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Abstract

Extracellular vesicles (EV) are cell-secreted, nanosized biological particles that are
involved in most physiological and pathophysiological processes. Their composition
and properties reflect the pathophysiological state of the producing cell, tissue, and
organ. Released into biological fluids, they may be used as a potential source of non-
invasive biomarkers for diagnosis, prognosis or therapeutic follow-up in several
diseases such as cancer. However, despite the development of single-EV analysis
technologies, the sorting of EV subpopulations for downstream analysis remains a
major challenge. Here, we describe a novel instrument that combines a highly sensitive
optical detection system with an advanced lab-on-a-chip device. Using engineered
fluorescent small extracellular vesicles (seV), we demonstrate that the Hekat
NanoSorter enables sensitive, scalable, and reproducible detection and sorting of
individual sEVs for downstream analysis by cryo-EM. Furthermore, detailed
characterization of the sorted EV populations, together with the detection of sEVs
labeled with an in vitro pathophysiological marker, demonstrates the ability of the
NanoSorter to monitor and enrich clinically relevant EV-associated biomarkers. These
findings highlight the clinical potential of extracellular vesicle sorting for their use as

biomarkers for therapeutic monitoring and treatment outcome assessment.
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Introduction

Extracellular vesicles (EV) have been identified in nearly all organisms and cell
types studied to date’ and have become a major field of interest across a wide range
of research areas. They are now recognized as key players in cell communication and
homeostasis®™* in various pathophysiological processes, including cancer® and are
harnessed as biomarkers and drug nano-vehicles in a growing number of clinical

trials®.

Their fundamental roles and their potential clinical applications have driven
scientists to develop new technologies to ease and improve their characterization’.
However, the study of EV presents significant biological and technical challenges.
These include the overlap in their size (ranging from 30 nm to several micrometers),
their density, and the heterogeneity among EV subsets, which arise from different
cellular origins®. Such complexity often forces researchers to purify and analyze EV in
bulk using isolation protocols, thereby losing critical information about the origin and

individual properties of the vesicles®'°.

To address these challenges, new technologies, known as single vesicle
technologies, have emerged. These enable refined isolation processes, advanced
imaging, and more sensitive characterization, potentially revealing insights into the
origin, composition, tropism, and roles of various EV subsets in physiological
processes and diseases'" 2. Despite significant progress that has improved the quality
and reproducibility of EV-related studies'®, several milestones remain unmet. In
particular, the ability to efficiently and reproducibly detect and sort specific EV sub-

populations from bulk samples for downstream analysis is still unresolved.

The use of flow cytometry may provide valuable answers, but it is primarily
adapted for detecting and sorting cells, which are 10 to 100 times larger than EVs.
Therefore, the volume of the droplets generated by the nozzles, is optimized for the
sorting of cells. When applied to EVs, they limit the physical sorting and recovery of
EVs and result in highly diluted samples that are unsuitable for post-isolation
analysis'*. A second limitation, that is also dependent on the droplet volume used to
analyze, is the detection limit : larger droplets requires larger laser spot sizes, which
causes greater photon loss, and reduced sensitivity'S. This size discrepancy pushes
cytometers to their detection limits, compelling researchers to implement stringent
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controls and use antibody panels. These methods are also limited by steric effects due
to the small size of EV and the presence of a protein corona'®. Nevertheless, new
nano-cytometers are improving detection limits, allowing researchers to sort EV, albeit
currently only through intensity gating for characterization.

Regarding droplet sorting, electric fields are commonly used to reroute droplets
containing single cells from their original trajectory. However, depending on the
method, the electrical impulses used in cell sorting to charge or reroute droplets can
induce stress and compromise the integrity of the plasma membrane. While cells may
recover from such stress, how this process affects the structural and functional
properties of EV membranes post-sorting is still understudied'”-'®. Furthermore,
standard flow cytometers are designed to process cells, whose size aligns with the
electrostatic principles required to apply an electric field'®. For nano-sized objects like
EV, their small size introduces additional variables, such as buffer viscosity and their

much lower mass, necessitating alternative approaches for effective sorting™®.

To date, no instrument enables the efficient, specific, and reproducible sorting
of nano-sized biological objects for the analysis of EV subpopulations post-sorting.
With the ultimate goal of optimizing the therapeutic potential of extracellular vesicles,
we are evaluating here a new instrument developed by Hekat Fluidics. This system
combines an advanced optical detection module with a microfluidic lab-on-a-chip,
capable of detecting fluorescent particles as small as 30 nm in diameter. Thanks to an
ultra-thin nozzle, it generates femtoliter-scale droplets, each containing a single
particle. This technology allows for the detection and sorting of small EV (sEV) with
high concentration, enabling the recovery of specific, intact EV subpopulations based
on fluorescence. The sorted sEV may then be used for downstream characterization,

omics analysis, and functional studies.

Results

Engineering of CD63-fluorescently tagged sEV in a reproducible manner for
NanoSorter assessment

There are already several calibration standards based on fluorescent silica or
latex beads which match the size of SEV?°. However, despite their usefulness, they do
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100 not always match the size, fluorescence and heterogeneity of biological samples which
101 leads to a potentially high variability when they are used as standards for the analysis
102  of biological samples. To assess Hekat sorting technology with biological samples, the
103 first step was to generate fluorescently tagged sEV in a reproducible manner, allowing
104 us to work with standardized biological material. To do this, we harnessed the widely
105 used tetraspanin CD63 as an EV reporter. We first transiently overexpressed a
106  construct of CD63 fused to mNeonGreen or mRFP fluorescent proteins at its N-
107 terminus in HEK cells. In parallel, we pursued a long-term approach by generating
108 stable Hela cell lines expressing mRFP-CD63 or mNeonGreen-CD63 in a CD63
109  knockout (KO) background?'.

110 Initial observations by confocal imaging confirmed the expression of the
111 fluorescent reporter and its co-localization with endogenous CDG63 in intracellular
112 compartments (Supplementary Figure 1a). In stably expressing HelLa cell lines, we
113  confirmed the expression and expected localization in endolysosomal compartments
114 by observing its co-localization with the lysosomal marker Lamp-1 in EV-producing

115  cells (Figure 1a).

116 Alongside imaging, we performed size exclusion chromatography (SEC) to
117 isolate EV from conditioned culture media (CCM). Western blot analysis of the
118  collected SEC fractions confirmed the expression of both mNeonGreen and mRFP
119  fluorescent proteins in the EV fractions at a molecular weight (~72 kDa), corresponding
120  totheir association with CD63. While we observed some cleaved forms of mRFP-CD63
121 (25 kDa) associated with EV from HEK cells transiently expressing CD63 constructs
122 (Supplementary Figure 1b), we did not detect any cleavage of either fluorescent protein
123 from CDG63 in the HelLa stable cell lines (Figure 1b).

