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O SNBAGR T GOK RN IRVESRIE, R LA R A A AT s, SR B 4 B 55 4 W K R X2 S A i ]
IR AMMAREmicroRNA (miRNA)FREAE T MK FRGAHAR SR, BEZFAEY IR, TNMETRTEMIRNATE R
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Exosomal microRNAs: an emerging player in systemic lupus erythematosus

SHA Xiao-Qi”, GE Xing-Yu", JIN Yi, CHEN Tian, JI Juan, GU Zhi-Feng’
Department of Stomatology, Affiliated Hospital of Nantong University, Nantong 226000, China

Abstract: Exosomes are nanometer-sized membranous extracellular vesicles that can be secreted by almost all types of cells in the
body. Exosomes are involved in cell-to-cell communication through autocrine and paracrine forms. Exosomal microRNAs (miRNAs)
are stable in plasma, urine and other body fluids, and have various biological functions. They play an irreplaceable role in the occur-
rence, development, immune regulation of systemic lupus erythematosus (SLE). Recent studies have proposed that exosomal miRNAs
have promising application prospects in the pathogenesis, early diagnosis, and treatment of SLE. Therefore, this review aims to intro-
duce the current research progress on exosomal miRNAs in SLE and analyze their potential application value.

Key words: exosomes; microRNAs; immune; systemic lupus erythematosus; lupus nephritis
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BNIAAAS & — Tl e 4 3 5 B e AT W S P A2
FEGE, HH 2R AEYIEIEY T, B DNA,
Gifid A AEgR TS RNA, HFE B AR RS 7, ]
T I g (R B B A 8 2 S S e L], 7R
VAT PSR R GG e ) AR G 2 M )
MR PORIEEEER . AR TR R
XFR, HMARN SLE B2 Wi A6 TT SR 45T A A
C i Z W T E 'Y MicroRNA (miRNA) /& —
Tofu oot ik R 6 T8 A 2 35 B2 WA 1R A S B RNA 43, 1E
ELHE G PR RAAS I M 5 L AE A (1) %% AR A 2 A o
[l FE R A B U M) miRNA 34k, 4b
WA LB 40 i) #4532 miRNA 255585 1,

R 2 OB Fe R B, SLE B 3% I 375 88 R i 4k
WA ) miRNA KA /KF 2R, 328 25 1 1 4 i
VR 1 miRNA B AE 9 57 B 0 A= W bs &9, AT
SLE ({2 W7, 93 P4l vy ) U Ak ggidk A
HMIAARFT SLE FAH SR I8 J9Ee i, B A (BB Ak il A
JEPE miRNA £ SLE AP HLH] . 12 &R y7 T
&I RIAE SCHIE 78, i A4 P54 miRNA 7E SLE i
(RIS SR AT ) R B

1 ShibicdE R

AR WA R 2 40 L N 22 L4 (multivesicular bodies,
MVBs) L5 4 R[5 Fl & 5 B T2 248 i 41 23 1] 1) —
AR T2 MR 3 U7, n] 2 5 A0 i)
WA F AR AR M 1 ANBR R LE & ik
L HE A M P A T R AR 2 BRI AA 1) T R S S i
PRI (B 1) AMBART T ZAEE T I MY R
NI i 3 NE 2 €T e s TR
5 BB aAR . AMBAARTT B 2 FhA MR, G
AR, AR MR 4SS . BT ORIEANE], Ak
WRIERT AV T B AL R R B, K
FS 4 AT AR SR A4 K YR 1) A0 A R TE B B s 1 R
TR I — 52 B G M Y A, A
BHAE, A2 40 M TT EY {4 i 43wk B 2 1 ARk
A B B T B i = Ry SRR AT A0 B R A B
fhidhs < (1) AMIARF G TAREE b, @ik - 4k
FELAE G RIS 5 B () shi kAT it
ZFLHI N N AR, NEY (EE.
B mRNA J& miRNA %5 ) B 50 2 B0 44 i 48 i ot
o, BUHEAE R Th Re AR Bk AR B 5 (3) AMiiMA
LR O e A B /R S S e G I T R
AR BT,

