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AHOTALISA

Kusonoxcuuii A.FO. PerynaropHa poiib MO3aKTITHHHUX BE3HWKYJ 32 YMOB
HOPMH Ta KaHIeporeHesy. — KpamidikariitHa HaykoBa mparis Ha IpaBax pyKOIUCY.

Hucepraitiss Ha 3700yTTS HAyKOBOTO CTymHeHs JoKkTtopa ¢utocodii 3a
cnemianbHicTio 091 «biomoris» B ramysi 3Hanb 09 «bionoris». — [acturyt im. O. B.
[Tannagina HAH Ykpaiau, Kuig, 2024.

[TozakmitTuaai  Besukynau (EVs) ckimagaroTh reTeporeHHY  IMOIMYJIAIiI0
HAHO/MIKPOPO3MIpPHHX MEMOpaHHUX BE3WKYJ, IO TOCTIMHO CEKPETYIOThCS B
MO3aKJIITUHHE CEPEIOBUIIEC MPAKTUYHO BCIMA JOCIIKEHUMHU TUTIAMU KJIITHH 5K 32
HOPMAJIbHUX (P1310JI0TTIYHUX, TaK 1 MATOJIOTIYHHUX CTaHIB. 3T1IHO 3 pe3yibTaTaMu
BEJIUKOT'O0 MAaCHUBY EKCIEPUMEHTAIbHUX JOCHIHKEHb OCTAaHHIX ACCATHIITH, EVSs
MICTATh HyKJI€THOBI KucioTH (microRNA, mRNA, non-coding RNA, DNA),
NPOTEIHU 3 PI3HUM (PYHKIIOHAIBHUM MOTEHLIAIOM (TpaHCKPHUMIIKAHI (aKkTopH,
dbakTopu pocTy, IHTETPUHU, META0OIIUHI €H3UMH 1 1H.), CUTHAJIbHI MOJICKYJIM Ta
MEeTa0oJIITH, UI0 J03BOJSE iM BIAIrpaBaTh MPOBIAHY pOJIb Y MUDKKIITHHHIN
KoMmyHikaiii. EVs 3agydeHi A0 KOHTPOJIO CUTHAJIIOBaHHS SK MIDXK CYCIIHIMHU
KJIITUHaMHM, TaK 1 JIUCTAaHTHO pO3TAlllOBAaHUMH, IO 3a0e3Meuyerbes iX
LHUPKYJIIOBaHHAM Yy OIOJOTIYHUX PIAMHAX, TAaKUX SIK KpOB, ceya, IJIEBpaJbHI
BUIIOTH, CIIMHHOMO3KOBa pijnHA, ciMHA. OCKIIBKU MOJICKYJsIpHUHN ckian EVs €
BiOuTKOM (“fingerprint”) reHeTHYHOTO KOHTEKCTY KIIITHH, K1 iX MPOJyKyBajH,
npo(UIIOBaHHA BMICTY LMX YAaCTUHOK € MOTEHLIMHUM KJIIHIYHUM PECYpPCOM ISl
HEIHBa3WBHOI JTU(EpEHIIIHHOT J1arHOCTUKH, TPOTHO3YBAaHHS Iepediry XBopoO i
pPO3pOOKM TMPOTOKOIIB JIIKYBaHHS, CKEPOBAHMX Ha KOHKPETHOIO Malll€HTA.
30kpeMa, Ha ChOTOJIHI MEPEKOHIMBO BCTaHOBJEHO, 1m0 EVSs, 1301b0BaHi 3 KpOBI
OHKOJIOTITYHUX XBOPUX Ta KOHIUIIIOHOBAHOTO CEPEIOBHINA JIHIA MyXJIMHHUX
KJITAH, MICTATh MyXJMHO-CHENU(pIUuHI MOJIEKYJIH, $KI CHPUSAIOTH Iporpecii
NYXJMHHOTO POCTY, 1HBa3li i MeTacTa3zyBaHHIO, PEMOJICIIOBAHHIO MIKPOOTOUEHHS
NyXJIMH Ta aHrioreHesy. IIporpec y 3a3HadeHil ramxy3i MOJICKYJSIPHOI KIITHHHOI
O1oJIOTiT ¥ EeKCIIepUMEHTAIBbHOT MEIUIIMHKU TICHO TIOB’S3aHUN 13 BUKOPUCTAHHSIM

Cy4acCHHUX 1 PO3pOOKOIO0 HOBITHIX TEXHOJIOTIM JJIS 130JI0OBaHHS Ta XapaKTEPUCTUKH
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EVs. Bognouac, rimmbuHa BuBYeHHS EVS, 1m0 MICTATBCS B HH3II O10JIOTIYHHUX
pIIMH Ta TPOAYKYIOTHCA MMyXJIMHHAMH KJIITHHAMH, BCE 1€ 3aIUIIAETHCS
HEJIOCTaTHHOIO, IO 3yMOBIIOE IWHAMIYHE HAKOMWYCHHs iHpOpMaIlii CTOCOBHO
imeHTudikamii 1 3’scyBaHHS  OIOJOTIYHOI  POJl  HOBHUX  MapKEPHUX
O6iomakpomosekys. CkazaHe 3yMOBWJIO MOCTAHOBKY METH JUCEPTALIHOT pOOOTH -
JOCTITUTH OCOOJMBOCTI MPOAYKYBaHHS, MOJICKYJISIPHUM CKiIaa Ta (DyHKITIOHATIbHI
BiacTUBOCTI EVs, 130150BaHUX 3 TIOTY JIFOAWHU Ta KOHIUIIIOHOBAHOTO CEPEIOBHUIIA
MICEBJIOHOPMAJIbHUX Ta MyXJUMHHUX KJIITHH, 3 SICYBaTU BIUIMB HOPMOKCII/T1MOKCIT 1

amanrrepHoro npoteiny Ruk/CIN8S Ha 3a3HaueH1 TOKa3HUKH.

BianosinHo 10 Metu Oynu c(hopMylIbOBaHI TaKl 3aB/IaHHSA:

1. OxapakTepu3yBaTy CKJIaJ HYKJIETHOBHX KHCIOT, O MICTIThcs B EVs 3
MOTY JIOAWHU, 1HTYKOBAaHOTO (P 13MYHUMU HaBAaHTAXKEHHSIMHU.

2. Jlocnmigutu 0cobauMBOCTI MpoTeiHoBoro ckiaay EVs 3 moty nronuHw,
IHIYKOBaHOTO  (I3UYHUMHM  HABAaHTAXEHHSMU, Ta  OIIHUTH  MOXKIIUBICTb
BUKOpHCTaHHS EVs 3 MOTy SIK 1Kepea NOTeHIIHHUX MPOTETHOBUX O10MapKepiB.

3. [IpoananizyBaTtu OCOOJMBOCTI XIMIYHOTO Ta MpoTeiHOBOro ckiamxy EVs,
1[0 MPOAYKYIOThCSl KJIITMHAMU KaplUMHOMM HHUPKHU MHulll JiHIi Renca ta monuHu
niuHii 786-0 3a yMOB HOPMOKCI1/T1MOKCI1.

4. 3’sicyBaTu BIUIMB HOPMOKCIi/TIMOKCIT Ha KUIBKICTh, po3MipH Ta ckian EVs,
130JIbOBAHMX 3 KOHJMIIIOHOBAHOTO CEPENOBUIA KIITHH KapUUHOMU HUPKU MUIII
niHii Renca 3 pizHuM piBHeM ekcripecii aganteproro npoteiny Ruk/CINSS.

5. Hocmigutu BrumB EVs, 1m0 npoayKyrooThbesl KIITHHAMH €MOpIOHAIBHOI
Hupku moauau JiHii HEK293 3 pi3HuM piBHEM ekcrnpecii aJanTepHOro MpoTeiHy
Ruk/CINS8S5, Ha KIITHHHI BIAIOBIIL i1 VItro.

6. IlpoananizyBatu ocoOmMBOCTI mpoTeiHOBOro ckiany EVs, 110
MPOAYKYIOThCS KIIITHHAMH eMOpioHanbHO1 Hupku dronunan jiHii HEK293 3anexno
BiJl piBHA ekcrpecii amantepHoro npoteiny Ruk/CINSS.

7. Hocmiautu BB EVs, 1301b0BaHUX 3 KOHAUI[IOHOBAHOTO CEPEIOBUIIA

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



perymoBaHHsAM agantepHoro nporeiny Ruk/CIN8S Ha 6io0ri4H1 BiAMOBIAI KIIITUH
4T1 WT in vitro.

JIrochbKUM 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
BIIMOBIZp HA TEIUIO, eMOoIlii 4u (I3WYHYy aKTHUBHICTb, TOJI SK 1HII 3aJ03U
BUPOOJISIIOTh MAaCJSHUCTI PIIMHU Ta BOCKOBHM CEKpeT. 3a JaHWMHU JITepaTypH,
O1TBIIICTH O10JIOTTYHUX PITUH TBAPUHHOIO TiJIa MICTATh HYKJICTHOBI KHCJIOTH SIK Y
BUTJIAII PUOOHYKJICONMPOTETHOBUX KOMILIEKCIB, Tak 1 y ckiami EVs. Boanouac,
iH(popMarlliss Npo 0coOJMBOCTI HYKJIEiHOBOro ckmaay EVs mory moauHu Ha
MOMEHT TOYaTKy HaIlUX JOCIKeHb Oyna BiACYTHBOW. [l XapaKTepuCTUKH
ckamagy DNA 1 RNA y EVs-30araueHux 3pa3zkax MOTy JIOAUHU, 310paHUX Yy
TOOpOBOJIBIIIB, Kl BHUKOHYB&JIM 1HTEHCHMBHI BIpPaBU, HaAMH OyJI0 BHUKOPHUCTAHO
METOJIOJIOTII0  CeKBeHyBaHHS HoBoro mokomiHHS (NGS, next generation
sequencing). Bcranosneno, mo EVs 3 mory mioauHU MICTATh PI3HOMAHITHI
HYKJIETHOBI KHUCJIOTH, a came, DNA (HailOutbln mpeacTaBieHol0 Oyna
mitoxoHapiiitHa DNA) Ta RNA mroAcekoro i MIKpOOHOTO TOXOMKEHHS. 3a
pesyasraramu «Small RNA-seq» 3pa3kiB noty, 30arauenux EVs, 74% 3unuTyBaHb
BIIMOBIAANMM TreHoMy JroauHu 1 29% - HeaHoToBaHuM oOmactsaM. bimbmre 70%
3untyBaHb RNA, 110 BiNOBiAaIM aHOTOBAaHUM oO0jacTsiM, Halexanu 10 tRNA,
tomi sk iHm tunu RNA (18,5%), mRNA (5%) 1 miRNA (1,85%) Oynu mMeHin
npenacrasieHi. CekBeHyBaHHsI RNA 3 1HIuBIIyalnbHUX 3pa3KiB MOTY, 30aradyeHux
EVs, 3arajioM nano MEHUIMH BiJICOTOK 3YMTYBaHb, IO BIANOBIJAIH TE€HOMY
monuan  (7-45)%, 1 (50-60)% 3unTyBaHb, IO BIANOBITAIN HEAHOTOBAHUM
oOnacTsiM reHoMmy. bubmicts i1eHTU(diKoBaHUX RNA Oynu npeacrasineni tRNA 1
MeHmmo Miporo TRNA, LincRNA miRNA, mRNA, snRNA, snoRNA Tta inmumMu
small RNAs. BusiBieHo TakoX HYKJIETHOBI KHCJIOTH OakTepidd, apxeil 1 BIpyciB,
TUTOBUX JIJI1 MIKPOO1OMY HIKIPH.

BaxnuBuMm  etamoM  OCHIDKEHb — CTalo  3’SICYBaHHS  MOXJIMBOCTI

BUKOPUCTOBYBAaTH TMO3aKJIITUHHI BE3UKYJM, OTPMMaHi 3 TIOTY, SIK JIXKEpeso



OpPOTETHOBUX  OlOMapKepiB  JIIOJCHKOrO Ta  OakTEepiiHOrO  MOXOMIKEHHS.
[TpucytHicts MapkepiB EVs y 3paszkax EVs 3 moty mrogunu Oyio BceOiuHO
OXapakTepU30BaHO 3 BUKOpUCTaHHsAM MminaTtdhopmu ExoView, enekTpoHHOI
MIKpOCKOIIIi, aHali3y BIJCTeKEHHS HAaHOYACTUHOK Ta BectepH-Om0THHTY.
[IpoTeinoBuil CKJag 3arajibHOro moTty, 30aradeHoro EVs, Ta 3paskiB mnory,
310paHMX 3 aJdblTHATHUX ILIACTHUPIB, OYJIO TOCTIIHKEHO 3 BHKOPUCTAHHSM Mac-
cnektpomeTpuuHoro anamizy (LS-MS). 3rimHo 3 orpuManumu mganumu, y EVs-
30araueHoMy MoOTI iAeHTH(diIKOBaHO 1209 yHIKaJIBHUX MPOTEIHIB JIIOJUHU, 3 SIKUX
npubau3Ho 20% Oynu OpUCYTHI Yy KOKHOMY 1HAWBITYadTbHOMY JOCITIIKEHOMY
3pa3ky. EVs, 13011b0BaH1 3 MOTY, MICTWIM TUIIOBUM Mapkep ekzocoM CD63, 846
npoteiniB (70%), cmuibHMX 3 3araibHUM moTOM, 1 368 mporeiniB (30%) — 3
IbIHATHUM IUIACTUPOM. BUIbIIICTh BHSBICHUX MPOTEIHIB, IO NEPEHOCATHCS
EVs, 3HaiineHi Takoxk 1 B 1HIIUX OlOopiiMHAX, TOJIOBHUM 4YHHOM, y cedi. Kpim
NPOTEiHIB JIOAUHU, 3pa3ku MoTy, 30araueHi EVs, wmictwim 1594 mnpoteinu
OakTepiitHoro mnoxomxkeHHd. [IpoTeiHoBl mpodii OaKTEpIHHOIO MOXOJKEHHS Y
3pa3kax moty, 30araueHoro EVs, xapakrtepusyBanucs BUCOKOIO 1HJIUBITYaJbHOIO
BapiaOENbHICTIO, IO BIIOOpaXaylo BIAMIHHOCTI Yy CKJIaJi 3arajibHOrO TOTY.
BcranoBneHo, 110 anbriHaTHAN TJIACTHP JUIs 300py MOTY HAKOMUYyBaB Jnie 5%
MPOTEiIHIB OAKTEPIHHOTO MOXOKEHHS.

Y miacymKy, pe3yiabTaTH CHCTEMHHMX JOCTIKeHb HYKJIETHOBOTO Ta
npoteiHoBoro ckiaxy EVs 3 moty noauHu 103BOJISIIOTH 3pOOUTH BHUCHOBOK MPO
MOXIJIMBICTh 1X BHUKOPUCTaHHS $IK HEIHBAa3MBHOIO JiKepesia OloMapKepiB
JIOJCBKOTO Ta OakTepiiHOro mMoxo/keHHs. OKpiM TOro, BUKOPUCTAHHA
KOMEPIIIHHO JOCTYITHUX alblMHATHUX IUTACTHPIB Uil 300py TMOTY JO3BOJHTH
BUOIPKOBO OTPUMYBATH MaTepiall JIOJICHKOTO MOXOKEHHS 3 YK€ MaJIUM BMICTOM
qy>KOP1THOTO MaTepiaiy.

HIBuakicTe mpoaykyBaHHsS EVS MyXJWHHUMHU KIITHHAMH PETYIIOETHCA 3a
y4acTi 30BHIIIHIX CTUMYJIIB, 30KpeMa TakuX siK Tinokcis. EVs, 1110 BUBLIBHSAIOTHCS
3a YMOB T1MOKCIi, BIUINBAIOTh HA PO3BUTOK O3HAK MaJlICHI3alli MyXJIUHHUX KJIITHH,

TaKUX $K BWXXUBaHHA, MpoJiipepaTMBHUI TMOTEHIIa], AHTIOreHe3, 1HBa3ls Ta



METaCTa3yBaHHS, IO TICHO TOB’SI3aHO 3 OCOOJHMBOCTSIMH iX MOJEKYJSIPHOTO
BaHTa)XXy. BcTaHOBIEHO, 110 BIUIMB TIMOKCIi HA KIITUHU aJICHOKAPIIMHOMHU HUPKH
MPU3BOANTEL JI0 TMOCWICHHS cekpenii EVs # momiTHuUX 3MIH iX MNpOTEIHOBOTO
BaHTa)XXy MOPIBHSIHO 3 HOPMOKCI€I0. 3a JOMOMOTOI0 MPOTEOMHOTO aHam3y (LS-
MS) B 3pa3zkax «rinokcu4Hux» EVs BUSBIEHO HaJIMIpHY MPUCYTHICTh MPOTETHIB,
K1 OEpyTh y4acTh y 3a0€3IeUeHHI aIre3UBHOCTI KJIITHH, TAKUX K IHTETPUHHU.

Ha nactynmHomy etami Oynio 3/11iCHEHO OIIHKY €(heKTHBHOCTI 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  XapaKTepUCTHKH OCOOJIMBOCTEH XIMIYHOTO CKJamy TmpemapatiB  EVs.
[loka3aHo, mo TpaauiiiiHa PamaHIBCbKa CHEKTPOCKOIIs 3 Oe3nepepBHUM
XBUJILOBUM 30Yy/KEHHSIM HE 3a0e3leuyBaja OTPUMaHHS TMOMITHOIO CHUTHAIY.
JlocToBipHi curHanu Oynu oTpumani 3a nonomoror TG-RS, siki Oynu e Oiibin
nigcuwieni npu  BukopuctanHi TG-SERS. Awnaniz PaMaHIBCBKHX —CHUTHaMNIB
JTI03BOJIMB BUSIBUTH XapaKTEpHI 3MIHU Yy aMIHUX 00JIacTAX Yepe3 3MIHU XIMIYHHX
3B’s13KIB y npoTeinax EVs 3a yMoB rinokcii. Pe3ynbTaTtu mpoBeAeHUX TOCTIIKEHb
npoaemoHcTpyBain, Mo TG-RS ta TG-SERS € nepcnekTuBHUMH 0€3MITKOBUMHU
TEXHOJIOTISIMHU ISl BUBYCHHS BIUIMBY 30BHIIIHIX CTHUMYIIB, TaKUX SK JIe(iruT
KHCHIO, Ha ckimang EVs, a TakoX BIAMIHHOCTEH, IO BHHUKAIOTH BHACIIIOK
BUKOPHUCTAHHSA PI3HUX MPOTOKOIIB ounilieHHs EVs.

3rigHo 3 onmyOJIKOBaHUMH JaHUMU, MapkepHi nporeinn EVs, Alix 1 TsglO01,
a TaKOX KOPTAaKTHH € 3B'S3yBaJIbHUMHU IMapTHEPAMHU aJanTEPHOTO TIPOTEIHY
Ruk/CIN8S5. bepyun po yBarm 1m0 iHdopmaiiito, HaMu OyJo 3A1HCHEHO
1301t0BaHHs EVs, 10 TpOoayKyrOThCA KIITHHAMU KapUUHOMHM HUPKU MUIIL JIIHIT
Renca 3anexno Bijg piBas ekcrpecii Ruk/CIN8S 3a ymoB HOpMOKCIi Ta TIMOKCIi 3
HACTYMMHOIO iX Xapaktepuctukow. llentpudyryBanHs B Tpami€eHTI MIIITLHOCTI
BUKOPUCTOBYBaIM i 130Jif0BaHHA EVS 3 KOHIMIIOHOBAaHOTO CEpeloBUILA
nocimixyBaHux KiaiTuH. [Ipemapatu ounmenux EVs Oynu oxapaktepusoBaHi 3a

JOTIOMOTOI0 ~ aHami3y BiACTeXeHHs HaHodyacTUHOK (NTA), enexTpoHHOI



Mikpockomii Ta BectepH-610THHTY. 3HAUHUX BIAMIHHOCTEH y CEpEAHBOMY PO3MIp1
gacTUHOK EVs, 110 cexpeTytoThest cyOuiHiAMH, He OyJ10 BUSBICHO. Y TOM K€ 4ac,
KOHLIEHTpAIlii YacTHMHOK, [0 NPOAYKYIOThCS KIITUHAMH 3 HaJEKCIPECIE0
Ruk/CIN85 (Renca-RukUp), BusiBunacs Ha MopsiioK BHUIIOIO 332 YMOB TIMOKCIT y
MOPIBHSHHI 3 YMOBaMH HOPMOKcii. Byo mokasaHo, 110 3a yMOB HOPMOKCIi BMICT
gk Ruk/CIN8S5, tak 1 mapkepiB EVs, Alix 1 CD81, 3poctaB y Be3HKYyJax,
OUYHIIIEHUX 3 KOHAMIIIOHOBAHOTO CEPEIOBHUINA KIITHUH Renca 3 up-perymoBaHHIM
Ruk/CIN8S5 y mopiBHSIHHI 3 KOHTpoJIbHUMU Mock-TpaHcikoBaHUMH KITITHHAMHU.
3a yMOB TiMOKCii BMICT AOCHIKYBaHUX MPOTETHIB 3MEHIITYBaBCs OUTBII HIK HA JBa
nopsnku y EVs 3 kinitun Renca-RukUp, Toai sik BMicT Ruk/CIN85 1 CD81 3pocras
y EVs 3 Mock-tpanchikoBanux kimitTuH. Takum 4YUHOM, HaMH OyJo
MPOJIEMOHCTPOBaHO, 110 agantepuuil npotein Ruk/CIN8S € HOBUM KOMITIOHEHTOM
EVs, mo npoaykyroTbCid NyXJIMHHUMH KIITHHAMU, SKAA MOXE BiJIIrpaBaTH
PeryJISTOPHY POJib Y KOHTpoIi ckiaany EVs 3a yMoB HOpMOKCIT Ta TiIOKCii.

[Toganbiii AOCHIIKEHHST TPOBOJAUIM 3 BHKOpUCTaHHSIM EVs, ouniieHux
yABTPALICHTPpU(PYTYBaHHSIM B  TPAJIE€HTI IIIJIBHOCTI 3  KOHJUIIOHOBAaHOTO
cepeloBUIla KIITUH eMOpioHanbHOi HUpKW oauuu JiHii HEK293, crabinsHo
TpaHc(ikoBaHux  BekTopoM  EGFP-Ruk/CINS5.  Xapaktepuctuky  EVs
3MIACHIOBAIM 3a JIOMOMOTOI aHami3y BIJICTEXKEHHS HaHOYacTHHOK (NTA),
€JIEKTPOHHO1 MiKpockorii Ta BectepH-06noTtunry. BectanosneHo , 1mo agantepHuit
nporein EGFP-Ruk/CIN8S5 € komnonenTom EVs, 1110 mpoaykyroThesi cTa0lIbHUMUA
tpanchekrantamu kiaitiH HEK293. 3 Bukopucrannsm cucremu Incu Cyte
npoAaeMoHCcTpoBaHO 3aartHicTb EVs 3 nHagekcnpecieto EGFP-Ruk/CINSS
nudepeHIiiHO MOAYIIOBATH MPOJiepaTuBHI BIACTUBOCTI Ta PYXJUBICTh KIIITUH
in vitro. Mac-cnexkrpomerpuyHuM anamizom (LC-MS) Bnepiie mnokaszaHo, 1110
OUTBIIICTD 1ACHTU(IKOBAHUX TMPOTEiHIB, MO AUQPEPEHININHO EKCIPECYIThCS B
xiitnaax HEK293 3 up-perymoBannsim EGFP-Ruk/CINSS 1 BusBnstorscst B EVs, €
MeTa0OIIYHUMU C€H3UMaMHU.

HocmimkeHnHss moao ocobmuBocTedt perymsatopaux edextiB EVs, 1o

NPOAYKYIOThCA MNYXJIMHHUMHU KiliTHHaMu 3 Hajaekcnpeciero (RukUp) abo



3HmkeHow ekcnpeciero (RukDown) amantepnoro mpoteiny Ruk/CINSS OGynu
IPOAOBXKEHI HA MOJIENl aJleHOKApPIMHOMHUX KIITHH TPYAHOI 3aJ03U MUII JIHIT
4T1. EVs 3 konauiionoBanoro cepenonumia kimitud 4T1 RukUp a6o RukDown
130JTI0BIM  IUIAXOM  TU(EPEHIIHOTO  HEeHTPU(PYTyBaHHS 3  MOJANBIIUM
ouulieHHsIM 3a Jonomoror Habopy Exo-spin™ (Cell Guidance Systems).
Kinekicts 1 po3mip EVs Oynmm oxapakTepu3oBaHi 3a JOIMOMOIOI 1HCTPYMEHTY
NTA. Bwmict mapkepuux mnpoteiniB Ta Ruk/CIN8S B i3ompoBanux EVs 0Oymo
npoaHaiizoBaHo BecrepH-010THHTOM. BukuBaHIiCTh, MIrpariiiHy Ta 1HBa31MHY
aktuBHOCTI KimithH 4T1 WT omintoBaymm 3a  gomomororo  MTT-tecty, 3a
HIBUIKICTIO 3apOCTaHHS «HOAPSNUHUY» Yy KIITUHHOMY MOHOLIApl in Vitro Ta
monudikoBanoi kamepu boiineHa 3 MeMOpaHO, BKPUTOIO IIapoM Marpuresmto,
BiAMOBIAHO. Bnepme Oyno mNpoaeMOHCTpPOBaHO, WO aJaNTePHUM MPOTEIH
Ruk/CINS8S5 € komnonentom EVs, mo cekperytorbes kiitunamu 4T1. byno takox
nokaszaHo, mo EVs 3 xmitun 4T1 3 pizaumu piBHamu excrnpecii Ruk/CIN8S
XapaKTEPU3YIOThCA  CHEHUPIYHUMU NOpo(UIAMH  BMICTY WOro YHUCIEHHHX
MOJIEKYJIipHUX  (GopM.  BusBumiocs, mo 3gaTtHicth EVs  MmomymoBaTu
npoJiipepaTUBHY aKTUBHICTh, PYXJUBICThH 1 1HBa3UBHICTh KIITUH 4T1 WT TicHO
Kopenoe 3 OlosioriuHuMH BiactuBocTaMu KMTHH 4T1, ski cekperyiorb EVs
(BucokoarpecuBHi kmituHU 4T1 RukUp abo cnabGoinBasuBHi kmituHH 4TI
RukDown). OTtpumani fgaHi cBigyaTh, mo agantepHuil npotein Ruk/CIN8S ne
TITBKH € KOHCTUTYTHBHUM KOMIIOHEHTOM MPOTEIHOBOrO ckiany EVs myxiaumHHUX
KJIITHH, aJie ¥, 3a71eKHO BiJ oro BMmicTy B EVs, Bijlirpae akTUBHY pOJIb Y KOHTPOJI1
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SUMMARY
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manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
the field of 09 "Biology" specialty 091 "Biology". Palladin Institute of
Biochemistry of NAS of Ukraine, Kyiv, 2024.

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
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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
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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
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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
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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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2.23 JlocaipkeHHsT MITpallifHUX BIACTUBOCTEM KJIITUH 3a JIOMOMOTOIO

TECTY Ha 3apOCTaHHS IIOAPAIINHH I VItro

2.24 JlocmikeHHs 1HBa3UBHOCTI KJIITUH 3 BUKOPHUCTAHHS

monudikoBaHoi kamepu boiinena
PO3/1J 3. PE3VJIBTU JJOCJIIJXKEHD TA IX OBTOBOPEHHS
3.1 XapakTepuCcTUKa HyKIETHOBOIO Ta MPOTETHOBOIO ckiany EVs mory

3.1.1  Xapakrepuctuka 3pazkiB EVs moty, mo Oyiau BUKOpUCTaHI IS

cekBeHyBaHHS RNA
3.1.2  Anam3 cknaxy RNAs y 3pa3kax nory, 36arauenux EVs

3.1.3  Anam3 cxiany miRNA B 3pa3kax o0'eqHaHOrO moty, 30araueHux
EVs

3.1.4  CexBenyBanHs RNA B iHguBinyasbHuX 3pa3kax EVs oty mogunu
3.1.5 Amnami3 Bmicty mRNAS y 3pa3zkax oty JronuHu, 30araueHux EVs

3.1.6  Anam3 Bmicty DNA ta RNA Mikpo0OioMy HIKIpH y 3pa3kax MoTy

JroAuHM, 30aradennx EVs
3.1.7  Amnami3 cknany BipycHoi DNA y 3pa3skax nory, 30arauenux EVs

3.1.8 Xapaktepuctuka 3paskiB EVs mnory monuHM, 1mo —Oynu

BUKOPUCTAHI1 JIs1 JOCIIIJKEHHS TPOTETHOBOTO CKJIaIy
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CepeNoBHUIla aICHOKAPIIMHOMHIMX KJIITWH HUPKW Mutli JiHii Renca

32 YMOB HOPMOKCIi Ta T1MOKCI1
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INEPEJIIK YMOBHHUX CKOPOYEHDb

AA — apaxiJioHOBa KHCJIOTa

ALDH7A1 — anpaerignerigporenasa Al poguau 7
ALIX — ALG-2-interacting protein 1

ALT — amaninamiHoTpaHcdepasa

AnxA2 — anekcuH A2

APC — aHTUreH-TIpEe3EeHTYBaIbHI KJIITHUHU

ARF6 — daxtop pubosuntoBanns ADP 6

AST — acnmapraraminoTpancdepasa

CAF — ¢i6pobmnacTu, acoriioBaHti 3 pakom
circRNA — xiimbiieB1 RNA

CL — kJiTuHHI Ji3aTu

COPI — coat protein complex I

CRC — KJIITHHYU KOJOPEKTAIBHOTO PAKY

DPP2 — nunentuanianentuaasa 2

DPP3 — qunentuamianentuaasa 3

ECM — no3akJiTHHHUAN MaTpUKC

EMT — eniTeniitHO-Me3€HXIMHA NIEPEX1]]

EOC — eniTeniitHuil pak siEUHUKIB

ERK — kiHa3za, 110 peryiatoeThes MO3aKITHHHIMEU CUTHAJIAMU
ESCRT - endosomal sorting complexes required for transport
EVs — no3zakiiTuHHI Be3UKYyIU

FBS — geranbHa Ouyaua cupoBarka

GC — Group-specific component

GEF — dakTop 0OMiHy TyaHIJIOBUX HYKJICOTH/IIB
HA — riaimypoHoBa kuciora

HIFs — ¢dakropu iHIyKOBaHI T1IIOKCI€O

HSP70 — nporein temosoro moky 70 kDa
HSP90 — nporein temnosoro moky 90 kDa
ICAM — monekynmu MDKKJITITHHHOI aare3ii
ICAM-1 — Monexyma MKKITITUHHOT aaresii 1
IDE — eH3um, 1110 aerpanye iHCYMIiH

ILV — inTpantomMiHaabH1 BE3UKYIU

LDH — nakraraeriaporeHasa
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LFNG — Beta-1,3-N-acetylglucosaminyltransferase lunatic fringe

IncRNA — noBri HexkoayBaiabHi RNA

LRG1 — Leucine-rich alpha-2-glycoprotein

MHC-II — ocHOBHUIT KOMILIEKC TiCTOCyMiCHOCTI Kiacy 1
miRNA — mikpo RNA

MLCK — kiHa3a JIerkoro JIaHIFOra M103UHY

MPS — MmoHOHYyKJI€apHi (arouTapHi CUCTEMU

MVB — MynbTHUBE3UKYIIAPHI Tijla

MV's — MiKpOBE3HUKYIH

NADP-ME1 — NADP-3anexxuuii Majik eH3uM
nSMase2 — HelTpanbHa cpiHroMieniHaza 2

nSMase2 — HelTpanbHa cpiHromieniHaza 2

OSCC — mI0CKOKIITUHHA KapIIMHOMA IMOPOKHUHU POTa
pi-RNA — mi-inTepdepyBaibna RNA

PLD — ¢ocdoninaza D

PLP — npoteoniniauii nmpoTein

PSA — prostate-specific antigen

RTK — penenTopHi THPO3UHOBI KiHA3U

siRNA — mani inTepdepyBanbHi RNA

TACD?2 — Tumor-associated calcium signal transducer 2
TAM — myxsimHO-aco1iiioBadi Makpodaru

TFA — TpudToportoBa Kuciora

TGF—B — TpanchopmyBanbuuii haktop pocty 3

TME — MikpocepenoBullle MyXJIMHHUX KIIITUH

TNF-0 — dakTop HEKpO3y MyXJIUH O

TSG101 — Tumor susceptibility 101

UCF — ynprpanieHTpudyryBaHHs

VCAN - Versican core protein

YBX1 — RNA-3B’s3yBanbHuii npotein Y-box 1

TEM — TpaHcMiciiiHa €JeKTPOHHA MIKPOCKOITIS

I'Eb — remaroenuedanigyauii 6ap’ep
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BCTVYII

AKTyajibHICTh TeMH. Di310JI0TisI KIITUH Yy OaraTOKJIITHHHOMY OpTaHi3Mi
BU3HAYAETHCA JII€I0 CUTHAIIB, SKI HAAXOAATh 13 30BHIIIHBOKJIITHHHOIO 1
BHYTPIIIHbOKIITUHHOTO CEpeloBHUINa, B T. Y. BIJ CYCIAHIX KIITHH Ta
CIPUMMAIOTBCSA SIK MEMOpaHHWMH, TaK 1 IHUTOIUIA3MAaTHYHUMH PEIETITOPAMHU
KmtuH-Mmimenen. Iloganeiia mnepenaya OKpeMHMX CHUTHANIIB BIIMO  KIIITHHU
3a3BUYall BIJIOYBA€THCSA LUISIXOM HU3KU B3a€EMOJIA MK CUTHAJIBHUMH MPOTEiHAMU
Ta IHIIAMH MOJIEKYJaMHd CHUTHAJbHOTO TUIAXY. KINTHHHI CHUTHAJIBHI NUIAXH HE
ICHYIOTh OKPEMO, a MAalOTh MHOXXHHHI MEPEXPECTH Ta CIOJYyYEHHSI, YTBOPIOIOUH
CUTHAJIbHI Mepexi. [IpoTaroM OCTaHHIX POKIB CTAJI0 OYEBHUJIHUM, IO OJHY 13
OCHOBHHUX pOJIEW Yy MUDKKIITHHHINA KOMYHIKAIlli BIAIrpae mepenadya CUTHAIBHUX
MOJIEKYJI 32 JIO[IOMOTOI0 TaK 3BaHUX MO3aKJIITUHHUX Be3ukyn (EVs), mo
YTBOPIOIOTHCS TIUISIXOM €K30ITMTO3y. Be3ukynum € chepudHuMH CTPYKTYpaMH,
BKpUTI MeMOpaHHUM OimapoM, 30aradeHi pi3HUMH O10MOJIEKYJaMHU, BKJIFOUAIOYU
JHK, Bci Bimomi Ha chorojHimHiil geHb Tunu PHK, pi3Hi npoteinu, mimiaw,
Metabomitu 1 iHm [311]. EVs NOMMHAIOTBCA PEUUNMIEHTHUMU KIITHHAMH 32
ABTOKPUHHHUM, TMapakKpUHHUM Ta EHJIOKPUHHUM MEXaHI3MaMH pETYJIIOBaHHS,
3YMOBJIIOIOUH, 3aJ€KHO B X BMICTY, MOJYJIOBaHHS CUTHAJIbHUX MEPEK,
penporpaMyBaHHs TPAHCKpUIITOMY © MeTaboioMy 1, K HaCHiJOK, 3MIiHHU
¢b1310710T19HOT aKTUBHOCTI KJIITUH. CaMe TOMY BOHU MOXYTh CIIYT'YBaTH BaKIIMBUM
JokepenoM iHGopMalii Opo BEJIMKY KUIBKICTh TNPOLECIB Ta MOPYLIEHb Ha
KJIITUHHOMY pIiBHI K 32 YMOB HOPMH, TaK 1 TNAaTOr€He3y HHU3KH CHUCTEMHUX
3aXBOPIOBaHb JIIOJUHU, 30KpeMa oHKoJoriyHux. Kpim toro, EVs BusiBneHi y Bcix
piauHax oprasismy (KpoB, ceya, civHa, NIT, (ekami tomo) [375, 18, 176].
Boanouac, mubuna BuBdeHHs EVs, 1110 MICTATBCS B HM3III 010JIOTIYHUX PIAWH Ta
MPOAYKYIOTHCS MyXJIUHHUMHU KIITHHAMU, BCE IIIE 3AHMIINAETHCS HETO0CTATHROIO, 10
3yMOBIIIOE€ JIMHAMIYHE HAKONMUYeHHS 1H(opmarlii CTOCOBHO imeHTU(DIKAIi ¥
3’CyBaHHS MEXaHI3MIB peai3alli peryisiTopHuX eQekTiB 1 010J0riyHoi poi

HOBUX MapKepHUX 010MaKpOMOJIEKYJI.
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OnHi€r0 3 TMEepCrHeKTUBHUX OIONOTIYHUX PIAUH A7 BUKOPUCTAHHS B
KOHTEKCTI MOHITOPHUHTY 3MIH B OpraHi3Mi JIIOMUHU Ha MOJICKYISPHOMY pIiBHI,
BUKJIMKAHUX SK 3aXBOPIOBAHHSMH, TaK 1 BIUIMBOM PI3HOMAHITHUX YWHHUKIB
HABKOJIMIITHBOTO CEepPEeNoBHINa, € TIT. [TiT MOXke 3a0e3MeunT anbTepHATHBY aHAII3Y
KpOBi, aJke Horo 301p HMPOBOIUTHLCS HEIHBA3WBHO Ta B pealibHOMY daci. JlaHi
CTOCOBHO HYKJIETHOBOIO Ta MHpoTeiHOBOro ckiany EVs mory mronuHy,
IHAYKOBAaHOTO (DI3MUHMMHU BIIpaBaMH, SIK 1 BHKOPHCTaHHA TaKUX JaHUX 3
JIarHOCTUYHOI0O METOI0, Ha MOMEHT IMOYaTKy JUCEPTAI[iiHOrO JOCHIJIKEHHS B
JiTeparypi Oyiu BiICYTHI, 110 O€3MEePEYHO BKa3y€e Ha aKTyalIbHICTh OOpaHOi TeMH 1
HANPSIMKY JTOCII1KECHb.

Ha crorositi, BCTaHOBJICHO KOPEJAIII0 MK 1HTEHCUBHICTIO MPOIYKYBaHHS
EVs 1 MeracrarmuHuMm mnoTeHmianioM nyxiauHHUX KiitdH [104]. TlokazaHo
3/IaTHICTh TAKUX BE3UKYJ MPUTHIYYBATU IMYHITET, TOCHIIOBATH MyXJIMHHUM PICT 1
PO3BUTOK PE3UCTEHTHOCTI IO MPOTUITYXJIMHHUX TipenapariB [54]. JociimkeHHIMu
BIIJIUTY CUTHAJIBHUX MEXaHI3MIB KIITHHH MHPOJAEMOHCTPOBAHO, IO IiJIBUIIICHHS
excripecii amantepHoro mporeiny Ruk/CIN8S B myxyMHHHMX KIITHHAX PI3HOTO
TKAHUHHOTO TTOXOJKEHHSI CYNPOBOKYETHCSI MOCWJIEHHAM iX MamirHizamii [319].
Oxpim Toro, BctaHoBieHa posib Ruk/CIN8S y mirana-iHIyKOBaHOMY €HJIOIIUTO31
MeMOpaHHUX PEIENTOPIB, BHYTPIITHLOKIITUHHOMY Tpadiky MEMOPAHHUX BE3UKYII,
noKazaHa CTPYKTypHO-GyHKIIoHanbHA B3aemofiss Ruk/CIN8S 3 mporeinamu Alix
[279], TsglO01[34] Tta wimarpuHoMm, 3amydyeHumMu 10 (opmyBanus MVB
(MYJIBTUBE3UKYJSIPHUX TUICLb), @& TaKOXK KOPTAKTUHOM, IO CTHUMYIIOE CEKPELII0
EVs [190, 289]. BogHouac, ciia 3a3HAYUTH, 110 MOJIEKYJISIPHI MEXaHI3MU BIUIMBY
EVs Ha po3BUTOK MyXJIWHHOTO TPOIECY 3aJeKHO BiA 0COOMMBOCTEH iX
MOXO/KEHHS Ta CKJIAy, 3aJMIIAlOThCsl HEAOCTaTHbO BUBUCHUMHU. Ockinbku EVs
BiJI0OpaXkatoTh (hi310J0OTIYHUN CTaH KIITHHH, KA IX CEKPETYE, TO JOCIIIKCHHS
XapaKkTepUCTUK Ta BMicTy EVs, MO NpOayKyrOThCS MYyXJIWHHUMH KIITHHAMU 3
PI3HUM CTYII€HEM arpecUBHOCTI, a, BIAMOBIAHO, 1 3 BIAMIHHMM PIBHEM BMICTY
Ruk/CIN8S, 3a yMOB pi3HOro mapuiajJilbHOTO THCKY KHCHIO B IO3aKJIITUHHOMY

cepenoBuIll (TIMOKCISI, HOPMOKCisl) € aKTyaJbHUMH 3 TOYKH 30PY MOKJIHBOCTI
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BUKOPUCTAHHS X CTPYKTYP IJIsl A1arHOCTUKHU, IPOTHO3Y PO3BUTKY OHKOJIOTTYHUX
3aXBOPIOBAHb Ta BIDKMBAHOCTI OHKOJOTIUHMX XBopux. Cka3aHe BH3HAYae
HEOOX1JIHICTh TyIMOOKoro 1 BcebiuHoro BuBYeHHS Ruk/CIN8S-omocepenkoBanux
MexaHi3miB  OioreHesy EVs Ta ix perynstopHux eQekTiB, MOXIHUBOCTI
BUKOPHUCTAHHS JOCHIPKYBAHOTO aJanTepHOr0 MPOTEiHY SIK HOBOI MIIIEHI Yy
MPOTUIYXJIUHHIN Tepartii.

KpiM TOro, oxkpemMuM akTyaJbHUM acCIEKTOM JUCEpPTaliiHOI poboTH €
MOIIYK 1 BJOCKOHAJICHHS HOBITHIX METOAMYHMX IIIJIXOAIB JUIS 130JIFOBaHHS Ta
xapakrepuctuku EVs.

3B’A30K po00TH 3 HAYKOBHMH NPOrpaMamMu, IJIAHAMHU, TEMAMH.

PoOoTy BHKOHAaHO BIJAMOBIHO JO IUIAHY HAyKOBO-AOCIHIIHUX POOIT
[ncTuTyTy O610xiMmii imM. O. B. [Mammanina HAH Ykpainu B pamkax HJIP 3a Temamu:
«bloxiMIYyHI MEXaHI3MH KOHTPOJIO CHUCTEMHHMX MUDKKIITUHHHX B3a€MOJIIH,
pEery/IlOBaHHS CUTHAJIBHUX MEpEeX Ta KITUHHUX (yHKIIA 32 YMOB HOpPMHU Ta
natoioriyHux  crta”iB»y  (2016-2019 Ne  nmepxkpeectpamii  0117U004344),
«MexaHi3MHU SIAEPHOTO Ta META0OJIYHOTO pernporpaMyBaHHs MyXJIMHHUX KJIITHH,
acolliiioBaHl 3 MIPOrpeci€El0 OHKOJOTIYHUX 3aXBOPIOBaHb: BHECOK aJalTEPHOTO
nporeiny Ruk/CIN85» (2020-2024 pp., Ne nepkaBnoi peectparii 0120U002191).

JlocnmiKkeHHs, MPOBeAeH]I B Jiaboparopii 61070T1i pO3BUTKY YHIBEPCUTETY
Oyny @iunsHAIl BUKOHAHI 3a MIATPUMKH HACTYNMHHUX AOCIIJIHULBKUX T'PAHTIB Ta
nporpam: Centre of Excellence grant (2012-2017 251314); Business Finland
(BioRealHealth); Academy of Finland Biofuture2025, European Union Regional
Development Fund (Printocent); the European Community’s Seventh Framework
Programme (FP7/2007-2013; grant FP7-HEALTH-F5; Academy of Finland (AF)
Flagship Program Gene; Cell and Nano Therapy Competence Cluster for the
Treatment of Chronic Diseases (GeneCellNano); Business Finland Future of
Diagnostics—FUDIS; EDUFI (Finnish National Agency for Education)
Fellowships; the Academy of Finland (AF) Flagship Programs: Photonics Research
and Innovation (PREIN) with decisions 320168 (M.K., J.H) and 320166 (S.A.,
M.R); Cancer Foundation of Finland to S.V. (2017 and 2018); European Research
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Council (ERC) under Horizon 2020 (H2020/2018-2022/ERC grant agreement no.
772110); Academy of Finland (grants #289649, 294027, 319216 and 323480); EU
FET Open grant 829040, Sigrid Juselius Foundation.

Merta i 3aBaaHHsi JgocJigkeHHs. MeToro aucepramiiHoi poboTu Oyso
JOCTITUTH OCOOIMBOCTI MPOIYKYBaHHSI, MOJICKYISIPHUM CKJIaJ Ta (QyHKI[IOHATILHI
BiacTUBOCTI EVs, 13071p0BaHUX 3 TIOTY JIFOAUMHU Ta KOHIUIIIOHOBAHOTO CEPEIOBUIIA
NICEBAOHOPMATBHHUX Ta MYXJMHHUX KIIITHH, 3’ SICYBaTH BILUTUB HOPMOKCII/TIMOKCIT 1
apantepHoro npoteiny Ruk/CIN8S Ha 3a3HaueH1 MOKa3HUKHU.

BiamoBimHo 10 MeTH AOCHTiKEHHS Oyiu c(hOpPMYIIbOBaHI TaKi 3aBIaHHS:

1. OxapakTepusyBaTu CKJIaJ HYKJIETHOBHX KHCJOT, IO MICTAThCA B EVs 3
MOTY JIFOUHU, THAYKOBAHOTO (pI3MYHUMU HaBAHTAKEHHSIMH.

2. Jlocmigutu 0cobauMBOCTI MpoTeiHOBoro ckiaay EVs 3 moty nronuHw,
IHIYKOBaHOTO  (I3UYHUMHM  HABAaHTAXCHHSMU, Ta  OIIHUTH  MOXKIJIUBICTb
BUKkopucTaHHs EVs 3 Moty sk mkepesna NoTeHIIHHUX MPOTETHOBUX O10MapKepiB.

3. IIpoananizyBatu OCOOIMBOCTI XIMIYHOTO Ta MpoTeiHOBOro ckiamy EVs,
10 TMPOAYKYIOThCS KIITUHAMHU KapIIMHOMU HUPKUA MUl JiiHii Renca Ta mronunu
niH1i 786-0 3a yMOB HOPMOKCI1/T1MOKCI1.

4. 3’sicyBaTu BIUIMB HOPMOKCIi/TIMOKCIT Ha KUTBKICTh, po3MipH Ta ckiaa EVs,
130J1bOBAaHUX 3 KOHJMIIIOHOBAHOTO CEPEIOBHUINA KIITHH KapIIMHOMU HUPKH MUIII
niH1i Renca 3 pi3HuM piBHeM ekcrpecii agantepHoro npoteiny Ruk/CINSS.

5. Hocmigutu BrumB EVs, mo nmpoaykyroTbesl KIITHHAMH €MOpIOHAIBHOT
Hupku moauau JiHii HEK293 3 pi3HuM piBHEM ekcrnpecii aJanTepHOro MpoTeiHy
Ruk/CINSS5, Ha xmiTHHHI BIAOBIII in Vitro.

6. IlpoanamizyBati ocoOmuBOCTI TpoTeiHoBoro ckiany EVs, 110
MPOAYKYIOThCS KIIITHHAMH eMOpioHaibHOT HUpKH Jronunu diHiT HEK293 3anexno
BiJl piBHSA ekcrpecii anantepHoro nporeiny Ruk/CINSS.

7. Hocaigutu BB EVs, 130Jp0BaHMX 3 KOHAMIIIOHOBAHOTO CEPEIOBHIIA
aJICHOKApPUUHOMHUX KJIITUH TpyaHoi 3amo3u wmumn  JiHii 4T1 3 up/down
perymoBaHHsM agantepHoro mporeiny Ruk/CIN8S Ha 6io0r14H1 BiMOBIAI KIITUH

4T1 WT in vitro.
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O06’exkT mocaigxeHHs. MOJCKYISIpHUA ckian Ta Olomoriuni edextu EVs,
OTPUMAHMUX 3 OlOJIOTIYHUX PIAMH OPraHi3My Ta KOHIUI[IOHOBAHOTO CEPENOBHIIA
KJIITHH B KYJIBTYp1 32 HOPMaJIbHUX Ta MATOJIOTIYHUX YMOB.

IIpenmet gociaixkeHHsl. 3MiHH TIPOTETHOBOTO Ta HyKJIeTHOBOTO ckiany EVs
3 MOTYy JIOAWHM, 1HAYKOBAHOTO (PI3UYHUMH HAaBAHTAXKEHHAMH; OCOOJIMBOCTI
XIMIYHOTO/TIPOTEIHOBOTO  CKJIajgy Ta  Olomoriunmx  edekriB  EVs 3
KOHJUIIIOHOBAHOTO  CEPEJOBHINA MyXJWHHUX KIITHH 32 YMOB  BIUIMBY
HOPMOKCIi/TIMOKCI1 Ta 3MiH Yy piBHI ekcrpecii agantepHoro npoteiny Ruk/CINSS.

MeTtoan apocaigkeHHsi: 610XiMiuHI, 30MpaHHS TOTY 3 BEPXHbOI YACTUHU
Tina JoAUHU (pyK 1 Tyny0a) micas 30-XBWJIMHHHUX BIOpPAaB Ha BEJIOTPEHAXEPI,
METOJIM pOOOTH 3 KyJAbTYpaMu KJIITHH, OTPUMaHHS CYOJIiHINA MyXJIMHHUX KIITHH 31
CTaOUIbHOIO HAJACKCIPECIED PEKOMOIHAHTHHMX MpPOTEiHIB, JeHTUBIpycHa shRNA
TEXHOJIOT1s, YIbTpaleHTpUYryBaHHS B Pai€HTI HIUIBHOCTI, BUIIJICHHS 3pa3KiB
EVs 3a nmomomoror komepiiiHux HabopiB ExoEasy Ta ExoSpin, anami3
BiicTeKeHHST HaHouyacTMHOK (NTA), anamiz ekcrpecii OiomapkepiB EVs Ta
KUIbKicHe Bu3HadeHHs EVs 3 Bukopuctanuam miarpopmu ExoView R100,
enexkrpodopes nporeiniB y [IAAIT Ta HyKIEIHOBUX KHUCIOT B arapo3HOMY Iedl,
Bectepn-6not anani3, qRT-PCR, enexkTpoHHa MIKPOCKOIIS Ta IMyHOEJIEKTPOHHA
MIKpOCKOTIisl, KOH(OKalbHAa IMYyHO(IyOpECIIEHTHA MIKPOCKOIISl, CTBOPEHHS
0i06morek RNA-seq wmeromom Next-Generation Sequencing, PamaHiBcbKa
cnekrpockoris (TG-RS/TG-SERS), mac-ciekTpoMeTpuyHUil aHasi3 MPOTETHOBOTO
ckiany (LS-MS), ananiz npomideparuBnoi aktuBHocTi (MTT-Tect Ta IncuCyte),
JOCHIIPKEHHS MITPALIHOTO TOTeHLialy (METOA 3apOCTaHHS MOAPSANUHU Y
KIITUHHOMY  MoHomiapi Ta  IncuCyte), JoCHipKeHHsS  1HBa3WBHOCTI 3
BUKOPHCTaHHSAM MOJM(DiKoBaHOI kKamepu bolinena.

HaykoBa HoBu3Ha poOotru. Brepiie oxapakTepu3oBaHO OCOOIMBOCTI
HyKJIeiHOBoro ckinany EVs mory moauHM, 1HIYKOBAHOTO (DI3MYHUMHU BIIPABAMHU.
Bceranosneno, mo EVs noTy nonuHu MICTATh PI3HOMAaHITHI HYKJIETHOB1 KUCJIOTH,
Bmrogaroun DNA ta RNA mroachkoro 1 MikpoOHOTO TOXoKeHHs. HaiOimbin

npeacTaBiaeHo Oyna mitoxoHapiitHa DNA, Toal sk OUIBIIICTh 11€HTH(IKOBAaHUX
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RNA Oynu npeacraeneni tRNA, i menmor miporo miRNA, mRNA, snRNA,
snoRNA Ta inmmmu small RNAs. BusiBineno takox HyKJI€iHOBI KUCIIOTH OaKTepiu,
apxei 1 BIpyCiB, THIIOBUX JJISI MIKpOO10OMY HIKIpH.

Brnepiie oxapakTepn3zoBaHO 0COOIMBOCTI mpoTeinoBoro ckinaxy EVs moty
JIIOAWHU, 1HIYKOBAaHOTO (DI3UYHUMHM BIIpaBaMH. BCTaHOBIEHO BIIMIHHOCTI Y CKJIaIi
MPOTEiHIB, BUSBICHUX B PI3HUX 1HJIMBIAyalbHUX 3pa3kax EVs Ta 3arambHOro nory
JIOMWHYU, 17AeHTU(]IKOBaHI TMOTEHLIWHI OloMapkepu paky Ta 1H(EKIIHIX
3axBOpIOBaHb cepen npoteiHiB EVs mory. Ilokazano, mo ajabriHaTHUM TUIACTUP
Moke OyTm BUKOpHCTaHW i1 300py EVs moacekoro moty 3 MeTor ix
BIJIOKpeMJIEHHS B1J OakTepiiiHux EVs.

Ha wMonmeni kapiMHOMHHMX KIITHH HUPKM MHUII Ta JIIOJUHU BIEpIIe
MOKa3aHO, IO KOMIUIEKCHE BHKOpUCTaHHsA PamaHiBchkoi crnekrpockomii (TG-
RS/TG-SERS) Ta mac-cniektpomerpuunoro anamizy (LS-MS) 3abe3neuye muboky
nudepeHIiiHy OIIHKY J1ara30Hy PO3MIpiB HAHOYACTUHOK Ta MOJICKYJISIPHUX 3MiH,
3YMOBJIEHUX BIUIMBOM Pi3HUX (DaKTOPIB HABKOJMIIHBOIO CEPENOBHINA, TAKHX SK
TMOKCIs.

Ha Monensix azieHOKapuUMHOMHMX KIIITHUH HUPKHA MHIl JiHIT Renca, rpyaHoi
3amo3u mun JiHiT 4T1, TICEBIOHOPMAIBHUX KIITUH €MOPIOHAIBHOI HHUPKHU
monuan "Il HEK293 Bnepie nponeMOHCTpPOBaHO, IO afanTepHUN NPOTEIH
Ruk/CIN8S5 € HoBuM komnioHeHTOM EVs, sikuil Biirpae BaxJinBy pojib y O10reHes1
BE3MKYJI, PETYJIIOBaHHI iXHBOTO CKJIaAy 3a PI3HUX KHUCHEBHUX YMOB CEpEIOBHIIA.
BceranoBneHo Takox 31aTHICTE EVS 3 MyXJIMHHUX KIITHH, IO BIAPI3HAIOTHCS 32
piBaem ekcnpecii Ruk/CIN8S, nudepenuiitno momyntoBaTtd mponidepaTuBHY
aKTUBHICTh,  PYXJUMBICTH 1  IHBAa3WBHICTh  KJITHUH-pEHUMieHTIB.  Mac-
crektpoMerpuuHuM aHanizoM (GeLC MS/MS) Bnepiiie nmokazaHo, 0 OUTBIIICTh
11eHTU(IKOBAaHUX TPOTEiHIB, MO JU(EPEHINIAHO EKCIPECYIOThCS B KIIITHHAX
HEK293 3 up-perymoBanusim EGFP-Ruk/CIN85 i1 BusiBmsitorecsi B EVs, €

META00IYHUMH €H3UMAMH.
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IIpakTuyHe 3HA4YEeHHSl OJepP:KAaHUX pe3yabTaTiB. 3a pe3yIbTaTamu
OpOBEACHUX JAOCHiIKeHb, PamaniBcbky cnektpockomito (TG-RS/TG-SERS)
MOKHa PEKOMEHAYBATH I IIBUAKOTO aHAaJI3y 3MIH Y MOJIEKYJISIPHOMY CKJIaIl
EVs 3anexxHo BiJi yMOB HaBKOJMIIHBOTO CEPENOBHUINA 1 BUKOPUCTAHHS PI3HUX
MPOTOKOMIB I 1X OYMILNEHHS.. XapakTepucTuka ckiaay EVs 3 moTy moauHu
CBIIYNTHh MPO BHUCOKY 1HIWBIAYyaJibHY BapiaOeibHICTh OAKTEpIHHOIO CKJIay Ii€l
010JI0T1YHOT PIAMHHU Ta BKa3y€ Ha MOXJIMBICTH ii 3aCTOCYBaHHS SIK JKEpena JUis
BUBYECHHS MIKpoOioMy miKipH, a cami EVs 3 moty MoXyTh OyTH BUKOPUCTaH1 SIK
JDKEpeNo TMOTEHIIMHUX OioMapKepiB JUisi HEIHBa3UBHOTO MOHITOPHHTY 3/I0POB's
moauau. OTpUMaHI B X0l JUCEPTAILIMHOTO TOCTIKEHHS J1aHl PO MOJIEKYISIpHUN
ckinag EVs, 1301b0BaHMX 3 MyXJIMHHUX KIITHH, MAlOTh Ba)XJIMBE 3HAYCHHS IS
PO3YMIHHS MPOIIECIB, TIOB’A3aHUX 3 KAaHIIEPOTCHE30M, iX MOXKJIMBUM BIUIMBOM Ha
MPOrpecito MyXJIMHHOTO POCTY, MEXaHI3MaMH aJanTaili MyXJIUHHUX KIITHH [0
yMOB Tinokcii. Pe3ynmbrati aucepramniiHOi poOOTH PEKOMEHAYIOThCS s
BUKOpUCTaHHA B Kypcl «CHrHalbHI MEXaHI3MU KIITHH» JJs aclipaHTIB Ha
3M00yTTs cTyrneHs Jnaokrtopa ¢utocodii B ramy3i 3Hanb 09 biomoris, 3a
crremianbHICTIO 091 bionoris, bioximis.

OcoOuctuii BHecok 3100yBaya. Y mpoliecl BUKOHAHHS JIHCEPTaIiMHOI
poOOTH aBTOPOM OCOOMCTO BHOpaHO Ta MpOaHATI30BaHO HAYKOBY JIITEpaTypy 3a
TEMOIO HAyKOBOTO JOCHiKeHHS. JlucepraHTOM, CHITBHO 3 HAyKOBUMH
KEepIBHUKaMH PO3pOOJIEHO Mporpamy MpOBEJEHHS TOCTIKEeHb Ta BUOPAaHO METOAU
PO3B’sI3aHHS TTOCTABIICHUX 3aB/IaHb.

HuceprariitHa poOota OyJa BUKOHAHA Yy BN CUTHAJIBHUX MEXaHI3MIB
kiituau [HetuTyTy 61oxiMmii iM. O. B. Iammanina HAH VYkpainu Ta mabGopatopii
oiosorii po3utky YHiBepcutery Oyny «Laboratory of Developmental Biology,
Disease Networks Research Unit, Faculty of Biochemistry and Molecular
Medicine, University of Oulu and Kvantum Institute, Oulu, Finland».

ExcriepuMeHTanpbHa 4YacTUHA JUCEpTaliifHOI poOOTH Ta aHali3 JaHuX
IPOBOAMBCS 300yBaueM 0COOUCTO, 32 BUHATKOM €KCIIEPUMEHTIB, 1110 TOTpeOyBaIn

O0COOJNMBUX 3HaHb Ta HABUYOK, a TakoX crneuudiuHoro obGiaaHaHHs. B Takux
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BUMAJKaX JOCIIHULIbKA poOOTa MPOBOAMIACH CHUIBHO 13 CHIBPOOITHHUKAMH
BIJIOBITHUX YCTAHOB.

BuwmiptoBanus TG-RS 1 TG-SERS mnpoBomumucs y «VTT Technical
Research Centre of Finland, Oulu, Finland» ta «Institute of Photonics, University
of Eastern Finland, Joensuu, Finland» cnimeno 3 PhD Martin Kogler. Mac-
CIEKTPOMETpUYHUMN aHami3 npoBoauBcs y «Biocenter Oulu Mass spectrometry
core facility, Oulu, Finland» cminmbro 3 Ulrich Bergmann ta Hannele Hérkman.
EnexrponHa MiKpoCKoOmMiss Ta IMYHOEJIEKTPOHHA MIKPOCKOIS MPOBOAUIACH
cnitpHO 3 Ilkka Miinalainen ta Mika Kaakinen B «Biocenter Oulu Electron
Microscopy core facility, Oulu, Finland». JlociimkeHHsi BIUIMBY HaJeKcOpecii
Ruk/CIN85 na nmuHamiky wirpamiii kmitaH Renca Ta 4T1 npoBoawimmch 3a
koHcynpTaniid k.0.H. Topak I.P, x.6.H. Ckarepnoi T.JI., x.0.H. XynskoBoi O.B.
[actuTyty Oloximii im. O. B. Ilammamina HAH VYkpainu. DNA Ta RNA
CEKBEHYBaHHs 3pa3KiB Moty mpoBoauiocs B «Biocenter Oulu, Sequencing core
facility, Oulu, Finland». Anam3 ganux DNA ta RNA cexkBeHyBaHHS IPOBOJMBCS
ciinsHO 3 PhD Genevieve Bart «Faculty of Biochemistry and Molecular Medicine,
Disease Networks Research Unit, Laboratory of Developmental Biology, Kvantum
Institute, Infotech Oulu, University of Oulu, Oulu, Finland» ta PhD Daniel Fischer
«Production Systems, Natural Resources Institute Finland (LUKE), Jokioinen,
Finland». Pesynbraty BuIIe3rajaHux JIOCTIIKEHb OMYOIIKOBAHO Yy CHIJIBHHUX
myOTiKaIisix.

Amnpobauis pe3yabrariB gocaigkedb. OCHOBHI MOJIOKEHHS AUCEPTAIIHOI
poboTH Oyl0 TPEACTaBICHO HAa: HAYKOBO-TIPAKTUYHIM KOHQEpeHIli MOJIoAuX
BUeHUX «DyH/IaMEHTAJIbHA MEIUIIMHA: IHTeTpaIbHI MIIXOIU 0 Teparii XBOpHUX 3
oHkomnarosorieto» (Ykpaina, Kuis, 2019); kondepeniii monoaux BueHnx «Modern
aspects of biochemistry and biotechnology» (VYkpaina, Kui, 2019); S5-ii1
MixuapoaHiii HaykoBiii koH(pepeniii «Current problems of biochemistry, cell
biology and physiology» (Ykpaina, uinpo, 2020); koHbepeHIii MOJOIUX BUCHHUX
«Modern aspects of biochemistry and biotechnology» (Ykpaina, Kuis, 2021).
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Iy6aikanii. 3a Temoro auceprarii omyOnTiKOBaHO 6 OCHOBHHUX pPOOIT, SKI
BinnoBinaoTh Bumoram [locranoBu KaGinety MinicTpiB Ykpainu Ne 44 Big 12
ciuas 2022 p., 3 HUX 4 cTarTl - y (axoBUX 1HO3EMHHUX BUJAHHSX, BITHECEHHUX JI0
Q1-Q2 Ha gaty omy0OJiKyBaHHSI.

Crpykrypa Ta o0car aucepramii. [luceprailis MICTUTh Taki pO3ALUIM:
BCTYIl, OIS JIITEpaTypu, MaTeplagud Ta METOAU JOCIIKEHb, pe3yabTaTH
JOCIIKEHb Ta IX 0OrOBOPEHHS, aHaJI3 Ta y3araJlbHEHHS PE3yJIbTaTiB JOCIHIIKECHb,
BHUCHOBKH, CIIUCOK BUKOPHUCTAHUX JDKEpEN, NoJaTKu. Pykonuc Bukiaaenuil Ha 281
CTOpIHKaxX KOMIT FOTEPHOr0 HabOpy, MICTUTh § TaOIMIL B OCHOBHIN YacThHI Ta 21
TabuuLIo B AoAarkax, 56 pucyHkiB. CIMCOK BUKOPUCTAHUX JKEpeEN BKIo4ae 383

HANMEHYBaHb.
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PO3/ILI 1
OIS JIITEPATYPU

1.1. 3arajpHa XapaKTepHCTHKA MO3AKJITHHHUX Be3UKYJI
1.1.1. OCHOBHi THIIM MO3AKJITHHHUX BE3UKY.JI

3MaTHICT, 7O  CeKpelli HAHOPO3MIPHUX MEMOpaHHHMX BE3UKYI Y
MO3aKIITHHHUNA TMPOCTIp € KOHCEPBATUBHUM IPOLIECOM, XapaKTepHUM st
Oakrepiii, apxe Ta eBkapiotnunux kmituH (Puc. 1) [174, 175, 74, 58].
[Tozakmituaai Be3ukynmu (EVs) wmatote chepuuny Qopmy, BKpUTI JiMiTHUM
Oimapom, 30aradueHi pi3HUMHU NPOTeTHAMU, HYKJIETHOBUMHU KUCJIOTaMU, JiMiIaMU Ta
mertabomitamu. Cekpeniss EVs BinOyBaeTbcst 3a MexaHi3MaMM, 110 MarOTh CBO1
cnenu@iuHl OCOOJMBOCTI B E€BOJIOLIMHO PI3HUX Tpylax OpPraHi3MmiB, TOMI SIK
MDKKJIITUHHAa ~KOMYHIKallis, OIOCEpPEAKOBaHA BE3WKYIaMH, € EBOJIIOIINAHO
KOHCepBaTuBHOIO |73, 74, 58].

EVs cekperytoThcst pi3HUMU KJIITHHAMU CCABIIIB SIK 32 (D1310J0TTYHUX YMOB
TaK 1 MaTOJIOTIYHUX CTaHiB, BKIIOYAIOYM KaHIIEPOTEHE3, MPHU SKOMY BHUBUIHLHEHHS
MO3aKJIITUHHUX BE3UKYJl aHOMaibHO 3poctae [113]. bymo 3ampomoHoBaHO JBa
MexaHi3mMu Oiorenesy EVs y ccaBuiB: (1) exk3ocomu, KEpEIOM SKUX €
C€HIOCOMHUN KOMMIApTMEHT MICHs 3IUTTS MYyJAbTHBE3UKYyIsipHux Tin (MVB) 3
I1a3MaTUYHOI0 MEMOPAHOI0; (2) MIKPOBE3UKY/U (TAaKOXK B1AOMI SIK MIKPOYACTUHKU
ab0 EeKTOCOMHM), JDKEepeJoM SKHUX € Oe3MocepeHho IIa3MaTHYHa MemOpaHa.
TepmiH €K30COMH MOCTIHHO BHUKOPUCTOBYETHCS [JISl TO3HAYEHHS EK3OIMTHHUX
Be3UMKyal 3 MVB, Tomi sK MIKpOBE3UKYJIM BIAOMI MiJ pPi3HUMU Ha3BaMH,
BKJIIOUAIOYM MeMOpaHHI BE3WKyJIM, MEMOpaHHI YaCTUHKH, €K30BE3UKYIIH,
HAHOYACTUHKH, €KTOCOMH, MIKPOYaCTUHKH a00 MaTPUKCHI Be3uKynu [58].

Bnepme exzocomu Oynu ommcani Ommu3bko 30 poKiB TOMY 3a JIOTIOMOTOIO
€JIEKTPOHHOI MIKPOCKOIIi $K MaJieHbKI BHYTPIIIHBOKIITHUHHI BE3UKYIH, SKI
MICTHJIM MPOTETHM TIa3MaTHYHOT MeMOpaHU B JO3PIBAIOUUX PETUKYIOIUTaxX [235].

[{i maneHbKI BE3UKYIU OyIu BIIOKPEMIIEHI B MeXaxX IMOB’A3aHOi 3 MeMOpaHOIO
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opraHenu, yTBOpoodM MVB, 1 BUBUIBHSUINCH TUISXOM 3JHUTTS 30BHINIHBO1
meMOpanu MVB 3 mia3mMarndHo0 MeMOPaHOIO KIITHHH.

[lepmmii ommc MIKpPOBE3WKYN, SKI TakoXK 4YacTO Ha3WBajlW iHIIMMHU
TEpPMiHAMHU, TAKUMH K MIKPOYACTHMHKH 200 €eKTOCOMH, Oyli0 OmyOsikoBaHo B 1967
pori [357]. ¥V nmna3mi mronuau Oynu 11eHTU(IKOBaH1 (parMeHTH TPOMOOIIUTAPHOTO
MOXO/KEHHSI, K1 Maiu (GopMy, IO HarajayBajia MajeHbKI MeMOpaHHI BE3UKYJIU
[357]. Byno BHCIOBIEHO MPUIYIICHHS, MO0 BUAUICHHIO MIKPOBE3UKYJ TEPEIyE
YTBOPEHHS BUCTYMIB (OpyHbKYBaHHS) Ha IUIa3MaTUYHIA MeMOpaHi 3 HACTYyITHUM

BiJl € THAHHSM, TIIIIXOM TOJTY, JUITHKY OpyHBKYBaHHS [259, 64].

Gram-negative Bacteria

Outer Membrane Blebs
Membrane Blebs : Gram-positive Bacteria

Outer Membrane Vesicles
Archaea Extracellular Vesmle%\ v -
o Extraoeilular Vesicles
/ Membrane Vesicles e N | 7
Prokaryotes — ~ " " Membrane Vesicles Cellular Origin
Eukaryotes — Extracellular Vesmles —————— Prostasomes \
Argosomes— —___— Dexosomes

Matrix Vesicles _— ~ Nanovesicle

! Oncosames""___-.---""' — |i.i1'cro esicles
Function \ ' 1e/0s0mes //"' i - S I
/ / | N\ N o Mlcroparhcles

Blebbing Vesmles // A " \ "\_ “\\ \Membrane Vesicles

Budding Veslcles/ /’ / B 6ma-lik.;\\ ‘\Membrane Particles
Vesicles “-\Extraoellular Vesicles

Extracellular Membrane Vesicles

I.a' |
Ectosumes/ Exovesicles I|
Exosomes ghedding Vesicles
Biogenesis

Size and Morphology

Puc. 1.1. Cekperrisi Be3uKys 1 MDKKIITHHHA KOMYHIKAIlis, OMOCEPEIKOBaHA
EVs, eBomoIiiHO KOHCEpPBAaTHUBHI NPOLECH BiJ MPOKapioTiB (apxeu, TIpam-
HEraTuBHUX OakTepiil 1 rpaM-TMO3UTHUBHUX OakTepiii) A0 €BKaploTiB, BKIIOYAKOUU
KJIITUHH CCaBIiB [59].

Hes3Baxkaroun Ha O4YEBHIHI BIIMIHHOCTI B MexaHI3Max OloreHe3y Mix
€K30COMaMH Ta MIKPOBE3UKYJIaMH, EKCIIEPUMEHTAIBHO CKJIATHO BIIPI3HUTH
€K30COMHM BiJ] MIKPOBE3MKYJ MICJs iX 130/1t0BaHHs. binblie Toro, He iCHY€ 4iTKO
onucaHuX (I3MYHUX BIACTUBOCTEW UM MOJEKYISPHUX MapKepiB, SKI MOIIu O
OJTHO3HAYHO BIJPI3HUTH €K30COMHU BiJ MikpoBe3ukyn [75, 288, 61]. Tomy 1

3MillIaHl MOMYJsLIi YACTUHOK OTPUMAaM Ha3By no3akiiTuHHI Be3ukynu (EVs) [60].
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[Ticns BuBLIbHeHHS o0uaBa Tunmu EVS  LUPKymIOIOTE y  JOKaJIbHOMY
MNO3aKJIITHHHOMY TMPOCTOpPlI Ta MITPYyIOTh Ha BEJIUKI BIACTaHI MUIIXOM

TPaHCIIOPTYBAHHS Yepe3 PIIMHKU OpraHi3My, Taki K KpoB 1 JiMda.

1.1.2. IIpoTeiHoBHIT Ta MOJIEKYJISIPHUI CKJIA/ MO3AKJIITHHHUX BE3UKYJI

EVs wmictars ckimaguuii Habip MpOTEiHIB, SIK IHTETPOBAHUX 3 MEMOpPaHOIO,
TaK 1 MPUCYTHIX Yy BHYTPIIIHBOMY MPOCTOP1 Be3uKyil. Pi3H1 nuisixu 6ioreresy EVs
BimoOpaxkeH1 B ix mporeiHoBoMy ckiaai [334]. Hampuxman, mnopiBHAHO 3
KJIITUHAMH, €K30COMH 30arayeHi KOMIIOHEHTAMH €HJOCOMHOTO COPTYBaJIbHOIO
komruiekcy s TpancroptyBaHHs (ESCRT) 1 #ioro gomomMiKHUMHU TpOTEiHAMM,
BKJItO4arouw, Hanpukiaa, Alix 1 TSG101. Tomy 11 mnporeiHM YacTo
BUKOPHUCTOBYIOTH sik Mapkepu ek3ocoMm [307]. ESCRT Bigirpae BaxkiuBY poyib Y
KJIacTepHu3allli BAaHTaXy 1]l 4ac OloreHe3y BHYTPIIIHbONPOCBITHUX Be3ukya (ILV)
[161]. ESCRT cknanaetscst 3 wotupbox komiuiekciB (ESCRT-0, -1, -II Ta -III), siki
BIJIIFPAIOTh BUPIMIAIIbHY poyib y OiloreHesi Ta BUBUIbHEHHI EVs. 3 iHIoOro 6oky,
Oys0 BUsBIIEHO, 10 He3anexxHuil Bii ESCRT Mexani3aM OpyHbKYBaHHS Takoxk Oepe
yuactb y Oiorene3i EVs [9]. Hanpuknaa, anbTepHATUBHUM NUISAX BUKOPHUCTOBYE
1epamiJi 1Jig TeHEpyBaHHS 1HILOI HOMYJISIIIi €HA0COM, 1110 MPU3BOAUTH 10 CEKpellii
€K30COM 3 IHIIUMHU Xapakrepuctukamu [320]. [HiI mpoTeinu, MpUCyTHI y BEIHUKIN
kibkocTi B EVs, BkIItoyaioTh mpoTeiHu TersioBoro moky (Hampukman, Hsp70 1
Hsp90), meMOpanHi nmpoTeiHu MOB’A3aHl 3 Ji3ocomMamu (Hampukian, Lamp2a,
Lamp2b), mporeinn nmtockenery (HaNpuKIad, akTUH, TYOyJaiH 1 Ko(uUIiH) Ta
terpacnaninu (Hanpukiaa, CD9, CD81, 1 CD63) [336]. Kpim TOro, BUSBIIEHI
Takox TnpeactaBHuku poauHu Rab GTPases (nampukian, Rab4, Rabll 1 Rab27),
aHHEKCHH 1 QUIOTHIIIH, K BIIITPAIOTh BAKIIUBY POJIb y BE3UKYIIPHOMY OOMIiHI Ta
BUBUIbHEHHI [112]. Xouya exk30coMu Ta MIKPOBE3UKYIH MalOTh, 34aBajiocs O, pi3Hi
POTEiHOBI MPOod1i BHACIIIOK PI3HUX NIISAXIB OioTeHe3y, He Oy0 11eHTH(IKOBAHO
YKOJTHOTO MPOTETHY, SIKU OW JO3BOJIMB PO3PIZHUTH 111 JIB1 MOMYJISAIIII.

