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Videodrop is an advanced combination of optical 
innovation from the Langevin Institute and high-
performance software algorithms. It provides the 
easiest and fastest way to measure nanoparticle 
size and concentration. Based on Interferometric 
Light Microscopy (ILM), Videodrop is the ideal 
tool for scientists working on lentiviral vector (LV) 
development, extracellular vesicle (EVs) research and 
production, and lipid nanoparticle (LNP) formulation.
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Monitoring concentration and lipid signature of plasma extracellular 
vesicles from HR+ metastatic breast cancer patients under CDK4/6 
inhibitors treatment, M. Richard et al., J. Ex. Bio. 2024

RICHARD et al.  of 

F IGURE  Evolution of plasma EV concentration in HR+MBC patients. (a) Timeline of sample collection associated with the clinical status of MBC
patients from EPICURE cohort. (b) Vesiclemia measured by VideoDrop in healthy donors (n = 45, average age: 54 ± 8 years old, average vesiclemia: 9.5 ± 7 ×
109 particles/mL) and HR+ MBC patients that received iCDK4/6 treatment as first therapeutic line (n = 44, average age: 60 ± 14 years old, average vesiclemia:
8.7 ± 7.1 × ‘109 particles/mL). (c) Vesiclemia measured by VideoDrop in HR+ MBC patients according to their clinical status (sensitive n = 25, average
vesiclemia: 9.3 ± 8.2 × 109 particles/mL intermediate n = 12, average vesiclemia: 8.8 ± 4.7 × 109 particles/mL; resistant n = 7, average vesiclemia: 6.6 ± 6.7 × 109
particles/mL). (d) Longitudinal vesiclemia monitored in healthy women by Videodrop (n = 8, average age: 46 ± 10 years old) over 10 months. (e) Vesiclemia
monitored in sensitive patients (n = 25) by Videodrop during the 2 first months. (f) Vesiclemia monitored in intermediate patients (n = 12) by Videodrop
during the 2 first months. (g) Vesiclemia monitoring in resistant patients (n = 7) by Videodrop during the 2 first months. (h) Histogram showing vesiclemia (in
percent, normalized to screening time) at T0 (screening) and 2 months in healthy subjects (n = 8), sensitive (n = 25), intermediate (n = 12) and resistant
patients (n = 7). (i) The Kaplan–Meier survival curve for MBC patients illustrates the duration of disease progression (in days) among those who exhibit an
increase in vesiclemia (> 181%) from screening to 2 months post-treatment initiation, as well as those who do not display such increase. The number of patients
at risk at 0, 500, 1000, 1500 and 1763 days for each of these 2 groups are shown in the table immediately below the survival curve. For all panels, statistical
analyses were performed using the Student test and ANOVA test. ANOVA, analysis of variance; EV, extracellular vesicle; HR+, hormone receptor-positive;
MBC, metastatic breast cancer; ns, not significant.

in a limited apolipoprotein presence in the CD9-positive EV-enriched fractions (Figure 3a and Table 2). The untargeted mass
spectrometry-based lipidomic analysis identified 116 lipid species across 9 lipid classes (Figure 3b, Table S1). Surprisingly, glyc-
erophospholipids were poorly detected in EV samples compared to acylglycerols, likely due to EV sample dilution from SEC
enrichment and stringent variable selection thresholds (ExtendedDataMethod).While the presence of acylglycerolsmay suggest
minor lipoprotein contamination, quantification of apolipoproteins indicated minimal pollution (Table 2).
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109 particles/mL) and HR+ MBC patients that received iCDK4/6 treatment as first therapeutic line (n = 44, average age: 60 ± 14 years old, average vesiclemia:
8.7 ± 7.1 × ‘109 particles/mL). (c) Vesiclemia measured by VideoDrop in HR+ MBC patients according to their clinical status (sensitive n = 25, average
vesiclemia: 9.3 ± 8.2 × 109 particles/mL intermediate n = 12, average vesiclemia: 8.8 ± 4.7 × 109 particles/mL; resistant n = 7, average vesiclemia: 6.6 ± 6.7 × 109
particles/mL). (d) Longitudinal vesiclemia monitored in healthy women by Videodrop (n = 8, average age: 46 ± 10 years old) over 10 months. (e) Vesiclemia
monitored in sensitive patients (n = 25) by Videodrop during the 2 first months. (f) Vesiclemia monitored in intermediate patients (n = 12) by Videodrop
during the 2 first months. (g) Vesiclemia monitoring in resistant patients (n = 7) by Videodrop during the 2 first months. (h) Histogram showing vesiclemia (in
percent, normalized to screening time) at T0 (screening) and 2 months in healthy subjects (n = 8), sensitive (n = 25), intermediate (n = 12) and resistant
patients (n = 7). (i) The Kaplan–Meier survival curve for MBC patients illustrates the duration of disease progression (in days) among those who exhibit an
increase in vesiclemia (> 181%) from screening to 2 months post-treatment initiation, as well as those who do not display such increase. The number of patients
at risk at 0, 500, 1000, 1500 and 1763 days for each of these 2 groups are shown in the table immediately below the survival curve. For all panels, statistical
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in a limited apolipoprotein presence in the CD9-positive EV-enriched fractions (Figure 3a and Table 2). The untargeted mass
spectrometry-based lipidomic analysis identified 116 lipid species across 9 lipid classes (Figure 3b, Table S1). Surprisingly, glyc-
erophospholipids were poorly detected in EV samples compared to acylglycerols, likely due to EV sample dilution from SEC
enrichment and stringent variable selection thresholds (ExtendedDataMethod).While the presence of acylglycerolsmay suggest
minor lipoprotein contamination, quantification of apolipoproteins indicated minimal pollution (Table 2).

 of  RICHARD et al.

F IGURE  Enrichment and characterization of circulating EVs in plasma. (a) Plasma-derived EV enrichment protocol. (b) Plasma EV concentration
(vesiclemia) measured by VideoDrop (ILM) and protein concentration per SEC fractions in one healthy donor (top). Immunoblotting of SEC fractions from an
individual plasma sample (after ultracentrifugation) using EV marker antibodies anti-syntenin and anti-CD9, and lipoproteins marker anti-ApoA1 antibody
(bottom). This is representative of n = 3 individual samples. (c) Cryo-TEM images of plasma EVs from a healthy donor (bar scale = 100 nm). This is
representative of n = 3 individual samples. (d) EV size estimated by Cryo-TEM, (n = 127, mean EVs size: 128 nm ± 64 nm). (e) Repeated EV isolation (n = 3) of
five different healthy donor plasma samples, and concentration determined with ILM. (f) Comparison of plasma EV concentration measured with ILM versus
qNano (TRPS) (n = 6). All panels are representative of at least three independent experiments unless otherwise stated, Student test and ANOVA, *p < 0.05,
**p < 0.01. Cryo-TEM, cryo-transmission electron microscopy; EV, extracellular vesicle; ILM, interferometric light microscopy; SEC, size exclusion
chromatography; TRPS, tunable resistive pulse sensing.

. Lipidomic analysis of plasma EVs showed significant differences between healthy subjects and
HR+ MBC patients

To go further, we aimed to characterize the lipid profile associated with plasma EVs from both healthy subjects (n = 3) and HR+

MBC patients (n= 6). To this aim, an untargeted and comparative lipidomic analysis was conducted at the screening time-point,
starting with similar vesicle count, estimated with ILM. To minimize plasma contaminants, such as small-sized lipoproteins
(e.g., HDL, (Welsh et al., 2024)), SEC fractions were further processed with iodixanol density gradients (Figure 3a), resulting
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Assess EV Biomarkers  
in longitudinal clinical studies
Extracellular vesicles (EVs) are emerging as circulating biomarkers for various diseases and 
indicators of therapeutic response. Therefore, a systemic standardization to better assess the 
concentration of EVs is highly required.

HOW CAN VIDEODROP ENHANCE YOUR RESEARCH?

• Perform comprehensive analysis of large patient biological sample cohorts.
• Achieve repeatable, reproducible, and operator-bias-free results in longitudinal studies.

Fig: Timeline of sample collection associated with the clinical status 
of MBC (Metastatic Breast Cancer) patients from EPICURE cohort

Fig: Plasma-derived EV enrichment protocol

Fig: Histogram showing vesiclemia (in 
percent, normalize to screening time) at T0 
(screening) and 2 months in healthy subjects 
(n=8), sensitive (n=25), intermediate and 
resistant (n= 7)

In this longitudinal clinical study involving healthy individuals and patients with metastatic 
breast cancer, Videodrop was utilized to measure “vesiclemia” (the concentration of EVs in 
plasma). Its rapid measurement capability enabled high-throughput analysis of numerous 
samples at each timepoint.

