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Abstract

Nanoparticle Tracking Analysis (NTA) has emerged as the state-of the-art method for size
and concentration characterization of exosomes and extracellular vesicles (Konoshenko
et al, 2018, Giebel & Helmbrecht, 2017, Soo et al.,, 2012). In combination with
fluorescence detection (f-NTA) the technology now enables the user to take a deeper look
inside dedicated exosome populations and subpopulations (Desgeorges et al., 2020,
Rahbari et al., 2019, Weber et al., 2019). Here we demonstrate a quick and easy method
for exosome identification by antibody mediated, fluorescence-based nanoparticle
tracking analysis in four fluorescent channels with the Particle Metrix ZetaView®

instrument.

Introduction

Exosomes are small sized (30 to
150 nm), membrane surrounded
extracellular vesicles (EVs) which
are ubiquitously secreted by
biological cells (Raposo et al.,
2013, Yanez-Mo et al., 2015) and
present in all kingdoms of life.
Stanly and colleagues discovered
them in plants (Stanly et al., 2016)
whereas Deatherage & Cookson
found their presence in bacterial
systems (Deatherage & Cookson,
2012). Exosomes play an
important role in many cellular
processes like maintaining
homeostasis (Baixauli et al., 2014),
cell-to-cell com-munication
(Mathivanan et al., 2010), the
metastasis of tumors (Becker et
al., 2016), inflammatory processes
(Console et al., 2019) and a lot of
other pathophysiological activities
(Record et al., 2014). Due to their

involvement in different
important  cellular  functions,
extracellular vesicles and

exosomes are currently being investigated in
many laboratories all over the world.

Tetraspanins are a vast protein superfamily
with multiple members in humans and other
species such as Drosophila melanogaster and
Caenorhabditis elegans (Huang et al., 2005).
They consist of a very flexible extracellular
domain, a transmembrane region with four
helices and a highly conserved cytoplasmic
domain (Andreu and Yanez-Mo, 2014). Beside
their presence in various types of endocytic
membranes including the plasma membrane
(Berditchevski & Odintsova, 2007) they are
highly enriched in extracellular vesicles and
exosomes where they built so called
tetraspanin-enriched microdomains (TEMs)
(Andreu and Yanez-Mé, 2014). In recent years
CD9, CD37, CD63, CD81 and CD82 were
primarily used as exosomal markers but it
should be noted that exosomes are a very
heterogeneous group of vesicles which can
differ drastically in their tetraspanin
composition (Andreu and Yafiez-M¢, 2014).

Here we report a new, fast and reliable method
to specifically identify and differentiate
extracellular vesicles and exosomes based on
their tetraspanin content (CD9, CD63 and
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CD81) by using the Particle Metrix ZetaView®
QUATT (Meerbusch, Germany). The unique
scanning technology of the instrument and the
simultaneous use of four high-power lasers (A1
= 405nm; A2 = 488nm; A3 = 520nm; Ay = 640nm)
offers unrevealed sensitivity and a maximum
flexibility in fluorescence detection in up to
four channels.

Methods

Lyophilized exosomes derived from the colon
cancer cell line HTC116 (Rajput et al., 2008;
HansaBioMed, Estonia) have been
resuspended with ultra-pure water (Carl Roth,
Germany) at 1pg/pul as described in the
manufacturer’s protocol. The unspecific,
lipophilic membrane dye CellMask™ Deep Red
(CMDR, Thermo Fisher, USA) was prediluted to
a final concentration of 5 ug/ml, also in ultra-
pure water (Carl Roth, Germany). Fluorescently
labelled antibody conjugates directed against
human CD9 (with Alexa Fluor® 405) and human
CD81 (with Alexa Fluor® 488) were purchased
from R&D Systems (Minneapolis, USA) and
used in a final concentration of 0.02 mg/ml.
Anti-human CD63-DyLight550 conjugate were
obtained from Novus Biologicals (Centennial,
USA) and used at 0.088 mg/ml. 6 pg of re-
suspended EVs were thoroughly mixed with
1 ul pre-diluted CMDR, 1 ul anti-CD9-Alexa
Fluor®405, 1 ul CD63-DyLight550 and 1 pl of
CD81-Alexa Fluor® 488 and incubated for
2 hours at room temperature in the dark. The
staining mix was then diluted 1:1.000 with
practically particle free 1 X PBS (Thermo Fisher,
USA) to accomplish a total vesicle
concentration of about 5.0 x 107 particles/ml.
To evaluate the total particle count and the
overall size the stained sample was measured
in scatter mode using the 488 nm laser and
standard instrument settings (sensitivity: 80,
shutter: 100, min. brightness: 30; min. area: 10;
max. area: 1000). After that, the specific
measurements for anti-CD9-Alexa Fluor® 405
(405 nm violet laser), anti-CD81-Alexa Fluor®

