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May 1, 2020


JoVe Methods Collection invitation - FUS brain therapies

Dr Ronald Myers
JOVE


Dear Dr Ronald Myers, dear Dr Tao Sun,

Please find our updated version in track changes mode attached.
We have considered all comments and made all requested revisions.

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. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version. - done
2. Please use American English throughout. – all checked and corrected
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 rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …” - done
5. 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: Multisizer 4e, IsoFlow, paraffin film, Acuvette, Nanodrop, Philips Therapy and Imaging Probe System, Imaris, Vialmix Amalgamator, Licor Odyssey Fc infrared scanner, Beckman Multisizer 4e, BD, etc . - done
6. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” – done, in several instances the ‘Note’ option was used.
7. The Protocol should contain only action items that direct the reader to do something. - done
8. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step. - considered
9. Please ensure you answer the “how” question, i.e., how is the step performed? - considered
10. Please use complete sentences throughout. - considered
11. 2.10: How is this done? - edited
12. 4: Please include all the button clicks and knob turns in this case to show the action. – provided as detailed as possible
13. 10: Please include all the button clicks in the software to show how this is done. – provided as detailed as possible
14. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 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 - highlighted
15. Please ensure the result is described with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title. - done
16. 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].” – N.A. as no reuse
17. As we are a methods journal, please expand the Discussion to 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
- all done
18. Please do not abbreviate the journal titles in the references section. – all done
19. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns. – extensive list provided


Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
Leinenga et al report a method to deliver antibodies through the blood-brain barrier using a non-invasive ultrasound technique. They describe the process of producing and counting microbubbles, performing the ultrasound treatment in mice, and analyzing the brain tissue post-mortem. I believe this manuscript provides a complete protocol that can be used by multiple groups interested in antibody delivery into the brain. I suggest it for publication in the Journal of Visualized experiments following minor revision.

Major Concerns:
None.

Minor Concerns:
Title: I suggest rephrasing to "Delivery of antibodies into the brain using therapeutic scanning ultrasound". – title has been changed
L. 30-31: Tight junction disruption is not the only mechanism of drug transport across the BBB. – has been edited
L. 50: SUS does not stand for scanning mode. Please define the acronym SUS appropriately. Also, "scanning" is not a necessary element of BBB opening using focused ultrasound (FUS) and microbubbles, but rather a mechanistic way of targeting multiple spots within the brain. I suggest defining that clearly to avoid confusion. – thanks, edited in abstract and introduction
L. 54: Blood-borne factors may be confused with blood-borne pathogens. I suggest rewording to "therapeutic agents". – we now use the term ‘agents’
L. 62: Please define APPsw mouse model. Also, this is not the only transgenic mouse model in which AD clearance has been observed after FUS treatments. Please include more examples from literature (such as rTg4510, etc). – expanded and now also including tTg 4510, pR5 and K3 mice
L. 69: Why retro-orbital and not intravenous? Is there evidence that this method is more effective for microbubble/antibody administration? – explanation provided lines 124-5
L. 77: Authors are encouraged to cite published papers that can be tracked by readers. There are loads of recent studies using Dextran as a drug model (e.g. Valdez et al, 2019, UMB or Morse et al, 2019, Radiology). – now citing Valdez.
L. 81: Do lipids have to be in powder form? – edited lines 180,181
L. 88: What are the melting points of the two lipids? – added: 55˚C (above the melting temperature of the lipids)
L. 92: How do you replace the air from the vial? How can you measure 1-2ml of octafluoropropane gas? – changed to: Add octofluoropropane to the vial with the included syringe, drawing up the gas from the canister. Fill the vial with 1-2ml of octafluoropropane by reading the volume in the syringe. It is also explained how a vacuum is produced in the vial
L. 94: I suppose authors mean to activate the prepared lipid solution and L. 95: What is the purpose of dilution prior to activation? - 10. On the day of the experiment, bring the vial to room temperature, add 0.5 ml 0.9% NaCl solution to the vial, then place the vial in an amalgamator and agitate for 45 seconds (preset time) to produce the microbubbles.
L. 129: Is there a reference for this equation?- no, but information is provided in the kit and the kit has details and catalog number in table of materials.
L. 141: What is an acceptable level of oxygen saturation? – added: (oxygen content should be below 3 ppm)
L. 144: Please replace "waveform duty cycle" with "ultrasound treatment parameters". Center frequency or pressure are not part of the duty cycle definition. - corrected
L. 145: Please clarify that this is the center frequency and amplitude stands for peak-negative pressure. – corrected
L. 158: Authors should mention that mice can be also anesthetized with inhalable anesthetics (e.g. isoflurane). – added: Alternatively, mice can be anaesthetized with isoflurane using an appropriate inhalational anaesthetic apparatus.
L. 175: What is this dose compared to the clinically-approved dose of Definity or SonoVue microbubbles? Please provide the dose also in number of microbubbles per ml of blood. – added: The maximum volume that should be injected is 150 µl. Note: In-house prepared microbubbles are approximately 60-fold less concentrated than the clinically used Definity microbubbles, such that the number of microbubbles injected are similar to those clinically used.
L. 177: Please provide a reference that this administration route is equally effective with the intravenous route. – unpublished based on extensive in-house expertise
L. 186-187: Why would there be such a delay between injecting microbubbles and initiating sonication? How much time is required for microbubbles to reach circulation following retro-orbital administration? Microbubble half-life in circulation is less than two minutes, so a two-minute delay would incur a 50% drop in the microbubble concentration in the blood, at least after intravenous administration. – only done for consistency (as added).
L. 191: How long should be the delay between ultrasound treatment (not delivery) and perfusion? Should this be adjusted according to the circulation time of each antibody? – added: After ultrasound delivery at the timepoint of interest post sonication (at least one hour to detect high levels of antibody in the brain) deeply anesthetise the mouse and perfused it with PBS.
L. 216: Please replace "lysososmal" with "lysosomal". - fixed
L. 227: Please replace "care full" with "careful". - fixed
L. 299: Please remove "are critical steps" to avoid repetition. – entire discussion edited
L. 300: Too high microbubble concentration will not be tolerated by mice. and L. 301: Is there a desirable mean size or size range? If so, please include the acceptable size range and/or mean/median size. – Added: Microbubbles must have a sufficient concentration of 108 /ml and a size distribution such that over 90% of the microbubbles are below ten micrometers in diameter. This is because larger microbubbles are known to be filtered out of the circulation by the lungs. An acceptable median size is between one and three micrometers.
L. 306: I believe authors should mention the limited axial specificity of BBB opening, given the high axial-to-lateral ratio of single-element ultrasound transducers or annular arrays in this case. – Added: The height of a mouse brain is similar to the axial length of the focused ultrasound beam at 1 MHz using a typical ultrasound transducer, so that the transducer needs only be moved in the x and y dimension and not the z dimension.
L. 321-322: MR-guided systems can open the BBB in multiple spots as well. – agreed. We have edited this sentence.
L. 323: This is not true. BBB opening can be achieved outside the MRI and still be confirmed using MRI right after. Sacrifice is not necessary.
Fig. 1: The arrow for the transducer points to the wall.
Fig. 3: Why is only half the brain shown here? What is the colormap showing? A color bar is necessary in Figure 3A. Also, it looks like there is absolutely no fluorescence in the antibody only condition, whereas there is clearly higher fluorescence intensity in the quantification figure 3B. Is there a threshold or ROI applied? – This has been fixed and a new figure has been uploaded.
Table: I suggest adding more details in the compounds, such as dilution factors, total quantity used etc. – Dilution factors etc have been added.


