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1. TTozaxutiTuHHI Be3ukynu (EVS) cKiagaioTh reTepOreHHy MOMyJIALilo HAHO /MIKpOPO3MipHUX MEMOPAHHUX BE3UKYJI,
110 [TOCTIMHO CEKPETYIOTHCS B ITO3AKJIITUHHE CEPENOBUILE ITPAKTAYHO BCIMa TOCIIII)KEHUMU TUIIAMY KJIITUH $IK 32
HOpMaJsbHUX Qi3i0JI0TiUHUX, TaK i TATOJIOTYHUX CTaHiB. EVS MicTATh HYKJI€{HOBI KUCJIOTU, IPOTEiHU 3 Pi3HUM
(YHKLiOHAJIBHUM IOTEHIiaJIOM, CUTHAJIbHI MOJIEKYJIM Ta METa0oJIiTH, 1110 [103BOJIS€ iM BiflirpaBaTu [IPOBiAHY POJb y
MIKKJIITUHHIN KoMyHiKaujii. [IpoTte, rmnb6uHa BuB4eHHS EVS, 110 MicTSTbCS B HU3Li 6i0JIOTYHUX PilvH Ta
IIPOYKYIOTHCS YXJINHHUMU KJIITUHAMH, BCE 1€ 3aJIMIIAEThCS HELOCTaTHLOI0. TOMy, METOIO IcepTauiiHoi poboTH
CTaJIo0 JOCiAATHA OCOBIMBOCTI IPOAYKYBaHHS, MOJIEKYJISIPHUI cKJaz, Ta QyHKIiOHA/IbHI BaacTUBOCTi EVs,
i3071bOBaHMX 3 MOTY JIIOAVHY Ta KOHIULIIOHOBAHOTO CEPELOBUIIA ICEBIOHOPMA/IBHUX Ta YXJIMHHUX KIIiTHH,
3'aCyBaTU BIUIMB HOPMOKCIi /Tinokcii i1 agantepHoro npoteiny Ruk /CIN8S Ha 3a3HaueHi IOKa3HUKU. BcTaHOBIIEHO,

mo EVs 3 noty mopunau mictatb DNA ta RNA soncekoro (74% 34uTyBaHb LIMX 3pa3KiB BiflIOBiany reHOMY JIIOIUHU