V

PUBLICATION  
ONLINE

https://pubmed.ncbi.nlm.nih.gov/39691590/
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concentration about 8.5 ×  109 particles/ml, as compared to healthy donors with 5.9 ×  109 particles/ml, corrobo-
rating earlier  findings4 (Fig. 2C). Moreover, electron microscopy analysis demonstrated that plasmatic EVs 
from GBM patients upon diagnosis are significantly smallest with a mean size of 101 nm, in comparison to the 
non-tumor donor group, exhibiting a mean size of 129 nm (Fig. 2D), while sharing similar circular morphology 
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Figure 2.  Vesiclemia evolves along glioblastoma progression. (A) Diagram of glioblastoma (GBM) 
management according to Stupp et al.  protocol1. RCT: radiochemotherapy, CT: chemotherapy. (B) Kaplan–
Meier survival curves of both exploited biocollections from the French Glioblastoma Biobank (FGB) and 
Integrated Center for Oncology (ICO), with 20 and 10 patients, respectively. (C) Vesiclemia (number of 
particles/ml) was measured by interferometry light microscope (ILM) in healthy donors and GBM patients 
(n = 10 in each group). (D, E) Analysis of plasmatic EV mean size in healthy donors and GBM patients using 
cryo-electron microscopy (cryo-TEM), n > 65 for each group. Alternatively, particle morphology (circularity 
index) was evaluated using in cryo-TEM images. (F–I) Vesiclemia was measured via CD63 ELISA. Evolution 
of the vesiclemia along the follow-up of one patient throughout tumor management from Stupp protocol (RCT 
and CT) to second line CT2 (Bevacizumab) (F). Vesiclemia was measured in longitudinal samples from several 
GBM patients, in order to assess the impact of radio-chemotherapy (RCT) (n = 5) (G), chemotherapy (n = 6) 
(H), and relapse (n = 7) (I). Mann–Whitney test, *p < 0.05, **p < 0.01, ***p < 0.001. S.E.M. are shown in panels C, 
G, and H.

4

Vol:.(1234567890)

Scientific Reports |        (2021) 11:22792  | https://doi.org/10.1038/s41598-021-02254-7

www.nature.com/scientificreports/

concentration about 8.5 ×  109 particles/ml, as compared to healthy donors with 5.9 ×  109 particles/ml, corrobo-
rating earlier  findings4 (Fig. 2C). Moreover, electron microscopy analysis demonstrated that plasmatic EVs 
from GBM patients upon diagnosis are significantly smallest with a mean size of 101 nm, in comparison to the 
non-tumor donor group, exhibiting a mean size of 129 nm (Fig. 2D), while sharing similar circular morphology 
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Figure 2.  Vesiclemia evolves along glioblastoma progression. (A) Diagram of glioblastoma (GBM) 
management according to Stupp et al.  protocol1. RCT: radiochemotherapy, CT: chemotherapy. (B) Kaplan–
Meier survival curves of both exploited biocollections from the French Glioblastoma Biobank (FGB) and 
Integrated Center for Oncology (ICO), with 20 and 10 patients, respectively. (C) Vesiclemia (number of 
particles/ml) was measured by interferometry light microscope (ILM) in healthy donors and GBM patients 
(n = 10 in each group). (D, E) Analysis of plasmatic EV mean size in healthy donors and GBM patients using 
cryo-electron microscopy (cryo-TEM), n > 65 for each group. Alternatively, particle morphology (circularity 
index) was evaluated using in cryo-TEM images. (F–I) Vesiclemia was measured via CD63 ELISA. Evolution 
of the vesiclemia along the follow-up of one patient throughout tumor management from Stupp protocol (RCT 
and CT) to second line CT2 (Bevacizumab) (F). Vesiclemia was measured in longitudinal samples from several 
GBM patients, in order to assess the impact of radio-chemotherapy (RCT) (n = 5) (G), chemotherapy (n = 6) 
(H), and relapse (n = 7) (I). Mann–Whitney test, *p < 0.05, **p < 0.01, ***p < 0.001. S.E.M. are shown in panels C, 
G, and H.
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concentration about 8.5 ×  109 particles/ml, as compared to healthy donors with 5.9 ×  109 particles/ml, corrobo-
rating earlier  findings4 (Fig. 2C). Moreover, electron microscopy analysis demonstrated that plasmatic EVs 
from GBM patients upon diagnosis are significantly smallest with a mean size of 101 nm, in comparison to the 
non-tumor donor group, exhibiting a mean size of 129 nm (Fig. 2D), while sharing similar circular morphology 
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Figure 2.  Vesiclemia evolves along glioblastoma progression. (A) Diagram of glioblastoma (GBM) 
management according to Stupp et al.  protocol1. RCT: radiochemotherapy, CT: chemotherapy. (B) Kaplan–
Meier survival curves of both exploited biocollections from the French Glioblastoma Biobank (FGB) and 
Integrated Center for Oncology (ICO), with 20 and 10 patients, respectively. (C) Vesiclemia (number of 
particles/ml) was measured by interferometry light microscope (ILM) in healthy donors and GBM patients 
(n = 10 in each group). (D, E) Analysis of plasmatic EV mean size in healthy donors and GBM patients using 
cryo-electron microscopy (cryo-TEM), n > 65 for each group. Alternatively, particle morphology (circularity 
index) was evaluated using in cryo-TEM images. (F–I) Vesiclemia was measured via CD63 ELISA. Evolution 
of the vesiclemia along the follow-up of one patient throughout tumor management from Stupp protocol (RCT 
and CT) to second line CT2 (Bevacizumab) (F). Vesiclemia was measured in longitudinal samples from several 
GBM patients, in order to assess the impact of radio-chemotherapy (RCT) (n = 5) (G), chemotherapy (n = 6) 
(H), and relapse (n = 7) (I). Mann–Whitney test, *p < 0.05, **p < 0.01, ***p < 0.001. S.E.M. are shown in panels C, 
G, and H.
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concentration about 8.5 ×  109 particles/ml, as compared to healthy donors with 5.9 ×  109 particles/ml, corrobo-
rating earlier  findings4 (Fig. 2C). Moreover, electron microscopy analysis demonstrated that plasmatic EVs 
from GBM patients upon diagnosis are significantly smallest with a mean size of 101 nm, in comparison to the 
non-tumor donor group, exhibiting a mean size of 129 nm (Fig. 2D), while sharing similar circular morphology 
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Figure 2.  Vesiclemia evolves along glioblastoma progression. (A) Diagram of glioblastoma (GBM) 
management according to Stupp et al.  protocol1. RCT: radiochemotherapy, CT: chemotherapy. (B) Kaplan–
Meier survival curves of both exploited biocollections from the French Glioblastoma Biobank (FGB) and 
Integrated Center for Oncology (ICO), with 20 and 10 patients, respectively. (C) Vesiclemia (number of 
particles/ml) was measured by interferometry light microscope (ILM) in healthy donors and GBM patients 
(n = 10 in each group). (D, E) Analysis of plasmatic EV mean size in healthy donors and GBM patients using 
cryo-electron microscopy (cryo-TEM), n > 65 for each group. Alternatively, particle morphology (circularity 
index) was evaluated using in cryo-TEM images. (F–I) Vesiclemia was measured via CD63 ELISA. Evolution 
of the vesiclemia along the follow-up of one patient throughout tumor management from Stupp protocol (RCT 
and CT) to second line CT2 (Bevacizumab) (F). Vesiclemia was measured in longitudinal samples from several 
GBM patients, in order to assess the impact of radio-chemotherapy (RCT) (n = 5) (G), chemotherapy (n = 6) 
(H), and relapse (n = 7) (I). Mann–Whitney test, *p < 0.05, **p < 0.01, ***p < 0.001. S.E.M. are shown in panels C, 
G, and H.
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concentration about 8.5 ×  109 particles/ml, as compared to healthy donors with 5.9 ×  109 particles/ml, corrobo-
rating earlier  findings4 (Fig. 2C). Moreover, electron microscopy analysis demonstrated that plasmatic EVs 
from GBM patients upon diagnosis are significantly smallest with a mean size of 101 nm, in comparison to the 
non-tumor donor group, exhibiting a mean size of 129 nm (Fig. 2D), while sharing similar circular morphology 
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Figure 2.  Vesiclemia evolves along glioblastoma progression. (A) Diagram of glioblastoma (GBM) 
management according to Stupp et al.  protocol1. RCT: radiochemotherapy, CT: chemotherapy. (B) Kaplan–
Meier survival curves of both exploited biocollections from the French Glioblastoma Biobank (FGB) and 
Integrated Center for Oncology (ICO), with 20 and 10 patients, respectively. (C) Vesiclemia (number of 
particles/ml) was measured by interferometry light microscope (ILM) in healthy donors and GBM patients 
(n = 10 in each group). (D, E) Analysis of plasmatic EV mean size in healthy donors and GBM patients using 
cryo-electron microscopy (cryo-TEM), n > 65 for each group. Alternatively, particle morphology (circularity 
index) was evaluated using in cryo-TEM images. (F–I) Vesiclemia was measured via CD63 ELISA. Evolution 
of the vesiclemia along the follow-up of one patient throughout tumor management from Stupp protocol (RCT 
and CT) to second line CT2 (Bevacizumab) (F). Vesiclemia was measured in longitudinal samples from several 
GBM patients, in order to assess the impact of radio-chemotherapy (RCT) (n = 5) (G), chemotherapy (n = 6) 
(H), and relapse (n = 7) (I). Mann–Whitney test, *p < 0.05, **p < 0.01, ***p < 0.001. S.E.M. are shown in panels C, 
G, and H.
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The von Willebrand factor stamps plasmatic extracellular vesicles from 
glioblastoma patients, Q. Sabbagh et al., Scientific Reports 2021

Fig: Vesiclemia evolves along glioblastoma progression.
(A) Vesiclemia (number of particles/ml) was measured by interferometry light microscope (ILM) in healthy donors and 
GBM patients (n = 10 in each group). (B,C,D,E) Vesiclemia was measured in longitudinal samples from several GBM 
patients, in order to assess the impact of radio-chemotherapy (RCT) (n = 5) (C), chemotherapy (CT) (n = 6) (D), and relapse 
(n = 7) (E). Mann–Whitney test, *p < 0.05, **p < 0.01, ***p < 0.001. S.E.M. are shown in panels A, C, and D.

