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The Function and Mechanism of Exosomes Derived from Adipose Tissue

YANG Li-Jie, SONG Sai-Sai, TANG Yan "
(Key Laboratory of Metabolism and Molecular Medicine, Minisiry of Education, Fudan University Shanghai 200032, China)

Abstract Adipose tissue is an important energy metabolism organ in human body, which maintains heat
production and metabolic homeostasis by storing and consuming energy. Meanwhile, it can also act as a
secretion organ, secreting a series of adipokines, such as leptin and adiponectin, which plays a role in its
own tissues and other metabolic organs. In addition to the secretion of adipokines, more and more studies
have focused on the vesicles secreted by adipose tissue, that is, exosomes, which act on tissues and
organs throughout the body through autocrine, paracrine and endocrine ways to maintain the crosstalk
between organs. In this process, non-coding RNA—microRNA (miRNA ), circular RNA (circRNA) ,
long non-coding RNA ( IncRNA ), proteins, and lipids, etc, can be wrapped by exosomes and
transported to target cells, regulating the transcription of target genes and protein modification, and
affecting the physiological and pathological processes of the human body. Recent studies have shown that
brown adipose tissue can secrete a large number of exosomal miRNA, which can be transported to the
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liver by endocrine and regulate lipid metabolism. White adipose tissue can induce insulin resistance and

tumor development through exosomal miRNA. Perivascular adipose tissue can regulate vascular

remodeling. In addition, adipose tissue can also regulate the functions of liver, muscle, blood vessels and

other organs through circRNA, IncRNA and proteins. This review will summarize the role of different

cargoes in adipose tissue exosomes in metabolic diseases such as diabetes, cardiovascular disease, and

cancer, and further explore the mechanism of non-coding RNA in exosomes, in order to understand the

indispensable role of adipose tissue exosomes in our life activities.
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A (intraluminal vesicles,ILVs) , 28 i WK R B35 |
BilA M 22 W4 ( multivesicular bodies, MVBs) ¥ . £
AR5 A A T Rl RIS ] AR FR A 4 1 21 4
Hagh, X — i BT A% N o e 2 G W i s Ak
(‘endosomal sorting complex required for transport,
ESCRT) ESCRT-0, ESCRT-I, ESCRT-II, ESCRT-III,
AL HA R 25 H M R E AR E &Y
VPS4 (vacuolar protein sorting-associated protein ) , X
ISR T ESCRT B IR ik 421" (Fig.1A)
FER 4 Ff ESCRT H A5 )RR FET , A BLAN L
WALAELE—FP ESCRT dEAR & 12 (Fig.1B) , X —
o RGO N T - = IO 1 R 1B i B - S W
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A UAMA ) A ) G IR R Tk 32 B AN W] 43 (4 A
9, BN ESCRT 731 A9 2H B, #8332 iy 1 GTP 73
FF & Rab GTPase , #5 I 5 F it tetraspanins , DL A2 Jifd
WK F BT, A, g A AR S il dn
J5i M ( endoplasmic reticulum, ER) N . H W # 4
T i P A LA S 4 L TR] %) 655 3, o 2 5% T 1 WA A )
B IANIR M IXEERTTE R, SN IBA 5 sz B HL
A A R B R A I

2 PBERTAERIMNBERITNRE

JE W H AR — AR 2R, [ i e 2 —
AGTUAERE WL 55 43 WA TN W 7 XS 5 R
ZAAERITIRE ., MRERATT , N Wi 40 i S b i mT
DA3E 28 55 43 W 1 7 SR T B 7 280 2 1 9 5 4
JHL, AT 51 B AL A JB 05 2R IR0 A0 2 BUWE PR s 19 &
A 31T T U 240 B A I A Al T S g PN 0 B O 5
SN Y TR 20 LAY T BRI Ak | 5 3080 Ik oy A A 4 1Y)
KA REWELLZ 53 W A A A B K St 7 22 il A
IO} VAN PR G2 Y oy A
DA S AN 754 e A AR AR ) i, BT LA 1 S AR B
HLVIMIMA ST I 1 7B, AR SO AR i 17 ZH 250
WIANEYRIA R AT 0268518 (I Table 1)

