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�<6>?>ж=<= А.Ю. $97G?OFBDA4 DB?ь CB;4>?VF<AA<I 69;<>G? ;4 G@B6 

ABD@< F4 >4AJ9DBґ9A9;G. – �64?VHV>4JV=A4 A4G>B64 CD4JO A4 CD464I DG>BC<EG. 

�<E9DF4JVO A4 ;8B5GFFO A4G>B6B7B EFGC9AO 8B>FBD4 HV?BEBHVW ;4 

EC9JV4?ьAVEFN 091 «�VB?B7VO» 6 74?G;V ;A4Aь 09 «�VB?B7VO». – ІAEF<FGF V@. ". �. 

#4??48VA4 !�! '>D4WA<, �<W6, 2024. 

#B;4>?VF<AAV 69;<>G?< (EVs) E>?484NFь 79F9DB79AAG CBCG?OJVN 

A4AB/@V>DBDB;@VDA<I @9@5D4AA<I 69;<>G?, MB CBEFV=AB E9>D9FGNFьEO 6 

CB;4>?VF<AA9 E9D98B6<M9 CD4>F<KAB 6EV@4 8BE?V8:9A<@< F<C4@< >?VF<A O> ;4 

ABD@4?ьA<I HV;VB?B7VKA<I, F4> V C4FB?B7VKA<I EF4AV6. �7V8AB ; D9;G?ьF4F4@< 

69?<>B7B @4E<6G 9>EC9D<@9AF4?ьA<I 8BE?V8:9Aь BEF4AAVI 89EOF<?VFь, EVs 

@VEFOFь AG>?9WAB6V ><E?BF< (microRNA, mRNA, non-coding RNA, DNA), 

CDBF9WA< ; DV;A<@ HGA>JVBA4?ьA<@ CBF9AJV4?B@ (FD4AE>D<CJV=AV H4>FBD<, 

H4>FBD< DBEFG, VAF97D<A<, @9F45B?VKAV 9A;<@< V VA.), E<7A4?ьAV @B?9>G?< F4 

@9F45B?VF<, MB 8B;6B?Oє W@ 6V8V7D464F< CDB6V8AG DB?ь G @V:>?VF<AAV= 

>B@GAV>4JVW. EVs ;4?GK9AV 8B >BAFDB?N E<7A4?N64AAO O> @V: EGEV8AV@< 

>?VF<A4@<, F4> V 8<EF4AFAB DB;F4LB64A<@<, MB ;459;C9KGєFьEO WI 

J<D>G?N64AAO@ G 5VB?B7VKA<I DV8<A4I, F4><I O> >DB6, E9K4, C?96D4?ьAV 

6<CBF<, EC<AAB@B;>B64 DV8<A4, E?<A4. "E>V?ь>< @B?9>G?ODA<= E>?48 EVs є 

6V85<F>B@ (<fingerprint=) 79A9F<KAB7B >BAF9>EFG >?VF<A, O>V WI CDB8G>G64?<, 

CDBHV?N64AAO 6@VEFG J<I K4EF<AB> є CBF9AJV=A<@ >?VAVKA<@ D9EGDEB@ 8?O 

A9VA64;<6ABW 8<H9D9AJV=ABW 8V47ABEF<><, CDB7AB;G64AAO C9D95V7G I6BDB5 V 

DB;DB5>< CDBFB>B?V6 ?V>G64AAO, E>9DB64A<I A4 >BA>D9FAB7B C4JVєAF4. 

