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Abstract Exosomes are phospholipid bilayer extracellular vesicles secreted by cells, and they act as
carriers for material transfer and information exchange between cells. Exosomes exist in many different
biofluids and have good application prospects in disease diagnosis and drug delivery. Due to the nano-
scale size and heterogeneity of exosomes, as well as the complex composition of biofluids, the separation
of exosomes from biofluids is particularly difficult. At present, there are six commonly used methods for
isolating exosomes from biofluids: ultracentrifugation, precipitation, size exclusion chromatography, den-
sity gradient centrifugation, ultrafiltration and immuno-affinity membrane. Each method has its own ad-
vantages and disadvantages. It is difficult to separate and obtain high-quality exosomes when used alone.
There are also differences in the selection of methods for separating exosomes from different biofluids.
With the continuous emergence of some new technologies such as microfluidic technology and the continu-
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ous improvement of classical methods, the exosome separation technology is improved, which is beneficial

to the application of exosomes in clinical and scientific research. This review compares and evaluates the

isolation and identification methods of exosomes from different biofluid sources, summarizes the selection

and differences of exosome isolation methods from different biofluid sources, and provides a reference for

subsequent research on exosomes from biofluids.
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(B) Precipitation
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(D) Density gradient centrifugation

Fig.1 Different methods for exosome isolation

(E) Ultrafiltration

Y

(F) Immuno-affinity membrane isolation
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Schematic diagram concisely shows six commonly used methods for exosome

isolation. ( A) Ultracentrifugation (B) Precipitation (C) Size exclusion chromatography (D) Density gradient centrifugation (E)

Ultrafiltration (F) Immuno-affinity membrane isolation
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Table 1 Compare different methods for identifying exosomes
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CD81 ,Alix Fl1 TSG101 %5, AS[w] Sk Vi () S 1 4% Jor 4%
W AR BRIC YN A, 3l 5 I A & R B 2B T A 1
FRICH) , BT LA A U ARG I 449 75 B2 A6 0 22 A AN 6] 19 A
iy,

0K 3 AN AR R 9 = A M R AR A [ %)
5, GRS A N IR A w A g B — (%) 28 v SR 3
ATREIN |3 H 2 TR AEAE — R 1 S Y0 5 e A )
I, B AN A U 5 R T AT i R TR AT R
A IR ¥ 5 % 7= W v £ 1 B VA 22 B S E I W
P, o 3 38 o S M R 1 T A A0 A AR AT 0 3
R IE R K HAE T, & 0T DLk G T 2 2% 5 Y
SEMR VR %) 15 1 2 25 AR N B 1A R AR AN AR [t
L X BEI A K/ NI B R AT 52
3.3 SMBEEEHERIEY

R E R R E LA LRSI % RE Tk
ARSI AR AL 5 A . Table 1 %F H Y
OIS E TR BT AT T R s S TR
AT R EACHE I 58 3, — BB 0 58 58 iRt 4R
VT SCHRARE |, AR FR AL 0 B 45, Bt
260 nm 1 280 nm I £ LA UOEE £ M B O
B AN Sh B AL A s nl LA s X 1
KNFIREAR o3 A A TR AT (R 258 , B2 T NTA ([ DLS
IR, (EFEREt B i e oy s R e R i, RiE T
T IS . AR A ARt ok i %
SCHRFRIE (5 0 48 e Oy vk, i ad i X R 2 S 5000k
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Tk R/NFITER F BT 2R 3815 o0 B A I, A5 b NTA F1
B T A vk O R, S B AT R AT SR B Ah
WAL E T,

Method Project identification

Advantages

Disadvantages

NTA, DLS, tRPS

Size and concentration

Expression of specific protein
Western blot . P p P
in exosomes

somes

somes

TEM, SEM Morphology
Nano-flow Size and protein profiling of in-
cytometry dividual exosomes

Easy to operate, quick

Widely use approach, distin-
guish specific proteins of exo-

Visualize the morphology of exo-

Accurate, without prejudice,
enable multiparameter analysis
of single exosome

Ensemble-average approaches,
cannot distinguish aggravated pro-
teins

Ensemble-average approach, can-
not distinguish dissociate proteins,
time-consuming, require known
antibodies

Sample cannot retrieve

Special equipment, time-consu-

ming

Abbreviations; NTA = nanoparticle tracking analysis; DLS = dynamic light scattering; tRPS = tunable resistive pulse sensing; TEM

= transmission electron microscope; SEM = scanning electron microscope
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H T, A 2 SRS IO 5, AR kA A
G . Table 2 % H BT UL A ABOR RS MB AT
WL T A, M B O A2 H ol ) iz 4l
FHBIFRAETT % (R 2 T JLRE AT 6 S I A A 461405 55
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WA G SCHR 7 FE A3 A 78 g ) — o g s, LA
VERTERL 77 38 R0 P S L A T 1k e, DU LA % il 3
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X F EAREARR AT — 5 BRI, B LA T B R SE g0 & Al
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SRS R AT RIF 5 N 8 3 P 0 i AT A T
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HOXT FE AR VAl 518 A, s 0 vk B Bt
873128 B i AR o3 - 2 M i R B DO i |
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A, EAT RN MR FE R BR AT SRR
TE ) T 0 T A R S g R B DR M
{038% )2 H17% (bind-elute chromatography ) 4% &% 77 %
Xof L3 AN IMA AT 53 1, % B R 30 T LAKSCIF 1Y
AT LW I WMAZE 3, [R] B 25 5 3% 45 i 5
RS i — D AR KRR b Ry AR B
JoE, DT BE D ISR rh 3R A5 o 4 1 A A > Ay
SEFI] FH 8 B 0o 0T I3 S UM R AT A B 0, TR
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Table 2 Comparation of the currently available methods for biofluid-EV isolation

Method Principle of isolation Time Purity ~ Advantages Disadvantages
- Time-consuming, specialized
Ultracentrifugatio- ) . Current gold standard, estab- . &> 5P
[27.28, 32, 33] Densit 4-8 h High . equipment, damage of exosomes,
ny! 772 323 lished protocol . S
low yield and reproducibility
Loss of sample, low purity, fil-
Size and Low No limitations on sample vol- . ’ . ’
Ultrafiltration " 3"/ . 2h P ter blocking, deformation of ex-
diameter ume, easy to operate
osomes
. . . . Time-consuming, difficult to
Density gradient . . High purity, separate exosomes . .
wifueation Density 20 h Medium ith contaminati preparation of gradient volume,
centrifugation with contamination i
8 low yield
Size-exclusive High yield and recove reserves
b : Size and 20-30 Hich 5hly ooty s pt Co-isolation of lipoproteins and
chromatogra- . . 1 vesicles integrity, low cost, user- .
(28 Mg% 40] diameter min & . gy ) aggregate proteins
phy! 2% friendly processing, quick
Precivitation with Sur 30 min No specialized equipment, user- Low purity, mass contamina-
urface . . . . . . . .
ol r:ersm’ 30, 3] charge or over-  Medium friendly processing, quick, pre- tionproteins and lipoproteins,
potymers night serves vesicles integrity retention of polymer
. . Low purit mass contamina-
Membrane-based Epitope immunoaf- ~ 20-30 . . O Uy, . .
. . .. . Low User-friendly, quick tionproteins and lipoproteins,
affinity isolation**  finity min

limitation subtype of exosomes
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