Kpim mnpoteiniB, EVs TpaHCHOpTyIOTh TakoK O€3iy KOIYyBaJIbHHUX 1
HexkonyBatbHUX RNA, Brimouatoun mRNA, miRNA, circRNA, tRNA, snoRNA 1
piRNA [148, 89]. OueBungne 30araueHHss Ha gesaki creuudiuai RNA y EVs
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MOPIBHAHO 3 KJIITHHAMH, SIK1 iX MPOAYKYIOTh, CBIAYUTH MPO TE, 110 3aBaHTAKECHHS
EVs He € a0comioTHO BHMAJKOBUM MPOIECOM M, A0 NEBHOI Mipu, MOBHHEH

ICHYBaTH PETYJISITOPHUIN MEXaHi3M, sSikuid kepye copryBaHHsIM RNA y EVs [271].

Antigen

Tetraspanins F’FEISEntIirIg
CD9, CD37, molecules
CD53, CD63 MHC Class |
CD81, CD82 . i i . MHC Class i

R

Cytoskeletal Proteins
Actin, Cofilin, Tubulin

ESCRT machinary fﬁ?ﬁar;mm

A% TSET0 iy sais

' Growth factors and cytokines
(6] THF-o, TGF-B, TRAIL

Mueleic Acids

Ez MRNA, miRNA, Other
non-coding RMA, signalling
DNA. ; receptors

FaslL, TNF
receptor, TR

Adhesion molecules ®
Integrin-a and -
P-selectin

Cholesterol,
GWcungins ceramides,
B-galactosidase sphingomyelin, PI,
O-linked glycans PS, PC, PE, GM

N-linked glycans

Puc. 1.2. CxematuyHuil CKJIaj] MO3aKJIITUHHUX BE3UKYJ. Be3ukynu MicTITh
PI13H1 IPOTETH, JIIMIIA, HYKISTHOBI KMCIIOTH, a TAKOX 1HIII MOJICKYJIH.
Hsp — heat shock proteins; PI — phosphatidylinostol; PS — phosphatidylserine; PC
— phosphatidylcholine; PE — phosphatidylethanolamine; GM — gangliosides; Hsc —
Heat shock cognate; TSG — tumor suspectibility gene; TNF — tumor necrosis
factor; TGF — Transforming growth factor; TRAIL — TNF-related apoptosis-
inducing ligand; FasL — Fas ligand; TfR — Transferrin receptor [111].

Bbyno BusBneno, mo aeski RNA-3B’s3yBajibHI IPOTEIHH OEpyTh ydacTh y

MexaHi3Mi coptyBaHHS mMIRNA EVs, skuil perymeTbcs 3a JIOMOMOTOIO
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cneruivHuX MOTUBIB y mocnigoBHOCTAX [271, 335]. Ili mpoTeinu 3B’ SI3yrOThCS
6e3nocepenupo 31 crenudivanmu MiRNA 1 mOCWIOIOTh iXHE 3aBaHTaKCHHS
Bcepenuny EVs [271, 335]. Lle cBiguuTh Mpo Te, 0 KOHCEPBATHMBHI MOTHBHU B
nocnigoBHOCTAX MIRNA KOHTPOMIOIOTH iX KOMIIAPTMEHTAJI3AIllI0 BCEpPEANHI
BE3UKYJl uepe3 mporeinu, mo 3B’sa3ytoTb RNA. 3aznaueni creuudiuni
IIOCJIIJIOBHOCTI MO>KHA BCTaBUTH B 1HIINI MIRNA, 11100 30UIBIIATH IX 3aBaHTaKEHHS
B EVs [271]. Tloka3zano Takox, mo RNA-3B’a3yBanpamil potein Y-box 1 (YBX1)
Moke (i3udHO B3aeMofisaTu 31 crenudigHoro miRNA-223 yepe3 BHyTpilIHIN
JIOMEH «XOJIOJOBOTO IIOKY» Ta BHCOKO3apsykeHuid C-KiHEeIb 1 yHmakoByBaTd ii
Bcepenuny EVs; onHak, Ha »Kallb, YiTKUA MOTHUB MOCTIZOBHOCTI B Iid miRNA
3QIMIIAETBCS  HE  iAcHTH(]iKOBaHMM. B  1HIMX  JOCHIDKEHHSIX  TaKOX
noBigoMysiiock npo ponb YBXI1 y 3B’sa3yBanHl pi3HMX RNA, BkiIodarouu
dbparmentu tRNA 1 snoRNA, 1 ix 3aBanTakeHHs Bcepenuny EVs [287].

Ha nomarox no ynakoBku crnenudiunux miRNA Bcepeauny EVs, Oynu
BUsBJIEHI nuisaxu nepeminieHHs miRNA B EVs. B HemogaBHbOMY [10CHIIKEHH1
Oyno onucano BB (paktopa ADP-pubosmmoBanns 6 (ARF6)-GTP 1 Exportin-5
Ha nepemimeHHs npe-miRNA y mikposesukynu (TMVs), oTpuMaHi 3 MyXJIMHHUX
KJIITUH [62]. MaciraOHe KapTyBaHHS TPOTETHO-TIPOTETHOBUX B3a€EMOIiH MOKa3aJo,
o Exportin-5, axuit Bianosinae 3a TpancnopT npe- miRNA 1 RNA-3B'sa3yBanbHuX
NPOTEiHIB BiJ siipa A0 LUMTOIIIAa3MH, € 3B'si3yBajbHUM mapTHepoM ARF6. GTP-
orocepeaKoBaHa B3aeMopiss Mixk Exportin-5 1 ARF6 Ta iX cmijbHa jokamizaris
nobnu3y sanpa abo BcepenuHi TMVs Bkasye Ha ponb Exportin-5 y nepemilieHH1
BaHTaxy mnpe-miRNA Bix sapa po wmicus Oiorenesy TMVs. Ilicns
onocepeakoBanoro TMVs neperecents miR-21 10 KITITUH-PEHUIIEHTIB, SIKI OyIu
CKOHCTpYHOBaH1 1Jisg ekchpecii jaecradunizoBaHoro GFP, saxuii MictTuB caiT
3B s3yBaHHs MiR21, ekcrpecis nmporeiny GFP 3nauHO 3HMKYBanach, 110 BKa3ye Ha
byHKIIOHATBHY H0cTaBKy miR-21. BusBinenuit peHoMeH cBiAUUTh PO ICHYBaHHS
cnequ@IYHOTO NUIAXY B pEryjulloBaHHI TpaHcnopty npe-miRNA, sxuit

MOTEHIIITHO MO>KHA BUKOPUCTOBYBATH JIJIS IILJTHOBOTO 3aBaHTakeHHS EVs.
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Kpim toro, EVs MoXyTh MICTUTH NpPOTEiHHU, 5KI 3B’A3YIOTHCSA 3 BIACHOIO
mRNA 1 copryBatu ii. OgHMM 13 TaKMX MEXaHI3MIB COpPTYBaHHA, SIKUU IMITye
nepeHeceHHsa BipycHOi RNA, € mportein, nmomionuit go antureny (Gag), sikuii
HazuBaeThes Arc [239, 11]. Sk mpaBuiio, miJ 4ac periikaiii peTpoBipycy MpoTeiHu
(Gag yTBOPIOIOTH KalCUJ IUIIXOM MYJIBTUMEpHU3allii A yIakoBKH BipycHOi RNA 1
nepeHeceHHd i 10 1HmuX KIITAH. [logiOHum yuHOM HelpoHanbHuii (Gag-
nofioHuii mpotein Arc 3B’s3yeThbes 31 cBoeto mRNA dyepe3 10HHI B3aeMOil Ha
cBoeMy N-KiHI, IO MPU3BOAWTH JO MOJAJBIION0 CaMO30UpaHHS KalCHUIB,
iakarncymsarii RNA y EVs Tta ocrarounoro mepeHecenHst ii qo HelponiB. byio
TaKO)K TOMIYEHO, Mo 1HKancyasuis mRNA 3a pomomororo Arc moxe OyTu
Hecnenu(pIgHO 1 BUKOPHCTOBYBAaTHCS Ul CHUIbHOrO nepeHeceHH mRNA y
BEJIMKIN KIIBKOCTI B1Jl OHIET KJIITUHM 10 1HIIO1 yepe3 EVs, mo mictate Arc [239].

3arajiom, cTa€ 3p03yMUIUM, IO B CKJIAJHOMY Ta OararoeTarnHoMYy IMpolLeci
copTyBaHHs BaHTaxy B EVs Oepe ywacth nexiibka mexani3miB. [lomanbiie
3’ICYBaHHSI TOUHMX MEXaHI3MIB, 3aJIIHUX y KIITUHHOMY COPTYBaHHI MOJEKYI,
J03BOJIMJIO O BUKOPUCTOBYBATH 111 3HAHHS JUIsl €HIOT€HHOTO 3aBaHTAXECHHS PI3HUX
OiorepaneBTMuHUX mpenapariB y EVs, mo0 BukopuctoByBatu ui EVs nmms
TeparneBTUYHOI JT0cTaBKU. Ha kanb, BpaxoByIOUM OYEBUAHY T€TepOTreHHICTh EVs
3aJle)KHO Bl OlOreHe3y, METOJy 130JII0OBaHHS Ta JDKepena KIITHH, METOIU
3aBaHTAXCHHSI, MOXKJIUBO, TOBEAETHCA ONTHMI3yBaTH JJII KOKHOTO THUITY KJIITHH i

0axaHoTo TCPAIICBTUYHOI'O BAHTAXY OKPCMO.

1.1.3. MexaHi3MH YTBOPEHHSI TA BUBIJIbHEHHS MO3AKJIITHHHUX BE3UKYJI

B Oiorene3i EVs 3amisiHi Kkiibka MexaHI3MIB. 30KpeMa, €K30COMU
YTBOPIOIOTBCS  SIK  1HTpalitoMiHasbHI Be3ukyaun (ILV) depe3 OpyHbKyBaHHS
MeMOpaHu BCEpEIUHY 03piBaAl0OYMX €HI0COM 3 HAcTymHuM (opmyBanHsIM MVB
OJHAK BOHM MOXYTh TaKOX 3JMBATUCA 3 IUJIa3MaTHYHOIO MEMOpaHOIO s
BuBUIbHeHHs ILV 'y mnozakmituanauit npoctip [331]. Oaun 13 Haiikpaiie

OXapaKTepU30BAHMX MEXaHI3MIB OlOreHe3y €K30COM BKIIIOYAE  3ay4eHHS
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€HJIOCOMHOTO  COPTYB&JIbHOTO  KOMIUIEKCY, HEOOXIIHOTO sl  MeXaHI3My
tparcnoptyBanHs (ESCRT) no yOikBITUILOBaHMX MPOTEIHIB Y PaHHIM €HIOCOMI.
Icnye wotupu wommiekcu ESCRT (ESCRT-0, —I, —II Ta -III), acowiifoBani 3
nonoMibkHUMU mporeiHamu, Takumu sk ATPaza VPS4, ii kodakrop VTA-I,
TSG101 ta Alix. Kommekc ESCRT-0 posmizHae Ta jokanildye yOIKBITHIIbOBaHI
MPOTEiHNU Ha 30BHIMIHINA CTOpoHI enaocoMHoi MemOpanu. Kommiekcu ESCRT-I ta
—II  BigmoBimarOTP 3a  TOYATOK Ta  CTUMYJIOBaHHS  OpyHBKyBaHHS
BHYTpilIHbONPOCBITHOI MeMOpanu. Kommekc ESCRT-III 3xiicHioe po3iersieHHs
Be3uKyn 3 yrBopeHHs M MVB [1]. Takox onwucanuii ESCRT-He3anexxHuil nuisix
OloreHe3y €K30COM, SIKHW OMOCEpPEAKOBYEThCS ciHrommianuM uepamigom [320].
[lepamin yTBOpIOETBbCS B PE3YAbTAaTi TiApOJi3y CHIHTOMIENIHY HEHTpaIbHOIO
chinromieninazoro 2 (nSMase2) [320]. KonycomoaiOHa CTpyKTypa lepamimy
CTUMYJIIO€ HETaTUBHY KPUBU3HY MeMOpaHW [Jisi TOJErIIeHHS MeMOpaHHO1
iuBarinamii ILV [320]. ABtopu mnoBimommiau, 1o nSMase2 HeoOXigHa s
BUBUIbHEHHS nipoTeodinigHoro nporeiny (PLP) 3 knitun Oli-neu [320]. Kpim Toro,
OTIOCEPEKOBAHMM 1IepaMiJIOM IUISAX O10reHe3y €K30COM € BaXJIUBUM JJIS €KCIIOPTY
miRNA uepe3 exzocomu [158]. Byno Takox mnokazaHo, mo teTpacnaHin CD63
Oepe ydacTh y copTyBaHHI npoTeiny menanonutiB PMEL B ek3ocomu 3a ESCRT-
He3aIe)KHUM MexaHismMoM [330]. Jlesiki 3 KITIOYOBUX PETYJISTOPIB CTUKYBAaHHS 1
3muTTs MVB 3 miazmMarnuHo0 MEMOpPaHOIO0 BKJIIOYAIOTh KUIbKA YJIEHIB POJUHU
Rab (Rabll, Rab35, Rab27), a Takoxx cunanTorarmid-7 [273, 131, 129, 233, 27].
Panime mnoBigomisiocs, Mo KopTakTuH 1 Rab27a B koopauHOBaHUi crocid
CTaOUNI3YIOTh PO3Traly’)KeH1 aKTMHOBI MeEpexkl, 1100 3a0e3Me4YuTH PO3TallyBaHHS
MVB no0nu3y mna3mMarnyHoi MeMOpaHu Ta TIEPEHECEHHS €K30COM B 1HBAJIOMOIIT
[289].

MikpoBe3ukynu (MVs) yTBOPIOIOTBCS MIISXOM OpYHbKYBaHHS Ha30BHI
T1a3MaTUYHOI MeMOpaHu 3 HACTYITHUM BHUXOJIOM Yy MO3aKIITUHHUN mpocTip [331,
209]. biorenez MVs BiJIpi3HSAETHCS BiJl TAKOTO ISl €K30COM, OoTpuMaHux 3 MVB
[331, 209]. Ilix yac renepyBanHss MVs B110yBalOThCs MOJIEKYISIpHI IEpeOy10BH B

Micusgx OpyHbKyBaHHsSI MV, 1110 IpU3BOIUTH 10 3MIHH JIIITITHOTO Ta MPOTEIHOBOTO

40



ckiany TurazmarudHoi memoOpanu [331, 209]. OgauM i3 MeXaHI3MIB YTBOPECHHS
MVs € peopranizaiis docdomimiaiB aMmiHOGOCHOTIMITHUMA TPAHCIOKa3aMu
(bpmomazamu  Ta Painmazamu) [331, 209]. IamuMm ¢daxTopom, IO CIpHUsE
opynbkyBaHHIO MVs, € GTPase, dpaktop ADP-puboszmntoBanns (ARF6). ARF6
ctumyioe docdorimazy D (PLD), 1o cynpoBomKyeTbes acorlialiiero KiHaszH, sika
perymoeTbes no3akmiTuHHUMU curHanamu (ERK), 3 mimazmarnunoro MeMOpaHoro
[216]. ERK xarami3zye ¢docdopuaoBanHs KiHA3W JIETKOTO JIAHIIOTA MIO3UHY
(MLCK) [216]. AxtuBoBana MLCK cnopusie dochopunoBanHio Ta aKTHBAIlil
JIETKOTO JIaHIIora Mio3uHy. KiHIIeBUM pe3ynbTaToM IbOTO CUTHAJIBHOTO KacKaay €
CKOPOYEHHSI aKTOMIO3HMHY B «IIHiKax» MVs, 1o nosermrye ix BUBLIbHEHHS [216].
[Hmmit mexaHi3m yTBOpeHHST MVs omnocepenkoByeThesi mpoteiHoMm Arrestin 1
(ARRDCI1). Bussneno, muio B3aemomiss ESCRT-I cybomuuumi TSGI01 3
m1a3MaTUIHOI0 MeMOpaHow omnocepenkoByeTbes ARRDC1 3aBasku mpuCyTHOCTI
B HOro CTpyKTypi KoHcepBaTuBHOTO MotuBy PSAP [219]. 3rogom, acoraris
ARRDCI1 3 xommiekcom ATPasu VPS4 3 mirazoro E3 WWP2 npusBoauts 10
yoikBiTuwimoBaHHss ARRDCI it popmysanns mmux MBs [219].

1.1.4. HInsixu NOVIMHAHHA MO3AKJIITHHHUX Be3UKYJI TA iX BMICTY

[licnss BUBUIBHEHHS Y MO3aKJIITUHHUNA MPOCTIP, BE3UKYJIU 3[aTHI J0OCATaTH
KJIITUH-PEIUIIEHTIB JJIsl JOCTAaBKU CBOTO BMICTY, 11100 BUKJIUKATU (PyHKIIIOHATBHI
peakiii Ta CHOpUATA (PEHOTUINIYHUM 3MiHAM, $KI BIUIMBaTUMYTh Ha iX
¢di3ionoriyHuii a0  MATOJOTIYHMM  cTaH.  MODKKJIITUHHA  KOMYHIKaIlis,
OTOCEepEeIKOBaHA BE3WKyJdaMHu, TOTpedye iX B3aeMomii 3 IUIa3MAaTUYHOIO
MeMOpaHOI0 3 HACTYIHOIO AaKTHBALI€I0 TOBEPXHEBUX PELENTOPIB 1 Mepedadl
CUTHAJIIB 1HTEpHAaI3aIlii BE3UKY/ (€HI0IMTO3) a00 3JIUTTS 3 KJIITUHAMU-MIIICHSIMU
(Puc. 1.3). Croci6 B3aemoii Be3UKya 3 TMOBEPXHEIO KIITHHU Ta MEXaHI3MH, SIKi
OTIOCEPEIKOBYIOTh TIEPEHECEHHS BaHTaXYy, 3’sCOBaHI HenocTaTHbO. L1 mporecu €
CKJIAIHUMU 1 3ajexars Bil moxomkeHHs EVs ta wmitus-penumientiB. CydacHi
JTOCTIJDKEHHsT ~ 37e01IbIIOT0  30Cepe/pkKeHl  Ha  3°SCyBaHHI  MEXaHI3MIB

MDKMeMOpaHHOi B3aeMopii. BonHodac, He3BakalouM Ha PI3HUN BMICT 1 pO3MIpU
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EVs, npuHmunu normuHaHHsS Ta O10XIMIYHI MEXaHI3MH [ii pI3HUX CyOMmOmyJsLin
EVs timoBipHO € crinbanmu [331].

CrnernudivHicTh B3a€MOIT 3 KJIITHHAMHU-MIIIIEHSIMH, TMOBIPHO, BU3HAYAETHCS
CKJIaJIOM TpOTEiHiB, 30araueHux Ha moBepxHi EVs, 1 penentopamu Ha
MJIa3MaTUYHIM MeMOpaH1 KJIITHH-PEIUITIEHTIB, TaKUX SK (OJIKYISPHI JSHIPUTHI
KJIITHHY [76], eniTeniliHi KITHHA KuiedHuka [ 193], nenaputHi kmituau [227] abo
HelpoHn [56], a Takok KIITHHM TewiHkd 4uu jieredi [193, 127]. Cnig 3a3nauntw,
0 KJIITUHA-PELUITIEHT OJHOYACHO MOXKe OyTH KIIITHHOIO-TIPOJAYLIEHTOM, IO
redepye EVs, ki if0Th 32 aBTOKpUHHUM THIIOM MexaHi3MiB [199]. Bimomo kinbka
MEJIaTOpIB IMX B3a€EMOJIM, BKJIIOYAIOYM TETPACIAHIHU, IHTETPUHM, MY,
JICKTUHU, TPOTEOTNIIKAHM Ta KOMIIOHEHTH Mo3akimiTHHHOro Matpukcy (ECM).
KiiTuHHI Ta MOJIEKYJIApHI OCHOBM creuudiuHocti B3aemonii Mk EVs Ta
aKIETITOPHUMH KJIITUHAMHU BCE IIE JO0 KIHIM HE 3’ICOBaHi, Xo4a JIeAKi JaHl BXKE €
noctynaumu. Hanpuknan, interpunu Ha EVS MOXyTh B3a€MOIISITH 3 MOJIEKYJIaMU
aaresii, TaKUMU SIK MOJIEKyaU MLKKIITHHHOL aaresii (ICAM) Ha moBepxHI1 KIITHUH-
peuuieHTiB [214].

Kpim Ttoro, Oyno mnoka3zaHo, IO B3a€MOJISl I1HTErPUHIB 3 MPOTEIHAMHU
MO3aKJIITUHHOTO MAaTPUKCY, MepeBaXHO (PIOPOHEKTHHOM 1 JAMIHIHOM, BiAirpae
BXJIMBY pOJb Yy 3B’s3yBaHHI ek3ocoMm [297, 253] 1 mikpoBesukyn [178] 3
KJIITUHAMH-peuIieHTaMu. Y 1boMy KoHTekcTI ECM Moke IITH K «THKEP» MIXK
IHTerpUHaMH, TmpucyTHiMM Ha EVs, Ta KiiTuHaMu-MimeHsmMu. In vivo
reTepoIMMEpH 1HTErPUHIB MOXKYTh cipsiMoByBaTH EVs o opraniB-mimeneit [127].
OmHMM 3 TakWX TPHUKIAAIB € OHKOCOMH, IO BHUBUIBHSIIOTHCS MYXJTHHHUMH
KJIITUHAMH 1 MOXKYTb OyTH HaIllJIeHI HA TIEBHI OpPraHu, Taki sIK JIETeHI Ta MeYiHKa,
JUUISl COIPUSIHHSI YTBOPEHHIO MPE-METACTaTUYHUX HIII Y CIOCIO, SIKUIl 3aJI€KUTh BiJl
ckinamy ixHix iHTerpuHiB [127]. Be3ukynsipHi TeTpacmaHIHA TaKOXX MOXKYTh
perysroBaTH B3a€MOJII0 3 KIITHHAMU. Byno mokaszaHo, 110 BOHHM B3a€MOJIIOTH 3
iHTerpuHaMu [257], cipusitoud MOMIMHAHHIO OCTAaHHIX KIIITHHAMU-PEIUIiEHTaMu

[225, 256]. Tnmni Monexynu, Taki SIK IPOTEOTIIKaHH Ta JICKTHHH, TerapaHCyibQarH,
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OPUCYTHI SIK Yy TMO3aKIITUHHMX BE3HMKYNax, TaK 1 Ha IUIa3MaTHYHIA MeMOpaHi,

CHPUSIOTH MPUKPIIUICHHIO WX BE3UKYJ 10 KITHH-penumienTiB (Puc. 1.2).
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Puc. 1.3. Inrepnanizamiss EVs. Besukyniu mNOmMHHAIOTBCA KIITHHAMMU-
pEelMIieHTaMu Ta 3JIMBAIOTHCA 3 BHYTPIIIHHOKIITUHHAMH KOMIApTMEHTaMH
CeHIOCOMHUM [LUISIXOM JUIsl BUBLUIbHEHHS BaHTaxy. EVs MoxyTte OyTu
IHTepHATI30BaHl OMOCEPEIKOBAHO: a KIATPUH-3aJICKHUM EHIOoUMTO30M, b 3a
ydacTi JmmiaHuxX padTiB, € KaBEOJIH-OMOCEPEKOBAaHUM EHIOoIMTO30M, d

daronuTo3om, e MikporiHouTo30M. Li nmuisixu MoxyTh criBicHyBatu [323].
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[Ticas 3B’s3yBaHHS 3 KIITUHAMU-PELMITIEHTAMH, TMO3AKIITUHHI BE3UKYIH
MOXYTb 3aJIUIIATUCS Ha IIa3MaruyHiil memOpani [38, 76] abo iHTepHaIi3yBaTUCs
3a  JIONIOMOTOI0  KJIATPUH-OMOCEPEAKOBAHOTO  a00  KIIATPUH-HE3aJEeKHOIO
SHIOIUTO3Yy, TAKOTO SK MAaKpOIHOIUTO3 1 (arommro3 [84, 220, 314], a Takox
4yepes3 eHI0LMTO3, 3aJIeKHUM BiJl KaBeos 4uu Jiniaaux padtis [171, 332, 144] (Puc.
1.3). Cnemudiunmii cknan EVs BmimBarume Ha iX 1HTepHamizaiiio. Hampukian,
IPUCYTHICTh TPOTEIHY-TONEPEIHNKA aMUIOiny (TaKoX BIIOMOTO SK aMijoin 3
(A4)) B omHOMY MIATHIII BE3UKYH 13 KJIITHH HEHMPOOIACTOMHU CHEIiajbHO HAIlLIIOE
iX Ha HEWpoHW, Ha BIAMIHY BiJ HIATUIY Be3ukyn, 30aradennx Ha CD63, ski
3B’SI3YIOThCSl SIK 3 HEHpoHaMHu, Tak 1 DialbHUMU KiituHamu [171]. IHimumm
MPUKJIAJOM € HasBHICTh CHHUMTHHY | Ha TOBEpXHI BE3UKYJ, OTPUMAHUX 3
Tpodobnacta, kUil cripusie iX momMHaHHIO [332], ToAl SIK MPUCYTHICTh TAKOTO
curnaiy, sik CD47, Ha moBepXHi Ma€e CUJIbHUHN 1HT10yBaJbHUN BIUIUB Ha (haroruTo3
BE3UKYJ MOHOIIUTamHu [ 144].

[Ticns B3aemMoAli 3 TIa3MaTHYHOI0 MEMOPAHOIO KIIITUH-PEUUIIEHTIB 1 MICIs
MOMIMHAHHS 3a PI3HUMHU MexaHi3MamH, EVs ckepoByloThcs Ha nuisixu Tpadiky
CHIOIMTHUX BE3WKY1 W jgocsaraiotb MVB, ski B OUIBIIOCTI BUIAJKIB
MEePETBOPIOIOTECA B Jizocomu [52, 313]. ¥V nmeskux Bumajkax IHTEpHAII30BaHI
BE3UKYJIU MOXYTh YHHUKAaTH TIEPETPABIEHHS MUISIXOM 3BOPOTHOTO 3IUTTS 3
MeMOpaHoro MVB, BUBUIbHSIOUM TAaKUM YUHOM CBId BMICT Yy IMTOILIA3MYy
kiituHu-perumnienta (Puc. 1.4) [26]. OOMexxeHa crmiibHA JOKami3allis €K30COM,
oTpuMaHux 13 TpodobracTta, 3 paHHIMHU, aje HE MI3HIMH, EHIOCOMHUMU
CTPYKTYpaMH, MOXX€ CBIIYUTH TPO Te, IO JesKl 1HTepHali3oBaHl EVs MoxyTh
YHUKATH J130COMHO] Jerpajaliii mIsxoM MOBTOPHOI CEKpeIlii Yyepe3 MUIIX PaHHbOI
SHJOIUTHOT PpeUUpKyIAlii, abo musaxoM 31uttds MVB 3 miazmatuyHoro
memOpanoro [123] (Puc. 1.4).

[Ticns acomiarii 3 miasMaruyHol0 MeMmOpaHoro EVs MOXyTh iHIyKyBaTw
(GyHKIIOHANBHI  peakili UUISIXOM 3B S3yBaHHA Ta aKTHUBAIlli pPELenTopiB,
eKCIipecoBaHUX Ha kmituHax-perumnientax (Puc. 1.4). 3okpema, mneprmmmu

npUKIagamMu OyJid BE3UKYJIHU, OTPUMaH1 3 JEHAPUTHUX 1 B-KiiTHH, siKi Oy 3/1aTHI
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NpEe3eHTYBaTH AaHTUTeHM T-KIITHUHAM 1 I1HAYKYyBaru creuupiuHy aHTUTCHHY

BiAmoBiAb [258, 383].
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Puc. 1.4. Metaboniyni nusixu EVs. (a) Exzocomu MICTATH pi3HI THUMH
b 9

MPOTEIHIB, HYKJIETHOBUX KHCJIOT, aMiHOKHUCIIOT 1 MeTaboiTiB, 3 sskux CD9, CD63

9
CD81 moxyth Oytu BuKOpucTaHi sik mapkepu. (b) IlozakmiTHHHI KOMIOHEHTH
pasoM 13 mpoTeiHaMH KJIITHHHOI MOBEPXHI MPOHUKAIOTH Y KIITUHH 32 JIOMTOMOTOIO

€HJOLUMUTO3y Ta IHBariHauii IUTa3MaTUYHOI MeMOpaHu. YTBOpEHHS OpYyHBKH
MPOCBITY Ta 3JIUTTI OpYHBKH 3

MeMOpaHU Ha CTOPOHI
KOMIIOHEHTaMH KOMILJIEKCY

Ia3MaTUuIHO1
KOMITIOHEHTAMU €HIOIUIa3MAaTUYHOTO PETUKYIYMY,

[ompxki, TOIIO MPHU3BOAWTH 1O YTBOpPEHHS paHHIX eHmocoM. I[loTim 3 paHHIX
€HJ0COM YTBOPIOIOTHCS TTi3HI €HJIOMOMH, K1 3a3HAIOTh 1HBariHaIlli MeMOpaHH, 1110
NpU3BOIUTH 10 TeHepyBaHHS pisHux ILV 1 QopmyBaHHS MYIBTHBE3UKYISIPHOTO
tina (MVB). Hdam, neaki MVB 3nuBatotbest 3 ji3ocomMamu, MO NPU3BOAUTE 0
nerpanaiii ixaporo BmicTy. [Hmi MVB TpancmopryroThes 10 TIa3MaTHYHOL

MeMOpanu. Hapemri, nusixom ex3onutosy MVB BigOyBaeTbcsi BUBLIbHEHHS [LV

(ex30com) Ha30BHI KIITUHU [71]
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EVs MoxyThb Takok 3muBaTucs 0O€3MOCEpeHbO 3  IJIa3MaTHYHOIO
MeMOpaHor0 a00 MEMOpPaHOK0 EHAOLUTHHX BE3UKYN KIITHH-pEUUIieHTIB. Taki
MpoIiecd HEOoOXiJHI JJI1 BHUBUIbHEHHS BMIcTy EVs B 1muTormiasMy KJITHH-
PELMITIEHTIB, 10 € KJIIOYOBUM KPOKOM JJisi 3a0e3rnedeHHs] BUBLIbHEHHS mMiRNA
[326] 1 mRNA [291] nns perymoBanHs ekcrpecii reHiB. [Ipsme 3muttss EVs 3
MEMOpaHOK KIITHH-PEIUIIIEHTIB TaKoX 3a0e3rneuye OOMIH TpaHCMeMOpaHHHX
npoTeiHiB 1 JimiAiB. EVs MoXyTh TpaHCHOPTYBaTH pi3HI BUAM JIMIIB, BKIIOYAIOUU
€lK03aHOI/IM, KUPHI KUCIOTH Ta XOJECTEPUH, a TaKOX JIMIAHI TPAHCIOKa3U, TUM
CaMHM CIIPUSIOUH PETYIIOBAHHIO iX aKTUBHOCTI [260].

Ocrarounuii 1 HaltnomupeHimuil eran meradonizmy EVs nonsrae y 3muTTi 3
J130COMaMHu, 110 MPU3BOAUTH JI0 Jerpajallii iXHbOro BMicTy. BaxxiinBo 3ayBakuTH,
oo el mnuiax jJerpajaiii 3a0e3nedye peeBaHTHE JKEpEeno MeTaOoMiTIB st

KkimituH-penunienTiB [374] (Puc. 1.4).

1.2. YyacTh N03aKJITHHHUX BE3UKYJ Y MIZKKIITUHHIA KOMYHiKanil

bionoriynuii ¢eHomeH BUBUIBHEHHS EVS y MO3akmITUHHUN OpPOCTIp Ta iX
NOMNaJaHHs B TPAHCIOPTHI CHCTEMH OpPraHi3My BIJIIpa€ KIOYOBY pOJIb Y
3a0e3MeueHHl K JIOKaJbHOI, TaK 1 AUCTAHTHOI MDKKJIITMHHOI KOMYHIKailii uepes
nepeaady peryisiTOpHUX MOJIEKYI (MPOTEiHIB, HYKJIETHOBUX KHUCJIOT, METa0OJIITIB)
KJIITUHAM-MIIIEHIM. Takuii croci0 MIKKIITHHHOT KOoMyHikamii 3a ywacti EVs
JI03BOJISIE HA PIBHI OpraHi3My 3[1HCHIOBATA KOHTPOJIb TAKUX CHUCTEMHHX TPOIIECIB
gk iMyHH1 QyHkiii [160], 3ananenns [353], opranocnenudivynai npouecH 1 iH., a
TakoXK OyTH 3aJy4eHUM JI0 MaroreHe3y Oe3niudi XBOpoO. Y 3B’SI3Ky 3 Ba)JIMBICTIO
MDKKJTITHHHOI TIepeiadl CUTHAIIB 1 MDKKJIITUHHOT KOMYHIKaIlIi 3p0cTa€e 1HTepec A0
noTeHI1iHOI posi EVs sik He1HBa3MBHOTO JiKepesia 010MapKepiB Jis J11arHOCTUKU
3aXBOPIOBaHb 1 MPOTHO3yBaHHA I1X po3BUTKY. Pomp EVs Ta ix BMmiCTYy sK
NOTEHLIHUX (DAKTOPIB OHKOI€HE3Y, PO3BUTKY METACTa3iB Ta PE3UCTEHTHOCTI 10
XiMioTepariii € 00JIacTIO0 TOCTIIKEHb B TATy31 MOJIEKYISPHOI OHKOJIOT1, IHTEpEC 10

SIKO1 IIBUJIKO 3POCTA€E Y BChOMY CBITI.
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1.2.1. Poib no3ak/JIiTHHHUX Be3UKYJI B PO3BUTKY 3JI0KICHUX HOBOYTBOPEHb

[TopiBHSIHO 3 HOpPMAJIBHUMH KJIITHHAMHM, MMyXJWHHI KIITUHU BIAPI3HSIIOTHCS
3a IHTEeHCHUBHICTIO MpoAyKyBaHHS EVs Ta iX ckimamom, a MaIi€HTH 3 OHKOJOTIEIO
JIEMOHCTPYIOTh BHIII piBHI EVSs B TpaHCIOPTHUX CHUCTEMax OpraHi3My MOPIBHSIHO
31 3mopoBuMu JroaebMu  [310, 254]. SIk OHKOTEHHE CHUTHAIIIOBAaHHS, BIIACTHBE
MYyXJIMHHUM KJIITHHAM, TaK 1 YHIKaJIbHI YMOBH B MIKPOOTOYEHHI MyXJIUHU MOXKYTh
cnpusiTd TocuwieHHio cekperii EVs. 3a ymoB maronorii EVs MoxyTh
NEPEHOCUTHUCS MK PI3HUMHU CYOTOIMYJISIISIMU MyXJIMHHUX KIITHH, & TaKOX MIXK
NyXJUHHUMU T4 HOPMaJIbHUMH KJIITUHAMU, JIOKAJI130BAHUMH BCEPEIMHI Ta M03a
NyXJUHOIO. Perymioroun pi3HI acnekTd KIITUHHUX (QyHKOiH, EVs cropusiors
PO3BUTKY T€TEPOr€HHOCTI Ta IUIACTUYHOCTI MYXJHMHH, PEMOIEIIIOBAHHIO CYIUH,
IMyHOMOJYJIIOBAaHHIO Ta CTBOPEHHIO MPE-METACTATUYHMX HIIlI, 10 € BAXKJIMBUM IS
npoiecy metactazyBanHs [339]. BuiuB EVs Ha kiniTUHY-MillIeHb 3a0€3M€UyEThCS
MOJIEKYJSIPHUMU B3a€MOJISIMA Ha MeX1 MeMOpaHM BE3UKYIM Ta KIITHHHOI
MeMOpaHu a00 IOYMHAETHCS 31 3JIUTTI MEMOpAaHH BE3UKYJIU 3 KIITUHHOIO
MeMOpaHOIO [Jisi BUBUIBHEHHS BMICTYy. I[Ipum 1pboMy MoOke TakoXX B110yBaTuCA
iHTepHam3aiigs EVs uyepe3 enmonuto3, ¢arouuro3 abo MaKpOMIHOIMTO3 3
NOJAJBIIOK  PEJIOKATI3ALIE0 MOJIEKYI BaHTaXy B ixHI (DyHKIIOHAJIbHI
KOMITAPTMEHTH BCEPEANHI KIITHUHU-PEIUITIEHTA.

[ToBepxneBo-akTuBHI Mosiekynu B EVs BkiIowaioTe  momicaxapui,
npoTeasu, MIKO3UAa31, aHTUTeH-TIPE3EHTYBaJIbHI Ta IMYHOCYIIPECUBHI MOJIEKYJIIHU,
MOJICKYJIU ajre3ii, MpOTeiHW, 3adydeHl A0 TPAHCAYKIi CUTHATY, MPOTEIHU
LUTOCKENEeTy Ta MpoTeiHu, acouidoBani 3 EVs. [lommpenrumu noBepxHEBUMU
OloMoOJieKyJlaMu € ToJlicaXapuJiHU, Takl sk TiaaypoHoBa kuciota (HA) [347],
nporeasu [23], iHCymiH-merpanyBanbHui eH3uMm (IDE), miiko3mpasu, a Takox
€H3UMOITO/II0HI MOJIEKYyJau Ha moBepxHi EVs, ki 30epiraioTb CBOIO €H3MMaTHUHY
aKTUBHICTH JJI1 TIEPETBOpPEHHs BiAmoBimHux cyoctpariB [135]. EVs, orpumasni 3
aHTUTEH-TIPE3eHTYBAIBHUX KIITUH (APC), MICTITh Ha CBOIN MOBEPXHI MOJEKYIU
OCHOBHOTO KOMIUIEKCY ricrocyMicHocTi kiacy [I (MHC-II) [43], Toxi sik myXJIMHO-

cnenu(iuHi aHTUTEHU Ta IMYHOCYNPECHBHI MOJEKYJIM HPHUCYTHI Ha IOBEpXHI
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nyxiuHHux EVs [2, 274, 252]. EVs, oTpuMaHi 3 MyXJIMHHUX KJIITHH, MICTATh Ha
CBOIX MOBEPXHSAX MOJIEKYJIH ajresii, Taki SK JIAKTaJIT€pUH, IHTETPUHHU, MOJEKYIH
mikkiiTuHHOI afare3ii 1 (ICAM-1) 1 terpacnaninu (CD63, CD81 1 CD9) [350,
224]. Inmi xommoHeHTH EVs, oTpuMani 3 NyXJUHHUX KIIITHH, BKJIIOYAIOTh
NpPOTEIHU, 3adydyeHl JO TPAHCAYKIi pEryasTOPHUX CUTHAJIB, Takl K
NpoTeiHKIHA3M, TipyBaTKiHaza, (akrtopu pocty [102, 351], murtokinm [188],
NPOTETHU IUTOCKENeTy (Taki K aKkTUH 1 TyOyniH) 1 MPOTEIHH, HEOOXiAHI s
npoaykyBanus EVs (ESCRT). Kpim toro, EVs, oTpumani 3 myxXJIMHHUX KIJIITHH,
HECYTh Ha CBOilM MOBEpxHi crerudiyai MeMOpaHHi MPOTETHU, TakKi sIK MEMOpaHHUN
nporein CepS5, sikuil mictutbess B EVs 3 KIITHHHMX JiHIA TJIOCKOKIITUHHOI
kapiuHomu rosoBu Ta mwmi (SqCC/Y1, CalLH2, Cal, SVpgC2a, SVFNS), ane
BicyTHIH y EVs 3 HopmanbHux kimituH [56]. Yepe3 rereporeHHicts EVs,
Bapia0eNbHICTh CKJIAAy PI3HUX MOBEPXHEBUX MAPKEPHUX MPOTEiHIB 3aJICKHUThH BiJl
KJIITUHU TOXOJKEHHS. ICHYe mpurymieHHs, 1o O010J0TYHO aKTUBHI MOJIEKYJIH Ha
noBepxHi EVs faitoTh mBuaIie, 3B’ SI3yI0YUCH 13 KIITHHOIO-PEIUITIEHTOM, HIXK Ti,
10 1HKAIcyab0BaH1 BcepeanHi EVs.

Mikpoorouenns nyxjiiH (TME) € marepiaibHOIO OCHOBOIO MYXJIMHOTEHE3Y
Ta MeTacTa3yBaHHS, SIKe, B OCHOBHOMY, BKJIouae mo3akmiTuHHUN Marpukc (ECM),
MyXJUHHI KJIITUHU, MyXJWHHI CTOBOYpOBI KIIITHHU 1 Pi3HI CTPOMAJIbHI KIIITUHU
(Tax1 sIK €HJIOTeNIHI KIITUHHU, IMYHHI KJIITUHY, aAUNOLUTH Ta (PidpodbaacTu) Ta ix
BIJIMOBIJIHI PErylaTopHi 4uHHUKUA. EVs, oTpumaHi 3 MOyXJIMH, MOIYTIOIOThH
NyXJMHOTEHHE MIKPOOTOYEHHSI, BIUIMBAIOYM HA BHYTPIIIHBOKIITHUHHI CHUTHAJIbHI
NUIAXW, 3aJy4eHl JO0 KOHTPOJIO aronTo3y, KIITUHHOTO JU(EepeHIItOBaHHS,
aHTioreHesy, 1HBa3li Ta MeTacTasyBaHHA, 3MiHIOIOTE TME nuisixom 3miHu
(GbeHOTUTIB CTPOMAaIBHUX KIIITHH, IO OTOYYIOTh IyXJIMHY, JUIsl CHPUSHHS PO3BUTKY
IyXJWHU Ta MeTacTa3yBaHHA [86].

biomonexynu, Taki sk nOyxiuHOocnenugiuHi mporeinn  Ta RNA,
TPAHCIIOPTYIOThCA Yepe3 €K30COMHY IHKAICY/IAII, IO JI03BOJISAE MyXJIMHHUM
KJIITUHAM HaOyBaTH 3J105KICHOTO (peHOTUIy, HeoOxiqHoro /i iHBa3il [143]. RNAs,

o nepeHocATbess EVs, OepyTh ydacTb y peryiroBaHHI €KCHpecii TeHIiB Micis
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NEPEHECEHHS B KIITUHU-PELUIIIEHTH, OMOCEPEAKOBYIOUM KJIIOUOBI MPOIECH
MPOTPECYBaHHS MyXJWHU, TaKl SK METacTa3yBaHHs, IMyHHE PETYJIIOBaHHS Ta
CTiMKicTh 70 JikyBaHHsa [194, 322, 308, 55, 245, 382, 48, 330, 45]. miRNA,
OTpUMaHi 3 TMYXJWHHU, BHUBUIBHSIIOTECS B OCHOBHOMY IIUIIXOM YIIAKOBKH B
cnenudiyai MVB, ski € KIHOUOBUMH MelaToOpaMH MDKKJIITHHHOI KOMYHIKAIlii
nyxJuHd. bararo gocmimxkenb mnokazanm, 1o npodiai miRNA B EVs
BIJIPI3HSIIOTHCSA B iXHIX BIAMOBIHMX KITHHHUX TpodimB. OkpiM Toro, AEsKi
miRNA, sKki ekcrnpecyroThCsi HOPMaJbHUMH KIITHHAMH, MOXYTh IT1JIBHIICHO
CEKpPETYBATUCh 3JIOSKICHUMHU KJIITHHAMHU, IO CBIMYUTH PO crenudivni 1y
NyXJUH MexaHi3MHu BuOipkoBoro copryBaHHs miRNA y EVs [247, 44, 87]. EVs,
OTpUMaH1 3 MyXJMHHUX KIITUH, OUIBII HEOMHOPIAHI 3a 30BHINIHIM BUINISIOM,
BKJIFOYAIOYM pO3MIp 1 HIUIbHICTh. Takum yuHOM, pi3zHI MIRNA MoxyTh OyTH
BiJIcOpTOBaHl B pi3HI cyOonomynsmii nmyxiauaaux EVs [87]. EVs, orpumani 3
METACTaTUYHUX KJIITHH pPaKy MOJIOYHOI 3aJI03H, JIEMOHCTPYIOTH 30aradeHHs Ha
miRNA mopiBHSIHO 3 KJIITUHAMU HEMETACTAaTUYHOTO PaKy MOJIOUHOI 3ajo03u [207].
[ikaBo, 1o myxJMHHI KITHHA 3 MyTaiiero KRAS MicTaTh MeHIlle OHKOT€HHHX
miRNA. Onnak onkoredHi miRNA cuisHO 30araueni B EVs, 110 BUBIJIBHSIOTHCS 3
KRAS-myTOBaHUX MyXJIMHHUX KIITHH, T/l K piBHI MiRNA 3pocraiorh B KRAS-
MyTOBaHMX KJIITHHAX Ticls OJIOKyBaHHS cekperopHoro mporecy EVs [253].
KJiTHHHA KOJIOpPEKTanbHOIO paky, 1o HecyTb MyTaHTHUUW KRAS, neMoHCTpyroTh
BiMIHHOCTI y cekperntii miRNA nopiBusHo 3 kimitunamu 3 KRAS aukoro tumy.
3okpema 11 EVs xapakrepusyrorbes minBuiieHuM BmicToM mRNA, miR-100 1
Rab13 1 3nmwxenum BmictoM miR-10b, mo cBiguute npo KRAS-3anexuuii
exkciopt  RNAs [124]. Besukymapua miR-21, iHgyKkoBaHa TiMOKCUYHUM
MIKPOOTOUYEHHSIM IIOCKOKJIITUHHOI KapuuHoMU nopoxkHUHU poTa (OSCC), cripusie
npomidepalli myxXJIMHHUX KJIITHH 1 MeTacTazyBaHHio 3anexHo Big HIF-1a 1 HIF-2a
[139]. Kpim Toro, BimoMoO, IO 3pOCTaHHS BMICTY B Be3ukymax miRNA-21 i
miRNA-10b y kucioMy cepenoBHIlll 3HAYHO crpuse mpodideparrii, Mirpaiii Ta

1HBa31i KJIITHH TenaToeroasapHoi kapauHomH [180, 315].
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Menm BuBUEHOIO € gocTaBka 3a gomoMoror EVs IncRNAs Tta circRNAs,
K1 OepyTh y4acTb Y PEMOJEINIOBaHHI cepeaoBuila myxiauHHUX KiIiTuH (TME) ta
MOJIYJIOBaHHI CTaHy MPEe-METACTATUYHUX HIII JJIs CIIPUSHHS METacTa3yBaHHIO 3a
JOTIOMOTOI0  VHIKalbHUX MexaHi3miB [97, 205, 287, 204, 68, 79, 363, 233].
HexonyBanibHi RNA, Taki sik miRNA, noBri HekogyBaimbHi RNA (IncRNA),
kutbiieBi RNA (circRNA), mam inaTepdepyBaibHi RNA (siRNA) 1 pi-RNA
(piRNA), Besukymapua IncRNA-UCAI, oTpumana 3 KIITHUH pakKy CE4OBOIO
MIXypa, 32 YMOB T1IOKCIi, CHPUSIIOTh METACTa3yBaHHIO MyXJIMH Yepe3 1HIyKyBaHHS
emiTeniitHo-Me3enxiMHoro epexony (EMT) [204].

Tpancdopmarlis emiTeNiHUX KIITHH 3a J0MOMOror0 oHkoreHHoro HRAS
CTUMYNIO€ TeHepyBaHHi EVs, 30araueHux jekinbkomMa MpoTea3aMu Ta
IHTErpUHAMH, 3aJy4Ye€HUMHU J10 Mojau(dikamii MIKpOOTOYEHHS NyXJIUMHU Ta
nporpecyBanHs MertacTtaziB  [309]. IlpumiTHO, IO NPOTEIHM BE3UKYIAPHOI
MeMOpaHHu TakoXK OepyTh aKTMBHY y4acThb Y KOHTPOJI 1HBa3li Ta MeTacTa3zyBaHHS
NyXJUHHUX KITHH. Be3ukymsapuuii nporein AHekcuH A2 (AnxA2) cnpuse tPA-
3aJIe)KHOMY aHTIOreHe3y, ToAl sIKk MapkepHuil nporein CD81 crpusie pyXiaMBOCTI 1
METacTa3yBaHHIO MYXJIMHHUX KJIITHH paKky IpyAaHoi 3an03u [215, 272].

[Tyxmuuani EVs mocTiiiHo 1mupKynoTh 1 HakonmuuyioTeess B TME, ne BoHu
B3a€EMOJIIIOTh 3 PI3HUMHU CTPOMAIBHUMH KIITUHaMH [63]. AcoriiiioBaHi 3 pakoM
¢16podmactu (CAF) € onHuMu 3 HalOUIbII HAWOLIBII MNPHIACTABIECHUX THIIB
kiitiH y TME, mo BimirpaioTe KJIIOUOBY pOJIb y B3aEMOJISAX MyXJHWHA-CTPOMA.
[Tokazano, mo EVs 3 pi3HHUX 3108KICHUX KJIITHH NEPENpPOrpaMOBYIOTh ME3EHXIMHI
ctoBOypoBi kimituau B CAF [123, 51, 88]. Byno BusiBI€HO, IO Pi3HI MyXJIMHHI
KIITUHU THAYKYIOTh qudepenititoBanis ¢piopoodmactiB y CAF 3a nonomororo EVs-
OMOCEPEIKOBAHOIO TepeHocy TpaHchopmyBanbHOro (aktopa pocry B (TGF-f)
yepe3 nusx SMAD [90, 304]. TGF-B cnpusie nudepeHIitoBaHHIO PI3HUX THUIIIB
ctpomanbHuX KITHH 10 CAF 1 pexonctpyroe ECM y TME [211]. EVs, otpumani 3
[JTIOMH, 3aIyCKalOTh ME3EHXIMHI CTOBOYpOBI KJITMHU KICTKOBOTO MO3KY JJIs
tpanchopmarnii CAF depe3 mnwumsix wmikomiTiuyHoi akrtuBamii [212]. EVs

renaToleNIoIIPHOTO MOXOIKEHHS Ta PaKy JIETEH1 MEePETBOPIOIOTh 31pYacTl KJIITUHU
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renaroruTiB 1 ¢iopodmactu B CAF [248, 365]. EVs Ttakox 1HAYKYIOTh
neperBopenHs enpoteniinux kimithH 'y CAF. Kpim toro, EVs, orpumani 3
NYXJUHHUX KJIITHH, penporpamMoBytoTh crpoMalibHi kimituHu B CAF 1 cripusitors
EMT nyxnuHHUX KIITHH HUIIXOM MPUTHIYEHHS MDKKIITUHHUX B3aemomiil. Lle
cnpusie pemoayiatoBanHio ECM, 1o 103Bosisl€ MyXJIMHHUM KJIITHHAM MPOHUKATU B
cTtpomy. 36aradeHHs Mi0(10po0IacTiB ME3EHXIMOIO CTBOPIOE CIPHUSTIMBI YMOBH
JUTSL POCTY TyXJIMHU, aHTioreHe3y Ta metactazyBaHHs [170]. B miteparypi € nmani
CTOCOBHO TOoro, mo EVs, oTpuMani 3 MNOyxJiuH, 3ajdydeHl 10 3MIH Yy
nudepenuiroBanHi Makpodaris. Henomsipuzosani (M0) Makpodaru moxonsite Bin
mononutiB THP-1, Tomi sk acomiiioBani 3 mnyxymHOr Mmakpodaru (TAM) e
MOJIAPU30BaHUMHU Makpodaramu, ki 3a3Budail kjaacudikyoTh 3a Tunamu M1 1 M2.
VY Toit wac axk MIl-noxibni TAM nocuioTh NPOTUIYXJIMHHUM IMYHITET, IIO
NPU3BOAUTHh JO MPUTHIYEHHS POCTy NyxXiauHW, M2-moxibni TAM BUSBISIOTH
MPOTUJICKHI €(eKTH, CIIpusitouu iMyHocymnpecii. TAM € ogHUMH 3 OCHOBHUX THUIIIB
IMyHHUX KJIITHH, W10 MNPOHUKAIOTh Yy MYyXJHHY, 1 CIyrylOTb OCHOBHUMH
KOMITOHEHTaMH ITyXJMHHM, SKI MOCTIHHO MOIYJIOIOTH MPOLEC PO3BUTKY MYyXJIMHU
[332]. 3okpema, M2-nomi6bHi TAM BifirparoTh 3Ha4HY pOJb Yy MpOrpecii
3aXBOPIOBaHHS Ta (OpMyBaHHI TUCTalbHUX MeTacTasiB [250, 314]. EVs, orpumani
3 emiteniitHoro paky sieunukiB (EOC), aktuBytors Makpodaru 10 TAM-nogioHOTO
¢denotuny [223]. Kuituau konopektranbHoro paky (CRC) BHBUIBHSIOTH
Be3ukyasipHi miR-203 1 miR-934, 3amydeni g0 iHaykyBaHHsS M2-momiO6HOT
nosisipu3zanii Makpodaris [183, 220]. bineme Ttoro, Oyno moka3ano, 1mo EVs,
OTpUMaH1 3 KJIITUH MIIUUTYHKOBOI 3aio3u Ta EOC, mo MICTATh apaxiJlOHOBY
kucnoty (AA) ta miR-222-3p, neperBoptorors makpodaru MO Ha M2-noniOnuii
(GeHoTHN, CTBOPIOIOYM TAaKUM UYHWHOM IMYHOCYNPECHBHE MIKPOOTOUYECHHS IS
MOJIETIIEHHS BUXOY MYyXJIMHHUX KIITUH 3 MiJ KOHTPOJO IMyHHOI cuctemu [184,
364]. Ha nomatok mo iHAyKyBaHHs KIITHHHOI Tpancdopmartii, EVs, orpumani 3
MyXJIMHU, BUOIPKOBO JOCTABJISAIOTH (PYHKI[IOHAJIBHI O10MOJIEKYIIH A0 €HAOTEIHHUX
KJIITUH, AKTUBYIOYM IIPOAHTIOTE€HHI CUTHAJIbHI IUISAXH, PE3YJIbTaTOM dYOro €

MOJICTIICHHS 1HBA31l MyXJMHHUX KJIITHH 1 MeTacta3dyBaHHs [84]. Tlokaszano, 110
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EVs 3 myxiuH pi3HOTO TKAHMHHOTO TMOXO/KEHHA OEpyTh y4acThb y KOHTpPOMI iX
aHTi0TeHEe3y IUISAXOM PEryloBaHHS (YHKIIOHAJIBHOI aKTMBHOCTI €HIOTETIMHHUX
kiitul [97, 213, 142, 297, 226].

[TyxauHHI KJIITHHU YacTO JAEMOHCTPYIOTh HaJMIPHY €KCIIPECii0 MPOTEIHiB,
kputuyHux 175 OioreHesy EVs. Hampuknaa, neenuki GTPasu Rab27a Ta
Rab27b, ski xoHTpomoioTh pi3Hi etanu cekpeuii EVs [233], nHaamipHO
eKCIPECYIOThCSI B KIITHHAX paKy MOJOYHOI 3ajio3u. BUSIBICHO MO3UTHUBHY
kopensiito MK Rab27b Ta piBHeM wmetactasdyBaHHA B JiMbaTH4YHI BYy3/IM U
HIDKYOI0 BHKMBaHICTIO TarieHTiB [27, 368]. IaribyBanus Rab27a B kimitmHax
KapIIMHOMHU MOJIOYHOI 3ajJl03 TPHU3BOAUTH A0 3HIDKEHHsA cekpenii EVs i1
METacTa3yBaHHS B JIET€HI, MPUTHIYYE CHUCTEMHE HAKOMHYEHHS HEHUTpo(diIiB, 1110
CIpUSIOTh pO3BUTKY myxymHM [27]. LlikaBo, mo ekcnpecis Rab27b mo3uTuBHO
KOpEJIIOE 3 ME3eHXIMHUMH MapKepaMu, 110 Bkazye Ha iHayKyBaHHs EMT [361], 1
NyXJUHHI KMNTUHU, gK1 npodnum EMT, pilicHO 1eMOHCTpPYIOTH IIiJBHINCHY
cexpeuito EVs [95]. Heitrpanbha cinromieninasza 2 (nSMase2), eH3um, KUl oepe
y4acTh y O10CHHTE31 1IepaMiJliB, HAIMIPHO €KCIIPECYETHCS B MyXJIMHHUX KIIITUHAX 1
€ HeoOximHuM Jutst cekpentii EVs, a Takox 7151 TOCUIEHHS aHT10TeHe3y MyXJIMHU Ta
MeTtacTtasyBaHHs [157].

Byno nmokazano, 1o MmeTaboi4H1 CTPECH B MIKPOOTOUCHHI MyXJIMHH, TaKl K
TIMOKCISt Ta KUCIOTHICTh, TOCHIIIOIOTH ceKpelito EVs 1 MOXKyTh TakoX 3MIHIOBATH
BMicT EVs. V kiniTHHaX paky MOJIOUHOI 3aJI034 TIMOKCIA 1HAYKY€E BUBUIbHEHHS EVs
1 MIJBUILYE PIBEHb peryiboBaHoi rimokciero miR-210 B EVs [150]. [naykoBaHi
rinokcieto (dakropu (HIFs) iHaykyrors ekcnpecito Rab22a, ii nmokamizamiro B
MIKpOBE3UKYJaX, W0 BIIOPYHBKOBYIOTBCS, 1, SIK HACIIJOK, CTUMYIIIOIOTh
NPOAYKYBaHHS MIKPOBE3MKYJ Ta iX HACTYIHI Mpo-MeracTtatuyHi edextu [342].
Kucne MikpoOTOUeHHS MyXJIMHU, 3yMOBJIEHE MOCHJIEHHSIM aepOOHOTrO TIIIKOJI3Y B
NyXJUHHUX KIITHHAX, TMPU3BOAUTH N0 30UIBIICHHS SK BUBUIBHEHHS, TaK 1
nornmuHanHsg EVs mnopiBHsHO 3 HeWtpanmbHuM pH cepenoBuma. Ileit dakr
MOSICHIOETBCS BUCOKUM BMICTOM cdinromieniny/ranrmiosuny GM3 B EVs, mo

BUBUIBHSIOTHCA NMPU HU3bKUX 3Ha4eHHsX pH [237]. EVs, 10 BUBUIBHSIOTBCS NpU
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3aKHCIIEHH] MIKpPOCEpENOBHUIIa, MICTATh TAKOXX BHCOKI PIBHI KaBeOdiHy-1, skuii
ACOINIOETHCSA 3 TMPOTPECYBAHHSAM MYXJIMHM Ta METAacTa3aMH Ha IMi3HIX CTaisax
OHKOJIOTIYHMX 3aXxBOpIOBaHb. OCKUIBKM BHYTPIIIHBOKJIITHHHI piBHI 0Oararbox
npoteiHiB, RNA 1 MeTabodiTiB peryaiolThCs AWUHAMIYHUMH CUTHAJIaMU
HABKOJIMIIIHBOTO CEpPEJOBUINA, TAKUMH SIK PIBHI KHUCHIO Ta MOXXUBHUX PEUOBHUH,
OYIKY€TBCSI, 110 0COOMUBOCTI BMICTYy EVS MOXyTh BimoOpakatu MeTaOOIiuyHUN
CTaTyc KIITHH, SIKI TPOAYKYIOTh EVs.

3aBasku curHajdbHUM edektam EVS, mMyXJMHHI KIITHHA MOXYTh 3MIHHUTH
(dbeHoTUN KIITUH-PELMITIEHTIB TaKMM YHWHOM, 100 IMITyBaTd, TpUHANMHI
4acTKOBO, oO3Haku mnepmux. IlyxauaHi EVs HaBiTh 3martHi TpaHcopmyBaru
HOpPMaJIbHI CMITeNIHHI KIITHHH 1, K HACTIIOK, CTUMYJIIOBATH MyxiauHoreHes [207].
EVs 3 nyxJMHHUX KIITUH 13 BUIIUM METACTaTUYHUM MOTEHIAJIOM 3/1aTHI
IHAyKyBaTh wMirpamito, iHBasito, EMT Ta wMeTacTaTMuHy 31aTHICTH MEHIII
arpeCUBHUX MyXJIMHHUX KIIITHUH, IO TOB’SI3yI0Th 3 BE3UKYIIPHUM MEPEHECEHHIM
npoteiHiB (Takux sk Hsp90a) Ta miRNA (takux sk miR- 200 Ta miR-10b) [203,
228, 173]. Knituau mmiobnactoMu, 10 MNOpoAyKyroTh EVs, sKki  MICTATH
nyxauHocnenupiuauid - nporein  EGFRVIIL, mnepenairore #Horo myXJIMHHUM
KIIITHHAM, Yy SKUX BiACyTHIN meu BapianT EGFR, mo npu3BoguTh 10 MOCHICHHS
arpecuBHOCTI ocTaHHIX [6, 291]. [Toxionum unHOM EVS 3 KITiTHH Memyno0iacToMu
3 amrutigikamiero MYC mictate DNA 1 RNA MYC, o 3a6e3neuye nepeHeceHHs
IIUX MOJIEKYJI 10 MEHIIl arpeCUBHUX KJIITHUH-PEUUITI€HTIB. [15]. 3a3Hauenuii cnociod
MEepPEHEeCEHHs TeHEeTUYHO! 1H(opMalli € YHIKaJbHUM CIOCOOOM  €BOJIIOIIIT
MyXJIMHOTEHE3Y A0 OUTBII arpeCUBHOI CTall, KOJIM JUIIE MiAMHOXKUHA KIITHH, SKI
3a3HAJM TATOTEHETMYHHX 3MIH, CIYTylOTh JJepaMd B €BOJIOIII  Yepe3
TOpPU30HTAJIbHE TMOIIMPEHHS] OHKOTCHHUX CHUTHANIB, 3a0e3Medylodyr KepyBaHHs
IHIIMMH TyXJIMHHUMH KJIITUHAMHU, SIKI HE MalOTh TaKUX MOCTIMHUX 3MiH.

Binmapysanus kinitud Bix ECM cynpoBOmKY€eThCS IIBUJIKOIO CEKPELIEI0 Ta
Ta mnomupeHHsM EVs, 1m0 mnocuioe edeKTUBHICTh iX 0e3MocepeaHbOro
perynaroproro BruBy [159]. Kumituam, mo wmirpytots, mpoaykyiooTb EVs B

1HBaJIONO/II, IO TOJIeTIIye KIITUHHY 1HBa3iio [129]. 3aBasku 1HTETPUH-
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3aJIe)KHOMY COPTYBaHHIO NMyxJiuHHI EVs 30arauytorscst Ha (10pOHEKTHH, NPOTETH
ECM, mo 1o3Bojisi€e YBIMKHYTH aBTOKPUHHUN/MApAKpUHHUN MEXaHI3M, SKUAN
Crpusie anaresii KIITHH 1 HampaBJIeHOMY IMOCTiiiHOMY pyxy [297]. IlpuBeneni
npukiaaan EVs-onocepenkoBanoi B3aeMoii MK PI3HUMH IMIMHOKHHAMH KITITUH
JEMOHCTPYIOTh poiib cekpelii EVs y cTuMyntoBaHHI €BOMIONIT MyXIMHHUX KIIITUH
710 OUIBIII arpeCUBHOTO (PEHOTHITY.

KpoBoHOCHI cynnHHU BiAIrparoTh BaXKJIMBY POJIb Y METAaCTa3yBaHH1, OCKIIbKU
BOHM HE€ JIMIIE TMOCTAa4al0Th IOXKUBHI PEYOBHHH, KIITHHH Ta PI3HOMAaHITHI
perynaTopai (akTopu 0 TyXJIWHU, ale ¥ OepyTh O€3MOCepenHio ydacTh Y
NOIIMPEHH] NyXJWHHUX KITUH Ta EVs. Ha choromHi, OIBIIICTH TOCHIIKEHb
30CEpeIKEHO Ha JIBOX HEKOH(IIKTHHMX BIUIMBAX NYXJIMHHUX EVS Ha KpOBOHOCHI
CYIMHH, aHTIOr€He31 Ta CyAUHHIA HErepMeTHYHOCTi, $IKI OOWJBa CHPHUSIIOThH
MeTacTasyBaHHIO. BecTanoBieHo, mo nyxiuHHi EVs MicTaTh OUIbIl BUCOKI PiBHI
miR-9, ska omocepenkoBye MOCUJICHHS AHTIOTE€HE3y NUISXOM AaKTHBALli MUISAXY
JAK/STAT [377]. EVs 3 mniobnactom, 30araueHi aHTIOT€HHUMHU MpoTeiHaAMU
anrioreHinom 1 VEGF, MoXyTh cTUMyIOBaTH YTBOPEHHS E€HIOTEIIAHUX
kaHanbliB [291]. Anekcun II B EVs paky rpyaHoi 3aio3u crpuse aHrioreHesy Ta
BIJITAJICHOMY METACTa3yBaHHIO 4Yepe3 OMOCEPeKOBaHy MakpodaramMu CeKperriro
IL-6 1 TNF-a [192]. Terpacmanin Tspan8/CO-029/D6.1A, 36aradennii B EVs 3
pPaKkoBUX KIITHH MiAIUTYHKOBOI 3aJI03U, 1HAYKYE€ CHCTEMHMI aHrioreHes [96].
[Tpunyckaerbes, mo Tspan8 omocepenkoBye 3amydeHHs npoteiniB EVs CD106 1
CD49d g mnonermenoro mnommMHaHHA EVS eHIoTeMMHMMH KIIITHHAMHU Ta
NOJAJbIIOl 1HAYKIII aHT10reHe3y 4Yepe3 KOHTPOJb EKCHpecii TeHIB, SIKI KOAYIOTh
dakrop dhon Bimnebpanga, VEGF ta #ioro penentop [225]. EVs MOXyTh Takox
MOCUJIIOBAaTH aHTIOT€HE3, OMOCEPEIKOBAHMI BIUIMBOM TiNOKcii. T'ocTpa rimokcis
icTOTHO 1HAYKYe nSMase2 in vivo [65], 10 TOCWIIOE CEKpPEeIil0 €K30COMHOI
miRNA-210 1151 cipusiHHS aHT10TeHe3y MYXJIMHU Ta MeTacTa3zyBaHHIO [157].

[lyxJMHHI CyIMHM 4YacTO € He3pUIMMHU Ta rinepnpoHukHuMHU [349], a
CYIMHHA JiecTablIi3aIlisl € KpUTUYHOIO XapaKTEPUCTUKOIO MPE-METaCTaTUYHOT HIlITl

[134]. EVs, orpumaHi 3 MEJNaHOMH, IHAYKYIOTb HETe€pPMETUYHICTh CYIWH 1
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PEKPYTHHT  KJIITHH-TIONEPEAHUKIB KICTKOBOTO MO3KY B IIpPe-METacTaTHYHUX
OUISTHKaX LUIAXOM 1HAYKLID ¢akTopiB 3amaieHHs, Takux sk S100a8, S100a9 1
daxtop Hekposy nyxiuHH (TNF-a) [244]. MeractaruuHi KJIITUHH PaKy MOJIOYHOT
3a]I03d TPOAYKYIOTh acomiiioBany 3 EVs miR-105, 3amydueny no down-
perymoBanHsa ZO-1 1 MIIBHUX 3’€JIHAHb B CHAOTEIIMHUX MOHOIIApax K y MICIi
NEPBUHHOT MyXJIMHH, TaK 1 B MpPe-METACTaTUYHUX IIISHKAX I M1JBULICHHS
MPOHUKHOCTI  cymwH. lle TOTeHIiWHO Tmonermrye  iHTpaBa3yBaHHS  Ta
€KCTpaBa3yBaHHs MMyXJMHHHUX KIITHH W Tocwioe (GOpMyBaHHS BiAJAJIEHUX
MmeTacTa3iB [376]. MeractaTuuHi KIITHHH PaKy MOJIOUYHOI 3aJI03M CEKPETYIOTh
acomiiioBany 3 EVs miR-181c, sixa, npu monagaHHl B TOJIOBHHUIA MO30K, CIIpHUsIE
pyliHyBaHHIO remaroeHuedaniunoro Oap’epy (['EB) nuisixom  3HM>KEHHS
perymoBanHss PDPKI1, mo 3ymMoBiIt0€ aHOMallbHYy peOpraHizalilo aKTHHOBOTO
[IUTOCKEJETY, TUM CaMHUM CIIPHUSIOYM MeTacTazaM y Mo30K [317]. Takum 4uHOM,
EVs OepyTb axkTUBHY y4acTb Yy pEMOJCIIOBaHHI CyAWHHOI CHCTEMHU fAK Ha
yXJIMHOMY, TaK 1 CHCTEMHOMY PiBHI.

MeTtacTaTuuHe cepefoBHUIEe, BIJOME SK MpeMeTacTaTuyHa Hila, €
BOKJIMBUM JUIsl YCHIIIHOI BIJJIaJICHOT KOJIOHI3allli JUCEMIHOBAHUX MYXJIMHHUX
kiitiH. [likaBo, mo EVs, oTrpumani BiJ NyXJIMHHUX KIITHH, YCIAaJKOBYIOThH
OpraHOTPOMI3M BiJl KIITUH, MO0 iX NPOAYKyBajiu. BusiBIeHa 3aKOHOMIPHICTh
YaCTKOBO BM3HAYAETHCS MATepHAMU €KCIIpecii IHTerpuHiB Ha noBepxHi EVs [127],
0 JIO3BOJIIE BUKOPUCTOBYBAaTH MpO(dUII  €K30COMHUX  IHTETPUHIB  JJIA
MPOTHO3YBAaHHS oOpraHocneuudiuHocTi MeractazyBaHHs. CUCTEMHa CyauHHA
HETePMETUYHICTh, SIK 3a3HAYaJOCh BHIIE, MOXE JIOJIATKOBO CIPHUATH 3aTy4CHHIO
EVs, ski UMpKyIIOIOTH B TPAHCHOPTHUX CHUCTEMax OpraHizMmy, A0 IMpoLecy
dbopmyBaHHA Tmpe-MertacTaTuyHoi Himi. EVs 3  MemaHoM 3  BHCOKUM
METACTaTUYHUM TOTEHIlIaloM MIcTATh oHKomporein MET, saxuii cnpuunHse
CTaOUThbHY 3MIaTHICTh KIITHH-TIONEPEIHUKIB KICTKOBOTO MO3KY JI0 PO3BUTKY
MIPOBACKYJIOTEHHOTO (PEHOTHUIY, M0 3abe3rneuye iX peKpyTyBaHHsS B JIETEHI st
dbopmyBaHHs Tpe-MeTactaruyHoi Himn [244]. EVs, oTpumani 3 ageHOKapIMHOM

HIJIUTYHKOBOI 3aJ1034, MICTATh (pakTop 1HTIOyBaHHSA Mirpauli mMakpodaris, sKuan
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iaykye npoaykyBaHHs TGF-f mpu mormuuanni EVs kmitunamu Kyndepa, mo
CYIPOBOIIKY€ETHCSI CTUMYJIIOBAHHSIM 31pYacTHX KJITHH MEYIHKU 1 MPU3BOIUTH 10
30UIBbIIICHHS BUPOOHUIITBA (DIOPOHEKTUHY, 3a]Ty4eHHS KJIITHH KICTKOBOTO MO3KY J10
NeYiHKH Ta (JOpMyBaHHS Mpe-MeTacTaTUYHOI Hiwl [67].

EVs, orpumani Bij HeipoOnactoM, 3axormiooTbesi BM-MSC 1 iHOyKyIOTh
NPOAYKYBaHHs (aKTOPiB, IO CHPUSIOTH MPOTpecii MyXJIMHHOTO POCTY, BKIIOYAIOUU
IL-6, IL-8, VEGF 1 MCP-1, imiTytoun peakiiito 3amanenus [221]. Kimituau B mipe-
MEeTacTaTUYHIN HIIll MOXYTh OyTH MeTabomiyHO penporpaMoBani. Kimitunu paky
MOJIOYHOI 3aJl03U CEKPETYIOTh acoriioBany 3 EVs miR-122, sxa pemporpamye
nereHeBl (iOpoOIacTU Ta aCTPOUUTH JJIsI TMPUTHIYEHHS METa0O0II3My IIIOKO3U
nuisxoM down-peryatoBaHHs MipyBaTKiHa3u [87].

Byno mokazaHo, 110 IUTOTOKCHMYHA XIMIOTEpamis MOXKe I1HAYKYBaTh IIpe-
MeTacTaTu4H1 e(EeKTH, sIKi MOXKYTh OyTH 4acTKOBO omnocepenkoBaHi EVs. 3okpema,
ximioTeparnis 1HAyKye BUBUIbHEHHS EVs KIiTHHAMH paKy MOJIOYHOI 3aJi03H,
30arayeHi aHEKCMHOM A6, SIKHi1 OIOCEpPEIKOBY€E aKTUBALIIIO €HAOTEIINHUX KIITHH 1
MOIIMPEHHS MOHOIUTIB Yy TMpe-MeTacTaTHyHIi JIETeHEBIA HIlll JUIsl CHPUSHHS
MeTacTasyBaHHIO [146]. BpaxoByrouu Toi (akt, 10 pi3HI TUIH MYXJIHH 1HIIIIOOThH
KackaJi 1HBa3yBaHHs/METACTa3yBaHHA 3aJIOBFO JO BHUABICHHS OCTaHHIX,
JOCSITHEHHST KPAaIoro PO3yMIHHS MUKKITITHHHUX B3a€EMOINA, OIMOCEPEIKOBAHUX
nyxauHHUMA EVS, € BaXITHMBUM I POTHO3YBaHHS Ta MPOTHU/IIT ITUM TIpoOIIecam.

HemronaBHo, 3HauH1 pe3yapTatu Oyau JOCATHYTI B po3poOiil GioMapkepiB i
TepaneBTUUYHUX 3aco0iB Ha ocHOBI EVs. Bognouac, rereporenHa npupona EVs
3JIMIIAETHCS MEPEIIKOIO0 B 1M ramy3l, 1 TOMy OUIBIIICTh CyYaCHUX JOCHIIKEHb
omucyioTh moBeAinky EVs Ha mnomynsmiitHomy piBHi. HoBi TexHomorii, mio
JI03BOJISITh  BIOPSAKYBAaTH Ta CTaHAAPTH3YBaTH [IETEKTYBaHHA Ta 130JIFOBaHHSA
pizaux marpyn EVs Ha piBHi onniel yactuaku [292, 147, 185], a Takox po3poOka
MapKepiB JUisl iX PpO3pI3HEHHS, 3HAYHO BIUIMHYTH Ha PO3BHUTOK IIE€T Talry3i
eKCTICpUMEHTATBHOI OHKOJIOTii, IO 3pEIITOI TMpPHU3BEAEC A0 TMOKPAIICHOTO

J'IiKYBaHHSI MCTACTATUYHOTO PAKY JIKOAWNHH.
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1.3. Crparerii BHKOPMCTAaHHSI MNO3AKJITMHHUX Be3UKYJI Y AiarHOCTHII

3aXBOPIOBaHb.

