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Research progress in the regulation of functional homeostasis of adipose tissue by

exosomal miRNA
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Abstract: Adipose tissue holds a pivotal position in maintaining systemic energy homeostasis. Brown adipose tissue (BAT) expresses
uncoupling protein 1 (UCP1), which is specialized in dissipating chemical energy as heat to maintain euthermia, a process called
non-shivering thermogenesis. Conversely, white adipocyte (WAT) predominantly serves as the primary reservoir for energy storage,
while also exhibiting endocrine activity by secreting various adipokines, thereby modulating systemic metabolism. Under the stimulation
of cold exposure, physical activity and pharmacological intervention, WAT can occur as “browning” or “beiging”, and transform into
beige adipose tissue. The morphology and function of beige adipocyte are similar to brown adipocyte, both of which express higher
levels of UCP1 and also have the function of thermogenesis. Thus, exploring methods to regulate the functional homeostasis of
adipose tissue and its underlying molecular mechanisms hold promise for advancing preventative and therapeutic approaches against
metabolic diseases. Exosomes, a subtype of extracellular vesicles (EVs) with a diameter of 40—100 nm, facilitate intercellular communication
in obese individuals and exert significant influence on insulin resistance and impaired glucose tolerance within adipose tissue. These
effects are primarily mediated by microRNA (miRNA) transported by exosomes. MiRNA, originating from various cellular sources,
traverses between different cell types via EVs, thereby orchestrating reciprocal functional modulation among diverse tissues and organs.
This review systematically summarized the research progress in exosomal miRNA-mediated regulation of adipose tissue functional
homeostasis, with the aim of offering novel insights into the diagnosis and treatment of obesity and associated metabolic diseases.
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NEWIVE ANUAA N EEZ A ST, iR
AV HLARGE RS P R EEZAER, IF Bl fE
PRy EAR A 228 B e kR 4 AR RS e R4
TR AR TNRE VT 43 3 i, B SR 4147 (white
adipose tissue, WAT). FrEa/IG/IT 4121 (brown adipose
tissue, BAT) FlIK (0 fi [l 2 23 . WAT & —Fhfif GELL 2K,
A BRI IR, DUH =88 B8 2 A2 08 7
RN E N EEZ P, I B AN Di6e.
BAT 2 —M¥eRe L, &H RKBELRAE K Z KR
W, FFR RIS A 1 (uncoupling protein 1,
UCP1), w] h@msii b ae i e e, H T4
FrOLARARTE P K0 R 20 430 — e 3 S 1 7
PN L, fAET WAT 1, (HIEZAHS BAT
FERAALL, HBAL 2 R I 2 i R A Gk Ak, Rk
B K1) Ucepl UL R HoAth BAT A3 & 22 R (Cidea
Cox7a. Prdml6. Pgclo%5)P, 78K HAZE A M) .
BB RELEER T, A a4 KA B
A" (browning) 5L “ K fL” (beiging), 1A
KESaWigniE. 1EAr=#ARIT 4L, BAT FK )
9 2H 23 f B EL AR F 2 TH AR E R E AR
AT ARS8, FAMERE RS Lk Pigt
Yefb it FE B R E R EAEA Y. thah, S AR T4
ZUL VIS 53 W 2 MR 7 LA E 70 b 5550 Wh BN 43
WIS S PSS BT EICR, [FR AR Z
Rz FoAm A0 2338 BRI 0 W R, JF Rl e &
AT REME AR

2 i 41 BE 39, (extracellular vesicles, EVs) J& /15
1 6 () 3 L) — ok BL4E S A, o B4R 40~100
nm [N (exosome) 32 B2 KiE. A KM,
PG AN AR AT A AU 8 B TR 32 B0, 54K
R E DI P, X — R R KRR BT
AR HR HE T I — 22 JE 4w Y RNA (non-coding RNA,
ncRNA) : f#/)» RNA (microRNA, miRNA) ; 1th4h, 4k
WA A7 1) HoAth neRNA 2 A1k RNA (circular RNA,
circRNA). K JE %% i RNA (long non-coding RNA,
IncRNA) L% 85 1 5t 45 HoAth 75—+, 72 40 i 18] 38 7
HENR, EFZARMAES R RIS AT
BARMER 57,