2 SR mIRNA R B & Z W R AL

miRNA J& —Fh A I 1 1) F2 B JE 2 5 RNA, K
FE2) 1724 MZH R, & mRNA 7 5% 5 i 45 1) #H
B RGBSy, AE 22 P AR BHUOR g B R A Ok 9 EE AR
M, WF7EY, miRNA A2 508 RNEE .
FRHX A AR ] G T 52 A0 T 20 B % B 2 Ak . miRNA
RISMIe R ] S B ZE RS D RefEeG, I
S H S RZERMRA . EHRSS, miRNA AL
JCHE IR i B8 TV 243 W B A A7 E B 0 AT AR 1 4
ShEEM, IR AN P BEFCIER, AN
miRNA 5 84K, AIEH miRNA B FL Al SE 0k .
AN 7 B T NSRRI miRNAs 73 B2 1)
REE, FHHED TAKTFEE miRNA 3734 H L) R B
PR et

#14% miRNA (pri-miRNA) 1 RNA & & H§ 11 %
k4, £ DGCRS8 il Drosha E&5WI/EH T, %
fit N HTR miRNA (pre-miRNA), JERUK - REiH, @
it Exportin-5 & &) i H4H Mo k% . 75 48 i o
pre-miRNA #} DICER & & #) %4 fi# 4 W% miRNA,
LR el T A R B R miRNA P, Bl miRNA
BANZNARS, MBS A Z A . miRNA
HAMBMARE S, #4352 RNA 5 SV E &K
(RNA-induced silencing complex, RISC) 1, 5 FH#{
B 3 AER R IX 454, #0i] mRNA (8 E L 2
753 mRNA [P FF AR, MU I 28 52 14 40 P 1 25 P A=
Yap it B2 B (AN AR YR PE miRNA (#4202 Y5 K AF
FAMLHITE WL 1),

3 MR miIRNA SSLE & fm Ll

Bk 2 IR SE R B, AMIAR S SLE B & A= A
RIEEYIM . 1ERAEBMEE S8k, s
B 25— Ky R RIS, R RE. %k
0 1) R bR A A g 0 2 5 Y miRNA f A 4 ik
) B EZAYEE 2 —, {E SLE SR 5Z -
H & G y% AT h iy s E A . AMBAARTETE miRNA
A] S B AR B AN R S B AR BB B, AT T A
Bl g% R . R A A PR R U B AR A A )
miRNA RJ S AR 5 56 R e, X 50 40 1l i) )
e G RA A EE R D, GIRERE, S
J5 M miR-6089 1] J& i #1 i) Toll # 5% & 4 (Toll-like
receptor 4, TLR-4) 381k, {2k 2 M5 3 1) Bk
21 B 4 5 AATE 9 240 i DR - 1) 0 SR AR it 0 4 B I
RPN BT, AR 4R ELE G s
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Fig. 1. Biogenesis of exosomal miRNAs and their secretion, uptake, and functions. In the nucleus, pri-miRNAs are transcribed from

miRNA gene, processed into pre-miRNAs by Drosha complex, and then exported to cytoplasm via Exportin-5. In the cytoplasm,

pre-miRNAs are digested into double-stranded miRNAs by the DICER complex, and then turn to mature miRNAs by helicase. In the

next step, mature miRNAs are sorted into endosomes and released from multivesicular bodies (MVBs). Exosomes transfer miRNAs into

recipient cells. Released miRNAs are recruited to RNA-induced silencing complex (RISC), combined with the 3'UTR of target genes,

and then function in modulating various biological processes of recipient cells.

