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Fig. 1 Exosome biogenesis and the sorting and secretion of circular RNA in exosomes
1 SMMERIFRL
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78 Y TP 40 P miR-7 5007 FE Ak, AN
circCDRlas & ik /K °F W 2 T 9, 1 40 g b
circCDR1as % ik J1 7 . c. RNA 45 &4 H (RNA
binding proteins, RBPs) RGIHAREE LA T H11)
RNA, FfI#IMNIAMA circRNAs 4335 45 20 il .
RBP hnRNPA2B1 W] #f & # 4 # miR-198 Fil
IncARSR 73 BEHE A SN A 54505 DK s-8 2 i 43 A1
WA 4E RBPs, X2t RBPs i it 5 circFAT1 454,
Z 51#¥E circRNAs 73 2 B0 (K2) .

® [ e RBESCRTAURIA RSN T

A5 5 FURAMHEAILYS

Syntenin) RSP A 1, #AMVB

CRab D WRTERNIZ S

HEMVBHE S, IFEILVSFRR

e/

Fem e e e e e —

S AcitcRNAS A A TR RLS) |

Nﬁ% 24 ProicRNASH 41 i

IncRNA-UCAL

cirePATI O(RBP)  RBP L IA #5724 415 AU fcireRNA

circCD1as
miR-7 O miR-7  circRNAs Al {E AmiRNAME4

miR-7

© SR O ERCEL b icireRNAS

Fig. 2 Exosome biogenesis mechanisms and the sorting and secretion mechanisms of circular RNA in exosomes
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ZE g i e A A 2 ] 1 (metastasis-associated in
colon cancer-1, MACC1) /MET ifl 1 K ## 3§ MET,
MET itk 51 “RBHAR” MEZR4Y R
N, AR 228, AR . EMTSE @),
I, A UK circPDESA ] i i miR-338/MACC1/
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100338 il i:f 55 NOVA2 AH EAE IR Il 45 A bk
Fz 4l i@ (human umbilical vein endothelial cells,
HUVECs) IR, MA@ AN, FEms i
MAIERERE S, (EUE HCCHERS . ZEAAR P i m ik
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N TNF-afl IL-6 Y3k, T E 98 hE I b A i
A R, Wang 7Y W R KB,
circRBM33 1l 3 i o 4+ 145 A miR-149, B8 i 4 4
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[ /i 2 (matrix metallopeptidase 2, MMP2) HY 5
ik, 1S NK A sh kit 20 4k, 5% i A
PRI S B bR #E R ") | Tian %5 2 HF5E R0, 4b
WA circRASSF2 1] 55 4 4 45 &5 miR302b-3p, [
IGF-1R 33k, dEmi s E K 558 . Of
o, R L AniE, Bl IGF-1R 7]
BOmAnER %, ff c-C EFafkE TRk 2 (C-C
motif chemokine ligand 2, CCL2). IL-10 #11IL-6 F}
= B TNF-a, MM CD11b+, CD45+H14%
YIRS MMP2. MMP3 Fl MMP9 [ 3% ik
I Jo0 ) A 0 4R 28 e R B I T 77
I, AMUAMA circRNAs 1 7] GE3 i 1842 IGF-1R 5%
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miR-132 M EAE R, A 2 Ji S5 U8 4t i T TMZ i ifi
24 3K AR AN I cireNFIX A 82k TMZ i 24 i
Je4 I VA YT 4R A T A . Han 25 B0 BIFSE [RIRE & BR
AR circHIPK 3 3 32 8 4% miR-421/Z1C5 %, ] fig
T I IO 96 240 A TR e Joe A B X TMZ (T 25 . 3%
P e 8 AT R A A ATP R P A K
AT T 25 . DN R R il M2 S 7Y (the M2 isoform
of pyruvate kinase, PKM2) 7Effi fb i M fift o 2 v
AR . Wang 25 Y BF R 2B, MK ciRS-
122 38 331 35 4 PR 45 4 miR-122, | 3 PKM2 {12 4k
s, ISP 250k 2 A G . TR PR T

