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Roles of Stem Cell-Derived Exosomes in Ageing and Age-related Diseases

WANG Jian-Hui"” *, WU Dong-Ying" , GUO Xiao-Gang”
(Y Shandong Jingwei Biotechnology Co. Ltd. , Weifang Key Laboratory of Anti-Aging, Weifang 261000, Shandong, China;> Weifang Fifth
People’ s Hospital Medical Beauty Center, Weifang 261045, Shandong, China)

Abstract Along with the social structure of population aging, aging and age-related diseases have be-
come an urgent issue In recent years, researchers have found that stem cells can inhibit inflammation,
regulate immune responses, prevent apoptosis of target cells, replace and promote restoration of the dam-
aged parts. Accumulating evidence suggests that the beneficial effects of stem cell therapy are predomi-
nantly stem cell-derived exosomes. Exosomes are nano-sized vesicles derived from endocytic membranes
and contain biomolecules such as proteins, lipids, RNAs, and DNAs regulating cell-to-cell communica-
tions. Exosomes may transfer bioactive molecules to target cells, which in turn cause phenotypic changes
and then modulate repair and regenerative programs of various organs. These phenotypic changes arise
from several mechanisms, ranging from prevention of apoptosis in recipient cells, induction of target cell
proliferation, stimulation of immunomodulatory responses, and reduction of oxidative stresses in target
cells to the enhancement of oxygen supply. This review gives a brief introduction to biogenesis, release
and signaling of exosomes, and focuses on analysis of the effects of exosomes from different stem cells on
skin aging and aging-related diseases (such as cardiovascular diseases, osteoarthritis, osteoporosis, and
Alzheimer’ s disease) in basic research and clinical applications. Although many problems with exosomes
in the clinical setting exist, the prospects of basic research to clinical applications are worthy of explora-
tion, which is of great significance for anti-ageing treatment.
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IR RYNBE AR E oYL N R (Al et i
AN TS G BRI AE I R DGR B Y AR, T HE2E
A0 AR RS R BUNMR L SUREZ AR S | R M
T R A R S TE A A i SR rp o R
Je e PR SRR AE 1) 290 70 S0 L AR o S A G 7
W Al ( senescence associated secretory phenotype,
SASP) M TEREEI A LUT 18P SASP T &1
S B 200 i 3 2, DTS AR 10 R O Y 21 2L T g
B

UEAEAR , LAT 40 A SRS AT, T B
AW AT T G SR | T A0 O T A
ek sz B A2 S D fE . RIS R, T2
A A P AN 2 e o (] g 1 40 A 0 AR Y
S IR, R e AT 55 0 AR A
(LS ARAE A i Sl TG O ST
A R IR (R A TR R AR TR 72 ) ]
VL Ay 4 T2 B 40 it A 3E #9 ( extracellular vesicles,
EVs) o T ] RO 2 9 408 7 AR — R 1)
SN T 200 Y 470 9 U e e 5% A 8 PN 0 A P 52
Wi Z2 AP B, SNMARIE T B iz i AR

PEULE Y, T LA R G ] A2 1t 2 4 SR+
YU A YRR T2 s 2 IR e
BE2p S R TR R Sh R B A
452 IS SR TC AR BB A5 P

S R R — T ) Y A B R (E
EAMUATIEATAR I A T S8 e e A [R] A i A8 30 7
AT LI B S TR S s A RSO
T[RRI A SRR 3 2 K H B R P 52
W, A S DA AT Bl PR HE AR Bt 255

1 SMNMEREMEE Db RESESE

1983 4F, Johnstone 25" A\ &3 EVs 7] LUE
WL 30 W0 P £t L 3 A R LA T i I P e
AR, EVs AT —Flogn 8 i T A0 i 7 ik . 40
J AN Y AR s [ B 240 M D 3 102 2 (ISEV ) 38 5 9
AR 3 K2 [ EE Y ( microvesicles ) . 7MW A ( exo-
somes ) I T=/IMA (apoptotic bodies ) , HARSMS K 45
RUIEAN Table 1 f77R10 0 ShUAACR FARLE 30 ~
150 nm 2 [A] BUZ IR 25 1) (1) T L Jf A0 3600, B0 I
HEE R E BT AR A S M I

