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Momusayua u yenv: Wadexkumonnsii sHmokapaut (M3) — BocmamuTenbHOE
3a00JIeBaHue OSHAOKapAa KJamaHHBIX CTPYKTYp cepAala WH()EKIMOHHOW MPUPOJIBL,
XapakTepHu3yIolIeecsi BHICOKUM PHCKOM OCIOKHEHHH. HecMOoTpsi Ha IOCTHKEHHS B
nuarfoctrke 1D, ocHOBaHHBIE HA WCIIOJIB30BAaHUN COBPEMEHHBIX THCTOJIIOTHYECKUX U
MOJIEKYJISIPHO-TEHETUYECKUX METOMIOB, (PyHAaMEHTaIbHbIE acTIeKThl TaTOTeHE3a 3TOTO
3a00J1eBaHuUs U3YYEHBl HEJOCTATOYHO XOPOIIIO.

Lenv uccrneoosanus: MASHTU(PHUKANUS KIIOYEBBIX OENKOB M CHTHAJBHBIX ITyTEH,
BOBJICUEHHBIX B (hopmupoBaHue 1D,

Memoowr u ancopummsl: Matepuanom Uil UCCIIEIOBAHUS MOCITYKHUIN HCCEUCHHBIE B
X0/ie KapIUOXUPYPTrUUECKOH ONepanuy 10 MPOTE3MPOBAHUIO AOPTAIbHBIC KIIATIaHBI
(AK), nopaxennsie U3 (N = 3) mwin KalbUUHUPYIOUIMM aopTaidbHbIM cTeHo30M (KAC)
(n = 3). Beigenenue Oenka U3 HparMEeHTOB KJIAMAHOB CEplia MPOBOAWIN MyTEM HX
rOMOTeHM3aluu B JmsupyromeM pactBope T-PER ¢ moGaBmenmem KoKTews
MHTHOMTOpPOB mpoTenHa3 W (ocdoras Halt. KommuecTBo BhIAeneHHOrO Oenka
omeHUBaM C wucnons3oBanneM Habopa BCA Protein Assay Kit. IIporeomHuoe
NpoGUITUPOBaHNE TPOBOAMIM C UCIOJIB30BAHUEM BBICOKOI(P(EKTUBHON KUIKOCTHOU
xpomatorpaduu B coueTaHUM c Macc-cuekTpomerpueit (BOXKX-MC) na macc-
cnektpodoromerpe TimsToF Pro. Wnentudukanuio OETKOB OCYIMIECTBISUTH C
KCIIOJIb30BaHUEM IporpamMmmHoro odecrniedenusi Peaks Xpro v.10.6. JlocToBepHBIMU
cuntany uaeHtu(ukanmu OenkoB ¢ FDR <1 % w Hamnumem kak MUHHMYM
JBYX YHHKAJBHBIX MENTUI0B. [ aHaiIM3a MCIOIb30Balk 0as3bl TaHHBIX SwissProt
cRAP, ordunsTpoBanHble MO Oenkam yenoBeka. [locie momydeHuss nHpOpMALUU O
wrontagu nukoB AUC, oOHapyeHHBIX B IPOAHAIM3HPOBAHHBIX 00pa3nax OejKoB,
MPOBOJIMIIM KOJIMYECTBEHHBIN aHAIN3 MOJyYSHHBIX JaHHBIX B IMPOrpaMMHON cpene R
v.4.1.2. benku ¢ Oosiee ueM 2/3 mpONyIICHHBIMU 3HAYCHHUSIMH OBUIM HCKJIFOUEHBI U3
aHanuza. AHanu3 audQepeHIMaTbHON SKCIPECCUU TPOBOAMIM € HMCIIOJIb30BaHUEM
nakera «limma» (v.3.50.3). Ananu3 rnaBHbIXx kommnoHeHT (PCA) mpoBommics c
UCTIONb30BaHMeM makera «mixOmics» (v.6.18.1). Jlnsg Busyanuzanuu JaHHBIX
