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Abstract

Purifying extracellular vesicles (EVs) from complex biological fluids is a critical step in analyzing
EVs molecularly. Plasma lipoprotein particles (LPPs) are a significant confounding factor as they

outnumber EVs >104-fold. Given their overlap in size, LPPs cannot be completely removed using

standard size-exclusion chromatography. Density-based separation of LPPs can be applied but is
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impractical for routine use in clinical research and practice. Here we report a new separation
approach, dubbed DMC (dual-mode chromatography), capable of enriching plasma EVs and
depleting LPPs. DMC conveniently integrates two orthogonal separation steps in a single column
device: i) size exclusion to remove high-density lipoproteins (HDLs) that are smaller than EVs;
and ii) cation exchange to clear positively-charged ApoB100-containing LPPs, mostly (very) low-
density lipoproteins (V)LDLs, from negatively-charged EVs. The strategy enabled DMC to
deplete most LPPs (>97% of HDLs and >99% of (V)LDLs) from human plasma, while retaining
EVs (>30% of input). Furthermore, the two-in-one operation is fast (15 min/sample) and
equipment-free. With abundant LPPs removed, DMC-prepared samples facilitated EV
identification in imaging analyses and improved the accuracy for EV protein analysis.
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Extracellular vesicles (EVs) are a promising source of disease biomarkers. A new, single-step
chromatography approach for EV enrichment, dual-mode chromatography (DMC) was developed.
DMC effectively removes most plasma lipoproteins, >60-fold more efficient than size-exclusion
chromatography. Consequently, DMC produces an enriched EV population and improves
analytical outcomes of EV immunoassays by lowering biological background.

Keywords
extracellular vesicles; lipoproteins; liquid biopsies

Extracellular vesicles (EVs) are important disease biomarkers;[11 they are ubiquitously
present in bodily fluids and carry molecular cargo from their respective parental cells (e.g.,
transmembrane and intracellular proteins, mMRNA, DNA, and microRNA).[21. EVs thus can
serve as a blood-based analytical method to obtain and monitor diseases’ molecular traits, 3]
promoting better-informed clinical decisions. Indeed, EVs were found superior to
conventional protein markers for tumor detection.[4-6] Key mutations (e.g., EGFRVIII,
IDH1R132H, EGFRT790M) have also been detected in EVs.[6.7] Essential to diagnostic EV
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analysis is the ability to perform a given molecular test in true EV fractions, rather than in
contaminated mixtures. In other words, EVs exist in complex heterogeneous matrices
(Figure 1a) and retrieving pure vesicle populations is a pivotal first assay step.

Among various EV isolation strategies,[!! size-exclusion chromatography (SEC) is
increasingly adopted as a preferable isolation method for clinical samples, considering its
low cost, much faster turn-around time compared to ultracentrifugation, and ease-of-
operation.[®] SEC separates analytes based on their differential retention time in porous gels.
When applied to plasma or serum, SEC produces well-defined vesicle fractions with most
soluble proteins removed.[®] The current approaches, however, often fail to differentiate EVs
from certain types of lipoprotein particles (LPPs), predominantly (very) low-density
lipoproteins (V)LDL, due to size overlap.[1% With LPPs (~10%5 particles/mL )]
significantly outnumbering EVs (~107-10° particles/mL in healthy individuals),[12] SEC-
prepared samples are susceptible to artifacts, including overestimation of actual EV counts,
steric hindrance in immunoassays, and increased biological noise. This is especially
important in the discovery phase of EV protein biomarkers, as the abundance of LPPs can
confound the search for less-abundant EV-associated proteins. Density-gradient
ultracentrifugation can be incorporated before or after SEC to separate EVs from LPPs but
the combined process negates SEC’s practical advantages.

