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[TozakmitTuanai  Besukynau (EVs) ckmagaroTb TreTeporeHHY MOS0
HAHO/MIKPOPO3MIPHHX MEMOpaHHUX BE3WKYJ, IO TOCTIHHO CEKPeTYIOThCS B
MO3aKJIITUHHE CEPEIOBUIIEC MPAKTUYHO BCIMA JOCIIKEHUMHU TUIIAMU KJIITHH SIK 32
HOPMAJIbHUX (P1310JI0TIYHUX, TaK 1 MATOJIOTIYHHUX CTaHIB. 3TiIHO 3 pe3yibTaTaMu
BEJIUKOT'O0 MACHUBY EKCIEPUMEHTAIbHUX JOCHIHPKEHb OCTAaHHIX ACCATHIITH, EVSs
MICTATh HyKJIE€THOBI KucioTH (microRNA, mRNA, non-coding RNA, DNA),
NPOTEIHU 3 PI3HUM (PYHKIIOHAIBHUM MOTEHLIAIOM (TpaHCKPHUMIIKAHI (aKkTopH,
dbakTopu pocTy, IHTETPUHU, META0OIUHI €H3UMH 1 1H.), CUTHAJIbHI MOJICKYJIA Ta
MEeTa0oJIITH, UI0 J03BOJSE iM BIAIrpaBaTh MPOBIOHY pOJIb Y MDKKIITHHHIN
KoMmyHikaiii. EVs 3adydeHi A0 KOHTPOJIO CUTHAIIOBAHHS SK MDXK CYCIIHIMHU
KJIITUHaMH, TaK 1 JIUCTAaHTHO pO3TAIllOBAHUMH, IO 3a0e3Meuyerbes iX
HUPKYJIIOBaHHAM Yy OIOJOTIYHUX PIAMHAX, TAaKUX SIK KpOB, ceya, IJIEBpaJIbHI
BUIIOTH, CIIMHHOMO3KOBA pifnHA, clnHA. OCKIIBKH MOJICKYJsIpHUHN ckian EVs €
BiOuTKOM (“fingerprint”) reHeTHYHOTrO KOHTEKCTY KIIITHH, SIKI iX MPOJyKyBajH,
npo(UIIOBaHHSA BMICTY LMX YAaCTUHOK € MOTEHLINHUM KJIIHIYHUM PECYpCcCOM IS
HEIHBa3MBHOI TU(EPEHIIIHHOT T1arHOCTUKH, TPOTHO3YBAaHHS Iepediry XBopoO i1
pPO3pOOKK TMPOTOKOIIB JIIKYBaHHS, CKEPOBAHMX Ha KOHKPETHOIO Malll€HTA.
30KkpeMa, Ha ChOTOJIHI MEPEKOHIMBO BCTaHOBJEHO, 10 EVSs, 1301b0BaHi 3 KpOBI
OHKOJIOTITYHUX XBOPUX Ta KOHIUIIIOHOBAHOTO CEPEIOBHINA JIHIA MyXJIMHHUX
KJITAH, MICTATh MyXJMHO-CHENU(pIUHI MOJIEKYIH, $KI CHPUSAIOTH Iporpecii
NYXJMHHOTO POCTY, 1HBa3li i MeTacTa3yBaHHIO, PEMOJICIIOBAHHIO MIKPOOTOUYEHHS
NyXJIMH Ta aHrioreHesy. Ilporpec y 3a3HadeHii ramxy3i MOJICKYJISIPHOI KIITHHHOI
O1oJIOTiT ¥ EeKCIIepUMEHTAIbHOT MEIUIIMHKU TICHO TOB’S3aHUN 13 BUKOPUCTAHHSIM

Cy4acCHHUX 1 PO3pOOKOIO0 HOBITHIX TEXHOJIOTIH JJIS 130JI0BaHHS Ta XapaKTEPUCTUKH



EVs. Bognouac, rimmbuna BuBYeHHS EVS, 1m0 MICTATBCS B HH3II O10JIOTTYHHUX
pIIMH Ta TPOAYKYIOTHCA MMyXJIMHHAMH KJIITHHAMU, BCE 1€ 3aIHUIIAETHCS
HEJOCTaTHBhOI, IO 3yMOBIIOE IWHAMIYHE HAKOMWYCHHs iHPOpMaIlii CTOCOBHO
imeHTudikamii 1 3’acyBaHHS ~ OIOJOTIYHOI  POJiI  HOBHUX  MapKEPHUX
6iomakpomosnekyi. CkazaHe 3yMOBWJIO MOCTAHOBKY METH JUCEPTALIHOI pOOOTH -
JOCTITUTH OCOOJMBOCTI MPOAYKYBaHHS, MOJICKYJISIPHUN CKiIaa Ta (QyHKITIOHATIbHI
BiacTUBOCTI EVs, 130150BaHUX 3 TIOTY JIFOMWHU Ta KOHJAUIIIOHOBAHOTO CEPEIOBHUIIA
MICEBJIOHOPMAJIbHUX Ta MyXJUMHHUX KJIITHH, 3 SICYBaTH BIUIMB HOPMOKCII/T1MOKCIT 1

amanrrepHoro npoteiny Ruk/CIN8S Ha 3a3HaueH1 TOKa3HUKHY.

