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Momusayus u yenv. I'mnobiaacroma — Haubosee pacupocTpaHeHHAs 3lI0KaueCTBEHHAS
OITYXO0JIb TOJIOBHOTO MO3Ta, XapaKTepHU3YIOLIAsACcsl HU3KOU MATUIETHEN BBKMBAEMOCTHIO
Y BBICOKOH 4acToTOM peruauBoB [1]. 3BecTHO, YTO KIICTKHU MPETEpIIeBalOT MeTa0O0IIH-
geckue TpaHc(hopMaluru B MPOIEcce OHKOTeHEe3a, a METab0JIM3M B OIMyXOJIAX OTIHYa-
eTcs OT HOpManbHOro merabonmusma. M3ydeHue merabosioMa OIMYXOJIM TOJOBHOTO
MO3ra, a TaKKe IMOUCK JTUATHOCTHYECKHX M MPOTHOCTHYECKMX OMOMAapKEepOB HUMEIOT
KIIIOYEBOE 3HAYCHUE ISl YIIYyUIICHUS BBDKMBAEMOCTH MAIIEHTOB U Pa3pabOTKHU HOBBIX
MEPCOHANN3UPOBAHHBIX METOJ0B JedeHus. Llenb naHHOl paboThl — PEKOHCTPYKLUS U
aHaJINU3 MOJIEKYJSPHO-TEHETUYECKUX MEXAaHU3MOB PETYJISIMA METa0OINUECKUX MyTell,
HapyLIEeHHBIX MPH IMTHO0JAacTOME, C HUCIOJIb30BaHMEM JAaHHBIX META00JIOMHOrO aHa-
nm3a.

Memoowt u arcopummur: Meromom BOXKX-MC/MC, pa3paboTaHHbIM HaMH paHee [2],
OBLI BBITTOJIHEH TAPTeTUPOBAHHBIM CKDUHUHT METa0OJIMTOB TKAHEH TITMOOIACTOMEI U T1e-
PUTYMOPAIBHOTO MPOCTPaHCTBa. JlJIs onpeneneHus 3HaYMMOCTH pa3jInuuii MEeXy 3Ha-
YCHHUSIMUA YPOBHS METa0OJUTOB B IIMOOJACTOME M TIEPUTYMOPATBHON 30HE HCITOJIB30-
BaJIM KOMOMHAIIMIO KpuTepust ManHa—YutHu u Tecta Cucconi. [lepenpeicTaBieHHOCTh
Mmetabonnueckux myreii KEGG oneHnBanack ¢ MOMOIIBIO aHanHW3a 00OTalleHHOCTH,
MPEJICTaBICHHOTO B BeO-mHCTpyMeHTe MetaboAnalyst 6.0. PekoHcTpykins n aHanmu3
TCHHBIX CETeH MPOBOJWINCH C WCIOJB30BAaHUEM IMPOTPaMMHO-UH(POPMAIIIOHHON CH-
crembl ANDSystem [3].

Peszynomamur: Ilo pesynpratam cTaTUCTUYECKOW 0OpPaOOTKH JaHHBIX METa0O0JIOMHOTO
CKPHHHWHTA, COJIEpKAHUE Psija METa0OJIUTOB Pa3IMiaioch B TKaHSIX TIHOOIACTOMBI H
MEPUTYMOPAIBFHOTO MPOCTPAHCTBA. AHAIN3 MEPENPEACTaBICHHOCTH METa0OINIEeCKUX
nytreit KEGG nns HalineHHOTO Habopa 3HAYUMBIX METa0OJIUTOB, BHITIOTHEHHEINA B BEO-
nHcTpyMenTe MetaboAnalyst 6.0, M03BONMI BBIABUTB, YTO META00IM3M COHUHTOIUIIH-
JTOB SIBJISIETCS] CTATUCTUICCKU 3HAYMMBIM MeTabonmaeckum mporeccoM (FDR < 0.05). C
MOMOIIBIO POrpaMMHO-UHPOpMaMoHHOK cucteMbl ANDSystem Obutn pekoHCTpyH-
POBaHBI 1 MPOAHATU3UPOBAHBI T€HHBIE CETH, ONUCHIBAIOIINE TEHETHUECKYIO PETYIISALUIO
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¢depMeHTOB MeTabonn3mMa COUHTONMIUAOB C YYacTHEM TIE€HETHYECKUX MapKepoB
rnuo6nactomel. beuto mokasaHo, uro gpepmentsl SPHK 1, NEUR1 u ASM noaBep:keHb
BO3JICHCTBHIO HAMOOJBINEr0 KOJIMYECTBA OCIKOB, ACCOIMUPOBAHHBIX C PAa3BUTHUEM U
MporpeccupoBaHreM TanodmactoMsl. [lpn aTom HanbombIiee urcino GpepMeHTOB pery-
nmupyetcs Mapkepamu P53 u TNFA.

