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Abstract

Extracellular vesicles (EVs) have recently attracted substantial attention due to the potential 

diagnostic and therapeutic relevance. Although a variety of techniques have been used to isolate 

and analyze EVs, it is still far away from satisfaction. Size-exclusion chromatography (SEC), 

which separates subjects by size, has been widely applied in protein purification and analysis. The 

purpose of this chapter is to show the applications of size-exclusion high-performance liquid 

chromatography (HPLC) as methods for EV characterization of impurities or contaminants of 

small size, and thus for quality assay for the purity of the samples of EVs.
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1 Introduction

Extracellular vesicles (EVs), which include exosomes, are membrane enclosed vesicles that 

are secreted by all cells, circulated in blood and are readily accessible in most body fluids 

[1–7]. Carrying abundant biomolecules like proteins, RNAs, DNAs, metabolites and lipids, 

these vesicles are important messengers and mediators in intercellular communications, and 

play pivotal role in tumor progression and metastasis [8]. In addition to the efforts to 

understand the biology of EVs in different disease, extensive attention has been recently also 

paid to the studies of these nanoparticles as biomarker and the engineering to be used as 

therapeutic vehicles for drug and gene delivery. All these research activities using different 

approaches including proteomics [9–11], transcriptomics [10, 11], lipidomics [10, 12] and 

vesicle engineering [13, 14] demand samples of high purity.

However, current isolation and characterization methods are far to be satisfied to assure high 

purity EVs for clinic use. Various methods have been used for vesicle isolation, including 
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ultracentrifugation [15], size exclusion (filtration or chromatography) [15–19], 

immunoaffinity isolation [15, 20], precipitation (ExoQuick or “salting-out”) [21, 22] or the 

combinations of above techniques. Each of these methods has advantages and disadvantages. 

There is a lack of clear consensus for an optimal method of isolation as well as 

characterization of the pure samples of these EVs [23]. A few techniques have been 

commonly used to characterize isolated vesicles, such as transmission electron microscopy 

(TEM) or Cryo-EM [24], nanoparticle tracking analysis (NTA, NanoSight) [25] and western 

blot for protein marker confirmation [15]. Recently, Webber et al. proposed to use the ratio 

of EVs counts to protein concentration as an indirect means to check the purity of EVs 

preparation [26]. All these approaches are based on the presence of vesicular particles. On 

the other hand for impurity detection, while the presence of protein biomarkers that are not 

expressed by vesicles [26] was proposed for quality assay, the selection of these markers is 

challenging and may not be accurate due to the limited understanding of how proteins are 

packaged into EVs.

To assure high quality EVs, not only the desired population of EVs must be confirmed to be 

present, but contaminants and impurities must also be demonstrated to be absent. 

Unfortunately, there is no robust and reproducible method available to rule out the presence 

of contaminants. We hereby describe a simple SE-HPLC analysis to detect water-soluble 

impurities of small size in the samples of exosomes or extracellular vesicles. SE-HPLC is 

widely used and accessible in most institutions and could be used along with other current 

techniques to characterize EVs [27]. It provides a convenient and robust means to quantify 

the EV products for further biology and function studies.

2 Materials

Chemicals and reagents are purchased from commercial sources and used without further 

processing unless indicated otherwise.

1. A Beckman Coulter Optima LE-80K ultracentrifuge with an SW28 rotor for 

ultracentrifugation.

2. An Agilent 1260 Infinity high-performance liquid chromatography (HPLC) 

system equipped with an autosampler and a variable wavelength UV detector.

3. A size-exclusion column (Superose 12 10/300 GL from GE Healthcare) (9–13 

μm) for HPLC.

4. DPBS buffer (pH 7.4) (Hyclone Laboratories, Inc.) for HPLC mobile phase and 

the ultracentrifugation.

5. The Gel Filtration HMW Calibration Kits (GE Healthcare) which contains five 

proteins from 43 kD to 669 kD and Blue Dextran 2000.

6. 0.45 μm and 0.22 μm polyvinylidene fluoride (PVDF) syringe filters (Sigma-

aldrich).

7. Dulbecco’s Modified Eagle’s Medium (DMEM, Thermo Fisher Scientific).

Huang and He Page 2

Methods Mol Biol. Author manuscript; available in PMC 2019 October 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Fetal bovine serum, FBS (research grade and sterile triple 100 nm filtered, 

Thermo Fisher Scientific).

9. The EV-depleted fetal bovine serum (FBS) used for cell culture are processed in-

house from the commercial available FBS as shown below.

3 Methods

3.1 Preparation of Vesicle-Depleted Fetal Bovine Serum (FBS)

1. The commercial FBS is subject to ultracentrifugation at 120,000 × g overnight 

(15 h).

2. The upper liquid of 80% volume is reserved for cell culture while the remaining 

bottom liquid was used for EV preparation from FBS itself (see Note 1).

3. The EV-depleted FBS is frozen at −20 °C for storage.

3.2 Preprocessed Cell Culture Supernatant for Isolation of EVs

1. Cells such as MDA-MB-231, MSTO-211H, and endothelial cells are maintained 

at 37 °C at 5% CO2 in Dulbecco’s Modified Eagle’s Medium supplemented with 

4% EV-depleted FBS (see Note 2).

