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1. TlosaknituHHI Be3ukyiu (EVS) cKanaoTh reTeporeHHy MomyJisiilo HAaHO /MiKpOPO3MipHUX MEMOPAHHUX BE3UKYI,
110 IIOCTIMHO CEKPETYIOThCA B MTO3aKJIITUHHE CEPELOBUILE NPAKTUYHO BCIMa JOCIiIPKEHUMU TUIIAMU KIITUH $IK 32
HOpMaJsbHUX (i3i0JI0TiUHUX, TaK i TATOJIOTIYHUX CTaHIB. EVS MicTATh HyKJI€IHOBI KUCJIOTH, IPOTEiHU 3 Pi3HUM
(yHKILiOHAJIbHUM MOTEHLIaJIOM, CUTHAJIbHI MOJIEKYJIM Ta METab0IIiTH, 10 J03BOJIS€ iM BifirpaBaTy NpOBiHY POJIb Y
MIKKJIITUHHIN KomyHikauii. [Tporte, rmubruna BuByeHHs EVs, 1o MicTATbCS B HU3L 6i0JI0TiYHUX PinyH Ta
IIPOAYKYIOThCSI NYXJIMHHUMU KJIITUHAMMU, BCE 1€ 3aIMIIAEThCS HelOCTaTHLO10. ToMy, METOIO JucepTalifiHOi po6oTH