In this publication, vesiclemia was tracked in the plasma of glioblastoma patients during a 
longitudinal study. Videodrop was employed to assess treatment responses (radiotherapy and 
chemotherapy).
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Isolating plasma extracellular vesicles from mouse blood using size-
exclusion chromatography, density gradient, and ultracentrifugation, 
G. André-Grégoire et al., STAR Protocols 2023

Protocol

Isolating plasma extracellular vesicles from
mouse blood using size-exclusion
chromatography, density gradient, and
ultracentrifugation

Circulating extracellular vesicles (EVs) could serve for the surveillance of diverse pathological

conditions. We present a protocol for enriching and isolating plasma EVs from mouse blood. We

describe steps for employing ultracentrifugation, size-exclusion chromatography, and density

gradients, required for further quantitative and qualitative analysis. We detail the procedure for

retrieving optimal volume of blood while preserving its integrity and avoiding hemolysis. We also

describe the preparation of EVs from this complex fluid containing soluble proteins, aggregates,

and lipoprotein particles.

Publisher’s note: Undertaking any experimental protocol requires adherence to local institutional

guidelines for laboratory safety and ethics.
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Evaluate in vivo and in vitro 
EV response to therapeutic 
procedures
Circulating extracellular vesicles (EVs) are implicated in a wide range of physiological processes 
and disease mechanisms. Characterizing EVs from in vivo and in vitro models is essential for 
studying pathogenesis and assessing disease responses to therapeutic procedures

HOW CAN VIDEODROP ENHANCE YOUR RESEARCH?

• Monitor EVs isolation process from in vivo and in vitro models
• Assess disease response to therapeutic procedures

Fig: Circulating EVs isolation and characterization protocol
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Figure S4. Rab27A-B deficiency mimics MLKL impairment in GSCs. Related to Figure 2.
a Glioblastoma Stem-like Cells (GSC4) were transfected with non-silencing (sic), MLKL, RAB27A,
and RAB27B targeting RNA duplexes, as indicated. Protein lysates were harvested 72h later and
analyzed by immunoblot for MLKL, RAB27A, and Cleaved caspase-3 (cl.Casp3), n>2. GAPDH serves
a loading control. b mRNA Expression of RAB27B was detected by RT-qPCR analysis in sic and
siRAB27B transfected GSC4, n=2. c 100k EVs were isolated from the 48h-old conditioned media of
transfected sic, siMLKL, siRAB27A, and siRAB27B GSC4, and quantified by interferometry light
microscopy (Videodrop, Myriade), n>2. d Uptiblue viability assays from GSC4 as in panel (c), n>3. e
Representative flow cytometry analysis of the cell death marker Annexin V surface staining in GSC4
treated as in panel (a), n>2. FSC: Forward scatter. Data are representative of at least three
independent experiments, unlike otherwise stated. t-test and one-way ANOVA, *p<0.05, **p<0.01,
***p<0.001.

Note: Grafts of human cells in immunocompromised host mice might enable detection and

discrimination of EVs from human origin, as examined with cancer EV markers such as glypi-

can-121 and human CD63.1 Similar tracking could be envisioned with the use of tagged EV-ex-

pressing cells.

Figure 5. Particle and protein characterization ofmouse plasma EVs separated byUC (option 1), SEC+UC (option 2),

or SEC+DG+UC (option 3)

4-year-old frozen plasma from three mice bearing human GSC-derived orthotopic tumors1 was thawed on ice and

pooled to a final volume of 1500 mL. Pooled plasma was divided into three identical samples of 500 mL that were each

processed with separation protocol options 1, 2, or 3, as depicted in Figure 3A. EVs obtained by UC, SEC+UC, and

SEC+DG+UC were recovered with a final 100,000 g pellet resuspended in 100 mL of cold particle-free PBS.

(A) 7 mL of each fresh EV preparation was used to measure the particle concentration and size distribution by

interferometry light microscope (ILM, Videodrop, Myriade).

(B) Each sample used for ILMmeasurement was recovered, placed back in the corresponding UC tube, diluted to 11mL

with particle-free PBS, and pelleted again at 100,000 g for 2 h. Supernatants were discarded and pellets were lysed in

35 mL of boiling 23 denaturation SDS sample buffer. The total volume was loaded in Tris-Acetate gels and membranes

were probed with primary antibodies at 1:1000 in PBS-Tween 5% milk for 12–18 h at 4�C. Luminal/cargo (Alix, Hsp70)

and membrane (CD9) EV markers, as well as plasma lipoprotein contaminant (ApoB) were analyzed. Secondary HRP-

conjugated antibodies were diluted at 1:5000, incubated for 1 h at 16�C–25�C, and revealed by chemiluminescence.
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Inhibition of the pseudokinase MLKL alters extracellular vesicle release 
and reduces tumor growth in glioblastoma, G. André-Grégoire et al., 
iScience 2022

Fig: Glioblastoma Stem-like Cells were transfected with silencing RAB27A and RAB27B targeting RNA duplexes. This 
graph shows concentration of EVs that were isolated from the conditioned media 48h post-transfection.

Fig: 4-year-old frozen plasma from three mice bearing human GSC-derived orthotopic tumors1 was thawed on ice and 
pooled to a final volume of 1500 mL. […] EVs were obtained by (1) differential ultracentrifugation (UC), (2) size exclusion 
chromatography combined with UC (SEC+UC), or (3) SEC combined with density gradient and UC (SEC+DG+UC). Pelleted 
EVs were resuspended in 100 µL of cold particle-free PBS. 7 µL of each fresh EV preparation was used to measure the 
particle concentration and size distribution by interferometry light microscope (ILM, Videodrop, Myriade).

In this protocol, the Videodrop was systematically employed for the characterization of both 
size distribution and concentration of plasma EVs from murine models. Additionally, it also 
served as an in-process control for EV enrichment and isolation, paving the way for subsequent 
analyses using molecular biology, cytometry, or omics techniques.

V

In this study, Videodrop was used to assess the inhibition of EV release in an in vitro glioblastoma 
model. Videodrop’s high throughput and low sample volume requirements enabled the 
monitoring of cell culture responses in the context of drug screening.

V
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Experimental Evaluation of an Interferometric Light Microscopy Particle 
Counter for Titering and Characterization of Virus Preparations, V. Turkki 
et al., Viruses 2021

Viruses 2021, 13, 939 4 of 19

steps or ultracentrifugation. The empty LV virus-like particle (VLP) preparation was
produced in cell culture flasks and concentrated using ultracentrifugation.

Figure 2. Videodrop LV assay results: (a) setting the LV assay range and minimum particle numbers. Two independent
measurements of 2-fold LV dilution series (prepared fresh each time) were measured. The final blank- and dilution-corrected
result as well as the blank-corrected raw reading and number of tracked particles are shown. The dotted line box shows
dilutions falling within the set assay working range with their mean concentration, with the CI and CV% below. (b) LV
repeatability results from a single 8× dilution as analyzed by two operators during a single day. (c) Intermediate precision
results, measured from the same sample (different aliquot tubes) over several months. The mean is displayed as a dotted
line, and CI and CV% are shown under the line. (d) Correlation between the Videodrop measurement and vp/mL p24
ELISA result. (e) Correlation between the Videodrop measurement and TU/mL qPCR result. (f) Correlation between the
Videodrop and vg/mL ddPCR result. A group containing certain types of bioreactor samples showing a lower pp/mL
value than expected based on the RNA genome titer is circled using a dotted line.
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steps or ultracentrifugation. The empty LV virus-like particle (VLP) preparation was
produced in cell culture flasks and concentrated using ultracentrifugation.

Figure 2. Videodrop LV assay results: (a) setting the LV assay range and minimum particle numbers. Two independent
measurements of 2-fold LV dilution series (prepared fresh each time) were measured. The final blank- and dilution-corrected
result as well as the blank-corrected raw reading and number of tracked particles are shown. The dotted line box shows
dilutions falling within the set assay working range with their mean concentration, with the CI and CV% below. (b) LV
repeatability results from a single 8× dilution as analyzed by two operators during a single day. (c) Intermediate precision
results, measured from the same sample (different aliquot tubes) over several months. The mean is displayed as a dotted
line, and CI and CV% are shown under the line. (d) Correlation between the Videodrop measurement and vp/mL p24
ELISA result. (e) Correlation between the Videodrop measurement and TU/mL qPCR result. (f) Correlation between the
Videodrop and vg/mL ddPCR result. A group containing certain types of bioreactor samples showing a lower pp/mL
value than expected based on the RNA genome titer is circled using a dotted line.
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Real-time monitoring  
of virus purification
In biotechnology, viruses are employed to combat cancer (such as lentiviruses in CAR-T cell 
therapy) and tackle antibiotic resistance (using bacteriophages). When used as therapeutic 
agents, real-time monitoring of virus bioproduction is essential.

