"EV Fingerprinting": Resolving heterogeneity of extracellular vesicle populations in biofluids
using dimensional reduction of multi-parametric flow cytometry data
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Introduction
Extracellular vesicles (EVs) are membrane enclosed vesicles secreted from
intact, living cells. Beyond that definition, EVs comprise a heterogenous group
of lipid bilayer-enclosed vesicles that vary not only by their size,
50 nm – 10+µm, and origin, either the endosomal pathway or directly from the
plasma membrane (PM), but also their cargo and activity (Figure 1). Once
regarded as cellular debris with little to no biological impact, EVs have since
been found to be major players in cell-cell communication and reflect the
physiological state of the cells from which the EVs are derived. Consequently,
tumor derived EVs can hypothetically report on the malignant state of the
cancer from which it originated. Analysis of tumor-derived EVs is particularly
attractive because these EVs can be found in biological fluids, such as plasma
and urine, and would be a novel approach to a non-invasive liquid biopsy.
Unfortunately, EVs vary greatly in size, lipid composition, and cargo which
makes characterization and purification difficult and labor intensive. Moreover,
it is a challenge to distinguish EVs from other small particles in complex
biofluids, such as lipoproteins and lipid droplets in plasma. With the intent of
developing a successful EV-based liquid biopsy to monitor cancer progression
and response to therapies, we have developed a novel flow cytometry method
using the CellStream (Luminex) based on detection of fluorescently labeled
EVs in unpurified biofluids and subpopulation analysis by dimensional reduction
of multi-parametric flow data (tSNE/UMAP) to generate a distinct EV fingerprint
to profile biological specimens.

Results

Figure 1. Extracellular vesicle biogenesis. EVs are generated
by two modes of biogenesis. 1. Endocytosis resulting in the
internalization of PM constituents and endosome maturation
from EE to LE with the inward budding of the endosomal
membrane and accumulate in MVBs to ultimately fuse to the PM
and release into extracellular space. 2. Ectocytosis yielding the
outward budding and fission of PM constituents to release
vesicles into extracellular space.

Methods
1. Sample Collection

2. Labeling Strategy

3. Microflow Cytometry

4. Analysis

Conclusions and Future Directions
• We have successfully established a single-EV detection and analysis approach to characterize whole EV
populations in complex biological fluids without the need for purification, reducing time intensive purification
protocols and subsequent sample loss, permitting efficient analysis of liquid biopsy samples.
• We established the detection range of our CellStream flow cytometer using multiple materials while
confirming our detection is EV specific using three labeling strategies.
• We have further shown distinct EV populations are found in different biological fluids and we are able to
characterize these populations based on the incorporation and resulting emission profile of our lipophilic
dye, Di-8-ANEPPS.
Future work will aim to capture and remove non-specific lipoproteins from unpurified samples and streamline
the analysis for higher throughput and more data.
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