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[Abstract] Circular RNA (circRNA), formed by reverse splicing of pre—mRNA, constitutes a closed—loop
RNA structure with diversity in molecular characteristics, biological functions, and regulatory mechanisms. In
recent years, there has been growing recognition of the roles of circRNA in various human diseases, serving
potentially as molecular biomarkers for disease diagnosis and prognosis prediction, including the classical
autoimmune disease systemic lupus erythematosus (SLE). Currently, dysregulated expression of some circRNAs has
been observed in SLE, which can promote the occurrence and development of SLE through different mechanisms
such as "molecular sponge" effects, modulation of signaling pathways, inhibition of protein kinase activation, and
induction of cell apoptosis. Another part may serve as potential clinical biomarkers for SLE, holding translational
potential. This paper reviews the research on circRNA in SLE over the past years, aiming to provide scientific

evidence and references for subsequent studies on circRNA in SLE.
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IR RNA( circular RNA,  circRNA) /& Sanger miRNA siE R4S, . B3R5, BiEsk
LGRS SE SR RE S, BB 1 R IL B PR 8RS S BRI RE Y . R R G
4% RNA Y, HAZMAYAER, HEds ( systemic lupus erythematosus, SLE)J&1 18 ¥4 H

(FmBH] 2023 -09-22

[(BE£mH] BEXALRPAEE I H (82060305)

(EERMN] 22/(1998 ~), &, =EPSRRAAN, TEERMEmoEd, FENFERGEELIORIE LRPLHITIE TR,
LEE{EE] kEl, E-mail: zhangrx2005@163.com


mailto:zhangrx2005@163.com
https://doi.org/10.12259/j.issn.2095-610X.S20240622
https://doi.org/10.12259/j.issn.2095-610X.S20240622
https://doi.org/10.12259/j.issn.2095-610X.S20240622

162 R ERKFEK

SR, AR R 280 A SR
PURIEH A 48D, BaiRRC AR R
SLE 5itfe . BRI R AOC, HH B &ML
AT 2 W cireRNA B BRAR 45 44 {f Ho A8 2 1
. AR IREGEME, b, W 2IT
T, PROIR RNA BIA R A2 L 2R g RNA 47
A s S TS AR IR T RS A TF R R
T cireRNA £ — 885 WL XR P & 4 & R i i
YEFAT AR SCH S X cireRNA 78 SLE H i F
SRS TS5, BAE A SLE Byt — W5 Fn By
HERMEST

1 circRNA BI4EY=Ih8E

HLAK P9 8 11 44 {5 {# RNA (precursor messenger
RNA, pre-mRNA)JE B, Al & # ey 8209 7
A L mRNA, B30 o 52 1) 39 422 0 F 3 14
5% 5 1 3w AR, TE R AIR RNA 201,
PRI ) BRI, R B A6 20 i Fn 2 21
AFRAR RNA SEEEREAR™ ;s (H cireRNA 7EAfAH
grAE )z, HOEA SR S M R4 A R E
T R o AR A R 12 9T O T R B B R
jj[mlo

circRNA (R LR B R 42, NETIF
G 1] () 52 e P B AMBCXT , ff pre-mRNA 7] JE j% 3
KR RNA 4>+, il . Sh & F FR 4R RNA
(exonic circRNA, ecircRNA) . N & F ¥k RNA
(intronic circRNA, ciRNA) FA G F-N & F IR
RNA (exon—intron circRNA, elciRNA) "V H {4
B circRNA EZ 4 ecircRNA, LA 1. c¢iRNA
FEGENL T AMIAR , A AR R A s M R T
ecircRNA FEE AL FANAE T, 75 miRNA
AR miRNA JEEP Y RIB K-, KIFE “orF
M BAER MY, BAE, cireRNA 8 24 7 2
mRNA 5 IR BT HIE L & 79, SOLHO A R
A4t A AR Tiae ™, mmAa MR RA,
circRNA AV RES A% 2 1 BT, 30 AE I 45 40 A 1] 1Y
S, U, cireFBXW7 #8113 H 898 £ Ik
circFBXW7-185AA, A i i N6-H1 A& it H (N6
methyladenosine, moA) AP S B - E
FHEAER, mZAMHIZM Wat (5-5& S80S,
AR, AR —S8REE cireRNA AT B 25 78 41 g
[ DNA LI, JERLERIR RNA-DNA Z4 A1k, dkiii
FH DNA A8, i RAE LR, XA AR N
(4352 % 73 AT BEIFS ARG AE . 1T cireRNA 7E3X Horp
AEH RHEEM . 28 Bk, cireRNA A LLITFJL

