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�!"&�&�/ 

�<6B?B:A<= �... $53C;OB>@=0 @>;L ?>70:;VB8==8E 2578:C; 70 C<>2 

=>@<8 B0 :0=F5@>�5=57C. 3 �20;VDV:0FV9=0 =0C:>20 ?@0FO =0 ?@020E @C:>?8AC. 

�8A5@B0FVO =0 74>1CBBO =0C:>2>3> ABC?5=O 4>:B>@0 DV;>A>DVW 70 

A?5FV0;L=VABN 091 «�V>;>3VO» 2 30;C7V 7=0=L 09 «�V>;>3VO». 3 �=AB8BCB V<. ". �. 

#0;;04V=0 !�! ':@0W=8, �8W2, 2024. 

#>70:;VB8==V 2578:C;8 (EVs) A:;040NBL 35B5@>35==C ?>?C;OFVN 

=0=>/<V:@>@>7<V@=8E <5<1@0==8E 2578:C;, I> ?>ABV9=> A5:@5BCNBLAO 2 

?>70:;VB8==5 A5@54>28I5 ?@0:B8G=> 2AV<0 4>A;V465=8<8 B8?0<8 :;VB8= O: 70 

=>@<0;L=8E DV7V>;>3VG=8E, B0: V ?0B>;>3VG=8E AB0=V2. �3V4=> 7 @57C;LB0B0<8 

25;8:>3> <0A82C 5:A?5@8<5=B0;L=8E 4>A;V465=L >AB0==VE 45AOB8;VBL, EVs 

<VABOBL =C:;5W=>2V :8A;>B8 (microRNA, mRNA, non-coding RNA, DNA), 

?@>B5W=8 7 @V7=8< DC=:FV>=0;L=8< ?>B5=FV0;>< (B@0=A:@8?FV9=V D0:B>@8, 

D0:B>@8 @>ABC, V=B53@8=8, <5B01>;VG=V 5=78<8 V V=.), A83=0;L=V <>;5:C;8 B0 

<5B01>;VB8, I> 4>72>;OT W< 2V4V3@020B8 ?@>2V4=C @>;L C <V6:;VB8==V9 

:><C=V:0FVW. EVs 70;CG5=V 4> :>=B@>;N A83=0;N20==O O: <V6 ACAV4=V<8 

:;VB8=0<8, B0: V 48AB0=B=> @>7B0H>20=8<8, I> 70157?5GCTBLAO WE 

F8@:C;N20==O< C 1V>;>3VG=8E @V48=0E, B0:8E O: :@>2, A5G0, ?;52@0;L=V 

28?>B8, A?8==><>7:>20 @V48=0, A;8=0. "A:V;L:8 <>;5:C;O@=89 A:;04 EVs T 

2V418B:>< (<fingerprint=) 35=5B8G=>3> :>=B5:ABC :;VB8=, O:V WE ?@>4C:C20;8, 

?@>DV;N20==O 2<VABC F8E G0AB8=>: T ?>B5=FV9=8< :;V=VG=8< @5AC@A>< 4;O 

=5V=20782=>W 48D5@5=FV9=>W 4V03=>AB8:8, ?@>3=>7C20==O ?5@51V3C E2>@>1 V 

@>7@>1:8 ?@>B>:>;V2 ;V:C20==O, A:5@>20=8E =0 :>=:@5B=>3> ?0FVT=B0. 

�>:@5<0, =0 AL>3>4=V ?5@5:>=;82> 2AB0=>2;5=>, I> EVs, V7>;L>20=V 7 :@>2V 

>=:>;>3VG=8E E2>@8E B0 :>=48FV>=>20=>3> A5@54>28I0 ;V=V9 ?CE;8==8E 

:;VB8=, <VABOBL ?CE;8=>-A?5F8DVG=V <>;5:C;8, O:V A?@8ONBL ?@>3@5AVW 

?CE;8==>3> @>ABC, V=207VW 9 <5B0AB07C20==N, @5<>45;N20==N <V:@>>B>G5==O 

?CE;8= B0 0=3V>35=57C. #@>3@5A C 707=0G5=V9 30;C7V <>;5:C;O@=>W :;VB8==>W 

1V>;>3VW 9 5:A?5@8<5=B0;L=>W <548F8=8 BVA=> ?>29O70=89 V7 28:>@8AB0==O< 

ACG0A=8E V @>7@>1:>N =>2VB=VE B5E=>;>3V9 4;O V7>;N20==O B0 E0@0:B5@8AB8:8 
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EVs. �>4=>G0A, 3;818=0 282G5==O EVs, I> <VABOBLAO 2 =87FV 1V>;>3VG=8E 

@V48= B0 ?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8, 2A5 I5 70;8H0TBLAO 

=54>AB0B=L>N, I> 7C<>2;NT 48=0<VG=5 =0:>?8G5==O V=D>@<0FVW AB>A>2=> 

V45=B8DV:0FVW V 79OAC20==O 1V>;>3VG=>W @>;V =>28E <0@:5@=8E 

1V><0:@><>;5:C;. %:070=5 7C<>28;> ?>AB0=>2:C <5B8 48A5@B0FV9=>W @>1>B8 - 

4>A;V48B8 >A>1;82>ABV ?@>4C:C20==O,  <>;5:C;O@=89 A:;04 B0 DC=:FV>=0;L=V 

2;0AB82>ABV EVs, V7>;L>20=8E 7 ?>BC ;N48=8 B0 :>=48FV>=>20=>3> A5@54>28I0 

?A524>=>@<0;L=8E B0 ?CE;8==8E :;VB8=, 79OAC20B8 2?;82 =>@<>:AVW/3V?>:AVW 9 

040?B5@=>3> ?@>B5W=C Ruk/CIN85 =0 707=0G5=V ?>:07=8:8. 

�V4?>2V4=> 4> <5B8 1C;8 AD>@<C;L>20=V B0:V 70240==O: 

1. "E0@0:B5@87C20B8 A:;04 =C:;5W=>28E :8A;>B, I> <VABOBLAO 2 EVs 7 

?>BC ;N48=8, V=4C:>20=>3> DV78G=8<8 =020=B065==O<8. 

2. �>A;V48B8 >A>1;82>ABV ?@>B5W=>2>3> A:;04C EVs 7 ?>BC ;N48=8, 

V=4C:>20=>3> DV78G=8<8 =020=B065==O<8, B0 >FV=8B8 <>6;82VABL 

28:>@8AB0==O EVs 7 ?>BC O: 465@5;0 ?>B5=FV9=8E ?@>B5W=>28E 1V><0@:5@V2. 

3. #@>0=0;V7C20B8 >A>1;82>ABV EV<VG=>3> B0 ?@>B5W=>2>3> A:;04C EVs, 

I> ?@>4C:CNBLAO :;VB8=0<8 :0@F8=><8 =8@:8 <8HV ;V=VW Renca B0 ;N48=8 

;V=VW 786-" 70 C<>2 =>@<>:AVW/3V?>:AVW.  

4. �9OAC20B8 2?;82 =>@<>:AVW/3V?>:AVW =0 :V;L:VABL, @>7<V@8 B0 A:;04 EVs, 

V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= :0@F8=><8 =8@:8 <8HV 

;V=VW Renca 7 @V7=8< @V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85. 

5. �>A;V48B8 2?;82 EVs, I> ?@>4C:CNBLAO :;VB8=0<8 5<1@V>=0;L=>W 

=8@:8 ;N48=8 ;V=VW !��293 7 @V7=8< @V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C 

Ruk/CIN85, =0 :;VB8==V 2V4?>2V4V in vitro. 

6. #@>0=0;V7C20B8 >A>1;82>ABV ?@>B5W=>2>3> A:;04C EVs, I> 

?@>4C:CNBLAO :;VB8=0<8 5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW !��293 70;56=> 

2V4 @V2=O 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85. 

7. �>A;V48B8 2?;82 EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 

045=>:0@F8=><=8E :;VB8= 3@C4=>W 70;>78 <8HV ;V=VW 4&1 7 up/down 
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@53C;N20==O< 040?B5@=>3> ?@>B5W=C Ruk/CIN85 =0 1V>;>3VG=V 2V4?>2V4V :;VB8= 

4T1 WT in vitro. 

�N4AL:89 ?VB T AC<VHHN A5:@5BV2 B@L>E B8?V2 70;>7: 5::@8==8E, 

0?>:@8==8E V A0;L=8E. �::@8==V 70;>78 2V4:@820NBLAO 157?>A5@54=L> =0 

?>25@E=N H:V@8 V 28@>1;ONBL 25;8:C :V;L:VABL @V48=8 =0 2>4=V9 >A=>2V C 

2V4?>2V4L =0 B5?;>, 5<>FVW G8 DV78G=C 0:B82=VABL, B>4V O: V=HV 70;>78 

28@>1;ONBL <0A;O=8ABV @V48=8 B0 2>A:>289 A5:@5B. �0 40=8<8 ;VB5@0BC@8, 

1V;LHVABL 1V>;>3VG=8E @V48= B20@8==>3> BV;0 <VABOBL =C:;5W=>2V :8A;>B8 O: C 

283;O4V @81>=C:;5>?@>B5W=>28E :><?;5:AV2, B0: V C A:;04V EVs. �>4=>G0A, 

V=D>@<0FVO ?@> >A>1;82>ABV =C:;5W=>2>3> A:;04C EVs ?>BC ;N48=8 =0 

<><5=B ?>G0B:C =0H8E 4>A;V465=L 1C;0 2V4ACB=L>N. �;O E0@0:B5@8AB8:8 

A:;04C DNA V RNA C EVs-71030G5=8E 7@07:0E ?>BC ;N48=8, 7V1@0=8E C 

4>1@>2>;LFV2, O:V 28:>=C20;8 V=B5=A82=V 2?@028, =0<8 1C;> 28:>@8AB0=> 

<5B>4>;>3VN A5:25=C20==O =>2>3> ?>:>;V==O (NGS, next generation 

sequencing). �AB0=>2;5=>, I> EVs 7 ?>BC ;N48=8 <VABOBL @V7=><0=VB=V 

=C:;5W=>2V :8A;>B8, 0 A0<5, DNA (=091V;LH ?@54AB02;5=>N 1C;0 

<VB>E>=4@V9=0 DNA) B0 RNA ;N4AL:>3> V <V:@>1=>3> ?>E>465==O. �0 

@57C;LB0B0<8 «Small RNA-seq» 7@07:V2 ?>BC, 71030G5=8E EVs, 74% 7G8BC20=L 

2V4?>2V40;8 35=><C ;N48=8 V 29% - =50=>B>20=8< >1;0ABO<. �V;LH5 70% 

7G8BC20=L RNA, I> 2V4?>2V40;8 0=>B>20=8< >1;0ABO<, =0;560;8 4> tRNA, 

B>4V O: V=HV B8?8 RNA (18,5%), mRNA (5%) V miRNA (1,85%) 1C;8 <5=H 

?@54AB02;5=V. %5:25=C20==O RNA 7 V=482V4C0;L=8E 7@07:V2 ?>BC, 71030G5=8E 

EVs, 7030;>< 40;> <5=H89 2V4A>B>: 7G8BC20=L, I> 2V4?>2V40;8 35=><C 

;N48=8 (7345)%, V (50360)% 7G8BC20=L, I> 2V4?>2V40;8 =50=>B>20=8< 

>1;0ABO< 35=><C. �V;LHVABL V45=B8DV:>20=8E RNA 1C;8 ?@54AB02;5=V tRNA V 

<5=H>N <V@>N rRNA, LincRNA mVRNA, mRNA, snRNA, sn>RNA B0 V=H8<8 

small RNAs. �8O2;5=> B0:>6 =C:;5W=>2V :8A;>B8 10:B5@V9, 0@E59 V 2V@CAV2, 

B8?>28E 4;O <V:@>1V><C H:V@8. 

�06;828< 5B0?>< 4>A;V465=L AB0;> 79OAC20==O <>6;82>ABV 

28:>@8AB>2C20B8 ?>70:;VB8==V 2578:C;8, >B@8<0=V 7 ?>BC, O: 465@5;> 
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?@>B5W=>28E 1V><0@:5@V2 ;N4AL:>3> B0 10:B5@V9=>3> ?>E>465==O. 

#@8ACB=VABL <0@:5@V2 EVs C 7@07:0E EVs 7 ?>BC ;N48=8 1C;> 2A51VG=> 

>E0@0:B5@87>20=> 7 28:>@8AB0==O< ?;0BD>@<8 ExoView, 5;5:B@>==>W 

<V:@>A:>?VW, 0=0;V7C 2V4AB565==O =0=>G0AB8=>: B0 �5AB5@=-1;>B8=3C. 

#@>B5W=>289 A:;04 7030;L=>3> ?>BC, 71030G5=>3> EVs, B0 7@07:V2 ?>BC, 

7V1@0=8E 7 0;L3V=0B=8E ?;0AB8@V2, 1C;> 4>A;V465=> 7 28:>@8AB0==O< <0A-

A?5:B@><5B@8G=>3> 0=0;V7C (LS-MS). �3V4=> 7 >B@8<0=8<8 40=8<8, C EVs-

71030G5=><C ?>BV V45=B8DV:>20=> 1209 C=V:0;L=8E ?@>B5W=V2 ;N48=8, 7 O:8E 

?@81;87=> 20% 1C;8 ?@8ACB=V C :>6=><C V=482V4C0;L=><C 4>A;V465=><C 

7@07:C. EVs, V7>;L>20=V 7 ?>BC, <VAB8;8 B8?>289 <0@:5@ 5:7>A>< CD63, 846 

?@>B5W=V2 (70%), A?V;L=8E 7 7030;L=8< ?>B><, V 368 ?@>B5W=V2 (30%) 3 7 

0;L3V=0B=8< ?;0AB8@><. �V;LHVABL 28O2;5=8E ?@>B5W=V2, I> ?5@5=>AOBLAO 

EVs, 7=0945=V B0:>6 V 2 V=H8E 1V>@V48=0E, 3>;>2=8< G8=><, C A5GV. �@V< 

?@>B5W=V2 ;N48=8, 7@07:8 ?>BC, 71030G5=V EVs, <VAB8;8 1594 ?@>B5W=8 

10:B5@V9=>3> ?>E>465==O. #@>B5W=>2V ?@>DV;V 10:B5@V9=>3> ?>E>465==O C 

7@07:0E ?>BC, 71030G5=>3> EVs, E0@0:B5@87C20;8AO 28A>:>N V=482V4C0;L=>N 

20@V015;L=VABN, I> 2V4>1@060;> 2V4<V==>ABV C A:;04V 7030;L=>3> ?>BC. 

�AB0=>2;5=>, I> 0;L3V=0B=89 ?;0AB8@ 4;O 71>@C ?>BC =0:>?8GC202 ;8H5 5% 

?@>B5W=V2 10:B5@V9=>3> ?>E>465==O. 

' ?V4AC<:C, @57C;LB0B8 A8AB5<=8E 4>A;V465=L =C:;5W=>2>3> B0 

?@>B5W=>2>3> A:;04C EVs 7 ?>BC ;N48=8 4>72>;ONBL 7@>18B8 28A=>2>: ?@> 

<>6;82VABL WE 28:>@8AB0==O O: =5V=20782=>3> 465@5;0 1V><0@:5@V2 

;N4AL:>3> B0 10:B5@V9=>3> ?>E>465==O. ":@V< B>3>, 28:>@8AB0==O 

:><5@FV9=> 4>ABC?=8E 0;L3V=0B=8E ?;0AB8@V2 4;O 71>@C ?>BC 4>72>;8BL 

281V@:>2> >B@8<C20B8 <0B5@V0; ;N4AL:>3> ?>E>465==O 7 4C65 <0;8< 2<VAB>< 

GC6>@V4=>3> <0B5@V0;C. 

,284:VABL ?@>4C:C20==O EVs ?CE;8==8<8 :;VB8=0<8 @53C;NTBLAO 70 

CG0ABV 7>2=VH=VE AB8<C;V2, 7>:@5<0 B0:8E O: 3V?>:AVO. EVs, I> 282V;L=ONBLAO 

70 C<>2 3V?>:AVW, 2?;820NBL =0 @>728B>: >7=0: <0;V3=V70FVW ?CE;8==8E :;VB8=, 

B0:8E O: 286820==O, ?@>;VD5@0B82=89 ?>B5=FV0;, 0=3V>35=57, V=207VO B0 
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<5B0AB07C20==O, I> BVA=> ?>29O70=> 7 >A>1;82>ABO<8 WE <>;5:C;O@=>3> 

20=B06C. �AB0=>2;5=>, I> 2?;82 3V?>:AVW =0 :;VB8=8 045=>:0@F8=><8 =8@:8 

?@872>48BL 4> ?>A8;5==O A5:@5FVW EVs 9 ?><VB=8E 7<V= WE ?@>B5W=>2>3> 

20=B06C ?>@V2=O=> 7 =>@<>:AVTN. �0 4>?><>3>N ?@>B5><=>3> 0=0;V7C (LS-

MS) 2 7@07:0E «3V?>:A8G=8E» EVs 28O2;5=> =04<V@=C ?@8ACB=VABL ?@>B5W=V2, 

O:V 15@CBL CG0ABL C 70157?5G5==V 0435782=>ABV :;VB8=, B0:8E O: V=B53@8=8. 

!0 =0ABC?=><C 5B0?V 1C;> 74V9A=5=> >FV=:C 5D5:B82=>ABV 70AB>AC20==O 

>1<565=>W 2 G0AV $0<0=V2AL:>W A?5:B@>A:>?VW (Time-Gated Raman 

Spectroscopy, TG-RS) B0 ?V4A8;5=>W ?>25@E=5N >1<565=>W 2 G0AV $0<0=V2AL:>W 

A?5:B@>A:>?VW (Surface Enhanced Time-Gated Raman Spectroscopy, TG-SERS) 

4;O E0@0:B5@8AB8:8 >A>1;82>AB59 EV<VG=>3> A:;04C ?@5?0@0BV2 EVs. 

#>:070=>, I> B@048FV9=0 $0<0=V2AL:0 A?5:B@>A:>?VO 7 157?5@5@2=8< 

E28;L>28< 71C465==O< =5 70157?5GC20;0 >B@8<0==O ?><VB=>3> A83=0;C. 

�>AB>2V@=V A83=0;8 1C;8 >B@8<0=V 70 4>?><>3>N TG-RS, O:V 1C;8 I5 1V;LH 

?V4A8;5=V ?@8 28:>@8AB0==V TG-SERS. �=0;V7 $0<0=V2AL:8E A83=0;V2 

4>72>;82 28O28B8 E0@0:B5@=V 7<V=8 C 0<V4=8E >1;0ABOE G5@57 7<V=8 EV<VG=8E 

729O7:V2 C ?@>B5W=0E EVs 70 C<>2 3V?>:AVW. $57C;LB0B8 ?@>2545=8E 4>A;V465=L 

?@>45<>=AB@C20;8, I> TG-RS B0 TG-SERS T ?5@A?5:B82=8<8 157<VB:>28<8 

B5E=>;>3VO<8 4;O 282G5==O 2?;82C 7>2=VH=VE AB8<C;V2, B0:8E O: 45DVF8B 

:8A=N, =0 A:;04 EVs, 0 B0:>6 2V4<V==>AB59, I> 28=8:0NBL 2=0A;V4>: 

28:>@8AB0==O @V7=8E ?@>B>:>;V2 >G8I5==O EVs. 

�3V4=> 7 >?C1;V:>20=8<8 40=8<8, <0@:5@=V ?@>B5W=8 EVs, Alix V Tsg101, 

0 B0:>6 :>@B0:B8= T 72'O7C20;L=8<8 ?0@B=5@0<8 040?B5@=>3> ?@>B5W=C 

Ruk/CIN85. �5@CG8 4> C2038 FN V=D>@<0FVN, =0<8 1C;> 74V9A=5=> 

V7>;N20==O EVs, I> ?@>4C:CNBLAO :;VB8=0<8 :0@F8=><8 =8@:8 <8HV ;V=VW 

Renca 70;56=> 2V4 @V2=O 5:A?@5AVW Ruk/CIN85 70 C<>2 =>@<>:AVW B0 3V?>:AVW 7 

=0ABC?=>N WE E0@0:B5@8AB8:>N. *5=B@8DC3C20==O 2 3@04VT=BV IV;L=>ABV 

28:>@8AB>2C20;8 4;O V7>;N20==O EVs 7 :>=48FV>=>20=>3> A5@54>28I0 

4>A;V46C20=8E :;VB8=. #@5?0@0B8 >G8I5=8E EVs 1C;8 >E0@0:B5@87>20=V 70 

4>?><>3>N 0=0;V7C 2V4AB565==O =0=>G0AB8=>: (NTA), 5;5:B@>==>W 
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<V:@>A:>?VW B0 �5AB5@=-1;>B8=3C. �=0G=8E 2V4<V==>AB59 C A5@54=L><C @>7<V@V 

G0AB8=>: EVs, I> A5:@5BCNBLAO AC1;V=VO<8, =5 1C;> 28O2;5=>. ' B>9 65 G0A, 

:>=F5=B@0FVO G0AB8=>:, I> ?@>4C:CNBLAO :;VB8=0<8 7 =045:A?@5AVTN 

Ruk/CIN85 (Renca-RukUp), 28O28;0AO =0 ?>@O4>: 28I>N 70 C<>2 3V?>:AVW C 

?>@V2=O==V 7 C<>20<8 =>@<>:AVW. �C;> ?>:070=>, I> 70 C<>2 =>@<>:AVW 2<VAB 

O: Ruk/CIN85, B0: V <0@:5@V2 EVs, Alix V CD81, 7@>AB02 C 2578:C;0E, 

>G8I5=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= Renca 7 up-@53C;N20==O< 

Ruk/CIN85 C ?>@V2=O==V 7 :>=B@>;L=8<8 Mock-B@0=ADV:>20=8<8 :;VB8=0<8. 

�0 C<>2 3V?>:AVW 2<VAB 4>A;V46C20=8E ?@>B5W=V2 7<5=HC202AO 1V;LH =V6 =0 420 

?>@O4:8 C EVs 7 :;VB8= Renca-RukUp, B>4V O: 2<VAB Ruk/CIN85 V CD81 7@>AB02 

C EVs 7 Mock-B@0=ADV:>20=8E :;VB8=. &0:8< G8=><, =0<8 1C;> 

?@>45<>=AB@>20=>, I> 040?B5@=89 ?@>B5W= Ruk/CIN85 T =>28< :><?>=5=B>< 

EVs, I> ?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8, O:89 <>65 2V4V3@020B8 

@53C;OB>@=C @>;L C :>=B@>;V A:;04C EVs 70 C<>2 =>@<>:AVW B0 3V?>:AVW. 

#>40;LHV 4>A;V465==O ?@>2>48;8 7 28:>@8AB0==O< EVs, >G8I5=8E 

C;LB@0F5=B@8DC3C20==O< 2 3@04VT=BV IV;L=>ABV 7 :>=48FV>=>20=>3> 

A5@54>28I0 :;VB8= 5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW !��293, AB01V;L=> 

B@0=ADV:>20=8E 25:B>@>< �GFP-Ruk/CIN85. )0@0:B5@8AB8:C EVs 

74V9A=N20;8 70 4>?><>3>N 0=0;V7C 2V4AB565==O =0=>G0AB8=>: (NTA), 

5;5:B@>==>W <V:@>A:>?VW B0 �5AB5@=-1;>B8=3C. �AB0=>2;5=> , I> 040?B5@=89 

?@>B5W= �GFP-Ruk/CIN85 T :><?>=5=B>< EVs, I> ?@>4C:CNBLAO AB01V;L=8<8 

B@0=AD5:B0=B0<8 :;VB8= !��293. � 28:>@8AB0==O< A8AB5<8 Incu Cyte 

?@>45<>=AB@>20=> 740B=VABL EVs 7 =045:A?@5AVTN �GFP-Ruk/CIN85 

48D5@5=FV9=> <>4C;N20B8 ?@>;VD5@0B82=V 2;0AB82>ABV B0 @CE;82VABL :;VB8= 

in vitro.  0A-A?5:B@><5B@8G=8< 0=0;V7>< (LC-MS) 2?5@H5 ?>:070=>, I> 

1V;LHVABL V45=B8DV:>20=8E ?@>B5W=V2, I> 48D5@5=FV9=> 5:A?@5ACNBLAO 2 

:;VB8=0E !��293 7 up-@53C;N20==O< �GFP-Ruk/CIN85 V 28O2;ONBLAO 2 EVs, T 

<5B01>;VG=8<8 5=78<0<8. 

�>A;V465==O I>4> >A>1;82>AB59 @53C;OB>@=8E 5D5:BV2 EVs, I> 

?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8 7 =045:A?@5AVTN (RukUp) 01> 
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7=865=>N 5:A?@5AVTN (RukDown) 040?B5@=>3> ?@>B5W=C Ruk/CIN85 1C;8 

?@>4>265=V =0 <>45;V 045=>:0@F8=><=8E :;VB8= 3@C4=>W 70;>78 <8HV ;V=VW 

4&1. EVs 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 4T1 RukUp 01> RukDown 

V7>;N20;8 H;OE>< 48D5@5=FV9=>3> F5=B@8DC3C20==O 7 ?>40;LH8< 

>G8I5==O< 70 4>?><>3>N =01>@C Exo-spin# (Cell Guidance Systems). 

�V;L:VABL V @>7<V@ EVs 1C;8 >E0@0:B5@87>20=V 70 4>?><>3>N V=AB@C<5=BC 

NTA. �<VAB <0@:5@=8E ?@>B5W=V2 B0 Ruk/CIN85 2 V7>;L>20=8E EVs 1C;> 

?@>0=0;V7>20=> �5AB5@=-1;>B8=3><. �86820=VABL, <V3@0FV9=C B0 V=207V9=C 

0:B82=>ABV :;VB8= 4T1 WT >FV=N20;8 70 4>?><>3>N MTT-B5ABC, 70 

H284:VABN 70@>AB0==O «?>4@O?8=8» C :;VB8==><C <>=>H0@V in vitro B0 

<>48DV:>20=>W :0<5@8 �>945=0 7 <5<1@0=>N, 2:@8B>N H0@><  0B@835;N, 

2V4?>2V4=>. �?5@H5 1C;> ?@>45<>=AB@>20=>, I> 040?B5@=89 ?@>B5W= 

Ruk/CIN85 T :><?>=5=B>< EVs, I> A5:@5BCNBLAO :;VB8=0<8 4T1. �C;> B0:>6 

?>:070=>, I> EVs 7 :;VB8= 4T1 7 @V7=8<8 @V2=O<8 5:A?@5AVW Ruk/CIN85 

E0@0:B5@87CNBLAO A?5F8DVG=8<8 ?@>DV;O<8 2<VABC 9>3> G8A;5==8E 

<>;5:C;O@=8E D>@<. �8O28;>AO, I> 740B=VABL EVs <>4C;N20B8 

?@>;VD5@0B82=C 0:B82=VABL, @CE;82VABL V V=20782=VABL :;VB8= 4T1 WT BVA=> 

:>@5;NT 7 1V>;>3VG=8<8 2;0AB82>ABO<8 :;VB8= 4T1, O:V A5:@5BCNBL EVs 

(28A>:>03@5A82=V :;VB8=8 4T1 RukUp 01> A;01>V=20782=V :;VB8=8 4T1 

RukDown). "B@8<0=V 40=V A2V4G0BL, I> 040?B5@=89 ?@>B5W= Ruk/CIN85 =5 

BV;L:8 T :>=AB8BCB82=8< :><?>=5=B>< ?@>B5W=>2>3> A:;04C EVs ?CE;8==8E 

:;VB8=, 0;5 9, 70;56=> 2V4 9>3> 2<VABC 2 EVs, 2V4V3@0T 0:B82=C @>;L C :>=B@>;V 

:0=F5@>35=57C. 

�;NG>2V A;>20: ?>70:;VB8==V 2578:C;8, 5:7>A><8, A5:@5FVO, 5=4>F8B>7, 
;N4AL:89 ?VB, ;V=VW :0@F8=><=8E :;VB8=, =>@<>:AVO/3V?>:AVO, $0<0=V2AL:0 

A?5:B@>A:>?VO, <V:@>A:>?VO, B@0=A:@8?B></?@>B5><, miRNA, <V:@>1V><, 

@5:><1V=0=B=V ?@>B5W=8, :;VB8==5 A83=0;N20==O, 040?B5@=89 ?@>B5W= 

Ruk/CIN85.  
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SUMMARY 

Zhyvoloznyi A. The regulatory role of extracellular vesicles under normal 

and carcinogenic conditions 3 Qualifying scientific work on the rights of 

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 
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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 
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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 

(7345)% and (50360)% 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, sn>RNA 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/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 
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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/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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"4=VTN 7 ?5@A?5:B82=8E 1V>;>3VG=8E @V48= 4;O 28:>@8AB0==O 2 

:>=B5:ABV <>=VB>@8=3C 7<V= 2 >@30=V7<V ;N48=8 =0 <>;5:C;O@=><C @V2=V, 

28:;8:0=8E O: 70E2>@N20==O<8, B0: V 2?;82>< @V7=><0=VB=8E G8==8:V2 

=02:>;8H=L>3> A5@54>28I0, T ?VB. #VB <>65 70157?5G8B8 0;LB5@=0B82C 0=0;V7C 

:@>2V, 0465 9>3> 71V@ ?@>2>48BLAO =5V=20782=> B0 2 @50;L=><C G0AV. �0=V 

AB>A>2=> =C:;5W=>2>3> B0 ?@>B5W=>2>3> A:;04C EVs ?>BC ;N48=8, 

V=4C:>20=>3> DV78G=8<8 2?@020<8, O: V 28:>@8AB0==O B0:8E 40=8E 7 

4V03=>AB8G=>N <5B>N, =0 <><5=B ?>G0B:C 48A5@B0FV9=>3> 4>A;V465==O 2 

;VB5@0BC@V 1C;8 2V4ACB=V, I> 157?5@5G=> 2:07CT =0 0:BC0;L=VABL >1@0=>W B5<8 9 

=0?@O<:C 4>A;V465=L. 

!0 AL>3>4=V, 2AB0=>2;5=> :>@5;OFVN <V6 V=B5=A82=VABN ?@>4C:C20==O 

EVs V <5B0AB0B8G=8< ?>B5=FV0;>< ?CE;8==8E :;VB8= [104]. #>:070=> 

740B=VABL B0:8E 2578:C; ?@83=VGC20B8 V<C=VB5B, ?>A8;N20B8 ?CE;8==89 @VAB V 

@>728B>: @578AB5=B=>ABV 4> ?@>B8?CE;8==8E ?@5?0@0BV2 [54]. �>A;V465==O<8 

2V44V;C A83=0;L=8E <5E0=V7<V2 :;VB8=8 ?@>45<>=AB@>20=>, I> ?V428I5==O 

5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85 2 ?CE;8==8E :;VB8=0E @V7=>3> 

B:0=8==>3> ?>E>465==O AC?@>2>46CTBLAO ?>A8;5==O< WE <0;V3=V70FVW [319]. 

":@V< B>3>, 2AB0=>2;5=0 @>;L Ruk/CIN85 C ;V30=4-V=4C:>20=><C 5=4>F8B>7V 

<5<1@0==8E @5F5?B>@V2, 2=CB@VH=L>:;VB8==><C B@0DV:C <5<1@0==8E 2578:C;, 

?>:070=0 AB@C:BC@=>-DC=:FV>=0;L=0 270T<>4VO Ruk/CIN85 7 ?@>B5W=0<8 Alix 

[279], Tsg101[34] B0 :;0B@8=><, 70;CG5=8<8 4> D>@<C20==O MVB 

(<C;LB82578:C;O@=8E BV;5FL), 0 B0:>6 :>@B0:B8=><, I> AB8<C;NT A5:@5FVN 

EVs [190, 289]. �>4=>G0A, A;V4 707=0G8B8, I> <>;5:C;O@=V <5E0=V7<8 2?;82C 

EVs =0 @>728B>: ?CE;8==>3> ?@>F5AC 70;56=> 2V4 >A>1;82>AB59 WE 

?>E>465==O B0 A:;04C, 70;8H0NBLAO =54>AB0B=L> 282G5=8<8. "A:V;L:8 EVs 

2V4>1@060NBL DV7V>;>3VG=89 AB0= :;VB8=8, O:0 WE A5:@5BCT, B> 4>A;V465==O 

E0@0:B5@8AB8: B0 2<VABC EVs, I> ?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8 7 

@V7=8< ABC?5=5< 03@5A82=>ABV, 0, 2V4?>2V4=>, V 7 2V4<V==8< @V2=5< 2<VABC 

Ruk/CIN85, 70 C<>2 @V7=>3> ?0@FV0;L=>3> B8A:C :8A=N 2 ?>70:;VB8==><C 

A5@54>28IV (3V?>:AVO, =>@<>:AVO) T 0:BC0;L=8<8 7 B>G:8 7>@C <>6;82>ABV 
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28:>@8AB0==O F8E AB@C:BC@ 4;O 4V03=>AB8:8, ?@>3=>7C @>728B:C >=:>;>3VG=8E 

70E2>@N20=L B0 286820=>ABV >=:>;>3VG=8E E2>@8E. %:070=5 287=0G0T 

=5>1EV4=VABL 3;81>:>3> V 2A51VG=>3> 282G5==O Ruk/CIN85->?>A5@54:>20=8E 

<5E0=V7<V2 1V>35=57C EVs B0 WE @53C;OB>@=8E 5D5:BV2, <>6;82>ABV 

28:>@8AB0==O 4>A;V46C20=>3> 040?B5@=>3> ?@>B5W=C O: =>2>W <VH5=V C 

?@>B8?CE;8==V9 B5@0?VW. 

�@V< B>3>, >:@5<8< 0:BC0;L=8< 0A?5:B>< 48A5@B0FV9=>W @>1>B8 T 

?>HC: V 24>A:>=0;5==O =>2VB=VE <5B>48G=8E ?V4E>4V2 4;O V7>;N20==O B0 

E0@0:B5@8AB8:8 EVs. 

�29O7>: @>1>B8 7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8.  
$>1>BC 28:>=0=> 2V4?>2V4=> 4> ?;0=C =0C:>2>-4>A;V4=8E @>1VB 

�=AB8BCBC 1V>EV<VW V<. ". �. #0;;04V=0 !�! ':@0W=8 2 @0<:0E !�$ 70 B5<0<8: 

«�V>EV<VG=V <5E0=V7<8 :>=B@>;N A8AB5<=8E <V6:;VB8==8E 270T<>4V9, 

@53C;N20==O A83=0;L=8E <5@56 B0 :;VB8==8E DC=:FV9 70 C<>2 =>@<8 B0 

?0B>;>3VG=8E AB0=V2» (2016-2019 7 45@6@5TAB@0FVW 0117U004344), 

« 5E0=V7<8 O45@=>3> B0 <5B01>;VG=>3> @5?@>3@0<C20==O ?CE;8==8E :;VB8=, 

0A>FV9>20=V 7 ?@>3@5AVTN >=:>;>3VG=8E 70E2>@N20=L: 2=5A>: 040?B5@=>3> 

?@>B5W=C Ruk/CIN85» (2020-2024 @@., 7 45@602=>W @5TAB@0FVW 0120U002191). 

�>A;V465==O, ?@>2545=V 2 ;01>@0B>@VW 1V>;>3VW @>728B:C '=V25@A8B5BC 

"C;C (V=;O=4VW 28:>=0=V 70 ?V4B@8<:8 =0ABC?=8E 4>A;V4=8FL:8E 3@0=BV2 B0 

?@>3@0<: Centre of Excellence grant (201232017 251314); Business Finland 

(BioRealHealth); Academy of Finland Biofuture2025, European Union Regional 

Development Fund (Printocent); the European Community9s Seventh Framework 

Programme (FP7/200732013; 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 

Diagnostics4FUDIS; 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 (H2020/201832022/ERC grant agreement no. 

772110); Academy of Finland (grants #289649, 294027, 319216 and 323480); EU 

FET Open grant 829040, Sigrid Juselius Foundation. 

 5B0 V 70240==O 4>A;V465==O.  5B>N 48A5@B0FV9=>W @>1>B8 1C;> 
4>A;V48B8 >A>1;82>ABV ?@>4C:C20==O, <>;5:C;O@=89 A:;04 B0 DC=:FV>=0;L=V 

2;0AB82>ABV EVs, V7>;L>20=8E 7 ?>BC ;N48=8 B0 :>=48FV>=>20=>3> A5@54>28I0 

?A524>=>@<0;L=8E B0 ?CE;8==8E :;VB8=, 79OAC20B8 2?;82 =>@<>:AVW/3V?>:AVW 9 

040?B5@=>3> ?@>B5W=C Ruk/CIN85 =0 707=0G5=V ?>:07=8:8. 

�V4?>2V4=> 4> <5B8 4>A;V465==O 1C;8 AD>@<C;L>20=V B0:V 70240==O: 

1. "E0@0:B5@87C20B8 A:;04 =C:;5W=>28E :8A;>B, I> <VABOBLAO 2 EVs 7 

?>BC ;N48=8, V=4C:>20=>3> DV78G=8<8 =020=B065==O<8. 

2. �>A;V48B8 >A>1;82>ABV ?@>B5W=>2>3> A:;04C EVs 7 ?>BC ;N48=8, 

V=4C:>20=>3> DV78G=8<8 =020=B065==O<8, B0 >FV=8B8 <>6;82VABL 

28:>@8AB0==O EVs 7 ?>BC O: 465@5;0 ?>B5=FV9=8E ?@>B5W=>28E 1V><0@:5@V2. 

3. #@>0=0;V7C20B8 >A>1;82>ABV EV<VG=>3> B0 ?@>B5W=>2>3> A:;04C EVs, 

I> ?@>4C:CNBLAO :;VB8=0<8 :0@F8=><8 =8@:8 <8HV ;V=VW Renca B0 ;N48=8 

;V=VW 786-" 70 C<>2 =>@<>:AVW/3V?>:AVW.  

4. �9OAC20B8 2?;82 =>@<>:AVW/3V?>:AVW =0 :V;L:VABL, @>7<V@8 B0 A:;04 EVs, 

V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= :0@F8=><8 =8@:8 <8HV 

;V=VW Renca 7 @V7=8< @V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85. 

5. �>A;V48B8 2?;82 EVs, I> ?@>4C:CNBLAO :;VB8=0<8 5<1@V>=0;L=>W 

=8@:8 ;N48=8 ;V=VW !��293 7 @V7=8< @V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C 

Ruk/CIN85, =0 :;VB8==V 2V4?>2V4V in vitro. 

6. #@>0=0;V7C20B8 >A>1;82>ABV ?@>B5W=>2>3> A:;04C EVs, I> 

?@>4C:CNBLAO :;VB8=0<8 5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW !��293 70;56=> 

2V4 @V2=O 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85. 

7. �>A;V48B8 2?;82 EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 

045=>:0@F8=><=8E :;VB8= 3@C4=>W 70;>78 <8HV ;V=VW 4&1 7 up/down 

@53C;N20==O< 040?B5@=>3> ?@>B5W=C Ruk/CIN85 =0 1V>;>3VG=V 2V4?>2V4V :;VB8= 

4T1 WT in vitro. 
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"19T:B 4>A;V465==O. <>;5:C;O@=89 A:;04 B0 1V>;>3VG=V 5D5:B8 EVs, 
>B@8<0=8E 7 1V>;>3VG=8E @V48= >@30=V7<C B0 :>=48FV>=>20=>3> A5@54>28I0 

:;VB8= 2 :C;LBC@V 70 =>@<0;L=8E B0 ?0B>;>3VG=8E C<>2. 

#@54<5B 4>A;V465==O. 7<V=8 ?@>B5W=>2>3> B0 =C:;5W=>2>3> A:;04C EVs 
7 ?>BC ;N48=8, V=4C:>20=>3> DV78G=8<8 =020=B065==O<8; >A>1;82>ABV 

EV<VG=>3>/?@>B5W=>2>3> A:;04C B0 1V>;>3VG=8E 5D5:BV2 EVs 7 

:>=48FV>=>20=>3> A5@54>28I0 ?CE;8==8E :;VB8= 70 C<>2 2?;82C 

=>@<>:AVW/3V?>:AVW B0 7<V= C @V2=V 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85. 

 5B>48 4>A;V465==O: 1V>EV<VG=V, 718@0==O ?>BC 7 25@E=L>W G0AB8=8 

BV;0 ;N48=8 (@C: V BC;C10) ?VA;O 30-E28;8==8E 2?@02 =0 25;>B@5=065@V, 

<5B>48 @>1>B8 7 :C;LBC@0<8 :;VB8=, >B@8<0==O AC1;V=V9 ?CE;8==8E :;VB8= 7V 

AB01V;L=>N =045:A?@5AVTN @5:><1V=0=B=8E ?@>B5W=V2, ;5=B82V@CA=0 shRNA 

B5E=>;>3VO, C;LB@0F5=B@8DC3C20==O 2 3@04VT=BV IV;L=>ABV, 284V;5==O 7@07:V2 

EVs 70 4>?><>3>N :><5@FV9=8E =01>@V2 ExoEasy B0 ExoSpin, 0=0;V7 

2V4AB565==O =0=>G0AB8=>: (NTA), 0=0;V7 5:A?@5AVW 1V><0@:5@V2 EVs B0 

:V;L:VA=5 287=0G5==O EVs 7 28:>@8AB0==O< ?;0BD>@<8 ExoView R100, 

5;5:B@>D>@57 ?@>B5W=V2 C #��� B0 =C:;5W=>28E :8A;>B 2 030@>7=><C 35;V, 

�5AB5@=-1;>B 0=0;V7, qRT-PCR, 5;5:B@>==0 <V:@>A:>?VO B0 V<C=>5;5:B@>==0 

<V:@>A:>?VO, :>=D>:0;L=0 V<C=>D;C>@5AF5=B=0 <V:@>A:>?VO, AB2>@5==O 

1V1;V>B5: RNA-seq <5B>4>< Next-Generation Sequencing, $0<0=V2AL:0 

A?5:B@>A:>?VO (TG-RS/TG-SERS), <0A-A?5:B@><5B@8G=89 0=0;V7 ?@>B5W=>2>3> 

A:;04C (LS-MS), 0=0;V7 ?@>;VD5@0B82=>W 0:B82=>ABV ( &&-B5AB B0 IncuCyte), 

4>A;V465==O <V3@0FV9=>3> ?>B5=FV0;C (<5B>4 70@>AB0==O ?>4@O?8=8 C 

:;VB8==><C <>=>H0@V B0 IncuCyte), 4>A;V465==O V=20782=>ABV 7 

28:>@8AB0==O< <>48DV:>20=>W :0<5@8 �>945=0. 

!0C:>20 =>287=0 @>1>B8. �?5@H5 >E0@0:B5@87>20=> >A>1;82>ABV 
=C:;5W=>2>3> A:;04C EVs ?>BC ;N48=8, V=4C:>20=>3> DV78G=8<8 2?@020<8. 

�AB0=>2;5=>, I> EVs ?>BC ;N48=8 <VABOBL @V7=><0=VB=V =C:;5W=>2V :8A;>B8, 

2:;NG0NG8 DNA B0 RNA ;N4AL:>3> V <V:@>1=>3> ?>E>465==O. !091V;LH 

?@54AB02;5=>N 1C;0 <VB>E>=4@V9=0 DNA, B>4V O: 1V;LHVABL V45=B8DV:>20=8E 
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RNA 1C;8 ?@54AB02;5=V tRNA, V <5=H>N <V@>N mVRNA, mRNA, snRNA, 

sn>RNA B0 V=H8<8 small RNAs. �8O2;5=> B0:>6 =C:;5W=>2V :8A;>B8 10:B5@V9, 

0@E59 V 2V@CAV2, B8?>28E 4;O <V:@>1V><C H:V@8. 

�?5@H5 >E0@0:B5@87>20=> >A>1;82>ABV ?@>B5W=>2>3> A:;04C EVs ?>BC 

;N48=8, V=4C:>20=>3> DV78G=8<8 2?@020<8. �AB0=>2;5=> 2V4<V==>ABV C A:;04V 

?@>B5W=V2, 28O2;5=8E 2 @V7=8E V=482V4C0;L=8E 7@07:0E EVs B0 7030;L=>3> ?>BC 

;N48=8, V45=B8DV:>20=V ?>B5=FV9=V 1V><0@:5@8 @0:C B0 V=D5:FV9=8E 

70E2>@N20=L A5@54 ?@>B5W=V2 EVs ?>BC. #>:070=>, I> 0;L3V=0B=89 ?;0AB8@ 

<>65 1CB8 28:>@8AB0=89 4;O 71>@C EVs ;N4AL:>3> ?>BC 7 <5B>N WE 

2V4>:@5<;5==O 2V4 10:B5@V9=8E EVs. 

!0 <>45;V :0@F8=><=8E :;VB8= =8@:8 <8HV B0 ;N48=8 2?5@H5 

?>:070=>, I> :><?;5:A=5 28:>@8AB0==O $0<0=V2AL:>W A?5:B@>A:>?VW (TG-

RS/TG-SERS) B0 <0A-A?5:B@><5B@8G=>3> 0=0;V7C (LS-MS) 70157?5GCT 3;81>:C 

48D5@5=FV9=C >FV=:C 4V0?07>=C @>7<V@V2 =0=>G0AB8=>: B0 <>;5:C;O@=8E 7<V=, 

7C<>2;5=8E 2?;82>< @V7=8E D0:B>@V2 =02:>;8H=L>3> A5@54>28I0, B0:8E O: 

3V?>:AVO. 

!0 <>45;OE 045=>:0@F8=><=8E :;VB8= =8@:8 <8HV ;V=VW Renca, 3@C4=>W 

70;>78 <8HV ;V=VW 4&1, ?A524>=>@<0;L=8E :;VB8= 5<1@V>=0;L=>W =8@:8 

;N48=8 ;V=VW !��293 2?5@H5 ?@>45<>=AB@>20=>, I> 040?B5@=89 ?@>B5W= 

Ruk/CIN85 T =>28< :><?>=5=B>< EVs, O:89 2V4V3@0T 206;82C @>;L C 1V>35=57V 

2578:C;, @53C;N20==V WE=L>3> A:;04C 70 @V7=8E :8A=528E C<>2 A5@54>28I0. 

�AB0=>2;5=> B0:>6 740B=VABL EVs 7 ?CE;8==8E :;VB8=, I> 2V4@V7=ONBLAO 70 

@V2=5< 5:A?@5AVW Ruk/CIN85, 48D5@5=FV9=> <>4C;N20B8 ?@>;VD5@0B82=C 

0:B82=VABL, @CE;82VABL V V=20782=VABL :;VB8=-@5F8?VT=BV2.  0A-

A?5:B@><5B@8G=8< 0=0;V7>< (GeLC MS/MS) 2?5@H5 ?>:070=>, I> 1V;LHVABL 

V45=B8DV:>20=8E ?@>B5W=V2, I> 48D5@5=FV9=> 5:A?@5ACNBLAO 2 :;VB8=0E 

!��293 7 up-@53C;N20==O< �GFP-Ruk/CIN85 V 28O2;ONBLAO 2 EVs, T 

<5B01>;VG=8<8 5=78<0<8. 
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#@0:B8G=5 7=0G5==O >45@60=8E @57C;LB0BV2. �0 @57C;LB0B0<8 
?@>2545=8E 4>A;V465=L, $0<0=V2AL:C A?5:B@>A:>?VN (TG-RS/TG-SERS) 

<>6=0 @5:><5=4C20B8 4;O H284:>3> 0=0;V7C 7<V= C <>;5:C;O@=><C A:;04V 

EVs 70;56=> 2V4 C<>2 =02:>;8H=L>3> A5@54>28I0 V 28:>@8AB0==O @V7=8E 

?@>B>:>;V2 4;O WE >G8I5==O.. )0@0:B5@8AB8:0 A:;04C EVs 7 ?>BC ;N48=8 

A2V4G8BL ?@> 28A>:C V=482V4C0;L=C 20@V015;L=VABL 10:B5@V9=>3> A:;04C FVTW 

1V>;>3VG=>W @V48=8 B0 2:07CT =0 <>6;82VABL WW 70AB>AC20==O O: 465@5;0 4;O 

282G5==O <V:@>1V><C H:V@8, 0 A0<V EVs 7 ?>BC <>6CBL 1CB8 28:>@8AB0=V O: 

465@5;> ?>B5=FV9=8E 1V><0@:5@V2 4;O =5V=20782=>3> <>=VB>@8=3C 74>@>2'O 

;N48=8. "B@8<0=V 2 E>4V 48A5@B0FV9=>3> 4>A;V465==O 40=V ?@> <>;5:C;O@=89 

A:;04 EVs, V7>;L>20=8E 7 ?CE;8==8E :;VB8=, <0NBL 206;825 7=0G5==O 4;O 

@>7C<V==O ?@>F5AV2, ?>29O70=8E 7 :0=F5@>35=57><, WE <>6;828< 2?;82>< =0 

?@>3@5AVN ?CE;8==>3> @>ABC, <5E0=V7<0<8 040?B0FVW ?CE;8==8E :;VB8= 4> 

C<>2 3V?>:AVW. $57C;LB0B8 48A5@B0FV9=>W @>1>B8 @5:><5=4CNBLAO 4;O 

28:>@8AB0==O 2 :C@AV «%83=0;L=V <5E0=V7<8 :;VB8=» 4;O 0A?V@0=BV2 =0 

74>1CBBO ABC?5=O 4>:B>@0 DV;>A>DVW 2 30;C7V 7=0=L 09 �V>;>3VO, 70 

A?5FV0;L=VABN 091 �V>;>3VO, �V>EV<VO. 

"A>18AB89 2=5A>: 74>1C20G0. ' ?@>F5AV 28:>=0==O 48A5@B0FV9=>W 
@>1>B8 02B>@>< >A>18AB> 281@0=> B0 ?@>0=0;V7>20=> =0C:>2C ;VB5@0BC@C 70 

B5<>N =0C:>2>3> 4>A;V465==O. �8A5@B0=B><, A?V;L=> 7 =0C:>28<8 

:5@V2=8:0<8 @>7@>1;5=> ?@>3@0<C ?@>2545==O 4>A;V465=L B0 281@0=> <5B>48 

@>729O70==O ?>AB02;5=8E 70240=L. 

�8A5@B0FV9=0 @>1>B0 1C;0 28:>=0=0 C 2V44V;V A83=0;L=8E <5E0=V7<V2 

:;VB8=8 �=AB8BCBC 1V>EV<VW V<. ". �. #0;;04V=0 !�! ':@0W=8 B0 ;01>@0B>@VW 

1V>;>3VW @>728B:C '=V25@A8B5BC "C;C «Laboratory of Developmental Biology, 

Disease Networks Research Unit, Faculty of Biochemistry and Molecular 

Medicine, University of Oulu and Kvantum Institute, Oulu, Finland».  

�:A?5@8<5=B0;L=0 G0AB8=0 48A5@B0FV9=>W @>1>B8 B0 0=0;V7 40=8E 

?@>2>482AO 74>1C20G5< >A>18AB>, 70 28=OB:>< 5:A?5@8<5=BV2, I> ?>B@51C20;8 

>A>1;828E 7=0=L B0 =028G>:, 0 B0:>6 A?5F8DVG=>3> >1;04=0==O. � B0:8E 
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28?04:0E 4>A;V4=8FL:0 @>1>B0 ?@>2>48;0AL A?V;L=> V7 A?V2@>1VB=8:0<8 

2V4?>2V4=8E CAB0=>2.  

�8<V@N20==O TG-RS V TG-SERS ?@>2>48;8AO C «VTT Technical 

Research Centre of Finland, Oulu, Finland» B0 «Institute of Photonics, University 

of Eastern Finland, Joensuu, Finland» A?V;L=> 7 PhD Martin Kögler.  0A-

A?5:B@><5B@8G=89 0=0;V7 ?@>2>482AO C «Biocenter Oulu Mass spectrometry 

core facility, Oulu, Finland» A?V;L=> 7 Ulrich Bergmann B0 Hannele Härkman. 

�;5:B@>==0 <V:@>A:>?VO B0 V<C=>5;5:B@>==0 <V:@>A:>?VO ?@>2>48;0AL 

A?V;L=> 7 Ilkka Miinalainen B0 Mika Kaakinen 2 «Biocenter Oulu Electron 

Microscopy core facility, Oulu, Finland». �>A;V465==O 2?;82C =045:A?@5AVW 

Ruk/CIN85 =0 48=0<V:C <V3@0FV9 :;VB8= Renca B0 4&1 ?@>2>48;8AL 70 

:>=AC;LB0FV9 :.1.=. �>@0: �.$, :.1.=. %:0B5@=>W &.�., :.1.=. )C4O:>2>W ".�. 

�=AB8BCBC 1V>EV<VW V<. ". �. #0;;04V=0 !�! ':@0W=8. DNA B0 RNA 

A5:25=C20==O 7@07:V2 ?>BC ?@>2>48;>AO 2 «Biocenter Oulu, Sequencing core 

facility, Oulu, Finland». �=0;V7 40=8E DNA B0 RNA A5:25=C20==O ?@>2>482AO 

A?V;L=> 7 PhD Geneviève Bart «Faculty of Biochemistry and Molecular Medicine, 

Disease Networks Research Unit, Laboratory of Developmental Biology, Kvantum 

Institute, Infotech Oulu, University of Oulu, Oulu, Finland» B0 PhD Daniel Fischer 

«Production Systems, Natural Resources Institute Finland (LUKE), Jokioinen, 

Finland». $57C;LB0B8 28I573040=8E 4>A;V465=L >?C1;V:>20=> C A?V;L=8E 

?C1;V:0FVOE. 

�?@>10FVO @57C;LB0BV2 4>A;V465=L. "A=>2=V ?>;>65==O 48A5@B0FV9=>W 
@>1>B8 1C;> ?@54AB02;5=> =0: =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW <>;>48E 

2G5=8E «(C=40<5=B0;L=0 <548F8=0: V=B53@0;L=V ?V4E>48 4> B5@0?VW E2>@8E 7 

>=:>?0B>;>3VTN» (':@0W=0, �8W2, 2019); :>=D5@5=FVW <>;>48E 2G5=8E «Modern 

aspects of biochemistry and biotechnology» (':@0W=0, �8W2, 2019); 5-V9 
 V6=0@>4=V9 =0C:>2V9 :>=D5@5=FVW «%urrent problems of biochemistry, cell 

biology and physiology» (':@0W=0, �=V?@>, 2020); :>=D5@5=FVW <>;>48E 2G5=8E 

«Modern aspects of biochemistry and biotechnology» (':@0W=0, �8W2, 2021). 
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#C1;V:0FVW. �0 B5<>N 48A5@B0FVW >?C1;V:>20=> 6 >A=>2=8E @>1VB, O:V 
2V4?>2V40NBL 28<>30< #>AB0=>28 �01V=5BC  V=VAB@V2 ':@0W=8 7 44 2V4 12 

AVG=O 2022 @., 7 =8E 4 AB0BBV - C D0E>28E V=>75<=8E 2840==OE, 2V4=5A5=8E 4> 

Q1-Q2 =0 40BC >?C1;V:C20==O. 

%B@C:BC@0 B0 >1AO3 48A5@B0FVW. �8A5@B0FVO <VAB8BL B0:V @>74V;8: 
2ABC?, >3;O4 ;VB5@0BC@8, <0B5@V0;8 B0 <5B>48 4>A;V465=L, @57C;LB0B8 

4>A;V465=L B0 WE >13>2>@5==O, 0=0;V7 B0 C7030;L=5==O @57C;LB0BV2 4>A;V465=L, 

28A=>2:8, A?8A>: 28:>@8AB0=8E 465@5;, 4>40B:8. $C:>?8A 28:;045=89 =0 281 

AB>@V=:0E :><?9NB5@=>3> =01>@C, <VAB8BL 8 B01;8FL 2 >A=>2=V9 G0AB8=V B0 21 

B01;8FN 2 4>40B:0E, 56 @8AC=:V2. %?8A>: 28:>@8AB0=8E 465@5; 2:;NG0T 383 

=09<5=C20=L. 
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$"���� 1 
"��/� ��&�$�&'$� 

1.1. �030;L=0 E0@0:B5@8AB8:0 ?>70:;VB8==8E 2578:C; 

1.1.1. "A=>2=V B8?8 ?>70:;VB8==8E 2578:C; 

�40B=VABL 4> A5:@5FVW =0=>@>7<V@=8E <5<1@0==8E 2578:C; C 

?>70:;VB8==89 ?@>ABV@ T :>=A5@20B82=8< ?@>F5A><, E0@0:B5@=8< 4;O 

10:B5@V9, 0@E59 B0 52:0@V>B8G=8E :;VB8= ($8A. 1) [174, 175, 74, 58]. 

#>70:;VB8==V 2578:C;8 (EVs) <0NBL AD5@8G=C D>@<C, 2:@8BV ;V?V4=8< 

1VH0@><, 71030G5=V @V7=8<8 ?@>B5W=0<8, =C:;5W=>28<8 :8A;>B0<8, ;V?V40<8 B0 

<5B01>;VB0<8. %5:@5FVO EVs 2V41C20TBLAO 70 <5E0=V7<0<8, I> <0NBL A2>W 

A?5F8DVG=V >A>1;82>ABV 2 52>;NFV9=> @V7=8E 3@C?0E >@30=V7<V2, B>4V O: 

<V6:;VB8==0 :><C=V:0FVO, >?>A5@54:>20=0 2578:C;0<8, T 52>;NFV9=> 

:>=A5@20B82=>N [73, 74, 58]. 

EVs A5:@5BCNBLAO @V7=8<8 :;VB8=0<8 AA02FV2 O: 70 DV7V>;>3VG=8E C<>2 

B0: V ?0B>;>3VG=8E AB0=V2, 2:;NG0NG8 :0=F5@>35=57, ?@8 O:><C 282V;L=5==O 

?>70:;VB8==8E 2578:C; 0=><0;L=> 7@>AB0T [113]. �C;> 70?@>?>=>20=> 420 

<5E0=V7<8 1V>35=57C EVs C AA02FV2: (1) 5:7>A><8, 465@5;>< O:8E T 

5=4>A><=89 :><?0@B<5=B ?VA;O 7;8BBO <C;LB82578:C;O@=8E BV; (MVB) 7 

?;07<0B8G=>N <5<1@0=>N; (2) <V:@>2578:C;8 (B0:>6 2V4><V O: <V:@>G0AB8=:8 

01> 5:B>A><8), 465@5;>< O:8E T 157?>A5@54=L> ?;07<0B8G=0 <5<1@0=0. 

&5@<V= 5:7>A><8 ?>ABV9=> 28:>@8AB>2CTBLAO 4;O ?>7=0G5==O 5:7>F8B=8E 

2578:C; 7 MVB, B>4V O: <V:@>2578:C;8 2V4><V ?V4 @V7=8<8 =0720<8, 

2:;NG0NG8 <5<1@0==V 2578:C;8, <5<1@0==V G0AB8=:8, 5:7>2578:C;8, 

=0=>G0AB8=:8, 5:B>A><8, <V:@>G0AB8=:8 01> <0B@8:A=V 2578:C;8 [58]. 

�?5@H5 5:7>A><8 1C;8 >?8A0=V 1;87L:> 30 @>:V2 B><C 70 4>?><>3>N 

5;5:B@>==>W <V:@>A:>?VW O: <0;5=L:V 2=CB@VH=L>:;VB8==V 2578:C;8, O:V 

<VAB8;8 ?@>B5W=8 ?;07<0B8G=>W <5<1@0=8 2 4>7@V20NG8E @5B8:C;>F8B0E [235]. 

*V <0;5=L:V 2578:C;8 1C;8 2V4>:@5<;5=V 2 <560E ?>29O70=>W 7 <5<1@0=>N 
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>@30=5;8, CB2>@NNG8 MVB, V 282V;L=O;8AL H;OE>< 7;8BBO 7>2=VH=L>W 

<5<1@0=8 MVB 7 ?;07<0B8G=>N <5<1@0=>N :;VB8=8.  

#5@H89 >?8A <V:@>2578:C;, O:V B0:>6 G0AB> =07820;8 V=H8<8 

B5@<V=0<8, B0:8<8 O: <V:@>G0AB8=:8 01> 5:B>A><8, 1C;> >?C1;V:>20=> 2 1967 

@>FV [357]. ' ?;07<V ;N48=8 1C;8 V45=B8DV:>20=V D@03<5=B8 B@><1>F8B0@=>3> 

?>E>465==O, O:V <0;8 D>@<C, I> =0304C20;0 <0;5=L:V <5<1@0==V 2578:C;8 

[357]. �C;> 28A;>2;5=> ?@8?CI5==O, I> 284V;5==N <V:@>2578:C; ?5@54CT 

CB2>@5==O 28ABC?V2 (1@C=L:C20==O) =0 ?;07<0B8G=V9 <5<1@0=V 7 =0ABC?=8< 

2V49T4=0==O<, H;OE>< ?>4V;C, 4V;O=:8 1@C=L:C20==O [259, 64]. 

 

 

 

$8A. 1.1. %5:@5FVO 2578:C; V <V6:;VB8==0 :><C=V:0FVO, >?>A5@54:>20=0 
EVs, 52>;NFV9=> :>=A5@20B82=V ?@>F5A8 2V4 ?@>:0@V>BV2 (0@E59, 3@0<-

=530B82=8E 10:B5@V9 V 3@0<-?>78B82=8E 10:B5@V9) 4> 52:0@V>BV2, 2:;NG0NG8 

:;VB8=8 AA02FV2 [59]. 

!572060NG8 =0 >G5284=V 2V4<V==>ABV 2 <5E0=V7<0E 1V>35=57C <V6 

5:7>A><0<8 B0 <V:@>2578:C;0<8, 5:A?5@8<5=B0;L=> A:;04=> 2V4@V7=8B8 

5:7>A><8 2V4 <V:@>2578:C; ?VA;O WE V7>;N20==O. �V;LH5 B>3>, =5 VA=CT GVB:> 

>?8A0=8E DV78G=8E 2;0AB82>AB59 G8 <>;5:C;O@=8E <0@:5@V2, O:V <>3;8 1 

>4=>7=0G=> 2V4@V7=8B8 5:7>A><8 2V4 <V:@>2578:C; [75, 288, 61]. &><C FV 

7<VH0=V ?>?C;OFVW G0AB8=>: >B@8<0;8 =072C ?>70:;VB8==V 2578:C;8 (EVs) [60]. 
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#VA;O 282V;L=5==O >18420 B8?8 EVs F8@:C;NNBL C ;>:0;L=><C 

?>70:;VB8==><C ?@>AB>@V B0 <V3@CNBL =0 25;8:V 2V4AB0=V H;OE>< 

B@0=A?>@BC20==O G5@57 @V48=8 >@30=V7<C, B0:V O: :@>2 V ;V<D0. 

1.1.2. #@>B5W=>289 B0 <>;5:C;O@=89 A:;04 ?>70:;VB8==8E 2578:C; 

EVs <VABOBL A:;04=89 =01V@ ?@>B5W=V2, O: V=B53@>20=8E 7 <5<1@0=>N, 

B0: V ?@8ACB=VE C 2=CB@VH=L><C ?@>AB>@V 2578:C;. $V7=V H;OE8 1V>35=57C EVs 

2V4>1@065=V 2 WE ?@>B5W=>2><C A:;04V [334]. !0?@8:;04, ?>@V2=O=> 7 

:;VB8=0<8, 5:7>A><8 71030G5=V :><?>=5=B0<8 5=4>A><=>3> A>@BC20;L=>3> 

:><?;5:AC 4;O B@0=A?>@BC20==O (ESCRT) V 9>3> 4>?><V6=8<8 ?@>B5W=0<8, 

2:;NG0NG8, =0?@8:;04, Alix V TSG101. &><C FV ?@>B5W=8 G0AB> 

28:>@8AB>2CNBL O: <0@:5@8 5:7>A>< [307]. ESCRT 2V4V3@0T 206;82C @>;L C 

:;0AB5@870FVW 20=B06C ?V4 G0A 1V>35=57C 2=CB@VH=L>?@>A2VB=8E 2578:C; (ILV) 

[161]. ESCRT A:;040TBLAO 7 G>B8@L>E :><?;5:AV2 (ESCRT-0, -I, -II B0 -III), O:V 

2V4V3@0NBL 28@VH0;L=C @>;L C 1V>35=57V B0 282V;L=5==V EVs. � V=H>3> 1>:C, 

1C;> 28O2;5=>, I> =570;56=89 2V4 ESCRT <5E0=V7< 1@C=L:C20==O B0:>6 15@5 

CG0ABL C 1V>35=57V EVs [9]. !0?@8:;04, 0;LB5@=0B82=89 H;OE 28:>@8AB>2CT 

F5@0<V4 4;O 35=5@C20==O V=H>W ?>?C;OFVW 5=4>A><, I> ?@872>48BL 4> A5:@5FVW 

5:7>A>< 7 V=H8<8 E0@0:B5@8AB8:0<8 [320]. �=HV ?@>B5W=8, ?@8ACB=V C 25;8:V9 

:V;L:>ABV 2 EVs, 2:;NG0NBL ?@>B5W=8 B5?;>2>3> H>:C (=0?@8:;04, Hsp70 V 

Hsp90), <5<1@0==V ?@>B5W=8 ?>29O70=V 7 ;V7>A><0<8 (=0?@8:;04, Lamp2a, 

Lamp2b), ?@>B5W=8 F8B>A:5;5BC (=0?@8:;04, 0:B8=, BC1C;V= V :>DV;V=) B0 

B5B@0A?0=V=8 (=0?@8:;04, CD9, CD81, V CD63) [336]. �@V< B>3>, 28O2;5=V 

B0:>6 ?@54AB02=8:8 @>48=8 Rab GTPases (=0?@8:;04, Rab4, Rab11 V Rab27), 

0==5:A8= V D;>B8;V=, O:V 2V4V3@0NBL 206;82C @>;L C 2578:C;O@=><C >1<V=V B0 

282V;L=5==V [112]. )>G0 5:7>A><8 B0 <V:@>2578:C;8 <0NBL, 74020;>AO 1, @V7=V 

?@>B5W=>2V ?@>DV;V 2=0A;V4>: @V7=8E H;OEV2 1V>35=57C, =5 1C;> V45=B8DV:>20=> 

6>4=>3> ?@>B5W=C, O:89 18 4>72>;82 @>7@V7=8B8 FV 42V ?>?C;OFVW.  

�@V< ?@>B5W=V2, EVs B@0=A?>@BCNBL B0:>6 157;VG :>4C20;L=8E V 

=5:>4C20;L=8E RNA, 2:;NG0NG8 mRNA, miRNA, circRNA, tRNA, snoRNA V 

piRNA [148, 89]. "G5284=5 71030G5==O =0 45O:V A?5F8DVG=V RNA C EVs 
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?>@V2=O=> 7 :;VB8=0<8, O:V WE ?@>4C:CNBL, A2V4G8BL ?@> B5, I> 7020=B065==O 

EVs =5 T 01A>;NB=> 28?04:>28< ?@>F5A>< 9, 4> ?52=>W <V@8, ?>28=5= 

VA=C20B8 @53C;OB>@=89 <5E0=V7<, O:89 :5@CT A>@BC20==O< RNA C EVs [271]. 

 

 

$8A. 1.2. %E5<0B8G=89 A:;04 ?>70:;VB8==8E 2578:C;. �578:C;8 <VABOBL 
@V7=V ?@>B5W=, ;V?V48, =C:;5W=>2V :8A;>B8, 0 B0:>6 V=HV <>;5:C;8. 

Hsp 2 heat shock proteins; PI 2 phosphatidylinostol; PS 2 phosphatidylserine; PC 
2 phosphatidylcholine; PE 2 phosphatidylethanolamine; GM 2 gangliosides; Hsc 2 
Heat shock cognate; TSG 2 tumor suspectibility gene; TNF 2 tumor necrosis 

factor; TGF 2 Transforming growth factor; TRAIL 2 TNF-related apoptosis-

inducing ligand; FasL 2 Fas ligand; TfR 2 Transferrin receptor [111].  
 

�C;> 28O2;5=>, I> 45O:V RNA-729O7C20;L=V ?@>B5W=8 15@CBL CG0ABL C 

<5E0=V7<V A>@BC20==O miRNA EVs, O:89 @53C;NTBLAO 70 4>?><>3>N 
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A?5F8DVG=8E <>B82V2 C ?>A;V4>2=>ABOE [271, 335]. *V ?@>B5W=8 729O7CNBLAO 

157?>A5@54=L> 7V A?5F8DVG=8<8 miRNA V ?>A8;NNBL WE=T 7020=B065==O 

2A5@548=C EVs [271, 335]. *5 A2V4G8BL ?@> B5, I> :>=A5@20B82=V <>B828 2 

?>A;V4>2=>ABOE miRNA :>=B@>;NNBL WE :><?0@B<5=B0;V70FVN 2A5@548=V 

2578:C; G5@57 ?@>B5W=8, I> 729O7CNBL RNA. �07=0G5=V A?5F8DVG=V 

?>A;V4>2=>ABV <>6=0 2AB028B8 2 V=HV miRNA, I>1 71V;LH8B8 WE 7020=B065==O 

2 EVs [271]. #>:070=> B0:>6, I> RNA-729O7C20;L=89 ?@>B5W= Y-box 1 (YBX1) 

<>65 DV78G=> 270T<>4VOB8 7V A?5F8DVG=>N miRNA-223 G5@57 2=CB@VH=V9 

4><5= «E>;>4>2>3> H>:C» B0 28A>:>70@O465=89 %-:V=5FL V C?0:>2C20B8 WW 

2A5@548=C EVs; >4=0:, =0 60;L, GVB:89 <>B82 ?>A;V4>2=>ABV 2 FV9 miRNA 

70;8H0TBLAO =5 V45=B8DV:>20=8<. � V=H8E 4>A;V465==OE B0:>6 

?>2V4><;O;>AL ?@> @>;L YBX1 C 729O7C20==V @V7=8E RNA, 2:;NG0NG8 

D@03<5=B8 tRNA V snoRNA, V WE 7020=B065==O 2A5@548=C EVs [287]. 

!0 4>40B>: 4> C?0:>2:8 A?5F8DVG=8E miRNA 2A5@548=C EVs, 1C;8 

28O2;5=V H;OE8 ?5@5<VI5==O miRNA 2 EVs. � =5I>402=L><C 4>A;V465==V 

1C;> >?8A0;> 2?;82 D0:B>@0 �D$-@81>78;N20==O 6 (ARF6)-GTP V Exportin-5 

=0 ?5@5<VI5==O ?@5-miRNA C <V:@>2578:C;8 (TMVs), >B@8<0=V 7 ?CE;8==8E 

:;VB8= [62].  0AHB01=5 :0@BC20==O ?@>B5W=>-?@>B5W=>28E 270T<>4V9 ?>:070;>, 

I> Exportin-5, O:89 2V4?>2V40T 70 B@0=A?>@B ?@5- miRNA V RNA-72'O7C20;L=8E 

?@>B5W=V2 2V4 O4@0 4> F8B>?;07<8, T 72'O7C20;L=8< ?0@B=5@><  ARF6. GTP-

>?>A5@54:>20=0 270T<>4VO <V6 Exportin-5 V ARF6 B0 WE A?V;L=0 ;>:0;V70FVO 

?>1;87C O4@0 01> 2A5@548=V TMVs 2:07CT =0 @>;L Exportin-5 C ?5@5<VI5==V 

20=B06C ?@5-miRNA 2V4 O4@0 4> <VAFO 1V>35=57C TMVs. #VA;O 

>?>A5@54:>20=>3> TMVs ?5@5=5A5==O miR-21 4> :;VB8=-@5F8?VT=BV2, O:V 1C;8 

A:>=AB@C9>20=V 4;O 5:A?@5AVW 45AB01V;V7>20=>3> GFP, O:89 <VAB82 A09B 

729O7C20==O miR21, 5:A?@5AVO ?@>B5W=C GFP 7=0G=> 7=86C20;0AL, I> 2:07CT =0 

DC=:FV>=0;L=C 4>AB02:C miR-21. �8O2;5=89 D5=><5= A2V4G8BL ?@> VA=C20==O 

A?5F8DVG=>3> H;OEC 2 @53C;;N20==V B@0=A?>@BC ?@5-miRNA, O:89 

?>B5=FV9=> <>6=0 28:>@8AB>2C20B8 4;O FV;L>2>3> 7020=B065==O EVs. 
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�@V< B>3>, EVs <>6CBL <VAB8B8 ?@>B5W=8, O:V 729O7CNBLAO 7 2;0A=>N 

mRNA V A>@BC20B8 WW. "4=8< V7 B0:8E <5E0=V7<V2 A>@BC20==O, O:89 V<VBCT 

?5@5=5A5==O 2V@CA=>W RNA, T ?@>B5W=, ?>4V1=89 4> 0=B835=C (Gag), O:89 

=07820TBLAO Arc [239, 11]. /: ?@028;>, ?V4 G0A @5?;V:0FVW @5B@>2V@CAC ?@>B5W=8 

Gag CB2>@NNBL :0?A84 H;OE>< <C;LB8<5@870FVW 4;O C?0:>2:8 2V@CA=>W RNA V 

?5@5=5A5==O WW 4> V=H8E :;VB8=. #>4V1=8< G8=>< =59@>=0;L=89 Gag-

?>4V1=89 ?@>B5W= Arc 729O7CTBLAO 7V A2>TN mRNA G5@57 V>==V 270T<>4VW =0 

A2>T<C N-:V=FV, I> ?@872>48BL 4> ?>40;LH>3> A0<>718@0==O :0?A84V2, 

V=:0?AC;OFVW RNA C EVs B0 >AB0B>G=>3> ?5@5=5A5==O WW 4> =59@>=V2. �C;> 

B0:>6 ?><VG5=>, I> V=:0?AC;OFVO mRNA 70 4>?><>3>N Arc <>65 1CB8 

=5A?5F8DVG=>N V 28:>@8AB>2C20B8AO 4;O A?V;L=>3> ?5@5=5A5==O mRNA C 

25;8:V9 :V;L:>ABV 2V4 >4=VTW :;VB8=8 4> V=H>W G5@57 EVs, I> <VABOBL Arc [239]. 

�030;><, AB0T 7@>7C<V;8<, I> 2 A:;04=><C B0 1030B>5B0?=><C ?@>F5AV 

A>@BC20==O 20=B06C 2 EVs 15@5 CG0ABL 45:V;L:0 <5E0=V7<V2. #>40;LH5 

79OAC20==O B>G=8E <5E0=V7<V2, 704VO=8E C :;VB8==><C A>@BC20==V <>;5:C;, 

4>72>;8;> 1 28:>@8AB>2C20B8 FV 7=0==O 4;O 5=4>35==>3> 7020=B065==O @V7=8E 

1V>B5@0?52B8G=8E ?@5?0@0BV2 C EVs, I>1 28:>@8AB>2C20B8 FV EVs 4;O 

B5@0?52B8G=>W 4>AB02:8. !0 60;L, 2@0E>2CNG8 >G5284=C 35B5@>35==VABL EVs 

70;56=> 2V4 1V>35=57C, <5B>4C V7>;N20==O B0 465@5;0 :;VB8=, <5B>48 

7020=B065==O, <>6;82>, 4>2545BLAO >?B8<V7C20B8 4;O :>6=>3> B8?C :;VB8= V 

1060=>3> B5@0?52B8G=>3> 20=B06C >:@5<>. 

1.1.3.  5E0=V7<8 CB2>@5==O B0 282V;L=5==O ?>70:;VB8==8E 2578:C; 

� 1V>35=57V EVs 704VO=V :V;L:0 <5E0=V7<V2. �>:@5<0, 5:7>A><8 

CB2>@NNBLAO O: V=B@0;N<V=0;L=V 2578:C;8 (ILV) G5@57 1@C=L:C20==O 

<5<1@0=8 2A5@548=C 4>7@V20NG8E 5=4>A>< 7 =0ABC?=8< D>@<C20==O< MVB 

[331]. MVB AE8;L=V 4> 7;8BBO 7 ;V7>A><0<8 4;O 453@040FVW WE=L>3> 2<VABC, 

>4=0: 2>=8 <>6CBL B0:>6 7;820B8AO 7 ?;07<0B8G=>N <5<1@0=>N 4;O 

282V;L=5==O ILV C ?>70:;VB8==89 ?@>ABV@ [331]. "48= V7 =09:@0I5 

>E0@0:B5@87>20=8E <5E0=V7<V2 1V>35=57C 5:7>A>< 2:;NG0T 70;CG5==O 
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5=4>A><=>3> A>@BC20;L=>3> :><?;5:AC, =5>1EV4=>3> 4;O <5E0=V7<C 

B@0=A?>@BC20==O (ESCRT) 4> C1V:2VB8;L>20=8E ?@>B5W=V2 C @0==V9 5=4>A><V. 

�A=CT G>B8@8 :><?;5:A8 ESCRT (ESCRT-0, 2I, 2II B0 -III), 0A>FV9>20=V 7 

4>?><V6=8<8 ?@>B5W=0<8, B0:8<8 O: �&$070 VPS4, WW :>D0:B>@ VTA-1, 

TSG101 B0 Alix. �><?;5:A ESCRT-0 @>7?V7=0T B0 ;>:0;V7CT C1V:2VB8;L>20=V 

?@>B5W=8 =0 7>2=VH=V9 AB>@>=V 5=4>A><=>W <5<1@0=8. �><?;5:A8 ESCRT-I B0 

3II 2V4?>2V40NBL 70 ?>G0B>: B0 AB8<C;N20==O 1@C=L:C20==O 

2=CB@VH=L>?@>A2VB=>W <5<1@0=8. �><?;5:A ESCRT-III 74V9A=NT @>7I5?;5==O 

2578:C; 7 CB2>@5==O< MVB [1]. &0:>6 >?8A0=89 ESCRT-=570;56=89 H;OE 

1V>35=57C 5:7>A><, O:89 >?>A5@54:>2CTBLAO ADV=3>;V?V4=8< F5@0<V4>< [320]. 

*5@0<V4 CB2>@NTBLAO 2 @57C;LB0BV 3V4@>;V7C ADV=3><VT;V=C =59B@0;L=>N 

ADV=3><VT;V=07>N 2 (nSMase2) [320]. �>=CA>?>4V1=0 AB@C:BC@0 F5@0<V4C 

AB8<C;NT =530B82=C :@8287=C <5<1@0=8 4;O ?>;53H5==O <5<1@0==>W 

V=203V=0FVW ILV [320]. �2B>@8 ?>2V4><8;8, I> nSMase2 =5>1EV4=0 4;O 

282V;L=5==O ?@>B5>;V?V4=>3> ?@>B5W=C (PLP) 7 :;VB8= Oli-neu [320]. �@V< B>3>, 

>?>A5@54:>20=89 F5@0<V4>< H;OE 1V>35=57C 5:7>A>< T 206;828< 4;O 5:A?>@BC 

miRNA G5@57 5:7>A><8 [158]. �C;> B0:>6 ?>:070=>, I> B5B@0A?0=V= CD63 

15@5 CG0ABL C A>@BC20==V ?@>B5W=C <5;0=>F8BV2 PMEL 2 5:7>A><8 70 ESCRT-

=570;56=8< <5E0=V7<>< [330]. �5O:V 7 :;NG>28E @53C;OB>@V2 AB8:C20==O V 

7;8BBO MVB 7 ?;07<0B8G=>N <5<1@0=>N 2:;NG0NBL :V;L:0 G;5=V2 @>48=8 

Rab (Rab11, Rab35, Rab27), 0 B0:>6 A8=0?B>B03<V=-7 [273, 131, 129, 233, 27]. 

$0=VH5 ?>2V4><;O;>AO, I> :>@B0:B8= V Rab27a 2 :>>@48=>20=89 A?>AV1 

AB01V;V7CNBL @>730;C65=V 0:B8=>2V <5@56V, I>1 70157?5G8B8 @>7B0HC20==O 

MVB ?>1;87C ?;07<0B8G=>W <5<1@0=8 B0 ?5@5=5A5==O 5:7>A>< 2 V=204>?>4VW 

[289]. 

MV:@>2578:C;8 (MVs) CB2>@NNBLAO H;OE>< 1@C=L:C20==O =07>2=V 

?;07<0B8G=>W <5<1@0=8 7 =0ABC?=8< 28E>4>< C ?>70:;VB8==89 ?@>ABV@ [331, 

209]. �V>35=57 MVs 2V4@V7=OTBLAO 2V4 B0:>3> 4;O 5:7>A><, >B@8<0=8E 7 MVB 

[331, 209]. #V4 G0A 35=5@C20==O MVs 2V41C20NBLAO <>;5:C;O@=V ?5@51C4>28 2 

<VAFOE 1@C=L:C20==O MVs, I> ?@872>48BL 4> 7<V=8 ;V?V4=>3> B0 ?@>B5W=>2>3> 
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A:;04C ?;07<0B8G=>W <5<1@0=8 [331, 209]. "4=8< V7 <5E0=V7<V2 CB2>@5==O 

MVs T @5>@30=V70FVO D>AD>;V?V4V2 0<V=>D>AD>;V?V4=8<8 B@0=A;>:070<8 

(D;>?070<8 B0 D;V??070<8) [331, 209]. �=H8< D0:B>@><, I> A?@8OT 

1@C=L:C20==N MVs, T GTPase, D0:B>@ ADP-@81>78;N20==O (ARF6). ARF6 

AB8<C;NT D>AD>;V?07C D (PLD), I> AC?@>2>46CTBLAO 0A>FV0FVTN :V=078, O:0 

@53C;NTBLAO ?>70:;VB8==8<8 A83=0;0<8 (ERK), 7 ?;07<0B8G=>N <5<1@0=>N 

[216]. ERK :0B0;V7CT D>AD>@8;N20==O :V=078 ;53:>3> ;0=FN30 <V>78=C 

(MLCK) [216]. �:B82>20=0 MLCK A?@8OT D>AD>@8;N20==N B0 0:B820FVW 

;53:>3> ;0=FN30 <V>78=C. �V=F528< @57C;LB0B>< FL>3> A83=0;L=>3> :0A:04C T 

A:>@>G5==O 0:B><V>78=C 2 «H89:0E» MVs, I> ?>;53HCT WE 282V;L=5==O [216]. 

�=H89 <5E0=V7< CB2>@5==O MVs >?>A5@54:>2CTBLAO ?@>B5W=>< Arrestin 1 

(ARRDC1). �8O2;5=>, I> 270T<>4VO ESCRT-I AC1>48=8FV TSG101 7 

?;07<0B8G=>N <5<1@0=>N >?>A5@54:>2CTBLAO ARRDC1 7024O:8 ?@8ACB=>ABV 

2 9>3> AB@C:BC@V :>=A5@20B82=>3> <>B82C PSAP [219]. �3>4><, 0A>FV0FVO 

ARRDC1 7 :><?;5:A>< �&$078 VPS4 7 ;V307>N E3 WWP2 ?@872>48BL 4> 

C1V:2VB8;N20==O ARRDC1 9 D>@<C20==O F8E  �s [219].  

1.1.4. (;OE8 ?>3;8=0==O ?>70:;VB8==8E 2578:C; B0 WE 2<VABC 

#VA;O 282V;L=5==O C ?>70:;VB8==89 ?@>ABV@, 2578:C;8 740B=V 4>AO30B8 

:;VB8=-@5F8?VT=BV2 4;O 4>AB02:8 A2>3> 2<VABC, I>1 28:;8:0B8 DC=:FV>=0;L=V 

@50:FVW B0 A?@8OB8 D5=>B8?VG=8< 7<V=0<, O:V 2?;820B8<CBL =0 WE 

DV7V>;>3VG=89 01> ?0B>;>3VG=89 AB0=.  V6:;VB8==0 :><C=V:0FVO, 

>?>A5@54:>20=0 2578:C;0<8, ?>B@51CT WE 270T<>4VW 7 ?;07<0B8G=>N 

<5<1@0=>N 7 =0ABC?=>N 0:B820FVTN ?>25@E=528E @5F5?B>@V2 V ?5@540GV 

A83=0;V2 V=B5@=0;V70FVW 2578:C; (5=4>F8B>7) 01> 7;8BBO 7 :;VB8=0<8-<VH5=O<8 

($8A. 1.3). %?>AV1 270T<>4VW 2578:C; 7 ?>25@E=5N :;VB8=8 B0 <5E0=V7<8, O:V 

>?>A5@54:>2CNBL ?5@5=5A5==O 20=B06C, 79OA>20=V =54>AB0B=L>. *V ?@>F5A8 T 

A:;04=8<8 V 70;560BL 2V4 ?>E>465==O EVs B0 :;VB8=-@5F8?VT=BV2. %CG0A=V 

4>A;V465==O 7451V;LH>3> 7>A5@5465=V =0 79OAC20==V <5E0=V7<V2 

<V6<5<1@0==>W 270T<>4VW. �>4=>G0A, =572060NG8 =0 @V7=89 2<VAB V @>7<V@8 
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EVs, ?@8=F8?8 ?>3;8=0==O B0 1V>EV<VG=V <5E0=V7<8 4VW @V7=8E AC1?>?C;OFV9 

EVs 9<>2V@=> T A?V;L=8<8 [331]. 

%?5F8DVG=VABL 270T<>4VW 7 :;VB8=0<8-<VH5=O<8, 9<>2V@=>, 287=0G0TBLAO 

A:;04>< ?@>B5W=V2, 71030G5=8E =0 ?>25@E=V EVs, V @5F5?B>@0<8 =0 

?;07<0B8G=V9 <5<1@0=V :;VB8=-@5F8?VT=BV2, B0:8E O: D>;V:C;O@=V 45=4@8B=V 

:;VB8=8 [76], 5?VB5;V9=V :;VB8=8 :8H5G=8:0 [193], 45=4@8B=V :;VB8=8 [227] 01> 

=59@>=8 [56], 0 B0:>6 :;VB8=8 ?5GV=:8 G8 ;535=V [193, 127]. %;V4 707=0G8B8, 

I> :;VB8=0-@5F8?VT=B >4=>G0A=> <>65 1CB8 :;VB8=>N-?@>4CF5=B><, I> 

35=5@CT EVs, O:V 4VNBL 70 02B>:@8==8< B8?>< <5E0=V7<V2 [199]. �V4><> :V;L:0 

<54V0B>@V2 F8E 270T<>4V9, 2:;NG0NG8 B5B@0A?0=V=8, V=B53@8=8, ;V?V48, 

;5:B8=8, ?@>B5>3;V:0=8 B0 :><?>=5=B8 ?>70:;VB8==>3> <0B@8:AC (ECM). 

�;VB8==V B0 <>;5:C;O@=V >A=>28 A?5F8DVG=>ABV 270T<>4VW <V6 EVs B0 

0:F5?B>@=8<8 :;VB8=0<8 2A5 I5 4> :V=FO =5 79OA>20=V, E>G0 45O:V 40=V 265 T 

4>ABC?=8<8. !0?@8:;04, V=B53@8=8 =0 EVs <>6CBL 270T<>4VOB8 7 <>;5:C;0<8 

04357VW, B0:8<8 O: <>;5:C;8 <V6:;VB8==>W 04357VW (ICAM) =0 ?>25@E=V :;VB8=-

@5F8?VT=BV2 [214]. 

�@V< B>3>, 1C;> ?>:070=>, I> 270T<>4VO V=B53@8=V2 7 ?@>B5W=0<8 

?>70:;VB8==>3> <0B@8:AC, ?5@5206=> DV1@>=5:B8=>< V ;0<V=V=><, 2V4V3@0T 

206;82C @>;L C 729O7C20==V 5:7>A>< [297, 253] V <V:@>2578:C; [178] 7 

:;VB8=0<8-@5F8?VT=B0<8. ' FL><C :>=B5:ABV ECM <>65 4VOB8 O: «;V=:5@» <V6 

V=B53@8=0<8, ?@8ACB=V<8 =0 EVs, B0 :;VB8=0<8-<VH5=O<8. In vivo 

35B5@>48<5@8 V=B53@8=V2 <>6CBL A?@O<>2C20B8 EVs 4> >@30=V2-<VH5=59 [127]. 

"4=8< 7 B0:8E ?@8:;04V2 T >=:>A><8, I> 282V;L=ONBLAO ?CE;8==8<8 

:;VB8=0<8 V <>6CBL 1CB8 =0FV;5=V =0 ?52=V >@30=8, B0:V O: ;535=V B0 ?5GV=:0, 

4;O A?@8O==O CB2>@5==N ?@e-<5B0AB0B8G=8E =VH C A?>AV1, O:89 70;568BL 2V4 

A:;04C WE=VE V=B53@8=V2 [127]. �578:C;O@=V B5B@0A?0=V=8 B0:>6 <>6CBL 

@53C;N20B8 270T<>4VN 7 :;VB8=0<8. �C;> ?>:070=>, I> 2>=8 270T<>4VNBL 7 

V=B53@8=0<8 [257], A?@8ONG8 ?>3;8=0==N >AB0==VE :;VB8=0<8-@5F8?VT=B0<8 

[225, 256]. �=HV <>;5:C;8, B0:V O: ?@>B5>3;V:0=8 B0 ;5:B8=8, 35?0@0=AC;LD0B8, 
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?@8ACB=V O: C ?>70:;VB8==8E 2578:C;0E, B0: V =0 ?;07<0B8G=V9 <5<1@0=V, 

A?@8ONBL ?@8:@V?;5==N F8E 2578:C; 4> :;VB8=-@5F8?VT=BV2 ($8A. 1.2). 