AT T, MR NG M & i
770 RPN E R G — T T ik 28 £ 4R Tl
LA eSS, —J7 i LA 2 it i 7 45 iR
AL 1285, FERTERR] 5] AT A 48 %
77, fEidk BAT /= #4H WAT KRk, MIMgEAT 70 %

R, PAERE s BYUAR ERA LRI, &5
MDA, T WAT K a5 DUH il =5 178 206k
FEEGUp AR 1 BR T A RGN R 7 AL S TR %,
FoAty A H B SVRETRN T A 5 1 I P R A 441
HRERIE FOE AR AL, (EA NTRANSZHE . AL
B 7E 2538 7 A miRNA 142 5 7 20 41 Th e Fa A5 1
W Fe e, DA AL S8 AH AR 09 112 1 A
T R Ut .

1 SMbFIF RS EYIEINEE
1.1 SpEMARES TS AL K 53 b

AR B AR 1983 S48 & B, Pan Al Johnstone
P AE 40 oF W 2L A A AP e RO R b, kR
[ 5% fA o 1 — P R VR R B A B A Y B S
Johnstone £ 1989 4F 443X i Uy g 1 92701 € LA A1l
P U3 EVs AT B, — o R TA T 1 L
£ 100 nm~1 mm [ FCRL B0 IE, — & WARSRIE
I FELAZ 40~100 nm J H A% dL RSB AR BRI & F
fh st 1,

T 7 T A B T BRI SR AR, SRS AR s
Y AE 5B 431 N 4 (early sorting endosomes, ESEs)
HRUR . TEN R kS 12 259 (endosomal sorting
complex required for transport, ESCRT) £l 4t A ¢
| E M EH R, ESEs #% A48 B B 43 1k 4 A4 (late
sorting endosomes, LSEs), [ifi/5 LSEs &4 2 XN
fea, B HAh A s K AV B AS e, AL
A& (multivesicular bodies, MVBs). MVBs -5 41 o fi5 fi
Hla, MAPE AR )T ORI B f 4, X LT
TR AU . oo AR S A T R AL o) R AR
ESCRT HE g HLHI ISR ESCRT ffigtil) ™ =,

HMIAA R B AN 3 6 32 BIVE 2 AR 3 1R A%,
40 ESCRT HIZH s> 1 B EE . MN2 k&
AU bR T, AR IR o A o AR S AR
Rab ZXJAN SNARE FRIHI. 141 Rab27. Rab37
A1 Rab39 AT 43 51l 1 5 AN [7 46 437 () 4 vl AR B s 17
SNARE & i 2 ffiilt HH I EE A B 14, VAMPS,
VAMP7 EJy e rfr— G, m] 3 i AR R ) A [ 2
(45 A — AR AN AR U thah, AR
RI,  JE 720 Mt S s A o A B TR
FH I 107 248 23 9 £ i 7 DXL R BEC 3%, R R AT T
PHRG T A 45 G R AN AR 7k, B I 1 5 A A AR
RPN, FRARAIN NIk G K, RIS E
R4 hag .
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1.2 SMNiMREIRR 5

W TR A, MR T2 B0 B T R AT
MR T BRI FEEAEYE R B Ho,
MR B FL R R R, — KR AL,
RITE SN AR b i A7, 25 3R TE ORI 73 b il 7
BRI IE M & AR E (Rab. GTP BESE ). #A
AT EE I (HSP70. HSPOO 45 ). U5 i 2 160 5 ik
(CD63.CD81 % ).ESCRT H & MIH K HEH (Tsgl01.
Alix 55 ). BAEFRS H—REHHMHRE UM
KPVRE R VE RSy, a0k A P )5 53 40 i) CD4S.
MHC-IT 25 U9, Gh il 4 i 7 i 43 5 S50 A 335 4 1 i
T MR Tk 22 2R . H[E B A M A R G 5. IR B
}5 DNA. mRNA. miRNA F1HAth ncRNA (circRNA .
IncRNA) 25 &, JL b Ah s A& miRNA K 3L 2 A 7
)z M 52 B AT 9%

miRNA BE2 B R 7 K7, A2 AR
SY A ) B IRy, RTIE S S5 e
SHIEEAE R T2 ARG, AT SZ AR AR A
AMIAR miRNA HEN 52 20 il J5 % # 1) Th se M A
AT NP, — 2 RThAE, R miRNA X 52 4 4H
O PR AT SRR, T AR IE AR L s
— Rl BT T e, ED &b 4A miRNA fE 08 /F NG 5
Toll #£5Z 44 (Toll-like receptor, TLR) 45 & FF¥ fe %
4 i B,
1.3 SN AR I ThEE