BianosinHo 10 Metu Oynu c(hopMylIbOBaHI TaKl 3aBJIaHHSA:

1. OxapakTepu3yBaTu CKJIaJ HYKJIETHOBHX KHCIOT, 10 MICTIThcs B EVs 3
MOTY JIOAWHU, 1HTYKOBAaHOTO (D 13MYHUMU HaBaHTAXKEHHSIMHU.

2. Jlocnmigutu 0cobauMBOCTI MpoTeiHOBoro ckiaay EVs 3 moty nronuHw,
IHIYKOBaHOTO  (I3UYHUMHM  HABAaHTAXEHHSMHU, Ta  OIIHUTH  MOXKIIMBICTb
BUKOpHCcTaHHS EVs 3 MOTy $IK 1Kepea NOTeHIIHHUX MPOTETHOBUX O10MapKepiB.

3. [IpoananizyBaTu OCOOJMBOCTI XIMIYHOTO Ta MpoTeiHOBOro ckiamxy EVs,
1[0 MPOAYKYIOThCS KJIITMHAMU KaplUMHOMM HHUPKHU Mulll JiHIi Renca ta monuHu
niHii 786-0 3a yMOB HOPMOKCI1/T1MOKCII.

4. 3’sicyBaTu BIUIMB HOPMOKCIi/TIMOKCIT Ha KUIBKICTh, po3MipH Ta ckian EVs,
130JIbOBAHMX 3 KOHJMIIIOHOBAHOTO CEPENOBUIIA KIITHH KapUUHOMH HUPKU MUII
niHii Renca 3 pizHuM piBHeM ekcripecii aganteprnoro npoteiny Ruk/CINSS.

5. Hocmigutu BB EVs, 1m0 npoayKyroTbesl KIITHHAMH €MOpIOHAIBHOI
Hupku moauau JiHii HEK293 3 pi3HuM piBHEM ekcrnpecii aJanTepHOro MpoTeiHy
Ruk/CINS8S5, Ha KIiTHHHI BIAIOBIII i1 VItro.

6. IlpoananizyBatu ocoOmMBOCTI mpoTeiHOBOro ckiany EVs, 1o
MPOAYKYIOThCS KIIITHHAMH eMOpioHanbHo1 HupkH ronunan jiHii HEK293 3anexuno
BiJl piBHA ekcrpecii anantepHoro nporeiny Ruk/CINSS.

7. Hocmiautu BrummB EVs, 1301b0BaHUX 3 KOHAUI[IOHOBAHOTO CEPEOBUIIA

aJICHOKAPIIMHOMHUX KIITUH TpynHoi 3amo3u wumil JiHiT 4T1 3 up/down



perymoBaHHsAM agantepHoro mporeiny Ruk/CIN8S Ha 6io0riuH1 BiMOBIAI KIIITUH
4T1 WT in vitro.

JIroIChbKUM TIT € CyMIIIIII0 CEKPETIB TPhOX THIIB 3aJI03: €KKPUHHHX,
arlOKpUHHUX 1 calbHUX. EKKpHUHHI 3a703M BiIKPUBAIOTHCS O€3MOCEpeHbO Ha
MOBEPXHIO IIKIPH 1 BUPOOJISIIOTh BEJMKY KUIBKICTh PIIMHU Ha BOJHINA OCHOBI Y
BIIMOBIZ> HA TEIUIO, eMOoIlii 4u (I3WYHYy aKTHUBHICTb, TOJI SK 1HII 3aJ03U
BUPOOJISIIOTh MACJSHUCTI PIIMHU Ta BOCKOBHM CEKpeT. 3a JaHWMH JITepaTypH,
O1TBIIICTH O10JIOTTYHUX PITUH TBAPUHHOIO TiJIa MICTATh HYKJICTHOBI KHCJIOTH SIK Y
BUTJIAII pUOOHYKJICONMPOTETHOBUX KOMILIEKCIB, Tak 1 y ckiani EVs. Boanouac,
iH(popMarlliss Npo 0coOJMBOCTI HYKJIEiHOBOro ckmaay EVs mory moauHu Ha
MOMEHT TOYaTKy HaIlllUX JOCIKeHb Oyia BiACYTHBOW. [l XapaKTepuCTHUKH
ckaragy DNA 1 RNA y EVs-30araueHux 3pa3zkax MOTy JIOAUHU, 310paHUX Yy
TOOpOBOJIBIIIB, $IKI BHUKOHYB&JIM 1HTEHCHMBHI BIIPaBU, HaMH OyJI0 BHUKOPHUCTAHO
METOJ/IOJIOTII0  CeKBeHyBaHHs HoBoro mokomiHHS (NGS, next generation
sequencing). Bcranosineno, mo EVs 3 mory mioauHU MICTATh PI3HOMAHITHI
HYKJIETHOBI KHUCJIOTH, a came, DNA (HailOuteln mpeacTaBieHol0 Oyna
mitoxouapiiitHa DNA) Ta RNA mroAcekoro i MIKpOOHOTO TOXOMKEHHS. 3a
pesyasraramu «Small RNA-seq» 3pa3kiB noty, 30arauenux EVs, 74% 3unutyBaHb
BIIMOBIAaNM TreHoMy JroauHu 1 29% - HeaHoToBaHuM oOsactsaMm. bimbmre 70%
3untyBaHb RNA, 110 BiANOBiAaIM aHOTOBAaHUM 00jacTsM, Halexanu 10 tRNA,
tomi sk iHm tunu RNA (18,5%), mRNA (5%) 1 miRNA (1,85%) Oynu MeHIin
npenacrasieHi. CekBeHyBaHHs RNA 3 1HIuBIIyalbHUX 3pa3KiB MOTY, 30aradyeHux
EVs, 3arajioM nano MeHIIMH BiJICOTOK 3YMTYBaHb, IO BIANOBIAAIM TE€HOMY
monuan  (7-45)%, 1 (50-60)% 3unTyBaHb, IO BIANOBITAIN HEAHOTOBAHUM
oOnacTsiM reHoMmy. buemictes i1eHTudikoBaHux RNA Oynu npeacrasineni tRNA 1
MeHimo Miporo TRNA, LincRNA miRNA, mRNA, snRNA, snoRNA Tta inmumMu
small RNAs. BusiBieHo TakoX HYKJIETHOBI KHCJIOTH OakTepiid, apxeil 1 BIpyciB,
TUTIOBUX JIJII MIKPOO1OMY HIKIPH.

