
 

  

 

Aalborg Universitet

Conventional, high-resolution and imaging flow cytometry

potentials, pitfalls and solutions for EV characterization

Botha, Jaco; Rasmussen, Rikke Wehner; Sanden, Mathilde ; Handberg, Aase

Published in:
Journal of Extracellular Vesicles

DOI (link to publication from Publisher):
10.1080/20013078.2019.1593587

Creative Commons License
CC BY-NC 4.0

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Botha, J., Rasmussen, R. W., Sanden, M., & Handberg, A. (2019). Conventional, high-resolution and imaging
flow cytometry: potentials, pitfalls and solutions for EV characterization. Journal of Extracellular Vesicles,
8(Suppl 1), 30. [OWP2.03=PS08.10. ]. https://doi.org/10.1080/20013078.2019.1593587

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: May 24, 2023

https://doi.org/10.1080/20013078.2019.1593587
https://vbn.aau.dk/en/publications/877e0d18-4e9c-49b2-9140-61b255963d9f
https://doi.org/10.1080/20013078.2019.1593587


fluorescence signals in terms of molecules of equivalent
soluble fluorochrome, (3) export calibrated channels to
new .fcs files, (4) recognize unstable flow rates, (5)
determine fluorescence thresholds, (6) apply gates, (7)
create PDFs with scatter plots and (8) report statistics.
We are using clinical studies to validate and apply the
software.
Results: Compared to manual thresholding, automatic
thresholding results in a systematic decrease in counts
of 10% and a maximum difference of 14% (n = 5).
Using a high-end laptop, data processing takes typically
a minute or several seconds per .fcs file with or without
PDF reporting, respectively. Flow rate monitoring is
useful for 61% of the data. The platelet marker CD61
stains 7% of the events with an RI >1.42, which are
lipoproteins, and the concentration of these lipopro-
teins differed 4000-fold between individuals.
Summary/Conclusion: We have developed software to
automate calibration and processing of flow cytometry
data in clinical studies, thereby reducing analyses time,
preventing human mistakes and providing new
insights. For example, non-specific labelling of antibo-
dies to lipoproteins together with variations in lipopro-
tein concentrations emphasize the relevance of fasting
before venipuncture. Our next step is to extend the
software with machine learning.
Funding: NWO-TTW VENI 15924.
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Introduction: Flow cytometry (FCM) has long been a
preferred method for characterizing EVs, however their
small size have limited the applicability of conventional
FCM to some extent. Thus, high-resolution and ima-
ging FCMs have been developed but not yet system-
atically evaluated. The aim of this presentation is to
describe the applicability of high-resolution and ima-
ging FCM in the context of EV characterization and
the most significant pitfalls potentially influencing data
interpretation.
Methods: (1) First, we present a side-by-side compar-
ison of three different cytometry platforms on charac-
terising EVs from blood plasma regarding sensitivity,
resolution and reproducibility: a conventional FCM, a
high-resolution FCM and an imaging FCM. (2) Next,
we demonstrate how different pitfalls can influence the
interpretation of results on the different cytometry

platforms. (3) Finally, we propose controls, solutions
or workarounds for understanding and limiting the
influence of each of these pitfalls.
Results: (1) High-resolution FCM and imaging FCM
displayed greater sensitivity and resolution compared
to conventional FCM when measuring a mixture of
nanospheres. Equally, both methods could detect larger
concentrations of specific EV phenotypes than conven-
tional FCM, where imaging FCM outperformed high-
resolution FCM. Within day variability (n = 20 ali-
quots) was similar for conventional and high-resolu-
tion FCM, while imaging FCM had a markedly larger
variability. Between day variability (n = 5 × 5 aliquots)
was similar for all three platforms. (2) The three most
substantial pitfalls variably influencing interpretation
of results on the three platforms are non-specific bind-
ing of labels, antibody aggregates, and entities in the
sample (i.e. lipoproteins) binding EV-defining dyes. (3)
The most important strategies for circumventing these
pitfalls are stringent matching, gating and comparison
of antibodies and isotype controls, high-speed centri-
fugation of antibodies and labels prior to staining, and
the use and interpretation of stained buffer controls
and detergent treated samples.
Summary/Conclusion: High-resolution and imaging
FCM hold great potential for EV characterization.
However, increased sensitivity also leads to new arte-
facts and pitfalls. The solutions proposed in this pre-
sentation provide useful strategies for circumventing
these.
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Introduction: Raman spectroscopy probes molecular
vibration and thus reveals chemical information of a
sample without labelling. This optical technique can be
used to study the chemical composition of diverse
extracellular vesicles (EVs) subtypes. EVs have a com-
plex chemical structure and heterogeneous nature so
that we need a smart way to analyse/classify the
obtained Raman spectra. Machine learning (ML) can
be a solution for this problem. ML is a widely used
strategy in the field of computer vision. It is used for
recognizing patterns and images as well as classifying
data. In this research, we applied ML to classify the
EVs’ Raman spectra.
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