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Abstract: We compared ultracentrifugation, sucrose gradient centrifugation, improved
ultracentrifugation, and polyethylene glycol (PEG) precipitation in the extraction of plasma exosomes
from human umbilical cord blood, aiming at screening out a stable and efficient method. The
morphology, structure, and size of exosomes were observed based on transmission electron microscopy
and dynamic light scattering. Total protein content of exosomes was determined by bicinchoninic acid
(BCA) assay, and the expression of exosome markers CD63 and HSP70 and exosome negative marker
GM130 (Golgi marker) by Western blotting. Results showed that sucrose gradient centrifugation was
more stable and yielded exosomes of uniform particle size compared with ultracentrifugation which had
been considered as the “gold standard” for exosome extraction. However, sucrose gradient
centrifugation had the limitations of complex operation and time-intensiveness. The improved
ultracentrifugation featured ease of implementation and the extracted exosomes were of high purity.
PEG precipitation extracted the most exosomes in a shorter timeframe, but the purity of the exosomes
was low. In conclusion, all the four methods can separate exosomes from human umbilical cord blood
plasma, but they are different in operation time, product purity, and product content. Therefore, the
method for extracting plasma exosomes from human umbilical cord blood should be selected based on

the experimental purpose and specific requirements.

Keywords: exosomes; ultracentrifugation; sucrose gradient centrifugation; improved ultracentrifugation;
PEG precipitation; umbilical cord blood plasma
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Figure 1 Schematic diagrams of the methods for extracting UCB-Exos. (A) Ultracentrifugation. (B)

Sucrose pad density gradient centrifugation. (C) Improved ultracentrifugation. (D) PEG precipitation.
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Figure 2  Operation time of the methods for
extracting UCB-Exos. 1: ultracentrifugation; 2:
sucrose pad density gradient centrifugation; 3:
improved ultracentrifugation; 4: PEG precipitation.
"P<0.001.

500 nm 100 nm

500 nm 100 nm

Figure 3 Electron microscopic images of UCB-Exos extracted with the four methods. (A)
ultracentrifugation. (B) sucrose pad density gradient centrifugation. (C) improved ultracentrifugation. (D)

PEG precipitation. Scale bar: 500 nm and 100 nm.
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Figure 4 Particle size of UCB-Exos (DLS). 1:
ultracentrifugation; 2: sucrose pad density gradient
centrifugation; 3: improved ultracentrifugation; 4:
PEG precipitation.
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Figure 5 Total protein concentration of UCB-Exos
(BCA assay). 1: ultracentrifugation; 2: sucrose pad
density gradient centrifugation; 3: improved

ultracentrifugation; 4: PEG precipitation. "P< 0.005,
" P<0.001.
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Figure 6

Expression of proteins related to the separated UCB-Exos by Western blotting. 1:

ultracentrifugation; 2: sucrose pad density gradient centrifugation; 3: improved ultracentrifugation; 4: PEG
precipitation. Exos-1, Exos-2, Exos-3: exosomes extracted and isolated from three plasma of umbilical cord

blood samples.
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UCB-Exos, I Wi 2505 BiGI7 1A M E
) B8 5

BT, B XTI R A BIERA, Sk
WA B FE IO AT, A TR 25 B )
G FE LR AR E R s B O IR AT SR R A
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M HSP70 Eikg bt FATABURENE
o6 B 0 TR AR IR S MU AR AR 7 marker R AR
E, MERZESFIBUN, T4 3 Ry REU
UCB-Exos 7E CD63 Hl HSP70 1) ik F#77
EMEZES (B 6).

X: cjb@im.ac.cn



2350 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

*1 AREFHEIRINE UCB-Exos REER

Table 1 Quality of UCB-Exos extracted with different methods

Items Ultracentrifugation Sucrose pad density Improved PEG precipitation
gradient centrifugation ultracentrifugation

Equipment Ultracentrifuge Ultracentrifuge Ultracentrifuge Centrifuge

Operating time (min)  251.67£11.50 560.67+13.43 378.33+11.37 136.67+9.61

Purity Pure Pure Pure More impurity proteins

Z-Ave (nm) 136.35+22.22 149.944.50 171.8+20.05 175.83+13.28

Total protein 0.48+0.03 0.70+0.06 0.85+0.06 3.17+0.49

Concentration (ug/pL)

Repeatability Instability Stability Stability Relatively stable

22 F TR, XFF UCB-Exos HU#2HEL, N%h
B AR A . S X UCB-Exos & .

AEEREOR, RS IS MR O . TR
FRVFIREOLT , RS B 0 ik MY

fRIET UCB-Exos Hyiit, HEEMELF, (H
WITEEMER ), RESARR R AR A
REPRUESEIOTT i, A0 2R R B X EME 2% B
BLO T A 1A a7 5 Y 48 BB R) & n] e $E
PFBECR A [E B, R E UCB-Exos AYHEBUT & .

REFERENCES

[1] Wang WS, Luo J, Wang ST. Recent progress in
isolation and detection of extracellular vesicles for
cancer diagnostics. Adv Healthc Mater, 2018, 7(20):
e1800484.

[2] Jeppesen DK, Fenix AM, Franklin JL, et al.
Reassessment of exosome composition. Cell, 2019,
177(2): 428-445.¢18.

[3] Harada Y, Ohkawa Y, Maeda K, et al. Extracellular
vesicles and glycosylation. Adv Exp Med Biol, 2021,
1325: 137-149.

[4] Raposo G, Stoorvogel W. Extracellular vesicles:
exosomes, microvesicles, and friends. J Cell Biol, 2013,
200(4): 373-383.

[5] Greening DW, Gopal SK, Xu R, et al. Exosomes and
their roles in immune regulation and cancer. Semin
Cell Dev Biol, 2015, 40: 72-81.

