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WE /NESMEH (small extracellular vesicles, sEVs) J&H AN W N —Fhdiigsbae, m=4: T2k, 2S5
RlG IR A AT . R T/ N A A W] DASSEA 43 B d AW R/ N AR . &R T, BERT, BENSPAT 4 ) 4 o A%
. AHMEELEIRAEDIRR . I, /NARMAEE I AT 1 JESRAS RNA AN S S5 IR IE & A B B2, o n] DAZEZ B iy &
AR R R R E A . A SO TN S R AR IOR AR T E T (NAFLD) HigfEI, /NI Mo S LA
HYAE GRS RNANUA By NAFLD IZBi0Anas 4, R EA 1Y NAFLD W EVERT, skiE MiGYT NAFLD $2 4t Ut .

KR RSN, ARTORETERSIITERR , AEASRNA, BUNRNA, KEEIESASRNA, FRIRRNA

fE4ZES R34, R575.5

ARV B W 4 (non-alcoholic fatty liver
disease, NAFLD) #% & X K H wh = J§
(triglycerides, TG) TEMNEH L EERE (FRA AR
ARk, WA BRI s . HUR AR DD REIRGR 525 )
W DA S A e s = B A BR W . BT, &R
NAFLD BJR RN 25%, B2 0 2Bk &R AL
2 1E M IEESR . NAFLD 1] /i & 509 g
AR JR Sk A T A PR D5 % 48 (non-alcoholic
steatohepatitis, NASH) FIHZF4Efk, HARREZ I
JIE SR FIERFEAL , NASH AJ i — 20 & ' by S Ak Al
JF4iMEsE ' NAFLD & —Fh H A AR BLAI&-4%
B2 SRS, 5 WG EELA DS, W
NERE . O AS BN . 2B . B = ARhT. 2
HUBE R % (type 2 diabetes, T2DM) . & IfiLJE . &
1 JE 55, X 2L 2 5 NAFLD, NASH J5 72 #F
& ¥, NAFLD e, &SRR .
KRR AR EZRE A, SRk BTk
AR GO T Z-IG R e R, 18 B KA A2
NP

NAFLD HYi2Wr BA PREE, i T 1 22 A
FBAR B AR TC 12 X 3 G Wi 22 ¥ MINASH, NAFLD
A RS I — 8 R FH 3 S, FH T DX 40 g M A2 4 i
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PR —ENH. BHE, AUFTLH, s
il (extracellular vesicles, EVs) M H: N Z¥1] 58
JELIR TR E ARG . Zhang 55 0 LI, 4
VE T H W R Y ] (damage-regulated autophagy
modulator, DRAM) fg% 175 5 g 14 375 B2 Ak 1F 1
fE 3 NAFLD JIF4H i EVs (i ; Chen %8 7 K HL,
5] 75 5 1 4 B >k P51 EVs H A9 miR-512-3p 1] L1 i
15 Keap 1 0] SRS BE NS 28 (15 0 A Y
B A AT B RS, DN SRR B Ak ok RE A AL . X 3R
B, EVs AU LN ER T2 W, Jf HEAT SR
TR AT T . REBAEWIRBER A EVs, ]
I A YRR IR AR 43, dEITE X EVs 2
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1 /IHAaspEER (SEVs)

EVs & B B 5 W53 J2 43 B8 Bl 2K K/ iy it
K, DA T AN AR H AR RO R . (B4
Gy s AP A (exosomes) . T eI
(microvesicles) . i T-/MA  (apoptotic bodies) 5
BAMURAA (ectosomes) ' (1), Bl BOREZ
KR EVs B A, H2rr8r APl . Hig
AT 40 nm~200 nm [ /NP2 (small EVs,
sEVs), H KT 200 nm A9 A 55/K 40 g 4h 2 i

