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Abstract

BACKGROUND: Exosomes derived from mesenchymal stem cells play pivotal roles in cell communication and epigenetic regulation due to their low
immunogenicity and targeted delivery effects, and have been clinically applied in the treatment of various diseases.

OBJECTIVE: To review the isolation, purification, identification methods, and application progress of mesenchymal stem cell-derived exosomes, and to facilitate
the development of large-scale preparation techniques and clinical translation of mesenchymal stem cell-derived exosomes.

METHODS: The Chinese search terms “exosome, mesenchymal stem cells, isolation, purification, characterization, clinical application” and the English search
terms “exosome, extracellular vesicles, mesenchymal stem cells, isolation, characterization, application” were used to search the literature published before
September 2024 in CNKI, PubMed, and Web of Science databases. Articles with poor relevance to the topic, outdated, or duplicated content were excluded,
and finally, 109 articles were included for review.
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RESULTS AND CONCLUSION: (1) This paper reviews recent methods for isolating and purifying exosomes, comparing the characteristics of ultracentrifugation,
ultrafiltration, size-exclusion chromatography, polymer precipitation, immunoaffinity, microfluidic methods, and other novel approaches based on their
underlying principles. (2) Methods for identifying exosomes can be categorized into physical and biochemical analyses, characterizing exosomes based on their
shape, size, and characteristic proteins. (3) Mesenchymal stem cell-derived exosomes have broad applications in multiple fields such as medical aesthetics,
wound repair, and cancer treatment, due to their immune-regulatory properties and ability to cross biological barriers. (4) The clinical translation of exosomes
faces challenges due to their complex structure, lack of universal isolation techniques, and poor stability, making it difficult to achieve in a short period of time.
Key words: mesenchymal stem cell; exosome; extracellular vesicle; isolation and purification; preparation technology; characterization and identification;
clinical application; disease treatment; engineered exosome
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SRR A S TR HE T B 5| Z I8 69T fe bt
BN g B Ak el 2R B
TTA R B YA B T, ik
AR A 18] TS tmAR s kARG 7 R e T
KIERT ek, B A SR RART
| A, JLES.
241 BERER RERAGTELG
A ARiTAZ, CFRALARENLEMA R
B, BBRMEAARRRG R T, FT#
A mlE S R AKX EA T, AR
NBAATF o T RZEE %, LFou
Wb R R N Z A EZRE .
50 AE B 18] 7L T 4m A sk R 84 AP Sk AR ST
VAR it A 45 14-3-37. A A2 B R G B Ae
NOX1 % & @ & ERK-1/2"®', Wnt/B-catenin
538 BEAR A B R A R AR 40 JE (HaCat)
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R 2 | FREISMDLALEET AR LR

HRAHR JH KA AR s SCHR
B HLEE (TEM) 2 I R SR AR ¥ 7 OB TS, 45 AR B Ha LS4 #F % T4k 22 A0 ] % 5 [66]
AR AR S L, TSR MBS, B A ZoREmE, FETXR
st P {9 JE A 1T 504 T [FIR NI A uA A SR N s i AE T )
M7 2 S F B T8 B TAL 5 b s K
% By [ 2 AN S
Wk P BE A B B
EIESSId: i) HRLTHEAT AT BZ BN, KR 4R R ShADGHGT IR KBOR FDEIRMENE T2 (67]
(DLs) P AR T BT EUN S B3, /by WRIE TR R 10 nm, 3 s B0 JBORE [ 0 5 8 2l
I FLR BE BN (A1 Pesh % XS HIERLT 55 REAEKDR [
A LU O R T I RS U BB SARANBAREA T I

i3 Stroke-Einstein 77 R i i
lSTIpARERES

PORBRLR 7 WO R G I RE AR SNBARIETRL, B, Wk WEHE, SO PRI R, WTRER [68]

HT (NTA)

A el
(Western blot)

