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Extracellular vesicles (EVs) are membrane-limited
lipid bilayer vesicles released by many cell types,
including both prokaryotic and eukaryotic organisms.
One of the main functions of EVs that makes them
so interesting, is their key role in cell-to-cell
communication. [1], [2]. According to the Minimal
Information for Studies of Extracellular Vesicles
(MISEV) 2023 guidelines, EVs subtypes are
classified as a function of different parameters, i.e.,
size, biogenesis, and composition [3], [4].
Accordingly, EVs have been divided into three
classes: small-sized extracellular vesicles (also
known as exosomes), microvesicles (MVs) and
apoptotic cell-derived vesicles [5]. Nevertheless,
EVs subtypes show overlapping dimensions, share
some biomarkers and are similar in shape and
density. Consequently, it remains difficult to cleanly
isolate and distinguish between them. For this
reason, sometimes it is difficult to refer to one
specific type and, thus, they are referred to as small
EVs (sEVs), including the group whose size
comprises 30-150 nm [6].

Due to their natural tropism, there is an increasing
interest in using sEVs, for diagnostic and
therapeutical applications [7]. Regarding this last
application, sEVs have certain advantages that
make them a preferred choice for new therapeutic
developments. sEVs display a more defined
composition and tend to be more homogenous in
terms of size compared to other types. and sEVs
show an increased specificity and efficiency in
targeting or delivering cargo to recipient cells [8]. In
addition, since they exhibit unique biocompatibility,
low immunogenicity, and reduced toxicity, so they
can travel safely throughout extracellular fluids,
sEVs have been explored as natural drug
nanodelivery systems [9].

Despite the well-defined properties of EVs, their
clinical studies and applications present technical
and biological limitations that make it still marginal
[10]. Distinguishing specific subpopulations of EVs
from heterogeneous EVs remains a challenging task
due to their heterogeneity and the limitations of
current detection methods and the development of
new strategies is needed since it allows a proper

control of targeted EVs. These limitations, together
with the lack of exclusive biomarkers, cost-effective
quantification = methods, and  high-resolution
visualization techniques, complicate the
development of reliable and efficient techniques for
purification, characterization, quantification and
tracking studies of sEVs [11]. For this reason, is
essential the development of advanced techniques
that allow the distinction and quantification of sEVs
within any type of sample.

An interesting approach to better distinguish sEVs
from the background, consists in their selective
labelling. The development of fluorescence-based
monitoring tools has become of great interest for
developing new techniques that ease the research in
sEVs and their applications, including, cargo
loading, recipient cells uptake and biodistribution
[12], [13]. One promising method is the production of
fluorescently labelled EVs by generating genetically
engineered donor cells lines expressing fluorescent
proteins fused to other proteins that are enriched in
EVs, with minimal disturbance of their
physicochemical and biological properties.

A single labeling of a tetraspanin (EV
transmembrane protein) is not enough to identify a
specific type of EVs population. In order to
overcome this drawback, in this study, we aimed to
develop a dual fluorescence reporter system using a
tricistronic  vector, which enables stable co-
expression of two transgenes along with antibiotic
resistance for mammal cell cultures selection [14],
[15]. For this, eGFP and mCherry were fused to the
N-terminal domain of CD63 and CD9, respectively,
which are tetraspanins specific or enriched in sEVs.

Double fluorescently labelled sEVs were produced in
a stable transfected HEK293SF-3F6 cell line.
Fluorescently labelled sEVs were characterized
using a variety of techniques (Figure 1), including,
Flow cytometry (FC), Nanoparticle Tracking Analysis
(NTA), Transmission Electron Microscopy (TEM),
Western Blot (WB) and Confocal Spectral
Fluorescent Microscopy (CSFM). The results about
protein expression showed that the fused proteins
were efficiently incorporated into sEVs. The size
distribution and concentration of modified sEVs were
compared with controls, indicating that the genetic
engineering did not affect the structure and
morphology of sEVs. The functionality of
fluorescently labelled sEVs was assessed by
recipient cells uptake assay. Results showed that
sEVs functionality persists post-purification (Figure
2A and B). Moreover, fluorescently labelled sEVs
were quantified by nanoflow cytometry, allowing to
distinguish seVs from other EVs or particles, and
these values were compared to direct fluorescence
measurements, obtaining a linear correlation,
statistically validated, enabling a sEVs quantification
method. In conclusion, this study describes a
feasible, cheap, and fast methodology for EVs
characterization, trafficking, and intercellular
communication, as well as for sEVs quantification.




NanoBio&Med2024 November 05-07, 2024 - Barcelona (Spain)

In conclusion, the production of dual-fluorescent
labelled extracellular vesicles, specifically for small-
sized EVs subpopulation, enhances the precision of
sEVs tracking and enables a robust, cost-effective,
and rapid quantification and characterization for
sEVs of interest. This method also improves control
over dosage-dependent studies involving sEVs.
Likewise, modified sEVs preserved their attributes
and their functionality, as demonstrated by executing
the current MISEV guidelines. This strategy is a
valuable tool for therapeutic sEVs development and
drug delivery.
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Figure 1. Existing problematic and followed methodology
for obtaining double labeled stable sEVs and subsequent
characterization.
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Figure 2. HEK2938F 3F6 double labelled EVs uptake
study. A. Fluorescent eGFP positive percentage
quantification assay with three different EVs
concentrations. B. Qualitative evaluation of the uptake
levels of 50.000 part/cell after 4 h and localization, upper
negative control with non-modified EVs