(medium/large EVs, m/l EVs) , o 7 A2 #& H & |
o RS BRI T 4SS T AR ISR R A
SR A Ak 5y 4T 40 25, 40 CD637/CD81-
EVs, EEKEH T AS (annexin AS) FRici) EVs 45,
AR R U5 2% 2 8 41 AR AR VR 1T 43 A A i A it
(podocyte EVs) . SAAAISMENL (hypoxic EVs) |
Jig& /A (large oncosomes) . 8 T-/IMASE, X4
TG HER AR TGN | e AR
w1 AHHATEEA R WF5E /N EV 80K BV AT 8
FRA G | W RR

Table 1 Major type of extracelluar vesicles

&1 ERSNEAEERE

Pt Hf%2/mm HMIERR B W& Sk
PIRUAZES 30~100 CD9. CD63. CD81. HSP70. TSG101. ALIX% FAF. B, DNA. RNAZ: [11]
(€ ! 100~1 000 BAE. CDAOL. EBE AL MR . RNA [12]
JH /M 500~2 000 HEEH3, BERREAVE MEH. 4 [13]

FZAMURLAA 50~200 HEKfERE. CRI Jig i [9]

HSP70: #{K7E170; TSGL01: Jiffi IR 1018E [H; ALIX: 40T SCHR PR BE/EFIEAX; CR1: #MAZIAL,

AN B 9] F& Pan A1 Johnston 7 1983 4E % 4 °F
R 2R 21 248 ) BT 20 L 2 A R AL TR B vh A B
TEBA — B NS S A - I R 52, B
% 1987 4F- Johnstone 5 Hi g 4 8 “exosome” ['+167
T EARAA T BARE, 558 4R Fb
WA (H4£30~100 nm) | a6 (E4£100~1000 nm)
P T /N (48 500~2 000 nm) AR /N fA
(oncosomes, F 42 1~10 um) . A 3CH AR A 41 b A
R sEVs & ¥ 5 0 #E e, B IE T £ 4% i 1K
(multivesicular bodies, MVBs), 7EEW) K& HEFF
& R E T Sl b, AR S A 2T )
EVs, Ui T/ MEARTE 7, sEVs &2 £
AR AR LG S REL Y — 2R EVs, JEEVsYH
B Sr, PTNNRIMA . PRI . RS RN v 5
AR PR, W] KRR A4 ER IR

SEVs H A1 40~200 nm, JEfe/MYEVs, &
FEEERUE T M L PR A TRORE P [ T B P 6 1A% 7
T, SR IRSME S A0 MR RS 5 R i A b 2 o
H, RNARTEIR R =) . sEVs BRIEHET K
E B MK, AT LATEARH S R i 48 e =[] A 28
FAPTAARE R, AR F] H sEVs $4ME M
P, G, B . mRNAs. dE40A% RNA Fiffg
FaiE R B IR AN, SEA R REEE AT, IR

JL 7= A 25 7 T AE P2 sg i 2, sEVs B I K
PR O TEIRIE SRy AR ENESE, e e
25y, AL4E siRNA, X XS 1T R (antisense
oligonucleotide, ASO) . fLJ7 249 AN e J% 9 75 51,
F S PHE ) 1% 222 sEVs H AT 1) microRNAs
(miRNAs) HA7HE L RS Y68, 1107 L
FEG IR R LR ek, UAR A7 IR A i e 1
KL E AN /b miRNAs i@ 11 sEVs 23 W . e 1ENE
05 1% 453 47 1) 40 B ™ 2B & % miR-17 Fl miR-92 (1)
sEVs, X2t sEVs # if B R 41 il (hepatic stellate
cells, HSCs) Wi, & /=A:2F4kfk . A5
R, B RETE A BN MA miR-27a, Jf4E
SEPEAL R 2R 4 2 AR BE () T 4n i, BRI
fig Wi BF % #% (metabolic associated fatty liver
disease, MAFLD) 1% £ 3 Fl/IN B LI o A pb 14
miR-27a KV 3 FH i, IF S5 HEF i 2 IEAH G
JFARL SEVs miR-27a iR A ATl MAFLD AHOCHT
L AEAL IR TE 2 Wi bR & W) AR TR A > R
sEVs N2 Al Wy el A Wit 807 S, (HILR
A R E UL FMER:, 7R P A BRI ok
VB — PRIz WR S ANEI T R E &5 8] 2
N
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2 sEVsHEMALE