BaxnuBuMm  etamoM  OCHIDKEHb — CTalo  3’SICYBaHHS  MOXKJIMBOCTI

BUKOPUCTOBYBAaTH TMO3aKJIITUHHI BE3UKYJM, OTPUMMaHiI 3 TIOTY, SIK JIXKEpeso



OpOTETHOBUX  OlOMapKepiB  JIIOJCHKOTO Ta  OakTEepifHOrO  MOXOMIKEHHS.
[TpucytHicts MapkepiB EVs y 3paskax EVs 3 moty mogunu Oysio BcebiuHO
OXapakTepU30BaHO 3 BHUKOpUCTaHHsAM MinaTtdhopmu ExoView, enekTpoHHOI
MIKpOCKOIIIi, aHali3y BIJICTeKEHHS HAaHOYACTUHOK Ta BectepH-Om0THHTY.
[IpoTeinoBUil CKJag 3arajibHOro moTy, 30aradeHoro EVs, Ta 3paskiB mnory,
310paHMX 3 aJdblIHATHUX ILIACTHUPIB, OYJIO JTOCTIIHKEHO 3 BHKOPUCTAHHSM Mac-
cnektpomeTpuaHoro anamizy (LS-MS). 3rimHo 3 orpuManumu mganumu, y EVs-
30araueHoMy MOTI iAeHTH(dIKOBaHO 1209 yHIKaJIBHUX MPOTEIHIB JIOJUHU, 3 SIKUX
npubian3Ho 20% Oynu TpUCYTHI Yy KOKHOMY 1HAMBITYadbHOMY JOCITIIKEHOMY
3pa3ky. EVs, 1301b0BaH1 3 MOTY, MICTWIM TUIIOBUM Mapkep ekzocom CD63, 846
npoteiniB (70%), cmuibHMX 3 3arajbHUM moToM, 1 368 mporeiniB (30%) — 3
QIBIHATHUM IUJIACTUPOM. BUNbLIICTh BHSBIEHUX MPOTEIHIB, IO NEPEHOCATHCS
EVs, 3HaiineHi Takoxk 1 B 1HIIUX OlOpiiMHAX, TOJIOBHUM 4YHHOM, y ceui. Kpim
MPOTEiHIB JIOJUHU, 3pa3ku MoTy, 30aradeHi EVs, wmictwim 1594 mnpoteinun
OakTepiiiHoro moxomxkeHHd. [IpoTeiHoBl mpodiyi OaKTEpIHHOIO MOXOJKEHHS Y
3pa3kax morty, 30araueHoro EVs, xapakrtepusyBanucs BUCOKOIO 1HJIUBITYaJbHOIO
BapiaOENbHICTIO, M0 BIIOOpaXaylo BIAMIHHOCTI Yy CKJIaJi 3arajibHOro TOTY.
BcranoBneHo, 110 anbriHaTHAN TJIACTHP YIS 300py MOTY HAKOMUYYBaB Jnie 5%
MPOTEIHIB OAKTEPINHOTO MOXOKEHHS.

