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Submission of a revised manuscript for consideration as a protocol article in the Journal of Visualized Experiments


	


Dear members of the editorial board, Dear Dr. Steindel,

Thank you very much for the opportunity to submit our revised manuscript (in track change mode for most relevant adjustments) entitled "Delivery of antibodies into murine brain via Convection-Enhanced Delivery" for consideration in the Journal of Visualized Experiments. We also would like to thank the reviewers for their helpful comments and considerations which have significantly helped to enhance the quality of our manuscript. Please find below a detailed point by point reply on the following pages.


Thank you very much for your consideration,

Yours sincerely,

Johannes vom Berg



Editorial comments:
General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We have gone over the manuscript and have fixed spelling and grammar issues.

2. Please include all authors’ email addresses in the manuscript.

All the authors’ email addresses have been added to the manuscript below the Authors & Affiliations section


Protocol:

1. Please use the imperative tense throughout the protocol–every step/substep should have at least one imperative command

We have corrected phrasing in point 1.3.9.

2. For each protocol step, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

We have rephrased the protocol steps in a way that new substeps have been created. Please refer to the updated manuscript.

Specific Protocol steps:

1. 1.2.2: Please explain how to calibrate the robot in more detail.

Step 1.2.2 has been rephrased and an explanatory sentence has been added.

2. 1.2.4: How exactly is the drop of adhesive applied?

A new step containing more detailed explanation has been added. Additionally, we have added a schematic drawing to further explain this crucial step (Figure 2).

3. 1.3.5: Can you, e.g., provide an example script (as supplemental material), or otherwise demonstrate how this is actually programmed?

Thank you for this comment. The programming of the injection robot is highly dependable on the precise type of the injection unit and the provider of the software. Furthermore, as pointed out by the Reviewer #2, the protocol can be also performed using a microinjection pump, although programming the pump might differ from programming injection robot. Nevertheless, we provide the script used for the Drill and Injection Robot Stereotaxic controlled using Stereodrive version 4.4.1 (Neurostar) as supplemental information.

4. 2.2.1–2.2.3: Please do not highlight anesthesia steps.

Highlighted text has been adjusted.

References:

1. Please do not abbreviate journal titles in the references.

References have been corrected.
	
Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.

The Table of Materials has been proofread and additional information has been added.

Reviewers' comments:
To Reviewer #1:

Major Concerns:
Overall this is a well presented technical manuscript that provides a clear step-by-step guide for individuals hoping to perform convection-enhanced delivery in murine tumor models. One major issue relates to the in-vivo validation of the CED protocol. The figures and the results seem to reference a single CED mouse case describing qualitative differences between bolus and CED infusion. A more thorough experiment with a larger number of mice would allow for quantitative analysis of infusate distribution, tissue damage and other outcomes. Although some may not deem this necessary, this would help validate the researchers findings.

Thank you very much for this comment. We fully agree that a quantitative analysis of infusate distribution and assessment of tissue damage would contribute further to the description of this method for delivery of antibodies in a precise brain region of a healthy murine brain. Since in many cases this method will be used to infuse antibodies into diseased brains, we feel that a thorough analysis in healthy and diseased (e.g. brain tumor bearing) animals would be even better. Such data exists. For example, in context of a brain tumor, the same injection ramping-up regimen that we describe has been used by Shoji et al. for CED of 10 µg of anti-CD40 in 10 µL of PBS into a bRiTs-G3 tumor lesion. The authors have quantitatively assessed the distribution profile and report over 7x increased distribution volume as compared to bolus injection (Neuro Oncol. 2016 Aug;18(8):1120-8. doi: 10.1093/neuonc/now023). We now explicitly refer to this study in the introduction and in the discussion paragraphs of the revised version of the manuscript. Nevertheless, we hope that we have sufficiently underlined in the manuscript, that such evaluation should be performed every time a new infusate and a new target brain region are chosen. We believe that a repetition of the experiment with a larger cohort of mice (ideally with and without brain tumors) for assessing the tissue damage and infusate distribution is exceeding the scope of the current manuscript which is solely focused on the generation, validation and use of the CED step catheter. The shown in vivo data serves only as an example.