55 45
& [ G
£k mRNA
WY 4%
pre-mRNA ke ‘[ Sy
G  © G O
l FALE S
IR RNA,

HMETFOIR RNA W& TR RNA - SR - A& TR RNA
1 IRk RNA BB R KB (K EEd Figdraw B%4)
Fig. 1 Formation and types of circRNA( This figure is self-

drawn via Figdraw)
FPAEPy e OhfE . (DI N R (2) “0 i
@7 VERL ) IR A5 S i s (4) Sf
FET; (5)15FDNA &A%, HAh, cireRNA (B AT 4%
H AR LR E R A, ARSI R
EEMAEAE DL BB, cireRNA 7%
T R A K S b BAT BB AR )

2 circRNA 7£ SLE HffyRiAiL

— 48 circRNA B F2 B PEIE 7E SLE 835 A fg
N2 5 . Zheng 518 L, SLE B35 7k
J& & ik i 5 has_circRNA_100236, has_circRNA_
102489, has_circRNA_101413 2 1k &5 T B 0 1
M, H5RGEVELLBRAE PN 3175 2L (systematic
lupus erythematosus disease activity index, SLEDAI)
WA R IEM G, Luo 551 &I, ik SLE B I
K BE AR hsa_circRNA_0000175, hsa_circRNA_
0068367. hsa_circRNA_0044235 Fll hsa_circRNA_
0001947 SLE Y3 ik 7K - B Sl A T4 e XS IR 4,
G W3 26K PR A2 SLE Byphsr fERi N, Ieah,
hsa_circ_0082688. hsa_circ_0082689 F1 hsa_circ_
0008675 7t 50 4] SLE £ % vh 2 2 L, 1M hsa_
circ_0082688 Fl hsa_circ_0082689 Bt & 12 Wi fiE i
ARIX 5 SLE 83 FE IR AE T R (rhe-
umatoid arthritis, RA) FIf#ER A2 AA —2 cir—
cRNA, H Il has_circrna_102531. has_circrna_
103984, has_circrna_104262 7£ SLE & # Ifil 3¢
F 5 FF &, 1 has_cirerna_102972 . has_circrna_
102006, has_circrna_104313 ¥£ SLE & & IfiL 3¢
FIRREMRPY, BRT SLE, cireRNA 1933k 2% JH1E
JE R T B 2R A AE A RA B )8 o Lu %22
KB, 5 SLE B#H AR IRAT L, RA B
A0 JE I B4 21 it ( peripheral blood mononuclear cells,
PBMC) H'hsa_circRNA_101328 1) 2% 35 B . N 94,



5 6 4] Es

J1, AF. FRR RNA 72 R GEPELL BRI b A TR N T 50 2k i 163

HE CRMEAMMHEZEEEHME, Bz,
circRNA A9 38 35 28 38 0 /776 T SLE &+, X
B2 2 R IKAY cireRNA B4 2 5 T SLE B9 & 4
KT,

3 circRNAZESLE #4445 REHHER

SLE @& THBRM LM, w5k . w5,
W RERTTEZRE R, B ARRn
L, HRIEHILRAEA W E T, cireRNA ©
BEUESE S0 . O AR . BRI, H Bk
PR A OC . B WFIE TR A, #8453 circRNA
PR BT VE R B B g PR A0 SLE W IR IR 297
EYIbREY), AN SLE f &R AT 2 IR 5C
3.1 circRNA 7£ SLE iR E R eI &

