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Application of mesenchymal stem cell-derived exosomes in the treatment of
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Abstract: The accelerating trend of global population aging poses unprecedented challenges to healthcare systems
worldwide, driving an urgent need for innovative and safe therapeutic strategies to address age-related degenerative
diseases. Although mesenchymal stem cells (MSCs) have shown broad application potential in clinical trials, their use is
associated with significant risks, including tumorigenicity. This underscores the necessity to explore alternative, cell-free
therapies that retain therapeutic efficacy while minimizing such risks. Mesenchymal stem cell-derived exosomes (MSC-
exosomes) have emerged as a promising candidate in this regard, offering significant potential in mitigating tissue
dysfunction, modulating inflammation, and promoting regeneration in aging-associated pathologies. This comprehensive
review aims to elaborate on the bioactive composition of MSC-exosomes, outline recent advances in their preparation
and application technologies, and critically evaluate their therapeutic efficacy in various aging-related degenerative
conditions. MSC-exosomes are nanoscale extracellular vesicles (40-100 nm) enriched with a diverse cargo of lipids,
proteins, and nucleic acids inherited from their parent cells. Their lipid bilayer membrane contains specialized
components such as ganglioside GM1, which contributes to neuroprotection and exosome bioregulation. Proteomic
analyses reveal that MSC-exosomes carry functional proteins, including growth factors, immune modulators, and tissue
repair mediators, as well as the 20S proteasome complex capable of degrading misfolded proteins, a hallmark of many
age-related diseases. Furthermore, MSC-exosomes are loaded with regulatory nucleic acids, particularly microRNAs (e.
g., miR-146a, miR-let-7 family) and long non-coding RNAs (e.g., MALAT1, FENDRR), which collectively modulate
inflammatory pathways, cellular senescence, oxidative stress, and regenerative responses. Importantly, the cargo profile
of MSC-exosomes is highly dependent on their cellular origin, leading to significant compositional and functional
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heterogeneity. For instance, bone marrow-derived MSC-exosomes are rich in regeneration-related proteins, adipose
tissue-derived exosomes are abundant in antioxidant proteins, and umbilical cord-derived exosomes highly express
factors that promote wound healing. This source-dependent variation underpins the distinct functional properties and
potential therapeutic specializations of different MSC-exosome populations. The review systematically details the
technological foundations for MSC-exosome applications, covering isolation methods (e.g., ultracentrifugation, size-
exclusion chromatography, microfluidic platforms), storage optimization (using cryoprotectants like trehalose and
appropriate buffer systems), and delivery strategies (including systemic administration, localized injection, and
biomaterial-based carriers such as hydrogels and microneedles). Advanced culture systems, notably three-dimensional
(3D) scaffolds, enhance exosome yield and bioactivity compared to conventional 2D cultures. These advancements
collectively establish a relatively complete technical pipeline for exosome production, from purification and preparation
to storage and delivery, providing a solid foundation for the future clinical application of MSC-exosomes in treating
aging-related degenerative diseases. Preclinical and emerging clinical evidence highlights the therapeutic potential of
MSC-exosomes across multiple degenerative disease models. In neurodegenerative disorders, such as Alzheimer’s and
Parkinson's diseases, MSC-exosomes mitigate neuroinflammation, reduce amyloid-p and a-synuclein accumulation, and
promote neuronal survival and synaptic repair. In bone degenerative conditions like osteoporosis and osteoarthritis, they
enhance osteogenic differentiation, suppress bone resorption, and attenuate cartilage degradation through modulation of
inflammatory and anabolic signaling pathways. For cardiovascular and cerebrovascular diseases, including
atherosclerosis, ischemic stroke, and heart failure, MSC-exosomes improve vascular endothelial function, stimulate
angiogenesis, reduce oxidative stress, and ameliorate fibrotic remodeling. In conclusion, MSC-exosomes hold immense
clinical potential as a versatile and potent cell-free therapeutic tool, particularly in addressing the core inflammatory
processes underlying aging and degenerative diseases. Evidence confirms the strong association between cellular signaling,
chronic inflammation ("inflammaging”), and age-related pathology. The emerging therapeutic paradigm of "inflammation
resolution,” an active and programmed process, suggests that multi-faceted agents may be more effective than single-target
anti-inflammatory drugs. As carriers of "youthful signals”, MSC-exosomes with their rich cargo of bioactive proteins,
miRNAs, and IncRNAs can orchestrate a comprehensive, multi-level modulation of inflammatory responses, offering a novel
possibility for treating aging-related conditions based on the principle of inflammation resolution. They are thus emerging as a
promising next-generation tool in regenerative medicine. However, their path to clinical translation is impeded by several
challenges, including a lack of systematic large-scale clinical trials, product heterogeneity due to variable MSC sources, the
absence of unified quality control standards and dosing regimens, and technical immaturity in scalable manufacturing
processes. Therefore, future progress hinges on robust clinical validation and targeted preclinical research that addresses these
translational hurdles. With continued refinement in standardization, production, and delivery, MSC-exosomes possess
substantial promise for transforming the therapeutic landscape for the aging population by decelerating degenerative
processes and restoring tissue homeostasis.
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Table 1 Functional summary of bioactive components in mesenchymal stem cell-derived exosomes
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Table 2 Comparison of exosome isolation methods
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Figure 1 The basic process overview for the techniques of culturing, purification, storage, and delivery