Y HOpManbHOMY KpOBOOOITY Benuka KilbKicTh EVs mMoxe cexpeTyBaTuch
TpoMOonMTaMu abo Merakapioruramu [328], Xo4ya BBaXKAEThCSA, IO OLIBIIICTD
KITUH 37atHl ytBOpioBatH EVs. Bimnosigno, EVs mpucyTHI Takok B pi3HHX
O10JIOTTYHMX PiUHAX Ha JIOAATOK JO KPOB1 (HampHKJaJ, TPyAHE MOJIOKO, CIWHA,
ceya Ta CIIMHHOMO3KOBa piJiiHAa). 3 TOYKHU 30py BMICTY, EVs MicTiATh mpoTeinu,
MeTabomiTu (BKIIOYAroud Jimiau) 1 HykJeiHoBl kucinotu (DNAs, pi3Hi Tumm
RNAS), K1 MOXYTh B1I0OpakaTy KIIITHHHE MTOXO/KEHHS Ta GyHKIi0 EVs.

Enty3iazm moao ¢yHAaMEHTaNbHHMX, KIIHIYHUX 1 TPAHCISAIIAHUX
nociimkeHb EVs crioHykaB 70 CTBOpPEHHS PI3HUX MDKHApPOAHUX MpodeciiiHmX
TOBapUCTB (HAMPHUKIaJ, AMEPUKAHCHKOTO TOBAPUCTBA €K30COM 1 MIKPOBE3UKYI 1
MIDXHApOAHOTO TOBApUCTBA TMO3AKIITUHHUX BE3UKYN) [Jii KEpIBHUIITBA Ta
cTaHAapTu3allii npoTokoniB nociipkeHHs EVs ta po3poOku Giomapkepi [196,
356]. OnHak, He3BakarOuM Ha TakWil eHTy3la3M 1moao EVs sk Oiomapkepi
3aXBOPIOBAaHb JIFOJUHU, OCHOBHI TEXHIYHI Ta OIlOJIOTIYHI MEPEIIKOAN TUIbKH
MOYMHAIOTH JTOCIIIKYBaTHUCh.

3 TOYKH 30py AOCIIHKEHb MOJIEIbHUX CUCTEM, BIICYTHICTh BCTAHOBJIEHOTO
MexaH13My yTBopeHHS EVs Ta MeToliB 3’ CyBaHHS 1X MOXOKCHHS W IPU3HAYCHHS
in vivo, € OCHOBHOIO TIEPEIIKOIOI0 JJIS iX MPAKTHYHOTO BUKOPUCTaHHA. [ 0J0BHI
npobnemu y BUKOpUcTaHHI EVs sk HOcCIiB OlomMapkepiB 30CEpeKeHHI HABKOJIO
KUIBKOX ~ OCHOBHUX  B3a€EMOTOB’si3aHUX  TeM. Hampukiaa, He  ICHYe
CTaHAApTU30BAHOTO METOAY JUIsl BUAUIEHHS Ta Xapakrepuctuku EVs 3 OiopiauH
opraHiaMy. KpiM TOro, BiJCYTHI JaHi IIOAO BIUIMBY KIIHIYHUX (PAKTOPIB
(HampuKIIag, BIKY, CTaTl YK PacH) Ha KUIBKICTh 1 BaHTax EVs, He3anexxHo BiJ Bif
MIPUOJIA Ta CTaHy 3axBOproBaHHsA. OKpIM TOTO, BUMOTH 70 OOpOOKH 3pa3KiB KpOBi B
HEOOX1JHUX oOcsrax s 13omoBaHHS EVS MOXyTh OOMEXHUTH BUKOPHCTAHHS
ICHYIOYHMX 3pa3KiB ITiJ] 4Yac KOTOPTHUX JOCIII>KEHb.

Hns Buminenus EVs Oymu  po3poGneni pizHi Meroau. LI migxomu

BKJIIOUAIOTh (aJie HE OOMEXYIOTbCS HUMHU) IEHTpU(yTryBaHHS B TPaIi€HTI
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IIUTBPHOCTI, adiHHI KOJIOHKM 3 aHTUTIIaMH Ta METOOM MperHmiTaIii—
yAbTpaneHTpru(yTryBaHHs. 3 MUX METOAIB YAbTPACHTPpU(PYTyBaHHS, K BUJAETHCS,
€ HaWOUIbII YacTO BHUKOPUCTOBYBaHMM wMeTojioM [93]. LlentpudyryBanus B
TPaJi€HT] IIIBHOCTI MOEIHYE MOCTIIOBHI €Tanyu HEHTPU(PYTYBaHHSA 3 TPallEHTOM
HIIBHOCTI JiJ1s 130it0BaHHs EVs, MeTonu, skl BUMaraloTh 3HA4HOTO 4acy, 00’ eMy
3pa3Ky Ta JOCBiY, 1 TOMY 0OMEXKYIOTh KIIIHIYHE BUKOPUCTAHHSI.

MeToau OYUIIEHHS 32 TOMOMOTOI0 aHTHUTLI, CIEIU(IYHUX 10 TOBEPXHEBUX
npoteiniB EVs, ski, ik BBaXxaeTbesl, € o3HakaMu EVS B IUPKYIATOPHUX CHUCTEMax
opra”iaMy (HampWKiIaa, TeTpacHmaHiHU), 3a CBOEW CYTTIO  OOMEXKEHi
T epeHIINHOI0 eKCIPECIEr0 UX MapKepiB Ha Ha pi3HUX THmax EVs, a Takox
BapTICTIO BUKOPUCTAHHS I1€1 METOAMKH ISl IIUPOKOMACIITAOHUX JOCIIIKEHb.

Kpim excnepuMeHTanbHUX MIAXOAIB 10 130m0BaHHA EVs, HEobX1IHO
BUKOPUCTOBYBAaTH pI3HI METOAW JJId XapakTepUCTHUKUA iX pO3MIpIB Ta
MOP(QOJIOTIYHUX O3HAK (HAMpHUKJIaA, MPOTOKOBA ITUTOMETPIsi, aTOMHO-CHJIOBA
MIKPOCKOTIisl Ta TEXHOJIOT1S BIJICTEKEHHSI HAHOUYACTUHOK). BpaxoByrouu BUMOTH J10
HaJIHHUX, BIATBOPIOBAIBHUX IPOTOKOMIB 130Mr0BaHHS EVS 3 Manumx BHXIJTHHX
KUIBKOCTEH TEPBMHHOIO MaTepiaidy, CTa€ 3pO3yMUIMM, IO TPUBAaIOYl CHpoOu
cTaHAapTu3allii OyayTb KpUTUYHUMU JUTsl pO3pOOKH OioMapKepiB y 1l ramysi.

Kpim texuiunux Oap’epiB, KIiHIYHI (HAKTOPH, SIKI CTOCYIOTHCS 3arajbHOI
nepeBipku OioMapKkepiB, MOXKYTh BITMBAaTH Ha po3noii 1 BMicT EVs. Hanpuknan,
MPOMDKOK 4Yacy Mk 3a00poM KIIHIYHOrO Matepiany 1 BuauteHHsSM EVs Moxe
CTaTH BaXXJIMBUM (PAaKTOPOM JUIsl TUIa3MH, BPaXOBYIOUM TEHACHIIII0 TPOMOOIUTIB J10
BuBUIbHEHHS EVs [356]. Sk 3a3Hauanocs BHIlle, 3aIMIIAETHCA HE3PO3YMUIUM, SIK
BIK, CTaTh 1 paca BIUTUBAIOTh Ha BMICT EVs, 1 TOMy yTOUHEHHS TaKMX MapaMeTpiB €
HEOOXITHUM JUJIsi po3poOKu OiloMapkepiB 1 po3ymiHHS 3HauuMoOcTi EVs sk ix
mxepena. Kpim  Toro, obOcsru  marepiany, HEOOXiHOTO IS  Mac-
CIIEKTPOMETPUYHOTO aHai3y MPOTEiHIB 200 MeTabOMITIB, K MPABUIIO, MEHIII, HIXK
Ti, sIKI HEOOX1TH1 111 BUCOKOSIKICHOTO 130J1t0BaHHsI EVs, 1110 0OMexXye MOXIIMBICTh
NEPEBIPUTH TOBIOCTPOKOBY IPOrHOCTUYHY Ta 11arHOCTUYHY BaXKJIMBICTh KUITBKOCTI

Ta BMicTy EVs B 0OMexeHnx 00’ eMax IjIa3MH 3 ICHYIOUMX KOTOPTHUX JT0CIIIKEHb.
Yy Yy )i it
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HeoOxigHo Takoxx 6patu A0 yBaru HEoOXiTHICTh 3’ CyBaHHs MOXOkeHH EVs, mo
HUPKYIIOIOTh B TPAHCIOPTHUX CHUCTEMax, OCKIIbKM el (akrop Moxke OyTu
OCOOJIMBO BAXKJIMBUM JUIsl PO3YMIHHSI iXHBOTO 3HAUEHHS [UIsl J1arHOCTUKH 1
MIPOTHHO3YBAHHS 3aXBOPIOBAHHSI.

Hemonasuo inentudikoBani B EVs Oiomapkepu 3axBOpIOBaHb JIIOIWHU
MOBUHHI B1OOpaXkaTu MaToreHe3 3aXBOPIOBAHHS, 3MIHIOBATUCS 3 TEPANEBTUYHUM
BTPYYaHHSM 1 MaTl J1arHOCTUYHY a00 MPOTHOCTHYHY LIHHICTH, IO TEPEBUIIYE
HasiBHI MOKa3HUKHU, SIKI BUKOPUCTOBYIOThCA B KJIiHIII. He3Baxkaroun Ha Te, mo EVs
MOXXYTh OyTH 1H(HOPMATUBHUMH MPU HU3II 3aXBOPIOBAHb, 1€ HAICKUTH 3 SICYBaTH,
YU TIOKPAIIATh TAaKWUH aHali3 MOCTAHOBKY MPABWJIBHOTO JIarHO3Y, YU CIPIMYE
Tepamilo 3a MeXi CydyacHHX OloMapkepiB 1 KIIHIYHUX ITOKa3HHUKIB. Bce Buiie
CKa3aHE J03BOJISIE 3pOOUTHM BHCHOBOK, IO KJIIOYOBI TEXHIYHI Ta MNPaKTUYHI
dbakropu B JaHUN 4yac OOMEXYIOTh KIiHIYHE BUKOopucTaHHA EVs, 1 HeoOximaHi
MOJIAJIBII 3yCHIIISL ISl CTaHAApTHU3allli X MPAKTUYHOTO BUKOPUCTAHHS. TUM He
MeEHII, ©0ararooOiIoYl JOCHIPKEHHS] HHU3KH 3aXBOPIOBaHb (OHKOJIOTIYHUX,
KapA10MeTa00IIYHUX, HEBPOJIOTIYHUX Ta 1H(PEKIIHHNUX) CBITYaTh PO poiib EVs sk
y CIPUYMHEHHI 3aXBOPIOBAaHHS, TaK 1 B 30€peKEHHI HOPMAaJbHOIO TOMEOCTa3y.
Kpim Toro, 3aBmsku HOBITHIM TexHojdorisM, EVs cramTh mNOTEHIIHHUMU
BEKTOpPaMH JOCTaBKHU JIKIB y IIJIKOBUTO HOBOMY KJaci T€paneBTUYHUX arcHTIB

[306, 7].

1.3.1. Io3akIiTHHHI Be3UKYJW fK HUIbOBI NMEPEHOCHUKH TepaneBTHYHOIO

BAHTAXKY

3a ocCTaHHI JECATWIITTA Oya0 po3poOJIeHO i BOPOBAIKEHO y KIIHIYHY
MPAKTUKy BEJMKY KUIbKICTh CHUCTEM JOCTaBKU CHUHTETHMYHMX JiKiB. Jlimocomu,
MILIETH, JNCHIPUMEPH, HAHOKAIICYJIM, HAHOTYOKM Ta HAHOYACTUHKH Ha OCHOBI
MENTUIIB € OJHUMHU 3 0ararbOX MPHUKIIAJIB IIMX CHHTETUYHUX CHCTEM JIOCTABKU
[299, 266]. 3 HUX HaWTABHINIAM 1 HAHO1IBIIT BUBUCHUM IIEPEHOCHUKOM € JIIIIOCOMH
[17], sIK1 3a CTPYKTYpOIO € O10CYMICHUM MOJBIMHUM JIIIIHUM IIApOM, A0 CKIady

SAKOTO MOXYThb 1HTErpyBaruch rigpodoOHi areHTu. Bcepenuni mainocom
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3HAXOAUThCSA BOAHA ¢asza, sika MOXKe MICTUTH TiapodinbHi areHTtH [282, 283].
OnHak 3aCTOCYBaHHS TaKMX CHUCTEM YacTO € OOMEKEHUM udepe3 Hee(EeKTHUBHICTD,
IIUTOTOKCUYHICTh Ta/a00 IMyHOTE€HHICTb.

OnauM 13 6araTbox croco0iB MOMOJIAHHS OOMEKEHbD JIIMOCOMHOT TEXHIKU €
nepexii Ha BUKOPUCTAHHS MPUPOJHUX CHUCTEM HOCIIB Uil  JIOCTABKH
TepaneBTUYHUX 3ac00iB. [Ipukianom Takux nNpupoaHux nepeHocHukiB € EVs, mo
MalOTh HHU3KY XapaKTEPHUCTHUK, SIKI JO3BOJSIOTH PO3MNISIaTal ixX SK MEPCHEKTHUBHI
TPaHCIIOPTHI 3aco0M I JocTaBkM JIikiB. EVs 37arHi  TpaHCHOpTYBaTH
pPI3HOMAaHITHI aKTUBHI OIOMOJIEKYTM BiJ KIITUH-TIPOAYIEHTIB A0 KIITUH-
PELUITEHTIB, TAM CaMHUM 3MiHIO04YM (¢i3ionorito octanHix [9, 229]. Hanpuknan,
EVs nepeHocsaTh MIMPOKUN CHEKTP HYKJIETHOBUX KHUCIOT 132 CBOEIO CYTTIO 3/1aTHI
70 iX (PyHKI[IOHAJIBHOI JTOCTAaBKM B KJIITHHU-pelUMIieHTH [326]. IHmIow 3 mux
BAXJIMBUX XAPAKTEPUCTHUK € X «BHYTPIIIHS CTAOUIBHICTHY» Y KPOBOOOITY 3aBISKU
HEraTUBHO 3aps/DKEHIM TMOBEpXHI Ta 3/aTHOCTI YHUKAaTH MOHOHYKJIEapHOT
¢darouurapHoi cucremu (MPS) nuisixom mnpeseHTalli MOBEPXHEBOTO MPOTEiHY
CD47 [72]. HaBnakwu, 1HII JOCHIKEHHS MOKa3yloTh, 10 EVs maroTh mnomiOHy
KIHETUKY KJIIpeHcy, fK 1 jinocoMu [293], abo 110 BOHM HaBITh BHBOISATHCA
IIBUJIIIE TICISA BHYTPIIIHROBEHHOTO BBeneHHs [168, 153]. Lli, 3maBamocs O,
CyIepewInBl pe3ylnbTaTd MOXYTh OyTH HACHIJAKOM BIAMIHHOCTEH y TMOXOKECHHI
EVs, mpouenypi 13oidmioBaHHg abo cnenupiyHoMy mpodini mpoTeTHO/MImiIHOT
noBepxHi EVs.

Opna 3 moTeHLIHUX mnepeBar BukopuctanHs EVs nang  gocraBku
OloTepaneBTUYHUX MpEnapariB MOPIBHAHO 3 CUHTETUYHUMHU HOCISIMHU TOJISITA€ B
TOMY, IO 3aBISKH BUKOPHCTAHHIO €HJIOTEHHMX KIITHHHUX MEXaHI3MIB I1CHYE
MOYKJIMBICTh CTHUMYIIIOBATH BHPOOHHUIITBO IIJTHOBOTO BaHTAXy Ta COPTYBaTHU HOTO
BcepennHy EVs, ockinbku BUPOOHUIITBO, 30epiraHHS Ta 3aBaHTAKEHHS TaKUX
OloTepaneBTUYHUX TpENapaTiB € CKIaJHUM 3aBAaHHsAM. lle 0coOIMBO BaXKIMBO
JUTSl TeparieBTUYHUX 3ac001B HAa OCHOBI MPOTEIHIB, CTa0IIBHICTh SKUX YYTIUBA A0

3MiH TeMIlepaTypH, po3dnHHUKa Ta pH.
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OnHi€ro 3 TOJOBHUX TPYIHOIIIB, 3 SIKOK CTHKAIOTHCS CUHTETHUYHI CHCTEMU
JIOCTABKH, € IXHA HE3IaTHICTh €(PEKTUBHO J10JIaTH O10JI0T1UH1 6ap’ €pH, BKIIOUAIOUN
TKaHWHHI, KIITHHHI Ta BHYTPIITHBOKIITHHHI. Ha mpoTuBary, B HU3I11 J10CII1KEHb
POEMOHCTPOBaHO 31aTHICTH EVs edextuBHO monmartu mi OionoriuHi 6ap’epu Ta,
K PEe3yabTaT, IHAyKyBaTH (yHKIIIOHAIBHI 3MIHU B KJIITHHAX-MIIIEHsX [7, 66, 186].

Hamnpuknan, Ha TkKaHUHHOMY PiBHI OyJIo Moka3aHo, mo EVs 3xgatHi nonaru
OOVH 13 HAWCKIAJHIMUX Oap’€piB JUIsl JOCTaBKM TEpaneBTUYHUX 3aco0iB, -
remaroeHiedaniuanii  6ap’ep (I'EB). I'EB € OCHOBHOIO TIepemKkoiow s
(GyHKIIOHATBHOI JOCTAaBKM TEPaNeBTUYHOTO BAHTAXy JO MO3KY 3 METOI0
JIKyBaHHS 3aXBOPIOBAHb IIEHTPAJIBHOI HEPBOBOI CUCTEMH, OCKUIBKH BIH OOMEXY€
MPOXO/DKEHHsT Maibke 98% HuszpkoMmonekymsapaux JikiB [50]. JlocmimkeHHIMU
OCTaHHIX POKIB NPOAEMOHCTPYBaHO poiib EVS y MDKKIITUHHOMY 3B’SI3Ky MIXK
Hediponamu. Ilokazano, mo EVs He mnopymyioTh IHUTICHICTH HeHpoHiB [243],
OepyTh y4acTh y MiATPUMAaHHI CHHANTUYHOI TacTU4HOCTi [19] Ta ECM mo3ky
[165]. Kpim Toro, 3’sBISIIOTBCS HOBI JOKa3d Ha KOPUCTh 3aarHocTi EVs
nepeHocuT (yHkuioHanpHui BaHTax yepe3 ['EB, Bil KpOBOTBOPHUX KIIITHH JI0
MO3KY, IPMHAMHI 32 YMOB 3anajibHOTO npouecy [261]. He3paxkarouu Ha Te, 10 Y
HUBII JOCTIKEHDb MiATBepkeHo 3natHicth EVs pomatu I'Eb [7, 186], Tounui
MEXaHi3M, SIKUH Kepye UM MPOLIeCOM, 3aIHIIaeTbest HeBinomuM. Kpim toro, Oyio
nokasaHo, mo EVs 31arHi 1onatu reMaro-CHMHHOMO3KOBHIA O0ap’ep dyepes Cy[luHHE
CIUICTIHHS, 100 JOCATTH mapeHxiMu Mo3ky [103].

Ha xmituaHoMy piBHi EVs 3parHi  B3aeMomisiTi 3  IJIa3MaTUYHOIO
MeMOpPaHOI0 KJIITHH-PELUITIEHTIB YEpe3 PI3HOMAHITHI B3a€MOIi JIiraHj/perenTop
[329]. Sk wnacmimox, EVs iHTepHani3yroThCs e(EKTUBHIINIE, HIK CHHTETHYHI
HaHOHoOcCIT [208, 275]. Hampuknaa, B €KCIEpUMEHTax 3 MPSMHUM MOPIBHSIHHAM
KJIITUHHOTO TIOTJIMHAHHSA OYJIO TIOKa3aHO, 10 CHHTETHYHI JIIMITHI HAaHOYACTUHKH
HAKOTIMYYIOTHCS B OCTPIBISIX HA TIOBEPXHI KIITHH, MPUYOMY JIMIIEC HE3HayHA
YyacTKa iX IHTEpHAJI3yeThCs, TOAl AK EVs moTpamisitorh y KIITUHU MPOTATOM
JEKUTBKOX XBWJIMH MICIIs JOJaBaHHs 0€3 HAKOMMMYEHHS Ha TOBEpXHI KmiTuH [122].

Takum uymHoM, EVS BUKOPUCTOBYIOTH €HJOT€HHI MEXaHI3MHU JUIsl KIITUHHOIO
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MOTJIMHAHHS, 110 MOXKE OyTH BUTITHUM IS IOCTaBKU TEPANCBTHYHUX 3aCO0IB 10
BHYTPIITHBOKTITHHHUX MimeHed. BaxkmuBo mo EVs 3 ogHoro mkepena KIiTHH
MOXXYTh BIJIMIHHO B3a€EMOJIATH 3 PI3HUMH THUIAMH KIITHH-perumieHTiB [251].
TakuM YuHOM, MDKKJIITHHHa KOMyHikamiss Ta Tpadik EVs 3anexars Bin
crieniuGiYHUX BIACTUBOCTEH KINITHH-TIPOAYIICHTIB, a TAKOX KIITHH-PEIUITIEHTIB
[177].

Ha BHyTpimHbOKIITUHHOMY piBHI EVSs B OCHOBHOMY IHTEpHAII3yIOThCS
yepe3 €HJOIMUTO3, ajie PI3HUMHU CHJIOIUTHUMU LUISXaMH, 11eHTU(PIKOBAHUMU JUIS
pizaux TumiB kiaituH. Toit ¢akt, mo EVs 3matHi gocraenstu BanTaxk RNA 10
KJITUH-PELUIIEHTIB (QYHKIIOHAJIbBHUM YHWHOM, CBIIYUTh MpO T€, IO BOHU
BUKOPHUCTOBYIOTh €HJIOT€HHI MEXaHI3MHU JUIsl JOCTAaBKM BaHTaXy B ITUTO30JIb.
HilicHo, Oyna BHCyHyTa Trinoresa, o EVs MOXyTh 31MBaTucs 3 €HAOCOMHUMU
MeMmOpanamu [197, 26], xoua MexaHI3MH, 3aJlisHI y IBOMY IPOIECi, IMOKH IO
Hesiziomi. [{ikaBoro € HelogaBHO oTpuMaHa iHGopmallis mpo Te, mo EVs MoxyTh
3JIUBATUCS 3 MeMOpaHaMu, ajie Julle MpU HWK4YoMy (eHaocomHoMy) pH, 1 1o
nporeinu sk moBepxHi EVs, Tak 1 30BHINIHBOI CTOPOHU KIITUHHOI MeMOpaHu
OepyTh ydacTh y Takomy 3iHUTTI [29]. Po3poOka OuIbIll JOCKOHAIMX TEXHOJIOTIH,
K1 O JTO3BOJIWJIM OUIBII JIETANBHO JOCTIHKYBATH MEXaH13MHU, IO JISKATh B OCHOBI
yTBOpeHHsI EVs 1 BUBUTbHEHHI BAHTAXKY, 3aJIUIIAETHCS BAXKIMBOIO MPOOIEMOTO.

3aranom EVs MoxHa BBaxaTH caMOJOCTaTHIM TPAHCIIOPTHUM 3acO00M IS
JIOCTaBKM TEepanmeBTUYHHUX 3aco0iB, ockutbku EVs 3marHi edeKkTuBHO mojaTH
OlosioriuHi Oap’epu Ha PI3HUX PIBHAX, CKEPOBAHO JTOCTABIATH CBI BaHTaX 1
BUKJIMKATU BIJAMOBIJb Y KIITHHaX-pernumieHTax. OIHaK OCHOBHI MEXaHI3MHU IHUX
MPOILIECIB III€ HAJIEKUTH 3’ ICYyBaTH.

[TepenymoBoto BukopuctanHa EVs $SK TEpeHOCHUKA TEpareBTUUYHUX
3ac00iB, € TONIYK CTparerii e(eKTUBHOTO 3aBaHTAKEHHS. MOXHA BUIUINTU JBa
PI3HUX MiAXOmM 10 HaBaHTaXeHHsS EVs: exk3zorenne (micis i3omtoBaHHS EVs) Ta
CHJIOTCHHE HaBaHTaXeHHS (mig vac Oiorene3dy EVs) [324]. i ek30reHHOro
HaBaHTaXeHHs EVs BUKOPUCTOBYIOTH Pi3HI METOMIU, BKIFOYAIOUM €JIEKTPOIIOPAIIiIO

[7], nmpocTe iukyOyBanHs [378, 115], 0OpoOKy ynbrpa3BykoM [149], ekcTpy3ito Ta
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3aMOpOXKyBaHHSA-PO3MOpOKyBaHHA [116], 3 pi3auM ctynenem ycmixy. Lli meromu
3aBaHTAXXCHHsS MOXYTb, OJTHAK, MIPU3BeCTU 10 arperanii EVs abo iXHbOro BaHTaxy
Ta B3MIHUTH iX (Qi3uKo-XIMi4HI Ta Mopdosoriuni xapakrepuctuku [154].
VHikaibHUM € Te, mo EVs Takok MOXHa 3aBaHTaXyBaTH CHJIIOTCHHO,
BUKOPHCTOBYIOUM BHIILIE3Ta/IaHUNA MEXaHI3M COPTYBaHHS KJIITUH JJIsI BUPOOHUIITBA
Ta 3aBaHTAXKEHHSI OlOMOJIEKyN Yy Be3ukyau. Hampukian, KIITHHH MOXYTb OyTH
HABaHTAKEHI MEBHUM BAaHTAXEM IUIIXOM MPAMOi TpaHCHEKIli (HampuKiIam, s
3aBaHTakeHHs RNA) [198] abo mnuisixoM 1HKYOyBaHHS (HAmpHKIAD, s
ruTocTarukiB) [238], micas doro EVs 3aBaHTaxylOThCS 3a y4acTi €HIOTCHHHX
KIITUHHAX MEXaHI3MIB TMepe]] IX CEKpelield B MO3AKIITUHHUN MpPOCTIp.
AnwprepHaTtuBHO, Y Bunajgky RNA abo nporeiHOBHX mpenapariB, KIITUHA MOXYTh
OyTH CKOHCTpYWOBaHI JJIsi CTAOUIbHOI €KCIIpecii TeparneBTUYHOrO 3acoly, SKU
MOTIM MOXKHA TOEJIHATH 3 MIJIXOAaMH JUIsl 30UTBIICHHSI aKTUBHOTO 3aBaHTAXCHHS
monekyl B EVs uepes 31Tt ab0 B3a€EMO/I110 IPUPOIHIM YHHOM.

OxpiMm yHiKanbHUX MOXJuBocTed EVs s 3aBanTakeHHs BaHTaxy, EVs
TaKOXX MOXKYTh OyTH (PYyHKIIIOHAJIbHO KOPUCHUMH JIJIsi TOCTABKH JIIKIB 3 TOYKU 30Dy
IJIbOBOTO TMpu3HaueHHs. byno BcraHoBieHo, mo EVs xapakrepusyThbes
BEKTOPHICTIO B3a€MO/IIi 3 KIITHHAMU-PEIUIIIEHTAMHU, TPUHAWMHI 0 TIEBHOT MIpH,
OCKUITBKH iX JIIMITHUN CKJIaJ 1 BMICT MPOTETHIB MOXYTh BIJTUBATH HA X TPOITHICTH
10 neBHUX oprauiB [217]. Hanpukinaza, pi3Hi THINM IHTETPUHIB MalOTh 3/1aTHICTb
3MiHIOBaTH (papMakokineTuky EVs Ta 301mbplyBaTH iX HaKONMUYEHHS B MO3KY,
JereHsx abo meviHll, 3aJie’KHO Bi Tuny iHTerpuHiB [128]. KpiMm Toro, mokaszaHo,
mo EVs, mo mictate Tspan8 y KoOMIUIEKCl 3 IHTErpUHOM aib(a-4, mepeBakxHO
MOTIMHAIOTECS  KINTHHAMU  MANITYHKOBOT 3amo3u  [257]. TlomiOHuM dYuHOM
miniganid cknax EVs Moke BIumBaTté Ha iX MOTIMHAHHS, OCKIBKU, HAPUKIIA,
Bimomo, 10 ¢docharuauicepur Oepe ydacth y mormuHanHl EVs makpodaramu
[200].

BaxnmBoro mepeBaroro EVs sk 3aco0iB J0oCTaBKU JIKIB € iX 37aTHICTb
3HIDKYBaTH TOKCUYHI €(PEeKTH, SKI MatOTh CTOPOHHI PEYOBUHU TPH iX MOTPAIUISTHHI

B opraHi3zMm. Yepes cBoe OiojioriuHe moxokeHHs EVs, WMOBIpHO, MIHIMaJIbHO
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BINTMBAIOTh HAa IMyHHY cucTemy. Hampukinan, mOmHS 3IiACHIOIOTBCS THCSYI
NepeiMBaHh KPOBI Ta TUTa3MU, MiJI Yac SKUX TMaIllEHTaM TEPeNaeThCs BEIUKa
KUTbKICTh EV's 0e3 BuauMux nmooiyHux e(deKTiB.

3aBasKH CBOiM MPUPOHINA y4acTi B MKKIITUHHOMY 0OMiHI 010MOJIEKyJlaMH,
EVs maroTe BenuKHil IOTEHIIA SIK HOBHH 3acl0 JOCTABKM Ol1OJIOTTYHHMX arcHTIB,
0COOMMBO JUIsl JOCTaBKM OlOTepaneBTUYHUX IIpenapariB, I SKUX ICHYE
MOXJIMBICTh 3aBaHTaXeHHS B EVs 3a 10MOMOror €HJOTCHHUX KIITHHHHX
MaKyBaJIbHUX MeXaHi13MiB. BHACIiIOK po3p0oOKH JIIHIM KJIITHH, 3 SKUX OTPUMYIOTh
EVs, Oynu orpumani pi3Hi miargopmu miis 3aBaHTaxeHHs EVs Ta ko’ rorarrii
«anpecHux» (QparmentiB g0 Hux. lle mnpusBeno 1m0 ayxe OOHAmIMIMBUX
pe3yabTariB Ta MIATBEPIKEHHSI BUCYHYTUX KOHIEMIINA HAa JOKITIHIYHUX MOJEISIX.
Tum He MeHI, MOTPIOHO JOKJIACTH OLIbIIE 3yCHJIb, 00 MOCITTH MPAKTUYHOTO
3acrocyBaHHsi EVs. Ilepemkonu, ski HEOOXITHO TOMOJIATH HA TNUIAXY J10
KJIIHIYHOTO BUKOPHUCTAHHS, BKIIIOUAIOTh PO3IIMPEHHS BUPOOHUIITBA Ta 130JF0OBAHHS
EVs, a Takox pekoMeHnalid mIoJ0 BIAMOBIAHOTO iX 30epiranHs. Kpim Toro,
nonmONeHl  JAOCIIKSHHS oiorenesy  EVs, COpPTYBaHHS BaHTAXKY,
mugepenuioBadHsa cyononymsnid EVs, iX iHTepHamizamii Ta HUISIXiB OOMIHY B
KJIITUHAX-PEIUITEHTAX € BUPIMIAIBHUMH JUIsl TOTO, 1100 ONTUMI3YBaTH CTparerii

MOJIAJIBIIIOTO BJOCKOHANIEHHS EV's sik HOCIB TepaneBTUYHUX areHTIB.

1.4. Ananrtepnmii nporein Ruk/CINSS, iioro 0ynoBa ta pyHkiii
1.4.1. OcobuBoOCTI CTPYKTYPHO-PYHKIiIOHAJBHOI opraHizanii Ruk/CIN8S

OcTaHHIMH JOCHIDKEHHSIMU YITKO MPOJAEMOHCTPOBAHO, IO JOMEHHA
apxITEKTypa aJanTepHUX/pUIITYBAILHUX MPOTEiHIB J03BOJsE M (DYHKIIIOHYBATH
K 0araroiiaboBi mwiaTGopmMu JJisl opraHizailli HaAMOJIEKYIIPHUX KOMIUIEKCIB, SKi
TOHKO PETyNIOIOTh MOTIK 1H(OpMAaIIii Yepe3 CUTHAIBHI MepeXi KIIITUHHA B IPOCTOP1
1 gaci [187]. 3a3HadueHa CTPyKTYpHO-(QYHKI[IOHAJIbHA OpTaHi3allisi aJanTepHHUX
NPOTEiHIB BBU3HAYA€ X KIIOYOBY POJIb Y KOHTPOJ (Pi310J0TIYHOI AKTHBHOCTI
kiituH [241]. Ruk (Regulator of ubiquitous kinase) y rpusyniB [100] i #oro
oprosior y yronuau CIN8S (c-Cbl-interacting protein of 85 kDa) [305] € ogaum 13
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Takux ajgantepHux npoteiniB ccaBuiB [100]. Bcranosneno, mo Ruk/CINSS
BUKOHY€E IHTETPYIOUYy POJb y PETryIIOBaHHI apXITEKTYpH aKTUHOBOTO LIUTOCKEIETY,
aaresii ¥ 1HBa3ii kiituH [136, 276, 316, 222, 119, 268, 270], anonTo3y [49, 100],
MITOTEHHOTO CHUTHAIOBaHHS [246, 294], niranm-omocepeakoBaHOTO EHIOIMTO3Y
PELEeNTOPHUX THPO3MHOBUX MPOTEIHKIHA3 Ta TpadiKy eHIOUUTHHUX BE3UKYN [2460,

294, 120].

SH3A SH3B SH3C PR cC
-+ -+ -+
— = = A~ AT ~~rr—rr— RukL/CIN85
- — - ~ T e Y ~ T RukXL
- - N AT\ YV YT RUKAA/SETA
_ — i . — g —r— RukACP
T~ AT T RukMI
A e - =~ RukM3
S —T RukS
=T RukHI
=TT RukH2
=\~ RukH3
=~ RukHd
-~ RukT
SH3A SH3B SH3C PR cc

g |
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B §472 S511 T538 S589
5540

Puc. 1.5. JlomeHHa apxiTekTypa Ta moJjekyisipHi BapiaHTu Ruk/CIN8S: A)
MonekynsipHi BapiaHTH wmuIIadoro agantepHoro npoteiny Ruk/CIN8S. B)
Jlomenna opranizaiisi Ta cxema (GochOpHIIOBaHHS OCHOBHOTO MOJICKYJISIPHOTO

BapianTy Ruk/CINS5 [33].

Ruk/CIN8S5 exkcnpecyeTbcs y BUINISIAL KITBKOX MOJEKYISPHUX BapiaHTIB
(Puc. 1.5 A). OcHoBHa 130¢opMa, ska HazuBaeTbcsi RuklL y rpusyniB i CIN&S y
JIIONUHM, MICTUTH Tpu AoMeHu SH3, 306araueHy nposiiHOM 00J1acTh, 110 BKJIOYaE 4
OJIOKM MpOIiH-30aradeHuX MOTHUBIB, 00JIACTh, /1€ JIOKAJII30BaHI OCHOBHI LEHTPHU
dbochopunroBaHHs no 3aIAIIKAX CEepUHY/TPEOHIHY 1 C-kiHUEBY
cynepcripanizoBany ninsHKy (coiled-coil) [305] (Puc. 1.5 B). BinbmricTs iHmmMx
MosiekynapHux BapiaHTiB Ruk/CINSS, 3HalineHux y Tpu3yHIB 1 JIOIWHHU, €
KOPOTIIMMH, YCI4eHUMHU Ha N-KiHIlI POTeTHAMU, B SIKUX BIJCYTHI OJWH, JBa a00

Bci Tpu aomenu SH3 [85]. [nenTudikoBaHi Ha CHOTOIHI MHOXWHHI MOJEKYISPHI
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dopmu  Ruk/CIN8S € pesynbratoM anbTEpHATUBHOTO  CIUIAicCMHTYy — a0o
BukopuctanHs BHyTpimHIX ATG uentpis [33].

TkanunHa cnenudiynicth okpemux BapiaHTiB Ruk/CIN85 He moBHICTIO
Bimoma. OTpuMaHi Ha JaHWM MOMEHT pe3ylbTaTH BKa3ylOTh Ha Te, IO
RukL/CIN85 1 RukM € nBomMa OCHOBHMMH BapiaHTaMH IIbOTO aJIalITEPHOTO
MPOTEIHY, SKI EKCIPECYIOThCs B OLIBIIOCTI TKaHWH ccaBHiB [85]. [esaxi iHmI
mostekyisipHi  Bapianti Ruk/CIN8S, 3okpema CD2BP3 (excmpecyetrbess B T-
mimdornutax), RukT (excrpecyetbes B sieukax) 1 RukH (excripecyeTses B cepiii),
BUSIBJISTFOTH OUTbITY TKaHUHOCTeIupiuHicTh [316, 33].

binbmricte nomeniB Ruk/CINSS, 3anydeHi 10 MDKMOJIEKYJISIPHOI B3a€EMO/IIT,
MaroTh noaBiHHI ¢yHKIii. Jlomern SH3 Ruk/CIN8S 3a3Buuaii 38’ 3y10Th NMPOTEIHU
3 aTUINOBUMH MPOJIIH-apriHIHOBUMU MoTuBaMHu [167], ame MOXYTbh TakKoX
posmi3HaBaTH yOIKBITHH, Xo4ya 3 HaOararo Hmwk4oro adinHicTio [24]. IloniOHum
yiHOM C-KiHIIEBa Cymepcripalii3oBaHa JUISTHKA aJaiTepHOro MpPOTEiHy, 3aTydeHa
no omiromepusainii  Ruk/CIN85 3 i#ioro MHOXMHHMUMHU (popmamuM  abo
onmuspkoctopigaeHuM romosiorom CD2AP/CMS [91],Moxe Takox 3a0e3neuyBaTh
B3aemofito  Ruk/CIN8S5 3 muasmMarnyHol0 MEMOpPaHOK IUIAXOM MPSAMOIO
3B’s13yBaHHs 3 (hocdaruanoro kuciotor [370].

Kinpka mociimpkeHb YITKO NPOAEMOHCTpyBaiau, mo nepmmii SH3A 1,
MeHmow Mipoto, Apyruii SH3B gomen Ruk/CIN8S5 (Puc. 1.5 B) MoxyTb
3B’SI3yBaTUCS 3 BIACHUMU MoTHBamH, Oararumu Ha mpoisiH [30]. Iloreniiina

PEryJIATOpHA POJIb TAKMX B3aEMOJIIN O KIHIIS HE 3’ COBaHa.

1.4.2. 38’sa3yBasibHi napTHepu agantepHoro nporeiny Ruk/CINSS

Crucok 3B’s3yBasibHMX maptHepiB Ruk/CIN8S Bkitouae iHIIl ajmantepHi
MOJIEKYJIA, CTPYKTYpHI MPOTEiHU, PI3HOMAHITHI €H3UMHU, CHEIUpIuHI PETYIATOPHI
MOJIEKYJIM, TaKl SIK MpOoTeiHu, 1o akTuByloTh GTPa3ny aktuBHicTh G-mpOTEIHIB
(GAP), dakropu odminy ryaninoux HykineotuaiB (GEF), penentopu kimiTHHHOT
MOBEPXHI, @ TAKOX IHIIl NPOTEiHU. BBaxkaeThcs, 1m0 OUTBLIICTh IMX MPOTEiHIB

3B s13yeThes 3 Ruk/CIN8S uepes iioro SH3 nmomenu, 1 B 6ararbox BHUMaaKax Iii
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B3a€MO/IIi BBXKAIOTHCA MPSIMUMH. Y TOM ke (i3uuHi Ta (YHKIIIOHATIBHI acoriarii
MDK mpoTeiHamu, onocepenkoBani Ruk/CINSS, € pisHOMaHITHUMHU ¥ yTBOPIOIOThH
CKJIaIHy Mepexxy. ToMy B Oararbox BUNAJKax MOTPIOHI JOIATKOBI JOCIIKCHHS,
00 BUKJTFOUUTH MOYKJITUBICTh HETIPSIMO1 B3a€EMOII1.

BaxxnuBo 3a3HaunTd, 110 OUTBLIICTG 3B’si3yBajibHUX NapTtHepiB Ruk/CINSS,
MOXXYTbh, TPUHAHMHI THMYacOBO, OyTH acolliiioBaHi 3 MEMOpaHHUMHU MPOTEIHAMU
Ta/abo nuTockeneToM. Taki JaHi CBiAYaTh MPO Te, MIO OHA 3 OCHOBHUX (PYHKIIIH
Ruk/CIN8S y pi3HOMaHITHUX KJIITHHHUX [poIecax IMOJisIrae B pPeErylrOBaHHI
pPEMOJICITIOBAaHHS MEMOPAH IIISAXOM iX MOEIHAHHS 13 0a30BHM ITUTOCKEIETOM, IO
JTWHAMIYHO 1epeOya0BY€THCS.

Ruk/CIN8S5 moxke kiactepusyBaTH pi3HI HaOOpHU TMAapTHEPIB 3aJIEKHO BIJT
TUIYy KIITUH Ta KITHHHOro mpouecy [120]. Tum He MeHII, OpaBWia, L0
perynoioTh komOiHatopHuii HaO1p npoTeiniB Ruk/CIN8S-3anexHoro miardopmoro,
3aMIIalThea HeBigoMuMu. DyHKIIOHATIBHE pi3HOMaHITTS napTHepiB Ruk/CINSS
CBIIYUTH IPO T€, IO PI3HI HAOOPU LUX MPOTEIHIB 3rPyHOBYIOThCA Ha MIaT(opmi
Ruk/CIN85 B nuHamiunuii 1 moeramHui cmoci6. Hampukman, 3rigHO OIHET
rinoreTnyHoi Mozedi, B npoueci (Ruk/CIN8S)/Cbl-onocepeakoBaHOTo €HAOLUTO3Y
aktuBoBanux EGFR, mpoteinu, acomiiioBani 3 SH3 momeHamu 11p0r0 ajamnrepa,
IIBUJIKO OOMIHIOIOTBCS Y CITOCIO, IO 3aJCKHUTh BiJ MOYATKOBUX IO3aKIITHHHHUX
CTUMYIIB 1 iX BIJIHOCHOI JIOKaJdbHOI KOHIIEHTpalli, MOCTTPAHCISAINHUX
MonudikaIii 3B’ 3yBaIbHUX MMapTHEPIB MPOTATOM MPOTpecii 310paHnuX KOMILUIEKCIB
3a €HJOLMTHUM IUIsIXOM [162].

Kpim Toro, 3narnicts Ruk/CIN85 BukopucroByBatu cBoi SH3nmomenu s
OJTHOYACHOTO 3B’SI3yBaHHA KUIBKOX MOJIEKYJI OJIHOTO TIPOTEiHY BBAXKAETHCS
BaXKJIMBOIO OCOOJIUBICTIO 1IbOTO aaanTepa. Hampukian, Oyno mpoaeMOHCTPOBAHO,
mo Ruk/CIN8S5 moxe 3B's3yBatu kinbka mojekyn Cbl uepes cBoi gmomenu SH3.
Takum yrHOM, BIH cIpHsie KiacTepu3allii Ta cTadiaizalii akTHBOBAHUX KOMITJIEKCIB
Cbl-EGFR [163]. 1le Bka3ye Ha Te, mo SH3 nomenu Ruk/CINSS, 30xkpema SH3A

ta SH3C, mBuame 3a Bce, Mae CIIUJIbHE eBOIOIIHHE oxomkeHHs [120].
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1.4.3. OcHoBHi ¢QyHkuii Ta OioJOriYyHa PpoJb aJANTEPHOr0 NPOTEIHY

Ruk/CINS8S B nponecax Be3uKYyJIAPHOI0 TPAHCIIOPTY

Ruk/CIN85 ©OyB imentudikoBanmii [305] mHUISIXOM CKPUHIHTY HOBHX
3B’s13yBasibHUX TapTHEpiB c-Cbl, yoikBiTuHIIrasu E3. c¢-Cbl yGikBiTumoe 6arato
perenTopiB KIITHHHOI TOBEpXHI Ta 3a JOMOMOTOI0 IIi€l TOCTTPAHCIAMIMHOI
Moaudikalli 1HIIIOE X 1HTepHAI3allil0, €HJIOIUTHUN TPAHCIIOPT Ta COPTYBaHHS
[300].

Poms Ruk/CIN85 B eHmommTo3i, OmOCEpeaKoBaHOMY Be3WKylaMu, Oyra
MIJTBEp/DKEHA TIOBIIOMJICHHAMHM TMpO Te, [0 THUMYacoBa B3aEMOMIS MIXK
nporeinamu poauHu Cbl 1 Ruk/CIN85 € HeoOXimHOW Ta JOCTaTHBOIO IS
IHIIIIOBAaHHS E€HJOIIMTHOI 1HTEpHATI3aIii KIUJIbKOX aKTHBOBAaHUX PEIEHTOPHUX
tupo3uHkiHaz (RTK), Bxmrouaroun EGFR [241, 246, 294, 303]. Monensb,
3aCHOBaHA Ha pe3yabTrarax LHUX JOCHIIKEHb, MNPUITYCKA€, IO IHTEpHAII3aLIs
akTuBoBaHUX KoMmiuiekciB RTK-Cbl inimiroerses, komu Ruk/CIN8S5 moemnye ix 3
NpOTETHAMU «EHJOIMTHOIO MexaHi3My», eHaodutniHamu Al, A2 1 A3, sxi
3a0€e3MeuyloTh BrMHAHHS MEMOpaHH, 100 1HAYKYBaTH YTBOPEHHS OTOPOYEHOI
Be3UKyn [78].

Knacrepuzanist kimpkox Mojekyn Cbl 3a  pomomororo Ruk/CIN8S e
HEOOX1THOI0 yMOBOW i1 edektuBHOi crtadumizamii kommiekciB EGFR-Cbl 1
nojabInoi iHTepHatizamii aktuBoBanux EGFR 3 kmitunanoi moBepxHi [163]. Tlo-
npyre, Oyino npoaeMoHcTpoBaHo, 0 Ruk/CIN8S moxe ¢GyHKIIOHYBaTH HE TUTBKU
sk Tuiardopma st 3B’ si3yBanHs komruiekciB EGFR-Cbl 3 enpodininamu, ane moxe
TaKOX MOAYNoBaTH nomupeHHs akruBoBaHnx EGFR [278]. Kinbka ciocTepexkeHb
noKazajau, Mo HuIsX 1HTepHam3anii, 3anexxuuit Big Ruk/CIN8S, HeraTtuBHO
PETYINIOETHCS JEIKMMH 1HIIMMH «IOB’S3aHUMH 3 €HJIOIIMTO30M» IPOTEIHAMH,
BKItodaroun Dab2, Alix 1 Sprouty 2, siki 3B’ s13yt0Tbest 3 Ruk/CINSS, m100 3ano0irtu
rioro B3aemonii 3 Cbl [114].

Hanmipauit BmicT Ruk/CIN8S5 BusBiasieThcss B €HAOCOMAaxX MpU  HOTO
Hagekcnpecii [370], Toxi sx enmoreHHuid Ruk/CIN8S5 mepeBaxHO TMOB’s3aHUM 3

MeMOpanamu, Bkputumu nporeinom COPI (coat protein complex 1), 1 Besukynamu
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xomruiekcy lompmxi [118]. Kpim Toro, y nesxux tumax kimituH Ruk/CIN8S Oys
1IeHTU(IKOBaHUN y  PI3HUX MNEepUPEPUYHUX  MEMOPaHHUX/IIUTOCKEIETHUX
CTPYKTYypax, TaKuX SK JaMeJiIoii Ta iHBajgomnoaii [276, 222].

Perynstop aktuny N-WASP, pekpyroBanuit SH3 nomenamu Ruk/CINSS in
vitro [120], € KIIOUOBHUM pETYISITOPOM OI0T€HEe3y TPAHCHOPTHUX MPOMIKHHUX
npoaykriB, Bkputux kiaarpunom 1 COPI [206]. Kpim Ttoro, omun i3 GAP,
pexpyroBanuii Ruk/CIN8S, ARAPI, 3 noxggiitHoto crnernudivnictio 10 Arf/Rho,
(GYHKIIIOHYE K B €HIOIUMTHOMY HIIAXY [69], Tak 1 B komruiekei Tombmxki [210].
[cHYIOTh TakoX CBiTYEHHS TIPO Te, Mo ¢-Cbl, sxuii BBaKa€ThCS OMHUM 13 TOJTOBHHUX
naptaepiB Ruk/CIN8S mig wac enpmoumroly RTK, onHodacHO mnpucyTHiil Ha
MeMmOpaHax KkomIuiekcy lompmki paszom 13 non-RTK Src, iHmmM BigoMum
naptaepoM Ruk/CIN8S5 [16]. Hapemri, Ruk/CIN85 cam mno cobi Moxe
oe3nocepeHpo 3B’ a3yBatucs 3 docdaruaHoro Kuciaotow [370] — docdommigom,
0 YTBOPIOEThCS B Komruiekel [onmpmxi 3a ydacti ¢gocdominazu D2 (PLD2) 1 €
HeoOX1IHUM 11 OloreHe3y Be3ukysd, Bkputux COPI [262]. lle 3aGesneuye
MOXJIMBICTH Oe3mocepenuboi B3aemofii Ruk/CIN8S 3 memOpanaMu KOMILICKCY
[onpmxi Oe3 IOMOMOTrM 1HIIUX acoUIOBaHUX 13 T0NbIXKI MPOTETHIB. Y MIJACYMKY,
[l CIOCTEPEKEHHS PA30M 13 JOCHIKEHHSAMHM JIOKaJli3allii, ONMHCAaHUMHU BHIIIE,
cBimyarh nipo Pyukiii Ruk/CINS8S, moB’s3ani 3 amapatoM ['0b/K1 1 TPAHCTIOPTOM,

OIMOCCPCAKOBAHHUM BC3HUKYJIIAMMU.

1.4.4. Poab ananteproro nporeiny Ruk/CIN8S B kanueporenesi

bynu orpumani mnepexonnuBi jgokazu Toro, 10 Ruk/CIN85 wmoxe
0e3MocepeIHbO CIPUSATHA 1HBA3WBHIN MOBEMIHIN MyXJIMHHUX KJIiTHH. Ha choromHi
MPOJIEMOHCTPOBaHO BUCOKI piBHI ekcrpecii Ruk/CIN8S B iHBa3MBHHMX KJIITHUHAX
paKy MOJOYHOI 3aJI03M Ta MOKAa3aHo, 10 LEH aJanTepHUd NPOTEiH € KIFYOBUM
KOMIIOHEHTOM 1HBajgomomid [222]. IuBagomomii — 1€ ajAre3uBHI, 30aradeHi
aKTUHOM BUII'SIUyBaHHS MeMOpaHHu, sKi 3a0e3MeuyloTh 3[aTHICTh MYyXJIMHHUX
KJIITUH TPOHUKATU Yepe3 No3akiiTuHHUN Marpukc (ECM) 1 HaBKOJIMIIHI TKAHUHU

[31]. Ruk/CINS8S cnpusie Giorenesy iHBaAONOMAIN HUIAXOM 3B’s3yBaHHS IPOTEiHIB
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Cbl 3 GAP ASAP1/AMAP1 (53). V xniTuHaxX iHBa3UBHOTO PaKy MOJIOYHOI 3aJI03H
ASAP1/AMAPI1 ¢yskiionye ik BaxJIUBUN €()EKTOp OHKOTeHe3y, KUl 1HIIII0€
OloreHe3 1HBAJOMOJIN, HAWIMOBIpHIIIE, IUIAXOM 3 €HAHHS KOPTaKTHHY Ta
nakcuiiny [267].

3rifHo 3 wi€l0 Moaemno, pyiWHyBaHHS KoMmiiekcy Cbl-Ruk/CINSS-
ASAPI/AMAPI1, onocepenkoBane down-perymoBanHsM  Ruk/CIN85  3a
nonomororo siRNA, a Takox 3a ydacTi IPOHUKHUX JUJIsl KJIITUH HENTHU[IB, IO €
KOHKYpEHTHUMHU 1HTi0iTopamMu 3B’sizyBaHHA 3 SH3  nmomenamu Ruk/CINSS,
MPU3BOANTHh JI0 3HAYHOTO NPHWTHIYEHHS 1HBa3WBHOI AKTUBHOCTI KIITHH paKy
TPYIHOI 3an03u in Vvitro. Byno 3amponoHoBaHO, IO B Il MOAENI MyXJIWHHHUX
kiituH Ruk/CIN8S cnpusie omocepenkoBanomy c¢-Cbl mocusieHHIO 34aTHOCTI
ASAPI/AMAP1 aktuByBatu GTPa3Hy aKkTHBHICTb HU3BKOMOJEKYISIpHUX G-
MPOTEiHIB, 3aJITHUX B Mpolecax yTBOpPeHHs 1HBamomnomid [222]. OmHak TOYHY
poinb omocepenkoBanoro c-Cbl yoOikBitwioBanHss ASAP1/AMAP1 min wac
OloreHesy 1HBaJONOMAIA W€ HAJIEXKUTh 3’scyBaThH. KpiM Toro, MyTaHTH
ASAPI/AMAPI1, ski He 3B’s3ytorb Ruk/CIN8S, Bce mie 3matHi miaTpuMyBaTu
dbopmyBaHHa 1HBajgomomii [25], mo Bkazye Ha Te, 1o Ruk/CINSS 1
ASAPI/AMAP1 MoxyTh (DyHKITIOHYBATH HE3QJICKHO B ITUX CTPYKTYypax.

IaBamononii MyXJWHHMX KIITHH TICHO TIOB’SI3aHI 3 IOJA0COMaMH
HeTpaHC(HOPMOBAHUX KJIITHH 1 MICTATH OaraTo MOJEKYJISIPHHX KOMIOHEHTIB FAs
(focal adhesion) [346]. lle cTBoproe wmoxauBicTh TOro, IO Ruk/CINS&S
(GYHKIIOHY€E B 1HBQJOMOMISAX Pa3oM 3 ACSIKUMH IMApTHEPAMH IO B3a€EMOIli, SKi
3a3BUYAN JIOKaTi3ylOThCsl B (pokadbHUX KOTHTakTax. Lle mMoxe crocyBarucst c-Src,
sIKa, OYEBHUIHO, € BAXKIIMBOIO sK st FA, Tak 1 nis iaBagonoaii [99]. IlpumitHo, 1110
Ruk/CIN8S moxe Takox pekpytyBatu c-Abl, iniry non-RTK, sika pyHkumionye sk
KJIIOUOBUN PEryasTop AMHAMIKKM akTuHy B FA Ta 6araThbox 1HIIMX KIITHHHUX
ctpykrypax [120]. Xouda c-Abl He Oymno A0Ci BUSBICHO B 1HBAIOMOISAX, MyTaHTHI
BapiaHTH Ii€] KIHA3U CUJIBHO CIPHUSIOTh 1HBa3UBHUM (DEHOTHIAM Y KIIITUHAX PAKY
MOJIOYHOI 3ano3u [296] ¥ Npu3BOAATH O YTBOPEHHS TMOAOCOM Yy KIIITHHAX

nerikemii [249]. HaromicTh, BaXXKO YSBUTH TOTEHIIMHY Ba)KJIUBICTh KOMILICKCY
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Ruk/CIN85-FAK nans iHBajmomoniid, ockinbku KiHaza FAK ¢yskmionye sk
HETaTUBHUM PETYISATOP LIUX CTPYKTYp [46].

3a J0MOMOro MPOTEOMHOr0 aHali3y Oylo BCTaHOBIEHO, o SH3 nomenu
Ruk/CIN85 6epytp yuacth y B3aemomii 3 Tks4 [37], aganTepHHM MpOTETHOM,
HEOOX1THUM 711 (popMyBaHHSI ToJ0cOM y Src-TpaHchopmoBanux (idpodnacrax.
Ananrepuuii mpoteid Tks5, romonor Tks4, Bigirpae BupiiaabHy poJib y 30MpaHHI
nogocoM y Toukax FA y BigmoBiap Ha aktuBarito Src. Tks5, sx 1 Tks4,
PEKPYTYEThCS 10 MeMOpaHu HUIAXOM Src-iHaykoBaHoro HakornmueHHs PI1(3,4)P2 i
ciyrye  1argopmoro  gms Monekyn  N-WASP, mo cmopusise  Arp2/3-
OMOCEPEIKOBAHOMY 30MpaHHIO aKTHUHY B momnepeaHukax mnogocom [230]. Takum
YiHOM, MOXxHa npunyctutd, mo Tks4 1 Ruk/CIN8S pazom MoxyTh 3a0e3neuntu
matdopMy Ui iHILIIOBaHHS Arp2/3-0mocepeIkoBaHOTO 30HMpaHHS aKTUHY B
1HBAIOTIO/11 PAKOBUX KJIITHH.

Haxormuenni pokasm cBimuath npo Te, mo Ruk/CIN8S5 € BaximBuM
PEryasSTOPOM TPAHCIIOPTY, OMOCEPEIKOBAHOTO BE3UKYJaMH, 1 MOXE CHpPHUATH
aaresii Ta mirparii K1iTHH. OJHAK Halle pO3yMiHHS KOHKPETHUX MOJIEKYJISPHUX
Mmexani3MiB ydacTi Ruk/CINS8S y nux mponecax € ooOMexenuM. [Hdopmariis npo
cyokmiTuHHy Jokam3aiito  Ruk/CIN85 HeomHo3nayna. Pesynmpratu  pi3HHX
JOCHIPKEHb BAaXXKO TOPIBHIOBATA Yepe3 PI3HOMAHITTA EKCIEPUMEHTAIbHUX
MoJIeNIed 1 MIIXO/IB, 110 BUKOPUCTOBYIOTHCS PI3HUMH JOCIITHULIBKUMU TpyHamMu.
HeoOxigHi momanbim AOCTIIKEHHS JUIS aHami3y CKJIaay HaIMOJICKYJIIPHUX
KOMIUIEKCIB, 310pannx Ha maatgopmi  Ruk/CIN85S mig wac  pi3HHX
BHYTPIIIHBOKIITUHHUX MpPOLECiB. BaxXIuMBO Takoxk 3’sCyBaTH, K J0OCATAETHCA
BuOIpkoBicTh Ruk/CIN8S miomo #oro mapTHepiB 1o B3aemoii. 3’sacyBaHHS poJil
Ruk/CINSS y dhopmyBaHHI 37105IKICHOTO (PEHOTHUITY 3aCIIyTOBY€ Ha OCOOJMBY yBary
OCKUTBKHM PE3yIbTaTH TaKUX JOCTIIKEHb MOXYTh CTaTH BaKJIMBUM BHECKOM [0

po3poOKHM 3aco0iB, 31aTHUX 3amo0iraTd METAacTa3yBaHHIO NYXJMHHUX KIITHH

[242].
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PO3/LI 2
MATEPIAJIA TA METOJIM TOCJII’)KEHD

2.1. OtpumanHd 3pa3KiB NOTY JIOAMHH, 30aradenux EVs gociimkenns ix

HYKJIEIHOBOTO TA MPOTEIHOBOI0 CKJIATY

YMoBHO 3710poBi BojoHTEpH (BikoM 35 £ 10 pokiB), HaOpaHi cepen ocid
PI3HOTO BIKY Ta €THIYHOTO MOXO/KEHHS, K1 MpoKuBatoTh y [liBHIUHIN DiHISHII
B paiioni wmicta Oyny (Homarku, Tabmuus 1), orpumanu iHdopmario mpo
JOCTIDKEHHST Ta HaJald OOMEXEHY CaMOOIIIHKY CTaHy 3J0poB’a Ta (Pi3HUYHOI
dbopmu pazoMm 3 iHPopmoBaHOW 3ronoro. Etuunuit no3sin (EETTMK:110/2015)
oyno HagaHo etuuHuM koMitetoM Oulu University medical School BianosigHo no
DiHCHKOTO 3aKOHY TIPO MeAnYHI TocimkeHHs (488/1999). 1o0poBOMBIIIB MPOCUITU
YHUKATH BUKOPHCTAHHS MHJIA Ta map@ymiB mpotaroM 24 rox mepea TpeHyBaHHSIM
Ta JOJATKOBO MPHUHHATH Ayl 3a 15 XxB Oe3nocepeqHbo mepes] BIpaBolo, 1100
BUJIAJIUTH TIWJI Ta 1HIII 3aJUIIKK 3a0pyAHEHHS BiJl HABKOJIHUIITHHOTO CEPEeIOBHUIIA 31
HIKIPH.

Bnpasu Ha Benocuneni (ProSpinner spinning bike, Karhu) Bukonysanu npu
KiMHaTHIN Temneparypi (25°C) npotsirom 30 xB. 3pa3ku MoTy 30Mpak 3 BEPXHBOI
JacTUHU Tia (PyK 1 TymyOa), BUKOPHUCTOBYIOUM TIOJIETUICHOBUI OIIOBUK
(Tammer Brands Oy, ®@iunsHzais) 1 oqHOpa3oBi BeTepuHapHi pykaBuili (024199,
GIA, ®panuis). Ilicns TpeHyBaHHS 3pa3Ku MOTy 30Mpaid LUISIXOM pO3pI3aHHS
PYKaBHIII Ha PIBHI MaJbLIB JJIs acmipaiii piguHu. SKIo Ha mepeaHid J4acTHHI
JIOILIOBHKA HAKOMTMYYBAJIOCh TOCTATHHO PIIUHU, 11 TAKOXK 30UpalIu.

Otpumani 3pa3kd NoTy Oyaud MOAUIEHHI Ha Tpynu Ta oO0poOseHi 3a
MIPOTOKOJIAMH BIJIITOBITHO JI0 IMITLOBUX aHATI31B. B misioMy 3pa3ku moaiauiag Ha Bl
OCHOBHI TPYIHU: JOCTIDKCHHS CKIJIaQy HYKJICTHOBHUX KHCJIOT Ta JIOCIiHKCHHS

npoteinoBoro ckiany EVs noty (Puc. 2.1)
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XT Sample Prep ~ Total RNA V2 (Thermo (New England Biolabs)
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Puc. 2.1. 3aranbHa cxema EKCIEPUMEHTIB JOCIIKEHHS CKJIaay 3pa3KiB

noTy, 30araueHux EVs, Ta BIAMOBITHUX KOHTPOJIIB
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2.2. JlociigskeHHS CKJIAAY HYKJIEIHOBHX KMCJIOT y 3pa3Kax MoTy JIJAUHH,

30arauyenux EVs

JIst eKCTpaKIlii HyKJIETHOBUX KUCIIOT 3 KOTOPTH 3pa3KiB MOTy Oysio 310paHo
400 mu piguHu Big 13 yMOBHO 30pOBHX BOJIOHTEPIB 000X cTaTel BIKOM Big 26 10
56 pokiB mig vac 30-xBUIMHHOI BrpaBu Ha BenmoTpeHaxkepi (Puc. 2.1). 3iOpani
3pasku  30epiranu npu -20°C. Ilicis po3MoOpoxyBaHHS 3pa3KH  JOJATKOBO
binerpyBanu  (uepe3  ¢uistp  Milipore PES 1 Mkm) 3 HacTynHUM
neHTpudyryBanasam npotarom 2 rox npu 100 000 x g y uentpudysi Avanti J-301
(Beckman) 3 Bukopuctanusim poropa JA30-50. Ocan pecycnenaysanu B 1 mia PBS
(6e3 comneit Ca/Mg), pH 7.0.

200 MKJ pecycneHJ0BaHOTrO ocaay Oylno BUKOPHUCTAHO JJIsi €KCTparyBaHHS
DNA 3a gonomoroto miHi-Habopy QIAamp blood DNA mini-kit by Qiagen [109]
(Puc. 2.1). Konuentpanito DNA BuMiproBanu 3a gornoMororo Hadbopy Qubits DNA
HS assay kit (Thermo Fisher). [l koHIIEHTpYBaHHS BUKOPHUCTOBYBAJIA KOJOHKHU
Zymo DNA & Clean-5 (Zymo Research). Onua Hr DNA BUKOpHUCTOBYBalu IS
KoHCTpytoBaHHs 010mioteku PE 3a momomororo nHabopy Nextera XT (Illumina)
BIJIOBIJTHO /10 1HCTPYKI[i BUpoOHMKa. BiOmioTeKkn OTpuMyBajiu Ha CEKBEHATOPI
NextSeq550 (Illumina) 13 151 nukiom (Biocenter Oulu sequencing core facility).

3pazok, mo 3anumuBes (800 MKIT), BUKOPUCTOBYBAIH JJI €KCTparyBaHHS
RNA 3a nonomororo Habopy ExoRNeasy (Qiagen). Konnenpartito 3aransaoi RNA
BUMiptoBasin 3a jaonomororo Qubits RNA HS 1 mpodumoBanum Ha mnpuiiaui
Bioanalyzer 6000 Pico (Agilent).

OG’ennany 06i0mioreky RNA-seq, 30araueny EVs, crTBoproBanu 3a
nonomororo Habopy lon Total RNA-Seq Kit v2 (Thermo Scientific) BianosinHo 10
1HCTpyKIi# 1 6160mioTek small RNA. YV niboMy BUnaaxky “KyJibKu’ IS OUUIIICHHS
BXOJIMJIM B HaOlp 1 BUKOPUCTOBYBAJIUCS JJIsl BUAAJCHHS aJalTePHUX IUMEPIB.
SxicTh ocTaTouHux 06101i0TEK mepeBipsun 3a gonoMoroir Bioanalyzer with High
Sensitivity DNA kit (Agilent). CexBeHyBaHHs O010JIOTeK TMPOBOIWIM 34
nonomoroio lon PGM Hi-Q OT2 Template (200 bp protocol), lon PGM Hi-Q
Sequencing Kit and Ton PGM 318 chip kits (Thermo Scientific).
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[HnuBiMyanpH1 3pa3ku MOTY 30upalid 3 BEPXHBOI YaCTMHU Tifda (PyK 1
Tyny0a) 3a JO0moMoror omHopaszoBoro momoBuka (Transpen Oy, Kerava, FI) i
BeTepuHapHUX oAHopazoBux pykaBullb VETbasic (15364, Kerbl, Buchbach,
Himeuunna). 3pa3ku moTy MOCTIAOBHO MPOMYyCKaIH yepe3 MeMOpanauit GisTp 40
MkM (Cell strainer) 1 yepe3 dinprp 0,8 mxm (Millipore). BiadinsTpoBani 3pazku
30epiranu nipu -20°C y crepuinbHuX mpodipkax Falcon 06’emom 50 mit.

BindinerpoBani 3pa3ku 1Moty KOHIEHTpyBaidu Ha komoHkax Centricon Plus-
70 (100K), srimHo 3 iHCTpykKiisiMu BupoOHUKa. KonuentpoBany RNA morty
excTparyBaiu 3a gomomororo exoRNeasy kit (Qiagen).

biomiorexku RNA-seq Oynmu ctBopeHi 3a monomororo NEBNext Small RNA
kit (New England Biolabs). Ilicns 16 mukmiB IIJIP-ammmidikarii 616mioTexu
nepeBipsuiv 3a JonoMororo Oioanamizaropa 3 BukopuctanHsiM DNA 1000 chips

(Agilent).

2.3. JlocaigsKeHHl CKJIAAY MPOTEIHIB y 3pa3Kax MOTy JIUHH, 30arayeHnx

EVs

3pasku noty (31 + 26 M) nponyckanu yepe3 meMOpanHuii GuibTp 40 MKM
(22363547, Fisherbrand), motim d4yepe3 ¢imstp 0,8 wmrm  (Millipore).
BindinsrpoBaHi 3pa3ku MOTy KOHUEHTpyBajiu Ha KosoHkax Centricon Plus-70
(100K), 3rimao 3 iHCTpyKIlisiMu BUpoOHHKa. OAHY TOJOBUHY KOHIICHTPOBAHOTO
noty 36epiramu mpu -70°C mius mopaneinoro anamiszy (Total), a iHIIY HOJOBHHY
BUKOpHCTOBYBasM Jyis 130moBanHHs EVs (EVs enriched).

3pazku EVs roryBanu okpeMo 3 KOXHOTO 130JIATy 3a JIOIIOMOTO Habopy
ExoEasy (76064, Qiagen, Himeuunna) 3rifHO 3 MPOTOKOJIOM BUpOOHMKA. OauH
o0’em Oydepa XBP nmomaBamu gm0 1 o0’emy 3paska (200 mki) ta mobpe
nepeminnyBainy nuisixoM nepesepranns. Cymimn 3paska/XBP nenrpudyrysanu npu
500 x g mporsirom 1 xB B konoHi ExoEasy. [lami B kononky gomaBanu 10 mi
oypepa XWP 1 nenrpudyrysanu npu 4000 x g mporsrom 5 xB. Komonky

nepeHocuwsiv y cBixy 15 mi mpobipky. bydbep XE nomaBanu Oe3nocepeqHbo Ha
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MeMOpany konoHkHU (250-400 mki1) Ta iHKyOyBanu npotsrom 1 xB. Emtoar 36upanu
neHTpudyryBanasm mpu 500 X g mpoTsIrom 5 XB.

Mkipauit mmactup (patch) ckmagaBcs 3 dikcyrovoi miiBku (1626W, 3M
Tegaderm Film, Himeuunna) i1 moB’si3ku 3 amerinary kaneiiro (Cutiderm, JFA
Medical, Bemuko6puratis). [Inactup miomero 25 cM” po3MiliyBaan IPHOIN3HO Ha
10 cMm HWKYE MaxBU Mepe]] BpaBaMu Ha Benocunenai. Ilicis TpeHyBaHHS MOB’SI3Ky
nepeHocun B mpoOipky Ha 50 mi (62.547.254 Rohre, Himeuuuna), o mictuna 30
mia 1x PBS (20-031-CV, Corning, CIIIA), 1 eHepriiiHO mnepeminryBaiu. 3pa3ok
nponyckanu yepe3 ¢unmerp 40 MM Juis  BumaneHHS KiIiTuH (22363547,
Fisherbrand) 1 uentpudyrysanu (4000 x g 15 XB) AJid BUAaNeHHs YaCTHUHOK, IO
NOXOJATh 13 IIKIpHOT NOB’s3kU. CynepHaTaHT 0e3 3aJIMLIKIB KOHUEHTPYBaJId Ha
BiueHTpoBoMy ¢uibTpi Centricon Plus-70. KoHueHTpoBaHuM MIT 3 AUISHIIKA

HIKipu 10AaTkoBO neHtpudyrysanu (21000 x g, 15 xB) 1 30upanu cynepHaTaHT.

2.4. bioingopmaruunuii anaji3 1anux cekBeHyBanuss DNA ta RNA

DNA: ®aiinu DNA fastQ ananizyBanu 3a momnomoror FastQC [354] Ta
00’ eqnyBanu 3a gonomororo PEAR [369]. O0’eqnani Ta He0O e1HaH1 3YMTYBaHHS
BHUpIBHIOBaIM 3a jgornoMororo BWA [179]. BincoTrok MOKpUTTS ISl KOXKHOI
XPOMOCOMH PO3PaxOBYBaJI SIK JTOBKHHY KapTOBAaHHMX 3YUTYBaHb HA XPOMOCOMY,
MOJIIJIEHY HA IOBKHHY XPOMOCOMH.

RNA: 3untyBaHHS 3 PI3HUX CMYT CIOYaTKy OO’ €IHYBAJM B OKpeMi (aitiu
fastq 1 3mificHIOBaiM KOHTPOJIb iX sikOCTi [354]. IloTiM MOCHIJOBHOCTI HHU3BKOT
SKOCT1 Oyau 00pi3aHi 3a qonomororo “Trimmomatic” [28] 3 HACTYITHUM KOHTPOJIEM
akocti 3a gomomorotro FastQC. OOpizaHi 34yuTyBaHHs OyJid KapToBaHI 3a
nonomoroto  Bowtie [169] mnporu mocmimoBHocTe tRNA 3 BHCOKOIO
nocroBipHicTiO GtRNAdb [47]. ITocnimoBHOCTI 10 30iraiMch 3 MOCIIIOBHOCTIMU
tRNA takox Oynu BindinbTpoBaHi.

34nTyBaHHS, IO 3ATUIIMIUCS, OyJIO0 3HOBY 3ICTaBJICHO 3a JIOMOMOTOIO
Bowtie 3 renomom mronuaun HG38 1 gani oOpobneno 3a gomnomororo Cufflinks

[321] 1 Cuffmerge s miArOTOBKU CHUIBHOTO (ailiny, SKUH MICTUTh SIK BIIOMI, TaK
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1 HOBI renu. ller aitn, a takox daiin mms miRNA Bim miRBase [106, 164] 1
nocnigoBHocTi piIRNA Binm piRBase [340] BuxopucTtoByBamu i KiJIbKICHOTO
BU3Ha4YCHHs ekcrpecii 3a pomnomoror FeatureCounts [182]. Jas KUIBKICHOTO
BU3HAYCHHS BpPaxOBYBaJHUCS JIMIIE €K30HHI JAUISHKA. BupiBHiOBaHHS 3a
nornoMororo STAR (BupiBHIOBaHHS 3’€IHAHUX TPAHCKPUIITIB) OyJ0 BUKOHAHO 32
nonomoroto Chipster Ha matdopwmi https://chipster.csc.fi/ [141].

3unTyBaHHA, SKi HE MoXkHa Oyno 3ictaButu 3 reHomoM HG38, 30upanu
3aHOBO J0 piBHA “‘contig level” 3a nomomororo MEGAHIT. ITotim 11 “contig” Oynu
ciniBctaBneHHi B 0a3i manux NR 3a momomororo DIAMOND [32], 1 s
1I€HTU(IKOBAaHUX MPOTEiHIB Oynau miaiOpaHi BiAMOBIAHI iAeHTHdIKaTopu. Kpim
Toro, 3a aonomoror Kraken [358] Oyno BUKOHAHO TaKCOHOMIYHY 1J€HTHU(DIKAIIIIO
JUIsl HEKapTOBAaHUX 3YUTYBAaHb, a PE3YyJbTAaTH Bi3yalli30BaHO 3a ponomoror Krona
[231].

GO analysis: Crnucok reniB 31 3HaueHHAMH FPKM 25 abo 6inbiie Oyso
PO3MIIIIEHO Ha caiTi geneontology.org st aHamizy 30aradenus [10], koHCOpPIIyMY
renHoi oHtojorii (2019) 3 BukopucranHsm Tecty @Dimepa 3 KOPEKIIIEO
boudepponi gs  GararopazoBoro TtectyBaHHa Ta aHoTaili GO. 3HayeHHs

30arauenHs 4 abo Oinbire Oyo BizyanizoBaHo 3 Bukopuctanusm REVIGO [298].

2.5. Cwunre3 cDNA 1a ymoBu nposeaennst qPCR

miRNA-qPCR: Jlns cunresy cDNA BuxopuctoByBaim 1,5 Hr RNA,
peaKIito CUHTE3y 3aiicHIoBanu 3a nonomoror Habopy miR-CURY LNA RT-PCR
(Qiagen).

Jnst qPCR Oynu Bukopucrtani npaiimepu LNA Ta ocHoBHy cymim SYBR
Green III (Agilent). [lns mocnigkeHHS BUKOPHUCTaIW Taki mpaiiMepu: miR24-3p
(YP00204260), miR99a-5p (YP00204521), miR193 (YP00204226), miR-21-5p
(MS00009079), miR-26a-5p (MS00029239), miR320b (MIMAT0005792), U6
snRNA (X59362).

