHHEM CEPOTOHHMHAIPTHYCCKOM
HEHUPOTpaHCMHUCCHU [2], YTO TNPUBOAUT K JAHHOMY IIOBEIACHYCCKOMY (DEHOTHITY.
Cxoxue »¢¢exTsl Ha TMOBEJACHWE HAOMIOJAIOTCS TPU CHIDKCHHH CEPOTOHWHOBOM
HEUPOTPAaHCMUCCHU B HEOHATaNbHBIM mepuon [5]. HecmoTps Ha BBIpaXEHHYIO
CYyIIpeccuio MIMMYHHOU (YHKIUH, MO pe3yibTaraM oboramienus: 'O, mocie BBeJeHHUs
nekcameTa3oHa, Obuth moBeieHs MaTepneiikna-33 1L-33 logFC = 1.59 u ManHO3HBI#I
penentop C-tuma 1 (Mrcl) logFC = 1.30. Dtu reHsl ABISAIOTCS Mapkepamu M2
MHUKPOTJIMH, KOTOpas 3allyCKaeT TKAaHEBYI0 pEOPTraHH3alMi0 H pereHepalmio,
yBennuMBaeT (HaronuTo3 W HWrpaeT HEUPONPOTEKTUBHYIO poib [6]. Cpemu TeHOB,
CHU3WBIINX CBOIO JKCIPECCHIO, CTOUT OTMETHTh BTOPOH PEIENTOp BaCKYISPHOTO
SHII0TENHANBHOTO pocToBoro ¢akropa Kdr logFC = —1.04, koTopblii OTBETCTBEHEH 32
poct akcoHoB B otBeT Ha Cemadopun 3E (Sema3E) [7].

Buvigoowi: Takum 00pa3oM, TIOMHMO BBISBICHHBIX KiaccwueckuX dddexTon
JIEKCaMeTa30Ha Ha JKCIPECCHI0 TeHOB MMMYHHOW CHCTEMBI, BO3MOXKHBIMH T€HaMU-
MUILIEHIMH JJIi U3y4YCHUS] HETaTHBHBIX 3(P(PEKTOB TIIIOKOKOPTHUKOWIOB Ha pPa3BUTHE
HepBHOH cuctemsl sBnstores Hif3a, Htrla, Kdr. IlokazanHoe HaMu paHee CHIDKEHUE
TPEBOXKHOTO U JIEMPECCUBHO-TIOJ00HOTO TIoBeieHHs Ha 60-i IeHb JKU3HU KPBIC MOCIIe
OJIHOKPAaTHOM MHBEKIIMU JIeKCaMeTa30Ha Ha P2 MoeT 0OBsACHATHCS OJHOBPEMEHHOM
VHTeHCH(pUKanueld  HOPaJApPEHIPTUYECKOW  HEHUpOTPAaHCMHCCHHW W CHIDKEHUEM
CEePOTOHUHAIPTUYECKON HEUPOTPAHCMHUCCHH.

Qunancuposanue. ViccnenoBanue nojiep:kaHo 0w HKeTHbIM npoekToM FWNR-2023-
0002.
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Motivation and Aim: Glucocorticoids, stress hormones, are one of the most important
factors affecting the development of the mammalian brain during the perinatal period.
In perinatal medicine, Glucocorticoid medications are used to prevent complications
associated with premature birth, to accelerate the production of surfactant by the lungs.
Such therapy, prescribed based on vital signs, has long-term complications associated
with both general physiological development and the development of the central nervous
system, cognitive abilities and memory. The aim of the study was to identify possible
target genes involved in this process.

Methods and Algorithms: To do this, we investigated transcriptomic changes in the
hippocampal of neonatal rats 6 hours after administration of the synthetic glucocorticoid
dexamethasone at a dose of 0.2 mg/kg body weight on the second day of life P2, the day
of delivery was considered the zero day P0O. The control group received an injection of
the same volume of saline solution. The method of mass parallel sequencing of the
transcriptome (100M paired reads on the Illumina platform) revealed a change in the
expression of the main target genes. The technical sequences were cut using the
Trimmomatic program. The reads were aligned to the reference rat genome mRatBN7.2
using the hisat2 aligner. The Rsubread program was used to calculate the reads aligned
to the coding part of genes. Differentially expressed genes were determined using the
edge R package. The functional annotation was carried out using the clusterprofiler R
package.

