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Abstract 22 

Exosomes are a potentially rich source of biomarkers, but their isolation and characterization can 23 

be challenging. For isolation of exosomes, differential ultracentrifugation (a traditional approach) 24 

and an isolation kit from a major vendor (Total Exosome Isolation Reagent from Thermo Fisher 25 

Scientific) were compared. “Case study” exosomes were isolated from cell culture media of two 26 

different cell sources, namely patient-derived cells from glioblastoma multiforme and the breast 27 

cancer cell line MDA-MB-231. For both isolation methods, transmission electron microscopy 28 

and dynamic light scattering indicated the presence of exosomes. The kit- and UC isolates 29 

contained similar amounts of protein measured by the bicinchoninic acid (BCA) assay with 30 

absorbance at 562 nm. Using western blot, positive exosome markers were identified in all 31 

isolates. Potential biomarkers for both diseases were also identified in the isolates using LC-32 

MS/MS. However, WB and LC-MS/MS also revealed negative exosome markers regarding both 33 

isolation approaches. The two isolation methods had an overall similar performance, but we 34 

hesitate to use the term “exosome isolation” as impurities may be present with both isolation 35 

methods.  LC-MS/MS can detect disease biomarkers in exosomes and is also highly useful for 36 

critical assessment of exosome enrichments. 37 
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1 Introduction 44 

Exosomes are extracellular vesicles (EVs) with membrane-surrounded bodies which are secreted 45 

from cells to the extracellular environment as a part of the endocytic pathway [1]. Exosomes are 46 

formed by invagination of an endosome membrane to create intraluminal vesicles inside the 47 

endosome, i.e. multivesicular bodies (MVBs), and are secreted when the endosomes fuse with the 48 

plasma membrane [2]. Exosomes commonly contain proteins originating from the cellular 49 

cytosol and the plasma membrane, nucleic acids (e.g. DNA,  mRNA, microRNA and non-coding 50 

RNA), lipids and metabolites [3-5,1,6-8], and are believed to take part in e.g. cell-cell 51 

communication, transfer of proteins/nucleic acids, coagulation and antigen presentation [6,9].  52 

Cancer cells have been found to release more exosomes than stromal cells [10,11] and exosomes 53 

are associated with metastasis and tumor progression [7,12,13]. Hence, cancer exosomes may be 54 

a source of biomarkers for diagnosing cancers such as breast cancer (BC) and glioblastoma 55 

multiforme (GBM) when e.g. isolated from body fluids. BC is the predominant type of female 56 

cancer [14], with recurrent metastatic disease being responsible for the majority of BC-caused 57 

deaths [15]. GBM is the most frequent and malignant form of brain cancer [16-18]. The diagnosis 58 

of both BC and GBM rely on highly invasive patient tissue biopsies at relatively late stages 59 

[16,19,20]. Thus, a non-invasive disease monitoring is desirable for both BC and GBM, and can 60 

be achieved by measuring biomarkers in accessible body fluids, such as blood (liquid biopsy), for 61 

early diagnosis and prognosis assessment [16,21-23]. Hence, the isolation of exosomes for cancer 62 

biomarker discovery has emerged as an alternative to invasive methodologies [24-31,23].  63 

Isolation of exosomes is predominantly performed from body fluids (e.g. blood, urine, and saliva) 64 

or cell culture media by centrifugation-based methods, e.g. sucrose density gradient 65 

centrifugation or ultracentrifugation (UC) [32,33]. However, common drawbacks of using UC-66 
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based exosome isolation methods are the large amounts of starting material needed, low yield, 67 

and poor reproducibility [34,35]. Moreover, there is a great need for exosome isolation protocols 68 

tailored towards smaller starting volumes for e.g. miniaturized cell culture models like organoids 69 

and “organ on a chip” [36,37]. Other exosome isolation protocols and principles have been 70 

developed to overcome the drawbacks of UC based methods. Among these, filtration, 71 

immunoaffinity capturing, size exclusion chromatography, flow field-flow fractionation and also 72 

acoustic trapping have been attempted [34,38-42,8,43,44]. In addition, different commercial 73 

exosome isolation kits are available (e.g. ExoQuickTM from Systems Biosciences, and Total 74 