Table 1 Classification and characteristics of extracellular vesicles

Microvesicles

Exosomes

Apoptotic bodies

Intracellular origin Plasma membrane budding

Multivesicular body

Blebbing

Size 100-1 000 nm 30-150 nm 1 000-5 000 nm
Density 1. 04-1. 07 g/mL 1.13-1. 19 g¢/mL 1.16-1. 28 g/mL
Morphology Irregular Spheroid Variable
.. Proteins, nucleic acids, lipids Proteins, nucleic acids, lipids DNA fragments and histone, fzhro—
Composition matin remnants, cytosol portions,

and metabolites

Mark Nonspecific markers including In-
arkers
tegrins, selectins, and CD40

Function Cell-cell communication

and metabolites

Tetraspanins, TSG101, Alix,
flotillin, ESCRT components

Cell-cell communication

degraded proteins
Elevated PS

Product of programmed cell death.
Facilitate clearance of apoptotic
cells

SRR B4 A ) A i R AR 3 AN B B
(1) J5T JB5E P9 B R o8 - B % P A& (early endososmes ) 5
(2) A% N R I P B, 3 3o 3 T 5 1) A% P9 A
& A K& (endosomal sorting complex required for
transport , ESCRT ) #K 41/ 7t 57 AL 1l JE 1 22 44 (' mul-
tivesicular bodies, MVBs) ; (3) MVBs % 2% il 21 Jitd i
FHEEE, I8 5 B9 4 1 N %€ Y (intraluminal vesi-
cles, ILVs) BB A0 /ML T | ISR A1
A R IEA Fig. 1 FiR,

HMIBATLE RN i RN AR I I B HAT
FREM SR E T A MR A R A
HAEYS5IET T ESA AR, ok A2 T 401
ASMIARIR 5FFAE AU RE 7, JF L Al BE X 52 IR 240 i =
A= SRR I RUAIR S P A 2 1) = 2 e A D b
ML AIR AR U A T 300 S 9 A R B 1 AR T
SR EOLIONARY 2| BRI S BN A N 5 P G 22
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Fig.1 Schematic demonstration of the biogenesis, release and signaling of exosomes

multivesicular bodies; ILVs, intraluminal vesicles
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PERIRESAE A1, 5 A — 282 5 40 MU A s & 1Y)
T, 19040 g ) S EE A 101 (tumor susceptibility
gene 101 , TSG101 ) , ALG-2-interacting protein X
(Alix) .flotilin 1 . tetraspanins( CD9,CD63 #11 CD81) |
RS FORAN R 4> 7152 AN I AR A 4 i 8] S
TR S A AR @, S NI A 1 2 4045 &
{37 st 18 B R A0 M I, SN IAMA 25 15 41 0 A 32 K- FiC 1A AR
HAE R AT, AT DL A A A B A A
€ BUAH M [R5 TR IR DL Fig. 1 FT7R
BNUAASTT LUK A4 5315 B 28 BHE I 1) 52 1A 4
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IO A B B S R RS B, A 4 s R
TAEURE L OUSUR F 36 AR, 5550 WAE Rl vh 445
AR S S R R L A IR e Y
Yoshida % A & B, AR R/ (4~ 12 A i) I 3 o
SN ISR 2 B HE KT (26 A i) /MUY 75 4, T
i HE K 10.2% (ZEK 86 d), fix K 7 Ay fE K
15. 8% (XA AL 4 R 75 iy e 1</ WP 24 75 iy 881 +
63.6 d, Exo T4 4 H 75 i fic K/ BUP- 2 75 4
1020+62 d) , H. Exo 7ESH4/NRIZ BhHE J 1658 | SR
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ER, endoplasmic reticulum; MVBs,
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B R B FRA A W2 BISME R H 3R (5 AMR
2SS ) S 0 AN R I R AR R IR
RUUI PR 2 FOHLRE B 20 | B IR T 55 5 P Ik
T RE SR AN SRS | BRSBTS B A Bl
Il A5