FIAAR R RN, SXF IR M EL, A T R
CiRS-122 Fy A b A, G BP0 40 1) S 07 5 A
B, BRI TE AR ciRS-122 B4 A W A AT 3 5F 1 5
CiRS-122/miR-122/PKM2 Hli A 417 thil W 1 fige I - 106 7 Xof
BLYDFIEARHET . 253t , AMIA circUHRF1 1] 38
1t 45 4 miR-449¢-5p b i TIM-3 ik, 7 NK 4
Jii, 3y BE Sk 30 7] 4 % . Zhang &5 ) BF 9T K, AE
HCC 4 g k% circUHRF J, #2773 PD-176
JPRUBRMEIR R & TR AR X — 25 R,
AN UAMA circUHRF1 7] 68 80t PD-1 & IR YT 24,
HHCC BE AL T —FETERIRYT RS . A, I
J 98 U251 4 1 ok 5 7 S0 WA AR circ ATP8B4 1] A
miR-766 HMELE, M U IR 4 s F kb, 5
SRR AR LR 2 7 2 L B R SRR R, 2 Rh ANk
{4 circRNAs 5 g i 25 % UIAHOC, AT BB BB IT
FH IR RS 247 1) — AR

2.6 ShiMAcireRNAsIEE H At [F =
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Xu &g S B, AMAMA circ0109046 Fl M b A
¢irc0002577 A] 3@ 1 5 miRNAs A EAE], ikt
BBt . ECM-S2 (A0 A FH AN LS 26 1 A A 45 ik
TR SRR e 240 M ] RO, AR 8 P R A
e EEERS AN, Zhang & ISR R, AN IBK
circSATB2 7] 5 miR-326 45 &, L ANLsh & AR
1 1 (fascin homolog 1, actin-bundling protein 1,
FSCN1), FEEAE /N e fili 6 4 e ¥y 36 5 . 1278 5
=22,

JiEE GO BE A5 A ek, ) A ik R B HE )
(I JC LA ), 76 B 0 kA &R b R R R
JH 560 ANIMA circRNAs 2 5 T 3B [ 2 o 28 1Y
ot . G, DaidE Y LM, FENLAPERERE S
M R L-02 4, APMMA circRNA-100284
Fik B, I S miR-217 AHEAERT, s 40
JA, fEHEL-02 4l Me b5 . DL B4R, Ah A
circRNA-100284 2 5 7 W fift i £ 5008 o 72 v 40 it
(] Fry 3 TR

DA BR85S 36 BH AR IAMAR circRNAs 5 411 Jifd &
2 MR R G, (R AT A (3
1, BE3) . s, MR OAEEIE 5 I AH G AT 4
A M (cancer-associated fibroblast, CAF) . ECM.
B AR S5 A I R B VAR 5 8 AMIBMA circRNAs &
PRI R AR AT, (EAFIE— 5T
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Table 1 The role and mechanism of exosomal circRNAs in tumor microenvironment
R1 SMibEcircRNASTE PRI R R EIIE R SH1H]
circRNAs FEARIEY frggia RBAKE PRSI H ML EE BTN
circPTGR1 LIIRGEARSES JH-a8 AL (EHEEMT, BRMERMIAEE  E4 PSS S miR-499a [59]
fazs
cireNRIP1  4Hff0d% 97 13 i s OB MIE RIS, RHFEMT Se4+PE45 GmiR-149-5p: #H#%AKT1/  [58]
PUSU/ZEN mTORA
circPRMTS  4iffssR 13 SRR AL THEMT eG4 A miR-30c [60]
LI bR
circPDESA  [L3Z A ik I e ERIE EHEMT PEZE 4 miR-338; WIEMACCL/  [63]
MET# i
circRNA-100338  Ifi 354k ilb 4 JH-as [T SN | = Ra SV S5NOVA2A EAE M HATHUVECH  [64]
BOBE I AR ORI
circ-IARS M3 A sk i g mEE mERL 354 P 45 4 miR-122; W FTHUVEC  [65]
I B4 B R 3
circSHKBP1 Il &Mk BRI Al A L A JiEmiR-582-3p/HUR/VEGF il # [66]
cireNFIX LIIRGEEARAES R 5 R mERRIE A TMZIi 2 FEFHELE A miR-132 [79]
circHIPK3  ZHfiuds 7z i IR 58 RIS Y R TMZI 25 PAFEmIR-421/ZIC5H % [80]
Ak A
ciRS-122  #fiffuss b 4iEE fAIs T PR BV R 2 SRS A miR-122; L iEPKM2 [81]
LARUIZEN
circUHRF1 4k 9% ki JFE Ik P R IR T 2 e PELE S miR-449¢-5p; L [82]
NI T RVSEN TIM-3
circATPSB4 4l 77 b i B2 I8 Ik R BOT G FerPESE B miR-766 (8]
LIS
circ-0109046  MUIHAMAA  TEANBYE  EERE R . ECM-%4k FE4HPESS S miRNAs [84]
AR AR F RS R 4
circ-0002577  MUiEAMEAA  FEABE  ERIE R, ECM-Z4k o PE4E A miRNAs [84]
HAELAE FH AL SN 2. e
circSATB2 Mgk A gl mRik B A g e 4P 4E A miR-326, IFSCNI [85]
circRNA-100284 Zii k%77 Ei& JHHea ERIE WEH RS TEHH LA miR-217 [87]
CIAUN
circRASSF2 4k 7% Lif WS L REEKET 2 545 A miR-302b-3p;  WIRIGE-  [22]
L S M IREIE