Y miacymKy, pe3yiabTaTH CHCTEMHHMX JOCTIDKEHb HYKJIETHOBOTO Ta
npoteiHoBoro ckiaxy EVs 3 moty nonuHu 103BOJISIIOTH 3pOOUTH BUCHOBOK MPO
MOXIJIMBICTh 1X BHUKOPUCTaHHS $IK HEIHBAa3MBHOIO JiKepesa OloMapKepiB
JIOJCBKOTO Ta OakTepiMHOro Moxo/ukeHHs. OKpiM TOro, BHUKOPUCTAHHA
KOMEPIIIHHO JOCTYITHUX ablMHATHUX IUTACTHPIB Uil 300py TMOTY JO3BOJHTH
BUOIPKOBO OTPUMYBATH MaTepiall JIOJICHKOTO MOXOKEHHS 3 IyKE MaJUM BMICTOM
qy>KOP1THOTO MaTepiaiy.

HIBuakicTe mpoaykyBaHHs EVS MyXJWHHUMHU KIITHHAMH PETYIIOETHCA 3a
y4acTi 30BHIIIHIX CTUMYJIIB, 30KpeMa TakuX sK Tinokcis. EVs, 110 BUBLIBHSAIOTHCS
3a YMOB T1MOKCIi, BIUINBAaIOTh HA PO3BUTOK O3HAK MaJliCHI3allli MyXJIUHHUX KIITHH,

TaKUX $K BWXUBaHHA, MpoJiipepaTMBHUI TMOTEHIIal, AaHTIOreHe3, 1HBa3ls Ta



METaCTa3yBaHHS, IO TICHO TOB’SI3aHO 3 OCOOJHMBOCTSIMH X MOJEKYJSIPHOTO
BaHTa)Xy. BcTaHOBIEHO, 110 BIUIMB TIMOKCIi HA KIITUHU aJICHOKAPIIMHOMHU HUPKH
MPU3BOANTEL JI0 MOCWICHHS cekpenii EVs # moMmiTHuUX 3MIH iX MNpOTEIHOBOTO
BaHTa)XXy MOPIBHSIHO 3 HOPMOKCI€I0. 3a JOMOMOTOI0 MPOTEOMHOTO aHam3y (LS-
MS) B 3pa3zkax «rinokcuuHux» EVs BUSBICHO HaIMIpHY MPUCYTHICTh MPOTETHIB,
K1 OEpyTh y4acTh y 3a0€3IeUeHHI aIre3UBHOCTI KIIITHH, TAKUX K IHTETPUHHU.

Ha nactynHomMy etami Oynio 3/11iCHEHO OIIIHKY €()eKTHBHOCTI 3aCTOCYBaHHS
obmexxeHoi B yaci PamaniBcbkoi  criekTpockomii  (Time-Gated Raman
Spectroscopy, TG-RS) Ta mimcunenoi moBepxHero oOMexeHoi B yaci PamaHiBChKO1
cnektpockomnii (Surface Enhanced Time-Gated Raman Spectroscopy, TG-SERS)
JUISL  XapaKTepUCTHKHA OCOOJIMBOCTEH XIMIYHOTO CKJamy TmpenapaTiB  EVs.
[loka3aHo, mo TpaauiiiiHa PamaHIBCbKa CHEKTpOCKOIis 3 Oe3nepepBHUM
XBUJIBOBUM 30Yy/KEHHSM HE 3a0e3neuyBaja OTPUMaHHS TMOMITHOIO CHUTHAIY.
JlocToBipHi curHanu Oynu oTpumani 3a nonomoror TG-RS, siki Oynu e Ouibin
nigcuwieni npu  BukopuctanHi TG-SERS. Awnaniz PaMaHIBCBKHX CHUTHaMNIB
JTI03BOJIMB BUSIBUTH XapaKTEpHI 3MIHU y aMIHUX 00JIacTAX Yepe3 3MIHU XIMIYHHX
3B’s13KIB y npoTeinax EVs 3a yMoB rinokcii. Pe3ynbTaTtu nmpoBeaeHUX TOCTIIKEHb
npoaemoHcTpyBai, Mo TG-RS ta TG-SERS € nepcnekTuBHUMH 0€3MITKOBUMHU
TEXHOJIOTISIMU ISl BUBYCHHS BIUIMBY 30BHINIHIX CTHUMYIIB, TaKUX SK JIe(iruT
KHCHIO, Ha ckiaag EVs, a TakoX BIAMIHHOCTEH, IO BHHUKAIOTH BHACIIIOK
BUKOPHUCTAHHSA PI3HUX MPOTOKOIIB ounilieHHs EVs.

3rigHo 3 onmyOJIKOBaHUMH AaHUMU, MapkepHi nporeinn EVs, Alix 1 TsglO01,
a TaKOX KOPTAaKTHH € 3B'S3yBaJIbHUMHU IMapTHEPAMHU aJalTEPHOTO TIPOTEIHY
Ruk/CIN8S5. bepyun po yBarm 110 iHopmaiito, HaMu OyJo 3I1HCHEHO
1301t0BaHHs EVs, 10 IpOoayKyrOThCA KIITHHAMU KapUUHOMHM HUPKU MUIIL JIIHIT
Renca 3anexno Big piBHs ekcrpecii Ruk/CIN8S 3a ymoB HOpMOKCIi Ta TIMOKCIi 3
HACTYMHOIO iX Xapaktepuctukow. llentpudyryBanHs B TpamieHTI MIIILHOCTI
BUKOPUCTOBYBaIM i 130Jif0BaHHA EVS 3 KOHIMIIOHOBAaHOTO CEpeloBUINA
nocimikyBaHux KiaiTuH. [Ipemapatu ounmenux EVs Oynu oxapakTtepu3oBaHi 3a