�B>D9@4, A4 EьB7B8AV C9D9>BA?<6B 6EF4AB6?9AB, MB EVs, V;B?ьB64AV ; >DB6V 

BA>B?B7VKA<I I6BD<I F4 >BA8<JVBAB64AB7B E9D98B6<M4 ?VAV= CGI?<AA<I 

>?VF<A, @VEFOFь CGI?<AB-EC9J<HVKAV @B?9>G?<, O>V ECD<ONFь CDB7D9EVW 

CGI?<AAB7B DBEFG, VA64;VW = @9F4EF4;G64AAN, D9@B89?N64AAN @V>DBBFBK9AAO 

CGI?<A F4 4A7VB79A9;G. #DB7D9E G ;4;A4K9AV= 74?G;V @B?9>G?ODABW >?VF<AABW 

5VB?B7VW = 9>EC9D<@9AF4?ьABW @98<J<A< FVEAB CB6’O;4A<= V; 6<>BD<EF4AAO@ 

EGK4EA<I V DB;DB5>BN AB6VFAVI F9IAB?B7V= 8?O V;B?N64AAO F4 I4D4>F9D<EF<>< 



EVs. �B8ABK4E, 7?<5<A4 6<6K9AAO EVs, MB @VEFOFьEO 6 A<;JV 5VB?B7VKA<I 

DV8<A F4 CDB8G>GNFьEO CGI?<AA<@< >?VF<A4@<, 6E9 M9 ;4?<L4єFьEO 

A98BEF4FAьBN, MB ;G@B6?Nє 8<A4@VKA9 A4>BC<K9AAO VAHBD@4JVW EFBEB6AB 

V89AF<HV>4JVW V ;’OEG64AAO 5VB?B7VKABW DB?V AB6<I @4D>9DA<I 

5VB@4>DB@B?9>G?. %>4;4A9 ;G@B6<?B CBEF4AB6>G @9F< 8<E9DF4JV=ABW DB5BF< - 

8BE?V8<F< BEB5?<6BEFV CDB8G>G64AAO,  @B?9>G?ODA<= E>?48 F4 HGA>JVBA4?ьAV 

6?4EF<6BEFV EVs, V;B?ьB64A<I ; CBFG ?N8<A< F4 >BA8<JVBAB64AB7B E9D98B6<M4 

CE968BABD@4?ьA<I F4 CGI?<AA<I >?VF<A, ;’OEG64F< 6C?<6 ABD@B>EVW/7VCB>EVW = 

484CF9DAB7B CDBF9WAG Ruk/CIN85 A4 ;4;A4K9AV CB>4;A<><. 

�V8CB6V8AB 8B @9F< 5G?< EHBD@G?ьB64AV F4>V ;4684AAO: 

1. "I4D4>F9D<;G64F< E>?48 AG>?9WAB6<I ><E?BF, MB @VEFOFьEO 6 EVs ; 

CBFG ?N8<A<, VA8G>B64AB7B HV;<KA<@< A464AF4:9AAO@<. 

2. �BE?V8<F< BEB5?<6BEFV CDBF9WAB6B7B E>?48G EVs ; CBFG ?N8<A<, 

VA8G>B64AB7B HV;<KA<@< A464AF4:9AAO@<, F4 BJVA<F< @B:?<6VEFь 

6<>BD<EF4AAO EVs ; CBFG O> 8:9D9?4 CBF9AJV=A<I CDBF9WAB6<I 5VB@4D>9DV6. 

3. #DB4A4?V;G64F< BEB5?<6BEFV IV@VKAB7B F4 CDBF9WAB6B7B E>?48G EVs, 

MB CDB8G>GNFьEO >?VF<A4@< >4DJ<AB@< A<D>< @<LV ?VAVW Renca F4 ?N8<A< 

?VAVW 786-" ;4 G@B6 ABD@B>EVW/7VCB>EVW.  

4. �’OEG64F< 6C?<6 ABD@B>EVW/7VCB>EVW A4 >V?ь>VEFь, DB;@VD< F4 E>?48 EVs, 

V;B?ьB64A<I ; >BA8<JVBAB64AB7B E9D98B6<M4 >?VF<A >4DJ<AB@< A<D>< @<LV 

?VAVW Renca ; DV;A<@ DV6A9@ 9>ECD9EVW 484CF9DAB7B CDBF9WAG Ruk/CIN85. 

5. �BE?V8<F< 6C?<6 EVs, MB CDB8G>GNFьEO >?VF<A4@< 9@5DVBA4?ьABW 

A<D>< ?N8<A< ?VAVW !��293 ; DV;A<@ DV6A9@ 9>ECD9EVW 484CF9DAB7B CDBF9WAG 

Ruk/CIN85, A4 >?VF<AAV 6V8CB6V8V in vitro. 

6. #DB4A4?V;G64F< BEB5?<6BEFV CDBF9WAB6B7B E>?48G EVs, MB 

CDB8G>GNFьEO >?VF<A4@< 9@5DVBA4?ьABW A<D>< ?N8<A< ?VAVW !��293 ;4?9:AB 

6V8 DV6AO 9>ECD9EVW 484CF9DAB7B CDBF9WAG Ruk/CIN85. 

7. �BE?V8<F< 6C?<6 EVs, V;B?ьB64A<I ; >BA8<JVBAB64AB7B E9D98B6<M4 

489AB>4DJ<AB@A<I >?VF<A 7DG8ABW ;4?B;< @<LV ?VAVW 4&1 ; up/down 



D97G?N64AAO@ 484CF9DAB7B CDBF9WAG Ruk/CIN85 A4 5VB?B7VKAV 6V8CB6V8V >?VF<A 

4T1 WT in vitro. 