Here, we report a substantially improved chromatography method for rapid EV isolation
from plasma samples. We noticed the contrast in surface charge properties between EVs,
that are negatively charged,[*3] and ApoB100-containing LPPs, which carry an abundance of
positive charges.[24] While previous work to discriminate EVs and LPPs predominantly
focused on size and/or density, we reasoned that these charge discrepancies could be
exploited for better particle separation (Figure 1b). Indeed, ApoB100 lipoproteins are known
to interact with glycosaminoglycans on the arterial wall in vivo,[15] which has led to the use
of polymers bearing sulphate groups for plasmapheresis[16] or general lipoprotein isolation.
(171 We thus explored combining ion exchange in tandem with size-exclusion
chromatography to obtain an LPP-depleted EV population. The strategy allowed us to
remove the majority of plasma LPPs, >97% of high-density lipoprotein/HDL and >99% of
(V)LDL, while maintaining a relatively high EV isolation yield comparable to that of SEC.
We also constructed a layered monolithic device, termed a DMC (dual-mode
chromatography) column, to perform orthogonal separations through a one-time sample
loading. This one-time loading approach is particularly important compared to sequential
separation strategies as it minimizes loss of rare EV fractions. DMC operation was simple,
fast (15 min per sample) and equipment-free. Furthermore, DMC-prepared samples led to
better analytical outcomes in single vesicle imaging and EV protein analyses.

The DMC column consists of a top, size-exclusion layer and a bottom, cation exchange layer
(Figure 1c). The top layer separates small analytes (e.g., soluble proteins, protein aggregates,
HDL) from larger particles through differential retention time. The bottom layer receives
filtrates from the top and captures positively-charged (V)LDL particles. For the top layer, we
used a conventional SEC resin (Sepharose CL-4B, exclusion limit ~35 nm). The resin
volume was 10 mL, identical to that of gravity-driven SEC columns commonly used for EV
isolation.[8:9]
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To determine an optimal material for (V)LDL capture, we compared a panel of resins with
varying functional groups and physical characteristics. We made cation exchange columns,
each packed (2 mL) with a single resin type. Test samples were prepared by filtering human
plasma through SEC and collecting the EV-enriched fractions (see Experimental sections),
enriching for (V)LDL and EVs. We then processed these fractions with the cation exchange
columns, assessing each column’s ability to remove (V)LDL by measuring ApoB100.
Fractogel EMD SO3~ was found to be most efficient, removing up to 70-fold more ApoB100
than other tested resins (Figure Sla, b), possibly due to its ‘tentacle” structure which
promotes interaction between resin and target.[18] The final removal efficiency of ApoB100
was ~98%. Doubling the resin volume (to 4 mL) resulted in only a minor improvement in
efficiency (Figure S1c). The final DMC thus had the following dual layer structure:
Sepharose (10 mL, top) and Fractogel (2 mL, bottom).

We characterized the DMC column performance and compared it to a standard SEC column.
We started by assessing EV recovery ratio. EV-only samples (cell-line derived EVs in a
buffer) were passed through the columns and EV counts before versus after separation were
measured via nanoparticle tracking analysis (NTA; Figure 2a). EV recovery ratios were in
the same order of magnitude: 0.34 (DMC) and 0.78 (SEC). DMC’s slightly lower value
could be attributed to its longer filtering path. We next measured the capacity for LPP
removal and EV enrichment by DMC and SEC columns. We mimicked “clinical samples”
by spiking human plasma (0.5 mL) samples with EVs (~1010 /mL) from cancer cell lines
(Experimental sections). Representative lipoprotein markers were ApoA1l for HDL and
ApoB100 for (V)LDL, while CD63 was chosen as EV marker. We observed a significant
reduction in ApoB100 after DMC separation (Figure 2b). When an equal amount (~18 pg)
of SEC and DMC sample proteins were analyzed, ApoALl levels were found to be similar
(Figure 2c), which may reflect the same HDL depletion mechanism (size exclusion) in both
columns. CD63 level, however, was markedly higher in the DMC filtrate (Figure 2c) due to
efficient ApoB100 removal. Figure 2d summarizes the calculated LPP removal efficiency.
DMC and SEC columns both effectively cleared HDL particles from plasma, with an
efficiency of ~97%. For (V)LDL particles, however, DMC was far superior to SEC: only
0.4% of ApoB100 in the input plasma remained after the DMC filtering, whereas the
number was ~25% with the SEC column.

