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Dear Editor: 

We thank you for taking the time to review our manuscript JoVE62447, originally titled "Novel nanoparticle tracking analysis technology and method for extracellular vesicle quantification and size determination.” We have addressed each of your comments (see below). All line references correspond to the PDF version of “JoVE62447_R1.pdf.” 

1. We have thoroughly checked the manuscript and there are no spelling or grammar issues that we are aware of. 

2. The abbreviations IACUC (line 120), IRB (line 121), PBS (line 239), and CCD (line 747) have been defined before use.

3. We have changed the title from “Novel nanoparticle tracking analysis technology and method for extracellular vesicle quantification and size determination” to “Nanoparticle tracking analysis for the quantification and size determination of extracellular vesicles.”
 
4. ‘µm’ and ‘s’ units have been corrected with a single space added between the quantity and its unit.

5. We have removed nearly all commercial language from the manuscript and figure/table legends, replacing “Viewsizer 3000” with “particle tracking instrument” where appropriate. We have also removed “ExoQuick ULTRA” and the catalog numbers of the polystyrene beads from the manuscript and added this to the Table of Materials.

We humbly request to use the term “ViewSizer 3000” (line 87, 839) at least once in the text, without mentioning the company name (which is referenced in the Table of Materials) and thereafter refer to this instrument only as the “particle tracking instrument.” There is a paucity of literature and resources using this instrument specifically; Thus, having the term appear in the text of the manuscript will help it appear in literature searches of researchers who are seeking guidance with this particular piece of equipment. By explicitly mentioning the instrument name, we aim to connect current researchers in the field using the ViewSizer 3000 and to build community around its use which will foster the development of best practices. We have seen other JoVE articles explicitly mention an instrument name (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4354536/). 

6. We have edited parts of the introduction, representative results, and discussion to avoid commercialization of the content. In lines 801-815, rather than make an effort to commercialize the instrument, we attempt to list specific advantages of the instrument/this method for NTA that would facilitate reproducibility of EV NTA measurements. Additionally, we reiterate to the editorial board that we have no conflicts of interest to disclose and our opinions on the use of this instrument, including advantages compared to similar instruments on the market that we have used, are our own. 

7. We have revised the text in the protocol to use the imperative tense in complete sentences wherever possible. Text that contained suggestions were moved to notes. 

8. We have edited the protocol section to avoid the use of personal pronouns and additionally have edited the manuscript to minimize the number of personal pronouns used throughout. 

9. We have moved the figure legends, table legends, and supplemental figure/table legends to after the representative results section as requested. 

10. We have removed all formatting from the tables. 


We have also individually responded to reviewers’ comments in the subsequent pages: 



Dear Reviewer #1:

We thank you for taking the time to review our manuscript. We agree that a successful EV isolation prior to any EV characterization is critical. We therefore have included the isolation of human plasma-derived EVs in the JoVE publication (lines 126-214) and will include this aspect of the protocol in the video as well. 

However, the inclusion of the protocol for EV isolation from mouse perigonadal adipose tissue would be too lengthy to include. Thus, to comply with article length requirements, we instead reference our article containing the protocol for the reader’s benefit and in the future plan to submit a separate JoVE manuscript specific to that protocol. 


Dear Reviewer #2: 

We thank you for taking the time to review our manuscript and for sharing your insight on the need for standardization of methods to improve reproducibility in the EV field. We agree that this manuscript would be more interesting and appeal to a wider audience if fluorescent NTA (fNTA) was demonstrated. 

While we have successfully measured fluorescently labelled EVs on the ViewSizer 3000 (mouse adipocyte EVs stained with a commercially available kit), our protocol is still being refined and thus we hesitate to include fNTA in this protocol. fNTA is still a relatively nascent technology and the specificity of commercially available kits to efficiently bind to intact EVs membranes is yet to be demonstrated. While this is outside the scope of this manuscript, in the future, when our protocol for fNTA is optimized, we plan to write another manuscript solely addressing fNTA. 

We agree with the reviewer that a thorough examination and understanding of fNTA parameters with some consensus on standardization is needed before labs commence with conducting and reporting results of fNTA analyses, and we thank the reviewer for this suggestion. 



