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Momusayus u yenv. Makpodaru — KJIeTKH BPOXKJCHHOTO UMMYHHOT'O OTBETa, KOTOPEIE
B 3aBHCHUMOCTH OT OKPY’KalOIIUX YCIIOBHH MOTYT MPOSIBISITH 1BA TPOTHBOIOIOKHBIX
COCTOSIHUS — IIPOBOCTIAJIMTENIEHOE U MIPOTHUBOBOCIIAVIUTENBHOE. B 3py mepconanuzupo-
BaHHON MEIMIUHBI U Pa3BUTHS KJIETOYHBIX TEXHOJOTHH OHHM MPEACTABISIOT OOJBIION
WHTEpEC, TaK KaK WrpaloT 3HAYMTENBHYIO POJIb B IAaTOTeHE3e MHOTUX 3a00JICBaHHM.
WzydeHnne ponn W MOTEHIMAIBLHOTO TEPareBTUIECKOro ddderrta MakpoharoB 4acto
MPOBOJST HAa MOJENBHBIX JXHBOTHBIX, SBIIIOIIMXCS MOCTHKOM MEXIy HayKoll u
KIMHUKOH. W eciii MMMYyHHBIE TIPOILIECCHI MBIITN OMTHCAHBI TOBOJIBHO MOAPOOHO, TO IS
KPBICBI OCTAaeTCsl MHOTO OelNbIX MATeH. Tak, B JUTEpaType BCTPEUAIOTCS CAMHUYHBIC
paboThl, TOCBSILEHHbIE HW3YYCHHIO MEXaHU3MOB MOJIIPU3AaLUMH  Makpogaros,
MPOUCXO/ISIMUX W3 KOCTHOTO MO3ra, Ha TpaHCKpumIimoHHoM ypoBHe [1]. IlosTomy
HENBI0 JIJAHHOW paboThl CTANI0 OMNpEAeNieHHe TeHEeTHYECKHX CHTHATyp Makpodaros
KPBICHI, OJISIPU30BAHHBIX IN Vitr0 MPOBOCIATMTEIbHBIMU U TPOTHBOBOCHIATUTEIbHBIMU
CTUMYJIAMH.

Memoowr u ancopummovl: MOHOUUTHI KPBICHI BBIACISIM W3 KOCTHOIO MO3ra MpH
IPaJEHTHOM LEHTPU(YTHPOBAaHUM Ha MpenapaTe CHHTETHMYECKOI'O BBICOKOMOJIEKY-
JSIPHOTO COMNOJMMEpa Monucaxapo3sl (PUKOIIT) ¢ MOCAEAYIOMEM HMMYHOMAarHUTHBIM
pasmencHueM 1o Hamuuuio Jeiikocuanuaa (CD43) (TpaHcMeMOpaHHOTO TJHKO-
MPOTEHHA, UTPAIONIer0 BaXKHYIO pOJb B KJIETOYHOH aare3ud, ITUpQepeHIrpoBKE U
anonTose). [lomydenHsle MoHOUUTHI IuddepeHunpoBain B Makpodarn B TeueHHE
7 nuert B mpucytctBun MCSF u npanee mosaBepraim XMMHYEeCKOd MoauduKaiuu c
nomotikio JIIIC (npoBocnanutenbhbiii otBet, M(JITIC)) 1 IL-4/IL-10 (nmpoTtuBoBOCHa-
nutenbHblid otBeT, M(IL-4/1L-10)) B Teuenue 24 gacos. Ilocie moasipu3aniy KICTKA
ObuUIM  JHM3UPOBAaHBI Ui  JajbHEWIIEro aHajiM3a TPAHCKPUITOMAa  METOAOM
cekBenupoBanus cieaytomero mokoneHus (NGS). «Ceippiey NGS nanble ObUIH
o0paboTaHbl  HEecKONbKMMH  OunomHpopmarndeckumu  anroputmamu  (DeSeq?2,
voom+limma, EBSeq, NOISeq, edgeR). KommuecTBeHHBIE pe3yibTaThl MO TI'eHaM,
NOJydeHHBIE TMPHMEHEHHeM HHCTpymMeHTa Salmon [2] Kk  MHOXECTBEHHOMY
BHIPAaBHUBAHUIO, BBIMOJHEHHOMY ¢ momolibio STAR [3], ObUTM HCIONB30BaHBI B
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naiiruiaitne Hobotnica [4] s oneHKH BeIOOpa JydIIEro MHCTPYMEHTA Uil aHain3a
I pepeHInaNIbHON 3KCIIPECCHH TEeHOB. B COOTBETCTBUM € KpUTEpHEM BBIOOpA
JMy4IIero WHCTPYMEHTa Ui aHann3a auddepeHnnanbHoi dKepeccuu TeHoB [4] ObLT
BbIOpan DeSeq2, pesynbpTarhl KOTOpOro ObUM OT(MIBTPOBaHBI Mo mopory 0.1 mis
CKOPpPEKTUPOBAaHHBIX  P-3HaueHWid. [y gemMoHcTpanuu — oOIIero  pesynbTara
ucnoab3oBaiics volcano plot cpaBuenuns nuddepenimansHoil sxcnpeccun rpynn MO u
M(JIIIC), MO 1 M(IL-4/IL-10)) cOOTBETCTBEHHO.