Exosome IsolationTM from Thermo Fisher), enabling simple isolation of exosomes from small 75 

starting volumes from a wide range of matrices. The exosome isolation kits are known to be 76 

based on exosome precipitation at low-speed centrifugation after sample incubation with water-77 

excluding polymers such as polyethylene glycol (PEG) [45].  78 

We have compared two exosome isolation methods, namely UC and a commercial kit for 79 

precipitation of exosomes.  The methods were evaluated using the following characterization 80 

techniques: WB, transmission electron microscopy (TEM), dynamic light scattering (DLS), 81 

quantitative total protein analysis using UV-Vis spectrophotometry and LC-MS/MS. “Case 82 

study” exosomes were isolated from cell culture media from free-floating patient-derived primary 83 

cell cultures from GBM biopsies (T1018) and a serum cultivated, adherently growing BC cell 84 

line (MDA-MB-231).  85 

 86 

 87 

 88 

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 1, 2018. ; https://doi.org/10.1101/274910doi: bioRxiv preprint 

https://doi.org/10.1101/274910
http://creativecommons.org/licenses/by/4.0/


5 

 

2 Materials and Methods 89 

 90 

2.1 MDA MB-231 cell culturing  91 

The BC cell line was purchased from American Type Culture Collection (ATCC, Sesto San 92 

Giovanni, Milan, Italy) and is derived from a triple-negative human metastatic breast carcinoma. 93 

The cells were maintained in Rosewell Park Memorial Institute (RPMI) 1640 growth medium 94 

depleted of phenol red (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10 % exosome-95 

depleted fetal bovine serum (FBS) (System Biosciences, Palo Alto, CA, USA) and 1 % 96 

penicillin/streptomycin (Sigma- Aldrich). The cells were incubated in a humidifying atmosphere 97 

at 5 % CO2 and at 37 ºC. Prior to exosome isolation, 1-2.3 million cells (in T75-T175 culturing 98 

flasks) were incubated for 6-7 days (always using a passage lower than 12). The incubated cell 99 

culture medium was centrifuged at 906 × g (30 minutes at 23 °C). See also Supplementary 1 100 

(S1). 101 

 102 

2.2 Glioblastoma cell culturing  103 

The GBM cells (T1018) were derived from biopsies from a primary GBM tumor, obtained after 104 

informed consent through a biobank approved by the Regional Ethical Authorities operated at 105 

Oslo University Hospital (2016/1791). The cells were maintained in Dulbecco's modified eagle 106 

medium with nutrient mixture F-12 (DMEM/F12, Gibco, Thermo Fisher Scientific, Waltham, 107 

MA, USA), supplemented with HEPES buffer (10 mM) and penicillin/streptomycin (100 U/mL) 108 

from Lonza (Basel, Switzerland), B27 without vitamin A  (1/50) from Thermo Fisher Scientific, 109 

epidermal growth factor (20 ng/mL) and basic fibroblast growth factor (10 ng/ mL) from R&D 110 

Systems (Minneapolis, MN, USA) and heparin (2.5 µg/mL) obtained from LEO Pharma AS 111 
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(Ballerup, Denmark). Under these culturing conditions, cells express stem cell markers in vitro, 112 

differentiate upon removal of growth factors and give rise to diffusely infiltrative tumors upon 113 

xenografting [46]. The cells were incubated in a humidifying atmosphere at 5 % CO2 and 37 °C 114 

in T25 flasks (Thermo Fisher Scientific). Prior to exosome isolation, the incubated cell culture 115 

medium was centrifuged twice at 453 × g and 1811 × g for 5 minutes each. The cell pellets were 116 

harvested for WB analysis. See also S1. 117 

 118 

2.3 Exosome isolation by ultracentrifugation 119 

For the BC and GBM cells, 9-12 mL and 60 mL cell culture media were used for centrifugation, 120 

respectively. Cell culture media were first centrifuged at 1811 × g (5 minutes at 20 °C). The 121 

supernatants were then centrifuged at 20 000 × g (20 minutes at 4 °C) with an Allegra 25R 122 

centrifuge (with TA-14-50 rotor) from Beckman Coulter (Brea, CA, USA) and the supernatants 123 

were transferred to polycarbonate ultracentrifugation tubes (Beckman Coulter) and diluted with 124 

PBS (~60 mL in each). The tubes were centrifuged twice at 100 000 × g (90 minutes at 4 °C) 125 

with an L-80 ultracentrifuge (45 Ti rotor) from Beckman Coulter. The supernatants were 126 

removed (leaving suspension 1 cm above the pellets) and the pellets were suspended with PBS 127 

between the centrifugations. Upon centrifugation, the supernatants were discarded and the 128 

exosome pellets (UC isolates) were suspended in either PBS (3 mL for DLS- and 50-100 µL for 129 