3 IMIMEIMIKRNABIIG RN AR =

3.1 SMiARcircRNAsYE A B4R 4

VFZ PR 3 R TSNS S A2 i E 15896
J7, RO IR R BT MER AR AR R
P, SRR AR S AEY 2E bR B X E . 4
WK AEAE T 4 Bl L T 0 A A P
circRNAs f& € . 57, B AN, AL HrEk
ik, $E7R cireRNAs VB0 7 12 Wi F U An 9 1Y
ALREME 232 0 AMIMA cirecRNAs 454 1 A4 il
circRNAs 1E N g b s i e 5, B mi ok 40
TCRMERG I AL bR P i B4 RS

Wu & 2 B g T AR AMA circFNDC3B 1] R & —
i i IR B FL S R (papillary thyroid cancer,
PTC) I R4rFhr & . AN AA circFNDC3B 1] 7§
U miR-1178 45, {23E PTC HIFEIE . Ak, SMMA
circ-IARS 7£ PDAC % # [ 35 1 1L 3¢ v 2R3k i,
A B AR TR TN B R AR e . Li A5 1 BFSE R
B, AMAMA circPDESA 5 PDAC £ i 37F e A
A, R IMNMA circPDESA 1] fE & PDAC .12
AR T T () B AR A . AMUAMA circRNA-100338
Y5 HCC A MRS L AR A ADE, ATREACN AN R
HUG RIS AR bR (. He %5 ' LB, AHAS T Tk

SR T ARS8, AN circRNA-0056616 1E
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Fig.3 Exosomal circRNAs promotes tumor growth and metastasis by regulating tumor microenvironment
E3 ShidFcircRNASE T ERIMNEREMBERKEHE
ML AL 5 WS MR crie RN ATE A SZ ARG, AT ) 36 4 P45 ArmiRNA LLSAVE F 1 iR 3k D)5 e Jo e flc oA o 9 AN e i A K S5 7688 ok
V5T g AN Y S A cire RN AsiE AN TR SZ R AIAE, AR AN TR IR AZ AR IR 5 (a) PPSREZ0M: 5368 AR cireRN AsHE A [F] (1

MR, TTIEEEMT SREMA K DIshE AL,

o . AR BT R BRI A . (b) HUVECs: A4 circRNAsT]

R4 U045 A LA R A5 P B 0 TS0 3 . e 200 43 s i A WA AR circ RN As AT B2 586 1 A EAE A, Wicire 1003387 S5NOVAAME , JH44

HUVECH S . M55 Az DA B IMAS N B2 403 1. SN A circTARS i)
AR TMZIR 2. (d) BEIPFEAMURANNG . SNBACIRS-122 7T JE$5 40 i B Vb F AT 25
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Abstract Exosomes are extracellular vesicles (30-150nm) that are secreted into a various of bodily fluids and
interstitial space by all types of cells. Circular RNAs (circRNAs) are a class of non-coding RNA (ncRNA)
generated from the precursor mRNA (pre-mRNA) backsplicing process. Recent evidence suggests that circRNAs
enriched in exosome, and play an important role in tumor microenvironment. In this review, we discuss our claim
that the biogenesis of exosomal circRNAs, including the regulation mechanism of circRNAs sorting into
exosomes and releasing of exosomes. Then, we elucidated the role and mechanism of exosomal circRNAs
regulate EMT, cytoskeleton, angiogenesis, metabolism and inflammation, immunity and drug resistance in the
tumor microenvironment. Finally, we discussed the clinical application prospects and value of exosomal

circRNAs as tumor markers and therapeutic targets.
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