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[Abstract] Circular RNAs (circRNAs), single-stranded covalently closed RNA molecules characterized by unique topological structures,

have emerged as pivotal tools in biomedical research due to their exceptional biostability, low immunogenicity, and therapeutic versatility.

This review briefly introduces the biological functions of endogenous circRNA and discusses their expanding applications in drug

development, with a focus on the latest trends in the development of circRNA aptamers, circRNA sponge, guide circRNA, circRNA-based

vaccines and circRNA-based CAR-T immunotherapies. Besides, it comprehensively analyzes the in vitro synthesizing methodologies,

including chemical and enzymatic strategies, and analyzes in depth the challenges in circRNA drug development, The review concludes

by exploring future directions for circRNA technology and its transformative potential in advancing the development of vaccines and

therapeutics.
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Figure 1 The biological functions of circular RNA
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Figure 2 Applications of circRNA in medicine
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Figure 3 Schematic diagram of circularization of type [ and type Il self-splicing introns

HPR fi % F| FH B 4% 2RO DNA FE B b, 18
1T V& 8 (rolling circle ) /& . Ml A 55 Y) #L 6l 5 A%
cireRNA, 7EX—ifFirr, #5747 HPR M4k RNA Hi
YT B 2 FEA VIENS PR S:, XTRTIR RNA
TroEl, A RNA rpalA ) 5-OH JEHTF1 27, 334
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Table 1 Differences in various circularization techniques of circRNA
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alifk, EARWKOREE. HEBOGR .. 240, B, 8
e Ll AL S0 R, LARA PR ITORE 1) v 20 1 A
gt By B, s RSN S A R RNA 43
+, IR R A bR ES 1 ( deoxyribonuclease | ,
DNase | ) Z[r DNA fif, FrarfrHmEaifb. ¢
B 19 RNA FR AL AP 98 32 2008 i 9 3% 1 09 45 1 3 T4
RNA #AERHESIE, Horb N & F By 4k RC R sk
W I B2 7 bk . 2K, circRNA BB 7E I LNP 2
KWL R, ST MESE, BREAH
RETE

TE cireRNA 259 pyE =il firh, X 2% o i 7™ 4%
R T 00O 2 e A R B R, O
BRI LPE RNA AR T, W& T
JEA Tl AR = i SR SR AT RS | R AN L
Y B SN, SR 245 ) ) B e PR RN 2 2%, 2 i
RPN RRIER N, FEARGFHR. Wik,
il 5 T2 ARSI 22 2 BT A /K, X T e iz
R XU St = 25 s v L L et R SR R G
HE,

KT SEE R HAR, SExAE e R R AR A
2 2 Jot STl A B A I A L. 2R RNA AR+
49 ASE I 3 5 B R RO A €2 3% (high-performance
liquid chromatography, HPLC ) = # M #% % [ R

(ribonuclease R, RNase R) i1 1k 3 B, {0 [K H

55 circRNA 53 F WA XS 73 F B i AH AT, B0l 70 5
ARG AR A5 52 A%, Ak, 248 T4 RNA % 2 i
R, T 38 A FEHK S W I (enzyme-linked
immunosorbent assay, ELISA ) AN FI IRk &4 1
T4 RNA 4%, [FIEF, X% RNA ( double-stranded
RNA, dsRNA ) (% T il R g it - b i as
BIEATINE , LASPAS LRI RES | A9 e s 2.
TS A5 R X TR AN R AT A 7 o R b A R A AL
W 2 OCHEZ, MIRRAYN RN G A K,
LR AN RN 5

SR, T circRNA FAR R4k & R ke ny
BSEOR, YR T2 AR A 4 b 2R HE
A BB AS AR R, (HER 3 55 FIFEA HAS
WA cireRNA ARG, 40, dsRNA & IVT i fr
G, W circRNA 72 54 B B8 TS8R
SR, ERT R AT & HiE T KA (1) dsRNA
FACERR T, ALEEE A H] IVT K 45 F L2
dsRNA A i, [FIEE, BUA A T B 2R Tk
() ELISA R, % 7 ik B — @ 097 50 ALK B i

PPS

Itk PR, FRE A R U A AR 328 R )
FEM GEARIGERE 3 A, FeRIHE S REA L AR IR
MPET, FFk AT 3 H BE AT A circRNA
249,
4.2 circRNA 2541693 1%

circRNA 1E R # 240697 T B, B EA mRE
FVI A B P AU s, AELAE S3B2% J THIATS T I 22 T 1k
i, HTT, LNPs &N i) 2 H &2 circRNA
Bk T H, BA AN, A AR08 R,
MIFEH cireRNA 38 3% 2 JFHE LIS 4120, LNPs
(A3 SR R 25 A7 B PR, PRI SR LA T AR
S

HAth 338 2% 2 45t 7] H F circRNA By 2%, {H
SAMES . B, SRR EA RGP
IR I, H A i ke 5 A Zh i A 5L A 5 8 5 o
P, FHNEY DI REI T ARG, X555
alifb ) i = A AL RAE Ik S T i AR R .
I B R URL R SR B O e . M G, (H AR 7 A
A, bk, HAATEREBRENAES 2EE
SRS A T TE XU . eAh, B TR ] =X
1) circRNA 254X 30 77 22 R A FA= ) A1 v A B
ST i S AR RS 2507 RAXERE . R,
i 20 S BRI & A s IR bRk, ki
FEor KA cireRNA FELBSIAIT B R FETE 7 1.
4.3 circRNA Z¥Ir) R &4

circRNA F AR IE VB il A i iz —, W]
RZ A R, SRR AR T, s
T R etk 2R, ASFEIPLE SR H Z iR
SEEMAFETZ, 53X circRNA P25 R ES 255,
TN — B 25 7 i 0 A T P A A PR A A ok
PR, XAl AR A A BT S B L B R K
KL, HH—ER 25— 0 AR TR X e 5
TR AL R e 2O

circRNA 254 i i AnifE A 2 — A 4l 1
WREA T BRSO . TP
i CE AR B A . i A B o SR A S AR . A
it B4 7 A28 S 4 o) LA R g X 0 AR e 3t A )
JHE P . X SRR AE Y ) T 2 S % E bR A E R
WA MR ARSIttt AR TAEZHZL (World Health
Organization, WHO ) . 3% [ 24§ #L (United States
Pharmacopeia, USP) , & NMPA 24 /i I 87 1.0
( Center for Drug Evaluation, CDE ) & 1l fU4 R4EH ,
PLILARBE cireRNA 25902 v . AR A= T
R —EhE

AR, EIEHR (JCHIE R HERH (335 F s AH
3% ) FE circRNA [ 2l Ak 1T £ 4G ) Hh & 4 5
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YEH, A BT B34 #H7 circRNA H nicked RNA
FIRTIRZETE RNA 5295, DA ITA DR e 28 7= il ) It

L [44
TR

circRNA HARTE R 2547 ML AU AT S 5 52 03, R
B H AT IR TS 2Pk X IEMRFRY circRNA 7301
PR FCAE 20 0 P9 B RS E PE R A B AR T, TR
FERANGRIT 2SR I B R ) .

TEBAR N R 5, cireRNA B HH T
mRNA BEV, B H I AR P A0 AR i) e I
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N TR FERITPERL AR, cireRNA 7E8 FH A
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