2. When cell confluence reached 90%, the supernatant is collected.

3. The supernatant is preprocessed by subsequent centrifugations at 400 × g for 5 

min and 3000 × g for 30 min to remove cell debris.

4. The preprocessed supernatant is used immediately or kept at −80 °C for future 

use.

5. Before ultracentrifugation, the preprocessed supernatant is sequentially filtered 

through 0.45 μm and 0.22 μm PVDF filters (see Note 3).

3.3 EV Isolation from FBS or Preprocessed Cell Culture Supernatant

1. The preprocessed supernatant or FBS is ultracentrifuged using SW28 flying rotor 

at 120,000 × g for 90 min to pellet EVs (see Note 4).

2. The EV pellet is resuspended, washed with DPBS and ultracentrifuged at 

120,000 × g for 90 min, and the washing step is repeated multiple times, during 

which SE-HPLC can be used to monitor the removal of contaminants.

3. The final EV pellet is resuspended in DPBS and aliquots are used immediately 

for various characterizations or stored at −80 °C.

1.FBS is used as nutrients during cell culture. To avoid irrelevant vesicle contamination for further biological analysis and studies, it is 
critical to deplete those vesicles from FBS before adding it into cell media.
2.A variety of cell lines could be cultured to “produce” EVs. In the authors’ lab, MDA-MB-231 cancer cells, MSTO-211H cancer 
cells, and endothelial cells have been used for study.
3.Filtration further reduced cell debris or large vesicle particles although particles larger than 220 nm could still squeezed through the 
filter. Filtration through 0.45 μm first makes it easier to filter further through 0.22 μm. Otherwise, the filter will get clogged.
4.The ultracentrifugation speed and time can vary depending on the equipment and rotor type [15, 23].
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3.4 Size-Exclusion HPLC Analysis

1. A superpose 12 10/300 GL column with exclusion limit of 2,000,000 Da is 

selected for impurity analysis (see Note 5, Table 1).

2. The column is calibrated with high molecular weight (HMW) kit, which contains 

five proteins from 43 kD to 669 kD and Blue Dextran 2000 (Fig. 1).

3. DPBS buffer (pH 7.4) is used as mobile phase (see Note 6).

4. The flow rate is set for 1 mL/min (see Note 7).

5. 50–100 μL of an aliquot is injected via the autosampler (see Note 8).

6. UV absorbance is detected at a wavelength of 254 nm (see Notes 9 and 10).
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Fig. 1. 
The column calibration with HMW kit provided by the column manufacturer. Elution 

profiles of Calibration Kit standards: Thyroglobumin (669 kD, 8 min 43 s and 8 min 4 s), 

Ferritin (440 kD, 10 min 34 s and 8 min 4 s), Aldolase (158 kD, 12 min 17 s), Conalbumin 

(78 kD, 13 min 6 s), Ovalbumin (44 kD, 13 min 35 s), and Blue Dextran 2000 (2000 kD, 8 

min 4 s) (Courtesy of Journal of Circulation Biomarkers)
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Fig. 2. 
Representative chromatograms of extracellular vesicles from MSTO cell culture supernatant. 

Aliquots after once (a), twice (b), three times (c), and four times (d) ultra-centrifugations 

were analyzed. The peak with a retention time of 7.5 min stands for the exosome particles 

while the rest peaks are impurities of small size. (Courtesy of Journal of Circulation 

Biomarker)
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Fig. 3. 
SE-HPLC chromatogram of extracellular vesicles purified from FBS: (a), (b) and (c) 
represent HPLC results from three batches of EV isolations demonstrating high 

reproducibility. Four chromatograms from top to bottom in (a) or (b) or (c) are representing 

aliquots after once, twice, three times, and four times ultracentrifugations respectively. The 

peak with a retention time of 7.5 min stands for the exosome particles while the rest peaks 

are impurities of small size. (Courtesy of Journal of Circulation Biomarkers)
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Table 1

Comparison of HPLC size-exclusion columns

Manufacturer Product

Pore 
diameter 
(nm)

Particle 
(mm)

Exclusion limit 
Protein M Optimal range

pH 
range

Bio-Rad (silica-based diol) Bio-Sil SEC 125 12.5 5 100 kD 5–100 kD 2.0–8.0

Bio-Sil SEC 250 25 5 300 kD 10–300 kD

Bio-Sil SEC 400 40 5 1000 kD 20–1000 kD

MICRA (silica-based diol) SynChropak GPC 
Peptide

5 5 35 kD 1–35 kD 2.0–8.0

SynChropak GPC100 10 5 500 kD 5–160 kD

SynChropak GPC300 30 5 2000 kD 10–500 kD

SynChropak GPC500 50 7 5000 kD 40–1000 kD

SynChropak 
GPC1000

100 7 10,000 kD 40–10,000 kD

SynChropak 
GPC4000

400 10 >10,000kD

GE Healthcare (semirigid 
agarose)

Superose 6 13 40,000 kD 5–5000 kD 1.0–14

Superose 12 10 2000 kD 1–300 kD 3–12

Superdex 75 11–15 100 kD 3–70 kD

Superdex 200 11–15 1300 kD 10–600 kD

Agilent Technologies (silica-
based diol, stabilized)

ZORBAX GF-250 15 5 400 kD 4–400 kD 2.5–8.5

ZORBAX GF-450 30 6 1000 kD 10–1000 kD

Data from manufacturer’s catalogs
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