Results: Thus, by selecting differentially expressed genes |logFC|>1 p.adj < 0.05
(adjusted for the Benjamin-Hochberg multiple comparison corection), 57 genes were
changed in expression; 46 increased, 11 decreased expression (Fig. 1A). Genes whose
expression increased belonged to such terms of the "Biological processes™ classification
of Gene Ontology (GO): cellular response to a glucocorticoid stimulus, cellular response
to a corticosteroid stimulus — which is natural with the intensification of glucocorticoid
signaling (Fig. 1B). The following categories were also identified: icosanoid metabolic
processes, detoxification, stress response to metal ions, cellular response to zinc ions
(Fig. 1C). Genes that reduced expression showed enrichment among the following
categories of Gene Ontology: cellular response to lipopolysaccharide, cellular response
to bacterial molecules, cellular response to biotic stimuli, positive regulation of NK cell
proliferation in response to LPS, degranulation of NK cells. These categories are
primarily related to the effect of glucocorticoids on immune cells and brain resident
macrophages of microglial cells. It is worth noting that among the GO categories were
also: the signaling pathway of purinergic nucleotide receptors associated with G
proteins, L-alanine transport, iron import into the cell, positive regulation of
mitochondrial depolarization.

It is worth noting that among the genes that increased their expression were Hypoxia-
induced Factor 3A (Hif3a) logFC = 3.56, which can regulate pluripotency and
proliferation of embryonic stem cells [1]. Also, the expression of serotonin receptor 1A
(Htrla) was increased logFC = 1.93. This may be a compensatory effect of a decrease in
the expression of Tph2 in the midbrain and serotonin level in the anterior regions after
administration of dexamethasone [2]. Previously, we showed that a single injection on
the second day of rat life leads to a decrease in anxiety and depressive-like behavior on
the 60th day of life [3]. This can be explained by the simultaneous intensification of
noradrenergic neurotransmission [4] and a decrease in serotonergic neurotransmission
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[2], which leads to this behavioral phenotype. Similar effects on behavior are observed
with a decrease in serotonin neurotransmission in the neonatal period [5].
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Fig. 1. Characterization of transcriptomic changes in the hippocampus of two-day-old rats
6 hours after administration of dexamethasone 0.2 mg/kg subcutaneously. A — volcano plot show-
ing differentially expressed genes, the genes of interest are marked in red |log2FC| > 1 &
p.adj(BH) < 0.05; B — functional annotation and GO terms "Biological processes" enrichment of
genes that have increased expression; C — functional annotation and GO terms "Biological pro-
cesses" enrichment of genes that have decreased expression
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Despite the pronounced suppression of immune function, according to the results of GO
enrichment, after administration of dexamethasone, Interleukin-33 IL-33 logFC = 1.59
and Mannose receptor C-type 1 (Mrcl) logFC = 1.30 were increased. These genes are
markers of M2 microglia, which triggers tissue reorganization and regeneration,
increases phagocytosis and plays a role neuroprotective role [6]. Among the genes that
have decreased their expression, it is worth noting the second receptor of the vascular
endothelial growth factor Kdr logFC = —1.04, which is responsible for the growth of
axons in response to Semaphorin 3E (Sema3E) [7].

Conclusion: Thus, in addition to the identified classical effects of dexamethasone on the
expression of immune system genes, possible target genes for studying the negative
effects of glucocorticoids on the development of the nervous system are Hif3a, Htrla,
Kdr. The previously shown by us decrease in anxiety and depressive-like behavior on
the 60th day of rat life after a single injection of dexamethasone on P2 may be explained
by the simultaneous intensification of noradrenergic neurotransmission and a decrease
in serotonergic neurotransmission.

Funding: The study is supported by Ministry of Education project FWNR-2023-0002.
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