April 30, 2021
Dear Editor: 
We would like to thank the reviewers for their comments and suggestions on our manuscript titled “Uptake of fluorescent labeled small extracellular vesicles in vitro and in spinal cord”. 
The attached manuscript has been revised to incorporate the reviewers’ recommendations. We have addressed the concerns raised by the reviewers, and we have provided answers to the questions raised (please see below) and how they have been addressed in the manuscript.
We have carefully and completely addressed the reviewers’ concerns and hope you will agree the manuscript is now suitable for publication in your journal.
Thank you very much.
Sincerely yours,
Seena Ajit

Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Done
2. Please expand all abbreviations during the first-time use.
Done
3. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points
Done
4. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
We have now moved the ethics statement immediately before the steps using mice.
5. We cannot have paragraph of texts in the protocol section. Please either make numbered action step or convert to a note.
Done
6. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Sorvall RC-5C Plus centrifuge (Sorvall), Sorvall SA-600, Optima XPN-80 ultracentrifuge, Malvern Instruments, NanoSight NTA 3.2 software, Santa Cruz, Abcam, Cell signaling, FluorChem M, ProteinSimple, Whatman NO. 1, Invitrogen, Wako Chemicals, etc.
We have deleted trademark symbols etc.
7. Please revise the following lines to avoid overlap with previously published work: 85-87, 90-92, 143-146, 152-155, 159-163, 167-177, 407-411
We have modified the lines mentioned above. 
8. Please do not use personal pronouns in the protocol text.
Checked.
9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? This can be done by including mechanical actions, button clicks in the software, etc.
We have modified the text.
10. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Done
11. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
We do not have any figures from previous publications.
12. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
We have tried to cover these as appropriate for this protocol.
13. Please combine all panels of one figure into a single image file. Please upload high-resolution images.
Since we are unable to combine multipanel figures, we have now included them as separate figures (Fig 4a, 4b and4c are now 4, 5 and 6 in high resolution).
14. Please sort the materials table in alphabetical order.
Done

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The authors present an interesting work, most of the paper is clear and well-presented, however, I have some criticisms as detailed below.
We thank the Reviewer for taking the time to evaluate our manuscript.

Major Concerns:
- In the summary section, the authors claim that "we describe a protocol to label macrophage-derived small extracellular vesicles (sEVs) with PKH dyes....", however, the same protocol is reported in several papers, even if it is applied to other cells type. Moreover, the authors should improve the description of the above -mentioned protocol; they claim that vesicles were labelled and then washed twice in PBS, it is not clear how this wash was performed.
We agree with the reviewer that this protocol is described in other papers. Here, we tried to optimize the dose and time required for the visualization of the labelled vesicles in spinal cord along with some of the appropriate controls. 
We have now modified the labelling protocol to clarify the PBS wash.
“3.5.	Centrifuge 1 h at 110,000 x g at 4 °C. Discard the supernatant, resuspend the pellet in 2 mL PBS and centrifuge 1 h at 110,000 x g at 4 °C. Repeat the wash with PBS and resuspend the labeled sEVs or dye control in PBS.”

Minor Concerns:
- The authors used two types of dyes: PKH26 (red) and/or PKH67 (green), and two types of secondary antibodies: alexa fluor 488 (green) and alexa fluor 594 (red). However, in the figures, they showed only green staining for sEVs and red staining for cells. Further justification/details of this part are needed.
We used two types of dyes: PKH26 (red) and/or PKH67 (green). Alexa Fluor 488 was used when sEVs were labeled with PKH26, while Alexa Fluor 594 was used along with PKH67-labeled sEVs. However, for ease of visualization, we used pseudo-colors and showed sEVs in green and cells in red consistently throughout the manuscript. We have specified the Alexa Fluor conjugated secondary antibodies we used in all figure legends.

- In the western blot paragraph, it should be mentioned the cells used for this experiment (RAW 246.7). Additionally, how many cells were lysed? At point 2.2.4, it is stated that "Mix the same amount of sEVs, cell lysate, and exosome depleted media…". This concept is ambiguous. How many ug of protein were used? How did the authors quantify exosome depleted media? Please, described this in more detail.
We have now added additional details in the protocol describing sample preparation and protein quantification (point 2.2.2, 2.2.3, 2.2.4, 2.2.5, 2.2.6).