applications of mesenchymal s

tem cell-derived exosomes
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A5 2P IR e , B A8 p 2218
TR AU o A 28R A T MBI AR DG A JE R AE K
i AN [7] DX S o A i o T e A 0 300 5 1 DX Bl
PEFGRAER?T . R, R SR B A A T2
BB R 258 5 T-BE %) TiIMS C-exosomes A
B 2 I B R L4 B YA T R R AT
ORI
4.1.1 FI/RRIGESR

FA] /R P 15 2R ( Alzheimer's disease, AD )4 %4
N i LA A 2R A TR , AEA T e A2 T
B A BERERS K AT R ks Sl R R
FAZ OB ALE « B-TEM LI (amyloid-B, AB)
S UTURUE R BER o BERIR AL AHOCEE I Tau
RS EHI P AL Y945 (neurofibrillary tangles,
NFTs) , LA /N e 5t 20 Mo A 5 00 18 Pk Bl 28 A T
I SITAESK IV AN AR ADS B P S T
W FBUAEMTEI 32 CE . HAET, ADIGIRIGTT
T EAKAS 2 Tk RE Bl B B 10 1 77 (acetylcholinesterase
inhibitors, AChEIs ) FIN-F1 £:-D- KA &R 3Z 14 (N-
methyl-D-aspartate receptor, NMDAR ) 45471 77 524
YL GRS 25 TR B SR, X
By vk A TS A RCE VR RS . MSC-exosomes A
Hyi fEiEAPIE IR M & B 1 &2 HAEH , By

1 A A BEAE 10 i) AD /IS FRUREARY () /)N e S5 200 it 3%
A AN g0 AL AT i 5 MSC-exosomesid ik
miR-29¢-3pA 5% : miR-29¢-3pil iz 411 il B- o7 15 FE A
FERTIRE [ 24 %5 1 (B-site amyloid precursor protein
cleaving enzyme 1,BACE1) ik, I/ ABHE A ; [A]HT
PIE Wnt/B-cateninfs 54 # , 1 U A B A il (N
neprilysin, NEP ) 3k , ATk 20 A BBEBR TR FAIG
RAEH T ACEPT Ak, Cone 5OV R B, BN
itk i%MSC-exosomes A i E I8 /D AD/N R 5
X ABBEH , I A28 5 0E , I el A M TR
4.1.2 MAEHRRE

MF4: #8575 (Parkinson’s disease, PD)+&{VIK T AD
FEE KA 2R TSN , I & T 55~654 NHE, ™
AR AR 02 RO B A 2
Z W NERE 2T T 2R 5 AR N - 5 il 2R
H (a-synuclein, a-Syn) 5 & R4E L i 7 /MK
(Lewy bodies) % PIFHIC . A, Al HH S RO Lpr 14
IRe S AN WA M RE 1T B, 5 o-Synd BEPE 2