HOW CAN VIDEODROP ENHANCE YOUR RESEARCH?

• Enable real-time in-process control of downstream processing (DSP) efficiency
• Reduce quality control (QC) time for virus and phage purification

Fig: Videodrop LV assay results: (A) Correlation between the Videodrop measurement and vp/mL p24 ELISA result.  
(B) Correlation between the Videodrop measurement and TU/mL qPCR result.

Here, Videodrop was used to monitor lentivirus titer during batch purification. Its rapid measurement 
time allowed for real-time tracking of the downstream process, simultaneously serving as a viral titer 
predictor (showing high correlation with p24 ELISA and RT-qPCR).

V
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Real-time monitoring by interferometric light microscopy of phage 
suspensions for personalised phage therapy, B. Lapras et al., Sci Rep 2024

The acidic condition demonstrated the highest level of detected aggregation (mean score: 2.6), followed by 
heating (mean score: 2.1), whereas the lowest levels of detected aggregation were observed during agitation 
(mean score: 1.5) and alkalinisation (mean score: 1.1).

ILM, directly imaging aggregates (Fig. 6), was rated with the highest score for detecting aggregates (mean 
score: 2.1), closely followed by electrophoretic mobility (mean score: 2.0) and DLS methods (mean score: 1.8). 
The UV/Vis-spectral method was the least efficient for detecting aggregates (mean score: 1.3).

Discussion
The comparison of ILM particle concentration to spot-test infectious titre revealed that within the Videodrop® 
detection range (from 1 × 108 to 1 × 1010 particles/mL), ILM assessed phage infectious titre with a consistent 
bias of 5% of log10-transformed values and, a good correlation (R2 > 0.97) with a particle-to-phage ratio of 3 
for purified and unpurified myovirus phage suspensions. This indicates that the infectious activity of phages 
can be assimilated to a colligative property of phage suspensions. The phage-particle ratio might be explained 
by (i) the persistence of non-infectious colloidal particles in the purified sample (e.g., empty phage capsids or 
altered phage fibres), (ii) the inability of titration to detect all active particles (e.g., phages reversibly aggregated), 

Fig. 3. (a) Purification process flowchart (partly created with BioRender.com). The phage lysate undergoes 
a frontal filtration, forming a production intermediate (PI), which is then tenfold diluted in PBS, forming a 
diluted PI (dPI), which enters tangential flow filtration (TFF) where the phage suspension is washed (wPI), 
then 10-time concentrated (cPI) and finally formulated (fPI) in PBS. (b) Particle concentration (yi) as a 
function of phage infectious titre (xi) during three replicates of purifications: (o) production intermediate, PI; 
(◇) diluted PI, dPI; (□) washed PI, wPI; (Δ) concentrated PI, cPI; (x) formulated PI, fPI. Each point is the 
mean value of three experimental measurements ± standard deviation. The dashed line represents the linear 
regression fitted to the experimental data set (overall N  = 15). Statistical analyses: Levene’s test (p = 0.08), 
paired t-test (t0.05,14 = 2.15), hypothesis test for the slope (tβ1 = 23.74), and hypothesis test for the intercept 
(tβ0 = 0.29).

 

Scientific Reports |        (2024) 14:31629 5| https://doi.org/10.1038/s41598-024-79478-w

www.nature.com/scientificreports/

The acidic condition demonstrated the highest level of detected aggregation (mean score: 2.6), followed by 
heating (mean score: 2.1), whereas the lowest levels of detected aggregation were observed during agitation 
(mean score: 1.5) and alkalinisation (mean score: 1.1).

ILM, directly imaging aggregates (Fig. 6), was rated with the highest score for detecting aggregates (mean 
score: 2.1), closely followed by electrophoretic mobility (mean score: 2.0) and DLS methods (mean score: 1.8). 
The UV/Vis-spectral method was the least efficient for detecting aggregates (mean score: 1.3).

Discussion
The comparison of ILM particle concentration to spot-test infectious titre revealed that within the Videodrop® 
detection range (from 1 × 108 to 1 × 1010 particles/mL), ILM assessed phage infectious titre with a consistent 
bias of 5% of log10-transformed values and, a good correlation (R2 > 0.97) with a particle-to-phage ratio of 3 
for purified and unpurified myovirus phage suspensions. This indicates that the infectious activity of phages 
can be assimilated to a colligative property of phage suspensions. The phage-particle ratio might be explained 
by (i) the persistence of non-infectious colloidal particles in the purified sample (e.g., empty phage capsids or 
altered phage fibres), (ii) the inability of titration to detect all active particles (e.g., phages reversibly aggregated), 

Fig. 3. (a) Purification process flowchart (partly created with BioRender.com). The phage lysate undergoes 
a frontal filtration, forming a production intermediate (PI), which is then tenfold diluted in PBS, forming a 
diluted PI (dPI), which enters tangential flow filtration (TFF) where the phage suspension is washed (wPI), 
then 10-time concentrated (cPI) and finally formulated (fPI) in PBS. (b) Particle concentration (yi) as a 
function of phage infectious titre (xi) during three replicates of purifications: (o) production intermediate, PI; 
(◇) diluted PI, dPI; (□) washed PI, wPI; (Δ) concentrated PI, cPI; (x) formulated PI, fPI. Each point is the 
mean value of three experimental measurements ± standard deviation. The dashed line represents the linear 
regression fitted to the experimental data set (overall N  = 15). Statistical analyses: Levene’s test (p = 0.08), 
paired t-test (t0.05,14 = 2.15), hypothesis test for the slope (tβ1 = 23.74), and hypothesis test for the intercept 
(tβ0 = 0.29).
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Fig: (A) Purification process flowchart. The phage lysate undergoes a frontal filtration, forming a production intermediate 
(PI), which is then tenfold diluted in PBS, forming a diluted PI (dPI), which enters tangential flow filtration (TFF) where 
the phage suspension is washed (wPI), then 10-time concentrated (cPI) and finally formulated (fPI) in PBS. (B) Particle 
concentration (yi) as a function of phage infectious titre (xi) during three replicates of purifications: (o) production 
intermediate, PI; (◊) diluted PI, dPI; ()) washed PI, wPI; (Δ) concentrated PI, cPI; (x) formulated PI, fPI. 

Here, the Videodrop was used as an in-process quality control for anti-Staphylococcus aureus 
myovirus phage production. In addition to its correlation with phage infectious titer and 
easiness to use, ILM was also found to be the best method to detect aggregates within phage 
suspension (a criterion for product quality).
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Enhancing natural killer cells proliferation and cytotoxicity using 
imidazole-based lipid nanoparticles encapsulating interleukin-2 mRNA, 
C. Delehedde et al., Mol. Ther. Nucleic Acids 2024

cells (approximately 75%) and mRNA translation (MFI of 800). The
impact of the nitrogen/phosphate (N/P) ratio on mRNA complexation
and on transfection efficiency was assessed. An N/P ratio of 1 was
enough to fully condensemRNA(Figure S1A).At this ratio, the percent-
age of transfected cells wasmaximum (Figure 2C). Note that an N/P ra-
tio of 3 results in a decrease in transfection efficiency (approximately
30%) associated with an increase in toxicity (approximately 20%).

Liposomes (iCD-Lip) and Lx (iCD-Lx) were stable over 8 weeks of
storage at 4�C in PBS as assessed by size and PDI measurements
(Figures 2D and 2E), with no significant differences in terms of trans-
fection efficiency for iCD-Lx stored at 4�C compared with freshly pre-
pared (Figure S1D). Moreover, when kept at 37�C iCD-Lx were rela-
tively stable in terms of size up to 10 h, either in the absence or in the
presence of serum (Figure S1B). The impact of cell density and
mRNA dose was checked. The optimal condition for NK-92 and
KHYG-1 cells transfection was 0.5 mg mRNA with a cell density of
4 � 105 cells/mL (Figure S1C).

Optimization of iD-LNP

As for Lx, we produced different LNP made with either the imidazole
ionizable lipid or Dlin-MC3-DMA for benchmark, combined
with different mixtures of helper lipids at an N/P of 10 or 20
(Table S2). All LNPs had a size that ranged between 80 and
100 nm with a high homogeneity (PDI <0.2), and a mRNA encapsu-
lation efficiency of approximately 90%. Transfection data obtained
with eGFP MNR (5-MoU) cap1 showed that, in contrast with our
ionizable lipid-LNP, MC3-LNPs were not effective to transfect
NK-92 cells after overnight incubation in a serum-free medium (Fig-
ure 3A). The best LNP was iD-LNP 19 made with 50% of our ioniz-
able lipid, 39% Sito, 10% Dioleoylphosphatidylethanolamine
(DOPE), and 1% DMG-PEG and N/P 20. This formulation, further
named iD-LNP, was able to transfect approximately 60% of NK-92
cells with the highest MFI. The size of this LNP is stable over 8 weeks
at 4�C, with only a slight PDI increase from 0.1 to 0.2 (Figure 3B).
When incubated at 37�C in the absence or presence of serum, no sig-
nificant change in size and PDI occurred up to 10 h (Figure 3C).