JOTIOMOTOI0 ~ aHami3y  BiACTeXeHHs HaHouyacTUHOK (NTA), enexTpoHHOI



Mikpockomii Ta BectepH-6m0THHTY. 3HAUHUX BIAMIHHOCTEH y CEpEAHBOMY PO3MIpi
yacTUHOK EVs, 110 cexpeTyroThest cyOuiHiAMH, HE OyJI0 BUSIBICHO. Y TOM K€ 4ac,
KOHIIEHTpAIlisi YacTHUHOK, [0 NPOAYKYIOThCS KIITUHAMH 3 HaJEKCIPECIE0
Ruk/CIN85 (Renca-RukUp), BusiBunacs Ha MopsiiOK BHUIIOIO 332 YMOB TIMOKCIT y
MOPIBHSHHI 3 YMOBaMH HOPMOKCIi. Byo mokasaHo, 10 3a yMOB HOPMOKCIi BMICT
gk Ruk/CIN8S, tak 1 mapkepiB EVs, Alix 1 CD81, 3poctaB y Be3HKYyJax,
OUYHIIIEHUX 3 KOHAMIIIOHOBAHOTO CEPEIOBHUINA KIITHH Renca 3 up-peryaoBaHHIM
Ruk/CINSS5 y mopiBHSIHHI 3 KOHTpOJIbHUMU Mock-TpaHcikoBaHUMH KITITHHAMHU.
3a yMOB TiMOKCii BMICT JAOCHI)KYBaHUX MPOTETHIB 3MEHIITYBaBCs OUTBII HIK HA JBa
nopsnku y EVs 3 kimitun Renca-RukUp, Toai sik BMicT Ruk/CIN85 1 CD81 3pocras
y EVs 3 Mock-tpanchikoBanux kimitTuH. Takum 4YUHOM, HaMH OyJo
MPOJIEMOHCTPOBaHO, 110 anantepuuil npotein Ruk/CIN8S € HOBUM KOMITIOHEHTOM
EVs, mo npoaykyroTbCid NYXJIMHHUMH KIITHHAMU, SKAW MOXE BiJIIrpaBaTH
PeryJIITOpHY POJib Y KOHTpOIIi ckiaany EVs 3a yMoB HOpMOKCIT Ta TiIOKCii.

[Toganbiii AOCHIIKEHHS TPOBOJAUIM 3 BHKOpUCTaHHSIM EVs, ounineHux
yABTPALICHTPU(PYTYBaHHSIM B  TPAJIE€HTI IIIJIBHOCTI 3  KOHJUIIOHOBAaHOTO
cepelioBUIa KIITUH eMOpioHanbHOi HUpKW moauuu JiHii HEK293, crabinsHo
TpaHc(dikoBaHux  BekTopoM  EGFP-Ruk/CINS5.  Xapaktepuctuky  EVs
3MIMCHIOBAIM 3a JIOMOMOTOI aHami3y BIJICTEXKEHHS HaHOYacTHHOK (NTA),
eJIEKTPOHHO1 MiKpockorii Ta BectepH-6ioTunry. BectanoneHo , 1o agantepHuit
nporein EGFP-Ruk/CIN8S5 € komnonenTom EVs, 110 mpoaykyrThesi cTa0lIbHUMUA
Tpanchekrantamu kiaituH HEK293. 3 Bukopucrannsm cucremu Incu Cyte
npoaeMoHCcTpoBaHo 3aartHicTb EVs 3 nHagekcnpecieto  EGFP-Ruk/CINSS
nudepeHIiiHO MOAYIIOBATH MPOJIiepaTuBHI BIACTUBOCTI Ta PYXJUBICTh KIIITUH
in vitro. Mac-cnexkrpomerpuyHuM anamizom (LC-MS) Bnepiie mnokaszaHo, 1110
OUTBIIICTD 1ACHTU(IKOBAHUX TMPOTEiHIB, MO AUQPEPEHININHO EKCIPECYIThCS B
kimituaax HEK293 3 up-perymoBannsim EGFP-Ruk/CINSS 1 BusBnstorscst B EVs, €
MeTaOOIIYHUMU C€H3UMaMH.