�N8Eь><= CVF є EG@VLLN E9>D9FV6 FDьBI F<CV6 ;4?B;: 9>>D<AA<I, 

4CB>D<AA<I V E4?ьA<I. �>>D<AAV ;4?B;< 6V8>D<64NFьEO 59;CBE9D98AьB A4 

CB69DIAN L>VD< V 6<DB5?ONFь 69?<>G >V?ь>VEFь DV8<A< A4 6B8AV= BEAB6V G 

6V8CB6V8ь A4 F9C?B, 9@BJVW K< HV;<KAG 4>F<6AVEFь, FB8V O> VALV ;4?B;< 

6<DB5?ONFь @4E?OA<EFV DV8<A< F4 6BE>B6<= E9>D9F. �4 84A<@< ?VF9D4FGD<, 

5V?ьLVEFь 5VB?B7VKA<I DV8<A F64D<AAB7B FV?4 @VEFOFь AG>?9WAB6V ><E?BF< O> G 

6<7?O8V D<5BAG>?9BCDBF9WAB6<I >B@C?9>EV6, F4> V G E>?48V EVs. �B8ABK4E, 

VAHBD@4JVO CDB BEB5?<6BEFV AG>?9WAB6B7B E>?48G EVs CBFG ?N8<A< A4 

@B@9AF CBK4F>G A4L<I 8BE?V8:9Aь 5G?4 6V8EGFAьBN. �?O I4D4>F9D<EF<>< 

E>?48G DNA V RNA G EVs-;5474K9A<I ;D4;>4I CBFG ?N8<A<, ;V5D4A<I G 

8B5DB6B?ьJV6, O>V 6<>BAG64?< VAF9AE<6AV 6CD46<, A4@< 5G?B 6<>BD<EF4AB 

@9FB8B?B7VN E9>69AG64AAO AB6B7B CB>B?VAAO (NGS, next generation 

sequencing). �EF4AB6?9AB, MB EVs ; CBFG ?N8<A< @VEFOFь DV;AB@4AVFAV 

AG>?9WAB6V ><E?BF<, 4 E4@9, DNA (A4=5V?ьL CD98EF46?9ABN 5G?4 

@VFBIBA8DV=A4 DNA) F4 RNA ?N8Eь>B7B V @V>DB5AB7B CBIB8:9AAO. �4 

D9;G?ьF4F4@< «Small RNA-seq» ;D4;>V6 CBFG, ;5474K9A<I EVs, 74% ;K<FG64Aь 

6V8CB6V84?< 79AB@G ?N8<A< V 29% - A94ABFB64A<@ B5?4EFO@. �V?ьL9 70% 

;K<FG64Aь RNA, MB 6V8CB6V84?< 4ABFB64A<@ B5?4EFO@, A4?9:4?< 8B tRNA, 

FB8V O> VALV F<C< RNA (18,5%), mRNA (5%) V miRNA (1,85%) 5G?< @9AL 

CD98EF46?9AV. %9>69AG64AAO RNA ; VA8<6V8G4?ьA<I ;D4;>V6 CBFG, ;5474K9A<I 

EVs, ;474?B@ 84?B @9AL<= 6V8EBFB> ;K<FG64Aь, MB 6V8CB6V84?< 79AB@G 

?N8<A< (7–45)%, V (50–60)% ;K<FG64Aь, MB 6V8CB6V84?< A94ABFB64A<@ 

B5?4EFO@ 79AB@G. �V?ьLVEFь V89AF<HV>B64A<I RNA 5G?< CD98EF46?9AV tRNA V 

@9ALBN @VDBN rRNA, LincRNA mVRNA, mRNA, snRNA, snBRNA F4 VAL<@< 

small RNAs. �<O6?9AB F4>B: AG>?9WAB6V ><E?BF< 54>F9DV=, 4DI9= V 6VDGEV6, 

F<CB6<I 8?O @V>DB5VB@G L>VD<. 

�4:?<6<@ 9F4CB@ 8BE?V8:9Aь EF4?B ;’OEG64AAO @B:?<6BEFV 

6<>BD<EFB6G64F< CB;4>?VF<AAV 69;<>G?<, BFD<@4AV ; CBFG, O> 8:9D9?B 



CDBF9WAB6<I 5VB@4D>9DV6 ?N8Eь>B7B F4 54>F9DV=AB7B CBIB8:9AAO. 

#D<EGFAVEFь @4D>9DV6 EVs G ;D4;>4I EVs ; CBFG ?N8<A< 5G?B 6E95VKAB 

BI4D4>F9D<;B64AB ; 6<>BD<EF4AAO@ C?4FHBD@< ExoView, 9?9>FDBAABW 

@V>DBE>BCVW, 4A4?V;G 6V8EF9:9AAO A4ABK4EF<AB> F4 �9EF9DA-5?BF<A7G. 