RT-PCR: 5 ur RNA Oyno BuxopuctaHo mis cuHTesy cDNA mepioro

nauiora 3a gonomoroto Habopy VILO (Thermo Fisher). ITicns po3BenenHs 3pa3ka
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B 2 pasu cDNA ammmidikyBanu 3a gomomororo Habopy AmpliTag Gold 3
BUKOPUCTaHHAM crienndiunux npaitmepis (Tadm. 2.1).

VYmoBu ¢PCR: 95°C 5 xB, 60°C 20s,72°C 20s, 95°C 20s, 40 nukiis.
[Tponyktn amamizyBamu B 2% arapo3Homy reii Tta (apOyBaymm Midori green.
[Tponyktn PCR ouunmianu 3a momomororo koioHok Qiagen minElute (Qiagen) 1
cekBeHyBasii B Biocenter Oulu sequencing core facility 3a pomomororo

kaniasipaoro cexkBenyBaHHS B BigDyeTERminator vl.1 ta ABI3500xL Genetic

Analyzer.
Taoauus 2.1.
[Tpaitmepu nnsa qPCR
Gene Forward primer Reverse primer
14-3-3 Protein Epsilon | ACAGAACTTCCAC | ATTCTGCTCTTCACCGTCA
(YWHAE) CAACGCA CC
Ferritin Light Chain GGACCCCCATCTC | AGTCGTGCTTGAGA
(FTL) TGTGACT GTGAGC

2.6. BusHaueHHs KOHIeHTpAaLIl Ta po3noainy po3mipiB EVs soncekoro mory

AHamiz BiactexxeHHs HaHouacTUHOK (NTA) mnpoBomuiaum 3a J10IMOMOIOIO
npwiaxy NanoSight NS300 (NanoSight Ltd., Amesbury, UK), ocnamieHoro
nazepom 405 M. [[ns kokHOrO 3paska Oyino 3amucaHo 4oTupu abo BiciM 60-
CEeKyHJHHUX Biieo 3 piBHEM Kkamepu 14 1 moporom BusiBieHHs 3. Temmeparypa
KOHTpOJIIOBajacs MiJ 4Yac BUMIpIOBaHb. Bizneo, 3amucaHi Al KOXKHOTO 3paska,
aHaji3yBaJid 3a Jomomoroto mnporpamHoro 3adesnedueHHsi NTA Bepcii 3.1. s
aHa i3y BUKOPHUCTOBYBAJIMCS AaBTOMAaTHYHI HaJalITyBaHHS [UJII  PO3MUTTS,
MIHIMAJIBHOI JOBXKMHU Ta MIHIMAQJIBHOTO pPO3MIpy 4YacTUHOK. JlJis po3BeAeHHS

BUXI1JTHOTO MaTepiady BUKOPUCTOBYBAIH IUCTUIHLOBAHY BOY.

2.7. BecrepHn-0J0T anaui3 3paskiB EVs nory

[Iporeinu noty (10 mxr Total Ta 2 Mxr EVs enriched) po3ainsuiu B 10% SDS
PAGE, noTiM nepeHocu/id Ha HITPOLENOJI03HY MeMOpaHy. SIK mepiiii aHTUTLIa

BukopuctoByBasi  Anti-CD63 (Santa Cruz, sc-365604 1:1000), Anti-CD63
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(Abcam, Ab193349, 1:500; Santa Cruz, sc-15362, 1:1000), GM130 (Cell Signaling
Technology, 12480; 1:1000), Ago2 (Abcam ab32381; 1: 1000)

3aranpHUN CHEKTp NPOTEiHIB HAa MeMOpaHi BUSBIIM GapOyBaHHSIM 3
BukopuctanasaM Total Stain Q (Azure Biosystems). [ToTim Ha MeMOpaHu HAaHOCHIIH
BIJIMOBIJIHI APYTi, KOH IOroBaHi 3 nepokcuaazow IgG, (Invitrogen) y po3BeneHH1
1:5000. Jlns Bizyamizamii 3B’S3aHUX aHTUTUT BUKOpHcTOByBaiu Lumi-Light

Western Blotting Substrate (Roche Diagnostics, I1IBeiimapis).

2.8. EjaexkTpoHHa MIKpPOCKOMisi Ta iMyHOeJeKTPpOHHAa Mikpockomnia EVs

JIOACHKOI0 IoTy

IMyHOENEKTpOHHY ~ MIKPOCKOMII0  MPOBOAWIM 3  BUKOPHUCTAHHSIM
oiotuHINTROBaHOTO aHTHTINA TIpotn CD9 (13118, Santa Cruz) y po3senenni 1:10.
Besukynu HaHocuiu Ha KapOoHi3oBaHy ciTKy Formvar. CiTku i1HKyOyBaiu B
omokyBanbHOoMy po3unHi (1% BSA B PBS). Ilicis 1poro ciTku MOCIIIOBHO
1HKyOyBanu 3 nepmuM aHtutuiom npotu CD9 mporsrom 20 xB, 3 JIpyrum
AHTUTUIOM NPOTH O10TUHY NpoTAroM 20 XB 1, HAPEUITI, 3 KOMIUIEKCOM MPOTEiH A-
3omoto (PAG 10 ©vm) mnporsrom 20 xB. 3pa3kd Micias IMYHOHETaTUBHOIO
dbapOyBaHHs, a TakoX TMicis HeratuBHOro ¢apOyBaHHs (2% ypaHijaneTaTom)
JOCIIIKYBaJIM 32 JIONOMOIOI0 TPAHCMICIHHOTO €JIEKTPOHHOTO Mikpockona Tecnai
G2 Spirit (FEI, Eindhoven, Netherlands), 300paxxeHHst oTpuMyBaiu 3a J10MOMOTOO
kamepu Quemesa (Olympus Soft Imaging Solutions GMBH, Miinster, Germany).
Antutino npotu CD63 mns imyHoTEM BukopucTtoByBaniu y posBeneHHi 1:50
(Abcam ab193349) 1 nomikmoHanpHe aHTUTUIO MpoTH glypican 1 (PA5-28055,
ThermoFisher) y po3senenni 1:100.

JIns  miArOTOBKM — TJIACTUKOBUX 3pI31B  KOHIIGHTPOBaHI 3pa3ku  MOTY
binprpyBan Ha QineTpi Minisart 0,45 mxm (Sartorius), motim EVs morty
dbapoyBamu 3a nonomoroto CellVue Claret Far Fluorescent Cell Linker Midi Kit
(MIDCLARET-1KT) BiamoBimHo mo iHCTpyKiiii BupoOHUKa. [licas dapOyBanHs
3pasku HeHTpudyrysaiu npotsirom 4—6 roa npu 100 000 x g npu 4 °C (Beckman
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TLA 120.2). 3pi3u aHamizyBajiu 3a JOIOMOTOI0 €JIEKTPOHHOTO Mikpockoma Tecnai

G2 Spirit.
2.9. Lectin microarray anaJni3 3paskiB EVs nory jionunu

3pazku moty neHtpudyryBanmu npu 12000xg npu 4°C npotsrom 15 xB,
micist yoro 12 MKr 3aranbHOro npoteiny mitunu 6 Mkr NHS activated DyLight 633
protein dye (Thermo Scientific, Waltham, USA) y 50 mkn Oydepy npu KiMHaTHIN
TeMreparypi 3 nocTiiHuM nepeminryBanHaM (600 06/xB). Peakiiito 3ynuHsUIM Mpu
KIMHATHii Temmneparypi gogaBaHasm 50 MM etanonaminy B 25MM tpuc-HCI/150
MM NaCl Oydepi. Mideni 3pa3ku ouumianu meHTpudyryBanusm (12 000xg
npotsiroM 10 XB pu KIMHATHIM TeMIieparypi), HAHOCWJIM Ha MMATOTOBJIEHH] Claian
Nexterion H (Schott, Germany) 1 gani iHKyOyBaJid y 3BOJIOKEHIN Kamepl mpu
MOCTIHHOMY TIepEMIIITYBaHHI MPOTATOM 2 TOJA NMpHU KiMHaTHIN Temneparypi. [lotim
claiiin mpomMuBaiIM S5 pas3iB mo 5 xB OybepoMm mns aHamizy. 300pakeHHS
OTPUMYBAJIH 3a JomoMororo JiazepHoro ckanepa Genepix 4200AL (Auto Loader,
Axon Instruments) 3 BHUKOpPHCTaHHSM BIANOBIAHOrO HaOOpy @UIBTPIB AJIA
O0apBuuka DyLight 633™. CepeaHio IHTEHCHUBHICTh 3B’S13aHOT MITKH KUIbKICHO
BU3HAYaJIW B TPhOX TIOBTOpax 3a JIONOMOIOK IPOrpaMHOro 3a0e3nedeHHs
GenePix® Pro Microarray Analysis Software. JlekTunH, sSiki BUKOPHCTOBYBAJIHCH
JUISL IPYKy MiKpoMaTpuils, Oynu mpundani y Vector Laboratories (Yangstoun,

Oraiio, CIIIA).

2.10. docaig:kenns piBHs TeTpacnadiniB B EVs nmory

Jlns anamizy ekcrpecii 6iomapkepiB EVs Ta kinbkicHoro Bu3HaueHHs EVs
BukopuctoByBasin Targopmy ExoView R100 (NanoView Biosciences, bocton).
s ananizy BukopuctoByBaBcs Ha0lp Human ExoView Tetraspanin (EV-TETRA-
C). 3pasku (Total, EVs enriched, Patch) 6ynu 006po6meHi BimOBITHO 10 IPOTOKOITY
BUPOOHUKA. | MKI 3pa3KiB MpOTEIHY O0Epex HO 3aBaHTAKyBaJIM Ha KOXKEH YiIl Ta
iHKyOyBasin mpotsiroM 24 rox. Ilicms 1uporo dinu Tpuyi TPOMHUBAIM Ha

opOiTaibHOMY IIeMKepl JUIsl BUAAJIECHHS HE3B'sI3aHUX YacTUHOK. Yinu 1HKyOyBasu
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npoTsiroM | rox 3 GuyopecleHTHO MIY€HUMH aHTUTLIaMu oauHu mnpota CDS81
(BD Pharmingen 555675), anti-CD63 (BD Pharmingen 556019) i anti-CD9
(Biolegend V PO18). Ax xontponb BukopucroByBanu IgG mwumi (Biolegend
400101).

v ® Anti-CD63
® @ Anti-CD81
- ® ® ® Anti-CD9

ExoView ® ® Isotype control

x D ExoView uin
f v'. = .'I \ /
Je:ln/
3pasok EVs ‘
(fﬂ Extracellular vesicle
way Wiy
]
[
| |
HeraTueHui KOHTpONb 3akpinnenHi anti-CD81/CD81/CD9
\;I“ "i ‘.’
.
L gﬁ-
Miveni auTuTina ‘
Anti-CD81

Anti-CD63 »

HeobpobneHi aaHi 3akpinnensi anti-CD81/CD81/CD9

Puc. 2.2. 3aragpHa cxema JOCIHIDKEHHs BMICTy TeTpacmaHiHiB B EVs 3a

noroMororo cucreMu ExoView.
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ImyHnogapOoBani uinu Tpuui npomuBaiu B PBS Ta onun pa3 B neioHi30BaHii
BOJIl 1 BUCyITyBanu. 300pakeHHs Ta 301p JaHuX modapOOBaHUX YiliB MPOBOAUIIH
3a nmomomoroto ExoView R100 (NanoView Biosciences), a anajni3 JaHux — 3a

nonomororo ExoViewer 3 (NanoView Biosciences) (Puc. 2.2).

2.11. Mac-cneKTpoMeTpUYHHUII aHAJII3 MPoTeiHOBOro ckiaaxy EVs mory

[IpoTeinn ekctparyBaiu 3 OKpemux 3paskiB EVs mnuisixom ocampkeHHs
MeTaHoJiom/xopodopmoM. Bucytieni mporeinu po3oawin B 4% oydepi Laemmli,
o mictuth 10% B-mepkanToeTanon, 3aBaHTaXyBanu B kumeHbku 12% SDS-PAA
rento (12% Mini-PROTEAN TGX Precast Protein Gel, Bio-Rad) Bxig nporeinis y
refib 3A1MCHIOBAIA MPOTIroM MakcuMym 5 xB mpu 110V. Yactunku SDS-remnro,
nogapbosani Sypro Ruby (Sigma, S4942), Bupizanu ta oOpoOIsUIM HACTYITHUM
YIHOM: TIPOMHUBAJIM TPU pas3u Mo 5 XB B Y po3uuHi, 1m0 MictuB 50 MM GikapOoHar,
40% aueronitpui, 60% Boau, A 3HEOAPBICHHS Telto0. [ 3MEHIIeHHST PO3MipiB
remo BuKOpucTOByBamn 20 MM juriorpeiton mporsrom 30 xB mpu 20°C.
AnxutyBaHHs npoBoawin 45 MM Honaneramiziom npotsirom 30 XxB Ipu KIMHATHIN
temriepatypl. JlJis mpoTeosizy BUKOPUCTOBYBAIM 5 MKJ PO34YHMHY TpuUIlcHHY (20
Hr/MKn  TpuncuHy (Sigma) y Oydepi (40 MM OGikapOGonar amonito, 9%
aneToHiTpui, 91% Boau)) npotsirom Houl nipu 37°C. ExcTpaktu neHtpudyrysanu,
25 MKJ cynepHaTaHTy nepeHocunu y mpoOipku mns anamizy LC-MS (Liquid
chromatography—mass spectrometry) 3a gomomororo cucremu Easy-nLC 1000
(Thermo Scientific), 3’eqnanoi 3 mac-cnexkrpomerpoMm Fusion Lumos Tribrid mass
spectrometer (Thermo Scientific).

[lentuam BnosmoBanmu Ha koimoHUI AcclaimPepmap 100 C18 3 wMkwm,
0,075%20 mm (Thermo Scientific) 3 HACTyIHUM PO3IUIAJICHHSAM Ha aHATITHYHIN
koioHii Thermo Acclaim Pepmap RSLC CI8 2 wmxMm, 0,075%150 wMm,
BUKOPHCTOBYIOUM TpafieHT Bix 97% (0,1% wmypammunoi kuciotu) 1o 35% (0,1%
mypaiHoi kuciotu B CAN) npotsirom 90 xB (IIBUIKICTh TOTOKY 0,3 MKJI/XB).

Mac-crnekTpoMeTp MpaloBaB y 3-CEKyHAHUX LHMKIaX, € cnekrpu MS

3aMMCYBAJIMCS 3a JIOMIOMOTOI0 aHajizaropa orbitrap 3 po3aiabHOI0 37aTHICTIO 120
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000, mo mo3BoysLIO 30upatd A0 4eS5 10HIB MpoTAroM MakcumyMm 50 Mc mepen
nepeMukaHHsaM y pexum MS/MS. Bararozapsani ionn Oyau ¢parMeHTOBaHi 3
OJHAKOBUM TPIOPUTETOM 3a JIONIOMOTOK) BHCOKOCHEPIeTHMYHOI  KOJI31HHOI
mucomiamii (HCD) (30% eneprii 3iTKHEHHsS) Ta JWCOIliaIlii, CHPUYUHECHOI
sitkHeHHAM (CID) (35% eneprii 3iTkHenHs, 10 wmc akrtuBamii, Q 0,25) 3
BUKOPHUCTAHHSIM KBaJPYIOJBHOTO 130J1I0BaHHS 3 upuHOO 1,6 Jla Ta quHaMiYHUM
BukiroueHHM 21 ¢. lorn HCD (o 5e4 ioniB) 36upanu npotsirom Makcumym 200
Mc B anamzaropi Orbitrap 3 posauibHoto 3patHicTio 15 000. Ionm CID

peecTpyBajH B iI0HHIN MACTI 3 METOIO MiABUINECHHS Yy TIUBOCTI (TTopir 1e4).

2.12. BioindgopmaTruyHuUil aHAJI3 JAaHUX NPOTEiHOBOIO ckiany EVs mory

Hust  igentudikamii NOpoOTEIHIB JaHl TaHAEMHUX MAac-CHEKTpiB Oyiu
MIPOaHali30BaHi 3a JOMoMOroro nporpamuoro 3adesnedeHHs PEAKS (Bepcis 10.6)
IPOTU MPOTEIHIB JIIOAUHU Ta OakTepiiiHMX NpoTeiHiB y Oa3zax gaHux UniProt
Swissprot 1 UniProt trEMBL (Bepcis v2022 03). [Tapamerpu noiryky B 6a31 JaHUX
OynM BCTAHOBIIEHI TaKUM YWHOM: JIOMYCK Macu momepeaHuka 10 ppm, gomyck
Macu ¢parmenta 0,02 Da 1 MakcUMyM J1Ba MPOMYLIEH] PO3IIEIJIEHHS! TPUIICHHOM.
Yacrtora momuiikoBux BusaBIeHb (FDR) sk nms imeHTHdIKAIii TENTUIIB, TaK 1 AT
npoteiHiB Oyna BctaHoBJIeHa Ha piBHI 1,0%. IIporein BBaxkaBcs 11€HTU(DIKOBAHUM,
K0 BiH OyB TNpPENCTaBICHUN MPUHAWMHI OJHUM YHIKAJIbHUM TMENTHAOM 1
3arajbHe OKPUTTS MPOTETHOM JOTIOMIKHUX MENTH/IIB CTAHOBWIIO > 1 %.

HeraruBHi koHTposi (PBS 3 HeBUKOpUCTaHUX OIHOPA30BUX PYKABUYOK)
aHaI3yBaJIM TapajesibHO 13 3pa3kaMH TMOTy. YCI MpOTEiHH, 11eHTHU(DIKOBaHI B
3pa3Kkax HETaTUBHOTO KOHTPOJIIO, OYJIM BUKIIFOUEHI 3 MOAAIBIIOT0 aHaJi3y CKIIaay
npoteiHiB. I[li 3a0pynHEHHS BKIIOYAIM JESIKI 3 HAWUMOIIMPEHININUX MPOTEIHIB
JIONCHKOTO TIOTY, Taki SK aepMiuauH 1 ansOymin [109], a Takok dHCIICHHI
kepatuHu. [nentudikamnito nporeinis npooauau B RStudio (Bepcia 2022.07.2, R
Bepcis 4.2.2) 3a nonomoroto maketa ggplot2 (Bepcis 3.4.0).

OyHKIIOHANBHY KJacU(IKALll0 MPOTEIHIB JIIOAUHU 3I1ACHIOBAIM 32

nonomororo cucremu kinacudikauii PANTHER (Protein ANalysis THrough
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Evolutionary Relationships) (www.pantherdb.org) [354]. Craructuunuii anami3
s knaciB npoteiniB PANTHER mnposogunu B GraphPadPrism 10.0.2 3
BUKOPUCTAHHSIM OJHOCTOPOHHBOTO JHCIEPCIMHOTO aHaji3y 3 PEeTPOCHEKTUBHUM
tectoM MHOXWHHUX mopiBHsSHR (Tukey’s multiple comparisons test).
CxopuroBanuit p<0,05 BBakaBcsi 3HaYMMUM. CTaTUCTUYHUN aHai3 Yy TecCTi
HaaMipHoi nipeactasiieHocti PANTHER npoBoawnu 3a Tounum kputepiem dimiepa
3 BUKOpUCTaHHSAM TnonpaBku boupepponi 1ms 6araropa3oBoro TeCTyBaHHS.
Anotanii GO (Gene Ontology) i3 ckopuroBanum 3a bondepponi p<0,05 i
KpatHicTIO 30aradeHHss >10 Bi3yamidyBajdu Ha JiarpaMmax poO3CIIOBaHHS 3a
nonomoroto REViGO (http://revigo.irb.hr/) [369]. Jlna OakrepiiiHuX NpOTEiHIB
aHotanii GO Oyau oTpuMaHl 3a JIONMOMOTOI0 IHCTPYMEHTY BIJOOpaKeHHS
Retrieve/ID  (https://www.uniprot.org/uploadlists/) 3 ©6a3u manux UniProt 1
aHotoBaH1 Bpy4yHy 70 TepmiHiB GO [179]. liarpamu Benna Oynu miroTosieH1 3a
nonomororo Venny (Bepcist 2.1) (http://bioinfogp.cnb.csic.es/tools/venny/)./lani
Mac-cnektpomerpii Oynmu mnepenani B ProteomeXchange Consortium uyepes
penosutopiii maptHepa PRIDE [28] 3 inmentudikatopom Habopy JaHUX

PXD045589.

2.13. Kyi1bTuBYBaHHSI €eBKAPIOTHYHMX KJITHH

Knituau Renca, orpumani 3 agenokapuuaomu Hupku muiii (ATCC CRL-
2947), 1 xmituan 786-0O, oTpumani 3 ageHoKapiuHOMU HUpKU moauHu (300107,
CLS Cell Lines Service, Eppelheim, Germany), kKmiTHHA eMOpIOHATBHOI HUPKHU
momuan  miHlT HEK293(ATCC CRL-1573.3), KynapTHBYBaJIdW B CEPEIOBHIII
(DMEM)/F-12 (Gibco, 31331028), Tonmi ik aA€HOKapLMHOMHI KJIITUHU TPYIHOI
3asio3u muiii JiHil 4T1 (ATCC CRL-2539) — B cepenoBunii RPMI 1640 (Sigma,
R8758) 3 momaBannusm 10% detanpHoi Onuauoi cuposarku (FBS), 100 om/mn
nenimmminy ta 100 Mmxr/ma crpenrtomimmuy mpu 37°C y 5% CO’. lns
excriepumentiB 5x10° kmiTme BuciBamm Ha uwamky 15 oM (Greiner Cellstar,

639160). KurresnatHicte KimTUH (95-97%.) mnepeBipsiii 3a JIOMOMOTOIO
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dapoyBanus Trypan Blue (T10282 Invitrogen) B aBTOMarmdyHOMY JIIYMIBLHUKY

xiitua TC20 (145-0101 Biorad.

2.14. OpepxkanHsi CcyOJTiHId KJIITHH 3i CTa0JIbHOK HaJEeKCIpecielw Ta

NPUTrHIYEeHOI0 eKkcnpeciero agantepHoro nporeiny Ruk/CINSS

Hns orpumannsa cyOminiii kmituH Renca ta HEK293, ski craGinbHO
HaJIEKCIIPECYIOTh MOBHOPO3MipHY hopmy Ruk/CIN8S abo moBHOpo3MipHY hopmy,
koH’toroBany 3 GFP, 3a3HadeHi kiIiTUHU TpaHcPikyBaiu BeKTopoM pRc/CMV2-
Ruk; (kmituan Renca) abo EGFP-Ruk; (kimitnan HEK293)3a monmoMororo KasbITii-
dbocharnoi mperumitamii. Bigbip KJIOHIB  TPOBOAWIM 32  MPUCYTHOCTI
CEJIEKTUBHOIO aHTHO10TMKAa TeHeTHuHHCyabdary G418 (1 mr/mi), OCKUIbKH
miasmign  pRc/CMV2  ta N-EGFP  MicTaTh TeH  pe3UCTEHTHOCTI 10
aMIHODIIKO3UIHUX aHTHO10THKIB neor/kanr.

3 meToro 3HMKeHHA piBHSA ekcnpecii Ruk/CIN8S kmitunu Renca iHdikyBanu
aentuBipycoMm, 1o koaye Ruk/CIN8S-cnemmdiuny shRNA, BuxopuctoByrouu
koHCTpYKIII0 pLKO.1-shRuk/CIN85 R22 [270]. II]lo6 oTpumary BiAMOBIIHUMN
KOHTpPOJIb, KIITUHM Oyau 1H(}IKOBaHI JEHTUBIpycoM, skuid koaye shRNA,
HecTenU(PIuHy 10 >KOTHOI MOCTIJOBHOCTI T€HOMY cCCaBIliB. [H(}iKOBaHI KIITHHH
niggaBadd CeJIeKIli 1 HACTYIMHOMY CYOKJIOHYBAaHHIO 3a MPUCYTHOCTI 10 MKr/mi
nypominuay  («Sigmay, CIIIA). Bigbip crabinbHux TpaHCHEKTaHTIB Ta
1H(EKTaHTIB 3M1WCHIOBAIM HA OCHOBI MOHITOPUHTY BMICTY aJIaliTEPHOTO MPOTEiHY

BecTepH-0510T aHami3zoMm.

2.15. Bupiiienns Ta ounieHHs EVS 3 KOHIMIIOHOBAHOIO cepelOBUIIA KIITHH

[Ipotsarom mepmmx 24 rom micisi mepeciBanHs, KiIiTuHU Renca ta 786-O
KyJbTUBYBaJIU B 15-cM wamkax 3a ymMoB Hopmokcii (21% kucHwo) g0 80%
KOH(ITFOSHTY, TICJIS 4YOTO CepeoBHIIEe 3MiHIOBaIU Ha cepenoBuiie 6e3 FBS (20 mn
HA YallKy) 3 HACTYITHUM KYJIBTUBYBAaHHSM MPOTATOM 24 roj 3a yMOBaxX HOPMOKCII,

a6o rinokcii (1% kucHto).
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[Ticas mporo cepenoBuiue 30upanu s BuauvieHHs EVs. EVs ounmanu 3
KyJapTypanbHoro cepenosuma (300 Myl Ha 3pa3oK) 3a JOMOMOTOK OJTHOTO 3 JBOX
HACTYIMHUX METOMAIB: TMO€JHAHHS TMOCIIJOBHOTO YJbTpalleHTpU(yTryBaHHI Ta
eKCKJII031iHO1 Xpomarorpadii Ha konoHax Exo-spin (Cell Guidance Systems Ltd)
a00 TpaJllEHTHOTO YIbTpalleHTpU(pyryBaHHs Ha ocHOB1 Optiprep.

3i0pane cepenopuiie 1eHTpudyryBamu npu 5000 g mporsrom 15 xB s
BUJaNEeHHA nebpicy kmiTuH. CynepHaTaHT KOHIICHTPYBAJIHU 33 JOTIOMOTOI0 KOJIOHOK
Centricon Plus-70 (Merck Millipore, 100 K) npotsarom 10-20 xB ipu 2500 g.

Jlna yneTpaneHTpudyryBaHHs KOHIIEHTPOBaHI 3pasku posbasimsin PBS no
3arasibHOro 00’emy 10 mu, nentpudyrysanu npu 100 000g, 4°C (porop Sorvall
TH-641) npotsirom 15 ronm, orpumanmii ocan cycnenaysaiu B 200 mxin PBS.
OTpuMaHi cycneH3ii J0JJaTKOBO OUYHUIIaiu 3a gonoMororw Habopy ExoSpin (EXO3)
3T1JIHO 3 MPOTOKOJIO0M BUpoOHMKA. KokeH 3pa3ok emroroBanu B 200 Mk PBS.

st rpamgienTHOro yibrpaneHtpudyryBanus cymim 50% Optiprep (60%
nonukcanon; Sigma Aldrich): 6ydep A (0,25 M caxaposu, 6 MM EJITA, 60 MM
Tpuc—HCI, pH 7,4) po3soaunu 6ydpepom B (0,25 M caxaposu, 1 mM EJITA), 10
MM Tris—HCI) nns npurotyBanus 5%, 10%, 20%, 40% rpali€eHTHUX PO3YMHIB
Optiprep. 111 po3unnu gogaBanu B mojiimepHy mpoOipky (Beckman polymer tube)
miap 3a IapoM Bij HAMBUIIOI (HUXKHBO1) 0 HaWHMKYOI (BEPXHBOI) KOHIICHTpAIIil
nonukcanony (3arasiom 10 mun). KoHuieHTpoBaHi cynepHaTaHTU HAIllapOBYBaju Ha
oTpuMaHui rpafgieHT. 3pa3ku ynbrpanentpudyrysamu mnpu 100 000 g, 4°C (potop
Sorvall TH-641) mporsirom 15 roa. Omunaausate ¢pakuid (mo 1 Mi koxHa)
30Mpanu BiJ BEPXHbBOI A0 HUKHBOT YACTUHU I'Pa/IlEHTA Ta pecycrnenayBaii B 10 mi
PBS mnis noganemoro 15-roqunnoro ynerpanentpudyrysanus mpu 100 000 g, 4°C
(potop Sorvall TH-641). [licns BUganeHHs CylepHaTaHTIB 0cajl PECYCIeHIyBalIH B
200 mkn PBS. KoxHy (ppakiiiro aHamizyBajiu 3a JOMOMOTOI0 aHaNi3y BiJCTEKEHHS
HaHouacTiHOK (NTA) Ta enexkTpoHHOI Mikpockomii, a (pakiii 3 HaWBHIIOIO
koH1eHTpauiero EVs (dbpakmii 5-7; minenicts 1,07-1,12 1/mn) o0 ’eqnyBanu Ta
BUKOPHCTOBYBIM JUIsl TMOAQIBIINX E€KCIEPUMEHTIB. 3arajibHU BUXIA MPOTEiHY,

BU3Hauau 3a gornomoroto Habopy Pierce™ BCA Protein Assay Kit (Puc. 2.3).
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Puc. 2.3. 3araimpHa cxemMa BHUIOUIEHHS Ta ouyuileHHd EVs 3

KOHJUIIIOHOBAHOTO CEpPEIOBHINA KIIITUH, IO KyJIbTHUBYBAJINCh 33 YMOB HOPMOKCIT

Ta TIMOKCII.
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2.16. Eaexrtpodopes nporeiniB B IIAAI" Ta BectepH-0s10T aHai3

Knituan B xynerypi abo i3ompoBaHi EVs mizyBamu B Oydepi RIPA (Cell
Signaling Technology), mo MicTUB KOKTeWdb 1HTIOITOpiB mporea3 cOmplete
ULTRA (Roche) 1 xokreiinb iuridiTopiB docdaras 2 (Sigma-Aldrich). Yepes 3 xB
1HKyOyBaHHS TIpH KIMHATHIA TemrepaTypi, Ji3aTi nepeHocuin B 1,5 mi mpobipky
(Eppendorf) 1 gani iHKkyOyBasii Ha CTpyIITyBajibHi# 11aTdopmi npotsarom 30 XB mIpu
+4°C. Jlizatu ocBiTmoBanu nentpudyrysanssm npu 15000 g npotsirom 20 XB.

[Tporeiam (10 MKr Ha mOpikKY) po3aunsun enekrpodope3om B 10% SDS
PAGE 3 HacTynmHUM [EepeHOCOM Ha HITPOIENIONIO3HY MeMOpaHy. AHTUTIIA TPOTH
ex3ocomHux/EVs mapkepiB CD81 (Santa Cruz Biotechnology, sc-166029), CD9
(Abcam, ab92726), ALIX (Abcam, abl117600) i1 TSGI101 (Santa Cruz
Biotechnology, sc-7964), GM130 (BD Biosciences, 610822) (B po3BeaeHH1
1:1000), a Takox 3 C-kiHlEB1 mojikioHanbHi aHTUTLIa poTu Ruk/CINSS [202]
1HKyOyBasu npotaroM 15 rox npu 4°C 3 MmeMOpaHaMmu Ta KijbKa pa3iB IPOMHUBAIU
oypepom PBST. 3aranbHi nporeinu Ha memOpanax ¢apOysBanu Habopom Total
Stain Q (Azure Biosystems). [loriMm MemOpaHu 1HKyOyBajdu 3 BIANOBIIHUMH
Ipyrumu antutiiamy, IgG ko3u, KOH I0OTOBaHUMH 3 nepokcuaa3oro (Invitrogen), y
po3BenenHi 1:5000. [{ns Bi3yamnizallii 3B’ 13aHUX JIPYTUX aHTUTLI BUKOPUCTOBYBAJIN

Lumi-Light Western Blotting Substrate (Roche Diagnostics, Switzerland).

2.17. Bu3HaueHHsl KOHIEeHTpalii Ta po3noxiiny po3mipiB EVs 3a nomomororo

aHAaJIi3y BiICTEKeHHS HAHOYACTHHOK

KonnenTpamii Ta po3nofin po3MmipiB 4YacTUHOK 3pa3kiB EVs  Oynwu
oxapakTepu3oBaHi 3a jomomororo mpwiaxy NanoSight NM300 (Malvern
Panalytical), ocnamenoro nazepom 405 HMm.

B ocHOBI Meromy neXuTh aHami3 BiACTeKeHHS HaHOYACTHHOK (NTA)
niametrpom 10-2000 um y po3unHi. NTA - 11e MeTox Bizyami3ailii Ta aHaIi3y 4acTOK
y pIIMHAX, SIKUH MOB'SI3y€ MIBUJKICTH OPOYHIBCHKOTO PYXY 3 PO3MIPOM YaCTHUHOK.
[IBUAKICTH PyXy YaCTUHOK BH3HAYAETHCA B'SI3KICTIO PIAMHH, TEMIIEPATYPOIO Ta iX

PO3MIPOM 1 HE 3JICKUTHh BiJl MIUIBHOCTI YACTUHOK a00 MOKa3HWKA 3aJOMJICHHS.
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YacTUHKH, IO MICTATBCS Yy 3pa3Ky, Bi3yali3yBald 3a PaxyHOK pO3CIIOBaHHS
Ja3epHOro CBITIA MMiJ Yyac onpoMiHeHHA. CBITJIOPO3CIFOBAHHS YaCTUHOK (DIKCyBasn
3a JIONOMOToI0 MUGPOBOi KamMepH, a pyX KOXKHOI YaCTHMHKU BIJCTEKYBaIH BIJ
KaJpy 10 KaJpy CHEIlialbHO pO3POOJCHUM MPOTrPaMHUM 3a0€3MEUCHHSIM.
[[IBuaKiCT, pyXy YaCTHHOK TMOB'si3aHAa 31 C(PEepUYHMM  EKBIBAJICHTOM
TIPOJIMHAMIYHOTO paJilyCy SIKHA pO3paxoBYEThCS 3a JOMOMOTOI PIBHSHHS
Crokca-Eitnmireiina. KokHy 4YacTMHKY — 1HAMBIIyalbHO, aji€é  OJHOYACHO
aHaJI3yBaJld MUIAXOM CIIOCTEPEKCHHS Ta BUMIPIOBaHHS AUQY31MHUX MOIIN.
Bukopuctana METOHOJIOTISA OIlIHIOBAHHS PO3MIPY YaCTUHOK Ja€ PpPe3yJIbTaTh
BHUCOKOI PO3IUIBHOT 3JaTHOCTI JUIsl PO3MOAULY Ta KOHLEHTpalli YacTUHOK 3a
PO3MIPOM.

[lepen BumiproBaHHAM, npenapatu EVs po3Boauian AUCTHUIBOBAaHOK BOAOKO
1:1000. Bicim 60-cexyHaHuX Bijieo Oyiu 3alucaHi JJis KOXKHOTO 3pa3Kka 3 piBHEM
kamepu 14 1 moporoM BHUSIBIIEHHS, BCTaHOBJIEHMM Ha 3. [laHl aHami3yBaiu 3a
JonoMororo mporpamuoro 3aoesnedeHHss NTA Bepcii 3.4. AHami3 jaucnepcii
MIPOBOJIMIIM 3a JOIOMOIOK IporpaMHoro 3aoesneueHHs GraphPad Prism 8, mpu

upoMy p < 0,05 BBakaju CTAaTUCTUYHO 3HAYUMUM.

2.18. MopdoJioriunuii anauaiz EVs 3a 101oMoror ej1eKTpoHHOI MIKPOCKOMIL

3pazku EVs anamizyBanu 3a JOMOMOTOK) TPAHCMICIMHOI €JeKTPOHHOI
Mmikpockonii (TEM). 2 MK KOXKHOTO 3pa3ka HAaHOCWJIM Ha KapOOHI30BaHY CITKY
Formvar (mnirounit po3psa). JochmigkeHHS NPOBOAMIIM MICAS HEraTUBHOIO
dapOyBanus 2% ypaninaneratoM Ta iMyHHOro ¢apOyBaHHs aHTUTUIOM A0 CD63
(LAMP-3, MBL, Nagoya, Japan; 1:100) 3a gomoMoror TpaHCMIiCIHHOTO
enekTpoHHoro mikpockomna Tecnai G2 Spirit (FEI, Eindhoven, The Netherlands).
Kommieke npotein A-30mo01o (10 HM) cityryBaB Jijisi BUSIBIICHHSI TIEPIITIOTO aHTHUTILIIA.
3o0paxkeHHst Oyau OTpuUMaHi 3a Jornomororo kamepu Quemesa (Quemesa, Olympus
Soft Imaging Solutions GMBH, Miinster, Germany) mpu 1:49 000, 1:30 000, 1

30utpIenHs 1:18 500.
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2.19. JdocaigxenHss BMicTy MemMOpaHHux 0iomapkepiB EVs

Jlist aHamizy excripecii 6iomapkepiB EVs Ta kimpkicHoro Bu3HaueHHs EVs
BukopuctoByBanu miatpopmy ExoView R100 (NanoView Biosciences, bocton).
Y cucremi ExoView aHTUTUIa TPOTH IIIJILOBUX AaHTUTEHIB, MapkepiB EVs,
iIMMOO1TI30BaHl Ha dYinax, mo 3abe3neuye 3B’s3yBaHHsS EVs mns anamisy. EVs,
dikcoBaHl Ha uinax, ¢apOyBaJd MIYEHUMH aHTUTUIAMH TIPOTH IIILOBUX
MOBEPXHEBHUX a00 BHYTpIIHIX MpoTeiHiB EVs.

Kynberypanbhi cepenoBuiia kit neHtpudyrysanu npu 5000 g npoTsrom
15 xB nnsa BupaneHHs ae0picy, micis 4oro 3pasku (I MKr mpoTeiny) oOepekHo
3aBaHTa)KyBaJli Ha KOXKEH 4YiN Ta 1HKyOyBanu npotsroMm 24 roa. Ilicas uporo vinu
TpUYl MPOMHUBAIM Ha OpOITATBLHOMY IIEHKEpl [JIsi BUJAJICHHS HE3B'SI3aHUX
yacTuHOK. Hanami, yinu inHkyOyBanu npotsroM 1 1o 3 ¢uiyopeclieHTHO MIYeHUMHU
anti-CD81 (Biolegend 104902), anti-CD63 (Biolegend 143902) Ta anti-CD9
(Biolegend 124802) antutimamu wmumm. Hlypsai IgG  (Biolegend 400502)
BUKOPDHCTOBYB&JIM SIK HETaTUBHUN KOHTPOJIb. IMyHOpapOoBaHi dinu Tpuul
npomuBaiu PBS, onuH pa3 neioH130BaHOI0 BOIOK Ta BUCYIIyBaiu. CkaHyBaHHS
yiniB npoBoawiu 3a gomnomororo ExoView R100 (NanoView Biosciences) mpu
JTOoBXKUHI XBUJIl 488 HM, 555 HM Ta 647 HM BIANOBIAHO. AHAII3 TaHUX MTPOBOJUIIN

3a TOTIOMOTOF0 TporpamHoro 3ade3neueHds ExoViewer (NanoView Biosciences).

2.20. PamaniBcbKka CIIEKTPOCKOIist (TG-RS/TG-SERS) EVs 3

KOH/IMIIOHOBAHOI0 CepPeJOBUINA KJIITHH TA AaHAJII3 OTPUMAHNX TaHUX

EVs, ouwnineni 3 KOHIUIIIOHOBAHOTO CEPEOBUINA KIITUH Y KYJIbTYypi, Oyiau
IIPOAHaJI30BaHi 32 JIOMOMOTOI0 KaJliOPOBAHOTO 3a JOBKHUHOK XBHJII KOMEPIIIHHOTO
PaMaHIBCBKOro CHEKTpOMETpa 3 TUMYACOBUM peryiatoBaHHsIM (PicoRaman from
Timegate Instruments, Oulu, Finland), BuUKOpHCTOBYIOUM IMITYJIbCHE Jla3epHE
30YIKEHHST Aexe = 532 HM mpu moryxkHocTi sazepa 100 mMBt 3 TtpuBamicTio
imoyaecy 100 mc 1 wacrororo mnoBTopeHHst Onu3bko 100 kl'm. Cucrema
CHEKTPOCKOMii KOMOIHaIIHOTO po3citoBaHHs oOmexxkeHoro B yaci (TG-RS)

Bitodana jerektop CMOS SPAD 31 crabimizoBaHoro Temmeparyporo (8x768
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MIKCENIB 3 MiIPaXyHKOM OAHOTO ()OTOHA) 31 CHEKTPAIBHOIO PO3ILIBHOIO 3aTHICTIO
5 cM ' i THMYacoBOKO po3zinbHOIO 3matHicTIo 100 me. TG-RS Gyno 3’eaHaHo i3
natyrnkoM Raman 3 kBaprioBum Matepiaaom (BWTek, BAC102, Metrohm, Herisau,
Switzerland) na poGouiii Binctani 5,4 mMm. EtamonHuii aHamiz mpoBOIWIH 3
Oe3nepepBHUM JazepHuUM 30ykeHHSIM (CW) npH Aeye = 514 HM, BUKOPUCTOBYIOUH
koH(pokanpbHUI Mikpockonn Raman (InVia from Renishaw, Wotton-under-Edge,
UK) 3 oxonomkyBanum getektopom CCD 1 crieKTpanbHOI PO3AUTEHOIO 3aTHICTIO
0,3 cM . MakcuManbHa TIOTYKHICTB 5 MBT HEHepepBHOIO Ja3epHOIo
BUIIPOMIHIOBaHHS CKepoByBaiach uepe3 JiH3y (Leica, N Plan, Wetzlar, Germany) 3
koedinieHToM 30utbIIeHHS 20 1 uncioBoro anepryporo (NA) 0,4, tomi sk 4ac
OTPUMAaHHS CIEKTPY i 3pa3kiB OyB BcraHoBieHui Ha 10 c. Jlyig mOpiBHAHHS,
3arajJbHUM Yac BUMIPIOBAaHHA JUIsl KOXKHOTO 3paska 3a jgonomoror TG-RS/SERS
Oyn0 BCTaHOBJIEHO Ha 3 pasu mo 60 c, BKIIOYAIOYM IMOBTOPU AJIS JIOCATHEHHS
BIJIOBIJTHOTO CUTHAJy O€3 BUIApOBYBaHHs 3paska. J|Jisi BUKOHAHHS BUMIPIOBaHb
RS BuKOpUCTOBYBajiM HEBEIMKI QIIOMIHIEBI MIKPOJIYHKH 3 MOPOXHUHOIO B
MacmTadl MKJI.

[Tpubnuzno 5 Mkn EVs minetyBanu B OAHOpPA30BY alllOMiHIEBY IUIIBKY Ta
BumiptoBain TG-RS, a Ttakox cmnekrpy CW Raman. Ilicns PamaniBchkux
BUMIpIOBaHb Oynu mposeneHi BuMiproBanHs SERS. JIns SERS BukopuctoByBanu
KOMEpUIHHUIA pO34MH HaHOYaCTHUHOK cpibina (Ag NPs) 3 po3mipoM yactuHok 40 HM
(Ag NP; #730807), npunbanuit y Merck Sigma-Aldrich (Darmstadt, Germany).
bazoBuit posunn Ag NP uenrpudyrysanu Ha nentpudyszi MIKRO 120 (Hettich,
Tuttlingen, Germany) npu 2800 g mnpotsrom 5 XB, MICJIs YOro BHUIAJSIIU
CyIepHATaHT, JOCATal0un KiHIEeBOi KoHIeHTpalli npubmusno 0,06 r/n. Jani TG-
RS o006pobssnu 3a monomoroto nporpamHoro 3abesneueHHst Timegate Instruments.
AHai3 CEeKTPAIIbHUX JaHUX TpoBoawin 3a gornomororo OriginPro (V. 2020a and
2020b, OriginLab, Northampton, MA, USA). VYci mani Oynu HOpMmaii3oBaHl 3a

iHTeHCUBHICTIO B iHTepBai 0 1 1 1 HaHeceH1 Ha rpadik 31 3MIIIEHHSIM.
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2.21. JociigskeHHsI MPOTEIHOBOIO CKJIaay KJiTHH Ta EVs 3a nonomororw mac-

CeKTPOMeTPUYHOro anaJizy (LS-MS)

[IpoTeinn excTparyBaaud 3 OKpeMHX 3pa3kiB KITHH Ta EVs noisixom
OCaPKeHHS MeTaHoyiom/xyopodopmoM. Bucyiieni mporeiHd po3yuHsiIm B 4X
Oydepi Laemmli, mo mictuB 10% p-mepkanroetanon, 3aBaHTaxyBaid B 12%
SDS-PAA renbs (12% Mini-PROTEAN TGX Precast Protein Gel, Bio-Rad).
Enexrpodopernune po3nuieHHs npoBoAwid MakcuMyM 5 xB ripu 110V. Yactunku
SDS-PAA remo, modapOoBani Sypro Ruby (Sigma, S4942), Bupizanu Ta
0OpOoOIsUIM HACTYITHUM YHHOM: IMPOMMBAJIM TPU Pa3u 1Mo 5 X. B pO3UYHUHI, 10 MICTUB
50 MM Oikap6onar, 40% aueronitpuiy, 60% Boau, 1y 3HEeOapBIeHHS reito. s
3MEHILIEHHS PO3MIpiB Tefto BUKopucToByBain 20 MM autiorpeiton npotsirom 30
XB, 20°C. AnkinyBaHHs npoBoauiau 45 MM HopaneramigoM npotsarom 30 XB mpu
KIMHaTHIM Temneparypi. s mpoTeosizy, A0 MIMATOYKIB Ieiro JOJABajld S5 MK
po3unHy TpurncuHy (20 HI/MKJI TpuricuHy, Sigma), mo mictuB 40 MM OikapOoHar
aMoHi10, 9% anetonitpuii, 91% Boau, i 1HKyOyBanu nipotsirom Houi nipu 37°C. 25
MKJI CYTIEpHATaHTY MICIs HEHTPUPYTyBaHHS €KCTPAKTIB NEPEHOCHIIN y MPOOIpKH
st ananizy LC-MS (Liquid chromatography—mass spectrometry) 3a 101mOMOroo
cuctemu Easy-nLC 1000 (Thermo Scientific), 3’€1HaHOi 3 Mac-CIIEKTPOMETPOM
Fusion Lumos Tribrid mass spectrometer (Thermo Scientific).

[lentunm BroBmoBan Ha KonoHI AcclaimPepmap 100 C18 3 wMxwm,
0,075%x20 MM (Thermo Scientific) 3 HacTymHUM pPO3AUICHHSM Ha aHAIITHYHIN
kosoHii Thermo Acclaim Pepmap RSLC CI8 2 wmxm, 0,075%150 wMm,
BUKOPHCTOBYIOUM TpafieHT Bix 97% (0,1% mypammunoi kuciotu) 1o 35% (0,1%
MypaimnHoi kucinotu B CAN) npotsrom 90 xB (luBHIKICTh TOTOKY 0,3 MKJI/XB).

Mac-crnekTpoMeTp MpaloBaB y 3-CEKyHAHUX LUKIaX, A€ cnekrpu MS
3aMMCYBAJIMCS 3a JIOMIOMOTOIO0 aHajizaropa orbitrap 3 po3aiabHOI0 371aTHICTIO 120
000, mo mo3BONsLIO 30upatd A0 4eS5 10HIB MpOoTAroM MakcuMyMm 50 Mc mepen
nepeMUuKaHHiIM y pexxuM MS-MS. Bararozapsiani ioHu Oynu (parmMeHTOBaHi 3
OJTHAKOBUM TIPIOPUTETOM 3a JIOMOMOTOI0 BHCOKOCHEPIeTHYHOI KOJI31HHOT

mucoriamii (HCD) (30% eHeprii 3iTKHEHHs) Ta JAMcoOIiaIii, CIPUYUHEHOI
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sitkaeHHsMm (CID) (35% ewneprii 3itkaenss, 10 mc akrtmBamii, Q 0,25) 3
BUKOPHUCTAHHSIM KBaJPYIOJIBLHOTO 130JF0BaHHS 3 mupuHOo 1,6 /la Ta quHamMivHIM
BukutoueHHaM 21 c¢. lonn HCD (1o 5e4 ioniB) Oynu 310paHi MPOTATOM MaKCUMyM
200 mc B anamizaropi Orbitrap 3 posminsHOO 31aTHICTIO 15 000. Ionn CID Oymu
3apeeCTPOBaHi B 10HHIN MACTII 3 METOIO MABUIIEHHS Yy TJIIMBOCTI (TIopir 1e4).

HeoOpoOneni jnmani Oynu mpoaHaiizoBaHi 3a jomoMoror Proteome
Discoverer (Thermo Scientific Bepcis 2.2) 3 BUKOpUCTaHHSIM Sequest SK
noirykoBoi cuctemu. Criektpu MS-MS, 3amnucani B 10HHIH nacTiii, Oyin 00pooieHi
3 momyckoMm macu 0,6 Jla, mani opbitpamy 3 0,02 Jla. Heobpobneni mani Oymwm
MOBTOPHO BiAKaniOpoBaHi 3a JonoMororo 6a3zu ganux Swissport (Bepcis 2017-10-
25) 1 3a1licHEHO TMONIYK 13 MapaMeTpaMu: JOMycTUMa Maca nonepeanuka 10 ppm,
KapOamioMeTun K  (iKcoBaHa MoAM(IKalisl IUCTEIHY, OKHUCIEHHSA fK
He00O0B s13k0Ba MoAudiKallisi METIOHIHY, Je3aMiHyBaHHS HeoOoB's3koBo Ha Gln 1
Asn, N-kiHellb IPOTETHY HEOOOB'I3KOBO alleTHIIHLOBAHUM.

@OYHKII0HAIBHY KJIACU(IKALIO MPOTEIHIB 3A1MCHIOBAIM 3 BHUKOPUCTAaHHSIM
6a3u ganux Gene Ontology (GO) (http://geneo ntolo gy. org/). Tect HaamipHOT
npencrasieHocti PANTHER (ananiz mporeiHiB yepe3 €BOJIOLIIHI 3B’ A3KH)
(20200728) Oyno BukoHaHO 3 BukopucTtaHHaMm 0a3u ganux GO Ontology (https://
doi. org/ 10. 5281/ zenodo. 40817 49 Bunymeno 2020-10-09). Craructuunuit
aHaJIi3 MPOBOAMIIH 3a JOTIOMOTOI0 KpuTepio Dimmepa 3 BUKOPUCTAHHIM MOTPABKH
boudepponi mna OaratopazoBoro TectyBaHHsA. Awnotamii GO 3 p<0,05,
CKOpUroBaHuM 3a boH(eppoHi, 1 KpaTHICTIO 30aradeHHs >5 Bi3yali3yBajdd Ha
niarpamax poscitoBaHHs 3a jgonomororo REVIGO (http://revigo. irb. hr/)21.
Hiarpamu Benna Oyiu miAroTOBIICHI 3a JIOMTOMOTOIO TIporpaMu Venny (Bepcis 2.1)

(http:// bioin fogp. cnb. csic. es/ tools/ venny/).

2.22. JlocaigskeHHA NMPoJtipepaTHBHOI AKTUBHOCTI KJIITHH

- MTT-tect. Knituuu 4T1 Bucisamm B 96-nmynkosi mmanmern (1-10° Ha
yHKY). Uepes 24 roj KyJIbTypaJlbHE CEpeIOBUILEC BUIAJSIN 1 A0 KIITUH J0JaBaliv

cepenopuile, mo Mictwio EVs (1-108 yacTUHOK Ha 100 MKJI) 3 HACTYIHHUM
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KyAbTHUBYBaHHSAM TpoTssroM 24 rtox. [lns OIMIHKMA JKATTE3MATHOCTI KIIITHH
BUKOPUCTOBYBAJIM KOMEPLIHHO NOCTYNMHUN HaOlp mis anamzy MTT (Sigma-—
Aldrich). Hampukinii excriepuMeHTy 10 KokHOi JiyHku pomgaBaiu MTT (0,5
mr/mi) 1 gepe3 120 xB pozunn MTT Bugansanu. Kpuctanu dhopmazany po3unHsIIM
B 200 Mk JIMCO i BumiproBanu noriuHanHs npu 570 am [380].

- IncuCyte. Ilponideparuny aktuBHicTh KIiTUH HEK293 ananizyBanu 3a
nonomoroto cucremu IncuCyte S3 Live-Cell Analysis System (Essen Bioscience
Inc.). Jiist excrepuMeHTiB, 1x10° )HUBUX KIIITHH BHCIBAIM B TyHKY 96-IYHKOBOTO
mwiadmery (3599 Corning Incorporated, CIIA) y cepenoumi DMEM/F-12
(Gibco, 31331028), 3 nogaBanusm 10% ¢eranbuoi 6uuayoi cuposatku (FBS), 100
or/mn meHinuiainy Ta 100 Mkr/min crpentominuHy. KoHIEHTpalito KIITHH
BUMIPIOBIM aBTOMaTUYHUM JiumibHUKOM KiIiTUH TC20 (145-0101 BioRad).
KibKicTh KUBHUX KIITHH OIIHIOBaIM 1UIsiXoM (apOyBanHsa Trypan Blue (T10282
Invitrogen). [licns mociBy KIIITHH, TUTAHIIET mepemimyBaiu B cucremy IncuCyte
S3 (37°C, 5% CO,). Yac npukpiluieHHS KITHH y 96-IyHKOBOMY IUJIaHIIETI
EMITIPUYHO CTAHOBUB 2 T'0Jl, BIAMOBIIHO IMOYAaTKOBA TOYKA 3MOMKH TTOYMHAjacs 3 2
TOAVHM TicAs TOocCiBy KiiTUH. PortorpadyBanHs kmiThuH (00’exktuB 10%) Ta
00’eqHanHs Gotorpadii (KOKHOI OKpEeMOi JTYHKH) 3M1HCHIOBAJIOCH aBTOMAaTHYIHO 3
4acOBHUM 1HTEpBajoM 2 roj npotsirom 72 rof. [IpomidhepatuBHy akKTUBHICTh KIIITUH
BU3HAYaIM K CHIBBIIHOIICHHS TUIOHII KOHQUIFOEHTY KJIITHH, HOpMaJi30BaHE 10
noyaTkoBoi Toukd. OTpumaHi 300pa)KEHHS aHali3yBajlud 3a JIONIOMOTOIO
nporpamHoro 3abesneueHHss IncuCyte 2021C (Essen Bioscience Inc).
ExcrieppuMeHTH TPOBOAWIIM TpUYi 3 S5 TEXHIYHUMHU TIOBTOPAMH JJIsi KOXKHOT
CyOJTiHii.

2.23. JdocaigskeHHsI MirpamiiiHuX BJIaCTHUBOCTEH KJIITHH 32 J0MOMOIOK0 TECTY

HA 32aPOCTAHHA NOAPANNHU in Vitro

- Tect Ha 3apocTtanHs noapsinuuu. Kimituau 4T1WT BuciBanu B 6-1yHKOBI
miaHmeTn 1 BupomyBadud 10 90% craHy KOH(IIOEHTHOCTI 3 HACTYIHUM

KyJAbTUBYBAHHSM IMPOTATOM HOYl Y KYIbTypaJIbHOMY CEpENOBHUILI 0€3 CHUpPOBATKHU.
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[MogpsinuHy y KAITHHHOMY MOHOMIapi MUPUHOI ~ 0,2 MM pOOMIN CTEPUIIHLHUM
200-MKJI HAKOHEYHHKOM JJIsl aBTOMaTuyHoi minetku. [1oTiM K1iTHHY 1HKYOyBanu 3i
CBDKMM moBHUM cepenoBuiiieM RPMI 1640, mo mictiiio 1 MM mitoMinuay C
(Sigma-Aldrich), mo6 ycyHyTH BIUIMB KJIITHHHOI mpodiidepariii Ha TIBUIKICTH
3apoctanHss paud, Ta EVs (1:10° uwacrunok ma 100 Mki). 3akpuTTs paHHm
KOHTPOJIIOBAJIN 3a JIOTIOMOT OO (ha30BO-KOHTPACTHOT MIKpPOCKOITIi.
doTto300paxeHHss Oyau 3pobieri dyepe3 0 1 24 TONUHM MICTS TOAPSTUH KIIITHH.
OuiHKy 3aKpHUTTS KIITUHHOI paHu MpoBOAUIH 3a fqonoMororo WimScratch Wimasis
Image Analysis (Wimasis GmbH), Ta momimamu B IncuCyte S3 (37 °C, 5 % CO2).
®ororpadyBanHs kimTHUH (00’ektuB 10%) Ta 00’e¢aHanHs (oTorpadiii (KOKHOT
OKpeMOi JTyHKH) BiJI0yBajJOCh aBTOMAaTUYHO 3 YaCOBUM 1HTEPBAJIOM 2 TOJ MPOTITOM
72 roa. KOHQIIOEHT KIITMH aHali3yBajld 3a JOMOMOIOI0 IMPOrPaMHOIO
3a6e3neuenns IncuCyte 2021C (Essen Bioscience Inc).

- IncuCyte. MirpailiiiHy akTUBHICTH (hiOpOOJIACTIB JIFOAUHU IiJ[ BILIMBOM
EVs 3 xmitun HEK293 ananizyBanu 3a gonomororo cucremu IncuCyte S3 Live-
Cell Analysis System (Essen Bioscience Inc.). [ist excriepumentis 30%10° sxuBux
KJIITUH BUCIBAJIM B JYHKY 96-lyHkoBoro ruianmety (4379 Sartorius, USA) y
cepenoBuiiii DMEM/F-12 (Gibco, 31331028), 3 nmomaBanusm 10% deranbHol
ounuauoi cupoBarku (FBS),100 ox/mn nenimuminy ta 100 MKT/MII CTpENTOMILIMHY.
KoHneHTpaliro KJIiTHH BHUMIPIOBAIM 32 JIOMOMOTOI0 aBTOMATUYHOIO JIYMJIbHHUKA
iitua TC20 (145-0101 Biorad). KinapkicTh KMBUX KJIITHH OLIHIOBAJIH IUISIXOM
dbapOyBanHss Trypan Blue (T10282 Invitrogen). Ilicisi mpuKpirieHHS KIITHH
Cepe/IoBUIIE 3MIHIOBAJIM Ha BUIbHE BIJl CUPOBATKH, 110 MicTuiao MitoMinuH C (4
mkr/mi, (M4287 Sigma)) st npurHidenHs npoiidepanii kmituH. [lompsmuxu
pobuwin 3a gomomororo 1HCTpymMeHTy IncuCyte WoundMaker Tool (Sartorius)
BIJIMOBITHO /IO IHCTPYKIIIA BHPOOHUKA Yepe3 6 Tof Micis JOJaBaHHS MITOMIIUHY
C. Hapani, nnanmetn nepeminryBaiu B cuctemy IncuCyte S3 (37 °C, 5 % CO2).
dororpadyBanus kIiTHH (00’ektuB 10%) Ta 00’eaHanHHs doTtorpadiil (KoKHOT
OKpeMOi JTyHKH) BiJI0yBajJIOCh aBTOMAaTUYHO 3 YACOBUM 1HTEPBAJIOM 2 TOJ TIPOTITOM

72 ron. LIBUAKICTH 3aKpPUTTS MOJAPSATIMHU BU3HAYAIM SIK CITIBBIHOIIEHHS ILIOIII
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KOH(DIIOGHTY KIITMH, HOpMaji30BaHE [0 TMOYaTKoBOi Toukh. OTpumani
KOMO1HOBaH1 300pa)KeHHS aHaIi3yBaJIH 3a JOMOMOTOI0 MTPOrPaMHOT0 3a0e3MeUeHHS
IncuCyte 2021C (Essen Bioscience Inc). ExcniepumMeHTH TOBTOpIOBaId TpHUUl 3 5

TEXHIYHUMH MOBTOPAMH JIJIsl KOKHOT KJIITHHHOT JTiHii.

2.24.J1ocaiazkeHHs] IHBa3MBHOCTI KJIITHH 3 BAKOPUCTAHHAM MOAN(IKOBAHOI

kamepu boiena

AHaJ3 KIITHHHOI 1HBa31i MPOBOJIUIIH, K onmucaHo B [379] 3 BUKOPHUCTaHHSIM
BCTaBOK /1O 24-TyHKOBHX IUIAHMICTIB (3 MOpaMu 8 MKM), BKPUTHX IIapOM
Marpurento (Greiner Bio-One). 1-10* kmiTHH BHCiBamM Ha BEpXHIO TOBEPXHIO
KaMmepu B cepenouil, mo mictuio 0,1% FBS. B nyHku 24-1yHKOBOTO MJIaHIIETY
nonaBaM KyaeTypaibHe cepenopuine 3 10% FBS. Ilicna iakyOyBaHHS KIIITHH
npotsroM 24 rog 3a mpucytaocti EVs (1-10° wacturok B 100 MKi), KITHHH, SIKi
MITPYBaJIM Ha HIDKHIO TTOBEPXHIO MeMOpaH, (ikcyBanu B 4% mapadopMaibaeriii.
i wmituan ¢apOyBamu 1% KpuctamiyHuMm GI0JIETOBUM 1 MiAPAXOBYBAIA 3

BUKOPUCTAHHAM (Pa30BO-KOHTPACTHOTO MIKPOCKOITY.
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PO311JI 3
PE3YJBTATH JOCJIII)KEHD TA IX OGTOBOPEHHSA
3.1. XapakTepHCTHKA HYKJEIHOBOI0 Ta IPOTEiHOBOro ckiaaxy EVs mory

JIroncpkuii MIT € CYMINIIIIO BHIUJICHb TPHOX THIIB 3aJI03: €KKPUHOBHX,
arOKpPUHOBHX 1 caJbHUX. EKKPUHOBI 3a503U BIJKPUBAIOTHCS O€3MOCEepeHhO Ha
MOBEPXHI IIKIPH 1 BHUPOOJISIIOTH BEIMKY KIUIBKICTh PIAWHA HAa OCHOBI BOJHU
BHACJIJIOK peaKIliii Ha Temno, eMolii Ta (pi3uyHy aKTUBHICTh. EMOKpHHOBI 3a1031
pa3oM 13 pIIMHOIO 3a3BHYAN BUUIAIOTH MEBHI MPOAYKTH 0OMIiHY, 30KpeMa JIiIigHOo1
IPUPOJIH, SIKI, CBOEID YEPIOI0, PO3KIANAIOTHCS MPHU il Ha HUX MIKPOOPTaHI3MiB,
TONl SIK cajJbHI 3aJ03U BHUPOOJISIIOTH BOCKOMOAIOHe mikipHe canmo [18]. INT
BUJIIISIETHCSL O€3MEPEepBHO, BiJ MEHIIE HDK | TUI/XB 32 YMOB CIOKOIO JO KIJTBKOX
HJI/XB Ha 3aJI03y MiJ 4Yac (PI3UYHUX HABaHTAXKEHb, 1110 JI0O3BOJIAE HAPOOIATH 1
30upary Horo A AOCTIAKEHb, 30KpeMa 3 J1arHOCTUYHOIO MeToro [53].

3riiHo 3 omyOJjikoBaHMMHU JaHuUMH, EVs OinbmiocTi O10J0TIYHHMX PIIUH
OpraHi3My MICTITh HYKJIETHOBI KHCIIOTH Ta IPOTEIHM Pi13HOI XIMIYHOI MPUPOIH 1
(GYHKIIOHATBHOI 3HAYMMOCTI, 1 CKJIaJ TaKUX MIKPOYACTUHOK BHUSIBUBCS PI3HUM 3a
YMOB HOPMHU Ta NaTOJIOTYHUX CTaHIB pi3HOI npupoau. BonHodac, noaioH1 gaHi ass
EVs mory mionuHuM, 1HAYKOBAaHOTO (PI3MYHMMU BIPaBaMH, HA MOMEHT IOYATKY
HAIIUX JOCIKEHb B JIiTEparypi OyJiu BiACYyTHI.

Hamu Oynu otpumani 3pa3ku MOTY JIFOJEH, MijJ 4ac IHTEHCUBHUX BIIpaB Ha
BenoTpeHaxepi. [Ipemapatu EVs 3 mory mronuHu aiisi XapakKTEPUCTHKU IXHBOTO
HYKJIETHOBOTO Ta MPOTEIHOBOTO CKJIaAy OTPHUMYBAIH SK OMHCAaHO Yy pPO3IiT

«Marepianu Ta METOJU JOCTIIKECHBY.

3.1.1 Xapakrtepucrtuka 3paskiB EVs mory, mo Oyaum BuUKOpUCTaHI Aas

cekBeHyBaHHA RNA

Ilepen anamizom 3pa3kiB EVs mory Oyno mnomepenHbo 3a1HCHEHO
cexkBeHyBaHHs DNA 3pa3kiB 3arajibHOTO TIOTY, BUIUICHOI K 13 00’ €THAHOTO 3pa3Ka

NoTy BiJ 25 0cCi0, Tak 1 TPhOX OKPEMUX 130JIATIB. 3arajbHa KiIbKICTh BiJIHOBJIECHOI
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nBostaniroroBoi DNA Oyrna HeBennkor B giama3oHi Big 3 mo 11 Hr Bix 3araabHO1
kimbkocti DNA. CmiBcraBnenHs 3uuTyBanb 3 reHomMoM JronuHu (GRch38)
MOKA3aJI0 HEBEJIHMKE MOKPUTTA 3 JNESIKUMHU YITKUMH TapsidMMH TOYKaMmH, Jie OyJo
BUSIBJICHO OUTBIITY KUTBKICTh 3UUTYBaHb B YCiX 3pa3kax. CriBCTaBICHHS ISl KOXKHOT
XpoMocoMu  KonmmBasioch Mik  10-30%, 3a TOMITHUM  BHHSTKOM  JUJIS
MITOXOHAPIMHOT XpOMOCOMH, sika Oyja TIOBHICTIO CITIBCTaBIeHa B YCIX
JOCITIKEHUX 3pa3kax [18].
HasiBHICTh BeMMKOi KIJIBKOCTI MITOXOHIpiHOT DNA B 1OTI MOXKE CBIIUUTH
PO TMPHUCYTHICTh BIJMOBIIHUX oOpraHen, Ha gomatok mo EVs, B orpumanmx
npenaparax. i eleKTpOHHO-MIKPOCKOMIYHOIO aHami3y 3pa3kh PO3MOPOKEHOIO
MOTY CIIOYaTKy (pUIBTpYBaM uepes3 mrpuieBuit puistp ¢ 1,0 MKM, KOHIIEHTPYBaJIU
3a JIONOMOTOI0 KOHIIEHTPATOpa il 3HOB (IIBTPYBAJIM YEpe3 LIMPULEBUNA (PLIBTP O
0,45 mxm. EVs norty ¢apOysanu 3a gonomororo CellVue Claret Far Fluorescent
Cell Linker Midi Kit (MIDCLARET-1KT) 3rigHo iHCTpyKIli€l0 BHPOOHHKA 3
HacTynmHuM LeHTpudyryBanHsaM npu 100 000 g npotsrom 4-6 rox npu 4°C Ha
nentpudys3i Beckman TLA 120.2. Orpumanuii ocaja 3aquBajd EMOKCHIHOIO
CMOJIOI0, pOOMIIM TOHKI 3pi3H, SIKI aHAMI3YBAJIM 32 JOMOMOIOI TPAaHCMICIHHOI
enektponHoi wmikpockomii (TEM) wna wikpockom Tecnai G2 Spirit (FEI,
Eindhoven, The Netherlands). Ik Bugno 3 puc. 3.1, A, B oTpuMaHux npenaparax
JETEKTYIOThCSl BE3UKYJISIPHI CTPYKTYPH PI3HOTO PO3MIPY Ta 30BHIIIHBOIO BUIVISAY,
y TOMY YHCJII 3 TPO30PUMHU MOJABIMHUMHU MeMOpaHaMmH, IO BKa3y€e Ha HasSBHICTh
EVs. Po3mip Ounbiiocti Be3ukya OyB B aiama3oHi 0 100 HM, nmpoTe Aesiki okpemi
3pa3ku Oynu 30araueHi MeEHIIUMH Ta/ado OiumpimiuMu EVs. 3a BUKOpUCTaHHMX
EKCIIEPUMEHTATIBHUX YMOB CTPYKTYp, MOMIOHHUX JO MITOXOHApi, HE Oyso
BUSIBJICHO, TOA1 SIK 32 YMOBH HEXTYBaHHs (IbTpyBaHHAM yepe3 piibTp o 0,45 MxMm
B JICSKHUX 3pa3Kkax Oynu BUsiBJIeH1 Oakrepii [18].
Jlna  Oesnmocepennporo ouumineHHs RNA 3 EVs-30araueHux 3paskiB
KOHIIEHTPOBAHOTO TMOTy Oyno Takok BukopuctaHo Habip ExoRNEasy.
[HauBigyanpHI TpemapaTd TMOTY, MIATOTOBICHI 3a gomomoror Habopy ExoEasy,

HeratuBHO OapBwin 2% ypaHia aleTatoM W aHamizyBanu 3a gonomororo TEM. 3a
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JAHUMH MIKPOCKOMIT OTPUMaH1 3pa3Ku MICTHIN Pi3HY KUIBKICTh MIKPOYaCTHHOK
(EVs) 3 4iTko OKpeciieHO0 moABIHHOI MeMOpaHoto po3mipoM Biax 50 g0 200 HM
(Puc. 3.1, b). NTA-aHami3 THUNOBUX 3pa3KiB IOTY, OYHIIEHUX 3a JOTOMOIOKO
ExoEasy, mpogemonctpyBaB 1 ocHoBHmA mik ipu 100 HM 1 6araro MEHIMX ITiKiB
Bimx 200 mo 300 am (Puc. 3.1, B). Jna imyHodapOyBanusa 3pazku EVs moty
HaHOocuiIM Ha Formvar-kapOoHoBaHy ciTKy, OmokyBaiu B 1% BSA B PBS 3
HACTYNMHOIO 00poOkoto mepmmmu  aHTU-CD63/CD9/Glypican  aHTHTIIAMH,
JPYTUMU aHTUTUIAMU J0 O10THMHY 1 HapemTi koMmiiekcoM protein A-gold (PAG 10
nm) SK OmMMCaHO B po3aun «Marepiadd Ta METOAM  JOCIIIKCHBY.
ImyHOTpaHcMiciiiHa enekTpoHHa Mikpockonisa (Puc. 3.1, I'). no3Bonuna BUSBUTH
npucyTHICTh TUMoBuX MapkepiB EVs, CD63 i CD9, B iHmuBiayaldbHUX 3pa3kax
EVs mory Tta iHmumx wmapkepiB, Takux sk Glypicanl Hassaicte CD63 0Oyno
HiATBEpKEHO Takok BecrepH-6mot anamizom (Puc. 3.1, /1) [18]. Bci orpumani
JlaHI CTOCOBHO Xxapakrepuctnku EVs mory Oynu pomani o 6asu ganux EV-

TRACK (EV-TRACK ID: EV210083) [83].

3.1.2. Anaui3 ckiaay RNASs y 3pazkax nory, 30arayenux EVs

Yactuny ocany (micis erary yabTpalneHTpudyryBaHHs 3pa3ka 00’ €ITHaHOTO
310paHoro mnory), 30araueHoro EVs, Oyno Bukopuctano s 13omtoBaHHS RNA 3a
nornomoroto Habopy ExoRNEasy (Puc. 2.1). IlpodintoBanns excrparoBanoi RNA
Ha Oloanamizatopi picoChip (Agilent) mokazano mpucytHicTh Juiie small RNA
po3Mmipom Bix 20 go 200 bp Ta oueBuAHY BiACYTHICTH 18S um 28S pubGocomHOi
RNA (Puc. 3.2, A). Ha nactynHomy etami JiJii CEKBEHyBaHHsA Ha mpuianai lon
Torrent PGM (Thermo Fisher Scientific) OyB Bukopucranuid mpotokon Small
RNA. 3aranom, 652280 3uutyBaHb OyJI0 BUKOPHUCTAHO JJI CIIBCTaBICHHS 3
TeHOMOM JIFOIMHU 3a Jo0moMoroto mporpamu Bowtie 1 (an ultrafast, memory-
efficient short read aligner). Pe3ynbratm 3unmTyBaHHs Oyn0 BigHEcE€HO 10 3
kateropiii: anoroBati 44,6%, (3uutyBanHs tRNA Oynu BKJIIOUEH1 B 1[I0 KaTEropiio),

HeaHoToBaH1 29,6% 1 HekaptoBaHi 24,7 % (Puc. 3.2, b). Ilonaxg 70% anoTtoBaHUX
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34NTyBaHb JonuHU Oynu imeHtudikoBani sk tRNA, 5% mRNA i 1,85% miRNA
(Puc. 3.2, B).

CD63+

2,E+09

CD9+

YactuHok/Mn

1,E409

0,E+00

I S S
8 &8 § 8 §

Posmip EVs, Hm

2 3 32
Puc. 3.1 Xapakrepuctuka 3paskiB EVs mnory mogunau. A. TEM ToHkux

3pi3iB 3pa3kiB EVs noty Big 4 goHOopiB, 3amutux y cmony (“plastic embedded”),
HOMEp SKMX BiAmnoBijgae Oi6mioTerni cekBeHyBaHHs; b. TEM, HeraruBHe
dapoyBanus ExoEasy-i3ompoBanux EVs morty ypanin amerarom; B. NTA anami3
ExoEasy-izonpoBanux EVs; I': TEM, imyHnHe ¢dapOyBanus mapkepiB EVs; I,

Bectepn-6notunr 3paskiB ExoEasy-1301p0Banux EVs 3 antutinamu npotu CD63.
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Puc. 3.2. CexBenyBanns «small RNA» koroprtu 3paskiB. A. [Ipodins RNA,
oTpuMaHui Ha GioaHanizatopi 3pa3kiB picoChip (Agilent); b. Po3noain 3untyBaHs;

B. BioTunu aHOoTOBaHUX 3YUTYBaHb.

3.1.3 Anaui3 ckiaaay miRNA B 3pa3kax 00'eqHaHOro nory, 3d0arauesux EVs

3a pe3ynbraTaMd CEKBEHYBAaHHS 3 BHCOKOIO JIOCTOBIPHICTIO  Oyio
inenTudikoBano 66 miRNA i3 kinbkicTio 3uutyBanb >10 (Ta6n. 3.1). Haitoinbury
KUIBKICTh 34YUTyBaHb Oyno ineHTu(dikoBaHo nisi miR26a-5p, 3a skoro WU
miR200c-3p, miRLet7A ta miR148a-3p (Puc. 3.3, A). Mu Bigiopanu 6 miRNA
s TectyBaHHs 3a gomnomororo qPCR, Bim miRNA 3 HalWOUIbIIO KIUTBKICTIO
3uuTyBaHb (miR26a-5p/692 3uutyBanHs) n0 mMiRNA 3 HalilMEHIIOK KUIBKICTIO
(miR320b/10 3uutyBanb). IlopiBHSHHA piBHS iX BMICTY 3A1MCHIOBAIIM OAHA
BIJIHOCHO OJIHOI BCEpEIMHI KOKHOTO 3pa3ka 3 14 mocnimkenux. Bigibpani miRNA

OynM TpeACTaBlieHI Yy BCIX 3pa3KaxX, 3a BHHITKOM ofHoro, ne miR193-3p e
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BusBIsUIach. LlikaBo, mo y OuIbIIOCTI BUMAAKiB piBHI ekcmpecii miR21-5p 1

miR24-3p 6ynu HaitBunumu, ane ue miR26a-5p (Puc. 3.3, b) [18].