124 Following EV cargo characterization, we measured the size and concentration
125  of particles isolated from CCM. Initial measurements by dynamic light scattering (DLS)
126  or nano-flow cytometry (nFCM) revealed two different profiles for mNeonGreen-CD63
127 and mRFP-CDG63 EV derived from transiently transfected HEK cells. We observed a
128  larger particle diameter by DLS compared to nFCM, which correlates with observations
129 by transmission electron microscopy. We did not observe a difference in particle
130 concentration between the two instruments, likely due to the yield variability between
131  EV batches (Supplementary Figure 1c—f)?2,
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132 As we aimed to generate reproducible EV batches to assess the NanoSorter
133  technology, and transient expression introduced variability in EV concentration
134 compared to HelLa stable cell lines, we used HeLa mNeonGreen-CD63 and HelLa
135 mRFP-CDG63 to produce standardized EV batches for the rest of the study.

136 We expanded the characterization panel of HeLa cells and their derived EV by
137  pooling enriched EV fractions (F1-F3) and analyzing them by Western blot to detect
138  any changes in EV-related cargo. In whole-cell lysates, apart from a molecular weight
139  shift for CD63 due to the insertion of mMNeonGreen or mRFP compared to HeLa CDG3
140  wild-type (WT) and its depletion in CD63 KO cells—we did not detect any changes in
141  other potential EV cargo proteins (Figure 1c). Interestingly, in EV samples, we noted a
142  significant increase of syntenin in EV from cells overexpressing tagged-CD63 (Figure
143  1d). Such an increase had been previously reported in CD63 KO cells but without
144  statistical significance?' and may be linked to the reported interaction of CD63 with
145  syntenin for its integration into EV23. Finally, we did not observe significant changes in
146 the size or concentration of these EV batches compared to HeLa WT controls by
147  nanoparticle tracking analysis (NTA) confirming previous reports (Figure 1e—f).
148  Altogether, these data led us to use HeLa mNeonGreen-CD63 and HeLa mRFP-CD63

149  to produce standardized EV batches to assess the NanoSorter technology.
150 Microfluidic system allows detection and sorting of single fluorescent particles.

151  Whether through light scattering or fluorescence emission, the detection of nano-sized
152  particles is a common approach to characterize extracellular vesicle (EV) samples.
153 Based on light scattering, Nanoparticle Tracking Analysis (NTA) is widely used by
154  researchers. This technique relies on tracking the Brownian motion of particles to
155  estimate their size and extrapolate their concentration in a given sample?*. On the other
156  hand, fluorescence-based detection methods, such as flow cytometry or nano-flow
157  cytometry (nFCM), enable the use of specific fluorescent dyes, allowing for the
158  targeting of particular features or markers that size alone cannot address. Combining
159  light scattering with fluorescence detection in these methods can provide estimates of
160  particle size and, to some extent, concentration.

161 To assess our standardized EV production and evaluate the detection capabilities of
162 the NanoSorter, we established a standardized isolation and storage protocol to
163  produce, aliquot and store multiple EV batches under identical conditions for further
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164 ~measurement across three different devices. First, using NTA and nFCM, we
165 measured the mean size of our EV samples based on light scattering. NTA revealed a
166 mean size of approximately 120 nm (9 nm) for each EV sample, while nFCM
167  estimated a mean size of approximately 75 nm (x4 nm) (Supplementary Figure 2a and
168  b) confirming our previous observations (Supplementary Figure 1e and h). For both
169 devices, no differences were observed between Hela tagged-CD63 EV and their
170  controls (HeLa WT and CD63 KO). Regarding particle concentration, we did not detect
171  significant differences by NTA (1.8 x 10 + 0.4 x 100 particles/mL) or by nFCM (1.7 x
172 10° = 0.6 x 10° particles/mL) among the four producing cell lines, confirming the
173 reproducibility of our EV production (Figure 2a and b). These observations, which
174  highlight discrepancies in particle size estimates (Supplementary Figure 2c), have
175  been previously described in the literature?? and emphasize the importance of defining
176  reproducible methods for EV isolation and characterization as well as common
177  calibration method for different instruments that use different technologies..

178  We then proceeded to fluorescence-based detection to quantify fluorescently tagged
179  particles, which is possible with flow cytometers and the NanoSorter. Using the Attune
180  NXT flow cytometer, which is optimized for detecting EV subpopulations, we detected
181  EV above background noise and identified a subset of mNeonGreen-positive particles
182  (4.95 x 10° £ 5.18 x 10° particles/mL), confirmed to be associated with EV using Triton
183  X-100 as a control, as recommended by the MIFlowCyt guidelines?® (Figure 2c and
184  Supplementary Figure 2d). Although these results showed the presence of
185 mNeonGreen-CD63 in EV, the estimated concentrations (1.7 x 10° £ 3.7 x 10°
186  particles/mL) were lower than expected. nFCM, which is dedicated to nano-sized
187  particles, was used to detect fluorescent particles. We observed a large population of
188  mNeonGreen-positive EV (1.7 x 10° £ 0.6 10° particles/mL), which was confirmed by

189  the absence of signal in the other conditions (Supplementary Figure 2e).

190 Unlike the previous instruments, the NanoSorter relies solely on fluorescence
191 emission to detect particles. Thus, we observed large populations of mNeonGreen-
192 CD63 (8.87 x 10® £ 3.43 x 108 particles/mL) and mRFP-CD63 (3.74 x 10% + 3.11 x 108
193  particles/mL) particles, we were unable to detect non-fluorescent HeLa WT and HelLa
194 CD63 KO EV. Notably, we detected a lower concentration of mRFP-CD63-positive EV
195 compared to mNeonGreen-CD63 EV (Figure 2d). This difference may be attributed to
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196 variations in fluorescence intensity, stability, or expression levels per vesicle between

197 the two fluorescent proteins.

198 Although each instrument relies on different technologies, they provided
199 complementary insights into our EV batches, as we analyzed paired samples (Table
200 1). Total particle concentration based on light scattering revealed a much lower
201  estimated concentration using standard flow cytometry compared to NTA and nFCM,
202 even though these latter two also showed significant differences (Figure Z2e).
203  Fluorescence-based concentration estimates followed a similar trend, with standard
204  flow cytometry detecting fewer fluorescent particles than nFCM and the NanoSorter.
205 While standard flow cytometry provided a consistent ratio between scattered and
206 fluorescent particles, its sensitivity may be insufficient to distinguish all EV from
207  background noise. In contrast, nFCM and the NanoSorter, which are dedicated to
208 nano-sized particles, detected high concentrations of fluorescent particles (Figure 2f).

209 Thanks to these results, we confirmed the reproducibility of our EV production.
210 The NanoSorter efficiently detected large amounts of fluorescent particles, comparable
211 to instruments dedicated to nano-sized particle detection. However, the primary
212 objective of the NanoSorter technology is to enable not only detection but also sorting
213  and recovery of particles for potential downstream analysis.

