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[Abstract] TExosomes are phospholipid bilayer vesicles secreted by living cells that can carry a variety of signaling
molecules, such as RNA, DNA, protein, and lipids. Exosomes play a role in the transmission of signaling molecules be-
tween cells, thus regulating many physiological and pathological processes. The methods of extracting exosomes include
differential centrifugation, density gradient centrifugation, exclusion chromatography, ultrafiltration, coprecipitation,
polymer immune affinity, microfluidic separation technology, etc. Each of these extraction technologies has advantages
and disadvantages; however, there is no unified international standard. In addition, the expression of specific proteins
and genetic material of exosomes from different cell sources are different; thus, their expression characteristics and func-
tions are also distinctive. Based on this situation, research on exosomes is limited to preclinical studies, and difficulties
and challenges still exist in clinical application. This paper summarizes the progress of research in the field of exo-
somes, to understand the characteristics, modification and application of exosomes from different cell sources, and to
summarize their advantages and disadvantages as well as challenges, which can help researchers better understand and
master the performance of exosomes. Furthermore, improvement of standard procedures in the extraction and manufac-

turing of exosomes is important, as it will provide a reference for researchers to carry out exosome-related translational

clinical research.

[Key words] exosomes; exosomes isolation technique;

ization; exosomes from stem cells; exosomes from tumor cells;

drug delivery; tumor resistance

J Prev Treat Stomatol Dis, 2022, 30(9): 609-619.

extraction methods of exosomes; specificity; standard-

preclinical studies; tissue regeneration; targeted

[ Competing interests] The authors declare no competing interests.

This study was supported by the grants from National Natural Science Foundation of China (No. 81871503).

15 22 40 M A= W v, 200 6 ) 3 TR A4 5 40 i 2
AN ZH 2RSS T A0 75 1 o 30K b 48 T ) 34 38 ] 5
Aok 240 ) A B IR AR R S B Al R I A
e Al 3 o HC b 20 MR T A% R 2 LAY U0, B Ak
PR AR BB 55 T 5 DNA \RNA (3 H i 55
Wy J5, 6 20 TR kS ) SC B T, AW Ay T 4
A=A B AT TS U A PR o AR R — 28 th 2
I3 I AR 2 30 ~ 150 nm, 264 1.13 ~ 1.19 g/mL
YRR IR NG B o T2 462, BARSM I A
X — 4% T A 303K 3k A T, AR 4k ] B 4 i o 2
#J 2% 2 (International Society for Extracellular Vesi-
cles, ISEV) 2018 445 19 , 1 T Mk 1A 7 5 A7 1 K]
RHE AT IH R K i 2 B8 A1 2 AR GRIE E SR Al
Jit8 78 /1N i (small extracellular vesicles,sEVs) ™', H
[HUPARUA% N7 QR ¢ B N S AP e S 7 AT 1
JE 25 S R B, X S SR R Z A RESE 2 0 B
R aifl s Ah g

A [7) 240 i A 15 ) S0 A A P 2 ) A RE R AT
FF S M L IR S BEA () 4 A oA 5 A A 44 AT AR 4 HE
PERE 70 501 FH T 0912 I8 | 28 W 1) A i LA X% A i
RIT A 2595 . BEARSMIMA R R LA 2 15
B2 0 T B LI R IR I AS SR, 32 22 Ji K]
16T - O B BT AT & AR KRR AR 7= 4l 4k

EE AR s @ H T I BR b i A i) 5 Hh AN IR RS i 1k
I PR A = EN = PR, AR SO R 7 B EAFAE Y
VIR % N A N g % NI T I )
AT A% S0l A 512 OHL G SR U A7 18 5, O 1)
FLAS ] 40 i ok 8 51 s 44 6 Dy 8 AR T, 3k 2F 1
P 18] 78 571 290 i ok DR A0 b 1A 1) 17 FH %, O ok ok
BN PR B R Al RIS 5 A i

1 SMBMERF R EE

JIT A 240 6L 359 ) A A P S P T Rk A i
A, I IR SN ARG N & AN R 559, Je Rl ik
I FE 2 e AN AR vh S AR W i P - AR
B & i mRNAs . miRNAs 25 , 75 HL A A= 35 F1 5 33
AP MEEEEMO, BRI RN
200 6 5 PN 87 T o e 0 1) A% R AR, L PN A 0 3 P
FAE R AR TP R IR A N ST AL T 43
1k Kz i i i B A 0 R H Al R DG 2R B B
HIAZ DY IR, B S0 AZ PN AR P G A ) P 2RO R &2
P, B I 22 B0 5 0 A B 5 R L AN
AN AN AR ) AR AL 32 B A LR i AR
(DRab 2 1 (/N G 85 1) 38 1 A% PN 4 o g o) 42 A1
WA Y A2 W K A 5 Rab 25 P U G2 20 0 2 FE A9 R
RSP H T, I S AL 45 3 J1 %% . Os-