 

 

 

$8A. 1.3. �=B5@=0;V70FVO EVs. �578:C;8 ?>3;8=0NBLAO :;VB8=0<8-

@5F8?VT=B0<8 B0 7;820NBLAO 7 2=CB@VH=L>:;VB8==8<8 :><?0@B<5=B0<8 

5=4>A><=8< H;OE>< 4;O 282V;L=5==O 20=B06C. EVs <>6CBL 1CB8 

V=B5@=0;V7>20=V >?>A5@54:>20=>: a :;0B@8=-70;56=8< 5=4>F8B>7><, b 70 
CG0ABV ;V?V4=8E @0DBV2, c :025>;V=->?>A5@5:>20=8< 5=4>F8B>7><, d 
D03>F8B>7><, e <V:@>?V=>F8B>7><. *V H;OE8 <>6CBL A?V2VA=C20B8 [323]. 
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#VA;O 729O7C20==O 7 :;VB8=0<8-@5F8?VT=B0<8, ?>70:;VB8==V 2578:C;8 

<>6CBL 70;8H0B8AO =0 ?;07<0B8G=V9 <5<1@0=V [38, 76] 01> V=B5@=0;V7C20B8AO 

70 4>?><>3>N :;0B@8=->?>A5@54:>20=>3> 01> :;0B@8=-=570;56=>3> 

5=4>F8B>7C, B0:>3> O: <0:@>?V=>F8B>7 V D03>F8B>7 [84, 220, 314], 0 B0:>6 

G5@57 5=4>F8B>7, 70;56=89 2V4 :025>; G8 ;V?V4=8E @0DBV2 [171, 332, 144] ($8A. 

1.3). %?5F8DVG=89 A:;04 EVs 2?;820B8<5 =0 WE V=B5@=0;V70FVN. !0?@8:;04, 

?@8ACB=VABL ?@>B5W=C-?>?5@54=8:0 0<V;>W4C (B0:>6 2V4><>3> O: 0<V;>W4 ³ 

(A4)) 2 >4=><C ?V4B8?V 2578:C; V7 :;VB8= =59@>1;0AB><8 A?5FV0;L=> =0FV;NT 

WE =0 =59@>=8, =0 2V4<V=C 2V4 ?V4B8?C 2578:C;, 71030G5=8E =0 CD63, O:V 

729O7CNBLAO O: 7 =59@>=0<8, B0: V 3;V0;L=8<8 :;VB8=0<8 [171]. �=H8< 

?@8:;04>< T =0O2=VABL A8=F8B8=C 1 =0 ?>25@E=V 2578:C;, >B@8<0=8E 7 

B@>D>1;0AB0, O:89 A?@8OT WE ?>3;8=0==N [332], B>4V O: ?@8ACB=VABL B0:>3> 

A83=0;C, O: CD47, =0 ?>25@E=V <0T A8;L=89 V=3V1C20;L=89 2?;82 =0 D03>F8B>7 

2578:C; <>=>F8B0<8 [144].  

#VA;O 270T<>4VW 7 ?;07<0B8G=>N <5<1@0=>N :;VB8=-@5F8?VT=BV2 V ?VA;O 

?>3;8=0==O 70 @V7=8<8 <5E0=V7<0<8, EVs A:5@>2CNBLAO =0 H;OE8 B@0DV:C 

5=4>F8B=8E 2578:C; 9 4>AO30NBL MVB, O:V 2 1V;LH>ABV 28?04:V2 

?5@5B2>@NNBLAO 2 ;V7>A><8 [52, 313]. ' 45O:8E 28?04:0E V=B5@=0;V7>20=V 

2578:C;8 <>6CBL C=8:0B8 ?5@5B@02;5==O H;OE>< 72>@>B=>3> 7;8BBO 7 

<5<1@0=>N MVB, 282V;L=ONG8 B0:8< G8=>< A2V9 2<VAB C F8B>?;07<C 

:;VB8=8-@5F8?VT=B0 ($8A. 1.4) [26]. "1<565=0 A?V;L=0 ;>:0;V70FVO 5:7>A><, 

>B@8<0=8E V7 B@>D>1;0AB0, 7 @0==V<8, 0;5 =5 ?V7=V<8, 5=4>A><=8<8 

AB@C:BC@0<8, <>65 A2V4G8B8 ?@> B5, I> 45O:V V=B5@=0;V7>20=V EVs <>6CBL 

C=8:0B8 ;V7>A><=>W 453@040FVW H;OE>< ?>2B>@=>W A5:@5FVW G5@57 H;OE @0==L>W 

5=4>F8B=>W @5F8@:C;OFVW, 01> H;OE>< 7;8BBO MVB 7 ?;07<0B8G=>N 

<5<1@0=>N [123] ($8A. 1.4).  

#VA;O 0A>FV0FVW 7 ?;07<0B8G=>N <5<1@0=>N EVs <>6CBL V=4C:C20B8 

DC=:FV>=0;L=V @50:FVW H;OE>< 729O7C20==O B0 0:B820FVW @5F5?B>@V2, 

5:A?@5A>20=8E =0 :;VB8=0E-@5F8?VT=B0E ($8A. 1.4). �>:@5<0, ?5@H8<8 

?@8:;040<8 1C;8 2578:C;8, >B@8<0=V 7 45=4@8B=8E V �-:;VB8=, O:V 1C;8 740B=V 
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?@575=BC20B8 0=B835=8 &-:;VB8=0< V V=4C:C20B8 A?5F8DVG=C 0=B835==C 

2V4?>2V4L [258, 383]. 

 

$8A. 1.4.  5B01>;VG=V H;OE8 EVs. (a) �:7>A><8 <VABOBL @V7=V B8?8 
?@>B5W=V2, =C:;5W=>28E :8A;>B, 0<V=>:8A;>B V <5B01>;VBV2, 7 O:8E CD9, CD63, 

CD81 <>6CBL 1CB8 28:>@8AB0=V O: <0@:5@8. (b) #>70:;VB8==V :><?>=5=B8 

@07>< V7 ?@>B5W=0<8 :;VB8==>W ?>25@E=V ?@>=8:0NBL C :;VB8=8 70 4>?><>3>N 

5=4>F8B>7C B0 V=203V=0FVW ?;07<0B8G=>W <5<1@0=8. 'B2>@5==O 1@C=L:8 

?;07<0B8G=>W <5<1@0=8 =0 AB>@>=V ?@>A2VBC B0 7;8BBO 1@C=L:8 7 

:><?>=5=B0<8 5=4>?;07<0B8G=>3> @5B8:C;C<C, :><?>=5=B0<8 :><?;5:AC 

�>;L46V, B>I> ?@872>48BL 4> CB2>@5==O @0==VE 5=4>A><. #>BV< 7 @0==VE 

5=4>A>< CB2>@NNBLAO ?V7=V 5=4><><8, O:V 707=0NBL V=203V=0FVW <5<1@0=8, I> 

?@872>48BL 4> 35=5@C20==O @V7=8E ILV V D>@<C20==O <C;LB82578:C;O@=>3> 

BV;0 (MVB). �0;V, 45O:V MVB 7;820NBLAO 7 ;V7>A><0<8, I> ?@872>48BL 4> 

453@040FVW WE=L>3> 2<VABC. �=HV MVB B@0=A?>@BCNBLAO 4> ?;07<0B8G=>W 

<5<1@0=8. !0@5HBV, H;OE>< 5:7>F8B>7C MVB 2V41C20TBLAO 282V;L=5==O ILV 

(5:7>A><) =07>2=V :;VB8=8 [71].  
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EVs <>6CBL B0:>6 7;820B8AO 157?>A5@54=L> 7 ?;07<0B8G=>N 

<5<1@0=>N 01> <5<1@0=>N 5=4>F8B=8E 2578:C; :;VB8=-@5F8?VT=BV2. &0:V 

?@>F5A8 =5>1EV4=V 4;O 282V;L=5==O 2<VABC EVs 2 F8B>?;07<C :;VB8=-

@5F8?VT=BV2, I> T :;NG>28< :@>:>< 4;O 70157?5G5==O 282V;L=5==O miRNA 

[326] V mRNA [291] 4;O @53C;N20==O 5:A?@5AVW 35=V2. #@O<5 7;8BBO EVs 7 

<5<1@0=>N :;VB8=-@5F8?VT=BV2 B0:>6 70157?5GCT >1<V= B@0=A<5<1@0==8E 

?@>B5W=V2 V ;V?V4V2. EVs <>6CBL B@0=A?>@BC20B8 @V7=V 2848 ;V?V4V2, 2:;NG0NG8 

59:>70=>W48, 68@=V :8A;>B8 B0 E>;5AB5@8=, 0 B0:>6 ;V?V4=V B@0=A;>:078, B8< 

A0<8< A?@8ONG8 @53C;N20==N WE 0:B82=>ABV [260]. 

"AB0B>G=89 V =09?>H8@5=VH89 5B0? <5B01>;V7<C EVs ?>;O30T C 7;8BBV 7 

;V7>A><0<8, I> ?@872>48BL 4> 453@040FVW WE=L>3> 2<VABC. �06;82> 70C2068B8, 

I> F59 H;OE 453@040FVW 70157?5GCT @5;520=B=5 465@5;> <5B01>;VBV2 4;O 

:;VB8=-@5F8?VT=BV2 [374] ($8A. 1.4). 

1.2. 'G0ABL ?>70:;VB8==8E 2578:C; C <V6:;VB8==V9 :><C=V:0FVW 

�V>;>3VG=89 D5=><5= 282V;L=5==O EVs C ?>70:;VB8==89 ?@>ABV@ B0 WE 

?>?040==O 2 B@0=A?>@B=V A8AB5<8 >@30=V7<C 2V4V3@0T :;NG>2C @>;L C 

70157?5G5==V O: ;>:0;L=>W, B0: V 48AB0=B=>W <V6:;VB8==>W :><C=V:0FVW G5@57 

?5@540GC @53C;OB>@=8E <>;5:C; (?@>B5W=V2, =C:;5W=>28E :8A;>B, <5B01>;VBV2) 

:;VB8=0<-<VH5=O<. &0:89 A?>AV1 <V6:;VB8==>W :><C=V:0FVW 70 CG0ABV EVs 

4>72>;OT =0 @V2=V >@30=V7<C 74V9A=N20B8 :>=B@>;L B0:8E A8AB5<=8E ?@>F5AV2 

O: V<C==V DC=:FVW [160], 70?0;5==O [353], >@30=>A?5F8DVG=V ?@>F5A8 V V=., 0 

B0:>6 1CB8 70;CG5=8< 4> ?0B>35=57C 157;VGV E2>@>1. ' 729O7:C 7 206;82VABN 

<V6:;VB8==>W ?5@540GV A83=0;V2 V <V6:;VB8==>W :><C=V:0FVW 7@>AB0T V=B5@5A 4> 

?>B5=FV9=>W @>;V EVs O: =5V=20782=>3> 465@5;0 1V><0@:5@V2 4;O 4V03=>AB8:8 

70E2>@N20=L V ?@>3=>7C20==O WE @>728B:C. $>;L EVs B0 WE 2<VABC O: 

?>B5=FV9=8E D0:B>@V2 >=:>35=57C, @>728B:C <5B0AB07V2 B0 @578AB5=B=>ABV 4> 

EV<V>B5@0?VW T >1;0ABN 4>A;V465=L 2 30;C7V <>;5:C;O@=>W >=:>;>3VW, V=B5@5A 4> 

O:>W H284:> 7@>AB0T C 2AL><C A2VBV.  
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1.2.1. $>;L ?>70:;VB8==8E 2578:C; 2 @>728B:C 7;>O:VA=8E =>2>CB2>@5=L 

#>@V2=O=> 7 =>@<0;L=8<8 :;VB8=0<8, ?CE;8==V :;VB8=8 2V4@V7=ONBLAO 

70 V=B5=A82=VABN ?@>4C:C20==O EVs B0 WE A:;04><, 0 ?0FVT=B8 7 >=:>;>3VTN 

45<>=AB@CNBL 28IV @V2=V EVs 2 B@0=A?>@B=8E A8AB5<0E >@30=V7<C ?>@V2=O=> 

7V 74>@>28<8 ;N4L<8 [310, 254]. /: >=:>35==5 A83=0;N20==O, 2;0AB825 

?CE;8==8< :;VB8=0<, B0: V C=V:0;L=V C<>28 2 <V:@>>B>G5==V ?CE;8=8 <>6CBL 

A?@8OB8 ?>A8;5==N A5:@5FVW EVs. �0 C<>2 ?0B>;>3VW EVs <>6CBL 

?5@5=>A8B8AO <V6 @V7=8<8 AC1?>?C;OFVO<8 ?CE;8==8E :;VB8=, 0 B0:>6 <V6 

?CE;8==8<8 B0 =>@<0;L=8<8 :;VB8=0<8, ;>:0;V7>20=8<8 2A5@548=V B0 ?>70 

?CE;8=>N. $53C;NNG8 @V7=V 0A?5:B8 :;VB8==8E DC=:FV9, EVs A?@8ONBL 

@>728B:C 35B5@>35==>ABV B0 ?;0AB8G=>ABV ?CE;8=8, @5<>45;N20==N AC48=, 

V<C=><>4C;N20==N B0 AB2>@5==N ?@5-<5B0AB0B8G=8E =VH, I> T 206;828< 4;O 

?@>F5AC <5B0AB07C20==O [339]. �?;82 EVs =0 :;VB8=C-<VH5=L 70157?5GCTBLAO 

<>;5:C;O@=8<8 270T<>4VO<8 =0 <56V <5<1@0=8 2578:C;8 B0 :;VB8==>W 

<5<1@0=8 01> ?>G8=0TBLAO 7V 7;8BBO <5<1@0=8 2578:C;8 7 :;VB8==>N 

<5<1@0=>N 4;O 282V;L=5==O 2<VABC. #@8 FL><C <>65 B0:>6 2V41C20B8AO 

V=B5@=0;V70FVO EVs G5@57 5=4>F8B>7, D03>F8B>7 01> <0:@>?V=>F8B>7 7 

?>40;LH>N @5;>:0;V70FVTN <>;5:C; 20=B06C 2 WE=V DC=:FV>=0;L=V 

:><?0@B<5=B8 2A5@548=V :;VB8=8-@5F8?VT=B0. 

#>25@E=52>-0:B82=V <>;5:C;8 2 EVs 2:;NG0NBL ?>;VA0E0@848, 

?@>B5078, 3;V:>784078, 0=B835=-?@575=BC20;L=V B0 V<C=>AC?@5A82=V <>;5:C;8, 

<>;5:C;8 04357VW, ?@>B5W=8, 70;CG5=V 4> B@0=A4C:FVW A83=0;C, ?@>B5W=8 

F8B>A:5;5BC B0 ?@>B5W=8, 0A>FV9>20=V 7 EVs. #>H8@5=8<8 ?>25@E=528<8 

1V><>;5:C;0<8 T ?>;VA0E0@84=8, B0:V O: 3V0;C@>=>20 :8A;>B0 (HA) [347], 

?@>B5078 [23], V=AC;V=-453@04C20;L=89 5=78< (IDE), 3;V:>784078, 0 B0:>6 

5=78<>?>4V1=V <>;5:C;8 =0 ?>25@E=V EVs, O:V 715@V30NBL A2>N 5=78<0B8G=C 

0:B82=VABL 4;O ?5@5B2>@5==O 2V4?>2V4=8E AC1AB@0BV2 [135]. EVs, >B@8<0=V 7 

0=B835=-?@575=BC20;L=8E :;VB8= (APC), <VABOBL =0 A2>W9 ?>25@E=V <>;5:C;8 

>A=>2=>3> :><?;5:AC 3VAB>AC<VA=>ABV :;0AC II (MHC-II) [43], B>4V O: ?CE;8=>-

A?5F8DVG=V 0=B835=8 B0 V<C=>AC?@5A82=V <>;5:C;8 ?@8ACB=V =0 ?>25@E=V 
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?CE;8==8E EVs [2, 274, 252]. EVs, >B@8<0=V 7 ?CE;8==8E :;VB8=, <VABOBL =0 

A2>WE ?>25@E=OE <>;5:C;8 04357VW, B0:V O: ;0:B0435@8=, V=B53@8=8, <>;5:C;8 

<V6:;VB8==>W 04357VW 1 (ICAM-1) V B5B@0A?0=V=8 (CD63, CD81 V CD9) [350, 

224]. �=HV :><?>=5=B8 EVs, >B@8<0=V 7 ?CE;8==8E :;VB8=, 2:;NG0NBL 

?@>B5W=8, 70;CG5=V 4> B@0=A4C:FVW @53C;OB>@=8E A83=0;V2, B0:V O: 

?@>B5W=:V=078, ?V@C20B:V=070, D0:B>@8 @>ABC [102, 351], F8B>:V=8 [188], 

?@>B5W=8 F8B>A:5;5BC (B0:V O: 0:B8= V BC1C;V=) V ?@>B5W=8, =5>1EV4=V 4;O 

?@>4C:C20==O EVs (ESCRT). �@V< B>3>, EVs, >B@8<0=V 7 ?CE;8==8E :;VB8=, 

=5ACBL =0 A2>W9 ?>25@E=V A?5F8DVG=V <5<1@0==V ?@>B5W=8, B0:V O: <5<1@0==89 

?@>B5W= Cep55, O:89 <VAB8BLAO 2 EVs 7 :;VB8==8E ;V=V9 ?;>A:>:;VB8==>W 

:0@F8=><8 3>;>28 B0 H8W (SqCC/Y1, CaLH2, Ca1, SVpgC2a, SVFN8), 0;5 

2V4ACB=V9 C EVs 7 =>@<0;L=8E :;VB8= [56]. +5@57 35B5@>35==VABL EVs, 

20@V015;L=VABL A:;04C @V7=8E ?>25@E=528E <0@:5@=8E ?@>B5W=V2 70;568BL 2V4 

:;VB8=8 ?>E>465==O. �A=CT ?@8?CI5==O, I> 1V>;>3VG=> 0:B82=V <>;5:C;8 =0 

?>25@E=V EVs 4VNBL H284H5, 729O7CNG8AL V7 :;VB8=>N-@5F8?VT=B><, =V6 BV, 

I> V=:0?AC;L>20=V 2A5@548=V EVs.  

 V:@>>B>G5==O ?CE;8= (& �) T <0B5@V0;L=>N >A=>2>N ?CE;8=>35=57C 

B0 <5B0AB07C20==O, O:5, 2 >A=>2=><C, 2:;NG0T  ?>70:;VB8==89 <0B@8:A (ECM), 

?CE;8==V :;VB8=8, ?CE;8==V AB>21C@>2V :;VB8=8 V @V7=V AB@><0;L=V :;VB8=8 

(B0:V O: 5=4>B5;V9=V :;VB8=8, V<C==V :;VB8=8, 048?>F8B8 B0 DV1@>1;0AB8) B0 WE 

2V4?>2V4=V @53C;OB>@=V G8==8:8. EVs, >B@8<0=V 7 ?CE;8=, <>4C;NNBL 

?CE;8=>35==5 <V:@>>B>G5==O, 2?;820NG8 =0 2=CB@VH=L>:;VB8==V A83=0;L=V 

H;OE8, 70;CG5=V 4> :>=B@>;N 0?>?B>7C, :;VB8==>3> 48D5@5=FVN20==O, 

0=3V>35=57C, V=207VW B0 <5B0AB07C20==O, 7<V=NNBL TME H;OE>< 7<V=8 

D5=>B8?V2 AB@><0;L=8E :;VB8=, I> >B>GCNBL ?CE;8=C, 4;O A?@8O==O @>728B:C 

?CE;8=8 B0 <5B0AB07C20==O [86]. 

�V><>;5:C;8, B0:V O: ?CE;8=>A?5F8DVG=V ?@>B5W=8 B0 RNA, 

B@0=A?>@BCNBLAO G5@57 5:7>A><=C V=:0?AC;OFVN, I> 4>72>;OT ?CE;8==8< 

:;VB8=0< =01C20B8 7;>O:VA=>3> D5=>B8?C, =5>1EV4=>3> 4;O V=207VW [143]. RNAs, 

I> ?5@5=>AOBLAO EVs, 15@CBL CG0ABL C @53C;N20==V 5:A?@5AVW 35=V2 ?VA;O 
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?5@5=5A5==O 2 :;VB8=8-@5F8?VT=B8, >?>A5@54:>2CNG8 :;NG>2V ?@>F5A8 

?@>3@5AC20==O ?CE;8=8, B0:V O: <5B0AB07C20==O, V<C==5 @53C;N20==O B0 

ABV9:VABL 4> ;V:C20==O [194, 322, 308, 55, 245, 382, 48, 330, 45]. mVRNA, 

>B@8<0=V 7 ?CE;8=8, 282V;L=ONBLAO 2 >A=>2=><C H;OE>< C?0:>2:8 2 

A?5F8DVG=V MVB, O:V T :;NG>28<8 <54V0B>@0<8 <V6:;VB8==>W :><C=V:0FVW 

?CE;8=8. �030B> 4>A;V465=L ?>:070;8, I> ?@>DV;V miRNA 2 EVs 

2V4@V7=ONBLAO 2V4 WE=VE 2V4?>2V4=8E :;VB8==8E ?@>DV;V2. ":@V< B>3>, 45O:V 

miRNA, O:V 5:A?@5ACNBLAO =>@<0;L=8<8 :;VB8=0<8, <>6CBL ?V428I5=> 

A5:@5BC20B8AL 7;>O:VA=8<8 :;VB8=0<8, I> A2V4G8BL ?@> A?5F8DVG=V 4;O 

?CE;8= <5E0=V7<8 281V@:>2>3> A>@BC20==O miRNA C EVs [247, 44, 87]. EVs, 

>B@8<0=V 7 ?CE;8==8E :;VB8=, 1V;LH =5>4=>@V4=V 70 7>2=VH=V< 283;O4><, 

2:;NG0NG8 @>7<V@ V IV;L=VABL. &0:8< G8=><, @V7=V miRNA <>6CBL 1CB8 

2V4A>@B>20=V 2 @V7=V AC1?>?C;OFVW ?CE;8==8E EVs [87]. EVs, >B@8<0=V 7 

<5B0AB0B8G=8E :;VB8= @0:C <>;>G=>W 70;>78, 45<>=AB@CNBL 71030G5==O =0 

miRNA ?>@V2=O=> 7 :;VB8=0<8 =5<5B0AB0B8G=>3> @0:C <>;>G=>W 70;>78 [207]. 

*V:02>, I> ?CE;8==V :;VB8=8 7 <CB0FVTN KRAS <VABOBL <5=H5 >=:>35==8E 

miRNA. "4=0: >=:>35==V miRNA A8;L=> 71030G5=V 2 EVs, I> 282V;L=ONBLAO 7 

KRAS-<CB>20=8E ?CE;8==8E :;VB8=, B>4V O: @V2=V miRNA 7@>AB0NBL 2 KRAS-

<CB>20=8E :;VB8=0E ?VA;O 1;>:C20==O A5:@5B>@=>3> ?@>F5AC EVs [253]. 

�;VB8=8 :>;>@5:B0;L=>3> @0:C, I> =5ACBL <CB0=B=89 KRAS, 45<>=AB@CNBL 

2V4<V==>ABV C A5:@5FVW miRNA ?>@V2=O=> 7 :;VB8=0<8 7 KRAS 48:>3> B8?C. 

�>:@5<0 FV EVs E0@0:B5@87CNBLAO ?V428I5=8< 2<VAB>< mRNA, miR-100 V 

Rab13 V 7=865=8< 2<VAB>< miR-10b, I> A2V4G8BL ?@> KRAS-70;56=89 

5:A?>@B RNAs [124]. �578:C;O@=0 miR-21, V=4C:>20=0 3V?>:A8G=8< 

<V:@>>B>G5==O< ?;>A:>:;VB8==>W :0@F8=><8 ?>@>6=8=8 @>B0 (OSCC), A?@8OT 

?@>;VD5@0FVW ?CE;8==8E :;VB8= V <5B0AB07C20==N 70;56=> 2V4 HIF-1a V HIF-2a 

[139]. �@V< B>3>, 2V4><>, I> 7@>AB0==O 2<VABC 2 2578:C;0E miRNA-21 V 

miRNA-10b C :8A;><C A5@54>28IV 7=0G=> A?@8OT ?@>;VD5@0FVW, <V3@0FVW B0 

V=207VW :;VB8= 35?0B>F5;N;O@=>W :0@F8=><8 [180, 315].  
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 5=H 282G5=>N T 4>AB02:0 70 4>?><>3>N EVs lncRNAs B0 circRNAs, 

O:V 15@CBL CG0ABL C @5<>45;N20==V A5@54>28I0 ?CE;8==8E :;VB8= (TME) B0 

<>4C;N20==V AB0=C ?@5-<5B0AB0B8G=8E =VH 4;O A?@8O==O <5B0AB07C20==N 70 

4>?><>3>N C=V:0;L=8E <5E0=V7<V2 [97, 205, 287, 204, 68, 79, 363, 233]. 

!5:>4C20;L=V RNA, B0:V O: miRNA, 4>23V =5:>4C20;L=V RNA (lncRNA), 

:V;LF52V RNA (circRNA), <0;V V=B5@D5@C20;L=V RNA (siRNA) V pi-RNA 

(piRNA), 2578:C;O@=0 lncRNA-UCA1, >B@8<0=0 7 :;VB8= @0:C A5G>2>3> 

<VEC@0, 70 C<>2 3V?>:AVW, A?@8ONBL <5B0AB07C20==N ?CE;8= G5@57 V=4C:C20==O 

5?VB5;V9=>-<575=EV<=>3> ?5@5E>4C (EMT) [204].  

&@0=AD>@<0FVO 5?VB5;V9=8E :;VB8= 70 4>?><>3>N >=:>35==>3> HRAS 

AB8<C;NT 35=5@C20==O EVs, 71030G5=8E 45:V;L:><0 ?@>B5070<8 B0 

V=B53@8=0<8, 70;CG5=8<8 4> <>48DV:0FVW <V:@>>B>G5==O ?CE;8=8 B0 

?@>3@5AC20==O <5B0AB07V2 [309]. #@8<VB=>, I> ?@>B5W=8 2578:C;O@=>W 

<5<1@0=8 B0:>6 15@CBL 0:B82=C CG0ABL C :>=B@>;V V=207VW B0 <5B0AB07C20==O 

?CE;8==8E :;VB8=. �578:C;O@=89 ?@>B5W= �=5:A8= A2 (AnxA2) A?@8OT tPA-

70;56=><C 0=3V>35=57C, B>4V O: <0@:5@=89 ?@>B5W= CD81 A?@8OT @CE;82>ABV V 

<5B0AB07C20==N ?CE;8==8E :;VB8= @0:C 3@C4=>W 70;>78 [215, 272]. 

#CE;8==V EVs ?>ABV9=> F8@:C;NNBL V =0:>?8GCNBLAO 2 & �, 45 2>=8 

270T<>4VNBL 7 @V7=8<8 AB@><0;L=8<8 :;VB8=0<8 [63]. �A>FV9>20=V 7 @0:>< 

DV1@>1;0AB8 (CAF) T >4=8<8 7 =091V;LH =091V;LH ?@=4AB02;5=8E B8?V2 

:;VB8= C TME, I> 2V4V3@0NBL :;NG>2C @>;L C 270T<>4VOE ?CE;8=0-AB@><0. 

#>:070=>, I> EVs 7 @V7=8E 7;>O:VA=8E :;VB8= ?5@5?@>3@0<>2CNBL <575=EV<=V 

AB>21C@>2V :;VB8=8 2 CAF [123, 51, 88]. �C;> 28O2;5=>, I> @V7=V ?CE;8==V 

:;VB8=8 V=4C:CNBL 48D5@5=FVN20==O DV1@>1;0ABV2 C CAF 70 4>?><>3>N EVs-

>?>A5@54:>20=>3> ?5@5=>AC B@0=AD>@<C20;L=>3> D0:B>@0 @>ABC ³ (TGF-³) 

G5@57 H;OE SMAD [90, 304]. TGF-³ A?@8OT 48D5@5=FVN20==N @V7=8E B8?V2 

AB@><0;L=8E :;VB8= 4> CAF V @5:>=AB@CNT ECM C TME [211]. EVs, >B@8<0=V 7 

3;V><8, 70?CA:0NBL <575=EV<=V AB>21C@>2V :;VB8=8 :VAB:>2>3> <>7:C 4;O 

B@0=AD>@<0FVW CAF G5@57 H;OE 3;V:>;VB8G=>W 0:B820FVW [212]. EVs 

35?0B>F5;N;O@=>3> ?>E>465==O B0 @0:C ;535=V ?5@5B2>@NNBL 7V@G0ABV :;VB8=8 
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35?0B>F8BV2 V DV1@>1;0AB8 2 CAF [248, 365]. EVs B0:>6 V=4C:CNBL 

?5@5B2>@5==O 5=4>B5;V9=8E :;VB8= C CAF. �@V< B>3>, EVs, >B@8<0=V 7 

?CE;8==8E :;VB8=, @5?@>3@0<>2CNBL AB@><0;L=V :;VB8=8 2 CAF V A?@8ONBL 

� & ?CE;8==8E :;VB8= H;OE>< ?@83=VG5==O <V6:;VB8==8E 270T<>4V9. *5 

A?@8OT @5<>4C;N20==N �% , I> 4>72>;OT ?CE;8==8< :;VB8=0< ?@>=8:0B8 2 

AB@><C. �1030G5==O <V>DV1@>1;0ABV2 <575=EV<>N AB2>@NT A?@8OB;82V C<>28 

4;O @>ABC ?CE;8=8, 0=3V>35=57C B0 <5B0AB07C20==O [170]. � ;VB5@0BC@V T 40=V 

AB>A>2=> B>3>, I> EVs, >B@8<0=V 7 ?CE;8=, 70;CG5=V 4> 7<V= C 

48D5@5=FVN20==V <0:@>D03V2. !5?>;O@87>20=V (M0) <0:@>D038 ?>E>4OBL 2V4 

<>=>F8BV2 THP-1, B>4V O: 0A>FV9>20=V 7 ?CE;8=>N <0:@>D038 (TAM) T 

?>;O@87>20=8<8 <0:@>D030<8, O:V 70728G09 :;0A8DV:CNBL 70 B8?0<8 M1 V M2. 

' B>9 G0A O: M1-?>4V1=V TAM ?>A8;NNBL ?@>B8?CE;8==89 V<C=VB5B, I> 

?@872>48BL 4> ?@83=VG5==O @>ABC ?CE;8=8, M2-?>4V1=V TAM 28O2;ONBL 

?@>B8;56=V 5D5:B8, A?@8ONG8 V<C=>AC?@5AVW. TAM T >4=8<8 7 >A=>2=8E B8?V2 

V<C==8E :;VB8=, I> ?@>=8:0NBL C ?CE;8=C, V A;C3CNBL >A=>2=8<8 

:><?>=5=B0<8 ?CE;8=8, O:V ?>ABV9=> <>4C;NNBL ?@>F5A @>728B:C ?CE;8=8 

[332]. �>:@5<0, M2-?>4V1=V TAM 2V4V3@0NBL 7=0G=C @>;L C ?@>3@5AVW 

70E2>@N20==O B0 D>@<C20==V 48AB0;L=8E <5B0AB07V2 [250, 314]. EVs, >B@8<0=V 

7 5?VB5;V9=>3> @0:C OTG=8:V2 (EOC), 0:B82CNBL <0:@>D038 4> TAM-?>4V1=>3> 

D5=>B8?C [223]. �;VB8=8 :>;>@5:B0;L=>3> @0:C (CRC) 282V;L=ONBL 

2578:C;O@=V miR-203 V miR-934, 70;CG5=V 4> V=4C:C20==O M2-?>4V1=>W 

?>;O@870FVW <0:@>D03V2 [183, 220]. �V;LH5 B>3>, 1C;> ?>:070=>, I> EVs, 

>B@8<0=V 7 :;VB8= ?V4H;C=:>2>W 70;>78 B0 EOC, I> <VABOBL 0@0EV4>=>2C 

:8A;>BC (AA) B0 miR-22233p, ?5@5B2>@NNBL <0:@>D038 M0 =0 M2-?>4V1=89 

D5=>B8?, AB2>@NNG8 B0:8< G8=>< V<C=>AC?@5A82=5 <V:@>>B>G5==O 4;O 

?>;53H5==O 28E>4C ?CE;8==8E :;VB8= 7 ?V4 :>=B@>;N V<C==>W A8AB5<8 [184, 

364]. !0 4>40B>: 4> V=4C:C20==O :;VB8==>W B@0=AD>@<0FVW, EVs, >B@8<0=V 7 

?CE;8=8, 281V@:>2> 4>AB02;ONBL DC=:FV>=0;L=V 1V><>;5:C;8 4> 5=4>B5;V9=8E 

:;VB8=, 0:B82CNG8 ?@>0=3V>35==V A83=0;L=V H;OE8, @57C;LB0B>< G>3> T 

?>;53H5==O V=207VW ?CE;8==8E :;VB8= V <5B0AB07C20==O [84]. #>:070=>, I> 
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EVs 7 ?CE;8= @V7=>3> B:0=8==>3> ?>E>465==O 15@CBL CG0ABL C :>=B@>;V WE 

0=3V>35=57C H;OE>< @53C;N20==O DC=:FV>=0;L=>W 0:B82=>ABV 5=4>B5;V9=8E 

:;VB8= [97, 213, 142, 297, 226].  

#CE;8==V :;VB8=8 G0AB> 45<>=AB@CNBL =04<V@=C 5:A?@5AVN ?@>B5W=V2, 

:@8B8G=8E 4;O 1V>35=57C EVs. !0?@8:;04, =525;8:V GTP078 Rab27a B0 

Rab27b, O:V :>=B@>;NNBL @V7=V 5B0?8 A5:@5FVW EVs [233], =04<V@=> 

5:A?@5ACNBLAO 2 :;VB8=0E @0:C <>;>G=>W 70;>78. �8O2;5=> ?>78B82=C 

:>@5;OFVN <V6 Rab27b B0 @V2=5< <5B0AB07C20==O 2 ;V<D0B8G=V 2C7;8 9 

=86G>N 286820=VABN ?0FVT=BV2 [27, 368]. �=3V1C20==O Rab27a 2 :;VB8=0E 

:0@F8=><8 <>;>G=>W 70;>78 ?@872>48BL 4> 7=865==O A5:@5FVW EVs V 

<5B0AB07C20==O 2 ;535=V, ?@83=VGCT A8AB5<=5 =0:>?8G5==O =59B@>DV;V2, I> 

A?@8ONBL @>728B:C ?CE;8=8 [27]. *V:02>, I> 5:A?@5AVO Rab27b ?>78B82=> 

:>@5;NT 7 <575=EV<=8<8 <0@:5@0<8, I> 2:07CT =0 V=4C:C20==O EMT [361], V 

?CE;8==V :;VB8=8, O:V ?@>9H;8 EMT, 4V9A=> 45<>=AB@CNBL ?V428I5=C 

A5:@5FVN EVs [95]. !59B@0;L=0 ADV=3><VT;V=070 2 (nSMase2), 5=78<, O:89 15@5 

CG0ABL C 1V>A8=B57V F5@0<V4V2, =04<V@=> 5:A?@5ACTBLAO 2 ?CE;8==8E :;VB8=0E V 

T =5>1EV4=8< 4;O A5:@5FVW EVs, 0 B0:>6 4;O ?>A8;5==O 0=3V>35=57C ?CE;8=8 B0 

<5B0AB07C20==O [157].  

�C;> ?>:070=>, I> <5B01>;VG=V AB@5A8 2 <V:@>>B>G5==V ?CE;8=8, B0:V O: 

3V?>:AVO B0 :8A;>B=VABL, ?>A8;NNBL A5:@5FVN EVs V <>6CBL B0:>6 7<V=N20B8 

2<VAB EVs. ' :;VB8=0E @0:C <>;>G=>W 70;>78 3V?>:AVO V=4C:CT 282V;L=5==O EVs 

V ?V428ICT @V25=L @53C;L>20=>W 3V?>:AVTN miR-210 2 EVs [150]. �=4C:>20=V 

3V?>:AVTN D0:B>@8 (HIFs) V=4C:CNBL 5:A?@5AVN Rab22a, WW ;>:0;V70FVN 2 

<V:@>2578:C;0E, I> 2V41@C=L:>2CNBLAO, V, O: =0A;V4>:, AB8<C;NNBL 

?@>4C:C20==O  <V:@>2578:C; B0 WE =0ABC?=V ?@>-<5B0AB0B8G=V 5D5:B8 [342]. 

�8A;5 <V:@>>B>G5==O ?CE;8=8, 7C<>2;5=5 ?>A8;5==O< 05@>1=>3> 3;V:>;V7C 2 

?CE;8==8E :;VB8=0E, ?@872>48BL 4> 71V;LH5==O O: 282V;L=5==O, B0: V 

?>3;8=0==O EVs ?>@V2=O=> 7 =59B@0;L=8< @! A5@54>28I0. *59 D0:B 

?>OA=NTBLAO 28A>:8< 2<VAB>< ADV=3><VT;V=C/30=3;V>784C GM3 2 EVs, I> 

282V;L=ONBLAO ?@8 =87L:8E 7=0G5==OE @! [237]. EVs, I> 282V;L=ONBLAO ?@8 
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70:8A;5==V <V:@>A5@54>28I0, <VABOBL B0:>6 28A>:V @V2=V :025>;V=C-1, O:89 

0A>FVNTBLAO 7 ?@>3@5AC20==O< ?CE;8=8 B0 <5B0AB070<8 =0 ?V7=VE AB04VOE 

>=:>;>3VG=8E 70E2>@N20=L. "A:V;L:8 2=CB@VH=L>:;VB8==V @V2=V 1030BL>E 

?@>B5W=V2, RNA V <5B01>;VBV2 @53C;NNBLAO 48=0<VG=8<8 A83=0;0<8 

=02:>;8H=L>3> A5@54>28I0, B0:8<8 O: @V2=V :8A=N B0 ?>682=8E @5G>28=, 

>GV:CTBLAO, I> >A>1;82>ABV 2<VABC EVs <>6CBL 2V4>1@060B8 <5B01>;VG=89 

AB0BCA :;VB8=, O:V ?@>4C:CNBL EVs.  

�024O:8 A83=0;L=8< 5D5:B0< EVs, ?CE;8==V :;VB8=8 <>6CBL 7<V=8B8 

D5=>B8? :;VB8=-@5F8?VT=BV2 B0:8< G8=><, I>1 V<VBC20B8, ?@8=09<=V 

G0AB:>2>, >7=0:8 ?5@H8E. #CE;8==V EVs =02VBL 740B=V B@0=AD>@<C20B8 

=>@<0;L=V 5?VB5;V9=V :;VB8=8 V, O: =0A;V4>:, AB8<C;N20B8 ?CE;8=>35=57 [207]. 

EVs 7 ?CE;8==8E :;VB8= V7 28I8< <5B0AB0B8G=8< ?>B5=FV0;>< 740B=V 

V=4C:C20B8 <V3@0FVN, V=207VN, � & B0 <5B0AB0B8G=C 740B=VABL <5=H 

03@5A82=8E ?CE;8==8E :;VB8=, I> ?>29O7CNBL 7 2578:C;O@=8< ?5@5=5A5==O< 

?@>B5W=V2 (B0:8E O: Hsp90³) B0 miRNA (B0:8E O: miR- 200 B0 miR-10b) [203, 

228, 173]. �;VB8=8 3;V>1;0AB><8, I> ?@>4C:CNBL EVs, O:V <VABOBL 

?CE;8=>A?5F8DVG=89 ?@>B5W= EGFRvIII, ?5@540NBL 9>3> ?CE;8==8< 

:;VB8=0<, C O:8E 2V4ACB=V9 F59 20@V0=B EGFR, I> ?@872>48BL 4> ?>A8;5==O 

03@5A82=>ABV >AB0==VE [6, 291]. #>4V1=8< G8=>< EVs 7 :;VB8= <54C;>1;0AB><8 

7 0<?;VDV:0FVTN MYC <VABOBL DNA V RNA MYC, I> 70157?5GCT ?5@5=5A5==O 

F8E <>;5:C; 4> <5=H 03@5A82=8E :;VB8=-@5F8?VT=BV2. [15]. �07=0G5=89 A?>AV1 

?5@5=5A5==O 35=5B8G=>W V=D>@<0FVW T C=V:0;L=8< A?>A>1>< 52>;NFVW 

?CE;8=>35=57C 4> 1V;LH 03@5A82=>W AB04VW, :>;8 ;8H5 ?V4<=>68=0 :;VB8=, O:V 

707=0;8 ?0B>35=5B8G=8E 7<V=, A;C3CNBL ;V45@0<8 2 52>;NFVW G5@57 

3>@87>=B0;L=5 ?>H8@5==O >=:>35==8E A83=0;V2, 70157?5GCNG8 :5@C20==O 

V=H8<8 ?CE;8==8<8 :;VB8=0<8, O:V =5 <0NBL B0:8E ?>ABV9=8E 7<V=. 

�V4H0@C20==O :;VB8= 2V4 ECM AC?@>2>46CTBLAO H284:>N A5:@5FVTN B0 

B0 ?>H8@5==O< EVs, I> ?>A8;NT 5D5:B82=VABL WE 157?>A5@54=L>3> 

@53C;OB>@=>3> 2?;82C [159]. �;VB8=8, I> <V3@CNBL, ?@>4C:CNBL EVs 2 

V=204>?>4VW, I> ?>;53HCT :;VB8==C V=207VN [129]. �024O:8 V=B53@8=-
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70;56=><C A>@BC20==N ?CE;8==V EVs 71030GCNBLAO =0 DV1@>=5:B8=, ?@>B5W= 

ECM, I> 4>72>;OT C2V<:=CB8 02B>:@8==89/?0@0:@8==89 <5E0=V7<, O:89 

A?@8OT 04357VW :;VB8= V =0?@02;5=><C ?>ABV9=><C @CEC [297]. #@82545=V 

?@8:;048 EVs->?>A5@54:>20=>W 270T<>4VW <V6 @V7=8<8 ?V4<=>68=0<8 :;VB8= 

45<>=AB@CNBL @>;L A5:@5FVW EVs C AB8<C;N20==V 52>;NFVW ?CE;8==8E :;VB8= 

4> 1V;LH 03@5A82=>3> D5=>B8?C. 

�@>2>=>A=V AC48=8 2V4V3@0NBL 206;82C @>;L C <5B0AB07C20==V, >A:V;L:8 

2>=8 =5 ;8H5 ?>AB0G0NBL ?>682=V @5G>28=8, :;VB8=8 B0 @V7=><0=VB=V 

@53C;OB>@=V D0:B>@8 4> ?CE;8=8, 0;5 9 15@CBL 157?>A5@54=N CG0ABL C 

?>H8@5==V ?CE;8==8E :;VB8= B0 EVs. !0 AL>3>4=V, 1V;LHVABL 4>A;V465=L 

7>A5@5465=> =0 42>E =5:>=D;V:B=8E 2?;820E ?CE;8==8E EVs =0 :@>2>=>A=V 

AC48=8, 0=3V>35=57V B0 AC48==V9 =535@<5B8G=>ABV, O:V >18420 A?@8ONBL 

<5B0AB07C20==N. �AB0=>2;5=>, I> ?CE;8==V EVs <VABOBL 1V;LH 28A>:V @V2=V 

miR-9, O:0 >?>A5@54:>2CT ?>A8;5==O 0=3V>35=57C H;OE>< 0:B820FVW H;OEC 

JAK/STAT [377]. EVs 7 3;V>1;0AB><, 71030G5=V 0=3V>35==8<8 ?@>B5W=0<8 

0=3V>35=V=>< V VEGF, <>6CBL AB8<C;N20B8 CB2>@5==O 5=4>B5;V9=8E 

:0=0;LFV2 [291]. �=5:A8= II 2 EVs @0:C 3@C4=>W 70;>78 A?@8OT 0=3V>35=57C B0 

2V440;5=><C <5B0AB07C20==N G5@57 >?>A5@54:>20=C <0:@>D030<8 A5:@5FVN 

IL-6 V TNF-³ [192]. &5B@0A?0=V= Tspan8/CO-029/D6.1A, 71030G5=89 2 EVs 7 

@0:>28E :;VB8= ?V4H;C=:>2>W 70;>78, V=4C:CT A8AB5<=89 0=3V>35=57 [96]. 

#@8?CA:0TBLAO, I> Tspan8 >?>A5@54:>2CT 70;CG5==O ?@>B5W=V2 EVs CD106 V 

CD49d 4;O ?>;53H5=>3> ?>3;8=0==O EVs 5=4>B5;V9=8<8 :;VB8=0<8 B0 

?>40;LH>W V=4C:FVW 0=3V>35=57C G5@57 :>=B@>;L 5:A?@5AVW 35=V2, O:V :>4CNBL 

D0:B>@ D>= �V;;51@0=40, VEGF B0 9>3> @5F5?B>@ [225]. EVs <>6CBL B0:>6 

?>A8;N20B8 0=3V>35=57, >?>A5@54:>20=89 2?;82>< 3V?>:AVW. �>AB@0 3V?>:AVO 

VAB>B=> V=4C:CT nSMase2 in vivo [65], I> ?>A8;NT A5:@5FVN 5:7>A><=>W 

miRNA-210 4;O A?@8O==O 0=3V>35=57C ?CE;8=8 B0 <5B0AB07C20==N [157]. 

#CE;8==V AC48=8 G0AB> T =57@V;8<8 B0 3V?5@?@>=8:=8<8 [349], 0 

AC48==0 45AB01V;V70FVO T :@8B8G=>N E0@0:B5@8AB8:>N ?@5-<5B0AB0B8G=>W =VHV 

[134]. EVs, >B@8<0=V 7 <5;0=><8, V=4C:CNBL =535@<5B8G=VABL AC48= V 
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@5:@CB8=3 :;VB8=-?>?5@54=8:V2 :VAB:>2>3> <>7:C 2 ?@5-<5B0AB0B8G=8E 

4V;O=:0E H;OE>< V=4C:FVW D0:B>@V2 70?0;5==O, B0:8E O: S100a8, S100a9 V 

D0:B>@ =5:@>7C ?CE;8=8 (TNF-³) [244].  5B0AB0B8G=V :;VB8=8 @0:C <>;>G=>W 

70;>78 ?@>4C:CNBL 0A>FV9>20=C 7 EVs miR-105, 70;CG5=C 4> down-

@53C;N20==O ZO-1 V IV;L=8E 79T4=0=L 2 5=4>B5;V9=8E <>=>H0@0E O: C <VAFV 

?5@28==>W ?CE;8=8, B0: V 2 ?@5-<5B0AB0B8G=8E 4V;O=:0E 4;O ?V428I5==O 

?@>=8:=>ABV AC48=. *5 ?>B5=FV9=> ?>;53HCT V=B@0207C20==O B0 

5:AB@0207C20==O ?CE;8==8E :;VB8= 9 ?>A8;NT D>@<C20==O 2V440;5=8E 

<5B0AB07V2 [376].  5B0AB0B8G=V :;VB8=8 @0:C <>;>G=>W 70;>78 A5:@5BCNBL 

0A>FV9>20=C 7 EVs miR-181c, O:0, ?@8 ?>?040==V 2 3>;>2=89 <>7>:, A?@8OT 

@C9=C20==N 35<0B>5=F5D0;VG=>3> 10@9T@C (���) H;OE>< 7=865==O 

@53C;N20==O PDPK1, I> 7C<>2;NT 0=><0;L=C @5>@30=V70FVN 0:B8=>2>3> 

F8B>A:5;5BC, B8< A0<8< A?@8ONG8 <5B0AB070< C <>7>: [317]. &0:8< G8=><, 

EVs 15@CBL 0:B82=C CG0ABL C @5<>45;N20==V AC48==>W A8AB5<8 O: =0 

?CE;8=><C, B0: V A8AB5<=><C @V2=V. 

 5B0AB0B8G=5 A5@54>28I5, 2V4><5 O: ?@5<5B0AB0B8G=0 =VH0, T 

206;828< 4;O CA?VH=>W 2V440;5=>W :>;>=V70FVW 48A5<V=>20=8E ?CE;8==8E 

:;VB8=. *V:02>, I> EVs, >B@8<0=V 2V4 ?CE;8==8E :;VB8=, CA?04:>2CNBL 

>@30=>B@>?V7< 2V4 :;VB8=, I> WE ?@>4C:C20;8. �8O2;5=0 70:>=><V@=VABL 

G0AB:>2> 287=0G0TBLAO ?0B5@=0<8 5:A?@5AVW V=B53@8=V2 =0 ?>25@E=V EVs [127], 

I> 4>72>;OT 28:>@8AB>2C20B8 ?@>DV;V 5:7>A><=8E V=B53@8=V2 4;O 

?@>3=>7C20==O >@30=>A?5F8DVG=>ABV <5B0AB07C20==O. %8AB5<=0 AC48==0 

=535@<5B8G=VABL, O: 707=0G0;>AL 28I5, <>65 4>40B:>2> A?@8OB8 70;CG5==N 

EVs, O:V F8@:C;NNBL 2 B@0=A?>@B=8E A8AB5<0E >@30=V7<C, 4> ?@>F5AC 

D>@<C20==O ?@5-<5B0AB0B8G=>W =VHV. EVs 7 <5;0=>< 7 28A>:8< 

<5B0AB0B8G=8< ?>B5=FV0;>< <VABOBL >=:>?@>B5W= MET, O:89 A?@8G8=OT 

AB01V;L=C 740B=VABL :;VB8=-?>?5@54=8:V2 :VAB:>2>3> <>7:C 4> @>728B:C 

?@>20A:C;>35==>3> D5=>B8?C, I> 70157?5GCT WE @5:@CBC20==O 2 ;535=V 4;O 

D>@<C20==O ?@5-<5B0AB0B8G=>W =VHV [244]. EVs, >B@8<0=V 7 045=>:0@F8=>< 

?V4H;C=:>2>W 70;>78, <VABOBL D0:B>@ V=3V1C20==O <V3@0FVW <0:@>D03V2, O:89 
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V=4C:CT ?@>4C:C20==O TGF-³ ?@8 ?>3;8=0==V EVs :;VB8=0<8 �C?D5@0, I> 

AC?@>2>46CTBLAO AB8<C;N20==O< 7V@G0AB8E :;VB8= ?5GV=:8 V ?@872>48BL 4> 

71V;LH5==O 28@>1=8FB20 DV1@>=5:B8=C, 70;CG5==O :;VB8= :VAB:>2>3> <>7:C 4> 

?5GV=:8 B0 D>@<C20==O ?@5-<5B0AB0B8G=>W =VHV [67]. 

EVs, >B@8<0=V 2V4 =59@>1;0AB><, 70E>?;NNBLAO BM-MSC V V=4C:CNBL 

?@>4C:C20==O D0:B>@V2, I> A?@8ONBL ?@>3@5AVW ?CE;8==>3> @>ABC, 2:;NG0NG8 

IL-6, IL-8, VEGF V MCP-1, V<VBCNG8 @50:FVN 70?0;5==O [221]. �;VB8=8 2 ?@5-

<5B0AB0B8G=V9 =VHV <>6CBL 1CB8 <5B01>;VG=> @5?@>3@0<>20=V. �;VB8=8 @0:C 

<>;>G=>W 70;>78 A5:@5BCNBL 0A>FV9>20=C 7 EVs miR-122, O:0 @5?@>3@0<CT 

;535=52V DV1@>1;0AB8 B0 0AB@>F8B8 4;O ?@83=VG5==O <5B01>;V7<C 3;N:>78 

H;OE>< down-@53C;N20==O ?V@C20B:V=078 [87].  

�C;> ?>:070=>, I> F8B>B>:A8G=0 EV<V>B5@0?VO <>65 V=4C:C20B8 ?@5-

<5B0AB0B8G=V 5D5:B8, O:V <>6CBL 1CB8 G0AB:>2> >?>A5@54:>20=V EVs. �>:@5<0, 

EV<V>B5@0?VO V=4C:CT 282V;L=5==O EVs :;VB8=0<8 @0:C <>;>G=>W 70;>78, 

71030G5=V 0=5:A8=>< A6, O:89 >?>A5@54:>2CT 0:B820FVN 5=4>B5;V9=8E :;VB8= V 

?>H8@5==O <>=>F8BV2 C ?@5-<5B0AB0B8G=V9 ;535=52V9 =VHV 4;O A?@8O==O 

<5B0AB07C20==N [146]. �@0E>2CNG8 B>9 D0:B, I> @V7=V B8?8 ?CE;8= V=VFVNNBL 

:0A:048 V=207C20==O/<5B0AB07C20==O 704>23> 4> 28O2;5==O >AB0==VE, 

4>AO3=5==O :@0I>3> @>7C<V==O <V6:;VB8==8E 270T<>4V9, >?>A5@54:>20=8E 

?CE;8==8<8 EVs, T 206;828< 4;O ?@>3=>7C20==O B0 ?@>B84VW F8< ?@>F5A0<.  

!5I>402=>, 7=0G=V @57C;LB0B8 1C;8 4>AO3=CBV 2 @>7@>1FV 1V><0@:5@V2 V 

B5@0?52B8G=8E 70A>1V2 =0 >A=>2V EVs. �>4=>G0A, 35B5@>35==0 ?@8@>40 EVs 

70;8H0TBLAO ?5@5H:>4>N 2 FV9 30;C7V, V B><C 1V;LHVABL ACG0A=8E 4>A;V465=L 

>?8ACNBL ?>254V=:C EVs =0 ?>?C;OFV9=><C @V2=V. !>2V B5E=>;>3VW, I> 

4>72>;OBL 2?>@O4:C20B8 B0 AB0=40@B87C20B8 45B5:BC20==O B0 V7>;N20==O 

@V7=8E ?V43@C? EVs =0 @V2=V >4=VTW G0AB8=:8 [292, 147, 185], 0 B0:>6 @>7@>1:0 
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�V9A=>, 1C;0 28AC=CB0 3V?>B570, I> EVs <>6CBL 7;820B8AO 7 5=4>A><=8<8 

<5<1@0=0<8 [197, 26], E>G0 <5E0=V7<8, 704VO=V C FL><C ?@>F5AV, ?>:8 I> 

=52V4><V. *V:02>N T =5I>402=> >B@8<0=0 V=D>@<0FVO ?@> B5, I> EVs <>6CBL 

7;820B8AO 7 <5<1@0=0<8, 0;5 ;8H5 ?@8 =86G><C (5=4>A><=><C) pH, V I> 

?@>B5W=8 O: ?>25@E=V EVs, B0: V 7>2=VH=L>W AB>@>=8 :;VB8==>W <5<1@0=8 

15@CBL CG0ABL C B0:><C 7;8BBV [29]. $>7@>1:0 1V;LH 4>A:>=0;8E B5E=>;>3V9, 

O:V 1 4>72>;8;8 1V;LH 45B0;L=> 4>A;V46C20B8 <5E0=V7<8, I> ;560BL 2 >A=>2V 

CB2>@5==O EVs V 282V;L=5==V 20=B06C, 70;8H0TBLAO 206;82>N ?@>1;5<>N. 

�030;>< EVs <>6=0 22060B8 A0<>4>AB0B=V< B@0=A?>@B=8< 70A>1>< 4;O 

4>AB02:8 B5@0?52B8G=8E 70A>1V2, >A:V;L:8 EVs 740B=V 5D5:B82=> 4>;0B8 

1V>;>3VG=V 10@9T@8 =0 @V7=8E @V2=OE, A:5@>20=> 4>AB02;OB8 A2V9 20=B06 V 

28:;8:0B8 2V4?>2V4L C :;VB8=0E-@5F8?VT=B0E. "4=0: >A=>2=V <5E0=V7<8 F8E 

?@>F5AV2 I5 =0;568BL 79OAC20B8. 

#5@54C<>2>N 28:>@8AB0==O EVs O: ?5@5=>A=8:0 B5@0?52B8G=8E 

70A>1V2, T ?>HC: AB@0B53VW 5D5:B82=>3> 7020=B065==O.  >6=0 284V;8B8 420 

@V7=8E ?V4E>48 4> =020=B065==O EVs: 5:7>35==5 (?VA;O V7>;N20==O EVs) B0 

5=4>35==5 =020=B065==O (?V4 G0A 1V>35=57C EVs) [324]. �;O 5:7>35==>3> 

=020=B065==O EVs 28:>@8AB>2CNBL @V7=V <5B>48, 2:;NG0NG8 5;5:B@>?>@0FVN 

[7], ?@>AB5 V=:C1C20==O [378, 115], >1@>1:C C;LB@072C:>< [149], 5:AB@C7VN B0 
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70<>@>6C20==O-@>7<>@>6C20==O [116], 7 @V7=8< ABC?5=5< CA?VEC. *V <5B>48 

7020=B065==O <>6CBL, >4=0:, ?@8725AB8 4> 03@530FVW EVs 01> WE=L>3> 20=B06C 

B0 7<V=8B8 WE DV78:>-EV<VG=V B0 <>@D>;>3VG=V E0@0:B5@8AB8:8 [154]. 

'=V:0;L=8< T B5, I> EVs B0:>6 <>6=0 7020=B06C20B8 5=4>35==>, 

28:>@8AB>2CNG8 28I573040=89 <5E0=V7< A>@BC20==O :;VB8= 4;O 28@>1=8FB20 

B0 7020=B065==O 1V><>;5:C; C 2578:C;8. !0?@8:;04, :;VB8=8 <>6CBL 1CB8 

=020=B065=V ?52=8< 20=B065< H;OE>< ?@O<>W B@0=AD5:FVW (=0?@8:;04, 4;O 

7020=B065==O RNA) [198] 01> H;OE>< V=:C1C20==O (=0?@8:;04, 4;O 

F8B>AB0B8:V2) [238], ?VA;O G>3> EVs 7020=B06CNBLAO 70 CG0ABV 5=4>35==8E 

:;VB8==8E <5E0=V7<V2 ?5@54 WE A5:@5FVTN 2 ?>70:;VB8==89 ?@>ABV@. 

�;LB5@=0B82=>, C 28?04:C RNA 01> ?@>B5W=>28E ?@5?0@0BV2, :;VB8=8 <>6CBL 

1CB8 A:>=AB@C9>20=V 4;O AB01V;L=>W 5:A?@5AVW B5@0?52B8G=>3> 70A>1C, O:89 

?>BV< <>6=0 ?>T4=0B8 7 ?V4E>40<8 4;O 71V;LH5==O 0:B82=>3> 7020=B065==O 

<>;5:C; 2 EVs G5@57 7;8BBO 01> 270T<>4VN ?@8@>4=V< G8=><. 

":@V< C=V:0;L=8E <>6;82>AB59 EVs 4;O 7020=B065==O 20=B06C, EVs 

B0:>6 <>6CBL 1CB8 DC=:FV>=0;L=> :>@8A=8<8 4;O 4>AB02:8 ;V:V2 7 B>G:8 7>@C 

FV;L>2>3> ?@87=0G5==O. �C;> 2AB0=>2;5=>, I> EVs E0@0:B5@87CBLAO 

25:B>@=VABN 270T<>4VW 7 :;VB8=0<8-@5F8?VT=B0<8, ?@8=09<=V 4> ?52=>W <V@8, 

>A:V;L:8 WE ;V?V4=89 A:;04 V 2<VAB ?@>B5W=V2 <>6CBL 2?;820B8 =0 WE B@>?=VABL 

4> ?52=8E >@30=V2 [217]. !0?@8:;04, @V7=V B8?8 V=B53@8=V2 <0NBL 740B=VABL 

7<V=N20B8 D0@<0:>:V=5B8:C EVs B0 71V;LHC20B8 WE =0:>?8G5==O 2 <>7:C, 

;535=OE 01> ?5GV=FV, 70;56=> 2V4 B8?C V=B53@8=V2 [128]. �@V< B>3>, ?>:070=>, 

I> EVs, I> <VABOBL Tspan8 C :><?;5:AV 7 V=B53@8=>< 0;LD0-4, ?5@5206=> 

?>3;8=0NBLAO :;VB8=0<8 ?V4H;C=:>2>W 70;>78 [257]. #>4V1=8< G8=>< 

;V?V4=89 A:;04 EVs <>65 2?;820B8 =0 WE ?>3;8=0==O, >A:V;L:8, =0?@8:;04, 

2V4><>, I> D>AD0B848;A5@8= 15@5 CG0ABL C ?>3;8=0==V EVs <0:@>D030<8 

[200].  

�06;82>N ?5@5203>N EVs O: 70A>1V2 4>AB02:8 ;V:V2 T WE 740B=VABL 

7=86C20B8 B>:A8G=V 5D5:B8, O:V <0NBL AB>@>==V @5G>28=8 ?@8 WE ?>B@0?;O==V 

2 >@30=V7<. +5@57 A2>T 1V>;>3VG=5 ?>E>465==O EVs, 9<>2V@=>, <V=V<0;L=> 
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2?;820NBL =0 V<C==C A8AB5<C. !0?@8:;04, I>4=O 74V9A=NNBLAO B8AOGV 

?5@5;820=L :@>2V B0 ?;07<8, ?V4 G0A O:8E ?0FVT=B0< ?5@540TBLAO 25;8:0 

:V;L:VABL EVs 157 2848<8E ?>1VG=8E 5D5:BV2. 

�024O:8 A2>W9 ?@8@>4=V9 CG0ABV 2 <V6:;VB8==><C >1<V=V 1V><>;5:C;0<8, 

EVs <0NBL 25;8:89 ?>B5=FV0; O: =>289 70AV1 4>AB02:8 1V>;>3VG=8E 035=BV2, 

>A>1;82> 4;O 4>AB02:8 1V>B5@0?52B8G=8E ?@5?0@0BV2, 4;O O:8E VA=CT 

<>6;82VABL 7020=B065==O 2 EVs 70 4>?><>3>N 5=4>35==8E :;VB8==8E 

?0:C20;L=8E <5E0=V7<V2. �=0A;V4>: @>7@>1:8 ;V=V9 :;VB8=, 7 O:8E >B@8<CNBL 

EVs, 1C;8 >B@8<0=V @V7=V ?;0BD>@<8 4;O 7020=B065==O EVs B0 :>=9N30FVW 

«04@5A=8E» D@03<5=BV2 4> =8E. *5 ?@8725;> 4> 4C65 >1=04V9;828E 

@57C;LB0BV2 B0 ?V4B25@465==O 28AC=CB8E :>=F5?FV9 =0 4>:;V=VG=8E <>45;OE. 

&8< =5 <5=H, ?>B@V1=> 4>:;0AB8 1V;LH5 7CA8;L, I>1 4>AO3B8 ?@0:B8G=>3> 

70AB>AC20==O EVs. #5@5H:>48, O:V =5>1EV4=> ?>4>;0B8 =0 H;OEC 4> 

:;V=VG=>3> 28:>@8AB0==O, 2:;NG0NBL @>7H8@5==O 28@>1=8FB20 B0 V7>;N20==O 

EVs, 0 B0:>6 @5:><5=40FV9 I>4> 2V4?>2V4=>3> WE 715@V30==O. �@V< B>3>, 

?>3;81;5=V 4>A;V465==O 1V>35=57C EVs, A>@BC20==O 20=B06C, 

48D5@5=FVN20==O AC1?>?C;OFV9 EVs, WE V=B5@=0;V70FVW B0 H;OEV2 >1<V=C 2 

:;VB8=0E-@5F8?VT=B0E T 28@VH0;L=8<8 4;O B>3>, I>1 >?B8<V7C20B8 AB@0B53VW 

?>40;LH>3> 24>A:>=0;5==O EVs O: =>AVW2 B5@0?52B8G=8E 035=BV2. 

1.4. �40?B5@=89 ?@>B5W= Ruk/CIN85, 9>3> 1C4>20 B0 DC=:FVW 

1.4.1. "A>1;82>ABV AB@C:BC@=>-DC=:FV>=0;L=>W >@30=V70FVW  Ruk/CIN85 

"AB0==V<8 4>A;V465==O<8 GVB:> ?@>45<>=AB@>20=>, I> 4><5==0 

0@EVB5:BC@0 040?B5@=8E/@8HBC20;L=8E ?@>B5W=V2 4>72>;OT W< DC=:FV>=C20B8 

O: 1030B>FV;L>2V ?;0BD>@<8 4;O >@30=V70FVW =04<>;5:C;O@=8E :><?;5:AV2, O:V 

B>=:> @53C;NNBL ?>BV: V=D>@<0FVW G5@57 A83=0;L=V <5@56V :;VB8=8 2 ?@>AB>@V 

V G0AV [187]. �07=0G5=0 AB@C:BC@=>-DC=:FV>=0;L=0 >@30=V70FVO 040?B5@=8E 

?@>B5W=V2 2287=0G0T WE :;NG>2C @>;L C :>=B@>;V DV7V>;>3VG=>W 0:B82=>ABV 

:;VB8= [241]. Ruk (Regulator of ubiquitous kinase) C 3@87C=V2 [100] V 9>3> 

>@B>;>3 C ;N48=8 CIN85 (A-Cbl-interacting protein of 85 kDa) [305] T >4=8< V7 
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B0:8E 040?B5@=8E ?@>B5W=V2 AA02FV2 [100]. �AB0=>2;5=>, I> Ruk/CIN85 

28:>=CT V=B53@CNGC @>;L C @53C;N20==V 0@EVB5:BC@8 0:B8=>2>3> F8B>A:5;5BC, 

04357VW 9 V=207VW :;VB8= [136, 276, 316, 222, 119, 268, 270], 0?>?B>7C [49, 100], 

<VB>35==>3> A83=0;N20==O [246, 294], ;V30=4->?>A5@54:>20=>3> 5=4>F8B>7C 

@5F5?B>@=8E B8@>78=>28E ?@>B5W=:V=07 B0 B@0DV:C 5=4>F8B=8E 2578:C; [246, 

294, 120].  

 

$8A. 1.5. �><5==0 0@EVB5:BC@0 B0 <>;5:C;O@=V 20@V0=B8 Ruk/CIN85: A) 

 >;5:C;O@=V 20@V0=B8 <8H0G>3> 040?B5@=>3> ?@>B5W=C Ruk/CIN85. B) 

�><5==0 >@30=V70FVO B0 AE5<0 D>AD>@8;N20==O >A=>2=>3> <>;5:C;O@=>3> 

20@V0=BC Ruk/CIN85 [33]. 

 

Ruk/CIN85 5:A?@5ACTBLAO C 283;O4V :V;L:>E <>;5:C;O@=8E 20@V0=BV2 

($8A. 1.5 �). "A=>2=0 V7>D>@<0, O:0 =07820TBLAO RukL C 3@87C=V2 V CIN85 C 

;N48=8, <VAB8BL B@8 4><5=8 SH3, 71030G5=C ?@>;V=>< >1;0ABL, I> 2:;NG0T 4 

1;>:8 ?@>;V=-71030G5=8E <>B82V2, >1;0ABL, 45 ;>:0;V7>20=V >A=>2=V F5=B@8 

D>AD>@8;N20==O ?> 70;8H:0E A5@8=C/B@5>=V=C V %-:V=F52C 

AC?5@A?V@0;V7>20=C 4V;O=:C (coiled-coil) [305] ($8A. 1.5 B). �V;LHVABL V=H8E 

<>;5:C;O@=8E 20@V0=BV2 Ruk/CIN85, 7=0945=8E C 3@87C=V2 V ;N48=8, T 

:>@>BH8<8, CAVG5=8<8 =0 N-:V=FV ?@>B5W=0<8, 2 O:8E 2V4ACB=V >48=, 420 01> 

2AV B@8 4><5=8 SH3 [85]. �45=B8DV:>20=V =0 AL>3>4=V <=>68==V <>;5:C;O@=V 
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D>@<8 Ruk/CIN85 T @57C;LB0B>< 0;LB5@=0B82=>3> A?;09A8=3C 01> 

28:>@8AB0==O 2=CB@VH=VE ATG F5=B@V2 [33]. 

&:0=8==0 A?5F8DVG=VABL >:@5<8E 20@V0=BV2 Ruk/CIN85 =5 ?>2=VABN 

2V4><0. "B@8<0=V =0 40=89 <><5=B @57C;LB0B8 2:07CNBL =0 B5, I> 

RukL/CIN85 V RukM T 42><0 >A=>2=8<8 20@V0=B0<8 FL>3> 040?B5@=>3> 

?@>B5W=C, O:V 5:A?@5ACNBLAO 2 1V;LH>ABV B:0=8= AA02FV2 [85]. �5O:V V=HV 

<>;5:C;O@=V 20@V0=B8 Ruk/CIN85, 7>:@5<0 CD2BP3 (5:A?@5ACTBLAO 2 &-

;V<D>F8B0E), RukT (5:A?@5ACTBLAO 2 OTG:0E) V RukH (5:A?@5ACTBLAO 2 A5@FV), 

28O2;ONBL 1V;LHC B:0=8=>A?5F8DVG=VABL [316, 33]. 

�V;LHVABL 4><5=V2 Ruk/CIN85, 70;CG5=V 4> <V6<>;5:C;O@=>W 270T<>4VW, 

<0NBL ?>42V9=V DC=:FVW. �><5=8 SH3 Ruk/CIN85 70728G09 729O7CNBL ?@>B5W=8 

7 0B8?>28<8 ?@>;V=-0@3V=V=>28<8 <>B820<8 [167], 0;5 <>6CBL B0:>6 

@>7?V7=020B8 C1V:2VB8=, E>G0 7 =01030B> =86G>N 0DV==VABN [24]. #>4V1=8< 

G8=>< %-:V=F520 AC?5@A?V@0;V7>20=0 4V;O=:0 040?B5@=>3> ?@>B5W=C, 70;CG5=0 

4> >;V3><5@870FVW Ruk/CIN85 7 9>3> <=>68==8<8 D>@<0<8< 01> 

1;87L:>A?>@V4=5=8< 3><>;>3>< CD2AP/CMS [91],<>65 B0:>6 70157?5GC20B8 

270T<>4VN Ruk/CIN85 7 ?;07<0B8G=>N <5<1@0=>N H;OE>< ?@O<>3> 

729O7C20==O 7 D>AD0B84=>N :8A;>B>N [370]. 

�V;L:0 4>A;V465=L GVB:> ?@>45<>=AB@C20;8, I> ?5@H89 SH3A V, 

<5=H>N <V@>N, 4@C389 SH3B 4><5= Ruk/CIN85 ($8A. 1.5 B) <>6CBL 

729O7C20B8AO 7 2;0A=8<8 <>B820<8, 1030B8<8 =0 ?@>;V= [30]. #>B5=FV9=0 

@53C;OB>@=0 @>;L B0:8E 270T<>4V9 4> :V=FO =5 79OA>20=0. 

1.4.2. �29O7C20;L=V ?0@B=5@8 040?B5@=>3> ?@>B5W=C Ruk/CIN85 

%?8A>: 729O7C20;L=8E ?0@B=5@V2 Ruk/CIN85 2:;NG0T V=HV 040?B5@=V 

<>;5:C;8, AB@C:BC@=V ?@>B5W=8, @V7=><0=VB=V 5=78<8, A?5F8DVG=V @53C;OB>@=V 

<>;5:C;8, B0:V O: ?@>B5W=8, I> 0:B82CNBL GTP07=C 0:B82=VABL G-?@>B5W=V2 

(GAP), D0:B>@8 >1<V=C 3C0=V;>28E =C:;5>B84V2 (GEF), @5F5?B>@8 :;VB8==>W 

?>25@E=V, 0 B0:>6 V=HV ?@>B5W=8. �2060TBLAO, I> 1V;LHVABL F8E ?@>B5W=V2 

729O7CTBLAO 7 Ruk/CIN85 G5@57 9>3> SH3 4><5=8, V 2 1030BL>E 28?04:0E FV 
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270T<>4VW 22060NBLAO ?@O<8<8. ' B>9 65 DV78G=V B0 DC=:FV>=0;L=V 0A>FV0FVW 

<V6 ?@>B5W=0<8, >?>A5@54:>20=V Ruk/CIN85, T @V7=><0=VB=8<8 9 CB2>@NNBL 

A:;04=C <5@56C. &><C 2 1030BL>E 28?04:0E ?>B@V1=V 4>40B:>2V 4>A;V465==O, 

I>1 28:;NG8B8 <>6;82VABL =5?@O<>W 270T<>4VW. 

�06;82> 707=0G8B8, I> 1V;LHVABL 729O7C20;L=8E ?0@B=5@V2 Ruk/CIN85, 

<>6CBL, ?@8=09<=V B8<G0A>2>, 1CB8 0A>FV9>20=V 7 <5<1@0==8<8 ?@>B5W=0<8 

B0/01> F8B>A:5;5B><. &0:V 40=V A2V4G0BL ?@> B5, I> >4=0 7 >A=>2=8E DC=:FV9 

Ruk/CIN85 C @V7=><0=VB=8E :;VB8==8E ?@>F5A0E ?>;O30T 2 @53C;N20==V 

@5<>45;N20==O <5<1@0= H;OE>< WE ?>T4=0==O V7 107>28< F8B>A:5;5B><, I> 

48=0<VG=> ?5@51C4>2CTBLAO. 

Ruk/CIN85 <>65 :;0AB5@87C20B8 @V7=V =01>@8 ?0@B=5@V2 70;56=> 2V4 

B8?C :;VB8= B0 :;VB8==>3> ?@>F5AC [120]. &8< =5 <5=H, ?@028;0, I> 

@53C;NNBL :><1V=0B>@=89 =01V@ ?@>B5W=V2 Ruk/CIN85-70;56=>N ?;0BD>@<>N, 

70;8H0NBLAO =52V4><8<8. (C=:FV>=0;L=5 @V7=><0=VBBO ?0@B=5@V2 Ruk/CIN85 

A2V4G8BL ?@> B5, I> @V7=V =01>@8 F8E ?@>B5W=V2 73@C?>2CNBLAO =0 ?;0BD>@<V 

Ruk/CIN85 2 48=0<VG=89 V ?>5B0?=89 A?>AV1. !0?@8:;04, 73V4=> >4=TW 

3V?>B5B8G=>W <>45;V, 2 ?@>F5AV (Ruk/CIN85)/Cbl->?>A5@54:>20=>3> 5=4>F8B>7C 

0:B82>20=8E EGFR, ?@>B5W=8, 0A>FV9>20=V 7 SH3 4><5=0<8 FL>3> 040?B5@0, 

H284:> >1<V=NNBLAO C A?>AV1, I> 70;568BL 2V4 ?>G0B:>28E ?>70:;VB8==8E 

AB8<C;V2 V WE 2V4=>A=>W ;>:0;L=>W :>=F5=B@0FVW, ?>ABB@0=A;OFV9=8E 

<>48DV:0FV9 729O7C20;L=8E ?0@B=5@V2 ?@>BO3>< ?@>3@5AVW 7V1@0=8E :><?;5:AV2 

70 5=4>F8B=8< H;OE>< [162]. 

�@V< B>3>, 740B=VABL Ruk/CIN85 28:>@8AB>2C20B8 A2>W SH34><5=8 4;O 

>4=>G0A=>3> 729O7C20==O :V;L:>E <>;5:C; >4=>3> ?@>B5W=C 22060TBLAO 

206;82>N >A>1;82VABN FL>3> 040?B5@0. !0?@8:;04, 1C;> ?@>45<>=AB@>20=>, 

I> Ruk/CIN85 <>65 72'O7C20B8 :V;L:0 <>;5:C; Cbl G5@57 A2>W 4><5=8 SH3. 

&0:8< G8=><, 2V= A?@8OT :;0AB5@870FVW B0 AB01V;V70FVW 0:B82>20=8E :><?;5:AV2 

Cbl3EGFR [163]. *5 2:07CT =0 B5, I> SH3 4><5=8 Ruk/CIN85, 7>:@5<0 SH3A 

B0 SH3C, H284H5 70 2A5, <0T A?V;L=5 52>;NFV9=5 ?>E>465==O [120]. 
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1.4.3. "A=>2=V DC=:FVW B0 1V>;>3VG=0 @>;L 040?B5@=>3> ?@>B5W=C 
Ruk/CIN85 2 ?@>F5A0E 2578:C;O@=>3> B@0=A?>@BC 

Ruk/CIN85 1C2 V45=B8DV:>20=89 [305] H;OE>< A:@8=V=3C =>28E 

729O7C20;L=8E ?0@B=5@V2 c-Cbl, C1V:2VB8=;V3078 E3. c-Cbl C1V:2VB8;NT 1030B> 

@5F5?B>@V2 :;VB8==>W ?>25@E=V B0 70 4>?><>3>N FVTW ?>ABB@0=A;OFV9=>W 

<>48DV:0FVW V=VFVNT WE V=B5@=0;V70FVN, 5=4>F8B=89 B@0=A?>@B B0 A>@BC20==O 

[300]. 

$>;L Ruk/CIN85 2 5=4>F8B>7V, >?>A5@54:>20=><C 2578:C;0<8, 1C;0 

?V4B25@465=0 ?>2V4><;5==O<8 ?@> B5, I> B8<G0A>20 270T<>4VO <V6 

?@>B5W=0<8 @>48=8 Cbl V Ruk/CIN85 T =5>1EV4=>N B0 4>AB0B=L>N 4;O 

V=VFVN20==O 5=4>F8B=>W V=B5@=0;V70FVW :V;L:>E 0:B82>20=8E @5F5?B>@=8E 

B8@>78=:V=07 (RTK), 2:;NG0NG8 EGFR [241, 246, 294, 303].  >45;L, 

70A=>20=0 =0 @57C;LB0B0E F8E 4>A;V465=L, ?@8?CA:0T, I> V=B5@=0;V70FVO 

0:B82>20=8E :><?;5:AV2 RTK-Cbl V=VFVNTBLAO, :>;8 Ruk/CIN85 ?>T4=CT WE 7 

?@>B5W=0<8 «5=4>F8B=>3> <5E0=V7<C», 5=4>DV;V=0<8 A1, A2 V A3, O:V 

70157?5GCNBL 238=0==O <5<1@0=8, I>1 V=4C:C20B8 CB2>@5==O >B>@>G5=>W 

2578:C;8 [78]. 

�;0AB5@870FVO :V;L:>E <>;5:C; Cbl 70 4>?><>3>N Ruk/CIN85 T 

=5>1EV4=>N C<>2>N 4;O 5D5:B82=>W AB01V;V70FVW :><?;5:AV2 EGFR-Cbl V 

?>40;LH>W V=B5@=0;V70FVW 0:B82>20=8E EGFR 7 :;VB8==>W ?>25@E=V [163]. #>-

4@C35, 1C;> ?@>45<>=AB@>20=>, I> Ruk/CIN85 <>65 DC=:FV>=C20B8 =5 BV;L:8 

O: ?;0BD>@<0 4;O 729O7C20==O :><?;5:AV2 EGFR-Cbl 7 5=4>DV;V=0<8, 0;5 <>65 

B0:>6 <>4C;N20B8 ?>H8@5==O 0:B82>20=8E EGFR [278]. �V;L:0 A?>AB5@565=L 

?>:070;8, I> H;OE V=B5@=0;V70FVW, 70;56=89 2V4 Ruk/CIN85, =530B82=> 

@53C;NTBLAO 45O:8<8 V=H8<8 «?>29O70=8<8 7 5=4>F8B>7><» ?@>B5W=0<8, 

2:;NG0NG8 Dab2, Alix V Sprouty 2, O:V 729O7CNBLAO 7 Ruk/CIN85, I>1 70?>1V3B8 

9>3> 270T<>4VW 7 Cbl [114]. 

!04<V@=89 2<VAB Ruk/CIN85 28O2;OTBLAO 2 5=4>A><0E ?@8 9>3> 

=045:A?@5AVW [370], B>4V O: 5=4>35==89 Ruk/CIN85 ?5@5206=> ?>29O70=89 7 

<5<1@0=0<8, 2:@8B8<8 ?@>B5W=>< COPI (coat protein complex I), V 2578:C;0<8 
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:><?;5:AC �>;L46V [118]. �@V< B>3>, C 45O:8E B8?0E :;VB8= Ruk/CIN85 1C2 

V45=B8DV:>20=89 C @V7=8E ?5@8D5@8G=8E <5<1@0==8E/F8B>A:5;5B=8E 

AB@C:BC@0E, B0:8E O: ;0<5;V?>4VW B0 V=204>?>4VW [276, 222].  

$53C;OB>@ 0:B8=C N-WASP, @5:@CB>20=89 SH3 4><5=0<8 Ruk/CIN85 in 

vitro [120], T :;NG>28< @53C;OB>@>< 1V>35=57C B@0=A?>@B=8E ?@><V6=8E 

?@>4C:BV2, 2:@8B8E :;0B@8=>< V COPI [206]. �@V< B>3>, >48= V7 GAP, 

@5:@CB>20=89 Ruk/CIN85, ARAP1, 7 ?>42V9=>N A?5F8DVG=VABN 4> Arf/Rho, 

DC=:FV>=CT O: 2 5=4>F8B=><C H;OEC [69], B0: V 2 :><?;5:AV �>;L46V [210]. 

�A=CNBL B0:>6 A2V4G5==O ?@> B5, I> c-Cbl, O:89 22060TBLAO >4=8< V7 3>;>2=8E 

?0@B=5@V2 Ruk/CIN85 ?V4 G0A 5=4>F8B>7C RTK, >4=>G0A=> ?@8ACB=V9 =0 

<5<1@0=0E :><?;5:AC �>;L46V @07>< V7 non-RTK Src, V=H8< 2V4><8< 

?0@B=5@>< Ruk/CIN85 [16]. !0@5HBV, Ruk/CIN85 A0< ?> A>1V <>65 

157?>A5@54=L> 729O7C20B8AO 7 D>AD0B84=>N :8A;>B>N [370] 3 D>AD>;V?V4><, 

I> CB2>@NTBLAO 2 :><?;5:AV �>;L46V 70 CG0ABV D>AD>;V?078 D2 (PLD2) V T 

=5>1EV4=8< 4;O 1V>35=57C 2578:C;, 2:@8B8E COPI [262]. *5 70157?5GCT 

<>6;82VABL 157?>A5@54=L>W 270T<>4VW Ruk/CIN85 7 <5<1@0=0<8 :><?;5:AC 

�>;L46V 157 4>?><>38 V=H8E 0A>FV9>20=8E V7 �>;L46V ?@>B5W=V2. ' ?V4AC<:C, 

FV A?>AB5@565==O @07>< V7 4>A;V465==O<8 ;>:0;V70FVW, >?8A0=8<8 28I5, 

A2V4G0BL ?@> DC=:FVW Ruk/CIN85, ?>29O70=V 7 0?0@0B>< �>;L46V V B@0=A?>@B><, 

>?>A5@54:>20=8< 2578:C;0<8. 

1.4.4. $>;L 040?B5@=>3> ?@>B5W=C Ruk/CIN85 2 :0=F5@>35=57V 

�C;8 >B@8<0=V ?5@5:>=;82V 4>:078 B>3>, I> Ruk/CIN85 <>65 

157?>A5@54=L> A?@8OB8 V=20782=V9 ?>254V=FV ?CE;8==8E :;VB8=. !0 AL>3>4=V 

?@>45<>=AB@>20=> 28A>:V @V2=V 5:A?@5AVW Ruk/CIN85 2 V=20782=8E :;VB8=0E 

@0:C <>;>G=>W 70;>78 B0 ?>:070=>, I> F59 040?B5@=89 ?@>B5W= T :;NG>28< 

:><?>=5=B>< V=204>?>4V9 [222]. �=204>?>4VW 4 F5 0435782=V, 71030G5=V 

0:B8=>< 28?9OGC20==O <5<1@0=8, O:V 70157?5GCNBL 740B=VABL ?CE;8==8E 

:;VB8= ?@>=8:0B8 G5@57 ?>70:;VB8==89 <0B@8:A (ECM) V =02:>;8H=V B:0=8=8 

[31]. Ruk/CIN85 A?@8OT 1V>35=57C V=204>?>4V9 H;OE>< 729O7C20==O ?@>B5W=V2 
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Cbl 7 GAP ASAP1/AMAP1 (53). ' :;VB8=0E V=20782=>3> @0:C <>;>G=>W 70;>78 

ASAP1/AMAP1 DC=:FV>=CT O: 206;8289 5D5:B>@ >=:>35=57C, O:89 V=VFVNT 

1V>35=57 V=204>?>4V9, =09V<>2V@=VH5, H;OE>< 79T4=0==O :>@B0:B8=C B0 

?0:A8;V=C [267].  

�3V4=> 7 FVTN <>45;;N, @C9=C20==O :><?;5:AC Cbl3Ruk/CIN85-

ASAP1/AMAP1, >?>A5@54:>20=5 down-@53C;N20==O< Ruk/CIN85 70 

4>?><>3>N siRNA, 0 B0:>6 70 CG0ABV ?@>=8:=8E 4;O :;VB8= ?5?B84V2, I> T 

:>=:C@5=B=8<8 V=3V1VB>@0<8 729O7C20==O 7 SH3 4><5=0<8 Ruk/CIN85, 

?@872>48BL 4> 7=0G=>3> ?@83=VG5==O V=20782=>W 0:B82=>ABV :;VB8= @0:C 

3@C4=>W 70;>78 in vitro. �C;> 70?@>?>=>20=>, I> 2 FV9 <>45;V ?CE;8==8E 

:;VB8= Ruk/CIN85 A?@8OT >?>A5@54:>20=><C c-Cbl ?>A8;5==N 740B=>ABV 

ASAP1/AMAP1 0:B82C20B8 GTP07=C 0:B82=VABL =87L:><>;5:C;O@=8E G-

?@>B5W=V2, 704VO=8E 2 ?@>F5A0E CB2>@5==O V=204>?>4V9 [222]. "4=0: B>G=C 

@>;L >?>A5@54:>20=>3> c-Cbl C1V:2VB8;N20==O ASAP1/AMAP1 ?V4 G0A 

1V>35=57C V=204>?>4V9 I5 =0;568BL 79OAC20B8. �@V< B>3>, <CB0=B8 

ASAP1/AMAP1, O:V =5 729O7CNBL Ruk/CIN85, 2A5 I5 740B=V ?V4B@8<C20B8 

D>@<C20==O V=204>?>4V9 [25], I> 2:07CT =0 B5, I> Ruk/CIN85 V 

ASAP1/AMAP1 <>6CBL DC=:FV>=C20B8 =570;56=> 2 F8E AB@C:BC@0E. 

�=204>?>4VW ?CE;8==8E :;VB8= BVA=> ?>29O70=V 7 ?>4>A><0<8 

=5B@0=AD>@<>20=8E :;VB8= V <VABOBL 1030B> <>;5:C;O@=8E :><?>=5=BV2 FAs 

(focal adhesion) [346]. *5 AB2>@NT <>6;82VABL B>3>, I> Ruk/CIN85 

DC=:FV>=CT 2 V=204>?>4VOE @07>< 7 45O:8<8 ?0@B=5@0<8 ?> 270T<>4VW, O:V 

70728G09 ;>:0;V7CNBLAO 2 D>:0;L=8E :>3=B0:B0E. *5 <>65 AB>AC20B8AO A-Src, 

O:0, >G5284=>, T 206;82>N O: 4;O FA, B0: V 4;O V=204>?>4VW [99]. #@8<VB=>, I> 

Ruk/CIN85 <>65 B0:>6 @5:@CBC20B8 c-Abl, V=HC non-RTK, O:0 DC=:FV>=CT O: 

:;NG>289 @53C;OB>@ 48=0<V:8 0:B8=C 2 FA B0 1030BL>E V=H8E :;VB8==8E 

AB@C:BC@0E [120]. )>G0 c-Abl =5 1C;> 4>AV 28O2;5=> 2 V=204>?>4VOE, <CB0=B=V 

20@V0=B8 FVTW :V=078 A8;L=> A?@8ONBL V=20782=8< D5=>B8?0< C :;VB8=0E @0:C 

<>;>G=>W 70;>78 [296] 9 ?@872>4OBL 4> CB2>@5==O ?>4>A>< C :;VB8=0E 

;59:5<VW [249]. !0B><VABL, 206:> CO28B8 ?>B5=FV9=C 206;82VABL :><?;5:AC 
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Ruk/CIN85-FAK 4;O V=204>?>4V9, >A:V;L:8 :V=070 FAK DC=:FV>=CT O: 

=530B82=89 @53C;OB>@ F8E AB@C:BC@ [46]. 

�0 4>?><>3>N ?@>B5><=>3> 0=0;V7C 1C;> 2AB0=>2;5=>, I> SH3 ;><5=8 

Ruk/CIN85 15@CBL CG0ABL C 270T<>4VW 7 Tks4 [37], 040?B5@=8< ?@>B5W=><, 

=5>1EV4=8< 4;O D>@<C20==O ?>4>A>< C Src-B@0=AD>@<>20=8E DV1@>1;0AB0E. 