Based on these data, we estimated the relative mass ratio of the most significant proteins in
SEC- or DMC-prepared samples. Figure 2e show the relative mass fraction of ApoAl,
ApoB100, and CD63; the amount of each protein target was estimated from ELISA or
Western blotting, and was normalized against the sum of these three proteins. EV protein
(CD63) was the dominant fraction (>80%) in the DMC sample, while HDL and (V)LDL
were largely removed. The reverse trend was observed in the SEC sample, with LPPs being
the major component. Electron microscopy confirmed these observations (Figure 2f and
Figure S2). DMC-prepared plasma samples contained more EVs and less LPPs than SEC
samples. Indeed, overall protein analysis by SDS-PAGE followed by Coomassie blue
staining revealed differences in protein profile between these two samples (Figure S3a). In
agreement with lipoprotein particle removal, overall cholesterol levels were found to be ~5
times less in DMC samples (Figure S3b). As a consequence of lipoprotein removal, DMC-
prepared samples appear much clearer than SEC samples (Figure S3c).

Adv Biosyst. Author manuscript; available in PMC 2020 December 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Deun et al.

Page 5

We also noticed a potential pitfall when interpreting NTA data for plasma EV numbers.
After SEC or DMC preparation, we found that NTA particle counts were directly
proportional to ApoB100 amounts in samples (Figure S4a). This result strongly suggests the
majority of counted particles could actually be (V)LDLs rather than EVs. Western blotting
supported this observation. When we analyzed SEC and DMC samples with the same NTA
particle counts, we saw negligible CD63 and low ApoAl levels in the SEC samples (Figure
S4b). Simply counting particle numbers in SEC filtrates, without any molecular specificity,
thus can lead to overestimation of EV numbers, even by as much as an order of magnitude.
By extension, this implies that calculating particle/protein ratio for estimating EV purity
might be less suitable for plasma-derived samples.[1°]

We hypothesized that removing LPP contamination increases the accuracies in EV
immunoassays by lowering biological background noise. To test this hypothesis, we
processed universal human samples using DMC and SEC columns, and subjected filtered
samples to two different analytical modalities, single particle imaging[2%l and the integrated
magnetoelectrochemical exosome (iIMEX) assay.[] For single EV imaging, we used a
lipophilic dye to stain overall lipid particle populations and a fluorophore-conjugated anti-
CD63 antibody for EV labeling (Figure 3 and Figure S5). The SEC-only sample had a large
lipid particle population but only a small fraction (~4%) of them were CD63-positive
(Figure 3a, top). In contrast, the DMC sample was less crowded but more lipid particles
(~85%) were CD63-positive; this led to robust EV identification and counting (Figure 3a,
bottom). Note that EV-free controls showed no measurable signal in both fluorescent
channels after labeling (Figure S6).

We next used the iIMEX assay to measure EV surface protein levels in SEC and DMC
samples. We prepared test samples by spiking human plasma (1 mL) with EVs (~1010 /mL)
from a human glioblastoma cell line (Gli36 with EGFRvIII overexpression). Aliquots (0.5
mL) were processed with either SEC or DMC. To capture EVs, we used magnetic beads
specific to tetraspanins (CD63, CD81, CD9). Bead-EV complexes were then further labeled
probing antibodies (CD63 or EGFRVIII) for signal generation (Figure 3b). The iMEX results
(Figure 3c) showed that CD63 levels effectively followed the EV recovery ratio of SEC and
DMC (Figure 2a), whereas EGFRvIII signal was more pronounced in the DMC sample. This
observation may result from differences in target molecule concentrations. CD63 level in
plasma would be higher than that of EGFRvIII, which makes CD63 detection less affected
by biological background (i.e., LPPs); for the less abundant EGFRvIII, removing interfering
LPPs makes the analytical signal more robust.

In summary, we developed a new, single-step chromatography approach for EV enrichment,
DMC, and evaluated its performance with plasma, the most commonly used bodily fluid for
EV analyses. DMC effectively removed most plasma LPPs: >97% HDL, similar to SEC; and
>99% (V)LDL, >60-fold more efficient than SEC. Consequently, DMC produced enriched
EV population and improved analytical outcomes of EV immunoassays with lower
biological background. We envision further investigations with different biofluids (e.g., CSF,
saliva) and analytical modalities (e.g., nucleic acid detection) to broaden DMC’s
applicability. Such efforts would further confirm DMC as a powerful EV preparation
strategy that can seamlessly replace the current SEC-based EV isolation.
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Experimental Section

Plasma.

The sodium-EDTA plasma was acquired from Rockland Immunochemicals, Inc.

Size-exclusion chromatography (SEC) and dual-mode chromatography (DMC).