circRNA il i K IEZ R A =~/EH, W “ 4
T4 ” fEHZ 5 SLE (P ik R . Zhao 45 Y
% B S F c—myb 3l 1 1E [a] 855 4 A & -2
AR a W3 (interleukin—2 receptor alpha subunit, I1L-
2R a )RR TSLE BI#ERE, 1M circLOC1019-
28570 RIFEA miR150-5p BTN c—myb 76K,
X $2 7R cireLOC101928570/ miR—-150-5p/c—myb/
IL2R o 8 % 0] 8~ SLE & IV ZE AL $2 15 L
fi#, cireMTND5 ity TLBAAIERZE A, Luan 452
AIRFFE 7R, cireMTNDS 3 i 15 25 1k MIR6812 1]
DA 8 R 9 B 4R 1) B Ahr A 45 475 R B £ Ak, ik
I #E [5] cireMTNDS/ MIR6812 Hl1 1) V4 J7 51 2 ok 3%
SLE B R &R . Beah, WIREER cire-
RNA JE /% 16-26 bp () XL%E RNA (double stranded
RNA, dsRNA) EA7 $ il 41 ffd v & F1 380 (protein
kinase, PKR)¥#IE R ZIfE, 1M SLE /) PBMC & T
Y P & A %8 dsRNA FY cireRNA 52 26 3k 1] J 42
PKR 19 55 BOIE R BR P, T PKR R Rk
SLE #15¢, circRNA #14il PKR A9 75 5 SLE &%
Z IR AT REAETE LR C &R

circRNA i B8 I8 #2175 53 B 52 ) SLE (19 % 9%
HERE . Mei 227 R BLSLE HE KN circRACGAP1
(1335 T 8 HiZ RNA Al /ESN miR-22-3p A4,
fifi PTEN/AKT {55538 6 2% 3 DA 17 B A% SLE %99 (1)
K. Guo %508 58K M , cire_0007059 7] i@
1 B[] miR—1278-SHP-1-STAT3 {5 S %, W%
THMEREREFRMBE P RIEEH, R
circ_0007059-miR1278-SHP-1-STAT3 if 1% 3} 5
TRIE BRI VEEASE . Zhang ZE2 K PL, circETS1
RE 3 37 miR—1205/FoxP3 #h #1 #] Treg, M T {2 3

SLE 7t , XAl RERLA SLE JGI7 BUHTHE A . Hah,
HHHFKET ciceRNA 77 DAERIR I R Gtk
FEARHE (juvenile—onset systemic lupus erythematosus,
JSLE) H W /E FH, & B JSLE B 3 ' hsa_circ_
0008945 /K- 2% Jt 5, H. hsa_ cire_0008945 A
fE3E PBMC RGP T-B, 1 PBMC AP T AT BE S 3L
R GWUURR, SRR E R HE, X2
circ_0008945 7£ JSLE 1 B 1 H B B 0F 98 i 38,
Ji DA SLE 19 & R LR T 58 ) LA
3.2 circRNA 1E4 SLE B E IR K EWiRE

i 1k B8 B ) 43 BT RN S I A B T BE
(real—time quantitative polymerase chain reaction, RT-
qPCR) FUSZAER], SLE 3% PBMC Hh i 3 50 %
LB circRNA A 1603 4>, Hrf hsa_circ_0044235
il hsa_cire_0068367 7E SLE 3% W Z WK, BF
— AWK E T 3R 2 Fh circRNA 7£ SLE Al
RA B TP EAZEE 5, Li %5 ZBISLE &
# ™ hsa_circ_0006689 [ 7K *F- '~ & H 5 SLEDAI
WorAHSG, #E—2PH, ¥iZ cireRNA 541 dsDNA
PUARFIPL Sm PURB A2 Wik $2 5 T SLE 27 11
U, 7R hsa_cire_0006689 7] fE-& SLE 2 W
I FEE YA EY o T circRNA 7£ SLE JLE
HfE BAMR, fAFHRBN T SLE L circRNA
TR, B~ hsa_cire_0057762 F1 hsa_circ_
0003090 /K- A] VE > SLE L5 it B B8 At % 51
$ekr, H hsa_cire_0057762 /K315 SLEDAI-2K 43
BEIEFE; AN, hsa_cire_0021372 il hsa_circ_
0075699 /K V- 4% & 5 SLE B LI #MA €3, c4
KA B, R 3X 2 AP cireRNA B¢ 7] £ 2y
SLE & L ™ 5 72 B 5042 B 1k 40 A DG 2B )
br Wl i KR P 3R 3K £5 5 ((gene expression
omnibus, GEO) ZUHE A1 A4 W55 B 27 43 M B A4 4
#ISLE B 2H 41 circRNA-miRNA-mRNA () i 45
R 2% KB, cire—0000006 A BEJZ SLE "Bl 45 47 (1)
AL S, 1M miR-766-3p 7£ SLE "B 41 41 F ik Tt
Y, X SLE Bt T ER TR, 1
T B LWL, F il A9 circRNA
A Y HCH SLE 2 W15 R A Wbn iy, hRERS
SEBR R T AR, e AR VE LA A e
— BT