HocmimxeHnHs: moao ocobmuBocTedt perymsatopaux edextiB EVs, 110

NPOAYKYIOThCA MYXJIMHHUMHU KiliTHHaMu 3 Hajaekcnpeciero (RukUp) abo



3HmkeHow ekcnpeciero (RukDown) amantepnoro mpoteiny Ruk/CINSS Oynu
IPOJOBXKEHI HAa MOJIENl aJleHOKApIMHOMHUX KIITUH TPYAHOI 3aJI03U MHUII JIHIT
4T1. EVs 3 konauiioHoBanoro cepenosumia kimitud 4T1 RukUp a6o RukDown
130JTI0BaIM ~ IUIAXOM  JTU(EPEHIIHOTO  HEeHTPU(PYTyBaHHS 3  MOJANBIIUM
ouulieHHsM 3a nonomororo Habopy Exo-spin™ (Cell Guidance Systems).
Kinekicts 1 po3mip EVs Oynmm oxapakTepu3oBaHi 3a JOIMOMOIOI 1HCTPYMEHTY
NTA. Bwmict mapkepuux mnpoteiniB Ta Ruk/CIN85S B i3ompoBanux EVs 0Oymno
npoaHaiizoBaHo BecrepH-010THHTOM. BmkuBaHicTh, MIrpamiiiHy Ta 1HBa31iHY
aktuBHOCTI KimithH 4T1 WT omintoBaymm 3a  gomomororo  MTT-tecty, 3a
HIBUIKICTIO 3apOCTaHHS «HOAPSIMUHUY» Yy KIITUHHOMY MOHOWIApl in Vitro Ta
MonudikoBanoi kamepu boiineHa 3 MeMOpaHOI, BKPUTOIO IIapoM Marpuresmto,
BiAMOBIAHO. Bnepme Oyno mnpoaeMOHCTpOBaHO, WO aJaNTePHUM MPOTEIH
Ruk/CINS8S5 € komnonentom EVs, mo cekperytorbes kiitunamu 4T1. byno takox
nokaszaHo, mo EVs 3 xmitun 4T1 3 pizaumu piBHamu ekcrnpecii Ruk/CIN8S
XapaKTEPU3YIOThCA  CHEUUPIYHUMU NOpo(UIAMH  BMICTY WOro YHUCIEHHHX
MOJIEKYJIIpHUX  (QopM.  BusBwmiocs, mo 3gaTtHicth EVs  moaymoBaTu
npoJiipepaTUBHY aKTUBHICTh, PYXJUBICThH 1 1HBa3UBHICTh KIITUH 4T1 WT TicHO
Kopenoe 3 OlosioriuHuMH BiactuBocTaMu KMTHH 4T1, ski cekperyiorb EVs
(BucokoarpecuBHi kmituHU 4T1 RukUp abo cmabGoinBasuBHi kmituHH 4TI
RukDown). OTtpumani fgaHi cBigyaTh, mo agantepHuil npotein Ruk/CIN8S ne
TITBKH € KOHCTUTYTHBHUM KOMIIOHEHTOM MPOTEIHOBOrO ckiany EVs myxiaumHHUX
KJIITHH, aJie ¥, 3a71eKHO BiJ oro BmicTy B EVs, Bijlirpae akTUBHY pOJIb Y KOHTPOJI1
KaHIIEPOTeHE3Y.

KurouoBi cjioBa: 1mo3akiiTHHHI BE3UKYJIH, €K30COMH, CEKpEllisl, EHIO0IUTO3,
JIOJCHKUIM MIT, JiHII KapUMHOMHHUX KJIITHH, HOPMOKCIS/TINOKCis, PamaHiBChKka
CIEKTPOCKOTMISl, MIKPOCKOMisi, TpaHCKpunTom/mporeoM, miRNA, MikpoOiom,
PEKOMOIHAHTHI TMPOTEIHW, KIITHHHE CUTHAIIOBAHHSA, QJalTePHUNA TMPOTEIH

Ruk/CINSS.



SUMMARY

Zhyvoloznyi A. The regulatory role of extracellular vesicles under normal
and carcinogenic conditions — Qualifying scientific work on the rights of
manuscript.
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the field of 09 "Biology" specialty 091 "Biology". Palladin Institute of
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Extracellular vesicles (EVs) constitute a heterogeneous population of
nano/micro-sized membrane vesicles that are constantly secreted into the
extracellular environment by almost all investigated cell types under both normal
physiological and pathological conditions. According to the results of a large array
of experimental studies of recent decades, EVs contain nucleic acids (microRNA,
mRNA, non-coding RNA, DNA), proteins with different functional potential
(transcription factors, growth factors, integrins, metabolic enzymes, etc.), signaling
molecules and metabolites, which allows them to play a leading role in
intercellular communication. EVs are involved in the control of signaling between
neighboring cells and distantly located cells, which is ensured by their circulation
in biological fluids, such as blood, urine, pleural effusions, cerebrospinal fluid, and
saliva. Since the molecular composition of EVs is a fingerprint of the genetic
context of the cells that produced them, profiling the content of these particles is a
potential clinical resource for non-invasive differential diagnosis, prediction of the
course of the disease and development of treatment protocols directed to a specific
patient. In particular, it has now been convincingly established that EVs isolated
from the blood of cancer patients and the conditioned medium of tumor cell lines
contain tumor-specific molecules that contribute to the progression of tumor
growth, invasion and metastasis, remodeling of the tumor microenvironment, and
angiogenesis. Progress in the mentioned field of molecular cell biology and
experimental medicine is closely related to the use of modern and the development
of novel technologies for the isolation and characterization of EVs. At the same

time, the depth of study of EVs contained in a number of biological fluids and



produced by tumor cells is still insufficient, which leads to the dynamic
accumulation of information regarding the identification and clarification of the
biological role of new marker biomacromolecules. The aforementioned determined
the goal of the dissertation - to study the peculiarities of production, molecular
composition and functional properties of EVs isolated from human sweat and the
conditioned medium of pseudonormal and tumor cells, to find out the influence of
normoxia/hypoxia and the adaptor protein Ruk/CIN85 on these parameters.