Minor Concerns:
Pg. 2 Short Abstract: "(CED) is a method allowing perfusion of large tissue volumes without infusate reflux". CED can reflux in cases of local tissue disruption/excess shear force. This sentence should focus on the benefits of CED such as the use of bulk flow to attain high-local concentrations of infusate with minimal systemic leakage.

Thank you for these suggestions. The sentence has been rephrased within the allowed space limit of 50 words.

Pg. 3 Introduction Line 78: "administered up to 20 µg of antibody in 5 µl of PBS in mice." Would also add time period infusion occurred over ie. "up to 20 µg of antibody in 5 µl of PBS over 3 minutes in mice"

The required additional information has been added.

Protocol:
pg.4 line 98 "1.2.4" - This description of where to put the super glue is difficult to visualize. If the language could be made clearer or if a pictoral representation could be provided that would be helpful.

Step 1.2.4 has been divided into two steps and rephrased. We have also added a new figure (Figure 2) describing where to apply the adhesive.

pg. 4 line 101 "1.2.5." - What is the stereotactic robot? Company or make/model would be helpful for reproducibility.

Text corrected, more information has been added to the Material Table and a short introduction to point 1 of the protocol has been added.

pg. 7 line 186 "2.2.6" - Should include landmarks for start and finish of the incision.

Landmarks have been added.

Discussion:
pg. 10 line 306 - The authors state "there is a marked difference between the dispersion of the antibody and the FITC-dextran". When looking at Figure 4 minimal difference seems apparent between CED of these two infusates. Can the authors clarify this finding either in the text or in the figure (ie. by removing the DAPI in the composite to highlight differences between dextran and antibody).

[bookmark: _GoBack]Thank you very much for this thoughtful remark. Both FITC-dextran and antibody seem to be distributed along the corpus callosum, however we have repetitively seen that the antibodies seem to be more diffusely distributed in the parenchyma than the FITC-dextran. The FITC dextran signal pattern seems to be ‘more spotty’ and sharply confined compared to the antibody signal, which we believe is due to the difference in molecular weight (2000kDa vs 150kDa). Antibodies also seem to have a higher tendency to shift towards the next fluid filled space, which can be seen here as the strong signal staining at the wall of the neighbouring ventricle next the injection side, even though samples were taken immediately after the CED procedure. This becomes particularly prominent if samples are taken 30-60 minutes post CED, this might be explained by the flow of interstitial fluid towards ventricles (Bedussini et al. Fluids Barriers CNS. 2015 Oct 5;12:23. doi: 10.1186/s12987-015-0019-5). This point has been now raised in the discussion as well. Furthermore, we have corrected the contrast on the Figure 4 (now Figure 5).

pg. 10 line 317 - A brief discussion of how different pathological states, ie. tumor, can affect CED and infusate delivery should be undertaken here.

More information on the potential hurdles of CED in context of brain tumors has been added to the discussion. Thank you for the comment.

Reviewer #2:

Major Concerns:
no major concerns, the protocol is well documented, and differences between bolus injection and CED seem to be drastic in terms of target distribution of the injected agents.

Minor Concerns:
The manufacturing of the step catheters is well described. Re-assembling and testing time before each use might be time consuming and prone to variability though. Can the assembly be standardized in a way that repetitive experiments with identical outcomes are achieved?

Thank you for this remark. We have used the catheters prepared according to the presented protocol multiple times and achieved reproducible results. The most fragile part of the catheter is the step made of fused-silica, and this can be easily examined for any signs of cracks or damage. A new point 2.2.17 has been added to underline the possibility to reuse these catheters.

I would suggest to reformulate the part that describes the use of a stereotactic robot. Not many labs have access to this device. To reach a larger audience, I would state that the procedure is also feasible with a simple stereotactic frame and microinfusion pump that can be connected to respective hamilton syringes

This is a very helpful comment to make sure the protocol is applicable to a wide range of laboratories. We have added an introduction to point 1 of the protocol describing the possibility to use different stereotactic setups.