(70% - tRNA, inmi Tunu RNA - 18,5%, mRNA - 5%, miRNA - 1,85%) i 29% - HeaHOTOBaHUM 006J1aCTSIM) i MIKpOGHOTO
[IOXO/KeHHs (6aKkTepill, apxel i BipyciB, TUIIOBUX 1711 MiKpobiomy wikipu). IIpoTteinoBuii cknan EVs 01CcbKOro noTy
Ta 3pas3KiB 10Ty, 3i6paHuX 3 ajbriHATHUX IJIACTUPIB IPOJAEMOHCTPYBaB NPUCYTHICTh 1209 yHiKanbHUX NPOTEiHIB
JIIOAVHY, 3 IKUX ~ 20% OyJu IIPUCYTHI y KOKHOMY iHAMBIlyaJIbHOMY JOCJIIIZKEHOMY 3pa3Ky, Mapkep ek3ocom CD63,
846 npoteinis (70%), CNiZIbHUX 3 3arajbHUM MOTOM, i 368 nmpoTeiHiB (30%) — 3 ajbriHaTHUM IJIACTUPOM, a TAKOXK
1594 nipoTeiHiB 6aKTepitHOTO MOXO/KEHHSI. BIIMB rirnokcii Ha KIiTUHY afjeHOKapPIMHOMY HUPKU [TPU3BOJIUTD JIO
[IOCHUJIEHHY ceKpelii EVS i1 MIOMITHUX 3MiH iX IPOTE€IHOBOr0 BaHTaXXy IOPIBHSHO 3 HOPMOKCi€l0. 3a OIoMOoroo LS-
MS-aHnani3y B 3pa3Kax «riloKcu4Hux» EVS BUSIBI€HO HaIMipHY IPUCYTHICTb iHTETPUHIB, IPOTEHIB, SIKi 6€PYTh
y4yacTh y 3abe3leyeHHi aire3uBHOCTI KIiTHH. BuBUeHHS xiMiyHOTO ckiany npenapariB EVs, 1m0 npoayKyoThcs
KJIITUHAMU aJleHOKapLIMHOMU HUPKH, 32 JOTIOMOT0I0 OOMEXKeHOi B yaci PaMaHiBCbKOI CIIEKTPOCKOIIii Ta MificuIeHo]
[IOBEPXHEI0 0OMEXKEHOI B yaci PamaHiBCbKOI CIEKTPOCKOIIIi BUSBUIIO XapaKTePHi 3MiHM y aMiJHMX 00JIaCTsIX Yepes
3MiHHM XiMiuyHUX 3B'13KiB y nmpoTeiHax EVs 3a ymoB rinokcii. TG-RS ta TG-SERS e nepcniekTuBHUMU 6€3MiTKOBUMU
TEXHOJIOTiSIMU [1J151 BUBYEHHS BILJIMBY 30BHIIIHIX CTUMYJIB (rinokcis) Ha ckiag EVs Ta BigMiHHOCTE1, 1110 BUHUKAIOTh
BHACJIiZlOK BUKOPUCTAaHHSI Pi3HUX IIPOTOKOJIIB ounieHHs EVs. Xapakrepucrtuka EVs, 3 KOHAUIIOHOBaHOTO
cepeloBUIIA KIIITUH KapLMHOMU HUPKU MU JIiHil Renca 3 Hajekcnpecielo agantepHoro nporteiny Ruk /CIN85
(Renca-RukUp) Ta koHTposbHUX KTiTUH Renca-Mock 3a yMoB HOpMOKCii Ta rinokcii nokasasa, 0 KOHIeHTpaLis
YaCTUHOK, 1110 IPOJYKYIOThCS KaiTuHamu Renca-RukUp, BusiBusiacs Ha OPSIIOK BUILOIO 32 YMOB TiIOKCIi y
NOpPiBHSIHHI 3 yMOBaMU HOPMOKCii. 3a Hopmokcii BMicT rpoTeiniB Ruk /CIN85, Alix i CD81 3pocTaB y Be3uKysax 3
kiiTuH Renca-RukUp y nopiBHsiHHI 3 kiiTuHamu Renca-Mock. 3a rinokcii BMicT gociifKyBaHuX poTeiHiB
3MeHIIyBaBcs 6iblll HixX Ha 2 nopsigku y EVs 3 kiituH Renca-RukUp, a BmicT Ruk /CIN85 i CD81 3pocTaB y EVs 3
Renca-Mock. Takum yuHOM, Ruk /CIN85 € HOBUM KOMIIOHEHTOM EVS, 110 IpOAyKYyIOThCS IyXJIMHHUMU KIIITUHAMU,
SAKW MOJKe BiflirpaBaTy PETYJISATOPHY POJIb Y KOHTPOJIL CKiIagy EVs 3a yMOB HOpMOKCIi Ta rinokcii. XapakrepucTtrka
EVs, ounnieHux 3 KOHAWIiOHOBAaHOTO CEPENOBUINA KIIITUH eMOpioHanbHOI HUpKY jroauHu JiHii HEK293, ctabinpHO
TpaHcdikoBaHux BekTopom EGFP-Ruk /CIN85 (HEK293 EGFP-RukUp), nponemoncTpyBsaia, mo EGFP-Ruk /CIN8S e
KoMInoHeHTOM EVs, mo nponykytoTsces kiaitnHamu HEK293 EGFP-RukUp, npu npomy EVs 3 Hanexkcnpecieto EGFP-
Ruk /CIN85 3naTHi gudepeHLiiiHO MOYII0BATH NPOJli(pepaTUBHI BJIACTUBOCTI Ta PYXJIMBICTb KJITHH in vitro.
Binbuiicts ineHTHdikoBaHuX NPOTEiHIB, o AudepeHLiiiHo ekcrpecyoTbes B kiaitTuHax HEK293 EGFP-RukUp i
BUSBJISIIOTHCS B EVS, € MeTabosiuHMMy eH3uMamu. EVs, 1110 IPOyKyIOThCS IYXJIMHHMMUY KJIITUHAMU
aJleHOKapLUVHOMHMX KJITHAH IPyIHOI 3271031 Muli JIiHii 4T1 3 HafeKkcnpecielo abo 3HMKEHOIO €KCIIPeCielo

Ruk /CIN85, RukUp ta RukDown, BignoBinHo, micTsTb Ruk /CIN85, xapakTepusyoTscs crienndivHumu npodinsamun
BMICTY H1OT0 YMCJIEHHUX MOJIEKYJISIPHUX (POPM Ta 3TaTHI MOJYJIIOBATH NPOJlidepaTUBHY aKTUBHICTD, PYXJIUBICTB i
inBazuBHicTb KiiTHH 4T1 WT. Takum unHOM, Ruk /CIN85 € KOHCTUTYTUBHUM KOMIIOHEHTOM MIPOTEIHOBOIO CKJIALY

EVS nyx/IMHHUX KJIITUH i, 3aJI€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 /CINS85, 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 CD8l 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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