2.2.2.	For cell lysate preparation, culture the RAW 264.7 cells in 75 cm2 flasks until 80–90% confluent. Detached the cells with 0.25% trypsin, neutralize with culture media and pellet by spinning at 400 x g for 5 min. Resuspend the cells in fresh growth medium.
2.2.3.	Count the cells using hemocytometer and take 1 x 106 cells. Wash the cells with PBS twice using the same centrifugation conditions as above and add 50 µl lysis buffer (RIPA buffer with protease inhibitor cocktail added) to the cell pellet from the final spin. 
2.2.4.	Vortex the cells and keep on ice for 20 min. Subject the mixture to centrifugation at 10,000 x g for 30 min at 4°C, collect the supernatant (i.e. the lysate) in fresh microcentrifuge tubes and keep at −80°C until use. 
2.2.5.	Concentrate 2 mL exosome depleted media to 100 µL using 3 kDa cutoff centrifugal filters before quantifying the protein amount. Mix sEVs with lysis buffer in 1:1 ratio, vortex for 30 s and incubate on ice for 15 min to quantify the protein quantity.
2.2.6.	Mix the same protein amounts (2 µg) of sEVs, RAW 264.7 cell lysate and exosome-depleted media with reducing sample buffer.

- In the section "in vivo uptake of sEVs", how many mice were used? What is "an equal volume of dye control?". Further justification/details of this part are needed.
[bookmark: _Hlk70602633]We have modified the protocol. Though we had 5-6 mice in each group, we show images from one mouse for each condition based on image resolution and clarity from multiple sections in each mouse. We have now added details of dye control preparation in step 3. Dye control is used as a control for non-specific dye uptake along with labelled sEVs.

- Lines 342-343: the dose-dependent increase of uptake is from 1 to 10 μg, not from 1 to 5 μg...
We have now corrected this. 

- Why the 1µg concentration was not inserted in figure 2C?
This is because we have already included the 1 µg time dependent uptake in figure 2A.

Reviewer #2:
Manuscript Summary:
In this work, the PKH dye labeling of macrophage small extracellular vesicles (sEVs) to study their uptake by different CNS cell types is examined. These types of studies have been published extensively, most frequently as a first part of papers showing the functional effect of sEV uptake in target cells. No novel protocols per se are shown, although a detailed workflow to fulfill the aim of the work may be useful.
We thank the Reviewer for the time and effort in reviewing our manuscript. 

We agree with the Reviewer that labeling of sEVs and uptake have been reported in literature. We believe our protocol will be beneficial for neuroscientists pursuing sEV studies in spinal cord, specifically in the context of pain, spinal cord injury etc. We are showing representative images after intrathecal injection of different concentrations of sEVs at multiple time intervals.

We were also concerned about the novelty of the methods other than what we mentioned above and had confirmed with the editor this is of interest to the journal when we submitted a preliminary abstract before working on this manuscript.

Major Concerns:
* These types of studies have been published extensively, most frequently as a first part of papers showing the functional effect of sEV uptake in target cells. Please cite these works.
We have now included additional citations shown below.
3 Dehghani, M. & Gaborski, T. R. Fluorescent labeling of extracellular vesicles. Methods Enzymol. 645 15-42, (2020).
4 González, M. I. et al. Covalently Labeled Fluorescent Exosomes for In Vitro and In Vivo Applications. Biomedicines. 9 (1), (2021).
5 Chuo, S. T.-Y., Chien, J. C.-Y. & Lai, C. P.-K. Imaging extracellular vesicles: current and emerging methods. Journal of Biomedical Science. 25 (1), 91, (2018).
6 van der Vlist, E. J., Nolte-'t Hoen, E. N. M., Stoorvogel, W., Arkesteijn, G. J. A. & Wauben, M. H. M. Fluorescent labeling of nano-sized vesicles released by cells and subsequent quantitative and qualitative analysis by high-resolution flow cytometry. Nat Protoc. 7 (7), 1311-1326, (2012).
7 Hoshino, A. et al. Tumour exosome integrins determine organotropic metastasis. Nature. 527 (7578), 329-335, (2015).
11 Wiklander, O. P. B. et al. Extracellular vesicle in vivo biodistribution is determined by cell source, route of administration and targeting. J Extracell Vesicles. 4 26316-26316, (2015).
24 Hoen, E. N. M. N.-t. et al. Quantitative and qualitative flow cytometric analysis of nanosized cell-derived membrane vesicles. Nanomedicine: Nanotechnology, Biology and Medicine. 8 (5), 712-720, (2012).
25 Gangadaran, P., Hong, C. M. & Ahn, B.-C. An Update on in Vivo Imaging of Extracellular Vesicles as Drug Delivery Vehicles. Frontiers in Pharmacology. 9 (169), (2018).
29 Pužar Dominkuš, P. et al. PKH26 labeling of extracellular vesicles: Characterization and cellular internalization of contaminating PKH26 nanoparticles. Biochim Biophys Acta Biomembr. 1860 (6), 1350-1361, (2018).
30 Dehghani, M., Gulvin, S. M., Flax, J. & Gaborski, T. R. Systematic Evaluation of PKH Labelling on Extracellular Vesicle Size by Nanoparticle Tracking Analysis. Sci Rep. 10 (1), 9533, (2020).
31 Shimomura, T. et al. New Lipophilic Fluorescent Dyes for Labeling Extracellular Vesicles: Characterization and Monitoring of Cellular Uptake. Bioconjugate Chemistry. 32 (4), 680-684, (2021).