2.1 BERAZALRSMAE A microRNA BT &E

MicroRNA (miRNA) JZ2—RAGHEIE S % RNA,
LKL 22 nt, MER—FhEE s 5 0I5 R 5 S
L AR AL FE R F VBN AR AN TR
AP RS T EE PR ER
Kk Z BT TE B 7 2 2055 0 1) S0 WA A AT DA
T K i miRNA 78 H B DL i s i A ZH 21
5 T I 20 248 v e HE AR T R T R A Y A 2 A AR
LIS N

Fra g i 414 (brown adipose tissue, BAT) HJ
DL R AN M miRNA |38 a5 N 0 b 59 5 iz
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Fig.1 The pathway of vesicle biogenesis
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PRIGIGFAD, E—2 A0 % B, BAT 431 1) SN 1R
miR-99b A LAz i 1 JIF P, 70 7k JH- 40 A v B & 44 40
g A= K ¥ (fibroblast growth factor 21, FGF21) )3
K P A FGF21 mT DA T4 003 BAT ;=34 {2 it
JE T 2 L B4 A €54k ; T BAT 436 14 ZM WA miR-99b
WG FGF21, 2 G S 5 ™ ok K
/B BAT H sk 2638 miR-302f F4 1L T A b FRAT |
HOSER Y 28 BT, X — 45 SRR B BAT
Al DL i AN E i miRNA 2T, R4, bRl
I L0000 4 S0 IR AR S i B AT P 3 — i R T A
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(A) The biogenesis of ESCRT-dependent pathway. ( B) ESCRT-independent

BT AR AR R X —d i,
YE# KB, BAT KI5 1 FM 1A miR-92a E’Ji’%l_i 5
BAT (Y& P A AH G, X —WF5E R W, BAT S A
miR-92a A LA53 WA 3 L7 0, 4E  — M TE Y £ )
FRiCH), SOV BAT AYTE

Jig 107 AL SR 25 LS R | R 9 2 A )
I Ying & R, 78 55 IR 77 A9 RO RE /N B
B Wi 41 40 5 W 4 Y ( adipose tissue macrophages,
ATM) SR I8 A9 Z0 i K ) miR-155 A9 %35 B 1
PR ZEAFRA T, miR-155 & T LUSOE BAT
T RE 4 UF 008 I 41 28U Bk, 78 HFD k1
T, miR-155 FBR A4 /N BRAR SR AT AR 57 ) 26 00 T 1
TR B AU L B IE# /DN B BE AL A 3 miR-
155 RER/INELA AR A AT S 95 (14 A0 I A 26 ik 2B
ASAY,  HOWE R B0 F T B 0 X — AR
B, ATM VR A AN A miR155 768 IR & Ak it
R ELETEEME, Yu SRR I8k IS
WA miR-27a 76 NS AL JE FORE PR rh 235 T8, i
T3k miR-27a 38 i Ik A A S A 7% 1k %
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Table 1 The function of adipose tissue exosome

Function Derived from References

Exosome cargoes

miR-99b Reduce the level of FGF21 in liver BAT [2]

miR-155

Cause glucose intolerance and insulin resistance ATM [5]

miR-34a

Visceral Fat [4]

Suppress M2 polarization

Inhibit preadipocyte to cancer stem cell signaling in early-stage

miR-140 ADMSC [27]

breast cancer

miR-130b-3p Exacerbate myocardial ischemia/ reperfusion injury in diabetic Diabetic Adipocytes 1297

mice

CircRNA

circ_0075932 HASC [34]

Induce inflammation and apoptosis in human dermal keratinocytes

Prevent endothelial dysfunction by suppressing inflammation and

SNHG ADSC [37]

apoptosis

Promote the regeneration of damaged tissues in rats with liver

IncRNA H19

failure

HASC [41]

FABP4

Induces insulin resistance

3T3-L1 [42]

Shh

Induce pro-inflammatory or M1 polarization of macrophages

3T3-L1 [43]