HNIMR B Z R AR DIRE - (1) TE NG
BAZ IR B « SN AR 2 Fi BT, mRNA,
ncRNA A0 H 755, 7E40M a5 B AL R R4E T
FHEEH. © &P miRNA B8 i S 4R 78 /N B A
NI AR B 4. AR Za gl - B MUA AT A 2 (7]
iz e B AR B Q) 1R N AR B -
bR R Z R TR T, HARYIREH
20 M D) R A T 0%, BonT DAFE M. RV
Ve Y O VAR 5 % o R PRSI 21, 3 A A AT R
NIRRT G 0 B bR . 3) BN
BN« HNIBRAE R — Bl R AR G K A W B,
H5EBRPUKHIFIMEL, BAEAENRS . A
KRR R, SRR e, KBiE
PE, AW DOE I B R, PR A A R
ERERS 290 R T B,

2 ShibEmiRNAYEE R LA AT RERRTS
SRR FIRIEAR T T2, KZ B AR Re = £

793

Moy, FRAET A AW, vl A R4
ZIMEBEWNABED IR, 2252 MEBIRKELRE,
1K 6 2R AE AR KRR BE b AR AR T A1 WA A rh 45 1
miRNA ®7. fig 5 20 23 A& 7= A8 M A A 1) 2 22 Py 43
WERE, WREZIMNBAR EEREE, AR K
(RN g D A 2 D) Re AR s
2.1 b {AmiRNABIEFWATI) &E
2.1.1 SpirEmiRNAVEZBERGHA 751K

JE Wi 2 23] DLIE Ik 5% 43 WA R FH 40 22 Fh U 4 i
D7 HE I R - B WEFR ORI, RN T4 (adipose-
derived stem cell, ADSC) 1] LA N 75 JIg Jifi 2 4 KI5 1)
AR, il RS =, IR AR R, 3t — Dt
FUARE, 3K PRG54 2R SRR A A v B2 R T
Jig 105 4 i miRNA (43,2 miR-450a-5p. miR-99a-5p.
miR-30a-5p 25 ), i1 miR-450a-5p S 4 7] WISP2
RAFAER 0. WISP2 & —FR i) fig fi T i 140 57 284 Hig
R F, At miR-450a-5p AT 3E L k] WISP2 ik
e M Wi ik 2. 54k, miR-146a-5p 3 5 & 44T
B VLRI I A s b, FLAE B AR LA A A4 v i
K 7K AR IR W7 A i R v sy 50 £ o i B VLA A4
miR-146a-5p Al 3@ i~ I i 7 44 i GDFS [ %k
FH | PPARy 15 5 18 3 >k 400 1] Jig ¥ S Bl A0 15 IR D7
R4, IF HAE /N BRAR A KRR 5 1% B miR-146a-
S5p AT 2 G0N B O PRACAEUALARI K, et
IR, R I PR R /N SRS PN I 7 A R o5
FEDR R IG I, g 10 240 6 58 K 20, g 07 A B
S P AR AR miR-122 9 A] DL RIS 4k,
4t E & D 2k (vitamin D receptor, VDR) i 1A K&
S AT oS5 & kR 1 (sterol regulatory ele-
ment binding transcription factor 1, SREBF1) i Bk 15
Ay NS A2 B, T A A AR miR-122 BT 38 i 40
VDR F{g#t SREBF1 ik #iE VDR/SREBF1 i,
(e Bk MR M 26 i, 38 T 9 A e R A S A B
A, FEIS M RE T B, K562 4 i R K IE
AR miR-92a-3p W] J8 it FE A % 5% Kl C/EBPa
ik, REMMH ADSC Bk B,
2.1.2 SMirEmiRNAEIE S B 4H 27 F 5 R U