�40?B5@=89 ?@>B5W= Tks5, 3><>;>3 Tks4, 2V4V3@0T 28@VH0;L=C @>;L C 71<@0==V 

?>4>A>< C B>G:0E FA C 2V4?>2V4L =0 0:B820FVN Src. Tks5, O: V Tks4, 

@5:@CBCTBLAO 4> <5<1@0=8 H;OE>< Src-V=4C:>20=>3> =0:>?8G5==O PI(3,4)P2 V 

A;C3CT ?;0BD>@<>N 4;O <>;5:C; N-WASP, I> A?@8OOT Arp2/3-

>?>A5@54:>20=><C 718@0==N 0:B8=C 2 ?>?5@54=8:0E ?>4>A>< [230]. &0:8< 

G8=><, <>6=0 ?@8?CAB8B8, I> Tks4 V Ruk/CIN85 @07>< <>6CBL 70157?5G8B8 

?;0BD>@<C 4;O V=VFVN20==O Arp2/3->?>A5@54:>20=>3> 718@0==O 0:B8=C 2 

V=204>?>4VW @0:>28E :;VB8=. 

!0:>?8G5==V 4>:078 A2V4G0BL ?@> B5, I> Ruk/CIN85 T 206;828< 

@53C;OB>@>< B@0=A?>@BC, >?>A5@54:>20=>3> 2578:C;0<8, V <>65 A?@8OB8 

04357VW B0 <V3@0FVW :;VB8=. "4=0: =0H5 @>7C<V==O :>=:@5B=8E <>;5:C;O@=8E 

<5E0=V7<V2 CG0ABV Ruk/CIN85 C F8E ?@>F5A0E T >1<565=8<. �=D>@<0FVO ?@> 

AC1:;VB8==C ;>:0;V70FVN Ruk/CIN85 =5>4=>7=0G=0. $57C;LB0B8 @V7=8E 

4>A;V465=L 206:> ?>@V2=N20B8 G5@57 @V7=><0=VBBO 5:A?5@8<5=B0;L=8E 

<>45;59 V ?V4E>4V2, I> 28:>@8AB>2CNBLAO @V7=8<8 4>A;V4=8FL:8<8 3@C?0<8. 

!5>1EV4=V ?>40;LHV 4>A;V465==O 4;O 0=0;V7C A:;04C =04<>;5:C;O@=8E 

:><?;5:AV2, 7V1@0=8E =0 ?;0BD>@<V Ruk/CIN85 ?V4 G0A @V7=8E 

2=CB@VH=L>:;VB8==8E ?@>F5AV2. �06;82> B0:>6 79OAC20B8, O: 4>AO30TBLAO 

281V@:>2VABL Ruk/CIN85 I>4> 9>3> ?0@B=5@V2 ?> 270T<>4VW. �9OAC20==O @>;V 

Ruk/CIN85 C D>@<C20==V 7;>O:VA=>3> D5=>B8?C 70A;C3>2CT =0 >A>1;82C C203C 

>A:V;L:8 @57C;LB0B8 B0:8E 4>A;V465=L <>6CBL AB0B8 206;828< 2=5A:>< 4> 

@>7@>1:8 70A>1V2, 740B=8E 70?>1V30B8 <5B0AB07C20==N ?CE;8==8E :;VB8= 

[242]. 
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$"���� 2 

 �&�$���� &�  �&"�� �"%�����!, 

2.1. "B@8<0==O 7@07:V2 ?>BC ;N48=8, 71030G5=8E EVs 4>A;V465==O WE 
=C:;5W=>2>3> B0 ?@>B5W=>2>3> A:;04C 

'<>2=> 74>@>2V 2>;>=B5@8 (2V:>< 35 ± 10 @>:V2), =01@0=V A5@54 >AV1 

@V7=>3> 2V:C B0 5B=VG=>3> ?>E>465==O, O:V ?@>6820NBL C #V2=VG=V9 (V=;O=4VW 

2 @09>=V <VAB0 "C;C (�>40B:8, &01;8FO 1), >B@8<0;8 V=D>@<0FVN ?@> 

4>A;V465==O B0 =040;8 >1<565=C A0<>>FV=:C AB0=C 74>@>29O B0 DV78G=>W 

D>@<8 @07>< 7 V=D>@<>20=>N 73>4>N. �B8G=89 4>72V; (EETTMK:110/2015) 

1C;> =040=> 5B8G=8< :><VB5B>< Oulu University medical School 2V4?>2V4=> 4> 

(V=AL:>3> 70:>=C ?@> <548G=V 4>A;V465==O (488/1999). �>1@>2>;LFV2 ?@>A8;8 

C=8:0B8 28:>@8AB0==O <8;0 B0 ?0@DC<V2 ?@>BO3>< 24 3>4 ?5@54 B@5=C20==O< 

B0 4>40B:>2> ?@89=OB8 4CH 70 15 E2 157?>A5@54=L> ?5@54 2?@02>N, I>1 

2840;8B8 ?8; B0 V=HV 70;8H:8 701@C4=5==O 2V4 =02:>;8H=L>3> A5@54>28I0 7V 

H:V@8.  

�?@028 =0 25;>A8?54V (ProSpinner spinning bike, Karhu) 28:>=C20;8 ?@8 

:V<=0B=V9 B5<?5@0BC@V (25oC) ?@>BO3>< 30 E2. �@07:8 ?>BC 718@0;8 7 25@E=L>W 

G0AB8=8 BV;0 (@C: V BC;C10), 28:>@8AB>2CNG8 ?>;V5B8;5=>289 4>I>28: 

(Tammer Brands Oy, (V=;O=4VO) V >4=>@07>2V 25B5@8=0@=V @C:028FV (024199, 

GIA, (@0=FVO). #VA;O B@5=C20==O 7@07:8 ?>BC 718@0;8 H;OE>< @>7@V70==O 

@C:028FV =0 @V2=V ?0;LFV2 4;O 0A?V@0FVW @V48=8. /:I> =0 ?5@54=V9 G0AB8=V 

4>I>28:0 =0:>?8GC20;>AL 4>AB0B=L> @V48=8, WW B0:>6 718@0;8.  

"B@8<0=V 7@07:8 ?>BC 1C;8 ?>4V;5==V =0 3@C?8 B0 >1@>1;5=V 70 

?@>B>:>;0<8 2V4?>2V4=> 4> FV;L>28E 0=0;V7V2. � FV;><C 7@07:8 ?>4V;8;8 =0 42V 

>A=>2=V 3@C?8: 4>A;V465==O A:;04C =C:;5W=>28E :8A;>B B0 4>A;V465==O 

?@>B5W=>2>3> A:;04C EVs ?>BC ($8A. 2.1)  
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$8A. 2.1. �030;L=0 AE5<0 5:A?5@8<5=BV2 4>A;V465==O A:;04C 7@07:V2 
?>BC, 71030G5=8E EVs, B0 2V4?>2V4=8E :>=B@>;V2  
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2.2.  �>A;V465==O A:;04C =C:;5W=>28E :8A;>B C 7@07:0E ?>BC ;N48=8, 
71030G5=8E EVs 

�;O 5:AB@0:FVW =C:;5W=>28E :8A;>B 7 :>3>@B8 7@07:V2 ?>BC 1C;> 7V1@0=> 

400 <; @V48=8 2V4 13 C<>2=> 74>@>28E 2>;>=B5@V2 >1>E AB0B59 2V:>< 2V4 26 4> 

56 @>:V2 ?V4 G0A 30-E28;8==>W 2?@028 =0 25;>B@5=065@V ($8A. 2.1). �V1@0=V 

7@07:8 715@V30;8 ?@8 -20°C. #VA;O @>7<>@>6C20==O 7@07:8 4>40B:>2> 

DV;LB@C20;8 (G5@57 DV;LB@ Milipore PES 1 <:<) 7 =0ABC?=8<  

F5=B@8DC3C20==O< ?@>BO3>< 2 3>4 ?@8 100 000 x g C F5=B@8DC7V Avanti J-30I 

(Beckman) 7 28:>@8AB0==O< @>B>@0 JA30350. "A04 @5ACA?5=4C20;8 2 1 <; PBS 

(157 A>;59 Ca/Mg), @! 7.0.  

200 <:; @5ACA?5=4>20=>3> >A04C 1C;> 28:>@8AB0=> 4;O 5:AB@03C20==O 

DNA 70 4>?><>3>N <V=V-=01>@C QIAamp blood DNA mini-kit by Qiagen [109] 

($8A. 2.1). �>=F5=B@0FVN DNA 28<V@N20;8 70 4>?><>3>N =01>@C Qubits DNA 

HS assay kit (Thermo Fisher). �;O :>=F5=B@C20==O 28:>@8AB>2C20;8 :>;>=:8 

Zymo DNA & Clean-5 (Zymo Research). "48= =3 DNA 28:>@8AB>2C20;8 4;O 

:>=AB@CN20==O 1V1;V>B5:8 PE 70 4>?><>3>N =01>@C Nextera XT (Illumina) 

2V4?>2V4=> 4> V=AB@C:FV9 28@>1=8:0. �V1;V>B5:8 >B@8<C20;8 =0 A5:25=0B>@V 

NextSeq550 (Illumina) V7 151 F8:;>< (Biocenter Oulu sequencing core facility). 

�@07>:, I> 70;8H82AO (800 <:;), 28:>@8AB>2C20;8 4;O 5:AB@03C20==O 

RNA 70 4>?><>3>N =01>@C ExoRNeasy (Qiagen). �>=F5=B@0FVN 7030;L=>W RNA 

28<V@N20;8 70 4>?><>3>N Qubits RNA HS V ?@>DV;N20;8 =0 ?@8;04V 

Bioanalyzer 6000 Pico (Agilent).  

"19T4=0=C 1V1;V>B5:C RNA-seq, 71030G5=C EVs, AB2>@N20;8 70 

4>?><>3>N =01>@C Ion Total RNA-Seq Kit v2 (Thermo Scientific) 2V4?>2V4=> 4> 

V=AB@C:FV9 4;O 1V1;V>B5: small RNA. ' FL><C 28?04:C <:C;L:8= 4;O >G8I5==O 

2E>48;8 2 =01V@ V 28:>@8AB>2C20;8AO 4;O 2840;5==O 040?B5@=8E 48<5@V2. 

/:VABL >AB0B>G=8E 1V1;V>B5: ?5@52V@O;8 70 4>?><>3>N Bioanalyzer with High 

Sensitivity DNA kit (Agilent). %5:25=C20==O 1V1;V>B5: ?@>2>48;8 70 

4>?><>3>N Ion PGM Hi-Q OT2 Template (200 bp protocol), Ion PGM Hi-Q 

Sequencing Kit and Ion PGM 318 chip kits (Thermo Scientific). 
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�=482V4C0;L=V 7@07:8 ?>BC 718@0;8 7 25@E=L>W G0AB8=8 BV;0 (@C: V 

BC;C10) 70 4>?><>3>N >4=>@07>2>3> 4>I>28:0 (Transpen Oy, Kerava, FI) V 

25B5@8=0@=8E >4=>@07>28E @C:028FL VETbasic (15364, Kerbl, Buchbach, 

!V<5GG8=0). �@07:8 ?>BC ?>A;V4>2=> ?@>?CA:0;8 G5@57 <5<1@0==89 DV;LB@ 40 

<:< (Cell strainer) V G5@57 DV;LB@ 0,8 <:< (Millipore). �V4DV;LB@>20=V 7@07:8 

715@V30;8 ?@8 -20°C C AB5@8;L=8E ?@>1V@:0E Falcon >19T<>< 50 <;. 

�V4DV;LB@>20=V 7@07:8 ?>BC :>=F5=B@C20;8 =0 :>;>=:0E Centricon Plus-

70 (100�), 73V4=> 7 V=AB@C:FVO<8 28@>1=8:0. �>=F5=B@>20=C RNA ?>BC 

5:AB@03C20;8 70 4>?><>3>N exoRNeasy kit (Qiagen). 

�V1;V>B5:8 RNA-seq 1C;8 AB2>@5=V 70 4>?><>3>N NEBNext Small RNA 

kit (New England Biolabs). #VA;O 16 F8:;V2 #�$-0<?;VDV:0FVW 1V1;V>B5:8 

?5@52V@O;8 70 4>?><>3>N 1V>0=0;V70B>@0 7 28:>@8AB0==O< DNA 1000 chips 

(Agilent). 

2.3. �>A;V465==O A:;04C ?@>B5W=V2 C 7@07:0E ?>BC ;N48=8, 71030G5=8E 
EVs 

�@07:8 ?>BC (31 ± 26 <;) ?@>?CA:0;8 G5@57 <5<1@0==89 DV;LB@ 40 <:< 

(22363547, Fisherbrand), ?>BV< G5@57 DV;LB@ 0,8 <:< (Millipore). 

�V4DV;LB@>20=V 7@07:8 ?>BC :>=F5=B@C20;8 =0 :>;>=:0E Centricon Plus-70 

(100�), 73V4=> 7 V=AB@C:FVO<8 28@>1=8:0. "4=C ?>;>28=C :>=F5=B@>20=>3> 

?>BC 715@V30;8 ?@8 -70oC 4;O ?>40;LH>3> 0=0;V7C (Total), 0 V=HC ?>;>28=C 

28:>@8AB>2C20;8 4;O V7>;N20==O EVs (EVs enriched). 

�@07:8 EVs 3>BC20;8 >:@5<> 7 :>6=>3> V7>;OBC 70 4>?><>3>N =01>@C 

ExoEasy (76064, Qiagen, !V<5GG8=0) 73V4=> 7 ?@>B>:>;>< 28@>1=8:0. "48= 

>19T< 1CD5@0 XBP 4>4020;8 4> 1 >19T<C 7@07:0 (200 <:;) B0 4>1@5 

?5@5<VHC20;8 H;OE>< ?5@525@B0==O. %C<VH 7@07:0/XBP F5=B@8DC3C20;8 ?@8 

500 x g ?@>BO3>< 1 E2 2 :>;>=FV ExoEasy. �0;V 2 :>;>=:C 4>4020;8 10 <; 

1CD5@0 XWP V F5=B@8DC3C20;8 ?@8 4000 x g ?@>BO3>< 5 E2. �>;>=:C 

?5@5=>A8;8 C A2V6C 15 <; ?@>1V@:C. �CD5@ XE 4>4020;8 157?>A5@54=L> =0 
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<5<1@0=C :>;>=:8 (250-400 <:;) B0 V=:C1C20;8 ?@>BO3>< 1 E2. �;N0B 718@0;8 

F5=B@8DC3C20==O< ?@8 500 x g ?@>BO3>< 5 E2. 

,:V@=89 ?;0AB8@ (patch) A:;0402AO 7 DV:ACNG>W ?;V2:8 (1626W, 3M 

Tegaderm Film, !V<5GG8=0) V ?>29O7:8 7 0;L3V=0BC :0;LFVN (Cutiderm, JFA 

Medical, �5;8:>1@8B0=VO). #;0AB8@ ?;>I5N 25 A<2 @>7<VIC20;8 ?@81;87=> =0 

10 A< =86G5 ?0E28 ?5@54 2?@020<8 =0 25;>A8?54V. #VA;O B@5=C20==O ?>29O7:C 

?5@5=>A8;8 2 ?@>1V@:C =0 50 <; (62.547.254 Rohre, !V<5GG8=0), I> <VAB8;0 30 

<; 1x PBS (20-031-CV, Corning, %,�), V 5=5@3V9=> ?5@5<VHC20;8. �@07>: 

?@>?CA:0;8 G5@57 DV;LB@ 40 <:< 4;O 2840;5==O :;VB8= (22363547, 

Fisherbrand) V F5=B@8DC3C20;8 (4000 x g 15 E2) 4;O 2840;5==O G0AB8=>:, I> 

?>E>4OBL V7 H:V@=>W ?>29O7:8. %C?5@=0B0=B 157 70;8H:V2 :>=F5=B@C20;8 =0 

2V4F5=B@>2><C DV;LB@V Centricon Plus-70. �>=F5=B@>20=89 ?VB 7 4V;O=F:8 

H:V@8 4>40B:>2> F5=B@8DC3C20;8 (21000 x g, 15 E2) V 718@0;8 AC?5@=0B0=B. 

2.4. �V>V=D>@<0B8G=89 0=0;V7 40=8E A5:25=C20==O DNA B0 RNA  

DNA: (09;8 DNA fastQ 0=0;V7C20;8 70 4>?><>3>N FastQC [354] B0 
>19T4=C20;8 70 4>?><>3>N PEAR [369]. "19T4=0=V B0 =5>19T4=0=V 7G8BC20==O 

28@V2=N20;8 70 4>?><>3>N BWA [179]. �V4A>B>: ?>:@8BBO 4;O :>6=>W 

E@><>A><8 @>7@0E>2C20;8 O: 4>268=C :0@B>20=8E 7G8BC20=L =0 E@><>A><C, 

?>4V;5=C =0 4>268=C E@><>A><8. 

RNA: �G8BC20==O 7 @V7=8E A<C3 A?>G0B:C >19T4=C20;8 2 >:@5<V D09;8 
fastq V 74V9A=N20;8 :>=B@>;L WE O:>ABV [354]. #>BV< ?>A;V4>2=>ABV =87L:>W 

O:>ABV 1C;8 >1@V70=V 70 4>?><>3>N <Trimmomatic= [28] 7 =0ABC?=8< :>=B@>;5< 

O:>ABV 70 4>?><>3>N FastQC. "1@V70=V 7G8BC20==O 1C;8 :0@B>20=V 70 

4>?><>3>N Bowtie [169] ?@>B8 ?>A;V4>2=>AB59 tRNA 7 28A>:>N 

4>AB>2V@=VABN GtRNAdb [47]. #>A;V4>2=>ABV I> 71V30;8AL 7 ?>A;V4>2=>ABO<8 

tRNA B0:>6 1C;8 2V4DV;LB@>20=V.  

�G8BC20==O, I> 70;8H8;8AO, 1C;> 7=>2C 7VAB02;5=> 70 4>?><>3>N 

Bowtie 7 35=><>< ;N48=8 HG38 V 40;V >1@>1;5=> 70 4>?><>3>N Cufflinks 

[321] V Cuffmerge 4;O ?V43>B>2:8 A?V;L=>3> D09;C, O:89 <VAB8BL O: 2V4><V, B0: 
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V =>2V 35=8. *59 D09;, 0 B0:>6 D09; 4;O miRNA 2V4 miRBase [106, 164] V 

?>A;V4>2=>ABV piRNA 2V4 piRBase [340] 28:>@8AB>2C20;8 4;O :V;L:VA=>3> 

287=0G5==O 5:A?@5AVW 70 4>?><>3>N FeatureCounts [182]. �;O :V;L:VA=>3> 

287=0G5==O 2@0E>2C20;8AO ;8H5 5:7>==V 4V;O=:8. �8@V2=N20==O 70 

4>?><>3>N STAR (28@V2=N20==O 79T4=0=8E B@0=A:@8?BV2) 1C;> 28:>=0=> 70 

4>?><>3>N Chipster =0 ?;0BD>@<V https://chipster.csc.fi/ [141]. 

�G8BC20==O, O:V =5 <>6=0 1C;> 7VAB028B8 7 35=><>< HG38, 718@0;8 

70=>2> 4> @V2=O <contig level= 70 4>?><>3>N MEGAHIT. #>BV< FV <contig= 1C;8 

A?V2AB02;5==V 2 107V 40=8E NR 70 4>?><>3>N DIAMOND [32], V 4;O 

V45=B8DV:>20=8E ?@>B5W=V2 1C;8 ?V4V1@0=V 2V4?>2V4=V V45=B8DV:0B>@8. �@V< 

B>3>, 70 4>?><>3>N Kraken [358] 1C;> 28:>=0=> B0:A>=><VG=C V45=B8DV:0FVN 

4;O =5:0@B>20=8E 7G8BC20=L, 0 @57C;LB0B8 2V7C0;V7>20=> 70 4>?><>3>N Krona 

[231]. 

GO analysis: %?8A>: 35=V2 7V 7=0G5==O<8 FPKM 25 01> 1V;LH5 1C;> 
@>7<VI5=> =0 A09BV geneontology.org 4;O 0=0;V7C 71030G5==O [10], :>=A>@FVC<C 

35==>W >=B>;>3VW (2019) 7 28:>@8AB0==O< B5ABC (VH5@0 7 :>@5:FVTN 

�>=D5@@>=V 4;O 1030B>@07>2>3> B5ABC20==O B0 0=>B0FVW GO. �=0G5==O 

71030G5==O 4 01> 1V;LH5 1C;> 2V7C0;V7>20=> 7 28:>@8AB0==O< REVIGO [298]. 

2.5. %8=B57 cDNA B0 C<>28 ?@>2545==O qPCR 

miRNA-qPCR: �;O A8=B57C cDNA 28:>@8AB>2C20;8 1,5 =3 RNA, 
@50:FVN A8=B57C 74V9A=N20;8 70 4>?><>3>N =01>@C miR-CURY LNA RT-PCR 

(Qiagen).  

�;O qPCR 1C;8 28:>@8AB0=V ?@09<5@8 LNA B0 >A=>2=C AC<VH SYBR 

Green III (Agilent). �;O 4>A;V465==O 28:>@8AB0;8 B0:V ?@09<5@8: miR24-3p 

(YP00204260), miR99a-5p (YP00204521), miR193 (YP00204226), miR-21-5p 

(MS00009079), miR-26a-5p (MS00029239), miR320b (MIMAT0005792), U6 

snRNA (X59362). 

RT-PCR: 5 =3 RNA 1C;> 28:>@8AB0=> 4;O A8=B57C cDNA ?5@H>3> 
;0=FN30 70 4>?><>3>N =01>@C VILO (Thermo Fisher). #VA;O @>72545==O 7@07:0 
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2 2 @078 cDNA 0<?;VDV:C20;8 70 4>?><>3>N =01>@C AmpliTaq Gold 7 

28:>@8AB0==O< A?5F8DVG=8E ?@09<5@V2 (&01;. 2.1). 

'<>28 qPCR: 95oC 5 E2, 60oC 20s,72oC 20s, 95oC 20s, 40 F8:;V2. 

#@>4C:B8 0=0;V7C20;8 2 2% 030@>7=><C 35;V B0 D0@1C20;8 Midori green. 

#@>4C:B8 PCR >G8I0;8 70 4>?><>3>N :>;>=>: Qiagen minElute (Qiagen) V 

A5:25=C20;8 2 Biocenter Oulu sequencing core facility 70 4>?><>3>N 

:0?V;O@=>3> A5:25=C20==O 2 BigDyeTERminator v1.1 B0 ABI3500xL Genetic 

Analyzer.  

&01;8FO 2.1. 
#@09<5@8 4;O qPCR 

Gene Forward primer Reverse primer 
1433-3 Protein Epsilon 
(YWHAE) 

ACAGAACTTCCAC
CAACGCA 

ATTCTGCTCTTCACCGTCA
CC 

Ferritin Light Chain 
(FTL) 

GGACCCCCATCTC
TGTGACT 

AGTCGTGCTTGAGA 

GTGAGC 

 

2.6. �87=0G5==O :>=F5=B@0FVW B0 @>7?>4V;C @>7<V@V2 EVs ;N4AL:>3> ?>BC 

�=0;V7 2V4AB565==O =0=>G0AB8=>: (NTA) ?@>2>48;8 70 4>?><>3>N 

?@8;04C NanoSight NS300 (NanoSight Ltd., Amesbury, UK), >A=0I5=>3> 

;075@>< 405 =<. �;O :>6=>3> 7@07:0 1C;> 70?8A0=> G>B8@8 01> 2VAV< 60-

A5:C=4=8E 2V45> 7 @V2=5< :0<5@8 14 V ?>@>3>< 28O2;5==O 3. &5<?5@0BC@0 

:>=B@>;N20;0AO ?V4 G0A 28<V@N20=L. �V45>, 70?8A0=V 4;O :>6=>3> 7@07:0, 

0=0;V7C20;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O NTA 25@AVW 3.1. �;O 

0=0;V7C 28:>@8AB>2C20;8AO 02B><0B8G=V =0;0HBC20==O 4;O @>7<8BBO, 

<V=V<0;L=>W 4>268=8 B0 <V=V<0;L=>3> @>7<V@C G0AB8=>:. �;O @>72545==O 

28EV4=>3> <0B5@V0;C 28:>@8AB>2C20;8 48AB8;L>20=C 2>4C. 

2.7. �5AB5@=-1;>B 0=0;V7 7@07:V2 EVs ?>BC 

#@>B5W=8 ?>BC (10 <:3 Total B0 2 <:3 EVs enriched) @>74V;O;8 2 10% SDS 

PAGE, ?>BV< ?5@5=>A8;8 =0 =VB@>F5;N;>7=C <5<1@0=C. /: ?5@HVV 0=B8BV;0 

28:>@8AB>2C20;8 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) 

�030;L=89 A?5:B@ ?@>B5W=V2 =0 <5<1@0=V 28O2;O;8 D0@1C20==O< 7 

28:>@8AB0==O< Total Stain Q (Azure Biosystems). #>BV< =0 <5<1@0=8 =0=>A8;8 

2V4?>2V4=V 4@C3V, :>=9N3>20=V 7 ?5@>:A8407>N IgG, (Invitrogen) C @>72545==V 

1:5000. �;O 2V7C0;V70FVW 729O70=8E 0=B8BV; 28:>@8AB>2C20;8 Lumi-Light 

Western Blotting Substrate (Roche Diagnostics, ,259F0@VO). 

2.8. �;5:B@>==0 <V:@>A:>?VO B0 V<C=>5;5:B@>==0 <V:@>A:>?VO EVs 
;N4AL:>3> ?>BC  

�<C=>5;5:B@>==C <V:@>A:>?VN ?@>2>48;8 7 28:>@8AB0==O< 

1V>B8=V;L>20=>3> 0=B8BV;0 ?@>B8 CD9 (13118, Santa Cruz) C @>72545==V 1:10. 

�578:C;8 =0=>A8;8 =0 :0@1>=V7>20=C AVB:C Formvar. %VB:8 V=:C1C20;8 2 

1;>:C20;L=><C @>7G8=V (1% BSA 2 PBS). #VA;O FL>3> AVB:8 ?>A;V4>2=> 

V=:C1C20;8 7 ?5@H8< 0=B8BV;>< ?@>B8 CD9 ?@>BO3>< 20 E2, 7 4@C38< 

0=B8BV;>< ?@>B8 1V>B8=C ?@>BO3>< 20 E2 V, =0@5HBV, 7 :><?;5:A>< ?@>B5W= �-

7>;>B> (PAG 10 =<) ?@>BO3>< 20 E2. �@07:8 ?VA;O V<C=>=530B82=>3> 

D0@1C20==O, 0 B0:>6 ?VA;O =530B82=>3> D0@1C20==O (2% C@0=V;0F5B0B><) 

4>A;V46C20;8 70 4>?><>3>N B@0=A<VAV9=>3> 5;5:B@>==>3> <V:@>A:>?0 Tecnai 

G2 Spirit (FEI, Eindhoven, Netherlands), 7>1@065==O >B@8<C20;8 70 4>?><>3>N 

:0<5@8 Quemesa (Olympus Soft Imaging Solutions GMBH, Münster, Germany). 

�=B8BV;> ?@>B8 CD63 4;O V<C=>&�  28:>@8AB>2C20;8 C @>72545==V 1:50 

(Abcam ab193349) V ?>;V:;>=0;L=5 0=B8BV;> ?@>B8 glypican 1 (PA5328055, 

ThermoFisher) C @>72545==V 1:100. 

�;O ?V43>B>2:8 ?;0AB8:>28E 7@V7V2 :>=F5=B@>20=V 7@07:8 ?>BC 

DV;LB@C20;8 =0 DV;LB@V Minisart 0,45 <:< (Sartorius), ?>BV< EVs ?>BC 

D0@1C20;8 70 4>?><>3>N CellVue Claret Far Fluorescent Cell Linker Midi Kit 

(MIDCLARET-1KT) 2V4?>2V4=> 4> V=AB@C:FV9 28@>1=8:0. #VA;O D0@1C20==O 

7@07:8 F5=B@8DC3C20;8 ?@>BO3>< 436 3>4 ?@8 100 000 x g ?@8 4 °C (Beckman 
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TLA 120.2). �@V78 0=0;V7C20;8 70 4>?><>3>N 5;5:B@>==>3> <V:@>A:>?0 Tecnai 

G2 Spirit. 

2.9. Lectin microarray 0=0;V7 7@07:V2 EVs ?>BC ;N48=8 

�@07:8 ?>BC F5=B@8DC3C20;8 ?@8 12000×g ?@8 4°C ?@>BO3>< 15 E2, 

?VA;O G>3> 12 <:3 7030;L=>3> ?@>B5W=C <VB8;8 6 <:3 NHS activated DyLight 633 

protein dye (Thermo Scientific, Waltham, USA) C 50 <:; 1CD5@C ?@8 :V<=0B=V9 

B5<?5@0BC@V 7 ?>ABV9=8< ?5@5<VHC20==O< (600 >1/E2). $50:FVN 7C?8=O;8 ?@8 

:V<=0B=V9 B5<?5@0BC@V 4>4020==O< 50 <  5B0=>;0<V=C 2 25<  B@8A-HCl/150 

<  NaCl 1CD5@V.  VG5=V 7@07:8 >G8I0;8 F5=B@8DC3C20==O< (12 000×g 

?@>BO3>< 10 E2 ?@8 :V<=0B=V9 B5<?5@0BC@V), =0=>A8;8 =0 ?V43>B>2;5==V A;0948 

Nexterion H (Schott, Germany) V 40;V V=:C1C20;8 C 72>;>65=V9 :0<5@V ?@8 

?>ABV9=><C ?5@5<VHC20==V ?@>BO3>< 2 3>4 ?@8 :V<=0B=V9 B5<?5@0BC@V. #>BV< 

A;0948 ?@><820;8 5 @07V2 ?> 5 E2 1CD5@>< 4;O 0=0;V7C. �>1@065==O 

>B@8<C20;8 70 4>?><>3>N ;075@=>3> A:0=5@0 Genepix 4200AL (Auto Loader, 

Axon Instruments) 7 28:>@8AB0==O< 2V4?>2V4=>3> =01>@C DV;LB@V2 4;O 

10@2=8:0 DyLight 633#. %5@54=N V=B5=A82=VABL 729O70=>W <VB:8 :V;L:VA=> 

287=0G0;8 2 B@L>E ?>2B>@0E 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O 

GenePix® Pro Microarray Analysis Software. �5:B8=8, O:V 28:>@8AB>2C20;8AL 

4;O 4@C:C <V:@><0B@8FL, 1C;8 ?@8410=V C Vector Laboratories (Yangstoun, 

"309>, %,�). 

2.10. �>A;V465==O @V2=O B5B@0A?0=V=V2 2 EVs ?>BC 

�;O 0=0;V7C 5:A?@5AVW 1V><0@:5@V2 EVs B0 :V;L:VA=>3> 287=0G5==O EVs 

28:>@8AB>2C20;8 ?;0BD>@<C ExoView R100 (NanoView Biosciences, �>AB>=). 

�;O 0=0;V7C 28:>@8AB>2C202AO =01V@ Human ExoView Tetraspanin (EV-TETRA-

C). �@07:8 (Total, EVs enriched, Patch) 1C;8 >1@>1;5=V 2V4?>2V4=> 4> ?@>B>:>;C 

28@>1=8:0. 1 <:3 7@07:V2 ?@>B5W=C >15@56=> 7020=B06C20;8 =0 :>65= GV? B0 

V=:C1C20;8 ?@>BO3>< 24 3>4. #VA;O FL>3> GV?8 B@8GV ?@><820;8 =0 

>@1VB0;L=><C H59:5@V 4;O 2840;5==O =572'O70=8E G0AB8=>:. +V?8 V=:C1C20;8 
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?@>BO3>< 1 3>4 7 D;C>@5AF5=B=> <VG5=8<8 0=B8BV;0<8 ;N48=8 ?@>B8 CD81 

(BD Pharmingen 555675), anti-CD63 (BD Pharmingen 556019) V anti-CD9 

(Biolegend V P018). /: :>=B@>;L 28:>@8AB>2C20;8 IgG <8HV (Biolegend 

400101).  

 

$8A. 2.2. �030;L=0 AE5<0 4>A;V465==O 2<VABC B5B@0A?0=V=V2 2 EVs 70 
4>?><>3>N A8AB5<8 ExoView.  
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�<C=>D0@1>20=V GV?8 B@8GV ?@><820;8 2 PBS B0 >48= @07 2 45V>=V7>20=V9 

2>4V 9 28ACHC20;8. �>1@065==O B0 71V@ 40=8E ?>D0@1>20=8E GV?V2 ?@>2>48;8 

70 4>?><>3>N ExoView R100 (NanoView Biosciences), 0 0=0;V7 40=8E 3 70 

4>?><>3>N ExoViewer 3 (NanoView Biosciences) ($8A. 2.2). 

2.11.  0A-A?5:B@><5B@8G=89 0=0;V7 ?@>B5W=>2>3> A:;04C EVs ?>BC 

#@>B5W=8 5:AB@03C20;8 7 >:@5<8E 7@07:V2 EVs H;OE>< >A0465==O 

<5B0=>;></E;>@>D>@<><. �8ACH5=V ?@>B5W=8 @>72>48;8 2 4× 1CD5@V Laemmli, 

I> <VAB8BL 10% ³-<5@:0?B>5B0=>;, 7020=B06C20;8 2 :8H5=L:8 12% SDS-PAA 

35;N (12% Mini-PROTEAN TGX Precast Protein Gel, Bio-Rad) �EV4 ?@>B5W=V2 C 

35;L 74V9A=N20;8 ?@>BO3>< <0:A8<C< 5 E2 ?@8 110V. +0AB8=:8 SDS-35;N, 

?>D0@1>20=V Sypro Ruby (Sigma, S4942), 28@V70;8 B0 >1@>1;O;8 =0ABC?=8< 

G8=><: ?@><820;8 B@8 @078 ?> 5 E2 2 C @>7G8=V, I> <VAB82 50 <  1V:0@1>=0B, 

40% 0F5B>=VB@8;, 60% 2>48, 4;O 7=510@2;5==O 35;N. �;O 7<5=H5==O @>7<V@V2 

35;N 28:>@8AB>2C20;8 20 <  48BV>B@5WB>; ?@>BO3>< 30 E2 ?@8 20"%. 

�;:V;C20==O ?@>2>48;8 45 <  9>40F5B0<V4>< ?@>BO3>< 30 E2 ?@8 :V<=0B=V9 

B5<?5@0BC@V. �;O ?@>B5>;V7C 28:>@8AB>2C20;8 5 <:; @>7G8=C B@8?A8=C (20 

=3/<:; B@8?A8=C (Sigma) C 1CD5@V (40 <  1V:0@1>=0B 0<>=VN, 9% 

0F5B>=VB@8;, 91% 2>48)) ?@>BO3>< =>GV ?@8 37ºC. E:AB@0:B8 F5=B@8DC3C20;8, 

25 <:; AC?5@=0B0=BC ?5@5=>A8;8 C ?@>1V@:8 4;O 0=0;V7C LC3MS (Liquid 

chromatography3mass spectrometry) 70 4>?><>3>N A8AB5<8 Easy-nLC 1000 

(Thermo Scientific), 79T4=0=>W 7 <0A-A?5:B@><5B@>< Fusion Lumos Tribrid mass 

spectrometer (Thermo Scientific).  

#5?B848 2;>2;N20;8 =0 :>;>=FV AcclaimPepmap 100 C18 3 <:<, 

0,075×20 << (Thermo Scientific) 7 =0ABC?=8< @>74V;O;5==O< =0 0=0;VB8G=V9 

:>;>=FV Thermo Acclaim Pepmap RSLC C18 2 <:<, 0,075×150 <<, 

28:>@8AB>2CNG8 3@04VT=B 2V4 97% (0,1% <C@0H8=>W :8A;>B8) 4> 35% (0,1% 

<C@0H8=>W :8A;>B8 2 CAN) ?@>BO3>< 90 E2 (H284:VABL ?>B>:C 0,3 <:;/E2).  

 0A-A?5:B@><5B@ ?@0FN202 C 3-A5:C=4=8E F8:;0E, 45 A?5:B@8 MS 

70?8AC20;8AO 70 4>?><>3>N 0=0;V70B>@0 orbitrap 7 @>74V;L=>N 740B=VABN 120 



83 
 

000, I> 4>72>;O;> 718@0B8 4> 4e5 V>=V2 ?@>BO3>< <0:A8<C< 50 <A ?5@54 

?5@5<8:0==O< C @568< MS/MS. �030B>70@O4=V V>=8 1C;8 D@03<5=B>20=V 7 

>4=0:>28< ?@V>@8B5B>< 70 4>?><>3>N 28A>:>5=5@35B8G=>W :>;V7V9=>W 

48A>FV0FVW (HCD) (30% 5=5@3VW 7VB:=5==O) B0 48A>FV0FVW, A?@8G8=5=>W 

7VB:=5==O< (CID) (35% 5=5@3VW 7VB:=5==O, 10 <A 0:B820FVW, Q 0,25) 7 

28:>@8AB0==O< :204@C?>;L=>3> V7>;N20==O 7 H8@8=>N 1,6 �0 B0 48=0<VG=8< 

28:;NG5==O< 21 A. �>=8 HCD (4> 5e4 V>=V2) 718@0;8 ?@>BO3>< <0:A8<C< 200 

<A 2 0=0;V70B>@V Orbitrap 7 @>74V;L=>N 740B=VABN 15 000. �>=8 CID 

@5TAB@C20;8 2 V>==V9 ?0ABFV 7 <5B>N ?V428I5==O GCB;82>ABV (?>@V3 1e4). 

2.12. �V>V=D>@<0B8G=89 0=0;V7 40=8E ?@>B5W=>2>3> A:;04C EVs ?>BC 

�;O V45=B8DV:0FVW ?@>B5W=V2 40=V B0=45<=8E <0A-A?5:B@V2 1C;8 

?@>0=0;V7>20=V 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O PEAKS (25@AVO 10.6) 

?@>B8 ?@>B5W=V2 ;N48=8 B0 10:B5@V9=8E ?@>B5W=V2 C 1070E 40=8E UniProt 

Swissprot V UniProt trEMBL (25@AVO v2022_03). #0@0<5B@8 ?>HC:C 2 107V 40=8E 

1C;8 2AB0=>2;5=V B0:8< G8=><: 4>?CA: <0A8 ?>?5@54=8:0 10 ppm, 4>?CA: 

<0A8 D@03<5=B0 0,02 Da V <0:A8<C< 420 ?@>?CI5=V @>7I5?;5==O B@8?A8=><. 

+0AB>B0 ?><8;:>28E 28O2;5=L (FDR) O: 4;O V45=B8DV:0FVW ?5?B84V2, B0: V 4;O 

?@>B5W=V2 1C;0 2AB0=>2;5=0 =0 @V2=V 1,0%. #@>B5W= 220602AO V45=B8DV:>20=8<, 

O:I> 2V= 1C2 ?@54AB02;5=89 ?@8=09<=V >4=8< C=V:0;L=8< ?5?B84>< V 

7030;L=5 ?>:@8BBO ?@>B5W=>< 4>?><V6=8E ?5?B84V2 AB0=>28;> g 1 %.  

!530B82=V :>=B@>;V (PBS 7 =528:>@8AB0=8E >4=>@07>28E @C:028G>:) 

0=0;V7C20;8 ?0@0;5;L=> V7 7@07:0<8 ?>BC. 'AV ?@>B5W=8, V45=B8DV:>20=V 2 

7@07:0E =530B82=>3> :>=B@>;N, 1C;8 28:;NG5=V 7 ?>40;LH>3> 0=0;V7C A:;04C 

?@>B5W=V2. *V 701@C4=5==O 2:;NG0;8 45O:V 7 =09?>H8@5=VH8E ?@>B5W=V2 

;N4AL:>3> ?>BC, B0:V O: 45@<F848= V 0;L1C<V= [109], 0 B0:>6 G8A;5==V 

:5@0B8=8. �45=B8DV:0FVN ?@>B5W=V2 ?@>2>48;8 2 RStudio (25@AVO 2022.07.2, R 

25@AVO 4.2.2) 70 4>?><>3>N ?0:5B0 ggplot2 (25@AVO 3.4.0). 

(C=:FV>=0;L=C :;0A8DV:0FVN ?@>B5W=V2 ;N48=8 74V9A=N20;8 70 

4>?><>3>N A8AB5<8 :;0A8DV:0FVW PANTHER (Protein ANalysis THrough 
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Evolutionary Relationships) (www.pantherdb.org) [354]. %B0B8AB8G=89 0=0;V7 

4;O :;0AV2 ?@>B5W=V2 PANTHER ?@>2>48;8 2 GraphPadPrism 10.0.2 7 

28:>@8AB0==O< >4=>AB>@>==L>3> 48A?5@AV9=>3> 0=0;V7C 7 @5B@>A?5:B82=8< 

B5AB>< <=>68==8E ?>@V2=O=L (Tukey9s multiple comparisons test). 

%:>@83>20=89 D<0,05 220602AO 7=0G8<8<. %B0B8AB8G=89 0=0;V7 C B5ABV 

=04<V@=>W ?@54AB02;5=>ABV PANTHER ?@>2>48;8 70 B>G=8< :@8B5@VT< (VH5@0 

7 28:>@8AB0==O< ?>?@02:8 �>=D5@@>=V 4;O 1030B>@07>2>3> B5ABC20==O.  

�=>B0FVW GO (Gene Ontology) V7 A:>@83>20=8< 70 �>=D5@@>=V p<0,05 V 

:@0B=VABN 71030G5==O g10 2V7C0;V7C20;8 =0 4V03@0<0E @>7AVN20==O 70 

4>?><>3>N REViGO (http://revigo.irb.hr/) [369]. �;O 10:B5@V9=8E ?@>B5W=V2 

0=>B0FVW GO 1C;8 >B@8<0=V 70 4>?><>3>N V=AB@C<5=BC 2V4>1@065==O 

Retrieve/ID (https://www.uniprot.org/uploadlists/) 7 1078 40=8E UniProt V 

0=>B>20=V 2@CG=C 4> B5@<V=V2 GO [179]. �V03@0<8 �5==0 1C;8 ?V43>B>2;5=V 70 

4>?><>3>N Venny (25@AVO 2.1) (http://bioinfogp.cnb.csic.es/tools/venny/).�0=V 

<0A-A?5:B@><5B@VW 1C;8 ?5@540=V 2 ProteomeXchange Consortium G5@57 

@5?>78B>@V9 ?0@B=5@0 PRIDE [28] 7 V45=B8DV:0B>@>< =01>@C 40=8E 

PXD045589. 

2.13. �C;LB82C20==O 52:0@V>B8G=8E :;VB8= 

�;VB8=8 Renca, >B@8<0=V 7 045=>:0@F8=><8 =8@:8 <8HV (ATCC CRL-

2947), V :;VB8=8 786-O, >B@8<0=V 7 045=>:0@F8=><8 =8@:8 ;N48=8 (300107, 

CLS Cell Lines Service, Eppelheim, Germany), :;VB8=8 5<1@V>=0;L=>W =8@:8 

;N48=8 ;V=VW !��293(ATCC CRL-1573.3), :C;LB82C20;8 2 A5@54>28IV 

(DMEM)/F-12 (Gibco, 31331028), B>4V O: 045=>:0@F8=><=V :;VB8=8 3@C4=>W 

70;>78 <8HV ;V=VW 4&1 (ATCC CRL-2539) 3 2 A5@54>28IV RPMI 1640 (Sigma, 

R8758) 7 4>4020==O< 10% D5B0;L=>W 18G0G>W A8@>20B:8 (FBS), 100 >4/<; 

?5=VF8;V=C B0 100 <:3/<; AB@5?B><VF8=C ?@8 37°C C 5% CO2. �;O 

5:A?5@8<5=BV2 5×106 :;VB8= 28AV20;8 =0 G0H:C 15 A< (Greiner Cellstar, 

639160). �8BBT740B=VABL :;VB8= (95397%.) ?5@52V@O;8 70 4>?><>3>N 
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D0@1C20==O Trypan Blue (T10282 Invitrogen) 2 02B><0B8G=><C ;VG8;L=8:C 

:;VB8= TC20 (145-0101 Biorad. 

2.14. "45@60==O AC1;V=V9 :;VB8= 7V AB01V;L=>N =045:A?@5AVTN B0 
?@83=VG5=>N 5:A?@5AVTN 040?B5@=>3> ?@>B5W=C Ruk/CIN85 

�;O >B@8<0==O AC1;V=V9 :;VB8= Renca B0 !��293, O:V AB01V;L=> 

=045:A?@5ACNBL ?>2=>@>7<V@=C D>@<C Ruk/CIN85 01> ?>2=>@>7<V@=C D>@<C, 

:>=9N3>20=C 7 GFP, 707=0G5=V :;VB8=8 B@0=ADV:C20;8 25:B>@>< pRc/CMV2-

Rukl (:;VB8=8 Renca) 01> EGFP-Rukl (:;VB8=8 !��293)70 4>?><>3>N :0;LFV9-

D>AD0B=>W ?@5F8?VB0FVW. �V41V@ :;>=V2 ?@>2>48;8 70 ?@8ACB=>ABV 

A5;5:B82=>3> 0=B81V>B8:0 35=5B8F8=AC;LD0BC G418 (1 <3/<;), >A:V;L:8 

?;07<V48 pRc/CMV2 B0 N-EGFP <VABOBL 35= @578AB5=B=>ABV 4> 

0<V=>3;V:>784=8E 0=B81V>B8:V2 neor/kanr. 

� <5B>N 7=865==O @V2=O 5:A?@5AVW Ruk/CIN85 :;VB8=8 Renca V=DV:C20;8 

;5=B82V@CA><, I> :>4CT Ruk/CIN85-A?5F8DVG=C shRNA, 28:>@8AB>2CNG8 

:>=AB@C:FVN pLKO.1-shRuk/CIN85 R22 [270]. ->1 >B@8<0B8 2V4?>2V4=89 

:>=B@>;L, :;VB8=8 1C;8 V=DV:>20=V ;5=B82V@CA><, O:89 :>4CT shRNA, 

=5A?5F8DVG=C 4> 6>4=>W ?>A;V4>2=>ABV 35=><C AA02FV2. �=DV:>20=V :;VB8=8 

?V44020;8 A5;5:FVW V =0ABC?=><C AC1:;>=C20==N 70 ?@8ACB=>ABV 10 <:3/<; 

?C@><VF8=C («Sigma», %,�). �V41V@ AB01V;L=8E B@0=AD5:B0=BV2 B0 

V=D5:B0=BV2 74V9A=N20;8 =0 >A=>2V <>=VB>@8=3C 2<VABC 040?B5@=>3> ?@>B5W=C 

�5AB5@=-1;>B 0=0;V7><. 

2.15. �84V;5==O B0 >G8I5==O EVs 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 

#@>BO3>< ?5@H8E 24 3>4 ?VA;O ?5@5AV20==O, :;VB8=8 Renca B0 786-O 

:C;LB82C20;8 2 15-A< G0H:0E 70 C<>2 =>@<>:AVW (21% :8A=N) 4> 80% 

:>=D;N5=BC, ?VA;O G>3> A5@54>28I5 7<V=N20;8 =0 A5@54>28I5 157 FBS (20 <; 

=0 G0H:C) 7 =0ABC?=8< :C;LB82C20==O< ?@>BO3>< 24 3>4 70 C<>20E =>@<>:AVW, 

01> 3V?>:AVW (1% :8A=N). 
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#VA;O FL>3> A5@54>28I5 718@0;8 4;O 284V;5==O EVs. EVs >G8I0;8 7 

:C;LBC@0;L=>3> A5@54>28I0 (300 <; =0 7@07>:) 70 4>?><>3>N >4=>3> 7 42>E 

=0ABC?=8E <5B>4V2: ?>T4=0==O ?>A;V4>2=>3> C;LB@0F5=B@8DC3C20==O B0 

5:A:;N7V9=>W E@><0B>3@0DVW =0 :>;>=0E Exo-spin (Cell Guidance Systems Ltd) 

01> 3@04VT=B=>3> C;LB@0F5=B@8DC3C20==O =0 >A=>2V Optiprep. 

�V1@0=5 A5@54>28I5 F5=B@8DC3C20;8 ?@8 5000 g ?@>BO3>< 15 E2 4;O 

2840;5==O 451@VAC :;VB8=. %C?5@=0B0=B :>=F5=B@C20;8 70 4>?><>3>N :>;>=>: 

Centricon Plus-70 (Merck Millipore, 100 K) ?@>BO3>< 10320 E2 ?@8 2500 g. 

�;O C;LB@0F5=B@8DC3C20==O :>=F5=B@>20=V 7@07:8 @>7102;O;8 PBS 4> 

7030;L=>3> >19T<C 10 <;, F5=B@8DC3C20;8 ?@8 100 000g, 4°C (@>B>@ Sorvall 

TH-641) ?@>BO3>< 15 3>4, >B@8<0=89 >A04 ACA?5=4C20;8 2 200 <:; PBS. 

"B@8<0=V ACA?5=7VW 4>40B:>2> >G8I0;8 70 4>?><>3>N =01>@C ExoSpin (EXO3) 

73V4=> 7 ?@>B>:>;>< 28@>1=8:0. �>65= 7@07>: 5;NN20;8 2 200 <:; PBS. 

�;O 3@04VT=B=>3> C;LB@0F5=B@8DC3C20==O AC<VH 50% Optiprep (60% 

9>48:A0=>;; Sigma Aldrich): 1CD5@ � (0,25   A0E0@>78, 6 <  ��&�, 60 <  

&@8A3HCl, pH 7,4) @>72>48;8 1CD5@>< � (0,25   A0E0@>78, 1 <  ��&�), 10 

<  Tris3HCl) 4;O ?@83>BC20==O 5%, 10%, 20%, 40% 3@04VT=B=8E @>7G8=V2 

Optiprep. *V @>7G8=8 4>4020;8 2 ?>;V<5@=C ?@>1V@:C (Beckman polymer tube) 

H0@ 70 H0@>< 2V4 =0928I>W (=86=L>W) 4> =09=86G>W (25@E=L>W) :>=F5=B@0FVW 

9>48:A0=>;C (7030;>< 10 <;). �>=F5=B@>20=V AC?5@=0B0=B8 =0H0@>2C20;8 =0 

>B@8<0=89 3@04VT=B. �@07:8 C;LB@0F5=B@8DC3C20;8 ?@8 100 000 g, 4°C (@>B>@ 

Sorvall TH-641) ?@>BO3>< 15 3>4. "48=04FOBL D@0:FV9 (?> 1 <; :>6=0) 

718@0;8 2V4 25@E=L>W 4> =86=L>W G0AB8=8 3@04VT=B0 B0 @5ACA?5=4C20;8 2 10 <; 

PBS 4;O ?>40;LH>3> 15-3>48==>3> C;LB@0F5=B@8DC3C20==O ?@8 100 000 g, 4°C 

(@>B>@ Sorvall TH-641). #VA;O 2840;5==O AC?5@=0B0=BV2 >A04 @5ACA?5=4C20;8 2 

200 <:; PBS. �>6=C D@0:FVN 0=0;V7C20;8 70 4>?><>3>N 0=0;V7C 2V4AB565==O 

=0=>G0AB8=>: (NTA) B0 5;5:B@>==>W <V:@>A:>?VW, 0 D@0:FVW 7 =0928I>N 

:>=F5=B@0FVTN EVs (D@0:FVW 537; IV;L=VABL 1,0731,12 3/<;) >19T4=C20;8 B0 

28:>@8AB>2C20;8 4;O ?>40;LH8E 5:A?5@8<5=BV2. �030;L=89 28EV4 ?@>B5W=C, 

287=0G0;8 70 4>?><>3>N =01>@C Pierce# BCA Protein Assay Kit ($8A. 2.3). 
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$8A. 2.3. �030;L=0 AE5<0 284V;5==O B0 >G8I5==O EVs 7 
:>=48FV>=>20=>3> A5@54>28I0 :;VB8=, I> :C;LB82C20;8AL 70 C<>2 =>@<>:AVW 

B0 3V?>:AVW.  
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2.16. �;5:B@>D>@57 ?@>B5W=V2 2 #��� B0 �5AB5@=-1;>B 0=0;V7 

�;VB8=8 2 :C;LBC@V 01> V7>;L>20=V EVs ;V7C20;8 2 1CD5@V RIPA (Cell 

Signaling Technology), I> <VAB82 :>:B59;L V=3V1VB>@V2 ?@>B507 cOmplete 

ULTRA (Roche) V :>:B59;L V=3V1VB>@V2 D>AD0B07 2 (Sigma-Aldrich). +5@57 3 E2 

V=:C1C20==O ?@8 :V<=0B=V9 B5<?5@0BC@V, ;V70B8 ?5@5=>A8;8 2 1,5 <; ?@>1V@:C 

(Eppendorf) V 40;V V=:C1C20;8 =0 AB@CHC20;L=V9 ?;0BD>@<V ?@>BO3>< 30 E2 ?@8 

+4°C. �V70B8 >A2VB;N20;8 F5=B@8DC3C20==O< ?@8 15000 g ?@>BO3>< 20 E2. 

#@>B5W=8 (10 <:3 =0 4>@V6:C) @>74V;O;8 5;5:B@>D>@57>< 2 10% SDS 

PAGE 7 =0ABC?=8< ?5@5=>A>< =0 =VB@>F5;N;>7=C <5<1@0=C. �=B8BV;0 ?@>B8 

5:7>A><=8E/EVs <0@:5@V2 CD81 (Santa Cruz Biotechnology, sc-166029), CD9 

(Abcam, ab92726), ALIX (Abcam, ab117600) V TSG101 (Santa Cruz 

Biotechnology, sc-7964), GM130 (BD Biosciences, 610822) (2 @>72545==V 

1:1000), 0 B0:>6 7 %-:V=F52V ?>;V:;>=0;L=V 0=B8BV;0 ?@>B8 Ruk/CIN85 [202] 

V=:C1C20;8 ?@>BO3>< 15 3>4 ?@8 4°C 7 <5<1@0=0<8 B0 :V;L:0 @07V2 ?@><820;8 

1CD5@>< PBST. �030;L=V ?@>B5W=8 =0 <5<1@0=0E D0@1C20;8 =01>@>< Total 

Stain Q (Azure Biosystems). #>BV< <5<1@0=8 V=:C1C20;8 7 2V4?>2V4=8<8 

4@C38<8 0=B8BV;0<8, IgG :>78, :>=9N3>20=8<8 7 ?5@>:A8407>N (Invitrogen), C 

@>72545==V 1:5000. �;O 2V7C0;V70FVW 729O70=8E 4@C38E 0=B8BV; 28:>@8AB>2C20;8 

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

2.17. �87=0G5==O :>=F5=B@0FVW B0 @>7?>4V;C @>7<V@V2 EVs 70 4>?><>3>N 
0=0;V7C 2V4AB565==O =0=>G0AB8=>: 

�>=F5=B@0FVW B0 @>7?>4V; @>7<V@V2 G0AB8=>: 7@07:V2 EVs 1C;8 

>E0@0:B5@87>20=V 70 4>?><>3>N ?@8;04C NanoSight NM300 (Malvern 

Panalytical), >A=0I5=>3> ;075@>< 405 =<.  

� >A=>2V <5B>4C ;568BL 0=0;V7 2V4AB565==O =0=>G0AB8=>: (NTA) 

4V0<5B@>< 10-2000 =< C @>7G8=V. NTA - F5 <5B>4 2V7C0;V70FVW B0 0=0;V7C G0AB>: 

C @V48=0E, O:89 ?>2'O7CT H284:VABL 1@>C=V2AL:>3> @CEC 7 @>7<V@>< G0AB8=>:. 

,284:VABL @CEC G0AB8=>: 287=0G0TBLAO 2'O7:VABN @V48=8, B5<?5@0BC@>N B0 WE 

@>7<V@>< V =5 70;568BL 2V4 IV;L=>ABV G0AB8=>: 01> ?>:07=8:0 70;><;5==O. 
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+0AB8=:8, I> <VABOBLAO C 7@07:C, 2V7C0;V7C20;8 70 @0EC=>: @>7AVN20==O 

;075@=>3> A2VB;0 ?V4 G0A >?@><V=5==O. %2VB;>@>7AVN20==O G0AB8=>: DV:AC20;8 

70 4>?><>3>N F8D@>2>W :0<5@8, 0 @CE :>6=>W G0AB8=:8 2V4AB56C20;8 2V4 

:04@C 4> :04@C A?5FV0;L=> @>7@>1;5=8< ?@>3@0<=8< 70157?5G5==O<. 

,284:VABL @CEC G0AB8=>: ?>2'O70=0 7V AD5@8G=8< 5:2V20;5=B>< 

3V4@>48=0<VG=>3> @04VCAC O:89 @>7@0E>2CTBLAO 70 4>?><>3>N @V2=O==O 

%B>:A0-�9=HB59=0. �>6=C G0AB8=:C V=482V4C0;L=>, 0;5 >4=>G0A=> 

0=0;V7C20;8 H;OE>< A?>AB5@565==O B0 28<V@N20==O 48DC7V9=8E ?>4V9. 

�8:>@8AB0=0 <5B>4>;>3VO >FV=N20==O @>7<V@C G0AB8=>: 40T @57C;LB0B8 

28A>:>W @>74V;L=>W 740B=>ABV 4;O @>7?>4V;C B0 :>=F5=B@0FVW G0AB8=>: 70 

@>7<V@><. 

#5@54 28<V@N20==O<, ?@5?0@0B8 EVs @>72>48;8 48AB8;L>20=>N 2>4>N 

1:1000. �VAV< 60-A5:C=4=8E 2V45> 1C;8 70?8A0=V 4;O :>6=>3> 7@07:0 7 @V2=5< 

:0<5@8 14 V ?>@>3>< 28O2;5==O, 2AB0=>2;5=8< =0 3. �0=V 0=0;V7C20;8 70 

4>?><>3>N ?@>3@0<=>3> 70157?5G5==O NTA 25@AVW 3.4. �=0;V7 48A?5@AVW 

?@>2>48;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O GraphPad Prism 8, ?@8 

FL><C p f 0,05 22060;8 AB0B8AB8G=> 7=0G8<8<. 

2.18.  >@D>;>3VG=89 0=0;V7 EVs 70 4>?><>3>N e;5:B@>==>W <V:@>A:>?VW 

�@07:8 EVs 0=0;V7C20;8 70 4>?><>3>N B@0=A<VAV9=>W 5;5:B@>==>W 

<V:@>A:>?VW (&� ). 2 <:; :>6=>3> 7@07:0 =0=>A8;8 =0 :0@1>=V7>20=C AVB:C 

Formvar (B;VNG89 @>7@O4). �>A;V465==O ?@>2>48;8 ?VA;O =530B82=>3> 

D0@1C20==O 2% C@0=V;0F5B0B>< B0 V<C==>3> D0@1C20==O 0=B8BV;>< 4> CD63 

(LAMP-3, MBL, Nagoya, Japan; 1:100) 70 4>?><>3>N B@0=A<VAV9=>3> 

5;5:B@>==>3> <V:@>A:>?0 Tecnai G2 Spirit (FEI, Eindhoven, The Netherlands). 

�><?;5:A ?@>B5W= A-7>;>B> (10 =<) A;C3C202 4;O 28O2;5==O ?5@H>3> 0=B8BV;0. 

�>1@065==O 1C;8 >B@8<0=V 70 4>?><>3>N :0<5@8 Quemesa (Quemesa, Olympus 

Soft Imaging Solutions GMBH, Münster, Germany) ?@8 1:49 000, 1:30 000, V 

71V;LH5==O 1:18 500. 
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2.19. �>A;V465==O 2<VABC <5<1@0==8E 1V><0@:5@V2 EVs 

�;O 0=0;V7C 5:A?@5AVW 1V><0@:5@V2 EVs B0 :V;L:VA=>3> 287=0G5==O EVs 

28:>@8AB>2C20;8 ?;0BD>@<C ExoView R100 (NanoView Biosciences, �>AB>=). 

' A8AB5<V ExoView 0=B8BV;0 ?@>B8 FV;L>28E 0=B835=V2, <0@:5@V2 EVs, 

V<<>1V;V7>20=V =0 GV?0E, I> 70157?5GCT 729O7C20==O EVs 4;O 0=0;V7C. EVs, 

DV:A>20=V =0 GV?0E, D0@1C20;8 <VG5=8<8 0=B8BV;0<8 ?@>B8 FV;L>28E 

?>25@E=528E 01> 2=CB@VH=VE ?@>B5W=V2 EVs. 

�C;LBC@0;L=V A5@54>28I0 :;VB8= F5=B@8DC3C20;8 ?@8 5000 g ?@>BO3>< 

15 E2 4;O 2840;5==O 451@VAC, ?VA;O G>3> 7@07:8 (1 <:3 ?@>B5W=C) >15@56=> 

7020=B06C20;8 =0 :>65= GV? B0 V=:C1C20;8 ?@>BO3>< 24 3>4. #VA;O FL>3> GV?8 

B@8GV ?@><820;8 =0 >@1VB0;L=><C H59:5@V 4;O 2840;5==O =572'O70=8E 

G0AB8=>:. !040;V, GV?8 V=:C1C20;8 ?@>BO3>< 1 3>4 7 D;C>@5AF5=B=> <VG5=8<8 

anti-CD81 (Biolegend 104902), anti-CD63 (Biolegend 143902) B0 anti-CD9 

(Biolegend 124802) 0=B8BV;0<8 <8HV. -C@OGV IgG (Biolegend 400502) 

28:>@8AB>2C20;8 O: =530B82=89 :>=B@>;L. �<C=>D0@1>20=V GV?8 B@8GV 

?@><820;8 PBS, >48= @07 45V>=V7>20=>N 2>4>N B0 28ACHC20;8. %:0=C20==O 

GV?V2 ?@>2>48;8 70 4>?><>3>N ExoView R100 (NanoView Biosciences) ?@8 

4>268=V E28;V 488 =<, 555 =< B0 647 =< 2V4?>2V4=>. �=0;V7 40=8E ?@>2>48;8 

70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O ExoViewer (NanoView Biosciences). 

2.20. $0<0=V2AL:0 A?5:B@>A:>?VO (TG-RS/TG-SERS) EVs 7 
:>=48FV>=>20=>3> A5@54>28I0 :;VB8= B0 0=0;V7 >B@8<0=8E 40=8E 

EVs, >G8I5=V 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= C :C;LBC@V, 1C;8 

?@>0=0;V7>20=V 70 4>?><>3>N :0;V1@>20=>3> 70 4>268=>N E28;V :><5@FV9=>3> 

$0<0=V2AL:>3> A?5:B@><5B@0 7 B8<G0A>28< @53C;N20==O< (PicoRaman from 

Timegate Instruments, Oulu, Finland), 28:>@8AB>2CNG8 V<?C;LA=5 ;075@=5 

71C465==O »exc = 532 =< ?@8 ?>BC6=>ABV ;075@0 100 <�B 7 B@820;VABN 

V<?C;LAC 100 ?A V G0AB>B>N ?>2B>@5==O 1;87L:> 100 :�F. %8AB5<0 

A?5:B@>A:>?VW :><1V=0FV9=>3> @>7AVN20==O >1<565=>3> 2 G0AV (TG-RS) 

2:;NG0;0 45B5:B>@ CMOS SPAD 7V AB01V;V7>20=>N B5<?5@0BC@>N (8×768 
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?V:A5;V2 7 ?V4@0EC=:>< >4=>3> D>B>=0) 7V A?5:B@0;L=>N @>74V;L=>N 740B=VABN 

5 A<21 V B8<G0A>2>N @>74V;L=>N 740B=VABN 100 ?c. TG-RS 1C;> 79T4=0=> V7 

40BG8:>< Raman 7 :20@F>28< <0B5@V0;>< (BWTek, BAC102, Metrohm, Herisau, 

Switzerland) =0 @>1>GV9 2V4AB0=V 5,4 <<. �B0;>==89 0=0;V7 ?@>2>48;8 7 

157?5@5@2=8< ;075@=8< 71C465==O< (CW) ?@8 »exc = 514 =<, 28:>@8AB>2CNG8 

:>=D>:0;L=89 <V:@>A:>? Raman (InVia from Renishaw, Wotton-under-Edge, 

UK) 7 >E>;>46C20=8< 45B5:B>@>< CCD V A?5:B@0;L=>N @>74V;L=>N 740B=VABN 

0,3 A<21.  0:A8<0;L=0 ?>BC6=VABL 5 <�B =5?5@5@2=>3> ;075@=>3> 

28?@><V=N20==O A:5@>2C20;0AL G5@57 ;V=7C (Leica, N Plan, Wetzlar, Germany) 7 

:>5DVFVT=B>< 71V;LH5==O 20 V G8A;>2>N 0?5@BC@>N (NA) 0,4, B>4V O: G0A 

>B@8<0==O A?5:B@C 4;O 7@07:V2 1C2 2AB0=>2;5=89 =0 10 A. �;O ?>@V2=O==O, 

7030;L=89 G0A 28<V@N20==O 4;O :>6=>3> 7@07:0 70 4>?><>3>N TG-RS/SERS 

1C;> 2AB0=>2;5=> =0 3 @078 ?> 60 A, 2:;NG0NG8 ?>2B>@8 4;O 4>AO3=5==O 

2V4?>2V4=>3> A83=0;C 157 28?0@>2C20==O 7@07:0. �;O 28:>=0==O 28<V@N20=L 

RS 28:>@8AB>2C20;8 =525;8:V 0;N<V=VT2V <V:@>;C=:8 7 ?>@>6=8=>N 2 

<0AHB01V <:;. 

#@81;87=> 5 <:; EVs ?V?5BC20;8 2 >4=>@07>2C 0;N<V=VT2C ?;V2:C B0 

28<V@N20;8 TG-RS, 0 B0:>6 A?5:B@8 CW Raman. #VA;O $0<0=V2AL:8E 

28<V@N20=L 1C;8 ?@>2545=V 28<V@N20==O SERS. �;O SERS 28:>@8AB>2C20;8 

:><5@FV9=89 @>7G8= =0=>G0AB8=>: A@V1;0 (Ag NPs) 7 @>7<V@>< G0AB8=>: 40 =< 

(Ag NP; #730807), ?@8410=89 C Merck Sigma-Aldrich (Darmstadt, Germany). 

�07>289 @>7G8= Ag NP F5=B@8DC3C20;8 =0 F5=B@8DC7V MIKRO 120 (Hettich, 

Tuttlingen, Germany) ?@8 2800 g ?@>BO3>< 5 E2, ?VA;O G>3> 2840;O;8 

AC?5@=0B0=B, 4>AO30NG8 :V=F52>W :>=F5=B@0FVW ?@81;87=> 0,06 3/;. �0=V TG-

RS >1@>1;O;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O Timegate Instruments. 

�=0;V7 A?5:B@0;L=8E 40=8E ?@>2>48;8 70 4>?><>3>N OriginPro (V. 2020a and 

2020b, OriginLab, Northampton, MA, USA). 'AV 40=V 1C;8 =>@<0;V7>20=V 70 

V=B5=A82=VABN 2 V=B5@20;V 0 V 1 V =0=5A5=V =0 3@0DV: 7V 7<VI5==O<. 
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2.21. �>A;V465==O ?@>B5W=>2>3> A:;04C :;VB8= B0 EVs 70 4>?><>3>N <0A-
A?5:B@><5B@8G=>3> 0=0;V7C (LS-MS) 

#@>B5W=8 5:AB@03C20;8 7 >:@5<8E 7@07:V2 :;VB8= B0 EVs H;OE>< 

>A0465==O <5B0=>;></E;>@>D>@<><. �8ACH5=V ?@>B5W=8 @>7G8=O;8 2 4× 

1CD5@V Laemmli, I> <VAB82 10% ³-<5@:0?B>5B0=>;, 7020=B06C20;8 2 12% 

SDS-PAA 35;L (12% Mini-PROTEAN TGX Precast Protein Gel, Bio-Rad). 

�;5:B@>D>@5B8G=5 @>74V;5==O ?@>2>48;8 <0:A8<C< 5 E2 ?@8 110V. +0AB8=:8 

SDS-$�� 35;N, ?>D0@1>20=V Sypro Ruby (Sigma, S4942), 28@V70;8 B0 

>1@>1;O;8 =0ABC?=8< G8=><: ?@><820;8 B@8 @078 ?> 5 E. 2 @>7G8=V, I> <VAB82 

50 <  1V:0@1>=0B, 40% 0F5B>=VB@8;C, 60% 2>48, 4;O 7=510@2;5==O 35;N. �;O 

7<5=H5==O @>7<V@V2 35;N 28:>@8AB>2C20;8 20 <  48BV>B@5WB>; ?@>BO3>< 30 

E2, 20"%. �;:V;C20==O ?@>2>48;8 45 <  9>40F5B0<V4>< ?@>BO3>< 30 E2 ?@8 

:V<=0B=V9 B5<?5@0BC@V. �;O ?@>B5>;V7C, 4> H<0B>G:V2 35;N 4>4020;8 5 <:; 

@>7G8=C B@8?A8=C (20 =3/<:; B@8?A8=C, Sigma), I> <VAB82 40 <  1V:0@1>=0B 

0<>=VN, 9% 0F5B>=VB@8;, 91% 2>48, 9 V=:C1C20;8 ?@>BO3>< =>GV ?@8 37ºC. 25 

<:; AC?5@=0B0=BC ?VA;O F5=B@8DC3C20==O 5:AB@0:BV2  ?5@5=>A8;8 C ?@>1V@:8 

4;O 0=0;V7C LC3MS (Liquid chromatography3mass spectrometry) 70 4>?><>3>N 

A8AB5<8 Easy-nLC 1000 (Thermo Scientific), 79T4=0=>W 7 <0A-A?5:B@><5B@>< 

Fusion Lumos Tribrid mass spectrometer (Thermo Scientific).  

#5?B848 2;>2;N20;8 =0 :>;>=FV AcclaimPepmap 100 C18 3 <:<, 

0,075×20 << (Thermo Scientific) 7 =0ABC?=8< @>74V;5==O< =0 0=0;VB8G=V9 

:>;>=FV Thermo Acclaim Pepmap RSLC C18 2 <:<, 0,075×150 <<, 

28:>@8AB>2CNG8 3@04VT=B 2V4 97% (0,1% <C@0H8=>W :8A;>B8) 4> 35% (0,1% 

<C@0H8=>W :8A;>B8 2 CAN) ?@>BO3>< 90 E2 (H284:VABL ?>B>:C 0,3 <:;/E2).  

 0A-A?5:B@><5B@ ?@0FN202 C 3-A5:C=4=8E F8:;0E, 45 A?5:B@8 MS 

70?8AC20;8AO 70 4>?><>3>N 0=0;V70B>@0 orbitrap 7 @>74V;L=>N 740B=VABN 120 

000, I> 4>72>;O;> 718@0B8 4> 4e5 V>=V2 ?@>BO3>< <0:A8<C< 50 <A ?5@54 

?5@5<8:0==O< C @568< MS-MS. �030B>70@O4=V V>=8 1C;8 D@03<5=B>20=V 7 

>4=0:>28< ?@V>@8B5B>< 70 4>?><>3>N 28A>:>5=5@35B8G=>W :>;V7V9=>W 

48A>FV0FVW (HCD) (30% 5=5@3VW 7VB:=5==O) B0 48A>FV0FVW, A?@8G8=5=>W 
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7VB:=5==O< (CID) (35% 5=5@3VW 7VB:=5==O, 10 <A 0:B820FVW, Q 0,25) 7 

28:>@8AB0==O< :204@C?>;L=>3> V7>;N20==O 7 H8@8=>N 1,6 �0 B0 48=0<VG=8< 

28:;NG5==O< 21 A. �>=8 HCD (4> 5e4 V>=V2) 1C;8 7V1@0=V ?@>BO3>< <0:A8<C< 

200 <A 2 0=0;V70B>@V Orbitrap 7 @>74V;L=>N 740B=VABN 15 000. �>=8 CID 1C;8 

70@5TAB@>20=V 2 V>==V9 ?0ABFV 7 <5B>N ?V428I5==O GCB;82>ABV (?>@V3 1e4). 

!5>1@>1;5=V 40=V 1C;8 ?@>0=0;V7>20=V 70 4>?><>3>N Proteome 

Discoverer (Thermo Scientific 25@AVO 2.2) 7 28:>@8AB0==O< Sequest O: 

?>HC:>2>W A8AB5<8. %?5:B@8 MS-MS, 70?8A0=V 2 V>==V9 ?0ABFV, 1C;8 >1@>1;5=V 

7 4>?CA:>< <0A8 0,6 �0, 40=V >@1VB@0?C 7 0,02 �0. !5>1@>1;5=V 40=V 1C;8 

?>2B>@=> 2V4:0;V1@>20=V 70 4>?><>3>N 1078 40=8E Swissport (25@AVO 2017-10-

25) V 74V9A=5=> ?>HC: V7 ?0@0<5B@0<8: 4>?CAB8<0 <0A0 ?>?5@54=8:0 10 ppm, 

:0@10<V4><5B8; O: DV:A>20=0 <>48DV:0FVO F8AB5W=C, >:8A;5==O O: 

=5>1>29O7:>20 <>48DV:0FVO <5BV>=V=C, 4570<V=C20==O =5>1>2'O7:>2> =0 Gln V 

Asn, N-:V=5FL ?@>B5W=C =5>1>2'O7:>2> 0F5B8;L>20=89. 

(C=:FV>=0;L=C :;0A8DV:0FVN ?@>B5W=V2 74V9A=N20;8 7 28:>@8AB0==O< 

1078 40=8E Gene Ontology (GO) (http://geneo ntolo gy. org/). &5AB =04<V@=>W 

?@54AB02;5=>ABV PANTHER (0=0;V7 ?@>B5W=V2 G5@57 52>;NFV9=V 729O7:8) 

(20200728) 1C;> 28:>=0=> 7 28:>@8AB0==O< 1078 40=8E GO Ontology (https:// 

doi. org/ 10. 5281/ zenodo. 40817 49 28?CI5=> 2020-10-09). %B0B8AB8G=89 

0=0;V7 ?@>2>48;8 70 4>?><>3>N :@8B5@VN (VH5@0 7 28:>@8AB0==O< ?>?@02:8 

�>=D5@@>=V 4;O 1030B>@07>2>3> B5ABC20==O. �=>B0FVW GO 7 p<0,05, 

A:>@83>20=8< 70 �>=D5@@>=V, V :@0B=VABN 71030G5==O g5 2V7C0;V7C20;8 =0 

4V03@0<0E @>7AVN20==O 70 4>?><>3>N REViGO (http://revigo. irb. hr/)21. 

�V03@0<8 �5==0 1C;8 ?V43>B>2;5=V 70 4>?><>3>N ?@>3@0<8 Venny (25@AVO 2.1) 

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

2.22. �>A;V465==O ?@>;VD5@0B82=>W 0:B82=>ABV :;VB8= 

-  &&-B5AB. �;VB8=8 4&1 28AV20;8 2 96-;C=:>2V ?;0=H5B8 (1·103 =0 
;C=:C). +5@57 24 3>4 :C;LBC@0;L=5 A5@54>28I5 2840;O;8 V 4> :;VB8= 4>4020;8 

A5@54>28I5, I> <VAB8;> EVs (1·108 G0AB8=>: =0 100 <:;) 7 =0ABC?=8< 
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:C;LB82C20==O< ?@>BO3>< 24 3>4. �;O >FV=:8 68BBT740B=>ABV :;VB8= 

28:>@8AB>2C20;8 :><5@FV9=> 4>ABC?=89 =01V@ 4;O 0=0;V7C MTT (Sigma3

Aldrich). !0?@8:V=FV 5:A?5@8<5=BC 4> :>6=>W ;C=:8 4>4020;8  && (0,5 

<3/<;) V G5@57 120 E2 @>7G8=  && 2840;O;8. �@8AB0;8 D>@<070=C @>7G8=O;8 

2 200 <:; � %" 9 28<V@N20;8 ?>3;8=0==O ?@8 570 =< [380]. 

- IncuCyte. #@>;VD5@0B82=C 0:B82=VABL :;VB8= !��293 0=0;V7C20;8 70 
4>?><>3>N A8AB5<8 IncuCyte S3 Live-Cell Analysis System (Essen Bioscience 

Inc.). �;O 5:A?5@8<5=BV2, 1×103 6828E :;VB8= 28AV20;8 2 ;C=:C 96-;C=:>2>3> 

?;0=H5BC (3599 Corning Incorporated, %,�) C A5@54>28IV DMEM/F-12 

(Gibco, 31331028), 7 4>4020==O< 10% D5B0;L=>W 18G0G>W A8@>20B:8 (FBS), 100 

>4/<; ?5=VF8;V=C B0 100 <:3/<; AB@5?B><VF8=C. �>=F5=B@0FVN :;VB8= 

28<V@N20;8 02B><0B8G=8< ;VG8;L=8:>< :;VB8= TC20 (145-0101 BioRad). 

�V;L:VABL 6828E :;VB8= >FV=N20;8 H;OE>< D0@1C20==O Trypan Blue (T10282 

Invitrogen). #VA;O ?>AV2C :;VB8=, ?;0=H5B ?5@5<VIC20;8 2 A8AB5<C IncuCyte 

S3 (37°C, 5% CO2). +0A ?@8:@V?;5==O :;VB8= C 96-;C=:>2><C ?;0=H5BV 

5<?V@8G=> AB0=>282 2 3>4, 2V4?>2V4=> ?>G0B:>20 B>G:0 79><:8 ?>G8=0;0AO 7 2 

3>48=8 ?VA;O ?>AV2C :;VB8=. (>B>3@0DC20==O :;VB8= (>19T:B82 10×) B0 

>19T4=0==O D>B>3@0DV9 (:>6=>W >:@5<>W ;C=:8) 74V9A=N20;>AL 02B><0B8G=> 7 

G0A>28< V=B5@20;>< 2 3>4 ?@>BO3>< 72 3>4. #@>;VD5@0B82=C 0:B82=VABL :;VB8= 

287=0G0;8 O: A?V22V4=>H5==O ?;>IV :>=D;N5=BC :;VB8=, =>@<0;V7>20=5 4> 

?>G0B:>2>W B>G:8. "B@8<0=V 7>1@065==O 0=0;V7C20;8 70 4>?><>3>N 

?@>3@0<=>3> 70157?5G5==O IncuCyte 2021C (Essen Bioscience Inc). 

�:A?5@8<5=B8 ?@>2>48;8 B@8GV 7 5 B5E=VG=8<8 ?>2B>@0<8 4;O :>6=>W 

AC1;V=VW. 

2.23. �>A;V465==O <V3@0FV9=8E 2;0AB82>AB59 :;VB8= 70 4>?><>3>N B5ABC 
=0 70@>AB0==O ?>4@O?8=8 in vitro 

- &5AB =0 70@>AB0==O ?>4@O?8=8. �;VB8=8 4T1WT 28AV20;8 2 6-;C=:>2V 
?;0=H5B8 V 28@>IC20;8 4> 90% AB0=C :>=D;N5=B=>ABV 7 =0ABC?=8< 

:C;LB82C20==O< ?@>BO3>< =>GV C :C;LBC@0;L=><C A5@54>28IV 157 A8@>20B:8. 
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#>4@O?8=C C :;VB8==><C <>=>H0@V H8@8=>N ~ 0,2 << @>18;8 AB5@8;L=8< 

200-<:; =0:>=5G=8:>< 4;O 02B><0B8G=>W ?V?5B:8. #>BV< :;VB8=8 V=:C1C20;8 7V 

A2V68< ?>2=8< A5@54>28I5< RPMI 1640, I> <VAB8;> 1 <:  <VB><VF8=C % 

(Sigma-Aldrich), I>1 CAC=CB8 2?;82 :;VB8==>W ?@>;VD5@0FVW =0 H284:VABL 

70@>AB0==O @0=8, B0 EVs (1·108 G0AB8=>: =0 100 <:;). �0:@8BBO @0=8 

:>=B@>;N20;8 70 4>?><>3>N D07>2>-:>=B@0AB=>W <V:@>A:>?VW. 

(>B>7>1@065==O 1C;8 7@>1;5=V G5@57 0 V 24 3>48=8 ?VA;O ?>4@O?8= :;VB8=. 

"FV=:C 70:@8BBO :;VB8==>W @0=8 ?@>2>48;8 70 4>?><>3>N WimScratch Wimasis 

Image Analysis (Wimasis GmbH), B0 ?><VI0;8 2 IncuCyte S3 (37 °C, 5 % CO2). 

(>B>3@0DC20==O :;VB8= (>19T:B82 10×) B0 >19T4=0==O D>B>3@0DV9 (:>6=>W 

>:@5<>W ;C=:8) 2V41C20;>AL 02B><0B8G=> 7 G0A>28< V=B5@20;>< 2 3>4 ?@>BO3>< 

72 3>4. �>=D;N5=B :;VB8= 0=0;V7C20;8 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O IncuCyte 2021C (Essen Bioscience Inc). 

- IncuCyte.  V3@0FV9=C 0:B82=VABL DV1@>1;0ABV2 ;N48=8 ?V4 2?;82>< 
EVs 7 :;VB8= !��293 0=0;V7C20;8 70 4>?><>3>N A8AB5<8 IncuCyte S3 Live-

Cell Analysis System (Essen Bioscience Inc.). �;O 5:A?5@8<5=BV2 30×103 6828E 

:;VB8= 28AV20;8 2 ;C=:C 96-;C=:>2>3> ?;0=H5BC (4379 Sartorius, USA) C 

A5@54>28IV DMEM/F-12 (Gibco, 31331028), 7 4>4020==O< 10% D5B0;L=>W 

18G0G>W A8@>20B:8 (FBS),100 >4/<; ?5=VF8;V=C B0 100 <:3/<; AB@5?B><VF8=C. 

�>=F5=B@0FVN :;VB8= 28<V@N20;8 70 4>?><>3>N 02B><0B8G=>3> ;VG8;L=8:0 

:;VB8= TC20 (145-0101 Biorad). �V;L:VABL 6828E :;VB8= >FV=N20;8 H;OE>< 

D0@1C20==O Trypan Blue (T10282 Invitrogen). #VA;O ?@8:@V?;5==O :;VB8= 

A5@54>28I5 7<V=N20;8 =0 2V;L=5 2V4 A8@>20B:8, I> <VAB8;> <VB><VF8= C (4 

<:3/<;, (M4287 Sigma)) 4;O ?@83=VG5==O ?@>;VD5@0FVW :;VB8=. #>4@O?8=8 

@>18;8 70 4>?><>3>N V=AB@C<5=BC IncuCyte WoundMaker Tool (Sartorius) 

2V4?>2V4=> 4> V=AB@C:FV9 28@>1=8:0 G5@57 6 3>4 ?VA;O 4>4020==O <VB><VF8=C 

C. !040;V, ?;0=H5B8 ?5@5<VIC20;8 2 A8AB5<C IncuCyte S3 (37 °C, 5 % CO2). 

(>B>3@0DC20==O :;VB8= (>19T:B82 10×) B0 >19T4=0==O D>B>3@0DV9 (:>6=>W 

>:@5<>W ;C=:8) 2V41C20;>AL 02B><0B8G=> 7 G0A>28< V=B5@20;>< 2 3>4 ?@>BO3>< 

72 3>4. ,284:VABL 70:@8BBO ?>4@O?8=8 287=0G0;8 O: A?V22V4=>H5==O ?;>IV 
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:>=D;N5=BC :;VB8=, =>@<0;V7>20=5 4> ?>G0B:>2>W B>G:8. "B@8<0=V 

:><1V=>20=V 7>1@065==O 0=0;V7C20;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O 

IncuCyte 2021C (Essen Bioscience Inc). �:A?5@8<5=B8 ?>2B>@N20;8 B@8GV 7 5 

B5E=VG=8<8 ?>2B>@0<8 4;O :>6=>W :;VB8==>W ;V=VW. 

2.24. �>A;V465==O V=20782=>ABV :;VB8= 7 28:>@8AB0==O< <>48DV:>20=>W 
:0<5@8 �>945=0 

�=0;V7 :;VB8==>W V=207VW ?@>2>48;8, O: >?8A0=> 2 [379] 7 28:>@8AB0==O< 

2AB02>: 4> 24-;C=:>28E ?;0=H5BV2 (7 ?>@0<8 8 <:<), 2:@8B8E H0@>< 

 0B@835;N (Greiner Bio-One). 1·104 :;VB8= 28AV20;8 =0 25@E=N ?>25@E=N 

:0<5@8 2 A5@54>28IV, I> <VAB8;> 0,1% FBS. � ;C=:8 24-;C=:>2>3> ?;0=H5BC 

4>4020;8 :C;LBC@0;L=5 A5@54>28I5 7 10% FBS. #VA;O V=:C1C20==O :;VB8= 

?@>BO3>< 24 3>4 70 ?@8ACB=>ABV EVs (1·108 G0AB8=>: 2 100 <:;), :;VB8=8, O:V 

<V3@C20;8 =0 =86=N ?>25@E=N <5<1@0=, DV:AC20;8 2 4% ?0@0D>@<0;L453V4V. 

*V :;VB8=8 D0@1C20;8 1% :@8AB0;VG=8< DV>;5B>28< V ?V4@0E>2C20;8 7 

28:>@8AB0==O< D07>2>-:>=B@0AB=>3> <V:@>A:>?C. 
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$"���� 3 

$��'�,&�&� �"%�����!, &� �% "��"�"$�!!/ 

3.1. %0@0:B5@8AB8:0 =C:;5W=>2>3> B0 ?@>B5W=>2>3> A:;04C EVs ?>BC 

�N4AL:89 ?VB T AC<VHHN 284V;5=L B@L>E B8?V2 70;>7: 5::@8=>28E, 

0?>:@8=>28E V A0;L=8E. �::@8=>2V 70;>78 2V4:@820NBLAO 157?>A5@54=L> =0 

?>25@E=V H:V@8 V 28@>1;ONBL 25;8:C :V;L:VABL @V48=8 =0 >A=>2V 2>48 

2=0A;V4>: @50:FV9 =0 B5?;>, 5<>FVW B0 DV78G=C 0:B82=VABL. �?>:@8=>2V 70;>78 

@07>< V7 @V48=>N 70728G09 284V;ONBL ?52=V ?@>4C:B8 >1<V=C, 7>:@5<0 ;V?V4=>W 

?@8@>48, O:V, A2>TN G5@3>N, @>7:;040NBLAO ?@8 4VW =0 =8E <V:@>>@30=V7<V2, 

B>4V O: A0;L=V 70;>78 28@>1;ONBL 2>A:>?>4V1=5 H:V@=5 A0;> [18]. #VB 

284V;OTBLAO 157?5@5@2=>, 2V4 <5=H5 =V6 1 ?;/E2 70 C<>2 A?>:>N 4> :V;L:>E 

=;/E2 =0 70;>7C ?V4 G0A DV78G=8E =020=B065=L, I> 4>72>;OT =0@>1;OB8 V 

718@0B8 9>3> 4;O 4>A;V465=L, 7>:@5<0 7 4V03=>AB8G=>N <5B>N [53]. 

�3V4=> 7 >?C1;V:>20=8<8 40=8<8, EVs 1V;LH>ABV 1V>;>3VG=8E @V48= 

>@30=V7<C <VABOBL =C:;5W=>2V :8A;>B8 B0 ?@>B5W=8 @V7=>W EV<VG=>W ?@8@>48 V 

DC=:FV>=0;L=>W 7=0G8<>ABV, V A:;04 B0:8E <V:@>G0AB8=>: 28O282AO @V7=8< 70 

C<>2 =>@<8 B0 ?0B>;>3VG=8E AB0=V2 @V7=>W ?@8@>48. �>4=>G0A, ?>4V1=V 40=V 4;O 

EVs ?>BC ;N48=8, V=4C:>20=>3> DV78G=8<8 2?@020<8, =0 <><5=B ?>G0B:C 

=0H8E 4>A;V465=L 2 ;VB5@0BC@V 1C;8 2V4ACB=V.  

!0<8 1C;8 >B@8<0=V 7@07:8 ?>BC ;N459, ?V4 G0A V=B5=A82=8E 2?@02 =0 

25;>B@5=065@V. #@5?0@0B8 EVs 7 ?>BC ;N48=8 4;O E0@0:B5@8AB8:8 WE=L>3> 

=C:;5W=>2>3> B0 ?@>B5W=>2>3> A:;04C >B@8<C20;8 O: >?8A0=> C @>74V;V 

« 0B5@V0;8 B0 <5B>48 4>A;V465=L». 

3.1.1 %0@0:B5@8AB8:0 7@07:V2 EVs ?>BC, I> 1C;8 28:>@8AB0=V 4;O 
A5:25=C20==O RNA 

#5@54 0=0;V7>< 7@07:V2 EVs ?>BC 1C;> ?>?5@54=L> 74V9A=5=> 

A5:25=C20==O DNA 7@07:V2 7030;L=>3> ?>BC, 284V;5=>W O: V7 >19T4=0=>3> 7@07:0 

?>BC 2V4 25 >AV1, B0: V B@L>E >:@5<8E V7>;OBV2. �030;L=0 :V;L:VABL 2V4=>2;5=>W 
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42>;0=FN3>2>W DNA 1C;0 =525;8:>N 2 4V0?07>=V 2V4 3 4> 11 =3 2V4 7030;L=>W 

:V;L:>ABV DNA. %?V2AB02;5==O 7G8BC20=L 7 35=><>< ;N48=8 (GRch38) 

?>:070;> =525;8:5 ?>:@8BBO 7 45O:8<8 GVB:8<8 30@OG8<8 B>G:0<8, 45 1C;> 

28O2;5=> 1V;LHC :V;L:VABL 7G8BC20=L 2 CAVE 7@07:0E. %?V2AB02;5==O 4;O :>6=>W 

E@><>A><8 :>;820;>AL <V6 10330%, 70 ?><VB=8< 28=OB:>< 4;O 

<VB>E>=4@V9=>W E@><>A><8, O:0 1C;0 ?>2=VABN A?V2AB02;5=0 2 CAVE 

4>A;V465=8E 7@07:0E [18]. 