Sepharose CL-4B (GE Healthcare), Fractogel EMD SOz~ (M) (Millipore Sigma), Capto S
(GE Healthcare) and SP Sepharose Fast Flow (GE Healthcare) resins were washed three
times with PBS buffer. A nylon net with 11 um pore size (NY 1102500, Millipore Sigma)
was placed on the bottom of a 10 mL syringe (BD Biosciences). For the SEC column, this
was followed by stacking of 10 mL washed Sepharose. For the DMC column, 2 mL of ion
exchange resin was stacked first, followed by careful layering of 10 mL Sepharose on top.
After adding 0.5 mL plasma sample, individual fractions of 1 mL eluate were collected. EV-
containing fractions (first 2 fractions after the void volume, which was 3 mL for SEC and
3.8 mL for DMC) were pooled and concentrated using Amicon Ultra-2 10K filters
(Millipore Sigma).

EV preparation for spike-in experiments.

ES-2 cells and Gli36 cells carrying an EGFRvIII overexpression (Gli36 EGFRvIII) were
cultured in DMEM supplemented with 10% fetal bovine serum. Cells were washed 3 times
with serum free medium and cultured in DMEM supplemented with 1% EV-depleted FBS
(Invitrogen) for 24 hours. Conditioned medium (CM) from ~2 x 108 cells was collected and
centrifuged at 300 g (10 min) and 2000 g (20 min). Next, CM was concentrated
approximately 300 times using a Centricon Plus-70 centrifugal filter device with a 10K
nominal molecular weight limit (Millipore Sigma). Subsequently, a discontinuous OptiPrep
density gradient (ODG) was constructed as described previously.[?1]. 1 mL of concentrated
CM was overlaid onto the top of the gradient, which was then centrifuged for 18 hours at
100,000 g and 4 °C (SW 27.1 Ti rotor, Beckman Coulter). Next, fractions of 1 mL were
collected from the top of the gradient, with F9 and 10 (density ~1.1 g mL™1) being pooled
and used for subsequent SEC-based separation of EVs from the iodixanol polymer, using
Sepharose CL-2B as resin. EV-containing fractions (F4-7) were pooled, concentrated to 100
L, aliquoted, and stored at —80 °C. In Figure 2b—e, 3a, S3 and S4, the results were obtained
using plasma samples spiked with ES2 EVs (~7x10° mL™1); in Figs. 2f and 3c, plasma
samples spiked with Gli36 EGFRVIII EVs (~1x1019 mL~1). To demonstrate bona fide EV
isolation, presence of CD9, CD63 and CD81 was analyzed using bead-based flow cytometry
(Figure S7).[22]

Nanoparticle tracking analysis (NTA).

We used a NanoSight LM10 microscope (Malvern) equipped with a 405 nm laser. Three 30-
second videos were recorded of each sample with camera level 15. After each video, the
sample was advanced through the chamber to avoid repeated measurement of identical
particles in the field of view. Videos recorded for each sample were analyzed with NTA
software version 3.2 with detection threshold kept constant at 3. Samples were diluted with
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PBS buffer until particle concentration was within the linear concentration range of the NTA
software (3x108 — 1x109 mL™1).

Western blot and Coomassie blue.

ELISA.

EV samples were lysed in 0.2% SDS and protein concentration measured by Qubit assay
(Thermo Fisher). Samples were lysed with non-reducing LDS sample buffer (Invitrogen),
boiled for 5 min at 95 °C, and loaded on a 5-12% gradient gel (Invitrogen). Proteins were
separated by SDS-PAGE, transferred to a nitrocellulose membrane, and immunostained for
1h with the following antibodies: anti-CD63 (clone H5C6, BD Biosciences, 1:200 dilution)
and anti-ApoALl (clone B-10, Santa Cruz, 1:1000 dilution). HRP-conjugated secondary
antibodies were added for 1h, blots were washed, followed by addition of
chemiluminescence substrate (WesternBright Sirius, Advansta). Blots were then developed
using autoradiographic films. Films were digitized and quantification of signal intensity was
performed using ImageJ. For Coomassie blue staining, gel was stained with SimplyBlue
SafeStain (Thermo Fisher) for 1 hour at room temperature, followed by destaining overnight
in dH,0 at 4 °C. Gel was imaged on a Sapphire Biomolecular Imager (Azure Biosystems).