it AR, AMTTRREC) 738 5 B R 7 R
BRI BRE T B A PN U PR 2R A A
PR 2R DR E B, 1o 8 A 28 2 S5 200 B2 JEK 2 R B A 1
ARE SRR B AN BE A A S ARSI BBk B
B WA 2L 1Y S ik 2D R 2 4 R
PESEA AL, X SEIR AT IR A2 K 52 M) B R RO B
I [ LA E O B RS BEE IR AR HTE 3, Bir A
SN LA R ] BE R B IR B — ik, SN
AT S 2o 400 o B3 0 S 0z, AR 1l A A iR 4
P Y DRI B, A ) 7 5T AR i A i A
(human adipose mesenchymal stem cells-derived exo-
somes , hADSCs-Exo) H1 Y miR-126-3p 7] D38 i # 7]
PIK3R2 2 i B2 ik 05 11 i & B B U0 ORI I 8 A=
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W, [FRE hADSCs-Exo ' miR-486-5p i it 45 &
Sp5 VA5 CCND2 ik, 4k 1M 4t HE i %8 i A= i
A SCHRARIE , 2F B 1) 78 T T 40 i AN I AT 20 ~ 40
e/ mlL B B8 2515 5 A B AR M A

B kAL T B AT A 4 M 2 T B BE RN B U
A RE ST, I A 1 I 2 B R L B J2 A 4 ff A
LTSI , HAT B 1 BEJRIBEOK , PR A5 B IR i B3,
Wl B IR AR SCAEAE T o O EUSET 440 i 0 2 S B0
P 4 & & H B ( matrix metalloproteinase , MMP )
TEZAE MUAT AR rh 223k B BRAIR 17 B ik A 12
RE S PR, o R R A R 2 U g B R
Kim &5 A %8 N i ke V5 04 [ 58 55 T 240 i A1 i
A& (USC-Exo) 7] DU #E N B H7 1821 4 41 i ( human
dermal fibroblast, HDF ) i£4% , Jf- 8 1 T 2 i s s
PR RE, R, Go 58 ANV R I, IR Lk 57
JZANAAALBERE N HDFs AT F7, FEAK MMP-
1R MMP-3 923k, ifi HL R S8R 11 o 3 2 11 5
LR 2 1 T ) Rk 7K S 38, Myeongsik 55
UG R 4 R T 40 Y A8 A (induced  pluri-
potent stem cells-derived exosomes, iPSCs-Exo ) 7 &
UVB 41 HDFs W5 AR 4518

BEAb, i T B R B AR 25 S, SR AN [R] A2k
AR BR 58 I 8T, 1) T 55 A 4 A G 2 g1 R <Ot
67 SRS A B R A R AN
JHL IR A 8 A A2 2 B DNA 451473 , 388 i S Ak Rz 54 A
15 48 (reactive oxygen species, ROS) , I 5 2 {7 ik
Af AL e B Y [ 3 S5 T 400 R U A 41
JMA (human umbilical cord mesenchymal stem cells-
derived exosomes,hUC-Exo) 7] LIl UVB X 40 M
0, I REEG 5RO 2 N K AR A 3R Bz 200 i 1 1 5
LR, RGN T 1 AR Ak, BEAIR T MMP-1
ik 5 ROS B4 2 [F] 4, Fafian-Labora %5
NIUR ARRE AR N1 AT 2 4N AN 3 v 1 47
e T -~ R Rl R A 53k 2 20 L 0T BEL 4, O LR
T A p1e™ Al p21°7" P g A
AR ARG B-2FFLBH T ( SA-B-Gal) 1 A 1L-
8 MR IKIKF-, %% ROS FRZFN B 1E )G i AL Y
VEF MO BG5S A 55 N iF
FERI, hUC-Exo H1 %5 (Y 14-3- 3¢ 2 115 AT L1
A9 Sirtuin 1 AR BT AL T8 B, 2 U SR AN
SRR A REED 5, 2B hUC-Exo s —FP i 7E
TR B IR T SR AN G R I B RO 25

W DR VR Ay — ol LA 3 04 g R 1 AR P
P, AR g A 2 40 7 BOIK D R DI , 23 sk B Jik
WA R S e s A A IR A ) e T

Y A3 25 1 A WA AR IS 1 B 2 Ak HDFs 40 i, I 48
G T ANIMAR I i, 25 SR R < o W+ e VA B AN I A
ZH (50 pg/mL) AT LB 0 10 o 2 2T 4 200 i 1 3
B FNIERS | 28 ik A0 R 1 S Ak I R o RS AL
Al e SR A R p53 F p21 FE8 FiRAEE,