2.1.1: Anesthesia methods are variable between labs and animal care/use commissions, a sentence for other anesthesia modalities (e.g. isoflurane) might be inserted.

Great suggestion. We are now discussing the use of different anesthesia and analgesia in introduction to point 2 of the protocol.

2.1.4: maybe it would be worth to autoclave the syringes before use. Is this possible with a silica tube or do they disintegrate upon the sterilization process?

The fused silica tubing is a chemically inert material, but we would not recommend autoclaving or any other heat- and pressure-based sterilization procedures due to a possibility of compromising the seal between the fused silica tubing and the external metal needle. Furthermore, according to the guidelines for the syringes used in our laboratory (10 μl with removable needle, model 701, Hamilton), repeated autoclaving might have a deteriorative effect on the syringe performance. We suggest using chemical sterilization methods and we have described in the protocol cleaning with ethanol solution.

2.1.7.: I would mention that the drill bit is autoclaved/desinfected before every use.

Thank you for this comment. We have added that to the text.

It is not described whether the procedure can be performed multiple times per mouse. What would be a meaningful treatment interval in case of multiple injections (I assume this is highly dependent on the infused substance). 

In principle the method can be performed multiple times, although one has to consider the target brain region, type of infusate. Moreover, for the decision regarding the intervals we would definitely take into account the in situ half-life of infusate, its distribution volume and expected biological reaction. We have elaborated on this topic in the discussion section of the updated manuscript.

Is there a need of antibiotic prophylaxis when applying the procedure.

Thank you for this remark. We have added this point in the revised version of the manuscript.

Is the system advantageous compared to continuous osmotic infusion e.g. by miniosmotic pumps?

The advantages of the CED protocol proposed in this manuscript depend on the scientific question being asked. As opposed to the miniosmotic pumps, CED enables perfusion of larger anatomic areas for intermittent drug delivery with minimal tissue damage. This is particularly important when a high dose of the infusate is necessary to obtain the biological effect and when an extended exposure leads to tolerance or systemic side effects. Intermittent delivery also resembles more closely the current clinical CED applications. We have elaborated on this topic in the discussion section of the updated manuscript.

Reviewer #3:

Major Concerns:
NONE

Minor Concerns:
TITLE line 3: I would question the authors choice of full title, local versus convection enhanced delivery. , exclude one of your deliveries

Yes, we agree that CED itself implies local therapy, so the word “local” was redundant in the title.

ABSTRACT, line 32: Given the small volumes it would be only a representation of a ramping regime of infusion to be convection. Is ramping of such a small volume possible

We fully agree that to benefit from the advantages of CED, it is required to use infusate volumes sufficient to form a pressure gradient at the catheter opening. We do not recommend infusing less than 5µl of volume with the ramping regimen described here. We are regularly performing CED with the volumes of 5 μl, in which the ramping-up injection itself is extended to 11 minutes 30 seconds. We think that this procedure gives a good balance between creating convection and avoiding damage to the target brain region. As mentioned in the introduction, infusing higher volumes is feasible.  

Line 35: I would rephrase this sentence to remove, to name a few.

Sentence has been corrected.

INTRODUCTION, line 46: The original CED authors should be references here. Bobo, Chen ref 21R.H. Bobo, D.W. Laske, A. Akbasak, P.F. Morrison, R.L.Dedrick, E.H. OldfieldConvection-enhanced delivery of macromolecules in the brain

Thank you very much for pointing this out, the citation has been corrected.


PROTOCOL, line: 142: Diluted antibody, as opposed to antibody solution.

We have corrected the sentence.

Line 146 Ensure correct surgical setup, to include necessary tools and reagents to allow for a successful surgery to be completed

The sentence has been corrected.

DISCUSSION, line 273 confirmation of correct references to the 1990's these papers utilise the Bobo, Chen of the 1990's)

The citation has been corrected.

Minor comments :
Sucrose, as opposed to sucrose
US or UK theatre theater tumour tumor

We now adhere to US English throughout the manuscript.
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