!0O2=VABL 25;8:>W :V;L:>ABV <VB>E>=4@V9=>W DNA 2 ?>BV <>65 A2V4G8B8 

?@> ?@8ACB=VABL 2V4?>2V4=8E >@30=5;, =0 4>40B>: 4> EVs, 2 >B@8<0=8E 

?@5?0@0B0E. �;O 5;5:B@>==>-<V:@>A:>?VG=>3> 0=0;V7C 7@07:8 @>7<>@>65=>3> 

?>BC A?>G0B:C DV;LB@C20;8 G5@57 H?@8F5289 DV;LB@ ø 1,0 <:<, :>=F5=B@C20;8 

70 4>?><>3>N :>=F5=B@0B>@0 9 7=>2 DV;LB@C20;8 G5@57 H?@8F5289 DV;LB@ ø 

0,45 <:<. EVs ?>BC D0@1C20;8 70 4>?><>3>N CellVue Claret Far Fluorescent 

Cell Linker Midi Kit (MIDCLARET-1KT) 73V4=> V=AB@C:FVTN 28@>1=8:0 7 

=0ABC?=8< F5=B@8DC3C20==O< ?@8 100 000 g ?@>BO3>< 4-6 3>4 ?@8 4°% =0 

F5=B@8DC7V Beckman TLA 120.2. "B@8<0=89 >A04 70;820;8 5?>:A84=>N 

A<>;>N, @>18;8 B>=:V 7@V78, O:V 0=0;V7C20;8 70 4>?><>3>N B@0=A<VAV9=>W 

5;5:B@>==>W <V:@>A:>?VW (&� ) =0 <V:@>A:>?V Tecnai G2 Spirit (FEI, 

Eindhoven, The Netherlands). /: 284=> 7 @8A. 3.1, A, 2 >B@8<0=8E ?@5?0@0B0E 

45B5:BCNBLAO 2578:C;O@=V AB@C:BC@8 @V7=>3> @>7<V@C B0 7>2=VH=L>3> 283;O4C, 

C B><C G8A;V 7 ?@>7>@8<8 ?>42V9=8<8 <5<1@0=0<8, I> 2:07CT =0 =0O2=VABL 

EVs. $>7<V@ 1V;LH>ABV 2578:C; 1C2 2 4V0?07>=V 4> 100 =<, ?@>B5 45O:V >:@5<V 

7@07:8 1C;8 71030G5=V <5=H8<8 B0/01> 1V;LH8<8 EVs. �0 28:>@8AB0=8E 

5:A?5@8<5=B0;L=8E C<>2 AB@C:BC@, ?>4V1=8E 4> <VB>E>=4@V9, =5 1C;> 

28O2;5=>, B>4V O: 70 C<>28 =5EBC20==O DV;LB@C20==O< G5@57 DV;LB@ ø 0,45 <:< 

2 45O:8E 7@07:0E 1C;8 28O2;5=V 10:B5@VW [18]. 

�;O 157?>A5@54=L>3> >G8I5==O RNA 7 EVs-71030G5=8E 7@07:V2 

:>=F5=B@>20=>3> ?>BC 1C;> B0:>6 28:>@8AB0=> =01V@ ExoRNEasy. 

�=482V4C0;L=V ?@5?0@0B8 ?>BC, ?V43>B>2;5=V 70 4>?><>3>N =01>@C ExoEasy, 

=530B82=> 10@28;8 2% C@0=V; 0F5B0B>< 9 0=0;V7C20;8 70 4>?><>3>N &� . �0 
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40=8<8 <V:@>A:>?VW >B@8<0=V 7@07:8 <VAB8;8 @V7=C :V;L:VABL <V:@>G0AB8=>: 

(EVs) 7 GVB:> >:@5A;5=>N ?>42V9=>N <5<1@0=>N @>7<V@>< 2V4 50 4> 200 =< 

($8A. 3.1, �). NTA-0=0;V7 B8?>28E 7@07:V2 ?>BC, >G8I5=8E 70 4>?><>3>N 

ExoEasy, ?@>45<>=AB@C202 1 >A=>2=89 ?V: ?@8 100 =< V 1030B> <5=H8E ?V:V2 

2V4 200 4> 300 =< ($8A. 3.1, �). �;O V<C=>D0@1C20==O 7@07:8 EVs ?>BC 

=0=>A8;8 =0 Formvar-:0@1>=>20=C AVB:C, 1;>:C20;8 2 1% BSA 2 PBS 7 

=0ABC?=>N >1@>1:>N ?5@H8<8 0=B8-CD63/CD9/Glypican 0=B8BV;0<8, 

4@C38<8 0=B8BV;0<8 4> 1V>B8=C V =0@5HBV :><?;5:A>< protein �-gold (PAG 10 

nm) O: >?8A0=> 2 @>74V;V « 0B5@V0;8 B0 <5B>48 4>A;V465=L». 

�<C=>B@0=A<VAV9=0 5;5:B@>==0 <V:@>A:>?VO ($8A. 3.1, �). 4>72>;8;0 28O28B8 

?@8ACB=VABL B8?>28E <0@:5@V2 EVs, CD63 V CD9, 2 V=482V4C0;L=8E 7@07:0E 

EVs ?>BC B0 V=H8E <0@:5@V2, B0:8E O: Glypican1 !0O2=VABL CD63 1C;> 

?V4B25@465=> B0:>6 �5AB5@=-1;>B 0=0;V7>< ($8A. 3.1, �) [18]. �AV >B@8<0=V 

40=V AB>A>2=> E0@0:B5@8AB8:8 EVs ?>BC 1C;8 4>40=V 4> 1078 40=8E EV-

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

3.1.2. �=0;V7 A:;04C RNAs C 7@07:0E ?>BC, 71030G5=8E EVs 

+0AB8=C >A04C (?VA;O 5B0?C C;LB@0F5=B@8DC3C20==O 7@07:0 >19T4=0=>3> 

7V1@0=>3> ?>BC), 71030G5=>3> EVs, 1C;> 28:>@8AB0=> 4;O V7>;N20==O RNA 70 

4>?><>3>N =01>@C ExoRNEasy ($8A. 2.1). #@>DV;N20==O 5:AB@03>20=>W RNA 

=0 1V>0=0;V70B>@V picoChip (Agilent) ?>:070;> ?@8ACB=VABL ;8H5 small RNA 

@>7<V@>< 2V4 20 4> 200 bp B0 >G5284=C 2V4ACB=VABL 18S G8 28S @81>A><=>W 

RNA ($8A. 3.2, A). !0 =0ABC?=><C 5B0?V 4;O A5:25=C20==O =0 ?@8;04V Ion 

Torrent PGM (Thermo Fisher Scientific) 1C2 28:>@8AB0=89 ?@>B>:>; Small 

RNA. �030;><, 652280 7G8BC20=L 1C;> 28:>@8AB0=> 4;O A?V2AB02;5==O 7 

35=><>< ;N48=8 70 4>?><>3>N ?@>3@0<8 Bowtie 1 (0n ultrafast, memory-

efficient short read aligner). $57C;LB0B8 7G8BC20==O 1C;> 2V4=5A5=> 4> 3 

:0B53>@V9: 0=>B>20=V 44,6%, (7G8BC20==O tRNA 1C;8 2:;NG5=V 2 FN :0B53>@VN), 

=50=>B>20=V 29,6% V =5:0@B>20=V 24,7 % ($8A. 3.2, �). #>=04 70% 0=>B>20=8E 
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7G8BC20=L ;N48=8 1C;8 V45=B8DV:>20=V O: tRNA, 5% mRNA V 1,85% miRNA 

($8A. 3.2, �). 

 
$8A. 3.1 )0@0:B5@8AB8:0 7@07:V2 EVs ?>BC ;N48=8. A. &�  B>=:8E 

7@V7V2 7@07:V2 EVs ?>BC 2V4 4 4>=>@V2, 70;8B8E C A<>;C (<plastic embedded=), 

=><5@ O:8E 2V4?>2V40T 1V1;V>B5FV A5:25=C20==O; �. &� , =530B82=5 
D0@1C20==O ExoEasy-V7>;L>20=8E EVs ?>BC C@0=V; 0F5B0B><; �. NTA 0=0;V7 
ExoEasy-V7>;L>20=8E EVs; �: &� , V<C==5 D0@1C20==O <0@:5@V2 EVs; �. 
�5AB5@=-1;>B8=3 7@07:V2 ExoEasy-V7>;L>20=8E EVs 7 0=B8BV;0<8 ?@>B8 CD63. 
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$8A. 3.2. %5:25=C20==O «small RNA» :>3>@B8 7@07:V2. A. #@>DV;L RNA, 
>B@8<0=89 =0 1V>0=0;V70B>@V 7@07:V2 picoChip (Agilent); �. $>7?>4V; 7G8BC20=L; 

�. �V>B8?8 0=>B>20=8E 7G8BC20=L. 

3.1.3 �=0;V7 A:;04C miRNA 2 7@07:0E >1'T4=0=>3> ?>BC, 71030G5=8E EVs  

�0 @57C;LB0B0<8 A5:25=C20==O 7 28A>:>N 4>AB>2V@=VABN 1C;> 

V45=B8DV:>20=> 66 miRNA V7 :V;L:VABN 7G8BC20=L >10 (&01;. 3.1). !091V;LHC 

:V;L:VABL 7G8BC20=L 1C;> V45=B8DV:>20=> 4;O miR26a-5p, 70 O:>N 9H;8 

miR200c-3p, miRLet7A B0 miR148a-3p ($8A. 3.3, �).  8 2V4V1@0;8 6 miRNA 

4;O B5ABC20==O 70 4>?><>3>N qPCR, 2V4 miRNA 7 =091V;LH>N :V;L:VABN 

7G8BC20=L (miR26a-5p/692 7G8BC20==O) 4> miRNA 7 =09<5=H>N :V;L:VABN 

(miR320b/10 7G8BC20=L). #>@V2=O==O @V2=O WE 2<VABC 74V9A=N20;8 >4=0 

2V4=>A=> >4=>W 2A5@548=V :>6=>3> 7@07:0 7 14 4>A;V465=8E. �V4V1@0=V miRNA 

1C;8 ?@54AB02;5=V C 2AVE 7@07:0E, 70 28=OB:>< >4=>3>, 45 miR19333p =5 
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28O2;O;0AL. *V:02>, I> C 1V;LH>ABV 28?04:V2 @V2=V 5:A?@5AVW miR21-5p V 

miR24-3p 1C;8 =0928I8<8, 0;5 =5 miR26a-5p ($8A. 3.3, �) [18]. 

&01;8FO 3.1 
miRNA 2 7@07:0E >19T4=0=>3> ?>BC, 71030G5=>3> EVs, 

V7 :V;L:VABN 7G8BC20=L >10 

miRNA Read 

count 

miRNA Read 

count 

miRNA Read 

count 

hsa-miR-26a-5p 962 hsa-miR-29c-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-7c-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-7f-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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$8A. 3.3. �=0;V7 miRNA C 7@07:0E EVs-71030G5=>3> >19T4=0=>3> ?>BC. A. 
!091V;LH ?@54AB02;5=V miRNA (<V=V<0;L=0 :V;L:VABL 7G8BC20=L > 100) C 

:>3>@B=><C 7@07:C ?>BC. �. #>@V2=O==O @V2=V2 5:A?@5AVW 6 2V4V1@0=8E miRNA 2 
>:@5<8E 7@07:0E. "AB0==V 4 7@07:8 =5 1C;8 A5:25=>20=V.  
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3.1.4 %5:25=C20==O RNA 2 V=482V4C0;L=8E 7@07:0E EVs ?>BC ;N48=8 

�;O 284V;5==O RNA 7 V=482V4C0;L=8E 7@07:V2 EVs ?>BC 2V4 6 6V=>: B0 14 

G>;>2V:V2 (�>40B:8, &01;8FO 1) 1C;> 70<V=5=> 5B0? C;LB@0F5=B@8DC3C20==O =0 

:>=F5=B@C20==O 7 28:>@8AB0==O< :>;>=>: Centricon Plus-70 (Millipore) 7 

?>@>3>2>N IV;L=VABN 100 :�0 [18]. 

#@>DV;V RNA (Bioanalyzer, Agilent) 2 CAVE 7@07:0E 1C;8 ?>4V1=8<8 >48= 

4> >4=>3>, 0;5 28EV4 RNA A8;L=> :>;8202AO, V 2 45O:8E 28?04:0E 1C2 =86G8< 

2V4 ?>@>3C GCB;82>ABV ?@8;04C. &><C, I>1 >1<568B8 :V;L:VABL ?>@>6=VE 

7G8BC20=L V >E0@0:B5@87C20B8 1V;LHV 70 @>7<V@>< B8?8 RNA, 2:;NG0NG8 

mRNAs, I> :>4CNBL ?@>B5W=8, 4;O 4>A;V465=L 1C;> 2V4V1@0=> D@03<5=B8 

1V;LH>3> @>7<V@C (145-200 bp), =V6 @5:><5=4>20=> 28@>1=8:>< 1V1;V>B5G=>3> 

=01>@C (New England Biolab), � @57C;LB0BV 1C;> V45=B8DV:>20=> 4C65 <0;> 

7G8BC20=L miRNA. 

#VA;O O:VA=>3> DV;LB@C20==O, :V;L:VABL 7G8BC20=L =0 7@07>: :>;820;0AO 

2V4 650 000 4> 3,4 <V;L9>=8 ($8A. 3.4, A) V7 25;8:>N :V;L:VABN 

=5A?V2AB02;5=8E 7G8BC20=L. "A:V;L:8 :V;L:VABL 0=>B>20=8E 7G8BC20=L =0 

7@07>: 1C;0 =87L:>N, 1C;> 74V9A=5=> 0=0;V7 2AVE 7@07:V2 @07><. $>7?>4V; 70 

1V>B8?0<8 ?>:0702, I> ?>=04 50% 7G8BC20=L 1C;8 V45=B8DV:>20=V O: tRNA, 

28% O: rRNA, LincRNA B0 misc-RNA, :V;L:VABL ?>A;V4>2=>AB59, I> :>4CNBL 

?@>B5W=8, :>;820;0AL <V6 8 V 3% ($8A. 3.4, �). �0 28=OB:>< tRNA V rRNA, 3@C?0 

7 10 =09:@0I5 V45=B8DV:>20=8E ?@>4C:BV2 35=V2 2:;NG0;0 6 misc-RNAs, A5@54 

O:8E RNY1, RNY4 V RNY4P10 1C;8 =091V;LH ?@54AB02;5=8<8, 3 LincRNA, 1 

=5:>4C20;L=C RNA, 1 snoRNA (SNORD20) ($8A. 3.5, A). )>G0 >4=VTN 7 

>A=>2=8E DC=:FV9 snRNA (small nuclear RNA) T CG0ABL C A?;09A8=3C mRNA 2 

O4@V, FV 2848 RNA 28O28;8AL 7=0G=> ?@54AB02;5=8<8 2 ?>BV, 71030G5=><C EVs 

($8A. 3.5, �). �>6=0 7 A5<8 =09?>H8@5=VH8E snRNA, I> A:;040;0 2V4 12 4> 

15% 2V4 CAL>3> ?C;C V45=B8DV:>20=8E snRNA, =0;560;0 4> @>48= U1 V U5 V 

1C;0 28O2;5=0 ?@8=09<=V 2 19 7@07:0E. 

 0;V O45@F52V RNA (snoRNA, small nucleolar RNA) ?5@5206=> 15@CBL 

CG0ABL C EV<VG=8E <>48DV:0FVOE rRNA (<5B8;N20==O, ?A524>C@848;N20==O). 
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11 7 =8E 28O2;5=V C 7=0G=8E :V;L:>ABOE C EVs-71030G5=><C ?>BV. "4=0 7 

=091V;LH ?@54AB02;5=8E snoRNAs, SNORD20, =0;568BL 4> B8?C <box C/D=, 

?@54AB02=8:8 O:>3> A:5@>2CNBL 29-"-<5B8;N20==O rRNA, V A:;040T 1V;LH =V6 

40% 2V4 WE 7030;L=>W :V;L:>ABV; SNORD90 B0 SNORD69, <VH5==N 4;O O:8E T 

28s rRNA, - 1V;O 20%; SNORD63 V SNORD101 - 6%; SNORD100 - 4% ($8A. 

3.5, �). SNORD20, SNORD69 V SNORD63 1C;8 V45=B8DV:>20=V C 19 7 20 

7@07:V2. 

 

$8A. 3.4. %5:25=C20==O RNA (RNA-seq) 7 V=482V4C0;L=8E 7@07:V2 ?>BC, 

71030G5=8E EVs. A. $>7?>4V; 7G8BC20=L 7 :>6=>W 1V1;V>B5:8 70 :0B53>@VO<8, �. 
@>7?>4V; 0=>B>20=8E 7G8BC20=L 70 1V>B8?0<8 (A5@54=T 7 CAVE 20 7@07:V2). 
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�=H89 B8? small RNAs, 70;CG5=8E 4> <>48DV:0FVW RNA, T ?>4V1=8< 4> 

snoRNA, ;>:0;V7CTBLAO C =525;8:8E >@30=5;0E O45@FO :;VB8=, I> 

?@>;VD5@CNBL, 2:;NG0T 2 ?@54AB02=8:8 scaRNA11 i scaRNA4. %5@54 

V45=B8DV:>20=8E misc-RNAs (1C4L-O:V ?@>4C:B8 RNA, :@V< 2V4><8E B8?V2 

RNA), RNY1 A:;040T 1V;LH =V6 60% 7G8BC20=L FL>3> 1V>B8?C, RNY4 3 16%, 

RNY4$10 3 14% V RNY4$7 3 2% ($8A. 3.5, �). *V:02>, I> 45O:V 7 F8E 

=5:>4C20;L=8E small RNAs <>6CBL A;C3C20B8 ?5@5<8:0G0<8 35=V2, 

2<8:0NG8/28<8:0NG8 01> ?@>AB> ?@83=VGCNG8 WE 5:A?@5AVN [345]. 

!5?@>F5A>20=V ?A524>35=8 ($8A. 3.5, �). CB2>@NNBLAO H;OE>< 

4C?;V:0FVW VA=CNG8E 35=V2 V 715@V30NBL WE V=B@>=-5:7>==C AB@C:BC@C. ' FL><C 

1V>B8?V EIF1P5 T ?@54AB02;5=>N 2 53% 7G8BC20=L, B>4V O: GGTLC4P A:;040T 

;8H5 11%, 0 AP004607.5 2 8%. $5HB0 =5?@>F5A>20=8E ?A524>35=V2 T 

<VB>E>=4@V9=8<8 35=0<8, 2AB02;5=8<8 2 O45@=V E@><>A><8, :>6=0 7 =8E 

A:;040T <5=H5 7%. 

� @0<:0E =0H>3> 4>A;V465==O 1C;8 B0:>6 V45=B8DV:>20=V ?@>F5A>20=V 

?A524>35=8, O:V 28=8:0NBL H;OE>< @5B@>B@0=A?>78FVW V, O: =0A;V4>:, 

2AB02;ONBLAO 2 35=>< 157 V=B@>==8E ?>A;V4>2=>AB59. &>? 1% 7G8BC20=L V7 

RNA-seq 2:;NG02 86 ?@>F5A>20=8E ?A524>35=V2. 

Piwi-interacting RNAs (piRNAs), <0;V =5:>4C20;L=V RNA @>7<V@>< 24-30 

bp, 2?5@H5 1C;8 V45=B8DV:>20=V 2 70@>4:>2V9 ;V=VW 7024O:8 740B=>ABV 

?@83=VGC20B8 0:B82=VABL B@0=A?>7>=V2. � B8E ?V@ 2>=8 1C;8 B0:>6 

V45=B8DV:>20=V 2 V=H8E :;VB8=0E V @V48=0E >@30=V7<C V, O: 28O28;>AL, <>6CBL 

2>;>4VB8 ?>B5=FV0;>< 1V><0@:5@V2. �8H5 4C65 =525;8:89 2V4A>B>: 7G8BC20=L 

:>6=>3> 7@07:0 <>6=0 1C;> V45=B8DV:C20B8 O: piRNA. 5 piRNAs 1C;> 

V45=B8DV:>20=> C 2AVE 20 7@07:0E. �=HV 1000 piRNAs 28O2;O;8AO 2 3 01> <5=H5 

7@07:0E. �=HV =5:>4C20;L=V RNAs, 70728G09 0A>FV9>20=V 7 EVs, B0:V O: Vault 

RNA, B0:>6 1C;8 V45=B8DV:>20=V 2 1V;LH>ABV 7@07:V2. 
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$8A. 3.5 $>7?>4V; 1V>B8?V2 RNA (72545=V 40=V). A. �0=V 1C;8 >19T4=0=V 
4;O 0=0;V7C =09?>H8@5=VH8E RNAs (tRNA V rRNA 1C;> 28;CG5=> 7 0=0;V7C). 

�. !09?>H8@5=VHV ?V4B8?8 snRNAs. �. !09>H8@5=VHV snoRNAs. �. 
!09?>H8@5=VHV misc_RNAs, �. !09?>H8@5=VHV =5?@>F5A>20=V ?A524>35=8. 
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3.1.5. �=0;V7 2<VABC mRNAs C 7@07:0E ?>BC ;N48=8, 71030G5=8E EVs 

!091V;LH ?@54AB02;5=V mRNAs C EVs ?>BC :>4CNBLAO <VB>E>=4@V9=8< 

35=><>< V O45@=8< 35=>< MTRNR2L6 ($8A.3.6, A). #>@V2=O==O 7 ?@>B5><>< V 

B@0=A:@8?B><>< 5::@8==>W 70;>78 ;N48=8 ?>:070;>, I> 85% mRNAs, 

7=0945=8E C ?>BV, 71030G5=><C EVs, ?5@5:@820NBLAO 7 mRNAs 5::@8==>W 

70;>78 V ;8H5 14,4% T C=V:0;L=8<8 4;O ?>BC, 71030G5=>3> EVs ($8A. 3.6, �). 

�;O 0=0;V7C 71030G5==O (<GO annotation=) 1C;> 281@0=> B@0=A:@8?B8 7V 

7=0G5==O<8 FPKM >25 (:>5DVFVT=B FPKM =>@<0;V7CT :V;L:VABL 7G8BC20=L =0 

>A=>2V 4>268=8 35=0 B0 :V;L:>ABV :0@B>20=8E 7G8BC20=L). �8O28;>AL, I> 

1V;LHVABL B@0=A:@8?BV2 :>4CNBL ?@>B5W=8 ?>29O70=V 7 B@0=A;OFVTN, 04357VTN, 

B0 ?@>F5A0<8 B0:8<8 O: 5=5@35B8G=89 <5B01>;V7<, A8=B57 ?@>B5W=V2 B0 

729O7C20==O =C:;5W=>28E :8A;>B ($8A. 3.6, �). !091V;LH ?@54AB02;5=8<8 

B@0=A:@8?B0<8, I> :>4CNBL :;VB8==V :><?>=5=B8, T @81>A><=V ($8A. 3.6, �). 

!0 4>40B>: 4> 25;8:>W :V;L:>ABV 284V2 mRNAs (&01;8FO 3.2), 6675 4>40B:>28E 

35==8E ?@>4C:BV2 <>6=0 1C;> 28O28B8 2 123 7@07:0E V7 7=0G5==O< FPKM > 0. 

"A:V;L:8 7G8BC20==O 4;O mRNAs <>6=0 1C;> 28O28B8 =0 :V;L:>E 

5:7>=0E, V 28@V2=N20==O 70 STAR (STAR - 28@V2=N20G, @>7@>1;5=89 

A?5FV0;L=> 4;O 28@VH5==O ?@>1;5< :0@BC20==O 40=8E RNA-seq 70 4>?><>3>N 

AB@0B53VW 2@0EC20==O A?;09A>28E 28@V2=N20=L) ?>:070;>, I> 45O:V 7 F8E 

7G8BC20=L 1C;8 A?;09A>20=V.  8 ?5@52V@8;8 =0O2=VABL A?;09A>20=>W mRNA C 

?>BV, 71030G5=><C EVs, 70 4>?><>3>N RT-PCR 7 ?@09<5@0<8, ?@87=0G5=8<8 

4;O 0<?;VDV:0FVW G5@57 A?;09A-79T4=0==O. !091V;LH ?@54AB02;5=>N 1C;0 

mRNA 35=C FTL (;53:89 ;0=FN3 D5@8B8=C). "A:V;L:8 35= FTL <VAB8BL 4 

5:7>=8, B> 70 4>?><>3>N ?@09<5@V2, ?@87=0G5=8E 4;O 0<?;VDV:0FVW mRNA 

>AB0==VE 2 5:7>=V2 (3 V 4), <8 7<>3;8 0<?;VDV:C20B8 cDNA 7 :V;L:>E 7@07:V2 

($8A. 3.7, �). �5= YWHAE, I> :>4CT ?@>B5W= 14.3.3 ¸, 2:;NG0T 7 5:7>=V2 V7 

7030;L=>N 4>268=>N DNA 55 kb, �0 4>?><>3>N 72>@>B=>3> ?@09<5@0 (5:7>=8 

6 V 7) V ?@O<>3> ?@09<5@0 (5:7>= 5) 240;>AL 0<?;VDV:C20B8 D@03<5=B 

>GV:C20=>3> @>7<V@C 2 2 V7 3 7@07:V2 ($8A. 3.7, �). "B@8<0=V 40=V 2:07CNBL =0 

B5, I> =02VBL D@03<5=B>20=0 RNA 707=0T ?@>F5A8=3C. 
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$8A. 3.6. mRNAs ?>BC 71030G5=>3> EVs (72545=V 40=V). A. !091V;LH 
?@54AB02;5=V mRNAs. �. �1V3 <V6 B@0=A:@8?B><>< 5::@8==>W 70;>78 ;N48=8 
B0 mRNAs ?>BC, 71030G5=>3> EVs. �. mRNAs/1V>;>3VG=V ?@>F5A8. �. 
mRNAs/:;VB8==V :><?>=5=B8. #@54AB02;5=> 0=>B0FVW GO, :>;L>@8 
2V4?>2V40NBL log10 p-7=0G5==O, >B@8<0=>3> 70 4>?><>3>N V=AB@C<5=B0 Revigo 
("Reduce and Visualize Gene Ontology" [298].  
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&01;8FO 3.2 
mRNAs 7 =0928I8<8 7=0G5==O<8 FPKM 2 RNA-seq (>19T4=0=V 40=V 2V4 

>:@5<8E >AV1), 28O2;5=V C EVs-71030G5=><C ?>BV ;N48=8 
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$8A. 3.7. %?;09A>20=V mRNAs 2 ?>BV, 71030G5=><C EVs. A. �C4>20 35=C 
;53:>3> ;0=FN30 D5@8B8=C. �>:0;V70FVO PCR-?@09<5@V2 2:070=0 AB@V;:0<8. �. 
�C4>20 35=C YWHAE, I> :>4CT ?@>B5W= 1433-3 ¸ 7 PCR-?@09<5@0<8, O:V 

>E>?;NNBL 5:7>=8 5,6 V 7. #@>4C:B8 qRT-PCR-0<?;VDV:>20=>W DNA, 

2V7C0;V7C20;8 2 2% 030@>7=><C 35;V.   
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3.1.6. �=0;V7 2<VABC DNA B0 RNA <V:@>1V><C H:V@8 C 7@07:0E ?>BC 
;N48=8, 71030G5=8E EVs 

�0 @57C;LB0B0<8 DNA-seq 1C;> V45=B8DV:>20=> 539% =5:0@B>20=8E 

7G8BC20=L. ->1 287=0G8B8 WE ?>E>465==O, 7G8BC20==O 1C;8 7V1@0=V B0 

28@V2=O=V ?@>B8 <5B035=><C, 1C;> B0:>6 V45=B8DV:>20=> >A=>2=V B0:A>=><VG=V 

?>@O4:8. ":@V< 10:B5@V9=>W DNA, 1C;> 28O2;5=> =525;8:C G0AB:C 2V@CA=>W B0 

0@E59=>W DNA. �><V=CNG8<8 3@C?0<8 10:B5@V9 1C;8 Proteobacteria B0 

Actinobacteria, 70 O:8<8 9H;8 @V2=V G0AB:8 Bacteroidetes V Firmicutes, I> 

2V4?>2V40;> B8?>2><C @>7?>4V;C 4;O <V:@>1V><C H:V@8 ($8A. 3.8).  

�0 @57C;LB0B0<8 RNA-seq 1C;> V45=B8DV:>20=> 1V;LHC :V;L:VABL 

=5:0@B>20=8E 7G8BC20=L. �V4?>2V4=> 4> <5B035=><=>3> 0=0;V7C, =091V;LH0 

G0AB:0 7G8BC20=L 2V4?>2V40;0 10:B5@VO<, 9 <5=H0 - 3@810< B0 2V@CA0<. 

$>7?>4V; >A=>2=8E 3@C? 10:B5@V9 1C2 2V4=>A=> ?>4V1=8< 4> B>3>, O:89 <8 

A?>AB5@V30;8 4;O DNA, 70 28=OB:>< 1V;LH>W G0AB:8 Firmicutes, =V6 

Bacteroidetes ($8A. 3.8), I> 7=>2C 6 B0:8 2V4?>2V40T <V:@>1V><C H:V@8. 

 

$8A. 3.8.  5B035=><=V 40=V ?>BC. !091V;LH ?@54AB02;5=V B8?8 
<V:@>>@30=V7<V2 V45=B8DV:>20=V ?@8 A5:25=C20==V 7@07:V2 ?>BC. RNA 

(7>2=VH=T :>;>) V DNA (2=CB@VH=T :>;>)  
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+0AB8=0 V45=B8DV:>20=8E ?>A;V4>2=>AB59 2V4?>2V40;0 35=0<, I> 

:>4CNBL <V:@>1=V ?@>B5W=8. �45=B8DV:0B>@8 ?@>B5W=V2 1C;> >B@8<0=> 7 1078 

40=8E UniPro, 7 =0ABC?=8< ?V4@0EC=:>< 0=>B0FV9 GO. �=>B0FVW GO 

?@>45<>=AB@C20;8 ?5@5206=> ?@8ACB=VABL B@0=A:@8?BV2, I> 2V4?>2V40NBL 

:><?>=5=B0< <5<1@0=8 B0 F8B>?;07<8 O: 2 DNA-seq, B0: V 2 RNA-seq. 

%5:25=C20==O< DNA 1C;> V45=B8DV:>20=> ?@8=09<=V 20 35=V2, I> :>4CNBL 

?@>B5W=8 @81>A><8 B0 ?;07<0B8G=>W <5<1@0=8, B>4V O: RNA-seq 2:;NG02 

mRNA, ?>29O70=C 7 ?5@8?;07<0B8G=8< ?@>AB>@>< ($8A. 3.9, A).  >;5:C;O@=V 

DC=:FVW 35=V2, I> :>4CNBL ?@>B5W=8, V45=B8DV:>20=V O: C DNA-seq, B0: V 2 

RNA-seq, 2:;NG0;8 729O7C20==O �&$, 729O7C20==O DNA B0 729O7C20==O V>=V2 

<5B0;V2 ($8A. 3.9, �). 

3.1.7 �=0;V7 A:;04C 2V@CA=>W DNA C 7@07:0E ?>BC, 71030G5=8E EVs  

�0 @57C;LB0B0<8 ?@>2545=8E 4>A;V465=L 1C;> V45=B8DV:>20=> 2 B8?8 

2V@CA=>W DNA: 2V@CAV2 ;N48=8 (?0?V;><8, ?>;V><8, 2V@CAC 35@?5AC) B0 

10:B5@V>D03V2. �V@CA=V ?>A;V4>2=>ABV AB0=>28;8 13% 2V4 7030;L=>W :V;L:>ABV 

7G8BC20=L, ?@8 FL><C ?>A;V4>2=>ABV 2V@CAC ?0?V;><8 AB0=>28;8 24%, ?>;V><8 

-  5% V 35@?5AC - 2%. �8H5 G0AB8=0 V45=B8DV:>20=>W DNA :>4CT ?@>B5W=8. �;O 

2V@CAC ?0?V;><8 V45=B8DV:>20=> 6 35=V2 (V7 7030;L=>W :V;L:>ABV 8), I> :>4CNBL 

?@>B5W=8: 3>;>2=89 ?@>B5W= :0?A84C L1, <V=>@=89 L2, ?@>B5W= @5?;V:0FVW E1, 

@53C;OB>@=89 ?@>B5W= E2, ?@>B5W=8 E4 B0 E6. �;O 2V@CAV2 ?>;V><8 B0 2V@CAC 

:;VB8==>W ?>;V><8  5@:5;O V45=B8DV:>20=> <0;89 &-0=B835= V :0?A84=89 

?@>B5W= Vp1 (2V@CA=8< 35=><>< :>4CTBLAO 539 ?@>B5W=V2), 0 4;O 

F8B><530;>2V@CAC ;N48=8 3 ;8H5 =5>E0@0:B5@87>20=89 ?@>B5W= UL126 (7 

?>=04 165 35=V2) (�>40B:8, &01;. 2).  

�0:B5@V>D038 1C;8 ?@54AB02;5=V @V7=8<8 35=0<8, 96 7 O:8E =5 

>E0@0:B5@87>20=V, B>4V O: 274 35=8 :>4C20;8 AB@C:BC@=V ?@>B5W=8 D030 B0 

5=78<8 (�>40B:8, &01;. 3).  >;5:C;O@=V DC=:FVW 5=78<V2 7030;>< 2:;NG0NBL 

729O7C20==O DNA, 35;V:07C, 3V4@>;07C B0 5=4>=C:;507C (�>40B:8, &01;. 3). 
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$8A. 3.9. �=>B0FVW GO 4;O 10:B5@V9=8E ?>A;V4>2=>AB59. !091V;LH 

?@54AB02;5=V 0=>B0FVW GO, V45=B8DV:>20=V 4;O 10:B5@V9=8E 35=V2. A. �;VB8==V 
:><?>=5=B8. �.  >;5:C;O@=V DC=:FVW. 
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3.1.8 %0@0:B5@8AB8:0 7@07:V2 EVs ?>BC ;N48=8, I> 1C;8 28:>@8AB0=V 
4;O 4>A;V465==O ?@>B5W=>2>3> A:;04C 

�@07:8 ?>BC 1C;8 7V1@0=V C 2>AL<8 4>1@>2>;LFV2, O:V 28:>=C20;8 

V=B5=A82=V 2?@028 =0 25;>B@5=065@V ?@>BO3>< 30 E28;8=. #>;>28=C :>6=>3> 

7@07:0 28:>@8AB>2C20;8 4;O V7>;N20==O EVs 70 4>?><>3>N =01>@C ExoEasy, 0 

V=HC ?>;>28=C 715@V30;8 4;O 4>A;V465==O 7030;L=>3> ?>BC ($8A. 2.1, 

« 0B5@V0;8 B0 <5B>48 4>A;V465=L»). #V4 G0A FVTW 6 2?@028 2>;>=B5@8 

28:>@8AB>2C20;8 >4=>@07>2V 25B5@8=0@=V @C:028FV, O:V >1@>1;O;8, O: >?8A0=> 

2 « 0B5@V0;0E V <5B>40E». �@07:8, >B@8<0=V 2V4 :>6=>W >A>18, 0=0;V7C20;8 

>:@5<>. 

!0O2=VABL EVs, I> <VABOBL B8?>2V 5:7>A><=V <0@:5@8 CD63, CD81 V 

CD9, 0=0;V7C20;8 2 7@07:0E ?>BC 70 4>?><>3>N ?;0BD>@<8 ExoView R100. 

"4=0:>2C :V;L:VABL (1 <:3) ?@>B5W=C 1C;> 7020=B065=> =0 :>65= GV?, O:89 1C2 

DC=:FV>=0;V7>20=89 0=B8BV;0<8 ?@>B8 2V4?>2V4=8E ?@>B5W=V2. +V?8 7 CD63 

729O7C20;8 =091V;LHC :V;L:VABL EVs C 2AVE B8?0E 7@07:V2 ?>BC (total; EVs 

enriched; patch) ($8A. 3.10, �) C ?>@V2=O==V 7 GV?0<8, I> 1C;8 

DC=:FV>=0;V7>20=V 0=B8BV;0<8 ?@>B8 CD9 B0 CD81 ($8A. 3.11, B, C). *V 

@57C;LB0B8 4>1@5 2V4?>2V40NBL ?>?5@54=V< 28A=>2:0< ?@> B5, I> CD63 T 

=09?>H8@5=VH8< B5B@0A?0=V=>28< <0@:5@>< C 7@07:0E ?>BC, 71030G5=>3> EVs 

[172, 325].  

�030;L=0 :V;L:VABL EVs, A>@1>20=8E =0 GV?0E 7 CD63, C 7@07:0E H:V@=>3> 

?;0AB8@0 (patch) AB0=>28;0 1;87L:> 24% EVs 2V4 EVs 71030G5=8E 7@07:V2 (EVs 

enriched), V 58% 2V4 7030;L=>3> ?>BC (total) ($8A. 3.10, �). #>@V2=O==O 7@07:V2 

EVs, >B@8<0=8E 2V4 @V7=8E >AV1, =5 ?>:070;> 25;8:>W @V7=8FV <V6 7@07:0<8. 

CD63, CD81 V CD9 ?>78B82=V 2578:C;8 AB0=>28;8, 2V4?>2V4=> 58-66,5%, 11,6-

26,4% V 39-49% 2V4 7030;L=>W :V;L:>ABV =0=>G0AB8=>: [381]. !0O2=VABL 

5:7>A><=>3> <0@:5@0 CD63 C 7030;L=><C ?>BV (total) B0 7@07:0E, 71030G5=8E 

EVs (EVs enriched), 1C;> ?V4B25@465=> �5AB5@=-1;>B 0=0;V7>< ($8A. 3.10, �). 

�V;L:VABL V @>7?>4V; EVs 70 @>7<V@>< 28<V@N20;8 70 4>?><>3>N NTA. 

%5@54=O :>=F5=B@0FVO G0AB8=>:/<; C 7@07:0E 7030;L=>3> ?>BC AB0=>28;0 
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2,68e+11±1,58e+10 G0AB8=>:/<;. �V;L:VABL EVs C 7@07:0E, 71030G5=8E EVs, 

AB0=>28;0 1,59e+11±1,20e+10 G0AB8=>:/<;.  5=HV 7=0G5==O 1C;8 7=0945=V C 

7@07:0E ?;0AB8@V2 (3,38e+10±4,10e+08 G0AB8=>:/<;) ($8A. 3.10, �).�030;L=89 

?VB E0@0:B5@87C202AO >4=8< GVB:8< ?V:>< EVs V7 A5@54=V< @>7<V@>< 130,8±3,6 

=<. ' 7@07:0E, 71030G5=8E EVs, A5@54=V9 @>7<V@ 1C2 2 <560E163±12,3 =<, 7 

3>;>2=8< ?V:>< ?@8 96-119 =< V :V;L:><0 <5=H8<8 ?V:0<8 ?@81;87=> ?@8 179 

=< V 268 =<. ,:V@=V ?;0AB8@V E0@0:B5@87C20;8AL ?>4V1=8< A5@54=V< @>7<V@>< 

168,4±2,9 =<, 0;5 1V;LH @V2=><V@=8< @>7?>4V;>< ?>@V2=O=> 7V 7@07:0<8, 

71030G5=8E EVs, 7 T48=8< ?V:>< ?@8 163 =< ($8A. 3.10, �). 

�>=F5=B@>20=89 7030;L=89 ?VB V ?VB, 71030G5=89 EVs 4;O &� , 

45<>=AB@C20;8 GVB:V EVs 2 4V0?07>=V @>7<V@V2 2V4 30 4> 200 =< ($8A 3.1, �). 

�@07:8 ?;0AB8@V2 70728G09 <0;8 <5=HC :V;L:VABL EVs, 0;5 B0:>6 <5=H5 

2848<8E :>=B0<V=0=BV2, =5 ?>29O70=8E 7 EVs. �<C=>5;5:B@>==0 <V:@>A:>?VO 

?>:070;0, I> 1030B> EVs 5:A?@5ACNBL <0@:5@ CD63 ($8A. 3.10, �). �030;><, 

>B@8<0=V 40=V A2V4G0BL ?@> B5, I> <5B>4 V7>;N20==O, O:89 <8 

28:>@8AB>2C20;8 2 4>A;V465==V, 4>72>;OT >G8AB8B8 25;8:C :V;L:VABL EVs 7 

?>BC ;N48=8. #;0AB8@V 7 0;L3V=0BC :0;LFVN =0:>?8GCNBL 4>AB0B=N :V;L:VABL 

CD63-?>78B82=8E EVs, I>1 WE <>6=0 1C;> 28O28B8 70 4>?><>3>N 

V<C=>5;5:B@>==>W <V:@>A:>?VW B0 ?;0BD>@<8 ExoView. 
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$8A 3.10. )0@0:B5@8AB8:0 EVs, ?@8ACB=VE C 7@07:0E 7030;L=>3> ?>BC 
(Total), 71030G5=8E EVs (EVs enriched), V H:V@=><C ?;0AB8@V (Patch). A. �=0;V7 
EVs 70 4>?><>3>N ?;0BD>@<8 ExoView. �8:>@8AB>2C20;8 GV?, 

DC=:FV>=0;V7>20=89 0=B8BV;>< 4> CD63. �030;L=0 :V;L:VABL EVs C :>6=><C 

7@07:C ?>:070=0 AV@8< :>;L@><; EVs, I> 5:A?@5ACNBL CD63, CD81 B0 CD9, 

?>:070=> G5@2>=8<, 75;5=8< B0 A8=V< :>;L>@0<8, 2V4?>2V4=>; �. �5AB5@=-1;>B 
0=0;V7 ?@>B8 CD63. Neg 3 =530B82=89 :>=B@>;L, Tot 3 7030;L=89 ?VB, EVs 3 

71030G5=89 EVs; �. �>=F5=B@0FVW V @>7?>4V; @>7<V@V2 EVs, 28<V@N20;8 70 
4>?><>3>N NTA ($>72545==O 1/1000; 1/1000; 1/100); �. �<C=>5;5:B@>==0 
<V:@>A:>?VO 7 0=B8BV;>< ?@>B8 CD63 (71V;LH5==O 1:18 500).  
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$8A 3.11. )0@0:B5@8AB8:0 EVs, ?@8ACB=VE C 7030;L=><C ?>BV (Total), 
71030G5=><C EVs (EVs enriched), V H:V@=><C ?;0AB8@V (Patch) 70 4>?><>3>N 

?;0BD>@<8 ExoView; A. $5?@575=B0B82=V 7>1@065==O DC=:FV>=0;V7>20=8E 
GV?V2. �>;L>@>2V B>G:8 ?@54AB02;ONBL >:@5<V 2578:C;8, 70E>?;5=V 0=B8BV;0<8 

CD63. �>;V@ B>G:8 70;568BL 2V4 D;C>@5AF5=B=> <VG5=8E 0=B8BV; (G5@2>=89 - 

CD63, 75;5=89 - CD81 V A8=V9 - CD9); �. �V;L:VABL CD63/CD81/CD9 
?>78B82=8E EVs, =0 GV?V, DC=:FV>=0;V7>20=><C 0=B8BV;>< 4> CD9; �. 
�V;L:VABL CD63/CD81/CD9 ?>78B82=8E EVs, =0 GV?V DC=:FV>=0;V7>20=><C 

0=B8BV;>< 4> CD81.  
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3.1.9. �=0;V7 V45=B8DV:>20=8E ?@>B5W=V2 2 EVs ?>BC 

"A>1;82>ABV ?@>B5W=>2>3> A:;04C 7@07:V2 ?>BC (7030;L=>3>, 71030G5=>3> 

EVs B0 >B@8<0=>3> 7 ?;0AB8@0) 4>A;V46C20;8 <0A-A?5:B@><5B@8G=8< 

0=0;V7>< (LS-MS) 7 28:>@8AB0==O< A8AB5<8 Easy-nLC 1000 (Thermo Scientific) 

?>T4=0=>W 7 <0A-A?5:B@><5B@>< Fusion Lumos Tribrid (Thermo Scientific). 

�030;>< 1C;> V45=B8DV:>20=> 1305 ?@>B5W=V2 ($8A. 3.12, A).  

1209 V45=B8DV:>20=8E ?@>B5W=V2 1C;8 ?@8ACB=V C 7@07:0E, 71030G5=8E 

EVs, ?@8G><C ?@81;87=> 70% ?@>B5W=V2 EVs 1C;8 A?V;L=8<8 7 7030;L=8< 

?>B>< (846) V ?@81;87=> 30% 7V 7@07:0<8 ?;0AB8@V2 (368). �V;L:VABL ?@>B5W=V2, 

V45=B8DV:>20=8E 28:;NG=> 2 7030;L=><C ?>BV (83) 01> =0 ?;0AB8@V (23), 1C;0 

4>A8BL =87L:>N. /: V >GV:C20;>AL, :>65= V7 ?@>0=0;V7>20=8E 7@07:V2 ?>BC, 

71030G5=8E EVs, <VAB82 B8?>2V 5:7>A><=V <0@:5@8 CD63, CD9, ALIX (ALG-2-

interacting protein 1), A8=B5=V=-1, 0==5:A8= A5, HSP90 (Heat shock protein 90 

kDa) V HSP70 (Heat shock 70 kDa protein) [331, 80]. �V;LHVABL F8E 7@07:V2 (6-7 

V7 8) <VAB8;8 CD81 V TSG101 (Tumor susceptibility 101) ($8A. 3.12, �). ' 45O:8E 

7@07:0E 1C;> B0:>6 V45=B8DV:>20=> :V;L:0 ?@>B5W=V2 EVs, O:V @0=VH5 

22060;8AO <0@:5@0<8 1V>?AVW ;535=V (LRG1, Leucine-rich alpha-2-glycoprotein), 

tetraspanin-8), ?@>AB0B8 (PSA (prostate-specific antigen)), A5G>2>3> <VEC@0 

(TACD2, Tumor-associated calcium signal transducer 2), :>;>@5:B0;L=>3> @0:C V 

@0:C ?V4H;C=:>2>W 70;>78 (glypican-1) [133] ($8A. 3.12, �). �V;LHVABL V7 

707=0G5=8E ?@>B5W=V2 1C;0 28O2;5=0 B0:>6 2 7030;L=><C :>=F5=B@>20=><C 

?>BV, E>G0 V 2 <5=HV9 :V;L:>ABV 7@07:V2. #VB, 7V1@0=89 70 4>?><>3>N ?;0AB8@0, 

<VAB82 ;8H5 CD63, =09?>H8@5=VH89 <0@:5@ EVs ?>BC, 0 B0:>6 ?@>B5W=8 

B5?;>2>3> H>:C (HSP70 V HSP90). 

 �;O 73@C?C20==O V45=B8DV:>20=8E ?@>B5W=V2 EVs ?>BC 2 <>;5:C;O@=V 

:;0A8 1C;> 28:>@8AB0=> 107C 40=8E PANTHER (Gene List Analysis; 

http://pantherdb.org/) [312], ($8A. 3.12, �). !091V;LH ?@54AB02;5=8<8 :;0A0<8 

1C;8 5=78<8, 7>:@5<0 <5B01>;VG=V 5=78<8, 70;CG5=V 4> 270T<>?5@5B2>@5==O 

(21,1±2,1%), 2:;NG0NG8 3V4@>;078 (PC00121), >:A84>@54C:B078 (PC00176) V 

B@0=AD5@078 (PC00220), 01> 5=78<8, I> <>48DV:CNBL ?@>B5W=8 (12,9±0,9%), 
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O:V 1C;8 ?@54AB02;5=V ?5@5206=> ?@>B5070<8 (PC00190). �@V< B>3>, 1C;> 

28O2;5=>, I> <>4C;OB>@8 0:B82=>ABV 729O7C20;L=8E ?@>B5W=V2  (10,4±0,8%) V 

?@>B5W=8 70E8ABC/V<C=VB5BC (9,4±2,1%), B0:V O: V<C=>3;>1C;V=8 (PC00123), 

1C;8 28A>:> ?@54AB02;5=V 2 EVs ?>BC, B>4V O: 6>45= V=H89 <>;5:C;O@=89 :;0A 

=5 <VAB82 1V;LH5 5% 2V4 7030;L=>W :V;L:>ABV ?@>B5W=C. �A=C20;0 =525;8:0 

@V7=8FO 2 @>7?>4V;V :;0AV2 ?@>B5W=V2 <V6 7030;L=8< ?>B><, 71030G5=8< EVs V 

7@07:0<8 7 ?;0AB8@0. "B@8<0=V 40=V 2:07CNBL =0 B5, I> EVs ?>BC <>6=0 

28:>@8AB>2C20B8 4;O =04V9=>W >FV=:8 A:;04C 2AL>3> ?>BC. *V:02>, I> 

?@>B5W=V2 70E8ABC/V<C=VB5BC 1C;> 7=0G=> 1V;LH5 2 7@07:0E 7030;L=>3> ?>BC 

(14,2±2,7%), B>4V O: <>4C;OB>@8 0:B82=>ABV 729O7C20==O ?@>B5W=V2 (14,6±4,7%) 

1C;8 =04<V@=> ?@54AB02;5=V, 0 5=78<8 270T<>?5@5B2>@5==O (14,1±4,4%) - 

=54>AB0B=L> ?@54AB02;5=V 2 7@07:0E ?;0AB8@V2.  

!0 >A=>2V V=D>@<0FVW ?@> <>;5:C;O@=V :;0A8 ?@>B5W=V2, >B@8<0=>W 70 

4>?><>3>N 1078 40=8E PANTHER, 1C;> 74V9A=5=> 0=0;V7 35==>W >=B>;>3VW 

(GO) 4;O «1V>;>3VG=8E ?@>F5AV2» (https://geneontology.org/). "B@8<0=V 40=V, 

C7030;L=5=V 9 2V7C0;V7>20=V 70 4>?><>3>N V=AB@C<5=B0@VN Revigo 

(http://revigo.irb.hr/), ?@>45<>=AB@C20;8, I> <<5B01>;VG=V ?@>F5A8= 

(GO:0008152) V <:;VB8==V ?@>F5A8= (GO:0009987) T =091V;LH ?>H8@5=8<8 2 

7@07:0E 7030;L=>3> ?>BC, EVs-71030G5=>3> ?>BC B0 7@07:0E ?;0AB8@V2. 

�8:>@8AB0==O B5ABC =0 =04<V@=C @5?@575=B0FVN ?>:070;>, I> ?@>F5A8, 

?>29O70=V 7 @>718@0==O< ESCRT (5=4>A><=89 A>@BC20;L=89 :><?;5:A, 

=5>1EV4=89 4;O B@0=A?>@BC20==O) V 282V;L=5==O< 2V@CAC, 1C;8 =091V;LH 

?@54AB02;5=V 2 7@07:0E 7030;L=>3> V EVs-71030G5=>3> ?>BC ($8A. 3.13). �@V< 

B>3>, 4;O 7@07:V2, 71030G5=8E EVs, E0@0:B5@=8< 1C;> =04<V@=5 ?@54AB02;5==O 

?@>B5W=V2, O:V 15@CBL CG0ABL C ?>78B82=><C @53C;N20==V A5:@5FVW 5:7>A>< 

(GO:1903543; 11,45 @07V2, p=3,49E-03). �@07:8 ?;0AB8@V2 1C;8 71030G5=V 

?@>B5W=0<8, 70;CG5=8<8 4> :V;L:>E <5B01>;VG=8E ?@>F5AV2, @5D>;48=3C 

?@>B5W=V2 B0 0=B810:B5@V9=>W 3C<>@0;L=>W 2V4?>2V4V. 

�=0;V7 GO 4;O «:;VB8==8E :><?>=5=BV2» ?>:0702, I> 

=09?>H8@5=VH8<8  «:;VB8==8<8 0=0B><VG=8<8 >19T:B0<8» 4;O  2AVE  B8?V2  
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$8A. 3.12. "A>1;82>ABV A:;04C ?@>B5W=V2 C 7@07:0E EVs ?>BC ;N48=8. A. 
�V03@0<0 �5==0, I> ?>@V2=NT ?@>B5W=8 ;N48=8, V45=B8DV:>20=V 2 CAVE 

V=482V4C0;L=8E 7@07:0E 7030;L=>3> ?>BC (Total), 71030G5=>3> EVs (EVs 

enriched), V H:V@=><C ?;0AB8@V (Patch). �. �V;L:VABL 7@07:V2, C A:;04V O:8E 1C;8 
V45=B8DV:>20=V 2V4V1@0=V ?@>B5W=8, B8?>2V 4;O EVs 01> 0A>FV9>20=V 7 @0:><. �. 
$>7?>4V; ?@>B5W=V2 70 <>;5:C;O@=8<8 :;0A0<8.   
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7@07:V2 (7030;L=>3> ?>BC, 71030G5=>3> EVs B0 7@07:V2 ?;0AB8@0) 1C;8 

<5<1@0==V ?@>B5W=8 B0 2=CB@VH=L>:;VB8==V AB@C:BC@8. &5AB8 =0  =04<V@=C 

@5?@575=B0FVN ?>:070;8, I> ?@>B50A><=V :><?;5:A8 1C;8 =091V;LH 71030G5=V 

2 7@07:0E 7030;L=>3> B0 EVs-71030G5=>3> ?>BC, B>4V O: 7@07:8 ?;0AB8@V2 1C;8 

71030G5=V V<C=>3;>1C;V=>28<8 :><?;5:A0<8 IgA ($8A. 3.14). 

�=0;V7 GO 4;O «<>;5:C;O@=8E DC=:FV9» C H:V@=><C ?;0AB8@V ?>:0702, 

I> 1V;LHVABL ?@>B5W=V2 2 CAVE 4>A;V465=8E 7@07:0E 2>;>4VNBL :0B0;VB8G=>N 

0:B82=VABN 01> 15@CBL CG0ABL C <V6<>;5:C;O@=V9 270T<>4VW (?5@5206=> 

?@>B5W=>-?@>B5W=>2V9). ' B5ABV =0 =04<V@=5 ?@54AB02;5==O A?>AB5@V30;>AL 

=091V;LH5 71030G5==O =0 :V;L:0 5=78<=8E H;OEV2 B0 729O7C20==O <V>78=C V 

(7@07:8 ?;0AB8@V2) ($8A. 3.15). 

"A:V;L:8 7<V=8 2 ?@>DV;OE 3;V:>78;N20==O 70728G09 A?>AB5@V30NBLAO 2 

@0:>28E :;VB8=0E, 3;V:>?@>B5W=8 G0AB> 28:>@8AB>2CNBL O: ?@>3=>AB8G=V 

1V><0@:5@8 @0:C [195]. �>4=>G0A, 282G5==N ?0B5@=V2 3;V:>78;N20==O 

?@>B5W=V2 EVs ?@84V;O;>AL 7=0G=> <5=H5 C2038, E>G0 F59 ?0@0<5B@ T 

206;828< 4;O 1V>35=57C 2578:C; (?>3;8=0==O B0 7020=B065==O 20=B06C) [20, 

352]. �;O E0@0:B5@8AB8:8 3;V:>78;N20==O EVs ?>BC 1C;> 28:>@8AB0=> <lectin 

microarray analysis= ($8A. 3.16). �AB0=>2;5=>, I> EVs, >B@8<0=V 7 ?>BC, 

<VABOBL O: N-, B0: V O-3;V:>78;L>20=V ?@>B5W=8. N-3;V:>78;L>20=V ?@>B5W=8 T 

?5@5206=> <>48DV:>20=8<8 <galactose-ending N-glycans= V <fucosylated N-

glycans= (�>40B:8, &01; 4). <O-glycosylated glycans= 1C;8 2:>@>G5=V 9 <VAB8;8 

;8H5 V=VFVN20;L=89 N-0F5B8;30;0:B>70<V= (GalNAc) V <mucin type core 1 (Gal-

³(1,3)-GalNAc)= AB@C:BC@8. �45=B8DV:>20=V 2 V=H8E B8?0E EVs 3;V:0=8, 

((GlcNAc³4)n), I> 729O7CNBL WGA (wheat germ agglutinin), 0 B0:>6 ³-2,3-

AV0;L>20=V N-3;V:0=8, I> 729O7CNBL MALI B0 MALII (Maackia amurensis lectins 

I and II), =5 1C;8 28O2;5=V [20, 352]. �C;> 28O2;5=> B0:>6 2V4<V==>ABV 2 

3;V:>78;N20==V <V6 >:@5<8<8 7@07:0<8, >A>1;82> ?><VB=8<8 4;O 3;V:0=V2, 

<>48DV:>20=8<8 Gal³(1,3)Gal 01> Gal³(1,3)Gal³(1,4)GlcNAc, I> 729O7CNBLAO 

7 <Marasmium oreades agglutinin= (MOA).  
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$8A. 3.13. (C=:FV>=0;L=0 :;0A8DV:0FVO ?@>B5W=V2 EVs ?>BC 70 
0=>B0FVO<8 35==>W >=B>;>3VW (GO) 4;O 1V>;>3VG=8E ?@>F5AV2 2 7030;L=><C ?>BV 

(�, Total), 71030G5=><C EVs (�, EVs enriched), V H:V@=><C ?;0AB8@V (�, 
Patch); 1@0;8 4> C2038 ;8H5 H;OE8, I> 45<>=AB@C20;8 ?@8=09<=V 10-:@0B=5 

71030G5==O 2 PANTHER Overrepresentation Test. �>;V@ 2:07CT =0 p-7=0G5==O 

Log10;  
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$8A. 3.14. (C=:FV>=0;L=0 :;0A8DV:0FVO ?@>5W=V2 EVs ?>BC 70 0=>B0FVO<8 
35==>W >=B>;>3VW (GO) 4;O :;VB8==8E :><?>=5=BV2 2 7030;L=><C ?>BV (�, Total), 
71030G5=><C EVs (�, EVs enriched), V H:V@=><C ?;0AB8@V (�, Patch); �@0;8 4> 
C2038 ;8H5 H;OE8, I> 45<>=AB@C20;8 ?@8=09<=V 10-:@0B=5 71030G5==O 2 

PANTHER Overrepresentation Test. �>;V@ 2:07CT =0 p-7=0G5==O Log10. 
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$8A. 3.15. (C=:FV>=0;L=0 :;0A8DV:0FVO ?@>B5W=V2 EVs ?>BC 70 
0=>B0FVO<8 35==>W >=B>;>3VW GO 4;O <>;5:C;O@=>W DC=:FVW 2 H:V@=><C 

?;0AB8@V (Patch); �@0;8 4> C2038 ;8H5 H;OE8, I> 45<>=AB@C20;8 ?@8=09<=V 
10-:@0B=5 71030G5==O 2 PANTHER Overrepresentation Test. �>;V@ 2:07CT =0 p-

7=0G5==O Log10. 

*O 20@V015;L=VABL, 9<>2V@=>, ?>29O70=0  7V 740B=VABN FL>3> ;5:B8=C 

A?5F8DVG=> 729O7C20B8 :V=F52V 70;8H:8 Gal³(1,3)Gal, O:V 70728G09 ?@8ACB=V 2 

5?VB>?V :A5=>B@0=A?;0=B0FVW (Gal³(1,3)Gal³(1,4) GlcNAc) V @>730;C65=V9 

45B5@<V=0=BV 3@C?8 :@>2V B (Gal³(1,3)[Fuc³(1,2)]Gal) [101]. 

3.1.10. �=0;V7 V45=B8DV:>20=8E ?@>B5W=V2 <V:@>1V><C H:V@8 2 7@07:0E EVs 
?>BC ;N48=8 

"A:V;L:8 =0 H:V@V ;N48=8 ?>ABV9=> ?@8ACB=V @V7=><0=VB=V 

<V:@>>@30=V7<0<8 [39], 0 10:B5@V9=V EVs, B0:V O: 2578:C;8 7>2=VH=L>W 

<5<1@0=8 (OMV), 2A5 G0ABVH5 @>7?V7=0NBLAO B0 E0@0:B5@87CNBLAO [13, 98], 

<8 4>A;V48;8  2=5A>:  <V:@>1V><C  H:V@8 4> ?@>B5W=>2>3> A:;04C ?>BC B0 
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$8A. 3.16. �=0;V7 3;V:>78;N20==O ?@>B5W=V2 EVs 7 28:>@8AB0==O< 
;5:B8=>2>3> <V:@>G8?C. �C;> ?@>0=0;V7>20=> B@8 7@07:8 EVs-71030G5=>3> 

?>BC. 

7@07:V2 EVs ?>BC. �030;>< 1C;> V45=B8DV:>20=> 1691 ?@>B5W= 10:B5@V9=>3> 

?>E>465==O, I> ?5@528ICT :V;L:VABL ?@>B5W=V2 ;N48=8 (1305) ($8A. 3.17, A). 

EVs-71030G5=V 7@07:8 ?>BC <VAB8;8 @07>< 594 10:B5@V9=8E ?@>B5W=V2, 0 

7030;L=V 7@07:8 ?>BC 3 756. �=482V4C0;L=0 @V7=8FO 2 10:B5@V9=8E ?@>B5W=0E 

<V6 7@07:0<8 1C;0 28I>N, =V6 4;O ?@>B5W=V2 ;N48=8, 1V;LHVABL ?@>B5W=V2 

1C;> 28O2;5=> ;8H5 2 >:@5<8E 7@07:0E (1030 V7 1594), V ;8H5 ?@81;87=> 3% 

(30 ?@>B5W=V2) <>6=0 1C;> 28O28B8 C 2AVE 8 4>A;V465=8E 7@07:0E ($8A. 3.17, �). 

*V:02>, I> =0 ?;0AB8@V 1C;> 28O2;5=> 7=0G=> <5=HC :V;L:VABL ?@>B5W=V2 

10:B5@V9=>3> ?>E>465==O (80 01> 4%) ($8A. 3.17, A) 2 ?>@V2=O==V 4> :V;L:>ABV 

?@>B5W=V2 ;N48=8 (393 01> 30%).  
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� B>G:8 7>@C B0:A>=><VW, A:;04 10:B5@V9=8E ?@>B5W=V2 ?>BC, 71030G5=8E 

EVs, 1C2 7451V;LH>3> ?>4V1=8< 4> A:;04C 7030;L=8E 7@07:V2 ?>BC ($8A. 3.17, 

A, $8A. 3.18). �V;LHVABL 10:B5@V9=8E ?@>B5W=V2 C ?>BV, 71030G5=><C EVs, 

=0;560;0 Actinobacteria, ?>BV< 9H;8 Proteobacteria B0 Firmicutes ($8A. 3.17, 

�). �06;82> 70C2068B8, I> ?@>B5W=8, E0@0:B5@=V 4;O Bacteroidetes, B8?>28E 

:>;>=V70B>@V2 :8H5G=8:0, B0:>6 1C;8 V45=B8DV:>20=V 2 7@07:0E EVs ?>BC.  

&0:A>=><VG=89 @>7?>4V; 10:B5@V9=8E ?@>B5W=V2 C 7@07:0E EVs ?>BC 4C65 

@V7=82AO <V6 >:@5<8<8 ;N4L<8, I>, 9<>2V@=>, 2V4>1@060T V=482V4C0;L=V 

2V4<V==>ABV 2 10:B5@V9=><C <V:@>1V><V, O:89 =0A5;OT H:V@C ($8A. 3.17, �). 

!0?@8:;04, G0AB:0 ?@>B5W=V2 Actinobacteria :>;820;0AO 2V4 15% 4> 85% 2V4 

CAVE V45=B8DV:>20=8E 10:B5@V9=8E ?@>B5W=V2 70;56=> 2V4 7@07:0. !091V;LH0 

G0AB:0 ?>29O70=8E V7 ?;0AB8@5< 10:B5@V9=8E ?@>B5W=V2 =0;560;0 

Proteobacteria, I>, 9<>2V@=>, 2V4>1@060T A?5F8DVG=89 10:B5@V9=89 A:;04 

4V;O=:8 H:V@8, 45 1C2 @>7B0H>20=89 ?;0AB8@ [301, 105]. �030B> @>4V2, 

V45=B8DV:>20=8E ?@>B5><=8< 0=0;V7>< (Cutibacterium, Corynebacterium, 

Staphylococcus, Micrococcus B0 V=.), T B8?>28<8 :><?>=5=B0<8 <V:@>1V>B8 

H:V@8 [39]. �5O:V @>48 2:;NG0NBL 4>1@5 2V4><V ?0B>35==V 10:B5@VW, I> 

28:;8:0NBL V=D5:FVW H:V@8 (Mycobacterium, Cutibacterium, Staphylococcus, 

Campylobacter B>I>) ($8A. 3.18, �). %5@54 10:B5@V9=8E ?@>B5W=V2, O:V 

=09G0ABVH5 7CAB@VG0NBLAO 2 EVs ?>BC, 1C;8 C1V:2VB8= V 3;VF5@0;L453V4-3-

D>AD0B453V4@>35=070 (EC 1.2.1.-), O:V A?@8ONBL 2V@C;5=B=>ABV 1030BL>E 

?0B>35==8E 10:B5@V9 [155]. �=0;V7 GO 4;O «:;VB8==8E :><?>=5=BV2» ?>:0702, 

I> 1V;LHVABL V45=B8DV:>20=8E 10:B5@V9=8E ?@>B5W=V2 T F8B>?;07<0B8G=8<8 

01> ?@54AB02;ONBL ?>70:;VB8==C >1;0ABL ($8A. 3.19, A). �0 40=8<8 0=0;V7C 

GO, 28A>:>71030G5=V «<>;5:C;O@=V DC=:FVW» 4;O 10:B5@V9=8E ?@>B5W=V2 

2:;NG0;8 729O7C20==O V>=V2 <5B0;V2, 729O7C20==O =C:;5>B84V2, 0 B0:>6 

0:B82=VABL >:A84>@54C:B07 ($8A. 3.19, �), 0 «1V>;>3VG=V ?@>F5A8» 1C;8 

?@54AB02;5=V @V7=8<8 <5B01>;VG=8<8 ?@>F5A0<8 B0 2V4?>2V44N =0 

>:8A;N20;L=89 AB@5A ($8A. 3.19, �). �=>B0FVW GO 7030;L=>3> ?>BC B0 

71030G5=>3> EVs 2:;NG0;8, 2 >A=>2=><C, ?>4V1=V 10:B5@V9=V ?@>B5W=8. 
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$8A. 3.17. �0:B5@V9=V ?@>B5W=8 7@07:V2 EVs ?>BC. A. �V03@0<0 �5==0, I> 
?>@V2=NT ?@>B5W=8 10:B5@V9=>3> ?>E>465==O; �. +0AB>B0 ?>O28 10:B5@V9=8E 
?@>B5W=V2 2 >:@5<8E 7@07:0E. �>65= :>;V@ ?>:07CT, A:V;L:8 @V7=8E ?@>B5W=V2 

1C;> 7=0945=> 2 >:@5<8E 7@07:0E (1), :V;L:>E 7@07:0E (2-7) 01> 2 CAVE 

4>A;V46C20=8E 7@07:0E (8). �. $>7?>4V; ?@>B5W=V2, V45=B8DV:>20=8E 2 >:@5<8E 
7@07:0E ?>BC EVs <V6 10:B5@V9=8<8 B8?0<8.  
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$8A. 3.18. $>7?>4V; V45=B8DV:>20=8E 10:B5@V9=8E ?@>B5W=V2 EVs 70 
@V7=8<8 10:B5@V9=8<8 B8?0<8 (A) V @>40<8 (�).   
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$8A. 3.19. �;0A8DV:0FVO 10:B5@V9=8E ?@>B5W=V2 EVs ?>BC 70 0=>B0FVO<8 
GO. �=0;V7 10:B5@V9=8E ?@>B5W=V2, 28O2;5=8E C 7@07:0E 7030;L=>3> ?>BC 
(Total), 71030G5=>3> EVs (EVs enriched) V H:V@=><C ?;0AB8@V (Patch), 
E0@0:B5@=8E 4;O :;VB8==8E :><?>=5=BV2 (A), 1V>;>3VG=8E ?@>F5AV2 (�) V 
<>;5:C;O@=8E DC=:FV9 (�).  
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3.2 �>A;V465==O A:;04C EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> 
A5@54>28I0 ?CE;8==8E :;VB8=: 2?;82 =>@<>:AVW/3V?>:AVW B0 
040?B5@=>3> ?@>B5W=C RukCIN85 

3.2.1 %0@0:B5@8AB8:0 EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 
045=>:0@F8=><=8E :;VB8= =8@:8 <8HV ;V=VW Renca 70 C<>2 
=>@<>:AVW B0 3V?>:AVW 

!8@:>2>-:;VB8==0 :0@F8=><0 (RCC) - =09?>H8@5=VH5 7;>O:VA=5 

=>2>CB2>@5==O =8@>: C 4>@>A;8E ;N459, I> E0@0:B5@87CTBLAO ABV9:VABN 4> 

B@048FV9=>W ?@><5=52>W B0 EV<V>B5@0?VW, 0 B0:>6 ?><VB=> 28A>:>N G0AB>B>N 

<5B0AB07C20==O 9 ?>30=8< ?@>3=>7><. � >AB0==V @>:8 1C2 4>AO3=CB89 7=0G=89 

?@>3@5A C ;V:C20==V RCC, 7>:@5<0 H;OE>< 2?@>20465==O 2 :;V=V:C =>28E 

B5@0?52B8G=8E 70A>1V2, A:5@>20=8E =0 D0:B>@ @>ABC 5=4>B5;V9=8E :;VB8= 

AC48= (VEGF) B0 :V=07C mTOR (mammalian target of rapamycin) [21]. �>4=>G0A, 

2V4ACB=VABL =04V9=8E, :;V=VG=> 7=0G8<8E, ?@>3=>AB8G=8E <0@:5@V2 V 

=5A?@><>6=VABL 5D5:B82=> 1>@>B8AO 7 <5B0AB0B8G=8<8 C@065==O<8 T 

>A=>2=8<8 ?@>1;5<0<8, O:V 28=8:0NBL ?@8 ;V:C20==V RCC. �V4:@8BBO B>3>, 

I> A:;04 EVs 2V4>1@060T DV7V>;>3VG=89 AB0= :;VB8=8, O:0 WE A5:@5BCT, T 

=04V9=8< ?V4�@C=BO< 4;O ?>HC:C V @>7@>1:8 =>28E 4V03=>AB8G=8E 70A>1V2 4;O 

28O2;5==O @0:C =0 @0==VE AB04VOE. � ;VB5@0BC@V T B0:>6 40=V, I> V=B5=A82=VABL 

?@>4C:C20==O EVs ?CE;8==8<8 :;VB8=0<8 V A:;04 WE=L>3> <>;5:C;O@=>3> 

20=B06C @53C;NTBLAO ?>70:;VB8==8<8 AB8<C;0<8, B0:8<8 O: 3V?>:AVO [166]. 

->1 79OAC20B8, 4> O:>W <V@8 3V?>:AVO <>65 2?;820B8 =0 A5:@5FVN EVs 

:;VB8=0<8 Renca, >AB0==V :C;LB82C20;8 2 A5@54>28IV 157 FBS ?@>BO3>< 24 3>4 

70 =>@<>:A8G=8E (21% :8A=N) 01> 3V?>:A8G=8E (1% :8A=N) C<>2. �V;L:VABL 

EVs, I> 5:A?@5AC20;8 <0@:5@8 EVs, B0:V O: CD9, CD63 V CD81, 0=0;V7C20;8 2 

:>=48FV>=>20=><C A5@54>28IV 70 4>?><>3>N ?;0BD>@<8 ExoView. �8O2;5=>, 

I> :V;L:VABL EVs, 70E>?;5=8E GV?0<8, DC=:FV>=0;V7>20=8<8 0=B8BV;0<8 4> 

CD9 01> CD81, 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8=, O:V :C;LB82C20;8 70 

C<>2 3V?>:AVW, 1C;0 2 3,133,6 @07V2 28I>N ?>@V2=O=> 7 B0:8<8 40=8<8 70 C<>2 
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=>@<>:AVW ($8A. 3.20). �>4=>G0A, A?V22V4=>H5==O<8 <V6 <0@:5@0<8 70 @V7=8E 

C<>2 :C;LB82C20==O =5 7<V=N20;>AL, 1V;LHVABL EVs 1C;8 CD81-?>78B82=8<8, 

1;87L:> 1/3 CD63-?>78B82=8<8, B>4V O: <5=HVABL 5:A?@5AC20;0 CD9. !5 1C;> 

?><VG5=> 2V4<V==>AB59 V 2 A5@54=L><C @>7<V@V EVs <V6 7@07:0<8, >B@8<0=8<8 

70 C<>2 3V?>:AVW B0 =>@<>:AVW: 63± 23=< (N) B0 63±15=< (H) - GV? CD81; 

57±12=< (N) B0 61±17=< (H) 2 GV? CD9. 

 

 

$8A. 3.20. )0@0:B5@8AB8:0 EVs 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 
Renca, I> :C;LB82C20;8AL 70 C<>2 =>@<>:AVW/3V?>:AVW, 70 4>?><>3>N 

?;0BD>@<8 ExoView. (C=:FV>=0;V7>20=V GV?8 2:070=> C 25@E=L><C ;V2><C 

:CBV, 7030;L=0 :V;L:VABL EVs 28O2;5=8E C 7@07:C (1 <:3 ?@>B5W=C) ?>:070=0 

AV@8< :>;L>@><, :V;L:VABL EVs, I> 5:A?@5ACNBL <0@:5@8 CD63, CD81 V CD9, 

7>1@065=> G5@2>=8<, 75;5=8< V A8=V< :>;L>@0<8, 2V4?>2V4=>. 

�7>;N20==O EVs 7 :C;LBC@0;L=>3> A5@54>28I0 :;VB8= Renca 

74V9A=N20;8 70 4>?><>3>N C;LB@0F5=B@8DC3C20==O 2 3@04VT=BV IV;L=>ABV 01>, 

0;LB5@=0B82=>, 70 4>?><>3>N C;LB@0F5=B@8DC3C20==O 7 =0ABC?=>N 

5:A:;N7V9=>N E@><0B>3@0DVTN =0 :>;>=:0E ExoSpin ($8A. 3.21). !0<8 1C;> 

?@>2545=> HVABL =570;56=8E 284V;5=L EVs 7 28:>@8AB0==O< ExoSpin V 
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>B@8<0=> ?> B@8 V7>;OB8 EVs 2 3@04VT=BV IV;L=>ABV 4;O :>6=>3> AB0=C 

(3V?>:AVO 01> =>@<>:AVO). 

�V;L:VABL V @>7?>4V; EVs 70 @>7<V@0<8 4>A;V46C20;8 70 4>?><>3>N 

V=AB@C<5=B0@VN NTA. ' 7@07:0E, >G8I5=8E <5B>4>< ExoSpin, EVs, I> 

282V;L=N20;8AO :;VB8=0<8 70 C<>2 3V?>:AVW, E0@0:B5@87C20;8AL H8@H8< 

4V0?07>=>< @>7<V@V2 ?>@V2=O=> 7 =>@<>:AVTN, V7 A5@54=V<8 @>7<V@0<8 EVs 

167,8 ± 4,3 =< V 130,9 ± 3,6 =<, 2V4?>2V4=> ($8A. 3.21, �). #@>DV;V 

«3V?>:A8G=8E» EVs 70 @>7<V@0<8 1C;8 ?@54AB02;5=V 42><0 GVB:8<8 ?V:0<8 

(117 =< V 163 =<), B>4V O: «=>@<>:A8G=V» - ;8H5 >4=8< (99 =<). �7>;N20==O 

«3V?>:A8G=8E» EVs C;LB@0F5=B@8DC3C20==O< 2 3@04VT=BV IV;L=>ABV 

?@872>48;> 4> 7<5=H5==O 28E>4C EVs 1V;LH8E @>7<V@V2 V, O: =0A;V4>:, 

I570==O 4@C3>3> ?V:C. &><C @>7?>4V; @>7<V@V2 28O282AO 1V;LH AE>68< =0 

«=>@<>:A8G=89» (A5@54=V @>7<V@8 127,7 ± 4,1=< 70 C<>2 3V?>:AVW ?>@V2=O=> 7 

108,4 ± 4,9=< 70 C<>2 =>@<>:AVW). �V;L:VABL EVs C «3V?>:A8G=8E» 7@07:0E 1C;0 

28I>N, =V6 C «=>@<>:A8G=8E», =570;56=> 2V4 28:>@8AB0=>3> <5B>4C 

V7>;N20==O (2,60e + 11 ± 2,28e+10 G0AB8=>:/<; ?@>B8 1,36e+11 ± 1,13e+10 

G0AB8=>:/<; 4;O ExoSpin, p f 0,01; 2,10e+10 ± 4,20e+09 G0AB8=>:/<; ?@>B8 

9,96 +09 ± 1,87e+09 G0AB8=>:/<; 4;O 3@04VT=B0 IV;L=>ABV; p f 0,01). 

!040;V, ?@5?0@0B8 EVs, >B@8<0=V 7 :C;LBC@0;L=>3> A5@54>28I0 :;VB8= 

Renca, 0=0;V7C20;8 B@0=A<VAV9=>N 5;5:B@>==>N <V:@>A:>?VTN (&� ) =0 

<V:@>A:>?V Tecnai G2. �<C==5 <VG5==O 7@07:V2 0=B8BV;>< 4> CD63 ?@>2>48;8 

O: >?8A0=> 2 « 0B5@V0;0E V <5B>40E». !0 >B@8<0=8E <V:@>D>B>3@0DVOE ($8A. 

3.21, �) 28O2;5=> EVs 7 4V0?07>=>< @>7<V@V2 2V4 30 4> 200 =<. �0 28=OB:>< 

<5=H8E EVs, O:V =5<>6;82> 28O28B8 70 4>?><>3>N NTA, @>7?>4V; @>7<V@V2, 

2AB0=>2;5=89 TEM, 2V4?>2V402 40=8< NTA. �V;LHVABL EVs 5:A?@5AC20;8 

B5B@0A?0=V= CD63, <0@:5@, O:89 H8@>:> 28:>@8AB>2CTBLAO 4;O 

E0@0:B5@8AB8:8 EVs.  

�V;LH 45B0;L=89 0=0;V7 EVs 7 :;VB8= Renca ?@>2>48;8 �5AB5@=-

1;>B8=3>< 7 28:>@8AB0==O< 0=B8BV; ?@>B8 ALIX, TSG101, CD81 V CD9. !0 

4>@V6:8 1C;> 7020=B065=> >4=0:>2C :V;L:VABL ?@>B5W=C. GM130, :><?>=5=B 
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<5<1@0= �>;L46V, A;C3C202 =530B82=8< :>=B@>;5< ($8A. 3.21, �). �0 @V2=O<8 

2<VABC 4>A;V46C20=8E <0@:5@V2 <>6=0 7@>18B8 28A=>2>:, I> AB0= 3V?>:AVW 

?@872>48BL 4> 7=0G=>3> ?>A8;5==O A5:@5FVW EVs. *O V=4C:FVO 1C;0 1V;LH 

28@065=>N C 7@07:0E EVs, V7>;L>20=8E C;LB@0F5=B@8DC3C20==O< C 3@04VT=BV 

IV;L=>ABV. %5@54 CAVE 4>A;V46C20=8E <0@:5@V2 EVs, CD9 28O282AO =091V;LH 

?><VB=> V=4C:>20=89 3V?>:AVTN ($8A. 3.13, �). 
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$8A. 3.21. )0@0:B5@8AB8:0 EVs, I> A5:@5BCNBLAO :;VB8=0<8 Renca 70 
C<>2 =>@<>:AVW/3V?>:AVW, V7>;L>20=8E C;LB@0F5=B@8DC3C20==O< 2 3@04VT=BV 

IV;L=>ABV (Gradient), 01> ?>A;V4>2=8< C;LB@0F5=B@8DC3C20==O< 7 =0ABC?=>N 

5:A:;N7V9=>N E@><0B>3@0DVTN (ExoSpin). �. �>=F5=B@0FVO EVs V @>7?>4V; 
G0AB8=>: 70 @>7<V@0<8 70 40=8<8 NTA. �. &@0=A<VAV9=0 5;5:B@>==0 
<V:@>A:>?VO, V<C==5 <VG5==O 0=B8BV;0<8 4> CD63. �. �5AB5@=-1;>B 0=0;V7 7 
0=B8BV;0<8 ?@>B8 B8?>28E <0@:5@V2 EVs, =530B82=89 :>=B@>;L - 7 0=B8BV;0<8 

?@>B8 GM130. 

!0 4>40B>: 4> RCC <8HV 1C;> B0:>6 ?@>0=0;V7>20=> 2?;82 3V?>:AVW =0 

?@>4C:C20==O EVs :;VB8=0<8 786-O, >B@8<0=8<8 7 RCC ;N48=8. �=0;V7 

:C;LBC@0;L=>3> A5@54>28I0 70 4>?><>3>N ExoView ?>:0702, I> 3V?>:AVO V 2 

FL><C 28?04:C V=4C:CT ?@>4C:C20==O EVs :;VB8=0<8 786-O, E>G0 2 =01030B> 

<5=HV9 <V@V ?>@V2=O=> 7 :;VB8=0<8 Renca <8HV ($8A. 3.22). NTA-0=0;V7 EVs, 

V7>;L>20=8E 7 :C;LBC@0;L=>3> A5@54>28I0 :;VB8= 786-O 70 4>?><>3>N 

ExoSpin, ?@>45<>=AB@C20;0 1V;LHC :V;L:VABL EVs C «3V?>:A8G=8E» 7@07:0E 

1,09e+11 ± 9,83e+9 G0AB8=>:/<; ?@>B8 5,61e+10 ± 3,57e+9 G0AB8=>:/<; 3 C 

«=>@<>:A8G=8E», p f 0,01 ($8A. 3.23, �).  
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$8A. 3.22. )0@0:B5@8AB8:0 EVs 7 :C;LBC@0;L=>3> A5@54>28I0 :;VB8= 
786-O (Normoxia/Hypoxia) 70 4>?><>3>N ?;0BD>@<8 ExoView. 

(C=:FV>=0;V7>20=V GV?8 2:070=> C 25@E=L><C ;V2><C :CBV, 7030;L=0 :V;L:VABL 

EVs 28O2;5=8E C 7@07:C (1 <:3 ?@>B5W=C) ?>:070=0 AV@8< :>;L>@><, :V;L:VABL 

EVs, I> 5:A?@5ACNBL <0@:5@8 CD63, CD81 V CD9, 7>1@065=> G5@2>=8<, 

75;5=8< V A8=V< :>;L>@0<8, 2V4?>2V4=>. 

 

!0 2V4<V=C 2V4 <8H0G8E :;VB8= Renca, 4;O :;VB8= 786-O =5 A?>AB5@V30;8 

VAB>B=8E 7<V= @>7<V@C EVs (A5@54=V @>7<V@8 153,5 ± 3,5 =< V 177,5 ± 8,7 =< 4;O 

3V?>:AVW B0 =>@<>:AVW, 2V4?>2V4=>). �5AB5@=-1;>B 0=0;V7>< 2AB0=>2;5=> B0:>6 

7@>AB0==O 2<VABC CD81 2 EVs 70 C<>2 3V?>:AVW ($8A. 3.24). 
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$8A. 3.23. )0@0:B5@8AB8:0 EVs, I> A5:@5BCNBLAO :;VB8=0<8 786-O 70 
C<>2 =>@<>:AVW/3V?>:AVW, V7>;L>20=8E C;LB@0F5=B@8DC3C20==O< 7 =0ABC?=>N 
5:A:;N7V9=>N E@><0B>3@0DVTN (ExoSpin). �. �>=F5=B@0FVO EVs V @>7?>4V; 
G0AB8=>: 70 @>7<V@0<8 70 40=8<8 NTA. �. &@0=A<VAV9=0 5;5:B@>==0 
<V:@>A:>?VO: =530B82=5 D0@1C20==O C@0=V;-0F5B0B><. 

 

$8A. 3.24. �5AB5@=-1;>B 0=0;V7 EVs 7 7 :C;LBC@0;L=>3> A5@54>28I0 
:;VB8= 786-O. A. � 0=B8BV;0<8 ?@>B8 CD81. �. � 0=B8BV;0<8 ?@>B8 GM130 
(=530B82=89 :>=B@>;L).   
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3.2.2 �>A;V465==O >A>1;82>AB59 EV<VG=>3> A:;04C EVs 70 4>?><>3>N 
>1<565=>W 2 G0AV $0<0=V2AL:>W A?5:B@>A:>?VW (Time-Gated Raman 
Spectroscopy, TG-RS) B0 ?V4A8;5=>W ?>25@E=5N >1<565=>W 2 G0AV 
$0<0=V2AL:>W A?5:B@>A:>?VW (Surface Enhanced Time-Gated Raman 
Spectroscopy, TG-SERS) 

�8O2;5=V 7<V=8 2 :V;L:>ABV B0 <>;5:C;O@=><C A:;04V EVs, 7C<>2;5=V 

2?;82>< 3V?>:AVW 2 @0:>28E :;VB8=0E RCC, AB0;8 ?V4AB02>N 4;O ?5@52V@:8 

<>6;82>ABV 28:>@8AB0==O A?5:B@0;L=>3> 0=0;V7C =0 >A=>2V :><1V=0FV9=>3> 

@>7AVN20==O 7 G0A>28< >1<565==O< (TG1RS) O: =>2>3> :>@8A=>3> 

0=0;VB8G=>3> V=AB@C<5=BC 4;O 4>A;V465==O >A>1;82>AB59 EV<VG=>3> A:;04C 

F8E AB@C:BC@. !0 @8A. 3.25 ?>:070=> @V7=8FN 2 ?@83=VG5==V D>=C V=4C:>20=>W 

D;C>@5AF5=FVW <V6 TG-RS ($8A. 3.25, A) V 728G09=8<8 ?0@0<5B@0<8 

:><1V=0FV9=>3> @>7AVN20==O ($8A. 3.25, �) 7 28:>@8AB0==O< ?>@V2=O;L=>W 

4>268=8 E28;V 71C465==O 4;O «3V?>:A8G=8E» V «=>@<>:A8G=8E» 7@07:V2. 

 

$8A. 3.25. �?;82 D>=>2>W D;C>@5AF5=FVW =0 28<V@N20==O RS. $V7=8FO 
<V6 RCC <8HV B0 ;N48=8 70 @V7=8E =0;0HBC20=L A?5:B@><5B@0. A. 'A5@54=5=V 
A?5:B@8 TG-RS (»exc = 532 =<) EVs, V7>;L>20=8E F5=B@8DC3C20==O< C 
3@04VT=BV IV;L=>ABV (75;5=89 V A8=V9) V 70 4>?><>3>N Exo-spin (G5@2>=89, 
G>@=89, :>@8G=5289, 1565289). �. 'A5@54=5=V A?5:B@8 RS ?@8 728G09=V9 
157?5@5@2=V9 E28;V 71C465==O (»exc = 514 =<) 4;O EVs <8HV (G5@2>=89 V 
G>@=89). N 3 =>@<>:AVO, H 3 3V?>:AVO.   
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�3V4=> 7 >B@8<0=8<8 40=8<8, A?5:B@8 TG-RS 4>72>;ONBL 

?@>0=0;V7C20B8 2V4<V==>ABV <V6 «=>@<>:A8G=8<8» B0 «3V?>:A8G=8<8» EVs, 

B>4V O: 70 C<>2 28:>@8AB0==O 157?5@5@2=>W E28;V 71C465==O (CW) FV 

A?5:B@0;L=V >A>1;82>ABV =5 28O2;ONBLAO. �5B5:B>20=V A83=0;8 $0<0=V2AL:>3> 

@>7AVN20==O B0 WE ?>E>465==O ?5@5@0E>20=V 2 &01;. 3.3. [269]. !0 @8A. 3.26 

?@54AB02;5=> A?5:B@8 :><1V=0FV9=>3> @>7AVN20==O TG-RS V CW 4;O 7@07:V2 

:C;LBC@0;L=>3> A5@54>28I0 :;VB8= ?VA;O 2840;5==O EVs F5=B@8DC3C20==O< 

?@8 100 000 g (:>=B@>;L). 

 

$8A. 3.26. %?5:B@8 :><1V=0FV9=>3> @>7AVN20==O 7@07:V2 :C;LBC@0;L=>3> 
A5@54>28I0 :;VB8=, 2V;L=8E 2V4 EVs. A. TG-RS 7 45O:8<8 ?><VB=8<8 ?V:0<8. 