214  NanoSorter detects and sorts distinct particles with high specificity.

215 The main feature of the instrument is its ability to encapsulate individual particles
216  into droplets at high throughput and to selectively redirect these droplets after optical
217  detection. This capability enables the recovery of sorted samples. Although similar
218  functionality is available in conventional cell sorters, sorting extracellular vesicles (EV)
219 remains challenging because of their small size, the limited detection sensitivity, and
220 the large droplet volumes typically generated, making these systems complex to
221 operate for EV applications. After sample loading, EV are encapsulated within aqueous
222 droplets in the NanoSorter, using an oil-based sheath fluid. This process generates
223 highly uniform droplets of approximately 40 fL, with diameters ranging from 4 to 5 ym
224  (Figure 3a). In order to encapsulate single-EV into single droplets, we took advantage
225  of the Poisson distribution?® to define the droplet size in order to obtain less than 3%
226  of doublets at a theoretical concentration of 10° particles/mL.
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227 mNeonGreen-CD63 EV and mRFP-CD63 EV isolated and normalized at the same
228 concentration were mixed in two parallel experiments at a 70%/30% and 30%/70%
229 ratio respectively. Detection by the NanoSorter of the mix before sorting revealed a
230 proportion of the minor populations to be sorted between 26,67% for mRFP particles
231  and 33,53% for mNeonGreen particles respectively. We then performed sorting of the
232 minor populations that we analyzed first taking advantage of the microfluidic chips to
233  keep the sorted particles within the droplets so we could observe them. Through
234  fluorescent microscope, we could observe either mNeonGreen or mRFP fluorescence
235 contained within droplets (Supplementary Figure 3a). In each case, whether we
236 decided to sort mNeonGreen or mRFP particles, we observed by fluorescence
237  microscopy high enrichment of the desired particles. These results suggested the
238  ability of the NanoSorter to generate an enriched population of EV based on their
239  fluorescence. To fully exploit the potential of single extracellular vesicle (EV) sorting
240 for downstream analyses, we developed new strategies based on piezoelectric effect
241  to merge droplets containing the EV of interest into a single larger droplet. We then
242 recovered this 5fL droplet in 30uL of buffer to recover a maximum number of vesicles
243 in a minimum volume (Supplementary Figure 3b). After 4 hours of sorting with an
244  average sorting rate of 200 positive particles per second (200Hz), we could reach a
245  population of approximately 4x 108 EV finally recovered in a final volume of 30uL for
246  each experiment. Downstream sorting of either mNeonGreen or mRFP CD63 EV minor
247  population, detection measurements by the NanoSorter showed a clear enrichment of
248  the minor EV population from 27% to 91% for mRFP-CD63 EV and from 34% to 89%
249  for mNeonGreen-CD63 EV (Figure 3b).

250 NanoSorter sorting mode does not affect physical properties of sEV.

251 The sorting workflow includes potential harming processes such as
252  encapsulation of biological material, fluorescence detection through laser excitation of
253 the fluorescent reporter, droplet deviation by dielectrophoresis and finally fusion of the
254  sorted droplets. To ensure the integrity of sorted fraction and demonstrate the capacity
255 of the device to sort a sufficient number of vesicles for downstream analysis, we
256 investigated EV morphology by electron microscopy methods. Negative staining and
257  Transmission Electron Microscopy (TEM) pictures of the original sample and the
258  collected EV post-sorting revealed enough material to be analyzed. We did not observe
259 any obvious change in morphology of the sorted HEK mNeonGreen-CD63 EV (Sup


https://doi.org/10.64898/2026.10.06.756207

bioRxiv preprint doi: https://doi.org/10.64898/2026.10.06.756207; this version posted October 7, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

260 Figure 3c). Furthermore, the size of the sorted EV populations, measured on TEM
261  pictures, did not change compared to the original sample (Sup Figure 3d). As EV
262  processing for TEM includes chemical that affects their morphology?’, we completed
263  our observations by cryo-EM that preserves EV in a close-to-native state?32°. After 4h
264  of sorting EV from HelLa cells stably expressing mNeonGreen-CD63, we collected
265 2.107 particles of mNeonGreen-CD63 EV for each sample, that were prepared for cryo-
266 EM imaging. We could observe that the integrity of the lipid bilayer was intact post-
267 sorting and the morphology and the size of the EV were not altered (Figure 3d).
268  Altogether, this showed that EV process by the NanoSorter did not alter their integrity
269  and offered the possibility to harness EV post-sorting for downstream analysis.

270 B lymphoma derived EV exogenous labelling allows sorting and enrichment of
271  a specific EV subpopulation with a biomarker of interest.

272 In order to extend the application of NanoSorter to the pathophysiological context and
273  to explore its potential use in a clinical setting, we used antibody labeling approaches
274  to detect potential biomarkers associated with EV. We targeted CD24, a highly
275  glycosylated protein with a small protein core that is linked to the plasma membrane via
276  a glycosyl-phosphatidylinositol anchor. CD24 is highly overexpressed in cancers3%3!
277  and present on a subpopulation of EV32. We used two cell lines, an immortalized B cell
278 line (BLCL) and the Namalwa cells, isolated from a patient diagnosed with Burkitt's
279 lymphoma, a particularly aggressive form of leukemia33. We determined by flow
280 cytometry (Sup Figure 4a) and Western blot (Figure 4a) that CD24 was not detected
281 in BLCL cells but was specifically expressed in Namalwa. This differential expression
282  was even more striking on their respective EV (Figure 4a) providing a relevant model
283  to test the NanoSorter. Analysis of EV by NTA revealed no changes in terms of particle
284  concentration and size between the two cell lines (Figure 4b). To detect a potential
285 enrichment of the CD24 signature to a sub-population of EV, we performed a first co-
286 localization assay using anti-CD24 and tetraspanin mix (TMix) of anti-CD63, -CD9 and
287 -CD81 antibodies on next generation NTA device possessing a fluorescent NTA mode
288 (FI-NTA) and a colocalization system. We confirmed the association of CD24 with the
289  Namalwa but not BLCL derived EV subpopulation (Figure 4c). Detection with nFCM
290 revealed that CD24 was found in both CD9 or CD63 positive particles derived from B
291 lymphoma cells (Sup Figure 4b). We confirmed the colocalization of CD24 with TMix

292 in Namalwa but not BLCL derived EV with the NanoSorter, with a mean concentration
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293 estimated at 3,6.10"9 part/mL (Figure 4d) of double positive particles. Using
294  NanoSorter's technology, we sorted CD24/TMix double positive particles from a
295  population of 2.10° EV among which 6.108 were fluorescent EV for 5hrs. By reinjecting
296 the sorted samples containing from 3 to 5.108 EV for detection, we observed a
297 decrease of the Tmix single positive population by more than 60% while the double
298  positive CD24+/Tmix+ population increased to 51,7% of the collected samples (Figure
299 4e). Even though we could observe the occurrence of unwanted events, a nearly 4-
300 fold enrichment of double positive particles relative to the fluorescent EV populations
301  was possible in our given conditions. Compared to the total EV populations, measured
302 by NTA, the subpopulation of interest was enriched more than 8-fold in the post-sorting
303 sample (Figure 4f). These data showed that the sorting capacity of the NanoSorter can
304 be applied to endogenous EV after immunolabeling.

305
306 Discussion

307 Extracellular vesicles represent a potential subset of analytical biomarkers for
308 research and clinical applications. Their composition, mirroring that of the producing
309 cell contains valuable information, that help researchers to better understand the
310 biology of the cell, its microenvironment and their contribution in cell-cell
311  communication. Through isolation, detection and analysis, EV may become a major
312 partner for disease research and diagnosis. Thanks to the next generation of isolation
313 methods and analysis, many limits for EV research were pushed forward but remains
314  associated with the investigation of bulk EVs. Here we assessed the ability of the
315  NanoSorter to detect and most importantly to sort individual EV allowing the isolation
316  of single EV sub-population for downstream analysis.