sEVs J& A (438 o AR RIS =8, i
BN FETE N AR, BRI R A — LA
Ko F B R TH I IR, Rk
B 5 R I RS 2 R A, FEI R, IR
R AN P 6 T I AR 29 50~90 nm Y483, X Sb 4
i #E FR R B N %% 9 (intraluminal vesicles,
ILV) 2728, 3XCSE AR ILV A9 MVBs $44 Bifl iz
Ho—, MVB 5FRRENS, BILV VE R sEVs 438 5|
Hifpsh. — kiR S50 G ERA N RS
TR (1) 2

sEVs 1y & A4 5 8 1 AT Y o 2 % VDA OC .
MVB B JE 5k 32 i i 55 i AR or 2 5 )

B/ = E R

1
OO
O

JiE P B

HEP

(endosomal sorting complex required for transport,
ESCRT-0, -I, -IIFI-III) “*'. ESCRT & &Y/ 41
B, 25 MVBs Y LA B A AR 2 e
i, ESCRT-0 &Gz %15, ESCRT-IMI-IIE 5
Yros B ERASIE m N 1 2F, ESCRT-NT 5 408
7% (vacuolar protein sorting, Vps4) AHHAEH],
B ST FHAZ IR 538 ) U A B O i ILY BV
HRUESE & L, XF T sEVs FUIE iR e o %e 4%, il
REAEAE—FP AR T ESCRT A48, %l A2
TR ST R A (W I T S AR A A DG B (A T,
VU 5 G (K % (CD63. CD9. CD81, CD82
S5) BB, RN, AR B A
USRSt YA B L7 i & R W B 2T e P2
se—FiElg, TUE SR A & I IR IV P

MRS A 1/ 22 Bei f

\
Oz |
/NG o
ShEE °
i
e

Fig.1 The formation process of the SEVs
E1 MEBESMNEIRT T2

sEVs A H AW kA= vh T iR e s
WML RS2 TUBS I . PR &
1 (calmodulin, CAM) . # #: & H =% &
(transferrin receptor, TfR) LM 2R 240 g Fil B 21
fo b E A AMAE RS K (major
histocompatibility complex, MHC) "™ . CD9,
CD63, CD81, # A7 170 (heat shock proteins
70, HSP70) i HI T S Bl sl R Ok b i iR
i SEVs,  4fl i U8 T2 AR OCHE B 2 A ELAE T X

(apoptosis-linked gene 2-interacting protein X,

ALIX) . #K 754 H 84 (heat shock proteins 84,
HSP84) il it J5f % &% & [ 101 & 1 (tumor
suppressor gene 101, TSG101) H-Fizkutll "
sEVs TR fF7E Rab 8 11, Rab & U2 SR — Wi
fiti (GTPases) ZEHI—Ff, P45 SEVs 52 R 4H
MG . AT AP, Rab27a fllRab27b if LAfE ik £
YL N IR (multivesicular endosomes, MVEs) #f
] 40 L A1 J O 5 B 452, 7R sEVs o3 Wb v A 450G
AT B
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3 SEVSTENAFLDA R4 1ER