3 TSR EESBERRER

BE N B AL B B A AE A A B0 A
FEREAC B BB IA R R AR 52 B o 4 ) 5
e, T A P AR ZR S S el i o e O B PR 3R, B
AR IS I, R R B BB I T T A M AR IR AN,
(B2 ) 8B A e e o A ) e BT
2l }fd ( bone marrow mesenchymal stem cells, BMSCs )
ARCE R RE I 32400, B B IR A B e R
B 3 B R A I TR A R
AEH TRBAAE 82 BMSCs B BUE 43 L BE 1 mT LUK
HRBER B, UL LB I 1R S i — R BT i 6
M

G B R BE A AR IR 1 4, 2 4R Y BM-
SCs HYLE MERE I 3240, S5 4R 52 NAH LE , B 4F AL
K EVs H 2 FUBE BEAE 2K -3 (galetin-3) & = D,
o B AN T W (R A A NG = SN ]
miRNA-19b-3p 7 LAk35 3 % BMSCs WY BUH BE 1 T
[ , J:FEAIK PTEN ( phosphatase and tensin homolog de-
leted on chromosome ten) 97235 M T 4i it 551
B kb oy g R A SN A TR TRl RE R T Y
PREEE S, 2021 4F, Lei 2 AV 5 % 8L, {ii 7]
hUC-Exo M5 % % BMSCs )5 , %% BMSCs™ kb F
S 10140 A Y Ll 913 A2 s T IR O HL 5 ) A e
Lo s BRI U RE 38 98 5 2 2 A0 OC SA-B-Gal I P
ﬂfﬁ; H ﬁ?ﬁ( interleukin-6, IL-6) | A 2=-8 (inter-
leukin-8, IL-8) . 54 41 g #2 1k 25 4 J&-1 ( Monocyte
chemoattractant protein-1, MCP-1) H2AX 45 H %
AR 1L I 20 ( phosphorylated form of H2AX his-
tone variant,y-H2AX) 48 & [ it 5 BERFAIC, H 3h it
FER I, B BMSCs™ " TR N BA7 5505 79 J B g
T3 BEWRIEHE R B4 A DU, HARIE W2 5 &
H BN A N Z —, 3% hADSCs H Y miR-
146a-Exo , & 1 miR-146a-Exo X 48 K EL A 1
YEF, 3116 52 08 i = 35009 -1 B il A8 i K B 1)
K,

H 7 R (osteoarthritis , OA ) & — M & AN K IR
R IR AT, FURR R SR A A Ak
BE5 G AN 3 AR R A, S BOC el B
MARE AT OA HEERNRZ —, HE
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21 0 P S B A 1 B D/ R T, Al ok
TSR Z AT DA 2 491 40 G %) 434 B - 0 o1 440 e 9]
T2 SNIMACE B SR AN L VRYT
OA M—FP AR FE,

TEA SR8 2 1 JERE RN R 55 v, S a4
TR R, AN, 76 S 0% 19 s 8 1 33 W
RN AN AP AR TR B W, W ARG SR A 18 2 )
AED7T T R JREAE AR AU A I R A
J 2R, R R G T B B AR M R A W T g
hADSC-Exo AJ LA S8 i BB A i 4 (11 AL Jit |
RS B YOF S I il G o 05 A AR | ) /S N
A A AR RNA, 11 miRNA , mRNA tRNA,
LncRNA Fl rRNA 255 | RNA 7E40 IS IRES h 45 5
DAL iy 5 i, T A1 6 4% 1) B2 285 4 T LA R R 9
RNA FEZH AR (32 0 CE 8 8] 78 5T 40 i i
AR ( BMSC-Exo) M1 & 47 miR-92a-3q, EL % il [
MntS5a SEH G 240 B bR 259 (4 4n 10 Y i
SOX9) My ik, Wl /b 43 it AR A% 2 4 (5 4 MMLP-
13 RUNT A5 K1 2) B9 235, M3 i 4k &
gl ol B e B N R = e R/ R 1 P o L=
Tiih # BMSCs 3R 45 1) 7 WA AR 7T fig 3 2 miRNA-18-
3P/JAK/STAT 5{# miRNA-181¢-5P/MAPK {5 i
6 SRR 2 B 1 1 BRI SE RS, I A A AR A R T AR
BB B, [FRE, Rong 25 AN L % BRI 42 T
A3 BMSCs 345 19 40 WA 1A 38 3 miR-216a-5P 43
WEBE, LncRNA 2 5400044 3458 40 LA
AT A R IR R . DFSR R T, MSC R IR Y S A A
o LncRNA 7] A6 mNRA #9801% , REAE Jy 4% Fh e
9o A8 28 A W b 3 R YR 9T B S, 9 40, BMSC-Exo
1% LncRNA KLF3-AS1, hUC-Exo H' /Y Lnc RNA
H19 AT LA 2k 4 28 200 6 18 5 3 8 AR 4000 151 40 i 78
TORfESHRE R
4 TFHREMMEEEREBRERPHIER