FUE BB GG FR , H6 [ ik e 28t ATk A 103
MSC-exosomestf iy FmiR-181a-2-3p nJ # [im] #1 il] F
HH A N 8 F 1 (early growth response protein 1,
EGR1), # 1M FIHNADPH4 L4 (NADPH oxidase
4,NOX4) Kk , b iz PDR AL i S8 A0 B B 1
St T4 MSC-exosomesii izt i 4 A ]
%5931 (intercellular adhesion molecule 1,ICAM1),
G SMADZE % A%, 513 (mothers against decapentaplegic
homolog 3,SMAD3) fllp382% %4 J5i 1% {1k 8 H I il
(p38 mitogen-activated protein kinase, p38MAPK) {555
X B, SN I A BT L M PD N M ThBEL 104
N R IEMSC-exosomesidiisd [T IEATF 3145
A 11 (special AT-rich sequence-binding protein 1,
SATB1) , #1% Wnt/B-cateninfs 518 B FF1# 15 A WK
-, A5 RO PDRAR R I Z TR L BB
#MSC-exosomes 5 HA BTG YR KAR BT
& (nanoliposomes , NLPs) 454, 0] Hp[] il a-SynZf- 4
PR AR 250, IR PDYAY AR 100,
42 BRITHEERR

AN D) B R B TR T . G
EHE R A LI P B R I T 2R M D e R
SRR B IR B e v O s AR
RS, AR B R s B R B A i AR08 ]
FEBEIOAE B A s AL i R
PR & LE AR 7). MSC-exosomes BiIE I it
B YA JETE G s A A B BRRAE
L FESH ) B SR B SRBE B BB A S A B vh
MRS LR A R AR
4.2.1 BXRTHR

B KT R (osteoarthritis , OA ) J&—Fh LA T HCE
RTTIEAR T RRAAE B E B MR AR AR D
KT . Bl 2ECERAL IR, OAT B F 3 h
EAE NTED 5% JH 2 754 4F (disability-adjusted life
years, DALYs) TH e (5 2 46 AR e 1 Ho
S AL 95 B R 20 L A o 1 5 4 i A
P, ZR IR B IR 21 AE P 28 W I R 1 R Ok )
R TR TR AN AR BE R
W55, BUA AT T BOE U A B gk A2
MSC-exosomesifi it Z2 8 AT AAE AL T 5 7
" HOATARTFHRAEE T 0 4, AR ) 7 R 40
AN (synovial MSC-exosomes ) #5747 FmiR-129-
Spi 1 41l =5 A5 % B 1 (high mobility group
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box 1,HMGBI1) R, NG AL A S
(inducible nitric oxide synthase,iNOS) .} & fifF2
(cyclooxygenase-2,COX2) JE 54> J& £ F 13 (matrix
metalloproteinase 13,MMP13) &4 K F«B (nuclear
factor kappa-B,NF-kB)Zik , £ 50 i Al /v 2= -
1B (interleukin-16,IL-1B) % FHIOAZAE R 41,
BTSN A P Y miR-36 1-5p i o) 4L ]
DEAD & fi#t/igfi#20( DEAD-box helicase 20,DDX20),
FHIMMP A 5, I FELITIL- 1 B4 5 19 58 E 2K [
witA) ) EBE A FE BT 40 M M A (bone marrow
MSC-exosomes )i i miR-9-5p il % £ A& R B 1
(syndecan-1,SDC1) K EAFHL A FHCAT R EH .
A, 75 T Z Ee T M (induced pluripotent stem
cells,iPSCs) s34k 7= FIMSC-exosomes 1] i (g i
B AT R 5 A, N OA s 113 MSC-
exosomesif i3 B HE ML il i 38 5 T A OG5 O A i
IL-1B/iNOSA™ T 1 4 i S, [ I 28 i B
(protein kinase B, AKT) FIZH /M5 5 7 75 P4 1
(extracellular signal-regulated kinase , ERK ) {551
e U A AN L A RS T BRI ] FE R
T2/ MMA (infrapatellar fat pad MSC-exosomes )i
1 1 1% miR-100-5p#E [] mTORGHE %, 45 1 WK LA
R,
4.2.2 BB