ULAESR, XFEVsRFsE B, 7E/NIRI4H S HY
MM Eyikhoakeh ZmERT . I8k,
DNA. mRNA., miRNAs fIHABIES S RNA, FHK
WEB T EVs I E 24 . sEVs hHAb > T 5 AE 5
RNA HA IR B2 S . JERTE sEVs # & A
RIEBE M RE NEY), HsEVsIE4iiB RNA (O
HIEmiRNA) 7EsEVs T2 5y M%< 5] . sEVs M
R 2 E oM s T Hbric 7 i, sEVs & H i
HA AT LA AR IR 5 [F]IF sEVs Z T 4 FH X 4
Mo Z AR ERAIRTR], A RE S B AN [ SR 20
Ja2E R AR [R B fE . sEVs DNA AR H R i A
A, HE 0 70 K DNA 3= %058 o P A 20 4
FL DK 2 DNA 5 0548 5 A B 1) P ol 35 0UEE /N | B
DNA 55 Iifi 3 28 e 98 77 A4 19 v BE DNA P, X F
sEVs 11 DNA 1 E 255 b TRy e v . 2RI
I K BebdRr A 4ns T, BRI, sEVs AIFEA D
B OL TR mRNA G 45 32 R4 Y, Mtz T,
SEVs Frik IR 25 4 RE 0% OR 4 L N A i RNA e

J

SRR, A AR T AR g RNA AR ,
WREH S, X4 s e sEVs I LA 25 4 i 45 F
A FEE RS Bl () R R
3.1 sEVsS4HpaiEiEif

2t e [ 308 TR A0 M () R . 5540k
S 55 4 ] ) P A T AR EE TR L S A i
FREE P sEVs 1] DLii ek 3 2052 B0 40 g )
i, a. sEVs A] DL i) BRAR 5 30 40 A i s
FAHESS G, BOSIAMR T E 5. b 7E400
SR, AT LK sEVs R 2%, 2R
JE R B e B AR S A b sz kg A, iF
T 0 20 P (5 3 % . e sEVs I B S A0 g
RS , AEEEE BN Y, AR, IR
EEEP (F2) *, sEVs#iy KL a8 &
ST, AT LSS A ) ) B s e S B A
DL e 240 f AR DRSS, e O . B AR =R
Lo HORRR 28 3R G R DG s RN MR 2 e 34 5 sEVs
G, sEVsVE AR EE R T2 5 T 4 i)
Vi A E B A, fEdk el & e 2,
Bifi & AH S TR AN BIER A, sEVs B H R % 12
Wr . 3597 LIS P B — MR

Fig.2 Three mode of intercellular communication mediated by sEVs
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3.2 sEVsT A IE 4R S RNAZENAFLD #1944
FINRE
3.2.1 sEVs miRNAs

sEVs JEATIRFRANT, A 2 sEVs N AL 55 1Y
RNA, FfiJ5 18 2 R4 V)75 3, e 48
JHf0 1] 5 PR 8] 4% v SEVs 75 21 B 22 G . miRNAs 1
N EL R 22 4 R B N IRPEAE 9% RNA, 7R
e g Jr ARV TP ARV, AR s A . AT
B . PRI A A A R T 5 miRNAs G G, it
TEABELBER, PO ARG S AR
—FPiEfE Y. miRNAs AJ i 25 878 sEVs Hh ik iz
Z A, RN IR RR B FEARERT, e
P PR RS E R, HERIATE ] 722 Fh A BRM T 3L
S KA AR ), SEVs 7RIS K A kR i
P A REEN . BT mRNAs 25 T
NAFLD (¥ & i AL, (o JFF A 7 25 AR ST AR a6 35 L
[ By ZRARPT . AR N L ARAE SN FIET 4R AL
miR-122 Z WAL FA R Z 1 miRNA, B L
S miRNA 4 70%,  BE S8 15 ML I S I [ I5E R0 o
R, 4R IFA IR AL . 7E NAFLD ' miR-122 ff
FIkWE B, T e [ R TR A
lc (sterol regulatory element binding protein-lc,
SREBPl-c) . ZZMifLl#1 (sirtuin 1, SIRT1) FI
I SEAL PG Z K o (peroxisome proliferators-
activated receptor a, PPARa), X AHFAR AL =
FLAERR Wi AsPE 0 FaR B, AR e
TR miR-122 (Y D)EE, SRS AN
BT i 07 TR S A 1 I, B T A AR OC ik
SREBP1 . FASN FhKV- 3% FrE, I HIFAEAR
AR A5 F 2l % T, A NAFLD FR 35 i ¥ b i 4
sEVs, $2HUsEVs miRNA JFllFy, Hh4e5E i) 2 588
A~ miRNA. NAFLD 41 Fl X} #E 41 2 [i] 80 /4> miRNA
KB W EF AR, 70 Hr 45 8] K B miR-122 1&
NAFLD W B EAER] ' fedsrmligl . mlk
BEIR 155 0 K AR FIER A R (palmitic acid,
PA) 1S AYIRSN NAFLD &AL, i 17 4t ke 5 1
AN A (adipocytes-derived exosomal, ADEs) 7E
IR ANS & A 325 1 miR-122, FEAE AR W Ak A,
PUFE I ABAES , B, e imAsAKFr, Jf
H % Bl miR-122 F 3% 5 Sirtl 19 3' 4k 8 i X
(untranslated regions, UTR) %% & L) ] H &
K9 RFANERIR Y SEVS T LA S HSC %k, &
HAFLF 4k, miR-128-3p #lI il HSC 71 PPARY Ay %