488 (488 nm blue laser), Anti- CD63-DyLight550
(520 nm green laser) and CMDR (640 nm red
laser) were carried out using the Particle Metrix
ZetaView QUATT® in fluorescence mode with
low-bleach  technology and  standard
fluorescence settings (sensitivity: 92, shutter:
100, min. brightness: 25; min. area: 10; max.
area: 1000). The resulting videos were analysed
with the ZetaView® software 8.05.10 (Particle
Metrix, Germany).

The purity was calculated according to the
following relationship:

conc. fluorescence CMDR

urity =
purtty conc. scatter mode

The ratios of CD9, CD63 and CD81 positive
extracellular vesicles were calculated with the
following formulas:

conc. fluorescence 405 nm

% CD9 positives = *100%

conc. scatter mode

conc. fluorescence 488 nm

% CD&1 positives = *100%

conc. scatter mode

conc. fluorescence 520 nm *100%
(@

% CD63 positives =

conc. scatter mode

Results & Conclusions

Extracellular vesicle preparations from most
origins (e.g. blood, urine etc.) are composed of
different vesicles and the vesicles originate
from different cells types (Vlassov et al., 2012).
Unfortunately, the well-established scatter
based NTA technology is not able to
discriminate between the different
components of those preparations
(Desgeorges et al., 2020; Zhang et al., 2019) As
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described in Methods, we labelled a
commercially available EV sample derived from
the colon cancer cell line HTC116
simultaneously with the lipophilic membrane
stain  CMDR and the three tetraspanin
antibodies against CD9, CD63 and CD81,
respectively. The concentration in scatter
mode reflects 100 % of the present particles
(see grey bar in figure 1). The data derived from
CellMask™ Deep Red demonstrate that the
commercial EV sample has a high purity of
about 93% (red bar in Figure 1). This is in good
agreement with data we achieved with other
commercially available extracellular vesicle
preparations obtainable from the same
supplier (data not shown). However, the
tetraspanins  were  found in lower
concentrations. CD9 could only be detected in
3% of the overall particles (violet bar, Figure 1).
CD63 and CD81 are present in 19% and 21% of
the total vesicles (blue and green bar in Figure
1).

Scatter

cD9
Phenotype of

HCT116 cell line derived EVs

CD63 19%

cDs1
CMDR

Vesicle concentration 93%

Figure 1: Examination of an extracellular vesicle
preparation from the colon cancer cell line HTC116.
Comparison between the total particle count (grey;
100%), CD9 positives (violet; 3%), CD63 positives (green;
19%), CD81 positives (blue; 21%) and the biological vesicle
count (red; 93%).

Simultaneously performed size measurements
showed that the membranous vesicles have a
slightly smaller mean diameter (95,5 nm) than
the total particles (113,9 nm). A very likely
explanation for this discrepancy is that bigger
non-vesicular impurities such as nanobubbles,

inorganic salt precipitates or protein
aggregates shift the size distribution and
therefore also the mean diameter to a bigger
size. However, 80% of the measured particles
showed sizes between 60 and 170 nm (see
Figure 2). This is in good agreement with
previous published results from Ren and
colleagues which measured the total particle
sizes of HCT 116 cell line derived vesicles
between 60 and 150 nm (Ren et al., 2019).
Nevertheless, the exosomalmarker positive
vesicles showed significantly smaller mean
diameter (CD9 = 60 nm, CD63 =78,4 nm and
CD81 = 64,6 nm) as already shown for other
exosomes by different techniques (Bachurski et
al., 2019).
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Figure 2: Size distribution of an EV preparation from an
HCT116 cell line in scatter mode.

Taken together, these results show that
simultaneous labelling with specific
monoclonal antibodies can identify,
discriminate and phenotype exosomes from
other extracellular vesicles and non-vesicular
nanoparticles. Additionally, the concurrent
staining with four markers leads to a more
precise result as the sample-to-sample
variation is eliminated compared with single
stainings. Last but not least this new
technology saves time and sample.
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