Dear Reviewer #3:

We sincerely thank the reviewer for their thorough reading of the manuscript and sharing their substantial expertise in particle tracking analysis. 

We have responded to each of your comments, which has greatly improved the manuscript and will educate researchers in the field of extracellular vesicles on principles of particle tracking analysis. Our comments are in red. 

MAJOR COMMENTS
1. The authors write: "The intensity of the scattered light allows for detection of particles as low as 10 nm in diameter (50 nm in diameter for a polydisperse sample)". The aforementioned sentences are misleading, because the minimum detectable light scattering signal depends on the particle diameter and refractive index (and shape). Without a statement of the particle refractive index, the specified "measurement range of 10 nm to 15 µm" is not an objective definition of the limit of detection (LOD). Most likely, HORIBA tries to seduce their customers by specifying the LOD of the Viewsizer in terms of smallest detectable diameter of gold nanoparticles, which scatter light substantially more efficient than EVs due to a higher refractive index. Therefore, please omit aforementioned statements or express the LOD in terms of EV diameter by quantifying the signal to noise ratio and apply light scattering theory.

Indeed, we meant to indicate that the instrument’s LOD as low as 10 nm would be for measurement of monodisperse gold nanoparticles rather than biological EVs that have a lower refractive index and can now see that this sentence is misleading, especially given that the target audience of this paper is for researchers in the EV field. To address this, we have removed this statement from the text. 

2. The authors further write: "The limit of detection (LOD) also depends on sample composition, such that the sensitivity decreases with increasing polydispersity of the sample. For instance, when measuring a mixture, smaller components can be undetected because they are obscured by the scattered light of larger particles which can 'blind the detector.' Because most EV preps will be polydisperse in composition, researchers should be aware of the sample-dependent LODs of NTA that can impact the shape of the overall size distribution and exercise caution when interpreting results. However, the ViewSizer 3000 offers breakthrough improvements to address this limitation inherent to nanoparticle tracking technology.". In line with major comment 1, the quoted statements of the authors remain subjective because the LOD of the ViewSizer is unclear. Please omit aforementioned statements or quantify the LOD of the ViewSizer in terms of EV diameter.

To address both comments 1 and 2, we have omitted statements making claims about the LOD and instead state more generally in the discussion (lines 780-783 of the PDF proof) that the LOD will be sample-dependent. While we are not in a position to make definitive claims about the LOD for this instrument, we wish to make it clear to the reader to consider that a lack of knowledge of the LOD should impact their interpretation of results and that they should exercise caution when reporting results. Other articles in the literature, such as the article you pointed us to (https://onlinelibrary.wiley.com/doi/10.1002/jev2.12052), also note the sample-dependent particle diameter range that can be detected by NTA. 

3. Lifesciences face a reproducibility crisis. To prevent the field of EV from generating irreproducible data, please state explicitly which Viewsizer settings users should report to generate data that can be reproduced by colleagues in other labs.

We couldn’t agree more and have advised which settings should be reported in section 8.3 of the protocol. We have also highlighted this in the discussion (line 804-805).  

4. The authors write: "Increasing the power of the red laser (650 nm, long wavelength) increased the reported average 405 particle size from 175 to 246 nm, as larger particles scatter light in this wavelength very well". This statement is wrong. In this system, the wavelength and thus the scattering cross sections of the particles are static. The power of scattered light is the scattering cross section times the intensity of the incoming light, which is linearly proportional to the power of the red laser. Thus, increasing the power of the red laser increases the light scattered from all particles, small and large, proportionally. 

Thank you for pointing out our error and clarifying our understanding. We have corrected this statement. 

5. The authors suggest that "Researchers interested in microvesicles of larger sizes (e.g. 400-1000 nm) are encouraged to optimize the laser parameters using a polystyrene or silica bead standard" However, light scattering properties of EVs differ from solid polystyrene and silica beads, because EVs are core-shell particles with a high refractive index shell and a low refractive index core. Therefore, polystyrene and silica beads are not an appropriate model system to optimize settings of optical measurement techniques. Hollow organosilica beads would for example offer a better alternative to polystyrene and silica beads.