ik, S HSCHEL, fELF4ifb 3L A LS &
M (a-smooth muscle-actin, a-SMA). ¥F4EE
(S F 2 (tissue inhibitor of
metalloproteinases-2, TIMP-2) FRik¥&h, ;=4 MF
Y fe S, FIL, 5 PR A IE SEVS miRNA
FE K 7 B NAFLD F1 T 25 4 16 5512 P 95 0 19 &
Az, X EESEVs ARy S IS WO UG DA
VbR EY)
3.2.2 sEVsIncRNAs

B T8 LAY miRNAs 4b, K 85 JF 4 % RNA
(long non-coding RNA, IncRNA) 7] & = 5
sEVs e, IncRNA &8 — 28K B i) 200 A% 1
i H K 25038 W) S AR AS HAT St 2 1 B D e 1)
RNA ', 7EXF sEVs IncRNA RE 751 A #5555 12 Wi K
TBIT AT A BF9T 4 B IncRNA 7] LIRSy
NAFLD i ZE 4% R, 76 AR AR 5 i
sEVs 1 K ] 2] 1inc01370 Y 4F 5 1 & £ 15,
1inc01370 R 1 Ay Il R I3 %) 46 25 A6 b i =
T 74 IncRNA-HOTAIR J5 & B [ EE  (total
cholesterol, TC) Fl TG % & 2 2| ) &l , # =
HOTAIR ] g j& NAFLD % # i ¥ [N 7 5
IncRNA-HOTAIR #] f¢ #F JiF it & 40§
(hepatocellular carcinoma, HCC) sEVs 43, 7E
HOTAIR 5 R3E2H R L T sEVs 73 WARH G B A 1Y
w4, HOTAIRGE T 55 MVBs %42 1] T ROk {2 i
sEVs 1B, HOTIAR 75 Ras #2135 (Ras-
related protein Rab-35, RAB35) 3 ik 1 v ,
MR R . A, HOTIAR i 52 % 30
FCHRAE A 3 (vesicle associated membrane protein 3,
VAMP3) Fil %€ fish /& #H 5¢ 25 1 23 (synaptosome
associated protein 23, SNAP23) J:ig v {2 #F T
MVBs 5 il & 1 e —4 5