JoR S ZR AP E B B VLA G 10 4 23 06) ik
By 2 20 B AU S R B ARG, 5 S0 B 2% 1 B I A
WSS, 5 2 BUHERIA (type 2 diabetes mellitus, T2DM).
R PEA T 52 SR VA B 2k
W, R A 5 P 0 2 i o SR AR A R A
Pt 58 I 4 BRI 1 A/ 4 R sk 2 AL JRE 51 762 %) i M
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2 B AP miR-690 J& — Pl g & 2 4 M
£ M2 BB b id kb E S, @il B e AR H T e
Wi~ FEAES B A& LSS 2 P 2N 1) Nadk 2518, 1
P Py AM R AR S SR MR 5 R BURE R B SRR IR
REESL/NRAEFERAL, RIS RARLL, ARREN
BRI R S NIMA KTy, AN 2 Bl miIRNA
(miR-122, miR-192, miR-27a-3p, miR-27b-3p) FiA I
Vo R AR /N BR A IAA B R AR N, BRTE
B AN A A R e B3R miRNA mimics Ji 4E 8 B 40
W, R RN R AR E BOCIH AL, HEAR
Jig 177 2H 21 (epididymal white adipose tissue, eWAT) #]]
WS OR, IR I 6] BRI 52 AN BRI R B 2R KBt
B, 2z, WS BR A P 3R A3 (0 A0 A A/
SRR P IS, T 2 e L R e T R e I 2R UK
P B A4, FLHHAR RN BR A A0 i AT AR
HmAb A& miR-3075 BRI, B0 R AE F TR 4
21, WUAFI R N 1) Fa2h 221K, 3 FHHLAR IR 5
FBUBANE 5 T AE R I S X P AR AL o 0 22 3 R
BST, W 25 N 3T A py Ah Sz 56 S I U 47 0 A S I
f\] miR-130a-3p 7] i@ i #F [7] /E H T PHLPP2 £ [H,
TS G 19 48 i v i) AKT-AS160-GLUT4 15 53 7%,
DA Sk e A i sz 40, L ] sd a4l g s 248 P
th i FASN 1 PPARy K401 41 i 07 26 1 B0 i 1y 4
AN ASKYR ) miR-27a, miR-155, miR-210, miR-
141-3p, miR-222 5 A] LL3d i A [F] (115 5 38 2%
P TR =BT ™. Bk4h, Sonic Hedgehog
(Shh) 15 9 JIg 107 248 B > 5 A1 il A4 485 5 1) — Mp iR 1,
AL 5 EL R 4E i M B AL, 3R aE i Pteh/PI3K
AR 3 A 5 0 R 7 40T P S B
2.1.3 SpibFEmiRNAVEE RS i 4H LR ST

JIE 107 2 2R 9 e A2 8 e 7 4l 23R B4 A AN T 4
i 55 G 92 41 0 1 S AR RIR i, R TR B T 2H 2R N
BRI 2, K&K THMEREHE T o
(tumor necrosis factor o, TNF-a). S8 —F /A&
1 (inducible nitric oxide synthase, iNOS) &2 % [A-F,
2 5 B REANMA AR D5 414 b B0 ) S g 1O B
RN b A g RIE AN, FEEH MR
A M1 BBRARRIUEIER ; M2 B3 2RI
RKAEF . Zhang & N &I A& AT 55 S /0N U
IiZH 23 miR-1224 =31k, I H miR-1224 i&v] il
i T J7 208 6 SR A/ A A e A 30 R i U 1 R 4 i
o, PLSE i 7 AR T MSI2 R A, 4] H 3k,
12 T Af Wnt/B-catenin 15 5 JE B K& . Wnt/B-catenin