4 circRNA 7£ SLE #ist i BRI R

JLE HETET SLE 5 cireRNA 22 [8] (I HF 9% A
%, (AR — &R (DFF5E

o~ o=



164 R ERKFEK

545 %

W RYSLE S8 E DLRTHE A2 2R YT, AT BE S M AR
RNA FiEEM 875 (2) A LEp AR/, 1
MK FFE2E S, X AT RE A o8 45 RASBEAR 4
iz N ELSEIKAF5 (3) K FeireRNA /E4 SLE 12
Wi 1515 B a2 ) B U PR R S, B TR IR R
E; HKET circRNA 5 SLE (5, shig st
WD, &fa, BRI AR EE S T
circRNA 7E SLE YRR E O, HLEAF5E 7 e
T T fER, cireRNA A H AL g 7E
SLE "H B FE 8 /0, anii s 58 R 5% SRR F AR
&, AFiE— 2 a5k 7R Bk RNA 76 SLE
I AL 0 B 22T g

5 NG

circRNA ()¢ e T/ F &, 78 SLE %
W R R A B M. BE R, —ut
circRNA 7E SLE f8 35 Flfat Fe A\ B b i 3R I8 fE e 22
S, I AR T 0 A bR W S YT N
SR, KX 86 B 22 53 3R 3K 1) cirecRNA 1E°N SLE
PIR B A bR AR, T Ty R R A A
Bk, Ak, BT IR AL,
D) 3 2 9% S F2 3R 1Y cire RNA 2 75 30 4o 3 4
FHLHIZ 5T SLE M EEFE R . REUE XX L
BUT BT TR i, 7T DA KRR B R o 22 R Rk
() cireRNA VE N A b S %0 . B, 268
WL KT cireRNA 7E SLE %95 & & th VB FH AL 4
WFFT, AHAE XTI S A B Ak SR ARG, BB
8 51 X5 cire RNA A SCAE AL A 56 i 4 iy FH
TGRS B .

(S 30K ]

[1] Dolgin E. Why rings of ma could be the next blockbuster
drug[J]. Nature, 2023, 622(7981): 22-24.

[2] Kuistensen L S, Andersen M S, Stagsted L V W, et al. The
biogenesis, biology and characterization of circular
rnas[J]. Nat Rev Genet, 2019, 20(11): 675-691.

[3] %5, B, BAETE, % DU dsdna P& AMA o3 K HAD
S FE RIS T2 R GEPELLREIRIAE B B0 A i K =
X BWIBERIR A4, 2021, 42(2): 49-53.

[4] Lazar S, Kahlenberg J M. Systemic lupus erythematosus:
New diagnostic and therapeutic approaches[J]. Annu Rev

Med, 2023, 74(1): 339-352.

[5] Kour B, Gupta S, Singh R, et al. Interplay between circu—
lar rna, microrna, and human diseases [J]. Mol Genet Ge—
nomics, 2022, 297(2): 277-286.

[6] Abbas A A, Abdulkader H A, Giordo R, et al. Implica—
tions and theragnostic potentials of circular rnas in rheum—
atic diseases[J]. Int J Biol Macromol, 2023, 235( 12):
123783.

[7] JiJ, Zhang X, Ling Y, et al. Hsa_circ_0008301 as a po—
tential biomarker of disease activity for primary sjogren's
syndrome: Increased expression in peripheral blood of pa—
tients with primary sjogren's syndrome[J]. Int Immuno—
pharmacol, 2022, 112(11): 109231.