(6] BXBHHE, FREE, SKLAT, . SN M BT 2 e
I A R IR ST R T T i 1o R . AR ) AR
2, 2020, 36(10): 1992-2000.

Zhao LP, Xu F, Zhang YL, et al. Exosomal proteomics
study in the tumorigenesis, development and treatment

http://journals.im.ac.cn/cjben

[12]

[13]

of hepatocellular carcinoma. Chin J Biotech, 2020,
36(10): 1992-2000 (in Chinese).

fLAHE, T2, A6, 5. SMBMATERHEZ S
RIS E . WA S 2424 B2 iz, 2021, 40(3):
317-321.

Kong LQ, Wang HM, Li SW, et al. Research progress
of exosome in the diagnosis and treatment of
hepatocellular carcinoma. J Hubei Univ Med, 2021,
40(3): 317-321 (in Chinese).

RN, TAME, hAaest, 55 AMBA: s Hm E
IR oy —<ff k37, AR LR =R, 2020, 36(9):
1732-1740.

Zhu YF, Yu SX, Qiu HJ, et al. Exosomes: another arena
for the game between viruses and hosts. Chin J Biotech,
2020, 36(9): 1732-1740 (in Chinese).

Li KL, Huang HY, Ren H, et al. Role of exosomes in
the pathogenesis
disease. Neural Regen Res, 2022, 17(9): 1898-1906.
Yang XH, Xie BB, Peng HB, et al. Eradicating
intracellular MRSA via targeted delivery of lysostaphin

of inflammation in Parkinson's

and vancomycin with mannose-modified exosomes. J
Control Release, 2021, 329: 454-467.

Kim S, Lee SA, Yoon H, et al. Exosome-based delivery
IxBa
ischemia-reperfusion injury. Kidney Int, 2021, 100(3):
570-584.

Wang M, Yang Y, Yang DM, et al. The
immunomodulatory activity of human umbilical cord

of  super-repressor ameliorates  kidney

blood-derived mesenchymal stem cells in vitro.
Immunology, 2009, 126(2): 220-232.

WRE, SR NS ) 58 T 200 2 1) o AL fE
T3 I RN R . WAL BR 25 4 B o Ak, 2015,
34(3): 313-318.

Yang DZ, Yi WH. Advances in multidirectional
differentiation of human umbilical cord mesenchymal

stem cells. J Hubei Univ Med, 2015, 34(3): 313-318 (in



DHEZ %/ ABRIMAESMSAIRER T RO

[14]

[16]

[19]

Chinese).

Chung HJ, Chung WH, Lee JH, et al. Expression of
neurotrophic factors in injured spinal cord after
transplantation of human-umbilical cord blood stem
cells in rats. J Vet Sci, 2016, 17(1): 97-102.

Li HP, Yuan F, Du YM, et al. Umbilical cord blood
stem cells transplantation in a patient with severe
progressive supranuclear palsy: a case report. J Med
Case Rep, 2021, 15(1): 574.

R0 25 B LT A L I R N R R
EAHN THRFRESMIKESE, 2008, 12(43):
8553-8556.

Li FL. Basic research and clinical application of
umbilical cord blood stem cells. J Clin Rehabilitative
Tissue Eng Res, 2008, 12(43): 8553-8556 (in Chinese).
Huang YJ, Cao J, Lee CY, et al. Umbilical cord blood
plasma-derived exosomes as a novel therapy to reverse
liver fibrosis. Stem Cell Res Ther, 2021, 12(1): 568.
Zarovni N, Corrado A, Guazzi P, et al. Integrated
isolation and quantitative analysis of exosome shuttled
proteins and nucleic acids using
approaches. Methods, 2015, 87: 46-58.
XIHEER, XIZE, s, —Fi A B IR U Y A1 {4
B Hol g5 5wk M & o E, CN111808809A.
2020-10-23.

Liu SM, Liu SJ, Shi J. The method of exosomes
derived from human umbilical cord blood and the uses:
China, CN111808809A. 2020-10-23.

immunocapture

: 010-64807509

(20]

[22]

(23]

[24]

Zhong XQ, Yan Q, Chen ZG, et al. Umbilical cord
blood-derived exosomes from very preterm infants
with bronchopulmonary dysplasia impaired endothelial
angiogenesis: roles of exosomal microRNAs. Front
Cell Dev Biol, 2021, 9: 637248.

Shen K, Jia YH, Wang XIJ, et al. Exosomes from
adipose-derived stem cells alleviate the inflammation
and oxidative stress via regulating Nrf2/HO-1 axis in
macrophages. Free Radic Biol Med, 2021, 165: 54-66.
Hu Y, Rao SS, Wang ZX, et al. Exosomes from human
umbilical cord blood accelerate cutaneous wound
healing through miR-21-3p-mediated promotion of
angiogenesis and fibroblast function. Theranostics,
2018, 8(1): 169-184.

Jia LY, Zhou XY, Huang XJ, et al. Maternal and
umbilical cord serum-derived exosomes enhance
endothelial cell proliferation and migration. FASEB J,
2018, 32(8): 4534-4543.

FEEILIE, PMGEA, FEBEAE, S5, RN R A 4R I o
I3 A0 WA 1A J5T S (5 0. A L 5 A - B 2 Ak
2020, 36(4): 330-336.

Du KL, Sun XD, Tang XH, et al. Effects of storage
temperature and time on quality of plasma exosomes
extracted by ExoQuick™ and Umibio kits. Chin J Cell
Mol Immunol, 2020, 36(4): 330-336 (in Chinese).

Li P, Kaslan M, Lee SH, et al. Progress in exosome

isolation techniques. Theranostics, 2017, 7(3):
789-804.
(AT BRET)

X: cjb@im.ac.cn