We thank the reviewer for this suggestion and have edited the text accordingly [line 580-583]. We have also added a reference (Varga et al., 2018, reference 30) that compares the light-scattering properties of polystyrene beads, silica beads, and hollow organosilica beads for the reader’s knowledge and benefit. 

However, given that (1) silica nanoparticles are much more readily available, and (2) they have a refractive index of approximately 1.43-1.46, close to the range of refractive indices reported in the literature for EVs (1.37-1.42), we mention in the text that silica is the best practical substitute for cases when researchers do not have access to hollow organosilica particles (https://onlinelibrary.wiley.com/doi/10.1002/jev2.12052).

This would be more acceptable in this scenario because unlike flow cytometry, the determined particle size is independent of the particle refractive index. The analyzer only uses particle motion, not scattered intensity, to extract particle diameter. The measured particle concentration, however, is a relatively weak function of the refractive index and therefore, while organosilica particles would be preferable to silica and polystyrene given that their refractive index is closer to the refractive index of EVs, silica is still a more suitable substitute than gold nanoparticles. 

6. Sizing techniques based on particle tracking analysis (PTA) techniques are known to provide accurate (measurement trueness) results for sizing monodisperse reference particles. However, PTA falls short regarding accuracy of concentration determination and precision (e.g. broadening of the measured size distribution) in general (https://doi.org/10.1002/jev2.12052). Concentration estimates by PTA are rather an order of magnitude guess (https://doi.org/10.1111/jth.12602). Similar to existing commercial PTA techniques, the Viewsizer determines the size of particles by measuring the diffusion coefficient and applying the Stokes-Einstein relation, so I suppose that the aforementioned statements about the limited accuracy and precision also apply to the Viewsizer. Please add quantitative statements about the accuracy and precision in determining the particle diameter and concentration with the Viewsizer, or if not available with a similar PTA method. 

Indeed, while this particle tracking instrument is also subject to more limited accuracy and precision with increasing sample polydispersity, it does offer an advantage to comparable NTA instruments because of the multiple light sources, allowing it to detect scattered light intensity produced by differently-sized nanoparticles coexisting in the same sample.

Regarding precision, our measurements of polystyrene bead standards reported a mean (standard deviation) size of 102 (17) nm with a coefficient of variation (CV) of 0.16 for 100 nm beads, compared to a CV of 1.4 on the NanoSight NS300 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6450530/#CIT0023), showing that at least for a monodisperse sample, the Viewsizer is more precise than a single-laser NTA instrument, with similar accuracy. 

We also measured the same four samples (each at three different dilutions) on the Viewsizer 3000 as well as the NanoSight NS300 and found that the Viewsizer reported more precise measures of particle size (mean, d10/d50/d90), as shown in the graphs below. We have included this as a supplemental figure. 

  
[image: ]


In terms of reported particle concentration, the CVs were significantly smaller for Viewsizer data compared to Nanosight (p=0.035). 

Furthermore, our measurements of the same sample at various dilutions (shown in Table 4 and Figure 8) show the Viewsizer’s accuracy, because the Viewsizer reported particle concentrations that scaled with the dilution factor as expected, even in a highly polydisperse biological EV sample. 

MINOR COMMENTS
1. Many published size distributions of EVs measured by NTA are based on tracking a few hundred particles only, resulting in artefactual spikes in the size distribution. Generally, I recommend people to track at least a few thousand particles to generate a size distribution of particles in biofluids. Although 50 videos of 10 seconds should generate statistically significant data, consider to add a statement about the minimum number of particles to track. 

We thank the reviewer for this comment and agree that, though it can be time-consuming, it is much better to base NTA measures on a few thousand particles rather than a few hundred. Our measurements with 25 videos (half of the number we recommend in this protocol) track 4390 total particles on average (4208 counts within range). We have included recommendations on the minimum number of particles to track in section 8.3.10 of the protocol.  

We sincerely thank the editor and reviewers for their comments, which have greatly improved the manuscript. We believe that this manuscript is appropriate for publication by the Journal of Visualized Experiments and that it will be of great interest to a wide readership. 

Sincerely, 
[image: ]
Nicole Comfort 
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