[8] Chen L L. The hiogenesis and emerging roles of circular
mas [J]. Nat Rev Mol Cell Biol, 2016, 17(4): 205-211.
[9] LiuCX, Chen L L. Circular rnas: Characterization, cellu—
lar roles, and applications [J]. Cell, 2022, 185(12): 2016~

2034.

[10] Chen X, Zhou M, Yant L, et al. Circular rna in disease:
Basic properties and biomedical relevance[J]. Wiley In-
terdiscip Rev RNA, 2022, 13(6): 1723.

[11] Zhao X, Cai Y, Xu J. Circular rnas: Biogenesis, mechan—
ism, and function in human cancers[J]. Int J Mol Sci,
2019, 20(16): 3926.

[12] R, X HAE, BN, FOIR ma 78 A B G 50
TR OT TSR (DL v [ A o 2R A, 2021, 37(19):
2416-2422.

[13] Xu C, Zhang J. Mammalian circular mas result largely
from splicing errors [J]. Cell Rep, 2021, 36(4): 109439.

[14] LiK, Peng Z Y, Wang R, et al. Enhancement of tki sensit—
ivity in lung adenocarcinoma through m6a—dependent
translational repression of wnt signaling by cire—fhxw7[J].
Mol Cancer, 2023, 22(1): 103.

[15] Conn V M, Gabryelska M, Toubia J, et al. Circular rnas
drive oncogenic chromosomal translocations within the mll
recombinome in leukemia[J]. Cancer Cell, 2023, 41(7):
1309-1326.

[16] Zhou WY, Cai Z R, Liu J, et al. Circular rna: Metabolism,
functions and interactions with proteins[J]. Mol Cancer,
2020, 19(1): 172.

[17] DuW W, Zhang C, Yang W, et al. Identifying and charac—
terizing circrna—protein interaction[J]. Theranostics, 2017,
7(17): 4183-4191.

[18] Zheng F, Yu X, Tang D, et al. The identification of circu—


https://doi.org/10.1038/d41586-023-03058-7
https://doi.org/10.1038/s41576-019-0158-7
https://doi.org/10.1146/annurev-med-043021-032611
https://doi.org/10.1146/annurev-med-043021-032611
https://doi.org/10.1007/s00438-022-01856-8
https://doi.org/10.1007/s00438-022-01856-8
https://doi.org/10.1007/s00438-022-01856-8
https://doi.org/10.1038/nrm.2015.32
https://doi.org/10.1016/j.cell.2022.04.021
https://doi.org/10.1002/wrna.1723
https://doi.org/10.1002/wrna.1723
https://doi.org/10.1002/wrna.1723
https://doi.org/10.3390/ijms20163926
https://doi.org/10.1016/j.celrep.2021.109439
https://doi.org/10.1186/s12943-023-01811-0
https://doi.org/10.1016/j.ccell.2023.05.002
https://doi.org/10.1186/s12943-020-01286-3
https://doi.org/10.7150/thno.21299

$ ol 1, G BRI RNATE RGUPELLBEARAS v LRI 165
lar rnas from peripheral blood mononuclear cells in sys— circular tnas regulate pkr activation in innate

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

temic lupus erythematosus [J]. BMC Med Genomics, 2021,
14(1): 70.

Luo Q, Ye Y, Zhang L, et al. Hsa_circ_0044235 and
hsa_circ_0001947 as novel biomarkers in plasma of pa—
tients with new—onset systemic lupus erythematosus[J]. J
Immunotoxicol, 2023, 20(1): 2196453.

Luo Q, Li X, Fu B, et al. Expression profile and diagnostic
value of circrnas in peripheral blood from patients with
systemic lupus erythematosus[J]. Mol Med Rep, 2021,
23(1): 1.

Zheng F, Tan L, Zhang F, et al. The circrna—mirna—mrna
regulatory network in plasma and peripheral blood mono—
nuclear cells and the potential associations with the patho—
genesis of systemic lupus erythematosus [J]. Clin Rheum—
atol, 2023, 42(7): 1885-1896.

Lu H, Yang Y, Kuang D, et al. Expression profile of cir—
crna in peripheral blood mononuclear cells of patients with
rheumatoid arthritis[J]. BMC Med Genomics, 2022,
15(1): 1-13.