�. CW -  157 1C4L-O:8E ?><VB=8E A83=0;V2. 
/: 284=> 7 @8A. 3.25, A, TG-RS CA5@54=5=V A?5:B@8 EVs, >B@8<0=V 4;O 

H5AB8 7@07:V2 Renca/ExoSpin, B@L>E V7>;OBV2 Renca/3@04VT=B IV;L=>ABV B0 

B@L>E V7>;OBV2 786-O/ExoSpin E0@0:B5@87CNBLAO A?5F8DVG=8<8 

2V4<V==>ABO<8, O:V :>@5;NNBL V7 2?;82>< 3V?>:AVW B0 =>@<>:AVW. #>4V1=VABL 

A?5:B@0;L=8E ?V:V2 4;O 2AVE 284V;5=L, B0:8E O: A83=0BC@8 ?@>B5W=V2 

(B8@>78=/B@8?B>D0= ?@8 830 A<-1, D5=V;0;0=V= ?@8 1000 A<-1, 122031235 A<-1 V 

1;87L:> 1600 A<-1), 45B5:BCNBLAO 2 @09>=V 0<V4C (I-IV). *V:02>, I> 

4><V=C20==O 0<V4C I T <5=H 28@065=8< 4;O EVs, I> ?@>4C:CNBLAO :;VB8=0<8 

786-O, =V6 4;O EVs, >B@8<0=8E 7 Renca, O: @57C;LB0B 2V4<V==>AB59 2 

:>=F5=B@0FVOE EVs, A5:@5B>20=8E F8<8 :;VB8==8<8 ;V=VO<8.  
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&01;8FO 3.3  
"@VT=B>2=V 7=0G5==O A83=0;V2 $0<0=V2AL:>W A?5:B@>A:>?VW (Raman/SERS) [269] 
CW 

Raman 
TG-

Raman 
"@VT=B>2=V 7=0G5==O A83=0;V2 
$0<0=V2AL:>W A?5:B@>A:>?VW #>E>465==O/:0B53>@VO 

440 

460 ¿(C3S) 3 
5503560 S3S stretching Phosphates or cholesterol 
578 ¿(S3S) 3 
624 C3C twisting mode Aromatic ring deformation 

640 6553666 ¿(C3S) or C3C twisting mode of tyrosine Tyrosine or Tryptophan 
7103731 DNA/CH2 rocking (cAMP) or Adenine 

750 

757 Tryptophan Tryptophan 
7753780 Amide IV (tryptophan) Amide IV (tryptophan) 
810 O3P3O stretch RNA or phosphates 
830 Tyrosine Tyrosine 

850 C3C ring breathing mode in tyrosine or 
polysaccharide structure Tyrosine or media compounds 

8703
880 

8773880 Ethanol or acetate in media Ethanol or acetate 
920 N3C³3C stretch Glucose or lactic acid 
960 C3C skeletal stretch in protein (³-sheet) CH bend 
9903995 Uracil or 12-methyl-tetradecanoic acid 3 
1000 R breathing Phenylalanine 
10303
1040 ¿(C3N) Glycogen or proline 

10503
1070 C3O and C3N stretching of proteins Proteins 

1080 

1085 Ethanol Ethanol 
11203
1130 C3N stretch in polypeptide chains ³-d-glucose 

11703
1180 C 2 O 2 C or P 2 O stretch Phosphates, tryptophan or tyrosine 

12183
1221 ¿(C 2 C) Tyrosine, Phenylalanine 

1235 CONH group Amide III 

1277 

1278 Ethanol Ethanol or amide III 
1310 CH2 twist Lipids 
13303
1335 CH3CH2 wagging mode Polynucleotide chain (purine bases) 

13503
1362 Ferri (Fe3+) hemoproteins, Nucleotide 

1385 Aromatic ring vibrations of nucleic acids DNA/RNA macromolecules 
1405 ·(CH3), ¿(COO2) - 

1440 C 2 H defect Nucleobase 

1455 

1455 C 2 H deformation (CH2) Lipids or cholesterol 

1460 Deformation of hydrocarbon chains or 
ethanol Ethanol 

1494 Spermine Spermine phosphate hexahydrate 

15053
1514 

1510 ¿(R,r), ¿(C 2 H) Tryptophan 
1520 N3H bend and C3N stretch Amide II, carotenoids 
15553
1560 Tryptophan: ¿(R) Amide II, Tryptophan 

16013
1610 Aromatic amino acids Phenylalanine or Tyrosine 

16203
1625 Amino acids, Ferri (Fe3+) hemoproteins 

1640 1650 C = O stretch Amide I 
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�=H8<8 2V4<V==>ABO<8 <V6 :;VB8==8<8 ;V=VO<8 T 2V4ACB=VABL 

45D>@<0FVW 729O7:C C3H (;V?V48 01> E>;5AB5@8=, B01;. 4) ?@8 1;87L:> 1455 

A<21 V GVB:0 =0O2=VABL @>7BO3C20==O 729O7:V2 C3O3C/P3O 2 EVs RCC ;N48=8. 

�0;8H:8 ?@>F54C@8 >G8I5==O EVs, B0:V O: 5B0=>; (:><?>=5=B 1CD5@0, 2 

O:><C ?>AB0G0NBLAO :>;>=:8 ExoSpin; A83=0;8 ?@8 880 V 1278 A<21), T 

?><VB=8<8 2 CW $0<0=V2AL:V9 A?5:B@>A:>?VW 9 :@0I5 45B5:BCNBLAO ?@8 

28:>@8AB0==V TG-RS ($8A. 3.25). %83=0;8 4;O 3;N:>78 (1;87L:> 920 A<21 V 

1130 A<21) V 3;V:>35=C (1030 A<21) 28O2;ONBLAO ;8H5 2 A?5:B@0;L=8E 40=8E, 

>B@8<0=8E 70 4>?><>3>N TG-RS. 

%?5:B@8 :><1V=0FV9=>3> @>7AVN20==O ?@54AB02;5=V 48D5@5=FV9=8<8 

?0B5@=0<8 B0:>6 70;56=> 2V4 281@0=8E <5B>4V2 >G8I5==O EVs. �>:@5<0, ?V: 

?@8 1520 A<21, E0@0:B5@=89 4;O D@03<5=BV2 B@8?B>D0=C 01> :0@>B8=>W4V2, 

45B5:BC202AO ;8H5 4;O EVs, O:V 1C;8 >G8I5=V C;LB@0F5=B@8DC3C20==O< 2 

3@04VT=BV IV;L=>ABV, 0;5 =5 1C2 ?><VG5=89 C 7@07:0E, >G8I5=8E 70 4>?><>3>N 

ExoSpin. �8O2;5=0 @V7=8FO <>65 1CB8 7C<>2;5=0 7V 7<V=0<8 2 :V;L:>ABV 

35<2<VA=8E ?@>B5W=V2 [156]. �>1@5 ?><VB=V ?V:8 ?@8 6503660 A<21, :V;L:VABL 

O:8E 2V4@V7=OTBLAO 4;O 7@07:V2 EVs, >G8I5=8E 70 4>?><>3>N ExoSpin 01> 2 

3@04VT=BV IV;L=>ABV, ?>29O70=V 7 D>AD0B0<8, ?@8ACB=V<8 2 1CD5@V 4;O 

@>72545==O B0 :C;LBC@0;L=><C A5@54>28IV [302]. �V4<V==>ABV C $0<0=V2AL:8E 

A?5:B@0E <V6 7@07:0<8 EVs <>6CBL B0:>6 287=0G0B8AO 7<VI5==O< V D>@<>N 

?V:V2, >A>1;82> 2 4V0?07>=V 7803960 A<21, I> 2:07CT =0 ?@8ACB=VABL 

=C:;5W=>28E :8A;>B. ' 7@07:0E EVs, V7>;L>20=8E C 3@04VT=BV IV;L=>ABV, 

D5=V;0;0=V= ?>B@0?;OT 2 A?5:B@0;L=C >1;0ABL 7 42><0 ?><VB=8<8 ?V:0<8 2 

4V0?07>=V 9903995 A<21, O:V 70728G09 ?@8?8ACNBL C@0F8;C.  

+CB;82VABL TG-RS <>6=0 4>40B:>2> <>48DV:C20B8 70 4>?><>3>N 

:><5@FV9=8E =0=>G0AB8=>: A@V1;0 (Ag NPs) 4;O ?V4A8;5==O $0<0=V2AL:>3> 

A83=0;C 2 TG-SERS (Time-gated Surface-enhanced Raman spectroscopy). �0 

40=8<8, ?@54AB02;5=8<8 =0 @8A. 3.27, 4><V=CNGV A?5:B@0;L=V ?V:8 ?@8 650, 

1000, 1220 V 1600 A<21 70728G09 ?>2'O70=V 7 ?@>B5W=0<8 2 1V>;>3VG=8E 7@07:0E. 

!0=>G0AB8=:8 Ag NPs =5 ?@>=8:0NBL G5@57 ;V?V4=C <5<1@0=C EVs, 0;5 
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2>4=>G0A <>6CBL ?>A8;N20B8 >?B8G=5 ?>;5 =0 ?>25@E=V 2578:C;, I> 

?@872>48BL 4> ?>A8;5==O A?5:B@0;L=8E E0@0:B5@8AB8:, ?>29O70=8E 7 

?>25@E=528<8 :><?>=5=B0<8 EVs. !87:0 V=H8E ?V:V2, V45=B8DV:>20=8E 70 

4>?><>3>N TG-SERS, <0;8 5:2V20;5=B=V E0@0:B5@8AB8:8 B0:8< 4;O TG-RS 

($8A. 3.25, A; $8A. 3.27, A) V, 2 >A=>2=><C, 2V4?>2V40;8 RCC <8HV B0 ;N48=8. 

#>O2C ?V:C =02:>;> 1410 A<21 <>6=0 ?>OA=8B8 ;8H5 1V;LH>N :V;L:VABN DNA 

C 7@07:0E RCC ;N48=8 [152]. ":@V< B>3>, 4;O 7@07:V2 EVs RCC ;N48=8 

3V?>:A8G=89 AB0= <>6=0 48D5@5=FVN20B8 70 =86G>N 2V1@0FVTN 729O7:C C3C V 

2V4ACB=VABN 729O7:C C3N ($8A. 3.27, � &01;. 3.3). �030;><, ?@8 ?>@V2=O==V 

A?5:B@V2 TG-RS V TG-SERS 7@07:V2 EVs, V7>;L>20=8E 70 4>?><>3>N Exo-Spin, 

240;>AL V45=B8DV:C20B8 :V;L:0 1V;LH @V7:8E V ?><VB=8E ?V:V2 2 TG-SERS, O:V 

4>72>;ONBL :@0I5 48D5@5=FVN20B8 3V?>:A8G=89 B0 =>@<>:A8G=89 AB0=8. !0 

?5@H89 ?>3;O4, 7=0G=0 20@V015;L=VABL A?5:B@0;L=8E E0@0:B5@8AB8: EVs T 

=54>;V:>< ?@8 ?V4A8;5==V $0<0=V2AL:>3> A83=0;C 70 4>?><>3>N Ag NP ($8A 

3.28). #@>B5, 4>1@5 2V4><>, I> ?V4A8;5==O $0<0=V2AL:>3> A83=0;C 70 

4>?><>3>N SERS T 2@07;828< 4> ?@>1;5< ?>2B>@N20=>ABV, O:V 28=8:0NBL 

G5@57 @V7=V 2V4AB0=V <V6 =0=>G0AB8=:0<8 B0 FV;L>28<8 1V><>;5:C;0<8. *V 

?@>1;5<8 <>6CBL 1CB8 ?>4>;0=V 7024O:8 28:>@8AB0==N 24>A:>=0;5=>W 

>4=>@V4=>W ?V4:;04:8 4;O ?V4A8;5==O A83=0;C [269] 

�0 @57C;LB0B0<8 ?@>2545=8E 4>A;V465=L <>6=0 7@>18B8 28A=>2>:, I> 

TG-RS V TG-SERS, 0;5 =5 728G09=0 RS 157?5@5@2=>3> E28;L>2>3> 71C465==O, 

T :>@8A=8<8 <5B>4>;>3VG=8<8 ?V4E>40<8 4;O 0=0;V7C 7<V= C <>;5:C;O@=><C 

A:;04V EVs, I> ?V4B25@46CTBLAO ?>@V2=O==O< A?5:B@0;L=8E 40=8E 

:><1V=0FV9=>3> @>7AVN20==O <V6 7@07:0<8 EVs, >B@8<0=8<8 7 :;VB8= RCC, 

I> :C;LB82C20;8AL 70 C<>2 3V?>:AVW 01> =>@<>:AVW. #V4EV4 RS 2840TBLAO B0:>6 

:>@8A=8< 4;O V;NAB@0FVW O:>ABV EVs, >B@8<0=8E 7 @V7=8E :;VB8==8E ;V=V9 G8 

>G8I5=8E @V7=8<8 <5B>40<8. 
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$8A. 3.27. #>@V2=O;L=89 0=0;V7 A?5:B@V2 TG-SERS 4;O EVs, 

A5:@5B>20=8E :;VB8=0<8 RCC <8HV (A) B0 RCC ;N48=8 (�), O:V 
:C;LB82C20;8AL 70 C<>2 =>@<>:AVW (N, G5@2>=89 :>;V@) 01> 3V?>:AVW (H, G>@=89 
:>;V@). 'AV 7@07:8 V7>;L>20=V 70 4>?><>3>N Exo-spin. 

 

$8A. 3.28. (�) �0@V015;L=VABL A?5:B@V2 TG-SERS 4;O 7@07:V2 EVs: 

=>@<>:AVO (N) 3 G5@2>=89 :>;V@; 3V?>:AVO (H) 3 G>@=89 :>;V@. (�) #>@V2=O==O 
A?5:B@V2: TG-SERS (=>@<>:AVO 3 G5@2>=89 :>;V@; 3V?>:AVO 3 G>@=89 :>;V@) B0 

TG-RS (=>@<>:AVO 3 A8=V9 :>;V@; 3V?>:AVO 3 75;5=89 :>;V@), V7>;L>20=8E 70 

4>?><>3>N ExoSpin.  
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3.2.3 �=0;V7 ?@>B5W=>2>3> A:;04C EVs, I> ?@>4C:CNBLAO :;VB8=0<8 
Renca 70 C<>2 3V?>:AVW 01> =>@<>:AVW, 70 4>?><>3>N <0A-
A?5:B@><5B@VW (LS-MS) 

�;O 3;81H>3> V 45B0;L=VH>3> 0=0;V7C >A>1;82>AB59 ?@>B5W=>2>3> A:;04C 

EVs, I> ?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8 70 C<>2 3V?>:AVW 01> =>@<>:AVW, 

<8 28:>@8AB0;8 <0A-A?5:B@><5B@8G=89 0=0;V7 (LS-MS, A8AB5<0 Easy-nLC 

1000) O: >?8A0=> 2 « 0B5@V0;0E V <5B>40E». � FVTN <5B>N 1C;> 4>A;V465=> 

?@>B5W=>289 A:;04 ?9OB8 ?0@ 7@07:V2 EVs :;VB8= Renca I> 1C;8 V7>;L>20=V 70 

4>?><>3>N :>;>=>: ExoSpin. 

�030;><, <0A-A?5:B@><5B@8G=8< 0=0;V7>< 1C;> 28O2;5=> 1388 

C=V:0;L=8E ?@>B5W=V2 2 V=482V4C0;L=8E 7@07:0E EVs ($8A 3.29, �, �>40B:8, 

&01;. 5), 2 B><C G8A;V 1V;LHVABL <0@:5@=8E ?@>B5W=V2 EVs, B0:8E O: CD81, 

CD9, CD63 V TSG101. �06;82> 707=0G8B8, I> FV <0@:5@=V ?@>B5W=8 1C;8 

2V4ACB=V C 7@07:0E AC?5@=0B0=BV2 ?VA;O >A0465==O EVs 

C;LB@0F5=B@8DC3C20==O<, =570;56=> 2V4 C<>2 :C;LB82C20==O :;VB8=, 3V?>:AVW 

G8 =>@<>:AVW (�>40B:8, &01;. 6). *V 40=V 1C;8 ?V4B25@465=V @57C;LB0B0<8 

�5AB5@=-1;>B 0=0;V7C ($8A. 3.21, �) �=0;V7 35==>W >=B>;>3VW (GO) 

(http://geneontology.org/) 4>72>;82 V45=B8DV:C20B8 60 1V>;>3VG=8E ?@>F5AV2, 

I> 1C;8 =04<V@=> ?@54AB02;5=V (p f 0,05) 4;O ?@>B5W=V2 EVs :;VB8= Renca. 

%5@54 F8E ?@>F5AV2, 1V>A8=B5B8G=V B0 <5B01>;VG=V H;OE8, ?>29O70=V 7 

V=>78=<>=>D>AD0B>< (IMP), O:89 2V4V3@0T F5=B@0;L=C @>;L C 

2=CB@VH=L>:;VB8==><C <5B01>;V7<V ?C@8=V2, 28O28;8AL =091V;LH ?><VB=> 

71030G5=8<8 (�>40B:8, &01;. 7). 

� 882 ?@>B5W=V2, 28O2;5=8E C AC?5@=0B0=B0E ?VA;O 

C;LB@0F5=B@8DC3C20==O, 704 1C;8 A?V;L=8<8 7 ?@>B5><>< EVs ($8A. 3.29, A). 

�=0;V7>< GO V45=B8DV:>20=> 58 1V>;>3VG=8E ?@>F5AV2, 4>AB>2V@=> (p f 0,05) 

71030G5=8E ?@>B5W=0<8 C A:;04V AC?5@=0B0=BV2 :;VB8= Renca (�>40B:8, &01;. 

8). �8H5 16 V7 V45=B8DV:>20=8E 1V>;>3VG=8E ?@>F5AV2 1C;8 >4=>G0A=> 

71030G5=V =5@>7G8==8<8 (EVs) V @>7G8==8<8 (AC?5@=0B0=B8) ?@>B5W=0<8. 
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#>@V2=O==O <V6 «3V?>:A8G=8<8» B0 «=>@<>:A8G=8<8» EVs ?>:070;>, 

I> 1V;LHVABL V45=B8DV:>20=8E ?@>B5W=V2 (1093, 01> 79%) 1C;8 7=0945=V C 

A:;04V O: «=>@<>:A8G=8E», B0: V «3V?>:A8G=8E» 7@07:V2, 197 ?@>B5W=V2 - ;8H5 2 

«=>@<>:A8G=8E» V 98 ?@>B5W=V2 3 ;8H5 C 3V?>:A8G=8E 7@07:0E (�>40B:8, &01;. 

9 B0 10). �@V< B>3>, 0=0;V7 >:@5<8E ?5?B84V2 4>72>;82 2AB0=>28B8, I> 29 

?@>B5W=V2, A?V;L=8E O: 4;O «3V?>:A8G=8E», B0: V «=>@<>:A8G=8E» 7@07:V2, 

7=0G=> 2V4@V7=ONBLAO 70 2<VAB>< (A?V22V4=>H5==O =04;8H:C 

3V?>:AVO/=>@<>:AVO, p f 0,05) (&01;. 3.4). �<VAB 26 ?@>B5W=V2 1C2 ?V428I5=89 2 

«3V?>:A8G=8E» 7@07:0E, 0 @5HB0 - 2 «=>@<>:A8G=8E». "4=8< 7 ?@>B5W=V2, 2<VAB 

O:>3> 2 EVs 7=0G=> 7@>AB02 70 C<>2 3V?>:AVW, 1C2 5:7>A><=89/EVs <0@:5@, 

B5B@0A?0=V= CD9. *V 40=V 1C;8 B0:>6 ?V4B25@465=V 70 4>?><>3>N �5AB5@=-

1;>B 0=0;V7C ($8A. 3.21, �). �=0;V7 71030G5==O GO 4;O «:;VB8==8E 

:><?>=5=BV2» ?>:0702, I> V45=B8DV:>20=V ?@>B5W=8 EVs, 2<VAB O:8E 

7<V=N202AO 70 C<>2 3V?>:AVW, 1C;8 2 >A=>2=><C ?>29O70=V 7 ?;07<0B8G=8<8 

<5<1@0=0<8 B0 :><?;5:A0<8 :;VB8==>W 04357VW/V=B53@8=0<8 ($8A. 3.29, �). 

�=0;V7>< GO 4;O «<>;5:C;O@=8E DC=:FV9» B0: A0<> 28O2;5=> 71030G5==O =0 

?@>B5W=8 :;VB8==>W 04357VW/729O7C20==O V=B53@8=V2, 0 B0:>6 4;O 729O7C20==O 7 

@5F5?B>@0<8 ($8A. 3.29, B). �0B53>@VO «1V>;>3VG=89 ?@>F5A» 45<>=AB@CT 

71030G5==O EVs =0 ?@>B5W=8, I> V=4C:CNBLAO 3V?>:AVTN (p = 0,0132), >A=>2=0 

DC=:FVO O:8E ?>;O30T 2 V<?>@BV 20=B06C 2 :;VB8=C-<VH5=L. 

$57C;LB0B8 ?@>2545=8E 4>A;V465=L 4>72>;ONBL 7@>18B8 28A=>2>:, I> 

E0@0:B5@=8<8 >A>1;82>ABO<8 ?@>B5W=>2>3> A:;04C EVs, O:V 282V;L=ONBLAO 

:;VB8=0<8 Renca 70 C<>2 3V?>:AVW, T 71030G5==O =0 <5<1@0==V ?@>B5W=8, O:V, O: 

2V4><>, 15@CBL CG0ABL C :;VB8==8E ?@>F5A0E, B0:8E O: 04357VO, 729O7C20==O 

@5F5?B>@V2, 70157?5G5==O V<?>@BC 20=B06C 2 :;VB8=C-<VH5=L [269]. 
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$8A 3.29. #@>B5><=89 0=0;V7 EVs, I> 282V;L=ONBLAO :;VB8=0<8 Renca 
?@8 3V?>:AVW B0 =>@<>:AVW. �. #>@V2=O==O ?@>B5W=V2, 7=0945=8E C 7@07:0E EVs, 
V7>;1>20=8E 70 4>?><>3>N ExoSpin (3V?>:AVO/=>@<>:AVO), V ?@>B5W=V2, 

7=0945=8E C AC?5@=0B0=B0E (SN) (3V?>:AVO/=>@<>:AVO). (0:B8G=V A?8A:8 

?@>B5W=V2 ?@82545=> 2 �>40B:0E, B01;8FV 5 V 6. �. GO20=0;V7 ?@>B5W=V2, O:V 
7=0G=> 2V4@V7=ONBLAO 70 2<VAB>< C «3V?>:A8G=8E» V «=>@<>:A8G=8E» EVs 4;O 

«�;VB8==8E :><?>=5=BV2». B. GO-0=0;V7 B8E A0<8E ?@>B5W=V2 4;O 

« >;5:C;O@=8E DC=:FV9». GO �;VB8==89 :><?>=5=B: 1. #@>B5W=>289 
:><?;5:A ?;07<0B8G=>W <5<1@0=8; 2. "1;0ABL ?;07<0B8G=>W <5<1@0=8; 3. 

�07>;0B5@0;L=0 ?;07<0B8G=0 <5<1@0=0; 4. �0B5@0;L=0 ?;07<0B8G=0 <5<1@0=0; 

5. �><?;5:A V=B53@8= 0;LD05-15B01; 6. �=B53@8=>289 :><?;5:A; 7. 

#@>B5W=>289 :><?;5:A, I> 15@5 CG0ABL C :;VB8==V9 04357VW; 8.  5<1@0==89 

?@>B5W=>289 :><?;5:A; 9.  5<1@0=0 V=204>?>4V9. GO  >;5:C;O@=0 
DC=:FVO: 1. �2'O7C20==O V=B53@8=V2; 2. �2'O7C20==O <>;5:C; :;VB8==>W 04357VW; 
3. �2'O7C20==O 7 @5F5?B>@0<8; 4. �2'O7C20==O <0:@><>;5:C;O@=8E :><?;5:AV2 

[269].   
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&01;8FO 3.4 
#@>B5W=8, 2<VAB O:8E 7=0G=> 2V4@V7=OTBLAO  2 EVs :;VB8= Renca, O:V 

:C;LB82C20;8AL 70 C<>2 3V?>:AVW/=>@<>:AVW [269]. 
Accession  Description Abundance 

ratio: 
hyp/norm 

Abundanc
e ratio 
Adj. p-

value 
Q9Z1P8  Angiopoietin-related protein 4 0.037 0.002328 
Q8R1L8  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 
Q9CQI3  Glia maturation factor beta 6.491 0.040723 
Q9DAS9  
 

Guanine nucleotide-binding protein 
g(i)/g(s)/g(o) subunit 
gamma-12 

6.843 0.008032 

P63044  Vesicle-associated membrane protein 2 7.432 0.008003 
Q64735-1  Complement component receptor 1-like 

protein 
7.795 0.030157 

P35278  Ras-related protein Rab-5C 8.976 0.04162 
Q3U9N9-1  Monocarboxylate transporter 10 9.483 0.002105 
Q9Z0G9  Claudin-3 9.713 0.045659 
P40240  CD9 antigen 9.805 0.046305 
Q9R1Q7  Proteolipid protein 2 10.053 0.007324 
Q8BGA2  LHFPL tetraspan subfamily member 2 

protein 
10.091 0.002328 

Q8VDN2  Sodium/potassium-transporting ATPase 
subunit alpha-1 

10.424 0.038954 

Q62470  Integrin alpha-3 10.694 0.036181 
Q9EPT5-1 Solute carrier organic anion transporter 

family member 
2A1 

10.934 0.033932 

P10639  Thioredoxin 11.458 0.029611 
P18572-1  Basigin 12.339 0.023675 
P10852-2 Isoform 2 of 4F2 cell-surface antigen heavy 

chain 
13.091 0.019798 

P53986  Monocarboxylate transporter 1 14.121 0.015526 
Q9Z127  Large neutral amino acids transporter small 

subunit 1 
16.012 0.010218 

P09055  Integrin beta-1 17.335 0.00784 
Q99LX0 DJ-  Protein/nucleic acid deglycase 1 17.682 0.007324 
O35566  CD151 antigen 17.939 0.006981 
P11688  Integrin alpha-5 18.084 0.006795 
Q8R3G9  Tetraspanin-8 18.9 0.005814 
P51912  Neutral amino acid transporter B(0) 18.985 0.005573 
P14094  Sodium/potassium-transporting ATPase 

subunit beta-1 
19.265 0.005442 
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3.2.4. �>A;V465==O 2?;82C 040?B5@=>3> ?@>B5W=C Ruk/CIN85 =0 
?@>B5W=>289 A:;04 EVs :;VB8= Renca 70 C<>2 =>@<>:AVW B0 3V?>:AVW 

/: 1C;> ?>:070=> C ?C1;V:0FVW [319], 040?B5@=89 ?@>B5W= Ruk/CIN85 T 

72'O7C20;L=8< ?0@B=5@>< =5D@8=C 9 ?>4>F8=C, O:V 70157?5GCNBL 

DC=:FV>=C20==O IV;8==>W 4V0D@03<8 2 ?>4>F8B0E B0 70 C<>2 WE 48ADC=:FVW 

<>6CBL ?@872>48B8 4> ?@>B5W=C@VW. �8A>:V @V2=V 5:A?@5AVW Ruk/CIN85 1C;8 

?@>45<>=AB@>20=V 2 ?CE;8=0E ;N48=8 @V7=>3> B:0=8==>3> ?>E>465==O, O:V 

:>@5;N20;8 7V ABC?5=5< WE 7;>O:VA=>ABV B0 AB04VTN ?CE;8==>3> ?@>F5AC [202, 

337, 191, 270, 362, 42]. !0 AL>3>4=V ?>4V1=0 V=D>@<0FVO I>4> @>;V Ruk/CIN85 

C :0=F5@>35=57V =8@>: 2V4ACB=O. �;O B>3>, I>1 >FV=8B8 ?>B5=FV9=C @>;L 

Ruk/CIN85 C RCC, 0 B0:>6 C :>=B@>;V ?@>4C:C20==O EVs B0 <>4C;N20==V WE 

?@>B5W=>2>3> A:;04C, =0<8 1C;> AB2>@5=> AB01V;L=V AC1:;>=8 :;VB8= Renca 7 

=045:A?@5AVTN 040?B5@=>3> ?@>B5W=C  B0 2V4?>2V4=V :>=B@>;L=V :;VB8=8 Mock, 

B@0=ADV:>20=V ?;07<V4>N 157 2AB02:8. 

�;O >B@8<0==O AC1;V=V9 :;VB8= Renca, O:V AB01V;L=> =045:A?@5ACNBL 

?>2=>@>7<V@=C D>@<C Ruk/CIN85, 707=0G5=V :;VB8=8 B@0=ADV:C20;8 25:B>@>< 

pRc/CMV2-Rukl 70 4>?><>3>N :0;LFV9-D>AD0B=>W ?@5F8?VB0FVW. �V41V@ :;>=V2 

?@>2>48;8 70 ?@8ACB=>ABV A5;5:B82=>3> 0=B81V>B8:0 35=5B8F8=AC;LD0BC G418 

(1 <3/<;), >A:V;L:8 ?;07<V40 pRc/CMV2 <VAB8BL 35= @578AB5=B=>ABV 4> 

0<V=>3;V:>784=8E 0=B81V>B8:V2 neor/kanr. %5;5:FVN AB01V;L=8E B@0=AD5:B0=BV2 

B0 WE AC1:;>=C20==O 74V9A=N20;8 ?@>BO3>< 2-E <VAOFV2. � ?@>F5AV @>1>B8 1C;> 

2V4V1@0=> 1;87L:> 10 AB01V;L=8E AC1:;>=V2. $V25=L 5:A?@5AVW Ruk/CIN85 2 

B@0=ADV:>20=8E :;VB8=0E 25@8DV:C20;8 �5AB5@=-1;>B 0=0;V7><. �0 

@57C;LB0B0<8 �5AB5@=-1;>B 0=0;V7C B0 <>@D>;>3VW 1C2 2V4V1@0=89 AB01V;L=89 

AC1:;>= Renca RukUp.  

�3V4=> 7 >B@8<0=8<8 40=8<8, :;VB8=8 Mock ?@8 @>ABV =0 ?;0AB8:C 

D>@<C20;8 :8;8<>:, ?>4V1=89 4> 1@C:V2:8, 7V IV;L=8<8 :>=B0:B0<8 <V6 

:;VB8=0<8, I> T E0@0:B5@=8< 4;O 5?VB5;V9=8E :;VB8=. �>4=>G0A, :;VB8=8 

RukUp =01C;8 <575=EV<=>3> D5=>B8?C, ?@54AB02;5=>3> 284>265=8<8 

:;VB8=0<8 7 2V4@>AB:0<8 @V7=>W 4>268=8 ($8A. 3.30, �), I> ?>B5=FV9=> 
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:>@5;NT 7 ?V428I5==O< ABC?5=O WE 7;>O:VA=>ABV. /: 284=> 7 @8A. 3.30, �, 

?>2=>@>7<V@=0 D>@<0 Ruk/CIN85 7 2V4=>A=>N <>;5:C;O@=>N <0A>N 1;87L:> 

85 :�0 28O2;OTBLAO 2 ;V70B0E :;VB8= Renca C 283;O4V :V;L:>E A<C3, O:V <>6CBL 

1CB8 @57C;LB0B>< ?>ABB@0=A;OFV9=>W <>48DV:0FVW 4>A;V46C20=>3> ?@>B5W=C 

[202]. �8O2;5=> B0:>6, I> O: C Mock, B0: V 2 RukUp :;VB8=0E 2<VAB 

Ruk/CIN85 7=86C202AO 4> @V7=8E @V2=V2 70 3V?>:A8G=8E C<>2, =091V;LH 

7=0GCI5 C :;VB8=0E V7 =045:A?@5AVTN. #>4V1=V 70:>=><V@=>ABV 7<V= 1C;8 

?@>45<>=AB@>20=V 9 4;O ?@>B5W=C-<0@:5@C EVs, Alix. �06;82> 2V47=0G8B8, I> 

up-@53C;N20==O Ruk/CIN85 C :;VB8=0E Renca AC?@>2>46C20;>AL B0:>6 

7@>AB0==O< @V2=O 5:A?@5AVW Alix, I> T E0@0:B5@=>N >7=0:>N <0;V3=V70FVW 

?CE;8==8E :;VB8= [327]. 

/: Ruk/CIN85, B0: V 040?B5@=89 ?@>B5W= AA02FV2 Alix (ALG-2 (apoptosis-

linked gene-2 product)-interacting protein X) 15@CBL CG0ABL C 1V>35=57V MVB 

[280, 14]. Alix <0T =0 %-:V=FV PRD (<>B82, 1030B89 =0 70;8H:8 ?@>;V=C), O:89 

>?>A5@54:>2CT 270T<>4VN 7 SH3-4><5=0<8 2 ?@>B5W=0E-?0@B=5@0E, C B><C 

G8A;V 7 Ruk/CIN85 [277]. �06;82>N 7=0EV4:>N T 9 B5, I> Alix 70;CG5=89 =5 

BV;L:8 4> 2V41>@C :><?>=5=BV2 <>;5:C;O@=>3> 20=B06C 4;O ?>B@0?;O==O C 

2578:C;8, 0;5 9 70?CA:0T ?@>F5A WE CB2>@5==O [14]. &0:8< G8=><, FV;:>< 

9<>2V@=>, I> 040?B5@=89 ?@>B5W= Ruk/CIN85 B0:>6 <>65 1CB8 1V>;>3VG=> 

7=0GCI8< :><?>=5=B>< 2578:C;, I> ?@>4C:CNBLAO :;VB8=0<8 Renca. 

�7>;N20==O EVs 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= Renca Mock V 

RukUp, I> :C;LB82C20;8AL 70 C<>2 =>@<>:AVW/3V?>:AVW 74V9A=N20;8 70 

?@>B>:>;><, >?8A0=8< 2 « 0B5@V0;0E V <5B>40E». �V;L:VABL, A5@54=V9 @>7<V@ 

B0 4V0?07>= @>7<V@C G0AB8=>: 2 >B@8<0=8E 7@07:0E EVs 0=0;V7C20;8 70 

4>?><>3>N 28<V@N20=L NTA =0 ?@8;04V NanoSight. �0 @57C;LB0B0<8 

?@>2545=8E 4>A;V465=L =0<8 =5 28O2;5=> AB0B8AB8G=> 4>AB>2V@=8E 

2V4<V==>AB59 A5@54=L>3> @>7<V@C G0AB8=>: 2 V7>;L>20=8E 7@07:0E EVs. 

�>4=>G0A, :>=F5=B@0FVO EVs, V7>;L>20=8E 7 :>=B@>;L=8E :;VB8= Renca, 7@>A;0 

?@81;87=> =0 40% 70 C<>2 3V?>:AVW ?>@V2=O=> 7 =>@<>:AVTN, B>4V O: 

:>=F5=B@0FVO EVs, V7>;L>20=8E 7 :;VB8= Renca 7 =045:A?@5AVTN Ruk/CIN85, 70 
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C<>2 3V?>:AVW 7@>A;0 =0 ?>@O4>: ?>@V2=O=> O: 7 C<>20<8 =>@<>:AVW, B0: V 7 

:>=B@>;L=8<8 :;VB8=0<8 ($8A. 3.31, &01;8FO 3.5). &8?>2V 5;5:B@>==>-

<V:@>A:>?VG=V D>B>3@0DVW :;VB8= Renca Mock V RukUp ?@54AB02;5=> =0 @8A. 

3.32. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$8A. 3.30. �<VAB Ruk/CIN85 B0 <0@:5@0 EVs, ?@>B5W=C Alix, 7=86CTBLAO 
C ;V70B0E :;VB8= Renca Mock B0 RukUp 70 C<>2 3V?>:AVW. A. (07>2>-:>=B@0AB=V  
7>1@065==O :;VB8= Renca Mock (1) V AC1:;>=C Renca RukUp (2). �. �5AB5@=-
1;>B 0=0;V7 2<VABC Ruk/CIN85 B0 Alix C ;V70B0E :;VB8= Renca: 1, 2 4 Renca 

Mock; 3, 4 4 Renca RukUp; 1, 3 4 2<VAB Ruk/CIN85 B0 Alix C :;VB8=0E Renca 

70 C<>2 =>@<>:A8W; 2, 4 4 2<VAB Ruk/CIN85 B0 Alix C :;VB8=0E Renca 70 C<>2 

3V?>:AVW.  

                    1                                                             2 

A. 

85 Ruk/CIN85 

Alix 

Tubulin 

1   2 3 4 

kDa 

96 

50 

�. 
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$8A. 3.31. )0@0:B5@8AB8:0 EVs, I> A5:@5BCNBLAO :;VB8=0<8 Renca 
Mock V RukUp 70 C<>2 =>@<>:AVW/3V?>:AVW. �>=F5=B@0FVO EVs V @>7?>4V; 

G0AB8=>: 70 @>7<V@0<8 70 40=8<8 NTA. 

&01;8FO 3.5 

�@07>: �>=F5=B@0FVO %5@54=V9 @>7<V@ 
G0AB8=>: 

$>7<V@ 80% 
G0AB8=>: 

Renca Mock N 1.86*1011/<; 137.9 =< 84.6 =< 3 202.1 =< 

Renca Mock H 3.13*1011/<; 130.2 =< 80.7 =< 3 180.0 =< 

Renca RukUp N 1.16*1011/<; 132.0 =< 52.0 =< 3 183.3 =< 

Renca RukUp H 1.42*1012/<; 144.4 =< 67.1 =< 3 207.1 =< 

÷ N 3 Normoxia; H - Hypoxia 

�=D>@<0FVN I>4> :>=F5=B@0FVW G0AB8=>: ?@54AB02;5=> 7 C@0EC20==O< 
:>5DVFVT=B0 @>72545==O.  
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$8A. 3.32. &8?>2V 5;5:B@>==>-<V:@>A:>?VG=V 7>1@065==O EVs, 
V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= Renca 7 @V7=8< @V2=5< 

5:A?@5AVW Ruk/CIN85, I> :C;LB82C20;8AL 70 C<>2 =>@<>:AVW B0 3V?>:AVW. 

!0 =0ABC?=><C 5B0?V <8 4>A;V48;8 2<VAB Ruk/CIN85 B0 <0@:5@V2 EVs, 

Alix B0 CD81 C 7@07:0E EVs, 284V;5=8E V7 :>=48FV>=>20=>3> A5@54>28I0 

:;VB8= Renca Mock B0 RukUp, I> :C;LB82C20;8AL 70 C<>2 =>@<>:AVW B0 

3V?>:AVW, <5B>4>< �5AB5@=-1;>B 0=0;V7C. /: 284=> 7 @8A. 3.33, 2<VAB O: 

Ruk/CIN85, B0: V EVs-<0@:5@V2, Alix V CD81, ACBBT2> 7@>AB02 2 EVs, I> 

?@>4C:C20;8AL :;VB8=0<8 Renca 7 =045:A?@5AVTN Ruk/CIN85 70 C<>2 

=>@<>:AVW, V, =02?0:8, 7=86C202AO 70 C<>2 3V?>:AVW. 

!5>1EV4=> 707=0G8B8, I> 2 :>=B@>;L=8E :;VB8=0E 70 C<>2 3V?>:AVW 2<VAB 

Ruk/CIN85 V CD81 7@>AB02, 0 Alix 3 7=86C202AO. *V A?>AB5@565==O <>6CBL 

2:07C20B8 =0 CG0ABL Ruk/CIN85 C 48D5@5=FV9=><C :>=B@>;V A:;04C ?@>B5W=V2 

EVs ?@8 3V?>:AVW 70;56=> 2V4 @V2=O 9>3> 5:A?@5AVW 2 ?CE;8==8E :;VB8=0E. %;V4 
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B0:>6 707=0G8B8, I> 2578:C;8 =0:>?8GCNBL D>@<C ?@>B5W=C Alix, O:0 

?>2V;L=VH5 @CE0TBLAO 2 SDS-PAAG ?>@V2=O=> 7 >A=>2=>N D>@<>N 96 :�0 V, 

V<>2V@=>, T D>@<>N, <>48DV:>20=>N H;OE>< D>AD>@8;N20==O [277]. 

 

$8A. 3.33. �5AB5@=-1;>B 0=0;V7 2<VABC Ruk/CIN85 B0 <0@:5@V2 EVs, Alix V 
CD81, C 7@07:0E EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 

Renca Mock (1, 2) B0 Renca RukUp (3, 4), I> :C;LB82C20;8AL 70 C<>2 =>@<>:AVW 
(1, 3) B0 3V?>:AVW (2, 4). 

 

&0:8< G8=><, @57C;LB0B8 ?@>2545=8E 4>A;V465=L 4>72>;ONBL 

AB25@46C20B8, I> 040?B5@=89 ?@>B5W= Ruk/CIN85 T =>28< V45=B8DV:>20=8< 

:><?>=5=B>< EVs, I> ?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8. �AB0=>2;5=> 

?>B5=FV9=C @53C;OB>@=C @>;L Ruk/CIN85 C :>=B@>;V ?@>B5W=>2>3> A:;04C EVs 

70;56=> 2V4 ?0@FV0;L=>3> B8A:C :8A=N C A5@54>28IV :C;LB82C20==O :;VB8=. 
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3.2.5. �>A;V465==O 2?;82C EVs, I> ?@>4C:CNBLAO :;VB8=0<8 
5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW !��293 7 @V7=8< @V2=5< 5:A?@5AVW 
040?B5@=>3> ?@>B5W=C Ruk/CIN85, =0 1V>;>3VG=V 2V4?>2V4V in vitro 

!0 =0ABC?=><C 5B0?V, 7 <5B>N ?>40;LH>3> 2AB0=>2;5==O 1V>;>3VG=>W @>;V 

040?B5@=>3> ?@>B5W=C Ruk/CIN85 C 1V>35=57V EVs B0 282G5==O 2?;82C EVs, I> 

?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8 7 @V7=8< @V2=5< 5:A?@5AVW Ruk/CIN85, 

=0 1V>;>3VG=V 2V4?>2V4V in vitro, 0 B0:>6 4;O <>=VB>@8=3C 2=CB@VH=L>:;VB8==>W 

B0 2=CB@VH=L>5:7>A><=>W ;>:0;V70FVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85 1C;> 

AB2>@5=> AC1;V=VN :;VB8= 5<1@V>=0;L=>W =8@:8 ;N48=8 !��293 7V AB01V;L=>N 

=045:A?@5AVTN Ruk/CIN85, 7;8B>3> 7 75;5=8< D;C>@5AF5=B=8< ?@>B5W=>< 

�GFP. 

�;O >B@8<0==O AC1;V=V9 :;VB8= !��293, O:V AB01V;L=> =045:A?@5ACNBL 

?>2=>@>7<V@=C D>@<C �GFP-Ruk/CIN85, 707=0G5=V :;VB8=8 B@0=ADV:C20;8 

25:B>@>< pEGFP-N, 7;8B8< 7 ?>A;V4>2=VABN cDNA ?>2=>@>7<V@=>W D>@<8 

Ruk 70 4>?><>3>N :0;LFV9-D>AD0B=>W ?@5F8?VB0FVW. �V41V@ :;>=V2 ?@>2>48;8 

70 ?@8ACB=>ABV A5;5:B82=>3> 0=B81V>B8:0 35=5B8F8=AC;LD0BC G418 (1 <3/<;), 

>A:V;L:8 ?;07<V40 pEGFP-N <VAB8BL 35= @578AB5=B=>ABV 4> 0<V=>3;V:>784=8E 

0=B81V>B8:V2 neor/kanr. %5;5:FVN AB01V;L=8E B@0=AD5:B0=BV2 V WE 

AC1:;>=C20==O 74V9A=N20;8 ?@>BO3>< 2->E <VAOFV2. � ?@>F5AV @>1>B8 1C;> 

2V4V1@0=> 3 AB01V;L=8E AC1:;>=8. $V25=L 5:A?@5AVW Ruk/CIN85 2 

B@0=ADV:>20=8E :;VB8=0E 25@8DV:C20;8 �5AB5@=-1;>B 0=0;V7><. �0 

@57C;LB0B0<8 �5AB5@=-1;>B 0=0;V7C B0 :>=D>:0;L=>W <V:@>A:>?VW 1C2 

2V4V1@0=89 AB01V;L=89 AC1:;>= !��293 �GFP-RukUp ($8A. 3.34, 3.37). 

#0@0;5;L=> 1C;8 >B@8<0=V :;VB8=8 !��293, AB01V;L=> B@0=ADV:>20=V 

25:B>@>< pEGFP-N 157 2AB02:8.  
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$8A. 3.34. �=CB@VH=L>:;VB8==0 ;>:0;V70FVO EGFP-7;8B>3> RuUpl 2 

:;VB8=0E 5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW HEK293 70 @57C;LB0B0<8 

:>=D>:0;L=>W <V:@>A:>?VW. /45@=89 E@><0B8= A?5F8DVG=> 7010@2;N20;8 

Hoechst 33342. EGFP-Rukl ?B>4?V;B64A<= 6 J<FBC?4;@V, 4 F4>B: C9D6<AA<I 

9A8BEB@4I (A969?<>V CGA>F4F< A4 C9D<H9DVW >?VF<A<) F4 ?V;BEB@4I (5V?LLV 

>G?9CB8V5AV EFDG>FGD<). �4FB@VEFL, EGFP-Ruk 6V8EGFAV= G O8DV.  

 

EVs, I> ?@>4C:CNBLAO :>=B@>;L=8<8 B0 4>A;V4=8<8 :;VB8=0<8 

!��293 V7>;N20;8 70 ?@>B>:>;><, >?8A0=8< C @>74V;V « 0B5@V0;8 V <5B>48 

4>A;V465=L. � @57C;LB0BV 0=0;V7C =0 ?@8;04V NanoSight 7@07:V2 5:7>A><, I> 

?@>4C:CNBLAO :>=B@>;L=8<8 :;VB8=0<8 !��293 B0 7 =045:A?@5AVTN EGFP-

Ruk/CIN85 (7 2@0EC20==O< @>72545==O), 1C;> >B@8<0=> V=D>@<0FVN AB>A>2=> 

:>=F5=B@0FVW G0AB8=>:, c5@54=L>3> @>7<V@C B0 4V0?07>=C @>7<V@C G0AB8=>: 

(&01;8FO 3.6; $8A. 3.35). 

&01;8FO 3.6 

�@07>: �>=F5=B@0FVO %5@54=V9 @>7<V@ 

G0AB8=>: 

$>7<V@ 80% 

G0AB8=>: 

H�� 293 Mock  3.58*1010/<; 164.3 =< 69.5 nm 3 259.2 =< 

H�� 293 EGFP-

RukUp 
3.18*1011/<; 160.6 =< 74.1 nm 3 233.3 =< 
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�0 @57C;LB0B0<8 ?@>2545=8E 4>A;V465=L =0<8 =5 28O2;5=> AB0B8AB8G=> 

4>AB>2V@=8E 2V4<V==>AB59 A5@54=L>3> @>7<V@C G0AB>: 2 V7>;L>20=8E 

?@5?0@0B0E EVs. �>4=>G0A, :>=F5=B@0FVO 5:7>A><, V7>;L>20=8E 7 :;VB8= 

!��293 7 =045:A?@5AVTN �GFP-Ruk/CIN85, 7@>AB0;0 =0 ?>@O4>: ?>@V2=O=> 7 

:>=B@>;L=8<8 :;VB8=0<8 H��293. &8?>2V 5;5:B@>==>-<V:@>A:>?VG=V 

D>B>3@0DVW ?>70:;VB8==8E 2578:C;, <0@:>20=8E 0=B8BV;0<8 4> CD63 

?@54AB02;5=> =0 @8A. 3.36. 

 

 

$8A. 3.35. �=0;V7 :>=F5=B@0FVW B0 @>7<V@C G0AB8=>: 2 ?@5?0@0B0E EVs, 
V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= !��293 Mock (�) B0 
!��293 �GFP-RukUp (�), 70 4>?><>3>N ?@8;04C NanoSight.  
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$8A. 3.36. &8?>2V 5;5:B@>==>-<V:@>A:>?VG=V D>B>3@0DVW EVs, 
V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= !��293 Mock (�) V 

!��293 �GFP-RukUp (�).  VG5==O 0=B8BV;0<8 4> CD63. 

�0 @57C;LB0B0<8 �5AB5@=-1;>B 0=0;V7C :;VB8==8E ;V70BV2 ?>2=>@>7<V@=0 

D>@<0 �GFP-Ruk/CIN85 28O2;OTBLAO C 283;O4V :V;L:>E AC1D>@< ($8A. 3.37), 

O:V <>6CBL 1CB8 @57C;LB0B>< ?>AB-B@0=A;OFV9=>W <>48DV:0FVW 4>A;V46C20=>3> 

?@>B5W=C, B>4V O: 2 ?>70:;VB8==8E 2578:C;0E, I> ?@>4C:CNBLAO :;VB8=0<8 

H��293 �GFP-RukUp, 1C;0 28O2;5=0 ;8H5 >4=0 >A=>2=0 AC1D>@<0 GFP-

Ruk/CIN85. !0<8 1C;> B0:>6 4>A;V465=> 2<VAB <0@:5@0 5:7>A><, ?@>B5W=C 

CD81, 2 ?@5?0@0B0E EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 

:>=B@>;L=8E :;VB8= H��293 B0 7 =045:A?@5AVTN 040?B5@=>3> ?@>B5W=C �GFP-

Ruk/CIN85. � @8A. 3.37 284=>, I> 2<VAB CD81 4@0<0B8G=> 7@>AB0T 2 EVs, I> 

?@>4C:CNBLAO :;VB8=0<8 H��293 7 =045:A?@5AVTN �GFP-Ruk/CIN85. 

�;O 4>A;V465==O 2?;82C ?>70:;VB8==8E 2578:C; =0 1V>;>3VG=V 2V4?>2V4V 

:;VB8= in vitro 1C;0 28:>@8AB0=0 A8AB5<0 IncuCyte. %8AB5<0 V=B5@0:B82=>3> 

0=0;V7C IncuCyte 02B><0B8G=> >B@8<CT B0 0=0;V7CT 7>1@065==O FV;>4>1>2>, I> 

4>72>;OT >B@8<C20B8 DV7V>;>3VG=C V=D>@<0FVN ?@> :;VB8=8, 0 B0:>6 :V=5B8G=V 

40=V 2 @50;L=><C G0AV, =5 2840;ONG8 :;VB8=8 7 V=:C10B>@0. 
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$8A. 3.37. �<VAB EGFP-Ruk/CIN85 B0 CD81, 2 ;V70B0E :;VB8= H��293 

Mock B0 HEK293 7 =045:A?@5AVTN �GFP-Ruk/CIN85, 0 B0:>6 C 2V4?>2V4=8E 

?@5?0@0B0E ?>70:;VB8==8E 2578:C;. �5AB5@=-1;>B 0=0;V7: 1 3 H��293 Mock; 2 

3 H��293 �GFP-RukUp; 3 3 SN H��293 Mock; 4 3 SN H��293 �GFP-RukUp; 

5 3 EVs H��293 Mock; 6 3EVs H��293 �GFP-RukUp. SN 3 A5@54>28I5 
2V;L=5 2V4 EVs. 

�28G09=V ?V4E>48 4> 0=0;V7C :;VB8= DV:ACNBL ;8H5 T48=C G0A>2C B>G:C, 

4>72>;ONG8 ?@>2>48B8 ;8H5 ?>G0B:>2V B0 :V=F52V 28<V@N20==O. %8AB5<0 

02B><0B8G=> V ?>ABV9=> 718@0T B0 0=0;V7CT 7>1@065==O ?@>BO3>< 2AL>3> 

?5@V>4C 5:A?5@8<5=BC, B>4V O: :;VB8=8 70;8H0NBLAO C DV7V>;>3VG=><C 

>B>G5==V. �@V< B>3>, IncuCyte 2<VICT H8@>:89 A?5:B@ 4>40B:V2 B0 >1'T4=CT 

1030B89, =0 >A=>2V 7V1@0=8E 40=8E, 0=0;V7 7>1@065=L. �=0;>3VG=> 

>?B8<V7CTBLAO ?5@53;O4 7>1@065=L, 0=0;V7 B0 3@0DVG=5 7>1@065==O 6-, 12-, 24, 

48- G8 96-;C=>G=>3> ?;0=H5BC. �0=V 5:A?5@8<5=BC <>6=0 ?5@53;O40B8 

>4=>G0A=>, 0 ?>BV< :>=25@BC20B8 2 DV;L<8, ?>:07=8:8 B0 2V4?>2V4=V 3@0DV:8 C 

?C1;V:0FVOE G8 ?@575=B0FVOE 40=8E. 

!0<8 1C;> ?@>2545=> B@8 =570;56=V 28<V@N20==O 2?;82C EVs, 

>B@8<0=8E 7 :;VB8= H��293 Mock B0 H��293 �GFP-RukUp =0 

?@>;VD5@0B82=C 0:B82=VABL :;VB8= H��293 WT ($8A. 3.38) B0 <V3@0FVN 

;N4AL:8E DV1@>1;0ABV2 ($8A. 3.39). �V4?>2V4=> 4> >B@8<0=8E 40=8E, <>6=0 

7@>18B8 28A=>2>:, I> ?>70:;VB8==V 2578:C;8, >B@8<0=V 7 :;VB8= H��293 7 

=045:A?@5AVTN �GFP-Ruk/CIN85, ACBBT2> ?>A8;NNBL ?@>;VD5@0B82=C 

0:B82=VABL :;VB8= H��293 WT. &0:>6, =0<8 1C;> 2AB0=>2;5=> FV:0289 D0:B, 
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I> ?>70:;VB8==V 2578:C;8, >B@8<0=V 7 :;VB8= H��293 Mock B0 H��293 GFP-

RukUp 740B=V ?@83=VGC20B8 <V3@0FV9=V 2;0AB82>ABV ;N4AL:8E DV1@>1;0ABV2. 

�9OAC20==O DV7V>;>3VG=>3> 7=0G5==O 28O2;5=>3> D5=><5=C ?>B@51CT 

4>40B:>28E 4>A;V465=L. 

 

$8A. 3.38. �?;82 ?>70:;VB8==8E 2578:C;, V7>;L>20=8E 7 :;VB8= !��293 7 
=045:A?@5AVTN EGFP-Ruk/CIN85 =0 48=0<V:C ?@>;VD5@0B82=>W 0:B82=>ABV 

:;VB8= !��293 48:>3> B8?C. 

&0:8< G8=><, 5:A?5@8<5=B0;L=V 40=V, >B@8<0=V =0 <>45;V :;VB8= 

5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW !��293, 40NBL <>6;82VABL 7@>18B8 

=0ABC?=V 28A=>2:8. #> ?5@H5, =0<8 ?@>45<>=AB@>20=>, I> Ruk/CIN85 T 

:><?>=5=B>< ?>70:;VB8==8E 2578:C;, I> ?@>4C:CNBLAO :;VB8=0<8 !��293 7 

up-@53C;N20==O< 040?B5@=>3> ?@>B5W=C, :>=9N3>20=>3> 7 EGFP. ":@V< B>3> 

2AB0=>2;5=> 740B=VABL ?>70:;VB8==8E 2578:C; 7 @V7=8< 2<VAB>< Ruk/CIN85 

<>4C;N20B8 ?@>;VD5@0B82=V 2;0AB82>ABV B0 @CE;82VABL :;VB8= in vitro. 
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$8A. 3.39. �?;82 ?>70:;VB8==8E 2578:C;, V7>;L>20=8E 7 :;VB8= !��293 7 
=045:A?@5AVTN EGFP-Ruk/CIN85 =0 48=0<V:C <V3@0FVW ;N4AL:8E DV1@>1;0ABV2. 
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3.2.6 �=0;V7 ?@>B5W=>2>3> A:;04C EVs, I> ?@>4C:CNBLAO :;VB8=0<8 
!��293 7 @V7=8< @V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85, 
70 4>?><>3>N <0A-A?5:B@><5B@8G=>3> 0=0;V7C (LC/MS) 

�0 4>?><>3>N <0A-A?5:B@><5B@8G=>3> 0=0;V7C (LC/MS) 1C;> 

4>A;V465=> ?@>B5W=>289 A:;04 :;VB8==8E ;V70BV2 B0 V7>;L>20=8E 

?>70:;VB8==8E 2578:C; 7 :;VB8= 5<1@V>=0;L=>W =8@:8 ;N48=8 ;V=VW !��293 7 

@V7=8< @V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C EGFP-Ruk/CIN85. �V;LH5 42>E 

B8AOG ?@>B5W=V2 1C;> V45=B8DV:>20=> 2 ;V70B0E :;VB8=, B0 1V;LH5 B8AOGV 

?@>B5W=V2 2 ?@5?0@0B0E ?>70:;VB8==8E 2578:C; ($8A. 3.40). 

 
 

$8A. 3.40. #@>B5W=8 ;V70BV2 B0 ?>70:;VB8==8E 2578:C; :;VB8= !��293 
Mock B0 !��93 7 =045:A?@5AVTN �GFP-Ruk/CIN85, V45=B8DV:>20=V 70 

4>?><>3>N <0A-A?5:B@><5B@8G=>3> 0=0;V7C (LC/MS). 

69.8% (1428) V45=B8DV:>20=8E ?@>B5W=V2 1C;8 A?V;L=8<8 O: 4;O ;V70BV2 7 

:;VB8= !��293 Mock, B0: V 4;O ;V70BV2 7 :;VB8= !��293 7 =045:A?@5AVTN 

�GFP-Ruk/CIN85. 14.9% (305) B0 15.3% (314) 2V4A>B:8 ?@>B5W=V2 1C;8 

28O2;5=V BV;L:8 2 ;V70B0E :;VB8= !��293 Mock, B0 !��293 7 =045:A?@5AVTN 

040?B5@=>3> ?@>B5WC, 2V4?>2V4=> ($8A. 3.41).  
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$8A. 3.41. �8D5@5=FV9=0 E0@0:B5@8AB8:0 :V;L:>ABV ?@>B5W=V2, 
V45=B8DV:>20=8E 2 ;V70B0E :;VB8= !��293 Mock B0 !��93 7 =045:A?@5AVTN 

�GFP-Ruk/CIN85. 

63.0% (712) V45=B8DV:>20=8E ?@>B5W=V2 1C;8 A?V;L=8<8 4;O >1>E 

?@5?0@0BV2 ?>70:;VB8==8E 2578:C;. 14.6% (165) B0 22.4% (253) 2V4A>B:8 

?@>B5W=V2 1C;8 28O2;5=V ;8H5 2 ?>70:;VB8==8E 2578:C;0E !��293 Mock, B0 

!��293 7 =045:A?@5AVTN �GFP-Ruk/CIN85 ($8A. 3.42). 

 

$8A. 3.42. �8D5@5=FV9=0 E0@0:B5@8AB8:0 :V;L:>ABV ?@>B5W=V2, 
V45=B8DV:>20=8E C 2578:C;0E :;VB8= !��293 Mock B0 !��293 7 

=045:A?@5AVTN �GFP-Ruk/CIN85. 

 

#@8ACB=VABL Ruk/CIN85 1C;> ?V4B25@465=> 2 ;V70B0E :;VB8= B0 2 

?@5?0@0B0E ?>70:;VB8==8E 2578:C;, >B@8<0=8E ;8H5 7 :;VB8= 7 =045:A?@5AVTN 

�GFP-Ruk/CIN85 (�>40B:8, &01;. 11).  
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 0A-A?5:B@><5B@8G=89 0=0;V7 ?V4B25@482 B0:>6 ?@8ACB=VABL C 

?>70:;VB8==8E 2578:C;0E =87:8 <0@:5@V2 5:7>A><: CD81, CD9, TSG 101, 

annexin A5, tetraspanin-6 (�>40B:8, &01;. 12). 

"B@8<0=V 40=V 1C;8 ?@>0=0;V7>20=V 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O <PANTHER= (Protein Analysis Through Evolutionary 

Relationships) 4;O V;NAB@0FVW :;0AV2 V45=B8DV:>20=8E ?@>B5W=V2. !0<8 1C;> 

28O2;5=> I> =045:A?@5AVO Ruk/CIN85 ?@872>48BL 4> ACBBT28E 7<V= 

?@>B5W=>2>3> A:;04C O: :;VB8=, B0: V ?>70:;VB8==8E 2578:C; (�>40B:8, &01;. 

21). 

�0 @57C;LB0B0<8 ?@>2545=>3> 0=0;V7C 28O28;>AL, I> 1V;LHVABL ?@>B5W=V2 

V45=B8DV:>20=8E BV;L:8 2 ;V70B0E :;VB8= 7 =045:A?@5AVTN �GFP-Ruk/CIN85, 

=0;560BL 4> >:A84>@54C:B07 (�>40B:8, &01;. 13), B@0=AD5@07 (�>40B:8, &01;. 

14), 3V4@>;07 (�>40B:8, &01;. 15) B0 ?@>B5W=V2 729O7C20==O =C:;5W=>28E :8A;>B 

(�>40B:8, &01;. 16). 

!0 =0ABC?=><C 5B0?V 1C;> ?@>0=0;V7>20=> >A>1;82>ABV ?@>B5W=>2>3> 

A:;04C 2578:C;, 70;56=V 2V4 =045:A?@5AVW Ruk/CIN85 2 :;VB8=0E !��293 ($8A. 

3.43). �V;LHVABL V45=B8DV:>20=8E ?@>B5W=V2 =0;560BL 4> B@0=AD5@07 (�>40B:8, 

&01;. 17), 3V4@>;07 (�>40B:8, &01;. 18), B@0=A?>@B5@V2 (�>40B:8, &01;. 19) B0 

<>4C;OB>@V2 5=78<V2 (�>40B:8, &01;. 20). "B@8<0=V 40=V 4>72>;ONBL 

?@8?CAB8B8, I> A?V;L=V ?@>B5W=8, O:V 1C;8 V45=B8DV:>20=V O: 2 ;V70B0E, B0: V 

?>70:;VB8==8E 2578:C;0E :;VB8= !��293 7 up-@53C;N20==O< 040?B5@=>3> 

?@>B5W=C, <>6CBL 1CB8 AB@C:BC@=> V DC=:FV>=0;L=> A?@O65=V 7 Ruk/CIN85-

70;56=8<8 A83=0;L=8<8 ?@>F5A0<8 2 4>A;V46C20=8E :;VB8=0E, I> O: 

=0A;V4>:, ?@872>48BL 4> ?@>4C:C20==O 2578:C; 7V A?5F8DVG=8< <>;5:C;O@=8< 

«D5=>B8?><», 206;828< 4;O 70157?5G5==O A?5F8DVG=>ABV V >A>1;82>AB59 

<V6:;VB8==>W :><C=V:0FVW. 
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$8A. 3.43. �;0A>20 ?@8=0;56=VABL ?@>B5W=V2, V45=B8DV:>20=8E BV;L:8 C 
?@5?0@0B0E ?>70:;VB8==8E 2578:C; 7 :;VB8= !��293 7 =045:A?@5AVTN �GFP-

Ruk/CIN85. 

&0:8< G8=><, 70 4>?><>3>N <0A-A?5:B@><5B@8G=>3> 0=0;V7C (LC/MS) 

=0<8 2AB0=>2;5=>, I> 040?B5@=89 ?@>B5W= �GFP-Ruk/CIN85 T :><?>=5=B>< 

?>70:;VB8==8E 257:C;, I> ?@>4C:CNBLAO :;VB8=0<8 5<1@V>=0;L=>W =8@:8 

;N48=8 ;V=VW !��293. #@>45<>=AB@>20=0 740B=VABL Ruk/CIN85 70 C<>2 

=045:A?@5AVW <>4C;N20B8 A:;04 O: 7030;L=8E :;VB8==8E ?@>B5W=V2, B0: V 

?@>B5W=V2 ?>70:;VB8==8E 2578:C;. �V;LHVABL V45=B8DV:>20=8E ?@>B5W=V2, I> 

48D5@5=FV9=> 5:A?@5ACNBLAO 2 :;VB8=0E !��293 7 up-@53C;N20==O< 

Ruk/CIN85 V 28O2;ONBLAO 2 EVs, T <5B01>;VG=8<8 5=78<0<8. "B@8<0=V 

5:A?5@8<5=B0;L=V 40=V 70A2V4GCNBL ?>B5=FV9=C @>;L 4>A;V46C20=>3> 

040?B5@=>3> ?@>B5W=C C :>=B@>;V <5B01>;VG=>3> @5?@>3@0<C20==O ?CE;8==8E 

:;VB8=.  
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3.2.7. �>A;V465==O 2?;82C EVs, V7>;L>20=8E 7 :>=48FV>=>20=>3> 

A5@54>28I0 045=>:0@F8=><=8E :;VB8= 3@C4=>W 70;>78 <8HV ;V=VW 
4&1 7 up/down @53C;N20==O< 040?B5@=>3> ?@>B5W=C Ruk/CIN85 =0 
1V>;>3VG=V 2;0AB82>ABV :;VB8= 4T1 WT 

�:A?5@8<5=B0;L=8<8 4>A;V465==O<8 >AB0==VE @>:V2 ?5@5:>=;82> 

2AB0=>2;5=>, I> 2<VAB V @53C;OB>@=89 ?>B5=FV0; EVs, I> A5:@5BCNBLAO 

?CE;8==8<8 :;VB8=0<8, 70;560BL 2V4 WE B:0=8==>3> ?>E>465==O, 0 B0:>6 

AB04VW ?CE;8==>3> ?@>F5AC [57, 228, 234]. � <5B>N ?>40;LH>3> 2AB0=>2;5==O 

1V>;>3VG=>W @>;V 040?B5@=>3> ?@>B5W=C Ruk/CIN85 C 1V>35=57V 5:7>A>< B0 

282G5==O 2?;82C 5:7>A><, I> ?@>4C:CNBLAO ?CE;8==8<8 :;VB8=0<8 7 @V7=8< 

@V2=5< 5:A?@5AVW 040?B5@=>3> ?@>B5W=C Ruk/CIN85, =0 1V>;>3VG=V 2V4?>2V4V in 

vitro, =0<8 1C;> 28:>@8AB0=> 2AB0=>2;5=V @0=VH5 C 2V44V;V A83=0;L=8E 

<5E0=V7<V2 :;VB8=8 AC1;V=VW ?>B@V9=> =530B82=8E 045=>:0@F8=><=8E :;VB8= 

3@C4=>W 70;>78 <8HV ;V=VW 4&1 7 =045:A?@5AVTN (4&1 RukUp) B0 ?@83=VG5=>N 

5:A?@5AVTN Ruk/CIN85 (4T1 RukDown). �3V4=> 7 ?>?5@54=L> >B@8<0=8<8 

40=8<8, =045:A?@5AVO Ruk/CIN85 C :;VB8=0E 4&1 ?@872>48BL 4> ?@83=VG5==O 

WE ?@>;VD5@0B82=>W 0:B82=>ABV, 7=865==O 0435782=>ABV, ?>A8;5==O @>ABC, 

=570;56=>3> 2V4 ?@8:@V?;5==O 4> AC1AB@0BC, ?V428I5=>W @CE;82>ABV, 

V=20782=>ABV B0 EV<V>@578AB5=B=>ABV, @>728B:C >7=0: CSCs B0 7<V= C EMT-

70;56=V9 B@0=A:@8?FV9=V9 ?@>3@0<V in vitro, 0 B0:>6 ?>A8;5==O 

5:AB@0207C20==O ?CE;8==8E :;VB8= B0 @>ABC <5B0AB07V2 in vivo. �>4=>G0A, 

down-@53C;N20==O Ruk/CIN85 2 :;VB8=0E 4&1 AC?@>2>46C20;>AL 2B@0B>N 

?;0AB8G=>ABV 7024O:8 V=4C:FVW 48D5@5=FVN20==O V D>@<C20==O AB01V;L=>3> 

5?VB5;V9=>3> D5=>B8?C [379]. 

EVs, I> ?@>4C:C20;8AL :;VB8=0<8 4&1 WT, 4&1 RukUp B0 4T1 

RukDown, V7>;N20;8 7 :>=48FV>=>20=>3> A5@54>28I0 70 ?@>B>:>;><, 

>?8A0=8< C @>74V;V « 0B5@V0;8 B0 <5B>48 4>A;V465=L». �V;L:VABL B0 A5@54=V9 

@>7<V@ =0=>G0AB8=>:, 4V0?07>= @>7<V@C G0AB8=>: (7 2@0EC20==O< @>72545==O) 
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C 284V;5=8E ?@5?0@0B0E 0=0;V7C20;8 70 4>?><>3>N ?@8;04C NanoSight 7 

=0ABC?=>N >FV=:>N NTA (&01;8FO 8). 

�AB0=>2;5=>, I> =091V;LHC :V;L:VABL G0AB8=>: 7 2V4=>A=> 1V;LH8< 

A5@54=V< @>7<V@>< A5:@5BCNBL :;VB8=8 4T1 RukUp V, =02?0:8, ?@>B8;56=V 

@57C;LB0B8 1C;8 >B@8<0=V 4;O :;VB8= 4T1 RukDown (&01;. 3.7). *V:02>, I> 

:V;L:VABL F8@:C;NNG8E EVs C E2>@8E =0 @0: 3@C4=>W 70;>78 ?>29O70=0 7 

?@>3@5AC20==O< 70E2>@N20==O B0 ?>30=8< ?@>3=>7>< [92], I> C73>46CTBLAO 7 

>B@8<0=8<8 40=8<8. 

&01;8FO 3.7 

�@07>: 

2578:C; 

�>=F5=B@0FVO %5@54=V9 @>7<V@ 

G0AB8=>: 

$>7<V@ 80% 

G0AB8=>: 

4T1 WT 8.28*1010/<; 158.3 =< 103.2 =< 3 237.4 =< 

4T1 U@ 1.30*1011/<; 167.8 =< 104.6 =< 3 264.2 =< 

4T1 Down 7.98*1010/<; 125.1 =< 86.9 nm 3 164.6. =< 

 

�V7C0;L=V 7>1@065==O 40=8E, >B@8<0=8E 70 4>?><>3>N ?@8AB@>N 

NanoSight ?@54AB02;5=V =0 @8A. 3.44, �, B8?>2V 5;5:B@>==>-<V:@>A:>?VG=V 

7>1@065==O 2578:C;, <VG5=V <0@:5@>< ?>70:;VB8==8E 2578:C; CD63 3 =0 @8A. 

3.44,�, 0 �5AB5@=-1;>B 0=0;V7 <0@:5@=8E ?@>B5W=V2 EVs, CD81 B0 CD63, 4;O 

:;VB8= 4T1 WT 3 =0 @8A. 3.44, �. �030;><, FV @57C;LB0B8 ?V4B25@46CNBL 

G8AB>BC 284V;5=8E ?@5?0@0BV2 EVs. 

"A:V;L:8 2 ;VB5@0BC@V 2V4ACB=V 2V4><>ABV ?@> ;>:0;V70FVN Ruk/CIN85 C 

EVs, =0 =0ABC?=><C 5B0?V <8 ?@>0=0;V7C20;8 2<VAB 4>A;V46C20=>3> ?@>B5W=C 2 

?@5?0@0B0E 2578:C;, V7>;L>20=8E 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 4T1 

WT, 4T1 RukUp B0 4T1 RukDown �5AB5@=-1;>B 0=0;V7>< 7 28:>@8AB0==O< 

?>;V:;>=0;L=8E 0=B8BV; 4> %-:V=F52>W 4V;O=:8 ?@>B5W=C ($8A. 3.45). /: 284=> 

7 @8A. 3.45, 2<VAB ?>2=>@>7<V@=>W D>@<8 Ruk/CIN85 T =5 BV;L:8 7=0G=> 28I8< 

C 2578:C;0E, I> ?@>4C:CNBLAO :;VB8=0<8 4&1 7 =045:A?@5AVTN Ruk/CIN85, 

0;5 >4=>G0A=> 7@>AB0T 9 2<VAB 9>3> <=>68==8E <>;5:C;O@=8E D>@< [202]. 
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$8A. 3.44. �84V;5==O B0 E0@0:B5@8AB8:0 EVs 7 :;VB8= 4T1. A. $>7?>4V; 
G0AB8=>: 70 @>7<V@>< C 7@07:0E EVs, V7>;L>20=8E V7 :>=48FV>=>20=>3> 

A5@54>28I0 :;VB8= 4T1, 70 4>?><>3>N 28<V@N20=L =0 ?@8;04V NanoSight. �. 
&8?>2V 5;5:B@>==>-<V:@>A:>?VG=V 7>1@065==O EVs, V7>;L>20=V 7 :;VB8= 4T1. �. 
�<VAB <0@:5@V2 EVs, CD81 B0 CD63, C ?@5?0@0B0E EVs B0 7030;L=8E :;VB8==8E 

;V70B0E (CL) :;VB8= 4T1 WT [379]. 
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�3V4=> 7 >?C1;V:>20=8<8 5:A?5@8<5=B0;L=8<8 40=8<8, G8A;5==V 

<>;5:C;O@=V D>@<8 Ruk/CIN85, V45=B8DV:>20=V 70 4>?><>3>N V<C=>1;>B-

0=0;V7C 7 28:>@8AB0==O< %-:V=F528E 0=B8BV;, <>6CBL 1CB8 @57C;LB0B>< 

0;LB5@=0B82=>3> A?;09A8=3C ?@5-mRNA (85 :�0 3 ?>2=>@>7<V@=0 D>@<0, 70 

:�0 3 D>@<0 157 ?5@H>3> 4><5=C SH3, 56 :�0 3 D>@<0 157 42>E 4><5=V2 SH3) 

[33] ?>AB@0=A;OFV9=>W <>48DV:0FVW H;OE>< C1V:2VB8;N20==O (130 :�0) [333] 

B0 >1<565=>3> ?@>B5>;V7C, 7C<>2;5=>3> =0O2=VABN <>B82V2 PEST, GCB;828E 4> 

4VW ?@>B507, O:V ;>:0;V7CNBLAO 2 %-:V=F52V9 ?>;>28=V ?>;V?5?B84=>3> ;0=FN30 

(34-40, 20, 16 :�0) [100] !0O2=VABL :V;L:>E A09BV2 4;O Ser/Thr-A?5F8DVG=8E 

?@>B5W=:V=07 C AB@C:BC@V Ruk/CIN85 A2V4G8BL ?@> B5, I> AC1D>@<8 =02:>;> 

F8E <>;5:C;O@=8E <0A T 2 >A=>2=><C @57C;LB0B>< ?>ABB@0=A;OFV9=>W 

<>48DV:0FVW V7>D>@< Ruk/CIN85 H;OE>< D>AD>@8;N20==O. /: ?@028;>, 

<>48DV:>20=V ?@>B5W=8 <0NBL <5=HC 5;5:B@>D>@5B8G=C @CE;82VABL ?V4 G0A 

5;5:B@>D>@57C 2 SDS PAGE. �AB0=>2;5=>, I> ?>70:;VB8==V 2578:C;8 7 :;VB8= 

4T1 WT E0@0:B5@87CNBLAO 7=0G=> <5=H8< 2<VAB>< ?>2=>@>7<V@=>W D>@<8 

?>@V2=O=> 7 B0:8<8, 284V;5=8<8 7 :;VB8= 4T1 RukUp, 0;5 1V;LH8< - ?>@V2=O=> 

7 :;VB8=0<8 4T1 RukDown. *V:02>, I> <8 A?>AB5@V30;8 28I89 2<VAB D>@<8 7 

<>;5:C;O@=>N <0A>N 1;87L:> 70 :�0 C 2578:C;0E 7 :;VB8= 4T1 RukDown 

?>@V2=O=> 7 2578:C;0<8 :;VB8= 4T1 WT. "A:V;L:8 Ruk/CIN85 T 040?B5@=8< 

?@>B5W=><, >A=>2=>N DC=:FVTN O:>3> T 718@0==O <>;5:C;O@=8E :><?;5:AV2 C 

@0<:0E AB@C:BC@=>-DC=:FV>=0;L=>W <5@56V @53C;OB>@=8E <5E0=V7<V2 :;VB8=8, 

48D5@5=FV9=89 :>=B@>;L O: 2<VABC, B0: V AB@C:BC@8 9>3> >:@5<8E 

<>;5:C;O@=8E D>@< C EVs <>65 <0B8 28@VH0;L=5 7=0G5==O 4;O <V6:;VB8==>W 

:><C=V:0FVW B0 2?;82C EVs =0 1V>;>3VG=V @50:FVW :;VB8=-<VH5=59. 

!0 =0ABC?=><C 5B0?V =0<8 1C;> ?@>0=0;V7>20=> 2?;82 5:7>A><, I> 

?@>4C:CNBLAO 045=>:0@F8=><=8<8 :;VB8=0<8 3@C4=>W 70;>78 <8HV ;V=VW 4&1 7 

up- B0 down-@53C;N20==O< 040?B5@=>3> ?@>B5W=C Ruk/CIN85, =0 286820=VABL, 

<V3@0FVN 9 V=20782=89 ?>B5=FV0; :;VB8= 4&1 48:>3> B8?C in vitro. 

  



169 
 

 

$8A. 3.45. #>70:;VB8==V 2578:C;8, V7>;L>20=V 7 :;VB8= 4&1 7 @V7=8< 
@V2=5< 5:A?@5AVW Ruk/CIN85, E0@0:B5@87CNBLAO A?5F8DVG=8<8 ?@>DV;O<8 

2<VABC <=>68==8E <>;5:C;O@=8E D>@< 040?B5@=>3> ?@>B5W=C. 1 - 4T1 RukUp 
EVs; 2 - 4T1 WT EVs; 3 - 4T1 RukDown EVs; 4 3 ;V70B :;VB8= !��293 7 
=045:A?@5AVTN ?>2=>@>7<V@=>W D>@<8 Ruk/CIN85. �;O V<C=>1;>B-0=0;V7C 

28:>@8AB>2C20;8 ?>;V:;>=0;L=V %-:V=F52V 0=B8-Ruk 0=B8BV;0 [202, 379]. 

�?;82 V7>;L>20=8E 2578:C; =0 68BBT740B=VABL :;VB8= 48:>3> B8?C 
0=0;V7C20;8 70 4>?><>3>N  &&-B5ABC =0 24 3>4 :C;LB82C20==O ($8A. 3.46). 
$57C;LB0B8 ?@54AB02;O;8 C 2V4=>A=8E >48=8FOE, ?@89=O2H8 70 1 7=0G5==O 
?>3;8=0==O 4;O :;VB8= 4&1 WT 70 2V4ACB=>ABV 2578:C;. �8O2;5=>, I> 
286820=VABL :;VB8= 4&1 WT =530B82=> :>@5;N20;0 V7 @V2=5< 5:A?@5AVW 
Ruk/CIN85 C AC1;V=VOE, 7 O:8E 1C;> V7>;L>20=> ?>70:;VB8==V 2578:C;8, B0 
?>78B82=> 7 @V2=5< ?@>;VD5@0B82=>W 0:B82=>ABV 2V4?>2V4=8E AC1;V=V9. 
�>:@5<0, 73V4=> @0=VH5 >B@8<0=8E 5:A?5@8<5=B0;L=8E 40=8E, =045:A?@5AVO 
040?B5@=>3> ?@>B5W=C Ruk/CIN85 2 :;VB8=0E 4&1 ?@872>48BL 4> 7=865==O 
O: ?@>;VD5@0B82=>3> ?>B5=FV0;C, B0: V 0:B82=>ABV <VB>E>=4@V9=8E 
453V4@>35=07, B>4V O: 2=0A;V4>: ?@83=VG5==O 5:A?@5AVW Ruk/CIN85 
?@>;VD5@0B82=0 0:B82=VABL :;VB8= 4&1, =02?0:8, 7@>AB0T. 

� :>=B5:ABV >13>2>@5==O >B@8<0=8E 40=8E, A;V4 707=0G8B8, I> 7=865=0 
?@>;VD5@0FVO T 4>1@5 2V4><>N 206;82>N >A>1;82VABN D5=>B8?C, 
V=4C:>20=>3> � & 9 0A>FV9>20=>3> 7 ?>A8;5==O< >7=0: @0:>28E AB>21C@>28E 
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:;VB8=, O:89 70157?5GCT ?>A8;5=C @CE;82VABL :;VB8=, WE V=20782=VABL B0 
286820==O =0 @0==VE AB04VOE <5B0AB07C20==O @0:C [125, 82]. �@V< B>3>, 
28O2;5=>, I> <5B01>;VG=89 ?5@5EV4 2V4 >:8A=>3> D>AD>@8;N20==O 4> 
3;V:>;V7C, 2V4><89 O: 5D5:B �0@1C@30 [132], T E0@0:B5@=8< 4;O :;VB8= 4T1 
RukUp V ?@83=VGCTBLAO 2 :;VB8=0E RukDown. 

 

$8A. 3.46. EVs, V7>;L>20=V 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 4T1 7 
@V7=8<8 @V2=O<8 5:A?@5AVW Ruk/CIN85, <>4C;NNBL 68BBT740B=VABL :;VB8= 4T1 

48:>3> B8?C 70;56=> 2V4 :;VB8=8 ?>E>465==O. *P <0,05 ?>@V2=O=> 7 :;VB8=0<8 

4T1 WT [379]. 

�?;82 V7>;L>20=8E 2578:C; =0 @CE;82VABL :;VB8= 4T1 48:>3> B8?C 

>FV=N20;8 70 H284:VABN 70@>AB0==O «?>4@O?8=8» C :;VB8==><C <>=>H0@V in 

vitro ($8A. 3.47, �, �). �8O2;5=>, I> ?V4 2?;82>< 4T1 RukUp EVs 2V4=>A=0 

@CE;82VABL :;VB8= 4&1 WT 7@>AB0;0 <0965 242VGV ?>@V2=O=> 7 :>=B@>;5< ($8A. 

3.47, �), B>4V O: ?V4 2?;82>< 4T1 RukDown EVs A?>AB5@V30;>AL ?@0:B8G=> 

?>2=5 ?@83=VG5==O WE <V3@0FV9=>3> ?>B5=FV0;C. *V:02>, I> 70 ?@8ACB=>ABV 

RukUp EVs :;VB8=8 4&1 WT 70?>2=N20;8 «?>4@O?8=C» =5@V2=8< D@>=B><, 

B>4V O: 70 ?@8ACB=>ABV RukDown EVs A?>AB5@V30;0AL B5=45=FVO 70?>2=N20B8 WW 

=5?5@5@2=8< D@>=B><, I> ?@O<> :>@5;NT 7 ?>A8;5==O</?@83=VG5==O< 

<V3@0FV9=>W 0:B82=>ABV cC1:;>=V2 4T1 RukUp/RukDown. 
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$8A. 3.47. EVs, V7>;L>20=V 7 :>=48FV>=>20=>3> A5@54>28I0 :;VB8= 4T1 7 
@V7=8<8 @V2=O<8 5:A?@5AVW Ruk/CIN85, <>4C;NNBL @CE;82VABL :;VB8= 4T1 

48:>3> B8?C >4=>A?@O<>20=> 7 @V2=5< WE 2;0A=>3> <V3@0FV9=>3> ?>B5=FV0;C. *P 

<0,05 ?>@V2=O=> 7 :;VB8=0<8 4T1 WT [379]. 

�?;82 V7>;L>20=8E 2578:C; =0 V=20782=VABL :;VB8= 4T1 48:>3> B8?C 

4>A;V46C20;8 7 28:>@8AB0==O< <>48DV:>20=>W :0<5@8 �>945=0 7 <5<1@0=>N, 

2:@8B>N H0@><  0B@835;N ($8A. 3.48). $57C;LB0B8 ?@>2545=8E 4>A;V465=L 

?@>45<>=AB@C20;8, I> 2578:C;8, V7>;L>20=V 7 :;VB8= 4&1 7 =045:A?@5AVTN 
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Ruk/CIN85, ?>A8;N20;8 242VGV V=20782=VABL :;VB8= 48:>3> B8?C, B>4V O: 70 

?@8ACB=>ABV RukDown EVs A?>AB5@V302AO ?@>B8;56=89 5D5:B, ?@83=VG5==O 

V=20782=>ABV =0 1;87L:> 17%. &0:8< G8=><, 2?;82 EVs =0 V=20782=VABL :;VB8= 

4T1 WT 2V4?>2V402 1V>;>3VG=8< 2;0AB82>ABO< 28A>:>V=20782=8E AC1;V=V9 

RukUp V A;01>V=20782=8E RukDown, 7 O:8E 2>=8 1C;8 284V;5=V. 

 

 

$8A. 3.48. EVs, 284V;5=V 7 :;VB8= 4T1 7 @V7=8<8 @V2=O<8 5:A?@5AVW 
Ruk/CIN85, <>4C;NNBL V=20782=VABL :;VB8= 4T1 48:>3> B8?C >4=>A?@O<>20=> 

7 @V2=5< WE @V2=5< WE 2;0A=>3> V=20782=>3> ?>B5=FV0;C. *P <0,05 ?>@V2=O=> 7 

:;VB8=0<8 4T1 WT [379]. 

$57C;LB0B8 ?@>2545=8E 4>A;V465=L 4>72>;OBL 7@>18B8 =0ABC?=V 

28A=>2:8. #>-?5@H5, =0 <>45;V 045=>:0@F8=><=8E :;VB8= 3@C4=>W 70;>78 

=0<8 2:>B@5 ?>:070;>, I> 040?B5@=89 ?@>B5W= Ruk/CIN85 T =>28<, 2?5@H5 

V45=B8DV:>20=8< :><?>=5=B>< EVs, I> ?@>4C:CNBLAO ?CE;8==8<8 

:;VB8=0<8. �06;82>N 7=0EV4:>N T 28O2;5==O D0:BC, I> 2<VAB Ruk/CIN85 C 

?>70:;VB8==8E 2578:C;0E 70;568BL 2V4 ABC?5=O <0;V3=V70FVW @0:>28E :;VB8=-

?@>4CF5=BV2. �07=0G5=89 ?>:07=8: <>65 ?>B5=FV9=> 1CB8 28:>@8AB0=89 O: 

4V03=>AB8G=89 <0@:5@ ?@>3@5AVW ?CE;8==>3> @>ABC. ":@V< FL>3>, 

?@>45<>=AB@>20=>, I> EVs, O:V ?@>4C:CNBLAO :;VB8=0<8 4T1 7 @V7=8<8 

@V2=O<8 5:A?@5AVW Ruk/CIN85, E0@0:B5@87CNBLAO A?5F8DVG=8<8 ?@>DV;O<8 
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2<VABC 9>3> <=>68==8E <>;5:C;O@=8E D>@<. �V4?>2V4=>, 2AB0=>2;5=> 

1V>;>3VG=> 7=0G8<C @53C;OB>@=C 70;56=VABL <V6 >A>1;82>ABO<8 2<VABC V 

A:;04C <=>68==8E <>;5:C;O@=8E D>@< Ruk/CIN85 2 EVs B0 WE 740B=VABN 

A?5F8DVG=> <>4C;N20B8 ?@>;VD5@0B82=V 2;0AB82>ABV, @CE;82VABL B0 

V=20782=VABL :;VB8= 4&1 48:>3> B8?C in vitro, O:V 70 =0?@02;5=VABN :>@5;NNBL 

7 1V>;>3VG=8<8 2;0AB82>ABO<8 :;VB8= 4&1 7 up- B0 down-@53C;N20==O< 

4>A;V46C20=>3> 040?B5@0. 
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�!���� &� '�����,!�!!/ $��'�,&�&�� 

�0728G09 H:V@C 22060NBL 2>@>68< A5@54>28I5< 4;O =C:;5W=>28E 

:8A;>B, 7>:@5<0 RNA, G5@57 =0O2=VABL =C:;507, 0;5 2A5@548=V EVs 01> V=H8E 

B8?V2 :><?;5:AV2 =C:;5W=>2V :8A;>B8, 9<>2V@=>, 70E8I5=V. EVs =0@07V 

28O2;5=> 2 1V;LH>ABV 1V>;>3VG=8E @V48=, 2:;NG0NG8 ?VB [359, 145]. �>4=>G0A, 

?>40;LHV 4>A;V465==O =C:;5W=>28E :8A;>B 2 EVs ?>BC T =5>1EV4=8<8 4;O 

79OAC20==O WE ?>B5=FV9=>W 206;82>ABV 4;O ?>HC:C 1V><0@:5@V2. 

!091V;LH A?V2AB02;5=0 DNA V =091V;LH ?@54AB02;5=0 mRNA C 7@07:0E 

?>BC 1C;8 <VB>E>=4@V9=>3> ?>E>465==O. �C;> ?>:070=>, I> <VB>E>=4@VW 

282V;L=ONBLAO :;VB8=0<8 ?V4 G0A >:8A;N20;L=>3> AB@5AC [121] V 

B@0=A?>@BCNBLAO 2 EVs [130], ?@>B5 <8 =5 7<>3;8 28O28B8 6>4=8E V=B0:B=8E 

<VB>E>=4@V9 70 4>?><>3>N &�  C =0H8E ?@5?0@0B0E. #>2V4><;O;>AO ?@> 

=0O2=VABL <VB>E>=4@V9=8E ?@>B5W=V2 2 EVs <5;0=><8 [138], B><C <8 <>65<> 

?@8?CAB8B8, I> <VB>E>=4@V9=0 DNA C =0H8E 7@07:0E 1C;0 @57C;LB0B>< 

<VB>D03VW, O:0 T =>@<0;L=>N G0AB8=>N ?@>F5AC AB0@V==O H:V@8 [108, 295]; 

�@V< B>3>, C :>=B5:ABV H:V@8, <VB>E>=4@VW <>6CBL B0:>6 B@0=A?>@BC20B8AO 7 

<5;0=>F8BV2 ?V4 G0A 282V;L=5==O <5;0=>A><, >A:V;L:8 FV ?@>F5A8 BVA=> 

0A>FV9>20=V ?V4 G0A <5;0=>35=57C [70]. 