317 The NanoSorter detection and sorting capacities are based on EV associated
318 fluorescence. We took advantage of the natural tetraspanins enrichment in EV to
319 generate in vitro cell lines that produce fluorescent EV reporters on a CD63
320 CRISPR/Cas9 KO background. The localization of the rescued tetraspanins was
321  comparable with endogenous WT proteins and was found in EVs without changing
322 their main cargoes as described in the literature, suggesting that these reference EVs
323  were relevant as biological samples. The stable overexpression allowed us to produce
324 samples in a reproducible manner, allowing us to compare the results obtained with
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325 various detection devices. Although the expression of one fluorescent tetraspanin on
326 EV does not reflect the diversity of vesicles present in biological fluids, it matched better
327 the size, fluorescence and heterogeneity of biological samples than fluorescent silica
328  or latex beads.

329 Thanks to our fluorescent reporters, we could assess this new technology which
330 allows the detection of individual engineered fluorescent EV and to some extent, nano-
331 biological objects, exogenously labeled, at a single particle level. The observed
332 sensitivity of detection shows significant amounts of particles enabling the capacity to
333 determine a concentration out of small samples thanks to the small flow of the device
334 (10 pL/h) consuming a very small amount of sample. Compared to other devices able
335 to quantify labeled particles, the NanoSorter analyzed a greater number of events
336 acquired per analysis, providing greater statistical power, which enabled more robust
337 and reliable data analysis. Importantly, the results are in good agreement with those
338 obtained using commercially available instruments, demonstrating the validity of the

339 approach.

340 Using the Hekat sorter, we could detect fewer mRFP-CD63 positive particles than
341  mNeonGreen-CD63 EV. Since the detection sensitivity observed was comparable to
342 NanoFCM with mNeonGreen-CD63 EV, the possibility that HeLa mRFP-CD63 cells
343  either produce fewer fluorescent particles or sort less fluorescent protein per particle
344 is not to be excluded and shall require further analysis. However, the detection and
345 quantification of the particles are based on the fluorescence detection itself, so we
346  overlook non-fluorescent particles or contaminants such as low density lipoparticles
347 that are considered with other techniques based on indirect estimation like Brownian
348 motion of particles. While the NanoSorter does give a precise estimation of a
349  population of interest, this limitation may affect the adjustment of the parameters for
350 efficient sorting. To prevent such underestimation and to adjust the droplet flow, a
351  preliminary concentration estimation can be considered either with a complementary
352 device or by using lipid dyes or a tetraspanin mix to cover a large spectrum of the EV
353  subpopulation and limit non-specific sorting or doublets.

354 Importantly, the instrument can sort individual EV, resulting in the collection of a
355 single EV population, out of the bulk sample without modifying the morphology of the
356 particles as observed by cryo-EM. We showed here that the instrument allows the
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357 enrichment of specific fluorescent markers independently from the wavelength
358 detected. Post-sorting, minor populations of fluorescent EV can be enriched more than
359 4 times and up to 8 times compared to the total of particles while other population of
360 EV that may contaminate downstream analysis can be depleted by a factor of 7. The
361 number of sorted EVs depends on various factors: the efficiency and relevance of the
362 labeling, the relative abundance of the EV subpopulation within the biological samples
363  and the limit of the NanoSorter. Yet, 4-5 hours of sorting can lead to the collection of
364 20 million EV, a quantity that would reach the requirements of downstream analysis as
365 exemplified by cryo-EM morphological assessment. Importantly, observation of EV
366  post sorting by cryo-EM did not reveal any change in their size, morphology or integrity.
367 This provides an advantage for the NanoSorter compared to antibody-based isolation
368 procedures of EV where the elution step can be detrimental to the vesicles and
369 downstream analysis. However, we cannot conclude yet that the sorting process does
370  not extract the protein corona that is loosely attached to the EV surface. Further studies
371 will focus on complementary downstream analysis of the sorted samples, either by
372 conducting refined characterization or functional assays in vitro or in vivo, to evaluate

373  the functional integrity of EV post sorting.

374 Using CD24 as a theoretical EV-associated biomarker in the context of B
375 lymphoma, we could first confirm its association with Namalwa-derived EVs. We could
376  detect CD24 on CD9 positive EVs, in line with the major localization of both proteins at
377 the plasma membrane of B cells. But a CD24 positive EV population, depleted for the
378 three tetraspanins, the most widely used as EV reporters, was also detected. This
379  highlights the heterogeneity of EV and the need to develop approaches to isolate EV
380 subpopulations, which the NanoSorter is capable of. More importantly, we show that
381 sorting of individual EV population based on exogenous labeling of two different
382 markers. Although we used an artificial situation where CD24 is totally specific to
383 cancer EVs, the Hekat sorter was able to enrich the subpopulation of EVs harboring
384 this target. Considering the detection and sorting results with the NanoSorter, CD24
385 association with EVs may support its use as clinically informative material in this model
386  of Burkitt's lymphoma where it is overexpressed. As CD24 is also express by healthy
387  cells during development or B cell maturation34:3, future studies will determine whether
388 it may represent a biomarker of interest for Burkitt's lymphoma. In any case, the
389 selection of biomarkers associated with EVs in any pathology will require upstream
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390 optimization for optimal detection and sorting by the NanoSorter. Alternative
391 therapeutic use of EV may also profit from the use of the NanoSorter. Detection of
392  potential targets at the surface of EV may be beneficial for CAR-T cell therapy3® against
393 this particularly aggressive form of leukemia that mostly affects children.

394 In conclusion, we describe here an instrument allowing sensitive detection of
395 extracellular vesicles at a single EV level based on fluorescence. Associated with a
396  cutting-edge microfluidic system, detection is followed by accurate sorting of single EV
397 leading to the recovery of specific EV populations, based on at least one informative
398  marker without altering their physical integrity. The NanoSorter is able to detect and
399 sort EV originating from in vitro cell lines with transitory or stable expression of a
400 fluorescent reporter. Moreover, the device is also prone to the detection of antibody
401 labelled particles in purified samples. Finally, we show that the NanoSorter can detect
402  specific biomarkers associated with a specific EV subset, which exhibits the potential
403 interest of the instrument and EV in clinical situations for diagnostics or therapeutic

404  follow-up.
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405 Methods

406  Cell culture, transfection and drug treatments

407 HEK293 cells were obtained from ATCC. HelLa Kyoto cells were originally obtained
408 from ATCC and given to us by B. Goud’s laboratory. HeLa CD63KO Cells were
409 generated in the lab as previously described?'. HEK293, HelLa and other cells were
410 cultured in Dulbecco’s modified Eagle Medium (DMEM) Glutamax (Gibco)
411  supplemented with 10% (vol/vol) fetal bovine serum (FBS) and 1% penicillin-
412 streptomycin (Gibco). The Namalwa B lymphoma cell line isolated from a three-year-
413  old patient with Burkitt's lymphoma) and the immortalized B lymphocyte (BLCL K.EBV)
414  from healthy donor were provided by Beatrice Clemenceau’s laboratory (INSERM
415 U1307, CRCI?NA, Nantes, France). Namalwa and BLCL cell lines were cultured with
416  synthetic media X-VIVO15 (Lonza) supplemented with 1% penicillin-streptomycin
417  (Gibco). All cells were cultured at 37°C in a 5% CO2 incubator. For DNA transfection,
418  cells were seeded at day 1 in T150 culture flasks and transfected with 5ug of plasmids
419 using JetPrime Reagent at day 2 by following manufacturer’s instruction (Polyplus-
420  Transfection).