Reviewer #2:
Manuscript Summary:
This is a well written protocol that clearly described the procedure of drug-delivery using the TIPS ultrasound system. Steps are in good details.

Minor Concerns:
Page 3, line 137: the calibration of the system shall be specified. – The following has been added: Note: The focused ultrasound system is pre-calibrated by the manufacturer from measurements taken by a calibrated hydrophone.
Page 3, line 147: Is the grid settings the same for all mice or they are adjusted for different size of mice? – This has been edited and two additional steps have been added.
Page 4, line 182: authors should specify how to achieve geometrically alignment between the ultrasound probe focus and the marker on mouse's head. Is that by visual or some alignment tools are used? – It is now described in text that we use visual alignment and it is also added to figure 1 and figure 1 figure legend


Reviewer #3:
Manuscript Summary:
This manuscript describes experimental procedures for delivering antibodies to the brain using microbubbles and ultrasound to temporarily permeabilize the blood brain barrier. There is increasing interest in such methods and thus this manuscript is important and can be very useful for laboratories involved in this work or interested in starting such research. The manuscript is well written and provides very useful information to the field. Some questions that should be addressed are provided below.

Major Concerns:
1. While retroorbital injection is used in these studies, it seems that tail vein catheterization would allow a more consistent delivery of microbubbles and allow the timing between injection and administration of the ultrasound to be shorter and more easily controlled. This should be discussed. – discussed: new lines 1028-1032
2. If being used in a therapeutic study that requires multiple treatments of antibody, how is the BBB opening validated? The procedures described seem appropriate for terminal studies only. Some guidance for how a longitudinal study would be carried out would be very helpful. – this is discussed in lines 1049-1057

Minor Concerns:
3. L67. "Here we are outlining an…" Should be changed to "Here we outline an…" - fixed
4. L74. "…antibodies is an attractive approach" should be written "…antibodies is a potentially attractive approach…" These methods are still in development. – term added
5. L120. Should reference where the manufacturer's instructions can be located. - referenced
6. L145. For completeness, the mechanical index should be provided. – has been added
7. L176. How much fluorescently labeled antibody is drawn up? How much can be drawn up? – 150 ul 
8. L180. Because the ultrasound gel-filled weighboat is homebuilt, a photograph of it would be very useful. – added to figure 1
9. L185. It is a little confusing where the 2-minute delay comes into the procedure. Steps 3-6 should take two minutes. Does that mean a timer should be set to make sure that the scanning starts 2 minutes after injection? This should be clarified. – has been clarified
10. L227. "Be care full …" should be changed to "Be careful …" – thank you. fixed
11. L258. The first sentence of results should be removed. It belongs in the discussion. – sentence removed and edited
12. L298. Much of the discussion should be moved into the protocol section. The first sentence of the results could be moved to the beginning of the discussion. As mentioned previously, some discussion of how these techniques could be used in longitudinal studies would greatly increase the relevance of the manuscript. – we reorganised the ms slightly in line with this suggestion
13. Fig. 1. A close up image of the gel-filled weighboat could be added as a separate panel to this figure. – added to figure 1
14. Fig. 3. Are the Licor images of whole brains, or are they sectioned? - Brain hemispheres.


Thank for your consideration.


Kind regards,
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Jürgen Götz
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