HEZEMEM. SLE B3 M3 4 5 3 1 /s a] PL
T NI HOAER SIRAI A (plasmacytoid dendritic cells,
pDCs), {EARAN> A TFN-a > 55— )7 1Hi, Mk
A DU i A% 3 miRNA 77 4 G i 4F . 1 4,
Treg 20 RS TS A4 485717 1 Let-7d ] 411 Thi
1 L 335 RNV A0 R IR (1 7 2 B, Rl 2 1 7L
PR, AMIAARTEME miRNA AT DL i 1 15 52 440
HEIEL R 308, 75 SLE it fE k3 EEAEH,
PATTR E IR LR JURR S A A5 1% miRNA .
miR-146a 7£ SLE &3 [ L5 Fh R IR 1k,
PR AN i 3k U421, Y5 SLE B 1 I3
ANUMATTIE TN SA-B-gal FHPEZNM I LL B, PLELAH I
%%’é, FEARAf A KOR . PR TR, miR-146a
T AR WA A4 N Ak 21 18] 78 51 - 40 Bl (mesenchymal
stem cell, MSC) 1, it #E[7] TRAF6/NF-xB {55
WS 5 MSC %%, 4kiiZ 5 SLE 1R ML ",
IeAh, T LR M, miR-146a AEHRJE B % (lupus

nephritis, LN) &2 JR /MM H 5K IA, miR-146a 7]
i3t IRAK1/TRAF6/LPS i i i 7% 48 ik 5 7

5 1F 5 5 I ZH A EE 8, miR-21 7 SLE i34 i
HANB AL, I HAE SLE A 3F LN BEd
FKiEmTAELN B B, eah, LN 35 zh 185 R
A miR-21 F ARV B LN i B35 R .
J5 H SLE £ 3% (1 1 3% 4h 3k & miR-21 #] % 5 pDCs
IR RN D, W AT IR e
JEfLHE SLE 75N BIVF 2 H 5 G PR bR £
BEFEHLH. 54, miR-21 7] 3 i Smad3/TGF-B
5B MR g TR, SRR
7y — 771, miR-21 AJi#E IS5 [ RAS &1 BB 8 i
1 1 (RASGRPI) [f]#% F il DNMTI (%L, S8 T
“H A ) DNA i FF 364k 290,

miR-155 7] 2 5 5 5E G [ B I T, FER
H & it i M, AN AYEYE miR-155 76 SLE 3%
HFRIAEE LI, A LN B RERAE TR LN
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B, RRIMBAE miR-155 4 BT SLE )k J& B9,
W2 W, miR-155 i i % 40 ) PU.1 Al TNF-a,
BETMT 04 BAFF Al CD19 & (£ E, M &% BE
B, B8 7 miR-155 78 SLE thffk
FI ¥, BeAh, Kong %5 AFRIE miR-155 A #1i] £ JE
AUMLROHETE, W LN o TGF-B =4 ™,

15 B 18 PR o I LN B o, SR A0 Wi
miR-29¢ KL LH T, I 5HFHEMME™. 2
2 miRNAs (aberrant expression of miRNAs during fibrosis,
fibromiRs) & 2] 4 J2 B A5 5 3 % AN £ 48 410 1) 15 5 3
BRI BB R R Sy, HLRIA I AR AL T E R I X L
O JE AR OB ™. miR-29 5K A ke
S0 0 WG 3000 21 245 A 0 AS [ | B i O B i 4% ) T
miR-29a/b/c [ 5% 1A BEAK 5 40 Mo 40 38 7 JU AR 38 In A
Je M WKW, miR-29¢ W] 5 SP1 R YN
bR A A R SR A e

4 Shiib kiR miRNA SSLEAE ¥ 710

B 7 /E NI miRNA [P EAA, A ib i i g o
X2 i 25 4638 ] DL AR 57 miRNA 4252 RNA g 1) [%
fil, PRI A WA U5 7 miRNA 7] £ 5E A7 7E T I
PRI S AP, X AR PG () miRNA {E R
Wi SLE fric ot 7T e U,

SLE & 35 IfiL 375 40 s A 7K 1 B 2 i 1 1 3 0 |
H, HIKH SLE B PHEMiEshAEe, R
Gh U ] BeAE R SLE 95 1% 30 1 #7284 AR M) bw ol
MU0, Tan 2 N\ K IAE SLE H 137 4 A miR-451a
FIE T, JF5 SLE JRIEsh A1 B 340 56 17,
Li & Y 4 SLE #8310 4k miR-21, miR-155
Fik S L, HERBCN SLE S WbRicy. o,
%S KB, A& miR-21, miR-155 7£ SLE &
HIN B RS T REIF LN &, R shi
A& miR-21, miR-155 7€ SLE )27 2 %5 LN
AR LN B v BA S AR A B

