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Gk W A (exosomes) M H & — M #F 30~
150 nm °', MZ K (multivesicular body, MVB)
BB MM A s, HANEY, WmEA .
RNA. BB, ZEEMRAF, 836 3 32 /R 4t M R RE 2
M E P R RNA  (circular RNA, fij #R
circRNAs) &GP RN TG ARG 1Y
eSS RNA, HIAE WA FERY, circRNAs 7F
2 1k N6- I 1 i B % fb  (N6-methyladenosine,
méA) M-Ff5, FILARASE T . circRNAs 7E
PR E R HARE R, LR IR MY
R 1, HORTFEARUE R 21 F S A AR TR
) circRNAs i ¥ | B2 [A] it %% fb  (epithelial-
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miRNAs /K PARfE e . fFilan, Lids "2 4 miR-7
B 51 A4 B I 2 o rh circRNA CDR as 1) 4
i, ZEIR IR, AN CDR1as 1) FERRAR, 1
Y 9 CDR1as = BEERR MO8, 960 miRNAs X}
circRNAs 731 1E ASMIBA = A2 T 5400

MVB I ) RNA %5 & & 1 (RNA binding
proteins, RBP) FEAMUAA S % RNA & #E/EH
RBP AJ U RNA P45 567 I8 L 716 2 20 A A1
WA, IR BT REAR . 1 AGO 2R 9% IA
1 & AE 4% RNA (non-coding RNA, ncRNA) K
HEERIK, B35 ncRNA L2 ASMNBAR SRR, 5
Fim&E DS & ZE A A2BI
(heterogeneous nuclear ribonucleoprotein  A2BI,
hnRNPA2B1) figif i miRNA b &M AL 551
45 & miRNA, £ il 3L 78 FF W &k 1 6 4, i
hnRNPA2B1 AJ i & miRNA 431 3 A FM I (1% 6
BBl AN, B9 AR, KRAS-MEK-ERK i f& 12
T AGO2 | H B R fk, # Hl AGO2 & 1
miRNAs 733 A ZRB AR, DUTTITR i miRNA £ 41
WA B 430 27

Zg LTk, MVB LAY RBP, AGO & [1 .
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o oy — A EEMPEH T 4. MVBIE /Y
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Fig. 1 Diagram of exosome formation and sorting and release of exosomal circRNAs
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1.3 SMBEIRIKRNA BRI 7 %

VFZ 5 R BOR © 49 T o0k
& circRNAs [ K U, 3= 26045 . 36 5% 5% PCR
(RT-PCR) , SR} %¢J65E 2 PCR (RT-qPCR) . ik
A #F PCR (ddPCR) . Northern blotting ., f# [% 51

(microarrays) . RNA ] ¥ (RNA sequencing) .
NanoString Technologies nCounter 2§ **/, circRNAs
(A 7 9 5 L R AR cireRNAs B R 7 125 A4
], FE—IEARBPLE A LR,

Table 1 Methods for the detection of exosomal circRNAs
F1 M RcireRNAsHIME T 75 3%

T =) s
RT-PCR A BRAEAL IR B A FIRS I 25K e E =
RT-gPCR A o DG FE AR SE
ddPCR H R E il B
Northern blotting 2 ol IR
Microarrays AR 23 47K fcircRNAs ANRESRARS LR 2

RNA Sequencing
Tl PRSI E B

NanoString Technologies nCounter

] LR BLHT I circRN As

SR W EAME B AR R S R AR RE )
el

2 HMBERIRIRRNATE DR RS MG R &£
Y IhBE

PEAEH, AMIAA cireRNAs 78 22 R 24 th 1
BTG B . EWIR RGN B, Ak
circRNAs [ T 8 52 0 il Jgd 20 i (R 38 58, 38 0] LAsE
M PP AR A S . ARITTI 2, (HJRAE AR L R
G B YREYIRe, AnEZ N R A AR R, AR AR
PRAGE R A B
2.1 AMBEREIRARRNA 220 B e 40 B B 1 5