Figure 1. Development of lipid-based systems for mRNA delivery in NK cells

(A) Microfluidic formulation process of LNPs and liposomes, with handmade addition of mRNA to liposome leading to lipoplexes. (B) Schematic representation of lipoplex and

LNP composition.

www.moleculartherapy.org
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Fig S2: Morphology and concentration of mRNA formulations A) Morphological observations of 
iCD-Lip and iD-LNP by cryo-electron microscopy (Cryo-EM). B) Difference in the lipid and particle 
concentration of iD-LNP and iCD-Lx as measured by Videodrop® analysis, with calculated number 
of nanoparticles in the transfection conditions (for 0.5 µg of mRNA)
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of nanoparticles in the transfection conditions (for 0.5 µg of mRNA)
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Control production  
of LNP & Nanocarriers  
for nucleic acid delivery
Nucleic acid delivery has seen unprecedented applications, ranging from vaccination to cell and 
gene therapy. The increasing use of lipid nanoparticles, liposomes, and other nanocomplexes for 
therapeutic purposes necessitates the development of new analytical strategies.

HOW CAN VIDEODROP ENHANCE YOUR RESEARCH?

• Monitor the output of LNP/Liposome generation
• Assess product stability during storage
• Control product particle concentration before injection

Fig: (A) Microfluidic formulation process of LNPs and liposomes, with handmade addition of mRNA to liposome 
leading to lipoplexes. (B) Morphological observations of iCD-Lip and iD-LNP by cryo-electron microscopy (Cryo-EM). 
(C) Difference in the lipid and particle concentration of iD-LNP and iCD-Lx as measured by Videodrop analysis, with 
calculated number of nanoparticles in the transfection conditions (for 0.5 μg of mRNA).

Here, the LNP concentration, as measured by Videodrop, was used to normalize cell-based 
assays (e.g., transfection activity) based on the number of nanoparticles. This novel approach, 
utilizing particle concentration, enables efficient comparative studies of LNPs.
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Combining antimiR-25 and cGAMP Nanocomplexes Enhances Immune 
Responses via M2 Macrophage Reprogramming, M. Petrovic et al., Int J Mol 
Sci 2024
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Figure 4. Storage stability (a) zeta potential and (b) size of antimiR-25 NCs measured by NTA and 
DLS at day 0 and 7 and 1 month or lyophilized. Data are presented as the mean ± SD of three 
independent experiments and comparisons were made using a 2-way ANOVA. * p < 0.05, ** p < 
0.005, and **** p < 0.0001, ns means statistically non-signicant. 

Overall, the results on the stability of antimiR-25 NCs (PG3-antimiR-25 at N/P 2/1 
ratio) provide insights into product optimization, particularly the influence of pH and 
temperature. Since size and EE are not influenced by pH variation from 4 to 6, PG3 2/1 
NCs were relatively stable in the selected pH range of interest. Regarding temperature 
stability, size did not increase significantly when temperature gradually increased from 
25 °C to 37 °C. To summarize, antimiR-25 NCs were quite resistant to different pH values 
(4–6) and temperature (25–37 °C). NCs subjected to freeze drying were comparable to the 
freshly prepared particles. Nevertheless, stability upon storage should be further 
investigated with the use of different cryoprotectants or by using lower freezing rates 
[25,26] to yield better results. 

2.2. The antimiR-25 NC Interactions with Transferrin 
To predict the targeting and penetration of the BBB, we explored the interactions of 

antimiR-25 NCs with a selected serum protein, transferrin (Tf). In the prospect of targeting 
GBM, we speculate that transferrin receptor-mediated transcytosis (RMT) could facilitate 
BBB passage. Human holo-transferrin (HTF) affinity was measured by a spectroscopic 
analysis of the HTF binding isotherm with antimiR-25-loaded PAMAM. The measured 
Ka between antimiR-25 NCs (N/P ratio 2/1) and HTF was 2.54 × 107 M−1 (Figure 5c), which 
was greater than the typical binding constants found in the literature for fourth-
generation unmodified PAMAM binding with proteins such as albumin (1.4 × 105 M−1) 
[27–29]. PG3 complexation with antimiR-25 on top of PAMAM’s glucoronation might be 
the explanation for the observed Ka values. To confirm those findings, Videodrop NC size 
examination was performed as a live-time size-tracking technique. Nanocomplexes alone 
exhibited a relatively monodispersed size distribution with a peak around 100 nm (Figure 
5a), indicating a uniform particle nature. In contrast, mixed antimiR-25 NC-HTF samples 
(Figure 5b) showed a broader size distribution with a peak around 300 nm, suggesting 
increased inter-particle interactions. More dispersed size distribution implies that HFT 
might coat antimiR-25 NCs to varying extents in accordance with the tracked particle 
sizes. 

 

Figure 4. Storage stability (a) zeta potential and (b) size of antimiR-25 NCs measured by NTA and
DLS at day 0 and 7 and 1 month or lyophilized. Data are presented as the mean ± SD of three
independent experiments and comparisons were made using a 2-way ANOVA. * p < 0.05, ** p < 0.005,
and **** p < 0.0001, ns means statistically non-significant.

2.2. The antimiR-25 NC Interactions with Transferrin

To predict the targeting and penetration of the BBB, we explored the interactions of
antimiR-25 NCs with a selected serum protein, transferrin (Tf). In the prospect of targeting
GBM, we speculate that transferrin receptor-mediated transcytosis (RMT) could facilitate
BBB passage. Human holo-transferrin (HTF) affinity was measured by a spectroscopic
analysis of the HTF binding isotherm with antimiR-25-loaded PAMAM. The measured Ka
between antimiR-25 NCs (N/P ratio 2/1) and HTF was 2.54 × 107 M−1 (Figure 5c), which
was greater than the typical binding constants found in the literature for fourth-generation
unmodified PAMAM binding with proteins such as albumin (1.4 × 105 M−1) [27–29]. PG3
complexation with antimiR-25 on top of PAMAM’s glucoronation might be the explanation
for the observed Ka values. To confirm those findings, Videodrop NC size examination
was performed as a live-time size-tracking technique. Nanocomplexes alone exhibited
a relatively monodispersed size distribution with a peak around 100 nm (Figure 5a),
indicating a uniform particle nature. In contrast, mixed antimiR-25 NC-HTF samples
(Figure 5b) showed a broader size distribution with a peak around 300 nm, suggesting
increased inter-particle interactions. More dispersed size distribution implies that HFT
might coat antimiR-25 NCs to varying extents in accordance with the tracked particle sizes.
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Figure 5. The antimiR-25 NCs’ interactions with transferrin. The Videodrop image capture and 
graphical representation of antimiR-25 NCs (a) and antimiR-25 NCs mixed with 0.28 mg/mL human 
holo-transferrin (HTF) (b); (c) binding affinity calculation between antimiR-25 NCs. 

2.3. cGAS-STING Pathway Activation 
To directly trigger the cGAS-STING pathway and stimulate a macrophage 

polarization shift from the M2 to M1 phenotype, we physically combined antimiR-25 NCs 
with cGAMP NCs to study their joint properties in vitro on murine BMDMs exposed to 
hypoxic GBM-derived EVs and incubated at different oxygen levels, mimicking the GBM 
To assess the effect of antimiR-25 (a negative regulator of miR-25) NCs and cGAMP (a 
STING pathway activator) NCs on cGAS-STING pathway activation and macrophage 
polarization status, we conducted the following analyses: 

(i) Measurement of IFN-β levels in macrophages treated with increasing 
concentrations of cGAMP and antimiR-25 NCs (Figure 6); 

(ii) Analysis of the expression levels of selected macrophage signature genes in 
macrophages treated with single or combined NCs under hypoxic (1% O₂) or normoxic 
(21% O₂) conditions (Figures 7 and 8, respectively); and 

(iii) Measurement of IFN-β levels in M0 and M2 polarized macrophages treated with 
cGAMP NCs and antimiR-25 NCs to investigate potential synergistic effects between 
cGAMP and antimiR-25 (Figure 9). 

We used macrophages polarized toward M0 or M2, treated for 24 h under 1%, 5%, or 
21% O2. These oxygen concentrations were selected to mimic hypoxic tumor zones (1% 
O2), physioxic brain conditions (5% O2), and standard laboratory conditions (21% O2). This 
short-term deprivation of O2 is sufficient to induce most HIF-dependent adaptations in 
macrophage function, but it is possible that longer-term hypoxia in vivo would amplify 
the changes. 

2.3.1. IFN-β Secretion Levels from Unpolarized M0 and M2-Polarized BMDMs Treated 
with antimiR-25 NCs and cGAMP NCs 

We previously demonstrated the major impact of cGAMP NCs (cGAMP complexed 
with PG3) in STING pathway activation, which was indirectly monitored via IFN-β 

Figure 5. The antimiR-25 NCs’ interactions with transferrin. The Videodrop image capture and
graphical representation of antimiR-25 NCs (a) and antimiR-25 NCs mixed with 0.28 mg/mL human
holo-transferrin (HTF) (b); (c) binding affinity calculation between antimiR-25 NCs.