#DBF9WAB6<= E>?48 ;474?ьAB7B CBFG, ;5474K9AB7B EVs, F4 ;D4;>V6 CBFG, 

;V5D4A<I ; 4?ь7VA4FA<I C?4EF<DV6, 5G?B 8BE?V8:9AB ; 6<>BD<EF4AAO@ @4E-

EC9>FDB@9FD<KAB7B 4A4?V;G (LS-MS). �7V8AB ; BFD<@4A<@< 84A<@<, G EVs-

;5474K9AB@G CBFV V89AF<HV>B64AB 1209 GAV>4?ьA<I CDBF9WAV6 ?N8<A<, ; O><I 

CD<5?<;AB 20% 5G?< CD<EGFAV G >B:AB@G VA8<6V8G4?ьAB@G 8BE?V8:9AB@G 

;D4;>G. EVs, V;B?ьB64AV ; CBFG, @VEF<?< F<CB6<= @4D>9D 9>;BEB@ CD63, 846 

CDBF9WAV6 (70%), ECV?ьA<I ; ;474?ьA<@ CBFB@, V 368 CDBF9WAV6 (30%) – ; 

4?ь7VA4FA<@ C?4EF<DB@. �V?ьLVEFь 6<O6?9A<I CDBF9WAV6, MB C9D9ABEOFьEO 

EVs, ;A4=89AV F4>B: V 6 VAL<I 5VBDV8<A4I, 7B?B6A<@ K<AB@, G E9KV. �DV@ 

CDBF9WAV6 ?N8<A<, ;D4;>< CBFG, ;5474K9AV EVs, @VEF<?< 1594 CDBF9WA< 

54>F9DV=AB7B CBIB8:9AAO. #DBF9WAB6V CDBHV?V 54>F9DV=AB7B CBIB8:9AAO G 

;D4;>4I CBFG, ;5474K9AB7B EVs, I4D4>F9D<;G64?<EO 6<EB>BN VA8<6V8G4?ьABN 

64DV459?ьAVEFN, MB 6V8B5D4:4?B 6V8@VAABEFV G E>?48V ;474?ьAB7B CBFG. 

�EF4AB6?9AB, MB 4?ь7VA4FA<= C?4EF<D 8?O ;5BDG CBFG A4>BC<KG646 ?<L9 5% 

CDBF9WAV6 54>F9DV=AB7B CBIB8:9AAO. 

' CV8EG@>G, D9;G?ьF4F< E<EF9@A<I 8BE?V8:9Aь AG>?9WAB6B7B F4 

CDBF9WAB6B7B E>?48G EVs ; CBFG ?N8<A< 8B;6B?ONFь ;DB5<F< 6<EAB6B> CDB 

@B:?<6VEFь WI 6<>BD<EF4AAO O> A9VA64;<6AB7B 8:9D9?4 5VB@4D>9DV6 

?N8Eь>B7B F4 54>F9DV=AB7B CBIB8:9AAO. ">DV@ FB7B, 6<>BD<EF4AAO 

>B@9DJV=AB 8BEFGCA<I 4?ь7VA4FA<I C?4EF<DV6 8?O ;5BDG CBFG 8B;6B?<Fь 

6<5VD>B6B BFD<@G64F< @4F9DV4? ?N8Eь>B7B CBIB8:9AAO ; 8G:9 @4?<@ 6@VEFB@ 

KG:BDV8AB7B @4F9DV4?G. 

Ш6<8>VEFь CDB8G>G64AAO EVs CGI?<AA<@< >?VF<A4@< D97G?NєFьEO ;4 

GK4EFV ;B6AVLAVI EF<@G?V6, ;B>D9@4 F4><I O> 7VCB>EVO. EVs, MB 6<6V?ьAONFьEO 

;4 G@B6 7VCB>EVW, 6C?<64NFь A4 DB;6<FB> B;A4> @4?V7AV;4JVW CGI?<AA<I >?VF<A, 

F4><I O> 6<:<64AAO, CDB?VH9D4F<6A<= CBF9AJV4?, 4A7VB79A9;, VA64;VO F4 



@9F4EF4;G64AAO, MB FVEAB CB6’O;4AB ; BEB5?<6BEFO@< WI @B?9>G?ODAB7B 

64AF4:G. �EF4AB6?9AB, MB 6C?<6 7VCB>EVW A4 >?VF<A< 489AB>4DJ<AB@< A<D>< 

CD<;6B8<Fь 8B CBE<?9AAO E9>D9JVW EVs = CB@VFA<I ;@VA WI CDBF9WAB6B7B 

64AF4:G CBDV6AOAB ; ABD@B>EVєN. �4 8BCB@B7BN CDBF9B@AB7B 4A4?V;G (LS-

MS) 6 ;D4;>4I «7VCB>E<KA<I» EVs 6<O6?9AB A48@VDAG CD<EGFAVEFь CDBF9WAV6, 

O>V 59DGFь GK4EFь G ;459;C9K9AAV 4879;<6ABEFV >?VF<A, F4><I O> VAF97D<A<. 

!4 A4EFGCAB@G 9F4CV 5G?B ;8V=EA9AB BJVA>G 9H9>F<6ABEFV ;4EFBEG64AAO 

B5@9:9ABW 6 K4EV $4@4AV6Eь>BW EC9>FDBE>BCVW (Time-Gated Raman 

Spectroscopy, TG-RS) F4 CV8E<?9ABW CB69DIA9N B5@9:9ABW 6 K4EV $4@4AV6Eь>BW 

EC9>FDBE>BCVW (Surface Enhanced Time-Gated Raman Spectroscopy, TG-SERS) 

8?O I4D4>F9D<EF<>< BEB5?<6BEF9= IV@VKAB7B E>?48G CD9C4D4FV6 EVs. 