In accordance with the goal, the following tasks were formulated:

1. To characterize the composition of nucleic acids contained in EVs from
exercise-induced human sweat.

2. To investigate the features of the protein composition of EVs from
exercise-induced human sweat and to assess the possibility of using such EVs as a
source of potential protein biomarkers.

3. To analyze the features of the chemical and protein composition of EVs
produced by mouse Renca and human 786-O kidney carcinoma cell lines under
normoxia/hypoxia conditions.

4. To investigate the influence of normoxia/hypoxia on the number, size and
composition of EVs isolated from the conditioned medium of Renca mouse kidney
carcinoma cells with different expression levels of the adaptor protein Ruk/CINS8S5.

5. To investigate the effect of EVs produced by HEK293 human embryonic
kidney cell line with different expression levels of the adaptor protein Ruk/CIN85
on cellular responses in vitro.

6. To analyze the features of the protein composition of EVs produced by
human HEK293 embryonic kidney cell line depending on the expression level of
the adaptor protein Ruk/CINSS.

7. To investigate the effect of EVs isolated from the conditioned medium of
4T1 mouse breast adenocarcinoma cells with up/down regulation of the adapter
protein Ruk/CINS85 on the biological responses of 4T1 WT cells in vitro.

Human sweat is a mixture of secretions of three types of glands: eccrine,

apocrine and sebaceous. Eccrine glands open directly onto the surface of the skin



and produce large amounts of water-based fluids in response to heat, emotion, or
physical activity, while other glands produce oily fluids and a waxy secretion.
According to the current literature, most of the biological fluids of the animal body
contain nucleic acids both in the form of ribonucleoprotein complexes and as part
of EVs. At the same time, there was no information on the specifics of the nucleic
acid composition of human sweat EVs at the time of the beginning of our research.
To characterize the composition of DNA and RNA in EVs-enriched human sweat
samples collected from volunteers who performed intensive exercises, we used
next generation sequencing (NGS). It was found that EVs of human sweat contain
various nucleic acids, namely, DNA (mitochondrial DNA was the most
represented) and RNA of human and microbial origin. According to the results of
"Small RNA-seq" of sweat samples enriched with EVs, 74% of the reads
corresponded to the human genome and 29% to unannotated regions. More than
70% of the RNA reads corresponding to the annotated regions belonged to tRNA,
while other types of RNA (18.5%), mRNA (5%) and miRNA (1.85%) were less
represented. RNA sequencing from individual EVs-enriched sweat samples
generally yielded a lower percentage of reads corresponding to the human genome
(7-45)% and (50-60)% of reads corresponding to unannotated regions of the
genome. Most of the identified RNAs were represented by tRNA and to a lesser
extent TRNA, LincRNA, miRNA, mRNA, snRNA, snoRNA and other small
RNAs. Nucleic acids of bacteria, archaea and viruses typical of the skin
microbiome were also detected.

An important stage of the research was to find out the possibility of using
extracellular vesicles obtained from sweat as a source of protein biomarkers of
human and bacterial origin. The presence of EVs markers in EVs samples from
human sweat was comprehensively characterized using the ExoView platform,
electron microscopy, nanoparticle tracking analysis and Western blotting. The
protein composition of EVs-enriched total sweat and sweat samples collected from
alginate patches was investigated using mass spectrometry (LS-MS). According to

the data obtained, 1,209 unique human proteins were identified in EVs-enriched



sweat, of which approximately 20% were present in each individual examined
sample. EVs isolated from sweat contained the typical exosome marker CD63, 846
proteins (70%) in common with total sweat, and 368 proteins (30%) with alginate
patch. Most of the identified proteins carried by EVs were also found in other
biofluids, mainly urine. In addition to human proteins, sweat samples enriched
with EVs contained 1594 proteins of bacterial origin. Protein profiles of bacterial
origin in EVs-enriched sweat samples were characterized by high individual
variability, which reflected differences in the composition of total sweat. It was
found that the alginate sweat collection patch accumulated only 5% of proteins of
bacterial origin.

In conclusion, the results of systematic studies of the nucleic and protein
composition of EVs from human sweat allow us to conclude about the possibility
of their use as a non-invasive source of biomarkers of human and bacterial origin.
In addition, the use of commercially available alginate patches for sweat collection
will allow the selective collection of material of human origin with a very low
content of foreign material.