MMP3

Promote lung cancer metastasis

Resistin .
steatosis

Trigger endoplasmic reticulum (ER) stress, resulting in hepatic

3T3-L1 [45]

epididymal white r47]

adipose tissue

& vy ( peroxisome proliferator activated receptor
gamma, PPARy) 73 LI 40 e & S Ak, 7
HEHEIRZS | IR iy 2 2050008 69 SD AR miR-34a 3%
BT AR ALGURE S P RBR miR-34a, FT {7 ATM
WA JE A M1 2R [ 200 o] 0 % 7Y M2 BDIRAS e
FRC R MR TRV 3 0 AC S 0 B ey B L R
A LVMBASE T 1 miR-23a/b {2 HE TR AN 9 4= K
FGERS ™| B PR 3 K LG 1 AR miR-23a/b
{1 5 Ak A8 2 04 L, miR-23a/b 3 3 HE 1] 1) 55
At VHL ( von Hippel-Lindau disease tumor
suppressor, VHL ) , M 11 X 6kt 42 5 5 I F HIFla
(hypoxia-inducible factor 1-alpha, HIFla) #1772 &

febsic , LhAE A AR 4y s AT e A > BT
U5 248 JfL LA K Big 195 6] 36 5T+ 4 M (adipose  tissue-
derived mesenchymal stem cells, ADMSC ) #M A%t i
T ALY It — B s . >k A 3T3-L1 iy
YRR A AN IR 5 MCF10 FLAR 98 20 i — & 1 51 21 2L
JiR g b R LAAE S el 40 A e g 1 5, A
B AR LIRS, e A S BUM R IE L, H
ML 2 T IR U5 20 ML S AP miR-140 38 3o 88 ) 5% 5 A
F SO0X2/SO0X9 ( SRY related high-mobility-group
(HMG) box protein 2/9,S0X2/9) ¥ 1 fith 94 - 21 g
B ERRE T . ADMSC SR PR A9 AN A miR-124-3p
AT LA [r) 210 B S AR 2 1 R ( eyclin dependent
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kinase , CDK) % Ji% , 145 CDK2 ,CDK4 ,CDK6 %, fH
Wi BR S 4 A A2780 A1 SKOV-3 19 21 it J& 381, 41 il
AN 5, BRI Z Ah, let-Ta-5p/miR-124-3p i Al
LS [r] 248 i PR~ 0 240 i R 52 4 355 P e 400 B 7Y
y}at[le .

WF KB, B UM MAAE O i A8 s rh . &
FEAE BRI . BRI/ U T RE S+
IR Z 00 WA MAMA miR-130b-3p, 3 3 Y 53
iy 2 HaZ )0 M A AL Wk 2 AT T
PR35> F AMPKal/a2 ( AMP-activated protein kinase
catalytic subunit alpha-1/2)  BIRC6 ( baculoviral TAP
repeat-containing protein 6 ) Fl1 UCP3 ( mitochondrial
uncoupling protein 3) 5%, Ff- NI Lk ifin/-F- 72 13 43
#5i MI/R ( myocardial ischemia/reperfusion ) ?)_
1fif, #L 1 miR-130b-3p 415 A9 i s 20 At A0 L 41
Z B ) B2 A2 U, T RE R AR MI/R 453 40 FORE PR
P AR B T R e, L4 T BB A i 2H 41 ( perivascular
adipose tissue, PVAT) 0] L4 A A A miRNA | i
1o 554 WAV F S o I AN R R AR, TSR R
T8, K R IR IR IR 0/ B A R R IR T 2H 2 UIE K, B
B s b, 5 R P RAE . 145 A LR 7 1 80
WA NI B LA ZE 1) miRNA AT DL I 48 SF- o AL
AL, Horb miR-221-3p TEAE IR T &3k |
I ARV LA AR ) 14 58 A RS | 1 10 1 1 7
L2 L

XA 5 KR 2 B, B U5 A 2155 W Y A W AR
miRNA , A DLid i 55 5000 | A 236 8 07 U/ T 2N ]
MILHERAR Y, P BRI 3k | RT3 M 4 B 2 2L
Rt BBA B 255 Wk 0y SN AR HE 7 36 {5 5 40
F miRNA , S ey e 8 2 P9 A SR 45 4 0, R AR T —
PRI IEAT TR RUA
2.2 FERTA RSN B R circRNA 71 IncRNA HJ
Ihee