TEM analysis) or the preferred lysis buffer.  130 

 131 

2.4 Exosome isolation by isolation kit 132 

The isolation of exosomes with the kit was performed with the Total Exosome Isolation Reagent 133 

(from cell culture media) from Thermo Fisher Scientific (catalog no. 4478359). The isolation was 134 

performed according to the protocol of the supplier [47]. Starting volumes ranged from 0.5 mL to 135 
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9 mL cell culture medium for the BC cells and 5 mL to 6 mL for the GBM cells. The samples 136 

were centrifuged with the Allegra 25R centrifuge, and the exosome pellets (kit isolates) were 137 

suspended as with UC.   138 

 139 

2.5 Protein extraction 140 

Cell and exosome protein extracts were made by lysis with RIPA- or Nonidet™ P40 (NP40) 141 

buffer (both from Thermo Fisher Scientific) containing protease inhibitors (Protease Inhibitor 142 

Cocktail Tablets, Roche, Basel, Switzerland) and phosphatase inhibitors (PhosStop Tablets, 143 

Sigma-Aldrich). See also S2. 144 

 145 

2.6 UV-Vis spectrophotometry 146 

The protein amount was measured using Pierce™ BCA protein Assay Kit (Thermo Fisher 147 

Scientific), by measuring the absorbance at 562 nm. See also S3. 148 

 149 

2.7 Western blotting 150 

For information about WB antibodies, procedures and equipment, see S4. 151 

 152 

2.8 Immunogold labeling and transmission electron microscopy  153 

Samples were visualized with a JEM-1400Plus transmission electron microscope from JEOL 154 

(Tokyo, Japan) and images were recorded at 80 kV. See also S5. 155 

 156 
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2.9 Dynamic light scattering  157 

The DLS experiments were conducted with the aid of an ALV/CGS-8F multi-detector version 158 

compact goniometer system, with 8 fiber-optical detection units, from ALV-GmbH, Langen, 159 

Germany. See S6 for more details.  160 

 161 

2.10 LC-MS/MS analysis 162 

LC-MS/MS was performed using Q-Exactive mass spectrometers (Thermo) coupled with liquid 163 

nano chromatography.  Samples were prepared by in-solution and in-gel protease digestion.  See 164 

S7-9 for additional information related to LC-MS/MS analysis. 165 

 166 

3 Results and Discussion  167 

 168 

3.1 Similar content of protein measured in kit- and UC isolates 169 

The protein amount per million cells (hereafter referred to as protein amount) in the BC- (Figure 170 

1A) and GBM- (Figure 1B) isolates was measured using UV-Vis spectrophotometry. The 171 

measurements for kit isolates were 15-28 times higher than for UC isolates. A higher protein 172 

amount in exosomes isolated by the kit compared to that by UC was also observed in a study by 173 

Van Deun et al. who compared UC to the same isolation kit used in the present study for MCF7 174 

derived exosomes [48]. However, we observed that the measured absorbance in the kit blanks 175 

was high in comparison to UC blanks, where the absorbance was below the limit of 176 

quantification. The high absorbance from the kit blanks was further assessed to establish possible 177 

UV-absorbents or scattering components in the kit reagent. However, no absorbance was 178 

measured in the kit reagent using the same protocol (i.e. absorbance at 562 nm after BCA-179 
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reaction) as for the isolates and blanks, and NMR spectroscopy showed sharp peaks implying an 180 

absence of relaxation-perturbing components, e.g. particles (results not shown). The high 181 

absorbance in the kit blanks might therefore indicate co-precipitation of proteins or other UV-182 

absorbing compounds from the blank media. When correcting for the blank (subtracting the 183 

protein amount measured in blank samples from the protein amount in exosome isolates), the 184 

measured protein content for exosomes isolated by the kit and UC was similar. 185 

 186 

3.2 TEM and DLS detected vesicles in the expected size range for exosomes  187 

Morphological analysis of the exosome samples was performed using TEM. In addition, the 188 

hydrodynamic particle size distribution was measured using DLS. Clusters of vesicles were 189 

observed in the micrographs of the samples isolated with both kit and UC (Figure 2, AI and 190 

AIII). Vesicle structures similar to that described in literature were observed [49,50,6]. 191 

Regarding GBM exosomes: With TEM, the UC isolates presented somewhat more distinct 192 

double membranes compared to the kit isolates. The blank samples for both isolation methods did 193 

not display membrane structures (Figure 2, AII and AIV). The DLS-analysis of the GBM 194 

isolates exhibited particles of similar sizes of 51 and 73 nm (mean) with both isolation methods 195 