421  Reagent, Antibody, plasmids

422  Plasmids: pCMV-CD63-mRFPN1 (generated in the lab by Christing Bissig); pCMV-
423  CD63-mNeonGreen (Kindly provided by Samir el Andaloussi’'s lab); pLenti-CD63-
424  mRFPN1, pLenti-CD63-mNeonGreen, psPAX2 (addgene 12260), pMD2.G (addgene
425  12259).

426  Primary antibodies: mouse Anti-CD63 (Clone H5C6, BD Bioscience 556019), mouse
427  Anti-CD9 (Clone ML13, BD Biosciences 555370) , mouse Anti-CD81 (Clone JS81, BD
428  Bioscience 555675), rabbit Anti-RFP (Abcam ab62341) / rabbit Anti-mNeonGreen (Cell
429  Signaling 41236S) / Anti-GAPDH (Invitrogen PA1-987) / rabbit Anti-Lamp1 ( Invitrogen,
430 PA-1-654A) / Anti-Calnexin (Abcam ab10286) / Anti-Alix (Sigma SAB4200477) / Anti-
431  Syntenin (Abcam ab19903) / Anti-CD24 (Clone ALB9, MA191384 Invitrogen) / mouse
432 Anti-CD63-PE (BD Bioscience 557305) / Anti-CD63-AF488 ( Clone H5CG6, Biolegend)
433 /mouse Anti-CD81-PE (BD Bioscience 561957) / Anti-CD81-AF488 (Clone 5A6, Santa
434  Cruz) / Anti-CD24-FITC (clone SN3 A5-2H10, Invitrogen) /Anti-CD24-PE (Clone SN3
435  A5-2H10, Invitrogen)/ Anti-CD24-APC (Clone SN3 A5-2H10, Invitrogen) / Anti-CD9-
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436 FITC (Clone ML13 , Biolegend) / Anti-CD9-AF488 (Clone HI9A 10, BD) / Mouse IgG-
437  PE ( MA1-10415, Invitrogen).

438  Secondary antibodies: anti-mouse HRP (Invitrogen 31430) / anti-rabbit HRP (Abcam
439  ab6721)/ anti-mouse AF488;647(Invitrogen A11029; A21236) / Anti-rabbit AF488;647
440  (Invitrogen A11008; A21245).

441  Generation of stable cell lines

442 Hela CD63 KO and CD9 KO cells were seeded in 24 well plates with complete media
443  at 37°C prior to viral infection. Viral particles were produced by transfection of HEK 293
444  Lenti X cells with Lentiviral plasmid encoding protein of interests and plasmids
445  encoding for envelop proteins plasmids for 24h. Conditioned media was harvested,
446  filtered through a 0,45um PES pore and stored at -80°C. HeLa CD63 KO cells were
447  transduced with lenti-mRFP-CDG63 or lenti-mNeonGreen-CD63 with a MOI of 10 for 24
448  hours at 37°C with Polybrene. 24h after infection the cells were selected with 1ug/mL

449  puromycin for 48h.
450 sEV production and isolation from conditioned culture media (CCM)

451  For isolation by Size Exclusion Chromatography (SEC), the conditioned media was
452  centrifuged at 300g for 10mn at 4°C supernatant followed by 2,000g centrifugation for
453  25mn at 4°C. The supernatant was then concentrated by ultrafiltration (molecular
454  weight cutoff (MWCO) of 10,000, Amicon 15 tubes, Merck-Millipore) to obtain
455  concentrated conditioned medium. sEV were then isolated by SEC with gEV? Original
456  70nm columns on the Automatic Fraction Collector (IZON Science). Fractions 1 to 3
457  were collected and directly stored or pooled and concentrated again using a 10,000-
458  MWCO filter (Amicon 4, Merck-Millipore). EV samples were used immediately after
459  isolation or stored at —80 °C.

460 Immunofluorescence microscopy

461 Cells were seeded on 1.5 glass coverslips in 24 well plates at 37°C, 5% CO2 with
462  complete media. After any treatments or reaching 80% confluency, cells were fixed
463  with 4% PFA in PBS diluted in cell culture media at 1:1 ratio (2% PFA final) for 15mn
464 at RT. After 15mn Media containing PFA was removed and replaced by 2% PFA in
465 PBS for 15mn at RT. PFA was then discarded and cells were washed and stored in
466 PBS 1X. After Fixation steps, cells are quenched with 50mM Glycin in PBS for 20mn
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467  at RT followed by Permeabilization and blocking steps with 0.2% BSA, 0.2% Saponin
468 in PBS for 30mn at RT. Cells were then incubated with primary antibodies diluted in
469 0.2% BSA, 0.2% Saponin in PBS for 30mn. After washing in BSA, Saponin PBS
470  solution cells were incubated with secondary antibodies in blocking solution for 30mn
471 at RT. Coverslips were finally mounted on superfrost slides with ImmuMount Mounting
472 medium (Thermo).

473  Cells and EV samples were observed on a Nikon Ti-7 eclipse confocal microscopy with
474 a 1.4 60X oil immersion objective and images were acquired using NIS-Element
475  software. Post-acquisition analysis and quantifications were performed on FIJI

476  software.
477  Nano-flow cytometry analysis (NanoFCM)

478  NanoAnalyzer—NanoFCM, S/N FNAN30E22101948. Single-photon counting modules
479  were used to simultaneously detect the side scatter (SSC) (using a bandpass filter:
480 488/10), green fluorescence (bandpass filter 525/40 The instrument was calibrated for
481  particle concentration using 250 nm standard fluorescent silica beads (QC beads) and
482  for particle sizing using a mixture of pre-mixed silica beads with diameters of 68, 91,
483 113 and 155 nm (S16M-Exo beads). Each EV sample was diluted with 1X PBS filtered
484  through a 0.2 um filter to reach a particle count within the optimal range of 2000-12,000
485  particles for 1 min at a pressure of 1 kPa. The recorded data was processed using the
486  NanoFCM Profession 2.0 software to extract .fcs files

487 Flow Cytometry Analysis

488  Cells were stained with anti-CD24-PE antibody (Clone SN3, Invitrogen) for 30mn at
489 RT in PBS, and analyzed on a BD FACSymphony flow cytometer (BD Biosciences)
490 using BD FACSDiva software. Unstained cells and cells stained with a matched isotype
491  control antibody were used as negative controls to define gating boundaries and
492  assess nonspecific binding. Data were analyzed with FlowdJo version 10.10 software.

493  For EV, flow cytometry analysis was performed using Attune NXT flow cytometer with
494  specific filter set. A threshold of 3000 ssc mvolt was applied to exclude background
495 noise and aspecific events. SSC-H and FSC-H voltage were calibrated in order to
496  distinguish buffer debris and sEV. Measurements were performed during 3 mn with at
497  12.5pL per minute debit. Acquisition of measurement and gating process including EV-
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498 Gate and mNeonGreen gate were performed using Attune NXT software. Post-
499  acquisition Analysis was performed with FlowJow V10.10 software.