Int. J. Mol. Sci. 2024, 25, 12787 7 of 18
Int. J. Mol. Sci. 2024, 25, x FOR PEER REVIEW 7 of 19 
 

 

 
Figure 4. Storage stability (a) zeta potential and (b) size of antimiR-25 NCs measured by NTA and 
DLS at day 0 and 7 and 1 month or lyophilized. Data are presented as the mean ± SD of three 
independent experiments and comparisons were made using a 2-way ANOVA. * p < 0.05, ** p < 
0.005, and **** p < 0.0001, ns means statistically non-signicant. 

Overall, the results on the stability of antimiR-25 NCs (PG3-antimiR-25 at N/P 2/1 
ratio) provide insights into product optimization, particularly the influence of pH and 
temperature. Since size and EE are not influenced by pH variation from 4 to 6, PG3 2/1 
NCs were relatively stable in the selected pH range of interest. Regarding temperature 
stability, size did not increase significantly when temperature gradually increased from 
25 °C to 37 °C. To summarize, antimiR-25 NCs were quite resistant to different pH values 
(4–6) and temperature (25–37 °C). NCs subjected to freeze drying were comparable to the 
freshly prepared particles. Nevertheless, stability upon storage should be further 
investigated with the use of different cryoprotectants or by using lower freezing rates 
[25,26] to yield better results. 

2.2. The antimiR-25 NC Interactions with Transferrin 
To predict the targeting and penetration of the BBB, we explored the interactions of 

antimiR-25 NCs with a selected serum protein, transferrin (Tf). In the prospect of targeting 
GBM, we speculate that transferrin receptor-mediated transcytosis (RMT) could facilitate 
BBB passage. Human holo-transferrin (HTF) affinity was measured by a spectroscopic 
analysis of the HTF binding isotherm with antimiR-25-loaded PAMAM. The measured 
Ka between antimiR-25 NCs (N/P ratio 2/1) and HTF was 2.54 × 107 M−1 (Figure 5c), which 
was greater than the typical binding constants found in the literature for fourth-
generation unmodified PAMAM binding with proteins such as albumin (1.4 × 105 M−1) 
[27–29]. PG3 complexation with antimiR-25 on top of PAMAM’s glucoronation might be 
the explanation for the observed Ka values. To confirm those findings, Videodrop NC size 
examination was performed as a live-time size-tracking technique. Nanocomplexes alone 
exhibited a relatively monodispersed size distribution with a peak around 100 nm (Figure 
5a), indicating a uniform particle nature. In contrast, mixed antimiR-25 NC-HTF samples 
(Figure 5b) showed a broader size distribution with a peak around 300 nm, suggesting 
increased inter-particle interactions. More dispersed size distribution implies that HFT 
might coat antimiR-25 NCs to varying extents in accordance with the tracked particle 
sizes. 

 

Figure 4. Storage stability (a) zeta potential and (b) size of antimiR-25 NCs measured by NTA and
DLS at day 0 and 7 and 1 month or lyophilized. Data are presented as the mean ± SD of three
independent experiments and comparisons were made using a 2-way ANOVA. * p < 0.05, ** p < 0.005,
and **** p < 0.0001, ns means statistically non-significant.

2.2. The antimiR-25 NC Interactions with Transferrin

To predict the targeting and penetration of the BBB, we explored the interactions of
antimiR-25 NCs with a selected serum protein, transferrin (Tf). In the prospect of targeting
GBM, we speculate that transferrin receptor-mediated transcytosis (RMT) could facilitate
BBB passage. Human holo-transferrin (HTF) affinity was measured by a spectroscopic
analysis of the HTF binding isotherm with antimiR-25-loaded PAMAM. The measured Ka
between antimiR-25 NCs (N/P ratio 2/1) and HTF was 2.54 × 107 M−1 (Figure 5c), which
was greater than the typical binding constants found in the literature for fourth-generation
unmodified PAMAM binding with proteins such as albumin (1.4 × 105 M−1) [27–29]. PG3
complexation with antimiR-25 on top of PAMAM’s glucoronation might be the explanation
for the observed Ka values. To confirm those findings, Videodrop NC size examination
was performed as a live-time size-tracking technique. Nanocomplexes alone exhibited
a relatively monodispersed size distribution with a peak around 100 nm (Figure 5a),
indicating a uniform particle nature. In contrast, mixed antimiR-25 NC-HTF samples
(Figure 5b) showed a broader size distribution with a peak around 300 nm, suggesting
increased inter-particle interactions. More dispersed size distribution implies that HFT
might coat antimiR-25 NCs to varying extents in accordance with the tracked particle sizes.
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2.2. The antimiR-25 NC Interactions with Transferrin

To predict the targeting and penetration of the BBB, we explored the interactions of
antimiR-25 NCs with a selected serum protein, transferrin (Tf). In the prospect of targeting
GBM, we speculate that transferrin receptor-mediated transcytosis (RMT) could facilitate
BBB passage. Human holo-transferrin (HTF) affinity was measured by a spectroscopic
analysis of the HTF binding isotherm with antimiR-25-loaded PAMAM. The measured Ka
between antimiR-25 NCs (N/P ratio 2/1) and HTF was 2.54 × 107 M−1 (Figure 5c), which
was greater than the typical binding constants found in the literature for fourth-generation
unmodified PAMAM binding with proteins such as albumin (1.4 × 105 M−1) [27–29]. PG3
complexation with antimiR-25 on top of PAMAM’s glucoronation might be the explanation
for the observed Ka values. To confirm those findings, Videodrop NC size examination
was performed as a live-time size-tracking technique. Nanocomplexes alone exhibited
a relatively monodispersed size distribution with a peak around 100 nm (Figure 5a),
indicating a uniform particle nature. In contrast, mixed antimiR-25 NC-HTF samples
(Figure 5b) showed a broader size distribution with a peak around 300 nm, suggesting
increased inter-particle interactions. More dispersed size distribution implies that HFT
might coat antimiR-25 NCs to varying extents in accordance with the tracked particle sizes.
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2.2. The antimiR-25 NC Interactions with Transferrin

To predict the targeting and penetration of the BBB, we explored the interactions of
antimiR-25 NCs with a selected serum protein, transferrin (Tf). In the prospect of targeting
GBM, we speculate that transferrin receptor-mediated transcytosis (RMT) could facilitate
BBB passage. Human holo-transferrin (HTF) affinity was measured by a spectroscopic
analysis of the HTF binding isotherm with antimiR-25-loaded PAMAM. The measured Ka
between antimiR-25 NCs (N/P ratio 2/1) and HTF was 2.54 × 107 M−1 (Figure 5c), which
was greater than the typical binding constants found in the literature for fourth-generation
unmodified PAMAM binding with proteins such as albumin (1.4 × 105 M−1) [27–29]. PG3
complexation with antimiR-25 on top of PAMAM’s glucoronation might be the explanation
for the observed Ka values. To confirm those findings, Videodrop NC size examination
was performed as a live-time size-tracking technique. Nanocomplexes alone exhibited
a relatively monodispersed size distribution with a peak around 100 nm (Figure 5a),
indicating a uniform particle nature. In contrast, mixed antimiR-25 NC-HTF samples
(Figure 5b) showed a broader size distribution with a peak around 300 nm, suggesting
increased inter-particle interactions. More dispersed size distribution implies that HFT
might coat antimiR-25 NCs to varying extents in accordance with the tracked particle sizes.
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Investigating Extracellular Vesicles in Viscous Formulations: Interplay 
of Nanoparticle Tracking and Nanorheology via Interferometric Light 
Microscopy, L. Alexandre et al., Small Sci. 2024

coefficients and anomalous diffusion exponents was observed for
particles of all three sizes. Indeed, we observed a decrease in Dα

while α decreases. This correlation could be caused by a variabil-
ity of the behaviors around the diffusive one (α ¼ 1), as presented
on Figure S3, Supporting Information. Indeed, when looking
individual MSDs of particles on log–log scale, we observe similar
general behavior with a common crossing point for all MSD
(around t= 20ms for this condition). This means that the major-
ity of the MSD with α values slightly above 1 have a low Dα and
inversely.

In each condition and for each size of beads, the anomalous
diffusion exponent was close to 1 demonstrating movement very
close to purely diffusion motion and confirming the validity of
Stokes–Einstein equation for displaying the size distributions
of 80, 100, 200, and 300 nm (Figure 2H).

Based on the characterization of the instrument and under the
conditions where the Stokes–Einstein equation is valid (Figure 3,
step 1), ILM-NTA can be used to determine either the size dis-
tribution or the nanorheological properties of a matrix, as shown
in Figure 3. In this study, we will begin with a detailed examina-
tion of the ILM-NTA instrument to develop a pipeline for mea-
suring the nanoviscosity of both Newtonian and non-Newtonian
fluids using calibrated beads (Figure 3, step 2). Next, we will use

the measured local viscosity to determine the size distribution of
EVs within a complex matrix (Figure 3, step 3).