b

ARG 20229898 $30% HH
Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2022, Vol.30 No.9 http://www.kqjbfz.com - 611 -

trowski 55 '*' & ¥ Rab27a . Rab27b &5 T £ 4 iy 1)
A=Wy e A R A7, e Rab27a 38 2 1 #4551 i PIP2
(7KGH T8 35 1) 2l 28500 21 26 o et , 2 5 o e 4
25 o Rab35 AT %E {60 T BB, 96 95 52 [ PIP2 K
L, 2 5AMBAR KA o Rabll M 5515 5 5
22 B0 5 K 5 e S A A B R ) R . @ Ral/
Arf6/PLD2/syntenin/Alix & ( /N GTP Bf/ — % BR I 1
WA AL R - 6/ i i D2/ 3 N i 4 A /R T i
F2 56 DR -2- AR HLAE 2R 1 X0 JRHE SR IR 19 A= ) &
A 5 Ral £ [ 7] I8 4% Z W W2 R 1 M SR T 6
(ADP-ribosylation factor6, Arf6) W NG B D2 (phos-
pholipase D2, PLD2) i) 73 , Arf6 Fll PLD2 AJ i & i
A 43 W syntenin F1 Alix , 55 Bl Ab 6 44 (%) BT B
@ N 4 43 1 % 32 5 45 1A (endosomal sorting com-
plex required for transport, ESCRT) i& 72 JE Al b W
s ESCRT 7] 2 5 Z 4 10 A0 i A A28 | B isiAE
S eIt R R B LI S 2F . ESCRT 22 fEfL
N5 73 2458 X — BERE . PRI, ESCRT # K & 432
N S UL B AR i A, (ELJR K — WL A
Z R BEE SRy . IXIRARIA TR LR - R A
AR RH B A T, RS AT 9 A A TR 2 3R o3
WA WU B AR 1, T Arf6 5 40 i 7 5 4
FET-2E H 1 BAR 2 (programmed cell deathl ligand 2,
PDL2) 1 T A 5T AR JS0 06 309 A, 217 1
N R 2T RO N 0, 2 I N R T 2
WA, 33— 5 o A T 00 A R D A O
i %2 % %4 I (hepatocyte growth factor associated tyro-
sine kinase , Hrs ) 7] 5 88 & JB L (A 101 (tumor sus-
ceptibility gene 101, TSG101) /F FH R A A P4 2 3 1)
Bo Mz AR 1S AT TSG101 B9z K AL,
BEMAMBR R R . @ A RS 5 AN A 53
W5 R 7 988 A 200 i v BB 1 Wk AH G 26 11 5 (aw-
tophagy related gene 5, AtgS) , P WA i 7= A 20
FHIL , 4 CRISPR/cas9 (1] A7 25 8 A LIS A 4
PR i) CRISPR & R 21 ) 4 5 mil Bk 19 AtgS P 28 T 4
JfL, % AT LASE b a A i e

2 MRS BEHEAR

B — 1) 3 B AR I AN I T 4% iR DR S
A, N BIE e 22 b AN [R]85 15 R Xk A 23 BOAS [
A BRPERERY SN A TC B HRT, SRR SR
AR 73 B B AL FE 25 T B0 BRSPS
DEAR S HE @SR G IEROR O
HoR REW IV AR SRR o

