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Research Progress on the Isolation and Preservation Techniques of Exosomes

HAN Jie, GE An, MA Xiaoxia, WANG Jiayue, YANG Caiting, DONG Li*
(Institutes of Biomedical Sciences Shanxi University, Taiyuan 030006, China)

Abstract Exosomes, nanometer-sized extracellular vesicles enveloped in a lipid bilayer membrane, are
released by almost living cells through a series of regulatory processes such as “endocytosis-fusion-efflux”. Exo-
somes are present in numerous biological fluids such as blood and urine. Exosomes are carriers of several molecules
including proteins, nucleic acids and lipids, which not only play vital roles in substance exchange and signal com-
munication from one cell to others, but also have some implications in disease diagnosis, prognosis prediction and
treatment management. The efficient extraction, isolation and intact preservation of exosomes are important prereq-
uisites for the subsequent biological mechanism-related studies and for the development of exosomes-based testing
and relevant therapeutic technique. This article reviews the latest research progress made domestically and interna-
tionally on the isolation and preservation techniques of exosomes, as well as analyzes the technical characteristics
of each technique. This article aims to provide informative summarization for the methodological standardization of
isolation and preservation of exosomes, as well as promote the development of related techniques.
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Fig.1 Schematic diagram of molecular composition of exosomes
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Fig.2 Flow chart of common isolation methods of exosomes

FEIEE AT LAAI) [ et g iRl fdssiitiit i
B OE BRI DE RS T IR A At B iR
BRI,

FOT HEBR % V2 18 2R 5 W e i B 2R AL
[E] 52 AR AL BEAT 1A A 73 B O BOR™, B i DLEE 77
TR . AR R BN R I AL HEN
B ALIRS, AR SO B I AL B R, 2
BUEIBBEML, SEIUAS FPRLAR K ANBRL 7 85 RO HE
B O T] DL 22 B A S A A 2 B B AR A
Wk, PRAIE = RN AT A bR E L, s G
H A5 81 157 4 5 FImiRNA R 43 B 14540,

i 7KL R ik T R i K S 7 30 A
AR 5 KN T o Ja Il BT, e rhs TR AN
NIRRT Zy B L@ TS, TBCRIRURL, Wnsh s ik
AN A FEN, 7 B AR BN TP R . K )
A AE R R LAR S S R T R I L, AR TN
BRI RIS ORAIE H AR EE R IR 58 B . FE RS /KIS 8
BTS8P R A s A

5 i B AR BT R (R AR R 0 B

FERS BRI 73 B B — T A BT I BOR,
E N AN E DT B e A A 51 3.
W72 AR AR I AN A RRR N2
73 CAAS [ o B, i i 308 3o DAt A 0 45 A ) )
(RIRF ity 2L 0 S e A R UM 38 T P47 B O A
XL BEAT S5 A 3 B R B AE R R
] PN v 23 9 2 B R TR AR 3, T T 20 AN
{20 A Y A
2.3 ETRMBMUERMNBEITUERA

H 3 A 7 S R AR 12 B R, AT DA
AT A AR VR B A R R O R R T
R R £ I BURE SR FORTTVE R i B AN AR
RO RR—FREEARE T EY, A EKIER L
51 M) B 1 N < 11 e S =
Oy TR ELES 3, M E A H N S VR, TR
B O AR R AT B RGE MR R
R VE IR AL S04 & 8 A, AlE I S A iAo



FRANEE: SN ARSI ORAT BRI 7 ik

455

B 2R 1 L (R 45 B SR S AN IR R PR, it
Ah, RS E A TR A VLA RITE ST
EHATUUE 7 B HAl, JURR R A SRS B
F & Exo-spin™. ExoQuick™. Invitrogen™45 ™~ fify 2
R SEETTIEIE R B INME . AR FLRR, S
WK AL 3 1 24 w2 25 1 vy v B AR & o S RS I 4
WA AERE, JF B IR AR s AL J5 F AT B B g A
BN Byl 1DA R A Tak /11 1Y) o S
24 ETREBZFNRENSEHEA