‘B R ANAE (osteoporosis, OS )& LU & 2k |
B S A IR KBl P B A R R Y i IR A T
o7, R S T KU R B T R T
OSHi FFR B R Z fig T 40 M 34 78 5 43 AL i ], B
TS B L 3 2R el 2 L) e 4 i A A e
7 WA M A RE SR O e R T A M AR A
(mesenchymal stem cell transplantation, MSCT) E#%1iF
5238 o HE LM S C-exosomes DL 25035 5 i AL , [R] B
MSC-exosomesifi i 1% 156 Fas 4l il 2 AL T- 32 14 (Fas
cell surface death receptor, FAS) J#1#miRNA/DNA F 3%
T TR ALK b s T B s o b [0,
1] 8 5T A SN E AT A IncRNA-MALAT 138
i microRNA-34¢/SATB2{5 541, il 4 i il 40 A
ST AR R cui M IR R
A0 ] T AR M A (bone-targeting exosome , BT-Exo-
siShn3)#& 4 T MSC-exosomes-5 41 [i7] Shn3 B Kl it /N1
HERNA (small interfering RNA ,siRNA ) , 18 15 5 # [a] Bk
(bone-targeting peptide ) K& % , RENS [F] A A 4% 1458

BB AR B 20 A S A I A AR Z A E
HKA MSC-exosomes 5 A4 W5 A b4 ) S 48 J2—F
ARENRIT RN . KA 2R T AT E rMSC-
exosomes-5 B-MfR — %5 (B- tricalcium phosphate, -
TCP) 2488 H , ] I # 95 M S C-exosomes 7E fill
A T 57 A2 B AR 15 M A AR A RO 22
A AT G S 28 d R MS C-exosomes 5 #L [(]NFATc 1
(nuclear factor of activated T-cells cytoplasmic 1)JE[H
[SIRNA., 3 — 7 THT B8 141 il e B 40 e ) G
SHFE S Rl NFATe 1, 75— J5 T2 #EBMSCs Y L -3
A, T SIS B B AR G R 12
4.3 M E R

MSC-exosomesif i 32 1% I 45 AE RAH OC 4t g P
F I RE R AR GRS RN A ZE Y[R JH 4 0 8 A
H5BE 7.0 M BT BIG YT T I
14 1ML/ T 9B BE 113, MSC-exosomes ' fimiR-150-5p
3 o ] 4% TGF-B . VEGF XXMMP 14 , B 1L 5 P9 12
B3 RS AL I A4S, Ak, MSC-exosomes
(ImiR-423-5p ] LA 25 A Sk P9 Rz 4B (human
umbilical vein endothelial cells, HUVECs ) & 542 14544
WIEE ), R IR IIMSC-exosomes 11 IncRNA
H19 58 i P miR-675 EIRHE M4 A N 1 A 4R a]
Zhikft43F1 (intercellular adhesion molecule 1,ICAM1),
BAEC AR, MSC-exosomesTEIAYT Lo
A RA TR QN Sk ok RERE AL, sl i 1 2 33 By B
Filfe O 1R T A ) 2
4.3.1 FHEKHEEREWL

hlkikiEER#E AL (atherosclerosis , AS )& LI sl ik N
JEENR B U AR | SOAE 4 I 1R 11 S BEHIE B R R AIE 1 18
P A AR, R R O ) I A P B D g e
558 B S S RE B YIAR 124 . MSC-exosomes
AT ASHY I SAE RO P K A, 38 i 240 T
THASK L FLERE . MSC-exosomes 7% A fmiR-
let-75 M 1T HMGA?2/ NF-«Bi A E BEER Py 1 105
YA ) BT AR M2 B AL, [R] B 28 R 5 R R AR K A+
2 mRNAZE A £ 1 (insulin-like growth factor 2 mRNA-
binding protein 1,IGF2BP1)/PTENIE &4 F W2 ity
1=, B B 2k 8 8 FH E (apolipoprotein E, ApoE )it
B/ NELE B ksl R AR 2] miR-21a-5pi i $0 i)
KLF6/ERK 1/215 51, # il 42 4 M 17 10 248 Jfa 3
b, U B AR A 48 D 18] 7S TR 4R A
A o 18 3 R A A AL AH O miR-342-5p , 41 ] 1.
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BN R A T S A 120
4.3.2 FRIUEFR