Human Apolipoprotein B Quantikine ELISA Kit (R&D Systems) was used according to
manufacturer’s instructions. Standards and samples were assayed in duplicate.

Cholesterol assay.

The MyQubit Amplex® Red Cholesterol Assay (Thermo Fisher) was used according to
manufacturer’s instructions.

Electron microscopy.

EV samples (5 pL) were overlaid with Formvar carbon-coated grids and incubated 20 min.
Grids were then washed in PBS and fixed for 5 min with 1% glutaraldehyde. Grids were
washed in dH,0 and incubated on 2% uranylacetate for 5 min. Excess stain was removed by
blotting and grids were air-dried. Images were taken using a Tecnai G2 Spirit BioTWIN
microscope.

Single EV imaging.

EV-containing SEC and DMC fractions were incubated with CM-Dil (Thermo Fisher
Scientific) for 30 min at room temperature. EV-free samples were subjected to the same
labeling processes. Dye aggregates were removed by Millex-GV syringe filter (0.22 um pore
size, Millipore Sigma). Filtered EVs were captured on a glass slide. Following 30 min
incubation at room temperature, the slide was washed with PBST (PBST buffer containing
0.001% Tween 20). After incubation with fixation buffer (4% formaldehyde) and blocking
buffer (Superblock, Thermo Fisher Scientific), EV samples were incubated with anti-human
CD63 antibody (Ancell) for 90 min at room temperature. After washing, Alexa Fluor 488-
labeled secondary antibody was introduced and incubated for 30 min at room temperature.
After final wash steps, fluorescence images were taken with BX-63 upright fluorescent
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microscope (Olympus) with 40x objective. Acquisition settings (i.e., objective, exposure
time, camera setting, illumination) were kept constant for all images.

iMEX protocol.

Antibodies for EV capture (mouse monoclonal anti-CD63 (clone H5C6, BD Biosciences),
CD9 (clone MM2/57, Millipore Sigma) and CD81 (clone 1.3.3.22, Thermo Fisher)) were
coupled to Pierce Protein A magnetic beads (Life Technologies) in a ratio of 10 ug of total
antibody per 100 pL of beads by overnight incubation at 4 °C with rotation. Beads were
washed three times with 500 L of PBS/0.001% Tween and resuspended in 100 pL of the
same buffer. For the IMEX assay, 100 uL of EV samples were mixed with 10 uL of the
immunomagnetic bead solution for 15 min at room temperature. After incubation, magnetic
beads were separated from the solution with a permanent magnet and re-suspended in 80 pL
of PBS (1% BSA). After 5 seconds of vortexing, the beads were separated and re-suspended
in 50 pL of PBS (1% BSA). 10 pL of antibodies of interest (20 pg/mL in PBS) were added
to the solution and the mixture was incubated for 15 min at room temperature. The magnetic
beads were separated and washed as described before and re-suspended in 50 pL of PBS
(1% BSA). 5 pL of streptavidin-conjugated HRP enzymes (1:100 diluted in PBS) were
mixed with the beads for 15 min at room temperature. The magnetic beads were separated
and washed as described before and re-suspended in 7 pL of PBS. The prepared bead
solution and 20 pL of UltraTMB solution (ThermoFisher Scientific) were loaded on top of
the screen-printed electrode. After 3 min, chronoamperometry measurement was started
with the electrochemical sensing device. The current levels in the range of 50-55 seconds
were averaged.

Statistical analysis.

All data were displayed as mean = s.d. from technical replicates. Samples numbers and
relevant statistical tests are indicated in figure legends. P values < 0.05 were considered
statistically significant. We used GraphPAD Prism (version 8.0) for analyses. We have
submitted all relevant data of our experiments to the EV-TRACK knowledgebase (EV-
TRACK ID: EV200025).[23]

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Rationale and principle of the dual-mode chromatogr aphy.
(a) Typical concentrations of lipoprotein particles (LPPs) and extracellular vesicles (EVSs) in

human plasma. LPP numbers are considerably higher (>104) than EV numbers and also
fluctuate during the day. HDL, high-density lipoprotein; LDL, low-density lipoprotein;
VLDL, very low-density lipoprotein. (b) Schematic representation of the most common
particle species found in plasma, discriminated by size and surface charge. Note that EVs
overlap in size with (V)LDL, but have opposite surface charge. Green dotted line indicates a
commonly used cut-off for size-exclusion chromatography (SEC) that separates EVs from
other particles. (c) Design of dual-mode chromatography (DMC) column. The device has
two separation layers in tandem: size exclusion (top) and cation exchange (bottom). The top
layer is used to filter out small analytes, including soluble proteins and HDL particles.
Filtrates then enter the cation exchange layer where positively-charged particles (e.g., LDL,
VLDL) are captured. The resulting sample is depleted from LPPs and enriched in EVs.