AT AR Sk () A ST B SRR WUARIURE, X TS [ B R

HORL AT LA, Al RSN IAR I A S A ONHNERN 2 3 SRAS SR IR 5 W rp M A

BIZZ), A % R 7R 5 12 AL A SR v 1 13

TR BRI AR 72 B ]

AR BU IR UK e S PR 25 5 R R TIAR & RERS R BT 1 AR S0 (A S R 8 AL 4 [69]

MRS PR A PR REARPRTEA MR, RIS A
BN A N

OKGERAN A I Aok P R0 M OO S IR RS R A2 Pk il i, BRI, A [70]

A BOCHR AT RN, Forh TR bR W77 ORI SN PR IR AN BB

SRR T PR PLAR B ) NERBL BT
EARMCI I ZOC R B )5 BEAT % FEAHREAR

SHGER DT

7 3 | [EFEFRTF LRI AE X IR R

FRA (I HRVEAES ) o FHH T pit
gy AH
I 60 76 T4 M AU R T T 5 A R U 2020 IR AIIZSRE T4 45 AN, ALSUMHT b S SR
52 o FTBLAR BT 92 (ChiCTR2000032537) Hodh s JEse P AIEE B
B 0 75 T 40 M A O 3 LM B 503 2020 BBEIMIZERE T4 18 AMAESPIT bl R Ang Al
W 60 S BT ROURITE (ChiCTR2000031122)  JLAMA AAER
19 76 5% - R ALO A P 450 circCOL-ELNs T 2022 JEHERTANT-4hos 10 FRJREE (1 Bt oft L ko 56
TRz 2 A0 R WF T (ChiCTR2200061216) & % 3R circRNA R/
T

JOF A E) 70 5 T 40 B A A A VR T VR IR PR 2023 AR AMILAEER 45
Wi%% (ChiCTR2300067975)
A4 I U 1) 7 J5 - 40t A0 8 4 T B L BR 2022

FUB VIR 2 B T8 = AR
e SRS BERE

HARBERT S 30 AR AR IR ETEEE

VR IT B R R A 5 A RO IR R B AT T A A O TR VEAl [
(ChiCTR2200059351) RELERER )
IS o
ARG T VEGF, ANG, TGF-B, I e
miRNA-125b-5p,miRNA-183-5p BRI AEHIE A miR-335,miR-375,
O IV R SR 1 eop g MiR-23a-3p KLF3-AS1,miR-135b
R % RRHOLE i
A 923
ICAMSs 5 O /D ’
‘ﬂ'\ miRNA
DOODB( o™
FIEs T MHC I
CDY.CD63,CD81
¢ ) mRNA T /M, My
AT AR W"@?_‘%
% r 3 -:;:. o
S ;o Bi%
AR AR i A 14-3-3C

MR Y -miR-122,
miR-199,miR-34a,miR-124

2t izki
B R AR

miR21-3p,miR-26a,miR-214
(I FEEE A 2R TR Al AT kR
HeL 0y 5

i

&
B o BEE

{

El5 | Sk R HEER S N

8 3% 58 Fo iE A5 U, IR A tm RSP R AR
2B g oE b BOKCE B B i AR
JRF A . SINE R T s sk k45 4
% FF miRNA 5 & ¥ B F 7T LAF 3L &KL
MF & ERP G O AL, A
HIF K EIT £ BARG T HRAET 1R 6y
2.

242 FHHAEH ikt bR
FEOEEMNR, T TRETEGEKRE
F g R Ko IRIE, LRI AR AEE AR
G A K EER G EZATR . N
FOR T tm RSk ab AR A8 AT 45 A 49 miRNA
B K B T 5 WA R AT SR E da AR
GACI W o UHE € R s 2 LD (A
R EE R @ L K M2 RAEAL, K AE
KT HIAER, ML £ %
% B R 1) TR T tm A S sk AR AT B
ARG bR, SREH K R AR
FABRAE R, AR5 A iz B9,
243 APy AAZWEmRE THME
FA P — A AV A, 0 ATtk
RIS RS S FAT. REFREA
TR, FE6 9T T IR K BRI 5 AP AY 2
Fom T AR KGR T R eyt
R A 8 T s b R W B %
At Fa R AR T B B Y Ab 2 5
= O A ZETEFEFHR, S
AP L2 Ik g 0406 IT FRARAT 49 Bk,