ANIAA circRNA-FMN2 7£ 7if 41 B 5 (prostatic
cancer, PCa) 1 21 T {E & miR-1238 [ i 45 .
miR-1238 i iz} LIM [A] ¥ & 56 4 2 (LIM-homeobox
gene 2, LHX2) mRNA [ 3'UTR 5 LHX2 mRNA
454, A4 LHX2 UUBR, R PC3 4H A Y 241 it 1
B, PRI, AMBA circRNA-FMN2 7£ PCa 0 2118
i circRNA-FMN2/miR-1238/LHX2 il % , F ¥4
miR-1238 &3k, M [ LHX2 %3k, fedkPCad
JHfy 3T )

TE B B g 41 2 %, A W 4K hsa-circRNA-
0137606 Fl1 b Wi 4 hsa-circRNA-0000285 ik
R, T B 9 B 3 I TE P A% A I 4K hsa-circRNA-
0000285 % ikt N f# . hsa-circRNA-0137606 1 Ky
miR-1231 A TG4, R J005f] 165 o A A i 3 g,
FE R R AR F T AR A I b s A MG R 3 P
hsa-circRNA-0000285 1 7] i@ i ¥4 % miR-124 Al
miR-558, il e 4 A p 3 5 -7

2.2 SMNBMEIRIKRNA SN0 hE A A Y HE 78

EMT J& —Fpal i i Lo fbad B8, B MIm %%
(D HLE . 7E EMT E e, b 4 v] RE S o
PRI AN AR P, FRAS AL, SN
A& circRNAs 3 o P8 45 T U, i AR &Y
E-F5Z6 8 (IR T RE, RIS RARIC ) N-25%5
FEHAPEEE AR FRE R LA, ChensE ™ W5 K
B, B BE R B L 29 (urothelial carcinoma of
bladder, UCB) 414! A circRNA-PRMTS 1
i miR-30c (E4E, P8 SNAILVE-#5 868 155
W, [ SNAILL, JF FIEE-#58&E M, it
UCB il EMT, fiek g & A= Fiiets .

A W5 1A hsa-circRNA-0137606 F1 #h i {& hsa-
circRNA-0000285 . ¥ nl 1 il % Bt ¥ 40 i 11
g BT

kB AT A RR R LW RE AR o A W
circRNA-HIPK3 1 i miR-212 ({74, H kb
REAI T TS BRI AN AR A A AERR D) L IR AR 2 R
J1. MiR-212 ¥ [i] BMI-1, F & BMI-1 i % ik,
miR-212 J il A1 BMI-1 24044 Py Jibgd 6 A K
I, AMIAA cireRNA-HIPK3 3 PR i A% 1 3 2 9 42
miR-212/BMI-1 fliil i i 5 i e Je o
2.3 AMBEIRKRNA VG BhEE L 7 it 24

AP UAMA circRNAs 1533 22 1 1iif 25 35 [ 2 32 AR 41
M, 5T IR B 25 MR R B Yan 55 1Y BFSY K
B, 75 & W40 JE  (clear cell renal cell
carcinoma, ccRCC) ™', ¥ 4H 21 v 4 W & hsa-
circRNA-0035483 355 B, HA[fE N hsa-miR-335
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[iEds, MRS5S TIME, R CCNBI I,
R B T A TK 10 A1 UO3 1 41 A AY g, 411
VAT, BE53E ccRCC A5 PUAb I A TR 241k .

16 PCa 20440 i, Zhang %5 Y WF 5% & B1,
HMIAMA cireRNA-XIAP %35 B, HAE) miR-1182
(7 45, F 5 miR-1182 7F PCa 4 41 Ay £ 3k,
miR-1182 | F 74 & TPD52 i1k, TPD52 i
S AP AT B1 (liver kinase B1, LKBI1) / IRt
2 16 Ak 25 1 34 B (AMP-activated protein kinase,
AMPK) 31 A REHS N PCa () 2 VG fth BT
2.4 SMIMEERIRRNA 2200 BRI 20 fe o =

AP I AA cireRNA-FMN2 i 5 5 2 PC3 41 fitd F1
DU145 41 s G1 W1 A5, EL3G 1 PC3 4 Jifd 1
DU145 4iJa T4 i 33k circRNA-FMN2 7] [
R HTS BRI ANIE GO/G1 W i 43R, Ik AR5 A
SRR T B, I, circRNA-FMN2 i oo 2
DNA £ BRI 3 240 i i) 390 32 2 e 41 1) PCa 48 1 1)
JHT. AMUAA circRNA-HIPK3 21k 7K B AL
KT PCadiffii A= AERE ) . STERAIZZERE ), TiH
FEIET PCadiffiiiT: '