HCIIOJIB30BANKCH aKeThl «ggplot2» (v.3.4.4) u «EnhancedVolcanoy» (v.1.12.0). Ananu3
oOoramenus myrei quddepeHuuansHo-3KkcpeccupyeMsix 6eixos (DEPs) npoBoaunics
C WCHONBb30BaHWEM aHanmu3a reHHou oHrtomoruu (https:/geneontology.org/, 1o
cocrosHuto Ha 29 anpens 2024 r.) u 6a3sl qanHbIX Reactome (https://reactome.org/, mo
cocTosiHuIo Ha 29 ampesst 2024 r.).
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Pezynomamui: B TKaHAX HaTUBHBIX KIAMAaHOB CepAlLla, NOpaxeHHBIX WD, mpu
CpaBHUTEIBHOM aHanlu3e c KianaHamu, nopaxeHHbiMu KAC, Bwiaieno 272 DEPs,
YAOBJIETBOPSIIOMINX CIEAYIOMINM KpUTepusiM: log2-KpaTHOe H3MEHEHNE dKCTIpeccr > 1
u 3Hauenue p <0.05, ckoppekTUpoBaHHOE ¢ MOMOIIBO monpaBku FDR, u3 uux 53.68 %
DEPs Obuin rumoskcnpeccupoBanbl, 46.32 % — rumepIKCOpeccHpoBaHbl B TKaHSIX
knanadoB ¢ UD. g 23 DEPs (PLOD, FNDC1, ADRM1, ACDSB, HARSI, NEB2,
TPC6B, RBM4, EMIL1, DNJA2, SGTB, H32, RU2B, RS15A, RL15, ACTS, BT3L4,
SCPDL, TRXR2, NASP, PKHO2, STMNI u P4HA2) mnokazaHo yBenu4eHUE
aKcmpeccuu Oonee yeM B 5 pas, a s 30 DEPs (FTO, HV321, LV39, CLC11, VP13C,
HV333, PGM5, SUSD2, ACTA, CAH3, LV469, HV353, SPT6H, AL1A2, MAMC?2,
ASPN, HBS1L, IBP6, MINP1, CK068, NENF, PCOC2, FABP4, PLS3, SCRN2, TGFI1,
CCD43, SPP24, BMPER u IF4E3) oTMeueHO MSATHKpaTHOE CHMKEHHE DKCIIPECCHH
otHocuTenbHO KiamanoB ¢ KAC. AwnnormpoBanume BbIABICHHBIX DEPs ¢
ncrons3oBaHneM 0a3pl Reactome m ananmza oboramennst (Gene Ontology Enrichment
Analysis) mokasaino, uro uacHtupuiupoBannsie DEPs 3aelicTBOBaHbI B CIICIYIOIINUX
OMONIOTHYECKUX TIpolleccax: PEeryisiius CHCTEMbl KOMIUIEMEHTa, OpraHu3alus
BHEKJIETOYHOTO MaTpuKca, o0Opa3oBaHHME KOJUIAreHa, WHHUIHALUS BPOXKIAEHHOTO
WMMYHHOTO OTBETa, aKTHUBAlMsl CHUCTEMBI KOMIUIEMEHTa, BE3HMKYJSIPHBIH TPaHCHOPT,
KJIETOYHBI OTBET HA Mapa3uTapHble MH(QEKIUH, Mepeaada PeryIsiTOPHBIX CHTHAJOB,
OTIOCPETyeMBIX B-KIeTOYHBIM perenTopoM.

Buvigoowi: YcTaHOBIEHBI KIIIOYEBBIE OENKM W CUTHAJIbHBIE IyTH, BOBIICYCHHEIE B
¢dopmupoBaHre TUCOYHKIMN KIANMaHHOTO ammapara Cep/ila, BI3BAHHBIX Pa3IMYHBIM
STHOJIOTHYECKAM areHTaMH.