244 PMymigdsy  KIEMM A2 —FP R,
4RI F P KR M ER Y, AR
K ImAE o RE R, THAGERE. K
otk B E e e R L s KR
R 97 6 Ve IR SR % 5 A % #F, St R gk
PP RN AR E TS 77k, BT £
RAEBE 5 KE IR 60 & A LR FE 4
R, SRR T2 R T KGR R 6908
¥7 0, 1 L m e gl kAR T A8 it 3 e
% 1kBa & & #= mRNA 7K-F 9 42 3 o 44
Hemfe N2 R B AL P R & wn g s
B e E T % AR AL
AEASAE BB K IR, AT AR KM R 0
KR,

245 SIERGIE SRR F AR
THEZRE, BALRH HWE ST T A
A AR Tk S JUER o 7] A2 4% 5 L 28 8 5L
= @i T st R T A K
B A KRBT, @R FF2 miRNA 5
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& &M TR ARSI T 8%
g, KABSPERP R, BV T
EGFF A LR P, R AL
Az N0 AR Z RS IE R E A K, A
SIEFA . AL, e, SRR
P AAEACE 5T T RERT 691842
246 FAELTT BEMEANSHER L
FREHEAEM GO HERZL—, FEAR
—HER KRG RAEGA BT R, Stk
o) T3 Fe s AP I8 6945 i 3 T RIEAK
AL W) B Y ) 3R AR SR R 6 9T AR
Ik iR kg A "N, ) T e st
AAE it & & ik miR-122%7, miR-199"%,
MiR-124 5 % 4 J B I 1K 98 4m i 49 4725
WU AR e A, R AT
RV A B e R R, AT A | 56
AR,
247 BB RTINRAZ I F 4
RN, BT HERTA. At
AT, B R R e itge g TGS
b, IR A 2 —FARA SR AT 69 2 4h
BAR O gha kB e F I, B E L FRE
ARSI Iy ik B R\ RS AR
IAFANT EERGY. BRFEAR
A MR N, REGG T R K
BT G T AN bR 6 B M BARAE K
JE U SR E A L 9E B P4 R R R P 43 B B
J esosl,

2k, T R IR A
TR KB BGE B AR AR
KA LR 7, &AL A
2+ F 18] F )R F s sk Ak o a 64 3t — IR
&, WHA TR LR B LT EN
FA&.

3 714 Discussion

3.1 B EMAEZIUSARI IR
YOI AR AR Tmiea g TiEs
B EFAURGTIZEA, EAE AU b
RAFEANRRAE S, miLFoikegsh
SRR AR T m ek R 8 iR AR, A
2013 5 M R A F K E F R K L
Lm i B E OB AR ARG, SRk ik g
A AP BRIk, EITETILEP,
SRR B IR KRR, T aM
5 5 R ARG TP 467 @ B RBAT T A A
Fe R, R, BIHRFZHLAA LK

LR A T lE RaEL, BEE IR K
B,

B AT SRt R 5 B Lh AL AT @ 16 69 R
FEE BN AT ILE: QMR E § 4
f2, HigEa. mEFmisEiamE
ek R EE, KYRRBFHEE
HiBRABRA. BEFHGE 7R
MEA Z X 9P ik AR B H A 32 0 AR
i, BB, mASH. OFRFL
Ao B 77 ik B R B R ) 3R AF 6 SR b AR VA
HHFRI G E AR, PR EF K,
BEMRG, FHRIEHHA RIS LI
e, B, FLSZAXIAES B
HALIP L ARG T AD R R B AT R F R R
g E ., @B R AE RS AT
FI DA, Lk RMAEA & ik
s RATAE QAL RSN, Shoh, ikt
B RLEM AL, ARG, B BRI
a9 A AR T ARG R/, FrARREYIE ST
R,