2.5 SMIMEKIRRRNA R B I 25 4 A
JifrIea P 2 Feam PR A AR, I AR

AT DA 35090 4 M A 3 A8, T IR R R i A 3
BE 2 PR R R R . Xie ZE B BFE K
M, AP UWAA circRNA-SHKBP1 1E y miR-582-3p [
WG4, W HUR B ARG, W58 T A W Rk
KT mRNA R e, e T 59 0 8 4 1
1B H\ 4 A & AN IMAS circRN As 18135 WA JR 2 4t fity
9o 048 AR
2.6 IMBEINMIKRNA R NG BIERIAE A CD8+ T4
B ThBE

CD8+ T AU 7EA S H IR T e op 45 T H 2
YER, JoHSEY CD8+ T 4ilfifgi=id %] TME Wi, 5
ZFE, nELhvE . RO EWEN R
s A O™ Yang % BFR R, ALK
circRNA-TRPS1 (4} 4 {& hsa-circRNA-0085361)
e e H AU IRER IR, 84 circTRPS1/miR-141-
3p/GLS1 fli 4775 41 At N 1% PRS2 7- i, #0461 T TME
o CD8+ T 4 MAE R, DA 00 i) T J% e 170 2
FA,

AP UAMA circRNAs 75 W R 72 48 i 92 vh i 2R 2
ek 2,

Table 2 Biological functions of exosomal circRNAs in urinary tumors

R2  HMBEIVARNAZE R RS AE P £ F ThRE

JirRr 25 7Y FEAR S HMIMAFIRRNA RIEKF AT RE S R

151 e BB s 420 S cireRNA-FMN2 RIS AR 3 41 A 1 [35]
Al P o

71 e IR AN A circRNA-HIPK 3 eSS TR N i 7 [39]
0] 3 4 P 9

T 41 e Tl 4 s 2 21 SR cireRNA-XTAP HRIE S TR 24 M 24 [41]

% e B PO i 2L 2/ 1 i Ak hsa-circRNA-0000285 ik it oy 4 B 1 4 [37]
it bR A B e 7%

55 e g B D 4 21 SR hsa-circRNA-0137606 fiLkis it e 4 o e [36]
it e A B e 72

55 e g B 1D i 4L 24 SR CircRNA-TRPS 1 &Ik I TMEH CDS+ T [45]

ke
B I PR e 1 1 g B IO SR L 7 g 4 41 AN A circRNA-PRMTS FRIE R b A e 72 [38]
5 37 T 44t e 5 37 T A4t g 2. 21 Hhik A hsa-circ-0035483 Ik S P A Al i 24 [40]

3 HMARIRIAR RNAZE b BR 2 4 Bl Jeg Fh RO 4
B

H5HAMR Z RS M —FE, SMIAMA circRNAs

TEW IR ARG h SRV E IR 7L, EER
YEN miRNA AR, Gl a3 NI A, ATl
e, EWIRRGEMBE T, BRTERN
miRNA 7 45, M WA circRNAs I8 1] 5 8 [ i 45
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G, REMN B AEY IR, A, Sk

circRNAs 7E 28 & m6A B4 5, 7] LA 4 75 25 M

i ol R mOA B Y circRNAs ] S5 EUA NP 5
FSPE T MG . P AR R ] e, 3

HAE WA PR 2 Ge g rh VR R BRI A A

31 KB iE ™ % % RNA (competing endogenous

RNAs, ceRNA) MZEHLHE]