BRI e XL (ischemic stroke, IS ) f&—Fp 5%
FHOCRYIRAT M , Bl N 2 Ak g, 1S Y
YN PRCRRE RN ER T R R A TR
W BT AR R RIER P L (557
SRS AR RO, 2 — 20 T U 1 A
RS K AE AL AP K D e 2 0 SR T AR A,
/U ki 2 2R06E Jeg R kel i BT AR 2 18 7, A ki 2 48
1 5 5% Bk i B, 3 SEH AT BEAR S S A X
4 & HEH128) . MSC-exosomes AT [ A A 1145 AH G 46
i SN, A A I 32 400, R AR SR T 7 A AF N BRI
P e XS i HE S S5 E A R0R )T T B . MSC-
exosomes B IESE ] B £ B B H , FRIL-18 A9
IRRRAG , ILAE A RN A 28 2k 3 i 120
KR FIMSC-exosomest 47 [ IncRNA ZFAS L3l 1)
HImiRNA-15a-5SpZE 1S H I B AN R e 9 1300
MSC-exosomesid BEAS i Gl il P4 H XUS 182 E , 6120,
HHERIFEAIMSC-exosomesili i FEHT /NS & H -1
(caveolin-1, Cav-1 ) #RH1E (1) 81/ N 2 F1-1 (zonula
occludens-1,Z0-1) F1H]4 4 H-5(Claudin-5) W HFAE
H, B B 1S S 2T ifiL ik 5 & (blood-brain barrier,
BBB)#iffi ',
433 LIRIE

0> J1 505 (heart failure, HF ) & —f 5 =2 %41
K RRIGIREERIE ,, FE DRSS sl Dh e 5
SR BB AR O E S & A AL R
bR D REZ AL, AR ECL ML M LT 44
B T, B AR AT AR HFRY BB A L33 ]
ST MG THE R E A 2 Y e
TIES2 3 B i 25 40 WA I AR e HE L2, MSC-
exosomesi# % Y miR-129-5pil i # [v] TNF 32 & AH
KA F3(TNF receptor-associated factor 3,
TRAF3), M HINF-«xBf5 516 1k , k> HF o (1) S 4k
O AR PR T A SE AT AL 4 it Ah , MSC-
exosomes {1 [ miR-124 638 i 1 il 22 % ik & H 23
(serine protease 23,PRSS23) %1k, i H L& M1g Mk
HFBR LR HBEMSC-exosomes & 4
AR BEIEGRASRNA GASSIE 14 #47i5 UL3 (ubiquitin-
like protein 3 )K#fi I Hippoid i , I ¥ Yes#H K &
[ ( Yes-associated protein, YAP) & H:PDZ%5 & 3k
J?%%;@‘i%ﬂﬁ[il%(transcriptional coactivator with

PDZ-binding motif, TAZ ) %56 , £ %A il 5t
T, IO WU AR 530

VLR EFFEIESE T MSC-exosomesTE iR iR
AT T B N RV g RT3 o 4 2SI T i 53
T RAE SN AR SE R 28 B RO i AR AT
T BUE S, [R]E RE PR 1 25 200 B R-B 200 B T 2l
P2 SE AR AT M 5 1L Ah , MSC-exosomesif
RE A [ fift 55 i 28R AT 1 952 o A O 1) 8 B
BT (El2).
5 RRREE