15 5 8 B AT (e 3 B i M2 Wtk Rk, HEA
miR-1224 (1] Jig Ji5 200 SR8 &1 s s ] 3 3o 440 1) MSI2
1K [H Wy Wnt/B-catenin 38 2%, #IiH] B LG40 fl M2 )
1, R RAER TR, RASEIERE SR
AR HE W, hah, IEH TR BN A miR-34a
TE BB /D> BRI AE B N T 7 2H 27 b 1 3R 08 L 5 0
m, FERT LSS W AR TR E R4 i, 1@
1 #k Kriippel #£K 7 4 (Kriippel like factor 4, K1f4)
Rk AT 4 M2 Wik, AR EMERAER, e
JE TR I 17 4 25 e ) miR-34a 28 1 1] A0l R JRE 17 5
¥1 4 B S0 S AR 1 ). Zhao 25 NI &I,
eWAT ADSC 43 ¥ 414 R P 38 3 0% STAT3, 4R
JE AT IS4 STAT3 /EH T ERE4I R, S H M
M2 Ak, B @K BT T (Arg-1 A1 IL-10),
R T A AU Y
2.2 ShibEmiRNAIBIEBE G LALR = #4
VERP=HSE T 4H 2, BAT FIK 4 S 7 4 41 AT 76
PG RE AR B Re B AR, RS,
TE/IN R H R AT 4 By FE A B 3 0 38%~60%, 1E A1
R BE B8 N 0.5%~2.3%, K] b BAT F12K €4 i iy 41
GUTE AR S P I R A O AR R % P dh g iy
PN EA SRS wT RS S, WA
VRIS FYE 7 RE e B AH AR 1 B0 B8 7 R0 A
2.2.1 ShiA4E S ITEBAT R FIEIEBAT IS 6E
BAT [ 7= #4 I 58 5 3 L 3h 90 1) B Bk 2 2 A 2K
18F- 45 It %201 %) B# (18F-flurodeoxyglucose, 18F-FDG)
1E R W E 45 At EALEZ 552 (PET-CT)
setaill BAT JEVERIFRE, PRl Chen 8 AH] 18F-FDG
454 PET-CT Rl S AR N BAT 3iEPE, 1ESE miR-92a
fify S AT 45 BAT 36 14, HE R ARATT 340 368 ok 0 ¢ 1S e
/NER AR BAT 1484k, R IR/ B 44 4 BAT (1
A, BRI /N RUH i =8 & = n, JF H BAT
J L& AN miR-92a (1R JBCHT S5 25 1, 1X 15t B
Ah bk miR-92a 7K T 5 BAT Zhfig 2 koL . R
& PET-CT 40 A4S I BAT WEVE I S b, HIHAE
e AR I8 FH o 52 380 R B o S R R R R ), 22 g — 20
W2, AR Y] BAT 78 1 3% FoBs U A0 ik 44 b
AT T PPAl BAT 35 1t o 24 1. FF DY 0 I it &
1 #£ & A (methylenetetrahydrofolate dehydrogenase
1-like, MTHFDIL) #& — Ff BAT S5 &1 s 74 485 5 11
H|HE, Y4 BAT BUER, [ 2E & MTHFDIL 7K ~F F+
AT IR, X ULEA AR MTHFDIL 5 BAT
T B EAE O ™, Okamatsu-Ogura 25 A i i 43 #r
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AR M A WAk miRNA, R I T — Fh T E
5 M) miRNA B miR-122-5p, F/3ih/K 55 BAT
TR R AR G, {0 5 44 E $5 20 (body mass index,
BMI) FOAE 5 5235 1EAHOC, 330 BA 375 2R A& miR-
122-5p /K-F AT VB Al N 2 BAT 35 P 1 13 A &
Yy, (B ELARWLE]E 75— 7 1,

Bribz 4b, A VF 2 AN [F SRR 1) S AR AT DL
5 BAT (g A= #AEA . AFL (human milk, HM)
KRB AN IME T 2 5 B 4 ) L2 A3 B RS 4R R,
0] 22 5 I 197 A8 RS RR AR 45 1 % . ok HM
AR UAA SR 5 ) miR-148a. miR-30b/c i i 1] #44m
4 )L BAT w1 UCPI %5 7= # ik R 3R 18, HE 1T 1
SR BAT [ #VE ], 1 miR-155 W) A AH B2 i R4
miR-155 i Fik 2 33 BAT Jit &8/ Fl 7= #4 T g =2
5 P, WAT S5 ) &b 4 fA miR-23b AN AT LA i3
/IN B B 5 T O B R N R B BB, T HLE mT
PLRE G BAT H1 WAT #5244 (1) = 5 5% 7= 2 PE
b WA & miR-23b ] B [a] 1 A T EIf4 # i) 3Rk,
EIf4 J2& i & 1 0% 2 FE K -1 (glucagon-like peptide-1,
GLP-1) (#3587, Ak miR-23b Al @ #E[5) E1f4
0] GLP-1R #4353, 3 1M 40 il 7= #uAH OC KL BF] (4
Prdm16. CideaAdrb3 %5 )\ IR Wi EALAR S IE R (2
5 Acads. Cpt2. Fabp3 %5 ) F1 UCP1 B3k, i
BAT 7= F1A HIl 0% T 1 WAT £t fk B,
2.2.2 SMNbFEmIRNAEIEWATES & L