AN IAMA cireRNAs 7] LIAE S miRNA 45, FH1E
miRNA 5 TR 254 . miR-29a-3p B #LE
S — R AR 0 AN IR miRNA 7 5955
ERHLES, miR-29a-3p ELHLUhFR8AK, 1M
PCa B % B M IMA circRNA-0044516 7K -4 fit J3E ot
WL THE . ANIMA cireRNA-00445164F A miR-29a-3p
4%, 18 33 % B miR-29a-3p, fi §if7 B miR-29a-3p
() 26 Ik BEAK , {2 Uk PCa iy #E AR ™ AP WA IK
circRNA-0081234 /K V724 HH B 1) PCa 41 41
T REMHEBE LM PCadl gl ik
circRNA-0081234 fF & miR-1 Ay ¥ 4%, L T
MAP3K1 /K, fE3E T PCadbfe, ZMWMA circRNA-
0081234 (1) 45 FE 75 44 A 10 il B g A= G B0 AR ais A
circRNA-HIPK3 7 h miR-212 A 4R, HE kb
AT AR PCa iy A= FERE T . B AR 28R DT,
I HARHEPCa e Ji T MiR-212 i i 4 i) BMI-1,
TR BMI-1fERIA, SEEME PCa 40 RIS 5 . 1T
BARZENBER. ik, SMBAK circRNA-HIPK3
S DR AR A 3 3 195 miR-212/BMI- 1 R il 1 5] i
a7

Xiao %5 BV ST & B, AMMA circRNA-400068
TE RCC H LM ANl & h 3k B, 5T I A
miR-210-5p 45 & K ¥EJHEAEH . LV R E 4
SOCS1 Hy#ik, fEVERCCYNIEsE, % RCC 4l
MO T . AR IA circRNA-400068 i i3 miR-210-5p/
SOCS1 ¥ RCC Uit J, circRNA-400068/miR-
210-5p/SOCS1 %l v #8 B 4 RCC A ¥7 (1) i ik
B Y
3.2 SMBMERIKRNASEZEARLES

HMUAMA circRNAs 7] LS DR R I R4S &, K
FEARN I AE Y he . FEREMERR a2, Suds
KIRAEGE ST, HMIAMA circRNA-ELP3 &1k I
T, 3 I e 25 e T AR DG SRR SRR S
kN 4 EA E A AR e X YHESE 2, 1]
AR e ARG 5, IR AR T, R
X IGTAEA Fg i 245 o

4 A IFIKRNATEDLR RGEMEHRIE
AL

circRNAs ff: 9 miRNA #5345, i i3 ceRNA {44
PLRITE W IR R G IR b A AR A WA o gt iedea
4 41 119 circRNA-BPTF 1E 24 miR-31-5p (1) 1§ 4 |
FHIE T miR-31-5p 5 T i #E FE K RAB27A 11 3'%i (1)
FHEAEH, e TR =

circRNAs i /] L5 AH R 1 8 F B4 &,
FEH M FRIA . WHER R Z K (androgen receptor,
AR) %54 circRNA-HIAT1 Jii 8 F [ ARE, #£%%
SRV A = SE P HIATL, 84 miR-195-5p/
29a-3p/29¢-3p Y Fi5, MY CDC42 mRNA &
ik, fEiF ccRCCHUNMIIGTH . TR FEZE

W RM], K2 moA &M 1) circRNAs 7] F: 3¢
PR NPT R 5 P T 4R TG Ak . DoA™ A i g 41
il . meA IH 4 B ¥ 2K AL B B g 3/14
(methyltransferase-like 3/14, METTL3/14) . Ji &
M HE JE A 5 25 11 (fat mass and obesity-associated
protein, FTO) . YTHZ5#3 % 3 (YTH domain
family 3, YTHDF3) Fl2 4f A A% 41 i B 18
IR F (eukaryotic translation initiation factor, eIF)
4G22 5 T m6A A T 1 B P BB e .
METTL3/14 Jy B 55 RS i, YTHDEF3 5 & 4ffi i)
FZ54, eIFAG2 5 YTHDF3 454, RESH, M
AT A . BRI BT PIaE ', FTO A A&
SEALmE, AT LU m6A 45 A9 circRNAs #7F. (H
B, WALR FRGE MR Hh v R WS HRE moA 1B Y
circRNAs,

circRNAs 78 [ b il 1 Sy 25008 B PR Bl 4 98 Ak
U E AR, BAEEM RN I E, S5
JEMIZWT . TS o DA G