� V=H>3> 1>:C, 7030;L=0 O45@=0 DNA 1C;0 ?@54AB02;5=0 @V4H5 7 4C65 

<0;>N :V;L:VABN :>4C20;L=8E 35=V2, B>4V O: 45O:V =50=>B>20=V 4V;O=:8 

28O28;8AL A8;L=> ?@54AB02;5=8<8 2 CAVE G>B8@L>E 7@07:0E, I> 2:07CT =0 B5, 

I> FV ?>A;V4>2=>ABV =5 28?04:>2V. �=D>@<0FVO ?@> DNA, O: 20=B06 EVs, 2A5 

I5 T AC?5@5G;82>N [172], >A:V;L:8 2 1V;LH>ABV 28?04:V2 2>=0 <>65 

?@8;8?0B8 4> ?>25@E=V EVs. �0;8H8;>AL =57@>7C<V;8<, O: >E0@0:B5@87>20=0 

DNA ?>29O70=0 7 EVs ?>BC, 0;5 4C65 9<>2V@=>, I> G0AB8=0 D@03<5=BV2 DNA 

?>29O70=0 7 0?>?B>B8G=8<8 BV;0<8, O:V CB2>@NNBLAO 2 @57C;LB0BV A5:@5FVW 

H:V@=>3> A0;0, 7V1@0=>3> ?>B>:>< ?>BC ?V4 G0A DV78G=8E 2?@02. *V 40=V 

C73>46CTBLAO 7 =0O2=VABN =C:;5W=>28E :8A;>B 10:B5@V9, B8?>28E 4;O A0;L=8E 

70;>7, B0:8E O: Propionibacterium (Cutibacterium) acnes V ?>2'O70=8E 7 =8<8 

10:B5@V>D03V2. 
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%5:25=C20==O small RNAs V7 <0;>W :V;L:>ABV 7@07:V2 T A:;04=8< 

70240==O<, I> ?@872>48BL 4> 25;8:>W G0AB:8 =5:0@B>20=8E 7G8BC20=L. 

#>:070=>, I> RNA 2 EVs 28O2;ONBLAO O: =0 ?>25@E=V, B0: V 2A5@548=V 

<V:@>G0AB8=>:, B>4V O: 45O:V 2848 RNA (1V;LH5 200 bp) 27030;V 2V4ACB=V. 

!09:@0I5 282G5=8<8 EVs-0A>FV9>20=8<8 RNA T miRNAs. !572060NG8 

=0 B5, I> <8 =5 28:>@8AB>2C20;8 RNAse, >B@8<0B8 :V;L:VABL RNA, O:C <>6=0 

45B5:BC20B8, T A:;04=8< 70240==O<. !02VBL 7 ?@>B>:>;>< 4;O small RNA =0HV 

7@07:8 7451V;LH>3> 2:;NG0;8 tRNA V miscRNA 7 =525;8:8< ?@54AB02;5==O< 

miRNA. &8< =5 <5=H, <8 7<>3;8 ?V4B25@48B8 =0O2=VABL =02VBL =09<5=H 

?@54AB02;5=>W miRNA C 1V;LH>ABV 7@07:V2, ?@>B5AB>20=8E 70 4>?><>3>N 

qPCR. !0 >A=>2V 2AB0=>2;5=>3> A?8A:C miRNA <8 7<>3;8 V45=B8DV:C20B8 

miR21-5p V miR26a-5p O: 70;56=V 2V4 DV78G=>3> =020=B065==O [145]. 

�8:>@8AB0==O ?V4E>4C =5C?5@5465=>3> A5:25=C20==O >:@5<8E 7@07:V2 

?V4B25@48;> ?5@52060==O tRNA, rRNA V miscRNA, I> A?>AB5@V30;>AO 2 

1030BL>E V=H8E 4>A;V465==OE RNA 7 EVs [348]. �V;LH =5A?>4V20=8< 

28O28;>AO V45=B8DV:C20==O ?>=04 500 RNAs, I> :>4CNBL ?@>B5W=8, 

?@8=09<=V 2 9 7@07:0E. $0=VH5 >?C1;V:>20=V 40=V 2:07CNBL =0 :V;L:0 

<>6;828E ?>OA=5=L =0O2=>ABV mRNA: mRNA 7=0E>48BLAO 2 A:;04V 

?@>B5W=>28E :><?;5:AV2 [348] 01> ?>29O70=0 7 A5:@5B>20=8<8 @81>A><0<8 

[318], O:V G0AB:>2> 70E8I0NBL mRNA 2V4 453@040FVW. �C;> B0:>6 FV:02> 

?>10G8B8, I> 7=0G=0 G0AB:0 mRNA ?>BC, 71030G5=>3> EVs, T A?V;L=>N 4;O 

B@0=A:@8?B><C 5::@8==>W 70;>78 ;N48=8 [218]. �=0;V7 GO 7451V;LH>3> 

?>:07C202 71030G5==O @81>A><=8<8 :><?>=5=B0<8 V 5;5<5=B0<8 B@0=A;OFVW, 

0;5 =5 <02 GVB:>3> :;VB8==>3> ?>E>465==O, >A:V;L:8 1V;LHVABL 

V45=B8DV:>20=8E mRNA, O: ?@028;>, 5:A?@5ACNBLAO @V2=><V@=>.  >6;82VABL 

B>3>, I> ?VB, 71030G5=89 EVs, A?@024V <VAB8BL ?>2=>@>7<V@=V DC=:FV>=0;L=V 

mRNA, H284H5 70 2A5, 2V4>1@060T DC=:FV>=0;L=89 AB0= :;VB8=, O:V 

282V;L=ONBL EVs, 157 1C4L-O:>W >:@5<>W DC=:FVW. 

�>40B:>289 V=B5@5A ?@54AB02;OT =0O2=VABL <V:@>1V><=8E G0AB8=>:. 

!09?>H8@5=VH8<8 B8?0<8, V45=B8DV:>20=8<8 70 4>?><>3>N 0=0;V7C NGS 
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(Next Generation Sequencing), 1C;8 Proteobacteria, Actinobacteria, Firmicutes V 

Bacteroidetes, O:V 70728G09 7CAB@VG0NBLAO =0 @C:0E B0 2 ?0EC. Proteobacteria 

4><V=CNBL =0 >1;8GGV B0 BC;C1V [105].  

 5B035=><=V 4>A;V465==O, ?>4V1=V 4> B>3>, I> ?@>2>48;>AO 2 ?V475<=V9 

A8AB5<V !LN-�>@:0, =040;8 1030B> V=D>@<0FVW ?@> ?V475<=8E ?@0FV2=8:V2 V 

<V:@>1V>< WE=L>W H:V@8. �C;> ?V4:@5A;5=>, I> 35=5B8G=0 V=D>@<0FVO =0 H:V@V 

=0;568BL, O: 2;0A=><C 35=><C ;N48=8, B0: V 35=><C <V:@>1V><C H:V@8 [4].  

!0HV 40=V C73>46CNBLAO 7 @57C;LB0B0<8 <5B0-4>A;V465=L B0 28A=>2:>< 

?@> B5, I> DNA ;N48=8, 7V1@0=0 2 F8E <5B035=><=8E 4>A;V465==OE, H284H5 

70 2A5, ?>E>48BL/7=0E>48BLAO 2 ;N4AL:><C ?>BC. ->1 79OAC20B8, G8 <0T 1C4L-

O:0 7 V45=B8DV:>20=8E RN� :;V=VG=C FV==VABL ?>B@V1=V ?>40;LHV 4>A;V465==O. 

�>:@5<0, SNP (Single Nucleotide Polymorphisms), 28O2;5=89 C 45O:8E 

>E0@0:B5@87>20=8E mRNA, ?>29O70=89 7 2V4><8<8 70E2>@N20==O<8, I> 

?>B@51CT ?V4B25@465==O 7 28:>@8AB0==O< 1V;LH>W :V;L:>ABV 7@07:V2. 

!0?@8:;04, CALM2, mRNA O:>W 1C;0 V45=B8DV:>20=0 2 CAVE 7@07:0E, <0T 

SNP, ?>29O70=V 7 A5@F52>N 0@8B<VTN B0 @0?B>2>N A<5@BN <>;>48E ;N459 

?VA;O DV78G=8E 2?@02 [8]. �8H5 1V;LH <0AHB01=V 4>A;V465==O <>6CBL 

2AB0=>28B8, G8 <>6;82> V45=B8DV:C20B8 :;V=VG=> ?>29O70=V 20@V0=B8 70 

0=0;V7>< RNA ?>BC. &0:>6, 22060TBLAO, I> V=HV V45=B8DV:>20=V miscRNA, B0:V 

O: RNY1, 3 V 4 <0NBL 4V03=>AB8G=89 ?>B5=FV0; 4;O 70?0;L=8E 70E2>@N20=L 

[81] V :0=F5@>35=57C [110]. 

!0 2V4<V=C 2V4 V=H8E 1V>;>3VG=8E @V48=, EVs ?>BC =5 1C;8 H8@>:> 

4>A;V465=V [18, 145, 359]. "A=>2=>N ?@8G8=>N FL>3> <>6CBL 1CB8 ?>B5=FV9=V 

>1<565==O G5@57 =87L:C :>=F5=B@0FVN EVs C ?>BV B0 28A>:C 20@V015;L=VABL 

2<VABC ?>BC <V6 >:@5<8<8 ;N4L<8. !0HV 2;0A=V 40=V I>4> 7030;L=>3> A:;04C 

?>BC ?>:070;8 4>A8BL 28A>:C :>@5;OFVN 7 >?C1;V:>20=8<8 4>A;V465==O<8 

[255, 3, 117, 35, 36, 366], 0;5 B0:>6 28O28;8 ?@>B5W=8, ?@> O:V @0=VH5 =5 

?>2V4><;O;>AO. %:;04 ?>BC 4C65 48=0<VG=89 V 70;568BL 2V4 <5B01>;V7<C, 

B5<?5@0BC@8 B0 <9O7>2>W 0:B82=>ABV, I> 2?;820T =0 :V;L:VABL @V48=8, 2<VAB 

miRNA, :>=F5=B@0FVN V>=V2 V <5B01>;VBV2. &0:8< G8=><, @57C;LB0B8 0=0;V7C 
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?>BC 70;560BL 2V4 <5B>4V2 71>@C 7@07:V2. �030;><, B@8 @V7=V AB@0B53VW 

AB8<C;N20==O 28@>1;5==O ?>BC 4;O 4>A;V465=O ?@>B5W=>2>3> A:;04C, 1C;8 

28?@>1C20=V =0 ;N4OE [367, 35]: D0@<0:>;>3VG=5 E>;V=5@3VG=5 AB8<C;N20==O 

V>=>D>@57>< ?V;>:0@?V=C, ?V428I5==O B5<?5@0BC@8 B0 DV78G=V 2?@028. 

%B8<C;N20==O ?V;>:0@?V=>< C ?>T4=0==V 7 A8AB5<>N 71>@C Macroduct 

2V4>1@060T «107>25» ?>B>284V;5==O, 0;5 2>=> 4VT ;8H5 G5@57 0:B820FVN 

>4=>3> B8?C @5F5?B>@V2 (<CA:0@8=>28E @5F5?B>@V2), 4VT =0 =525;8:V 4V;O=:8 

H:V@8, <0T <0;89 28EV4 ?>BC B0 2V4=>A=> =87L:C B>G=VABL G5@57 7<VHC20==O 

?>BC B0 @V48=8 35;N [341].  5B>4 71>@C ?>BC, O:89 28:>@8AB>2CTBLAO 2 

=0H><C 4>A;V465==V (25;>A8?54=V 2?@028 2 >4=>@07>28E ?;0AB8:>28E 

@C:028FOE B0 ?;0IV), ?@872>48BL 4> 284V;5==O 25;8:8E >1AO3V2 ?>BC, O:89 

<VAB8BL AC<VH H:V@=>3> A0;0, 5::@8==>3> B0 0?>:@8==>3> ?>BC 7 @V7=8E 

G0AB8= BV;0. �V= 2:;NG0T :><?>=5=B8, AB8<C;L>20=V <'O7>2>N 4VO;L=VABN, 0 

B0:>6 =03@V20==O< BV;0. 

� T48=V9 ?C1;V:0FVW, I> >?8ACT ?@>B5><V:C 5:7>A><, >B@8<0=8E 7 ?>BC 

[359], 28:>@8AB>2C20;8AL >19T4=0=V 7@07:8 ?>BC 2V4 13 CG0A=8:V2, O:V 

B@5=C20;8AO 2 60@:C ?>3>4C (35 °C). �84V;5==O small EVs 70 4>?><>3>N 

3@04VT=B=>3> C;LB@0F5=B@8DC3C20==O 7 >:@5<8E 7@07:V2 28O28;>AO 

=5<>6;828<, G5@57 B5, I> 28EV4 1C2 =04B> =87L:8<. �0<VABL small EVs <8 

7>A5@548;8AO =0 1V;LH H8@>:><C 4V0?07>=V EVs ?>BC, 284V;5=8E 70 

4>?><>3>N size-exchange chromatography 7 28:>@8AB0==O< :>;>=>: ExoEasy 

($8A. 2.1).  8 287=0G8;8 ?@>B5W=>289 A:;04 >:@5<8E 7@07:V2 ?>BC, 71030G5=8E 

EVs, 70 C<>2, ?>4V1=8E 4> B8E, O:V <8 28:>@8AB>2C20;8 4;O 0=0;V7C 2<VABC 

RNA C ?>BV, 71030G5=><C EVs. 

#VA;O 0=0;V7C A:;04C ?@>B5W=V2 2 CAVE 7@07:0E EVs <8 287=0G8;8 

«>A=>2C EVs ?>BC», I> 2:;NG0;0 240 ?@>B5W=V2, O:V 1C;8 V45=B8DV:>20=V 2 CAVE 

?@>B5AB>20=8E 7@07:0E. &8?>2V <0@:5@8 EVs, B0:V O: CD63, CD9, ALIX, 

syntenin-1, annexin A5, HSP90, HSP70, 1C;8 V45=B8DV:>20=V A5@54 F8E 

«>A=>2=8E» ?@>B5W=V2 EVs ?>BC. �@V< B>3>, <8 V45=B8DV:C20;8 45O:V 

?>B5=FV9=V <0@:5@8 @0:C, B0:V O: LRG1, tetraspanin-8, PSA (prostate-specific 
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antigen), TACD2 V glypican-1 [133, 381]. %5@54 F8E <0@:5@V2 PSA <>65 

AB0=>28B8 >A>1;8289 V=B5@5A, >A:V;L:8 28O2;5==O PSA 2 A8@>20BFV :@>2V T 

=09?>H8@5=VH8< <5B>4>< ?>G0B:>2>3> A:@8=V=3C @0:C ?@>AB0B8.  

�=H8<8 :;V=VG=> ?V4B25@465=8<8 ?@>B5W=>28<8 1V><0@:5@0<8 

70E2>@N20==O, 28O2;5=8<8 2 ?>BV, 71030G5=><C EVs, 1C2 C-reactive protein, 

H8@>:> 28:>@8AB>2C20=89 <0@:5@ 70?0;5==O, O:89 28O2;ONBL 70 4>?><>3>N 

0=0;V7V2 :@>2V, alanine aminotransferase (ALT), aspartate transaminase (AST) V 

lactate dehydrogenase (LDH) [355]. ALT 4 F5 5=78<, O:89 2 >A=>2=><C 

<VAB8BLAO 2 :;VB8=0E ?5GV=:8, V 9>3> 282V;L=5==O 2 :@>2>BV: G0AB> ?>29O70=5 7 

?>H:>465==O< ?5GV=:8 [281]. AST, O: V ALT, 2 >A=>2=><C <VAB8BLAO 2 ?5GV=FV, 

0;5 B0:>6 ?@8ACB=O C :;VB8=0E A5@F52>W B0 A:5;5B=>W <CA:C;0BC@8. 

#V428I5==O @V2=O AST C :@>2V 2:07CT =0 ?>H:>465==O B:0=8=. LDH T 

5=78<><, O:89 15@5 CG0ABL C :;VB8==><C <5B01>;V7<V B0 <VAB8BLAO 2 @V7=8E 

B:0=8=0E, 2:;NG0NG8 A5@F5, ?5GV=:C B0 A:5;5B=V <9O78. #V428I5=V @V2=V LDH 

2 :@>2>>1V3C G0AB> ?>29O70=V 7 ?>H:>465==O< B:0=8= 01> 703815;;N :;VB8= 

[360]. !0O2=VABL ALT, AST V LDH C 71030G5=><C EVs ?>BC A2V4G8BL ?@> B5, I> 

EVs ?>BC <0T ?>B5=FV0; 4;O >FV=:8 74>@>29O ?5GV=:8 B0 A5@FO, 0 B0:>6 

@>7;04V2 >?>@=>-@CE>2>3> 0?0@0BC 70 4>?><>3>N =5V=20782=8E ?V4E>4V2. 

 8 A?>AB5@V30;8 1030B> ?>4V1=>AB59 <V6 ?@>B5W=>28< A:;04>< EVs 

?>BC V @0=VH5 >?C1;V:>20=8<8 40=8<8, I> >?8ACNBL EVs 7 V=H8E 1V>;>3VG=8E 

@V48= ;N48=8, >A>1;82> A5GV [381]. !5<>6;82> 7@>18B8 28A=>2>:, G8 2AV 

V45=B8DV:>20=V ?@>B5W=8 EVs ?>BC ?>E>4OBL 157?>A5@54=L> 7V H:V@8 B0 

?>B>28E 70;>7.  >6;82>, I> 45O:V EVs 2=CB@VH=VE >@30=V2 B@0=A?>@BCNBLAO 

:@>29N B0 ?5@5=>AOBLAO 4> ?>BC 70 4>?><>3>N A8AB5<8 <DV;LB@0FVW=. #>HC: C 

107V 40=8E UniProt ?>:0702, I> 1V;LHVABL V45=B8DV:>20=8E :><?>=5=BV2 

?@>B5><C EVs ?>BC 5:A?@5ACNBLAO ?>2AN48. �5O:V 7 =8E 70728G09 <VABOBLAO 2 

H:V@V B0/01> A;87>2V9 >1>;>=FV, B0:V O: serpin B13, kallikrein-7, B0 skin-specific 

protein 32, I> ?V428INT 7=0G5==O EVs 2 1V>;>3VW H:V@8. �V;L:0 

V45=B8DV:>20=8E ?@>B5W=V2 1C;8 ?@8ACB=V 2 EVs 7 :C;LBC@8 :5@0B8=>F8BV2, 0;5 

@0=VH5 =5 ?>2V4><;O;8AO 2 1V>@V48=0E: 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 A1), LFNG (Beta-1,3-N-

acetylglucosaminyltransferase lunatic fringe). &8?>2V ?@>B5W=8 :@>2V, B0:V O: 

:><?>=5=B8 A8AB5<8 :><?;5<5=BC, AC1>48=8FV 35<>3;>1V=C, =59@>=0;L=89 

?@>B5W= (neuroserpin), ?@>B5W=8 OTG>: (semenogelins 1 and 2), B0 ?@>B5W= 

:VAB:>2>3> <>7:C Neutrophil elastase (EC 3.4.21.37) [264] 1C;8 7=0945=V 2 EVs-

71030G5=><C ?>BV. *V A?>AB5@565==O A2V4G0BL ?@> B5, I> EVs ?>BC <>6CBL 

=5AB8 <0B5@V0;, >B@8<0=89 =5 ;8H5 7V H:V@8, 0;5 9 7 V=H8E >@30=V2. #>4V1=8< 

G8=>< EVs 7 :;VB8= @0:C ?5@54<VEC@>2>W 70;>78 <>6=0 7=09B8 2 A5GV [22, 77]. 

�0 >AB0==V :V;L:0 @>:V2 79O28;8AO 4>A;V465==O EVs, B0:8E O: OMV, 

>B@8<0=V 7 10:B5@V9. �E @>;LC 1C;0 >?8A0=0 C 1030BL>E ?@>F5A0E, 2:;NG0NG8 

AB8<C;N20==O ?0B>35=57C [98]. �C;> ?>:070=>, I> OMV <>6CBL V=4C:C20B8 

A?5F8DVG=V V<C==V 2V4?>2V4V [290]. !0H5 4>A;V465==O T ?5@H8<, C O:><C 

?>2V4><;OTBLAO ?@> ?@>B5W=>289 A:;04 10:B5@V9=8E EVs C ;N4AL:><C ?>BV. 

)0@0:B5@8AB8:0 EVs <V:@>1V>B8 ?>BC <>65 1CB8 206;82>N 4;O 0=0;V7C 

H:V@=8E 10:B5@V9=8E V=D5:FV9, 0 B0:>6 =5V=D5:FV9=8E 70E2>@N20=L, 

?>29O70=8E 7V 7<V=>N 10:B5@V9=>3> A:;04C H:V@8, 2:;NG0NG8 FC:@>289 4V015B 

[371].  8 ?>:070;8, I> Actinobacteria T =09?>H8@5=VH8< B8?>< EVs ?>BC, 70 

O:8< 94CBL Proteobacteria B0 Firmicutes. #>@V2=O==O F8E @57C;LB0BV2 

?@>B5><V:8 7 =0H8< 0=0;V7>< EVs ?>BC =0 >A=>2V =C:;5W=>28E :8A;>B 

?>:070;> 28IC G0AB:C Actinobacteria B0 <5=HC G0AB:C Proteobacteria. �030;><, 

B0:A>=><VG=5 @V7=><0=VBBO 10:B5@V0;L=8E ?@>B5W=V2 2 EVs ?>BC 4>1@5 

:>@5;N20;> 7 40=8<8 7030;L=>3> ?>BC B0 2V4>1@060;> 28A>:C 20@V015;L=VABL 

A:;04C <V:@>1V>B8 H:V@8 <V6 >:@5<8<8 V=482V40<8. 

�06;828< D0:B>@><, I> >1<56CT :;V=VG=5 28:>@8AB0==O EVs ?>BC 

>G8I5=8E 70 4>?><>3>N :>;>=>: ExoEasy, T =5>1EV4=VABL 25;8:>W :V;L:>ABV 

?>BC (4> :V;L:>E A>B5=L <V;V;VB@V2). &><C =5>1EV4=0 @>7@>1:0 <5=H8E, 

7@CG=8E 4;O :>@8ABC20G0 B0 5:>=><VG=> 5D5:B82=8E ?>B>2;>2;N20GV2. 
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�V4@>35;V =0 >A=>2V 0;L3V=0BC @0=VH5 28:>@8AB>2C20;8AO 4;O 

V=:0?AC;OFVW B0 4>AB02:8 EVs 4;O ;V:C20==O V=D0@:BC <V>:0@40 [189] V 4;O 

703>T==O @0= ?@8 4V015BV [373]. !0HV 4>A;V465==O ?>:070;8, I> 0;L3V=0B=89 

?;0AB8@ <>6=0 28:>@8AB>2C20B8 4;O 282G5==O ?@>B5W=>2>3> A:;04C EVs. 

)>G0 1V;LHVABL :;0A8G=8E <0@:5@V2 EVs =5 1C;8 28O2;5=V C 7@07:0E 

?;0AB8@V2, 2>=8 <VAB8;8 CD63, O:89, O: ?>:070=>, T >A=>2=8< <0@:5@>< EVs 

?>BC [18, 145]. 

*V:02>, I> 0;L3V=0B=89 ?;0AB8@ 718@02 4C65 <0;> ?@>B5W=V2 

10:B5@V9=>3> ?>E>465==O. *5 <>65 A2V4G8B8 ?@> 2V4<V==>ABV C 729O7C20==V 

EVs 7 @V7=8< A:;04>< <5<1@0=8 V 0;L3V=0B=8< ?;0AB8@5<, I> 

28:>@8AB>2C202AO 2 4>A;V465==V. "B@8<0=V @57C;LB0B8 <>6CBL 70157?5G8B8 

@VH5==O 4;O 2V44V;5==O ;N4AL:8E EVs 2V4 10:B5@V9=8E EVs, I> ?@54AB02;OT 

A5@9>7=C ?@>1;5<C 4;O 1V>@V48= V 1030B8E 10:B5@VO<8 7@07:V2, B0:8E O: 

D5:0;VW [40]. 

�V?>:AVO (7=865=0 :>=F5=B@0FVO :8A=N), O:0 T 7030;L=>N >7=0:>N 

?CE;8=, ?>29O70=0 7 ?@>3@5AC20==O< 70E2>@N20==O B0 ?>30=8< ?@>3=>7>< 

[140]. �V?>:A8G=89 AB@5A ?@872>48BL 4> G8A;5==8E 7<V= O: 2A5@548=V 

?CE;8==>W B:0=8=8, B0: V 2 <V:@>>B>G5==V ?CE;8=8, A?@8G8=ONG8 :@0IC 

040?B0FVN 4> =87L:>3> @V2=O :8A=N. �2060TBLAO, I> 7<V=8 2 H284:>ABV 

28@>1=8FB20 B0 A:;04V EVs T >4=8< V7 <5E0=V7<V2, 70 4>?><>3>N O:8E 

?CE;8==V :;VB8=8 @503CNBL =0 3V?>:A8G=V AB8<C;8 [166, 284, 384]. 

�=4C:C20==O A5:@5FVW EVs 3V?>:AVTN, O:5 A?>AB5@V30;>AO 2 =0H><C 

4>A;V465==V, T ?>H8@5=8< O28I5<. *59 D5=><5= T E0@0:B5@=8< 4;O V=H8E 

B8?V2 ?CE;8==8E :;VB8=: <5;0=><8, 3;V>1;0AB><8, ?@>AB0B8, OTG=8:V2, 

<>;>G=>W 70;>78 B0 @0:C ;535=V. �@V< B>3>, =>@<0;L=V :;VB8=8, B0:V O: 

:0@4V><V>F8B8 [232] V :;VB8=8 ?@>:A8<0;L=8E :0=0;LFV2 =8@>: [372], 

71V;LHCNBL 28@>1=8FB2> EVs ?V4 2?;82>< 3V?>:AVW.  8 ?>:070;8, I> 

A?@8G8=5=5 3V?>:AVTN ?@>4C:C20==O EVs 045=>:0@F8=><=8<8 :;VB8=0<8 

=8@:8 <8HV ;V=VW Renca 1C;> =01030B> A8;L=VH8< ?>@V2=O=> 7 :;VB8=0<8 7862

O ;N48=8, I> <>65 1CB8 ?>29O70=> 7 2V4<V==>ABO<8 2 HIF-70;56=><C 
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A83=0;N20==V C F8E 42>E :;VB8==8E ;V=VOE. �V9A=>, :;VB8=8 Renca 

5:A?@5ACNBL VHL 48:>3> B8?C, B>4V O: :;VB8=8 786-O T VHL245D5:B=8<8 B0 

=5 5:A?@5ACNBL HIF21³ [201]. 

' 1V;LH>ABV 4>A;V465=L =5 28O2;5=> 2V4<V==>AB59 C @>7?>4V;V @>7<V@V2 

EVs <V6 3V?>:A8G=8<8 B0 =>@<>:A8G=8<8 EVs, E>G0 ?>2V4><;O;>AO ?@> 7<V=8 

2 A5@54=VE @>7<V@0E EVs 4;O @V7=8E AC1D@0:FV9 EVs 4;O :;VB8==8E ;V=V9 @0:C 

?V4H;C=:>2>W 70;>78 [240]. ' =0H><C 4>A;V465==V 1C;> 28O2;5=>, I> 

H8@H89 4V0?07>= EVs (70 @>7<V@><) ?@>4C:CTBLAO :;VB8=0<8 RCC, O:V 

:C;LB82C20;8AL 70 C<>2 3V?>:AVW, ?>@V2=O=> 7 =>@<>:AVTN, ?@8 :V;L:VA=><C 

287=0G5==V 70 4>?><>3>N NTA. �>4=>G0A, =5 1C;> 28O2;5=> B0:8E 

2V4<V==>AB59 70 @>7<V@0<8 C 28?04:C 0=0;V7C =0 >A=>2V ExoView. *V 

@>71V6=>ABV <>6CBL 1CB8 ?>29O70=V 7 @V7=8<8 >?B8<0;L=8<8 4V0?07>=0<8 

28O2;5==O 4;O ExoView (502100 =<) V NTA (?>=04 90 =<) [94]. 

� :V;L:>E ?C1;V:0FVOE >?8A0=> 2V4<V==>ABV 2 ?@>B5W=>2><C A:;04V <V6 

EVs, 28@>1;5=8<8 70 C<>2 3V?>:AVW B0 =>@<>:AVW [236, 137, 338, 126]. 

�030;L=8< A?>AB5@565==O< T B5, I> @V2=V 1030BL>E ?@>B5W=V2 EVs 

?V428ICNBLAO 70 C<>2 3V?>:AVW, B>4V O: 4C65 <0;> ?@>B5W=V2 7=86CTBLAO 70 F8E 

C<>2. "4=0: A?8A:8 ?@>B5W=V2, I> 48D5@5=FV9=> 5:A?@5ACNBLAO ?@8 3V?>:AVW 

01> =>@<>:AVW, 7=0G=> 2V4@V7=ONBLAO <V6 4>A;V465==O<8. #@0:B8G=> =5<0T 

01> 4C65 <0;> 71V3V2 C EVs >?8A0=8E 4;O 3;V>1;0AB><8 [137], <5;0=><8 [338] V 

:><1V=0FVW :;VB8= <5;0=><8, ?;>A:>:;VB8==>W :0@F8=><8 H:V@8 B0 

045=>:0@F8=><8 ;535=V, I> :C;LB82C20;8AL C A8AB5<V ?>@>6=8AB8E 2>;>:>= 

[236]. 

/: V >GV:C20;>AO, ?@>B5W=8, 71030G5=V 3V?>:AVTN 2 Renca EVs, 1C;8 2 

>A=>2=><C ?>29O70=V 7 ?;07<0B8G=>N <5<1@0=>N. �45=B8DV:>20=> :V;L:0 

V=B53@8=V2, V=4C:>20=8E 2?;82>< 3V?>:AVW, I>, 9<>2V@=>, 2V4>1@060T 7<V=8 2 

<V6:;VB8==V9 04357VW, 206;82V 4;O @>728B:C @0:C [12]. �C;0 @>73;O=CB0 @>;L 

V=B53@8=V2 EVs C @V7=><0=VB=8E ?0B>DV7V>;>3VG=8E AB0=0E =8@>:, B0:8E O: 

<5B0AB078 ?CE;8=8, =52@>;>3VG=V @>7;048 B0 V<C=>;>3VG=5 @53C;N20==O [285]. 

*V:02>, I> 2 =0H><C 4>A;V465==V <8 28O28;8 ?>4V1=VABL <V6 ?@>B5W=0<8 
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EVs, @V25=L O:8E ?V428IC202AO 70 C<>2 3V?>:AVW, V A?8A:>< V7 61 ?@>B5W=C, 

7=0945=>3> ;8H5 2 EVs, >B@8<0=8E 7 :0@4V><V>F8BV2, O:V :C;LB82C20;8AL 70 

C<>2 3V?>:AVW, ?>@V2=O=> 7 =>@<>:AVTN [232]. *V 7030;L=V ?@>B5W=8 2:;NG0NBL 

206:89 ;0=FN3 0=B835=C :;VB8==>W ?>25@E=V 4F2, :VAB:>289 <>@D>35=5B8G=89 

?@>B5W= 1 V B@0=A?>@B5@ =59B@0;L=>W 0<V=>:8A;>B8 B(0). 

#@8G8=8 ACBBT28E 2V4<V==>AB59 C @57C;LB0B0E 4>A;V465=L ?>;O30NBL =5 

;8H5 2 A?5F8DVG=8E @50:FVOE =0 3V?>:AVN, 0;5 9 C @V7=><0=VB=>ABV 

28:>@8AB>2C20=8E <5B>4V2 >G8I5==O. #5@5206=0 1V;LHVABL 4>A;V465=L, I> 

>?8ACNBL 5D5:B8 3V?>:AVW, 0=0;V7C20;8 EVs, 284V;5=V 01> ?>A;V4>2=8< 

C;LB@0F5=B@8DC3C20==O<, 01> ?@5F8?VB0FVTN [384], O:V 4>72>;ONBL >G8AB8B8 

25;8:C :V;L:VABL :>=B0<V=0=B=8E ?@>B5W=V2. #V4E>48 4> V7>;N20==O =0 >A=>2V 

3@04VT=B0 IV;L=>ABV B0 5:A:;N7V9=>W E@><0B>3@0DVW, O:V 28:>@8AB>2C20;8AO 2 

=0H><C 4>A;V465==V, 4>72>;8;8 V7>;N20B8 GVB:VHV ?>?C;OFVW EVs 7 <5=H>N 

:V;L:VABN 701@C4=5=L. 

!0 AL>3>4=V T 2:@09 =5>1EV4=8< ?>HC: =>28E <5B>4V2 H284:>W B0 

=04V9=>W >FV=:8 2V4<V==>AB59 C A:;04V EVs, 7C<>2;5=8E 7>2=VH=V<8 

?>4@07=8:0<8 01> 1CB8 @57C;LB0B>< @V7=8E ?V4E>4V2 4> 284V;5==O. !0<8 1C;> 

7@>1;5=> A?@>1C >E0@0:B5@87C20;8 EVs 70 4>?><>3>N $0<0=V2AL:>W 

A?5:B@>A:>?VW. ' B>9 G0A O: EVs <>6CBL 1CB8 >E0@0:B5@87>20=V 70 4>?><>3>N 

728G09=>W RS, SERS T =09?>H8@5=VH8< <5B>4><, I> 70AB>A>2CTBLAO 4;O 

E0@0:B5@8AB8:8 EVs @V7=>3> ?>E>465==O [263]. "48= 7 ?V4E>4V2 ?>;O30T 2 

?>T4=0==V SERS V7 70E>?;5==O< EVs 0=B8BV;0<8 ?@>B8 2578:C;O@=8E 

<0@:5@V2, B0:8E O: CD63 V CD9, =0?@8:;04, C <V:@>D;NW4=8E 1V>GV?0E [343] B0 

V<C=>0=0;V7V [181, 344]. *V 4>A;V465==O SERS ?@>45<>=AB@C20;8 :>@5;OFVN 

<V6 ?CE;8==8<8 EVs B0 <0@:5@0<8 5:7>A><=8E ?@>5BW=V2 [286]. !5I>402=> 

1C;> ?>:070=>, I> TG-SERS V7 =0=>G0AB8=:0<8 7>;>B0 <>65 2V4@V7=OB8 EVs, 

I> 28@>1;ONBLAO 5@8B@>F8B0<8, 2V4 B8E, I> 35=5@CNBLAO B@><1>F8B0<8 

[156]. 

!0<8 1C;> @>7@>1;5=> =>2V 20@V0=B8 <5B>4V2 TG-RS V TG-SERS, O:V 

4>72>;8;8 28O28B8 2V4<V==>ABV 2 A:;04V EVs, 28@>1;5=8<8 2 3V?>:A8G=8E V 
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=>@<>:A8G=8E C<>20E in vitro. �;O @>7@V7=5==O =>@<>:A8G=>3> V 3V?>:A8G=>3> 

AB0=C, 70 4>?><>3>N TG2RS B0 SERS, 28O28;8AO FV:028<8 42V 0A>FV9>20=V 7 

?@>B5W=0<8 >1;0ABV: 0<V4=0 IV 2V4 750 4> 1000 A<31, 45 4><V=CNBL ?@>B5W=8 B0 

=C:;5W=>2V :8A;>B8; 0<V4 III 2V4 1300 4> 1600 A<31, 45 ?5@52060NBL ;V?V48, 

?@>B5W=8, =C:;5>B848 B0 V=HV <0:@><>;5:C;8 DNA/RNA. "1;0ABL 2 0<V4V III 

(2V4=5A5=0, =0?@8:;04, 4> ;V?V4V2 01> E>;5AB5@8=C), ?@81;87=> 1405, 1440 V 

1455 A<31, 28O2;OT 2 =0H8E 28<V@N20==OE TG-RS V TG-SERS ?><VB=C 

=5>4=>@V4=VABL 70 =>@<>:A8G=8E V 3V?>:A8G=8E C<>2 V ?@8 28:>@8AB0==V 

@V7=8E <5B>4V2 284V;5==O. %5@54 F8E A<C3 T 45D>@<0FVW 2 @09>=VV =C:;5W=>28E 

:8A;>B B0 CH/CH2. 

RS 40T V=482V4C0;L=89 «2V418B>:» 7@07:0 EVs, I> 2:07CT =0 7<V=8 2 

?@>B5W=0E, ;V?V40E V =C:;5W=>28E :8A;>B0E, B>4V O: <0A2A?5:B@>A:>?VO 

70157?5GCT 1V;LH 45B0;L=89 0=0;V7 <>;5:C;O@=>3> A:;04C 7@07:C. )>G0 RS =5 

=040T B0:>W >1H8@=>W V=D>@<0FVW ?@> 7@07:8 EVs, O: :V;L:VA=0 ?@>B5><V:0, 

2>=0 <0T O2=V ?5@52038 ?5@54 :;V=VG=>N 4V03=>AB8:>N 7024O:8 A2>W9 2V4=>A=V9 

H284:>ABV B0 45H5287=V 28:>@8AB0==O [5]. )>G0 4>A8BL A:;04=> ?@>25AB8 

?@O<5 ?>@V2=O==O @57C;LB0BV2, >B@8<0=8E 70 4>?><>3>N RS V ?@>B5><=8E 

4>A;V465=L, ?52=V A?5:B@0;L=V ?V:8, 2V4<VG5=V 2 RS, <>6CBL 2:07C20B8 =0 

E0@0:B5@=V >A>1;82>ABV ?@>B5W=>2>3> A:;04C. !0?@8:;04, 35<>?@>B5W=8 B0 

70;V7>2<VA=V ?@>B5W=8 2 FV;><C <>6CBL 1CB8 28O2;5=V 70 4>?><>3>N RS (B01;. 

1) [151, 265]. #@>B5W=8, I> <VABOBL 35<, B0:V O: :0B0;070 B0 F8B>E@>< %, 1C;8 

V45=B8DV:>20=V 70 4>?><>3>N ?@>B5><=>3> 0=0;V7C 7@07:V2 EVs, 0 ?@>B5W= 

45?>=C20==O 70;V70 D5@8B8= T >4=8< V7 =09?>H8@5=VH8E ?@>B5W=V2, 7=0945=8E 

C 7@07:0E EVs RCC 70 4>?><>3>N <0A-A?5:B@><5B@8G=>3> 0=0;V7C. �A=CNBL 

?>4V1=>ABV 2 A?5:B@0E RS, I> A?>AB5@V30NBLAO 2 AC1?>?C;OFVW CD9-

?>78B82=8E EVs ?>@V2=O=> 7 7030;L=8<8 EVs [41], 0 B0:>6 C =0H><C 

4>A;V465==V. �06;82>, I> 71V;LH5==O :V;L:>ABV CD9-?>78B82=8E EVs ?VA;O 

;V:C20==O 3V?>:AVW 1C;> 28O2;5=> O: 70 4>?><>3>N �5AB5@=-1;>BB8=3C, B0: V 70 

4>?><>3>N ?@>B5><=>3> 0=0;V7C. 
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�V4><>, I> A:;04 EVs B0 1V>;>3VG=0 0:B82=VABL A8;L=> 70;560BL 2V4 

<5B>4C >G8I5==O, I> >1<56CT <>6;82VABL ?>@V2=N20B8 @57C;LB0B8 @V7=8E 

4>A;V465=L [107]. �V9A=>, <8 28O28;8, I> @V7=V <5B>48 >G8I5==O, <0NBL 

=02VBL A8;L=VH89 2?;82 =0 @57C;LB0B8 0=0;V7C EVs 70 4>?><>3>N RS 

?>@V2=O=> 7 2?;82>< 3V?>:AVW, I> 2:07CT =0 B5, I> B5E=>;>3VO Raman T 

:>@8A=8< A?>A>1>< >FV=:8 <5B>4V2 >G8I5==O EVs B0 WE 28:>@8AB0==O. 

�V4><>, I> >G8I5==O =0 >A=>2V 3@04VT=B0 IV;L=>ABV ?>@V2=O=>, 7 

5:A:;N7V9=>N E@><0B>3@0DVTN 70728G09 ?@872>48BL 4> >B@8<0==O 1V;LH 

>4=>@V4=>W ?>?C;OFVW EVs 7 1V;LH>N G0AB:>N EVs, I> 5:A?@5ACNBL 5:7>A><=V 

<0@:5@8, V <5=H>N :V;L:VABN 701@C4=5=L, I> B0:>6 A?@0254;82> 4;O =0H>3> 

4>A;V465==O. � V=H>3> 1>:C, 28EV4 EVs ?VA;O 3@04VT=B=>3> >G8I5==O G0AB> 

=54>AB0B=V9 4;O 1030BL>E 70AB>AC20=L, >A>1;82> 4;O ?@>B5><V:8 B0 

B@0=A:@8?B><V:8, O:V 28<030NBL 1030B> 28EV4=>3> <0B5@V0;C 4;O :V;L:VA=>3> 

0=0;V7C. ' =0H><C 4>A;V465==V V7>;N20==O EVs =0 >A=>2V 3@04VT=BC IV;L=>ABV 

?@8725;> 4> ?@81;87=> C 839 @07V2 =86G>3> 28E>4C ?@>B5W=C, ?>@V2=O=> 7 

5:A:;N7V9=>N E@><0B>3@0DVTN. �C;> ?>:070=>, I> CW-RS T H284:8< V 

=04V9=8< <5B>4>< >FV=:8 G8AB>B8 EVs, 284V;5=8E 728G09=8< 

C;LB@0F5=B@8DC3C20==O<, ?>@V2=O=> 7 5:A:;N7V9=>N E@><0B>3@0DVTN. &5?5@ 

<8 ?@>45<>=AB@C20;8, I> TG-RS 40T =04V9=89 0=0;V7 3@04VT=B=8E 7@07:V2 

EVs V <>65 1CB8 28:>@8AB0=89 4;O ?>@V2=O==O <5B>4V2 >G8I5==O. 

!0 >A=>2V ?@>2545=8E 4>A;V465=L 7@>1;5=> 28A=>2>:, I> Time-gated 

RS, 7 SERS V 157 =5W, 70157?5GCT <>6;82VABL 2V4=>A=> H284:>3> 0=0;V7C 

2V4<V==>AB59 C <>;5:C;O@=><C A:;04V EVs, 0 B0:>6 2V4<V==>AB59, I> T 

@57C;LB0B>< @V7=8E <5B>4V2 >G8I5==O EVs, B>4V O: <0A2A?5:B@><5B@8G=89 

0=0;V7 A;C3CT V=AB@C<5=B>< 4;O 2V4>1@065==O 7<V= :V;L:>ABV >:@5<8E 

?@>B5W=V2 C B8E A0<8E 7@07:0E. �>:;V=VG=V B0 :;V=VG=V 4>A;V465==O 

7=04>1;OBLAO, I>1 >B@8<0B8 4>:078 B>3>, G8 <>6CBL 70?@>?>=>20=V <5B>48 

1CB8 :>@8A=8<8 4;O E0@0:B5@8AB8:8 EVs, 284V;5=8E 7 1V>@V48= ;N48=8. 

EVs, I> 282V;L=ONBLAO :;VB8=0<8 RCC <8HV (Renca) V ;N48=8 (786-O), 

I> :C;LB82C20;8AL 70 C<>2 3V?>:AVW B0 =>@<>:AVW, E0@0:B5@87C20;8 
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:><1V=0FVTN TG-RS, TG-SERS, ?@>B5><V:8, �5AB5@=-1;>B 0=0;V7C, NTA B0 

5;5:B@>==>W <V:@>A:>?VW. !87:0 ?@>B5W=V2, >A>1;82> B8E, I> 15@CBL CG0ABL C 

:;VB8==V9 04357VW, 1C;8 =04<V@=> ?@54AB02;5=V 2 EVs, A5:@5B>20=8E :;VB8=0<8 

Renca 70 C<>2 3V?>:AVW.  8 ?@>45<>A=B@C20;8, I> TG-RS T ?>BC6=8< 

V=AB@C<5=B>< 4;O ?>4>;0==O ?@>1;5<8 D>=>2>W D;C>@5AF5=FVW, O:0 70728G09 

<0A:CT A83=0; :><1V=0FV9=>3> @>7AVN20==O 1V;LH>ABV 1V>;>3VG=8E 7@07:V2, V 

I> A83=0; TG-RS <>6=0 I5 ?>:@0I8B8 70 4>?><>3>N SERS. EVs, 284V;5=V 70 

4>?><>3>N 42>E @V7=8E <5B>4V2 V7>;N20==O, <0;8 @07NG5 @V7=V A?5:B@8 RS. 

&0:8< G8=><, :><1V=0FVO TG-RS V TG-SERS <0T ?>B5=FV0; 4;O @>7C<V==O 

O:VA=8E 7<V= 2<VABC EVs C 2V4?>2V4L =0 B0:V ?>4@07=8:8, O: 3V?>:AVO, 0 B0:>6 

4;O 0=0;V7C G8AB>B8 >B@8<0=8E EVs. 
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��%!"��� 

1. �?5@H5 >E0@0:B5@87>20=> >A>1;82>ABV =C:;5W=>2>3> A:;04C EVs ?>BC 

;N48=8, V=4C:>20=>3> DV78G=8<8 2?@020<8. �AB0=>2;5=>, I> EVs ?>BC 

;N48=8 <VABOBL @V7=><0=VB=V =C:;5W=>2V :8A;>B8, 2:;NG0NG8 DNA B0 RNA 

;N4AL:>3> V <V:@>1=>3> ?>E>465==O. �8O2;5=> B0:>6 =C:;5W=>2V :8A;>B8 

10:B5@V9, 0@E59 V 2V@CAV2, B8?>28E 4;O <V:@>1V><C H:V@8.  

2. �?5@H5 >E0@0:B5@87>20=> >A>1;82>ABV ?@>B5W=>2>3> A:;04C EVs ?>BC 

;N48=8, V=4C:>20=>3> DV78G=8<8 2?@020<8. �AB0=>2;5=> 2V4<V==>ABV C A:;04V 

?@>B5W=V2, 28O2;5=8E 2 @V7=8E V=482V4C0;L=8E 7@07:0E EVs B0 7030;L=>3> ?>BC 

;N48=8, V45=B8DV:>20=V ?>B5=FV9=V 1V><0@:5@8 @0:C B0 V=D5:FV9=8E 

70E2>@N20=L A5@54 ?@>B5W=V2 EVs ?>BC. #>:070=>, I> 0;L3V=0B=89 ?;0AB8@ 

<>65 1CB8 28:>@8AB0=89 4;O 71>@C EVs ;N4AL:>3> ?>BC 7 <5B>N WE 

2V4>:@5<;5==O 2V4 10:B5@V9=8E EVs. 

3. �?5@H5 ?>:070=>, I> :><?;5:A=5 28:>@8AB0==O <5B>4V2 $0<0=V2AL:>W 

A?5:B@>A:>?VW B0 <0A-A?5:B@><5B@8G=>3> 0=0;V7C 70157?5GCT 3;81>:C 

48D5@5=FV9=C >FV=:C 4V0?07>=C @>7<V@V2 =0=>G0AB8=>: B0 <>;5:C;O@=8E 7<V=, 

7C<>2;5=8E 2?;82>< @V7=8E D0:B>@V2 =02:>;8H=L>3> A5@54>28I0, B0:8E O: 

3V?>:AVO. 

4. !0 <>45;V 045=>:0@F8=><=8E :;VB8= =8@:8 <8HV ;V=VW Renca 2?5@H5 

?@>45<>=AB@>20=>, I> Ruk/CIN85 T =>28< :><?>=5=B>< EVs, O:89 2V4V3@0T 

206;82C @>;L C 1V>35=57V 2578:C;, @53C;N20==V WE :V;L:>ABV B0 A:;04C 70 @V7=8E 

:8A=528E C<>2 A5@54>28I0.  

5. �AB0=>2;5=>, I> 040?B5@=89 ?@>B5W= �GFP-Ruk/CIN85 T :><?>=5=B>< 

EVs, I> ?@>4C:CNBLAO AB01V;L=8<8 B@0=AD5:B0=B0<8 :;VB8= 5<1@V>=0;L=>W 

=8@:8 ;N48=8 ;V=VW !��293. #@>45<>=AB@>20=> 740B=VABL EVs 7 @V7=8< 

2<VAB>< �GFP-Ruk/CIN85 <>4C;N20B8 ?@>;VD5@0B82=V 2;0AB82>ABV B0 

@CE;82VABL :;VB8= in vitro. 
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6.  0A-A?5:B@><5B@8G=8< 0=0;V7>< (GeLC MS/MS) 2?5@H5 ?>:070=>, I> 

1V;LHVABL V45=B8DV:>20=8E ?@>B5W=V2, I> 48D5@5=FV9=> 5:A?@5ACNBLAO 2 

:;VB8=0E !��293 7 up-@53C;N20==O< �GFP-Ruk/CIN85 V 28O2;ONBLAO 2 EVs, T 

<5B01>;VG=8<8 5=78<0<8. 

7. !0 <>45;V 045=>:0@F8=><=8E :;VB8= 3@C4=>W 70;>78 <8HV ;V=VW 4&1 7 

up- B0 down-@53C;N20==O< Ruk/CIN85 28O2;5=>, I> EVs V7 ?V428I5=8< 

2<VAB>< Ruk/CIN85 7 :;VB8= 4&1 RukUp ?V4A8;NNBL 03@5A82=VABL :;VB8= 4&1 

WT, B>4V O: 7V 7=865=8< 2<VAB>< 7 :;VB8= 4&1 RukDown 4 ?@83=VGCNBL. *V 

40=V ?V4:@5A;NNBL 206;82C @>;L Ruk/CIN85 C 1V>35=57V EVs B0 WE 2?;82V =0 

:0=F5@>35=57. 

  



188 
 

%#�%"� ���"$�%&�!�% ���$�� 

1. Abels, E. R., & Breakefield, X. O. (2016). Introduction to Extracellular 

Vesicles: Biogenesis, RNA Cargo Selection, Content, Release, and Uptake. 

Cellular and molecular neurobiology, 36(3), 3013312. 

https://doi.org/10.1007/s10571-016-0366-z  

2. Adell, M. A., Vogel, G. F., Pakdel, M., Müller, M., Lindner, H., Hess, M. W., 
& Teis, D. (2014). Coordinated binding of Vps4 to ESCRT-III drives 

membrane neck constriction during MVB vesicle formation. The Journal of 

cell biology, 205(1), 33349. https://doi.org/10.1083/jcb.201310114  

3. Adewole, O. O., Erhabor, G. E., Adewole, T. O., Ojo, A. O., Oshokoya, H., 

Wolfe, L. M., & Prenni, J. E. (2016). Proteomic profiling of eccrine sweat 

reveals its potential as a diagnostic biofluid for active tuberculosis. 

Proteomics. Clinical applications, 10(5), 5473553. 

https://doi.org/10.1002/prca.201500071  

4. Afshinnekoo, E., Meydan, C., Chowdhury, S., Jaroudi, D., Boyer, C., 

Bernstein, N., Maritz, J. M., Reeves, D., Gandara, J., Chhangawala, S., 

Ahsanuddin, S., Simmons, A., Nessel, T., Sundaresh, B., Pereira, E., 

Jorgensen, E., Kolokotronis, S. O., Kirchberger, N., Garcia, I., Gandara, D., 

Mason, C. E. (2015). Geospatial Resolution of Human and Bacterial Diversity 

with City-Scale Metagenomics. Cell systems, 1(1), 72387. 

https://doi.org/10.1016/j.cels.2015.01.001  

5. Aitekenov, S., Gaipov, A., & Bukasov, R. (2021). Review: Detection and 

quantification of proteins in human urine. Talanta, 223(Pt 1), 121718. 

https://doi.org/10.1016/j.talanta.2020.121718  

6. Al-Nedawi, K., Meehan, B., Micallef, J., Lhotak, V., May, L., Guha, A., & 

Rak, J. (2008). Intercellular transfer of the oncogenic receptor EGFRvIII by 

microvesicles derived from tumour cells. Nature cell biology, 10(5), 6193624. 

https://doi.org/10.1038/ncb1725  

7. Alvarez-Erviti, L., Seow, Y., Yin, H., Betts, C., Lakhal, S., & Wood, M. J. 

(2011). Delivery of siRNA to the mouse brain by systemic injection of 

targeted exosomes. Nature biotechnology, 29(4), 3413345. 

https://doi.org/10.1038/nbt.1807  

8. Anderson, J. H., Tester, D. J., Will, M. L., & Ackerman, M. J. (2016). Whole-

Exome Molecular Autopsy After Exertion-Related Sudden Unexplained 

Death in the Young. Circulation. Cardiovascular genetics, 9(3), 2593265. 

https://doi.org/10.1161/CIRCGENETICS.115.001370  

https://doi.org/10.1007/s10571-016-0366-z
https://doi.org/10.1083/jcb.201310114
https://doi.org/10.1002/prca.201500071
https://doi.org/10.1016/j.cels.2015.01.001
https://doi.org/10.1016/j.talanta.2020.121718
https://doi.org/10.1038/ncb1725
https://doi.org/10.1038/nbt.1807
https://doi.org/10.1161/CIRCGENETICS.115.001370


189 
 

9. Antonyak, M. A., & Cerione, R. A. (2018). The distinct traits of extracellular 

vesicles generated by transformed cells. Small GTPases, 9(5), 4273432. 

https://doi.org/10.1080/21541248.2016.1249044  

10. Ashburner, M., Ball, C. A., Blake, J. A., Botstein, D., Butler, H., Cherry, J. 

M., Davis, A. P., Dolinski, K., Dwight, S. S., Eppig, J. T., Harris, M. A., Hill, 

D. P., Issel-Tarver, L., Kasarskis, A., Lewis, S., Matese, J. C., Richardson, J. 

E., Ringwald, M., Rubin, G. M., & Sherlock, G. (2000). Gene ontology: tool 

for the unification of biology. The Gene Ontology Consortium. Nature 

genetics, 25(1), 25329. https://doi.org/10.1038/75556  

11. Ashley, J., Cordy, B., Lucia, D., Fradkin, L. G., Budnik, V., & Thomson, T. 

(2018). Retrovirus-like Gag Protein Arc1 Binds RNA and Traffics across 

Synaptic Boutons. Cell, 172(1-2), 2623274.e11. 

https://doi.org/10.1016/j.cell.2017.12.022  

12. Ata, R., & Antonescu, C. N. (2017). Integrins and Cell Metabolism: An 

Intimate Relationship Impacting Cancer. International journal of molecular 

sciences, 18(1), 189. https://doi.org/10.3390/ijms18010189  

13. Avila-Calderón, E. D., Araiza-Villanueva, M. G., Cancino-Diaz, J. C., López-
Villegas, E. O., Sriranganathan, N., Boyle, S. M., & Contreras-Rodríguez, A. 
(2015). Roles of bacterial membrane vesicles. Archives of microbiology, 

197(1), 1310. https://doi.org/10.1007/s00203-014-1042-7  

14. Baietti, M. F., Zhang, Z., Mortier, E., Melchior, A., Degeest, G., Geeraerts, 

A., Ivarsson, Y., Depoortere, F., Coomans, C., Vermeiren, E., Zimmermann, 

P., & David, G. (2012). Syndecan-syntenin-ALIX regulates the biogenesis of 

exosomes. Nature cell biology, 14(7), 6773685. 

https://doi.org/10.1038/ncb2502  

15. Balaj, L., Lessard, R., Dai, L., Cho, Y. J., Pomeroy, S. L., Breakefield, X. O., 

& Skog, J. (2011). Tumour microvesicles contain retrotransposon elements 

and amplified oncogene sequences. Nature communications, 2, 180. 

https://doi.org/10.1038/ncomms1180  

16. Bard, F., Patel, U., Levy, J. B., Jurdic, P., Horne, W. C., & Baron, R. (2002). 

Molecular complexes that contain both c-Cbl and c-Src associate with Golgi 

membranes. European journal of cell biology, 81(1), 26335. 

https://doi.org/10.1078/0171-9335-00217  

17. Barenholz Y. (2012). Doxil®--the first FDA-approved nano-drug: lessons 

learned. Journal of controlled release : official journal of the Controlled 

Release Society, 160(2), 1173134. 

https://doi.org/10.1016/j.jconrel.2012.03.020  

18. Bart, G., Fischer, D., Samoylenko, A., Zhyvolozhnyi, A., Stehantsev, P., 

Miinalainen, I., Kaakinen, M., Nurmi, T., Singh, P., Kosamo, S., Rannaste, 

https://doi.org/10.1080/21541248.2016.1249044
https://doi.org/10.1038/75556
https://doi.org/10.1016/j.cell.2017.12.022
https://doi.org/10.3390/ijms18010189
https://doi.org/10.1007/s00203-014-1042-7
https://doi.org/10.1038/ncb2502
https://doi.org/10.1038/ncomms1180
https://doi.org/10.1078/0171-9335-00217
https://doi.org/10.1016/j.jconrel.2012.03.020


190 
 

L., Viitala, S., Hiltunen, J., & Vainio, S. J. (2021). Characterization of nucleic 

acids from extracellular vesicle-enriched human sweat. BMC genomics, 22(1), 

425. https://doi.org/10.1186/s12864-021-07733-9  

19. Basso, M., & Bonetto, V. (2016). Extracellular Vesicles and a Novel Form of 

Communication in the Brain. Frontiers in neuroscience, 10, 127. 

https://doi.org/10.3389/fnins.2016.00127  

20. Batista, B. S., Eng, W. S., Pilobello, K. T., Hendricks-Muñoz, K. D., & 
Mahal, L. K. (2011). Identification of a conserved glycan signature for 

microvesicles. Journal of proteome research, 10(10), 462434633. 

https://doi.org/10.1021/pr200434y  

21. Bedke, J., Gauler, T., Grünwald, V., Hegele, A., Herrmann, E., Hinz, S., 
Janssen, J., Schmitz, S., Schostak, M., Tesch, H., Zastrow, S., & Miller, K. 

(2017). Systemic therapy in metastatic renal cell carcinoma. World journal of 

urology, 35(2), 1793188. https://doi.org/10.1007/s00345-016-1868-5  

22. Bernardino, R. M. M., Leão, R., Henrique, R., Pinheiro, L. C., Kumar, P., 
Suravajhala, P., Beck, H. C., Carvalho, A. S., & Matthiesen, R. (2021). 

Extracellular Vesicle Proteome in Prostate Cancer: A Comparative Analysis 

of Mass Spectrometry Studies. International journal of molecular sciences, 

22(24), 13605. https://doi.org/10.3390/ijms222413605  

23. Betapudi, V., Lominadze, G., Hsi, L., Willard, B., Wu, M., & McCrae, K. R. 

(2013). Anti-³2GPI antibodies stimulate endothelial cell microparticle release 

via a nonmuscle myosin II motor protein-dependent pathway. Blood, 122(23), 

380833817. https://doi.org/10.1182/blood-2013-03-490318  

24. Bezsonova, I., Bruce, M. C., Wiesner, S., Lin, H., Rotin, D., & Forman-Kay, 

J. D. (2008). Interactions between the three CIN85 SH3 domains and 

ubiquitin: implications for CIN85 ubiquitination. Biochemistry, 47(34), 89373
8949. https://doi.org/10.1021/bi800439t  

25. Bharti, S., Inoue, H., Bharti, K., Hirsch, D. S., Nie, Z., Yoon, H. Y., Artym, 

V., Yamada, K. M., Mueller, S. C., Barr, V. A., & Randazzo, P. A. (2007). 

Src-dependent phosphorylation of ASAP1 regulates podosomes. Molecular 

and cellular biology, 27(23), 827138283. 

https://doi.org/10.1128/MCB.01781-06  

26. Bissig, C., & Gruenberg, J. (2014). ALIX and the multivesicular endosome: 

ALIX in Wonderland. Trends in cell biology, 24(1), 19325. 

https://doi.org/10.1016/j.tcb.2013.10.009  

27. Bobrie, A., Krumeich, S., Reyal, F., Recchi, C., Moita, L. F., Seabra, M. C., 

Ostrowski, M., & Théry, C. (2012). Rab27a supports exosome-dependent and 

-independent mechanisms that modify the tumor microenvironment and can 

https://doi.org/10.1186/s12864-021-07733-9
https://doi.org/10.3389/fnins.2016.00127
https://doi.org/10.1021/pr200434y
https://doi.org/10.1007/s00345-016-1868-5
https://doi.org/10.3390/ijms222413605
https://doi.org/10.1182/blood-2013-03-490318
https://doi.org/10.1021/bi800439t
https://doi.org/10.1128/MCB.01781-06
https://doi.org/10.1016/j.tcb.2013.10.009


191 
 

promote tumor progression. Cancer research, 72(19), 492034930. 

https://doi.org/10.1158/0008-5472.CAN-12-0925  

28. Bolger, A. M., Lohse, M., & Usadel, B. (2014). Trimmomatic: a flexible 

trimmer for Illumina sequence data. Bioinformatics (Oxford, England), 

30(15), 211432120. https://doi.org/10.1093/bioinformatics/btu170  

29. Bonsergent, E., & Lavieu, G. (2019). Content release of extracellular vesicles 

in a cell-free extract. FEBS letters, 593(15), 198331992. 

https://doi.org/10.1002/1873-3468.13472  

30. Borthwick, E. B., Korobko, I. V., Luke, C., Drel, V. R., Fedyshyn, Y. Y., 

Ninkina, N., Drobot, L. B., & Buchman, V. L. (2004). Multiple domains of 

Ruk/CIN85/SETA/CD2BP3 are involved in interaction with p85alpha 

regulatory subunit of PI 3-kinase. Journal of molecular biology, 343(4), 

113531146. https://doi.org/10.1016/j.jmb.2004.08.075  

31. Buccione, R., Caldieri, G., & Ayala, I. (2009). Invadopodia: specialized 

tumor cell structures for the focal degradation of the extracellular matrix. 

Cancer metastasis reviews, 28(1-2), 1373149. https://doi.org/10.1007/s10555-

008-9176-1  

32. Buchfink, B., Xie, C., & Huson, D. H. (2015). Fast and sensitive protein 

alignment using DIAMOND. Nature methods, 12(1), 59360. 

https://doi.org/10.1038/nmeth.3176  

33. Buchman, V. L., Luke, C., Borthwick, E. B., Gout, I., & Ninkina, N. (2002). 

Organization of the mouse Ruk locus and expression of isoforms in mouse 

tissues. Gene, 295(1), 13317. https://doi.org/10.1016/s0378-1119(02)00821-1 

34. Büchse, T., Horras, N., Lenfert, E., Krystal, G., Körbel, S., Schümann, M., 
Krause, E., Mikkat, S., & Tiedge, M. (2011). CIN85 interacting proteins in B 

cells-specific role for SHIP-1. Molecular & cellular proteomics: MCP, 

10(10), M110.006239. https://doi.org/10.1074/mcp.M110.006239  

35. Burat, B., Reynaerts, A., Baiwir, D., Fléron, M., Eppe, G., Leal, T., & 
Mazzucchelli, G. (2021). Characterization of the Human Eccrine Sweat 

Proteome-A Focus on the Biological Variability of Individual Sweat Protein 

Profiles. International journal of molecular sciences, 22(19), 10871. 

https://doi.org/10.3390/ijms221910871  

36. Burat, B., Reynaerts, A., Baiwir, D., Fléron, M., Gohy, S., Eppe, G., Leal, T., 
& Mazzucchelli, G. (2022). Sweat Proteomics in Cystic Fibrosis: Discovering 

Companion Biomarkers for Precision Medicine and Therapeutic 

Development. Cells, 11(15), 2358. https://doi.org/10.3390/cells11152358  

37. Buschman, M. D., Bromann, P. A., Cejudo-Martin, P., Wen, F., Pass, I., & 

Courtneidge, S. A. (2009). The novel adaptor protein Tks4 (SH3PXD2B) is 

https://doi.org/10.1158/0008-5472.CAN-12-0925
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1002/1873-3468.13472
https://doi.org/10.1016/j.jmb.2004.08.075
https://doi.org/10.1007/s10555-008-9176-1
https://doi.org/10.1007/s10555-008-9176-1
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1074/mcp.M110.006239
https://doi.org/10.3390/ijms221910871
https://doi.org/10.3390/cells11152358


192 
 

required for functional podosome formation. Molecular biology of the cell, 

20(5), 130231311. https://doi.org/10.1091/mbc.e08-09-0949  

38. Buschow, S. I., Nolte-'t Hoen, E. N., van Niel, G., Pols, M. S., ten Broeke, T., 

Lauwen, M., Ossendorp, F., Melief, C. J., Raposo, G., Wubbolts, R., Wauben, 

M. H., & Stoorvogel, W. (2009). MHC II in dendritic cells is targeted to 

lysosomes or T cell-induced exosomes via distinct multivesicular body 

pathways. Traffic (Copenhagen, Denmark), 10(10), 152831542. 

https://doi.org/10.1111/j.1600-0854.2009.00963.x  

39. Byrd, A. L., Belkaid, Y., & Segre, J. A. (2018). The human skin microbiome. 

Nature reviews. Microbiology, 16(3), 1433155. 

https://doi.org/10.1038/nrmicro.2017.157  

40. Byts, N., Makieieva, O., Zhyvolozhnyi, A., Bart, G., Korvala, J., Hekkala, J., 

Salmi, S., Samoylenko, A., & Reunanen, J. (2023). Purification of Bacterial-

Enriched Extracellular Vesicle Samples from Feces by Density Gradient 

Ultracentrifugation. Methods in molecular biology (Clifton, N.J.), 2668, 2113
226. https://doi.org/10.1007/978-1-0716-3203-1_15  

41. Carney, R. P., Hazari, S., Colquhoun, M., Tran, D., Hwang, B., Mulligan, M. 

S., Bryers, J. D., Girda, E., Leiserowitz, G. S., Smith, Z. J., & Lam, K. S. 

(2017). Multispectral Optical Tweezers for Biochemical Fingerprinting of 

CD9-Positive Exosome Subpopulations. Analytical chemistry, 89(10), 53573
5363. https://doi.org/10.1021/acs.analchem.7b00017  

42. Cascio, S., & Finn, O. J. (2015). Complex of MUC1, CIN85 and Cbl in Colon 

Cancer Progression and Metastasis. Cancers, 7(1), 3423352. 

https://doi.org/10.3390/cancers7010342  

43. Cashikar, A. G., Shim, S., Roth, R., Maldazys, M. R., Heuser, J. E., & 

Hanson, P. I. (2014). Structure of cellular ESCRT-III spirals and their 

relationship to HIV budding. eLife, 3, e02184. 

https://doi.org/10.7554/eLife.02184  

44. Cha, D. J., Franklin, J. L., Dou, Y., Liu, Q., Higginbotham, J. N., Demory 

Beckler, M., Weaver, A. M., Vickers, K., Prasad, N., Levy, S., Zhang, B., 

Coffey, R. J., & Patton, J. G. (2015). KRAS-dependent sorting of miRNA to 

exosomes. eLife, 4, e07197. https://doi.org/10.7554/eLife.07197  

45. Chairoungdua, A., Smith, D. L., Pochard, P., Hull, M., & Caplan, M. J. 

(2010). Exosome release of ³-catenin: a novel mechanism that antagonizes 

Wnt signaling. The Journal of cell biology, 190(6), 107931091. 

https://doi.org/10.1083/jcb.201002049  

46. Chan, K. T., Cortesio, C. L., & Huttenlocher, A. (2009). FAK alters 

invadopodia and focal adhesion composition and dynamics to regulate breast 

https://doi.org/10.1091/mbc.e08-09-0949
https://doi.org/10.1111/j.1600-0854.2009.00963.x
https://doi.org/10.1038/nrmicro.2017.157
https://doi.org/10.1007/978-1-0716-3203-1_15
https://doi.org/10.1021/acs.analchem.7b00017
https://doi.org/10.3390/cancers7010342
https://doi.org/10.7554/eLife.02184
https://doi.org/10.7554/eLife.07197
https://doi.org/10.1083/jcb.201002049


193 
 

cancer invasion. The Journal of cell biology, 185(2), 3573370. 

https://doi.org/10.1083/jcb.200809110  

47. Chan, P. P., & Lowe, T. M. (2009). GtRNAdb: a database of transfer RNA 

genes detected in genomic sequence. Nucleic acids research, 37(Database 

issue), D933D97. https://doi.org/10.1093/nar/gkn787  

48. Charrin, S., Jouannet, S., Boucheix, C., & Rubinstein, E. (2014). Tetraspanins 

at a glance. Journal of cell science, 127(Pt17), 364133648. 

https://doi.org/10.1242/jcs.154906  

49. Chen, B., Borinstein, S. C., Gillis, J., Sykes, V. W., & Bogler, O. (2000). The 

glioma-associated protein SETA interacts with AIP1/Alix and ALG-2 and 

modulates apoptosis in astrocytes. The Journal of biological chemistry, 

275(25), 19275319281. https://doi.org/10.1074/jbc.M908994199  

50. Chen, C. C., Liu, L., Ma, F., Wong, C. W., Guo, X. E., Chacko, J. V., 

Farhoodi, H. P., Zhang, S. X., Zimak, J., Ségaliny, A., Riazifar, M., Pham, V., 
Digman, M. A., Pone, E. J., & Zhao, W. (2016). Elucidation of Exosome 

Migration across the Blood-Brain Barrier Model In Vitro. Cellular and 

molecular bioengineering, 9(4), 5093529. https://doi.org/10.1007/s12195-

016-0458-3  

51. Chen, L., & Brigstock, D. R. (2016). Integrins and heparan sulfate 

proteoglycans on hepatic stellate cells (HSC) are novel receptors for HSC-

derived exosomes. FEBS letters, 590(23), 426334274. 

https://doi.org/10.1002/1873-3468.12448  

52. Chen, W., Wen, X., Latzel, M., Heilmann, M., Yang, J., Dai, X., Huang, S., 

Shrestha, S., Patterson, R., Christiansen, S., & Conibeer, G. (2016). 

Nanoscale Characterization of Carrier Dynamic and Surface Passivation in 

InGaN/GaN Multiple Quantum Wells on GaN Nanorods. ACS applied 

materials & interfaces, 8(46), 31887331893. 

https://doi.org/10.1021/acsami.6b11675  

53. Chen, X., Gasecka, P., Formanek, F., Galey, J. B., & Rigneault, H. (2016). In 

vivo single human sweat gland activity monitoring using coherent anti-Stokes 

Raman scattering and two-photon excited autofluorescence microscopy. The 

British journal of dermatology, 174(4), 8033812. 

https://doi.org/10.1111/bjd.14292  

54. Chen, Z., Larregina, A. T., & Morelli, A. E. (2019). Impact of extracellular 

vesicles on innate immunity. Current opinion in organ transplantation, 24(6), 

6703678. https://doi.org/10.1097/MOT.0000000000000701  

55. Chevallier, J., Chamoun, Z., Jiang, G., Prestwich, G., Sakai, N., Matile, S., 

Parton, R. G., & Gruenberg, J. (2008). Lysobisphosphatidic acid controls 

https://doi.org/10.1083/jcb.200809110
https://doi.org/10.1093/nar/gkn787
https://doi.org/10.1242/jcs.154906
https://doi.org/10.1074/jbc.M908994199
https://doi.org/10.1007/s12195-016-0458-3
https://doi.org/10.1007/s12195-016-0458-3
https://doi.org/10.1002/1873-3468.12448
https://doi.org/10.1021/acsami.6b11675
https://doi.org/10.1111/bjd.14292
https://doi.org/10.1097/MOT.0000000000000701


194 
 

endosomal cholesterol levels. The Journal of biological chemistry, 283(41), 

27871327880. https://doi.org/10.1074/jbc.M801463200  

56. Chivet, M., Javalet, C., Laulagnier, K., Blot, B., Hemming, F. J., & Sadoul, R. 

(2014). Exosomes secreted by cortical neurons upon glutamatergic synapse 

activation specifically interact with neurons. Journal of extracellular vesicles, 

3, 24722. https://doi.org/10.3402/jev.v3.24722  

57. Cho, J. A., Park, H., Lim, E. H., & Lee, K. W. (2012). Exosomes from breast 

cancer cells can convert adipose tissue-derived mesenchymal stem cells into 

myofibroblast-like cells. International journal of oncology, 40(1), 1303138. 

https://doi.org/10.3892/ijo.2011.1193  

58. Choi, D. S., Kim, D. K., Kim, Y. K., & Gho, Y. S. (2013). Proteomics, 

transcriptomics and lipidomics of exosomes and ectosomes. Proteomics, 

13(10-11), 155431571. https://doi.org/10.1002/pmic.201200329  

59. Choi, D. S., Kim, D. K., Kim, Y. K., & Gho, Y. S. (2015). Proteomics of 

extracellular vesicles: Exosomes and ectosomes. Mass spectrometry reviews, 

34(4), 4743490. https://doi.org/10.1002/mas.21420  

60. Choi, D. S., Lee, J., Go, G., Kim, Y. K., & Gho, Y. S. (2013). Circulating 

extracellular vesicles in cancer diagnosis and monitoring: an appraisal of 

clinical potential. Molecular diagnosis & therapy, 17(5), 2653271. 

https://doi.org/10.1007/s40291-013-0042-7  

61. Choi, D. S., Yang, J. S., Choi, E. J., Jang, S. C., Park, S., Kim, O. Y., Hwang, 

D., Kim, K. P., Kim, Y. K., Kim, S., & Gho, Y. S. (2012). The protein 

interaction network of extracellular vesicles derived from human colorectal 

cancer cells. Journal of proteome research, 11(2), 114431151. 

https://doi.org/10.1021/pr200842h  

62. Clancy, J. W., Zhang, Y., Sheehan, C., & D'Souza-Schorey, C. (2019). An 

ARF6-Exportin-5 axis delivers pre-miRNA cargo to tumour microvesicles. 

Nature cell biology, 21(7), 8563866. https://doi.org/10.1038/s41556-019-

0345-y  

63. Cocucci, E., & Meldolesi, J. (2015). Ectosomes and exosomes: shedding the 

confusion between extracellular vesicles. Trends in cell biology, 25(6), 3643
372. https://doi.org/10.1016/j.tcb.2015.01.004  

64. Cocucci, E., Racchetti, G., & Meldolesi, J. (2009). Shedding microvesicles: 

artefacts no more. Trends in cell biology, 19(2), 43351. 

https://doi.org/10.1016/j.tcb.2008.11.003  

65. Cogolludo, A., Moreno, L., Frazziano, G., Moral-Sanz, J., Menendez, C., 

Castañeda, J., González, C., Villamor, E., & Perez-Vizcaino, F. (2009). 

Activation of neutral sphingomyelinase is involved in acute hypoxic 

https://doi.org/10.1074/jbc.M801463200
https://doi.org/10.3402/jev.v3.24722
https://doi.org/10.3892/ijo.2011.1193
https://doi.org/10.1002/pmic.201200329
https://doi.org/10.1002/mas.21420
https://doi.org/10.1007/s40291-013-0042-7
https://doi.org/10.1021/pr200842h
https://doi.org/10.1038/s41556-019-0345-y
https://doi.org/10.1038/s41556-019-0345-y
https://doi.org/10.1016/j.tcb.2015.01.004
https://doi.org/10.1016/j.tcb.2008.11.003


195 
 

pulmonary vasoconstriction. Cardiovascular research, 82(2), 2963302. 

https://doi.org/10.1093/cvr/cvn349  

66. Cooper, J. M., Wiklander, P. B., Nordin, J. Z., Al-Shawi, R., Wood, M. J., 

Vithlani, M., Schapira, A. H., Simons, J. P., El-Andaloussi, S., & Alvarez-

Erviti, L. (2014). Systemic exosomal siRNA delivery reduced alpha-synuclein 

aggregates in brains of transgenic mice. Movement disorders : official journal 

of the Movement Disorder Society, 29(12), 147631485. 

https://doi.org/10.1002/mds.25978  

67. Costa-Silva, B., Aiello, N. M., Ocean, A. J., Singh, S., Zhang, H., Thakur, B. 

K., Becker, A., Hoshino, A., Mark, M. T., Molina, H., Xiang, J., Zhang, T., 

Theilen, T. M., García-Santos, G., Williams, C., Ararso, Y., Huang, Y., 

Rodrigues, G., Shen, T. L., Labori, K. J., & Lyden, D. (2015). Pancreatic 
cancer exosomes initiate pre-metastatic niche formation in the liver. Nature 

cell biology, 17(6), 8163826. https://doi.org/10.1038/ncb3169  

68. Crescitelli, R., Lässer, C., Szabó, T. G., Kittel, A., Eldh, M., Dianzani, I., 
Buzás, E. I., & Lötvall, J. (2013). Distinct RNA profiles in subpopulations of 
extracellular vesicles: apoptotic bodies, microvesicles and exosomes. Journal 

of extracellular vesicles, 2, 10.3402/jev.v2i0.20677. 

https://doi.org/10.3402/jev.v2i0.20677  

69. Daniele, T., Di Tullio, G., Santoro, M., Turacchio, G., & De Matteis, M. A. 

(2008). ARAP1 regulates EGF receptor trafficking and signalling. Traffic 

(Copenhagen, Denmark), 9(12), 222132235. https://doi.org/10.1111/j.1600-

0854.2008.00823.x  

70. Daniele, T., Hurbain, I., Vago, R., Casari, G., Raposo, G., Tacchetti, C., & 

Schiaffino, M. V. (2014). Mitochondria and melanosomes establish physical 

contacts modulated by Mfn2 and involved in organelle biogenesis. Current 

biology : CB, 24(4), 3933403. https://doi.org/10.1016/j.cub.2014.01.007  

71. Das, A., Nyahatkar, S., Sonar, S., Kalele, K., & Subramaniyan, V. (2024). 

Unlocking the potential of exosomes: A new frontier in liver cancer liquid 

biopsy. Journal of Liquid Biopsy, 6, 100166. DOI: 10.1016/j.jlb.2024.100166  

72. de Jong, O. G., Kooijmans, S. A. A., Murphy, D. E., Jiang, L., Evers, M. J. 

W., Sluijter, J. P. G., Vader, P., & Schiffelers, R. M. (2019). Drug Delivery 

with Extracellular Vesicles: From Imagination to Innovation. Accounts of 

chemical research, 52(7), 176131770. 

https://doi.org/10.1021/acs.accounts.9b00109  

73. Dean, W. L., Lee, M. J., Cummins, T. D., Schultz, D. J., & Powell, D. W. 

(2009). Proteomic and functional characterisation of platelet microparticle 

size classes. Thrombosis and haemostasis, 102(4), 7113718. 

https://doi.org/10.1160/TH09-04-243  

https://doi.org/10.1093/cvr/cvn349
https://doi.org/10.1002/mds.25978
https://doi.org/10.1038/ncb3169
https://doi.org/10.3402/jev.v2i0.20677
https://doi.org/10.1111/j.1600-0854.2008.00823.x
https://doi.org/10.1111/j.1600-0854.2008.00823.x
https://doi.org/10.1016/j.cub.2014.01.007
https://doi.org/10.1021/acs.accounts.9b00109
https://doi.org/10.1160/TH09-04-243


196 
 

74. Deatherage, B. L., & Cookson, B. T. (2012). Membrane vesicle release in 

bacteria, eukaryotes, and archaea: a conserved yet underappreciated aspect of 

microbial life. Infection and immunity, 80(6), 194831957. 

https://doi.org/10.1128/IAI.06014-11  

75. Deneka, M., Pelchen-Matthews, A., Byland, R., Ruiz-Mateos, E., & Marsh, 

M. (2007). In macrophages, HIV-1 assembles into an intracellular plasma 

membrane domain containing the tetraspanins CD81, CD9, and CD53. The 

Journal of cell biology, 177(2), 3293341. 

https://doi.org/10.1083/jcb.200609050  

76. Denzer, K., van Eijk, M., Kleijmeer, M. J., Jakobson, E., de Groot, C., & 

Geuze, H. J. (2000). Follicular dendritic cells carry MHC class II-expressing 

microvesicles at their surface. Journal of immunology (Baltimore, Md. : 

1950), 165(3), 125931265. https://doi.org/10.4049/jimmunol.165.3.1259  

77. Dhondt, B., Geeurickx, E., Tulkens, J., Van Deun, J., Vergauwen, G., 

Lippens, L., Miinalainen, I., Rappu, P., Heino, J., Ost, P., Lumen, N., De 

Wever, O., & Hendrix, A. (2020). Unravelling the proteomic landscape of 

extracellular vesicles in prostate cancer by density-based fractionation of 

urine. Journal of extracellular vesicles, 9(1), 1736935. 

https://doi.org/10.1080/20013078.2020.1736935  

78. Dikic I. (2003). Mechanisms controlling EGF receptor endocytosis and 

degradation. Biochemical Society transactions, 31(Pt 6), 117831181. 

https://doi.org/10.1042/bst0311178  

79. Dinkla, S., van Cranenbroek, B., van der Heijden, W. A., He, X., 

Wallbrecher, R., Dumitriu, I. E., van der Ven, A. J., Bosman, G. J., Koenen, 

H. J., & Joosten, I. (2016). Platelet microparticles inhibit IL-17 production by 

regulatory T cells through P-selectin. Blood, 127(16), 197631986. 

https://doi.org/10.1182/blood-2015-04-640300  

80. Dixson, A. C., Dawson, T. R., Di Vizio, D., & Weaver, A. M. (2023). 

Context-specific regulation of extracellular vesicle biogenesis and cargo 

selection. Nature reviews. Molecular cell biology, 24(7), 4543476. 

https://doi.org/10.1038/s41580-023-00576-0  

81. Driedonks, T. A. P., Mol, S., de Bruin, S., Peters, A. L., Zhang, X., 

Lindenbergh, M. F. S., Beuger, B. M., van Stalborch, A. D., Spaan, T., de 

Jong, E. C., van der Vries, E., Margadant, C., van Bruggen, R., Vlaar, A. P. J., 

Groot Kormelink, T., & Nolte-'t Hoen, E. N. M. (2020). Y-RNA subtype 

ratios in plasma extracellular vesicles are cell type- specific and are candidate 

biomarkers for inflammatory diseases. Journal of extracellular vesicles, 9(1), 

1764213. https://doi.org/10.1080/20013078.2020.1764213  

https://doi.org/10.1128/IAI.06014-11
https://doi.org/10.1083/jcb.200609050
https://doi.org/10.4049/jimmunol.165.3.1259
https://doi.org/10.1080/20013078.2020.1736935
https://doi.org/10.1042/bst0311178
https://doi.org/10.1182/blood-2015-04-640300
https://doi.org/10.1038/s41580-023-00576-0
https://doi.org/10.1080/20013078.2020.1764213


197 
 

82. Evdokimova, V., Tognon, C., Ng, T., & Sorensen, P. H. (2009). Reduced 

proliferation and enhanced migration: two sides of the same coin? Molecular 

mechanisms of metastatic progression by YB-1. Cell cycle (Georgetown, 

Tex.), 8(18), 290132906. https://doi.org/10.4161/cc.8.18.9537  

83. EV-TRACK Consortium, Van Deun, J., Mestdagh, P., Agostinis, P., Akay, 

Ö., Anand, S., Anckaert, J., Martinez, Z. A., Baetens, T., Beghein, E., Bertier, 
L., Berx, G., Boere, J., Boukouris, S., Bremer, M., Buschmann, D., Byrd, J. 

B., Casert, C., Cheng, L., Cmoch, A., & Hendrix, A. (2017). EV-TRACK: 

transparent reporting and centralizing knowledge in extracellular vesicle 

research. Nature methods, 14(3), 2283232. 

https://doi.org/10.1038/nmeth.4185  

84. Feng, D., Zhao, W. L., Ye, Y. Y., Bai, X. C., Liu, R. Q., Chang, L. F., Zhou, 

Q., & Sui, S. F. (2010). Cellular internalization of exosomes occurs through 

phagocytosis. Traffic (Copenhagen, Denmark), 11(5), 6753687. 

https://doi.org/10.1111/j.1600-0854.2010.01041.x  

85. Finniss, S., Movsisyan, A., Billecke, C., Schmidt, M., Randazzo, L., Chen, B., 

& Bögler, O. (2004). Studying protein isoforms of the adaptor 
SETA/CIN85/Ruk with monoclonal antibodies. Biochemical and biophysical 

research communications, 325(1), 1743182. 

https://doi.org/10.1016/j.bbrc.2004.10.007  

86. Fitzner, D., Schnaars, M., van Rossum, D., Krishnamoorthy, G., Dibaj, P., 

Bakhti, M., Regen, T., Hanisch, U. K., & Simons, M. (2011). Selective 

transfer of exosomes from oligodendrocytes to microglia by 

macropinocytosis. Journal of cell science, 124(Pt 3), 4473458. 

https://doi.org/10.1242/jcs.074088  

87. Fong, M. Y., Zhou, W., Liu, L., Alontaga, A. Y., Chandra, M., Ashby, J., 

Chow, A., O'Connor, S. T., Li, S., Chin, A. R., Somlo, G., Palomares, M., Li, 

Z., Tremblay, J. R., Tsuyada, A., Sun, G., Reid, M. A., Wu, X., Swiderski, P., 

Ren, X., & Wang, S. E. (2015). Breast-cancer-secreted miR-122 reprograms 

glucose metabolism in premetastatic niche to promote metastasis. Nature cell 

biology, 17(2), 1833194. https://doi.org/10.1038/ncb3094  

88. French, K. C., Antonyak, M. A., & Cerione, R. A. (2017). Extracellular 

vesicle docking at the cellular port: Extracellular vesicle binding and uptake. 

Seminars in cell & developmental biology, 67, 48355. 

https://doi.org/10.1016/j.semcdb.2017.01.002  

89. Fritz, J. V., Heintz-Buschart, A., Ghosal, A., Wampach, L., Etheridge, A., 

Galas, D., & Wilmes, P. (2016). Sources and Functions of Extracellular Small 

RNAs in Human Circulation. Annual review of nutrition, 36, 3013336. 

https://doi.org/10.1146/annurev-nutr-071715-050711  

https://doi.org/10.4161/cc.8.18.9537
https://doi.org/10.1038/nmeth.4185
https://doi.org/10.1111/j.1600-0854.2010.01041.x
https://doi.org/10.1016/j.bbrc.2004.10.007
https://doi.org/10.1242/jcs.074088
https://doi.org/10.1038/ncb3094
https://doi.org/10.1016/j.semcdb.2017.01.002
https://doi.org/10.1146/annurev-nutr-071715-050711


198 
 

90. Gabrielli, M., Battista, N., Riganti, L., Prada, I., Antonucci, F., Cantone, L., 

Matteoli, M., Maccarrone, M., & Verderio, C. (2015). Active 

endocannabinoids are secreted on extracellular membrane vesicles. EMBO 

reports, 16(2), 2133220. https://doi.org/10.15252/embr.201439668  

91. Gaidos, G., Soni, S., Oswald, D. J., Toselli, P. A., & Kirsch, K. H. (2007). 

Structure and function analysis of the CMS/CIN85 protein family identifies 

actin-bundling properties and heterotypic-complex formation. Journal of cell 

science, 120(Pt 14), 236632377. https://doi.org/10.1242/jcs.004333  

92. Galindo-Hernandez, O., Villegas-Comonfort, S., Candanedo, F., González-
Vázquez, M. C., Chavez-Ocaña, S., Jimenez-Villanueva, X., Sierra-Martinez, 

M., & Salazar, E. P. (2013). Elevated concentration of microvesicles isolated 

from peripheral blood in breast cancer patients. Archives of medical research, 

44(3), 2083214. https://doi.org/10.1016/j.arcmed.2013.03.002  

93. Gardiner, C., Di Vizio, D., Sahoo, S., Théry, C., Witwer, K. W., Wauben, M., 
& Hill, A. F. (2016). Techniques used for the isolation and characterization of 

extracellular vesicles: results of a worldwide survey. Journal of extracellular 

vesicles, 5, 32945. https://doi.org/10.3402/jev.v5.32945  

94. Gardiner, C., Ferreira, Y. J., Dragovic, R. A., Redman, C. W., & Sargent, I. L. 

(2013). Extracellular vesicle sizing and enumeration by nanoparticle tracking 

analysis. Journal of extracellular vesicles, 2, 10.3402/jev.v2i0.19671. 

https://doi.org/10.3402/jev.v2i0.19671  

95. Garnier, D., Magnus, N., Lee, T. H., Bentley, V., Meehan, B., Milsom, C., 

Montermini, L., Kislinger, T., & Rak, J. (2012). Cancer cells induced to 

express mesenchymal phenotype release exosome-like extracellular vesicles 

carrying tissue factor. The Journal of biological chemistry, 287(52), 435653
43572. https://doi.org/10.1074/jbc.M112.401760  

96. Gesierich, S., Berezovskiy, I., Ryschich, E., & Zöller, M. (2006). Systemic 
induction of the angiogenesis switch by the tetraspanin D6.1A/CO-029. 