76 SLE &, JR miRNA 2 B4 T JR AN ik
o, PR SRR AR A R miRNA A= ¥ b5 ic 4 1) &%
AEskds U | RGO T AR YR PE miRNA 7F SLE H
(T 70 5 BLAE p 78 PR A UA PR J5 M miRNA 7E LN
MAEM . LN & SLE S ™ E M RAEZ —, £ 10%
(1 LN B8 R ENARIAEH Y. R, 3%
I LN B3 RSN 1) miRNA & F 65
B SLE fB35 B IR0 EAH,  $7R IR M4
P51 miRNA [ 1FE Ai2 Wt SLE (g A Ybric sy .

L E2 Acta Physiologica Sinica, December 25, 2021, 73(6): 1035-1042

LN 3 JR AP W i miR-26a 7K “F &5 w18 20 7 =,
HEREAKFRIEMERK, #nHEANE Sz
B NERE 26 b R R AR B FE 5 — T
Fid, BRI LR T IR B A AR VE B A LN
JRAMBAA H miR-21 Fl let-7a [RIRIEIKT-, KITES)
] miR-21 F let-7a B, $& JRAM AR I PE let-Ta
A miR-21 o] A 74553 LN SBE WIG R, [em i
HHTUG P BeAh, LN T IV BURIE 4
(LNIV) KA 4 s A 24 1) LNIV (LNIV-CC) 3%
PRAMIAMAE T mIRNA [RERE, et 66 MEFR
5[ miRNA, HH miR-3135b. miR-654-5p 7E LNIV-CC
Mz B RiFmar s B £ LN iz, &
WIRINA AN E R, BT ER, AT
JEZH, LN B35 1R M miR-29¢ /KF i 3% B,
H5 LN B BiEt g P om oc, HoKE T
TR LR 4eqt, FFal{E N LN 2 i 72 oh 3 ik
22 VERR S Y,

DL B AR, AR YE % miRNA X} SLE i2
WA A HEEE N, HBTHANEARD, HEZEE
HTE LN 9, sz 5dtk, AMBAJETE miRNA
Ae S N SLE RS Wibs S fr it — PR R .
25 SLE K AR JE AP AR JEPE miRNA & 45 L
* 1.

5 ShibiiFEEmMIRNASSLERYRTT

GMIAMAR I — B W 2R, I E AR FRE
SR AT EAEYI R, SRR AMBAAA AR R R 2
Yt o FaUk. A, S1ESGRZ4YMEE RGEAFE,
AR MR B A TAREE M REYE,  JF HLRERS K Thae M RNA
fei g rp B, Horb, SNBAVEAHEfE% miRNA
A G| AT KT .

BEFCIE B, 18] 78 5T 1 40 L #% A (mesenchymal
stem cell transplantation, MSCT) 7£597 SLE F 2 A%
PRA 2 B Liu 558 AR DL #8 MSC KI5 4 4 4
miR-10a-5p 7] @ i 58 /MR HR BT AH 2 3L K] (ultraviolet
resistance-associated gene, UVRAG) ] % SLE 4} J&
LB AZ A0 P 3G A AN T2, X AR JT & #E MSC iR
J7 SLE (ML 4L T Fr i B % Y. miR-146a #ik
Rz W ANG T SLE B — MR 1 s A b &
Y. WEFARIE, SLE &% 40 i 4h i AP miR-
146a W] fie ¥t MSC 3£°&, #L 1A 1 #E MSC & 1l fE
27 SLE 3 8 MSC kAT 3 ™. H4h, £
fiff 7RI 2208 miR-let7c ¥ MSC 70 WA I SMMA 5 52
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Table 1. Exosome-derived miRNAs involved in systemic lupus erythematosus