TEKWIZEATIBL. Bt YmiES T,
WAT A] RAEREEA, IR K AR w2 24 K R
P4, AFE 2 P SR T A S, Ah A
1A R i E AR P, A 0T R B miR-27 {E
ADSC RIEHI MBS & B s 4, wliEid F i UCPL,
PPARy. PRDM 16 % PGClo %[ F3k| WAT 564,
b, A RE R /N B4 Y WAT S EE kb, T 2 B0
TR B AR SR DY, 5 — T T 3R B A W A
miR-27a 78 JEJHE /N B N Rk /K- B 2 v, mloE
b B8 1) /E T PPARY 521 WAT A% €4k Al #% LK
By 450, Mgz vl FEAK IS S 44 miR-27a ik
KPR, RIE AN AR miR-27a F] A&
B S WAT KGRI i 5 R o B,
AT RS 1 i 05 B9 R AR B, PR AN A R 48547 1) Let-
7b-5p tH AT 1 WAT kg ik B, phah, 76 %95 i
B Bt A7 7 WAT 2k, T SRR
AR E R . Di 55 N R IZE B W 41 B R ik
() AR AR AT 15 5 WAT Atk I 3 fig s 4> fige, 3t

795

— TR, 3K RN A A HE A ) miR-
146b-5p #0/E - T- HOXC10 K54 FH ). HOXC10 /&
WAT F5 4k 8 2 1) GO R 7, Rt &S W
H SRR A& miR-146b-5p WdE IS B AT HOXC10
{2 33k WAT A5 Ak , 38 LA #E S i sk 2D i s i B0,
et 2 R Y5k AR A A miR-425-3p 1 ] 3 i R i 3 R
18/ 4B (phosphodiesterase 4B, PDE4B) 1% cAMP/
PKA JB#, 0 UCP1 £ik, 53U 40 i g i
SR WAT A2tk B0 sat, SUIRE AM AR miR-
155 o n] 3 i B8 m) /F A T UBQLNI, 41l H 3R 3K,
RAFALiE WAT K AR e 3t s s B g i /e A B

gx LRTR, MR — R RO ER, mEd
A S MAEYELE ST, S5 &MEY TR, H
H miRNA RS EEAE, AR IE 45 7
(1) miRNA Gl b {5 50 5775 Wh sl P 43 WA 1 F 1R 4%
JEWTH AT ReRsaS (B 1), R R BERE &k
VEE RO ZRLMIE T . Bhah,  Ahubihk dh 35 ) HoAth
By, B0 circRNA. IncRNA. & i S 40 i R 745,
W2 5 ig N AR ThRe R, AEERHLRAC RS
B RS EEER .

3 REERE

JIEJi 1) R A 2 fH T e AR N AE 2 [ (A
i, FERE IR ARG 7 I A7 T AL . H AT
BMI > 24 kg/m” AFF il A 1 SR, BMI > 28
kg/m® B RE 0 LR . B R A EREE E R AR B A %
REZMES, Wit #2030 4, 3 E R E e
JRE B SEO0T R AT REIL B 65.3%, SEWS L E AT )
BN 31.8%, “F RS HT L E I B RN 15.6%,
JIEL PR 8 B P ] ) R e R R 428 35 R 1 B K9
i BRI, IERES N BRI IR I 41
SN F FERTEPEBRCE OC, IR 2 2 EURN
LI TR, X544t ROE. HAIRTEE .
LA AR BT #AT o< ©Y . HRlT, HERERIVAIT OTE
FEAFEED R REEN (REEH. AWIRIT. W
REF-AREE ), B 1Y I RE S THFE (MR B G305 ). SRTT,
£ G IRIE T I EAS B = 25 T B A a7 AR R, 40
o AR TS ST R M 2, 29 R F RGBT A =
BITERAFAIGRIENE, NEAERESRTE
B KRR T o DRI, 338 0 S e SR 730
B3 AR I REJHE © A WA A 1) 1) AL