Buvi6oowi: B HacTosmel paboTe ¢ UCTIONE30BaHHEM CTATUCTHYSCKUX TECTOB OBLITH WJICH-
TUGUIMPOBAHBI TOTCHIIMATBHBIE META0OIMIECKUE MapKephl TTHOOIACTOMBI Ha OCHOBE
aHaIM3a MeTa0OJIOMHBIX JaHHBIX TKaHEH OIyXOJIH U IEPUTYMOPAILHOTO IPOCTPAHCTBA.
AHanu3 nepenpencTaBIeHHOCTH METa0OIMUECKUX MyTeH U PEKOHCTPYKIHSI PETYIISATOP-
HBIX TCHHBIX CETEeH TTO3BOJIWIIN BBIIBUHYTH TUTIOTE3bI O CBSI3U HAPYIICHUH (PYHKITHOHH-
poBaHUs MeTabonnu3Ma COUHTOJIUNUAOB C W3BECTHHIMH T€HETHYECKUMH MapKepamMu
riaro6nacTomsl, Bkaodas P53, EGFR, HIF20 u npyrue.

Qunancuposanue. Viccnenosanue nojiepxano MUHHCTEPCTBOM HAYKH U BBICILIETO 00-
pasoBanusi PO (rocyaapcrBennoe 3aaanue No. FSUS-2020-0035).
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Motivation and Aim: Glioblastoma is the most common malignant brain tumor, charac-
terized by low five-year survival and high relapse rates [1]. Malignant cells, including
brain tumors, are known to exhibit metabolic changes. Studying the brain tumor metab-
olome, as well as searching for diagnostic and prognostic biomarkers, is key to improv-
ing patient survival and developing new personalized treatments. The purpose of this
work is to reconstruct and analyze the molecular genetic mechanisms of regulation of
metabolic pathways disrupted in glioblastoma using metabolomic analysis data.
Methods and Algorithms: Using the LC-MS/MS method, which we previously devel-
oped [2], we performed targeted screening of metabolites in glioblastoma tissues and the
peritumoral brain zone. To determine the significance of differences between the values
of metabolite levels in glioblastoma and the peritumoral zone, a combination of the
Mann-Whitney test and the Cucconi test was used. The overrepresentation of KEGG
metabolic pathways was assessed using enrichment analysis provided in the MetaboAn-
alyst 6.0 web tool. Reconstruction and analysis of gene networks were carried out using
the ANDSystem [3].
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Results: According to the results of statistical processing of metabolomic screening data,
the content of a number of metabolites differed in the tissues of glioblastoma and peri-
tumoral space. Analysis of the overrepresentation of KEGG metabolic pathways for the
found set of significant metabolites, performed in the MetaboAnalyst 6.0 web tool, re-
vealed that sphingolipid metabolism is a statistically significant metabolic process
(FDR < 0.05). Using the ANDSystem, gene networks describing the genetic regulation
of enzymes of sphingolipid metabolism involving genetic markers of glioblastoma were
reconstructed and analyzed. The enzymes SPHK1, NEUR1 and ASM have been shown
to be affected by the largest number of proteins associated with the development and
progression of glioblastoma. In this case, the largest number of enzymes is regulated by
the P53 and TNFA markers.

Conclusion: In this work, using statistical tests, potential metabolic markers of glioblas-
toma were identified based on the analysis of metabolomic data from tumor tissues and
peritumoral space. Analysis of the overrepresentation of metabolic pathways and recon-
struction of regulatory gene networks allowed us to put forward hypotheses about the
connection between disorders of sphingolipid metabolism and known genetic markers
of glioblastoma, including P53, EGFR, HIF2a and others.

Funding: The study was supported by the Ministry of Science and Higher Education of
the Russian Federation (state project No. FSUS-2020-0035).
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