AL £ 7% AR 5 RNA, ANFRtRk RNA—
circRNA | K IE 4 i RNA—Inc RNA %' circRNA
Je—REA LM ALY RNA, iR 17 4 2150k 4
circRNA Al B i 5 XL EE . © A B
K, ARIHZESAE (the metabolic syndrome, MetS) %
NI TG FR A AZEFOR RNA H19 (human circular
RNA H19, circH19) K -4 57, 1T A2 59875 5 i 1]
FELT A0 B o AL AR B A, AN 0 T 4
(human adipose-derived stem cells, hADSCs) 437
circH19, 5454 5 H it PTBP1 ( polypyrimidine tract-
binding protein 1) 454, 9 il [& B8 5 o AR 45 &
F SREBP1 ( sterol regulatory element-binding protein

1) H 40 5T 3 20 M A o, DA T4 ] 23 Ae A i Jo
SR RSN cireRNA tEEE i3 55745
WY IT R IEDIRE . WEFE R B, ML A BAE N
T3 1A G R A0S FLRR 5 20 2L A0 W A 4 b 1 2R A1
5 F R RNA Cire_0075932, 5 A KL F 1 T8 i 4H
L RNA 456 H PUM2 ( pumilio homolog 2) e s
Al LR 22 28 R/ 95 28 TR 35 B 38, 1T 0TS
NF-kB (nuclear factor kappa beta ) il 175 5 98 i Al
P S A Y S BRILZ AL, cireRNA HBEA
T R A R SCEER ZR  R T ZH UG 5 IR
JEEEVIARIC ABRE W7 AH ORI AY cireRNA FY 4R 38 45
b GOFTEAR S NG 105 20 B AN IR o3 WA 2 R AL
5 IR RNA—cire _ 0025129/ cire-BD 3 i3 1 il
miR-34a , JH 2 2R 5 R A 1 740 LR 3
A2 i 1% (‘ubiquitin-specific protease 7, USP7/cyclin
A2) MR A A R

KAE % % RNA (IncRNA) S 3E 4 % 25 11 5
RNA B—Fl, 70 75K T 200 S H IR, #1 miRNA
IHREAHAL, 157 s /K i 53¢ 5 7K P 9 48 8 I A 5%
ik, HRWFEHZAMIAA IncRNA A LLIE 3 H 70 Wb | 55
oW I R I RE, /N AT RNA 15 32 Ak A
(small nucleolar RNA host gene, SNHG ) J& IncRNA 1
— 7 W B, SNHG 25 3 452 1A Bz R4 ALl B AR
i, TERRNI A B b, B8 W5 LU R A G
i RNA-/MZ{~ RNA 5 % A 9 (long non-coding
RNA-small nucleolar RNA host gene 9, IncRNA-
SNHG9) REHEA N K AHHE, 5 TNF Z 44 1 BURISCAE
T2 #£ 1 ( TNF receptor type l-associated death
domain protein, TRADD ) mRNA 254, JE i, RNA 55
MUTERE A, W P B2 20 M P S RE R 72000 S
HE T S N P B B RE B B 1) 7 TR 36 9T R AR [ I
IncRNA-SNHG16 AT DL 3 g J5i 10 r 14 2 1 i
SCD ( stearoyl-CoA desaturase ) M i = 5 Jig it £t
T BRI ST A RS R B, B 7 A ZUA T i A
IncRNA 5 i 5 A 235 47 9C . hADSCs M sA
K4k % 5 MALATI
adenocarcinoma transcript 1), A A~ S/ Ui 55 4
2570 HT22 20 At 25 1 5 4 CSIL ( protein kinase C
delta 11, PKCSIT) B4 M AR5 4l 22 04715 , R
ol R AT P 9 A I A8 43 1 F 9 BE E T R AR
B 7 95V 1 40 B ke 5 1 A W A 34 B 3 o R i
IncRNA H19, 355 K B3 497 Hh B9 IR I 48 4E , A
T B 1R A R AT B AR AL ) AR R
2.3 BERAELRINBERE BRI INEE