e R g R R BT
FERA A il i A5 iy, B IR 2% 165 BRAE ( Alzheimer” s
disease , AD) /UL 55 95 95 25 P L 5 8 B A O, X
B AT A D35 9 ol R0 8 WG A A 0 T LA PR R

BT 7R 2% 18 BRAE ( AD ) o — i Ol Al 28R A7 M9
g, I R BRI ICAZ 3 2k A RE ¥ T R
H R 6 sh 32 B, R A ek B Y, AD
2 AU B AF RS2 AD SR I & 4F BE ( senile-
plaques , SPs) B 1 28 2 fih 25 45 A i 20 2 2 g 25
LAEBE BB AN AN T B VE MR R (1 (amyloid
B-protein, AR) IR A, WF5T & B, T 40 a0 iis 44

TS NG T AR RS AD TSN &R L, A
BEAFIRIT I ST o 9 s DI 4 R] 5 5 1 40 i 5 5%
S 3 B 1 A A AT LAV /N U Y AR R 2R
et /N B CAZ BB 1 F: 2 BE 1 hUC-Exo
REAR 2 JZ AN ok rf SPs (8, F 110 AR [
it JETH R i R R Iy 22 B g 1 256 . (IR AU 3
hADSCs 315 hADSCs-Exo i3 1£ 38 cire-Epel F1EL
AR /N BT AR L M1/ M2 B Akl AD /I BTN T RE
100 A HIE  BMSC-Exo | miR-146a 8 2 ¥ %
JO A0 R A, o R TR I S AT L P miR-146a 7K - T
1=, T NF-«B 2Rk, 2038 T AD #5281 5L IR i Jot 4
ARSI A A2 I I 400 ) S BB WK 2, 2 fih a5 44
A IE T AD NI HIBR S 2022 4R X8R
A NLS 4 % B BMSC-Exo i -k 38 25 2%, 7T Lk
/L AD FIAATE R AL T R W K 45 1
G2 I 4 L 354 e A O ) i 28 A 9 Al BDNF AH G )
P B2 TR Y

R 25 W s o A s ) RS B Rt
J AR5 S 0 O LA L 53 Ak 5 4 BEAT SR AR TR 3
9T 2 B, SRR T IR 3G T 40 L ( ESCs) , iPSCs Fll
MSCs FIAMNBAREA 175 T 0 ILAN AR5 (e 0F 1 45 A=
AR w1 i A B e O R (3 o5 IR W 2P
DML PR A DT s, BIF5E £ B, BMSC-Exo 1 )
i i 5 A IHIL A 1 TR O LA R R 3 0 UL
FIRT AR E/NEURMHEE S hUC-Exo, 7T DL i 2
W /N RO LA D RE, 32 = /D B2 3hRE
IF HAM G A S I A Rk HFHEnT A 2
hUC-Exo H1 3 #Z A1 LncRNA MALATI fig i 40
il NF-xB {55 38 #& 09 i& M, a5 pes s A4 &,
IR G TNF-o AR OR AEZ AN 2 1 &,
Zhu %5 N BF5Y & B, hUC-Exo & A K 55 4E g i
RNA FEFEHH Sl i % 5 A 1 (LneRNA MALAT1) ,
AL ] NF-kB/ TNF- 5538 5, I 15 7 2= FL b
WD LA

5 mBERE

T ARAE AN A 20 3 3 55 3 A A TR,
SCRAT T AR AV 1T ELEAT L fi) %0 Sz
JEPEARAME B AR o S50 1, 31X D9 SN UAASI I 7 s
LT R AN AR, HAET, AR Ah A C &
UESE AT DURE S5 3, 203 FME 52 38 8 AH i e
AREAR o HARIZ AR C 2 IUAT T A %Ay I E
ERATA VF 22 IR 2R AT 5T, — D7 T, A TR+
EAR R DR AR S NI AR 8 B A e S M, A 4
AR, I ELAM AR 0 B X 2% Bl 19 1
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