5 WARR B Gy H A AR TR IR RNA 5 40 i
M INERNA R EE 3

circRNAs R ZFEFE TR H 4, 3
TR FE R I 3k 7, AN AR R A (f
FEEEANNL) I INBE R AN AN —
v, AR L B H 53 1) cireRNAs 7] DAL 2 5
BREYEEE R BY . AR RNA JE 53
T, AR Y circRNAs [ IF 3 40 i g
circRNAs #H 5 ) SMBAARJE ) cireRNAs A DA
Sy UAEIM W, A5 20 A0 R A A TR
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QaE SCHTIR, AN IAMA circRNAs 18 i miRNA ¥ 44 |
5SS G S LTITE MR R S8 MR v & FE AR 1)
HEFAEA, X 540 citcRNAs 2581, i T— %
1) circRNAs K ZF & FE7E Taifrt, Hr i T4
JHIAZ P ) cireRNAs 38 5 35 A 5L K 2 5, ol
Ji5% I 97 119 circRNA-ITCH, 4k 5 miR-17/miR-224 (1
Mg, A HOEA LR sk Y Ik, —
circRNAs X 41 Jd A% P9 3 R g R s 58 22 i A s 44
circRNAs X 4 4N L [ B 35 5 %2 . FEYR YT 7 T
L, 23 HBR A A SRR T R A A% N TR 2
Sy, bk, X EAMBAK cireRNAs /E A —A~ a9 7 #
15 cireRNAs A LA S r 7

6 SMAEIRIKRNATE PR 5 4t B B9 i

6.1 SMBEEIRIKRNALE i bR 3 4t B B £ A
24

circRNAs BN RNA T FGE , HAES/MBMAS,
circRNAs ik b4 PE RNA T 5 5 BRIk 2 4b,
HMIATEAE T I . PRIBCFIHAAR , ir LA AT LA
BEHNAMA cireRNAs VE M AEDIbric ) .

A A B R S PEPU R (prostate specific antigen,
PSA) sZHIS M IS W AE bRz —, [HHAER
JERAR, TEHBor RYERTSIARIE A= (benign prostatic
hyperplasia, BPH) f& & it 2338 ', B 3¢
S SIS A IR WoR , BUS I 2E R RS M A
circRNA-0040507 1% /K-F- 5 T BPHAL . H 4RI
MM cireRNA-0040507 12 Wi i 51 a8 14 I 08y
4.12 copies/ml i, {12 Wi i 91 Bt 98 B A2 It
{Ho PRIBANIBIA circRNA-0040507 55 PSA —H k4
ZMTHTH IR, R U RS S B A 8 T R S il

A& circRNA-0040507 A HL—12 Wi, 3R BH PRI A1 b4
circRNA-0040507 7] BE A > 15 41 B 9 1) 26 ) b it
Yro A, LisE @ SEa s kI, wie iR R
MR AMNBA T, SMIMA circRNA-0044516 (2635 1
ST =2 AR S o1 U RS P N/ %N
circRNA-0044516 7K -5 T35 7% i 47 Bt g 4t it vh
FRIAMIMA circRNA-0044516 7K, 2 W IfiL 7 2 b4
circRNA-0044516 A] fg 2 i 51 It 98 20 A a2 W A% %
TETE A AR . Luo % ' #F5 &K P, 7E PCa
REWRE, TN T O B ik T
REAEE circAR3 ML Bz AN i 21 <L, ZRad i
LA ML . HeAh, RS T S IR R B 4
¥, XA T] BE T BN AA cireRNA-AR3 B il 21§
WRGh L, fEPCak BT FEH, M PCa iRk
| i3 (4 M4 cireRNA-AR3 34 hm, B, i
I AN A circRNA-AR3 AT R 2 i 16 i & 1 i 41 A
A bric )

WFE K, AMAMA hsa-circRNA-0000285 7 i
g ZH SURN LI TP ek R, S IR ARk R A A
b, 4R 25 B B9 circRNA-0000285 7K F-
BT 2/3;5 1 AE AR T A2 () RT4 40
hsa-circRNA-0000285 7K -k F 04 i, ik,
I 375 71 M54 hsa-circRNA-0000285 1 1] 7E Ay fi% e 9
W ALY AR AR IC Y P Yang T R BR,
P8 PO s AR T B AR S ) MLV B R 3 5 e A I A P
P E F T circRNA-TRPS1 323k, A JS I &
PR ¥ T A A circRNA-TRPS] 18 35 35 i 2 P& 1%
DCBE AR T I AR IV R R TR A W A R
circTRPS1 HAVE R AEWFR EWRITE 1.