#B>4;4AB, MB FD48<JV=A4 $4@4AV6Eь>4 EC9>FDBE>BCVO ; 59;C9D9D6A<@ 

I6<?ьB6<@ ;5G8:9AAO@ A9 ;459;C9KG64?4 BFD<@4AAO CB@VFAB7B E<7A4?G. 

�BEFB6VDAV E<7A4?< 5G?< BFD<@4AV ;4 8BCB@B7BN TG-RS, O>V 5G?< M9 5V?ьL 

CV8E<?9AV CD< 6<>BD<EF4AAV TG-SERS. �A4?V; $4@4AV6Eь><I E<7A4?V6 

8B;6B?<6 6<O6<F< I4D4>F9DAV ;@VA< G 4@V8A<I B5?4EFOI K9D9; ;@VA< IV@VKA<I 

;6’O;>V6 G CDBF9WA4I EVs ;4 G@B6 7VCB>EVW. $9;G?ьF4F< CDB6989A<I 8BE?V8:9Aь 

CDB89@BAEFDG64?<, MB TG-RS F4 TG-SERS є C9DEC9>F<6A<@< 59;@VF>B6<@< 

F9IAB?B7VO@< 8?O 6<6K9AAO 6C?<6G ;B6AVLAVI EF<@G?V6, F4><I O> 89HVJ<F 

><EAN, A4 E>?48 EVs, 4 F4>B: 6V8@VAABEF9=, MB 6<A<>4NFь 6A4E?V8B> 

6<>BD<EF4AAO DV;A<I CDBFB>B?V6 BK<M9AAO EVs. 

�7V8AB ; BCG5?V>B64A<@< 84A<@<, @4D>9DAV CDBF9WA< EVs, Alix V Tsg101, 

4 F4>B: >BDF4>F<A є ;6'O;G64?ьA<@< C4DFA9D4@< 484CF9DAB7B CDBF9WAG 

Ruk/CIN85. �9DGK< 8B G647< JN VAHBD@4JVN, A4@< 5G?B ;8V=EA9AB 

V;B?N64AAO EVs, MB CDB8G>GNFьEO >?VF<A4@< >4DJ<AB@< A<D>< @<LV ?VAVW 

Renca ;4?9:AB 6V8 DV6AO 9>ECD9EVW Ruk/CIN85 ;4 G@B6 ABD@B>EVW F4 7VCB>EVW ; 

A4EFGCABN WI I4D4>F9D<EF<>BN. *9AFD<HG7G64AAO 6 7D48VєAFV MV?ьABEFV 

6<>BD<EFB6G64?< 8?O V;B?N64AAO EVs ; >BA8<JVBAB64AB7B E9D98B6<M4 

8BE?V8:G64A<I >?VF<A. #D9C4D4F< BK<M9A<I EVs 5G?< BI4D4>F9D<;B64AV ;4 

8BCB@B7BN 4A4?V;G 6V8EF9:9AAO A4ABK4EF<AB> (NTA), 9?9>FDBAABW 



@V>DBE>BCVW F4 �9EF9DA-5?BF<A7G. �A4KA<I 6V8@VAABEF9= G E9D98AьB@G DB;@VDV 

K4EF<AB> EVs, MB E9>D9FGNFьEO EG5?VAVO@<, A9 5G?B 6<O6?9AB. ' FB= :9 K4E, 

>BAJ9AFD4JVO K4EF<AB>, MB CDB8G>GNFьEO >?VF<A4@< ; A489>ECD9EVєN 

Ruk/CIN85 (Renca-RukUp), 6<O6<?4EO A4 CBDO8B> 6<MBN ;4 G@B6 7VCB>EVW G 

CBDV6AOAAV ; G@B64@< ABD@B>EVW. �G?B CB>4;4AB, MB ;4 G@B6 ABD@B>EVW 6@VEF 

O> Ruk/CIN85, F4> V @4D>9DV6 EVs, Alix V CD81, ;DBEF46 G 69;<>G?4I, 

BK<M9A<I ; >BA8<JVBAB64AB7B E9D98B6<M4 >?VF<A Renca ; up-D97G?N64AAO@ 

Ruk/CIN85 G CBDV6AOAAV ; >BAFDB?ьA<@< Mock-FD4AEHV>B64A<@< >?VF<A4@<. 