AN TR FL A 3 (0 R 098 1k o RT R R 9
Wi AR IER (R 1. BT, BH#T/EH
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Fig. 1. Exosomal miRNAs derived from different sources regulate adipose tissue function through autocrine, paracrine or endocrine
regulation. BAT: brown adipose tissue; CEBPB: CCAAT/enhancer-binding protein f; DNMT1: DNA methyltransferase 1; GDF5:
growth and differentiation factor 5; HOXC10: homeodomain containing gene C10; K1f4: Kriippel-like factor 4; MSI2: musashi RNA
binding protein 2; NRIP1: nuclear receptor-interacting protein 140 (RIP140); PDE4B: phosphodiesterase 4B gene; PPARY: peroxisome

proliferator-activated receptor y; PTEN: phosphatase and tensin homolog; SREBF1: sterol regulatory element-binding transcription

Gk

factor 1; VDR: vitamin D receptor.

means that researchers didn’t elucidate the specific adipocyte from which it derived, such as

brown adipocyte, white adipocyte or adipose-derived stem cell, which they merely indicated it derived from adipocyte or adipose tissue.
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Table 1. The role of cargoes in exosomes in regulating adipose tissue function
Exosome cargoes Function Derived from Reference
miR-450a-5p Promotes adipogenesis by inhibiting WISP2 expression Adipose tissue* [28]
miR-146a-5p Targeting GDF5-PPARY signaling to inhibit adipogenesis Skeleton muscle [29]
miR-122 Activating the VDR/SREBF]1 axis to promote adipogenesis Adipose tissue* [30]
miR-92a-3p Reducing the expression of C/EBPa to inhibit adipogenesis CML [31]
miR-690 Targeting Nadk to enhance insulin sensitivity M2-polarized [33]
macrophage
miR-3075 Promotes insulin resistance Liver [36]
miR-130a-3p Improves impaired glucose tolerance and inhibits lipogenesis Liver [37]
miR-27a, miR-155, Induce insulin resistance Adipose tissue* [38]
miR-141-3p, miR-210,
miR-222
Shh Via Ptch/PI3K pathway inducing M1 macrophage polarization and Adipocyte* [39]
insulin resistance
miR-1224 Blocking Wnt/B-catenin pathway to inhibit macrophage M2 polarization ~ Adipocyte* [42]
miR-34a Inhibits the express of KIf4 to inhibit macrophage M2 polarization Adipocyte* [43]
STAT3 Induces macrophage M2 polarization ADSC [44]
miR-92a Negatively associated with the BAT activity / [47]
MTHFDIL Positively associated with the BAT activity BAT [48]
miR-122-5p Negatively associated with the BAT activity [49]
miR-148a, miR-30b/c Promote the thermogenic effects of BAT HM [50]
miR-155 Reduces the thermogenic effects of BAT HM [50]
miR-23b Targeting Elf4 to inhibit BAT thermogenesis and WAT browning WAT [51]
miR-27, miR-27a Inhibit WAT browning ADSC [53, 54]
Let-7b-5p Inhibits WAT browning Liver [55]
miR-146b-5p Suppressing HOXC10 expression to promote WAT browning Cancer cell [56]
miR-425-3p Inhibiting PDE4B to promote WAT browning Cancer cell [57]
miR-155 Suppressing UBQLN1 expression to promote WAT browning Cancer cell [58]

ADSC: adipose-derived stem cell; BAT: brown adipose tissue; CML: chronic myeloid leukemia; HM: human milk; HOXC10:
homeodomain containing gene C10; Klf4: Kriippel-like factor 4; MTHFD1L: methylene tetrahydrofolate dehydrogenase (NADP+
dependent) 1-like protein; PDE4B: phosphodiesterase 4B gene; Shh: Sonic Hedgehog; SREBF1: sterol regulatory element-binding

transcription factor 1; VDR: vitamin D receptor; WAT: white adipose tissue. “/” means that researchers didn’t indicate its origin, which

they merely introduced through its expression level in serum.
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means that researchers didn’t elucidate the specific adipocyte from

which it derived, such as brown adipocyte, white adipocyte or adipose-derived stem cell, which they merely indicated it derived from

adipocyte or adipose tissue.
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