IR R AR 2R G e v i A AR A Y S
1A circRNAs i3 3,

Table 3 Exosomal circRNAs as biomarkers in urinary tumors

R3  (EAWDR RGN E AR E YA SM b circRNAs

iy 7 A WA B AR SRR FRRRNA TILIKF Il PR X E= BTN
T 41 s 1IR3 circRNA-0044516 mRIE kR B [49]
51 e SR circRNA-0040507 mRIE 5PSABE 2 [63]
i 51 e ik circRNA-AR3 LKA R ED [64]
55 e g ML PR citcRNA-TRPS1 [HE3e Hbr [45]
55 e g 1% hsa-circRNA-0000285 fiLkix bR S [37]

PSA: HiZIRREFIESLE

6.2 SMAMEIRIRRNA B Filh IR & % B B8 T7
ME
AN B A GKRH R  FHap DL iy

HE SR 4 /5, 1M circRNAs HAF B IiFpyfa et .
TEANBMAR TR RS . I, AN RTE R 7K 2,
PR 259 B R SR A4 1)) B3 Y cireRNAs i
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6 F 4 A R AT B OREIR T Y . — S AN I IR
circRNAs 7£ 0 R 72 G0 Mg v 2 #5410 98 ik PR s g Bk
HEER, A SFYUBZaYIrER . SoNBIA )
circRNAs 1F A Jas L R A B, vl DA 3E O e 1K HE 3R
ik, AN 6 1Y si-circRN As 5% sh-circRNAs £ 7k
WAk R o AN WK 4> W si-circRNAs Y
sh-circRNAs ZI|#L40fig h JEA T HU PRI TT 5 4o
AP cireRNAs FE i S R i s, a] LAl ik
1KLL circRNAs 1 i i J2

HEBL AN IR cireRNAs I8 5 1A R 28 45 iR B4 i
MEARIC, SRR AN A e 4 A 244
circRNAs, SIS M A A H A2 12 ke 4 B i 2451 71
circRNAs ¥ A 1E A # 24 a6 7 i A5 .

HMIMA circRNA-0000285 T 8 1F 52 7 I 4 i 25
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Abstract Exosomes are membranous vesicles containing complex RNA and proteins, which are mainly derived
from polyvesicles formed by intracellular lysosomal microparticles invagination, and released into the

extracellular matrix after fusion of polyvesicles extracorporeal membrane and cell membrane. Exosomes mediate
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cell-to-cell communication in the tumor microenvironment and their function depends on the cell type of origin.
CircRNAs are a class of non-coding RNAs generated by reverse splicing of pre-mRNA, which are enriched and
expressed stably in exosomes. Exosomal circRNAs play an important role in regulation in urinary system tumors,
and have biological functions such as affecting the proliferation, metastasis and apoptosis of urinary system tumor
cells and regulating chemotherapy resistance, which are mainly realized through competing endogenous RNAs
network mechanism and protein binding mechanism. Compared with the biological functions and mechanisms of
circRNAs, there are still fewer relevant studies on exosomal circRNAs. For example, the function of regulating
tumor angiogenesis and the mechanism of m6A modification affecting tumor progression have not been reported.
In terms of gene regulation, circRNAs have more regulation on genes in the nucleus, while exosomal circRNAs
have more regulation on target genes outside the nucleus. Because exosomes are widely found in various body
fluids, such as urine, and the expression of circRNAs is abundant in exosomes, exosomal circRNAs can be used
as biomarkers for urinary system tumors. In addition, exosomes themselves have the advantages of nanoscale
size, long life span and strong carrying capacity, while circRNAs have the characteristics of good stability.
Therefore, exosomal circRNAs can be used as targets for anti-urinary tumor therapy. Exosomal circRNAs are also
associated with TNM stages of urinary tumors and can be used to monitor tumor progression and patients’
prognosis. Compared with exosomes from other body fluids, urinary exosomes have more sensitivity and
specificity in the diagnosis and prognosis of urinary tumors, which is a new research focus in the field at present.
However, exosomes extraction and purification technologies are limited, and exosomes of specific donor cells
cannot be mass-produced for targeting drug carriers. Therefore, the clinical application prospects of exosomes and

exosomal circRNAs in urinary system tumors are still worth studying.
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