The rate of production of EVs by tumor cells is regulated by external
stimuli, such as hypoxia. EVs released under hypoxic conditions affect the
development of malignant features of tumor cells, such as increased survival,
proliferative potential, angiogenesis, invasion and metastasis, which is closely
related to the characteristics of their molecular cargo. It was found that the effect of
hypoxia on kidney adenocarcinoma cells leads to increased secretion of EVs and
notable changes in their protein cargo compared to normoxia. Proteomic analysis
(LS-MS) revealed excessive presence of proteins involved in cell adhesion, such as
integrins, in "hypoxic" EVs.

At the next stage, the effectiveness of the use of Time-Gated Raman
Spectroscopy (TG-RS) and Surface Enhanced Time-Gated Raman Spectroscopy
(TG-SERS) was evaluated for characterizing the features of the chemical
composition of EVs samples. It is shown that traditional Raman spectroscopy with

continuous wave excitation did not provide a notable signal. Reliable signals were



obtained using TG-RS, which were further enhanced by using TG-SERS. Analysis
of Raman signals revealed characteristic changes in amide regions due to changes
in chemical bonds in EVs proteins under hypoxia conditions. The results of the
studies demonstrated that TG-RS and TG-SERS are promising label-free
technologies for studying the influence of external stimuli, such as hypoxia, on the
composition of EVs, as well as the differences arising from the use of different
EVs purification protocols.

According to published data, EVs marker proteins, Alix and Tsg101, as well
as cortactin are binding partners of the adaptor protein Ruk/CINS85. Taking this
information into account, we isolated EVs produced by Renca mouse kidney
carcinoma cells depending on the level of Ruk/CIN85 expression under normoxia
and hypoxia conditions, followed by their characterization. Density gradient
centrifugation was used to isolate EVs from the conditioned medium of the studied
cells. Preparations of purified EVs were characterized by nanoparticle tracking
analysis (NTA), electron microscopy, and Western blotting. No significant
differences in mean particle size of EVs secreted by sublines were found. At the
same time, the concentration of particles produced by cells overexpressing
Ruk/CIN85 (Renca-RukUp) was found to be an order of magnitude higher under
hypoxia compared to normoxia conditions. Under normoxia, both Ruk/CIN85 and
the EVs markers Alix and CD81 were shown to increase in vesicles purified from
the conditioned medium of Ruk/CIN85 up-regulated Renca cells compared to
control Mock-transfected cells. Under hypoxia, the content of the studied proteins
decreased by more than two orders of magnitude in EVs from Renca-RukUp cells,
while the content of Ruk/CIN85 and CDS81 increased in EVs from Mock-
transfected cells. Thus, we have demonstrated that the adaptor protein Ruk/CIN85
is a novel component of EVs produced by tumor cells, which may play a
regulatory role in controlling the composition of EVs under normoxia and hypoxia
conditions.

Further studies were carried out using EVs purified by density gradient

ultracentrifugation from the conditioned medium of HEK293 human embryonic



kidney cells stably transfected with the EGFP-Ruk/CIN85 vector. EVs were
characterized using nanoparticle tracking analysis (NTA), electron microscopy, and
Western blotting. It was established that the EGFP-Ruk/CIN8S5 adaptor protein is a
component of EVs produced by stable transfectants of HEK293 cells. Using the
IncuCyte system, the ability of EVs with EGFP-Ruk/CIN85 overexpression to
differentially modulate proliferative properties and cell motility in vitro was
demonstrated. Mass spectrometry analysis (LC-MS) showed for the first time that
most of the identified proteins differentially expressed in HEK293 cells with
EGFP-Ruk/CIN8S5 up-regulation and detected in EVs are metabolic enzymes.
Studies on the features of the regulatory effects of EVs produced by tumor
cells with overexpression (RukUp) or reduced expression (RukDown) of the
adaptor protein Ruk/CIN85 were continued on 4T1 mouse breast adenocarcinoma
cell model. EVs from the conditioned media of 4T1 RukUp or RukDown cells
were isolated by differential centrifugation followed by purification using the Exo-
spin™ kit (Cell Guidance Systems). The number and size of EVs were
characterized using the NTA tool. The content of marker proteins and Ruk/CIN85
in isolated EVs was analyzed by Western blotting. The survival, migration, and
invasive activity of 4T1 WT cells were assessed by the MTT assay, the growth rate
of a "scratch" in a cell monolayer in vitro, and a modified Boyden chamber with a
membrane covered with a layer of Matrigel, respectively. For the first time, the
adaptor protein Ruk/CIN85 was demonstrated to be a component of EVs secreted
by 4T1 cells. It was also shown that EVs from 4T1 cells with different levels of
Ruk/CINS85 expression are characterized by specific content profiles of its multiple
molecular forms. The ability of EVs to modulate the proliferative activity, motility
and invasiveness of 4T1 WT cells was found to be closely correlated with the
biological properties of 4T1 cells secreting EVs (highly aggressive 4T1 RukUp
cells or weakly invasive 4T1 RukDown cells). The data obtained indicate that the
adaptor protein Ruk/CINS85 is not only a constitutive component of the protein
composition of EVs of tumor cells, but also, depending on its content in EVs, plays

an active role in the control of carcinogenesis.
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