(Figure 2B). Thus, both isolation methods gave rise to comparable exosome populations. 196 

Regarding BC exosomes: Clusters of vesicles were also in here observed in the micrographs of 197 

the samples isolated with both kit and UC (Figure 2, CI and CIII). Blank isolates displayed 198 

contaminations (Figure 2, CII and CIV), e.g. exosome-resembling vesicles were found in the 199 

UC blank using TEM (red dashed circles), and the kit blank displayed 67 nm (mean) 200 

contaminations when using DLS (Figure 2D). The DLS analysis also presented two distinct 201 

particle diameters in kit isolates (28 and 95 nm, mean values) while only one particle diameter 202 

was present in UC isolates (137 nm, mean value), indicating some differences in the mean 203 
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particle sizes isolated with the two isolation methods. However, the sizes observed with DLS 204 

correlates well with that found in other studies (30–250 nm) [51,52,13,53,54,48,55]. Overall, the 205 

isolates showed structures resembling those of EVs, but some blanks were not entirely devoid of 206 

vesicles or particles.  207 

 208 

3.3. Western blot analyses indicated the presence of exosomes for all samples. 209 

WB was performed using antibodies for a selection of positive exosome markers, namely the 210 

tetraspanins CD81, CD9 and CD63, TSG101 and flotillin-1. Calnexin was selected as a negative 211 

marker for purity evaluation as recommended by the International Society of Extracellular 212 

vesicles (ISEV) [56]. This protein is located at the endoplasmic reticulum (ER) and is assumed to 213 

signalize ER-contamination. For the GBM cells and exosomes, positive and negative exosome 214 

markers were detected in isolates from both the kit and UC (Figure 3). For the BC cells and 215 

exosomes, positive markers TSG101, flotillin-1 and CD9 (barely visible in the UC isolates) were 216 

detected using both isolation methods, and calnexin was not detected. The positive markers 217 

overall demonstrate the presence of exosomes in the isolates obtained using both methods, but the 218 

GBM samples could contain impurities.  219 

 220 

3.4 LC-MS/MS studies reveal impurities, and biomarkers   221 

The absence of calnexin (see above) in BC exosomes from both isolation methods indicates that 222 

the isolates are not contaminated with the ER. However, general proteins related to e.g. the 223 

nucleus, Golgi apparatus, mitochondrion, and ER were identified in the BC exosomes using LC-224 

MS/MS and gene ontology (GO) annotations (Figure 4). Hence, untargeted LC-MS/MS 225 

suggested the presence of impurities also in the BC samples. Proteins related to the nucleosome, 226 
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Golgi apparatus, mitochondrion, and ER were also identified by GO-annotation in the GBM 227 

isolates. 228 

LC-MS/MS could also identify a number of positive markers (see Figure 5 for examples). 229 

However, there was expectedly not a complete overlap with those observed with WB, as e.g. 230 

sensitivity can vary between WB and untargeted LC-MS/MS. In-house prepared nanoLC 231 

columns packed with core shell particles provided high-resolution separations (Figure 5, and see 232 

reference [57] for packing procedure). Examples of potential biomarkers for GBM, e.g. heat 233 

shock proteins 70 kDa and 90 kDa [58-60], chondroitin sulfate proteoglycan 4 [58,61], CD44 234 

[62,58,61] and CD276 [63]  were identified using LC-MS/MS. Examples of LC-MS/MS-detected 235 

biomarkers related to triple negative breast cancer were e.g. heat shock 90 kDa α and β protein 236 

[64], calmodulin and epithermal growth factor receptor [65] (see Supplemental Proteins). When 237 

comparing cell sources, the number of identified proteins was lower in GBM isolates than BC 238 

isolates, but the number of identified proteins for GBM isolates was comparable to another LC-239 

MS/MS study on GBM exosomes [66].  240 

 241 

4 Conclusions 242 

Regarding our glioblastoma/breast cancer “case study” samples, the UC/kit isolation methods 243 

overall were approximately equal in quality. Kit isolation however has an advantage of requiring 244 

less starting material compared to conventional UC equipment. Untargeted LC-MS/MS revealed 245 

a number of biomarkers related to the diseases, supporting the concept of exosomes being an 246 

interesting matrix towards diagnostics. In addition to exosomes, our analyses suggest the 247 

presence of cellular contaminations and other vesicles. Hence, the “isolations” should perhaps be 248 
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considered “enrichments”. Considering that the methods do not fully provide isolations, we 249 

welcome alternative approaches to preparing and analyzing these important extracellular vesicles. 250 
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 259 