NI 17 LM MMAAAL ] LI JE 4 65 RNA | ik

( metastasis associated lung
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A AT 8 0T, 7RI MU R S th R VR
3T3L1 40 oAyt A b K2R 0 d A1k 56
15 d Shisik b P B AR AL, BT 0 d 78 15
d AR Vs 4 B A WA A i IR BB 3R 1Y) 5 T R T U7 TR
254 % M (fatty acid-binding protein, FABP4) i J§
I 4L PRI F~ 1 ( preadipocyte factor 1,PREF1) (7K
R IR SRS AR 115 P 25 AT LS R
U7 20 L o A B R

15 2 2L A0 W A A 1 BTt 2 5 0 4 A A A
W, NEIRRSS 4 FE 1 FABP4 1E RGN H 7, 7] A%
RS RAIT, R, R 2R 3R] LA i 107 4
AR FABP 143052 B U7 20 2L A1 M A 517 1Y
M 8 KT (sonic hedgehog, Shh) 3 fig 8 1
Prch/PI3K 38 FERI M1 w40 B Ak, 345 1 5
FHCT S NI/ INEURR I 20 LA WA v i R B
255 F5 11 4 (retinol binding protein 4, RBP4) GEifi i
Toll FESZAR/TIR S5 a8l ) 152 Sk 01308 8%, 3R 3 B A%
AN ) M1 B W AR oAk, £2 9E 1 A A 1 i A
A0 R IERS , RS BB S R T
AE BE RS TE M PR 1M AE7 05 748 1) A rh R 4 2 G E Y
TEM. WFFE R B, db/db /)N BRAT 6 % ok 1% -1
(arginase 1) 55 038 b b AT AEHS 2 PN 2 400 i 410
il NO B A= AT 458 3 P9 B Dy e A 45 AR 280
i RO o 4 B, N JHE 9 A W5 20 280 M 1 vp A 5
VR RO R AN T A 3R 6 AR AN e
R 1 MERELE G 4 IR RS 75 S
LRI JULAR ™ A e 2 AR ik SRS AR AR
J 7 LA SN UAA B, 1 BT B 5 R AR PT A LIRS 2
RAFEEAEH]

B 7 L SUA IS A A 1 B 2 5 0 4 R B %
Az RRWT A ZUHN A rh R B 4 ) £ I 3 (matrix
metalloproteinase3 , MMP3 ) i i1 #M i A S% 2 22 filifi 20
JHL, T R AR M BT 8 Jm B 9 ((matrix
metalloproteinase9 , MMP9) )7 P | 412 17 926 20 At 7E {4
PIRIPRSMZZE ) I D5 40 i S0 s Uk o sl 2o 7 iz
B2 A AL AH S Tl ot BL 4/ T A 7K 5 ( Enoyl-CoA
hydratase, ECHA ) 1 3% Wt B 5 i A B =
(hydroxyacyl-coenzyme A dehydrogenase, HCDH) , {i
PER IR A T A AR 28, HH 0 PR R Y
e B ARE S o BRI 4L 2LAM Wk vh 2R 1 TR AR
PUER (resistin ) LG AL 0 R 5 AL 2 NS o
(pAMPKaThr172) BERRAL , 51 & A J5 199 15 8%, S BUIF
BeiiAstE