�4 G@B6 7VCB>EVW 6@VEF 8BE?V8:G64A<I CDBF9WAV6 ;@9ALG646EO 5V?ьL AV: A4 864 

CBDO8>< G EVs ; >?VF<A Renca-RukUp, FB8V O> 6@VEF Ruk/CIN85 V CD81 ;DBEF46 

G EVs ; Mock-FD4AEHV>B64A<I >?VF<A. &4><@ K<AB@, A4@< 5G?B 

CDB89@BAEFDB64AB, MB 484CF9DA<= CDBF9WA Ruk/CIN85 є AB6<@ >B@CBA9AFB@ 

EVs, MB CDB8G>GNFьEO CGI?<AA<@< >?VF<A4@<, O><= @B:9 6V8V7D464F< 

D97G?OFBDAG DB?ь G >BAFDB?V E>?48G EVs ;4 G@B6 ABD@B>EVW F4 7VCB>EVW. 

#B84?ьLV 8BE?V8:9AAO CDB6B8<?< ; 6<>BD<EF4AAO@ EVs, BK<M9A<I 

G?ьFD4J9AFD<HG7G64AAO@ 6 7D48VєAFV MV?ьABEFV ; >BA8<JVBAB64AB7B 

E9D98B6<M4 >?VF<A 9@5DVBA4?ьABW A<D>< ?N8<A< ?VAVW !��293, EF45V?ьAB 

FD4AEHV>B64A<I 69>FBDB@ �GFP-Ruk/CIN85. )4D4>F9D<EF<>G EVs 

;8V=EAN64?< ;4 8BCB@B7BN 4A4?V;G 6V8EF9:9AAO A4ABK4EF<AB> (NTA), 

9?9>FDBAABW @V>DBE>BCVW F4 �9EF9DA-5?BF<A7G. �EF4AB6?9AB , MB 484CF9DA<= 

CDBF9WA �GFP-Ruk/CIN85 є >B@CBA9AFB@ EVs, MB CDB8G>GNFьEO EF45V?ьA<@< 

FD4AEH9>F4AF4@< >?VF<A !��293. � 6<>BD<EF4AAO@ E<EF9@< Incu Cyte 

CDB89@BAEFDB64AB ;84FAVEFь EVs ; A489>ECD9EVєN �GFP-Ruk/CIN85 

8<H9D9AJV=AB @B8G?N64F< CDB?VH9D4F<6AV 6?4EF<6BEFV F4 DGI?<6VEFь >?VF<A 

in vitro.  4E-EC9>FDB@9FD<KA<@ 4A4?V;B@ (LC-MS) 6C9DL9 CB>4;4AB, MB 

5V?ьLVEFь V89AF<HV>B64A<I CDBF9WAV6, MB 8<H9D9AJV=AB 9>ECD9EGNFьEO 6 

>?VF<A4I !��293 ; up-D97G?N64AAO@ �GFP-Ruk/CIN85 V 6<O6?ONFьEO 6 EVs, є 

@9F45B?VKA<@< 9A;<@4@<. 

�BE?V8:9AAO MB8B BEB5?<6BEF9= D97G?OFBDA<I 9H9>FV6 EVs, MB 

CDB8G>GNFьEO CGI?<AA<@< >?VF<A4@< ; A489>ECD9EVєN (RukUp) 45B 



;A<:9ABN 9>ECD9EVєN (RukDown) 484CF9DAB7B CDBF9WAG Ruk/CIN85 5G?< 

CDB8B6:9AV A4 @B89?V 489AB>4DJ<AB@A<I >?VF<A 7DG8ABW ;4?B;< @<LV ?VAVW 

4&1. EVs ; >BA8<JVBAB64AB7B E9D98B6<M4 >?VF<A 4T1 RukUp 45B RukDown 

V;B?N64?< L?OIB@ 8<H9D9AJV=AB7B J9AFD<HG7G64AAO ; CB84?ьL<@ 

BK<M9AAO@ ;4 8BCB@B7BN A45BDG Exo-spin™ (Cell Guidance Systems). 

�V?ь>VEFь V DB;@VD EVs 5G?< BI4D4>F9D<;B64AV ;4 8BCB@B7BN VAEFDG@9AFG 

NTA. �@VEF @4D>9DA<I CDBF9WAV6 F4 Ruk/CIN85 6 V;B?ьB64A<I EVs 5G?B 

CDB4A4?V;B64AB �9EF9DA-5?BF<A7B@. �<:<64AVEFь, @V7D4JV=AG F4 VA64;V=AG 

4>F<6ABEFV >?VF<A 4T1 WT BJVAN64?< ;4 8BCB@B7BN MTT-F9EFG, ;4 

L6<8>VEFN ;4DBEF4AAO «CB8DOC<A<» G >?VF<AAB@G @BABL4DV in vitro F4 

@B8<HV>B64ABW >4@9D< �B=89A4 ; @9@5D4ABN, 6>D<FBN L4DB@  4FD<79?N, 

6V8CB6V8AB. �C9DL9 5G?B CDB89@BAEFDB64AB, MB 484CF9DA<= CDBF9WA 

Ruk/CIN85 є >B@CBA9AFB@ EVs, MB E9>D9FGNFьEO >?VF<A4@< 4T1. �G?B F4>B: 