Taoauusa 3.1

miRNA B 3pa3zkax 00’e1HaHoOro nory, 36arauesoro EVs,

13 KUTbKICTIO 3UMTyBaHb >10

miRNA Read miRNA Read miRNA Read
count count count
hsa-miR-26a-5p | 962 | hsa-miR-29¢-3p 97 hsa-miR-140-3p |31
hsa-miR-200c-3p | 467 | hsa-miR-182-5p 89 hsa-miR-378a-3p |25
hsa-let-7a-5p 414 | hsa-miR-223-3p 89 hsa-miR-93-5p 21
hsa-miR-148a-3p | 397 | hsa-miR-200b-3p | 81 hsa-miR-590-5p | 19
hsa-miR-191-5p | 326 | hsa-miR-342-3p 80 hsa-miR-335-5p |18
hsa-miR-30b-5p | 274 | hsa-miR-141-3p 72 hsa-miR-455-3p |18
hsa-miR-23b-3p | 259 | hsa-miR-16-5p 72 hsa-miR-197-3p | 17
hsa-miR-29b-3p | 256 | hsa-miR-27a-3p 67 hsa-miR-34a-5p |17
hsa-miR-24-3p 240 | hsa-let-7¢c-5p 63 hsa-miR-101-3p | 16
hsa-miR-23a-3p | 214 | hsa-miR-100-5p 58 hsa-miR-22-3p 16
hsa-miR-30d-5p | 210 |hsa-miR-193a-5p |52 hsa-miR-1247-5p | 15
hsa-let-7b-5p 181 | hsa-miR-375-3p 52 hsa-miR-19a-3p | 15
hsa-miR-30c-5p | 172 | hsa-miR-125a-5p |48 hsa-let-7d-5p 14
hsa-miR-21-5p 167 | hsa-miR-26b-5p 48 hsa-miR-183-5p | 14
hsa-miR-205-5p | 157 | hsa-let-7g-5p 47 hsa-miR-484 14
hsa-miR-125b-5p | 144 | hsa-miR-320a-3p |40 hsa-miR-92a-3p | 14
hsa-miR-19b-5p | 135 | hsa-miR-30e-5p 37 hsa-miR-107 12
hsa-miR-30a-5p | 123 | hsa-miR-193b-3p |33 hsa-miR-452 12
hsa-miR-196a-5p | 119 | hsa-miR-425-5p 33 hsa-miR-29c¢ 11
hsa-let-7t-5p 113 | hsa-miR-574-3p 33 hsa-miR-429 11
hsa-miR-29a-3p | 108 | hsa-miR-200a-3p |32 hsa-miR-95-3p 11
hsa-miR-99a-5p | 98 hsa-miR-27b-3p 32 hsa-miR-320b 10
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hsa-let-7f-5p
2%

hhsa-miR-196a-5p) -miR-29a-3p
2%

i hsa
|

A
hsa-miR-19b-3p|
3% |
hsa-miR-125b-5p
3%
hsa-miR-205-5p
3%
b
0,2 1
0,15 1
3
£
2
2 EmiR320b
Q mmiR-193-3p
s 0.1 1 mmiR-99-5p
g mmiR-21a-5p
= omir24-3p
mmir-26a-5p

2 3 4 5 6 7 ) 8 1 16 20 26 32 39 44

IHaQuBIOyanbHi 3pasku

Puc. 3.3. Ananiz miRNA y 3paskax EVs-30araueHoro o0’eHaHOTO TOTY. A.
Hait6inpmr mpeactaBineni miRNA (MiHiMaigbHa KUIBKICTH 3unTyBaHb > 100) y
KOTOpTHOMY 3pa3Ky noty. b. I[lopiBHsHHS piBHIB ekcripecii 6 BiniOpanux miRNA B

okpeMux 3pa3kax. OctanHi 4 3pa3ku He OyJIM CEKBEHOBAHI.
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3.1.4 CexBenyBannsi RNA B inguBinyajabHux 3pazkax EVs nory Jwoaunu

s Buninennss RNA 3 inauBinyansHux 3paskiB EVs noty Bin 6 xiHok Ta 14
yosoBikiB ([loxarku, Tabmuus 1) Oyno 3aMiHEHO eTan yIbTpaleHTPUPyTryBaHHS Ha
KOHIICHTPYBaHHsI 3 BUKOpHUCTaHHSAM KoiloHOK Centricon Plus-70 (Millipore) 3
noporoBoto nimpHIcTIO 100 x/a [18].

ITpodinmi RNA (Bioanalyzer, Agilent) B ycix 3pa3kax Oyiu MogaiOHUMU OJIMH
110 0JiHOTO, ajie Buxig RNA cuiIbHO KOJMMBaBCS, 1 B JESKUX BUMAAKaX OyB HUKUUM
BiJl MOPOTY YYTIUBOCTI mpuiany. Tomy, mo0 OOMEXKUTH KUTbKICTH MOPOXKHIX
3UMTYyBaHb 1 OXapakTepu3yBaTh OuIbll 3a po3MipoM Tunu RNA, BKIrouarouu
mRNAS, 1m0 KOIylTh NPOTEiHH, JUIsl AOCIIIKeHb Oyno BimiOpaHo ¢parMeHTH
oiboro posmipy (145-200 bp), HiXkK peKOMEHJ0BAaHO BUPOOHUKOM 010J110TEUHOTO
Habopy (New England Biolab), B pe3synbrari Oyno igeHTH(IKOBAHO OyXe Malo
3unTyBaHb MiRNA.

[Ticns sxicHOTO (iIBTPYBaHHS, KUIBKICTh 3YMTYBaHb HA 3Pa30K KOJIMBaJlacs
Bimx 650 000 mo 3,4 wmimpiionun (Puc. 3.4, A) 13 BEIHMKOIO KUIBKICTIO
HECIIBCTaBICHUX 34YUTYBaHb. OCKUIBKM KUIBKICTh AHOTOBAaHMX 3YUTYBaHb Ha
3pa3ok Oyia HU3BKOI, OyJ0 3A1HCHEHO aHadi3 BCiX 3paskiB pa3oMm. Posmonin 3a
OloTunaMu mokasas, O moHaj 50% 3uuTyBanb Oynu ineHTH(]iKOBaHI K tRNA,
28% sik TRNA, LincRNA Ta misc-RNA, KiIbKICTh TTOCIITOBHOCTEH, 110 KOIYIOTh
npoteinu, konuBanack MK 8 1 3% (Puc. 3.4, b). 3a Bunarkom tRNA 1 rRNA, rpymna
3 10 Haiikpaie 11eHTU()IKOBaHUX MPOAYKTIB TeHIB BKiItodana 6 misc-RNAs, cepen
akux RNY1, RNY4 i RNY4P10 6ynu nai6iaemn npeacrapineanmu, 3 LincRNA, 1
HekonyBaibHY RNA, 1 snoRNA (SNORD20) (Puc. 3.5, A). Xoua onHi€ro 3
ocHoBHUX (QyHKIIH SNRNA (small nuclear RNA) € yyacTs y criaiicuary mRNA B
snpi, i Buau RNA BUABHINCH 3HAYHO MPEICTABICHUMH B T0T1, 30aradeHomy EVs
(Puc. 3.5, b). Koxxna 3 cemu nHaitnommupenimmx snRNA, mo cknagana Big 12 1o
15% Bin ycworo myny igentudikoBanux snRNA, nanexana go poaud Ul 1 US 1
Oysna BUsIBJIeHA MpUHaMHI B 19 3pa3kax.

Mani saepueBi RNA (snoRNA, small nucleolar RNA) nepeBaxxHo 0epyTh

y4acTh y XiMiuHUX Moaudikamisx rRNA (MeTuitoBaHHS, NCEBIOYPUIUITIOBAHHS).
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11 3 HUX BUSBIEHI y 3HAYHUX KUIbKOCTAX y EVs-30arauenomy moti. Opna 3

Haiouten npeactaBieHux snoRNAs, SNORD20, nanexuts no tumy “box C/D”,

MPEICTaBHUKHU SIKOTO CKepOoBYIOTh 2’-O-meTmnoBanHsg rRNA, 1 ckiiajjae O1IbII HIXK

40% Bix ix 3aranpHOi KUTEKOCTI; SNORD90 Ta SNORDG69, MillIeHHIO IS IKUX €
28s TRNA, - 611 20%; SNORD63 1 SNORDI101 - 6%; SNORDI100 - 4% (Puc.
3.5, B). SNORD20, SNORD69 1 SNORD63 Oynu inentudikoBani y 19 3 20

3pa3KiB.

A 1000000 -

3500000 -

KinbKicTb 34nTyBaHb

500000

3000000 -

2500000 -

2000000 -

1500000 -

1000000 -

KaTeropii 3uMTyBaHb

unmapped

1 l I I I I I I I I ®unannotated
_. . = == B | . [ . ®E annotated

8 9 10 11 12 13 14 15 16 17 18 19 20
Bibniotekun

BioTnu aHOTOBaHUX 34UTYBaHb (ycepeaHeHi)

%

100 -

snRNA

snoRNA

rRNA

protein_coding
processed_pseudogene
misc_RNA

miRNA

lincRNA

antisense

tRNA

Puc. 3.4. CexBenyBanusi RNA (RNA-seq) 3 iHAMBIAyadbHUX 3pa3KiB TOTY,

30araueHux EVs. A. Po3noain 3unTyBaHb 3 KOXKHOI 010110TeKH 3a Kareropisimu, b.

PO3MOIITT aHOTOBAHUX 3UMTYBaHb 3a OloTunamu (cepemne 3 ycix 20 3pa3kiB).
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[ammit Tunm small RNAs, 3anydennx g0 moaudikamii RNA, € momiOHuM 10
snoRNA, Jokami3yeTbcsi Yy HEBEIMKUX OpraHenax saepus KIITHH, 110
npomidepytorb, Bkimouae 2 mnpenctaBHUKH scaRNAIl 1 scaRNA4. Cepen
inentudikoBannx misc-RNAs (Oyap-sixki mpoayktu RNA, KpiM BiIOMUX THITIB
RNA), RNY1 cknagae 61 Hisk 60% 3unTyBanb 1poro 6iotuiry, RNY4 — 16%,
RNY4P10 — 14% 1 RNY4P7 — 2% (Puc. 3.5, I'). LikaBo, 1o aesaxi 3 MHX
HekoxyBaidbHHX small RNAs MoXyTh cCilIyryBaTH TNiepeMUKa4aMH TEHiB,
BMMKaIOUH/BUMHKaIOYH 200 MPOCTO MPUTHIUYIOUH iX ekcrpecito [345].

HenponiecoBani mncesmorenu (Puc. 3.5, JI). yTBOpIOIOTHCS MNUISXOM
JyTUTIKAILIl]l ICHYIOYMX TeHIB 1 30epiraloTh iX 1HTPOH-EK30HHY CTPYKTYpY. Y IIbOMY
oiotumi EIF1P5 € mpencrasnenoro B 53% 3untyBanb, To71 ik GGTLC4P cknanae
mume 11%, a AP004607.5 — 8%. Pemra HemporiecoBaHMX TICEBIOTCHIB €
MITOXOHJIpIMHUMU TE€HAaMU, BCTABICHUMHU B SIIEPHI XPOMOCOMH, KOKHA 3 HHUX
ckiagae MeHiue 7%.

B pamMkax Hamoro nociipkeHHs OyJid TakoX 17eHTH(]ikOBaHI MpOIIECOBaH1
MICEBJIOTEHU, SKI BHUHHMKAIOTh IUIAXOM PETPOTPAHCIO3MINT 1, SK HACIIJOK,
BCTaBISIIOThCSI B T€HOM 0e3 1HTpOHHUX mnociigoBHocTeil. Tom 1% 3uuTyBasb 13
RNA-seq Bxito4aB 86 mpoiieCOBaHMUX MCEBIOTEHIB.

Piwi-interacting RNAs (piRNAs), mani HekonyBaisHi RNA po3mipom 24-30
bp, Bnepmie Oynu iAeHTU(]IKOBaHI B 3apOJAKOBIM JIIHII 3aBASIKM 30aTHOCTI
MPUTHIYYBAaTH AaKTUBHICTh TPAHCIO30HIB. 3 TUX TMIp BOHU OyIud TaKOX
1A€HTU(IKOBaHI B 1HIIMX KJIITUHAX 1 PIAMHAX OPraHi3My 1, IK BUSBUJIOCH, MOXYTb
BOJIOJIITH TIOTEHIIIAJIOM OloMapkepiB. JIuiie nyxe HEBEIUKUHN BIJICOTOK 3YUTYBaHb
KOKHOTO 3pa3ka MokHa Oyno ineHTugikyBatu sik piRNA. 5 piRNAs Oymno
iaeHTrdikoBaHo y Bcix 20 3pa3kax. [Hin 1000 piRNAs BusBisiincsa B 3 ab0 MeHIe
3paszkax. [amn HekomyBanbHi RNAs, 3a3Buuaii acomiioBani 3 EVs, Taki sk Vault

RNA, Takox Oynu 11eHTH(IKOBaHI B OUIBIIOCTI 3pa3KiB.
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Puc. 3.5 Po3moxin Giotumie RNA (3Beaeni mani). A. Mani Oynmu o0’exHaHI
st aHanizy HavnommpeHimux RNAs (tRNA i1 rRNA Oymo BritydeHO 3 aHATI3y).
b. Haiimommpenimi mnigtunu  snRNAs. B. Haiiomupenimi snoRNAs. T.

Haiinommpenimi misc_ RNAs, /. Haitnommpeninn HenporecoBaHi MCeBIOTeHH.
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3.1.5. Anaui3z BMmicty mRNASs y 3pa3kax mory Jioauau, 30aradennx EVs

Haii6inpm npeacrasneni mRNAs y EVs noTy koayroTbes MiTOXOHAPIHHUM
reHoMoM 1 simeparuM TeHoM MTRNR2L6 (Puc.3.6, A). [1opiBHSHHS 3 IPOTEOMOM 1
TPAHCKPUIITOMOM €KKPUHHOI 3aJI03U JIIOAWHU Tokazano, 1o 85% mRNAs,
3HaWeHnX y moti, 30araseHomy EVs, mepekpuBaiorbes 3 mRNAS ekkpuHHOI
3ano3u 1 auie 14,4% e yHikanbHUMH JJis 10Ty, 30arauenoro EVs (Puc. 3.6, b).
Jns anamizy 30aradenHs (“GO annotation”) Oyio BHOpaHO TPAHCKPUIITH 31
3HaueHHAMU FPKM >25 (xoedinientr FPKM HopMmani3ye KiTbKiCTh 34UTYBaHb Ha
OCHOB1 JIOBKMHHM T'€Ha Ta KUIbKOCTI KapTOBAaHUX 34YMUTyBaHb). BusBuioce, 1o
OUIBIIICTh TPAHCKPHUIITIB KOJAYIOTh IPOTEIHU OB’ s3aH1 3 TPAHCIIALIE, aAre3iero,
Ta MpolecaMl TaKUMU SIK EHEpreTUYHUl MeTaboii3M, CHUHTE3 MpOTEiHIB Ta
3B’s13yBaHHs HykieiHoBux kuciotr (Puc. 3.6, B). HaiiGinpm mnpeacraBieHuMH
TPAHCKPHUIITAMH, IO KOAYIOTh KJIITUHHI KOMIOHEHTH, € pubdocomHi (Puc. 3.6, I).
Ha noparok mo Benukoi KiabkocTi BUaiB mMRNAs (Tabmuns 3.2), 6675 nomarkoBux
TEeHHUX MPOIYKTIB MOKHA Oylio BUABUTH B 1-3 3pa3kax 13 3HaueHHssM FPKM > 0.

Ockinbku 3untyBaHHs 178 MRNAs MmokHa Oyno BHUSBHUTH Ha KUIBKOX
ex3oHax, 1 BupiBHIOBaHHS 3a STAR (STAR - BupiBHIOBa4, po3poOIEHUMN
CHeliajgbHO ISl BUpIIIEHHS NpobieM kapTryBaHHs AaHuX RNA-seq 3a qonmomMororo
CTparerii BpaxyBaHHS CIUIAiCOBMX BHpPIBHIOBaHb) IMOKAa3asio, IO JESKI 3 IHMX
3YUTYBaHb Oy/H CIuialicoBaHl. MU mepeBipuiin HasBHICTH ciuiaiicoBaHoi mMRNA y
noti, 30araueHomy EVs, 3a nonomoroto RT-PCR 3 npaiiMepamu, npusHaY€eHUMU
s amrniikaimii dgepe3 cruaiic-3’eqHaHHsa. HalOiaeIn mpencraBieHO0 Oyiia
mRNA reny FTL (nerkuil nanutor ¢eputuny). Ockinbku red FTL wmictuth 4
€K30HH, TO 3a JOMOMOIOI0 IpaiimMepiB, mpusHaueHux A amiutigikamii mRNA
ocTaHHiX 2 ek30HIB (3 1 4), Mu 3Morm amrutidikyBatu cDNA 3 KUJTbKOX 3pa3KiB
(Puc. 3.7, A). IT'en YWHAE, mo konye npotein 14.3.3 &, BkiItodyae 7 €K30HIB 13
3arabHOI0 JoBkHHOI0 DNA 55 kb, 3a qomoMoror 3BOpoTHOTO IpaliMepa (€K30HU
6 1 7) 1 mpsaMmoro mnpaiimepa (€k30H 5) Baanoch aMmiUTipiKyBaTH (parMeHT
ouikyBaHOTO po3Mipy B 2 13 3 3paskiB (Puc. 3.7, b). Orpumani gaHi BKa3yloTh Ha

Te, 110 HaBiTh PparmenToBaHa RNA 3a3Hae mpoiecunry.

108
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= VHL DCD

= MT-ND6& = SLC9A3IRZ

= GGTLC3 = MTRNR2ZL12
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protein Iatg_emm ribonucleoprotain granule
nuckear-transcribed mRNA catabolism, nonsense-medialed decay .
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Puc. 3.6. mRNAs nory 36arauenoro EVs (3Bemeni nani). A. HaiiGinmbin
npencrasieHi mMRNAs. B. 30ir Mix TpaHCKPUNITOMOM €KKPUHHOI 3aJI03U JIFOJUHU
ta mMRNAs mory, 306arasenoro EVs. B. mRNAs/6ionoriuai mnpormecu. I.
mRNAs/kmituaH1 ~ komnoHeHTH.  IIpeactaBineno  anoramii GO,  Kombopu
BiAnoBiAa0Th logl0 p-3HaueHHs, OTPUMAHOIO 3a JIONMOMOTOI0 1HCTpYMeHTa Revigo
("Reduce and Visualize Gene Ontology" [298].
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Taoauusa 3.2

mRNASs 3 naviBumumu 3HaueHHsIME FPKM B RNA-seq (00’ eqnani gaHi Bif

okpemux oci0), BusisieH1 y EVs-30araueHoMy NOTi JTIOAUHU

| gene_name ChromnmJ gene_id gene_name| Chromosome gene_id
MT-CYB MT ENSGODI00 198727 AVP 20 ENSE00000101200
MT-CO1 MT ENSGODMM198804 | HISTIHZAH B ENSGOD000274957
MTRNR2LE 7 ENSGO0000270672 | HSPAS 0 ENSGO0000044574
| SCGB1D2 ik ENSGO0000124835] CALM2 2 ENSGO0000143933
VHL 3 ENSGOD0000134086 |  RPS19 i9 ENSGO0000105372 |
oco 12 ENSGODI00161634 | PPPIR15A i ENSG000000ETOT4
MT-ND6 MT ENSGODD000128695 | NACA2 17 ENSGO0000253508
SLCIA3IR2 16 ENSGOD000065054 | AC093T62.1 2 ENSGOD000284635
GGTLC3 22 ENSGO0000274252 | HRNR 1 ENSGO0000157915
MTRNR2L12 3 ENSGO0000268028 | DEFB126 20 ENSGO0000125788
RPL37A 2 ENSGOD000 197756 | AL136454.1 1 ENSGO000023176T
HIST1H3C g ENSGO0000278272 YBX1 1 ENSGO0000065978
MTRNRZLE 11 ENSGODIO0Z55823 ]  PEA1S 1 ENSGOD0D01E2T34
RPS6 g ENSGDD000137154 | MTRNR2L 11 1 ENSGOD000270188
HES? 17 ENSGOD000179111]  NDUFS5 1 ENSGOD000168653
GGTLC1 20 ENSGO0000148435] SETSIP 1 ENSGO0000230667
MTRNR2L10 X ENSGODIO0256045 | GOLPH3 ) ENSGO00U01 13384
HZAFX 11 ENSGOD000 188486 | HIST1H4K 6 EN
ANP3ZB 8 ENSGODU001 36838 ElF4H 7 ENSGOD000 106682
TMSB10 2 ENSGO0000034510 |  RPSS 1 ENSGOD0D0142037
HIST3H2A 1 ENSGOD000181218]  MUCE 11 ENSGO0000184956
USP17L2 8 ENSGOD000223443 | RPS24 10 ENSGOD0001 38326
TRIM43 2 ENSGOD000144015]  RRAGA g ENSGO0000 155876
RPS4X X ENSGO00000198034 | EIF4EBP1 8 ENSGODO001ET840
SLC25A6 X ENSGOD000168100]  POP7 7 ENSGOD00D172336
MAFILCIC 1 ENSGOD0001 97 T8 | MTRNR2L1 17 ENSGO0000256618
EEFZ 19 ENSGO0000167656 ] RPLA1 12 ENSGOD000228117
HIST1H4B 6 ENSGOD0OO278705] SRSFA 17 ENSGO0000 136450
FCGR2A 1 ENSGO0000143226 ] RNF133 7 ENSGO0000188050
FTL 19 ENSGODIGO08T (86 ARF& 14 ENSGOO000 165527
SHF 15 ENSGO0000138806 | RPS21 20 ENSGO0000171858
DYNLL2 17 ENSGOD000264364 | MTRNR2L3 20 ENSGOD000256222
| TUBA1A 12 ENSGO0000167552 | HISTZH3D 1 ENSGO0000183598
RPTN 1 ENSGOD000Z 15853 JUNB 15 ENSGOD000171223
RPS12 ] ENSGOD0001123063 HOXAS { ENSGO0000106004
HISTIH1E & ENSGOD00 68258 PPIF 10 ENSGO0000108178
HISTIH2BK 6 ENSGO0000197903 | CSNK2A3 11 ENSGO0000254558
TUBA1E 12 ENSGO0000123416]  RPLS 8 ENSGO0000161018
GGTZ 22 ENSGOD000133475]  FBXL14 1z ENSGOD000171823
RPL3 22 ENSGOD000100316] SSC4D 7 ENSG00000146700
RPL19 17 ENSGOD000108298 ATF4 22 ENSGO0000128272
MUCL1 12 ENSGOD000172551 1  SAMD1 19 ENSGO0D000141858
RPL3IGAL 14 ENSGOD000165502 1  PSMB3 17 ENSGO00002777591
FLG 1 ENSGOD000143631 | MYH9 22 ENSGO0000100345
CEBPB 20 ENSGOD000172216] PABPCA 8 ENSGOD0000TO75E
RPL10A & ENSGODOO0198755 | HISTIH2AM 6 ENSGO0000278677
HIST1H4E B ENSGODDODZ7ES6E | HIST1H4I B ENSGOD000276180
PABPC3 13 ENSGO0000151846 ] RPLIT B ENSGOD000 145582
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A FTL (Ferritin Light Chain) 1,6 kb

Exon 1 Exon 2 Exon 3 Exon 4

5’'UTR ! ! 3'UTR
_l RT-PCR primers

B YWHAE (14-3-3 Protein Epsilon) 55kb

Exon 1 Exon2 Exon3 Exond4 Exon5 Exon 6 Exon7

=l l—)—-—)—-—)—q—)—-—)-_—
5'UTR * J'UTR

RT-PCR primers

11}

<

T
bp E
300 —
200 — | 6
300~ S
200-| | 20
300 —
200 — 7

Puc. 3.7. ConaiicoBani mRNAs B noTi, 30arauenomy EVs. A. Bynosa reny
jerkoro januora ¢peputuny. Jlokanizauis PCR-npaiiMepi BkazaHa ctpiuikamu. b.
bynoa reny YWHAE, mo xonmye mporein 14-3-3 & 3 PCR-mpaiimepamu, siki
oxXoruToroTh  ek3oHu 5,6 1 7. Ilpomykt qRT-PCR-ammmidikoBanoi DNA,

Bi3yasizyBajiu B 2% arapo3HoMy Telli.
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3.1.6. Anani3z Bmicty DNA Ta RNA mikpo06ioMy mkipu y 3pa3kax nory

JIOMUHH, 30arauenux EVs

3a pesynsraramu DNA-seq Oyno igeHTtrdikoBaHo 5-9% HEKapTOBaHUX
3untyBaHb. [1{00 BU3HAUWUTHU I1X TIOXOJKEHHS, 3YMTYBaHHs Oynu 310paHi Ta
BUPIBHSHI IPOTU METareHoMy, OyJo TakoX 17eHTH(IKOBAHO OCHOBHI TAKCOHOMIYHI
nopsiiku. OkpiMm O6akrepiitHoi DNA, Oyno BUSBICHO HEBEIMKY YacTKy BIpYyCHOI Ta
apxerinoi DNA. Jlominyrouumu rpyrnamu Oakrtepiii Oynmu Proteobacteria Ta
Actinobacteria, 3a skuMHM WU piBHI 4acTku Bacteroidetes 1 Firmicutes, 1o
BIJIMOBIIaJ10 TUTIOBOMY PO3MOALTY A1l MikpoOiomy mikipu (Puc. 3.8).

3a pesynbrataMu RNA-seq Oyno 11eHTU(IKOBAHO OUIBIIY KIJIBKICTb
HEKapTOBaHMX 34YMTYBaHb. BiAMOBIIHO 10 METareHOMHOIO aHai3y, HahOiIbIla
yacTKa 34YMTYyBaHb BIAMNOBiAana OakTepisiM, W MeHIIa - rpubaMm Ta Bipycam.
Po3noain ocHOBHMX rpyn OakTepiid OyB BIJHOCHO MOAIOHUM N0 TOTO, KWW MU
crioctepiranu  j11 DNA, 3a BuHATKOM Ouibmioi yactku Firmicutes, Hix

Bacteroidetes (Puc. 3.8), 1110 3HOBY  Taku BIANOB1AA€ MiKpPOOIOMY LIKIPH.

m Actinobacteria

B Bacteroidetes

o0 Chlamidya

O Chrysiogenetes

B Cyanobacteria

B Deinococcus—-Thermus
E Firmicutes

B Planctomycetes

B Proteobacteria

® Verrucomicrobia

@ Other

Puc. 3.8. Merarenomni pgani mnoty. HaliOinbmn mnpencraBieHl TUIA
MIKpOOpTraHi3MiB iIeHTU(IKOBaHI TpU CEKBEHYBaHHI 3pa3kiB mory. RNA

(30BHIIIHE K0110) 1 DNA (BHYTpIIIHE KOJIO)
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YactuHa 11eHTU(IKOBAHUX TMOCTIIOBHOCTEM BIANOBiJajda TE€HAM, IO
KOAYIOTh MiKpoOH1 mpoTeinu. Inentudikatopu nporeiniB Oya0 oTpuMaHo 3 0as3u
nanux UniPro, 3 Hactynmaum migpaxyHkoMm aHortamii GO. Amnorami GO
POAEMOHCTPYBAJIM TEPEBAXKHO MPHUCYTHICTh TPAHCKPHUNTIB, IO BiAMOBIIAIOTH
KOMIIOHEHTaM MeMOpaHu Ta IuToruiazMu sk B DNA-seq, Tak 1 B RNA-seq.
CexBenyBanHsiM DNA Oyno ineHTHdiKOBaHO NpuHAMHI 20 TeHIB, 110 KOAYIOTh
npoTeiHn pubocoMu Ta MaazmMarnyHoi memOpanu, Tonmi sk RNA-seq BkitouaB
mRNA, noB’s3any 3 nepuriasMaruaauM npoctopom (Puc. 3.9, A). MonekynspHi
¢dyHKIII TeHiB, U0 KOAYIOTh MpOTeiHH, ineHTudikoBani sk y DNA-seq, Tak 1 B
RNA-seq, Bxitouanu 3B’a3yBaHHs ATP, 3B’s3yBanHss DNA Ta 3B’si3yBaHHS 10HIB

meraniB (Puc. 3.9, b).

3.1.7 Anauni3 ckaany Bipycnoi DNA y 3pa3kax nory, 30aradesux EVs

3a pe3yiabraraMu MPOBEACHUX MOCTIIKEHb OyI0 1AeHTHU(IKOBAHO 2 THUIH
BipycHoi DNA: BipyciB mroauHu (ManijIoMH, TOJIOMH, BIpYCy Tepriecy) Ta
0akrepiodariB. BipycHi nmociiioBHOCTI ctaHOBWIN 13% BijJ 3arajibHOi KUIBKOCTI
3YUTYBaHb, IPU LILOMY MOCIIAOBHOCTI BIpyCy NaNiJOMH CTaHOBWIH 24%, monioMu
- 5% 1 repuecy - 2%. Jlume yactuna inenrudikoBanoi DNA koxye nporeinn. J{ms
BIpyCy ManuioMH 11eHTU(IKOBAaHO 6 TeHiB (13 3arajgbHOi KUIBKOCTI 8), 0 KOAYIOTh
MpoTEiHU: ToJOBHUM TpoTein Karncumy L1, minopuuit L2, npotein perikamii E1,
perynaropauii porein E2, nporeinu E4 ta E6. Jlng BipyciB momioMu Ta BipycCy
KJIITUHHOI moiioMu Mepkensa iaeHTH(IkoBaHO Manuii T-aHTUIeH 1 KarcCUJIHUN
nporein  Vpl (BipyCHUM TE€HOMOM KOAyeTbcs 5-9 mporeiniB), a s
UTOMETaJOBIpYCy JIOAWHU — JIMIIE HeoxapakrtepuzoBaHuil mporein UL126 (3
noHay 165 renis) (Hogarku, Tabm. 2).

bakrepioarn Oynm mpeactaBieHi pi3HUMH TeHamH, 96 3 SKUX HE
OXapaKTepu30BaHi, TOMI K 274 TeHHW KOLyBalM CTPYKTYpHI MpOTEiHH Qara Ta
ensumu ([omatku, Tabmn. 3). MonexynsipHi QyHKIIIT €H3UMIB 3arajoM BKJIIOYAOTh

3B’si3yBaHHs DNA, remikasy, rigposasy Ta enaonykieasy (Honarku, Taom. 3).

113



A GO aHoTtaui: KNiITUHHI KOMMNOHEHTH
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Puc. 3.9. Anoramii GO nmna OakrepiiHMX TOCTIOBHOCTEeH. HalOuibin

npencrasneHi anotarii GO, ineHTudikoBaHi g 6akrepiitHux reHiB. A. KimituHHI

koMrioHeHTH. b. MonekynsipHi GpyHKIIii.
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3.1.8 Xapaxkrepucruka 3paskie EVs nmory gawoauau, mo O0yJM BHUKOPHCTaHIi

JJISL TOCJII/IZKEHHS TPOTEIHOBOIO CKJIALY

3pa3ku moty Oynu 3i0paHi y BOCBMH JOOPOBOJBIIB, SKi BUKOHYBAJU
IHTEHCUBHI BIPaBU Ha BenoTpeHaxepi npotaroM 30 xBuiivH. [1010BUHY KOKHOTO
3pa3ka BUKOPUCTOBYBaJM 1 i3omtoBadHs EVs 3a gqomomororo mHabopy ExoEasy, a
IHITy TIOJIOBUHY 30epirajiu Juis AOCHDKEeHHS 3arailbHoro mory (Puc. 2.1,
«Marepian Ta MeTOAW AOCHKEHBY»). Ilim wac 111€i K BHOpaBU BOJIOHTEPHU
BUKOPHCTOBYBAJIM OJTHOPA30B1 BETEPUHAPHI PyKaBHIIi, sIKi 0OpOOISUIIH, K OMHCAHO
B «Marepianax i meTogax». 3pa3ku, OTpUMaHi BiJ KOXHOI 0COOH, aHalli3yBaju
OKpeMo.

Hassnicte EVs, mo wmicTaTh Tunosi ekzocomui Mmapkepu CD63, CD8I1 i
CD9, ananizyBanu B 3pa3zkax morty 3a gomnomoror miargopmu ExoView R100.
OnHakoBy KUIBKICTB (1 MKT) mpoTeiHy OyJio 3aBaHTaXEHO Ha KOXKEH 4ill, IKui OyB
(GyHKI[IOHATI30BaHUN aHTUTUIAaMU TPOTH BIAMOBIAHMX mpoTeiHiB. Yinu 3 CD63
3B’sI3yBaJIM HalOuwTblly KuibkicTh EVs y Bceix Tumax 3paskiB nory (total; EVs
enriched; patch) (Puc. 3.10, A) y mOpiBHAHHI 3 4YinamM, WO OylH
dyskiionanizoBani antutuiamu nporu CD9 ta CD81 (Puc. 3.11, B, C). L
pe3ysbTatd 100pe BIAMOBINAIOTH MOMEPEIHIM BUCHOBKaM mpo Te, mo CD63 e
HAWTIOIIMPEHIIUM TETPACIIaHIHOBUM MapKepoOM Y 3pa3Kax IMoTy, 30araueroro EVs
[172, 325].

3aranpHa KuIbKicTh EVs, copOoBanux Ha yinax 3 CD63, y 3pa3kax MIKIPHOTO
actupa (patch) ctanosuina 6musbko 24% EVs Bin EVs 36arauennx 3paskiB (EVs
enriched), 1 58% Bix 3aranbHoro noty (total) (Puc. 3.10, A). [lopiBHSIHHS 3pa3KiB
EVs, orpuMaHux Bif pi3HUX OCI0, HE MOKA3aJI0 BEJMKOI PI3HULI MDK 3pa3KaMu.
CD63, CD81 1 CD9 no3uTuBHI Be3UKYJIM CTAaHOBHJIH, BiAMOBITHO 58-66,5%, 11,6-
26,4% 1 39-49% Bim 3aranbHOi KUIbKOCTI HaHouacTHMHOK [381]. HasBHIiCTB
ex3ocoMHoT0 Mapkepa CD63 y 3aramsHOoMy mOTI (total) Ta 3paskax, 30araueHux
EVs (EVs enriched), Oyno miarsepaxeno Becrepu-6mot ananizom (Puc. 3.10, b).

Kinbkicte 1 po3noain EVs 3a po3mipom BumiptoBanu 3a gomnomororo NTA.

CepenHsi KOHIIGHTpAIlisi YaCTUHOK/MJI Yy 3pa3Kax 3arajbHOro MOTy CTaHOBUJIA
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2,68e+11£1,58¢+10 uwactunok/miu. Kimekicts EVs y 3paskax, 36arauennx EVs,
cranoBuna 1,59e+11+1,20e+10 yactuHok/Mi. MeH1nl 3HaueHHs1 Oynu 3HaieH1 y
3pazkax miactupiB (3,38e¢+10+4,10e+08 wactunok/min) (Puc. 3.10, B).3aransHuii
HIT XapaKTepu3yBaBCs OAHUM YiTKUM MikoM EVs 13 cepennim posmipom 130,843,6
HM. Y 3pa3kax, 30arauenux EVs, cepenuiii po3mip 0yB B Mexax163+12,3 uM, 3
TOJIOBHUM ITiKOM MipH 96-119 HM 1 KiJTbkOMa MEHIIIUMH TTiKaMu TpuOInu3HOo 1pu 179
HM 1 268 HM. LlIkipHi macTUpi XapakTepu3yBaIUCh MOAIOHUM CEPEIHIM PO3MipOM
168,4+£2,9 HM, ayie OUIBII PIBHOMIPHHUM PO3MOJIJIOM TOPIBHSAHO 31 3pa3KaMu,
30arauenux EVs, 3 equanm nikom mipu 163 M (Puc. 3.10, B).

KonuentpoBanuii 3aranpHuii miT 1 mit, 30aradyenuit EVs nmna TEM,
neMoHcTpyBaiu 4iTki EVs B mianazoni po3mipis Big 30 no 200 um (Puc 3.1, B).
3pa3ku IJIACTUPIB 3a3BHYail Majdu MeEHIy KuUlbKicTh EVs, ane Takoxx MeHiie
BUJIMMUX KOHTAMIHAHTIB, He TOB’si3aHux 3 EVs. IMyHoenekTpoHHa MiKpOCKOMis
nokasana, mo Oararo EVs ekcnpecytors mapkep CD63 (Puc. 3.10, I'). 3aranom,
OTpUMaH1 JaHi CBiI4aTh MpPO TE€, W0 METOA 130JIOBaHHS, SAKUA MU
BUKOPHUCTOBYBJIM B JIOCIIPKEHHI, JI03BOJISIE OUYMCTUTH BEIUKY KUIbKICTh EVs 3
noTy JroauHu. [lnactupi 3 anbriHary KajbI[il0 HAKOMYYIOTh JTOCTaTHIO KIIbKICTh
CD63-no3utuBaux EVs, mo0 ix wmoxHa Oylo BUSBUTH 32 JIOMIOMOTOIO

IMYHOEGJIEKTPOHHOT Mikpockorii Ta mathopmu ExoView.
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Puc 3.10. Xapakrepuctuka EVs, mpuCyTHIX y 3pa3kax 3arajbHOTO IOTY
(Total), 36arauennx EVs (EVs enriched), 1 mkipaomy tutactupi (Patch). A. Anani3
EVs 3a  mgomomororo ExoView. YiII

argopmu BukopucroByBanu

¢dyHkuioHani30BaHuM aHTUTUIOM a0 CD63. 3aranbHa KuibKicTh EVs y koxHOMY
3pa3Ky mokaszaHa cipuMm koibpom; EVs, mo ekcnpecyrors CD63, CD81 ta CD9,
MOKa3aHO YEPBOHHUM, 3€JICHUM Ta CUHIM KOJIbOpaMHu, BiNoBiaHO; b. BectepH-6m0T
anami3 npotu CD63. Neg — HeraTuBHUN KOHTpOJb, Tot — 3arampuuii mitT, EVs —
30arauenuii EVs; B. Konmenrtpaiii 1 posnoain po3mipiB EVs, BumiproBanu 3a
nonomororo NTA (Pozsenenns 1/1000; 1/1000; 1/100); I. IMmyHOenekTpoHHA

Mikpockomis 3 antutiyioMm npotu CD63 (30iumbimenns 1:18 500).
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Puc 3.11. Xapakrepuctuka EVs, npucytHix y 3aransHomy mnoti (Total),
36arauenomy EVs (EVs enriched), 1 mkipnomy mmactupi (Patch) 3a momomororo
mwiargopmu ExoView; A. PenpesentatuBHi 300paxeHHs (DyHKIIIOHATI30BaHUX
yiniB. KolbopoBi TOUKH MPEACTABIAIOTh OKPEMI BE3UKYJIH, 3aXOIUICHI aHTUTIJIaMU
CD63. Komip Touku 3aJIe:)KUTh BiJl (DIyOpECIICHTHO MIYEHUX aHTHUTLI (YEPBOHUH -
CD63, 3enenunit - CD81 1 cuniit - CD9); Bb. Kingskicte CD63/CD81/CD9
no3utuBHUX EVs, Ha wuimi, QyHkuioHamzoBaHomy antutiiom a0 CD9; B.
Kinpkicte CD63/CD81/CD9 mno3utuBHux EVs, Ha 4imi (yHKIIOHATI30BAHOMY

agtutiiioMm o CD&I1.
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3.1.9. Anauai3 inenTudikoBanux nporeinis B EVs nmory

Oco6aMBOCTI POTETHOBOTO CKJIay 3pa3KiB MOTY (3arajbHOTO, 30ara4yeHoro
EVs Ta orpumaHoro 3 miactupa) JOCIIPKYBAIM Mac-CIIEKTPOMETPUYHUM
ananizom (LS-MS) 3 Bukopucranusam cucremu Easy-nLC 1000 (Thermo Scientific)
noeqHaHoi 3 Mac-cnekTpomerpoMm Fusion Lumos Tribrid (Thermo Scientific).
3aranom Oyino ineHTudikoBano 1305 nporeinis (Puc. 3.12, A).

1209 inenTudikoBaHUX MPOTEiHIB OyaM TMPHUCYTHI y 3pa3kax, 30aradyeHux
EVs, nmpudomy npubnuzao 70% mpoteinie EVs Oynu chiapHUMHU 3 3araJbHUM
notoM (846) 1 mpubiuzno 30% 31 3pazkamu 1iactupis (368). KinbkicTh npoTeiHis,
171eHTU(PIKOBAaHUX BUKIIOYHO B 3arajibHoMy MOTi (83) abo Ha miactupi (23), Oyna
JIOCUTh HHU3bKOIO. SIK 1 OUIKYBaJlOCh, KOK€H 13 MPOaHATI30BaHUX 3pPa3KiB IOTY,
30arauenux EVs, mictuB Tumnosi ekzocomui mapkepu CD63, CD9, ALIX (ALG-2-
interacting protein 1), cunteHin-1, annekcun A5, HSP90 (Heat shock protein 90
kDa) 1 HSP70 (Heat shock 70 kDa protein) [331, 80]. buibmiicts mux 3pa3kis (6-7
13 8) mictiiit CD81 1 TSG101 (Tumor susceptibility 101) (Puc. 3.12, b). V nesikux
3pa3kax Oyno TakoX 11eHTU(IKOBaHO Kuibka mporeiHiB EVs, ski  panime
BBaXkanucs mapkepamu 6iorcii jereni (LRG1, Leucine-rich alpha-2-glycoprotein),
tetraspanin-8), mpoctatu (PSA (prostate-specific antigen)), cedyoBoro mixypa
(TACD?2, Tumor-associated calcium signal transducer 2), KOJIOpEeKTaJIBHOTO PaKy 1
paky mignutyHkoBoi 3ano3u (glypican-1) [133] (Puc. 3.12, b). binbmicts i3
3a3HaYCHUX MPOTEIHIB Oyna BUSBICHA TAKOXK B 3arajlbHOMY KOHIIEHTPOBAHOMY
MOTI1, X04a 1 B MEHIIIH KUIBKOCTI 3pa3kiB. [1iT, 310panuii 3a 1OMOMOTOIO TUTACTHPA,
MmictuB Jime CD63, nainommpeHimuii mapkep EVs moTy, a Takox mnporeinu
terioBoro mwoky (HSP70 1 HSP90).

st 3rpymyBanHs ineHTU(]iKOBaHMX TpoTeiHiB EVs moty B MonekymsipHi
kiacu Oymo BukopuctaHo ©60a3zy panux PANTHER (Gene List Analysis;
http://pantherdb.org/) [312], (Puc. 3.12, B). HaiiGinsm npeactaBieHUMHU KilacaMu
Oyau €H3MMH, 30KpeMa MeTaOONIuHI €H3UMH, 3aJIy4eHl 10 B3a€EMOIEPETBOPEHHS
(21,1£2,1%), Bximrovaroun Tiaponasu (PC00121), oxcumopenykrazu (PC00176) 1
tpanchepaszu (PC00220), abo ensumu, mo moaudikyots nporeinu (12,9+0,9%),

119



skl Oynu mpencrasieHi nepeBaxkHo mnpoteaszamu (PC00190). Kpim Toro, Oymo
BUSBJIICHO, 110 MOIYJISITOPU aKTUBHOCTI 3B’s3yBainbHUX mpoteiniB (10,4+0,8%) 1
nporeinu 3axucty/imyHitety (9,4+2,1%), Taki sk imyHornoOyiainu (PC00123),
Oynu BUCOKO mipescTapieHi B EVs moty, Tofi Sk »KOJeH 1HIIUN MOJCKYISIPHUN Ki1ac
He MicTuB Oulbine 5% BiA 3arajibHOI KUIBKOCTI MpOTEiHy. IcHyBana HeBenuka
PI3HUIIS B PO3MOJILII KJIACIB MPOTEIHIB MIXK 3araJibHUM MOTOM, 30arauenum EVs i
3paskamu 3 Tutactupa. OTpumaHi maHi BKa3yrTh Ha Te, mo EVs moty mokHa
BUKOPHCTOBYBAaTU JUIsl HAJIMHOI OIIIHKA CKJaay Bcboro moty. IlikaBo, 110
NPOTETHIB 3aXMUCTy/IMyHITETYy OyJ0 3HA4YHO OLIbIlle B 3pa3Kax 3arajibHOTO IMOTY
(14,242,7%), TOA1 IK MOAYJISATOPU aKTUBHOCTI 3B’ A3yBaHHs NpoTeiHiB (14,6+4,7%)
Oyau HaJAMIPHO TPEJCTaBICHI, a €H3UMHU B3aeMmoriepeTBopeHHs (14,1+4,4%) -
HEJO0CTATHbO MPEJICTABIIEHI B 3pa3Kax MIACTUPIB.

Ha ocnoBi iH(dopmallii mpo MOJEKYAspHI KJIacH MPOTEiHIB, OTPUMAHOI 3a
nornomororo 6a3u ganux PANTHER, Oyno 3mificHeHO aHami3 T€HHOI OHTOJIOTIT
(GO) mna «6iomoriunux npoueciBy» (https://geneontology.org/). Otpumani naHi,
y3arajbHeH1 ¥  Bi3yaji30BaHlI 3a JIOIOMOTOI 1HCTpyMeHTapito Revigo
(http://revigo.irb.hr/),  nmpomemoncTpyBamu, 1O  “MerabomiyHi  mpoiecu”
(GO:0008152) 1 “xmitunH1 nporuecu” (GO:0009987) € HANOUTBIIT TOMMPEHUMHU B
3pa3kax 3arajibHoro mnorty, EVs-30arayeHoro mnoty Ta 3pa3kax IIJIaCTHUPIB.
BuxopucranHsi TecTy Ha HaAMIpHY pEmpe3eHTallil0 TMOoKa3alo, M0 MPOIECH,
noB’sizanl 3 posoupanHsM ESCRT (eHgocoMHMIA COpPTYBaJbHUM KOMILIEKC,
HEOOXIIHUM Ui TPAHCHOPTYBAaHHS) 1 BHUBUIBHEHHSIM BIpYyCy, Oyiau HalOLIbII
npeAcTaBieHl B 3pa3kax 3araibHoro i EVs-z0arasenoro moty (Puc. 3.13). Kpim
TOTO, /IS 3pa3KiB, 30araueHux EVs, xapaktepHum Oylio HaaMipHE TPEICTaBICHHS
MPOTEiHIB, SIKI OEpyTh y4acThb y MO3UTUBHOMY pPErYIIOBaHHI CEKpELli €K30COM
(GO:1903543; 11,45 pasiB, p=3,49E-03). 3pasku mnmactupiB Oyau 30aradei
MpoTeiHaMM, 3aTyYeHUMH O KITBKOX METa0OJMIYHUX TMPOIECiB, PEehOITUHTY
MPOTEiHIB Ta AHTUOAKTEPIHHOT T'YMOPAJIbHOI BIJIITOBI/II.

Awnam3s GO s CKJIITUHHUX  KOMIIOHEHTIBY» II0Ka3aB, 10

HaWMOMIMPEHIIIUMHA «KJTITHHHUMHA aHAaTOMIYHUMH 00’ €KTaMu» ISl BCIX THIIIB
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Patch Number
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CD63
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SDCB1
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CDs1
HS90A
EGFR
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B mPatch ®EVenriched ®Total

I* Iti

Puc. 3.12. OcobnuBocTi ckiiaxy mpoTeiniB y 3paskax EVs mory monunam. A.
HMiarpama Benna, 1m0 TOpIBHIOE MPOTEIHU JIOAWHM, 1IEHTU(]IKOBaHI B YCIX
IHOUBITyalbHUX 3pa3kax 3arampHoro moTy (Total), 30arawenoro EVs (EVs
enriched), 1 mikipaomy mnactupi (Patch). b. KinbkicTs 3pa3kiB, y ckiami skux Oyau
inmenTudikoBaHi BiiOpaHi npoTteinu, TUNoBi 1 EVs a6o acoriiioBadi 3 pakoM. B.

Po3znonin mpoTeiniB 3a MOJIEKYIIPHUMHU KJIACAMH.
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3pa3kiB (3arampHOro moty, 30arauenoro EVs Ta 3paskiB muactupa) Oymu
MeMOpaHH1 MPOTEIHU Ta BHYTPIIIHBOKIITHHHI CTPYKTypH. TecTu Ha HaaMipHY
perpe3eHTallio oKa3alH, 10 MPOTeacOMHI KOMIUIEKCH Oyiii HalOLIbI 30aradyeHi
B 3paskax 3arajbHoro ta EVs-30aradeHoro moty, Tozi SIK 3pa3Ku IJIacCTUPIB Oynu
30aradyeHi iMyHoOT100ymiHOBUMH KoMIuiekcamu IgA (Puc. 3.14).

Ananiz GO nnst «MOJeKyasspHUX QYHKI» y MKIPHOMY TUIACTHPI MTOKA3aB,
0 OUTBIIICTh MPOTEIHIB B YCIX TOCHTIHKEHUX 3pa3KaxX BOJIOMIIOTH KaTaJiTHIHOIO
aKTUBHICTIO a00 OepyTh y4yacTb Yy MDKMOJICKYISpHIA B3aeMojii (TIEpeBa)KHO
MPOTETHO-TIPOTETHORBIM). Y TecTi Ha HaaMIpHE MPEIACTABICHHS CIOCTEPIraaoch
HalOUIbIIe 30arayeHHs Ha KiJbKa €H3UMMHMX IUIAXIB Ta 3B’A3yBaHHS MIO3UHY V
(3pa3ku mnactupis) (Puc. 3.15).

OcCKUIbKY 3MIHU B MPOQPUISX IIIKO3WIOBAHHS 3a3BUYail CIIOCTEPIraloThCs B
pPaKOBUX KJITHHAX, DIIKOMPOTEIHU YacTO BUKOPUCTOBYIOTH SIK MPOTHOCTHYHI
Olomapkepu paky [195]. BomgHouac, BHBUEHHIO MaTEpHIB TIIIKO3WIIOBAHHS
nporeiniB EVs npuauisuioch 3HaYHO MEHINE YBaru, Xxoda 1€l mapamerp €
BXJIMBUM JIJIs1 Ol0T€HE3y BE3WKYIl (IIOIIMHAHHS Ta 3aBaHTaXXCHHS BaHTaxy) [20,
352]. Ans xapakTepuCTHKHU Timiko3wimoBaHHsA EVs moty Oyno Bukopucrano “lectin
microarray analysis” (Puc. 3.16). BcranoBneno, mo EVs, orpumani 3 mory,
MICTATh K N-, Tak 1 O-TKO3WIbOBaHI MPOTEiHU. N-TJIIKO3UIbOBAHI MPOTETHU €
nepeBaxkHo MoaudikoBanumu “galactose-ending N-glycans™ 1 “fucosylated N-
glycans” (lomarku, Ta6n 4). “O-glycosylated glycans” Oynu BKkopodeHi i MiCTHIIN
nuie iHinioBanbHUM N-anetwiranakro3amin (GalNAc) 1 “mucin type core 1 (Gal-
B(1,3)-GalNAc)” crpykrypu. InentudikoBani B iHmmMX Ttunax EVs miikaHwy,
((GIcNAcP4)n), mo 38 s3ytorb WGA (wheat germ agglutinin), a takox o-2,3-
cianboBaHl N-mimikanu, 1mo 3B’s13yt0Tb MALI Ta MALII (Maackia amurensis lectins
I and II), nve Oynu BusiBieni [20, 352]. byno BHSBIEHO TaKOX BIAMIHHOCTI B
[JTIKO3WJTFOBAHHI M1 OKPEMHUMH 3pa3KaMH, OCOOJMBO TMOMITHUMH JJIsl TIIIKAHIB,
moaudikoBanumu Gala(1,3)Gal abo Gala(1,3)Galp(1,4)GIcNAc, 110 3B’S3yIOThCS

3 “Marasmium oreades agglutinin” (MOA).
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3.13. ®ynkuioHanpHa Kiaacudikaiis MPOTEiHIB

oty 3a

aHotamissMu reHHoi oHToorii (GO) as 6i0JIOTIYHUX MPOIECIB B 3arajbHOMY IMOTI

(A, Total), 36arauenomy EVs (b, EVs enriched), i mkipuomy miactupi (B,

Patch); 6panu 10 yBaru e NUISIXH, 0 JEMOHCTPYBaIN npuHaiMHi 10-kpaTHe

30arayenHss B PANTHER Overrepresentation Test. Komxip Bka3ye Ha p-3Ha4eHHA

LoglO0;
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Puc. 3.14. OynkuionanpHa kinacudikamis npoeiniB EVs morty 3a anoTarismu

redHoi onToJorii (GO) il KIITUHHUX KOMIOHEHTIB B 3arajibHOMY T0Ti (A, Total),

30arayeHomy EVs (b, EVs enriched), 1 mxipaomy mnactupi (B, Patch); bpanu no
yBaru Julle HUISXU, M0 JEMOHCTpyBaJM NpuHaiiMHi 10-kparHe 30aradeHHs B

PANTHER Overrepresentation Test. Komip Bkasye Ha p-3nauenss LoglO0.
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Puc. 3.15. ®yskuionanbHa kinacudikamis mporeiHiB EVs mnoty 3a

aHoTalisiMu reHHoi oHrtosorii GO s MOJEKYIApHOI (QYHKIIT B IIKIPHOMY

wiactupi (Patch); bpanu 1o yBaru nuine misixu, mo JeMOHCTPYBajId MPUHANMHI
10-kparne 360arauenns B PANTHER Overrepresentation Test. Komip Bka3ye Ha p-
3HadeHHs Logl0.

Ils BapiaOenbHICTH, UMOBIPHO, MOB’S3aHA 31 3JATHICTIO LOTO JEKTUHY
cnenugiuHo 3B’s3yBaTu KiHuesl 3anuiku Galo(1,3)Gal, sxi 3a3Buyail npucyTHi B
emitom kceHorpancrianTamii  (Gala(1,3)Galp(1,4) GIcNAc) 1 posramyxeHii

nerepminanTi rpynu kpoBi B (Gala(1,3)[Fuca(1,2)]Gal) [101].

3.1.10. AnaJi3 inenTdikoBaHUX NPOTEIHIB MiKpoOiomy mKipu B 3pa3kax EVs

MmoTy JIIOJAUHHU

OckUIbKM HA IIKIpl JIOAWHW  TIOCTIHHO TPHUCYTHI  PI3HOMAaHITHI
Mikpoopranizamamu [39], a Oakrepiiini EVs, Taki K BE3UKYIM 30BHIIIHbOI
MeMOpanu (OMYV), Bce yacTiie po3Mmi3HAIOTHECA Ta XapakTepusyrotbes [13, 98],

MU JOCTITUIN BHECOK MIKpOOIOMY IIKipH A0 MPOTETHOBOIO CKJIaly MOTY Ta
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Puc. 3.16. Ananiz niiko3wioBaHHsA TmpotreiHiB EVs 3 BukopucraHHaMm
JIEKTUHOBOTO Mikpouuny. bynmo mnpoanamizoBaHo Tpu 3pa3ku EVs-30araueHoro
OTY.
3pazkiB EVs moty. 3arajgom Oyno imentudikoBano 1691 mpotein OakTepiitHOTO
MOXOXKEHHSI, IO MepeBUILy€e KUIbKICTh npoTeiniB moauau (1305) (Puc. 3.17, A).
EVs-30aradeni 3pa3ku MOTy MICTUIM pa3oM 594 OakTepiiHUX MPOTEiHIB, a
3arajbpHl 3pa3ku noty — 756. InauBigyanbHa pi3HULS B OAKTEPIMHMX MPOTEiHAX
MDK 3pa3kaMu Oysa BHILOKO, HDK JJIA NPOTEIHIB JIFOAUHU, OUIBIIICTH MPOTEiHIB
Oyno BuUsiBJIEHO Jiuie B okpemux 3paskax (1030 13 1594), i nume npubnuzno 3%
(30 mpoteiniB) MoxkHA OyJi0 BUSIBUTH Y BCiX 8 pociixeHux 3paskax (Puc. 3.17, b).
[likaBo, mo Ha MacTupi OyJ0 BHUSBICHO 3HAYHO MEHIIY KUIBKICTh MHPOTETHIB
OaxTepiitHoro nmoxomkeHHs (80 ab6o 4%) (Puc. 3.17, A) B mopiBHSHHI J0 KITBKOCTI

npoteiniB moaunu (393 a6o 30%).
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3 TOUKH 30py TAKCOHOMIi, CKJIaJ OaKkTepiHUX MPOTEIHIB MOTY, 30araueHux
EVs, OyB 31e06151b110T0 TIOAIOHUM 10 CKJIamy 3arajibHuX 3paskiB moty (Puc. 3.17,
A, Puc. 3.18). Binbuiicts OakTepiiHUX MPOTEIHIB y MOTi, 30araueHomy EVs,
Hajiexkana Actinobacteria, mortim #inumm Proteobacteria ta Firmicutes (Puc. 3.17,
B). BaxnuBo 3ayBakuTH, 110 IPOTEiHU, XapakTepHi s Bacteroidetes, TumoBux
KOJIOH13aTOp1B KUIIIEYHUKA, TAaKOK Oynu 171eHTU(1KOBaH1 B 3pa3kax EVs nory.

TakconoMiuHMi1 po3moin OakTepiitHUX MPOTEIHIB y 3pa3kax EVs noty myxe
PI3HUBCS MK OKPEeMHUMH JIIOIBMH, I1I0, WMOBIPHO, BijgoOpakae i1HIUBIIyaIbHI
BIIMIHHOCTI B OakTepiiiHOMYy MikpoOiomi, sikuii Hacense mkipy (Puc. 3.17, B).
Hampuknan, yactka mpoteiHiB Actinobacteria konuBanacsa Big 15% no 85% Bin
yCiX 1ieHTU(iKOBaHMX OaKTepIMHUX MPOTEiHIB 3aJIeKHO Bij 3paszka. Haitbinbiia
YacTKa TMOB’A3aHUX 13 IUIACTHpEeM OakTepiHMX MPOTEIHIB  Hajlexasa
Proteobacteria, 1o, KWMOBipHO, BigoOpaxkae crnerudiyHud OakTepiiHUN CKIaj
JTUISHKA TIKipu, e OyB posramoBanHuit tuactup [301, 105]. barato pomis,
11eHTu1koBaHUX mnpoTreoMHUM aHam3oM (Cutibacterium, Corynebacterium,
Staphylococcus, Micrococcus Ta 1H.), € TUIIOBUMH KOMIIOHEHTaMU MIKPOOIOTH
mkipu [39]. Jledaxki poau BKJIIOYAIOTH J00pe B1OMI NATOreHHI OakTepili, 110
BUKJIMKaIOTh 1HGekil mkipu (Mycobacterium, Cutibacterium, Staphylococcus,
Campylobacter Tomo) (Puc. 3.18, b). Cepen OakrepiiiHux mNpOTEIHIB, SKi
HallyacTime 3ycTpidatoTbesi B EVs mory, Oynu yOIKBITMH 1 DIiUepanbAeria-3-
docdaraerinporenaza (EC 1.2.1.-), ki chopusioTh BIPYIEHTHOCTI 0Oararbox
natoreHHux Oakrtepiit [155]. Anamiz GO is «KIITHHHUX KOMIIOHEHTIBY MOKa3aB,
0 OUTBUIICTh 1€HTU(IKOBAHUX OaKTEpITHUX MPOTEIHIB € LUTOIIa3MaTUYHUMHU
abo mpeacTaBisIOTh Mo3akiiTuHHY obnacth (Puc. 3.19, A). 3a manumu anamizy
GO, Bucoko30aradeHi «MOJEKYISApHI (QYHKOID» i OaKTepiiHUX MPOTEiHIB
BKJIIOYAQJIM 3B’S3yBaHHS 10HIB METaliB, 3B’SI3yBaHHS HYKJICOTHIB, a TAaKOX
aKTUBHICTh okcumopenykras (Puc. 3.19, B), a «Oiomoriuni mporecu» Oynu
MpeACTaBiICHl PI3HUMU METa0OJIIYHUMU TMpollecaMud Ta  BIANOBULIKO Ha
okucmoBaneuuii crpec (Puc. 3.19, B). Awmoramii GO 3aragpHOTO TOTYy Ta

30araueHoro EVs Bkiltouaian, B OCHOBHOMY, MO/110H1 OaKkTepiiiHi TPOTEiHU.
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EVs enriched sample Total sweat sample

Puc. 3.17. bakrepiitni nmpoteinu 3paskiB EVs noty. A. Jliarpama Benna, o
MOPIBHIOE MPOTEiHU OakTepiHOro noxomkeHHs; b. Yacrora mosiBu OakTepiifHUX
NPOTETHIB B OKpeMHX 3pa3kax. KokeH Komip mokasye, CKUTbKA Pi3HUX MPOTETHIB
Oyno 3HaiimeHo B okpemux 3paskax (1), kiimbkox 3paskax (2-7) abo B ycix
JOCIpKyBaHuX 3pa3kax (8). B. Po3nozin npoteiniB, 11eHTH(}IKOBAHUX B OKPEMHX

3pa3kax noty EVs Mixx OakTepiiiHUMU TUIIAMHU.
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Puc. 3.19. Knacudikauis 6akrepiitnux npoteiniB EVs mory 3a aHoramisimu
GO. Amnaniz OaxkTepiHUX MPOTEiHIB, BUSABICHUX Yy 3pa3kaxX 3arajbHOrO IOTY
(Total), 306arauenoro EVs (EVs enriched) 1 mkipaomy miactupi (Patch),
XapakTepHUX [JIs1 KIITUHHUX KOMIOHEHTIB (A), Oilosnoriynux mporecie (B) i
MosiekysipHux GyHkiii (B).
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3.2 Jocaimkennsa ckiaagy EVs, i301b0BaHMX 3 KOHIAMIIOHOBAHOIO
cepeoBHINA NYXJMHHUX KJITHH: BIUIMB HOPMOKCIi/Timokcii Ta

agantepHoro nporeiny RukCIN85

3.2.1 Xapakrepucrtuka EVs, i30/1b0BaHNX 3 KOHIAMLIIOHOBAHOIO Cepel0BHINA
aJICHOKAPDIUHOMHHUX KJITHH HUPKH Mumi JiHii Renca 3a ywmoB

HOPMOKCII Ta rinokcii

HupkoBo-kimitunna kapuuHoma (RCC) -  HalinmomupeHime 3J105KiCHE
HOBOYTBOPEHHS HUPOK y JOPOCIHUX JIONEH, 10 XapaKTepPU3YEThCS CTIMKICTIO 10
TPaIUIIMHOI MPOMEHEBOi Ta XiMioTeparlii, a TaKoX MMOMITHO BHCOKOK YacCTOTOIO
MeTacTa3yBaHHs i MOraHUM MPOrHO30M. B ocTaHHI poku OyB JOCSATHYTUN 3HAYHUI
nporpec y nikyBanHI RCC, 30kpema NIJISXOM BIPOBA/DKEHHS B KIIHIKY HOBHUX
TEepaneBTUYHUX 3aCc00iB, CKEpPOBAaHUX Ha (PAKTOp POCTYy EHIOTENIMHHMX KIITHH
cynuH (VEGF) ta kinazy mTOR (mammalian target of rapamycin) [21]. Bognouac,
BIJICYTHICTh HAJIMHMUX, KIIHIYHO 3HAYUMHX, TMPOTHOCTUYHHUX MapKepiB 1
HECIIPOMOXKHICTh €(EKTUBHO OOpOTHUCA 3 METACTaTUYHHUMH YPAKEHHAMH €
OCHOBHUMH MpodieMaMu, siKi BUHUKatOTh npu jdikyBanHl RCC. Binkputrts Toro,
mo ckian EVs BimoOpaxkae (i3ionoriuHuii CTaH KIITHHHU, KA iX CEKPETyeE, €
HAJIAHUM MIATPYHTSAM ISl IOIIYKY 1 pO3pOOKM HOBUX JIarHOCTHUYHUX 3aCO01B JIJIs
BUSIBJICHHSI paKy Ha paHHIX CTajisix. B miTeparypi € Takox JaHi, 110 IHTEHCUBHICTh
npoAaykyBanHs EVs MyxXJIMHHUMHU KIITUHaMH 1 CKJIaJ] iXHBOTO MOJICKYJISIPHOTO
BaHTaXy PErYIIOETHCS MO3aKIITHHHUMH CTUMYJIAaMH, TAKUMU SIK TiOKCis [166].

1106 3’scyBaTH, 10 SKOT MipU TIMOKCisl MOXKE BIUTMBATH Ha cekperito EVs
KJIITUHaMH Renca, ocTaHHi KylnbTUBYBaiu B cepenoBuiii 6e3 FBS npotsarom 24 ron
3a HOpMOKCHUYHMX (21% kucHI0) abo rinokcuyHux (1% kucHio) ymoB. KijgbKicTb
EVs, mo excripecyBanu mapkepu EVs, taki sk CD9, CD63 1 CD81, ananizyBaiu B
KOHAUI[IOHOBAHOMY CepeaoBHII 3a qonomoroto miatdopmu ExoView. Busisieno,
mo KimeKicTh EVS, 3axormeHux dimamu, (yHKI[IOHATI30BAHUMHU AHTUTLIAMHU [0
CD9 abo CDS81, 3 KOHAUIIIOHOBAHOTO CEPEAOBUINA KIIITHH, Kl KYJIBTUBYBAJIH 32

YMOB Tinokcii, 0yna B 3,1-3,6 pa3iB BUILOI MOPIBHSIHO 3 TAKUMHU JAHUMH 32 YMOB
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HopMmokcii (Puc. 3.20). BonHouac, criBBIZHOMIECHHSIMH MK MapKepaMy 3a pI3HHUX
YMOB KYJIETUBYBaHHS HE 3MIHIOBAIOCH, OUTbIicTh EVs Oynu CD81-nmo3utnBHIMY,
o6mu3bko 1/3 CD63-1mo3uTHBHUMHE, TOJI SIK MEHIIICTh ekcripecyBaita CD9. He Oyno
MIOMIYEHO BIJIMIHHOCTEH 1 B cepelHboMy po3mipi EVs mixk 3paskamu, OTpUMaHUMU
3a yMOB rinmokcii Ta HopMokcii: 63+ 23um (N) ta 63+15am (H) - uin CDS8I;
57+12um (N) ta 61£17am (H) — gin CD9.
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Puc. 3.20. Xapakrepuctuka EVs 3 KOHAUIIIOHOBAHOTO CEPEIOBUILA KIITUH
Renca, mo KynbTUBYBaJIMCh 3a YMOB HOPMOKCII/TIMIOKCII, 3a JOTIOMOTOIO
mwiargopmu ExoView. ®DyHKIIOHANI30BaHI YiMM BKAa3aHO y BEPXHHOMY JIIBOMY
KyTl, 3arajbHa KuibkicTe EVs BusBieHux y 3pasky (1 MKr mporeiHy) moka3aHa
cipuM KobopoM, KimbkicTh EVs, 1o ekcnipecytors Mapkepu CD63, CD81 1 CD9,

300pake€HO YEPBOHUM, 3€JICHUM 1 CHHIM KOJIbOpaMHU, BIATIOBITHO.

[3omoBanHss EVs 3 KynbTypaJlbHOTO — cepefoBuIla KIiTHH Renca
3M1ACHIOBAJIH 32 JIOTIOMOTOI0 YIIBTpaIleHTpU(YTryBaHHS B TPAIIEHTI MIUTBHOCTI 200,
aNbTePHATHMBHO, 3a JOTIOMOTOIO0  YIBTPAlCHTPU(YTyBaHHS 3  HACTYITHOIO
eKCKITI0311HOI0 Xpomarorpadiero Ha kojmonkax ExoSpin (Puc. 3.21). Hamu Oymno

MPOBEJICHO IIICTh He3aleXHUX BuaieHb EVs 3 Bukopucrannsam ExoSpin 1
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OTPUMAaHO TO TpH 13078TH EVSs B rpaaieHTI MIUIBHOCTI A7 KOXKHOTO CTaHy
(rimokcist 800 HOPMOKCis).

Kinekicte 1 po3nonin EVs 3a po3mipamMu JOCHIKYyBadd 3a JIOMIOMOTOIO
iHcTpyMmeHTapito NTA. V¥V 3paskax, ounmieHux wmetogoM ExoSpin, EVs, mo
BUBUIHHIOBAJIUCSA KJITUHAMU 3a YMOB TINOKCIi, XapaKTepU3yBaJIUCh MIHUPIIUM
JI1alla30HOM PO3MIpIB TOPIBHSHO 3 HOPMOKCI€, 13 cepeaHiMu po3mipamu EVs
1678 £ 43 um 1 130,9 += 3,6 vm, BimmoBimuo (Puc. 3.21, A). Ilpodimi
«rimokcnyHux» EVs 3a posmipamu Oyiau mpencTaBieHl JABOMa YITKMMHU IKaMHU
(117 am 1 163 HM), TOII K «HOPMOKCHYHI» - juiie ogHuM (99 um). [3omoBanHS
«rinokcnynux» EVs  yaprpaneHtpudyryBaHHsSM B Tpaji€HTI  IIUIBHOCTI
MPU3BOAWIIO /10 3MEHIIEHHA Buxoay EVs Ouabmmx po3mipiB 1, SK HACIIIOK,
nie3aHHss Japyroro miky. ToMmy po3moaia po3MmipiB BHUSIBUBCS OLIbII CXOXHM Ha
«HOPMOKCHYHUI» (cepenHl po3mipu 127,7 + 4,1HM 3a yMOB TIIOKCIT TTOPIBHSHO 3
108,4 + 4,9am 3a ymoB HOpMOKCii). KinbkicTs EVs y «rimokcnyHux» 3paskax Oyna
BUIIOIO, HDK Y «HOPMOKCHYHHUX», HE3aJCKHO BiJ BHUKOPHCTAHOTO METOMY
13omroBanHs (2,60e + 11 + 2,28e+10 wactunok/mi mpotu 1,36e+11 £+ 1,13e+10
yactuHok/Ma mia ExoSpin, p < 0,01; 2,10e+10 £+ 4,20e+09 yacTHHOK/MJI TIPOTH
9,96 +09 + 1,87¢+09 wacTuHOK/MII JIJ1s1 TpajiieHTa miIbHOCTI; p < 0,01).

Hanani, nmpenaparu EVs, oTpumani 3 KyJabTypaJdbHOTO CEPElOBHUINA KIITHH
Renca, aHanmizyBasii TpPaHCMICIMHOIO eNleKTpoHHOW Mikpockomieto (TEM) Ha
Mmikpockoni Tecnai G2. ImyHHe miueHHs 3pa3kiB aHTutuioM 10 CD63 mpoBoawmiu
K onucaHo B «Marepianax 1 Merogax». Ha orpumanux mikpodortorpadisx (Puc.
3.21, b) Bussneno EVs 3 nmianmazonom po3mipiB Big 30 qo 200 HM. 3a BUHSATKOM
MeHmux EVs, siki HeMoxuBo BUABUTH 3a qornioMoroio NTA, posmoain po3mipis,
BcranHoBineHudt TEM, BianmosigaB ganum NTA. buemicte EVs excrpecyanu
terpacnanin  CD63, wMapkep, SKHl  IOIMPOKO  BUKOPUCTOBYETHCS NS
xapakrepuctuku EVs.

butbm geransHuii anamz EVs 3 kmitua Renca npoBomunu Becrteph-
O6motunroM 3 BukKopucTaHHsAM aHTuTiI npotu ALIX, TSG101, CD81 1 CD9. Ha

JOPIKKM OyJI0 3aBAHTAXKEHO OJIHAKOBY KIIBKICTH mporeiny. GM130, koMnoHeHT
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MeMOpan [onbmki, cryryBaB HeratuBHUM KoHTposieM (Puc. 3.21, B). 3a piBHaAMH
BMICTY JOCIIDKyBaHMX MapKepiB MO)KHA 3pOOUTH BHCHOBOK, IO CTAaH TiMOKCIT
MPU3BOJUTE JI0 3HAUYHOTrO mocwieHHs cekperii EVs. L inaykuis Oyna Ouibin
BUpaXXeHOI0 y 3pa3kax EVs, 1301p0BaHUX yNbTpalieHTpUu(yryBaHHIM y TPaai€HTI
uribHOCTI. Cepen ycix nocnimpkyBanux MapkepiB EVs, CD9 BusiBuBCcs HalOUIbII

MOMITHO 1HayKOBaHUH rinokciero (Puc. 3.13, B).

A Exo-spin Gradient
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Puc. 3.21. Xapakrepuctuka EVs, mo cekperyrorbest kiaiTuHaMu Renca 3a
YMOB HOPMOKCIi/T1MOKCIi, 130J1bOBAHUX YJIBTPALEHTPU(PYTyBaHHSAM B TPAJIE€HTI
urieHOCTI (Gradient), a00 MOCTIIOBHUM YABTpalEHTPU(PYTyBaHHSIM 3 HACTYITHOIO
ekckIto3iiHoI0 Xxpomarorpadieto (ExoSpin). A. Konuenrtpauis EVs 1 posmoain
YaCTUHOK 3a po3mipamu 3a ganumMu NTA. Bb. TpaHcMiciiiHa eneKkTpoHHA
MIKpOCKOTIisl, IMyHHEe MidueHHs aHTuTinamu a0 CD63. B. BecrepH-6i0T anamni3 3
aHTUTLIAMH TIPOTH TUMOBHUX MapkepiB EVs, HeraruBHUiII KOHTPOJb - 3 aHTUTIIIAMU
npotu GM130.

Ha nomarok no RCC mumn Oyno Takok MpoaHai30BaHO BILUIMB TIMOKCIi Ha
npoaykyBanHs EVs xmitunamu 786-O, orpumannmu 3 RCC mroguHu. AHami3
KyJBTYpaJIbHOTO CEpeoBHUIIa 3a JormoMororo ExoView mokasas, 110 TIMOKCIS 1 B
IOMY BUNAAKY 1HAYKye mpoaykyBanHs EVs kmitunamu 786-0O, xoua B Habarato
MEHIIM Mipl nopiBHSIHO 3 KiniThHaMu Renca mumni (Puc. 3.22). NTA-anani3z EVs,
130JIbOBaHUX 3 KYJIbTYpajdbHOTO cepeloBuila KIiTUH 786-O 3a J0mMoMororo
ExoSpin, npoaeMoHcTpyBaia OuIblly KUIBKICTE EVS y «TIMOKCMYHUX» 3pa3kax
1,09e+11 + 9,83e+9 uvactunok/mn npotu 5,61e+10 £ 3,57e+9 yactuHOK/MI — y

«HOpMOKcHUHUX», p < 0,01 (Puc. 3.23, A).
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Puc. 3.22. Xapakrepuctuka EVs 3 KymbTypajabHOTO CEpEIOBHINA KIITHH
786-O  (Normoxia/Hypoxia) 3a  gomomororo  tmuargopmu  ExoView.
@OyHKI10HATI30BaHI Uil BKa3aHO y BEPXHHOMY JIIBOMY KyTi, 3arajbHa KiJIbKICTh
EVs BusiBinenux y 3pasky (1 MKr nmpoTeiHy) mokazaHa CipuM KOJIbOPOM, KUIBKICTh
EVs, mo ekcrpecytots Mapkepu CD63, CD81 i CD9, 300pakeHO YepBOHUM,

3€JICHUM 1 CHHIM KOJIbOPaMHU, BIJIIIOBIIHO.