Doglio M, Alexander T, Del Papa N, et al. New insights in
systemic lupus erythematosus: From regulatory T cells to
car—t—cell strategies[J]. J Allerey Clin Immunol, 2022,
150(6): 1289-1301.

Zhao X, Dong R, Tang Z, et al.

Circular rna

circloc101928570 suppresses  systemic lupus  erythem—
atosus progression by targeting the mir—150-5p/c—myb
axis[J]. J Trans] Med, 2022, 20(1): 1-16.

Luan ], Jiao C, Ma C, et al. Ciremtnd5 participates in ren—
al mitochondrial injury and fibrosis by sponging mir6812
in lupus nephritis[J]. Oxid Med Cell Longev, 2022,
2022(1): 2769487.

Liu C X, Li X, Nan F, et al. Structure and degradation of

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

immunity [J]. Cell, 2019, 177(4): 865-880.

Mei H Y, Liu J, Shen X P, et al. A novel circrna, cir—
cracgapl, hampers the progression of systemic lupus
erythematosus via mir—22—-3p-mediated akt signalling[J].
Autoimmunity, 2022, 55(6): 360-370.

Guo P W, Huang H T, Ma J, et al. Circular rna—0007059
protects cell viability and reduces inflammation in a neph—
ritis cell model by inhibiting microrna—1278/shp—1/stat3
signaling[J]. Mol Med, 2021, 27(1): 372-376.

Zou H, Ma S, Li L, et al. Downregulation of circular rna
ets] promotes sle activity and inhibits treg cell differenti—
ation through mir—1205/foxp3 molecular axis[J]. Int Im—
munopharmacol, 2024, 128(3): 111539.
Wang Q, Xu B, Zhang Q, et al. The role of
hsa_circ_0008945 in juvenile—onset systemic lupus eryth—
ematosus [J]. BMC Med Genomics, 2023, 16(1): 97.

Luo Q, Zhang L, Li X, et al. Identification of circular rnas
hsa_circ_0044235 and hsa_circ_0068367 as novel bio—
markers for systemic lupus erythematosus[J]. Int J Mol
Med, 2019, 44(4): 1462-1472.

Li W, Fan R, Zhou C, et al. Circular rna expression profile
of systemic lupus erythematosus and its clinical signific—
ance as a polential novel biomarker[J]. Genes Genomics,
2022, 44(11): 1405-1414.

Li S, Zhang J, Tan X, et al. Microarray expression profile
of circular ras and mrnas in children with systemic lupus
erythematosus [J1. Clin Rheumatol, 2019, 38(5): 1339-
1350.

Li Y, Chen J, Xie M, et al. Identification of a circrna—
mirma—mrna network to explore the effects of circrnas on
renal injury in systemic lupus erythematosus[J]. Autoim—

munity, 2023, 56(1): 2193361.


https://doi.org/10.1186/s12920-021-00919-w
https://doi.org/10.1080/1547691X.2023.2196453
https://doi.org/10.1080/1547691X.2023.2196453
https://doi.org/10.1007/s10067-023-06560-5
https://doi.org/10.1007/s10067-023-06560-5
https://doi.org/10.1007/s10067-023-06560-5
https://doi.org/10.1186/s12920-021-01143-2
https://doi.org/10.1016/j.jaci.2022.08.003
https://doi.org/10.1186/s12967-021-03207-4
https://doi.org/10.1016/j.cell.2019.03.046
https://doi.org/10.1080/08916934.2022.2073590
https://doi.org/10.1186/s12920-023-01524-9
https://doi.org/10.1007/s13258-022-01315-z
https://doi.org/10.1007/s10067-018-4392-8
https://doi.org/10.1080/08916934.2023.2193361
https://doi.org/10.1080/08916934.2023.2193361

	1 circRNA的生物学功能
	2 circRNA在SLE中的表达谱
	3 circRNA在SLE发生发展中的作用
	3.1 circRNA在SLE疾病进展中的机制
	3.2 circRNA作为SLE的潜在临床生物标志物

	4 circRNA在SLE研究中的局限和展望
	5 小结
	参考文献