CB>4;4AB, MB EVs ; >?VF<A 4T1 ; DV;A<@< DV6AO@< 9>ECD9EVW Ruk/CIN85 

I4D4>F9D<;GNFьEO EC9J<HVKA<@< CDBHV?O@< 6@VEFG =B7B K<E?9AA<I 

@B?9>G?ODA<I HBD@. �<O6<?BEO, MB ;84FAVEFь EVs @B8G?N64F< 

CDB?VH9D4F<6AG 4>F<6AVEFь, DGI?<6VEFь V VA64;<6AVEFь >?VF<A 4T1 WT FVEAB 

>BD9?Nє ; 5VB?B7VKA<@< 6?4EF<6BEFO@< >?VF<A 4T1, O>V E9>D9FGNFь EVs 

(6<EB>B47D9E<6AV >?VF<A< 4T1 RukUp 45B E?45BVA64;<6AV >?VF<A< 4T1 

RukDown). "FD<@4AV 84AV E6V8K4Fь, MB 484CF9DA<= CDBF9WA Ruk/CIN85 A9 

FV?ь>< є >BAEF<FGF<6A<@ >B@CBA9AFB@ CDBF9WAB6B7B E>?48G EVs CGI?<AA<I 

>?VF<A, 4?9 =, ;4?9:AB 6V8 =B7B 6@VEFG 6 EVs, 6V8V7D4є 4>F<6AG DB?ь G >BAFDB?V 

>4AJ9DB79A9;G. 
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EC9>FDBE>BCVO, @V>DBE>BCVO, FD4AE>D<CFB@/CDBF9B@, miRNA, @V>DB5VB@, 

D9>B@5VA4AFAV CDBF9WA<, >?VF<AA9 E<7A4?N64AAO, 484CF9DA<= CDBF9WA 

Ruk/CIN85.  
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Extracellular vesicles (EVs) constitute a heterogeneous population of 

nano/micro-sized membrane vesicles that are constantly secreted into the 

extracellular environment by almost all investigated cell types under both normal 

physiological and pathological conditions. According to the results of a large array 

of experimental studies of recent decades, EVs contain nucleic acids (microRNA, 

mRNA, non-coding RNA, DNA), proteins with different functional potential 

(transcription factors, growth factors, integrins, metabolic enzymes, etc.), signaling 

molecules and metabolites, which allows them to play a leading role in 

intercellular communication. EVs are involved in the control of signaling between 

neighboring cells and distantly located cells, which is ensured by their circulation 

in biological fluids, such as blood, urine, pleural effusions, cerebrospinal fluid, and 

saliva. Since the molecular composition of EVs is a fingerprint of the genetic 

context of the cells that produced them, profiling the content of these particles is a 

potential clinical resource for non-invasive differential diagnosis, prediction of the 

course of the disease and development of treatment protocols directed to a specific 

patient. In particular, it has now been convincingly established that EVs isolated 

from the blood of cancer patients and the conditioned medium of tumor cell lines 

contain tumor-specific molecules that contribute to the progression of tumor 

growth, invasion and metastasis, remodeling of the tumor microenvironment, and 

angiogenesis. Progress in the mentioned field of molecular cell biology and 

experimental medicine is closely related to the use of modern and the development 

of novel technologies for the isolation and characterization of EVs. At the same 

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



produced by tumor cells is still insufficient, which leads to the dynamic 

accumulation of information regarding the identification and clarification of the 

biological role of new marker biomacromolecules. The aforementioned determined 

the goal of the dissertation - to study the peculiarities of production, molecular 

composition and functional properties of EVs isolated from human sweat and the 

conditioned medium of pseudonormal and tumor cells, to find out the influence of 

normoxia/hypoxia and the adaptor protein Ruk/CIN85 on these parameters. 

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

1. To characterize the composition of nucleic acids contained in EVs from 

exercise-induced human sweat. 

2. To investigate the features of the protein composition of EVs from 

exercise-induced human sweat and to assess the possibility of using such EVs as a 

source of potential protein biomarkers. 

3. To analyze the features of the chemical and protein composition of EVs 

produced by mouse Renca and human 786-O kidney carcinoma cell lines under 

normoxia/hypoxia conditions. 

4. To investigate the influence of normoxia/hypoxia on the number, size and 

composition of EVs isolated from the conditioned medium of Renca mouse kidney 

carcinoma cells with different expression levels of the adaptor protein Ruk/CIN85. 

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/CIN85. 

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/CIN85 on the biological responses of 4T1 WT cells in vitro. 

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

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



and produce large amounts of water-based fluids in response to heat, emotion, or 

physical activity, while other glands produce oily fluids and a waxy secretion. 

According to the current literature, most of the biological fluids of the animal body 

contain nucleic acids both in the form of ribonucleoprotein complexes and as part 

of EVs. At the same time, there was no information on the specifics of the nucleic 

acid composition of human sweat EVs at the time of the beginning of our research. 