3.2 {FEGAXBIFHARIWER B
A LBREE RN T SNkt B &
HEBARF IR, Ae bk AL i 1) 7T e
FOIN AR T TR F R AR IR s R L ) AR 49
Kb b, AR5 B AR AR R,
KA R R T bl dd Fe R ey sh kAR 69 o B 4K
R, AR ampesh ik g AR A
Fall RAEICAR B UM, Besh, X FERTHE A
TR T tm B ol bR 49 s R R R AT ST A
2, A KERERLEE, AR
AT AR, A E F A eg AR5 A A PRAR
2t 18] IR T SR b AR R R
A%,

3.3 FERHSRM R L TRAR
F s bk B . RAER LA, A2FT
1RIE 6 K3 A e Feshdh 8, VK
HUAR I REGEFFR. shoh, & T & harsl,
2+ F 18] 705 am Ao sk AR SR L A 89 A48
BAME, BAAIH IR LR BLE.
3.4 LANEERN H ST e’ ik
Kt B REFFep i h £ RE F L3
B P2 AR, W Bk 6 SRR Ay 1A AL
ST tmpe ey AR R T B R R
1. Fed ZOR B4R SR Y LA iE KA i
B, LFELRT BRTE R eIk
BEARE ST 7%, A hee s, oM
BATe A = R3S AReIL KT @, Hoh

200 | PEERTIEHAR | 5530% | 551H | 2026518

B ik T RSN A AR IR 4 AR KA
TR, st b, #—F AT HA
Ji T da N sh R AE TR ) SR R AR 4G e SRR
) BA RAERAE], RAIRITE AR T dm
SRSl kAR B AT 89 LR B A R AL g [
B, A RRBER A A ZARAIR R RAET
0 52 9T W9 LR IE b 5L sk A al.
3.5 FRBEE @atiE] AR T mpsh ik
HAEM A = 6 PR, 4R a 3 RN LR IR
O E A 8. SR FE S A
T, VAR B AT EPTE BT R B AR R
EREWAE, STYAMCAT 7 @ atAT4
RAFF: QR IN AR5k R px b am e
BRI, MEIOIE I TSR FE N AR 5
WAARAEE, B I A MM RIRBEL
5 RS AT Z Y32 5519 LR T B ed
IE, RIERR AR K EZ R E 09
T, QK ZHHAHAAI AR S B 44k
R PR L R 6 KA R IR T b -
7, B LGF IR ST R
BHiE RN BB L. QIR B
TR R T RO E R, BB
FI L AR P AT fb R E S 4l R4
YT R, dedb bR ISR . kA )
BZ, MESBRARAGLE, BLR
T tm s R iR Z R b B AU IR, R
BB BAEINA BAR G Kok L 2K RE) 69 &
JeTr 6, VARSI RS BT T R A
J, Mttt AR T fm i sh ik vk i s R
vt A2

TEEREK: 0 FHTLFRIT 5B ILIREE;
Zxite. MWL RFTRIEE BMER. AEE.
B BAL TR S HIE ST FEBTA

TGS LTy eAEH By, ARMA
RAKXFRG A2 F RAEA TR,

FEHRENAE R : X R — B P AR E, 4R
P (iR ZFTHY “F L - TR -
HE F XEF 407 &2, ELEFNAHHALT,
ATFHRAVAAE T A B 69K TR XA B d. A
Fodf e, FIRFAAEATR P . TR HEN. 4
. Ttk BB, FAZES R
31, AR AR R AT AR R i

MRAREEIE: L R AT ok b i
T LE AL

HIRISE: Z X FR58F BIFEF N 55
ERE (R R EEAZZNHRENL) (PRISMA
o). LFEHMAT L2 E b R B 5 LAk A 4%
HAT3AREE. XFLZIRAFIT ERRFING
FUTHFAA XA MFILART B,
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