Pezynsmamur: BolsiBieHbI 3HAYUTENbHBIC H3MEHEHHS B OKCIPECCHUHU 00JIee COTHU TEHOB.
Awnanuz oboramenus (enrichment ananus) BeIssBUII, 4TO Kak mocie ctumysisuun JITIC,
tak u mocie IL-4/1L-10 monsipusanuu HaunbosIee MPeaCTaBICHHBIM CUTHAIBHBIM TyTeM
ObUT Kackaja, acCOIMMPOBAHHBIM ¢ KOHBepcued MerabonutoB (Metabolite inter-
conversion enzyme). CrenyomuMH 10 MPEACTaBICHHOCTH ObUIN: OelOK-MOAu(UIIH-
pytoruii kackaz (protein modifying enzyme) u curuanbHbIi MyTh, ACCOIMUPOBAHHBIN C
TpaHcMeMOpaHHBIMEM CHTHAJBHBEIMK penenTopaMu (transmembrane signal receptor) —
Cpelu 3HA4YMMO TOBBIIIEHHBIX U TMOHM)KEHHBIX IeHOB cooTBeTcTBeHHO M B M(JIIIC)
Makpo@darax mo cpaBHeHuto ¢ MO makpodaramu. B ciyyae 3Ha4UMO TOBBIIICHHBIX U
noHmwKeHHbIX TeHoB B M(IL-4/IL-10) makpodarax mo cpaBaeHuto ¢ MO makpodaramu
MOMUMO YMOMSIHYTBIX MyTei ObITM OOHApy:KEHBI KacKaJbl, aCCOUMPOBAHHBIE C T'CH-
crenuduIecKUMU  peryjsrtopaMu  TpaHckpunuuu  (gene-specific  transcriptional
regulator) u tpancmoprepamu (transporter).

Buigoowi: B pesynmprare mpoienaHHOW paboOTh ObIIa OMpenelieHa TeHEeTHYecKas
CUTHAaTypa Makpo(aroB ¢ TPOBOCHAIMTEIBHBIM W  MPOTUBOBOCHAIUTEIBHBIM
(eHoTunioM. bBBITM BBISIBIEHB Hamboliee aKTHBUPOBAHHBIE CHUTHABHBIE IYTH MPH
crumyssiian JITIC u 1L-4/IL-10. Pe3synbrathl cekBeHMpoBaHus moctymasl B GEO
(GSE266262).

Qunancuposanue: ViccnenoBanue noaaepkano Poccuiickum HaydHbIM GOHIOM (HOMEp
rpanTa 24-25-00203).
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Motivation and Aim: Macrophages, the cells of the innate immune response, can exhibit
two opposite states, pro-inflammatory and anti-inflammatory, depending on the
surrounding conditions. In the era of personalised medicine and the development of
cellular technologies, they are of great interest as they play a significant role in the
pathogenesis of many diseases. Studies of the role and potential therapeutic effects of
macrophages are often carried out on animal models, which are the bridge between
science and the clinic. And if the immune processes of the mouse are described in quite
detail, there are still many white spots for the rat. Thus, in the literature there are single
works devoted to the study of mechanisms of polarization of bone marrow-derived
macrophages at the transcriptional level [1]. Therefore, the aim of this work was to
determine the genetic signatures of rat macrophages polarized in vitro by pro-
inflammatory and anti-inflammatory stimuli.

Methods and Algorithms: Rat monocytes were isolated from bone marrow by gradient
centrifugation on a preparation of synthetic high-molecular-weight polysaccharose
copolymer (Ficoll) followed by immunomagnetic separation for the presence of
leukosialin (CD43) (a transmembrane glycoprotein that plays an important role in cell
adhesion, differentiation and apoptosis). The resulting monocytes were differentiated
into macrophages for 7 days in the presence of MCSF and then chemically modified
with LPS (pro-inflammatory response, M(LPS)) and IL-4/IL-10 (anti-inflammatory
response, M(IL-4/IL-10)) for 24 hours. After polarization, cells were lysed for further
analysis of the transcriptome by next generation sequencing (NGS). ‘Raw’ NGS data
were processed by several bioinformatics algorithms (DeSeqg2, voom + limma, EBSeq,
NOISeq, edgeR). The guantitative gene results obtained by applying the Salmon tool [2]
to the multiple alignment performed with STAR [3] were used in the Hobotnica Pipeline
[4] to evaluate the choice of the best tool for differential gene expression analysis.
According to the criterion for selecting the best tool for analysing differential gene
expression [4], DeSeqg2 was selected and the results were filtered by a threshold of 0.1
for adjusted p-values. The volcano plot comparing differential expression of MO and
M(LPS), M0 and M(IL-4/1L-10) groups respectively was used to demonstrate the overall
result.

Results: Significant changes in the expression of more than a hundred genes were
detected. Enrichment analysis revealed that both after LPS stimulation and IL-4/1L-10
polarisation the most represented signal pathway was the cascade associated with
metabolite interconversion (metabolite interconversion enzyme). The protein modifying
enzyme and the sig- nal pathway associated with transmembrane signal receptors were
the next most represented among the significantly up- and down-regulated genes,
respectively, and in M(LPS) macrophages compared to MO macrophages. In the case of
significantly upregulated and downregulated genes in M(IL-4/1L-10) macrophages
compared to MO macrophages, cascades associated with gene-specific transcriptional
regulators (gene-specific transcriptional regulator) and transporters (transporter) were
detected in addition to the above-mentioned pathways.

Conclusion: The genetic signature of macrophages with proinflammatory and anti-
inflammatory phenotype was determined. The most activated signalling pathways under
LPS and IL-4/IL-10 stimulation were identified. Sequencing results are available at GEO
(GSE266262).

Funding: This work was supported by Russian Science Foundation (grant number 24-
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