* It is uncertain whether sEVs or contaminant labelled membranes/lipophilic aggregates/vesicles were taken up by cells. This should be addressed, e.g. by performing a density gradient to separate small EVs according to their density and using these EVs. The distribution of the dye along the gradient could also be a useful indicator (E.G. Wiklander et al 2015). This is the main concern regarding the present work.
We agree that density gradient separation and dye distribution would be a more rigorous approach. 
We have previously reported functional changes in pain behavior in mice injected with 0.5 and 1 µg of these sEVs (McDonald et al., 2014, Jean-Toussaint et al., 2021) and in this protocol we focused on labeling of all small EVs using PKH and visualization for their time and dose dependent uptake in spinal cord using sEVs isolated by the same method. 
We have now acknowledged limitations of our method by including the following in the discussion: 
“An important limitation reported for PKH labeling is that numerous PKH26 nanoparticles are formed during PKH26 dye labeling of sEVs. Though not included in our protocol, it is reported that PKH26 nanoparticles can be removed by sucrose gradient1. Another study evaluated the effect of PKH labelling on the size of sEVs by NTA and reported an increase in size following PKH labelling2.”

* It needs to be reported how many vesicles are used in the in vitro assays, e.g. number vesicles/cell in each case
We have determined that 1µg protein on average equals to ~ 1 x 109 particles. For Neuro-2A, we used 1, 5 and 10 µg vesicles per 10x104 cells in 12 wells. We performed the experiment in 12 well. We have now included this information in the manuscript. 
Please see Page 9

* How did you quantify sEV uptake? Or why didn´t the authors quantify sEV uptake, at least in cells? How many independent experiments were performed in each case?
Our goal was not to quantify but to use this an approach to confirm uptake by visualization. We observed that in spinal cord the distribution can differ between different sections in the same mouse and thus accurate quantification is difficult. 

We realize how the word “time and dose dependent” can be misleading. So, we have modified the abstract and deleted “time and dose dependent” from the manuscript to accurately reflect our intention in this manuscript is just for visualizing uptake.

Minor Concerns:
* The concept of exosomes vs small extracellular vesicles is sometimes confused. Small EVs can originate in MVBs but also at the plasma membrane. Instead, exosomes are defined by their exclusive biogenesis in MVB (e.g. Line 77-78, line 331-332). In consequence, both names cannot be interchanged: the sEV pellet after ultracentrifugation contains exosomes but also other small vesicle types
We agree with the Reviewer. However, when we cite published work, we tried to follow the terminology originally used by the authors in their publications. We didn’t want to change the term used in publications.

* How is the control used in sEV labeling (PBS-dye?)? Because after centrifugation, no pellet will remain. Specify the procedure. Please refer to supplementary figures for controls in figure legends or omit this result in the figure legend of individual figures (e.g. Negative control groups treated with PKH dye alone did not show sEV staining)
Yes, dye control is PBS-dye and procedure details are added in the labeling protocol. This control helps to see if there are any dye precipitates that can show false positive fluorescence signal. 

* What means 10% ketamine/xylazine? How much ketamine and how much xylazine?
We have modified it and now provide detailed explanation for clarity.  We now say  “After 6 and 18 h post injection of sEVs, deeply anesthetize mice by intraperitoneal injection of 100 mg/kg body weight for ketamine and 10 mg/kg body weight for xylazine..”