Cancer research, 66(14), 708337094. https://doi.org/10.1158/0008-

5472.CAN-06-0391  

97. Gibbings, D. J., Ciaudo, C., Erhardt, M., & Voinnet, O. (2009). 

Multivesicular bodies associate with components of miRNA effector 

complexes and modulate miRNA activity. Nature cell biology, 11(9), 11433
1149. https://doi.org/10.1038/ncb1929  

98. Gilmore, W. J., Johnston, E. L., Zavan, L., Bitto, N. J., & Kaparakis-Liaskos, 

M. (2021). Immunomodulatory roles and novel applications of bacterial 

membrane vesicles. Molecular immunology, 134, 72385. 

https://doi.org/10.1016/j.molimm.2021.02.027  

https://doi.org/10.15252/embr.201439668
https://doi.org/10.1242/jcs.004333
https://doi.org/10.1016/j.arcmed.2013.03.002
https://doi.org/10.3402/jev.v5.32945
https://doi.org/10.3402/jev.v2i0.19671
https://doi.org/10.1074/jbc.M112.401760
https://doi.org/10.1158/0008-5472.CAN-06-0391
https://doi.org/10.1158/0008-5472.CAN-06-0391
https://doi.org/10.1038/ncb1929
https://doi.org/10.1016/j.molimm.2021.02.027


199 
 

99. Gimona, M., Buccione, R., Courtneidge, S. A., & Linder, S. (2008). 

Assembly and biological role of podosomes and invadopodia. Current 

opinion in cell biology, 20(2), 2353241. 

https://doi.org/10.1016/j.ceb.2008.01.005  

100. Gout, I., Middleton, G., Adu, J., Ninkina, N. N., Drobot, L. B., Filonenko, V., 

Matsuka, G., Davies, A. M., Waterfield, M., & Buchman, V. L. (2000). 

Negative regulation of PI 3-kinase by Ruk, a novel adaptor protein. The 

EMBO journal, 19(15), 401534025. https://doi.org/10.1093/emboj/19.15.4015  

101. Grahn, E. M., Winter, H. C., Tateno, H., Goldstein, I. J., & Krengel, U. 

(2009). Structural characterization of a lectin from the mushroom Marasmius 

oreades in complex with the blood group B trisaccharide and calcium. Journal 

of molecular biology, 390(3), 4573466. 

https://doi.org/10.1016/j.jmb.2009.04.074  

102. Grange, C., Tapparo, M., Bruno, S., Chatterjee, D., Quesenberry, P. J., Tetta, 

C., & Camussi, G. (2014). Biodistribution of mesenchymal stem cell-derived 

extracellular vesicles in a model of acute kidney injury monitored by optical 

imaging. International journal of molecular medicine, 33(5), 105531063. 

https://doi.org/10.3892/ijmm.2014.1663  

103. Grapp, M., Wrede, A., Schweizer, M., Hüwel, S., Galla, H. J., Snaidero, N., 
Simons, M., Bückers, J., Low, P. S., Urlaub, H., Gärtner, J., & Steinfeld, R. 
(2013). Choroid plexus transcytosis and exosome shuttling deliver folate into 

brain parenchyma. Nature communications, 4, 2123. 

https://doi.org/10.1038/ncomms3123  

104. Green, T. M., Alpaugh, M. L., Barsky, S. H., Rappa, G., & Lorico, A. (2015). 

Breast Cancer-Derived Extracellular Vesicles: Characterization and 

Contribution to the Metastatic Phenotype. BioMed research international, 

2015, 634865. https://doi.org/10.1155/2015/634865  

105. Grice, E. A., & Segre, J. A. (2011). The skin microbiome. Nature reviews. 

Microbiology, 9(4), 2443253. https://doi.org/10.1038/nrmicro2537  

106. Griffiths-Jones, S., Grocock, R. J., van Dongen, S., Bateman, A., & Enright, 

A. J. (2006). miRBase: microRNA sequences, targets and gene nomenclature. 

Nucleic acids research, 34(Database issue), D1403D144. 

https://doi.org/10.1093/nar/gkj112  

107. Gualerzi, A., Kooijmans, S. A. A., Niada, S., Picciolini, S., Brini, A. T., 

Camussi, G., & Bedoni, M. (2019). Raman spectroscopy as a quick tool to 

assess purity of extracellular vesicle preparations and predict their 

functionality. Journal of extracellular vesicles, 8(1), 1568780. 

https://doi.org/10.1080/20013078.2019.1568780  

https://doi.org/10.1016/j.ceb.2008.01.005
https://doi.org/10.1093/emboj/19.15.4015
https://doi.org/10.1016/j.jmb.2009.04.074
https://doi.org/10.3892/ijmm.2014.1663
https://doi.org/10.1038/ncomms3123
https://doi.org/10.1155/2015/634865
https://doi.org/10.1038/nrmicro2537
https://doi.org/10.1093/nar/gkj112
https://doi.org/10.1080/20013078.2019.1568780


200 
 

108. Guescini, M., Genedani, S., Stocchi, V., & Agnati, L. F. (2010). Astrocytes 

and Glioblastoma cells release exosomes carrying mtDNA. Journal of neural 

transmission (Vienna, Austria : 1996), 117(1), 134. 

https://doi.org/10.1007/s00702-009-0288-8  

109. Guescini, M., Guidolin, D., Vallorani, L., Casadei, L., Gioacchini, A. M., 

Tibollo, P., Battistelli, M., Falcieri, E., Battistin, L., Agnati, L. F., & Stocchi, 

V. (2010). C2C12 myoblasts release micro-vesicles containing mtDNA and 

proteins involved in signal transduction. Experimental cell research, 316(12), 

197731984. https://doi.org/10.1016/j.yexcr.2010.04.006  

110. Gulìa, C., Signore, F., Gaffi, M., Gigli, S., Votino, R., Nucciotti, R., Bertacca, 
L., Zaami, S., Baffa, A., Santini, E., Porrello, A., & Piergentili, R. (2020). Y 

RNA: An Overview of Their Role as Potential Biomarkers and Molecular 

Targets in Human Cancers. Cancers, 12(5), 1238. 

https://doi.org/10.3390/cancers12051238  

111. Gurung, S., Perocheau, D., Touramanidou, L., & Baruteau, J. (2021). The 

exosome journey: from biogenesis to uptake and intracellular signalling. Cell 

communication and signaling: CCS, 19(1), 47. 

https://doi.org/10.1186/s12964-021-00730-1  

112. Gutiérrez-Vázquez, C., Villarroya-Beltri, C., Mittelbrunn, M., & Sánchez-
Madrid, F. (2013). Transfer of extracellular vesicles during immune cell-cell 

interactions. Immunological reviews, 251(1), 1253142. 

https://doi.org/10.1111/imr.12013  

113. György, B., Szabó, T. G., Pásztói, M., Pál, Z., Misják, P., Aradi, B., László, 
V., Pállinger, E., Pap, E., Kittel, A., Nagy, G., Falus, A., & Buzás, E. I. 
(2011). Membrane vesicles, current state-of-the-art: emerging role of 

extracellular vesicles. Cellular and molecular life sciences : CMLS, 68(16), 

266732688. https://doi.org/10.1007/s00018-011-0689-3  

114. Haglund, K., Schmidt, M. H. H., Wong, E. S., Guy, G. R., & Dikic, I. (2005). 

Sprouty2 acts at the Cbl/CIN85 interface to inhibit epidermal growth factor 

receptor downregulation. EMBO reports, 6(7), 6353641. 

https://doi.org/10.1038/sj.embor.7400453  

115. Haney, M. J., Klyachko, N. L., Zhao, Y., Gupta, R., Plotnikova, E. G., He, Z., 

Patel, T., Piroyan, A., Sokolsky, M., Kabanov, A. V., & Batrakova, E. V. 

(2015). Exosomes as drug delivery vehicles for Parkinson's disease therapy. 

Journal of controlled release: official journal of the Controlled Release 

Society, 207, 18330. https://doi.org/10.1016/j.jconrel.2015.03.033  

116. Harshman, S. W., Pitsch, R. L., Smith, Z. K., O'Connor, M. L., Geier, B. A., 

Qualley, A. V., Schaeublin, N. M., Fischer, M. V., Eckerle, J. J., Strang, A. J., 

& Martin, J. A. (2018). The proteomic and metabolomic characterization of 

https://doi.org/10.1007/s00702-009-0288-8
https://doi.org/10.1016/j.yexcr.2010.04.006
https://doi.org/10.3390/cancers12051238
https://doi.org/10.1186/s12964-021-00730-1
https://doi.org/10.1111/imr.12013
https://doi.org/10.1007/s00018-011-0689-3
https://doi.org/10.1038/sj.embor.7400453
https://doi.org/10.1016/j.jconrel.2015.03.033


201 
 

exercise-induced sweat for human performance monitoring: A pilot 

investigation. PloS one, 13(11), e0203133. 

https://doi.org/10.1371/journal.pone.0203133  

117. Havrylov, S., Ichioka, F., Powell, K., Borthwick, E. B., Baranska, J., Maki, 

M., & Buchman, V. L. (2008). Adaptor protein Ruk/CIN85 is associated with 

a subset of COPI-coated membranes of the Golgi complex. Traffic 

(Copenhagen, Denmark), 9(5), 7983812. https://doi.org/10.1111/j.1600-

0854.2008.00724.x  

118. Havrylov, S., Redowicz, M. J., & Buchman, V. L. (2010). Emerging roles of 

Ruk/CIN85 in vesicle-mediated transport, adhesion, migration and 

malignancy. Traffic (Copenhagen, Denmark), 11(6), 7213731. 

https://doi.org/10.1111/j.1600-0854.2010.01061.x  

119. Havrylov, S., Rzhepetskyy, Y., Malinowska, A., Drobot, L., & Redowicz, M. 

J. (2009). Proteins recruited by SH3 domains of Ruk/CIN85 adaptor 

identified by LC-MS/MS. Proteome science, 7, 21. 

https://doi.org/10.1186/1477-5956-7-21  

120. Hayakawa, K., Esposito, E., Wang, X., Terasaki, Y., Liu, Y., Xing, C., Ji, X., 

& Lo, E. H. (2016). Transfer of mitochondria from astrocytes to neurons after 

stroke. Nature, 535(7613), 5513555. https://doi.org/10.1038/nature18928  

121. Heusermann, W., Hean, J., Trojer, D., Steib, E., von Bueren, S., Graff-Meyer, 

A., Genoud, C., Martin, K., Pizzato, N., Voshol, J., Morrissey, D. V., 

Andaloussi, S. E. L., Wood, M. J., & Meisner-Kober, N. C. (2016). Exosomes 

surf on filopodia to enter cells at endocytic hot spots, traffic within 

endosomes, and are targeted to the ER. Journal of Cell Biology. 

https://doi.org/10.1083/jcb.201506084  

122. Heusermann, W., Hean, J., Trojer, D., Steib, E., von Bueren, S., Graff-Meyer, 

A., Genoud, C., Martin, K., Pizzato, N., Voshol, J., Morrissey, D. V., 

Andaloussi, S. E., Wood, M. J., & Meisner-Kober, N. C. (2016). Exosomes 

surf on filopodia to enter cells at endocytic hot spots, traffic within 

endosomes, and are targeted to the ER. The Journal of cell biology, 213(2), 

1733184. https://doi.org/10.1083/jcb.201506084  

123. Hinger, S. A., Cha, D. J., Franklin, J. L., Higginbotham, J. N., Dou, Y., Ping, 

J., Shu, L., Prasad, N., Levy, S., Zhang, B., Liu, Q., Weaver, A. M., Coffey, 

R. J., & Patton, J. G. (2018). Diverse Long RNAs Are Differentially Sorted 

into Extracellular Vesicles Secreted by Colorectal Cancer Cells. Cell reports, 

25(3), 7153725.e4. https://doi.org/10.1016/j.celrep.2018.09.054  

124. Horak, I. R., Pasichnyk, G. V., Gerashchenko, D. S., Knopfova, L., Borsig, 

L., & Drobot, L. B. (2018). Adaptor protein Ruk/CIN85 modulates 

manifestation of cancer stem cells (CSCs) features in mouse breast 

https://doi.org/10.1371/journal.pone.0203133
https://doi.org/10.1111/j.1600-0854.2008.00724.x
https://doi.org/10.1111/j.1600-0854.2008.00724.x
https://doi.org/10.1111/j.1600-0854.2010.01061.x
https://doi.org/10.1186/1477-5956-7-21
https://doi.org/10.1038/nature18928
https://doi.org/10.1083/jcb.201506084
https://doi.org/10.1083/jcb.201506084
https://doi.org/10.1016/j.celrep.2018.09.054


202 
 

adenocarcinoma 4T1 cells. Dopovidi Natsional»noyi Akademiyi Nauk 
Ukrayiny, 12, 101-109. https://doi.org/10.15407/dopovidi2018.12.101  

125. Horie, K., Kawakami, K., Fujita, Y., Sugaya, M., Kameyama, K., Mizutani, 

K., Deguchi, T., & Ito, M. (2017). Exosomes expressing carbonic anhydrase 9 

promote angiogenesis. Biochemical and biophysical research 

communications, 492(3), 3563361. https://doi.org/10.1016/j.bbrc.2017.08.107  

126. Hoshino, A., Costa-Silva, B., Shen, T. L., Rodrigues, G., Hashimoto, A., 

Tesic Mark, M., Molina, H., Kohsaka, S., Di Giannatale, A., Ceder, S., Singh, 

S., Williams, C., Soplop, N., Uryu, K., Pharmer, L., King, T., Bojmar, L., 

Davies, A. E., Ararso, Y., Zhang, T., & Lyden, D. (2015). Tumour exosome 
integrins determine organotropic metastasis. Nature, 527(7578), 3293335. 

https://doi.org/10.1038/nature15756  

127. Hoshino, A., Costa-Silva, B., Shen, TL. et al. Tumour exosome integrins 

determine organotropic metastasis. Nature 527, 3293335 (2015). 

https://doi.org/10.1038/nature15756  

128. Hoshino, D., Kirkbride, K. C., Costello, K., Clark, E. S., Sinha, S., Grega-

Larson, N., Tyska, M. J., & Weaver, A. M. (2013). Exosome secretion is 

enhanced by invadopodia and drives invasive behavior. Cell reports, 5(5), 

115931168. https://doi.org/10.1016/j.celrep.2013.10.050  

129. Hough, K. P., Trevor, J. L., Strenkowski, J. G., Wang, Y., Chacko, B. K., 

Tousif, S., Chanda, D., Steele, C., Antony, V. B., Dokland, T., Ouyang, X., 

Zhang, J., Duncan, S. R., Thannickal, V. J., Darley-Usmar, V. M., & 

Deshane, J. S. (2018). Exosomal transfer of mitochondria from airway 

myeloid-derived regulatory cells to T cells. Redox biology, 18, 54364. 

https://doi.org/10.1016/j.redox.2018.06.009  

130. Hsu, C., Morohashi, Y., Yoshimura, S., Manrique-Hoyos, N., Jung, S., 

Lauterbach, M. A., Bakhti, M., Grønborg, M., Möbius, W., Rhee, J., Barr, F. 
A., & Simons, M. (2010). Regulation of exosome secretion by Rab35 and its 

GTPase-activating proteins TBC1D10A-C. The Journal of cell biology, 

189(2), 2233232. https://doi.org/10.1083/jcb.200911018  

131. Hu, Y., Lu, W., Chen, G., Wang, P., Chen, Z., Zhou, Y., Ogasawara, M., 

Trachootham, D., Feng, L., Pelicano, H., Chiao, P. J., Keating, M. J., Garcia-

Manero, G., & Huang, P. (2012). K-ras(G12V) transformation leads to 

mitochondrial dysfunction and a metabolic switch from oxidative 

phosphorylation to glycolysis. Cell research, 22(2), 3993412. 

https://doi.org/10.1038/cr.2011.145  

132. Huang, D., Rao, D., Xi, X., Zhang, Z., & Zhong, T. (2022). Application of 

extracellular vesicles proteins in cancer diagnosis. Frontiers in cell and 

https://doi.org/10.15407/dopovidi2018.12.101
https://doi.org/10.1016/j.bbrc.2017.08.107
https://doi.org/10.1038/nature15756
https://doi.org/10.1038/nature15756
https://doi.org/10.1016/j.celrep.2013.10.050
https://doi.org/10.1016/j.redox.2018.06.009
https://doi.org/10.1083/jcb.200911018
https://doi.org/10.1038/cr.2011.145


203 
 

developmental biology, 10, 1007360. 

https://doi.org/10.3389/fcell.2022.1007360  

133. Huang, Y., Song, N., Ding, Y., Yuan, S., Li, X., Cai, H., Shi, H., & Luo, Y. 

(2009). Pulmonary vascular destabilization in the premetastatic phase 

facilitates lung metastasis. Cancer research, 69(19), 752937537. 

https://doi.org/10.1158/0008-5472.CAN-08-4382  

134. Hurley, J. H., & Hanson, P. I. (2010). Membrane budding and scission by the 

ESCRT machinery: it's all in the neck. Nature reviews. Molecular cell 

biology, 11(8), 5563566. https://doi.org/10.1038/nrm2937  

135. Hutchings, N. J., Clarkson, N., Chalkley, R., Barclay, A. N., & Brown, M. H. 

(2003). Linking the T cell surface protein CD2 to the actin-capping protein 

CAPZ via CMS and CIN85. The Journal of biological chemistry, 278(25), 

22396322403. https://doi.org/10.1074/jbc.M302540200  

136. Indira Chandran, V., Welinder, C., Gonçalves de Oliveira, K., Cerezo-

Magaña, M., Månsson, A. S., Johansson, M. C., Marko-Varga, G., & Belting, 

M. (2019). Global extracellular vesicle proteomic signature defines U87-MG 

glioma cell hypoxic status with potential implications for non-invasive 

diagnostics. Journal of neuro-oncology, 144(3), 4773488. 

https://doi.org/10.1007/s11060-019-03262-4  

137. Jang, S. C., Crescitelli, R., Cvjetkovic, A., Belgrano, V., Olofsson Bagge, R., 

Sundfeldt, K., Ochiya, T., Kalluri, R., & Lötvall, J. (2019). Mitochondrial 
protein enriched extracellular vesicles discovered in human melanoma tissues 

can be detected in patient plasma. Journal of extracellular vesicles, 8(1), 

1635420. https://doi.org/10.1080/20013078.2019.1635420  

138. Jiang, J., Kao, C. Y., & Papoutsakis, E. T. (2017). How do megakaryocytic 

microparticles target and deliver cargo to alter the fate of hematopoietic stem 

cells?. Journal of controlled release : official journal of the Controlled 

Release Society, 247, 1318. https://doi.org/10.1016/j.jconrel.2016.12.021  

139. Jing, X., Yang, F., Shao, C., Wei, K., Xie, M., Shen, H., & Shu, Y. (2019). 

Role of hypoxia in cancer therapy by regulating the tumor microenvironment. 

Molecular cancer, 18(1), 157. https://doi.org/10.1186/s12943-019-1089-9  

140. Kallio, M. A., Tuimala, J. T., Hupponen, T., Klemelä, P., Gentile, M., 
Scheinin, I., Koski, M., Käki, J., & Korpelainen, E. I. (2011). Chipster: user-
friendly analysis software for microarray and other high-throughput data. 

BMC genomics, 12, 507. https://doi.org/10.1186/1471-2164-12-507  

141. Kalluri, R., & LeBleu, V. S. (2016). Discovery of Double-Stranded Genomic 

DNA in Circulating Exosomes. Cold Spring Harbor symposia on quantitative 

biology, 81, 2753280. https://doi.org/10.1101/sqb.2016.81.030932  

https://doi.org/10.3389/fcell.2022.1007360
https://doi.org/10.1158/0008-5472.CAN-08-4382
https://doi.org/10.1038/nrm2937
https://doi.org/10.1074/jbc.M302540200
https://doi.org/10.1007/s11060-019-03262-4
https://doi.org/10.1080/20013078.2019.1635420
https://doi.org/10.1016/j.jconrel.2016.12.021
https://doi.org/10.1186/s12943-019-1089-9
https://doi.org/10.1186/1471-2164-12-507
https://doi.org/10.1101/sqb.2016.81.030932


204 
 

142. Kalra, H., Simpson, R. J., Ji, H., Aikawa, E., Altevogt, P., Askenase, P., 

Bond, V. C., Borràs, F. E., Breakefield, X., Budnik, V., Buzas, E., Camussi, 
G., Clayton, A., Cocucci, E., Falcon-Perez, J. M., Gabrielsson, S., Gho, Y. S., 

Gupta, D., Harsha, H. C., Hendrix, A., Mathivanan, S. (2012). Vesiclepedia: a 

compendium for extracellular vesicles with continuous community 

annotation. PLoS biology, 10(12), e1001450. 

https://doi.org/10.1371/journal.pbio.1001450  

143. Kamerkar, S., LeBleu, V. S., Sugimoto, H., Yang, S., Ruivo, C. F., Melo, S. 

A., Lee, J. J., & Kalluri, R. (2017). Exosomes facilitate therapeutic targeting 

of oncogenic KRAS in pancreatic cancer. Nature, 546(7659), 4983503. 

https://doi.org/10.1038/nature22341  

144. Karvinen, S., Sievänen, T., Karppinen, J. E., Hautasaari, P., Bart, G., 
Samoylenko, A., Vainio, S. J., Ahtiainen, J. P., Laakkonen, E. K., & Kujala, 

U. M. (2020). MicroRNAs in Extracellular Vesicles in Sweat Change in 

Response to Endurance Exercise. Frontiers in physiology, 11, 676. 

https://doi.org/10.3389/fphys.2020.00676  

145. Keklikoglou, I., Cianciaruso, C., Güç, E., Squadrito, M. L., Spring, L. M., 
Tazzyman, S., Lambein, L., Poissonnier, A., Ferraro, G. B., Baer, C., Cassará, 
A., Guichard, A., Iruela-Arispe, M. L., Lewis, C. E., Coussens, L. M., Bardia, 

A., Jain, R. K., Pollard, J. W., & De Palma, M. (2019). Chemotherapy elicits 

pro-metastatic extracellular vesicles in breast cancer models. Nature cell 

biology, 21(2), 1903202. https://doi.org/10.1038/s41556-018-0256-3  

146. Kibria, G., Ramos, E. K., Lee, K. E., Bedoyan, S., Huang, S., Samaeekia, R., 

Athman, J. J., Harding, C. V., Lötvall, J., Harris, L., Thompson, C. L., & Liu, 
H. (2016). A rapid, automated surface protein profiling of single circulating 

exosomes in human blood. Scientific reports, 6, 36502. 

https://doi.org/10.1038/srep36502  

147. Kim, K. M., Abdelmohsen, K., Mustapic, M., Kapogiannis, D., & Gorospe, 

M. (2017). RNA in extracellular vesicles. Wiley interdisciplinary reviews. 

RNA, 8(4), 10.1002/wrna.1413. https://doi.org/10.1002/wrna.1413  

148. Kim, M. S., Haney, M. J., Zhao, Y., Mahajan, V., Deygen, I., Klyachko, N. 

L., Inskoe, E., Piroyan, A., Sokolsky, M., Okolie, O., Hingtgen, S. D., 

Kabanov, A. V., & Batrakova, E. V. (2016). Development of exosome-

encapsulated paclitaxel to overcome MDR in cancer cells. Nanomedicine : 

nanotechnology, biology, and medicine, 12(3), 6553664. 

https://doi.org/10.1016/j.nano.2015.10.012  

149. King, H. W., Michael, M. Z., & Gleadle, J. M. (2012). Hypoxic enhancement 

of exosome release by breast cancer cells. BMC cancer, 12, 421. 

https://doi.org/10.1186/1471-2407-12-421  

https://doi.org/10.1371/journal.pbio.1001450
https://doi.org/10.1038/nature22341
https://doi.org/10.3389/fphys.2020.00676
https://doi.org/10.1038/s41556-018-0256-3
https://doi.org/10.1038/srep36502
https://doi.org/10.1002/wrna.1413
https://doi.org/10.1016/j.nano.2015.10.012
https://doi.org/10.1186/1471-2407-12-421


205 
 

150. Kitahama, Y., & Ozaki, Y. (2016). Surface-enhanced resonance Raman 

scattering of hemoproteins and those in complicated biological systems. The 

Analyst, 141(17), 502035036. https://doi.org/10.1039/c6an01009a  

151. Kögler, M., Itkonen, J., Viitala, T., & Casteleijn, M. G. (2020). Assessment of 
recombinant protein production in E. coli with Time-Gated Surface Enhanced 

Raman Spectroscopy (TG-SERS). Scientific reports, 10(1), 2472. 

https://doi.org/10.1038/s41598-020-59091-3  

152. Kooijmans, S. A. A., Fliervoet, L. A. L., van der Meel, R., Fens, M. H. A. M., 

Heijnen, H. F. G., van Bergen En Henegouwen, P. M. P., Vader, P., & 

Schiffelers, R. M. (2016). PEGylated and targeted extracellular vesicles 

display enhanced cell specificity and circulation time. Journal of controlled 

release : official journal of the Controlled Release Society, 224, 77385. 

https://doi.org/10.1016/j.jconrel.2016.01.009  

153. Kooijmans, S. A. A., Stremersch, S., Braeckmans, K., de Smedt, S. C., 

Hendrix, A., Wood, M. J. A., Schiffelers, R. M., Raemdonck, K., & Vader, P. 

(2013). Electroporation-induced siRNA precipitation obscures the efficiency 

of siRNA loading into extracellular vesicles. Journal of controlled release : 

official journal of the Controlled Release Society, 172(1), 2293238. 

https://doi.org/10.1016/j.jconrel.2013.08.014  

154. Kopeckova, M., Pavkova, I., & Stulik, J. (2020). Diverse Localization and 

Protein Binding Abilities of Glyceraldehyde-3-Phosphate Dehydrogenase in 

Pathogenic Bacteria: The Key to its Multifunctionality?. Frontiers in cellular 

and infection microbiology, 10, 89. https://doi.org/10.3389/fcimb.2020.00089 

155. Koponen, A., Kerkelä, E., Rojalin, T., Lázaro-Ibáñez, E., Suutari, T., Saari, H. 
O., Siljander, P., Yliperttula, M., Laitinen, S., & Viitala, T. (2020). Label-free 

characterization and real-time monitoring of cell uptake of extracellular 

vesicles. Biosensors & bioelectronics, 168, 112510. 

https://doi.org/10.1016/j.bios.2020.112510  

156. Kosaka, N., Iguchi, H., Hagiwara, K., Yoshioka, Y., Takeshita, F., & Ochiya, 

T. (2013). Neutral sphingomyelinase 2 (nSMase2)-dependent exosomal 

transfer of angiogenic microRNAs regulate cancer cell metastasis. The 

Journal of biological chemistry, 288(15), 10849310859. 

https://doi.org/10.1074/jbc.M112.446831  

157. Kosaka, N., Iguchi, H., Yoshioka, Y., Takeshita, F., Matsuki, Y., & Ochiya, 

T. (2010). Secretory mechanisms and intercellular transfer of microRNAs in 

living cells. The Journal of biological chemistry, 285(23), 17442317452. 

https://doi.org/10.1074/jbc.M110.107821  

158. Koumangoye, R. B., Sakwe, A. M., Goodwin, J. S., Patel, T., & Ochieng, J. 

(2011). Detachment of breast tumor cells induces rapid secretion of exosomes 

https://doi.org/10.1039/c6an01009a
https://doi.org/10.1038/s41598-020-59091-3
https://doi.org/10.1016/j.jconrel.2016.01.009
https://doi.org/10.1016/j.jconrel.2013.08.014
https://doi.org/10.1016/j.bios.2020.112510
https://doi.org/10.1074/jbc.M112.446831
https://doi.org/10.1074/jbc.M110.107821


206 
 

which subsequently mediate cellular adhesion and spreading. PloS one, 6(9), 

e24234. https://doi.org/10.1371/journal.pone.0024234  

159. Kowal, J., Arras, G., Colombo, M., Jouve, M., Morath, J. P., Primdal-

Bengtson, B., Dingli, F., Loew, D., Tkach, M., & Théry, C. (2016). Proteomic 
comparison defines novel markers to characterize heterogeneous populations 

of extracellular vesicle subtypes. Proceedings of the National Academy of 

Sciences of the United States of America, 113(8), E9683E977. 

https://doi.org/10.1073/pnas.1521230113  

160. Kowal, J., Tkach, M., & Théry, C. (2014). Biogenesis and secretion of 

exosomes. Current opinion in cell biology, 29, 1163125. 

https://doi.org/10.1016/j.ceb.2014.05.004  

161. Kowanetz, K., Husnjak, K., Höller, D., Kowanetz, M., Soubeyran, P., Hirsch, 
D., Schmidt, M. H. H., Pavelic, K., De Camilli, P., Randazzo, P. A., & Dikic, 

I. (2004). CIN85 associates with multiple effectors controlling intracellular 

trafficking of epidermal growth factor receptors. Molecular biology of the 

cell, 15(7), 315533166. https://doi.org/10.1091/mbc.e03-09-0683  

162. Kowanetz, K., Szymkiewicz, I., Haglund, K., Kowanetz, M., Husnjak, K., 

Taylor, J. D., Soubeyran, P., Engstrom, U., Ladbury, J. E., & Dikic, I. (2003). 

Identification of a novel proline-arginine motif involved in CIN85-dependent 

clustering of Cbl and down-regulation of epidermal growth factor receptors. 

The Journal of biological chemistry, 278(41), 39735339746. 

https://doi.org/10.1074/jbc.M304541200  

163. Kozomara, A., Birgaoanu, M., & Griffiths-Jones, S. (2019). miRBase: from 

microRNA sequences to function. Nucleic acids research, 47(D1), D1553
D162. https://doi.org/10.1093/nar/gky1141  

164. Krämer-Albers, E. M., & Ping Kuo-Elsner, W. (2016). Extracellular Vesicles: 

Goodies for the Brain?. Neuropsychopharmacology : official publication of 

the American College of Neuropsychopharmacology, 41(1), 3713372. 

https://doi.org/10.1038/npp.2015.242  

165. Kumar, A., & Deep, G. (2020). Hypoxia in tumor microenvironment regulates 

exosome biogenesis: Molecular mechanisms and translational opportunities. 

Cancer letters, 479, 23330. https://doi.org/10.1016/j.canlet.2020.03.017  

166. Kurakin, A. V., Wu, S., & Bredesen, D. E. (2003). Atypical recognition 

consensus of CIN85/SETA/Ruk SH3 domains revealed by target-assisted 

iterative screening. The Journal of biological chemistry, 278(36), 341023
34109. https://doi.org/10.1074/jbc.M305264200  

167. Lai, C. P., Mardini, O., Ericsson, M., Prabhakar, S., Maguire, C., Chen, J. W., 

Tannous, B. A., & Breakefield, X. O. (2014). Dynamic biodistribution of 

https://doi.org/10.1371/journal.pone.0024234
https://doi.org/10.1073/pnas.1521230113
https://doi.org/10.1016/j.ceb.2014.05.004
https://doi.org/10.1091/mbc.e03-09-0683
https://doi.org/10.1074/jbc.M304541200
https://doi.org/10.1093/nar/gky1141
https://doi.org/10.1038/npp.2015.242
https://doi.org/10.1016/j.canlet.2020.03.017
https://doi.org/10.1074/jbc.M305264200


207 
 

extracellular vesicles in vivo using a multimodal imaging reporter. ACS nano, 

8(1), 4833494. https://doi.org/10.1021/nn404945r  

168. Langmead, B., Trapnell, C., Pop, M., & Salzberg, S. L. (2009). Ultrafast and 

memory-efficient alignment of short DNA sequences to the human genome. 

Genome biology, 10(3), R25. https://doi.org/10.1186/gb-2009-10-3-r25  

169. Larsson, L. I., Bjerregaard, B., & Talts, J. F. (2008). Cell fusions in mammals. 

Histochemistry and cell biology, 129(5), 5513561. 

https://doi.org/10.1007/s00418-008-0411-1  

170. Laulagnier, K., Javalet, C., Hemming, F. J., Chivet, M., Lachenal, G., Blot, 

B., Chatellard, C., & Sadoul, R. (2018). Amyloid precursor protein products 

concentrate in a subset of exosomes specifically endocytosed by neurons. 

Cellular and molecular life sciences: CMLS, 75(4), 7573773. 

https://doi.org/10.1007/s00018-017-2664-0  

171. Lázaro-Ibáñez, E., Lässer, C., Shelke, G. V., Crescitelli, R., Jang, S. C., 
Cvjetkovic, A., García-Rodríguez, A., & Lötvall, J. (2019). DNA analysis of 
low- and high-density fractions defines heterogeneous subpopulations of 

small extracellular vesicles based on their DNA cargo and topology. Journal 

of extracellular vesicles, 8(1), 1656993. 

https://doi.org/10.1080/20013078.2019.1656993  

172. Le, M. T., Hamar, P., Guo, C., Basar, E., Perdigão-Henriques, R., Balaj, L., & 

Lieberman, J. (2014). miR-200-containing extracellular vesicles promote 

breast cancer cell metastasis. The Journal of clinical investigation, 124(12), 

510935128. https://doi.org/10.1172/JCI75695  

173. Lee, E. Y., Choi, D. S., Kim, K. P., & Gho, Y. S. (2008). Proteomics in gram-

negative bacterial outer membrane vesicles. Mass spectrometry reviews, 

27(6), 5353555. https://doi.org/10.1002/mas.20175  

174. Lee, E. Y., Choi, D. Y., Kim, D. K., Kim, J. W., Park, J. O., Kim, S., Kim, S. 

H., Desiderio, D. M., Kim, Y. K., Kim, K. P., & Gho, Y. S. (2009). Gram-

positive bacteria produce membrane vesicles: proteomics-based 

characterization of Staphylococcus aureus-derived membrane vesicles. 

Proteomics, 9(24), 542535436. https://doi.org/10.1002/pmic.200900338  

175. Lee, K. E., Kim, J. K., Han, S. K., Lee, D. Y., Lee, H. J., Yim, S. V., & Kim, 

D. H. (2020). The extracellular vesicle of gut microbial Paenalcaligenes 

hominis is a risk factor for vagus nerve-mediated cognitive impairment. 

Microbiome, 8(1), 107. https://doi.org/10.1186/s40168-020-00881-2  

176. Lee, T. H., Chennakrishnaiah, S., Meehan, B., Montermini, L., Garnier, D., 

D'Asti, E., Hou, W., Magnus, N., Gayden, T., Jabado, N., Eppert, K., 

Majewska, L., & Rak, J. (2016). Barriers to horizontal cell transformation by 

https://doi.org/10.1021/nn404945r
https://doi.org/10.1186/gb-2009-10-3-r25
https://doi.org/10.1007/s00418-008-0411-1
https://doi.org/10.1007/s00018-017-2664-0
https://doi.org/10.1080/20013078.2019.1656993
https://doi.org/10.1172/JCI75695
https://doi.org/10.1002/mas.20175
https://doi.org/10.1002/pmic.200900338
https://doi.org/10.1186/s40168-020-00881-2


208 
 

extracellular vesicles containing oncogenic H-ras. Oncotarget, 7(32), 519913
52002. https://doi.org/10.18632/oncotarget.10627  

177. Leiss, M., Beckmann, K., Girós, A., Costell, M., & Fässler, R. (2008). The 
role of integrin binding sites in fibronectin matrix assembly in vivo. Current 

opinion in cell biology, 20(5), 5023507. 

https://doi.org/10.1016/j.ceb.2008.06.001  

178. Li, H., & Durbin, R. (2009). Fast and accurate short read alignment with 

Burrows-Wheeler transform. Bioinformatics (Oxford, England), 25(14), 

175431760. https://doi.org/10.1093/bioinformatics/btp324  

179. Li, L., Li, C., Wang, S., Wang, Z., Jiang, J., Wang, W., Li, X., Chen, J., Liu, 

K., Li, C., & Zhu, G. (2016). Exosomes Derived from Hypoxic Oral 

Squamous Cell Carcinoma Cells Deliver miR-21 to Normoxic Cells to Elicit a 

Prometastatic Phenotype. Cancer research, 76(7), 177031780. 

https://doi.org/10.1158/0008-5472.CAN-15-1625  

180. Li, T. D., Zhang, R., Chen, H., Huang, Z. P., Ye, X., Wang, H., Deng, A. M., 

& Kong, J. L. (2018). An ultrasensitive polydopamine bi-functionalized 

SERS immunoassay for exosome-based diagnosis and classification of 

pancreatic cancer. Chemical science, 9(24), 537235382. 

https://doi.org/10.1039/c8sc01611a  

181. Liao, Y., Smyth, G. K., & Shi, W. (2014). featureCounts: an efficient general 

purpose program for assigning sequence reads to genomic features. 

Bioinformatics (Oxford, England), 30(7), 9233930. 

https://doi.org/10.1093/bioinformatics/btt656  

182. Lim, J. P., & Gleeson, P. A. (2011). Macropinocytosis: an endocytic pathway 

for internalising large gulps. Immunology and cell biology, 89(8), 8363843. 

https://doi.org/10.1038/icb.2011.20  

183. Linton, S. S., Abraham, T., Liao, J., Clawson, G. A., Butler, P. J., Fox, T., 

Kester, M., & Matters, G. L. (2018). Tumor-promoting effects of pancreatic 

cancer cell exosomes on THP-1-derived macrophages. PloS one, 13(11), 

e0206759. https://doi.org/10.1371/journal.pone.0206759  

184. Liu, X., Cao, M., Palomares, M., Wu, X., Li, A., Yan, W., Fong, M. Y., Chan, 

W. C., & Wang, S. E. (2018). Metastatic breast cancer cells overexpress and 

secrete miR-218 to regulate type I collagen deposition by osteoblasts. Breast 

cancer research : BCR, 20(1), 127. https://doi.org/10.1186/s13058-018-1059-

y  

185. Liu, Y., Li, D., Liu, Z., Zhou, Y., Chu, D., Li, X., Jiang, X., Hou, D., Chen, 

X., Chen, Y., Yang, Z., Jin, L., Jiang, W., Tian, C., Zhou, G., Zen, K., Zhang, 

J., Zhang, Y., Li, J., & Zhang, C. Y. (2015). Targeted exosome-mediated 

https://doi.org/10.18632/oncotarget.10627
https://doi.org/10.1016/j.ceb.2008.06.001
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1158/0008-5472.CAN-15-1625
https://doi.org/10.1039/c8sc01611a
https://doi.org/10.1093/bioinformatics/btt656
https://doi.org/10.1038/icb.2011.20
https://doi.org/10.1371/journal.pone.0206759
https://doi.org/10.1186/s13058-018-1059-y
https://doi.org/10.1186/s13058-018-1059-y


209 
 

delivery of opioid receptor Mu siRNA for the treatment of morphine relapse. 

Scientific reports, 5, 17543. https://doi.org/10.1038/srep17543  

186. Locasale, J. W., Shaw, A. S., & Chakraborty, A. K. (2007). Scaffold proteins 

confer diverse regulatory properties to protein kinase cascades. Proceedings 

of the National Academy of Sciences of the United States of America, 104(33), 

13307313312. https://doi.org/10.1073/pnas.0706311104  

187. Lösche, W., Scholz, T., Temmler, U., Oberle, V., & Claus, R. A. (2004). 
Platelet-derived microvesicles transfer tissue factor to monocytes but not to 

neutrophils. Platelets, 15(2), 1093115. 

https://doi.org/10.1080/09537100310001649885  

188. Lv, K., Li, Q., Zhang, L., Wang, Y., Zhong, Z., Zhao, J., Lin, X., Wang, J., 

Zhu, K., Xiao, C., Ke, C., Zhong, S., Wu, X., Chen, J., Yu, H., Zhu, W., Li, 

X., Wang, B., Tang, R., Wang, J., & Hu, X. (2019). Incorporation of small 

extracellular vesicles in sodium alginate hydrogel as a novel therapeutic 

strategy for myocardial infarction. Theranostics, 9(24), 740337416. 

https://doi.org/10.7150/thno.32637  

189. Lynch, D. K., Winata, S. C., Lyons, R. J., Hughes, W. E., Lehrbach, G. M., 

Wasinger, V., Corthals, G., Cordwell, S., & Daly, R. J. (2003). A Cortactin-

CD2-associated protein (CD2AP) complex provides a novel link between 

epidermal growth factor receptor endocytosis and the actin cytoskeleton. The 

Journal of biological chemistry, 278(24), 21805321813. 

https://doi.org/10.1074/jbc.M211407200  

190. Ma, Y., Ye, F., Xie, X., Zhou, C., & Lu, W. (2011). Significance of PTPRZ1 

and CIN85 expression in cervical carcinoma. Archives of gynecology and 

obstetrics, 284(3), 6993704. https://doi.org/10.1007/s00404-010-1693-9  

191. Maji, S., Chaudhary, P., Akopova, I., Nguyen, P. M., Hare, R. J., Gryczynski, 

I., & Vishwanatha, J. K. (2017). Exosomal Annexin II Promotes 

Angiogenesis and Breast Cancer Metastasis. Molecular cancer research: 

MCR, 15(1), 933105. https://doi.org/10.1158/1541-7786.MCR-16-0163  

192. Mallegol, J., Van Niel, G., Lebreton, C., Lepelletier, Y., Candalh, C., Dugave, 

C., Heath, J. K., Raposo, G., Cerf-Bensussan, N., & Heyman, M. (2007). T84-

intestinal epithelial exosomes bear MHC class II/peptide complexes 

potentiating antigen presentation by dendritic cells. Gastroenterology, 132(5), 

186631876. https://doi.org/10.1053/j.gastro.2007.02.043  

193. Martínez, M. C., & Andriantsitohaina, R. (2017). Extracellular Vesicles in 

Metabolic Syndrome. Circulation research, 120(10), 167431686. 

https://doi.org/10.1161/CIRCRESAHA.117.309419  

194. Martins, Á. M., Ramos, C. C., Freitas, D., & Reis, C. A. (2021). 

Glycosylation of Cancer Extracellular Vesicles: Capture Strategies, 

https://doi.org/10.1038/srep17543
https://doi.org/10.1073/pnas.0706311104
https://doi.org/10.1080/09537100310001649885
https://doi.org/10.7150/thno.32637
https://doi.org/10.1074/jbc.M211407200
https://doi.org/10.1007/s00404-010-1693-9
https://doi.org/10.1158/1541-7786.MCR-16-0163
https://doi.org/10.1053/j.gastro.2007.02.043
https://doi.org/10.1161/CIRCRESAHA.117.309419


210 
 

Functional Roles and Potential Clinical Applications. Cells, 10(1), 109. 

https://doi.org/10.3390/cells10010109  

195. Mateescu, B., Kowal, E. J., van Balkom, B. W., Bartel, S., Bhattacharyya, S. 

N., Buzás, E. I., Buck, A. H., de Candia, P., Chow, F. W., Das, S., Driedonks, 
T. A., Fernández-Messina, L., Haderk, F., Hill, A. F., Jones, J. C., Van 

Keuren-Jensen, K. R., Lai, C. P., Lässer, C., Liegro, I. D., Lunavat, T. R., & 
Nolte-'t Hoen, E. N. (2017). Obstacles and opportunities in the functional 

analysis of extracellular vesicle RNA - an ISEV position paper. Journal of 

extracellular vesicles, 6(1), 1286095. 

https://doi.org/10.1080/20013078.2017.1286095  

196. Mathieu, M., Martin-Jaular, L., Lavieu, G., & Théry, C. (2019). Specificities 
of secretion and uptake of exosomes and other extracellular vesicles for cell-

to-cell communication. Nature cell biology, 21(1), 9317. 

https://doi.org/10.1038/s41556-018-0250-9  

197. Mathiyalagan, P., & Sahoo, S. (2017). Exosomes-Based Gene Therapy for 

MicroRNA Delivery. Methods in molecular biology (Clifton, N.J.), 1521, 

1393152. https://doi.org/10.1007/978-1-4939-6588-5_9 

198. Matsumoto, A., Takahashi, Y., Nishikawa, M., Sano, K., Morishita, M., 

Charoenviriyakul, C., Saji, H., & Takakura, Y. (2017). Accelerated growth of 

B16BL6 tumor in mice through efficient uptake of their own exosomes by 

B16BL6 cells. Cancer science, 108(9), 180331810. 

https://doi.org/10.1111/cas.13310  

199. Matsumoto, A., Takahashi, Y., Nishikawa, M., Sano, K., Morishita, M., 

Charoenviriyakul, C., Saji, H., & Takakura, Y. (2017). Role of 

Phosphatidylserine-Derived Negative Surface Charges in the Recognition and 

Uptake of Intravenously Injected B16BL6-Derived Exosomes by 

Macrophages. Journal of pharmaceutical sciences, 106(1), 1683175. 

https://doi.org/10.1016/j.xphs.2016.07.022  

200. Maxwell, P. H., Wiesener, M. S., Chang, G. W., Clifford, S. C., Vaux, E. C., 

Cockman, M. E., Wykoff, C. C., Pugh, C. W., Maher, E. R., & Ratcliffe, P. J. 

(1999). The tumour suppressor protein VHL targets hypoxia-inducible factors 

for oxygen-dependent proteolysis. Nature, 399(6733), 2713275. 

https://doi.org/10.1038/20459  

201. Mayevska, O., Shuvayeva, H., Igumentseva, N., Havrylov, S., Basaraba, O., 

Bobak, Y., Barska, M., Volod'ko, N., Baranska, J., Buchman, V., & Drobot, 

L. (2006). Expression of adaptor protein Ruk/CIN85 isoforms in cell lines of 

various tissue origins and human melanoma. Experimental oncology, 28(4), 

2753281. 

https://doi.org/10.3390/cells10010109
https://doi.org/10.1080/20013078.2017.1286095
https://doi.org/10.1038/s41556-018-0250-9
https://doi.org/10.1111/cas.13310
https://doi.org/10.1016/j.xphs.2016.07.022
https://doi.org/10.1038/20459


211 
 

202. McCready, J., Sims, J. D., Chan, D., & Jay, D. G. (2010). Secretion of 

extracellular hsp90alpha via exosomes increases cancer cell motility: a role 

for plasminogen activation. BMC cancer, 10, 294. 

https://doi.org/10.1186/1471-2407-10-294  

203. McKelvey, K. J., Powell, K. L., Ashton, A. W., Morris, J. M., & McCracken, 

S. A. (2015). Exosomes: Mechanisms of Uptake. Journal of circulating 

biomarkers, 4, 7. https://doi.org/10.5772/61186  

204. McKenzie, A. J., Hoshino, D., Hong, N. H., Cha, D. J., Franklin, J. L., 

Coffey, R. J., Patton, J. G., & Weaver, A. M. (2016). KRAS-MEK Signaling 

Controls Ago2 Sorting into Exosomes. Cell reports, 15(5), 9783987. 

https://doi.org/10.1016/j.celrep.2016.03.085  

205. McNiven, M. A., & Thompson, H. M. (2006). Vesicle formation at the 

plasma membrane and trans-Golgi network: the same but different. Science 

(New York, N.Y.), 313(5793):159131594. 

https://doi.org/10.1126/science.1118133  

206. Melo, S. A., Sugimoto, H., O'Connell, J. T., Kato, N., Villanueva, A., Vidal, 

A., Qiu, L., Vitkin, E., Perelman, L. T., Melo, C. A., Lucci, A., Ivan, C., 

Calin, G. A., & Kalluri, R. (2014). Cancer exosomes perform cell-

independent microRNA biogenesis and promote tumorigenesis. Cancer cell, 

26(5), 7073721. https://doi.org/10.1016/j.ccell.2014.09.005  

207. Millard, M., Yakavets, I., Piffoux, M., Brun, A., Gazeau, F., Guigner, J. M., 

Jasniewski, J., Lassalle, H. P., Wilhelm, C., & Bezdetnaya, L. (2018). 

mTHPC-loaded extracellular vesicles outperform liposomal and free mTHPC 

formulations by an increased stability, drug delivery efficiency and cytotoxic 

effect in tridimensional model of tumors. Drug delivery, 25(1), 179031801. 

https://doi.org/10.1080/10717544.2018.1513609  

208. Minciacchi, V. R., Freeman, M. R., & Di Vizio, D. (2015). Extracellular 

vesicles in cancer: exosomes, microvesicles and the emerging role of large 

oncosomes. Seminars in cell & developmental biology, 40, 41351. 

https://doi.org/10.1016/j.semcdb.2015.02.010  

209. Miura, K., Jacques, K. M., Stauffer, S., Kubosaki, A., Zhu, K., Hirsch, D. S., 

Resau, J., Zheng, Y., & Randazzo, P. A. (2002). ARAP1: a point of 

convergence for Arf and Rho signaling. Molecular cell, 9(1), 1093119. 

https://doi.org/10.1016/s1097-2765(02)00428-8  

210. Miyado, K., Yamada, G., Yamada, S., Hasuwa, H., Nakamura, Y., Ryu, F., 

Suzuki, K., Kosai, K., Inoue, K., Ogura, A., Okabe, M., & Mekada, E. (2000). 

Requirement of CD9 on the egg plasma membrane for fertilization. Science 

(New York, N.Y.), 287(5451), 3213324. 

https://doi.org/10.1126/science.287.5451.321  

https://doi.org/10.1186/1471-2407-10-294
https://doi.org/10.5772/61186
https://doi.org/10.1016/j.celrep.2016.03.085
https://doi.org/10.1126/science.1118133
https://doi.org/10.1016/j.ccell.2014.09.005
https://doi.org/10.1080/10717544.2018.1513609
https://doi.org/10.1016/j.semcdb.2015.02.010
https://doi.org/10.1016/s1097-2765(02)00428-8
https://doi.org/10.1126/science.287.5451.321


212 
 

211. Miyado, K., Yoshida, K., Yamagata, K., Sakakibara, K., Okabe, M., Wang, 

X., Miyamoto, K., Akutsu, H., Kondo, T., Takahashi, Y., Ban, T., Ito, C., 

Toshimori, K., Nakamura, A., Ito, M., Miyado, M., Mekada, E., & Umezawa, 

A. (2008). The fusing ability of sperm is bestowed by CD9-containing 

vesicles released from eggs in mice. Proceedings of the National Academy of 

Sciences of the United States of America, 105(35), 12921312926. 

https://doi.org/10.1073/pnas.0710608105  

212. Montecalvo, A., Larregina, A. T., Shufesky, W. J., Stolz, D. B., Sullivan, M. 

L., Karlsson, J. M., Baty, C. J., Gibson, G. A., Erdos, G., Wang, Z., 

Milosevic, J., Tkacheva, O. A., Divito, S. J., Jordan, R., Lyons-Weiler, J., 

Watkins, S. C., & Morelli, A. E. (2012). Mechanism of transfer of functional 

microRNAs between mouse dendritic cells via exosomes. Blood, 119(3), 

7563766. https://doi.org/10.1182/blood-2011-02-338004  

213. Morelli, A. E., Larregina, A. T., Shufesky, W. J., Sullivan, M. L., Stolz, D. 

B., Papworth, G. D., Zahorchak, A. F., Logar, A. J., Wang, Z., Watkins, S. C., 

Falo, L. D., Jr, & Thomson, A. W. (2004). Endocytosis, intracellular sorting, 

and processing of exosomes by dendritic cells. Blood, 104(10), 325733266. 

https://doi.org/10.1182/blood-2004-03-0824  

214. Mulcahy, L. A., Pink, R. C., & Carter, D. R. (2014). Routes and mechanisms 

of extracellular vesicle uptake. Journal of extracellular vesicles, 3, 

10.3402/jev.v3.24641. https://doi.org/10.3402/jev.v3.24641  

215. Muralidharan-Chari, V., Clancy, J., Plou, C., Romao, M., Chavrier, P., 

Raposo, G., & D'Souza-Schorey, C. (2009). ARF6-regulated shedding of 

tumor cell-derived plasma membrane microvesicles. Current biology : CB, 

19(22), 187531885. https://doi.org/10.1016/j.cub.2009.09.059  

216. Murphy, D. E., de Jong, O. G., Brouwer, M., Wood, M. J., Lavieu, G., 

Schiffelers, R. M., & Vader, P. (2019). Extracellular vesicle-based 

therapeutics: natural versus engineered targeting and trafficking. 

Experimental & molecular medicine, 51(3), 1312. 

https://doi.org/10.1038/s12276-019-0223-5  

217. Na, C. H., Sharma, N., Madugundu, A. K., Chen, R., Aksit, M. A., Rosson, G. 

D., Cutting, G. R., & Pandey, A. (2019). Integrated Transcriptomic and 

Proteomic Analysis of Human Eccrine Sweat Glands Identifies Missing and 

Novel Proteins. Molecular & cellular proteomics : MCP, 18(7), 138231395. 

https://doi.org/10.1074/mcp.RA118.001101  

218. Nabhan, J. F., Hu, R., Oh, R. S., Cohen, S. N., & Lu, Q. (2012). Formation 

and release of arrestin domain-containing protein 1-mediated microvesicles 

(ARMMs) at plasma membrane by recruitment of TSG101 protein. 

https://doi.org/10.1073/pnas.0710608105
https://doi.org/10.1182/blood-2011-02-338004
https://doi.org/10.1182/blood-2004-03-0824
https://doi.org/10.3402/jev.v3.24641
https://doi.org/10.1016/j.cub.2009.09.059
https://doi.org/10.1038/s12276-019-0223-5
https://doi.org/10.1074/mcp.RA118.001101


213 
 

Proceedings of the National Academy of Sciences of the United States of 

America, 109(11), 414634151. https://doi.org/10.1073/pnas.1200448109  

219. Nakase, I., Kobayashi, N. B., Takatani-Nakase, T., & Yoshida, T. (2015). 

Active macropinocytosis induction by stimulation of epidermal growth factor 

receptor and oncogenic Ras expression potentiates cellular uptake efficacy of 

exosomes. Scientific reports, 5, 10300. https://doi.org/10.1038/srep10300  

220. Nakata, R., Shimada, H., Fernandez, G. E., Fanter, R., Fabbri, M., Malvar, J., 

Zimmermann, P., & DeClerck, Y. A. (2017). Contribution of neuroblastoma-

derived exosomes to the production of pro-tumorigenic signals by bone 

marrow mesenchymal stromal cells. Journal of extracellular vesicles, 6(1), 

1332941. https://doi.org/10.1080/20013078.2017.1332941  

221. Nam, J. M., Onodera, Y., Mazaki, Y., Miyoshi, H., Hashimoto, S., & Sabe, H. 

(2007). CIN85, a Cbl-interacting protein, is a component of AMAP1-

mediated breast cancer invasion machinery. The EMBO journal, 26(3), 6473
656. https://doi.org/10.1038/sj.emboj.7601534  

222. Nanbo, A., Kawanishi, E., Yoshida, R., & Yoshiyama, H. (2013). Exosomes 

derived from Epstein-Barr virus-infected cells are internalized via caveola-

dependent endocytosis and promote phenotypic modulation in target cells. 

Journal of virology, 87(18), 10334310347. https://doi.org/10.1128/JVI.01310-

13  

223. Nawaz, M., & Fatima, F. (2017). Extracellular Vesicles, Tunneling 

Nanotubes, and Cellular Interplay: Synergies and Missing Links. Frontiers in 

molecular biosciences, 4, 50. https://doi.org/10.3389/fmolb.2017.00050 

224. Nazarenko, I., Rana, S., Baumann, A., McAlear, J., Hellwig, A., 

Trendelenburg, M., Lochnit, G., Preissner, K. T., & Zöller, M. (2010). Cell 
surface tetraspanin Tspan8 contributes to molecular pathways of exosome-

induced endothelial cell activation. Cancer research, 70(4), 166831678. 

https://doi.org/10.1158/0008-5472.CAN-09-2470  

225. Newton, W. C., Kim, J. W., Luo, J. Z. Q., & Luo, L. (2017). Stem cell-

derived exosomes: a novel vector for tissue repair and diabetic therapy. 

Journal of molecular endocrinology, 59(4), R1553R165. 

https://doi.org/10.1530/JME-17-0080  

226. Nolte-'t Hoen, E. N., Buschow, S. I., Anderton, S. M., Stoorvogel, W., & 

Wauben, M. H. (2009). Activated T cells recruit exosomes secreted by 

dendritic cells via LFA-1. Blood, 113(9), 197731981. 

https://doi.org/10.1182/blood-2008-08-174094  

227. O'Brien, K., Rani, S., Corcoran, C., Wallace, R., Hughes, L., Friel, A. M., 

McDonnell, S., Crown, J., Radomski, M. W., & O'Driscoll, L. (2013). 

Exosomes from triple-negative breast cancer cells can transfer phenotypic 

https://doi.org/10.1073/pnas.1200448109
https://doi.org/10.1038/srep10300
https://doi.org/10.1080/20013078.2017.1332941
https://doi.org/10.1038/sj.emboj.7601534
https://doi.org/10.1128/JVI.01310-13
https://doi.org/10.1128/JVI.01310-13
https://doi.org/10.1158/0008-5472.CAN-09-2470
https://doi.org/10.1530/JME-17-0080
https://doi.org/10.1182/blood-2008-08-174094


214 
 

traits representing their cells of origin to secondary cells. European journal of 

cancer (Oxford, England : 1990), 49(8), 184531859. 

https://doi.org/10.1016/j.ejca.2013.01.017  

228. Ofir-Birin, Y., Abou Karam, P., Rudik, A., Giladi, T., Porat, Z., & Regev-

Rudzki, N. (2018). Monitoring Extracellular Vesicle Cargo Active Uptake by 

Imaging Flow Cytometry. Frontiers in immunology, 9, 1011. 

https://doi.org/10.3389/fimmu.2018.01011  

229. Oikawa, T., Itoh, T., & Takenawa, T. (2008). Sequential signals toward 

podosome formation in NIH-src cells. The Journal of cell biology, 182(1), 

1573169. https://doi.org/10.1083/jcb.200801042  

230. Ondov, B. D., Bergman, N. H., & Phillippy, A. M. (2011). Interactive 

metagenomic visualization in a Web browser. BMC bioinformatics, 12, 385. 

https://doi.org/10.1186/1471-2105-12-385  

231. Ontoria-Oviedo, I., Dorronsoro, A., Sánchez, R., Ciria, M., Gómez-Ferrer, 

M., Buigues, M., Grueso, E., Tejedor, S., García-García, F., González-King, 

H., Garcia, N. A., Peiró-Molina, E., & Sepúlveda, P. (2018). Extracellular 

Vesicles Secreted by Hypoxic AC10 Cardiomyocytes Modulate Fibroblast 

Cell Motility. Frontiers in cardiovascular medicine, 5, 152. 

https://doi.org/10.3389/fcvm.2018.00152  

232. Ostrowski, M., Carmo, N. B., Krumeich, S., Fanget, I., Raposo, G., Savina, 

A., Moita, C. F., Schauer, K., Hume, A. N., Freitas, R. P., Goud, B., 

Benaroch, P., Hacohen, N., Fukuda, M., Desnos, C., Seabra, M. C., Darchen, 

F., Amigorena, S., Moita, L. F., & Thery, C. (2010). Rab27a and Rab27b 

control different steps of the exosome secretion pathway. Nature cell biology, 

12(1), 19313. https://doi.org/10.1038/ncb2000  

233. Ozawa, P. M. M., Alkhilaiwi, F., Cavalli, I. J., Malheiros, D., de Souza 

Fonseca Ribeiro, E. M., & Cavalli, L. R. (2018). Extracellular vesicles from 

triple-negative breast cancer cells promote proliferation and drug resistance in 

non-tumorigenic breast cells. Breast cancer research and treatment, 172(3), 

7133723. https://doi.org/10.1007/s10549-018-4925-5  

234. Pan, B. T., Teng, K., Wu, C., Adam, M., & Johnstone, R. M. (1985). Electron 

microscopic evidence for externalization of the transferrin receptor in 

vesicular form in sheep reticulocytes. The Journal of cell biology, 101(3), 

9423948. https://doi.org/10.1083/jcb.101.3.942  

235. Park, J. E., Dutta, B., Tse, S. W., Gupta, N., Tan, C. F., Low, J. K., Yeoh, K. 

W., Kon, O. L., Tam, J. P., & Sze, S. K. (2019). Hypoxia-induced tumor 

exosomes promote M2-like macrophage polarization of infiltrating myeloid 

cells and microRNA-mediated metabolic shift. Oncogene, 38(26), 51583
5173. https://doi.org/10.1038/s41388-019-0782-x  

https://doi.org/10.1016/j.ejca.2013.01.017
https://doi.org/10.3389/fimmu.2018.01011
https://doi.org/10.1083/jcb.200801042
https://doi.org/10.1186/1471-2105-12-385
https://doi.org/10.3389/fcvm.2018.00152
https://doi.org/10.1038/ncb2000
https://doi.org/10.1007/s10549-018-4925-5
https://doi.org/10.1083/jcb.101.3.942
https://doi.org/10.1038/s41388-019-0782-x


215 
 

236. Parolini, I., Federici, C., Raggi, C., Lugini, L., Palleschi, S., De Milito, A., 

Coscia, C., Iessi, E., Logozzi, M., Molinari, A., Colone, M., Tatti, M., 

Sargiacomo, M., & Fais, S. (2009). Microenvironmental pH is a key factor for 

exosome traffic in tumor cells. The Journal of biological chemistry, 284(49), 

34211334222. https://doi.org/10.1074/jbc.M109.041152  

237. Pascucci, L., Coccè, V., Bonomi, A., Ami, D., Ceccarelli, P., Ciusani, E., 
Viganò, L., Locatelli, A., Sisto, F., Doglia, S. M., Parati, E., Bernardo, M. E., 

Muraca, M., Alessandri, G., Bondiolotti, G., & Pessina, A. (2014). Paclitaxel 

is incorporated by mesenchymal stromal cells and released in exosomes that 

inhibit in vitro tumor growth: a new approach for drug delivery. Journal of 

controlled release: official journal of the Controlled Release Society, 192, 

2623270. https://doi.org/10.1016/j.jconrel.2014.07.042  

238. Pastuzyn, E. D., Day, C. E., Kearns, R. B., Kyrke-Smith, M., Taibi, A. V., 

McCormick, J., Yoder, N., Belnap, D. M., Erlendsson, S., Morado, D. R., 

Briggs, J. A. G., Feschotte, C., & Shepherd, J. D. (2018). The Neuronal Gene 

Arc Encodes a Repurposed Retrotransposon Gag Protein that Mediates 

Intercellular RNA Transfer. Cell, 172(1-2), 2753288.e18. 

https://doi.org/10.1016/j.cell.2017.12.024  

239. Patton, M. C., Zubair, H., Khan, M. A., Singh, S., & Singh, A. P. (2020). 

Hypoxia alters the release and size distribution of extracellular vesicles in 

pancreatic cancer cells to support their adaptive survival. Journal of cellular 

biochemistry, 121(1), 8283839. https://doi.org/10.1002/jcb.29328  

240. Pawson T. (2007). Dynamic control of signaling by modular adaptor proteins. 

Current opinion in cell biology, 19(2), 1123116. 

https://doi.org/10.1016/j.ceb.2007.02.013  

241. Pawson, T., & Warner, N. (2007). Oncogenic re-wiring of cellular signaling 

pathways. Oncogene, 26(9), 126831275. 

https://doi.org/10.1038/sj.onc.1210255 

242. Pegtel, D. M., Peferoen, L., & Amor, S. (2014). Extracellular vesicles as 

modulators of cell-to-cell communication in the healthy and diseased brain. 

Philosophical transactions of the Royal Society of London. Series B, 

Biological sciences, 369(1652), 20130516. 

https://doi.org/10.1098/rstb.2013.0516  

243. Peinado, H., Alekovi�, M., Lavotshkin, S., Matei, I., Costa-Silva, B., 

Moreno-Bueno, G., Hergueta-Redondo, M., Williams, C., García-Santos, G., 

Ghajar, C., Nitadori-Hoshino, A., Hoffman, C., Badal, K., Garcia, B. A., 

Callahan, M. K., Yuan, J., Martins, V. R., Skog, J., Kaplan, R. N., Brady, M. 

S., & Lyden, D. (2012). Melanoma exosomes educate bone marrow 

https://doi.org/10.1074/jbc.M109.041152
https://doi.org/10.1016/j.jconrel.2014.07.042
https://doi.org/10.1016/j.cell.2017.12.024
https://doi.org/10.1002/jcb.29328
https://doi.org/10.1016/j.ceb.2007.02.013
https://doi.org/10.1098/rstb.2013.0516


216 
 

progenitor cells toward a pro-metastatic phenotype through MET. Nature 

medicine, 18(6), 8833891. https://doi.org/10.1038/nm.2753  

244. Perez-Hernandez, D., Gutiérrez-Vázquez, C., Jorge, I., López-Martín, S., 
Ursa, A., Sánchez-Madrid, F., Vázquez, J., & Yáñez-Mó, M. (2013). The 

intracellular interactome of tetraspanin-enriched microdomains reveals their 

function as sorting machineries toward exosomes. The Journal of biological 

chemistry, 288(17), 11649311661. https://doi.org/10.1074/jbc.M112.445304  

245. Petrelli, A., Gilestro, G. F., Lanzardo, S., Comoglio, P. M., Migone, N., & 

Giordano, S. (2002). The endophilin-CIN85-Cbl complex mediates ligand-

dependent downregulation of c-Met. Nature, 416(6877), 1873190. 

https://doi.org/10.1038/416187a  

246. Pigati, L., Yaddanapudi, S. C., Iyengar, R., Kim, D. J., Hearn, S. A., 

Danforth, D., Hastings, M. L., & Duelli, D. M. (2010). Selective release of 

microRNA species from normal and malignant mammary epithelial cells. 

PloS one, 5(10), e13515. https://doi.org/10.1371/journal.pone.0013515  

247. Podbilewicz B. (2014). Virus and cell fusion mechanisms. Annual review of 

cell and developmental biology, 30, 1113139. 

https://doi.org/10.1146/annurev-cellbio-101512-122422  

248. Poincloux, R., Cougoule, C., Daubon, T., Maridonneau-Parini, I., & Le 

Cabec, V. (2007). Tyrosine-phosphorylated STAT5 accumulates on 

podosomes in Hck-transformed fibroblasts and chronic myeloid leukemia 

cells. Journal of cellular physiology, 213(1), 2123220. 

https://doi.org/10.1002/jcp.21112  

249. Prada, I., & Meldolesi, J. (2016). Binding and Fusion of Extracellular 

Vesicles to the Plasma Membrane of Their Cell Targets. International journal 

of molecular sciences, 17(8), 1296. https://doi.org/10.3390/ijms17081296 

250. Prada, I., Amin, L., Furlan, R., Legname, G., Verderio, C., & Cojoc, D. 

(2016). A new approach to follow a single extracellular vesicle-cell 

interaction using optical tweezers. BioTechniques, 60(1), 35341. 

https://doi.org/10.2144/000114371  

251. Proia, P., Schiera, G., Mineo, M., Ingrassia, A. M., Santoro, G., Savettieri, G., 

& Di Liegro, I. (2008). Astrocytes shed extracellular vesicles that contain 

fibroblast growth factor-2 and vascular endothelial growth factor. 

International journal of molecular medicine, 21(1), 63367. 

252. Purushothaman, A., Bandari, S. K., Liu, J., Mobley, J. A., Brown, E. E., & 

Sanderson, R. D. (2016). Fibronectin on the Surface of Myeloma Cell-derived 

Exosomes Mediates Exosome-Cell Interactions. The Journal of biological 

chemistry, 291(4), 165231663. https://doi.org/10.1074/jbc.M115.686295  

https://doi.org/10.1038/nm.2753
https://doi.org/10.1074/jbc.M112.445304
https://doi.org/10.1038/416187a
https://doi.org/10.1371/journal.pone.0013515
https://doi.org/10.1146/annurev-cellbio-101512-122422
https://doi.org/10.1002/jcp.21112
https://doi.org/10.2144/000114371
https://doi.org/10.1074/jbc.M115.686295


217 
 

253. Rabinowits, G., Gerçel-Taylor, C., Day, J. M., Taylor, D. D., & Kloecker, G. 

H. (2009). Exosomal microRNA: a diagnostic marker for lung cancer. 

Clinical lung cancer, 10(1), 42346. https://doi.org/10.3816/CLC.2009.n.006  

254. Raiszadeh, M. M., Ross, M. M., Russo, P. S., Schaepper, M. A., Zhou, W., 

Deng, J., Ng, D., Dickson, A., Dickson, C., Strom, M., Osorio, C., Soeprono, 

T., Wulfkuhle, J. D., Petricoin, E. F., Liotta, L. A., & Kirsch, W. M. (2012). 

Proteomic analysis of eccrine sweat: implications for the discovery of 

schizophrenia biomarker proteins. Journal of proteome research, 11(4), 

212732139. https://doi.org/10.1021/pr2007957  

255. Rana, S., Claas, C., Kretz, C. C., Nazarenko, I., & Zoeller, M. (2011). 

Activation-induced internalization differs for the tetraspanins CD9 and 

Tspan8: Impact on tumor cell motility. The international journal of 

biochemistry & cell biology, 43(1), 1063119. 

https://doi.org/10.1016/j.biocel.2010.10.002  

256. Rana, S., Yue, S., Stadel, D., & Zöller, M. (2012). Toward tailored exosomes: 
the exosomal tetraspanin web contributes to target cell selection. The 

international journal of biochemistry & cell biology, 44(9), 157431584. 

https://doi.org/10.1016/j.biocel.2012.06.018  

257. Raposo, G., Nijman, H. W., Stoorvogel, W., Liejendekker, R., Harding, C. V., 

Melief, C. J., & Geuze, H. J. (1996). B lymphocytes secrete antigen-

presenting vesicles. The Journal of experimental medicine, 183(3), 11613
1172. https://doi.org/10.1084/jem.183.3.1161  

258. Ratajczak, J., Wysoczynski, M., Hayek, F., Janowska-Wieczorek, A., & 

Ratajczak, M. Z. (2006). Membrane-derived microvesicles: important and 

underappreciated mediators of cell-to-cell communication. Leukemia, 20(9), 

148731495. https://doi.org/10.1038/sj.leu.2404296  

259. Record, M., Carayon, K., Poirot, M., & Silvente-Poirot, S. (2014). Exosomes 

as new vesicular lipid transporters involved in cell-cell communication and 

various pathophysiologies. Biochimica et biophysica acta, 1841(1), 1083120. 

https://doi.org/10.1016/j.bbalip.2013.10.004  

260. Ridder, K., Keller, S., Dams, M., Rupp, A. K., Schlaudraff, J., Del Turco, D., 

Starmann, J., Macas, J., Karpova, D., Devraj, K., Depboylu, C., Landfried, B., 

Arnold, B., Plate, K. H., Höglinger, G., Sültmann, H., Altevogt, P., & 
Momma, S. (2014). Extracellular vesicle-mediated transfer of genetic 

information between the hematopoietic system and the brain in response to 

inflammation. PLoS biology, 12(6), e1001874. 

https://doi.org/10.1371/journal.pbio.1001874  

https://doi.org/10.3816/CLC.2009.n.006
https://doi.org/10.1021/pr2007957
https://doi.org/10.1016/j.biocel.2010.10.002
https://doi.org/10.1016/j.biocel.2012.06.018
https://doi.org/10.1084/jem.183.3.1161
https://doi.org/10.1038/sj.leu.2404296
https://doi.org/10.1016/j.bbalip.2013.10.004
https://doi.org/10.1371/journal.pbio.1001874


218 
 

261. Riebeling, C., Morris, A. J., & Shields, D. (2009). Phospholipase D in the 

Golgi apparatus. Biochimica et biophysica acta, 1791(9), 8763880. 

https://doi.org/10.1016/j.bbalip.2009.04.003  

262. Rojalin, T., Phong, B., Koster, H. J., & Carney, R. P. (2019). Nanoplasmonic 

Approaches for Sensitive Detection and Molecular Characterization of 

Extracellular Vesicles. Frontiers in chemistry, 7, 279. 

https://doi.org/10.3389/fchem.2019.00279  

263. Rumble, J. M., Huber, A. K., Krishnamoorthy, G., Srinivasan, A., Giles, D. 

A., Zhang, X., Wang, L., & Segal, B. M. (2015). Neutrophil-related factors as 

biomarkers in EAE and MS. The Journal of experimental medicine, 212(1), 

23335. https://doi.org/10.1084/jem.20141015  

264. Ruvalcaba-López, J. M., Córdova-Fraga, T., de la Rosa-Alvarez, G., Murillo-

Ortiz, B. O., Martínez-Espinosa, J. C., Guzmán-Cabrera, R., & Bernal-

Alvarado, J. (2019). Qualitative evaluation of ferritin in serum samples by 

Raman spectroscopy and principal component analysis. Lasers in medical 

science, 34(1), 35340. https://doi.org/10.1007/s10103-018-2576-8  

265. S, S., S, A., Krishnamoorthy, K., & Rajappan, M. (2012). Nanosponges: a 

novel class of drug delivery system--review. Journal of pharmacy & 

pharmaceutical sciences : a publication of the Canadian Society for 

Pharmaceutical Sciences, Societe canadienne des sciences pharmaceutiques, 

15(1), 1033111. https://doi.org/10.18433/j3k308  

266. Sabe, H., Hashimoto, S., Morishige, M., Ogawa, E., Hashimoto, A., Nam, J. 

M., Miura, K., Yano, H., & Onodera, Y. (2009). The EGFR-GEP100-Arf6-

AMAP1 signaling pathway specific to breast cancer invasion and metastasis. 

Traffic (Copenhagen, Denmark), 10(8), 9823993. 

https://doi.org/10.1111/j.1600-0854.2009.00917.x  

267. Samoylenko, A., Dimova, E. Y., Kozlova, N., Drobot, L., & Kietzmann, T. 

(2010). The adaptor protein Ruk/CIN85 activates plasminogen activator 

inhibitor-1 (PAI-1) expression via hypoxia-inducible factor-1alpha. 

Thrombosis and haemostasis, 103(5), 9013909. 

https://doi.org/10.1160/TH09-08-0524  

268. Samoylenko, A., Kögler, M., Zhyvolozhnyi, A., Makieieva, O., Bart, G., 
Andoh, S. S., Roussey, M., Vainio, S. J., & Hiltunen, J. (2021). Time-gated 

Raman spectroscopy and proteomics analyses of hypoxic and normoxic renal 

carcinoma extracellular vesicles. Scientific reports, 11(1), 19594. 

https://doi.org/10.1038/s41598-021-99004-6  

269. Samoylenko, A., Vynnytska-Myronovska, B., Byts, N., Kozlova, N., 

Basaraba, O., Pasichnyk, G., Palyvoda, K., Bobak, Y., Barska, M., Mayevska, 

O., Rzhepetsky, Y., Shuvayeva, H., Lyzogubov, V., Usenko, V., Savran, V., 

https://doi.org/10.1016/j.bbalip.2009.04.003
https://doi.org/10.3389/fchem.2019.00279
https://doi.org/10.1084/jem.20141015
https://doi.org/10.1007/s10103-018-2576-8
https://doi.org/10.18433/j3k308
https://doi.org/10.1111/j.1600-0854.2009.00917.x
https://doi.org/10.1160/TH09-08-0524
https://doi.org/10.1038/s41598-021-99004-6


219 
 

Volodko, N., Buchman, V., Kietzmann, T., & Drobot, L. (2012). Increased 

levels of the HER1 adaptor protein Rukl/CIN85 contribute to breast cancer 

malignancy. Carcinogenesis, 33(10), 197631984. 

https://doi.org/10.1093/carcin/bgs228  

270. Santangelo, L., Giurato, G., Cicchini, C., Montaldo, C., Mancone, C., Tarallo, 

R., Battistelli, C., Alonzi, T., Weisz, A., & Tripodi, M. (2016). The RNA-

Binding Protein SYNCRIP Is a Component of the Hepatocyte Exosomal 

Machinery Controlling MicroRNA Sorting. Cell reports, 17(3), 7993808. 

https://doi.org/10.1016/j.celrep.2016.09.031  

271. Sathiyamoorthy, K., Chen, J., Longnecker, R., & Jardetzky, T. S. (2017). The 

COMPLEXity in herpesvirus entry. Current opinion in virology, 24, 973104. 

https://doi.org/10.1016/j.coviro.2017.04.006  

272. Savina, A., Fader, C. M., Damiani, M. T., & Colombo, M. I. (2005). Rab11 

promotes docking and fusion of multivesicular bodies in a calcium-dependent 

manner. Traffic (Copenhagen, Denmark), 6(2), 1313143. 

https://doi.org/10.1111/j.1600-0854.2004.00257.x  

273. Schiera, G., Proia, P., Alberti, C., Mineo, M., Savettieri, G., & Di Liegro, I. 

(2007). Neurons produce FGF2 and VEGF and secrete them at least in part by 

shedding extracellular vesicles. Journal of cellular and molecular medicine, 

11(6), 138431394. https://doi.org/10.1111/j.1582-4934.2007.00100.x  

274. Schindler, C., Collinson, A., Matthews, C., Pointon, A., Jenkinson, L., 

Minter, R. R., Vaughan, T. J., & Tigue, N. J. (2019). Exosomal delivery of 

doxorubicin enables rapid cell entry and enhanced in vitro potency. PloS one, 

14(3), e0214545. https://doi.org/10.1371/journal.pone.0214545  

275. Schmidt, M. H. H., Chen, B., Randazzo, L. M., & Bogler, O. (2003). 

SETA/CIN85/Ruk and its binding partner AIP1 associate with diverse 

cytoskeletal elements, including FAKs, and modulate cell adhesion. Journal 

of cell science, 116(Pt 14), 284532855. https://doi.org/10.1242/jcs.00522  

276. Schmidt, M. H. H., Dikic, I., & Bögler, O. (2005). Src phosphorylation of 
Alix/AIP1 modulates its interaction with binding partners and antagonizes its 

activities. The Journal of biological chemistry, 280(5), 341433425. 

https://doi.org/10.1074/jbc.M409839200  

277. Schmidt, M. H. H., Furnari, F. B., Cavenee, W. K., & Bögler, O. (2003). 
Epidermal growth factor receptor signaling intensity determines intracellular 

protein interactions, ubiquitination, and internalization. Proceedings of the 

National Academy of Sciences of the United States of America, 100(11), 

650536510. https://doi.org/10.1073/pnas.1031790100  

278. Schmidt, M. H. H., Hoeller, D., Yu, J., Furnari, F. B., Cavenee, W. K., Dikic, 

I., & Bögler, O. (2004). Alix/AIP1 antagonizes epidermal growth factor 

https://doi.org/10.1093/carcin/bgs228
https://doi.org/10.1016/j.celrep.2016.09.031
https://doi.org/10.1016/j.coviro.2017.04.006
https://doi.org/10.1111/j.1600-0854.2004.00257.x
https://doi.org/10.1111/j.1582-4934.2007.00100.x
https://doi.org/10.1371/journal.pone.0214545
https://doi.org/10.1242/jcs.00522
https://doi.org/10.1074/jbc.M409839200
https://doi.org/10.1073/pnas.1031790100


220 
 

receptor downregulation by the Cbl-SETA/CIN85 complex. Molecular and 

cellular biology, 24(20), 898138993. 

https://doi.org/10.1128/MCB.24.20.8981-8993.2004  

279. Schroeder, B., Srivatsan, S., Shaw, A., Billadeau, D., & McNiven, M. A. 

(2012). CIN85 phosphorylation is essential for EGFR ubiquitination and 

sorting into multivesicular bodies. Molecular biology of the cell, 23(18), 

360233611. https://doi.org/10.1091/mbc.E11-08-0666  

280. Senior J. R. (2012). Alanine aminotransferase: a clinical and regulatory tool 

for detecting liver injury-past, present, and future. Clinical pharmacology and 

therapeutics, 92(3), 3323339. https://doi.org/10.1038/clpt.2012.108  

281. Sercombe, L., Veerati, T., Moheimani, F., Wu, S. Y., Sood, A. K., & Hua, S. 

(2015). Advances and Challenges of Liposome Assisted Drug Delivery. 

Frontiers in pharmacology, 6, 286. https://doi.org/10.3389/fphar.2015.00286  

282. Shade C. W. (2016). Liposomes as Advanced Delivery Systems for 

Nutraceuticals. Integrative medicine (Encinitas, Calif.), 15(1), 33336. 

283. Shao, C., Yang, F., Miao, S., Liu, W., Wang, C., Shu, Y., & Shen, H. (2018). 

Role of hypoxia-induced exosomes in tumor biology. Molecular cancer, 

17(1), 120. https://doi.org/10.1186/s12943-018-0869-y  

284. Shen, A. R., Zhong, X., Tang, T. T., Wang, C., Jing, J., Liu, B. C., & Lv, L. 

L. (2021). Integrin, Exosome and Kidney Disease. Frontiers in physiology, 

11, 627800. https://doi.org/10.3389/fphys.2020.627800  

285. Shin, H., Jeong, H., Park, J., Hong, S., & Choi, Y. (2018). Correlation 

between Cancerous Exosomes and Protein Markers Based on Surface-

Enhanced Raman Spectroscopy (SERS) and Principal Component Analysis 

(PCA). ACS sensors, 3(12), 263732643. 

https://doi.org/10.1021/acssensors.8b01047  

286. Shurtleff, M. J., Temoche-Diaz, M. M., Karfilis, K. V., Ri, S., & Schekman, 

R. (2016). Y-box protein 1 is required to sort microRNAs into exosomes in 

cells and in a cell-free reaction. eLife, 5, e19276. 

https://doi.org/10.7554/eLife.19276  

287. Simons, M., & Raposo, G. (2009). Exosomes--vesicular carriers for 

intercellular communication. Current opinion in cell biology, 21(4), 5753581. 

https://doi.org/10.1016/j.ceb.2009.03.007  

288. Sinha, S., Hoshino, D., Hong, N. H., Kirkbride, K. C., Grega-Larson, N. E., 

Seiki, M., Tyska, M. J., & Weaver, A. M. (2016). Cortactin promotes 

exosome secretion by controlling branched actin dynamics. The Journal of 

cell biology, 214(2), 1973213. https://doi.org/10.1083/jcb.201601025  

289. Sivanantham, A., Alktaish, W., Murugeasan, S., Gong, B., Lee, H., & Jin, Y. 

(2023). Caveolin-1 regulates OMV-induced macrophage pro-inflammatory 

https://doi.org/10.1128/MCB.24.20.8981-8993.2004
https://doi.org/10.1091/mbc.E11-08-0666
https://doi.org/10.1038/clpt.2012.108
https://doi.org/10.3389/fphar.2015.00286
https://doi.org/10.1186/s12943-018-0869-y
https://doi.org/10.3389/fphys.2020.627800
https://doi.org/10.1021/acssensors.8b01047
https://doi.org/10.7554/eLife.19276
https://doi.org/10.1016/j.ceb.2009.03.007
https://doi.org/10.1083/jcb.201601025


221 
 

activation and multiple Toll-like receptors. Frontiers in immunology, 14, 

1044834. https://doi.org/10.3389/fimmu.2023.1044834  

290. Skog, J., Würdinger, T., van Rijn, S., Meijer, D. H., Gainche, L., Sena-
Esteves, M., Curry, W. T., Jr, Carter, B. S., Krichevsky, A. M., & 

Breakefield, X. O. (2008). Glioblastoma microvesicles transport RNA and 

proteins that promote tumour growth and provide diagnostic biomarkers. 

Nature cell biology, 10(12), 147031476. https://doi.org/10.1038/ncb1800  

291. Smith, Z. J., Lee, C., Rojalin, T., Carney, R. P., Hazari, S., Knudson, A., Lam, 

K., Saari, H., Ibañez, E. L., Viitala, T., Laaksonen, T., Yliperttula, M., & 
Wachsmann-Hogiu, S. (2015). Single exosome study reveals subpopulations 

distributed among cell lines with variability related to membrane content. 

Journal of extracellular vesicles, 4, 28533. 

https://doi.org/10.3402/jev.v4.28533  

292. Smyth, T., Kullberg, M., Malik, N., Smith-Jones, P., Graner, M. W., & 

Anchordoquy, T. J. (2015). Biodistribution and delivery efficiency of 

unmodified tumor-derived exosomes. Journal of controlled release : official 

journal of the Controlled Release Society, 199, 1453155. 

https://doi.org/10.1016/j.jconrel.2014.12.013  

293. Soubeyran, P., Kowanetz, K., Szymkiewicz, I., Langdon, W. Y., & Dikic, I. 

(2002). Cbl-CIN85-endophilin complex mediates ligand-induced 

downregulation of EGF receptors. Nature, 416(6877), 1833187. 

https://doi.org/10.1038/416183a  

294. Sreedhar, A., Aguilera-Aguirre, L., & Singh, K. K. (2020). Mitochondria in 

skin health, aging, and disease. Cell death & disease, 11(6), 444. 

https://doi.org/10.1038/s41419-020-2649-z  

295. Srinivasan, D., Sims, J. T., & Plattner, R. (2008). Aggressive breast cancer 

cells are dependent on activated Abl kinases for proliferation, anchorage-

independent growth and survival. Oncogene, 27(8), 109531105. 

https://doi.org/10.1038/sj.onc.1210714  

296. Sung, B. H., Ketova, T., Hoshino, D., Zijlstra, A., & Weaver, A. M. (2015). 

Directional cell movement through tissues is controlled by exosome secretion. 

Nature communications, 6, 7164. https://doi.org/10.1038/ncomms8164  

297. Supek, F., Bobnjak, M., akunca, N., & amuc, T. (2011). REVIGO 
summarizes and visualizes long lists of gene ontology terms. PloS one, 6(7), 

e21800. https://doi.org/10.1371/journal.pone.0021800  

298. Svenson, S. (2012). Clinical translation of nanomedicines. Current Opinion in 

Solid State and Materials Science. 

https://doi.org/10.1016/j.cossms.2012.10.001  

https://doi.org/10.3389/fimmu.2023.1044834
https://doi.org/10.1038/ncb1800
https://doi.org/10.3402/jev.v4.28533
https://doi.org/10.1016/j.jconrel.2014.12.013
https://doi.org/10.1038/416183a
https://doi.org/10.1038/s41419-020-2649-z
https://doi.org/10.1038/sj.onc.1210714
https://doi.org/10.1038/ncomms8164
https://doi.org/10.1371/journal.pone.0021800
https://doi.org/10.1016/j.cossms.2012.10.001


222 
 

299. Swaminathan, G., & Tsygankov, A. Y. (2006). The Cbl family proteins: ring 

leaders in regulation of cell signaling. Journal of cellular physiology, 209(1), 

21343. https://doi.org/10.1002/jcp.20694  

300. Swaney, M. H., Nelsen, A., Sandstrom, S., & Kalan, L. R. (2023). Sweat and 

Sebum Preferences of the Human Skin Microbiota. Microbiology spectrum, 

11(1), e0418022. https://doi.org/10.1128/spectrum.04180-22  

301. Szekeres, G. P., & Kneipp, J. (2019). SERS Probing of Proteins in Gold 

Nanoparticle Agglomerates. Frontiers in chemistry, 7, 30. 

https://doi.org/10.3389/fchem.2019.00030  

302. Szymkiewicz, I., Kowanetz, K., Soubeyran, P., Dinarina, A., Lipkowitz, S., & 

Dikic, I. (2002). CIN85 participates in Cbl-b-mediated down-regulation of 

receptor tyrosine kinases. The Journal of biological chemistry, 277(42), 

39666339672. https://doi.org/10.1074/jbc.M205535200  

303. Tachibana, I., & Hemler, M. E. (1999). Role of transmembrane 4 superfamily 

(TM4SF) proteins CD9 and CD81 in muscle cell fusion and myotube 

maintenance. The Journal of cell biology, 146(4), 8933904. 

https://doi.org/10.1083/jcb.146.4.893  

304. Take, H., Watanabe, S., Takeda, K., Yu, Z. X., Iwata, N., & Kajigaya, S. 

(2000). Cloning and characterization of a novel adaptor protein, CIN85, that 

interacts with c-Cbl. Biochemical and biophysical research communications, 

268(2), 3213328. https://doi.org/10.1006/bbrc.2000.2147  

305. Tang, X. J., Sun, X. Y., Huang, K. M., Zhang, L., Yang, Z. S., Zou, D. D., 

Wang, B., Warnock, G. L., Dai, L. J., & Luo, J. (2015). Therapeutic potential 

of CAR-T cell-derived exosomes: a cell-free modality for targeted cancer 

therapy. Oncotarget, 6(42), 44179344190. 

https://doi.org/10.18632/oncotarget.6175  

306. Tauro, B. J., Greening, D. W., Mathias, R. A., Ji, H., Mathivanan, S., Scott, 

A. M., & Simpson, R. J. (2012). Comparison of ultracentrifugation, density 

gradient separation, and immunoaffinity capture methods for isolating human 

colon cancer cell line LIM1863-derived exosomes. Methods (San Diego, 

Calif.), 56(2), 2933304. https://doi.org/10.1016/j.ymeth.2012.01.002  

307. Tauro, B. J., Greening, D. W., Mathias, R. A., Mathivanan, S., Ji, H., & 

Simpson, R. J. (2013). Two distinct populations of exosomes are released 

from LIM1863 colon carcinoma cell-derived organoids. Molecular & cellular 

proteomics: MCP, 12(3), 5873598. https://doi.org/10.1074/mcp.M112.021303  

308. Tauro, B. J., Mathias, R. A., Greening, D. W., Gopal, S. K., Ji, H., Kapp, E. 

A., Coleman, B. M., Hill, A. F., Kusebauch, U., Hallows, J. L., Shteynberg, 

D., Moritz, R. L., Zhu, H. J., & Simpson, R. J. (2013). Oncogenic H-ras 

reprograms Madin-Darby canine kidney (MDCK) cell-derived exosomal 

https://doi.org/10.1002/jcp.20694
https://doi.org/10.1128/spectrum.04180-22
https://doi.org/10.3389/fchem.2019.00030
https://doi.org/10.1074/jbc.M205535200
https://doi.org/10.1083/jcb.146.4.893
https://doi.org/10.1006/bbrc.2000.2147
https://doi.org/10.18632/oncotarget.6175
https://doi.org/10.1016/j.ymeth.2012.01.002
https://doi.org/10.1074/mcp.M112.021303


223 
 

proteins following epithelial-mesenchymal transition. Molecular & cellular 

proteomics: MCP, 12(8), 214832159. 

https://doi.org/10.1074/mcp.M112.027086  

309. Taylor, D. D., & Gercel-Taylor, C. (2023). Retraction notice to "MicroRNA 

signatures of tumor-derived exosomes as diagnostic biomarkers of ovarian 

cancer" Gynecologic oncology, 110(1):13-21 

https://doi.org/10.1016/j.ygyno.2023.06.002  

310. Théry, C., Witwer, K. W., Aikawa, E., Alcaraz, M. J., Anderson, J. D., 
Andriantsitohaina, R., Antoniou, A., Arab, T., Archer, F., Atkin-Smith, G. K., 

Ayre, D. C., Bach, J. M., Bachurski, D., Baharvand, H., Balaj, L., 

Baldacchino, S., Bauer, N. N., Baxter, A. A., Bebawy, M., Beckham, C., 

Zuba-Surma, E. K. (2018). Minimal information for studies of extracellular 

vesicles 2018 (MISEV2018): a position statement of the International Society 

for Extracellular Vesicles and update of the MISEV2014 guidelines. Journal 

of extracellular vesicles, 7(1), 1535750. 

https://doi.org/10.1080/20013078.2018.1535750  

311. Thomas, P. D., Ebert, D., Muruganujan, A., Mushayahama, T., Albou, L. P., 

& Mi, H. (2022). PANTHER: Making genome-scale phylogenetics accessible 

to all. Protein science: a publication of the Protein Society, 31(1), 8322. 

https://doi.org/10.1002/pro.4218  

312. Tian, T., Wang, Y., Wang, H., Zhu, Z., & Xiao, Z. (2010). Visualizing of the 

cellular uptake and intracellular trafficking of exosomes by live-cell 

microscopy. Journal of cellular biochemistry, 111(2), 4883496. 

https://doi.org/10.1002/jcb.22733  

313. Tian, T., Zhu, Y. L., Zhou, Y. Y., Liang, G. F., Wang, Y. Y., Hu, F. H., & 

Xiao, Z. D. (2014). Exosome uptake through clathrin-mediated endocytosis 

and macropinocytosis and mediating miR-21 delivery. The Journal of 

biological chemistry, 289(32), 22258322267. 

https://doi.org/10.1074/jbc.M114.588046  

314. Tian, X. P., Wang, C. Y., Jin, X. H., Li, M., Wang, F. W., Huang, W. J., Yun, 

J. P., Xu, R. H., Cai, Q. Q., & Xie, D. (2019). Acidic Microenvironment Up-

Regulates Exosomal miR-21 and miR-10b in Early-Stage Hepatocellular 

Carcinoma to Promote Cancer Cell Proliferation and Metastasis. 