TR o AT EEARR L ACER S SR 1,
21 RATHEEMS BT R — 2R BOBER FHE
JE AL B s A
201 ZEHEOEAR ZEEOEARE H AT H
Hb AR I 22 9 2 ROy i, 0 R Gk
45.7% "o 22 LR OB R A AR AR R A b i
A3 1 5 B RS RN [R], 78 A [ 80 g A
T B A A . 22 O BOR B R, AW
BRI TAL PE X — 2 R AR Al ) 92 52 U2 i
L R PRV LA R A R R A A
PRBEAS o BRI, 22 B B O HOR n] (i B AH [ i
B B RN NI AR TR L B L R A
DURRAE— R , Ml LAFRIOOE 2l AL R SR . e oh,
HT T 22 0B O BOR T (IR Y B30 1, XA A A
(4 A= Wy~ 2l R il P — S R L RO
212 FWEBEREOEOR SFEEMNERE.OR
R AR AR A0 A RO B % RE AN TR] 53 85 A AR
TR 25 B P TR A e > g % A EE A TR Y A
By, Al IR ik 11.6% . 1E &0 A
T AER AN IBMA T ML R R A Y
I8 7 A ] %3 B A o rh DT 23 B I A, A1 A 4R
— R RAETE 1.10 ~ 1.18 o/mL HE)JZ 1, BRI Fh
031 AT LA ST B8 AN T) 4 5 1) B A0 i o3 DA R A R I
AE (ST AN TR /S (AR [R]85 4 M A1 Joit 2 i 28
U 53 B A7 TE IR E , 20 X85 B2 B B2 5.0 (moving-zone
density-gradient centrifugation ) J& F A 24 K i) —Fh 43
B AR AT A R RN e ) b — 2
LMK . BARIZOIT IR SRR SN AR Sl R L (H
HARPIREAA IR, e 5t B 2R B HoR
[N
22 RTRIT#yEFE—RTHEEFEEAS
A IEHA
221 JOHHERH@OEEAR  RSFHERL (35 (size ex-
clusion chromatography , SEC ) $ A J2& 3 12 5 12 #4
4 L B BORE 23 B 5 A A ) 20 B RV R, A
4 181 AH 22 FL B A RE 32 B4 w8 20 5 A e W 35l
BRI e 5500 RS R B (3 1% R e R Y
g T DAOR I S I AR 1 £ W) 2 235 K R 8 B VA
SEWEIR , HoUZ T R AR AR (] 5, 5 29 ), 8] B AL
B2 /N AT DA B [ /Y e b v A T i
iZON 22 R 5 T RO HEBHL (3 5 AR 1 A sh4h
WA ST B R G, A X AN A AT kL H S A
BT RO HEBH 1 BOR A7 7R — Se ik i, gy
BN IR T S 5 HARRAR BRI B B B R AW



R BRI

b

2022FE9H F30%E5 FoH

+ 612 + Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2022, Vol.30 No.9 htip://www.kqjbfz.com

Table 1
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Principles and advantages and disadvantages of current exosome separation techniques

Isolation technique

Principle

Advantages

Disadvantages

Sequential

ultracentrifugation

Gradient

ultracentrifugation

Size-exclusion

chromatography

Ultrafiltration

Polymer

precipitation

Paramagnetic particle
method
Chromatographic solid
phase separation
Enzyme-linked

immunosorbent separation

Immunoaffinity method
Mixed fractional and
decimal dimensioning

No contact method

Particles of different sizes and den-
sities are separated by centrifugal

force

According to the different density
of particles, the particles of differ-
ent density can be retained in the
media of different density of gradi-

ent tube so as to separate

Porous materials are added to the
separation column and particles
are discharged at different stages

according to diameter

Ultrafiltration membranes  inter-
cept particles according to their

size and molecular weight

Hydrophilic polymer co - precipi-
tates with exosomes

These three methods are all immu-
noaffinity separation techniques,
which enable the antigen bind to
the antibodies with specific mark-
ers in exosomes, so as to achieve

the purpose of exosomes separation

These three methods are all micro-
fluidic  separation  techniques,
which can separate exosomes
based on the principles of immune
affinity, particle diameter and par-

ticle size, and density

* Low extraction cost
+No contamination

+ Suitable for large volume of exosomes

+ Different subgroups of exosomes can bese-

parated

+ High purity

* Less time consuming

* Preservenatural properties of exosomes

+ Suitable for large or small volume of exo-

somes

+ Low extraction cost

* Less time consuming

+ Easy accessibility

* Ordinary centrifugal equipment

+ Suitable for large or small volume of exo-
somes

+ High efficiency

+ Suitable for separation of exosomes from
specific sources

*+ High purity

*No contamination

+ Diagnose diseases

* High efficiency in acquisition
* Cost-effective

+ Easy to automate and integrate

+ Expensive equipment
* Time consuming

* Mechanical damage at high speed

* Expensive equipment

* Time consuming

* Highly qualifiedlaboratory personnel

* Expensive equipment

* Low purity

* Membrane blockage leads to loss of

exosomes

* Protein polymer or other extracellu-

lar vesiclescontamination

+ Complex pre-cleaning procedures

+ Contaminants interfere with down-

stream analysis results

* Expensive reagents

+ Affected by pH and salt concentra-

tion

* Only isolated exosomes with specific

markers

* Low sample volume
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Figure 2 Function and application of exosomes from different cell sources

Source of exosomes

Characteristic

Application

Macrophagocyte * Regulate inflammation

* Participate in tumor invasion

Dendritic cell * Regulate immune response

* Mediate communication mechanism between dendritic cells and CD4'T cells

Tumour cell * Regulate intercellular communication
* Mediate tumor growth
* Mediate immune response