3 FERRARSM b RRY > F1ERHLE
SR B Z AR AL, FT LU A g A A

VB SEREA E , BlE 5 2 R 0 0 5 35 v 2R A 7 PSSl
T 336 P 2540 30 A2 PR A0 o v ) 24 b s A
BN SZARAN MO | SO AN & 354 e B e T
SCHE— A AR, BRILZ AN, A fE e i R T
R EE 11 5 2 R R A L ) 38 1 o R A R A R — R
FITE B3R AH B, Sl B AR -2 KB R NS 5
FIGRIBE SR T AN & A2 AR A
3.1 4hipE miRNA BI17E A&
KREHERBEALE |, SNBIA miRNA 7632 (R 41 i
i SR IE ] mRNA 3/ UTR X 3058 3 1 kb
Be x4 & R FEDIRE . BE—4 miRNA "I g i T
75 mRNA 65, [AIAEHE, B mRNA 7] GERE A
[ miRNA 95, miRNA 58 5 5 0k B R e
TR s, RS FEEIL R Y5
VRN 5 FH B, AN T3 10 28565 D00 AT A8 38 3 B34 il
51 mRNA JLER AR BT V19 mRNA B ol 4 9k
B8 5 7E 20 B SR /AR TR 7E miRNA A 2 AT
BALH h, WM E A TE AW P, 4
RNase Dicer, W% RNA 256 8 HRE S W% LA 5
argonaute-2 (Ago2) , /- F RNA IRV E &Y
RISC ( RNA-induce siliencing complex ) £ HF mRNA
BT, T30 mRNA FEAF | JoR8 e sl seam =Y
AW RGE , miRNA B T 78 40 55 - 2 40 )
mRNA [ 3"UTR X3 & #4014 F A1, i v DLAE 4H
fAZ b, 3833 miRNA-enhancer-gene RNA 1877 [’ 4% |
PRHEFEP 35 | 7E miRNA & G e B
miRNA B8 FE K] 37 51) o 18 56 - X Sl £ 7 el It
ANBCXF, I R T ISR RS A T R — ik
By A0 3 Kk ( neighboring gene ), J& B, miRNA-
enhancer-gene P45 2%, D@ o dmiz . WA MR
FHH miRNA 1] DL 59E A S 4Lt [ i3 om 1 45
A ARTE LR UEIE R (58 . FE A0 N e A
miRNA mimic, 4 7] DLk A 20 M 4% v &k 35 o g,
RGN FENR I A LR AR A v, A A7
TE miRNA-enhancer-gene iX — RNA i I 18 % 9 17
W LEYIR N A B A VA miRNA &5 1) L3
it AN IR B2 B 2 B A B R 45 PP S 1
W, , 3 e [a] BT A FEE— 2 IR R
3.2 AN circRNA . IncRNA BI1/E R #
circRNA & — Bl 3 i 3 2L P 36 19 IE 40 15
RNA™ | circRNA £E 5N A i 47 K i Y & 4, X
T2 e A TH & P AR DY A
501 3", BRI AT DA U BRI 5 I R Ao, 1T EL
eI AT LR RNA B mka e, B, &
THN AR ciceRNA EFHALHI A BF 55, EEE BT
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circRNA BE A 24 75 24 miRNA 7 47 ( sponge ) ¥/,
H T circRNA & & miRNA F9ZE5A 07 5, R i i 35
Pt S miRNA BYZ54, AT LA ER miRNA X #8 5E P
(T A 7 P, 48 0 0 5 R A 3R R KR BR T
circRNA 4, IncRNA .mRNA Fl{E K ZE#5A miRNA
(RN E T I TE PSS G miRNA AT I 45 56 A
Fik, X —AE AL BEFR 38 G 1 9 I RNA
( competing endogenous RNA, ceRNA) #LHIL . [
THEN miRNA 6458 S #5415 H, cireRNA 38 REAF
pre-mRNA (357, P42 ] 28 B b oy ok 72 L
)i, nl DL B Bt 5 8 SO AR T TS )
28 240 60 P 08 1 R B S e

FHT, K AESMAS RNA 152 2 A ¥ 2% Fl B 22 BT
NGB Z &0E . BEE X IncRNA T i TR A, i
FER I EERAY SN A IneRNA 0] DL 86 (i B 4%
RHEMTAEA . IncRNA-GC1 3 it 5 418K 14 Z I3
%% l§ WDRS ( WD repeat-containing protein 5,
WDR5) Hl KAT2A (K (lysine ) acetyltransferase 2A )
SEE TR 7SR, AT S 205 S DA AR OC Y
R R E CAAE G , J5c 250 W0 ) R R
AN, SMA IncRNA-HOTAIR FY B RE ST 45 A A
[F) (Y 2HL AR U A 5 4R, i i 2 2 1 52 B0OAS [) iy FR
FAIRE, 5454 PRC2 B Ak, HA R 31k
HIVE 5 3" 3 45 & LSD1/COREST/REST & &4, A
AR AL ER . B HOTAIR 43 R A ) A0 35
PR RS S PR 2R B X HOTAIR 3 383k,
WATLAG S PRC2 A AATE 42 4k PR 20 31 Bl N 38
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