To characterize the composition of DNA and RNA in EVs-enriched human sweat 

samples collected from volunteers who performed intensive exercises, we used 

next generation sequencing (NGS). It was found that EVs of human sweat contain 

various nucleic acids, namely, DNA (mitochondrial DNA was the most 

represented) and RNA of human and microbial origin. According to the results of 

"Small RNA-seq" of sweat samples enriched with EVs, 74% of the reads 

corresponded to the human genome and 29% to unannotated regions. More than 

70% of the RNA reads corresponding to the annotated regions belonged to tRNA, 

while other types of RNA (18.5%), mRNA (5%) and miRNA (1.85%) were less 

represented. RNA sequencing from individual EVs-enriched sweat samples 

generally yielded a lower percentage of reads corresponding to the human genome 

(7–45)% and (50–60)% of reads corresponding to unannotated regions of the 

genome. Most of the identified RNAs were represented by tRNA and to a lesser 

extent rRNA, LincRNA, miRNA, mRNA, snRNA, snBRNA and other small 

RNAs. Nucleic acids of bacteria, archaea and viruses typical of the skin 

microbiome were also detected. 

An important stage of the research was to find out the possibility of using 

extracellular vesicles obtained from sweat as a source of protein biomarkers of 

human and bacterial origin. The presence of EVs markers in EVs samples from 

human sweat was comprehensively characterized using the ExoView platform, 

electron microscopy, nanoparticle tracking analysis and Western blotting. The 

protein composition of EVs-enriched total sweat and sweat samples collected from 

alginate patches was investigated using mass spectrometry (LS-MS). According to 

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



sweat, of which approximately 20% were present in each individual examined 

sample. EVs isolated from sweat contained the typical exosome marker CD63, 846 

proteins (70%) in common with total sweat, and 368 proteins (30%) with alginate 

patch. Most of the identified proteins carried by EVs were also found in other 

biofluids, mainly urine. In addition to human proteins, sweat samples enriched 

with EVs contained 1594 proteins of bacterial origin. Protein profiles of bacterial 

origin in EVs-enriched sweat samples were characterized by high individual 

variability, which reflected differences in the composition of total sweat. It was 

found that the alginate sweat collection patch accumulated only 5% of proteins of 

bacterial origin. 

In conclusion, the results of systematic studies of the nucleic and protein 

composition of EVs from human sweat allow us to conclude about the possibility 

of their use as a non-invasive source of biomarkers of human and bacterial origin. 

In addition, the use of commercially available alginate patches for sweat collection 

will allow the selective collection of material of human origin with a very low 

content of foreign material. 

The rate of production of EVs by tumor cells is regulated by external 

stimuli, such as hypoxia. EVs released under hypoxic conditions affect the 

development of malignant features of tumor cells, such as increased survival, 

proliferative potential, angiogenesis, invasion and metastasis, which is closely 

related to the characteristics of their molecular cargo. It was found that the effect of 

hypoxia on kidney adenocarcinoma cells leads to increased secretion of EVs and 

notable changes in their protein cargo compared to normoxia. Proteomic analysis 

(LS-MS) revealed excessive presence of proteins involved in cell adhesion, such as 

integrins, in "hypoxic" EVs. 

At the next stage, the effectiveness of the use of Time-Gated Raman 

Spectroscopy (TG-RS) and Surface Enhanced Time-Gated Raman Spectroscopy 

(TG-SERS) was evaluated for characterizing the features of the chemical 

composition of EVs samples. It is shown that traditional Raman spectroscopy with 

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



obtained using TG-RS, which were further enhanced by using TG-SERS. Analysis 

of Raman signals revealed characteristic changes in amide regions due to changes 

in chemical bonds in EVs proteins under hypoxia conditions. The results of the 

studies demonstrated that TG-RS and TG-SERS are promising label-free 

technologies for studying the influence of external stimuli, such as hypoxia, on the 

composition of EVs, as well as the differences arising from the use of different 

EVs purification protocols. 

According to published data, EVs marker proteins, Alix and Tsg101, as well 

as cortactin are binding partners of the adaptor protein Ruk/CIN85. 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 CD81 increased in EVs from Mock-

transfected cells. Thus, we have demonstrated that the adaptor protein Ruk/CIN85 

is a novel component of EVs produced by tumor cells, which may play a 

regulatory role in controlling the composition of EVs under normoxia and hypoxia 

conditions. 

Further studies were carried out using EVs purified by density gradient 

ultracentrifugation from the conditioned medium of HEK293 human embryonic 



kidney cells stably transfected with the EGFP-Ruk/CIN85 vector. EVs were 

characterized using nanoparticle tracking analysis (NTA), electron microscopy, and 

Western blotting. It was established that the EGFP-Ruk/CIN85 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/CIN85 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/CIN85 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/CIN85 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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