Ha BigMmiHy Big mumauux kiiTuH Renca, nis kimitud 786-O He crioctepiranu
icroTHUX 3MiH po3Mipy EVs (cepenni posmipu 153,5 +3,5 am 1 177,5 = 8,7 am ans
TIMOKCIT Ta HOPMOKCIi, BIAMOBIIHO). BecTepH-010T aHami3oM BCTAHOBIIEHO TaKOX

3poctannsa BMicty CD81 B EVs 3a ymoB rinokcii (Puc. 3.24).
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Puc. 3.23. Xapakrepuctuka EVs, mo cekperytorscs kiiTuHamu 786-O 3a
YMOB HOPMOKCII/TINOKCII, 130JJbOBaHUX YJIBTPALECHTPUPYTYBAHHIM 3 HACTYITHOIO
exckito3iiiHoo xpomarorpadiero (ExoSpin). A. Konuentpamis EVs 1 posnoain
YaCTUHOK 3a po3mipamu 3a ganumMu NTA. Bb. TpancMiciiiHa eneKkTpoHHA
MIKpOCKOTIis: HeraTuBHE (apOyBaHHS ypaHLUI-al[eTaTOM.
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Puc. 3.24. Becrepn-6ior anamiz EVs 3 3 KymbTypalbHOTO cepeoBHINA
iituH 786-0O. A. 3 antutinamu npotu CDS1. b. 3 aaturinamu nporu GM130

(HEeraTUBHUN KOHTPOJIB).
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3.2.2 JocaimkeHHss oco0auBocTeii ximiuHoro ckiaany EVs 3a gomomororo
o0MexeHoi B 4aci PamaniBcbkoi cnekrpockomii (Time-Gated Raman
Spectroscopy, TG-RS) Ta mincmieHol moBepxHerw o0MexkeHOI B 4aci
PamaniBcbkoi cnekrpockomii (Surface Enhanced Time-Gated Raman

Spectroscopy, TG-SERS)

BusiBieni 3MiHM B KUIBKOCTI Ta MOJEKylIsipHOMYy ckiani EVs, 3ymoBieHi
BIUTMBOM Timnokcii B pakoBux kimitnHax RCC, cranu mijcTaBoio AJis MEPEeBIPKU
MOYKJIMBOCTI BUKOPUCTAHHS CIEKTPAJIbHOTO aHaji3y Ha OCHOBI KOMOIHAIIIHOTO
po3citoBaHHsT 3 yacoBuM oOMmexeHHsM (TG-RS) sax HoBoro xkopucHoro
aHAJTITUYHOTO IHCTPYMEHTY ISl OCHIIKEHHS OCOOIMBOCTEH XIMIYHOTO CKJIAIy
nux cTpykryp. Ha puc. 3.25 mokazaHo pi3HUIIO B NpUTHIYEHH] (POHY 1HAYKOBAHOI
dunyopecueniii Mk TG-RS (Puc. 3.25, A) 1 3BUYalHUMH MapamMeTpamu
koMOiHamiiHOro po3scitoBanHs (Puc. 3.25, b) 3 BUKOpHUCTaHHSIM MOPIBHSJIBHOI

JTOBKUHU XBUJI1 30y/KEHHS JIJIST «T1IIOKCUIHUX» 1 KHOPMOKCHYHHUX» 3Pa3KIiB.

~——— N Exo-spin (Human) H Exo-spin (Human) _
A — N Gradient (Mouse) —— H Gradient (Mouse) b —u Exo-Spin SERS (Mouss)
—— N Exo-spin (Mouse) —— H Exo-spin (Mouse) H Exo-Spin SERS (Mouse)
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Puc. 3.25. BB ¢donHoBOi (yopecrnieniiii Ha BuMiptoBadHs RS. PizHuiis
Mk RCC muimi Ta moauHu 3a pi3HUX HATAMITYBaHb CIIEKTpoMeTpa. A. YcepenHeHi
cnektpu TG-RS (Aee = 532 um) EVs, i30ompoBaHMX UeHTpUDYTyBaHHSIM Yy
TpallieHTI TIUTBHOCTI (3€JIeHui 1 CUHIN) 1 3a gomomoror Exo-spin (uepBoHWMiA,
YOpHUU, KOpU4HEeBHH, OexeBuil). b. Ycepemneni cmextpu RS mpu 3Buuaiiniii
Oe3nepepBHiil XBWI 30yKEHHS (Aexe = S14 HM) qst EVs mumii (uepBoHUit 1
yopHuii). N — Hopmokcisi, H — rimoxkcis.

138



3rigHO 3 oTpuMaHuMU  JnaHuMmu, crnektpu  TG-RS  go3BomstioTs
IpoaHami3yBaTH BIAMIHHOCTI MK «HOPMOKCHYHMMM» Ta «TIMOKCHYHUMH» EVs,
TOMl SIK 3a YMOB BHKOpHCTaHHS OesmepepBHOT xBuil 30ymkenHs (CW) 1
CHEKTpajbHI 0COOIIMBOCTI HE BUSABIAIOTHCS. JleTekToBaHi curHanmu PamaHiBCHKOTO
pO3CitoBaHHS Ta iX MOXO/KEHHsS mepepaxoBaHi B Tabm. 3.3. [269]. Ha puc. 3.26
MPENICTAaBICHO CIEeKTpH KoMOiHamiitHoro po3scitoBanHs TG-RS 1 CW mnsa 3paskis
KyJIbTypaJbHOTO CEPEOBHINA KIITHH Micis BuaaieHHs EVs neHTpudyryBaHHIM

rpu 100 000 g (KOHTPOIB).
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Puc. 3.26. CnexTpy KOMOIHAIIITHOTO PO3CIIOBAHHS 3Pa3KiB KYJIbTYPaJIbHOIO
cepenoBuia KiIiTuH, BUIbHUX Big EVs. A. TG-RS 3 neskumu noMiTHUMHU ITIKaMHU.
B. CW - 6e3 Oynb-sIKMX MOMITHUX CUTHAJIIB.

Ax BuanHo 3 puc. 3.25, A, TG-RS ycepenneni cnexkrpu EVs, orpumani ans
mectu 3paskiB Renca/ExoSpin, Tpbox 1301sTiB Renca/rpaaieHT WMIUIBHOCTI Ta
TPHOX 1301 TIB 786-O/ExoSpin XapaKTEPU3YIOThCS cnenupiuHuMU
BIJIMIHHOCTSIMH, SIKi KOPEJIOIOTh 13 BIUTMBOM Timokcii Ta HOopMokcii. IlomiOHIiCcTh
CHEKTpaJbHUX TIKIB JJI BCIX BHUAUICHb, TAaKUX SK CUTHATypU MPOTEiHIB
(tuposus/tpurrodan opu 830 cv ™', deninamanin mpu 1000 cm™', 12201235 em™ i
6mmspko 1600 cM'), nmerekryiotbess B paitoni amimy (I-IV). IlikaBo, 1o
JOMiHYBaHHS aminy | € MeHI BupaxkeHuM 1ig EVs, 1110 mpoayKyrOThCs KITITHHAMUA
786-O, uix mna EVs, orpumanmx 3 Renca, sk pesynbTar BiAMIHHOCTEH B

KkoHIeHTpauisx EVs, cekpeToBaHUX TUMHU KIIITUHHUMH JIHISIMH.
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Taoanusa 3.3

OpienToBHI 3HaUueHHS curHaiB PamaniBcrkoi ciekTpockorii (Raman/SERS) [269]

Cw TG- OpieHTOBHI 3HAYCHHS CHUTHAJIIB .
. . [MoxomkeHHs/KaTeropis
Raman | Raman PamaHiBCBKOI ClTEeKTpoCKoNIi
460 v(C=S) —
440 550-560 | S-S stretching Phosphates or cholesterol
578 v(S-S) —
624 C—C twisting mode Aromatic ring deformation
640 655-666 | v(C=S) or C—C twisting mode of tyrosine | Tyrosine or Tryptophan
710-731 DNA/CH2 rocking (cAMP) or Adenine
757 Tryptophan Tryptophan
775-780 | Amide IV (tryptophan) Amide IV (tryptophan)
750 810 O-P-O stretch RNA or phosphates
830 Tyrosine Tyrosine
850 C—C ring bteathmg mode in tyrosine or Tyrosine or media compounds
polysaccharide structure
877-880 Ethanol or acetate in media Ethanol or acetate
920 N-C,—C stretch Glucose or lactic acid
960 C—C skeletal stretch in protein (B-sheet) | CH bend
70— 990-995 Uracil or 12-methyl-tetradecanoic acid —
880 1000 R breathing Phenylalanine
1030— .
1040 v(C-N) Glycogen or proline
1050— . . .
1070 C—0O and C—N stretching of proteins Proteins
1085 Ethanol Ethanol
} }gg_ C—N stretch in polypeptide chains B-d-glucose
1080 11117800_ C—-0—CorP—0Ostretch Phosphates, tryptophan or tyrosine
1218- . .
1201 v(C—-C) Tyrosine, Phenylalanine
1235 CONH group Amide 11
1278 Ethanol Ethanol or amide III
1310 CH2 twist Lipids
ggg_ CH3CH2 wagging mode Polynucleotide chain (purine bases)
1277 } g gg_ Ferri (Fe3+) hemoproteins, Nucleotide
1385 Aromatic ring vibrations of nucleic acids | DNA/RNA macromolecules
1405 6(CH3), v(COO-) -
1440 C — H defect Nucleobase
1455 C — H deformation (CH2) Lipids or cholesterol
1455 1460 Deformation of hydrocarbon chains or Ethanol
ethanol
1494 Spermine Spermine phosphate hexahydrate
1510 v(R,r), v(C — H) Tryptophan
1520 N-H bend and C-N stretch Amide II, carotenoids
1555— .
1505— | 1560 Tryptophan: v(R) Amide II, Tryptophan
1514 }2?(1)7 Aromatic amino acids Phenylalanine or Tyrosine
}232, Amino acids, Ferri (Fe*") hemoproteins
1640 1650 C = O stretch Amide [
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[HmMME  BIAMIHHOCTSIMH MK KIITHHHUMH JIHISIMH €  BIJICYTHICTh
nedopmarnii 38’s13ky C—H (mimian abo xonmecrepus, tadn. 4) mpu Onusbko 1455
cM ' i 4iTka HasBHiCTB posTsaryBanus 3B’s3kiB C—O—C/P—O B EVs RCC monuuu.
3aymmku nporenypu ouumieHHss EVs, Taki sk eranon (koMmmoHeHT Oydepa, B
SIKOMY TOCTa4aioThCs KOMOHKM ExoSpin; curmamun mpu 880 i 1278 cm '), €
nomiTHUMU B CW PaMaHIBCBKIM CHEKTpOCKOMIi M Kpalle IEeTeKTYIOTbCS MpHU
puxopuctanni TG-RS (Puc. 3.25). Curnanu mis rmokosu (6mmsbko 920 e ' i
1130 cM ') i miikoreny (1030 cM ') BHSIBISIOTHCS JIHIIE B CIEKTPAIbHHX JAaHHX,
oTpuMaHux 3a gornomoror TG-RS.

CnexkTpu KOMOIHALIIITHOTO PO3CIIOBaHHS MpeAcTaBieHl IudepeHuIHHIMH
naTepHaMM TaKOX 3aJI€KHO BiJ BHOpaHux metoaiB ouunieHHs EVs. 3okpema, mik
npu 1520 cM ', XapakTepHuil jis (parMeHTiB Tpuntohany abo KapOTHHOIMIB,
netektyBaBcs jauiie s EVs, ski Oynau O4MINeH1 yIbTpaleHTpU(PyryBaHHIM B
IpajJleHTI MILTBHOCTI, ajieé He OyB MOMIYEHUH Yy 3pa3Kax, OUUIIEHUX 3a JOIIOMOTOI0
ExoSpin. BusiBneHa pi3HuLsl MOxe OyTH 3yMOBIEHA 31 3MIHAMH B KIJIBKOCTI
reMBMicHEX mpoTeiniB [156]. Jo6pe momithi miku mpu 650-660 cM ', KinbKicTh
SAKUX BIIPI3HAETHCS s 3paskiB EVs, ounmennx 3a gomnomoror ExoSpin abo B
Tpaji€HT] IUIBHOCTI, TOB’si3aHi 3 (ocdaramu, TpuUCyTHIMH B Oydepl ams
PO3BENICHHS Ta KylIbTypaibHOMY cepenonui [302]. BinminHocTi y PamaHIiBChKHX
crekTpax MK 3pazkamu EVs MOXyTh Tako)k BU3HA4YaTHCA 3MIMIEHHSAM 1 (hopMOro
mikiB, ocoOmuBo B miamasoni 780-960 cM |, moO BKasye HAa MPUCYTHICTH
HYKJIETHOBUX KHCIOT. Y 3pa3kax EVs, 1301bOBaHMX Yy Tpaji€HT] IIUIbHOCTI,
(dbeHUTalaHiH TOTpaIvisS€e B CIEKTpajdbHy O0JacTh 3 JBOMa MOMITHUMH IIKaMU B
nianazoni 990-995 cm ', siki 3a3BHU4ail IPUIICYIOTh YPALIHILY.

Uytnusicte TG-RS Moxna nomatkoBo MoaudIiKyBaTh 3a JIOMOMOTOIO
KOMEpPIIIMHUX HaHOYaCTUHOK cpibma (Ag NPs) mns migcunenHs PamaHIBCHKOTO
curHary B TG-SERS (Time-gated Surface-enhanced Raman spectroscopy). 3a
JIAHUMHM, TIPEJCTaBICHUMHU Ha puc. 3.27, IOMIHYIOYl CHEKTpayibHI MiKkU npu 650,
1000, 1220 i 1600 cM ' 3a3BH4aii MOB'A3aHi 3 IPOTEiHAMU B GiOJIOTIYHUX 3pa3Kax.

Hanowactunku Ag NPs He mnpoHukaioTh yepe3 JinmiaHy memOpany EVs, aine
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BOJIHOYAC MOXXYTh TIOCWJIIOBaTH OINTHYHE TIOJI€ HA TOBEPXHI BE3WKYJ, IO
MPU3BOANTH 10 TOCHWICHHS CIEKTPATLHUX XapaKTEePUCTHK, OB SI3aHUX 3
NOBEpXHEBUMHU KoMroHeHTamMu EVs. Huska iHmuMX mikiB, 1€HTH(IKOBAaHUX 3a
nonomoroto TG-SERS, manu ekBiBajeHTHI XapakTepucTuku Takum anst TG-RS
(Puc. 3.25, A; Puc. 3.27, A) 1, B ocHoBHOMY, BianoBiganu RCC mutii ta Jr0auHU.
TosiBy miky HaBkoo 1410 cM ' MOXXHA OSCHUTH JIMIIE GLIBLIOI KinbKicTio DNA
y 3paskax RCC mommam [152]. Oxpim Toro, mus 3paskiB EVs RCC mronunan
TINOKCUYHMIA CTaH MOXHA JU(epeHiiroBaTH 3a HUXKY0K0 BiOpartiero 3B’ s13ky C—C 1
BizmcyTHICTIO 3B’s3Ky C—N (Puc. 3.27, b Ta6n. 3.3). 3aranom, nmpu mOpiBHIHHI
cnektpiB TG-RS 1 TG-SERS 3paskiB EVs, 1301p0Banux 3a gonomororo Exo-Spin,
BIAJIOCH 1IEHTU(IKYBaTH KiJIbKa OLIbIN pi3kux 1 momiTHUX mikiB B TG-SERS, ski
JIO3BOJISIIOTH Kpailile AU(EpeHIitoBaTy TIMOKCUYHUN Ta HOPMOKCUYHUI cTaHu. Ha
NEepIInii OIS, 3HaYHa BapiaOeNbHICTh CHEKTPaJbHUX XapakTepucTuk EVs €
HeJoiKoM Tipu TijcuieHHl PamaniBcbkoro curnamy 3a gonomororo Ag NP (Puc
3.28). Ilpore, noOpe BigOMO, WO MIACUJIEHHS PaMaHIBCBKOIO CHUTHAlIYy 3a
nornoMororo SERS € BpaznuBuM 110 mpoOsemM MOBTOPIOBAHOCTI, SIKI BUHHUKAIOTh
yepe3 pi3Hl BIACTaHI MIX HAHOYACTMHKAMHM Ta LUIOBUMHU Oiomosekymamu. L1
npoOieMu MOXKYTh OyTH TIO/IOJIaHI 3aBASKHM BUKOPUCTAHHIO BJIOCKOHAJICHOT
OJTHOP1AHOT MIAKIAIKK IS I ACHICHHS curHaimy [269]

3a pe3ysnbraramMu MPOBEICHUX JOCIIIKEHh MOXKHA 3pOOUTH BHCHOBOK, 11O
TG-RS 1 TG-SERS, ane ne 3Buuaiina RS 6e3nepepBHOro XBUIHOBOTO 30Y/KEHHS,
€ KOPUCHUMH METOJOJOTITYHUMHU MIAXOJAaMU ISl aHAJI3y 3MiH Y MOJEKYISIPHOMY
cknagi  EVs, 1mo miaTBepIKyeTbCcsl MOPIBHAHHAM  CHEKTPAJbHUX  JaHUX
KOMOIHAIIHOTO po3citoBaHHs Mik 3pazkamu EVs, orpumanumu 3 xiituH RCC,
10 KyJIETUBYBAJIMCh 32 YMOB TiMokcii abo Hopmokcii. [Tigxig RS BumaeTbest Takox
KOPUCHUM JIJIs1 1tocTparltii skocti EVs, oTpuMaHux 3 pi3HHX KIITUHHHUX JHIA 91

OYHNIICHUX p13HI/IMI/I MCTOAaMU.
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A ——N Exo-Spin SERS (Mouse) B ———N Exo-Spin SERS (Human)

——H Exo-Spin SERS (Mouse) ——H Exo-Spin SERS (Human)
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Puc. 3.27. IllopiBasinpHuii anami3 crnektpiB  TG-SERS nna  EVs,

cekperoBanux kimituHamMu RCC wumn (A) ta RCC momuau  (B), ki

KYJIETUBYBaJIMCh 32 YMOB HOpMOKcii (N, uepBoHumii kosiip) abo rinokcii (H, yopuuii

KOJIip). YC1 3pa3ku 130JIbOBaHI 3a J0MOMororw Exo-spin.

A b

1 ——Mean of N22 SERS(Exo-spin 4x repetitions)
Mean of H22 SERS(Exo-spin 4x repetitions)
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——H22 SERS
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Puc. 3.28. (A) BapiaGenbnicts cnektpiB TG-SERS nns 3paskiB EVs:
HopMokcis (N) — gepBonuii xodmip; rinokcis (H) — wopuuii komip. (B) [opiBHsHHS
cnektpiB: TG-SERS (HOpMOKCis — 4epBOHUMN KOJIIP; TIMOKCiST — YOPHHM KOMIp) Ta
TG-RS (HOpMOKCisi — CHHIM KOJIp; TIMNOKCIS — 3€JIEHUH KOJip), 130JbOBaHUX 3a

nornomororo ExoSpin.
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3.2.3 Anagiz mnporeinoBoro ckiaaay EVs, mo mnpoaykywrbcsi KJIITHHAMH
Renca 3a ymoB rinmokcii a0o0 Hopmokcii, 3a [J0MOMOrow Mac-

cnexkrpomertpii (LS-MS)

JI71st TIMOIIOTO 1 IETANBHIIIONO aHaIi3y 0COOIMBOCTEH MPOTEIHOBOTO CKIIATy
EVs, mo npoaykytoThcsi MyX TMHHUMHU KIIITHHAMH 32 YMOB TIiIOKCii 200 HOPMOKCIi,
MU BUKOpUCTaIM Mac-cnekrpomerpuyHuil anam3 (LS-MS, cuctema Easy-nLC
1000) sx omucano B «Marepianax 1 MeTofax». 3 II€I0 METOI OYJIO JTOCIIKEHO
IpOTETHOBMIA CKaa I’ sTH map 3pa3kiB EVs kmitun Renca mo Oynu i301mp0BaHi 3a
JIOTIOMOTO010 KOJIOHOK ExoSpin.

3arajioM, MAac-CIIEKTPOMETPUYHHUM aHaJII30M Oyino BusBieHo 1388
YVHIKQJIbHUX TPOTEiHIB B 1HAMBIAYyanbHUX 3pazkax EVs (Puc 3.29, A, Jlomarku,
Tabn. 5), B Tomy uucai OutelricTe MapkepHux mporeiniB EVs, takux sk CDS81,
CD9, CD63 1 TSG101. BaxnuBo 3a3HauuTH, LI0 LI MapKepHI NpPOTEiHU OyiIu
BIJICYTHI y 3pa3kax CyIlepHATaHTIB st OCaJIKEHHS EVs
yABTpalEeHTPUPYTyBaHHSIM, HE3AJICKHO BiJl YMOB KYJIBTUBYBAHHS KJIITHH, T1IOKCIT
yn HopMokcli ([lomarku, TaGn. 6). LI mani Oynu miATBEpAXKEHI pe3yJbTaTaMu
Bectepu-6nor anamizy (Puc. 3.21, B) Amnamiz rennoi onrtomorii (GO)
(http://geneontology.org/) no3BonuB iaeHTU(dIKYBaTH 60 O10JIOTTYHUX MPOIIECIB,
mo Oynu HaamipHo mpencrasieHi (p < 0,05) mns npoteiniB EVs kmitun Renca.
Cepen 1ux mporeciB, OIOCHMHTETHYHI Ta METaOOMIYHI MIISAXH, TMOB’s3aHI 3
iHo3uHMOHOQochatom  (IMP),  axuii  Bigirpae  UEHTpPAJIbHY  poib Y
BHYTPIIIHHOKIITHHHOMY METa0O0i3M1 IMypHUHIB, BUSBHINCH HAWOLIBII MOMITHO
30arauennmu (lomarku, Ta6:m. 7).

3 882 MPOTEiHIB, BUSBJIEHUX Yy  CylepHaraHTax micis
yabTpanentpudyrysanns, 704 Oynu cninsHuMHU 3 ipoTeomoM EVs (Puc. 3.29, A).
Anamizom GO inentudikoBano 58 6iojoriyHMX MpoleciB, goctoBipHO (p < 0,05)
30araueHuX MpOoTeiHaMM y CKJajl cynepHaranTtiB kmituH Renca ([{omatku, TaoGm.
8). Jlume 16 13 1aeHTU(IKOBAHUX OIlOJOTIYHUX TMPONECIB Oyau OZHOYACHO

30araueH1 Hepo3unHHUMHU (EVS) 1 po3unHHMME (CynepHATaHTH) TPOTEIHAMH.

144



[TopiBHSIHHS Mk «TIMOKCMYHUMU» Ta «HOpMOKcuuHuUMU» EVs mokazano,
mo OuTbHIicTh 1neHTUdiKoBaHUX mpoteiniB (1093, abo 79%) Oynu 3HaiigeHi y
CKJIaJIl IK «HOPMOKCHYHMX», TaK 1 «TIMMOKCUYHUX» 3pa3KiB, 197 mpoTeiHiB - aulie B
«HOPMOKCHUYHHUX» 1 98 mpoTeiHiB — yuie y rinokcuyHux 3paskax (Jomarku, Tabm.
9 Ta 10). Kpim Toro, aHai3 OKpeMHUX MENTHJIB J03BOJUB BCTAHOBUTHU, IO 29
MPOTEiHIB, CHUIBHUX SK JJI «TIMOKCHYHUX», TaK 1 «HOPMOKCHYHHUX» 3pa3KiB,
3HAYHO BiJIPI3HSIFOTHCS 3a BMICTOM (CTIiBBiTHOIIICHHS HAJJTUIIKY
rinokcisi/nopmokcis, p < 0,05) (Ta6:n. 3.4). Bmict 26 npoTeiniB OyB MiIBUILIEHUNA B
«TIMOKCHUYHUX) 3pa3Kax, a PelTa - B KHOPMOKCHYHHUX». OJTHUM 3 MPOTEiHIB, BMICT
akoro B EVs 3HauHO 3pocTaB 3a ymMoOB rimokcii, OyB ex3ocomHuit/EVs mapxkep,
terpacnanin CD9. Ili mani Oynu TakoX MiATBEpIXKeHI 3a gormomMororo BecrtepH-
omor anamizy (Puc. 3.21, B). Amnam3 306aradenHs GO s «KJIITHHHHUX
KOMIIOHEHTIB» TIOKa3aB, W0 ineHTu(ikoBaHl mporeinn EVs, BmicT skux
3MIHIOBAaBCSl 32 YMOB TiNOKCii, Oy B OCHOBHOMY MOB’SI3aH1 3 IUIa3MaTUYHUMU
MeMOpaHaMH Ta KOMIUIEKCAMHU KIITHHHOI axaresii/interpunamu (Puc. 3.29, b).
AnanizoM GO 151 «MOJEKYISIpHUX (PYHKIIII» Tak camMo BHSBICHO 30araueHHS Ha
MPOTEIHU KIITUHHOI aaresii/3B’s3yBaHHs 1HTETPHHIB, @ TaAKOX JUIs 3B SI3yBaHHA 3
penentopamu (Puc. 3.29, B). Kareropiss «06ioj0riyHUE MpoIECy» JAEMOHCTPYE
30arauenns EVs Ha nporteinu, mo iHaykyoTbes rinokciero (p = 0,0132), ocHoBHa
(GYHKIIA SKUX MOJISTa€ B IMIIOPTI BAHTAXY B KIIITHHY-MIIIEHb.

PesynbraTi mpoBeneHUX MOCTIHKEHb JT03BOJISIOTH 3pOOUTH BHUCHOBOK, IO
XapaKTEPHUMH OCOOTMBOCTSAMHU MPOTEiHOBOTO ckiany EVs, dki BHUBUIBHSIOTHCA
KJIiTHHaAMU Renca 3a yMOB TiNOKCIi, € 30araueHHsl Ha MeMOpaHHI IPOTETHH, 5K, K
BIJIOMO, O€pyTh y4acTh y KJIITHHHUX Mpollecax, TaKuX SIK aare3is, 3B’si3yBaHHS

peulenTopiB, 3a0€3MeUYEeHHs IMIOPTY BaHTAXy B KIITUHY-MIlIEHb [269].
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Puc 3.29. IIporeomuuii anamiz EVs, 1mo BUBUIBHAIOTHECS KiIiTHHaMH Renca
IIPH TIMOKCIi Ta HOpMOKCii. A. [TopiBHSIHHS NPOTEiHIB, 3HAMIEHUX Yy 3pa3kax EVs,
130100BaHKUX 3a JomoMororo ExoSpin  (TINOKCISi/HOPMOKCIsS), 1 MPOTEIHIB,
3Haiiiennx y cynepHarantax (SN) (rimokcis/HOpMOKCis). DakTU4YHI CHUCKU
npoTeiHiB npuBeneHo B Jlogarkax, tabmuui 5 1 6. b. GO—anani3 npoteiHiB, fKi
3HAYHO BIAPI3HSIOTHCS 32 BMICTOM Y «TIMTOKCHYHUXY 1 «HOPMOKCHMYHUX» EVs mis
«Kmtruaanx xommoHeHTiB». B. GO-aHamiz THX caMUX MPOTEiHIB IS
«Monekynsapaux ¢ynkmin»y. GO Koaitunauii kommnonent: 1. IlporeiHoBuit
KOMIUIEKC TUIa3MaTH4HOi MemOpanu; 2. OOmacth mia3MaTU4HOI MeMOpaHu; 3.
bazonarepanbHa miuazmarnyHa MeMOpana; 4. JlatepanbHa mia3maruyHa MemMOpaHa;
5. Kowmmiekc iHTerpuH anbdad-Oeral; 6. I[HTErpuHOBHII KOMIUIEKC; 7.
[TpoTeiHOBHIT KOMILIEKC, 110 Oepe ydacTh y KIITHHHIN anaresii; 8. MemOpaHHuit
npoTeiHOBUM KoMIUIeke, 9. MewmOpana inBagonoain. GO MouekyasapHa
¢ynkuisn: 1. 3B's3yBaHHs 1HTErpUHIB; 2. 3B'A3yBaHHS MOJEKYJ KIITUHHOI aaresii;

3. 3B's3yBanHs 3 perientopamu; 4. 3B'A3yBaHHSI MaKpOMOJICKYJISIPHUX KOMILICKCIB

[269].
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Taoauusa 3.4

[TpoTeinn, BMICT SIKMX 3HAUHO BiApi3HieTbess B EVs kmitun Renca, siki

KYJIBTUBYBAJIMCh 3a YMOB T1MOKCIi/HOpMOKCIi [269].

Accession Description Abundance | Abundanc
ratio: e ratio
hyp/norm Adj.  p-

value

Q9Z1P8 Angiopoietin-related protein 4 0.037 0.002328

Q8RILS Angiopoietin-like protein 8 0.076 0.026312

P98063 1 Bone morphogenetic protein 0.086 0.03721

P35279 Ras-related protein Rab-6A 5.114 0.032794

QI9CQI3 Glia maturation factor beta 6.491 0.040723

Q9DAS9 Guanine nucleotide-binding protein | 6.843 0.008032

g(1)/g(s)/g(o) subunit
gamma-12

P63044 Vesicle-associated membrane protein 2 7.432 0.008003

Q64735-1 Complement component receptor 1-like | 7.795 0.030157

protein

P35278 Ras-related protein Rab-5C 8.976 0.04162

Q3UI9NO-1 Monocarboxylate transporter 10 9.483 0.002105

Q970G9 Claudin-3 9.713 0.045659

P40240 CD?9 antigen 9.805 0.046305

QI9R1Q7 Proteolipid protein 2 10.053 0.007324

Q8BGA2 LHFPL tetraspan subfamily member 2 | 10.091 0.002328

protein

Q8VDN2 Sodium/potassium-transporting ATPase | 10.424 0.038954

subunit alpha-1

Q62470 Integrin alpha-3 10.694 0.036181

QI9EPT5-1 Solute carrier organic anion transporter | 10.934 0.033932

family member
2A1

P10639 Thioredoxin 11.458 0.029611

P18572-1 Basigin 12.339 0.023675

P10852-2 Isoform 2 of 4F2 cell-surface antigen heavy | 13.091 0.019798

chain

P53986 Monocarboxylate transporter 1 14.121 0.015526

Q97127 Large neutral amino acids transporter small | 16.012 0.010218

subunit 1

P09055 Integrin beta-1 17.335 0.00784

Q99L.X0 DJ- Protein/nucleic acid deglycase 1 17.682 0.007324

035566 CDI51 antigen 17.939 0.006981

P11688 Integrin alpha-5 18.084 0.006795

Q8R3GY Tetraspanin-8 18.9 0.005814

P51912 Neutral amino acid transporter B(0) 18.985 0.005573

P14094 Sodium/potassium-transporting ATPase | 19.265 0.005442

subunit beta-1
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3.2.4. Jocaimxennss BniauBy agantepHoro mnporeiny Ruk/CIN8S mHa

nporeinoBui ckiaajg EVs kiaitun Renca 3a ymoB HOpMOKCii Ta rimokcii

Sk Oymo mokazaHo y myOmikamii [319], agantepunii nmporein Ruk/CINSS €
3B'SI3yBaJIbHUM  MapTHEpoM HedpuHy ¥  MOAOLMHY, SKI  3a0€3Me4yloTh
(GyHKIIOHYBaHHS IUITMHHOI AlagparM B MOMOIMTAX Ta 3a YMOB iX AMCQYHKIII
MOXYTh MPHU3BOIUTH 10 Tporeinypii. Bucoki piBHi ekcrpecii Ruk/CIN8S Oymu
MPOJAEMOHCTPOBAHI B MyXJIMHAX JIIOAMHHU PI3HOTO TKAHUHHOTO IOXOJKCHHS, SIKi
KOPEJIOBAIN 31 CTYIIEHEM 1X 3JI0SKICHOCTI Ta CTai€l0 MyXJIMHHOTO mporecy [202,
337, 191, 270, 362, 42]. Ha choronni nmoaibHa ingopmaris moao poiai Ruk/CIN8S
y KaHIIEpOTreHe31 HUPOK BiACyTHs. Jljisi Toro, mo0 OI[IHUTH MOTEHIIHHY pPOJib
Ruk/CIN85 y RCC, a Takox y koHTpoui npoaykyBanHsa EVs Ta momymioBaHHI iX
MPOTETHOBOTO CKJIQy, HAMH OyJ0 CTBOPEHO CTallIbHI CYOKJIOHM KJIITHH Renca 3
HAJIEKCTIPECIEI0 aaNTEPHOTO MPOTEiHY Ta BIJAMOBIAHI KOHTPOJIbHI KIiTUHU Mock,
TpaHC(}iKOBaHI MJ1a3MiJI0I0 0€3 BCTABKHU.

Jlist orpumanHs cyOmiHId KmiTHH Renca, siki cTaOlIbHO HAAEKCIPECYIOTh
noBHOpo3MipHY Gopmy Ruk/CINS8S, 3a3HaueH1 KIITUHU TpaHC(IKyBajld BEKTOPOM
pRc/CMV2-Ruk; 3a noromororo kanbiiii-hocharHoi npeuumiTarii. Bigdip kioHiB
IIPOBOAMIIN 32 IPUCYTHOCTI CEJIEKTUBHOIO aHTUO10THKA TeHeTUuluHeyabhary G418
(1 wmr/mi), ockimpku masMina pRc/CMV2 MICTHTh Te€H PE3UCTEHTHOCTI [0
aMiHOIIIKO3UIHUX aHTHOI0THKIB neo'/kan'. Ceekiiro cTabinbHUX TpaHC(PEKTAHTIB
Ta iX CyOKJIOHYBaHHS 3A1MCHIOBAJIN MPOTATOM 2-X MicsIiB. B mporeci podotu Oymno
BiiOpaHo Onm3bko 10 crabinpHUX cyOkioHiB. PiBenb excmpecii Ruk/CIN8S B
TpaHC(IKOBaHMX  KJIITMHaX BepudikyBanu BecrepH-Omor  aHamizoM. 3a
pesyapraramu BecTepH-010T aHamizy Ta Mopdoiorii OyB BifiOpaHuil cTabUIbHUN
cyokion Renca RukUp.

3rifHO 3 OTPUMAHMMH JAHUMH, KIITHHM Mock mpu pocTi Ha IUIACTUKY
dbopMyBaIM KWIMMOK, TOMIOHWI 70 OpyKiBKH, 31 HIUIBHUMH KOHTaKTaMU MIX
KJIITHHAMU, 10 € XapaKTepHUM ISl emTeNidHUX KIITUH. BomHowac, KIITHHU
RukUp Habynu Me3eHXIMHOTO (EHOTHIY, TMPEACTABICHOTO BHIOBKEHUMHU

KIITUHaMHA 3 BimpocTkamMu pi3HOi nomkuHu (Puc. 3.30, A), mo mOTEHIIHHO
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KOPEJIOE 3 TIABUINEHHSM CTYIEHs iX 3710skicHocTi. Sk BumHO 3 puc. 3.30, b,
noBHOpo3MipHa popma Ruk/CINSS 3 BiTHOCHOIO MOJEKYISPHOIO MAacOI OJIU3HKO
85 x/la BUABISIETHCS B Jli3aTax KIITHH Renca y BUIIISAL KIJTBKOX CMYT, SIKI MOXYTh
OyTH pe3yapTaToM MOCTTPAHCIALINHOT Momudikalii AOCTIIKYBAaHOTO MPOTEiHY
[202]. BusBneno Ttakox, mo sik y Mock, tak 1 B RukUp kiiTuHax BMicT
Ruk/CIN8S5 3HmKyBaBcS /0 PI3HMX pIBHIB 3a TIMOKCHMYHUX YMOB, HaMOLIbII
3HAUyIle y KIITHHAX 13 Hajekcrpeciero. [lomiOHI 3akOHOMIpHOCTI 3MiH Oyiu
POJAEMOHCTPOBaHI i 1Jisi mpoTeiny-mMapkepy EVs, Alix. BaxnuBo BiI3HaYUTH, IO
up-perymoBanHs Ruk/CIN85 y xmitmHax Renca cCympoBOmKyBaloCh TaKOX
3poCTaHHsIM PiBHS ekcrhpecii AliX, 10 € XapaKTEpHOI O3HAKOK MallirHizallli
MyXJIMHHUX KIiTUH [327].

SAx Ruk/CINSS, Tak 1 agantepuuii nporein ccaBuiB Alix (ALG-2 (apoptosis-
linked gene-2 product)-interacting protein X) OepyTb y4yacth y Olorene3i MVB
[280, 14]. Alix mae Ha C-kxinmi PRD (MotuB, 6aratuii Ha 3aIUIIKU POJIIHY), SIKUN
ornocepeakoBye B3aemolilo 3 SH3-momeHamu B mNpoTeiHax-mapTHEpax, y TOMY
guciai 3 Ruk/CIN8S [277]. BaxnmBoro 3Haxijgkoro € i Te, mo Alix 3amydeHuil He
TUIBKH 7O BIIOOPY KOMIIOHEHTIB MOJIEKYJSIPHOTO BAaHTaXy [Ji MOTPAIUISIHHS Y
BE3UKYJIM, aJie ¥ 3amyckae mporec iX yrBopeHHs [14]. Takum 4uHOM, IiJIKOM
nMoBipHO, 10 amantepHuii mporein Ruk/CIN8S takox Moxke OyTu 0i070TI4HO
3HAYyIIMM KOMIIOHEHTOM BE3UKYII, 10 MPOAYKYIOThCA KiliTHHAMU Renca.

[3omoBannst EVs 3 xoHauiiionoBaHOTO cepenoBuina KiaiTuH Renca Mock i
RukUp, 1m0 KyJbTUBYBAJIMCh 3a YMOB HOPMOKCII/TIMOKCIi 31MCHIOBAIM 32
MIPOTOKOJIOM, ONUCaHuM B «Marepianax 1 Merogax». KulbKiCTh, cepenHiil po3mip
Ta Jiama3oH pPO3Mipy YacTHHOK B OTpuMaHMX 3paskax EVs anamizyBammu 3a
nonomororo BumiptoBanb NTA Ha mnpunaai NanoSight. 3a pesynbsratamu
MPOBEICHUX JOCI/DKEHb HAaMU HE BHUSBICHO CTATUCTUYHO JOCTOBIPHUX
BIJIMIHHOCTEM CEpPEIHbOT0 pO3MIPy YACTHHOK B 1301bOBaHHMX 3pa3zkax EVs.
Boanouac, konnenTpaitiss EVs, 1301p0BaHUX 3 KOHTPOJIBHUX KIITHH Renca, 3pocia
npubauzno Ha 40% 3a yMOB TIMOKCIi MOPIBHAHO 3 HOPMOKCIE€IO, TOMII SK

koHIeHTpaiist EVs, 13omp0Banux 3 ki1iTuH Renca 3 Hagekcnpeciero Ruk/CINSS, 3a
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YMOB TiMOKCIi 3pocia Ha MOPSAOK MOPIBHSIHO SK 3 YMOBaMH HOPMOKCIi, Tak 1 3
koHTpobHUMH KiiTHHamMu (Puc. 3.31, Tabmumsg 3.5). TumoBi eneKTpoOHHO-

MikpockoniyHi ¢gororpadii kimitun Renca Mock 1 RukUp npencrasieno Ha puc.

3.32.

1 2
b.
kDa
96 —
85— Ruk/CIN85

50 —>~ ’ ﬁ Tubulin
1 2 3 4

Puc. 3.30. Bmict Ruk/CIN85 ta mapkepa EVs, nporeiny Alix, 3HIKY€eTbCS
y mizarax kimituH Renca Mock Ta RukUp 3a ymoB rinokcii. A. ®a30Bo-KOHTpacTHI
300paxenns kmituH Renca Mock (1) 1 cyoknony Renca RukUp (2). Bb. Bectepn-
onot anani3 Bmicty Ruk/CIN85 ta Alix y mizarax kmituH Renca: 1, 2 — Renca
Mock; 3, 4 — Renca RukUp; 1, 3 — Bmict Ruk/CINS8S ta Alix y ximitnHax Renca
3a yM0oB HOpMOKkcui; 2, 4 — BMicT Ruk/CIN8S Ta Alix y kimitunax Renca 3a ymoB

TIOKCIT.
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Puc. 3.31. Xapaxrepuctuka EVs, 1m0 cekperyroThCcsi KiiTHHamMu Renca

Mock 1 RukUp 3a ymoB HOpmokcii/rinokcii. Konmentpauiss EVs 1 posnoain

YaCTUHOK 32 po3Mipamu 3a janumMu NTA.

Taoauuga 3.5
3pa3ok KonnenTparis CepenHiii po3mip Po3mip 80%
YJAaCTUHOK YJAaCTHUHOK
Renca Mock N 1.86*10" /M 137.9 um 84.6 uM — 202.1 um
Renca Mock H 3.13*10" /mn 130.2 M 80.7 uM — 180.0 uM
Renca RukUp N | 1.16*%10"/mn 132.0 aM 52.0 uM — 183.3 1M
Renca RukUp H | 1.42%10"*/mn 144 .4 um 67.1 um —207.1 M

e N — Normoxia; H - Hypoxia

[Hdopmarlito 1moA0 KOHIEHTpAIlll YaCTUHOK MPEACTABICHO 3 ypaxXyBaHHSIM
koe(diIlieHTa po3BEICHHS.
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Renca Mock Normoxia Renca Mock Hypoxia

Renca RukUp Normoxia Renca RukUp Hypoxia

Puc. 3.32. TwumoBi eneKTPOHHO-MIKPOCKOIIYHI 300paxeHHs EVs,
130JIbOBaHUX 3 KOHJMLIOHOBAHOTO CEpENOBMILNA KIITUH Renca 3 pi3HUM piBHEM

excrpecii Ruk/CINS8S, 1m0 KyIsTHBYBaJIUCh 32 YMOB HOPMOKCIT Ta T1MOKCII.

Ha nactymuomy etani mu gocmiguiau BmicT Ruk/CIN8S ta mapkepiB EVs,
Alix ta CD81 y 3paskax EVs, BualeHuxX 13 KOHAMIIIOHOBAHOTO CEpEIOBHINA
kiaitiH Renca Mock ta RukUp, mo kynasTuByBammch 3a yMOB HOPMOKCIi Ta
rinokcii, merogqoMm BectepH-O6mor anamizy. Sk BugHOo 3 puc. 3.33, BMICT K
Ruk/CIN8S, Tax i EVs-mapkepiB, Alix i CD81, cyrreBo 3poctaB B EVs, mio
mpoAyKyBamuch KiiThHaMH Renca 3 Hamekcrpeciero Ruk/CIN85 3a ymoB
HOPMOKCIi, 1, HABIAaKH, 3HUKYBABCS 32 YMOB T1IMOKCI].

HeoOxigHo 3a3HaunTH, 10 B KOHTPOJBbHUX KIITHHAX 32 YMOB TiITOKCIi BMICT
Ruk/CIN85 1 CD81 3poctaB, a Alix — 3HmxkyBaBcs. L{i cnoctepexeHHS MOXYTb
BKasyBaTH Ha ydacTb Ruk/CIN8S y mudepeHitHoMy KOHTpPOII CKIIaAy IPOTEiHIB

EVs npu rinokcii 3a1exHO Bij piBHS HOTO €KCIpecii B MyXJIMHHUX KiiTuHax. Crina
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TAKOX 3a3HAYUTH, IO BE3UKYJIU HAKOMUYYIOTh (opmy mnporeiny Alix, ska
noBubHIIIE pyxaeTbesi B SDS-PAAG nopiBHSHO 3 0ocHOBHOIO (hopmoro 96 k/la 1,

IMOBIpHO, € ¢hopmMor0, MOIHU(IKOBaHOIO MIIAXOM (pochopunroBanHs [277].

kDa
- .. - - 2 - - Alix
96 —
8 — Ruk/CINS5
26 — — G cD81

1 2 3 4

Puc. 3.33. Bectepu-6not anani3 BMicty Ruk/CIN8S ta mapxkepiB EVs, Alix i
CD81, y 3pa3zkax EVs, 1301p0BaHMX 3 KOHIUIIOHOBAHOTO CEPEOBUINA KIITHH
Renca Mock (1, 2) ta Renca RukUp (3, 4), 110 KyIbTUBYBaJIUCh 32 YMOB HOPMOKCIT

(1, 3) Ta rinokcii (2, 4).

Takum 4MHOM, pe3yabTaTH MPOBEAEHUX JOCHIKEHb  JI03BOJISIFOTh
cTBepKyBarH, 1o agantepauii nporein Ruk/CIN8S € HOBUM ineHTH(IKOBAaHUM
KOMIIOHEHTOM EVs, 10 npoaykyloTbCs MyXJIMHHUMH KIITHHaMH. BcTaHOBIIEHO
NOTeHIIHY perynsTopHy poib Ruk/CIN8S y konTposi npoteiHoBoro ckinamxy EVs

3aJIEXKHO B1J MapLIaIbHOTO TUCKY KUCHIO Y CEPEOBUII KyJIbTUBYBAaHHS KJIITHH.
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3.2.5. Jocaimxkennss BmamBy EVs, mo npoaykywrbesi — KJIITHHAMH
emOpioHaabHOI HUpKHU Jroaunu JdiHii HEK293 3 pizaum piBHem excrnpecii

agantepHoro nporeiny Ruk/CINS8S, na GioJioriuni Bianosiai in vitro

Ha nactynmHoMmy eTarii, 3 METOIO TOJIaJIbIIIOIO BCTAHOBJIEHHS O10JI0T1YHOT POJIi
anantepnoro npoteiny Ruk/CINS8S y 6iorenesi EVs Ta BuBuenns BBy EVs, 110
MPOAYKYIOThCSl MyXJIMHHUMH KIIITUHAMH 3 pi3HUM piBHeM ekcrpecii Ruk/CINSS,
Ha 010JI0T1YHI BIAMOBIAL in Vitro, a TAKOX JIJIE MOHITOPUHTY BHYTPIITHBOKJIITUHHOT
Ta BHYTPIITHROEK30COMHOI JIoKamizamii agantepHoro mpoteiny Ruk/CIN8S Gymo
CTBOPEHO CYOJIiHII0 KIITHH eMOpioHanbHOo1 HUpKkH Jronuau HEK293 31 ctabinbHOIO
Hagekcnpeciero Ruk/CIN8S, 3nuToro 3 3eneHHM (QIIyOpecUEeHTHUM MPOTEIHOM
EGFP.

s orpumanns cyominii kaitun HEK293, sxi ctabiibHO HaaeKCHpeCcyrTh
noBHOpo3MipHY ¢GopMmy EGFP-Ruk/CIN8S5, 3a3HadeHi KIITMHM TpaHCQIKyBaau
BektopoM pEGFP-N, 3nutum 3 mocmigoBHicTio ¢cDNA moBHOpo3MipHOT dopmu
Ruk 3a nomomororo kanbiii-gpocdaraoi nperumnitaiiii. BinlOip KJI0HIB NPOBOAWIN
3a MPUCYTHOCTI CEJIEKTUBHOTO aHTHO10TUKA reHeTuImHeyabdary G418 (1 mr/mn),
ockutbku miasmizia pEGFP-N MicTUTh reH pe3uCTEHTHOCTI J0 aMiHOTIIKO3UTHUX
anTHOioTHKiB neo'/kan’. Cenekmito  CcTabiIBHUX  TpaHC(EKTaHTIB 1  IX
CYOKJIOHYBaHHSI 3IIACHIOBAIM TMPOTATOM 2-0X MicsiiB. B mpoieci pobotu Oyio
BimiOpano 3 crabuibHux cyOkionu. PiBenp ekcrpecii  Ruk/CIN8S B
TpaHC(IKOBaHMX  KJIITMHAX BepudikyBanu BecrepH-O0mor  aHamizoM. 3a
pesyabraramu  BecTepH-00T aHamizy Ta KOH(OKaIbHOI MIKpockomii OyB
BiiOpanuil crabinbHuil cyOkion HEK293 EGFP-RukUp (Puc. 3.34, 3.37).
[Tapanensno Oynmu otpumani kimituHu HEK293, crabunbHo TpaHcdikoBaHi

BektopoM pEGFP-N 6e3 BcTaBku.
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Hoechst 33342 EGFP-RukUp HaknageHHs

Puc. 3.34. BuyrtpimnbokimitTuaHa Jokamizauis EGFP-znutoro RuUp, B
KIiTHHAX eMOpioHanpHOi Hupku sronuHu JiHiT HEK293 3a pesynasratramu
KOH(OKaNbHOI MIKpOCKOMIi. SnepHuil XpoMaTuH crneuu@iqHo 3a0apBIIOBAIH
Hoechst 33342. EGFP-Ruk; noxanizoeanuii 6 yumoniasmi, a maxkoxic nepeuHHux
enoocomax (Hegenuki nyHkmamu Ha nepuepii kKiimunu) ma nizocomax (Oinvuli

Kynenoodioni cmpykmypu). Hamomicmo, EGFP-Ruk éiocymniti y s0pi.

EVs, mo mnpomykyrTbCs KOHTPOJIBHUMU Ta JOCHIJIHUMHU KIITHHAMU
HEK293 130110Banu 3a mpoTOKOJIOM, OMUCAHUM Yy po3aun «Marepianu 1 MeToau
JnociipKkeHb. B pesynbrari aHamizy Ha mpuiiafi NanoSight 3paskiB ek3ocom, 110
MPOYKYIOThCsl KOHTpoJibHUMHU KimiTuHaMu HEK293 Ta 3 nagekcnpecieto EGFP-
Ruk/CINS8S5 (3 BpaxyBaHHSM PO3BEJEHHS), OyJI0 OTPUMaHO 1H(POPMAIIII0 CTOCOBHO
KOHIIEHTpAllli YaCTUHOK, CEPEIHbOr0 PO3MIpYy Ta JAlana3oHy po3MIpy YacTHHOK

(Tabmuus 3.6; Puc. 3.35).

Taonuus 3.6
3pa3ok Konuentpanis | Cepenniii po3mip Pozmip 80%
YaCTUHOK YaCTUHOK
HEK 293 Mock 3.58%10"/mn 164.3 uam 69.5 nm — 259.2 um
HEK 293 EGFP- | 3.18*10" /mn 160.6 um 74.1 nm — 233.3 um
RukUp
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3a pe3ynbTaraMy MPOBEACHHUX TOCITIIKEHb HAMU HE BUSBICHO CTATUCTUYHO
JOCTOBIPHUX  BIAMIHHOCTEH CEpEAHBOTO pO3MIpy 4YacTOK B  130JbOBaHHUX
npernaparax EVs. BoaHodac, KoHIIEHTpalis €K30COM, i301bOBaHUX 3 KIIITHH
HEK293 3 manekcnpecieto EGFP-Ruk/CIN8S, 3pocTana Ha mopsiok MOPiBHSHO 3
koHTpoJibHUMHU  KiiThHamMu  HEK293.  TumoBi  eleKTpOHHO-MIKpOCKOIIYHI
dotorpadii MO3aKIITUHHUX BE3UKYJ, MapKoBaHMX aHTUTIaMu g0 CD63

IpPeCTaBIECHO Ha puc. 3.36.
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Puc. 3.35. AHai3 KOHILEHTpAIll Ta po3Mipy YacTMHOK B mpernaparax EVs,
130J1b0BaHMX 3 KOHAHWIIIOHOBaHOTO cepenoBuma kiaitiH HEK293 Mock (A) Ta

HEK293 EGFP-RukUp (B), 3a nonomoroto npuiany NanoSight.
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@

Puc. 3.36. TumoBi enekrpoHHO-MiKpockomiuHi  ¢ororpadii  EVs,
130JIbOBaHMX 3 KoHAuWIlioHOBaHOTO cepenoBumia kimituH HEK293 Mock (A) 1

HEK293 EGFP-RukUp (b). Miuenns antutinamu 10 CD63.

3a pesynpraramu BecTtepH-05I0T aHami3y KIITUHHHX J113aTiB MOBHOPO3MipHA
dbopma EGFP-Ruk/CIN8S BusiBnsieTbes y BUMIIANI Kuibkox cyodopm (Puc. 3.37),
K1 MOXKYTb OyTH PE3yJbTaToOM IMOCT-TPAHCIIALIIHOT MOIU]iKaLli J0CIIKYBAHOTO
MPOTEiHYy, TOMI SK B IMO3AKIITUHHUX BE3UKYNaX, MO0 MPOAYKYIOTHCS KIITHHAMU
HEK293 EGFP-RukUp, Oyna BusiBneHa nuiie ogHa ocHoBHa cyOdopma GFP-
Ruk/CIN8S5. Hamu Oyno TakoX JOCHIIKEHO BMICT MapKepa €K30COM, MPOTEiHy
CD81, B mpenaparax EVs, 1301p0BaHUX 3 KOHAWIIIOHOBAHOTO CEPEIOBHUIIA
koHTposnbHUX KIITUH HEK293 ta 3 Hagekcnpecieto agantepHoro nporeiny EGFP-
Ruk/CINS85. 3 puc. 3.37 Bunno, mo Bmict CD81 apamaruano 3pocrae B EVs, 1m0
npoaykytotbes kritTunamu HEK293 3 nanekcnpeciero EGFP-Ruk/CINSS.

JI1st mOCIIIKEHHSI BIUTMBY MO3aKJIITUHHUX BE3UKYJ Ha 010J10T14HI BiAMOBIIL
KJIITUH in vitro Oyna Bukopuctana cucrema IncuCyte. Cucrema 1HTEPaAKTUBHOTO
anamizy IncuCyte aBToMaTHYHO OTPUMYE Ta aHAIII3y€e 300pa>keHHsI 111710,000BO, 110
J03BOJISIE OTPUMYBATH (h1310J0TTYHY 1H(OPMALIIIO PO KIITUHH, @ TAKOXK KIHETUYHI

JlaH1 B peajIbHOMY Yaci, HE BUAAJISAIOUN KIITHHU 3 1HKyOaTopa.
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Puc. 3.37. Bmict EGFP-Ruk/CIN85 Ta CDS81, B mizarax kmitun HEK293
Mock ta HEK293 3 nanekcmpecieto EGFP-Ruk/CINS85, a Takoxx y BiJIOBIJIHUX
npenaparax Mmo3aKIiTHHHUX Be3uKyll. Bectepu-omot ananis: 1 — HEK293 Mock; 2
— HEK293 EGFP-RukUp; 3 — SN HEK293 Mock; 4 — SN HEK293 EGFP-RukUp;
5 — EVs HEK293 Mock; 6 —EVs HEK293 EGFP-RukUp. SN — cepenoBuiie

BUILHE B1x EVs.

3BUYAMHI MAXOAM O aHAJI3y KIITHH (PIKCYIOTh JIUIIE €IUHY YacCOBY TOUKY,
JIO3BOJISIFOUM TPOBOJIUTH JIMILIE TIOYATKOBI Ta KIHIIEBI BHUMIipioBaHHA. Cucrema
aBTOMaTUYHO 1 TOCTIHHO 30Mpae Ta aHaji3ye 300pa)K€HHS MPOTITOM BCHOTO
nepiojly EKCHEPUMEHTY, TOJl SK KIITUHU 3aJMIIAIOTBCI Y  (Pi310J0TIYHOMY
oroueHHl. Kpim Toro, IncuCyte BMillye MIMPOKHII CIEKTP JOJATKIB Ta 00'€IHYyeE
Oaratuii, Ha OCHOBI 310paHMX [aHUX, aHali3 300pa)Ke€Hb. AHAJIOTIYHO
ONITUMI3Y€ThCS TIEPENIsi 300paXkeHb, aHali3 Ta rpadiune 300paxeHHs 6-, 12-, 24,
48- um 96-myHouHoro muaHmety. JlaHi eKCHEepUMEHTYy MOXHa MepersaaTu
OJTHOYACHO, a MOTIM KOHBEPTYBaTH B (DIJIbMH, TTOKA3HUKH Ta BIAMOBIIHI rpadiku y
nyOmiKalisgxX Yi Npe3eHTalisax JaHuX.

Hamu Oyno mnpoBeneHO Tpu He3alexHlI BUMIPIOBaHHS BIUIMBY EVs,
orpumanux 3 kimituH  HEK293 Mock ta HEK293 EGFP-RukUp Ha
nponideparuBny aktuBHicTh KimituH HEK293 WT (Puc. 3.38) ta wmirparito
moacekux (Giopoodmactie (Puc. 3.39). BianoBigHo 10 oTpHMaHUX JaHUX, MOXKHA
3pOOUTH BUCHOBOK, IO MO3AaKJIITHHHI Be3UKylu, oTpumani 3 kimituH HEK293 3
Hagekcnpeciero  EGFP-Ruk/CIN8S5, cyTrreBo moCWiIOIOTH — MpoiidepaTuBHY

aktuBHICTH KiiTuH HEK293 WT. Takox, Hamu Oysi0 BCTAaHOBJICHO IIKaBUN (axr,
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10 MO3aKIITUHHI Be3ukynu, orpumMani 3 knituH HEK293 Mock ta HEK293 GFP-
RukUp 37atHi mpurHidyBaTH MIrpauiifHi BIaCTUBOCTI JIIOACHKUX (HiOpoOIacTiB.
3’sicyBaHHsA  (Di310JI0TIYHOTO  3HAYEHHS  BUSIBICHOTO (eHOMEHY IMOoTpedye

JIOTATKOBUX JTOCIIIKEHb.

Puc. 3.38. BrutuB no3akiiiTHHHUX BE3UKYI, 1301b0BaHuX 3 KiIiTHH HEK293 3
Hazgekcnpecieto EGFP-Ruk/CIN85 na mgunamiky mpomidepaTuBHOI aKTHBHOCTI

kiitud HEK293 nukoro tumy.

TakuM YMHOM, €KCIIEpUMEHTaJbHI JlaHl, OTPUMaHl Ha MOJAENl KIITUH
emOpioHansHOT HUpkW Jronuuu JiHiT HEK293, naroTh MOXIMBICTE 3poOHUTH
HacTynHi BHCHOBKHU. [lo mepie, Hamu mnpoaeMoHcTpoBaHo, mo Ruk/CIN8S €
KOMITOHEHTOM TI03aKJIITHHHUX BE3UKYJ, 10 MPOAyKytoThes kimitnHamu HEK293 3
Up-peryJIIOBaHHSAM aJlalTepHOro MpoTeiny, koH toroBanoro 3 EGFP. Okpim Toro
BCTAHOBJICHO 3/IaTHICTh MO3aKJIITUHHUX BE3UKYJ 3 pi3HUM BMicToM Ruk/CINS&5

MOJYJIFOBATH TpotihepaTUBHI BIACTUBOCTI Ta PYyXJIMBICTh KJIITHH in Vitro.
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Puc. 3.39. BB mo3akimiTHHHUX BE3HUKYI, 1301p0BaHuX 3 KiiTHH HEK293 3

Hagekcnpeciero EGFP-Ruk/CIN85 na aunamiky mirpaiii goacskux ¢i0po0nacTis.
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3.2.6 Anaaiz mporeinoBoro ckiaany EVs, mo npoaykywrbes KIITHHAMH
HEK293 3 pizaum piBHeM ekcnpecii agantepHoro nporeiny Ruk/CINSS,

3a I0IIOMOTI0K0 Mac-ClieKTpoMeTpu4Horo ananizy (LC/MS)

3a pgomomoror  Mac-criekrpomerpuuHoro anamizy (LC/MS)  6yno
JOCITIDKEHO  TMPOTETHOBMM  CKJIaJ  KIITHHHUX  JI3aTiB  Ta  130JIbOBAaHHUX
MO3aKJIITUHHUX BE3UKYI 3 KJIITHH eMOpioHallbHOI HUpKH Jronuuu JiiHii HEK293 3
pi3HUM piBHEM ekcrpecii agantepHoro npoteiny EGFP-Ruk/CINSS. binbiie nBox
TUCSY TIPOTEiHIB Oyn0 iAeHTH(IKOBAHO B Ji3aTax KIITHH, Ta OUIbIIE TUCAY1
MPOTETHIB B Mpenaparax Mmo3akJiTHHHUX Be3uky (Puc. 3.40).

Cells Mock Cells Ruk/CIN85

269
(10.9%)

EVS Mock EVS Ruk/CIN85

Puc. 3.40. [Iporeinu nizariB Ta nmo3zakmiTHHHUX Be3ukyn kiaituH HEK293
Mock Tta HEK93 3 Hanmekcnpecietro EGFP-Ruk/CINSS, inentudikoBani 3a
JIOTIOMOT010 Mac-criekTpomeTpudHoro a"amizy (LC/MS).

69.8% (1428) inenTrdikoBaHUX MPOTETHIB OyIU CIUIBHUMU SIK JJIS JI13aTiB 3
kit HEK293 Mock, tak 1 ana mizarie 3 kiaitun HEK293 3 nagekcnpecieto
EGFP-Ruk/CIN85. 14.9% (305) Ta 15.3% (314) BigcoTku mpoTeiHIB Oyau
BUsBJIEHI TUIbKU B Ji3arax kiituH HEK293 Mock, ta HEK293 3 mangekcnpeciero

ajantTepHoro npoteiy, BianosigHo (Puc. 3.41).

161



Mock Ruk/CIN85-GFP

Puc. 3.41. J[ludepenmiiina XapakTepUCTHKa KIIBKOCTI  MPOTEIHIB,
inenTudikoBanux B mizarax kiaituH HEK293 Mock ta HEK93 3 magekcnpecieto
EGFP-Ruk/CINSS.

63.0% (712) inenTudikoBaHUX NPOTEIHIB OYyIU CHITBHUMH 1 000X
npenapariB  Mo3akIiTUHHUX Be3ukyd. 14.6% (165) ta 22.4% (253) BiacoTku
npoTeiHiB Oynu BUSBJICHI Juile B mo3akaiTuHHUX Besukynax HEK293 Mock, Ta

HEK293 3 napexcnpeciero EGFP-Ruk/CIN8S (Puc. 3.42).

Mock Ruk/CIN85-GFP

Puc. 3.42. [ludepenmiiina xapaKTepuCTHKa KIJTBKOCTI  IPOTEiHIB,
imenTudikoBanux y Besukynax kmituH HEK293 Mock Tta HEK293 3
Hazaekcnpecieto EGFP-Ruk/CINSS.

[IpucytHicth Ruk/CIN85 Oyno miaATBEpIKEHO B Ji3aTax KIITUH Ta B

npernaparax no3akJIiTHHHUX BE3UKYI, OTPUMAHUX JIMIIE 3 KIITUH 3 HaJEKCIPECIEI0

EGFP-Ruk/CINS85 (Jonatku, Tadm. 11).
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Mac-CreKTpOMETpUYHMI ~ aHalli3 MIATBEPAMB TaKOX MPHUCYTHICTh Y
NO3aKIITHHHUX BE3WKyJaX HHU3KH MapkepiB ekxzocom: CD81, CD9, TSG 101,
annexin A5, tetraspanin-6 (lonatku, Ta6i. 12).

Otpumani ngani Oyiau TpoaHaNi30BaHI 3a JIOMOMOTOK IPOTPAMHOTIO
3abe3neuenHs  “PANTHER”  (Protein  Analysis Through  Evolutionary
Relationships) mis imroctpanii kiaciB iieHTU(dIKOBaHUX MpoTeiHiB. Hamu Oyio
BusBiieHo 1m0 Hajaekcnpecis Ruk/CIN8S mnpusBoguTh 10 CYTTEBUX 3MiH
MPOTETHOBOTO CKJIaay SIK KJITHH, TaK 1 MO3aKIITHHHUX Be3uKya (omarku, Taou.
21).

3a pe3yJbTaTaMy MPOBEICHOTO aHalli3y BUSIBIIOCH, 1110 OUIBIIICTh TPOTETHIB
11eHTU(GIKOBaHUX TUIBKU B Ji3aTax KIiTHH 3 Hajekcnpeciero EGFP-Ruk/CINSS,
Hajiexath 10 okcunopenykras (Honarku, Tabn. 13), Tpancdepas (Honatku, Taodu.
14), rinpona3 ([onarku, Tabn. 15) Ta mpoTeiniB 3B’ s13yBaHHS HYKJIETHOBUX KUCJIOT
(Hdonmarku, Tabm. 16).

Ha nactynHomy erami Oyao HpOaHalli30BaHO OCOOJMBOCTI MPOTEIHOBOTO
CKJIady Be3ukym, 3aiexHi Bin Hagekcnpecii Ruk/CINSS B kimitnnax HEK293 (Puc.
3.43). binbuiicTh 1AeHTH(PIKOBAaHUX MPOTEIHIB HaJIe)KaTh 10 TpaHcdepas (loxarku,
Tabn. 17), rigpona3z (Jonarku, Tabn. 18), tpancnoprepiB (Honarku, Tadm. 19) ta
monynsitopiB  eHzuMiB  ([Jomatku, Tabn. 20). Otpumani JaHi J03BOJISIFOTh
IPUIYCTUTH, IO CHUIBHI MPOTEiHU, sIKI Oyl 1I€HTH(IKOBaH1 K B Ji3aTax, TakK i
no3akIITUHHUX Be3ukyiax kmituH HEK293 3 up-perymoBaHHAM aganTepHOTO
NPOTEiHY, MOXKYTh OyTH CTPYKTYpHO 1 (QyHKIiOHaIbHO crpsbkeHl 3 Ruk/CIN8S-
3aleKHUMH CUTHAJIPHUMHU TIPOIIECAaMH B JOCHIPKYBAaHUX KIIITHHAX, IO SK
HACJII0K, PU3BOJIUTH 10 TTPOAYKYBAaHHS BE3UKYJ 31 CEIU(IYHUM MOJICKYIIPHUM
«(peHoTUrnomM», BAXKIMBUM g 3a0e3MedeHHs creuu(iqHocTi 1 0COOIMBOCTEM

MDKKITITUHHOT KOMYHIKAITii.
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PANTHER Protein Class
Total # Genes: 115 Total # protein class hits: 62

Click to get gene list for a category:
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Puc. 3.43. KnacoBa npHHaJIEKHICTh IPOTEiHIB, 1A€HTU(IKOBAHUX TIIbKUA Y
npenaparax no3akmTUHHUX Be3ukyn 3 kiaiTuH HEK293 3 napexcnpecieto EGFP-
Ruk/CINSS.

Takum 4yuHOM, 3a JOMOMOIOI0 Mac-crekTpoMmerpuuHoro aHamizy (LC/MS)
HaMU BCTaHOBJEHO, 1o axantepHuit nporein EGFP-Ruk/CIN8S € xoMrnoHeHTOM
NO3aKJIITUHHUX BE3KyJ, IO MNPOAYKYIOTbCS KIITUHAMU €MOpIOHAJIBHOI HHUPKH
monuan JiHii HEK293. TlpomemonctpoBana 3matHicth Ruk/CIN8S5 3a ymoB
HaJIeKCTIpecli MOIYJIIOBaTH CKjaj SK 3arajlbHUX KIITHHHUX IPOTEiHIB, TaK 1
MPOTEiHIB MO3AKIITUHHUX BE3UKYJ. BilblICcTh 11€HTU(IKOBAHUX MPOTETHIB, IIO
mudepeHiiino ekcrnpecytotbes B kimituHax HEK293 3 up-perymoBanHsM
Ruk/CIN8S5 1 BusBnstorecss B EVs, € merabomiuaumu eH3umamu. OTpumani
eKCIIEpUMEHTaIbHI JaHl 3acBIAYYIOTh MOTEHIIHY poOJib  JOCHIIKYBAaHOTO
aJIanTepHOTO MPOTETHY Y KOHTPOJII METa0O0JIIYHOTO pernporpaMyBaHHs MyXJTUHHUX

KJIITUH.

164



3.2.7. Nocaim:kennsas BniauBy EVs, i301b0BaHMX 3 KOHAMIIOHOBAHOIO
CcepeJoBHMINA AJCHOKAPUMHOMHHUX KJITHH TPYIHOI 3aJ103W MHIII JIiHII
4T1 3 up/down perymoBanHsaM anantepHoro nporeiny Ruk/CIN8S na

oiostoriumi BiactuBocrti KiIiTuH 4T1 WT

ExcrieppuMeHTanbHUMU ~ TOCTIDKCHHSIMH OCTAHHIX POKIB  MEPEKOHIHBO
BCTAHOBJICHO, 110 BMICT 1 peryiastopHuid mnoteHmian EVs, mo cekperyroThes
NyXJUHHUMHU KJIITUHAMU, 3aJIe’KaTh BiJl 1X TKAHUHHOTO TOXOKEHHS, a TaKOX
cTaail myxJauHHOTO Tiporecy [57, 228, 234]. 3 MeTor0 MoJaIbIIIoro BCTAHOBICHHS
OilomoriuHoi pousi amantepHoro mnporeiny Ruk/CIN85 y Oiorenesi exzocoM Ta
BHUBUYEHHS BIUIUBY €K30COM, II0 TMPOAYKYIOTHCS MyXJIMHHAMH KIITHHAMH 3 Pi3HUM
piBHeM ekcripecii amantepHoro npoteiny Ruk/CIN8S, Ha 6iojoriyHi BiAMNOBiAL in
vitro, HamMu OyJ0 BHUKOPHUCTAHO BCTAHOBJICHI paHille y BIIAUN CHUTHAJIBHUX
MEXaHI3MIB KJITUHU CYONIiHII NOTPIMHO HETaTMBHUX aJ€HOKAPLUUHOMHHUX KIITHH
rpyaHoi 3ano3u muni diHiT 4T1 3 Hagekcnpecieto (4T1 RukUp) Ta mpurnideHoro
excrpecietro Ruk/CIN8S (4T1 RukDown). 3rigHo 3 momnepeHbO OTpUMaHUMHU
nanumu, Hagekcnpecis Ruk/CIN8S y kimitunax 4T1 npu3BOAUTh 10 MPUTHIYEHHS
ix mpomidepaTMBHOT AaKTHUBHOCTI, 3HIM)KEHHS aJr€3WBHOCTI, TMOCHJICHHS POCTY,
HE3QJIEKHOTO BIJ NPHUKPIIUVIEHHS [0 CyOcTpary, MiABUIIEHOI pPYyXJIUBOCTI,
1HBa3UBHOCTI Ta XIMIOPE3UCTEHTHOCTI, po3BUTKY 03HaK CSCs ta 3MiH y EMT-
3aNIeKHIA ~ TPAHCKPUMINHIA mporpaMmi in  Vvitro, a TakKoX TOCHJICHHS
eKCTpaBa3yBaHHs MyXJWMHHUX KIITHH Ta POCTY MeTactas3iB in vivo. BomgHouac,
down-perymtoBanus Ruk/CIN85 B kmitunax 4T1 cynmpoBOmKYBajioCh BTPATOIO
IUTACTUYHOCTI 3aBASKU 1HAYKIT AUQepeHiitoBaHHd 1 (OPMYBaHHS CTAOLILHOTO
eniteniinoro gpenoruny [379].

EVs, mo mnponykyBammch wimituHamu 4T1 WT, 4T1 RukUp Tta 4TI
RukDown, 1i3omoBaii 3 KOHAMI[IOHOBAHOTO CEPEIOBUINA 3a IPOTOKOJIOM,
OMMMCaHUM y po3au «Marepiaau Ta METOIU TOCHKeHby. KinbKicTh Ta cepeaHiit

pO3Mip HAaHOYACTUHOK, Jiana3oH po3Mipy YACTUHOK (3 BpaxyBaHHSIM PO3BE/ICHHS)
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y BHAUICHUX IMpernaparax aHaii3yBajiu 3a Jomnomororo mpuiagy NanoSight 3
HAcTyMmHOIO o1iHKOI0 NTA (Tabmutis 8).

BcranoBneno, mo HaWO1IbITy KUIBKICTh YaCTMHOK 3 BIIHOCHO O1lIBIITUM
cepenHiMm po3mipom cekpeTytorh KiaitTuad 4T1 RukUp 1, HaBmaku, mpoTuiexkHi
pe3ynbratu Oynu orpumani g kKmitaH 4T1 RukDown (Ta6n. 3.7). LlikaBo, 1o
KUTbKICTh mHpKyTotounx EVs y XBopuxX Ha pak TPyIHOI 3aj03M TOB’si3aHa 3
MIPOTPECYBAHHIM 3aXBOPIOBAHHS Ta IMMOTAaHUM MPOTHO30M [92], IO Y3TOIKY€ETHCS 3

OTPUMAHHUMHU JAHHUMU.

Taoauus 3.7
3pa3ok Konuenrparis CepenHiit po3mip Pozmip 80%
BC3UKYII YaCTHHOK YAaCTHHOK
4T1 WT 8.28%10"/m 158.3 HM 103.2 HM — 237.4 HM
4T1 Up 1.30%10"" /M 167.8 um 104.6 1M — 264.2 HM
4T1 Down 7.98%10"/mn 125.1 um 86.9 nm — 164.6. uM

BizyanbHi 300pakeHHsSI JaHUX, OTPUMAHMX 32 JOIMOMOTOK MPHUCTPOIO
NanoSight mpexacrasineni Ha puc. 3.44, A, TUNOBI €JIEKTPOHHO-MIKPOCKOMIYHI
300pa)KE€HHS BE3UKYJ, MIYEH1 MapKepoM Mo3akIiTUHHUX Be3ukyn CD63 — Ha puc.
3.44,b, a Bectepu-0noT anamniz MapkepHux npoteiniB EVs, CD81 ta CD63, nns
kinituH 4T1 WT — na puc. 3.44, B. 3aranom, i pe3yiabTaTH MIATBEPIKYIOThH
YUCTOTY BHULJIEHUX NpenapaTiB EVs.