3.2. Matrix Viscosity Measurement Using Calibrated Particles
(Measurement of ɳ When Rh Is Known)

In the case of a previously characterized diffusive motion of par-
ticles at a constant temperature, the size measurement depends
solely on the dynamic viscosity of the liquid phase surrounding
the particles. This nanoscopic viscosity represents the local
viscosity experienced by the measured particles. While the
VideoDrop instrument is typically used to determine hydrody-
namic size given a known viscosity as done in Section 3.1 for
the calibration beads in water, it can also be used to determine
the local viscosity given a known hydrodynamic size of the par-
ticles. Indeed, when measuring the size distribution of particles
of calibrated size in a viscous liquid of unknown viscosity, a lin-
ear shift in the size distribution occurs. This shift can be com-
pensated when accounting for the viscosity of the liquid phase.
The viscosity value is thus adjusted in order to match the median
hydrodynamic diameter of calibrated nanoparticles to the one
measured with ILM in water (Figure 1E). This step relies on a

Figure 3. Description of the experimental workflow. The ILM instrument can be used for either size quantification or as a nanorheometer following two or
three steps. Step 1: To analyze a sample of particles in a complex matrix, we first analyzed their individual trajectories to obtain the corresponding MSDs.
By modeling each of these MSDs by a power law, we obtained the Dα and α coefficients, represented by heatmaps, as explained in Section 3.1. For α
coefficients close to 1, a condition that was confirmed in all experiments of this study, the Stokes–Einstein equation links the hydrodynamic size of each
particle to the viscosity of the medium. Step 2: ILM instrument can be used to measure nanorheological properties (viscosity) of an unknown matrix. (a)
We first determined the size distribution of probe particles (calibrated-size beads) in PBS. (b) Then the probe particle trajectories are analyzed in a matrix
of unknown viscosity checking the validity of Stokes–Einstein equation (Step 1). Then the viscosity is adjusted in the equation so that the size distribution
in this matrix of unknown viscosity matches the probe size distribution in PBS. This allows to determine the local viscosity of the matrix probed by
nanoparticles of defined size as described in Section 3.2. Step 3: The ILM method can be used to determine the size distribution of unknown particles
such as EVs, whose behavior can change depending on the matrix. We again checked the MSD and validity of Stokes–Einstein equation for the particles in
the matrix (Step 1) and then used the local viscosity of the matrix measured with probe beads of relevant sizes (Step 2) to deduce the size distribution of
the EVs in this matrix. If the EV size distribution is different from that measured in PBS, it gives information on the interactions between EVs and the
matrix as presented in Section 3.3.
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Figure 4. Validation of ILM as a nanorheometer in a Newtonian fluid, the glycerol. A) Representation of the mean of the fitted MSDs (�SEM) of each
200 nm particles in 7.5, 15, and 40% glycerol in blue and of the power law using the mean of the fitting parameter for each MSD in yellow.
B) Representation of the distribution of the diffusion coefficient Dα as a function of the anomalous exponent α for the 200 nm-diameter beads in
7.5, 15, and 40% glycerol. C) Representation of the size distributions deduced by ILM of 100, 200, and 300 nm-diameter beads in glycerol at 7.5, 15,
and 40%. D) Mean anomalous diffusion exponents for 100, 200, and 300 nm-diameter beads in glycerol at different concentrations (�SEM). E) Mean
local viscosity probed by the beads of 100, 200, and 300 nm-diameter beads (N> 680, 1170, and 990 respectively) and measured by ILM in different
concentrations of glycerol and comparison to the macroscopic viscosity measured with a clone-plate rheometer.
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Figure 5. Measurement in a non-Newtonian fluid, the poloxamer 407. A) Representation of the mean of the fittedMSDs (�SEM) of each 200 nm particles
in 0.94, 3.75, and 7.5% poloxamer 407 in blue and of the power law using the mean of the fitting parameter for each MSD in yellow. B) Representation of
the distribution of the diffusion coefficient Dα as a function of the anomalous exponent α for the 200 nm-diameter beads in 0.94, 3.75, and 7.5% polox-
amer 407. C) Representation of the size distributions deduced by ILM of 100, 200, and 300 nm-diameter beads in poloxamer 407 at 0.94, 3.75, and 7.5%.
D) Mean anomalous diffusion exponents for 100, 200, and 300 nm-diameter beads in poloxamer 407 at different concentrations (�SEM). E) Mean local
viscosity probed by the beads of 100, 200, and 300 nm-diameter beads (N> 1090, 1450, and 1420 respectively) and measured by ILM in different con-
centrations of poloxamer 407 and comparison to the macroscopic viscosity measured with a clone-plate rheometer.
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12      Videodrop Insights

Characterize nanoparticles  
in viscous samples
Characterizing nanoparticles (e.g., EVs, LNPs, nanocrystals) in viscous pharmaceutical formulations 
remains challenging due to the difficulty in effectively utilizing standard detection technologies 
like flow cytometry or NTA.

HOW CAN VIDEODROP ENHANCE YOUR RESEARCH?

• Investigate formulation viscosity
• Analyze particles within characterized viscous formulations

Fig :Description of the experimental workflow

Fig: Mean local viscosity in different concentrations of glycerol (A) and poloxamer407 (B) probed by the beads of 
100/200/300nm-diameter beads and comparison to the macroscopic viscosity measured with a clone-plate rheometer.
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diffusion exponent centered around 1, in agreement with a purely
diffusive regime. However, when embedded in poloxamer, the
value of Dα for EVs is significantly reduced, indicating a decrease
in diffusion rate. Despite this, the anomalous diffusion exponent
remains close to 1, suggesting that EVs still undergo randomwalk
diffusion in 7.5% poloxamer formulation (at an average temper-
ature of 24 °C), albeit in a high-viscosity medium.

Relying on an anomalous diffusion exponent close to 1, the
size distribution of EVs could be derived according to the
Stokes–Einstein equation in both PBS and poloxamer formula-
tions (Figure 7E). The local viscosity was set to that of water for
PBS formulation, while we leveraged the former analysis of local
viscosity found in 7.5% poloxamer with beads of 200 nm (see
Section 3.2) to derive the size distribution of biological particles
(EVs) in the poloxamer formulation. This choice was motivated
by the size distribution of EVs in PBS, which is centered around

200 nm resembling the size distribution measuring for bead of
200 nm, but with a larger distribution due to the intrinsic EV size
heterogeneity. Interestingly, we observed in Figure 7E that the
size distribution of EVs in 7.5% poloxamer formulation is signif-
icantly modified compared to PBS with an increase in both the
mean and median size of the EVs along with a broader size dis-
tribution. This observation was consistent between the three
independent productions of EVs as shown in Figure S9,
Supporting Information. In comparison, the size distributions
of 200 nm beads are comparable in PBS and 7.5% poloxamer for-
mulation. Altogether, in the observed decrease in the diffusion
coefficients of EVs in comparison to 200 nm beads in poloxamer
formulation as well as the broadening and slight shift of the size
distribution of EVs in poloxamer compared to PBS, both suggest
significant interactions between the poloxamer and EVs that are
not experienced by the PS beads.

Figure 7. Characterization of EVs in 7.5% poloxamer 407 compared to PBS formulation. A) Representation of themean of the fittedMSDs (�SEM) of EVs
from hADSC cells in PBS (blue) and 7.5% poloxamer 407 (orange) and of the power law using the mean of the fitting parameters for each MSD in yellow.
B) Representation of the distribution of the diffusion coefficient Dα as a function of the anomalous exponent α for the EVs in PBS (blue) and 7.5%
poloxamer 407 (orange) (N= 3113 and 3156, respectively). C) Comparison of the anomalous diffusion exponent and the diffusion coefficient of 200 nm-
diameter beads and EVs in poloxamer 407 at 7.5%. D) Display of the size distribution of 200 nm-diameter beads measured by ILM in PBS (blue) and 7.5%
poloxamer 407 (orange). E) Display of the size distribution of EVs measured by ILM on PBS (blue) and 7.5% poloxamer 407 (orange). CryoEM images of
EVs from hADSC cells F) in PBS (blue frame) and G) in 7.5% poloxamer 407 (orange frame). White arrows are pointing at identified areas of tension on
the membrane of EVs.

www.advancedsciencenews.com www.small-science-journal.com

Small Sci. 2025, 5, 2400319 2400319 (12 of 16) © 2024 The Author(s). Small Science published by Wiley-VCH GmbH

 26884046, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

sc.202400319 by C
ochrane France, W

iley O
nline Library on [29/04/2025]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

Videodrop Insights      13 

Fig: Display of the size distribution of EVs measured by ILM on PBS (blue) and 7.5% poloxamer 407 (orange).

Here, a straightforward approach was introduced for the study of nanoparticles within viscous 
Newtonian and non-Newtonian complex fluids. This innovative methodology establishes 
Videodrop as an essential tool for the characterization of nanoparticles in pharmaceutical 
formulations, including those formulated as hydrogels or highly viscous fluids.