W MR T YRS O IR S 5 A
% I A R S A e e e
R 22 R AT PR B TR T T IR T AR T AR
LS, RIETHIB A R — D F 9 kit
TERIEIGIT T, £75 AUMIHIR R T RE L — i P R
iyt A R T A A A Sl — Tl 2
ML AERAF S, LA & PR A OCE H T L K
JmiRNA, DL K IncRNAREFE 2N 2 1T L 1w %
S RS B ST S, R TSR T IR HLER
IT R A TR AE T AT BE. MSC-exosomesiE
TE 18R T A YT VR IR T 3 2 AH DGR A TR s 1
QLT H, AR, MSC-exosomes [9 Il JR v FH A 18] 1ifs
WAL B = R SRR M R GG RIS, 7 A
FES I, B2 48— 0 T R AR AR, DL &
T 2 RS A 77 1) 25 P11 B BEAR BN iU
I, 75 B 2 R 5T LA S RE RS At e PR 2 Ak ) A
FIIRE R BT 5E A4 GE-MS C-exosomes B IF 4 [7] Iffi R
N

KR EPIMSC-exosomes & A Z A 2t
RS , A R TR R T A I
(N FHRT . SR, B RTIASCH SR 24 TR
FERIBETT , /b 2R g B AR Y i RS , BHLAS T MSC-
exosomeslifi Kb . B MG IRBESEAT T —HUE 58
%, 20234F, 1 1 A8 38 22 1% 22 o B i B 4 = Bt W)
FAZMIASE I T R HIMSC-exosomesii 5777 AD
1B B4 I PRI ( Clinical Trial NCT04388982) , 45
LI, NGk IR IMSC-exosomesZ: & N 45 2577
JTADSZL AN, TR BB RAUBIHES T I PR N FH )
LA R Ax 1080k 70 ARG AT 5 A4 K,
SIEAh b, ARME AR AT B 2] S R IR RIS SE R,
MSC-exosomesTEHT i AH I H A I R F% 1k
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Figure 2 Mesenchymal stem cell-derived exosomes ameliorate neurodegenerative, osteodegenerative diseases,

and cardiovascular degenerative diseases via multi-mechanism synergy

SAFRNHE— LD

H FMSC K& MSC-exosomes ) 7 JFi 1 , MSC-
exosomes MRAIFIIEEFTHEH MSC IR IET 5,
AT SCHTA , AN ER IR M S C-exosomes & £E Y 25
J2H o BAT 2 25 5 LA, N R i 41 41
MSC-exosomes RNAZH Ll st A 25 57, iX Al g &
MSCHIZMEAR A 3138 MSC BRI £
S MSC-exosomes A7) BFge % W],
MSC-exosomesH) K I 23 FEOLLE e R A sk ie
1RGP A M R A T T AR 25 5, DT e
TEAS TR R ISEFH B 38 R 200 ER, R R e
IMSC-exosomesidi ] T HARSE — A8 iR T PR
eI BT, IF Il MS C-exosomesTE IE 20w A T
Ilfs PR A8 75 T T Z 55 1IEMSC-exosomes i R Gt fE
FALH ST, B AN R R IR T MS C-exosomesiti H
P AR ), RS B TR K R R BE ST AL
A5 rh B 25 245 551 o D) 2 24 30 A R 9 0 1 5,
Bl = 45— M S C-exosomes Y J5i 10 B 70 A1 751 4 2R
7, WA B AR JEM S C-exosomes 19 [t 11 (1 70 M
PN ) E T, A RO LIMSC-exosomes 1) iUk 5%
H (AS/mL A A7) A 407 3 B0 A 45 S Ll
5T Z 18] () 2 BRI e AEAE R, i — 20 R BOfE LA
Bl R IV R A B I, PRI, 6 SR R N 9
MSC-exosomes i e il i G5 — A4 5T 12 A F 7] 2 5
fr, BCE R ZE AP LA 2 8] A] DLBH B AR O 2R
AN FERUBAL AR 7 i #E H , MSC-exosomes Y 4325
alifl, A7 A Bk A5 SR AR DI i 22 PR, 3X

AHS o) -, SR 1 R PR AR AN o ZE I FH AR 7
AT DA R A S RN sk Z AR AR A, Gk AT g
FARIEXTMSC-exosomes#EA7 AL H , P45 & G2 i
PEER it — a5 5 4R AR 7 I OCHE B Bt
iz FHRUR R R GERT IMIMATEA T B 22 19 e 43T
DI SMIMA T & . A T fE 8% MSC-exosomesHif
I R PR B b K 5 H )R 7 DI RE M S C-exosomes
R SR T2 G AT AR i B AR 5
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