* Mediate tumor metastasis

Mesenchymal stem cell * Maintain organizational homeostasis

* Immune regulation
Virus infected cell * As a vehicle for spreading disease

Other living cells * Regulate signal transduction

* Drug delivery carrier

* Immunotherapy
*Drug delivery carrier

* Biomarkers for cancer diagnosis

* Treatment of various diseases

* Treatment of various diseases
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Table 3 Some exosome related clinical trial recruitment projects at home and abroad (https:/clinicaltrials.gov )

NCT.No Ttem Department Source of Trea‘t ment of
exosomes disease

NCT05035134 <<Applicati0n of circulating exosomes in early diagnosis Tandu Hospital, Xi‘an, China Circulating Cerebral ~ hemor-
and prognosis evaluation after intracerebral hemorrhage ) blood rhage

NCT04544215 (A clinical study of mesenchymal progenitor cell exo- Ruijin Hospital, Shanghai, China MSC Pulmonary infec-
somes nebulizer for the treatment of pulmonary infection ) tion

NCT04182893 {Clinical study of ctDNA and exosome combined detec- Shanghai Chest Hospital, Shanghai, Chi- Body fluid Pulmonary  nod-
tion to identify benign and malignant pulmonary nodules na ules
(ctDNA))

NCT03108677 {Circulating exosome rna in lung metastases of primary Ruijin Hospital, Shanghai, China Circulating ~ Osteosarcoma me-
high—grade osteosarcoma) blood tastasis

NCT04213248 (Effect of UMSCs derived exosomes on dry eye in pa- Zhongshan Ophthalmic Center, Guang- UMSCs Xerophthalmia
tients with cGVHD) zhou, China

NCT04894695 {Urine exosomes to identify biomarkers for LN) Shanghai Renmin’s Hospital, Shanghai urine lupus nephritis

China

NCT05058768 {Omics sequencing of exosomes in body fluids of pa- Nanfang Hospital, Southern Medical Body fluid Acute lung Injury
tients with acute lung injury ) University, Guangzhou, China

NCT04499794 (The study of exosome EML4 - ALK fusion in NSCLC Cancer Hospital, Chinese Academy of Circulating ~ NSCLC
clinical diagnosis and dynamic monitoring ) Sciences, Beijing, China blood

NCT04227886 {Study on predictive biomarkers of neoadjuvant chemora- Fudan University Cancer Center, Shang- Circulating ~ Rectal Cancer
diotherapy for rectal cancer) hai, China blood

NCT04427475 (Prediction of immunotherapeutic effect of advanced Fudan University Cancer Center, Shang- Circulating ~ NSCLC
non—small cell lung cancer) hai, China blood

NCT04388982 (the Safety and the efficacy evaluation of allogenic adi- Ruijin Hospital, Shanghai, China Adipose MSC  Alzheimer’s  Dis-
pose MSC—exos in patients with Alzheimer’s disease ) ease

NCT04636788 (Circulating extracellular exosomal small tTNA as poten- Tongji Hospital, Huazhong University of Circulating  Pancreatic Cancer
tial biomarker for human pancreatic cancer ) Science and Technology, Wuhan, China  blood

NCT04921774 {Research on patients with heart transplantation ) Guangzhou Provincial Renmin’s Hospi- Circulating ~ Heart Transplanta-

tal, Guangzhou, China blood tion

NCT01294072 {Study investigating the ability of plant exosomes to de- University of Louisville Hospital, Unit- Plant Colon Cancer Tis-
liver curcumin to normal and colon cancer tissue ) ed States sue

NCT04270006 {Evaluation of adipose derived stem cells exo.in treat- Beni—Suef University, Adipose MSC  Periodontitis
ment of periodontitis (exosomes)) BaniSuwayf, Egypt

NCT03800121 {Study of exosomes in monitoring patients with sarcoma CHU de Besangon Circulating ~ Sarcoma
(EXOSARC)) Besangon, France blood

NCT03478410 {Role of exosomes derived from epicardial fat in atrial fi- Sheba medical center, Adipose MSC  Atrial Fibrillation
brillation ) Ramat Gan, Israel

NCT03811600 {Exosomes implication in PD1 - PD - L1 activation in CHU d"Angers, Angers, France Circulating ~ OSAS

0SAS)

blood

MSC: mesenchymal stem cells; UMSCs: umbilicalcord mesenchymal stemcells; NSCLC: non-small cell lung cancer; OSAS: obstructive sleep apnea syn-

drome
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