500 Dynamic Light Scattering (DLS) Analysis

501 After isolation, sEV size and concentration were measured with Zetasizer Ultra
502 ZSU5700 (Malvern Panalytical). Measurements of 50uL samples were performed with
503 low-volume quartz batch ZEN 2112 cuvettes (Hellma Analytics, QS High Precision
504  Cell, Art. No0.105251006965-450, light path= 3x3 mm, Centre= 9.65) Cuvettes were
505 cleaned with 70% EtOH, distilled water and dried prior to any measurements. Analysis
506 of the samples was processed with ZS Xplorer v3.00 software (PSS0048-15) and
507 considered as protein dispersed in water, at room temperature with a dispersant
508 scattering value of 82.

509 Dynamic light scattering measurements of EV concentration were performed with a
510 Zetasizer Ultra system (Malvern Panalytical) and ZS XPLORER (version 2.0.0.98)
511  acquisition software. Samples were loaded into a low-volume quartz batch ZEN 2112
512  cuvette (Hellma Analytics, QS High Precision Cell, light path 3 x 3 mm) for analysis at
513 room temperature with a dispersant scattering value of 82. The distributed particle

514  concentration was measured.
515 Nanoparticle Tracking Analysis (NTA)

516 EV samples size and concentration were measured on a NanoSight300 with a low
517 volume flow cell gasket chip (NTA4169, Malvern Panalytical). After dilution,
518 measurements were performed using standard reference EV protocol relying on 5
519  successive acquisitions of 1min before analysis and particle tracking. Mean size and
520 concentration were obtained along with size distribution of population.

521  Fluorescent Nanoparticle Tracking Analysis (FI-NTA)

522  Particle size and concentration were measured by NTA and fluorescence NTA (FI-
523  NTA) using a ZetaView Evolution Quatt (Particle Metrix) equipped with. The instrument
524  was calibrated before each session with 100 nm polystyrene beads for scatter mode,
525 and with 488 nm and 640 nm monofluorescent beads for fluorescence mode.
526 Measurements were performed using the “PMX PAN EV staining" predefined method,
527  with gain 40, shutter 200, and frame rate 30 settings, at 25 °C and across 11 positions

528 with 1 cycle per sample. Samples were diluted in PBS to reach 50-200 particles per
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529 frame. Total particle size and concentration were acquired in scatter mode, and the
530 concentration of fluorescent particles was determined separately using the 488 nm and
531 640 nm lasers with the corresponding emission filters. Colocalization analysis was then
532 performed to quantify double-positive particles (488*/640%) and to determine the

533 fraction of particles carrying both fluorescent signals.
534  Transmission Electron Microscopy (TEM)

535 For conventional EM, cells were seeded on coverslips and fixed with 2.5%
536 glutaraldehyde in 0.1 M cacodylate buffer. The cells were processed for Epon (TAAB
537 Laboratories Equipment) embedding as previously described?”. Ultrathin sections were
538 contrasted with uranyl acetate and lead citrate or Uranyless (Delta Microscopy).

539 For EV, samples were directly deposited on 200 mesh formvar/carbon-coated
540 copper/palladium grids for 20 min at room temperature., fixed with PFA 2%/0.1 M
541  phosphate buffer, and processed for immunogold labelling as for cells?’.

542  Cryo-Electron microscopy

543  Cryo-EM was performed on conventional. Briefly, 4,2 uL of sample was deposited on
544  electron microscopy grids coated with a perforated carbon film. After draining the
545 excess liquid with filter paper, grids were quickly plunged into liquid ethane and
546 mounted onto a Gatan 626 cryoholder. Cryo-EM observation was performed with a
547 TalosL120C (thermofischer) microscope operated at 120 kV, and images were

548 recorded with a Ceta-M camera.
549 Western blot

550 Cells were lysed on ice in a lysis buffer (20mM Tris, 150mM NaCl, 1% Triton X-100 pH
551  7.2) supplemented with a protease inhibitor cocktail (Roche). Cell lysates or EV were
552 incubated with Laemmli sample buffer with or without 350mM 2-mercaptoethanol
553  (Sigma), incubated at 95°C for 5 min, loaded on 4-20% Bis-Tris gels (Bio-Rad), and
554  transferred on nitrocellulose membranes (Bio-Rad). The membranes were blocked in
555 PBS/0.1% Tween (PBS/T) with 5% nonfat dried milk, incubated with primary and
556  secondary antibodies diluted in PBS/T-milk. HRP signal was revealed using an ECL
557  Clarity Max (Bio-Rad). Acquired bands intensities were quantified with Imaged Fiji
558  software (version 1.54f, Java 1.8.0_322 64 bit).

559  Antibody Labelling of sEV
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560 Afterisolation, EV samples were incubated with CD63-APC and CD24-FITC antibodies
561 at 2.5ug/mL dilution for 30mn at RT in the dark. After incubation EV samples were
562 washed with Exospin mini (Cell Guidance system) columns to remove unbound
563 antibodies following manufacturer’s instructions. Eluate was then collected and
564  processed for fluorescence detection and sorting with the NanoSorter.

565 NanoSorter Analysis

566  Prior to analysis with the NanoSorter, EV samples could optionally be analyzed for
567 total particle concentration. In this study, EV samples were analyzed using NTA prior
568 to NanoSorter analysis to compare fluorescent particle counting with another
569 instrument and to obtain an estimation of the total number of EVs.
570

571 EV samples were then loaded into counting chips for fluorescent detection at a
572  precisely controlled flow rate of 5 or 10 uyL/h. Post analysis, when the sample
573  concentration was too high to ensure the detection of individual particles within the
574  detection zone, the sample was diluted to below 5x10° particles per ml

575 NanoSorter Sorting experiments.

576  Fluorescent EV samples with a concentration below 5 x 10° particles/mL could be
577 injected into the microfluidic sorting chip, either for single-color or two-color sorting.
578 Sorting was performed at frequencies ranging from 35 to 5 x10*
579  droplet per second.

580 For widefield microscopy observations, sorted droplets containing fluorescent EVs
581  were injected into a counting chip and placed under microscope equipped with 488nm
582  or 520nm lasers with a beam expander. Images were captured with the Kinetix camera
583 C-mounted on the microscope.

584  For downstream applications, the droplets containing objects of interest were collected
585 in a sheath fluid trap directly connected to the collection channel of the sorting chip.
586  Then, the trap was then secured, and the droplets were fused by applying piezoelectric
587 impulses. All droplets containing objects of interest were then fused into a single
588 droplet. This droplet was injected into a microtube for analysis or store, with an
589 additional volume of medium added when necessary to facilitate liquid handling.

590


https://doi.org/10.64898/2026.10.06.756207

bioRxiv preprint doi: https://doi.org/10.64898/2026.10.06.756207; this version posted October 7, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

591  Statistical analysis
592  Statistical tests were performed using GraphPadPrism 10.6.1 (892) version.
593 Image analysis

594  Image J Fiji (version 1.54f, Java 1.8.0_322 64bit) was used for microscopy and western
595  blot analysis. Flowdow V10.10 was used for Flow Cytometry analysis.