Figure Captions 260 

 261 

Figure 1 Measured relative protein amount pr. million cells in exosome samples from 262 

GBM- and BC cells isolated by kit and UC (n ≥ 2). A) The measured relative protein amount 263 

(%) for the BC exosome isolates. B) The measured relative protein amount (%) for the GBM 264 

exosome isolates. Each replicate is depicted as circles, and the median depicted as a line. The X-265 

mark shows the measured relative protein amount in the blank sample (isolated cell culture 266 

medium). The protein amounts were measured by UV-Vis spectrophotometry (absorption at λ= 267 

562 nm) after reaction with BCA kit reagents.  268 

 269 

Figure 2 Transmission electron micrographs and hydrodynamic particle size (nm) 270 

distribution by DLS analysis of exosomes isolated by kit and UC from GBM- and BC cells. 271 
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Images were taken with a magnification of 400 000, and the dashed areas were additionally 272 

zoomed. A) Micrographs of GBM exosome isolates (not CD9-labelled). I depict the micrograph 273 

from a kit isolate, II the kit blank, III a UC isolate, and IV the UC blank. B) DLS analysis of 274 

GBM exosomes isolated by kit and UC (n = 1). No particles were detected in the UC blank (n = 275 

1). DLS analysis of the kit blank was not performed. C) Micrographs of BC exosome isolates 276 

(successfully CD9-labelled). I depict the micrograph from a kit isolate, II the kit blank, III a UC 277 

isolate, and IV the UC blank. D) DLS analysis of BC exosomes isolated by kit (n = 2) and UC (n 278 

= 3), including the kit blank (n = 1). No particles were detected in the UC blank. 279 

 280 

Figure 3 Western blot of common protein exosome markers.  The protein markers CD81, 281 

CD9, CD63, TSG101, flotillin-1 (positive markers, +) and calnexin (negative marker, -) were 282 

targeted in cell lysates and exosomes isolated by kit and UC (n ≥ 2). Monoclonal mouse 283 

antibodies were used for CD81, CD9, CD63, flotillin-1 and calnexin, while a polyclonal rabbit 284 

antibody was used for TSG101. For the BC exosomes, 15 µg protein was loaded for kit isolates 285 

and 3 µg for UC isolates. For the GBM exosomes, ~14 µg was loaded for kit isolates and ~8 µg 286 

for UC isolates. Uncropped western blots are presented in Supplemental Western Blots. 287 

 288 

Figure 4 Chromatograms and MS/MS spectrums from LC-MS/MS analysis of GBM- and 289 

BC exosome peptides.  A) Chromatogram with corresponding MS/MS spectrum for the CD9 290 

signature peptide KDVLETFTVK (m/z=393.89, z=3) in BC exosomes isolated by 291 

UC. C) Chromatogram with corresponding MS/MS spectrum for the calnexin signature peptide 292 

AEEDEILNR (m/z=544.77, z=2) from GBM exosomes isolated by UC. An in-house packed 50 293 

µm x 150 mm column with 80 Å Accucore particles with C18 stationary phase was used for 294 

separation. A 50 µm x ~3 mm in-house packed pre-column with the same column material was 295 
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used for trapping. The elution was performed with a linear gradient of 3-15 % MP B in 120 296 

minutes. See Section 2.11.1 for more LC-MS/MS parameters.  297 

 298 

Figure 5 GO annotation of proteins in BC exosomes to different cellular locations. The 299 

identified proteins classified by their cellular location (GO annotations) grouped based on their 300 

positive/ negative relevance towards exosomes. The annotated proteins (% of total proteins) and 301 

their cellular location, with proteins annotated from the kit isolates are shown in red (from 749 302 

DAVID ID’s), while proteins annotated from the UC isolates are shown in blue (from 615 303 

DAVID ID’s). 304 

 305 

Figure 6 Venn diagram presenting the number of proteins identified by LC-MS/MS in 306 

exosomes isolated by kit and UC from GBM- and BC cell culture medium.  The numbers are 307 

the total number of unique proteins identified when trypsin, keratin related proteins and the 308 

proteins identified in blank isolates were disregarded. One signature peptide was selected as 309 

requirement for positive identifications during database search. Equal amounts of protein were 310 

injected for both kit- and UC isolates (~ 1.5 µg protein for GBM isolates (n = 6) and ~2-5 µg 311 

protein for BC exosomes (n=3)). A list of all proteins identified is presented in Supplemental 312 

Proteins. 313 

 314 

 315 
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