Theranostics, 9(7), 196531979. https://doi.org/10.7150/thno.30958  

315. Tibaldi, E. V., & Reinherz, E. L. (2003). CD2BP3, CIN85 and the structurally 

related adaptor protein CMS bind to the same CD2 cytoplasmic segment, but 

elicit divergent functional activities. International immunology, 15(3), 3133
329. https://doi.org/10.1093/intimm/dxg032  

https://doi.org/10.1074/mcp.M112.027086
https://doi.org/10.1016/j.ygyno.2023.06.002
https://doi.org/10.1080/20013078.2018.1535750
https://doi.org/10.1002/pro.4218
https://doi.org/10.1002/jcb.22733
https://doi.org/10.1074/jbc.M114.588046
https://doi.org/10.7150/thno.30958
https://doi.org/10.1093/intimm/dxg032


224 
 

316. Tominaga, N., Kosaka, N., Ono, M., Katsuda, T., Yoshioka, Y., Tamura, K., 

Lötvall, J., Nakagama, H., & Ochiya, T. (2015). Brain metastatic cancer cells 
release microRNA-181c-containing extracellular vesicles capable of 

destructing blood-brain barrier. Nature communications, 6, 6716. 

https://doi.org/10.1038/ncomms7716  

317. Tosar, J. P., Segovia, M., Castellano, M., Gámbaro, F., Akiyama, Y., 
Fagúndez, P., Olivera, Á., Costa, B., Possi, T., Hill, M., Ivanov, P., & Cayota, 

A. (2020). Fragmentation of extracellular ribosomes and tRNAs shapes the 

extracellular RNAome. Nucleic acids research, 48(22), 12874312888. 

https://doi.org/10.1093/nar/gkaa674  

318. Tossidou, I., Teng, B., Drobot, L., Meyer-Schwesinger, C., Worthmann, K., 

Haller, H., & Schiffer, M. (2010). CIN85/RukL is a novel binding partner of 

nephrin and podocin and mediates slit diaphragm turnover in podocytes. The 

Journal of biological chemistry, 285(33), 25285325295. 

https://doi.org/10.1074/jbc.M109.087239  

319. Trajkovic, K., Hsu, C., Chiantia, S., Rajendran, L., Wenzel, D., Wieland, F., 

Schwille, P., Brügger, B., & Simons, M. (2008). Ceramide triggers budding 
of exosome vesicles into multivesicular endosomes. Science (New York, 

N.Y.), 319(5867), 124431247. https://doi.org/10.1126/science.1153124  

320. Trapnell, C., Williams, B. A., Pertea, G., Mortazavi, A., Kwan, G., van Baren, 

M. J., Salzberg, S. L., Wold, B. J., & Pachter, L. (2010). Transcript assembly 

and quantification by RNA-Seq reveals unannotated transcripts and isoform 

switching during cell differentiation. Nature biotechnology, 28(5), 5113515. 

https://doi.org/10.1038/nbt.1621  

321. Tricarico, C., Clancy, J., & D'Souza-Schorey, C. (2017). Biology and 

biogenesis of shed microvesicles. Small GTPases, 8(4), 2203232. 

https://doi.org/10.1080/21541248.2016.1215283  

322. Tsakiri, M., Naziris, N., Mahairaki, V., & Demetzos, C. (2022). Artificial 

exosomes as targeted drug delivery systems. In Pharmaceutical 

nanobiotechnology for targeted therapy (pp. 1-20). Cham, Switzerland: 

Springer. 

323. Vader, P., Mol, E. A., Pasterkamp, G., & Schiffelers, R. M. (2016). 

Extracellular vesicles for drug delivery. Advanced drug delivery reviews, 

106(Pt A), 1483156. https://doi.org/10.1016/j.addr.2016.02.006  

324. Vagner, T., Spinelli, C., Minciacchi, V. R., Balaj, L., Zandian, M., Conley, 

A., Zijlstra, A., Freeman, M. R., Demichelis, F., De, S., Posadas, E. M., 

Tanaka, H., & Di Vizio, D. (2018). Large extracellular vesicles carry most of 

the tumour DNA circulating in prostate cancer patient plasma. Journal of 

https://doi.org/10.1038/ncomms7716
https://doi.org/10.1093/nar/gkaa674
https://doi.org/10.1074/jbc.M109.087239
https://doi.org/10.1126/science.1153124
https://doi.org/10.1038/nbt.1621
https://doi.org/10.1080/21541248.2016.1215283
https://doi.org/10.1016/j.addr.2016.02.006


225 
 

extracellular vesicles, 7(1), 1505403. 

https://doi.org/10.1080/20013078.2018.1505403  

325. Valadi, H., Ekström, K., Bossios, A., Sjöstrand, M., Lee, J. J., & Lötvall, J. O. 
(2007). Exosome-mediated transfer of mRNAs and microRNAs is a novel 

mechanism of genetic exchange between cells. Nature cell biology, 9(6), 6543
659. https://doi.org/10.1038/ncb1596  

326. Valcz, G., Galamb, O., Krenács, T., Spisák, S., Kalmár, A., Patai, Á. V., 
Wichmann, B., Dede, K., Tulassay, Z., & Molnár, B. (2016). Exosomes in 
colorectal carcinoma formation: ALIX under the magnifying glass. Modern 

pathology : an official journal of the United States and Canadian Academy of 

Pathology, Inc, 29(8), 9283938. https://doi.org/10.1038/modpathol.2016.72  

327. van der Pol, E., Böing, A. N., Gool, E. L., & Nieuwland, R. (2016). Recent 
developments in the nomenclature, presence, isolation, detection and clinical 

impact of extracellular vesicles. Journal of thrombosis and haemostasis: JTH, 

14(1), 48356. https://doi.org/10.1111/jth.13190  

328. van Dongen, H. M., Masoumi, N., Witwer, K. W., & Pegtel, D. M. (2016). 

Extracellular Vesicles Exploit Viral Entry Routes for Cargo Delivery. 

Microbiology and molecular biology reviews: MMBR, 80(2), 3693386. 

https://doi.org/10.1128/MMBR.00063-15  

329. van Niel, G., Charrin, S., Simoes, S., Romao, M., Rochin, L., Saftig, P., 

Marks, M. S., Rubinstein, E., & Raposo, G. (2011). The tetraspanin CD63 

regulates ESCRT-independent and -dependent endosomal sorting during 

melanogenesis. Developmental cell, 21(4), 7083721. 

https://doi.org/10.1016/j.devcel.2011.08.019  

330. van Niel, G., D'Angelo, G., & Raposo, G. (2018). Shedding light on the cell 

biology of extracellular vesicles. Nature reviews. Molecular cell biology, 

19(4), 2133228. https://doi.org/10.1038/nrm.2017.125  

331. Vargas, A., Zhou, S., Éthier-Chiasson, M., Flipo, D., Lafond, J., Gilbert, C., 

& Barbeau, B. (2014). Syncytin proteins incorporated in placenta exosomes 

are important for cell uptake and show variation in abundance in serum 

exosomes from patients with preeclampsia. FASEB journal: official 

publication of the Federation of American Societies for Experimental 

Biology, 28(8), 370333719. https://doi.org/10.1096/fj.13-239053  

332. Verdier, F., Valovka, T., Zhyvoloup, A., Drobot, L. B., Buchman, V., 

Waterfield, M., & Gout, I. (2002). Ruk is ubiquitinated but not degraded by 

the proteasome. European journal of biochemistry, 269(14), 340233408. 

https://doi.org/10.1046/j.1432-1033.2002.03031.x  

333. Villarroya-Beltri, C., Baixauli, F., Gutiérrez-Vázquez, C., Sánchez-Madrid, 

F., & Mittelbrunn, M. (2014). Sorting it out: regulation of exosome loading. 

https://doi.org/10.1080/20013078.2018.1505403
https://doi.org/10.1038/ncb1596
https://doi.org/10.1038/modpathol.2016.72
https://doi.org/10.1111/jth.13190
https://doi.org/10.1128/MMBR.00063-15
https://doi.org/10.1016/j.devcel.2011.08.019
https://doi.org/10.1038/nrm.2017.125
https://doi.org/10.1096/fj.13-239053
https://doi.org/10.1046/j.1432-1033.2002.03031.x


226 
 

Seminars in cancer biology, 28, 3313. 

https://doi.org/10.1016/j.semcancer.2014.04.009  

334. Villarroya-Beltri, C., Gutiérrez-Vázquez, C., Sánchez-Cabo, F., Pérez-
Hernández, D., Vázquez, J., Martin-Cofreces, N., Martinez-Herrera, D. J., 

Pascual-Montano, A., Mittelbrunn, M., & Sánchez-Madrid, F. (2013). 

Sumoylated hnRNPA2B1 controls the sorting of miRNAs into exosomes 

through binding to specific motifs. Nature communications, 4, 2980. 

https://doi.org/10.1038/ncomms3980  

335. Vogt, S., Stadlmayr, G., Grillari, J., Rüker, F., & Wozniak-Knopp, G. (2019). 

Engineering of surface proteins in extracellular vesicles for tissue-specific 

targeting. Current Topics in Biochemical Engineering. 

https://doi.org/10.5772/intechopen.83537  

336. Wakasaki, T., Masuda, M., Niiro, H., Jabbarzadeh-Tabrizi, S., Noda, K., 

Taniyama, T., Komune, S., & Akashi, K. (2010). A critical role of c-Cbl-

interacting protein of 85 kDa in the development and progression of head and 

neck squamous cell carcinomas through the ras-ERK pathway. Neoplasia 

(New York, N.Y.), 12(10), 7893796. https://doi.org/10.1593/neo.10396  

337. Walbrecq, G., Lecha, O., Gaigneaux, A., Fougeras, M. R., Philippidou, D., 

Margue, C., Tetsi Nomigni, M., Bernardin, F., Dittmar, G., Behrmann, I., & 

Kreis, S. (2020). Hypoxia-Induced Adaptations of miRNomes and Proteomes 

in Melanoma Cells and Their Secreted Extracellular Vesicles. Cancers, 12(3), 

692. https://doi.org/10.3390/cancers12030692  

338. Wang S. E. (2020). Extracellular Vesicles and Metastasis. Cold Spring 

Harbor perspectives in medicine, 10(7), a037275. 

https://doi.org/10.1101/cshperspect.a037275  

339. Wang, J., Zhang, P., Lu, Y., Li, Y., Zheng, Y., Kan, Y., Chen, R., & He, S. 

(2019). piRBase: a comprehensive database of piRNA sequences. Nucleic 

acids research, 47(D1), D1753D180. https://doi.org/10.1093/nar/gky1043 

340. Wang, M., Yang, Y., Min, J., Song, Y., Tu, J., Mukasa, D., Ye, C., Xu, C., 

Heflin, N., McCune, J. S., Hsiai, T. K., Li, Z., & Gao, W. (2022). A wearable 

electrochemical biosensor for the monitoring of metabolites and nutrients. 

Nature biomedical engineering, 6(11), 122531235. 

https://doi.org/10.1038/s41551-022-00916-z  

341. Wang, T., Gilkes, D. M., Takano, N., Xiang, L., Luo, W., Bishop, C. J., 

Chaturvedi, P., Green, J. J., & Semenza, G. L. (2014). Hypoxia-inducible 

factors and RAB22A mediate formation of microvesicles that stimulate breast 

cancer invasion and metastasis. Proceedings of the National Academy of 

Sciences of the United States of America, 111(31), E32343E3242. 

https://doi.org/10.1073/pnas.1410041111  

https://doi.org/10.1016/j.semcancer.2014.04.009
https://doi.org/10.1038/ncomms3980
https://doi.org/10.5772/intechopen.83537
https://doi.org/10.1593/neo.10396
https://doi.org/10.3390/cancers12030692
https://doi.org/10.1101/cshperspect.a037275
https://doi.org/10.1038/s41551-022-00916-z
https://doi.org/10.1073/pnas.1410041111


227 
 

342. Wang, Y., Li, Q., Shi, H., Tang, K., Qiao, L., Yu, G., Ding, C., & Yu, S. 

(2020). Microfluidic Raman biochip detection of exosomes: a promising tool 

for prostate cancer diagnosis. Lab on a chip, 20(24), 463234637. 

https://doi.org/10.1039/d0lc00677g  

343. Wang, Z., , Zong, S., , Wang, Y., , Li, N., , Li, L., , Lu, J., , Wang, Z., , Chen, 

B., , & Cui, Y., (2018). Screening and multiple detection of cancer exosomes 

using an SERS-based method. Nanoscale, 10(19), 905339062. 

https://doi.org/10.1039/c7nr09162a  

344. Watson, C. N., Belli, A., & Di Pietro, V. (2019). Small Non-coding RNAs: 

New Class of Biomarkers and Potential Therapeutic Targets in 

Neurodegenerative Disease. Frontiers in genetics, 10, 364. 

https://doi.org/10.3389/fgene.2019.00364  

345. Weaver A. M. (2006). Invadopodia: specialized cell structures for cancer 

invasion. Clinical & experimental metastasis, 23(2), 973105. 

https://doi.org/10.1007/s10585-006-9014-1  

346. Wei, Y., Wang, D., Jin, F., Bian, Z., Li, L., Liang, H., Li, M., Shi, L., Pan, C., 

Zhu, D., Chen, X., Hu, G., Liu, Y., Zhang, C. Y., & Zen, K. (2017). Pyruvate 

kinase type M2 promotes tumour cell exosome release via phosphorylating 

synaptosome-associated protein 23. Nature communications, 8, 14041. 

https://doi.org/10.1038/ncomms14041  

347. Wei, Z., Batagov, A. O., Schinelli, S., Wang, J., Wang, Y., El Fatimy, R., 

Rabinovsky, R., Balaj, L., Chen, C. C., Hochberg, F., Carter, B., Breakefield, 

X. O., & Krichevsky, A. M. (2017). Coding and noncoding landscape of 

extracellular RNA released by human glioma stem cells. Nature 

communications, 8(1), 1145. https://doi.org/10.1038/s41467-017-01196-x  

348. Weis, S. M., & Cheresh, D. A. (2011). Tumor angiogenesis: molecular 

pathways and therapeutic targets. Nature medicine, 17(11), 135931370. 

https://doi.org/10.1038/nm.2537  

349. Wiesner, C., El Azzouzi, K., & Linder, S. (2013). A specific subset of 

RabGTPases controls cell surface exposure of MT1-MMP, extracellular 

matrix degradation and three-dimensional invasion of macrophages. Journal 

of cell science, 126(Pt 13), 282032833. https://doi.org/10.1242/jcs.122358  

350. Wiklander, O. P., Nordin, J. Z., O'Loughlin, A., Gustafsson, Y., Corso, G., 

Mäger, I., Vader, P., Lee, Y., Sork, H., Seow, Y., Heldring, N., Alvarez-
Erviti, L., Smith, C. I., Le Blanc, K., Macchiarini, P., Jungebluth, P., Wood, 

M. J., & Andaloussi, S. E. (2015). Extracellular vesicle in vivo biodistribution 

is determined by cell source, route of administration and targeting. Journal of 

extracellular vesicles, 4, 26316. https://doi.org/10.3402/jev.v4.26316  

https://doi.org/10.1039/d0lc00677g
https://doi.org/10.1039/c7nr09162a
https://doi.org/10.3389/fgene.2019.00364
https://doi.org/10.1007/s10585-006-9014-1
https://doi.org/10.1038/ncomms14041
https://doi.org/10.1038/s41467-017-01196-x
https://doi.org/10.1038/nm.2537
https://doi.org/10.1242/jcs.122358
https://doi.org/10.3402/jev.v4.26316


228 
 

351. Williams, C., Pazos, R., Royo, F., González, E., Roura-Ferrer, M., Martinez, 

A., Gamiz, J., Reichardt, N. C., & Falcón-Pérez, J. M. (2019). Assessing the 
role of surface glycans of extracellular vesicles on cellular uptake. Scientific 

reports, 9(1), 11920. https://doi.org/10.1038/s41598-019-48499-1  

352. Willms, E., Johansson, H. J., Mäger, I., Lee, Y., Blomberg, K. E., Sadik, M., 
Alaarg, A., Smith, C. I., Lehtiö, J., El Andaloussi, S., Wood, M. J., & Vader, 
P. (2016). Cells release subpopulations of exosomes with distinct molecular 

and biological properties. Scientific reports, 6, 22519. 

https://doi.org/10.1038/srep22519  

353. Wingett, S. W., & Andrews, S. (2018). FastQ Screen: A tool for multi-

genome mapping and quality control. F1000Research, 7, 1338. 

https://doi.org/10.12688/f1000research.15931.2  

354. Wishart, D. S., Bartok, B., Oler, E., Liang, K. Y. H., Budinski, Z., Berjanskii, 

M., Guo, A., Cao, X., & Wilson, M. (2021). MarkerDB: an online database of 

molecular biomarkers. Nucleic acids research, 49(D1), D12593D1267. 

https://doi.org/10.1093/nar/gkaa1067  

355. Witwer, K. W., Buzás, E. I., Bemis, L. T., Bora, A., Lässer, C., Lötvall, J., 
Nolte-'t Hoen, E. N., Piper, M. G., Sivaraman, S., Skog, J., Théry, C., 
Wauben, M. H., & Hochberg, F. (2013). Standardization of sample collection, 

isolation and analysis methods in extracellular vesicle research. Journal of 

extracellular vesicles, 2, 10.3402/jev.v2i0.20360. 

https://doi.org/10.3402/jev.v2i0.20360  

356. Wolf P. (1967). The nature and significance of platelet products in human 

plasma. British journal of haematology, 13(3), 2693288. 

https://doi.org/10.1111/j.1365-2141.1967.tb08741.x  

357. Wood, D. E., & Salzberg, S. L. (2014). Kraken: ultrafast metagenomic 

sequence classification using exact alignments. Genome biology, 15(3), R46. 

https://doi.org/10.1186/gb-2014-15-3-r46  

358. Wu, C. X., & Liu, Z. F. (2018). Proteomic Profiling of Sweat Exosome 

Suggests its Involvement in Skin Immunity. The Journal of investigative 

dermatology, 138(1), 89397. https://doi.org/10.1016/j.jid.2017.05.040  

359. Wu, Y., Lu, C., Pan, N., Zhang, M., An, Y., Xu, M., Zhang, L., Guo, Y., & 

Tan, L. (2021). Serum lactate dehydrogenase activities as systems biomarkers 

for 48 types of human diseases. Scientific reports, 11(1), 12997. 

https://doi.org/10.1038/s41598-021-92430-6  

360. Xue, M., Chen, W., Xiang, A., Wang, R., Chen, H., Pan, J., Pang, H., An, H., 

Wang, X., Hou, H., & Li, X. (2017). Hypoxic exosomes facilitate bladder 

tumor growth and development through transferring long non-coding RNA-

https://doi.org/10.1038/s41598-019-48499-1
https://doi.org/10.1038/srep22519
https://doi.org/10.12688/f1000research.15931.2
https://doi.org/10.1093/nar/gkaa1067
https://doi.org/10.3402/jev.v2i0.20360
https://doi.org/10.1111/j.1365-2141.1967.tb08741.x
https://doi.org/10.1186/gb-2014-15-3-r46
https://doi.org/10.1016/j.jid.2017.05.040
https://doi.org/10.1038/s41598-021-92430-6


229 
 

UCA1. Molecular cancer, 16(1), 143. https://doi.org/10.1186/s12943-017-

0714-8  

361. Yakymovych, I., Yakymovych, M., Zang, G., Mu, Y., Bergh, A., Landström, 
M., & Heldin, C. H. (2015). CIN85 modulates TGF³ signaling by promoting 

the presentation of TGF³ receptors on the cell surface. The Journal of cell 

biology, 210(2), 3193332. https://doi.org/10.1083/jcb.201411025  

362. Yang, J. M., & Gould, S. J. (2013). The cis-acting signals that target proteins 

to exosomes and microvesicles. Biochemical Society transactions, 41(1), 

2773282. https://doi.org/10.1042/BST20120275  

363. Ying, X., Wu, Q., Wu, X., Zhu, Q., Wang, X., Jiang, L., Chen, X., & Wang, 

X. (2016). Epithelial ovarian cancer-secreted exosomal miR-222-3p induces 

polarization of tumor-associated macrophages. Oncotarget, 7(28), 430763
43087. https://doi.org/10.18632/oncotarget.9246  

364. Yu, C., Shen, K., Lin, M., Chen, P., Lin, C., Chang, G. D., & Chen, H. 

(2002). GCMa regulates the syncytin-mediated trophoblastic fusion. The 

Journal of biological chemistry, 277(51), 50062350068. 

https://doi.org/10.1074/jbc.M209316200  

365. Yu, Y., Prassas, I., Muytjens, C. M., & Diamandis, E. P. (2017). Proteomic 

and peptidomic analysis of human sweat with emphasis on proteolysis. 

Journal of proteomics, 155, 40348. https://doi.org/10.1016/j.jprot.2017.01.005 

366. Yuan, X., Li, C., Yin, X., Yang, Y., Ji, B., Niu, Y., & Ren, L. (2023). 

Epidermal Wearable Biosensors for Monitoring Biomarkers of Chronic 

Disease in Sweat. Biosensors, 13(3), 313. 

https://doi.org/10.3390/bios13030313  

367. Zhang, J. X., Huang, X. X., Cai, M. B., Tong, Z. T., Chen, J. W., Qian, D., 

Liao, Y. J., Deng, H. X., Liao, D. Z., Huang, M. Y., Zeng, Y. X., Xie, D., & 

Mai, S. J. (2012). Overexpression of the secretory small GTPase Rab27B in 

human breast cancer correlates closely with lymph node metastasis and 

predicts poor prognosis. Journal of translational medicine, 10, 242. 

https://doi.org/10.1186/1479-5876-10-242  

368. Zhang, J., Kobert, K., Flouri, T., & Stamatakis, A. (2014). PEAR: a fast and 

accurate Illumina Paired-End reAd mergeR. Bioinformatics (Oxford, 

England), 30(5), 6143620. https://doi.org/10.1093/bioinformatics/btt593  

369. Zhang, J., Zheng, X., Yang, X., & Liao, K. (2009). CIN85 associates with 

endosomal membrane and binds phosphatidic acid. Cell research, 19(6), 7333
746. https://doi.org/10.1038/cr.2009.51  

370. Zhang, S., Cai, Y., Meng, C., Ding, X., Huang, J., Luo, X., Cao, Y., Gao, F., 

& Zou, M. (2021). The role of the microbiome in diabetes mellitus. Diabetes 

https://doi.org/10.1186/s12943-017-0714-8
https://doi.org/10.1186/s12943-017-0714-8
https://doi.org/10.1083/jcb.201411025
https://doi.org/10.1042/BST20120275
https://doi.org/10.18632/oncotarget.9246
https://doi.org/10.1074/jbc.M209316200
https://doi.org/10.3390/bios13030313
https://doi.org/10.1186/1479-5876-10-242
https://doi.org/10.1093/bioinformatics/btt593
https://doi.org/10.1038/cr.2009.51


230 
 

research and clinical practice, 172, 108645. 

https://doi.org/10.1016/j.diabres.2020.108645  

371. Zhang, W., Zhou, X., Yao, Q., Liu, Y., Zhang, H., & Dong, Z. (2017). HIF-1-

mediated production of exosomes during hypoxia is protective in renal tubular 

cells. American journal of physiology. Renal physiology, 313(4), F9063F913. 

https://doi.org/10.1152/ajprenal.00178.2017  

372. Zhang, Y., Zhang, P., Gao, X., Chang, L., Chen, Z., & Mei, X. (2021). 

Preparation of exosomes encapsulated nanohydrogel for accelerating wound 

healing of diabetic rats by promoting angiogenesis. Materials science & 

engineering. C, Materials for biological applications, 120, 111671. 

https://doi.org/10.1016/j.msec.2020.111671  

373. Zhao, H., Yang, L., Baddour, J., Achreja, A., Bernard, V., Moss, T., Marini, J. 

C., Tudawe, T., Seviour, E. G., San Lucas, F. A., Alvarez, H., Gupta, S., 

Maiti, S. N., Cooper, L., Peehl, D., Ram, P. T., Maitra, A., & Nagrath, D. 

(2016). Tumor microenvironment derived exosomes pleiotropically modulate 

cancer cell metabolism. eLife, 5, e10250. https://doi.org/10.7554/eLife.10250  

374. Zhou, B., Xu, K., Zheng, X., Chen, T., Wang, J., Song, Y., Shao, Y., & 

Zheng, S. (2020). Application of exosomes as liquid biopsy in clinical 

diagnosis. Signal transduction and targeted therapy, 5(1), 144. 

https://doi.org/10.1038/s41392-020-00258-9  

375. Zhou, W., Fong, M. Y., Min, Y., Somlo, G., Liu, L., Palomares, M. R., Yu, 

Y., Chow, A., O'Connor, S. T., Chin, A. R., Yen, Y., Wang, Y., Marcusson, 

E. G., Chu, P., Wu, J., Wu, X., Li, A. X., Li, Z., Gao, H., Ren, X., & Wang, 
S. E. (2014). Cancer-secreted miR-105 destroys vascular endothelial barriers 

to promote metastasis. Cancer cell, 25(4), 5013515. 

https://doi.org/10.1016/j.ccr.2014.03.007  

376. Zhuang, G., Wu, X., Jiang, Z., Kasman, I., Yao, J., Guan, Y., Oeh, J., 

Modrusan, Z., Bais, C., Sampath, D., & Ferrara, N. (2012). Tumour-secreted 

miR-9 promotes endothelial cell migration and angiogenesis by activating the 

JAK-STAT pathway. The EMBO journal, 31(17), 351333523. 

https://doi.org/10.1038/emboj.2012.183  

377. Zhuang, X., Xiang, X., Grizzle, W., Sun, D., Zhang, S., Axtell, R. C., Ju, S., 

Mu, J., Zhang, L., Steinman, L., Miller, D., & Zhang, H. G. (2011). Treatment 

of brain inflammatory diseases by delivering exosome encapsulated anti-

inflammatory drugs from the nasal region to the brain. Molecular therapy : 

the journal of the American Society of Gene Therapy, 19(10), 176931779. 

https://doi.org/10.1038/mt.2011.164  

378. Zhyvolozhnyi, A. Yu., Horak, I. R., Geraschenko, D. S., Gomozkova, M. O., 

Hudkova, O. O., & others. (2021). Extracellular vesicles produced by mouse 

https://doi.org/10.1016/j.diabres.2020.108645
https://doi.org/10.1152/ajprenal.00178.2017
https://doi.org/10.1016/j.msec.2020.111671
https://doi.org/10.7554/eLife.10250
https://doi.org/10.1038/s41392-020-00258-9
https://doi.org/10.1016/j.ccr.2014.03.007
https://doi.org/10.1038/emboj.2012.183
https://doi.org/10.1038/mt.2011.164


231 
 

breast adenocarcinoma 4T1 cells with up- or down-regulation of adaptor 

protein Ruk/CIN85 differentially modulate the biological properties of 4T1 

WT cells. The Ukrainian Biochemical Journal, 93(6), 46354. 

https://doi.org/10.15407/ubj93.06.046  

379. Zhyvolozhnyi, A. Yu., Samoylenko, A. A., Horak, I. R., Hudkova, O. O., 

Gomozkova, M. O., Vainio, S. J., & Drobot, L. B. (2021). Extracellular 

vesicles produced by mouse breast adenocarcinoma 4T1 cells with up- or 

down-regulation of adaptor protein Ruk/CIN85 differentially modulate the 

biological properties of 4T1 WT cells. Ukrainian Biochemical Journal, 93(6), 

46-54. https://doi.org/10.15407/ubj93.06.046  

380. Zhyvolozhnyi, A., Samoylenko, A., Bart, G., Kaisanlahti, A., Hekkala, J., 

Makieieva, O., Pratiwi, F., Miinalainen, I., Kaakinen, M., Bergman, U., 

Singh, P., Nurmi, T., Khosrowbadi, E., Abdelrady, E., Kellokumpu, S., 

Kosamo, S., Reunanen, J., Röning, J., Hiltunen, J., & Vainio, S. J. (2024). 
Enrichment of sweat-derived extracellular vesicles of human and bacterial 

origin for biomarker identification. Nanotheranostics, 8(1), 48363. 

https://doi.org/10.7150/ntno.87822  

381. Zimmerman, B., Kelly, B., McMillan, B. J., Seegar, T. C. M., Dror, R. O., 

Kruse, A. C., & Blacklow, S. C. (2016). Crystal Structure of a Full-Length 

Human Tetraspanin Reveals a Cholesterol-Binding Pocket. Cell, 167(4), 

104131051.e11. https://doi.org/10.1016/j.cell.2016.09.056  

382. Zitvogel, L., Regnault, A., Lozier, A., Wolfers, J., Flament, C., Tenza, D., 

Ricciardi-Castagnoli, P., Raposo, G., & Amigorena, S. (1998). Eradication of 

established murine tumors using a novel cell-free vaccine: dendritic cell-

derived exosomes. Nature medicine, 4(5), 5943600. 

https://doi.org/10.1038/nm0598-594  

383. Zonneveld, M. I., Keulers, T. G. H., & Rouschop, K. M. A. (2019). 

Extracellular Vesicles as Transmitters of Hypoxia Tolerance in Solid Cancers. 

Cancers, 11(2), 154. https://doi.org/10.3390/cancers11020154 

  

https://doi.org/10.15407/ubj93.06.046
https://doi.org/10.15407/ubj93.06.046
https://doi.org/10.7150/ntno.87822
https://doi.org/10.1016/j.cell.2016.09.056
https://doi.org/10.1038/nm0598-594
https://doi.org/10.3390/cancers11020154


232 
 

�B84FB> 1 

#5@5;V: =0C:>28E ?@0FL, >?C1;V:>20=8E 70 B5<>N 48A5@B0FVW 

1. Zhyvolozhnyi A, Samoylenko A, Bart G, Kaisanlahti A, Hekkala J, 

Makieieva O, Pratiwi F, Miinalainen I, Kaakinen M, Bergman U, Singh P, Nurmi 

T, Khosrowbadi E, Abdelrady E, Kellokumpu S, Kosamo S, Reunanen J, Röning J, 

Hiltunen J, Vainio SJ. Enrichment of sweat-derived extracellular vesicles of human 

and bacterial origin for biomarker identification. Nanotheranostics. 2024; 8(1):48-

63. https://doi.org/10.7150/ntno.87822  (SJR Q1 

https://www.scimagojr.com/journalsearch.php?q=21100904379&tip=sid&clean=0)  

2. Samoylenko A, Kögler M, Zhyvolozhnyi A, Makieieva O, Bart G, 

Andoh SS, Roussey M, Vainio SJ, Hiltunen J. Time-gated Raman spectroscopy 

and proteomics analyses of hypoxic and normoxic renal carcinoma extracellular 

vesicles. Sci Rep. 2021; 11(1):19594. https://doi.org/10.1038/s41598-021-99004-6 

(SJR Q1 

https://www.scimagojr.com/journalsearch.php?q=21100200805&tip=sid&clean=0)  

3. Ullah MS, Zhivonitko VV, Samoylenko A, Zhyvolozhnyi A, Viitala 

S, Kankaanpää S, Komulainen S, Schröder L, Vainio SJ, Telkki VV. Identification 

of extracellular nanoparticle subsets by nuclear magnetic resonance. Chem Sci. 

2021; 12(24):8311-8319. https://doi.org/10.1039/D1SC01402A (SJR Q1 

https://www.scimagojr.com/journalsearch.php?q=19700200838&tip=sid&clean=0)  

4. Bart G, Fischer D, Samoylenko A, Zhyvolozhnyi A, Stehantsev P, 

Miinalainen I, Kaakinen M, Nurmi T, Singh P, Kosamo S, Rannaste L, Viitala S, 

Hiltunen J, Vainio SJ. Characterization of nucleic acids from extracellular vesicle-

enriched human sweat. BMC Genomics. 2021; 22(1):425. 

https://doi.org/10.1186/s12864-021-07733-9  (SJR Q1 

https://www.scimagojr.com/journalsearch.php?q=21727&tip=sid&clean=0)  

5. Zhyvolozhnyi A. Yu., Horak I. R., Skaterna T. D., Khudiakova O. V., 

Vainio S. J., Samoylenko A. A., Drobot L. B. Composition of EVs markers under 

normoxic and hypoxic conditions is dependent on the expression level of adaptor 

protein Ruk/CIN85 in mouse renal carcinoma Renca cells. Biopolym. Cell. 2021; 

https://doi.org/10.7150/ntno.87822
https://www.scimagojr.com/journalsearch.php?q=21100904379&tip=sid&clean=0
https://doi.org/10.1038/s41598-021-99004-6
https://www.scimagojr.com/journalsearch.php?q=21100200805&tip=sid&clean=0
https://doi.org/10.1039/D1SC01402A
https://www.scimagojr.com/journalsearch.php?q=19700200838&tip=sid&clean=0
https://doi.org/10.1186/s12864-021-07733-9
https://www.scimagojr.com/journalsearch.php?q=21727&tip=sid&clean=0


233 
 

.38(4):325-334 DOI: http://dx.doi.org/10.7124/bc.000A5E  (SJR Q4 

https://www.scimagojr.com/journalsearch.php?q=17600155231&tip=sid&clean=0)  

�82>;>6=89 �... 3 ?@>5:BC20===O B0 28:>=0==O 4>A;V465==O, 0=0;V7 

@57C;LB0BV2 B0 =0?8A0==O >@83V=0;L=>W G5@=5B:8. 

�>@0: �.$. 3 <5B>4>;>3VO, @5F5=7C20==O B0 @5403C20==O. 

%:0B5@=0 &.�. 3 <5B>4>;>3VO, 4>A;V465==O. 

)C4O:>20 ".�. 3 @5AC@A8, 4>A;V465==O. 

�09=V> %.�6. 3 @5F5=7C20==O B0 @5403C20==O. 

%0<>9;5=:> �.�. 3 :>=F5?FVO B0 48709= 4>A;V465==O. 

�@>1>B �.�. 3 :>F5?BC0;V70FVO, 2V7C0;V70FVO, =0?8A0==O @C:>?8AC. 

6. Zhyvolozhnyi A. Yu., Samoylenko A. A., Horak I. R., Hudkova O. 

O., Gomozkova M. O., Vainio S. J., Drobot L. B. Extracellular vesicles produced 

by mouse breast adenocarcinoma 4T1 cells with up- or down-regulation of adaptor 

protein Ruk/CIN85 differentially modulate the biological properties of 4t1 WT 

cells. Ukr. Biochem. J. 2021; 93(6):46-54 https://doi.org/10.15407/ubj93.06.046 

(SJR Q4 

https://www.scimagojr.com/journalsearch.php?q=21100395051&tip=sid&clean=0)  

�82>;>6=89 �... 3 ?@>5:BC20===O B0 28:>=0==O 4>A;V465==O, 0=0;V7 

@57C;LB0BV2 B0 =0?8A0==O >@83V=0;L=>W G5@=5B:8. 

%0<>9;5=:> �.�. 3 :>=F5?FVO B0 48709= 4>A;V465==O. 

�>@0: �.$. 3 <5B>4>;>3VO, 4>A;V465==O. 

�C4:>20 ".". 3 @5AC@A8, 2V7C0;V70FVO. 

�><>7:>20  .". 3 4>A;V465==O. 

�09=V> %.�6. 3 @5F5=7C20==O B0 @5403C20==O. 

�@>1>B �.�. 3 :>F5?BC0;V70FVO, 2V7C0;V70FVO, =0?8A0==O @C:>?8AC. 

7. �V@9O:C;>20  , �82>;>6=89 �, �>@0: �, %0<>9;5=:> �, �@>1>B 

�. �7>;N20==O B0 E0@0:B5@8AB8:0 5:7>A><, I> ?@>4C:CNBLAO ?CE;8==8<8 

:;VB8=0<8 7 @V7=8< 2<VAB>< 040?B5@=>3> ?@>B5W=C Ruk/CIN85.  0B5@V0;8 

=0C:>2>-?@0:B8G=>W :>=D5@5=FVW <>;>48E 2G5=8E «(C=40<5=B0;L=0 

http://dx.doi.org/10.7124/bc.000A5E
https://www.scimagojr.com/journalsearch.php?q=17600155231&tip=sid&clean=0
https://doi.org/10.15407/ubj93.06.046
https://www.scimagojr.com/journalsearch.php?q=21100395051&tip=sid&clean=0


234 
 

<548F8=0: V=B53@0;L=V ?V4E>48 4> B5@0?VW E2>@8E 7 >=:>?0B>;>3VTN», 4-5 

;NB>3> 2019, �8W2,':@0W=0. �A>B?B7VO. 2019; 21(1). 

8. Zhyvolozhnyi A, Kiriyakulova M, Gorak I, Samoylenko A, Drobot L. 

Isolation of extracellular vesicles from mouse kidney adenocarcinoma Renca cells 

and an analysis of their protein composition. The materials of young scientists 

conference <Modern aspects of biochemistry and biotechnology 3 2019=. 21-22 

March, 2019, Kyiv, Ukraine. Ukr. Biochem. J. 2019;  91(2): 85. 

9. Zhyvolozhnyi A., Drobot L., Vainio S. J., Samoylenko A. 

Extracellular vesicles produced by human embryonic kidney HEK293 cells with 

up-regulation of adaptor protein Ruk/CIN85 are characterized by changed protein 

composition. The 5
th
 international scientific conference current problems of 

biochemistry, cell biology and physiology. 1-2 "ctober, 2020 Dnipro, Ukraine. 

Program and abstracts: 157. 

10. Anatoliy Samoylenko, Artem Zhyvolozhnyi, Eslam Abdelrady, 

Naveed Ahmad, Genevieve Bart, Seppo Vainio.  Secreted extracellular vesicles 

from renal carcinoma cells. The materials of Conference - ISEV 2020: 

International Society for Extracellular Vesicles. 

11. Zhyvolozhnyi A. Yu., Gomozkova M. O., Horak I. R. Extracellular 

vesicles produced by mouse breast adenocarcinoma 4t1 cells with up- or down-

regulation of adaptor protein ruk/cin85 modulate in specific mode the biological 

properties of 4T1 WT cells. The materials of young scientists conference <Modern 

aspects of biochemistry and biotechnology 3 2020=. =. �1V@=8: B57 :>=D5@5=FVW-

:>=:C@AC <>;>48E 2G5=8E <�:BC0;L=V ?@>1;5<8 1V>EV<VW B0 1V>B5E=>;>3VW - 

2021=, �8W2, 20-21 B@02=O 2021, AB>@. 33. 

12. Kaisanlahti A, Turunen J, Byts N, et al. Maternal microbiota 

communicates with the fetus through microbiota-derived extracellular vesicles. 

Microbiome. 2023; 11(1):249. doi: https://doi.org/10.1186/s40168-023-01694-9  

13. Pratiwi FW, Shanthi KB, Makieieva O, et al. Biogenesis of 

Mesoporous Silica Nanoparticles Enclosed in Extracellular Vesicles by Mouse 

https://doi.org/10.1186/s40168-023-01694-9


235 
 

Renal Adenocarcinoma Cells. Methods Mol Biol. 2023; 2668:241-256. doi: 

https://doi.org/10.1007/978-1-0716-3203-1_17  

14. Byts N, Makieieva O, Zhyvolozhnyi A, et al. Purification of Bacterial-

Enriched Extracellular Vesicle Samples from Feces by Density Gradient 

Ultracentrifugation. Methods Mol Biol. 2023; 2668:211-226. doi: 

https://doi.org/10.1007/978-1-0716-3203-1_15  

15. Ahmad N, Samoylenko A, Abene I, et al. Generation of novel in vitro 

flexible kidney organoid model to investigate the role of extracellular vesicles in 

induction of nephrogenesis. Cell Commun Signal. 2023; 21(1):358. doi: 

https://doi.org/10.1186/s12964-023-01374-z 

16. Ukkola J, Pratiwi FW, Kankaanpää S, et al. Enrichment of bovine 

milk-derived extracellular vesicles using surface-functionalized cellulose 

nanofibers. Carbohydr Polym. 2022; 297:120069. doi: 

https://doi.org/10.1016/j.carbpol.2022.120069 

 

  

https://doi.org/10.1007/978-1-0716-3203-1_17
https://doi.org/10.1007/978-1-0716-3203-1_15
https://doi.org/10.1186/s12964-023-01374-z
https://doi.org/10.1016/j.carbpol.2022.120069


236 
 

�B84FB> 2 

&01;8FO 1  

�07>20 V=D>@<0FVO ?@> 4>=>@V2 B0 :V;L:VBL ?>BC, I> 1C2 7V1@0=89  

 �5=45@ �V: �V;L:VABL (<;) !><5@ 7@07:C 

DNA A5:25=C20==O 

+/� 26-56 80 �>3>@B0 

+ 56 50 1 

+ 26 50 22 

+ 28 60 23 

Small RNA A5:25=C20==O +/� 26-56 320 �>3>@B0 

RNA A5:25=C20==O 

+ 56 100 1 

+ 49 150 8 

+ 25 50 2 

+ 33 45 4 

+ 28 30 5 

+ 24 40 6 

+ 37 80 7 

+ 30 36 12 

+ 32 175 15 

+ 22 35 16 

+ 31 15 17 

+ 45 78 18 

+ 44 75 19 

+ 30 51 20 

� 24 60 3 

� 27 33 9 

� 45 28 10 

� 28 11 11 

� 49 50 13 

� 30 15 14 

�87=0G5==O ?@>B5W=>2>3> A:;04C 

+ 25 80 41 

+ 30 30 42 

+ 29 80 43 

+ 25 105 52 

+ 37 40 45 

+ 56 75 47 

+ 27 40 48 

+ 29 54 53 
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�=HV 4>A;V465==O 

+ 48 175 21 

+ 24 16 26 

+ 43 15 32 

� 43 6 39 

� 57 9 44 
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&01;8FO 2 

�V@CA=V 35=8, V45=B8DV:>20=V 2 7@07:0E «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 
115 

481 

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) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 202 605 

Replication protein E1 (EC 3.6.4.12) E1 Gammapapillomavirus 22 601 
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(ATP-dependent helicase E1) 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 157 601 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Betapapillomavirus 1 620 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 94 681 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Gammapapillomavirus 9 600 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Gammapapillomavirus sp. 610 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Gammapapillomavirus sp. 604 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Betapapillomavirus 2 605 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 48 593 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 200 598 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 23 607 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 138 616 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 204 615 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Betapapillomavirus 2 605 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 601 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 22 608 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 168 600 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 116 602 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 gp3 Human papillomavirus type 209 607 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 137 610 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 600 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 49 609 

Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus type 37 609 
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Replication protein E1 (EC 3.6.4.12) 
(ATP-dependent helicase E1) 

E1 Human papillomavirus 610 

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) 
(HHV-5) (Human herpesvirus 5) 

134 
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&01;8FO 3 

�0:B5@V>D038, V45=B8DV:>20=V 2 7@07:0E «sweat DNA»  
Protein names Gene names Organism Lengt

h 

aGPT-Pplase2 domain-containing 
protein 

3 ZEMANAR_3 Mycobacterium phage 
Zemanar 

324 

Amidase ami Propionibacterium phage 
PAS10 

287 

AP2/ERF domain-containing protein AB9_137 Acinetobacter phage 
vB_AbaM_B9 

262 

ATP-dependent helicase 71 
SEA_CATERPILLAR_71 

Arthrobacter phage Caterpillar 411 

ATP-dependent RNA helicase  Pseudoalteromonas phage 
H103 

599 

ATPase_AAA_core domain-containing 
protein 

BCP78_0083 Bacillus phage BCP78 358 

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 
SEA_CATERPILLAR_13 

Arthrobacter phage Caterpillar 717 

Capsid and capsid maturation protease 13 SEA_MEDIUMFRY_13 Arthrobacter phage 
MediumFry 

717 

Capsid and scaffold protein  Propionibacterium phage PA13
14 

186 

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 
phiIPLA-C1C 

291 

Cas4 family exonuclease SEA_NATOSALEDA_55 Rhodococcus phage 
Natosaleda 

268 

CMP deaminase SEA_WEASELS2_199 Rhodococcus phage Weasels2 118 

Collagen-like protein PHL308M00_19 Propionibacterium phage 
PHL308M00 

268 

Collagen-like protein PHL150M00_19 Propionibacterium phage 
PHL150M00 

268 

DNA encapsidation protein P9AB12kb_p002 Pectobacterium phage 
DU_PP_III 

363 

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 
LuckyBarnes 

445 

DNA helicase SEA_MEAK_33 Propionibacterium phage 
MEAK 

317 
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DNA methylase 65 SEA_MOOMOO_65 Mycobacterium phage 
MooMoo 

542 

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 
YassJohnny 

187 

DNA methylase SEA_MURICA_102 Mycobacterium phage Murica 602 

DNA methylase 61 PBI_SMEAGOL_61 Mycobacterium phage 
Smeagol 

356 

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 
DU_PP_III 

690 

DNA polymerase I SEA_LUCKYBARNES_45 Brevibacterium phage 
LuckyBarnes 

621 

DNA polymerase III alpha subunit SEA_DARWIN_47 Corynebacterium phage 
Darwin 

1097 

DNA polymerase III alpha subunit SEA_C3PO_43 Corynebacterium phage C3PO 1097 

DNA polymerase/primase 54 
SEA_CATERPILLAR_54 

Arthrobacter phage Caterpillar 1309 

DNA primase SEA_LUCKYBARNES_63 Brevibacterium phage 
LuckyBarnes 

804 

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
_065 

Freshwater phage uvFW-CGR-

AMD-COM-C203 
226 

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 
Wizzo 

348 

Exonuclease MRAK_36 Propionibacterium phage 
MrAK 

313 

Exonuclease  Pseudoalteromonas phage 
H103 

292 

Gp008 Pepy6gene008 Rhodococcus phage 118 
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ReqiPepy6 

Gp067 Pepy6gene067 Rhodococcus phage 
ReqiPepy6 

226 

Gp069 Poco6gene069 Rhodococcus phage 
ReqiPoco6 

297 

Gp077 Pepy6gene077 Rhodococcus phage 
ReqiPepy6 

193 

Gp14 PaP-PAS50_gp14 Propionibacterium phage 
PAS50 

921 

Gp16  Propionibacterium phage PA6 385 

Gp48 PaP-PAD20_gp48 Propionibacterium phage 
PAD20 

100 

H_lectin domain-containing protein PHL055N00_17 Propionibacterium phage 
PHL055N00 

276 

Head protein  Actinomyces virus Av1 455 

Head-to-tail adaptor 14 SEA_KYKAR_14 Mycobacterium phage Kykar 125 

Head-to-tail connector 12 BARRETLEMON_12 Arthrobacter phage 
BarretLemon 

155 

Head-to-tail connector protein SEA_LILBANDIT_8 Propionibacterium phage 
LilBandit 

115 

Helix-turn-helix DNA binding domain 
protein 

132 PBI_COUNT_132 Microbacterium phage Count 927 

Helix-turn-helix DNA binding domain 
protein 

78 
SEA_LIBERTYBELL_78 

Streptomyces phage 
LibertyBell 

910 

Helix-turn-helix DNA binding domain 
protein 

PROCRASS1_25 Propionibacterium phage 
Procrass1 

106 

Helix-turn-helix DNA binding domain 
protein 

76 PBI_CAMILLE_76 Microbacterium phage Camille 925 

Helix-turn-helix DNA binding domain 
protein 

90 SEA_RAINYDAI_90 Streptomyces phage Rainydai 891 

Helix-turn-helix DNA binding protein 94 SEA_KEANEYLIN_94 Arthrobacter phage KeaneyLin 891 

HNH endonuclease SEA_SCAP1_2 Streptomyces phage Scap1 135 

HNH endonuclease SEA_ATTOOMI_53 Streptomyces phage Attoomi 101 

HNH endonuclease SKKY_47 Propionibacterium phage 
SKKY 

100 

HNH endonuclease 65 SEA_PHAYONCE_65 Mycobacterium phage 
Phayonce 

196 

HNH endonuclease  Rhodococcus phage RRH1 91 

HNH homing endonuclease  Staphylococcus phage 
phiIPLA-C1C 

269 

Holin MRAK_21 Propionibacterium phage 
MrAK 

133 

Homing HNH endonuclase endo IDF_12 Enterococcus phage Idefix 167 
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HTH DNA binding protein 58 
SEA_BARTHOLOMEW_5
8 

Mycobacterium phage 
Bartholomew 

331 

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 PHL141N00_06 Propionibacterium phage 
PHL141N00 

315 

Major head protein mjh Propionibacterium phage 
PAD21 

314 

Major head protein PHL082M00_06 Propionibacterium phage 
PHL082M00 

323 

Major tail protein 16 GORDON_16 Arthrobacter phage Gordon 290 

Major tail protein SEA_DRPARKER_11 Propionibacterium phage 
DrParker 

213 

Major tail protein 14 SEA_RAINYDAI_14 Streptomyces phage Rainydai 294 

Major tail protein LAUCHELLY_11 Propionibacterium phage 
Lauchelly 

212 

Major tail protein SEA_C3PO_23 Corynebacterium phage C3PO 220 

Major tail sheath 18 PRINCESSTRINA_18 Arthrobacter phage 
PrincessTrina 

482 

MazG-like nucleotide 
pyrophosphohydrolase 

41 PBI_PAJAZA_41 Microbacterium phage Pajaza 249 

Membrane protein 7 PBI_HYPERION_7 Microbacterium phage 
Hyperion 

238 

Membrane protein 26 PBI_POUSHOU_26 Corynebacterium phage 
Poushou 

152 

Minor tail protein SEA_SUPERNOVA_15 Propionibacterium phage 
Supernova 

313 

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 
Aquarius 

272 

Minor tail protein MRAK_17 Propionibacterium phage 
MrAK 

272 

Minor tail protein SEA_QUEENBEY_16 Propionibacterium phage 
QueenBey 

385 

Minor tail subunit PHL301M00_15 Propionibacterium phage 
PHL301M00 

322 

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

N-acetylmuramoyl-L-alanine amidase 
domain-containing protein 

 Propionibacterium phage pa28 285 

Nuclease SEA_LUCKYBARNES_47 Brevibacterium phage 
LuckyBarnes 

400 

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 
P101A 

315 

Pentapeptide repeat protein SEP1_136 Staphylococcus phage phiIBB-

SEP1 
209 

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 3 P141_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 
DrParker 

441 

Portal protein PHL092M00_03 Propionibacterium phage 
PHL092M00 

441 

Portal protein ArV1_002 Arthrobacter phage vB_ArtM-

ArV1 
476 

Prim-Pol domain-containing protein  Pseudoalteromonas phage 
H103 

761 

Putative amidase PHL060L00_20 Propionibacterium phage 
PHL060L00 

288 

Putative bifunctional DNA 
primase/polymerase 

M22_064 Idiomarinaceae phage 
Phi1M232 

754 

Putative bifunctional DNA 
primase/polymerase 

S708_57 Brucella phage S708 780 

Putative capsid 6 P1001_6 Propionibacterium phage 
P100_1 

314 

Putative dCTP deaminase PhAPEC7_24 Escherichia phage 
vB_EcoP_PhAPEC7 

168 

Putative DNA helicase GMA2_64 Gordonia phage GMA2 654 

Putative DNA helicase PHL111M01_33 Propionibacterium phage 
PHL111M01 

317 

Putative DNA helicase PAC5_34 Propionibacterium phage 
PAC5 

287 

Putative DNA methyltransferase 55 BRUJITA_55 Mycobacterium virus Brujita 216 
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Putative DNA primase  Propionibacterium phage 
PacnesP1 

241 

Putative DNA primase PHL111M01_30 Propionibacterium phage 
PHL111M01 

223 

Putative DNA primase PHL085N00_30 Propionibacterium phage 
PHL085N00 

241 

Putative DNA primase PHL111M01_31 Propionibacterium phage 
PHL111M01 

133 

Putative endolysin PHL179M00_20 Propionibacterium phage 
PHL179M00 

296 

Putative exonuclease 7S3_41 uncultured Caudovirales phage 281 

Putative helicase Tb_ORF45 Brucella phage Tb 577 

Putative major head protein PHL037M02_06 Propionibacterium phage 
PHL037M02 

316 

Putative major tail protein GMA2_25 Gordonia phage GMA2 139 

Putative membrane protein Twillingate_011 Staphylococcus phage 
Twillingate 

41 

Putative phosphoribosyl-ATP 
pyrophosphohydrolase 

SmphiM6_41 Sinorhizobium phage phiM6 129 

Putative portal 3 P100D_3 Propionibacterium phage 
P100D 

441 

Putative portal protein PAC4_3 Propionibacterium phage 
PAC4 

406 

Putative protease PHL025M00_16 Propionibacterium phage 
PHL025M00 

385 

Putative protease PHL082M03_16 Propionibacterium phage 
PHL082M03 

385 

Putative recA-like NTPase vBEcoSSa179w3YLVW_00
039 

Escherichia phage vB_EcoS 
Sa179lw 

274 

Putative recA-like NTPase Sf11_gp7 Shigella phage Sf11 SMD-

2017 
276 

Putative sigma factor PHL082M03_23 Propionibacterium phage 
PHL082M03 

130 

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 
P104A 

921 

Putative tape measure 14 ATCC29399BT_14 Propionibacterium phage 
ATCC29399B_T 

921 

Putative tape measure protein PHL112N00_14 Propionibacterium phage 
PHL112N00 

921 

Putative terminase GMA2_1 Gordonia phage GMA2 559 

Putative terminase PHL111M01_02 Propionibacterium phage 
PHL111M01 

503 
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Putative terminase large subunit 2 P104A_2 Propionibacterium phage 
P104A 

503 

Putative terminase large subunit ABP12_00064 Acinetobacter phage 
WCHABP12 

433 

Putative type III restriction endonuclease p11sa141_49 Brucella phage 11sa_141 141 

Putative VRR-DNA nuclease M22_057 Idiomarinaceae phage 
Phi1M232 

136 

Twillingate_149  Staphylococcus phage 
Twillingate 

409 

Ribonucleoside-diphosphate reductase 
large subunit (EC 1.17.4.1) 

vBPaeSS218_00016 Pseudomonas phage 
vB_PaeS_S218 

607 

Ribonucleotide reductase SEA_C3PO_3 Corynebacterium phage C3PO 171 

Ribonucleotide reductase SEA_DARWIN_74 Corynebacterium phage 
Darwin 

648 

Ribonucleotide reductase large subunit phiAbaA1_082 Acinetobacter phage 
vB_AbaM_phiAbaA1 

968 

Ribonucleotide reductase large subunit 
(EC 1.17.4.1) 

SEP1_061 Staphylococcus phage phiIBB-

SEP1 
705 

RIIA-like protein 153 
SEA_ANNADREAMY_15
3 

Streptomyces phage 
Annadreamy 

639 

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 
PHL179M00 

184 

Scaffolding protein SEA_LILBANDIT_5 Propionibacterium phage 
LilBandit 

184 

Scaffolding protein MOYASHI_5 Propionibacterium phage 
Moyashi 

184 

Secreted transglycosylase Quidividi_034 Staphylococcus phage 
Quidividi 

220 

SF4 helicase domain-containing protein  Propionibacterium phage pa28 287 

Structural protein Pepy6gene012 Rhodococcus phage 
ReqiPepy6 

115 

Structural protein AB9_053 Acinetobacter phage 
vB_AbaM_B9 

178 

Tail assembly chaperone SEA_C3PO_27 Corynebacterium phage C3PO 273 

Tail assembly chaperone AB9_056 Acinetobacter phage 
vB_AbaM_B9 

131 

Tail assembly chaperone SEA_LEVIOSA_13 Propionibacterium phage 
Leviosa 

227 

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 phiIBB-

SEP1 
1401 

Tail lysozyme 30 TAEYOUNG_30 Arthrobacter phage TaeYoung 110 

Tail protein 32 BARRETLEMON_32 Arthrobacter phage 
BarretLemon 

427 

Tail protein 19 JAWNSKI_19 Arthrobacter phage Jawnski 448 

Tail protein  Moraxella phage Mcat20 1460 

Tail protein  Staphylococcus phage 
phiIPLA-C1C 

1151 

Tail protein 27 PRINCESSTRINA_27 Arthrobacter phage 
PrincessTrina 

645 

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 Av1 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 
vB_AbaM_B9 

381 

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 PHL141N00_14 Propionibacterium phage 
PHL141N00 

921 

Tape measure protein PHL067M09_14 Propionibacterium phage 
PHL067M09 

921 

Tape measure protein SEA_LUCY_14 Arthrobacter phage Lucy 853 

Tape measure protein PROCRASS1_14 Propionibacterium phage 
Procrass1 

921 

Tape measure protein NIKTSON_26 Arthrobacter phage Niktson 1529 

Tape measure protein AB9_058 Acinetobacter phage 
vB_AbaM_B9 

681 

Tape measure protein 22 SEA_CHEESY_22 Arthrobacter phage Cheesy 1492 

Tape measure protein Gsput1_18 Gordonia phage Gsput1 1431 

Tape measure protein PHL082M02_14 Propionibacterium phage 
PHL082M02 

921 

Tape measure protein KEIKI_14 Propionibacterium phage Keiki 921 

Tape measure protein 17 
SEA_FROKOSTDAME_17 

Gordonia phage Frokostdame 1824 

Tapemeasure protein SEA_AQUARIUS_14 Propionibacterium phage 
Aquarius 

921 
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Terminase PHL009M11_02 Propionibacterium phage 
PHL009M11 

503 

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 
MrAK 

503 

Terminase small subunit BiPBO1_01 Brucella phage BiPBO1 133 

Terminase small subunit 3 
SEA_MEMENTOMORI_3 

Microbacterium phage 
MementoMori 

194 

Terminase small subunit SEA_C3PO_1 Corynebacterium phage C3PO 174 

Thioredoxin SEA_DARWIN_54 Corynebacterium phage 
Darwin 

98 

Thymidylate synthase SEA_ZION_9 Corynebacterium phage Zion 257 

Thymidylate synthase SEA_LUCKYBARNES_41 Brevibacterium phage 
LuckyBarnes 

517 

Thymidylate synthase CB7_206 Pectobacterium phage 
vB_PatM_CB7 

226 

Thymidylate synthase 109 PBI_COUNT_109 Microbacterium phage Count 232 

Toprim domain-containing protein 30 P100D_30 Propionibacterium phage 
P100D 

223 

Transposase SEP1_056 Staphylococcus phage phiIBB-

SEP1 
369 

Tryptophan synthase beta superfamily 
protein 

2 SEA_ALANGRANT_2 Mycobacterium phage 
AlanGrant 

289 
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&01;8FO 4 

#>2=89 ?5@5;V: 4>A;V465=8E ;5:B8=V2 

GFP GFP 

GalNAc > Gal SJA 

GalNAc CAA 

[GlcNAc³(1,4)]2-4 STL 

GalNAc = Lac > Gal SNA-II 

Gal³(1,3)GalNAc PNA 

GalNAc >> Lac > Gal WFA 

GalNAc VVL 

³-/³-linked GalNAc, Gal PTL II 

Terminal ³-GalNAc DBA 

Gal, ³-GalNAc PTL-I 

Gal³(1,3)Gal or Gal³(1,3)Gal³(1,4)GlcNAc MOA 

Lac > GalNAc > Gal CA 

GalNAc (Tn antigen) SSA 

Gal³(1,3)GalNAc > Gal MPL 

GalNAc, Gal³(1,3)GalNAc ACA 

³ -Gal(1->3)(³-Fuc(1->2)-³Gal(1->3)/4)-³-GlcNAc EEL 

Gal³(1,3)GalNAc, GalNAc BPL 

Gal³(1,3)GalNAc, ³-Gal AIA 

³--Fuc UEA-I 
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³-Fuc LTL 

Fuc³(1,6)GlcNAc (core Fuc) AAL 

Fuc³(1,6)GlcNAc, ³-Man LCA 

³-Man, ³-Glc PSA 

Man³(1,3)Man GNL 

Man³(1,3)Man or Man³(1,6)Man HHL 

GlcNAc³(1,4)GlcNAc oligomers LEL 

³-Man NPA 

³(1,4)-linked (GlcNAc)n, N-acetyllactosamine PWM 

³-/³-GalNAc, Gal SBA 

(GlcNAc³4)n, NeuAc WGA 

(GlcNac³4)n, tri- and tetraantennary N-glycans DSL 

Agalactosylated tri/tetraantennary glycans, GlcNAc GSL-II 

[GlcNAc³(1,4)]3 > [GlcNAc³(1,4)]2 > GlcNAc >> Neu5Ac WGA-SUCC 

Gal³(1-4)GlcNAc-R RCA 120 

Gal³1-4GlcNAC, LacNAc > Lac > GalNAc, Gal ECA 

(Sia³(2,3))Gal³(1,4)GlcNAc MAL1 

Sia³(2,3)-Gal ³1-4 GlcNAc ³-Man-R MALII 

Gal, Complex triantennary N-linked glycans PHA-L plusE 

Man, High Man Calsepa 

Neu5Ac³(2-6)Gal or Neu5Ac(2-6)GalNAc SNA 

³-Man > ³-Glc > ³-GlcNAc ConA 
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Anti-Tubulin ANTITUBULIN 
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&01;8FO 5. #@>B5W=8 V45=B8DV:>20=V C 7@07:0E EVs 70 4>?><>3>N <0A-
A?5:B@><5B@VW (40=V 4>ABC?=V 2 ProteomeXchange 7 V45=B8DV:0B>@>< 

PXD023546). 

&01;8FO 6. #@>B5W=8, V45=B8DV:>20=V 2 AC?5@=0B0=B0E :C;LBC@0;L=8E 
A5@54>28I :;VB8= 70 4>?><>3>N <0A-A?5:B@><5B@VW (40=V 4>ABC?=V 2 

ProteomeXchange ProteomeXchange 7 V45=B8DV:0B>@>< 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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&01;8FO 7 

�=0;V7 GO «1V>;>3VG=V ?@>F5A8» 4;O V45=B8DV:>20=8E ?@>B5W=V2 EVs 
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&01;8FO 8 

�=0;V7 GO 4;O «1V>;>3VG=8E ?@>F5AV2» 4;O V45=B8DV:>20=8E ?@>B5W=V2 C 

AC?5@=0B0=B0E :;VB8==>3> A5@54>28I0 
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&01;8FO 9 

%?8A>: ?@>B5W=V2, 7=0945=8E ;8H5 C 7@07:0E =>@<>:A8G=8E EVs 

 

  



259 
 

 

  



260 
 

 

  



261 
 

 

  



262 
 

&01;8FO 10 

%?8A>: ?@>B5W=V2, 7=0945=8E ;8H5 C 7@07:0E 3V?>:A8G=8E EVs 
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&01;8FO 11 

�0=V GeLC MS/MS 4;O Ruk/CIN85 ;V70B0E :;VB8= (1) B0 2 ?@5?0@0B0E 

?>70:;VB8==8E 2578:C; HEK 293 Mock (1) B0 HEK 293 7 =045:A?@5AVTN GFP-

Ruk/CIN85 (2)  

1 

Accession Description 
Coverage 

[%] 
Peptides PSMs 

 Unique 

Peptides 

MW 

[kDa] 

Found in 

Sample 

Q96B97 

SH3 domain-

containing kinase-

binding protein 1 

OS=Homo sapiens 

GN=SH3KBP1 

PE=1 SV=2 

15 7 9 7 73,1 High 

2 

Accession Description 
Coverage 

[%] 
Peptides PSMs 

 Unique 

Peptides 

MW 

[kDa] 

Found in 

Sample 

Q96B97 

SH3 domain-

containing kinase-

binding protein 1 

OS=Homo sapiens 

GN=SH3KBP1 

PE=1 SV=2 

9 5 6 5 73,1 High 
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&01;8FO 12 

�0=V GeLC MS/MS AB>A>2=> <0@:5@V2 5:7>A>< 2 ?@5?0@0B0E ?>70:;VB8==8E 

2578:C; HEK 293 Mock (1) B0 HEK 293 7 =045:A?@5AVTN GFP-Ruk/CIN85 (2) 

1 

Accession Description Coverage 
[%] Peptides PSMs  Unique 

Peptides 
MW 
[kDa] 

Found in 
Sample 

P60033 

CD81 antigen 
OS=Homo sapiens 
GN=CD81 PE=1 
SV=1 

28 4 12 4 25,8 High 

P21926 

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

21 5 10 5 25,4 High 

Q99816 

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

16 5 6 5 43,9 High 

P08758 

Annexin A5 
OS=Homo sapiens 
GN=ANXA5 PE=1 
SV=2 

57 17 32 16 35,9 High 

O43657 

Tetraspanin-6 
OS=Homo sapiens 
GN=TSPAN6 PE=1 
SV=1 

19 3 3 3 27,5 High 

2 

Accession Description Coverage 
[%] Peptides PSMs  Unique 

Peptides 
MW 
[kDa] 

Found in 
Sample 

P60033 

CD81 antigen 
OS=Homo sapiens 
GN=CD81 PE=1 
SV=1 

32 8 25 8 25,8 High 

P21926 

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

18 4 8 4 25,4 High 

Q99816 

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

22 7 9 7 43,9 High 

P08758 

Annexin A5 
OS=Homo sapiens 
GN=ANXA5 PE=1 
SV=2 

71 21 40 21 35,9 High 

O43657 

Tetraspanin-6 
OS=Homo sapiens 
GN=TSPAN6 PE=1 
SV=1 

28 6 7 6 27,5 High 
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&01;8FO 13 

":A84>@54C:B078, V45=B8DV:>20=V ;8H5 2 ;V70B0E :;VB8= 7 =045:A?@5AVTN  

GFP-Ruk/CIN85 

Mapped 
IDs 

Gene Name Protein Class Species 

P51970 
NADH dehydrogenase 
[ubiquinone] 1 alpha 
subcomplex subunit 8 

dehydrogenase Homo 
sapiens 

P30043 Flavin reductase (NADPH) reductase Homo 
sapiens 

Q9P0J0 
NADH dehydrogenase 
[ubiquinone] 1 alpha 
subcomplex subunit 13 

dehydrogenase Homo 
sapiens 

P23368 NAD-dependent malic enzyme, 
mitochondrial acyltransferase Homo 

sapiens 

    decarboxylase   

    dehydrogenase   

O95168 
NADH dehydrogenase 
[ubiquinone] 1 beta 
subcomplex subunit 4 

reductase Homo 
sapiens 

P28331 
NADH-ubiquinone 
oxidoreductase 75 kDa subunit, 
mitochondrial 

dehydrogenase Homo 
sapiens 

    reductase   

Q14739 Lamin-B receptor receptor Homo 
sapiens 

    reductase   

Q9NTX5 Ethylmalonyl-CoA decarboxylase acetyltransferase Homo 
sapiens 

    acyltransferase   

    dehydrogenase   

    epimerase/racemase   

    hydratase   

    ligase   
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O75306 
NADH dehydrogenase 
[ubiquinone] iron-sulfur protein 
2, mitochondrial 

dehydrogenase Homo 
sapiens 

    reductase   

Q16718 
NADH dehydrogenase 
[ubiquinone] 1 alpha 
subcomplex subunit 5 

oxidoreductase Homo 
sapiens 

Q16795 

NADH dehydrogenase 
[ubiquinone] 1 alpha 
subcomplex subunit 9, 
mitochondrial 

dehydrogenase Homo 
sapiens 

    reductase   

P00403 Cytochrome c oxidase subunit 
2 oxidoreductase Homo 

sapiens 

P09417 Dihydropteridine reductase dehydrogenase Homo 
sapiens 

    reductase   

O43169 Cytochrome b5 type B oxidase Homo 
sapiens 

P20674 Cytochrome c oxidase subunit 
5A, mitochondrial oxidase Homo 

sapiens 

P21953 
2-oxoisovalerate 
dehydrogenase subunit beta, 
mitochondrial 

dehydrogenase Homo 
sapiens 

    lyase   

    transketolase   

P26440 Isovaleryl-CoA dehydrogenase, 
mitochondrial dehydrogenase Homo 

sapiens 

    oxidase   

    transferase   

Q9NZ01 Very-long-chain enoyl-CoA 
reductase dehydrogenase Homo 

sapiens 

A1L0T0 Acetolactate synthase-like 
protein decarboxylase Homo 

sapiens 

    dehydrogenase   
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    transferase   

Q9UDW1 Cytochrome b-c1 complex 
subunit 9 reductase Homo 

sapiens 

Q16850 Lanosterol 14-alpha 
demethylase oxygenase Homo 

sapiens 

Q02809 Procollagen-lysine,2-
oxoglutarate 5-dioxygenase 1 oxygenase Homo 

sapiens 

P43304 Glycerol-3-phosphate 
dehydrogenase, mitochondrial dehydrogenase Homo 

sapiens 

Q8NBJ5 Procollagen 
galactosyltransferase 1 oxygenase Homo 

sapiens 

P51649 Succinate-semialdehyde 
dehydrogenase, mitochondrial dehydrogenase Homo 

sapiens 

P30837 Aldehyde dehydrogenase X, 
mitochondrial dehydrogenase Homo 

sapiens 
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&01;8FO 14 

&@0=AD5@078 , V45=B8DV:>20=V ;8H5 2 ;V70B0E :;VB8= 7 =045:A?@5AVTN  

GFP-Ruk/CIN85 
Mapped 

IDs 
Gene Name Protein Class Species 

P04181 Ornithine aminotransferase, 
mitochondrial transaminase Homo 

sapiens 

O00330 
Pyruvate dehydrogenase 
protein X component, 
mitochondrial 

acetyltransferase Homo 
sapiens 

    acyltransferase   

O60762 Dolichol-phosphate 
mannosyltransferase subunit 1 glycosyltransferase Homo 

sapiens 

P54646 5'-AMP-activated protein 
kinase catalytic subunit alpha-2 

non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

P23786 
Carnitine O-
palmitoyltransferase 2, 
mitochondrial 

acetyltransferase Homo 
sapiens 

    acyltransferase   

Q16762 Thiosulfate sulfurtransferase transfer/carrier 
protein 

Homo 
sapiens 

    transferase   

P23368 NAD-dependent malic enzyme, 
mitochondrial acyltransferase Homo 

sapiens 
    decarboxylase   

    dehydrogenase   

P21127 Cyclin-dependent kinase 11B 
non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

    
non-receptor tyrosine 
protein kinase   

Q9NTX5 Ethylmalonyl-CoA decarboxylase acetyltransferase Homo 
sapiens 

    acyltransferase   

    dehydrogenase   

    epimerase/racemase   



270 
 

    hydratase   

    ligase   

Q8NF37 Lysophosphatidylcholine 
acyltransferase 1 acyltransferase Homo 

sapiens 
    annexin   

    calmodulin   

Q9UIJ7 GTP:AMP phosphotransferase 
AK3, mitochondrial nucleotide kinase Homo 

sapiens 

P31751 RAC-beta serine/threonine-
protein kinase annexin Homo 

sapiens 
    calmodulin   

    
non-receptor 
serine/threonine 
protein kinase 

  

    
transfer/carrier 
protein   

Q96T23 Remodeling and spacing factor 
1 acetyltransferase Homo 

sapiens 

    
chromatin/chromatin-
binding protein   

    
zinc finger 
transcription factor   

O15382 
Branched-chain-amino-acid 
aminotransferase, 
mitochondrial 

transaminase Homo 
sapiens 

P36957 

Dihydrolipoyllysine-residue 
succinyltransferase component 
of 2-oxoglutarate 
dehydrogenase complex, 
mitochondrial 

acetyltransferase Homo 
sapiens 

    acyltransferase   

Q9UHY1 Nuclear receptor-binding 
protein 

non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

O95299 
NADH dehydrogenase 
[ubiquinone] 1 alpha 
subcomplex subunit 10, 
mitochondrial 

nucleotide kinase Homo 
sapiens 
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P21953 
2-oxoisovalerate 
dehydrogenase subunit beta, 
mitochondrial 

dehydrogenase Homo 
sapiens 

    lyase   

    transketolase   

P26440 Isovaleryl-CoA dehydrogenase, 
mitochondrial dehydrogenase Homo 

sapiens 
    oxidase   

    transferase   

Q9BRR6 ADP-dependent glucokinase kinase Homo 
sapiens 

A1L0T0 Acetolactate synthase-like 
protein decarboxylase Homo 

sapiens 
    dehydrogenase   

    transferase   

P42765 3-ketoacyl-CoA thiolase, 
mitochondrial acetyltransferase Homo 

sapiens 

P49356 Protein farnesyltransferase 
subunit beta acyltransferase Homo 

sapiens 

Q9BXW7 Haloacid dehalogenase-like 
hydrolase domain-containing 5 transferase 

Homo 
sapiens 

Q8TCS8 
Polyribonucleotide 
nucleotidyltransferase 1, 
mitochondrial 

esterase Homo 
sapiens 

    exoribonuclease   

    nucleotidyltransferase   

P61803 
Dolichyl-
diphosphooligosaccharide--
protein glycosyltransferase 
subunit DAD1 

glycosyltransferase Homo 
sapiens 

O95602 DNA-directed RNA 
polymerase I subunit RPA1 

DNA-directed RNA 
polymerase 

Homo 
sapiens 

    nucleotidyltransferase   

 

  



272 
 

&01;8FO 15 

�V4@>;078, V45=B8DV:>20=V ;8H5 2 ;V70B0E :;VB8= 7 =045:A?@5AVTN  

GFP-Ruk/CIN85 

Mapped 
IDs 

Gene Name Protein Class Species 

Q96BW5 Phosphotriesterase-related protein hydrolase Homo 
sapiens 

Q01970 
1-phosphatidylinositol 4,5-
bisphosphate 
phosphodiesterase beta-3 

calcium-binding 
protein Homo 

sapiens 

    
guanyl-nucleotide 
exchange factor   

    phospholipase   

    signaling molecule   

P02786 Transferrin receptor protein 1 metalloprotease Homo 
sapiens 

P30154 

Serine/threonine-protein 
phosphatase 2A 65 kDa 
regulatory subunit A beta 
isoform protein phosphatase 

Homo 
sapiens 

P22695 Cytochrome b-c1 complex 
subunit 2, mitochondrial metalloprotease Homo 

sapiens 

Q86W56 Poly(ADP-ribose) 
glycohydrolase glycosidase Homo 

sapiens 

P36542 ATP synthase subunit gamma, 
mitochondrial ATP synthase Homo 

sapiens 

    hydrolase   

Q9HAV0 Guanine nucleotide-binding 
protein subunit beta-4 

heterotrimeric G-

protein 
Homo 
sapiens 

    hydrolase   

Q9Y3B2 Exosome complex component CSL4 exoribonuclease Homo 
sapiens 

    hydrolase   

P16278 Beta-galactosidase galactosidase Homo 
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sapiens 

P62140 
Serine/threonine-protein 
phosphatase PP1-beta catalytic 
subunit 

calcium-binding 
protein Homo 

sapiens 

    protein phosphatase   

P48047 
ATP synthase subunit O, 
mitochondrial ATP synthase 

Homo 
sapiens 

    hydrolase   

O95630 STAM-binding protein cytokine Homo 
sapiens 

    metalloprotease   

Q9Y4W6 AFG3-like protein 2 metalloprotease Homo 
sapiens 

Q9Y6M1 Insulin-like growth factor 2 mRNA-binding protein 2 enzyme modulator Homo 
sapiens 

    mRNA splicing factor   

    ribonucleoprotein   

    serine protease   

P55210 Caspase-7 cysteine protease Homo 
sapiens 

    protease inhibitor   

P42785 Lysosomal Pro-X 
carboxypeptidase serine protease Homo 

sapiens 

P31930 Cytochrome b-c1 complex 
subunit 1, mitochondrial metalloprotease Homo 

sapiens 

Q9NVI7 ATPase family AAA domain-
containing protein 3A 

hydrolase Homo 
sapiens 

P49902 Cytosolic purine 5'-
nucleotidase 

nucleotide 
phosphatase 

Homo 
sapiens 

Q9BX68 
Histidine triad nucleotide-
binding protein 2, 
mitochondrial 

nucleotide 
phosphatase 

Homo 
sapiens 

Q9ULA0 Aspartyl aminopeptidase metalloprotease Homo 
sapiens 
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Q8TCS8 
Polyribonucleotide 
nucleotidyltransferase 1, 
mitochondrial 

esterase Homo 
sapiens 

    exoribonuclease   

    nucleotidyltransferase   

Q9NYC9 Dynein heavy chain 9, 
axonemal hydrolase Homo 

sapiens 

    
microtubule binding 
motor protein   

O94925 Glutaminase kidney isoform, 
mitochondrial hydrolase Homo 

sapiens 

Q9H857 5'-nucleotidase domain-
containing protein 2 

nucleotide 
phosphatase 

Homo 
sapiens 
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&01;8FO 16 

#@>B5W=8, I> 729O7CNBLAO 7 =C:;5W=>28<8 :8A;>B0<8, V45=B8DV:>20=V ;8H5 2 

;V70B0E :;VB8= 7 =045:A?@5AVTN Ruk/CIN85 
Mapped 

IDs 
Gene Name Protein Class Species 

Q12849 G-rich sequence factor 1 ribosomal protein Homo 
sapiens 

Q96KR1 Zinc finger RNA-binding 
protein 

mRNA processing 
factor 

Homo 
sapiens 

Q15651 
High mobility group 
nucleosome-binding domain-
containing protein 3 

chromatin/chromatin-
binding protein 

Homo 
sapiens 

Q13111 Chromatin assembly factor 1 
subunit A 

chromatin/chromatin-
binding protein 

Homo 
sapiens 

P0C0S8 Histone H2A type 1 histone Homo 
sapiens 

Q92552 28S ribosomal protein S27, 
mitochondrial ribosomal protein Homo 

sapiens 

Q6P1L8 39S ribosomal protein L14, 
mitochondrial ribosomal protein Homo 

sapiens 

Q9BVJ6 
U3 small nucleolar RNA-
associated protein 14 homolog 
A 

nuclease Homo 
sapiens 

    ribosomal protein   

Q96T23 Remodeling and spacing factor 
1 acetyltransferase Homo 

sapiens 

    chromatin/chromatin-
binding protein   

    zinc finger 
transcription factor   

O43583 Density-regulated protein nuclease Homo 
sapiens 

    translation initiation 
factor   

Q9BYD6 39S ribosomal protein L1, mitochondrial ribosomal protein Homo 
sapiens 

Q9Y3B2 Exosome complex component CSL4 exoribonuclease Homo 
sapiens 

    hydrolase   

Q96I25 Splicing factor 45 mRNA processing 
factor 

Homo 
sapiens 
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O00567 Nucleolar protein 56 ribonucleoprotein Homo 
sapiens 

Q9UNX3 60S ribosomal protein L26-like 1 ribosomal protein Homo 
sapiens 

P52815 39S ribosomal protein L12, 
mitochondrial ribosomal protein Homo 

sapiens 

P49406 39S ribosomal protein L19, 
mitochondrial ribosomal protein Homo 

sapiens 

Q13112 Chromatin assembly factor 1 
subunit B 

chromatin/chromatin-
binding protein 

Homo 
sapiens 

Q9HD33 39S ribosomal protein L47, mitochondrial ribosomal protein Homo 
sapiens 

Q86YP4 Transcriptional repressor p66-
alpha 

chromatin/chromatin-
binding protein 

Homo 
sapiens 

P51398 28S ribosomal protein S29, 
mitochondrial ribosomal protein Homo 

sapiens 

P62304 Small nuclear 
ribonucleoprotein E 

mRNA splicing 
factor 

Homo 
sapiens 

B5ME19 
Eukaryotic translation 
initiation factor 3 subunit C-
like protein 

translation initiation 
factor 

Homo 
sapiens 

Q9Y6M1 Insulin-like growth factor 2 mRNA-binding protein 2 enzyme modulator Homo 
sapiens 

    mRNA splicing 
factor   

    ribonucleoprotein   

    serine protease   

Q9Y3B7 39S ribosomal protein L11, mitochondrial ribosomal protein Homo 
sapiens 

Q7L2E3 Putative ATP-dependent RNA 
helicase DHX30 RNA helicase Homo 

sapiens 

Q5JTZ9 Alanine--tRNA ligase, 
mitochondrial RNA binding protein Homo sapiens 

Q8IXM3 39S ribosomal protein L41, mitochondrial ribosomal protein Homo 
sapiens 

Q86TB9 Protein PAT1 homolog 1 translation initiation 
factor 

Homo 
sapiens 

Q14011 Cold-inducible RNA-binding 
protein 

mRNA splicing 
factor 

Homo 
sapiens 
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Q5T2T1 MAGUK p55 subfamily member 
7 

cell junction 
protein 

Homo 
sapiens 

  nucleotide kinase     

O15127 Secretory carrier-associated 
membrane protein 2 

transfer/carrier 
protein 

Homo 
sapiens 

    transferase   

Q9Y6M4 Casein kinase I isoform gamma-3 
non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

Q99755 Phosphatidylinositol 4-phosphate 
5-kinase type-1 alpha kinase Homo 

sapiens 

P48729 Casein kinase I isoform alpha 
non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

P42356 Phosphatidylinositol 4-kinase 
alpha kinase Homo 

sapiens 

Q96GD4 Aurora kinase B 

non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

Q14168 MAGUK p55 subfamily member 
2 

cell junction 
protein 

Homo 
sapiens 

    nucleotide kinase   

P78356 Phosphatidylinositol 5-phosphate 
4-kinase type-2 beta kinase Homo 

sapiens 

Q13464 Rho-associated protein kinase 1 
non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 

P43250 G protein-coupled receptor kinase 
6 

non-receptor 
serine/threonine 
protein kinase 

Homo 
sapiens 
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P23470 Receptor-type tyrosine-protein 
phosphatase gamma 

protein 
phosphatase 

Homo 
sapiens 

P23468 Receptor-type tyrosine-protein 
phosphatase delta 

protein 
phosphatase 

Homo 
sapiens 

    receptor   

O43865 S-adenosylhomocysteine 
hydrolase-like protein 1 hydrolase Homo 

sapiens 

Q14194 Dihydropyrimidinase-related 
protein 1 metalloprotease Homo 

sapiens 

Q68D91 Metallo-beta-lactamase domain-
containing protein 2 hydrolase Homo 

sapiens 

Q4KMP7 TBC1 domain family member 10B 

G-protein 
modulator 

Homo 
sapiens 

    cysteine protease   

Q13443 Disintegrin and metalloproteinase 
domain-containing protein 9 metalloprotease Homo 

sapiens 

O95865 N(G),N(G)-dimethylarginine 
dimethylaminohydrolase 2 hydrolase Homo 

sapiens 
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P05026 Sodium/potassium-transporting 
ATPase subunit beta-1 cation transporter Homo sapiens 

Q99808 Equilibrative nucleoside 
transporter 1 transporter Homo 

sapiens 

Q15043 Zinc transporter ZIP14 transporter Homo 
sapiens 

P30825 High affinity cationic amino acid 
transporter 1 

amino acid 
transporter 

Homo 
sapiens 

Q14542 Equilibrative nucleoside 
transporter 2 transporter Homo 

sapiens 

P53794 Sodium/myo-inositol 
cotransporter 

carbohydrate 
transporter 

Homo 
sapiens 

    cation transporter   

Q96QD8 Sodium-coupled neutral amino 
acid transporter 2 

amino acid 
transporter 

Homo 
sapiens 

O95297 Myelin protein zero-like protein 1 cell adhesion 
molecule 

Homo 
sapiens 

    
voltage-gated 
sodium channel   

 

  



280 
 

&01;8FO 20 

 >4C;OB>@8 5=78<V2, V45=B8DV:>20=V ;8H5 2 ?>70:;VB8==8E 2578:C;0E 7 :;VB8= 

V7 =045:A?@5AVTN GFP-Ruk/CIN85 

Mapped 
IDs 

Gene Name Protein Class Species 

Q14624 Inter-alpha-trypsin inhibitor 
heavy chain H4 

serine protease 
inhibitor 

Homo 
sapiens 

Q9Y3E7 Charged multivesicular body 
protein 3 

enzyme 
modulator 

Homo 
sapiens 

P01116 GTPase KRas small GTPase Homo 
sapiens 

P09471 Guanine nucleotide-binding 
protein G(o) subunit alpha 

heterotrimeric G-

protein 
Homo 
sapiens 

Q4KMP7 TBC1 domain family member 10B 

G-protein 
modulator 

Homo 
sapiens 

    cysteine protease   

P10301 Ras-related protein R-Ras small GTPase Homo 
sapiens 

P11234 Ras-related protein Ral-B small GTPase Homo 
sapiens 

Q86VI3 Ras GTPase-activating-like 
protein IQGAP3 

G-protein 
modulator 

Homo 
sapiens 

P62745 Rho-related GTP-binding protein 
RhoB 

small GTPase Homo 
sapiens 
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Q01970 
1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase 
beta-3 

calcium-binding 
protein 

Homo 
sapiens 

    
guanyl-
nucleotide 
exchange factor 

  

    phospholipase   

    
signaling 
molecule   

P02786 Transferrin receptor protein 1 metalloprotease Homo 
sapiens 

Q9UL25 Ras-related protein Rab-21 - 
Homo 
sapiens 

O43663 Protein regulator of cytokinesis 1 
non-motor 
microtubule 
binding protein 

Homo 
sapiens 

P62140 
Serine/threonine-protein 
phosphatase PP1-beta catalytic 
subunit 

calcium-binding 
protein 

Homo 
sapiens 

    
protein 
phosphatase   

P82930 28S ribosomal protein S34, 
mitochondrial - 

Homo 
sapiens 

P08559 
Pyruvate dehydrogenase E1 
component subunit alpha, somatic 
form, mitochondrial 

- 
Homo 
sapiens 

Q9H9B4 Sideroflexin-1 cation transporter Homo sapiens 

    
transfer/carrier 
protein   

Q96B97 SH3 domain-containing kinase-
binding protein 1 - 

Homo 
sapiens 

 