596 Statistics and reproducibility

597  All graphs with statistical tests represent the quantification of at least 3 independent
598 experiments. Significant p-value are shown as absolute value. Graphs represent the
599 means of quantification for each experimental condition with SEM.
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718  Figure Legends

719  Figure 1

720 a. Subcellular localization of fluorescent reporter in HeLa mNeonGreen-CDG63
721 and HeLa mRFP-CDG63 stable cell lines. Lysosomes were labelled for Lamp1
722 and nucleus with Hoescht. Endogenous fluorescence for both fusion proteins
723 was observed. Scale bar 10um. 3 independent experiments.

724 b. Western blot of size exclusion chromatography (SEC) fractions from HelLa
725 mNeonGreen-CD63 and HeLa mRFP-CD63. Fractions 8 to 10 and 11 to 13
726 were pooled before loading into SDS-PAGE gel wells. Samples were
727 immunoblotted for their respective fluorescent tag along with CD63 and CD9. 3
728 independent experiments.

729 c. Western blot of HeLa mNeonGreen-CD63, mRFP-CD63, HeLa WT and HelLa
730 CD63 KO. Cell lysates were immunoblotted for fluorescent tags and EV
731 markers. 3 independent experiments. Quantification shows the relative
732 expression of each protein out of the control condition (i.e HeLa WT). 2 way
733 Anova test.

734 d. Western blot of EV enriched SEC fractions pooled from HeLa mNeonGreen-
735 CD63, HeLa mRFP-CD63, HeLa WT and HeLa CD63 KO cells. Samples were
736 immunoblotted for their respective fluorescent tag along with CD63 and CD9. 3
737 independent experiments. Quantification shows the relative expression of each
738 protein out of the control condition (i.e HeLa WT). 2-way Anova test.;

739 e. Size of HeLa mNeonGreen-CD63, HeLa mRFP-CD63 and HeLa WT derived
740 SEV isolated by SEC. Size measured by NTA with NanoSight S300. 3
741 independent experiments. HeLa WT n=7, HeLa CD63 KO n=5, Hela
742 mNeonGreen-CD63 n= 6, HeLa mRFP-CD63 n=6 ; Ordinary one-way Anova
743 test.

744 f. Concentration of HeLa mNeonGreen-CD63, HeLa mRFP-CD63 and HeLa WT
745 derived sEV isolated by SEC. Size measured by NTA with NanoSight S300. 3
746 independent experiments. HeLa WT n=7, HeLa CD63 KO n=5, Hela
747 mNeonGreen-CD63 n= 6, HeLa mRFP-CD63 n=6 ; Ordinary one-way Anova
748 test.
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750  Figure 2

751 a. Particles concentration from HeLa WT, HeLa CD63 KO, HeLa mNeonGreen-
752 CD63 and HeLa mRFP-CD63 derived sV analyzed by NTA with NanoSight
753 S300. HeLa WT and HeLa CD63 KO n=5, HeLa mNeonGreen-CD63 and HelLa
754 mRFP-CD63 N=10. paired samples. Kruskal-Wallis test.

755 b. Particles concentration from HeLa WT, HeLa CD63 KO, HeLa mNeonGreen-
756 CD63 and HeLa mRFP-CD63 derived sEV analyzed with Attune NXT flow
757 cytometer. Estimated with light scatter. HelLa WT and HelLa CD63 KO n=5,
758 HeLa mNeonGreen-CD63 and HeLa mRFP-CD63 N=10. paired samples.
759 Kruskal-Wallis test.

760 c. Particles concentration from HeLa WT, HeLa CD63 KO, HeLa mNeonGreen-
761 CD63 and HeLa mRFP-CD63 derived sEV analyzed with NanoFCM flow
762 cytometer estimated with light scatter. HeLa WT and HeLa CD63 KO n=5, HelLa
763 mNeonGreen-CD63 and HeLa mRFP-CD63 N=10. paired samples. Kruskal-
764 Wallis test.

765 d. Particles concentration from HeLa WT, HeLa CD63 KO, HeLa mNeonGreen-
766 CD63 and HeLa mRFP-CDG63 derived sEV analyzed with NanoSorter estimated
767 by fluorescence detection. HelLa WT and HeLa CD63 KO n=5, Hela
768 mNeonGreen-CD63 and HeLa mRFP-CD63 N=10. paired samples. Kruskal-
769 Wallis test.

770 e. sEV concentration estimation from all devices by light scattering. Pooled
771 measurements obtained during all acquisitions. NanoSight n=10, Attune NXT
772 n=10, NanoFCM n=10. Paired samples. RM one-way Anova with Greisser-
773 Greehouse correction test.

774 f. SEV concentration estimation based on fluorescence detection with 488nm
775 laser with three different devices. Attune NXT n=10, NanoFCM n=10,
776 NanoSorter n=10. paired samples. Freidman test with Dunn’s multiple
777 comparisons test.
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779  Figure 3

780 a. Scheme of EV processing through the NanoSorter for individual EV sorting.
781 b. Measurement of mMNeonGreen-CD63 or mRFP-CD63 positive EV population
782 enrichment post sorting as part of whole and histograms before and post sorting.
783 3 independent experiments. 2-way Anova test.

784 c. Tomograms of HeLa mNeonGreen-CDG63 EV pre-sorting and post-sorting by
785 cryo-EM. EV were processed through NanoSorter and recovered before being
786 prepared for cryo-EM. Dark scale bar =100nm, white scale bar =50nm. 3
787 independent experiments.

788 d. Size of particles measured by cryo-EM. Particles were measured in pre-
789 sorting and post-sorting condition. Pre-sorting n= 292, post-sorting n= 228.
790 Mann-Whitney test.
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806 Figure 4

807 a. Western blot of Namalwa and BLCL whole cell lysates and derived EV
808 isolated by SEC. 3 independent experiments.

809 b. Size and concentration measurements of Namalwa derived EV and BLCL
810 derived EV with Zetaview Evolution. Namalwa EV n=7, BLCL EV n=7. Student’s
811 test with Welch'’s correction.

812 c. Concentration measurement of Namalwa derived EV and BLCL derived EV
813 labelled with CD24 antibody and TSPANmix. Single positive population and
814 double positive population were measured with Zetaview Evolution by FI-NTA
815 and colocalization software. Namalwa EV n =3, BLCL EV n=3 ; 2-way Anova
816 test.

817 d. Concentration measurement of Namalwa derived EV and BLCL derived EV
818 labelled with CD24 antibody and TSPANmix. Single positive population and
819 double positive population were measured with NanoSorter. Namalwa EV n =4,
820 BLCL EV n=5 ; 2-way Anova test.

821 e. Measurement of fluorescent EV populations isolated from Namalwa derived
822 EV labelled with CD24 antibody and TSPANmix before and after sorting with
823 Zetaview. Single and double positive EV populations are shown as percentage
824 of the total population measured. 4 independent experiments. 2-way Anova test.
825 f. Measurement of fluorescent EV populations isolated from Namalwa derived
826 EV labelled with CD24 antibody and TSPANmix before and after sorting among
827 the total of particles measured by scattering with Zetaview. Double positive EV
828 populations are shown as percentage of the total population measured. 4
829 independent experiments. Paired T-test.
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837 Supplementary Data

838 Supp Figure 1

839 a. localization of fluorescent reporter in HEK WT with mNeonGreen-CD63
840 transitory expression and HEK WT with mRFP-CDG63 transitory expression.
841 Cells were labelled for Lamp1. Endogenous fluorescence for both fusion
842 proteins were observed. Scale bar 10um. 3 independent experiments.