V



Assessment of Extracellular Particles Directly in Diluted Plasma and 
Blood by Interferometric Light Microscopy. A Study of 613 Human and 
163 Canine Samples, B. Korenjak et al., Cells 2024

Cells 2024, 13, 2054 7 of 21

indicated larger EPs in blood than in plasma (Figure 1e,f). We found a statistically highly
significant correlation between n in plasma and in blood in human (Figure 1h) but not in
the dog (Figure 1i).
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Figure 2. (a) Scanning electron micrograph of the canine plasma showing EPs (white arrow) and 
platelets (white triangle); (b) cryogenic transmission electron micrograph of EPs isolated from hu-
man plasma showing membrane-enclosed vesicles of various sizes (dashed white arrow points to a 
large vesicle, and black arrows point to smaller vesicles) and molecular complexes (white arrows); 
(c) correlation between Dh and the width of the distribution W for all analyzed samples (full circles: 
plasma; empty circles: blood); (d–g) examples of ILM results of human plasma and blood and of 
canine plasma and blood showing the distribution over Dh and displaying the detected particles 
(orange circles). 

4. Discussion 
4.1. Need of Sufficient Population Size for Translational Medicine 

EPs derived from blood are of the utmost interest for diagnostics, monitoring, and 
therapeutics, as they may travel via circulation and reach areas that are not directly acces-
sible in an intact body. Since Wolf (1967) indicated their important biological role [1], EPs 
have been the subject of extensive study [2–4]. However, in spite of their potential involve-
ment in basic cellular processes and the vast amount of accumulated data, to the best of 
our knowledge, methods based on blood-derived EPs have not yet made a breakthrough 
into everyday clinical practice. This proves that translation of basic EV research into clin-
ical practice is a challenging task [5,39]. 

In analyses of small populations, it is questionable whether the cases are representa-
tive and whether the results are based on differences between the populations or on the 
noise caused by the limitations of the methods. Clinical studies involving EPs are often 
limited by a relatively small number of cases reecting lengthy and/or sophisticated har-

Figure 2. (a) Scanning electron micrograph of the canine plasma showing EPs (white arrow) and
platelets (white triangle); (b) cryogenic transmission electron micrograph of EPs isolated from human
plasma showing membrane-enclosed vesicles of various sizes (dashed white arrow points to a
large vesicle, and black arrows point to smaller vesicles) and molecular complexes (white arrows);
(c) correlation between Dh and the width of the distribution W for all analyzed samples (full circles:
plasma; empty circles: blood); (d–g) examples of ILM results of human plasma and blood and of
canine plasma and blood showing the distribution over Dh and displaying the detected particles
(orange circles).

The Pearson coefficients of the various correlations are presented in Table 1. It can
be seen that all correlations, but correlation between n in the canine plasma and n in the
canine blood, were highly statistically significant (p < 10−4). The strongest correlations
were found for the human plasma between the two anticoagulants in n (r = 0.94; Table 1
and Figure 1g) and Dh (r = 0.77; Table 1 and Figure 1d), as well as between n in human
plasma and blood with EDTA anticoagulant (r = 0.81; Table 1 and Figure 1h). It can be seen
that the Pearson coefficients could reach values higher than 0.9, which sets a high standard
for the achievable level of quality for assessments via ILM.

We considered (see Section 4: Discussion) that the steep increase in Dh with a decrease
in n at low n is partly an artifact. In a further statistical analysis, we therefore placed
confidence in the results for the region of n where Dh had saturated and assumed that the
Dh values of a great majority of EPs in vivo are smaller than 250 nm. Because of the above
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platelets (white triangle); (b) cryogenic transmission electron micrograph of EPs isolated from human
plasma showing membrane-enclosed vesicles of various sizes (dashed white arrow points to a
large vesicle, and black arrows point to smaller vesicles) and molecular complexes (white arrows);
(c) correlation between Dh and the width of the distribution W for all analyzed samples (full circles:
plasma; empty circles: blood); (d–g) examples of ILM results of human plasma and blood and of
canine plasma and blood showing the distribution over Dh and displaying the detected particles
(orange circles).

The Pearson coefficients of the various correlations are presented in Table 1. It can
be seen that all correlations, but correlation between n in the canine plasma and n in the
canine blood, were highly statistically significant (p < 10−4). The strongest correlations
were found for the human plasma between the two anticoagulants in n (r = 0.94; Table 1
and Figure 1g) and Dh (r = 0.77; Table 1 and Figure 1d), as well as between n in human
plasma and blood with EDTA anticoagulant (r = 0.81; Table 1 and Figure 1h). It can be seen
that the Pearson coefficients could reach values higher than 0.9, which sets a high standard
for the achievable level of quality for assessments via ILM.

We considered (see Section 4: Discussion) that the steep increase in Dh with a decrease
in n at low n is partly an artifact. In a further statistical analysis, we therefore placed
confidence in the results for the region of n where Dh had saturated and assumed that the
Dh values of a great majority of EPs in vivo are smaller than 250 nm. Because of the above
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Study raw samples
Studying extracellular vesicles (EVs) from complex samples like plasma, urine, other bodily fluids, 
and cell cultures presents several challenges, particularly concerning the reproducibility of their 
isolation and extraction. One strategy to minimize this variability is to bypass the isolation step 
and directly analyze raw samples.

HOW CAN VIDEODROP ENHANCE YOUR RESEARCH?

• Analyse raw biological samples without isolation/purification

Fig. (A) Scanning electron micrograph of the canine plasma 
showing EPs (white arrow) and platelets (white triangle); (B) 
cryogenic transmission electron micrograph of EPs isolated 
from human plasma showing membrane-enclosed vesicles 
of various sizes (dashed white arrow points to a large vesicle, 
and black arrows point to smaller vesicles) and molecular 
complexes (white arrows); (C) correlation between Dh and 
the width of the distribution W for all analyzed samples (full 
circles: plasma; empty circles: blood)

Here, Videodrop was used to assess nanoparticle size distribution in raw blood and plasma 
samples, bypassing any EV purification step to minimize processing artifacts.V
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Short Term Effect of Plant Hybridosomes on Growth of Phaeo-dactylum 
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Figure 1. A: SEM images of Microalgae Phaeodactylum tricornutum, B: SEM image of SCPs in conditioned media of Phaeodactylum 
tricornutum, C: Cryo-TEM image of hybridosomes composed of lecithin, supernatant after 300 g centrifugation of spruce needles 
homogenate and glycerol, D: Cryo-TEM image of liposomes composed of soya lecithin, water and glycerol. A,B: From C: From Jeran 
et al., (2023). D: From Romolo et al., (2022).   

Addition of liposomes to the culture of Phaeodactylum tricornutum caused a short-term in-
crease of the number density of microalgae (Figure 2A) as it can be seen in Figure 2A that 
the number density of microalgae has increased considerably with respect to the baseline 
the first two days after the addition of hybridosomes to the culture. Hybridosomes of bolth 
types also showed increase after two days while the number density remained more or 
less constant in the control samples (Figure 2A). In the following days, the number densties 
of the microalgae in all the samples were unified. A possible reason for this is the presence 
of small microorganisms in the samples which were visible under the light microscope. A 
fibrous network with dilatations was noted, however, these organisms did not swim. 
Number density of small particles was considerably higher in the samples with added lip-
osomes and hybridosomes than in the control samples (Figure 2B). The number densities 
of SPs remained constant during the experiment (green curve in Figure 2B).    
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Figure 2. Number density of microalgae (A) and small particles (SPs) (B) in dependence on time. Magenta: samples 
with added hemp hybridosomes, blue: sample with added spruce hybridosomes, black: samples with added lipo-
somes, green: control samples.  

Average hydrodynamic diameters of small particles in the samples were different (Figure 
3). In the amples with more numerous particles the particles had larger Dh. The Pearson 
coefficient of the correlation taking into account 20 samples was 0.62 with probability 
0.0046.    

 

Figure 3. Hydrodynamic diameter of small particles (SPs) in the samples of microalgae with added hybridosomes. 
Magenta: samples with added hemp hybridosomes, blue: sample with added spruce hybridosomes, black: samples 
with added liposomes, green: control samples.  

 
4. Discussion 
 
We have observed the effect of added liposomes and hybidosomes on the growth of Phae-
odactylum tricornutum in culture. We found that the addition of hybridosomes promoted 
the growth of microalgae in the first two days. The results indicate that the effect was larger 
if the initial number density of the added particles was larger (Figure 2). Microalgae were 
found a convenient culture to study the in-vivo effects as the test samples showed consid-
erable difference with respect to the control (untreated) samples in the interval of one day. 
The microalgae growth was hindered after two days day as they and the accompanying 
microorganisms have became overcrowded in the Petri dishes. In the next experiments, 
larger dishes should be provided to allow for the expansion of all organisms in the samples 
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Fig. (A) SEM images of Microalgae Phaeodactylum tricornutum, (B) SEM image of SCPs in conditioned media of 
Phaeodactylum tricornutum. (C) Number density of small particles (SPs) in dependence on time. (D) Hydrodynamic 
diameter of small particles (SPs) in the samples of microalgae with added hybridosomes. 
Legend: Magenta: samples with added hemp hybridosomes, blue: sample with added spruce hybridosomes, black: 
samples with added liposomes, green: control samples.

Microalgae are a focus of extensive study due to their abundance and capacity to generate 
extracellular vesicles cost-effectively. In this particular study, nanoparticles from culture 
supernatant were directly analyzed without any isolation step. Both studies highlight 
Videodrop’s capacity to analyze raw samples without isolation or purification steps, valuable 
for bioproduction or clinical biological sample analysis.
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