Reviewer #3:
Manuscript Summary:
The authors first sought to characterise the size and expression profiles of the EVs that they isolated from RAW 264.7 cells. They utilised nanoparticle tracking analysis (NTA) to determine the concentration and size distribution of the isolated particles. Western blotting was used to confirm the protein expression of sEV markers and transmission electron microscopy was used to visualise and measure the size of isolated vesicles. (Figure 1)
The author next sought to assess the effect of time and dose on the uptake of labelled sEVs in vitro (Neuro-2a cells and primary astrocytes).
In Neuro-2a cells they incubated cells with 1 ug of labelled EVs and measured uptake at 1, 4 and 24 hours respectively using immunofluorescence and confocal microscopy. Maximum uptake of EVs occurred at 1hr. (Figure 2A)
Additionally in Neuro-2a cells, they examined the effect of dose at the following concentrations 1ug, 5ug and 10ug of EVs for 1 hour. The authors report a dose dependent uptake from 1 to 5 ug. (Figure 2B)
Primary cortical astrocytes were incubated with 1 ug of labelled EVs at two time points, 1hr and 24 hrs, they observed maximal uptake EV uptake at 24 hrs. (Figure 3)
Finally, the authors examined the in vivo uptake of labelled EVs. Mice were intrathecally injected and uptake was assessed in neurons (MAP2 used as a marker), astrocytes (GFAP used as a marker) and microglia (IBA1 used as a marker) at 6 and 18 hrs post injection via immunohistochemistry and immunofluorescence. The authors report that all cells took up labelled EVs and maximal uptake was at 6hrs. (Figure 4)
We thank the Reviewer for the careful evaluation of our manuscript.

Major Concerns:
The study lacks context. Although the authors have mentioned the availability of other dyes, they have failed to highlight what are the advantages and disadvantages of this protocol compared to others? 
Where is the novelty/improvement? Although the study has some merit in portraying a new protocol for EV labelling and visualisation, the study is mostly qualitative rather than quantitative, thus leaving a doubt on the quality and the robustness of this protocol over others already available.
Our goal was to confirm sEV uptake in spinal cord using different concentrations and at different time points by visualization and not to quantify. We acknowledge the technique of sEV labeling itself is not novel, but this is meant to be a method for confirmation of sEV delivery and ability to visualize its presence in spinal cord after 6 and 18 hours. 
We have previously shown functional differences (attenuation of pain hypersensitivity using 0.5 µg (McDonald et al. 2014) and 1µg sEVs (Jean Toussaint et al. 2021) depending on the route on administration (intraplantar vs intrathecal). Thus, we are interested in visualizing sEVs at different time points in various cells. Though quantifying the uptake and correlating them to specific cell types will be interesting, it is beyond the scope of this manuscript.

Figure 1B. The CD81 western blot image is not convincing, a faint band is present in both EVs and cell lysate and the image is of poor quality. I have no doubt the authors have isolated EVs, but the image of that blot should be replaced with a better example or a different EV marker with higher expression or a stronger antibody signal
We have now replaced the CD81 western with a new figure.

Figures 2 and 4 need a higher magnification to be convincing. Also the panels in figure 2 have different dimensions.
We have now made the changes recommended by the Reviewer.

Figure 2B The authors claim a dose-dependent increase in EV uptake/fluorescence, but nothing has been quantified in this study. How can a dose-dependent increase be claimed or a maximum uptake without quantification? How many cells have the authors examined? What is the n number of the experiments?
In the in vivo study through intrathecal delivery, one would imagine that most EVs would remain trapped in the meninges, as viruses and cells do. Have the authors investigated this point? has any precaution been taken to avoid this pitfall?
We have now modified the abstract to say “We show uptake of different concentrations of labeled sEVs at multiple time points by Neuro-2a cells and primary astrocytes in vitro. We also show uptake of sEVs delivered intrathecally in mouse spinal cord neurons, astrocytes, and microglia visualized by confocal microscopy”. As mentioned earlier, we had 5-6 mice in each group, but chose to show images from one mouse for each condition based on image resolution and clarity from multiple sections in each mouse.

We did observe some trapping in meninges. We have now included the new figure in the supplementary figure 1C. 

Minor Concerns:
Figure 3. Line 344. The authors indicate that a similar pattern of uptake is observed in the astrocytes compared to Neuro-2a cells.
The sentence beginning on Line 346 contradicts the notion that a similar pattern is observed. The pattern observed in N2a cells being maximal uptake at 1hr, whilst maximal uptake within astrocytes occurred at 24 hrs.
I would advise the removal of the words 'similar uptake pattern in a time dependent manner' (Line 345).
We have removed this information as recommended by the reviewer. 

Part I of the protocol is missing indications of volumes, i.e. how much conditioned medium should be collected? how much PBS should be used to resuspend the pellet? Working with minute amounts of vesicles and proteins, one has to be precise in the dilutions performed.
We have now added details in section 1 as recommended by the reviewer. 
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