843 b. Western blot of size exclusion chromatography (SEC) fractions from HEK
844 WT with mNeonGreen-CDG63 transitory expression and HEK WT with mRFP-
845 CDG63 transitory expression. Fractions 8 to 10 and 11 to 13 were pooled
846 before loading into SDS-PAGE gel wells. Samples were immunoblotted for
847 their respective fluorescent tag along with CD63 and CD9. 3 independent
848 experiments.

849 c. Size of HEK WT with mNeonGreen-CD63 transitory expression derived
850 SEV isolated by SEC. Particle size was measured either by DLS with
851 Zetasizer Ultra or with NanoFCM. 3 independent experiments. n= 9, Mann-
852 Whitney test.

853 d. Particle concentration of HEK WT with mNeonGreen-CD63 transitory
854 expression derived sEV isolated by SEC. Estimated concentration was
855 measured either by DLS with Zetasizer Ultra or with NanoFCM. 3
856 independent experiments. n= 9, Unpaired t-test.

857 e. Size of HEK WT with mRFP-CD63 transitory expression derived sV
858 isolated by SEC. Particle size was measured either by DLS with Zetasizer
859 Ultra or with NanoFCM. 3 independent experiments. Zetasizer n= 18,
860 NanoFCM n = 9, Kruskal-Wallis test.

861 f. Particle concentration of HEK WT with mRFP-CDG63 transitory expression
862 derived sEV isolated by SEC. Estimated concentration was measured either
863 by DLS with Zetasizer Ultra or with NanoFCM. 3 independent experiments.
864 Zetasizer Ultra n=18, NanoFCM n= 11, Kruskal-Wallis test.

865 g. Tomograms of HEK mNeonGreen-CD63 and mRFP-CD63 transient
866 expression derived EV isolated by SEC. Isolated EV were processed for
867 transmission electron microscopy. Scale bar 100nm. 3 independent

868 experiments.
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869 h. Size of isolated EV from HEK with both transient expressions. Diameter of
870 particle was measured from TEM observations and compared to size
871 estimation with Zetasizer Ultra and NanoFCM. Zetasizer Ultra n=34,
872 NanoFCM n=13, TEM n=64. Kruskal-Wallis test.
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894  Supp Figure 2

895 a. Size distribution of EV derived from HeLa WT, HeLa CD63 KO, Hela
896 mNeonGreen-CD63 and HeLa mRFP-CDG63 stable cell lines. Measurements
897 were performed by NTA with NanoSight S300. Histogram of quantification of
898 particle size for each condition. HeLa WT n=5, HeLa CD63 KO n=5, HelLa
899 mNeonGreeN-CD63 n=10, HeLa mRFP-CD63 n=10. Ordinary One-way Anova
900 test.

901 b. Particle size of EV derived from HeLa WT, HeLa CD63 KO, HelLa
902 mNeonGreen-CD63 and HeLa mRFP-CD63 stable cell lines. Measurement
903 were performed with NanoFCM flow cytometer. Histogram of quantification of
904 particle size for each condition. HeLa WT n=5, HeLa CD63 KO n=5, HelLa
905 mNeonGreeN-CD63 n=10, HeLa mRFP-CD63 n=10. Kruskal-Wallis test.

906 c. Particle size of EV derived from HeLa WT, HeLa CD63 KO, Hela
907 mNeonGreen-CD63 and HelLa mRFP-CD63 stable cell lines pooled.
908 Measurements were performed by flow cytometry with NanoFlow Analyzer and
909 by NTA with NanoSight S300. NanoSight n=30, NanoFCM n=30. Paired
910 samples, Wilcoxon test.

911 d. Representative dot plots of of EV derived from HeLa WT, HeLa CD63 KO,
912 HeLa mNeonGreen-CD63 and HelLa mRFP-CD63 stable cell lines.
913 Measurements were performed by flow cytometry with ATTUNE NXT. EV gating
914 was performed with FSC and SSC followed by mNeonGreen detection with
915 488nm laser to generate NeonGreen+ gate. Dot plots of representatives gatings
916 along with PBS as and mNeonGreen-CD63 EV treated with Triton X-100 as
917 controls. HeLa WT n=5, HeLa CD63 KO n=5, HeLa mNeonGreeN-CD63 n=10,
918 HeLa mRFP-CD63 n=10.

919 e. Particle concentration of mNeonGreen EV derived from HeLa WT, Hela
920 CD63 KO, HeLa mNeonGreen-CD63 and HeLa mRFP-CDG63 stable cell lines.
921 Measurements were performed by flow cytometry with NanoFlow Analyzer and
922 488nm laser. HeLa WT n=5, HeLa CD63 KO n=5, HeLa mNeonGreeN-CD63
923 n=10, HeLa mRFP-CD63 n=10). One-way Anova test.
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925  Supp Figure 3

926 a. Observation of HEK mNeonGreen-CD63 or HEK mRFP-CD63 derived EV
927 post sorting within droplets through fluorescent microscope. Histogram of
928 positive mNeonGreen or mRFP particles after sorting either mNeonGreen or
929 mRFP particles.

930 b. lllustrations of droplets collection post sorting with NanoSorter. lllustrate
931 droplets gathering (dark arrow) through microfluidic loop.

932 c. Tomograms of HEK WT with mNeonGreen-CD63 transitory expression
933 before and after sorting with the NanoSorter by Transmission Electron
934 Microscopy. Scale bar 200nm.

935 d. Quantification of particle size by TEM observations between original and post
936 sorting samples (Original sample n=137, Post-sorting sample n=126). Mann-
937 Whitney test.
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953  Supp Figure 4

954 a. Labelling and detection of CD24 in Namalwa or BLCL cell lines by flow
955 Cytometry with BD Symphony flow cytometer. Cells were gated with FSC and
956 SSC to exclude debris and doublets. CD24-PE gate was then created to select
957 CD24 positive cells. Mouse IgG-PE was used as isotype control. As shown
958 representative dot plots of CD24-PE in unlabeled, isotype and CD24 labelled
959 conditions. 3 independents experiments.

960 b. Labelling of Namalwa and BLCL derived EV. EV were incubated with CD24-
961 PE or FITC and Either CD63 or CD9 antibodies. Detection was performed with
962 NanoFlow Analyzer. Dot plots as representative of each labelled population for
963 Namalwa and BLCL derived EV. for each double positive population. 3
964 independent experiments.

965
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Supplementary Figure 4. (a) Labelling and detection of CD24 in Namalwa or BLCL cell lines by flow Cytometry with BD
Symphony flow cytometer. Cells were gated with FSC and SSC to exclude debris and doublets. CD24-PE gate was then
created to select CD24 positive cells. Mouse IgG-PE was used as isotype control. As shown representative dot plots of CD24-
PE in unlabeled, isotype and CD24 labelled conditions. 3 independents experiments. (b) Representative dot plots of BLCL and
Namalwa EVs labelled for either CD63 or CD9 and CD24 with NanoFCM. 3 Independent experiments.
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