GNP AR RS SRR E R B . IR 2
B, BT PP e = v R A 45 A1 B, m]
F A AR A AH 3 o B R . DY IS T 2 1 5K
7SN 1=1 GRS N w4211 k=1 e R
B R PVEEHS AT DAE B, T4 3R WA A B A
A LR AR . RERR. AR, BHE. FESEA
YRS RN R NE AR B G R
A 2 A E2500, O vE A T IR e 5 W 2
AR SS

Pl B0 38 MR B v A 3R 2R SR AL ARAE e e
W& A o, Feah SR FWOG A FoR, 1% 777 B
PO 3 A O AR 1 A bR BV AR IA, AT DARGE Y
B H A A A 1R 7= B R St WA BRVE 22 40 FH SR AR
078 BE R R A R A ER™, SR — i F 5 T
Tk T KR A 25 () A WA A RS i 2 23 v 23 B LR
U TR G 3k ] W BE K (4 b T AR, 1O A
AT e B S, 3 FL AT U B 0 B v 1) AR A
= ZR e,
2.5 ETFREMRNHRIERA

T 428 2 — Bl nl e 25 2 P A i A o3 55 5
TERHT R T 6, X 27 VAL S SR N A B
B8 GUKREATR . R oK AN s ] [ 7
R or i O, s E R L2 K
AN R ELAR TOIE T I 4% 2 18 1 5 135 FR T, et A 3L R
T+ BN GG LN R REPE AN BORE i HAREREE )
fie, s R DUAH B, (8 AN R e 25 B ORI
PWRARIZE) . TR H AR BE % DUB & i i 1 AR
AR OR B BB AR 2 S w R, B & B
VA1, T O 4% B AR ) H AR 2 A A A S I 5
&2 B2 KiE.
2.6 INLES ERARFRRIEER

b 41 i #h 5& 3 Hp 2 (International Society for
Extracellular Vesicles, ISEV)TE 2018%F /& A1 ) “4H ffy

SR T IR A i S AR A HE 0 I B £
Gy B TTE, FAr B S UiE RL AR i) % )
FHIG, H 75 0] WA 2R 0 v e e B A2 P A A WA [ B A
Ko WAL, T H BRI E AR SRBUK
A EWESE B EE . TR R R
PR, H FIT A A 73 B8 F52 AR AEAE HAR R 7315 G A Ak
WA B AR S5 A i) R, 0 e e 0 5| R I B 1 B
PR AR TRAR, YTUE VL 5] RS I A s A4 5 HoAth 2% 52
YT S A 22 IR A R s G, ml g A A 5 v
5 S Mo B o0 VR AR RUST L V2 ke B 75 s R A s
REPS, AFE S EHEARRAHE SRR BHRIR,
PRSI,

3 NIRRT

AN A B R I B By g i, HoAs e 1
LU, IARY N E AR 43 e S AU 5 PR IR
Wi, AT P 437 G e B P D A= i 1 o (BB B A Ak
TAAR ) 5 S 1 R0 A P T PR B T BE A2 BRAF A TR R
eSS AR

A AR SE UG — BT TR B 2% ph 7
H A1, 555 FH G AT 71 A R AR AT, (B AR IRAT
AJ BE 2 T BB AR TR 5 W) B 5 R 2%, T R
SHZZRBNTE RN ERE, K EHERS SN
RRM 7 T DR & BERbR S R A A
ARSI, i L A WA AR TE DY ) 4T A A #E U DNA
TEA GG AT AR AR RS B, MLRAF I T4 °Chf 3L
RNAZ B EFE#AR, 7£-20 °C N KR 2 S 8um
oh AN AR FLRNARE iR, fEmiRNAH] -+ 70 Fa 2, ix
IR T HMNBAAmMIRNAYE N YR EWTE 7. A
A B SR B, IS A miR-122F1miR-1459F
AFaE, W MG 7ES CRL A TRAT 1] R & AR B A,
X ] BE R AN AR IR o PR i S 2T, 80 °CAR
NN IRAT S FIEVIFR AR WS . IR 5.
Y30 S A=A i 9 R e R B 0 B ) AR A A 8T, R
SRIXFELRAT M2 1] BE 7= A2 5 7 K5 G I8
U, 4 °CIRAT BIRTY 5 S BN R Hh B AL TR
(I35 5%, 1ELE 0% T8t o 1k At 238 e 1) RV R RO,