Exosomal miRNA  Tendency Site Function Reference
miR-146a Down Plasma Target TRAF6/NF-«B signaling (e
miR-21 Up Plasma Promote IFN-a secretion by human plasmacytoid DCs 03,38
miR-155 Up Plasma A potential biomarker of LN and SLE without LN B
miR-451a Down Plasma Play a role in the lymphocytes communication @
miR-146a Up Urine Target IRAK1/TRAF6/LPS signaling 7
miR-29¢ Down Urine A potential predictor of early renal fibrosis in LN w
miR-26a Up Urine Regulate podocyte differentiation and cytoskeletal integrity w01
miR-21 Up Urine Guide the clinical stage of LN i
miR-let7a Up Urine Guide the clinical stage of LN %
miR-3135b Up Urine A potential biomarker of LNIV-CC B
miR-654-5p Up Urine A potential biomarker of LNIV-CC B

DCs: dendritic cells; LN: lupus nephritis; SLE: systemic lupus erythematosus; LNIV-CC: type IV lupus nephritis with cellular crescent.

BB AR SLRE 7, RIS B 20 A % 1k
PRAN A, IS0 B 45 0 55 AN A 4 Ao B 1
45 SLE fE NI Z M B & e Beiih, TLR-4 j2i%
B H 5 G N JE 1) R B AR SR 22 R . Tan 25 A
R I R JoR R RN F i S v 14 i SLE AR i Ak
Wk miR-451a [F3RIE5, $R/RHMAA miR-451a 75K
SKATBE RN SLE K7 W AR R, B3
KRS R, IMLE AP A R 5 14 ) miR-548a-3p
A JEILHE ) TLR-4 SR R JRE R B 4k, T 40
JiL B T8 B A s S miRNA R AR Uik, AT fit % 1
RURE RS2 R 5 B 41 R Atk IR A T B
DL BB FE R B, R KA 2K miRNA N\ S W4,
B AT AT SLE R IHAh 5 & Gy . HAk
WAMAJEE miRNA SRR YT HE AT 75 o T — Le kiR .
toan, ¥EmEIT AN RS B E, Dol E &
TP RANNE R FIAk, ANBRLE RIS R G K
FEE - A X 4 S 4D DX ek A 4 S A 1
H A 70 H O TSN I 77 B 2 45 29 B R AT AR AR
KZES, I HAEINAMARLE 255 SLE 200 (R 78 rh 47
AR R GRS A A e A ) . Rk, N
PEERE RS G IR, BRI B AE X ZH
LA RIS T

6 FHILFRE

H Al SLE Aok Ah AR PR E miRNA [ HF 7T 15
R . A SCIRR Y, 4517 miRNA [ 5h i
A A aE N, Iz T SLE iz, oS
I IITE T1o AMIARAE D99 2 AL 40 i 18] S5z
AT O RN =R P e AN N D B =

T H. miRNA fE R MRS BB B, H
TE DR EV AW R IUMES, BFEERA
PEL AR R AR 37 miRNA 4 52 [ i e A b A K 3
IR AR AT 5 AR e T
H #7256 T-4b ik miRNA [FF 57 1 1 — 2ok %
o, AR miRNA [T 3R HUEL S AR U 46 2
miRNA R Z DRI, BIRH A 2R 5%
HFAhub ks 8, i3 B e 1R 25 & T Pk
A% B A UAMA I HR B RNA, {H L4l 4k 5 8 A7 47 76
—EMIEEL. 18 4M sk miRNA {54 SLE AEXkx
BV — PREIE T A A P miRNA /K A77E
B 18 5. SLE BRI 8l 5 1) 22 7 L FF RCRE# AT
A8 52 miRNA [FJ7KF, 34 52 0 4b 3 & miRNA
BN SLE AWbr S RIIG ARG FPE. BRI, 7R K
IR RIR R S 4& miRNA 5 SLE ()% &. 5
Ab, M I BRI 43 B AR 1) AR A RNA
(& UK, DR T AR5 M S AR miRNA ¥ =F FE
B B IR 2R B RS 52 950 RS R 11 A U R 2
FREZE, REHNAERZINE, HIRAHEER
AN R 53 FHE ANV TTIE T ISR N, Ak
JEE miRNA 5 7] BERCA IR K12 B SLE J¢ HoA B £
G2 T3 IR A IR ) R T HE
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