Adv Biosyst. Author manuscript; available in PMC 2020 December 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Van Deun et al. Page 12

a 8+ b — ¢ kDa d 100~ M ApoAl ApoB100
oy 1200 a3
= - 60 - 3 ] _
N 2 900- I= 1
= = e 10
o H = E
> 4 2 500 >
2 D 300{ — £ 4
8 24 2 4] £ _
@ 22‘ - fid
[z 1 1 I
Input SEC DMC Plasma SEC DMC
e
B ApoA1 ApoB100 B cps3
’ 16% 38%
SEC
68%

DMC
filtrate filtrate
J
4% 58%

Fig. 2. DM C characterization.
(a) EV recovery was estimated using samples with a known number of cell-line derived EVs

in PBS (input). Equal amount of samples were passed through a SEC or DMC column, and
particle numbers after preparation were measured via nanoparticle tracking analysis (NTA).
Recovery ratios were 78% (SEC) and 34% (DMC). Data from technical triplicates are
displayed as mean + s.d. (b) DMC and SEC columns were used to process mock clinical
samples which were human plasma spiked with cell-line derived EVs. Most ApoB1 proteins
were removed by DMC. Data from technical duplicates are displayed as mean + s.d. (¢) The
same amount of plasma and EV sample proteins from (b) were analyzed. ApoAl levels were
comparable between SEC and DMC. CD63 was significantly enriched in DMC samples. (d)
Capacity for LPP removal by DMC and SEC were compared. ApoAl (HDL) and ApoB100
(VLDL and LDL) contents were measured before and after filtration of human plasma (0.5
mL). Both DMC and SEC showed a similar efficiency (~97%) in ApoALl depletion. For
ApoB100 removal, DMC (efficiency: 0.4%) significantly outperformed SEC (25%). Data
from technical duplicates are displayed as mean + s.d for ApoB100. ApoAl quantification
was based on band intensity from Western blotting. (€) Relative mass-ratios of ApoAl,
ApoB100, and CD63 were estimated in SEC and DMC filtrates. (V)LDL was the major
vesicle population in the SEC filtrate, whereas EVs were the dominant component in the
DMC-prepared sample. (f) Transmission electron micrographs of SEC- and DMC-prepared
human plasma. EVs (arrowheads) were negatively stained; LPPs appeared white. Note LPP
reduction and EV enrichment in the DMC sample. Close-up images are provided in Figure
S2.
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Fig. 3. EV assayswith DMC and SEC samples.
(&) Single particle imaging. SEC and DMC samples were labeled with the general lipid dye

(red) and fluorescent CD63 antibodies (green). The SEC sample contained a large number of
lipid particles per field-of-view (FOV, 77 x 65 pm?2), but few of them were CD63-positive
(top row). The DMC sample, in contrast, was enriched with CD63-positive lipid particles
(bottom row). The graphs show particle counts (mean + s.d.) from four FOVs. (b) Integrated
magneto-electrochemical exosome (iMEX) EV protein assay. EVs are captured on magnetic
beads based on EV-specific surface markers (CD63, CD81, CD9) and further labeled with
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probe antibodies to detect target protein markers. Probe antibodies, conjugated with
oxidizing enzymes, generate electrical currents through electrochemical reaction. () Human
plasma was spiked with EVs from Gli36 EFGRvIII mutation. Following SEC or DMC
preparation, samples were assessed for CD63 and EGFRVIII expression via iIMEX. The
DMC sample showed a slightly lower CD63 signal than SEC, reflecting lower EV recovery.
EGFRUVIII signal, however, was higher in the DMC sample, presumably due to reduced
interference from biological background. The data are from technical duplicates and
displayed as mean + s.d.
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