Hh WA AR AR AR T80 CCHA I R, {HAE
Ak 3 B I i R A AR S 4 R X R R AR A
CHAROENVIRIYAKULZEUE HH — ik 7% DL
TEHN A, TE¥ Ui 78 oAl Mg SRR N R 57, i
R DR AR E R, WA E R B . 4



456 CGRR -

=1 NS BRARRY S

Table 1 Characteristics of isolation techniques of exosomes

- E N Bl FES e e JRITR

Isolation technique Recovery rate Specificity Advantages Limitations

Mass density-based ultracentrifugation

Differential ultracentrifugation High Low Simplified operation, simplified sample Requires costly instruments, time-consuming, labor-
pretreatment, high throughput, low intensive, low portability, isolated exosomes tend to
protein fouling, no chemical reagent aggregate into clumps, low RNA yield and mix with
pollution other kind of EVs like impurity proteins, apoptotic

bodies and exfoliated microvesicles™ 7, high cen-
trifugal velocity may reduce exosomes yield and qual-
ity, low efficiency under highly viscous medial®**!,
interference follow-up analysis

Density gradient centrifugation Low High Higher purity, better biological structure ~ Cumbersome preliminary work, complicated opera-
and properties compared with differen- tion, time-consuming, treatment capacity is limited by
tial ultracentrifugation'™ the load zone, hard to remove high-density chemi-

cals, subcellular water loss caused by hypertonic
reagents!*>*?

Size-based isolation methods

Ultrafiltration Middle Middle Time efficient, high-portability, requires ~ Hard to remove soluble proteins, the purity, the shape
no complicated instruments, no chemical ~ and charge of samples affect isolation, the filter
reagent pollution, the isolated exosomes ~ membrane is prone to clogging, poor sustainability,
RNA can be extracted directly the external force may damage biological activity of

exosome!™!

Size-exclusion chromatography ~ Middle Middle High purity, high sensitivity, integrity Time-consuming, low throughput™®, special instru-
and biological activity, not affected by ments are required, low yield, costly, the purification
the high viscosity of the sample, no column has strict limitations on the sample volume,
chemical reagent pollution, prevents subsequent concentration may be required®®
exosomes aggregation, scalability, easy
to distinguish from high-density lipopro-
tein®>¢!

Asymmetric flow field-flow Low High Time efficient, mild conditions, full- Small sample capacity, isolation according to particle

fractionation automatic detection, reproducibility, size only, low throughput***”)
compatible with many buffers that
mimic physiological conditions

Hydrostatic filtration dialysis Middle Middle Mild conditions, high integrity and Decreased efficiency for large volume of samples™*?,
biological activity, low cost, no chemi- need additional bacteria removal®”!
cal reagent pollution, exosomes can be
isolated from highly diluted solutions,
high throughput

Solubility-based isolation methods

Precipitation High Low No special instruments or techniques Tedious sample preparation, lack of proper selective
are required, simplified operation, high isolation mechanism, specificity, RNA complexes and
throughput, high recovery, high integrity ™ lipoproteins are difficult to remove, isolated exosomes

particle size is not uniform, chemical reagent may
damage exosomes, co-sedimentation of exosomes
with contaminants'®'!

Immunoaffinity-based isolation methods

ELISA Low High High specificity, suitable for separating Costly antibody and equipment, low throughput, low
specific exosomes, purity, intact isolated  isolation efficiency, suitable for cell-free samples
exosomes only, nonspecific adsorption of non-target vesicles on

the solid phase hinders immune recognition*’

Magneto-immunoprecipitation Low High Simplified operation, good reproducibil-  Costly, low throughput, hard to detach and eluate exo-
ity, larger contact areas, higher capture somes from beans which may reduce the biological
efficiency compared with ELISA activity™™

Microfluidic-based isolation technique

Microfluidic Low High Easy to automate and integrate, high Lack of standardization method, costly, complex

portability and purity, low reagents and
samples consumption, exosomes extrac-

tion and analysis can be combined””!

equipment, middle-low sample capacity, low yield,

the channel is prone to clogging by samples®"!
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