CTaJIo0 JOCIiANTA OCOOIMBOCTI IPOAYKYBAHHS, MOJIEKYJISIPHUI CKJIaZ, Ta QYHKIiOHA/NbHI BIaCTUBOCTI EVS,



i30JIbOBAHMX 3 MOTY JIIOJVHU Ta KOHINALIOHOBAHOTO CEPEJOBUILA IICEBIOHOPMAIbHUX Ta IyXJIMHHUX KJITYH,
3'sICyBaTH BILJIMB HOPMOKCIi /rinokcii i1 agantepHoro npoteiny Ruk /CIN85 Ha 3a3HaueHi MoKa3HUKU. BcTaHOBIIEHO,
o EVs 3 noty mopunau mictatb DNA ta RNA moncekoro (74% 34uTyBaHb LIUX 3pa3KiB BiflIOBilasy TeHOMY JIIOIUHU
(70% - tRNA, ixnmi tunu RNA - 18,5%, mRNA - 5%, miRNA - 1,85%) i 29% - HeaHOTOBaHUM 0671aCTSIM) i MiKDOGHOTO
NIOXOJPKeHHs (6aKTepill, apxell i BipyciB, TMIIOBUX 1151 Mikpobiomy mKipn). [IpoTeinoBuii ckian EVS m0acbKOro noty
Ta 3pa3KiB 10Ty, 3i6paHuX 3 ajbriHATHUX IJIACTUPIB IPOAEMOHCTPYBaB NPUCYTHICTh 1209 yHiKaIbHUX IPOTEiHIB
JIIOAVHY, 3 IKUX ~ 20% OyJu IIPUCYTHI y KOKHOMY iHAMBIlyaJIbHOMY JOCJIIIZKEHOMY 3Pa3Ky, Mapkep ek3ocom CD63,
846 nporeinis (70%), CHiJIBHUX 3 3arajlbHUM IIOTOM, i 368 npoTeinis (30%) — 3 aybriHaTHUM IIJIACTUPOM, a TAaKOX
1594 npoTeiHiB 6aKTEePiltHOTO MOXO/PKEHHSI. BIJIMB TiMokcii Ha KIITUHY afeHOKapPIMHOMY HUPKU ITPU3BOIIUTD JIO
IIOCHJIEHHS ceKpeliii EVS i1 MOMITHUX 3MiH iX IPOTE€IHOBOro BaHTaXXy IIOPIBHSHO 3 HOPMOKCi€0. 3a I0IoMOoroo LS-
MS-aHnani3y B 3pa3kax «rinokcudHux» EVs BUsBI€HO HaIMipHY IPUCYTHICTb iHTETPUHIB, IPOTEiHIB, SIKi 6€PYTh
y4acTb y 3a0e3Ie4eHHi aire3MBHOCTI KJITUH. BUBYeHHS xiMi4HOro ckilany npenaparis EVs, 110 IpogyKyOTbCs
KJIITUHAMU aJIeHOKapLIIMHOMU HUPKH, 32 IOTIOMOTOI0 OOMEXKeHOi B yaci PaMaHiBChKOi CIIEKTPOCKOITii Ta MificUIeHOi
[IOBEPXHEI0 00MEXKEHOI B yaci PamaHiBCbKOI ClIeKTpOCKOIii BUSIBUIIO XapaKTepHi 3MiHU y aMiJHMX 00J1acTsIX yepes
3MiHHM XiMiYHUX 3B's13KiB y ntpoTeiHax EVs 3a ymoB rinokcii. TG-RS ta TG-SERS e nepcnekTuBHUMU 6€3MiTKOBUMU
TEXHOJIOTiSIMU [1J151 BUBYEHHS BILJIMBY 30BHIIIHIX CTUMYJIB (Tinokcis) Ha ckiag EVs Ta BigMiHHOCTE, 1110 BUHUKAIOTh
BHACJIiIOK BUKOPUCTAaHHS Pi3HUX [IPOTOKOJIiB oumieHHs EVs. Xapakrepucrtuka EVS, 3 KOHIUIIIOHOBaHOTO
cepeNoBUIIA KIIITUH KapLMHOMU HUPKY MU JIiHil Renca 3 Hajekcnpecielo agantepHoro nporteiny Ruk /CIN85
(Renca-RukUp) Ta kouTposbHUX KTiTUH Renca-Mock 3a yMOB HOpMOKCii Ta rinokcii nokasasa, 0 KOHIeHTpaLis
YaCTUHOK, 1110 IPOJYKYIOThCs KaiTHamu Renca-RukUp, BusiBuiacs Ha [OPSIOK BUILOIO 32 YMOB TiIOKCIi y
NOpiBHSIHHI 3 yMOBaMU HOpMOKCii. 3a Hopmokcii BMicT rpoteiniB Ruk /CIN85, Alix i CD81 3pocTaB y Be3uKyJax 3
kiaiTuH Renca-RukUp y nopiBHsHHI 3 kniTnHamu Renca-Mock. 3a rinokcii BMiCT JocigpkyBaHUX TPOTEiHIB
3MeHIIyBaBcs 6ibll HixXK Ha 2 nopsagku y EVs 3 kiitul Renca-RukUp, a BmicT Ruk /CIN85 i CD81 3pocTaB y EVs 3
Renca-Mock. Takum yuHOM, Ruk /CIN85 € HOBUM KOMIIOHEHTOM EVS, 1110 IpOoAyKyIOThCS IyXJIMHHUMU KIIITUHAMH,
KW MOJKe BiZlirpaBaTy PETYJISATOPHY POJIb Y KOHTPOJIL CKilany EVS 3a yMOB HOpMOKCIi Ta rinokcii. XapakrepucTtrka
EVs, ouniieHux 3 KOHOUIIIOHOBAHOTO CepeloBUIIA KIIiTHH eMb6pioHanpHOI Hupku mogunu dinii HEK293, crabinsHo
TpaHcdikoBaHux Bekropom EGFP-Ruk /CIN85 (HEK293 EGFP-RukUp), nponemoncTpyBaia, mo EGFP-Ruk /CIN8S e
komrnoHeHToM EVs, mo nponykytoTsest kiaitnHamu HEK293 EGFP-RukUp, npu npomy EVs 3 Hanekcnpecieto EGFP-
Ruk /CIN85 3naTHi gudepeHLiiiHO MOAYII0BATH NPOoJlipepaTUBHI BJIACTUBOCTI Ta PYXJIUBICTb KJIITHH in vitro.
Binburicts inenTudikoBanux nporeiis, mo audepeHiiiiHo excrpecyoTbes B kiaitnHax HEK293 EGFP-RukUp i
BUSBJISIIOTHCS B EVS, € MeTabosiyHuMy eH3uMmamu. EVs, 1110 IpOoyKyIOThCs IYXJIMHHUMU KJIITUHAMU
aJleHOKapLUVHOMHMX KJITHH IPyIHOI 3271031 Muli JIiHii 4T1 3 HafeKkcnpecielo abo 3HMKEHOIO eKCIIPecielo