OckibKu B JIiTEpaTypi BiJCYyTHI BimoMocTi mpo jokam3aiito Ruk/CINSS y
EVs, Ha HacTynmHOMY eTani MU MTPOaHaJi3yBajy BMICT JOCHIII)KYBAaHOTO MPOTEIHY B
npenaparax Be3UKYJl, 130JIbOBAaHUX 3 KOHJHUIIIOHOBAHOTO cepenoBuila KiIiTuH 4T1
WT, 4T1 RukUp ta 4T1 RukDown BectepH-0i0T aHamizoM 3 BHKOPHUCTaHHSIM
MOJIIKJIOHAJIBHUX aHTUTLI 10 C-KiHLeBoi AUIAHKY npoteiny (Puc. 3.45). Sk BuaHo
3 puc. 3.45, BmictT moBHOpOo3MipHOI hopmu Ruk/CIN8S € He TiIbKM 3HAYHO BUITUM
y BE3WKyJax, 1o npoaykywtbes kiituHamu 4T1 3 Hagekcnpeciero Ruk/CINSS,

ajie OIHOYACHO 3pOCTaE i BMICT HOro MHOXKMHHUX MOJEKYIsIpHUX (popm [202].
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Puc. 3.44. Buninenns ta xapakrepuctuka EVs 3 ximitun 4T1. A. Po3nogin
YaCTMHOK 3a po3MipoM Yy 3paskax EVs, i1301p0BaHUX 13 KOHAUI[IOHOBAHOTO
cepenoBuia kit 4T1, 3a monoMoror BUMIpioBaHb Ha mpuiaai NanoSight. b.
TUNoBi eNeKTPOHHO-MIKpOcKomiuHi 300paxeHHst EVs, 13onboBani 3 kiuitud 4T1. B.
Bwmict mapkepiB EVs, CD81 ta CD63, y npenaparax EVs Ta 3aranpbHUX KIITHHHUX

mizarax (CL) xmitun 4T1 WT [379].
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3rifHo 3 OMYOJIKOBAaHUMHU EKCIIEPUMEHTAIBHUMHU JAHUMH, YHCICHHI
monekyisipai  gopmu Ruk/CINSS, inenTudikoBaHi 3a JONOMOIOK IMyHOOJIOT-
aHamizy 3 BHUKOpUCTaHHSM C-KIHIIEBUX AaHTUTUI, MOXYTh OYyTH pPeE3yJIbTaToM
anpTepHaTHBHOTO crutaiicuary npe-mRNA (85 x/la — moBHOpo3MipHa dhopma, 70
k/la — dopma 6e3 nepmoro nomeny SH3, 56 k/la — popma 6e3 nBox nomenis SH3)
[33] mocTpancnaniitnoi moaudikamii msaxoM yoikBiTrroBanHs (130 k/la) [333]
Ta 0OMEKEHOTO MPOTEOIi3y, 3yMOBJICHOTO HasBHICTIO MOTHBIB PEST, uytnuBux no
Jii IpoTeas, K1 JIOKali3yrThesa B C-KIHIIEBIH MOJOBHHI MOJIMENTHIHOTO JaHIIOTa
(34-40, 20, 16 x/la) [100] HasBHicTh KimbKoX caiTiB mist Ser/Thr-crienmdiaamx
nporeinkina3z y cTpykrypi Ruk/CIN8S cBimuuth npo te, mo cyopopMH HaBKOJIO
UX MOJIEKYJIIIPHUX Mac € B OCHOBHOMY pe€3YyJIbTaTOM IOCTTPAHCISAIIAHOT
moaudikamii i3opopm Ruk/CINSS nuisixom docdopunoBanns. Sk npasuio,
MOJIM(IKOBaHI MPOTETHU MAIOTh MEHINY €JIEKTPOPOPETUUYHY PYXJIUBICTH MiJl 4ac
enexkrpodopesy B SDS PAGE. BceranoBiieHo, 110 MO3aKIITUHHI BE3UKY/IU 3 KIIITHH
4T1 WT xapakTepu3yrThCsl 3HAUHO MEHIIMM BMICTOM IOBHOPO3MIPHOI (opMu
MOPIBHSHO 3 TakuMH, BuauUieHnMu 3 KITHH 4T1 RukUp, ane 611b1uM - OpiBHIHO
3 kimituHaMu 4T1 RukDown. [likaBo, 110 Mu crocTepirajiv BUILIUK BMICT popMmu 3
MoJIeKyIsspHOI0 Macoro Onm3bko 70 k/la y Besuwkynax 3 kimituH 4T1 RukDown
nopiBHsHO 3 Besukynamu kmituH 4T1 WT. Ockinbku Ruk/CIN8S € agantepHum
MIPOTETHOM, OCHOBHOIO (DYHKII€IO SIKOTO € 30MpaHHs MOJICKYJISIPHUX KOMILUIEKCIB Y
pamMKax CTPYKTYypHO-(GYHKIIIOHATBHOI MEpEeXi PETyISTOPHUX MEXaHI3MiB KIIITHHH,
qudepeHIIiHUA  KOHTPOJIb SIK BMICTY, TaK 1 CTPYKTypU HOI0 OKpEMHX
MosiekyasipHux ¢opm y EVs Moxke matu BupimaibHe 3HaYCHHS J1JISI MIKKITITUHHO1
KoMYyHIKarlii Ta BBy EV's Ha 610y10T14HI peakilii KJIITHH-MIIIEHEH.
Ha wnactynHomy erami Hamu OyJ0 MpPOAHAII30BAHO BIUIMB €K30COM, IO
MPOAYKYIOThCS aCHOKAPIIMHOMHUMU KIIITHHAMH TPYIHOI 3a103u muti diHii 4T1 3
up- Ta down-perymoBaHHsaM anantepHoro nporeiny Ruk/CINSS, Ha BukuBaHICTb,

MIrpariro i 1HBa3MBHUM NOTEHIlaN KIITUH 4T 1 AuKoro TUmy in vitro.
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Puc. 3.45. Ilo3zakmiTHHHI BE3UKYIH, 130/1b0BaHl 3 KMTHH 4T1 3 pizHuUM
piBaem ekcmpecii Ruk/CIN85, xapakrepusyrorbcs crnenudiyHuMU OpoduIssMu
BMICTY MHOXXMHHUX MOJEKYIIpHUX (popm amantepHoro nporeiny. 1 - 4T1 RukUp
EVs; 2 - 4T1 WT EVs; 3 - 4T1 RukDown EVs; 4 — mizar xmtun HEK293 3
Hajiekcnpeciero moBHOpo3MipHOi ¢dopmu Ruk/CIN8S. [lns imyHOONOT-aHami3y
BUKOPHCTOBYBAJIM MOMIKJIOHANIBHI C-KiHLeBl aHTH-Ruk antutina [202, 379].

BruuB 130150BaHUX BE3WKYNI Ha JKUTTE3/IaTHICTh KIITHH JUKOTO THITY
aHanizyBaiu 3a gomnomororo MTT-tecty Ha 24 rox kynsruByBaHHA (Puc. 3.46).
Pesynsrati mipencTaBmsuM Y BIIHOCHUX OAWHUILIX, MPUAHSBINM 3a | 3HaYeHHs
normiHanHsA Uit kmitaH 4T1 WT 3a BiacyTHOCTI Be3wKyil. BusBiieHo, 110
BIKMBaHICTh KMTHH 4T1 WT HeraruBHO KopemioBajia 13 pIBHEM eKcrpecii
Ruk/CIN8S5 y cyOmiHisix, 3 SKUX OyJIO 130JIbOBAHO TMO3AKJIITHHHI BE3UKYIH, Ta
NO3UTUBHO 3 PIiBHEM NpoiepaTUBHOI AaKTUBHOCTI BIANOBIHUX CYONiHIN.
30Kkpema, 3TiHO paHillle OTPUMAHUX EKCIIEPUMEHTAIBbHUX JaHMUX, HaJEKCIpecis
agantepHoro nporeiny Ruk/CIN85 B kiitunax 4T1 mpu3BOAUTH 10 3HMKEHHS
AK TpoJipepaTUBHOTO TMOTEHIlally, TakK 1 aKTUBHOCTI MITOXOHJPIMHUX
JeriiporeHas, TolIl sAK BHacaigok mnpurHideHHs ekcrpecii Ruk/CINS8S
npoiidepaTuBHa akTUBHICTH KIiTHH 4T1, HaBmaku, 3pocTae.

B koHTEKCTI 0OrOBOPEHHSI OTPUMAHUX JaHUX, CJIiJl 3a3HAYUTH, 10 3HIKECHA
nponidepaliis € g00pe  BIAOMOI  Ba)XXJIMBOK  OCOOIMBICTIO  (DEHOTHITY,

iHaykoBaHoro EMT i1 aconiiioBaHOTO 3 MOCUJIEHHSIM O3HAK PaKOBUX CTOBOYpPOBHUX
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KIIITUH, SKAWA 3a0e3mneuye MOCWUJICHY PYXJIMBICTh KJIITHH, iX 1HBa3UBHICTh Ta
BIDKMBAHHS Ha pPaHHIX CTajisX MeTacradyBaHHs paky [125, 82]. Kpim Toro,
BUSIBJIICHO, IO METAa0ONIYHUNA Tepexis Big OKUCHOTO (ochopuitoBaHHS 10
mIiKomi3y, Bimomuid sk edexr BapOypra [132], € xapakrepuum mnsa kmituH 4T1

RukUp 1 npurHiuyethes B kinituHax RukDown.

12 .

-y
(=]

-]

BigoHocHa BMXUBaHICTh

A=

2 ATIWT 4T1WT/RukUp EVs  4T1WT/RukDown EVs

Puc. 3.46. EVs, 130160BaH1 3 KOHAUIIIOHOBAHOTO cepenoBuina kiitud 4T1 3
pizauMu piBHIMU ekcrpecii Ruk/CINSS, MonynioroTh KuTTE3MaTHICTh KIITHH 4T1
JIMKOTO THITY 3aJICKHO BiJ KJIIITUHU oXoxeHHs. *P <0,05 mopiBHSIHO 3 KIIITUHAMU
4T1 WT [379].

BrumB i301b0BaHUX BE3UKYN Ha pyxJuBicTh KimiTuH 4T1 gukoro Tumy
OIIHIOBAJIM 32 MIBUIKICTIO 3aPOCTAHHS «IOAPANUHWY y KIITUHHOMY MOHOIIIApPI in
vitro (Puc. 3.47, A, b). Bussneno, mo mia BmmBoMm 4T1 RukUp EVs BigHocHa
pyxnuBicth kmiTiuH 4T1 WT 3pocrana maiixke BABIY1 TOPIBHSHO 3 KOHTposieM (Puc.
3.47, b), tom ax mig BmmBoM 4T1 RukDown EVs cnocrepiranoch npakTH4HO
MOBHE NPHUTHIYEHHS iX MirpauiiHoro mnoreHuiany. L{ikaBo, mo 3a mpUCYyTHOCTI
RukUp EVs kmituan 4T1 WT 3amoBHIOBanu «MOAPSAINHUHY» HEPIBHUM (PPOHTOM,
Toji sik 3a npucyTHocTi RukDown EVs cniocrepiranace TeHICHIIIs 3alIOBHIOBATH ii
HEIIepEepBHUM (POHTOM, IO IIPSAMO KOPEIIOE 3 IOCHICHHSM/TIPUTHIYCHHSIM

MirpamiitHoi aktTuBHOCTI cyOkII0HIB 4T1 RukUp/RukDown.
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4T1WT/RukUp EVs ATIWT

4T1WT/RukDown EVs

4TIWT  4T1 WTRukUp EVs  4T1 WT RukDown EVs

Puc. 3.47. EVs, i305160BaHi 3 KOHIUIIIOHOBAaHOTO cepenoBuia KiiTuH 4T1 3
pizHuMu piBHAMHU ekcripecii Ruk/CIN8S, monymtorore pyxiuBicTh KiaiTHH 4T1
JMKOTO TUITY OJJHOCIPSIMOBAHO 3 PIBHEM iX BJIACHOTO MIrpauiiHoro norexmiany. *P
<0,05 nopiBusHO 3 kaiTuHamu 4T1 WT [379].

BrnnuB 1301b0BaHMX BE3WKYJA Ha 1HBa3WBHICTh KIITUH 4T1 gukoro Tumy
JOCTIIKYBaJl 3 BUKOPUCTaHHAM MoaudikoBaHoi kamepu bolinena 3 memOpaHnoro,
BKpuTOol0 mapoM Marpurento (Puc. 3.48). Pesynbsrati mpoBeAeHUX AOCITIIKEHb

MIPOJIEMOHCTPYBAJIM, IO BE3WKYNH, i307boBaHi 3 kmituH 4T1 3 Hagekcmpeciero
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Ruk/CIN8S5, mocuiroBany BABidUl 1HBA3MBHICTh KIITHH JUKOTO THITY, TOII SIK 3a
npucytHocti RukDown EVs cnocrepirascs npotunexuuii €(ekT, MpUrHiueHHS
1HBa3UBHOCTI Ha Oam3bK0 17%. Takum unHOM, BIunB EVS Ha 1HBa3UBHICTH KIIITHH
4T1 WT BignoBigaB Ol10JIOTIYHMM BJIACTHBOCTSIM BHCOKOIHBAa3MBHUX CYOJiHIN

RukUp 1 cnaboinBazuBHux RukDown, 3 sskux BoHM Oy BUALIEHI.

3.0,

2.5

L eald

2.0

15

1.0 L

BigHocHa iHBa3sMBHICTE

0.5

0.0 . Y
ATIWT AT1WT RukUpEvs 4T1WT RukDownEvs

Puc. 3.48. EVs, Bumineni 3 kmtuH 4T1 3 pi3HUMH DPIBHAMH €KcCIpecii
Ruk/CINS8S5, moaymntoroTh iHBa3uBHICT KIITUH 4T 1 qukoro TUIMy OAHOCTIPSIMOBAHO
3 pIBHEM iX pIBHEM iX BJIACHOTO 1HBa3WBHOrO noteHmiaty. *P <0,05 mopiBHSHO 3
kmtuaamu 4T1 WT [379].

Pesynbrat mpoBeACHMX AOCHIIKEHb JIO3BOJSATH 3pPOOMTHM  HACTYITHI
BucHOBKHU. [lo-mepine, Ha Mojeni aJeHOKAPIMHOMHHUX KIITHUH TPYIHOI 3aJl03U
HaMHU BKOTpE€ MoKazano, 1o agantepuuid nporeidn Ruk/CIN8S5 € HoBuM, Bmepiie
11eHTU(IKOBaHUM  KoMIloHeHTOoM EVs, 1m0 mnpoaykyloTbcs TyXJIMHHUMH
KJIITHHaAMU. BaxinBoro 3Haxiikoro € BusiBieHHs (akty, mo BmicT Ruk/CINSS y
NO3aKIITUHHUX BE3UKYJaX 3aJIeKHUTh BiJ CTYIMEHS MaJlirHizauii pakoBUX KIITHH-
MPOIYIEHTIB. 3a3HAaUYEHUM TMOKA3HUK MOXE TMOTEHINHO OYyTU BUKOPUCTAHMM SK
JIarHOCTUYHUA ~ MapKep Tmporpecii  myxJuHHOro pocty. OkpiM  1bOrO,
nponeMoHcTpoBaHo, mo EVs, ski mpoaykyrorecs kimiTuHamu 47T1 3 pizHMMHU

piBasimu  ekcripecii Ruk/CINS&S, xapakrepusyroTbes cneuudiuHuMu npodiismu
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BMICTY HOTr0 MHOXHHHHX MOJEKYISIpHUX (opMm. BiamoBigHO, BCTaHOBIEHO
010JI0T1YHO 3HAUYMMY PETYIATOPHY 3aJ€XKHICTh MK OCOOIMBOCTSMHU BMICTY 1
CKJIaZy MHOXMHHMX MoJekylsapHux ¢opm Ruk/CIN8S B EVs ta ix 3marHiCTIO
cnenu(iuyHO MOIYJIIOBaTH mpomiepaTBHI  BIACTHBOCTI, PYXJUBICTH Ta
1HBa3uBHICTh KJIITHH 4T1 nuxoro Tumy in vitro, iK1 3a HaIPABJICHICTIO KOPEIIOIOThH
3 OlosoriyHUMH BiacTUBOCTAMH KmiTuH 4T1 3 up- Ta down-perymroBaHHSIM

JOCITIPKYBAHOTO alanTepa.
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AHAJII3 TA Y3ATAJIBHEHHA PE3YJIBTATIB

3a3Buuail MIKIpy BBaKAIOTh BOPOXKUM CEPEIAOBHUINEM [JIsI HYKJICTHOBHX
KHCIIOT, 30kpemMa RNA, depe3 HasiBHICTh HyKjea3, aie Bcepenuni EVs abo iHmmx
TUIIIB KOMILJIEKCIB HYKJICTHOBI KHCJIOTH, HWMOBIpHO, 3axuiieHi. EVs Hapasi
BUSBJICHO B OLIBINIOCTI O10JI0TIYHUX PIJIMH, BKIOUaroun TiT [359, 145]. BoxHouac,
MOJAJIBII TOCTIPKEHHS HYKJIETHOBUX KUCIOT B EVs mory € HeoOXigHUMHU st
3’sICyBaHHS 1X TMOTEHIIIITHOI BaXIMBOCTI JJIsl OIIYKY O10MapKepiB.

Hait6inpm crmiBcraBiena DNA 1 HaitOinbin npeacrapiena mRNA y 3pa3kax
noty Oyau MITOXOHAPIMHOTO TMOXO/KeHHs. byrmo mokaszaHo, 1m0 MITOXOHIpIT
BUBUIBHSIOTBCA  KIITHHAMHM IIJI 4Yac OKHUCIIOBaJIbHOrO crpecy [121] 1
TpaHcnoptTytoThesi B EVs [130], mpoTe Mu He 3MOIIM BUSBUTH KOJHUX 1HTAaKTHUX
MITOXOHApiN 3a nomomororo TEM y nammx npemnaparax. IloBimomisiocs mpo
HAsIBHICTh MITOXOHJpiitHUX mpoTeiniB B EVs menanomu [138], ToMy MU MOxkeMO
NPUIYCTUTH, IO MiToXoHApiiHa DNA y Hammux 3pa3kax Oyfia pe3ylibTaToM
Mito(arii, sika € HOPMAJIBHOK YAaCTUHOI Tporlecy crapiHHs mkipu [108, 295];
KpiMm TOrO, y KOHTEKCTI MIKIpH, MITOXOHAPIi MOXKYTh TaKOXX TPAHCHOPTYBAaTHUCS 3
MEJIAHOIMTIB TiJI 4Yac BUBUIBHEHHS MEJIAHOCOM, OCKUIBKHM Il TMPOLECH TICHO
acoIriifoBaHi mijg yac MemnaHorenesy [70].

3 iHmoro Ooky, 3aranbHa suepHa DNA Oyna mpeacraBieHa piiie 3 Tyxe
MaJiOl0 KUIBKICTIO KOAYBAJIBHUX TEHIB, TOMl SK JEsAKI HEaHOTOBaH1 JIJISTHKU
BUSIBUWINCH CHJIBHO TIPEACTABICHUMH B yCIX YOTHPHOX 3pa3Kax, 10 BKa3ye Ha Te,
110 L1 MOCHiJOBHOCTI He BunaakoBi. [Hpopmanis npo DNA, sk Bantaxk EVs, Bce
me € cynepewinBoro [172], ocCkiIbKM B OUIBIIOCTI BHIIQJKIB BOHA MOXKE
IpWIKANATy A0 moBepxHi EVs. 3anummiock HE3pO3yMiInM, sIK OXapaKTepru30BaHa
DNA nos’s3ana 3 EVs nory, ane nyxe WMOBIpHO, 1110 4acThUHA (pparmeHTiB DNA
MOB’sI3aHA 3 aMoONTOTUYHWMHU TIJIaMH, SIKI YTBOPIOIOTHCS B PE3YAbTATI CEKperlii
MIKIPHOTO cajia, 310paHOro MOTOKOM MOTy mif 4ac ¢izuunux Bmpas. L1 mani
Y3TOKYETHCS 3 HASBHICTIO HYKJICTHOBUX KHCIIOT OaKTepiil, TUITOBUX VISl CalbHHUX
3a5m03, Takux sik Propionibacterium (Cutibacterium) acnes 1 MoB's3aHUX 3 HUMH

OaxTepiodaris.
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CexBenyBanHns small RNAs 13 Manoi KUTBKOCTI 3pa3KiB € CKJIAJHUM
3aBIaHHSM, M0 TPHU3BOAUTH N0 BEJIMKOI YAaCTKH HEKAPTOBAHUX 3YUTYBaHb.
[Tokazano, mo RNA B EVs BHUABIAIOTECS SK Ha IMOBEPXHI, TaK 1 BCepeauHl
MIKPOYAaCTHHOK, TO1 5K neski Buau RNA (6ibme 200 bp) B3arai BiACyTHI.

Haiikpame BuBdenumu EVs-acomifioBanumu RNA € miRNAs. He3saxkarouu
Ha Te, 110 MU He BUKopucToByBaiu RNAse, orpumMaru KijibkicTe RNA, siky MoxHa
JIETeKTyBaTH, € CKJIaJHUM 3aBAaHHAM. HaBiTh 3 mpoTokonom st small RNA warmi
3pazku 37e01Iboro BkiIrodaan tRNA 1 miscRNA 3 HeBeIUKUM MpeCTaBICHHIM
miRNA. Tum He MeHII, MM 3MOIJIM MiATBEPAUTH HASBHICTh HaBITh HaMEHII
npencrasieHoi miRNA y OuibmiocTi 3pa3kiB, MPOTECTOBAHHUX 3a JOMOMOIOKO
qPCR. Ha ocHoBi BcranoBieHoro crnucky miRNA Mu 3Mormm iaeHTH(IKYyBaTH
miR21-5p 1 miR26a-5p sk 3anexHi BiJ (I3MYHOrO HaBaHTaxkeHHs [ 145].

Buxopucrtanus miaxomay HEyNEpeIKEHOTro CEKBEHYBAHHS OKPEMHUX 3pa3KiB
niarBepauiao nepeBakanHs tRNA, rRNA 1 miscRNA, mo cnocrepiranocs B
Oaratbox 1HIUX gociikeHHIXx RNA 3 EVs [348]. Bigblm HecmoaiBaHUM
BusiBuwiocs ineHTudikyBanHs monHax 500 RNAs, mo KoayoTh MpOTEiHH,
npuHaiiMHl B 9 3pa3kax. Panime omnyOmikoBaHI JaHl BKa3ylOTh Ha KUIbKa
MOXJIMBUX mosicHeHb HagBHOocTi MRNA: mRNA 3HaxomuThess B CKiIadl
pOTEeTHOBUX KOMIUIEKCIB [348] abo moB’s3aHa 3 CEKPETOBAaHMMH pHOOCOMaMHU
[318], sxi yacTkoBO 3axumarTs MRNA Big aerpagamii. Byno Takox IikaBo
nobaunTH, mo 3HayHa yacTka MRNA moty, 30arauenoro EVs, € cminpHOIO mi1s
TPAHCKPUIITOMY €KKPUHHOI 3ano3u moguHu [218]. Anamiz GO 3peOuibmioro
MoKa3yBaB 30aradeHHsi pUOOCOMHUMHU KOMIIOHEHTAMH 1 €JIeMEHTaMM TPaHCIISIIII,
ajJje HEe MaB YITKOrO KJIITMHHOTO TIOXOM)KCHHS, OCKIJBbKH  OUIBIIICTh
iaeHTrikoBaHuX MRNA, sk nMpaBuiio, eKCOPECYIOThCS PIBHOMIPHO. MOXIIUBICTh
TOrO, IO TIT, 30arayenuii EVs, crnpaBai MiCTUTh MOBHOPO3MIPHI (PyHKITIOHABHI
mRNA, mBuame 3a Bce, BimoOpaxkae (QyHKIIOHATLHUNA CTaH KIITHH, SIKI
BUBLIBHSIOTE EV's, 6e3 Oyb-aKo0i okpeMoi QPyHKITIi.

JlonaTkoBuii 1HTEpeC TMPEACTABISIE HASBHICTh MIKPOOIOMHUX YAaCTHHOK.

HalinommpeHimMu TUMamMH, 1A€HTHU(PIKOBAaHUMHU 3a gonomoroto ananizy NGS
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(Next Generation Sequencing), O6ynu Proteobacteria, Actinobacteria, Firmicutes 1
Bacteroidetes, siki 3a3Bu4ail 3ycTpiualoThcs Ha pykax Ta B maxy. Proteobacteria
JIOMIHYIOTh Ha 00nu4a4i Ta Tyiayoi [105].

MeTtareHOMHI JTOCIIIKEHHS, MTO10H1 A0 TOTO, IO MPOBOAUIIOCS B MiA3EMHII
cuctemi Hpro-Mopka, Haganu Garato inpopmarii Opo MiZ3eMHHX HpPAI[iBHUKIB i
MIKpoOiOoM 1XHBOT IKipH. Byno miakpecnaeHo, 1o reHeTnyHa iHdopmallisa Ha mKipi
HAJICKHUTh, K BIACHOMY T€HOMY JIIOWHHM, TaK 1 TCHOMY MiKpoOiomy mikipu [4].

Hamn gani y3ropkyroTbes 3 pe3yibraTaMyd MeTa-J0CHiI)KEHb Ta BUCHOBKOM
mpo te, mo DNA mogunu, 3i0paHa B IIMX METareHOMHHX JTOCIIPKEHHSX, [ITBUIIIIE
3a BCE€, MMOXOJIUTH/3HAXOIUThCA B JItoAchkoMy ToTy. 11100 3’scyBaru, un mae Oynb-
ska 3 i1eHTudikoBaHux RNA KIIiHIYHY HIHHICTH MOTPI1OHI MOAAIBIII JIOCIIIKEHHS.
3okpema, SNP (Single Nucleotide Polymorphisms), BusiBienuii y neskux
oxapaktepuzoBannx MRNA, moB’s3aHUl 3 BIJOMHUMH 3aXBOPIOBAHHSMH, IO
noTpedye MiATBEPAKCHHS 3 BUKOPUCTAHHSAM OLIBINIOIT KiTBKOCTI 3pa3KiB.

Hanpuknan, CALM2, mRNA sikoi Oyina i1eHTudikoBaHa B yCiX 3pa3kax, Mae
SNP, moB’s3aHi 3 CEpIEBOI0 apUTMIEI0 Ta PANTOBOIO CMEPTIO MOJOIUX JIOIEH
nicas ¢gizuuHux Bopas [8]. Jlumie Ounbln MacmTabHI JOCHIKEHHS MOXKYTh
BCTAHOBUTU, YU MOXJIUBO 17eHTH(IKYBaTH KIIHIYHO TIOB’Si3aHI BapiaHTH 3a
anajnizoM RNA moty. Takox, BBakaeThes, 110 1HII ieHTH(IKoBaHI MisSCRNA, Taki
gk RNY1, 3 1 4 MaroTh M1arHOCTUYHUMN MOTEHINaN JJIsl 3alajbHUX 3aXBOPIOBaHb
[81] 1 kannieporenesy [110].

Ha BigMmiHy Big iHmmMX OlonoriyHux piaud, EVs moty He Oyiau MIMPOKO
nociimxkeni [ 18, 145, 359]. OcHOBHOO NMPUYUHOIO IHOTO MOXYTh OyTH MOTEHI1HHI
oOMeXeHHsI uepe3 HU3bKy KOoHIeHTparito EVs y moTi Ta BUCOKY BapiaOeibHICTh
BMICTY MOTY MK OKPEMHUMHU JIt0AbMHU. Hamn BnacH1 1aHi 00 3arajibHOrO CKiaay
NOTy TMOKa3aju JOCUTh BHCOKY KOPEJSLII0 3 OMyOJIKOBAHUMHU JOCIIIKEHHSIMU
[255, 3, 117, 35, 36, 366], ane TakoX BHUSBWIHM IPOTEIHU, MPO SIKI paHIIE HE
noBiiomysiiocst. CkJlan MOTy AYXKE TUHAMIYHUN 1 3aJeXKUTh BiJ METabOII3MY,
TEMIIepaTypy Ta M’ sI30BO1 aKTUBHOCTI, IO BIUIMBAE€ HA KIIBKICTh PITUHU, BMICT

miRNA, koHIleHTpallit0 10HIB 1 MeTaboMITIB. TaKUM YMHOM, PE3yJIbTaTH aHaJi3y

176



NOTy 3ajieXaTh B4 METOAIB 300py 3paskiB. 3arajoM, TpH pi3HI cTparerii
CTUMYJIIOBaHHS BUPOOJICHHS MOTY ISl JOCIHIIKEHS MPOTETHOBOrO CKjamy, Oyiu
BUNPOOyBaHi Ha MoAsax [367, 35]: apMakoioriuHe XoJiHEpPriyHe CTUMYIIOBaHHS
10HO(OpEe30M TMITOKApIiHY, MIABUIIEHHS TeMIeparypu Ta (i3u4yHi BIpaBU.
CTuMynioBaHHSl MUIOKApPIIHOM Yy TOEIHAHHI 3 cUCTeMolo 30opy Macroduct
BiloOpakae «0a3oBe» MOTOBHUAUICHHS, ajié BOHO € JIMIIE 4Yepe3 aKTUBAIilo
OJTHOTO THUITy PEIENTOpPiB (MyCKapHHOBUX PEIENTOPIB), i€ HA HEBEIHKI JIJISTHKH
IIKIpU, Ma€ MaJIMA BUXIJ MOTY Ta BITHOCHO HU3bKY TOYHICTH YEPe3 3MIITyBaHHS
noty Ta piguHu remo [341]. Meron 300py MOTY, SIKHH BUKOPHUCTOBYETHCS B
HaIllOMY JIOCJIJPKEHHI (BEJIOCUIEAHI BIPAaBM B OJHOPA30BUX ILJIACTUKOBUX
PYKaBHIIX Ta IUIaIli), MPU3BOAUTH J0 BUJLICHHS BEIMKHUX OOCATIB IOTY, SIKUM
MICTUTh CYMIII IMIKIPHOTO caja, €KKPUHHOIO Ta AalOKPUHHOIO IOTY 3 PI3HUX
yacTUH TuIa. BiH BKJIIOYa€ KOMIIOHEHTH, CTUMYJIbOBAHI M'SI30BOIO JiSUTBHICTIO, a
TaKOXX HarpiBaHHSM Tijia.

B enuniil myOumikanii, 0o Onucye MpOTEOMIKY €K30COM, OTPUMAHHUX 3 MOTY
[359], BUKOpPUCTOBYBaJUCh OO ’€AHAHI 3pa3ku MOTy BiA 13 y4yacHUKIB, SsKi
TpeHyBasics B skapky norony (35 °C). Buainenna small EVs 3a momomororo
TPaIEHTHOTO  yIbTPAllGHTPU(YTyBaHHA 3  OKPEMHUX 3pa3KiB  BHUSIBUIIOCS
HEMOXXJIMBUM, 4Yepe3 Te, 10 Buxia OyB HaaTo HU3BKUM. 3amicTh small EVs mMu
30cepequiiics Ha OUIpll  IIMpPOKOMY Jiana3oHl EVs 1mory, BHUIUIEHHUX 3a
nomnoMororo size-exchange chromatography 3 Bukopucranusm konoHok ExoEasy
(Puc. 2.1). Mu BU3HauMJIM POTETHOBUI CKJIaJ OKPEMHUX 3pa3KiB MOTY, 30araueHux
EVs, 3a ymM0OB, NOAiOHUX 10 THX, SIKI MM BUKOPHUCTOBYBAJM JJISI aHANI3Y BMICTY
RNA y nori, 36arasenomy EVs.

[licns anam3y ckiagy npoTeiHiB B ycix 3pa3kax EVs Mu BuzHaumim
«ocHoBy EVs noty», o Bxitodana 240 mpoTeiHiB, siki Oyiu 11eHTH(IKOBaHI B yCIX
poTecTOBaHUX 3pa3kax. TumoBi Mmapkepu EVs, Ttaki sk CD63, CD9, ALIX,
syntenin-1, annexin A5, HSP90, HSP70, Oynu ineHTudikoBaHl cepes LUX
«ocHoBHUX» mnpoTeiHiB EVs mory. Kpim Toro, mu inentudikyBanu [eski

NOTEHIHI Mapkepu paky, Taki sk LRGI, tetraspanin-8, PSA (prostate-specific
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antigen), TACD2 1 glypican-1 [133, 381]. Cepen mux mapkepiB PSA moxe
CTAaHOBUTU OCOOJIMBMI 1HTEpEC, OCKUIbKM BUSBICHHS PSA B cupoBarii KpoBi €
HaNUTMOMIMPEHIIIUM METOJIOM ITOYaTKOBOTO CKPUHIHTY paKy MPOCTATH.

[HIIMMU ~ KJIIHIYHO  MIATBEP/KEHUMHU  MPOTETHOBUMH  OioMapkepaMu
3aXBOPIOBAaHHS, BUSIBICHUMHU B 1OTi, 30araueHomy EVs, O0yB C-reactive protein,
IIMPOKO BUKOPHUCTOBYBAHUI MapKep 3alajieHHs, SIKUi BUSBISAIOTH 33 JOIMOMOTOIO
aHami3iB KpoBi, alanine aminotransferase (ALT), aspartate transaminase (AST) i
lactate dehydrogenase (LDH) [355]. ALT — 1mie eH3uM, SKHMil B OCHOBHOMY
MICTUTBCS B KITITMHAX MEUYiHKH, 1 1OTO BUBUIBHEHHS B KPOBOTIK YacTO MOB’S3aHE 3
nonikoxkeHHAM nedinku [281]. AST, sk 1 ALT, B OCHOBHOMY MICTUTBCSI B MEUIHII],
ajle TaKoX TPHUCYTHS Y KIITHHAX CEpPIEBOI Ta CKEJIETHOI MYCKYJaTypH.
[TinBumenna piBHa AST y KpoBl BKa3zye Ha NOWIKOJKeHHs TkaHuH. LDH €
CH3UMOM, SIKUWA Oepe ydacTh y KIITUHHOMY MeTa0oJi3Ml Ta MICTUTBCS B PI3HUX
TKaHWHAX, BKIIOYAIOUN Ceplle, MEUiHKy Ta ckeleTHi M’ sa3u. Iligpumieni pisai LDH
B KPOBOOOITY 4acTO MOB’S3aHI 3 MOIIKOKEHHSM TKaHWUH a00 3aru0esuito KIITUH
[360]. HasBHicTs ALT, AST 1 LDH y 36arauenomy EVs noty cBiquuTh 1po e, 1o
EVs nory Mae moTeHIian ajis OI[IHKK 3J0pOB’S TMEYIHKU Ta Cepls, a TaKOXK
PO371a/1iB OITOPHO-PYXOBOTO amapary 3a JIOIMIOMOTOI0 He1HBa3UBHMX IT1IXOIIB.

Mu cnocrepiraimu O6arato momiOHOcTed MK NpoTeiHOBUM ckianom EVs
MOTY 1 paHinie onyOIiKOBaHUMH JaHUMHU, 10 ONMUCYIOTh EVs 3 iHImMX 010J0T14HUX
pimuH mroauHU, ocobmuBo ceul [381]. HemoxiamBO 3p0oOMTH BHCHOBOK, YHM BCI
iieHTugikoBaHl npoteinn EVs moty noxoasTe Oe3nocepenHbo 31 LIKIpU Ta
MOTOBUX 3aJ103. MOXJIMBO, 110 Jiesiki EVS BHYTpIIIHIX OpTraHiB TPaHCIOPTYIOThCS
KpPOB’10 Ta MEPEHOCATHCS JI0 MOTY 3a JOTMOMOTOI0 cuctemu “¢inprparii”’. [omyk y
0a31 manux UniProt mokazaB, mo OUIBIIICT 11€HTU(IKOBAHUX KOMIIOHEHTIB
nporeomy EVs oty ekcnpecyroTbest moBcroau. Jleski 3 HUX 3a3BUYail MICTSATHCS B
miKipi Ta/abo cam30Bil 0000HIT, Taki sk serpin B13, kallikrein-7, ta skin-specific
protein 32, mo mnigBumioe 3HadeHHs EVs B Oionorii mkipu. Kinbka
11eHTU(IKOBaHUX MPOTEiHIB Oynu npucyTHi B EVs 3 KynbTypu KepaTuHOILMTIB, alie

panime He nosigomisuincs B OlopiguHax: NADP-ME1 (NADP-dependent malic
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enzyme), DPP3 (Dipeptidyl peptidase 3), GC (Group-specific component), DPP2
(Dipeptidyl peptidase 2), VCAN (Versican core protein), ALDH7A1 (Aldehyde
dehydrogenase family 7 member Al), LFNG (Beta-1,3-N-
acetylglucosaminyltransferase lunatic fringe). TumoBi mpoTeiHM KpOBi, Taki sK
KOMIIOHEHTH CHUCTEMHU KOMILJIEMEHTY, CYOOJIMHUIII TeMOINI00iHYy, HEeHpOHalbHUN
npotein (neuroserpin), mporeinu siedok (semenogelins 1 and 2), Ta mpotein
kicTkoBoro Mo3Ky Neutrophil elastase (EC 3.4.21.37) [264] O6ynu 3HaiiaeHi B EVs-
30araueHomy 1oti. Lli crocrepexxenHst cBiguarh mnpo te, mo EVs moty MoxyTh
HECTH Marepiai, OTpUMaHUi He JUIIe 31 MKIipH, aje i 3 iHmux opraxis. [loniOHuM
yuHOM EVs 3 KITITHH paky nepeaMixypoBoi 3aj1031 MOKHA 3HATH B cedl [22, 77].

3a ocTaHHI KUIbKa POKIB 3’SBHIIMCS JociipkeHHS EVs, Takux sk OMYV,
oTpuMaHi 3 GakTepiii. Ix ponpy Oyna omucaHa y 6ararbox MpOLECAX, BKIIOYAIOUM
CTUMY/IIOBaHHS martoreHe3y [98]. byno nokazano, mo OMV MOXyTh 1HAYKYyBaTH
cnenudiyai iMyHH1 Biamoimi [290]. Hame gociipkeHHS € MEpUIUM, Y SKOMY
MOBIJIOMJISIETHCS. TIPO MPOTETHOBUI ckilan OaktepiitHux EVs y mronchkoMy MoTI.
Xapakrepuctuka EVs MikpoOioTH MOTYy MOXe OyTH BaKJIMBOIO IS aHai3y
HIKIpHUX OakTepiiHUX 1HQEKIIH, a TakoK HelH(PEeKUIMHUX 3aXBOPIOBaHb,
OB’ SI3aHUX 31 3MIHOIO OAKTEPIMHOTO CKIIAy IIKIpH, BKIIOYAIOUYH ITyKpOBHiA AiabeT
[371]. Mu noka3zanu, uo Actinobacteria € Hainomupenimum tunom EVs noty, 3a
AKUM WayTh Proteobacteria Ta Firmicutes. IlopiBHSHHS 1MX pe3y/bTaTiB
MpOTEOMIKA 3 HammM aHaimizoM EVs moTry Ha OCHOBI HYKJIEIHOBHUX KHCIIOT
MOKa3aJio BHILY YacTKy Actinobacteria Ta MeHIy yacTky Proteobacteria. 3aramom,
TaKCOHOMIYHE PI3HOMAHITTS OakTepiasibHUX MpoTeiHiB B EVs mnorty nobpe
KOPEJIOBAJIO 3 JJAHUMHM 3arajJibHOTO MOTY Ta BioOpakaJo BUCOKY BapiaOebHICTh
CKJIaZy MIKPOOIOTH IIKIpHU MK OKPEMUMU 1HIUBIIAMHU.

BaxnuBum (daxktopoM, mo oOMexye KiiHIYHE BHKOpUCTaHHS EVs morty
OYMILIEHUX 3a JIOMOMOror0 kKonoHok ExoFEasy, € HeoOXiOHICTh BETUKOI KUIBKOCTI
noTy (10 KUIBKOX COTeHb MUIUITPIB). ToMy HeoOxigHa po3poOKa MEHIIHUX,

3pYYHUX JJII KOPUCTYyBaua Ta EKOHOMIYHO €()eKTUBHUX MOTOBJIOBIIIOBAYIB.
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[pgporeni Ha OCHOBI anbriHaTy paHillle BUKOPUCTOBYBAJIHUCA TS
iHKancynauii Ta noctaBku EVs g mikyBanHs iH(papkTy Miokapaa [189] 1 ans
3aroeHHs paH npu aiadeti [373]. Hamn gocnimkeHHs Moka3aiu, 10 ajbliHATHUN
IUTACTHUP MOXKHA BUKOPUCTOBYBATH JJI1 BUBYCHHSI MPOTEiHOBOTO cKiaay EVs.

Xova OUIBIIICTh KJIacMYHUX MapkepiB EVs He Oynu BusiBiIEH1 y 3pa3kax
macTupiB, BoHu MicTuian CD63, skuii, sk 1MoKa3aHo, € OCHOBHUM MapkepoMm EVs
noty [18, 145].

[likaBo, 110 aJbriHATHUM IIJIAaCTHpP 30MpaB JdyXKe MaJlo MPOTEiHIB
OakTepiiHOro moxomkeHHs. Lle MoXe CBIAYUTH MPO BIIMIHHOCTI y 3B’s3yBaHHI
EVs 3 pi3HuM cknagoM MeMOpaHW 1  aibliHATHUM  [UIACTUPEM, IO
BUKOPHUCTOBYBABCSl B JOCHIKeHHI. OTpuUMaHl pe3ylbTaTH MOXYTh 3a0€3MeUuTH
pileHHs A BiaAiieHHs moackkux EVs Bin Oaktepiitnux EVs, mo npeacrabise
cepio3Hy mpobieMy i OlopiauH 1 Oararmx OakTepisiMHU 3pa3KiB, TaKUX SK
dexamnii [40].

['inokcis (3HM)KEHA KOHIIEHTpALlisl KHUCHIO), SIKA € 3arajbHOI0 O3HAKOIO
MyXJIUH, TIOB’si3aHa 3 MPOTPECYBaHHSM 3aXBOPIOBAHHS Ta MOTAHUM IMPOTHO30M
[140]. T'inokcuyHMiA CTpec MPU3BOAUTH 1O YMCICHHHX 3MIH SIK BCEpEIUHI
MyXJUHHOT TKaHWHHW, TaK 1 B MIKPOOTOUEHHI MyXJWHHU, CIPUUYUHSIOUH KpaILy
aJanTaIlifo J0 HU3BKOTO PIBHS KHCHIO. BBakaeThcs, IO 3MiHM B IIBHAKOCTI
BUPOOHUIITBA Ta ckjJaal EVs € omHuM 13 MeXaHi3MiB, 3a JOMOMOTOK SIKUX
MyXJIMHHI KJIITHHUA PEarytoTh Ha TIMOKCUYHI cTuMyiu [ 166, 284, 384].

InnykyBanHa cekpeuli EVs rinokciero, sike crnocrepirajiocs B HalIOMY
JOCIIIKEHHI, € nomupeHuM siBuieM. Lleil eHoMeH € XapakTepHuM AJisl 1HIIHMX
TUIMB TyXJUHHUX KITHH: MEJaHOMH, TIOOJaCTOMH, TIPOCTATH, SE€YHHUKIB,
MOJIOYHOI 3aJ03U Ta paky JjereHi. KpimM Toro, HOpMmadbHI KIITUHH, TaKl SIK
KapaioMmionuty [232] 1 KIITHHA TPOKCHMAIBHUX KaHAIBIIB HHUPOK [372],
301IbIIYI0TE BUpOOHUITBO EVs mig BmimBoMm rimokcii. Mu mokasanu, IO
CIPUYMHEHE TINOKCI€E MpoayKyBaHHS EVs aneHOKapIMHOMHMMH KIITUHAMHU
HUPKU MuIi JiiHiT Renca Oyno HaGararo CUIBHINIMM MOPIBHSHO 3 KIITUHAMU 786—

O moauHu, MO Moke OyTu MoB’si3aHo 3 BigMiHHOcTsAMu B HIF-3anexHomy
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CUTHAJIIOBAaHHI Yy [MX JBOX KIITUHHUX JiHigx. Jlilicno, xmituan Renca
excripecyrorh VHL nukoro tumy, Tomi sk kiituau 786-O € VHL—nedextanumu ta
He ekcripecytoTs HIF-1a [201].

VY OLIBIIOCTI AOCTIIKEHb HE BUSABICHO BIAMIHHOCTEH y PO3MOALIL pO3MIPIB
EVs Mix rinokciyHuMu Ta HOpMOKcMuHUMU EVs, X0ua noBiIoMIIsiIocs Mpo 3MIHU
B cepenHix po3mipax EVs mis pizaux cyodpaxuii EVs nis KIIITUHHKX JIIHIA paKky
nianuryHKoBoi 3amo3u [240]. YV HamioMy mOCHiTKEHHI OyJ0 BHUSBICHO, IO
mupmuil  gianazon EVs (3a po3mipom) mnponykyerbes kimituHamu RCC, ki
KyJIbTUBYBAJINCh 332 YMOB TiMOKCIi, MOPIBHSIHO 3 HOPMOKCIEIO, IPU KIJIBKICHOMY
BU3HaueHHI 3a gonomororo NTA. BopHowac, He Oylo BHSBIEHO TaKHX
BIJIMIHHOCTEM 3a po3MipamMu y BHUINAJKy aHamizy Ha ocHoBi ExoView. Li
PO30DKHOCTI MOXYTh OyTHM MOB’Si3aHI 3 PI3HUMHU ONTUMAJILHUMH Jl1alla30HaMu
BusiBiieHHs 17151 ExoView (50-100 um) 1 NTA (monax 90 um) [94].

B kigpkox myOmikaiisix OmMcaHo BIJIMIHHOCTI B IIPOTETHOBOMY CKJIaJl MIXK
EVs, BupoOneHuMu 3a ymMOB TiloKcii Ta HOpMokcii [236, 137, 338, 126].
3araqbHUM CIIOCTEPEXKEHHSIM € Te, W0 piBHI Oararbox mporeiniB EVs
M1JBUIIYIOTHCS 32 YMOB TIMOKCI1, TOAL SIK AYX€ MaJo MPOTEIHIB 3HUKYETHCS 32 LIUX
yMmoB. OHaK CIUCKH MPOTEIHIB, M0 NU(PEPEHIINHO eKCTIPECYIOThCS MPHU TIMOKCIT
a00 HOPMOKCIi, 3HaYHO BIAPIZHSAIOTHCS MK JOCHIDKEHHSAMU. [IpakTuuHOo Hemae
abo myxe maio 30iriB y EVs onucanux ans mmo6mnactomu [137], menanomu [338] 1
KOMOiHAIli KITHH MEJIaHOMH, IUIOCKOKIITHHHOI KapIMHOMH INKIpH Ta
aJICHOKAPIIMHOMH JIETEHI, 0 KYJIBTUBYBAJIUCh Y CHCTEMI IMMOPOXHUCTUX BOJIOKOH
[236].

Sk 1 ouikyBanocs, npoTeiHu, 30aradeHi rinokciero B Renca EVs, Oynu B
OCHOBHOMY IIOB’si3aH1 3 IUIa3MaTHYHOI0 MEMOpaHor. [neHTu(iKoBaHO KijIbKa
IHTETPUHIB, 1HIYKOBAaHUX BIUIMBOM TiMOKCIi, 110, WIMOBIpPHO, BiJI0Opa)kae 3MiHU B
MDKKJIITUHHIA ajre3ii, BaXKJIMB1 JJIs1 po3BUTKY paky [12]. Byma po3missHyTra poin
iHTerpuHiB EVs y pi3HOMaHITHHX Naro(i3ioOTIYHUX CTaHaX HUPOK, TAKUX SK
MeTacTa3| MyXJIMHU, HEBPOJIOTIYHI PO3JIaId Ta IMyHOJIOTIYHE perymtoBaHHs [285].

[{ixaBo, 1m0 B HAIIOMY AOCJIPKEHHI MU BUSIBWJIM TOAIOHICTE MK NpOTEIHAMU
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EVs, piBeHb SKHX MiJBUIIYBaBCA 3a YMOB TINMOKCIi, 1 cuckoM 13 61 mpoteiny,
3HaliaeHoro nuunie B EVs, oTpuManux 3 KapaioMiOLMTIB, SIKI KyJIbTHBYBAJINUCH 32
YMOB T1MOKCI1i, TOPIBHSAHO 3 HOpMOKcieto [232]. Lli 3aranpH1 mpoTeiHN BKIIIOYAIOTh
BAXKKUH JIAHLIOT aHTUTEHY KIITUHHOI moBepxHi 4F2, KicTkoBU MOp(hOTreHeTHIHUN
npoteid 1 1 TpaHcnopTep HeHTpanbHOI aMmiHOKKCTOTH B(0).

[IpuurHM CYTTEBUX BIIMIHHOCTEW y pe3yibTarax JOCIHIKEHb MOJATaloTh He
JUIIe B CHEHMU(PIYHUX peakIisix Ha TINOKCII0, ale W y pPI3HOMaHITHOCTI
BUKOPHUCTOBYBAaHUX METOAIB ouMIleHHA. [lepeBakHa OUIBIIICTh AOCHTIIKEHB, IO
OMHCYIOTh €(EeKTH Tinokcii, aHamizyBanmu EVs, Buaiieni abo MOCTiJOBHUM
yabTpaleHTpudyryBantsaM, abo npenumnitaiieto [384], ki J03BOISAIOTH OYUCTUTH
BEJIMKY KUTBKICTh KOHTAaMIHAHTHHUX MpOTeiHiB. [ligxomu 10 130J110BaHHS Ha OCHOBI
rpajlieHTa IIIJIBHOCTI Ta EKCKII031MHOT Xpomarorpadii, ki BUKOPHUCTOBYBAJIUCS B
HaIIOMY JOCIIKEHH1, JO3BOJMIN 130JII0BaTH 4iTKiII momnyisamnii EVs 3 MeHmoro
KUTBKICTIO 3a0py/THEHb.

Ha cporogHi € Bkpail HEOOXIJHUM IMOIIYK HOBHUX METOMAIB IIBUJKOI Ta
HAJIMHOI OIIIHKK BiAMIHHOCTEeH Yy ckiaai EVs, 3yMOBIeHHMX 30BHIIIHIMU
noJipa3HuKamMu ab0 OyTH pe3yJIbTaTOM Pi3HUX MiAXOAIB 10 BuAUIeHHS. Hamu Oyno
3po0iieHO  crpoOy oxapakrepusyBaim  EVs 3a  pgomomoror PamaHiBCBKOi
cnekrpockorii. Y Toit yac sk EVs MoxxyTh OyTu oxapakTepu30BaHi 3a JOIMOMOTO0
3BuyaiiHoi RS, SERS € HalimomupeHimyM METOAO0M, IO 3aCTOCOBYETHCS s
xapakrepuctuku EVs pizHoro noxomkenns [263]. OauH 3 MiIXOMAIB TMOJSITaE B
noenHanHl SERS 13 3axomnennsm EVs aHTuTInamMu 0OpOTH  BE3UKYISIPHHUX
MapkepiB, Takux ik CD63 1 CD9, nanpukian, y Mikpoduoinaux 6iouinax [343] ta
imyHnoanamizi [181, 344]. i nocmimkenas SERS mponeMoHCTpyBaiy KOPEIAIIiio
MDK nyxJiuHHUMH EVs Ta Mapkepamu €K30COMHHX MpoeTiHiB [286]. HemonaBHo
Oyno mokazano, o TG-SERS 13 HanowacTHHKaMU 30510Ta MOXKe BiJIpi3HIATH EVs,
0 BUPOOJSIOTHCA EPUTPOIUTAMHU, BiJ] THUX, IO TEHEPYIOTHCA TPOMOOIMTaAMHU
[156].

Hamu Gyno po3poGineno HoBi Bapiantu metoaiB TG-RS 1 TG-SERS, ski

JIO3BOJIMJIM BUSIBUTU BIAMIHHOCTI B ckJiaji EVs, BUpOOJIEHMMHU B TIMOKCUYHMX 1
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HOPMOKCHYHUX YMOBaX in vitro. JI7s1 po3pi13HEHHS HOPMOKCUYHOTO 1 TIOKCUYHOTO
ctany, 3a gonoMoroto TG—RS ta SERS, BusiBuincs mikaBuMu AB1 acoIiiioBaHi 3
nporeinamu obnacTi: amigHa IV Big 750 mo 1000 CM*I, Jie IOMIHYIOTh TPOTETHU Ta
Hykieinosi kucimorw; amin III Big 1300 mo 1600 oM, mie NepPeBAKAIOTH JIIITI/IH,
poTeiHu, HyKJIeoTuau Ta iHi MakpoMonekynu DNA/RNA. O6nacts B amimi 111
(BimHECEHA, HANPUKJIIAMI, 10 JIMiAiB abo XxojectepuHy), npuodmuzHo 1405, 1440 i
1455 cm ', BusBase B Hammx BuMiproBaHHaX TG-RS i TG-SERS momitHy
HEOJHOPIJHICTh 32 HOPMOKCHYHHX 1 TIIMMOKCMYHHUX YMOB 1 TMPHU BUKOPUCTAHHI
pi3HUX MeToniB BuAUIeHHs. Cepen ux cMyT € aedopmariii B pailoHii HyKJIECTHOBUX
kucior Ta CH/CH2.

RS nae imauBinyansHuii «Biabutok» 3paska EVs, 1m0 Bkazye Ha 3MiHU B
npoTeiHax, Jimigax 1 HYKJIETHOBUX KHCJIOTax, TOMl SK Mac—CIEKTPOCKOMIs
3a0e3neuye OUIBIN JeTadbHUN aHai3 MOJIEKYJISIPHOTO CKiIany 3pa3ky. Xoda RS He
Hajlae Takoi oOmMpHOi iH(opMallii npo 3pasku EVs, sk KUIbKiCHa MPOTEOMIKa,
BOHA Ma€ SIBHI MepeBaru nepe/ KIiHIYHO A1arHOCTUKOIO 3aB/SKH CBOIM BIAHOCHIN
HIBUIKOCTI Ta JIEIIEBU3HI BUKOpPHUCTaHHS [S5]. Xoda MOCUTH CKIIQJHO MPOBECTU
npsiMe TOPIBHSHHS PE3yJbTariB, OTPUMaHUX 3a jaonomoror RS 1 mporeomumx
JOCJIIPKEHb, TIEBHI CIEKTPAJIbHI MKW, BigMiueHi B RS, MOXyTh BKa3yBaTu Ha
XapakTepHl 0COOIMBOCTI MPOTEiHOBOrO ckiamy. Hampukian, remomporeind Ta
3aJI130BMICHI MPOTETHH B IIIIOMY MOXKYTh OyTH BHUABIIEHI 3a 10M0MOror0 RS (Tab.
1) [151, 265]. IIpoTeinu, mo MICTATh TeM, Taki sK KaTanaza ta nuroxpom C, Oymu
i1eHTU(ikOBaH1 3a JOMOMOTOK MPOTEOMHOTO aHamizy 3paskiB EVs, a mporein
JIETIOHYBaHHsI 3aj113a (EPUTHH € OTHUM 13 HAUTOIMIMUPEHIIIKNX MPOTETHIB, 3HANICHUX
y 3pazkax EVs RCC 3a momoMororo Mac-CreKTpOMETPUYHOTO aHami3y. ICHyoTh
nonibHocTi B cmekTtpax RS, mo cnocrepiratoteess B cyonomyssii  CD9-
no3utuBHUX EVs mopiBHsHO 3 3aranmpHumMu EVs [41], a Takok y Hamomy
nocaimkeHdl. BaxkauBo, mo 30u1bmends KutbkocTi CD9-nosutuBHux EVSs micns
JIKyBaHHS TIMOKCIi Oy710 BUSIBIEHO SIK 32 IONOMOT0l0 BecTepH-00TTHHTY, TakK 1 3a

JIOTIOMOTOI0 TIPOTEOMHOTO aHaJIi3y.
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Bigomo, mo ckimag EVs ta 0lojoriuda akTHBHICTH CHJIBHO 3ajI€KaTh BiJ
METOAY OUMUIICHHS, 110 OOMEXYy€e€ MOXKIUBICTH MOPIBHIOBATH PE3YJIbTaTH PI3HUX
nociimpkens [107]. [iicHO, MU BHSIBWIM, IO PI3HI METOJM OYMILECHHS, MalOTh
HaBITh CWIBHIMIMK BIUIMB Ha pe3ynpTaru aHamizy EVs 3a mgomomoroo RS
MOPIBHSHO 3 BIUIMBOM TINOKCIi, III0 BKa3ye€ Ha Te, IO TexHoiyioris Raman e
KOPMCHUM CIIOCOOOM OIIIHKM MeTOMIB ouuileHHs EVs Ta iX BUKOpHCTaHHSI.
Bimomo, 110 ouMieHHS Ha OCHOBI TpajJi€HTa IIUIBHOCTI TOPIBHSHO, 3
EKCKITIO311HOI0 XpomaTorpadicro 3a3BUYail MPU3BOAUTH JO OTPUMAHHS OUIBIIT
ogHopiaHoi nomyssuii EVs 3 6ibmoro yactkoro EVs, 1o ekcripecytoTs eK30COMHi
MapKepH, 1 MEHIIOK KIJIbKICTIO 3a0pyIHEHb, 1110 TAKOX CHPABEIJIMBO JIJIS HAILIOTO
nociipKkeHHsa. 3 iHmoro 6oky, Buxig EVs micns rpaJi€eHTHOTO OYMINEHHS YacTo
HEJOCTaTHIM JJi1  0araThbOX 3aCTOCYyBaHb, OCOOJMBO JUISI MPOTEOMIKH Ta
TPAHCKPHUIITOMIKH, SIKI BUMAraroTh 0araro BHXIJTHOTO MaTepialy sl KUIbKICHOTO
aHajizy. Y Halomy JI0CIiKeHHI 13010BaHHS EVs Ha 0CHOBI rpajii€HTy MIJIBHOCTI
NpU3BEN0 0 NpHOIM3HO y 8—9 pa3iB HMKYOTO BUXOAY MPOTEIHY, MOPIBHSHO 3
eKCKITIO31iHOI0 Xpomartorpadiero. bymo mokazano, mo CW-RS e mBugkum 1
HaOIAHUM  METOJOM  OIIHKM  4YucToTH EVS, BHALIGHHMX  3BHYAHHHM
yABTpalleHTpU(yTryBaHHSIM, TIOPIBHIHO 3 €KCKIIO31iHOI0 Xpomarorpadiero. Temep
MU TIpojieMoHCTpyBaiu, mo TG-RS mae nHanmiiiHuii aHami3 TpaJieHTHUX 3pa3KiB
EVs 1 moxxe OyTu BUKOpUCTaHUH ISl HOPIBHSHHS METOJIIB OUUIIICHHS.

Ha ocHoBI mpoBeneHuX AOCHTIKeHb 3p00JICHO BHCHOBOK, 1o Time-gated
RS, 3 SERS 1 0e3 Hei, 3a0e3meuye MOMXJIMBICTh BIJHOCHO IIBUAKOTO aHAaJI3y
BIJIMIHHOCTEH y MOJIEKylIspHOMY ckiaal EVs, a Takox BIAMIHHOCTEW, L0 €
PEe3YJIBTaTOM PI3HUX METOJIB ouMineHHs EVs, Tomi sSK Mac—CIeKTpOMETPpUYHHMA
aHaji3 CJIyrye 1HCTPYMEHTOM ISl BiIOOpaXX€HHsS 3MIH KUIBKOCTI OKPEMHX
NpOTEiHIB y THX caMuxX 3paskax. JIOKMiHIYHI Ta KIIHIYHI JOCIIHKCHHS
3HAIOOMATHCS, MO0 OTPUMATH JOKAa3W TOTO, YU MOXYTh 3alPOIOHOBAHI METOIM
OyTH KOPUCHUMU JIJIs1 XapakTepucTuku EVs, BuaieHux 3 010piAvH JIFOIUHH.

EVs, mo BuBiibHsAIOTECA KaiThHaMu RCC mumi (Renca) 1 moguau (786-0),

0 KYyJIbTHBYBaJUCh 3a YMOB TINOKCIi Ta HOPMOKCIi, XapaKTepu3yBalu
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xomOinamiero TG-RS, TG-SERS, mporeomiku, Bectepu-6mor anamizy, NTA Ta
eJIEKTPOHHOI Mikpockorii. Hu3zka mpoteiniB, 0cobauBo THX, 1m0 6epyTh y4acTh y
KJIITUHHIA aares3ii, Oyau HaaMipHO TpencrasiieHl B EVs, cekperoBaHuX KIIiTHHAMU
Renca 3a ymoB rinmokcii. Mu mnpomemocHTpyBaiu, mo TG-RS € mnoryxuum
IHCTPYMEHTOM ISl TIo/10IaHHs mpoOiemMu (poHOBOI (uryopeclieHInii, ska 3a3BU4aii
MacKy€ CHUTHaJI KOMOIHAIITHOTO PO3CIIOBaHHs OUIBIIOCTI O10JIOTTYHHMX 3pa3KiB, 1
mo curHan TG-RS moxna e mokpammrta 3a qonmomororo SERS. EVs, Bumineni 3a
JIOTIOMOTOIO JIBOX PI3HUX METOJIB 130JIOBaHHS, MajM pastoue pi3Hi crekTpu RS.
Takum ymHoM, xombOiHamiss TG-RS 1 TG-SERS mae motenmian nmst po3yMiHHS
AKICHUX 3M1H BMIicTy EVs y BiANOBIAb HAa Takl NOJAPAa3HUKH, SK T1IOKCISI, a TaKOXK

JUTSL aHaUT13y YUCTOTU oTpuMaHux EVs.

185



BUCHOBKH

1. Brepire oxapakTepu30BaHO 0COOIMBOCTI HYKJIETHOBOTO ckiianxy EVs moty
JIOMMHYU, 1HAYKOBaHOTO (¢i3uyHUMH BrpaBamu. BcranoBneno, mo EVs moty
JIOAWMHU MICTATh PI3HOMAHITHI HYKJIETHOBI KHcio0TH, BKItodaroun DNA ta RNA
JIOCHKOTO 1 MIKpPOOHOTO TOXO/KEHHs. BUSBIECHO TakoK HYKJIEIHOBI KHCIIOTU

OakTepii, apxel 1 BIpycCiB, THIIOBUX JJISl MIKpPOO1OMY IIKIipH.

2. Brepuie oxapakTepnu3oBaHO 0COOIMBOCTI MPOTEiHOBOrO ckiany EVs moty
JIOMHY, 1HIYKOBAaHOTO (PI3MYHUMH BIpaBaMu. BCTaHOBIEHO BIAMIHHOCTI y CKJIaJi
NPOTETHIB, BUABIECHUX B PI3HUX 1HAMBIAyalIbHUX 3pa3kax EVs Ta 3arajapbHOroO mory
JIONUHM, 1ACHTU(IKOBaHI TMOTEHIIIWHI OloMapkepu paky Ta 1HQEKIIHHUX
3aXBOpIOBaHb cepesl npoteiniB EVs norty. [loka3zaHo, 1m0 anbriHaTHUN IUIACTHP
Moke OyTH BUKOpUCTaHMM ansi 300py EVs moacekoro mory 3 MeToro ix

BIJIOKpeMJIEHHS B1J OakTepiiiHux EVs.

3. Bniepuie nokasaHo, 110 KOMIUIEKCHE BUKOPUCTaHHS METOAIB PamaHiBCHKOi
CHEKTPOCKOIIi Ta MAac-CIEKTPOMETPUYHOIO aHami3y 3a0e3nedye HOOKY
nudepeHIiiHy OIIIHKY J1ara3oHy PO3MIpiB HAHOYACTUHOK Ta MOJICKYJISIPHUX 3MiH,
3YMOBJIEHUX BIUTMBOM Pi3HUX (DaKTOPIB HABKOJMIIHBOIO CEPENOBHINA, TAKUX SK

T1IIOKCIA.

4. Ha moneni ajicHOKapIIMHOMHUX KJIITHH HUpKU MuI JiHii Renca Bnepie
npogeMoHcTpoBaHo, 1o Ruk/CIN8S € nHoBuMm kommoneHToMm EVs, skmit Bimirpae
BXKJIMBY pOJIb y O10TreHe31 BE3UKYIl, pEeryIloBaHHI iX KUIBKOCTI Ta CKJIaay 3a pi3HUX

KHCHCBUX YMOB CCpPCAOBHUIIIA.

5. Bcranosneno, mo agantepuuii nporein EGFP-Ruk/CIN8S € komnmonenTom
EVs, mo npoaykyroTbesi cTabUIbHUMHM TpaHC(PEKTAaHTaMU KIITHH €MOpP1OHabHOT
nupku monuaun miHlT HEK293. TlpomemonctpoBano 3matHicts EVs 3 pizHum
BMmictoM EGFP-Ruk/CIN85 wmopgymoBatn mposiepaTuBHI  BIaCTUBOCTI  Ta

PYXJIUBICTb KIIITUH N Vitro.
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6. Mac-cniektpomerpuuauM anainizom (GeLC MS/MS) Brnepiie nmoka3aHo, 1o
OUTBUIICTh 1ACHTU(IKOBAHUX MPOTEiHIB, IO IAUGEPEHLINHO EKCIPECYIOThCS B
kiituHax HEK293 3 up-perymoBannsim EGFP-Ruk/CINSS 1 BusBnstorscs B EVs, €

METa0O0JIIYHUMHU €H3UMAaMHMU.