IncRNAs £ 7] DL i3 5 miRNAs 45 4 % 5 15
NAFLD # J& . 7 HepG2 4 id h HOTAIR 5 miR-
130b-3p Z5-4, 1M1 Rho AH G4 MR BETE W2 1186 1
(Rho-associatedcoiled-coil kinase 1, ROCK1) &
NAFLD ' miR-130b-3p /) F ii# mRNA, [ It
HOTAIR #] L) i miR-130b-3p/ROCK 1 il 34 #2 i
AL, X NAFLD #3677 #4787 Lk 7
Bu % B &P T IncRNA NEAT!1 7F NAFLD ) /E H]
#Lil, NEAT1 /& NAFLD W4 K, 7Es IRk
7K EUNAFLD 701, NEAT1 #ikFte, JhE
HNRWilR 5 (fatty acid synthase, FAS) FikF
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H, UK NEAT1 J& o] LA i P8 45 g ot Fn e & R A5
S5 T (1 mTOR/S6K 1 15 53 % 5k B A% FAS (1) %
ik, NEATI i B2 miR-140 [ %8 55, 7F HepG2 4
i, Bk miR-140 54| T NEAT1 (3K,
DT RRIFA % . NEAT1i8% 5 T NAFLD fi 2 ik Jé
HZFAEAL FISAE SV, 7ENAFLD H, NEAT1 B
2 B 6] 322§ [7] AMPK/SREBP-1 il GLI % 5 4% 35 3
(GLI family zinc finger 3, GLI3), feiE£f4Efb 4
SERN o A, PEAN T I sEVs IncRNA
NEAT1 Xt 218 1 £ B 22 JH T RE £ 4 (acute-on-
chronic hepatitis B liver failure, ACHBLF) 90 d 4t
<0< TR 11 = N £ =11 ) U1 B/ W Y SAVAS
IncRNAs H19 7€ IR+ I B 451 40 o S22 AE o
S Y A= AL /N BRUAY et ARRH A 4 LAY 485 4 HL9 1Y
sEVs ] 4101 il JF 40 B b/ 2 R AR AR (small
heterodimer partner, SHP) ik, {HK FH H197 /)
SRR 0 IR ) SEVs JCHM IR 5 B AL H19 /Y
CAEA L 2 255 2 (multidrug resistance 2,
Mdr27") /IS BRI R U5 /Y sEVs i 2 iF T AR R
Mdr2" /NI 4 dl B 25 Lk, ANRETE
[ SEVs IncRNA Gl 11 FHAE AL AT, 0838 B Zh RE A9
PP EEL, AR RIZW RGT T AT L
3.2.3 sEVscircRNAs

AR RNA (circular RNAs, circRNAs) &%
WIEPEIE S A RNA, X TG4 RNA, Ji i
ZEME RNA S [ BTSN 2 457 A o circRNAs HAY
B g tE R SFIE, sEVs circRNAs A B
JF R Boheg 45 B KB IZ W I b s ) R E T A 7
fE X HCC W58 th & 3L, DL IR ROE X7 6 1

circRNA PTGR1 A D& 45 HCC M98 7 #% . miR-
449a TE 4 H 4 AL AR 0 b R AR, H
i F kv LU il HCC 40 i i 4% Ff1 {2 28, 1 miR-
449a [ 55 MET A DL F HCC & J€ , circRNA
PTGR 354+ 1454 miR449a, MIMifEE MET 3£k,
W PR B SR B A4 45 . PTGRI A i 52 1) 32 1R 41 i
() miR449a-MET i i, 558 T [Jed 240 i (1) 54 4% fg
1B BRI (natural killer cell, NK 4
ML) RHUATEZR BN, AE S KA Gz
M SEHAVE I o sEVs circRNA UHRF1 32 %
HCC 40 ffd 43, FFi8 1375 5 HCC H NK 41 il T 6E
BRI ) G 2 A 00 T 40 S R A 1 RN AR
48 3 (T cell immunoglobulin domain and mucin
domain-3, TIM-3) J&—RifREi 5324k, v 5
PR AN RN ROAREE RGBS A, I 2 Rl A9 3T
JifdEE G g 1), UHRF1 £ HCC VB Y sEVs e 26
ik, SsEVsAE k4l ffd [a] 3 1R A9 Z A, v DR
sEVs UHRF1 1% i % NK 4 fd F , UHRF1 3 i3 5
miR-449¢-5p 454 F 18 TIM-3 (15, il NK 41
Ji 7 4= TIFN-y 1 TNF-o B9 RE J7, AT 45 35 NK 44t ]
iRk, fEPEHCC #HE ™, HAET, circRNA B £
BRI, BRI . IRTT R A Y
I RIEZ B2 5T

SEVs JIT #5717 19 JF 2 % RNA 2 41 i [7] 28 #e 4
BT ABEAE B Ry EEAFE M, AT LIFE NAFLD & #
HEMEMH ., REWREM, sEVs T1IESiIS RNA {E
SRR A e bR R OGS R R R 2 5
() A R B AE T PR AR o AR R B (%
2, El3).