Ruk /CIN85, RukUp Ta RukDown, BignosigHo, micTsiTe Ruk /CIN85, xapakrepusytoTscs crienu@iyHumMu npodinsimm
BMICTY H1OTO YMCJIEHHUX MOJIEKYJISIPHUX (POpM Ta 37aTHI MOIYJII0BATHU POJlidepaTUBHY aKTUBHICTb, PYXJIUBICTB i
inBasuBHicTb KIiTUH 4T1 WT. Takum unHOM, Ruk /CIN85 € KOHCTUTYTUBHUM KOMIIOHEHTOM NPOTEiHOBOrO CKJIAly

EVS nyxyIMHHUX KJIITUH i, 3aJ1€5KHO Bif 1Oro BMiCTy B EVS, Biflirpae akTUBHY POJIb Y KOHTPOJIi KAHLIEPOTEHESY.

2. Extracellular vesicles (EVs) represent a heterogeneous population of nano/micro-sized membrane vesicles that
are constantly secreted into the extracellular environment by nearly all studied cell types under both normal
physiological and pathological conditions. EVs contain nucleic acids, proteins with various functional potentials,
signaling molecules, and metabolites, allowing them to play a leading role in intercellular communication. The goal
of this dissertation was to investigate the production characteristics, molecular composition, and functional
properties of EVs isolated from human sweat and the conditioned medium of pseudonormal and tumor cells, and
to examine the influence of normoxia/hypoxia conditions and the adaptor protein Ruk /CIN85 on these
parameters. It was found that human sweat EVs contain human DNA and RNAs (74% of reads corresponded to the
human genome, with 70% being tRNA, 18.5% other RNA types, 5% mRNA, and 1.85% miRNA) and microbial origins
(bacteria, archaea, and viruses typical of the skin microbiome). The protein composition of human sweat EVs and
those collected from alginate patches revealed the presence of 1,209 unique human proteins, about 20% of which
were present in every individual sample, along with the exosome marker CD63, 846 proteins shared with total



sweat, and 368 proteins with the alginate patch. In addition, 1,594 proteins of bacterial origin were detected. The
effect of hypoxia on renal adenocarcinoma cells led to increased EVs secretion and notable changes in their
protein cargo compared to normoxia. LS-MS analysis of "hypoxic" EVs revealed an excessive presence of integrins
and proteins involved in cell adhesion. Time gated Raman spectroscopy and surface-enhanced time gated Raman
spectroscopy showed distinctive changes in the amide regions of EVs proteins under hypoxia, suggesting that
these techniques are promising for studying the effects of external stimuli, such as hypoxia, on EVs composition.
Characterization of EVs from the conditioned medium of Renca mouse kidney carcinoma cells overexpressing
Ruk /CIN85 (Renca-RukUp) and control Renca-Mock cells under normoxia and hypoxia showed that the quantity
of particles produced by Renca-RukUp cells was ten times higher under hypoxia compared to normoxia. In
normoxia, the levels of Ruk /CIN85, Alix, and CD81 were elevated in EVs from Renca-RukUp cells compared to
Renca-Mock cells. However, under hypoxia, the levels of proteins decreased by more than hundred times in EVs
from Renca-RukUp cells, while Ruk /CIN85 and CD81 increased in EVs from Renca-Mock cells. Thus, Ruk /CIN85
emerges as a novel EVs component in tumor cells, potentially playing a regulatory role in controlling EV
composition under normoxia and hypoxia. Further characterization of EVs produced by HEK293 human embryonic
kidney cells stably transfected with the EGFP-Ruk /CIN85 vector demonstrated that EVs containing EGFP-

Ruk /CIN85 can modulate cell proliferation and motility in vitro. The proteins identified in EVs from HEK293 cells
with EGFP-Ruk /CIN85 overexpression were mainly metabolic enzymes. EVs produced by 4T1 mouse breast
adenocarcinoma cells with upregulated (RukUp) or downregulated (RukDown) expression of Ruk /CIN85 were
found to contain different sets of its multiple molecular forms and could modulate the proliferative activity,
motility, and invasiveness of 4T1 WT cells. This suggests that Ruk /CIN85 is a constitutive component of tumor
cell-derived EVs and plays an active role in carcinogenesis depending on its content in EVs.
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