7. Ha Moneni ajieHOKapIIMHOMHHX KIIITHH TPYAHOI 3amo3u mutii minii 4T1 3
up- ta down-perymoBanHsM Ruk/CIN8S usiBneno, mo EVs 13 miagBuiieHum
BMicToM Ruk/CINSS 3 kmitun 4T1 RukUp niacumorors arpecuBHicTh kmiTuH 4T1
WT, Toxi sik 31 3HIm>KeHUM BMicToM 3 KIiTUH 4T1 RukDown — mpurniuyrots. Lli
JaHl miaKpecaoTh BaxiuBy posib Ruk/CINSS y Giorenesi EVs Ta ix BB Ha

KaHIIEPOTCeHE3.
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Taomums 1

ba3oBa iH¢opMmaliist Ipo TOHOPIB Ta KIIBKITH MOTY, 1110 OYB 310paHuit

I'ennep | Bik | Kinbkicts (Mi1) | Homep 3pasky
/K 26-56 80 Koropra
q 56 50 1
DNA cexBeHyBaHHS
26 50 22
28 60 23
Small RNA cekBeHyBaHHS 7K 26-56 | 320 Koropra
q 56 100 1
q 49 150 8
q 25 50 2
q 33 45 4
q 28 30 5
q 24 40 6
q 37 80 7
q 30 36 12
q 32 175 15
q 22 35 16
RNA cexBeHnyBaHHs
q 31 15 17
q 45 78 18
q 44 75 19
q 30 51 20
K 24 60 3
K 27 33 9
K 45 28 10
K 28 11 11
K 49 50 13
K 30 15 14
q 25 80 41
q 30 30 42
q 29 80 43
q 25 105 52
Bu3HaueHHs1 IPOTEiHOBOIO CKIIay

q 37 40 45
q 56 75 47
q 27 40 48
q 29 54 53
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[HI1mM MocmimKeHHS

4 48 175 21
q 24 16 26
4 43 15 32
X 43 6 39
X 57 9 44
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Tabmums 2

BipycHi renu, ineHTH(1KOBaHI B 3pa3zkax «sweat DNA»

Protein names Gene names | Organism Length
Major capsid protein L1 L1 Gammapapillomavirus 9 521
Major capsid protein L1 L1 gp7 gp7 Human papillomavirus type 209 507
Major capsid protein L1 L1 Human papillomavirus 514
Major capsid protein L1 L1 Gammapapillomavirus 9 513
Major capsid protein L1 L1 Human papillomavirus 204 508
Major capsid protein L1 L1 Human papillomavirus 202 528
Major capsid protein L1 L1 Human papillomavirus type 200 514
Major capsid protein L1 L1 Human papillomavirus type 49 509
Major capsid protein L1 L1 Gammapapillomavirus 22 517
Major capsid protein L1 L1 Gammapapillomavirus 12 507
Major capsid protein L1 L1 Human papillomavirus type 94 532
Major capsid protein L1 L1 Human papillomavirus type 8 514
Major capsid protein L1 L1 Human papillomavirus type 48 513
Major capsid protein L1 L1 Human papillomavirus 110 506
Major capsid protein L1 L1 Betapapillomavirus 2 508
Major capsid protein L1 L1 Human papillomavirus 174 507
Major capsid protein L1 L1 Human papillomavirus type 168 523
Major capsid protein L1 L1 Gammapapillomavirus 16 516
Major capsid protein L1 L1 Human papillomavirus type 137 516
Major capsid protein L1 L1 Gammapapillomavirus sp. 517
Major capsid protein L1 L1 Human papillomavirus 138 514
Major capsid protein L1 L1 Human papillomavirus type 37 507
Major capsid protein L1 L1 Human papillomavirus type 94 532
Minor capsid protein L2 L2 Human papillomavirus 120 519
Minor capsid protein L2 L2 Betapapillomavirus 1 520
Minor capsid protein L2 L2 Human papillomavirus type 168 520
Minor capsid protein L2 L2 Gammapapillomavirus 16 507
Minor capsid protein L2 L2 Human papillomavirus 202 498
Minor capsid protein L2 L2 Human papillomavirus type 94 459
Minor capsid protein L2 L2 Betapapillomavirus 2 522
Minor capsid protein L2 L2 Human papillomavirus type 195 516
Minor capsid protein L2 L2 Human papillomavirus type 37 534
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Minor capsid protein L2 L2 Gammapapillomavirus sp. 518
Minor capsid protein L2 L2 Gammapapillomavirus 24 525
Minor capsid protein L2 L2 Human papillomavirus 204 503
Minor capsid protein L2 L2 uncultured Papillomavirus 521
Minor capsid protein L2 L2 Gammapapillomavirus 12 521
Minor capsid protein L2 L2 Gammapapillomavirus 22 517
Minor capsid protein L2 L2 Human papillomavirus 510
Minor capsid protein L2 L2 Human papillomavirus type 200 502
Minor capsid protein L2 L2 Betapapillomavirus 2 529
Minor capsid protein L2 L2 Human papillomavirus type 48 502
Minor capsid protein L2 L2 Human papillomavirus 110 537
Minor capsid protein L2 L2 gp6 Human papillomavirus type 209 519
Minor capsid protein L2 L2 Gammapapillomavirus 9 506
Minor capsid protein L2 L2 Human papillomavirus type 8 518
Protein E6 E6 Human papillomavirus type 94 148
Protein E6 E6 Human papillomavirus type 168 139
Protein E6 E6 Human papillomavirus type 8 155
Protein E6 E6 Human papillomavirus 202 143
Protein E6 E6 Human papillomavirus 140
Protein E6 E6 Betapapillomavirus 2 141
Protein E6 E6 Human papillomavirus type 94 148
Protein E6 E6 Human papillomavirus type 137 142
Regulatory protein E2 E2 Human papillomavirus 157 400
Regulatory protein E2 E2 HpV115gp4 Human papillomavirus type | 481
115

Regulatory protein E2 E2 Human papillomavirus type 94 378
Regulatory protein E2 E2 Human papillomavirus 204 388
Regulatory protein E2 E2 Human papillomavirus KC5 395
Regulatory protein E2 E2 Human papillomavirus 110 454
Regulatory protein E2 E2 Betapapillomavirus 2 459
Regulatory protein E2 E2 Human papillomavirus type 200 401
Regulatory protein E2 E2 Human papillomavirus 398
Regulatory protein E2 E2 Human papillomavirus type 48 396
E4 E4 Human papillomavirus type 160
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus 202 605
(ATP-dependent helicase E1)

Replication protein E1 (EC 3.6.4.12) | El Gammapapillomavirus 22 601

239




(ATP-dependent helicase E1)

Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus 157 601
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Betapapillomavirus 1 620
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus type 94 681
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | E1 Gammapapillomavirus 9 600
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | E1 Gammapapillomavirus sp. 610
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Gammapapillomavirus sp. 604
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Betapapillomavirus 2 605
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | E1 Human papillomavirus type 48 593
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | E1 Human papillomavirus type 200 598
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus type 23 607
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus 138 616
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | E1 Human papillomavirus 204 615
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | E1 Betapapillomavirus 2 605
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus 601
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus type 22 608
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | El Human papillomavirus type 168 600
(ATP-dependent helicase E1)
Replication protein El (EC 3.6.4.12) | El Human papillomavirus 116 602
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | E1 gp3 Human papillomavirus type 209 607
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus type 137 610
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus 600
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus type 49 609
(ATP-dependent helicase E1)
Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus type 37 609

(ATP-dependent helicase E1)
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Replication protein E1 (EC 3.6.4.12) | El Human papillomavirus 610
(ATP-dependent helicase E1)

Small T antigen MW polyomavirus 206
Small T antigen Merkel cell polyomavirus 186
ST (Small T antigen) Human polyomavirus 7 193
Capsid protein VP1 VP1 MW polyomavirus 403
VP1 VP1 Human polyomavirus 7 380
Uncharacterized protein UL126 UL126 Human cytomegalovirus (strain AD169) | 134

(HHV-5) (Human herpesvirus 5)
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Tabnuis 3

bakrepiodaru, inentudikoBani B 3paskax «sweat DNA»

Protein names Gene names Organism Lengt
h

aGPT-Pplase2 domain-containing 3 ZEMANAR 3 Mycobacterium phage 324

protein Zemanar

Amidase ami Propionibacterium phage 287
PAS10

AP2/ERF domain-containing protein AB9 137 Acinetobacter phage 262
vB_AbaM B9

ATP-dependent helicase 71 Arthrobacter phage Caterpillar | 411

SEA_CATERPILLAR 71

ATP-dependent RNA helicase Pseudoalteromonas phage 599
H103

ATPase AAA_core domain-containing BCP78 0083 Bacillus phage BCP78 358

protein

Baseplate J-like protein 39 SEA_ COLUCCI 39 Arthrobacter phage Colucci 373

Beta helix domain-containing protein Eldridge 088 Bacillus phage Eldridge 510

Capsid & capsid maturation protease 13 Arthrobacter phage Caterpillar | 717

SEA CATERPILLAR 13

Capsid and capsid maturation protease 13 SEA MEDIUMFRY 13 | Arthrobacter phage 717
MediumFry

Capsid and scaffold protein Propionibacterium phage PA1- | 186
14

Capsid maturation protease 5 SEA_COLUCCI 5 Arthrobacter phage Colucci 649

Capsid maturation protease SEA C3PO_14 Corynebacterium phage C3PO | 442

Capsid protein Staphylococcus phage 291
philPLA-C1C

Cas4 family exonuclease SEA NATOSALEDA_ 55 Rhodococcus phage 268
Natosaleda

CMP deaminase SEA WEASELS2 199 Rhodococcus phage Weasels2 118

Collagen-like protein PHL308MO00 19 Propionibacterium phage 268
PHL308M00

Collagen-like protein PHL150MO00 19 Propionibacterium phage 268
PHL150M00

DNA encapsidation protein P9AB12kb_p002 Pectobacterium phage 363
DU PP 1III

DNA helicase 52 SEA_HOTFRIES 52 Streptomyces phage HotFries 390

DNA helicase 93 PBI COUNT 93 Microbacterium phage Count 435

DNA helicase SEA LUCKYBARNES 64 | Brevibacterium phage 445
LuckyBarnes

DNA helicase SEA MEAK 33 Propionibacterium phage 317

MEAK
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DNA methylase 65 SEA_ MOOMOO_65 Mycobacterium phage 542
MooMoo

DNA methylase 61 SEA NERUJAY 61 Mycobacterium phage Nerujay | 365

DNA methylase SLPG_00003 Salicola phage CGphi29 328

DNA methylase FLORINDA 85 Mycobacterium phage Florinda | 482

DNA methylase 43 GALAXY 43 Arthrobacter phage Galaxy 439

DNA methylase SEA YASSJOHNNY 96 Mycobacterium phage 187
YassJohnny

DNA methylase SEA MURICA 102 Mycobacterium phage Murica | 602

DNA methylase 61 PBI SMEAGOL 61 Mycobacterium phage 356
Smeagol

DNA methylase 60 PBI MUSEUM_60 Mycobacterium virus Museum | 465

DNA polymerae/primase NIKTSON 56 Arthrobacter phage Niktson 1314

DNA polymerase P9AB12kb p001 Pectobacterium phage 690
DU_PP_1III

DNA polymerase | SEA LUCKYBARNES 45 | Brevibacterium phage 621
LuckyBarnes

DNA polymerase III alpha subunit SEA DARWIN 47 Corynebacterium phage 1097
Darwin

DNA polymerase III alpha subunit SEA C3PO_43 Corynebacterium phage C3PO | 1097

DNA polymerase/primase 54 Arthrobacter phage Caterpillar | 1309

SEA_CATERPILLAR 54

DNA primase SEA LUCKYBARNES 63 | Brevibacterium phage 804
LuckyBarnes

DNA primase 31 P141 31 Propionibacterium phage P14 133

DNA primase Salvo_71 Xylella phage Salvo 833

DNA primase Iz 58 Brucella phage Iz 496

DNA primase/polymerase SEA C3PO_38 Corynebacterium phage C3PO | 847

DNA primase/polymerase 58 SEA NIGHTMARE 58 | Arthrobacter phage Nightmare | 1312

DNA single strand annealing protein Erf | uvFWCGRAMDCOMC203 | Freshwater phage uvFW-CGR- | 226

_065 AMD-COM-C203

Endolysin 20 P11 _20 Propionibacterium phage P1.1 | 284

Endonuclease 45 SEA_THESTRAL 45 Streptomyces phage Thestral 400

Endonuclease VII 18 SEA PHISTORY 18 Gordonia phage Phistory 342

Exonuclease WIZZO 26 Propionibacterium phage 348
Wizzo

Exonuclease MRAK 36 Propionibacterium phage 313
MrAK

Exonuclease Pseudoalteromonas phage 292
H103

Gp008 Pepy6gene008 Rhodococcus phage 118
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ReqiPepy6

Gp067 Pepy6gene067 Rhodococcus phage 226
ReqiPepy6

Gp069 Poco6gene069 Rhodococcus phage 297
ReqiPoco6

Gp077 Pepy6gene077 Rhodococcus phage 193
ReqiPepy6

Gpl4 PaP-PAS50 gpl4 Propionibacterium phage 921
PAS50

Gpl6 Propionibacterium phage PA6 | 385

Gp48 PaP-PAD20 gp48 Propionibacterium phage 100
PAD20

H_lectin domain-containing protein PHLO55N00 17 Propionibacterium phage 276
PHLO55N00

Head protein Actinomyces virus Av] 455

Head-to-tail adaptor 14 SEA KYKAR 14 Mycobacterium phage Kykar 125

Head-to-tail connector 12 BARRETLEMON 12 Arthrobacter phage 155
BarretLemon

Head-to-tail connector protein SEA LILBANDIT 8 Propionibacterium phage 115
LilBandit

Helix-turn-helix DNA binding domain 132 PBI_COUNT 132 Microbacterium phage Count 927

protein

Helix-turn-helix DNA binding domain 78 Streptomyces phage 910

protein SEA LIBERTYBELL 78 LibertyBell

Helix-turn-helix DNA binding domain PROCRASSI1 25 Propionibacterium phage 106

protein Procrassl

Helix-turn-helix DNA binding domain 76 PBI_ CAMILLE 76 Microbacterium phage Camille | 925

protein

Helix-turn-helix DNA binding domain 90 SEA_RAINYDAI 90 Streptomyces phage Rainydai 891

protein

Helix-turn-helix DNA binding protein 94 SEA KEANEYLIN 94 | Arthrobacter phage KeaneyLin | 891

HNH endonuclease SEA SCAP1 2 Streptomyces phage Scapl 135

HNH endonuclease SEA ATTOOMI 53 Streptomyces phage Attoomi 101

HNH endonuclease SKKY 47 Propionibacterium phage 100
SKKY

HNH endonuclease 65 SEA_ PHAYONCE 65 Mycobacterium phage 196
Phayonce

HNH endonuclease Rhodococcus phage RRH1 91

HNH homing endonuclease Staphylococcus phage 269
philPLA-C1C

Holin MRAK 21 Propionibacterium phage 133
MrAK

Homing HNH endonuclase endo IDF 12 Enterococcus phage Idefix 167
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HTH DNA binding protein 58 Mycobacterium phage 331
SEA BARTHOLOMEW 5 | Bartholomew
8

J domain-containing protein 75 SEA_FINCH_75 Rhodococcus phage Finch 194

Lower collar protein Staphylococcus phage St 134 282

LysM domain protein 18 JAWNSKI 18 Arthrobacter phage Jawnski 221

Major capsid protein 9 MARTHA 9 Arthrobacter phage Martha 295

Major capsid protein gp79 E3 0790 Rhodococcus phage E3 333

Major capsid subunit 8 JAWNSKI 8 Arthrobacter phage Jawnski 297

Major head protein PHL141NO0O0_06 Propionibacterium phage 315
PHL141N0OO

Major head protein mjh Propionibacterium phage 314
PAD21

Major head protein PHLO082MO00 06 Propionibacterium phage 323
PHL082M00

Major tail protein 16 GORDON 16 Arthrobacter phage Gordon 290

Major tail protein SEA DRPARKER 11 Propionibacterium phage 213
DrParker

Major tail protein 14 SEA RAINYDAI 14 Streptomyces phage Rainydai | 294

Major tail protein LAUCHELLY 11 Propionibacterium phage 212
Lauchelly

Major tail protein SEA C3PO_23 Corynebacterium phage C3PO | 220

Major tail sheath 18 PRINCESSTRINA 18 Arthrobacter phage 482
PrincessTrina

MazG-like nucleotide 41 PBI_PAJAZA 41 Microbacterium phage Pajaza | 249

pyrophosphohydrolase

Membrane protein 7 PBI_HYPERION 7 Microbacterium phage 238
Hyperion

Membrane protein 26 PBI POUSHOU 26 Corynebacterium phage 152
Poushou

Minor tail protein SEA_SUPERNOVA 15 Propionibacterium phage 313
Supernova

Minor tail protein SEA FRANZY 22 Arthrobacter phage Franzy 618

Minor tail protein SEA TIMINATOR 21 Arthrobacter phage Timinator | 446

Minor tail protein SEA_ AQUARIUS 17 Propionibacterium phage 272
Aquarius

Minor tail protein MRAK 17 Propionibacterium phage 272
MrAK

Minor tail protein SEA QUEENBEY 16 Propionibacterium phage 385
QueenBey

Minor tail subunit PHL301MO00 _15 Propionibacterium phage 322
PHL301M00

N-acetylmuramoyl-L-alanine amidase Propionibacterium phage pa33 | 286
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domain-containing protein

N-acetylmuramoyl-L-alanine amidase Propionibacterium phage pa28 | 285

domain-containing protein

Nuclease SEA LUCKYBARNES 47 | Brevibacterium phage 400
LuckyBarnes

p55.1 Xanthomonas virus Xop411 189

PDDEXK 1 domain-containing protein | GMA2 62 Gordonia phage GMA2 331

PDDEXK 1 domain-containing protein | 36 P101A 36 Propionibacterium phage 315
P101A

Pentapeptide repeat protein SEP1 136 Staphylococcus phage philBB- | 209
SEP1

Peptidoglycan hydrolase SEA BRENT 19 Arthrobacter phage Brent 448

phage terminase, large subunit g04 Yersinia phage fEV-1 462

POLAc domain-containing protein GMA2 66 Gordonia phage GMA2 594

Portal 3P141 3 Propionibacterium phage P14 441

Portal protein SEA DRGREY 12 Streptomyces phage DrGrey 450

Portal protein 4 SEA COLUCCI 4 Arthrobacter phage Colucci 476

Portal protein KEIKI 3 Propionibacterium phage Keiki | 441

Portal protein SEA DRPARKER 3 Propionibacterium phage 441
DrParker

Portal protein PHL092MO00 03 Propionibacterium phage 441
PHL092MO00

Portal protein ArV1 002 Arthrobacter phage vB_ArtM- | 476
ArV1

Prim-Pol domain-containing protein Pseudoalteromonas phage 761
H103

Putative amidase PHLO60L00_20 Propionibacterium phage 288
PHLO60L00

Putative bifunctional DNA M22 064 Idiomarinaceae phage 754

primase/polymerase PhilM2-2

Putative bifunctional DNA S708 57 Brucella phage S708 780

primase/polymerase

Putative capsid 6 P1001_6 Propionibacterium phage 314
P100 1

Putative dCTP deaminase PhAPEC7 24 Escherichia phage 168
vB_EcoP_PhAPEC7

Putative DNA helicase GMA2 64 Gordonia phage GMA2 654

Putative DNA helicase PHL111MO01 33 Propionibacterium phage 317
PHL111MO01

Putative DNA helicase PACS 34 Propionibacterium phage 287
PAC5

Putative DNA methyltransferase 55 BRUJITA 55 Mycobacterium virus Brujita 216
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Putative DNA primase Propionibacterium phage 241
PacnesP1

Putative DNA primase PHL111MO1 30 Propionibacterium phage 223
PHL111MO01

Putative DNA primase PHLO85N00 30 Propionibacterium phage 241
PHLO85N00

Putative DNA primase PHL111MO1 31 Propionibacterium phage 133
PHL111MO01

Putative endolysin PHL179M00 20 Propionibacterium phage 296
PHL179M00

Putative exonuclease 7S3 41 uncultured Caudovirales phage | 281

Putative helicase Tb_ORF45 Brucella phage Tb 577

Putative major head protein PHL037M02 06 Propionibacterium phage 316
PHL037MO02

Putative major tail protein GMA2 25 Gordonia phage GMA2 139

Putative membrane protein Twillingate 011 Staphylococcus phage 41
Twillingate

Putative phosphoribosyl-ATP SmphiM6_41 Sinorhizobium phage phiM6 129

pyrophosphohydrolase

Putative portal 3 P100D 3 Propionibacterium phage 441
P100D

Putative portal protein PAC4 3 Propionibacterium phage 406
PAC4

Putative protease PHLO025MO00_16 Propionibacterium phage 385
PHL025MO00

Putative protease PHLO82MO03 16 Propionibacterium phage 385
PHL082MO03

Putative recA-like NTPase vBEcoSSal79w3YLVW_00 | Escherichia phage vB_EcoS 274

039 Sal791lw

Putative recA-like NTPase Sf11_gp7 Shigella phage Sf11 SMD- 276
2017

Putative sigma factor PHLO082MO03 23 Propionibacterium phage 130
PHL082MO03

Putative structural protein GMA2 16 Gordonia phage GMA2 554

Putative structural protein GMA2 9 Gordonia phage GMA2 584

Putative tape measure 14 P104A 14 Propionibacterium phage 921
P104A

Putative tape measure 14 ATCC29399BT 14 Propionibacterium phage 921
ATCC29399B T

Putative tape measure protein PHL112NOO_14 Propionibacterium phage 921
PHL112N00

Putative terminase GMA2 1 Gordonia phage GMA2 559

Putative terminase PHL111MO1_02 Propionibacterium phage 503

PHL111MO01
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Putative terminase large subunit 2 P104A 2 Propionibacterium phage 503
P104A

Putative terminase large subunit ABP12 00064 Acinetobacter phage 433
WCHABP12

Putative type III restriction endonuclease | pllsal4l 49 Brucella phage 11sa_141 141

Putative VRR-DNA nuclease M22 057 Idiomarinaceae phage 136
PhilM2-2

Twillingate 149 Staphylococcus phage 409
Twillingate

Ribonucleoside-diphosphate reductase vBPaeSS218 00016 Pseudomonas phage 607

large subunit (EC 1.17.4.1) vB PaeS S218

Ribonucleotide reductase SEA C3PO 3 Corynebacterium phage C3PO | 171

Ribonucleotide reductase SEA DARWIN 74 Corynebacterium phage 648
Darwin

Ribonucleotide reductase large subunit phiAbaAl 082 Acinetobacter phage 968
vB_AbaM phiAbaAl

Ribonucleotide reductase large subunit SEP1 061 Staphylococcus phage philBB- | 705

(EC1.174.1) SEP1

RIIA-like protein 153 Streptomyces phage 639

SEA ANNADREAMY 15 | Annadreamy
3

RIIB-like protein 164 SEA_ COMRADE 164 | Streptomyces phage Comrade | 336

RIIB-like protein SEA MILDRED21 228 Streptomyces phage Mildred21 | 326

RNA-binding protein Streptomyces phage BRock 523

Scaffold protein PHL179M00_05 Propionibacterium phage 184
PHL179M00

Scaffolding protein SEA LILBANDIT 5 Propionibacterium phage 184
LilBandit

Scaffolding protein MOYASHI 5 Propionibacterium phage 184
Moyashi

Secreted transglycosylase Quidividi_034 Staphylococcus phage 220
Quidividi

SF4 helicase domain-containing protein Propionibacterium phage pa28 | 287

Structural protein Pepy6gene012 Rhodococcus phage 115
ReqiPepy6

Structural protein AB9 053 Acinetobacter phage 178
vB_AbaM B9

Tail assembly chaperone SEA C3PO_27 Corynebacterium phage C3PO | 273

Tail assembly chaperone AB9 056 Acinetobacter phage 131
vB_AbaM_ B9

Tail assembly chaperone SEA LEVIOSA 13 Propionibacterium phage 227
Leviosa

Tail length tape-measure protein Propionibacterium phage pa33 | 921

Tail length tape-measure protein Propionibacterium phage pa63 | 921
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Tail lysin SEP1 028 Staphylococcus phage philBB- | 1401
SEP1

Tail lysozyme 30 TAEYOUNG 30 Arthrobacter phage TacYoung 110

Tail protein 32 BARRETLEMON 32 Arthrobacter phage 427
BarretLemon

Tail protein 19 JAWNSKI 19 Arthrobacter phage Jawnski 448

Tail protein Moraxella phage Mcat20 1460

Tail protein Staphylococcus phage 1151
philPLA-CIC

Tail protein 27 PRINCESSTRINA 27 Arthrobacter phage 645
PrincessTrina

Tail protein 35 KELLEZIO 35 Arthrobacter phage KellEzio 1704

Tail protein vB_RpoS-V16 51 Ruegeria phage vB_RpoS-V16 | 1614

Tail protein Actinomyces virus Avl 731

Tail sheath 14 JAWNSKI 14 Arthrobacter phage Jawnski 482

Tail sheath 15 MARTHA 15 Arthrobacter phage Martha 482

Tail sheath protein AB9 051 Acinetobacter phage 381
vB_AbaM B9

Tail sheath protein SEA CHOCOLAT 18 Arthrobacter phage Chocolat 482

Tail spike protein CPT_ Mater149 Bacillus phage Mater 663

Tail spike protein Eldridge 087 Bacillus phage Eldridge 663

Tail-like protein Shpa_19 Paracoccus phage Shpa 1072

Tape measure protein PHL141NO0OO 14 Propionibacterium phage 921
PHL141N00

Tape measure protein PHL067MO09_14 Propionibacterium phage 921
PHLO067M09

Tape measure protein SEA LUCY_14 Arthrobacter phage Lucy 853

Tape measure protein PROCRASS1 14 Propionibacterium phage 921
Procrassl

Tape measure protein NIKTSON 26 Arthrobacter phage Niktson 1529

Tape measure protein AB9 058 Acinetobacter phage 681
vB_AbaM_ B9

Tape measure protein 22 SEA CHEESY 22 Arthrobacter phage Cheesy 1492

Tape measure protein Gsputl 18 Gordonia phage Gsputl 1431

Tape measure protein PHLO82MO02 14 Propionibacterium phage 921
PHL082MO02

Tape measure protein KEIKI 14 Propionibacterium phage Keiki | 921

Tape measure protein 17 Gordonia phage Frokostdame 1824

SEA_FROKOSTDAME 17
Tapemeasure protein SEA AQUARIUS 14 Propionibacterium phage 921

Aquarius
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Terminase PHLO0O9MI11 02 Propionibacterium phage 503
PHLO09M11

Terminase large subunit 6 SEA_HOTFRIES 6 Streptomyces phage HotFries 581

Terminase large subunit SEA TIMINATOR 2 Arthrobacter phage Timinator | 489

Terminase large subunit BiPBO1 02 Brucella phage BiPBO1 562

Terminase large subunit KEIKI 2 Propionibacterium phage Keiki | 503

Terminase large subunit 8 CIRCUM 8§ Arthrobacter phage Circum 584

Terminase large subunit MRAK 2 Propionibacterium phage 503
MrAK

Terminase small subunit BiPBO1 01 Brucella phage BiPBO1 133

Terminase small subunit 3 Microbacterium phage 194

SEA MEMENTOMORI 3 | MementoMori

Terminase small subunit SEA C3PO 1 Corynebacterium phage C3PO | 174

Thioredoxin SEA DARWIN 54 Corynebacterium phage 98
Darwin

Thymidylate synthase SEA ZION 9 Corynebacterium phage Zion 257

Thymidylate synthase SEA LUCKYBARNES 41 | Brevibacterium phage 517
LuckyBarnes

Thymidylate synthase CB7_206 Pectobacterium phage 226
vB PatM CB7

Thymidylate synthase 109 PBI_COUNT 109 Microbacterium phage Count 232

Toprim domain-containing protein 30 P100D 30 Propionibacterium phage 223
P100D

Transposase SEP1 056 Staphylococcus phage philBB- | 369
SEP1

Tryptophan synthase beta superfamily 2 SEA_ ALANGRANT 2 Mycobacterium phage 289

protein AlanGrant
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Tabnuus 4

[ToBHMIT IEpeiK JOCTIHKECHUX JICKTUHIB

GFP GFP
GalNAc > Gal SJA
GalNAc CAA
[GIcNACcP(1,4)]2-4 STL
GalNAc = Lac > Gal SNA-II
GalB(1,3)GalNAc PNA
GalNAc >> Lac > Gal WFA
GalNAc VVL
a-/B-linked GalNAc, Gal PTL II
Terminal a-GalNAc DBA
Gal, a-GalNAc PTL-I
Gala(1,3)Gal or Gala(1,3)Galp(1,4)GIcNAc MOA
Lac > GalNAc > Gal CA
GalNAc (Tn antigen) SSA
GalpB(1,3)GalNAc > Gal MPL
GalNAc, Galp(1,3)GalNAc ACA
a -Gal(1->3)(a-Fuc(1->2)-fGal(1->3)/4)-B-GIcNAc EEL
Galp(1,3)GalNAc, GalNAc BPL
Galp(1,3)GalNAc, a-Gal ATA
a--Fuc UEA-I
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a-Fuc LTL
Fuca(1,6)GlcNAc (core Fuc) AAL
Fuca(1,6)GlcNAc, a-Man LCA
ao-Man, a-Glc PSA
Mana(1,3)Man GNL
Mana(1,3)Man or Mana(1,6)Man HHL
GlcNACcB(1,4)GlcNAc oligomers LEL
a-Man NPA
B(1,4)-linked (GlcNAc)n, N-acetyllactosamine PWM
a-/B-GalNAc, Gal SBA
(GlcNAcP4)n, NeuAc WGA
(GlcNacp4)n, tri- and tetraantennary N-glycans DSL
Agalactosylated tri/tetraantennary glycans, GIcNAc GSL-II
[GlcNAcB(1,4)]3 > [GlcNAcB(1,4)]2 > GlcNAc >> NeuSAc | WGA-SUCC
GalP(1-4)GlcNAc-R RCA 120
Galp1-4GIcNAC, LacNAc > Lac > GalNAc, Gal ECA
(Siaa(2,3))Galp(1,4)GIcNAc MALI1
Sian(2,3)-Gal B1-4 GlcNAc -Man-R MALII
Gal, Complex triantennary N-linked glycans PHA-L plusE
Man, High Man Calsepa
NeuSAca(2-6)Gal or NeuSAc(2-6)GalNAc SNA
a-Man > a-Glc > a-GIcNAc ConA
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Anti-Tubulin

ANTITUBULIN
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Tabmuus 5. [Iporeinu inenTudikoBani y 3paskax EVs 3a momomororo mac-
cnektpometpii (maHi goctymHi B ProteomeXchange 3 imenTudikaropom
PXD023546).

Tabmuus 6. [Iporeinu, imeHTH(iKOBaHI B CylNepHaTaHTaX KyJIbTYpalbHUX
CEepeNOBHUI] KIITHH 3a JOMOMOTOK Mac-CIeKTpoMeTpii (JaHi JOCTymHI B

ProteomeXchange ProteomeXchange 3 inentudikaropom PXD023546).
PRIDE database Submission details: Project Name: Renal Cell Carcinoma

(Renca) Extracellular Vesicles under Hypoxia and Normoxia Project accession:

PXD023546 Project DOI: 10.6019/PXD023546
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Tabnuus 7

Amnaniz GO «OionoriyHi nporecu» s i1eHTudikoBaHUX NpoTeiniB EVs

M_Mm

G0:0006188

G0:0046040

G0:1904851
G0:0010499
G0:0070203
G0:0009168
G0:0009127

G0:0070202
GO:0009156
G0:0019081
GO:0042730

G0:1904816
G0:0051131
G0:0009124
GO0:1901673
GO:0009167
G0:0009161
G0:0009126
G0:0098761
G0:0098760
G0:0006541
G0:0002181
GO:0006418
G0:0009123
GO:0006413
G0:0043039
G0:0090169
G0:1901068
G0:0043038
GO:0006457
G0:0006412
GO0:0061077
G0:0006458
G0:0051084
G0:0046128
G0:0009116
G0:0032509
G0:1901607
G0:0043043
G0:0042255

IMP biosynthetic process

IMP metabolic process
positive regulation of establishment of protein localization to
telomere

proteasomal ubiquitin-independent protein catabolic process
regulation of establishment of protein localization to telomere
purine ribonucleoside monophosphate biosynthetic process

purine nucleoside monophosphate biosynthetic process
regulation of establishment of protein localization to
chromosome

ribonucleoside monophosphate biosynthetic process
viral translation

fibrinolysis
positive regulation of protein localization to chromosome,
telomeric region

chaperone-mediated protein complex assembly
nucleoside monophosphate biosynthetic process
regulation of mitotic spindle assembly

purine ribonucleoside monophosphate metaholic process
ribonucleoside monophosphate metabolic process
purine nucleoside monophosphate metabolic process
cellular response to interleukin-7

response to interleukin-7

glutamine metabolic process

cytoplasmic translation

tRNA aminoacylation for protein translation
nucleoside monophosphate metabolic process
translational initiation

tRNA aminoacylation

regulation of spindle assembly

guanosine-containing compound metabolic process
amino acid activation

protein folding

translation

chaperone-mediated protein folding

'de novo' protein folding

'de novo' posttranslational protein folding

purine ribonucleoside metabolic process

nucleoside metabolic process

endosome transport via multivesicular body sorting pathway
alpha-amino acid biosynthetic process

peptide biosynthetic process

ribosome assembly

17

14
14

16

10
17
10
16
18
16

10
34
19
19
25
19
11
13
19
56
112
19
13
13
18
27
12
19
114
23

16,103.81E-02

15,062.25E-03

14,721.20E-02
14,221.79E-08
13,381.99E-02
12,884.11E-06
12,884.11E-06

12,273.16E-02
12,273.93E-07
11,839.49E-03
11,839.49E-03

11,324.87E-02
10,824.32€-03
10,794.35E-07
10,226.41E-03
10,153.17€-06
10,042.89€-07
9,814.63E-06
9,743,15E-02
9,743.15E-02
9,689.34E-03
0,421.41E-15
0,385.18E-07
8,537.22E-07
8,361.06E-09
8,131.37€-06
8,101.07E-02
7,971.31E-03
7,951.87E-06
6,871.60E-21
6,761.55E-45
6,721.78E-05
6,647.06E-03
6,647.06E-03
6,625.72E-05
6,629.79E-09
6,492.28E-02
6,472.96E-05
6,476.75E-45
6,417.83E-07
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MM old enrichment _p value _|

G0:0060236
G0:0009112

G0:1904358
G0:0009119
G0:0019058
G0:1901657
G0:0042278
G0:0008652
GO0:0006518
G0:1900047
G0:0043604

GO0:0050819
G0:0016032
G0:0050818
G0:1500046
G0:0042273
G0:1900024
G0:0030193
GO:0016052
G0:0071826
G0:0060236
G0:0009112

G0:1904358
G0:0009119
G0:0019058
G0:1901657
G0:0042278
G0:0008652
G0:0006518
G0:1900047
G0:0043604
G0:0050819
G0:0016032
GO:0050818
G0:1900046
G0:0042273
G0:1900024
G0:0030193
G0:0016052
G0:0071826

regulation of mitotic spindle organization

nucleobase metabolic process
positive regulation of telomere maintenance via telomere
lengthening

ribonucleoside metabolic process

viral life cycle

glycosyl compound metabolic process
purine nucleoside metabolic process
cellular amino acid biosynthetic process
peptide metabolic process

negative regulation of hemostasis

amide biosynthetic process

negative regulation of coagulation

viral process

regulation of coagulation

regulation of hemostasis

ribosomal large subunit biogenesis

regulation of substrate adhesion-dependent cell spreading
regulation of blood coagulation

carbohydrate catabolic process

ribonucleoprotein complex subunit organization
regulation of mitotic spindle organization

nucleobase metabolic process
positive regulation of telomere maintenance via telomere
lengthening

ribonucleoside metabolic process

viral life cycle

glycosyl compound metabolic process
purine nucleoside metabolic process
cellular amino acid biosynthetic process
peptide metabolic process

negative regulation of hemostasis
amide biosynthetic process

negative regulation of coagulation

viral process

regulation of coagulation

regulation of hemostasis

ribosomal large subunit biogenesis
regulation of substrate adhesion-dependent cell spreading
regulation of blood coagulation
carbohydrate catabolic process

ribonucleoprotein complex subunit organization

12

12
19
26
az
18
19
144
14
128

14
40
20
15
21
15
18
24
49
12
12

12
19
26
33
18
19
144
14
128
14
40
20
19
21
15
18
24
49

6,312.92E-02
6,312.92E-02

6,312.92E-02
6,244.84E-05
6,218.37E-08
6,201.46E-10
6,131.53E-04
6,037.77E-05
5,945.59E-54
5,601.45E-02
5,541.04E-44

5,481.80E-02
5,411.10E-11
5,331.78E-04
5,304.39E-04
5,221.08E-04
5,111.63E-02
5,101.61E-03
5,081.60E-05
5,076.61E-14
6,312.92E-02
6,312.92E-02

6,312.92E-02
6,244.84E-05
6,218.37E-08
6,201.46E-10
6,131.53E-04
6,037.77E-05
5,945.59E-54
5,601.45E-02
5,541.04E-44
5,481.80E-02
5,411.10E-11
5,331.78E-04
5,304.39E-04
5,221.08E-04
5,111.63E-02
5,101.61E-03
5,081.60E-05
5,076.61E-14
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Ta0nuus 8

Amnaniz GO ans «010I0TTYHUX MPOLECIBY I 1IEHTH(PIKOBAHUX MPOTEIHIB Y

CylepHaTaHTax KJIITHHHOTO CepeIOBHUIIA

m_m old enrichment puaive ___|

GO:0006098
GO:0006740
G0:0046479
G0:0098761
GO:0058760
G0:0019377
GO0:0043094
GO:0009067
GO:0046514
GO:0000097
G0:0051156
GO:0002183
G0:1901658
G0:1990748
G0:0009066
GO:0006418
G0:0030149
GO:0006096
GO:0043039
GO:0046364
GO:0006757
GO0:0043038
G0:1901607
G0:0045454
GO:0006165
G0:0016052
G0:0046466
GO:0008652
G0:0046939
G0:0097237
GO:0046031
GO:0006413
GO:0006749
GO:0006081
G0:0042743
GO:0002181
G0:0009179
GO:0009135
GO:0006090
GO:0098754
G0:0009185
GO:0061077
G0:0006457
GO:0042307
G0:0009132
G0:1904591
G0:1900024
G0:0016051
G0:0019318
G0:0005996
GO:0044272
GO0:0046824
G0:1901657
G0:1901136
50:0006520
G0:1900182
GO:0006518
GO:0006412

pentose-phosphate shunt

MNADPH regeneration

glycosphingolipid catabolic process

cellular response to interleukin-7

response to interleukin-7

glycolipid catabolic process

cellular metabolic compound salvage

aspartate family amino acid biosynthetic process
ceramide catabolic process

sulfur amino acid biosynthetic process

glucose 6-phosphate metabolic process
cytoplasmic translational initiation

glycosyl compound catabolic process

cellular detoxification

aspartate family amino acid metabolic process
tRNA aminoacylation for protein translation
sphingolipid catabolic process

glyeolytic process

tRNA aminoacylation

monosaccharide biosynthetic process

ATP generation from ADP

amino acid activation

alpha-amino acid biosynthetic process

cell redox homeostasis

nucleaside diphosphate phosphaorylation
carbohydrate catabolic process

membrane lipid catabolic process

cellular amino acid biosynthetic process
nucleotide phosphorylation

cellular response to toxic substance

ADP metabolic process

translational initiation

glutathione metabolic process

cellular aldehyde metabolic process

hydrogen peroxide metabolic process
cytoplasmic translation

purine ribonucleoside diphosphate metabolic process
purine nucleoside diphosphate metabolic process
pyruvate metabolic process

detoxification

ribonucleoside diphosphate metabolic process
chaperone-mediated protein folding

protein folding

positive regulation of protein import into nucleus
nucleoside diphosphate metabolic process
positive regulation of protein import

regulation of substrate adhesion-dependent cell spreading
carbohydrate biosynthetic process

hexose metabolic process

monosaccharide metabolic process

sulfur compound biosynthetic process

positive regulation of nucleocytoplasmic transport
glycosyl compound metabolic process
carbohydrate derivative catabolic process

cellular amino acid metabolic process

positive regulation of protein localization to nucleus
peptide metabolic process

translation

22,37
20,14
17,70
16,92
16,92
16,44
14,38
1438
13,63
13,42
12,11
10,96
10,36
10,27
10,11
10,07
9,59
9,38
9,37
9,31
9,18
9,15
9,06
8,85
8,63
8,60
846
8,43
8,22
8,22
8,14
7,85
7,80
7,60
7,53
7,52
7.44
7,44
7,40
7,36
731
7,19
7,10
6,64
6,47
6,45
6,39
6,10
5,98
575
5,60
5,59
5,58
5,52
5,30
5,23
5,10
5,00

3.71E-03
6.12E-03
1.94E-03
7.80E-05
7.B0OE-05
2.96E-03
1.27E-03
2.54E-04
1.82E-03
4.63E-02
1.77E-02
3.22E-02
1.15E-02
3.13E-03
6.35E-05
1.74E-05
5.28E-03
1.03E-05
3.76E-05
1.84E-03
1.32E-05
4.80E-05
1.27E-06
4.25E-08
7.05E-07
4.75E-11
1.37E-02
3.20E-06
1.3BE-06
1.71E-02
5.21E-05
7.96E-05
2.73E-05
3.50E-04
1.08E-02
1.40E-05
1.46E-04
1.46E-04
5.85E-06
1.32£-02
6.07E-05
1.85E-03
1.79E-14
1.13E-02
3.64E-05
5.43E-03
1.59E-02
4.74E-06
6.14E-08
1.45E-09
3.64E-03
5.00E-03
1.13E-04
1.67E-06
1.68E-13
3.42E-03
1.33E-25
7.66E-16
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Tabnurs 9

Crincox mpoTeiHiB, 3HAMIEHUX JHUIIE y 3pa3kax HOpMOKCHUHUX EVs

Accession
QB69ZR2
Q9llA4
Q9DOR8
Q9oCcwo3
Q8vcCiz
Q8R1A4
B1AY13
QD071
Q8BWUS
Q8BNV1
054907
Q6ZQ88
P97467
Q8CE9%6
QsDY06
Q8VEJ4
Q6PDQ2
Q8CIH5
008749
Q62077
Q8R480
088796
Q3TCi1
P70388
Qapics
P13439
Q3umBa
P62307
Q8R1U1
008582
Q8R242-1
P0O8775
Q9ESIO
035130
Q61081
P97470
P32233
P70261
P35550
Q91VH2
Q8C2E7
Q8VHKS
Q7TAKS
Q99J45
Q9JKYO
Q8C3Y4
Q60715
Q3UVG3

Q8BMF4

Description

E3 ubiquitin-protein ligase hectd1

ribosome biogenesis protein WDR12

Protein LSM12 homolog

Structural maintenance of chromosomes protein 3
urocanate hydratase

Dedicator of cytokinesis protein 7

Ubiquitin carboxyl-terminal hydrolase 24

MMS19 nucleotide excision repair protein homolog
Probable tRNA N6-adenosine threonylcarbamoyltransferase
tRNA (uracil-5-)-methyltransferase homolog A

Tumor necrosis factor ligand superfamily member 12
Lysine-specific histone demethylase 1A

Peptidyl-glycine alpha-amidating monooxygenase

tRNA (adenine(58)-N(1))-methyltransferase non-catalytic subunit TRM&
Ubiquitin-like modifier-activating enzyme ATG7

Notchless protein homolog 1
Chromodomain-helicase-DNA-binding protein 4
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase gamma-2
Dihydrolipoyl dehydrogenase, mitochondrial
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase gamma-1
nuclear pore complex protein Nup85

ribonuclease P protein subunit p30

BRISC complex subunit Abraxas 2

DNA repair protein Rad50

vacuolar protein sorting-associated protein 28 homolog
uridine 5'-monophosphate synthase

WASH complex subunit 4

Small nuclear ribonucleoprotein F

Conserved oligomeric Golgi complex subunit 4
GTP-binding protein 1

Di-N-acetylchitobiase

DNA-directed RNA polymerase Il subunit RPB1

Exportin-4

Ribosomal RNA small subunit methyltransferase Nepl
Hsp90 co-chaperone Cdc37

Serine/threonine-protein phosphatase 4 catalytic subunit
developmentally-regulated GTP-binding protein 1

paladin

rRNA 2'-0O-methyltransferase fibrillarin

Sorting nexin-9

WASH complex subunit 5

ATP-dependent RNA helicase DHX36

Coiled-coil domain-containing protein 93

Nuclear receptor-binding protein

CCR4-NOT transcription complex subunit 9
Kinetochore-associated protein 1

prolyl 4-hydroxylase subunit alpha-1

Protein FAM91A1

Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase

complex, mitochondrial

Abundances
345751,5683
430559,5476
494949,7815
568915,5335
592175,3499
611802,2361
617469,6283
631098,6918
640831,4697
653299,3396
662076,0115
692566,0832
694690,0752
700629,2941
712674,2552
721067,9433
734439,4163
768090,4696
775735,9248
791941,0477
795167,4738
810029,8639
864063,7225

873863,411
874458,1126

897418,859
915210,1615
922214,2877
928436,0008
930578,0361

946981,989
956588,0585
971199,4497
982066,2092
988929,3605
990864,5736
991469,9366
1001693,784
1004935,697

1010360,52
1037269,345
1039481,402
1066084,071
1073754,129
1074399,683
1076129,761
1079584,286
1092808,177

1095597,998
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Accession
Q9D1Q6
Q8CGK3
P40936
Q6PEO1
Q91WM3
Q3TCH7
Qo9Lc2
P97855
Q8C7R4
Q9D8N2
Q8R1F1
035343
Q9CZH3
Q8Cc079
QsowQz2
Q91YJ2
Q8BX09
Q8cD92
Q8CGY8-1
P62869
Q6NSR8
Q8BLNS
P54276
P10810
Q8VCT3
Q99KD5
Q60899
Q921G8
Q8VDP4
009164
Q6PDI5-1
Q8K2Z4-2
Q9DOF6
Q9JMH9-6
008759
Q8BJ71-1
Q8CeG8
QoQXB9
Q8N7N5-1
Q63844
Qo9LI7
Q99J77
Q9JKkv1
Qsouws
Q99LCs
008677-2
B1AVZO
035345
Q924cC1
Q8CFI7

Description

Endoplasmic reticulum resident protein 44

Lon protease homolog, mitochondrial
Indolethylamine N-methyltransferase

U5 small nuclear ribonucleoprotein 40 kDa protein
U3 small nucleolar RNA-interacting protein 2
cullin-4A

Cleavage stimulation factor subunit 1

Ras GTPase-activating protein-binding protein 1
Ubiquitin-like modifier-activating enzyme 6
Protein FAM45A

Niban-like protein 1

Importin subunit alpha-3

Proteasome assembly chaperone 3
striatin-interacting protein 1

Protein VAC14 homolog

sorting nexin-4

Retinoblastoma-binding protein 5
tetratricopeptide repeat protein 27

UDP-N-acetylglucosamine--peptide N-acetylglucosaminyltransferase 110 kDa subunit

Elongin-B

Probable aminopeptidase NPEPL1

lanosterol synthase

DNA mismatch repair protein MSH6

Monocyte differentiation antigen CD14
aminopeptidase B

Protein unc-45 homolog A

Probable ATP-dependent RNA helicase DDX58
Gamma-tubulin complex component 2

Cell eycle and apoptosis regulator protein 2
Extracellular superoxide dismutase
Proteasome-associated protein ECM29 homolog
Isoform 2 of Condensin complex subunit 1
Replication factor C subunit 5

Isoform 6 of Unconventional myosin-XVllla
Ubiquitin-protein ligase E3A

Nuclear pore complex protein Nup93

WD repeat-containing protein 26
Developmentally-regulated GTP-binding protein 2
DDB1- and CUL4-associated factor 8
mitogen-activated protein kinase 3

Cleavage stimulation factor subunit 3

sialic acid synthase

Proteasomal ubiquitin receptor ADRM1
DNA-directed RNA polymerases |, I, and Il subunit RPABC1
Translation initiation factor elF-2B subunit alpha
Isoform LMW of Kininogen-1

Uracil phosphoribosyltransferase homolog
Importin subunit alpha-7

exportin-5

DNA-directed RNA polymerase Il subunit RPB2

Abundances

1109475,761
1134475,209
1152660,321
1156771,846

1167374,54
1182636,304
1221212,357
1223021,437
1233081,859

1250772,69

1258574,79
1265453,449
1272630,743
1275511,741
1295884,451
1314289,698
1316741,968
1323931,082
1338490,522
1365505,304

1371841,17
1380305,742
1387492,726

1400300,95
1434240,609
1434620,411
1443733,431
1465181,776
1478123,746
1482690,551
1485926,267
1486041,744
1504351,566
1510649,399
1513184,501

1525087,21
1534421,159
1563336,886
1587601,055
1597915,442
1600013,261
1620246,679
1628113,533
1632721,018
1641682,328
1664108,526

1671245,25
1738992,589
1785151,519

1795450,85
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Accession Description
Q8vi75  Importin-4
Q9JI33 Netrin-4
P54823  Probable ATP-dependent RNA helicase DDX6
P27641 X-ray repair cross-complementing protein 5
P83887  tubulin gamma-1 chain
Q9D2R0O  acetoacetyl-CoA synthetase
Q9QXCl1 Fetuin-B
Q6PB93-1 Polypeptide N-acetylgalactosaminyltransferase 2
E9Q4P1 WD repeat and FYVE domain-containing protein 1
Q68FH4  N-acetylgalactosamine kinase
P61967  AP-1 complex subunit sigma-1A
Q9EPK6  nucleotide exchange factor SIL1
Q8BP48 Methionine aminopeptidase 1
P27661 Histone H2AX
SWI/SNF-related matrix-associated actin-dependent regulator of chromatin subfamily
Q91ZW3 A member5
Q9D7M1 Glucose-induced degradation protein 8 homolog
Q6PAR5-4 Isoform 4 of GTPase-activating protein and VPS9 domain-containing protein 1
Q9ER38  Torsin-3A
Q9D0K2  Succinyl-CoA:3-ketoacid coenzyme A transferase 1, mitochondrial
Q01279  epidermal growth factor receptor
Q8K297  Procollagen galactosyltransferase 1
Q99u1 tissue alpha-L-fucosidase
P59328 WD repeat and HMG-box DNA-binding protein 1
Q6PEB6  MOB-like protein phocein
Q8VHN8 Tudor-interacting repair regulator protein
P27090  Transforming growth factor beta-2
Q8BVG4-1 Dipeptidyl peptidase 9
Q9cal? U2 small nuclear ribonucleoprotein B"
Q9CZU3  Superkiller viralicidic activity 2-like 2
Q9CXK8 605 ribosome subunit biogenesis protein NIP7 homolog
Q8K1R7  Serine/threonine-protein kinase Nek9
Q9EP82  tRNA (guanine-N(7)-)-methyltransferase non-catalytic subunit WDR4
Q91219-1 Hyaluronidase-1
P51807  Dynein light chain Tctex-type 1
Q80UM7 Mannosyl-oligosaccharide glucosidase
Q9JK38  glucosamine 6-phosphate N-acetyltransferase
P37040  NADPH--cytochrome P450 reductase
Q8K2V6-2 Isoform 2 of Importin-11
Q99LE6  ATP-binding cassette sub-family F member 2
Q80TMS9-1 Nischarin
Q7TMY8  E3 ubiquitin-protein ligase HUWE1
Q9QaXP7 Complement Clq tumor necrosis factor-related protein 1
P52432  DNA-directed RNA polymerases | and Ill subunit RPAC1
Q8VCF1-3 Isoform 3 of Soluble calcium-activated nucleotidase 1
Q97170-1 General vesicular transport factor p115
P68369  tubulin alpha-1A chain
P68181-4 Isoform 4 of cAMP-dependent protein kinase catalytic subunit beta
Q91YL3  Uridine-cytidine kinase-like 1
QSERF3 WD repeat-containing protein 61
Q6PGN1  Erythroferrone

Abundances

1819930,313
1838152,239
1838911,736
1880473,789
1883790,684

1901974,84

1903492,44
1904192,393
1907067,595
1918893,602
1924531,111

1940724,45
1943727,831
1955550,915

1965777,065
1997595,666
2021598,412
2030251,592
2039027,999
2053595,649
2069964,235
2104542,772
2141801,038
2168953,457
2193507
2197470,785
2205756,584
2283078,086
2297452,546
2351200,09
2376192,64
2378612,933
2413907,815
2421018,432
244117334
2471927,901
2521584,886
2528716,406
2559754,087
2572014,912
2588124,763
2687686,3
2773972,649
2815081,864
2868011,127
2870153,992
3043735,061
3048515,258
3130361,641
3150167,468
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Accession
P99027
Q64471
Q9WwuUM3
P54751
Q91wco
Qsxlys
Q1HFZ0-1
A2AKGS
Q8R1JS
P18654

Description

605 acidic ribosomal protein P2
Glutathione S-transferase theta-1
Coronin-1B
CMP-N-acetylneuraminate-beta-galactosamide-alpha-2,3-sialyltransferase 1
Histone-lysine N-methyltransferase setd3
Coatomer subunit delta

tRNA (Cytosine(34)-C(5))-methyltransferase
focadhesin

Torsin-2A

Ribosomal protein S6 kinase alpha-3

Q8VDWO0-1ATP-dependent RNA helicase DDX39A

Q9wWVve0
Q6zQ08-4
054950
Q3UYVv9e
035226-2
Q655C2-2
QSD6X6
Q8QZR4
Q971R2
008573
035134
QoDp2v7
A2A5R2
Q09324
Q61R41
055106
Q99127
Q92379-1
Q99IN2-2
P60335
P59325
Q9ES89
Q922K7
P47856
Q9Z0F8
QSR1Q9
Q9CRT8
P52293
Q9D4H8
Q8CG48
P358054-1
035988
Q9cao1
Q8BPB5
Q9EPUOD-1

Q922F4

Glycogen synthase kinase-3 beta

Isoform 4 of CCR4-NOT transcription complex subunit 1
5'-AMP-activated protein kinase subunit gamma-1

Nuclear cap-binding protein subunit 1

Isoform Rpn10B of 26S proteasome non-ATPase regulatory subunit 4
Isoform 2 of N-acetylglucosamine-1-phosphotransferase subunit gamma
Serine protease 23

Out at first protein homolog

Large proline-rich protein BAG6

Galectin-9

DNA-directed RNA polymerase | subunit RPA1

Coronin-7

Brefeldin A-inhibited guanine nucleotide-exchange protein 2
beta-1,3-galactosyl-O-glycosyl-glycoprotein beta-1,6-N-acetylglucosaminyltransferase
complement C1q tumor necrosis factor-related protein 6

striatin

GMP reductase 2

Calcium/calmodulin-dependent protein kinase type Il subunit gamma
Isoform 2 of Kelch-like protein 22

Poly(RC)-binding protein 1

Eukaryotic translation initiation factor 5

Exostosin-like 2

Probable 285 rRNA (cytosine-C(5))-methyltransferase
glutamine--fructose-6-phosphate aminotransferase

Disintegrin and metalloproteinase domain-containing protein 17
V-type proton ATPase subunit S1

Exportin-T

Importin subunit alpha-1

Cullin-2

structural maintenance of chromosomes protein 2

Dynamin-2

syndecan-4

Ribonuclease T2

EGF-containing fibulin-like extracellular matrix protein 1

Regulator of nonsense transcripts 1

Tubulin beta-6 chain

Abundances

3217874,494
3265685,923
3351556,124
3388575,982
3518963,381

3559542,42
3567261,103
3613542,715
3685482,897
3811308,371
3941030,739
4039254,306
4170488,034
4296635,731
4662009,647
5075922,813
5112843,939
5151391,424
5189992,701
5223247,638
5639373,405
5809155,944
5809306,229
5924930,958
5987473,022
6041974,008
6256267,494

6272918,61
6429935,483
6592184,542

6999199,14
7183686,835
7493645,792

7763669,53
8032540,406
8877042,776
9996429,714
11017346,73
11116943,38
12050689,44
13241474,55
13526111,42
14440333,61

15056108,6
15514790,16
22972963,94

27430681,18

261



Accession
Qocaso
Qocwz7
Q8R0J7
P63321
G5E829
Q61072
F6ZD54
Q970L0
Q8CIN4
Q9caxs
Q99L13
Q922)3-1
Qsowes
P08556
Q99P31
Q9D8T2
P32507
P62746
Q91W53
Q6PB44-1
Q03963
Q9D358
P97797
Qaljug
Q8K135-2
P49769
P60904
Q9D8C4
Q3UHB0-1
Q975
088811-1
Q9z2M7
P06869
Q9CPV4-1
Q9D1G1
054951
Q971G3
Q9JLF6
Q8BZWS
Q9JHZ2
P10833
P10711
P27512
Q64433
P23506-2
P21460
035054
Q61738-3
P62748
P61021

Ta0muus 10

Crincox npoTeiHiB, 3HaMIEHUX JUIIE y 3pa3Kax rinokcuunux EVs

Description

Vacuolar protein-sorting-associated protein 25
Gamma-soluble NSF attachment protein

Vacuolar protein sorting-associated protein 37B

Ras-related protein Ral-A

Plasma membrane calcium-transporting ATPase 1
disintegrin and metalloproteinase domain-containing protein 9
Nucleoprotein TPR

Trophoblast glycoprotein

Serine/threonine-protein kinase PAK 2

Claudin domain-containing protein 1

3-hydroxyisobutyrate dehydrogenase, mitochondrial
CAP-Gly domain-containing linker protein 1

Kin of IRRE-like protein 1

GTPase NRas

Hsp70-binding protein 1

Gasdermin-D

Nectin-2

Rho-related GTP-binding protein RhoB

Golgin subfamily A member 7

Tyrosine-protein phosphatase non-receptor type 23
interferon-induced, double-stranded RNA-activated protein kinase
Low molecular weight phosphotyrosine protein phosphatase
tyrosine-protein phosphatase non-receptor type substrate 1
SH3 domain-binding glutamic acid-rich-like protein

Isoform 2 of Dyslexia-associated protein KIAA0319-like protein
Presenilin-1

Dnal homolog subfamily C member 5

Interferon-induced 35 kDa protein homolog
Disco-interacting protein 2 homolog B
Ribosyldihydronicotinamide dehydrogenase

Signal transducing adapter molecule 2
Phosphomannomutase 2

Urokinase-type plasminogen activator

Glyoxalase domain-containing protein 4

ras-related protein Rab-1B

Semaphorin-6B

V-type proton ATPase subunit C 1

Protein-glutamine gamma-glutamyltransferase K

NHL repeat-containing protein 2

Progressive ankylosis protein

Ras-related protein R-Ras

Transcription elongation factor A protein 1

Tumor necrosis factor receptor superfamily member 5

10 kDa heat shock protein, mitochondrial

Isoform 2 of Protein-L-isoaspartate(D-aspartate) O-methyltransferase

Cystatin-C

Claudin-4

Isoform Alpha-7X1B of Integrin alpha-7
Hippocalcin-like protein 1

Ras-related protein Rab-5B

Abundances

533374,4727
631989,0484
670889,3921
766052,6296
772747,9559
788437,2099
863541,5372
916511,1117
923054,3287
923602,6171
1026677,855
1030447,968
1243999,756
1280374,784
1324826,975
1349422,975
1353582,485
1360597,391
1368898,726
1377079,195
1399402,927
1438416,085
1445509,783
1515378,717
1564716,106
1585311,322
1589417,774
1647963,089
1689681,686
1730691,509
1790043,515
1948741,464
1971636,399
2023539,501
2072201,322

2073762,03
2131825,636
2151460,276
2299367,504
2358212,629
2383875,784

2401048,24
2457417,933
2516133,347
2599090,387
2871251,644
2892103,347
2898614,987

2973712,55
3046195,008
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Accession
P15702
Q8K157
Q6X893-2
Qoscawl
Q3UHH2
P62835
Q99KB8
P45591
Q3UHKE-3
Qacave
Q91Yio
Qscapl
035682
P08228
Q09143
Q6P069-1
P13597-1
Q9WTP6-1
088792
P14901
Qocaps
Q8BY83-1
Q8BHL4
070404
Q9EOX4
P97372
Q912753
Q8BGK6e-1
P97792-1
035874
Q63961
Qe6P9l9
P57716
P62897
P31786
P97371
P53994
P35846
035316
Q8coz1
Q61735-2
Q8CI85
p28571-1
Q69ZN7-1
Q62011
P15379-14
P97370
Q60634-1

Description

Leukosialin

aldose 1-epimerase

Isoform 2 of Choline transporter-like protein 1
Synaptobrevin homolog YKTE

Solute carrier family 22 member 23

ras-related protein Rap-1A
Hydroxyacylglutathione hydrolase, mitochondrial
Cofilin-2

Isoform 3 of Teneurin-4

Microtubule-associated proteins 1A/1B light chain 38
argininosuccinate lyase

Ras-related protein Rab-5A

myeloid-associated differentiation marker
Superoxide dismutase

High affinity cationic amino acid transporter 1
Sorcin

Intercellular adhesion molecule 1

Adenylate kinase 2, mitochondrial

Junctional adhesion molecule A

heme oxygenase 1

Charged multivesicular body protein 1b-2
Choline transporter-like protein 2

Retinoic acid-induced protein 3
vesicle-associated membrane protein 8

allograft inflammatory factor 1-like

proteasome activator complex subunit 2
Glyoxylate reductase/hydroxypyruvate reductase
Y+L amino acid transporter 2

Coxsackievirus and adenovirus receptor homolog
neutral amino acid transporter A

Endoglin

Anoctamin-6

Nicastrin

Cytochrome ¢, somatic

acyl-CoA-binding protein

Proteasome activator complex subunit 1
Ras-related protein Rab-2A

Folate receptor alpha

Sodium- and chloride-dependent taurine transporter
Protein FAM234A

Isoform 2 of Leukocyte surface antigen CD47
Carbonic anhydrase 12

Isoform GlyT-1A of Sodium- and chloride-dependent glycine transporter 1
Myoferlin

Podoplanin

CD44 antigen

sodium/potassium-transporting ATPase subunit beta-3
Flotillin-2

Abundances
3199332,656
3201022,153
3250986,008
3378057,705
3409634,415
3431813,768
3603720,069
3610547,197
3872667,271
3503148,166
3528134,202
4146223,703
4157729,768
4276591,698
4804926,124

5012726,38
5108041,667
5310297,875
5824759,384
6201874,562
6214724,318
6304006,098
6424755,042
6859418,208
7298200,844
7443928,513
7491127,936
8539174,546
8591552,856
8768336,497
8851079,379

10047934,5
11120648,07

11762164.4
11913530,48
11930112,62
15595526,16
16371639,67
17474191,68
18909542,32
19632644,67
20457001,78

21346356,8
25476556,61

28275794,2
30428609,41
69848978,36
80021450,91
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Taoauusa 11

Hani GeLC MS/MS nst Ruk/CINSS mizarax kiituH (1) Ta B mpemaparax
no3akmiTuHEEX Be3ukyl HEK 293 Mock (1) Ta HEK 293 3 nagexcnpecieto GFP-
Ruk/CINSS5 (2)

1
) o Coverage ) Unique MW Found in
Accession Description Peptides = PSMs )
[%] Peptides [kDa] Sample
SH3 domain-
containing  kinase-
binding protein 1
Q96B97 ) 15 7 9 7 73,1 High
OS=Homo sapiens
GN=SH3KBP1
PE=1 SV=2
2
. o Coverage ) Unique MW Found in
Accession Description Peptides = PSMs .
[%] Peptides [kDa] Sample
SH3 domain-
containing  kinase-
binding protein 1
Q96B97 ] 9 5 6 5 73,1 High
OS=Homo sapiens
GN=SH3KBP1
PE=1 SV=2
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Taoannsa 12

Hani GeLC MS/MS cTtocoBHO MapKepiB €K30COM B Mpenaparax Mmo3akiIiTHHHIX

Be3ukya HEK 293 Mock (1) Ta HEK 293 3 nagekcnpecieto GFP-Ruk/CINS8S5 (2)

Accession

P60033

P21926

Q99816

P08758

043657

Accession

P60033

P21926

Q99816

P08758

043657

Description

CDS81 antigen
OS=Homo sapiens
GN=CDS81 PE=1
Sv=1

CD9 antigen
OS=Homo sapiens
GN=CD9 PE=1
SV=4

Tumor susceptibility
gene 101 protein
OS=Homo sapiens
GN=TSG101 PE=1
SvV=2

Annexin A5
OS=Homo sapiens
GN=ANXAS5 PE=I
SvV=2

Tetraspanin-6
OS=Homo sapiens
GN=TSPAN6 PE=I
Sv=1

Description

CDS81 antigen
OS=Homo sapiens
GN=CDS81 PE=1
Sv=1

CD9 antigen
OS=Homo sapiens
GN=CD9 PE=1
Sv=4

Tumor susceptibility
gene 101 protein
OS=Homo sapiens
GN=TSG101 PE=1
Sv=2

Annexin AS
OS=Homo sapiens
GN=ANXAS5 PE=I
Sv=2

Tetraspanin-6
OS=Homo sapiens
GN=TSPAN6 PE=I
Sv=1

Coverage
[%0]

28

21

16

57

19

Coverage
(%]

32

18

22

71

28

1
. Unique
Peptides = PSMs Peptides
4 12 4
5 10 5
5 6 5
17 32 16
3 3 3
2
. Unique
Peptides = PSMs Peptides
8 25 8
4 8 4
7 9 7
21 40 21
6 7 6

MW
[kDa]

25,8

25,4

43,9

35,9

27,5

MW
[kDa]

25,8

254

43,9

35,9

27,5

Found in
Sample

High

High

High

High

High

Found in
Sample

High

High

High

High

High
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Taoaunsa 13
Oxkcuaopeaykrasu, iIeHTU(IKOBaH1 JIMIIE B Jli3aTax KIITUH 3 HAJEKCIPECIE0

GFP-Ruk/CIN85

M?]I;I;ed Gene Name Protein Class Species
NADH dehydrogenase Homo
P51970 [ubiquinone] 1 alpha | dehydrogenase sapiens
subcomplex subunit 8 p
P30043 Flavin reductase (NADPH) reductase Homo
sapiens
NADH dehydrogenase Homo
Q9P0JO | [ubiquinone] 1 alpha | dehydrogenase sapiens
subcomplex subunit 13 p
p23368 | \/AD-dependent malic enzyme, acyltransferase Homo
mitochondrial sapiens
decarboxylase
dehydrogenase
NADH dehydrogenase Homo
095168 | [ubiquinone] 1 beta | reductase sapiens
subcomplex subunit 4 p
NADH-ubiquinone Homo
P28331 oxidoreductase 75 kDa subunit, | dehydrogenase sapiens
mitochondrial P
reductase
Q14739 | Lamin-B receptor receptor Homo
sapiens
reductase
QINTXS Ethylmalonyl-CoA acetyltransferase Homo
decarboxylase sapiens
acyltransferase
dehydrogenase
epimerase/racemase
hydratase
ligase
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NADH dehydrogenase Homo
075306 | [ubiquinone] iron-sulfur protein | dehydrogenase sapiens
2, mitochondrial P
reductase
NADH dehydrogenase Homo
Q16718 | [ubiquinone] 1 alpha | oxidoreductase sapiens
subcomplex subunit 5 P
NADH dehydrogenase
[ubiquinone] 1 alpha Homo
QL6795 subcomplex subunit 9, dehydrogenase sapiens
mitochondrial
reductase
P00403 Cytochrome c oxidase subunit oxidoreductase Homo
2 sapiens
P09417 Dihydropteridine reductase dehydrogenase Horpo
sapiens
reductase
043169 | Cytochrome b5 type B oxidase Horpo
sapiens
P20674 Cytocl_lrome c 9x1dase subunit oxidase Homo
5A, mitochondrial sapiens
2-oxoisovalerate Homo
P21953 dehydrogenase subunit beta, | dehydrogenase sapiens
mitochondrial p
lyase
transketolase
P26440 Isgvaleryl-CoA dehydrogenase, dehydrogenase Horpo
mitochondrial sapiens
oxidase
transferase
QINZ01 Very-long-chain enoyl-CoA dehydrogenase Horpo
reductase sapiens
A1LOTO Acetqlactate synthase-like decarboxylase Horpo
protein sapiens
dehydrogenase
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transferase

QIUDWI Cytochrome b-cl  complex reductase Homo
subunit 9 sapiens
Lanosterol 14-alpha Homo
Q16850 demethylase OXYSEnase sapiens
Procollagen-lysine,2- Homo
Q02809 oxoglutarate 5-dioxygenase 1 oxygenase sapiens
Glycerol-3-phosphate Homo
P43304 dehydrogenase, mitochondrial dehydrogenase sapiens
Procollagen Homo
Q8NBJS galactosyltransferase 1 oxygenase sapiens
Succinate-semialdehyde Homo
P31649 dehydrogenase, mitochondrial dehydrogenase sapiens
P30837 Aldehyde dehydrogenase X, dehvdrogenase Homo
mitochondrial yarog sapiens
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Taoaunsa 14

Tpancdepasu , i1eHTH(IKOBaHI JHIIE B Jli3aTax KIITHH 3 HAJEKCIPECIEO

GFP-Ruk/CIN85

Mz;g;;ed Gene Name Protein Class Species
P04181 Om1th1ne . aminotransferase, transaminase Homo
mitochondrial sapiens
Pyruvate dehydrogenase Homo
000330 | protein X component, | acetyltransferase SaDiens
mitochondrial P
acyltransferase
Dolichol-phosphate Homo
060762 mannosyltransferase subunit 1 glycosyltransferase sapiens
" et .| non-receptor
P54646 >-AMP act1v§1ted _ protein serine/threonine Homo
kinase catalytic subunit alpha-2 L sapiens
protein kinase
Carnitine O- Homo
P23786 | palmitoyltransferase 2, | acetyltransferase saniens
mitochondrial p
acyltransferase
Q16762 | Thiosulfate sulfurtransferase transfer/carrier Homo
protein sapiens
transferase
P23368 NAD-dependent malic enzyme, acyltransferase Homo
mitochondrial sapiens
decarboxylase
dehydrogenase
non-receptor Homo
P21127 Cyclin-dependent kinase 11B | serine/threonine :
S sapiens
protein kinase
non-receptor tyrosine
protein kinase
Ethylmalonyl-CoA Homo
QINTXS5 decarboxylase acetyltransferase sapiens
acyltransferase
dehydrogenase
epimerase/racemase
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hydratase

ligase
Lysophosphatidylcholine Homo
Q8NE37 acyltransferase 1 acyltransferase sapiens
annexin
calmodulin
GTP:AMP phosphotransferase 1 Homo
QOULI7 AK3, mitochondrial nucleotide kinase sapiens
P31751 RAC-beta serine/threonine- anmexin Homo
protein kinase sapiens
calmodulin
non-receptor
serine/threonine
protein kinase
transfer/carrier
protein
Q96T23 lllemodehng and spacing factor acetyltransferase gcl))ril;(r)l .
chromatin/chromatin-
binding protein
zinc finger
transcription factor
Branched-chain-amino-acid Homo
015382 | aminotransferase, transaminase sapiens
mitochondrial P
Dihydrolipoyllysine-residue
succinyltransferase component Homo
P36957 of 2-oxoglutarate | acetyltransferase saniens
dehydrogenase complex, p
mitochondrial
acyltransferase
ind non-receptor
QI9UHY1 I\?(l)?[gﬁr receptor-binding serine/threonine go?;?ls
p protein kinase p
NADH dehydrogenase
095299 | lubiquinone] 1 alpha | oo6de kinase | FOmO
subcomplex subunit 10, sapiens
mitochondrial
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2-oxoisovalerate

Homo

P21953 dehydrogenase subunit beta, | dehydrogenase sapiens
mitochondrial P
lyase
transketolase
Isovaleryl-CoA dehydrogenase, Homo
P26440 mitochondrial dehydrogenase sapiens
oxidase
transferase
9BRR6 | ADP-dependent glucokinase kinase Homo
p & sapiens
Acetolactate synthase-like Homo
AI1LOTO protein decarboxylase sapiens
dehydrogenase
transferase
3-ketoacyl-CoA thiolase, Homo
P42765 mitochondrial acetyltransferase sapiens
Protein farnesyltransferase Homo
P49356 subunit beta acyltransferase sapiens
Haloacid dehalogenase-like Homo
QOBXW7 hydrolase domain-containing 5 transferase sapiens
Polyribonucleotide Homo
Q8TCSS8 | nucleotidyltransferase 1, | esterase sapiens
mitochondrial P
exoribonuclease
nucleotidyltransferase
Dolichyl-
diphosphooligosaccharide-- Homo
P61803 protein glycosyltransferase glycosyltransferase sapiens
subunit DAD1
095602 DNA-directed RNA | DNA-directed RNA | Homo
polymerase I subunit RPA1 polymerase sapiens

nucleotidyltransferase
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Taoanusa 15

INaponasu, ineHTudikoBaHi JUIIE B JTi3aTaX KIITHH 3 HAIEKCTIPECIEI0

GFP-Ruk/CIN85

M?]I;Is)ed Gene Name Protein Class Species
Q96BWS Phosphotrlesterase—related hydrolase Homo
protein sapiens
1-phosphatidylinositol 4,5- : o
Q01970 | bisphosphate C?i)ilelilrrln_bmdmg Homo
phosphodiesterase beta-3 p sapiens
guanyl-nucleotide
exchange factor
phospholipase
signaling molecule
P02786 | Transferrin receptor protein 1 | metalloprotease Homo
sapiens
Serine/threonine-protein
phosphatase 2A 65 kDa
regulatory subunit A beta Homo
P30154 | isoform protein phosphatase | sapiens
P22695 Cytochrome  b-cl ~ complex metalloprotease Homo
subunit 2, mitochondrial sapiens
Poly(ADP-ribose) . Homo
QBOWS6 glycohydrolase glycosidase sapiens
P36542 ATP synthgse subunit gamma, ATP synthase Horpo
mitochondrial sapiens
hydrolase
QOHAVO Guan.me n}lcleotlde—bmdmg hetergtrlmerlc G- Horpo
protein subunit beta-4 protein sapiens
hydrolase
QIY3B2 Exosome complex component exoribonuclease Homo
CSL4 sapiens
hydrolase
P16278 | Beta-galactosidase galactosidase
Homo
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sapiens

Serine/threonine-protein

calcium-binding

P62140 | phosphatase PP1-beta catalytic : Homo
. protein .
subunit sapiens
protein phosphatase
ATP synthase subunit O, Homo
P48047 | mitochondrial ATP synthase sapiens
hydrolase
095630 | STAM-binding protein cytokine Horpo
sapiens
metalloprotease
Q9Y4W6 | AFG3-like protein 2 metalloprotease Horpo
sapiens
Insulin-like growth factor 2 Homo
QOY6MI mRNA-binding protein 2 enzyme modulator sapiens
mRNA splicing factor
ribonucleoprotein
serine protease
P55210 | Caspase-7 cysteine protease Homo
sapiens
protease inhibitor
pao7gs | Lysosomal Pro-X | erine protease Homo
carboxypeptidase sapiens
P31930 Cytochrome  b-cl ~ complex metalloprotease Homo
subunit 1, mitochondrial sapiens
QINVI7 ATPa.se. family AAA domain- hydrolase Homo
containing protein 3A sapiens
Cytosolic purine 5'- | nucleotide Homo
P49902 . )
nucleotidase phosphatase sapiens
Histidine triad nucleotide- nucleotide Homo
Q9BX68 | binding protein 2, hosphatase sapiens
mitochondrial phosp P
: . Homo
QI9ULAO | Aspartyl aminopeptidase metalloprotease sapiens
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Polyribonucleotide

Q8TCS8 | nucleotidyltransferase 1, | esterase ior;:ls
mitochondrial P
exoribonuclease
nucleotidyltransferase
QINY(C9 Dynein  heavy chain 9, hvdrolase Homo
axonemal y sapiens
microtubule binding
motor protein
094925 Glutaminase kidney isoform, hvdrolase Homo
mitochondrial y sapiens
QOHS57 5'-nucleotidase domain- | nucleotide Homo
containing protein 2 phosphatase sapiens
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Taoauusa 16

[TpoTeinu, m1o 3B’ sI3y10ThCA 3 HYKJIETHOBUMH KHCIOTaMH, 1€HTU()IKOBaHI1 JIUIIE B

Jizarax KITHH 3 Hajekcnpeciero Ruk/CINSS

Mill]%ls)ed Gene Name Protein Class Species
Q12849 | G-rich sequence factor 1 ribosomal protein g%rirégs
Zinc finger RNA-binding | mRNA  processing | Homo
QI6KRI protein factor sapiens
High mobility group - -
Q15651 | nucleosome-binding domain- gfilég?ﬁatlr;/ggrigmatm— anrirégs
containing protein 3 gp p
Q13111 Chromatin assembly factor 1 | chromatin/chromatin- | Homo
subunit A binding protein sapiens
POCOS8 | Histone H2A type 1 histone g%rilé(r)l S
28S ribosomal protein S27, | . - Homo
Q92552 | Litochondrial ribosomal protein sapiens
39S ribosomal protein L14, ] . - Homo
QO6PIL8 | L v chondrial ribosomal protein sapiens
U3 small nucleolar RNA- Homo
Q9BVI6 aAssociated protein 14 homolog | nuclease sapiens
ribosomal protein
QI96T23 11{emodeling and spacing factor acetyltransferase gcl))ril;g .
chromatin/chromatin-
binding protein
zinc finger
transcription factor
. . Homo
043583 | Density-regulated protein nuclease sapiens
translation 1nitiation
factor
39S ribosomal protein L1, | . - Homo
QIBYDO6 | -t chondrial ribosomal protein sapiens
Q9Y3B2 ]é)é%sf me complex component | o ihonuclease g%ril;?ls
hydrolase
s mRNA  processing | Homo
Q96125 | Splicing factor 45 factor sapiens
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Homo

000567 | Nucleolar protein 56 ribonucleoprotein sapiens
QIUNX3 ?OS ribosomal protein L26-like ribosomal protein g%riré(r)l .
39S ribosomal protein L12,] . - Homo
P52815 mitochondrial ribosomal protein sapiens
39S ribosomal protein L19, | . - Homo
P49406 | St chondrial ribosomal protein sapiens
Q13112 Chromatin assembly factor 1 | chromatin/chromatin- | Homo
subunit B binding protein sapiens
39S ribosomal protein L47,] . - Homo
Q9HD33 | - chondrial ribosomal protein sapiens
Transcriptional repressor p66- | chromatin/chromatin- | Homo
Q86YP4 alpha binding protein sapiens
28S ribosomal protein S29, | . ~ Homo
P51398 mitochondrial ribosomal protein sapiens
P62304 Small nuclear | mRNA splicing | Homo
ribonucleoprotein E factor sapiens
Eukaryotic translation - o
BSMEI9 | initiation factor 3 subunit C- franslation - initiation | Homo
like protein p
Insulin-like growth factor 2 Homo
QYoM mRNA-binding protein 2 enzyme modulator sapiens
mRNA splicing
factor
ribonucleoprotein
serine protease
39S ribosomal protein LI1, | . - Homo
QIY3B7 | [ litochondrial ribosomal protein sapiens
Putative ATP-dependent RNA - Homo
Q7L2E3 helicase DHX30 RNA helicase sapiens
Alanine--tRNA ligase, L . | Homo
Q5JTZ9 mitochondrial RNA binding protein sapiens
39S ribosomal protein L[41, | . - Homo
Q8IXM3 |~ chondrial ribosomal protein sapiens
. translation 1nitiation | Homo
Q86TBY | Protein PAT1 homolog 1 factor sapiens
Q14011 Cold-inducible RNA-binding | mRNA splicing | Homo
protein factor sapiens
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Taoauusa 17

Tpancdepasn, inenTrdikoBaHiI JUIIE B TO3AKITITUHHUX BE3UKYNIAaX 3 KIITHH 13

Hajekcnpeciero GFP-Ruk/CINSS

Mz;][;[s)ed Gene Name Protein Class Species
QST2TI MAGUK p55 subfamily member | cell ~ Jjunction Homo
7 protein sapiens
nucleotide kinase
Secretory carrier-associated | transfer/carrier Homo
015127 : ) :
membrane protein 2 protein sapiens
transferase
non-receptor Homo
Q9Y6M4 | Casein kinase I isoform gamma-3 | serine/threonine )
o sapiens
protein kinase
Q99755 Phqsphatldyhnosuol 4-phosphate Kinase Homo
5-kinase type-1 alpha sapiens
non-receptor Homo
P48729 | Casein kinase I isoform alpha serine/threonine )
o sapiens
protein kinase
P42356 Phosphatidylinositol 4-kinase Kinase Horpo
alpha sapiens
non-receptor Homo
Q96GD4 | Aurora kinase B serine/threonine :
o sapiens
protein kinase
MAGUK p55 subfamily member | cell junction | Homo
Q14168 . :
2 protein sapiens
nucleotide kinase
P78356 Phqspha‘udyhnosﬁol 5-phosphate Kinase Horpo
4-kinase type-2 beta sapiens
non-receptor Homo
Q13464 | Rho-associated protein kinase 1 serine/threonine )
o sapiens
protein kinase
. . non-receptor
P43250 G protein-coupled receptor kinase serine/threonine Horpo
6 sapiens

protein kinase
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['inpona3u , i1eHTHU(IKOBaHI JHUIIE B MO3AKIITUHHUX BE3UKYJaX 3 KIITHH 13

Hajekcnpeciero GFP-Ruk/CINSS

Taoanusa 18

Mz;][;[s)ed Gene Name Protein Class Species
Receptor-type  tyrosine-protein | protein Homo
P23470 :
phosphatase gamma phosphatase sapiens
P23468 Receptor-type  tyrosine-protein | protein Homo
phosphatase delta phosphatase sapiens
receptor
S-adenosylhomocysteine Homo
043865 hydrolase-like protein 1 hydrolase sapiens
Q14194 D1hy§1ropynm1d1nase-related metalloprotease Horpo
protein 1 sapiens
Q68D91 Metal.lo.—beta—lac-tamase domain- hydrolase Homo
containing protein 2 sapiens
Q4KMP7 TBCl domain family member | G-protein Horpo
10B modulator sapiens
cysteine protease
Q13443 Dlsmt.egrm ar.ld. metalloprotemase metalloprotease Horpo
domain-containing protein 9 sapiens
N(G),N(G)-dimethylarginine Homo
095865 dimethylaminohydrolase 2 hydrolase sapiens
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Taoanusa 19

Tpaucnoprepwu, i1eHTU(IKOBaHI UIIIE B TTO3AKIITUHHAX BE3UKYIaxX 3 KIITHH 13

Hajekcnpeciero GFP-Ruk/CINSS

Mz;][;[s)ed Gene Name Protein Class Species
Sodium/potassium-transporting . Homo
P05026 ATPase subunit beta-1 cation transporter sapiens
Q99808 Equilibrative nucleoside transporter Horpo
transporter 1 sapiens
Q15043 | Zinc transporter ZIP14 transporter Homo
sapiens
High affinity cationic amino acid | amino acid | Homo
P30825 :
transporter 1 transporter sapiens
Q14542 Equilibrative nucleoside transporter Horpo
transporter 2 sapiens
Sodium/myo-inositol carbohydrate Homo
P53794 :
cotransporter transporter sapiens
cation transporter
Q96QDS So.dlum—coupled neutral amino | amino acid Horpo
acid transporter 2 transporter sapiens
095297 | Myelin protein zero-like protein 1 cell adhesion Homo
molecule sapiens

voltage-gated
sodium channel
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Taoanusa 20

MonynsiTopu eH3uMiB, 11€HTH(IKOBaHI JIMIIE B MO3aKJIITUHHUX BE3UKYNAxX 3 KIITHH

13 Hajgekcrpeciero GFP-Ruk/CINSS

Mz;][;[s)ed Gene Name Protein Class Species
Q14624 Inter-alpha-trypsin inhibitor | serine  protease | Homo
heavy chain H4 inhibitor sapiens
Q9Y3E7 Charged multivesicular  body | enzyme Horpo
protein 3 modulator sapiens
PO1116 | GTPase KRas small GTPase Homo
sapiens
Guanine nucleotide-binding | heterotrimeric G- | Homo
P09471 : ) ) :
protein G(o) subunit alpha protein sapiens
Q4KMP7 TBCl domain family member | G-protein Horpo
10B modulator sapiens
cysteine protease
P10301 | Ras-related protein R-Ras small GTPase Horpo
sapiens
P11234 | Ras-related protein Ral-B small GTPase Homo
sapiens
QS6VI3 Ras GTPase-activating-like | G-protein Homo
protein IQGAP3 modulator sapiens
P62745 Rho-related GTP-binding protein small GTPase Horpo
RhoB sapiens
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Taoanusa 21

[Ipoteinn, o Oynu BUSBICHI B JIi3aTax Ta MO3aKIITHHHUX BE3UKYJIaX, OTPUMAHUX

3 KIITUH 0 HagekcnpecyroTh GFP-Ruk/CIN8S

lelll;ls)ed Gene Name Protein Class Species
1-phosphatidylinositol 4,5- . L
Q01970 | bisphosphate  phosphodiesterase calcium-binding | Homo
beta-3 protein sapiens
guanyl-
nucleotide
exchange factor
phospholipase
signaling
molecule
P02786 | Transferrin receptor protein 1 metalloprotease Homo
sapiens
Q9UL2S5 | Ras-related protein Rab-21 - Homo
sapiens
non-motor Homo
043663 | Protein regulator of cytokinesis 1 | microtubule sabiens
binding protein P
Serine/threonine-protein calcium-bindin Homo
P62140 | phosphatase PPl-beta catalytic : & :
subunit protein sapiens
protein
phosphatase
P82930 28S  ribosomal protein  S34, | Homo
mitochondrial sapiens
Pyruvate  dehydrogenase  El Homo
P08559 | component subunit alpha, somatic | - sabiens
form, mitochondrial b
Q9H9B4 | Sideroflexin-1 cation transporter Homo
sapiens
transfer/carrier
protein
Q96B97 SH3 domain-containing kinase- | _ Homo
binding protein 1 sapiens
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