Table 2 Role of non—coding RNA in sEVs in liver disease

F2 RSN EE R P AESRASRNATE AR BRAR R A 1E A

JEGRIIRNA YEH B EEBEN
miR-27a WS U 2R PPARy. CPTIB [61]
JEBEMAFLD 4 41k, PINK 1 [25]
miR-33a/b Z 5 R [EREAGH LHCC SREBP-2 [62]

miR-122 Z 5B [E A AZHCC SREBPI-c. SIRTI1. PPARo. FASN [44]

miR-128-3p TEHENAFLDJF T 454k PPARy. TIMP-2. a-SMA [48]

miR-193a-5p PATHCCH B A 1 BMF [63]

miR-199. miR-483-3p NAFLDIRE [62, 64]

miR-122-5p. miR-146b-5p. miR-197-3p Y oe MR AR TR [62]
miR-199a-5p PEAEBE S B AR 2R MSTI1. SREBP-1C. AMPK [65]

miR-582-3p fEFEHCCHERE DLX2 [66]

miR-1297 WEHCCHE R EZH2. HMGA2. PTEN/PI3K/AKT [67]

{2 FEMAFLDF 4T 4E4k,
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B2
AEgmASRNA YEH B SR
IncRNA HOTAIR P IR R miR-130b-3p/ROCK 1 [53]
IncRNA NEAT1 (R BELT AEALAN JEAE S AMPK/SREBP-1. GLI3 [54]
circRNA PTGR {EHEHCCIH 2 Z5£rmiR449a i MET [58]
circRNA UHRF1 fEHEHCCHEJE 454rmiR-449¢-5piR{ETIM-3 [59]
circRNA 100338 EEHCCH 2 NOVA2 [68]
circRNA 100284 5 5 L) O i a2 1 %54 miRNA-2173%EZH2 [69]

PPARYy: 3 % 1k 9y it 1A 186 5 49 8% 1% 2 My (peroxisome proliferator activated receptor) ; SREBP-2: JH [ 28 45 JC 425 & H 12 (sterol
PPARa: I B AL WIBHA IS S 105 % o (peroxisome proliferator activated receptor o) ; FASN: JBIjFR
4 B (fatty acid synthase) ; BMF: Bel2 & 1E [ F (Bcl2 momammalian sterile 20-like kinase idifying factor) ; MST1: Z& [ i#4 i
(mammalian sterile 20-like kinase 1); AMPK: J#TFEZIG 07 11 (adenosine 5'-monophosphate (AMP)-activated protein kinase) ; DLX2:
[R5 G % sk 725 H 2 (distal-less homeobox 2) ; EZH2: ZEST2Z i il il &2 & ¥ 2 WV B (v 34 38 7 (ehancer of zeste 2 polycomb repressive
complex 2 subunit) ; HMGA2: il R E A2 (high mobility group AT hook protein 2); PTEN: [RVEYEBEERAEF-7K /11 (phosphatase and
PI3K: WifEMWELEE3 % EF (phosphatidylin-ositol-3-kinase) ; AKT/PKB: #£ %4 [i/# 2 fR T 134 B§B (protein kinase B) ;
Rho A 5& ¥ il 42 i€ J& A% 2 1194 1 (Rho-associatedcoiled-coil kinase 1) ; MET: [f] 5T I f #% 4k [ F (mesenchymal-epithelial
THNHE G BRE A ANBEE 383 (T cell immunoglobulin domain and mucin domain-3) .