Qunancuposanue. VccnenoBaHHe BBINOIHEHO HAa CpeAcTBa TIpaHta Poccuiickoro
HayyHoro ¢onma Ne 23-75-10020 «MonekynapHO-TEHETUYECKUE OCHOBBI TMaTOTeHE3a
WHQEKIIMOHHOTO HSHIOKAp/AWTA HATHBHBIX KJIAllaHOB CepAlla M UX OHOIpPOTE30BY,
https://rscf.ru/project/23-75-10020/.
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Motivation and Aim: Infective endocarditis (IE) is an inflammatory disease caused by
infections and affecting the endocardium of heart valves. IE is characterized by a high
risk of complications. Despite advances in the IE diagnosis based on the modern
histological and molecular genetic methods, the fundamental aspects of its pathogenesis
are still not fully understood. The presented study was aimed to the identification of key
proteins and signaling pathways involved in IE pathogenesis.

Methods and Algorithms: Aortic valves (AVSs) explanted during cardiac surgery due to
IE (n = 3) or calcific aortic valve disease (CAVD) (n = 3) were used in the presented
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study. To protein isolation, the fragments of heart valves were homogenized in T-PER
lysing buffer supplied with a Halt protease and phosphatase inhibitor cocktail. The
guantity of isolated protein was evaluated by a BCA Protein Assay Kit. Proteomic
profiling was performed by ultra-high performance liquid chromatography-mass
spectrometry using a TimsToF Pro mass spectrometer. Protein identification was
performed using Peaks Xpro software v.10.6. Proteins characterized by FDR <1 % and
presence at least two unique peptides were selected for further analysis. For data
analysis, we used human protein SwissProt database and CRAP contaminants database.
Quantitative analysis of the obtained data was performed in R v.4.1.2 after estimation of
areas under curves. Proteins with more than 2/3 missing values were excluded from the
analysis. Differential expression analysis was performed using the «limmay package
(v.3.50.3). Principal component analysis (PCA) was performed using the «mixOmics»
package (v.6.18.1). «ggplot2» (v.3.4.4) and «EnhancedVolcano» (v.1.12.0) packages
were used for data visualization. Pathway enrichment analysis of differentially expressed
proteins (DEPs) was performed using Gene Ontology (https://geneontology.org/,
accessed on 29 April 2024) and Reactome (https://reactome.org/, accessed on 29 April
2024) databases.

Results: In the tissues of native heart valves affected by IE, when it was compared to
heart valves affected by CAVD, 272 DEPs were identified according to the following
criteria: log2-fold change in expression >1 and p value <0.05, corrected by correction
FDR. 53.68 % identified DEPs were downexpressed and 46.32 % were overexpressed
in the heart valves with IE. For 23 DEPs (PLOD, FNDC1, ADRM1, ACDSB, HARS],
NEB2, TPC6B, RBM4, EMIL1, DNJA2, SGTB, H32, RU2B, RS15A, RL15, ACTS,
BT3L4, SCPDL, TRXR2, NASP, PKHO2, STMN1 and P4HA2) more then 5-fold
increased expression was shown, and for 30 DEPs (FTO, HV321, LV39, CLC11,
VP13C, HV333, PGM5, SUSD2, ACTA, CAH3, LV469, HV353, SPT6H, AL1A2,
MAMC2, ASPN, HBSI1L, IBP6, MINP1, CK068, NENF, PCOC2, FABP4, PLS3,
SCRN2, TGFI1, CCD43, SPP24, BMPER and IF4E3) more then 5-fold decreased
expression compared to the heart valve with CAVD was shown. Annotation of the
identified DEPs using the Reactome database and enrichment analysis (Gene Ontology
Enrichment Analysis) showed that the identified DEPs are involved in the following
biological processes: regulation of the complement system, organization of the
extracellular matrix, collagen formation, initiation of the innate immune response,
activation of the complement system, vesicular transport, cellular response to parasitic
infections, transmission of regulatory signals mediated by the B-cell receptor.
Conclusion: The key proteins and signaling pathways involved in the pathogenesis of
cardiac valvular dysfunction caused by various etiological agents have been identified.
Funding: The study is supported by the Grant of Russian Science Foundation No. 23-75-
10020 “Molecular genetic basis of the pathogenesis of infective endocarditis in native
and bioprosthetic heart valves”, https://rscf.ru/ project/23-75-10020/.
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