regulatory element binding protein 2) ;

tensin homolog) ;
ROCK1:
transition factor); TIM-3:

miR-122-5p nﬁi’;ﬁ%
miR-146b-5p MIR-565-5p
miR-197-3p NAFLDFREY)
K N AR l
B T AATERE T 0 s et 4l JFFds
*ﬁﬂab%“ £ HERF AT 4L, 2 HCC&% :
JEIRNA  HEbR LR ITRNA HEbR EGRTRNA  HbR
miR-27a — PPARy/CPT1B miR-128-3p — PPARy miR-33a/b — SREBP-2
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Fig. 3 Role of non—coding RNA in sEVs in liver disease
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Abstract Extracellular vesicles (EVs) are a kind of exsomes secreted by cells, which all cells release them as
part of their normal physiology and during acquired abnormalities. EVs can be broadly divided into two
categories by their sizes, small EVs (sEVs) and medium/large EVs (m/l EVs). As a kind of extracellular vesicle,
sEVs are mostly discoid vesicles with diameters ranging from 40 nm to 200 nm. The medium/large EVs are
elliptical with a diameter more than 200 nm. sEVs play a crucial role in intercellular communication and have
emerged as important mediators in the development and progression of liver diseases. In this review, we discussed
the current understanding of the role of sEVs, particularly sEV derived non-coding RNA in non-alcoholic fatty
liver disease (NAFLD) and their potential as diagnostic and therapeutic targets. SEVs are small membrane-bound
particles secreted by cells, which fuse with plasma membrane and release to extracellular matrix. Depending on
the cell of origin, sEVs could contain many cell constituents, including various DNA, RNA, lipids, metabolites,
and cytosolic and cell-surface proteins, biomolecules. In addition, many RNA and DNA molecules contained by
sEVs, such as mRNA, microRNA (miRNA), long noncoding RNA (IncRNA) and mitochondrial DNA (mtDNA),
can be transferred to recipient cells to effectively promote their biological response, physiological and
pathological functions. Such sEVs-mediated responses can be disease promoting or restraining. The intrinsic
properties of sEVs in regulating complex intracellular pathways has advanced their potential utility in the
therapeutic control of many diseases. Recent studies reviewed here also indicate a functional, targeted,
mechanism-driven accumulation of specific cellular components in sEVs, suggesting that they have a role in
regulating intercellular communication. Many studies have also shown the involvement of sEVs’ noncoding
RNAs (ncRNAs) in controlling cell activities and their crucial functions in regulating lipid metabolism. sEVs
ncRNAs, including miRNAs, IncRNAs, and circular RNAs (circRNAs) regulate physiological functions and
maintain lipid metabolism homeostasis. miRNA are small non-coding RNA molecules that regulate
posttranscriptional gene expression by repressing messenger RNA-targets. These circulating miRNAs are easily
accessible, disease-specific and sensitive to small changes, which makes them ideal biomarkers for diagnostic,
prognostic, predictive or monitoring purposes. Specific miRNA signatures can be reflective of disease status and
development or indicators of poor treatment response in liver diseases. And IncRNAs have been shown to regulate
gene expression by interacting with transcription factors or chromatin-modifying enzymes, which regulate gene
expression by binding to target mRNAs. Then circRNAs contributed to NAFLD progression by acting as miRNA
sponges, functional protein sponges, or novel templates for protein translation. Finally, sSEVs could be engineered
to deliver diverse therapeutic payloads, including short interfering RNAs, antisense oligonucleotides and so on,
with an ability to direct their delivery to a desired target. The potential of targeting sEVs with IncRNAs and
miRNAs not only could be potential diagnostic biomarkers for NAFLD, but also have potential therapeutic effects
on NAFLD, which might provide new ideas for the NAFLD treatment. In conclusion, this review provides an
overview of the current understanding of the roles of sEVs ncRNAs in NAFLD, so we suggest that further

research into sEVs could lead to new diagnostic tools and therapeutic strategies for NAFLD.
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